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NOTES FOR CMOS DEVICES

@ PRECAUTION AGAINST ESD FOR SEMICONDUCTORS

Note:

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

® HANDLING OF UNUSED INPUT PINS FOR CMOS

Note:

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

@ STATUS BEFORE INITIALIZATION OF MOS DEVICES

Note:

Power-on does not necessarily define initial status of MOS device. Production process of MOS
does not define the initial operation status of the device. Immediately after the power source is
turned ON, the devices with reset function have not yet been initialized. Hence, power-on does
not guarantee out-pin levels, 1/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.

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

PC/AT is a trademark of International Business Machines Corporation.
HP9000 series 700 and HP-UX are trademarks of Hewlett-Packard Company.
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 acronym of The Realtime Operating system Nucleus.

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

License not needed: UPD78F9177, uPD78F9177Y
The customer must judge the need for license: pPD789166, uPD789167, uPD789176, uPD789177
UPD789166Y, uPD789167Y, uPD789176Y, uPD789177Y

Caution  This product contains an I°C bus interface circuit.
When using the I’C bus interface, notify its use to NEC when ordering custom code. NEC can
guarantee the following only when the customer informs NEC of the use of the interface:
Purchase of NEC I°C components conveys a license under the Philips I°C Patent Rights to use
these components in an I°C system, provided that the system conforms to the I°C Standard
Specification as defined by Philips.

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

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

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

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

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

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

NEC devices are classified into the following three quality grades:

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

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

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

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

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

M7D 98.12
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Regional Information

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

+ Device availability
« Ordering information

« Product release schedule

« Availability of related technical literature

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

+ Network requirements

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

from country to country.

NEC Electronics Inc. (U.S.)

Santa Clara, California

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

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

NEC Electronics (Germany) GmbH
Duesseldorf, Germany

Tel: 0211-65 03 02

Fax: 0211-65 03 490

NEC Electronics (UK) Ltd.
Milton Keynes, UK

Tel: 01908-691-133

Fax: 01908-670-290

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

Tel: 02-66 75 41

Fax: 02-66 75 42 99

NEC Electronics (Germany) GmbH
Benelux Office

Eindhoven, The Netherlands

Tel: 040-2445845

Fax: 040-2444580

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

Tel: 01-30-67 58 00

Fax: 01-30-67 58 99

NEC Electronics (France) S.A.
Spain Office

Madrid, Spain

Tel: 91-504-2787

Fax: 91-504-2860

NEC Electronics (Germany) GmbH
Scandinavia Office

Taeby, Sweden

Tel: 08-63 80 820

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

Tel: 2886-9318

Fax: 2886-9022/9044

NEC Electronics Hong Kong Ltd.
Seoul Branch

Seoul, Korea

Tel: 02-528-0303

Fax: 02-528-4411

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

Fax: 65-250-3583

NEC Electronics Taiwan Ltd.
Taipei, Taiwan

Tel: 02-2719-2377

Fax: 02-2719-5951

NEC do Brasil S.A.

Electron Devices Division

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

Fax: 55-11-6465-6829
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MAJOR REVISIONS IN THIS EDITION

Page Description

Throughout Addition of description of yPD789166Y, uPD789167Y, uPD789176Y, and uPD789177Y
Change of status of pPD789166, uPD789167, uPD789176, and uPD789177 from "under development” to
"developed"”

p.78 Addition of description of SMBO special function registers in Table 5-3 Special Function Registers

p.94 Modification of Figure 6-5 Block Diagram of P21

p.135 Addition of 8.5 Notes on Using 16-Bit Timer

p.231 Addition of 15 SMBO (uPD789167Y AND 789177Y SUBSERIES)

p.295 Addition of description of SMBO interrupt to 17 INTERRUPT FUNCTIONS

p.326 Addition of Figure 20-3 Flashpro Ill Connection in SMB Mode

p.327 Addition of setting with SMB mode to Table 20-4 Setting with PG-FB3

p.344 Addition of development tools for uPD789166Y, uPD789167Y, uPD789176Y, and uPD789177Y to A

DEVELOPMENT TOOLS

The mark % shows major revised points.
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Readers

Purpose

Organization

How to Read This Manual

INTRODUCTION

This manual is intended for user engineers who understand the functions of the
uPD789167, 789177, 789167Y, and 789177Y Subseries to design and develop its
application systems and programs.
Target products:

e uPD789167 Subseries: pPD789166 and uPD789167

e uPD789177 Subseries: uPD789176, uPD789177, and uPD78F9177

e uPD789167Y Subseries: pPD789166Y and uPD789167Y

e uPD789177Y Subseries: uPD789176Y, uPD789177Y, and uPD78F9177Y

This manual is intended for users to understand the functions described in the
Organization below.

The puPD789167, 789177, 789167Y, 789177Y Subseries manual is divided into two
parts: this manual and the instruction (common to the 78K/0S Series).

uPD789167, 789177, 789167Y, 78K/0S Series
789177Y Subseries User's Manual
User's Manual Instruction

(This manual)

¢ 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 yPD789167, 789177, 789167Y, and
789177Y Subseries
- Read this manual in the order of the CONTENTS.
¢ How to read register formats
- The name of a bit whose number is enclosed with < > 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 APPENDIX C.
¢ To learn the details of the instruction functions of the 78K/0S Series
-~ Refer to 78K/0S Series User's Manual 0O Instructions (U11047E) separately
available.

User’'s Manual U14186EJ2VOUMO00 9



Differences between yPD789167, 789177, 789167Y, and 789177Y Subseries

The puPD789167, 789177, 789167Y, and 789177Y Subseries differ in their package type, A/D converter

resolution, and serial interface configuration.

Subseries uPD789167 uPD789177 uUPD789167Y uUPD789177Y
Item
Package * 44-pin plastic LQFP ¢ 44-pin plastic LQFP
¢ 48-pin plastic TQFP
IC2 pin Not provided Provided
A/D converter resolution 8 bits 10 bits 8 bits 10 bits
Serial interface 3-wire serial 1/0 mode 1 channel
configuration SMBO Not provided 1 channel

Configuration of This Manual

subseries. The chapters related to each subseries are listed below.
For information about a certain subseries, see only the chapters indicated by

checkmarks in its column.

This manual uses separate chapters to describe those functions that vary with the

Chapter

uPD789167
Subseries

uPD789177
Subseries

uPD789167Y
Subseries

HPD789177Y
Subseries

CHAPTER 1 GENERAL (uPD789167 AND 789177 SUBSERIES)

v

v

CHAPTER 2 GENERAL (uPD789167Y AND 789177Y SUBSERIES)

Vv

v

CHAPTER 3 PIN FUNCTIONS (uPD789167 AND 789177
SUBSEREIS)

v

v

CHAPTER 4 PIN FUNCTIONS (uPD789167Y AND 789177Y
SUBSEREIS)

CHAPTER 5 CPU ARCHITECTURE

CHAPTER 6 PORT FUNCTIONS

CHAPTER 7 CLOCK GENERATION CIRCUIT

CHAPTER 8 16-BIT TIMER

CHAPTER 9 8-BIT TIMER/EVENT COUNTERS

CHAPTER 10 WATCH TIMER

CHAPTER 11 WATCHDOG TIMER

L L=

L L=<

CHAPTER 12 8-BIT A/D CONVERTER (uPD789167 AND 789167Y
SUBSERIES)

L L)L <

SRS R Y E YR YR YRS ES

CHAPTER 13
SUBSERIES)

10-BIT A/D CONVERTER (uPD789177 AND 789177Y

CHAPTER 14 SERIAL INTERFACE 20

CHAPTER 15 SMBO (uPD789167Y AND 789177Y SUBSERIES)

CHAPTER 16 MULTIPLIER

CHAPTER 17 INTERRUPT FUNCTIONS

CHAPTER 18 STANDBY FUNCTION

CHAPTER 19 RESET FUNCTION

CHAPTER 20 pPD78F9177 AND uPD78F9177Y

CHAPTER 21 MASK OPTION

CHAPTER 22 INSTRUCTION SET

L L

L L <

SRS S N YRS YRS

L L)<
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Conventions Data significance:

Active low representation:
Note:

Caution :

Remark:

Numerical representation:

Decimal ... xxxx

Supplementary information
Binary ... xxxx or xxxxB

Hexadecimal ... xxxxH

Related Documents

However, preliminary versions are not marked as such.

Documents Related to Devices

Higher digits on the left and lower digits on the right
Xxxx (overscore over pin or signal name)

Footnote for item marked with Note in the text
Information requiring particular attention

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

Document Name

Document No.

English Japanese
HPD789166, 789167, 789176, 789177 Data Sheet To be prepared U14017J
uPD78F9177 Preliminary Product Information U14022E u14022J

UPD789166Y, 789167Y, 789176Y, 789177Y Data Sheet

To be prepared

To be prepared

uPD78F9177Y Data Sheet

To be prepared

To be prepared

uPD789167, 789177, 789167Y, 789177Y Subseries User's Manual This manual U14186J
78K/0S Series User's Manual O Instructions U11047E U11047J
Preliminary Application Note 78K/0, 78K/0S Series Flash Memory Writing To be prepared U14458J

Documents Related to Development Tools (User's Manuals)

Document Name

Document No.

English Japanese
RA78K0S Assembler Package Operation U11622E U11622J
Assembly Language U11599E U11599J
Structured Assembly Language | U11623E U11623J
CC78K/0S C Compiler Operation U11816E U11816J
Language U11817E U11817J
SM78K0S System Simulator Windows™ Based Reference U11489E U11489J
SM78K Series System Simulator External Parts User Open U10092E U10092J
Interface Specifications
ID78K0S-NS Integrated Debugger Windows Based Reference U12901E U12901J
IE-78K0S-NS U13549E U13549J

IE-789177-NS-EM1

To be prepared

To be prepared

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

documents for designing, etc.

User’'s Manual U14186EJ2VOUMO00
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Documents Related to Embedded Software (User's Manuals)

Document Name

Document No.

English Japanese

78K/0S Series OS MX78K0S Basics

U12938E U12938J

Other Related Documents

Document Name

Document No.

English Japanese

SEMICONDUCTORS SELECTION GUIDE Product & 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 Micro-Computer: Other Companies - U11416J

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

version of each document for designing.
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CHAPTER 1 GENERAL (uPD789167 AND 789177 SUBSERIES)

1.1 Features

« ROM and RAM capacity

Iltem Program Memory Data Memory
Product Name (ROM) (Internal High-Speed RAM)
uPD789166, uPD789176 Mask ROM 16 Kbytes 512 bytes
UPD789167, uPD789177 24 Kbytes
uPD78F9177 Flash memory 24 Kbytes

e Minimum instruction execution time changeable from high-speed (0.4 us:

operation) to ultra-low speed (122 us: Subsystem clock 32.768-kHz operation)

* /O port: 31
» Serial interface

3-wire serial /0 mode/UART mode: 1 channel
» 8-bit resolution A/D converter: 8 channels (uPD789167 Subseries)
» 10-bit resolution A/D converter: 8 channels (uUPD789177 Subseries)

* Timer: 6 channels
16-bit timer:

1 channel

8-bit timer/event counter: 2 channels

8-bit timer:
Watch timer:
Watchdog timer:

1 channel
1 channel
1 channel

« Vectored interrupt source: 15

» Supply voltage: Voo =1.8t05.5V
» Operating ambient temperature: Ta =—-40°C to +85°C

1.2 Applications

Power windows, keyless entry, battery management units, side air bags, etc.
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CHAPTER 1 GENERAL (uPD789167 AND 789177 SUBSERIES)

1.3 Ordering Information

30

Part Number

Package

Internal ROM

HPD789166GB-xxx-8ES
HUPD789167GB-xxx-8ES
HPD789176GB-xxx-8ES
UPD789177GB-xxx-8ES
HuPD78F9177GB-8ES

44-pin plastic LQFP (10 x 10 mm)
44-pin plastic LQFP (10 x 10 mm)
44-pin plastic LQFP (10 x 10 mm)
44-pin plastic LQFP (10 x 10 mm)
44-pin plastic LQFP (10 x 10 mm)

Remark xxx indicates ROM code suffix.

User’'s Manual U14186EJ2VOUMO00

Mask ROM
Mask ROM
Mask ROM
Mask ROM
Flash memory



CHAPTER 1 GENERAL (uPD789167 AND 789177 SUBSERIES)

1.4 Pin Configuration (Top View)

e 44-pin plastic LQFP (10 x 10 mm)

HUPD789166GB-xxx-8ES
UPD789167GB-xxx-8ES

HUPD789176GB-xxx-8ES
uUPD789177GB-xxx-8ES
uUPD78F9177GB-8ES

ﬁ ——) AVrer

3 —— AVop
-——O P53
~—O P52
~—O P51
~—O P50
-—O P05
—— Vss1

42 41 40 39 38 37 36 35 34
P60/ANI0O O——] 1 O 33|=—O PO1
P61/ANI1 O—] 2 32 f=—O POO
P62/ANI2 O———] 3 31— P26/TO80
P63/ANI3 O—— 4 30 |[«~—() P25/TI80/SS20
P64/ANI4 O——] 5 29— Vono
P65/ANI5 O—{ 6 28— Vsso
P66/ANI6 (O)—-=] 7 27| =—O X1
P67/ANI7T O——] 8 26——O X2
AVss O—1 9 25 |=~— RESET
P10 O~—]10 24 f—O xT1
P11 O=——]11 23— X712
12 13 14 15 16 17 18 19 20 21 22
O 4 O O O 73 © o mMm I o
o W ® O N 3 N N N N @&
FOO0OO0OX >S000aoa >
O - N O R g
O3 g oy cx =3
Jdooa Q< S S Q
® E E ® 0 o =
E 2 2 0|d Y
SS358 39
M M [} N o
Eoda e's o
= Z
o =z Qo
] (32
o ™
a

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

2. Connect the AV bp pin to the V poo pin.

3. Connect the AV ss pin to the V sso pin.

sso or Vss1 pin.

Remark Pin connections in parentheses are intended for the yPD78F9177.
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CHAPTER 1 GENERAL (uPD789167 AND 789177 SUBSERIES)

ANIO to ANI7:
ASCK20:
AVbp:

AVREF:

AVss:

BZ0O90:
CPT90:

ICO:

INTPO to INTP3:

POO to P0O5:
P10, P11:

P20 to P26:
P30 to P33:
P50 to P53:
P60 to P67:

32

Analog Input
Asynchronous Serial Input
Analog Power Supply
Analog Reference Voltage
Analog Ground

Buzzer Output

Capture Trigger Input
Internally Connected
Interrupt from Peripherals
Port 0

Port 1

Port 2

Port 3

Port 5

Port 6

RESET:

RxD20:

SCK20:

SI20:

S020:

S$S20:

TI80, TI81:

TO80 to TO82, TO90:
TxD20:

Voo, Vop1:
Vpp:

Vsso, Vssi:
X1, X2:
XT1, XT2:
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Reset

Receive Data

Serial Clock

Serial Input

Serial Output

Chip Select Input

Timer Input

Timer Output

Transmit Data

Power Supply

Programming Power Supply
Ground

Crystal (Main System Clock)
Crystal (Subsystem Clock)



CHAPTER 1 GENERAL (uPD789167 AND 789177 SUBSERIES)

1.5 78K/0S Series Development

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

: In mass-production

. + Under development

Y Subseries supports SMB.

Small-scale package, general-purpose applications

44-pin uUPD789046 UPD789026 with internal subsystem clock
42/44-pin 1PD789014 with enhanced timer function and expanded ROM and RAM
28-pin On-chip UART and capable of low-voltage (1.8 V) operation
Small-scale package, general-purpose applications and A/D function
[ 44/48-pin RC oscillation version of the uPD789197AY
44/48-pin UPD789177 with internal EEPROM™
44-pin 7 UPD789177Y /.  HPD789167 with enhanced A/D converter
44-pin -,'7 ubD789167Y" uPD789104A with enhanced timer
30-pin S pPD789156 (. T ’ uPD789146 with enhanced A/D converter
Il 30-pin - ' UPD789104A with EEPROM
30-pin uPD789124A with enhanced A/D converter
30-pin RC oscillation version of the uPD789104A
30-pin HPD789104A with enhanced A/D converter
| 30-pin uPD789026 with A/D converter and multiplier
I 44-pin On-chip inverter control circuit and UART
78K/0S
Series
[88-pin On-chip UART and dot LCD
80-pin UPD789407A with enhanced A/D converter
80-pin UPD789456 with enhanced 1/0
64-pin Jo uPD789446 with enhanced A/D converter
H 64-pin '; uPD789426 with enhanced display output
64-pin - HPD789426 with enhanced A/D converter
64-pin - uPD789306 with A/D converter
64-pin '_ RC oscillation version of the uPD789306
|_64-pin ' Basic subseries for LCD driving
For ASSP
*44-pin For PC keyboard, on-chip USB function
44-pin uPD789840 /. For key pad, on-chip POC
% 20-pin  MPD789861 "'_ RC oscillation version of the uPD789860
| 20-pin 'H-PQZ89860_,' For keyless entry, on-chip POC key return circuit
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CHAPTER 1 GENERAL (uPD789167 AND 789177 SUBSERIES)

The major functional differences among the subseries are listed below.

Function ROM Timer 8-Bit | 10-Bit| Serial Interface 110 Voo Remark
Subseries Name Capacity 8-Bit | 16-Bit |watch| wDT A/D | AID (pins)| MIN. Value
Small-scale |uPD789046 |16K l1ch | 1ch | 1ch | 1ch - - |1 ch (UART: 1ch) 34 (1.8V -
package, | on7e9026 |4k to 16K -
general-
purpose UPD789014 |2K to 4K 2ch - 22
application
Small-scale |uPD789177 |16 Kto24 K| 3ch | 1ch | 1ch - 8 ch |1ch (UART: 1 ch) 31 -
package, | bn7g9167 gch | -
general-
purpose uPD789156 |8K to 16K 1ch - - 4 ch 20 On-chip
application |;PD789146 ach| - EEPROM
+A/ID
UPD789134A | 2K to 8K - 4ch RC
converter ilati
HPD789124A 4ch - oscillation
version
UPD789114A - 4ch -
UPD789104A 4 ch -
Inverter uPD789842 |8K to 16K 3ch | Note | 1ch | 1ch | 8ch - 1ch (UART:1ch) | 30 |40V -
control
LCD uPD789830 |24 K l1ch | 1ch | 1ch | 1ch - - 1ch (UART:1ch) | 30 (2.7V -
driving UPD789417A |12 K to 24 K | 3 ch 7 ch 43 |18V
UPD789407A 7 ch -
UPD789456 |12Kto 16 K| 2ch - 6ch | 1ch(UART: 1ch) | 30
uPD789446 6 ch -
UPD789436 - 6 ch 40
UPD789426 6 ch -
UPD789316 |8 Kto 16 K - 2 ch (USB: 1ch) 23 RC
oscillation
version
UPD789306 -
ASSP UPD789800 |8 K 2ch | 1ch - lch - - 2 ch (USB: 1 ch) 31 |40V -
uPD789840 4 ch 1ch 29 |2.8V
UPD789861 |4 K - - - 14 |18V RC
oscillation
version
UPD789860 -

Note 10-bit timer: 1 channel
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CHAPTER 1 GENERAL (uPD789167 AND 789177 SUBSERIES)

1.6 Block Diagram

TI80/SS20/P25 —
TO80/P26 ~—

8-BIT TIMER/
EVENT COUNTERS0

TI81/INTPO/CPT90/P30 —=
TO81/INTP1/P31 =—]

8-BIT TIMER/
EVENT COUNTERS1

TO82/INTP3/BZ0O90/P33 -—

8-BIT TIMER82

CPT90/INTPO/TI81/P30 —
TO90/INTP2/P32 -—
BZO90/INTP3/TO82/P33 ~—

16-BIT TIMER90

g 8 ¢ ¢ 8 ¢ 3L

U

WATCH TIMER
WATCHDOG TIMER
SCK20/ASCK20/P20 ~—=
S020/TxD20/P21 ~—
SI20/RxD20/P22 —~ S1020
SS20/TI80/P25 —
SCLO/P23 ==
SDAO/P24 < SMB
ANIO/P60 to
ANI7/P67 A
AVeo CONVERTER
AVss
AVRErF
MULTIPLIER

=

Remarks 1. The size of the internal ROM varies depending on the model.

78K/0S
CPU CORE

ROM
(FLASH
MEMORY)

U

U

g

RAM

Vsso
Vss1

Vooo
Vob1

ICO
(Ver)

T 8 ¢ 8 U &

PORTO K =»P00to POS
PORTL  K=)P10, P11
PORT2  K=)P20to P26
PORT3  K—=)P30to P33
PORT5 K —)P50to P53
PORT6  [(—IP60 to P67
- RESET
SYSTEM "
CONTROL iil
— XxT2
~— INTPO/TIB1/CPTI0/P30
INTERRUPT [~ INTPL/TO81/P31
CONTROL  [+— INTP2/TO90/P32

[=— INTP3/TO82/BZ0O90/P33

2. Pin connections in parentheses are intended for the yPD78F9177.
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CHAPTER 1

GENERAL (uPD789167 AND 789177 SUBSERIES)

1.7 Outline of Function

Part Number uPD789166 uPD789167 uPD78F9177
Item uPD789176 uPD789177
Internal memory ROM Mask ROM Flash Memory
16 Kbytes 24 Kbytes 24 Kbytes
High-speed RAM 512 bytes

Minimum instruction execution time

* 0.4/1.6 us (operation with main system clock running at 5.0 MHz)
e 122 us (operation with subsystem clock running at 32.768 kHz)

General-purpose registers

8 bits x 8 registers

Instruction set

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

Multiplier 8 bits x 8 bits = 16 bits

1/0 ports Total: 31
¢« CMOS input: 8
* CMOS I/O: 17
¢ N-ch open-drain: 6

A/D converter

« 8-bit resolution x 8 channels (UPD789167 Subseries)
¢ 10-bit resolution x 8 channels (uUPD789177 Subseries)

Serial interface

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

Timers

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

Timer output

Four outputs

Buzzer output

One output

Vectored interrupt | Maskable

Internal: 10, external: 4

sources

Nonmaskable

Internal: 1

Power supply voltage

Voo =1.8t05.5V

Operating ambient temperature

Ta =-40°C to +85°C

Package

44-pin plastic LQFP (10 x 10 mm)

36
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CHAPTER 1 GENERAL (uPD789167 AND 789177

SUBSERIES)

The timers are outlined below.

16-Bit 8-Bit 8-Bit 8-Bit Timer | Watch Timer Watchdog
Timer 90 Timer/Event | Timer/Event 82 Timer
Counter 80 | Counter 81
Operating | Interval timer - 1 channel 1 channel 1 channel | 1channel™®* | 1channel™*’
mode External event counter - 1 channel 1 channel - - -
Function Timer output 1 output 1 output 1 output 1 output - -
PWM output - 1 output 1 output 1 output - -
Square-wave output - 1 output 1 output 1 output - -
Buzzer output 1 output - - - - -
Capture 1 input - - - - -
Interrupt source 1 1 1 1 1 1

Notes 1. The watch timer can perform both watch timer and interval timer functions at the same time.

2. The watchdog timer provides the watchdog timer function and interval timer function. Use either of the

functions.

User’'s Manual U14186EJ2VOUMO00
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CHAPTER 2 GENERAL (uPD789167Y AND 789177Y SUBSERIES)

2.1 Features

« ROM and RAM capacity

Data Memory
(Internal High-Speed RAM)

Iltem Program Memory
Product Name (ROM)
uPD789166Y, uPD789176Y Mask ROM 16 Kbytes
UPD789167Y, uPD789177Y 24 Kbytes
uPD78F9177Y Flash memory 24 Kbytes

512 bytes

e Minimum instruction execution time changeable from high-speed (0.4 us:

operation) to ultra-low speed (122 us: Subsystem clock 32.768-kHz operation)

* /O port: 31

» Serial interface: 2 channels

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

SMB: 1 channel

» 8-bit resolution A/D converter: 8 channels (uUPD789167Y Subseries)
» 10-hit resolution A/D converter: 8 channels (uPD789177Y Subseries)

* Timer: 6 channels
16-bit timer:

1 channel

8-bit timer/event counter: 2 channels

8-bit timer:
Watch timer:
Watchdog timer:

1 channel

1 channel

1 channel

» Vectored interrupt source: 17

e Supply voltage: Voo =1.8t05.5V

» Operating ambient temperature: Ta =-40°C to +85°C

2.2 Applications

Power windows, keyless entry, battery management units, side air bags, etc.

User’'s Manual U14186EJ2VOUMO00
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CHAPTER 2 GENERAL (uPD789167Y AND 789177Y SUBSERIES)

2.3 Ordering Information

40

Part Number

Package

Internal ROM

UPD789166YGB-xxx-8ES"*
UPD789166YGA-xxx-9EU"*
UPD789167YGB-xxx-8ES"*
UPD789167YGA-xxx-9EU"*
UPD789176YGB-xxx-8ES"*
HPD789176YGA-xxx-9EU"*
UPD789177YGB-xxx-8ES"*
UPD789177YGA-xxx-9EU"*
uPD78F9177YGB-8ES™

UPD78F9177YGA-9EU™"

Note Under development

44-pin plastic LQFP (10 x 10 mm)
48-pin plastic TQFP (fine pitch) (7 x 7 mm)
44-pin plastic LQFP (10 x 10 mm)
48-pin plastic TQFP (fine pitch) (7 x 7 mm)
44-pin plastic LQFP (10 x 10 mm)
48-pin plastic TQFP (fine pitch) (7 x 7 mm)
44-pin plastic LQFP (10 x 10 mm)
48-pin plastic TQFP (fine pitch) (7 x 7 mm)
44-pin plastic LQFP (10 x 10 mm)
48-pin plastic TQFP (fine pitch) (7 x 7 mm)

Remark xxx indicates ROM code suffix.
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CHAPTER 2 GENERAL (uPD789167Y AND 789177Y SUBSERIES)

2.4 Pin Configuration (Top View)

UPD789166YGB-xxx-8ES"™
UPD789167YGB-xxx-8ES"*

44-pin plastic LQFP (10 x 10 mm)

UPD789176YGB-xxx-8ES"™
UPD789177YGB-xxx-8ES"*
UPD78F9177YGB-8ES™"

ﬁ ——O AVrer
) — O AVop

PBO/ANIO O——{ 1 33— PO1
P61/ANIL O——| 2 32 |=—O P00
P62/ANI2 O——{ 3 31 |=——=( P26/TO80
P63/ANI3 O—=| 4 30 |=—=() P25/TI80/SS20
P64/ANI4 O— 5 29— Vono
P65/ANI5 O—{ 6 28— Vsso
P66/ANI6E O—= 7 27f=—0Ox1
P67/ANI7T O——~{ 8 26 —O x2
AVss O—— 9 25 }=—O RESET
P10 O=—+]10 24— xT1
P11 O=~—]11 23— XT2
12 13 14 15 16 17 18 19 20 21 22
O <4 0 O O § © O ©o o ¢
O W OO O N g N N J I a
FOOO0OX>000aq403>
SESERY £g222¢
Sa@aaog< gs58I09
0 - ®© S o = o o
E 2 2 0| L
S350 39
o0 (%) N a
E o o & S o
= Z
o =z Qo
(%2 ™
o ™
o

Note Under development

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

2. Connect the AV bp pin to the V poo pin.
3. Connect the AV ss pin to the V sso pin.

sso or Vss1 pin.

Remark Pin connections in parentheses are intended for the yPD78F9177Y.
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CHAPTER 2 GENERAL (uPD789167Y AND 789177Y SUBSERIES)

e 48-pin plastic TQFP (fine pitch) (7 %7 mm)
UPD789166YGA-xxx-9EU"™®  LPD789176YGA-xxx-9EU"*
UPD789167YGA-xxx-9EU"  uPD789177YGA-xxx-9EU"™

UPD78F9177YGA-9EU™"

[
w o
TOoOMNoHOW ™
IIEECRERIERR

—O Vss1
~——O P03

4847 46 4544 4342 41 403938 37
P60/ANI0 O——{ 1 36 =—0O PO1
P61/ANIL O——= 2 35~——=0O P00
P62/ANI2 O— 3 34 f«—= P26/TO80
PB3/ANI3 O—| 4 33— P25/TI80/SS20
P64/ANI4A O—{ 5 32— Voo
P65/ANI5S O——— 6 31— Ic2
P66/ANI6 O 7 30— Vsso
P67/ANI7 O—— 8 29l——0O X1
AVss O——— 9 28— x2
P10 O=——=10 27}=—O RESET
P11 O~—11 26f~—O XT1
Ic2O——12 B——0
1314151617181920212223 24 XT2
O 410 O O 5‘ NO OoOOoQoT7T
£333%xs2800053
O - ENO X XNy
O3x00 EXEs3FQ
JdoaqQ< SsaaQ
O E ®[S NN
EZZ0O[ 39
S350 =N
wn N
aal’y ot
= Z N
o = Qo
o [42]
o [s¢]
[a
Note Under development
Cautions 1. Connect the ICO (internally connected) pin directly to the V sso or Vss1 pin.

2. Leave the IC2 pin open.
3. Connect the AV op pin to the V oo pin.
4. Connectthe AV ss pin to the V sso pin.

Remark Pin connections in parentheses are intended for the yPD78F9177Y.
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CHAPTER 2 GENERAL (uPD789167Y AND 789177Y SUBSERIES)

ANIO to ANI7: Analog Input RESET: Reset

ASCK20: Asynchronous Serial Input RxD20: Receive Data

AVop: Analog Power Supply SCK20: Serial Clock (for S1020)

AVREF: Analog Reference Voltage SCLO: Serial Clock (for SMBO)

AVss: Analog Ground SDAO: Serial Data

BZ090: Buzzer Output SI20: Serial Input

CPT90: Capture Trigger Input S020: Serial Output

ICO, IC2: Internally Connected SS20: Chip Select Input

INTPO to INTP3: Interrupt from Peripherals TI80, TI81: Timer Input

P00 to PO5: Port 0 TO80 to TO82, TO90: Timer Output

P10, P11: Port 1 TxD20: Transmit Data

P20 to P26: Port 2 Vopo, Vopi: Power Supply

P30 to P33: Port 3 Vep: Programming Power Supply

P50 to P53: Port 5 Vsso, Vssi: Ground

P60 to P67: Port 6 X1, X2: Crystal (Main System Clock)
XT1, XT2: Crystal (Subsystem Clock)

User's Manual U14186EJ2VOUMO00



CHAPTER 2 GENERAL (uPD789167Y AND 789177Y SUBSERIES)

2.5 78K/0S Series Development

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

: In mass-production

. + Under development

Y Subseries supports SMB.

Small-scale package, general-purpose applications

44-pin uUPD789046 UPD789026 with internal subsystem clock
42/44-pin 1PD789014 with enhanced timer function and expanded ROM and RAM
28-pin On-chip UART and capable of low-voltage (1.8 V) operation
Small-scale package, general-purpose applications and A/D function
[ 44/48-pin RC oscillation version of the uPD789197AY
44/48-pin UPD789177 with internal EEPROM™
44-pin 7 UPD789177Y /.  HPD789167 with enhanced A/D converter
44-pin -,'7 ubD789167Y" UPD789104A with enhanced timer
30-pin S pPD789156 (. T ’ uPD789146 with enhanced A/D converter
Il 30-pin - ' UPD789104A with EEPROM
30-pin uPD789124A with enhanced A/D converter
30-pin RC oscillation version of the uPD789104A
30-pin HPD789104A with enhanced A/D converter
| 30-pin uPD789026 with A/D converter and multiplier
I 44-pin On-chip inverter control circuit and UART
78K/0S
Series
[88-pin On-chip UART and dot LCD
80-pin UPD789407A with enhanced A/D converter
80-pin uPD789456 with enhanced 1/0
64-pin Jo uPD789446 with enhanced A/D converter
H 64-pin .'; uPD789426 with enhanced display output
64-pin - HPD789426 with enhanced A/D converter
64-pin - uPD789306 with A/D converter
64-pin '_ RC oscillation version of the uPD789306
|_64-pin ' Basic subseries for LCD driving
For ASSP
*44-pin For PC keyboard, on-chip USB function
44-pin uPD789840 /. For key pad, on-chip POC
% 20-pin  MPD789861 "'_ RC oscillation version of the uPD789860
| 20-pin 'H-PQ289860 ' For keyless entry, on-chip POC key return circuit
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CHAPTER 2 GENERAL (uPD789167Y AND 789177Y SUBSERIES)

The functions of the Y Subseries are listed below.

Function ROM Serial Interface Configuration 110 Vob Remark
Subseries Name Capacity (pins) | MIN. Value
Small-scale UPD789217AY 16 Kto 24 K | 3-wire/UART: 1ch 31 |18V On-chip
package, SMB: 1ch EEPROM
general- uPD789197AY
purpose
application | uPD789177Y -
+ A/D
converter |HMPD789167Y
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CHAPTER 2 GENERAL (uPD789167Y AND 789177Y SUBSERIES)

2.6 Block Diagram

TI80/SS20/P25 —={ 8-BIT TIMER/

TO80/P26 =— EVENT COUNTERS0 PORTO (P00 to P05

TI81/INTPO/CPT90/P30 —={ 8-BIT TIMER/

TO81/INTP1/P31 - EVENT COUNTERS1 PORT1 K—)P10, P11

TO82/INTP3/BZO90/P33 = 8-BIT TIMERS2 PORT2 <:>p20 to P26

CPT90/INTPO/TI81/P30 —
TO90/INTP2/P32 = 16-BIT TIMER90

PORT3 K—)P30to P33
BZO90/INTP3/T082/P33 =—

T 8 ¢ 8 U &

g 8 ¢ ¢ 8 ¢ 3L

ROM
WATCH TIMER oS || FasH PORTS (P50 t0 P53
MEMORY)
WATCHDOG TIMER ﬁ ﬁ PORTE K IP60 to P67
SCK20/ASCK20/P20 ~—] ﬁ - RESET
SO20/TxD20/P21 =— - x1
SI20/RxD20/P22 —~| 51O A ISAVUISI e,
SS20/TI80/P25 —=, ~— xT1
- xT2
SCLO/P23 ~—]
SDAO/P24 ~— SMB

[*~— INTPO/TI81/CPT90/P30

ANIO/P60 to INTERRUPT |~ INTP1/TO81/P31
ANI7/P67 <:> CONTROL [+=— INTP2/TO90/P32

A/ID
[~— INTP3/TO82/BZ090/P33
AVoo CONVERTER [
AVss
AVRer
MULTIPLIER <:> Vooo Vsso ICO

Vob1  Vssi (Vee)

Remarks 1. The size of the internal ROM varies depending on the model.
2. Pin connections in parentheses are intended for the uPD78F9177Y.
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CHAPTER 2 GENERAL (uPD789167Y AND 789177Y SUBSERIES)

2.7 Outline of Function

Part Number uPD789166Y uPD789167Y uPD78F9177Y
Item uPD789176Y uPD789177Y
Internal memory ROM Mask ROM Flash Memory
16 Kbytes 24 Kbytes 24 Kbytes
High-speed RAM 512 bytes

Minimum instruction execution time

* 0.4/1.6 ps (operation with main system clock running at 5.0 MHz)
e 122 us (operation with subsystem clock running at 32.768 kHz)

General-purpose registers

8 bits x 8 registers

Instruction set

« 16-bit operations

« Bit manipulations (such as set, reset, and test)

Multiplier 8 bits x 8 bits = 16 bits

1/0 ports Total: 31
¢« CMOS input: 8
* CMOS I/O: 17
¢ N-ch open-drain: 6

A/D converter

« 8-bit resolution x 8 channels (uUPD789167Y Subseries)
¢ 10-bit resolution x 8 channels (UPD789177Y Subseries)

Serial interface

¢ Switchable between 3-wire serial I/O and UART modes: 1 channel
* SMB (System Management Bus): 1 channel

Timers

e 16-bit timer:

« 8-bit timer/event counter:
« 8-bit timer:

« Watch timer:

« Watchdog timer:

1 channel
2 channels
1 channel
1 channel
1 channel

Timer output

Four outputs

Buzzer output

One output

Vectored interrupt | Maskable

Internal: 12, external: 4

sources
Nonmaskable

Internal: 1

Power supply voltage

Voo =1.8t05.5V

Operating ambient temperature

Ta =-40°C to +85°C

Package

¢ 44-pin plastic LQFP (10 x 10 mm)
¢ 48-pin plastic TQFP (fine pitch) (7 x 7 mm)

User's Manual U14186EJ2VOUMO00
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CHAPTER 2 GENERAL (uPD789167Y AND 789177Y SUBSERIES)

The timers are outlined below.

16-Bit 8-Bit 8-Bit 8-Bit Timer | Watch Timer Watchdog
Timer 90 Timer/Event | Timer/Event 82 Timer
Counter 80 | Counter 81
Operating | Interval timer - 1 channel 1 channel 1 channel | 1channel™®* | 1channel™*’
mode External event counter - 1 channel 1 channel - - -
Function Timer output 1 output 1 output 1 output 1 output - -
PWM output - 1 output 1 output 1 output - -
Square-wave output - 1 output 1 output 1 output - -
Buzzer output 1 output - - - - -
Capture 1 input - - - - -
Interrupt source 1 1 1 1 1 1

Notes 1. The watch timer can perform both watch timer and interval timer functions at the same time.

48

2. The watchdog timer provides the watchdog timer function and interval timer function. Use either of the

functions.
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3.1 Pin Function List

CHAPTER 3 PIN FUNCTIONS (uPD789167 AND 789177 SUBSEREIS)

(1) Port pins

8-bit input-only port

Pin Name 110 Function After Reset Alternate Function
P00 to PO5 110 Port 0 Input -
6-bit input/output port
Input/output mode can be specified in 1-bit units
When used as an input port, an on-chip pull-up resistor can
be specified by means of pull-up resistor option register 0
(PUO).
P10, P11 110 Port 1 Input -
2-bit input/output port
Input/output mode can be specified in 1-bit units
When used as an input port, an on-chip pull-up resistor can
be specified by means of pull-up resistor option register 0
(PUO).
P20 110 Port 2 Input SCK20/ASCK20
P21 7-bit input/output port SO20/TxD20
Input/output mode can be specified in 1-bit units
p22 For P20 to P22, P25, and P26, an on-chip pull-up resistor SI20/RxD20
P23 can be specified by means of pull-up resistor option register -
b4 B2 (PUB2). ~
Only P23 and P24 can be used as N-ch open-drain
P25 input/output port pins. TI80/SS20
P26 TO80
P30 110 Port 3 Input INTPO/TI8L/CPT90
P31 4-bit input/output port INTPL/TOS1
Input/output mode can be specified in 1-bit units
P32 An on-chip pull-up resistor can be specified by means of pull- INTP2/TO90
P33 up resistor option register B3 (PUB3). INTP3/TO82/BZ090
P50 to P53 110 Port 5 Input -
4-bit N-ch open-drain input/output port
Input/output mode can be specified in 1-bit units
For a mask ROM version, an on-chip pull-up resistor can be
specified by the mask option.
P60 to P67 Input Port 6 Input ANIO to ANI7
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CHAPTER 3 PIN FUNCTIONS (uPD789167 AND 789177 SUBSEREIS)

(2) Non-port pins

Pin Name 110 Function After Reset Alternate Function
INTPO Input External interrupt input for which the valid edge (rising edge, Input P30/TI81/CPT90
INTP1 falling edge, or both rising and falling edges) can be specified P31/TO81
INTP2 P32/TO90
INTP3 P33/T0O82/BZ090
S120 Input Serial data input to serial interface Input P22/RxD20
S020 Output | Serial data output from serial interface Input P21/TxD20
SCK20 110 Serial clock input/output for serial interface Input P20/ASCK20
SS20 Input Chip select input to serial interface Input P25/TI80
ASCK20 Input Serial clock input for asynchronous serial interface Input P20/SCK20
RxD20 Input | Serial data input for asynchronous serial interface Input P22/S120
TxD20 Output | Serial data output for asynchronous serial interface Input P21/S020
TI80 Input External count clock input to 8-bit timer/event counter (TM80) Input P25/SS20
TI81 Input External count clock input to 8-bit timer/event counter (TM81) Input P30/INTPO/CPT90
TO80 Output | 8-bit timer/event counter (TM80) output Input P26
TO81 Output | 8-bit timer/event counter (TM81) output Input P31/INTP1
TO82 Output | 8-bit timer (TM82) output Input P33/INTP3/BZ0O90
TO90 Output | 16-bit timer (TM90) output Input P32/INTP2
CPT90 Input Capture edge input Input P30/INTPO/TI81
Bz0O90 Output | Buzzer output Input P33/INTP3/TO82
ANIO to Input | A/D converter analog input Input P60 to P67
ANI7
AVrer - A/D converter reference voltage - -

AVss - A/D converter ground potential - -
AVop - A/D converter analog power supply - -
X1 Input Connecting crystal resonator for main system clock - -
X2 _ oscillation _ _
XT1 Input Connecting crystal resonator for subsystem clock oscillation - -
XT2 - - -
RESET Input | System reset input Input -
Vobo - Positive power supply - -
Vob1 - Positive power supply (other than ports) - -
Vsso - Ground potential - -
Vss1 - Ground potential (other than ports) - -
ICO - Internally connected. Connect this pin directly to the Vsso or - -
Vss1 pin.
Vep - This pin is used to set flash memory programming mode and - -

applies a high voltage when a program is written or verified.
In normal operation mode, connect this pin directly to the Vsso
or Vss1 pin.
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CHAPTER 3 PIN FUNCTIONS (uPD789167 AND 789177 SUBSEREIS)

3.2 Description of Pin Functions

3.2.1 POO0 to P05 (Port 0)

These pins constitute a 6-bit I/O port and can be set to input or output port mode in 1-bit units by using port mode
register 0 (PM0). When these pins are used as an input port, an on-chip pull-up resistor can be used by setting pull-
up resistor option register 0 (PUOQ).

3.2.2 P10, P11 (Port 1)

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

3.2.3 P20 to P26 (Port 2)

These pins constitute a 7-bit I/O port. In addition, these pins provide a function to perform input/output to/from
the timer and to input/output the data and clock of the serial interface.

Port 2 can be set to the following operation modes in 1-bit units.

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

(2) Control mode

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

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

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

(c) Sl20, SO20
These are the serial data I/O pins of the serial interface.

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

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

(f) RxD20, TxD20
These are the serial data 1/0O pins of the asynchronous serial interface.
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CHAPTER 3 PIN FUNCTIONS (uPD789167 AND 789177 SUBSEREIS)

(g) ASCK20
This is the serial clock input pin of the asynchronous serial interface.

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

3.2.4 P30 to P33 (Port 3)

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

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

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

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

(a) TI81
This is the external clock input pin for 8-bit timer/event counter 81.

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

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

(d) BZzO90
This is the buzzer output pin of 16-bit timer 90.

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

3.2.5 P50 to P53 (Port 5)

These pins constitute a 4-bit N-ch open-drain 1/0 port. Port 5 can be set to input or output mode in 1-bit units by
using port mode register 5 (PM5). For a mask ROM version, whether a pull-up resistor is to be incorporated can be
specified by a mask option.
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3.2.6 P60 to P67 (Port 6)
These pins constitute an 8-bit input-only port. They can function as A/D converter input pins as well as a
general-purpose input port.

(1) Port mode
In port mode, P60 to P67 function as an 8-bit input-only port.

(2) Control mode
In control mode, P60 to P67 function as A/D converter analog inputs (ANIO to ANI7).

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

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

3.2.9 XT1, XT2
These pins are used to connect a crystal resonator for subsystem clock oscillation.
To supply an external clock, input the clock to XT1 and input the inverted signal to XT2.

3.2.10 AVop
Analog power supply pin of the A/D converter. Always use the same potential as that of the Vooo pin even when
A/D converter is not used.

3.2.11 AVss
This is a ground potential pin of the A/D converter. Always use the same potential as that of the Vsso pin even
when the A/D converter is not used.

3.2.12 AVRer
This is an A/D converter reference voltage input pin. When an A/D converter is not used, connect this pin to

Vsso.

3.2.13 Vopo, Vbb1
Voo is a positive power supply port pin.
Vb1 is a positive power supply pin other than port pin.

3.2.14 Vsso, Vss1
Vsso is a ground potential port pin.
Vssi is a ground potential pin other than port pin.

3.2.15 Vep (UPD78F9177 only)

High voltage apply pin for flash memory programming mode setting and program write/verify.
Directly connect this pin to Vsso or Vss1 in normal operation mode.
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3.2.16 ICO (mask ROM version only)

The ICO (Internally Connected) pin is used to set the yPD789167 and 789177 Subseries to test mode before
shipment. In normal operation mode, directly connect this pin to the Vsso or Vssi1 pin with as short a wiring length as
possible.

If a potential difference is generated between the ICO pin and Vsso or Vssi pin due to a long wiring length
between the ICO pin and Vsso or Vss1 pin or an external noise superimposed on the ICO pin, a user program may not
run correctly.

« Directly connect the ICO pin to the Vsso or Vss1 pin.

Vsso,
Vss1 ICO

.

Keep short
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CHAPTER 3 PIN FUNCTIONS (uPD789167 AND 789177 SUBSEREIS)

3.3 Pin Input/Output Circuits and Recommended Connection of Unused Pins

The input/output circuit type of each pin and recommended connection of unused pins are shown in Table 3-1.
For the input/output circuit configuration of each type, refer to Figure 3-1.

Table 3-1. Types of Input/Output Circuits for Each Pin and Recommended Connection of Unused Pins

Pin Name 1/0 Circuit Type 1/0 Recommended Connection of Unused Pins
POO to PO5 5-H 1/0 Input:  Independently connect to Vooo, Vob1 Or Vsso, Vss1
P10, P11 via a resistor.
Output: Leave open.
P20/SCK20/ASCK20 8-C
P21/S0O20/TxD20
P22/S120/RxD20
P23 13-X Input:  Independently connect to Vooo or Voo1 via a resistor.
P24 Output: Leave open.
P25/T180/SS20 8-C Input:  Independently connect to Vooo, Vob1 Or Vsso, Vssi
P26/TO80 via a resistor.
Output: Leave open.
P30/INTPO/TI81/CPT90 Input:  Independently connect to Vsso or Vss: via a resistor.
P31/INTP1/TO81 Output: Leave open.
P32/INTP2/TO90
P33/INTP3/TO82/BZ0O90
P50 to P53 (mask ROM version) 13-U Input:  Independently connect to Vooo or Voo via a resistor.
P50 to P53 (flash memory version) 13-T Output: - Leave open.
P60/ANIO to P67/ANI7 9-C Input | Connect directly to Vopo, Vb1 or Vsso, Vssi.
XT1 - Input | Connect to Vsso Or Vsst.
XT2 - Leave open.
RESET 2 Input -
ICO (mask ROM version) - - Connect directly to Vsso or Vssi.
Vep (flash memory version) Connect directly to Vsso or Vssi.
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Figure 3-1. Pin Input/Output Circuits
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4.1 Pin Function List

CHAPTER 4 PIN FUNCTIONS (uPD789167Y AND 789177Y SUBSEREIS)

(1) Port pins

Pin Name 110 Function After Reset Alternate Function
P00 to PO5 I/0 Port 0 Input -
6-bit input/output port
Input/output mode can be specified in 1-bit units
When used as an input port, an on-chip pull-up resistor can
be specified by means of pull-up resistor option register 0
(PUO).
P10, P11 110 Port 1 Input -
2-bit input/output port
Input/output mode can be specified in 1-bit units
When used as an input port, an on-chip pull-up resistor can
be specified by means of pull-up resistor option register 0
(PUO).
P20 110 Port 2 Input SCK20/ASCK20
P21 7-bit input/output port SO20/TxD20
Input/output mode can be specified in 1-bit units
p22 For P20 to P22, P25, and P26, an on-chip pull-up resistor SI20/RxD20
P23 can be specified by means of pull-up resistor option register SCLO
B2 (PUB2).
P24 ) SDAO
Only P23 and P24 can be used as N-ch open-drain
P25 input/output port pins. TI80/SS20
P26 TO80
P30 110 Port 3 Input INTPO/TI8L/CPT90
P31 4-bit input/output port INTPL/TOS1
Input/output mode can be specified in 1-bit units
P32 An on-chip pull-up resistor can be specified by means of pull- INTP2/TO90
P33 up resistor option register B3 (PUB3). INTP3/TO82/BZ090
P50 to P53 I/O Port 5 Input -
4-bit N-ch open-drain input/output port
Input/output mode can be specified in 1-bit units
For a mask ROM version, an on-chip pull-up resistor can be
specified by the mask option.
P60 to P67 Input Port 6 Input ANIO to ANI7
8-bit input-only port
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CHAPTER 4 PIN FUNCTIONS (uPD789167Y AND 789177Y SUBSEREIS)

(2) Non-port pins

Pin Name 110 Function After Reset Alternate Function
INTPO Input External interrupt input for which the valid edge (rising edge, Input P30/TI81/CPT90
INTP1 falling edge, or both rising and falling edges) can be specified P31/TO81
INTP2 P32/TO90
INTP3 P33/T0O82/BZ090
S120 Input Serial data input to serial interface Input P22/RxD20
S020 Output | Serial data output from serial interface Input P21/TxD20
SCK20 110 Serial clock input/output for serial interface Input P20/ASCK20
SS20 Input Chip select input to serial interface Input P25/TI80
ASCK20 Input Serial clock input for asynchronous serial interface Input P20/SCK20
RxD20 Input | Serial data input for asynchronous serial interface Input P22/S120
TxD20 Output | Serial data output for asynchronous serial interface Input P21/S020
SCLO I} SMBO clock input/output Input P23
SDAO l[e} SMBO data input/output Input P24
TI80 Input External count clock input to 8-bit timer/event counter (TM80) Input P25/SS20
TI81 Input External count clock input to 8-bit timer/event counter (TM81) Input P30/INTPO/CPT90
TO80 Output | 8-bit timer/event counter (TM80) output Input P26
TO81 Output | 8-bit timer/event counter (TM81) output Input P31/INTP1
TO82 Output | 8-bit timer (TM82) output Input P33/INTP3/BZ0O90
TO90 Output | 16-bit timer (TM90) output Input P32/INTP2
CPT90 Input Capture edge input Input P30/INTPO/TI81
Bz0O90 Output | Buzzer output Input P33/INTP3/TO82
ANIO to Input | A/D converter analog input Input P60 to P67
ANI7
AVrer - A/D converter reference voltage - -

AVss - A/D converter ground potential - -
AVop - A/D converter analog power supply - -
X1 Input Connecting crystal resonator for main system clock - -
X2 _ oscillation _ _
XT1 Input Connecting crystal resonator for subsystem clock oscillation - -
XT2 - - -
RESET Input | System reset input Input -
Vobo - Positive power supply - -
Vob1 - Positive power supply (other than ports) - -
Vsso - Ground potential - -
Vss1 - Ground potential (other than ports) - -
ICO - Internally connected. Connect this pin directly to the Vsso or - -
Vss1 pin.
IC2 - Internally connected. Leave this pin open. - -
Vep - This pin is used to set flash memory programming mode and - -

applies a high voltage when a program is written or verified.
In normal operation mode, connect this pin directly to the Vsso
or Vssz1 pin.
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CHAPTER 4 PIN FUNCTIONS (uPD789167Y AND 789177Y SUBSEREIS)

4.2 Description of Pin Functions

4.2.1 P00 to P05 (Port 0)

These pins constitute a 6-bit I/O port and can be set to input or output port mode in 1-bit units by using port mode
register 0 (PM0). When these pins are used as an input port, an on-chip pull-up resistor can be used by setting pull-
up resistor option register 0 (PUOQ).

4.2.2 P10, P11 (Port 1)

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

4.2.3 P20 to P26 (Port 2)

These pins constitute a 7-bit I/O port. In addition, these pins provide a function to perform input/output to/from
the timer and to input/output the data and clock of the serial interface.

Port 2 can be set to the following operation modes in 1-bit units.

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

(2) Control mode
In this mode, P20 to P26 function as the timer input/output, the data input/output and the clock input/output
of the serial interface.

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

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

(c) Sl20, SO20
These are the serial data I/O pins of the serial interface.

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

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

(f) RxD20, TxD20
These are the serial data 1/0O pins of the asynchronous serial interface.
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(g) ASCK20
This is the serial clock input pin of the asynchronous serial interface.

(h) sSCLO
This is the clock I/O pin of SMBO.

(i) SDAO
This is the data I/O pin of SMBO.

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

4.2.4 P30 to P33 (Port 3)

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

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

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

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

(a) TI81
This is the external clock input pin for 8-bit timer/event counter 81.

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

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

(d) BzO90
This is the buzzer output pin of 16-bit timer 90.

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

4.2.5 P50 to P53 (Port 5)

These pins constitute a 4-bit N-ch open-drain 1/0 port. Port 5 can be set to input or output mode in 1-bit units by
using port mode register 5 (PM5). For a mask ROM version, whether a pull-up resistor is to be incorporated can be
specified by a mask option.
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4.2.6 P60 to P67 (Port 6)
These pins constitute an 8-bit input-only port. They can function as A/D converter input pins as well as a
general-purpose input port.

(1) Port mode
In port mode, P60 to P67 function as an 8-bit input-only port.

(2) Control mode
In control mode, P60 to P67 function as A/D converter analog inputs (ANIO to ANI7).

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

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

429 XT1, XT2
These pins are used to connect a crystal resonator for subsystem clock oscillation.
To supply an external clock, input the clock to XT1 and input the inverted signal to XT2.

4.2.10 AVop
Analog power supply pin of the A/D converter. Always use the same potential as that of the Vooo pin even when
A/D converter is not used.

4.2.11 AVss
This is a ground potential pin of the A/D converter. Always use the same potential as that of the Vsso pin even
when the A/D converter is not used.

4.2.12 AVRer
This is an A/D converter reference voltage input pin. When an A/D converter is not used, connect this pin to

Vsso.

4.2.13 Vopo, Vbbp1
Voo is a positive power supply port pin.
Vb1 is a positive power supply pin other than port pin.

4.2.14 Vsso, Vss1
Vsso is a ground potential port pin.
Vssi is a ground potential pin other than port pin.

4.2.15 Vep (UPD78F9177Y only)

High voltage apply pin for flash memory programming mode setting and program write/verify.
Directly connect this pin to Vsso or Vss1 in normal operation mode.
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4.2.16 1CO (mask ROM version only)
The ICO (Internally Connected) pin is used to set the uPD789167Y and 789177Y Subseries to test mode before

shipment. In normal operation mode, directly connect this pin to the Vsso or Vssi1 pin with as short a wiring length as
possible.

If a potential difference is generated between the ICO pin and Vsso or Vssi pin due to a long wiring length

between the ICO pin and Vsso or Vss1 pin or an external noise superimposed on the ICO pin, a user program may not
run correctly.

« Directly connect the ICO pin to the Vsso or Vss1 pin.

Vsso,

Vss1 ICO

.

Keep short

4.2.17 IC2
The IC2 pin is internally connected. Leave this pin open.
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CHAPTER 4 PIN FUNCTIONS (uPD789167Y AND 789177Y SUBSEREIS)

4.3 Pin Input/Output Circuits and Recommended Connection of Unused Pins

The input/output circuit type of each pin and recommended connection of unused pins are shown in Table 4-1.
For the input/output circuit configuration of each type, refer to Figure 4-1.

Table 4-1. Types of Input/Output Circuits for Each Pin and Recommended Connection of Unused Pins

Pin Name 1/0 Circuit Type 1/0 Recommended Connection of Unused Pins
POO to PO5 5-H 1/0 Input:  Independently connect to Vooo, Vob1 Or Vsso, Vss1
P10, P11 via a resistor.
Output: Leave open.
P20/SCK20/ASCK20 8-C
P21/S0O20/TxD20
P22/S120/RxD20
P23/SCLO 13-X Input:  Independently connect to Vooo or Voo1 via a resistor.
P24/SDAO Output: Leave open.
P25/T180/SS20 8-C Input:  Independently connect to Vooo, Vob1 Or Vsso, Vssi
P26/TO80 via a resistor.
Output: Leave open.
P30/INTPO/TI81/CPT90 Input:  Independently connect to Vsso or Vss: via a resistor.
P31/INTP1/TO81 Output: Leave open.
P32/INTP2/TO90
P33/INTP3/TO82/BZ0O90
P50 to P53 (mask ROM version) 13-U Input:  Independently connect to Vooo or Voo via a resistor.
P50 to P53 (flash memory version) 13-T Output: - Leave open.
P60/ANIO to P67/ANI7 9-C Input | Connect directly to Vopo, Vb1 or Vsso, Vssi.
XT1 - Input | Connect to Vsso Or Vsst.
XT2 - Leave open.
RESET 2 Input -
ICO (mask ROM version) - - Connect directly to Vsso or Vssi.
IC2 Leave open.
Vee (flash memory version) Connect directly to Vsso or Vssa.
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Figure 4-1. Pin Input/Output Circuits
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5.1 Memory Space

CHAPTER 5 CPU ARCHITECTURE

Products in the uPD789167, 789177, 789167Y, and 789177Y Subseries can each access up to 64 Kbytes of
memory space. Figures 5-1 through 5-3 show the memory maps.

Figure 5-1. Memory Map ( uPD789166, uPD789176, uPD789166Y, and uPD789176Y)
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Figure 5-2. Memory Map ( uPD789167, uPD789177, uPD789167Y, and uPD789177Y)

Data memory space
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Figure 5-3. Memory Map ( uPD78F9177 and uPD78F9177Y)
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5.1.1 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 uPD789167, 789177, 789167Y, and 789177Y Subseries provide the following internal ROMs (or flash
memory) containing the following capacities.

Table 5-1. Internal ROM Capacity

Part Number Internal ROM
Structure Capacity
uPD789166, uPD789176, uPD789166Y, uPD789176Y Mask ROM 16,384 x 8 bits
uPD789167, uPD789177, uPD789167Y, uPD789177Y 24,576 x 8 bits
uUPD78F9177, uPD78F9177Y Flash memory 24,576 x 8 bits

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

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

Table 5-2. Vector Table

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

Note Forthe uyPD789167Y and 789177Y Subseries only
(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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5.1.2 Internal data memory (internal high-speed RAM) space
The yPD789167, 789177, 789167Y, and 789177Y Subseries provide 512-byte internal high-speed RAM.
The internal high-speed RAM can also be used as a stack memory.

5.1.3 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 5-3).

5.1.4 Data memory addressing

Each of the uPD789167, 789177, 789167Y, 789177Y Subseries is provided with a wide range of addressing
modes to make memory manipulation as efficient as possible. A data memory area (FDOOH to FFFFH) can be
accessed using a unique addressing mode according to its use, such as a special function register (SFR). Figures
5-4 through 5-6 illustrate the data memory addressing modes.

Figure 5-4. Data Memory Addressing Modes (  uPD789166, uPD789176, uPD789166Y, and uPD789176Y)

FFFFH
Special function registers (SFR) .
256 x 8 bits SFR addressing
FF20H
FFIFH| """ """~~~ =7=77=777°7°7°7 T T T Tt T
FFOOH
FEFFH
Internal high-speed RAM Short direct addressing
512 x 8 bits
FE20WH ]
FE1FH
FDOOH
FCFFH Direct addressing
Register indirect addressing
Based addressing
-~ Reserved T
4000H
3FFFH
Internal ROM
16,384 x 8 bits
0O00OH
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70

Figure 5-5. Data Memory Addressing Modes (  uPD789167, uPD789177, uPD789167Y, and uPD789177Y)

FFFFH

FF20H
FF1FH

FFOOH
FEFFH

FE20H
FE1FH

FDOOH
FCFFH

6000H
5FFFH

0O0OO0OH

Special function registers (SFR)
256 x 8 bits

SFR

addressing

Internal high-speed RAM
512 x 8 bits

Short direct addressing

— Reserved

Internal ROM
24,576 x 8 bits

Direct addressing
Register indirect addressing

Based addressing

User’'s Manual U14186EJ2VOUMO0O



CHAPTER 5 CPU ARCHITECTURE

FFFFH

FF20H
FF1FH

FFOOH
FEFFH

FE20H
FE1FH

FDOOH
FCFFH

6000H
5FFFH

0O0OO0OH

Figure 5-6. Data Memory Addressing Modes (

UPD78F9177 and uPD78F9177Y)

Special function registers (SFR)
256 x 8 bits

SFR

addressing

Internal high-speed RAM
512 x 8 bits

Short direct addressing

- Reserved

Internal flash memory
24,576 x 8 bits

Direct addressing
Register indirect addressing

Based addressing
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5.2 Processor Registers
The uPD789167, 789177, 789167Y, and 789177Y Subseries provide the following on-chip processor registers:

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

(1) Program counter (PC)
The program counter is a 16-bit register which holds the address information of the next program to be
executed.
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 5-7. Program Counter Configuration

15 0
PC [Pc15 |Pc14 |Pc13 |Pei2 |Pei1 [Pc1o| peo | pes | Pe7 | Pes | Pes | pea [ Pe3 | pe2 | Pt | 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 the PSW to 02H.

Figure 5-8. Program Status Word Configuration
7 0

PSW IE 4 0 AC 0 0 1 CY
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(a) Interrupt enable flag (IE)

(b)

This flag controls interrupt request acknowledge operations of CPU.

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

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

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

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

(c) Auxiliary carry flag (AC)

(d)

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

Carry flag (CY)

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

Figure 5-9. Stack Pointer Configuration

15 0
sP[spP15|sp14 |sP13|sP12|sp11 [sp10] spo | sps | sP7 | sPe | sPs | sp4 | sp3 | sp2 | sp1 | spo |

The SP is decremented ahead of writing (saving) to the stack memory and is incremented after reading
(restoring) from the stack memory.

Each stack operation saves/restores data as shown in Figures 5-10 and 5-11.

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

Figure 5-10. Data to be Saved to Stack Memory

PUSH rp CALL, CALLT Interrupt
instruction instructions
SP = SP-3
SP*SF’{Z SP*SP?—Z SP?—3 PC7to PCO
) IReg'Ster pair SP_2 PC7 to PCO SP_2 PC15 to PC8
? ower ? ?
SP-1 Register pair sP-1 PC15 to PC8 sP-1 PSW
? higher ? ?
SPp > SP > Sp >
Figure 5-11. Data to be Restored from Stack Memory
POP rp RET instruction RETI instruction
instruction
SP -~ Ejlge'fter pair SP -~ PC7 to PCO sP | pPc7ioPco
SP+1 ;Zﬂ'esrter pair SP+1 PC15 to PC8 SP+1 PC15 to PC8
SP = SP+2 SP = SP+2 SP+2 PSW
SP = SP+3
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5.2.2 General-purpose registers

The general-purpose registers consist 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-bit registers in pairs can be used as a 16-bit
register (AX, BC, DE, and HL).

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

Figure 5-12. General-Purpose Register Configuration

(a) Absolute Names

16-bit processing 8-bit processing

R7

RP3
R6
R5

RP2
R4
R3

RP1
R2
R1

RPO
RO

15 0 7 0

(b) Functional Names

16-bit processing 8-bit processing

H

HL
L
D

DE
E
B

BC
C
A

AX
X

15 0 7 0
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5.2.3 Special function registers (SFR)

Unlike a general-purpose register, each special function register has a special function.
They are allocated to the 256-byte area FFOOH to FFFFH.
The special function registers can be manipulated, like the general-purpose registers, with the operation,

transfer, and bit manipulation instructions. Manipulatable bit units (1, 8, and 16) differ depending on the special
function register type.

76

Each manipulation bit unit can be specified as follows.

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

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

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

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

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

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

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

* After reset
Indicates the status of the special function register when the RESET signal is input.
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Table 5-3. Special Function Registers (1/2)

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

FFOOH |Port0 PO R/W v v - OOH

FFO1H |Port1 P1 v v -

FFO2H | Port 2 P2 v v -

FFO3H |Port3 P3 v v -

FFO5H | Port5 P5 v v -

FFO6H | Port 6 P6 R v v -

FF10H | 16-bit multiplication result storage  |MULOL |MULO - - SO 23 yndefined

FF11H |register0 MULOH

FF14H | A/D conversion result register O ADCRO - Jhoet e

FF15H

FF16H | 16-bit compare register 90 CROOL [CR90 | W - - JYoes23 I EppRY

FF17H CR90H

FF18H | 16-bit timer counter 90 TMmooL [TM90 | R - - JNoes 231 0000H

FF19H TM90H

FF1AH | 16-bit capture register 90 TCP9OL | TCP90 - - SV 23 yndefined

FF1BH TCP90H

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

FF21H | Port mode register 1 PM1 v v -

FF22H | Port mode register 2 PM2 v v -

FF23H | Port mode register 3 PM3 v v -

FF25H | Port mode register 5 PM5 v v -

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

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

FF42H | Timer clock selection register 2 TCL2 - v -

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

FF49H | Buzzer output control register 90 BZC90 v v -

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

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

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

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

Notes 1. When using this register with an 8-bit A/D converter (uPD789167 or 789167Y Subseries), the register

can be accessed in 8-bit units. At this time, the address is FF15H.

When using this register with a 10-bit A/D converter (uUPD789177 or 789177Y Subseries), the register
can be accessed only in 16-bit units. When the yPD78F9177, a flash memory counterpart of the
uPD789166 or uPD789167, is used, the register can be accessed in 8-bit units.
object file assembled with the pPD789166 or pPD789167 can be used. The same is also true for the
UPD78F9177Y, a flash memory counterpart of the pPD789166Y or pPD789167Y. When the
UPD78F9177Y is used, the register can be accessed in 8-bit units. However, only an object file
assembled with the uPD789166Y and uPD789167Y can be used.

16-hit access is allowed only with short direct addressing.

MULO, CR90, TM90, and TCP90 are designed only for 16-bit access.
however, they can also be accessed in 8-bit mode.

However, only an

With direct addressing,
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Table 5-3. Special Function Registers (2/2)

Address | Special Function Register (SFR) Symbol R/W Bit Units for Manipulation After Reset
Name 1 Bit 8 Bits 16 Bits
FF54H | 8-bit compare register 81 CR81 w - v - Undefined
FF55H | 8-bit timer counter 81 T™M81 R - v - 00H
FF57H | 8-bit timer mode control register 81 | TMC81 R/W v v -
FF58H | 8-bit compare register 82 CR82 w - v - Undefined
FF59H | 8-bit timer counter 82 TM82 R - v - 00H
FF5BH | 8-bit timer mode control register 82 | TMC82 R/W v -
FF70H | Asynchronous serial interface mode | ASIM20 v -
register 20
FF71H | Asynchronous serial interface ASIS20 R v v -
status register 20
FF72H | Serial operation mode register 20 CSIM20 R/W v v -
FF73H | Baud rate generator control register | BRGC20 - -
20
FF74H | Transmission shift register 20 TXS20 | SIO20 - v - FFH
Reception buffer register 20 RXB20 R - v - Undefined
FF78H | SMB control register 0" SMBCO R/W v v - 00H
FF79H | SMB status register 0"° SMBS0 R v v -
FF7AH | SMB clock selection register 0" SMBCLO R/W v v -
FF7BH | SMB slave address register 0" SMBSVAO v v -
FF7CH | SMB mode register 0"*° SMBMO v v - 20H
FF7DH | SMB input level setting register 0" | SMBVIO v v - 00H
FF7EH | SMB shift register 0" SMBO v v -
FF80H | A/D converter mode register 0 ADMO v v -
FF84H | A/D input selection register 0 ADSO v v -
FFDOH | Multiplication data register AO MRAO W v v - Undefined
FFD1H | Multiplication data register BO MRBO v v -
FFD2H | Multiplier control register 0 MULCO R/IW v v - 00H
FFEOH | Interrupt request flag register 0 IFO v v -
FFE1H | Interrupt request flag register 1 IF1 v v -
FFE4H | Interrupt mask flag register O MKO v v - FFH
FFESH | Interrupt mask flag register 1 MK1 v v -
FFECH | External interrupt mode register 0 INTMO - v - 00H
FFEDH | External interrupt mode register 1 INTM1 - v -
FFFOH | Suboscillation mode register SCKM v v -
FFF2H | Subclock control register CSss v v -
FFF7H | Pull-up resistor option register 0 PUO v v -
FFF9H | Watchdog timer mode register WDTM v v -
FFFAH | Oscillation stabilization time OSTS - v - 04H
selection register
FFFBH | Processor clock control register PCC v v - 02H

Note Forthe yPD789167Y and 789177Y Subseries only
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5.3 Instruction Address Addressing

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

5.3.1 Relative addressing

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

[Nlustration]

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

PC

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

[Function]
Immediate data in the instruction word is transferred to the program counter (PC) to branch.
This function is carried out when the CALL !addrl6 and BR !addrl6 instructions are executed.
CALL 'addr16 and BR !addr16 instructions can be used to branch to all the memory spaces.

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

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

PC
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5.3.3 Table indirect addressing

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

[Nlustration]

7 6 5 1 0
Instruction code 0 1 tas-o 0
15 8 7 6 5 l 10
Effective address 0 0 0O0OOOO 0|0 1 0
7 Memory (table) 0
Lower addr.
Effective address + 1 Higher addr. T
15 { 8 7 0
PC

5.3.4 Register addressing

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

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

[Mustration]

p A X

15 8 7 0

PC
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5.4 Operand Address Addressing

The following methods are available to specify the register and memory (addressing) which undergo
manipulation during instruction execution.

5.4.1 Direct addressing

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

[Operand format]

Identifier Description

addrl6 Label or 16-bit immediate data

[Description example]
MOV A, IFEOOH; When setting !addr16 to FEOOH

Instruction code |0 0 1 0 1 0 0

[N

OP code

0 0 0 0 0 0 0 0| OOH

1 1 1 1 1 1 1 0| FEH

[Nlustration]

OP code

addr16 (lower)

addr16 (higher)

Memory
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5.4.2 Short direct addressing

[Function]

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

respectively.

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

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

[Operand format]

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

[Description example]

MOV FE9O0H, #50H; When setting saddr to FE90H and the immediate data to 50H

Instruction code |1 1 1 1 0 1

[Nlustration]

OP code

saddr-offset ﬁ

OP code

90H (saddr-offset)

50H (immediate data)

Short direct memory

7
15
Effective
address 11

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

[Function]
The memory-mapped special function registers (SFR) are addressed with 8-bit immediate data in an instruction
word.
This addressing is applied to the 256-byte space FFOOH to FFFFH. However, the SFR mapped at FFOOH to
FF1FH can also be accessed with short direct addressing.

[Operand format]

Identifier Description

sfr Special function register name

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

Instruction code |1 1 1 0 0 1 1 1

[Mustration]

7 0
OP code
sfr-offset
SFR
15 8 7 0
Effective 11 1 1 1 1 1 1
address
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5.4.4 Register addressing

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

[Operand format]

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

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

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

Instruction code |1 0 0 0 1 0 0 0

Register specify code

INCW DE; When selecting the DE register pair for rp

Instruction code |0 0 0 0 1 0 1 0

Register specify code
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5.4.5 Register indirect addressing

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

[Operand format]

Identifier Description

- [DE], [HL]

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

Instruction code |0 0 1 0 1 0 1 1

[Mustration]

15 8 7 0

DE D E

Memory address specified
by register pair DE

The contents of addressed
memory are transferred

7 0
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5.4.6 Based addressing

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

[Operand format]

Identifier Description

- [HL+byte]

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

Instruction code |0 0 1 0 1 1 0 1

5.4.7 Stack addressing

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

[Description example]
In the case of PUSH DE

Instruction code |1 0 1 0 1 0 1 0

User's Manual U14186EJ2VOUMO00 87



[MEMO]

88 User's Manual U14186EJ2VOUMO00



6.1 Port Functions

CHAPTER 6 PORT FUNCTIONS

The uPD789167, 789177, 789167Y, and 789177Y Subseries are provided with the ports shown in Figure 6-1.

These ports are used to enable several types of control. Table 6-1 lists the functions of each port.

These ports, while originally designed as digital input/output ports, have alternate functions, as summarized in
(uPD789167Y and 789177Y

3.1 Pin Function List
Subseries).

(uPD789167 and 789177 Subseries) and 4.1 Pin Function List

Port 3

Port 5

Port 6

Figure 6-1. Port Types

P30

P33

P50

P53

P60

P67

P00

P05

P10
P11

P20

P26
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Table 6-1. Port Functions

Pin Name 110 Function After Reset Alternate Function
P00 to PO5 110 Port 0 Input -
6-bit input/output port
Input/output mode can be specified in 1-bit units
When used as an input port, an on-chip pull-up resistor can
be specified by means of pull-up resistor option register 0
(PUO).
P10, P11 110 Port 1 Input -
2-bit input/output port
Input/output mode can be specified in 1-bit units
When used as an input port, an on-chip pull-up resistor can
be specified by means of pull-up resistor option register 0
(PUO).
P20 110 Port 2 Input SCK20/ASCK20
P21 7-bit input/output port SO20/TxD20
Input/output mode can be specified in 1-bit units
p22 For P20 to P22, P25, and P26, an on-chip pull-up resistor SI20/RxD20
P23 can be specified by means of pull-up resistor option register SCLO™*
B2 (PUB2).
P24 ( ) ) SDAQ™*
Only P23 and P24 can be used as N-ch open-drain
P25 input/output port pins. TI80/SS20
P26 TO80
P30 110 Port 3 Input INTPO/TIB1/CPT90
P31 4-bit input/output port INTP1/TO81
Input/output mode can be specified in 1-bit units
P32 An on-chip pull-up resistor can be specified by means of pull- INTP2/TO90
P33 up resistor option register B3 (PUB3). INTP3/TO82/BZ0O90
P50 to P53 110 Port 5 Input -
4-bit N-ch open-drain input/output port
Input/output mode can be specified in 1-bit units
For a mask ROM version, an on-chip pull-up resistor can be
specified by a mask option.
P60 to P67 Input Port 6 Input ANIO to ANI7

8-bit input-only port

Note Forthe yPD789167Y and 789177Y Subseries only
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6.2 Port Configuration

Ports have the following hardware configuration.

Table 6-2. Configuration of Port

Parameter

Configuration

Control register

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

Port

Total: 31 (CMOS input/output: 17, CMOS input: 8, N-ch open-drain input/output: 6)

Pull-up resistor

* Mask ROM versions

Total: 21 (software control: 17, mask option control: 4)
¢ Flash memory versions

Total: 17 (software control only)

6.2.1 Port0

This is a 6-bit I/O port with output latches. Port O can be set to input or output mode in 1-bit units by using port

mode register 0 (PMO).

connected in 6-bit units by using pull-up resistor option register 0 (PUO).
RESET input sets port 0 to input mode.
Figure 6-2 shows a block diagram of port 0.

Figure 6-2. Block Diagram of POO to P05

PUOO )C |

a

Selector

Vooo

P-ch

Output latch

©) P00 to P05

(POO to PO5)

WRpuo
M\
RD
%)
=]
a
©
<
o) WRPpoRT
£
WRpmM
N\

PMO0O0 to PM0O5

PUO: Pull-up resistor option register 0
PM:  Port mode register

RD: Port 0 read signal

WR: Port 0 write signal
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6.2.2 Portl
This is a 2-hit 1/0 port with output latches. Port 1 can be set to input or output mode in 1-bit units by using the

port mode register 1 (PM1). When the P10 and P11 pins are used as input port pins, on-chip pull-up resistors can
be connected in 2-bit units by using pull-up resistor option register 0 (PUOQ).

RESET input sets port 1 to input mode.

Figure 6-3 shows a block diagram of port 1.

Figure 6-3. Block Diagram of P10 and P11

Vobo
WRpuo
M\
PUO1 )C | P-ch
RD
I 5 <] C
| o
Q@
9 &
2
< WRpoRT
3]
£
Qutput latch
(P10, P11) O P10, P11
WRem
PM10, PM11
N\

PUO: Pull-up resistor option register 0
PM:  Port mode register

RD: Port 1 read signal

WR: Port 1 write signal
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6.2.3 Port 2
This is a 7-bit I/O port with output latches. Port 2 can be set to input or output mode in 1-bit units by using port

mode register 2 (PM2). For pins P20 to P22, P25, and P26, on-chip pull-up resistors can be connected in 1-bit units

by using pull-up resistor option register B2 (PUB2).
The port is also used as a data I/O and clock 1/O to and from the serial interface, and timer 1/O.

RESET input sets port 2 to input mode.
Figures 6-4 through 6-8 show block diagrams of port 2.

Caution When using the pins of port 2 as the serial interface, the 1/0 and output latches must be set
according to the function to be used. For details of the settings, see Table 14-2 Serial Interface

20 Operating Mode Settings.

Figure 6-4. Block Diagram of P20

Vbbo
(A  WRpue2
PUB20 {>® H P-ch
Alternate
function
RD
| 5 Mﬁ
(8]
| o
3 %)
o)
< WRepoRT
£
Q
<
- Output latch
(P20) O P20/ASCK20/
SCK20
WRewMm
PM20
Alternate
function
N\

PUB2: Pull-up resistor option register B2
PM: Port mode register
RD: Port 2 read signal
WR: Port 2 write signal
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Figure

6-5. Block Diagram of P21

Selector

Vobo

P-ch

N\  WRpug2
PUB21
RD
(2]
]
Qo
= WRpoRT
c
8
= Output latch
(P21)
WRpm
PM21
Alternate
function
%
PUB2: Pull-up resistor option register B2
PM: Port mode register
RD: Port 2 read signal
WR: Port 2 write signal
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CHAPTER 6 PORT FUNCTIONS

Figure 6-6. Block Diagram of P22 and P25

Vobo
(A1 WRpue2
PUB22, PUB25 {>o I P-ch
Alternate
function
RD
I g - <] - <] |
]
" o
E | 3
T
S WRpoRT
]
£
O;tzpzmllztgh © P22/RxD20/S120
(P22, P25) P25/TI80/SS20
WRem
PM22, PM25
N/
PUB2: Pull-up resistor option register B2
PM: Port mode register
RD: Port 2 read signal
WR: Port 2 write signal
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96

Figure 6-7. Block Diagram of P23 and P24

Comparator

reference signal

Input switch signal

Selector

)

<14

o P23/SCLON®

) -—N-ch

N\
Alternate
function™**®
RD
pd
~N
(%]
>
Qo
©
g WRepoRT
£ Qutput latch
(P23, P24)
WRemMm
PM23, PM24
Alternate
function™°*
-
PM:  Port mode register
RD: Port 2 read signal
WR: Port 2 write signal
Note

P24/SDAQN°

This function is provided for the uPD789167Y and 789177Y Subseries only. For the uPD789167 and
789177 Subseries, P23 and P24 cannot be used as alternate pins.
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Figure

6-8. Block Diagram of P26

Vobo

Selector

S

N\  WRpus2
PUB26
RD
[%2])
=}
Qo
= WRPporT
S
]
= Output latch
(P26)
WRpm
PM26
Alternate
function
0
PUB2: Pull-up resistor option register B2
PM: Port mode register
RD: Port 2 read signal
WR: Port 2 write signal
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6.2.4 Port3
This is a 4-bit I/O port with output latches. Port 3 can be set to input or output mode in 1-bit units by using port

mode register 3 (PM3). For pins P30 to P33, on-chip pull-up resistors can be connected in 1-bit units by using pull-

up resistor option register B3 (PUB3).
The port is also used as an external interrupt input, capture input, timer output, and buzzer output.

RESET input sets port 3 to input mode.
Figures 6-9 through 6-11 show block diagrams of port 3.

Figure 6-9. Block Diagram of P30

Voo
(1 WReuss
PUB30 {>® I P-ch
Alternate
function
RD
| 5 W
3
' 3
©
c WRPpoRT
2
£
Outﬁ)juééatch © P30/INTPO/
(P30) TI81/CPT90
WRem
PM30
N/

PUB3: Pull-up resistor option register B3
PM: Port mode register
RD: Port 3 read signal
WR: Port 3 write signal
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Figure 6-10. Block Diagram of P31 and P32

Vbbo
N\  WRpugs
PUB31, PUB32 {>Q I P-ch
Alternate
function
RD
I 8 - <] - <] |
3
" 9
E | 3
©
= WRPpoRT
e
£
Output latch T
(P31, P32) ) ) ©) P31/INTP1L/TO81
P32/INTP2/TO90
WRpM
PM31, PM32
Alternate
A function
PUB3: Pull-up resistor option register B3
PM: Port mode register
RD: Port 3 read signal
WR: Port 3 write signal
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Figure 6-11. Block Diagram of P33

Vobo

PUB33 {>Q I p-ch

Alternate
function

N\ WReruss

RD

<Gt

Selector

WRPpoRrT

Internal bus

Output latch
(P33)

©) P33/INTP3/
TO82/BZ0O90

U

WRpm

PM33

Alternate
function

Alternate
function

PUB3: Pull-up resistor option register B3
PM: Port mode register
RD: Port 3 read signal
WR: Port 3 write signal
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6.2.5 Port5

This is a 4-bit N-ch open-drain I/O port with output latches. Port 5 can be set to input or output mode in 1-bit
units by using port mode register 5 (PM5). For a mask ROM version, whether a pull-up resistor is to be incorporated

can be specified by the mask option.
RESET input sets port 5 to input mode.
Figure 6-12 shows a block diagram of port 5.

Figure 6-12. Block Diagram of P50 to P53

Mask option resistor

Mask ROM version only.
For flash memory version,
a pull-up resistor is not
incorporated.

© P50 to P53

RD Vjio
~_
| -
o
| Q
5]
n
a WRPpoRT
e}
©
=
Q Output latch
= (P50 to P53) D@—{ ~— N-ch
WRpM Yous
PM50 to PM53
~

PM:  Port mode register
RD: Port 5 read signal
WR: Port 5 write signal
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6.2.6 Port6
This is an 8-bit input port.
The port is also used as an analog input to the A/D converter.
Figure 6-13 shows a block diagram of port 6.

Figure 6-13. Block Diagram of P60 to P67

RD

<

[%2]
>
2 1
©
=
g !
c
= + ¢ © P60/ANIO to P67/ANI7
A/D converter J—
VREF
~_

102 User's Manual U14186EJ2VOUMO0



CHAPTER 6 PORT FUNCTIONS

6.3 Port Function Control Registers
The following two types of registers are used to control the ports.

» Port mode registers (PMO to PM3, and PM5)
» Pull-up resistor option registers (PUO, PUB2, and PUB3)

(1) Port mode registers (PMO to PM3, and PM5)
The port mode registers separately set each port bit to either input or output.
Each port mode register is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input writes FFH into the port mode registers.
When port pins are used for alternate functions, the corresponding port mode register and output latch must
be set or reset as described in Table 6-3.

Caution When port 3 is acting as an output port, and its output level is changed, an interrupt

request flag is set, because this port is also used as the input for an external interrupt. To
use port 3 in output mode, therefore, the interrupt mask flag must be set to 1 in advance.
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Figure 6-14. Format of Port Mode Register

Symbol 7 6 5 4 3 2 1 0 Address  After reset R/W
PMO | 1 ‘ 1 ‘ PMO05 ‘ PM04 ‘ PMO03 PMO02 PMO1 PMO00 | FF20H FFH R/W
PM1 | 1 ‘ 1 ‘ 1 ‘ 1 ‘ 1 1 PM11 PM10 | FF21H FFH R/W
PM2 | 1 ‘ PM26 ‘ PM25 ‘ PM24 ‘ PM23 PM22 PM21 PM20 | FF22H FFH R/W
PM3 | 1 ‘ 1 ‘ 1 ‘ 1 ‘ PM33 PM32 PM31 PM30 | FF23H FFH R/W
PM5 | 1 ‘ 1 ‘ 1 ‘ 1 ‘ PM53 ‘ PM52 ‘ PM51 ‘ PM50 | FF25H FFH R/W

PMmn Pmn pin input/output mode selection
m=0:n=0to5, m=1:n=0,1
m=2:n=0to6,m=3:n=0t03
m=5:n=0to 3
0 Output mode (output buffer ON)
1 Input mode (output buffer OFF)
Table 6-3. Port Mode Register and Output Latch Settings for Using Alternate Functions
Pin Name Alternate Function PMxx Pxx
Name Input/Output
P25 TI80 Input 1 X
P26 TO80 Output 0 0
P30 INTPO Input 1 X
TI81 Input 1 x
CPT90 Input 1 X
P31 INTP1 Input 1 x
TO81 Output 0 0
P32 INTP2 Input 1 x
TO90 Output 0 0
P33 INTP3 Input 1 x
TO82 Output 0 0
BZ0O90 Output 0 0
P60 to P67 ANIO to ANI7 Input 1 X

Caution When using the pins of port 2 as the serial interface, the 1/0 or output latch must be set
according to the function to be used. For details of the settings, see Table 14-2 Serial
Interface 20 Operating Mode Settings.

Remark x: don't care
PMxx: Port mode register
Pxx: Port output latch
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(2) Pull-up resistor option register 0 (PUO)
The pull-up resistor option register (PUO) sets whether an on-chip pull-up resistor on each port is used. On
the port which is specified to use the on-chip pull-up resistor in PUO, the pull-up resistor can be internally
used only for the bits set to input mode. No on-chip pull-up resistors can be used for the bits set to output
mode regardless of the setting of PUO. On-chip pull-up resistors cannot be used even 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 6-15. Format of Pull-Up Resistor Option Register 0

Symbol 7 6 5 4 3 2 <1> <0> Address  After reset R/W
PUO | 0 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ PUO1 ‘ PU0OO | FFF7H 00H R/W
PUOM Pm on-chip pull-up resistor selection (m =0, 1)
0 On-chip pull-up resistor not used
1 On-chip pull-up resistor used

Caution Bits 2 to 7 must all be set to 0.
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(3) Pull-up resistor option registers B2 and B3 (PUB2 and PUB3)
These registers specify whether an on-chip pull-up resistor is connected to each pin of ports 2 and 3. The
pin specified by PUB2 or PUB3 is connected to on-chip pull-up resistor regardless of the setting of the port
mode register.
PUB2 and PUB3 are set with a 1-bit or 8-bit manipulation instruction.
RESET input clears this register to 00H.

Figure 6-16. Format of Pull-Up Resistor Option Register B2

Symbol 7 <6> <5> 4 3 <2> <1> <0> Address  After reset R/W
PUB2 | 0 ‘ PUB26 ‘ PUB25 ‘ 0 ‘ 0 ‘ PUB22 ‘ PUB21 ‘ PUB20 | FF32H 00H R/W
PUB2n P2n on-chip pull-up resistor selection (n =0to 2, 5, 6)
0 On-chip pull-up resistor not used
1 On-chip pull-up resistor used

Caution Bits 3, 4, and 7 must all be set to 0.

Figure 6-17. Format of Pull-Up Resistor Option Register B3

Symbol 7 6 5 4 <3> <2> <1> <0> Address  After reset R/W
PUB3 | 0 ‘ 0 ‘ 0 ‘ 0 ‘ PUB33 ‘ PUB32 ‘ PUB31 ‘ PUB30 | FF33H O0H R/W
PUB3n P3n on-chip pull-up resistor selection (n = 0 to 3)
0 On-chip pull-up resistor not used
1 On-chip pull-up resistor used

Caution Bits 4 to 7 must all be set to 0.
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6.4 Operation of Port Functions
The operation of a port differs depending on whether the port is set to input or output mode, as described below.
6.4.1 Writing to 1/O port

(1) 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.

(2) Ininput 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 to input mode and not subject to
manipulation become undefined.

6.4.2 Reading from I/O port

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

latch are not changed.

(2) Ininput mode
The status of a pin can be read by using a transfer instruction. The contents of the output latch are not
changed.

6.4.3 Arithmetic operation of I/O port

(1) In output mode
An arithmetic operation can be performed with the contents of the 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.

(2) Ininput 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 to input mode and not subject to
manipulation become undefined.
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CHAPTER 7 CLOCK GENERATION CIRCUIT

7.1 Clock Generation Circuit Functions

The clock generation circuit generates the clock to be supplied to the CPU and peripheral hardware. The
following two types of system clock oscillators are used.

¢ Main system clock oscillator
This circuit oscillates at 1.0 to 5.0 MHz. Oscillation can be stopped by executing the STOP instruction or
setting the processor clock control register (PCC).

¢ Subsystem clock oscillator

This circuit oscillates at 32.768 kHz. Oscillation can be stopped by setting the suboscillation mode register
(SCKM).
7.2 Clock Generation Circuit Configuration

The clock generation circuit consists of the following items of hardware.

Table 7-1. Configuration of Clock Generation Circuit

Item Configuration

Control register Processor clock control register (PCC)
Suboscillation mode register (SCKM)
Subclock control register (CSS)

Oscillator Main system clock oscillator
Subsystem clock oscillator
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Figure 7-1. Block Diagram of Clock Generation Circuit

S Internal bus S

FRC | SCC | Suboscillation mode register

(SCKM)
XTie Subsystem fxr Watch timer
XT26 clock oscillator LCD controller/driver
Prescaler
1/2
Clock for
peripheral
fxr hardware
2
X10— .
Main system > Prescaler 7
X2G clock oscillator fx .
f_><2 S | | standby Wait | _ CPU clock
2 8 controller controller (feru)
STOP mcc |pcci| | cLs |csso
Processor clock Subclock control
control register (PCC) register (CSS)

S Internal bus S
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7.3 Registers Controlling Clock Generation Circuit

The clock generation circuit is controlled by the following registers:

» Processor clock control register (PCC)
» Suboscillation mode register (SCKM)
» Subclock control register (CSS)

(1) Processor clock control register (PCC)
PCC selects the CPU clock 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 7-2. Format of Processor Clock Control Register

Symbol 7 6 5 4 3 2 1 0 R/W
PCC | MCC 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ PCC1 ‘ 0 R/W
MCC Control of main system clock oscillator operation
0 Operation enabled
1 Operation disabled
CSS0 PCC1 CPU clock (fcpu) selectionNote
0 0 fx (0.2 us)
0 1 x/22 (0.8 us)
1 0 fxt/2 (61 us)
1 1

Note The CPU clock is selected according to a combination of the PCC1 flag in the processor clock

control register (PCC) and the CSSO flag in the subclock control register (CSS).
Subclock control register (CSS)

Cautions 1. Bits 0 and 2 to 6 must all be set to 0.

2. MCC can be set only when the subsystem clock has been selected as the CPU clock.

Remarks 1. fx: Main system clock oscillation frequency

2. fxm: Subsystem clock oscillation frequency

3. The parenthesized values apply to operation at fx = 5.0 MHz or fxr = 32.768 kHz.

4. Minimum instruction execution time: 2 fcpu
o fcru=0.2 us: 0.4 us
e fcru=0.8 us: 1.6 us
o fcpu =61 us: 122 us
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(2) Suboscillation mode register (SCKM)
SCKM specifies whether to use a feedback resistor for the subsystem clock, and controls the oscillation of
the clock.
SCKM is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input clears SCKM to 00H.

Figure 7-3. Format of Suboscillation Mode Register

Symbol 7 6 5 4 3 2 1 0 Address  After reset R/W
SCKM | 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ FRC ‘ SCC | FFFOH 00H R/W
FRC Use of feedback resistor
0 On-chip feedback resistor used
1 On-chip feedback resistor not used
SCC Control of subsystem clock oscillator operation
0 Operation enabled
1 Operation disabled

Caution Bits 2 to 7 must all be set to 0.
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(3) Subclock control register (CSS)
CSS specifies whether the main system or subsystem clock oscillator is to be used. It also specifies how
the CPU clock operates.
CSS is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input clears CSS to O0H.

Figure 7-4. Format of Subclock Control Register

Symbol 7 6 5 4 3 2 1 0 Address  After reset R/W
Css | 0 ‘ 0 ‘ CLS ‘ CSSso ‘ 0 ‘ 0 ‘ 0 ‘ 0 | FFF2H O00H R/whote
CLS CPU clock operation status
0 Operation based on the (divided) main system clock
1 Operation based on the subsystem clock
CSS0 Selection of main system or subsystem clock oscillator
0 (Divided) output from the main system clock oscillator
1 Output form the subsystem clock oscillator

Note Bit 5 is read-only.

Caution Bits 0to 3, 6, and 7 must all be set to 0.
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7.4 System Clock Oscillators

7.4.1 Main system clock oscillator

The main system clock oscillator 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 7-5 shows the external circuit of the main system clock oscillator.

Figure 7-5. External Circuit of Main System Clock Oscillator

(a) Crystal or ceramic oscillation (b) External clock

Vsso, Vss1 External X1

i—v—l IT X1 clock
‘ —
”;HH e X2

Crystal
or
ceramic resonator
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7.4.2 Subsystem clock oscillator
The subsystem clock oscillator is oscillated by the crystal resonator (32.768 kHz TYP.) connected across the

XT1 and XT2 pins.
An external clock can also be input to the circuit. In this case, input the clock signal to the XT1 pin, and input the

reversed signal to the XT2 pin.
Figure 7-6 shows the external circuit of the subsystem clock oscillator.

Figure 7-6. External Circuit of Subsystem Clock Oscillator

(a) Crystal oscillation (b) External clock

fffffffffffffff Vsso, Vst External XT1

3 I I I XT1 clock
3 32.768

1 = kHz

] |—1W XT2 XT2

Crystal resonator

Caution  When using the main system or subsystem clock oscillator, wire in the area enclosed by the

broken line in Figures 7-5 and 7-6 as follows to avoid an adverse effect from wiring

capacitance.

¢ Keep the wiring length as short as possible.

¢ Do not cross the wiring with the other signal lines. Do not route the wiring near a signal
line through which a high fluctuating current flows.

¢ Always make the ground point of the oscillator capacitor the same potential as V sso and
Vssi1. Do not ground the capacitor to a ground pattern through which a high current flows.

» Do not fetch signals from the oscillator.

The subsystem clock oscillator is designed as low-amplitude circuit for reducing current consumption. Particular

care is therefore required with the wiring method when the subsystem clock is used.
Figure 7-7 shows examples of incorrect oscillator connections.
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Figure 7-7. Examples of Incorrect Oscillator Connection (1/2)

(a) Wiring too long (b) Crossed signal line
PORTN
(n=0t0 3,5, 6)
Vsso, Vsso,
Vss1 Vss1 X1 X2

PH u
L

N\ N

e
e e
(c) Wiring near high alternating current (d) Current flowing through ground line of oscillator
(potential at points A, B, and C fluctuates)
g Vob
VSSO, Pmn
Vss1 X1

]

n2 Vsso,
— Vss1 X1 X2
High current b |:| ﬁ
Te e

A
High current
77

Remark When using the subsystem clock, read X1 and X2 as XT1 and XT2, respectively, and connect a
resistor to the XT2 pin in series.
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Figure 7-7. Examples of Incorrect Oscillator Connection (2/2)

(e) Signals are fetched (f) Signal conductors of the main and subsystem
clocks are parallel and near to each other

Vsso, Vsso
Vool X1 X2 Vst X2 X1 XT2 XT1
- |
| OF+ [
7T ‘ ‘
e XT2 and X1 wiring in parallel

Remark When using the subsystem clock, read X1 and X2 as XT1 and XT2, respectively, and connect a
resistor to the XT2 pin in series.

Caution If the X1 wire is in parallel with the XT2 wire, crosstalk noise may occur between the X1 and
XT2, resulting in a malfunction.
To avoid this, do not lay the X1 and XT2 wires in parallel.

7.4.3 Scaler
The scaler divides the main system clock oscillator output (fx) and generates clocks.

7.4.4 When no subsystem clocks are used

If it is not necessary to use subsystem clocks for low power consumption operations and watch operations,
connect the XT1 and XT2 pins as follows.

XT1: Connectto Vsso or Vssi
XT2: Open

In this state, however, some current may leak via the internal feedback resistor of the subsystem clock oscillator
when the main system clock stops. To minimize the leakage current, the internal feedback resistor can be removed
by setting bit 1 (FRC) of the suboscillation mode register (SCKM). In this case, also connect the XT1 and XT2 pins
as described above.
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7.5 Clock Generation Circuit Operation

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

e Main system clock  fx
» Subsystem clock  fxr

CPU clock  fcpu
Clock to peripheral hardware

The operation of the clock generation circuit is determined by the processor clock control register (PCC),
suboscillation mode register (SCKM), and subclock control register (CSS), as follows:

(@)

(b)

(©)

(d)

(e)

()
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The slow mode 2 fcpu (1.6 us: at 5.0-MHz operation) of the main 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 main
system clock is stopped.

Three types of CPU clocks fcpu (0.2 ps and 0.8 ps: main system clock (at 5.0-MHz operation), 61 us:
subsystem clock (at 32.768-kHz operation)) can be selected by the PCC, SCKM, and CSS settings.

Two standby modes, STOP and HALT, can be used with the main system clock selected. In a system
where no subsystem clock is used, setting bit 1 (FRC) of SCKM so that the built-in feedback resistor cannot
be used reduces current drain during STOP mode. In a system where a subsystem clock is used, setting
SCKM hit 0 to 1 can cause the subsystem clock to stop oscillation.

CSS bhit 4 (CSS0) can be used to select the subsystem clock so that low current drain operation is used
(122 us: at 32.768-kHz operation).

With the subsystem clock selected, it is possible to cause the main system clock to stop oscillating by using
bit 7 (MCC) of PCC. HALT mode can be used, but STOP mode cannot.

The clock for the peripheral hardware is generated by dividing the frequency of the main system clock. The
subsystem clock is supplied to 16-bit timer 90, 8-bit timer 82, and the watch timer only. So, even in standby
mode, 16-bit timer 90, 8-bit timer 82, and watch function can keep running. The other hardware stops when
the main system clock stops, because it runs based on the main system clock (except for an external
clock).
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CHAPTER 7 CLOCK GENERATION CIRCUIT

7.6 Changing Setting of System Clock and CPU Clock

7.6.1 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) and hit 4
(CSS0) of the subclock control register (CSS).
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 7-2).

Table 7-2. Maximum Time Required for Switching CPU Clock

Set Value before Switching

Set Value after Switching

CSS0 PCC1 CSS0 PCC1 CSS0 PCC1 CSS0 PCC1
0 0 0 1 1
0 0 4 clocks 2fx/fxt clocks
(306 clocks)
1 2 clocks fx/2fxt clocks
(76 clocks)
1 X 2 clocks 2 clocks

Remarks 1. Two clocks are the minimum instruction execution time of the CPU clock before switching.
2. The parenthesized values apply to operation at fx = 5.0 MHz or fxr = 32.768 kHz.

3. x: don't care
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CHAPTER 7 CLOCK GENERATION CIRCUIT

7.6.2 Switching between system clock and CPU clock
The following figure illustrates how the CPU clock and system clock switch.

Interrupt request signal

<1>

<2>

<3>

<4>
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Figure 7-8. Switching between System Clock and CPU Clock

Vob

RESET I_I

e

‘ fx ‘ fx fxr fx
‘ Slow ‘ Fast operation Subsystem clock Fast operation

’ operation operation
Wait (6.55 ms: at 5.0-MHz operation)

Internal reset operation

System clock ‘ ‘
CPU clock ‘ ‘

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 main system clock starts oscillating. At this time,
the time during which oscillation stabilizes (2'°/fx) is automatically secured.

After that, the CPU starts instruction execution at the slow speed of the main system clock (1.6 us: at
5.0-MHz operation).

After the time required for the Voo voltage to rise to the level at which the CPU can operate at the high
speed has elapsed, bit 1 (PCC1) of the processor clock control register (PCC) and bit 4 (CSSO0) of the
subclock control register (CSSO0) are rewritten so that the high speed operation can be selected.

When a drop of the Vob voltage is detected with an interrupt request signal, the clock is switched to the
subsystem clock. (At this moment, the subsystem clock must be in the oscillation stabilized status.)

When a recover of the Voo voltage is detected with an interrupt request signal, bit 7 (MCC) of PCC is set to
0 to make the main system clock start oscillating. After the time required for the oscillation to stabilize has
elapsed, PCC1 and CSSO are rewritten so that high-speed operation can be selected again.

Caution When the main system clock is stopped and the subsystem clock is operating, allow

sufficient time for the oscillation to stabilize by coding the program before switching
again from the subsystem clock to the main system clock.
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CHAPTER 8 16-BIT TIMER

8.1 16-Bit Timer Functions

The 16-bit timer has the following functions.

« Timer interrupt

» Timer output

e Buzzer output

« Count value capture

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

(2) Timer output
Timer output can be controlled when a count value and compare value matches.

(3) Buzzer output
Buzzer output can be controlled by software.

(4) Count value capture

A count value of 16-bit timer counter 90 (TM90) is latched into a capture register synchronizing with the
capture trigger and retained.
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CHAPTER 8 16-BIT TIMER

8.2 16-Bit Timer Configuration

The 16-bit timer consists of the following hardware.

Table 8-1. Configuration of 16-Bit Timer

Item

Configuration

Timer counter

16 bits x 1 (TM90)

Register Compare register: 16 bits x 1 (CR90)
Capture register: 16 bits x 1 (TCP90)
Timer output 1 (TO90)

Control register

16-bit timer mode control register 90 (TMC90)
Buzzer output control register 90 (BZC90)
Port mode register 3 (PM3)

122
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Figure 8-1. Block Diagram of 16-Bit Timer
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CHAPTER 8 16-BIT TIMER

(1) 16-bit compare register 90 (CR90)
A value specified in CR90 is compared with the count in 16-bit timer register 90 (TM90). If they match, an
interrupt request (INTTM90) is issued by CR90.
CR90 is set with an 8-bit or 16-bit memory manipulation instruction. Any value from 0000H to FFFFH can
be set.
RESET input sets CR90 to FFFFH.

Cautions 1. CR90 is designed to be manipulated with a 16-bit memory manipulation instruction. It
can also be manipulated with 8-bit memory manipulation instructions, however. When
an 8-bit memory manipulation instruction is used to set CR90, it must be accessed in
direct addressing.

2. To re-set CR90 during count operation, it is necessary to disable interrupts in advance,
using interrupt mask flag register 1 (MK1). It is also necessary to disable inversion of
the timer output data, using 16-bit timer mode control register 90 (TMC90).

If the value in CR90 is rewritten in the interrupt-enabled state, an interrupt request may
occur at the moment of rewrite.

(2) 16-bit timer counter 90 (TM90)
TM90 is used to count the number of pulses.
The contents of TM90 are read with an 8-bit or 16-bit memory manipulation instruction.
RESET input clears TM90 to 0000H.

Cautions 1. The count becomes undefined when STOP mode is deselected, because the count
operation is performed before oscillation settles.

2. TM90 is designed to be manipulated with a 16-bit memory manipulation instruction. It
can also be manipulated with 8-bit memory manipulation instructions, however. When
an 8-bit memory instruction is used to manipulate TM90, it must be accessed in direct
addressing.

3. When an 8-bit memory manipulation instruction is used to manipulate TM90, the lower
and upper bytes must be read as a pair, in this order.

(3) 16-bit capture register 90 (TCP90)
TCP90 captures the contents of TM90.
It is set with an 8-bit or 16-bit memory manipulation instruction.
RESET input makes TCP90 undefined.

Caution TCP9O0 is designed to be manipulated with a 16-bit memory manipulation instruction. It
can also be manipulated with 8-bit memory manipulation instructions, however. When an
8-bit memory manipulation instruction is used to manipulate TCP90, it must be accessed
in direct addressing.

(4) 16-bit counter read buffer 90
This buffer is used to latch and hold the count for TM9O0.
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CHAPTER 8 16-BIT TIMER

8.3 Registers Controlling 16-Bit Timer
The following three types of registers control the 16-bit timer.

» 16-bit timer mode control register 90 (TMC90)
» Buzzer output control register 90 (BZC90)
» Port mode register 3 (PM3)

(1) 16-bit timer mode control register 90 (TMC90)
16-hit timer mode control register 90 (TMC90) controls the setting of a count clock, capture edge, etc.
TMC9O0 is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input clears TMC90 to 00H.
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CHAPTER 8 16-BIT TIMER

Figure 8-2. Format of 16-Bit Timer Mode Control Register 90

Symbol 7 <6> 5 4 3 2 1 <0> Address  After reset R/W
TMC90 |TOD90‘TOF90‘CPT901‘CPT900‘TOC90‘TCL901‘TCLQOO‘TOE90| FF48H O00H R/wNote
TOD90 Timer output data

126

0 Timer output of 0

1 Timer output of 1

TOF90 Overflow flag control

0 Reset or cleared by software

1 Set when the 16-bit timer overflows

CPT901/CPT900 Capture edge selection

0 0 Capture operation disabled

0 1 Captured at the rising edge at the CPT90 pin

1 0 | Captured at the falling edge at the CPT90 pin

1 1 Captured at both the rising and falling edges at the CPT90 pin

TOC90 Timer output data inversion control

0 Inversion disabled

1 Inversion enabled

TCL901|TCL900 16-bit timer counter 90 count clock selection

0 0 | /22 (1.25 MHz)

0 1 | f/2° (78.1kHz)

1 0 | 27 (39.1 kHz)

1 1 fxr (32.768 kHz)

TOE90 16-bit timer counter 90 output control

0 Output disabled (port mode)

1 Output enabled

Note Bit 7 is read-only.

Caution Disable the interrupt in advance by using the interrupt mask flag register (MK1) to change
the data of TCL901 and TCL900. Also, prevent the timer output data from being inverted
by setting TOC90 to1l.

Remarks 1. fx: Main system clock oscillation frequency
2. fxm: Subsystem clock oscillation frequency
3. The parenthesized values apply to operation at fx = 5.0 MHz or fxt = 32.768 kHz.
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CHAPTER 8 16-BIT TIMER

(2) Buzzer output control register 90 (BZC90)
This register selects a buzzer frequency based on fcl selected with the count clock select bits (TCL901 and
TCL900), and controls the output of a square wave.
BZC90 is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input clears BZC90 to 00H.
Figure 8-3. Format of Buzzer Output Control Register 90
Symbol 7 6 5 4 3 2 1 0 Address  Afterreset R/W
BZC90 | 0 0 0 0 ‘ BCS902 ‘ BCS901 ‘ BCS900 ‘BZOEQO | FF49H OOH R/yyNote 1
BCS902 | BCS901 | BCS900 Buzzer frequency
fcl = fx/22 fcl = fx/28 fcl = fx/27 fcl = fxr

0 0 0 fcl/24 (78.1 kHz) fcl/24 (4.88 kHz) fcl/24 (2.44 kHz) fcl/24 (2.05 kHz)

0 0 1 fcl/2s (39.1 kHz) fcl/2s (2.44 kHz) fcl/25 (1.22 kHz) fcl/25 (1.02 kHz)

0 1 0 fcl/28 (4.88 kHz) fcl/28 (305 Hz) fcl/28 (153 Hz) fcl/28 (128 Hz)

0 1 1 fcl/2¢ (2.44 kHz) fcl/29 (153 Hz) fcl/29 (76 Hz) fcl/29 (64 Hz)

1 0 0 fcl/210 (1.22 kHz) | fcli210 (76 Hz) fcl/210 (38 Hz) fcl/210 (32 Hz)

1 0 1 fcl/211 (610 Hz) fcl/211 (38 Hz) fcl/211 (19 Hz) fcl/211 (16 Hz)

1 1 0 fcl/212 (305 Hz) fcl/212 (19 Hz) fcl/212 (10 Hz) fcl/212 (8 Hz)

1 1 1 fcl/213 (153 Hz) fcl/213 (10 Hz) fcl/213 (5 Hz) fcl/213 (4 Hz)
BZOE90 Buzzer port output control

0 Disables buzzer port output.

1 Enables buzzer port output.Note 2
Notes 1. Bits 4 to 7 must all be set to 0.

2. When setting BZOE90 to 1, TOE82 must be set to 0. (See Figure 9-6 Format of 8-Bit Timer
Mode Control Register 82 .)

Caution If the subclock is selected as the count clock (TCL901 = 1, TCL900 = 1: see Figure 8-2

Format of 16-Bit Timer Mode Control Register 90), the subclock is not synchronized when
buzzer port output is enabled. In this case, the capture function and TM90 read function
are disabled. In addition, the count value of TM90 is undefined.

Remarks 1. fx:

2. fxT:

Main system clock oscillation frequency
Subsystem clock oscillation frequency
3. The parenthesized values apply to operation at fx = 5.0 MHz or fxt = 32.768 kHz.
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CHAPTER 8 16-BIT TIMER

(3) Port mode register 3 (PM3)
PM3 is used to set each bit of port 3 to input or output.
When pin P32/INTP2/TO90 is used for timer output, reset the output latch of P32 and PM32 to 0; when pin
P33/INTP3/TO82/BZ090 is used for buzzer output,"™ reset the output latch of P33 and PM33 to 0.
PM3 is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input sets PM3 to FFH.

Note Never output the TO82 and BZO90 signals at the same time.

Figure 8-4. Format of Port Mode Register 3

Symbol 7 6 5 4 3 2 1 0 Address  Afterreset R/W
PM3 | 1 ‘ 1 ‘ 1 ‘ 1 ‘ PM33 ‘ PM32 ‘ PM31 ‘ PM30 | FF23H FFH R/IW
PM3n P3n pin I/O mode (n = 2 or 3)

0 Output mode (output buffer ON)

1 Input mode (output buffer OFF)
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CHAPTER 8 16-BIT TIMER

8.4 16-Bit Timer Operation

8.4.1 Operation as timer interrupt

In the timer interrupt function, interrupts are repeatedly generated at the count value set in 16-bit compare
register 90 (CR90) in advance based on the intervals of the value set in TCL901 and TCL900.

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

» Set count values in CR90

» Set 16-bit timer mode control register 90 (TMC90) as shown in Figure 8-5.

Figure 8-5. Settings of 16-Bit Timer Mode Control Register 90 for Timer Interrupt Operation

TOD90 TOF90 CPT901 CPT900 TOC90 TCL901 TCL900 TOES0
TMCQOl - ‘0/1‘0/1‘0/1‘0/1‘ 0 ‘O/l‘O/ll

Setting of count clock (see Table 8-2)

Caution If O is set both for CPT901 and CPT900 flags, capture operation becomes prohibited.

When the count value of 16-bit timer counter 90 (TM90) matches the value set in CR90, counting of TM90
continues and an interrupt request signal (INTTM90) is generated.
Table 8-2 shows interval time, and Figure 8-6 shows timing of timer interrupt operation.

Caution When rewriting the value in CR90 during a count operation, be sure to execute the following
processing.
<1> Set interrupt disabled (set TMMKO90 (bit 4 of interrupt mask flag register 1 (MK1)) to 1).
<2> Disable inversion control of timer output data (set TOC90 to 0)
If the value in CR90 is rewritten in the interrupt-enabled state, an interrupt request may occur at
the moment of rewrite.

Table 8-2. Interval Time of 16-Bit Timer

TCL901 TCL900 Count Clock Interval Time
0 0 2°fix (0.8 us) 2%/ix (52.4 ms)
0 1 2°/fx (12.8 us) 2%/fx (838.9 ms)
1 0 2'[fx (25.6 us) 2%/fx (1.68 s)
1 1 1/xr (30.5 ps) 2"/fxt (2.0 s)

Remarks 1. fx: Main system clock oscillation frequency
2. fxm:  Subsystem clock oscillation frequency
3. The parenthesized values apply to operation at fx = 5.0 MHz or fxr = 32.768 kHz.
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CHAPTER 8 16-BIT TIMER

Figure 8-6. Timing of Timer Interrupt Operation
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CHAPTER 8 16-BIT TIMER

8.4.2 Operation as timer output

Timer outputs are repeatedly generated at the count value set in 16-bit compare register 90 (CR90) in advance
based on the intervals of the value set in TCL901 and TCL900.

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

» Set P32 to output mode (PM32 = 0).

» Reset output latch of P32 to 0.

» Set the count value in CR90.

» Set 16-hit timer mode control register 90 (TMC90) as shown in Figure 8-7.

Figure 8-7. Settings of 16-Bit Timer Mode Control Register 90 for Timer Output Operation

TOD90 TOF90 CPT901 CPTI00 TOCI0 TCLIOL TCLI00 TOE9O
TMC90| - ‘0/1‘0/1‘0/1‘ 1 ‘ 0 ‘0/1‘ 1 |

TO90 output enable
Setting of count clock (see Table 8-2)
Inverse enable of timer output data

Caution If both the CPT901 flag and CPT900 flag are set to 0, the capture operation becomes prohibited.

When the count value of 16-bit timer counter 90 (TM90) matches the value set in CR90, the output status of the
TO90/P32/INTP2 pin is inverted. This enables timer output. At that time, TM90 count is continued and an interrupt
request signal (INTTM90) is generated.

Figure 8-8 shows the timing of timer output (see Table 8-2 for the interval time of the 16-bit timer).

Figure 8-8. Timer Output Timing
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TM90 count value OOOOH Xooom)(:z
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Note The TO90 initial value becomes low level during output enable (TOEQ0 = 1).

Remark N = 0000H to FFFFH
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CHAPTER 8 16-BIT TIMER

8.4.3 Capture operation

The capture operation consists of latching the count value of 16-bit timer register 90 (TM90) into a capture
register synchronizing with a capture trigger, and retaining the count value.

Set TMC90 as shown in Figure 8-9 to allow the 16-bit timer to start the capture operation.

Figure 8-9. Settings of 16-Bit Timer Mode Control Register 90 for Capture Operation

TOD90 TOF90 CPT901 CPT900 TOC90 TCL901 TCL900 TOE90
TMCQOl - ‘0/1‘0/1‘0/1‘0/1‘ 0 ‘0/1‘0/1'

Count clock selection
Capture edge selection (see Table 8-3)

16-bit capture register 90 (TCP90) starts capture operation after a CPT90 capture trigger edge is detected, and
latches and retains the count value of 16-bit timer register 90. The TCP90 fetches count value within 2 clocks and
retains the count value until the next capture edge detection.

Table 8-3 and Figure 8-10 shows the settings of capture edge and capture operation timing, respectively.

Table 8-3. Settings of Capture Edge

CPT901 CPT900 Capture Edge Selection
0 0 Capture operation prohibited
0 1 CPT90 pin rising edge
1 0 CPT90 pin falling edge
1 1 CPT90 pin both edges

Caution Because TCP90 is rewritten when a capture trigger edge is detected during TCP90 read, disable
the capture trigger edge detection during TCP90 read.

Figure 8-10. Capture Operation Timing (Both Edges of CPT90 Pin are Specified)

g B I e B

.

Count clock J |_| |_| LNJ L]

)) 3 ) 3
™90 _ X(00ooH X 0001H X\ Y N X §D( M—1X M X
0 T l T
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Countread buffer __X_0000H X 0001H X___ Y N ! Y M X
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TCP90 Undefined ), X N X M
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Capture start Capture start
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CPT90 N [ " [
S A A
Capture edge detection Capture edge detection
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CHAPTER 8 16-BIT TIMER

8.4.4 16-bit timer counter 90 readout

The count value of 16-bit timer counter 90 (TM90) is read out with a 16-bit manipulation instruction.

TM90 readout is performed through a counter read buffer. The counter read buffer latches the TM90 count
value. And buffer operation is pended at the CPU clock falling edge after the read signal of the TM90 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 the TM90 higher byte
falls.

RESET input clears TM90 to 0000H and TM9O0 starts freerunning.

Figure 8-11 shows the timing of 16-bit timer counter 90 readout.

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

executed during oscillation stabilization time.

2. Though TM90 is designed for a 16-bit transfer instruction, 8-bit transfer instruction can also
be used.
When using the 8-bit transfer instruction, execute it in direct addressing.

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

Figure 8-11. 16-Bit Timer Counter 90 Readout Timing

comeoss [ |1 L L L1
o0 X oooor X oooH X X N X N+1 X:
Countread buffer __X_0000H X_0001H X X N X
TM90 read signal r—{ f_{

+ Read signal latch '
prohibited period
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CHAPTER 8 16-BIT TIMER

8.4.5 Buzzer output operation

The buzzer frequency is set using buzzer output control register 90 (BZC90) based on the count clock selected

with TCL901 and TCL900 of TMC90 (source clock). A square wave of the set buzzer frequency is output.
Table 8-4 shows the buzzer frequency.
Set the 16-bit timer as follows to use it for buzzer output:
» Set P33 to output mode (PM33 = 0).

Reset output latch of P33 to 0.

Set a count clock by using TCL901 and TCL900.

Set BZC90 as shown in Figure 8-12.
Clear TOES82 of 8-bit timer mode control register 82 (TMC82) to 0 to disable the output of 8-bit timer 82.

Figure 8-12. Settings of Buzzer Output Control Register 90 for Buzzer Output Operation

BCS902 BCS901 BCS900 BZOEYOD

BZC90|O‘0‘0‘0‘0/1‘0/1‘0/1‘1|

Enables buzzer output
Setting of buzzer frequency (see Table 8-4)

Table 8-4. Buzzer Frequency of 16-Bit Timer

BCS902 | BCS901 | BCS900 Buzzer Frequency

fel = fx/2° fcl = fx/2° fel = fx/2 fcl = fxr
0 0 0 fcl/2" (78.1 kHz) fcl/2" (4.88 kHz) fcl/2* (2.44 kHz) fcl/2" (2.05 kHz)
0 0 1 fcl/2° (39.1 kHz) fcl/2° (2.44 kHz) fcl/2® (1.22 kHz) fcl/2° (1.02 kHz)
0 1 0 fcl/2® (4.88 kHz) fcl/2® (305 Hz) fcl/2® (153 Hz) fcl/i2® (128 Hz)
0 1 1 fcl/2° (2.44 kHz) fcl/2° (153 Hz) fcl/2° (76 Hz) fcl/2° (64 Hz)
1 0 0 fcli2' (1.22 kHz) fcl/2'* (76 Hz) fcl/2* (38 Hz) fcli2'* (32 Hz)
1 0 1 fcl/2* (610 Hz) fcl/2" (38 Hz) fel/2*™ (19 Hz) fcl/2" (16 Hz)
1 1 0 fcl/2'* (305 Hz) fcli2'? (19 Hz) fcl/2™ (10 Hz) fcl/2*? (8 Hz)
1 1 1 fcl/2® (153 Hz) fcl/2® (10 Hz) fcl/2® (5 Hz) fcl/2® (4 Hz)

Remarks 1. fx:

134

2. fxt

Main system clock oscillation frequency
Subsystem clock oscillation frequency

3. The parenthesized values apply to operation at fx = 5.0 MHz or fxr = 32.768 kHz.
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CHAPTER 8 16-BIT TIMER

% 8.5 Notes on Using 16-Bit Timer

Usable functions differ according to the settings of the count clock selection, CPU clock operation, system clock
oscillation status, and BZOE90 (bit O of buzzer output control register 90 (BZC90)).
Refer to the following table.

Count CPU System Clock BZOE90 | Capture [TM90 Read| Buzzer Timer Timer
Clock Clock Main System Clock| Subsystem Clock Output Output Interrupt
/2%, Main Oscillating Oscillating/Stopped 1/0 v yreet Note 2 v v
x/2°,
e Stopped X x x x x
Sub Oscillating Oscillating v x Note 2 v v
Stopped x x x x x
fxr Main Oscillating Oscillating 0 v v x v v
1 x x N v v
Stopped 1/0 x X x X x
Stopped Oscillating 0 X X X X X
(STOP mode) 1 « « v v v
Stopped 1/0 X x x x x
Sub Oscillating Oscillating 0 v v x v v
1 x x N v v
Stopped 0 X X X X X
1 x x N v v
Notes 1. TM90 is enabled only when CPU clock is in high-speed mode.

2. Output is enabled when BZOE90 = 1.

Cautions 1. The capture function uses f  x/2 for control (refer to Figure 8-1 Block Diagram of 16-Bit

Timer). Therefore, the capture function cannot be used when the main system clock is
stopped.

The read function of TM90 uses the CPU clock for control (refer to Figure 8-1), and reads an
undefined value when the CPU clock is slower than the count clock (values are not
guaranteed). When reading TM90, set the count clock to the same speed as the CPU clock
(when the CPU clock is main system clock, high-speed mode is set), or select a clock
slower than the CPU clock.

When the subsystem clock is selected as the count clock and BZOE9O0 is set to 0, the
subsystem clock selected as the TM90 count clock is one that has been synchronized with
the main system clock (refer to Figure 8-1). Therefore, when the main system clock
oscillation is stopped, the timer operation is stopped because the clock supplied to the 16-
bit timer is stopped (timer interrupt is not generated).

Moreover, when the subsystem clock is selected as the count clock and BZOE90 is set to 1,
the capture and TM90 read values are not guaranteed because the subsystem clock is not
synchronized. Therefore, be sure to set BZOE90 to 0 when using the capture and TM90
read functions (when the subsystem clock is selected as the count clock, buzzer output,
and the capture and TM90 read functions cannot be used at the same time).
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Make the following settings when stopping the main system clock oscillation to support low-current consumption
and releasing the HALT mode.

Count clock: Subsystem clock

CPU clock: Subsystem clock

Main system clock: Oscillation stopped
BZOE9O: 1 (Buzzer output enable)

At this time, when the setting of P33, the buzzer output alternate function pin is “PM33 = 0, P33 = 0", a square
wave of the buzzer frequency is output from P33. When making the above settings, perform either of the following.

e Set P33 to input mode (PM33 = 1)

« If P33 cannot be set input mode, set the port latch value of P33 to 1 (P33 = 1) (In this case a high level is
output from P33)
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9.1 Functions of 8-Bit Timer/Event Counters

The 8-bit timer/event counters (TM80 and TM81) and 8-hit timer (TM82) have the following functions:

* Interval timer (TM80, TM81, TM82)
« External event counter (TM80, TM81 only)
e Square wave output (TM80, TM81, TM82)

« PWM output (TM80, TM81, TM82)

1)

8-bit interval timer

When an 8-hit timer/event counter is used as an interval timer, it generates an interrupt at any time intervals

set in advance.

Table 9-1. Interval Time of 8-Bit Timer/Event Counter 80

Minimum Interval Time

Maximum Interval Time

Resolution

1/fx (200 ns)

2% (51.2 s)

1/fx (200 ns)

2°/x (1.6 us)

2'fx (409.6 ps)

2°/x (1.6 us)

Remarks 1. fx: Main system clock oscillation frequency

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

Table 9-2.

Interval Time of 8-Bit Timer/Event Counter 81

Minimum Interval Time

Maximum Interval Time

Resolution

2'/fx (3.2 us)

2%/fx (819.2 us)

2'/fx (3.2 us)

2%/fx (51.2 pis)

2%/fx (13.1 ms)

2fx (51.2 ps)

Remarks 1. fx: Main system clock oscillation frequency

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

Table 9-3. Interval Time of 8-Bit Timer 82

Minimum Interval Time

Maximum Interval Time

Resolution

2°lfx (6.4 s)

2%/fx (1.64 ms)

2%fx (6.4 ps)

2'/fx (25.6 us)

2%/fx (6.55 ms)

2'[tx (25.6 us)

1/fxr (30.5 ps)

2Y/fxr (7.81 ms)

1/fxr (30.5 ps)

Remarks 1. fx:

Main system clock oscillation frequency

2. fxm:  Subsystem clock oscillation frequency
3. The parenthesized values apply to operation at fx = 5.0 MHz or fxr = 32.768 kHz.
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)

®3)

(4)

138

External event counter

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

Square wave output

A square wave of arbitrary frequency can be output.

Table 9-4. Square Wave Output Range of 8-Bit Timer/Event Counter 80

Minimum Pulse Width

Maximum Pulse Width

Resolution

1/fx (200 ns)

2% (51.2 s)

1/fx (200 ns)

2°/tx (1.6 us)

2'fx (409.6 ps)

2°/fx (1.6 us)

Remark

fx: Main system clock oscillation frequency. The parenthesized values apply to operation
at fx = 5.0 MHz.

Table 9-5. Square Wave Output Range of 8-Bit Timer/Event Counter 81

Minimum Pulse Width

Maximum Pulse Width

Resolution

2'/fx (3.2 us)

2%/fx (819.2 us)

2'/fx (3.2 us)

2%/ix (51.2 pis)

2%/fx (13.1 ms)

2fx (51.2 ps)

Remark

fx: Main system clock oscillation frequency. The parenthesized values apply to operation
at fx = 5.0 MHz.

Table 9-6. Square Wave Output Range of 8-Bit Timer 82

Minimum Pulse Width

Maximum Pulse Width

Resolution

2°lfx (6.4 s)

2%/fx (1.64 ms)

2%fx (6.4 ps)

2'/fx (25.6 us)

2%/fx (6.55 ms)

2'[tx (25.6 s)

1/fxr (30.5 ps)

2Y/fxr (7.81 ms)

1/fxr (30.5 ps)

Remarks 1. fx:
2. fx1:

PWM output

Main system clock oscillation frequency
Subsystem clock oscillation frequency
3. The parenthesized values apply to operation at fx = 5.0 MHz or fxr = 32.768 kHz.

8-bit resolution PWM output can be produced.
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9.2 8-Bit Timer/Event Counter Configuration

The 8-bit timer/event counter consists of the following hardware.

Table 9-7. 8-Bit Timer/Event Counter Configuration

Item

Configuration

Timer counter

8 bits x 3 (TM80 to TM82)

Register

Compare register: 8 bits x 3 (CR80 to CR82)

Timer output

3 (TO80 to TO82)

Control register

8-bit timer mode control register 80 to 82 (TMC80 to TMC82)
Port mode register 2, 3 (PM2, PM3)
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Figure 9-1. Block Diagram of 8-Bit Timer/Event Counter 80

b Internal bus P4

8-bit compare
register 80 (CR80)
Match
INTTM80
fx =15 _ Clear
3 5 8-hit timer counter
TISOISZSI % 80 (M0)
ireol @ n
SS20 H]D—L
OVF
FDU (©) TO80/P26
[
P26
|TCEso‘PWMESO{TCLBOl‘TCLSO#TOanl Output PM26
@ 8-bit timer mode control register 80 (TMC80) i
b Internal bus P4

Figure 9-2. Block Diagram of 8-Bit Timer/Event Counter 81

( Internal bus P4

8-bit compare
register 81 (CR81

l Match
INTTM81

/24 —= ﬁ Clear 1
s 8-bit timer counter
/28— 81 (TM81)
TI81/CPT90/
P30/INTPO
OVF

Selector

s (O)TO81/P31/
INTP1
| ‘ P31
|TCE81‘PWMEBl‘TCLBll‘TCLESlO‘TOE81| Output PM31
@ 8-bit timer mode control register 81 (TMC81)
2 Internal bus 2
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Figure 9-3. Block Diagram of 8-Bit Timer 82

Internal bus 2

fxr —

8-bit compare
register 82 (CR82)

U Match

INTTM82

BZO90

6 -
/2 5 ﬁ Clear 1 -~
fy/27 —=|C 8-bit timer counter f ¥ outputhote
% 82 (TM82) | R
) INV Q
OvE TOD—L Q (©) TO82/BZO90/
S P33/INTP3
‘ ‘
\ ) | [ .
P33
|TCE82‘PWME82‘TCL821‘TCL820{TOE82| | Output | | p|v|33|
@ 8-bit timer mode control register 82 (TMC82) i i
Internal bus P4

Note See Figure 8-1 Block Diagram of 16-Bit Timer

1)

)

8-bit compare register 8n (CR8n)

A value specified in CR8n is compared with the count in 8-bit timer counter 8n (TM8n). If they match, an

interrupt request (INTTM8n) is issued.
CR8n is set with an 8-bit memory manipulation instruction. Any value from O0H to FFH can be set.
RESET input makes CR8n undefined.

Cautions 1. Before rewriting CR8n, stop the timer operation once. If CR8n is rewritten in the timer
operation-enabled state, a match interrupt request signal may occur at the moment of
rewrite.

2. Do not clear CR8n to 00H in PWM output mode (when PWMES8N = 1: bit 6 of 8-bit timer
mode control register 8n (TMC8n)); otherwise, PWM output may not be produced
normally.

Remark n=0to2

8-bit timer counter 8n (TM8n)

TM8n is used to count the number of pulses.

Its contents are read with an 8-bit memory manipulation instruction.

RESET input clears TM8n to O0H.

Remark n=0to 2
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9.3 8-Bit Timer/Event Counter Control Registers
The following two types of registers are used to control the 8-bit timer/event counter.

 8-bit timer mode control registers 80, 81, and 82 (TMC80, TMC81, and TMC82)
» Port mode registers 2 and 3 (PM2 and PM3)

(1) 8-hbit timer mode control register 80 (TMC80)
TMCB80 determines whether to enable or disable 8-bit timer counter 80 (TM80), specifies the count clock for
TM80, and controls the operation of the output control circuit of 8-bit timer/event counter 80.
TMCB8O0 is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input clears TMC80 to 00H.

Figure 9-4. Format of 8-Bit Timer Mode Control Register 80

Symbol <7> <6> 5 4 3 2 1 <0> Address  After reset R/W
TMC80 |TCE80‘PWME80‘ 0 ‘ 0 ‘ 0 ’TCL801’TCL800‘TOE80| FF53H 00H R/IW
TCES8O) TM80 operation control

0 | Operation disabled (TM80 is cleared to 00H.)

1 | Operation enabled

PWMESD| PWM output selection

0 Timer counter operation mode

1 PWM output operation mode

TCL801TCL800 8-bit timer counter 80 count clock selection

0 0 |fx (5.0 MHz)

0 1 |23 (625 kHz)

1 0 | Rising edge of TI80

1 1 Falling edge of TI80

TOE80, 8-bit timer/event counter 80 output control

0 Output disabled (port mode)

1 Output enabled

Cautions 1. Always stop the timer before setting TMC80.
2. For PWM mode operation, the interrupt mask flag (TMMK80) must be set.

Remarks 1. fx: Main system clock oscillation frequency
2. The parenthesized values apply to operation at fx = 5.0 MHz.
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(2) 8-bit timer mode control register 81 (TMC81)
TMCB81 determines whether to enable or disable 8-bit timer counter 81 (TM81), specifies the count clock for
TM81, and controls the operation of the output control circuit of 8-bit timer/event counter 81.
TMCB8L is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input clears TMC81 to 00H.

Figure 9-5. Format of 8-Bit Timer Mode Control Register 81

Symbol <7> <6> 5 4 3 2 1 <0> Address  After reset R/W
TMC81 |TCE81‘PWME81‘ 0 ‘ 0 ‘ 0 ‘TCLSll’TCLBlO‘TOESll FF57H 00H R/W
[TCE81 TM81 operation control

0 Operation disabled (TM81 is cleared to 00H.)

1 | Operation enabled

PWMES PWM output selection

0 | Timer counter operation mode

1 PWM output operation mode

[TCL811TCL810 8-bit timer counter 81 count clock selection

0 0 | fx/2* (312.5 kHz)

0 1 |28 (19.5 kHz)

1 0 Rising edge of TI81

1 1 Falling edge of TI81

TOES1 8-bit timer/event counter 81 output control

0 Output disabled (port mode)

1 Output enabled

Cautions 1. Always stop the timer before setting TMC81.
2. For PWM mode operation, the interrupt mask flag (TMMK81) must be set.

Remarks 1. fx: Main system clock oscillation frequency
2. The parenthesized values apply to operation at fx = 5.0 MHz.
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(3) 8-bit timer mode control register 82 (TMC82)
TMCB82 determines whether to enable or disable 8-bit timer counter 82 (TM82) and specifies the count clock
for TM82. It also controls the operation of the output control circuit of 8-bit timer 82.
TMCB82 is set with a 1-bit or 8-bit memory manipulation instruction.
'RESET input clears TMC82 to 00H.

Figure 9-6. Format of 8-Bit Timer Mode Control Register 82

Symbol <7> <6> 5 4 3 2 1 <0> Address  After reset R/W
TMC82 |TCE82‘PWME82‘ 0 ‘ 0 ‘ 0 hCL821’TCL820‘TOE82l FF5BH 00H R/W
TCE82 TM82 operation control

0 Operation disabled (TM82 is cleared to 00H.)

1 | Operation enabled

PWMES?) PWM output selection

0 | Timer counter operation mode

1 PWM output operation mode

TCL821TCL820 8-bit timer counter 82 count clock selection

0 0 | /25 (156.3 kHz)

0 1 | fx/27(39.1 kHz)

1 0 [ (32.768 kHz)

1 1 | Setting prohibited

TOE82 8-bit timer 82 output control

0 Output disabled (port mode)

1 Output enabled N

Note When TOES82 is set to 1, BZOE90 must be set to 0 (see Figure 8-3 Format of Buzzer Output
Control Register 90 ).

Cautions 1. Always stop the timer before setting TMC82.
2. For PWM mode operation, the interrupt mask flag (TMMK82) must be set.

Remarks 1. fx: Main system clock oscillation frequency

2. fxm: Subsystem clock oscillation frequency
3. The parenthesized values apply to operation at fx = 5.0 MHz or fxt = 32.768 kHz.
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(4)

Symbol
PM2 |

Symbol
PM3 |

Port mode registers 2 and 3 (PM2 and PM3)

PM2 and PM3 specify whether each bit of port 2 and port 3 is used for input or output.

To use the P26/TO80 pin for timer output, the PM26 and P26 output latch must be reset to 0.

To use the P31/TO81/INTP1 pin for timer output, the PM31 and P31 output latch must be reset to 0.

To use the P33/INTP3/TO82/BZ090 pin for timer output, the PM33 and P33 output latch must be reset to 0.
PM2 and PM3 are set with a 1-bit or 8-bit memory manipulation instruction.

RESET input sets PM2 and PM3 to FFH.

Figure 9-7. Format of Port Mode Register 2

7 6 5 4 3 2 1 0 Address  After reset R/W
1 ‘ PM26 ‘ PM25 ‘ PM24 ‘ PM23 ‘ PM22 ‘ PM21 ‘ PM20 | FF22H FFH R/W
PM26 P26 pin input/output mode selection

0 Output mode (output buffer ON)

1 Input mode (output buffer OFF)

Figure 9-8. Format of Port Mode Register 3

7 6 5 4 3 2 1 0 Address  After reset R/W

1 ‘ 1 ‘ 1 ‘ 1 ‘ PM33 ‘ PM32 ‘ PM31 ‘ PM30 | FF23H FFH R/IW
PM31 P31 pin input/output mode selection

0 Output mode (output buffer ON)

1 Input mode (output buffer OFF)
PM33 P33 pin input/output mode selection

0 Output mode (output buffer ON)

1 Input mode (output buffer OFF)
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9.4 Operation of 8-Bit Timer/Event Counter

9.4.1 Operation as interval timer

The interval timer repeatedly generates an interrupt at time intervals specified by the count value set in 8-bit
compare register 8n (CR8n) in advance.

To operate the 8-bit timer/event counter as an interval timer, the following settings are required.

<1> Set 8-bit timer counter 8n (TM8n) to operation disable (by setting TCE8n (bit 7 of 8-bit timer mode control
register 8n (TMC8n)) to 0).

<2> Set the count clock of the 8-bit timer/event counter (see Tables 9-8 to 9-10).

<3> Set a count value in CR8n.

<4> Set TM8n to operation enabled (TCE8n = 1).

When the count value of 8-bit timer counter 8n (TM8n) matches the value set in CR8n, TM8n is cleared to 00H
and continues counting. At the same time, an interrupt request signal (INTTM8n) is generated.

Tables 9-8 to 9-10 show interval time, and Figure 9-10 shows the timing of interval timer operation.

Cautions 1. Before rewriting CR8n, stop the timer operation once. If CR8n is rewritten in the timer

operation-enabled state, a match interrupt request signal may occur at the moment of

rewrite.

2. If the count clock setting and TM8n operation-enabled are set in TCM8n simultaneously
using an 8-bit memory manipulation instruction, an error of more than a clock in one cycle
may occur after the timer start. Therefore, always follow the above procedure when

operating the 8-bit timer/event counter as an interval timer.

Remark n=0to2
Table 9-8. Interval Time of 8-Bit Timer/Event Counter 80
TCL801 TCL800 Minimum Interval Time Maximum Interval Time Resolution
0 0 1/fx (200 ns) 2°lfx (51.2 us) 1/fx (200 ns)
0 1 2°/fx (1.6 us) 2"ffx (409.6 us) 2°/fx (1.6 us)
1 0 TI80 input cycle 2° x TI80 input cycle TI80 input edge cycle
1 1 TI80 input cycle 2° x TI80 input cycle TI80 input edge cycle
Remarks 1. fx: Main system clock oscillation frequency
2. The parenthesized values apply to operation at fx = 5.0 MHz.
Table 9-9. Interval Time of 8-Bit Timer/Event Counter 81
TCL811 TCL810 Minimum Interval Time Maximum Interval Time Resolution
0 0 2'Ifx (3.2 us) 2%/fx (819.2 us) 2'Ifx (3.2 us)
0 1 2°ffx (51.2 ps) 2%/fx (13.1 ms) 2°ffx (51.2 ps)
1 0 TI81 input cycle 2° x TI81 input cycle TI81 input edge cycle
1 1 TI81 input cycle 2° x TI81 input cycle TI81 input edge cycle
Remarks 1. fx: Main system clock oscillation frequency
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Table 9-10. Interval Time of 8-Bit Timer 82

TCL821 TCL820 Minimum Interval Time Maximum Interval Time Resolution
0 0 2°lfx (6.4 us) 2%/ix (1.64 ms) 2°lfx (6.4 us)
0 1 2'/fx (25.6 us) 2ffx (6.55 ms) 2'/fx (25.6 us)
1 0 1/fxt (30.5 us) 2°fixr (7.81 ms) 1/fxt (30.5 us)
1 1 Setting prohibited

Remarks 1. fx: Main system clock oscillation frequency
2. fxm: Subsystem clock oscillation frequency
3. The parenthesized values apply to operation at fx = 5.0 MHz or fxt = 32.768 kHz.

Figure 9-9. Interval Timer Operation Timing

Count clock | | | | | | | | | | | | | | | | | | | | | | | | |
TM8n countvalue  00H Y O1H ZX N XOOHXOle \/ZX N XOOHXOle \/\2 X n X
A A

Clear
|

CR8n N //

D)

Clear
1 1
N N
| |
| |
Tcesn || « | |
PN | |
| |
b)) |_| ) |_| b)) |_

D)
€S

D)
€S

|

INTTM8n !
| €4 | A €4 | A €4 |
| . Interrupt accept . Interrupt accept |
: | ()() | |

TO8n : ) )) |_

| 4 | | €4 |
| | | |
| | | |
I I I I
! Interval time ! Interval time ! Interval time !

Remarks 1. Interval time = (N + 1) xt: N = 00H to FFH
2. n=0to2
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Note

9.4.2 Operation as external event counter

The external event counter counts the number of external clock pulses input to the TI80/P25/SS20 or
TI181/P30/INTPO/CPT90 pin by using 8-bit timer counters 80 and 81 (TM80 and TM81).

To operate the 8-bit timer/event counter as an external event counter, the following settings are required.

<1> Set P25 and P30 to input mode (PM25 =1, PM30 = 1).

<2> Set 8-bit timer register 8n (TM8n) to operation disable (by setting TCE8n (bit 7 of 8-bit timer mode control

register 8n (TMC8n)) to 0).

<3> Specify the rising/falling edges of TI8n (see Tables 9-8 and 9-9).

<4> Set a count value in CR8n.

<5> Set TM8n to operation enabled (TCE8n = 1).

Note Only TM80 and TM81 have this function.

Each time the valid edge specified by bit 1 (TCL8n0) of TMC8n is input, the value TM8n is incremented.

When the count value of TM8n matches the value set in CR8n, TM8n is cleared to 0 and continues counting. At
the same time, an interrupt request signal (INTTM8n) is generated.

Figure 9-10 shows the timing of the external event counter operation (with rising edge specified).

Cautions 1. Before rewriting CR8n, stop the timer operation once. If CR8n is rewritten in the timer
operation-enabled state, a match interrupt request signal may occur at the moment of
rewrite.

2. If the count clock setting and TM8n operation-enabled are set in TCM8n simultaneously
using an 8-bit memory manipulation instruction, an error of more than a clock in one cycle
may occur after the timer start. Therefore, always follow the above procedure when
operating the 8-bit timer/event counter as an external event counter.

Remark n=0,1

Figure 9-10. External Event Counter Operation Timing (with Rising Edge Specified)

TI8np|n|nput||||||||||||||||||I|||||||||

I
I
X !
TM8n countvalue  00H X 01H X 02+ X 03H X 0aH X 05H X // Xn-1X N X ooH X o1H X 02H X 03+ X
\T ;
I

CR8n N /)

TCESn J «

INTTMSn |_|
)

4

Remarks 1. N =00H to FFH
2. n=0,1
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9.4.3 Operation as square wave output

The 8-bit timer/event counter can generate output square waves of an arbitrary frequency at intervals specified

by the count value set in 8-bit compare registers 8n (CR8n) in advance.

To operate 8-bit timer/event counters 8n for square wave output, the following settings are required.

<1>
<2>
<3>

<4>

<5>
<6>

Set P26, P31, and P33 to output mode (PM26 = 0, PM31 = 0, PM33 = 0).

Reset the output latches of P26, P31, and P33 to 0.

Set 8-bit timer counter 8n (TM8n) to operation disable (by setting TCE8n (bit 7 of 8-bit timer mode control
register 8n (TMC8n)) to 1).

Set the count clock of 8-bit timer/event counter 8n and set TO8n to output enable (TOE8n (bit 0 of TMC8n)
=1).

Set count value in CR8n.

Set TM8n to operation enable (TCE8n = 1).

When the count value of TM8n matches the value set in CR8n, the TO8n pin output will be inverted. Through
application of this mechanism, square waves of any frequency can be output. As soon as a match occurs, TM8n will
be cleared to OOH and resumes to count, generating an interrupt request signal (INTTM8n).

Setting O for bit 7 (TCE8n) of TMC8n clears the square-wave output to O.

Tables 9-11 through 9-13 show square wave output range, and Figure 9-11 shows timing of square wave output.

Cautions 1. Before rewriting CR8n, stop the timer operation once.

If CR8n is rewritten in the timer
operation-enabled state, a match interrupt request signal may occur at the moment of
rewrite.

2. If the count clock setting and TM8n operation-enabled are set in TCM8n simultaneously
using an 8-bit memory manipulation instruction, an error of more than a clock in one cycle
may occur after the timer start. Therefore, always follow the above procedure when

operating the 8-bit timer/event counter for square wave output.

Remark n=0to2
Table 9-11. Square Wave Output Range of 8-Bit Timer/Event Counter 80
TCL801 TCL800 Minimum Pulse Width Maximum Pulse Width Resolution
0 0 1/fx (200 ns) 2°lfx (51.2 us) 1/fx (200 ns)
0 1 2°/fx (1.6 us) 2"/fx (409.6 us) 2°/fx (1.6 us)
Remarks 1. fx: Main system clock oscillation frequency

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

Table 9-12. Square Wave Output Range of 8-Bit Timer/Event Counter 81

TCL811 TCL810 Minimum Pulse Width Maximum Pulse Width Resolution
0 0 2'fx (3.2 us) 2"/fx (819.2 us) 2'fx (3.2 us)
0 1 2°ffx (51.2 ps) 2%/fx (13.1 ms) 2°ffx (51.2 ps)
Remarks 1. fx: Main system clock oscillation frequency

2. The parenthesized values apply to operation at fx = 5.0 MHz.
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Table 9-13. Square Wave Output Range of 8-Bit Timer 82

TCL821 TCL820 Minimum Pulse Width Maximum Pulse Width Resolution
0 0 2°lfx (6.4 us) 2%/ix (1.64 ms) 2°lfx (6.4 us)
0 1 2'/fx (25.6 us) 2ffx (6.55 ms) 2'/fx (25.6 us)
1 0 1/fxt (30.5 us) 2°fixr (7.81 ms) 1/fxt (30.5 us)

Remarks 1. fx: Main system clock oscillation frequency
2. fxm:  Subsystem clock oscillation frequency
3. The parenthesized values apply to operation at fx = 5.0 MHz or fxr = 32.768 kHz.

Figure 9-11. Square Wave Output Timing

Count clock | | | | | | | | | | | | | | | | | | | | | | | | |
TM8n countvalue  0OH ) O1H X \/ZX N XOOH XOlH X \/ZX N XOOH XOlH X \/\2 X ~n X
A A

Clear Clear
cren N ) N )] N W
\\ \\ \\
)) D) ))
TCESn J [€4 [€¢ [€4

A
Count start

INTTM8n ) |_| ) |_| ) |_

€ A €4 A €
Interrupt accept Interrupt accept

D)

TOgn"' )) | h | )) |_
G G

Note The initial value of TO8n is low for output enable (TOE8n = 1).

Remark n=0to 2
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9.4.4 PWM output operation
PWM output enables an interruption repeatedly at intervals specified by the count value set in 8-bit compare

register 8n (CR8n) in advance.

To use 8-hit timer/event counter 8n for PWM output, the following settings are required.

<1>
<2>
<3>

<4>

<5>
<6>

Set P26, P31, and P33 to output mode (PM26 = 0, PM31 = 0, PM33 = 0).

Reset the output latches of P26, P31, and P33 to 0.

Set 8-bit timer counter 8n (TM8n) to operation disable (by setting TCE8n (bit 7 of 8-bit timer mode control
register 8n (TMC8n)) to 0).

Set the count clock of 8-bit timer/event counter 8n, and set TO8n to output enable (TOES8n (bit 0 of TMC8n)
=1), and to PWM output mode (PWMES8n = 1).

Set a count value in CR8n.

Set TM8n to operation enable (TCE8n = 1).

When the count value of TM8n matches the value set in CR8n, TM8n continues counting, and an interrupt

request signal (INTTM8n) is generated.

Cautions 1. Before rewriting CR8n, stop the timer. If CR8n is rewritten in the timer operation-enabled

state, a high-level signal may be output for the next cycle (256 count pulses) (for details,
see 9.5 (3) Timer operation after compare register is rewritten during PWM output).

2. If the count clock setting and TM8n operation-enabled are set in TCM8n simultaneously
using an 8-bit memory manipulation instruction, an error of more than a clock in one cycle
may occur after the timer start. Therefore, always follow the above procedure when
operating the 8-bit timer/event counter for PWM output.

Remark n=0to 2
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Figure 9-12. PWM Output Timing

Count clock ||||||||||||||||||||||||||||||||||||||||||

visn 00w Houe)- K X -NGeroosNourfoz: o) Ho-{ne 2K - erporfonel- R na ) K-

CR8n M

OVF

INTTM8n |_| 3 m 3 m
v Y 1
TO8nNote

M = 01H to FFH

Note The initial value of TO8n is low for output enable (TOE8n = 1).

Caution Do not set CR8n to 00H in PWM output mode; otherwise, PWM may not be output normally.

Remark n=0to 2
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9.5 Notes on Using 8-Bit Timer/Event Counters
(1) Error on starting timer
An error of up to 1 clock is included in the time between the timer being started and a coincidence signal
being generated. This is because 8-bit timer counter 8n (TM8n) is started in asynchronization with the

count pulse.

Figure 9-13. Start Timing of 8-Bit Timer Counter

Count pulse _/_\_/_\_/_\_/_\_/_\_

TMan 00H X 01H X 02H X 03H X 04H
count value

Timer start
Remark n=0to2
(2) Setting of 8-bit compare register 8n
8-bit compare register 8n (CR8n) can be set to 00H.

Therefore, one pulse can be counted when an 8-bit timer/event counter operates as an event counter.

Figure 9-14. External Event Counter Operation Timing

CR80, CR81 O0H
TM80, TM81
count value X OoH X ooH X OoH X OoH
Interrupt request flag | | | | | | | |

Cautions 1. When CR8n is rewritten to timer counter operation mode (PWME8n (8-bit timer mode

control register 8n (TMC8n)) = 0), be sure to stop the timer operation beforehand. If
CR8n is rewritten in the timer operation-enabled state, a match interrupt request signal
may occur at the moment of rewrite.

2. If CR8n is rewritten during timer operation in the PWM operation mode (PWMES8n = 1),
pulses may not be generated for one cycle after the rewrite.

3. Do not set CR8n to 00H in PWM operation mode; otherwise, PWM may not be output
normally.

Remark n=0to 2
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* (3) Timer operation after compare register is rewritten during PWM output
When 8-bit compare register 8n (CR8n) is rewritten during PWM output, if the new value is smaller than that
of 8-bit timer/counter 8n (TM8n), a high-level signal may be output for the next cycle (256 count pulses)
after the CR8n value is rewritten. Figure 9-15 shows the timing at which the high-level signal is output.

Figure 9-15. Operation Timing after Compare Register is Rewritten during PWM Output

Count clock ||||||I|||||I|I|||||||||||||I|||||||

visn oot Nourp: - w K- pEeeoomourpoze: oK K- Neeooronr: o K-

CR8n M

>< 01H

TCES8n

OVF |

INTTM8n

o [ | |

A CR8n rewritten

M = 01H to FFH

Remark n=0to 2
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10.1 Watch Timer Functions

The watch timer has the following functions:

» Watch timer

* Interval timer

The watch and interval timers can be used at the same time.
Figure 10-1 is a block diagram of the watch timer.

Figure 10-1. Block Diagram of Watch Timer

Clear

fx/27

fxr —=

Selector

fw

9-bit prescaler

5-bit counter

fw | fw | fw | fw

24| 25| 2¢

27

fw fw
28 29

Clear

Selector

|WTM7 |WTM6|WTM5|WTM4|WTM1 |WTMO|

Watch timer mode
control register (WTM)

Internal bus
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(1) Watch timer

The 4.19-MHz main system clock or 32.768-kHz subsystem clock is used to issue an interrupt request

(INTWT) at 0.5-second intervals.

Caution When the main system clock is operating at 5.0 MHz, it cannot be used to generate a 0.5-
second interval. In this case, the subsystem clock, which operates at 32.768 kHz, should
be used instead.

(2) Interval timer

The interval timer is used to generate an interrupt request (INTWT]I) at specified intervals.

Table 10-1. Interval Generated Using the Interval Timer

Interval At fx = 5.0 MHz At fx = 4.19 MHz At fxr = 32.768 kHz
2 x 1/fw 409.6 us 489 us 488 s
2° x 1ffw 819.2 us 978 us 977 us
2° x 1/fw 1.64 ms 1.96 ms 1.95 ms
2" x 1/fw 3.28 ms 3.91ms 3.91ms
2° x 1/fw 6.55 ms 7.82 ms 7.81 ms
2° x 1/fw 13.1ms 15.6 ms 15.6 ms

Remarks 1. fw: Watch timer clock frequency (fx/2” or fxt)

2. fx: Main system clock oscillation frequency
3. fxt: Subsystem clock oscillation frequency

10.2 Watch Timer Configuration

The watch timer consists of the following hardware.

Table 10-2. Watch Timer Configuration

Item

Configuration

Counter

5 bits x 1

Prescaler

9 bits x 1

Control register

Watch timer mode control register (WTM)
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10.3 Watch Timer Control Register
The watch timer mode control register (WTM) is used to control the watch timer.

* Watch timer mode control register (WTM)
WTM selects a count clock for the watch timer and specifies whether to enable operation of the timer. It also
specifies the prescaler interval and how the 5-bit counter is controlled.
WTM is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input sets WTM to 00H.

Figure 10-2. Format of Watch Timer Mode Control Register

Symbol 7 6 5 4 3 2 1 0 Address  After reset R/W
WTM | WTM7 ‘ WTM6 ‘ WTM5 ‘ WTM4 ‘ 0 ‘ 0 ‘ WTM1 ‘ WTMO | FF4AH 00OH R/W
WTM7 Watch timer count clock selection
0 fx/27 (39.1 kHz)
1 fxr (32.768 kHz)
WTM6 WTM5 WTM4 Prescaler interval selection
0 0 0 2%/fw (488 us)
0 0 1 2%/fw (977 us)
0 1 0 2°/fw (1.95 ms)
0 1 1 27w (3.91 ms)
1 0 0 28/fw (7.81 ms)
1 0 1 2°/fw (15.6 ms)
Other than above Setting prohibited
WTM1 Control of 5-bit counter operation
0 Cleared after stop
1 Started
WTMO Watch timer operation
0 Operation disabled (both prescaler and timer cleared)
1 Operation enabled

Remarks 1. fw: Watch timer clock frequency (fx/2’ or fxt)
2. fx: Main system clock oscillation frequency
3. fxr: Subsystem clock oscillation frequency
4

The parenthesized values apply to operation at fw = 32.768 kHz.
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10.4 Watch Timer Operation

10.4.1 Operation as watch timer

The main system clock (4.19 MHz) or subsystem clock (32.768 kHz) is used to enable the watch timer to operate

at 0.5-second intervals.
The watch timer is used to generate an interrupt request at specified intervals.

By setting bits 0 and 1 (WTMO and WTM1) of the watch timer mode control register (WTM) to 1, the watch timer

starts counting. By setting them to 0, the 5-bit counter is cleared and the watch timer stops counting.

Only the watch timer can be started form zero seconds by clearing WTML1 to 0 when the interval timer and watch
timer operate at the same time. In this case, however, an error of up to 2° x 1/fw seconds may occur in the overflow

(INTWT) after the zero-second start of the watch timer because the 9-bit prescaler is not cleared to 0.

10.4.2 Operation as interval timer

The interval timer is used to repeatedly generate an interrupt request at the interval specified by a count value

set in advance.

The interval can be selected by bits 4 to 6 (WTM4 to WTM®6) of the watch timer mode control register (WTM).

Table 10-3. Interval Generated Using the Interval Timer

WTM6 | WTM5 | WTM4 Interval At fx = 5.0 MHz At fx = 4.19 MHz At fxr = 32.768 kHz
0 0 0 2° x 1/fw 409.6 us 489 s 488 us
0 0 1 2° x 1/fw 819.2 us 978 us 977 us
0 1 0 2° x 1/fw 1.64 ms 1.96 ms 1.95 ms
0 1 1 2" x 1/fw 3.28 ms 3.91ms 3.91ms
1 0 0 2° x 1w 6.55 ms 7.82 ms 7.81 ms
1 0 1 2° x 1w 13.1 ms 15.6 ms 15.6 ms
Other than above Setting prohibited

Remarks 1. fx: Main system clock oscillation frequency
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2. fxr: Subsystem clock oscillation frequency
3. fw: Watch timer clock frequency
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Figure 10-3. Watch Timer/Interval Timer Operation Timing

5-bit counter

Overflow Overflow

coprolock LML ML LT
fw/2° -—— -——
Watch timer ! '—l '_l

interrupt -—— -—
INTWT l — : 1 — : :

i Watch timer interrupt time (0.5 s) | Watch timer interrupt time (0.5 s) |
Interval timer ! ‘ ‘
interrupt | |—|_ _—— [ |—|_ _—— | |
INTWTI } } ‘ } }

' Interval ! | T ‘ 1

timer (T)

Caution When operation of the watch timer and 5-bit counter operation is enabled by setting bit 0
(WTMO) of the watch mode timer mode control register (WTM) to 1, the interval until the first
interrupt request (INTWT) is generated after the register is set does not exactly match the
specification made with WTM3 (bit 3 of WTM). This is because there is a delay of one 9-bit pre-
scaler output cycle until the 5-bit counter starts counting. Subsequently, however, the INTWT
signal is generated at the specified intervals.

Remarks 1. fw: Watch timer clock frequency
2. The parenthesized values apply to operation at fw = 32.768 kHz.
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CHAPTER 11 WATCHDOG TIMER

11.1 Watchdog Timer Functions
The watchdog timer has the following functions:

« Watchdog timer
* Interval timer

Caution Select the watchdog timer mode or interval timer mode by using the watchdog timer mode
register (WDTM).

(1) Watchdog timer
The watchdog timer is used to detect inadvertent program loops. When an inadvertent loop is detected, a

non-maskable interrupt or a RESET signal can be generated.

Table 11-1. Inadvertent Loop Detection Time of Watchdog Timer

Inadvertent Loop Detection Time At fx = 5.0 MHz
2" x 1/fx 410 us
2" x 1/fx 1.64 ms
2% x 1/fx 6.55 ms
2" x 1/fx 26.2 ms

fx: Main system clock oscillation frequency

(2) Interval timer
The interval timer generates an interrupt at an arbitrary interval set in advance.

Table 11-2. Interval Time

Interval At fx = 5.0 MHz
2" x 1/fx 410 us
2% x 1/fx 1.64 ms
2% x 1/fx 6.55 ms
2' x 1/fx 26.2 ms

fx: Main system clock oscillation frequency
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11.2 Watchdog Timer Configuration
The watchdog timer consists of the following hardware.

Table 11-3. Configuration of Watchdog Timer

Item Configuration

Control register Timer clock selection register 2 (TCL2)
Watchdog timer mode register (WDTM)

Figure 11-1. Block Diagram of Watchdog Timer

g Internal bus g
fx
o 7,_.| Prescaler TMMK4

fx fx fx
26 6 210 Ld INTWDT
4| TMIF4 Ii Maskable
— interrupt request
§ Control
o | | _bi = .
% 7-bit counter Gircuit RESET
2 INTWDT
Clear Non-maskable
*— interrupt request
3

[T

TCL22|TCL21|TCL20 RUN |WDTM4|WDTM3
Ti lock selecti i 2 . .
Imer clock selection register Watchdog timer mode register (WDTM)
(TCL2)
g Internal bus g
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11.3 Watchdog Timer Control Registers
The following two types of registers are used to control the watchdog timer.

« Timer clock selection register 2 (TCL2)
« Watchdog timer mode register (WDTM)

(1) Timer clock selection register 2 (TCL2)
This register sets the watchdog timer count clock.
TCL2 is set with an 8-bit memory manipulation instruction.
RESET input clears TCL2 to 00H.

Figure 11-2. Format of Timer Clock Selection Register 2

Symbol 7 6 5 4 3 2 1 0 Address  After reset R/W
TCL2 | 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ TCL22 ‘ TCL21 ‘ TCL20 | FF42H 00OH R/W
TCL22 | TCL21 | TCL20 Watchdog timer count clock selection Interval

0 0 0 fx/2* (312.5 kHz) 21k (410 L)

0 1 0 fx/28 (78.1 kHz) 213/fx (1.64 ms)

1 0 0 fx/28  (19.5 kHz) 215/fx (6.55 ms)

1 1 0 fx/210 (4.88 kHz) 2V7ffx (26.2 ms)

Other than above Setting prohibited

Remarks 1. fx: Main system clock oscillation frequency
2. The parenthesized values apply to operation at fx = 5.0 MHz.
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(2) Watchdog timer mode register (WDTM)

This register sets an operation mode of the watchdog timer, and enables/disables counting of the watchdog
timer.

WDTM is set with a 1-bit or 8-bit memory manipulation instruction.

RESET input clears WDTM to 00H.

Figure 11-3. Format of Watchdog Timer Mode Register

Symbol  <7> 6 5 4 3 2 1 0 Address  After reset R/W
WDTM | RUN ‘ 0 ‘ 0 ‘ WDTM4 ‘ WDTM3 ‘ 0 ‘ 0 ‘ 0 | FFFOH OOH R/W
RUN Watchdog timer operation selection™*
0 Stops counting.
1 Clears counter and starts counting.
WDTM4 | WDTM3 Watchdog timer operation mode selectionNo®®2
0 0 Operation stop
0 1 Interval timer mode (Generates a maskable interrupt upon overflow occurrence.)\°t 3
1 0 Watchdog timer mode 1 (Generates a non-maskable interrupt upon overflow occurrence.)
1 1 Watchdog timer mode 2 (Starts reset operation upon overflow occurrence.)

164

Notes 1. Once RUN has been set to 1, it cannot be cleared to 0 by software. Therefore, when counting is
started, it cannot be stopped by any means other than RESET input.
2. Once WDTM3 and WDTM4 have been set to 1, they cannot be cleared to 0 by software.
3. The watchdog timer starts operations as an interval timer when RUN is set to 1.

Cautions 1. When the watchdog timer is cleared by setting RUN to 1, the actual overflow time is up
to 0.8% shorter than the time set by the timer clock selection register 2 (TCL2).
2. To set watchdog timer mode 1 or 2, set WDTM4 to 1 after confirming TMIF4 (bit O of the
interrupt request flag register 0 (IF0)) being set to 0. When watchdog timer mode 1 or 2
is selected with TMIF4 set to 1, a non-maskable interrupt is generated upon the
completion of rewriting WDTM4.
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11.4 Watchdog Timer Operation

11.4.1 Operation as watchdog timer

The watchdog timer detects an inadvertent program loop when bit 4 (WDTM4) of the watchdog timer mode
register (WDTM) is set to 1.

The count clock (inadvertent loop detection time interval) of the watchdog timer can be selected by bits 0 to 2
(TCL20 to TCL22) of timer clock selection register 2 (TCL2). By setting bit 7 (RUN) of WDTM to 1, the watchdog
timer is started. Set RUN to 1 within the set inadvertent loop detection time interval after the watchdog timer has
been started. By setting RUN to 1, the watchdog timer can be cleared and start counting. If RUN is not set to 1, and

the inadvertent loop detection time is exceeded, a system reset signal or a non-maskable interrupt is generated,
depending on the value of bit 3 (WDTM3) of WDTM.

The watchdog timer continues operation in HALT mode, but stops in STOP mode. Therefore, first set RUN to 1
to clear the watchdog timer before executing the STOP instruction.

Cautions 1. The actual inadvertent loop detection time may be up to 0.8% shorter than the set time.
2. When the subsystem clock is selected as the CPU clock, watchdog timer count operation is
stopped. Even when the main system clock continues oscillating in this case, watchdog

timer count operation is stopped.

Table 11-4. Inadvertent Loop Detection Time of Watchdog Timer

TCL22 | TCL21 | TCL20 | Inadvertent Loop Detection Time At fx = 5.0 MHz
0 0 0 21 x 1/fx 410 us
0 1 0 2" x 1/fx 1.64 ms
1 0 0 2% x 1/fx 6.55 ms
1 1 0 2Y x 1/fx 26.2 ms

fx: Main system clock oscillation frequency
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11.4.2 Operation as interval timer

When bits 4 and 3 (WDTM4, WDTM3) of watchdog timer mode register (WDTM) are set to 0 and 1, respectively,
the watchdog timer operates as an interval timer that repeatedly generates an interrupt at intervals specified by a
count value set in advance.

Select a count clock (or interval) by setting bits 0 to 2 (TCL20 to TCL22) of timer clock selection register 2
(TCL2). The watchdog timer starts operation as an interval timer when the RUN bit (bit 7 of WDTM) is set to 1.

In interval timer mode, the interrupt mask flag (TMMK4) is valid, and a maskable interrupt (INTWDT) can be
generated. The priority of INTWDT is set as the highest of all the maskable interrupts.

The interval timer continues operation in HALT mode, but stops in STOP mode. Therefore, first set RUN to 1 to
clear the interval timer before executing the STOP instruction.

Cautions 1. Once bit 4 (WDTM4) of WDTM is set to 1 (when watchdog timer mode is selected), interval
timer mode is not set, unless a RESET signal is input.
2. The interval time may be up to 0.8% shorter than the set time when WDTM has just been

set.
Table 11-5. Interval Time of Interval Timer
TCL22 | TCL21 | TCL20 Interval At fx = 5.0 MHz
0 0 0 2" x 1/fx 410 ps
0 1 0 2 x 1/fx 1.64 ms
1 0 0 2 x 1/fx 6.55 ms
1 1 0 27 x 1/fx 26.2 ms

fx: Main system clock oscillation frequency
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12.1 8-Bit A/D Converter Functions

The 8-bit A/D converter is an 8-bit resolution converter to convert an analog input to digital signals.

converter can control eight channels (ANIO to ANI7) of analog inputs.

A/D conversion can be started only by software.
One of analog inputs ANIO to ANI7 is selected for A/D conversion. A/D conversion is performed repeatedly, with

an interrupt request (INTADOQ) being issued each time A/D conversion is completed.

12.2 8-Bit A/D Converter Configuration

The 8-bit A/D converter consists of the following hardware.

Table 12-1. Configuration of 8-Bit A/D Converter

This

Item

Configuration

Analog input

8 channels (ANIO to ANI7)

Register

Successive approximation register (SAR)
A/D conversion result register 0 (ADCRO)

Control register

A/D converter mode register O (ADMO)
A/D input selection register 0 (ADS0)
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ANIO/P60 ©— {>c
ANI1/P61 ©—~
ANI2/P62 ©—]
ANI3/P63 O—=]
ANI4/P64 ©— |
ANI5/P65 ©—~ .
ANI6/P66 ©— T
ANI7/P67 ©— !
1
1
1

1)

)

®3)
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Figure 12-1. Block Diagram of 8-Bit A/D Converter

Sample-and-hold circuit

Selector
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Control
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ADSO02 | ADS01|ADS00 ADCSO0| FRO2 | FRO1 | FROO

A/D input selection A/D converter mode
register 0 (ADSO0) register 0 (ADMO)

Internal bus S

Successive approximation register (SAR)

SAR receives the result of comparing an analog input voltage and a voltage at a voltage tap (comparison
voltage), received from the serial resistor string, starting from the most significant bit (MSB).

Upon receiving all the bits, down to the least significant bit (LSB), that is, upon the completion of A/D
conversion, SAR sends its contents to A/D conversion result register 0 (ADCRO).

A/D conversion result register 0 (ADCRO)

ADCRO holds the result of A/D conversion. Each time A/D conversion ends, the conversion result in the
successive approximation register is loaded into ADCRO, which is an 8-bit register.

ADCRO can be read with an 8-bit memory manipulation instruction.

RESET input makes this register undefined.

Sample-and-hold circuit

The sample-and-hold circuit samples consecutive analog inputs from the input circuit, one by one, and
sends them to the voltage comparator. The sampled analog input voltage is held during A/D conversion.
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(4)

(®)

(6)

()

(8)

9)

Voltage comparator
The voltage comparator compares an analog input with the voltage output by the serial resistor string.

Serial resistor string
The serial resistor string is configured between AVrer and AVss. It generates the reference voltages
against which analog inputs are compared.

ANIO to ANI7
Pins ANIO to ANI7 are the 8-channel analog input pins for the A/D converter. They are used to receive the
analog signals for A/D conversion.

Caution Do not supply pins ANIO to ANI7 with voltages that fall outside the rated range. If a voltage
greater than AV rer or less than AV ss (even if within the absolute maximum rating) is
supplied to any of these pins, the conversion value for the corresponding channel will be
undefined. Furthermore, the conversion values for the other channels may also be
affected.

AVREF

This pin inputs the A/D converter reference voltage.

It converts signals input to ANIO to ANI7 into digital signals according to the voltage applied between AVrer
and AVss.

AVss pin
The AVss pin is a ground potential pin for the A/D converter. This pin must be held at the same potential as
the Vsso pin, even while the A/D converter is not being used.

AVop pin

The AVop pin is an analog power supply pin for the A/D converter. This pin must be held at the same
potential as the Voo pin, even while the A/D converter is not being used.
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12.3 8-Bit A/D Converter Control Registers
The following two registers are used to control the 8-bit A/D converter.

» A/D converter mode register 0 (ADMO)
» A/D input selection register 0 (ADS0)

(1) A/D converter mode register 0 (ADMO)
ADMO specifies the conversion time for analog inputs. It also specifies whether to enable conversion.
ADMO is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input clears ADMO to O0H.

Figure 12-2. Format of A/D Converter Mode Register O

Symbol  <7> 6 5 4 3 2 1 0 Address  After reset R/W
ADMO | ADCS0 ‘ 0 ‘ FRO2 ‘ FRO1 ‘ FROO ‘ 0 ‘ 0 ‘ 0 | FF80H 00H R/W
ADCSO0 A/D conversion control
0 Conversion disabled
1 Conversion enabled
FRO2 FRO1 FROO A/D conversion time selectionNote 1

0 0 0 144/fx  (28.8 us)

0 0 1 120/fx (24 us)

0 1 0 96/fx  (19.2 us)

1 0 0 72/fx  (14.4 ps)

1 0 1 60/fx  (Setting prohibitedNote 2)

1 1 0 48/fx  (Setting prohibitedN°® 2)

Other than above Setting prohibited

Notes 1. The specifications of FR02, FR01, and FR0OO must be such that the A/D conversion time is at
least 14 ps.
2. These bit combinations must not be used, as the A/D conversion time will fall below 14 ps.

Cautions 1. The result of conversion performed immediately after bit 7 (ADCSO0) is set is undefined.
2. The conversion result may be undefined after ADCSO has been cleared to 0 (For

details, see 12.5 (5) Timing of undefined A/D conversion result).

Remarks 1. fx: Main system clock oscillation frequency
2. The parenthesized values apply to operation at fx = 5.0 MHz.
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(2) A/D input selection register 0 (ADSO)
ADSO specifies the port used to input the analog voltage to be converted to a digital signal.
ADSO is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input clears ADSO to 00H.

Figure 12-3. Format of A/D Input Selection Register O

Symbol 7 6 5 4 3 2 1 0 Address  After reset R/W
ADSO | 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ ADS02 ‘ ADSO01 ‘ ADSO00 | FF84H 00H R/IW
ADS02 | ADS01 | ADS00 Analog input channel specification

0 0 0 ANIO

0 0 1 ANI1

0 1 0 ANI2

0 1 1 ANI3

1 0 0 ANI4

1 0 1 ANI5

1 1 0 ANI6

1 1 1 ANI7

Caution Bits 3 to 7 must all be set to 0.
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12.4 8-Bit A/D Converter Operation

12.4.1 Basic operation of 8-bit A/D converter

<1>
<2>
<3>

<4>

<5>

<6>

<7>

<8>

Select a channel for A/D conversion, using A/D input selection register 0 (ADSO).

The voltage supplied to the selected analog input channel is sampled using the sample and hold circuit.
After sampling continues for a certain period of time, the sample and hold circuit is put on hold to keep
the input analog voltage until A/D conversion is completed.

Bit 7 of the successive approximation register (SAR) is set. The series resistor string tap voltage at the
tap selector is set to half of AVrer.

The series resistor string tap voltage is compared with the analog input voltage using the voltage
comparator. If the analog input voltage is higher than half of AVrer, the MSB of SAR is left set. If it is
lower than half of AVrer, the MSB is reset.

Bit 6 of SAR is set automatically, and comparison shifts to the next stage. The next tap voltage of the
series resistor string is selected according to bit 7, which reflects the previous comparison result, as
follows:

e Bit 7 = 1: Three quarters of AVrer

* Bit 7 =0: One quarter of AVRer

The tap voltage is compared with the analog input voltage. Bit 6 is set or reset according to the result of
comparison.

« Analog input voltage > tap voltage: Bit6 =1

» Analog input voltage < tap voltage: Bit6 =0

Comparison is repeated until bit 0 of SAR is reached.

When comparison is completed for all of the 8 bits, a significant digital result is left in SAR. This value is
sent to and latched in A/D conversion result register 0 (ADCRO0). At the same time, it is possible to
generate an A/D conversion end interrupt request (INTADO).

Cautions 1. The first A/D conversion value immediately after A/D conversion has been started may be

172

undefined.
2. In standby mode, A/D converter operation is stopped.
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Figure 12-4. Basic Operation of 8-Bit A/D Converter

Conversion
Sampling time
time
A/D converter . )
operation Sampling A/D conversion
o Conversion
SAR Undefined 80H or conv
40H u
ADCRO Conversion
result
INTADO _|

A/D conversion continues until bit 7 (ADCSO0) of A/D converter mode register 0 (ADMO) is reset to 0 by software.
If an attempt is made to write to ADMO or A/D input selection register 0 (ADSO) during A/D conversion, the
ongoing A/D conversion is canceled. In this case, A/D conversion is restarted from the beginning, if ADCSO is set to

1.

RESET input makes A/D conversion result register 0 (ADCRO0) undefined.

12.4.2 Input voltage and conversion result
The relationships between the analog input voltage at the analog input pins (ANIO to ANI7) and the A/D
conversion result (A/D conversion result register 0 (ADCRO0)) are represented by:

< Vin < (ADCRO + 0.5) x

x 256 + 0.5)

AVpD
256

Function that returns the integer part of a parenthesized value

ADCRO = INT (—2N

AVREF
or
(ADCRO - 0.5) x AVREF

256

INT( ):
VIN: Analog input voltage
AVREF: Voltage of AVRer pin
ADCRO:

Figure 12-5 shows the relationship between the analog input voltage and the A/D conversion result.

Value in A/D conversion result register 0 (ADCRO)

User’'s Manual U14186EJ2VOUMO00

173



CHAPTER 12 8-BIT A/D CONVERTER (uPD789167 AND 789167Y SUBSERIES)

Figure 12-5. Relationship between Analog Input Voltage and A/D Conversion Result

25— 1 T T [ [~ ~~°°

254 11—~

253 --

A/D conversion
result (ADCRO)

512 256 512 256 512 256 512 256 512 256 512

Input voltage/AVRrer
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12.4.3 Operation mode of 8-bit A/D converter

The A/D converter is initially in select mode. In this mode, A/D input selection register 0 (ADSO0) is used to select
an analog input channel from ANIO to ANI7 for A/D conversion.

A/D conversion can be started only by software, that is, by setting A/D converter mode register 0 (ADMO).

The A/D conversion result is saved to A/D conversion result register 0 (ADCRO0). At the same time, an interrupt
request signal (INTADO) is generated.

e Software-started A/D conversion

Setting bit 7 (ADCSO0) of A/D converter mode register 0 (ADMO) to 1 triggers A/D conversion for a voltage
applied to the analog input pin specified in A/D input selection register 0 (ADS0). Upon completion of A/D
conversion, the conversion result is saved to A/D conversion result register 0 (ADCRO0). At the same time, an
interrupt request signal (INTADO) is generated. Once A/D conversion is activated, and completed, another
session of A/D conversion is started. A/D conversion is repeated until new data is written to ADMO. If data
where ADCSO0 is 1 is written to ADMO again during A/D conversion, the ongoing session of A/D conversion is
discontinued, and a new session of A/D conversion begins for the new data. If data where ADCSO is 0 is
written to ADMO again during A/D conversion, A/D conversion is stopped immediately.

Figure 12-6. Software-Started A/D Conversion

Rewriting ADMO Rewriting ADMO
ADCS0=1 ADCS0=1 ADCS0=0
A/D conversion ANIn ANIn ANIn ANIm ANIm

Conversion is
discontinued; Stop
no conversion
result is preserved.
ADCRO ANIn ANIn ANIm

INTADO

Remarks 1. n=0to7
2. m=0to7
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12.5 Cautions Related to 8-Bit A/D Converter
(1) Current drain in standby mode
In standby mode, the A/D converter stops its operation. Stopping conversion (bit 7 (ADCSO0) of A/D
converter mode register 0 (ADMO) = 0) can reduce the current drain.

Figure 12-7 shows how to reduce the current drain in standby mode.

Figure 12-7. How to Reduce Current Drain in Standby Mode

AVrer ©

P-ch | o<} ADCS0

Series resistor string

AVss ©

(2) Inputrange for pins ANIO to ANI7
Be sure to keep the input voltage at ANIO to ANI7 within its rating. If a voltage not lower than AVRrer or not
higher than AVss (even within the absolute maximum rating) is input into a conversion channel, the
conversion output of the channel becomes undefined. It may affect the conversion output of the other
channels.

(3) Conflict

<1> Conflict between writing to A/D conversion result register 0 (ADCRO0) at the end of conversion and
reading from ADCRO using instruction
Reading from ADCRO takes precedence. After reading, the new conversion result is written to ADCRO.

<2> Conflict between writing to ADCRO at the end of conversion and writing to A/D converter mode register 0
(ADMO) or A/D input selection register 0 (ADSO)
Writing to ADMO or ADSO takes precedence. ADCRO is not written to. No A/D conversion end interrupt
request signal (INTADO) is generated.

(4) Conversion result immediately after start of A/D conversion

The first A/D conversion value immediately after A/D conversion has been started is undefined. Poll the
A/D conversion end interrupt request (INTADO) and drop the first conversion result.
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(5) Timing of undefined A/D conversion result
The A/D conversion value may become undefined if the timing of the completion of A/D conversion and that
to stop the A/D conversion operation conflict. Therefore, read the A/D conversion result while the A/D
conversion operation is in progress. To read the A/D conversion result after the A/D conversion operation
has been stopped, stop the A/D conversion operation before the next conversion operation is completed.
Figures 12-8 and 12-9 show the timing at which the conversion result is read.

Figure 12-8. Conversion Result Read Timing (If Conversion Result is Undefined)

End of A/D conversion End of A/D conversion
ADCRO X Normal conversion result X Undefined value
INTADO | |

ADCS0 |

! ! !

Normal conversion result is read. A/D conversion Undefined value
stops. is read.

Figure 12-9. Conversion Result Read Timing (If Conversion Result is Normal)

End of A/D conversion

|

ADCRO X Normal conversion result
INTADO | |
ADCSO0

T

A/D conversion stops. Normal conversion
result is read.
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(6)

()

(8)

178

Noise prevention

To maintain a resolution of 8 bits, watch for noise to pins AVrer and ANIO to ANI7. The higher the output
impedance of the analog input source is, the larger the effect by noise is. To reduce noise, attach an
external capacitor to the relevant pins as shown in Figure 12-10.

Figure 12-10. Analog Input Pin Treatment

If noise not lower than AVrer or not higher than
AVss is likely to come to the AVrer pin, clamp
the voltage at the pin by attaching a diode with
a small Ve (0.3 V or lower).

Reference voltage input O * AVrer
i ——
Vbbo
C=100to 1,000 pF AVbpD
AVss
Vsso
e

ANIO to ANI7

The analog input pins (ANIO to ANI7) are alternate-function pins. They are used also as port pins (P60 to
P67).

If any of ANIO to ANI7 has been selected for A/D conversion, do not execute input instructions for the ports.
Otherwise, the conversion resolution may become lower.

If a digital pulse is applied to a pin adjacent to the analog input pins during A/D conversion, coupling noise
may occur which prevents an A/D conversion result from being obtained as expected. Avoid applying a
digital pulse to pins adjacent to the analog input pins during A/D conversion.

Input impedance of the AV rer pin

A series resistor string of several 10 kQ is connected across the AVrer and AVss pins.

If the output impedance of the reference voltage source is high, this high impedance is eventually
connected in parallel with the series resistor string across the AVrer and AVss pins, leading to a higher
reference voltage error.
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(9) Interrupt request flag (ADIFO)
Changing the content of A/D converter mode register 0 (ADMO0) does not clear the interrupt request flag
(ADIFO).
If the analog input pins are changed during A/D conversion, therefore, the A/D conversion result and the
conversion end interrupt request flag may reflect the previous analog input immediately before writing to
ADMO occurs. In this case, ADIFO may already be set if it is read-accessed immediately after ADMO is
write-accessed, even when A/D conversion has not been completed for the new analog input.
In addition, when A/D conversion is restarted, ADIFO must be cleared beforehand.

Figure 12-11. A/D Conversion End Interrupt Request Generation Timing

Rewriting to ADMO Rewriting to ADMO
(to begin conversion (to begin conversion ADIFO has been set, but conversion
for ANIn) for ANIm) ‘/ for ANIm has not been completed.
. |
AJD conversion ANIn ANIn 1 ANIm ANIm
1

N t
L 1 1
ADCRO >< ANIn >< iANIn >< ANIm >< ANIm

INTADO

Remarks 1. n=0to7
2. m=0to7

(10) AVop pin
The AVop pin is used to supply power to the analog circuit. It is also used to supply power to the ANIO to
ANI7 input circuit.
If your application is designed to be changed to backup power, the AVoo pin must be supplied with the
same voltage level as for the Vooo pin, as shown in Figure 12-12.

Figure 12-12. AV pp Pin Treatment

Vooo
AVop
Main power Backup
source T capacitor
! Vsso
AVss
e
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13.1 10-Bit A/D Converter Functions

The 10-bit A/D converter is a 10-bit resolution converter to convert an analog input to digital signals.

converter can control eight channels (ANIO to ANI7) of analog inputs.

A/D conversion can be started only by software.
One of analog inputs ANIO to ANI7 is selected for A/D conversion. A/D conversion is performed repeatedly, with

an interrupt request (INTADOQ) being issued each time A/D conversion is completed.

13.2 10-Bit A/D Converter Configuration

The 10-bit A/D converter consists of the following hardware.

Table 13-1. Configuration of 10-Bit A/D Converter

This

Item

Configuration

Analog input

8 channels (ANIO to ANI7)

Register

Successive approximation register (SAR)
A/D conversion result register 0 (ADCRO)

Control register

A/D converter mode register O (ADMO)
A/D input selection register 0 (ADS0)

User’'s Manual U14186EJ2VOUMO00

181



CHAPTER 13 10-BIT A/D CONVERTER (uPD789177 AND 789177Y SUBSERIES)

ANI2/P62 ©O——=
ANI3/P63 O—
ANI4/P64 ©O—
ANI5/P65 O—=
ANI6/P66 O—=

Figure 13-1. Block Diagram of 10-Bit A/D Converter

ANIO/P60 ©— {>c '
ANI1/P61 ©O— !
= =
g Sample-and-hold circuit '9
o | | rmmmmmmemse---- 1 | ©
© , ' 1 o
n , O\O ' Voltage comparator : g
= 1 -
ANI7/P67 ©—— : ' '
1
1 ; ' [
1
' AVss : Successive
-------------- ! approximation
register (SAR)
Control
circuit INTADO
A/D conversion result
3 register 0 (ADCRO)
1
ADS02 | ADS01 |ADS00 ADCSO| FRO2 | FRO1 | FROO
A/D input selection A/D converter mode
register 0 (ADSO0) register 0 (ADMO)

1)

)
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Internal bus S

Successive approximation register (SAR)

SAR receives the result of comparing an analog input voltage and a voltage at a voltage tap (comparison
voltage), received from the serial resistor string, starting from the most significant bit (MSB).

Upon receiving all the bits, down to the least significant bit (LSB), that is, upon the completion of A/D
conversion, SAR sends its contents to A/D conversion result register 0 (ADCRO).

A/D conversion result register 0 (ADCRO)

ADCRO holds the result of A/D conversion. Each time A/D conversion ends, the conversion result in the
successive approximation register is loaded into ADCRO, which is a 10-bit register.

ADCRO can be read with a 16-bit memory manipulation instruction.

RESET input makes this register undefined.

Caution When the uPD78F9177, a flash memory counterpart of the ~ puPD789166 or uPD789167, is
used, the register can be accessed in 8-bit units. However, only an object file assembled
with the pPD789166 or uPD789167 can be used. The same is also true for the
HUPD78F9177Y, a flash memory counterpart of the  puPD789166Y or uPD789167Y. When the
UPD78F9177Y is used, the register can be accessed in 8-bit units. However, only an object
file assembled with the pPD789166Y or uPD789167Y can be used.
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@)

(4)

(®)

(6)

()

(8)

9)

Sample-and-hold circuit
The sample-and-hold circuit samples consecutive analog inputs from the input circuit, one by one, and
sends them to the voltage comparator. The sampled analog input voltage is held during A/D conversion.

Voltage comparator
The voltage comparator compares an analog input with the voltage output by the serial resistor string.

Serial resistor string
The serial resistor string is configured between AVrer and AVss. It generates the reference voltages
against which analog inputs are compared.

ANIO to ANI7
Pins ANIO to ANI7 are the 8-channel analog input pins for the A/D converter. They are used to receive the
analog signals for A/D conversion.

Caution Do not supply pins ANIO to ANI7 with voltages that fall outside the rated range. If a voltage
greater than AV rer or less than AV ss (even if within the absolute maximum rating) is
supplied to any of these pins, the conversion value for the corresponding channel will be
undefined. Furthermore, the conversion values for the other channels may also be
affected.

AVREF pin

This pin inputs the A/D converter reference voltage.

It converts signals input to ANIO to ANI7 into digital signals according to the voltage applied between AVrer
and AVss.

AVss pin
The AVss pin is a ground potential pin for the A/D converter. This pin must be held at the same potential as
the Vsso pin, even while the A/D converter is not being used.

AVop pin

The AVop pin is an analog power supply pin for the A/D converter. This pin must be held at the same
potential as the Voo pin, even while the A/D converter is not being used.
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13.3 10-Bit A/D Converter Control Registers
The following two registers are used to control the 10-bit A/D converter.

» A/D converter mode register 0 (ADMO)
» A/D input selection register 0 (ADS0)

(1) A/D converter mode register 0 (ADMO)
ADMO specifies the conversion time for analog inputs. It also specifies whether to enable conversion.
ADMO is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input clears ADMO to O0H.

Figure 13-2. Format of A/D Converter Mode Register O

Symbol  <7> 6 5 4 3 2 1 0 Address  After reset R/W
ADMO | ADCS0 ‘ 0 ‘ FRO2 ‘ FRO1 ‘ FROO ‘ 0 ‘ 0 ‘ 0 | FF80H 00H R/W
ADCSO0 A/D conversion control
0 Conversion disabled
1 Conversion enabled
FRO2 FRO1 FROO A/D conversion time selectionNote 1

0 0 0 144/tx  (28.8 us)

0 0 1 120/fx (24 us)

0 1 0 96/fx  (19.2 us)

1 0 0 72/fx  (14.4 us)

1 0 1 60/fx  (Setting prohibitedNot 2)

1 1 0 48/fx  (Setting prohibitedN°® 2)

Other than above Setting prohibited

Notes 1. The specifications of FR02, FR01, and FR0OO must be such that the A/D conversion time is at
least 14 ps.
2. These bit combinations must not be used, as the A/D conversion time will fall below 14 ps.

Cautions 1. The result of conversion performed immediately after bit 7 (ADCSO0) is set is undefined.
2. The conversion result may be undefined after ADCSO has been cleared to 0 (For

details, see 13.5 (5) Timing of undefined A/D conversion result).

Remarks 1. fx: Main system clock oscillation frequency
2. The parenthesized values apply to operation at fx = 5.0 MHz.
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(2) A/D input selection register 0 (ADSO)
ADSO specifies the port used to input the analog voltage to be converted to a digital signal.
ADSO is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input clears ADSO to 00H.

Figure 13-3. Format of A/D Input Selection Register O

Symbol 7 6 5 4 3 2 1 0 Address  After reset R/W
ADSO | 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ ADS02 ‘ ADSO01 ‘ ADSO00 | FF84H 00H R/IW
ADS02 | ADS01 | ADS00 Analog input channel specification

0 0 0 ANIO

0 0 1 ANI1

0 1 0 ANI2

0 1 1 ANI3

1 0 0 ANI4

1 0 1 ANI5

1 1 0 ANI6

1 1 1 ANI7

Caution Bits 3 to 7 must all be set to 0.
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13.4 10-Bit A/D Converter Operation

13.4.1 Basic operation of 10-bit A/D converter

<1>
<2>
<3>

<4>

<5>

<6>

<7>

<8>

Select a channel for A/D conversion, using A/D input selection register 0 (ADSO).

The voltage supplied to the selected analog input channel is sampled using the sample and hold circuit.
After sampling continues for a certain period of time, the sample and hold circuit is put on hold to keep
the input analog voltage until A/D conversion is completed.

Bit 9 of the successive approximation register (SAR) is set. The series resistor string tap voltage at the
tap selector is set to half of AVrer.

The series resistor string tap voltage is compared with the analog input voltage using the voltage
comparator. If the analog input voltage is higher than half of AVrer, the MSB of SAR is left set. If it is
lower than half of AVrer, the MSB is reset.

Bit 8 of SAR is set automatically, and comparison shifts to the next stage. The next tap voltage of the
series resistor string is selected according to bit 9, which reflects the previous comparison result, as
follows:

e Bit 9 = 1: Three quarters of AVrer

* Bit 9 =0: One quarter of AVRer

The tap voltage is compared with the analog input voltage. Bit 8 is set or reset according to the result of
comparison.

« Analog input voltage > tap voltage: Bit8=1

» Analog input voltage < tap voltage: Bit8=0

Comparison is repeated until bit 0 of SAR is reached.

When comparison is completed for all of the 10 bits, a significant digital result is left in SAR. This value
is sent to and latched in A/D conversion result register 0 (ADCRO0). At the same time, it is possible to
generate an A/D conversion end interrupt request (INTADO).

Cautions 1. The first A/D conversion value immediately after A/D conversion has been started may be

186

undefined.
2. In standby mode, A/D converter operation is stopped.
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Figure 13-4. Basic Operation of 10-Bit A/D Converter

Conversion time
Sampling
time
A/D converter . _
operation Sampling A/D conversion
o Conversion
SAR Undefined 80H or q Conv
40H
ADCRO Conversion
result
INTADO _|

A/D conversion continues until bit 7 (ADCSO0) of A/D converter mode register O (ADMO) is reset to 0 by software.
If an attempt is made to write to ADMO or A/D input selection register 0 (ADSO) during A/D conversion, the
ongoing A/D conversion is canceled. In this case, A/D conversion is restarted from the beginning, if ADCSO is set to

1.

RESET input makes A/D conversion result register 0 (ADCRO0) undefined.

13.4.2 Input voltage and conversion result

The relationships between the analog input voltage at the analog input pins (ANIO to ANI7) and the A/D
conversion result (A/D conversion result register 0 (ADCRO)) are represented by:

ADCRO = INT (—™_ x 1,024 + 0.5)
AVREF
or

AVREF
1,024

(ADCRO - 0.5) x

< Vi < (ADCRO + 0.5) x

AVREF
1,024

INT( ):  Function that returns the integer part of a parenthesized value

VIN: Analog input voltage
AVREF: Voltage of AVRer pin

ADCRO: Value in A/D conversion result register 0 (ADCRO)

Figure 13-5 shows the relationship between the analog input voltage and the A/D conversion result.
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Figure 13-5. Relationship between Analog Input Voltage and A/D Conversion Result

25— 1 T T [ [~ ~~°°

254 11—~

253 --

A/D conversion
result (ADCRO)

1 1 3 2 5 3 507 254 509 255 511 1

512 256 512 256 512 256 512 256 512 256 512

Input voltage/AVop
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13.4.3 Operation mode of 10-bit A/D converter

The A/D converter is initially in select mode. In this mode, A/D input selection register 0 (ADSO0) is used to select
an analog input channel from ANIO to ANI7 for A/D conversion.

A/D conversion can be started only by software, that is, by setting A/D converter mode register 0 (ADMO).

The A/D conversion result is saved to A/D conversion result register 0 (ADCRO0). At the same time, an interrupt
request signal (INTADO) is generated.

e Software-started A/D conversion

Setting bit 7 (ADCSO0) of A/D converter mode register 0 (ADMO) to 1 triggers A/D conversion for a voltage
applied to the analog input pin specified in A/D input selection register 0 (ADS0). Upon completion of A/D
conversion, the conversion result is saved to A/D conversion result register 0 (ADCRO0). At the same time, an
interrupt request signal (INTADO) is generated. Once A/D conversion is activated, and completed, another
session of A/D conversion is started. A/D conversion is repeated until new data is written to ADMO. If data
where ADCSO0 is 1 is written to ADMO again during A/D conversion, the ongoing session of A/D conversion is
discontinued, and a new session of A/D conversion begins for the new data. If data where ADCSO is 0 is
written to ADMO again during A/D conversion, A/D conversion is stopped immediately.

Figure 13-6. Software-Started A/D Conversion

Rewriting ADMO Rewriting ADMO
ADCS0=1 ADCS0=1 ADCS0=0
A/D conversion ANIn ANIn ANIn ANIm ANIm

Conversion is
discontinued; Stop
no conversion
result is preserved.
ADCRO ANIn ANIn ANIm

INTADO

Remarks 1. n=0to7
2. m=0to7
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13.5 Cautions Related to 10-Bit A/D Converter
(1) Current drain in standby mode
In standby mode, the A/D converter stops its operation. Stopping conversion (bit 7 (ADCSO0) of A/D
converter mode register 0 (ADMO) = 0) can reduce the current drain.

Figure 13-7 shows how to reduce the current drain in standby mode.

Figure 13-7. How to Reduce Current Drain in Standby Mode

AVrer ©

P-ch | o<} ADCS0

Series resistor string

AVss ©

(2) Inputrange for pins ANIO to ANI7
Be sure to keep the input voltage at ANIO to ANI7 within its rating. If a voltage not lower than AVRrer or not
higher than AVss (even within the absolute maximum rating) is input into a conversion channel, the
conversion output of the channel becomes undefined. It may affect the conversion output of the other
channels.

(3) Conflict

<1> Conflict between writing to A/D conversion result register 0 (ADCRO0) at the end of conversion and
reading from ADCRO using instruction
Reading from ADCRO takes precedence. After reading, the new conversion result is written to ADCRO.

<2> Conflict between writing to ADCRO at the end of conversion and writing to A/D converter mode register 0
(ADMO) or A/D input selection register 0 (ADSO)
Writing to ADMO or ADSO takes precedence. ADCRO is not written to. No A/D conversion end interrupt
request signal (INTADO) is generated.

(4) Conversion result immediately after start of A/D conversion

The first A/D conversion value immediately after A/D conversion has been started is undefined. Poll the
A/D conversion end interrupt request (INTADO) and drop the first conversion result.
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(5) Timing of undefined A/D conversion result
The A/D conversion value may become undefined if the timing of the completion of A/D conversion and that
to stop the A/D conversion operation conflict. Therefore, read the A/D conversion result while the A/D
conversion operation is in progress. To read the A/D conversion result after the A/D conversion operation
has been stopped, stop the A/D conversion operation before the next conversion operation is completed.
Figures 13-8 and 13-9 show the timing at which the conversion result is read.

Figure 13-8. Conversion Result Read Timing (If Conversion Result is Undefined)

End of A/D conversion End of A/D conversion
ADCRO X Normal conversion result X Undefined value
INTADO | |

ADCS0 |

! ! !

Normal conversion result is read. A/D conversion Undefined value
stops. is read.

Figure 13-9. Conversion Result Read Timing (If Conversion Result is Normal)

End of A/D conversion

|

ADCRO X Normal conversion result
INTADO | |
ADCSO0

T

A/D conversion stops. Normal conversion
result is read.
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(6)

()

(8)

192

Noise prevention

To maintain a resolution of 10 bits, watch for noise to pins AVrer and ANIO to ANI7. The higher the output
impedance of the analog input source is, the larger the effect by noise is. To reduce noise, attach an
external capacitor to the relevant pins as shown in Figure 13-10.

Figure 13-10. Analog Input Pin Treatment

If noise not lower than AVrer or not higher than
AVss is likely to come to the AVrer pin, clamp
the voltage at the pin by attaching a diode with
a small Ve (0.3 V or lower).

Reference voltage input O * AVrer
i ——
Vbbo
C=100to 1,000 pF AVbpD
AVss
Vsso
e

ANIO to ANI7

The analog input pins (ANIO to ANI7) are alternate-function pins. They are used also as port pins (P60 to
P67).

If any of ANIO to ANI7 has been selected for A/D conversion, do not execute input instructions for the ports.
Otherwise, the conversion resolution may become lower.

If a digital pulse is applied to a pin adjacent to the analog input pins during A/D conversion, coupling noise
may occur which prevents an A/D conversion result from being obtained as expected. Avoid applying a
digital pulse to pins adjacent to the analog input pins during A/D conversion.

Input impedance of the AV rer pin

A series resistor string of several 10 kQ is connected across the AVrer and AVss pins.

If the output impedance of the reference voltage source is high, this high impedance is eventually
connected in parallel with the series resistor string across the AVrer and AVss pins, leading to a higher
reference voltage error.
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CHAPTER 13 10-BIT A/D CONVERTER (uPD789177 AND 789177Y SUBSERIES)

(9) Interrupt request flag (ADIFO)
Changing the content of A/D converter mode register 0 (ADMO0) does not clear the interrupt request flag
(ADIFO).
If the analog input pins are changed during A/D conversion, therefore, the A/D conversion result and the
conversion end interrupt request flag may reflect the previous analog input immediately before writing to
ADMO occurs. In this case, ADIFO may already be set if it is read-accessed immediately after ADMO is
write-accessed, even when A/D conversion has not been completed for the new analog input.
In addition, when A/D conversion is restarted, ADIFO must be cleared beforehand.

Figure 13-11. A/D Conversion End Interrupt Request Generation Timing

Rewriting to ADMO Rewriting to ADMO
(to begin conversion (to begin conversion ADIFO has been set, but conversion
for ANIn) for ANIm) K for ANIm has not been completed.
_ |
A/D conversion ANIn ANIn ! ANIm ANIm

L L L L
) ) | )

ADCRO ANIn | ANIn >< ANIm >< ANIm

INTADO

Remarks 1. n=0to7
2. m=0to7

(10) AVoo pin
The AVop pin is used to supply power to the analog circuit. It is also used to supply power to the ANIO to
ANI7 input circuit.
If your application is designed to be changed to backup power, the AVop pin must be supplied with the
same voltage level as for the Vooo pin, as shown in Figure 13-12.

Figure 13-12. AV ppb Pin Treatment

Vobo
AVop
Main power Backup
supply T capacitor
Vsso
AVss
za
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CHAPTER 14 SERIAL INTERFACE 20

14.1 Serial Interface 20 Functions

Serial interface 20 has the following three modes.
» Operation stop mode

« Asynchronous serial interface (UART) mode

» 3-wire serial /O mode

(1) Operation stop mode
This mode is used when serial transfer is not performed. Power consumption is minimized in this mode.

(2) Asynchronous serial interface (UART) mode
This mode is used to send and receive the one byte of data that follows a start bit. It supports full-duplex
communication.
Serial interface 20 contains an UART-dedicated baud rate generator, enabling communication over a wide
range of baud rates. It is also possible to define baud rates by dividing the frequency of the clock input to
the ASCK20 pin.

(3) 3-wire serial I/O mode (switchable between MSB-first and LSB-first transmission)
This mode is used to transmit 8-bit data, using three lines: a serial clock (SCK20) line and two serial data
lines (S120 and SO20).
As it supports simultaneous transmission and reception, 3-wire serial /0 mode requires less processing

time for data transmission than asynchronous serial interface mode.

Because, in 3-wire serial I/O mode, it is possible to select whether 8-bit data transmission begins with the
MSB or LSB, serial interface 20 can be connected to any device regardless of whether that device is
designed for MSB-first or LSB-first transmission.

3-wire serial 1/0O mode is useful for connecting peripheral 1/0O circuits and display controllers having
conventional synchronous serial interfaces, such as those of the 75XL, 78K, and 17K Series devices.

14.2 Serial Interface 20 Configuration
Serial interface 20 consists of the following hardware.

Table 14-1. Configuration of Serial Interface 20

Item Configuration

Register Transmission shift register 20 (TXS20)
Reception shift register 20 (RXS20)
Reception buffer register 20 (RXB20)

Control register Serial operation mode register 20 (CSIM20)
Asynchronous serial interface mode register 20 (ASIM20)
Asynchronous serial interface status register 20 (ASIS20)
Baud rate generator control register 20 (BRGC20)
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Figure 14-1. Block Diagram of Serial Interface 20

S Internal bus S

Serial operation mode ‘Asynchronous serial interface Asynchronous serial interface
register 20 (CSIM20) status register 20 (ASIS20) mode register 20 (ASIM20)
CSIE20| SSE20|DAP20| DIR20 |CSCK20|CKP20 Re(;eption buffer PE20 | FE20 [OVE20 |TXE20| RXE20|P8201 PSZOO|CL20|SL20|
register 20 (RXB20)
i o 1 1 |
Switching of the first bit . v A—
Transmission shift
register 20 (TXS20) | Transmission
SI20P22/ =, Reception shift prrrria shift clock
RxD20 register 20 (RXS20) m
. ————— | Selector
Port mode Reception CSIE20
register (PM21) | shift clock Data phase DAP20
S020/P21/ control
TxD20 | Parity operation ‘
Stop bit addition
4 | Transmission data counter INTST20
| _ Parity operation | SL20, CL20, PS200, PS201
Stop bit addition INTSR20/INTCSI20
Reception data counter Transmissi_on
T Reception enabled and reception
Reception clock clock control [ga;q rate CSIE20
Start bit . generator*™® CSCK20
detection Detection clock —1fx/2 to fx/28
Reception detected T
J4
_ \ ? ? ]
SS20/P25/
a0 O 4 > CTIEZO TPS203[TPS202| TPS201[TPS200
T CSCK20 Internal clock output  |53uq rate generator
SCK20/P20/ Clock phase G ud rate g T
ASCK20 @ control control register 20 (BRGC20) ‘

External clock input | |

% Internal bus %

Note See Figure 14-2 for the configuration of the baud rate generator.
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Reception detection clock

Transmission shift clock

Reception shift clock

TXE20

RXE20
CSIE20

Reception detected

Figure 14-2. Block Diagram of Baud Rate Generator 20
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Baud rate generator control
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CHAPTER 14 SERIAL INTERFACE 20

(1) Transmission shift register 20 (TXS20)
TXS20 is a register in which transmission data is prepared. The transmission data is output from TXS20
bit-serially.
When the data length is seven bits, bits 0 to 6 of the data in TXS20 will be transmission data. Writing data
to TXS20 triggers transmission.
TXS20 can be written with an 8-bit memory manipulation instruction, but cannot be read.
RESET input sets TXS20 to FFH.

Caution Do not write to TXS20 during transmission.
TXS20 and reception buffer register 20 (RXB20) are mapped at the same address, such
that any attempt to read from TXS20 results in a value being read from RXB20.

(2) Reception shift register 20 (RXS20)
RXS20 is a register in which serial data, received at the RxD20 pin, is converted to parallel data. Once one
entire byte has been received, RXS20 feeds the reception data to reception buffer register 20 (RXB20).
RXS20 cannot be manipulated directly by a program.

(3) Reception buffer register 20 (RXB20)
RXB20 holds a reception data. A new reception data is transferred from reception shift register 20 (RXS20)
every 1-byte data reception.
When the data length is seven bits, the reception data is sent to bits 0 to 6 of RXB20, in which the MSB is
always fixed to 0.
RXB20 can be read with an 8-bit memory manipulation instruction, but cannot be written.
RESET input makes RXB20 undefined.

Caution RXB20 and transmission shift register 20 (TXS20) are mapped at the same address, such
that any attempt to write to RXB20 results in a value being written to TXS20.

(4) Transmission control circuit
The transmission control circuit controls transmission. For example, it adds start, parity, and stop bits to the
data in transmission shift register 20 (TXS20), according to the setting of asynchronous serial interface
mode register 20 (ASIM20).

(5) Reception control circuit
The reception control circuit controls reception according to the setting of asynchronous serial interface
mode register 20 (ASIM20). It also checks for errors, such as parity errors, during reception. If an error is
detected, asynchronous serial interface status register 20 (ASIS20) is set according to the status of the
error.
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CHAPTER 14 SERIAL INTERFACE 20

14.3 Serial Interface 20 Control Registers

Serial interface 20 is controlled by the following registers.
 Serial operation mode register 20 (CSIM20)

« Asynchronous serial interface mode register 20 (ASIM20)
« Asynchronous serial interface status register 20 (ASIS20)
« Baud rate generator control register 20 (BRGC20)

(1) Serial operation mode register 20 (CSIM20)

CSIM20 is used to make the settings related to 3-wire serial I/O mode.
CSIM20 is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input clears CSIM20 to 00H.

Figure 14-3. Format of Serial Operation Mode Register 20

Symbol <7> 6 5 4 3 2 1 0 Address  After reset R/W
CSIM20 |CSIE20 ‘SSEZO‘ 0 ‘ 0 ‘ DAP20 ‘ DIR20 ‘CSCKZO‘ CKP20 | FF72H 00H R/IW
CSIE20 3-wire serial I/O mode operation control
0 Operation disabled
1 Operation enabled
SSE20 SS20-pin selection Function of SS20/P23 pin Communication status
0 | Notused Port function Communication enabled
1 Used 0 Communication enabled
1 Communication disabled
DAP20 3-wire serial I/O mode data phase selection
0 Outputs at the falling edge of SCK20.
1 Outputs at the rising edge of SCK20.
DIR20 First-bit specification
0 MSB
1 LSB
CSCK20 3-wire serial I/0 mode clock selection
0 External clock input to the SCK20 pin
1 Qutput of the dedicated baud rate generator
CKP20 3-wire serial /0 mode clock phase selection
0 Clock is low active, and SCK20 is at high level in the idle state.
1 Clock is high active, and SCK20 is at low level in the idle state.
Cautions 1. Bits 4 and 5 must all be set to 0.
2. CSIM20 must be cleared to 00H, if UART mode is selected.
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CHAPTER 14 SERIAL INTERFACE 20

(2) Asynchronous serial interface mode register 20 (ASIM20)
ASIM20 is used to make the settings related to asynchronous serial interface mode.
ASIM20 is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input clears ASIM20 to 00H.

Figure 14-4. Format of Asynchronous Serial Interface Mode Register 20

Symbol <7> <6> 5 4 3 2 1 0 Address  After reset R/W
ASIM20 |TXE20‘RXE20‘PSZOl‘PSZOO‘ CL20 ‘ SL20 ‘ 0 ‘ 0 | FF70H 00H R/IW
TXE20 Transmit operation control

0 Transmit operation stop

1 Transmit operation enable

RXE20 Receive operation control

0 Receive operation stop

1 Receive operation enable

PS201|PS200 Parity bit specification

0 0 No parity

0 1 | Always add 0 parity at transmission.
Parity check is not performed at reception (No parity error is generated).

1 0 Odd parity

1 1 Even parity
CL20 Transmit data character length specification
0 7 bits
1 | 8bits
SL20 Transmit data stop bit length
0 | 1hit
1 2 bits

Cautions 1. Bits 0 and 1 must all be set to 0.
2. If 3-wire serial I/O mode is selected, ASIM20 must be cleared to O0H.
3. Switch operating modes after halting serial transmit/receive operation.
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Table 14-2. Serial Interface 20 Operating Mode Settings

(1) Operation stop mode

ASIM20 CSIM20 PM22 | P22 |PM21| P21 |PM20| P20 | First | Shift | P22/SI20/ P21/S020/ | P20/SCK20/
TxE20|RXE20| CSIE20 | DIR20 |CSCK20 Bit | Clock | RxD20 Pin TxD20 Pin | ASCK20 Pin
Function Function Function
0 0 O X X XNote 1 xNa(e 1 XNote 1 XNote 1 xNa(e 1 xNa(e 1 - - P22 P21 PZO
Other than above Setting prohibited
(2) 3-wire serial /O mode
ASIM20 CSIM20 PM22 | P22 |PM21| P21 |PM20| P20 First | Shift P22/S120/ P21/S0O20/ | P20/SCK20/
TxE20|RXE20| CSIE20| DIR20 |CScK20 Bit | Clock | RxD20 Pin TxD20 Pin | ASCK20 Pin
Function Function Function
0 0 1 0 0 XM | e 0 1 1 x MSB |External| SI20™*? S020 SCK20
clock (CMOS output) | input
1 0 1 Internal SCK20
clock output
1 1 0 1 X LSB |External SCK20
clock input
1 0 1 Internal SCK20
clock output
Other than above Setting prohibited
(3) Asynchronous serial interface mode
ASIM20 CSIM20 PM22 | P22 |PM21| P21 |PM20| P20 First | Shift P22/S120/ P21/S0O20/ | P20/SCK20/
TxE20|RXE20| CSIE20| DIR20 |CScK20 Bit | Clock | RxD20 Pin TxD20 Pin | ASCK20 Pin
Function Function Function
1 0 0 0 0 x| yhore 0 1 1 x LSB |External| P22 TxD20 ASCK20
clock (CMOS output) | input
et | e Internal P20
clock
0 1 0 0 0 1 x x| teet 1 x External| RxD20 P21 ASCK20
clock input
et | e Internal P20
clock
1 1 0 0 0 1 X 0 1 1 X External TxD20 ASCK20
clock (CMOS output) |input
et | e Internal P20
clock
Other than above Setting prohibited

Notes 1. These pins can be used for port functions.
2. When only transmission is used, this pin can be used as P22 (CMOS input/output).

Remark x: Don't care.
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(3) Asynchronous serial interface status register 20 (ASIS20)
ASIS20 indicates the type of a reception error, if it occurs while asynchronous serial interface mode is set.
ASIS20 is set with a 1-bit or 8-bit memory manipulation instruction.
The contents of ASIS20 are undefined in 3-wire serial /O mode.
RESET input clears ASIS20 to 00H.

Figure 14-5. Format of Asynchronous Serial Interface Status Register 20

Symbol 7 6 5 4 3 2 1 0 Address  After reset R/W
ASIS20 | 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ PE20 ‘ FE20 ‘OVEZOl FF71H O0H R
PE20 Parity error flag

0 No parity error has occurred.

1 | A parity error has occurred (when the parity of transmit data does not match).

FE20 Flaming error flag

0 No framing error has occurred.

1 | Aframing error has occurred (when stop bit is not detected).No®*

OVE20 Overrun error flag

0 No overrun error has occurred.

1 | Anoverrun error has occurred.N°t 2
(when the next receive operation is completed before the data is read from reception buffer register 20)

Notes 1. Even when the stop bit length is set to 2 bits by setting bit 2 (SL20) of asynchronous serial
interface mode register 20 (ASIM20), the stop bit detection at reception is performed with 1 bit.
2. Be sure to read reception buffer register 20 (RXB20) when an overrun error occurs. If not, every
time the data is received an overrun error is generated.
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(4) Baud rate generator control register 20 (BRGC20)
BRGC20 is used to specify the serial clock for serial interface 20.
BRGC20 is set with an 8-bit memory manipulation instruction.
RESET input clears BRGC20 to 00H.

Figure 14-6. Format of Baud Rate Generator Control Register 20

Symbol 7 6 5 4 3 2 1 0 Address  After reset R/W
BRGC20 |TP5203 ‘ TPS202 ‘ TPS201 ‘ TPS200 ‘ 0 ‘ 0 ‘ 0 ‘ 0 | FF73H 00H R/W
TPS203|TPS202|TPS201|TPS200 3-bit counter source clock selection n
0 0 0 0 |fx/2 (2.5MHz) 1
0 0 0 1 | /22 (1.25 MHz) 2
0 0 1 0 | fx/23 (625 kHz) 3
0 0 1 1 | /2% (313 kHz2) 4
0 1 0 0 | fx/2° (156 kHz) 5
0 1 0 1 |28 (78.1 kHz) 6
0 1 1 0 | /27 (39.1 kHz) 7
0 1 1 1 | /28 (19.5 kHz) 8
1 0 0 0 External clock input to the ASCK20 pinN°te -
Other than above Setting prohibited

Note An external clock can be used only in UART mode.

Cautions 1. When writing to BRGCOO is performed during a communication operation, the output
of baud rate generator is disrupted and communications cannot be performed
normally. Be sure not to write to BRGCO0O0 during communication operations.
2. Be sure not to select n = 1 during operation atf  x = 5.0 MHz because the resulting baud
rate exceeds the rated range.
3. When the external input clock is selected, set port mode register 2 (PM2) to input
mode.

Remarks 1. fx: Main system clock oscillation frequency

2. n: Values determined by the settings of TPS200 to TPS203 (1 <n < 8)
3. The parenthesized values apply to operation at fx = 5.0 MHz.
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The baud rate transmit/receive clock to be generated is either a signal scaled from the system clock, or a
signal scaled from the clock input to the ASCK20 pin.

(@) Generation of baud rate transmit/receive clock form system clock
The transmit/receive clock is generated by scaling the system clock. The baud rate of a clock
generated from the system clock is estimated by using the following expression.

_ fx
[Baud rate] = >ixg [Hz]

fx: Main system clock oscillation frequency
n: Values in Figure 14-6, determined by the values of TPS200 to TPS203 (2 <n<8)

Table 14-3. Example of Relationships between System Clock and Baud Rate

Baud Rate (bps) n BRGC20 Set Value Error (%)
fx = 5.0 MHz fx = 4.9152 MHz
1,200 8 70H 1.73 0
2,400 7 60H
4,800 6 50H
9,600 5 40H
19,200 4 30H
38,400 3 20H
76,800 2 10H

Caution Do not select n = 1 during operation at f  x = 5.0 MHz because the resulting baud rate exceeds

204

the rated range.
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(b) Generation of baud rate transmit/receive clock from external clock input to ASCK20 pin
The transmit/receive clock is generated by scaling the clock input from the ASCK20 pin. The baud rate
of a clock generated from the clock input to the ASCK20 pin is estimated by using the following
expression.
ASCK

[Baud rate] = asck

16 [Hz]

fasck: Frequency of clock input to the ASCK20 pin

Table 14-4. Relationship between ASCK20 Pin Input Frequency
and Baud Rate (When BRGC20 is Set to 80H)

Baud Rate (bps) ASCK20 Pin Input Frequency (kHz)
75 1.2
150 2.4
300 4.8
600 9.6

1,200 19.2
2,400 38.4
4,800 76.8
9,600 153.6
19,200 307.2
31,250 500.0
38,400 614.4
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14.4 Serial Interface 20 Operation
Serial interface 20 provides the following three types of modes.

» Operation stop mode
« Asynchronous serial interface (UART) mode
» 3-wire serial /0O mode

14.4.1 Operation stop mode
In operation stop mode, serial transfer is not executed; therefore, the power consumption can be reduced. The

P20/SCK20/ASCK20, P21/S0O20/TxD20, and P22/SI120/RxD20 pins can be used as normal I/O ports.

(1) Register setting
Operation stop mode is set by serial operation mode register 20 (CSIM20) and asynchronous serial
interface mode register 20 (ASIM20).

(a) Serial operation mode register 20 (CSIM20)
CSIM20 is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input clears CSIM20 to 00H.

Symbol  <7> 6 5 4 3 2 1 0 Address  After reset R/W
CSIM20 |CSIE20 ‘ SSE20 ‘ 0 0 ‘ DAP20 ‘ DIR20 ‘ CSCKZO‘ CKP20 | FF72H 00H R/W
CSIE20 Operation control in 3-wire serial I/O mode

0 Operation disable

1 Operation enable

Caution Bits 4 and 5 must all be set to 0.
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(b) Asynchronous serial interface mode register 20 (ASIM20)
ASIM20 is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input clears ASIM20 to O0H.

Symbol  <7> <6> 5 4 3 2 1 0 Address  After reset R/W
ASIM20 | TXE20 ‘ RXE20 ‘ PS201 ‘ PS200 ‘ CL20 ‘ SL20 ‘ 0 ‘ 0 | FF70H 00H R/W
TXE20 Transmit operation control
0 Transmit operation stop
1 Transmit operation enable
RXE20 Receive operation control
0 Receive operation stop
1 Receive operation enable

Caution Bits 0 and 1 must all be set to 0.
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14.4.2 Asynchronous serial interface (UART) mode

In this mode, the one-byte data following the start bit is transmitted/received and thus full-duplex communication
is possible.

This device incorporates an UART-dedicated baud rate generator that enables communications at a desired
baud rate from many options. In addition, the baud rate can also be defined by dividing the clock input to the
ASCK20 pin.

The UART-dedicated baud rate generator also can output the 31.25-kbps baud rate that complies with the MIDI
standard.

(1) Register setting
UART mode is set by serial operation mode register 20 (CSIM20), asynchronous serial interface mode
register 20 (ASIM20), asynchronous serial interface status register 20 (ASIS20), and baud rate generator
control register 20 (BRGC20).
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(a) Serial operation mode register 20 (CSIM20)
CSIM20 is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input clears CSIM20 to 00H.
Set CSIM20 to 00H when UART mode is selected.

Symbol <7> 6 5 4 3 2 1 0 Address  After reset R/W
CSIM20 |CSIE20 ‘SSEZO‘ 0 ‘ 0 ‘ DAP20 ‘ DIR20 ‘CSCKZO‘ CKP20 | FF72H 00H R/IW
CSIE20 3-wire serial I/O mode operation control
0 Operation disabled
1 Operation enabled
SSE20 SS20-pin selection Function of SS20/P25 pin Communication status
0 Not used Port function Communication enabled
1 Used 0 Communication enabled
1 Communication disabled
DAP20 3-wire serial I/O mode data phase selection
0 Outputs at the falling edge of SCK20.
1 Outputs at the rising edge of SCK20.
DIR20 First-bit specification
0 MSB
1 LSB
CSCK20 3-wire serial I/0O mode clock selection
0 External clock input to the SCK20 pin
1 Output of the dedicated baud rate generator
CKP20 3-wire serial /0 mode clock phase selection
0 Clock is low active, and SCK20 is high level in the idle state.
1 Clock is high active, and SCK20 is low level in the idle state.
Caution Bits 4 and 5 must all be set to 0.
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(b) Asynchronous serial interface mode register 20 (ASIM20)
ASIM20 is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input clears ASIM20 to 00H.

Symbol  <7> <6> 5 4 3 2 1 0 Address  After reset R/W
ASIM20 | TXE20 ‘ RXE20 ‘ PS201 ‘ PS200 ‘ CL20 ‘ SL20 ‘ 0 ‘ 0 | FF70H 00H R/W
TXE20 Transmit operation control
0 Transmit operation stop
1 Transmit operation enable
RXE20 Receive operation control
0 Receive operation stop
1 Receive operation enable
PS201 | PS200 Parity bit specification
0 0 No parity
0 1 Always add 0 parity at transmission.
Parity check is not performed at reception (No parity error is generated).
1 0 Odd parity
1 1 Even parity
CL20 Character length specification
0 7 bits
1 8 bits
SL20 Transmit data stop bit length specification
0 1 bit
1 2 bits

Cautions 1. Bits 0 and 1 must all be set to 0.

2. Switch operating modes after halting serial transmit/receive operation.
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(c) Asynchronous serial interface status register 20 (AS1S20)
ASIS20 is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input clears ASIS20 to O0H.

Symbol 7 6 5 4 3 2 1 0 Address  After reset R/W
ASIS20 | 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ PE20 ‘ FE20 ‘ OVE20 | FF71H 00H R

PE20 Parity error flag
0 Parity error not generated
1 Parity error generated (when the parity of transmit data does not match)

FE20 Framing error flag
0 Framing error not generated
1 Framing error generated (when stop bit is not detected)°te

OVE20 Overrun error flag
0 Overrun error not generated
1 Overrun error generatedN®©?2

(when the next receive operation is completed before data is read from reception buffer register 20)

Notes 1. Even when the stop bit length is set to 2 bits by setting bit 2 (SL20) of asynchronous serial
interface mode register 20 (ASIM20), the stop bit detection at reception is performed with 1
bit.

2. Be sure to read reception buffer register 20 (RXB20) when an overrun error occurs. If not,
every time the data is received an overrun error is generated.
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(d) Baud rate generator control register 20 (BRGC20)

BRGC20 is set with an 8-bit memory manipulation instruction.
RESET input clears BRGC20 to 00H.

Symbol 7 6 5 4 3 2 1 0 Address  After reset R/W
BRGC20 | TPS203 ‘ TPS202 ‘ TPS201 ‘ TPS200 ‘ 0 ‘ 0 ‘ 0 ‘ 0 | FF73H OOH R/W

TPS203 | TPS202 | TPS201 | TPS200 3-bit counter source clock selection n

0 0 0 0 fx/2 (2.5 MHz) 1

0 0 0 1 fx/22 (1.25 MHz) 2

0 0 1 0 fx/23 (625 kHz) 3

0 0 1 1 fx/2% (313 kHz) 4

0 1 0 0 fx/2° (156 kHz)

0 1 0 1 fx/28 (78.1 kHz) 6

0 1 1 0 fx/27 (39.1 kHz) 7

0 1 1 1 x/28 (19.5 kHz) 8

1 0 0 0 External clock input to ASCK20 pin -

Other than above Setting prohibited

212

Cautions 1. When writing to BRGC20 is performed during a communication operation, the
output of baud rate generator is disrupted and communications cannot be
performed normally. Be sure not to write to BRGC20 during communication
operation.

2. Be sure not to select n = 1 during an operation at f x = 5.0 MHz because the
resulting baud rate exceeds the rated range.

3. When the external input clock is selected, set port mode register 2 (PM2) to input
mode.

Remarks 1. fx: Main system clock oscillation frequency

2. n: Values determined by the settings of TPS200 to TPS203 (1 <n < 8)
3. The parenthesized values apply to operation at fx = 5.0 MHz.
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The baud rate transmit/receive clock to be generated is either a signal scaled from the system clock, or
a signal scaled from the clock input to the ASCK20 pin.

(@)

Generation of baud rate transmit/receive clock from system clock
The transmit/receive clock is generated by scaling the system clock. The baud rate of a clock
generated from the system clock is estimated by using the following expression.

fx
[Baud rate] = ixg [Hz]

fx:  Main system clock oscillation frequency
n: Values in the above table determined by the settings of TPS200 to TPS203 (2 <n < 8)

Table 14-5. Example of Relationships between System Clock and Baud Rate

Baud Rate (bps) n BRGC20 Set Value Error (%)
fx = 5.0 MHz fx = 4.9152 MHz
1,200 8 70H 1.73 0
2,400 7 60H
4,800 6 50H
9,600 5 40H
19,200 4 30H
38,400 3 20H
76,800 2 10H

Caution Do not select n = 1 during operation at f  x = 5.0 MHz because the resulting baud rate exceeds
the rated range.
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(i) Generation of baud rate transmit/receive clock from external clock input to ASCK20 pin
The transmit/receive clock is generated by scaling the clock input from the ASCK20 pin. The baud
rate of a clock generated from the clock input to the ASCK20 pin is estimated by using the following
expression.

fasck

[Baud rate] = 16

[Hz]
fasck: Frequency of clock input to ASCK20 pin

Table 14-6. Relationship between ASCK20 Pin Input Frequency
and Baud Rate (When BRGC20 is Set to 80H)

Baud Rate (bps) ASCK20 Pin Input Frequency (kHz)
75 1.2
150 2.4
300 4.8
600 9.6

1,200 19.2
2,400 38.4
4,800 76.8
9,600 153.6
19,200 307.2
31,250 500.0
38,400 614.4
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(2) Communication operation

(a) Data format
The transmit/receive data format is as shown in Figure 14-7. One data frame consists of a start bit,
character bits, parity bit, and stop bit(s).
The specification of character bit length in one data frame, parity selection, and specification of stop bit
length is carried out with asynchronous serial interface mode register 20 (ASIM20).

Figure 14-7. Asynchronous Serial Interface Transmit/Receive Data Format

| One data frame ‘

Sé?t” po|p1|p2| D3| D4 D5 | D6 | D7 P"E‘)'iritty Stop bit
 Start bits
» Character bits
o Parity bitS..........coee.... Even parity/odd parity/O parity/no parity

Stop bit(s).......coeennnn 1 bit/2 bits

When 7 bits are selected as the number of character bits, only the lower 7 bits (bits 0 to 6) are valid; in
transmission the most significant bit (bit 7) is ignored, and in reception the most significant bit (bit 7) is
always "0".

The serial transfer rate is selected by ASIM20 and the baud rate generator control register 20
(BRGC20).

If a serial data receive error is generated, the receive error contents can be determined by reading the
status of asynchronous serial interface status register 20 (ASIS20).
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(b) Parity types and operation
The parity bit is used to detect a bit error in the communication data. Normally, the same kind of parity
bit is used on the transmitting side and the receiving side. With even parity and odd parity, a one-bit
(odd number) error can be detected. With 0 parity and no parity, an error cannot be detected.

(i) Even parity

¢ At transmission
The parity bit is determined so that the number of bits with a value of "1" in the transmit data
including the parity bit may be even. The parity bit value should be as follows.

The number of bits with a value of "1" is an odd number in transmit data: 1
The number of bits with a value of "1" is an even number in transmit data: 0

¢ At reception
The number of bits with a value of "1" in the receive data including parity bit is counted, and if the
number is odd, a parity error is generated.

(i) Odd parity

¢ At transmission
Conversely to the even parity, the parity bit is determined so that the number of bits with a value
of "1" in the transmit data including parity bit may be odd. The parity bit value should be as
follows.

The number of bits with a value of "1" is an odd number in transmit data: 0
The number of bits with a value of "1" is an even number in transmit data: 1

e At reception
The number of bits with a value of "1" in the receive data including parity bit is counted, and if the
number is even, a parity error is generated.

(iii) O parity
When transmitting, the parity bit is set to "0" irrespective of the transmit data.
At reception, a parity bit check is not performed. Therefore, a parity error is not generated,
irrespective of whether the parity bit is set to "0" or "1".

(iv) No parity

A parity bit is not added to the transmit data. At reception, data is received assuming that there is
no parity bit. Since there is no parity bit, a parity error is not generated.
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(c) Transmission

A transmit operation is started by writing transmit data to transmission shift register 20 (TXS20). The
start bit, parity bit, and stop bit(s) are added automatically.

When the transmit operation starts, the data in TXS20 is shifted out, and when TXS20 is empty, a
transmission completion interrupt (INTST20) is generated.

Figure 14-8. Asynchronous Serial Interface Transmission Completion Interrupt Timing

(a) Stop bit length: 1

STOP |
TxD20 (output) DO D1 D2 D6 D7 Parity

START

INTST20 —|
))
T

(b) Stop bit length: 2

TxD20 (output) \ / DO X DlX D2 X}[X D6 X D7 XParity/ ST‘OP !

START

INTST20

Caution Do not rewrite to asynchronous serial interface mode register 20 (ASIM20) during a
transmit operation. If the ASIM20 register is rewritten to during transmission,
subsequent transmission may not be performed (the normal state is restored by
RESET input).

It is possible to determine whether transmission is in progress by software by using a

transmission completion interrupt (INTST20) or the interrupt request flag (STIF20) set
by INTST20.
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WEERIHDEC
RxD20 (input) DO D1 { D2 D6 | D7 ) Parity

(d) Reception

When bit 6 (RXE20) of asynchronous serial interface mode register 20 (ASIM20) is set to 1, a receive
operation is enabled and sampling of the RxD20 pin input is performed.

RxD20 pin input sampling is performed using the serial clock specified by ASIM20.

When the RxD20 pin input becomes low, the 3-bit counter starts counting, and at the time when half the
time determined by the specified baud rate has passed, the data sampling start timing signal is output.
If the RxD20 pin input sampled again as a result of this start timing signal is low, it is identified as a start
bit, the 3-bit counter is initialized and starts counting, and data sampling is performed. When character
data, a parity bit, and one stop bit are detected after the start bit, reception of one frame of data ends.
When one frame of data has been received, the receive data in the shift register is transferred to
reception buffer register 20 (RXB20), and a reception completion interrupt (INTSR20) is generated.

If an error is generated, the receive data in which the error was generated is still transferred to RXB20,
and INTSR20 is generated.

If the RXE20 bit is reset to 0 during the receive operation, the receive operation is stopped immediately.
In this case, the contents of RXB20 and asynchronous serial interface status register 20 (ASIS20) are
not changed, and INTSR20 is not generated.

Figure 14-9. Asynchronous Serial Interface Reception Completion Interrupt Timing

START

INTSR20 | |
)
1

Caution Be sure to read reception buffer register 20 (RXB20) even if a receive error occurs. If
RXB20 is not read, an overrun error will be generated when the next data is received,

and the receive error state will continue indefinitely.
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(e) Receive errors
The following three errors may occur during a receive operation: a parity error, framing error, and
overrun error. After data reception, an error flag is set in asynchronous serial interface status register
20 (ASIS20). Receive error causes are shown in Table 14-7.
It is possible to determine what kind of error was generated during reception by reading the contents of
ASIS20 in the reception error interrupt servicing (see Figures 14-9 and 14-10).
The contents of ASIS20 are reset to 0 by reading reception buffer register 20 (RXB20) or receiving the
next data (if there is an error in the next data, the corresponding error flag is set).

Table 14-7. Receive Error Causes

Receive Errors Cause
Parity error Transmission-time parity and reception data parity do not match
Framing error Stop bit not detected
Qverrun error Reception of next data is completed before data is read from reception buffer register

Figure 14-10. Receive Error Timing

(a) Parity error generated

\ STOP
RxD20 (input) / DO X D1 X D2 X][X D6 X D7 XParity

START

INTSR20 |_|

(b) Framing error or overrun error generated

\ STOP
RxD20 (input) / DO X D1 X D2 X}[X D6 X D7 XParity

START
INTSR20 |_|

Cautions 1. The contents of the ASIS20 register are reset to 0 by reading reception buffer
register 20 (RXB20) or receiving the next data. To ascertain the error contents,
read ASIS20 before reading RXB20.

2. Be sure to read reception buffer register 20 (RXB20) even if a receive error is
generated. If RXB20 is not read, an overrun error will be generated when the next
data is received, and the receive error state will continue indefinitely.
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(3) Cautions related to UART mode

(@) When bit 7 (TXE20) of asynchronous serial interface mode register 20 (ASIM20) is cleared during
transmission, be sure to set transmission shift register 20 (TXS20) to FFH, then set TXE20 to 1 before
executing the next transmission.

(b) When bit 6 (RXE20) of asynchronous serial interface mode register 20 (ASIM20) is cleared during
reception, reception buffer register 20 (RXB20) and the receive completion interrupt (INTSR20) are as

follows.
|
RxD20 pin Parity |
|
|
|
|
|
|
:
|
RXB20 ><
|
|
|
|
|
|
|
|
INTSR20 |
|
|

<1> *»;Kf— <3>
<2>

When RXE20 is set to O at a time indicated by <1>, RXB20 holds the previous data and INTSR20 is not
generated.

When RXEZ20 is set to O at a time indicated by <2>, RXB20 renews the data and INTSR20 is not generated.
When RXE20 is set to 0 at a time indicated by <3>, RXB20 renews the data and INTSR20 is generated.
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14.4.3 3-wire serial /O mode
The 3-wire serial /0 mode is useful for connection of peripheral 1/0Os and display controllers, etc., which
incorporate a conventional synchronous serial interface, such as the 75XL Series, 78K Series, 17K Series, etc.
Communication is performed using three lines: the serial clock (SCK20), serial output (SO20), and serial input
(S120).

(1) Register setting
3-wire serial I/O mode settings are performed using serial operation mode register 20 (CSIM20),
asynchronous serial interface mode register 20 (ASIM20), and baud rate generator control register 20
(BRGC20).

(a) Serial operation mode register 20 (CSIM20)
CSIM20 is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input clears CSIM20 to 00H.

Symbol <7> 6 5 4 3 2 1 0 Address  After reset R/W
CSIM20 |CSIE20‘SSE20‘ 0 ‘ 0 ‘DAPZO‘ DIR20 ‘CSCKZO‘ CKP20| FF72H 00H R/W
CSIE20 3-wire serial I/0O mode operation control

0 Operation disabled

1 Operation enabled

SSE20 SS20-pin selection Function of SS20/P25 pin Communication status
0 Not used Port function Communication enabled
1 | Used 0 Communication enabled
1 Communication disabled
DAP20 3-wire serial I/O mode data phase selection

0 Outputs at the falling edge of SCK20.

1 Outputs at the rising edge of SCK20.

DIR20 First-bit specification
0 MSB
1 LSB
CSCK20 3-wire serial I/0 mode clock selection

0 External clock input to the SCK20 pin

1 Output of the dedicated baud rate generator

CKP20 3-wire serial /0 mode clock phase selection

0 Clock is low active, and SCK20 is at high level in the idle state.

1 Clock is high active, and SCK20 is at low level in the idle state.

Caution Bits 4 and 5 must all be set to 0.
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(b) Asynchronous serial interface mode register 20 (ASIM20)
ASIM20 is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input clears ASIM20 to 00H.
When 3-wire serial I/O mode is selected, ASIM20 must be set to O0H.

Symbol  <7> <6> 5 4 3 2 1 0 Address  After reset R/W
ASIM20 | TXE20 ‘ RXE20 ‘ PS201 ‘ PS200 ‘ CL20 ‘ SL20 ‘ 0 ‘ 0 | FF70H 00H R/W

TXE20 Transmit operation control

0 Transmit operation stop

1 Transmit operation enable
RXE20 Receive operation control

0 Receive operation stop

1 Receive operation enable
PS201 | PS200 Parity bit specification

0 0 No parity

0 1 Always add 0 parity at transmission.

Parity check is not performed at reception (No parity error is generated).

1 0 Odd parity

1 1 Even parity
CL20 Character length specification

0 7 bits

1 8 bits
SL20 Transmit data stop bit length specification

0 1 bit

1 2 bits

Cautions 1. Bits 0 and 1 must all be set to 0.

2. Switch operating modes after halting serial transmit/receive operation.
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(c) Baud rate generator control register 20 (BRGC20)
BRGC20 is set with an 8-bit memory manipulation instruction.
RESET input clears BRGC20 to 00H.

Symbol 7 6 5 4 3 2 1 0 Address  After reset R/W
BRGC20 | TPS203 ‘ TPS202 ‘ TPS201 ‘ TPS200 ‘ 0 ‘ 0 ‘ 0 ‘ 0 | FF73H OOH R/W

TPS203 | TPS202 | TPS201 | TPS200 3-bit counter source clock selection n

0 0 0 0 fx/2 (2.5 MHz) 1

0 0 0 1 fx/22 (1.25 MHz) 2

0 0 1 0 fx/23 (625 kHz) 3

0 0 1 1 fx/2% (313 kHz) 4

0 1 0 0 fx/2° (156 kHz) 5

0 1 0 1 fx/28 (78.1 kHz) 6

0 1 1 0 fx/27 (39.1 kHz) 7

0 1 1 1 fx/28 (19.5 kHz) 8

Other than above Setting prohibited

Cautions 1. When writing to BRGC20 is performed during a communication operation, the

baud rate generator output is disrupted and communications cannot be performed
normally. Be sure not to write to BRGC20 during communication operation.

2. Be sure not to select n = 1 during an operation at f x = 5.0 MHz because the
resulting baud rate exceeds the rated range.

3. When the external input clock is selected, set port mode register 2 (PM2) to input
mode.

Remarks 1. fx: Main system clock oscillation frequency

2. n: Values determined by the settings of TPS200 to TPS203 (1 <n <8)
3. The parenthesized values apply to operation at fx = 5.0 MHz.

If the internal clock is used as the serial clock for 3-wire serial I/O mode, set bits TPS200 to TPS203 to
set the frequency of the serial clock. To obtain the frequency to be set, use the following expression.
When an external clock is used, setting BRGC20 is not necessary.

Serial clock frequency = % [Hz]

fx: Main system clock oscillation frequency
n: Values in the above table determined by the settings of TPS200 to TPS203 (1 <n <8)
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INTCSI20 {

224

)

Communication operation

In 3-wire serial I/O mode, data transmission/reception is performed in 8-bit units. Data is
transmitted/received bit by bit in synchronization with the serial clock.

Transmission shift register (TXS20/SI020) and reception shift register (RXS20) shift operations are
performed in synchronization with the fall of the serial clock (m)). Then transmit data is held in the
S020 latch and output from the SO20 pin. Also, receive data input to the SI20 pin is latched in the
reception buffer register (RXB20/S1020) on the rise of SCK20.

At the end of an 8-bit transfer, the operation of TXS20/SI020 and RXS20 stops automatically, and the
interrupt request signal (INTCSI20) is generated.

Figure 14-11. 3-Wire Serial I/O Mode Timing (1/7)

(i) Master operation timing (when DAP20 = 0, CKP20 = 0, SSE20 = 0)

S1020
write

SCK20 1 2 3 4 5 6 7 8

S020 Note \ X DO7 X DO6 X DO5 X DO4 X DO3 X DO2 X DO1 XDOO/

SI120 / X DI7 X DI6 X DI5 X Dl4 X DI3 X DI2 X DI1 X /DIOX

Note The value of the last bit previously output is output.
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Figure 14-11. 3-Wire Serial /0 Mode Timing (2/7)

(ii) Slave operation timing (when DAP20 = 0, CKP20 =0, SSE20 = 0)

SI1020
write )

SCK20 E{ 1 2 3 4 5 6 7 8

SI120 \S DI7 X DI6 X DI5 X Dl4 X DI3 X DI2 X DI1 XDIO/ X

)
1

S020 Note /) DO7 X DO6 X DO5 X DO4 X DO3 X DO2 X DO1 X /DOO
{

INTCSI20 :

Note The value of the last bit previously output is output.

(iii) Slave operation (when DAP20 = 0, CKP20 = 0, SSE20 = 1)

SS20

SI020
write )
(

SCK20

)]
4
SI20 | ( DI7 X DI6 X DI5 X DI4 X DI3 X DI2 X DI1 X DIO X)
48
Hi-Z Hi-Z
SO20 ======mmmenu-- DO7 X DO6 X DO5 X DO4 X DO3 X DO2 X DO1 XDOON"‘“ -----

INTCSI20

Notes 1. The value of the last bit previously output is output.
2. DOQO is output until SS20 rises.
When SS20 is high, SO20 is in a high-impedance state.
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S1020
write

Figure 14-11. 3-Wire Serial /0 Mode Timing (3/7)

(iv) Master operation (when DAP20 = 0, CKP20 = 1, SSE20 = 0)

SCK20

”)
\

S0O20

S120

\ \DO7XDOGXDOSXDO4XDO3XD02XD01XDOO/
/ X DI7 X DI6 X DI5 X DI4X DI3 X DI2 X Di1 X DIO/X

INTCSI20

S1020
write

SCK20

SI120

S020

INTCSI20

Note

226

S1020 write (master)Nee _/F?_

(v) Slave operation (when DAP20 = 0, CKP20 = 1, SSE20 = 0)

))
4

DI7 X DI6 X DI5 X Dl4 X DI3 X DI2 X DI1 X DIO X/

|
T
L

The data of SI120 is loaded at the first rising edge of SCK20. Make sure that the master outputs the
first bit before the first rising of SCK20.
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Figure 14-11. 3-Wire Serial /0 Mode Timing (4/7)

(vi) Slave operation (when DAP20 =0, CKP20 =1, SSE20=1)

SS20

SI020
write

SCK20 1 2 3 4 5 6 7 8

SI020 write (maste;’)“‘lte 1

SI120 / {

9
N
>
)
o
>
9
5
>
9
=
>
)
w
>
)
Y]
>
)
[=
>
)
o

INTCSI20

Notes 1. The data of SI20 is loaded at the first rising edge of SCK20. Make sure that the master outputs
the first bit before the first rising of SCK20.

2. S020 is high until SS20 rises after completion of DOO output. When SS20 is high, SO20 is in a
high-impedance state.

(vii) Master operation (when DAP20 = 1, CKP20 = 0, SSE20 = 0)
S1020
write H

SCK20 1 2 3 4 5 6 7 8

S020 \ DO7 X DO6 X DO5 X DO4 X DO3 X DO2 X DO1 X DOO0 /

SI120 \ X DI7 X DI6 X DI5 X Dl4 X DI3 X DI2 X Di1 X DIO/X

INTCSI20 :
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Figure 14-11. 3-Wire Serial /0 Mode Timing (5/7)

(viii) Slave operation (when DAP20 = 1, CKP20 = 0, SSE20 = 0)

SI1020
write )

)]
s
SCK20 / 1 2 3 4 5 6 7 8

SI020 write (master)Nete TF‘?—

SI120 :X DI7 X DI6 X DI5 X Dl4 X DI3 X DI2 X DI1 X DIO X)

s
L

]
T

S020 \4] DO7 X DO6 X DO5 X DO4 X DO3 X DO2 X DO1 X DOO//
f

INTCSI20 :

Note The data of SI20 is loaded at the first falling edge of SCK20. Make sure that the master outputs the
first bit before the first falling of SCK20.

(ix) Slave operation (when DAP20 =1, CKP20 =0, SSE20 = 1)

SS20 )
(

S1020
write )
1

SCK20 / 1 2 3 4 5 6 7 8
SI020 write (mas'[er/)’“”‘e 1 —FE—

SI20 /

INTCSI20

Notes 1. The data of SI20 is loaded at the first falling edge of SCK20. Make sure that the master outputs
the first bit before the first falling of SCK20.

2. S020 is high until SS20 rises after completion of DOO output. When SS20 is high, SO20 is in a
high-impedance state.
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Figure 14-11. 3-Wire Serial /0O Mode Timing (6/7)

(x) Master operation (when DAP20 = 1, CKP20 = 1, SSE20 = 0)

S1020
write

SCK20 1 2 3 4 5 6 7 8

S020 Note X DO7 X DO6 X DO5 X DO4 X DO3 X DO2 X DO1 X DOO

SI120 ‘ X DI7 X DI6 X DIS X Dl4 X DI3 X DI2 X Di1 DIO X

INTCSI20 i

Note The value of the last bit previously output is output.

(xi) Slave operation (when DAP20 =1, CKP20 =1, SSE20 = 0)

SI020
write )

SCK20 1 2 3 4 5 6 7 8

S120 S DI7 X DI6 X DI5 X Di4 X DI3 X DI2 X DIl X DIO X

]

)
(

S020 Note DO7 X DO6 X DO5 X DO4 X DO3 X DO2 X DO1 X‘ DOO0
{

INTCSI20 \\

Note The value of the last bit previously output is output.
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Figure 14-11. 3-Wire Serial /0 Mode Timing (7/7)

(xii) Slave operation (when DAP20 =1, CKP20 =1, SSE20=1)

SS20 1\
SI1020
write \
(
SCK20 1 2 3 4 5 6 7 8

L] L

SI120 DI7 X DI6 X DI5 X D4 X DI3 X DI2 X DI1 X DIO \
\ Hi-Z
S0O20 DO7 X DO6 X DO5 X DO4 X DO3 X DO2 X DO1 XDOONOtez -----
INTCSI20

Notes 1. The value of the last bit previously output is output.
2. DOQO is output until SS20 rises.
When SS20 is high, SO20 is in a high-impedance state.

(3) Transfer start
Serial transfer is started by setting transfer data to the transmission shift register (TXS20/SI020) when the
following two conditions are satisfied.

« Serial operation mode register 20 (CSIM20) bit 7 (CSIE20) = 1
« Internal serial clock is stopped or SCK20 is high after 8-bit serial transfer.

Caution If CSIE20 is set to "1" after data is written to TXS20/SI1020, transfer does not start.

A termination of 8-bit transfer stops the serial transfer automatically and generates the interrupt request
signal (INTCSI20).
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15.1 SMBO Functions

SMBO (system management bus) has the following two types of modes.
» Operation stop mode
« SMB mode (supporting multiple masters)

(&) Operation stop mode
This mode is used when serial transfer is not performed. Power consumption is minimized in this mode.

(b) SMB mode (supporting multiple masters)
This mode is used for performing 8-bit data transmission to several devices, using a serial clock (SCLO) line
and a serial data bus (SDAO) line.
In this mode, which conforms to the SMB format, start conditions, data, and stop conditions can be output
on the serial data bus during transmission. Moreover, these data can be automatically detected by
hardware during reception.
In SMBO, SCLO and SDAOQ are open-drain outputs, and therefore a pull-up resistor is required for the serial
clock line and serial data bus line.
I°C (Inter IC) bus standard mode or high-speed mode can be specified by software in SMB mode.

Figure 15-1 shows the block diagram of SMBO.
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Figure 15-1. Block Diagram of SMBO
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15.2 SMBO0 Configuration

SMBO consists of the following hardware.

Table 15-1. Configuration of SMBO

Item Configuration

Register SMB shift register 0 (SMBO)

SMB slave address register 0 (SMBSVAO)

Control register SMB control register 0 (SMBCO)

SMB status register 0 (SMBS0)

SMB clock selection register 0 (SMBCLO)
SMB mode register 0 (SMBMO0)

SMB input level setting register 0 (SMBVI0)

1)

)

®3)

(4)

(5)

(6)

SMB shift register 0 (SMBO)

SMBO is a register that converts 8-bit serial data to 8-bit parallel data, and vice-versa. SMBO is used both
for sending and receiving data.

Write and read operations for SMBO control actual send and receive operations.

SMBO is manipulated with an 8-bit memory manipulation instruction.

RESET input clears SMBO to 00H.

SMB slave address register 0 (SMBSVAQ)

This register is used to set a local address when used as a slave.
SMBSVAQO is manipulated with an 8-bit memory manipulation instruction.
RESET input clears SMBSVAO to 00H.

SO latch
The SO latch is a latch that holds the SDAO pin output level.

Wakeup control circuit
This circuit generates an interrupt request when the address value set in SMB slave address register 0
(SMBSVADO) and the received address match, or when an extension code is received.

Clock selector
Selects the sampling clock to be used.

Serial clock counter

Counts the serial clock output/input during send/receive operations, to check if 8-bit data has been sent or
received.
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(7) Interrupt request signal generation circuit
Controls the generation of interrupt request signals.
SMB interrupts are generated with the following two triggers.

» 8th clock or 9th clock of serial clock (set with WTIMO bit"*®)
 Generation of interrupt request at detection of stop condition (set with bit SPIEQ"™)
Note WTIMO bit: SMB control register 0 (SMBCO) bit 3

SPIEO bit: SMB control register 0 (SMBCO) bit 4

(8) Serial clock control circuit
In master mode, generates the clock to be output to the SCLO pin from the sampling clock.

(9) Serial clock wait control circuit
Controls the wait timing.

(10) Acknowledge output circuit, stop condition detection circuit, start condition detection circuit,
acknowledge detection circuit

Perform output and detection of control signals.

(11) Data hold time correction circuit
Generates the data hold time from the falling edge of the serial clock.
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15.3 SMBO Control Registers
The following five types of registers are used to control SMBO.

» SMB control register 0 (SMBCO0)

» SMB status register 0 (SMBSO0)

» SMB clock selection register 0 (SMBCLO)

« SMB mode register 0 (SMBMO)

» SMB input level setting register 0 (SMBVI0)

The following additional registers are also used.

» SMB shift register 0 (SMBO)
» SMB slave address register 0 (SMBSVADO)

(1) SMB control register 0 (SMBCO)
This register sets SMB operation enable/disable, the wait timing, and other SMB operations.
SMBCO is manipulated with a 1-bit or 8-bit memory manipulation instruction.
RESET input clears SMBCO to 00H.

Caution Set port mode register 2 (PM2  x) as follows in SMB mode.
Reset the output latch to 0.

e Set P23 (SCLO) in output mode (PM23 = 0).
e Set P24 (SDADO) in output mode (PM24 = 0).
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Figure 15-2. Format of SMB Control Register 0 (1/4)

Symbol  <7> <6> <5> <4> <1> <0> Address  After reset R/W
SMBCO |SMBEO ‘ LRELO ‘ WRELO ‘ SPIEO ‘ WTIMO ‘ ACKEO ‘ STTO ‘ SPTO | FF78H 00H R/W
SMBEO SMB operation
0 Operation disabled. Presets extension register (SMBSO0). Internal operation also disabled.
1 Operation enabled

Clear conditions (SMBEO = 0)

Set conditions (SMBEO = 1)

¢ Cleared with instruction
» Cleared by RESET input

¢ Set with instruction

The following flags are cleared.

«STDO +STTO <«SPTO <«ACKDO

LRELO Escape from transmission
0 Normal operation
1 Escape from the current transmission and enters the standby status. Automatically cleared after execution.

This bit is used when extension codes not relevant to the local station are received.
The SCLO and SDAO lines enter the high impedance status.

*COI0 <EXCO +MSTSO

The standby status continues until the following communication participation conditions are met.
» Startup as master after detection of stop condition
» Matching addresses or extension code reception after start condition

Clear conditions (LRELQ = Q)Nete

Set conditions (LRELO = 1)

» Automatically cleared after execution
* Cleared by RESET input

¢ Set with instruction

WRELO Wait cancel
0 Does not cancel wait.
1 Cancels wait. Automatically cleared after wait cancellation.

Clear conditions (WRELQ = Q)Nete

Set conditions (WRELO = 1)

» Automatically cleared after execution
* Cleared by RESET input

¢ Set with instruction

SPIEO Interrupt request generation at stop condition detection
0 Disabled
1 Enabled

Clear conditions (SPIEQ = Q)Net

Set conditions (SPIEO = 1)

¢ Cleared with instruction
» Cleared by RESET input

* Set with instruction

Note This flag's signals are made invalid by setting SMBEO = 0.
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Figure 15-2. Format of SMB Control Register 0 (2/4)

Symbol <7> <6> <5> <4> <3> <2> <1> <0> Address  After reset R/W
SMBCO |SMBEO ‘ LRELO ‘ WRELO ‘ SPIEO ‘ WTIMO ‘ ACKEO ‘ STTO ‘ SPTO | FF78H 00H R/W
WTIMO Wait and interrupt request generation control
0 Generates interrupt request at falling edge of 8th clock.

In case of master: Waits with clock output at low level after 8 clocks have been output.
In case of slave: Waits master with clock set to low level after 8 clocks have been input.

1 Generates interrupt request at falling edge of 9th clock.
In case of master: Waits with clock at low level after 9 clocks have been output.
In case of slave: Waits master with clock set at low level after 9 clocks have been input.

The setting of this bit becomes invalid during address transmission, and becomes effective at the end of transmission.
During operation as master, a wait is inserted at the falling edge of the 9th clock during address transmission. A slave
that receives a local address enters the wait status at the falling edge of the 9th clock after generation of an acknowledge.
A slave that receives an extension code enters the wait status at the falling edge of the 8th clock.

Clear conditions (WTIMQ = Q)Nete Set conditions (WTIMO = 1)

¢ Cleared with instruction « Set with instruction
¢ Cleared by RESET input

ACKEO Acknowledge control

0 Acknowledge disabled

1 Acknowledge enabled. SDAO line set to low level during 9 clocks. However, invalid during address
transmission, and valid when EXCO = 1.

Clear conditions (ACKEQ = Q)Nete Set conditions (ACKEO = 1)

¢ Cleared with instruction « Set with instruction
» Cleared by RESET input

Note This flag's signals are made invalid by setting SMBEO = 0.
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Symbol
SMBCO | SMBEO

Note

238

<7>

Figure 15-2. Format of SMB Control Register 0 (3/4)

<6> <5> <4> <3> <2> <1> <0> Address  After reset R/W

LRELO ‘WRELO‘ SPIEO ‘WTIMO ‘ACKEO‘ STTO ‘ SPTO | FF78H 00H R/W

STTO Start condition trigger
0 Doesn't generate start condition.
1 When bus is released (stop status):

Generates start conditions (activation as master). Changes SDAO line from high level to low level and
generates start condition. Then secures rated time and sets SCLO to low level.

When not participating on bus:
Functions as start condition reservation flag. When set, automatically generates start condition after bus

is released.

Cautions regarding set timing
* Master receive operation: Setting during transmission is prohibited.

Set ACKEO = 0; Can be set only after end of receive operation has been notified to slave.

» Master send operation: Note that start condition may not be generated normally during ACK period.
 Setting at the same time as SPTO is prohibited.

Clear conditions (STTO = Q)Nete Set conditions (STTO = 1)

» Cleared with instruction ¢ Set with instruction

» Cleared upon defeat in arbitration
» Cleared after generation of start condition by master
* Cleared by RESET input

This flag's signals are made invalid by setting SMBEO = 0.
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Figure 15-2. Format of SMB Control Register 0 (4/4)

Symbol  <7> <6> <5> <4> <3> <2> <1> <0> Address  After reset R/W
SMBCO | SMBEO ‘ LRELO ‘ WRELO ‘ SPIEO ‘ WTIMO ‘ ACKEO ‘ STTO ‘ SPTO | FF78H 00H R/W
SPTO Stop condition trigger
0 Does not generate stop condition.
1 Generates stop condition (end transmission as master).
After setting SDAO line to low level, sets SCLO line to high level, or maintains SCLO line at high level.
Then, secures rated time, changes SDAO line from low level to high level, and generates stop condition.

Cautions regarding set timing
« Master receive operation: Setting during transmission is prohibited.
Set ACKEO = 0; Can be set only after end of receive operation has been notified to slave.

« Master send operation: Note that stop condition may not be generated normally during ACK period.

¢ Setting at the same time as STTO is prohibited.

» Set SPTO only during operation as master.Not¢1

« Note that when WTIMO = 0, if SPTO is set during the wait period after 8-clock output, a stop condition is generated
during the high-level period of the 9th clock following wait release.
If it is necessary to output a 9th clock, change the setting of WTIMO from O to 1 during the wait period following 8-clock
output, and set SPTO during the wait period following the 9th clock output.

Clear conditions (SPTO = Q)Not¢2 Set conditions (SPTO = 1)

« Cleared with instruction ¢ Set with instruction
¢ Cleared upon defeat in arbitration

« Cleared automatically after detection of stop condition
« Cleared by RESET input

Notes 1. Set SPTO only during operation as master. However, for master operation by the time a stop condition
is detected for the first time following operation enable, SPTO must be set once to generate a stop
condition.

2. This flag's signals are made invalid by setting SMBEO = 0.

Caution While SMB status register 0 (SMBSO0) bit 3 (TRCO0) = 1, when WRELO is set at the 9th clock and
wait is released, TRCO is cleared and the SDAO line is placed in high impedance.

Remark STDO : SMB status register 0 (SMBSO0) bit 1
ACKDO : SMB status register 0 (SMBSO) bit 2
TRCO : SMB status register 0 (SMBSO0) bit 3
COI0 : SMB status register 0 (SMBSO0) bhit 4
EXCO : SMB status register 0 (SMBSO) bit 5
MSTSO0 : SMB status register 0 (SMBSO) bit 7
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(2) SMB status register 0 (SMBS0)
This register indicates the SMB status.
SMBSO0 is manipulated with a 1-bit or 8-bit memory manipulation instruction. SMBSO0 is a read-only register.
RESET input clears SMBSO0 to 00H.
Figure 15-3. Format of SMB Status Register 0 (1/3)
Symbol <7> <6> <5> <4> <3> <2> <1> <0> Address  After reset R/W
SMBSO0 | MSTSO ‘ ALDO ‘ EXCO ‘ COlo ‘ TRCO ‘ ACKDO ‘ STDO ‘ SPDO | FF79H OOH R
MSTSO Master status
0 Slave status or communication wait status
1 Master transmission status
Clear conditions (MSTSO0 = 0) Set conditions (MSTSO = 1)
* Cleared upon detection of stop condition  Set during generation of start condition

» Cleared when ALDO = 1

* Cleared when LRELO =1

» Cleared when SMBEO changes from 1 to 0
* Cleared by RESET input

ALDO Arbitration defeat detection
0 No arbitration, or won in arbitration.
1 Defeated in arbitration. MSTSO cleared.
Clear conditions (ALDO = 0) Set conditions (ALDO = 1)
» Automatically cleared after reading SMBSQN°t® » Set upon defeat in arbitration

 Cleared when SMBEO changes from 1 to 0
» Cleared by RESET input

* Cleared upon detection of stop condition 0000 or 1111 (set at rising edge of 8th clock)
» Cleared when LRELO =1
» Cleared when SMBEO changes from 1 to 0

* Cleared by RESET input

EXCO Extension code receive detection
0 Does not receive extension code.
1 Receives extension code.
Clear conditions (EXCO = 0) Set conditions (EXCO = 1)
» Cleared upon detection of start condition « Set when high-order 4 bits of received address are

Note The hit is also cleared when a bit manipulation instruction is executed for any of other bit of SMBSO0.
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Figure 15-3. Format of SMB Status Register 0 (2/3)

Symbol  <7> <6> <5> <4> <2> <1> <0> Address  After reset R/W
SMBSO0 | MSTSO0 ‘ ALDO ‘ EXCO ‘ Ccolo ‘ TRCO ‘ ACKDO ‘ STDO ‘ SPDO | FF79H 00H R
COlo Matching address detection
0 Address does not match.
1 Address matches.
Clear conditions (COI0 = 0) Set conditions (COIO = 1)
« Cleared upon detection of start condition « Set when received address matches local address
» Cleared upon detection of stop condition (SVAD) (set at rising edge of 8th clock)
* Cleared when LRELO =1
¢ Cleared when SMBEO changes from 1 to 0
* Cleared by RESET input
TRCO Receive/send status detection
0 Receive status (when not in send status). Sets SDAO line to high impedance.
1 Send status. Sets so that SO latch value can be output to SDAO line (valid from falling edge of 9th clock of
1st byte).

Clear conditions (TRCO = 0)

Set conditions (TRCO = 1)

 Cleared upon detection of stop condition

* Cleared when LRELO =1

e Cleared SMBEO changes from 1to 0

* Cleared when WRELO =1

¢ Cleared when ALDO changes from 0 to 1

¢ Cleared by RESET input

In case of master:

* When "1" is output to 1st byte LSB
(transmission direction specification bit)

In case of slave:

« Upon detection of start condition

In case of non-participation in communication

In case of master:
« Upon generation of start condition
In case of slave:

specification bit)

* When "1" is input to 1st byte LSB (transmission direction

ACKDO Acknowledge output
0 Does not detect acknowledge.
1 Detects acknowledge.

Clear conditions (ACKDO = 0)

Set conditions (ACKDO = 1)

» Cleared upon detection of stop condition

» Cleared at rising edge of 1st clock of following byte

* Cleared when LRELO =1
» Cleared when SMBEO changes from 1 to 0
* Cleared by RESET input

« Set when SDAO line is low level at rising edge of 9th
clock of SCLO
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Figure 15-3. Format of SMB Status Register 0 (3/3)

Symbol  <7> <6> <56> <4> <3> <2> <1> <0> Address  Afterreset  R/W
SMBSO0 | MSTSO ‘ ALDO ‘ EXCO ‘ COI0 ‘ TRCO ‘ ACKDO ‘ STDO ‘ SPDO | FF79H O00H R
STDO Start condition detection
0 Does not detect start condition.
1 Detects start condition. Indicates that address transmission is in progress.
Clear conditions (STDO = 0) Set conditions (STDO = 1)

» Cleared upon detection of stop condition

 Cleared at rising edge of 1st clock of byte following
address transmission

* Cleared when LRELO = 1

 Cleared when SMBEO changes from 1 to 0

 Cleared by RESET input

« Set upon detection of start condition

SPDO

Stop condition detection

0

Does not detect stop condition.

1

Detects stop condition. Transmission by master is completed and bus is released.

Clear conditions (SPDO = 0) Set conditions (SPDO = 1)

« Cleared at rising edge of 1st clock of address transfer « Set upon detection of stop condition

byte following detection of start condition after this bit has
been set

* Cleared when SMBEO changes from 1 to 0

» Cleared by RESET input

Remark LRELO : SMB control register 0 (SMBCO) bit 6
SMBEO : SMB control register 0 (SMBCO) bit 7
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(3) SMB clock selection register 0 (SMBCLO)
This register sets the SMB transmission clock.
SMBCLO is manipulated with a 1-bit or 8-bit memory manipulation instruction.
RESET input clears SMBCLO to 00H. Table 15-2 shows the SMB communication clock.

Figure 15-4. Format of SMB Clock Selection Register 0 (1/2)

Symbol 7 6 <5> <4> 3 2 1 0 Address  After reset R/W
sveclo [ o | o | coo | pabo | smco | prco | clor | cloo | FFraH 00H  RAwMee!
CLDO SCLO line level detection (valid only when SMBEO = 1)
0 Detects that SCLO line is low level.
1 Detects that SCLO line is high level.
Clear conditions (CLDO = 0) Set conditions (CLDO = 1)
¢ Cleared when SCLO line is low level » Set when SCLO line is high level
¢ Cleared when SMBEO =0
¢ Cleared by RESET input
DADO SDAQO line level detection (valid only when SMBEO = 1)
0 Detects that SDAO line is low level.
1 Detects that SDAO line is high level.
Clear conditions (DADO = 0) Set conditions (DADO = 1)
¢ Cleared when SDAO line is low level ¢ Set when SDAO line is high level
¢ Cleared when SMBEO = 0
¢ Cleared by RESET input
SMCO Operating mode switching
0 IIC standard mode or SMB mode operation
1 IIC high-speed mode
Clear conditions (SMCO = 0) Set conditions (SMCO0 = 1)
 Cleared with instruction * Set with instruction
¢ Cleared by RESET input
DFCO Digital filter operation controlNote 2
0 Digital filter OFF
1 Digital filter ON
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Figure 15-4. Format of SMB Clock Selection Register 0 (2/2)

Symbol 7 6 <5> <4> 3 2 1 0 Address  After reset R/W
SMBCLO | 0 | 0 | CLDO | DADO | SMCO | DFCO | CLO1 | CLOO | FF7AH 00H R/whote 1
Communication clock
CLO1 CLOO SMB/standard mode (SMCO = 0) High-speed mode (SMCO = 1)

0 0 fx/44 fx/24

0 1 fx/86

1 0 fx/172 x/48

1 1 Setting prohibited

Notes 1. Bits 4 and 5 are read-only.

2. The digital filter can be used in high-speed mode. When used in high-speed mode, the digital filter
provides a slower response.

Caution Bits 6 and 7 must all be set to 0.
Remark fx: Main system clock oscillation frequency
Table 15-2. SMB0 Communication Clock
SMCO CLO1 CLOO Communication Clock Digital Filter Input Delay
fx = 5.0 MHz
0 0 0 113.6 kHz"™ 250 ns
0 0 1 58.1 kHz 250 ns
0 1 0 29.06 kHz 500 ns
1 0 0 208.3 kHz"* 250 ns
1 0 1 208.3 kHz"* 250 ns
1 1 0 104.1 kHz"™* 500 ns
Other than above Setting prohibited

Note Since the SMBO standards specify a range of 10 to 100 kHz, this communication clock falls outside the
specifications.
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(4)

Symbol
SMBMO |

SMB mode register 0 (SMBMO)
SMBMO is used to specify SCLO level control and interrupt control.

SMBMO is manipulated with a 1-bit or 8-bit memory manipulation instruction.
RESET input sets SMBMO to 20H.

Figure 15-5. Format of SMB Mode Register 0 (1/2)

7 6 <5> <4> <3> <2> 1 0 Address  Afterreset R/W
0 ‘ 0 ‘SCLCTLO‘ AWTIMO ‘ STIEO ‘ TOENO ‘ TOCLO1 ‘ TOCLO0O | FF7CH 20H RIW
SCLCTLO SCL level controlNote 1
0 SCLO is held low.
When SCLO is high, SCLO is held low after waiting until SCLO is made low.
1 Normal operation
STIEO Start condition interrupt enable
0 Start condition interrupt generation is disabled.
1 Normal operation
AWTIMO Wait and interrupt control when an address match is foundNotes 2,3
0

At the slave, an interrupt request is generated on the falling edge of the 9th clock period when an address
match (COIO0 = 1) is found during address data reception.
The clock is pulled low to cause the master to wait.

At the slave, an interrupt request is generated on the falling edge of the 8th clock period when an address
match (COI0 = 1) is found during address data reception.
The clock is pulled low to cause the master to wait.
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Figure 15-5. Format of SMB Mode Register 0 (2/2)

Address  Afterreset R/W

Symbol 7 6 <5> <4> <3> <2> 1 0
SMBMOl 0 0 ‘SCLCTLO‘ AWTIMO‘ STIEO ‘ TOENO ‘TOCLOl ‘TOCLOOl FF7CH 20H RIW
TOENO Time-out count enable bitNote 4
0 The time-out count is cleared to 0, then count operation is disabled.
1 Time-out count operation is enabled.
TOCLO1 | TOCLOO Time-out clock selection bits
0 0 fx/26 (78.1 kHz)
0 1 fx/27 (39.1 kHz)
1 0 fx/28 (19.5 kHz)
1 1 fxr  (32.768 kHz)

Notes 1. If SCLO is made low with SCLCTLO, wait state cannot be released with WRELO.
2. When an extension code is received (EXCO = 1), wait state is forcibly set in the 8th clock period.
3. During address transfer, the master waits in the 9th clock period.
4. Aninterrupt (INTSMBOVO) is generated when the time-out counter overflows. The hardware does not
reset SMB operation. Ensure that SMB operation is reset by software after INTSMBOVO generation.

Caution Bits 6 and 7 must all be set to 0.

Remarks 1. fx : Main system clock oscillation frequency
2. fxr : Subsystem clock oscillation frequency
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(5) SMB input level setting register 0 (SMBVI0)
SMBVIO is manipulated with a 1-bit or 8-bit memory manipulation instruction.
RESET input clears SMBVIO to O0H.
Figure 15-6. Format of SMB Input Level Setting Register 0
Symbol 7 6 5 4 3 2 1 0 Address  Afterreset R/W
SMBVIO | 0 ‘ TOS02 ‘ TOSO01 ‘ TOS00 ‘ SVINO ‘ 0 ‘ LVLO1 ‘ LVLOO | FF7DH 00H RIW
TOS02 TOS01 | TOSO00 Time-out time selection bits
fro = fx/26 fro = fx/27 fro = fx/28 fro = fxr
0 0 0 1,024/fro (13.1 ms) | 1,024/fro (26.2 ms) | 1,024/fro (52.4 ms) | 1,024/fr0 (31.3 ms)
0 0 1 896/fro (11.5 ms) | 896/fro (22.9 ms) 896/fro (45.9 ms) | 896/fro (27.3 ms)
0 1 0 768/fro (9.8 ms) 768/fro (19.7 ms) 768/fro (39.3 ms) 768/fro (23.4 ms)
0 1 1 640/fro (8.2 ms) 640/fro (16.4 ms) 640/fro (32.8 ms) 640/fro (19.5 ms)
1 0 0 512/fro (6.6 ms) 512/fro (13.1 ms) 512/fro (26.2 ms) 512/fro (15.6 ms)
1 0 1 384/fro (4.9 ms) 384/fro (9.8 ms) 384/fr0 (19.7 ms) | 384/fro (11.7 ms)
1 1 0 256/fro (3.3 ms) 256/fro (6.6 ms) 256/fro (13.1 ms) | 256/fro (7.8 ms)
1 1 1 128/fro (1.6 ms) 128/fro (3.2 ms) 128/fro (6.6 ms) 128/fro (3.9 ms)
SVINO Input level selection bit
0 Same input level as the ordinary hysteresis
1 The voltage set with LVLO1 and LVLOO is used as the SCLO and SDAO input level threshold.
LVLO1 | LVLOO Input level selection bitsNete
0 0 The input level is 0.1875 x Voo.
0 1 The input level is 0.25 x Vop.
1 0 The input level is 0.375 x Vob.
1 1 The input level is 0.5 x Voo.

Note Set an input level from 0.75to 1.25 V.

Caution Bits 2 and 7 must all be set to 0.

Remarks 1. fx : Main system clock oscillation frequency
2. fxt : Subsystem clock oscillation frequency
3. fro: Clock selected using bits 0 and 1 (TOCLOO, TOCLO01) of SMB mode register 0 (SMBMO)

4. The parenthesized values apply to operation at fx = 5.0 MHz.
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(6) SMB shift register 0 (SMBO)
This register is used to perform serial send/receive (shift operation) in synchronization with the serial clock.
Read/write operations can be performed in 8-bit units, but do not write data to the SMBO during

transmission.

Symbol 7 6 5 4 3 2 1 0 Address  After reset R/W
| FF7EH 00H R/W

SMBO |

(7) SMB slave address register 0 (SMBSVAOQ)
This register stores the SMB slave address.
It can be read/written in 8-bit units, but bit O is fixed to 0.

Symbol 7 6 5 4 3 2 1 0 Address  After reset R/W
0 | FF7BH OOH R/W

SMBSVAO |
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15.4 SMBO Definition and Control Methods
The SMBO serial data transmission format and the meaning of the signals used are described below.
The transmission timings of the start condition, data, and stop condition output to the serial data bus of the SMBO

are shown in Figure 15-7.

Figure 15-7. SMBO Serial Data Transmission Timing

| |
| | T | | : : | T | : | T | | | |
SDAO | I | | I I I | N\ |
I — - - = P = P I
Start Address RIW ACK Data ACK Data ACK Stop
condition condition

The start condition, slave address, and stop condition are output by the master.

SDAO of only the start condition and stop condition can be changed when SCLO is high.

The acknowledge signal (ACK) can be output by either the master or slave (The slave output ACK when an
address is transferred. The receiver of the data outputs ACK when 8-bit data is transferred).

The master continuously outputs the serial clock (SCL0O). However, it is possible to prolong the low-level period
of the SCLO and insert a wait in the case of the slave.

15.4.1 Start condition

A start condition is generated when the SDAO pin changes from high level to low level while the SCLO pin is high
level (serial clock is not output). The start condition of the SCLO and SDAO pins is output at the start of serial
transmission from the master to the slave. The slave incorporates hardware that detects the start condition.

Figure 15-8. Start Condition

SCLO

1
I
SDAO :
I
I
|

The start condition is output when SMB control register 0 (SMBCO) bit 1 (STTO) is set to 1 in the stop condition
detection status (STDO: SMB status register 0 (SMBSO0) bit 1 = 1). Moreover, when the start condition is detected,
SMBSO bit 1 (STDO) is set to 1.
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15.4.2 Address

The 7-bit data following the start condition is defined as an address.

An address consists of 7 bits of data output to select a particular slave among several slaves connected to the
master through a bus line. Therefore, slaves on the bus line must each have a different address.

Slaves detect start conditions through hardware and check if the 7-bit data matches the value of the SMB slave
address register 0 (SMBSVAOQ). If the 7-bit data and the SMBSVAO value match, that slave is selected, and
communication between the master and that slave is performed until the master issues a start condition or a stop
condition.

Figure 15-9. Address

SCLO 1 2 3 4 5 6 7 8 9
SDAO \ /AG XASXA4XA3XA2XA1XAO XR/WX
Address

Note
INTSMBO

Note If other than a local address or extension code is received during slave operation, INTSMBO is not issued.

Addresses are written and output to SMB shift register 0 (SMBO) as 8 bits consisting of the slave address and the
transmission direction (see 15.4.3). Moreover, received addresses are written to SMBO.
Slave addresses are allocated to the high-order 7 bits of SMBO.

15.4.3 Specification of transmission direction
The master sends a 1-bit data following the 7-bit address to specify the transmission direction.
When this transmission direction bit is 0, the master sends data to the slave.
When this bit is 1, the slave sends data to the master.

Figure 15-10. Specification of Transmission Direction

SCLO 1 2 3 4 5 6 7 8 9

SDAO _\ /A6XASXA4XA3XA2XA1XAOX§;\ZX

Transmission direction
specification Note

INTSMBO

Note If other than a local address or extension code is received during slave operation, INTSMBO is not issued.
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15.4.4 Acknowledge signal (ACK)

The acknowledge signal (ACK) is used to confirm reception of serial data at the sending and receiving sides.

At the receiving side, an acknowledge signal is returned each time 8 bits of data are received. At the sending
side, an acknowledge signal is normally received following transmission of 8 bits of data. However, when the master
is receiving, no acknowledge signal is output after the final data has been received. The sending side detects
whether an acknowledge signal is returned following transmission of 8 bits of data. If an acknowledge signal is
returned, processing is continued assuming that the data was successfully received. If no acknowledge signal is
returned by the slave, the master outputs a stop condition or a restart condition, and stops transmission. An
acknowledge signal is not returned for the following two reasons.

<1> Reception was not performed normally.
<2> The final data was received.

If the receiving side sets the SDAO line to low level at the 9th clock, the acknowledge signal becomes active
(normal reception response).

When SMB control register 0 (SMBCO) bit 2 (ACKEO) = 1, the acknowledge signal automatic generation enable
state is entered.

SMB status register 0 (SMBSO0) bit 3 (TRCO) is set by the 8th bit following the 7-bit address. However, when the
TRCO bit value is 0, receive status is selected, therefore set ACKEO to 1.

During slave receive operation (TRCO = 0), if the slave side receives several bytes and does not require
subsequent data, ACKEO can be set to 0 so that the master does not start the next transmission.

In the same way, if, during master receive operation (TRCO = 0), subsequent data is not required and you want
to output a restart condition or a stop condition, set ACKEO to 0 so that no ACK signal is output. This must be done
so that the data's MSB is not output to the SDAO line during the slave send operation (transmission stop).

Figure 15-11. Acknowledge Signal

SCLO 1 2 3 4 5 6 7 8 9

SDAO _\ /A6 XASXA4XA3XA2XA1XAOXRAW\H/—

When a slave receives a local address, it automatically outputs an acknowledge signal in synchronization with

the falling edge of the 8th clock of SCLO, regardless of the value of ACKEO. If a slave receives other than a local
address, no acknowledge signal is output.
The acknowledge signal output method during data reception depends on the wait timing setting, as follows.

» 8-clock wait: Acknowledge signal is output when the value of ACKEO becomes 1 before wait cancellation is
performed.

» 9-clock wait: Acknowledge signal is automatically output in synchronization with the falling edge of the 8th
clock of SCLO by setting ACKEO to 1 beforehand.
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15.4.5 Stop condition

When the SDAO pin changes from low level to high level while the SCLO pin is at high level, a stop condition is
generated.

A stop condition is the signal that is output when serial transfer from the master to a slave is completed. Slaves
incorporate hardware for the detection of stop conditions.

Figure 15-12. Stop Condition

SCLO

SDAO

A stop condition is generated when bit 0 (SPTO) of SMB control register 0 (SMBCO) is set to 1. If, when a stop
condition is detected, bit 0 (SPD0) of SMB status register 0 (SMBSO0) and bit 4 (SPIEO) of SMBCO are set to 1,
INTSMBO is generated.
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15.4.6 Wait signal (WAIT)

A wait signal (WAIT) indicates to the other party that the master or slave is getting ready (wait status) to send or
receive data.

A wait status is notified by making the SCLO pin low level. When the wait status of both the master and slave is
canceled, the next transmission starts.

Figure 15-13. Wait Signal (1/2)

(1) When master = 9-clock wait, slave = 8-clock wait
(Master: send, Slave: receive, ACKEO = 1)

Return master to Hi-Z but

slave waits (low level) Wait after 9th clock
output
SMBO | SMBO data write (wait canceled)
\

SCLO 6 7 8 9 1 2 3

Wait after 8th clock

output
SMBO | SMBO — FFH, or WRELO - 1

\
SCLO
ACKEO H

SCLO 6 7 8 M |1| |2| |3
SDAO XDZXDlXDOX ACK / XD7 X D6XD5
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Figure 15-13. Wait Signal (2/2)

(2) Master, slave = 9-clock wait
(Master: send, Slave: receive, ACKEO = 1)

Both master and slave

wait after 9th clock

output
SMBO | SMBO data write (wait canceled)
\
SCLO 6 7 8 9 1 2 3
SMBO | SMBO  FFH, or WRELO - 1
\
SCLO
ACKEO H
Transmission Line
SCLO 6 7 8 9 1 2 3

SDAO X sz DlX DO XTACK/ X D7 X DGX sz

Output according to previously set ACKEO

Remark ACKEO : SMB control register 0 (SMBCO) bit 2
WRELO : SMB control register 0 (SMBCO) hit 5

Waits are automatically generated by setting bit 3 (WTIMO) of SMB control register 0 (SMBCO).

Normally, the receive side cancels the wait status when SMBCO bit 5 (WRELO) = 1 or SMB shift register (SMBO)
~ FFH write, and the send side cancels the wait status when data is written to SMBO.

In the case of the master, wait status can be canceled with the following methods.

« Setting SMBCO bit 1 (STTO) to 1
» Setting SMBCO bhit 0 (SPTO) to 1
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15.4.7 SMBO interrupt (INTSMBO)
The following section shows the values of SMB status register 0 (SMBSO0) using the INTSMBO interrupt request
generation timing and INTSMBO interrupt timing.

(1) Master operation

(a) Start O Address O Data O Data O Stop (normal send/receive)

<1> When WTIMO =0

<2>

0 0:
Al
A2
A3
A4
A5:

Remark

|ST‘AD6tOADO‘RW‘AK‘ D7 to DO ‘AK‘ D7 to DO ‘AK‘SP'
¢0 Al A2 A3 A4 N5

SMBSO0 =10001010B
SMBSO0 = 1000x110B
SMBSO0 = 1000x000B
SMBSO0 = 1000x000B
SMBSO0 = 1000xx00B
SMBSO0 = 00000001B

Generate only when STIEQO =1

Generate only when SPIEO = 1

O
A Always generate
A
X Don't care

When WTIMO =1

¢ 0:
Al
A2
A3
AV S

Remark

|ST‘AD6t0ADO‘RW‘AK‘ D7 to DO ‘AK‘ D7 to DO ‘AK‘SF"
Q0 Al A2 A3 MM

SMBSO0 =10001010B
SMBSO0 = 1000x110B
SMBSO0 = 1000x100B
SMBSO0 = 1000xx00B
SMBSO0 = 00000001B

Generate only when STIEO =1

¢

A Always generate

A Generate only when SPIEO =1
X

Don't care
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256

(b) Start O Address O Data O Start 0 Address O Data 00 Stop (restart)

<1> When WTIMO =0

[ sT| Ap6toaD0 | RW| AK | D710D0 | AK | ST | ADSt0ADO | RW[ AK | D7t0D0 | AK | sP |

00

¢ 0:
Al
A2:
A3
A4
A5
AB:

Remark

Al

SMBSO0 =10001010B
SMBSO0 = 1000x110B
SMBSO0 = 1000x000B
SMBSO0 = 1000x110B
SMBSO0 = 1000x000B
SMBSO0 = 1000xx00B
SMBSO0 = 00000001B

A2

Generate only when STIEO =1

Generate only when SPIEO = 1

Don't care

<2> When WTIMO =1

¢
A Always generate
A
X

A3

A4 A5 A6

| ST‘ADGtOADO ‘ RW‘ AK‘ D7 to DO ‘AK‘ ST‘ADGIOADO ‘ RW‘ AK‘ D7 to DO ‘AK‘ SP|

Q0

0 0:
Al
A2
A3:
A4
A5:

Remark

Al

SMBSO0 =10001010B
SMBSO0 = 1000x110B
SMBSO0 = 1000xx00B
SMBSO0 = 1000x110B
SMBSO0 = 1000xx00B
SMBSO0 = 00000001B

A2

Generate only when STIEO =1

Generate only when SPIEO = 1

Don't care

O
A Always generate
A
X
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(c) Start O Code O Data O Data O Stop (extension code transmission)

<1> When WTIMO =0

¢ 0:
Al
A2:
A3
A4
AS:

Remark

|ST‘AD6t0ADO‘RW‘AK‘ D7 to DO ‘AK‘ D7 to DO ‘AK‘SP'

00 Al A2

SMBSO0 =10001010B
SMBSO0 = 1010xx10B
SMBSO0 = 1010x000B
SMBSO0 = 1010x000B
SMBSO0 = 1010xx00B
SMBSO0 = 00000001B

O Generate only when STIEO =1
A Always generate

A Generate only when SPIEQ =1
X Don't care

<2> When WTIMO =1

¢ 0:
Al
A2
A3:
A4

Remark

A3 A4 A5

[ sT| Ap6t0ADO | RW| AK | D710D0 | AK | D7t0D0 | AK | sP |

00 Al A2

SMBSO0 =10001010B
SMBSO0 = 0010x110B
SMBSO0 = 0010x100B
SMBSO0 = 0010xx00B
SMBSO0 = 00000001B

¢ Generate only when STIEO =1
A Always generate

A Generate only when SPIEQ =1
X Don't care
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)

258

Slave operation (during slave address data reception (matching SVAO))

() Start O Address O Data O Data O Stop

<1> When WTIMO =0

|ST‘AD6t0ADO‘RW‘AK‘ D7 to DO ‘AK‘ D7 to DO ‘AK‘SP'

00

Al A2 A3 YAY)

¢ 0: SMBSO0 =00000010B
Al: SMBSO =0001x110B
A 2: SMBSO0 = 0001x000B
A 3: SMBSO0 = 0001x000B
A4: SMBS0 = 00000001B

Remark ¢
A
A
X

Generate only when STIEO =1
Always generate

Generate only when SPIEO = 1
Don't care

<2> When WTIMO =1

[ sT| Ap6toADO | RW| AK | D710D0 | AK | D7t0D0 | AK | SP |

00

Al A2 A3 N4

¢ 0: SMBSO0 = 00000010B
A1l: SMBSO=0001x110B
A 2: SMBSO = 0001x100B
A 3: SMBSO0 = 0001xx00B
A4: SMBS0 = 00000001B

Remark ¢
A
A
X

Generate only when STIEO =1
Always generate

Generate only when SPIEO = 1
Don't care
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(b) Start O Address O Data O Start 0 Address O Data O Stop

<1> When WTIMO = 0 (matching SVAO after restart)

| ST‘ADGtOADO ‘ RW‘ AK‘ D7 to DO ‘AK‘ ST‘ADGIOADO ‘ RW‘ AK‘ D7 to DO ‘AK‘ SP|

00

0 0:
Al
A2
A3:
A4
A5:

Remark

Al

SMBSO0 = 00000010B
SMBSO0 = 0001x110B
SMBSO0 = 0001x000B
SMBSO0 = 0001x110B
SMBSO0 = 0001x000B
SMBSO0 = 00000001B

A2 A3 A4 AYS)

Generate only when STIEO =1

Generate only when SPIEO = 1

Don't care

O
A Always generate
A
X

<2> When WTIMO = 1 (matching SVAO after restart)

| ST ‘ ADG to ADO ‘ RW‘ AK‘ D7 to DO ‘ AK‘ ST ‘ ADG to ADO ‘ RW‘ AK‘ D7 to DO ‘ AK‘ SP|

¢0

0 0:
Al
A2
A3
A4
A5

Remark

Al

SMBSO0 = 00000010B
SMBSO0 = 0001x110B
SMBSO0 = 0001xx00B
SMBSO0 = 0001x110B
SMBSO0 = 0001xx00B
SMBSO0 = 00000001B

A2 A3 A4 N5

Generate only when STIEO =1

Generate only when SPIEO =1

Don't care

O
A Always generate
A
X
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(c) Start O Address O Data O Start 0 Code O Data O Stop

<1> When WTIMO = 0 (extension code reception after restart)

|ST‘AD6IOADO‘RW‘AK‘ D7 to DO ‘AK‘ ST‘ADGtOADO‘RW‘AK‘ D7 to DO ‘AK‘SP'

00

<2> When WTIMO = 1 (extension code reception after restart)

¢ 0:
Al
A2:
A3:
A4
A5

Remark

Al

SMBSO0 = 00000010B
SMBSO0 = 0001x110B
SMBSO0 = 0001x000B
SMBSO0 = 0010x010B
SMBSO0 = 0010x000B
SMBSO0 = 00000001B

A2

Generate only when STIEO =1

Generate only when SPIEO = 1

Don't care

O
A Always generate
A
X

A3

A4

A5

|ST‘AD6tOADO‘RW‘AK‘ D7 to DO ‘AK‘ST‘ADGtoADO‘RW‘AK‘ D7 to DO ‘AK‘SP'

00

¢ 0:
Al
A2
A3
A4
A5
AY K

Remark

Al

SMBSO0 = 00000010B
SMBSO0 = 0001x110B
SMBSO0 = 0001xx00B
SMBSO0 = 0010x010B
SMBSO0 = 00100110B
SMBSO0 = 0010xx00B
SMBSO0 = 00000001B

A2

Generate only when STIEO =1

Generate only when SPIEO = 1

Don't care

O
A Always generate
A
X
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(d) Start O Address O Data O Start 0 Address O Data O Stop

<1> When WTIMO = 0 (unmatching address (except extension code) after restart)

| ST ‘ ADG6 to ADO ‘ RW‘ AK‘ D7 to DO ‘ AK‘ ST ‘ ADG6 to ADO ‘ RW‘ AK‘ D7 to DO ‘ AK‘ SP|
00 Al A2 A3 N4

¢ 0: SMBSO0 =00000010B
Al: SMBSO =0001x110B
A 2: SMBSO = 0001x000B
A 3: SMBSO0 = 0000xx10B
A4: SMBS0 = 00000001B
Remark ¢ Generate only when STIEQO =1
A Always generate
A Generate only when SPIEO = 1
X Don't care

<2> When WTIMO = 1 (unmatching address (except extension code) after restart)

|ST‘AD6t0ADO‘RW‘AK‘ D7 to DO ‘AK‘ ST‘AD6toADO‘RW‘AK‘ D7 to DO ‘AK‘ SP|
00 Al A2 A3 NA

¢ 0: SMBSO0 = 00000010B
A1l: SMBSO =0001x110B
A 2: SMBSO = 0001xx00B
A 3: SMBSO0 = 0000xx10B
A4: SMBS0 =00000001B
Remark ¢ Generate only when STIEQ =1
A Always generate
A Generate only when SPIEQ = 1
X Don't care
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®3)

262

Slave operation (during extension code reception)

() Start O Code O Data O Data O Stop

<1> When WTIMO =0

<2>

¢ 0:
Al
A2
A3:
A4

Remark

|ST‘AD6t0ADO‘RW‘AK‘ D7 to DO ‘AK‘ D7 to DO ‘AK‘SF"

00

SMBSO0 = 00000010B
SMBSO0 = 0010x010B
SMBSO0 = 0010x000B
SMBSO0 = 0010x000B
SMBSO0 = 00000001B

Al A2 A3 N4

Generate only when STIEO =1

Generate only when SPIEO = 1

Don't care

When WTIMO = 1

¢ 0:
Al
A2
A3:
A4
A5:

Remark

O
A Always generate
A
X

|ST‘AD6tOADO‘RW‘AK‘ D7 to DO ‘AK‘ D7 to DO ‘AK‘SP'

00

SMBSO0 = 00000010B
SMBSO0 = 0010x010B
SMBSO0 = 0010x110B
SMBSO0 = 0010xx00B
SMBSO0 = 0010xx00B
SMBSO0 = 00000001B

Al A2 A3 A4 A5

Generate only when STIEO =1

Generate only when SPIEO = 1

Don't care

&
A Always generate
A
X
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(b) Start O Code O Data O Start 0 Address O Data O Stop

<1> When WTIMO = 0 (matching SVAO after restart)

| ST ‘ ADG6 to ADO ‘ RW‘ AK‘ D7 to DO ‘ AK‘ ST ‘ ADG6 to ADO ‘ RW‘ AK‘ D7 to DO ‘ AK‘ SP|

¢0

0 0:
Al
A2
A3:
A4
A5:

Remark

Al

SMBSO0 = 00000010B
SMBSO0 = 0010x010B
SMBSO0 = 0010x000B
SMBSO0 = 0001x110B
SMBSO0 = 0001x000B
SMBSO0 = 00000001B

A2 A3 A4 A5

Generate only when STIEO =1

Generate only when SPIEO = 1

Don't care

O
A Always generate
A
X

<2> When WTIMO = 1 (matching SVAO after restart)

|ST‘AD6IOADO‘RW‘AK‘ D7 to DO ‘AK‘ST‘ADGtOADO‘RW‘AK‘ D7 to DO ‘AK‘SP'

¢0

¢ 0:
Al
A2
A3
A4
A5G
N6

Remark

Al A2

SMBSO0 = 00000010B
SMBSO0 = 0010x010B
SMBSO0 = 0010x110B
SMBSO0 = 0010xx00B
SMBSO0 = 0001x110B
SMBSO0 = 0001xx00B
SMBSO0 = 00000001B

A3 A4 A5 A6

Generate only when STIEO =1

Generate only when SPIEO = 1

Don't care

O
A Always generate
A
X
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(c) Start O Code O Data O Start 0 Code O Data O Stop

<1> When WTIMO = 0 (extension code reception after restart)

| ST ‘ ADG to ADO ‘ RW‘ AK‘ D7 to DO ‘ AK‘ ST ‘ ADG6 to ADO ‘ RW‘ AK‘ D7 to DO ‘ AK‘ SPl

00

¢ 0:
Al
A2
A3:
A4
A5:

Remark

Al

SMBSO0 = 00000010B
SMBSO0 = 0010x010B
SMBSO0 = 0010x000B
SMBSO0 = 0010x010B
SMBSO0 = 0010x000B
SMBSO0 = 00000001B

A2 A3 A4 A5

Generate only when STIEO =1

Generate only when SPIEO = 1

Don't care

¢
A Always generate
A
X

<2> When WTIMO = 1 (extension code reception after restart)

[ st | ADstoaD0 | RW| AK | D7toD0 | AK | sT | ADBt0ADO | RW| AK | D7t0D0 | Ak | sP |

00

¢ 0:
Al
A2
A3
A4
A5
AG:
AT:

Remark

Al A2

SMBSO0 = 00000010B
SMBSO0 = 0010x010B
SMBSO0 = 0010x110B
SMBSO0 = 0010xx00B
SMBSO0 = 0010x010B
SMBSO0 = 0010x110B
SMBSO0 = 0010xx00B
SMBSO0 = 00000001B

A3 A4 A5 A6 A7

Generate only when STIEO =1

Generate only when SPIEO = 1

Don't care

&
A Always generate
A
X
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(4)

(d) Start O Code O Data O Start 0 Address O Data O Stop

<1> When WTIMO = 0 (unmatching address (except extension code) after restart)

[ sT| Ap6toADO | RW| AK | D710D0 | AK | ST | ADStoADO | RW| AK | D7toD0 | Ak | sP|

00 Al A2 A3

¢ 0: SMBS0 = 00000010B
A1l: SMBSO =0010x010B
A 2: SMBSO0 = 0010x000B
A 3: SMBSO0 = 00000x10B
A4: SMBSO = 00000001B
Remark ¢ Generate only when STIEO = 1
A Always generate
A Generate only when SPIEQ =1
X Don't care

<2> When WTIMO = 1 (unmatching address (except extension code) after restart)

N4

| ST ‘ AD6 to ADO ‘ RW‘ AK‘ D7 to DO ‘ AK‘ ST ‘ ADG6 to ADO ‘ RW‘ AK‘ D7 to DO ‘ AK‘ SPl

¢0 Al A2 A3 A4

¢ 0: SMBSO0 =00000010B
A 1l: SMBSO = 0010x010B
A 2: SMBSO =0010x110B
A 3: SMBSO0 = 0010xx00B
A 4: SMBSO0 = 00000x10B
A5: SMBS0 = 00000001B
Remark ¢ Generate only when STIEO = 1
A Always generate
A\ Generate only when SPIEOQ =1
X Don't care

Non-participation in communication

() Start O Code O Data O Data O Stop

|ST‘AD6toADO‘RW‘AK‘ D7 to DO ‘AK‘ D7 to DO ‘AK‘SP'
¢0 Al

¢ 0: SMBSO0 =00000010B
A1: SMBSO = 00000001B

Remark ¢ Generate only when STIEO = 1
A Generate only when SPIEQO =1
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(5) Arbitration defeat operation (operation as slave after arbitration defeat)

266

(@) In case of arbitration defeat during slave address data transmission

<1> When WTIMO =0

<2>

|ST‘AD6toADO‘RW‘AK‘ D7 to DO ‘AK‘ D7 to DO ‘AK‘SF"

00

Al A2 A3 NA

¢ 0: SMBSO =10001010B
A 1l: SMBSO =0101x110B (Example: Read ALDO during interrupt processing)
A 2: SMBS0 = 0001x000B
A 3: SMBSO = 0001x000B
A4: SMBS0 = 00000001B

Remark ¢
A
A
X

When WTIMO =

Generate only when STIEO =1
Always generate

Generate only when SPIEO = 1
Don't care

1

|ST‘AD6t0ADO‘RW‘AK‘ D7 to DO ‘AK‘ D7 to DO ‘AK‘SP'

00

Al A2 A3 AN

¢ 0: SMBS0 =10001010B
A1l: SMBSO0 =0101x110B (Example: Read ALDO during interrupt processing)
A 2: SMBSO =0001x100B
A 3: SMBS0 = 0001xx00B
A4: SMBS0 =00000001B

Remark ¢
A
A
X

Generate only when STIEO =1
Always generate

Generate only when SPIEO = 1
Don't care
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(b) In case of arbitration defeat during extension code transmission

<1> When WTIMO =0

<2>

¢ 0:
Al
A2
A3:
A4

Remark

| ST ‘ AD6 to ADO ‘ RW‘ AK‘ D7 to DO ‘ AK‘ D7 to DO ‘ AK‘ SPl
00 Al A2 A3 N4

SMBSO0 = 10001010B
SMBSO0 = 0110x010B (Example: Read ALDO during interrupt processing)
SMBSO0 = 0010x000B
SMBSO0 = 0010x000B
SMBSO0 = 00000001B

Generate only when STIEO =1

O

A Always generate

A Generate only when SPIEO = 1
X

Don't care

When WTIMO = 1

0 0:
Al
A2:
A3
A4
A5:

Remark

|ST‘AD6t0ADO‘RW‘AK‘ D7 to DO ‘AK‘ D7 to DO ‘AK‘SP'
¢0 Al A2 A3 A4 N5

SMBSO0 = 10001010B
SMBSO0 = 0110x010B (Example: Read ALDO during interrupt processing)
SMBSO0 = 0010%x110B
SMBSO0 = 0010x100B
SMBSO0 = 0010xx00B
SMBSO0 = 00000001B

¢ Generate only when STIEO =1
A Always generate

/A Generate only when SPIE0 =1
X Don't care
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(6) Arbitration defeat operation (non-participation after arbitration defeat)

(@) In case of arbitration defeat during slave address data transmission

|ST‘AD6toADO‘RW‘AK‘ D7 to DO ‘AK‘ D7 to DO ‘AK‘SP'
¢0 Al A2

¢ 0: SMBS0 =10001010B
A 1l: SMBSO0 =01000110B (Example: Read ALDO during interrupt processing)
A2: SMBS0 =00000001B

Remark ¢ Generate only when STIEO =1
A Always generate

A Generate only when SPIEO = 1

(b) In case of arbitration defeat during extension code transmission

|ST‘AD6toADO‘RW‘AK‘ D7 to DO ‘AK‘ D7 to DO ‘AK‘SP'
00 Al A2

¢ 0: SMBSO0 =10001010B
A 1l: SMBSO = 0110x010B (Example: Read ALDO during interrupt processing,
LRELO = 1 set by software)

A2: SMBS0 = 00000001B

Remark ¢ Generate only when STIEO = 1
A Always generate
A Generate only when SPIEQ =1
X Don't care
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(c) In case of arbitration defeat during data transmission

<1> When WTIMO =0

|ST‘AD6toADO‘RW‘AK‘ D7 to DO ‘AK‘ D7 to DO ‘AK‘SP'
¢0 Al A2 A3

¢ 0: SMBSO0 =10001010B
A1l: SMBSO =10001110B
A 2: SMBSO0 = 01000000B (Example: Read ALDO during interrupt processing)
A3: SMBSO0 =00000001B

Remark ¢ Generate only when STIEO =1
A Always generate

A Generate only when SPIEO = 1

<2> When WTIMO =1

| ST‘ADGtoADO ‘ RW‘ AK‘ D7 to DO ‘ AK‘ D7 to DO ‘ AK‘ SP|
Q0 Al A2 A3

¢ 0: SMBSO0 =10001010B
A1l: SMBSO =10001110B
A 2: SMBS0 =01000100B (Example: Read ALDO during interrupt processing)
A'3: SMBS0 = 00000001B

Remark ¢ Generate only when STIEO =1

A Always generate
A Generate only when SPIEO = 1
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270

(d) In case of defeat by restart condition during data transmission

<1> Other than extension code (Example: Matching SVAOQ)

| ST ‘ ADG6 to ADO ‘ RW‘ AK‘ D7 to Dn ‘ ST‘ADGtoADO ‘ RW‘ AK‘ D7 to DO ‘ AK‘ SPl

Q0

<2>

Al

¢ 0: SMBSO0 =10001010B
A 1l: SMBSO =1000x110B

A 2: SMBS0 =01000110B (Example: Read ALDO during interrupt processing)

A3: SMBS0 =00000001B

Remark

o
A
A
X

Generate only when STIEO =1
Always generate

Generate only when SPIEO = 1
Don't care

Dn = D6 to DO

Extension code

A2

A3

| ST‘ADGtoADO ‘ RW‘ AK‘ D7 to Dn ‘ ST‘ADGtOADO ‘ RW‘ AK‘ D7 to DO ‘AK‘ SP|

00

Al

¢ 0: SMBSO0 =10001010B
A 1l: SMBSO =1000x110B

A 2: SMBSO0 = 0110x010B (Example: Read ALDO during interrupt processing,

SMBCO: LRELO = 1 set by software)

A3: SMBS0 =00000001B

Remark

o
A
A
X

Generate only when STIEO =1
Always generate

Generate only when SPIEO = 1
Don't care

Dn = D6 to DO
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(e) In case of defeat by stop condition during data transmission

¢ 0: SMBSO =
Al: SMBSO =
A2: SMBSO =

Remark ¢
A
A
X

| ST ‘ AD6 to ADO ‘ RW‘ AK‘ D7 to Dn ‘ SPl
00 Al A2

10001010B
1000x110B
01000001B

Generate only when STIEO =1
Always generate

Generate only when SPIEO = 1
Don't care

Dn =D6 to DO
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(f) In case of arbitration defeat by data low level while attempting to generate restart condition

<1> When WTIMO =0

STT0=1

'

|ST‘AD6tOADO‘RW‘AK‘ D7 to DO ‘AK‘ D7 to DO ‘AK‘ D7 to DO ‘AK‘SP'

0 0:
Al
A2
A3
A4
A5:

Remark

¢0

Al A2 A3 A4 N5

SMBSO0 = 10001010B
SMBSO0 = 1000x110B
SMBSO0 = 1000x000B
SMBSO0 = 1000%x00B
SMBSO0 = 10000000B (Example: Read ALDO during interrupt processing)
SMBSO0 = 00000001B

¢
A
A
X

Generate only when STIEO =1
Always generate

Generate only when SPIEO =1
Don't care

<2> When WTIMO =1

STT0=1

l

|ST‘AD6t0ADO‘RW‘AK‘ D7 to DO ‘AK‘ D7 to DO ‘AK‘ D7 to DO ‘AK‘SP'

¢ 0:
Al
A2:
A3:
A4

Remark

272

00

Al A2 A3 N4

SMBSO0 = 10001010B
SMBSO0 = 1000x110B
SMBSO0 = 1000xx00B
SMBSO0 = 01000100B (Example: Read ALDO during interrupt processing)
SMBSO0 = 00000001B

¢
A
A
x

Generate only when STIEO =1
Always generate

Generate only when SPIEO = 1
Don't care
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(g) In case of arbitration defeat by stop condition while attempting to generate restart condition

<1>

<2>

When WTIMO =0

STT0=1

| ST ‘ AD6 to ADO ‘ RW‘ AK‘ D7 to DO ‘ AK‘ SPl
00 Al A2 A3 A4

¢ 0: SMBSO =10001010B
Al: SMBSO =1000x110B
A 2: SMBSO =1000x000B
A 3: SMBSO0 = 1000xx00B
A4: SMBSO = 01000001B

Remark ¢
A
A
X

When WTIMO = 1

Generate only when STIEQO =1
Always generate

Generate only when SPIEO = 1
Don't care

STT0=1

[ st | ADstoAD0 | RW| AK | D7toD0 | Ak | sP|
00 AL A2 /A3

¢ 0: SMBSO =10001010B
A 1l: SMBSO =1000x110B
A 2: SMBSO0 = 1000xx00B
A3: SMBSO =01000001B

Remark ¢
A
A
X

Generate only when STIEO = 1
Always generate

Generate only when SPIEO = 1
Don't care

User’'s Manual U14186EJ2VOUMO00

273



CHAPTER 15 SMBO (uPD789167Y AND 789177Y SUBSERIES)

(h) In case of arbitration defeat by data low level while attempting to generate a stop condition

<1> When WTIMO =0

SPTO=1

'

|ST‘AD6tOADO‘RW‘AK‘ D7 to DO ‘AK‘ D7 to DO ‘AK‘ D7 to DO ‘AK‘ SP|
¢0 Al A2 A3 Al A5

¢ 0: SMBSO = 10001010B
A1l: SMBSO =1000x110B
A 2: SMBSO = 1000x000B
A 3: SMBSO0 = 1000xx00B
A 4: SMBSO0 =01000000B (Example: Read ALDO during interrupt processing)
A5: SMBSO = 00000001B

Remark ¢ Generate only when STIEO =1
A Always generate
A Generate only when SPIEO =1
X Don't care

<2>When WTIMO = 1

SPT0=1

l

|ST‘AD6t0ADO‘RW‘AK‘ D7 to DO ‘AK‘ D7 to DO ‘AK‘ D7 to DO ‘AK‘ SP|
¢0 Al A2 A3 NA

¢ 0: SMBSO0 =10001010B
A 1l: SMBSO =1000x110B
A 2: SMBSO0 = 1000xx00B
A 3: SMBSO0 = 01000000B (Example: Read ALDO during interrupt processing)
A4: SMBS0 = 00000001B

Remark ¢ Generate only when STIEO =1
A Always generate
A Generate only when SPIEQ =1
X Don't care
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15.4.8 Interrupt request (INTSMBO) generation timing and wait control
INTSMBO generation and wait control can be done with the timings indicated in Table 15-3 by setting bit 3
(WTIMO) of the SMB control register 0 (SMBCO).

Table 15-3. INTSMBO Generation Timing and Wait Control

WTIMO During Slave Operation During Master Operation
Address Data Receive Data Send Address Data Receive Data Send
0 chleS 1,2 8Ncle 2 8N0(E 2 9 8 8
l gNules 1,2 chle 2 gNuts 2 9 g g
Notes 1. INTSMBO and wait signals are generated by a slave at the falling edge of the 9th clock only when

matching with the address set in the SMB slave address register (SMBSVAOQ) occurs.
Moreover, at this time, an ACK signal is output regardless of the setting of bit 2 (ACKEO) of SMBCO. A
slave that receives an extension code generates INTSMBO at the falling edge of the 8th clock.

2. If the address received does not match the address set in the SMB slave address register O
(SMBSVAO), the slave does not generate INTSMBO and wait signals.

Remark Figures listed in Table 15-3 above indicate the number of serial clocks. Interrupt requests and wait
control are synchronized with the falling edge of the serial clock.
(1) During address transmission/reception

)

®3)

(4)

()

« During slave operation:
« During master operation: Interrupt and wait signals are generated at the falling edge of the 9th clock
regardless of the WTIMO bit setting.

Interrupt and wait timings are set regardless of the WTIMO bit setting.

During data reception
» During master/slave operation: Interrupt and wait timings are set with the WTIMO bit.

During data transmission
« During master/slave operation: Interrupt and wait timings are set with the WTIMO bit.

Wait cancellation method
Waits can be canceled with one of the following four methods.

Setting SMB control register 0 (SMBCO) bit 5 (WRELO) to 1

¢ Performing SMB shift register 0 (SMBO) write operation
Setting a start condition (by setting SMBCO bit 1 (STTO) to 1)
¢ Setting a stop condition (by setting SMBCO bit 0 (SPTO) to 1)

When 8-clock wait is selected (WTIMO = 0), the ACK output level must be determined before the wait status
is released.

Stop condition detection
An INTSMBO signal is output when a stop condition is detected.
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15.4.9

Matching address detection method

In SMB mode, a particular slave device can be selected by sending that slave address to the master.

The detection of matching addresses is performed automatically by hardware. If a local address has been set in
SMB slave address register 0 (SMBSVAOQ), and the slave address sent from the master matches the address set in
SMBSVAQ, or if the extension code is received, an INTSMBO interrupt request is generated.

15.4.10 Error detection

In SMB mode, because the status of the serial data bus (SDAOQ) during transmission is also input to SMB shift
register 0 (SMBO), transmission errors can be detected by comparing the SMBO data before transmission start and
at transmission end. If two data do not match, a transmission error is considered to have occurred.

15.4.11 Extension code

1)

)

An extension code is considered to have been received when the high-order four bits of the receive address
are 0000 or 1111, and in this case the extension code receive flag (EXCO) is set and interrupt request
(INTSMBO) is generated at the falling edge of the 8th clock.

The local address stored in SMB slave address register 0 (SMBSVAO) is not affected.

When 111110xx is set to SMBSVAO and 111110xx0 is transferred from the master during transfer of a 10-
bit address, the following occurs. However, INTSMBO is generated at the falling edge of the 8th clock.

 Matching high-order 4 bits: EXCO = 1"
« Matching 7-bit data: COIO = 1™

Note EXCO : SMB status register 0 (SMBSO) bit 5

@)

COI0 : SMB status register 0 (SMBSO0) bit 4

Because the processing after an interrupt request is generated differs depending on the data that follows
the extension code, it is performed by software. For instance, if operation as a slave is not desired following
the reception of an extension code, set LRELO to 1, in which case the following communication standby
status is entered.

Table 15-4. Extension Code Bit Definition

Slave Address R/W Bit Description
0000 000 0 General call address
0000 000 1 Start byte
0000 001 X CBUS address
0000 010 x Address reserved for different bus format
1111 Oxx X 10-bit slave address specification

Addresses reserved for system management bus are described below.

Slave Address Description
0001 000 SMB host
0001 100 Response address for SMB alert
1010 001 Default address of SMB device
1001 Oxx Free address

276

User’'s Manual U14186EJ2VOUMO00



CHAPTER 15 SMBO (uPD789167Y AND 789177Y SUBSERIES)

15.4.12 Arbitration

If several masters output a start condition simultaneously (when STTO is set to 1 before STDO is set to 1'™),
master communication is performed while adjusting the clock until data differs. This operation is referred to as
arbitration.

A master defeated in arbitration sets the arbitration defeat flag (ALDO) of SMB status register 0 (SMBSO0), and
sets the SCLO and SDAQO lines to Hi-Z to release the bus.

Arbitration defeat is detected by software when ALDO = 1 at the next interrupt request generation timing (8th or
9th clock, stop condition detection, etc.).

For the interrupt generation timing, see 15.4.7 SMBO interrupt (INTSMBO) .

Note STDO : SMB status register 0 (SMBSO) bit 1
STTO : SMB control register 0 (SMBCO) hit 1

Figure 15-14. Arbitration Timing Examples

Master 1

Hi-Z

e \_/_\_/_\_/_\_/_\_/_\

Hi-Z

SDA0 w .....
Master 1

Master 2 arbitration defeat

Y alalatia

VA
Wallalala

SDAO _\_/—\—/—\

SCLO

SCLO

/
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Table 15-5. Status at Arbitration and Interrupt Request Generation Timing

Status at Arbitration

Interrupt Request Generation Timing

Address transmission in progress

Read/write information following address transmission

Extension code transmission in progress

Read/write information following extension code transmission

Data transmission in progress

ACK transmission in progress following data transmission

Data transmission in progress, restart condition detection

Falling edge of 8th or 9th clock following byte transmission

Note 1

Data transmission in progress, stop condition detection

Note 2

During stop condition output (SPIEO = 1)

Attempt to output restart condition was made, but data was
low level

Falling edge of 8th or 9th clock following byte transfer

Note 1

Attempt to output restart condition was made, but stop
condition was detected

Note 2

During stop condition output (SPIEO = 1)

Attempt to output stop condition was made, but data was low
level

Attempt to output restart condition was made, but SCLO was
low level

Falling edge of 8th or 9th clock following byte transfer

Note 1

Notes 1. If WTIMO (bit 3 of SMB control register 0 (SMBCOQ) = 1, an interrupt request is generated at the falling
edge of the 9th clock. During reception of an extension code slave address when WTIMO = 0, an
interrupt request is generated at the falling edge of the 8th clock.

2. If there is a possibility of arbitration occurring, set SPIEO to 1 at master operation.

Remark SPIEO: SMB control register 0 (SMBCO) bit 4

15.4.13 Wakeup function

The SMBO slave function generates an interrupt request (INTSMBO) when a local address and extension code

are received.

When the address does not match, no unnecessary interrupt request is generated, allowing greater processing

efficiency.

When a start condition is detected, the wakeup standby status is entered. Because even a master (when a start
condition is output) may become a slave if defeated in arbitration, the wakeup standby status is entered while

address transmission is performed.

However, when a stop condition is detected, interrupt request enable/disable is determined by setting bit 4
(SPIEO) of SMB control register 0 (SMBCO) regardless of the wakeup function.
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15.4.14 Communication reservation

If, during non-participation on the bus, the next master communication is desired, a start condition can be made
to be sent at bus release by performing communication reservation. Non-participation on the bus includes the
following two statuses.

* When could become neither master nor slave during bus arbitration
* When extension code is received and does not operate as slave (released bus with SMB control register 0
(SMBCO) hit 6 (LRELO) = 1, without returning ACK).

When bit 1 (STT0) of SMBCO is set during non-participation on the bus, a start condition is generated
automatically after the bus is released (following detection of stop condition), and the wait status is entered.

When bus release is detected (detection of stop condition), address transmission as master is started through
SMB shift register 0 (SMBO) write operation. At this time, set SMBCO bit 4 (SPIEO).

When STTO is set, whether operation as a start condition or operation as communication reservation is selected
depends on the bus status.

o Ifbusisreleased........ccccccoviiiiiiiiinnnnnnn. Start condition generation
« If bus is not released (standby status) ... Communication reservation

The method to detect which operation is selected by STTO is to set STTO, and after the wait time elapses,
reconfirming the STTO bit.

Secure the wait time by software as shown in Table 15-6. The wait time is set with bit 3 (SMCO0) of SMB clock
selection register 0 (SMBCLO).

Table 15-6. Wait Time

SMCO Wait Time
0 46 clocks
1 16 clocks
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The communication reservation timing is shown in Figure 15-15.

Figure 15-15. Communication Reservation Timing

Program processin STTO SMBO
9 P 9 =1 write
Commu- SPDO,
Hardware processing |nication INTSMBO STPO
) : setting
reservation setting
SCLO

SDAO

f

Output of master
that occupied bus

SMBO : SMB shift register 0

STTO : SMB control register 0 (SMBCO) bit 1
STDO : SMB status register 0 (SMBSO0) bit 1
SPDO : SMB status register 0 (SMBSO0) bhit 0

Communication reservations are received in the following timing. After bit 1 (STD0) of SMB status register 0
(SMBSO0) becomes 1, communication reservation is done by setting bit 1 (STTO0) of SMB control register 0 (SMBCO)

to "1" before detection of a stop condition.

Figure 15-16. Communication Reservation Received Timing

scto J
/ X LN

STDO

SPDO

Standby state
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Figure 15-17 shows the communication reservation procedure.

Figure 15-17. Communication Reservation Procedure

DI

SET1 STTO ; Set STTO flag (communication reservation)

Definition of communication ; Define that communication reservation is

reservation in progress (Define user flag in any RAM,
and set)
Wait ; Secure wait time by software (see
Table 15-6)
(Communication reservation)N°t
; Check STTO flag

No
(Generate start condition)

Release of communication .
- ; Clear user flag
reservation
MOV SMBO, #xxH ; SMBO write operation
El

Note During the communication reservation operation, execute writing to SMB shift register 0 (SMBO0) with a
stop condition interrupt.

15.4.15 Additional cautions

If, after reset, master communication is attempted from a status where no stop condition is detected (bus is not
released), a stop condition must be generated and the bus released before performing master communication.

In the case of multiple masters, master communication cannot be performed while the bus is not released (stop
condition not detected).

A stop condition is generated in the following sequence.

<1> Setting of SMB clock selection register 0 (SMBCLO)

<2> Setting of SMB control register 0 (SMBCO) bit 7 (SMBEOQ)
<3> Setting of SMBCO bit 0
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15.4.16 Communication operation

(1) Master operation
The master operation sequence is illustrated below.

Figure 15-18. Master Operation Sequence

(o)

SMBCLO ~ xxH
Selection of transmission
clock

SMBCO ~ xxH
SMBEO = SPIEOQ =
WTIMO =1
STTO=1

No
Yes

SMBO write
Start of transmission

; Detection of stop condition

ACKDO = 1? |

Generation of stop condition
(there is no slave with
matching address)

No (receive)

‘ ; End of address transmission

SMBCO ~ xxH
Yes (send) | WTIMO =0

. ACKEO =1
SMBO write T

Start of transmission |

WRELO =1
Start of reception
No
No

Data processing ’
es

Data processin
Yes P 9
ACKDO =17 -~
No No

Transmission end?

Generation of restart

condition or stop
condition ACKEO =0
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(2) Slave operation
The slave operation sequence is illustrated below.

Figure 15-19. Slave Operation Sequence

GEZED

SMBCO ~ xxH
SMBEO =1

Participate in
communication?

Yes
No
TRCO =1?
SMBCO ~ xxH
Yes ‘

LRELO=1

y

WTIMO =0
WTIMO = 1 ACKFO -1
SMBO write [

Start of transmission WRELO = 1

Start of transmission
No
No

Data processing Yes

Data processing
Yes
ACKDO = 1? —
No

No Transmission end?

Detection of start
condition or stop ACKEO =0
condition
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15.5 Timing Chart

In SMB mode, a master can select for communication a slave device from among many such devices by
outputting an address to the serial bus.

After the slave address, the master sends the TRCO bit (bit 3 of the SMB status register 0 (SMBSO0)) indicating
the data transmission direction and starts the serial communication with the slave.

The timing charts for data transmission are shown in Figures 15-20 and 15-21.

The shift operation of SMB shift register 0 (SMBO) is performed in synchronization with the falling edge of the
serial clock (SCLO), send data is transmitted to the SO0 latch and output MSB first from the SDAO pin.

Data input to the SDAO pin at the rising edge of SCLO is read by SMBO.
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Figure 15-20. Master - Slave Communication Example
(When 9-Clock Wait is Selected for Both Master and Slave) (1/3)

(1) Start condition O Address

Master Device Processing‘
SMBO | SMBO — Address | SMBO -~ Data

ACKDO \ N\ [

\
STDO _| |

SPDO
WTIMO  H /
ACKEO H /
MSTSOJ

STTO

oo\ __| /

WRELO L

INTSMBO

TRCO H

Start condition

Slave Device Processing‘

SMBO | SMBQ . FFHMNote
[

ACKDO / | l |

[
stoo | |
SPDO |

WTIMO H / /

ACKEO H

MSTSO L

- ||

SPTO L \ \
WRELO \ \ |‘| Note

INTIIC

(When EXCO = 1)
TRCO L Receive

Note Perform slave wait cancellation by either changing SMBCO ~ FFH, or setting WRELO.
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Figure 15-20. Master - Slave Communication Example
(When 9-Clock Wait is Selected for Both Master and Slave) (2/3)

(2) Data

Master Device Processing ‘

SMBO | SMBO ~ Data | SMBO -~ Data
1

ACKDO J | \\ |

STDO |

SPDO L '

WTIMO H /

ACKEO H / /

MSTSO H

STTO L

wro o | /

WRELO | / /

INTSMBO

TRCO H

Transmission Line

SCLO 8

SDAO DO

Slave Device Processing ‘

SMBO ) SMBQ ~ FFH°® SMBQ — FFHNote

ACKDO |

STDO L

SPDO L /

WTIMO  H / l

ACKEO H

MSTSO |

smo_u | |

SPTO L / \
WRELO k |_| Note \ |_| Note

INTSMBO | | \|—|—

TRCO L Receive

Note Perform slave wait cancellation by either changing SMBCO ~ FFH, or setting WRELO.
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Figure 15-20. Master - Slave Communication Example
(When 9-Clock Wait is Selected for Both Master and Slave) (3/3)

(3) Stop condition

Master Device Processing‘

SMBO | SMBO ~ Data |SMBO ~ Address
I I

ACKDO | | |
STDO |
SPDO | |

WTIMO H

ACKEO H

MSTSO

L
STTO
SPTO W
WRELO | (
INTSMBO J1 \ \
TRCO H  Send

Transmission Line

SCLO

SDAO

Start
condition condition

| SMBO_ FFHMee
I

Slave Device Processing ‘

SMBO |SMBO  FFHNote
I

ACKDO |
STDO |
SPDO | |

WTIMO  H //
ACKEO H
MSTSO |
STTO L \
SPTO L \

WRELO |—| Note \ |—| Note
INTSMBO \| | [

(When SPIEO = 1)

TRCO L Receive

Note Perform slave wait cancellation by either changing SMBCO ~ FFH, or setting WRELO.
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Figure 15-21. Slave - Master Communication Example
(When 9-Clock Wait is Selected for Both Master and Slave) (1/3)

(1) Start condition O Address

Master Device Processing ‘

SMBO | SMBO — Address | SMBO — FFH\et
‘ 1

ACKDO |

STDO J | \

SPDO |

WTIMO H

ACKEO R /

MSTSO J

STTO

SPTO | /

WRELO \\ { "

INTSMBO A \
\

TRCO

Transmission Line

SCLO

SDAO R
Start condition
Slave Device Processing ‘
SMBO | SMBO ~ Data
1

STDO J

I
/

SPDO |

WTIMO H / /

ACKEO H

MSTSO L

STTO L (
SPTO L .

WRELO L \ \

INTSMBO \ \|_|

TRCO \l

Note Perform slave wait cancellation by either changing SMBCO ~ FFH, or setting WRELO.
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Figure 15-21. Slave - Master Communication Example
(When 9-Clock Wait is Selected for Both Master and Slave) (2/3)

(2) Data

Master Device Processing ‘
SMBO ‘SMBO — FFHNote | SMBO ~ FEHNote
1 1

ACKDO I |

STDO |

seoo L \ |

WTIMO H } /

ACKEO ~H /

MSTSO h

STTO

— / |

e e e
INTSMBO A / A1 \

TRCO L (Receive

Transmission Line

SCLO 8 9

SDA0 DO \ACK/

Slave Device Processing ‘

SMBO | SMBO . Data  SMBO - Data
! !
ACKDO | |
STDO |

——_— /
WTIMO  H / /

ACKEO H

MSTSO |

STTO L

SPTO L

WRELO L \

INTSMBO | | | |

TRCO H Send

Note Perform slave wait cancellation by either changing SMBCO ~ FFH, or setting WRELO.
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Figure 15-21. Slave - Master Communication Example
(When 9-Clock Wait is Selected for Both Master and Slave) (3/3)

(3) Stop condition

Master Device Processing ‘

SMBO | SMBO — FFHN°t | SMBO —~ Address
T I

ACKDO |
STDO Ii
SPDO | |

WTIMO ~R

ACKEO —j

MSTSO |_|
STTO /‘_|

SPTO (

WRELO M note
I

(When SPIEO = 1)
TRCO |

Transmission Line

SCLO

SDAO

D7 X D6 X 5 X D4 X D3 X D2 X D1 X DO /N-ACK| |

Stop Start
condition condition

‘ Slave Device Processing ‘
SMBO |SMBCO ~ Data
1

AckDO | /
STDO / [
SPDO [ ]

WTIMO H /

ACKEO H

MSTSO |

STT0 | \

SPTO L \

WRELO \ [ ]
INTSMBO \|_| [

(When SPIEO = 1)

TRCO

Note Perform slave wait cancellation by either changing SMBCO ~ FFH, or setting WRELO.
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CHAPTER 16 MULTIPLIER

16.1 Multiplier Function

The multiplier has the following function:
¢ Calculation of 8 bits x 8 bits = 16 bits

16.2 Multiplier Configuration

(1) 16-bit multiplication result storage register 0 (MULO)
This register stores the 16-bit result of multiplication.
This register holds the result of multiplication after the 16 CPU clocks have elapsed.
MULDO is set with a 16-bit memory manipulation instruction.
RESET input makes this register undefined.

Caution MULO is designed to be manipulated with a 16-bit memory manipulation instruction. It can
also be manipulated with 8-bit memory manipulation instructions, however. When an 8-bit

memory manipulation instruction is used to manipulate MULO, it must be accessed in
direct addressing.

(2) Multiplication data registers A and B (MRAO and MRBO)

These are 8-bit multiplication data storage registers. The multiplier multiplies the values of MRAO and
MRBO.

MRAO and MRBO are set with a 1-bit or 8-bit memory manipulation instruction.
RESET input makes these registers undefined.
Figure 16-1 shows a block diagram of the multiplier.
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Figure 16-1. Block Diagram of Multiplier

Internal bu

S

AV

Multiplication data
register A (MRAQ)

V.

AV

Multiplication data
register B (MRBO)

V.

Selector

Counter value

16-bit
adder

3 3-bit counter

CPU clock

Start

Counter output

16-bit multiplication result

storage register 0 (master) (MULO)

N~

16-bit multiplication result
storage register 0 (slave)

Clear

MULSTOf+~—Reset

Multiplier control
register 0 (MULCO)

Internal bus
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CHAPTER 16 MULTIPLIER

16.3 Multiplier Control Register

The multiplier is controlled by the following register:
< Multiplier control register 0 (MULCO)

MULCO indicates the operating status of the multiplier, as well as controls the multiplier.
MULCO is set with a 1-bit or 8-bit memory manipulation instruction.

RESET input clears this register to O0H.

Figure 16-2. Format of Multiplier Control Register O

Symbol 7 6 5 4 3 2 1 0 Address  After reset R/W
mocol o | o | o | o | o | o | o [musto|rrozn 00H RIW
MULSTO Multiplier operation start control bit Operating status of multiplier
0 Stops operation after resetting counter to 0. Operation stops
1 Enables operation Operation in progress

Caution Bits 1 to 7 must all be set to 0.
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16.4 Multiplier Operation

The multiplier of the uPD789167, 789177, 789167Y, and 789177Y Subseries can execute calculation of 8 bits x
8 bits = 16 bits.
Figure 16-3 shows the operation timing of the multiplier where MRAO is set to AAH and MRBO is set to D3H.

<1> Counting is started by setting MULSTO.

<2> The data generated by the selector is added to the data of MULO at each CPU clock, and the counter value
is incremented by one.

<3> If MULSTO is cleared when the counter value is 111B, the operation is stopped. At this time, MULO holds
the data.

<4> While MULSTO is low, the counter and slave are cleared.

Figure 16-3. Multiplier Operation Timing (Example of AAH x D3H)

CPU clock |||||||ml_ﬂ||||||||||||||||||||||||||| ||||||||
MRAO X AA
MRBO D3
MULSTO L
Counter 0008 0018 X 0108 { 0118 { 1008 X 1018} 1108 1118 0008
Selector output X 00AA ‘ X 0154 X 0000 X 0000 XOAAOX ooooX 2A80X 5500X 00AA
(M'\:;Jtég X 00AA X 01FE { 01FE Y 01FE } 0C9E X 0C9E X 371E ) ?ClE
(Slave) 0000 XOOAAXOlFEXOlFEXOlFEXOCQEXOCQEX371EX 0000
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CHAPTER 17 INTERRUPT FUNCTIONS

17.1 Interrupt Function Types
The following two types of interrupt functions are used.

(1) Non-maskable interrupt
This interrupt is acknowledged unconditionally. It does not undergo interrupt priority control and is given top
priority over all other interrupt requests.
A standby release signal is generated.
The non-maskable interrupt has one source of interrupt from the watchdog timer.

(2) Maskable interrupt
These interrupts undergo mask control. If two or more interrupts are simultaneously generated, each
interrupt has a predetermined priority (priority) as shown in Table 17-1.
A standby release signal is generated.
* For the yPD789167 and 789177 Subseries, the maskable interrupt has four sources of external interrupts
and ten sources of internal interrupts. For the uPD789167Y and 789177Y Subseries, the maskable
interrupt has four sources of external interrupts and 12 sources of internal interrupts.

17.2 Interrupt Sources and Configuration
* There are a total of 15 non-maskable and maskable interrupts in the interrupt sources for the uPD789167 and

789177 Subseries, and a total of 17 non-maskable and maskable interrupts in the interrupt sources for the
uPD789167Y and 789177Y Subseries (see Table 17-1).
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INTERRUPT FUNCTIONS

Table 17-1. Interrupt Sources

Interrupt Type | Priority"™* Interrupt Source Internal/External | Vector Table Basic
Name Trigger Address Configuration
TypeNolez
Non-maskable - INTWDT Watchdog timer overflow Internal 0004H (A)
interrupt (when watchdog timer mode 1
is selected)
Maskable 0 INTWDT Watchdog timer overflow B)
interrupt (when interval timer mode is
selected)
1 INTPO Pin input edge detection External 0006H ©)
2 INTP1 0008H
3 INTP2 000AH
4 INTP3 000CH
5 INTSR20 End of UART reception on Internal 000OEH (B)
serial interface 20
INTCSI20 End of three-wire SIO transfer
reception on serial interface 20
6 INTST20 End of UART transmission on 0010H
serial interface 20
7 INTWT Watch timer interrupt 0012H
8 INTWTI Interval timer interrupt 0014H
9 INTTM80 Generation of match signal for 0016H
8-bit timer/event counter 80
10 INTTM81 Generation of match signal for 0018H
8-bit timer/event counter 81
11 INTTM82 Generation of match signal for 001AH
8-bit timer 82
12 INTTM90 Generation of match signal for 001CH
16-bit timer 90
13 INTSMO"™** SMB interrupt 001EH
Note 3 . .
14 INTSMBOVO SMB timeout interrupt 0020H
15 INTADO A/D conversion completion 0022H
signal
Notes 1. The priority regulates which maskable interrupt is higher, when two or more maskable interrupts are

296

requested simultaneously. Zero signifies the highest priority, while 15 is the lowest.
Basic configuration types (A), (B), and (C) correspond to (A), (B), and (C) in Figure 17-1, respectively.
For the uPD789167Y and 789177Y Subseries only
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CHAPTER 17 INTERRUPT FUNCTIONS

Figure 17-1. Basic Configuration of Interrupt Function

(A) Internal non-maskable interrupt

S Internal bus S

Vector table
Interrupt request address generator

Standby release signal

(B) Internal maskable interrupt

S Internal bus S

Vector table
9 ) } address generator
Interrupt request IF )

Standby release signal

(C) External maskable interrupt

S Internal bus S
O

External interrupt mode
register (INTMO, INTM1) MK IE

A Vector table
Interrupt Edge IE } } address generator

request detector

Standby
release signal

IF: Interrupt request flag
IE: Interrupt enable flag
MK: Interrupt mask flag
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CHAPTER 17 INTERRUPT FUNCTIONS

17.3 Interrupt Function Control Registers

The interrupt functions are controlled by the following registers:

Interrupt request flag registers 0 and 1 (IFO and IF1)
Interrupt mask flag registers 0 and 1 (MKO and MK1)

« External interrupt mode registers 0 and 1 (INTMO and INTM1)

» Program status word (PSW)

Table 17-2 lists interrupt requests, the corresponding interrupt request flags, and interrupt mask flags.

Table 17-2. Interrupt Request Signals and Corresponding Flags

Interrupt Request Signal

Interrupt Request Flag

Interrupt Mask Flag

INTWDT
INTPO

INTP1

INTP2

INTP3
INTSR20/INTCSI20
INTST20

INTWT

INTWT

INTTM80
INTTM81
INTTM82
INTTM90
INTSMBO"*
INTSMBOVO"™*
INTADO

TMIF4
PIFO

PIF1

PIF2

PIF3
SRIF20
STIF20
WTIF
WTIIF
TMIF80
TMIF81
TMIF82
TMIF90
SMBIFQ"™*
SMBOVIFQ™
ADIFO

TMMK4
PMKO
PMK1
PMK2
PMK3
SRMK20
STMK20
WTMK
WTIMK
TMMKB80
TMMK81
TMMK82
TMMK90
SMBMKO™*
SMBOVMKO0"™*
ADMKO

Note Forthe yPD789167Y and 789177Y Subseries only
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CHAPTER 17 INTERRUPT FUNCTIONS

(1) Interrupt request flag registers (IFO and IF1)
An interrupt request flag is set to 1, when the corresponding interrupt request is issued, or when the related
instruction is executed. It is cleared to 0, when the interrupt request is accepted, when a RESET signal is
input, or when a related instruction is executed.
IFO and IF1 are set with a 1-bit or 8-bit memory manipulation instruction.
RESET input clears IFO and IF1 to O0H.

Figure 17-2. Format of Interrupt Request Flag Register

Symbol <7> <6> <5> <4> <3> <2> <1> <0> Address  After reset R/W
IFO |WTIF ‘STIFZO‘SRIFZO‘ PIF3 ‘ PIF2 ‘ PIF1 ‘ PIFO ‘TMIF4| FFEOH 00H R/W
<7> <6> <5> <4> <3> <2> <1> <0>
N
IF1 |ADIFO‘SMBOQ‘/(I)EE}SMBI%B{TMIFQO‘TMIF82‘TMIF81‘TMIF80‘WTIIF| FFE1H O00OH R/W
xx|Fx Interrupt request flag

0 No interrupt request signal has been issued.

1 | Aninterrupt request signal has been issued; an interrupt request has been made.

Note This flag is provided for the uPD789167Y and 789177Y Subseries only. For the yPD789167 and
789177 Subseries, the flag must be set to 0.

Cautions 1. The TMIF4 flag can be read- and write-accessed only when the watchdog timer is being
used as an interval timer. It must be cleared to 0 if the watchdog timer is used in
watchdog timer mode 1 or 2.
2. When port 3 is being used as an output port, and its output level is changed, an
interrupt request flag is set, because this port is also used as an external interrupt
input. To use port 3 in output mode, therefore, the interrupt mask flag must be set to 1
in advance.
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(2) Interrupt mask flag registers (MKO and MK1)
The interrupt mask flags are used to enable and disable the corresponding maskable interrupts.
MKO and MK1 are set with a 1-bit or 8-bit memory manipulation instruction.
RESET input sets MKO and MK1 to FFH.

Figure 17-3. Format of Interrupt Mask Flag Register

Symbol <7> <6> <5> <4> <3> <2> <I> <0> Address  After reset R/W
MKO |WTMK‘STMK20‘SRMK24 PMK3 ‘ PMK2 ‘ PMK1 ‘ PMKO ‘TMMK4| FFE4H FFH R/W
<7> <6> <5> <4> <3> <2> <1> <0>
MK1 |ADMKO ‘SMBO\W&%‘SMBWS‘TMMKgo‘TMMK82‘TMMK81‘TMMK80‘WTIMKl FFE5H FFH RIW
xXMKx Interrupt handling control

0 Enable interrupt handling.

1 Disable interrupt handling.

Note This flag is provided for the uPD789167Y and 789177Y Subseries only. For the yPD789167 and
789177 Subseries, the flag must be set to 1.

Cautions 1. When the watchdog timer is being used in watchdog timer mode 1 or 2, any attempt to
read TMMKA4 flag results in an undefined value being detected.
2. When port 3 is being used as an output port, and its output level is changed, an
interrupt request flag is set, because this port is also used as an external interrupt
input. To use port 3 in output mode, therefore, the interrupt mask flag must be set to 1
in advance.
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(3) External interrupt mode register 0 (INTMO)
INTMO is used to specify the valid edge for INTPO to INTP2.
INTMO is set with an 8-bit memory manipulation instruction.
RESET input clears INTMO to 00H.

Figure 17-4. Format of External Interrupt Mode Register O

Symbol 7 6 5 4 3 2 1 0 Address  After reset R/W
INTMO | ES21 ‘ ES20 ‘ ES11 ‘ ES10 ‘ ESO1 ‘ ES00 ‘ 0 ‘ 0 | FFECH OOH R/IW
ES21 | ES20 INTP2 valid edge selection

0 0 Falling edge

0 1 Rising edge

1 0 Setting prohibited

1 1 Both rising and falling edges

ES11 | ES10 INTP1 valid edge selection

0 0 Falling edge

0 1 Rising edge

1 0 Setting prohibited

1 1 Both rising and falling edges

ES01 | ES00 INTPO valid edge selection

0 0 Falling edge

0 1 Rising edge

1 0 Setting prohibited

1 1 Both rising and falling edges

Cautions 1. Bits 0 and 1 must all be set to 0.

2. Before setting INTMO, set the corresponding interrupt mask flag register (

to disable interrupts.

To enable interrupts, clear to 0 the corresponding interrupt request flag (

the corresponding interrupt mask flag register ( xxMK x).
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(4) External interrupt mode register 1 (INTM1)
INTML1 is used to specify the valid edge for INTP3 and INTLVIO.
INTM1 is set with an 8-bit memory manipulation instruction.
RESET input clears INTM1 to O0H.

Figure 17-5. Format of External Interrupt Mode Register 1

Symbol 7 6 5 4 3 2 1 0 Address  After reset R/W
INTM1 | 0 ‘ 0 ‘ 0 ‘ 0 ‘ ES41 ‘ ES40 ‘ ES31 ‘ ES30 | FFEDH OOH R/W
ES41 ES40 INTLVIO valid edge selection
0 0 Falling edge
0 1 Rising edge
1 0 Setting prohibited
1 1 Both rising and falling edges
ES31 ES30 INTP3 valid edge selection
0 0 Falling edge
0 1 Rising edge
1 0 Setting prohibited
1 1 Both rising and falling edges

Cautions 1. Bits 4 to 7 must all be set to 0.
2. Before setting INTM1, set the corresponding interrupt mask flag register ( xxMKx) to 1
to disable interrupts.
To enable interrupts, clear to O the corresponding interrupt request flag ( xx|Fx), then
the corresponding interrupt mask flag register ( xxXMK x).
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(5) Program status word (PSW)
The program status word is used to hold the instruction execution result and the current status of the
interrupt requests. The IE flag, used to enable and disable maskable interrupts, is mapped to PSW.
PSW can be read- and write-accessed in 8-bit units, as well as using bit manipulation instructions and
dedicated instructions (El and DI). When a vector interrupt is accepted, PSW is automatically saved to a
stack, and the IE flag is reset to 0.
RESET input sets PSW to 02H.

Figure 17-6. Program Status Word Configuration

Symbol 7 6 5 4 3 2 1 0 After reset

esw[ €]z 0[]0 o] 1 [ov] om

Used in the execution of ordinary instructions

IE Whether to enable/disable interrupt acceptance
0 | Disable
1 Enable
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17.4 Interrupt Processing Operation

17.4.1 Non-maskable interrupt request acceptance operation

The non-maskable interrupt request is unconditionally accepted even when interrupts are disabled. It is not
subject to interrupt priority control and takes precedence over all other interrupts.

When the non-maskable interrupt request is acknowledged, PSW and PC are saved to the stack in that order,
the IE flag is reset to 0, the contents of the vector table are loaded to the PC, and then program execution branches.

Figure 17-7 shows the flowchart from non-maskable interrupt request generation to acceptance. Figure 17-8
shows the timing of non-maskable interrupt request acceptance. Figure 17-9 shows the acceptance operation if
multiple non-maskable interrupts are generated.

Caution During a non-maskable interrupt service program execution, do not input another non-

maskable interrupt request; if it is input, the service program will be interrupted and the new
interrupt request will be acknowledged.
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Figure 17-7. Flowchart from Non-Maskable Interrupt Request Generation to Acceptance

WDTM4 =1
(watchdog timer mode
is selected)

Interval timer

WDT
overflows

WDTM3 =0
(non-maskable interrupt
is selected)

Reset processing

Interrupt request is generated

( Interrupt processing is started )

WDTM: Watchdog timer mode register
WDT: Watchdog timer

Figure 17-8. Timing of Non-Maskable Interrupt Request Acceptance

Save PSWand PC, and | Interrupt processing
jump to interrupt processing program

TMIF4 NNEEENNNEEEN| \

CPU processing Instruction Instruction

Figure 17-9. Accepting Non-Maskable Interrupt Request

( Main routine )

First interrupt processing

NMI request
(second) ——=

NMI request
(first)

Second interrupt processing
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17.4.2 Maskable interrupt request acceptance operation

A maskable interrupt request can be accepted when the interrupt request flag is set to 1 and the corresponding
interrupt mask flag is cleared to 0. A vectored interrupt request is accepted in the interrupt enabled status (when the
IE flag is set to 1).

The time required to start the interrupt processing after a maskable interrupt request has been generated is
shown in Table 17-3.

See Figures 17-11 and 17-12 for the interrupt request acceptance timing.

Table 17-3. Time from Generation of Maskable Interrupt Request to Processing

Note

Minimum Time Maximum Time

9 clocks 19 clocks

Note The wait time is maximum when an interrupt
request is generated immediately before BT and
BF instruction.

Remark 1 clock: (fcru: CPU clock)

fcpu

When two or more maskable interrupt requests are generated at the same time, they are accepted starting from
the interrupt request assigned the highest priority.

A pending interrupt is accepted when the status where it can be accepted is set.

Figure 17-10 shows the algorithm of accepting interrupt requests.

When a maskable interrupt request is accepted, the contents of PSW and PC are saved to the stack in that
order, the IE flag is reset to 0, and the data in the vector table determined for each interrupt request is loaded to the
PC, and execution branches.

To return from interrupt processing, use the RETI instruction.

306 User's Manual U14186EJ2VOUMO0



CHAPTER 17 INTERRUPT FUNCTIONS

Figure 17-10. Interrupt Request Acceptance Processing Algorithm

s )

Yes (Interrupt request generated)

No
Yes Qnterrupt request pendingD
No
IE=17
Yes Qnterrupt request pendingD

Vectored interrupt
processing

xx|F:  Interrupt request flag
xxMK: Interrupt mask flag
IE: Flag to control maskable interrupt request acceptance (1 = enable, 0 = disable)
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Figure 17-11. Interrupt Request Acceptance Timing (Example of MOV A,r)

8 clocks

oo LI L 1T L 1T L 1T L1 L, I LI LTI

Save PSW and PC, and

CPU MOV Ar jump to interrupt processing

Interrupt processing program

Interrupt |_|

If an interrupt request flag (xxIF) is set before an instruction clock n (n = 4 to 10) under execution becomes n — 1,
the interrupt is accepted after the instruction under execution completes. Figure 17-11 shows an example of the
interrupt request acceptance timing for an 8-bit data transfer instruction MOV A,r. Since this instruction is executed
for 4 clocks, if an interrupt occurs for 3 clocks after the execution starts, the interrupt acceptance processing is
performed after the MOV A r instruction is completed.

Figure 17-12. Interrupt Request Acceptance Timing (When Interrupt Request Flag Generates at the Last
Clock During Instruction Execution)

8 clocks

cock| L LT LT LT LT LT LT 1 T LT 1T

f Interrupt
Save PSW and PC, and jump b
CPU NOP MOV Ar to interrupt processing p:)(?ggfg:gg
Interrupt | |

If an interrupt request flag (xxIF) is set at the last clock of the instruction, the interrupt acceptance processing
starts after the next instruction is executed. Figure 17-12 shows an example of the interrupt acceptance timing for
an interrupt request flag that is set at the second clock of NOP (2-clock instruction). In this case, the MOV Ar
instruction after the NOP instruction is executed, and then the interrupt acceptance processing is performed.

Caution Interrupt requests are reserved while interrupt request flag register 0 or 1 (IFO or IF1) or the
interrupt mask flag register 0 or 1 (MKO or MK1) is being accessed.

17.4.3 Multiple interrupt processing

Multiple interrupt processing in which another interrupt is accepted while an interrupt is processed can be
processed by priority. When two or more interrupts are generated at once, interrupt processing is performed
according to the priority assigned to each interrupt request in advance (see Table 17-1).
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Figure 17-13. Example of Multiple Interrupt

Example 1. Multiple interrupt is accepted

Main processing INTxx processing INTyy processing
IE=0 IE=0
El El
INTXX —— INTYyy —
RETI RETI

During interrupt INTxx servicing, interrupt request INTyy is accepted, and a multiple interrupt is generated. An El
instruction is issued before each interrupt request acceptance, and the interrupt request acceptance enable state is
set.

Example 2. A multiple interrupt is not generated because interrupts are not enabled

Main processing INTxx processing INTyy processing
INTyy —= INTyy is kept pending
RETI
INTXX —=
IE=0
RETI

Because interrupts are not enabled in interrupt INTxx servicing (an El instruction is not issued), interrupt request
INTyy is not accepted, and a multiple interrupt is not generated. The INTyy request is reserved and accepted after
the INTxx processing is performed.

IE = 0: Interrupt request acceptance disabled
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17.4.4 Interrupt request reserve

Some instructions may reserve the acceptance of an instruction request until the completion of the execution of
the next instruction even if the interrupt request (maskable interrupt, non-maskable interrupt, and external interrupt)
is generated during the execution. The following shows such instructions (interrupt request reserve instruction).

« Manipulation instruction for the interrupt request flag registers 0 and 1 (IFO and IF1)
» Manipulation instruction for the interrupt mask flag registers 0 and 1 (MKO and MK1)
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18.1 Standby Function and Configuration

18.1.1 Standby function
The standby function is to reduce the power dissipation of the system and can be effected in the following two

modes:

1)

)

HALT mode

This mode is set when the HALT instruction is executed. HALT mode stops the operation clock of the CPU.
The system clock oscillation circuit continues oscillating. This mode does not reduce the current drain as
much as STOP mode, but is useful for resuming processing immediately when an interrupt request is
generated, or for intermittent operations.

STOP mode

This mode is set when the STOP instruction is executed. STOP mode stops the main system clock
oscillation circuit and stops the entire system. The current drain of the CPU can be substantially reduced in
this mode.

The low voltage (Voo = 1.8 V min.) of the data memory can be retained. Therefore, this mode is useful for
retaining the contents of the data memory at an extremely low current drain.

STOP mode can be released by an interrupt request, so that this mode can be used for intermittent
operation. However, some time is required until the system clock oscillation circuit settles after STOP mode
has been released. If processing must be resumed immediately by using an interrupt request, therefore,
use HALT mode.

In both modes, the previous contents of the registers, flags, and data memory before setting standby mode are
all retained. In addition, the statuses of the output latch of the 1/O ports and output buffer are also retained.

Caution To set STOP mode, be sure to stop the operations of the peripheral hardware, and then execute

the STOP instruction.
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18.1.2 Standby function control register

The wait time after STOP mode is released upon interrupt request until the oscillation stabilizes is controlled with
the oscillation stabilization time selection register (OSTS).

OSTS is set with an 8-bit memory manipulation instruction.

RESET input sets OSTS to 04H. However, the oscillation stabilization time after RESET input is 2*°/fx, instead of
2[fx.

Figure 18-1. Format of Oscillation Stabilization Time Selection Register

Symbol 7 6 5 4 3 2 1 0 Address  After reset R/W
OSTSl 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0OSTS2 ‘ OSTS1 ‘ OSTSO | FFFAH 04H R/W
OSTS2 | OSTS1 | OSTSO Oscillation stabilization time selection
0 0 0 212/tx (819 s)
0 1 0 215/tx (6.55 ms)
1 0 0 217/f¢ (26.2 ms)
Other than above Setting prohibited

Caution The wait time after STOP mode is released does not include the time from STOP mode release
to clock oscillation start ("a" in the figure below), regardless of release by RESET input or by
interrupt generation.

STOP mode release

X1 pin voltage
waveform

I
Vss

Remarks 1. fx: System clock oscillation frequency
2. The parenthesized values apply to operation at fx = 5.0 MHz.
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18.2 Operation of Standby Function

18.2.1 HALT mode

(1) HALT mode
HALT mode is set by executing the HALT instruction.
The operation status in HALT mode is shown in the following table.

Table 18-1. Operation Statuses in HALT Mode

Item

HALT Mode Operation Status while the Main HALT Mode Operation Status while the Subsystem
System Clock is Running Clock is Running

While the Subsystem | While the Subsystem While the Main System | While the Main System
Clock is Running Clock is Not Running Clock is Running Clock is Not Running

Main system clock
generation circuit

Main system clock oscillation enabled Does not run

CPU Operation disabled

Port (output latch) Remains in the state existing before the selection of HALT mode

16-bit timer (TM90) Operation enabled Operation enabled"* | Operation enabled Operation enabled"*?
8-bit timer/event Operation enabled Operation enabled"**
counter (TM80)

8-bit timer/event Operation enabled Operation enabled"*
counter (TM81)

8-bit timer (TM82) Operation enabled Operation enabled™* | Operation enabled Operation enabled"**®
Watch timer Operation enabled Operation enabled"* | Operation enabled Operation enabled"®
Watchdog timer Operation enabled Operation disabled

Serial interface 20 Operation enabled Operation enabled"®
SMBO Operation enabled Operation enabled"’

A/D converter

Operation disabled

Multiplier

Operation disabled

External interrupt

chle 8

Operation enable

Notes 1.
2.

o gk w

~

Operation is enabled when the main system clock is selected.

Operation is enabled when the subsystem clock is selected and when buzzer output is allowed
(For details, see 8.5 Notes on Using 16-Bit Timer ).

Operation is enabled only when TI80 is selected as the count clock.

Operation is enabled only when TI81 is selected as the count clock.

Operation is enabled when the subsystem clock is selected.

Operation is enabled in both 3-wire serial I/O and UART modes while an external clock is being
used.

An interrupt can be generated when addresses match during the slave operation.

Maskable interrupt that is not masked
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314

(2) Releasing HALT mode
HALT mode can be released by the following three types of sources:

(@) Releasing by unmasked interrupt request

(b)

HALT mode is released by an unmasked interrupt request. In this case, if the interrupt request is

enabled to be accepted, vectored interrupt processing is performed. If the interrupt is disabled, the
instruction at the next address is executed.

Figure 18-2. Releasing HALT Mode by Interrupt

HALT
instruction Wait ‘
Standby :
release signal :_ -------------------------------
Operating ‘ .
mode HALT mode Wait ‘ Operating mode
|
Clock Oscillation

Remarks 1. The broken line indicates the case where the interrupt request that has released standby
mode is accepted.
2. The wait time is as follows:
* When vectored interrupt processing is performed: 9 to 10 clocks
« When vectored interrupt processing is not performed: 1 to 2 clocks

Releasing by non-maskable interrupt request

HALT mode is released regardless of whether the interrupt is enabled or disabled, and vectored
interrupt processing is performed.
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(c) Releasing by RESET input

When HALT mode is released by the RESET signal, execution branches to the reset vector address in
the same manner as the ordinary reset operation, and program execution is started.

Figure 18-3. Releasing HALT Mode by RESET Input

HALT
instruction

l

Wait
(2%%/fx: 6.55 ms) ‘

))

RESET (
signal
Oscillation
Operating Reset stabilization Operating
mode ‘ HALT mode period wait status ‘ mode
‘ Oscillation ‘
Clock Oscillation stop Oscillation
Remarks 1. fx: System clock oscillation frequency
2. The parenthesized values apply to operation at fx = 5.0 MHz.
Table 18-2. Operation after Release of HALT Mode
Releasing Source MKxx IE Operation
Maskable interrupt request 0 0 Executes next address instruction
0 1 Executes interrupt processing
1 x Retains HALT mode

Non-maskable interrupt request

Executes interrupt processing

RESET input

Reset processing

x: Don't care
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CHAPTER 18 STANDBY FUNCTION

18.2.2 STOP mode

(1) Setting and operation status of STOP mode

STOP mode is set by executing the STOP instruction.

Caution Because standby mode can be released by an interrupt request signal, standby mode is

released as soon as it is set if there is an interrupt source whose interrupt request flag is

set and interrupt mask flag is reset. When STOP mode is set, therefore, HALT mode is set

immediately after the STOP instruction has been executed, the wait time set by the

oscillation stabilization time selection register (OSTS) elapses, and then operation mode is

set.

The operation status in STOP mode is shown in the following table.

Table 18-3. Operation Statuses in STOP Mode

Item

STOP Mode Operation Status While the Main System Clock is Running

While the Subsystem Clock is Running While the Subsystem Clock is Not Running

Clock generation circuit

Main system clock oscillation stopped

CPU

Operation disabled

Port (output latch)

Remains in the state existing before the selection of STOP mode

16-bit timer (TM90)

Note 1

Operation enabled Operation disabled

8-bit timer/event counter (TM80)

chle 2

Operation enable

8-bit timer/event counter (TM81)

Note 3

Operation enabled

8-bit timer (TM82)

Operation enabled"** Operation disabled

Watch timer

Note 4

Operation enabled Operation disabled

Watchdog timer

Operation disabled

Serial interface 20

Note 5

Operation enabled

SMBO

Operation enabled"***

A/D converter

Operation disabled

Multiplier

Operation disabled

External interrupt

Note 7

Operation enabled

Notes 1. Operation is enabled when the subsystem clock is selected and when buzzer output is allowed.
Operation is enabled only when TI80 is selected as the count clock.

a > w

used.

Operation is enabled only when TI81 is selected as the count clock.
Operation is enabled when the subsystem clock is selected.
Operation is enabled in both 3-wire serial I/O and UART modes while an external clock is being

An interrupt can be generated when addresses match during the slave operation.

7. Maskable interrupt that is not masked
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CHAPTER 18 STANDBY FUNCTION

(2) Releasing STOP mode

STOP mode can be released by the following two types of sources:

(@) Releasing by unmasked interrupt request
STOP mode can be released by an unmasked interrupt request. In this case, if the interrupt is enabled

to be accepted, vectored interrupt processing is performed, after the oscillation settling time has
elapsed. If the interrupt acceptance is disabled, the instruction at the next address is executed.

Figure 18-4. Releasing STOP Mode by Interrupt

Wait

STOP (set time by OSTS)
instruction
))
Standby (¢
releasesignal 1
Operating Oscillation stabilization Operating
mode STOP mode wait status mode
Oscillation
Clock Oscillation stop Oscillation

Remark The broken lines indicate the case where the interrupt request that has released standby

mode is accepted.
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CHAPTER 18 STANDBY FUNCTION

(b) Releasing by RESET input
When STOP mode is released by the RESET signal, the reset operation is performed after the
oscillation settling time has elapsed.

Figure 18-5. Releasing STOP Mode by RESET Input

Wait
(2%/fx: 6.55 ms) ‘

STOP
instruction

\
! -
RESET (¢
signal | |

Oscillation
Operating Reset stabilization Operating
mode STOP mode ‘ period wait status ‘ mode
Oscillation ‘ ‘
Clock Oscillation stop Oscillation

Remarks 1. fx: System clock oscillation frequency
2. The parenthesized values apply to operation at fx = 5.0 MHz.

Table 18-4. Operation after Release of STOP Mode

Releasing Source MKxx IE Operation
Maskable interrupt request 0 0 Executes next address instruction
0 1 Executes interrupt processing
1 x Retains STOP mode
RESET input - - Reset processing
x: Don't care
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CHAPTER 19 RESET FUNCTION

The following two operations are available to generate reset signals.

(1) External reset input with RESET pin
(2) Internal reset by program run-away time detected with watchdog timer

External and internal reset have no functional differences. In both cases, program execution starts at the
address at 0000H and 0001H by reset signal input.

When a low level is input to the RESET pin or the watchdog timer overflows, a reset is applied and each
hardware is set to the status shown in Table 19-1. Each pin has a high impedance during reset input or during
oscillation settling time just after reset clear.

When a high level is input to the RESET pin, the reset is cleared and program execution is started after the
oscillation settling time has elapsed. The reset applied by the watchdog timer overflow is automatically cleared after
reset, and program execution is started after the oscillation settling time has elapsed (see Figures 19-2 through
19-4).

Cautions 1. For an external reset, input a low level for 10 us or more to the RESET pin.
2. When STOP mode is cleared by reset, STOP mode contents are held during reset input.

However, the port pins become high impedance.

Figure 19-1. Block Diagram of Reset Function

RESET © Reset control circuit Reset signal
Over-
. flow )
Count clock Watchdog timer Interrupt function
Stop
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CHAPTER 19 RESET FUNCTION

Figure 19-2. Reset Timing by RESET Input

Reset period ‘ Oscillation

N i o w S Normal operation
Normal operation ——————==— (oscillation —=— stabilization — P

| stops) ' time wait (reset processing)
RESET 5\
|

| |
l l
Internal | |
reset signal | \ L/
: | | |
|Delay | Delay!

. Hi-Z
Portpin T e e S SSsmmsmssmsmsee-

Figure 19-3. Reset Timing by Overflow in Watchdog Timer

S AVAVAVAVAVAVAVAVAVAVAVAN

Reset Period | Oscillation .
; o RN Normal ration
Normal operation ————»<— (oscillation —=— stabilization 4’“7 (r:seta I’C:Jpci::ig )
continues) time wait P 9

watchdog timer

|
|
|
|
|
Overflow in }
|
|
|
|
|

Internal
reset signal

Port pin >.------------------------.'_L".Z ..........................

@ NSNS N ALIVAVAVAR

STOP instruction execution

Stop status . Reset period Oscillation ,
Normal operation —==—(oscillation —»=— (oscillation —=— stabilization Normtal operation
stops) ! stops) ! time wait (reset processing)

|

RESET \ /
|
| |
l |

Internal | I

reset signal | P\ /

|
|
|
|

|
1 I 1

Delay! Delay!

Port pin >___________________________l—|_|—_Z -------------------
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CHAPTER 19 RESET FUNCTION

Table 19-1. State of the Hardware after a Reset (1/2)

Hardware

State after Reset

Note 1

Program counter (PC)

Loaded with the contents of
the reset vector table
(0O000H, 0001H)

Stack pointer (SP)

Undefined

Program status word (PSW)

02H

RAM

Data memory

Undefined"**?

General-purpose register

Undefined"*?

Ports (PO to P3, P5, P6) (output latch) O00H
Port mode registers (PMO to PM3, PM5) FFH
Pull-up resistor option registers (PUO, PUB2, PUB3) O00H
Processor clock control register (PCC) 02H
Suboscillation mode register (SCKM) 00H
Subclock control register (CSS) O00H
Oscillation stabilization time selection register (OSTS) 04H
16-bit timer 90 Timer counter (TM90) 0000H
Compare register (CR90) FFFFH
Capture register (TCP90) Undefined
Mode control register (TMC90) O0OH
Buzzer output control register (BZC90) O00H
8-bit timer/event counters 80 to Timer counters (TM80 to TM82) O00H
82 Compare registers (CR80 to CR82) Undefined
Mode control registers (TMC80 to TMC82) 00H
Watch timer Mode control register (WTM) O00OH
Watchdog timer Timer clock selection register (TCL2) 00H
Mode register (WDTM) O00H
A/D converter Mode register (ADMO) O00OH
A/D input selection register (ADSO0) 00H
A/D conversion result register (ADCRO) Undefined
Serial interface 20 Mode register (CSIM20) 00H
Asynchronous serial interface mode register (ASIM20) O00H
Asynchronous serial interface status register (AS1S20) 00H
Baud rate generator control register (BRGC20) O00H
Transmission shift register (TXS20) FFH
| Reception buffer register (RX820) | Undefned

Notes 1. While a reset signal is being input, and during the oscillation stabilization period, the contents of the
PC will be undefined, while the remainder of the hardware will be the same as after the reset.
2. In standby mode, the RAM enters the hold state after a reset.
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CHAPTER 19 RESET FUNCTION

Table 19-1. State of the Hardware after a Reset (2/2)

Hardware State after Reset

SMBO Control register (SMBCO) 00H

Status register (SMBSO0) O00OH

Clock selection register (SMBCLO) 00H

Slave address register (SMBSVAQ) 00H

Mode register (SMBMO) 20H

Input level setting register (SMBVI0) O00H

Shift register (SMBO) 00H
Multiplier 16-bit multiplication result storage register (MULO) Undefined

Multiplication data registers (MRAO, MRBO) Undefined

Multiplier control register (MULCO) O00H
Interrupts Request flag registers (IFO, IF1) O00H

Mask flag registers (MKO, MK1) FFH

External interrupt mode registers (INTMO, INTM1) O00OH
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CHAPTER 20 uPD78F9177 AND uPD78F9177Y

The uPD78F9177 and uPD78F9177Y are flash memory versions of the uPD789177 and 789177Y Subseries.
The uPD78F9177 replaces the internal ROM of the yPD789166, uPD789167, uPD789176, and puPD789177 with
flash memory, while the yPD78F9177Y replaces the internal ROM of the uPD789166Y, uPD789167Y, uPD789176Y,
and uPD789177Y with flash memory. The differences between the flash memory and the mask ROM versions are

shown in Table 20-1.

Table 20-1. Differences between Flash Memory and Mask ROM Versions

Internal memory

Item Flash Memory Mask ROM
uPD78F9177 uPD789167 Subseries uPD789177 Subseries
UPD78F9177Y uPD789167Y Subseries uUPD789177Y Subseries

ROM structure Flash memory Mask ROM
ROM capacity 24 Kbytes uPD789166: 16 Kbytes uPD789176: 16 Kbytes
uPD789167: 24 Kbytes | uPD789177: 24 Kbytes
uPD789166Y: 16 Kbytes | uPD789176Y: 16 Kbytes
uPD789167Y: 24 Kbytes | uPD789177Y: 24 Kbytes

High-speed RAM 512 bytes

Pull-up resistor

17 (software control only) | 21 (software control: 17, mask option specification: 4)

A/D converter resolution 10 bits 8 bits 10 bits
Specification of built-in pull-up resistors Disabled Enabled

for P50 to P53 by mask option

Vep pin Provided Not provided

Electric characteristics

Varies depending on flash memory or mask ROM version.

Cautions 1. There are differences in the amount of noise immunity and noise radiation between the

flash memory and mask ROM versions. When pre-producing an application set with the

flash memory version and then mass producing it with the mask ROM version, be sure to
conduct sufficient evaluations on the commercial samples (CS) (not engineering sample,

ES) of the mask ROM version.

When using A/D conversion result register 0 (ADCRO) with an 8-bit A/D converter
(uPD789167 Subseries), manipulate with an 8-bit memory manipulation instruction; when
using it with a 10-bit A/D converter ( uPD789177 Subseries), use a 16-bit memory
manipulation instruction.

When the pPD78F9177, a flash memory counterpart of the  uPD789166 or uPD789167, is
used, however, ADCRO can be manipulated with an 8-bit memory manipulation instruction.
uPD789166 or uPD789167. The same is
also true for the pPD78F9177Y, a flash memory counterpart of the pUPD789166Y or
uPD789167Y. When the pPD78F9177Y is used, ADCRO can be manipulated with an 8-bit
memory manipulation instruction.
uUPD789166Y or uPD789167Y.

In this case, use an object file assembled with the

In this case, use an object file assembled with the
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CHAPTER 20 uPD78F9177 AND uPD78F9177Y

20.1 Flash Memory Programming

The on-chip program memory in the yPD78F9177 or uPD78F9177Y is a flash memory.

The flash memory can be written with the yPD78F9177 or uPD78F9177Y mounted on the target system (on-
board). Connect the dedicated flash writer (Flashpro Il (part number: FL-PR3, PG-FP3)) to the host machine and
target system to write the flash memory.

Remark FL-PR3 is made by Naito Densei Machida Mfg. Co., Ltd.
20.1.1 Selecting communication mode

The flash memory is written by using Flashpro Il and by means of serial communication. Select a
communication mode from those listed in Table 20-2. To select a communication mode, the format shown in Figure

20-2 is used. Each communication mode is selected by the number of Vep pulses shown in Table 20-2.

Table 20-2. Communication Mode

Communication Mode Pins Used Number of Vep Pulses
3-wire serial 1/0 SCK20/ASCK20/P20 0
S020/TxD20/P21
SI120/RxD20/P22
SMB™*! SCLO/P23 4
SDAO0/P24
UART TxD20/S020/P21 8

RxD20/S120/P22

Note 2

Pseudo 3-wire mode POO (Serial clock input) 12
P01 (Serial data input)

P02 (Serial data output)

Notes 1. Forthe uyPD789167Y and 789177Y Subseries only
2. Serial transfer is performed by controlling a port by software.

Caution Be sure to select a communication mode depending on the V pp pulse number shown in Table

20-2.
Figure 20-1. Format of Communication Mode Selection
0V
Ver Voo - > |—H— -
Vss
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CHAPTER 20 uPD78F9177 AND uPD78F9177Y

20.1.2 Function of flash memory programming
By transmitting/receiving commands and data in the selected communication mode, operations such as writing to
the flash memory are performed. Table 20-3 shows the major functions of flash memory programming.

Table 20-3. Major Functions of Flash Memory Programming

Function Description
Batch erase Erases all contents of memory
Batch blank check Checks erased state of entire memory
Data write Write to flash memory based on write start address and number of data written (number of bytes)
Batch verify Compares all contents of memory with input data

20.1.3 Flashpro Il connection

Connection between the Flashpro Ill and the pPD78F9177 or uPD78F9177Y differs depending on the
communication mode (3-wire serial /0, SMB"™, UART, or pseudo 3-wire mode). Figures 20-2 to 20-5 show the
connection in the respective modes.

Note Forthe yPD78F9177Y only

Figure 20-2. Flashpro Il Connection in 3-Wire Serial I/O Mode

Flashpro Il uPD78F9177, uPD78F9177Y
Vepnhote Vep
Vobp Vob, AVbp
RESET RESET
CLK X1
SCK SCK20
SO SI20
SI SO20
GND Vss, AVss

Note n=1,2
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CHAPTER 20 uPD78F9177 AND uPD78F9177Y

Figure 20-3. Flashpro Il Connection in SMB Mode

Flashpro IlI

Vepnhote
Vob
RESET
CLK
SCK

Sl

GND

uPD78F9177Y

SCLO

SDAO

Vss, AVss

Figure 20-4. Flashpro Il Connection in UART Mode

Flashpro 111

Vppnhote

uPD78F9177, uPD78F9177Y

Vop

RESET

CLK

SO

Sl

RxD20

GND

TxD20

Vss, AVss

Note n=1,2

Figure 20-5. Flashpro Ill Connection in Pseudo 3-Wire Mode (When PO is Used)

Note n=1,2
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Flashpro Il uPD78F9177, uPD78F9177Y
Vppnhote Vep
Vbp Vop, AVbbp
RESET RESET
CLK X1
SCK POO0 (serial clock)
SO P02 (serial input)
Sl PO1 (serial output)
GND Vss, AVss
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CHAPTER 20 uPD78F9177 AND uPD78F9177Y

20.1.4 Setting with Flashpro Il (PG-FP3)
When writing data to flash memory by using Flashpro 11l (PG-FP3), set the following.

<1> Load the parameter file.

<2> Use the type command to select a serial mode and a serial clock.

<3> An example of setting with PG-FP3 is shown below.

Table 20-4. Setting with PG-FP3

Communication Mode

Setting with PG-FP3

Note 1

Vep Pulse Count

3-wire serial I/0 COMM PORT SIO ch-0 0
CPU CLK On Target Board
inFlashpro |
On Target Board 4.1943 MHz
‘soctk T tomHz |
In Flashpro 4.0 MHz
‘soctk T tomHz |
SMB™*? COMM PORT IIC ch-0 4
SLAVE ADDRESS 10H
IIC CLOCK 100 kHz
CPU CLOCK In Flashpro
Flashpro Clock 4.0 MHZ"*?
Multiple Rate 01.00
UART COMM PORT UART ch-0 8
CPU CLK On Target Board
On Target Board 4.1943 MHz
UART BPS 9,600 bps"™**
Pseudo 3-wire mode COMM PORT Port A 12
CPU CLK On Target Board
inFlashpro |
On Target Board 4.1943 MHz
‘sock T 10kHz |
In Flashpro 4.0 MHz
‘sock | 10kHz

Notes 1. The number of Vrr pulses supplied from the Flashpro Ill when serial communication is initialized.
These pulse counts determine the pins used for communication.
2. Forthe yPD789167Y and 789177Y Subseries only
3. Select 4.0 MHz or 3.125 MHz.
4. Select 9,600 bps, 19,200 bps, 38,400 bps, or 76,800 bps.
Remark COMM PORT: Selects serial port.
SIO CLK: Selects serial clock frequency.
CPU CLK: Selects source of CPU clock to be input.
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CHAPTER 21 MASK OPTION

Table 21-1. Selection of Mask Option for Pins

Pin Mask Option

P50 to P53 Whether a pull-up resistor is to be incorporated can be specified in 1-bit units.

For P50 to P53 (port 5), whether a pull-up resistor is to be incorporated can be specified by a mask option. The
mask option is specified in 1-bit units.

Caution The flash memory versions do not provide the pull-up resistor incorporation function by a
mask option.
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CHAPTER 22 INSTRUCTION SET

This chapter lists the instruction set of the uPD789167, 789177, 789167Y, and 789177Y Subseries. For details
of the operation and machine language (instruction code) of each instruction, refer to 78K/0S Series User's Manual
O Instruction (U11047E) .

22.1 Operation

22.1.1 Operand identifiers and description methods
Operands are described in "Operand" column of each instruction in accordance with the description method of

the instruction operand identifier (refer to the assembler specifications for detail).

When there are two or more

description methods, select one of them. Alphabetic letters in capitals and symbols, #, !, $, and [ ] are key words
and are described as they are. Each symbol has the following meaning.

e #: Immediate data specification

» I Absolute address specification
* $. Relative address specification
* [ Indirect address specification

In the case of immediate data, describe an appropriate numeric value or a label. When using a label, be sure to
describe the #, !, $ and [ ] symbols.
For operand register identifiers, r and rp, either function names (X, A, C, etc.) or absolute names (names in
parenthesis in the table below, RO, R1, R2, etc.) can be used for description.

Table 22-1. Operand Identifiers and Description Methods

Identifier Description Method

r X (RO), A (R1), C (R2), B (R3), E (R4), D (R5), L (R6), H (R7)
p AX (RP0), BC (RP1), DE (RP2), HL (RP3)
sfr Special-function register symbol
saddr FE20H to FF1FH Immediate data or labels
saddrp FE20H to FF1FH Immediate data or labels (even addresses only)
addrl6 0000H to FFFFH Immediate data or labels (only even addresses for 16-bit data transfer instructions)
addr5 0040H to 007FH Immediate data or labels (even addresses only)
word 16-bit immediate data or label
byte 8-bit immediate data or label
bit 3-bit immediate data or label

Remark See Table 5-3 Special Function Registers  for symbols of special function registers.
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CHAPTER 22 INSTRUCTION SET

22.1.2 Description of "Operation" column

TImMOOwX>»

W T Io®w2
vommoXx

PSW:
CY:
AC:

Z:

IE:
NMIS:
():

XH, XL:
C

3

="

a:
addrl6:
jdisp8:

A register; 8-bit accumulator

X register

B register

C register

D register

E register

H register

L register

AX register pair; 16-bit accumulator

BC register pair

DE register pair

HL register pair

Program counter

Stack pointer

Program status word

Carry flag

Auxiliary carry flag

Zero flag

Interrupt request enable flag

Flag indicating non-maskable interrupt servicing in progress
Memory contents indicated by address or register contents in parenthesis
Higher 8 bits and lower 8 bits of 16-bit register
Logical product (AND)

Logical sum (OR)

Exclusive logical sum (exclusive OR)

Inverted data

16-bit immediate data or label

Signed 8-bit data (displacement value)

22.1.3 Description of "Flag" column

(Blank):
0:

1
X:
R

332

Unchanged

Cleared to O

Setto 1

Set/cleared according to the result
Previously saved value is stored
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INSTRUCTION SET

22.2 Operation List

Mnemonic Operands Byte | Clock Operation Flag
Z AC CY

MOV r, #byte 3 6 r — byte
saddr, #byte 3 6 (saddr) — byte
sfr, #byte 3 6 sfr — byte
A, rtet 2 4 Acr
r, ANt 2 4 r—A
A, saddr 2 4 A ~ (saddr)
saddr, A 2 4 (saddr) — A
A, sfr 2 4 A ~ sfr
sfr, A 2 4 sfr « A
A, 'laddrl6 3 8 A ~ (addrl6)
laddrl6, A 3 8 (addrl6) — A
PSW, #byte 3 6 PSW - byte LR S
A, PSW 2 4 A - PSW
PSW, A 2 4 PSW ~ A X X X
A, [DE] 1 6 A — (DE)
[DE], A 1 6 (DE) < A
A, [HL] 1 6 A « (HL)
[HL], A 1 6 (HL) < A
A, [HL + byte] 2 6 A « (HL + byte)
[HL + byte], A 2 6 (HL + byte) « A

XCH A X 1 4 Ao X
A, r'e? 2 6 Aor
A, saddr 2 6 A o (saddr)
A, sfr 2 6 A o sfr
A, [DE] 1 8 A - (DE)
A, [HL] 1 8 A o (HL)
A, [HL + byte] 2 8 A o (HL + byte)

Notes 1. Exceptr=A.
2. Exceptr=A, X.
Remark One instruction clock cycle is one CPU clock cycle (fcru) selected by processor clock control register

(PCC).
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CHAPTER 22 INSTRUCTION SET

saddr, #byte

(saddr), CY « (saddr) — byte

Mnemonic Operands Byte | Clock Operation Flag
Z AC CY
MOVW rp, #word 3 6 rp — word
AX, saddrp 2 6 AX ~ (saddrp)
saddrp, AX 2 8 (saddrp) — AX
AX, rp " 1 4 AX < 1p
rp, AX "¢ 1 4 p « AX
XCHW AX, rp " 1 8 AX o 1p
ADD A, #byte 2 4 A, CY — A+ byte X x X
saddr, #byte 3 6 (saddr), CY ~ (saddr) + byte X X X
A r 2 4 A CY « A+r x  x  x
A, saddr 2 4 A, CY ~ A + (saddr) X X X
A, laddr16 3 8 A, CY < A + (addr16) x  x x
A, [HL] 1 6 A, CY — A+ (HL) X x X
A, [HL + byte] 2 6 A, CY — A+ (HL + byte) x X X
ADDC A, #byte 2 4 A, CY — A+ byte + CY x X o X
saddr, #byte 3 6 (saddr), CY ~ (saddr) + byte + CY X X X
Ar 2 4 A, CY « A+r+CY X X X
A, saddr 2 4 A, CY — A+ (saddr) + CY X X X
A, laddrl6 3 8 A, CY —~ A+ (addrl6) + CY x X o X
A, [HL] 1 6 A, CY « A+ (HL) +CY X x x
A, [HL + byte] 2 6 A, CY — A+ (HL + byte) + CY x X X
SuUB A, #byte 2 4 A, CY — A -byte x x X
3 6
2 4
2 4
3 8
1 6
2 6

Ar A CY « A-r X X X
A, saddr A, CY ~ A - (saddr) x X o x
A, laddr16 A, CY « A - (addrlé6) X X X
A, [HL] A, CY « A-(HL) x  x %
A, [HL + byte] A, CY < A - (HL + byte) X x x

Note Only when rp = BC, DE, or HL.

Remark One instruction clock cycle is one CPU clock cycle (fcru) selected by processor clock control register
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INSTRUCTION SET

Mnemonic Operands Byte | Clock Operation Flag
AC CY
SUBC A, #byte 2 4 A, CY — A-byte-CY x X
saddr, #byte 3 6 (saddr), CY ~ (saddr) - byte - CY X X
A r 2 4 A, CY « A-r-CY X X
A, saddr 2 4 A, CY — A - (saddr) - CY x X
A, 'laddrl6 3 8 A, CY — A - (addrl6) - CY x X
A, [HL] 1 6 A, CY < A-(HL)-CY x X
A, [HL + byte] 2 6 A, CY — A - (HL + byte) - CY x  x
AND A, #byte 2 4 A —~ A Obyte
saddr, #byte 3 6 (saddr) ~ (saddr) Obyte
Ar 2 4 A~ AQOr
A, saddr 2 4 A ~ A O(saddr)
A, laddrl6 3 8 A ~ A O(addrl6)
A, [HL] 1 6 A < AO(HL)
A, [HL + byte] 2 6 A < AO(HL + byte)
OR A, #byte 2 4 A < A Obyte
saddr, #byte 3 6 (saddr) ~ (saddr) Obyte
Ar 2 4 A~ AOr
A, saddr 2 4 A ~ A O(saddr)
A, laddrl6 3 8 A — A O(addrl6)
A, [HL] 1 6 A < AD(HL)
A, [HL + byte] 2 6 A <« AO(HL + byte)
XOR A, #byte 2 4 A — AHBbyte
saddr, #byte 3 6 (saddr) ~ (saddr) Hbyte
Ar 2 4 A - Af8r
A, saddr 2 4 A — AH(saddr)
A, laddrl6 3 8 A —~ A H(addrl6)
A, [HL] 1 6 A < AB(HL)
A, [HL + byte] 2 6 A < AB(HL + byte)
Remark One instruction clock cycle is one CPU clock cycle (fcpu) selected by processor clock control register

(PCC).
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INSTRUCTION SET

Mnemonic Operands Byte | Clock Operation Flag
AC CY
CMP A, #byte 2 4 A - byte x X
saddr, #byte 3 6 (saddr) — byte x X
Ar 2 4 A-r X X
A, saddr 2 4 A — (saddr) X X
A, laddrl6 3 8 A — (addr16) x X
A, [HL] 1 6 A - (HL) X x
A, [HL + byte] 2 6 A - (HL + byte) x X
ADDW AX, #word 3 6 AX, CY ~ AX +word X X
SUBW AX, #word 3 6 AX, CY « AX —word X X
CMPW AX, #word 3 6 AX - word x X
INC r 2 4 rer+1 X
saddr 2 4 (saddr) —~ (saddr) +1 X
DEC r 2 4 rer+1 X
saddr 2 4 (saddr) ~ (saddr) -1 X
INCW p 1 4 me—rmp+l
DECW p 1 4 m—rmp-1
ROR Al 1 2 (CY, A7 « Ao, Am1 « Am) x 1 X
ROL A1l 1 2 (CY, Ao « A7, Ams1 — Am) X 1 x
RORC Al 1 2 (CY < Ao, A7 « CY, Amn1 « Am) X1 X
ROLC Al 1 2 (CY < A7, Ao — CY, Am+1 « Am) X 1 x
SET1 saddr.bit 3 6 (saddr.bit) ~ 1
sfr.bit 3 6 sfr.bit — 1
A.bit 2 4 A.bit « 1
PSW.hit 3 6 PSW.bit « 1 x X
[HL].bit 2 10 | (HL).bit — 1
CLR1 saddr.bit 3 6 (saddr.bit) — 0
sfr.bit 3 6 sfr.bit — 0
A.bit 2 4 A.bit — 0
PSW.bit 3 6 PSW.bit -~ 0 x X
[HL].bit 2 10 | (HL).bit < O
SET1 CcYy 1 2 CY -1 1
CLR1 CY 1 2 CY -0 0
NOT1 cY 1 2 CY - CY x
Remark One instruction clock cycle is one CPU clock cycle (fcru) selected by processor clock control register
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Mnemonic Operands Byte | Clock Operation Flag
Z AC CY
CALL laddr16 3 6 (SP-1) « (PC+3)H, (SP-2) « (PC+3),
PC ~ addrl6, SP — SP -2
CALLT [addr5] 1 8 (SP-1) « (PC+ 1)1, (SP -2) — (PC + 1),
PCx ~ (00000000, addr5 + 1),
PC. ~ (00000000, addr5), SP — SP -2
RET 1 6 PCH « (SP +1), PCL — (SP), SP « SP +2
RETI 1 8 PCH « (SP + 1), PCL — (SP), R R R
PSW  (SP +2), SP — SP +3,NMIS — 0
PUSH PSW 1 2 (SP-1) -« PSW,SP - SP-1
p 1 4 (SP-1) - rpH, (SP=2) « rp,, SP - SP -2
POP PSW 1 4 PSW « (SP),SP - SP+1 R R R
p 1 6 rpH — (SP + 1), rp. « (SP), SP - SP +2
MOVW SP, AX 2 8 SP ~ AX
AX, SP 2 6 AX ~ SP
BR laddr16 3 6 PC — addr16
$addrl6 2 6 PC —~ PC + 2 +jdisp8
AX 1 6 PCH « A,PCL « X
BC $saddrl6 2 6 PC - PC+2+jdisp8ifCY =1
BNC $saddrl6 2 6 PC -« PC+ 2 +jdisp8if CY =0
Bz $saddrl6 2 6 PC -« PC+2+jdisp8ifz=1
BNZ $saddrl6 2 6 PC - PC+2+jdisp8ifZ=0
BT saddr.bit, $addr16 4 10 PC — PC + 4 + jdisp8 if (saddr.bit) = 1
sfr.bit, $addrl6 4 10 PC — PC + 4 +jdisp8 if sfr.bit =1
A.bit, $addr16 3 8 PC — PC + 3 +jdisp8 if A.bit=1
PSW.bit, $addr16 4 10 PC « PC + 4 +jdisp8 if PSW.bit =1
BF saddr.bit, $addr16 4 10 PC — PC + 4 + jdisp8 if (saddr.bit) = 0
sfr.bit, $addr16 4 10 PC ~ PC + 4 + jdisp8 if sfr.bit =0
A.bit, $addr16 3 8 PC — PC + 3 +jdisp8 if A.bit=0
PSW.bit, $addr16 4 10 PC « PC + 4 + jdisp8 if PSW.bit = 0
DBNz B, $addr16 2 6 B - B-1,thenPC - PC+ 2 +jdisp8ifB#0
C, $addr16 2 6 C~C-1,thenPC - PC+2+jdisp8if CZ0
saddr, $addr16 3 8 (saddr) ~ (saddr) - 1, then
PC ~ PC + 3 +disp8 if (saddr) Z 0
NOP 1 2 No Operation
El 3 6 IE ~ 1 (Enable Interrupt)
DI 3 6 IE ~ O (Disable Interrupt)
HALT 1 2 Set HALT Mode
STOP 1 2 Set STOP Mode

Remark One instruction clock cycle is one CPU clock cycle (fcpu) selected by processor clock control register

(PCC).
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22.3 Instructions Listed by Addressing Type

(1) 8-bit instructions
MOV, XCH, ADD, ADDC, SUB, SUBC, AND, OR, XOR, CMP, INC, DEC, ROR, ROL, RORC, ROLC, PUSH,

POP, DBNZ
2nd Operand| #byte A r sfr saddr | laddri6 | PSW [DE] [HL] |[HL + byte] | $addr16 1 None
1st Operand
A ADD MOV™* | MOV MOV MOV MOV MOV MOV MOV ROR
ADDC XCH"™ | XCH XCH XCH XCH XCH ROL
SUB ADD ADD ADD ADD ADD RORC
SUBC ADDC ADDC | ADDC ADDC | ADDC ROLC
AND SUB SUB SUB SUB SUB
OR SUBC SUBC | SUBC SUBC | SUBC
XOR AND AND AND AND AND
CMP OR OR OR OR OR
XOR XOR XOR XOR XOR
CMP CMP CMP CMP CMP
r MOV MOV INC
DEC
B, C DBNZz
sfr MOV MOV
saddr MOV MOV DBNZz INC
ADD DEC
ADDC
SUB
SUBC
AND
OR
XOR
CMP
laddr16 MOV
PSW MOV MOV PUSH
POP
[DE] MOV
[HL] MOV
[HL + byte] MOV

Note Exceptr=A.
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(2) 16-bit instructions
MOVW, XCHW, ADDW, SUBW, CMPW, PUSH, POP, INCW, DECW

2nd Operand #word AX rp" saddrp SP None
1st Operand
AX ADDW MOVW MOVW MOVW
SUBW XCHW
CMPW
p MOVW MOvwW"* INCW
DECW
PUSH
POP
saddrp MOVW
sp MOVW
Note Only when rp = BC, DE, or HL.
(3) Bit manipulation instructions
SET1, CLR1, NOT1, BT, BF
2nd Operand $addrl6 None
1st Operand
A.bit BT SET1
BF CLR1
sfr.bit BT SET1
BF CLR1
saddr.bit BT SET1
BF CLR1
PSW.bit BT SET1
BF CLR1
[HL].bit SET1
CLR1
CY SET1
CLR1
NOT1
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(4) Callinstructions/branch instructions
CALL, CALLT, BR, BC, BNC, BZ, BNZ, DBNZ

2nd Operand AX laddrl6 [addr5] $addr16
1st Operand
Basic instructions BR CALL CALLT BR
BR BC

BNC

Bz

BNZ
Compound instructions DBNz

(5) Other instructions
RET, RETI, NOP, El, DI, HALT, STOP
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The following development tools are available for development of systems using the pyPD789167, 789177,
789167Y, and 789177Y Subseries. Figure A-1 shows development tools.

® Support of PC98-NX Series
Unless otherwise specified, products that operate in IBM PC/AT™ or compatibles can operate in the PC98-NX
Series. When using the PC98-NX Series, refer to the descriptions for IBM PC/AT™ or compatibles.

®  Windows
Unless otherwise specified, “Windows” refers to the following OSs.
e Windows 3.1
e Windows 95
e Windows NT™ Version 4.0
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Figure A-1. Development Tools

Language Processing Software

Embedded Software

D « Assembler package

¢ C compiler package . 0S
« C library source file D
¢ System simulator

* Device file

« Integrated debugger
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Flash Memory

Writing Tools

In-Circuit Emulator
Flash programmer

| Emulation board

Power

supply
unit

Flash memory
writing adapter

Flash memory Emulation probe

Conversion socket or adapter

Target System
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A.1 Language Processing Software

RA78K0S
Assembler package

Program that converts program written in mnemonic into object code that can be executed by
microcontroller.

In addition, automatic functions to generate symbol table and optimize branch instructions are also
provided. Used in combination with optional device file (DF789177).

<Caution when used in PC environment>

The assembler package is a DOS-based application but may be used in the Windows environment
by using Project Manager of Windows (included in the package).

Part number: uSxxxxRA78K0S

CC78K0S
C compiler package

Program that converts program written in C language into object codes that can be executed by
microcontroller.

Used in combination with optional assembler package (RA78K0S) and device file (DF789177).
<Caution when used in PC environment>

The C compiler package is a DOS-based application but may be used in the Windows environment
by using Project Manager of Windows (included in the package).

Part number: puSxxxxCC78K0S

C compiler source file

DF789177"" File containing the information inherent to the device.

Device file Used in combination with other optional tools (RA78K0S, CC78K0S, SM78K0S).
The corresponding operating system and host machine depend on the tools they are combined with.
Part number: uSxxxxDF789177

CC78KO0S-L Source file of functions constituting object library included in C compiler package.

Necessary for changing object library included in C compiler according to customer’s specifications.
Since this is the source file, its working environment does not depend on any particular operating
system.

Part number: uSxxxxCC78K0S-L

Note DF789177 is a common file that can be used with RA78K0S, CC78K0S, and SM78K0S.
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Remark

xxxx in the part number differs depending on the host machines and operating systems to be used.

USxxxXRA78K0S
USxxxxCC78K0S
USxxxxDF789177
uSxxxxCC78K0S-L

XXXX Host Machine oS Supply Media
AA13 PC-9800 series Japanese Windows"™ 3.5” 2HD FD
AB13 IBM PC/AT™ and compatibles | Japanese Windows"* 3.5"2HC FD
BB13 English Windows""*
3P16 HP9000 series 700™ HP-UX™ (Rel.10.10) DAT (DDS)
3K13 SPARCstation™ SunOS™ (Rel.4.1.1) 3.5" 2HC FD
3K15 Solaris™ (Rel.2.5.1) 1/4" CGMT
3R13 NEWS™ (RISC) NEWS-0S™ (Rel.6.1) 3.5" 2HC FD

Note  Also operates under the DOS environment.

A.2 Flash Memory Writing Tools

Flashpro Il (part number: FL-PR3,
PG-FP3)
Flash programmer

Flash programmer dedicated to the microcontrollers incorporating a flash memory.

FA-44GB-8ES
FA-48GA
Flash memory writing adapter

These are flash memory writing adapter and connected to Flashpro llI.
FA-44GB-8ES: For 44-pin plastic LQFP (GB-8ES type)
FA-48GA: For 48-pin plastic TQFP (GA-9EU type)

Remark FL-PR3, FA-44GB-8ES, and FA-48GA are products manufactured by Naito Densei Machida Mfg. Co.,
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(+81-44-822-3813). Consult Naito Densei Machida Mfg. Co., Ltd. for purchase.
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A.3 Debugging Tools

A.3.1 Hardware

IE-78K0S-NS
In-circuit emulator

In-circuit emulator for debugging hardware and software of application system using 78K/0S
Series. Supports integrated debugger (ID78K0S-NS). Used in combination with AC adapter,
emulation probe, and interface adapter for connecting the host machine.

IE-70000-MC-PS-B
AC adapter

This is the adapter for supplying power from 100 to 240 VAC outlet.

IE-70000-98-IF-C
Interface adapter

This adapter is needed when PC-9800 series (excluding notebook models) is used as a host
machine of IE-78K0S-NS (supports C bus).

IE-70000-CD-IF-A
PC card interface

This PC card and interface cable are needed when a notebook-type personal computer is
used as a host machine of IE-78K0S-NS (supports PCMCIA socket).

IE-70000-PC-IF-C
Interface adapter

This adapter is needed when IBM PC/AT and compatibles are used as a host machine of IE-
78K0S-NS (supports ISA bus).

IE-70000-PC-IF
Interface adapter

This adapter is needed when connecting a personal computer that includes a PCI bus as the
host machine of the IE-78K0S-NS.

IE-789177-NS-EM1
Emulation board

Emulation board for emulating the peripheral hardware inherent to the device.
Used in combination with in-circuit emulator.

NP-44GB
Emulation probe

Board for connecting the in-circuit emulator and target system.
Used in combination with the EV-9200G-44.

EV-9200G-44

Conversion socket

This conversion socket connects the NP-44GB to the target system board designed to mount
a 44-pin plastic LQFP (GB-8ES type).

NP-44GB-TQ
Emulation probe

Board for connecting the in-circuit emulator and target system.
Used in combination with the TGB-044SAP.

TGB-044SAP

Conversion adapter

This conversion socket connects the NP-44GB-TQ to the target system board designed to
mount a 44-pin plastic LQFP (GB-8ES type).

NP-48GA
Emulation probe

Board for connecting the in-circuit emulator and target system.
Used in combination with the TGA-048SDP.

TGA-048SDP

Conversion adapter

This conversion socket connects the NP-48GA to the target system board designed to mount
a 48-pin plastic TQFP (fine pitch) (GA-9EU type).

Remarks 1. NP-44GB, NP-44GB-TQ, and NP-48GA are products manufactured by Naito Densei Machida Mfg.
Co., Ltd. (+81-44-822-3813). Consult Naito Densei Machida Mfg. Co., Ltd. for purchase.
2. TGB-044SAP and TGA-048SDP are products manufactured by Tokyo Eletech Corporation.
Consult Daimaru Kogyo, Ltd. for more information.
Daimaru Kogyo, Ltd. Tokyo Electronics Division (+81-3-3820-7112)

Osaka Electronics Division (+81-6-6244-6672)
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A.3.2 Software

ID78K0S-NS

Integrated debugger
(Supports in-circuit emulator
IE-78K0S-NS)

Control program for debugging the 78K/0S Series.

This program provides a graphical user interface. It runs on Windows for personal computer
users and on OSF/Motif™ for engineering work station users, and has visual designs and
operationability that comply with these operating systems. In addition, it has a powerful debug

function that supports C language. Therefore, trace results can be displayed at a C language
level by the window integration function that links source program, disassembled display, and
memory display, to the trace result. This software also allows users to add other function
extension modules such as task debugger and system performance analyzer to improve the
debug efficiency for programs using a real-time operating system.

Used in combination with a device file (DF789177) (sold separately).

Part number: uSxxxxID78K0S-NS

Remark xxxx in the part number differs depending on the host machines and operating system to be used.
uSxxxxID78K0S-NS
XXXX Host Machine oS Supply Media
AA13 PC-9800 series Japanese Windows"™ 3.5" 2HD FD
AB13 IBM PC/AT and compatibles Japanese Windows"" 3.5" 2HC FD
BB13 English Windows"**
Note Also operates in the DOS environment.
SM78K0S Debugs program at C source level or assembler level while simulating operation of target

System simulator system on host machine.

SM78KO0S runs on Windows.

By using SM78K0S, the logic and performance of an application can be verified independently
of hardware development even when the in-circuit emulator is not used. This enhances
development efficiency and improves software quality.

Used in combination with a device file (DF789177) (sold separately).

Part number: uSxxxxSM78K0S

DF789177""
Device file

Files including information peculiar to devices.
Used in combination with RA78K0S, CC78K0S, or SM78K0S (sold separately).

Part number: uSxxxxDF789177

Note DF789177 can be used commonly with RA78K0S, CC78K0S, and SM78K0S.

Remark xxxx in the part number differs depending on the host machines and operating system to be used.

USxxxxSM78K0S
XXXX Host Machine oS Supply Media
AA13 PC-9800 series Japanese Windows"™ 3.5" 2HD FD
AB13 IBM PC/AT and compatibles Japanese Windows"" 3.5" 2HC FD
BB13 English Windows"**

Note Also operates in the DOS environment.
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A.4 Conversion Socket (EV-9200G-44) Drawing and Recommended Footprint

Figure A-2. EV-9200G-44 Drawing (for reference) (unit: mm)

Based on EV-9200G-44
(1) Package drawing (in mm)

A M
_E B N 0
F
o
| O
EV-92 44
AN T_/ . o
gp/ NEC E —
o o —+8F = - ol
=| TCE
-HIIIIIII?ﬂﬂDﬂf
‘ :I/_“

No.1 pin index/

N

EV-9200G-44-GOE

ITEM|  MILLIMETERS INCHES
A 15.0 0.591
B 10.3 0.406
c 10.3 0.406
D 15.0 0.591
E 4-C 3.0 4-C 0.118
F 0.8 0.031
G 5.0 0.197
H 12.0 0.472
| 14.7 0.579
J 5.0 0.197
K 12.0 0.472
L 14.7 0.579
M 8.0 0.315
N 7.8 0.307
0 2.0 0.079
P 1.35 0.053
Q 0.35%0.1 0.01475:9%¢
R 915 90.059
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Figure A-3. EV-9200G-44 Recommended Footprints (for reference) (unit: mm)

Based on EV-9200G-44
(2) Pad drawing (in mm)

: m
Timiom| | f

C
B
A
EV-9200G-44-P1E
ITEM MILLIMETERS INCHES
A 15.7 0.618
B 11.0 0.433
C | 0.8+0.02 x 10=8.0£0.05 |0.031"39%% x 0.394=0.315 *3.503
D | 0.8+0.02 x 10=8.0£0.05 | 0.0313092 x 0.394=0.315"39%
E 11.0 0.433
F 15.7 0.618
G 5.00+0.08 0.19770.50%3
H 5.00£0.08 0.19770.503
| 0.5%0.02 0.0273503
J 91.57+0.03 $0.062*33%
K $2.2+0.1 ©0.087*33%
L ®1.57+0.03 ©0.062*39%

Caution  Dimensions of mount pad for EV-9200 and that for target
device (QFP) may be different in some parts. For the
recommended mount pad dimensions for QFP, refer to
"SEMICONDUCTOR DEVICE MOUNTING
TECHNOLOGY MANUAL" (C10535E).
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A.5 Conversion Adapter Drawing (TGB-044SAP)

Figure A-4. TGB-044SAP Drawing (for reference) (unit: mm)

Reference diagram: TGB-044SAP (TQPACK044SA+TQSOCKET044SAP)
Package dimension (unit: mm)

H
C
|
> ‘
+l+ + o+ r
+ + |+ +
¢+
+ +
+ 7 ty
7 //\\ +
D+ + t—+— E F G N O
N\
+ T+
+ +
t Tt —
H o+ 2
+ 4+ +4+
|
4S,T_T« ‘ J | K
™ N ‘ T L
| M
X
- :
| | f
U wj Wt
a | | ITEM MILLIMETERS INCHES ITEM MILLIMETERS INCHES
A 10.12 0.398 a 2.0 0.079
B 0.8x10=8.0 0.031x0.394=0.315 b 0.25 0.010
V 7 C 0.8 0.031 c 9.6 0.378
D 16.65 0.656 d 1.2 0.047
E 8.4 0.331 e 1.2 0.047
Y * IJ I:I |:| I:I_u_lu I:I I:II_I:I_LI I:I |:| F 10.8 0.425 f 2.4 0.094
G 13.2 0.520 g 2.7 0.106
b1 ‘ d e ‘ H c20 C 0.079 TGB-044SAP-GOE
‘ c fer] I 9.35 0.368
J 1.325 0.052
K 1.325 0.052
L 12.0 0.472
M 16.65 0.656
N 8.5 0.335
(o) 13.15 0.518
P 5.0 0.197
Q 1.8 0.071
R ©3.55 ©0.140
s ©0.9 ©0.035
T 0.3 ©0.012
V] (16.95) (0.667)
\% 7.35 0.289
w 1.2 0.047
X 6.0 0.236
Y 1.85 0.073
z 3.5 0.138

note : Product by TOKYO ELETECH CORPORATION.
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APPENDIX B EMBEDDED SOFTWARE

The following embedded software products are available for efficient program development and maintenance of
the uPD789167, 789177, 789167Y, and 789177Y Subseries.

MX78K0S MX78KO0S is a subset OS that is based on the uITRON specification. Supplied with the

oS MX78KOS nucleus. The MX78K0S OS controls tasks, events, and time. In task control, the
MX78K0S OS controls task execution order, and performs the switching process to a task to
be executed.

<Caution when used in the PC environment>

The MX78KO0S is a DOS-based application. Use this software in the DOS pane when running
it on Windows.

Part number: puSxxxxMX78K0S

Remark xxxx in the part number differs depending on the host machines and OS used.

USxxxXMX78K0S
XXXX Host Machine (OS] Supply Medium
AA13 PC-9800 series Japanese Windows"" 3.5" 2HD FD
AB13 IBM PC/AT and compatibles Japanese Windows"™* 3.5" 2HC FD
BB13 English Windows""

Note Also operates in the DOS environment.
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APPENDIX C REGISTER INDEX

C.1 Register Name Index

16-bit capture register 90 (TCPO0) ......cuii ettt e e e e e e e e s st b e e e e e e e e s s atbaeeeeeesssatbaesee baeeeaeesaanssreeaaaeas 124
16-bit compare register 90 (CRO0) ... .eeiii ettt e e e e ettt e e e e e e s bt et e eaaeas s ntbaeeeaaeaaaneaeeeeeteeeeaaeeaannneeeaaaeas 124
16-bit multiplication result storage register 0 (MULQD) ........ccuiiiiiii e e eesanrreeeaeeas 291
16-bit timer counter 90 (TM90) ........cuuiiieeiee e

16-bit timer mode control register 90 (TMC90)

8-bit compare registers 80, 81, 82 (CR80, CR81, CRB2) ......coiiiiiiiiiiiiia et e e e 141
8-bit timer counter 80, 81, 82 (TM80, TMBL, TIMB2)........uuiiiiieiiiiiiiieiie e e ettt e e e e s s e e e e s st e e e e e s st e e e e e eaarees 141

8-bit timer mode control register 80 (TMC80)
8-bit timer mode control register 81 (TMC81)
8-bit timer mode control register 82 (TMC82)

[A]

A/D conversion result register 0 (ADCRO) ........cuiiiriieiieieiiieee et e st e e e e snree s

A/D converter mode register O (ADMO) .......eeiiee ittt e e e e e e e e e et e e e e e e n e e e e e e e a e raaaaas

A/D input selection regisSter 0 (ADS0).......courieiiiieeiei et e s e e e e e e

Asynchronous serial interface mode register 20 (ASIM20) ....

Asynchronous serial interface status register 20 (ASIS20) ......couiiii i
(B]

Baud rate generator control register 20 (BRGC20) .......cooiiuiiiiiiiiiaai e e et ee e e e eieeneeeae e 203, 212, 223

Buzzer output control register 90 (BZCO0) ........ccuuiiiiiie ettt e e e e e e e e e e e e et at e e e e e s e araaees 127
(E]

External interrupt mode register O (INTMO) .......eiiiiiiiiiiiei et e e e e s e e e e e st e e e e e e s e e e e s esaarreeaaeeas 301

External interrupt mode register L (INTIML) ...t e e e ettt e e e e e e st e e e e e e s eaeeeeannneeeaaaeas 302
(1]

Interrupt mask flag registers 0, 1 (MKO, MKL) ... ...t e e et e e e e e e e ennneee snnneeeeaaeeaannes 300

Interrupt request flag registers 0, 1 (IFO, IFL).....ccuuiiiiii i e e e e e e e rn e e e s e aaeeaeeeaaaes 299
M]

Multiplication data registers AO, BO (MRAOQ, MRBO) .......cuiiiiiiiiiiiiiie ettt e et e e e e st e e e e e e s e st e snnsreeeaeeas 291

Multiplier control regisSter O (IMULCO) .......eiiieiiiiiee ettt e ettt e e e e ettt e e e e e e s e netbe e e e e e e e s nsbbeeeeaneeeaeeeaannnnneeaaaeas 293
(O]

Oscillation stabilization time Selection regiSter (OSTS) ... .. it eee ettt e e e e e s ree e e e e e e e anreeeaeeeeaaneees 312
[P]

Port 0 (PO)

Port 1 (P1)

Port 2 (P2)
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Port 3 (P3)
Port 5 (P5)
Port 6 (P6)
Port Mode reQiStEr O (PIMIO) ......ccouiiieiee e e e ettt e e ettt e e e e et e e e e e e e e saa e e e e e e e eaaabaeeeeeesaaatbaeeeeaeeaeeseasnabrereeeeeaaanres
POrt MOAE rEQISTEN 1 (PIMIL) ..ottt ettt e e e e ettt e e e e e e sttt e et e e e e e s nnbeeeeaaeeaansbeeeeeaeeaaeeaannnbsneeaaeeannnnnes
POrt MOAE reQISTEN 2 (PIM2) ...cec it e ettt e e e e et e e e e e s e et a e e e e e e s e abbea e e e e e e s e saaeaeeseeeaeessannsaareeeas
Port Mode reQiStEr 3 (PIM3) ..coii ettt e ettt e e e e e ettt e e e e e e e annbbeeeaaeeeaannbeeeabneeaaeaean
POrt MOAE rEQISTEN 5 (PIVI5) ... iiiiiiieiie e e ettt e e e e ettt e e e e e e et b et e e e e e e s aabaeeeeaessaassaeeaeaeeaaeseasssbsaeeeeesaninnres
Processor clock cONtrol reQISIEr (PCC) ... it ee ettt ettt e e e e e ettt e e e e e e et ateeaaeeeaanses seannneeeeaaeeaannnes
Pull-up resistor option regiSter O (PUD) ........iiii oot e e e e e e s e e e e e s st a e e e e e e e s s e e e e asaabraeeeaesannannes
Pull-up resistor option registers B2, B3 (PUB2, PUB3) ...t eee e e e e eeaaeeeaneees
[R]
Reception buffer register 20 (RXB20) .........uiiiiiiaiiiiiiii ettt e e e e e et e e e e e e e s naeeeeeaaeeaaan e e annbeeeeaaeeaannnees 198
[S]
Serial operation mode register 20 (CSIM20) .......ouiiiiiiiiiiieiee et e e e 199, 206, 209, 221
SMB clock selection register 0 (SMBCLO).......uiiiiiiiiiiiie e e e s e e e e e e s et e e e e e e s aatn e e e s saraeaeaaeeaaas 243
SMB control regiSter O (SIMBCO) ........ueiiiieieiiiiiiei ettt e e e e e ettt e e e e e s et beeteeaeasaantbeeeaaaeesaantbeeeeaeeeaeeeaasnneeaaaaeaann 235
SMB input level setting register O (SMBVI0) .....c.ccoiiiiiiiiie e e e e e e e e s e et e e e s sarraaeaaeea s 247
SMB mMode regiSter O (SMBIMO).... ...ttt e ettt e e e e e e et bee e e e e e e e e antbeeeeeaeesaansbeeeeeeeeaeeeaannneeeaaaeann
SMB Shift regiStEr O (SIMBO) .....ceiiiiiiiieieee e et e et e e s e e e e e e e s e et e et eeeeeasattbeeeeeeeeasas e nnrreaeeeeeaannnees
SMB slave address register 0 (SMBSVAOQ)
SMB status register O (SMBS0).........uuiiiiieiiiiiiiei e e e e e e e e e s st e e e e e et st eeeaeeeesatbba e e bereeaeeeaaarraaeaaeaaaas
Y0 oledfo ol T ele] gl (o] Y=Y o TSy (= N (O3S ) PSRRI
Suboscillation MOode regiStEr (SCKM)......coiiuiiiiiei e e e e e s e e e e e e e s s st e e e e e e sseaaeeesasabaaaeaaeeaaas
[T]
Timer clock SEleCtion rEQISTEI 2 (TCL2) .. uuiiii i e ittt ettt e e e e e e e e e s e et e e e e e e e e s satar s s erantbaseeaaeeesannsnnnes 163
Transmission Shift regiSter 20 (TXS20) .....uueiiiee ettt e ettt e e e e e e e ettt e aa e e e s aasaeaeeeeaaeeaaaansssensbeeeeaaeeeaaannnnnes 198
(W]
Watch timer mode Control regiSter (WTIM).. ... ettt ettt e e e e e ettt e e e e e e e st e e e e e e e seeaaeeeaannneeeeens 157

Watchdog timer mode register (WDTM)
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C.2 Register Symbol Index

[A]

ADCRO
ADMO
ADSO
ASIM20
ASIS20

(B]

BRGC20
BZC90

[C]

CR80
CR81
CR82
CR90
CSIM20
CSS

(1]

IFO
IF1
INTMO
INTM1

(M]

MKO
MK1
MRAO
MRBO
MULO
MULCO

(O]
OSTS
[P]

PO
P1
P2
P3
P5
P6
PCC
PMO
PM1

. Interrupt request flag register 0
. Interrupt request flag register 1

: Processor clock control register
. Port mode register 0
: Port mode register 1

1 A/D coNVersion reSuUlt regISTEE O..........uueiiiiieee et e e et e e e e e e eeeaeeemeeee 168, 182
2 A/D converter MOAE rEQISTEE O .....ccuuiiiiieeie e ieeiiiee e e e s e e e e e e e s e e e e e e e e e s seabbareeeeeeeseanes 170, 184
© A/D INPUL SEIECTION TEUISTETN O...eeeiiiiiieeeiiii ettt e e e s 171, 185
: Asynchronous serial interface mode register 20...........ccooviiiiiiiiiieee e 200, 207, 210, 222
: Asynchronous serial interface status regiSter 20 .........cooiiiiiiiiiiiee e 202, 211
: Baud rate generator control register 20 ...........eeeiiiie oo 203, 212, 223
: Buzzer output control regiSter 90..........coi it 127
: 8-hit COMPAre rEQISIEr B0 ....eiiii i e e e e e e e e et e e e e e s ee s 141
© 8-Dit COMPAIE FEUISIEE BL.... ittt e e e ettt e e e e e e e et e e e e e e e e e s e neneseeeeas 141
1 8-Dit COMPAIE FEUISIEI B2....eeiii i e e e e e e e et e e e e e s e s staeaeee s 141
© 16-bit cOMPAre regISTEr D0 ...t e e e et e e e e e et e e e e e e e e eeeeas 124
: Serial operation mode regiSter 20..........couiiiiiiiiiiee e 199, 206, 209, 221
BT ¥ o Tod (o1t odo ] (o] W =T [1S] (=] PR ETT RSP 113

: External interrupt MOde rEQISTEE O .....coiiiiiiiiiieiiee e e e e e e et e e e e e e e e e neeeeeeas 301
: External interrupt MOde rEQISIET L ....oiiii i e e e e e s e 302
o Interrupt Mask flag FEGISEr O ....uueii i e e e e e e e e e et s r e aeaee s 300
o Interrupt Mask flag FEGISTEr L ... .o et e e e e e e e e et ee s nneeeeea e s 300
: Multiplication data regiStEr AD........cciiciiiieie ettt e e e e e e e e e e e e e s e e tae e rreaaaaeas 291
: Multiplication data regiSter BO.........oiiuueeieiii ettt e e e e e e et e aeaaaaens 291
: 16-bit multiplication result Storage regiSter 0 ...........coiiiiiiiieeee e e 291
Y 0 1o o 1= oo g o] I =To I3 (=] O TSROSO 293
. Oscillation stabilization time Selection reQISLEr ...........oiui i 312
0] 4 A 0P T TP PP P PP PPPPPPRPPPPPIRt 91
POIT L e e 92
0] 4 T PP P T PO PP PPPPPPPPPPPPPPIRt 93
0] 1 S PP P TP PP
0] 4 5 TP T PP O PP PPPPPPPRPPPPPINt
PO B ..
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PM2
PM3
PM5
PUO
PUB2
PUB3

[R]
RXB20
[S]

SCKM
SMBO
SMBCO
SMBCLO
SMBMO
SMBSO0
SMBSVAQ
SMBVIO

(7]

TCL2
TCP90
TM80
TM81
T™M82
TM90
TMC80
TMC81
TMC82
TMC90
TXS20

WDTM
WTM

356

: Port mode register 2
. Port mode register 3
: Port mode register 5

. 8-bit timer counter 80
. 8-bit timer counter 81
. 8-bit timer counter 82

. PUll-up resistor Option rEQISTEI O........ueiiii it e e e e e e e e e e st e e e e e e s aeeaeeeaaanees 105
© Pull-up resSistor OPtion rEQISTEN B2........ooi ittt e e et e e e e e s et e e e e e e s eeaeeeannnees 106
. Pull-up resistor Option rEQISTEr B3........iiiiiiiiiiiiiee ettt e e et e e e e s e e e e e e s eaaeeaaaaees 106
: Reception BUFfEr reQISIEI 20 .......ccii e e s e e e s e e ereeaeeeananees 198
: SUDOSCIllatioN MOAE FEQISTEN ...t e s e e e e st e e e e e e areeaeeeananees 112
STV = Tl A =T [ L= O RS T

: SMB control register 0

© SMB ClOCK SEIECHON FEGISTEN D......eeeieiiieee ettt e et e e e ettt e e e e e sttt e e e e e e e annbeeteaeaseeeeaeeaannnees 243
© SIMB MOAE FEQISTET O ..eiiiiiiiiiiiiii e e ettt e e e et e e e e e e et e e e e e s st a e e e e e e e s satbaaeeaeeessstbesbaareeeesaananees 245
BV S = LU R = To 1S3 (] O PSPPSR 240
. SMB slave address regiStEr O.......coouuiiiiiie e e e e e e e e e e st areeeas 233, 248
: SMB input [evel SettiNG rEQISTEN O .......eiiii e et e e e e e e st e e e e e s entbee e e e e e e eeeeaeeaannnees 247
: Timer CloCK SEIECHON FEOISIEI 2 ... ... ettt e e e e et e e e e e e seeeaeeeeanees 163
1 16-bit capture register 90..........uuviiiii e e e e e e raaaeeaaanas 124

© 16-Dit tIMEr COUNTET 90......iiiiiiiiieiti ettt sttt et et e st st eenee e 124
: 8-bit timer mode coNtrol regISTEr 80 ..........ueiiiiiie ettt e e e e e e s e e s e e e e e e anees 142
: 8-bit timer mode CoNtrol regISTEr 8L ..........uviiiiiii e a e e 143
: 8-bit timer mode CONLrol FEGISTEN 82 ..... ... et e e e e e e s e e e e e e 144
: 16-bit timer mode control register 90 ..........oiiii i 125
: Transmission Shift rEQISTEr 20......ci it e e e et e e e e e e e e e e ereeeeaeeeeaannes 198
: Watchdog timer MOUE FEOISTEN ... . ettt et e e e e e s ettt e e e e e e s e nbeeeaeaeesanaeeeaannnees 164
: Watch timer mode CONLIOl FEGISTET .......iiii it e e e e e e st e e e enanens 157
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APPENDIX D REVISION HISTORY

The revision history for this manual is detailed below. "Chapter" indicates the chapter of the edition.

Edition Revision from Previous Edition Chapter
Second Addition of description of uPD789166Y, uPD789167Y, uPD789176Y, Throughout
edition and uPD789177Y

Change of status of yPD789166, uPD789167, uPD789176, and
uPD789177 from "under development" to "developed"”

Addition of description of SMBO special function registers to Table 5-3
Special Function Registers

CHAPTER 5 CPU ARCHITECTURE

Modification of Figure 6-5 Block Diagram of P21

CHAPTER 6 PORT FUNCTIONS

Addition of 8.5 Notes on Using 16-Bit Timer

CHAPTER 8 16-BIT TIMER

Addition of 15 SMBO (uPD789167Y AND 789177Y SUBSERIES)

CHAPTER 15 SMBO (uPD789167Y
AND 789177Y SUBSERIES)

Addition of description of SMBO interrupt to 17 INTERRUPT
FUNCTIONS

CHAPTER 17 INTERRUPT
FUNCTIONS

Addition of Figure 20-3 Flashpro Ill Connection in SMB Mode

Addition of setting with SMB mode in Table 20-4 Setting with PG-FP3

CHAPTER 20 uPD78F9177 AND
uPD78F9177Y

Addition of development tools for yPD789166Y, uPD789167Y,
uPD789176Y, and uPD789177Y

APPENDIX A DEVELOPMENT TOOLS

User’'s Manual U14186EJ2VOUMO00

357




[MEMO]

358 User's Manual U14186EJ2VOUMO0



Facsimile

NEC

Message

Although NEC hastaken all possible steps
to ensure thatthe documentation supplied
to our customers is complete, bug free
and up-to-date, we readily accept that

From: .
errors may occur. Despite all the care and
precautions we've taken, you may

Name encounter problems inthe documentation.
Please complete this form whenever

Company _you'd like to report errors or suggest
improvements to us.

Tel. FAX

Address

Thank you for your kind support.

North America

NEC Electronics Inc.

Corporate Communications Dept.

Fax: 1-800-729-9288
1-408-588-6130

Europe

NEC Electronics (Europe) GmbH
Technical Documentation Dept.
Fax: +49-211-6503-274

South America
NEC do Brasil S.A.
Fax: +55-11-6465-6829

Hong Kong, Philippines, Oceania
NEC Electronics Hong Kong Ltd.
Fax: +852-2886-9022/9044

Korea

NEC Electronics Hong Kong Ltd.
Seoul Branch

Fax: 02-528-4411

Taiwan
NEC Electronics Taiwan Ltd.
Fax: 02-2719-5951

Asian Nations except Philippines
NEC Electronics Singapore Pte. Ltd.
Fax: +65-250-3583

Japan
NEC Semiconductor Technical Hotline
Fax: 044-548-7900

I would like to report the following error/make the following suggestion:

Document title:

Document number:

Page number:

If possible, please fax the referenced page or drawing.

Document Rating
Clarity

Technical Accuracy
Organization

Excellent Good
a a
a a
a a

Acceptable Poor
a a
a a
a a

CS 99.1



	COVER
	SUMMARY OF CONTENTS
	MAJOR REVISIONS IN THIS EDITION
	INTRODUCTION
	CONTENTS
	LIST OF FIGURES
	LIST OF TABLES

	CHAPTER 1 GENERAL ( uPD789167 AND 789177 SUBSERIES)
	1.1 Features
	1.2 Applications
	1.3 Ordering Information
	1.4 Pin Configuration (Top View)
	1.5 78K/0S Series Development
	1.6 Block Diagram
	1.7 Outline of Function

	CHAPTER 2 GENERAL ( uPD789167Y AND 789177Y SUBSERIES)
	2.1 Features
	2.2 Applications
	2.3 Ordering Information
	2.4 Pin Configuration (Top View)
	2.5 78K/0S Series Development
	2.6 Block Diagram
	2.7 Outline of Function

	CHAPTER 3 PIN FUNCTIONS ( uPD789167 AND 789177 SUBSEREIS)
	3.1 Pin Function List
	3.2 Description of Pin Functions
	3.2.1 P00 to P05 (Port 0)
	3.2.2 P10, P11 (Port 1)
	3.2.3 P20 to P26 (Port 2)
	3.2.4 P30 to P33 (Port 3)
	3.2.5 P50 to P53 (Port 5)
	3.2.6 P60 to P67 (Port 6)
	3.2.7 RESET#
	3.2.8 X1, X2
	3.2.9 XT1, XT2
	3.2.10 AVDD
	3.2.11 AVSS
	3.2.12 AVREF
	3.2.13 VDD0, VDD1
	3.2.14 VSS0, VSS1
	3.2.15 VPP (uPD78F9177 only)
	3.2.16 IC0 (mask ROM version only)

	3.3 Pin Input/Output Circuits and Recommended Connection of Unused Pins

	CHAPTER 4 PIN FUNCTIONS ( uPD789167Y AND 789177Y SUBSEREIS)
	4.1 Pin Function List
	4.2 Description of Pin Functions
	4.2.1 P00 to P05 (Port 0)
	4.2.2 P10, P11 (Port 1)
	4.2.3 P20 to P26 (Port 2)
	4.2.4 P30 to P33 (Port 3)
	4.2.5 P50 to P53 (Port 5)
	4.2.6 P60 to P67 (Port 6)
	4.2.7 RESET#
	4.2.8 X1, X2
	4.2.9 XT1, XT2
	4.2.10 AVDD
	4.2.11 AVSS
	4.2.12 AVREF
	4.2.13 VDD0, VDD1
	4.2.14 VSS0, VSS1
	4.2.15 VPP ( m mm mPD78F9177Y only)
	4.2.16 IC0 (mask ROM version only)
	4.2.17 IC2

	4.3 Pin Input/Output Circuits and Recommended Connection of Unused Pins

	CHAPTER 5 CPU ARCHITECTURE
	5.1 Memory Space
	5.1.1 Internal program memory space
	5.1.2 Internal data memory (internal high-speed RAM) space
	5.1.3 Special function register (SFR) area
	5.1.4 Data memory addressing

	5.2 Processor Registers
	5.2.1 Control registers
	5.2.2 General-purpose registers
	5.2.3 Special function registers (SFR)

	5.3 Instruction Address Addressing
	5.3.1 Relative addressing
	5.3.2 Immediate addressing
	5.3.3 Table indirect addressing
	5.3.4 Register addressing

	5.4 Operand Address Addressing
	5.4.1 Direct addressing
	5.4.2 Short direct addressing
	5.4.3 Special function register (SFR) addressing
	5.4.4 Register addressing
	5.4.5 Register indirect addressing
	5.4.6 Based addressing
	5.4.7 Stack addressing


	CHAPTER 6 PORT FUNCTIONS
	6.1 Port Functions
	6.2 Port Configuration
	6.2.1 Port 0
	6.2.2 Port 1
	6.2.3 Port 2
	6.2.4 Port 3
	6.2.5 Port 5
	6.2.6 Port 6

	6.3 Port Function Control Registers
	6.4 Operation of Port Functions
	6.4.1 Writing to I/O port
	6.4.2 Reading from I/O port
	6.4.3 Arithmetic operation of I/O port


	CHAPTER 7 CLOCK GENERATION CIRCUIT
	7.1 Clock Generation Circuit Functions
	7.2 Clock Generation Circuit Configuration
	7.3 Registers Controlling Clock Generation Circuit
	7.4 System Clock Oscillators
	7.4.1 Main system clock oscillator
	7.4.2 Subsystem clock oscillator

	7.5 Clock Generation Circuit Operation
	7.6 Changing Setting of System Clock and CPU Clock
	7.6.1 Time required for switching between system clock and CPU clock
	7.6.2 Switching between system clock and CPU clock


	CHAPTER 8 16-BIT TIMER
	8.1 16-Bit Timer Functions
	8.2 16-Bit Timer Configuration
	8.3 Registers Controlling 16-Bit Timer
	8.4 16-Bit Timer Operation
	8.4.1 Operation as timer interrupt
	8.4.2 Operation as timer output
	8.4.3 Capture operation
	8.4.4 16-bit timer counter 90 readout
	8.4.5 Buzzer output operation

	8.5 Notes on Using 16-Bit Timer

	CHAPTER 9 8-BIT TIMER/EVENT COUNTERS
	9.1 Functions of 8-Bit Timer/Event Counters
	9.2 8-Bit Timer/Event Counter Configuration
	9.3 8-Bit Timer/Event Counter Control Registers
	9.4 Operation of 8-Bit Timer/Event Counter
	9.4.1 Operation as interval timer
	9.4.2 Operation as external event counter
	9.4.3 Operation as square wave output
	9.4.4 PWM output operation

	9.5 Notes on Using 8-Bit Timer/Event Counters

	CHAPTER 10 WATCH TIMER
	10.1 Watch Timer Functions
	10.2 Watch Timer Configuration
	10.3 Watch Timer Control Register
	10.4 Watch Timer Operation
	10.4.1 Operation as watch timer
	10.4.2 Operation as interval timer


	CHAPTER 11 WATCHDOG TIMER
	11.1 Watchdog Timer Functions
	11.2 Watchdog Timer Configuration
	11.3 Watchdog Timer Control Registers
	11.4 Watchdog Timer Operation
	11.4.1 Operation as watchdog timer
	11.4.2 Operation as interval timer


	CHAPTER 12 8-BIT A/D CONVERTER ( m mm mPD789167 AND 789167Y SUBSERIES)
	12.1 8-Bit A/D Converter Functions
	12.2 8-Bit A/D Converter Configuration
	12.3 8-Bit A/D Converter Control Registers
	12.4 8-Bit A/D Converter Operation
	12.4.1 Basic operation of 8-bit A/D converter
	12.4.2 Input voltage and conversion result
	12.4.3 Operation mode of 8-bit A/D converter

	12.5 Cautions Related to 8-Bit A/D Converter

	CHAPTER 13 10-BIT A/D CONVERTER (uPD789177 AND 789177Y SUBSERIES)
	13.1 10-Bit A/D Converter Functions
	13.2 10-Bit A/D Converter Configuration
	13.3 10-Bit A/D Converter Control Registers
	13.4 10-Bit A/D Converter Operation
	13.4.1 Basic operation of 10-bit A/D converter
	13.4.2 Input voltage and conversion result
	13.4.3 Operation mode of 10-bit A/D converter

	13.5 Cautions Related to 10-Bit A/D Converter

	CHAPTER 14 SERIAL INTERFACE 20
	14.1 Serial Interface 20 Functions
	14.2 Serial Interface 20 Configuration
	14.3 Serial Interface 20 Control Registers
	14.4 Serial Interface 20 Operation
	14.4.1 Operation stop mode
	14.4.2 Asynchronous serial interface (UART) mode
	14.4.3 3-wire serial I/O mode


	CHAPTER 15 SMB0 ( uPD789167Y AND 789177Y SUBSERIES)
	15.1 SMB0 Functions
	15.2 SMB0 Configuration
	15.3 SMB0 Control Registers
	15.4 SMB0 Definition and Control Methods
	15.4.1 Start condition
	15.4.2 Address
	15.4.3 Specification of transmission direction
	15.4.4 Acknowledge signal (ACK#)
	15.4.5 Stop condition
	15.4.6 Wait signal (WAIT#)
	15.4.7 SMB0 interrupt (INTSMB0)
	15.4.8 Interrupt request (INTSMB0) generation timing and wait control
	15.4.9 Matching address detection method
	15.4.10 Error detection
	15.4.11 Extension code
	15.4.12 Arbitration
	15.4.13 Wakeup function
	15.4.14 Communication reservation
	15.4.15 Additional cautions
	15.4.16 Communication operation

	15.5 Timing Chart

	CHAPTER 16 MULTIPLIER
	16.1 Multiplier Function
	16.2 Multiplier Configuration
	16.3 Multiplier Control Register
	16.4 Multiplier Operation

	CHAPTER 17 INTERRUPT FUNCTIONS
	17.1 Interrupt Function Types
	17.2 Interrupt Sources and Configuration
	17.3 Interrupt Function Control Registers
	17.4 Interrupt Processing Operation
	17.4.1 Non-maskable interrupt request acceptance operation
	17.4.2 Maskable interrupt request acceptance operation
	17.4.3 Multiple interrupt processing
	17.4.4 Interrupt request reserve


	CHAPTER 18 STANDBY FUNCTION
	18.1 Standby Function and Configuration
	18.1.1 Standby function
	18.1.2 Standby function control register

	18.2 Operation of Standby Function
	18.2.1 HALT mode
	18.2.2 STOP mode


	CHAPTER 19 RESET FUNCTION
	CHAPTER 20 uPD78F9177 AND uPD78F9177Y
	20.1 Flash Memory Programming
	20.1.1 Selecting communication mode
	20.1.2 Function of flash memory programming
	20.1.3 Flashpro III connection
	20.1.4 Setting with Flashpro III (PG-FP3)


	CHAPTER 21 MASK OPTION
	CHAPTER 22 INSTRUCTION SET
	22.1 Operation
	22.1.1 Operand identifiers and description methods
	22.1.2 Description of "Operation" column
	22.1.3 Description of "Flag" column

	22.2 Operation List
	22.3 Instructions Listed by Addressing Type

	APPENDIX A DEVELOPMENT TOOLS
	A.1 Language Processing Software
	A.2 Flash Memory Writing Tools
	A.3 Debugging Tools
	A.3.1 Hardware
	A.3.2 Software

	A.4 Conversion Socket (EV-9200G-44) Drawing and Recommended Footprint
	A.5 Conversion Adapter Drawing (TGB-044SAP)

	APPENDIX B EMBEDDED SOFTWARE
	APPENDIX C REGISTER INDEX
	C.1 Register Name Index
	C.2 Register Symbol Index

	APPENDIX D REVISION HISTORY

