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Notice

All information included in this document is current as of the date this document is issued. Such information, however, is
subject to change without any prior notice. Before purchasing or using any Renesas Electronics products listed herein, please
confirm the latest product information with a Renesas Electronics sales office. Also, please pay regular and careful attention to
additional and different information to be disclosed by Renesas Electronics such as that disclosed through our website.

Renesas Electronics does not assume any liability for infringement of patents, copyrights, or other intellectual property rights
of third parties by or arising from the use of Renesas Electronics products or technical information described in this document.
No license, express, implied or otherwise, is granted hereby under any patents, copyrights or other intellectual property rights
of Renesas Electronics or others.

You should not alter, modify, copy, or otherwise misappropriate any Renesas Electronics product, whether in whole or in part.

Descriptions of circuits, software and other related information in this document are provided only to illustrate the operation of
semiconductor products and application examples. You are fully responsible for the incorporation of these circuits, software,
and information in the design of your equipment. Renesas Electronics assumes no responsibility for any losses incurred by
you or third parties arising from the use of these circuits, software, or information.

When exporting the products or technology described in this document, you should comply with the applicable export control
laws and regulations and follow the procedures required by such laws and regulations. You should not use Renesas
Electronics products or the technology described in this document for any purpose relating to military applications or use by
the military, including but not limited to the development of weapons of mass destruction. Renesas Electronics products and
technology may not be used for or incorporated into any products or systems whose manufacture, use, or sale is prohibited
under any applicable domestic or foreign laws or regulations.

Renesas Electronics has used reasonable care in preparing the information included in this document, but Renesas Electronics
does not warrant that such information is error free. Renesas Electronics assumes no liability whatsoever for any damages
incurred by you resulting from errors in or omissions from the information included herein.

Renesas Electronics products are classified according to the following three quality grades: “Standard”, “High Quality”, and
“Specific”. The recommended applications for each Renesas Electronics product depends on the product’s quality grade, as
indicated below. You must check the quality grade of each Renesas Electronics product before using it in a particular
application. You may not use any Renesas Electronics product for any application categorized as “Specific” without the prior
written consent of Renesas Electronics. Further, you may not use any Renesas Electronics product for any application for
which it is not intended without the prior written consent of Renesas Electronics. Renesas Electronics shall not be in any way
liable for any damages or losses incurred by you or third parties arising from the use of any Renesas Electronics product for an
application categorized as “Specific” or for which the product is not intended where you have failed to obtain the prior written
consent of Renesas Electronics. The quality grade of each Renesas Electronics product is “Standard” unless otherwise
expressly specified in a Renesas Electronics data sheets or data books, etc.

“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.

“High Quality”: 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; medical equipment or
systems for life support (e.g. artificial life support devices or systems), surgical implantations, or healthcare
intervention (e.g. excision, etc.), and any other applications or purposes that pose a direct threat to human life.

You should use the Renesas Electronics products described in this document within the range specified by Renesas Electronics,

especially with respect to the maximum rating, operating supply voltage range, movement power voltage range, heat radiation
characteristics, installation and other product characteristics. Renesas Electronics shall have no liability for malfunctions or
damages arising out of the use of Renesas Electronics products beyond such specified ranges.

Although Renesas Electronics endeavors to improve the quality and reliability of its products, semiconductor products have
specific characteristics such as the occurrence of failure at a certain rate and malfunctions under certain use conditions. Further,
Renesas Electronics products are not subject to radiation resistance design. Please be sure to implement safety measures to
guard them against the possibility of physical injury, and injury or damage caused by fire in the event of the failure of a
Renesas Electronics product, such as safety design for hardware and software including but not limited to redundancy, fire
control and malfunction prevention, appropriate treatment for aging degradation or any other appropriate measures. Because
the evaluation of microcomputer software alone is very difficult, please evaluate the safety of the final products or system
manufactured by you.

Please contact a Renesas Electronics sales office for details as to environmental matters such as the environmental
compatibility of each Renesas Electronics product. Please use Renesas Electronics products in compliance with all applicable
laws and regulations that regulate the inclusion or use of controlled substances, including without limitation, the EU RoHS
Directive. Renesas Electronics assumes no liability for damages or losses occurring as a result of your noncompliance with
applicable laws and regulations.

This document may not be reproduced or duplicated, in any form, in whole or in part, without prior written consent of Renesas
Electronics.

Please contact a Renesas Electronics sales office if you have any questions regarding the information contained in this
document or Renesas Electronics products, or if you have any other inquiries.

(Note 1) “Renesas Electronics” as used in this document means Renesas Electronics Corporation and also includes its majority-

owned subsidiaries.

(Note 2) “Renesas Electronics product(s)” means any product developed or manufactured by or for Renesas Electronics.
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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. Input
levels 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, 1/0 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.

FIP, IEBus, QTOP are trademarks of NEC Corporation.

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

IBM DOS, PC/AT and PC DOS are trademarks of IBM Corporation.

HP9000 Series 300, HP9000 Series 700, and HP-UX are trademarks of Hewlett-Packard Company.
SPARCstation is a trademark of SPARC International, Inc.

SunOS is a trademark of Sun Microsystems, Inc.

Ethernet is a trademark of Xerox Corp.

NEWS and NEWS-OS are trademarks of Sony Corporation.

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

TRON is an abbreviation of The Realtime Operating system Nucleus.

ITRON is an abbreviation of Industrial TRON.




The export of this product from Japan is regulated by the Japanese government. To export this product may be prohibited
without governmental license, the need for which must be judged by the customer. The export or re-export of this product
from a country other than Japan may also be prohibited without a license from that country. Please call an NEC sales
representative.

The application circuits and their parameters are for references only and are not intended for use in actual design-in's.

The information in this document is subject to change without notice.

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 notassume 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. Nolicense, either express, implied or otherwise, is granted under any patents, copyrights or other
intellectual property rights of NEC Corporation or others.

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: Aircrafts, 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.

Anti-radioactive design is not implemented in this product.
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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: 800-366-9782

Fax: 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.1.
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: 01-504-2787

Fax: 01-504-2860

NEC Electronics (Germany) GmbH
Scandinavia Office

Taeby, Sweden

Tel: 08-63 80 820

Fax: 08-63 80 388

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: 253-8311

Fax: 250-3583

NEC Electronics Taiwan Ltd.
Taipei, Taiwan

Tel: 02-719-2377

Fax: 02-719-5951

NEC do Brasil S.A.
Sao Paulo-SP, Brasil
Tel: 011-889-1680
Fax: 011-889-1689
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Major Revisions in This Edition

Page Description

Throughout e Addition of uPD78064B(A)
e Addition of 100-pin plastic LQFP (fine pitch) (14 x 14 mm) package to uPD78064B and 78P064B

p.2 Addition of 1.4 Quality Grade

p.3, 17 Addition of notes on differences between AVoo and AVss pins to 1.5 Pin Configuration (Top View) and 2.1.1
Normal operating mode pins

p.8 Addition of following subseries to 1.6 Development of 78K/0 Series :
uPD78075B, 78075BY, 780018, 780018Y, 780058, 780058Y, 780034, 780034Y, 780024, 780024Y, 78014H,
780964, 780924, 780228, 78044H, 78044F, 78098B, 780973, and 780805 subseries

p.12 Addition of 1.10 Differences between pPD78064B and uPD78064B(A)

p.155, 160 Addition of Figures 7-10 and 7-13 Timing of Square Wave Output Operation

p.204, 211 Addition of notes on changing operation mode to 13.1 Serial Interface Channel 0 Functions and (2) Serial
operation mode register (CSIMO) in 13.3 Serial Interface Channel 0 Control Registers

p.229 Addition of notes to (f) Busy signal (BUSY), ready signal (READY) in (2) Definition of SBI in 13.4.3 SBI mode
operation

p.225, 247 Addition of notes to (11) Notes on SBI mode in 13.4.3 (2) (a) Bus release signal (REL), (b) command signal
(CMD)

p.281 Correction of Figure 14-10 Receive Error Timing

p.289 Addition of (3) Changing MSB/LSB first to 14.4.3 3-wire serial /0O mode

p.291 Addition of 14.4.4 Limitations when using UART mode

p.391 Addition of APPENDIX A DIFFERENCES BETWEEN pPD78064 AND 78064B SUBSERIES

p.393 APPENDIX B DEVELOPMENT TOOLS
« Addition of PA-78P0308GC, PA-78P0308GF, and |IE-780308-R-EM
e Change of name of conversion adapter EV-9500GC-100 to TGC-100SDW
* Deletion of Windows-compatible 5" FD

p.417 Addition of APPENDIX E REVISION HISTORY

The mark *shows major revised points.




Readers

Purpose

Organization

How to Read This Manual

PREFACE

This manual has been prepared for user engineers who want to understand the
functions of the uPD78064B subseries and design and develop its application
systems and programs.

- UPD78064B subseries: puPD78064B, 78P064B, 78064B(A)

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

The uPD78064B subseries manual is separated into two parts: this manual and the
instruction edition (common to the 78K/0 series).

UPD78064B subseries 78K/0 series
User’s Manual User’s Manual
(This manual) Instruction
* Pin functions e CPU functions
 Internal block functions  Instruction set
* Interrupt « Explanation of each instruction

Other on-chip peripheral functions

Before reading this manual, you should have general knowledge of electric and logic
circuits and microcomputers.

O When you use this manual as that of the uPD78064B(A):

- Unless otherwise specified, the uPD78064B is treated as the representative
models in this manual. If you use the uPD78064B(A), take the yPD78064B
as 78064B(A).

O When you want to understand the functions in general:

- Read this manual in the order of the contents.

O How to interpret the register format:
— For the circled bit number, the bit name is defined as a reserved word in
RA78K/0, and in CC78K/0, already defined in the header file named sfrbit.h.
O When you know a register name and want to confirm its details:
- Read APPENDIX D REGISTER INDEX.
OTo learn the yPD78064B subseries instruction function in detail:
- Refer to the 78K/0 series User's Manual: Instructions (U12326E)
OTo learn the electrical specifications of the yPD78064B subseries:

- Refer to separately available Data Sheet uPD78064B (U11590E),
uUPD78P064B Data Sheet (U11598E)

OTo learn the application examples of the respective functions of the uPD78064B
subseries:

- Refer to the Application Note separately available.



Caution The application examples presented in this manual are for the
“standard” quality models in general-purpose electronic systems. If
you wish to use the applications presented in this manual for
electronic systems that require “special” quality models, thoroughly
study the parts and circuits to be actually used, and their quality

grade.
Legend Data representation weight : High digits on the left and low digits on the right
Active low representations : xxx (line over the pin and signal names)
Note . Description of Note in the text.
Caution . Information requiring particular attention
Remark . Additional explanatory material
Numeral representations : Binary ... xxxx or xxxxB
Decimal ... xxxx
Hexadecimal ... xxxxH
Related Documents The related documents indicated in this publication may include preliminary

versions. However, preliminary versions are not marked as such.

* Related documents for uPD78064B subseries

Document Name Document No.
Japanese English
uPD78064B Data Sheet U11590J U11590E
uPD78P064B Data Sheet U11598J U11598E
78K/0 Series Application Note —Fundamental (lI1) u10182J U10182E
puPD78064B Subseries User's Manual U10785J This manual
78K/0 Series User’s Manual —Instruction U12326J U12326E
78K/0 Series Instruction Table U10903J —
78K/0 Series Instruction Set U10904J —
uPD78064B(A) Data Sheet U11597J U11597E




* Development Tool Documents (User's Manuals)

Document Name

Document No.

Japanese English
RA78K Series Assembler Package Operation EEU-809 EEU-1399
Language EEU-815 EEU-1404
RA78K Series Structured Assembler Preprocessor EEU-817 EEU-1402
RA78K0 Assembler Package Operation U11802J U11802E
Assembly Language u11801J U11801E
Structured Assembly Language | U11789J U11789E
CC78K Series C Compiler Operation EEU-656 EEU-1280
Language EEU-655 EEU-1284
CC78K0 C Compiler Operation U11517J U11517E
Language U11518J U11518E
CC78K C Compiler Application Note Programming Know-How EEA-618 EEA-1208
CC78K Series Library Source File U12322J —
PG-1500 PROM Programmer U11940J EEU-1355
PG-1500 Controller PC-9800 Series (MS-DOS™) Base EEU-704 EEU-1291
PG-1500 Controller IBM PC Series (PC DOS™) Base EEU-5008 U10540E
|IE-78000-R U11376J U11376E
|IE-78000-R-A U10057J U10057E
IE-78000-R-BK EEU-867 EEU-1427
|IE-78064-R-EM EEU-905 EEU-1443
|IE-780308-R-EM U11362J U11362E
EP-78064 EEU-934 EEU-1469
SM78K0 System Simulator Windows™ Base Reference u10181J U10181E
SM78K0 Series System Simulator External Parts User Open u10092J U10092E
Interface Specification
ID78KO0 Integrated Debugger EWS Base Reference U11151J —
ID78K0 Integrated Debugger PC Base Reference U11539J U11539E
ID78K0 Integrated Debugger Windows Base Guide U11649J U11649E
SD78K/0 Screen Debugger Introduction EEU-852 U10539E
PC-9800 Series (MS-DOS) Base Reference U10952J —
SD78K/0 Screen Debugger Introduction EEU-5024 EEU-1414
IBM PC/AT™(PC DOS) Base Reference U11279J U11279E

Caution The above documents are subjectto change without prior notice. Be sure to use the latest version

document when starting design.




Documents for Embedded Software  (User's Manual)

Document Name

Document No.

Japanese English

78K/0 Series Real-Time OS Fundamental U11537J —

Installation U11536J —

78K/0 Series OS MX78K0 Fundamental U12257J —
Fuzzy Knowledge Data Creation Tool EEU-829 EEU-1438
78K/0, 78K/ll, 87AD Series Fuzzy Inference Development Support System—Translator EEU-862 EEU-1444
78K/0 Series Fuzzy Inference Development Support System—Fuzzy Inference Module EEU-858 EEU-1441
78K/0 Series Fuzzy Inference Development Support System—Fuzzy Inference Debugger | EEU-921 EEU-1458

Other Documents

Document Name

Document No.

Japanese English

IC Package Manual C10943X

Semiconductor Device Mounting Technology Manual C10535J C10535E
Quality Grade on NEC Semiconductor Devices C11531J C11531E
Reliability Quality Control on NEC Semiconductor Devices C10983J C10983E
Electric Static Discharge (ESD) Test MEM-539 —
Semiconductor Devices Quality Assurance Guide C11893J MEI-1202
Microcomputer Related Product Guide—Third Party Manufacturers U11416J —

Caution The above documents are subjectto change without prior notice. Be sure to use the latest version

document when starting design.
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CHAPTER 1 OUTLINE

1.1 Features

©)
©)

O O OO0

Reduced EMI (Electro Magnetic Interference) noise compared to the existing uPD78064 subseries
On-chip high-capacity ROM and RAM

Type Program Memory Data Memory
Part Number (ROM) Internal High-Speed RAM LCD RAM
uPD78064B 32 Kbytes 1024 bytes 40 x 4 bytes
HPD78P064B

Minimum instruction execution time changeable from high speed (0.4 us: In main system clock 5.0 MHz operation)
to ultra-low speed (122 us: In subsystem clock 32.768 kHz operation)

Instruction set suited to system control

« Bit manipulation possible in all address spaces

e Multiply and divide instructions

Fifty-seven 1/O ports (including alternative function pins for segment signal output)

LCD Controller / Driver

« Segment signal output: Max. 40

« Common signal output: Max. 4

 Bias: 1/2, 1/3 bias switching possible

» Power supply voltage: Vob = 2.0 to 6.0 V (Static display mode)

Vob = 2.5 to 6.0 V (1/3 bias method)
Vob = 2.7 to 6.0 V (1/2 bias method)

8-bit resolution A/D converter: 8 channels

Serial interface: 2 channels

» 3-wire serial 1/0/SBI/2-wire serial /O mode: 1 channel

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

Timer: 5 channels

* 16-bit timer/event counter: 1 channel

« 8-bit timer/event counter: 2 channels

e Watch timer: 1 channel

* Watchdog timer: 1 channel

Twenty vectored interrupt sources

Two test inputs

Two types of on-chip clock oscillators (main system clock and subsystem clock)

Power supply voltage: Vobo =2.0t0 6.0V



CHAPTER 1 OUTLINE

1.2 Application Fields

e uPD78064B, 78P064B

Audio equipments containing tuner, communication devices such as radio equipment or cellular phones, and

pagers, meters, etc.

*x  « uPD78064B(A)

Control unit of automotive appliances, gas leak breaker, safety devices, etc.

1.3 Ordering Information

Part number Package Internal ROM
HUPD78064BGC-xxx-7TEA 100-pin plastic QFP (Fine pitch) (14 x 14 mm) Mask ROM
* HuPD78064BGC-xxx-8EU 100-pin plastic LQFP (Fine pitch) (14 x 14 mm) Mask ROM
HUPD78064BGF-xxx-3BA 100-pin plastic QFP (14 x 20 mm) Mask ROM
uPD78P064BGC-7EA 100-pin plastic QFP (Fine pitch) (14 x 14 mm) One-time PROM
* uPD78P064BGC-8EU 100-pin plastic LQFP (Fine pitch) (14 x 14 mm) One-time PROM
uPD78P064BGF-3BA 100-pin plastic QFP (14 x 20 mm) One-time PROM
* HUPD78064BGC(A)-xxx-7TEA 100-pin plastic QFP (Fine pitch) (14 x 14 mm) Mask ROM
* HUPD78064BGF(A)-xxx-3BA 100-pin plastic QFP (14 x 20 mm) Mask ROM

Caution Two types of package are available forthe = pPD78064BGC and 78P064BGC. For the information

of the suppliable package, consult NEC sales personnel.
Remark xxx indicates a ROM code suffix.

*x 1.4 Quality Grade

Part number Package Internal ROM
HUPD78064BGC-xxx-7TEA 100-pin plastic QFP (Fine pitch) (14 x 14 mm) Standard
HUPD78064BGC-xxx-8EU 100-pin plastic LQFP (Fine pitch) (14 x 14 mm) Standard
HUPD78064BGF-xxx-3BA 100-pin plastic QFP (14 x 20 mm) Standard
uPD78P064BGC-7EA 100-pin plastic QFP (Fine pitch) (14 x 14 mm) Special
uPD78P064BGC-8EU 100-pin plastic LQFP (Fine pitch) (14 x 14 mm) Special
uPD78P064BGF-3BA 100-pin plastic QFP (14 x 20 mm) Special
UPD78064BGC(A)-xxx-TEA 100-pin plastic QFP (Fine pitch) (14 x 14 mm) Special
HUPD78064BGF(A)-xxx-3BA 100-pin plastic QFP (14 x 20 mm) Special

Remark xxx indicates a ROM code suffix.

Please refer to "Quality Grades on NEC Semiconductor Devices" (Document No. C11531E) published by
NEC Corporation to know the specification of quality grade on the devices and its recommended applications.
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1.5 Pin Configuration (Top View)

(1) Normal operating mode

e 100-pin plastic QFP (Fine pitch) (14

e 100-pin plastic LQFP (Fine pitch) (14

UPD78064BGC-xxx-8EU, 78P064BGC-8EU

P11/ANI1
P12/ANI2
P13/ANI3
P14/ANI4
P15/ANI5
P16/ANI6
P17/ANI7
AVbp
AVRer
P100
P101

Vss

P102
P103
P30/TO0
P31/TO1
P32/TO2
P33/TI1
P34/TI12
P35/PCL
P36/BUZ
P37
COMO
COM1
COM2

¥

- O )

EE 29
f,oromsonacZZZZ2Z2 & 22 &

S HAdAdAAdd A A A DITNN A SN G o < q A
SioooooonocccoonrRkxSRXRNOER
LT

10099 9897 96 95 94 9392 91 90 89 88 87 86 8584 8382818079 78 77 76
o1 75
O 2 74
O=—=13 73
o—m4 72
Ow—m{ 5 71
Oo=—=16 70
O=—=17 69
o—8 68
o—=9 67
o] 10 66
o—12 64
o=—m113 63
o= 14 62
O=—nl 15 61
o=—m1 16 60
o=—-m] 18 58
o=—»{ 19 57
O=—nw{ 20 56
Ol 21 55
O=—n1 22 54
o=—-+{ 23 53
o=—-24 52
o=—25 51
26 27 28 2930 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50
L

29 5383 RR388588233032858
58x>>>7 DHhHOHnhhnn

o

Cautions 1. Be sure to connect IC (Internally Connected) pin to V ss directly.

x 14 mm)
UPD78064BGC-xxx-7TEA, 78P064BGC-7EA, 78064BGC(A)-xxx-7TEA

x 14 mm)

P70/SI2/RxD
P27/SCKO
P26/SO0/SB1
P25/S10/SBO
P80/S39
P81/S38
P82/S37
P83/S36
P84/S35
P85/S34
P86/S33
P87/S32
P90/S31
P91/S30
P92/S29
P93/S28
P94/S27
P95/S26
P96/S25
P97/S24
s23

S22

s21

S20

S19

2. AVop pin shares the port power supply with that of the A/D converter. When using in

applications where noise from inside the microcomputer has to be reduced, connect the

AVop pin to a separate power supply, whose electrical potential is the same as that of

Vob.

3. AVss pin shares the port GND with that of the A/D converter. When using in applications

where noise from inside the microcomputer has to be reduced, connect the AV

a separate ground line.

Remark Pin connection in parentheses is intended for the uPD78P064B.

ss pin to
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100-pin plastic QFP (14 x

20 mm)

UPD78064BGF-xxx-3BA, 78P064BGF-3BA, 78064BGF(A)-xxx-3BA

S20

o
m
n
SR HRReRINARAINSAN
DLADDLDDDDANDDDANDNDNDNDNDD
LOTdANMTITONOAdNNITIOONMAN -
NOWOWOWWWOVOWIIDDDODOOODOOO O NANN
[ W T W T TR T WY Y TR o N Yo Y Y o Y O n O n BN V0 NV 0]
P26/SO0/SB1 O~—+] %OO 999897 969594939291 90 898887 86 8584 8382 8%0 S
P27/SCK0 o=—2 O 79—=0
P70/SI2/RxD O=—={3 78f—=0
P71/SO2/TXxD O=—={4 TT—=0
P72/SCK2/ASCK O=—={5 76}—0
IC (Vep) O—16 Sp—=o0
X2 o——7 740
X1 o—={8 73—o0
Voo O—{9 72— w0
XT1/P07 o——={10 71}——0
XT2 o—11 0F—=0
RESET o—{12 690
POO/INTPO/TIO0 O—{13 681—=0
PO1/INTP1/TI0O1 O=—{14 67F—o0
PO2/INTP2 O=—={15 66—=0
PO3/INTP3 0o=—={16 65—o0
PO4/INTP4 O=—»{17 64F—=0
PO5/INTP5 O—=~—»{18 63—=0
P110 Oo=—={19 62}—=0
P111 O=—»20 61}—0
P112 O=~—{21 60f—0
P113 O=—»22 59F—-o0
P114 O=—»{23 58——o0 Vic2
P115 o=—={24 57—-o0 Viat
P116 O=—25 56}——o0
P117 O=—»{26 55—o0
AVss O—27 54—=0
P10/ANIO O=—={28 53|——0
P11/ANI1 O=— %g gi L .0
o 1112:]?14 1516171819TIITI1516ITf10
2SLes 858559888 3E 8
$33333za0 dakbbagibt
AI08N SHOEE B®
nooaQaon ooQ oo
Cautions 1. Be sure to connect IC (Internally Connected) pin to V ss directly.

2. AVop pin shares the port power supply with that of the A/D converter. When using in
applications where noise from inside the microcomputer has to be reduced, connect the

AVop pin to a separate power supply, whose electrical potential is the same as that of

Vob.

3. AVss pin shares the port GND with that of the A/D converter. When using in applications

where noise from inside the microcomputer has to be reduced, connect the AV

a separate ground line.

Remark Pin connection in parentheses is intended for the uPD78P064B.

ss pin to
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ANIO-ANI7
ASCK
AVbD
AVREF
AVss

BIAS

BUZ

IC

P10-P17
P25-P27
P30-P37
P70-P72
P80-P87
P90-P97
P100-P103
P110-P117

. Analog Input

: Asynchronous Serial Clock
: Analog Power Supply

. Analog Reference Voltage
: Analog Ground

LCD Power Supply Bias Control

. Buzzer Clock
COMO-COM3 :

Common Output

. Internally Connected
INTPO-INTP5 :
P00-P0O5, P07 :
: Portl
: Port 2
: Port 3
: Port7
: Port 8
: Port9
: Port 10
: Port 11

Interrupt from Peripherals
Port O

PCL
RESET
RxD
S0-S39
SBO, SB1

SI0, SI2
SO0, SO2
TIOO, TIO1
TI1, TI2
TOO0-TO2
TxD

Vob
Vico-Vice
Vep

Vss

X1, X2
XT1, XT2

. Programmable Clock
. Reset

. Receive Data

. Segment Output

. Serial Bus

SCKO, SCK2 :
. Serial Input

. Serial Output

Serial Clock

: Timer Input

. Timer Input

: Timer Output

: Transmit Data

. Power Supply

: LCD Power Supply
: Programming Power Supply
: Ground
. Crystal (Main System Clock)
. Crystal (Subsystem Clock)
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(2) PROM programming mode

e 100-pin plastic QFP (Fine pitch) (14 x 14 mm)
UPD78P064BGC-7EA

e 100-pin plastic LQFP (Fine pitch) (14 x 14 mm)
uPD78P064BGC-8EU

—_ =
= S =5 0§ s 8, 2
LT LT
10099 9897 96 95 94 9392 91 90 89 88 87 86 8584 8382 81 8079 78 77 76
o—1 B——>
—Il2 O ‘L
o——3 73 |—o0
L) so0—4 7o
o——5 71 f=——o0 A0
o—6 70 l«——o0 Al
o—7 69 f«—0 A2
Voo o—— 8 68 l«——0 A3
Vss o—|9 67 |0 A4
O—— 10 66 l«——0 A5
(L){o 1 65 |«——o A6
Vss o— 12 64 l«—0 A7
13 63 |l«——o A8
(L){oi 14 62|~ o Al6
DO cw—»] 15 61 l«——o Al0
D1 o=—»] 16 60 f«——o0 A1l
D5 o=—={ 20 56 J«——o0 Al5
D6 o=—»] 21 5 F———o
D7 o=—»{ 22 54 —o0
o— 23 53 }—o0 L)
(L){oi 24 52 ——o
o—125 51 —o0
26 27 28 2930 31 32 3334 3536 37 38394041 42 43 44 45 46 47 48 49 50

Cautions 1. (L) : Connect individually to V. ss via a pull-down resistor.
2. Vss . Connect to the ground.
3. RESET : Set to the low level.
4. Open : Do not connect anything.
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e 100-pin plastic QFP (14 x 20 mm)
uPD78P064BGF-3BA

Cautions

AO to A16
CE

DO to D7
OE

PGM

CcodNmsn T
JTodNMOSSnNONOdAdddd A &
S LT, A
1100 9998 97 96 9594939291 90 89 8887 86 8584 8382 8{130
o—12 O 79f—-o0
(L)< o—3 78}——o0
o—4 7——-o0
o——15 76}—o0
Vep O—6 5F—o0
Open o—{7 74——-0
(L) o—18 7B3——o0
Voo 0—9 2F——o0
(L) o——10 71——-0
Open o—11 70—-o
RESET 0—{12 69f——o0
A9 0—={13 68——o0
(L) o—14 67—-o0
PGM 0—{15 66——o L (L)
o——16 65—o0
(L){o—ﬂ 64——o0
o—18 63|—o
OE o—={19 62—o0
CE 0—=120 6l1f——o
o—21 60—o
o—22 59—-o0
o—23 58}——o0
o—24 57T—-o
) o——25 56—o0
o—26 55—o0
o——27 54}——o0
o——28 53—
o—129 52——o
o——30 51— o
3132333435363738394041424344

I R
2 S5 S

1. (L) : Connect individually to V
2. Vss . Connect to the ground.
3. RESET : Set to the low level.
4. Open : Do not connect anything.
: Address Bus

Chip Enable

Data Bus

Output Enable

Program

ss via a pull-down resistor.

RESET
Vbbp

Vss

Reset

Power Supply

Programming Power Supply
: Ground
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* 1.6 Development of 78K/0 Series

78K/0 series products evolution is illustrated below. Part numbers in the boxes indicate subseries names.

: Products in mass production

Control

100-pin uPD78075B /¢ ,uPD7807EBY / EMI-noise reduced version of the zPD78078

100-pin uPD78078 ﬁ uPD78078Y A timer was added to the zPD78054 and external interface was enhanced

100-pin / uPD78070A // UPD78070AY /_ ROM:-less version of the LPD78078
100-pin g yPD?SOOlSAY, . Serial 1/0 of the uPD78078Y was enhanced and the function is limited.

80-pin yPD780058 ';JPD780058YN°‘E' Serial I/0 of the uPD78054 was enhanced and EMI-noise was reduced.

80-pin /,uPD78058F IuPD78058FY EMI-noise reduced version of the uPD78054
80-pin / HPD78054 ﬂuPD78054Y - UART and D/A converter were enhanced to the 4PD78014 and I/O was enhanced
64-pin .+ 1PD780034 X 3 uPD780034Y ./ A/D converter of the uPD780024 was enhanced

64-pin /. uPD780024 . ,uPD780024Y ; " Serial /0 of the UPD78018F was added and EMI-noise was reduced.
64-pin uPD78014H EMI-noise reduced version of the xPD78018F
64-pin Low-voltage (1.8 V) operation version of the £PD78014, with larger selection of ROM and RAM capacities

uPD78018F uPD78018FY
64-pin / uPD78014 ﬂ,uPD78014Y An A/D converter and 16-bit timer were added to the zPD78002

64-pin puPD780001 An A/D converter was added to the yPD78002
64-pin uPD78002 uPD78002Y Basic subseries for control
42/44-pin Z uPD78083 / On-chip UART, capable of operating at low voltage (1.8 V)

Inverter control

|| 64-pin A/D converter of the uPD780924 was enhanced
64-pin On-chip inverter control circuit and UART. EMI-noise was reduced.
FIP™ drive
B 100-pin The 1/O and FIP C/D of the uPD78044F were enhanced, Display output total: 53
100-pin ' uPD780228 . The I/O and FIP C/D of the uPD78044H were enhanced, Display output total: 48
78K/0 || 80-pin /7 PD78044H y An N-ch open drain I/O was added to the xPD78044F, Display output total: 34
Series | 80-pin PD78044F Basic subseries for driving FIP, Display output total: 34

LCD drive

100-pin / HPD780308 IyPD780308Y / The SIO of the uPD78064 was enhanced, and ROM, RAM capacity increased
— 100-pin 1iPD78064B EMI-noise reduced version of the yPD78064
100-pin uPD78064  // uPD78064Y ; Basic subseries for driving LCDs, on-chip UART

IEBus™ supported

77 80-pin uPD78098B EMI-noise reduced version of the uPD78098
| 80-pin HPD78098 An |EBus controller was added to the uPD78054

Meter control

— 80-pin . /JPD780973 ," On-chip automobile meter driving controller/driver
LV
— 64-pin S ,uPD78P0914 g On-chip PWM output, LV digital code decoder, and Hsync counter

Note Under planning
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The following lists the main functional differences between subseries products.

Function|  ROM Timer 8-bit[10-hit| 8-hit Serial Interface yo| Voo MIN. | External
Subseries Name Capacity | g-bit| 16-hit| Watch| woT| A/D | A/D | DIA Value | Expansion
Control | uPD78075B | 32K-40K 4ch | 1ch | 1ch| 1ch| 8ch| - | 2ch| 3ch (UART: 1ch) 88 1.8V (@)
uPD78078 48K-60K
HPD78070A - 61 2.7V
uPD780058 | 24K-60K 2ch 2ch| 3ch (time division UART: 1ch) | 68 1.8V
UPD78058F | 48K-60K 3ch (UART: 1ch) 69| 2.7V
HuPD78054 16K-60K 20V
uPD780034 | 8K-32K — | 8ch| = | 3ch (UART: 1ch, 51 1.8V
LPD780024 ach| — time division 3-wire: 1ch)
HuPD78014H 2ch 53 1.8V
uPD78018F | 8K-60K
uPD78014 8K-32K 27V
puPD780001 | 8K - - 1ch 39 -
uPD78002 8K-16K 1ch - 53 O
uPD78083 - 8ch 1ch (UART: 1ch) 33 1.8V -
Inverter | uPD780964 | 8K-32K 3ch |Note| — | 1ch| - | 8ch| - | 2ch (UART: 2ch) 47 27V @)
control | pp780924 gch| —
FIP uPD780208 | 32K-60K 2ch | 1ch | 1ch| 1ch| 8ch| - — | 2ch 74 2.7V -
dive | pp780228 | 48K-60K | 3ch| - | - 1ch 72| 45V
uPD78044H | 32K-48K 2ch | 1ch | 1ch 68 27V
uPD78044F | 16K-40K 2ch
LCD uPD780308 | 48K-60K 2ch | 1ch | 1ch| 1ch| 8ch| - — | 3ch (time division UART: 1ch) | 57 20V -
drive | pp78064B | 32K 2ch (UART: 1ch)
uPD78064 16K-32K
IEBus uPD78098B | 40K-60K 2ch | 1ch | 1ch| 1ch| 8ch| - | 2ch| 3ch (UART: 1ch) 69 2.7V @)
supported| 578098 | 32K-60K
Meter uPD780973 | 24K-32K 3ch| 1ch| 1ch| 1ch| 5ch| - — | 2ch (UART: 1ch) 56 45V -
control
LV uPD78P0914 32K 6ch| — — | 1ch| 8ch| - — | 2ch 54 45V @)
Note 10-bit timer: 1 channel




CHAPTER 1 OUTLINE

1.7 Block Diagram

TOO0/P30
TIOO/INTPO/P0OO
TIOL/INTP1/PO1

TO1/P31
TI1/P33

TO2/P32
TI2/P34

SI10/SB0/P25
SO0/SB1/P26
SCKO0/P27
SI2/RxD/P70

SO2/TxD/P71
SCK2/ASCK/P72

ANIO/P10-
ANI7/P17

AVRer

INTPO/POO-
INTP5/P05

BUZ/P36

PCL/P35

Remark

10

16-bit Timer/
Event Counter

PE—

8-bit Timer/
Event Counter 1

PUTE—

E——

8-bit Timer/
Event Counter 2

Watchdog Timer

Watch Timer

Serial
Interface 0

Serial
Interface 2

SRV P SV T

A/D Converter

Interrupt
Control

PP —

Buzzer Output

Clock Output
Control

IS

CPU Core

78K/0 ROM

g U

8

RAM

Voo Vss AVpp AVss

IC
(Ver)

Port 0

Port 1

Port 2

Port 3

Port 7

Port 8

Port 9

Port 10

SV GO

Port 11

{

LCD
Controller/
Driver

A O U U O O U U TS

System
Control

T

Pin connection in parentheses is intended for the yPD78P064B.

POO
P01-PO5
PO7

P10-P17

P25-P27

P30-P37

P70-P72

P80-P87

P90-P97

P100-P103

P110-P117

S0-S23

S24/P97-
S31/P90
S32/P87-
S39/P80

COMO0O-COM3

Vico-Vicz

BIAS

fLeo

RESET
X1
X2

XT1/PO7
XT2
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1.8 Outline of Function

Item

Part Number

puPD78064B uPD78P064B

Internal memory

ROM Mask ROM PROM
32 Kbytes

High-speed RAM 1024 bytes

LCD display RAM 40 x 4 bits

General register

8 bits x 8 x 4 banks

Minimum instruction
execution time

With main system
clock selected

0.4 us/0.8 us/1.6 us/3.2 usl/6.4 us/12.8 us (@ 5.0 MHz)

With subsystem clock
selected

122 us (@ 32.768 kHz)

Instruction set

* 16-bit operation

» Multiply/divide (8 bits x 8 bits, 16 bits + 8 bits)

 Bit manipulate (set, reset, test, and Boolean operation)
* BCD adjust, etc.

1/0 port (including alternative function pins
for segment signal output)

* Total . 657
* CMOS input : 2
*«CMOS I/O :55

A/D converter

8-bit resolution x 8 channels

LCD controller/driver

* Segment signal output:  Max. 40
* Common signal output: Max. 4
* Bias: 1/2, 1/3 bias selectable

Serial interface

Timer

» 3-wire serial I/O/SBI/2-wire serial I/O mode selectable : 1 channel
» 3-wire serial I/O mode / UART mode selectable : 1 channel
* 16-bit timer/event counter : 1 channel

* 8-bit timer/event counter  : 2 channels

» Watch timer : 1 channel

* Watchdog timer : 1 channel

Timer output

Three outputs: (14-bit PWM output enable: 1)

Clock output

19.5 kHz, 39.1 kHz, 78.1 kHz, 156 kHz, 313 kHz, 625 kHz, 1.25 MHz,
2.5 MHz, 5.0 MHz (@ 5.0 MHz with main system clock)
32.768 kHz (@ 32.768 kHz with subsystem clock)

Buzzer output

1.2 kHz, 2.4 kHz, 4.9 kHz, 9.8 kHz (@ 5.0 MHz with main system clock)

Vectored interrupt
sources

Maskable

Internal: 12 External: 6

Non-maskable Internal: 1

Software 1
Test input Internal: 1
External: 1

Power supply voltage

Vobo = 2.0t0 6.0 V

Operating ambient temperature

Ta=-40to +85 °C

Package

* 100-pin plastic QFP (Fine pitch) (14 x 14 mm)
* 100-pin plastic LQFP (Fine pitch) (14 x 14 mm)
* 100-pin plastic QFP (14 x 20 mm)

11
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1.9 Mask Options

The mask ROM versions (uPD78064B) provide dividing resistor mask options. By specifying this mask options
at the time of ordering, dividing resistors which enable to generate LCD drive voltage suited to each bias method type
can be incorporated. Using this mask option reduces the number of components to add to the device, resulting in
board space saving.

The mask options provided in the uPD78064B subseries are shown in Table 1-1.

Table 1-1. Mask Options of Mask ROM Versions

Pin Names Mask options

Vico-Vicz Dividing resistor can be incorporated.

*x 1.10 Differences between uPD78064B and uPD78064B(A)

Table 1-2. Differences between pPD78064B and uPD78064B(A)

Part Number uPD78064B uPD78064B(A)
Iltem
Quality grade Standard Special
Package e 100-pin plastic QFP (fine-pitch) (14 x 14 mm) e 100-pin plastic QFP (fine-pitch) (14 x 14 mm)
e 100-pin plastic LQFP (fine-pitch) (14 x 14 mm) | ¢ 100-pin plastic QFP (fine-pitch) (14 x 20 mm)
e 100-pin plastic QFP (fine-pitch) (14 x 20 mm)

12
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1.11 Differences between uPD78064B Subseries and pPD78064 Subseries

1.11.1 Differences between uPD78064B subseries and pPD78064 subseries
The uPD78064B subseries features reduced noise (EMI noise) generated from the microcomputers compared to
the yPD78064 subseries. Table 1-3 shows the differences between the uPD78064B subseries and yuPD78064

subseries.
subseries.

Except for these differences, the yPD78064B subseries has the same functions as the yPD78064

For the details of the uPD78064 subseries, refer to the uPD78064, 78064Y Subseries User's Manual (U10105E) .
For the electrical specifications, refer to the Data Sheet of the respective products.

Caution Do not perform the following operation on the pins shared with port pins (refer to (1) Port pins
in 2.1.1 Normal operating mode pins) during A/D conversion operation; otherwise, the specifi-
cations of the absolute accuracy during A/D conversion cannot be satisfied (except the pins

shared with LCD segment output pins).
(1) Rewriting the output latch of an output pin used as a port pin
(2) Changing the output level of an output pin even when it is not used as a port pin

Table 1-3. Differences between pPD78064B Subseries and uPD78064 Subseries

Part Number

puPD78064B Subseries

HuPD78064 Subseries

Item

Measures to reduce EMI noise Provided None

Internal ROM 32K bytes 16K to 32K bytes
Internal high-speed RAM 1024 bytes 512 to 1024 bytes

Vob pin Positive power (except ports) Positive power (includes ports)
Vss pin Ground potential (except ports) Ground potential (includes ports)
AVop pin Analog power supply to A/D converter Analog power supply to A/D converter
and power to ports
AVss pin Ground of A/D converter and ports Ground of A/D converter
PROM uPD78P064BGC uPD78P064GC
uPD78P064BGF UPD78P064GF

HuPD78P0O64KL-T

13
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1.11.2 Reducing EMI noise

The noise generated from a microcomputer may affect the other electronic products and sets. A large part of the
noise is generated by the current that flows when a circuit is turned ON or OFF. The generated noise affects the
external circuits via the output ports of the microcomputer. To reduce the noise, the uPD78064B subseries adopts
the following measures.

The internal circuits of the microcomputer through which an unnecessarily high current flows are checked and
optimized. Moreover, the output port power supply and power supply for microcomputer operation are separated.
The effects of these measures and how to measure the effects are explained below.

Supply different power to Voo and AVoo of the yPD78064B subseries, and separately ground Vss and AVss.

» Effect of noise reduction
The uPD78064B subseries reduces the total peak level of the noise by 5 to 10 dB as compared with the existing
model (UPD78064).

Figure 1-1. Comparison of Noise Level between  uPD78064B Subseries and Existing Model (  pPD78064)

HPD78064 (existing model)

(dB)

—105 l ] I I 1 1 '

_115 [ | ‘ 1

70 80 % 100 110 120 (MHz)

HuPD78064B (EMI noise-reduced model)

(dB)

-105

-115

70 80 90 100 110 120 (MHz)

Caution The datashown above were measured with specific samples and for your reference only. These
data do not guarantee the operations of the =~ uPD78064B subseries.
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CHAPTER 1 OUTLINE

» Space noise test condition
An application evaluation program (supply current test mode) was executed on a 78K/0 evaluation board, and
the noise component was measured by directly connecting a near-magnetic field probe to the IC on the evaluation
board.

Table 1-4. Test Conditions

Test location NEC laboratory (not shielded room)
Testers Spectrum analyzer
Plotter

Near-magnetic field probe

Amplifier for probe

Oscilloscope

Power supply

Evaluation software 78K/0 evaluation program
Operating frequency 4.19 MHz (crystal resonator)
Operating temperature 25 °C

Supply voltage 5V

Processor clock control register 00H

Oscillation mode select register 01H

15
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CHAPTER 2 PIN FUNCTION

2.1 Pin Function List

2.1.1 Normal operating mode pins

(1) Port pins (1/2)

Pin Name 110 Function After Reset | Dual-Function Pin
P00 Input Port 0. Input only Input INTPO/TI00
P01 Input/ | 7-bit input/output port. Input/output mode can be specified Input INTP1/TI01
P02 output bit-wise. INTP2
P03 If used as an input port, an internal INTP3
P04 pull-up resistor can be used by INTP4
P05 software. INTP5

po7Note 1 | nput Input only Input XT1

P10-P17 | MPUY | port 1. Input ANIO-ANI7

output

8-bit input/output port.
Input/output mode can be specified bit-wise.
If used as input port, an internal pull-up resistor can be used by

softwareNote 2,

P25 Input/ | Port 2. Input SI10/SBO
output | 3-bit input/output port.
P26 Input/output mode can be specified bit-wise. SO0/SB1
If used as an input port, an internal pull-up resistor can be used by .
p27 SCKO
software.
P30 Input/ | Port 3. Input TOO
P31 output | 8-bit input/output port. TO1
P32 Input/output mode can be specified bit-wise. TO2
P33 If used as an input port, an internal pull-up resistor can be used by TI1
P34 software. TI2
P35 PCL
P36 BUZ

P37 —

Notes 1. Whenthe PO7/XT1pinisusedas aninput port, setthe bit 6 (FRC) of the processor clock control register
(PCC) to 1 (do not use the feedback resistor internal to the subsystem clock oscillator).
2. When pins P10/ANIO to P17/ANI7 are used as an analog input of the A/D converter, the internal pull-
up resistor is automatically disabled.

17



CHAPTER 2 PIN FUNCTION

(1) Port pins (2/2)

Pin Name

110 Function After Reset | Dual-Function Pin

P70

P71

P72

Input/ | Port 7. Input SI2/RxD

output | 3-bit input/output port.

Input/output mode can be specified bit-wise. SO2/TxD

If used as an input port, an internal pull-up resistor can be used by

SCK2/ASCK
software.

P80-P87

Input/ | Port 8. Input S39-S32
output | 8-bit input/output port.

Input/output mode can be specified bit-wise.

If used as an input port, an internal pull-up resistor can be used by
software.

1/0 port/segment signal output can be specified in 2-bit units by LCD

display control register (LCDC).

P90-P97

Input/ | Port 9. Input S31-S24
output | 8-bit input/output port.

Input/output mode can be specified bit-wise.

If used as an input port, an internal pull-up resistor can be used by
software.

1/0 port/segment signal output can be specified in 2-bit units by LCD

display control register (LCDC).

P100-P103

Input/ | Port 10. Input —
output | 4-bit input/output port.

Input/output mode can be specified bit-wise.

If used as an input port, an internal pull-up resistor can be used by
software.

A resistor can be connected.

LED can be driven directly.

P110-117

Input/ | Port 11. Input —
output | 8-bit input/output port.

Input/output mode can be specified bit-wise.

If used as an input port, an internal pull-up resistor can be used by

software.

Falling edge can be detected.

Caution

18

Do not perform the following operation on the pins shared with port pins during A/D conversion
operation; otherwise, the specifications of the absolute accuracy during A/D conversion cannot
be satisfied (except the pins shared with LCD segment output pins).

(1) Rewriting the output latch of an output pin used as a port pin

(2) Changing the output level of an output pin even when it is not used as a port pin




CHAPTER 2 PIN FUNCTION

(2) Pins other than port pins (1/2)

Pin Name 110 Function After Reset | Dual-Function Pin
INTPO Input External interrupt request inputs with specifiable valid edges (rising edge| Input P0OO/TI00
INTP1 falling edge, both rising and falling edges). P0O1/TI01
INTP2 P02
INTP3 P03
INTP4 P04
INTPS P05

SI0 Input Serial interface serial data input Input P25/SB0O
SI2 P70/RxD
SO0 Output | Serial interface serial data output Input P26/SB1
S0O2 P71/TxD
SBO Input/ | Serial interface serial data input/output Input P25/SI10
SB1 output P26/SO0
SCKO Input/ | Serial interface serial clock input/output Input P27
M output P72/ASCK
RxD Input Asynchronous serial interface serial data input Input P70/SI12
TxD Output | Asynchronous serial interface serial data output Input P71/S0O2
ASCK Input Asynchronous serial interface serial clock input Input P72/SCK2
TI00 Input External count clock input to 16-bit timer (TMO) Input POO/INTPO
TIO1 Capture trigger signal input to capture register (CR00) PO1/INTP1
TI1 External count clock input to 8-bit timer (TM1) P33
TI2 External count clock input to 8-bit timer (TM2) P34
TOO Output | 16-bit timer output (also used for 14-bit PWM output) Input P30
TO1 8-bit timer output P31
TO2 P32
PCL Output | Clock output (for main system clock and subsystem clock trimming) Input P35
BUZ Output | Buzzer output Input P36
S0-S23 Output | Segment signal output of LCD controller/driver Output —
S24-S31 Input P97-P90
S32-S39 P87-P80
COMO0-COM3| Output | Common signal output of LCD controller/driver Qutput —
Vico-Vic2 — LCD drive voltage (mask ROM versions can incorporate dividing resistor — —
(mask option.))
BIAS — Power supply for LCD drive — —

ANIO-ANI7 Input A/D converter analog input Input P10-P17
AVRrer Input D/A converter analog output — —
AVop — A/D converter analog power supply (shared with power supply for port). — —

19
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(2) Pins other than port pins (2/2)

Pin Name 110 Function After Reset | Dual-Function Pin
AVss — A/D converter ground potential (Shared with ground potential of port). — —
RESET Input System reset input — —
X1 Input Crystal connection for main system clock oscillation — —
X2 — — —
XT1 Input Crystal connection for subsystem clock oscillation Input P07
XT2 — — —
Vop — Positive power supply (except port) — —
Vpp — High-voltage application for program write/verify. Connect directly to — —
Vss in normal operating mode.

Vss — Ground potential (except port) — —
IC — Internal connection. Connect directly to Vss. — —

Cautions 1. AV pp pin shares the port power supply with that of the A/D converter.

When using in

applications where noise frominside the microcomputer has to be reduced, connectthe AV DD

pin to a separate power supply, whose electrical potential is the same as that of V DD.

2. AVss pin shares the port GND with that of the A/D converter. When using in applications
where noise from inside the microcomputer has to be reduced, connect the AV ss pinto a

separate ground line.

2.1.2 PROM programming mode pins ( uPD78P064B only)

Pin Name 110 Function

RESET Input PROM programming mode setting.

the PROM programming mode is set.

When +5 V or +12.5 V is applied to the Ver pin or a low level voltage is applied to the RESET pin,

Vpp Input High-voltage application for PROM programming mode setting and program write/verify.

AO-Al6 Input Address bus

DO-D7  |Input/output| Data bus

CE Input PROM enable input/program pulse input

OE Input Read strobe input to PROM

PGM Input Program/program inhibit input in PROM programming mode
Vop — Positive power supply

Vss — Ground potential

20
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2.2 Description of Pin Functions

2.2.1 POO to P05, PO7 (Port 0)

These are 7-bit input/output ports. Besides serving as input/output ports, they function as an external interrupt
request input, an external count clock input to the timer, a capture trigger signal input, and crystal connection for
subsystem clock oscillation.

The following operating modes can be specified bit-wise.

(1) Port mode
P00 and PQ7 function as input-only ports and P01 to P05 function as input/output ports.
P01 to PO5 can be specified for input or output ports bit-wise with a port mode register 0 (PM0). When they
are used as input ports, internal pull-up resistors can be used to them by defining the pull-up resistor option
register L (PUOL).

(2) Control mode
In this mode, these ports function as an external interrupt request input, an external count clock input to the
timer, and crystal connection for subsystem clock oscillation.

(a) INTPO to INTP5
INTPO to INTP5 are external interrupt request input pins which can specify valid edges (rising edge, falling
edge, and both rising and falling edges). INTPO or INTP1 becomes a 16-bit timer/event counter capture
trigger signal input pin with a valid edge input.

(b) TIOO
Pin for external count clock input to 16-bit timer/event counter

(c) TIo1
Pin for capture trigger signal input to capture register (CR00) of 16-bit timer/event counter

(d) XT1
Crystal connect pin for subsystem clock oscillation
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2.2.2 P10 to P17 (Port 1)

These are 8-bit input/output ports. Besides serving as input/output ports, they function as an A/D converter analog
input.

The following operating modes can be specified bit-wise.

(1) Port mode
These ports function as 8-bit input/output ports.
They can be specified bit-wise as input or output ports with a port mode register 1 (PM1). If used as input
ports, internal pull-up resistors can be used to these ports by defining the pull-up resistor option register L
(PUOL).

(2) Control mode
These ports function as A/D converter analog input pins (ANIO-ANI7). The internal pull-up resistor is
automatically disabled when the pins specified for analog input.

2.2.3 P25 to P27 (Port 2)

These are 3-bit input/output ports. Besides serving as input/output ports, they function as data input/output to/
from the serial interface and clock input/output.

The following operating modes can be specified bit-wise.

(1) Port mode
These ports function as 3-bit input/output ports. They can be specified bit-wise as input or output ports with
port mode register 2 (PM2). When they are used as input ports, internal pull-up resistors can be used to them
by defining the pull-up resistor option register L (PUOL).

(2) Control mode
These ports function as serial interface data input/output and clock input/output.

(a) Slo, SO0
Serial interface serial data input/output pins

(b) SCKO
Serial interface serial clock input/output pins

(c) SBO and SB1
NEC standard serial bus interface input/output pins

Caution When this port is used as a serial interface, the 1/0 and output latches must be set

according to the function the user requires. For the setting, refer to Figure 13-4 Serial
Operating Mode Register 0 Format.
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2.2.4 P30 to P37 (Port 3)
These are 8-bit input/output ports. Beside serving as input/output ports, they function as timer input/output, clock

output and buzzer output.
The following operating modes can be specified bit-wise.

1

)

Port mode

These ports function as 8-bit input/output ports. They can be specified bit-wise as input or output ports with
port mode register 3 (PM3). When they are used as input ports, internal pull-up resistors can be used by
defining the pull-up resistor option register L (PUOL).

Control mode
These ports function as timer input/output, clock output, and buzzer output.

(@) TI1 and TI2
Pin for external count clock input to the 8-bit timer/event counter.

(b) TOO to TO2
Timer output pins.

(c) PCL
Clock output pin.

(d) BUZ
Buzzer output pin.
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2.2.5 P70 to P72 (Port 7)
These are 3-bit input/output ports. Beside serving as input/output ports, they function as serial interface data input/
output, clock input/output.

The following operating modes can be specified bit-wise.

1

)

24

Port mode

These ports function as 3-bit input/output ports. They can be specified bit-wise as input or output ports with
port mode register 7 (PM7). When they are used as input ports, internal pull-up resistors can be used by
defining the pull-up resistor option register L (PUOL).

Control mode
These ports function as serial interface data input/output and clock input/output.

(a) SI2, SO2
Serial interface serial data input/output pins

(b) SCK2
Serial interface serial clock input/output pin.

(c) RxD, TxD
Asynchronous serial interface serial data input/output pins.

(d) ASCK
Asynchronous serial interface serial clock input pin.

Caution When this port is used as a serial interface, the 1/0 and output latches must be set
according to the function the user requires.
For the setting, refer to Table 14-2 Serial Interface Channel 2 Operating Mode Settings.
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2.2.6

P80 to P87 (Port 8)

These are 8-bit input/output ports. Beside serving as input/output ports, they function as segment signal output

of LCD controller/driver.
The following operating modes can be specified bit-wise.

1

)

2.2.7

Port mode

These ports function as 8-bit input/output ports. They can be specified bit-wise as input/output ports with port
mode register 8 (PM8). When they are used as input ports, internal pull-up resistors can be used by defining
the pull-up resistor option register H (PUOH).

Control mode
These ports function as segment signal output pins (S32 to S39) of LCD controller/driver.

P90 to P97 (Port 9)

These are 8-bit input/output ports. Beside serving as input/output ports, they function as segment signal output
of LCD controller/driver.
The following operating modes can be specified bit-wise.

@

)

2.2.8

2.2.9

Port mode

These ports function as 8-bit input/output ports. They can be specified bit-wise as input/output ports with port
mode register 9 (PM9). When they are used as input ports, internal pull-up resistors can be used by defining
the pull-up resistor option register H (PUOH).

Control mode
These ports function as segment signal/output pins (S24 to S31) of LCD controller/driver.

P100 to P103 (Port 10)
These ports function as 4-bit input/output ports. They can be specified bit-wise as input/output ports with port
mode register 10 (PM10). When they are used as input ports, internal pull-up resistors can be used by defining
the pull-up resistor option register H (PUOH).
LED can be driven directly.

P110 to P117 (Port 11)
These ports function as 8-bit input/output ports. They can be specified bit-wise as input/output ports with port
mode register 11 (PM11). When they are used as input ports, internal pull-up resistors can be used by defining
the pull-up resistor option register H (PUOH).
Test input flag (KRIF) can be set to 1 by detecting falling edges.
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2.2.10 COMO to COM3
These are LCD controller/driver common signal output pins. They output common signals under either of the
following conditions:
— when the static mode is selected (COMO to COM3 outputs)
— when 2-time-division (COMO, COM1 outputs) or 3-time-division (COMO to COM2 outputs) operation is performed
in 1/2 bias mode
— when 3-time-division (COMO to COM2 outputs) or 4-time-division (COMO to COMS3 outputs) operation is
performed in 1/3 bias mode

2.2.11 Vico-Vic2

These are LCD-driving voltage pins. The mask ROM versions can have split resistors by mask option so that LCD
driving voltage can be supplied inside the Vico-Vic2 pins according to the required bias without connecting external
dividing resistors.

2.2.12 BIAS

These are LCD driving power supply pins. They should be connected to the Vico pin to realize user-desired LCD
drive voltages to change resistance division ratios, or should be connected to external resistors together with the Vico-
Vicz pins and Vss pin to fine-adjust the LCD-driving power voltage.

2.2.13 AVREF
This pin inputs the reference voltage for the on-chip A/D converter.
When not using the A/D converter,connect this pin to the Vss line.

2.2.14 AVop
This pin supplies analog voltage for the on-chip A/D converter and voltage for port. Even when not using the A/
D converter, always use this pin at the same potential as Voo.

2.2.15 AVss
This is a ground voltage pin of A/D converter and port section. Always use the same potential as that of the Vss
pin even when A/D converter is not used.

2.2.16 RESET
This is a low-level active system reset input pin.

2.2.17 X1 and X2
Crystal resonator connect pins for main system clock oscillation. For external clock supply, input it to X1 and its
inverted signal to X2.

2.2.18 XT1 and XT2

Crystal resonator connect pins for subsystem clock oscillation.
For external clock supply, input it to XT1 and its inverted signal to XT2.
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2.2.19 Vop
Positive power supply pin (except port)

2.2.20 Vss
Ground potential pin (except port)

2.2.21 Vep (UPD78P064B only)
High-voltage apply pin for PROM programming mode setting and program write/verify.
Connect directly to Vss in normal operating mode.

2.2.22 IC (Mask ROM version only)

The IC (Internally Connected) pin is provided to set the test mode to check the uPD78064B subseries at delivery.
Connect it directly to the Vss with the shortest possible wire in the normal operating mode.

When a voltage difference is produced between the IC pin and Vss pin because the wiring between those two pins
is too long or an external noise is input to the IC pin, the user's program may not run normally.

O Connect IC pins to V ss pins directly.

Vss IC

As short as possible
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2.3 Input/output Circuits and Recommended Connection of Unused Pins

Table 2-1 shows the input/output circuit types of pins and the recommended conditions for unused pins.
Refer to Figure 2-1 for the configuration of the input/output circuit of each type.

Table 2-1. Pin Input/Output Circuit Types (1/2)

Pin Name Input/Output | |npyyOutput | Recommended Connection of Unused Pins
Circuit Type
POO/INTPO/TIOO0 2 Input Connect to Vss.
PO1/INTP1/TIOL 8-D Input/output | Connect independently via a resistor to Vss.
PO2/INTP2
PO3/INTP3
PO4/INTP4
PO5/INTP5
PO7/XT1 16 Input Connect to Voo.
P10/ANIO-P17/ANI7 11-C Input/output | Connect independently via a resistor
P25/S10/SBO 10-C to Vob Or Vss.
P26/SO0/SB1
P27/SCKO
P30/TO0 5-J
P31/TO1
P32/TO2
P33/TI1 8-D
P34/TI2
P35/PCL 5-J
P36/BUZ
P37
P70/S12/RxD 8-D
P71/SO2/TxD 5-J
P72/SCK2/ASCK 8-D
P80/S39-P87/S32 17-E
P90/S31-P97/S24
P100-P103 5-J
P110-P117 8-D Connect to Vss.
S0-S23 17-D Output Open
COMO0-COM3 18-B
Vico-Vicz — —
BIAS
RESET 2 Input —
XT2 16 — Open
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Table 2-1. Pin Input/Output Circuit Types (2/2)

Input/Output

Recommended Connection of Unused Pins

Pin Name |n_put/_0utput
Circuit Type
AVREr .
AVob
AVss

IC (Mask ROM version)

Vep (UPD78P064B version)

Connect to Vss.

Connect to Voo.

Connect to Vss.

Connect directly to Vss.
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Figure 2-1. Pin Input/Output Circuit List (1/2)

Type 2 Type 10-C
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Figure 2-1. Pin Input/Output Circuit List (2/2)
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CHAPTER 3 CPU ARCHITECTURE

3.1 Memory Spaces

The uPD78064B Subseries models can access 64 K bytes memory space. Figures 3-1to 3-2 shows memory maps.

Figure 3-1. Memory Map ( uPD78064B)

FFFFH Special Function
Registers (SFRs)
FEOOH 256 x 8 hits
FEFFH| General Registers
EEEOH 32 x 8 hits
FEDFH
Internal High-speed RAM
1024 x 8 bits
FBOOH
FAFFH
Reserved
FA80H
FA7FH 7FFFH
LCD RAM
40 x 4 bits = Program Area >~
FA58H
Data memory FA57H 1000H
Space OFFFH
= CALLF Entry Area =
A Reserved A 0800H
07FFH
= Program Area =
0080H
8000H 007FH
T TRRRH CALLT Table Area
Program 0040H
Internal ROM
memory = 32768 x 8 bits == 003FH
space
l Vector Table Area
y 0000H 0000H

33



CHAPTER 3 CPU ARCHITECTURE

Figure 3-2. Memory Map ( uPD78P064B)

space

(4

(4

FFFFH Special Function
Registers (SFRs)
FEOOH 256 x 8 hits
FEFFH| General Registers
FEEOH 32 x 8 bits
FEDFH
Internal High-speed RAM
1024 x 8 bits
FBOOH
FAFFH
Reserved
FA80H
FA7FH 7FFFH
LCD RAM
40 x 4 bits 3 Program Area 3
FA58H
Data memory FA57H 1000H
OFFFH
B CALLF Entry Area 7
x Reserved b 0800H
O7FFH
3 Program Area 3
0080H
8000H 007FH
T 7FFFH CALLT Table Area
Program 0040H
A Internal PROM
memory I~ 32768 8 bits 003FH
space
l Vector Table Area
0000H 0000H
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3.1.1 Internal program memory space

The internal program memory space stores program data and table data. This space is generally accessed with
program counter (PC).

The uPD78064B subseries has on chip ROM (or PROM) and the capacity of the memory varies depending on the
part number.

Table 3-1. Internal ROM Capacity

Part Number Internal ROM
Type Capacity
uPD78064B Mask ROM 32768 x 8 bits
HPD78P064B PROM

The internal program memory is divided into the following three areas.

(1) Vector table area
The 64-byte area 0000H to 003FH is reserved as a vector table area. The RESET input and program start
addresses for branch upon generation of each interrupt request are stored in the vector table area. Of the
16-bitaddress, low-order 8 bits are stored at even addresses and high-order 8 bits are stored at odd addresses.

Table 3-2. Vector Table

Vector Table Address Interrupt Source
0000H RESET input
0004H INTWDT
0006H INTPO
0008H INTP1
000AH INTP2
000CH INTP3
000EH INTP4
0010H INTP5
0014H INTCSIO
0018H INTSER
001AH INTSR/INTCSI2
001CH INTST
001EH INTTM3
0020H INTTMOO
0022H INTTMO1
0024H INTTM1
0026H INTTM2
0028H INTAD
003EH BRK
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(2) CALLT instruction table area
The 64-byte area 0040H to 007FH can store the subroutine entry address of a 1-byte call instruction (CALLT).

(3) CALLF instruction entry area
The area 0800H to OFFFH can perform a direct subroutine call with a 2-byte call instruction (CALLF).

3.1.2 Internal data memory space
The uPD78064B subseries units incorporate the following RAMs.

(1) Internal high-speed RAM
The uPD78064B subseries has on-chip high-speed RAM, and the memory capacity varies depending on the

part number as shown below.

Table 3-3. Internal High-Speed RAM Capacity

Part Number Internal High-Speed RAM Capacity
HPD78064B 1024 x 8 bits
HPD78P064B

In this area, four banks of general registers, each bank consisting of eight 8-bit registers, are allocated in the

32-byte area FEEOH to FEFFH.
The internal high-speed RAM can also be used as a stack memory area.

(2) LCD display RAM
Addresses FA58H to FA7FH of 40 x 4 bits are allocated for LCD display RAM, However, this area can also
be used as general-purpose RAM.
3.1.3 Special Function Register (SFR) area
An on-chip peripheral hardware special-function register (SFR) is allocated in the area FFOOH to FFFFH. (Refer

to 3.2.3 Special function register (SFR: Special Function Register) Table 3-4 Special Function Register List ).

Caution Do not access addresses where the SFR is not assigned.
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3.1.4 Data memory addressing

The method of specifying the address of the instruction to be executed next or the address of the register or memory
to be manipulated when an instruction is executed is called addressing.

The address of the instruction to be executed next is specified by the program counter (PC) (for details, refer to
3.3 Instruction Address Addressing ).

To address the memory to be manipulated when an instruction is executed, the yPD78064B subseries have many
addressing modes to improve the operability. Especially at addresses corresponding to data memory area, particular
addressing modes are possible to meet the functions of the special function registers (SFRs) and general registers.
This area is between FBOOH and FFFFH. Figures 3-3 to 3-4 show the data memory addressing modes.

For details of each addressing, refer to 3.4 Operand Address Addressing

Figure 3-3. Data Memory Addressing ( pPD78064B)

FFFFH _ _ ]
Special Function
Registers (SFRs) SFR Addressing
256 x 8 hits
FF20HY__
FF1FH
FFOOH
FEFFH ; A
Gengezral I;igtlsters Register Addressing
FEEOH s oy Short Direct
FEDFH Addressing
¥ Internal High-speed RAM T
1024 x 8 bits
FE2OH} ]
FE1FH
FBOOH
FAFFH
Reserved
FA80H
FATFH Direct Addressing
LCD RAM
40 x 4 bits Register Indirect
FA58H Addressing
FA57H _
Based Addressing
Based Indexed
Addressing
= Reserved 5
8000H
7FFFH
A Internal ROM A
T 32768 x 8 hits T
0000H Y
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Figure 3-4. Data Memory Addressing ( nPD78P064B)
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FEDFH Addressing
¥ Internal High-speed RAM T
1024 x 8 bits
FE20H]
FE1FH
FBOOH
FAFFH
Reserved
FA80H
FATFH Direct Addressing
LCD RAM
40 x 4 bits Register Indirect
FA58H Addressing
FA57H ]
Based Addressing
Based Indexed
Addressing
= Reserved 5
8000H
7FFFH
L Internal PROM AL
T 32768 x 8 bits T
0000H
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3.2 Processor Registers
The uPD78064B subseries units incorporate the following processor registers.

3.2.1 Control registers
The control registers control the program sequence, statuses and stack memory. The control registers consist
of a program counter (PC), a program status word (PSW) and a stack pointer (SP).

(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 and register contents are set.

RESET input sets the reset vector table values at addresses 0000H and 0001H to the program counter.

Figure 3-5. Program Counter Configuration

15 0

PC |PC15|PC14|PC13|PC12 |PC11|PC10| PC9 | PC8 | PC7 | PC6 | PC5 | PC4 | PC3 | PC2 | PC1 | PCO

(2) Program status word (PSW)
The program status word is an 8-hit 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 reset upon execution of the RETB, RETI and POP PSW instructions.
RESET input sets the PSW to 02H.

Figure 3-6. Program Status Word Configuration

7 0

PSW IE z RBS1| AC | RBSO 0 ISP CYy

(a) Interrupt enable flag (IE)
This flag controls the interrupt request acknowledge operations of the CPU.
When IE = 0, all the interrupts are disabled except the non-maskable interrupt.
When IE = 1, the interrupts are enabled. Atthis time, accepting an interrupt is controlled by the in-service
priority flag (ISP), interrupt mask flag corresponding to each interrupt, and interrupt priority specification
flag.
The IE is reset to (0) upon DI instruction execution or interrupt request acknowledgement and is set to
(1) upon El instruction execution.

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

(c) Register bank select flags (RBSO and RBS1)
These are 2-bit flags to select one of the four register banks.
In these flags, the 2-bit information which indicates the register bank selected by SEL RBn instruction
execution is stored.
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(d) Auxiliary carry flag (AC)
If the operation result has a carry from bit 3 or a borrow at bit 3, this flag is set (1). It is reset (0) in all
other cases.
(e) In-service priority flag (ISP)
This flag manages the priority of acknowledgeable maskable vectored interrupts.
When ISP = 0, the vectored interrupt which is assigned a low priority by the priority specification flag
registers (PROL, PROH, PR1L) (refer to 16.3 (3) Priority specification flag registers (PROL, PROH,
PR1L)) should not be accepted. Whether the interrupt is actually accepted is controlled by the status of
the interrupt enable flag (IE).

(f) Carry flag (CY)
This flag stores overflow and underflow upon add/subtract instruction execution. It stores the shift-out
value upon rotate instruction execution and functions as a bit accumulator during bit manipulation
instruction execution.

(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 (FBOOH-FEFFH) can be set as the stack area.

Figure 3-7. Stack Pointer Configuration

15 0
SPO

SP6 | SP5 | SP4 | SP3 | SP2 | SP1

SP | SP15|SP14 | SP13|SP12 | SP11|SP10| SP9 | SP8 | SP7

The SP is decremented ahead of write (save) to the stack memory and is incremented after read (restore)
from the stack memory.
Each stack operation saves/restores data as shown in Figures 3-8 and 3-9.

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

Figure 3-8. Data to be Saved to Stack Memory

Interrupt and
CALL, CALLF, and BRK Instruction

CALLT Instruction

PUSH rp Instruction

SP=SP_-3
SP=SP-2 SP=-SP-2 SP¢—3 PC7-PCO
SP-2 Register Pair Lower SP-2 PC7-PCO SP t 2 PC15-PC8
SP ¢— 1 Register Pair Upper SP ?— 1 PC15-PC8 Spt 1 PSW
sl - S?P - S?P -
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Figure 3-9. Data to be Restored from Stack Memory

RETI and RETB

POP rp Instruction RET Instruction Instruction
SP = | Register Pair Lower Sp = PC7-PCO SPp > PC7-PCO
SP+1 Register Pair Upper SP+1 PC15-PC8 SP+1 PC15-PC8
SP=<+SP +2 SP=+SP +2 SP+2 PSW
SP=SP +3

3.2.2 General registers

A general register is mapped at particular addresses (FEEOH to FEFFH) of the data memory. It consists of 4 banks,
each bank consisting of eight 8-bit registers (X, A, C, B, E, D, L and H).

Each register can also be used as an 8-bit register. Two 8-bit registers can be used in pairs as a 16-bit register
(AX, BC, DE and HL).

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

Register banks to be used for instruction execution are set with the CPU control instruction (SEL RBn). Because
of the 4-register bank configuration, an efficient program can be created by switching between a register for normal
processing and a register for interrupt request for each bank.
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FEFFH

FEF8H

FEEOH

FEESH

FEEOH

FEFFH

FEF8H

FEFOH

FEESH

FEEOH
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Figure 3-10. General Register Configuration

(a) Absolute Name

16-Bit Processing

8-Bit Processing

R7
BANKO RP3

R6

R5
BANK1 RP2

R4

R3
BANK2 RP1

R2

R1
BANK3 RPO

RO

15
(b) Function Name
16-Bit Processing 8-Bit Processing

H
BANKO HL

L

D
BANK1 DE

E

B
BANK2 BC

C

A
BANK3 AX

X
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3.2.3 Special Function Register (SFR)
Unlike a general register, each special-function register has special functions.
It is allocated in the FFOOH to FFFFH area.
The special-function register can be manipulated like the general register, with the operation, transfer and bit
manipulation instructions. Manipulatable bit units, 1, 8 and 16, depend on the special-function register type.
Each manipulation bit unit can be specified as follows.

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

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

e 16-bit manipulation
Describe the symbol reserved with assembler for the 16-bit manipulation instruction operand (sfrp).
When addressing an address, describe an even address.

Table 3-4 gives a list of special-function registers. The meaning of items in the table is as follows.

e Symbol
Symbols indicating the addresses of special function registers. These symbols are the reserved words of the
RA78K/0 and defined by header file sfrbit.h for CC78K/0.
They can be described as the operands of instructions when the RA78K/0, ID78K0, and SD78K/0 are used.
* RIW
Indicates whether the corresponding special-function register can be read or written.
R/W : Read/write enable
R : Read only
W  : Write only
e Manipulatable bit unit
O indicates manipulatable bit units 1, 8, and 16. — indicates the bit unit that cannot be manipulated.
o After reset

Indicates each register status upon RESET input.
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Table 3-4. Special-Function Register List (1/2)

Manipulatable Bit Unit
Address Special-Function Register (SFR) Name Symbol R/W After Reset
1 bit 8 bits | 16 bits

FFOOH Port 0 PO R/W O O — 00H
FFO1H Port 1 P1 O @) —
FFO2H Port 2 P2 O O —
FFO3H Port 3 P3 O O —
FFO7H Port 7 P7 O @) —
FFO8H Port 8 P8 O O —
FFO9H Port 9 P9 O O —
FFOAH Port 10 P10 O @) —
FFOBH Port 11 P11 O O —
FF10H Capture/compare register 00 CROO — — O Undefined
FF11H
FF12H Capture/compare register 01 CRO1 — — O
FF13H
FF14H 16-bit timer register TMO R — — O 0000H
FF15H
FF16H Compare register 10 CR10 R/W — O — Undefined
FF17H Compare register 20 CR20 — O —
FF18H 8-bit timer register 1 TMS | TM1 R — O O 00H
FF19H 8-bit timer register 2 T™2 — O
FF1AH Serial 1/0O shift register 0 SI00 R/W — O — Undefined
FF1FH A/D conversion result register ADCR R — O —
FF20H Port mode register 0 PMO RIW O O — FFH
FF21H Port mode register 1 PM1 O O —
FF22H Port mode register 2 PM2 O O —
FF23H Port mode register 3 PM3 O O —
FF27H Port mode register 7 PM7 O O —
FF28H Port mode register 8 PM8 O O —
FF29H Port mode register 9 PM9 O O —
FF2AH Port mode register 10 PM10 O O —
FF2BH Port mode register 11 PM11 O O —
FF40H Timer clock select register 0 TCLO O O — 00H
FF41H Timer clock select register 1 TCL1 — O —
FF42H Timer clock select register 2 TCL2 — O —
FF43H Timer clock select register 3 TCL3 — O — 88H
FF47H Sampling clock select register SCS — O — 00OH
FF48H 16-bit timer mode control register TMCO O O —
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Table 3-4. Special-Function Register List (2/2)

Manipulatable Bit Unit

Address Special-Function Register (SFR) Name Symbol R/W After Reset
1 bit 8 bits | 16 bits
FF49H 8-bit timer mode control register TMC1 R/W O O — 00H
FF4AH Watch timer mode control register TMC2 O O —
FFACH Capture/compare control register O CRCO O O — 04H
FF4EH 16-bit timer output control register TOCO O O — 00H
FF4FH 8-bit timer output control register TOC1 O O —
FF60H Serial operating mode register 0 CSIMO O O —
FF61H Serial bus interface control register SBIC O O —
FF62H Slave address register SVA — O — Undefined
FF63H Interrupt timing specify register SINT O O — 00H
FF70H Asynchronous serial interface mode register ASIM O O —
FF71H Asynchronous serial interface status register ASIS R O O —
FF72H Serial operating mode register 2 CSIM2 RW @) O —
FF73H Baud rate generator control register BRGC — O —
FF74H Transmit shift register TXS | SIO2 W — @) — FFH
| Receive buffer register | Rx8| | R |
FF80OH A/D converter mode register ADM RIW O O — 01H
FF84H A/D converter input select register ADIS — O — 00H
FFBOH LCD display mode register LCDM O O —
FFB2H LCD display control register LCDC O O —
FFB8H Key return mode register KRM O O — 02H
FFEOH Interrupt request flag register OL IFO IFOL O O O 00H
FFE1H Interrupt request flag register OH IFOH O O
FFE2H Interrupt request flag register 1L IF1L O O —
FFE4H Interrupt mask flag register OL MKO | MKOL O O O FFH
FFE5H Interrupt mask flag register OH MKOH O O
FFE6H Interrupt mask flag register 1L MK1L O O —
FFESH Priority order specify flag register OL PRO |PROL O O O
FFE9H Priority order specify flag register OH PROH O O
FFEAH Priority order specify flag register 1L PR1L O O —
FFECH External interrupt mode register O INTMO — O — 00H
FFEDH External interrupt mode register 1 INTM1 — O —
FFFOH Memory size switching register IMS — O — C8H
FFF2H Oscillation mode selection register OSMS W — O — 00H
FFF3H Pull-up resistor option register H PUOH RIW O O —
FFF7H Pull-up resistor option register L PUOL O O —
FFFOH Watchdog timer mode register WDTM O O —
FFFAH Oscillation stabilization time select register OSTS — O — 04H
FFFBH Processor clock control register PCC O O —
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3.3 Instruction Address Addressing

Aninstruction address is determined by program counter (PC) contents and the contents are normally incremented
(+1 for each byte) automatically according to the number of bytes of an instruction to be fetched each time another
instruction is executed. When a branch instruction is executed, the branch destination information is set to the PC
and branched by the following addressing. (For details of instructions, refer to 78K/0 User’s Manual: Instruction
(U12326E).

3.3.1 Relative Addressing

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

[Hlustration]

15 0

PC indicates the start address
pC of the instruction
after the BR instruction.

15 8 7 6 0

jdisp8

15 0

PC

When S =0, all bits of a are 0.
When S = 1, all bits of a are 1.
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3.3.2 Immediate addressing

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

This function is carried out when the CALL !'addrl6 or BR !addrl6 or CALLF !addrll instruction is executed.
The CALL !'addr16 and BR !addr16 instructions can be used to branch to any location in the memory. The CALLF
laddrl1l instruction is used to branch to the area between 0800H through OFFFH.

[Hlustration]
In the case of CALL !addrl16 and BR !addrl6 instructions

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

PC

In the case of CALLF !addrl11 instruction

7 6 4 3 0
4{ faio-s CALLF
far-o
15 11 10 87 0

PC|O0O O O O 1
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3.3.3 Table indirect addressing

[Function]
Table contents (branch destination address) of the particular location to be addressed by bits 1 to 5 of the

immediate data of an operation code are transferred to the program counter (PC) and branched.
This addressing is used when the CALLT [addr5] instruction is executed. This instruction references an address
stored in the memory table between 40H through 7FH, and can be used to branch to any location in the memory.

[Hlustration]

7 6 5 1 0
Operation Code 1 1 tas-o 1
15 8 7 6 5 l 10
Effective Address 0O 0 0 OO OO OO0 1 0
7 Memory (Table) 0
Low Addr.
Effective Address+1 High Addr. T
15 L 8 7 0

PC

3.3.4 Register addressing

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

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

[Hlustration]

p A X

15 8 7 0

PC
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3.4 Operand Address Addressing

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

3.4.1 Implied addressing

[Function]
The register which functions as an accumulator (A and AX) in the general register is automatically (implied)
addressed.
Of the uyPD78064B subseries instruction words, the following instructions employ implied addressing.

Instruction Register to be Specified by Implied Addressing
MULU A register for multiplicand and AX register for product storage
DIVUW AX register for dividend and quotient storage

ADJBA/ADJBS A register for storage of numeric values which become decimal correction targets

ROR4/ROL4 A register for storage of digit data which undergoes digit rotation

[Operand format]
Because implied addressing can be automatically employed with an instruction, no particular operand format is
necessary.

[Description example]
In the case of MULU X
With an 8-bit x 8-bit multiply instruction, the product of A register and X register is stored in AX. In this example,
the A and AX registers are specified by implied addressing.
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3.4.2 Register addressing

[Function]

This addressing mode is used to access a general-purpose register as an operand. The register to be accessed

is specified by the register bank select flags (RBS0 and RBS1) and the register specification code (Rn and RPn)
in the operation 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 operation code.

[Operand format]

Identifier Description
r X,A C,B EDLH
rp AX, BC, DE, HL

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

[Description example]
MOV A, C; when selecting C register as r

Operation code 01100010 |

I_‘_,— Register specification code

INCW DE; when selecting DE register pair as rp

Operation code 10000100 |

Ll—l— Register specification code
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3.4.3 Direct addressing
[Function]
This addressing is directly to address amemory indicating the immediate data in an instruction word as an operand

address.

[Operand format]

Identifier Description

addr16 Label or 16-bit immediate data

[Description example]
MOV A, 'FEOOH; when setting !addr16 to FEOOH

Operation code | 10001110 | Op code

[0 000000 0] oOOH

[11111110]FEH

[Hlustration]

OP code

0 addr16 (Low order)

]|

addrl16 (High order)

Memory
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3.4.4 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 area to which this addressing is applied is the 256-byte space FE20H to FF1FH. Aninternal 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 one part of all the SFR areas. In
this area, ports which are frequently accessed in a program and a compare register of the timer/event counter
and a capture register of the timer/event counter are mapped and these SFRs can be manipulated with a small
number of bytes and clocks.

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

[Operand format]

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

[Description example]

MOV OFE30H, #50H; when setting saddr to FE30H and immediate data to 50H

Operation code | 00010001 | Op code

[00110000] 30H (saddroffset)

[01010000]| B50H(mmediate data)

[Hlustration]

OP code
saddr-offset ﬁ

Effective Address 11 1 1 1 1 1 |a -

Short Direct Memory

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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3.4.5 Special-Function Register (SFR) addressing

[Function]
The memory-mapped special-function register (SFR) is addressed with 8-bit immediate data in an instruction
word.
This addressing is applied to the 240-byte spaces FFOOH to FFCFH and FFEOH to FFFFH. However, the SFR
mapped at FFOOH to FF1FH can be accessed with short direct addressing.

[Operand format]

Identifier Description
sfr Special-function register name
sfrp 16-bit manipulatable special-function register name (even address only)

[Description example]

MOV PMO, A; when selecting PMO (FF20H) as sfr

Operation code | 11110110 | Op code

[001 0000 0| 20H (sfroffset)

[Hlustration]

OP code

sfr-offset

SFR
15 8 7 0

Effective Address 11 1 1 1 1 1 1
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3.4.6 Register indirect addressing

[Function]
This addressing mode is used to address the memory by using the contents of a register pair specified as an
operand. The register pair to be accessed is specified by the register bank select flags (RBS0 and RBS1) and

the register pair specification code in the operation 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 [DE] as register pair

Operation code 10000101
[Hlustration]
15 8 7 0
DE D E
Memory address
specified by the
7 Memory 0 register pair DE
The contents of the
addressed memory
are transferred
7 0
A
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3.4.7 Based addressing

[Function]

This addressing mode is used to address the memory by using the result of adding 8-bit immediate data to the
contents of the HL register pair as a base register. The HL register pair to be accessed is in the register bank
specified by the register bank select flags (RBS0 and RBS1). 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

Operation code | 10101110 |

[0o0010000]
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3.4.8 Based indexed addressing

[Function]
This addressing mode is used to address the memory by using the result of adding the contents of the B or C
register specified in the instruction word to the HL register pair as a base register. The HL, B, and C registers
to be accessed are in the register bank specified by the register bank select flags (RBS0 and RBS1). The addition
is executed by extending the contents of the B or C register to a 16-hit positive number. A carry from the 16th
bit is ignored. This addressing can be carried out for all the memory spaces.

[Operand format]

Identifier Description

— [HL + B], [HL + C]

[Description example]

In the case of MOV A, [HL + B]

Operation code 10101011

3.4.9 Stack addressing

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

[Description example]

In the case of PUSH DE

Operation code 10110101

56



CHAPTER 4 PORT FUNCTIONS

4.1 Port Functions
The uPD78064B subseries units incorporate two input ports and 55 input/output ports. Figure 4-1 shows the port
configuration. Every port is capable of 1-bit and 8-bit manipulations and can carry out considerably varied control

operations. Besides port functions, the ports can also serve as on-chip hardware input/output pins.

Figure 4-1. Port Types

-<-— > P80 POO [
- |«
-] N
- |«

Port 8 , « .  Port0

-~ PO5 [*—™
-]
- > P87 PO7 f+———
-] e~ >
- - »
-]

Port 9 < " | Port1
D - »

B e« »
- »| P97 P17 |+ »
-« P100 P25 |+—»
Port 10 - b7 <—><—> Port 2
< P103
P30 j+—»
- P110 . »
-] < >
-« >
- > Port 3
Port 11 - > I
- |l «———>
P37 j+——>»
- P117
P70 |j+——>»
<+— ¢ Port7
P72 |[+—
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Table 4-1. Port Functions

Pin Name Function Dual-Function Pin
P00 Port 0. Input only INTPO/TI00
P01 7-bit input/output port. Input/output mode can be specified bitwise. INTP1/TI01
P02 If used as an input port, an internal pull-up INTP2
P03 resistor can be used by software. INTP3
P04 INTP4
P05 INTP5
P07 Input only XT1

P10-P17 Port 1. ANIO-ANI7

8-bit input/output port. Input/output mode can be specified bit-wise.

If used as an input port, an internal pull-up resistor can be used by software.
P25 Port 2. S10/SBO
P26 3-bit input/output port. Input/output mode can be specified bit-wise. SO0/SB1
p27 If used as an input port, an internal pull-up resistor can be used by software. ﬁ
P30 Port 3. TOO
P31 8-bit input/output port. Input/output mode can be specified bit-wise. TO1
P32 If used as an input port, an internal pull-up resistor can be used by software. TO2
P33 TI1
P34 TI2
P35 PCL
P36 BUZ
P37 —
P70 Port 7. SI2/RxD
P71 3-bit input/output port. Input/output mode can be specified bit-wise. SO2/TxD
P72 If used as an input port, an internal pull-up resistor can be used by software. m/ASCK

P80-P87 Port 8. S39-S32

8-bit input/output port. Input/output mode can be specified bit-wise.

If used as an input port, an internal pull-up resistor can be used by software.

This port can be used as a segment signal output port or an I/O port in 2-bit units

by setting LCD display control register (LCDC).

P90-P97 Port 9. S31-S24

8-bit input/output port. Input/output mode can be specified bit-wise.

If used as an input port, an internal pull-up resistor can be used by software.
This port can be used as a segment signal output port or an 1/0O port in 2-bit units
by setting LCD display control register (LCDC).

P100-P103 Port 10. —

4-bit input/output port. Input/output mode can be specified bit-wise.
If used as an input port, an internal pull-up resistor can be used by software.
This port can directly drive LEDs.
P110-P117 Port 11. —

8-bit input/output port. Input/output mode can be specified bit-wise.
If used as an input port, an internal pull-up resistor can be used by software.

Falling edge detection is possible.
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Caution Do not perform the following operation on the pins shared with port pins during A/D conversion

operation; otherwise, the specifications of the absolute accuracy during A/D conversion cannot
be satisfied (except the pins shared with LCD segment output pins).

(1) Rewriting the output latch of an output pin used as a port pin

(2) Changing the output level of an output pin even when it is not used as a port pin
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4.2 Port Configuration

A port consists of the following hardware:

Table 4-2.

Port Configuration

Item

Configuration

Control register

Port mode register (PMm: m =0 to 3, 7 to 11)
Pull-up resistor option register (PUOH, PUOL)

Key return mode register (KRM)

Port

Total: 57 ports (2 inputs, 55 inputs/outputs)

Pull-up resistor

Total: 55 (software specifiable: 55)

4.2.1 Port0

Port 0 is a 7-bit input/output port with output latch. P01 to P05 pins can specify the input mode/output mode in
1-bit units with the port mode register 0 (PM0). P00 and P07 pins are input-only ports. When P01 to P05 pins are
used as input ports, an internal pull-up resistor can be used to them in 5-bit units with a pull-up resistor option register

L (PUOL).

Dual-functionsinclude external interrupt requestinput, external count clock input to the timer and crystal connection

for subsystem clock oscillation.

RESET input sets port 0 to input mode.

Figures 4-2 and 4-3 show block diagrams of port0.

Caution Because port 0 also serves for external interrupt request input, when the port function output
mode is specified and the output level is changed, the interrupt request flag is set. Thus, when

the output mode is used, set the interrupt mask flag to 1.
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Internal bus

WRpuo

Figure 4-2. Block Diagram of POO and P07

N\
RD
]
]
Qo
: |
c
g "0 04{4@ POO/INTPO/TIOO,
= PO7/XT1
Y

Figure 4-3. Block Diagram of PO1 to P05

AVop

©

\

PUOO ): | P-ch

(¢

-]
Selector <

A
WRPpoRrT
PO1/INTP1/TIOL,
& Output Latch \ © PO2/INTP2
(PO1-P05) \
PO5/INTP5
WRpm
£ PMO01-PMO5

PUO : Pull-up resistor option register

PM
RD
WR

Port mode register
Port 0 read signal
Port 0 write signal
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4.2.2 Portl
Port 1 is an 8-bit input/output port with output latch. It can specify the input mode/output mode in 1-bit units with

a port mode register 1 (PM1). When P10 to P17 pins are used as input ports, an internal pull-up resistor can be used
to them in 8-bit units with a pull-up resistor option register L (PUOL).

Dual-functions include an A/D converter analog input.

RESET input sets port 1 to input mode.

Figure 4-4 shows a block diagram of port 1.

Caution A pull-up resistor cannot be used for pins used as A/D converter analog input.

Figure 4-4. Block Diagram of P10 to P17

AVbp
WReruo
Y
S - PUO1 ): | p-ch
RD
o
~ OQ—OL Selector
2 1
o WRepoRT
©
c
5 & Output Latch © PlOI‘ANIO’
= (P10-P17) P17/ANI7
WRpmM
£ = PM10-PM17
N

PUO : Pull-up resistor option register
PM : Port mode register
RD : Port 1 read signal
WR : Port 1 write signal
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4.2.3 Port 2

Port 2 is a 3-bit input/output port with output latch. P25 to P27 pins can specify the input mode/output mode in
1-bit units with the port mode register 2 (PM2). When P25 to P27 pins are used as input ports, an internal pull-up
resistor can be used to them in 3-bit units with a pull-up resistor option register L (PUOL).

Dual-functions include serial interface data input/output and clock input/output.

RESET input sets port 2 to input mode.

Figures 4-5 and 4-6 show a block diagram of port 2.

Cautions 1. When used as a serial interface, set the input/output and output latch according to its
functions. For the setting method, refer to Figure 13-4 Serial Operating Mode Register 0
Format.
2. When reading the pin state in SBI mode, set PM2n bit of PM2 to 1 (n = 5, 6) (Refer to the
description of (10) Method to judge busy state of a slave in 13.4.3 SBI mode operation).

Figure 4-5. Block Diagram of P25 and P26

AVbD
WRruo
N\
o -
\ PUO2 ) | P-ch
RD
VanY J
~ Selector
9 A
o WRpoRT I
/N .
c
Q o - Output Latch .
= (P25, P26) y © P25/SI0/SBO,
P26/SO0/SB1
WRem
£ PM25, PM26
L/

Alternate Function

PUO : Pull-up resistor option register
PM : Port mode register
RD : Port 2 read signal
WR : Port 2 write signal
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Figure 4-6. Block Diagram of P27

AVbD

WRepuo

1
S - PUO2 ): | P_ch
RD
FanY

D O<{ Selector

%] A

3 WRPpoRT

©

£

Q a Output Latch

£ (P27) i O P27/SCKO
WRpM
£ - PM27

o

Alternate Function

PUO : Pull-up resistor option register
PM : Port mode register
RD : Port 2 read signal
WR : Port 2 write signal
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4.2.4 Port 3

Port 3 is an 8-bit input/output port with output latch. P30 to P37 pins can specify the input mode/output mode in
1-bit units with the port mode register 3 (PM3). When P30 to P37 pins are used as input ports, an internal pull-up
resistor can be used to them in 8-bit units with a pull-up resistor option register L (PUOL).

Alternate functions include timer input/output, clock output and buzzer output.

RESET input sets port 3 to input mode.

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

Figure 4-7. Block Diagram of P30 to P37

B

Selector

A

WRPruo
N\
S > PUO3
RD
~—O o<w< J
8
o WRpoRrT
©
o
5 A Output Latch
= ~ (P30-P37)
WRem
£ »| PM30-PM37
N/

PUO :

PM
RD
WR

Alternate Function

Pull-up resistor option register

. Port mode register
. Port 3 read signal
. Port 3 write signal

AVbp

P-ch

P30/‘TOO
P32/TO2,
P33/TI1,

P34/TI2,

P35/PCL,
P36/BUZ,
P37
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4.2.5 Port7
This is a 3-bit input/output port with output latches. Input mode/output mode can be specified bit-wise by means

of port mode register 7 (PM7). When pins P70 to P72 are used as input port pins, an internal pull-up resistor can
be used as a 3-bit unit by means of pull-up resistor option register L (PUOL).

Dual-functions include serial interface channel 2 data input/output and clock input/output.

RESET input sets the input mode.

Port 7 block diagrams are shown in Figures 4-8 and 4-9.

Caution When used as a serial interface, set the input/output and output latch according to its functions.
For the setting method, refer to Table 14-2 Serial Interface Channel 2 Operating Mode Settings.

Figure 4-8. Block Diagram of P70

AVbp
WRpuo
N\
O > PUO7 3}—| P-ch
RD
Pany
O O<{ Selector
%)
>
2 WRpoRT
©
£
o] Output Latch » O P70/SI2/IRXD
= ~ - (P70)
WRpm
J_‘, PM70
N

PUO : Pull-up resistor option register
PM : Port mode register
RD : Port 7 read signal
WR : Port 7 write signal
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Figure 4-9. Block Diagram of P71 and P72
AVbp

WRepuo

©

PUO7 >: | boch

N

| 1
~ O<{ Selector

Internal bus

A
WRpoRrT
S (opu7t§)u|t3l;3t)Ch 17 © P71/S0O2/TxD,
! — P72/SCK2/ASCK
WRem
J‘} > PM71, PM72

Alternate Function

PUO : Pull-up resistor option register
PM : Port mode register
RD : Port 7 read signal
WR : Port 7 write signal
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4.2.6 Port8
This is an 8-bit input/output port with output latches. Input mode/output mode can be specified bit-wise by means

of port mode register 8 (PM8). When pins P80 to P87 are used as input port pins, an internal pull-up resistor can
be used as an 8-bit unit by means of pull-up resistor option register H (PUOH).

These pins are dual-function pins and serve as LCD controller/driver segment signal outputs.

RESET input sets the input mode.

The port 8 block diagram is shown in Figure 4-10.

Figure 4-10. Block Diagram of P80 to P87

AVbp
WRepuo
N\
& - PUOS :)O—| ot
RD
- Fany
-0 OQ—OC Selector B
3 \
)
2 WRporT
<
c
gl o .| output Latch L s
) el P87/S32
WRem
\J.‘/ »| PM80-PM87
N\

PUO : Pull-up resistor option register
PM : Port mode register
RD : Port 8 read signal
WR : Port 8 write signal
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4.2.7 Port9

This is an 8-bit input/output port with output latches. Input mode/output mode can be specified bit-wise by means
of port mode register 9 (PM9). When pins P90 to P97 are used as input port pins, an internal pull-up resistor can

be used as a 8-bit unit by means of pull-up resistor option register H (PUOH).
These pins are dual-function pins and serve as LCD controller/driver segment signal outputs.

RESET input sets the input mode.
The port 9 block diagram is shown in Figure 4-11.

Figure 4-11. Block Diagram of P90 to P97

AVop
WRpuo
N\
o - PUO9 :>O—| oeh
RD
VanY
~ OQ—OC Selector
)
>
o WRPpoRT
]
c
g o .| Output Latch P90(S31
B (P9, P91 P97/S24
WReM
£ PM90-PM97
N/

PUO : Pull-up resistor option register
PM : Port mode register
RD : Port 9 read signal
WR : Port 9 write signal
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4.2.8 Port 10
This is a 4-bit input/output port with output latches. Input mode/output mode can be specified bit-wise by means

of port mode register 10 (PM10). When pins P100 to P103 are used as input port pins, an internal pull-up resistor
can be used as a 4-bit unit by means of pull-up resistor option register H (PUOH).

RESET input sets the input mode.

The port 10 block diagram is shown in Figure 4-12.

Figure 4-12. Block Diagram of P100 to P103

AVbb
WRPruo
N\
O - PUO10 )c | P-ch
RD
o
~ OQ—QC Selector
9 A
° WRpoRT
[
c
L Output Latch i
= ~ (P100-P103) ' © P100-P103
WRpm
l‘/ PM100-PM103
N\

PUO : Pull-up resistor option register
PM : Port mode register
RD : Port 10 read signal
WR : Port 10 write signal
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4.2.9 Port 11

Port 11 is an 8-bitinput/output port with output latches. P110to P117 pins can specify the input mode/output mode
in 8-bit units with the port mode register 11 (PM11). When they are used as input ports, an internal pull-up resistor
can be used to them in 8-bit units with pull-up resistor option register H (PUOH).

The test input flag (KRIF) can be set to 1 by detecting falling edges.

RESET input sets port 11 to input mode.

Figures 4-13 and 4-14 show the block diagrams of port 11 and falling edge detection circuit, respectively.

Figure 4-13. Block Diagram of P110 to P117

AVbp
WRepuo
N\
S - PUO11 ): | P-ch
RD
- o
D OQ—OC Selector -
1]
=}
2 WRPpoRT
]
c
Q _ | Output Latch © .
= ~ (P110-P117) P110-PLL7
WRem
l‘/ > PM110-PM117
N/

PUO : Pull-up resistor option register
MM : Memory expansion mode register
RD : Port 11 read signal

WR : Port 11 write signal
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Figure 4-14. Block Diagram of Falling Edge Detection Circuit

P110
P111 ©——

P112 ©—L
Pt FaIIir_lg ed'ge . KRIF setting signal
p114 O— — ,i detection circuit

P115

p116 ©O—— -
o117 KRMK ::>—> Standby release signal

KRIF : testinput flag
KRMK : test mask flag

4.3 Port Function Control Registers

The following three types of registers control the ports.
e Port mode registers (PMO to PM3, PM7 to PM11)

e Pull-up resistor option register (PUOH, PUOL)

» Key return mode register (KRM)

(1) Port mode registers (PMO to PM3, PM7 to PM11)

72

These registers are used to set port input/output in 1-bit units.

PMO to PM3 and PM7 to PM11 are independently set with a 1-bit or 8-bit memory manipulation instruction
RESET input sets registers to FFH.

When port pins are used as the dual-function pins, set the port mode register and output latch according to
Table 4-3.

Cautions 1. Pins P00 and P07 are input-only pins.

2. As port 0 has a dual function as external interrupt request input, when the port
function output mode is specified and the output level is changed, the interrupt
request flag is set. When the output mode is used, therefore, the interrupt mask flag
should be set to 1 beforehand.
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Table 4-3. Port Mode Register and Output Latch Settings when Using Dual-Functions

] Dual-functions
Pin Name PMxx Pxx
Name Input/Output
P00 INTPO Input 1 (Fixed) None
TI00 Input 1 (Fixed) None
PO1 INTP1 Input 1 X
TIO1 Input 1 X
P02-P0O5 INTP2-INTPS Input 1 X
po7Notel XT1 Input 1 (Fixed) None
P10-p17Notel ANIO-ANI7 Input 1 x
P30-P32 TOO-TO2 Output 0 0
P33, P34 TI1, TI2 Input 1 X
P35 PCL Output 0 0
P36 BUZ Output 0 0
P80-P87 S39-532 Output xNote 2
P90-P97 S31-S24 Output xNote 2

Notes 1. Ifthese ports are read out when these pins are used in the alternative function mode, undefined values
are read.
2. When the P80 to P87 and P90 to P97 pins are used for dual functions, set the function by the LCD
display control register (LCDC).

Caution When port 2 and port 7 are used for serial interface, the 1/0 latch or output latch must be set
according to its function. For the setting methods, refer to Figure 13-4 Serial Operating Mode
Register 0 Format and Table 14-2 Serial Interface Channel 2 Operating Mode Settings.

Remark  x . don't care

PMxx : port mode register
Pxx : port output latch
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Symbol
PMO

PM1

PM2

PM3

PM7

PM8

PM9

PM10

PM11

7

5

Figure 4-15. Port Mode Register Format

4

3

2

PMO05

PM04

PMO03

PM02

PMO1

PM17

PM16

PM15

PM14

PM13

PM12

PM11

PM10

PM27

PM26

PM25

PM37

PM36

PM35

PM34

PM33

PM32

PM31

PM30

PM72

PM71

PM70

PM87

PM86

PM85

PM84

PM83

PM82

PM81

PM80

PM97

PM96

PM95

PM94

PM93

PM92

PM91

PM90

PM103

PM102

PM101

PM100

PM117

PM116

PM115

PM114

PM113

PM112

PM111

PM110

After
Address Reset R/W
FF20H FFH RIW
FF21H FFH RIW
FF22H FFH RIW
FF23H FFH RIW
FF27H FFH RIW
FF28H FFH RIW
FF29H FFH RIW
FF2AH FFH RIW
FF2BH FFH RIW

Pmn Pin Input/Output Mode Selection

PMmN| (1= 0-3,7-11: n=0-7)

0 Output mode (output buffer ON)

1 Input mode (output buffer OFF)
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(2) Pull-up resistor option register (PUOH, PUOL)
This register is used to set whether to use an internal pull-up resistor at each port or not. A pull-up resistor
is internally used at bits which are set to the input mode at a port where internal pull-up resistor use has been
specified with PUOH, PUOL. No pull-up resistors can be used to the bits set to the output mode or to the
bits used as an analog input pin, irrespective of PUOH or PUOL setting.
PUOH and PUOL are set with a 1-bit or 8-bit memory manipulation instruction.
RESET input sets this register to OOH.

Cautions 1. P00 and P07 pins do not incorporate a pull-up resistor.

2. When ports 1, 8, and 9 are used as dual-function pins, an internal pull-up resistor cannot

be used even if 1 is set in PUOM (m = 1, 8, 9).

Figure 4-16. Pull-Up Resistor Option Register Format

After
Symbol 7 6 5 4 ® @ © o Address Reset RIW
PUOH 0 0 0 0 |PUO11|PUO10| PUO9|PUOS FFF3H 00H R/IW
@ 6 5 4 @ @ © ©
PUOL |PUO7| O 0 0 |PUO3|PUO2|PUO1|PUOO FFF7H 00H R/W
\ \ \ \ |
PUOM Pm Internal Pull-up Resistor Selection

(m=0-3, 7-11)

Internal pull-up resistor not used

Internal pull-up resistor used

Caution Zeros must be set to bits 4 to 7 of PUOH and bit 4 to 6 of PUOL.
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(3) Key return mode register (KRM)
This register sets enabling/disabling of standby function release by a key return signal (falling edge detection
of port 11), and selects the port 11 falling edge input.
KRM is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input sets KRM to 02H.

Figure 4-17. Key Return Mode Register Format

After
Symbol 7 6 5 4 3 2 @ O Address Reset RIW
KRM| o 0 0 0 | KRM3 |KRM2 |KRMK | KRIF FFB8H 02H RIW

L KRIF | Key Return Signal Detection Flag

0 Not Detected

1 Detected (Falling edge detection of port 11)

KRMK | Standby Mode Control by Key Return Signal

0 Standby mode release enabled

1 Standby mode release disabled

KRM3 |KRM2| Selection of Port 11 Falling Edge Input
0 0 P117
0 1 P114-P117
1 0 P112-P117
1 1 P110-P117

Caution When falling edge detection of port 11 is used, KRIF should be cleared to 0 (not cleared to
0 automatically).
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4.4 Port Function Operations

Port operations differ depending on whether the input or output mode is set, as shown below.
4.4.1 Writing to input/output port

(1) Output mode

A value is written to the output latch by a transfer instruction, and the output latch contents are output from
the pin.

Once data is written to the output latch, it is retained until data is written to the output latch again.

(2) Input mode

A value is written to the output latch by a transfer instruction, but since the output buffer is OFF, the pin status
does not change.

Once data is written to the output latch, it is retained until data is written to the output latch again.

Caution In the case of 1-bit memory manipulation instruction, although a single bit is manipulated
the port is accessed as an 8-bit unit. Therefore, on a port with a mixture of input and output

pins, the output latch contents for pins specified as input are undefined except for the
manipulated bit.

4.4.2 Reading from input/output port

(1) Output mode
The output latch contents are read by a transfer instruction. The output latch contents do not change.

(2) Input mode
The pin status is read by a transfer instruction. The output latch contents do not change.

4.4.3 Operations on input/output port

(1) Output mode

An operation is performed on the output latch contents, and the result is written to the output latch. The output
latch contents are output from the pins.

Once data is written to the output latch, it is retained until data is written to the output latch again.

(2) Input mode
The output latch contents are undefined, but since the output buffer is OFF, the pin status does not change.

Caution In the case of 1-bit memory manipulation instruction, although a single bit is manipulated
the port is accessed as an 8-bit unit. Therefore, on a port with a mixture of input and output
pins, the output latch contents for pins specified as input are undefined, even for bits other
than the manipulated bit.
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CHAPTER 5 CLOCK GENERATOR

5.1 Clock Generator Functions

The clock generator generates the clock to be supplied to the CPU and peripheral hardware. The following two
types of system clock oscillators are available.

(1) Main system clock oscillator
This circuit oscillates at frequencies of 1 to 5.0 MHz. Oscillation can be stopped by executing the STOP
instruction or setting the processor clock control register (PCC).

(2) Subsystem clock oscillator
The circuit oscillates at a frequency of 32.768 kHz. Oscillation cannot be stopped. If the subsystem clock
oscillator is not used, not using the internal feedback resistance can be set by PCC. This enables to decrease
power consumption in the STOP mode.

5.2 Clock Generator Configuration

The clock generator consists of the following hardware.

Table 5-1. Clock Generator Configuration

Item Configuration

. Processor clock control register (PCC)
Control register

Oscillation mode selection register (OSMS)

. Main system clock oscillator
Oscillator

Subsystem clock oscillator
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FRC

Figure 5-1. Block Diagram of Clock Generator

XT1/P07 ©—+| Subsystem fxr Watch Timer,
Clock Clock Output
XT2 o Oscillator Function
Prescaler
X1 © - - EZ' Clock to
’\SA;lsTem fx 9 Peripheral
X2 ©— Clock L 2 || Prescaler | fxr Hardware
: Scaler 3 2
Oscillator & LY fex
- fxx| 3 =
| 9| 2 S| |Standby CPU Clock
fxx| 92 & [ Control T (feru)
fxx| 2 (% Circuit
3 To INTPO
Sampling Clock
STOP
E(gl |MCC|FRC|CLS|CSS|PCC2|PCC1|PCCO|
Oscillation Mode Processor Clock Control Register
Selection Register
9 Internal Bus S
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5.3 Clock Generator Control Register
The clock generator is controlled by the following two registers:

» Processor clock control register (PCC)
» Oscillation mode selection register (OSMS)

(1) Processor clock control register (PCC)
The PCC sets whether to use CPU clock selection, the ratio of division, main system clock oscillator operation/
stop and subsystem clock oscillator internal feedback resistor.
The PCC is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input sets the PCC to 04H.

Figure 5-2. Subsystem Clock Feedback Resistor

FRC

P-ch
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Figure 5-3. Processor Clock Control Register Format

Symbol @ ® & @ 3 2 1 0 Address R/:\:seert RIW
PCC |MCC | FRC | CLS | CSS| 0 |PCC2|PCC1|PCCO FFFBH 04H RN
rw | css |peeal pect | peco CPU Clock (fceu) Selection
MCS=1 MCS=0
0 0 0 fxx fx fx/2
0 0 1|2 fu/2 f/2?
0 0 1 0 |fxx/2® fu/2° /2°
0 1 1| 2 fu/2° fu/2*
1 0 0 |fx2* fu/2* /2°
0 0 0
0 0 1
1 0 1 0 fxt/2
0 1 1
1 0 0
Other than above Setting prohibited

R CLS | CPU Clock Status

0 Main system clock

1 Subsystem clock

R/W FRC | Subsystem Clock Feedback Resistor Selection

0 Internal feedback resistor used

1 Internal feedback resistor not used

R/W | MCC | Main System Clock Oscillation Control™°*?

0 Oscillation possible

1 Oscillation stopped

Notes 1. Bit5 is Read Only.
2. When the CPU is operating on the subsystem clock, MCC should be used to stop the main
system clock oscillation. A STOP instruction should not be used.

Caution Bit 3 must be set to 0.

Remarks 1. fxx : Main system clock frequency (fx or fx/2)
2. fx : Main system clock oscillation frequency
3. fxr : Subsystem clock oscillation frequency

4. MCS: Bit 0 of oscillation mode selection register (OSMS)
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The fastest instruction of the uPD78064B subseries is executed in 2 CPU clocks. Therefore, the relation
between the CPU clock (fcru) and minimum instruction execution time is as shown in Table 5-2.

Table 5-2. Relation between CPU Clock and Minimum Instruction Execution Time

CPU Clock (fcru) Minimum Instruction
Execution Time: 2/fcru
fx 0.4 us
fx/2 0.8 us
fx/22 1.6 us
fx/23 3.2 us
fx/24 6.4 us
fx/25 12.8 us
fxr 122 us

fx = 5.0 MHz, fxt = 32.768 kHz
fx : Main system clock oscillation frequency
fxt: Subsystem clock oscillation frequency
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(2) Oscillation mode selection register (OSMS)
This register specifies whether the clock output from the main system clock oscillator without passing through
the scaler is used as the main system clock, or the clock output via the scaler is used as the main system
clock.
OSMS is set with 8-bit memory manipulation instruction.
RESET input sets OSMS to O0H.

Figure 5-4. Oscillation Mode Selection Register Format

After
Symbol 7 6 5 4 3 2 1 0 Address Reset R/W
OSMS| © 0 0 0 0 0 0 | MCs FFF2H 00H w

L MCS | Main System Clock Scaler Control

0 Scaler used

1 Scaler not used

Cautions 1. Writing to OSMS should be performed only immediately after reset signal release and before
peripheral hardware operation starts. As shown in Figure 5-5 below, writing data (including
same data as previous) to OSMS cause delay of main system clock cycle up to 2/f x during
the write operation. Therefore, if this register is written during the operation, in peripheral
hardware which operates with the main system clock, a temporary error occurs in the count
clock cycle of timer, etc. Inaddition, because the oscillation mode is changed by this register,
the clocks for peripheral hardware as well as that for the CPU are switched.

2. When writing “1” to MCS, V pbb must be 2.7 V or higher before the write execution.

Figure 5-5. Main System Clock Waveform due to Writing to OSMS

Write to OSMS
(MCS—--0)

I Max. 2/fx |

fxx

Operating at fxx = fx/2 (MCS = 0) Operating at fxx = fx/2 (MCS = 0)

Remark fx : Main system clock frequency (fx or fx/2)
fx : Main system clock oscillation frequency
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5.4 System Clock Oscillator

5.4.1 Main system clock oscillator

The main system clock oscillator oscillates with a crystal resonator or a ceramic resonator (5.0 MHz TYP.)
connected to the X1 and X2 pins.

External clocks can be input to the main system clock oscillator. In this case, input a clock signal to the X1 pin
and an antiphase clock signal to the X2 pin.

Figure 5-6 shows an external circuit of the main system clock oscillator.

Figure 5-6. External Circuit of Main System Clock Oscillator

(a) Crystal and ceramic oscillation (b) External clock
] i X2
:—“T X2

T e a
; | X1 uPD74HCUO4 L
TCrystal -

or
Ceramic Resonator

Caution Do not execute the STOP instruction or do not set bit 7 (MCC) of the processor clock control
register (PCC) to 1 if an external clock is used. This is because the X2 pin is connected to V DD
via a pull-up resistor.

85



CHAPTER 5 CLOCK GENERATOR

5.4.2 Subsystem clock oscillator

The subsystem clock oscillator oscillates with a crystal resonator (32.768 kHz TYP.) connected to the XT1 and
XT2 pins.

External clocks can be input to the subsystem clock oscillator. In this case, input a clock signal to the XT1 pin
and an antiphase clock signal to the XT2 pin.

Figure 5-7 shows an external circuit of the subsystem clock oscillator.

Figure 5-7. External Circuit of Subsystem Clock Oscillator

(a) Crystal oscillation (b) External clock
— Ic External
|
i XT1 Clock XT1
; ' £2.768 o¢

4:+ :::kHZ

| uPD74HCUO4
T x2 XT2

Cautions 1. When using a main system clock oscillator and a subsystem clock oscillator, carry out wiring
in the broken line area in Figures 5-6 and 5-7 to prevent any effects from wiring capacities.

¢ Minimize the wiring length.

« Do not allow wiring to intersect with other signal conductors. Do not allow wiring to come
near changing high current.

» Set the potential of the grounding position of the oscillator capacitor to that of V ss. Do not
ground to any ground pattern where high current is present.

* Do not fetch signals from the oscillator.

Take special note of the fact that the subsystem clock oscillator is a circuit with low-level
amplification so that current consumption is maintained at low levels.
Figure 5-8 shows examples of resonator having bad connection.

Figure 5-8. Examples of Resonator with Bad Connection (1/2)

(a) Wiring of connection (b) Signal conductors intersect
circuits is too long each other
PORTN
(n=0-3, 7-11)
IC X2 IC X2 X1

@ |
/TN

J*&;

v 7T

Remark When using a subsystem clock, replace X1 and X2 with XT1 and XT2, respectively. Further, insert
resistors in series on the side of XT2.
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Figure 5-8. Examples of Resonator with Bad Connection (2/2)

(c) Changing high current is too near a (d) Current flows through the grounding line
signal conductor of the oscillator (potential at points A, B,
and C fluctuate)

g Voo
Pnm
IC X2 X1
— IC X2 X1
High |:|
J Current
A TB TC
7 High
e Current
(e) Signals are fetched (f) Signal conductors of the main and sub system

clocks are parallel and near each other

IC X2

R
= TN

XT1 and X1 are wiring in parallel

Remark When using a subsystem clock, replace X1 and X2 with XT1 and XT2, respectively. Also, insert resistors
in series on the XT2 side.

Cautions 2. InFigure5-8(f), XT1and X1 are wired in parallel. Thus, the cross-talk noise of X1 may increase

with XT1, resulting in malfunctioning. To prevent that from occurring, it is recommended to
wire XT1 and X1 so that they are not in parallel.
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5.4.3 Scaler
The scaler divides the main system clock oscillator output (fxx) and generates various clocks.

5.4.4 When no subsystem clocks are used
If it is not necessary to use subsystem clocks for low power consumption operations and clock operations,
connect the XT1 and XT2 pins as follows.

XT1: Connect to Vob
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 leakage current, the above internal feedback resistance can be
removed with bit 6 (FRC) of the processor clock control register (PCC). In this case also, connect the XT1 and XT2
pins as described above.
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5.5 Clock Generator Operations

The clock generator generates the following various types of clocks and controls the CPU operating mode

including the standby mode.

e Main system clock  fxx

e Subsystem clock fxr
e CPU clock  fcpu
* Clock to peripheral hardware

The following clock generator functions and operations are determined with the processor clock control register

(PCC) and the oscillation mode selection register (OSMS).

CY

(b)

(©)

(d)

(e)

()

Upon generation of RESET signal, the lowest speed mode of the main system clock (12.8 us when operated
at 5.0 MHz) is selected (PCC = 04H, OSMS = 00H). Main system clock oscillation stops while low level is
applied to RESET pin.

With the main system clock selected, one of the six CPU clock types (0.4us. 0.8us, 1.6us, 3.2us, 6.4us, 12.8us
at 5.0 MHz) can be selected by setting the PCC and OSMS.

With the main system clock selected, two standby modes, the STOP and HALT modes, are available. In a
system where the subsystem clock is not used, the current consumption in the STOP mode can be reduced
by specifying with the bit 6 of PCC (FRC) not to use the feedback resistor.

The PCC can be used to select the subsystem clock and to operate the system with low current consumption
(122 ps when operated at 32.768 kHz).

With the subsystem clock selected, main system clock oscillation can be stopped with the PCC. The HALT
mode can be used. However, the STOP mode cannot be used. (Subsystem clock oscillation cannot be
stopped.)

The main system clock is divided and supplied to the peripheral hardware. The subsystem clock is supplied
to 16-bit timer/event counter, the watch timer, and clock output functions only. Thus, 16-bit timer/event counter
(when selecting watch timer output for count clock operating with subsystem clock), the watch function, and
the clock output function can also be continued in the standby state. However, since all other peripheral
hardware operate with the main system clock, the peripheral hardware also stops if the main system clock
is stopped. (Except external input clock operation)
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5.5.1 Main system clock operations
When operated with the main system clock (with bit 5 (CLS) of the processor clock control register (PCC) set to
0), the following operations are carried out by PCC setting.

(a) Because the operation guarantee instruction execution speed depends on the power supply voltage, the
minimum instruction execution time can be changed by bit 0 to bit 2 (PCCO to PCC2) of the PCC.

(b) Ifbit7 (MCC)ofthe PCCis setto 1 when operated with the main system clock, the main system clock oscillation
does not stop. When bit 4 (CSS) of the PCC is set to 1 and the operation is switched to subsystem clock
operation (CLS = 1) after that, the main system clock oscillation stops (refer to Figure 5-9).

Figure 5-9. Main System Clock Stop Function (1/2)

(a) Operation when MCC is set after setting CSS with main system clock operation

MCC

CSS

CLS

Main System Clock Oscillation

Subsystem Clock Oscillation

CPU Clock

(b) Operation when MCC is set in case of main system clock operation

McC 5
css L
CcLS / L

Oscillation does not stop.
Main System Clock Oscillation

Subsystem Clock Oscillation J | | | | | | | | | | |

CPU Clock ||||||||||||||||||||||||
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Figure 5-9. Main System Clock Stop Function (2/2)

(c) Operation when CSS is set after setting MCC with main system clock operation

MCC | \

CSS

CLS

Main System Clock Oscillation

Subsystem Clock Oscillation
CPU Clock ||||||||||||ﬂ>|||||

5.5.2 Subsystem clock operations
When operated with the subsystem clock (with bit 5 (CLS) of the processor clock control register (PCC) set to 1),
the following operations are carried out.

(@) The minimum instruction execution time remains constant (122 us when operated at 32.768 kHz) irrespective
of bit 0 to bit 2 (PCCO to PCC2) of the PCC.

(b) Watchdog timer counting stops.

Caution Do not execute the STOP instruction while the subsystem clock is in operation.
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5.6 Changing System Clock and CPU Clock Settings

5.6.1 Time required for switchover between system clock and CPU clock

The system clock and CPU clock can be switched over by means of bit 0 to bit 2 (PCCO0 to PCC2) and bit 4 (CSS)

of the processor clock control register (PCC).

The actual switchover operation is not performed directly after writing to the PCC, but operation continues on the

pre-switchover clock for several instructions (refer to Table 5-3).

Determination as to whether the system is operating on the main system clock or the subsystem clock is performed

by bit 5 (CLS) of the PCC register.

Table 5-3. Maximum Time Required for CPU Clock Switchover

Set Values after Switchover

Set Values before Switchover

MCS [CSS | PCC2 |PCC1 [PCCO| CSS|PCC2IPCCLPCCO|CSS|PCC2PCCLPCCO|CSS|PCC2PCCYPCCO|CSS|PCC2APCCLPCCO|CSS [PCC2|PCCLPCCO| CSS|PCC2PCCYPCCO
o|jo0o|jo0o|Of|OjO|Of1|0OjO|1|0|O|O]j1f1|Of2|O0O]|O0O|1|X|X|X
x |0 0 0 0 8 instructions | 4 instructions | 2 instructions | 1 instruction 1 instruction
0 0 1 | 16 instructions 4 instructions | 2 instructions | 1 instruction 1 instruction
0 1 0 | 16 instructions| 8 instructions 2 instructions | 1 instruction 1 instruction
0 1 1 | 16 instructions| 8 instructions | 4 instructions 1 instruction 1 instruction
1 0 0 | 16 instructions| 8 instructions | 4 instructions | 2 instructions 1 instruction
1)1 X X x| fx/2fxr instruction | fx/4fxr instruction | fx/8fxr instruction | fx/16fxr instruction | fx/32fxr instruction
(77 instructions) | (39 instructions) | (20 instructions) | (10 instructions) | (5 instructions)
0 fxl4fxr instruction | fx/8fxr instruction | fx/16fxr instruction | fx/32fxr instruction | fx/64fxr instruction
(39 instructions) | (20 instructions) | (10 instructions) | (5 instructions) | (3 instructions)

Caution Selection of the CPU clock cycle scaling factor (PCCO to PCC2) and switchover from the main
system clock to the subsystem clock (changing CSS from 0 to 1) should not be performed
simultaneously. Simultaneous setting is possible, however, for selection of the CPU clock cycle
scaling factor (PCCO to PCC2) and switchover from the subsystem clock to the main system clock
(changing CSS from 1 to 0).

Remarks 1.

One instruction is the minimum instruction execution time with the pre-switchover CPU clock.

2. Figures in parentheses apply to operation with fx = 5.0 MHz or fxr = 32.768 kHz.
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5.6.2 System clock and CPU clock switching procedure
This section describes switching procedure between system clock and CPU clock.

Figure 5-10. System Clock and CPU Clock Switching

Voo
RESET I_I

Interrupt \

Request

Signal

System Clock fxx fxx fxr fxx
CPU Clock - . :

Minimum | Maximum Speed Subsystem Clock High-Speed
Speed Operation Operation Operation
Operation

Wait (26.2 ms : 5.0 MHz)
Internal Reset Operation

(1) The CPU is reset by setting the RESET signal to low level after power-on. After that, when reset is released

by setting the RESET signal to high level, main system clock starts oscillation. At this time, oscillation
stabilization time (217/fx) is secured automatically.

After that, the CPU starts executing the instruction at the minimum speed of the main system clock (12.8 us when
operated at 5.0 MHz).

(2) After the lapse of a sufficient time for the Voo voltage to increase to enable operation at maximum speeds,
the processor clock control register (PCC) and oscillation mode selection register (OSMS) are rewritten and
the maximum-speed operation is carried out.

(3) Upon detection of a decrease of the Voo voltage due to an interrupt request, the main system clock is switched
to the subsystem clock (which must be in an oscillation stable state).

(4) Upondetection of Vop voltage reset due to aninterruptrequest, O is set to the bit 7 of PCC (MCC) and oscillation
of the main system clock is started. After the lapse of time required for stabilization of oscillation, the PCC
and OSMS are rewritten and the maximum-speed operation is resumed.

Caution When subsystem clock is being operated while main system clock was stopped, if switching to

the main system clock is made again, be sure to switch after securing oscillation stable time by
software.
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CHAPTER 6 16-BIT TIMER/EVENT COUNTER

6.1 Outline of uPD78064B Subseries Internal Timer

This chapter describe the 16-bit timer/event counter. First, the timers incorporated into the uPD78064B subseries
are outlined below.

)

)

3

4

®)

(6)

16-bit timer/event counter (TMO)
The TMO can be used for aninterval timer, PWM output, pulse widths measurement (infrared ray remote control
receive function), external event counter, square wave output of any frequency or one-shot pulse output.

8-bit timers/event counters 1 and 2 (TM1 and TM2)

TM1 and TM2 can be used to serve as an interval timer and an external event counter and to output square
waves with any selected frequency. Two 8-bit timer/event counters can be used as one 16-hit timer/event
counter (Refer to CHAPTER 7 8-BIT TIMER/EVENT COUNTERS 1 AND 2).

Watch timer (TM3)
This timer can set a flag every 0.5 sec. and simultaneously generates interrupt requests at the preset time
intervals (Refer to CHAPTER 8 WATCH TIMER).

Watchdog timer (WDTM)
WDTM can perform the watchdog timer function or generate non-maskable interrupt requests, maskable
interrupt requests and RESET at the preset time intervals (Refer to CHAPTER 9 WATCHDOG TIMER).

Clock output control circuit
This circuit supplies other devices with the divided main system clock and the subsystem clock (Refer to
CHAPTER 10 CLOCK OUTPUT CONTROL CIRCUIT).

Buzzer output control circuit

This circuit outputs the buzzer frequency obtained by dividing the main system clock (Refer to CHAPTER 11
BUZZER OUTPUT CONTROL CIRCUIT).
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Table 6-1. Timer/Event Counter Types and Functions

16-bit Timer/ 8-bit Timer/event
Watch Timer Watchdog Timer
event Counter Counters 1 and 2
Type Interval timer 2 channelsNote 1 2 channels 1 channelNote¢ 2 | 1 channelNote 3
External event counter O O — —
Timer output O O — —
PWM output O — — —
Function Pulse width measurement O — — —
Square-wave output O O — —
One-shot pulse output O — — —
Interrupt request O O O O
Test input — — O —

Notes 1. When capture/compare registers (CR00, CR01) are specified as compare registers.
2. Watch timer (TM3) can perform both watch timer and interval timer functions at the same time.
3. Watchdog timer (WDTM) can perform either the watchdog timer function or the interval timer function.
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6.2 16-Bit Timer/Event Counter Functions

The 16-bit timer/event counter (TMO) has the following functions.

 Interval timer

« PWM output

e Pulse width measurement
« External event counter

e Square-wave output

e One-shot pulse output

(1) Interval timer
TMO generates interrupt requests at the preset time interval.

Table 6-2. 16-Bit Timer/Event Counter Interval Times

Minimum Interval Time Maximum Interval Time Resolution
MCS =1 MCS =0 MCS =1 MCS =0 MCS =1 MCS =0
2 x TI00 input cycle 216 x TI00 input cycle TI00 input edge cycle
— 2 x 1/fx — 216 x 1/fx — 1/fx
(400 ns) (13.1 ms) (200 ns)
2 x 1/fx 22 x 1/fx 216 x 1/fx 217 x 1/fx 1/fx 2 x 1/fx
(400 ns) (800 ns) (13.1 ms) (26.2 ms) (200 ns) (400 ns)
22 x 1/fx 23 x 1/fx 217 x 1/fx 218 x 1/fx 2 x 1/fx 22 x 1/fx
(800 ns) (1.6 us) (26.2 ms) (52.4 ms) (400 ns) (800 ns)
23 x 1/fx 24 x 1/fx 218 x 1/fx 219 x 1/fx 22 x 1/fx 23 x 1/fx
(1.6 ps) (3.2 pus) (52.4 ms) (104.9 ms) (800 ns) (1.6 ps)
2 x watch timer output cycle 216 x watch timer output cycle Watch timer output edge cycle

Remarks 1. fx: Main system clock oscillation frequency
2. MCS: Oscillation mode selection register (OSMS) bit 0
3. Values in parentheses when operated at fx = 5.0 MHz

(2) PWM output
TMO can generate 14-bit resolution PWM output.

(3) Pulse width measurement
TMO can measure the pulse width of an externally input signal.

(4) External event counter

TMO can measure the number of pulses of an externally input signal.

97




CHAPTER 6 16-BIT TIMER/EVENT COUNTER

(5) Square-wave output
TMO can output a square wave with any selected frequency.

Table 6-3. 16-Bit Timer/Event Counter Square-Wave Output Ranges

Minimum Pulse Width Maximum Pulse Width Resolution
MCS =1 MCS =0 MCS =1 MCS =0 MCS =1 MCS =0
2 x TI00 input cycle 216 x TI00 input cycle TI0O input edge cycle
2 x 1/fx 216 x 1/fx 1/fx
- (400 ns) - (13.1 ms) - (200 ns)
2 x 1/fx 22 x 1/fx 216 x 1/fx 217 x 1/fx 1/fx 2 x 1/fx
(400 ns) (800 ns) (13.1 ms) (26.2 ms) (200 ns) (400 ns)
22 x 1/fx 23 x 1/fx 217 x 1/fx 218 x 1/fx 2 x 1/fx 22 x 1/fx
(800 ns) (1.6 ps) (26.2 ms) (52.4 ms) (400 ns) (800 ns)
23 x 1/fx 24 x 1/fx 218 x 1/fx 219 x 1/fx 22 x 1/fx 23 x 1/fx
(1.6 ps) (3.2 pus) (52.4 ms) (104.9 ms) (800 ns) (1.6 ps)
2 x watch timer output cycle 216 x watch timer output cycle Watch timer output edge cycle

Remarks 1. fx: Main system clock oscillation frequency
2. MCS: Oscillation mode selection register (OSMS) bit 0
3. Values in parentheses when operated at fx = 5.0 MHz

(6) One-shot pulse output
TMO is able to output one-shot pulse which can set any width of output pulse.
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6.3 16-Bit Timer/Event Counter Configuration
The 16-bit timer/event counter consists of the following hardware.

Table 6-4. 16-Bit Timer/Event Counter Configuration

Item Configuration

Timer register 16 bits x 1 (TMO)

Register Capture/compare register: 16 bits x 2 (CR00, CR01)

Timer output 1 (TOO0)

Timer clock select register 0 (TCLO)

16-bit timer mode control register (TMCO)
Capture/compare control register 0 (CRCO)
Control register 16-bit timer output control register (TOCO)
Port mode register 3 (PM3)

External interrupt mode register 0 (INTMO)

Sampling clock select register (SCS)Note

Note Refer to Figure 6-1 16-Bit Timer/Event Counter Block Diagram
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Figure 6-1. 16-Bit Timer/Event Counter Block Diagram

g Internal bus g
Capture/Compare
Control Register 0
INTP1
' | |
S -
Tioy © 8 16-Bit Capture/Compare
p(?l//|NTp1 L % [~ Control Register (CR00) INTTMOO
0
— PWM Pulse
_ %MatCh Qutput Note 2
INTTZI\f/I3 Controller
XX 16-Bit Timer/Event
fxxf/xzx g T TMCO1-TMCO03 Counter Output © TO0/P30
frod 22 s —~{ 16-Bit Timer Register (TM0) } TcoerI Circuit
@ f Clear
ircui 2
TIO(I)IGF')I'(I)DOO/ © —~ | ) | Clear Circuit TMCO1-TMCO3
Matc INTTMO1
3 3
. INTPO
16-Bit Capture/Compare | | ‘ ‘ ‘ | |O ‘ q ‘ ‘ ‘ ‘ |
|TCL06‘TCL05‘TCLO4| Control Register (CR01) TMCO03|TMC02| TMCO1| OVFO SPT|OSPETOCH4|LVSO|LVRO|TOCOL TOEQ
Timer Clock 16-Bit Timer Mode 16-Bit Timer Output
Selection CRCO02 Control Register Control IRegistt;jrpu
Register 0
§ Internal Bus S

Notes 1. Edge detection circuit
2. The configuration of the 16-bit timer/event counter output control circuit is shown in Figure 6-2.
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Figure 6-2. 16-Bit Timer/Event Counter Output Control Circuit Block Diagram

PWM Pulse Level
Output Control ‘[ Inversion |
Circuit

CRCO02
INTTMO1

CRCO0 : i}» 5 —
INTTMOO : 8 INV e -
: s 3
' @ s o+ 3 TOO/P30
Edge H
TIO?;(:PT%% ©— betection [~ One-Shot Pulse R
Circuit ! Output Control
' Circuit
2 ¢
1 [ [ 1
ES11| ES10 OSPT | OSPE [TOC04| LVSO0 | LVRO [TOCO1| TOEO TMcos| Tmcoz Tcoy| | P30 Outut PM30
External Interrupt 16-Bit Timer Output 16-Bit Timer Mode Port Mod
Mode Register 0 Control Register Control Register Rgrgistgrg
g Internal Bus g

Remark The circuitry enclosed by the dotted line is the output control circuit.
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)

)
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Capture/compare register 00 (CR00)

CROO is a 16-bit register which has the functions of both a capture register and a compare register. Whether
it is used as a capture register or as a compare register is set by bit 0 (CRCO00) of capture/compare control
register 0 (CRCO).

When CROO is used as a compare register, the value set in the CROO is constantly compared with the 16-
bit timer register (TMO) count value, and an interrupt request (INTTMOO) is generated if they match. It can
also be used as the register which holds the interval time when TMO is set to interval timer operation, and
as the register which sets the pulse width when it is set to the PWM output operation.

When CROO is used as a capture register, it is possible to select the valid edge of the INTPO/TIOO pin or the
INTP1/TIOL pin as the capture trigger. Setting of the INTPO/TIO0 or INTP1/TIO1 valid edge is performed by
means of external interrupt mode register 0 (INTMO).

If CROO is specified as a capture register and capture trigger is specified to be the valid edge of the INTPO/
TI00 pin, the situation is as shown in the following table.

Table 6-5. INTPO/TIOO Pin Valid Edge and CROO0 Capture Trigger Valid Edge

ES11 ES10 INTPO/TIOO0 Pin Valid Edge CROO Capture Trigger Valid Edge
0 0 Falling edge Rising edge
0 1 Rising edge Falling edge
1 0 Setting prohibited
1 1 Both rising and falling edges No capture operation

CROQ is set by a 16-bit memory manipulation instruction.
After RESET input, the value of CROO is undefined.

Cautions 1. Set a value other than 0000H to CR00. When the timer is used as an event counter,
therefore, one pulse cannot be counted.
2. If the new value of CROO is less than the value of the 16-bit timer register (TM0), TMO
continues counting, overflows, and starts counting again from 0. Ifthe new value of CR0O0
is less than the previous value, the timer must be restarted.

Capture/compare register 01 (CR01)

CROL1 is a 16-bit register which has the functions of both a capture register and a compare register. Whether
itis used as a capture register or acompare register is set by bit 2 (CRC02) of capture/compare control register
0 (CRCO).

When CRO1 is used as a compare register, the value set in the CRO1 is constantly compared with the 16-
bit timer register (TMO) count value, and an interrupt request (INTTMO1) is generated if they match.
When CROL1 is used as a capture register, it is possible to select the valid edge of the INTPO/TI00 pin as the
capture trigger. Setting of the INTPO/TIOO0 valid edge is performed by means of external interrupt mode register
0 (INTMO).

CROL1 is set with a 16-bit memory manipulation instruction.

After RESET input, the value of CRO1 is undefined.

Caution If a valid edge of the TIO/P0O0 pin is input while CRO1 is being read, CR0O1 does not perform
the capture operation but holds the data. However, the interrupt request flag (PIF0), which
is set on detection of the valid edge, is set.
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(3) 16-bit timer register (TMO)
TMO is a 16-bit register which counts the count pulses.
TMO is read by a 16-bit memory manipulation instruction. When TMO is read, capture/compare register (CR01)
should first be set as a capture register.
RESET input sets TMO to O000H.

Caution As reading of the value of TMO is performed via CRO1, the previously set value of CRO1 is
lost.

6.4 16-Bit Timer/Event Counter Control Registers
The following seven types of registers are used to control the 16-bit timer/event counter.

e Timer clock select register 0 (TCLO)

e 16-bit timer mode control register (TMCO)
e Capture/compare control register 0 (CRCO)
» 16-bit timer output control register (TOCO)
e Port mode register 3 (PM3)

« External interrupt mode register 0 (INTMO)
» Sampling clock select register (SCS)

(1) Timer clock select register 0 (TCLO)
This register is used to set the count clock of the 16-bit timer register.
TCLO is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input sets TCLO value to O0H.

Remark TCLO has the function of setting the PCL output clock in addition to that of setting the count clock
of the 16-bit timer register.

103



CHAPTER 6 16-BIT TIMER/EVENT COUNTER

Figure 6-3. Timer Clock Selection Register 0 Format

Symbol @) 6 5 4 3 2 1 0 Address  After Reset  R/W
TCLO|CLOE‘TCLO6‘TCLOS‘TCLO4‘TCL03‘TCL02‘TCLOl‘TCLOOl FFA0H 00H RIW
PCL Output Clock Selection
TCLO3|TCLO2|TCLO1|TCLOO
‘ MCS=1 MCS=0
0 0 0 0 | fxr (32.768 kHz)
0 1 0 1 fxx fx (5.0 MHz) x/2 (2.5 MHz)
0 1 1 0 | fx2 fx/2 (2.5 MHz) x/2°  (1.25 MHz)
0 1 1 1| fx/2? x/2® (1.25 MHz) x/2® (625 kHz)
1 0 0 0 | fx2® x/2® (625 kHz) fxi2* (313 kHz)
1 0 0 1| fxx2* fx/2' (313 kHz) x/2° (156 kHz)
1 0 1 0 | fxx/2® x/2° (156 kHz) x/2°  (78.1kHz)
1 0 1 1| fxx/2° x/2° (78.1 kHz) /2" (39.1 kHz)
1 1 0 0 | fxx/2’ /2" (39.1 kHz) /28 (19.5 kHz)
Other than above Setting prohibited
16-Bit Timer Register Count Clock Selection
TCLO6|TCLO5| TCLO4]
MCS=1 MCS=0

0 0 0 TIOO (Valid edge specifiable)
0 0 1 2fxx Setting prohibited fx (5.0 MHz)
0 1 0 | fx fx (5.0 MHz) /2 (2.5 MHz)
0 1 1 | 2 fx/2 (2.5 MHz) fx/2°  (1.25 MHz)
1 0 0 | 2 x/2° (1.25 MHz) x/2° (625 kHz)
1 1 1 Watch timer output (INTTM 3)
Other than above | Setting prohibited

CLOE| PCL Output Control
0 Output disabled
1 Output enabled

Cautions 1. Setting of the TIOO/INTPO pin valid edge is performed by external interrupt mode register

0 (INTMO0), and selection of the sampling clock frequency is performed by the sampling
clock selection register (SCS).

2. When enabling PCL output, set TCLOO to TCLO3, then set 1 in CLOE with a 1-bit memory
manipulation instruction.

3. To read the count value when TI00 has been specified as the TMO count clock, the value
should be read from TMO, not from capture/compare register 01 (CRO1).

4. When rewriting TCLO to other data, stop the timer operation beforehand.
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Remarks 1. fxx : Main system clock frequency (fx or fx/2)
2. fx : Main system clock oscillation frequency
3. fxr : Subsystem clock oscillation frequency
4. TIOO : 16-hit timer/event counter input pin
5. TMO : 16-bit timer register
6. MCS: Bit 0 of oscillation mode selection register (OSMS)
7. Figures in parentheses apply to operation with fx = 5.0 MHz of fxr = 32.768 kHz.

(2) 16-bit timer mode control register (TMCO)

This register sets the 16-bit timer operating mode, the 16-bit timer register clear mode and output timing, and
detects an overflow.

TMCO is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input sets TMCO value to 00H.

Caution The 16-bit timer register starts operation at the moment a value other than 0, 0, O (operation

stop mode) is set in TMCO1 to TMCO3, respectively. Set 0, 0, 0 in TMCO1 to TMCO03 to stop
the operation.
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Symbol

Figure 6-4. 16-Bit Timer Mode Control Register Format

7 6 5 4 3 2 1 Address  After Reset R/W
TMCO| 0 ‘ 0 ‘ 0 ‘ 0 ‘TMCO3‘TMCOZ‘TMC01‘ OVFO| FF48H 00H R/W
OVFO0| 16-Bit Timer Register Overflow Detection
0 Overflow not detected
1 Overflow detected
Operating Mode - . Interrupt Request
TMCO3|TMCO02 |[TMCO01 Clear Mode Selection TOO Output Timing Selection Generation
Operation stop
0 0 0 (TMO cleared to 0) No change Not Generated
PWM mode
0 0 1 (free running) PWM pulse output
Match between TMO and
0 1 0 CROO0 or match between
TMO and CRO1
Free running mode
Match between TMO and
0 1 1 CROO0, match between
TMO and CRO1 or TIOO
valid edge
Match between TMO and Generated on match
1 0 0 CROO or match between between TMO and CROO,
TMO and CRO1 and match between TMO
Clear & start on TIOO and CRO1
valid edge Match between TMO and
1 0 1 CROO0, match between
TMO and CRO1 or TIOO
valid edge
Match between TMO and
1 1 0 CROO or match between
TMO and CRO1
Clear & start on match
between TMO and CR0OO Match between TMO and
1 1 1 CRO00, match between
TMO and CRO1 or TIOO
valid edge
Cautions 1. Switch the clear mode and the TOO output timing after stopping the timer operation
(by setting TMCO01 to TMCO03 to 0O, 0, 0).
2. Set the valid edge of the TIOO/INTPO pin with an external interrupt mode register 0
(INTMO) and select the sampling clock frequency with a sampling clock select
register (SCS).
3. When using the PWM mode, set the PWM mode and then set data to CROO.
4. |If clear & start mode on match between TMO0 and CROO is selected, when the set value
of CROO is FFFFH and the TMO value changes from FFFFH to 0000H, OVFO flag is set to
1.
Remark TOO 16-bit timer/event counter output pin
TI00 16-bit timer/event counter input pin
TMO 16-bit timer register
CROO : Compare register 00
CRO1 : Compare register 01
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(3) Capture/compare control register 0 (CRCO)
This register controls the operation of the capture/compare registers (CR00, CR01).
CRCO is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input sets CRCO value to 04H.

Figure 6-5. Capture/Compare Control Register 0 Format

Symbol 7 6 5 4 3 2 1 0 Address  After Reset R/W
CRCOl 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘CRCOZ‘CRCOl‘CRCOOl FFACH 04H RIW

CRCO00| CROO Operating Mode Selection

0 Operates as compare register

1 Operates as capture register

CRCO01| CROO Capture Trigger Selection

0 | Captures on valid edge of TI01

1 | Captures on valid edge of TIO0

CRCO02| CR0O1 Operating Mode Selection

0 Operates as compare register

1 |Operates as capture register

Cautions 1. Timer operation must be stopped before setting CRCO.
2. When clear & start mode on a match between TMO and CROO is selected with the 16-
bit timer mode control register, CR0O0 should not be specified as a capture register.
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(4) 16-bit timer output control register (TOCO)

This register controls the operation of the 16-bit timer/event counter output control circuit. It sets R-S type
flip-flop (LVO) setting/resetting, the active level in PWM mode, inversion enabling/disabling in modes other
than PWM mode, 16-bit timer/event counter timer output enabling/disabling, one-shot pulse output operation
enabling/disabling, and output trigger for a one-shop pulse by software. TOCO is setwith a 1-bit or 8-bitmemory

manipulation instruction. RESET input sets TOCO value to 00H.

Figure 6-6. 16-Bit Timer Output Control Register Format

Symbol 7 ®) 5) 4 ® @ 1 © Address  After Reset R/W
Toco| 0 ‘OSPT ‘ OSPE ‘TOCO4‘ LVS0 ‘ LVRO ‘TOCOl‘ TOEO | FF4EH 0OH RIW
TOEO | 16-Bit Timer/Event Counter Output Control
0 Output disabled (Port mode)
1 Output enabled
In PWM Mode In Other Modes
TOCO01 Timer output F/F control
Active level selection by match of CR0O and
TMO
0 | Active high Inversion operation disabled
1 Active low Inversion operation enabled
16-Bit Timer/Event Counter Timer
LVS0 | LVRO Output F/F Status Setting
0 0 No change
0 1 Timer output F/F reset (0)
1 0 Timer output F/F set (1)
1 1 Setting prohibited
TOCO04 | Timer output F/F control by match of CR01 and TMO
0 |Inversion operation disabled
1 [|Inversion operation enabled
OSPE |One-Shot Pulse Output Control
0 |Continuous pulse output
1 |One-shot pulse output
OSPT |Control of One-Shot Pulse Output Trigger by Software
0 |One-shot pulse trigger not used
1 |One -shot pulse trigger used
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Cautions 1. Timer operation must be stopped before setting TOCO (except OSPT).
2. If LVSO and LVRO are read after data is set, they will be 0.
3. OSPT is cleared automatically after data setting, and will therefore be 0 if read.
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(5) Port mode register 3 (PM3)
This register sets port 3 input/output in 1-bit units.
When using the P30/TOO0 pin for timer output, set PM30 and output latch of P30 to O.
PM3 is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input sets PM3 value to FFH.

Figure 6-7. Port Mode Register 3 Format

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

PM3 | PM37 ‘ PM36 ‘ PM35 ‘ PM34 ‘ PM33 ‘ PM32 ‘ PM31 ‘ PM30| FF23H FFH R/IW

PM3n | P3n Pin Input/Output Mode Selection (n = 0 to 7)

0 | Output mode (output buffer ON)

1 Input mode (output buffer OFF)
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(6) External interrupt mode register 0 (INTMO)
This register is used to set INTPO to INTP2 valid edges.
INTMO is set with an 8-bit memory manipulation instruction.
RESET input sets INTMO value to OOH.

Figure 6-8. External Interrupt Mode Register 0 Format

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

INTMO|E531‘E530‘ESZl‘ESZO‘ESll‘ESlO‘ 0 ‘ 0 | FFECH 00H RIW
\ | \ | \ |

ES11 | ES10 | INTPO Valid Edge Selection

0 0 Falling edge

0 1 Rising edge

1 0 Setting prohibited

1 1 Both falling and rising edges

ES21 | ES20 | INTP1 Valid Edge Selection

0 0 Falling edge

0 1 Rising edge

1 0 Setting prohibited

1 1 Both falling and rising edges

ES31 | ES30 | INTP2 Valid Edge Selection

0 0 Falling edge

0 1 Rising edge

1 0 Setting prohibited

1 1 Both falling and rising edges

Caution Before setting the valid edge of the INTPO/TIOO0 pin, clear the bits 1 through 3 (TMCOL1 through
TMCO03) of the 16-bit timer mode control register to 0, 0, 0, to stop the timer operation.
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(7) Sampling clock select registers (SCS)

This register sets clocks which undergo clock sampling of valid edges to be input to INTPO. When remote

controlled reception is carried out using INTPO, digital noise is removed with sampling clock.

SCS is set with an 8-bit memory manipulation instruction.
RESET input sets SCS value to 00H.

Figure 6-9. Sampling Clock Select Register Format

Symbol 7 6 5 4 3 2 1 0 Address  After Reset R/W
scs| o] o] o] o] o] o [scsiscso| FrarH OOH RIW
INTPO Sampling Clock Selection
SCS1|SCS0
MCS=1 MCS=0

0 0 | fx2"
0 1 | /2" | /27 (39.1 kHz) | x/2° (19.5 kHz)
1 0 | fx2®| f/2°(156.3 kHz) | fx/2°(78.1 kHzZ)
1 1| fxx/2°| x/2°(78.1 kHz) | /27 (39.1 kHz)

Caution f xx/2N is the clock supplied to the CPU, and f

peripheral hardware. f xx/2Nis stopped in HALT mode.

xx/2°, fxx/28, and fxx/27 are clocks supplied to

Remarks 1. N : Value set in bit 0 to 2 (PCCO to PCC2) of the processor clock control register
(PCC)(N=0to 4)
fxx : Main system clock frequency (fx or fx/2)
fx . Main system clock oscillation frequency

Al A

MCS : Bit O of oscillation mode selection register (OSMS)
Figures in parentheses apply to operation with fx = 5.0 MHz.
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6.5 16-Bit Timer/Event Counter Operations

6.5.1 Interval timer operations

Setting the 16-bit timer mode control register (TMCO) and capture/compare control register 0 (CRCQ) as shown
in Figure 6-10 allows operation as an interval timer. Interrupt requests are generated repeatedly using the count value
set in 16-bit capture/compare register 00 (CR00) beforehand as the interval.

When the count value of the 16-bit timer register (TM0) matches the value set to CR0O0, counting continues with
the TMO value cleared to 0 and the interrupt request signal (INTTMOO) is generated.

Count clock of the 16-bit timer/event counter can be selected with bit 4 to 6 (TCLO4 to TCLO06) of the timer clock
select register 0 (TCLO).

For the operation when the value of the compare register is changed during timer count operation, refer to 6.6 16-
Bit Timer/Event Counter Operating Precautions

Figure 6-10. Control Register Settings for Interval Timer Operation
(a) 16-bit timer mode control register (TMCO)

TMC03 TMC02 TMCO1 OVFO
TMCOlO‘O‘O‘O‘l‘l‘O/l‘Ol

| Clear & start on match TMO and CR00O

(b) Capture/compare control register 0 (CRCO)

CRC02 CRCO1 CRCO0
CRCOlO‘O‘0‘0‘0‘0/1‘0/1‘0'

CROO set as compare register

Remark 0/1 : Setting 0 or 1 allows another function to be used simultaneously with the interval timer. Refer
to the description of the respective control registers for details.
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Figure 6-11. Interval Timer Configuration Diagram

16-Bit Capture/Compare Register 00 (CR00)

INTTM3 ——»
2fxx —

fxx ——»=

fxx/2 ——
fxx/22 ——»

TI00/POO/INTPO ©—»

= INTTMOO

S

(8]

o

) - 16-Bit Timer Register (TMO0) = OVFO

I
Clear Circuit
Figure 6-12. Interval Timer Operation Timings

t

-

TMO Count Value

AN X

0000 X 0001 X \/2

YAN
Count Start

X N Xoooo)X o001 X

e

Clear

X N Xo000X 0001 X \/P

CROO

INTTMOO

[ ] \,

TOO

A
. Interrupt Request
' Acknowledge

A
. Interrupt Request
1 Acknowledge

Remark

Interval Time

Interval Time

Interval time = (N + 1) x t : N = 0001H to FFFFH.

Interval Time
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Table 6-6. 16-Bit Timer/Event Counter Interval Times

Minimum Interval Time Maximum Interval Time Resolution
TCLO6 | TCLO5 | TCLO4
MCS =1 MCS =0 MCS =1 MCS =0 MCS =1 MCS =0
0 0 0 2 x TI00 input cycle 216 x TI00 input cycle TI0O input edge cycle
0 0 1 Setting 2 x 1/fx Setting 216 x 1/fx Setting 1/fx
prohibited (400 ns) prohibited (13.1 ms) prohibited (200 ns)
0 1 0 2 x 1/fx 22 x 1/fx 216 x 1/ix 217 x 1/ix 1/fx 2 x 1/fx
(400 ns) (800 ns) (13.1 ms) (26.2 ms) (200 ns) (400 ns)
0 1 1 22 x 1/fx 23 x 1/fx 217 x 1/fx 218 x 1/fx 2 x 1/fx 22 x 1/fx
(800 ns) (1.6 us) (26.2 ms) (52.4 ms) (400 ns) (800 ns)
1 0 0 23 x 1/fx 24 x 1/fx 218 x 1/ix 219 x 1/ix 22 x 1/ix 28 x 1/fx
(1.6 us) (3.2 us) (52.4 ms) (104.9 ms) (800 ns) (1.6 us)
1 1 1 2 x watch timer output cycle | 216 x watch timer output cycle | Watch timer output edge cycle

Other than above

Setting prohibited

Remarks 1. fx

: Main system clock oscillation frequency

2. MCS : Bit 0 of oscillation mode selection register (OSMS)
3. Figures in parentheses apply to operation with fx = 5.0 MHz

6.5.2 PWM output operations

Setting the 16-bit timer mode control register (TMCO), capture/compare control register 0 (CRCO0), and the 16-bit
timer output control register (TOCO) as shown in Figure 6-13 allows operation as PWM output. Pulses with the duty
rate determined by the value set in 16-bit capture/compare register 00 (CR00) beforehand are output from the TOO/

P30 pin.

Set the active level width of the PWM pulse to the high-order 14 bits of CR00. Select the active level with bit 1

(TOCO1) of TOCO.

This PWM pulse has a 14-bit resolution. The pulse can be converted to an analog voltage by integrating it with
an external low-pass filter (LPF). The PWM pulse is formed by a combination of the basic cycle determined by 28/
@ and the sub-cycle determined by 214/® so that the time constant of the external LPF can be shortened. Count clock

@ can be selected with hit 4 to 6 (TCLO4 to TCLO6) of the timer clock select register 0 (TCLO).
PWM output enable/disable can be selected with bit 0 (TOEO) of TOCO.

Cautions 1. PWM operation mode should be selected before setting CROO.
2. Be sure to write 0 to bits 0 and 1 of CROO.

3. Do not select PWM operation mode for external clock input from the TIO0/PQO pin.
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Figure 6-13. Control Register Settings for PWM Output Operation

(a) 16-bit timer mode control register (TMCO)

TMCO3 TMC02 TMCO1 OVFO
TMCO|0‘O‘O‘O‘O‘O‘1‘O|
[

PWM mode

(b) Capture/compare control register 0 (CRCO)

CRC02 CRCO1CRCO0
CRCOlO‘O‘0‘0‘0‘0/1‘0/1‘0'

CROO set as compare register

(c) 16-bit timer output control register (TOCO)

OSPT OSPE TOCO4 LVSO LVRO TOCO1 TOEO
rocof 0 | x [ x [ x| x[x]on] |

L —To0 output enabled
Specifies active level

Remarks 1. O0/1 : Setting O or 1 allows another function to be used simultaneously with PWM output.

Refer to the description of the respective control registers for details.
2. x :Don’t care
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By integrating 14-bit resolution PWM pulses with an external low-pass filter, they can be converted to an analog
voltage and used for electronic tuning and D/A converter applications, etc.
The analog output voltage (Van) used for D/A conversion with the configuration shown in Figure 6-14 is as follows.

capture/compare register 00 (CR00) value

VaN = VRer X
216

VRrer: External switching circuit reference voltage

Figure 6-14. Example of D/A Converter Configuration with PWM Output

uPD78064B

VREF

PWM

signal Analog output (Van)

TOO/P30

Switching Circuit > Low-Pass Filter

Y

Figure 6-15 shows an example in which PWM output is converted to an analog voltage and used in a voltage
synthesizer type TV tuner.

Figure 6-15. TV Tuner Application Circuit Example

+110 V
LPD78064B
22kQ
47kQ  4ATKQ  47TkQ
100 pF
F 2SC 0.22uF |0.22uF |0.22uF | Electronic
TOO0/P30 —|< 2352 = = = Tuner
8.2kQ LPC574]
8.2kQ 3
Vss ¢ GND
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6.5.3 PPG output operations

Setting the 16-bit timer mode control register (TMCO) and capture/compare control register 0 (CRCO) as shown
in Figure 6-16 allows operation as PPG (Programmable Pulse Generator) output.

In the PPG output operation, square waves are output from the TOO/P30 pin with the pulse width and the cycle
that correspond to the count values set beforehand in 16-bit capture/compare register 01 (CR01) and in 16-bit capture/
compare register 00 (CR0O0), respectively.

Figure 6-16. Control Register Settings for PPG Output Operation
(a) 16-bit timer mode control register (TMCO)
TMC03 TMC02 TMCO01 OVFO

TMCOlO‘O‘O‘O‘l‘l‘O‘Ol
|

Clear & start on match of TMO and CRO0

(b) Capture/compare control register 0 (CRCO)

CRC02 CRCO1 CRC00
CRCOlO‘O‘O‘O‘O‘O‘X‘Ol

L CROO set as compare register

CROL1 set as compare register

(c) 16-bit timer output control register (TOCO)

OSPT OSPE TOC04 LVSO LVRO TOCO01 TOEO
Tocol o [ o [ o | 1 Jorfon| 1|1
[ TOO Output Enabled
Inversion of output on match of TMO and CRO0O

Specified TOO output F/F initial value

Inversion of output on match of TMO and CRO1
One-shot pulse output disabled

Caution Values in the following range should be set in CR00 and CRO1:
0000H < CRO1 < CRO0O < FFFFH

Remark x: Don't care
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6.5.4 Pulse width measurement operations

It is possible to measure the pulse width of the signals input to the TI00/P00 pin and TI01/P01 pin using the
16-bit timer register (TMO).

There are two measurement methods: measuring with TMO used in free-running mode, and measuring by
restarting the timer in synchronization with the edge of the signal input to the TIOO/PQO0 pin.

(1) Pulse width measurement with free-running counter and one capture register
When the 16-bit timer register (TMO) is operated in free-running mode (refer to register settings in Figure 6-
17), and the edge specified by external interrupt mode register 0 (INTMO) is input to the TIO0/P0OO0 pin, the
value of TMO is taken into 16-bit capture/compare register 01 (CR01) and an external interrupt request signal
(INTPO) is set.
Any of three edge specifications can be selected—rising, falling, or both edges—by means of bits 2 and 3
(ES10 and ES11) of INTMO.
For valid edge detection, sampling is performed at the interval selected by means of the sampling clock
selection register (SCS), and a capture operation is only performed when a valid level is detected twice, thus
eliminating noise with a short pulse width.

Figure 6-17. Control Register Settings for Pulse Width Measurement with
Free-Running Counter and One Capture Register

(a) 16-bit timer mode control register (TMCO)

TMC03 TMCO2 TMCO1 OVFO
TMCOlO‘O‘O‘O‘O‘l‘O/l‘Ol

—t—

(b) Capture/compare control register 0 (CRCO)

Free-running mode

CRC02 CRCO1 CRC00
CRCOlO‘O‘O‘O‘O‘l‘O/l‘Ol

CROO set as compare register

CRO1 set as capture register

Remark 0/1: Setting 0 or 1 allows another function to be used simultaneously with pulse width measure-
ment. Refer to the description of the respective control registers for details.
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Figure 6-18. Configuration Diagram for Pulse Width Measurement by Free-Running Counter

INTTM3 ——»

2fxx —
fxx ——»=

fxx/2 —»

fxx/2% ——»=

Selector

Y

16-Bit Timer Register (TMO)

TI00/POO/INTPO0 ©

16-Bit Capture/Compare
Register 01 (CRO1)

Y

OVFO0

N
L

")

Internal Bus

Figure 6-19. Timing of Pulse Width Measurement Operation by Free-Running Counter
and One Capture Register (with Both Edges Specified)

t
et~

= INTPO

D

TMO Count Value ~ Y0000 0001X \/?

TIOO Pin Input

\/i/\ X b1 X \/? XFFFFX 0000 X \/i/\ X b2 X \/i/\ X b3 X

N[ I—

CRO1 Captured Value

oz ¥os

INTPO

W —

OVFO

X X o]

)L

(D3 -D2) xt
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(2) Measurement of two pulse widths with free-running counter

When the 16-bit timer register (TMO) is operated in free-running mode (refer to register settings in Figure 6-
20), it is possible to simultaneously measure the pulse widths of the two signals input to the TIO0/P0O0 pin and
the TI01/PO1 pin.

When the edge specified by bits 2 and 3 (ES10 and ES11) of external interrupt mode register O (INTMO) is
input to the TIOO/POO0 pin, the value of TMO is taken into 16-bit capture/compare register 01 (CR01) and an
external interrupt request signal (INTPO) is set.

Also, when the edge specified by bits 4 and 5 (ES20 and ES21) of INTMO is input to the TI01/P01 pin, the
value of TMO is taken into 16-bit capture/compare register 00 (CR00) and an external interrupt request signal
(INTP1) is set.

Any of three edge specifications can be selected—rising, falling, or both edges—as the valid edges for the
TI00/P00 pin and the TI01/P01 pin by means of bits 2 and 3 (ES10 and ES11) and bits 4 and 5 (ES20 and
ES21) of INTMO, respectively.

For TI00/P0O0 pin valid edge detection, sampling is performed at the interval selected by means of the sampling
clock selection register (SCS), and a capture operation is only performed when a valid level is detected twice,
thus eliminating noise with a short pulse width.

Figure 6-20. Control Register Settings for Two Pulse Width Measurements with Free-Running Counter

120

(a) 16-bit timer mode control register (TMCO)

TMC03 TMCO2 TMCO1 OVFO
TMCO|0‘O‘O‘O‘O‘1‘O/1‘O|

—t—

Free-running mode

(b) Capture/compare control register 0 (CRCO)

CRC02 CRCO1 CRCO0
CRCOlO‘O‘O‘O‘O‘l‘O‘ll

L CROO set as capture register

Captured in CR0O on valid edge of TI01/P01 pin

CRO1 set as capture register

Remark 0/1: Setting 0 or 1 allows another function to be used simultaneously with pulse width measure-
ment. Refer to the description of the respective control registers for details.
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Figure 6-21. Timing of Pulse Width Measurement Operation with
Free-Running Counter (with Both Edges Specified)

Count Clock ﬂmmmmmm
TMO Count Value 00000001 \/? X 0o X \/? X b1 X \/? XerrrY 0000) \/i/\ X 02 :X \/? X 03 X

TI0O Pin Input : 1 i : ; :
,)l‘ ‘ ., : 1 | ‘ : | ‘

B— b
INTPO ,_l_l ‘\_‘l_l . ‘\J_l ‘\(J_l

e

i i
CRO1 Captured Value // X DO // X D1
T —

. i 1 72
TI01 Pin Input ) ‘\J | ,
1)\ 3 1\ : 1)\ 3 1\ 3 i 1\ 3
T X e X
g T \C ! e o\ :
INTPl )\ i \J_l )L i ) i |_L) i
: : : ) : ) :
OVFO ) ) ;
i(Dl—DO)xti (10000H — D1 + D2) x t 3(D3—Ij32)><t§

(10000H — D1 + (D2 + 1)) x t
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(3) Pulse width measurement with free-running counter and two capture registers

122

When the 16-bit timer register (TMO) is operated in free-running mode (refer to register settings in Figure 6-
22), it is possible to measure the pulse width of the signal input to the TI00/P0O0 pin.

When the edge specified by bits 2 and 3 (ES10 and ES11) of external interrupt mode register 0 (INTMO) is
input to the TIOO/POO0 pin, the value of TMO is taken into 16-bit capture/compare register 01 (CR01) and an
external interrupt request signal (INTPO) is set.

Also, on the inverse edge input of that of the capture operation into CR01, the value of TMO is taken into 16-
bit capture/compare register 00 (CRO00).

Either of two edge specifications can be selected—rising or falling—as the valid edges for the TIO0/P0O0 pin
by means of bits 2 and 3 (ES10 and ES11) of INTMO.

For TI00/P0O0 pin valid edge detection, sampling is performed at the interval selected by means of the sampling
clock selection register (SCS), and a capture operation is only performed when a valid level is detected twice,
thus eliminating noise with a short pulse width.

Caution If the valid edge of TIO0/P0O0 is specified to be both rising and falling edge, capture/compare
register 00 (CR00) cannot perform the capture operation.

Figure 6-22. Control Register Settings for Pulse Width Measurement with
Free-Running Counter and Two Capture Registers

(a) 16-bit timer mode control register (TMCO)

TMC03 TMC02 TMCO1 OVFO
TMCO|O‘O‘O‘O‘O‘1‘O/1‘O|

Free-running mode

(b) Capture/compare control register 0 (CRCO)

CRC02 CRCO1 CRCO0
CRCOlO‘O‘O‘O‘O‘l‘l‘ll

L CROO set as capture register

Captured in CR0O on invalid edge of
TI00/P0O0 pin

CROL1 set as capture register

Remark 0/1: Setting 0 or 1 allows another function to be used simultaneously with pulse width measure-
ment. Refer to the description of the respective control registers for details.
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Figure 6-23. Timing of Pulse Width Measurement Operation by Free-Running
Counter and Two Capture Registers (with Rising Edge Specified)

t

TMO Count Value X 0000X 0001 X \/2 X po X /P X b1 X \/2 XeFFFX 0000 X /P X p2 X \/? X D3 X

TI00 Pin Input | ! 1 | | ! | :

i i 0 i 1 \\i W
CRO1 Captured Value // X DO // : // ; // X D2 // :
! = 1t ; ™ ™

- \\3 i ‘ W i\ i
CROO Captured Value // // x D1 // // // X D3
\ ! \ ! \ i \{ ! \{ !
I NTPO ‘)J_l ‘\‘\ i ) ) 3 ‘\"J_l ‘\‘\ i
(\\ (\(\
OVFO )) ‘\‘\ ))
(D1-D0) x t ! (10000H-D1 + D2) x t | (D3-D2) x t
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(4) Pulse width measurement by means of restart
When input of a valid edge to the TI00/P0O pin is detected, the count value of the 16-bit timer register (TMO)

is taken into 16-bit capture/compare register 01 (CRO01), and then the pulse width of the signal input to the

TI00/P00 pin is measured by clearing TMO and restarting the count (refer to register settings in Figure 6-24).

The edge specification can be selected from two types, rising and falling edges by the external interrupt mode
register O (INTMO) bits 2 and 3 (ES10 and ES11).
Inavalid edge detection, the sampling is performed by a cycle selected by the sampling clock selection register

(SCS), and a capture operation is only performed when a valid level is detected twice, thus eliminating noise

with a short pulse width.

Caution If the valid edge of TI00/P0O is specified to be both rising and falling edge, the 16-bit capture/

compare register 00 (CR00) cannot perform the capture operation.

Figure 6-24. Control Register Settings for Pulse Width Measurement by Means of Restart

(a) 16-bit timer mode control register (TMCO)

TMCO03 TMC02 TMC01 OVFO

TMCOlO‘O‘O‘O‘l‘O‘O/l‘Ol

\—‘—1— Clear & start with valid edge of TI00/P0O pin

(b) Capture/compare control register 0 (CRCO)

CRC02 CRC01 CRC00

CRCOlO‘O‘O‘O‘O‘l‘l‘ll

Remark

L CROO set as capture register

Captured in CROO on invalid
edge of TIO0/P0O0 pin

L CRO1 set as capture register

0/1: Setting 0 or 1 allows another function to be used simultaneously with pulse width measure-

ment. Refer to the description of the respective control registers for details.

Figure 6-25. Timing of Pulse Width Measurement Operation by
Means of Restart (with Rising Edge Specified)

CountCIock||||||||||||||||||||||||||||

TMO Count Value

TIOO Pin Input

CRO1 Captured Value

CROO Captured Value

INTPO
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6.5.5 External event counter operation

The external event counter counts the number of external clock pulses to be input to the TIO0/P00 pin with the
16-bit timer register (TMO).

TMO is incremented each time the valid edge specified with the external interrupt mode register 0 (INTMO) is input.

When the TMO counted value matches the 16-bit capture/compare register 00 (CR00) value, TMO is cleared to
0 and the interrupt request signal (INTTMOO) is generated.

Set a value other than 0000H to the 16-bit capture/compare register 00 (CR00). (1-pulse counting cannot be
operated.)

The rising edge, the falling edge or both edges can be selected with bits 2 and 3 (ES10 and ES11) of INTMO.

Because operation is carried out only after the valid edge is detected twice by sampling at the interval selected
with the sampling clock select register (SCS), noise with short pulse widths can be removed.

Figure 6-26. Control Register Settings in External Event Counter Mode
(a) 16-bit timer mode control register (TMCO)

TMC03 TMCO2 TMCO1 OVFO
TMCOlO‘O‘O‘O‘l‘l‘O/l‘Ol

\—‘—1— Clear & start with match of TMO and CR00

(b) Capture/compare control register 0 (CRCO)

CRC02 CRCO1 CRCO0
CRCOlO‘O‘0‘0‘0‘0/1‘0/1‘0'

CRO0O set as compare register

Remark 0/1: Setting 0 or 1 allows another function to be used simultaneously with the external event
counter. Refer to the description of the respective control registers for details.
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Figure 6-27. External Event Counter Configuration Diagram

16-Bit Capture/Compare
Register 00 (CR00)

Clear INTTMOO
A
TIOO Valid Edge 16-Bit Timer Register (TMO) > OVFO0
= INTPO
16-Bit Capture/Compare
Register 01 (CR01)
g Internal Bus g

Figure 6-28. External Event Counter Operation Timings (with Rising Edge Specified)

TIOOPmInputIlI'||||||||||||||I|||||I|I|

TMO Count Value ~ X0000 X 0001 X0002) 0003 X 0004 X0005 X / X N-1 X N ‘X0000X0001X0002X0003X

CROO N /

INTTMOO . [ ]

o

Caution When reading the external event counter count value, TMO should be read.
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6.5.6 Square-wave output operation

It operates as a square wave output with any selected frequency at intervals of the count value preset to the 16-
bit capture/compare register 00 (CRO00).

The TOO0/P30 pin output status is reversed at intervals of the count value preset to CR00 by setting bit 0 (TOEOQ)
and bit 1 (TOCO01) of the 16-bit timer output control register to 1. This enables a square wave with any selected
frequency to be output.

Figure 6-29. Control Register Settings in Square-Wave Output Mode

(a) 16-bit timer mode control register (TMCO)

TMCO3 TMC02 TMCO1 OVFO
TMCOlO‘O‘O‘O‘l‘l‘O/l‘Ol

\—‘—1— Clear & start on match of TMO and CR0O0

(b) Capture/compare control register 0 (CRCO)

CRC02 CRCO1CRCO0
CRCOlO‘O‘0‘0‘0‘0/1‘0/1‘0'

CROO set as compare register
(c) 16-bit timer output control register (TOCO)

OSPT OSPE TOCO4 LVSO LVRO TOCO1 TOEO
TOCOlO‘O‘O‘O‘O/l‘O/l‘ 1‘1|

TOO output enabled

Inversion of output on match of TMO and CRO0
Specified TOO output F/F initial value

No inversion of output on match of TMO and CRO1
One-shot pulse output disabled

Remark 0/1: Setting 0 or 1 allows another function to be used simultaneously with square-wave output.
Refer to the description of the respective control registers for details.

127



CHAPTER 6 16-BIT TIMER/EVENT COUNTER

TMO Count Value

CROO

INTTMOO

TOO Pin Output _|

Figure 6-30. Square-Wave Output Operation Timing

TIOOPlnInput||||Illllllllllllllllllllll

onooo Xooo1 Xooo2X /X N1 X N onooo X ooo1 X 0002 / X N-1 X N Xo0000

N

¢

¢

-

—

Table 6-7. 16-Bit Timer/Event Count Square-Wave Output Ranges

Minimum Pulse Width Maximum Pulse Width
MCS =1 MCS =0 MCS =1 MCS =0 MCS =1 MCS =0

2 x TI00 input cycle 216 x TI00 input cycle TI0O input edge cycle

— 2 x 1/fx — 216 x 1/fx - 1/fx
(400 ns) (13.1 ms) (200 ns)

2 x 1/fx 22 x 1/fx 216 x 1/fx 217 x 1/fx 1/fx 2 x 1/fx
(400 ns) (800 ns) (13.1 ms) (26.2 ms) (200 ns) (400 ns)
22 x 1/fx 23 x 1/fx 217 x 1/fx 218 x 1/fx 2 x 1/fx 22 x 1/fx
(800 ns) (1.6 ps) (26.2 ms) (52.4 ms) (400 ns) (800 ns)
23 x 1/fx 24 x 1/fx 218 x 1/fx 219 x 1/fx 22 x 1/fx 23 x 1/fx
(1.6 ps) (3.2 pus) (52.4 ms) (104.9 ms) (800 ns) (1.6 ps)
2 x watch timer output cycle 216 x watch timer output cycle Watch timer output edge cycle

Remarks 1. fx : Main system clock oscillation frequency
2. MCS : Oscillation mode selection register (OSMS) bit 0
3. Values in parentheses when operated at fx = 5.0 MHz
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6.5.7 One-shot pulse output operation
It is possible to output one-shot pulses synchronized with a software trigger or an external trigger (TI0O0/P00 pin

input).

)

One-shot pulse output using software trigger

If the 16-bit timer mode control register (TMCO), capture/compare control register 0 (CRCO), and the 16-bit
timer output control register (TOCO) are set as shown in Figure 6-31, and 1 is set in bit 6 (OSPT) of TOCO
by software, a one-shot pulse is output from the TOO0/P30 pin.

By setting 1in OSPT, the 16-bit timer/event counter is cleared and started, and output is activated by the count
value set beforehand in 16-bit capture/compare register 01 (CR01). Thereafter, output is inactivated by the
count value set beforehand in 16-bit capture/compare register 00 (CR00).

TMO continues to operate after one-shot pulse is output. To stop TMO, 00H must be set to TMCO.

Caution When outputting one-shot pulse, do not set 1 in OSPT. When outputting one-shot pulse
again, execute after the INTTMOO, or interrupt match signal with CROO, is generated.

Figure 6-31. Control Register Settings for One-Shot Pulse Output Operation Using Software Trigger

(a) 16-bit timer mode control register (TMCO)

TMCO3 TMC02 TMCO1 OVFO
TMCOlO‘O‘O‘O‘l‘l‘O‘Ol

\—‘—1— Clear & start with match of TMO and CRO0

(b) Capture/compare control register 0 (CRCO)

CRC02 CRCO1 CRCO0
CRCOlO‘O‘O‘O‘O‘O‘O/l‘Ol

L CROO set as compare register

—— CROL1 set as compare register

(c) 16-bit timer output control register (TOCO)

OSPT OSPE TOCO4 LVSO LVRO TOCO1 TOEO
TOCOlO‘O‘l‘l‘O/l‘O/l‘ 1‘1|

L TOO output enabled

Inversion of output on match of TMO and CRO0O
Specified TOO output F/F initial value

Inversion of output on match of TMO and CR0O1

One-shot pulse output mode

Set 1 in case of output

Caution Values in the following range should be set in CR00 and CRO1.
0000H < CRO01 < CROO < FFFFH

Remark 0/1: Setting 0 or 1 allows another function to be used simultaneously with one-shot pulse output.
Refer to the description of the respective control registers for details.
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Figure 6-32. Timing of One-Shot Pulse Output Operation Using Software Trigger

Set OCH to TMCO
(TMO count start)

S i iniainininininininininint
TMO Count Value 0000 X0001X /X N X N+1X?(0000X J XN-L XN X/ X w1 X M XooooX 0001 X0002

CROL Set Value N / N Y N ¢ N

CROO Set Value M / M Y M / M

OSPT ) [ ] | ),

o

INTTMO1 N l_l N | | .
' (
INTTMOD ), \ -, [

TOO Pin Output

Caution The 16-bit timer register starts operation at the moment a value other than 0, 0, O (operation
stop mode) is set to TMCO1 to TMCO3, respectively.
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(2) One-shot pulse output using external trigger
If the 16-bit timer mode control register (TMCO), capture/compare control register 0 (CRCO), and the 16-bit
timer output control register (TOCO) are set as shown in Figure 6-33, a one-shot pulse is output from the TOO0/
P30 pin with a TIO0/P0O0 valid edge as an external trigger.
Any of three edge specifications can be selected—rising, falling, or both edges — as the valid edges for the
TI00/P00 pin by means of bits 2 and 3 (ES10 and ES11) of external interrupt mode register 0 (INTMO).
When avalid edge is input to the TI00/P0O pin, the 16-bit timer/event counter is cleared and started, and output
is activated by the count values set beforehand in 16-bit capture/compare register 01 (CR01). Thereatfter,
output is inactivated by the count value set beforehand in 16-bit capture/compare register 00 (CR00).

Caution When outputting one-shot pulses, external trigger is ignored if generated again.
Figure 6-33. Control Register Settings for One-Shot Pulse Output Operation Using External Trigger

(a) 16-bit timer mode control register (TMCO)

TMCO3 TMC02 TMCO1 OVFO
TMCOlO‘O‘O‘O‘l‘O‘O‘Ol

\—‘—1— Clear & start with valid edge of TI00/P0O0 pin

(b) Capture/compare control register 0 (CRCO)

CRC02 CRCO1 CRCO0
CRCOlO‘O‘O‘O‘O‘O‘O/l‘Ol

\—CROO set as compare register

CROL1 set as compare register

(c) 16-bit timer output control register (TOCO)

OSPT OSPE TOC04 LVSO LVRO TOCO01 TOEO
Tocol o [ o [ 1 | 1 Jonfon| 1| 1]
L — 100 output enabled

Inversion of output on match of TMO and CRO0

Specified TOO output F/F initial value
Inversion of output on match of TMO and CRO1
One-shot pulse output mode

Caution Values in the following range should be set in CR00 and CRO1.
0000H < CRO1 < CROO < FFFFH

Remark 0/1: Setting O or 1 allows another function to be used simultaneously with one-shot pulse output.
Refer to the description of the respective control registers for details.
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Figure 6-34. Timing of One-Shot Pulse Output Operation Using
External Trigger (With Rising Edge Specified)

Set 08H to TMCO
(TMO count start)

Count Clock ||||||||||||||||||||||||
TMO Count Value 0000 Xoo01X // )(XooooX /X N XN+L X N+2 X //XM-2XM-1X M :XM+1X M+2 XM+3

CRO1 Set Value N N[ __N [

TIOO Pin Input I | :
(\ (\ ‘ (\(\
INTTMOl ) ) D) |_| )
INTTMOO ) )) 3 )) I_l

CROO Set Value M VY M i M

TOO Pin Output . |

Caution The 16-bit timer register starts operation at the moment a value other than 0, 0, 0 (operation
stop mode) is set to TMCO1 to TMCO3, respectively.

132



CHAPTER 6 16-BIT TIMER/EVENT COUNTER

6.6 16-Bit Timer/Event Counter Operating Precautions
(1) Timer start errors
An error with a maximum of one clock may occur concerning the time required for a match signal to be
generated after timer start. This is because the 16-bit timer register (TMO) is started asynchronously with the

count pulse.

Figure 6-35. 16-Bit Timer Register Start Timing

TMO Count Value 0000H X 0001H X 0002H X 0003H X 0004H

Timer Start

(2) 16-bit compare register setting
Set a value other than 0000H to the 16-bit capture/compare register 00 (CR0O0).
Thus, when using the 16-bit capture/compare register as event counter, one-pulse count operation cannot
be carried out.

(3) Operation after compare register change during timer count operation
If the value after the 16-bit capture/compare register (CR00) is changed is smaller than that of the 16-bit timer
register (TMO0), TMO continues counting, overflows and then restarts counting from 0. Thus, if the value (M)
after CR0O change is smaller than that (N) before change, it is necessary to restart the timer after changing

CROO.

Figure 6-36. Timings After Change of Compare Register During Timer Count Operation

Count Pulse mw
CROO N X // M

TMO Count Value :X X—1 X X X /D( FFFFH X 0000H X 0001H X 0002H

Remark N>X>M
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4

Capture register data retention timings

If the valid edge of the TIOO/POO0 pin is input during 16-bit capture/compare register 01 (CR01) read, CR0O1
holds data without carrying out capture operation. However, the interrupt request flag (PIFO0) is set upon
detection of the valid edge.

Figure 6-37. Capture Register Data Retention Timing

TMOCount:>< N X N+1 X N+2 X / M X M+1 X M+2
Value
Edge Input \ /

T(

Interrupt l_l
Request Flag ) l_l

o

Capture /—\—
Read Signal i

®)

(6)
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T(

CRO1 s
Captured X X // N+1

Value

Capture Operation
Ignored

Valid edge setting

Set the valid edge of the TIOO/POO/INTPO pin after setting bits 1 to 3 (TMCO01 to TMCO03) of the 16-bit timer
mode control register (TMCO) to 0, 0 and 0, respectively, and then stopping timer operation. Valid edge setting
is carried out with bits 2 and 3 (ES10 and ES11) of the external interrupt mode register O (INTMO).

Re-trigger of one-shot pulse
(a) One-shot pulse output using software
When outputting one-shot pulse, do not set 1 in OSPT. When outputting one-shot pulse again, execute

it after the INTTMOO, or interrupt request match signal with CRO0O, is generated.

(b) One-shot pulse output using external trigger
When outputting one-shot pulses, external trigger is ignored if generated again.
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(7) Operation of OVFO flag
OFVO flag is set to 1 in the following case.
The clear & start mode on match between TMO and CROO is selected.
1
CROO is set to FFFFH.
1
When TMO is counted up from FFFFH to 0000H.

Figure 6-38. Operation Timing of OVFO Flag

Count Pulse ] -
CR0O0 FFFFH /
T™MO FFFEH >< FFFFH /X 0000H >< 0001H X
OVFO \\
\
INTTMOO _l
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7.1 8-Bit Timer/Event Counters 1 and 2 Functions

For the 8-bit timer/event counters 1 and 2, two modes are available. One is a mode for two-channel 8-bit timer/
event counters to be used separately (the 8-bit timer/event counter mode) and the other is a mode for the 8-bit timer/
event counter to be used as 16-bit timer/event counter (the 16-bit timer/event counter mode).

7.1.1 8-bit timer/event counter mode
The 8-bit timer/event counters 1 and 2 (TM1 and TM2) have the following functions.

¢ Interval timer

» External event counter
e Square-wave output
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(1) 8-bit interval timer

Interrupt requests are generated at the preset time intervals.

Table 7-1. 8-Bit Timer/Event Counters 1 and 2 Interval Times

138

Minimum Interval Time Maximum Interval Time Resolution
MCS =1 MCS =0 MCS =1 MCS =0 MCS =1 MCS =0
2 x 1/fx 22 x 1/fx 29 x 1/fx 210 x 1/fx 2 x 1/fx 22 x 1/fx
(400 ns) (800 ns) (102.4 us) (204.8 us) (400 ns) (800 ns)
22 x 1/fx 23 x 1/fx 210 x 1/fx 211 x 1/fx 22 x 1/fx 23 x 1/fx
(800 ns) (1.6 us) (204.8 us) (409.6 us) (800 ns) (1.6 us)
23 x 1/fx 24 x 1/fx 211 x 1/fx 212 x 1/fx 23 x 1/fx 24 x 1/fx
(1.6 us) (3.2 us) (409.6 us) (819.2 us) (1.6 us) (3.2 us)
24 x 1/fx 25 x 1/fx 212 x 1/fx 213 x 1/fx 24 x 1/fx 25 x 1/fx
(3.2 us) (6.4 us) (819.2 us) (1.64 ms) (3.2 us) (6.4 us)
25 x 1/fx 26 x 1/fx 213 x 1/fx 214 x 1/fx 25 x 1/fx 26 x 1/fx
(6.4 us) (12.8 us) (1.64 ms) (3.28 ms) (6.4 us) (12.8 us)
26 x 1/fx 27 x 1/fx 214 x 1/fx 215 x 1/fx 26 x 1/fx 27 x 1/fx
(12.8 us) (25.6 us) (3.28 ms) (6.55 ms) (12.8 us) (25.6 us)
27 x 1/fx 28 x 1/fx 215 x 1/fx 216 x 1/fx 27 x 1/fx 28 x 1/fx
(25.6 us) (51.2 us) (6.55 ms) (13.1 ms) (25.6 us) (51.2 us)
28 x 1/fx 29 x 1/fx 216 x 1/fx 217 x 1/fx 28 x 1/fx 29 x 1/fx
(51.2 us) (102.4 us) (13.1 ms) (26.2 ms) (51.2 us) (102.4 us)
29 x 1/fx 210 x 1/fx 217 x 1/fx 218 x 1/fx 29 x 1/fx 210 x 1/fx
(102.4 us) (204.8 us) (26.2 ms) (52.4 ms) (102.4 us) (204.8 us)
211 x 1/fx 212 x 1/fx 219 x 1/fx 220 x 1/fx 211 x 1/fx 212 x 1/fx
(409.6 us) (819.2 us) (104.9 ms) (209.7 ms) (409.6 us) (819.2 us)
Remarks 1. fx . Main system clock oscillation frequency

2. MCS : Oscillation mode selection register (OSMS) bit 0
3. Values in parentheses when operated at fx = 5.0 MHz.
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(2) External event counter

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

(3) Square-wave output
A square wave with any selected frequency can be output.

Table 7-2. 8-Bit Timer/Event Counters 1 and 2 Square-Wave Output Ranges

Minimum Pulse Width Maximum Pulse Width Resolution
MCS =1 MCS =0 MCS =1 MCS =0 MCS =1 MCS =0
2 x 1/fx 22 x 1/fx 29 x 1/fx 210 x 1/fx 2 x 1/fx 22 x 1/fx
(400 ns) (800 ns) (102.4 us) (204.8 us) (400 ns) (800 ns)
22 x 1/fx 23 x 1/fx 210 x 1/fx 211 % 1/fx 22 x 1/fx 23 x 1/fx
(800 ns) (1.6 us) (204.8 us) (409.6 us) (800 ns) (1.6 us)
23 x 1/fx 24 x 1/fx 211 x 1/fx 212 x 1/fx 23 x 1/fx 24 x 1/fx
(1.6 us) (3.2 us) (409.6 us) (819.2 us) (1.6 us) (3.2 us)
24 x 1/fx 25 x 1/fx 212 x 1/fx 213 x 1/fx 24 x 1/fx 25 x 1/fx
(3.2 us) (6.4 us) (819.2 us) (1.64 ms) (3.2 us) (6.4 us)
25 x 1/fx 26 x 1/fx 213 x 1/fx 214 x 1/fx 25 x 1/fx 26 x 1/fx
(6.4 us) (12.8 us) (1.64 ms) (3.28 ms) (6.4 us) (12.8 us)
26 x 1/fx 27 x 1/fx 214 % 1/fx 215 x 1/fx 26 x 1/fx 27 x 1/fx
(12.8 us) (25.6 us) (3.28 ms) (6.55 ms) (12.8 us) (25.6 us)
27 x 1/fx 28 x 1/fx 215 x 1/fx 216 x 1/fx 27 x 1/fx 28 x 1/fx
(25.6 us) (51.2 us) (6.55 ms) (13.1 ms) (25.6 us) (51.2 us)
28 x 1/fx 29 x 1/fx 216 x 1/fx 217 x 1/fx 28 x 1/fx 29 x 1/fx
(51.2 us) (102.4 us) (13.1 ms) (26.2 ms) (51.2 us) (102.4 us)
29 x 1/fx 210 x 1/fx 217 x 1/fx 218 x 1/fx 29 x 1/fx 210 x 1/fx
(102.4 us) (204.8 us) (26.2 ms) (52.4 ms) (102.4 us) (204.8 us)
211 x 1/fx 212 x 1/fx 219 x 1/fx 220 x 1/fx 211 x 1/fx 212 x 1/fx
(409.6 us) (819.2 us) (104.9 ms) (209.7 ms) (409.6 us) (819.2 us)
Remarks 1. fx : Main system clock oscillation frequency

2. MCS : Oscillation mode selection register (OSMS) bit 0
3. Values in parentheses when operated at fx = 5.0 MHz.
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7.1.2 16-bit timer/event counter mode

(1) 16-bit interval timer

Interrupt requests can be generated at the preset time intervals.

Table 7-3. Interval Times when 8-Bit Timer/Event Counters 1 and 2

are Used as 16-Bit Timer/Event Counters
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Minimum Interval Time Maximum Interval Time Resolution
MCS =1 MCS =0 MCS =1 MCS =0 MCS =1 MCS =0
2 x 1/fx 22 x 1/fx 217 x 1/fx 218 x 1/fx 2 x 1/fx 22 x 1/fx
(400 ns) (800 ns) (26.2 ms) (52.4 ms) (400 ns) (800 ns)
22 x 1/fx 23 x 1/fx 218 x 1/fx 219 x 1/fx 22 x 1/fx 23 x 1/fx
(800 ns) (1.6 us) (52.4 ms) (104.9 ms) (800 ns) (1.6 us)
23 x 1/fx 24 x 1/fx 219 x 1/fx 220 x 1/fx 23 x 1/fx 24 x 1/fx
(1.6 us) (3.2 us) (104.9 ms) (209.7 ms) (1.6 us) (3.2 us)
24 x 1/fx 25 x 1/fx 220 x 1/fx 221 x 1/fx 24 x 1/fx 25 x 1/fx
(3.2 us) (6.4 us) (209.7 ms) (419.4 ms) (3.2 us) (6.4 us)
25 x 1/fx 26 x 1/fx 221 x 1/fx 222 x 1/fx 25 x 1/fx 26 x 1/fx
(6.4 us) (12.8 us) (419.4 ms) (838.9 ms) (6.4 us) (12.8 us)
26 x 1/fx 27 x 1/fx 222 x 1/fx 223 x 1/fx 26 x 1/fx 27 x 1/fx
(12.8 us) (25.6 us) (838.9 ms) (1.7 s) (12.8 us) (25.6 us)
27 x 1/fx 28 x 1/fx 223 x 1/fx 224 x 1/fx 27 x 1/fx 28 x 1/fx
(25.6 us) (51.2 us) (1.7 s) (3.4 8) (25.6 us) (51.2 us)
28 x 1/fx 29 x 1/fx 224 x 1/fx 225 x 1/fx 28 x 1/fx 29 x 1/fx
(51.2 us) (102.4 us) (3.4 8) (6.7 s) (51.2 us) (102.4 us)
29 x 1/fx 210 x 1/fx 225 x 1/fx 226 x 1/fx 29 x 1/fx 210 x 1/fx
(102.4 us) (204.8 us) (6.7 s) (13.4 s) (102.4 us) (204.8 us)
211 x 1/fx 212 x 1/fx 227 x 1/fx 228 x 1/fx 211 x 1/fx 212 x 1/fx
(409.6 us) (819.2 us) (26.8 s) (53.7 s) (409.6 us) (819.2 us)
Remarks 1. fx : Main system clock oscillation frequency

2. MCS : Oscillation mode selection register (OSMS) bit O
3. Values in parentheses when operated at fx = 5.0 MHz.
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(2) External event counter
The number of pulses of an externally input signal can be measured.

(3) Square-wave output
A square wave with any selected frequency can be output.

Table 7-4. Square-Wave Output Ranges when 8-Bit Timer/Event
Counters 1 and 2 are Used as 16-Bit Timer/Event Counters

Minimum Pulse Width Maximum Pulse Width Resolution
MCS =1 MCS =0 MCS =1 MCS =0 MCS =1 MCS =0
2 x 1/fx 22 x 1/fx 217 x 1/fx 218 x 1/fx 2 x 1/fx 22 x 1/fx
(400 ns) (800 ns) (26.2 ms) (52.4 ms) (400 ns) (800 ns)
22 x 1/fx 23 x 1/fx 218 x 1/fx 219 x 1/fx 22 x 1/fx 23 x 1/fx
(800 ns) (1.6 us) (52.4 ms) (104.9 ms) (800 ns) (1.6 us)
23 x 1/fx 24 x 1/fx 219 x 1/fx 220 x 1/fx 23 x 1/fx 24 x 1/fx
(1.6 us) (3.2 us) (104.9 ms) (209.7 ms) (1.6 us) (3.2 us)
24 x 1/fx 25 x 1/fx 220 x 1/fx 221 % 1/fx 24 x 1/fx 25 x 1/fx
(3.2 us) (6.4 us) (209.7 ms) (419.4 ms) (3.2 us) (6.4 us)
25 x 1/fx 26 x 1/fx 221 % 1/fx 222 % 1/fx 25 x 1/fx 26 x 1/fx
(6.4 us) (12.8 us) (419.4 ms) (838.9 ms) (6.4 us) (12.8 us)
26 x 1/fx 27 x 1/fx 222 x 1/fx 223 x 1/fx 26 x 1/fx 27 x 1/fx
(12.8 us) (25.6 us) (838.9 ms) (1.7 s) (12.8 us) (25.6 us)
27 x 1/fx 28 x 1/fx 223 x 1/fx 224 x 1/fx 27 x 1/fx 28 x 1/fx
(25.6 us) (51.2 us) (1.7 s) (3.4 s) (25.6 us) (51.2 us)
28 x 1/fx 29 x 1/fx 224 x 1/fx 225 x 1/fx 28 x 1/fx 29 x 1/fx
(51.2 us) (102.4 us) (3.4 9) (6.7 s) (51.2 us) (102.4 us)
29 x 1/fx 210 x 1/fx 225 x 1/fx 226 x 1/fx 29 x 1/fx 210 x 1/fx
(102.4 us) (204.8 us) (6.7 s) (13.4 s) (102.4 us) (204.8 us)
211 % 1/fx 212 % 1/fx 227 x 1/fx 228 x 1/fx 211 % 1/fx 212 % 1/fx
(409.6 us) (819.2 us) (26.8 s) (53.7 s) (409.6 us) (819.2 pus)
Remarks 1. fx : Main system clock oscillation frequency

2. MCS : Oscillation mode selection register (OSMS) bit O
3. Values in parentheses when operated at fx = 5.0 MHz.
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7.2 8-Bit Timer/Event Counters 1 and 2 Configurations
The 8-bit timer/event counters 1 and 2 consist of the following hardware.

Table 7-5. 8-Bit Timer/Event Counters 1 and 2 Configurations

Item Configuration
Timer register 8 hits x 2 (TM1, TM2)
Register Compare register: 8 bits x 2 (CR10, CR20)
Timer output 2 (TO1, TO2)

Timer clock select register 1 (TCL1)

8-bit timer mode control register 1 (TMC1)
8-bit timer output control register (TOC1)
Port mode register 3 (PM3)Note

Control register

Note Refer to Figure 4-7 Block Diagram of P30 to P37
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Figure 7-1. 8-Bit Timer/Event Counters 1 and 2 Block Diagram

Internal Bus

‘ ‘ = INTTM1
8-Bit Compare -
: 8-Bit Compare
Register 10 RegisterpZO
CR10
(CR10) (CR20) Note
T H s 8-Bit Timer/
Match k3] Event Counter ®)
% Output Control T02/P32
Match N Circuit 2
9 f.
fxd2-fod2 2 8-Bit Timer 4
o2t ] 2 Register 1 ™
0 (TM1) S 8-Bit Timer
TILP33O— _ 8 Register 2 = INTTM2
g 2 (TM2)
4 © -
3
(@)
Selector
fxx/2-xd2° 5
©
fxx2!t ——= 2
Ti2P340—
[
4 8-Bit Timer/ Note
Event Counter
] Output Control ©TovpP3L
Circuit 1
4
I 1 [ 1 T T
TCL|TCL|TCL|{TCL|TCL|TCL|TCL|TCL T™MC TOC TOC
TCE2|TCE] LVS2|LVR2 TOE2LVS1|LVR]| TOE
17 |16 (15|14 |13 |12 |11 |10 12 ¢ ¢ S 15 0 S 11 OE]
Timer Clock 8-Bit Timer Mode 8-Bit Timer Qutput
Select Register 1 Control Register Control Register
Internal Bus S

Note

respectively.

Refer to Figures 7-2 and 7-3 for details of 8-bit timer/event counter output control circuits 1 and 2,
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Figure 7-2. Block Diagram of 8-Bit Timer/Event Counter Output Control Circuit 1

INTTMl—‘i

: Level FIF !
! (LV1) !
LVR1— ~-|R i
1 Q 1
‘ ; > © TO1/P31
LVS1— - !
ToC11 | P31 PM31Note
INV ' Qutput Latch

TOE1

Note Bit 1 of the port mode register 3 (PM3)

Remark The section in the broken line is an output control circuit.

Figure 7-3. Block Diagram of 8-Bit Timer/Event Counter Output Control Circuit 2

3 Level FIF ;
| (LV2) |
! : » fsck
LVR2— ~R 3
| Q | ’ > ©TO2/P32
LVS2 i =S |
| . P32 PM32Note
TOC15 i
} INV ' Output Latch

TOE2

Note Bit 2 of the port mode register 3 (PM3)

Remarks 1. The section in the broken line is an output control circuit.
2. fsck : Serial clock frequency
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(1) Compare registers 10 and 20 (CR10, CR20)

)

These are 8-bit registers to compare the value set to CR10 to the 8-bit timer register 1 (TM1) count value,
and the value set to CR20 to the 8-bit timer register 2 (TM2) count value, and, if they match, generate an
interrupt request (INTTM1 and INTTM2, respectively).

CR10 and CR20 are set with an 8-bit memory manipulation instruction. They cannot be set with a 16-bit
memory manipulation instruction. When the compare register is used as 8-bit timer/event counter, the 00H
to FFH values can be set. When the compare register is used as 16-bit timer/event counter, the 0000H to
FFFFH values can be set.

RESET input makes CR10 and CR20 undefined.

Cautions 1. When using the compare register as 16-bit timer/event counter, be sure to set data after
stopping timer operation.
2. If the new values of CR10 and CR20 are less than the values of the 8-bit timer registers
(TM1 and TM2), TM1 and TM2 continue counting, overflow, and restart counting from O.
If the new values of CR10 and CR20 are less than the old values, the timers must be
restarted after changing CR10 and CR20.

8-bit timer registers 1, 2 (TM1, TM2)

These are 8-bit registers to count count pulses.

When TM1 and TM2 are used in the 8-bit timer x 2-channel mode, they are read with an 8-bit memory manip-
ulation instruction. When TM1 and TM2 are used as 16-bit timer x 1-channel mode, 16-bit timer (TMS) is read
with a 16-bit memory manipulation instruction.

RESET input sets TM1 and TM2 to O0H.

7.3 8-Bit Timer/Event Counters 1 and 2 Control Registers

The following four types of registers are used to control the 8-bit timer/event counter.

e Timer clock select register 1 (TCL1)

» 8-bit timer mode control register 1 (TMC1)
e 8-bit timer output control register (TOC1)
e Port mode register 3 (PM3)

)

Timer clock select register 1 (TCL1)

This register sets count clocks of 8-bit timer registers 1 and 2.
TCL1 is set with an 8-bit memory manipulation instruction.
RESET input sets TCL1 to 00H.
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Figure 7-4. Timer Clock Select Register 1 Format

Symbol 7 6 5 4 3 2 1 0 Address  After Reset R/W
TCL1 |TCL17‘TCLlG‘TCLlS‘TClel‘TCLlS‘TCLlZ‘TCLll‘TCLlOl FF41H 00H RIW
8-Bit Timer Register 1 Count Clock Selection
TCL13|TCL12|[TCL11[TCL10
‘ MCS=1 MCS=0

0 0 0 0 TI1 falling edge

0 0 0 1 TI1 rising edge

0 1 1 0 |2 fx/2 (2.5 MHz) fx/2°  (1.25 MHZ)
0 1 1 1| fxx/2? x/2°  (1.25 MHz) fx/2° (625 kHz)
1 0 0 0 |fw2® x/2® (625 kHz) fx/2' (313 kHz)
1 0 0 1| fxw/2* fx/2* (313 kHz) fx/2° (156 kHz)
1 0 1 0 |fx2® x/2° (156 kHz) fx/2®  (78.1 kHz)
1 0 1 1| fxw/2® x/2° (78.1 kHz) 2" (39.1 kHz)
1 1 0 0 |2 /2" (39.1 kHz) fxi2®  (19.5 kHz)
1 1 0 1| fxw2® x/2® (19.5 kHz) x/2° (9.8 kHz)
1 1 1 0o |2’ fx/2° (9.8 kHz) x/2'° (4.9 kHz)
1 1 1 1| fo2™ x/2'* (2.4 kHz) 2 (1.2 kHz)

Other than above Setting prohibited
8-Bit Timer Register 2 Count Clock Selection
TCL17|TCL16(TCL15TCL14
MCS=1 MCS=0

0 0 0 0 TI2 falling edge

0 0 0 1 TI2 rising edge

0 1 1 0 |2 fx/2 (2.5 MHz) fx/2°  (1.25 MHZ)
0 1 1 1| fxx/2? x/2° (1.25 MHz) fx/2° (625 kHz)
1 0 0 0 |fw2® x/2® (625 kHz) fx/i2* (313 kHz)
1 0 0 1|2t fx/2* (313 kHz) fx/2® (156 kHz)
1 0 1 0 | fxx2® x/2° (156 kHz) fx/2°  (78.1kHz)
1 0 1 1| fxw/2® x/2° (78.1 kHz) 2" (39.1 kHz)
1 1 0 0 |2 /2" (39.1 kHz) fxi2®  (19.5 kHz)
1 1 0 1| fxx/2® x/2® (19.5 kHz) x/2° (9.8 kHz)
1 1 1 0o |fx2® x/2° (9.8 kHz) x/2'° (4.9 kHz)
1 1 1 1| Po2™ x/2'* (2.4 kHz) 2 (1.2 kHz)
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Other than above

Setting prohibited

Remarks 1. fxx

2. fx
TI1
TI2

ook ow

MCS :
Figures in parentheses apply to operation with fx = 5.0 MHz

Caution When rewriting TCL1 to other data, stop the timer operation beforehand.

Main system clock frequency (fx or fx/2)

Main system clock oscillation frequency

8-bit timer register 1 input pin

8-bit timer register 2 input pin

Oscillation mode selection register (OSMS) bit 0
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(2) 8-bit timer mode control register (TMC1)
This register enables/stops operation of 8-bit timer registers 1 and 2 and sets the operating mode of 8-bit timer
register 2.
TMCL1 is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input sets TMC1 to O0H.

Figure 7-5. 8-Bit Timer Mode Control Register Format

Symbol 7 6 5 4 3 2 @O O Address  After Reset  R/W
TMC1| O 0 0 0 0 |TMC12| TCE2 | TCE1 FF49H 00H R/W

L TCE1l

0 |Operation stop (TM1 clear to 0)

8-Bit Timer Register 1 Operation Control

1 | Operation enable

TCE2 | 8-Bit Timer Register 2 Operation Control

0 | Operation stop (TM2 clear to 0)

1 | Operation enable

TMC12| Operating Mode Selection

0 | 8-Bittimer register x 2 channel mode (TM1, TM2)

1 16-Bit timer register x 1 channel mode (TMS)

Cautions 1. Switch the operating mode after stopping timer operation.
2. When used as 16-bit timer register, TCE1 should be used for operation enable/stop.
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(3) 8-hit timer output control register (TOC1)
This register controls operation of 8-bit timer/event counter output control circuits 1 and 2.
It sets/resets the R-S flip-flops (LV1 and LV2) and enables/disables inversion and 8-bit timer output of 8-bit
timer registers 1 and 2.
TOC1 is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input sets TOC1 to O0OH.

Figure 7-6. 8-Bit Timer Output Control Register Format

Symbol @  (® 5 @»@ ® © 1 © Address  After Reset  R/W
TOC1|LVS2 |LVR2 [TOC15 TOE2 | LVS1 |LVR1 |[TOC11 TOE1 FF4FH O00OH R/W
I I L

TOEL1 | 8-Bit Timer/Event Counter 1 Outptut Control

0 Output disable (port mode)

1 Output enable

TOC11| 8-Bit Timer/Event Counter 1 Timer Output F/F Control

0 Inverted operation disable

1 Inverted operation enable

LVS1 | LVR1| 8-Bit Timer/Event Counter 1 Timer Output F/F Status Set

0 0 | Unchanged

0 1 | Timer output F/F reset (0)

1 0 | Timer output F/F set (1)

1 1 | Setting prohibited

TOEZ2 | 8-Bit Timer/Event Counter 2 Output Control

0 |[Output disable (port mode)

1 | Output enable

TOC15| 8-Bit Timer/Event Counter 2 Timer Output F/F Control

0 |Inverted operation disable

1 |Inverted operation enable

LVS2 | LVR2| 8-Bit Timer/Event Counter 2 Timer Output F/F Status Set

0 0 | Unchanged

0 1 | Timer output F/F reset (0)

1 0 | Timer output F/F set (1)

1 1 | Setting prohibited

Cautions 1. Be sure to set TOC1 after stopping timer operation.
2. After data setting, 0 can be read from LVS1, LVS2, LVR1 and LVR2.
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(4) Port mode register 3 (PM3)
This register sets port 3 input/output in 1-bit units.
When using the P31/TO1 and P32/TO2 pins for timer output, set PM31, PM32, and output latches of P31 and
P32 to 0.
PM3 is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input sets PM3 to FFH.

Figure 7-7. Port Mode Register 3 Format

Symbol 7 6 5 4 3 2 1 0 Address  After Reset R/W
PM3 | PM37 | PM36 | PM35 | PM34 | PM33 | PM32 | PM31 | PM30 FF23H FFH R/W

PM3n | P3n Pin Input/Output Mode Selection (n=0 to 7)

0 | Output mode (output buffer ON)

1 Input mode (output buffer OFF)
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7.4 8-Bit Timer/Event Counters 1 and 2 Operations

7.4.1 8-bit timer/event counter mode

(1) Interval timer operations

The 8-bit timer/event counters 1 and 2 operate as interval timers which generate interrupt requests repeatedly
at intervals of the count value preset to 8-bit compare registers 10 and 20 (CR10 and CR20).

When the count values of the 8-bit timer registers 1 and 2 (TM1 and TM2) match the values set to CR10 and
CR20, counting continues with the TM1 and TM2 values cleared to 0 and the interrupt request signals (INTTM1
and INTTM2) are generated.

Count clock of the TM1 can be selected with bits 0 to 3 (TCL10 to TCL13) of the timer clock select register
1 (TCL1). Count clock of the TM2 can be selected with bits 4 to 7 (TCL14 to TCL17) of the timer clock select
register 1 (TCL1).

For the operation when a value of the compare register is changed during timer count operation, refer to 7.5
Cautions on 8-Bit Timer/Event Counters (3)

Figure 7-8. Interval Timer Operation Timings

t
-

T™iCountvaie 00 X 01 X ¢/ X NXooXor X J X~ XooXorX J XNKX
A A
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A
Count Start Clear Clear

CR10 N )l N ) N ) N

m r

INTTM1 ¢

: {4 3 (4 3 A (( 3

3 . Interrupt Request . Interrupt Request |

! 1 Acknowledge ' Acknowledge

: I (‘(‘ ‘ ‘

TO1 ) M ) |_

: t | (f

| Interval Time ‘ Interval Time Interval Time

Remark Interval time = (N + 1) xt : N = 00H to FFH
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Table 7-6. 8-Bit Timer/Event Counter 1 Interval Time

TCL13|TCL12|TCL11|TCL10

Minimum Interval Time

Maximum Interval Time

Resolution

MCS =1

MCS =0

MCS =1

MCS =0

MCS =1

MCS =0

TI1 input cycle

28 x TI1 input cycle

TI1 input edge cycle

TI1 input cycle

28 x TI1 input cycle

TI1 input edge cycle

0 L L o 2 x 1/fx 22 x 1/fx 29 x 1/fx 210 x 1/fx 2 x 1/fx 22 x 1/fx
(400 ns) (800 ns) (102.4 us) | (204.8 us) (400 ns) (800 ns)

0 1 1 1 22 x 1/fx 23 x 1/fx 210 x 1/fx 211 x 1/fx 22 x 1/fx 23 x 1/fx
(800 ns) (1.6 us) (204.8 us) | (409.6 us) (800 ns) (1.6 us)

1 0 0 0 23 x 1/fx 24 x 1/fx 211 x 1/fx 212 x 1/fx 23 x 1/fx 24 x 1/fx
(1.6 us) (3.2 us) (409.6 us) | (819.2 us) (1.6 us) (3.2 us)

L 0 o L 24 x 1/fx 25 x 1/fx 212 x 1/fx | 213 x 1/fx 24 x 1/fx 25 x 1/fx
(3.2 us) (6.4 us) (819.2 us) (1.64 ms) (3.2 us) (6.4 us)

1 0 1 0 25 x 1/fx 26 x 1/fx 213 x 1/fx 214 x 1/fx 25 x 1/fx 26 x 1/fx
(6.4 us) (12.8 us) (1.64 ms) (3.28 ms) (6.4 us) (12.8 us)

1 0 1 1 26 x 1/fx 27 x 1/fx 214 x 1/fx 215 x 1/fx 26 x 1/fx 27 x 1/fx
(12.8 us) (25.6 us) (3.28 ms) (6.55 ms) (12.8 us) (25.6 us)

L L 0 0 27 x 1/fx 28 x 1/fx 215 x 1/fx | 216 x 1/fx 27 x 1/fx 28 x 1/fx
(25.6 us) (51.2 us) (6.55 ms) (13.1 ms) (25.6 us) (51.2 us)

1 1 0 1 28 x 1/fx 29 x 1/fx 216 x 1/fx 217 x 1/fx 28 x 1/fx 29 x 1/fx
(51.2 us) (102.4 us) (13.1 ms) (26.2 ms) (51.2 us) (102.4 us)

1 1 1 0 29 x 1/fx 210 x 1/fx 217 x 1/fx 218 x 1/fx 29 x 1/fx 210 x 1/fx
(102.4 us) | (204.8 us) (26.2 ms) (52.4 ms) (102.4 us) | (204.8 us)

L L L L 2 x 1/fx | 22 x Ufx | 29 x Uix | 220 x 1/fx | 21 x /x| 212 x 1/ix
(409.6 us) | (819.2 us) | (104.9 ms) | (209.7 ms) | (409.6 us) | (819.2 us)

Other than above

Setting prohibited

Remarks fx

Main system clock oscillation frequency

. MCS : Oscillation mode selection register (OSMS) bit 0

. Values in parentheses when operated at fx = 5.0 MHz.

1.
2
3. TCL10-TCL13: Bits 1 through 3 of the timer clock select register (TCL1)
4
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Table 7-7. 8-Bit Timer/Event Counter 2 Interval Time

Minimum Interval Time Maximum Interval Time Resolution
TCL17|TCL16|TCL15(TCL14
MCS =1 MCS =0 MCS =1 MCS =0 MCS =1 MCS =0
0 0 0 0 TI2 input cycle 28 x TI2 input cycle TI2 input edge cycle
0 0 0 1 TI2 input cycle 28 x TI2 input cycle TI2 input edge cycle
0 L L 0 2 x 1/fx 22 x 1/fx 29 x 1/fx 210 x 1/fx 2 x 1/fx 22 x 1/fx
(400 ns) (800 ns) (102.4 us) | (204.8 us) (400 ns) (800 ns)
0 1 1 1 22 x 1/fx 23 x 1/fx 210 x 1/fx 211 x 1/fx 22 x 1/fx 23 x 1/fx
(800 ns) (1.6 us) (204.8 us) | (409.6 us) (800 ns) (1.6 us)
1 0 0 0 23 x 1/fx 24 x 1/fx 211 x 1/fx 212 x 1/fx 23 x 1/fx 24 x 1/fx
(1.6 us) (3.2 us) (409.6 us) | (819.2 us) (1.6 us) (3.2 us)
L 0 0 L 24 x 1/fx 25 x 1/fx 212 x 1/fx | 213 x 1/fx 24 x 1/fx 25 x 1/fx
(3.2 us) (6.4 us) (819.2 us) (1.64 ms) (3.2 us) (6.4 us)
1 0 1 0 25 x 1/fx 26 x 1/fx 213 x 1/fx 214 x 1/fx 25 x 1/fx 26 x 1/fx
(6.4 us) (12.8 us) (1.64 ms) (3.28 ms) (6.4 us) (12.8 us)
1 0 1 1 26 x 1/fx 27 x 1/fx 214 x 1/fx 215 x 1/fx 26 x 1/fx 27 x 1/fx
(12.8 us) (25.6 us) (3.28 ms) (6.55 ms) (12.8 us) (25.6 us)
L L 0 0 27 x 1/fx 28 x 1/fx 215 x 1/fx | 216 x 1/fx 27 x 1/fx 28 x 1/fx
(25.6 us) (51.2 us) (6.55 ms) (13.1 ms) (25.6 us) (51.2 us)
1 1 0 1 28 x 1/fx 29 x 1/fx 216 x 1/fx 217 x 1/fx 28 x 1/fx 29 x 1/fx
(51.2 us) (102.4 us) (13.1 ms) (26.2 ms) (51.2 us) (102.4 us)
1 1 1 0 29 x 1/fx 210 x 1/fx 217 x 1/fx 218 x 1/fx 29 x 1/fx 210 x 1/fx
(102.4 us) | (204.8 us) (26.2 ms) (52.4 ms) (102.4 us) | (204.8 us)
L L L L 21 x 1/fx | 212 x 1/fx | 289 x Ufx | 220 x /ix | 211 x 1/fx | 212 x 1/fx
(409.6 us) | (819.2 us) | (104.9 ms) | (209.7 ms) | (409.6 us) | (819.2 us)

Other than above

Setting prohibited
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Remarks 1.

2.
3.
4.

fx

Main system clock oscillation frequency
MCS : Oscillation mode selection register (OSMS) bit 0
TCL14-TCL17: Bits 4 through 7 of the timer clock select register (TCL1)
Values in parentheses when operated at fx = 5.0 MHz
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(2) External event counter operation
The external event counter counts the number of external clock pulses to be input to the TI1/P33 and TI2/
P34 pins with 8-bit timer registers 1 and 2 (TM1 and TM2).
TM1 and TM2 are incremented each time the valid edge specified with the timer clock select register (TCL1)
is input. Either the rising or falling edge can be selected.
When the TM1 and TM2 counted values match the values of 8-bit compare registers (CR10 and CR20), TM1
and TM2 are cleared to 0 and the interrupt request signals (INTTM1 and INTTM2) are generated.

Figure 7-9. External Event Counter Operation Timings (with Rising Edge Specified)

TIlPlnInput||||||||||||||||||||||||||||

TM1 CountValue X 00 X o1 X 02 X 03 X 04 X 05 X \/\/ X N-2 X N X oo X o1 X 02 X 03 X

A\

CR10 N /

INTTM1 n ]

o

Remark N = 00H to FFH
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(3) Square-wave output

This operates as a square wave output with any selected frequency at intervals of the value preset to 8-bit

compare registers 10 and 20 (CR10 and CR20).

The TO1/P31 or TO2/P32 pin output status is reversed at intervals of the count value preset to CR10 or CR20
by setting bit 0 (TOEL) or bit 4 (TOEZ2) of the 8-bit timer output control register (TOC1) to 1. This enables

a square wave with any selected frequency to be output.

Table 7-8. 8-Bit Timer/Event Counters 1 and 2 Square-Wave Output Ranges

154

Minimum Pulse Width Maximum Pulse Width Resolution
MCS =1 MCS =0 MCS =1 MCS =0 MCS =1 MCS =0
2 x 1/fx 22 x 1/fx 29 x 1/fx 210 x 1/fx 2 x 1/fx 22 x 1/fx
(400 ns) (800 ns) (102.4 us) (204.8 us) (400 ns) (800 ns)
22 x 1/fx 23 x 1/fx 210 x 1/fx 211 % 1/fx 22 x 1/fx 23 x 1/fx
(800 ns) (1.6 us) (204.8 us) (409.6 us) (800 ns) (1.6 us)
28 x 1/fx 24 x 1/fx 211 x 1/fx 212 x 1/fx 28 x 1/fx 24 x 1/fx
(1.6 us) (3.2 us) (409.6 us) (819.2 us) (1.6 us) (3.2 us)
24 x 1/fx 25 x 1/fx 212 x 1/fx 213 x 1/fx 24 x 1/fx 25 x 1/fx
(3.2 us) (6.4 us) (819.2 us) (1.64 ms) (3.2 us) (6.4 us)
25 x 1/fx 26 x 1/fx 213 x 1/fx 214 % 1/fx 25 x 1/fx 26 x 1/fx
(6.4 us) (12.8 us) (1.64 ms) (3.28 ms) (6.4 us) (12.8 us)
26 x 1/fx 27 x 1/fx 214 x 1/fx 215 x 1/fx 26 x 1/fx 27 x 1/fx
(12.8 us) (25.6 us) (3.28 ms) (6.55 ms) (12.8 us) (25.6 us)
27 x 1/fx 28 x 1/fx 215 x 1/fx 216 x 1/fx 27 x 1/fx 28 x 1/fx
(25.6 us) (51.2 us) (6.55 ms) (13.1 ms) (25.6 us) (51.2 us)
28 x 1/fx 29 x 1/fx 216 x 1/fx 217 x 1/fx 28 x 1/fx 29 x 1/fx
(51.2 us) (102.4 us) (13.1 ms) (26.2 ms) (51.2 us) (102.4 us)
29 x 1/fx 210 x 1/fx 217 x 1/fx 218 x 1/fx 29 x 1/fx 210 x 1/fx
(102.4 us) (204.8 us) (26.2 ms) (52.4 ms) (102.4 us) (204.8 us)
211 x 1/fx 212 x 1/fx 219 x 1/fx 220 x 1/fx 211 x 1/fx 212 x 1/fx
(409.6 us) (819.2 us) (104.9 ms) (209.7 ms) (409.6 us) (819.2 us)
Remarks 1. fx : Main system clock oscillation frequency

2. MCS : Oscillation mode selection register (OSMS) bit 0
3. Values in parentheses when operated at fx = 5.0 MHz.
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Figure 7-10. Timing of Square Wave Output Operation

CountCIock|||||||||||||||||||||||||||
TM1 Count Value XX o1 X 02 X \/\\/\XN—1X N X oo X o1 X o2 X \/\\/\XN—1X N X 00

Count Start

1) 1)
CR10 N // N //
\\ \

))
[

L

TOlNOte |

Note The initial value of the TO1 output can be set by bits 2 and 3 (LVS1 and LVR1) of the 8-bit timer output
control register (TOC1).
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7.4.2 16-bit timer/event counter mode

When bit 2 (TMC12) of the 8-bit timer mode control register (TMC1) is set to 1, the 16-bit timer/event counter mode
is set.

In this mode, the count clock is selected by using bits 0 through 3 (TCL10 through TCL13) of the timer clock select
register (TCL1), and the overflow signal of the 8-bit timer/event counter 1 (TM1) is used as the count clock for the
8-bit timer/event counter 2 (TM2).

The counting operation is enabled or disabled in this mode by using bit 0 (TCE1) of TMCL1.

(1) Operation as interval timer
The 16-bit timer/event counter operates as an interval timer that repeatedly generates an interrupt request
at intervals of the count values set in advance to the 2 channels of the 8-bit compare registers (CR10 and
CR20). When setting a count value, assign the value of the high-order 8 bits to CR20 and the value of the
low-order 8 bits to CR10. For the count values that can be set (interval time), refer to Table 7-9.
When the value of 8-bit timer register 1 (TM1) coincides with the value of CR10 and the value of 8-bit timer
register 2 (TM1) coincides with the value of CR20, the values of TM1 and TM2 are cleared to 0, and at the
same time, an interrupt request signal (INTTM2) is generated. For the operation timing of the interval timer,
refer to Figure 7-11.
Select the count clock by using bits 0 through 3 (TCL10 through TCL13) of the timer clock select register 1
(TCL1). The overflow signal of TM1 is used as the count clock for TM2.

Figure 7-11. Interval Timer Operation Timing

N
-t

TMS (TM1, TM2) Count Value 0000 X 0001 X /) X N XooooXooo1X /) X N XooooX 000X /\/\ X N X
i \U \U \ i
A A

Count Start Clear Clear

| |
i i
i i
| |
i i
i i
I ! I

|
! ‘ !
. I 1\ : .

CR10,CR20 _ N / N / N /N

\U ¥ \U ¥ A\

e N o

INTTM2
| § A A . |
| . Interrupt Request . Interrupt Request |
3 1 Acknowledge ' Acknowledge :
! | . | |
T02 : ) D) I_
] o o 1

| |
- -
Interval Time ! Interval Time ! Interval Time
| |
| |

Remark Interval time = (N + 1) xt : N = 0000H to FFFFH

Caution Even if the 16-bit timer/event counter mode is used, when the TM1 count value matches the
CR10 value, interrupt request (INTTM1) is generated and the F/F of 8-bit timer/event counter
output control circuit 1 is inverted. Thus, when using 8-bit timer/event counter as 16-bit
interval timer, set the INTTM1 mask flag TMMK1 to 1 to disable INTTM1 acknowledgment.
When reading the 16-bit timer (TMS) count value, use the 16-bit memory manipulation
instruction.
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Table 7-9. Interval Times when 2-Channel 8-Bit Timer/Event Counters (TM1 and TM2)

are Used as 16-Bit Timer/Event Counter

TCL13|TCL12|TCL11|TCL10

Minimum Interval Time

Maximum Interval Time

Resolution

MCS =1

MCS =0

MCS =1

MCS =0

MCS =1

MCS =0

TI1 input cycle

28 x TI1 input cycle

TI1 input edge cycle

TI1 input cycle

28 x TI1 input cycle

TI1 input edge cycle

0 1 1 0 2 x 1/fx 22 x 1/fx 217 x 1/fx 218 x 1/fx 2 x 1/fx 22 x 1/fx
(400 ns) (800 ns) (26.2 ms) (52.4 ms) (400 ns) (800 ns)

0 1 1 1 22 x 1/fx 23 x 1/fx 218 x 1/fx 219 x 1/fx 22 x 1/fx 23 x 1/fx
(800 ns) (1.6 us) (52.4 ms) (104.9 ms) (800 ns) (1.6 us)

L 0 0 0 23 x 1/fx 24 x 1/fx 219 x 1/fx | 220 x 1/fx 23 x 1/fx 24 x 1/fx
(1.6 us) (3.2 us) (104.9 ms) | (209.7 ms) (1.6 us) (3.2 us)

1 0 0 1 24 x 1/fx 25 x 1/fx 220 x 1/fx 221 x 1/fx 24 x 1/fx 25 x 1/fx
(3.2 us) (6.4 us) (209.7 ms) | (419.4 ms) (3.2 us) (6.4 us)

1 0 1 0 25 x 1/fx 26 x 1/fx 221 x 1/fx 222 x 1/fx 25 x 1/fx 26 x 1/fx
(6.4 us) (12.8 us) (419.4 ms) | (838.9 ms) (6.4 us) (12.8 us)

L 0 L L 26 x 1/fx 27 x 1/fx 222 x 1/fx | 223 x 1/fx 26 x 1/fx 27 x 1/fx
(12.8 us) (25.6 us) (838.9 ms) (1.7 s) (12.8 us) (25.6 us)

1 1 0 0 27 x 1/fx 28 x 1/fx 223 x 1/fx 224 x 1/fx 27 x 1/fx 28 x 1/fx
(25.6 us) (51.2 us) (1.7 s) (3.4 s) (25.6 us) (51.2 us)

1 1 0 1 28 x 1/fx 29 x 1/fx 224 x 1/fx 225 x 1/fx 28 x 1/fx 29 x 1/fx
(51.2 us) (102.4 us) (3.4 9) (6.7 s) (51.2 us) (102.4 us)

L L L 0 29 x 1/fx 210 x 1/fx | 225 x 1/fx | 226 x 1/fx 29 x 1/fx 210 x 1/fx
(102.4 us) | (204.8 us) (6.7 s) (13.4 s) (102.4 us) | (204.8 us)

1 1 1 1 211 x 1/fx 212 x 1/fx 227 x 1/fx 228 x 1/fx 211 x 1/fx 212 x 1/fx
(409.6 us) | (819.2 us) (26.8 s) (53.7 s) (409.6 us) | (819.2 us)

Other than above

Setting prohibited

Remarks fx

Main system clock oscillation frequency

. MCS : Oscillation mode selection register (OSMS) bit 0

. Values in parentheses when operated at fx = 5.0 MHz.

1.
2
3. TCL10-TCL13: Bits 0 through 3 of the timer clock select register 1 (TCL1)
4
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(2) External event counter operations

The external event counter counts the number of external clock pulses to be input to the TI1/P33 pin with 2-
channel 8-bit timer registers 1 and 2 (TM1 and TM2).
TM1 is incremented each time the valid edge specified with the timer clock select register 1 (TCL1) is input.

When TM1 overflows, TM2 is incremented taking the overflow signal as count clock. Either the rising or falling
edge can be selected.

When the TM1 and TM2 counted values match the values of 8-bit compare registers 10 and 20 (CR10 and
CR20), TM1 and TM2 are cleared to 0 and the interrupt request signal (INTTM2) is generated.

Figure 7-12. External Event Counter Operation Timings (with Rising Edge Specified)

TI1P|nInput||||||||||||||||||||||||||||

TM1, TM2 Count Value  X0000 X0001 X 0002 X 0003 X 0004 X 0005 /\/\ Y n-1 X_N_X0000X0001X0002X 0003X
\ !

CR10, CR20 /\/\ N |
U I

INTTM2 ) [ ]

(o

Caution Even if the 16-bit timer/event counter mode is used, when the TM1 count value matches the
CR10 value, interrupt request (INTTM1) is generated and the F/F of 8-bit timer/event counter
output control circuit 1 is inverted. Thus, when using 8-bit timer/event counter as 16-bit
interval timer, set the INTTM1 mask flag TMMK1 to 1 to disable INTTM1 acknowledgment.
When reading the 16-bit timer (TMS) count value, use the 16-bit memory manipulation
instruction.
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(3) Square-wave output operation

This operates as a square wave output with any selected frequency at intervals of the value preset to 8-bit

compare registers 10 and 20 (CR10 and CR20). When setting the count value, set the high-order 8 bits to
CR20, and the low-order 8-bits to CR10.
The TO2/P32 pin output status is reversed at intervals of the count value preset to CR10 and CR20 by setting

bit 4 (TOE2) of the 8-bit timer output control register (TOC1) to 1. This enables a square wave with any selected
frequency to be output.

Table 7-10. Square-Wave Output Ranges when 2-Channel 8-Bit Timer/Event Counters

(TM1 and TM2) are Used as 16-Bit Timer/Event Counter

Minimum Pulse Width Maximum Pulse Width Resolution
MCS =1 MCS =0 MCS =1 MCS =0 MCS =1 MCS =0
2 x 1/fx 22 x 1/fx 217 % 1/fx 218 x 1/fx 2 x 1/fx 22 x 1/fx
(400 ns) (800 ns) (26.2 ms) (52.4 ms) (400 ns) (800 ns)
22 x 1/fx 23 x 1/fx 218 x 1/fx 219 x 1/fx 22 x 1/fx 23 x 1/fx
(800 ns) (1.6 us) (52.4 ms) (104.9 ms) (800 ns) (1.6 us)
23 x 1/fx 24 x 1/fx 219 x 1/fx 220 x 1/fx 23 x 1/fx 24 x 1/fx
(1.6 us) (3.2 us) (104.9 ms) (209.7 ms) (1.6 us) (3.2 us)
24 x 1/fx 25 x 1/fx 220 x 1/fx 221 x 1/fx 24 x 1/fx 25 x 1/fx
(3.2 us) (6.4 us) (209.7 ms) (419.4 ms) (3.2 us) (6.4 us)
25 x 1/fx 26 x 1/fx 221 x 1/fx 222 x 1/fx 25 x 1/fx 26 x 1/fx
(6.4 us) (12.8 us) (419.4 ms) (838.9 ms) (6.4 us) (12.8 us)
26 x 1/fx 27 x 1/fx 222 x 1/fx 223 x 1/fx 26 x 1/fx 27 x 1/fx
(12.8 us) (25.6 us) (838.9 ms) (1.7 s) (12.8 us) (25.6 us)
27 x 1/fx 28 x 1/fx 223 x 1/fx 224 x 1/fx 27 x 1/fx 28 x 1/fx
(25.6 us) (51.2 us) (1.7 s) (3.4 8) (25.6 us) (51.2 us)
28 x 1/fx 29 x 1/fx 224 x 1/fx 225 x 1/fx 28 x 1/fx 29 x 1/fx
(51.2 us) (102.4 us) (3.4 s) (6.7 s) (51.2 us) (102.4 us)
29 x 1/fx 210 x 1/fx 225 x 1/fx 226 x 1/fx 29 x 1/fx 210 x 1/fx
(102.4 us) (204.8 us) (6.7 s) (13.4 s) (102.4 us) (204.8 us)
211 % 1/fx 212 % 1/fx 227 x 1/fx 228 x 1/fx 211 % 1/fx 212 % 1/fx
(409.6 us) (819.2 us) (26.8 s) (53.7 s) (409.6 us) (819.2 us)
Remarks 1. fx . Main system clock oscillation frequency

2. MCS : Oscillation mode selection register (OSMS) bit O
3. Values in parentheses when operated at fx = 5.0 MHz.
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Figure 7-13. Timing of Square Wave Output Operation
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7.5 Cautions on 8-Bit Timer/Event Counters
(1) Timer start errors
An error with a maximum of one clock may occur concerning the time required for a match signal to be gener-
ated after timer start. This is because 8-bit timer registers 1 and 2 (TM1 and TM2) are started asynchronously

with the count pulse.

Figure 7-14. 8-Bit Timer Registers 1 and 2 Start Timing

TM1, TM2 Count Value O00H X 01H >< 02H >< 03H >< 04H

Timer Start

(2) 8-bit compare register 10 and 20 setting
The 8-bit compare registers 10 and 20 (CR10 and CR20) can be set to O0H.
Thus, when these 8-bit compare registers are used as event counters, one-pulse count operation can be
carried out.
When the 8-bit compare register is used as 16-bit timer/event counter, write data to CR10 and CR20 after
setting bit 0 (TCE1) of the 8-bit timer mode control register (TMC1) to 0 and stopping timer operation.

Figure 7-15. External Event Counter Operation Timing

TI1, TI2, Input _/_\_/_\_/_\_/_\_/_\_
CR10, CR20 00H
TM1, TM2 Count Value X 00H >< OOH >< O0OH >< OOH

TO1, TO2 /—\—/—\—
Interrupt Request Flag l_l l—l l_l |_|
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(3) Operation after compare register change during timer count operation
If the values after the 8-bit compare registers 10 and 20 (CR10 and CR20) are changed are smaller than those
of 8-bit timer registers 1 and 2 (TM1 and TM2), TM1 and TM2 continue counting, overflow and then restart
counting from 0. Thus, if the value (M) after CR10 and CR20 change is smaller than value (N) before the
change, it is necessary to restart the timer after changing CR10 and CR20.

Figure 7-16. Timing after Compare Register Change during Timer Count Operation

Count Pulse mm
CR10, CR20 N X // M

TM1, TM2 Count Value X X-1 >< X >< /D( FFH X O00H >< 01H X 02H

Remark N>X>M
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8.1 Watch Timer Functions

The watch timer has the following functions.

¢ Watch timer
e Interval timer

The watch timer and the interval timer can be used simultaneously.

(1) Watch timer
When the 32.768 kHz subsystem clock is used, a flag (WTIF) is set at 0.5 second or 0.25 second intervals.
When the 4.19 MHz (4.194304 MHz TYP.) main system clock is used, a flag (WTIF) is set at 0.5 second or

0.25 second intervals.

Caution 0.5-second intervals cannot be generated with the 5.0-MHz main system clock. You should
switch to the 32.768 kHz subsystem clock to generate 0.5-second intervals.

(2) Interval timer
Interrupt requests (INTTM3) are generated at the preset time interval.

Table 8-1. Interval Timer Interval Time

Interval Time When operated at When operated at When operated at
fxx = 5.0 MHz fxx = 4.19 MHz fxt = 32.768 kHz
24 x 1/fw 410 us 488 s 488 s
25 x 1/fw 819 us 977 us 977 us
26 x 1/fw 1.64 ms 1.95 ms 1.95 ms
27 x 1/fw 3.28 ms 3.91 ms 3.91 ms
28 x 1/fw 6.55 ms 7.81 ms 7.81 ms
29 x 1/fw 13.1 ms 15.6 ms 15.6 ms
Remark fxx : Main system clock frequency (fx or fx/2)

fx : Main system clock oscillation frequency
fxt : Subsystem clock oscillation frequency
fw : Watch timer clock frequency (fxx/27 or fxr)
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8.2 Watch Timer Configuration
The watch timer consists of the following hardware.

Table 8-2. Watch Timer Configuration

ltem Configuration

Counter 5 bits x 1

Timer clock select register 2 (TCL2)

Control register ) ]
Watch timer mode control register (TMC2)

8.3 Watch Timer Control Registers
The following two types of registers are used to control the watch timer.

e Timer clock select register 2 (TCL2)
e Watch timer mode control register (TMC2)

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

Remark Besides setting the watch timer count clock, TCL2 sets the watchdog timer count clock and buzzer
output frequency.
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Figure 8-1. Watch Timer Block Diagram

TMC21
5 fw
o AW
ol — 5 | ¢ Clear g | seie | 2],
[} T =
B LJ Prescaler 8 Counter 3 INTWT
[ —_ Q
b= o fw ] ] fw] fw] fw ] fw 8 \—'fw »
24 5 6 27 8 29 (@) ?
S
[8]
R INTTM3
&
To 16-Bit Timer/
Event Counter
3
. ToLCD
Controller/Driver
4
TCL24 TMC26 | TMC25|{TMC24 | TMC23| TMC22| TMC21{TMC20
Timer Clock Watch Timer Mode
Select Register 2 Control Register
S Internal Bus S
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Symbol
TCL2

Figure 8-2. Timer Clock Select Register 2 Format

7 6 5 4 3 2 1 0 Address ~ After RIW
Reset
TCL27|TCL26TCL25[TCL24| 0 |TCL22[TCL21TCL20 FF42H 00H RIW
Watchdog Timer Count Clock Selection
TCL22|TCL21[TCL20
MCS=1 MCS=0
0 0 0 | fxx2® fx/2° (625 kHz) fx/2* (313 kHz)
0 0 1| fxx2? fx/2* (313 kHz) fx/2° (156 kHz)
0 1 0 | fxx2® fx/2° (156 kHz) fx/2° (78.1 kHz)
0 1 1| fxx/2° fx/2° (78.1 kHz) fx/27 (39.1 kHz)
1 0 0 | fxx/2’ fx/2" (39.1 kHz) x/2° (19.5 kHz)
1 0 1| fxx/2® fx/2° (19.5 kHz) fx/2° (9.8 kHz)
1 1 0 | fxx/2° fx/2° (9.8 kHz) x/2'° (4.9 kHz)
1 1 1| /2™ fx/2' (2.4 kHz) fx/2%? (1.2 kHz)

TCL24

Watch Timer Count Clock Selection

MCS=1 MCS=0

0 fxx/27

x/27 (39.1 kHz) fx/2° (19.5 kHz)

1 fxr (32.768 kHz)

Buzzer Output Frequency Selection
TCL27|TCL26[TCL25
MCS=1 MCS=0

0 X X Buzzer output disable

1 0 0 | fxx/2° fx/2° (9.8 kHz) x/2" (4.9 kHz)
1 0 1| fxx/2® fx/2'° (4.9 kHz) fx/2' (2.4 kHz)
1 1 0 | fxx/2™ fx/2™ (2.4 kHz) fx/2'2 (1.2 kHz)
1 1 1 Setting prohibited

Caution When rewriting TCL2 to other data, stop the timer operation beforehand.

Remarks 1.

o gk wbd

fxx
fx
fxr

X

MCS :

Main system clock frequency (fx or fx/2)

Main system clock oscillation frequency

Subsystem clock oscillation frequency

Don't care

Oscillation mode selection register (OSMS) bit 0
Figures in parentheses apply to operation with fx = 5.0 MHz or fxr = 32.768 kHz.
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(2) Watch timer mode control register (TMC2)
This register sets the watch timer operating mode, watch flag set time and prescaler interval time and enables/
disables prescaler and 5-bit counter operations.
TMC2 is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input sets TMC2 to 00H.

Figure 8-3. Watch Timer Mode Control Register Format

After

Symbol 7 6 5 4 3 2 1 0 Address Reset R/W
TMC2 0 |TMC26{TMC25TMC24/TMC23|TMC22|TMC21|TMC20 FF4AH 00H R/W
TMC20| Watch Operating Mode Selection
0 | Normal operating mode (flag set at fw/2"*)
1 Fast feed operating mode (flag set at fw/2°)
TMC21| Prescaler Operation Control
0 Clear after operation stop
1 Operation enable
TMC22| 5-Bit Counter Operation Control
0 Clear after operation stop
1 Operation enable
Watch Flag Set Time Selection
TMC23
fxx=5.0 MHz Operation fxx=4.19 MHz Operation fxr=32.768 kHz Operation
0 | 21w (0.4 sec) 2M/fw (0.5 sec) 2M/fw (0.5 sec)
1 | 2%/fw (0.2 sec) 2"%/fw (0.25 sec) 2"/fw (0.25 sec)
Prescaler Interval Time Selection
TMC26{TMC25/TMC24
fxx=5.0 MHz Operation fxx=4.19 MHz Operation fxr=32.768 kHz Operation
0 0 0 | 2%fw (410 us) 2*Ifw (488 us) 2*Ifw (488 us)
0 0 1 | 2%fw (819 us) 2%/fw (977 us) 2%/fw (977 us)
0 1 0 | 2%w (1.64 ms) 2%/fw (1.95 ms) 2%/fw (1.95 ms)
0 1 1 | 27/fw (3.28 ms) 2'/fw (3.91 ms) 2'/fw (3.91 ms)
1 0 0 | 2%tw (6.55 ms) 2%/fw (7.81 ms) 2%/fw (7.81 ms)
1 0 1 | 2%fw (13.1 ms) 2%/fw (15.6 ms) 2%/fw (15.6 ms)
Other than above | Setting prohibited

Caution When the watch timer is used, the prescaler should not be cleared frequently.

Remark

fw
fxx :
fx

fxr :

: Watch timer clock frequency (fxx/27 or fxt)
Main system clock frequency (fx or fx/2)

: Main system clock oscillation frequency
Subsystem clock oscillation frequency
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8.4 Watch Timer Operations

8.4.1  Watch timer operation

When the 32.768-kHz subsystem clock or 4.19-MHz main system clock is used, the timer operates as a watch
timer with a 0.5-second or 0.25-second interval.

The watch timer sets the test input flag (WTIF) to 1 at the constant time interval. The standby state (STOP mode/
HALT mode) can be cleared by setting WTIF to 1.

When bit 2 (TIMC22) of the watch timer mode control register (TMC?2) is set to 0, the 5-bit counter is cleared and
the count operation stops.

For simultaneous operation of the interval timer, zero-second start can be achieved by setting TMC22 to 0
(maximum error: 26.2 ms when operated at fxx = 5.0 MHz).

8.4.2 Interval timer operation

The watch timer operates as interval timer which generates interrupt requests repeatedly at an interval of the preset
count value.

The interval time can be selected with bits 4 to 6 (TMC24 to TMC26) of the watch timer mode control register
(TMC2).

Table 8-3. Interval Timer Interval Time

Tcze | TMezs | Tc2a | imenal Tme | WERLERIRE S | ML O | b = 35768 ke

0 0 0 24 x 1/fw 410 ps 488 us 488 us
0 0 1 25 x 1/fw 819 us 977 us 977 us
0 1 0 26 x 1/fw 1.64 ms 1.95 ms 1.95 ms
0 1 1 27 x 1/fw 3.28 ms 3.91 ms 3.91 ms
1 0 0 28 x 1/fw 6.55 ms 7.81 ms 7.81 ms
1 0 1 29 x 1/fw 13.1 ms 15.6 ms 15.6 ms
Other than above Setting prohibited

Remark fxx : Main system clock frequency (fx or fx/2)
fx : Main system clock oscillation frequency
fxt : Subsystem clock oscillation frequency
fw : Watch timer clock frequency (fxx/27 or fxr)
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CHAPTER 9 WATCHDOG TIMER

The watchdog timer has the following functions.

* Watchdog timer
 Interval timer

Caution Selectthe watchdog timer mode or the interval timer mode with the watchdog timer mode register

(WDTM) (watchdog timer and interval timer cannot be used at the same time).

(1) Watchdog timer mode

An inadvertent program loop is detected. Upon detection of the inadvertent program loop, a non-maskable
interrupt request or RESET can be generated.

Table 9-1. Watchdog Timer Inadvertent Program Loop Detection Times

Inadvertent Program Loop
Detection Time

MCS =1

MCS =0

211 x 1/fxx

211 x 1/fx (410 us)

212 x 1/fx (819 us)

212 x 1/fxx

212 x 1/fx (819 us)

213 x 1/fx (1.64 ms)

213 x 1/fxx

213 x 1/fx (1.64 ms)

214 x 1/fx (3.28 ms)

214 x 1/fxx

214 x 1/fx (3.28 ms)

215 x 1/fx (6.55 ms)

215 x 1/fxx

215 x 1/fx (6.55 ms)

216 x 1/fx (13.1 ms)

216 x 1/fxx

216 x 1/fx (13.1 ms)

217 x 1/fx (26.2 ms)

217 x 1/fxx

217 x 1/fx (26.2 ms)

218 x 1/fx (52.4 ms)

219 x 1/fxx

219 x 1/fx (104.9 ms)

220 x 1/fx (209.7 ms)

Remarks 1. fxx

2. fx . Main system clock oscillation frequency

: Main system clock frequency (fx or fx/2)

3. MCS : Oscillation mode selection register (OSMS) bit 0
4. Figures in parentheses apply to operation with fx = 5.0 MHz.
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(2) Interval timer mode
Interrupt requests are generated at the preset time intervals.

Table 9-2. Interval Times

Interval Time MCS =1 CsS=0

211 x 1/fxx 211 x 1/fx (410 us) 212 x 1/fx (819 us)

212 x 1/fxx 212 x 1/fx (819 us) 213 x 1/fx (1.64 ms)

213 x 1/fxx 213 x 1/fx (1.64 ms) 214 x 1/fx (3.28 ms)

214 x 1/fxx 214 x 1/fx (3.28 ms) 215 x 1/fx (6.55 ms)

215 x 1/fxx 215 x 1/fx (6.55 ms) 216 x 1/fx (13.1 ms)

216 x 1/fxx 216 x 1/fx (13.1 ms) 217 x 1/fx (26.2 ms)

217 x 1/fxx 217 x 1/fx (26.2 ms) 218 x 1/fx (52.4 ms)

219 x 1/fxx 219 x 1/fx (104.9 ms) 220 x 1/fx (209.7 ms)
Remarks 1. fxx : Main system clock frequency (fx or fx/2)

2. fx : Main system clock oscillation frequency

3. MCS : Oscillation mode selection register (OSMS) bit 0
4. Figures in parentheses apply to operation with fx = 5.0 MHz.
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9.2 Watchdog Timer Configuration
The watchdog timer consists of the following hardware.

Table 9-3. Watchdog Timer Configuration

ltem Configuration

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

Figure 9-1. Watchdog Timer Block Diagram

S Internal Bus S
fxx/2° Prescaler
TMMK4
x| x| x| Fxx | x| fxx | Fxx RUN

24 25 26 27 28 29 211 INTWDT
l — TMIF4 Maskable

S Interrupt

3 [ 8-Bit Counter [ conirol Request

& Circuit RESET

INTWDT

3 & Non-Maskable
Interrupt
’7*‘ T Request
TCL22|TCL21TCL20 RUN |WDTM4{WDTM3
Timer Clock Select Register 2 ‘ ‘ Watchdog Timer Mode Register
S Internal Bus S
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9.3 Watchdog Timer Control Registers
The following two types of registers are used to control the watchdog timer.

e Timer clock select register 2 (TCL2)
* Watchdog timer mode register (WDTM)

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

Remark Besides setting the watchdog timer count clock, TCL2 sets the watch timer count clock and buzzer
output frequency.
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Symbol
TCL2

Figure 9-2. Timer Clock Select Register 2 Format

7 6 5 4 3 2 1 0 Address ~ After RIW
Reset
TCL27|TCL26TCL25[TCL24| 0 |TCL22[TCL21TCL20 FF42H O0H R/W
Watchdog Timer Count Clock Selection
TCL22|TCL21[TCL20
MCS=1 MCS=0
0 0 0 | fxx2® fx/2° (625 kHz) fx/2* (313 kHz)
0 0 1| fxx2? fx/2* (313 kHz) x/2° (156 kHz)
0 1 0 | fxx2® fx/2° (156 kHz) fx/2° (78.1 kHz)
0 1 1| fxx/2° fx/2° (78.1 kHz) fx/2" (39.1 kHz)
1 0 0 | fxx/2’ fx/2" (39.1 kHz) x/2° (19.5 kHz)
1 0 1| fxx/2® fx/2® (19.5 kHz) x/2° (9.8 kHz)
1 1 0 | fxx/2° x/2° (9.8 kHz) x/2"° (4.9 kHz)
1 1 1| fr2™ fx/2™ (2.4 kHz) x/2'2 (1.2 kHz)
Watch Timer Count Clock Selection
TCL24
MCS=1 MCS=0
0 | fxd2’ x/2” (39.1 kHz) fx/2° (19.5 kHz)
1 fxr (32.768 kHz)
Buzzer Output Frequency Selection
TCL27|TCL26[TCL25
MCS=1 MCS=0
0 X X Buzzer output disable
1 0 0 | fxx/2° fx/2° (9.8 kHz) x/2" (4.9 kHz)
1 0 1| fxx/2® fx/2'° (4.9 kHz) fx/2' (2.4 kHz)
1 1 0 | fxx/2™ fx/2™ (2.4 kHz) fx/2'2 (1.2 kHz)
1 1 1 Setting prohibited

Caution When rewriting TCL2 to other data, stop the timer operation beforehand.

Remarks 1.

o gk wbd

fxx
fx
fxr

X

MCS :

Main system clock frequency (fx or fx/2)

Main system clock oscillation frequency

Subsystem clock oscillation frequency

Don't care

Oscillation mode selection register (OSMS) bit 0
Figures in parentheses apply to operation with fx = 5.0 MHz or fxr = 32.768 kHz.
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(2) Watchdog timer mode register (WDTM)
This register sets the watchdog timer operating mode and enables/disables counting.
WDTM is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input sets WDTM to OOH.

Figure 9-3. Watchdog Timer Mode Register Format

After
symbol @ 6 5 4 3 2 1 0 Address Reset R/W
WDTM | RUM 0 0 |(WDTM4|WDTM3| O 0 0 FFFOH OOH R/W
WOTM2 | WoTM3 Watchdog Timer Operation Mode

SelectionNote 1

0 % Interval timer modeNote 2
(Maskable interrupt occurs upon
generation of an overflow.)

Watchdog timer mode 1

1 0 .

(Non-maskable interrupt occurs upon
generation of an overflow.)

1 1 Watchdog timer mode 2
(Reset operation is activated upon
generation of an overflow.)

RUN | Watchdog Timer Operation Mode SelectionNote3

0 Count stop

1 Counter is cleared and counting starts.

Notes 1. Once setto 1, WDTM3 and WDTM4 cannot be cleared to 0 by software.
2. Interval timer operation is started at the time RUN is set to 1.
3. Once set to 1, RUN cannot be cleared to 0 by software.
Thus, once counting starts, it can only be stopped by RESET input.

Cautions 1. When 1 is set in RUN so that the watchdog timer is cleared, the actual overflow time is
up to 0.5 % shorter than the time set by timer clock select register 2.
2. To use watchdog timer modes 1 and 2, confirm that the interrupt request flag (TMIF4) is
0, and then set WDTM4 to 1.
IfWDTM4 is setto 1 while TMIF4 is 1, a non-maskable interrupt request occurs regardless
of the contents of WDTM3.

Remark x:don't care
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9.4 Watchdog Timer Operations

9.4.1 Watchdog timer operation

When bit 4 (WDTM4) of the watchdog timer mode register (WDTM) is set to 1, the watchdog timer is operated
to detect any inadvertent program loop.

The watchdog timer count clock (inadvertent program loop detection time interval) can be selected with bits 0 to
2 (TCL20 to TCL22) of the timer clock select register 2 (TCL2).

Watchdog timer starts by setting bit 7 (RUN) of WDTM to 1. After the watchdog timer is started, set RUN to 1
within the set inadvertent program loop detection time interval. The watchdog timer can be cleared and counting is
started by setting RUN to 1. If RUN is not set to 1 and the inadvertent program loop detection time is past, system
reset or a non-maskable interrupt request is generated according to the WDTM bit 3 (WDTM3) value.

The watchdog timer continues operating in the HALT mode but it stops in the STOP mode. Thus, set RUN to 1
before the STOP mode is set, clear the watchdog timer and then execute the STOP instruction.

Cautions 1. The actual inadvertent program loop detection time may be shorter than the set time by a
maximum of 0.5 %.
2. When the subsystem clock is selected for CPU clock, watchdog timer count operation is
stopped.

Table 9-4. Watchdog Timer Inadvertent Program Loop Detection Time

TCL22 | TCL21 | TCL20 Inadvertent ,Progr,am MCS =1 MCS =0
Loop Detection Time

0 0 0 211 x 1/fxx 211 x 1/fx (410 us) 212 x 1/fx (819 us)

0 0 1 212 x 1/fxx 212 x 1/fx (819 us) 213 x 1/fx (1.64 ms)
0 1 0 213 x 1/fxx 213 x 1/fx (1.64 ms) 214 x 1/fx (3.28 ms)
0 1 1 214 x 1/fxx 214 x 1/fx (3.28 ms) 215 x 1/fx (6.55 ms)
1 0 0 215 x 1/fxx 215 x 1/fx (6.55 ms) 216 x 1/fx (13.1 ms)
1 0 1 216 x 1/fxx 216 x 1/fx (13.1 ms) 217 x 1/fx (26.2 ms)
1 1 0 217 x 1/fxx 217 x 1/fx (26.2 ms) 218 x 1/fx (52.4 ms)
1 1 1 219 x 1/fxx 219 x 1/fx (104.9 ms) 220 x 1/fx (209.7 ms)

Remarks 1. fxx
2. fx

3. MCS:
4. Figures in parentheses apply to operation with fx = 5.0 MHz.

Main system clock frequency (fx or fx/2)
Main system clock oscillation frequency
Oscillation mode selection register (OSMS) bit 0
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9.4.2 Interval timer operation

The watchdog timer operates as an interval timer which generates interrupt requests repeatedly at an interval of
the preset count value when bit 4 (WDTM4) of the watchdog timer mode register (WDTM) is setto 1 and O, respectively.

The count clock (interval time) can be selected by bits 0 to 2 (TCL20 to TCL22) of the timer clock select register
2 (TCL2). Interval timer operation is started by setting bit 7 (RUN) of WDTM to 1.

When the watchdog timer operated as interval timer, the interrupt mask flag (TMMK4) and priority specify flag
(TMPR4) are validated and the maskable interrupt request (INTWDT) can be generated. Among maskable interrupt
requests, the INTWDT default has the highest priority.

The interval timer continues operating in the HALT mode but it stops in STOP mode. Thus, set bit 7 of the WDTM

(RUN) to 1 before the STOP mode is set, clear the interval timer and then execute the STOP instruction.

Cautions 1. Once bit4 (WDTM4) of WDTM is set to 1 (with the watchdog timer mode selected), the interval
timer mode is not set unless RESET input is applied.
2. Theinterval time just after setting with WDTM may be shorter than the set time by a maximum

of 0.5 %.
3. When the subsystem clock is selected for CPU clock, watchdog timer count operation is
stopped.
Table 9-5. Interval Timer Interval Time
TCL22 | TCL21 | TCL20 Interval Time MCS =1 MCS =0
0 0 0 211 x 1/fxx 211 x 1/fx (410 us) 212 x 1/fx (819 us)
0 212 x 1/fxx 212 x 1/fx (819 us) 213 x 1/fx (1.64 ms)
0 1 0 213 x 1/fxx 213 x 1/fx (1.64 ms) 214 x 1/fx (3.28 ms)
0 1 1 214 x 1/fxx 214 x 1/fx (3.28 ms) 215 x 1/fx (6.55 ms)
1 0 0 215 x 1/fxx 215 x 1/fx (6.55 ms) 216 x 1/fx (13.1 ms)
1 0 1 216 x 1/fxx 216 x 1/fx (13.1 ms) 217 x 1/fx (26.2 ms)
1 1 0 217 x 1/fxx 217 x 1/fx (26.2 ms) 218 x 1/fx (52.4 ms)
1 1 1 219 x 1/fxx 219 x 1/fx (104.9 ms) 220 x 1/fx (209.7 ms)

Remarks 1. fxx
2. fx

3. MCS:
4. Figures in parentheses apply to operation with fx = 5.0 MHz.
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CHAPTER 10 CLOCK OUTPUT CONTROL CIRCUIT

10.1 Clock Output Control Circuit Functions

The clock output control circuitis intended for carrier output during remote controlled transmission and clock output
for supply to peripheral LSI. Clocks selected with the timer clock select register 0 (TCLO) are output from the PCL/
P35 pin.

Follow the procedure below to output clock pulses.

(1) Select the clock pulse output frequency (with clock pulse output disabled) with bits 0 to 3 (TCLOO to TCL03)
of TCLO.

(2) Set the P35 output latch to 0.

(3) Set bit 5 (PM35) of port mode register 3 to 0 (set to output mode).

(4) Set bit 7 (CLOE) of TCLO to 1.

Caution Clock output cannot be used when setting P35 output latch to 1.

Remark When clock output enable/disable is switched, the clock output control circuit does not output pulses
with small widths (Refer to the portions marked with * in Figure 10-1).

Figure 10-1. Remote Controlled Output Application Example

PCL/P35 Pin Output
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10.2 Clock Output Control Circuit Configuration
The clock output control circuit consists of the following hardware.

Table 10-1. Clock Output Control Circuit Configuration

ltem Configuration

Timer clock select register 0 (TCLO)

Control register )
Port mode register 3 (PM3)

Figure 10-2. Clock Output Control Circuit Block Diagram

fxx2 ———————
fxx /22 ——————

fxx 2} ——

© PCL/P35

Port Mode Register 3

3
I
XX s % Synchronizing I\
fxx/2> " » Circuit > >
fxx [2° I/<
fxx /27
fxr
4
[ ) ! |
CLOE [TCL03[TCL02|TCLO1|TCLOO P35 PM35
Output Latch
@Timer Clock Select Register 0
S Internal Bus S
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10.3 Clock Output Function Control Registers
The following two types of registers are used to control the clock output function.

e Timer clock select register 0 (TCLO)
* Port mode register 3 (PM3)

(1) Timer clock select register 0 (TCLO)
This register sets PCL output clock.
TCLO is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input sets TCLO to OOH.

Remark Besides setting PCL output clock, TCLO sets the 16-bit timer register count clock.

Cautions 1. Setting of the TIO0O/POO/INTPO pin valid edge is performed by external interrupt mode
register 0 (INTMO), and selection of the sampling clock frequency is performed by the
sampling clock selection register (SCS).

2. When enabling PCL output, set TCLOO to TCLO03, then set 1 in CLOE with a 1-bit memory
manipulation instruction.

3. Toread the count value when TI00 has been specified as the TMO count clock, the value
should be read from TMO, not from capture/compare register 01 (CRO1).

4. When rewriting TCLO to other data, stop the timer operation beforehand.
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Figure 10-3. Timer Clock Select Register 0 Format

After

symbol @ 6 5 4 3 2 1 0 Address o o RIW
TCLO |CLOE [TCLO6/TCLO5[TCL0O4[TCLO3|TCLO2[TCLO1{TCLOO FF40H O0H R/W
PCL Output Clock Selection
TCLO3[TCLO2[TCLOL1TCLOO
MCS=1 MCS=0
0 0 0 0 | fxr(32.768 kHz)
0 1 0 1| fxx fx (5.0 MHz) fx/2 (2.5 MHz)
0 1 1 0 | fxxi2 fx/2 (2.5 MHz) fx/2% (1.25 MHz)
0 1 1 1| fxx/2? fx/22 (1.25 MHz) x/2° (625 kHz)
1 0 0 0 | fx/2° fx/2% (625 kHz) fx/2* (313 kHz)
1 0 0 1| fx/2* fx/2* (313 kHz) fx/2° (156 kHz)
1 0 1 0 | fx/2° fx/2° (156 kHz) fx/2° (78.1 kHz)
1 0 1 1| fxx/2° fx/2° (78.1 kHz) x/2" (39.1 kHz)
1 1 0 0 | fxx/2 fx/2" (39.1 kHz) fx/22 (19.5 kHz)
Other than above Setting prohibited
16-Bit Timer Register Count Clock Selection
TCLO6|TCLO5|TCLO4
MCS=1 MCS=0
0 0 0 TIOO (Valid edge specifiable)
0 0 1 2fxx Setting prohibited fx (5.0 MHz)
0 1 0 | fxx fx (5.0 MHz) x/2 (2.5 MHz)
0 1 1| fxx/2 fx/2 (2.5 MHz) fx/2% (1.25 MHz)
1 0 0 | fxx/2? fx/2% (1.25 MHz) fx/2% (625 kHz)
1 1 1 Watch Timer Output (INTTM3)
Other than above Setting prohibited
CLOE| PCL Output Control
0 Output disable
1 Output enable
Remarks 1. fxx Main system clock frequency (fx or fx/2)
2. fx : Main system clock oscillation frequency
3. fxr Subsystem clock oscillation frequency
4. TIOO : 16-bit timer/event counter input pin
5. TMO : 16-bit timer register
6. MCS : Oscillation mode selection register (OSMS) hit 0
7. Figures in parentheses apply to operation with fx = 5.0 MHz or fxt = 32.768 kHz.
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(2) Port mode register 3 (PM3)
This register set port 3 input/output in 1-bit units.
When using the P35/PCL pin for clock output function, set PM35 and output latch of P35 to 0.
PM3 is set with a 1-bit or 8-bit memory manipulation instruction.

RESET input sets PM3 to FFH.

Symbol
PM3

Figure 10-4. Port Mode Register 3 Format

After

7 6 5 4 3 2 1 0 Address Reset R/W
PM37 |PM36 | PM35 | PM34 | PM33 | PM32 | PM31 | PM30 FF23H FFH R/W
\ \ \ \ \ \ \ |
PM3n | P3n Pin Input/Output Mode Selection (n=0 to 7)
0 Output mode (output buffer ON)
1 Input mode (output buffer OFF)
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CHAPTER 11 BUZZER OUTPUT CONTROL CIRCUIT

11.1 Buzzer Output Control Circuit Functions

The buzzer output control circuit outputs 1.2 kHz, 2.4 kHz, 4.9 kHz, or 9.8 kHz frequency square waves. The buzzer
frequency selected with timer clock select register 2 (TCL2) is output from the BUZ/P36 pin.
Follow the procedure below to output the buzzer frequency.

(1) Select the buzzer output frequency with bits 5 to 7 (TCL25 to TCL27) of TCL2.

(2) Set the P36 output latch to O.
(3) Set bit 6 (PM36) of port mode register 3 to 0 (Set to output mode).

Caution Buzzer output cannot be used when setting P36 output latch to 1.
11.2 Buzzer Output Control Circuit Configuration

The buzzer output control circuit consists of the following hardware.

Table 11-1. Buzzer Output Control Circuit Configuration

ltem Configuration

Timer clock select register 2 (TCL2)
Port mode register 3 (PM3)

Control register

Figure 11-1. Buzzer Output Control Circuit Block Diagram

fxx /2 —— 5
10 .| © L N
Poxl2 3 — D ™~ © BUZ/P36
fx 2t ————— O |/<
3
P36
TCL27|TCL26|TCL25 Output Latch PM36
Timer Clock Select Register 2 @ Port Mode Register 3
S Internal Bus S
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11.3 Buzzer Output Function Control Registers

The following two types of registers are used to control the buzzer output function.

e Timer clock select register 2 (TCL2)
* Port mode register 3 (PM3)

(1) Timer clock select register 2 (TCL2)
This register sets the buzzer output frequency.
TCL2 is set with an 8-bit memory manipulation instruction.
RESET input sets TCL2 to O0OH.

Remark Besides setting the buzzer output frequency, TCL2 sets the watch timer count clock and the
watchdog timer count clock.
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Figure 11-2. Timer Clock Select Register 2 Format

After
Symbol 7 6 5 4 3 2 1 0 Address Reset RIW
TCL2 [TCL27|TCL26|TCL25TCL24| O |TCL22|TCL21|TCL20) FF42H 00H RIW
Watchdog Timer Count Clock Selection
TCL22|TCL21[TCL20
MCS=1 MCS=0
0 0 0 | fxx/2® fx/2° (625 kHz) fx/2* (313 kHz)
0 0 1| fxx/2* fx/2* (313 kHz) x/2° (156 kHz)
0 1 0 |fxx/2® fx/2° (156 kHz) fx/2° (78.1 kHz)
0 1 1| fxw/2° fx/2° (78.1 kHz) fx/2" (39.1 kHz)
1 0 0 | fxx2’ fx/2" (39.1 kHz) x/2® (19.5 kHz)
1 0 1| fxx2® x/2% (19.5 kHz) x/2° (9.8 kHz)
1 1 0 | fxx2° fx/2° (9.8 kHz) x/2'° (4.9 kHz)
1 1 1| f2™ fx/2™ (2.4 kHz) x/2% (1.2 kHz)
Watch Timer Count Clock Selection
TCL24
MCS=1 MCS=0
0 | fx/27 x/27 (39.1 kHz) fx/2® (19.5 kHz)
1 | fxr (32.768 kHz)
Buzzer Output Frequency Selection
TCL27|TCL26[TCL25
MCS=1 MCS=0

0 X X Buzzer output disable
1 0 0 | fxx2° x/2° (9.8 kHz) x/2"° (4.9 kHz)
1 0 1| fxx/2® fx/2'° (4.9 kHz) fx/2' (2.4 kHz)
1 1 0 | fxx/2" fx/2™ (2.4 kHz) fx/2'% (1.2 kHz)
1 1 1 Setting prohibited

Caution When rewriting TCL2 to other data, stop the timer operation beforehand.

Remarks 1. fxx Main system clock frequency (fx or fx/2)

2. fx : Main system clock oscillation frequency

3. fxtr . Subsystem clock oscillation frequency

4. x : don't care

5. MCS : Oscillation mode selection register (OSMS) bit 0

6. Figures in parentheses apply to operation with fx = 5.0 MHz or fxt = 32.768 kHz.
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(2) Port mode register 3 (PM3)
This register sets port 3 input/output in 1-bit units.
When using the P36/BUZ pin for buzzer output function, set PM36 and output latch of P36 to O.
PM3 is set with a 1-bit or 8-bit memory manipulation instruction.

RESET input sets PM3 to FFH.

Symbol
PM3
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Figure 11-3. Port Mode Register 3 Format

After

7 6 5 4 3 2 1 0 Address Reset R/W
PM37|PM36 | PM35|PM34 | PM33 | PM32 | PM31 | PM30 FF23H FFH R/W
\ \ \ \ \ \ \ |
PM3n | P3n Pin Input/Output Mode Selection (n=0 to 7)
0 Output mode (output buffer ON)
1 Input mode (output buffer OFF)




CHAPTER 12 A/D CONVERTER

12.1 A/D Converter Functions

The A/D converter converts an analog input into a digital value. It consists of 8 channels (ANIO to ANI7) with an
8-bit resolution.

The conversion method is based on successive approximation and the conversion result is held in the 8-bit A/D
conversion result register (ADCR).

The following two ways are available to start A/D conversion.

(1) Hardware start
Conversion is started by trigger input (INTP3).

(2) Software start
Conversion is started by setting the A/D converter mode register (ADM).

Select one channel of analog input from ANIO to ANI7 to carry out A/D conversion. In the case of hardware start,
A/D conversion operation stops when an A/D conversion operation ends and an interrupt request (INTAD) is
generated. In the case of software start, the A/D conversion operation is repeated. Each time an A/D conversion
operation ends, an interrupt request (INTAD) is generated.

Caution Do not perform the following operation on the pins shared with port pins (refer to (1) Port pins
in 2.1.1 Normal operating mode pins) during A/D conversion operation; otherwise, the specifi-
cations of the absolute accuracy during A/D conversion cannot be satisfied (except the pins
shared with LCD segment output pins).

(1) Rewriting the output latch of an output pin used as a port pin
(2) Changing the output level of an output pin even when it is not used as a port pin

12.2 A/D Converter Configuration
The A/D converter consists of the following hardware.

Table 12-1. A/D Converter Configuration

ltem Configuration

Analog input 8 channels (ANIO to ANI7)

A/D converter mode register (ADM)
Control register A/D converter input select register (ADIS)
External interrupt mode register 1 (INTM1)

Successive approximation register (SAR)

Register . .
g A/D conversion result register (ADCR)
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Figure 12-1. A/D Converter Block Diagram

S Internal Bus S

A/D Converter Input
Select Register

ADIS3|ADIS2| ADIS1|ADISO
L1 .1 |
4
Series Resistor String
ANIO/P10 ©— T
ANI1/P11 ©——] S le & Hold Circui [ —O AVop
ANI2/P12 @ =] note1 Noez | 2AMPlE & Hold Circutt voltage |81 L5 aveer
ANI3/P13 @ 5 5 | | Comparator | @ |
3] j\> i3] ﬂ_o\o R 15 1 I
ANI4/P14 ©—> 2 o} I | I ol I
ANI5/P15 O~ & A1 | ! el
ANI6/P16 ©O— | Avss! | Successive I © AVss
[ 4 pproximation L_L__1
ANI7/P17 ©—— Register (SAR)
3
ADM1-ADM3
INTP3/P03 @ Edge )| Conwol INTAD
Detector Circuit
ES40, ESd1roes INTP3
. 3
Trigger Enable ]
A/D Conversion
CS |TRG| FR1|FRO |ADM3|ADM2| ADM1 Result Register
(ADCR)
A/D Converter Mode Register
S Internal Bus S

Notes 1. Selector to select the number of channels to be used for analog input.
2. Selector to select the channel for A/D conversion.
3. Bits 0, 1 of the external interrupt mode register 1 (INTM1).
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)

)

©)

4

®)

(6)

Successive approximation register (SAR)

This register compares the analog input voltage value to the voltage tap (compare voltage) value applied from
the series resistor string and holds the result from the most significant bit (MSB).

When up to the least significant bit (LSB) is retained (termination of A/D conversion), the SAR contents are
transferred to the A/D conversion result register (ADCR).

A/D conversion result register (ADCR)

This register holds the A/D conversion result. Each time A/D conversion terminates, the conversion result
is loaded from the successive approximation register (SAR).

ADCR is read with an 8-bit memory manipulation instruction.

RESET input makes ADCR undefined.

Sample & hold circuit

The sample & hold circuit samples each analog input signal sequentially applied from the input circuit and
sends it to the voltage comparator. This circuit holds the sampled analog input voltage value during A/D
conversion.

Voltage comparator
The voltage comparator compares the analog input to the series resistor string output voltage.

Series resistor string
The series resistor string is connected between AVrer to AVss and generates a voltage to be compared to
the analog input.

ANIO to ANI7 pins

These are 8-channel analog input pins to input analog signals to undergo A/D conversion to the A/D converter.
Pins other than those selected as analog input by the A/D converter input select register (ADIS) can be used
as input/output ports.

Cautions 1. Use ANIOto ANI7 input voltages within the specified range. If a voltage higher than AV REF
orlowerthan AV ssisapplied (even if within the absolute maximum ratings), the converted
value of the corresponding channel becomes indeterminate and may adversely affect the
converted values of other channels.

2. Theanaloginput pins ANIOto ANI7 also function as input/output port (PORT1) pins. When

A/D conversion is performed with any of pins ANIO to ANI7 selected, be sure not to
execute a PORTL1 input instruction while conversion is in progress, as this may reduce
the conversion resolution.
Also, if digital pulses are applied to a pin adjacent to the pin in the process of A/D
conversion, the expected A/D conversion value may not be obtainable due to coupling
noise. Therefore, avoid applying pulses to pins adjacent to the pin undergoing A/D
conversion.
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)

8

C)

AVREeF 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.

The current flowing in the series resistor string can be reduced by setting the voltage to be input to the AVrer
pin to AVss level in standby mode.

Caution A series resistor string of about 10 k  Q is connected between the AV rer and AVss pins.
Therefore, if the output impedance of the reference voltage source is high, the impedance
is virtually connected in parallel with the series resistor string between the AV RerF and AV ss
pin, increasing the error of the reference voltage.

AVss pin
This is a GND potential pin of the A/D converter. Keep it at the same potential as the Vss pin when not using
the A/D converter.

AVop pin
This is an A/D converter analog power supply pin. Keep it at the same potential as the Vss pin when not using
the A/D converter.

12.3 A/D Converter Control Registers

The following three types of registers are used to control the A/D converter.

« A/D converter mode register (ADM)
» A/D converter input select register (ADIS)

» External interrupt mode register 1 (INTM1)

)
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A/D converter mode register (ADM)

This register sets the analog input channel for A/D conversion, conversion time, conversion start/stop and
external trigger.

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

RESET input sets ADM to O1H.
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Symbol
ADM

Figure 12-2. A/D Converter Mode Register Format

@ ® 5 4 3 2 1 0 Address ARZeS;t RIW
CS | TRG | FR1 | FRO |ADM3|ADM2|ADM1| HSC FF80H 01H R/W
ADM3|ADM2 |ADM1| Analog Input Channel Selection
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
A/D Conversion Time Selection"***
FR1 | FRO | HSC | fx=5.0 MHz Operation fx=4.19 MHz Operation
MCS=1 MCS=0 MCS=1 MCS=0

0 0 1 | 80/fx (Setting prohibited" %) | 160/fx (32.0 is) 80/fx (19.1 us) 160/fx (38.1 i)
0 1 1 | 40/x (Setting prohibited"™®?)| 80/fx (Setting prohibited™°*® %) | 40/fx (Setting prohibited“*"®?) | 80/fx (19.1 us)
1 0 0 | 50/fx (Setting prohibited"*?)| 100/fx (20.0 us) 50/fx (Setting prohibited"°'® %) | 100/fx (23.8 us)
1 0 1 | 100/fx (20.0 us) 200/fx (40.0 us) 100/fx (23.8 us) 200/fx (47.7 us)
1 1 1 Setting prohibited

TRG | External Trigger Selection
0 No external trigger (software starts)
1 Conversion started by external trigger (hardware starts)

CS | A/D Conversion Operation Control
0 Operation stop
1 Operation start

Notes 1. Set so that the A/D conversion time is 19.1 us or more.
2. Setting prohibited because A/D conversion time is less than 19.1 yus.

Cautions 1. The following sequence is recommended for power consumption reduction of A/D
converter when the standby function is used: Clear bit 7 (CS) to O first to stop the
A/D conversion operation, and then execute the HALT or STOP instruction.
2. When restarting the stopped A/D conversion operation, start the A/D conversion
operation after clearing the interrupt request flag (ADIF) to O.

Remark fx : Main system clock oscillation frequency
MCS : Oscillation mode selection register (OSMS) bit 0
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(2) A/D converter input select register (ADIS)

192

This register determines whether the ANIO/P10 to ANI7/P17 pins should be used for analog input channels
or ports. Pins other than those selected as analog input can be used as input/output ports.

ADIS is set with an 8-bit memory manipulation instruction.

RESET input sets ADIS to O0H.

Cautions 1. Set the analog input channel in the following order.
(1) Set the number of analog input channels with ADIS.
(2) Using A/D converter mode register (ADM), select one channel to undergo A/D
conversion from among the channels set for analog input with ADIS.
2. No internal pull-up resistor can be used to the channels set for analog input with ADIS,
irrespective of the value of bit 1 (PUOL1) of the pull-up resistor option register L.

Figure 12-3. A/D Converter Input Select Register Format

After
Symbol 7 6 5 4 3 2 1 0 Address Reset R/W
ADIS 0 0 0 0 |ADIS3|ADIS2|ADIS1|ADISO FF84H 00H R/W

ADIS3|ADIS2|ADIS1|ADISO| Number of Analog Input Channel Selection

0 0 0 0 No analog input channel (P10-P17)

0 0 0 1 1 channel (ANIO, P11-P17)

0 0 1 0 2 channel (ANIO, ANI1, P12-P17)
0 0 1 1 | 3 channel (ANIO-ANI2, P13-P17)
0 1 0 0 4 channel (ANIO-ANI3, P14-P17)
0 1 0 1 5 channel (ANIO-ANI4, P15-P17)
0 1 1 0 6 channel (ANIO-ANI5, P16, P17)
0 1 1 1 7 channel (ANIO-ANI6, P17)

1 0 0 0 | 8 channel (ANI0-ANI7)

Other than above Setting prohibited
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(3) External interrupt mode register 1 (INTM1)
This register sets the valid edge for INTP3 to INTP5.
INTM1 is set with an 8-bit memory manipulation instruction.
RESET input sets INTM1 to O0H.

Figure 12-4. External Interrupt Mode Register 1 Format

Symbol 5 4 3 2 1 0 Address :;tgt R/W
INTM1 ES61 | ES60 | ES51 | ES50 | ES41 | ES40 FFEDH 00H R/W
L] \ | \ |
ES41 | ES40| INTP3 Valid Edge Selection
0 0 Falling edge
0 1 Rising edge
1 0 Setting prohibited
1 1 Both falling and rising edges
ES51 | ES50 | INTP4 Valid Edge Selection
0 0 Falling edge
0 1 Rising edge
1 0 Setting prohibited
1 1 Both falling and rising edges
ES61 | ES60 | INTP5 Valid Edge Selection
0 0 Falling edge
0 1 Rising edge
1 0 Setting prohibited
1 1 Both falling and rising edges
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12.4 A/D Converter Operations

12.4.1 Basic operations of A/D converter

(1) Set the number of analog input channels with A/D converter input select register (ADIS).

(2) Fromamong the analog input channels setwith ADIS, select one channel for A/D conversion with A/D converter
mode register (ADM).

(3) Sample the voltage input to the selected analog input channel with the sample & hold circuit.

(4) Sampling for the specified period of time sets the sample & hold circuit to the hold state so that the circuit
holds the input analog voltage until termination of A/D conversion.

(5) Bit 7 of the successive approximation register (SAR) is set and the tap selector sets the series resistor string
voltage tap to (1/2) AVRer.

(6) The voltage difference between the series resistor string voltage tap and analog input is compared with a
voltage comparator. If the analog input is greater than (1/2) AVrer, the MSB of SAR remains set. If the input
is smaller than (1/2) AVrer, the MSB is reset.

(7) Next, bit 6 of SAR is automatically set and the operation proceeds to the next comparison. In this case, the
series resistor string voltage tap is selected according to the preset value of bit 7 as described below.

e Bit7=1: (3/4) AVrer

e Bit7=0: (1/4) AVRrer
The voltage tap and analog input voltage are compared and bit 6 of SAR is manipulated with the result as
follows.

« Analog input voltage = Voltage tap : Bit6 =1

* Analog input voltage < Voltage tap : Bit6 =0

(8) Comparison of this sort continues up to bit 0 of SAR.

(9) Upon completion of the comparison of 8 bits, any effective digital resultant value remains in SAR and the
resultant value is transferred to and latched in the A/D conversion result register (ADCR).

At the same time, the A/D conversion termination interrupt request (INTAD) can also be generated.
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Figure 12-5. A/D Converter Basic Operation

p Conversion -
= Time -
Sampling Time
AID Converter | gampling A/D Conversion
Operation
) COH Conversion
SAR Undefined 80H ‘%rH Result
X
ADCR Conversion
Result
INTAD —|

A/D conversion operations are performed continuously until the bit 7 (CS) of A/D converter mode register (ADM)
is reset (0) by software.

If a write to the ADM is performed during an A/D conversion operation, the conversion operation is initialized, and
if the CS bit is set (1), conversion starts again from the beginning.

After RESET input, the value of ADCR is undefined.
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12.4.2 Input voltage and conversion results

The relation between the analog input voltage input to the analog input pins (ANIO to ANI7) and the A/D conversion
result (the value stored in A/D conversion result register (ADCR)) is shown by the following expression.

VIN

ADCR = INT (
AVREF

x 256 + 0.5)

or

(ADCR — 0.5) x AVREF < v/ < (ADCR + 0.5) x AVREF
256 56

INT() : Function which returns integer parts of value in parentheses.
VIN . Analog input voltage

AVRer : AVREer pin voltage

ADCR : A/D conversion result register (ADCR) register value

Figure 12-6 shows the relation between the analog input voltage and the A/D conversion result.

Figure 12-6. Relations between Analog Input Voltage and A/D Conversion Result

255 4 4

254 444 L

A/D Conversion 253 I

Results i
(ADCR) 3 i
3! i
2 ,,,,,,,,
1 ,,,,,,,,
0 b 11 1 1l
1 1 3 2 5 3 507 254 509 255 511
512 256 512 256 512 256 512 256 512 256 512
Input Voltage/AVrer
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12.4.3 A/D converter operating mode

Select one analog input channel from among ANIO to ANI7 with the A/D converter input select register (ADIS) and
A/D converter mode register (ADM) and execute A/D conversion.

The following two ways are available to start A/D conversion.

» Hardware start: Conversion is started by trigger input (INTP3).
» Software start: Conversion is started by setting ADM.

The A/D conversion result is stored in the A/D conversion result register (ADCR) and the interrupt request signal
(INTAD) is simultaneously generated.

(1) A/D conversion by hardware start
When bit 6 (TRG) and bit 7 (CS) of ADM are setto 1, the A/D conversion standby state is set. When the external
trigger signal (INTP3) is input, the A/D conversion starts on the voltage applied to the analog input pins specified
with bits 1 to 3 (ADM1 to ADM3) of A/D converter mode register (ADM).
Upon termination of the A/D conversion, the conversion result is stored in the A/D conversion result register
(ADCR) and the interrupt request signal (INTAD) is generated. After one A/D conversion operation is started
and terminated, another operation is not started until a new external trigger signal is input.
If data with CS set to 1 is written to ADM again during A/D conversion, the converter suspends its A/D
conversion operation and waits for a new external trigger signal to be input. When the external trigger input
signal is reinput, A/D conversion is carried out from the beginning.
If data with CS set to 0 is written to ADM during A/D conversion, the A/D conversion operation stops
immediately.

Figure 12-7. A/D Conversion by Hardware Start

U U L Uouou

ADM Rewrite ADM Rewrite
CS=1, TRG=1 Cs=1, TRG=1
y
. Standby Standby Standby
A/D Conversion State ANIn ANIn State ANIn State ANIm ANIm ANIm

AN NN
P N IR

ADCR ANIn ANIn ANIn ANIm ANIm

1Tl 111

Remark n =0,1, ...
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(2) A/D conversion operation in software start

When bit 6 (TRG) and bit 7 (CS) of A/D converter mode register (ADM) are set to 0 and 1, respectively, the
A/D conversion starts on the voltage applied to the analog input pins specified with bits 1 to 3 (ADM1 to
ADM3) of ADM.

Upon termination of the A/D conversion, the conversion result is stored in the A/D conversion result register
(ADCR) and the interrupt request signal (INTAD) is generated. After one A/D conversion operation is started
and terminated, the next A/D conversion operation starts immediately. The A/D conversion operation con-
tinues repeatedly until new data is written to ADM.

If data with CS set to 1 is written to ADM again during A/D conversion, the converter suspends its A/D
conversion operation and starts A/D conversion on the newly written data.

If data with CS set to 0 is written to ADM during A/D conversion, the A/D conversion operation stops im-
mediately.

Figure 12-8. A/D Conversion by Software Start

Conversion Start ADM Rewrite ADM Rewrite
CS=1, TRG=0 CS=1, TRG=0 CS=0, TRG=0
Y \i \j
A/D Conversion ANIn ANIn ANIn ANIm ANIm
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%/_J
Conversion suspended
Conversion results are L Stop
not stored
ADCR >< ANIn >< ANIn >< ANIm

INTAD

Remark n =0,1, ...,7
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12.5 A/D Converter Cautions

(1) Current consumption in standby mode
The A/D converter operates on the main system clock. Therefore, its operation stops in STOP mode or in
HALT mode with the subsystem clock. As a current still flows in the AVrer pin at this time, this current must
be cut in order to minimize the overall system power dissipation. In Figure 12-9, the power consumption can
be reduced by outputting a low-level signal to the output port in standby mode. However, there is no precision
to the actual AVrer voltage, and therefore the conversion values themselves lack precision and can only be
used for relative comparison.

Figure 12-9. Example of Method of Reducing Current Consumption in Standby Mode

AVop

Output Port E IT
’E 1 PD78064B

AVss

AVRer
AVRrer =Vop

Series Resistor String

AVss

(2) Input range of ANIO to ANI7
The input voltages of ANIO to ANI7 should be within the specification range. In particular, if a voltage above
AVREer or below AVss is input (even if within the absolute maximum rating range), the conversion value for that
channel will be indeterminate. The conversion values of the other channels may also be affected.
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Noise countermeasures

In order to maintain 8-bit resolution, attention must be paid to noise on pins AVrer and ANIO to ANI7. Since
the effect increases in proportion to the output impedance of the analog input source, it is recommended that
a capacitor be connected externally as shown in Figure 12-10 in order to reduce noise.

Figure 12-10. Analog Input Pin Disposition

If there is possibility that noise whose
level is AVrer or higher or AVss or lower may enter,
clamp with a diode with a small Ve (0.3 V or less).

Reference
Voltage Input  © ‘ / AVrer
o ’ ANIO-ANI7
L v
C=100-1000 pF
Vob
Note AVbDp
AVss
Vss

a

Note To reduce EMI noise, supply separate power to Voo and AVop from separate sources, and separately
ground Vss and AVss.

Pins ANIO/P10 to ANI7/P17

The analog input pins ANIO to ANI7 also function as input/output port (PORT1) pins. When A/D conversion
is performed with any of pins ANIO to ANI7 selected, be sure not to execute a PORTL1 input instruction while
conversion is in progress, as this may reduce the conversion resolution.

Also, if digital pulses are applied to a pin adjacent to the pin in the process of A/D conversion, the expected
A/D conversion value may not be obtainable due to coupling noise. Therefore, avoid applying pulses to pins
adjacent to the pin undergoing A/D conversion.

AVRer pin input impedance

A series resistor string of approximately 10 kQ is connected between the AVrer pin and the AVss pin.
Therefore, if the output impedance of the reference voltage source is high, this will resultin parallel connection
to the series resistor string between the AVrer pin and the AVss pin, and there will be a large reference voltage

error.
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(6) Interrupt request flag (ADIF)
The interrupt request flag (ADIF) is not cleared even if the A/D converter mode register (ADM) is changed.
Caution is therefore required since, if a change of analog input pin is performed during A/D conversion, the
A/D conversion result and ADIF for the pre-change analog input may be set just before the ADM rewrite, and
when ADIF is read immediately after the ADM rewrite, ADIF may be set despite the fact that the A/D conversion
for the post-change analog input has not ended.
When the A/D conversion is stopped and then resumed, clear the ADIF before it is resumed.

Figure 12-11. A/D Conversion End Interrupt Generation Timing

ADM Rewrite ADIF is set but ANIm
) (Start of ANIm Conversion) conversion has not ended
ADM Rewrite
(Start of ANIn Conversion)
Y
A/D Conversion ANIn ANIn ANIm ANIm

N N

DI I N N
X

ADCR ANIn ANIn ANIm ANIm

INTAD

(7) AVop pin
The AVop pin is the analog circuit power supply pin, and supplies power to the input circuits of ANIO/P10 to
ANI7/P17.
Therefore, be sure to apply the same voltage as Voo to this pin even when the application circuit is designed
SO as to switch to a backup battery.

Figure 12-12. Handling of AV bp Pin

N AVRer
Note
N Voo
Main AVbp
power — —— Capacitor
supply for back-up
AVss
Vss
7T

Note To reduce EMI noise, supply separate power to Voo and AVop from separate sources, and separately
ground Vss and AVss.
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(8) Port operation during A/D converter operation

202

Do not perform the following operation on the pins shared with port pins (refer to (1) Port pins in 2.1.1 Normal
operating mode pins ) during A/D conversion operation; otherwise, the specifications of the absolute accuracy
during A/D conversion cannot be satisfied (except the pins shared with LCD segment output pins).

(1) Rewriting the output latch of an output pin used as a port pin

(2) Changing the output level of an output pin even when it is not used as a port pin



CHAPTER 13 SERIAL INTERFACE CHANNEL 0

The uPD78064B subseries incorporates two channels of serial interfaces. Differences between channels 0 and
2 are as follows (Refer to CHAPTER 14 SERIAL INTERFACE CHANNEL 2 for details of the serial interface channel

2).

Table 13-1. Differences between Channels 0 and 2

Serial Transfer Mode

Channel 0

Channel 2

3-wire serial I/O

Clock selection

fxx/2, fxx/22, fxx/23,
fxx/24, fxx/25, fxx/28,
fxx/27, fxx/28, external
clock, TO2 output

External clock, baud
rate generator output

Transfer method

MSB/LSB switchable
as the start bit

MSB/LSB switchable
as the start bit

Transfer end flag

Serial transfer end
interrupt request flag
(CSIIFO)

Serial transfer end
interrupt request flag
(SRIF)

SBI (serial bus interface)

2-wire serial 1/10

Use possible

None

UART

(Asynchronous serial interface)

None

Use possible
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13.1 Serial Interface Channel O Functions

Serial interface channel 0 employs the following four modes.

* Operation stop mode

¢ 3-wire serial /0O mode
e SBI (serial bus interface) mode
e 2-wire serial /0O mode

Caution Do not change the operation mode (3-wire serial /0O, 2-wire serial I/0, or SBI) while the operation

@

)

3

204

of serial interface channel 0 is enabled. To change the operation mode, stop the serial operation.

Operation stop mode
This mode is used when serial transfer is not carried out. Power consumption can be reduced.

3-wire serial /0O mode (MSB-/LSB-first selectable)

This mode is used for 8-bit data transfer using three lines, one each for serial clock (M), serial output (SO0)
and serial input (SI0). This mode enables simultaneous transmission/reception and therefore reduces the data
transfer processing time.

The start bit of transferred 8-bit data is switchable between MSB and LSB, so that devices can be connected
regardless of their start bit recognition.

This mode should be used when connecting with peripheral I/0 devices or display controllers which incorporate
a conventional synchronous clocked serial interface as is the case with the 75X/XL, 78K, and 17K series.

SBI (serial bus interface) mode (MSB-first)

This mode is used for 8-bit data transfer with two or more devices using two lines of serial clock (m) and
serial data bus (SBO or SB1).

Inthe SBI mode, transfer data is classified into “addresses”, “commands”, and “data” in conformance with NEC
serial bus format, and is transmitted or received.

e Address : Data to select target device for serial communication
« Command : Data that gives direction to target device
* Data . Data actually transferred

Actual transfer takes place when the master device outputs an “address” onto the serial bus to select a slave
device from multiple devices with which the master is to communicate. “Commands” and “data” are then
transmitted between the master and selected slave device. In this way, serial communication is implemented.
The receiver can automatically identify the received data as “address”, “command”, or “data in hardware.
This function enables the input/output ports to be used effectively and the application program serial interface
control portions to be simplified.

In this mode, the wake-up function for handshake and the output function of acknowledge and busy signals

can also be used.
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(4) 2-wire serial I/0 mode (MSB-first)
This mode is used for 8-bit data transfer using two lines of serial clock (ﬁ)) and serial data bus (SBO or
SB1).
This mode enables to cope with any one of the possible data transfer formats by controlling the SCKO level
and the SBO or SB1 output level. Thus, the handshake line previously necessary for connection of two or
more devices can be removed, resulting in the increased number of available input/output ports.

Figure 13-1. Serial Bus Interface (SBI) System Configuration Example

AVbp

Master CPU Slave CPU1

SCKO SCKO

SBO SBO

Slave CPU2

SCKO

SBO

Slave CPUn

SCKO

SBO
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13.2 Serial Interface Channel 0 Configuration
Serial interface channel 0 consists of the following hardware.

Table 13-2. Serial Interface Channel 0 Configuration

ltem Configuration

Serial I/O shift register 0 (SIO0)

Register .
Slave address register (SVA)

Timer clock select register 3 (TCL3)
Serial operating mode register 0 (CSIMO)
Control register Serial bus interface control register (SBIC)
Interrupt timing specify register (SINT)
Port mode register 2 (PM2)Note

Note Refer to Figure 4-5 Block Diagram of P25 and P26 , Figure 4-
6 Block Diagram of P27 .
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Figure 13-2. Serial Interface Channel 0 Block Diagram

S Internal Bus (
Serial Operating Serial Bus Interface
Mode Register 0 Control Register
CSIM|CSIM|CSIM|CSIM|CSIM Slave Address
IE I | WuP BSYE | ACKD | ACKE | ACKT|CMDD| RELD| CMDT| RELT
CSIEQ CO v 04 03 02 01 00 Register (SVA) S ¢ ¢ cKT|c ¢
: o o | 1
Match
N\

Control
Circuit l
SI0/SBY/ j—| Serial /O Shift CLRSET
P25 {b | —D Q

Selector Register 0 (SIO0)
PM25 T
|| Output
Control Busy/
Acknowledge
SO07 Slleé @P*b Output Circuit
Bus Release/ |~ AckD
PM26jv Command/ WUP

— CMDD
output Acknowledge . RELD

Control P26 Output Detector Interrupt

Latch Requeslt

Signal

N CLD -
SCKO0/ @F% I Serial Clock Generator [—= INTCSIO
P27 Counter
PM27ﬁv
Output Serial Clock o T02
~— Selector -fxx/28
Control 4@— Control Circuit Selector T <:| Fxx/2-Fxxl 2
L csiMoo L csimMoo 4
—CSIM01 — CSIM01
P27
Output Latch { 4 1 1
CLD | SIC |SVAM| [TCL33[TCL32[TCL31{TCL30
Interrupt Timing Timer Clock
Specify Register Select
Register 3
S Internal Bus (

Remark Output Control performs selection between CMOS output and N-ch open drain output.
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Serial I/O shift register 0 (SIO0)

This is an 8-bit register to carry out parallel/serial conversion and to carry out serial transmission/reception
(shift operation) in synchronization with the serial clock.

SIOO0 is set with an 8-bit memory manipulation instruction.

When bit 7 (CSIEQ) of serial operating mode register 0 (CSIMO) is 1, writing data to SIOO0 starts serial operation.
In transmission, data written to SIOO0 is output to the serial output (SOO0) or serial data bus (SB0O/SB1). In
reception, data is read from the serial input (S10) or SBO/SB1 to SI00.

Note that, if a bus is driven in the SBI mode or 2-wire serial I/O mode, the bus pin must serve for both input
and output. Thus, in the case of a device for reception, write FFH to SIO0 in advance (except when address
reception is carried out by setting bit 5 (WUP) of CSIMO to 1).

In the SBI mode, the busy state can be cleared by writing data to SIOO0. In this case, bit 7 (BSYE) of the serial
bus interface control register (SBIC) is not cleared to 0.

RESET input makes SIO0 undefined.

Slave address register (SVA)

This is an 8-bit register to set the slave address value for connection of a slave device to the serial bus.
SVA is set with an 8-bit memory manipulation instruction. It is not used in the 3-wire serial I/O mode.
The master device outputs a slave address for selection of a particular slave device to the connected slave
device. These two data (the slave address output from the master device and the SVA value) are compared
with an address comparator. If they match, the slave device has been selected. In that case, bit 6 (COI) of
serial operating mode register 0 (CSIMO) becomes 1.

Address can also be compared on the data of LSB-masked high-order 7 bits by setting (1) bit 4 (SVAM) of
the interrupt timing specify register (SINT).

If no matching is detected in address reception, bit 2 (RELD) of the serial bus interface control register (SBIC)
is cleared to 0. In the SBI mode, the wake-up function can be used by setting bit 5 (WUP) of CSIMO to 1.
In this case, an interrupt request signal (INTCSIO) is generated only when the slave address output by the
master coincides with the value of SVA. This interrupt indicates that the master has issued a request for
communication. While bit 5 (SIC) of the interrupt timing specification register (SINT) is set to 1, the wake-
up function does not operate even if WUP is set to 1 (the interrupt signal is generated when bus release is
detected). Clear SIC to O to use the wake-up function.

Further, when SVA transmits data as master or slave device in the SBI or 2-wire serial /0 mode, errors can
be detected by using SVA.

RESET input makes SVA undefined.
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SO0 latch
This latch holds SI0/SB0/P25 and SO0/SB1/P26 pin levels. It can be directly controlled by software. In the
SBI mode, this latch is set upon termination of the 8th serial clock.

Serial clock counter
This counter counts the serial clocks to be output and input during transmission/reception and to check whether
8-bit data has been transmitted/received.

Serial clock control circuit
This circuit controls serial clock supply to the serial I/0 shift register 0 (SIO0). When the internal system clock
is used, the circuit also controls clock output to the SCKO/P27 pin.

Interrupt request signal generator
This circuit controls interrupt request signal generation. It generates the interrupt request signalin the following
cases.

¢ In the 3-wire serial /O mode and 2-wire serial I/O mode
This circuit generates an interrupt request signal every eight serial clocks.

e In the SBI mode
When WUPNOte js 0. Generates an interrupt request signal every eight serial clocks.
When WupPNote s 1. Generates an interrupt request signal when the serial I/O shift register 0 (SIO0)
value matches the slave address register (SVA) value after address reception.

Note WUP is wake-up function specify bit. It is bit 5 of serial operating mode register 0 (CSIM0). To use
the wake-up function (WUP = 1), clear bit 5 (SIC) of the interrupt timing specification register (SINT)
to 0.

Busy/acknowledge output circuit and bus release/command/acknowledge detector

These two circuits output and detect various control signals in the SBI mode.
These do not operate in the 3-wire serial I/O mode and 2-wire serial I/O mode.
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13.3 Serial Interface Channel 0 Control Registers
The following four types of registers are used to control serial interface channel 0.

» Timer clock select register 3 (TCL3)

» Serial operating mode register 0 (CSIMO)
« Serial bus interface control register (SBIC)
 Interrupt timing specify register (SINT)

(1) Timer clock select register 3 (TCL3)
This register sets the serial clock of serial interface channel 0.
TCL3 is set with an 8-bit memory manipulation instruction.
RESET input sets TCL3 to 88H.

Figure 13-3. Timer Clock Select Register 3 Format

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

TCL3 1 0 0 0 |TCL33|TCL32|TCL31|TCL30| FF43H 88H RIW
Serial Interface Channel 0 Serial Clock Selection
TCL33|TCL32|TCL31({TCL30
MCS =1 MCS=0
0 1 1 0 fxx/2 Setting prohibited fx/22 (1.25 MHz)
0 1 1 1| fxx/22 fx/22 (1.25 MHz) fx/23 (625 kHz)
1 0 0 0 | fxx/2s fx/23 (625 kHz) fx/24 (313 kHz)
1 0 0 1 fxx/24 fx/24 (313 kHz) fx/25 (156 kHz)
1 0 1 0 fxx/25 fx/25 (156 kHz) x/26 (78.1 kHz)
1 0 1 1 fxx/26 fx/2¢ (78.1 kHz) fx/27 (39.1 kHz)
1 1 0 0 fxx/27 fx/27 (39.1 kHz) fx/28 (19.5 kHz)
1 1 0 1| fxx/28 fx/28 (19.5 kHz) fx/2° (9.8 kHz)
Other than above Setting prohibited

Cautions 1. Set bits 4 to 6 to 0, and bit 7 to 1.
2. When rewriting TCL3 to other data, stop the serial transfer operation beforehand.

Remarks 1. fxx : Main system clock frequency (fx or fx/2)
2. fx : Main system clock oscillation frequency
3. MCS : Oscillation mode selection register (OSMS) bit 0
4. Figures in parentheses apply to operation with fx = 5.0 MHz.
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(2) Serial operating mode register 0 (CSIMO)
This register sets serial interface channel 0 serial clock, operating mode, operation enable/stop wake-up
function and displays the address comparator match signal.
CSIMO is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input sets CSIMO to O0H.

Caution Do not change the operation mode (3-wire serial 1/O, 2-wire serial 1/0, or SBI) while the
operation of serial interface channel 0 is enabled. To change the operation mode, stop the
serial operation.
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Symbol

CsiMO0

R/W

R/W

212

Figure 13-4. Serial Operating Mode Register 0 Format (1/2)

@& ® 6 4 3 2 1 0 Address  After Reset R/W
CSIEO| COIl | WUP |csimo4 | csiMO3 | cSIM02 | csiMol |csimoo|  FF60H 00H R/WNote 1
csimo1|csimoo| Serial Interface Channel 0 Clock Selection
0 x Input Clock to SCKO pin from off-chip
1 0 8-bit timer register 2 (TM2) output
1 1 Clock specified with bits 0 to 3 of timer clock select register 3 (TCL3)
CSIM|CSIM|CSIM Operation .| SIO/SB0O/P25 | SO0/SB1/P26 SCKO0/P27
PM25| P25 |PM26| P26 |PM27| P27 Start Bit ) . ) ) ) ]
04 | 03 | 02 Mode Pin Function Pin Function Pin Function
Note 2|Note 2 -
o | x 0 1lxlolol ol |B3wireseral MSB SIQNote 2 S00 SCKO (CMOS
1 I/O mode LSB (Input) (CMOS output) | input/output)
Note 3|Note 3 ~
p25 (cMos | SBL(N-ch
O|x|x|0|0|O0]1 input/output) open-drain
p p input/output)
SCKO (CMOS
1|0 SBI mode MSB input/output)
Note 3|Note 3 ~
SBO (N-ch 1 o6 (cmos
1 /00| x| x]0]1 open-drain inputioutput)
input/output) P P
Note 3|Note 3 SBl (N-Ch
O|x|x|0|0]|]0]1 .P25 (CMOS open-drain
input/output) )
input/output)
2-wire serial SCKO (N-ch
g Jpencran,
Note 3|Note 3 -
SBO (N-ch 1 o6 (cMoS
1|00 | x| x|0]1 open-drain input/output)
input/output) P P

Notes 1. Bit 6 (COI) is a read-only bit.

Remark

2. Can be used as P25 (CMOS input/output) when used only for transmission.

3. Can be used freely as port function.

X

Pxx

don'’t care
PMxx: port mode register
output latch of port
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Figure 13-4. Serial Operating Mode Register 0 Format (2/2)

R/W | WUP | Wake-up Function ControlNote 1

0 Interrupt request signal generation with each serial transfer in any mode

Interrupt request signal generation when the address received after bus release (when CMDD = RELD = 1)
matches the slave address register data in SBI mode

R | COI | Slave Address Comparison Result Flaghote 2

0 Slave address register not equal to serial I/O shift register O data

1 Slave address register equal to serial I/O shift register 0 data

R/W |CSIEO| Serial Interface Channel 0 Operation Control

0 Operation stopped

1 Operation enable

Notes 1. Touse thewake-up function (WUP = 1), clear bit 5 (SIC) of the interrupt timing specification register
(SINT) to O.
2. When CSIEO = 0, COI becomes 0.
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(3) Serial bus interface control register (SBIC)
This register sets serial bus interface operation and displays statuses.
SBIC is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input sets SBIC to 00H.

Symbol

SBIC

R/W

R/IW

R/W

214

Figure 13-5. Serial Bus Interface Control Register Format (1/2)

@ ® 6 & ® @ @O o Address  After Reset R/W

BSYE |ACKD|ACKE | ACKT |CMDD| RELD |[CMDT|RELT| FF61H 00H R/Whote
Used for bus release signal output.

RELT| When RELT =1, SO latch is set to 1. After SO latch setting, automatically cleared to 0.
Also cleared to 0 when CSIEO = 0.
Used for command signal output.

CMDT| When CMDT =1, SO latch is cleared to (0). After SO latch clearance, automatically cleared to 0.
Also cleared to 0 when CSIEO = 0.

RELD| Bus Release Detection

Clear Conditions (RELD = 0)

Set Conditions (RELD =1)

« When transfer start instruction is executed

« If SIO0 and SVA values do not match in
address reception

« When CSIEQO =0

* When RESET input is applied

« When bus release signal (REL) is detected

CMDD| Command Detection

Clear Conditions (CMDD = 0)

Set Conditions (CMDD = 1)

» When transfer start instruction is executed
« When bus release signal (REL) is detected
* When CSIEO =0

* When RESET input is applied

« When command signal (CMD) is detected

ACKT

Acknowledge signal is output in synchronization with the falling edge clock of SCKO just after execution
of the instruction to be set to 1, and after acknowledge signal output, automatically cleared to 0.
Used as ACKE=0. Also cleared to 0 upon start of serial interface transfer or when CSIEO = 0.

Note

Bits 2, 3, and 6 (RELD, CMDD and ACKD) are read-only bits.

Remarks 1. Bits 0, 1, and 4 (RELD, CMDT, and ACKT) are 0 when read after data setting.
2. CSIEO: Bit 7 of the serial operation mode register 0 (CSIMO)
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Figure 13-5. Serial Bus Interface Control Register Format (2/2)

R/W |ACKE| Acknowledge Signal Output Control

0 Acknowledge signal automatic output disable (output with ACKT enable)

Before completion of | Acknowledge signal is output in synchronization with the Sth clock
transfer falling edge of SCKO (automatically output when ACKE = 1).

1 Acknowledge signal is output in synchronization with the falling edge of
After completion of SCKO just after execution of the instruction to be set to 1

transfer (automatically output when ACKE = 1).

However, not automatically cleared to O after acknowledge signal output.

R |ACKD| Acknowledge Detection

Clear Conditions (ACKD = 0) Set Conditions (ACKD = 1)
« Falling edge of the SCKO immediately after the busy
mode is released while executing the transfer » When acknowledge signal (ACK) is detected at the
start instruction rising edge of SCKO clock after completion of
+ When CSIEO =0 transfer

*« When RESET input is applied

R/W Note
BSYE| Synchronizing Busy Signal Output Control

0 Disables busy signal which is output in synchronization with the falling edge of SCKO clock just after
execution of the instruction to be cleared to 0.

1 Outputs busy signal at the falling edge of SCKO clock following the acknowledge signal.

Note The busy mode can be canceled by start of serial interface transfer. However, the BSYE flag is
not cleared to 0.

Remark CSIEQ: Bit 7 of the serial operation mode register 0 (CSIMO)
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(4) Interrupt timing specify register (SINT)

This register sets the bus release interrupt and address mask functions and displays the SCKO pin level status.

SINT is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input sets SINT to O0OH.

Figure 13-6. Interrupt Timing Specify Register Format

Symbol 7 ® 6 ® 3 2 1 0 Address  After Reset R/W
SINT 0 CLD | SIC |SVAM| O 0 0 0 FF63H 00H R/WNote 1
R/W
SVAM| SVA Bit to be Used as Slave Address
0 Bits 0to 7
1 Bits 1to 7
R/W
SIC | INTCSIO Interrupt Cause SelectionNote 2
0 CSIIFO is set upon termination of serial interface
channel 0 transfer
1 CSIIFO is set upon bus release detection or
termination of serial interface channel 0 transfer
R
CLD | SCKO Pin LevelNote3
0 Low level
1 High level

Notes 1. Bit 6 (CLD) is a read-only bit.
2. When using wake-up function in the SBI mode, set SIC to 0.
3. When CSIEO = 0, CLD becomes 0.

Caution Be sure to set bits 0 to 3 to 0.
Remark SVA : Slave address register

CSIIFO: Interrupt request flag corresponding to INTCSIO
CSIEO : Bit 7 of serial operation mode register 0 (CSIMO)
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13.4 Serial Interface Channel 0 Operations
The following four operating modes are available to the serial interface channel 0.

* Operation stop mode
» 3-wire serial /O mode
e SBI mode

e 2-wire serial /O mode

13.4.1 Operation stop mode
Serial transfer is not carried out in the operation stop mode. Thus, power consumption can be reduced. The serial
I/0O shift register 0 (SIO0) does not carry out shift operation either and thus it can be used as ordinary 8-bit register.
In the operation stop mode, the P25/S10/SB0, P26/SO0/SB1 and P27/SCKO pins can be used as ordinary input/
output ports.

(1) Register setting
The operation stop mode is set with the serial operating mode register 0 (CSIMO).
CSIMO is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input sets CSIMO to O0H.

Symbol @  ® 4 3 2 1 0 Address  After Reset R/W

CSIMO |CSIEO| COI | WUP |csimo4 | csiMo3 | csIMO2 | csIMo1 |csiMoo|  FF60H OOH R/W

R/W |CSIEO| Serial Interface Channel 0 Operation Control

0 Operation stopped

1 Operation enabled
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13.4.2 3-wire serial I/O mode operation

The 3-wire serial I/O mode is valid for connection of peripheral I/0 units and display controllers which incorporate

a conventional synchronous clocked serial interface as is the case with the 75X/XL, 78K, and 17K series.
Communication is carried out with three lines of serial clock (SCKO), serial output (SOO0), and serial input (SI0).

(1) Register setting

The 3-wire serial /0O mode is set with the serial operating mode register 0 (CSIM0) and serial bus interface

control register (SBIC).

(a) Serial operating mode register 0 (CSIMO)
CSIMO is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input sets CSIMO to O0H.

Symbol

@ ®& 6 4 3 2 1 0 Address  After Reset R/W
CSIMO |CSIEO| COI | WUP |csiMo4 | csimo3 | csIM02 | csIMol | csimoo|  FF60H O00H R/W Note 1
R/W |csimo1|csimoo| Serial Interface Channel O Clock Selection
0 X Input Clock to SCKO pin from off-chip
1 0 8-bit timer register 2 (TM2) output
1 1 Clock specified with bits 0 to 3 of timer clock select register 3 (TCL3)
R/W |csim|csim|csIM Operation .| SIO/SB0O/P25 | SO0/SB1/P26 SCKO0/P27
PM25| P25 |PM26| P26 |PM27| P27 Start Bit . . . . ] |
04 | 03 | 02 Mode Pin Function Pin Function Pin Function
Note 2|Note 2 —
ol x O Ole oo ol |3wieseria| MsB Siphete2 S00 SCKO (CMOS
1 I/O mode LSB (Input) (CMOS output) | input/output)
1 | 0 | sSBImode (Referto 13.4.3 SBI mode operation.)
1 | 1 | 2-wire serial I/O mode (Refer to 13.4.4 2-wire serial I/O mode operation.)
R/W | WUP | Wake-up Function Control™'¢®
0 Interrupt request signal generation with each serial transfer in any mode
1 Interrupt request signal generation when the address received after bus release
(when CMDD=RELD=1) matches the slave address register data in SBI mode
R/W |CSIEO| Serial Interface Channel 0 Operation Control
0 Operation stopped
1 Operation enabled

Notes 1. Bit 6 (COI) is a read-only bit.

2. Can be used as P25 (CMOS input/output) when used only for transmission.

3. Be sure to set WUP to 0 when the 3-wire serial I/O mode is selected.

Remark x don’t care
PMxx : port mode register

Pxx output latch of port
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(b)

Symbol

SBIC

R/W

R/W

Serial bus interface control register (SBIC)
SBIC is set with a 1-bit or 8-bit memory manipulation instruction.

RESET input sets SBIC to 00H.

o ® 6 » ® @ O 0o Address  After Reset R/W
BSYE |ACKD | ACKE | ACKT |CMDD|RELD |[CMDT|RELT| FF61H O0OH R/W
RELT When RELT =1, SO latch is set to 1. After SO latch setting, automatically cleared to 0.
Also cleared to 0 when CSIEO = 0.
CMDT When CMDT = 1, SO latch is cleared to 0. After SO latch clearance, automatically cleared to 0.
Also cleared to 0 when CSIEO = 0.
CSIEO: Bit 7 of the serial operation mode register 0 (CSIMO)
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(2) Communication operation

SCKO 1 2 3 4 5 6 7 8

CSIIFO

©)

The 3-wire serial I/O mode is used for data transmission/reception in 8-bit units. Bit-wise data transmission/
reception is carried out in synchronization with the serial clock.

Shift operation of the serial I/O shift register 0 (SIO0) is carried out at the falling edge of the serial clock (m).
The transmitted data is held in the SOO latch and is output from the SOO pin. The received data input to the
SI0 pin is latched in SIOO0 at the rising edge of SCKO.

Upon termination of 8-bit transfer, SIO0 operation stops automatically and the interrupt request flag (CSIIFO0)
is set.

Figure 13-7. 3-Wire Serial 1/0 Mode Timings

SI0 \ XKLDI? X DI6 X DI5 X Dl4 X DI3 X DI2 X DI1 X DIO/

|
|
l
SO0 X DO7 X DO6 X DO5 X DO4 X DO3 X DO2 X DO1 X/DOO

L End of Transfer
Transfer Start at the Falling Edge of SCKO

The SO0 pin is a CMOS output pin and outputs current SO0 latch statuses. Thus, the SO0 pin output status
can be manipulated by setting the bit 0 (RELT) and bit 1 (CMDT) of the serial bus interface control register
(SBIC). However, do not carry out this manipulation during serial transfer.

Control the SCKO pin output level in the output mode (internal system clock mode) by manipulating the P27
output latch (refer to 13.4.5 SCKo0/P27 pin output manipulation ).

Other signals
Figure 13-8 shows RELT and CMDT operations.

Figure 13-8. RELT and CMDT Operations

SO0 latch
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4

®)

MSB/LSB switching as the start bit

The 3-wire serial /0O mode enables to select transfer to start from MSB or LSB.

Figure 13-9 shows the configuration of the serial I/O shift register 0 (SIO0) and internal bus. As shown in the
figure, MSB/LSB can be read/written in reverse form.

MSB/LSB switching as the start bit can be specified with bit 2 (CSIM02) of the serial operating mode register
0 (CSIMO).

Figure 13-9. Circuit of Switching in Transfer Bit Order

InternalBus  -——------—-————+ e O

LSB-first L
MSB-first —— Read/Write Gate | | Read/Write Gate

SO0 Latch

$I0 ——{  ShiftRegister0(si00)  |—|D QW

A U ) B D

SO0

SCKO
Start bit switching is realized by switching the bit order for data write to SIO0. The SIOO0 shift order remains

unchanged.
Thus, switching between MSB-first and LSB-first must be performed before writing data to the shift register.

Transfer start
Serial transfer is started by setting transfer data to the serial 1/0 shift register 0 (SIO0) when the following two

conditions are satisfied.

» Serial interface channel 0 operation control bit (CSIEO) = 1.

« Internal serial clock is stopped or SCKO is a high level after 8-bit serial transfer.

Caution If CSIEO is set to “1” after data write to SIOO0, transfer does not start.

Remark CSIEOQ: Bit 7 of the serial operation mode register 0 (CSIMO)

Upon termination of 8-bit transfer, serial transfer automatically stops and the interrupt request flag (CSIIFO0)
is set.
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13.4.3 SBI mode operation

SBI (Serial Bus Interface) is a high-speed serial interface in compliance with the NEC serial bus format.

SBI uses a single master device and employs the clocked serial I/O format with the addition of a bus configuration
function. This function enables devices to communicate using only two lines. Thus, when making up a serial bus
with two or more microcontrollers and peripheral ICs, the number of ports to be used and the number of wires on
the board can be decreased.

The master device outputs three kinds of data to slave devices on the serial data bus: “addresses” to select a device
to be communicated with, “commands” to instruct the selected device, and “data” which is actually required.

The slave device can identify the received data into “address”, “command”, or “data”, by hardware. This function
enables the application program to control serial interface channel 0 to be simplified.

The SBI function is incorporated into various devices including 75X/XL series and 78K series devices.

Figure 13-10 shows a serial bus configuration example when a CPU having a serial interface compliant with SBI
and peripheral ICs are used.

In SBI, the SBO (SB1) serial data bus pin is an open-drain output pin and therefore the serial data bus line behaves
in the same way as the wired-OR configuration. In addition, a pull-up resistor must be connected to the serial data
bus line.

When the SBI mode is used, refer to (11) SBI mode precautions (d) described later.

Figure 13-10. Example of Serial Bus Configuration with SBI

AVbD
7 Serial Clock 7
SCKO SCKO Slave CPU
Master CPU
Serial Data Bus
SBO (SB1) SBO (SB1) Address 1
SCKO Slave CPU
SBO (SB1) Address 2
SCKO Slave IC
SBO (SB1) Address N

Caution When exchanging the master CPU/slave CPU, a pull-up resistor is necessary for the serial clock
line (SCKO) as well because serial clock line (SKCO) input/output switching is carried out

asynchronously between the master and slave CPUs.

222



CHAPTER 13 SERIAL INTERFACE CHANNEL 0

(1) SBI functions
In the conventional serial I/O format, when a serial bus is configured by connecting two or more devices, many
ports and wiring are necessary, to provide chip select signal to identify command and data, and to judge the
busy state, because only the data transfer function is available. If these operations are to be controlled by
software, the software must be heavily loaded.
In SBI, a serial bus can be configured with two signal lines of serial clock SCKO and serial data bus SBO (SB1).
Thus, use of SBI leads to reduction in the number of microcontroller ports and that of wirings and routings
on the board.
The SBI functions are described below.

(a) Address/command/data identify function
Serial data is distinguished into addresses, commands, and data.

(b) Chip select function by address transmission
The master executes slave chip selection by address transmission.

(c) Wake-up function
The slave can easily judge address reception (chip select judgment) with the wake-up function (which
can be set/reset by software).
When the wake-up function is set, the interrupt request signal (INTCSIO) is generated upon reception of
a match address.
Thus, when communication is executed with two or more devices, the CPU except the selected slave
devices can operate regardless of underway serial communications.

(d) Acknowledge signal (ACK) control function
The acknowledge signal to check serial data reception is controlled.

(e) Busy signal (BUSY) control function
The busy signal to report the slave busy state is controlled.
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(2) SBI definition
The SBI serial data format and the signals to be used are defined as follows.

now

Serial data to be transferred with SBI consists of three kinds of data: “address”, “command”, and “data”.
Figure 13-11 shows the address, command, and data transfer timings.

Figure 13-11. SBI Transfer Timings

Address Transfer
—
seoeny  \ £ 0 /e ) XXX X/ ACK/ _BUSY

Bus Release
Signal

Address
Command Transfer
Command Signal

_J [

N J

A\
Command

Data Transfer

SCKO |||||||||||||||8||9|||||||||
7’--7
SBO (SB1) D7 DO \ACK: BUSY / READY

N

Data

Remark The dotted line indicates the READY status.

The bus release signal and the command signal are output by the master device. BUSY is output by the slave
signal. ACK can be output by either the master or slave device (normally, the 8-bit data receiver outputs).
Serial clocks continue to be output by the master device from 8-bit data transfer start to BUSY reset.
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(b)

Bus release signal (REL)

The bus release signal is a signal with the SBO (SB1) line which has changed from the low level to the
high level when the SCKO line is at the high level (without serial clock output).

This signal is output by the master device.

Figure 13-12. Bus Release Signal

scko H

The bus release signal indicates that the master device is going to transmit an address to the slave device.
The slave device incorporates hardware to detect the bus release signal.

Caution The positive transition of the SBO (SB1) line (transition from low to high) while the SCKO ~
line is high is recognized as a bus release signal. If the timing of changes on the bus
shifts due to the influence of board capacitance, etc., a bus release signal may be
detected even while data is being transmitted. Exercise care when routing the wiring.

Command signal (CMD)

The command signal is a signal with the SBO (SB1) line which has changed from the high level to the
low level when the SCKO line is at the high level (without serial clock output). This signal is output by
the master device.

Figure 13-13. Command Signal

scko H

,,,,,,,,

The command signal indicates that the master is going to transmit a command to the slave (however,
the command signal following the bus release signal indicates that an address is to be transmitted).
The slave device incorporates hardware to detect the command signal.

Caution The positive transition of the SBO (SB1) line (transition from low to high) while the SCKO
line is high is recognized as a command signal. If the timing of changes on the bus shifts
due to the influence of board capacitance, etc., acommand signal may be detected even
while data is being transmitted. Exercise care when routing the wiring.
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(c) Address
An address is 8-bit data which the master device outputs to the slave device connected to the bus line
in order to select a particular slave device.

Figure 13-14. Addresses

SCKO 1 2 3 4 5 6 7 8

SBO (SB1) I /a7 X ne X(as X aa X a3 (a2 X a1 X a0

N J

Address

Bus Release
Signal

Command Signal

8-bit data following bus release and command signals is defined as an “address”. In the slave device,
this condition is detected by hardware and whether or not 8-bit data matches the own specification number
(slave address) is checked by hardware. If the 8-bit data matches the slave address, the slave device
has been selected. After that, communication with the master device continues until a release instruction
is received from the master device.

Figure 13-15. Slave Selection with Address

Master _l Slave 1 Not selected
iclﬁj\;eeszs transmission |—.
Slave 2 Selected
Slave 3 Not selected
Slave 4 Not selected
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(d) Command and data

The master device transmits commands to, and transmits/receives data to/from the slave device selected
by address transmission.

Figure 13-16. Commands

SCKo [ 121 18] 14] 1s[ 1] 7] s

SBO (SB1) I [crXcsXcs XcaXcaXca X crXco

Vv
Command Signal Command

Figure 13-17. Data

SCKO [ 12 18] 14 1s[ 1s[ 17[ 18

SBO (SB1) \ 07 X6 X D5 X D4 X D3 X b2 X D1 X DO

A\
Data

8-bit data following a command signal is defined as “command” data. 8-bit data without command signal

is defined as “data”. Command and data operation procedures are allowed to determine by user according
to communications specifications.
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(e) Acknowledge signal (ACK)
The acknowledge signal is used to check serial data reception between transmitter and receiver.

Figure 13-18. Acknowledge Signal

[When output in synchronization with 11th clock SCKOQ]

SCKO 8 19 fro[ 11

———

SBO (SB1) A X X X X X X/ \ACK/

[When output in synchronization with 9th clock SCKO]

———

seosBy) X X X_ X X X X \Ack/

The acknowledge signal is one-shot pulse to be generated at the falling edge of SCKO after 8-bit data

transfer. It can be positioned anywhere and can be synchronized with any clock SCKO.

After 8-bit data transmission, the transmitter checks whether the receiver has returned the acknowledge
signal. If the acknowledge signal is not returned for the preset period of time after data transmission, it
can be judged that data reception has not been carried out correctly.
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Busy signal (BUSY) and ready signal (READY)
The BUSY signal is intended to report to the master device that the slave device is preparing for data

transmission/reception.
The READY signal is intended to report to the master device that the slave device is ready for data

transmission/reception.

Figure 13-19. BUSY and READY Signals

SCKO |8||g|||||||||

SBO (SB1) X  \Ack /' "~ BUsY / READY

In SBI, the slave device notifies the master device of the busy state by setting SBO (SB1) line to the low
level.

The BUSY signal output follows the acknowledge signal output from the master or slave device. lItis set/
reset at the falling edge of SCKO. When the BUSY signal is reset, the master device automatically
terminates the output of SCKO serial clock.

When the BUSY signal is reset and the READY signal is set, the master device can start the next transfer.

Caution SBI outputs the BUSY signal after the BUSY has been cleared and until the next serial
clock falls. If WUP is set to 1 by mistake during this period, BUSY will not be cleared.
To set WUP to 1, therefore, clear BUSY, and make sure that the SBO (SB1) pin has gone
high.
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(3) Register setting
The SBI mode is set with the serial operating mode register 0 (CSIMO), the serial bus interface control register
(SBIC), and the interrupt timing specify register (SINT).

(a) Serial operating mode register 0 (CSIMO)
CSIMO is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input sets CSIMO to O0H.

Symbol @  ® & 4 3 2 1 0 Address  After Reset R/W

CSIMO |CSIEOQ| COI | WUP |csiM04 | CSIMO3 | CSIMO2 | CSIMO1 | CSIM00 FF60H OOH R/W Note 1

R/W |csimo1|csimoo| Serial Interface Channel 0 Clock Selection

0 X Input Clock to SCKO pin from off-chip

1 0 8-bit timer register 2 (TM2) output

1 1 Clock specified with bits O to 3 of timer clock select register 3 (TCL3)
R/W  [csim|csim|csim Operation .| SI0/SBO/P25 | SO0/SB1/P26 SCKO0/P27
PM25| P25 [PM26| P26 [PM27| P27 Start Bit . . . . . .
04 | 03 | 02 Mode Pin Function Pin Function Pin Function

0 | x | 3-wire serial I/O mode (refer to 13.4.2 3-wire serial I/O mode operation.)

Note 2|Note 2 SB1 (N-Ch
O| x| x|0|0|O0]|1 .P25(CMOS open-drain
inputioutput) input/output) _
1]0 SBImode | MSB SCKO (CMOS
Note 2|Note 2 h input/output)
1]olo|x|x|ol1 SBO (N-cf P26 (CMOS
open-drain input/output)
input/output) P P

1 | 1 | 2-wire serial /O mode (refer to 13.4.4 2-wire serial /O mode operation.)

R/W | WUP | Wake-up Function ControlNote3

0 Interrupt request signal generation with each serial transfer in any mode

Interrupt request signal generation when the address received after bus release
(when CMDD=RELD=1) matches the slave address register data in SBl mode

R | COI | Slave Address Comparison Result FlagNote4

0 Slave address register not equal to serial I/O shift register 0 data

1 Slave address register equal to serial /O shift register 0 data

R/W |CSIEO| Serial Interface Channel 0 Operation Control

0 Operation stopped

1 Operation enabled

Notes 1. Bit 6 (COI) is a read-only bit.
2. Can be used as a port.
3. To use the wake-up function (WUP = 1), clear bit 5 (SIC) of the interrupt timing specification
register (SINT) to O.
4. When CSIE0=0, COIl becomes 0.
Remark x . don't care
PMxx : port mode register
Pxx : output latch of port
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(b) Serial bus interface control register (SBIC)
SBIC is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input sets SBIC to 00H.

Symbol 7 ® & @ @ @ @ © Address  After Reset R/W

SBIC |BSYE |ACKD|ACKE|ACKT |CMDD|RELD |[CMDT|RELT| FF61H 00H R/\WNote

R/W Used for bus release signal output.
RELT| When RELT =1, SO latch is set to (1). After SO latch setting, automatically cleared to (0).
Also cleared to 0 when CSIEO = 0.

R/W Used for command signal output.
CMDT| When CMDT =1, SO latch is cleared to (0). After SO latch clearance, automatically cleared to (0).
Also cleared to 0 when CSIEO = 0.

R |RELD| Bus Release Detection

Clear Conditions (RELD = 0) Set Conditions (RELD = 1)

« When transfer start instruction is executed
« If SIO0 and SVA values do not match in address

reception * When bus release signal (REL) is detected
*When CSIEO =0

* When RESET input is applied

R |CMDD| Command Detection

Clear Conditions (CMDD = 0) Set Conditions (CMDD = 1)

* When transfer start instruction is executed

* When bus release signal (REL) is detected . .
« When CSIEO = 0 gnal ( ) * When command signal (CMD) is detected

* When RESET input is applied

R/W Acknowledge signal is output in synchronization with the falling edge clock of SCKO just after execution
ACKT| of the instruction to be set to (1) and, after acknowledge signal output, automatically cleared to (0).
Used as ACKE=0. Also cleared to (0) upon start of serial interface transfer or when CSIEO = 0.

R/W |ACKE| Acknowledge Signal Output Control

0 Acknowledge signal automatic output disable (output with ACKT enable)
Before completion of | Acknowledge signal is output in synchronization with the 9th clock falling edge of
transfer SCKO (automatically output when ACKE = 1).
1 Acknowledge signal is output in synchronization with falling edge clock
After completion of of SCKO just after execution of the instruction to be set to 1
transfer (automatically output when ACKE = 1).
However, not automatically cleared to O after acknowledge signal output.

(Continued)
Note Bits 2, 3, and 6 (RELD, CMDD and ACKD) are read-only bits.

Remarks 1. Bits 0, 1, and 4 (RELT, CMDT, and ACKT) are 0 when read after data setting.
2. CSIEO: Bit 7 of the serial operation mode register 0 (CSIMO)
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R |ACKD| Acknowledge Detection

Clear Conditions (ACKD = 0) Set Conditions (ACKD = 1)
« SCKO fall immediately after the busy mode is « When acknowledge signal (ACK) is detected at the
released during the transfer start instruction execution. rising edge of SCKO clock after completion of
+ When CSIEO =0 transfer
« When RESET input is applied

R/W Note
BSYE| Synchronizing Busy Signal Output Control

Disables busy signal which is output in synchronization with the falling edge of SCKO clock just after
execution of the instruction to be cleared to (0).

1 Outputs busy signal at the falling edge of SCKO clock following the acknowledge signal.

Note Busy mode can be cleared by start of serial interface transfer. However, BSYE flag is not cleared
to 0.

Remark CSIEO: Bit 7 of the serial operation mode register 0 (CSIMO)
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(c) Interrupt timing specify register (SINT)
SINT is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input sets SINT to O0H.

Symbol 7 ® & 3 2 1 0 Address  After Reset R/W
SINT 0 CLD | SIC |[SVAM| O 0 0 0 FF63H 00H R/WNote 1
R/W
SVAM| SVA Bit to be Used as Slave Address
0 Bits 0 to 7
1 Bits 1 to 7
R/W
SIC | INTCSIO Interrupt Factor SelectionNote 2
0 CSIIFO is set upon termination of serial interface
channel 0 transfer
CSIIFO is set upon bus release detection or
1 L L
termination of serial interface channel O transfer
R
CLD | SCKO Pin LevelNote3
0 Low level
1 High level

Notes 1. Bit 6 (CLD) is a read-only bit.
2. When using wake-up function in the SBI mode, set SIC to 0.
3. When CSIEO = 0, CLD becomes 0.

Caution Be sure to set bits 0 to 3 to 0.
Remark SVA : Slave address register

CSIIFO: Interrupt request flag corresponding to INTCSIO
CSIEO : Bit 7 of the serial operation mode register 0 (CSIMO)
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(4) Various signals
Figures 13-20 to 13-25 show various signals and flag operations in SBI. Table 13-3 lists various signals in
SBI.

Figure 13-20. RELT, CMDT, RELD, and CMDD Operations (Master)

Slave address write to SIO0
(Transfer Start Instruction)

SI00 X
SCKO /L
SBO (SB1) §i> e [ X:

/ /
& iy

RELD \ y \I
CMDD \ \l

//

Figure 13-21. RELD and CMDD Operations (Slave)

Write FFH to SIO0
(Transfer start instruction) Transfer start instruction

SI00 )i( X A7 X A6 \/t)( AL X A0 X \/\\/\ ){&

\
SBO (SB1) | a1 X ne Xj/ AL X Ao / [AcK
((

Slave address r When addresses match
J)
f

RELD \ /\/\ \

\
When addresses do not match

i

))
[

CMDD i
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Figure 13-22. ACKT Operations

SCKO 6 7 8 9 |

{(
SBO (SB1) X D2 X D1 X DO / " ACK ACK signal is output for
a period of one clock
just after setting

ACKT

{(
)

When set during
this period

Caution Do not set ACKT before termination of transfer.
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Figure 13-23. ACKE Operations

(a) When ACKE = 1 upon completion of transfer

SCKO |1| |2| | | |7| |8| qul | |
SBO(SBL)  \ X b7 X D6 ><22D2 X D1 X DO\ ACK / ACK signal is output

at 9th clock
ACKE I /T\

A\

- When ACKE = 1 at this point

(b) When set after completion of transfer

SCKO 6 7 8 9 ﬂmu_l_l_

))
« JE—

SBO (SB1) X D2 X D1 X DO / ACK ACK signal is output for
a period of one clock
just after setting

ACKE . /T\

«

-

If set during this period and ACKE =1
at the falling edge of the next SCKO

(c) When ACKE = 0 upon completion of transfer

SCKO |1| |2| | | |7| |8| 9| | |

SBO(SBL)  \ X b7 X D6 )QDz D1 X DO ACK signal is not output

ACKE l \

a\

t When ACKE = 0 at this point
(d) When “ACKE = 1" period is short

seo L L L LS L LT

))
SBO (SB1) X D2 X D1 X DO / N ACK signal is not output

ACKE N /—\

(s

If set and cleared during this period
and ACKE = 0 at the falling edge of SCKO
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Figure 13-24. ACKD Operations

(@) When ACK signal is output at 9th clock of SCKO

Transfer Start
r Instruction

v Transfer Start
il
s8o(se1) X b2 X b1 X po \ \AcK/ \ ___

ACKD q \l_

(b) When ACK signal is output after 9th clock of SCKO

Transfer Start
r Instruction

SI00 KK

{ Transfer Start

SCKO 6 7 8 9 \7Lr
)

SBO (SB1) :X p2 X b1 X DO / t ACK \ \
ACKD | \|

(c) Clear timing when transfer start is instructed in BUSY

Transfer Start
f Instruction

so0 ” ) S
SCKO 6 7 8 9

SBO (531):>( p2 X b1 X DO /
ACKD

Figure 13-25. BSYE Operation

SCKO 6 7 8 9 P | | | P |
SBO (SB1) :X p2 X D1 X DO / ¥ \ACK |\  BUSY p.
BSYE ” / \

If reset during this period and

When BSYE = 1 at this point BSYE = 0 at the falling edge of SCKO
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(5) Pin configuration
The serial clock pin SCKO and serial data bus pin SBO (SB1) have the following configurations.

(@) SCKO .. Serial clock input/output pin
<1> Master ... CMOS and push-pull output
<2> Slave...... Schmitt input
(b) SBO (SB1) .... Serial data input/output dual-function pin
Both master and slave devices have an N-ch open drain output and a Schmitt input.

Because the serial data bus line has an N-ch open-drain output, an external pull-up resistor is necessary.

Figure 13-26. Pin Configuration

Slave Device

Master Device |

SCKO T LI L sexo ~— (Clock Output)

Clock Output Clock Input
Serial Clock

(Clock Input)

AVop
N-ch Open Drain SBO (SB1) %RL SBO (SB1)] N-ch Open Drain
S00 ] Serial Data Bus = soo
AVss AVss

SI0 >§ >§ >§ >§ SI0

Caution Because the N-ch open-drain output must be made high-impedance state at time of data
reception, write FFH to SIO0 in advance. The N-ch open-drain can be made high-impedance
state at any time of transfer. However, when the wake-up function specify bit (WUP) =1, the
N-ch open-drain output is always made high-impedance state. Thus, it is not necessary to
write FFH to SIOO0.
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(6)

7

®

Address match detection method

In the SBI mode, a particular slave device is selected by slave address transmission by the master device.
Address coincidence is automatically detected by hardware. When the wake-up function specification bit
(WUP) =1, CSIIFO is set if the slave address transmitted from the master coincides with the address set to
the slave address register (SVA).

While bit 5 (SIC) of the interrupt timing specification register (SINT) is set (1), the wake-up function does not
operate even if WUP is set to 1 (instead, an interrupt request signal is generated on detection of bus release).
Clear SIC to 0 when the wake-up function is used.

Cautions 1. Slave selection/non-selectionis detected by matching of the slave address received after
bus release (RELD = 1).
For this match detection, match interrupt request (INTCSIO) of the address to be
generated with WUP = 1 is normally used. Thus, execute selection/non-selection
detection by slave address when WUP = 1.

2. When detecting selection/non-selection without the use of interrupt request with WUP

=0, do so by means of transmission/reception of the command preset by program instead
of using the address match detection method.

Error detection
In the SBI mode, the serial bus SBO (SB1) status being transmitted is fetched into the destination device, that
is, the serial 1/0O shift register 0 (SIO0). Thus, transmit errors can be detected in the following way.

(&) Method of comparing SIO0 data before transmission to that after transmission
In this case, if two data differ from each other, a transmit error is judged to have occurred.

(b) Method of using the slave address register (SVA)
Transmit data is set to both SIO0 and SVA and is transmitted. After termination of transmission, COI bit
(match signal coming from the address comparator) of the serial operating mode register 0 (CSIMO) is
tested. If “1”, normal transmission is judged to have been carried out. If “0”, a transmit error is judged
to have occurred.

Communication operation

In the SBI mode, the master device selects normally one slave device as communication target from among
two or more devices by outputting an “address” to the serial bus.

After the communication target device has been determined, commands and data are transmitted/received
and serial communication is realized between the master and slave devices.

Figures 13-27 to 13-30 show data communication timing charts.

Shift operation of the serial I/O shift register 0 (S100) is carried out at the falling edge of serial clock (SCKO).
Transmit data is latched into the SOO latch and is output with MSB set as the first bit from the SB0O/P25 or
SB1/P26 pin. Receive data input to the SBO (or SB1) pin at the rising edge of SCKO is latched into the SIO0.
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)

(10)

246

Transfer start
Serial transfer is started by setting transfer data to the serial 1/0 shift register 0 (SIO0) when the following two
conditions are satisfied.

» Serial interface channel 0 operation control bit (CSIEO) = 1
 Internal serial clock is stopped or SCKO is at high level after 8-bit serial transfer.

Cautions 1. If CSIEO is set to “1” after data write to SIOO0, transfer does not start.

2. Because the N-ch open-drain output must be made high-impedance state for data
reception, write FFH to SIOO0 in advance.
However, when the make-up function specify bit (WUP) = 1, the N-ch open-drain output
is always at high-impedance state. Thus, it is not necessary to write FFH to SIOO.

3. If data is written to SIO0 when the slave is busy, the data is not lost.
When the busy state is cleared and SBO (or SB1) input is set to the high level (READY)
state, transfer starts.

Upon termination of 8-bit transfer, serial transfer automatically stops and the interrupt request flag (CSIIFO0)
is set.

Be sure to perform the following setting to the pin (SBO or SB1) that is used to input/output data before serial
transfer of 1 byte after the ﬁsignal has been input:

<1> Set 1 to the output latches of P25 and P26.
<2> Set bit 0 (RELT) of the serial bus interface control register (SBIC) to 1.
<3> Set 0 to the output latches of P25 and P26 to which 1 has been set before.

Method to judge busy state of a slave
Check whether a slave is in the busy status from the device in the master mode, in the following procedure:

<1> Detect generation of the acknowledge signal (ACK) or interrupt request signal.
<2> Set the port mode register PM25 (or PM26) of the SBO/P25 (or SB1/P26) pin in the input mode.

<3> Read the status of the pin (if the pin is high, it is in the ready status).

After detecting the ready status, set 0 to the port mode register, to restore the output mode.
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(11) SBI mode precautions

@

(b)

(©)

(d)

(e)

Slave selection/non-selection is detected by match detection of the slave address received after bus
release (RELD = 1).

For this match detection, match interrupt request (INTCSIO0) of the address to be generated with WUP
=1 is normally used. Thus, execute selection/non-selection detection by slave address when WUP
=1

When detecting selection/non-selection without the use of interrupt with WUP = 0, do so by means of
transmission/reception of the command preset by program instead of using the address match detection
method.

SBI outputs the BUSY signal after the BUSY has been cleared and until the next serial clock falls. If WUP
is setto 1 by mistake during this period, BUSY will not be cleared. To set WUP to 1, therefore, clear BUSY,
and make sure that the SBO (SB1) pin has gone high.

For pins which are to be used for data input/output, be sure to carry out the following settings before serial
transfer of the 1st byte after RESET input.

<1> Set the P25 and P26 output latches to 1.
<2> Set bit 0 (RELT) of the serial bus interface control register (SBIC) to 1.
<3> Reset the P25 and P26 output latches from 1 to 0.

The positive transition of the SBO (SB1) line (transition from low to high or high to low) while the SCK
line is high is recognized as a bus release signal or a command signal. If the timing of changes on the
bus shifts due to the influence of board capacitance, etc., a bus release signal (or a command signal)
may detected even while data is being transmitted. Exercise care when routing the wiring.
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13.4.4 2-wire serial I/0O mode operation
The 2-wire serial /O mode can cope with any communication format by program.

Communication is basically carried out with two lines of serial clock (SCKO0) and serial data input/output (SBO or

SB1).

Figure 13-31. Serial Bus Configuration Example Using 2-Wire Serial I/O Mode

Master

SCKO

SBO (SB1)

Slave

248

SCKO

SBO (SB1)
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(1) Register setting

The 2-wire serial /0O mode is set with the serial operating mode register 0 (CSIMO0), the serial bus interface

control register (SBIC), and the interrupt timing specify register (SINT).

(a) Serial operating mode register 0 (CSIMO)
CSIMO is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input sets CSIMO to O0H.

Symbol

@ ® 6 4 3 2 1 0 Address  After Reset R/W
CSIMO |CSIEO| COI | WUP |csimo4 | csimo3 | csiMo2 | csIMol | csimoo|  FF60H 00H R/WNote 1
R/W |csimo1 |csimoo| Serial Interface Channel 0 Clock Selection
0 X Input Clock to SCKO pin from off-chip
1 0 8-bit timer register 2 (TM2) output
1 1 Clock specified with bits 0 to 3 of timer clock select register 3 (TCL3)
R/W |csim|csim|csiM Operation .| SIO/SB0O/P25 | SO0/SB1/P26 SCKO0/P27
PM25| P25 |PM26| P26 |PM27| P27 Start Bit . . . . ] |
04 | 03 | 02 Mode Pin Function Pin Function Pin Function
0 | x | 3-wire Serial I/O mode (Refer to 13.4.2 3-wire serial /O mode operation)
1 | 0 | SBI mode (Refer to 13.4.3 SBI mode operation)
Note 2|Note 2 SB1 (N-Ch
O|x|x|0|0]|0|1 P25 (CMOS open-drain
2-wire serial inputioutput input/output) SCKO (N-_ch
11 Note 2|Note 2 1/0 mode MSB h _ open-drain
SBO (N-c input/output)
. P26 (CMOS
1100 | x| x|0]1 open-drain input/output)
input/output) P P
R/W | WUP | Wake-up Function Control “°t¢3
0 Interrupt request signal generation with each serial transfer in any mode
1 Interrupt request signal generation when the address received after bus release
(when CMDD=RELD=1) matches the slave address register data in SBI mode
R | COI | Slave Address Comparison Result Flag Note4
0 Slave address register not equal to serial I/O shift register O data
1 Slave address register equal to serial I/O shift register 0 data
R/W |CSIEO| Serial Interface Channel 0 Operation Control
0 Operation stopped
1 Operation enabled

Notes 1. Bit 6 (COI) is a read-only bit.
2. Can be used freely as port function.
3. Be sure to set WUP to 0 when the 2-wire serial /0 mode.
4. When CSIE0=0, COI becomes 0.
Remark x don'’t care
PMxx : port mode register
Pxx output latch of port
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(b)

Symbol

SBIC

R/W

R/IW

250

Serial bus interface control register (SBIC)
SBIC is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input sets SBIC to 00H.

@ ® 6 & & @ @©» O Address  After Reset R/W
BSYE |ACKD |ACKE | ACKT |CMDD| RELD |CMDT | RELT FF61H OOH R/W
RELT When RELT =1, SO latch is set to 1. After SO latch setting, automatically cleared to 0.
Also cleared to 0 when CSIEOQ = 0.
CMDT When CMDT = 1, SO latch is cleared to 0. After SO latch clearance, automatically cleared to 0.
Also cleared to 0 when CSIEOQ = 0.

CSIEO: Bit 7 of the serial operation mode register 0 (CSIMO)
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(c) Interrupt timing specify register (SINT)
SINT is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input sets SINT to O0H.

Symbol  ; ® & @ 3 2 1 0 Address  After Reset R/W

SINT 0 CLD | SIC [SVAM| 0 0 0 0 FF63H 00H R/WNote 1

R/W

SIC | INTCSIO Interrupt Factor Selection

CSIIFO is set upon termination of serial interface
channel 0 transfer

CSIIFO is set upon bus release detection or
termination of serial interface channel O transfer

CLD | SCKO Pin Leve|Note2

0 Low level

1 High level

Notes 1. Bit 6 (CLD) is a read-only bit.
2. When CSIEO = 0, CLD becomes 0.

Caution Be sure to set bit 0 to bit 3 to 0.

Remark CSIIFO: Interrupt request flag corresponding to INTCSIO
CSIEO : Bit 7 of the serial operation mode register 0 (CSIMO)
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(2) Communication operation

The 2-wire serial I/O mode is used for data transmission/reception in 8-bit units. Data transmission/reception
is carried out bit-wise in synchronization with the serial clock.

Shift operation of the serial I/O shift register 0 (SIO0) is carried out in synchronization with the falling edge
of the serial clock (m). The transmit data is held in the SO0 latch and is output from the SB0/P25 (or SB1/
P26) pin on an MSB-first basis. The receive data input from the SBO (or SB1) pinis latched into the shift register
at the rising edge of SCKO.

Upon termination of 8-bit transfer, the shift register operation stops automatically and the interrupt request
flag (CSIIFO) is set.

Figure 13-32. 2-Wire Serial I/O Mode Timings

SCKO 1 2 3 4 5 6 7 8
|
|

SBO (SB1) X D7 }(Ds }(Ds }(04 }(m }(Dz Km Koo

|
: K
I

CSIIFO |

252

\ End of Transfer
Transfer Start at the Falling Edge of SCKO

The SBO (or SB1) pin specified for the serial data bus is an N-ch open-drain input/output and thus it must be
externally connected to a pull-up resistor. Because it is necessary to made high-impedance state the N-ch
open-drain output for data reception, write FFH to SIO0 in advance.

The SBO (or SB1) pin generates the SO0 latch status and thus the SBO (or SB1) pin output status can be
manipulated by setting the bit 0 (RELT), bit 1 (CMDT) of the serial bus interface control register (SBIC).
However, do not carry out this manipulation during serial transfer.

Control the SCKO pin output level in the output mode (internal system clock mode) by manipulating the P27
output latch (refer to 13.4.5 SCKo/P27 pin output manipulation ).
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(3) Other signals
Figure 13-33 shows RELT and CMDT operations.

Figure 13-33. RELT and CMDT Operations

Lo

SO0 Latch

N
/
i

(4) Transfer start
Serial transfer is started by setting transfer data to the serial 1/0 shift register 0 (SIO0) when the following two

conditions are satisfied.

» Serial interface channel 0 operation control bit (CSIEO) = 1
 Internal serial clock is stopped or SCKO is at high level after 8-bit serial transfer.

Cautions 1. If CSIEO is set to “1” after data write to SIOO0, transfer does not start.
2. Because the N-ch open-drain output must be made high-impedance state for data
reception, write FFH to SIOO0 in advance.

Upon termination of 8-bit transfer, serial transfer automatically stops and the interrupt request flag (CSIIFO0)
is set.

(5) Error detection
In the 2-wire serial /0 mode, the serial bus SBO (SB1) status being transmitted is fetched into the destination
device, that is, serial /0O shift register O (SIO0). Thus, transmit error can be detected in the following way.

(@) Method of comparing SIO0 data before transmission to that after transmission
In this case, if two data differ from each other, a transmit error is judged to have occurred.

(b) Method of using the slave address register (SVA)
Transmit data is set to both SIO0 and SVA and is transmitted. After termination of transmission, COI bit
(match signal coming from the address comparator) of the serial operating mode register 0 (CSIMO) is
tested. If “1”, normal transmission is judged to have been carried out. If “0”, a transmit error is judged
to have occurred.
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13.4.5 SCKO/P27 pin output manipulation
Because the SCKO/P27 pin incorporates an output latch, static output is also possible by software in addition to

normal serial clock output.
P27 output latch manipulation enables any number of SCKO to be set by software. (SI0/SB0O and SO0/SB1 pin

to be controlled with the bit 0 (RELT) and bit 1 (CMDT) of the serial bus interface control register (SBIC).)
SCKO/P27 pin output manipulating procedure is described below.

@ Set the serial operating mode register 0 (CSIMO) (SCKO pin is set in the output mode and serial operation
is enabled). While serial transfer is suspended, SCKO is set to 1.
@ Manipulate the content of the P27 output latch by executing the bit manipulation instruction.

Figure 13-34. SCKO0/P27 Pin Configuration

Set by bit
/ manipulation instruction
S To Internal
SCKO0/P27 Circuit P27 Output
Latch
?\I \ SCKO (1 when transfer stops)

[From Serial Clock

When CSIEO =1 Control Circuit
and

CSIMO01 and CSIMOO are 1 and 0, or 1 and 1.
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14.1 Serial Interface Channel 2 Functions

Serial interface channel 2 has the following three modes.

* Operation stop mode
« Asynchronous serial interface (UART) mode
e 3-wire serial /O mode

)

)

©)

Operation stop mode
This mode is used when serial transfer is not carried out to reduce power consumption.

Asynchronous serial interface (UART) mode

In this mode, one byte of data is transmitted/received following the start bit, and full-duplex operation is
possible.

A dedicated UART baud rate generator is incorporated, allowing communication over a wide range of baud
rates. In addition, the baud rate can be defined by scaling the input clock to the ASCK pin.

The MIDI standard baud rate (31.25 kbps) can be used by employing the dedicated UART baud rate generator.

3-wire serial /O mode (MSB-first/LSB-first switchable)

In this mode, 8-bit data transfer is performed using three lines: the serial clock (SCK2), and serial data lines
(SI2, SO2).

In the 3-wire serial I/O mode, simultaneous transmission and reception is possible, increasing the data transfer
processing speed.

Either the MSB or LSB can be specified as the start bit for an 8-bit data serial transfer, allowing connection
to devices using either as the start bit.

The 3-wire serial I/O mode is useful for connection to peripheral 1/0Os and display controllers, etc., which
incorporate a conventional synchronous clocked serial interface, such as the 75X/XL series, 78K series, 17K
series, etc.
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14.2 Serial Interface Channel 2 Configuration

Serial interface channel 2 consists of the following hardware.

256

Table 14-1. Serial Interface Channel 2 Configuration

Iltem

Configuration

Register

Transmit shift register (TXS)
Receive shift register (RXS)
Receive buffer register (RXB)

Control register

Serial operating mode register 2 (CSIM2)
Asynchronous serial interface mode register (ASIM)
Asynchronous serial interface status register (ASIS)
Baud rate generator control register (BRGC)
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Figure 14-1. Serial Interface Channel 2 Block Diagram

S Internal Bus (
Asynchronous As_ynchronous
Serial Interface Serial Inter_face
Status Register Mode Register
Receive Buffer Direction
Register PE | FE |OVE Control Circuit | |TXE|RXE| PS1|PSO| CL | SL [ISRM|SCK
(RXB/SI02) @ L L ¢ L L ¢
— Transmit Shift
c Dtlrelctclgn " Register
on ?} treut (TXS/SI02
RxD/SI2/ Receive Shift
P70 Register (RXS)
TxD/ISO2/
P71
PM71
. | . .|| SCKOutput
Reception D"NTSER Transmission Control Circuit
Control Control
Circuit [ INTSR/INTCSI2 Circuit
PM72 [~— ISRM — INTST
ASCK/ ©
SCK2/P72
L] Note ‘—‘
Baud Rate Generator <] Frefiod 210
CSIEZ—T SCK
TXE—— 4 4 CSCK
RXE
T T \ ? \ \ ! ! \
CSIE2 C;M CSCK] MDL3|MDL2|MDL1|{MDLO|TPS3|TPS2|TPS1|TPSO
Serial Operating Baud Rate Generator
Mode Register 2 Control Register
Internal Bus (
Note Refer to Figure 14-2 for the baud rate generator configuration.
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Figure 14-2. Baud Rate Generator Block Diagram

CSIE2
TXE

Start Bit
Sampling Clock
5-Bit
_ Counter = -
: =] S |=————© ASCK/SCK2/P72
Transmit 2 5 e
lock o) © ©
Cloc & 12 % Match & - Fobof210
n
4 TPSO-TPS3
MDLO-MDL3 SCK
CSCK
Decoder
4
) <] ]
Receive ‘g
<= Match
Clock % 12
5-Bit
Counter
4
RXE \ ? ? \ \ ? * \
Start Bit Detection TPS3|TPS2|TPS1|TPS0 |MDL3|MDL2|MDL1|MDLO
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)

)

3

4

®)

Transmit shift register (TXS)

This register is used to set the transmit data. The data written in TXS is transmitted as serial data.

If the data length is specified as 7 bits, bits 0 to 6 of the data written in TXS are transferred as transmit data.
Writing data to TXS starts the transmit operation.

TXS is written to with an 8-bit memory manipulation instruction. It cannot be read.

TXS value is FFH after RESET input.

Caution TXS must not be written to during a transmit operation. TXS and the receive buffer register
(RXB) are allocated to the same address, and when a read is performed, the value of RXB
is read.

Receive shift register (RXS)

This register is used to convert serial data input to the RxD pin to parallel data. When one byte of data is
received, the receive data is transferred to the receive buffer register (RXB).

RXS cannot be directly manipulated by a program.

Receive buffer register (RXB)

This register holds receive data. Each time one byte of data is received, new receive data is transferred from
the receive shift register (RXS).

If the data length is specified as 7 bits, the receive data is transferred to bits 0 to 6 of RXB, and the MSB of
RXB is always set to 0.

RXB is read with an 8-bit memory manipulation instruction. It cannot be written to.

RXB value is FFH after RESET input.

Caution RXB and the transmit shift register (TXS) are allocated to the same address, and when a write
is performed, the value is written to TXS.

Transmission control circuit

This circuit performs transmit operation control such as the addition of a start bit, parity bit and stop bit to data
written in the transmit shift register (TXS) in accordance with the contents set in the asynchronous serial
interface mode register (ASIM).

Reception control circuit

This circuit controls receive operations in accordance with the contents setin the asynchronous serial interface
mode register (ASIM). It performs error checks for parity errors, etc., during a receive operation, and if an
error is detected, sets a value in the asynchronous serial interface status register (ASIS) in accordance with
the error contents.
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14.3

Serial Interface Channel 2 Control Registers

Serial interface channel 2 is controlled by the following four registers.

Serial Operating Mode Register 2 (CSIM2)

* Asynchronous Serial Interface Mode Register (ASIM)
« Asynchronous Serial Interface Status Register (ASIS)

Baud Rate Generator Control Register (BRGC)

(1) Serial operating mode register 2 (CSIM2)
This register is set when serial interface channel 2 is used in the 3-wire serial /0 mode.
CSIM2 is set with a 1-bit or 8-bit memory manipulation instruction.

Sym

Csl

260

RESET input sets CSIM2 to O0H.

Figure 14-3. Serial Operating Mode Register 2 Format

M2 |CSIE2| O 0 0 0

H
w
N
=

CSIM
22

0 Address  After Reset R/W

CSCK| ©0 FF72H O00H R/W

CSCK

Clock Selection in 3-wire Serial I/O Mode

Input clock from off-chip to SCK2 pin

Dedicated baud rate generator output

CsiM22

First Bit Specification

MSB

LSB

Operation Control in 3-wire Serial I/O Mode

Operation stopped

Operation enabled

Cautions 1. Be sure to set bit 0 and bits 3 to 6 to 0.

2. When UART mode is selected, CSIM2 should be set to O0H.
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(2) Asynchronous serial interface mode register (ASIM)
This register is set when serial interface channel 2 is used in the asynchronous serial interface mode.
ASIM is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input sets ASIM to OOH.

Figure 14-4. Asynchronous Serial Interface Mode Register Format

Symbol @) ® 5 4 3 2 1 0 Address  After Reset R/W

ASIM | TXE | RXE | PS1 | PSO | CL SL |ISRM| SCK FF70H 00H R/IW
T L
SCK | Clock Selection in Asynchronous Serial Interface
Mode

0 Input clock from off-chip to ASCK pin

1 Dedicated baud rate generator outputNote

ISRM | Control of Reception Completion Interrupt Request
in Case of Error Generation

Reception completion interrupt request generated
in case of error generation

Reception completion interrupt request not
generated in case of error generation

SL Transmit Data Stop Bit Length Specification
0 1 bit

1 2 bits

CL | Character Length Specification

0 7 bits

1 8 bits

PS1 | PSO | Parity Bit Specification

0 0 No Parity
0 parity always added in transmission

0 1 No parity test in reception (parity error not
generated)

1 0 Odd parity

1 1 Even parity

RXE | Receive Operation Control

0 Receive operation stopped

1 Receive operation enabled

TXE | Transmit Operation Control

0 Transmit operation stopped

1 Transmit operation enabled

Note When SCK is set to 1 and the baud rate generator output is selected, the ASCK pin can be used as
an input/output port.

Cautions 1. When the 3-wire serial /O mode is selected, 00H should be set in ASIM.
2. The serial transmit/receive operation must be stopped before changing the operating
mode.
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Table 14-2. Serial Interface Channel 2 Operating Mode Settings

(1) Operation Stop Mode

ASIM CSsIM2 PM70| P70 |PM71| P71 |PM72 | P72| Start | Shift | P70/SI2/ | P71/S0O2/| P72/SCK2/
Bit Clock | RxD Pin | TxD Pin | ASCK Pin
TXE |RXE|SCK|CSIEZ| CSIM22| CSCK Functions| Functions| Functions
0 0 x 0 x x ><Note]. ><Notel ><Notel ><Notel XNoIel XNolel . . P70 P71 P72
Other than above Setting prohibited

(2) 3-wire Serial /0 Mode

ASIM CSIM2 PM70| P70 |PM71| P71|PM72 | P72| Start | Shift | P70/SI2/ | P71/SO2/| P72/SCK2/
Bit | Clock | RxD Pin | TxD Pin | ASCK Pin
TXE |RXE| SCK|CSIE2| CSIM22| CSCK Functions| Functions| Functions
0olo] ol 1 0 0 |1V |xMel g | 1 | 1 | x |MSB | Extemal SI2"| so2 | SCK2input
clock (CMOS
output)
1 0 1 Internal SCK2 output|
clock
1 1 0 1 | x |[LSB |Extemal sS12""*| S02 SCK2 input
clock (CMOS
output)
1 0 1 Internal SCK2 outpuf
clock
Other than above Setting prohibited

(3) Asynchronous Serial Interface Mode

ASIM CSIM2 PM70| P70 |PM71| P71 |PM72 | P72| Start | Shift | P70/SI2/ | P71/SO2/ | P72/SCK2/
Bit Clock | RxD Pin | TxD Pin | ASCK Pin
TXE |RXE|SCK|CSIE2| CSIM22| CSCK Functions | Functions | Functions
110]0] o0 0 0 | xNret XMt g |1 1 | x |LSB |External P70 XD ASCK input
clock (CMOSs
output)
1 x Notel | Notel Internal P72
clock
0|1]0 0 0 0 1 x| xNotel)hoted| g x Externall  RxD P71 ASCK input
clock
1 lotel | Notel Internal P72
clock
1 1 0 0 0 0 1 x 0 1 1 X External TxD ASCK input
clock (CMOs
output)
1 xNoted | Notel Internal P72
clock
Other than above Setting prohibited

Notes 1. Can be used freely as port function.
2. Can be used as P70 (CMOS input/output) when only transmitter is used.

Remark x : Don’t care
PMxx : Port mode register
Pxx : Output latch of port
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3

Symbol

ASIS

Asynchronous serial interface status register (ASIS)

This is a register which displays the type of error when a reception error is generated in the asynchronous
serial interface mode.

ASIS is read with a 1-bit or 8-bit memory manipulation instruction.
In 3-wire serial I/O mode, the contents of the ASIS are undefined.
RESET input sets ASIS to O0H.

Figure 14-5. Asynchronous Serial Interface Status Register Format

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

0 0 0 0 0 PE FE | OVE FF71H 00H R

L OVE

0 Overrun error not generated

Overrun Error Flag

Overrun error generatedNote 1
1 (When next receive operation is completed before
data from receive buffer register is read)

FE Framing Error Flag

0 Framing error not generated

1 Framing error generatedNote 2
(When stop bit is not detected)

PE Parity Error Flag

0 Parity error not generated

1 Parity error generated (When transmit data parity
does not match)

Notes 1. Thereceive bufferregister (RXB) must be read when an overrun error is generated. Overrun errors
will continue to be generated until RXB is read.
2. Even if the stop bit length has been set as 2 bits by bit 2 (SL) of the asynchronous serial interface
mode register (ASIM), only single stop bit detection is performed during reception.
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(4) Baud rate generator control register (BRGC)
This register sets the serial clock for serial interface channel 2.
BRGC is set with an 8-bit memory manipulation instruction.

Symbol

BRGC

264

RESET input sets BRGC to 00H.

Figure 14-6. Baud Rate Generator Control Register Format (1/2)

7 6 5 4 3 2 1 0 Address  After Reset R/W
TPS3 | TPS2 | TPS1 | TPSO [MDL3|MDL2 |MDL1 |MDLO| FF73H O0H R/W
MDL3|MDL2 | MDL1|MDLO| Baud Rate Generator Input Clock Selection

0 0 0 0 fsck/16 0

0 0 0 1 fsex/17 1

0 0 1 0 fsck/18 2

0 0 1 1 fsck/19 3

0 1 0 0 fsck/20 4

0 1 0 1 fsck/21 5

0 1 1 0 fsck/22 6

0 1 1 1 fsck/23 7

1 0 0 0 fsck/24 8

1 0 0 1 fsck/25 9

1 0 1 0 fsck/26 10

1 0 1 1 fsck/27 11

1 1 0 0 fsck/28 12

1 1 0 1 fsck/29 13

1 1 1 0 fsck/30 14

1 1 1 1 fsckNote —

Note Can only be used in 3-wire serial I/O mode.

Remarks 1.
2. k

fsck

. 5-bit counter source clock
. Value set in MDLO to MDL3 (0 < k < 14)




CHAPTER 14 SERIAL INTERFACE CHANNEL 2

Figure 14-6. Baud Rate Generator Control Register Format (2/2)

5-Bit Counter Source Clock Selection
TPS3|TPS2 |TPS1|TPSO n
MCS=1 MCS=0
0 0 0 0 | fxx/210 fxx/210 (4.9 kHz) fx/211 (2.4 kHz) 11
0 1 0 1| fxx fx (5.0 MHz) | fx/2 (2.5 MHz) 1
0 1 1 0 | fxx/2 fx/2 (2.5 MHz) | fx/22 (1.25 MHz) 2
0 1 1 1| fxx/22 fx/22 (1.25 MHz) | fx/28 (625 kHz) 3
1 0 0 0 | fxx/23 fx/23 (625 kHz) | fx/24 (313 kHz) 4
1 0 0 1| fxx/24 fx/24 (313 kHz) | fx/2° (156 kHz) 5
1 0 1 0 | fxx/25 fx/2° (156 kHz) | fx/28 (78.1 kHz) 6
1 0 1 1| fxx/28 fx/26 (78.1 kHz) | fx/27 (39.1 kHz) 7
1 1 0 0 | fxx/27 x/27 (39.1 kHz) | fx/28 (19.5 kHz) 8
1 1 0 1| fxx/28 fx/28 (19.5 kHz) | fx/2° (9.8 kHz) 9
1 1 1 0 | fxx/2® fx/29 (9.8 kHz) fx/210 (4.9 kHz) 10
Other than above Setting prohibited

Caution When a write is performed to BRGC during a communication operation, baud rate generator

output is disrupted and communication cannot be performed normally. Therefore, BRGC

must not be written to during a communication operation.

Remarks 1. fx

fxx

n

ok

MCS :

Main system clock oscillation frequency

Main system clock frequency (fx or fx/2)
Oscillation mode selection register (OSMS) bit 0
Value set in TPSO to TPS3 (1 <n < 11)

Figures in parentheses apply to operation with fx=5.0 MHz
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The baud rate transmit/receive clock generated is either a signal scaled from the main system clock, or a signal
scaled from the clock input from the ASCK pin.

(a) Generation of baud rate transmit/receive clock by means of main system clock
The transmit/receive clocks generated by scaling the main system clock. The baud rate generated from
the main system clock is found from the following expression.

fxx

[Baud rate] = —— [HZ]
2" x (k+16)
fx : Main system clock oscillation frequency
fxx . Main system clock frequency (fx or fx/2)
n : Value setin TPSO to TPS3 (1 < n < 11)
k : Value set in MDLO to MDL3 (0 < k < 14)

Table 14-3. Relation between Main System Clock and Baud Rate

Baud fx=5.0 MHz fx=4.19 MHz
Rate MCSs=1 MCS=0 MCS=1 MCS=0
(bps)
BRGC Set Value | Error (%) BRGC Set Value | Error (%) BRGC Set Value |Error (%)| BRGC Set Value|Error (%)
75 - 00H 1.73 OBH 1.14 EBH 1.14
110 06H 0.88 E6H 0.88 03H -2.01 E3H -2.01
150 00H 1.73 EOH 1.73 EBH 1.14 DBH 1.14
300 EOH 1.73 DOH 1.73 DBH 1.14 CBH 1.14
600 DOH 1.73 COH 1.73 CBH 1.14 BBH 1.14
1200 COH 1.73 BOH 1.73 BBH 1.14 ABH 1.14
2400 BOH 1.73 AOH 1.73 ABH 1.14 9BH 1.14
4800 AOH 1.73 90H 1.73 9BH 1.14 8BH 1.14
9600 90H 1.73 80H 1.73 8BH 1.14 7BH 1.14
19200 80H 1.73 70H 1.73 7BH 1.14 6BH 1.14
31250 74H 0 64H 0 71H -1.31 61H -1.31
38400 70H 1.73 60H 1.73 6BH 1.14 5BH 1.14
76800 60H 1.73 50H 1.73 5BH 1.14 — —

Remark MCS: Oscillation mode selection register (OSMS) hit 0
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(b) Generation of baud rate transmit/receive clock by means of external clock from ASCK pin

The transmit/receive clock is generated by scaling the clock input from the ASCK pin. The baud rate

generated from the clock input from the ASCK pin is obtained with the following expression.

f
[Baud rate] = ASCK

2 x (k+16)

[H

Z]

fasck . Frequency of clock input to ASCK pin

k : Value set in MDLO to MDL3 (0 < k < 14)

Table 14-4. Relation between ASCK Pin Input Frequency and Baud Rate (When BRGC is set to 00H)

Baud Rate (bps) ASCK Pin Input Frequency
75 2.4 kHz
110 3.52 kHz
150 4.8 kHz
300 9.6 kHz
600 19.2 kHz
1200 38.4 kHz
2400 76.8 kHz
4800 153.6 kHz
9600 307.2 kHz
19200 614.4 kHz
31250 1000.0 kHz
38400 1228.8 kHz
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14.4 Serial Interface Channel 2 Operation
Serial interface channel 2 has the following three modes.

* Operation stop mode
e Asynchronous serial interface (UART) mode
» 3-wire serial /O mode

14.4.1 Operation stop mode
In the operation stop mode, serial transfer is not performed, and therefore power consumption can be reduced.
In the operation stop mode, the P70/SI2/RxD, P71/SO2/TxD and P72/SCK2/ASCK pins can be used as normal
input/output ports.

(1) Register setting
Operation stop mode settings are performed using serial operating mode register 2 (CSIM2) and the
asynchronous serial interface mode register (ASIM).

(a) Serial operating mode register 2 (CSIM2)
CSIM2 is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input sets CSIM2 to O0H.

Symbol (%) 6 5 4 3 2 1 0 Address  After Reset R/W

CSIM
22

CSIM2 |CSIE2] O 0 0 0 CSCK| © FF72H 00H R/W

CSIE2| Operation Control in 3-wire Serial I/O Mode

0 Operation stopped

1 Operation enabled

Caution Be sure to set bit 0 and bits 3 to 6 to 0.
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(b) Asynchronous serial interface mode register (ASIM)

ASIM is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input sets ASIM to 00H.

Symbol %) (B 5 4 3 2 1 0 Address  After Reset R/W

ASIM | TXE | RXE | PS1 | PSO | CL SL |ISRM| SCK FF70H 00H R/W

RXE | Receive Operation Control

0 Receive operation stopped

1 Receive operation enabled

TXE | Transmit Operation Control

0 Transmit operation stopped

1 Transmit operation enabled
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14.4.2

In this mode, one byte of data is transmitted/received following the start bit, and full-duplex operation is possible.
A dedicated UART baud rate generator is incorporated, allowing communication over a wide range of baud rates.

Asynchronous serial interface (UART) mode

In addition, the baud rate can be defined by scaling the input clock to the ASCK pin.

The MIDI standard baud rate (31.25 kbps) can be used by employing the dedicated UART baud rate generator.

)

Symbol

CSIM2 |CSIE2] O 0 0 0

270

Register setting

UART mode settings are performed using serial operating mode register 2 (CSIM2), the asynchronous serial
interface mode register (ASIM), the asynchronous serial interface status register (ASIS), and the baud rate

generator control register (BRGC).

(a) Serial operating mode register 2 (CSIM2)

CSIM2 is set with a 1-bit or 8-bit memory manipulation instruction.

RESET input sets CSIM2 to O0H.

CSIM
22

@ 6 5 4 3 2 1 0 Address  After Reset R/W

CSCK| 0 FF72H 00H R/IW

CSCK

Clock Selection in 3-wire Serial I/O Mode

Input clock from off-chip to SCK2 pin

Dedicated baud rate generator output

First Bit Specification

MSB

LSB

Operation Control in 3-wire Serial /O Mode

Operation stopped

Operation enabled

Caution Be sure to set bit 0 and bits 3 to 6 to O.
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(b) Asynchronous serial interface mode register (ASIM)
ASIM is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input sets ASIM to 00H.

Symbol %) (g 5 4 3 2 1 0 Address  After Reset R/W

ASIM | TXE | RXE | PS1 | PSO | CL SL |ISRM | SCK FF70H 00H R/W

SCK | Clock Selection in Asynchronous Serial Interface
Mode

0 Input clock from off-chip to ASCK pin

1 Dedicated baud rate generator outputhote

ISRM | Control of Reception Completion Interrupt Request
in Case of Error Generation

Reception completion interrupt request generated
in case of error generation

Reception completion interrupt request not
generated in case of error generation

SL | Transmit Data Stop Bit Length Specification

0 1 bit

1 2 bits

CL | Character Length Specification

0 7 bits

1 8 bits

PS1 | PSO | Parity Bit Specification

0 0 No Parity
0 parity always added in transmission

0 1 No parity test in reception (parity error not
generated)

1 0 Odd parity

1 1 Even parity

RXE | Receive Operation Control

0 Receive operation stopped

1 Receive operation enabled

TXE | Transmit Operation Control

0 Transmit operation stopped

1 Transmit operation enabled

Note When SCK is set to 1 and the baud rate generator output is selected, the ASCK pin can be used
as an input/output port.

Caution The serial transmit/receive operation must be stopped before changing the operating
mode.
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Symbol

ASIS

272

(c) Asynchronous serial interface status register (ASIS)

ASIS is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input sets ASIS to O0H.

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

0 0 0 0 0 PE FE | OVE FF71H O0H R

L OVE

0 Overrun error not generated

Overrun Error Flag

Overrun error generatednote 1
1 (When next receive operation is completed before
data from receive buffer register is read)

FE Framing Error Flag

0 Framing error not generated

Framing error generatedNote 2
(When stop bit is not detected)

PE | Parity Error Flag

0 Parity error not generated

1 Parity error generated (When transmit data parity
does not match)

Notes 1. The receive buffer register (RXB) must be read when an overrun error is generated. Overrun
errors will continue to be generated until RXB is read.

2. Even if the stop bit length has been set as 2 bits by bit 2 (SL) of the asynchronous serial

interface mode register (ASIM), only single stop bit detection is performed during reception.



CHAPTER 14 SERIAL INTERFACE CHANNEL 2

(d) Baud rate generator control register (BRGC)
BRGC is set with an 8-bit memory manipulation instruction.
RESET input sets BRGC to 00H.

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

BRGC | TPS3 | TPS2 | TPS1 | TPSO (MDL3 |MDL2 | MDL1|MDLO| FF73H 0OH R/W
MDL3|MDL2 | MDL1|MDLO| Baud Rate Generator Input Clock Selection
0 0 0 0 fsck/16 0
0 0 0 1 fsck/17 1
0 0 1 0 fsck/18 2
0 0 1 1 fsck/19 3
0 1 0 0 fsck/20 4
0 1 0 1 fsox/21 5
0 1 1 0 fsck/22 6
0 1 1 1 fsck/23 7
1 0 0 0 fsck/24 8
1 0 0 1 fsck/25 9
1 0 1 0 fsck/26 10
1 0 1 1 fsck/27 11
1 1 0 0 fsck/28 12
1 1 0 1 fsck/29 13
1 1 1 0 fsck/30 14
(continued)
Remark fsck : 5-bit counter source clock
k : Value set in MDLO to MDL3 (0 < k < 14)
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5-Bit Counter Source Clock Selection
TPS3|TPS2|TPS1|TPSO n
MCS=1 MCS=0
0 0 0 0 | fxx/210 fx/210 (4.9 kHz) fx/211 (2.4 kHz) 11
0 1 0 1| fxx fx (5.0 MHz) | fx/2 (2.5 MHz) 1
0 1 1 0 | fxx/2 fx/2 (2.5 MHz) | fx/22 (1.25 MHz) 2
0 1 1 1| fxx/22 fx/22 (1.25 MHz) | fx/28 (625 kHz) 3
1 0 0 0 | fxx/23 fx/23 (625 kHz) | fx/24 (313 kHz) 4
1 0 0 1| fxx/24 fx/24 (313 kHz) | fx/2° (156 kHz) 5
1 0 1 0 | fxx/25 x/2° (156 kHz) | fx/28 (78.1 kHz) 6
1 0 1 1| fxx/28 fx/26 (78.1 kHz) | fx/27 (39.1 kHz) 7
1 1 0 0 | fxx/27 x/27 (39.1 kHz) | fx/28 (19.5 kHz) 8
1 1 0 1| fxx/28 fx/28 (19.5 kHz) | fx/2° (9.8 kHz) 9
1 1 1 0 | fxx/2® fx/29 (9.8 kHz) fx/210 (4.9 kHz) 10
Other than above Setting prohibited

Caution When a write is performed to BRGC during a communication operation, baud rate
generator output is disrupted and communication cannot be performed normally.
Therefore, BRGC must not be written to during a communication operation.

Remarks 1. fx : Main system clock oscillation frequency
2. fxx 1 Main system clock frequency (fx or fx/2)
3. MCS : Oscillation mode selection register (OSMS) bit 0
4. n : Value setin TPSO to TPS3 (1 < n <11)
5. Figures in parentheses apply to operation with fx = 5.0 MHz.
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The baud rate transmit/receive clock generated is either a signal scaled from the main system clock, or
a signal scaled from the clock input from the ASCK pin.

(i) Generation of baud rate transmit/receive clock by means of main system clock
The transmit/receive clock is generated by scaling the main system clock. The baud rate generated
from the main system clock is obtained with the following expression.

fxx
[Baud rate] = ——— [HZz]
2" x (k+16)
fx : Main system clock oscillation frequency
fxx  : Main system clock frequency (fx or fx/2)
n : Value set in TPSO to TPS3 (1 < n < 11)
k . Value set in MDLO to MDL3 (0 < k < 14)

Table 14-5. Relation between Main System Clock and Baud Rate

Baud fx=5.0 MHz fx=4.19 MHz
Rate MCS=1 MCS=0 MCS=1 MCS=0
(bps)
BRGC Set Value | Error (%) BRGC Set Value | Error (%) BRGC Set Value |Error (%)| BRGC Set Value|Error (%)
75 - 00H 1.73 OBH 1.14 EBH 1.14
110 06H 0.88 E6H 0.88 03H -2.01 E3H -2.01
150 00H 1.73 EOH 1.73 EBH 1.14 DBH 1.14
300 EOH 1.73 DOH 1.73 DBH 1.14 CBH 1.14
600 DOH 1.73 COH 1.73 CBH 1.14 BBH 1.14
1200 COH 1.73 BOH 1.73 BBH 1.14 ABH 1.14
2400 BOH 1.73 AOH 1.73 ABH 1.14 9BH 1.14
4800 AOH 1.73 90H 1.73 9BH 1.14 8BH 1.14
9600 90H 1.73 80H 1.73 8BH 1.14 7BH 1.14
19200 80H 1.73 70H 1.73 7BH 1.14 6BH 1.14
31250 74H 0 64H 0 71H -1.31 61H -1.31
38400 70H 1.73 60H 1.73 6BH 1.14 5BH 1.14
76800 60H 1.73 50H 1.73 5BH 1.14 — —

Remark MCS: Oscillation mode selection register (OSMS) bit 0
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(i) Generation of baud rate transmit/receive clock by means of external clock from ASCK pin
The transmit/receive clock is generated by scaling the clock input from the ASCK pin. The baud rate
generated from the clock input from the ASCK pin is obtained with the following expression.

fasck

2% (ke16)

[Baud rate] =

fasck : Frequency of clock input to ASCK pin
k : Value set in MDLO to MDL3 (0 < k < 14)

Table 14-6. Relation between ASCK Pin Input Frequency and Baud Rate (When BRGC is set to 00H)
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Baud Rate (bps) ASCK Pin Input Frequency
75 2.4 kHz
110 3.52 kHz
150 4.8 kHz
300 9.6 kHz
600 19.2 kHz
1200 38.4 kHz
2400 76.8 kHz
4800 153.6 kHz
9600 307.2 kHz

19200 614.4 kHz
31250 1000.0 kHz
38400 1228.8 kHz
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(2) Communication operation

(a) Data format
The transmit/receive data format is as shown in Figure 14-7.

Figure 14-7. Asynchronous Serial Interface Transmit/Receive Data Format

| One Data Frame ‘

Start) by | p1 [ p2 [ D3 | D4 | D5 | D6 | D7 [P

Bit git | StopBit

Character Bit —————

One data frame consists of the following bits:

e Start bits.......cccceeee. 1 bit

e Character bits ......... 7 bits/8 bits

e Parity bits ................ Even parity/odd parity/0 parity/no parity
e Stop bit(s) .eeeeennnnen. 1 bit/2 bits

The specification of character bit length, parity selection, and specification of stop bit length for each data
frame is carried out with asynchronous serial interface mode register (ASIM).

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 means of the ASIM and the baud rate generator control register
(BRGC).

If a serial data receive error is generated, the receive error contents can be determined by reading the
status of the asynchronous serial interface status register (ASIS).
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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.

(iy Even parity

e At transmission
Control is executed so that the number of bits with a value of "1" contained in the transmit data including
parity bit is an even number. 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: O

« At reception
The number of bits with a value of "1" contained in the receive data including parity bit are counted,
and if this is an odd number, a parity error is generated.

(i) Odd parity

e At transmission
Conversely to the situation with even parity, control is executed so that the number of bits with a value
of "1" contained in the transmit data including parity bit is an odd number. 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

* At reception
The number of bits with a value of "1" contained in the receive data including parity bit are counted,
and if this is an even number, 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 the transmit shift register (TXS). The start bit,
parity bit and stop bit(s) are added automatically.

When the transmit operation starts, the data in the TXS is shifted out, and when the TXS is empty, a
transmission completion interrupt request (INTST) is generated.

Figure 14-8. Asynchronous Serial Interface Transmission Completion Interrupt Request Timing

(a) Stop bit length: 1

STOP |
TxD (Output) DO D1 D2 D6 D7 X Parity

START

INTST —|

(b) Stop bit length: 2

TxD (Output) \ / DO X D1 X D2 X}{X D6 X D7 XParity / ST‘OP |

START

INTST

Caution Rewriting of the asynchronous serial interface mode register (ASIM) should not be
performed during a transmit operation. If rewriting of the ASIM register is performed
during transmission, subsequent transmit operations may not be possible (the normal
state is restored by Rmnput).

It is possible to determine whether transmission is in progress by software by using a

transmission completion interrupt request (INTST) or the interrupt request flag (STIF)
set by the INTST.
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(d) Reception

When the RXE bit of the asynchronous serial interface mode register (ASIM) is set (1), a receive operation
is enabled and sampling of the RxD pin input is performed.

RxD pin input sampling is performed using the serial clock specified by ASIM.

When the RxD pin input becomes low, the 5-bit counter of the baud rate generator (refer to Figure 14-
2) starts counting, and at the time when the half time determined by specified baud rate has passed, the
data sampling start timing signal is output. If the RxD pin input sampled again as a result of this start
timing signal is low, it is identified as a start bit, the 5-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 beenreceived, the receive data in the shift register is transferred to the receive
buffer register (RXB), and a reception completion interrupt request (INTSR) is generated.

If an error is generated, the receive data in which the error was generated is still transferred to RXB, and
INTSR is generated.

If the RXE bit is reset (0) during the receive operation, the receive operation is stopped immediately. In
this case, the contents of RXB and ASIS are not changed, and INTSR and INTSER are not generated.

Figure 14-9. Asynchronous Serial Interface Reception Completion Interrupt Request Timing

\ STOP
RxD (Input) / DO X D1 X D2 X}{X D6 X D7 XParity

START

INTSR |_|

Caution The receive buffer register (RXB) must be read even if a receive error is generated. If
RXB 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
Three kinds of errors can occur during a receive operation: a parity error, framing error, or overrun error.
The data reception result error flag is set in the asynchronous serial interface status register (ASIS) and
a receive error interrupt (INTSER) is generated. The reception error interrupt is generated before the
reception completion interrupt (INTSR). 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
the ASIS in the reception error interrupt servicing (INTSER) (refer to Figures 14-9 and 14-10).
The contents of ASIS are reset (0) by reading the receive buffer register (RXB) 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 specification and reception data parity do not match
Framing error Stop bit not detected

Overrun error Reception of next data is completed before data is read from receive register buffer

Figure 14-10. Receive Error Timing

RxD (Input) \ / DO X D1 X D2 >Q gx D6 X D7 X Parity /| STOP

START

INTSRMNete |_|

INTSER (on occurrence of |_|
framing, overrun error)

INTSER (on occurrence of
parity error)

Cautions 1. The contents of the asynchronous serial interface status register (ASIS) are reset (0)
by reading the receive buffer register (RXB) or receiving the next data. To ascertain
the error contents, ASIS must be read before reading RXB.

2. The receive buffer register (RXB) must be read even if a receive error is generated.
If RXB 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) UART mode cautions
(@) Whenhit7 (TXE) of the asynchronous serial interface mode register (ASIM) is cleared during transmission,
be sure to set the transmit shift register (TXS) to FFH, then set the TXE to 1 before executing the next
transmission.
(b) If the reception operation is stopped by clearing bit 6 (RXE) of the asynchronous serial interface mode
register (ASIM) during reception, the status of the receive buffer register (RXB) and whether a reception
completion interrupt request (INTSR) occurs differ depending on the timing. Figure 14-11 shows the

timing.

Figure 14-11. Status of Receive Buffer Register (RXB) at Reception Stopped
and Generation of Interrupt Request (INTSR)

|
RxD Pin >< Parity / |
|
|
|
|
|
|
|
j
|
RXB ><
|
|

|
|
|
|
I
|
INTSR
|
|
|
|
I

|
<1> —»Xﬁ— <3>
<2>

When RXE is set to 0 at a time indicated by <1>, RXB holds the previous data and does not generate INTSR.
When RXE is set to 0 at a time indicated by <2>, RXB renews the data and does not generate INTSR.
When RXE is set to 0 at a time indicated by <3>, RXB renews the data and generates INTSR.
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14.4.3 3-wire serial /0 mode
The 3-wire serial /O mode is useful for connection of peripheral I/Os and display controllers, etc., which incorporate
a conventional synchronous clocked serial interface, such as the 75X/XL series, 78K series, 17K series, etc.
Communication is performed using three lines: the serial clock (m), serial output (SO2), and serial input (SI2).

(1) Register setting
3-wire serial /0 mode settings are performed using serial operating mode register 2 (CSIM2), the asynchro-
nous serial interface mode register (ASIM), and the baud rate generator control register (BRGC).

(a) Serial operating mode register 2 (CSIM2)
CSIM2 is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input sets CSIM2 to O0H.

0 Address  After Reset R/W

IN
w
N
[

Symbol @ 6 5
CSIM

CSIM2 |CSIE2] O 0 0 0 22 CSCK| 0 FF72H O00H R/W

CSCK|| Clock Selection in 3-wire Serial /O Mode

0 Input clock from off-chip to SCK2 pin

1 Dedicated baud rate generator output

CsIM22| First Bit Specification

0 MSB

1 LSB

CSIE2| Operation Control in 3-wire Serial /O Mode

0 Operation stopped

1 Operation enabled

Caution Be sure to set bit 0 and bits 3 to 6 to 0.
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(b) Asynchronous serial interface mode register (ASIM)
ASIM is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input sets ASIM to OOH.
When the 3-wire serial I/0O mode is selected, O00H should be set in ASIM.

Symbol % (B 5 4 3 2 1 0 Address  After Reset R/W

ASIM | TXE | RXE | PS1 | PSO | CL SL |ISRM | SCK FF70H 00H R/IW

SCK | Clock Selection in Asynchronous Serial Interface
Mode

0 Input clock from off-chip to ASCK pin

1 Dedicated baud rate generator output

ISRM | Control of Reception Completion Interrupt Request
in Case of Error Generation

0 Reception completion interrupt request generated
in case of error generation

1 Reception completion interrupt request not
generated in case of error generation

SL Transmit Data Stop Bit Length Specification

0 1 bit

1 2 bits

CL | Character Length Specification

0 7 bits

1 8 bits

PS1 | PSO | Parity Bit Specification

0 0 No Parity
0 parity always added in transmission

0 1 No parity test in reception (parity error not
generated)

1 0 QOdd parity

1 1 Even parity

RXE | Receive Operation Control

0 Receive operation stopped

1 Receive operation enabled

TXE | Transmit Operation Control

0 Transmit operation stopped

1 Transmit operation enabled
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(c) Baud rate generator control register (BRGC)
BRGC is set with an 8-bit memory manipulation instruction.
RESET input sets BRGC to 00H.

Symbol 7 6 5 4 3 2 1 0  Address After Reset R/W
BRGC | TPS3 | TPS2 | TPS1 | TPSO (MDL3 |MDL2 | MDL1|MDLO| FF73H OOH R/W
MDL3|MDL2 | MDL1|MDLO| Baud Rate Generator Input Clock Selection
0 0 0 0 fsck/16 0
0 0 0 1 fscx/17 1
0 0 1 0 fsox/18 2
0 0 1 1 fsck/19 3
0 1 0 0 fsck/20 4
0 1 0 1 fsck/21 5
0 1 1 0 fsck/22 6
0 1 1 1 fsck/23 7
1 0 0 0 fsck/24 8
1 0 0 1 fsck/25 9
1 0 1 0 fsck/26 10
1 0 1 1 fsck/27 11
1 1 0 0 fsck/28 12
1 1 0 1 fsck/29 13
1 1 1 0 fsck/30 14
1 1 1 1 fsck —
Remark fsck : 5-bit counter source clock
k : Value set in MDLO to MDL3 (0 < k < 14)
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5-Bit Counter Source Clock Selection
TPS3|TPS2|TPS1|TPSO n
MCS=1 MCS=0
0 0 0 0 | fxx/210 fx/210 (4.9 kHz) fx/211 (2.4 kHz) 11
0 1 0 1 fxx fx (5.0 MHz) fx/2 (2.5 MHz) 1
0 1 1 0 | fxx/2 x/2 (2.5 MHz) | fx/22 (1.25 MHz) 2
0 1 1 1 | fxx/22 fx/22 (1.25 MHz) | fx/23 (625 kHz) 3
1 0 0 0 | fxx/23 fx/23 (625 kHz) | fx/24 (313 kHz) 4
1 0 0 1 | fxx/24 fx/24 (313 kHz) | fx/2° (156 kHz) 5
1 0 1 0 | fxx/25 fx/2° (156 kHz) | fx/28 (78.1 kHz) 6
1 0 1 1 | fxx/28 fx/28 (78.1 kHz) | fx/27 (39.1 kHz) 7
1 1 0 0 | fxx/27 x/27 (39.1 kHz) | fx/28 (19.5 kHz) 8
1 1 0 1 | fxx/28 fx/28 (19.5 kHz) | fx/2°9 (9.8 kHz) 9
1 1 1 0 | fxx/29 fx/29 (9.8 kHz) fx/210 (4.9 kHz) 10
Other than above Setting prohibited

Caution When a write is performed to BRGC during a communication operation, baud rate
generator output is disrupted and communication cannot be performed normally.
Therefore, BRGC must not be written to during a communication operation.

Remarks 1. fx . Main system clock oscillation frequency
2. fxx : Main system clock frequency (fx or fx/2)
3. MCS : Oscillation mode selection register (OSMS) bit 0
4. n : Value setin TPSO to TPS3 (1 < n <11)
5. Figures in parentheses apply to operation with fx = 5.0 MHz.
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When the internal clock is used as the serial clock in the 3-wire serial I/O mode, set BRGC as described below.
BRGC Setting is not required if an external serial clock is used.

(i) When the baud rate generator is not used:
Select a serial clock frequency with TPSO-TPS3. Be sure then to set MDLO to MDL3 to 1,1,1,1.
The serial clock frequency becomes half of the source clock frequency for the 5-bit counter.

(i) When the baud rate generator is used:

Select a serial clock frequency with MDLO-MDL3 and TPSO-TPS3. Be sure then to set MDLO to MDL3
to a value other than 1,1,1,1.

The serial clock frequency is calculated by the following formula:

fxx
Serial clock frequency= ——— [Hz
g 4 2”x(k+16)[ ]
fx Main system clock oscillation frequency
fxx : Main system clock frequency (fx or fx/2)
n : Value set in TPSO to TPS3 (1 <n < 11)
k Value set in MDLO to MDL3 (0 < k < 14)
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)

SCK2

SI2

S0O2

SRIF
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Communication operation

In the 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.

Transmit shift register (TXS/SIO2) and receive shift register (RXS) shift operations are performed in
synchronization with the fall of the serial clock (@). Then transmit data is held in the SO2 latch and output
from the SO2 pin. Also, receive data input to the SI2 pin is latched in the receive buffer register (RXB/SI02)
on the rise of SCK2.

At the end of an 8-bit transfer, the operation of the transmit shift register (TXS/S102) or receive shift register
(RXS) stops automatically, and the interrupt request flag (SRIF) is set.

Figure 14-12. 3-Wire Serial /O Mode Timing

B D € 3 D €3 S €

D( DO7 X DO6 X DO5 X DO4 X DO3 X DO2 X DO1 X/DOO

L End of Transfer
Transfer Start at the Falling Edge of SCK2
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(3) Selecting MSB/LSB first

In the 3-wire serial /O mode, a function to select whether data is transferred with its MSB or LSB first can

be used.

Figure 14-13 shows the configuration of the transmit shift register (TXS/SIO3) and internal bus. As shown
in the figure, data can be read or written by inverting the MSB or LSB.
Whether data is transferred with the MSB or LSB first can be specified by using bit 6 (CSIM02) of the serial

operation mode register 2 (CSIM2).

Figure 14-13. Transfer Bit Sequence Select Circuit

Internal bus ~ -------------oooo o -

LSB first

MSB first ‘—l Read/write gate | L—|

Read/write gate

SI2 4|Transmit shift register 2 (TXS/SI02) |7 D Q

SO0 latch

N O e

S02

:

SCK2 —————

The first bit to be transferred is selected by changing the bit sequency in which data is written to SIO2. The

shift sequence of SIO2 is unchanged.

Therefore, select the first bit to be transferred (MSB or LSB) before writing data to the shift register.
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(4) Transfer start
Serial transfer is started by setting transfer data to the transmission shift register (TXS/SIO2) when the
following two conditions are satisfied.

e Serial interface channel 2 operation control bit (CSIE2) =1
¢ Internal serial clock is stopped or SCK2 is a high level after 8-bit serial transfer.

Caution If CSIEZ2 is set to "1" after data write to TXS/SI02, transfer does not start.
Remark CSIE2: Bit 7 of the serial operation mode register 2 (CSIM2)

Upon termination of 8-bit transfer, serial transfer automatically stops and the interrupt request flag (SRIF) is
set.
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14.4.4 Limitations when UART mode is used
In the UART mode, the reception completion interrupt (INTSR) occurs a certain time after the reception error
interrupt (INTSER) has occurred and then cleared. Consequently, the following phenomenon may occur.

e Description
If bit 1 (ISRM) of the asynchronous serial interface mode register (ASIM) is set to 1, the reception completion
interrupt (INTSR) does not occur on occurrence of a reception error. If the receive buffer register (RXB) is read
at certain timing (a in Figure 14-14) during the reception error interrupt (INTSER) processing, the internal error
flag is cleared to 0. As a result, it is judged that no reception error has occurred, and INTSR, which must not
occur, occurs. Figure 14-14 illustrates this operation.

Figure 14-14. Reception Completion Interrupt Generation Timing (when ISRM = 1)

fsck

INTSER (when framing
error occurs)

a 1
Error flag 1
(internal flag) :
Cleared on
INTSR reading RXB

Interrupt routine of CPU y X X X X X X X X X X x
f
Reading RXB It is judged that reception error has not

occurred, and INTSR occurs

Remark ISRM : Bit 1 of asynchronous serial interface mode register (ASIM)
fsck : Source clock of 5-bit counter of baud rate generator
RXB : Receive buffer register
To avoid this phenomenon, take the following measures:
e Measures
« In case of framing error or overrun error

Disable the receive buffer register (RXB) from being read for a certain time (T2 in Figure 14-15) after the
reception error interrupt (INTSER) has occurred.
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« In case of parity error
Disable the receive buffer register (RXB) from being read for a certain time (T1 + T2 in Figure 14-15) after
the reception error interrupt (INTSER) has occurred.

Figure 14-15. Receive Buffer Register Read Disable Period

RxD (input) \ / DO X D1 X D2 >Q D< D6 X D7 Xparity/ STOP

START

1
INTSR ! !

INTSER (on occurrence of
framing, overrun error)

INTSER (on occurrence of
parity error)

T1 T2

T1: Time of one data of baud rate selected by baud rate generator control register (BRGC) (1/baud rate)
T2: Time of 2 clocks of source clock (fsck) of 5-bit counter selected by BRGC

o Example of preventive measures

Here is an example of the above preventive measures.

[Condition]
fx = 5.0 MHz
Processor clock control register (PCC) = 00H
Oscillation mode select register (OSMS) = 01H

Baud rate generator control register (BRGC) = BOH (2400 bps selected as baud rate)
Tcy = 0.4 s (tcy = 0.2 us)

1
Tl=——— =833.4ps
2400

T2=12.8x2 =256 ps
T1+ T2

= 4295 (clocks)
tey
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[Example]

Main processing

[ =]

Occurrence of INTSER —

7 clocks of CPU clock (MIN.)
(time from interrupt request to servicing)

UART reception error interrupt

(INTSER) servicing

Instructions
equivalent to
4288 CPU
clocks (MIN.)
are necessary.

MOV A, RXB
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15.1 LCD Controller/Driver Functions

The functions of the LCD controller/driver incorporated in the uPD78064B subseries are shown below.

(1) Automatic output of segment signals and common signals is possible by automatic reading of the display data
memory.
(2) Any of five display modes can be selected.
e Static
e 1/2 duty (1/2 bias)
e 1/3 duty (1/2 bias)
e 1/3 duty (1/3 bias)
e 1/4 duty (1/3 bias)
(3) Any of four frame frequencies can be selected in each display mode.
(4) Maximum of 40 segment signal outputs (SO to S39); 4 common signal outputs (COMO to COM3).
Sixteen of the segment signal outputs can be switched to input/output ports in units of 2 (P80/S39 to P87/
S32, P90/S31 to P97/S24).
(5) In mask ROM versions, split resistors for LCD drive voltage generation can be incorporated by mask option.
(6) Operation on the subsystem clock is also possible.

The maximum number of displayable pixels in each display mode is shown in Table 15-1.

Table 15-1. Maximum Number of Display Pixels

Bias Method Time Division | Common Signals Used Maximum Number of Pixels
- Static COMO (COM1, 2, 3) | 40 (40 segments x 1 common)Note 1
1/2 2 COMO, COM1 80 (40 segments x 2 commons)Note 2
3 COMO0-COM2 120 (40 segments x 3 commons)Note 3
1/3 3
4 COMO0-COM3 160 (40 segments x 4 commons)Note 4

Notes 1. 5 digits on g type LCD panel with 8 segments/digit.
2. 10 digits on g type LCD panel with 4 segments/digit.
3. 13 digits on g type LCD panel with 3 segments/digit.
4. 20 digits on g type LCD panel with 2 segments/digit.
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15.2 LCD Controller/Driver Configuration

The LCD controller/driver is composed of the following hardware.

Table 15-2. LCD Controller/Driver Configuration

ltem Configuration
Display outputs Segment signals  : 40 Dedicated segment signals: 24
Segment signal/input/output port dual function: 16
Common signals : 4 (COMO to COM3)
Control registers LCD display mode register (LCDM)
LCD display control register (LCDC)

Figure 15-1.

LCD Controller/Driver Block Diagram

Internal bus
LCD display
) LCD mode control
Display data memory register register
FATFH FA7EH FAG8H FAG7H FAG6H FA58H LCD|LCD|LCD|LCD|LCD|LCD|LCD| |LCD|LCD|LCD|LCD LEpS| LS
76543210(76543210| [7654321076543210|76543210 | 76543210 |ON|M6 M5 M4 M2 ML MO |C7|C6 C5|C4
C T [ D S
3 3 4 2
LCD clock
selector
fico
3210 3210 3210 3210 3210 3210¢ Timing
Note 1 Notel| Note 1 Note 1 Notel| ~— Note1 | ~T17 [| controller

—1 Segment selector
Note 2 Note 2| -------- Note 2 Note 2 Note 2| ------ Note 2 Common driver
P98 output P96 output P80 output
buffer buffer buffer
O O @) O @) O O O O O
SO S1 e S23 S24/P97  S25/P96 ------- S39/P80  COM3 COM2 COML COMO

Notes 1. Selector
2. Segment driver
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Figure 15-2. LCD Clock Select Circuit Block Diagram

,,,,,,,,,,,,,,,,,,,,,,,,,,,,

Selector |_fw

|
|
|
l
Prescaler |
fxr — :
| Clear fwl2® |
: } Prescaler
| |
| |
: | feo/2®
| |
: | fLep/2®
| |
| |
| : fLen/2 Selector [—= LCDCL
| |
|
| ! fLep
|
| |
; 1
| | 3
| |
|
| |
|
| |
: TCL24 TMC21 | LCDM6 | LCDM5 | LCDM4
; 1
.- __ ] ! .
LCD |
Timer clock Watch timer mode m((:)dedllrzgiger
select register 2 control register
S Internal bus S

Remarks 1. The watch timer includes the circuit enclosed with the dotted line.
2. LCDCL : LCD clock
3. fioc : LCD clock frequency
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15.3

LCD Controller/Driver Control Registers

The LCD controller/driver is controlled by the following two registers.
e LCD display mode register (LCDM)
* LCD display control register (LCDC)

)

298

LCD display mode register (LCDM)
This register sets display operation enabling/ disabling, the LCD clock, frame frequency, and display mode
selection.

LCDM is set by a 1-bit or 8-bit memory manipulation instruction.
RESET input sets LCDM to O0H.

Figure 15-3. LCD Display Mode Register Format

symbol (7) 6 5 4 3 2 1 0 Addess _o0  RwW
LCDM |LCDON|LCDM®6 |LCDM5|LCDM4| 0 |LCDM2|LCDM1|LCDMO FFBOH 00H R/W
LCDM2 | LCDM1 | LCDMO Number of Time Divisions Bias Method
0 0 0 4 1/3
0 0 1 3 1/3
0 1 0 2 1/2
0 1 1 3 1/2
1 0 0 Static
Other than above Setting prohibited

LCDM5 | LCDM5 | LCDM4 | LCD Clock Selection (See Note)

fxx = 5.0 MHz fxx = 4.19 MHz fxT = 32.768 kHz
0 0 0 fw/29 (76 Hz) fw/29 (64 Hz) fw/29 (64 Hz)
0 0 1 fw/28 (153 Hz) fw/28 (128 Hz) fw/28 (128 Hz)
0 1 0 fw/27 (305 Hz) fw/27 (256 Hz) fw/27 (256 Hz)
0 1 1 fw/26 (610 Hz) fw/28 (512 Hz) fw/28 (512 Hz)
LCDON LCD Display
0 Display on (All segment outputs signal non-selection.)

1 Display off

Note The LCD clock is supplied from the watch timer. When LCD display is performed, 1 should be set in
bit 1 (TMC21) of the watch timer mode control register (TMC2). If TMC21 is reset to O during LCD
display, the LCD clock supply will be stopped and the display will be disrupted.

Remarks 1. fw : Watch timer clock frequency (fxx/27 or fxr)
2. fxx : Main system clock frequency (fx or fx/2)
3. fx : Main system clock oscillation frequency
4. fxr : Subsystem clock oscillation frequency
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Table 15-3. Frame Frequencies (Hz)

LCDCL fw/2° fw/28 fw/27 fw/26
Duty (64 Hz) (128 Hz) (256 Hz) (512 Hz)

Static 64 128 256 512

1/2 32 64 128 256

1/3 21 43 85 171

1/4 16 32 64 128

Remarks 1.

ok

Figures in parentheses apply to operation with fx = 4.19 MHz or fxr = 32.768 kHz.
: Watch timer clock frequency (fxx/27 or fxr)
: Main system clock frequency (fx or fx/2)

: Main system clock oscillation frequency

: Subsystem clock oscillation frequency

fw
fxx
fx

fxr
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(2) LCD display control register (LCDC)
This register sets cut-off of the current flowing to split resistors for LCD drive voltage generation and switchover
between segment output and input/output port functions.
LCDC is set by a 1-bit or 8-bit memory manipulation instruction.
RESET input sets LCDC to 00H.

Figure 15-4. LCD Display Control Register Format

sympol 7 6 5 4 3 2 (1) (0 Addess oA - Rw
LCDC |LCDCT |LCDCs |LCDCS|LCDC4| 0 | 0 | LEPS | LPS |  FFB2H  OOH RIW
I I ]

\— LEPS | LIPS LCD driving power supply selection

0 0 Does not supply power to LCD.

0 1 Supplies power to LCD from Voo pin.

1 0 Supplies power to LCD from BIAS pin.
(Shorts BIAS and Vico pins internally.)

1 1 Setting prohibited

P80/S39-P97/S24 pin functions
LCDC7 | LCDC6 | LCDC5 | LCDC4
Port pins Segment pins
0 0 0 0 P80-P97 None
0 0 0 1 | P80-P95 S24, S25
0 0 1 0 | P80-P93 S24-S27
0 0 1 1 | P80-P91 S24-S29
0 1 0 0 | P80-P87 S24-S31
0 1 0 1 | P80-P85 S24-S33
0 1 1 0 | P80-P83 S24-S35
0 1 1 1 P80-P81 S24-S37
1 0 0 0 None S24-S39
Other than above Setting prohibited

Cautions 1. Pins which perform segment output cannot be used as output port pins even if 0 is set in
the port mode register (PM).
2. If a pin which performs segment output is read as a port, its value will be 0.
3. Pins set as segment outputs by LCDC cannot have an internal pull-up resistor used
regardless of the value of bits 0 and 1 (PUO8 and PUQ9) of pull-up resistor option register
H (PUOH).
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15.4 LCD Controller/Driver Settings

LCD controller/driver settings should be performed as shown below. When the LCD controller/driver is used, the
watch timer should be set to the operational state beforehand.

<1> Set “watch operation enabled” in timer clock selection register 2 (TCL2) and the watch timer mode control
register (TMC2).

<2> Set the initial value in the display data memory (FA58H to FA7FH).
<3> Set the pins to be used as segment outputs in the LCD display control register (LCDC).

<4> Set the display mode and LCD clock in the LCD display mode register (LCDM).

Next, set data in the display data memory according to the display contents.
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15.5 LCD Display Data Memory

The LCD display data memory is mapped onto addresses FA58H to FA7FH. The data stored in the LCD display
data memory can be displayed on an LCD panel by the LCD controller/driver.

Figure 15-5 shows the relationship between the LCD display data memory contents and the segment outputs/
common outputs.

Any area not used for display can be used as normal RAM.

Figure 15-5. Relationship between LCD Display Data Memory Contents
and Segment/Common Outputs

Address bit 7 bit 6 bit 5 bit 4 bit 3 bit 2 bit 1 bit 0

;' 77777 [ [ T T T T~
FATFH | | | | [~ s0
I I I
FTT T T . T
FATEH | | | | . o1
T T . oo
FA7DH ! ! ! — S2
o i T FTTTo
FA7CH | | | ! | .~ s3
o | __ 1 _____ o __
| | | |
| | | |
: I I I
[ e — R R |
I i L
[} [l I
FASAH | l l l [~ S37/P82
: | | |
777777 L I I
I
FASOH | | | | |~ s38/P81
I I I
T T . T
FAS58H ! | | | L~ s39/P80
Lo v [

T

COM3 COM2 COM1 COMO

Caution The high-order 4 bits of the LCD display data memory do not incorporate memory. Be sure to
set them to 0.
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15.6 Common Signals and Segment Signals

An individual pixel on an LCD panel lights when the potential difference of the corresponding common signal and
segment signal reaches or exceeds a given voltage (the LCD drive voltage Vico).

As an LCD panel deteriorates if a DC voltage is applied in the common signals and segment signals, it is driven
by AC voltage.

(1) Common signals

)

For common signals, the selection timing order is as shown in Table 15-4 according to the number of time
divisions set, and operations are repeated with these as the cycle. In the static mode, the same signal is output
to COMO through COM3.

With 2-time-division operation, pins COM2 and COM3 are left open, and with 3-time-division operation, the
COM3 pin is left open.

Table 15-4. COM Signals

COM signal
COMO COM1 COM2 COM3
Time division
Static ! | |t | | ¢ | |t |
2-time division { | Open Open
3-time division f | Open
4-time division f |

Segment signals

Segment signals correspond to a 40-byte LCD display data memory (FA58H to FA7FH). Each display data
memory bit 0, bit 1, bit 2, and bit 3 is read in synchronization with the COM0, COM1, COM2 and COM3 timings
respectively, and if the value of the bit is 1, it is converted to the selection voltage. If the value of the bit is
0, it is converted to the non-selection voltage and output to a segment pin (SO to S39) (S24 to S39 have a
dual function as input/output port pins).

Consequently, it is necessary to check what combination of front surface electrodes (corresponding to the
segment signals) and rear surface electrodes (corresponding to the common signals) of the LCD display to
be used form the display pattern, and then write bit data corresponding on a one-to-one basis with the pattern
to be displayed.

In addition, because LCD display data memory bits 1 and 2 are not used with the static method, bits 2 and
3 are not used with the 2-time-division method, and bit 3 is not used with the 3-time-division method, these
can be used for other than display purposes.

Bits 4 to 7 are fixed at 0.
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(3) Common signal and segment signal output waveforms
The voltages shown in Table 15-5 are output in the common signals and segment signals.
The £Vico ON voltage is only produced when the common signal and segment signal are both at the selection
voltage; other combinations produce the OFF voltage.

Table 15-5. LCD Drive Voltages

(a) Static display mode

Segment Select Non-select
Common Vss , Vico Vico, Vss
Vico , Vss —Viep , +Viep ov,o0vV

(b) 1/2 bias method

Segment Select Non-select
Common Vss , Vico Vico , Vss
Select level Vico , Vss —Viep , +Vied ov,oVv
Non-select level Vici=Vicz -1/2Viep , +1/2Vied +1/2Viep , —1/2Vicp

(c) 1/3 bias method

Segment Select Non-select
Common Vss , Vico Vict , Viez
Select level Vico , Vss —Viep , +Vied —1/3Viep , +1/3Vied
Non-select level Vicz , Vici —1/3Viep , +1/3Vied —1/3Viep , +1/3Vied
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Figure 15-6 shows the common signal waveform, and Figure 15-7 shows the common signal and segment signal
voltages and phases.

Figure 15-6. Common Signal Waveform

(a) Static display mode

Vico
COMn
Vico
(Static)
Vss
Tr=T
T : One LCDCL cycle
Tr: Frame frequency
(b) 1/2 bias method
Vico
COMnN
Vic2 |Vico
(Divided by 2)
Vss
Te=2XT
Vico
COMnN
Vic2 |Vico
(Divided by 3)
Vss
Te=3xT

T : One LCDCL cycle
Tr: Frame frequency

(c) 1/3 bias method

Vico
COMn I Vici
1 Y I VR

(Divided by 3)

Tr=3xT

Vico

COMn I Vic1
| | | | | | | | | | | | | | | Vieo

Vie2

| Te=4xT |

(Divided by 4)

T : One LCDCL cycle
Tr: Frame frequency
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Figure 15-7. Common Signal and Static Signal Voltages and Phases

(a) Static display mode

Selected Not selected

Vico
Common signal Vieo

Vss

Vico
Segment signal Viep

Vss

T T

Remark T : One LCDCL cycle

(b) 1/2 bias method

Selected Not selected

Vico

Common signal Vicz | Viep

Vico

Segment signal Vic2 |Viep

T T

Remark T : One LCDCL cycle

(c) 1/3 bias method

Selected  Not selected

Vico

. Vici
Common signal Vico
Vic2

Vico

. Vici
Segment signal Viep
Vic2

T T

Remark T : One LCDCL cycle
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15.7 Supply of LCD Drive Voltages V co, Vici, Vic2

Dividing resistors for producing the LCD drive voltages can be incorporated in the pPD78064B by mask option
(the uPD78P064B does not incorporate dividing resistors). Incorporating the dividing resistors makes it possible to
produce LCD drive voltages appropriate to the various bias methods shown in Table 15-6 without using external

dividing resistors.
Also, an LCD drive voltage can be externally supplied from the BIAS pin to produce other LCD drive voltages.

Table 15-6. LCD Drive Voltages (with On-Chip Dividing Resistor)

Bias Method No Bias 1/2 Bias 1/3 Bias
LCD (Static Mode)
Drive Voltage Pin
Vico Vicp Vicp Vicp
Vict 2/3 Viep 1/2 VicoNote 2/3 Vieo
Vic2 1/3 Vico 1/3 Vicp

Note W.ith the 1/2 bias method, the Vici1 pin and Vicz pin must be connected
externally.

Remarks 1. When the BIAS pin and Vico pin are open, Vico = 3/5 Voo (with on-
chip dividing resistor).
2. When the BIAS pin and Vico pin are connected, Vico = Vob.

Examples of internal supply of the LCD drive voltage in accordance with Table 15-6 are shown in Figures 15-8

and 15-9. An example of supply of the LCD drive voltage from off-chip is shown in Figure 15-10. Stepless LCD drive
voltages can be supplied by means of variable resistor r.
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Figure 15-8. LCD Drive Power Supply Connection Examples (with On-Chip Dividing Resistor)

(@) 1/3 bias method and static display mode (b) 1/2 bias method mode
(Example with V oo =5V, Vico = 3 V) (Example with V oo =5V, Vico =5 V)

LIPS —[>o—| ! LIPS —[>o—|
BIAS pin

LEPS % LEPS %
(=0) (=0)

Vico VLico

Vici Vica

Vico Vico
Vic2 Vic2
Vss Vss
Vico = 3/5Vop Viep = Vob

(c) 1/3 bias method and static display mode
(Example with V oo =5V, Vico =5 V)

BIAS pin

Vic
Vico

Vic2

Vico = Vob
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Figure 15-9. LCD Drive Power Supply Connection Examples (with External Dividing Resistor)

(a) Static display mode Note (b) Static display mode
(Example with V oo =5V, Vico =5 V) (Example with V oo =5V, Vico = 3 V)

LIPS —I >o—| LIPS —I >O4
BIAS pin
LEPS |>O | LEPS—I >o—|
(=0) =0 2R
Vico Vico O
3R
Vict O Vict —(O)——
Vieo Vicp
Vicc ———(O)——- Vic2 O
Vss O 3 Vss O
| - T 77
Vico = Vb Vieo = 3/5Vop
Note LIPS should always be set to 1 (including in standby mode).
(c) 1/2 bias method (d) 1/3 bias method
(Example with V oo =5V, Vico = 3 V) (Example with V oo =5V, Vico = 3 V)
VoD Vob

LIPS 4[>o_| LIPS 4[>o_| |
BIAS pin BIAS pin
LEPS I >O |
LEPS I >C | E 2R
(=0) 4R (=0)
Vico ©) Vico
3R R
Vict———(QO)— Vict —
Vico Vico R
Vic2 @) Vico——
3R R
Vss O Vss
Viep = 3/5Vop Vieop = 3/5Vop
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Figure 15-10. Example of LCD Drive Voltage Supply from Off-Chip

Vob Vob

r
LIPS% P-ch

(=0) BIAS pin

LEPS 4>o—| P-ch

Vico

Vica

Vico

Vic2

_ _3R
Vieo = BR+T Vob
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15.8 Display Modes
15.8.1 Static Display Example

Figure 15-12 shows the connection of a static type 5-digit LCD panel with the display pattern shown in Figure 15-
11 with the uPD78064B subseries segment (SO to S39) and common (COMO) signals. The display example is
“123.45,” and the display data memory contents (addresses FA58H to FA7FH) correspond to this.

An explanation is given here taking the example of the third digit “3.” (). In accordance with the display pattern
in Figure 15-11, selection and non-selection voltages must be output to pins S16 through S23 as shown in Table 15-
7 at the COMO common signal timing.

Table 15-7. Selection and Non-Selection Voltages (COMO)

Segment | S16 | S17 | S18 | S19 | S20 | S21 | S22 | S23

Common

COMO S S S S NS S NS S

S: Selection, NS: Non-selection

From this, it can be seen that 10101111 must be prepared in the BITO bits of the display data memory (addresses
FAG68H to FA6FH) corresponding to S16 to S23.

The LCD drive waveforms for S19, S20, and COMO are shown in Figure 15-13. When S19 s at the selection voltage
at the timing for selection with COMO, it can be seen that the +Vico/-Vico AC square wave, which is the LCD
illumination (ON) level, is generated.

Shorting the COMO through COM3 lines increases the current drive capability because the same waveform as
COMO is output to COM1 through COM3.

Figure 15-11. Static LCD Display Pattern and Electrode Connections

Ssn+3
Ssn+a 4U Ssn+2
C O Sems COMO
Sen+e 40 Ssn+1
Oi Sen
Ssn+7

Remark n=0to4
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Figure 15-12. Static LCD Panel Connection Example
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Figure 15-13. Static LCD Drive Waveform Examples

Tr
Vico
COMO
Vss
Vico
S19
Vss
Vico
S20
Vss
+VLco
COMO0-S19 0
—Viep
+Vico
COMO0-S20 0
—Vicp
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15.8.2 2-Time-Division Display Example

Figure 15-15 shows the connection of a 2-time-division type 10-digit LCD panel with the display pattern shown
in Figure 15-14 with the yPD78064B subseries segment signals (S0 to S39) and common signals (COM0, COM1).
The display example is “123456.7890,” and the display data memory contents (addresses FA58H to FA7FH)
correspond to this.

An explanation is given here taking the example of the eighth digit “3” (=). In accordance with the display pattern
in Figure 15-14, selection and non-selection voltages must be output to pins S28 through S31 as shown in Table 15-
8 at the COMO and COM1 common signal timings.

Table 15-8. Selection and Non-Selection Voltages (COMO0, COM1)

Segment S28 S29 S30 S31
Common
COMO S S NS NS
com1 NS S S S

S: Selection, NS: Non-selection

From this, it can be seen that, for example, xx10 must be prepared in the display data memory (address FA60H)
corresponding to S31.

Examples of the LCD drive waveforms between S31 and the common signals are shown in Figure 15-16. When
S31 is at the selection voltage at the COM1 selection timing, it can be seen that the +Vico/~Vico AC square wave,
which is the LCD illumination (ON) level, is generated.

Figure 15-14. 2-Time-Division LCD Display Pattern and Electrode Connections

V),
S4n+24g S4n+1 COMO
San+3 4@ San
Tm

Remark n=0to9 Com1

314



315

CHAPTER 15 LCD CONTROLLER/DRIVER
Figure 15-15. 2-Time-Division LCD Panel Connection Example
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In bits marked x, 0 or 1 may be stored because this is a 2-time-division display.
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Figure 15-16. 2-Time-Division LCD Drive Waveform Examples (1/2 Bias Method)
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15.8.3 3-Time-Division Display Example

Figure 15-18 shows the connection of a 3-time-division type 13-digit LCD panel with the display pattern shown
in Figure 15-17 with the uPD78064B subseries segment signals (S0 to S38) and common signals (COMO0 to COM2).
The display example is “123456.7890123,” and the display data memory contents (addresses FA59H to FA7FH)
correspond to this.

An explanation is given here taking the example of the eighth digit “6.” (5_.). In accordance with the display pattern
in Figure 15-17, selection and non-selection voltages must be output to pins S21 through S23 as shown in Table 15-
9 at the COMO to COM2 common signal timings.

Table 15-9. Selection and Non-Selection Voltages (COMO to COM2)

Segment S21 S22 S23
Common
COMO NS S
COM1 S S
COM2 S S —

S: Selection, NS: Non-selection

From this, it can be seen that x110 must be prepared in the display data memory (address FA6AH) corresponding
to S21.

Examples of the LCD drive waveforms between S21 and the common signals are shown in Figure 15-19 (1/2 bias
method) and Figure 15-20 (1/3 bias method). When S21 is at the selection voltage at the COM1 selection timing,
and S21 is at the selection voltage at the COM2 selection timing, it can be seen that the +Vico/~Vico AC square wave,
which is the LCD illumination (ON) level, is generated.

Figure 15-17. 3-Time-Division LCD Display Pattern and Electrode Connections

San+1 COMO

Ccom2

San+2 San

Remark n=0to 12

317



CHAPTER 15 LCD CONTROLLER/DRIVER

Figure 15-18. 3-Time-Division LCD Panel Connection Example
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Figure 15-19. 3-Time-Division LCD Drive Waveform Examples (1/2 Bias Method)
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Figure 15-20. 3-Time-Division LCD Drive Waveform Examples (1/3 Bias Method)
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15.8.4 4-Time-Division Display Example

Figure 15-22 shows the connection of a 4-time-division type 20-digit LCD panel with the display pattern shown
in Figure 15-21 with the uPD78064B subseries segment signals (S0 to S39) and common signals (COMO to COM3).
The display example is “123456.78901234567890,” and the display data memory contents (addresses FA58H to
FA7FH) correspond to this.

An explanation is given here taking the example of the 15th digit “6.” (5.). In accordance with the display pattern
in Figure 15-21, selection and non-selection voltages must be output to pins S28 and S29 as shown in Table 15-10
at the COMO to COM3 common signal timings.

Table 15-10. Selection and Non-Selection Voltages (COMO to COM3)

Segment S28 S29
Common
COMO S S
COM1 NS S
COM2 S S
COM3 S S

S: Selection, NS: Non-selection

From this, it can be seen that 1101 must be prepared in the display data memory (address FA63H) corresponding
to S28.

Examples of the LCD drive waveforms between S28 and the COMO and COM1 signals are shown in Figure 15-
23 (for the sake of simplicity, waveforms for COM2 and COM3 have been omitted). When S28 is at the selection
voltage at the COMO selection timing, it can be seen that the +Vico/~Vico AC square wave, which is the LCD
illumination (ON) level, is generated.

Figure 15-21. 4-Time-Division LCD Display Pattern and Electrode Connections
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Figure 15-22. 4-Time-Division LCD Panel Connection Example

Timing Strobes

Data Memory Addresses

COM3
COM2
. COM1
. T COMO
T
O+ N ™
EEEE
[aa o n I a n a1
FATFH |< ' i0 SO
[T T S1
E O,
— S2
D|d -1+, 0
|~ LR
C H:H‘O:O S3
(R S4
B \—MH‘H:O
|~ T =2
A HIH:H:H S5
T S6
9|, d1H,0
slaoool | e
| ’ P
— S8 Y R
7|10 +d'o | B w
s9 7=
6| i, - ("ng‘,
5 ‘—clolﬁlo S10 'A‘&" A
————— - === T
4 H:H:O:H S11 (‘/' ‘ -4
—— S12 -
3o .2 - !
2 H:H:o}o :ii F{q‘ oo
1 H:H:H:O '/—M‘\
,,,,,,, = T
0o alow 515 F{%:é
FA6FH | = — o |0 sl H';‘.a[ﬁ
PR S17 T e
E|l|o, i, 7 -
D O:Hiﬁ:o S18 D‘/—M‘\
7777777 == (R
C o:o}ojo S19 F;;;é
B Hi‘ﬁ:ﬁ:o S20 RNV
T T S21 T
Ald oia i« 7 -
w 22 f!
9faia o S Ve ‘ T
F T S23 AP
8|—1—,0'0 F{%}r
I S24
7 H:H\H‘O VM
RN s
6 \—|:\—|‘\—|:H S25 7
T S26
5 ‘—1\‘—|‘\—|:o
i|loioool 52
. ! ! [ S=
N e T (Wl
> [ il 529 Lo
| . ‘ = A
BT M
i S31 AV
0|10, 532 “Dﬁk
FASFH [0 <10 Jg@q
Elaldiolo 533 AL
— S34 ’i"l
Dl +'o AT S\ I
c *c;*‘;'*foj;z S35 2R
L ! ! v ‘@’
B[- oo % LA
A O:H:\—!‘\—! S37 NI )
— S38 {F‘
9|o'd + 0 .
ot o S39
FA58H [0 /o0 0
’—'\;l/

LCD Panel



CHAPTER 15 LCD CONTROLLER/DRIVER

Figure 15-23. 4-Time-Division LCD Drive Waveform Examples (1/3 Bias Method)
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CHAPTER 16 INTERRUPT AND TEST FUNCTIONS

16.1 Interrupt Function Types

The following three types of interrupt functions are used.

)

)

3

Non-maskable interrupt

This interrupt is acknowledged unconditionally (that is, even in interrupt disabled state). It does not undergo
interrupt priority control and is given top priority over all other interrupt requests.

It generates a standby release signal.

One interrupt source from the watchdog timer is incorporated as a non-maskable interrupt request.

Maskable interrupts

These interrupts undergo mask control. Maskable interrupts can be divided into a high interrupt priority group
and a low interrupt priority group by setting the priority specify flag register (PROL, PROH, PR1L).

Multiple high priority interrupts can be applied to low priority interrupts. If two or more interrupts with the same
priority are simultaneously generated, each interrupts has a predetermined priority (refer to Table 16-1).
A standby release signal is generated.

Six external interrupt sources and 15 internal interrupt sources are incorporated as maskable interrupt
requests.

Software interrupt

This is a vectored interrupt to be generated by executing the BRK instruction. It is acknowledged even in
interrupt disabled state. The software interrupt does not undergo interrupt priority control.
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16.2 Interrupt Sources and Configuration

Twenty non-maskable, maskable, and software interrupts are provided as interrupt sources (refer to Table
16-1).

Table 16-1. Interrupt Source List

Maskability Default Interrupt Source Internal/ Vector Basic
Configuration
PriorityNote 1 Name Trigger External Address TypeNote 2
Non- — INTWDT Watchdog timer overflow (with Internal 0004H (A)
Maskable watchdog timer mode 1 selected)
Maskable 0 INTWDT Watchdog timer overflow (with (B)
interval timer mode selected)
1 INTPO Pin input edge detection External 0006H ©)
2 INTP1 0008H (D)
3 INTP2 000AH
4 INTP3 000CH
5 INTP4 000EH
6 INTP5 0010H
7 INTCSIO End of serial interface channel 0 Internal 0014H (B)
transfer
8 INTSER Serial interface channel 2 UART reception 0018H
error generation
9 INTSR End of serial interface channel 2 001AH
UART reception
INTCSI2 End of serial interface channel 2
3-wire transfer
10 INTST End of serial interface channel 2 001CH
UART transfer
11 INTTM3 Reference time interval signal from 001EH
watch timer
12 INTTMOO | Generation of 16-bit timer register, 0020H
capture/compare register (CR00)
match signal
13 INTTMO1 Generation of 16-bit timer register, 0022H
capture/compare register (CR01)
match signal
14 INTTM1 Generation of 8-bit timer/event 0024H
counter 1 match signal
15 INTTM2 Generation of 8 bit timer/event 0026H
counter 2 match signal
16 INTAD End of A/D converter conversion 0028H
Software — BRK BRK instruction execution — 003EH (E)

Notes 1. Default priorities are intended for two or more simultaneously generated maskable interrupt requests.
0 is the highest priority and 16 is the lowest priority.
2. Basic configuration types (A) to (E) correspond to (A) to (E) of Figure 16-1.
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Figure 16-1. Basic Configuration of Interrupt Function (1/2)
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Figure 16-1. Basic Configuration of Interrupt Function (2/2)
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16.3 Interrupt Function Control Registers
The following six types of registers are used to control the interrupt functions.

 Interrupt request flag register (IFOL, IFOH, IF1L)

« Interrupt mask flag register (MKOL, MKOH, MK1L)
 Priority specify flag register (PROL, PROH, PR1L)
» External interrupt mode register (INTMO, INTM1)
« Sampling clock select register (SCS)

e Program status word (PSW)

Table 16-2 gives a listing of interrupt request flags, interrupt mask flags, and priority specify flags corresponding
to interrupt request sources.

Table 16-2. Various Flags Corresponding to Interrupt Request Sources

Interrupt Source Interrupt Request Flag Interrupt Mask Flag Priority Specify Flag
Register Register Register
INTWDT TMIF4 IFOL TMMK4 MKOL TMPR4 PROL
INTPO PIFO PMKO PPRO
INTP1 PIF1 PMK1 PPR1
INTP2 PIF2 PMK2 PPR2
INTP3 PIF3 PMK3 PPR3
INTP4 PIF4 PMK4 PPR4
INTP5 PIF5 PMK5 PPR5
INTCSIO CSIIFO IFOH CSIMKO MKOH CSIPRO PROH
INTSER SERIF SERMK SERPR
INTSR/INTCSI2 SRIF SRMK SRPR
INTST STIF STMK STPR
INTTM3 TMIF3 TMMK3 TMPR3
INTTMOO TMIFOO TMMKOO TMPROO
INTTMO1 TMIFO1 TMMKO1 TMPRO1
INTTM1 TMIF1 IF1L TMMK1 MK1L TMPR1 PRI1L
INTTM2 TMIF2 TMMK2 TMPR2
INTAD ADIF ADMK ADPR
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(1) Interrupt request flag registers (IFOL, IFOH, IF1L)
The interrupt request flag is set to 1 when the corresponding interrupt request is generated or an instruction
is executed. Itis cleared to 0 when an instruction is executed upon acknowledgment of an interrupt request
or upon application of RESET input.
IFOL, IFOH, and IF1L are set with a 1-bit or 8-bit memory manipulation instruction. If IFOL and IFOH are used
as a 16-hit register IFO use a 16-bit memory manipulation instruction for the setting.
RESET input sets these registers to 00H.

Figure 16-2. Interrupt Request Flag Register Format

After

Symbol 7 ® ® @ ® @ @) © Address Reset RIW

IFOL 0 PIF5 | PIF4 | PIF3 | PIF2 | PIF1 | PIFO |TMIF4 FFEOH O0OH R/W
@ ® 6 @ ® @ 1 O

IFOH |TMIFO1|TMIFOO| TMIF3| STIF | SRIF |SERIF| 0 [CSIIFO FFE1H O00H R/W
@ s 5 4 3 @ @O O

IFIL [wTIF*¢| o 0 0 0 ADIF |TMIF2|TMIF1 FFE2H O00OH R/W
\ \ \ \ \ \ \ |

x X|Fx Interrupt Request Flag
0 No interrupt request signal
1 Interrupt request signal is generated,;
Interrupt request state

Note WTIF is test input flag. Vectored interrupt request is not generated.
Cautions 1. TMIF4 flag is R/W enabled only when a watchdog timer is used as an interval timer. If

a watchdog timer is used in watchdog timer mode 1, set TMIF4 flag to O.
2. Set always 0 in IF1L bits 3 through 6, IFOL bit 7, and IFOH bit 1.
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(2) Interrupt mask flag registers (MKOL, MKOH, MK1L)
The interrupt mask flag is used to enable/disable the corresponding maskable interrupt service and to set
standby clear enable/disable.
MKOL, MKOH, and MK1L are set with a 1-bit or 8-bit memory manipulation instruction. If MKOL and MKOH
are used as a 16-bit register MKO, use a 16-bit memory manipulation instruction for the setting.
RESET input sets these registers to FFH.

Figure 16-3. Interrupt Mask Flag Register Format

After

Symbol 7 ® ® @ ® @ @® ©@ Address Reset RIW
MKOL 1 |PMK5|PMK4|PMK3|PMK2| PMK | PMK |TMMK4 FFE4H FFH R/W
@ ® 6 ® ©® @ 1 O
MKOH | TMMKOL| TMMKOO| TMMK3 | STMK |SRMK |SERMK| 1 |CSIMKO FFESH FFH RIW
@ 6 5 4 3 @ ©O O
MKIL |wrmk™| 1 1 1 1 | ADMK |TMMK2| TMMKL FFE6H FFH R/W
\ \ \ \ \ \ \ |
XXMKXx Interrupt Service Control
0 Interrupt service enabled
1 Interrupt service disabled

Note WTMK controls standby mode release enable/disable. It does not control interrupt functions.

Cautions 1. IfTMMKA4flagisread when awatchdog timeris used in watchdog timer mode 1, MKO value
becomes undefined.

2. Because port 0 has a dual function as the external interrupt request input, when the
output level is changed by specifying the output mode of the port function, an interrupt
request flag is set. Therefore, 1 should be set in the interrupt mask flag before using the
output mode.

3. Set always 1 in MK1L bits 3 through 6, MKOL bit 7, and MKOH bit 1.
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(3) Priority specify flag registers (PROL, PROH, and PR1L)
The priority specify flag is used to set the corresponding maskable interrupt priority orders.
PROL, PROH, and PR1L are set with a 1-bit or 8-bit memory manipulation instruction. If PROL and PROH are
used as a 16-bit register PRO, use a 16-bit memory manipulation instruction for the setting.
RESET input sets these registers to FFH.

Figure 16-4. Priority Specify Flag Register Format

Symbol 7 ® ® @ ® @ @) ©) Address I’?A;tseert RIW
PROL| 1 |PPR5|PPR4|PPR3|PPR2|PPR1 |PPRO|TMPR4 FFESH FFH RIW
@ ® 6 @ & @ 1 O
PROH [TMPROITMPR00|TMPR3| STPR |SRPR|SERPR| 1 |CSIPRO) FFE9H FFH RIW
7 6 5 4 3 @ @O ©
PR1L 1 1 1 1 1 |ADPR|TMPR2|TMPR1 FFEAH FFH R/W
\ \ \ \ \ \ \ |
XXPRX Priority Level Selection
0 High priority level
1 Low priority level

Cautions 1. When a watchdog timer is used in watchdog timer mode 1, set 1 in TMPR4 flag.
2. Set always 1 in PR1L bits 3 through 7, PROL bit 7, and PROH bit 1.
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(4) External interrupt mode register (INTMO, INTM1)
These registers set the valid edge for INTPO to INTP5.

INTMO and INTM1 are set by 8-bit memory manipulation instructions.

RESET input sets these registers to 00H.

Figure 16-5. External Interrupt Mode Register 0 Format

After

Symbol 7 6 5 4 3 2 1 0 Address Reset RIW
INTMO | ES31 | ES30 | ES21 | ES20 | ES11 |ES10 0 0 FFECH 00H R/W
\ | \ | \ |
ES11| ES10 INTPO Valid Edge Selection
0 0 Falling edge
0 1 Rising edge
1 0 Setting prohibited
1 1 Both falling and rising edges
ES21 | ES20 INTP1 Valid Edge Selection
0 0 Falling edge
0 1 Rising edge
1 0 Setting prohibited
1 1 Both falling and rising edges
ES31| ES30 INTP2 Valid Edge Selection
0 0 Falling edge
0 1 Rising edge
1 0 Setting prohibited
1 1 Both falling and rising edges

Caution Setthe valid edge of the INTPO/TIO/P0OO pin after setting bits 1 through 3 (TMCO01 through TMCO03)

of the 16-bit timer mode control register to 0, 0, 0, and stopping the timer operation.
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Figure 16-6. External Interrupt Mode Register 1 Format

After

Symbol 7 6 5 4 3 2 1 0 Address Reset RIW
INTML| © 0 |ES61|ES60 | ES51|ES50|ES4L | ES40 FFEDH 00H RIW
\ ] \ ] \ ]
L ES41 | ES40 INTP3 Valid Edge Selection

0 0 Falling edge

0 1 Rising edge

1 0 Setting prohibited

1 1 Both falling and rising edges

ES51 | ES50 INTP4 Valid Edge Selection

0 0 Falling edge

0 1 Rising edge

1 0 Setting prohibited

1 1 Both falling and rising edges

ES61 | ES60 INTP5 Valid Edge Selection

0 0 Falling edge

0 1 Rising edge

1 0 Setting prohibited

1 1 Both falling and rising edges
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(5) Sampling clock select register (SCS)

This register is used to set the valid edge clock sampling clock to be input to INTPO. When remote controlled
data reception is carried out using INTPO, digital noise is removed with sampling clocks.

SCS is set with an 8-bit memory manipulation instruction.

RESET input sets SCS to 00H.

Figure 16-7. Sampling Clock Select Register Format

After
Symbol 7 6 5 4 3 2 1 0 Address Reset RIW
scs| o 0 0 0 0 0 |sCsi1|scso FFA7H O0H RIW
\—i INTPO Sampling Clock Selection
SCS1|SCS0
MCS =1 MCS =0
0 0 | fuw2"
0 1 | ful2’ £/2°(39.1 kHz) | £42%(19.5 kHz)
1 0 | f/2® | £/2°%(156.3 kHz)| £/2°(78.1 kHz)
1 1 | f2® | f42%(78.1kHz) | £427(39.1 kHz)

Caution f xx/2Nisaclocktobe suppliedtothe CPUandf xx/2°, fxx/28 and fxx/27 are clocks to be supplied
to the peripheral hardware. f xx/2N stops in the HALT mode.

Remarks 1. N : Value (N=0to 4) at bits 0 to 2 (PCCO0 to PCC2) of processor clock control register (PCC)
2. fxx : Main system clock frequency (fx or fx/2)
3. fx : Main system clock oscillation frequency
4. MCS: Oscillation mode selection register (OSMS) bit O
5. Values in parentheses when operated with fx = 5.0 MHz.
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When the sampled INTPO input level is active twice in succession, the noise remover sets interrupt request
flag (PIFO) flag to 1.
Figure 16-8 shows the noise remover input/output timing.

Figure 16-8. Noise Remover Input/Output Timing (during rising edge detection)
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Because INTPO level is not high during sampling,
PIFO output remains at low level.

(b) When input is equal to or twice the sampling cycle (t SMP)

tsmp
Sampling Clock
| 1 1 i
| N
INTPO 7 <> <2 3
PIFO

Because the sampled INTPO level is high twice in succession in <2>,
PIFO flag is set to 1.

(c) When input is twice or more than the cycle frequency (t SMP)

tsmp

Sampling Clock

INTPO

PIFO
At the point when INTPO level is high twice in succession,
PIFO flag is set to 1.
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(6) Program status word (PSW)

The program status word is a register to hold the instruction execution result and the current status for interrupt
request. The IE flag to set maskable interrupt enable/disable and the ISP flag to control nesting are mapped.
Besides 8-bit unit read/write, this register can carry out operations with a bit manipulation instruction and
dedicated instructions (El and DI). When a vectored interrupt request is acknowledged or the BRK instruction
is executed, PSW is automatically saved into a stack and the IE flag isreset to 0. If amaskable interrupt request
is acknowledged contents of the priority specify flag of the acknowledged interrupt are transferred to the ISP
flag. The acknowledged interrupt is also saved into the stack with the PUSH PSW instruction. It is restored
from the stack with the RETI, RETB, and POP PSW instructions.

RESET input sets PSW to 02H.

Figure 16-9. Program Status Word Format

7 6 5 4 3 2 1 0 State after
Reset
PSW | IE Z |RBS1| AC |[RBSO| O ISP | CY 02H

Used when normal instruction is executed

ISP Priority of Interrupt Currently Being Received
0 High-priority interrupt service
(low-priority interrupt disable)

Interrupt request not acknowledged or low-priority
1 interrupt service
(all-maskable interrupts enable)

IE Interrupt Request Acknowledge Enable/Disable
0 Disable
1 Enable

337



CHAPTER 16 INTERRUPT AND TEST FUNCTIONS

16.4 Interrupt Service Operations

16.4.1 Non-maskable interrupt request acknowledge operation

A non-maskable interrupt request is unconditionally acknowledged even if in an interrupt request acknowledge
disable state. It does not undergo interrupt priority control and has highest priority over all other interrupts.

If a non-maskable interrupt request is acknowledged, the acknowledged interrupt is saved in the stacks, program
status word (PSW) and program counter (PC), in that order, the IE and ISP flags are reset to 0, and the vector table
contents are loaded into PC and branched.

A new non-maskable interrupt request generated during execution of a non-maskable interrupt service program
is acknowledged after the current execution of the non-maskable interrupt service program is terminated (following
RETI instruction execution) and one main routine instruction is executed. If a new non-maskable interrupt request
is generated twice or more during non-maskable interrupt service program execution, only one non-maskable interrupt
request is acknowledged after termination of the non-maskable interrupt service program execution.

Figure 16-10 shows the flowchart from generation of the non-maskable interrupt to accepting it. Figure 16-12 shows
the timing of accepting the non-maskable interrupt request, and Figure 16-12 shows the operation performed if the
non-maskable interrupt request occurs in duplicate.
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Figure 16-10. Flowchart of Non-Maskable Interrupt Request from Generation to Acknowledge
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Figure 16-11. Non-Maskable Interrupt Request Acknowledge Timing
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Figure 16-12. Non-Maskable Interrupt Request Acknowledge Operation
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16.4.2 Maskable interrupt request acknowledge operation

A maskable interrupt request becomes acknowledgeable when an interrupt request flag is set to 1 and the interrupt
request mask (MK) flag flag is cleared to 0. A vectored interrupt request is acknowledged in an interrupt enable state
(with IE flag set to 1). However, a low-priority interrupt request is not acknowledged during high-priority interrupt
request service (with ISP flag reset to 0).

Wait times maskable interrupt request generation to interrupt service are as follows.

For the acknowledge timing of interrupt request, refer to Figures 16-13 and 16-14.

Table 16-3. Times from Maskable Interrupt Request Generation to Interrupt Service

Minimum Time Maximum Time Note
When xxPRx = 0 7 clock cycles 32 clock cycles
When xxPRx = 1 8 clock cycles 33 clock cycles

Note If an interrupt request is generated just before a divide instruction, the wait time is maximized.

Remark 1 clock cycle = 1/CPU clock frequency (fcru)

If two or more maskable interrupt requests are generated simultaneously, the request specified for higher priority
with the priority specify flag is acknowledged first. Two or more requests specified for the same priority with the priority
specify flag, the default priorities apply.

Any interrupt requests that kept pending are acknowledged when they become acknowledgeable.

Figure 16-13 shows interrupt request acknowledge algorithms.

If amaskable interrupt request is acknowledged, the acknowledged interrupt is saved in the stacks, program status
word (PSW) and program counter (PC), in that order, the IE flag is reset to 0, and the acknowledged interrupt request
priority specify flag contents are transferred to the ISP flag. Further, the vector table data determined for each interrupt
request is loaded into PC and branched.

Restore from the interrupt is possible with the RETI instruction.
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Figure 16-13. Interrupt Request Acknowledge Processing Algorithm
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xx|F : Interrupt request flag

xxMK : Interrupt mask flag

xxPR : Priority specification flag

IE . Flag controlling accepting maskable interrupt request (1 = enable, 0 = disable)

ISP : Flagindicating priority of interrupt currently serviced (0 = interrupt with high priority serviced, 1 = interrupt
request is not accepted, or interrupt with low priority is serviced)

342



CHAPTER 16 INTERRUPT AND TEST FUNCTIONS

Figure 16-14. Interrupt Request Acknowledge Timing (Minimum Time)
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Figure 16-15. Interrupt Request Acknowledge Timing (Maximum Time)
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Remark 1 clock cycle = 1/fcpu clock frequency (fcru: CPU clock)

16.4.3 Software interrupt request acknowledge operation
A software interrupt request is acknowledged by BRK instruction execution. Software interrupt cannot be disabled.

If a software interrupt request is acknowledged, it is saved in the stacks, program status word (PSW) and program
counter (PC), inthat order, the IE flag is reset to 0 and the contents of the vector tables (003EH and 003FH) are loaded
into PC and branched.

Restore from the software interrupt is possible with the RETB instruction.

Caution Do not use the RETI instruction for returning from the software interrupt.
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16.4.4 Nesting interrupt service

Acknowledgment of another interrupt request while an interrupt is being serveced is called nesting.

Nesting does not take place unless the interrupts (except the non-maskable interrupt) are enabled to be
acknowledged (IE = 1). Acknowledgment of another interrupt request is disabled (IE = 0) when one interrupt has
been acknowledged. Therefore, to enable nesting, the El flag must be set to 1 during interrupt servicing, to enable
another interrupt.

Nesting may not occur even when the interrupts are enabled. This is controlled but the priorities of the interrupts.
Although two types of priorities, default priority and programmable priority, may be assigned to an interrupt, nesting
is controlled by using the programmable priority.

If an interrupt with the same level of priority as or higher priority than the interrupt currently serviced occurs, that
interrupt can be acknowledged and nested. If an interrupt with a priority lower than that of the currently serviced
interrupt occurs, that interrupt cannot be acknowledged nor nested.

An interrupt that is not acknowledged and nested because of it is disabled or it has a low priority is kept reserved.
This interrupt is acknowledged after servicing og the current interrupt has been completed and one instruction of the
main routine has been executed.

Nesting is not enabled while the non-maskable interrupt is being serviced.

Table 16-4 shows the interrupts that can be nested, and Figure 16-16 shows an example of nesting.

Table 16-4. Interrupt Request Enabled for Nesting Interrupt during Interrupt Service

Nesting Interrupt Request Non-maskable Maskable Interrupt Request
Interrupt PR=0 PR=1
. . Request
Interrupt being serviced a IE=1 IE=0 IE=1 IE=0
Non-maskable interrupt D D D D D
. ISP=0 E E D D D
Maskable interrupt
ISP=1 E E D E D
Software interrupt E E D E D

Remarks 1. E : Nesting interrupt enable
2. D : Nesting interrupt disable
3. ISP and IE are the flags contained in PSW
ISP=0 : An interrupt with higher priority is being serviced
ISP=1 : An interrupt is not accepted or an interrupt with lower priority is being

serviced
IE=0 : Interrupt acknowledge is disabled
IE=1 : Interrupt acknowledge is enabled

4. PR is a flag contained in PROL, PROH, PR1L
PR=0 : Higher priority level
PR=1 : Lower priority level
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Example 1. Example where nesting interrupt takes place two times

Figure 16-16. Nesting Interrupt Example (1/2)

Main Processing INTxx INTyy

INTXX —
(PR=1)

Service Service

RETI | RETI |

INTzz
Service

Two interrupt requests, INTyy and INTzz, are acknowledged while interrupt INTxx is serviced, and
nesting takes place. Before each interrupt requests is acknowledged, the IE instruction is always

executed, and the interrupt is enabled.

Example 2. Example where nesting interrupt does not take place because of priority control

Main Processing INTxx

] -5

INTyy o
INTXX —» (PR=1)
(PR=0)
RETI
1 Instruction _
Execution IE=0

Interruptrequest INTyy thatis generated while interrupt INTxx is being serviced is not acknowledged
because its priority is lower than that of INTxx, and therefore, nesting does not take place. INTyy
request is reserved, and is acknowledged after one instruction of the main routine has been

executed.

PR = 0: High-priority level
PR = 1: Low-priority level

IE = 0: Acknowledge of interrupt request is disabled.
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Figure 16-16. Nesting Interrupt Example (2/2)

Example 3. Eample where nesting interrupt does not take place because interrupts are not enabled

Main Processing INTxx INTyy
Service Service

INTyy
INTXX —» (PR=0)
(PR=0) RETI

1 Instruction
Execution

Because interrupts are not enabled (EI instruction is not issued) in interrupt processing INTXxx,
interrupt request INTyy is not acknowledged, and nesting does not take place. INTyy request is
reserved, and is acknowledged after one instruction of the main routine has been executed.

PR = 0: High-priority level
IE = 0: Acknowledge of interrupt request is disabled.

346



CHAPTER 16 INTERRUPT AND TEST FUNCTIONS

16.4.5 Interrupt request pending
The followings are the instructions which keep interrupt acknowledge pending.

« MOV PSW, #byte

« MOV A, PSW

* MOV PSW, A

« MOV1 PSW.bit, CY

e MOV1 CY, PSW.bit

« AND1 CY, PSW.bit

« OR1 CY, PSW.bit

« XOR1 CY, PSW.bit

* SET1 PSW.bit

e CLR1 PSW.bit

- RETB

* RETI

« PUSH PSW

- POP PSW

* BT PSW.bit, $addr16
* BF PSW.bit, $addr16
e BTCLR PSW.bit, $addr16
* El

e DI

¢ Manipulate instructions for IFOL, IFOH, IF1L, MKOL, MKOH, MK1L, PROL, PROH, PR1L, INTMO, INTM1 registers
Caution The BRK instruction is not one of the above instructions that keep an interrupt request pending.
However, the software interrupt that is started by execution of the BRK instruction clears the
IE flagto 0. Therefore, evenif amaskable interruptrequestis generated while the BRK instruction
is being executed, it is not accepted. However, the non-maskable interrupt is accepted.

Figure 16-17 shows the timing at which an interrupt request is kept pending.

Figure 16-17. Interrupt Request Pending

Save PSW and PC, Interrupt service

CPU processing Instruction N Instruction M . h
Jump to interrupt service program

axie [ \

Remarks 1. Instruction N: Instruction that keeps interrupts requests pending
2. Instruction M: Instructions other than interrupt request pending instruction
3. The xxPR (priority level) values do not affect the operation of xxIF (interrupt request).
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16.5 Test Functions

The test function sets the corresponding test input flag and generates a standby release signal when an overflow
occurs in the watch timer and when a falling edge at port 4 is detected.

Unlike the interrupt function, this function does not perform vector processing.

There are two test input factors as shown in Table 16-5. The basic configuration is shown in Figure 16-18.

Table 16-5. Test Input Factors

Test Input Factors Internal/

Name Trigger External
INTWT Watch timer overflow Internal
INTPT11 Falling edge detection at port 11 External

Figure 16-18. Basic Configuration of Test Function

S Internal bus S

!

MK

Test input —4CD_> Standby
signal IF release signal

IF: test input flag
MK: test mask flag

16.5.1 Registers controlling the test function
The test function is controlled by the following three registers.

« Interrupt request flag register 1L (IF1L)

 Interrupt mask flag register 1L (MK1L)
« Key return mode register (KRM)

The names of the test input flags and test mask flags corresponding to the test input signals are listed in Table
16-6.

Table 16-6. Flags Corresponding to Test Input Signals

Test input signal name Test input flag Test mask flag
INTWT WTIF WTMK
INTPT11 KRIF KRMK
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(1) Interrupt request flag register 1L (IF1L)
It indicates whether a watch timer overflow is detected or not.
It is set by a 1-bit memory manipulation instruction and 8-bit memory manipulation instruction.
It is set to O0H by the RESET signal input.

Figure 16-19. Format of Interrupt Request Flag Register 1L

When
Symbdl @ 6 5 4 3 @ @ © Address Reset RIW
IF1L | WTIF 0 0 0 0 ADIF |TMIF2|TMIF1 FFE2H O0H R/W
WTIF Watch timer overflow detection flag

0 Not detected

1 Detected

Caution Be sure to set bits 3 through 6 to 0.

(2) Interrupt mask flag register 1L (MK1L)
Itis used to set the standby mode enable/disable at the time the standby mode is released by the watch timer.
It is set by a 1-bit memory manipulation instruction and 8-bit memory manipulation instruction.
It is set to FFH by the RESET signal input.

Figure 16-20. Format of Interrupt Mask Flag Register 1L

When
Symbol @ 6 5 4 3 ® @ ©) Address Reset R/W
MK1L |WTMK| 1 1 0 0 | ADMK | TMMK2 | TMMK1 FFE6H FFH RIW
WTMK Standby mode control by watch timer

0 Enables releasing the standby mode.

1 Disables releasing the standby mode.

Caution Be sure to set bits 3 through 6 to 1.
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(3) Key return mode register (KRM)
This register is used to set enable/disable of standby function clear by key return signal (port 11 falling edge
detection), and selects port 11 falling edge input.
KRM is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input sets KRM to 02H.

Figure 16-21. Key Return Mode Register Format

When

Symbol 7 6 5 4 3 2 @ @ Address Reset RIW
KRM 0 0 0 0 |KRM3|KRM2 |KRMK| KRIF FFB8H 02H R/W
L KRIF Key Return Signal

0 Not detected

1 Detected (port 11 falling edge detection)

KRMK Standby Mode Control by Key Return Signal

0 Standby mode release enabled

1 Standby mode release disabled

KRM3 |KRM2| Selection of Port 11 Falling Edge Input
0 0 P117
0 1 P114-P117
1 0 P112-P117
1 1 P110-P117

Caution When port 11 falling edge detection is used, be sure to clear KRIF to 0 (not cleared to O
automatically).
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16.5.2 Test input signal acknowledge operation

)

)

Internal test signal

An internal test input signal (INTWT) is generated when the watch timer overflows and the WTIF flag is set
by it. Atthistime, the standby release signal is generated if itis not masked by the interrupt mask flag (WTMK).
The watch function is available by checking the WTIF flag at a shorter cycle than the watch timer overflow

cycle.

External test signal

When a falling edge is input to the port 11 (P110 to P117) pins and an external test input signal (INTP11) is
generated, KRIF is set. At this time, the standby release signal is generated if it is not masked by the interrupt
mask flag (KRMK). If port 11 is used as key matrix return signal input, whether or not a key input has been
applied can be checked from the KRIF status.
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CHAPTER 17 STANDBY FUNCTION

17.1 Standby Function and Configuration

17.1.1 Standby function
The standby function is designed to decrease power consumption of the system. The following two modes are

available.

)

)

HALT mode

HALT instruction execution sets the HALT mode. The HALT mode is intended to stop the CPU operation clock.
System clock oscillator continues oscillation. In this mode, current consumption cannot be decreased as in
the STOP mode. The HALT mode is valid to restart immediately upon interrupt request and to carry out
intermittent operations such as in watch applications.

STOP mode

STOP instruction execution sets the STOP mode. Inthe STOP mode, the main system clock oscillator stops
and the whole system stops. CPU current consumption can be considerably decreased.

Data memory low-voltage hold (down to Voo = 1.8 V) is possible. Thus, the STOP mode is effective to hold
data memory contents with ultra-low current consumption. Because this mode can be cleared upon interrupt
request, it enables intermittent operations to be carried out.

However, because a wait time is necessary to secure an oscillation stabilization time after the STOP mode
is cleared, select the HALT mode if it is necessary to start processing immediately upon interrupt request.

In any mode, all the contents of the register, flag and data memory just before standby mode setting are held. The

input/output port output latch and output buffer statuses are also held.

Cautions 1. The STOP mode can be used only when the system operates with the main system clock

(subsystem clock oscillation cannot be stopped). The HALT mode can be used with either
the main system clock or the subsystem clock.

2. When proceeding to the STOP mode, be sure to stop the peripheral hardware operation and
execute the STOP instruction.

3. The following sequence is recommended for power consumption reduction of the A/D
converter when the standby function is used: first clear bit 7 (CS) of A/D converter mode
register (ADM) to O to stop the A/D conversion operation, and then execute the HALT or STOP
instruction.
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17.1.2 Standby function control register

A wait time after the STOP mode is cleared upon interrupt request till the oscillation stabilizes is controlled with

the oscillation stabilization time select register (OSTS).
OSTS is set with an 8-bit memory manipulation instruction.

RESET input sets OSTS to 04H. However, it takes 217/fx, not 218/fx, until the STOP mode is cleared by RESET

input.

Figure 17-1. Oscillation Stabilization Time Select Register Format

Symbol 7 6 5 4 3 2 1 0 Address ngtsegt RIW
OSTS| 0 0 0 0 0 |0OSTS2|0STS1|/0STSO FFFAH 04H RIW
L
Selection of Oscillation Stabilization
hsTs2l0sTs10sTSOl Time when STOP Mode is Released
MCS =1 MCS=0
0 | 0| 0 | 2%h«| 2819 us) | 2"/fx(1.64 ms)
0 | 0 | 1 |2%f«|2"M«(3.28 ms) | 2"°/«(6.55 ms)
0 | 1 | 0 | 2%f«|2"f(6.55ms) | 2"%/fx(13.1 ms)
0 | 1 | 1 |2%f«|2"M(13.1ms) |2"x(26.2 ms)
1 | 0 | 0 |2« |2"/(26.2ms) |2"%/«(52.4 ms)
Other than above| Setting prohibited

Caution The wait time when the STOP mode is released does not include the time required for the clock
oscillation to start after the STOP mode has been released (see “a” in the figure below),
regardless of whether the mode has been released by the RESET signal or an interrupt request.

STOP Mode Clear

X1 Pin
Voltage
Waveform

Vss
Remarks 1. fxx : Main system clock frequency (fx or fx/2)
2. fx : Main system clock oscillation frequency
3. MCS : Oscillation mode select register (OSMS) bit 0

4. Values in parentheses apply to operating at fx= 5.0 MHz
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17.2 Standby Function Operations

17.2.1 HALT mode

(1) HALT mode set and operating status
The HALT mode is set by executing the HALT instruction. It can be set with the main system clock or the

subsystem clock.

The operating status in the HALT mode is described below.

Table 17-1. HALT Mode Operating Status

HALT Mode Setting

Item

HALT execution during

main system clock operation

HALT execution during

subsystem clock operation

w/ subsystem
clockNote 1

w/0. subsystem Main system

clockNote 2

clock oscillates

Main system
clock stops

Clock generator

Both main system and subsystem clocks can be oscillated. Clock supply to the CPU stops.

CPU

Operation stop.

Port (output latch)

Status before HALT mode setting is held.

16-bit timer/event counter Operable. Operable when watch timer output
with fxT selected as count clock (fxT
is selected as count clock for watch
timer).

8-bit timer/event counter 1 and 2 Operable. Operablewhen TI1 or TI2 is

selected as count clock.

Watch timer Operable if fxx/27 | Operable. Operable if fxT is selected as
is selected as count clock.
count clock.

Watchdog timer Operable. Operable.

A/D converter Operable. Operation stops.

Serial Interface Operable Operable at external SCK.

LCD controller/driver Operable if fxx/27 | Operable. Operable if fxT is selected as
is selected as count clock.
count clock.

External INTPO Operable when a clock (fxx/25, fxx/28, fxx/27) for the Operation stops.

interrupt peripheral hardware is selected as sampling clock.

INTP1-INTP5 Operable.
Notes 1. Including case when external clock is supplied.

2. Including case when external clock is not supplied.
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(2) HALT mode clear
The HALT mode can be cleared with the following four types of sources.

(@) Clear upon unmasked interrupt request
If an unmasked interrupt request is generated, the HALT mode is cleared. If interrupt acknowledge is

enabled, vectored interrupt service is carried out. If disabled, the next address instruction is executed.

Figure 17-2. HALT Mode Clear upon Interrupt Request Generation

HALT Interrupt
Instruction Reguest \ Wait \
\ \
Standby 1
Release Signal |
b o o o o — — — — — — — — —
Operating
Mode HALT Mode Wait Operating Mode
!
Oscillation

Clock

Remarks 1. The broken line indicates the case when the interrupt request which has cleared the standby
status is acknowledged.
2. Wait time will be as follows:
* When vectored interrupt service is carried out: 8 to 9 clocks
« When vectored interrupt service is not carried out: 2 to 3 clocks

(b) Clear upon non-maskable interrupt request
If anon-maskable interrupt request is generated, the HALT mode is cleared and vectored interrupt service
is carried out whether interrupt acknowledge is enabled or disabled.

(c) Clear upon unmasked test input

The HALT mode is cleared by unmasked test signal input and the next address instruction of the HALT
instruction is executed.
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(d) Clear upon RESET input
When a RESET signal is input, the HALT mode is cleared. As is the case with normal reset operation,
a program is executed after branch to the reset vector address.

Figure 17-3. HALT Mode Release by RESET Input

Wait
HALT | (@"h:262ms) |
Instruction ‘ ‘
RESET 46
Signal | |
Oscillation
Operating Reset Stabilization Operating
Mode HALT Mode Period Wait Status Mode
Oscillation ‘
Oscillation stop Oscillation
Clock
Remarks 1. fx: Main system clock oscillation frequency
2. Time value in parentheses is when fx = 5.0 MHz.
Table 17-2. Operation after HALT Mode Release
Release Source MKxx PRxx IE ISP Operation
Maskable interrupt 0 0 0 X Next address instruction execution
request 0 0 1 X Interrupt service execution
0 1 0 1 Next address instruction execution
0 1 X 0
0 1 1 1 Interrupt service execution
1 X X X HALT mode hold
Non-maskable interrupt - - X X Interrupt service execution
request
Test input 0 - X X Next address instruction execution
1 - X X HALT mode hold
RESET input - - X X Reset processing

x: Don’t care
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17.2.2 STOP mode

(1) STOP mode set and operating status
The STOP mode is set by executing the STOP instruction. It can be set only with the main system clock.

Cautions 1. When the STOP mode is set, the X2 pin is internally connected to V op via a pull-up

resistor to minimize the leakage current at the crystal oscillator. Thus, do not use
the STOP mode in a system where an external clock is used for the main system clock.

2. Because the interrupt request signal is used to clear the standby mode, if there is
an interrupt source with the interrupt request flag set and the interrupt mask flag
reset, the standby mode is immediately cleared if set. Thus, the STOP mode is reset
tothe HALT mode immediately after execution of the STOP instruction. After the wait
set using the oscillation stabilization time selectregister (OSTS), the operating mode
is set.

The operating status in the STOP mode is described below.

Table 17-3. STOP Mode Operating Status

STOP Mode Setting With Subsystem Clock Without Subsystem Clock
Item
Clock generator Only main system clock stops oscillation.
CPU Operation stop.
Port (output latch) Status before STOP mode setting is held.
16-bit timer/event counter Operable when watch timer output with fxT selected Operation stops.
is selected as count clock (fxT is selected as count
clock for watch timer).
8-bit timer/event counter 1 and 2 Operable when TI1 and TI2 are selected for the count clock.
Watch timer Operable when fxT is selected for the count clock. Operation stops.
Watchdog timer Operation stops.
A/D converter Operation stops.
Serial Other than UART | Operable when externally supplied clock is specified as the serial clock.
Interface UART Operation stops.
LCD controller/driver Operable when fxT is selected for the count clock. Operation stops.
External INTPO Operation is impossible.
interrupt INTP1-INTP5 Operable.
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(2) STOP mode release

The STOP mode can be cleared with the following three types of sources.

(a) Release by unmasked interrupt request
If an unmasked interrupt request is generated, the STOP mode is cleared. If interrupt acknowledge is

enabled after the lapse of oscillation stabilization time, vectored interrupt service is carried out. If interrupt
acknowledge is disabled, the next address instruction is executed.

Figure 17-4. STOP Mode Release by Interrupt Request Generation

Wait

STOP Interrupt (Time set by OSTS)
Instruction Request
Iq¢
Standby ) !
Release Signal [,
Operationg Oscillation Stabilization Operating
Mode STOP Mode Wait Status Mode
Oscillation Oscillation Stop Oscillation
Clock

Remark The broken line indicates the case when the interrupt request which has cleared the standby

status is acknowledged.

(b) Release by unmasked test input
The STOP mode is cleared by unmasked test signal input. After the lapse of oscillation stabilization time,

the instruction at the next address of the STOP instruction is executed.
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(c) Release by RESET input
When a RESET signal is input, the STOP mode is cleared and after the lapse of oscillation stabilization
time, reset operation is carried out.

Figure 17-5. Release by STOP Mode RESET Input

Wait
STOP (2"/fx : 26.2 ms)
Instruction
RESET 3
Signal
Oscillation
Operating Reset Stabilization Operating
Mode STOP Mode Period Wait Status Mode
Oscillation Oscillation Stop Oscillation
Clock

Remarks 1. fx: Main system clock oscillation frequency
2. Time value in parentheses is when fx = 5.0 MHz.

Table 17-4. Operation after STOP Mode Release

Release Source MKxx PRxx IE ISP Operation

Maskable interrupt request 0 0 0 X Next address instruction execution
0 0 1 X Interrupt service execution
0 1 0 1 Next address instruction execution
0 1 X 0
0 1 1 1 Interrupt service execution
1 X X x STOP mode hold

Test input 0 - x X Next address instruction execution
1 - x X STOP mode hold

RESET input - - X X Reset processing

x: Don'’t care
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18.1 Reset Function
The following two operations are available to generate the reset signal.

(1) External reset input with RESET pin
(2) Internal reset by watchdog timer inadvertent program loop time detection

External reset and internal reset have no functional differences. In both cases, program execution starts at the
address at 0000H and 0001H by RESET 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 as shown in Table 18-1. Each pin has high impedance during reset input or during oscillation
stabilization time just after reset clear.

When a high level is input to the RESET input, the reset is cleared and program execution starts after the lapse
of oscillation stabilization time (217/fx). The reset applied by watchdog timer overflow is automatically cleared after
a reset and program execution starts after the lapse of oscillation stabilization time (217/fx) (refer to Figure 18-2 to
18-4).

Cautions 1. For an external reset, input a low level for 10 us or more to the Rﬁ'l’pin.
2. During reset input, main system clock oscillation remains stopped but subsystem clock
oscillation continues.
3. Whenthe STOP mode is cleared by reset, the STOP mode contents are held during resetinput.
However, the port pin becomes high-impedance.

Figure 18-1. Block Diagram of Reset Function

N Reset
RESET © Reset Control Circuit Signal
Over-
. flow Interrupt
Count Clock Watchdog Timer Functi(?n
Stop
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Figure 18-2. Timing of Reset Input by RESET Input

VAVAVAWA I WAVAVANS

i Oscillation :
Normal Operation Reset Period __ I, " 4.%7 Normal Operation
P (Oscillation _Sl__tabll{/zvat]to n (Reset Processing)
| Stop) ime al

RESET N
\
[
\
[

Internal
Reset Signal \ /
|
[P ]
| Delay ! ! |
Delay

Port Pin >_____________l_h;z ___________________

Figure 18-3. Timing of Reset due to Watchdog Timer Overflow

SVAVAVAWA I WAVAWANS

Normal Operation ——— = <— Reset Period —»l«— Oscillation — Normal Operation
Watchdog (Oscillation Stabilization (Reset Processing)

I

| |

| I i .
Timer [\ Stop) | Time Wait
Overflow } 1

| |
Internal ; ‘
Reset Signal N\ /

Port Pin >_ _______________ E'_Z ________________

Figure 18-4. Timing of Reset Input in STOP Mode by RESET Input

AVAVA I VAVAWA

STOP Instruction Execution

) Stop Status | Reset Period ‘ Oscillation ;
Normal Operation ~— (Osaillation. —=— (OsGillation  —=+<— Stabilization —~<—— \ormal Operation
Stop) \ Stop) [ Time Wait (Reset Processing)
| T
RESET N L
I | I
Internal ‘ ‘ } !
Reset Signal ; \—l_/
| | |
] |—]
Delay Delay

) Hi-Z
Port Pin >— ———————————————————————————————
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Table 18-1. Hardware Status after Reset (1/2)

Hardware Status after Reset
Program counter (PC)Note 1 The contents of reset
vector tables (0O000H and
0001H) are set.
Stack pointer (SP) Undefined
Program status word (PSW) 02H
RAM Data memory UndefinedNote 2
General register UndefinedNote 2
Port (Output latch) Ports 0-3, Port 7-11 (PO-P3, P7-P11) OOH
Port mode register (PM0-PM3, PM5-PM7, PM12, PM13) FFH
Pull-up resistor option register (PUOH, PUOL) O00H
Processor clock control register (PCC) 04H
Oscillation mode selection register (OSMS) OOH
Memory size switching register (IMS) C8H
Oscillation stabilization time select register (OSTS) 04H
16-bit timer/event counter Timer register (TMO) 0000H
Capture/compare register (CR00, CR01) Undefined
Clock selection register (TCLO) OOH
Mode control register (TMCO) OOH
Capture/compare control register 0 (CRCO) 04H
Output control register (TOCO) O0H
8-bit timer/event counter 1, 2 | Timer register (TM1, TM2) OOH
Compare registers (CR10, CR20) Undefined
Clock select register (TCL1) OOH
Mode control registers (TMC1) O0H
Output control register (TOC1) O0H

Notes 1. During reset input or oscillation stabilization time wait, only the PC contents among the hardware
statuses become undefined. All other hardware statuses remains unchanged after reset.
2. When this is reset in the standby mode, the status before reset is held even after reset.
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Table 18-1. Hardware Status after Reset (2/2)

Hardware Status after Reset
Watch timer Mode control register (TMC2) OOH
Clock select register (TCL2) OOH
Watchdog timer ]
Mode register (WDTM) O00H
Serial interface Clock select register (TCL3) 88H
Shift registers (S100) Undefined
Mode registers (CSIMO, CSIM2) OOH
Serial bus interface control register (SBIC) O0H
Slave address register (SVA) Undefined
Asynchronous serial interface mode register (ASIM) O00H
Asynchronous serial interface status register (ASIS) O00H
Baud rate generator control register (BRGC) OOH
Transmit shift register (TXS) FFH
| Receive buffer register (RXB)
Interrupt timing specify register (SINT) O0H
A/D converter Mode register (ADM) 01H
Conversion result register (ADCR) Undefined
Input select register (ADIS) OOH
LCD controller/driver Display mode register (LCDM) OOH
Display control register (LCDC) OOH
Interrupt Request flag register (IFOL, IFOH, IF1L) OOH
Mask flag register (MKOL, MKOH, MK1L) FFH
Priority specify flag register (PROL, PROH, PR1L FFH
External interrupt mode register (INTMO, INTM1) O00H
Key return mode register (KRM) 02H
Sampling clock select register (SCS) O0H
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The yPD78P064B replace the internal mask ROM of the pPD78064B with one-time PROM. Table 19-1 lists the
differences among the uPD78P064B and the mask ROM versions.

Table 19-1. Differences among pPD78P064B and Mask ROM Versions

Iltem uPD78P064B Mask ROM versions
Internal ROM structure One-time PROM Mask ROM
IC pin None Available
Vep pin Available None
On-chip mask option None Available
dividing resistors for
LCD driving power
supply
Electrical characteristics Refer to individual data sheet.

Caution The noise immunity and radiation differ between the PROM model and mask ROM model. To
replace a PROM model with a mask ROM model in the course from experimental production to
mass production, evaluate your system with the CS model (not ES model) of the mask ROM

model.
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19.1 Memory Size Switching Register

The pPD78P064B allows users to define its internal ROM and high-speed RAM sizes using the memory size
switching register (IMS), so that the same memory mapping as that of amask ROM version with a different-size internal
ROM and high-speed RAM is possible. IMS is set with an 8-bit memory manipulation instruction.

RESET input sets IMS to C8H.

Figure 19-1. Memory Size Switching Register Format

After
Symbol 7 6 5 4 3 2 1 0 Address Reset RIW
IMS [RAM2 |RAM1|RAMO| 0 |ROM3|ROM2ROM1ROMO FFFOH C8H RIW

L1 1 \ \ \ !

\—ROM3 ROM2|ROM1|ROMO

1 0 0 0 [ 32 Kbytes

Internal ROM Capacity selection

Other than above Setting prohibited

RAM2 |RAM1|RAMO| Internal High-Speed RAM Capacity Selection

1 1 0 1024 bytes

Other than above | Setting prohibited

The IMS settings to give the same memory map as mask ROM versions are shown in Table 19-2.

Table 19-2. Examples of Memory Size Switching Register Settings

Relevant Mask ROM Version IMS Setting

uPD78064B C8H
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19.2 PROM Programming

The uPD78P064B each incorporate a 32-Kbyte PROM as program memory. To write a program into the
UPD78P064B PROM, make the device enter the PROM programming mode by setting the levels of the Vep and
RESET pins as specified. For the connection of unused pins, refer to paragraph (2) PROM Programming Mode
in 1.5.

Caution Write the program in the range of addresses 0000H to 7FFFH (specify the last address as
7FFFH.)
The program cannot be correctly written by a PROM programmer which does not have a write
address specification function.

19.2.1 Operating modes

When +5 V or +12.5 V is applied to the Vepr pin and a low-level signal is applied to the RESET pin, the uPD78064B
is set to the PROM programming mode. This is one of the operating modes shown in Table 19-3 below according
to the setting of the CE, OE, and PGM pins.

The PROM contents can be read by setting the read mode.

Table 19-3. PROM Programming Operating Modes

Pin
Operating Mods RESET | Vee VoD CE | OE |PGM DO-D7
Page data latch L +125V | +6.5V H L H |Data input
Page write H H L |High impedance
Byte write L H L |Data input
Program verify L L H |Data output
Program inhibit X H H |High impedance

X L L

Read +5V +5V L L H |Data output
Output disabled L H x  |High impedance
Standby H X x |High impedance

x: LorH

(1) Read mode
Read mode is set by setting CE to L and OE to L.

(2) Output disable mode
If OE is set to H, data output becomes high impedance and the output disable mode is set.
Therefore, if multiple yPD78P064Bs are connected to the data bus, data can be read from any one device
by controlling the OE pin.
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Standby mode
Setting CE to H sets the standby mode.
In this mode, data output becomes high impedance irrespective of the status of OE.

Page data latch mode
Setting CE to H, PGM to H, and OE to L at the start of the page write mode sets the page data latch mode.
In this mode, 1-page 4-byte data is latched in the internal address/data latch circuit.

Page write mode

After a 1-page 4-byte address and data are latched by the page data latch mode, a page write is executed
by applying a 0.1-ms program pulse (active-low) to the PGM pin while CE=H and OE=H. After this, program
verification can be performed by setting CE to L and OE to L.

If programming is not performed by one program pulse, repeated write and verify operations are executed
X times (X < 10).

Byte write mode

Abyte write is executed by applying a 0.1-ms program pulse (active-low) to the PGM pin while CE=L and OE=H.
After this, program verification can be performed by setting OE to L.

If programming is not performed by one program pulse, repeated write and verify operations are executed
X times (X < 10).

Program verify mode
Setting CE to L, PGM to H, and OE to L sets the program verify mode.
After writing is performed, this mode should be used to check whether the data was written correctly.

Program inhibit mode

The program inhibit mode is used when the OE pins, Vep pins and pins DO to D7 of multiple yPD78P064Bs
are connected in parallel and any one of these devices must be written to.

The page write mode or byte write mode described above is used to perform a write. At this time, the write
is not performed on the device which has the PGM pin driven high.
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19.2.2 PROM write procedure

Figure 19-2. Page Program Mode Flowchart

s )

| Address = G |
\

| Voo=6.5V, Vpp= 125V |

| x=0 |
\

| Latch |
\

| Address = Address + 1 |
\

| Latch |
\

| Address = Address + 1 |
\

| Latch |
\

| Address = Address + 1 |
Address = Address + 1 | ‘

| Latch |
\

|
| X=X+1 | No

‘ Yes
| 0.1-ms program pulse ’

Fail

Verify 4 Bytes

No

Address = N?

| Yes
Voo=4.5t05.5V, Ver= Vop

Fail

All bytes verified?

All Pass

( End of write ) ( Defective product )

Remark G = Start address
N = Last address of program
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A2-Al6

A0, Al

DO-D7

Vop+1.5
Voo
Vop

ViH

Vi

ViH

Vie

ViH
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Figure 19-3. Page Program Mode Timing
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Figure 19-4. Byte Program Mode Flowchart

( Start )

\
| Address = G |

| Vob=6.5V, Vep= 125V |

| X

\
|
| X=X+1 |

| 0.1-ms program pulse |

Address = Address + 1 |

Fail

No

Address = N?

‘ Yes

Vop=4.5t05.5V, Ver= VoD

Fail

All bytes verified?

All Pass

( End of write )

Remark G = Start address
N = Last address of program

Defective product

)
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Figure 19-5. Byte Program Mode Timing

Program | Program Verify |

X
V—

A0-Al16

DO-D7

Data Input >—< Data Output

Vi

PR

Vi

Vi
PGM

:

ViL

Vi

=, \ /

Cautions 1. Be sure to apply V ob before applying V ep, and remove it after removing V  pp.

2. Vep must not exceed +13.5 V including overshoot voltage.
3. Disconnecting/inserting the device from/to the on-board socket while +12.5 Vis being applied
to the V pp pin may have an adverse affect on device reliability.
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19.2.3 PROM reading procedure
PROM contents can be read onto the external data bus (DO to D7) using the following procedure.

(1) Fix the RESET pin low, and supply +5 V to the Vep pin. Unused pins are handled as shown in paragraph,
1.5 (2) PROM Programming mode .

(2) Supply +5 V to the Vop and Ver pins.

(3) Input the address of data to be read to pins A0 through A16.

(4) Read mode is entered.

(5) Data is output to pins DO through D7.

The timing for steps (2) through (5) above is shown in Figure 19-6.

Figure 19-6. PROM Read Timing

AO0-A16 >< Address Input ><
CE (Input) \ /

OE (Input) \ /
Hi-Z Hi-Z
DO-D7 ——m—m———m—m—m——m———————- Data Output = p————————-—
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19.3 Screening of One-Time PROM Versions

One-time PROM versions cannot be fully tested by NEC before shipment due to the structure of one-time
PROM. Therefore, after users have written data into the PROM, screening should be implemented by user:
that is, store devices at high temperature for one day as specified below, and verify their contents after the
devices have returned to room temperature.

Storage Temperature Storage Time

125°C 24 hours

For users who do not wish to implement screening by themselves, NEC provides such users with a charged
service in which NEC performs a series of processes from writing one-time PROMs and screening them to verifying
their contents for users by request. The PROM version devices which provide this service are called QTOP™
microcontrollers. For details, please consult an NEC sales representative.
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This chapter describes each instruction set of the yPD78064B subseries as list table. For details of its operation
and operation code, refer to the separate document 78K/0 Series User’'s Manual — Instruction (U12326E)
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20.1 Legends Used in Operation List

20.1.1 Operand identifiers and methods

Operands are written in “Operand” column of each instruction in accordance with the method of the instruction
operand identifier (refer to the assembler specifications for detail). When there are two or more methods, select one
of them. Alphabetic letters in capitals and symbols, #, |, $ and [ ] are key words and must be described as they are.
Each symbol has the following meaning.

« # : Immediate data specification
e | : Absolute address specification
* $ : Relative address specification
e []: Indirect address specification

In the case of immediate data, write an appropriate numeric value or a label. When using a label, be sure to write
the #, !, $, and [ ] symbols.

For operand register identifiers, r and rp, either function names (X, A, C, etc.) or absolute names (names in
parentheses in the table below, RO, R1, R2, etc.) can be used for description.

Table 20-1. Operand Identifiers and Methods

Identifier Method
r X (R0O), A (R1), C (R2), B (R3), E (R4), D (R5), L (R6), H (R7),
rp AX (RP0), BC (RP1), DE (RP2), HL (RP3)
sfr Special-function register symbolNote
sfrp Special-function register symbol (16-bit manipulatable register even addresses only)Note
saddr FE20H-FF1FH Immediate data or labels
saddrp FE20H-FF1FH Immediate data or labels (even address only)
addrl6 0000H-FFFFH Immediate data or labels

(Only even addresses for 16-bit data transfer instructions)

addrll 0800H-OFFFH Immediate data or labels
addr5 0040H-007FH Immediate data or labels (even address only)
word 16-bit immediate data or label
byte 8-bit immediate data or label
bit 3-bit immediate data or label
RBnN RBO to RB3

Note Addresses from FFDOH to FFDFH cannot be accessed with these operands.

Remark For special-function register symbols, refer to Table 3-4 Special-Function Register List
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20.1.2 Description of “operation” column

A 1 A register; 8-bit accumulator

X . Xregister

B B register

C . C register

D D register

E E register

H H register

L L register

AX . AX register pair; 16-bit accumulator
BC . BC register pair

DE . DE register pair

HL . HL register pair

PC . Program counter

SP . Stack pointer

PSW : Program status word

CcY : Carry flag

AC . Auxiliary carry flag

Z . Zero flag

RBS : Register bank select flag

IE . Interrupt request enable flag

NMIS : Non-maskable interrupt servicing flag
O) : Memory contents indicated by address or register contents in parentheses
xu, X : High-order 8 bits and low-order 8 bits of 16-bit register

A Logical product (AND)
v . Logical sum (OR)

: Exclusive logical sum (exclusive OR)
—— : Inverted data

addrl6 : 16-bit immediate data or label

jdisp8 : Signed 8-bit data (displacement value)

20.1.3 Description of “flag operation” column
(Blank) : Nt affected

0 : Cleared to 0

1 : Settol

X . Set/cleared according to the result
R Previously saved value is restored
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20.2 Operation List

InscgrrL(;(L:JtFi)on Mnemonic Operands Byte Note flo'j:te > Operation 2 ':I\ZQCY
r, #byte 2 4 - r — byte
saddr, #byte 3 6 7 (saddr) — byte
sfr, #byte 3 - 7 sfr — byte
Ar Note 3| 1 2 - JAcr
r, A Note 3 | 7 2 - r— A
A, saddr 2 4 5 A ~ (saddr)
saddr, A 2 4 5 (saddr) « A
A, sfr 2 - 5 A < sfr
sfr, A 2 - 5 sfr « A
A, 'addrl6 3 8 9 A « (addrl6)
laddrl6, A 3 8 9 (addrl6) — A
PSW, #byte 3 - 7 PSW ~ byte X X X
A, PSW 2 - 5 A ~ PSW
PSW, A 2 - 5 PSW ~ A X X X
MoV A, [DE] 1 4 5 A < (DE)
8-bit data [DE], A 1 4 5 (DE) « A
transfer A, [HL] 1 4 5 A ~ (HL)
[HL], A 1 4 5 (HL) < A
A, [HL + byte] 2 8 9 A — (HL + byte)
[HL + byte], A 2 8 9 (HL + byte) « A
A, [HL + B] 1 6 7 A < (HL + B)
[HL + B], A 1 6 7 (HL+B) « A
A, [HL + C] 1 6 7 A< (HL+C)
[HL + C], A 1 6 7 (HL+C) « A
Ar Note 3 | 7 2 - Ao
A, saddr 2 4 6 A o (saddr)
A, sfr 2 - 6 A o sfr
A, 'addrl6 3 8 10 A o (addrl6)
XCH A, [DE] 1 4 6 A o (DE)
A, [HL] 1 4 6 A o (HL)
A, [HL + byte] 2 8 10 A o (HL + byte)
A, [HL + B] 2 8 10 A o (HL +B)
A, [HL + C] 2 8 10 |A o (HL+C)

Notes 1. When the internal high-speed RAM area is accessed or instruction with no data access
2. When an area except the internal high-speed RAM area is accessed.
3. Except'r = A"

Remark One instruction clock cycle is one cycle of the CPU clock (fCPU) selected by the processor clock control
register (PCC) register.
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Ins(;rrL(;cL:JtFi)on Mnemonic Operands Byte Noto flog(l;e 5 Operation = ':I\ZQCY
rp, #word 3 6 - rp — word
saddrp, #word 4 8 10 (saddrp) — word
sfrp, #word 4 - 10 sfrp — word
AX, saddrp 2 6 8 AX < (saddrp)
saddrp, AX 2 6 8 (saddrp) — AX
16-bit
data MOVW AX, sfrp 2 - 8 AX « sfrp
transfer sfrp, AX 2 - 8 sfrp « AX
AX, rp Note 3 | 1 4 - AX < p
rp, AX Note 3 | 1 - p < AX
AX, laddrl6 3 10 12 AX < (addrl6)
laddrl6, AX 3 10 12 (addrl6) —~ AX
XCHW AX, rp Note 3 | 1 4 - AX & 1p
A, #byte 2 4 - A, CY < A + byte X X X
saddr, #byte 3 6 8 (saddr), CY « (saddr) + byte X X X
Ar Note 4 | 2 4 - A, CY « A+r X x x
r,A 2 4 - nCY « r+A X X X
ADD A, saddr 2 4 5 A, CY « A + (saddr) X X X
A, 'addrl6 3 8 9 A, CY « A+ (addrl6) X X X
A, [HL] 1 4 5 A, CY < A+ (HL) x x x
A, [HL + byte] 2 8 9 A, CY « A+ (HL + byte) X X X
A, [HL + B] 2 8 9 A, CY « A+ (HL+B) X X x
8-hit A, [HL + C] 2 8 9 A, CY « A+ (HL +C) X X X
operation A, #byte 2 4 - A, CY « A + byte + CY X X X
saddr, #byte 3 6 8 (saddr), CY « (saddr) + byte + CY X X X
At Note 4 | o 4 - A, CY « A+r+CY x ox X
r, A 2 4 - nCY « r+A+CY X X X
A, saddr 2 4 5 A, CY « A + (saddr) + CY X X X
ADDC
A, 'addrl6 3 8 9 A, CY « A+ (addrl6) + CY X X X
A, [HL] 1 4 5 A, CY < A+ (HL) + CY x x x
A, [HL + byte] 2 8 9 A, CY « A+ (HL + byte) + CY X X X
A, [HL + B] 2 8 9 A, CY « A+ (HL +B) + CY x x x
A, [HL +C] 2 8 9 A, CY « A+ (HL +C) +CY x x x

Notes 1. When the internal high-speed RAM area is accessed or instruction with no data access
2. When an area except the internal high-speed RAM area is accessed
3. Only when rp = BC, DE or HL
4. Except'r = A"

Remark One instruction clock cycle is one cycle of the CPU clock (fCPU) selected by the processor clock control
register (PCC) register.
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Ins(;rrL(;cL:JtFi)on Mnemonic Operands Byte Noto flog(l;e 5 Operation ':I\ZQCY
A, #byte 2 4 - A, CY « A - byte X X
saddr, #byte 3 6 8 (saddr), CY  (saddr) — byte X X
Ar Note 3| 2 4 - |ACYA-r X x
r,A 2 4 - nCY «r—-A X X
A, saddr 2 4 5 A, CY « A — (saddr) X X

SuB A, 'addrl6 3 8 9 A, CY « A — (addrl6) X %

A, [HL] 1 4 5 A, CY « A—(HL) X X
A, [HL + byte] 2 8 9 A, CY « A — (HL + byte) X X
A, [HL + B] 2 8 9 A, CY « A—(HL + B) X x
A, [HL + C] 2 8 9 A, CY « A—(HL+C) X X
A, #byte 2 4 - A, CY « A —byte - CY X X
saddr, #byte 3 6 8 (saddr), CY « (saddr) — byte — CY X %
Ar Note 3| 2 4 - |ACY -« A-r-cCY X x
r,A 2 4 - rCY «r—-A-CY X X

8-bit A, saddr 2 4 5 A, CY « A —(saddr) - CY X X

operation suBe A, laddr16 3 8 9 A, CY < A — (addr16) — CY X x
A, [HL] 1 4 5 A, CY « A—(HL) - CY x x
A, [HL + byte] 2 8 9 A, CY « A—(HL + byte) — CY X X
A, [HL + B] 2 8 9 A, CY « A—(HL+B)-CY X x
A, [HL + C] 2 8 9 A, CY « A-(HL+C)-CY X %
A, #byte 2 4 - A — AAbyte
saddr, #byte 3 6 8 (saddr) « (saddr)Abyte
Ar Note 3| 2 4 - |A < AAT
r, A 2 4 - r — rAA

AND A, saddr 2 4 5 A — A/(saddr)

A, 'addrl6 3 8 9 A —~ A/ (addrle)
A, [HL] 1 4 5 A < AA(HL)
A, [HL + byte] 2 8 9 A « AA(HL + byte)
A, [HL + B] 2 8 9 A < AA(HL + B)
A, [HL + C] 2 8 9 A <« AAHL + C)

Notes 1. When the internal high-speed RAM area is accessed or instruction with no data access
2. When an area except the internal high-speed RAM area is accessed
3. Except'r = A"

Remark One instruction clock cycle is one cycle of the CPU clock (fcru) selected by the processor clock control
register (PCC) register.
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InscgrrL(;(L:JtFi)on Mnemonic Operands Byte Noto flo'j:te 5 Operation ':I\ZQCY
A, #byte 2 4 - A — AVbyte
saddr, #byte 3 6 8 (saddr) — (saddr)Vbyte
Ar Note 3| 2 4 - |A < AVr
rA 2 4 - r — rvA
A, saddr 2 4 5 A ~ AV (saddr)

OR A, 'addrl6 3 8 9 A « AV (addrl6)

A, [HL] 1 4 5 A < AV(HL)
A, [HL + byte] 2 8 9 A « AV(HL + byte)
A, [HL + B] 2 8 9 A < AV(HL + B)
A, [HL + C] 2 8 9 A « AV(HL + C)
A, #byte 2 4 - A — A~ byte
saddr, #byte 3 6 8 (saddr) « (saddr) v byte
Ar Note 3| 2 4 - A - Awr
rA 2 4 - r — rvA

8-bit A, saddr 2 4 5 A ~ A~ (saddr)

operation XOR A, laddrl6 3 8 9 A « A (addrl6)
A, [HL] 1 4 5 A < AV (HL)
A, [HL + byte] 2 8 9 A « A~ (HL + byte)
A, [HL + B] 2 8 9 A < AM(HL + B)
A, [HL + C] 2 8 9 A « A¥(HL + C)
A, #byte 2 4 - A — byte X X
saddr, #byte 3 6 8 (saddr) — byte X X
A r Note 3| 2 4 - A-r x %
r, A 2 4 - r—A X X

cMP A, saddr 2 4 5 A — (saddr) X X

A, 'addrl6 3 8 9 A — (addr16) X X
A, [HL] 1 4 5 |A-(HL) X x
A, [HL + byte] 2 8 9 A — (HL + byte) X X
A, [HL + B] 2 8 9 |A-(HL+B) X x
A, [HL + C] 2 8 9 A—(HL + C) X X

Notes 1. When the internal high-speed RAM area is accessed or instruction with no data access
2. When an area except the internal high-speed RAM area is accessed
3. Except'r = A"

Remark One instruction clock cycle is one cycle of the CPU clock (fcru) selected by the processor clock control
register (PCC) register.
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Instructi ) Clock ] Flag
nSGrrL(;ﬁ on Mnemonic Operands Byte Operation
P Note 1| Note 2 Z ACCY
ADDW AX, #word 3 6 - AX, CY ~ AX + word X X X
16-bit
. SUBW AX, #word 3 6 - AX, CY ~ AX —word X X X
operation
CMPW AX, #word 3 6 - AX — word X X X
Multiply/ MULU X 2 16 — AX « Ax X
divide DIVUW C 2 25 - AX (Quotient), C (Remainder) — AX + C
r 1 2 - r—r+1 X X
INC
saddr 2 4 6 (saddr) — (saddr) + 1 x X
Increment/ r 1 2 - rer—-1 X X
d t DEC
ecremen saddr 2 4 6 (saddr) — (saddr) — 1 X x
INCW p 1 4 — m—rmp+1l
DECW p 1 4 - m—rmp-1
ROR Al 1 2 - (CY, A7 « Ao, Am-1 « Am) X 1 time x
ROL Al 1 2 - (CY, Ao « A7, Am+1 « Am) x 1 time x
RORC Al 1 2 - (CY « Ao, A7 « CY, An-1 « Am) x 1 time x
Rotate ROLC Al 1 2 - (CY « A7, Ao « CY, An+1 « Am) x 1 time x
ROR4 HL ) 10 12 As-o0 « (HL)s-o, (HL)7-4 « As-o,
(HL] (HL)s—0 « (HL)7-4
o ) 0 ’ As-o0 « (HL)7-4, (HL)s-0 « As-o,
ROL4 (HL] 1 1 (HL)7-4 « (HL)3-0
Decimal Adjust Accumulator after
ADJBA 2 4 - . X X X
BCD Addition
adjust Decimal Adjust Accumulator after
ADJBS 2 4 - X X X
Subtract
CY, saddr.bit 3 6 7 CY ~ (saddr.bit) X
CY, sfr.bit 3 - 7 CY ~ sfr.bit X
CY, A.bit 2 4 - CY « A.bit x
CY, PSW.bit 3 - 7 CY « PSW.bit x
Bit CY, [HL].bit > | 6 7 |CY < (HL).bit x
manipu- MOV1 - -
late saddr.bit, CY 3 6 8 (saddr.bit) — CY
sfr.bit, CY 3 - 8 sfr.bit « CY
A.bit, CY 2 4 - A.bit « CY
PSW.bit, CY 3 - 8 PSW.bit « CY X X
[HL].bit, CY 2 6 8 (HL).bit « CY

Notes 1. When the internal high-speed RAM area is accessed or instruction with no data access
2. When an area except the internal high-speed RAM area is accessed

Remark One instruction clock cycle is one cycle of the CPU clock (fcru) selected by the processor clock control
register (PCC) register.
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Ins(;rrL(;cL:JtFi)on Mnemonic Operands Byte Note flogl:tez Operation = ':I\ZQCY
CY, saddr.bit 3 6 7 CY ~ CY A(saddr.bit) X
CY, sfr.bit 3 - 7 CY ~ CYAsfr.bit X
AND1 CY, A.bit 2 4 - CY « CYAA.bit x
CY, PSW.bit 3 — 7 CY « CYAPSW.bit X
CY, [HL].bit 2 6 7 CY — CYA(HL).bit x
CY, saddr.bit 3 6 7 CY « CYV(saddr.bit) X
CY, sfr.bit 3 - 7 CY ~ CYVsfr.bit X
OR1 CY, A.bit 2 4 — CY « CYVA.bit x
CY, PSW.bit 3 - 7 CY —~ CYVPSW.hit X
CY, [HL].bit 2 6 7 CY « CYV(HL).bit x
CY, saddr.bit 3 6 7 CY ~ CY *(saddr.bit) X
CY, sfr.bit 3 - 7 CY — CY ¥ sfr.bit x
Bit XOR1 CY, A.bit 2 4 - CY ~ CYA.bit X
manipu- CY, PSW. bit 3 | - 7 |CY < CY**PSW.bit x
late CY, [HL].bit 2 | 6 7 |CY < CY M (HL).bit x
saddr.bit 2 4 6 (saddr.bit) « 1
sfr.bit 3 - 8 sfr.bit « 1
SET1 A.bit 2 4 — Abit « 1
PSW.bit 2 - 6 PSW.bit « 1 X X X
[HL].bit 2 6 8 (HL).bit « 1
saddr.bit 2 4 6 (saddr.bit) « 0
sfr.bit 3 - 8 sfr.bit < 0
CLR1 A.bit 2 4 - A.bit < 0
PSW.bit 2 - 6 PSW.bit —~ 0 X X X%
[HL].bit 2 6 8 (HL).bit < O
SET1 CYy 1 2 — CY -1 1
CLR1 CcY 1 2 - CY -« 0 0
NOT1 cy 1] 2 - ley —cy x

Notes 1. When the internal high-speed RAM area is accessed or instruction with no data access
2. When an area except the internal high-speed RAM area is accessed

Remark One instruction clock cycle is one cycle of the CPU clock (fcpu) selected by the processor clock control
register (PCC) register.
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Instructi ) Clock ] Flag
nzruc on Mnemonic Operands Byte Operation
roup Note 1| Note 2 Z ACCY
(SP—1) — (PC+3)u, (SP - 2) ~ (PC + 3)L,
CALL laddr16 3 7 —
PC « addrl6, SP — SP -2
(SP—1) « (PC+ 2)u, (SP-2) « (PC + 2)L,
CALLF laddrll 2 5 - PCis-11 « 00001, PCi0-0 ~ addrll,
SP « SP-2
(SP -1) « (PC + 1)H, (SP-2) « (PC + 1),
CALLT [addr5] ) 6 B PCh — (00000000, addr5 + 1),
PCL — (00000000, addr5),
SP « SP-2
Call/return
(SP—1) « PSW, (SP —2) « (PC + 1)u,
BRK 1 6 - (SP —3) « (PC + 1), PCh — (003FH),
PCL ~ (003EH), SP -« SP-3,IE « 0O
- 1 6 PCh « (SP + 1), PCL « (SP),
T |SP - SP+2
PCh — (SP + 1), PCL — (SP),
RETI 1 6 . PSW « (SP +2), SP « SP + 3, R R R
NMIS < 0
RETE 1 6 PCh « (SP + 1), PCL ~ (SP), R R R
- PSW « (SP+2),SP « SP+3
PSW 1 2 - (SP-1) « PSW,SP - SP-1
PUSH -1 - -2 -
- 1 4 a (SP —1) « rpn, (SP -2) « rpy,
SP - SP-2
Stack PSW 1 2 - PSW — (SP), SP — SP +1 R R R
manipu- | POP ) 1 4 B rpH « (SP + 1), rpL — (SP),
late P SP . SP+2
SP, #word 4 - 10 SP ~ word
MOVW SP, AX 2 - 8 SP « AX
AX, SP 2 - 8 AX ~ SP
Uncondi- laddr16 3 6 - PC — addri6
tional BR $addrl6 2 6 - PC — PC + 2 + jdisp8
branch AX 2 8 - PCv « A,PCL « X
BC $addrl6 2 6 - PC « PC+2 +jdisp8ifCY =1
Conditional| BNC $addrl6 2 6 - PC - PC + 2 +jdisp8if CY =0
branch BZ $addr16 2 6 - PC — PC+2 +jdisp8ifz=1
BNZ $addrl6 2 6 - PC « PC+ 2 +jdisp8ifZ=0

Notes 1. When the internal high-speed RAM area is accessed or instruction with no data access
2. When an area except the internal high-speed RAM area is accessed

Remark One instruction clock cycle is one cycle of the CPU clock (fcru) selected by the processor clock control
register (PCC) register.
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Ins(;rrgﬁtri)on Mnemonic Operands Byte Noto flog(l;e 5 Operation = ':I\ZQCY
saddr.bit, $addr16 3 8 9 PC ~ PC + 3 + jdisp8 if(saddr.bit) = 1
sfr.bit, $addr16 4 - 11 PC —~ PC + 4 + jdisp8 if sfr.bit =1

BT A.bit, $addr16 3 8 - PC — PC + 3 +jdisp8if Abit=1
PSW.bit, $addr16 3 - 9 PC —~ PC + 3 + jdisp8 if PSW.bit = 1
[HL].bit, $addr16 3 10 11 PC « PC + 3 + jdisp8 if (HL).bit = 1
saddr.bit, $addr16 4 10 11 PC — PC + 4 + jdisp8 if(saddr.bit) = 0
sfr.bit, $addr16 4 - 11 PC —~ PC + 4 + jdisp8 if sfr.bit =0

BF A.bit, $addr16 3 8 - PC — PC + 3 +jdisp8 if A.bit=0
PSW.bit, $addr16 4 - 11 PC —~ PC + 4 + jdisp8 if PSW. bit =0
[HL].bit, $addr16 3 10 11 PC ~ PC + 3 + jdisp8 if (HL).bit =0

PC « PC + 4 + jdisp8

Condi- saddr.bit, $addr16 4 | 10 12 |if(saddr.bit) = 1

E?::(I;h then reset(saddr.bit)
sfr.bit, $addr16 4| - | 12 xn“re':ect zfit;tjdiSpB if sfr.bit = 1

BTCLR Abit, $addr16 3 8 B tF;(;n:ezect ;ii: jdisp8 if A.bit = 1
. PC « PC + 4 + disp8 if PSW.bit = 1
PSW.bit, $addr16 O I I SW.Jbit P X x
. PC « PC + 3 + jdisp8 if (HL).bit = 1
[HL].bit, $addr16 3 |10 | 12 |- o (HL).;” P8 if (HL)
B, $addrlé 2|8 - Ec &chl;ﬂz]ef jdisp8 if B £ 0
C « C -1, then
DBNZ | C, $addrl6 2| ® = |PC — PC+2+idisp8if C#0
saddr) — (saddr) — 1, then
saddr. $addr16 38 10 |(Dc - )PC J(r 3+ jziispB if(saddr) # 0
SEL RBnN 2 4 — RBS1,0 - n
NOP 1 2 - No Operation
CPU El 2 - 6 IE ~ 1(Enable Interrupt)
control DI 2 - 6 IE ~ O(Disable Interrupt)
HALT 2 6 — Set HALT Mode
STOP 2 6 - Set STOP Mode

Notes 1. When the internal high-speed RAM area is accessed or instruction with no data access
2. When an area except the internal high-speed RAM area is accessed

Remark One instruction clock cycle is one cycle of the CPU clock (fcru) selected by the processor clock control
register (PCC) register.
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20.3 Instructions Listed by Addressing Type
(1) 8-bit instructions

MOV, XCH, ADD, ADDC, SUB, SUBC, AND, OR, XOR, CMP, MULU, DIVUW, INC, DEC, ROR, ROL, RORC,
ROLC, ROR4, ROL4, PUSH, POP, DBNZ
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Second Operand

[HL + byte]

#oyte | A | No® | sfr |saddr |laddrl6| PSW | [DE] | [HL] [[HL+B]|$addrl6] 1 | None
First Operand [HL+C]
A ADD MOV |MOV |MOV [MOV |[MOV |MOV MOV |MOV ROR
ADDC XCH |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
ADD DEC
ADDC
SuB
SUBC
AND
OR
XOR
CMP
B, C DBNZ
sfr MOV | MOV
saddr MOV | MOV DBNZ INC
ADD DEC
ADDC
SuUB
SUBC
AND
OR
XOR
CMP
laddr16 MOV
PSW MOV | MOV PUSH
POP
[DE] MOV
[HL] MOV ROR4
ROL4
[HL + byte] MOV
[HL + B]
[HL + C]
X MULU
c DIVUW

Note Exceptr =A
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(2) 16-bit instructions
MOVW, XCHW, ADDW, SUBW, CMPW, PUSH, POP, INCW, DECW

Second Operand

#word AX rpNote sfrp saddrp laddrl6 SP None
1st Operand
AX ADDW MOVW MOVW MOVW MOVW MOVW
SUBW XCHW
CMPW
p MOVW | MOVwNote INCW
DECW
PUSH
POP
sfrp MOVW MOVW
saddrp MOVW MOVW
laddrl6 MOVW
SP MOVW MOVW
Note Only when rp = BC, DE, HL
(3) Bit manipulation instructions
MOV1, AND1, OR1, XOR1, SET1, CLR1, NOT1, BT, BF, BTCLR
Second Operand
— A.bit sfr.bit saddr.bit | PSW.bit | [HL].bit CY $addrl6 None
First Operand
A.bit MOV1 BT SET1
BF CLR1
BTCLR
sfr.bit MOV1 BT SET1
BF CLR1
BTCLR
saddr.bit MOV1 BT SET1
BF CLR1
BTCLR
PSW.bit MOV1 BT SET1
BF CLR1
BTCLR
[HL].bit MOV1 BT SET1
BF CLR1
BTCLR
CYy MOV1 MOV1 MOV1 MOV1 MOV1 SET1
AND1 AND1 AND1 AND1 AND1 CLR1
OR1 OR1 OR1 OR1 OR1 NOT1
XOR1 XOR1 XOR1 XOR1 XOR1
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(4) Calllinstructions/branch instructions
CALL, CALLF, CALLT, BR, BC, BNC, BZ, BNZ, BT, BF, BTCLR, DBNZ

econd Operand

First Operand

AX

laddr16

laddrll

[addr5]

$addrl6

Basic instruction BR

CALL
BR

CALLF

CALLT

BR
BC
BNC
BZ
BNz

Compound
instruction

BT

BF
BTCLR
DBNZ

(5) Other instructions

ADJBA, ADJBS, BRK, RET, RETI, RETB, SEL, NOP, EIl, DI, HALT, STOP
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APPENDIX A DIFFERENCES BETWEEN uPD78064 AND 78064B SUBSERIES

Table A-1 lists the major differences between the pPD78064 and 78064B subseries.

Table A-1. Major Differences between

uPD78064 and 78064B Subseries

Part Number

uPD78064 Subseries

uPD78064B Subseries

Item

EMI noise measures None Provided

Y subseries Provided None

PROM model uPD78P064 uPD78P064B

Internal ROM size

puPD78062: 16K bytes
puPD78063: 24K bytes
uPD78064: 32K bytes
uPD78P064: 32K bytes

uPD78064B: 32K bytes
uPD78P064B: 32K bytes

Internal high-speed

uPD78062: 512 bytes

puPD78064B: 1024 bytes

* 100-pin plastic LQFP (fine pitch) (14 x 14 mm)
* 100-pin plastic QFP (14 x 20 mm)
+ 100-pin ceramic WQFNNote

RAM size uPD78063: 1024 bytes uPD78P064B: 1024 bytes
HUPD78064: 1024 bytes
puPD78P064: 1024 bytes
Vop pin Positive power supply (except ports) Positive power supply (including ports)
Vss pin Ground potential (except ports) Ground potential (including ports)
AVop pin Analog power supply to A/D converter and Analog power supply to A/D converter
power supply to ports
AVss pin Ground of A/D converter and ground of ports Ground of A/D converter
Package » 100-pin plastic QFP (fine pitch) (14 x 14 mm) | ¢ 100-pin plastic QFP (fine pitch) (14 x 14 mm)

* 100-pin plastic LQFP (fine pitch) (14 x 14 mm)
* 100-pin plastic QFP (14 x 20 mm)

Electrical specifications
and recommended
soldering conditions

Refer to individual Data Sheet.

Note

PROM model only
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APPENDIX B DEVELOPMENT TOOLS

The following development tools are available for the development of systems which employ the uPD78064B

subseries. Figure B-1 shows the configuration example of the tools.

Figure B-1. Development Tool Configuration

Embedded software PROM programmer control software

* Real-time OS, OS * PG-1500 controller

 Fuzzy inference development
support system

Language processor software

» Assembler package
» C compiler package
« C library source file
« System simulator

* Screen debugger or
i u] integrated debugger

Host machine
(PC or EWS)

Interface adapter
(only when integrated
debugger is used)

— PROM writing environment — In-circuit emulator

Interface adapter
(only when integrated

PROM programer
debugger is used)

Programmer adapter

PROM-contained Emulation probe
model

Emulation board

Conversion socket or
conversion adapter

Target system
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B.1 Language Processing Software

RA78K/0 This assembler converts a program written in mnemonics into an
Assembler Package object code executable with a microcomputer.

Further, this assembler is provided with functions capable of auto-
matically creating symbol tables and branch instruction optimization.
This data file is used together with DF78064 device file (option).

Part number: uSxxxxRA78K0

CC78K/0 This compiler converts a program written in C language into an object
C Compiler Package code executable with a microcomputer. This datafile is used together
with RA78K/0 assembler package and DF78064 device file (option).

Part number: uSxxxxCC78K0

DF78064 File containing information unique to the devices. This data file is
Device FileNote used together with RA78K/0, CC78K/0, SM78K0, ID78K0 and
SD78K/0.

Part number: uSxxxxDF78064

CC78K/0-L Source program of a function configurating object library included in
C Compiler Library Source File CC78K/0 C compiler. This file is necessary when customers change
the object library in CC78K/0 following their specifications.

Part number: uSxxxxCC78KO0-L

Note This device file can be used for any of RA78K/0, CC78K/0, SM78KO0, ID78K0 and SD78K/0.
Remark xxxx of the part number differs depending on the host machine and OS used. Refer to the table below.

USxxxx RA78K0O
USxxxx CC78KO0
USxxxx DF78064
USxxxx CC78KO0-L

XXXX Host Machine oS Supply Medium
5A13 PC-9800 series MS-DOS 3.5-inch 2HD
5A10 (ver. 3.30 to 6.2)Not | 5.inch 2HD
7B13 | IBM PC/AT or Refer to B.4. 3.5-inch 2HC
7B10 | compatible machine 5-inch 2HC

3H15 | HP9000 series 300™ HP-UX™ (rel.7.05B) | Cartidge tape (QIC-24)

3P16 | HP9000 series 700™ HP-UX (rel.9.01) Digital audio tape
(DAT)
3K15 | SPARCstation™ SunOS™ (rel.4.1.1) | Cartidge tape (QIC-24)

3M15 | EWS4800 series (RISC) | EWS-UX/V (rel.4.0)

Note The task swap function is not available with this software though the
function is provided in MS-DOS version 5.0 or later.
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B.2 PROM Programming Tools

B.2.1 Hardware

PG-1500 This is a PROM programmer capable of programming the single-chip
PROM Programmer microcontroller incorporating PROM by manipulating from the stand-
alone or host machine through connection of an optional PROM
programmer adapter and attached board. It can also program repre-
sentative PROMs ranging from 256K bits to 4M bits.

PA-78P064GCNote PROM programmer adapter common to the uPD78P064.
PA-78P064GFNote Used connected to the PG-1500.

PA-78P0308GC PA-78P064GC : 100-pin plastic QFP (GC-7EA, GC-8EU type)
PA-78P0308GF PA-78P064GF : 100-pin plastic QFP (GF-3BA type)

PROM Programmer Adapter PA-78P0308GC : 100-pn plastic QFP (GC-7EA, GC-8EU type)

PA-78P0308GF : 100-pin plastic QFP (GF-3BA type)

Note For maintenance use

B.2.2 Software

PG-1500 Controller The PG-1500 is controlled in the host machine through connection
with the host machine and PG-1500 via serial and parallel interfaces.

Part number : uSxxxxPG1500

Remark xxxx of the part number differs depending on the host machine and OS used. Refer to the table below.

pSxxxx PG1500

XXXX Host Machine oS Supply Medium
5A13 | PC-9800 series MS-DOS 3.5-inch 2HD
5A10 (ver. 3.30 to 6.2)Not | 5.inch 2HD
7B13 | IBM PC/AT or Refer to B.4. 3.5-inch 2HD
7B10 | compatible machine 5-inch 2HC

Note The task swap function is not available with this software though the
function is provided in MS-DOS version 5.0 or later.
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B.3 Debugging Tools

B.3.1 Hardware (1/2)

IE-78000-R-A
In-Circuit Emulator
(supporting integrated debugger)

This in-circuit emulator debugs hardware and software when an application
system using the 78K/0 series is developed. It supports the integrated
debugger (ID78K0). This emulator is used in combination with an emulation
probe and an interface adapter that connects the emulator with the host
machine.

IE-70000-98-IF-B
Interface Adapter

Adapter necessary when using the PC-9800 series (except the notebook type)
as the host machine of the IE-78000-R-A.

IE-70000-98N-I1F
Interface Adapter

Adapter and cable necessary when using the notebook type PC-9800 series
as the host machine of the IE-78000-R-A.

IE-70000-PC-IF-B
Interface Adapter

Adapter necessary when using IBM PC/AT as the host machine of the IE-
78000-R-A.

IE-78000-R-SV3
Interface Adapter

Adapter and cable necessary when using an EWS as the host machine of the
IE-78000-R-A. This cable is connected to the board in the IE-78000-R-A.
As Ethernet™, 10Base-5 is supported. If the other methods are used, a
commercially available conversion adapter is necessary.

IE-78000-R
In-Circuit Emulator
(supporting screen debugger)

This in-circuit emulator debugs hardware and software when an application
system using the 78K/0 series is developed. It supports the screen debugger
(SD78K/0). This emulator is used in combination with an emulation probe.
When this emulator is connected with a host machine and PROM programmer,
efficient debugging can be performed.

IE-78064-R-EMNote
IE-780308-R-EM
Emulation Board

This board emulates the peripheral hardware peculiar to a device
(IE-78064-R-EM: 3 to 5.5 V, IE-780308-R-EM: 2.0 to 5.0 V).
It is used in combination with an in-circuit emulator.

Note For maintenance use
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B.3.1 Hardware (2/2)

EP-78064GC-R
Emulation Probe

This is a probe to connect an in-circuit emulator and target system.

It is for a 100-pin plastic QFP (GC-7EA, GC-8EU type).

One 100-pin conversion adapter, TGC-100SDW, which facilitates develop-
ment of the target system is supplied as an accessory.

TGC-100SDW
conversion adapter

This conversion adapter connects the board of the target system created for
mounting a 100-pin plastic QFP (GC-7EA, GC-8EU type) and the EP-78064GC-R.
This is a product of Tokyo Eletech Co. (Tokyo 03-5295-1661). When purchasing,
consult your NEC distributor.

EP-78064GF-R
Emulation Probe

This probe connects an in-circuit emulator and target system.

It is for a 100-pin plastic QFP (GF-3BA type).

One 100-pin conversion adapter, EV-9200GF-100, which facilitates develop-
ment of the target system is supplied as an accessory.

EV-9200GF-100
conversion socket

This conversion socket connects the board of the target system created for
mounting a 100-pin plastic QFP (GF-3BA type) and the EP-78064GF-R.

Remark The TGC-100SDW is available singly.
Five EV-9200GF-100s are available as a set.
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B.3.2 Software (1/3)

SM78K0
(System Simulator)

assembler level.

This simulator simulates operations of the target system from a Windows-
installed host computer, enabling debuggung in C source level or

By using SM78K0, logical and performance verification processes can
be performed independently of hardware development work without
using in-circuit emulator in-circuit emulator, which leads to reduction
in development workload and improvement in software quality.

This system simulator is used together with the DF78064 device file
(DF78064, option).

Part number : uSxxxxSM78K0

Remark xxxx of the part number differs depending on the host machine and OS used. Refer to the table below.

USxxxx SM78KO0
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function is provided in MS-DOS version 5.0 or later.

XXXX Host Machine (O Supply Medium
AA13 | PC-9800 series MS-DOS (ver. 3.30 to 6.2)Not€ | 3 5-inch 2HD
+ Windows (ver. 3.0 and 3.1)
AB13 | IBM PC/AT or Refer to B.4. 3.5-inch 2HC
compatible machine
(on Japanese Windows)
BB13 | IBM PC/AT or
compatible machine
(on English Wondows)
Note The task swap function is not available with this software though the
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B.3.2 Software (2/3)

ID78K0
Integrated Debugger

This is a control program that debugs the 78K/0 series.

It employs Windows on a personal computer and OSF/MOtif™ on EWS
as a graphical user interface, and provides the environment and oper-
ability conforming to these interfaces. Moreover, C language debugging
functions are improved, and the trace result can be displayed at C
language level by using a window integrating function that associates
the source program, disassemble display, and memory display with the
trace result. In addition, the debugging of a program can be made more
efficient by using a real-time OS by incorporating function expansion
modules such as a task debugger and system performance analyzer.
This debugger is used in combination with an optional device file

(DF78064).

Part number : uSxxxx|D78K0

Remark xxxx in the parts number differs depending on the host machine and OS used.

USxxxx SM78KO0

XXXX Host Machine (O Supply Medium
AA13 | PC-9800 series MS-DOS (Ver. 3.30 to Ver. 6.2N%€)| 3 5-inch 2HD
+ Windows (Ver. 3.1)
AB13 | IBM PC/AT or Refer to B.4. 3.5-inch 2HC
compatible machine
(Japanese Windows)
BB13 | IBM PC/AT or
compatible machine
(English Windows)
3P16 | HP9000 Series 700 HP-UX (rel. 9.01) Digital audio
tape (DAT)
3K15 | SPARCstation SunOS (rel. 4.1.1) Cartridge tape
(QIC-24)
3K13 3.5-inch 2HC
3R16 | NEWS™ (RISC) NEWS-OS™ (6.1x) 1/4-inch CGMT
3R13 3.5-inch 2HC
3M15 | EWS4800 series (RISC) | EWS-UX/V (rel. 4.0) Cartridge tape
(QlIC-24)
Note MS-DS Ver. 5.0 or above has a task swap function, but this function

cannot be used with the above software.
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B.3.2 Software (3/3)

SD78K/0
Screen Debugger

emulator from the host computer.

This debugger is a program which controls the IE-78000-R in-circuit

The in-circuit emulator must be

connected to the host computer via a serial interface (RS-232-C) cable.
This debugger is used together with the DF78064 device file (option).

Part number : uSxxxxSD78K0

DF78064Note
Device File

(option).

File containing information unique to the devices. This device file is used
together with the SM78K0, CC78K/0, RA78K0, ID78K0, and SD78K/0

Part number : uSxxxxDF78064

Note This device file can be used for any of RA78K/0, CC78K/0, SM78KO0, ID78K0 and SD78K/0.

Remark xxxx of the part number differs depending on the host machine and OS used. Refer to the table below.

USxxxx SD78K0
uSxxxx DF78064
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XXXX Host Machine (O Supply Medium

5A13 PC-9800 series MS-DOS 3.5-inch 2HD

5A10 (ver. 3.30 to 6.2)Note 5-inch 2HD

7B13 | IBM PC/AT or Refer to B.4. 3.5-inch 2HC

7B10 compatible machine 5-inch 2HC
Note The task swap function is not available with this software though the
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B.4 Operating Systems for IBM PC

The following operating systems are available for IBM PC.

If SM78K0, ID78K0, and FE9200 (refer to C.2 Fuzzy Inference Development Support System ) are to be
operated, Windows version 3.0 or 3.1 is also required.

0os Version
PC DOS Version 5.02 through 6.3
| 6.1V through J6.3/VNote |
IBM DOS™ J5.02/vNote
MS-DOS Version 5.0 through 6.22

5.0/VvNote through 6.2vNote

Note Supports English versions only.

Caution The task swap function is not available with this software though the function is provided in MS-
DOS version 5.0 or later.
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B.5 System-Up Method from Other In-Circuit Emulator to 78K/0 Series In-Circuit Emulator

When you already have an in-circuit emulator for the 78K series or the 75X/XL series, you can use that in-circuit
emulator as the equivalent of a 78K/0 series in-circuit emulator IE-78000-R or IE-78000-R-A by replacing the internal
break board with the IE-78000-R-BK.

Table B-1. System-Up Method from Other In-Circuit Emulator to IE-78000-R

Series Name

In-circuit Emulator Owned

Board to be Purchased

75X/XL Series

IE-75000-RNOt | |E-75001-R

78K/l Series

IE-78130-R, IE-78140-R

78K/Il Series

IE-78230-RN°te  |[E-78230-R-A
IE-78240-RNote | |E-78240-R-A

78K/l Series

IE-78320-RNote | |E-78327-R
IE-78330-R, IE-78350-R

IE-78000-R-BK

Note Available for maintenance use only.

Table B-2. System-Up Method from Other In-Circuit Emulator to IE-78000-R-A

Series Name

In-circuit Emulator Owned

Board to be Purchased

75X/XL Series

|IE-75000-RNote 1 |E-75001-R

78K/l Series

IE-78130-R, IE-78140-R

78K/Il Series

IE-78230-RNote 1 |E-78230-R-A
IE-78240-RNote 1 |E-78240-R-A

78K/Ill Series

|IE-78320-RNote 1 |E-78327-R
IE-78330-R, IE-78350-R

|E-78000-R-BKNote 2

78K/0 Series

IE-78000-R

__Note 2

Notes 1. Available for maintenance use only.

2. Itis necessary to submit the board to modify a part of in-circuit emulator main unit to

adapt control/trace board for superviser board.
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Drawing for Conversion Adapter (TGC-100SDW)

Figure B-2. Conversion Adapter (TGC-100SDW) Drawing (For Reference Only)

f-— X

o, 0 Q

note: Product by TOKYO ELETECH CORPORATION.

N L o)
M \{ﬁ X
I
I 0
il r o
b £ T PQRS
'y
=
#
I
T
ITEM MILLIMETERS INCHES ITEM MILLIMETERS INCHES

A 21.55 0.848 a 14.45 0.569
B 0.5x24=12 0.020x0.945=0.472 b 1.85+0.25 0.073+0.010
C 0.5 0.020 c 3.5 0.138
D 0.5x24=12 0.020x0.945=0.472 d 2.0 0.079
E 15.0 0.591 e 3.9 0.154
F 21.55 0.848 f 0.25 0.010
G ®3.55 ©0.140 s} @45 ©0.177
H 10.9 0.429 h 16.0 0.630
| 13.3 0.524 i 1.125+0.3 0.044+0.012
J 15.7 0.618 j 0~5° 0.000~0.197°
K 18.1 0.713 k 5.9 0.232
L 13.75 0.541 | 0.8 0.031
M 0.5x24=12.0 0.020x0.945=0.472 m 2.4 0.094
N 1.125+0.3 0.044+0.012 n 2.7 0.106
(o] 1.125+0.2 0.044+0.008 TGC-100SDW-G1E
P 7.5 0.295
Q 10.0 0.394
R 11.3 0.445
S 18.1 0.713
T @5.0 ©0.197
0] 5.0 0.197
\Y; 4-¢1.3 4-¢0.051
w 1.8 0.071
X Cc2.0 C 0.079
Y ®0.9 $0.035
z ®0.3 $0.012
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Drawing and Recommended Print Board Mounting for Conversion Socket (EV-9200GF-100)

Figure B-3. Conversion Socket (EV-9200GF-100) Drawing (For Reference Only)

A M
E B N (@)
F
ooooooooooonooopoooooooooooooo —— -
|I=8 _LNEC
oo i - &Jﬁ/ - E ) D el
% EV-9200(3F-100 ﬂ: E
B I'II'II'II'II'II'II'II'II'II'II1I'II'I ‘ 00000000000000 =)>/ :;
No.1 pin index p O
<
G
H
I ! |
EV-9200GF-100-GOE
ITEM MILLIMETERS INCHES
24.6 0.969
B 21 0.827
C 15 0.591
D 18.6 0.732
E 4-C 2 4-C 0.079
F 0.8 0.031
G 12.0 0.472
H 22.6 0.89
I 25.3 0.996
J 6.0 0.236
K 16.6 0.654
L 19.3 076
M 8.2 0.323
N 8.0 0.315
o 2.5 0.098
P 2.0 0.079
Q 0.35 0.014
R 2.3 ©0.091
S 91.5 ©0.059
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Figure B-4. Conversion Socket (EV-9200GF-100) Recommended Print

Board Mounting Pattern (

For Reference Only)

G

J =
{Mﬁ K =
+ T
w w o - \JQ T
) =
) ]
4L/\ = 1
B
A
EV-9200GF-100-P1E
ITEM MILLIMETERS INCHES
A 26.3 1.035
B 21.6 0.85
C |0.65+0.02 x 29=18.85+0.05| 0.02673:39% x 1.142=0.742"5:5%2
D |0.65%0.02 x 19=12.35+0.05| 0.02673:3%% x 0.748=0.486"3-553
E 15.6 0.614
F 20.3 0.799
G 12+0.05 0.472755%
H 6+0.05 0.236%5:9%3
| 0.35+0.02 0.01479.90
J ©2.36+0.03 ©0.09373:3%
K ©2.3 ©0.091
L ©1.57%0.03 ©0.062733%

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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APPENDIX C EMBEDDED SOFTWARE

This section describes the embedded software which are provided for the uPD78064B subseries to allow users
to develop and maintain the application program for these subseries.

C.1 Real-time OS (1/2)

RX78K/0 RX78K/0 is a real-time OS which is based on the uITRON specification.

Real-Time OS | Suppliedwiththe RX78K/0 nucleus and atool to prepare multiple information tables (configurator).
When using the RX78K/0, the RA78K/0 assembler package and DF78064 device file (option)
are necessary.

Part number: uSxxxxRX78013-AAAA

Caution When purchasing the RX78K/0, fill in the purchase application form in advance, and sign the Use
Approval Contract.

Remark xxxx and AAAA of the part number differs depending on the host machine and OS used. Refer to the
table below.

USXxXXRX78013-AAAA

AAAA | Product Outline Max. No. for Use in Mass Production

001 Evaluation object Do not use for mass production

100K | Mass-production object 100,000

001M 1,000,000

010M 10,000,000

So01 Source program Source program for mass-production object
XXXX Host Machine oS Supply Medium

5A13 PC-9800 series MS-DOS 3.5-inch 2HD

5A10 (ver. 3.30 to 6.2)Note | 5.inch 2HD

7B13 | IBM PC/AT or Refer to B.4. 3.5-inch 2HC

7B10 | compatible machine 5-inch 2HC

3H15 | HP9000 series 300 HP-UX (rel.7.05B) Cartridge tape (QIC-24)
3P16 | HP9000 series 700 HP-UX (rel.9.01) Digital tape (DAT)
3K15 | SPARCstation SunOS (rel.4.1.1) Cartridge tape (QIC-24)
3M15 | EWS4800 series (RISC) | EWS-UX/V (rel.4.0)

Note The task swap function is not available with this software though the
function is provided in MS-DOS version 5.0 or later.
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C.1 Real-time OS (2/2)

MX78KO0 MX78K/0 is an OS for subsets based on the uITRON specification.

oS Supplied with the MX78K0 nucleus. This OS manages tasks, events, and time. In task
management operation, it controls the execution orders of tasks, and switches processing to the
task to be executed next.

Part number: uSxxxxMX78K0-AAA

Remark xxxx and AAA of the part number differs depending on the host machine and OS used. Refer to the
table below.

HSxxxXMXT78KO-AAA

AAA Product outline Remark

001 Evaluation object Use for preproduction.

XX Mass-production object Use for mass-production.

So01 Source program Available only when purchasing mass-

production object

XXXX Host Machine oS Supply Medium

5A13 PC-9800 series MS-DOS 3.5-inch 2HD

5A10 (ver. 3.30 to 6.2)Note | 5.inch 2HD

7B13 | IBM PC/AT or Refer to B.4. 3.5-inch 2HC

7B10 | compatible machine 5-inch 2HC

3H15 | HP9000 series 300 HP-UX (rel.7.05B) Cartridge tape (QIC-24)
3P16 | HP9000 series 700 HP-UX (rel.9.01) Digital tape (DAT)
3K15 | SPARCstation SunOS (rel.4.1.1) Cartridge tape (QIC-24)
3M15 | EWS4800 series (RISC) | EWS-UX/V (rel.4.0)

Note The task swap function is not available with this software though the
function is provided in MS-DOS version 5.0 or later.
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C.2 Fuzzy Inference Development Support System

FE9000/FE9200
(Fuzzy Knowledge
Data Creation tool)

Program supporting input of fuzzy knowledge data (fuzzy rule and membership
function), editing (edit), and evaluation (simulation). FE9200 operates on Windows.

Part number: uSxxxxFE9000 (PC-9800 series)
USxxxxFE9200 (IBM PC/AT or compatible machine)

FT9080/FT9085
(Translator)

Program converting fuzzy knowledge data obtained by using fuzzy knowledge data
preparation tool to RA78K/0 assembler source program.

Part number: uSxxxxFT9080 (PC-9800 series)
USxxxxFT9085 (IBM PC/AT or compatible machine)

FI78K0
(Fuzzy Inference
Module)

Program executing fuzzy inference. Fuzzy inference is executed by linking fuzzy
knowledge data converted by translator.

Part number: uSxxxxFI78K0 (PC-9800 series, IBM PC/AT or compatible machine)

FD78K0
(Fuzzy Inference
Debugger)

Support software evaluating and adjusting fuzzy knowledge data at hardware level
by using in-circuit emulator.

Part number: uSxxxxFD78K0 (PC-9800 series, IBM PC/AT or compatible machine)

Remark xxxx of the part number differs depending on the host machine and OS used. Refer to the table below.

uSxxxxFE9000

USxxxxFT9080

USxxxxF|78K0

USxxxxFD78K0
XXXX Host Machine oS Supply Medium
5A13 | PC-9800 series MS-DOS 3.5-inch 2HD
5A10 (ver. 3.30 to 6.2)Note | 5.inch 2HD

USxxxxFE9200

USxxxxFT9085

USxxxxFI78K0

USxxxxFD78K0
XXXX Host Machine oS Supply Medium
7B13 | IBM PC/AT Refer to B.4. 3.5-inch 2HC
7B10 | or compatible machine 5-inch 2HC

Note The task swap function is not available with this software though the
function is provided in MS-DOS version 5.0 or later.
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APPENDIX D REGISTER INDEX

D.1 Register Name Index

[A]

A/D converter input select register (ADIS) ... 192

A/D converter mode register (ADM) ... 190

A/D conversion result register (ADCR) ... 189
Asynchronous serial interface status register (ASIS) ... 263

Asynchronous serial interface mode register (ASIM) ... 261

(B]
Baud rate generator control register (BRGC) ... 264

[C]

Capture/compare control register 0 (CRCO) ... 107
Capture/compare register 00 (CR00) ... 102
Capture/compare register 01 (CR01) ... 102

Clock timer mode control register (TMC2) ... 167
Compare register 10 (CR10) ... 145

Compare register 20 (CR20) ... 145

(E]

8-bit timer mode control register (TMC1) ... 147

8-bit timer output control register (TOC1) ... 148

8-bit timer register 1 (TM1) ... 145

8-bit timer register 2 (TM2) ... 145

External interrupt mode register 0 (INTMO) ... 110, 333
External interrupt mode register 1 (INTM1) ... 193, 333

U

Interrupt mask flag register OH (MKOH) ... 331
Interrupt mask flag register OL (MKOL) ... 331
Interrupt mask flag register 1L (MK1L) ... 331, 349
Interrupt request flag register OH (IFOH) ... 330
Interrupt request flag register OL (IFOL) ... 330
Interrupt request flag register 1L (IF1L) ... 330, 349
Interrupt timing specification register (SINT) ... 216

(K]
Key return mode register (KRM) ... 76, 350
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(L]
LCD display control register (LCDC) ... 300
LCD display mode register (LCDM) ... 298

M]
Memory size switching register (IMS) ... 366

(O]
Oscillation mode select register (OSMS) ... 84

Oscillation stabilization time select register (OSTS) ... 354

[P]

Port 0 (PO) ... 60

Port 1 (P1) ... 62

Port 2 (P2) ... 63

Port 3 (P3) ... 65

Port 7 (P7) ... 66

Port 8 (P8) ... 68

Port 9 (P9) ... 69

Port 10 (P10) ... 70

Port 11 (P11) ... 71

Port mode register 0 (PM0) ... 72

Port mode register 1 (PM1) ... 72

Port mode register 2 (PM2) ... 72

Port mode register 3 (PM3) ... 72, 109, 149, 181, 186
Port mode register 7 (PM7) ... 72

Port mode register 8 (PM8) ... 72

Port mode register 9 (PM9) ... 72

Port mode register 10 (PM10) ... 72

Port mode register 11 (PM11) ... 72

Priority specification flag register OH (PROH) ... 332
Priority specification flag register OL (PROL) ... 332
Priority specification flag register 1L (PR1L) ... 332
Processor clock control register (PCC) ... 81
Pull-up resistor option register H (PUOH) ... 75
Pull-up resistor option register L (PUOL) ... 75

[R]
Receive buffer register (RXB) ... 259
Receive shift register (RXS) ... 259
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[S]
Sampling clock select register (SCS) ...

111, 335

Serial bus interface control register (SBIC) ... 214

Serial 1/O shift register 0 (SIO0) ... 208

Serial operating mode register 0 (CSIMO0) ... 211

Serial operating mode register 2 (CSIM2) ... 260

16-bit timer mode control register (TMCO) ... 105

16-bit timer output control register (TOCO0) ... 108

16-bit timer register (TM0) ... 103
Slave address register (SVA) ... 208

Successive approximation register (SAR) ...

(7]

Timer clock select register 0 (TCLO) ...
Timer clock select register 1 (TCL1) ...
Timer clock select register 2 (TCL2) ...
Timer clock select register 3 (TCL3) ...
Transmit shift register (TXS) ... 259

Yl
Watchdog timer mode register (WDTM)

189

103, 179

145

164, 172, 184
210

.. 174
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D.2 Register Symbol Index

[A]

ADCR: A/D conversion result register ... 189

ADIS: A/D converter input select register ... 192

ADM: A/D converter mode register ... 190

ASIM: Asynchronous serial interface mode register ... 261

ASIS: Asynchronous serial interface status register ... 263

(B]

BRGC: Baud rate generator control register ... 264

[C]

CRO00: Capture/compare register 00 ... 102
CRO1: Capture/compare register 01 ... 102
CR10: Compare register 10 ... 145

CR20: Compare register 20 ... 145

CRCO: Capture/compare control register 0 ... 107
CSIMO: Serial operating mode register 0 ... 211
CSIM2: Serial operating mode register 2 ... 260

U

IFOH: Interrupt request flag register OH ... 330

IFOL: Interrupt request flag register OL ... 330

IF1L: Interrupt request flag register 1L ... 330, 349
IMS: Memory size switching register ... 366

INTMO: External interrupt mode register 0 ... 110, 333
INTM1: External interrupt mode register 1 ... 193, 333

(K]
KRM: Key return mode register ... 76, 350

(L]
LCDC: LCD display control register ... 300
LCDM: LCD display mode register ... 298

M]

MKOH: Interrupt mask flag register OH ... 331
MKOL: Interrupt mask flag register OL ... 331
MKZ1L: Interrupt mask flag register 1L ... 331, 349
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[C]
OSMS
OSTS:

[P]

. Oscillation mode select register ... 84

Oscillation stabilization time select register ... 340

PO: Port0 ... 60
P1: Portl ... 62
P2: Port2 ... 63
P3: Port3 ... 65
P7: Port7 ... 66
P8: Port8 ... 68
P9: Port9 ... 69
P10: Port10 ... 70
P11: Port11 ... 71

PCC:
PMO:
PM1:
PM2:
PM3:
PM7:
PM8:
PM9:
PM10:
PM11:
PROH:
PROL:
PR1L:

PUOH:

PUOL:

[R]
RXB:
RXS:

[S]
SAR:
SBIC:
SCS:
SINT:
SIO0:
SVA:

Processor clock control register ... 81
Port mode register 0 ... 72
Port mode register 1 ... 72
Port mode register 2 ... 72
Port mode register 3 ... 72, 109, 149, 181, 186
Port mode register 7 ... 72
Port mode register 8 ... 72
Port mode register 9 ... 72
Port mode register 10 ... 72
Port mode register 11 ... 72
Priority specification flag register OH ... 332
Priority specification flag register OL ... 332
Priority specification flag register 1L ... 332
Pull-up resistor option register H ... 75

Pull-up resistor option register L ... 75

Receive buffer register ... 259

Receive shift register ... 259
Successive approximation register ... 189
Serial bus interface control register ... 214

Sampling clock select register ... 111, 335
Interrupt timing specification register ... 216
Serial 1/0O shift register 0 ... 208

Slave address register ... 208
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(7]

TCLO:
TCL1:
TCL2:
TCL3:

TMCO:
TMC1:
TMC2:
TOCO:
TOC1:

Timer clock select register 0 ... 103, 179
Timer clock select register 1 ... 145
Timer clock select register 2 ... 164, 172, 184
Timer clock select register 3 ... 210

TMO: 16-bit timer register ... 103

TM1: 8-bit timer register 1 ... 145

TM2: 8-bit timer register 2 ... 145
16-bit timer mode control register ... 105
8-bit timer mode control register ... 147
Clock timer mode control register ... 167
16-bit timer output control register ... 108
8-bit timer output control register ... 148

TXS: Transmit shift register ...

W]

259

WDTM: Watchdog timer mode register ... 174
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APPENDIX E REVISION HISTORY

Here is the revision history of this manual. “Chapter” indicates the chapters in the old edition where revision has

been made in this edition.

Edition

Revision from Previous Edition

Chapter

2nd edition

» Addition of uPD78064B(A)
» Addition of 100-pin plastic LQFP (fine pitch) (14 x 14 mm) package to
uPD78064B and 78P064B

Throughout

Addition of 1.4 Quality Grade

Addition of notes on differences between AVoo and AVss pins to 1.5 Pin
Configuration (Top View)

Addition of following subseries to 1.6 Development of 78K/0 Series:
uPD78075B, 78075BY, 780018, 780018Y, 780058, 780058Y, 780034,
780034Y, 780024, 780024Y, 78014H, 780964, 780924, 780228, 78044H,
78044F, 78098B, 780973, and 780805 subseries

Addition of 1.10 Differences between uPD78064B and uPD78064B(A)

CHAPTER 1 OVERVIEW

Addition of notes on AVoo and AVss pins to 2.1. Normal operating mode pins

CHAPTER 2 PIN
FUNCTION

Addition of Figures 7-10 and 7-13 Timing of Square Wave Output Operation

CHAPTERY7 8-BIT TIMER/
EVENT COUNTER

Addition of notes on changing operation mode to 13.1 Serial Interface
Channel 0 Functions and (2) Serial operation mode register (CSIMO) in 13.3
Serial Interface Channel 0 Control Registers

Addition of notes to (f) Busy signal (BUSY), ready signal (READY) in (2)
Definition of SBI in 13.4.3 SBI mode operation

Addition of notes to (11) Notes on SBI mode in 13.4.3 (2) (a) Bus release
signal (REL), (b) command signal (CMD)

CHAPTER 13 SERIAL
INTERFACE CHANNEL 0

Correction of Figure 14-10 Receive Error Timing

Addition of (3) Changing MSB/LSB first to 14.4.3 3-wire serial /0O mode

Addition of 14.4.4 Limitations when using UART mode

CHAPTER 14 SERIAL
INTERFACE CHANNEL 2

Addition of APPENDIX A DIFFERENCES BETWEEN pPD78064 AND 78064B
SUBSERIES

APPENDIXADIFFERENCES
BETWEEN uPD78064 AND
78064B SUBSERIES

* Addition of PA-78P0308GC, PA-78P0308GF, and IE-780308-R-EM
* Change of name of conversion adapter EV-9500GC-100 to TGC-100SDW
« Deletion of Windows-compatible 5" FD

APPENDIX B
DEVELOPMENT TOOLS

Addition of APPENDIX E REVISION HISTORY

APPENDIX E REVISION
HISTORY
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