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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. Itis 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, I/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.

EEPROM is a trademark of NEC Corporation.

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

IBM DOS, PC/AT, and PC DOS are trademarks of International Business Machines Corporation.
HP9000 series 700 and HP-UX are trademarks of Hewlett-Packard Company.

SPARCSstation 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 abbreviation 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.

License not needed: uPD78F9026A
The customer must judge the need for license: uPD789022, uPD789024, uPD789025, uPD789026

* The information in this document is current as of October, 1999. The information is subject to
change without notice. For actual design-in, refer to the latest publications of NEC's data sheets or
data books, etc., for the most up-to-date specifications of NEC semiconductor products. Not all
products and/or types are available in every country. Please check with an NEC sales representative
for availability and additional information.

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

* NEC does not assume any liability for infringement of patents, copyrights or other intellectual property rights of
third parties by or arising from the use of NEC semiconductor products listed in this document or any other
liability arising from the use of such products. No license, express, implied or otherwise, is granted under any
patents, copyrights or other intellectual property rights of NEC 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 customer's equipment shall be done under the full
responsibility of customer. NEC assumes no responsibility for any losses incurred by customers or third
parties arising from the use of these circuits, software and information.

* While NEC endeavours to enhance the quality, reliability and safety of NEC semiconductor products, customers
agree and acknowledge that the possibility of defects thereof cannot be eliminated entirely. To minimize
risks of damage to property or injury (including death) to persons arising from defects in NEC
semiconductor products, customers must incorporate sufficient safety measures in their design, such as
redundancy, fire-containment, and anti-failure features.

* NEC semiconductor products are classified into the following three quality grades:
"Standard", "Special" and "Specific". The "Specific" quality grade applies only to semiconductor products
developed based on a customer-designated "quality assurance program" for a specific application. The
recommended applications of a semiconductor product depend on its quality grade, as indicated below.
Customers must check the quality grade of each semiconductor product 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 and medical equipment for life support, etc.

The quality grade of NEC semiconductor products is "Standard" unless otherwise expressly specified in NEC's
data sheets or data books, etc. If customers wish to use NEC semiconductor products in applications not
intended by NEC, they must contact an NEC sales representative in advance to determine NEC's willingness
to support a given application.

(Note)

(1) "NEC" as used in this statement means NEC Corporation and also includes its majority-owned subsidiaries.

(2) "NEC semiconductor products" means any semiconductor product developed or manufactured by or for

NEC (as defined above).
M8E 00.4

User's Manual U11919EJ3VOUMO00




Major Revision in This Edition

Page Description
Throughout Completion of development of uPD789022 and uPD789024
Change of part number from uPD78F9026 to uPD78F9026A
Deletion of following products:
HPD789022CU-xxx, 789024CU-xxx
Addition of GB-8ES type package to all models
p.39 Change of circuit type and recommended connection of unused pins in Table 2-1
p.99 Addition of cautions on rewriting CR20 to Section 6.4.1
p.106 Addition of cautions on rewriting CR0OO to Section 7.2 (1)
p.109 Addition of description of operation to Section 7.4.1
p.111 Addition of description of operation to Section 7.4.2
p.112 Addition of description of operation to Section 7.4.3

pp.180 to 183

Change of flash writer from Flashpro Il to Flashpro 11|

p.183

Addition of setting example to Section 13.1.4

p.205

Addition of part number of MX78KO0S to Appendix B

The mark x shows the major revised points.
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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.
Madrid 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

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
Guarulhos-SP Brasil

Tel: 55-11-6462-6810
Fax: 55-11-6462-6829
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Readers

Purpose

Organization

How to Read This Manual

Legend

INTRODUCTION

This manual is intended for user engineers who understand the functions of the
uPD789026 Subseries to design and develop its application systems and programs.
The target subseries is the wpPD789026 Subseries, which consists of the
uPD789022, uPD789024, uPD789025, uPD789026, and uPD78F9026A.

This manual is designed to deepen your understanding of the following functions
described in the following organization.

Two manuals are available for the pPD789026 Subseries: this manual and
Instruction Manual (common to the 78K/0S Series).

uPD789026 Subseries 78K/0S Series
User's Manual User's Manual
O Instruction

* Pin functions » CPU function
 Internal block functions * Instruction set
* Interrupt * Instruction description

» Other internal peripheral functions

It is assumed that the readers of this manual have general knowledge on electric
engineering, logic circuits, and microcontrollers.

¢ To understand the overall functions of the uPD789026 Subseries
- Read this manual in the order of the TABLE OF CONTENTS.
¢ How to read register formats
- The name of a bit whose number is encircled is reserved for the assembler and
is defined for the C compiler by the header file sfrbit.h.
¢ To learn the detailed functions of a register whose register name is known
- See APPENDEX C.
¢ To learn the details of the instruction functions of the 78K/0S Series
- Refer to 78K/0S Series User's Manual 0O Instruction (U11047E) separately

available.
Data significance . Left: higher digit, right: lower digit
Active low ;. xxx (top bar over pin or signal name)
Note . Description of text marked Note
Caution : Important information
Remark . Supplement
Numerical representation :  Binary ... XXxx or xxxxB

Decimal ... xxxx
Hexadecimal ... xxxxH
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Related Documents

However, preliminary versions are not marked as such.

Device Related Documents

The related documents indicated in this publication may include preliminary versions.

Document Name

Document No.

English Japanese
HPD789022, 789024, 789025, 789026 Data Sheet U11715E U11715J
UPD78F9026A Data Sheet U14356E U14356J
uPD789026 Subseries User's Manual This manual U11919J
78K/0S Series User's Manual O Instruction U11047E uU11047J

Documents for Development Tool (User's Manual)

Document Name

Document No.

English Japanese
RA78KO0S Assembler Package Operation U11622E U11622J
Assembly Language U11599E U11599J
Structured Assembly Language | U11623E U11623J
CC78K0S C Compiler Operation U11816E U11816J
Language U11817E U11817J
SM78K0S System Simulator Windows™ Based Reference U11489E U11489J
SM78K Series System Simulator External Part User Open U10092E U10092J
Interface Specifications
ID78K0S Integrated Debugger Windows Based Reference U12901E U12901J
IE-78K0S-NS In-Circuit Emulator U13549E U13549J

IE-789026-NS-EM1 Emulation Board

To be created

To be created

Document for Embedded Software (User's Manual)

Document Name

Document No.

English

Japanese

78K/0S Series OS MX78K0S Fundamental

U12938E

U12938J

Caution The related documents listed above are subject to change without notice. Be sure to use the latest

documents for designing, etc.
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Other Related Documents

Document Name

Document No.

English Japanese

SEMICONDUCTORS SELECTION GUIDE Products & Packages (CD-ROM) X13769X

Semiconductor Device Mounting Technology Manual C10535E C10535J
Quality Grades on NEC Semiconductor Device C11531E C11531J
NEC Semiconductor Device Reliability/Quality Control System C10983E C10983J
Guide to Prevent Damage for Semiconductor Devices by Electrostatic Discharge (ESD) C11892E C11892J
Semiconductor Device Quality Control/Reliability Handbook - C12769J
Guide for products Related to Microcomputer: Other Companies - U11416J

Caution The related documents listed above are subject to change without notice. Be sure to use the latest

documents for designing, etc.
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CHAPTER 1 GENERAL

1.1 Features

« ROM and RAM capacity

Item Program Memory Data Memory
Part Number
uPD789022 ROM 4 Kbytes 256 bytes
uPD789024 8 Kbytes
uPD789025 12 Kbytes 512 bytes
uPD789026 16 Kbytes
UPD78F9026A Flash memory 16 Kbytes

¢ Variable minimum instruction execution time - from high speed (0.4 ps: with 5.0-MHz system clock) to slow
(1.6 ps: with 5.0-MHz system clock)
¢ 1/O port: 34 lines
¢ Serial interface: 1 channel
3-wire serial I/O mode/UART mode selection
e Timer: 3 channels
16-bit timer : 1 channel
8-bit timer/event counter : 1 channel
Watchdog timer : 1 channel
e Vectored interrupt: 10
¢ Supply voltage: Voo =1.8t05.5V
« Operating ambient temperature: Ta =-40°C to +85°C

1.2 Applications

Home appliances, car accessories, air conditioners, game machines, etc.
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* 1.3 Ordering Information

24

Part Number Package Internal ROM
UPD789022GB-xxx-3BS-MTX  44-pin plastic QFP (10 x 10 mm, resin thickness 2.7 mm) Mask ROM
UPD789022GB-xxx-8ES 44-pin plastic LQFP (10 x 10 mm, resin thickness 1.4 mm)  Mask ROM
UPD789024GB-xxx-3BS-MTX  44-pin plastic QFP (10 x 10 mm, resin thickness 2.7 mm) Mask ROM
UPD789024GB-xxx-8ES 44-pin plastic LQFP (10 x 10 mm, resin thickness 1.4 mm)  Mask ROM
UPD789025CU-xxx 42-pin plastic shrink DIP (600 mil) Mask ROM
UPD789025GB-xxx-3BS-MTX  44-pin plastic QFP (10 x 10 mm, resin thickness 2.7 mm) Mask ROM
UPD789025GB-xxx-8ES 44-pin plastic LQFP (10 x 10 mm, resin thickness 1.4 mm)  Mask ROM
UPD789026CU-xxx 42-pin plastic shrink DIP (600 mil) Mask ROM
UPD789026GB-xxx-3BS-MTX  44-pin plastic QFP (10 x 10 mm, resin thickness 2.7 mm) Mask ROM
UPD789026GB-xxx-8ES 44-pin plastic LQFP (10 x 10 mm, resin thickness 1.4 mm)  Mask ROM

LPD78F9026ACU
LPD78F9026AGB-3BS-MTX
LPD78F9026AGB-8ES

42-pin plastic shrink DIP (600 mil)
44-pin plastic QFP (10 x 10 mm, resin thickness 2.7 mm)
44-pin plastic LQFP (10 x 10 mm, resin thickness 1.4 mm)

Remark xxx indicates ROM code suffix.
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CHAPTER 1 GENERAL

1.4 Pin Configuration (Top View)

e 42-pin plastic shrink DIP (600 mil)

UPD789025CU-xxx
UPD789026CU-xxx
UPD78F9026ACU

Vopo O

RESET O

P53 O

P52 O

P51/TO2 O

P50/T10/TO0 O

P32/INTP2/CPT2 O

P3L/INTP1 O

P30/INTPO O

P22/RxD/SI0 O
P21/TxD/SO0 O

P20/ASCK/SCKO O

P07 O

P06 O

P05 O

P04 O

P03 O

P02 O

P01 O

P00 O

Vop1 O

© 00 N oo a b W N P

NI i o T L o =
B O © ® N O O b W N B O

42
41
40
39
38
37
36
35
34
33
32
31
30
29
28
27
26
25
24
23
22

O Vsso

O X1

O X2

O IC (Vep)

O P40/KRO

O P41/KR1

O P42/KR2

O P43/KR3

O P44/KR4

O P45/KR5

O P46/KR6

O P47/KR7

O P10

O P11

O P12

O P13

O P14
O P15

O P16

O P17

Caution Connect the IC pin directlyto V. sso or Vsst.

Remark An item in parentheses applies to the uPD78F9026A only.
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*

e 44-pin plastic QFP (10 x 10 mm, resin thickness 2.7 mm)
UPD789022GB-xxx-3BS-MTX
UPD789024GB-xxx-3BS-MTX
UPD789025GB-xxx-3BS-MTX
UPD789026GB-xxx-3BS-MTX
UPD78F9026AGB-3BS-MTX
e 44-pin plastic LQFP (10 x 10 mm, resin thickness 1.4 mm)
UPD789022GB-xxx-8ES
UPD789024GB-xxx-8ES
UPD789025GB-xxx-8ES
UPD789026GB-xxx-8ES
UPD78F9026AGB-8ES
Mm < 0 © ~ 3 8 o <« o
Raaan 25288C¢%
44 43 42 41 40 39 38 37 36 35 34
P12 O=—+ 1 33 =—=O P03
P11 O=—+ 2 Q 32 [=—O P04
P10 O=—+ 3 31 =—O P05
P47/KR7 O=— 4 30 =—O P06
P46/KR6 O=—+ 5 29 |=—0O P07
P45/KR5 O~— 6 28 |=——O P20/ASCK/SCKO
P44/KR4 O=—+ 7 27 |=—0O P21/TxD/SO0
P43/KR3 O=—+ 8 26 |=—O P22/RxD/SI0
P42/KR2 O=—=19 25 [=—0O P30/INTPO
P41/KR1 O=—-= 10 24 |=—0O P31/INTP1
P40/KRO O=— 11 23 [—=0O P32/INTP2/CPT2
12 13 14 15 16 17 18 19 20 21 22
SE¥RIiFEERE
o z =
o
2
Caution Connect the IC pin directlyto V. sso or Vsst.
Remark An item in parentheses applies to the uPD78F9026A only.
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ASCK
CPT2

IC

INTPO to INTP2
KRO to KR7
NC

POO0 to PO7
P10 to P17
P20 to P22
P30 to P32
P40 to P47
P50 to P53

: Asynchronous Serial Clock RESET

: Capture Trigger Input RxD

. Internally Connected SCKO

. Interrupt from Peripherals SI0

. Key Return SO0

: Non-connection TIO

: PortO TOO, TO2
: Portl TxD

: Port2 Vbpo, Vbb1
: Port3 Vrp

. Port4 Vsso, Vss1
: Ports X1, X2
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. Reset

. Receive Data
. Serial Clock

. Serial Input

. Serial Output
. Timer Input

: Timer Output
: Transmit Data
. Power Supply
. Programming Power Supply
: Ground

: Crystal
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* 1.5 Development of 78K/0S Series

The following shows the history of 78K/0S Series product development. Subseries names are shown inside

frames.

44-pin
42/44-pin
28-pin

[ 44/48-pin
44/48-pin
44-pin
44-pin
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30-pin
30-pin
30-pin
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78K/0S
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— 5-pin
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For small-scale, general-
purpose applicationns
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HUPD789026
uPD789014

: In production

N /" Under development

Device developed by adding the subsystem clock to the uPD789026
Device developed by enhancing the timers of the uPD789014 and
expanding ROM and RAM

With built-in UART bus and capable of low-voltage (1.8 V) operation

For small-scale, general-purpose
applications and A/D function
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For IC card
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RC oscillation of the uPD789197AY

With built-in EEPROM™ and SMB in the uPD789177

Device developed by enhancing the A/D function of the uPD789167
Device developed by enhancing the timers of the uPD789104A
Device developed by enhancing the A/D function of the uPD789146
With built-in EEPROM in the uPD789104A

Device developed by enhancing the A/D function of the uPD789124A
RC oscillation of the uPD789104A

Device developed by enhancing the A/D function of the uPD789104A

Device developed by adding the A/D function and multiplier to the
uPD789026

With built-in inverter control circuit and UART bus

With built-in UART bus and dot LCD
Device developed by enhancing the A/D function of the uPD789407A

Device developed by enhancing the I/O of the uPD789457

Device developed by enhancing the A/D function of the uPD789447
RC oscillation of the uPD789427

Device developed by enhancing the A/D funciton of the uPD789427
Device developed by adding the A/D function of the uPD789306
RC oscillation of the uPD789306

Basic subseries for LCD driving

Device for a PC keyboard, with a built-in USB function

Device for a keypad, with a built-in POC

RC oscillation of the uPD789860

Device for a keyless entry, with built-in POC and key return circuit

With built-in EEPROM and security circuit
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The following lists the main functional differences between subseries products.

Function ROM Timer 8-Bit | 10-Bit| Serial Interface /O | Voo Remark
Capacity | g git |16-git |watch| woT | AP | AP MIN.
Subseries Name value
General |uPD789046 16 K l1ch | 1ch [ 1ch | 1ch - - |1ch (UART: 1 ch) 34 |18V -
compact | 5h789026 |4 K to 16 K -
uPD789014 2Kto4K 2ch - 22
General |uPD789217AY (16 Kto 24K | 3ch | 1ch | 1ch | 1ch - 8ch |2ch |:UART: 1 ch:| 31 |1.8V |RC oscillation,
compact SMB :1ch EEPROM on
+ A/ID chip
UPD789197AY EEPROM on
chip
LUPD789177 1 ch (UART: 1 ch) -
uPD789167 8 ch -
puPD789156 8 Kto 16 K 1ch - - 4 ch 20 EEPROM on
LPD789146 4ch | - chip
uPD789134A |2 Kto 8K - 4 ch RC oscillation
UPD789124A 4 ch -
puPD789114A - 4 ch -
UPD789104A 4 ch -
Inverter |uPD789842 8Kto16K | 3ch [ Note | 1ch | 1ch | 8ch - |1ch (UART: 1ch) 30 |40V -
control
LCD uPD789830 24K lch | 1ch | 1ch | 1ch - - |1ch (UART: 1ch) 30 |27V -
dive | pp789417A [12Kto24K| 3ch 7¢ch 43 |1.8V
uPD789407A 7 ch - 25
uPD789457 16 Kto24 K| 2ch - 4 ch |2 ch (UART: 1 ch) RC oscillation
uPD789447 4 ch -
puPD789437 - 4 ch -
LUPD789427 4ch | -
uPD789316 8Kto 16 K - 23 RC oscillation
LPD789306 -
ASSP puPD789800 8K 2ch | 1ch - 1ch - - |2ch (USB: 1ch) 31 |40V -
uPD789840 4 ch 1lch 29 (2.8V
uPD789861 4K - - - 14 |1.8V |RC oscillation
LPD789860 -
IC card |uPD789810 6 K - - - 1ch - - - 1 [2.7V |EEPROM on
chip
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1.6 Block Diagram

8-bit TIMER
TIoToo/Ps0 == Jo e 0 - PORTO (=) P00 to P07
oaPEL - PORT1 (> P10to P17
16-bit TIMER 20
CPT2/INTP2/P32 —= ' =)
78K/0S ROM
CPU CORE - PORT2 (=) P20 to P22
WATCHDOG TIMERK ) @ @
- PORT3 (—) P30 to P32
SCKO/ASCK/P20 =+ . - PORT4 (—> P40 to P47
ERIAL
SOO/TXD/P21 INTEREACE 00 () RAM
SIO/RXDIP22 —=
- PORTS (> P50 to P53
INTPO/P30 to INTP2/ INTERRUPT ‘ SySTEM - RESET
CPT2/P32 —) L
CONTROL Voo Vsso  IC CONTROL X1
KRO/P40 to KR7/P47 —={ L Vobr  Vssi (Vee) L] — X2

Remarks 1. The internal ROM and internal high-speed RAM capacities differ depending on the product.
2. Anitem in parentheses applies to the uPD78F9026A only.
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1.7 Outline of Functions

Part Number uPD789022 uPD789024 uPD789025 uPD789026 UPD78F9026A
Item
Internal memory | ROM Mask ROM Flash Memory
4 Kbytes 8 Kbytes 12 Kbytes 16 Kbytes 16 Kbytes
High-speed RAM 256 bytes 512 bytes

Minimum instruction execution time

0.4/1.6 us (when operated at 5.0 MHz with system clock)

Instruction set

» 16-bit operations
« Bit manipulations (set, reset, test), etc.

1/0 port

Total : 34
e CMOS input/output : 34

Serial interface

» 3-wire serial I/O mode/UART mode selectable: 1 channel

Timer

e 16-bit timer . 1 channel
¢ 8-bit timer/event counter : 1 channel
* Watchdog timer . 1 channel

Timer output

2

Vectored interrupt | Maskable

Internal: 5, External: 4

source
Non-maskable

Internal: 1

Power supply voltage

Voo =1.8t05.5V

Operating ambient temperature

Ta=-40°C to +85°C

Package

* 44-pin plastic QFP (10 x 10
mm, resin thickness 2.7 mm)

* 44-pin plastic LQFP (10 x 10
mm, resin thickness 1.4 mm)

thickness 2.7 mm)

thickness 1.4 mm)

* 42-pin plastic shrink DIP (600 mil)
* 44-pin plastic QFP (10 x 10 mm, resin

* 44-pin plastic LQFP (10 x 10 mm, resin

The outline of the timer is as follows.

16-Bit Timer 20 8-Bit Timer/Event Watchdog Timer
Counter 00
Operating | Interval timer - 1 channel 1 channel™®
mode External event counter - 1 channel -
Function Timer output 1 output 1 output -
Capture 1 input - -
Interrupt source 1 1 1

Note Watchdog timer has a watchdog timer and interval timer functions. Select one of them.

User's Manual U11919EJ3VOUMOO
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CHAPTER 2 PIN FUNCTIONS

2.1 List of Pin Functions

(1) Portpins

Pin Name

Input/Output

Function

After Reset

Alternate Function

P00 to PO7

Input/output

Port 0

8-bit 1/0 port

1/0 specifiable in 1-bit units

When used as input port, on-chip pull-up resistor can be

connected by setting of the pull-up resistor option register (PUO).

LEDs can be driven directly.

Input

P10 to P17

Input/output

Port 1

8-bit 1/0 port

1/0 specifiable in 1-bit units

When used as input port, on-chip pull-up resistor can be

connected by setting of the pull-up resistor option register (PUO).

LEDs can be driven directly.

Input

P20

P21

P22

Input/output

Port 2

3-bit 1/O port

1/0 specifiable in 1-bit units

When used as input port, on-chip pull-up resistor can be

connected by setting of the pull-up resistor option register (PUO).

LEDs can be driven directly.

Input

SCKO/ASCK

SO0/TxD

SIO/RxD

P30

P31

P32

Input/output

Port 3

3-bit 1/0 port

1/0 specifiable in 1-bit units

When used as input port, on-chip pull-up resistor can be

connected by setting of the pull-up resistor option register (PUO).

LEDs can be driven directly.

Input

INTPO

INTP1

INTP2/CPT2

P40 to P47

Input/output

Port 4

8-bit 1/0 port

1/0 specifiable in 1-bit units

When used as input port, on-chip pull-up resistor can be

connected by setting of the pull-up resistor option register (PUO).

LEDs can be driven directly.

Input

KRO to KR7

P50

P51

P52, P53

Input/output

Port 5

4-bit I/O port

1/0 specifiable in 1-bit units

When used as input port, on-chip pull-up resistor can be

connected by setting of the pull-up resistor option register (PUO).

LEDs can be driven directly.

Input

TIO/TOO

TO2

User's Manual U11919EJ3VOUMOO
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CHAPTER 2 PIN FUNCTIONS

(2) Non-port pins

Pin Name | Input/Output Function After Reset | Alternate Function
INTPO Input External interrupt request input for which the active edge (rising Input P30
INTP1 edge, falling edge, or both) can be specified P31
INTP2 P32/CPT2
KRO to KR7 | Input Key return signal detection Input P40 to P47
SI0 Input 3-wire serial interface serial data input Input P22/RxD
SO0 Output 3-wire serial interface serial data output Input P21/TxD
SCKO Input/output | 3-wire serial interface serial clock input/output Input P20/ASCK
ASCK Input Asynchronous serial interface serial clock input Input P20/SCKO
RxD Input Asynchronous serial interface serial data input Input P22/S10
TxD Output Asynchronous serial interface serial data output Input P21/S0O0
TO2 Output 16-bit timer (TM20) output Input P51
CPT2 Input 16-bit timer capture edge input Input P32/INTP2
TIO Input External count clock input to 8-bit timer (TM0O) Input P50/TO0
TOO Output 8-bit timer (TMO00) output Input P50/TIO
X1 Input System clock oscillation crystal connection - -
X2 - - -
RESET Input System reset input Input -
NC - Not connected internally. Connect this pin directly to the Vss pin - -
(it can also be left open).
Vopo - Positive power supply for ports - -
Vop1 - Positive power supply (except for ports) - -
Vsso - Ground potential for ports - -
Vss1 - Ground potential (except for ports) - -
IC - Internally connected. Connect this pin directly to the Vsso or Vss1 - -
pin.
Vep - Flash memory programming mode setting. - -
Apply high voltage during program write/verify. Connect this pin
directly to the Vss pin in normal operating mode.
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2.2 Description of Pin Functions

2.2.1 POO to PO7 (Port 0)

These pins constitute an 8-bit I/O port and can be set in the 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 in the
pull-up resistor option register (PUO).

This port can drive LEDs directly.

2.2.2 P10to P17 (Port 1)

These pins constitute an 8-bit 1/0 port. Can be set in the 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 in the
pull-up resistor option register (PUO).

This port can drive LEDs directly.

2.2.3 P20 to P22 (Port 2)

These pins constitute a 3-bit /0O port. In addition, these pins provide the function to input/output the data and
clock of the serial interface.

This port can drive LEDs directly.

Port 2 can be specified in the following operation modes in bit-wise.

(1) Port mode
In this mode, port 2 functions as a 3-bit I1/0O port. Port 2 can be set in the input or output mode in 1-bit units
by using the port mode register 2 (PM2). When the port is used as an input port, an on-chip pull-up resistor
can be used in the pull-up resistor option register (PUO).

(2) Control mode
In this mode, port 2 functions as the data input/output and the clock input/output of the serial interface.

(a) Sslo, SO0
These are the serial data I/O pins of the serial interface.

(b) SCKO
This is the serial clock I/O pin of the serial interface.

(c) RxD, TxD
These are the serial data I/O pins of asynchronous serial interface.

(d) ASCK
This is the serial clock input pin of asynchronous serial interface.

Caution When using port 2 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 9-2.
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2.2.4 P30 to P32 (Port 3)

These pins constitute a 3-bit I/O port. In addition, they also function as external interrupt input and capture edge
input.

This port can drive LEDs directly.

Port 3 can be specified in the following operation modes in bit-wise.

(1) Port mode
In this mode, port 3 functions as a 3-bit I1/0O port. Port 3 can be set in the input or output mode in 1-bit units
by using the port mode register 3 (PM3). When the port is used as an input port, an on-chip pull-up resistor
can be used in the pull-up resistor option register (PUO).

(2) Control mode
In this mode, port 3 functions as the external interrupt input.

(@) INTPO to INTP2
These pins input external interrupt for which effective edges (rising edge, falling edge, and both the rising
and falling edges) can be specified.

(b) CPT2
This is a capture edge input pin.

2.2.5 P40 to P47 (Port 4)
These pins constitute an 8-bit I/0 port. In addition, they also function as key return signal detection.
This port can drive LEDs directly.
Port 4 can be set in the following operation modes in bit-wise.

(1) Port mode
In this mode, port 4 functions as an 8-bit I/O port which can be set in the input or output mode in 1-bit units
by using the port mode register 4 (PM4). When used as an input port, an on-chip pull-up resistor can be
used in the pull-up resistor option register (PUO).

(2) Control mode
In this mode, the pins of port 4 can be used as key return signal detection pin (KRO to KR7).
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2.2.6 P50 to P53 (Port 5)

These pins constitute a 4-bit 1/0 port. In addition, these pins provide the function for performing input/output
to/from the timer.

This port can drive LEDs directly.

Port 5 can be specified in the following operation modes in bit-wise.

(1) Port mode
In this mode, port 5 functions as a 4-bit I1/0 port. Port 5 can be set in the input or output mode in 1-bit units
by using the port mode register 5 (PM5). When the port is used as an input port, an on-chip pull-up resistor
can be used in the pull-up resistor option register (PUO).

(2) Control mode
In this mode, port 5 functions as the timer input/output.

(@ TIO
This is the external clock input pin for 8-bit timer/event counter.

(b) TOO
This is an 8-bit timer output pin.

(C) TO2
This is a 16-bit timer output pin.

2.2.7 RESET
This pin inputs an active-low system reset signal.

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

2.29 NC
The NC (Non-connection) pin is not connected internally. Connect this pin directly to the Vss pin (it can also be
left open).

2.2.10 Vop
Positive power supply pins

2.2.11 Vss
Ground potential pins

2.2.12 Vrep (UPD78F9026A only)

A high voltage should be applied to this pin when the flash memory programming mode is set and when the
program is written or verified.

Directly connect this pin to the Vsso or Vssz pin in the normal operating mode.
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* 2.2.13 IC (mask ROM model only)

The IC (Internally Connected) pin is used to set the uPD789026 Subseries in the test mode in testing before
shipment. In the normal operating mode, directly connect the IC pin to the Vsso or Vss1 pin with as short a wire as
possible.

If a potential difference is generated between the IC pin and Vsso or Vssi pin due to a long wiring length between
these pins, or external noise is superimposed on the IC pin, the user program may not run correctly.

» Connect the IC pin directly to the Vsso or Vss1 pin.

Vssoor Vss1  IC

.

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

Types of input/output circuits for pins and recommended connection of unused pins are shown in Table 2-1.
For the configuration of each type of input/output circuit, see Figure 2-1.

Table 2-1. Type of Input/Output Circuit of Each Pin and Handling of Unused Pins

Pin Name I/O Circuit Type | Input/Output Recommended Connection for Unused Pins
P00 to PO7 5-X Input/output Input:  Connect these pins to the Vooo, Vobz, Vsso, or Vss1
P10 to P17 pin via respective resistors.

— Output: Leave these pins open.

P20/ASCK/SCKO 8-J
P21/TxD/SO0 5-X
P22/RxDI/SIO0 8-J
P30/INTPO
P31/INTP1
P32/INTP2/CPT2
P40/KRO to P47/KR7
P50/TI0/TO0
P51/TO2 5-X
P52, P53
RESET 2 Input -
NC - - Connect this pin directly to the Vsso or Vss1 pin (possible

IC (mask ROM model)

Ve (LPD78F9026A)

to leave open).

Connect these pins directly to the Vsso or Vssz pin.
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40

Figure 2-1. List of Pin Input/Output Circuits

read

Port ;

Type 2 Type 8-J*
e [ —]
enable
IN
Vobo
Output
data | )o | P-ch
Schmitt-triggered input with hysteresis characteristics
Output —Do—l N-ch
disable
Vsso
Type 5-X* ‘ Vooo Jl
v I S
enable
Vbbo
Output
data | )O | P-ch
IN/OUT
Output —Do—l N-ch
disable

IN/OUT
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3.1 Memory Space

CHAPTER 3 CPU ARCHITECTURE

The uPD789026 Subseries can access 64 Kbytes of memory space. Figures 3-1 through 3-5 show the memory

maps.

Figure 3-1. Memory Map ( uPD789022)

Data
Memo

FFFFH
Special Function Registers
256 x 8 bits
FFOOH
FEFFH
Internal High-Speed RAM
256 x 8 bits
FEOOH
FDFFH
= Reserved =
ry Space
1000H
OFFFH
Program Internal ROM
Memory Space 4,096 x 8 bits

0000H

OFFFH

0080H
007FH

0040H
003FH

002CH
002BH

0000H

Program Area

CALLT Table Area

Program Area

Vector Table Area
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Figure 3-2. Memory Map ( uPD789024)

Data
Memo

FFFFH
Special Function Registers
256 x 8 bits
FFOOH
FEFFH
Internal High-Speed RAM
256 x 8 bits
FEOOH
FDFFH
=~ Reserved =~
ry Space
2000H
1FFFH
Program Internal ROM
Memory Space 8,192 x 8 bits

0000H

1FFFH

)]

0080H

Program Area

007FH
0040H

CALLT Table Area

003FH

002CH

Program Area

002BH
0000H

Vector Table Area
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Figure 3-3. Memory Map ( uPD789025)

Data
Memo

FFFFH
Special Function Registers
256 x 8 bits
FFOOH
FEFFH
Internal High-Speed RAM
512 x 8 bits
FDOOH
FCFFH
= Reserved =
ry Space 2FFFH
3000H
2FFFH
Program Internal ROM 0080H
Memory Space 12,288 x 8 bits 007FH
0040H
003FH
002CH
002BH
0000H 0000H

)]

Program Area

CALLT Table Area

Program Area

Vector Table Area
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Figure 3-4. Memory Map ( uPD789026)

Data
Memo

Program Area

CALLT Table Area

Program Area

FFFFH
Special Function Registers
256 x 8 bits
FFOOH
FEFFH
Internal High-Speed RAM
512 x 8 bits
FDOOH
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3FFFH
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Memory Space 16,384 x 8 bits 007FH
0040H
003FH
002CH
002BH
0000H 0000H

Vector Table Area

User's Manual U11919EJ3VOUMO00




CHAPTER 3 CPU ARCHITECTURE

Figure 3-5. Memory Map ( uPD78F9026A)

Data
Memo
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FFFFH
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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 uPD789026 Subseries provides the internal ROMs (or flash memory) containing the following capacities on

each product.

Table 3-1. Internal ROM Capacity

Part Number Internal ROM
Structure Capacity
UPD789022 Mask ROM 4,096 x 8 bits
uPD789024 8,192 x 8 bits
UPD789025 12,288 x 8 bits
uPD789026 16,384 x 8 hits
UPD78F9026A Flash memory 16,384 x 8 bits

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

(1) Vector table area
A 44-byte area of addresses 0000H to 002BH 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-
bit program address, the low-order 8 bits are stored in an even address, and the high-order 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 000CH INTSR/INTCSIO
0004H INTWDT 000OEH INTST
0006H INTPO 0010H INTTMO
0008H INTP1 0014H INTTM2
000AH INTP2 002AH INTKR

(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 uPD789026 Subseries provides internal high-speed RAM containing the following capacity on each product.

The internal high-speed RAM can also be used as a stack memory.

Table 3-3. Internal High-Speed RAM Capacity

Part Number Capacity
uPD789022 256 x 8 hits
UPD789024
uPD789025 512 x 8 hits
UPD789026
UPD78F9026A

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 3-4).
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3.1.4 Data memory addressing

The pPD789026 Subseries provides a variety of addressing modes which take account of memory
manipulability, etc. Especially at address corresponding to data memory area (FEOOH to FFFFH"**, FDOOH to
FFFFH""*?%), particular addressing modes are possible to meet the functions of the special function registers (SFR)
and other registers. Figures 3-6 through 3-10 show the data memory addressing modes.

Notes 1. With uPD789022 or uPD789024
2. With yPD789025, uPD789026, or uPD78F9026A

Figure 3-6. Data Memory Addressing ( uPD789022)

FFFFH
Special Function Registers (SFR) SFR Addressing
256 x 8 bits
FFOH} I o
FF1FH
FFOOH
FEFFH
Internal High-Speed RAM igggg:ﬁgt
256 x 8 bits
FE20H ]
FE1FH
FEOOH
FDFFH Direct Addressing
Register Indirect
Addressing
Based Addressing
= Reserved =
1000H
OFFFH
Internal ROM
4,096 x 8 bits
0000H
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FFFFH

FF20H
FFLFH

FFOOH
FEFFH

FE20H
FE1FH

FEOOH
FDFFH

2000H
1FFFH

0000H

Figure 3-7. Data Memory Addressing ( uPD789024)

Special Function Registers (SFR)
256 x 8 bits

SFR

Addressing

Internal High-Speed RAM
256 x 8 bits

Short Direct
Addressing

— Reserved o~

Internal ROM
8,192 x 8 bits

Direct Addressing

Register Indirect
Addressing

Based Addressing
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FFFFH

FF20H
FFLFH

FFOOH
FEFFH

FE20H
FE1FH

FDOOH
FCFFH

3000H
2FFFH

0000H

Figure 3-8. Data Memory Addressing ( uPD789025)

Special Function Registers (SFR) SFR Addressing
256 x 8 bits

Short Direct

Internal High-Speed RAM Addressing

512 x 8 hits

= Reserved pd

Internal ROM
12,288 x 8 bits

Direct Addressing

Register Indirect
Addressing

Based Addressing
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FFFFH

FF20H
FFLFH

FFOOH
FEFFH

FE20H
FE1FH

FDOOH
FCFFH

4000H
3FFFH

0000H

Figure 3-9. Data Memory Addressing ( uPD789026)

Special Function Registers (SFR) SFR Addressing

256 x 8 hits

Internal High-Speed RAM
512 x 8 bits

Short Direct
Addressing

- Reserved

Internal ROM
16,384 x 8 bits

Direct Addressing

Register Indirect
Addressing

Based Addressing
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Figure 3-10. Data Memory Addressing ( uPD78F9026A)

FFFFH
Special Function Registers (SFR) SFR Addressing
256 x 8 hits
FFOH| I o
FF1FH
FFOOH
FEFFH
Internal High-Speed RAM igg:LstI:r?Ct
512 x 8 bits g
FE20H ]
FE1FH
FDOOH
FCFFH
= Reserved =
4000H
3FFFH
Internal Flash Memory
16,384 x 8 hits
0000H

Direct Addressing

Register Indirect
Addressing

Based Addressing
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3.2 Processor Registers
The pPD789026 Subseries provides the following on-chip processor registers:

3.2.1 Control registers
The control registers contains special functions to control the program sequence statuses and stack memory. A
program counter, a program status word, and a stack pointer are control registers.

(1) Program counter (PC)
The program counter is a 16-bit register which holds the address information of the next program to be
executed.
In normal operation, the PC is automatically incremented according to the number of bytes of the instruction
to be fetched. When a branch instruction is executed, immediate data or register contents is set.
RESET input sets the reset vector table values at addresses 0000H and 0001H to the program counter.

Figure 3-11. Program Counter Configuration
15 0

pc [Pci1s |Pci14|pe13|pe12 [peat[peio| peo | Pes | pe7 | pes | Pes | pea | pes | pez2 | per | peo |

(2) Program status word (PSW)
The program status word is an 8-bit register consisting of various flags to be set/reset by instruction
execution.
Program status word contents are automatically stacked upon interrupt request generation or PUSH PSW
instruction execution and are automatically restored upon execution of the RETI and POP PSW
instructions.
RESET input sets PSW to 02H.

Figure 3-12. Program Status Word Configuration
7 0

PSW IE z 0 AC 0 0 1 CY
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(@)

(b)

(©

(d)

Interrupt enable flag (IE)

This flag controls interrupt request acknowledge operations of the 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 (EI) status is set and interrupt request acknowledgement is controlled
with an interrupt mask flag for each interrupt source.

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 reset to O in all
other cases.

Carry flag (CY)

This flag stores overflow and underflow 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 3-13. Stack Pointer Configuration
15 0

sP [sp15 |sp14 |sp13|sp12 |sp11|sp10] sPe | sPs | sP7 | sPe | sPs | sp4 | sp3 | sp2 | sp1 | spo |

The SP is decremented ahead of write (save) to the stack memory and is incremented after read (restore)
from the stack memory.
Each stack operation saves/restores data as shown in Figures 3-14 and 3-15.

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

Figure 3-14. Data to be Saved to Stack Memory

PUSH rp CALL, CALLT Interrupt
Instruction Instructions
SP=SP_3
SP =-SP -2 SP =-Sp_2 SP-3 PC7 to PCO
SP—2 Lower Half SP_2 PC7 to PCO SPT 2 PC15 to PC8
? Register Pairs ? ?
sP-1 Upper Half sP-1 PC15 to PC8 SP-1 PSW
T Register Pairs ? ?
SPp = SP > SP >
Figure 3-15. Data to be Restored from Stack Memory
POP rp RET Instruction RETI Instruction
Instruction
Lower Half
SP = | Register Pairs SP = | PC7toPCO sP | Pc7topPCO
Upper Half
SP+1 Register Pairs SP+1 PC15 to PC8 SPJ 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

A general-purpose register consists of eight 8-bit 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-hit registers in pairs can be used as a 16-bit
register (AX, BC, DE, and HL).

They can be written 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 3-16. General-Purpose Register Configuration
(@) 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 register (SFR)

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

Itis allocated in the 256-byte area FFOOH to FFFFH.

The special function register can be manipulated, like the general-purpose register, 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
Writes 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
Writes 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
Writes a symbol reserved with assembler for the 16-bit manipulation instruction operand. When specifying an
address, write an even address.

Table 3-4 lists the special function register. The meanings of the symbols in this table are as follows:

¢ Symbol
Indicates the addresses of the incorporated 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.

User's Manual U11919EJ3VOUMOO 57



CHAPTER 3 CPU ARCHITECTURE

Table 3-4. Special Function Registers (1/2)

Address | Special Function Register (SFR) Name Symbol R/W Bit Units for Manipulation After Reset
1 Bit 8 Bits 16 Bits
FFOOH |Port0 PO RIW e} o - 00H
FFO1H |Port1 P1 -
FFO2H | Port 2 P2 e} o -
FFO3H | Port3 P3 @) O -
FFO4H | Port 4 P4 o] o] -
FFO5H | Port5 P5 O O -
FF10H | Transmit shift register 00 TXS00 [SI000 | W - o] - FFH
Receive buffer register 00 RXB00O R - (0] - Undefined
FF16H | 16-bit compare register 20 CR20 W - Note 1 ote 2 FFFFH
FF17H
FF18H | 16-bit timer counter 20 TM20 R - ohoe!t o2 | 0000H
FF19H
FF1AH | 16-bit capture register 20 TCP20 - Note 1 ote 2 Undefined
FF1BH
FF20H | Port mode register 0 PMO R/W O (@) - FFH
FF21H | Port mode register 1 PM1 O O -
FF22H | Port mode register 2 PM2 O (@) -
FF23H | Port mode register 3 PM3 (@) (@) -
FF24H | Port mode register 4 PM4 O (@) -
FF25H | Port mode register 5 PM5 (@) (@) -
FF42H | Timer clock select register 2 TCL2 O - 00H
FF50H | 8-bit compare register 00 CRO0O W - (@) - Undefined
FF51H | 8-bit timer counter 00 TMO00 R - (6] - O0H
FF53H | 8-bit timer mode control register 00 TMCO00 R/W (@) (@) -
FF5BH | 16-bit timer mode control register 20 TMC20 (@) (@) -
FF70H | Asynchronous serial interface mode ASIMO00 (0] (0] -
register 00
FF71H | Asynchronous serial interface status ASIS00 R (@) (@) -
register 00
FF72H | Serial operation mode register 00 CSIMO00 R/W (@) (@) -
FF73H | Baud rate generator control register 00 | BRGCO00 - -

Notes 1. CR20, TM20, and TCP20 are designed for 16-bit access. They can also be accessed in 8-bit mode,

58

however. In 8-bit access mode, use direct addressing.
2. 16-bit access is allowed only with short direct addressing.
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Table 3-4. Special Function Registers (2/2)
Address | Special Function Register (SFR) Name Symbol R/W Bit Units for Manipulation After Reset
1 Bit 8 Bits 16 Bits

FFEOH | Interrupt request flag register 0 IFO R/W O (@) - O00H
FFE1H | Interrupt request flag register 1 IF1 O -
FFE4H | Interrupt mask flag register O MKO O (@) - FFH
FFE5SH | Interrupt mask flag register 1 MK1 @) O -
FFECH | External interrupt mode register O INTMO - (@) - O00H
FFF5H | Key return mode register 00 KRMOO (@) (@) -
FFF7H | Pull-up resistor option register PUO O (@) -
FFFOH | Watchdog timer mode register WDTM (@) (@) -
FFFAH | Oscillation settling time select register OSTS (@) - 04H
FFFBH | Processor clock control register PCC (@) (@) - 02H
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3.3 Instruction Address Addressing

An instruction address is determined by program counter (PC) contents. 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
and branched by the following addressing (For details of each instruction, refer to 78K/0S Series User's Manual 0O
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) and branched. 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.

[llustration]

15 0
pC =+ PC is the start address of
the next instruction of
a BR instruction.
+
15 8 7 6 0
a S
C
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) and branched.

This function is carried out when the CALL !addr16 or BR !addr16 instruction is executed.
CALL laddr16 and BR !addr16 instructions can branch to all the memory spaces.

[Mustration]
In case of CALL 'addr16 or BR !addrl6 instruction

7 0
CALL or BR
Low Addr.
High Addr. T
15 l 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 low-order-5-bit

immediate data of an instruction code from bit 1 to bit 5 are transferred to the program counter (PC) and

branched.
Table indirect addressing is carried out when the CALLT [addr5] instruction is executed. This instruction can

refer to the address stored in the memory table 40H to 7FH and branch to all the memory spaces.

[lMustration]

7 6 5 1 0
Instruction Code 0 1 tas-o 0
15 8 7 6 5 i 10
Effectve Address |0 0 0 0 0 O O 0|0 1 0
7 Memory (Table) 0
Low Addr.
Effective Address + 1 High Addr. T
15 l 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)

and branched.
This function is carried out when the BR AX instruction is executed.

[lustration]

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

[Example]
MOV A, 'FEOOH; When setting !addr16 to FEOOH

Instruction Code |0 0 1 0 1 0 0 1
0 0 0 0 0 0 0 0
1 1 1 1 1 1 1 0
[llustration]
7 0
OP Code

addr16 (Low)

addr16 (High)
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/event 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 00H to 1FH,
bit 8 is setto 1. See [lllustration].

[Operand format]

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

[Example]

MOV FE30H, #50H; When setting saddr to FE30H and the immediate data to 50H

Instruction Code |1 1 1 1 0 1 0 1| OP Code

[lustration]

0 0 1 1 0 0 0 0| 30H (saddr-offset)

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

OP Code

15

saddr-offset ﬁ

Short Direct Memory

Effective
Address 11

When 8-bit immediate data is 20H to FFH, a = 0.
When 8-bit immediate data is OOH to 1FH, o = 1.

64
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3.4.3 Special function register (SFR) addressing

[Function]

The memory-mapped special function register (SFR) is addressed with 8-bit immediate data in an instruction
word.

This addressing is applied to the 240-byte spaces FFOOH to FFCFH and FFEOH 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

[Example]
MOV PMO, A; When selecting PMO for sfr

Instruction Code |1 1 1 0 0 1 1 1

[lMustration]

7 0
OP Code
sfr-offset
SFR
15 8 7 0
Effective
Addressllllllll
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3.4.4 Register addressing

[Function]
The general-purpose register is accessed as an operand. The general-purpose register to be accessed is
specified with register specification 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 CB,ED,LH
p AX, BC, DE, HL

'r and 'rp' can be written 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).

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

Instruction Code |0 0 0 0 1 0 1 0

Register Specification Code

INCW DE; When selecting the DE register pair for rp

Instruction Code |1 0 0 0 1 0 0 0

Register Specification 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 specification code in the instruction code. This addressing can be

carried out for all the memory spaces.

[Operand format]

Identifier

Description

- [DE], [HL]

[Example]

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

Instruction Code

[llustration]

15

0

DE D

The contents of addressed
memory are transferred

7
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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]

[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/restored upon generation of an interrupt request.
Stack addressing enables to access the internal high-speed RAM area only.

[Example]
In the case of PUSH DE

Instruction Code |1 0 1 0 1 0 1 0
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4.1 Functions of Ports
The uPD789026 Subseries provides the ports shown in Figure 4-1, enabling various methods of control.
Alternate functions are provided in addition to the digital I/O port function. For more information on these

alternate functions, see Chapter 2 .

Figure 4-1. Port Types

- P20 POQ [+—=

. . > Port0

-— P30 ——

{«—» P32 PO7 f+——
{«—» P40 P10 [=—

-— . . [ Portl

~—=Pa7 P17 |+—>

~—| P50

-— P53
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Table 4-1. Port Functions

Pin Name

Input/Output

Function

After Reset

Alternate Function

P00 to PO7

Input/output

Port 0

8-bit 1/0 port

1/0 specifiable in 1-bit units

When used as input port, on-chip pull-up resistor can be

connected by setting of the pull-up resistor option register (PUO).

LEDs can be driven directly.

Input

P10 to P17

Input/output

Port 1

8-bit 1/0 port

1/0 specifiable in 1-bit units

When used as input port, on-chip pull-up resistor can be

connected by setting of the pull-up resistor option register (PUO).

LEDs can be driven directly.

Input

P20

P21

P22

Input/output

Port 2

3-bit 1/0 port

1/0 specifiable in 1-bit units

When used as input port, on-chip pull-up resistor can be

connected by setting of the pull-up resistor option register (PUO).

LEDs can be driven directly.

Input

SCKO/ASCK

SO0/TxD

SI0/RxD

P30

P31

P32

Input/output

Port 3

3-bit 1/0 port

1/0 specifiable in 1-bit units

When used as input port, on-chip pull-up resistor can be

connected by setting of the pull-up resistor option register (PUO).

LEDs can be driven directly.

Input

INTPO

INTP1

INTP2/CPT2

P40 to P47

Input/output

Port 4

8-bit 1/0 port

1/0 specifiable in 1-bit units

When used as input port, on-chip pull-up resistor can be

connected by setting of the pull-up resistor option register (PUO).

LEDs can be driven directly.

Input

KRO to KR7

P50

P51

P52, P53

Input/output

Port 5

4-bit /O port

1/0 specifiable in 1-bit units

When used as input port, on-chip pull-up resistor can be

connected by setting of the pull-up resistor option register (PUO).

LEDs can be driven directly.

Input

TIO/TOO

TO2
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4.2 Port Configuration

Ports have the following hardware configuration.

Table 4-2. Port Configuration

Parameter Configuration
Control register Port mode register (PMm: m =0 to 5)
Pull-up resistor option register (PUO)
Port Total: 34 (input/output: 34)
Pull-up resistor Total: 34 (on-chip pull-up resistor can be connected by software)
4.2.1 Port0

This is an 8-bit I1/0 port with output latch. Port O can be specified in the input or output mode in 1-bit units by
using the port mode register 0 (PM0). When using P00 to P07 pins as input port pins, on-chip pull-up resistors can
be connected in 8-bit units by using the pull-up resistor option register (PUO).

RESET input sets port 0 to input mode.

Figure 4-2 shows the block diagram of port 0.

Figure 4-2. Block Diagram of P00 to P07

Vobo
WRepuo
N\
> PUOO ): | P-ch
RD
| G @l
-t [8]
p | 2
a n
= -
£
9 WRpoRrT
£ A
Output Latch
(POO to P07) © P00 to PO7
WRpm
PMOO0 to PMO7
N/

PUO : Pull-up resistor option register
PM : Port mode register
RD : Port 0 read signal
WR : Port 0 write signal
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4.2.2 Portl

This is an 8-bit I/0O port with output latch. Port 1 can be specified in the input or output mode in 1-bit units by
using the port mode register 1 (PM1). When using P10 to P17 pins as input port pins, on-chip pull-up resistors can
be connected in 8-bit units by using the pull-up resistor option register (PUO).

RESET input sets port 1 to input mode.

Figure 4-3 shows the block diagram of port 1.

Figure 4-3. Block Diagram of P10 to P17

PUO1

Vobo

-

Selector

Output Latch

(P10 to P17)

© P10 to P17

PM10 to PM17

WRepuo
N\
RD
%)
S
m
©
£
9 WRpoRrT
=
WRpm
N/

PUO : Pull-up resistor option register
PM : Port mode register
RD : Port 1 read signal
WR : Port 1 write signal
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4.2.3 Port 2
This is a 3-bit I/O port with output latch. Port 2 can be specified in the input or output mode in 1-bit units by using

the port mode register 2 (PM2). When using P20 to P22 pins as input port pins, on-chip pull-up resistors can be
connected in 3-bit units by using the pull-up resistor option register (PUO).

The pins of this port are also used as the data I/O and clock I/O pins of the serial interface.

RESET input sets port 2 to input mode.

Figures 4-4 through 4-6 show the block diagrams of port 2.

Caution When using the pins of port 2 as the serial interface, the 1/0 mode and output latch must be set
according to the function to be used. For details of the settings, see Table 9-2.

Figure 4-4. Block Diagram of P20

Vbbo
N\ WRruwo
PUO2 )O H P-ch
Alternate
Function
RD
j . <<t
[8]
| Q
2 &
@
T WRPpoRT
=
i)
c
= Output Latch
(P20) +——O) P20/ASCK/SCKO
WRem
PM20
Alternate
Function
N\

PUO : Pull-up resistor option register
PM : Port mode register
RD : Port 2 read signal
WR : Port 2 write signal
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Figure 4-5. Block Diagram of P21

l Output Latch
(P21)

N\
WRPpuo
> PUO2
RD
)
S
m
s WRpPpoRrT
@
E

Vbbo

P-ch

Selector

WRpm

PM21

Y

PUO :

PM
RD
WR

Alternate

Function

Pull-up resistor option register
. Port mode register

: Port 2 read signal

. Port 2 write signal
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Figure 4-6. Block Diagram of P22

© P22/RxDISIO
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Vopo
(™ WRepuo
~ PUO2 >: H poch
Alternate
Function
RD
|- >
e i | i |
(8]
L)
3]
%] "
)
m
T WRporT
c
@ A
c
- | Output Latch
7 (P22)
WRem
PM22
Y
PUO : Pull-up resistor option register
PM : Port mode register
RD : Port 2 read signal
WR : Port 2 write signal
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4.2.4 Port3

This is a 3-bit I/O port with output latch. It can be specified in input or output mode in 1-bit units by using the port
mode register 3 (PM3). When using P30 to P32 pins as input port pins, on-chip pull-up resistors can be connected
in 3-bit units by using the pull-up resistor option register (PUO).

The pins of this port are also used as the external interrupt input and capture edge input.

RESET input sets port 3 to input mode.

Figure 4-7 shows the block diagram of port 3.

Figure 4-7. Block Diagram of P30 to P32

Vobo

I P-ch

Selector

© P30/INTPO

WRepuo
- PUO3
Alternate
Function
RD
1)
>
@
= WRPpoRT
c
L
C
- _| Output Latch
"1 (P30to P32)
WRewMm
> PM30 to PM32
Y

PUO : Pull-up resistor option register
PM : Port mode register
RD : Port 3 read signal
WR : Port 3 write signal
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4.2.5 Port4

This is an 8-bit I1/0O port with output latch. Port 4 can be specified in the input or output mode in 1-bit units by
using port mode register 4 (PM4). When using P40 to P47 pins as input port pins, on-chip pull-up resistors can be
connected in 8-bit units by using the pull-up resistor option register (PUO).

The pins of this port are also used as the key return input.

RESET input sets port 4 to input mode.

Figure 4-8 shows the block diagram of port 4.

Caution When using port 4 for the key return function, it is necessary to set key return mode register 00.

For details of the settings, see Section 10.3 (5).

Figure 4-8. Block Diagram of P40 to P47

Vbbo
N\  WReuo
PUO4
P-ch
RD
I R I
(8]
L
| .
WRKRM00
KRMOOO to KRM007
(2]
]
m WRPpoRrT
B
£
£ Output Latch © P40/KRO to
(P40 to P47) P47/KR7
WRpm
PM40 to PM47

Alternate —

Function
N\
KRMOO : Key return mode register 00
PUO : Pull-up resistor option register
PM . Port mode register
RD . Port 4 read signal
WR : Port 4 write signal
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4.2.6 Port5
This is a 4-bit I/O port with output latch. Port 5 can be specified in the input or output mode in 1-bit units by using

the port mode register 5 (PM5). When using P50 to P53 pins as input port pins, on-chip pull-up resistors can be
connected in 4-bit units by using the pull-up resistor option register (PUO).

The pins of this port are also used as the data I/O pins of the timer.

RESET input sets port 5 to input mode.

Figures 4-9 through 4-11 show the block diagrams of port 5.

Figure 4-9. Block Diagram of P50

Voo
M\ WRepuo
PUO5 ) H P-ch
Alternate
Function
RD
| : e
[8]
| Q

[}
[%] n
>
oM WRpoRT
©
c
Q
< Output Latch
= (P50) «——O) P50/TIOITOO

WRemM
PM50
Alternate
Function
N\

PUO : Pull-up resistor option register
PM : Port mode register
RD : Port5 read signal
WR : Port 5 write signal
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Figure 4-10. Block Diagram of P51

Vooo

PUO5 )o i P-ch
RD
| <

(1 WReuo

S
©
<@
[¢]
0
]
>
o WRPpoRT
©
E >— |
Q
b= Output Latch
= (P51) 0 P51/TO2
WRpM
PM51
Alternate
Function
N\

PUO : Pull-up resistor option register
PM : Port mode register
RD : Port5 read signal
WR : Port 5 write signal
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Figure 4-11. Block Diagram of P52 and P53

Vobo

© P52, P53

WRepuo
M\
PUO5 )C | b-ch
RD
I 5 Q<]%C
(8]
| ks
[}
%] n
>
oM
© WRpoRT
=
e
£
Ouput Latch
(P52, P53)
WRpm
PM52, PM53
0 4
PUO : Pull-up resistor option register
PM : Port mode register
RD : Port5 read signal
WR : Port 5 write signal
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4.3 Port Function Control Registers
The following two types of registers control the ports.

« Port mode registers (PMO to PM5)
« Pull-up resistor option register (PUO)

(1) Port mode registers (PMO to PM5)
These registers are used to set port input/output in 1-bit units.
Port mode registers are independently set with a 1-bit or 8-bit memory manipulation instruction.
RESET input sets these registers to FFH.
When port pins are used as alternate-function pins, set the port mode register and output latch according to
Table 4-3.

Caution As port 3 has an alternate function as external interrupt input, when the port function
output mode is specified and the output level is changed, the interrupt request flag is set.
When the output mode is used, therefore, the interrupt mask flag should be set to 1
beforehand.

Table 4-3. Port Mode Register and Output Latch Settings when Using Alternate Functions

Pin Name Alternate Function PMxx Pxx
Name Input/Output

P30 INTPO Input 1 X
P31 INTP1 Input 1 X
P32 INTP2 Input 1 X

CPT2 Input 1 X
P40 to P47"° KRO to KR7 Input 1 X
P50 TIO Input 1 X

TOO Output 0 0
P51 TO2 Output 0 0

Note When an alternate function is used, set the key return mode register 00 (KRMO0O) to 1 (see Section
10.3 (5)).

Caution When Port 2 is used for serial interface pin, the 1/O mode and output latch must be set
according to its function. For details of the settings, see Table 9-2.

Remark x . Don't care

PMxx : Port mode register
Pxx : Output latch of port
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Figure 4-12. Port Mode Register Format

Symbol 7 6 5 4 3 2 1 0 Address  After Reset R/W
PMO | PMO7 ‘ PMO06 ‘ PMO05 ‘ PM04 ‘ PMO03 ‘ PM02 ‘ PMO1 ‘ PMOO | FF20H FFH R/W
PM1 | PM17 ‘ PM16 ‘ PM15 ‘ PM14 ‘ PM13 ‘ PM12 ‘ PM11 ‘ PM10 | FF21H FFH R/W
PM2 | 1 ‘ 1 ‘ 1 ‘ 1 ‘ 1 ‘ PM22 ‘ PM21 ‘ PM20 | FF22H FFH R/W
PM3 | 1 ‘ 1 ‘ 1 ‘ 1 ‘ 1 ‘ PM32 ‘ PM31 ‘ PM30 | FF23H FFH R/W
PM4 | PM47 ‘ PM46 ‘ PM45 ‘ PM44 ‘ PM43 ‘ PM42 ‘ PM41 ‘ PM40 | FF24H FFH R/W
PM5 | 1 ‘ 1 ‘ 1 ‘ 1 ‘ PM53 ‘ PM52 ‘ PM51 ‘ PM50 | FF25H FFH R/W

PMmn Pmn Pin Input/Output Mode Selection

m=20,1,4:n=0to7
m=2,3 :n=0to 2
m=5 'n=0to 3

0 Output mode (output buffer ON)

1 Input mode (output buffer OFF)

(2) Pull-up resistor option register (PUO)
The pull-up resistor option register (PUO) sets whether an on-chip pull-up resistor on each port is used or
not.
On the port which is specified to use the on-chip pull-up resistor in the PUO, the pull-up resistor can be
internally used only for the bits set in the input mode. No on-chip pull-up resistors can be used for the bits
set in the output mode in spite of setting the PUO. On-chip pull-up resistors cannot be used either when the
pins are used as the alternate-function output pins.
PUO is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input clears PUO to 00H.

Figure 4-13. Pull-Up Resistor Option Register Format

Symbol 7 6 <5> <4> <3> <2> <1> <0> Address  After Reset R/W
PUO | 0 ‘ 0 ‘ PUOS5 ‘ PUO4 ‘ PUO3 ‘ PUO2 ‘ PUO1 ‘ PUOO | FFF7H 00OH R/W
PUOmM Port m On-Chip Pull-Up Resistor Selection
(m=0tob5)
0 On-chip pull-up resistor not used
1 On-chip pull-up resistor used
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4.4 Operation of Port Functions

The operation of a port differs depending on whether the port is set in the input or output mode, as described

below.

4.4.1 Writing to 1/O port

@

@

In output mode

A value can be written to the output latch of a port by using a transfer instruction. The contents of the
output latch can be output from the pins of the port.

The data once written to the output latch is retained until new data is written to the output latch.

In input mode

A value can be written to the output latch by using a transfer instruction. However, the status of the port pin
is not changed because the output buffer is OFF.

The data once written to the output latch is retained until new data is written to the output latch.

Caution A 1-bit memory manipulation instruction is executed to manipulate 1 bit of a port.
However, this instruction accesses the port in 8-bit units. When this instruction is
executed to manipulate a bit of a port consisting both of inputs and outputs, therefore, the
contents of the output latch of the pin that is set in the input mode and not subject to

manipulation become undefined.

4.4.2 Reading from I/O port

@)

@)

In output mode
The contents of an output latch can be read by using a transfer instruction. The contents of the output latch

are not changed.

In input mode
The status of a pin can be read by using a transfer instruction. The contents of the output latch are not

changed.

4.4.3 Arithmetic operation of I/O port

@)

@)

In output mode
An arithmetic operation can be performed with the contents of an output latch. The result of the operation is

written to the output latch. The contents of the output latch are output from the port pins.
The data once written to the output latch is retained until new data is written to the output latch.

In input mode
The contents of the output latch become undefined. However, the status of the pin is not changed because

the output buffer is OFF.

Caution A 1-bit memory manipulation instruction is executed to manipulate 1 bit of a port.
However, this instruction accesses the port in 8-bit units. When this instruction is
executed to manipulate a bit of a port consisting both of inputs and outputs, therefore, the
contents of the output latch of the pin that is set in the input mode and not subject to

manipulation become undefined.
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CHAPTER 5 CLOCK GENERATION CIRCUIT

5.1 Function of Clock Generation Circuit

The clock generation circuit generates the clock to be supplied to the CPU and peripheral hardware. The system

clock oscillator consists of the following type.

« System clock oscillator

This circuit oscillates at frequencies of 1.0 to 5.0 MHz. Oscillation can be stopped by executing the STOP

instruction.
5.2 Configuration of Clock Generation Circuit
The clock generation circuit consists of the following hardware.

Table 5-1. Configuration of Clock Generation Circuit

Item Configuration

Control register Processor clock control register (PCC)

Oscillator System clock oscillator

Figure 5-1. Block Diagram of Clock Generation Circuit

Prescaler

:> Clock to Peripheral
Hardware

X10—+ System Clock
. Prescaler
X2 ©—  Oscillator fx
T fx
22 -
STOP 2 Standby ;
@ Control Wa(lgirCé(L)Jriltrol —— CPU Clock (fcru)
3 Circuit
PCC1

@ Processor Clock Control Register (PCC)

S Internal Bus S
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5.3 Register Controlling Clock Generation Circuit
The clock generation circuit is controlled by the following register:
« Processor clock control register (PCC)
(1) Processor clock control register (PCC)
PCC sets CPU clock selection and the ratio of division.
PCC is set with a 1-bit or 8-bit memory manipulation instruction.

RESET input sets PCC to 02H.

Figure 5-2. Processor Clock Control Register Format

Symbol 7 6 5 4 3 2 1 0 Address  After Reset R/W
PCC | 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ PCC1 ‘ 0 | FFFBH 02H R/W
PCC1 CPU Clock (fcru) Selection

0 fx (0.2 s)

1 |22 (0.8 us)

Caution Be sure to set bit 0 and bits 2 to 7 to 0.

Remarks 1. fx: System clock oscillation frequency
2. The parenthesized values apply to opration at fx = 5.0 MHz.
3. Minimum instruction execution time: 2 fcpu
e When fcru=0.2 us : 0.4 us
e When fcru=0.8 us : 1.6 us
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5.4 System Clock Oscillation Circuits

5.4.1 System clock oscillation circuit

The system clock oscillation circuit is oscillated by the crystal or ceramic resonator (5.0 MHz TYP.) connected
across the X1 and X2 pins.

An external clock can also be input to the circuit. In this case, input the clock signal to the X1 pin, and input the
reversed signal to the X2 pin.

Figure 5-3 shows the external circuit of the system clock oscillation circuit.

Figure 5-3. External Circuit of System Clock Oscillation Circuit
(a) Crystal or ceramic oscillation (b) External clock

Vsso, Vss1 External X1

ir»—l IT X1 Clock
e —
T}T_FH Ii X2 X2

Crystal
or
Ceramic Resonator

Caution When using the system clock oscillator circuit, to avoid influence of wiring capacity, etc., wire
the portion enclosed by the broken line in Figure 5-3 as follows:

» Keep the wiring length as short as possible.
¢ Do not cross the wiring with any other signal lines. Do not route the wiring in the vicinity of a
line through which a high alternating current flows.

Always keep the ground of the capacitor of the oscillation circuit at the same potential as V ss.
Do not ground the capacitor to a ground pattern through which a high current flows.
¢ Do not extract signals from the oscillation circuit.

Figure 5-4 shows incorrect examples of resonator connection.
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88

Figure 5-4. Incorrect Examples of Resonator Connection (1/2)

(a) Too long wiring (b) Crossed signal line
PORTN
(n=0to5)
Vsso, Vssi. X1 X2 Vsso, Vss1 X1 X2
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Figure 5-4. Incorrect Examples of Resonator Connection (2/2)

(c) Wiring near high alternating current (d) Current flowing through ground line of oscillation
circuit (potential at points A, B, and C fluctuates)

Pmn
Vsso, Vss1 X1 X2
Vsso, Vss1 X1 X2
1<
] o
5 . .
5 o= =
<
2
I — —
A TB TC
" }l High Current
77 7/

(e) Signal is extracted

Vsso, Vss1 -~ X1 X2

5.4.2 Divider circuit
The divider circuit divides the output of the system clock oscillation circuit (fx) to generate various clocks.
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5.5 Operation of Clock Generation Circuit

The clock generation circuit generates the following clocks and controls operation modes of the CPU, such as
the standby mode:

e System clock fx
e CPUclock fcpu
 Clock to peripheral hardware

The operation of the clock generation circuit is determined by the processor clock control register (PCC), as

follows:

@

(b)

(©

(d)

90

The slow mode 2 fcpu (1.6 us: at 5.0-MHz operation) of the system clock is selected when the RESET signal
is generated (PCC = 02H). While a low level is input to the RESET pin, oscillation of the system clock is
stopped .

Two types of CPU clocks fcru (0.2 pus and 0.8 us: at 5.0-MHz operation) can be selected by the PCC
setting.

Two standby modes, STOP and HALT, can be used.
The clock to the peripheral hardware is supplied by dividing the system clock. The other peripheral

hardware is stopped when the system clock is stopped (except, however, the external clock input
operation).
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5.6 Changing Setting of System Clock and CPU Clock

5.6.1 Time required for switching between system clock and CPU clock

The CPU clock can be selected by using bit 1 (PCC1) of the processor clock control register (PCC).

Actually, the specified clock is not selected immediately after the setting of PCC has been changed, and the old
clock is used for the duration of several instructions after that (see Table 5-2).

Table 5-2. Maximum Time Required for Switching CPU Clock

Set Value before Switching Set Value after Switching
PCC1 PCC1 PCC1
0 1
0 4 clocks
1 2 clocks

Remark Two clocks are the minimum instruction execution
time of the CPU clock before switching.

5.6.2 Switching CPU clock
The following figure illustrates how the CPU clock switches.

Figure 5-5. Switching CPU Clock

RESET I_I

CPU Clock ‘ ‘ ‘ ‘
‘ ‘ ‘ Slow ‘ High-Speed

t Operation  Operation
Wait (6.55 ms: at 5.0-MHz operation)
Internal Reset Operation

<1> The CPU is reset when the RESET pin is made low on power application. The effect of resetting is
released when the RESET pin is later made high, and the system clock starts oscillating. At this time, the
time during which oscillation settles (2"°/fx) is automatically secured.
After that, the CPU starts instruction execution at the slow speed of the system clock (1.6 us: at 5.0-MHz
operation).

<2> After the time during which the Voo voltage rises to the level at which the CPU can operate at the high
speed has elapsed, the processor clock control register (PCC) is rewritten so that the high speed can be
selected.
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CHAPTER 6 16-BIT TIMER

6.1 16-Bit Timer Functions
16-bit timer 20 has the following functions.
e Timer interrupt
< Timer output

» Count value capture

(1) Timer interrupt
An interrupt is generated when a count value and compare value matches.

(2) Timer output
Timer output control is possible when a count value and compare value matches.

(3) Count value capture
A TM20 count value is latched synchronizing with the capture trigger and retained.
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6.2 16-Bit Timer Configuration
16-hit timer 20 is configured in the following hardware.

Table 6-1. Configuration of 16-Bit Timer 20

Iltem Configuration
Timer counter 16 bits x 1 (TM20)
Register Compare register : 16 bits x 1 (CR20)
Capture register : 16 bits x 1 (TCP20)
Timer output 1(TO20)
Control register 16-bit timer mode control register 20 (TMC20)

Port mode register 5 (PM5)

Figure 6-1. Block Diagram of 16-Bit Timer 20

% Internal Bus %

16-Bit Timer Mode
Control Register 20

(TMC20)
TOF20{CPT201{CPT200, TOC20{TCL201|TCL200| TOE20 gﬁt})ut Latch PM51
T [ LT 1
T © TO2/P51
16-Bit Compare Register 20 (CR20) :D_’TODZO
16-Bit Timer Mode
{} Match Control Register 20
INTTM2
2 S {}
b2 % 16-Bit Ti C 20 (TM20 OVF
26| o -Bit Timer Counter 20 ( N—
i vV
CPT2/P32/ © Edge Detection| _ |16-Bit Capture 16-Bit Counter
INTP2 Circuit Register 20 (TCP20) Read Buffer

v v
% Internal Bus %
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(1) 16-bit compare register 20 (CR20)
This register compares the value set to CR20 with the count value of 16-bit timer counter 20 (TM20), and
when they match, generates an interrupt request (INTTM2).
CR20 is set with a 16-bit memory manipulation instruction. The 0000H to FFFFH values can be set.
RESET input sets this register to FFFFH.

Cautions 1. This register is manipulated with a 16-bit memory manipulation instruction, however
an 8-bit memory manipulation instruction can be used. When manipulated with an 8-
bit memory manipulation instruction, accessing method should be direct addressing.
This register can be accessed only in short direct addressing mode when a 16-bit
memory manipulation instruction is used.

2. When rewriting CR20 during count operation, set CR20 to interrupt disable from
interrupt mask flag register 0 (MKO) beforehand. Beside, set the timer output data to
inversion disable by 16-bit timer mode control register 20 (TMC20).

If CR20 is rewritten with the interrupt enabled, an interrupt request may be issued
immediately.

(2) 16-bit timer counter 20 (TM20)
This is a 16-bit register that counts count pulses.
TM20 is read with a 16-bit memory manipulation instruction.
This register is in free running during count clock input.
RESET input clears this register to 0000H and after that to be in free running.

Cautions 1. The count value after releasing stop becomes undefined because the count operation

is executed during the oscillation settling time.

2. This register is manipulated with a 16-bit memory manipulation instruction, however
an 8-bit memory manipulation instruction can be used. When manipulated with an 8-
bit memory manipulation instruction, accessing method should be direct addressing.
This register can be accessed only in short direct addressing mode when a 16-bit
memory manipulation instruction is used.

3. When manipulated with an 8-bit memory manipulation instruction, readout should be
performed in the order from low-order byte to high-order byte and must be in pairs.

(3) 16-bit capture register 20 (TCP20)
This is a 16-bit register that captures the contents of 16-bit timer counter 20 (TM20).
TCP20 is set with a 16-bit memory manipulation instruction.
RESET input makes this register undefined.

Caution This register is manipulated with a 16-bit memory manipulation instruction, however an 8-
bit memory manipulation instruction can be used. When manipulated with an 8-bit
memory manipulation instruction, accessing method should be direct addressing. This
register can be accessed only in short direct addressing mode when a 16-bit memory
manipulation instruction is used.

(4) 16-bit counter read buffer
This buffer latches a counter value and retains a count value of 16-bit timer counter 20 (TM20).
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6.3 Registers Controlling 16-Bit Timer
The following two types of registers control 16-bit timer 20.

< 16-bit timer mode control register 20 (TMC20)
« Port mode register 5 (PM5)

(1) 16-bit timer mode control register 20 (TMC20)
16-bit timer mode control register 20 (TMC20) controls the setting of a count clock, capture edge, etc.
TMC20 is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input clears TMC20 to 00H.
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Figure 6-2. 16-Bit Timer Mode Control Register 20 Format

Symbol 7 <6> 5 4 3 2 1 <0> Address  After Reset R/W
TMC20 | TOD20 ‘ TOF20 ‘ CPT201 ‘ CPT200 ‘ TOC20 ‘ TCL201 ‘ TCL200 ‘ TOE20 | FF5BH 00H R/W\Note

TOD20 Timer Output Data
0 Timer output data is 0.
1 Timer output data is 1.

TOF20 Overflow Flag Set
0 Clear by reset and software
1 Set by overflow of 16-bit timer

CPT201| CPT200 Capture Edge Selection
0 0 Capture operation disabled
0 1 Rising edge of CPT2
1 0 Falling edge of CPT2
1 1 Both edges of CPT2

TOC20 Timer Output Data Inverse Control
0 Inverse disabled
1 Inverse enabled

TCL201 | TCL200 16-bit Timer Counter 20 Count Clock Selection
0 0 fx/22 (1.25 MHz)
0 1 fx/2% (78.1 kHz)

Other than above | Setting prohibited

TOE20 16-bit Timer 20 Output Control
0 Output disabled (port mode)
1 Output enabled

Note Bit 7 is read-only.

Remarks 1.

fx: System clock oscillation frequency

2. The parenthesized values apply to operation at fx = 5.0 MHz.
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(2) Port mode register 5 (PM5)
This register sets the input/output of port 5 in 1-bit units.
To use the P51/TO2 pin for timer output, set the output latch of PM51 and P51 to 0.
PM5 is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input sets PM5 to FFH.
Figure 6-3. Port Mode Register 5 Format
Symbol 7 6 5 4 3 2 1 0 Address After Reset R/W
PM5 | 1 ‘ 1 ‘ 1 ‘ 1 ‘ PM53 ‘ PM52 ‘ PM51 ‘ PM50 | FF25H FFH R/W
PM51 P51 Pin Input/Output Selection
0 Output mode (output buffer on)
1 Input mode (output buffer off)
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6.4 16-Bit Timer Operation

6.4.1 Operation as timer interrupt

In the timer interrupt function, interrupts are repeatedly generated at the count value set to 16-bit compare

register 20 (CR20) in advance based on the intervals of the value set in TCL201 and TCL200.
To operate the 16-bit timer as a timer interrupt, the following settings are required.
» Set count values in CR20
» Set 16-bit timer mode control register 20 (TMC20) as shown in Figure 6-4.

Figure 6-4. Settings of 16-Bit Timer Mode Control Register 20 at Timer Interrupt Operation

TOD20 TOF20 CPT201 CPT200 TOC20 TCL201 TCL200 TOE20

TMC20 - 0/1 0/1 0/1 0/1 0 0/1 0/1

\—l—l— Setting of Count Clock (see Table 6-2)

Caution If 0 is set both to CPT201 and CPT200 flags, capture edge becomes setting prohibited.

When the count value of 16-bit timer counter 20 (TM20) coincides with the value set to CR20, counting of TM20

continues and an interrupt request signal (INTTM2) is generated.
Table 6-2 shows interval time, and Figure 6-5 shows timing of timer interrupt operation.

Caution Perform the following processing when rewriting CR20 during count operation.
<1> Disable the interrupt (TMMK20 (bit 7 of interrupt mask flag register 0 (MK0)) = 1).
<2> Disable inversion control of timer output data (TOC20 = 0).
If CR20 is rewritten with the interrupt enabled, an interrupt request may be issued

immediately.
Table 6-2. Interval Time of 16-Bit Timer 20
TCL201 TCL200 Count Clock Interval Time
0 0 2%/fx (0.8 us) 2%/ix (52.4 ms)
0 1 2°/fx (12.8 us) 2%[fx (838.9 ms)
Other than above Setting prohibited

Remarks 1. fx: System clock oscillation frequency
2. The parenthesized values apply to operation at fx = 5.0 MHz.
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Figure 6-5. Timer Interrupt Operation Timing

TM20 Count Value _ 0000H X 0001 Xj{ XN X:ZE)(FFFFHX 0000H X0001H)GD®CZ

A
'Overflow Flag Set

CR20 N [l N i N i N [N
INTTM2 3 )L | | 1 3 )) | | 1
| = LA | © LA
! tInterrupt Accepted: ! Interrupt Accepted
i . )) ! )) !
| U( 1(
TO20 1 !
; it | : I—U—
: | z\ )
TOF20 ! " N ' B
: 9 [

Remark N = 0000H to FFFFH
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6.4.2 Operation as timer output

Timer outputs are repeatedly generated at the count value set to 16-bit compare register 20 (CR20) in advance
based on the intervals of the value set in TCL201 and TCL200.

To operate the 16-bit timer as a timer output, the following settings are required.

¢ Set P51 to output mode (PM51 = 0).

« Set 0 to the output latch of P51.

» Set the count value in CR20.

» Set 16-bit timer mode control register 20 (TMC20) as shown in Figure 6-6.

Figure 6-6. Settings of 16-Bit Timer Mode Control Register 20 at Timer Output Operation

TOD20 TOF20 CPT201 CPT200 TOC20 TCL201 TCL200 TOE20

T™C20| - o1 | 01 | 01 1 0 | o1 1
L

L TO20 Output Enable

Setting of Count Clock (see Table 6-2)

Inverse Enable of Timer Output Data

Caution If both CPT201 flag and CPT200 flag are set to 0, the capture edge becomes operation
prohibited.

When the count value of 16-bit timer counter 20 (TM20) matches the value set in CR20, the output status of the
TO2/P51 pin is inverted. This enables timer output. At that time, TM20 count is continued and an interrupt request
signal (INTTM2) is generated.

Figure 6-7 shows the timing of timer output (see Table 6-2 for the interval time of the 16-bit timer).

Figure 6-7. Timer Output Timing

CountCIock||||||||||||||||||Illllll
TM20 Count Value  0000H X 0001 .-.D(FFFFHXOOOOHXOOMH)QD@G“(

A
Overflow Flag Set

CR20 N H N H N H N H N
INTTM2 | " | | X ! N |—| \
: { : A ( : 199 : A (
[Interrupt Accepted; ! Interrupt Accepted
| ! )) ! ) l
TO20Nte ! (€ ! it
i it | ! I_”_
‘ | ! )
TOF20 !

Note The TO20 initial value becomes low level during output enable (TOE20 = 1).

Remark N = 0000H to FFFFH
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CHAPTER 6 16-BIT TIMER

6.4.3 Capture operation

The capture operation functions to capture and latch the count value of 16-bit timer counter 20 (TMZ20)
synchronizing with a capture trigger.

Set as shown in Figure 6-8 to allow the 16-bit timer to start the capture operation.

Figure 6-8. Setting Contents of 16-Bit Timer Mode Control Register 20 during Capture Operation

TOD20 TOF20 CPT201 CPT200 TOC20 TCL201 TCL200 TOE20

TMC20 - 0/1 0/1 0/1 0/1 0 0/1 0/1

=

Count Clock Selection

Capture Edge Selection (see Table 6-3)

16-bit capture register 20 (TCP20) starts capture operation after being detected a CPT20 capture trigger edge,
and latches and retains the count value of 16-bit timer counter 20. TCP20 fetches count value within 2 clocks and
retains the count value until the next capture edge detection.

Table 6-3 and Figure 6-9 show the setting contents of capture edge and capture operation timing, respectively.

Table 6-3. Setting Contents of Capture Edge

CPT201 CPT200 Capture Edge Selection
0 0 Capture operation prohibited
0 1 CPT2 pin rising edge
1 0 CPT2 pin falling edge
1 1 CPT2 pin both edges

Caution Because TCP20 is rewritten when a capture trigger edge is detected during TCP20 read, disable
the capture trigger detection during TCP20 read.

Figure 6-9. Capture Operation Timing (Both Edges of CPT2 Pin are Specified)

countciock [ | [ L[ Lyt LI L1 L1 L L1 L1 1 [
) 1 ) 1
™20 X 00ooH X oootH X)) X N X :::)( M-1X M X
10 T 1 T
)L L )) L
Count Read Buffer __X_0000H X 0001H X___ ) X N :: X ™ X
10 T 10 T
)) L )) L
TCP20 Undefined ) X N ) X M
W A %8 A
Capture Start Capture Start
))
CPT2 " | N [
138 A A
Capture Edge Detection Capture Edge Detection
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CHAPTER 6 16-BIT TIMER

6.4.4 16-bit timer counter 20 readout

The count value of 16-bit timer counter 20 (TM20) is read out by a 16-bit manipulation instruction.

TM20 readout is performed through a counter read buffer. The counter read buffer latches the TM20 count
value. And buffer operation is pended at the CPU clock falling edge after the read signal of the TM20 lower byte
rises and the count value is retained. The counter read buffer value at the retention state can be read out as the
count value.

Cancellation of pending is performed at the CPU clock falling edge after the read signal of TM20 higher byte falls.

RESET input clears TM20 to 0000H and starts freerunning.

Figure 6-10 shows the timing of 16-bit timer counter 20 readout.

Cautions 1. The count value after releasing stop becomes undefined because the count operation is

executed during oscillation settling time.

2. Though TM20 is a dedicated register of a 16-bit transfer instruction, an 8-bit transfer
instruction can be used.
When using the 8-bit transfer instruction, execute by direct addressing.

3. When using the 8-bit transfer instruction, execute in the order from lower byte to higher
byte in pairs. If the only lower byte is read, the pending state of the counter read buffer is
not canceled, and if the only higher byte is read, an undefined count value is read.

Figure 6-10. 16-Bit Timer Counter 20 Readout Timing

comoose [ |1 L L LT L
™20 X _oooor X oooiH X XN X N+2 X:

Count Read Buffer __X_000oH_X_oootH X X N X
TM20 Read Signal m 4

Read Signal Latch
Prohibited Period
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CHAPTER 7 8-BIT TIMER/EVENT COUNTER

7.1 8-Bit Timer/Event Counter Functions
8-bit timer/event counter 00 (TMOO) has the following functions:
* Interval timer
« External event counter
e Square wave output
(1) 8-bitinterval timer
When the 8-bit timer/event counter is used as an interval timer, it generates an interrupt at any time

intervals set in advance.

Table 7-1. Interval Time of 8-Bit Timer/Event Counter 00

Minimum Interval Time

Maximum Interval Time

Resolution

1/fx (200 ns)

2% (51.2 s)

1/fx (200 ns)

2°ltx (6.4 us)

2%/fx (1.64 ms)

2°ltx (6.4 us)

Remarks 1. fx: System clock oscillation frequency

2. The parenthesized values apply to operation at fx = 5.0 MHz.

(2) External event counter

The number of pulses of an externally input signal can be measured.

(3) Square wave output

A square wave of arbitrary frequency can be output.

Table 7-2. Square Wave Output Range of 8-Bit Timer/Event Counter 00

Minimum Pulse Width

Maximum Pulse Width

Resolution

1/fx (200 ns)

2% (51.2 s)

1/fx (200 ns)

2°ltx (6.4 us)

2%/fx (1.64 ms)

2°ltx (6.4 us)

Remarks 1. fx: System clock oscillation frequency

2. The parenthesized values apply to operation at fx = 5.0 MHz.
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CHAPTER 7 8-BIT TIMER/EVENT COUNTER

7.2 8-Bit Timer/Event Counter Configuration
The 8-bit timer/event counter consists of the following hardware configuration.

Table 7-3. Configuration of 8-Bit Timer/Event Counter 00

Item Configuration
Timer counter 8 bhits x 1 (TM00)
Register Compare register: 8 bits x 1 (CR00)
Timer output 1(TOO0)
Control register 8-bit timer mode control register 00 (TMCO00)
Port mode register 5 (PM5)

Figure 7-1. Block Diagram of 8-Bit Timer/Event Counter 00

q el s ¢
U

8-Bit Compare Register 00 P50
(CRO00) Output Latch

U Match
INTTMO
- i

8-Bit Timer Counter 00
(TMO00)

TIO/P50/TO0(O)—~ TC'eaf
Selector [«~—

PM50

fx/25 —= (O) TOO/P50/TIO

Selector

TCEOQ0 |TCLO01|{TCLO00| TOEOO

@ 8-Bit Timer Mode Control Register 1

S Internal Bus S

(1) 8-bit compare register 00 (CR00)
This is an 8-bit register to compare the value set to CR0O0 with the 8-bit timer register 00 (TM00) count
value, and if they match, generates an interrupt request (INTTMO).
CROO is set with an 8