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PRODUCT SPECIFICATION

286C30

CMOS Z8® 8-BIiT
MiCROCONTROLLER

FEATURES

8-bit CMOS microcontroller, 28-pin DIP

®  Low cost

B 3.0to 5.5 volt operating range

B [ ow power consumption - 50 mW (Typical)

®m Fast instruction pointer - 1.0 microsecond @ 12 MHz
m  Two standby modes (STOP and HALT)

W 24 inputfoutput lines (two with comparator inputs)

| Al digital inputs CMOS levels, Schmitt-triggered

| 4 Kbytes of ROM

B 236 bytes of RAM

B Two Expanded Register File controf registers

| Two programmabile 8-bit Counter/Timers

W 6-bit programmable prescaler on each Counter/limer
| Sixvectored, priorityinterrupts from six different sources
®m Clock speeds 8 and 12 MHz

m  “Brown-Out” protection

B Watchdog/Power-On Reset Timer

W Twocomparators with programmable interrupl polarity

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

m ROM and RAM protect

GENERAL DESCRIPTION

The Z86C30 CCP™ Consumer Controlier Processor intro-
duces anew level of sophistication to single-chip architec-
ture. The Z86C30 is a member of the Z8 single-chip
microcontrolier family with 4 Kbytes ot ROM and 236 bytes
of RAM. The device is housed in a 28-pin DIP, and is
manufactured in CMOS technology. Zilog's CMOS
microcontroller offers fast execution, efficient use of
memory, sophisticated interrupts, input/output bit ma-
nipulation capabilities, and easy hardware/software sys-
tem expansion along with low cost and low power con-
sumption.

The Z86C30 architecture is characterized by Zilog's 8-bit
microcontroller core with an Expanded Register File to
allow easy access 1o register mapped peripheral and /O
circuits. The CCP offers a Hlexibie HO scheme, an efficient
register and address space structure, and a number of

ancillary features that are useful in many industrial, auto-
motive. and advanced scientific applications.

The device applications demand powerlul /O capabilities.
The CCP fullills this with 24 pins dedicaled to inpul and
output. These lings are grouped into three poris, eightiines
per port, and are configurable under software conltrol to
provide timing. status signals, and parallel 1/O with or
without handshake.

There are three basic address spaces available to support
this wide range of configurations: Program Memory,
Register File, and Expanded Register File. The Register
File is composed of 236 byles of general purpose regis-
ters, three I/O port registers and 15 controt and status
registers. The Fxpanded Register File consisls of two
Control registers.




GENERAL DESCRIPTION (Continued)

To unburden the program from coping wilh the real-time
probtems such as counting/timing and input/output data
communication, the Z86C30 offers two on-chip counter/
timers with a large number of user selectable modes, and
on-board comparators to process analog signals with a
common reference voltage (Figure 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).
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Figure 1. Functional Block Diagram




PIN DESCRIPTION

pas [] 1 ~ 28 |1 P24
P26 [] 2 27 [ p23
P27 [] 3 26 {] p22
Po4 [] 4 25 7] P2t
pos (] s 24 ] P20
Pos [| 6 23 [ ] Po3
po7 [] 7 Z86C30 T vss
voD [] 8 21 ] po2
XTAL2 [] 9 20 [] Pot
XTAL1 [] 10 19 [] Poo
P31 [} 11 18 ] P30
P32 [] 12 17 [] P3s
P33 [] 13 16 | ] P37
P34 [] 14 15 |1 P3s

Figure 2. Pin Configuration

parallel-resonant crystal, ceramic resonator, LC or RC
network or external single-phase clock to the on-chip
oscillator input.

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

Port 0 P0OO-PO7. Port O is an 8-bit, bidirectional, CMOS
compatible IfO port. These eight 1/O lines can be nibbie

Table 1. Pin Identification

Pin# Symbol Function Direction

1-3 pP25-7 Port 2 pin 5,6,7 In/Quiput
4-7 P04-7 Port 0 pin 4,5,6,7 In/Qutput

8 Vee Power Supply Input

g XTALZ2  Crystal QOscillator Output

10 XTAL1  Crystal Oscillator Input

11-13 P31-3 Port 3 pin 1,23 Fixed Input
14-15 P34-5 Port 3 pin 4,5 Fixed Output
16 P37 Porl 3 pin 7 Fixed Output
17 P36 Port 3 pin 6 Fixed Quiput
18 P30 Port 3 pin O Fixed Input
19-21 PO0-2  Port0Opin0,1,2 In/Output

22 GND Ground, Vg Input

23 PO3 Port O pin 3 In/Gulput
24-28 P20-4 Port 2 pin 0,1,2,3,4  In/fOutput

XTAL1. Crystal 1 (time-based input). This pin connects a

Note: Power connections follow
Conventiocnal descriptions below

Connection | Circuit | Device
Power Vee | Voo
Ground GND

Vss

programmed as POO-PO3 input/output and PO4-PO7 input/
output, separately. All input bufters are Schmitt-triggered
and output drivers are push-pull. It can also be used as a
handshake 1/0 port.

Port 3 lines P32 and P35 are used as handshake control
lines. The handshake direction is determined by the con-
figuration (input or output) assigned to port 0's upper
nibble. The lower nibble must have the same direction as
the upper nibble (Figure 3).




PIN DESCRIPTION (Continued)

Port 0 (1/O)

Z86G30 <I>

|—— Handshake Controls
/DAVy and RDYq
— (P32 and P35)

OEN DC

PAD

Out

1.5 < 2 3V Hysteresis

! | Auto Latch
: R = 500K Q |

Figure 3. Port 0 Configuration




Port 2 P20-P27. Port 2 is an 8-bit, bidirectional, CMOS
compatible /O port. These eight I/O lines can be config-
ured under software control as aninput 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. When used as an 1/O port,

Port 2 may be placed under handshake control. In this
configuration, Port 3 lines P31 and P36 are used as the
handshake control lines. The handshake signal assign-
ment for Port 3 lines P31 and P36 is dictated by the
direction (input or output) assigned to bil 7, Port 2
(Figure 4).

Z86C30

IR

Port2 (110}

Handshake Controis
/DAVo and RDY2 )
(P3and P3g)

Open Drain

OEN Dc

Out

1.5 <@ 2.3 Hysteresis

In /Jl

PAD

N

_______ 1

| Auto Latch

Figutre 4. Port 2 Configuration
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PIN DESCRIPTION (Continued)

Auto-Latch. The Auto-Latch puts vatid CMOS levels on all
CMOS inputs that are not externally driven. This reduces
excessive supply current flow in the input buffer when not
being driven by any source (Figure 46).

Port 3 P30-P37. Port 3 is an 8-bit, CMOS compatible port
with four fixed input and four fixed output. Port 3 consists
of four fixed inputs (P30-P33) and four fixed outputs (P34-
P37), and can be configured under sottware for interrupt
and port handshake functions. Port 3, pin O input is
Schmitt-triggered. Pins P31, P32 and P33 are standard
CMOSinputs and the outputs are push-pull. Twoon-board

comparators can process analog signals on P31 and P32
with reference to the voltage on P33. The analog funclion
is enabled by programming the Port 3 Mode Register
(bit 1). P30 and P33 are falling edge interrupt inputs. P31
and P32 are programmabile as falling, rising, or bolh edge
triggered interrupts (IRQ register bits 6 and 7). P33 is the
comparator reference voltage input.

Access to Counter/Timer 1 is made through P31 (T, and
P36 (T,,,). Handshake lines for Ports 0 and 2 are available
on P3 pin 1 through 6 (Figure 5).

786C30
MCU

Port 3
(170 or Control)

Auto Latch

P30 Data

.
P30 > P Latch IRQ3
R247 = P3M
1 = Analog
l o | o- Digital
DIG. {
P31 (AN1) IRQ2, Tin, P31 Data Lalch
Y- 1
L 4
* AN, !
1
- 1
1
Pa2 (AN2) L—\—., IRQO, P32 Data Latch
[N 3 1
1
P33 (REF) 1
3 N
7 ]

From Stop Mode
Recovery Source

N— o [RQ1, P33 Data Lalch

Figure 5. Port 3 Configuration




Table 2.

Pin Assignments

Pin /O CTC1 ANIn Int. POHS P2HS
P30 IN IRQ3

P31 IN Tin  AN1 IRQ2 D/R
P32 IN AN2 IRQO D/R

P33 IN REF IRQN

P34 OUT

P35  OUT R/D

P36 OUT  Tout R/D
P37  OUT

Notes:

HS = Handshake Signals

D = DAV
R = RDY

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




FUNCTIONAL DESCRIPTION

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

Reset. The device isresetinone of the foliowing conditions:
| Power-On Reset

®m  Watch-Dog Timer

B STOP Mode Recovery Source

B Brown-Out Recovery

The Z86C30 does not re-initialize WDTMR, SMR, P2M, and
P3M registers 1o their reset values on a STOP Mode
Recovery operation.

Program Memory. The Z86C30 can address up to 4K bytes
of internat 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 1310 byte 4095 consists
of on-chip mask programmed ROM.

The 4K bytes of program memory is mask programmabic.
A ROM protect feature prevents “dumping” of the ROM
contents by inhibiting execution of LDC and LDCI
instructions to program memory in ALL modes.

The ROM protect oplion is mask-programmable, and
is selected by the customer when the ROM code is
submitted.

Expanded Register File. The register lile has been
expanded to allow for additiona!l system control registers,
mapping of additional peripheral devices and input/output
ports into the register address area. The 78 regisler
address space RO through R15 is implemented as
16 groups of 18 registers per group (Figure 7). These
register groups are known as the LRI (Expanded
Register File).

Bits 3:0 of the Register Pointer (RP) select the active ERI
group. Bits 7:4 of register RP select the working register
group (Figure 8). Two syslem configuration registers
reside in the Expanded Register File at bank I. The restof
the Expanded Register is not physically implemented and
is open for future expansion.

Location of On-Chip
First Byte of ROM
Instruction
Executed \ __________
After RESET 12 [
1 IRQS
10 IRQS
9 IRQ4
8 1RQ4
IRQ3
Interrupt
Vector g JRQ3
(Lower Byte) ™|
5 W IRQ2
4_» IRQ2
interrupt "
Vector 5 1RO1
(Upper Byte)
2 IRQ1
1 IRQO
0 IRQO

Figure 6. Program Memory Map




Z8 STANDARD CONTROL REGISTERS

RESET CONDITION

Im D6 [Ds | D4 DalDz D1]DOI
REGISTER

REGISTER POINTER % FF SPL vjufujujulujuiju
l7lﬁL5l4l3I2'1|01 % FE Reserved vljufulujujuijulu
% FD RP olojo]oJolo]o|eo
Warking Register l l Expanded Register % FC FLAGS vluvjulujuju]ul]u
___Group Pointer Group Pointer ey A slolvlolololo v
% FA IRQ ofoje]o]ojo]o|e
% F9 PR ujujujujuuijulu
% F8 POIM ol1jofor]t]o]:
* % F7 P3M ojojojojojojqojo
* % F6 P2M IARE R RN RN ERRR R
% FS PREO ylujujujujujujeo
Z8 Reg. File % F4 To ulululululufufu
%FF %F3 PRE1 ulujulufu]u]o]o
o % F2 T1 ulululufulululv
% F1 TMR olojojojo]ojo]o
% FO Reserved
EXPANDED REG. GROUFP (F)
REGISTER RESET CONDITION
————%; * % (F) OF WODTMR ujujujor |1 o]t
% (F) 0E Resarved
% (FyoD Reserved
% (F) 0C Reserved
v % {F) 0B SMRA ojoj1]ojojojuljo
% (F) OA Reserved
Reserved % (F) 09 Reserved
% (F) 08 Raeserved
%0F % (F)07 Reserved
%00 % {F) 06 Reserved
% (F) 05 Reserved
“% (Fy 04 Reserved
% (F) 03 Reserved
% (F} 02 Raserved
% (Fy01 Reserved
% {F) 00 Reserved
EXPANDED REG. GROUP (0)
REGISTER RESET CONDITION
% (0) 03 P3 t{rjrJr]ujufu]u
% {0) 02 P2 Ujutujujujujuiju
% (0) 01 Reserved ulu]ulufulujuju
% (0) 00 2] vivjujufulujul]u
U « Unknown

* Wil not be reset with a STOP Mode Recavery

Figure 7. Expanded Register File Architecture
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FUNCTIONAL DESCRIPTION (Continued)

R253 RP

ID7IDSIDSID4JB3 Dzlmlml

Expanded Register Group

Working Register Group

Default sefting after RESET = 00000000

Figure 8. Register Pointer Register

Register File. The regisier file consists of three 1/O port
registers, 236 general purpose registers and 15 control
and status registers (R0O-R3, R4-239 and R240-R255, re-
spectively), and two system configuration registers in the
expanded register group (See Figure 7). 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 9). Inthe 4-bitmode. the
register file is divided into 16 working regisler groups,
each occupying 16 continuous locations. The Register
Pointer addresses the starting location of the active
working register group.

Note: Register Bank EO-tF can only be accessed through
working register and indirect addressing modes

R255

..—-»{t7 's '5 "4

r r

3 2 4 0|R253

R240

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

the active working-register group

R230

The lower nibble
of the register

Specified Working
Register Group

file address
|~ provided by the
instruction points

to the specified
register

Voports | B3

R15

Figure 9. Register Pointer
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RAM Protect. The upper portion of the RAM's address
spaces %7F to %EF (excluding the control registers) can
be protected from reading and writing. The RAM Protect
bit option is mask-programmable and is selected by the
customer when the ROM code is submitted. After the mask
option is selected, the user can activate from the internal
ROM code 1o turn off/on the RAM Protect by loading a bit
D6 in the IMR register to either a 0 or a 1, respectively.
A 1in D6 indicates RAM Protect enabled.

0sC

Stack. An 8-bit Stack Pointer (R?55) is used for the internal
stack that resides within the 256 general purpose
registers.

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

Internal Data Bus

) Write * lL

Write ' lL

Read * ﬁ
TO

DO (SMR) _PREO "
Initial Value Initial Value Current Value
Register Register Register
+ 16 U lL
6-Bit 8-bit
o Down = Down
+— Intemal Counter Counter > |RQ4
Clock
1 +2 |- T ouT
External Clock
P36
Clock
Logic
6-Bit 8-Bit = [RQ5
+4 Down — Down
\ Counter Counter
Intemal Clock ﬁ i i 1
Gated Clock PRE1 T1 T1
Triggered Clock Initial Value Initial Value Current Value
Register Register Register
Tin P31

Write 4 ﬂ

wio! [

Read 4 U

Internal Data Bus

Figure 10. Counter/Timer Block Diagram




FUNCTIONAL DESCRIPTION (Continued)

The 6-bit prescalers can divide the input frequency of the
clock source by any integer number from 1 o 64. Each
prescaler drives its counter, which decrements the value
(110 266) that has been loaded into the counter. When the
counter reaches the end of count, atimer interrupt request-
IRQ4 (TO) or IRQS (T1) is generated.

The counters can be programmed o start, stop. restart to
continue, or restart from the initial value. The counters can
also be programmed to stop upon reaching zero (singte
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 exlernal clock;
atriggerinputthatcan be retriggerable or not-retriggerable;
or as a gate input for the internal clock. Port 3 line P36
serves as a timer oulput (Tout) through which 70, T1 or the
internatl clock are output. The counterftimers can be cas-
caded by connecting the TO output to the input of T1

Interrupts. The Z86C30 has six different inlerrupts from six
different sources. The interrupts are maskable and priori-
lized (Figure 11). The six sources are divided as follows;
four sources are claimed by Port 3 lines P30-P33 and two
in counterftimers. The Interrupt Mask Register globally or
individually enables or disables the six interrupt
requests (Table 3).

IRQO  IRQ2

IRQ1,3,4,5 J 4

Interrupt
Edge
Select

[<+—— |RQ (D6, D7)

IRQ

AT

LELPLE

IMR

\d’)

Gilobal

IPR

Interrupt
Enable

1|}

Interrupt
Request

PRIORITY
LOGIC

U

Vector Sslect

Figure 11. interrupt Block Diagram




Table 3. Interrupt Types, Sources, and Vectors

Name Source Vector Location Comments

IRQO /DAV 0, IRQO 0,1 External (P32), Rising/Falling Edge Triggered
IRQ 1, IRQ 1 2,3 External (P33), Falling Edge Triggered

IRQ 2 /DAV 2, IRQ 2, TIN 4,5 External (P31), Rising/Falling Edge Triggered
IRQ 3 IRQ3 67  FExlemal(P30) Falling Edge Triggered
IRQ 4 T0 89 Internal

IRQ 5 T 10, 11 internal

When more than one interrupt is pending. priorilies are
resolved by a programmable priority encoder that is con-
trolled by the Interrupt Priority register. An interrupt ma-
chine cycle is activaled when an interrupt request is
granted. Thus, disabling all subsequent interrupts saves
the Program Counter and Status Flags, and then branches
to the program memory vector location reserved for that
interrupt. All Z86C30 interrupts are vectored through loca-
tions in the program memory. This memory iocation and
the next byte contain the 16-bit starting address of the
interrupt service routine for that particular interrupt
request.

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

An interrupt resulting from AN1 is mapped into IRQ2, and
an interrupt from ANZ2 is mapped into IRQO. Interrupts
IRQ2 and 1RQO may be rising, falling or both edge trig-
gered, and are programmable by the user. The software
can poll to identify the state of the pin.

Programming bits for the Interrupt Edge Select are located
in the IRQ Register (R250), bits D7 and D6. The configura-
tion is shown in Table 4.

Table 4. IRQ Register

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

Clock. The Z86C30 on-chip oscillator has a high-gain,
parallel-resonant amplifier for connection to a crystal, RC,
LC, ceramic resonator, or any suilable external clock
source (XTAL1 = Input, XTAL2 = QOulput). The crystal
should be AT cut, 10 KHz to 12 MHz max., with a series
resistance (RS) less than, or equal o, 100 Ohms.

The crystal should be connected across XTAL 1and XTAL2
using the recommended capacitors (capacitance is more
than or equal to 22pf) from each pin to ground. The RC
oscillator option is mask-programmable, to be selected by
the customer at the time ROM code is submitted. The RC
oscillator configuration must be an external resistor  con-
nected from XTALt to XTALZ2, with a frequency-setting
capacitor from XTAL1 to ground (Figure 12). The RC value
vs. Frequency curves are shown in Figures 46 10 48. (Note:
The RC option is not available in the 12 MHz part.)

Power-On Reset (POR). A timer circuit clocked by a dedi-
cated on-board RC oscillator is used for the Power-On
Reset (POR) timer function. The POR timer 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 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 5 mS. Bit 5 of the Stop Mode
register determines whether the POR limer is bypassed
after STOP mode recovery (typical for external clock, and
RC/LC oscillators with fast start up time).

HALT. Turns off the internal CPU clock, but not the XTAL
oscillation. The counterftimers and external interrupt IRQO,
IRQ1, and IRQ2, remain active. The device may be
recovered by interrupts, either external or internal
generated.




FUNCTIONAL DESCRIPTION (Continued)

XTAL1
C1

.

0
7

XTAL2

XTAL1

XTAL2

c2

-

Ceramic Resonator or LCc

Crystal C1,C2=22pt

C1,C2=47pt TYP "

F=8MHz L=130uH"
F=3MHz"*

* Preliminary Value Including Pin Parasitics

XTAL1 XTALA
“T

XTAL2 XTAL2
RC Extemal Clock
@ 5V VCC (TYP)
C1=33pt*
R=1K"*
F=95MHz"

Figure 12. Oscillator Configuration

STOP. This instruction turns oft 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 torestart the applica-
tion 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 Recovery Register (SMR). Thisregister selects
the clock divide value and determines the mode of STOP
mode recovery (Figure 13). All bits are Write only, except
Bit 7 which is a Read only. Bit 7 is a flag bit that is hardware
set on the condition of STOP Recovery and resel by a
power- on cycle. Bit 6 controls whether a low level or high
levelisrequired from the recovery source. Bit5 controls the
reset delay after recovery. Bits 2, 3, and 4 of the SMR
register specify the source of the STOP Mode Recovery
signal. Bits 0 and 1 determine the timeout period of the
WDT (Table 6). The SMR is located in bank F of the
Expanded Register Group at address OBl .

SCLK/TCLK Divide-by-16 Select (D0). DO ol 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 (TCLK sources, counter/timers,
and interrupt logic).

STOP Mode Recovery Source (D2, D3,and D4). Thesethree
bits of the SMR specify the wake up source of the STOP
Mode recovery (Figure 14).

SMR (F) 0B
[ ToeTos[o oo o2 [o1 [o0]

L— SCLK/TGLK Divide by 16
0 OFF *
1 ON

RESERVED

Stop Mode Recovery Saurce
600 POR Only *

001 POR Only

010 P31

011 P32

100 P33

101 P27

110 P2NOR 0:3

111 P2 NOR 07

Stop Delay

0 OFF

1 ON*

Stop Recovery Level
0 Low Level *

1 High Level

Stop Flag
o POR*
1 Stop Recovery

* Default setting after RESET

Figure 13. STOP Mode Recovery Register




SMR D4 D3 D2

000
SMR D4 D3 D2 SMR D4 D3 D2 SMR D4 D3 D2 SMR D4 D3 D2 SMR D4 D3 D2
00 1 t o o 1.0 1 11 0 111
VDD 01 o
o1 1
P20 P20
P30
P31 P33 P27 1
P32
P23 P27
To POR
E RESET
:
Stop Mode Recovery Edge
Select (SMR) To P33 Data
— Latch and IRQ1
> MUX il
P33 From Pads
N ]
>—
Digital / Analog Mode
Select (P3M)

Figure 14. STOP Mode Recovery Source

Tabie 5. Stop Mode Recovery Source

SMR
D4 D3 D2

Operation
Description of action

0 0 ¢} POR recovery only

0 0 1 P30 transition

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

STOP Mode Recovery Delay Select (D5). This bitdisables
the 5 mS RESET delay after STOP Mode Recovery. The
detault condition of this bit is 1. if the “fast” wake up is
selected, the STOP Mode Recovery source needs to be
kept active for at least 5 TpC.

STOP Mode Recovery Level Select (D6). A 1 in this bit

position indicates that a high level on any one of the.

recovery sources wakes the 786C30 from STOP Mode.
A Qindicales low level recovery. lhe default is 0 on POR
(Figure 14).

Cold or Warm Start (D7). This bitis sel by the device upon
entering STOP Mode. AQin this bit(cold)indicates thatthe
device will be reset by POR RESET. A 1 in this bit (warm)
indicates that the device awakens by a SMR source.

Watch Dog Timer Mode Register (WDTMR). The WDTisa
retriggerable one-shot timer that will reset the Z8 if it
reaches its terminal count. The WOT is initially enabled by
executing the WDT instruction and refreshed on subse-
quent executions of the WDT instruction. The WDT cannol
be disabled afier it has been initially enabled. The WDT
circuit is driven by an on-board RC oscilialor or exlernal
oscillator from XTAL1 pin. The POR clock source is se-
lected with bif 4 of the WDT register.

WDT Time Select (D0, D1). Bits Oand 1 control atap circuit
that determines the timeout period. Table 6 shows the
different values that can be oblained. The defaull value of
DO and D1 are 1 and 0, respectively.
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FUNCTIONAL DESCRIPTION (Continued)

Table 6. Timeout Period of the WDT

Timeout of Timeout of
D1 DO Internal RC OSC XTAL clock
0 0 5 ms min 256 TpC
0 1 15 ms min 512 TpC
1 0 25 ms min 1024 TpC
1 1 100 ms min 4096 TpC
Notes:

TpC = XTAL clock cycle
The default on reset is 15 ms.
See Figures 50 to 53 for details.

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

WDT During STOP (D3). Thisbit determines whether or not
the WDT is active during STOP mode. A 1 indicates active
during STOP. A Qwill disable the WDT during STOP mode.

WDTMR (F) OF
Imlosluslmloaloelm |DOI

* Default setting after RESET

Since the on-board OSC is stopped during STOP mode,
the WDT clock source has lo select the on-board RC OSC
for the WOT to recover from STOP mode. The defaultis 1.

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

Bits 5 through 7 are reserved. The WDTMR regisler is ac-
cessible only during the first 64 processor cycles (128
XTAL clock cycles) from the execution of the first instruc-
tion after Power-On Reset, walch dog resel or a STOP
mode recovery. After this point, the register cannot be
modified by any means, intentional or otherwise. The
WDTMR cannot be read and is located in bank F of the
EFxpanded Register Group at address location OFH
(Figure 15).

_L WDT TAP INTRC OSC External Clock

00 5ms 256 TpC
o1 15 ms 512 TpC
10 25 ms 1024 TpC
1 100 ms 4096 TpC

WDT During HALT

0 OFF

1 ON*

WDT During STOP

0 OFF

1 ON™

XTAL1/NT RC Select for WDT

¢ On-Board RC *

1 XTAL

Reserved

Figure 15. Watchdog Timer Mode Register




Brown Out Protection. An on-board Voltage Comparator
checks that V, is at the required level to ensure correct
operation of the device. Reset is globally driven if Ve 18

C

below the referenced voltage (Brown Out Voltage). The

minimum operating voitage varies with temperature and
operating frequency, while the brown outvoltage (V) varies
with temperature only.

4Fci,'t:‘:k Clear 18 Glock RESET
CLK Generator RESET
Internal
RESET
WDT Select I
(WOTMR) > — WDT TAP SELECT |
CK Source
Select p—
{(WDTMR)
S 5mS POR 5mS 15mS 25mS 100mS
XTAL > | I '
u WDT/POR Counter Chain
RC X R
0S8C.

vDD
vBO

From Stop
Mode
Recovery
Source

wWDT

Stop Delay y_

2V Operating
Voltage Det.

12 nS Giitch Filter

Select (SMR) ©

Figure 16. Resets and WDT
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The brown-out trip voltage (V) is less than 3 volts and
above 1.4 volts under the following conditions.

Maximum (V) Conditions:

Casel T,=-40°Cto +105°C, Internal Clock

Frequency eqgual or less than 1 MHz

Case2 T,=-40°Cto + 85°C, internal Clock
Frequency equal or less than 2 MHz

Note: The internal clock frequency runs at half the external
ctock frequency.

The device functions normally at or above 3.0V under all
conditions. Below 3.0V, the deviceis guaranteed to lunction
normally until the Brown-Out Protection trip point (V) is
reached for the temperalures and operaling frequencies
in case 1 and case 2 above. The actual brown-out trip point
is a function of temperature and process parameters
(Figure 17).

ROM Protect. ROM protect is mask-programmable. i is
selecled by the customer at the time the ROM code is
submitied. The selection of ROM protect will disable the
LDC and LDCI instructions in ALL modes.

vce 280
(Volts)
2.60
\ |
240
2.20
2.00
1.80
1.60
v
1.40
-60 -40 -20 +0 20 40 60 80 100 120 140
Temperature
)

Figure 17. Typical Z86C30 V,, Voltage vs Temperature




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 18).

+5V
% 2.1KQ
From Output . i
Under Test N
150 pf =
9.1 KQ

Figure 18. Test Load Configuration

J

ABSOLUTE MAXIMUM RATINGS

Symbol Description Min  Max Units Strgss greater than those listed under Absolute M.aximur_n
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 sec-
T, Oper Ambient Temp T C tions of these specifications is not implied. Exposure to
Power Dissipation 22 W absolute maximum raling conditions for exlended period

may afiect device reliability.

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

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

Parameter Max
input capacitance 12 pF
Output capacitance 12 pF
/O capacitance 12 pF
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DC ELECTRICAL CHARACTERISTICS

Z86C30
Symbol Parameter Vee T,=0°Cto70°C T,=40°Cto105°C  Typleal  Units Conditions Notes
Note[3]  Min Max Min  Max  at25°C
Max Input Voltage 33V 7 7 v Iy 250pA
5.0V 7 7 v 1, 2504
Ve  ClockinputHighVoltage 33V 07V,  V,+03 07V, V403 13 v Driven by Extermal
Clock Generator
5OV 07V, V403 07V, V403 25 v Driven by External
Clock Generator
V,  ClocklnputlowVoltage 33V V.03 02V, V.03 02V, 07 v Driven by Extenal a
Clock Generator
s.0v V03 02V, V03 02V, 1.5 v Driven by External
Clock Generator
v, lputHighVoltage 33V 07V, V03 07V, V403 13 vV
S0V 07V, V403 07V, V.03 25 v
v, Input Low Voltage 3V V.03 02V, V.03 02V, o7 v 7
SOV V03 02V, V.03 02V, 15 v
V,  Output High Voltage 3V V04 V04 31 v I =20mA
50V V04 V04 48 v I, =-20mA
V.l Output Low Voltage 33V 06 06 02 v I =H0mA
5.0V 04 04 01 v I, =+4.0mA
V,2  Output Low Voltage 33V 12 12 03 v I, = +6mA, -
3 Pin Max
5.0V 12 12 03 v I, =+12mA,
3 Pin Max
V,  ResetlpuHighVoltige 33V 8V, V. BV Vg 15V N
5.0V 8V, v, BV, Vg 21 v
V,  ResetipuilowVotage 33V V03 02V, V.03 02V, 11 S
50V V03 02V, V.03 o02v, 17
Vorser  Comparator nput 3.3v 25 2% 10 mvV -
Offset Voltage
50V 2 2% 0w
I, Input Leakage K 2 T T 2 < A T
5.0V -1 1 -4 2 < pA V=0V, v,
e Output Leakage 33V 4 1 1 2 < g V=0vv,
50V . 1 4 2 N A V=0V,
I Reselinput Curent 33V 45 ‘ ©  © @ o
5.0V 55 -70 0 A
lee Supply Current 33V 10 10 4 mA @sMHiz ‘[4517
5.0V 15 15 10 mA  @8MH [45]
33V 15 15 5 mA @12MH [45)
5.0 2 20 15 mA @12MHz (45]




DC ELECTRICAL CHARACTERISTICS (Continued)

786C30
Symbol  Parameter Ve T,=20°Ct070°C T,=-40°Ct0105°C  Typical  Units Conditions Notes
Note [3] Min Max Min Max at 25°C
e Standby Current 33v 3 3 1 mA HALT Mode vV, = OV, [4.5]
V., @8MH:
5.0V 5 5 24 mA HALT Mode V, = OV, [4.5]
V. @8 MHz
3.3V 4 4 15 mA HALT Mode V= OV, [45)
Y, @12 MHz
5.0V 6 6 3.2 mA HALT Mode V,, = OV, [4.5]
V. @12 MHz
33V 2 2 08 mA Clock Divide by [4,5]
16 @ 8 MHz
5.0V 4 4 18 mA Clock Divide by [4.5]
16 @8 MHz
33V 3 3 1.2 mA Clock Divide by [4.5]
16@ 12 MHz
5.0v 5 5 2.5 mA Clock Divide by [4.5]
16@12MH:z
lec? Standby Current 33v 8 15 1 pA STOP Mode V,, = 0V, [6]
V. WOT is ot Running
5.0V 10 20 2 pA STOP Mode V= OV, [6]
V.. WOT is not Running
33V 500 600 310 A STOP Mode v, = OV, [6]
V. WOT is Running
5.0V 800 1000 600 A STOP Mode V= 0V, [6]
V. WOT is Running
hat Auto Latch Low Current 3.3V 8 10 5 pA OV <V, <V,
5.0V 15 20 i HA V<V, <V,
b Auto Latch High Current 3.3V -5 -7 -3 VA V<V, <V,
5.0v -8 -10 -6 A OV<V, <V,
Toon Power On Reset 3.3V 7 24 8 25 13 mS
5.0v 3 13 4 14 7 mS
Vi ¥, Brown Out Voltage 15 2.65 12 295 21 v 2 MHz max Ext. CLK Freq. {3]
Notes:
[1] ICC1 Type Unit Freq
Clock Driven on Crystal 3.0 mA mA  8MHz
or XTAL Resonator 0.3 mA mA  8MHz

[2] V, =OV=GND.

[3] 5.0V+ 0.5V, 3.3V +0.3V. The V, increases as the temperature decreases.

[4] All outputs unloaded, IfO pins floating, inputs at rail.

5] C_1=C,2=100pF.

[6] Same as note 4] exceptinputs at V..




AC ELECTRICAL CHARACTERISTICS
Additional Timing Diagram

Clock

Clock
Setup

Stop 4 35 (
Mode
Recovery X( 2

Source

Figure 19. Additional Timing




AC ELECTRICAL CHARACTERISTICS
Additional Timing Table

No Symbol Parameter Ve T,=0°Cto 70°C T, =-40°C to 105°C Units Notes
Note[6] 8 MHz 12 MHz 8 MHz 12 MHz
Min  Max Min  Max Min  Max Min  Max

1 e Input Clock Period 33V 125 100000 83 100000 125 100000 83 100000 ns 1
5.0V 125 100000 83 100000 125 100000 83 100000 ns it

2 TCTC  Clock InputRise & Fall Times 3.3V 25 15 25 15 ns [1]
5.0V 25 15 25 15 ns [1]

3 TWC  Input Clock Width 33V 37 % 7 % s M
50V 37 26 37 26 ns {1]

4 TwThinL  Timer Input Low Width 33V 100 100 100 100 ns [
5.0V 70 70 70 70 ns [1]

5 TwlnH  TimerputHighWidh 33V 3T,c  3pc  ae  spc

6  TpTin  Timer Input Period 33v BTpC 8TpC 87pC 81pC {1]
5.0v 8TpC 8TpC 8TpC 8TpC 1

W T maRsedaloes 3w 0 0w s
50V 100 100 100 100 ns 1]

8A  Twil int. Request Low Time 33V 100 100 100 100 ns [12)
5.0V 70 70 70 70 ns [1.2]

88 Twl It RequestlowTime 33V 3G 3pc  3pc  smc (13
5.0V 3TpC 3TpC 3TpC 3TpC [1.3]

9  TwiH  Int Request Input High Time 33V 3TpC 3TpC 3TpC 3TpC .21
5.0V 3TpC 3TpC 3TpC 31pC 1.2

10 Twsm  STOP Mode Recovery v 1 1 12 12 s o

Width Spec
50V 12 12 12 12 ns
e s T Reg SVR-D50
No Delay
5.0v 5TpC Reg. SMR - D5=1
with Delay

N Tot  OsollaorSatwpTime 33V spCc s &pC spC W
5.0V 57pC 5TpC 5TpC 5TpC 4}

12 Twd  WatchdogTimerDelayTime 33V 10 w1 1w ms  Do=0[)
5.0V 5 5 5 5 ms D1=0(5]
33y 30 30 30 30 ms D0=1{5]
5.0V 15 15 15 15 ms Dt=015]
33V 50 50 50 0 ms  D0=05)
5.0V 25 25 25 25 ms D1=1[5)
33V 200 200 200 200 ms DO =1[5]
50v 100 100 100 100 ms D1=11(5

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] Interrupt request via Port 3 (P30).

[4] SMR-D5 = 0.

[5] Reg. WDTMR.

[6] 5.0V£ 05V, 33V£ 03V




AC ELECTRICAL CHARACTERISTICS
Handshake Timing Table

(T
. 2 ;
Data In Data In Valid Next Data In Valid
(U
A
(@)
2/

{ .
DAV ‘/ Detayed DAV ;
(nputy TR e %, ................. g

6
RDY / Delaysd RDY ,TT'
{Output) Cd i o
7
Figure 20. Input Handshake Timing
ﬁ _______________
Data Out Data Out Valid Next Data Out Valid
(o=
-
fr~
/DAV N Delayed DAV
{Output) ~ e
I & ® 1 "
%) {(
N~ i ¥
RDY Delayed RDY
(nput) £ et

Figure 21. Output Handshake Timing




AC ELECTRICAL CHARACTERISTICS (Continued)
Handshake Timing Table

No Symbol Parameter v, T,=0°Cto70°C T, =-40°C10105°C Notes
Note[1] 8 MHz 12 MHz 8 MHz 12 MHz
Min Max Min  Max Min Max Min  Max
1 TsDYDAV) Data In Setup Time 3.3V 0 0 0 0 iN
5.0V 0 0 0 0 IN
2 ThDI(DAV) Data In Hold Time 33V 160 160 160 160 IN
500 115 15 15 115 IN
3 TwDAV  DataAvailableWidh 33V 155 155 155 155 N
s50v 110 10 110 110 iN
4 TIDAVIRDY)  DAVFalltoRDYFallDelay 3.3V 160 160 160 %0 W
5.0V 115 115 15 15 N
5 TdDAVIGRDY) DAVRiseloRDYRiseDelay 33v 120 120 120 120 N
5.0V 80 80 80 80 N
6 TdDO(DAV) RDY Riseto DAV Fall Delay 3.3V 0 0 0 0 N
5.0V 0 0 0 0 N
7 TclDAVORDY) DataOutte 33V 63 42 6 4 Coour
DAV Fall Delay 5.0V 63 42 63 Q2 out
8 TcLDAVO(RDY) DAV FalitoRDY Fall Delay 3.3V 0 0 0 0 out
5.0V 0 0 0 0 out
9 TdRDYO(DAV)  RDY Fallto DAVRise Delay 3.3V 160 .0 10 160 OUT
5.0V 115 115 115 15 ouT
10 TwRDY RDY Width 3V 10 10 110 110 ouT
5V 80 80 80 80 out
11 TdRDYOd(DAV)  RDY Riseto DAV Fall Delay 3.3V "o 10 1o 10 our
5.0V 80 80 80 80 ouT

Note:
[t] 5.0V£05V,33V+ 03V




EXPANDED REGISTER FILE CONTROL REGISTERS

SMR (F) 0B

ID7|DGIDSID4IDSIDZIDIIDOI

=

* Default setting after RESET

SCLK/TCLK Divide by 16
0 OFF "
1 ON

RESERVED

Stop Mode Recovery Source
000 POR Only *

001 P30

010 P31

011 P32

100 P33

101 P27

110 P2 NORO0:3

111 P2NORO:7

Stop Delay

0 OFF

1 ON*

Stop Recovery Level
0 Low*

1 High

Stop Flag

0 POR*

1 Stop Recovery

Figure 22. Stop Mode Recovery Register

WDTMR (F) OF

|D7los|os|m|oalnzlmlnoI

—L WDT TAP INT RC OSC XTAL CLK

00 5ms 256 TpC
[ 15ms 512 TpC
10 25ms 1024 7pC
11 100ms 4096 TpC

WDT During HALT

¢ OFF

1 ON*

WDT During STOP

0 OFF

1 ON*

XTAL1/NT RC Select for WDT

0 On-Board RC*
1 XTAL

* Defaull setting after RESET

Reserved

Figure 23. Watchdog Timer Mode Register




Z8 CONTROL REGISTER DIAGRAMS

Jo7] 08| 05] 4] 3| b2] 01 0]
j Reserved

Figure 24. Reserved

[or o os[oe] o: o2 o1 o]
- L

No Function
Load T,

-0

Disable T, Gount
Enable Ty Count

No Function
Load T,

Disable T4 Count
Enable T4 Count

-2 20

-0

Tiy Modes

00 External Clock Input
0t Gate Input

10 Trigger Input
{Non-retriggerable)

11 Trigger Input
{Retriggerable)

Tout Modes

00 Not Used

0 ToOut

10 T Out

11 Intemal Clock Out

Figure 25. Timer Mode Register
(F1H: Read/Write)

R242 Tt
[D? lDG lD5J D4J Dil D2 IE1 lDDJ
l———— T4 Initial Value

(When Whritten)
(Range: 1-256 Decimal
01-00 HEX)
T1 Current Value
(When Read)

Figure 26. Counter Timer 1 Register
(F2H: Read/Write)

R243 PRE1

lmloslnsloaloslozlmlool

L——- Gount Mode

0 T4 Singke Pass
1 Ty Modulo N

Clock Source
1 Tt Internal
0 Ty External Timing Input
(Tyy } Mode

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

Figure 27. Prescaler 1 Register
(F3H: Write Only)

R244 TO

E?rDG rDS[ 041 DSJ DZI 3} I ﬁl
l——-——— To initial Value

(When Written)
{Range. 1-256 Decimal
01-00 HEX)
To Current Value
{When Read)

Figure 28. Counter/Timer 0 Register
(F4H: Read/Write)

R245 PREQ
l;7r08[05| D4l DS| DZI a2 | DOI
l— Count Mode

0 TpSingle Pass
1 TgModulo N

Reserved

P ler Moduio
{Range: 1-64 Decimal
01-00 HEX)

Figure 29. Prescaler 0 Register
(F5H: Write Only)

R246 P2M
DECREEEE
L___ P2g - P27 1O Definition

0 Defines Bit as Output
1 Detines Bit as Input

Figure 30. Port 2 Mode Register
(F6H: Write Only)




Z8 CONTROL REGISTER DIAGRAMS (Continued)

R247 P3M

|o7|os]os|o4|nal02|m |DOI

L

Port 2 Pull-Ups Open Drain
Part 2 Pull-Ups Active

P31, P32 Digital Mode
P31, P32 Analog Mode

P32 = Input P35 = Output
P32 = /DAVI/RDY0 P35 = RDYO/DAVO

-

42 o

00 P33 = Input P34 = Qutput

0 P31=lnput(Ty) P36 = Output (Toyr)
1 P31 = DAVZ/RDY2 P36 = RDY2/DAV2

0 P30 = Input P37 = Output
Reserved

Figure 31. Port 3 Mode Register
(F7H: Write Only)

A248 PO1M R249 IPR

ID7ID6|DSID4IDB|DZ|D1 IDOI ID7|DS|DSIDAIDS|D2ID1IDOI

POg - POy Mode I l Interrupt Group Priority
00 = Output Reserved = 000
01 = Input C>A>B=001
1X = Reserved A>B>G=010
A>C>B=011
Stack
1 = Internal 8>C>A=100
C>B>A=101
Reserved B>A>C=110
External Memory Timing Reserved = 111
0 = Normal b |RQ1, IRQA4 Priority {Group C}
0 =IRQ1 > IRQ4
P%%- 987 Mll)de 1 =IRQ4 > IRQT
o1 :,nu'lf:" ke IRQO, IRQ2 Priority {Group B}
X o Roserved 0 = IRQ2 > IRQG
= 1= IRQO > IRQ2
IRQ3, IRQ5 Priority (Group A}
0 = IRQ5 > 1IRQ3
. . 1 = IRQ3 » IRQ5
Figure 32. Port 0 and 1 Mode Register
. Reserved
(F8H: Write Only)

Figure 33. Interrupt Priority Register
{F9H: Write Only)




R250 IRQ

ID7ID6|DSID4IDGID2]D1IDOI

==

IRQD = P32 input
IRQ1 = P33 Input
IRQ2 = P31 Input
1RQ3 = P30 input
IRQ4 =70
{RQ5=T1

inter Edge

P31 L P32) =00
P31l P32T =01
P31 T P32zl =10
P31 TiP32Ti=11

Figure 34. Interrupt Request Register
(FAH: Read/Write)

R251 IMR
IDﬂmlelmIoanzlmlml
I

Figure 35. Interrupt Mask
(FBH: Read/Write)

RA252 FLAGS

{o7{os 05| 043021 {oo]

=

Enables IRQ5-IRQD
(Do = IRQO)

1 Enables RAM Protect
1 Enables Interrupts

Register

User Flag F1

User Flag F2

Half Carry Flag
Decimal Adjust Flag
Overfiow Flag

Sign Flag

Zero Flag

Carry Flag

Figure 36. Flag Register

{(FCH: Read/Write)

R253 RP

Imlosloslmlnslozlm IDOI

| —

Expanded Register File

Figure 37. Register Pointer
(FDH: Read/Write)

R254 SPH
ID?IDslnslmlnslozjm |DOJ
I— Stack Pointer Upper

Byte (SPg - SP 45 )

Figure 38. Reserved

R255 SPL
{o7] o605 o4 psfoefor|po]
L—-——— Stack Pointer Lower

Byte (SP, -SP)

Figure 39. Stack Pointer
(FFH: Read/Write)

Register Pointer

361



DEVICE CHARACTERISTICS

1cc (mA) 13

12 A

1

; | /

) //
1 "]
[
____—_—————"'
640 1000 2000 4000 8000 12000 16000
Frequency (KHz)

Legend:

A -Vee = 5.0V

B - Vec = 3.5V

Figure 40. Typical | . vs Frequency




loc1(MA) 4
A
3 / B
Cc
2 / / 2
// D
1 %:—//
//
640 1000 2000 4000 8000 12000 16000
Frequency (KHz)
Legend:
A -Vecl =50V
B - Vcet = 5.0V (SCLK Divided by 16)
C - Vcel = 3.5V
D - Vec1 = 3.5V (SCLK Divided by 16)

Figure 41. Typical | ., vs Frequency




DEVICE CHARACTERISTICS (Continued)

| oH —40
(ma) A
\\\
-30 B \\
N \\
C \\ \\
-20 \\\ \\
N
\\\\\\\
-10 \\\\
\%\\
4}
2.0 3.0 4.0 5.0
VoH (Volts)
a.VCC =5.0V
loy —12
(ma) A \‘
-10 \\
-8 B % \
\
C
K \
4 \\\
= \
0
2.0 3.0 4.0 5.0
VoH(Volts)
b. VCC =3.3V
Legend:
A =-55°C
B= 25°C
C =125°C

Figure 42. Typical !, vs V, Over Temperature




ioL 16
(ma)
A
14 //
4
12 /
B
10 Ve
/ -
8 / c
A - '/
6 ,/ / /
4 y P
/'
2 d
0
0.1 0.2 0.3 0.4
VoL (Volts)
a. VCC = 5.0V
1oL 12
(ma)
10 / A
v
8 W
A B
5] /
// / c
4 " //
// L ,l
2 /'/(
%/
Q
0.1 0.2 0.3 04
VoL (Volis)
b. VCC = 3.3V
Legend.
A =-55°C
B= 25°C
C =125°C

Figure 43. Typicall,, vs V,, Over Temperature




DEVICE CHARACTERISTICS (Continued)

Peoa(hA) 4

N

N
NN

/ F
N ——

D

\\ c

B

A

-40 -20 0 25 55 80 105
Temperature (°C)

Legend:

A -Vcc = 3.0V D-Veo =45V
B - Vec = 3.5V E-Vec=5.0v
C-Vec =40V F-Veec =55V

Figure 44. Typical I, vs Temperature




Time
(msec)

22.0

20.0

18.0

16.0

14.0

12.0

10.0

8.0

6.0

4.0

2.0

P i
/
/
/ B
L 1
— / —
/ 1 C
/ =
e //
—
//// |_—1 —] T E
// P
- F
/ /
//
-60 -40 -20 0 20 40 60 80 100 120
Temperature (°C)
Legend:
A-Vee=3.0V D- Vec = 4.5V
B - Vee = 3.5V E- Vec = 5.0V
C - Vce = 4.0V F - Vec = 5.8V

Figure 45. Typical Power-On Reset Time vs Temperature
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DEVICE CHARACTERISTICS (Continued)

ALt | BEREEER
wa) 15| | Fl\ | : L . l
- \L |
E, LY ‘ !
| I \l\ o
| \‘\ : \\ ) !
| i ™~ . | \
‘ ! ~l T
o} S \H\\\
5| B~ Tt
— T
\T\ | ——
. ‘ )
: ! ! i
0 i I
55 -25 +125
Temperature (°C)
a. Typical Auto Latch Low Current vs Temperature
I ALH 10 e T
(nA) ) } i :

7
i

-55 —25 +125
Temperature (°C)

b. Typical Auto Latch High Current vs Temperature

Legend:

A-Vec=3.0V D-Vcc=45V
B-Vec=33V E-Vec=50V
C-Vee=38Y F-Vee=55V

Figure 46. Typical Auto-Latch Current vs Temperature




Frequency*
(KHz)

10000

5000

1000

{
__,L.¥L4*4W‘A - (SR (DN D I A P R P | -
: S
\w\ |
[

A-Veoc=50V C=33pF
B-Vcec=3.3V C =33 pF

_ A NS SO T N [ S Vj_
1 5 10 50 100 500 1000 5000 10000
Resistance (kohms)
Legend:

Note: * The internal clock frequency is one half the external clock frequency.
This chart for reference only. Each process will have a different characteriste curve.

Figure 47. Typical internal Frequency vs RC Resistance
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DEVICE CHARACTERISTICS (Continued)

Internal 10000
Frequency*

(KHz) 5000

1000

500

100

50

N
N
N _
-— I
\\ \\
\ A
™
\\'
B |
100 1000
Resistance (kohms)
Legend:
A-C=100pF
B-C=181pF

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

This chart for reference only. Each process will have a different charactefistc curve.

Figure 48. Typical internal Frequency vs Resistance
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Internal 10000
Frequency*
(KHz)

5000

1000

500

100 B I ﬁ/L,_J N SR A N U A B
T |

0
5 10 20 60 100 150 200 300
Capacitance (pF)
Legend:
A-C =100 pF
B-C=181pF

Note: * The internal clock frequency is one half the extemal clock frequency.
This chart for reference only. Each process will have a different characteristc curve.
R =1 kohm

Figure 49. Typical internal Frequency vs RC Capacitance
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DEVICE CHARACTERISTICS (Continued)

Time 40
(msec)
LA
35 — ]
//‘
30
25
——a - U
D
20 ,/ /4//7/— E
/ | | ™"
5 a1 /// P s
10 //
0
-60 -40 -20 0 20 40 60 80 100 120
Temperature (°C)

Legend:

A-Veec=3.0V D-Veec =45V
B-Vee =35V E-Vee=5.0V
C-Vce =40V F-Vee =55V

Figure 50. Typical 5 ms WDT Setting vs Temperature
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Time 80
{msec)
A
70 /’)—-
/%
” P 5
//
50 / =l e /r (4
"1
40 // // —_ D
— // . E
F
L////’
e
/;/
20 "]
10
-60 -40 -20 0 20 40 60 80 100 120
Temperature (°C)
Legend:

A-Vecc=3.0V D - Vce =45V
B-Vece= 3.5V E - Vcc = 5.0V
C-Vee =4.0V F-Vecec =55V

Figure 51. Typical 15 ms WDT Setting vs Temperature

373



DEVICE CHARACTERISTICS (Continued)
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Figure 52. Typical 256 ms WDT Setting vs Temperature
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INSTRUCTION SET NOTATION

Addressing Modes. The foliowing 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

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

Symbol Meaning

dst Destination focation or contents
SIc 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
fiags:

Symbol Meaning

C Carry flag

Z Zero llag

S Sign flag

\Y Overflow flag

D Decimal-adjust flag
H Half-carry flag

Aftecled 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

011 C Carry C=1

1111 NC No Carry C=0

0110 7 Zero =1

1110 NZ Not Zero Z=0

1101 PL Plus S=0

0101 MiI Minus S=1

0100 oV Overflow V=1

1100 NOV No Overflow V=0

0110 EQ Equal 7=1

1110 NE Not Equal /=0

1001 GE Grealer Than or Equal (8 XORV)=0

0001 LT Less than (SXOR V) =1

1010 Gl Greater Than |ZOR(SXOR V)] =0
0010 LE Less Than or Equal [ZOR(SXOR V)] =1
"M UGE Unsigned Greater Than or Equal C=0

o111 ULT Unsigned Less Than C=1

1011 UGT Unsigned Grealer Than (C=0 ANDZ=0)=1
0011 ULE Unsigned Less Than or Equal (CORZ)=1

0000 Never True
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INSTRUCTION FORMATS

OPC

[ s | oro

CCF, D\, €1, IRET, NOP,
RCF, RET, SCF

One-Byte Instructions

opc | mopE CLR, CPL, DA, DEC,
DEGW, INC, INCW,
dstsrc or [ 1110 dsvsre | B5e RS, AL LG,
RR, RRC, SRA, SWAP
oPC JP, CALL (indirect)
dst or[1110] ast |
oPC SRP
VALUE
opc | MODE ADC, ADD, AND, CP,
OR, SBC, SUB, TCM,
dst st TM, XOR
MODE | opc LD, LDE, LD,
dstsrc | src/dst LDC, LDAt
dst/src l oPC 5]
src/dst orf1110] ec |
dst l oPC LD
VALUE
dsvce | oPC DINZ, JR
RA
FFH STOP/HALT
8FH | 7FH

Two-Byte Instructions

oPC | MODE ADC. ADD, AND, CP,
c, S
src OR| 1110 sre %gmoﬁmsg(oﬂ us,
dst or|1110] dst
OPC | MODE ADC, ADD, AND, GP,
, OR, SBC, SUB,
dst or[1110] ast | 42,08 560508
VALUE
MODE | oPG D
src OR| 1110 src
dst or|1110] dst
MODE | opc D
dstsre X
ADDRESS
e | opc »
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 result is stored in the destination location.

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

dst (7)

refers to bit 7 of the destination operand.
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INSTRUCTION SUMMARY (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 1] * %k %k %k 0 %k INC dst r rE -k ¥ koo -
dste-dst + src +C dste-dst + 1 r=0-F
- e R 20
ADD dst, src t of ] % & ok ok * IR 21
dste-dst + src o L
e o o INCW dst RR AD -k ok k- -
AND dst, src 1 5[] - % % 0 - - dste-dst + 1 IR Al
dste-dst AND src e
e IRET BF ok ok okosk ok
CALL dst DA D6 N FLAGS«@SP;
SPSP -2 IRR D4 SP«SP + 1
@SP«-PC, PC«@SP;
PCedst SP«-SP + 2;
e e IMR(7)¢1
CCF EF * - - - - o e _
CNOTC JP cc, dst DA ch E
~ if cc is true c=0-F
CLR dst R BO - e - PCedst IRR 30
dste<0 IR B1 e o o _
o o - e JR cc, dst RA cB - - - -
COM dst R 60 - ok % 0 - - if cc is true, c=0-F
dste-NOT dst IR 61 PC«PC + dst
o ) o Range: +127,
CP dst, src 1 Al ] E I 2 -128
dst - src e o B
LD dst, src r im C - - - - -
DA dst R 40 * ok ok X - - dste-src r R r8
dsteDA dst IR 41 R r ra
o e r=0-F
DEC dst R 00 -k ok ok - - ro X Cc7
dstedst - 1 IR 01 X r D7
o ) [ E3
DECW dst RR 80 - % %k ok - - r r F3
dste-dst - 1 IR 81 R R E4
R IR E5
DI 8F - - - - - R M E6
IMR(7)¢-0 R IM  E7
e o IR R F5
DJNZr, dst RA rA e e o
re—r-1 r=0-F LDC dst, src r Irr Cc2 - - - - -
ifr0 _ o .
PCe«PC + dst LDCI dst, src Ir Cc3 e
Range: +127, dstesrc
-128 rer+1;
- e e+ 1
El 9F R
IMR(7)¢&1
HALT 7F - - e - -
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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 czZsvoD
NOP FF e STOP 6F - .- - -
OR dst, src + 4] -k % 0 - - SUBdst sic 1 20 ] ® ok ok & 1
dste—dst OR src dstedste-src
POP dst R 50 - . - . - - SWAPdst R FO X % % X -
dst—@SP; IR 51 IR F1
SPeSP + 1
Eagstrc li 76 e — - —
SP«S3P - 1; IR 71 TCM dst, src 1 6] 1 - %k % 0 -
@SPesrc (NOT dst)
AND src
RCF CF o - - - - - N . . o
Ce0 TM dst, src 1 71] - %k kO -
dst AND src
RET AF - - e e - i .
PC@SP; XOR dst, src 1 B[ ] - ok ok O -
SP¢«SP + 2 dstedst
. XOR src
RL dst R 90 *k % sk %k - -
——.] R gt
t These instructions have an identical set of addressing modes, which
are encoded for brevity. The first opcode nibble is found in the instruction
set table above. The second nibble is expressed symbolically by a'[ T
RLC dst R 10 ok ok k- - in this table, and its value is found in the following table to the left of the
IR LA applicable addressing mode pair.
~ o o For example, the opcode of an ADC instruction using the addressing
RR dst R EO % % ok k - - modes r (destination) and Ir (source) is 13,
b " El
Address Mode Lower
RRC dst R co * % ¥ ¥ - - dst src Opcode Nibble
g 0 R C1
r r 12
SBC dst, src t 3] k. ok %k k1 K
dste—dstesrce-C r Ir Kl
SCF DF 1. - o R R (4]
Ce1
R IR 5]
SRA dst R Do * % % O - -
IR D1 R IM [6)
[T o]
kx IR M (7]
SRP src Im 31 - - -
RPe-src
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OPCODE MAP

Lower Nibble (Hex)
0 1 2 3 a 5 6 7 8 ? A B c D E F
65 65 65 6.5 10.5 10.5 10.5 105 6.5 6.5 |12/105 12/10.0| 65 [12.100]| 65
0 DEC DEC ADD | ADD | ADD | ADD | ADD | ADD LD LD DJNZ JR LD JP INC
R IR1 r1,r2 | r1,ri2 |R2,R1 [IR2,R1 |R1, M JIR1,IM {r1,R2 |2, R1 | 1. RA |cc, RA | 11, IM |cc, DA al
6.5 6.5 6.5 65 10.5 105 10.5 105
1 RLC RLC ADC ADC | ADC | ADC | ADC | ADC
R1 IR1 r1,r2 | r1, 12 |R2,R1 |IR2, R1 |R1, M |IR1, M
65 6.5 6.5 6.5 105 105 105 10.5
2 INC INC sSuB SuUB SUB suB suB suB
R1 IR1 r1.r2 |rl, 12 |[R2 A1 |IR2, R1 R, M |IR1, M
8.0 6.1 6.5 85 105 105 105 10.5
3 JP SRP SBC SBC SBC SBC SBC SBC
IRR1 M .r2 |1, 2 |R2 Rt JIR2, R1 |R1, M LIR1, M
85 8.5 6.5 6.5 10.5 105 105 10.5 6.0
4 DA DA OR OR OR OR OR OR WHD
R1 IR1 ri,r2 | r1, r2 |R2,R1 |IR2, R1 |R1, IM |IR1. IM
105 105 65 65 105 105 105 105 6.0
5 POP pPoP AND | AND | AND | AND | AND | AND wDT
R IRt r, 2 | r1, r2 JR2, R1 |IR2, R1 |R1, IM |IR1, IM
6.5 8.5 6.5 6.5 105 105 10.5 10.5 6.0
6 COM | COM | TCM TCM TCM TCM TCM TCM sSTOP
E R1 IR1 r1,r2 | r1. 112 |R2, R1 |IR2, R1 |R1, M |iR1, iM
T 10/12.1 [12/14.1 6.5 65 105 105 10.5 105 7.0
o 7 PUSH | PUSH ™ ™ ™ ™ ™ ™ HALT
8 R2 IR2 r1.r2 | 1, 12 |R2,Rt |IR2, R1 |R1, IM |IRT, IM
z 105 | 105 6.1
g 8 |DECW |DECW D
g rRrR1 | R1
2 65 | 65 6.1
9 RL RL El
R1 iR1
105 105 65 6.5 105 10.5 10.5 10.5 14.0
A INCW | INCW cP cp cep CP cP CP RET
RR1 IR1 1,2 |rl, k2 |R2, A1 JIR2, R1|Rt, M |IR1, 1M
6.5 65 65 6.5 105 105 105 105 16.0
B CLR CLR XOR XOR XOR | XOR XOR XOR IRET
R1 IR1 r1,r2 | r1, Ir2 JR2, A1 |IR2, R1 |R1, 1M |iR1, IM
6.5 8.5 12.0 18.0 105 6.5
Cc RRC | RRC | LDC | LDCI Lo RCF
/1 IRt i, 2 e, Ire2 r1.x,R2
6.5 65 20.0 20.0 105 65
b SRA SRA CALL* CALL LD SCF
R1 IR1 IRR1 DA |ri2xR1
6.5 6.5 6.5 105 10.5 105 105 6.5
E RR RR LD LD LD LD LD CCF
R1 1R1 r1, IR2 |R2, R1 |IR2, R1 |R1, IM [IA1, IM
85 8.5 6.5 105 6.0
F SWAP | SWAP LD LD * NOP
A1 | R I, r2 R2. R1 ) y | Y Y Y Y
~ n'g v - v v ‘f—_/
2 3 2 3
Bytes per Instruction
Lower Legend:
Opcode R = 8-hit address
. Nibble o r = 4-bit address
Execution l Pipeline Ryor ro= Dstaddress
Cycles Cycles Ryor ro= Src address
4
Sequence:
Upper 10.5 X Opcode, First Operand,
Opcode ——ea| CPse—1—— Mnemonic o
o Second Operan:
Nibble Ry.Rp
Note: The blank are not defined.
First Second * 2-byte instruction appears as a
Operand Operand 3-byte instruction
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