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NOTES FOR CMOS DEVICES

@ PRECAUTION AGAINST ESD FOR SEMICONDUCTORS

Note:

Strong electric field, when exposed to a MOS device, can cause destruction of the gate oxide and
ultimately degrade the device operation. Steps must be taken to stop generation of static electricity
as much as possible, and quickly dissipate it once, when it has occurred. Environmental control
must be adequate. When it is dry, humidifier should be used. It is recommended to avoid using
insulators that easily build static electricity. Semiconductor devices must be stored and transported
in an anti-static container, static shielding bag or conductive material. All test and measurement
tools including work bench and floor should be grounded. The operator should be grounded using
wrist strap. Semiconductor devices must not be touched with bare hands. Similar precautions need
to be taken for PW boards with semiconductor devices on it.

® HANDLING OF UNUSED INPUT PINS FOR CMOS

Note:

No connection for CMOS device inputs can be cause of malfunction. If no connection is provided
to the input pins, itis possible that an internal input level may be generated due to noise, etc., hence
causing malfunction. CMOS devices behave differently than Bipolar or NMOS devices. Inputlevels
of CMOS devices must be fixed high or low by using a pull-up or pull-down circuitry. Each unused
pin should be connected to Voo or GND with a resistor, if it is considered to have a possibility of
being an output pin. All handling related to the unused pins must be judged device by device and
related specifications governing the devices.

@ STATUS BEFORE INITIALIZATION OF MOS DEVICES

Note:

Power-on does not necessarily define initial status of MOS device. Production process of MOS
does not define the initial operation status of the device. Immediately after the power source is
turned ON, the devices with reset function have not yet been initialized. Hence, power-on does
not guarantee out-pin levels, /O settings or contents of registers. Device is not initialized until the
reset signal is received. Reset operation must be executed immediately after power-on for devices
having reset function.

Windows and Windows NT are either registered trademarks or trademarks of Microsoft Corporation in the
United States and/or other countries.

PC/AT is a trademark of International Business Machines Corporation.

HP9000 series 700 and HP-UX are trademarks of Hewlett-Packard Company.

SPARCstation is a trademark of SPARC International, Inc.

Solaris and SunOS are trademarks of Sun Microsystems, Inc.

OSF/Motif is a trademark of Open Software Foundation, Inc.

NEWS and NEWS-OS are trademarks of Sony Corporation.

TRON is an acronym of The Realtime Operating system Nucleus.

ITRON is an abbreviation of Industrial TRON.
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The export of these products from Japan is regulated by the Japanese government. The export of some or all of these
products may be prohibited without governmental license. To export or re-export some or all of these products from a
country other than Japan may also be prohibited without a license from that country. Please call an NEC sales
representative.

The information in this document is subject to change without notice. Before using this document, please
confirm that this is the latest version.

Not all devices/types available in every country. Please check with local NEC representative for availability
and additional information.

No part of this document may be copied or reproduced in any form or by any means without the prior written
consent of NEC Corporation. NEC Corporation assumes no responsibility for any errors which may appear in
this document.

NEC Corporation does not assume any liability for infringement of patents, copyrights or other intellectual property
rights of third parties by or arising from use of a device described herein or any other liability arising from use
of such device. No license, either express, implied or otherwise, is granted under any patents, copyrights or other
intellectual property rights of NEC Corporation or others.

Descriptions of circuits, software, and other related information in this document are provided for illustrative
purposes in semiconductor product operation and application examples. The incorporation of these circuits,
software, and information in the design of the customer's equipment shall be done under the full responsibility
of the customer. NEC Corporation assumes no responsibility for any losses incurred by the customer or third
parties arising from the use of these circuits, software, and information.

While NEC Corporation has been making continuous effort to enhance the reliability of its semiconductor devices,
the possibility of defects cannot be eliminated entirely. To minimize risks of damage or injury to persons or
property arising from a defect in an NEC semiconductor device, customers must incorporate sufficient safety
measures in its design, such as redundancy, fire-containment, and anti-failure features.

NEC devices are classified into the following three quality grades:

"Standard", "Special", and "Specific". The Specific quality grade applies only to devices developed based on a
customer designated "quality assurance program" for a specific application. The recommended applications of
a device depend on its quality grade, as indicated below. Customers must check the quality grade of each device
before using it in a particular application.

Standard: Computers, office equipment, communications equipment, test and measurement equipment,
audio and visual equipment, home electronic appliances, machine tools, personal electronic
equipment and industrial robots

Special: Transportation equipment (automobiles, trains, ships, etc.), traffic control systems, anti-disaster
systems, anti-crime systems, safety equipment and medical equipment (not specifically designed
for life support)

Specific: Aircraft, aerospace equipment, submersible repeaters, nuclear reactor control systems, life
support systems or medical equipment for life support, etc.

The quality grade of NEC devices is "Standard" unless otherwise specified in NEC's Data Sheets or Data Books.
If customers intend to use NEC devices for applications other than those specified for Standard quality grade,
they should contact an NEC sales representative in advance.

M7D 98.12
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Regional Information

Some information contained in this document may vary from country to country. Before using any NEC
product in your application, please contact the NEC office in your country to obtain a list of authorized
representatives and distributors. They will verify:

+ Device availability
+ Ordering information

« Product release schedule

« Availability of related technical literature

- Development environment specifications (for example, specifications for third-party tools and
components, host computers, power plugs, AC supply voltages, and so forth)

+ Network requirements

In addition, trademarks, registered trademarks, export restrictions, and other legal issues may also vary

from country to country.

NEC Electronics Inc. (U.S.)

Santa Clara, California

Tel: 408-588-6000
800-366-9782

Fax: 408-588-6130
800-729-9288

NEC Electronics (Germany) GmbH
Duesseldorf, Germany

Tel: 0211-65 03 02

Fax: 0211-65 03 490

NEC Electronics (UK) Ltd.
Milton Keynes, UK

Tel: 01908-691-133

Fax: 01908-670-290

NEC Electronics Italiana s.r.l.
Milano, Italy

Tel: 02-66 75 41

Fax: 02-66 75 42 99

NEC Electronics (Germany) GmbH
Benelux Office

Eindhoven, The Netherlands

Tel: 040-2445845

Fax: 040-2444580

NEC Electronics (France) S.A.
Velizy-Villacoublay, France

Tel: 01-30-67 58 00

Fax: 01-30-67 58 99

NEC Electronics (France) S.A.
Spain Office

Madrid, Spain

Tel: 91-504-2787

Fax: 91-504-2860

NEC Electronics (Germany) GmbH
Scandinavia Office

Taeby, Sweden

Tel: 08-63 80 820

Fax: 08-63 80 388
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NEC Electronics Hong Kong Ltd.
Hong Kong

Tel: 2886-9318

Fax: 2886-9022/9044

NEC Electronics Hong Kong Ltd.
Seoul Branch

Seoul, Korea

Tel: 02-528-0303

Fax: 02-528-4411

NEC Electronics Singapore Pte. Ltd.
United Square, Singapore 1130
Tel: 65-253-8311

Fax: 65-250-3583

NEC Electronics Taiwan Ltd.
Taipei, Taiwan

Tel: 02-2719-2377

Fax: 02-2719-5951

NEC do Brasil S.A.

Electron Devices Division

Rodovia Presidente Dutra, Km 214
07210-902-Guarulhos-SP Brasil
Tel: 55-11-6465-6810

Fax: 55-11-6465-6829
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CHAPTER 1 GENERAL

1.1 Features

« ROM and RAM capacity

Item Program Memory Data Memory
Product Name (ROM) (Internal High-Speed RAM)
HPD789188 Mask ROM 16 Kbytes 512 bytes
HPD78F9189 Flash memory 24 Kbytes

Minimum instruction execution time (0.4 ts: Main system clock 5.0-MHz operation)
1/0 port: 26
Serial interface
3-wire serial /O mode/UART mode: 1 channel
8-bit resolution A/D converter: 4 channels
Timer: 6 channels

16-bit timer: 1 channel
8-bit timer/event counter: 2 channels
8-bit timer: 1 channel
Watch timer: 1 channel
Watchdog timer: 1 channel

Vectored interrupt source: 15
Supply voltage: Voo =4.0t0 5.5V
Operating ambient temperature: Ta =—-40°C to +85°C

1.2 Applications

Air-Conditioner, Home Appliance, etc.

12
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CHAPTER 1 GENERAL

1.3 Ordering Information

Part Number Package Internal ROM
MPD789188CT-xxx 32-pin plastic Shrink DIP (400mil) Mask ROM
MPD78F9189CT 32-pin plastic Shrink DIP (400mil) Flash memory

Remark xxxindicates ROM code suffix.

User's Manual 2™ edition
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CHAPTER 1 GENERAL

1.4 Pin Configuration (Top View)

32-pin plastic Shrink DIP (400mil)

HPD789188CT-xxx HPD78F9189CT
P50«==—] 1 32 |«<— PO4
P51le=—] 2 31 |«— PO3
P52¢—| 3 30 |«=— PO2
P53¢«=—| 4 29 [<— PO1
P60/ANIO—=—] 5 28 [<=— POO
P61/ANI1—=| 6 27 [<— P26/TO80
P62/ANI2——] 7 26 |<— P25/SI20/RxD20
P63/ANI3——| 8 25 VDD
VSS—| 9 24 |[—— X1
P10«=—| 10 23 X2
Plle=—| 11 22 RESET
P30/INTPO/TI8L/CPTI90+=—| 12 21 Vpp/ICO
P31/INTP1/TO81le=—| 13 20 [&<— P24
P32/INTP2/TO90+=—| 14 19 |«=— P23
P33/INTP3/TO82/BZ0O90+—| 15 18 |«— P22/SI20/RxD20
P20/SCK20/ASCK20+—| 16 17 |<— P21/S020/TxD20

Cautions 1. Connect the ICO (internally connected) pin directly to the Vss pin.

Remark Pin connections in parentheses are intended for the (/PD78F9189.
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CHAPTER 1 GENERAL

ANIO to ANI3:
ASCK20:
BZ0O90:
CPT90:

I1CO:

INTPO to INTP3:
P00 to P0O4:
P10, P11:
P20 to P26:
P30 to P33:
P50 to P53:
P60 to P63:

Analog Input
Asynchronous Serial Input
Buzzer Output

Capture Trigger Input
Internally Connected
Interrupt from Peripherals
Port 0

Port 1

Port 2

Port 3

Port 5

Port 6

RESET:
RxD20:
SCK20:
SI20:
S020:
S520:
TI80, TI81:

TO80 to TO82, TO90:

TxD20:
Vob:
Vpp:
Vss:
X1, X2:

User's Manual 2™ edition

Reset

Receive Data
Serial Clock
Serial Input
Serial Output
Chip Select Input
Timer Input
Timer Output
Transmit Data
Power Supply
Programming Power Supply
Ground

Crystal (Main System Clock)
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CHAPTER 1 GENERAL

1.5 78K/0S Series Development

The 78K/0S Series products are shown below. The subseries hames are indicated in frames.

: In mass-production

. + Under development

Y Subseries supports SMB.

Small-scale package, general-purpose applications

44-pin UPD789046 UPD789026 with internal subsystem clock
42/44-pin HPD789014 with enhanced timer function and expanded ROM and RAM
28-pin On-chip UART and capable of low-voltage (1.8 V) operation
Small-scale package, general-purpose applications and A/D function
[ 44/48-pin RC oscillation version of the uPD789197AY
44/48-pin UPD789177 with internal EEPROM™
44-pin HPD789167 with enhanced A/D converter
44-pin UPD789104A with enhanced timer
30-pin uPD789146 with enhanced A/D converter
'l 30-pin HPD789104A with EEPROM
30-pin pPD789124A with enhanced A/D converter
30-pin RC oscillation version of the uPD789104A
30-pin HPD789104A with enhanced A/D converter
¥30-pin HUPD789026 with A/D converter and multiplier
I 44-pin On-chip inverter control circuit and UART
7;;{233 For LCD driving
[ 88-pin On-chip UART and dot LCD
80-pin UPD789417A uPD789407A with enhanced A/D converter
80-pin HPD789407A /. uPD789456 with enhanced 1/0
64-pin ,_ uPD789446 with enhanced A/D converter
M 64-pin ": 1PD789426 with enhanced display output
64-pin - HPD789426 with enhanced A/D converter
64-pin - uPD789306 with A/D converter
64-pin '_ RC oscillation version of the uPD789306
| 64-pin ' Basic subseries for LCD driving
[~ 44-pin For PC keyboard, on-chip USB function
44-pin For key pad, on-chip POC
N 20-pin , UPD789861 .. RC oscillation version of the yPD789860
| 20-pin " u:PD789860" For keyless entry, on-chip POC key return circuit
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The major functional differences among the subseries are listed below.

Functionl ROM | Timer | 8-Bit ‘lO—Bit‘

Capacity A/D AID

Subseries Name 8-Bit 16-Bit Watch WDT

User's Manual 2™ edition
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CHAPTER 1 GENERAL

1.6 Block Diagram

8-bit TIMER/ <ﬁ> Port 0 P00-P04
TI80/SS20/P25 —>| EVENT COUNTER 80— K>
TOBO/P26 «—
—| 8-bit TIMER/ P10-P11
TISLINTPO/CPTI0/P30 Port 1
TOBLINTPLP3L <€— EVENT COUNTER . - < K>
bi P20-P26
TOB2/INTP3/BZ090/P33¢4— 8bit TIMER/
EVENT COUNTER 82¢> <Z> Port 2 <::>
—>
CPT90/INTPO/TIS81/P30 16-bit TIMER90 & < =
TO90/INTP2/P32 Port 3 P30-P63
BZO90/INTP3/TO82/P33 %
WATCH TIMER
78K0S ROM : : Port 5 <:> P50-P53
CPU
CORE
P60-P63
WATCHDOG TIMER (- (Y ports
SCK20/ASCK20/P20 — jt SYSTEM
S020/TxD20/P21 <+—{SI020 - CONTROL < RESET—
SI20/RxD20/P22 —> <“«—x1
SS20/TI80/P25 — RAM —» X2
ANIO/P60-ANI3/P63 L__> AID CONVERTER K=
INTPO/TIS1/CPT90/P30
INTERRUPT INTPL/TO81/P31
<> controL <> INTP2/TO90/P32
INTP3/TO82/BZO90/P33
MULTIPLIER -

vDD VSS ICO
0 VppUd

Remarks 1. Pin connections in parentheses are intended for the (/PD78F9189.
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1.7 Outline of Function

Part Number H4PD789188 HPD78F9189
Iltem
Internal memory ROM Mask ROM Flash Memory
16 Kbytes 24 Kbytes
High-speed RAM 512 bytes

Minimum instruction execution time

0.4/1.6 s (operation with main system clock running at 5.0 MHz)

General-purpose registers

8 bits x 8 registers

Instruction set

« 16-bit operations
« Bit manipulations (such as set, reset, and test)

Multiplier 8 bits x 8 bits = 16 bits
1/0O ports Total: 26
¢« CMOS input: 4(Shared with A/D Converter)

*« CMOS I/O: 16
« N-ch open-drain: 6(12V tolerance 4)

A/D converter

¢ 8-bit resolution x 8 channels

Serial interface

¢ Switchable between 3-wire serial /0 and UART modes: 1 channel

Timers

* 16-bit timer: 1 channel
« 8-bit timer/event counter: 2 channels
« 8-bit timer: 1 channel
« Watch timer: 1 channel
« Watchdog timer: 1 channel

Timer output

Four outputs

Buzzer output

One output

Vectored interrupt | Maskable

Internal: 10, external: 4

sources
Nonmaskable

Internal: 1

Power supply voltage

Vop=4.0t05.5V

Operating ambient temperature

Ta=-40°C to +85°C

Package

32-pin plastic Shrink DIP(400mil)

User's Manual 2™ edition
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The timers are outlined below.

16-Bit 8-Bit 8-Bit 8-Bit Timer | Watch Timer Watchdog
Timer 90 Timer/Event | Timer/Event 82 Timer
Counter 80 | Counter 81

Operating | Interval timer - 1 channel 1 channel 1channel | 1channe™' | 1 channe™'*®

mode ! 2
External event counter - 1 channel 1 channel - - -

Function Timer output 1 output 1 output 1 output 1 output - -
PWM output - 1 output 1 output 1 output - -
Square-wave output - 1 output 1 output 1 output - -
Buzzer output 1 output - - - - -
Capture 1 input - - - - -
Interrupt source 1 1 1 1 1 1

Notes 1. The watch timer can perform both watch timer and interval timer functions at the same time.
2. The watchdog timer provides the watchdog timer function and interval timer function. Use either of the

20

functions.

User's Manual 2nd edition




CHAPTER 1 GENERAL

[MEMO]
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CHAPTER 2 PIN FUNCTIONS

2.1 Pin Function List

(1) Portpins

CHAPTER 2 PIN FUNCTIONS

Pin Name 110 Function After Reset Alternate Function
P00 to PO4 I/0 Port 0 Input -
5-bit input/output port
Input/output mode can be specified in 1-bit units
When used as an input port, an on-chip pull-up resistor can
be specified by means of pull-up resistor option register 0
(PUO).
P10, P11 1/O Port 1 Input -
2-bit input/output port
Input/output mode can be specified in 1-bit units
When used as an input port, an on-chip pull-up resistor can
be specified by means of pull-up resistor option register 0
(PUO).
P20 I} Port 2 Input SCK20/ASCK20
P21 7-bit input/output port SO20/TXD20
Input/output mode can be specified in 1-bit units
P22 For P20 to P22, P25, and P26, an on-chip pull-up resistor SI20/RxD20
P23 can be specified by means of pull-up resistor option register -
P24 B2 (PUB2). _
Only P23 and P24 can be used as N-ch open-drain
P25 input/output port pins. TI80/SS20
P26 TO80
P30 lfe} Port 3 Input INTPO/TI81/CPT90
P31 4-bit input/output port INTPL/TOS1
Input/output mode can be specified in 1-bit units
P32 An on-chip pull-up resistor can be specified by means of pull- INTP2/TO90
P33 up resistor option register B3 (PUB3). INTP3/TO82/BZ0O90
P50 to P53 1/O Port 5 Input -
4-bit N-ch open-drain input/output port
Input/output mode can be specified in 1-bit units
For a mask ROM version, an on-chip pull-up resistor can be
specified by the mask option.
P60 to P63 Input Port 6 Input ANIO to ANI3

4-bit input-only port

22
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CHAPTER 2 PIN FUNCTIONS

(2) Non-port pins

applies a high voltage when a program is written or verified.

In normal operation mode, connect this pin directly to the Vss.

Pin Name I/0 Function After Reset Alternate Function
INTPO Input External interrupt input for which the valid edge (rising edge, Input P30/TI81/CPT90
INTP1 falling edge, or both rising and falling edges) can be specified P31/TO81
INTP2 P32/TO90
INTP3 P33/T0O82/BZ090
S120 Input Serial data input to serial interface Input P22/RxD20
S020 Output | Serial data output from serial interface Input P21/TxD20

[ sck20 1/O Serial clock input/output for serial interface Input P20/ASCK20
SS20 Input Chip select input to serial interface Input P25/T180
ASCK20 Input Serial clock input for asynchronous serial interface Input P20/SCK20
RxD20 Input | Serial data input for asynchronous serial interface Input P22/S120
TxD20 Output | Serial data output for asynchronous serial interface Input P21/S020
TI80 Input External count clock input to 8-bit timer/event counter (TM80) Input P25/SS20
TI81 Input External count clock input to 8-bit timer/event counter (TM81) Input P30/INTPO/CPT90
TO80 Output | 8-bit timer/event counter (TM80) output Input P26
TO81 Output | 8-bit timer/event counter (TM81) output Input P31/INTP1
TO82 Output | 8-bit timer (TM82) output Input P33/INTP3/BZO90
TO90 Output | 16-bit timer (TM90) output Input P32/INTP2
CPT90 Input | Capture edge input Input P30/INTPO/TI81
Bz090 Output | Buzzer output Input P33/INTP3/TO82
ANIO to Input | A/D converter analog input Input P60 to P63
ANI3
X1 Input Connecting crystal resonator for main system clock - -

X2 _ oscillation _ _
RESET- Input System reset input Input -
Vop - Positive power supply - -
Vss - Ground potential - -
ICO - Internally connected. Connect this pin directly to the Vss pin. - -
Vep - This pin is used to set flash memory programming mode and - -

User's Manual 2nd edition
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CHAPTER 2 PIN FUNCTIONS

2.2 Description of Pin Functions

2.2.1 P00 to P04 (Port 0)

These pins constitute a 5bit I/O port and can be set to input or output port mode in 1-bit units by using port mode
register 0 (PM0). When these pins are used as an input port, an on-chip pull-up resistor can be used by setting pull-

up resistor option register 0 (PUO).

2.2.2 P10, P11 (Port 1)

These pins constitute a 2-bit 1/0O port and can be set to input or output port mode in 1-bit units by using port mode
register 1 (PM1). When these pins are used as an input port, an on-chip pull-up resistor can be used by setting pull-

up resistor option register 0 (PUO).

2.2.3 P20 to P26 (Port 2)

These pins constitute a 7-bit I/O port. In addition, these pins provide a function to perform input/output to/from

the timer and to input/output the data and clock of the serial interface.
Port 2 can be set to the following operation modes in 1-bit units.

24

1)

)

Port mode

In port mode, P20 to P26 function as a 7-bit I/0 port. Port 2 can be set to input or output mode in 1-bit units
For P20 to P22, P25, and P26, whether to use on-chip pull-up
resistors can be specified in 1-bit units by using pull-up resistor option register B2 (PUB2), regardless of the
setting of port mode register 2 (PM2). P23 and P24 are N-ch open-drain 1/O ports.

by using port mode register 2 (PM2).

Control mode

In this mode, P20 to P26 function as the timer input/output, the data input/output and the clock input/output

of the serial interface.

@

(b)

(©)

(d)

(e)

®

TI8O
This is the external clock input pin for 8-bit timer/event counter 80.

TO80
This is the timer output pin of 8-bit timer/event counter 80.

SI120, SO20
These are the serial data 1/O pins of the serial interface.

SCK20
These are the serial clock I/O pins of the serial interface.

SS20
This is the chip select input pin of the serial interface.

RxD20, TxD20
These are the serial data I/O pins of the asynchronous serial interface.
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(g) ASCK20
This is the serial clock input pin of the asynchronous serial interface.

Caution When using P20 to P26 as serial interface pins, the input/output mode and output latch
must be set according to the functions to be used. For details of the setting, see Table
14-2 Serial Interface 20 Operating Mode Settings.

2.2.4 P30to P33 (Port 3)

These pins constitute a 4-bit 1/0O port. In addition, these pins function as the timer input/output and the external
interrupt input.

Port 3 can be set to the following operation modes in 1-bit units.

(1) Port mode
In port mode, P30 to P33 function as a 4-bit I/0 port. Port 3 can be set to input or output mode in 1-bit units
by using port mode register 3 (PM3). Whether to use the on-chip pull-up resistor can be specified in 1-bit
units by using pull-up resistor option register B3 (PUB3), regardless of the setting of port mode register 3
(PM3).

(2) Control mode
In this mode, P30 to P33 function as the timer input/output and the external interrupt input.

(a) TIB1
This is the external clock input pin for 8-bit timer/event counter 81.

(b) TO90, TO81, TO82
These are the output pins of 16-bit timer 90, 8-bit timer/event counter 81, and 8-bit timer 82.

(c) CPT90
This is the capture edge input pin of 16-bit timer 90.

(d) BZO90
This is the buzzer output pin of 16-bit timer 90.

(e) INTPOto INTP3
These are external interrupt input pins for which the valid edge (rising edge, falling edge, and both the
rising and falling edges) can be specified.

2.2.5 P50 to P53 (Port 5)

These pins constitute a 4-bit N-ch open-drain 1/0 port. Port 5 can be set to input or output mode in 1-bit units by
using port mode register 5 (PM5). For a mask ROM version, whether a pull-up resistor is to be incorporated can be
specified by a mask option.
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2.2.6 P60 to P63 (Port 6)
These pins constitute an 4-bit input-only port. They can function as A/D converter input pins as well as a
general-purpose input port.

(1) Port mode
In port mode, P60 to P63 function as an 8-bit input-only port.

(2) Control mode
In control mode, P60 to P63 function as A/D converter analog inputs (ANIO to ANI3).

2.2.7 RESET
A low-level active system reset signal is input to this pin.

2.2.8 X1, X2
These pins are used to connect a crystal resonator for main system clock oscillation.
To supply an external clock, input the clock to X1 and input the inverted signal to X2.

2.2.13 Vop
Vop is a positive power supply port pin.

2.2.14 Vss
Vss is a ground potential port pin.

2.2.15 Vep (WPD78F9189 only)

High voltage apply pin for flash memory programming mode setting and program write/verify.
Directly connect this pin to Vss in normal operation mode.
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2.2.16 ICO (mask ROM version only)

The ICO (Internally Connected) pin is used to set the (PD789188 to test mode before shipment. In normal
operation mode, directly connect this pin to the Vss pin with as short a wiring length as possible.

If a potential difference is generated between the ICO pin and Vss pin due to a long wiring length between the ICO
pin and Vss pin or an external noise superimposed on the ICO pin, a user program may not run correctly.

« Directly connect the ICO pin to the Vss pin.

Vsso,
Vss1 ICO

.

Keep short
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2.3 Pin Input/Output Circuits and Recommended Connection of Unused Pins

The input/output circuit type of each pin and recommended connection of unused pins are shown in Table 2-1.

For the input/output circuit configuration of each type, refer to Figure 2-1.

Table 2-1. Types of Input/Output Circuits for Each Pin and Recommended Connection of Unused Pins

Pin Name I/0 Circuit Type 110 Recommended Connection of Unused Pins
P00 to PO4 5-H 110 Input:  Independently connect to Voo or Vss via a resistor.
P10, P11 Output: Leave open.
P20/SCK20/ASCK20 8-C
P21/S020/TxD20
P22/S120/RxD20
P23 13-X Input:  Independently connect to Voo via a resistor.
P24 Output: Leave open.
P25/T180/SS20 8-C Input:  Independently connect to Vob or Vss
P26/TO80 via a resistor.

Output: Leave open.

P30/INTPO/TI81/CPT90 Input:  Independently connect to Vss via a resistor.
P31/INTPL/TO81 Output: Leave open.
P32/INTP2/TO90
P33/INTP3/TO82/BZ090
P50 to P53 (mask ROM version) 13-U Input:  Independently connect to Voo via a resistor.
P50 to P53 (flash memory version) 13-T Output: Leave open.
P60/ANIO to P63/ANI3 9-C Input | Connect directly to Voo or Vss.
RESET 2 Input -

ICO (mask ROM version)

Vep (flash memory version)

Connect directly to Vss.

Connect directly to Vss.

28
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Figure 2-1. Pin Input/Output Circuits
Type 13-T
—O INJOUT

Type 2

Output data :):>O_|
Output disable N-ch
g Vsso

IN
Schmitt-triggered input with hysteresis characteristics Input enable
Input buffer with intermediate withstand voltage
Type 5-H Vopo Type 13-U

Vobo

Pull-up resistor ~7

Pull-up {>O_' P-ch (mask option)

Vooo —CO IN/OUT
Output data :):>O_| N-ch

enable
P-ch

Output disable
IN/OUT Vs

Input enable
Input buffer with intermediate withstand voltage

Data 7:@4
Output ﬂ >o N-ch
disable v
SS0
Input Q
enable
Type 8-C Vopo Type 13-X
Pull-up ll> o
enable P +—O INJOUT
Vopo Output data j)o_| N-ch
Output disable <
Vsso
@I

Data

Output

disable
o<

7:D—| P-ch
IN/OUT
withstand voltage
Comparator

Input buffer with 5-V

Type 9-C
P-ch

IN O—y
N-ch
_’_AVSS ;

Comparator

VRer

(Threshold voltage)

Input
enable
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CHAPTER 3 CPU ARCHITECTURE

3.1 Memory Space

Products in the #PD789188 and 78F9189 Subseries can each access up to 64 Kbytes of memory space.

CHAPTER 3 CPU ARCHITECTURE

Figures 3-1 through 3-2 show the memory maps.

Figure 3-1. Memory Map (uPD789188)

FFFFH
Special function registers
256 x 8 bits
FFOOH
FEFFH
Internal high-speed RAM
512 x 8 bits
FDOOH
FCFFH
o~ Reserved -~
Data memory space
4000H
3FFFH
Program memory Internal ROM
space ¥~ et
16,384 x 8 bits
000O0H

3FFFH

0080H
007FH

0040H
0O03FH

0024H
0023H

0O00O0OH

Program area

CALLT table area

Program area

Vector table area
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Figure 3-2. Memory Map (4PD78F9189)

FFFFH
Special function registers
256 x 8 bits
FFOOH
FEFFH
Internal high-speed RAM
512 x 8 bits
FDOOH
FCFFH
0= Reserved 0~
Data memory space
6000H
5FFFH
Program memory Internal flash memory |
space = et
24,576 x 8 bits
00O0O0H

5FFFH

008O0H
007FH

0040H
0O03FH

0024H
0023H

0O00OH

Program area

CALLT table area

Program area

Vector table area
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3.1.1 Internal program memory space

The internal program memory space stores programs and table data. This space is usually addressed by the
program counter (PC).

The 4PD789188 and 78F9189 Subseries provide the following internal ROMs (or flash memory) containing the
following capacities.

Table 3-1. Internal ROM Capacity

Part Number Internal ROM
Structure Capacity
HPD789188 Mask ROM 16,384 x 8 bits
HPD78F9189 Flash memory 24,576 x 8 bits

The following areas are allocated to the internal program memory space:

(1) Vector table area
A 36-byte area of addresses 0000H to 0023H is reserved as a vector table area. This area stores program
start addresses to be used when branching by the RESET input or an interrupt request generation. Of a
16-hit program address, the lower 8 bits are stored in an even address, and the higher 8 bits are stored in
an odd address.

Table 3-2. Vector Table

Vector Table Address Interrupt Request Vector Table Address Interrupt Request
0000H RESET input 0014H INTWTI
0004H INTWDT 0016H INTTM80
0006H INTPO 0018H INTTM81
0008H INTP1 001AH INTTM82
000AH INTP2 001CH INTTM90
000CH INTP3 001EH -
000EH INTSR20/INTCSI20 0020H -
0010H INTST20 0022H INTADO
0012H INTWT

Note

(2) CALLT instruction table area

In a 64-byte area of addresses 0040H to 007FH, the subroutine entry address of a 1-byte call instruction
(CALLT) can be stored.
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3.1.2 Internal data memory (internal high-speed RAM) space

The 4PD789188 and 78F9189 Subseries provide 512-byte internal high-speed RAM.
The internal high-speed RAM can also be used as a stack memory.

3.1.3 Special function register (SFR) area

Special function registers (SFRs) of on-chip peripheral hardware are allocated to an area of FFOOH to FFFFH

(see Table 3-3).

3.1.4 Data memory addressing

Each of the (PD789188 Subseries is provided with a wide range of addressing modes to make memory
manipulation as efficient as possible. A data memory area (FDOOH to FFFFH) can be accessed using a unique
addressing mode according to its use, such as a special function register (SFR). Figures 5-4 through 5-6 illustrate

the data memory addressing modes.

Figure 3-4. Data Memory Addressing Modes (u4PD789188)

Short dir

ect addressing

FFFFH
Special function registers (SFR) .
256 x 8 bits SFR addressing
FF20H
FF1IFH| """~ """~~~ 7=777=7=777°7°7°7 -
FFOOH
FEFFH
Internal high-speed RAM
512 x 8 bits
FE20H ]
FE1FH
FDOOH
FCFFH
-~ Reserved T
4000H
3FFFH
Internal ROM
16,384 x 8 bits
000O0H

Direct addressing
Register indirect addressing

Based addressing
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FFFFH

FF20H
FF1FH

FFOOH
FEFFH

FE20H
FE1FH

FDOOH
FCFFH

6000H
5FFFH

000O0OH

Figure 3-6. Data Memory Addressing Modes (x#PD78F9189)

Special function registers (SFR)
256 x 8 bits

SFR

addressing

Internal high-speed RAM
512 x 8 bits

Short dir

ect addressing

- Reserved =

Internal flash memory
24,576 x 8 bits

Direct addressing
Register indirect addressing

Based addressing
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3.2 Processor Registers

The 1PD789188 and 78F9189 Subseries provide the following on-chip processor registers:
3.2.1 Control registers

The control registers have special functions to control the program sequence statuses and stack memory. The
control registers include a program counter, a program status word, and a stack pointer.

(1) Program counter (PC)

The program counter is a 16-bit register which holds the address information of the next program to be
executed.
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@

(b)

(©

(d)

Interrupt enable flag (IE)

This flag controls interrupt request acknowledge operations of CPU.

When IE = 0, the interrupt disabled (DI) status is set. All interrupt requests except non-maskable
interrupt are disabled.

When IE = 1, the interrupt enabled (El) status is set. Interrupt request acknowledgement is controlled
with an interrupt mask flag for various interrupt sources.

This flag is reset to 0 upon DI instruction execution or interrupt acknowledgment and is set to 1 upon El
instruction execution.

Zero flag (2)
When the operation result is zero, this flag is set to 1. Itis reset to 0 in all other cases.

Auxiliary carry flag (AC)
If the operation result has a carry from bit 3 or a borrow at bit 3, this flag is set to 1. It is resetto 0 in all
other cases.

Carry flag (CY)

This flag stores overflow and underflow that have occurred upon add/subtract instruction execution. It
stores the shift-out value upon rotate instruction execution and functions as a bit accumulator during bit
operation instruction execution.
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(3) Stack pointer (SP)
This is a 16-bit register to hold the start address of the memory stack area. Only the internal high-speed
RAM area can be set as the stack area.

Figure 3-9. Stack Pointer Configuration

15 0
sP [sp15 |sP14 |sp13|sp12 |sP11 |sP10] sPo | sps | sP7 | sPe | sP5 | spa | sP3 | sp2 | sp1 | spo |

The SP is decremented ahead of writing (saving) to the stack memory and is incremented after reading
(restoring) from the stack memory.
Each stack operation saves/restores data as shown in Figures 3-10 and 3-11.

Caution Since RESET input makes SP contents undefined, be sure to initialize the SP before
instruction execution.

Figure 3-10. Datato be Saved to Stack Memory

PUSH rp CALL, CALLT Interrupt
instruction instructions
SP = SP-_3
SP - SpP-2 SP = SP-2 SP?—3 PC7 to PCO
) IReg'Ster pair SP_2 PC7 to PCO SP_2 PC15 to PC8
? ower ? ?
SP-1 Register pair sP-1 PC15 to PC8 sP-1 PSW
? higher ? ?
SP > SP > SP >
Figure 3-11. Datato be Restored from Stack Memory
POP rp RET instruction RETI instruction
instruction
SP - Esvge'fter pair SP - PC7 to PCO SP - PC7 to PCO
SP+1 EZ?]';ter pair SP+1 PC15 to PC8 SP+1 PC15 to PC8
SP = SP+2 SP = SP+2 SP+2 PSW
SP = SP+3
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3.2.2 General-purpose registers

The general-purpose registers consist of eight 8-hit registers (X, A, C, B, E, D, L, and H).

In addition that each register can be used as an 8-bit register, two 8-bit registers in pairs can be used as a 16-bit
register (AX, BC, DE, and HL).

They can be described in terms of functional names (X, A, C, B, E, D, L, H, AX, BC, DE, and HL) and absolute
names (RO to R7 and RPO to RP3).

Figure 3-12. General-Purpose Register Configuration

(a) Absolute Names

16-bit processing 8-bit processing

R7

RP3
R6
R5

RP2
R4
R3

RP1
R2
R1

RPO
RO

15 0 7 0

(b) Functional Names

16-bit processing 8-bit processing

H

HL
L
D

DE
E
B

BC
C
A

AX
X

15 0 7 0
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3.2.3 Special function registers (SFR)

Unlike a general-purpose register, each special function register has a special function.

They are allocated to the 256-byte area FFOOH to FFFFH.

The special function registers can be manipulated, like the general-purpose registers, with the operation, transfer,
and bit manipulation instructions. Manipulatable bit units (1, 8, and 16) differ depending on the special function
register type.

Each manipulation bit unit can be specified as follows.

 1-bit manipulation
Describes a symbol reserved with assembler for the 1-bit manipulation instruction operand (sfr.bit). This
manipulation can also be specified with an address.

 8-bit manipulation
Describes a symbol reserved with assembler for the 8-bit manipulation instruction operand (sfr). This
manipulation can also be specified with an address.

* 16-bit manipulation
Describes a symbol reserved with assembler for the 16-bit manipulation instruction operand. When specifying
an address, describe an even address.

Table 5-3 lists the special function registers. The meanings of the symbols in this table are as follows:

e Symbol
Indicates the addresses of the implemented special function registers. The symbols shown in this column are
the reserved words of the assembler, and have already been defined in the header file called "sfrbit.h" of C
compiler. Therefore, these symbols can be used as instruction operands if assembler or integrated debugger
is used.

« RIW
Indicates whether the special function register can be read or written.
R/W: Read/write
R: Read only
W:  Write only

« Bit units for manipulation
Indicates the bit units (1, 8, and 16) in which the special function register can be manipulated.

* After reset
Indicates the status of the special function register when the RESET signal is input.
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Table 3-3. Special Function Registers (1/2)

Address | Special Function Register (SFR) Symbol R/W Bit Units for Manipulation After Reset
Name 1 Bit 8 Bits 16 Bits

FFOOH | Port0 PO R/W v v - O0OH

FFO1H |Portl P1 v v -

FFO2H | Port 2 P2 v v -

FFO3H |Port3 P3 v v -

FFO5H | Port 5 P5 v v -

FFO6H | Port 6 P6 R v v -

FF10H | 16-bit multiplication result storage  |MULOL |MULO - - \/Notes 1.2 Undefined

FF11H |register 0 MULOH

FF15H | A/D conversion result register O ADCRO v -

FF16H | 16-bit compare register 90 CR9OL |[CR2O0 | W - - JNotes L2 epppy

FF17H CR90H

FF18H | 16-bit timer counter 90 TMooL [TM90 | R - - JNotes 1.2 1 g500H

FF19H TMO0H

FF1AH | 16-bit capture register 90 TCP9OL | TCP90 - - \/Notes 1.2 Undefined

FF1BH TCP9OH

FF20H | Port mode register 0 PMO R/IW v v - FFH

FF21H | Port mode register 1 PM1 v v -

FF22H | Port mode register 2 PM2 v v -

FF23H | Port mode register 3 PM3 v v -

FF25H | Port mode register 5 PM5 v v -

FF32H | Pull-up resistor option register B2 PUB2 v v - 00H

FF33H | Pull-up resistor option register B3 PUB3 v v -

FF42H | Timer clock selection register 2 TCL2 - v -

FF48H | 16-bit timer mode control register 90 | TMC90 v v -

FF49H | Buzzer output control register 90 BZC90 v v -

FF4AH | Watch timer mode control register | WTM v v -

FF50H | 8-bit compare register 80 CR80 w - v - Undefined

FF51H | 8-bit timer counter 80 TM80 R - v - 00H

FF53H | 8-bit timer mode control register 80 | TMC80 R/IW v v -

Notes 1. 16-bit access is allowed only with short direct addressing.
2. MULO, CR90, TM90, and TCP90 are designed only for 16-bit access. With direct addressing, however,

40

they can also be accessed

in 8-bit mode.
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Table 3-3. Special Function Registers (2/2)

Address| Special Function Register (SFR) Symbol R/W Bit Units for Manipulation After Reset
Name 1 Bit 8 Bits 16 Bits
FF54H | 8-bit compare register 81 CR81 w - v - Undefined
FF55H | 8-bit timer counter 81 TM81 R - v - O0H
FF57H | 8-bit timer mode control register 81 | TMC81 R/IW v v -
FF58H | 8-bit compare register 82 CR82 W - v - Undefined
FF59H | 8-bit timer counter 82 TM82 R - v - 00H
FF5BH | 8-bit timer mode control register 82 | TMC82 R/W v -
FF70H | Asynchronous serial interface mode | ASIM20 v v -
register 20
FF71H | Asynchronous serial interface ASIS20 R v v -
status register 20
FF72H | Serial operation mode register 20 | CSIM20 RIW v v -
FF73H | Baud rate generator control register | BRGC20 - v -
20
FF74H | Transmission shift register 20 TXS20 | SI020| W - v - FFH
Reception buffer register 20 RXB20 R - v - Undefined
FF80H | A/D converter mode register 0 ADMO v v - 00H
FF84H | A/D input selection register 0 ADSO v v -
FFDOH | Multiplication data register A0 MRAO w v v - Undefined
FFD1H | Multiplication data register BO MRBO v v -
FFD2H | Multiplier control register O MULCO R/IW v v - 00H
FFEOH | Interrupt request flag register 0 IFO v v -
FFE1H | Interrupt request flag register 1 IF1 v v -
FFE4H | Interrupt mask flag register 0 MKO v v - FFH
FFESH | Interrupt mask flag register 1 MK1 v v -
FFECH | External interrupt mode register 0 INTMO - v - 00H
FFEDH | External interrupt mode register 1 | INTM1 - v -
FFF7H | Pull-up resistor option register 0 PUO v v -
FFF9H | Watchdog timer mode register WDTM v v -
FFFAH | Oscillation stabilization time OSTS - v - 04H
selection register
FFFBH | Processor clock control register PCC v v - 02H
Note
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3.3 Instruction Address Addressing

An instruction address is determined by the program counter (PC) contents. The PC contents are normally
incremented (+1 for each byte) automatically according to the number of bytes of an instruction to be fetched each
time another instruction is executed. When a branch instruction is executed, the branch destination information is
set to the PC to branch by the following addressing (For details of each instruction, refer to 78K/0S Series User's
Manual O Instruction (U11047E)).

3.3.1 Relative addressing

[Function]
The value obtained by adding 8-bit immediate data (displacement value: jdisp8) of an instruction code to the
start address of the following instruction is transferred to the program counter (PC) to branch. The
displacement value is treated as signed two's complement data (—128 to +127) and bit 7 becomes a sign bit. In
other words, the range of branch in relative addressing is between —128 and +127 of the start address of the
following instruction.
This function is carried out when the BR $addr16 instruction or a conditional branch instruction is executed.

[Mustration]

15 0
+ PC is the start address of
PC . .
the next instruction of
a BR instruction.
+
15 8 7 6 0
a S
jdisp8
15 0

PC

When S = 0, a indicates all bits "0".
When S = 1, a indicates all bits "1".
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3.3.2 Immediate addressing

[Function]
Immediate data in the instruction word is transferred to the program counter (PC) to branch.

This function is carried out when the CALL !addr16 and BR !addr16 instructions are executed.

CALL 'addr16 and BR 'addr16 instructions can be used to branch to all the memory spaces.

[Mustration]
In case of CALL !'addr16 and BR 'addrl6 instructions

7 0
CALL or BR
Low Addr.
High Addr. T
15 87 0

PC
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3.3.3 Table indirect addressing

[Function]
Table contents (branch destination address) of the particular location to be addressed by the immediate data of
an instruction code from bit 1 to bit 5 are transferred to the program counter (PC) to branch.
Table indirect addressing is carried out when the CALLT [addr5] instruction is executed. This instruction can be
used to branch to all the memory spaces according to the address stored in the memory table 40H to 7FH.

[Mustration]

7 6 5 1 0
Instruction code 0 1 tas-o 0
15 8 7 6 5 l 10
Effective address 0O 0 0O O OO0 0|0 1 0
7 Memory (table) 0
Lower addr.
Effective address + 1 Higher addr. T
15 { 8 7 0
PC

3.3.4 Register addressing

[Function]
Register pair (AX) contents to be specified with an instruction word are transferred to the program counter (PC)

to branch.
This function is carried out when the BR AX instruction is executed.

[Mustration]

15 8 7 0

PC
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3.4 Operand Address Addressing

The following methods are available to specify the register and memory (addressing) which undergo

manipulation during instruction execution.
3.4.1 Direct addressing

[Function]

The memory indicated by immediate data in an instruction word is directly addressed.

[Operand format]

Identifier

Description

addrl6 Label or 16-bit immediate data

[Description example]

MOV A, 'FEOOH; When setting 'addr16 to FEOOH

Instruction code |0 1 0 1 0 0 1
0 0 0 0 0 0 0
1 1 1 1 1 1 0
[Mustration]
7 0
OP code
addr16 (lower)
addri16 (higher)
Memory

OP code

00H

FEH
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3.4.2 Short direct addressing

[Function]

The memory to be manipulated in the fixed space is directly addressed with 8-bit data in an instruction word.
The fixed space where this addressing is applied to is the 256-byte space FE20H to FF1FH. An internal high-
speed RAM and a special function register (SFR) are mapped at FE20H to FEFFH and FFOOH to FF1FH,
respectively.

The SFR area (FFOOH to FF1FH) where short direct addressing is applied is a part of all SFR areas. In this
area, ports which are frequently accessed in a program and a compare register of the timer counter are
mapped, and these SFRs can be manipulated with a small number of bytes and clocks.

When 8-bit immediate data is at 20H to FFH, bit 8 of an effective address is set to 0. When it is at OOH to 1FH,
bit 8 is set to 1. See [lllustration] below.

[Operand format]

Identifier Description
saddr Label or FE20H to FF1FH immediate data
saddrp Label or FE20H to FF1FH immediate data (even address only)

[Description example]
MOV FE90H, #50H; When setting saddr to FE90H and the immediate data to 50H

Instruction code |1 1 1 1 0 1 0 1| OP code

1 0 0 1 0 0 0 0| 90H (saddr-offset)

0 1 0 1 0 0 0 0| 50H (immediate data)

[Mustration]

OP code

saddr-offset

Short direct memory
15 8 0

Effective
address

When 8-bit immediate data is 20H to FFH, a = 0.
When 8-bit immediate data is OOH to 1FH, o= 1.
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3.4.3 Special function register (SFR) addressing

[Function]

The memory-mapped special function registers (SFR) are addressed with 8-bit immediate data in an instruction

word.

This addressing is applied to the 256-byte space FFOOH to FFFFH. However, the SFR mapped at FFOOH to
FF1FH can also be accessed with short direct addressing.

[Operand format]

Identifier

Description

sfr

Special function register name

[Description example]
MOV PMO, A; When selecting PMO for sfr

[Mustration]

Instruction code |1 1 1 0

7 0
OP code
sfr-offset
SFR
15 8 7
Effective
aoldress11111111
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3.4.4 Register addressing

[Function]
The general-purpose registers are accessed as operands. The general-purpose register to be accessed is
specified with register specify code and functional name in the instruction code.
Register addressing is carried out when an instruction with the following operand format is executed. When an
8-bit register is specified, one of the eight registers is specified with 3 bits in the instruction code.

[Operand format]

Identifier Description
r X,A,C,B,E,D,LH
p AX, BC, DE, HL

' and 'rp' can be described with absolute names (RO to R7 and RPO to RP3) as well as function names (X, A,
C, B, E, D, L, H, AX, BC, DE, and HL).

[Description example]
MOV A, C; When selecting the C register for r

Instruction code |1 0 0 0 1 0 0 0

Register specify code

INCW DE; When selecting the DE register pair for rp

Instruction code |0 0 0 0 1 0 1 0

Register specify code
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3.4.5 Register indirect addressing

[Function]
The memory is addressed with the contents of the register pair specified as an operand. The register pair to be
accessed is specified with the register pair specify code in the instruction code. This addressing can be carried
out for all the memory spaces.

[Operand format]

Identifier Description

- [DE], [HL]

[Description example]
MOV A, [DE]; When selecting register pair [DE]

Instruction code |0 0 1 0 1 0 1 1

[Mustration]

15 8 7 0

DE D E

Memory address specified
by register pair DE

The contents of addressed
memory are transferred

7 0
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3.4.6 Based addressing

[Function]
8-bit immediate data is added to the contents of the base register, that is, the HL register pair, and the sum is
used to address the memory. Addition is performed by expanding the offset data as a positive number to 16
bits. A carry from the 16th bit is ignored. This addressing can be carried out for all the memory spaces.

[Operand format]

Identifier Description

- [HL+byte]

[Description example]
MOV A, [HL+10H]; When setting byte to 10H

Instruction code |0 0 1 0 1 1 0 1

3.4.7 Stack addressing

[Function]
The stack area is indirectly addressed with the stack pointer (SP) contents.
This addressing method is automatically employed when the PUSH, POP, subroutine call, and RETURN
instructions are executed or the register is saved/reset upon generation of an interrupt request.
Stack addressing can be used to access the internal high-speed RAM area only.

[Description example]
In the case of PUSH DE

Instruction code |1 0 1 0 1 0 1 0
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[MEMO]
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4.1 Port Functions

CHAPTER 4 PORT FUNCTIONS

Table 4-1. Port Functions

4-bit input-only port

Pin Name 110 Function After Reset Alternate Function
P00 to PO4 I/0 Port 0 Input -
5-bit input/output port
Input/output mode can be specified in 1-bit units
When used as an input port, an on-chip pull-up resistor can
be specified by means of pull-up resistor option register 0
(PUO).
P10, P11 1/O Port 1 Input -
2-bit input/output port
Input/output mode can be specified in 1-bit units
When used as an input port, an on-chip pull-up resistor can
be specified by means of pull-up resistor option register 0
(PUO).
P20 I} Port 2 Input SCK20/ASCK20
P21 7-bit input/output port SO20/TXD20
Input/output mode can be specified in 1-bit units
P22 For P20 to P22, P25, and P26, an on-chip pull-up resistor SI20/RxD20
P23 can be specified by means of pull-up resistor option register -
P24 B2 (PUB2).
Only P23 and P24 can be used as N-ch open-drain
P25 input/output port pins. TI80/SS20
P26 TO80
P30 lfe} Port 3 Input INTPO/TI81/CPT90
P31 4-bit input/output port INTPL/TOS1
Input/output mode can be specified in 1-bit units
P32 An on-chip pull-up resistor can be specified by means of pull- INTP2/TO90
P33 up resistor option register B3 (PUB3). INTP3/TO82/BZ0O90
P50 to P53 1/O Port 5 Input -
4-bit N-ch open-drain input/output port
Input/output mode can be specified in 1-bit units
For a mask ROM version, an on-chip pull-up resistor can be
specified by a mask option.
P60 to P63 Input Port 4 Input ANIO to ANI3
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4.2 Port Configuration
Ports have the following hardware configuration.

Table 4-2. Configuration of Port

Parameter Configuration

Control register Port mode registers (PMm: m =0 to 3, 5)
Pull-up resistor option register 0 (PUO)
Pull-up resistor option registers B2, B3 (PUB2, PUB3)

Port Total: 26 (CMOS input/output: 16, CMOS input: 4, N-ch open-drain input/output: 6)

Pull-up resistor « Mask ROM versions

Total: 20 (software control: 16, mask option control: 4)
¢ Flash memory versions

Total: 16 (software control only)

4.2.1 Port0