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NOTES FOR CMOS DEVICES

@ PRECAUTION AGAINST ESD FOR SEMICONDUCTORS

Note:

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

HANDLING OF UNUSED INPUT PINS FOR CMOS

Note:

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

STATUS BEFORE INITIALIZATION OF MOS DEVICES

Note:

Power-on does not necessarily define initial status of MOS device. Production process of MOS
does not define the initial operation status of the device. Immediately after the power source is
turned ON, the devices with reset function have not yet been initialized. Hence, power-on does
not guarantee out-pin levels, 1/O settings or contents of registers. Device is notinitialized until the
reset signal is received. Reset operation must be executed immediately after power-on for devices
having reset function.

FIP, EEPROM, IEBus, and QTOP are trademarks of NEC Corporation.
Windows and WindowsNT are either registered trademarks or trademarks of Microsoft Corporation in the
United States and/or other countries.

PCI/AT is a trademark of International Business Machines Corporation.
HP9000 Series 700 and HP-UX are trademarks of Hewlett-Packard Company.
SPARCSstation is a trademark of SPARC International, Inc.

SunOSs is a trademark of Sun Microsystems, Inc.

Ethernet is a trademark of XEROX Corporation.

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

NEWS and NEWS-OS are trademarks of Sony Corporation.

TRON is an abbreviation of The Realtime Operating System Nucleus.

ITRON is an abbreviation of Industrial TRON.



The application circuits and their parameters are for reference only and are not intended for use in actual design-ins.

Purchase of NEC I°C components conveys a license under the Philips 1°C Patent Rights to use these
components in an 1?°C system, provided that the system conforms to the I2°C Standard Specification as
defined by Philips.

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

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
e Ordering information

» Product release schedule

 Availability of related technical literature

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

» Network requirements

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

from country to country.

NEC Electronics Inc. (U.S.)

Santa Clara, California

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

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

NEC Electronics (Germany) GmbH
Duesseldorf, Germany

Tel: 0211-65 03 02

Fax: 0211-65 03 490

NEC Electronics (UK) Ltd.
Milton Keynes, UK

Tel: 01908-691-133

Fax: 01908-670-290

NEC Electronics Italiana s.r.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.
Cumbica-Guarulhos-SP, Brasil
Tel: 011-6465-6810

Fax: 011-6465-6829

J97.8



Major Revisions in This Edition (1/2)

Page Description
Throughout uPD78070A, 78070AY: Under development — Developed
The following products were added (planned)
uPD78070AGC-8EU, 78070AYGC-8EU
p. 40, 50 1.5 and 2.5 78K/0 Series Expansion
The contents were updated to the latest version
p. 66, 82 Tables 3-1. and 4-1. Pin Input/Output Circuit Types

Recommended connection of unused PO7/XT1 pin was modified
Connect to Vop or Vss — Connect to Vop

p. 119 to 123, 127,
130

6.2 Port Configuration

The following block diagrams were modified
Figure 6-5. Block Diagram of P20, P21, P23 to P26
Figure 6-6. Block Diagram of P22 and P27
Figure 6-7. Block Diagram of P20, P21, P23 to P26
Figure 6-8. Block Diagram of P22 and P27
Figure 6-9. Block Diagram of P30 to P37
Figure 6-13. Block Diagram of P71 and P72
Figure 6-16. Block Diagram of P100 and P101

p. 143 Table 7-2. Relationship between CPU Clock and Minimum Instruction Execution Time was added

p. 155 8.1 Outline of Timers Incorporated into ~ UPD78070A and 78070AY was added

p. 166 Figure 8-4. 16-bit Timer Mode Control Register Format
The generation conditions of interrupt requests in the operation mode and the clear mode were
modified

p. 168 Caution was modified in Figure 8-6. 16-bit Timer Output Control Register Format

p. 215, 220, 237 Figures 9-10., 9-13., and 10-13. Square-wave Output Operation Timing were added

p. 256 12.3 (2) Watchdog timer mode register (WDTM)  was modified

p. 294 Caution was added in 17.1 Serial Interface Channel 0 Functions

p. 298 17.2 (2) Slave address register (SVA) was modified

p. 302 Note and Caution were added in 17.3 (2) Serial operating mode register 0 (CSIMO)

p. 305 Note of the BSYE flag was modified in Figure 17-5. Serial Bus Interface Control Register Format

p. 315 Cautions on the bus change timing were added in 17.4.3 (2) (a) Bus release signal (REL) , (b)

Command signal (CMD)

331

17.4.3 (6) Address match detection method  was modified

346

Caution was added in 18.1 Serial Interface Channel 0 Functions

350

Caution was added in 18.2 (1) Serial I/O shift register 0 (SIO0)

350

18.2 (2) Slave address register (SVA) was modified

354

Note and Caution were added in 18.3 (2) Serial operating mode register 0 (CSIMO)

380

18.4.4 (6) Address match detection method  was modified

390

18.4.5 (3) Slave wait release (slave reception) was added

s|lo|v|v|v|T|T|®

. 391

18.4.6 Restrictions in | 2C bus mode was added




Major Revisions in This Edition (2/2)

Page Description
. 393 18.4.7 SCKO/SCL/P27 pin output manipulation  was modified
. 396 Figure 19-1. Serial Interface Channel 1 Block Diagram  was modified
. 401 Caution was added in Figure 19-5. Automatic Data Transmit/Receive Interval Specify Register
Format
. 429 19.4.3 (3) (d) Busy control option, (e) Busy & strobe control option, and (f) Bit slippage detection
function of the former edition ~ were changed to (4) Synchronization control ~ and the description was
improved
. 461 20.4.2 (2) (d) Reception
The INTSR generation conditions at a receive error were modified
. 462 Figure 20-10. Receive Error Timing was modified and note was added
. 471 20.4.4 Restrictions on using UART mode  was added
. 545 APPENDIX A DIFFERENCES BETWEEN pPD78078, 78075B SUBSERIES AND LPD78070A was
added
. 547 to 560 APPENDIX B DEVELOPMENT TOOLS
Revisions throughout: support of the in-circuit emulator IE-78K0-NS, etc.
. 561, 562 APPENDIX C EMBEDDED SOFTWARE
Revisions throughout: fuzzy inference development support system was deleted, etc.
. 569, 570 APPENDIX E REVISION HISTORY was added

The mark * shows major revised points.
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Readers

Purpose

Organization

How to Read This Manual

INTRODUCTION

This manual has been prepared for user engineers who understand the functions
of the uPD78070A and 78070AY and wish to design and develop its application
systems and programs.

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

The uPD78070A and 78070AY manual is separated into two parts: this manual and
the instructions edition (common to the 78K/0 Series).

HUPD78070A, 78070AY 78K/0 Series
User’s Manual User’s Manual
(This manual) — Instructions —
* Pin functions » CPU functions
* Internal block functions * Instruction set
e 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 microcontroller.

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:
- Forthe circled bit number, the bit name is defined as areserved 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
o To know the differences between the uPD78078 and 78078Y Subseries:
- Refer to 1.8 Differences between (PD78078 Subseries and p(PD78070A
and 2.8 Differences between [PD78078Y Subseries and UPD78070AY.
o To know the uPD78070A and 78070AY instruction function in detail:
- Refer to “78K/0 Series User's Manual Instructions (U12326E) "~
o For the electrical specifications of the uPD78070A and 78070AY:
- Refer to separately available Data Sheet.
o To know the application example of each function of the yPD78070A and
78070AY:
- Refer to separately available Application Note.



Chapter Organization : This manual divides the descriptions for the pyPD78070A and 78070AY into different
chapters as shown below. Read only the chapters related to the device you use.

Chapter uPD78070A |uPD78070AY

Chapter 1 Outline (uUPD78070A) v —

Chapter 2 Outline (uPD78070AY) — v

<
|

Chapter 3 Pin Function (uPD78070A)

Chapter 4  Pin Function (uPD78070AY)

Chapter 5  CPU Architecture

Chapter 6  Port Functions

Chapter 7 Clock Generator

Chapter 8 16-bit Timer/Event Counter

Chapter 9  8-bit Timer/Event Counters 1 and 2

Chapter 10 8-bit Timer/Event Counters 5 and 6

Chapter 11 Watch Timer

Chapter 12 Watchdog Timer

Chapter 13 Clock Output Control Circuit

Chapter 14 Buzzer Output Control Circuit

Chapter 15 A/D Converter

L | L R R =

Chapter 16 D/A Converter

L LS s

Chapter 17 Serial Interface Channel 0 (uPD78070A)

Chapter 18 Serial Interface Channel 0 (uPD78070AY)

Chapter 19 Serial Interface Channel 1

Chapter 20 Serial Interface Channel 2

Chapter 21 Real-time Output Port

Chapter 22 Interrupt and Test Functions

Chapter 23  External Device Expansion Function

Chapter 24 Standby Function

Chapter 25 Reset Function

L L L s s <
L L <

Chapter 26 Instruction Set

Differences between uPD78070A and puPD78070AY
The pyPD78070A and pPD78070AY are different in the following functions of the serial interface

channel 0.

Mode of Serial Interface Channel 0 uPD78070A | uPD78070AY
3-wire serial /0 mode v v
2-wire serial /0 mode v v
SBI (serial bus interface) mode v —
12C (Inter IC) bus mode — v

v : Supported

— : Not supported
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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.

» Device Related Documents ( uPD78070A, 78070AY)

Document Name Document No.
English Japanese
uPD78070A, 78070AY User’s Manual This manual U10200J
uPD78070A Data Sheet U10326E U10326J
uPD78070AY Data Sheet U10542E U10542J
78K/0 Series User's Manual — Instructions U12326E U12326J
78K/0 Series Instruction Table — U10903J
78K/0 Series Instruction Set — u10904J
uPD78070A Special Function Register Table — U10133J
uPD78070AY Special Function Register Table — u10134J
78K/0 Series Application Note — Basics (lll) U10182E u10182J

Device Related Documents ( pPD78078, 78078Y Subseries)

Document Name Document No.
English Japanese
uPD78078, 78078Y Subseries User's Manual U10641E U10641J
uPD78076, 78078 Data Sheet U10167E u10167J
uPD78P078 Data Sheet U10168E U10168J
uPD78076Y, 78078Y Data Sheet U10605E U10605J
uPD78P078Y Data Sheet U10606E U10606J
78K/0 Series User's Manual — Instructions U12326E U12326J
78K/0 Series Instruction Table — U10903J
78K/0 Series Instruction Set — u10904J
uPD78078 Subseries Special Function Register Table — IEM-5607
uPD78078Y Subseries Special Function Register Table — IEM-5601
78K/0 Series Application Note — Basics (lll) U10182E u10182J

Caution The above documents are subject to change without prior notice. Be sure to use the latest
documents when starting design.
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¢ Development Tool Documents (User’s Manuals)

Document Name Document No.
English Japanese

RA78K0 Assembler Package Operation U11802E U11802J

Language U11801E u11801J

Structured Assembly Language | U11789E U11789J
RA78K Series Structured Assembler Preprocessor EEU-1402 U12323J
CC78K0 C Compiler Operation U11517E U11517J

Language U11518E U11518J
CC78K0 C Compiler Application Note Programming Know-how EEA-1208 EEA-618
CC78K Series Library Source File — U12322J
IE-78K0-NS Planned Planned
IE-78001-R-A Planned Planned
IE-78K0-R-EX1 Planned Planned
IE-78078-NS-EM1 Planned Planned
IE-78078-R-EM U10775E u10775J
EP-78064 EEU-1469 EEU-934
SM78K0 System Simulator Windows™-Based Reference U10181E u10181J
SM78K Series External Part User Open Interface Specifications U10092E U10092J
ID78K0-NS Integrated Debugger Reference Planned U12900J
ID78KO0 Integrated Debugger EWS-Based Reference — U11151J
ID78KO0 Integrated Debugger PC-Based Reference U11539E U11539J
ID78KO0 Integrated Debugger Windows-Based Guides U11649E U11649J

Caution The above documents are subject to change without prior notice.

documents when starting design.

12
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» Documents for Embedded Software (User's Manuals)

Document Name

Document No.

English Japanese
78K/0 Series Real-time OS Basics U11537E U11537J
Installation U11536E U11536J
78K/0 Series OS MX78K0 Basics — u12257J

» Other Documents

Document Name

Document No.

Microcomputer Product Series Guide

English Japanese

IC Package Manual C10943X
Semiconductor Device Mounting Technology Manual C10535E C10535J
Quality Grades on NEC Semiconductor Devices C11531E C11531J
NEC Semiconductor Device Reliability/Quality Control System U10983E u10983J
Guide to Prevent Damage for Semiconductor Devices by Electrostatic Discharge (ESD) C11892E C11892J
Guide to Quality Assurance for Semiconductor Devices MEI-1202 —

— Ul1416J

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

documents when starting design.

13



[MEMO]

14



TABLE OF CONTENTS

CHAPTER 1 OUTLINE (UPDT78070A) ...eeieieiiiiiie e ettt e e e e ettt e e e stee e e e s sttaaa e e s antaeaaeessntsaeeessntaeneessnssenaeenans 35
R R oo L | USSP 35
72 Y o o] [ To%= 11 o I =1 o £ SESRR TP 36
1.3 Ordering INFOrMALION  .....ooiiiiiiie ittt e e e e e e e 36
1.4 Pin Configuration (TOP VIBW)  ooiiiiiiiieiiiiiiee ettt e b e e e sbae e e e e 37
1.5  78K/0 SEri€S EXPANSION  .ooiiiiiiiiiieiii ittt e e e e e e e e s et e e e e e e e e e e s e e st eaeaeaeeesaeennsasennneees 40
I =1 To o [ DI - To =10 TP UUPPPPPPPPPRP 42
1.7 OUtliNg Of FUNCHION ettt e e e e e e et e e e e e e e e e e e e nnneeeeeees 43
1.8 Differences between pPD78078 Subseries and UPD78070A ......cccovvveeveeeeeeeeiieceiieene 44

CHAPTER 2 OUTLINE (UPD78070AY) oeiiiiittiieeeeitiie e e e eetttee e e s ettt e e e sttea e e e s estaeeaessntaaaeesssssnaeaesansneeaeeanns 45
2.1 FAIUIES oottt e e e e 45
2.2 APPIICALION FIEIAS oottt 46
2.3 Ordering INTOrMELION  ..ueeiiiiiiei ettt et e e s 46
2.4 Pin Configuration (TOP VIEW)  .oeeiiiiieiiiiiee ettt e e e e e e e e e e e e e e s nnnnnene s 47
2.5  78K/0 SErieS EXPANSION  .oiiiiiiiiiiieiitiii ettt ettt e et e st e e 50
2.6 BIOCK DIGQIAIM ittt et e et e 52
Y2 A O 111 11 U= U e 1o ] o PR 53
2.8 Differences between pPD78078Y Subseries and UPD78070AY ....cooccveviiiiiiieeeeiiiiienn, 54

CHAPTER 3 PIN FUNCTION (LUPD78070A) ..eeeiieiiiiieeeeiitiee e ettt e e sttt e e e s stieee e e s sntaeeeessnbaeeeesaneaeeeesanes 55
R 70 R o T U o od 1 o £ SRR 55
3.2 Description Of Pin FUNCHONS  ..eiiiiiiiiiiie ittt 59

3.2.1 P OO £0 PO7 (PO 0) 1eeiiieiiiiiiiee ettt et e e et e e e e et e e e e e st e e e e s etaa s e e e e e easaaeaeesannees 59
3.2.2 L O (o T A o T A I PR TPPPRPTNt 59
3.2.3 P20 10 P27 (PO 2) ettt ettt e e e e ettt e e e e ettt e e e e e tat e e e e e e antbeeaeeeanneee 60
3.2.4 [ O (o T S A (o) £ B ISP UPRTIN 61
3.2.5 PB0 t0 PB3, PBB (POIt B) ...eeeeieiiiiiiiiie ettt e ettt e e ettt e e e e et e e e e e etbe e e e e easaeaeeaeaaanneeeaaeeanees 61
3.2.6 P70 10 P72 (PO 7)) ceeiiieiiiiiie ettt ettt e e e e ettt e e e ettt e e e e ensbeeeaeeeasnsbeeaeeeannees 62
3.2.7 P90 10 PO6 (POIt ) ...eoeoeeeeeeeeeeeeee et en et 62
3.2.8 P100 t0 PLO3 (POIt 10) ..ueeeiiieeiiiiiieeeee ettt e e ettt e e e e ettt e e e e et e e e e e sntaeeeeeesnsaeaeaeeaannsseaaeesnnnens 63
3.2.9 PL20 t0 PL27 (POIT 12) ..iiiiieeiiiiiiiie ettt e e e e ettt e e e e sttt e e e e et e e e e e asstbeaaeeannnnes 63
3.2.10  P130, PL31 (POt 13) ..eieieieieieieeeeeeeeee et en e en e 64
32,11 ADD 10 AD T ittt ettt et e e e e e e e e e e e e bbbt e ettt et et e e aaaaaeeas 64
BL2.12 A 0 AL D ettt ettt et et e e e e e e e e e e e e e e e h bbbt bttt et et et eaaaaaans 64
3213 RD ittt 64
B.2.14  WR oo 64
C J N T s I = TP TSP P PO OUPPPPPPPPPPPPPINY 64
O T G T Y= PP PPPPRPPP 64
G TNt A N VT OSSN 64
I T R T Yl o TP PO T PRSP PPPPPPPPT 64
G T e Y £ PP 65
B.2.20  RESET wooooooocveoceeececos s 65
I I R G N TP OO PSPPSR PPPPPPPPP 65

15



3.2.22  XTL, XT 2 ittt 65

Bi2.23 VDD ittt e e et oo e e e e e e e e e e e e e e e R h e bbbt b et e e ittt et e e et eeereaeaeas 65

Bi2. 24 VS i ettt ettt e e e e e e e e e e e oo e e e e e a bbbt b ettt ittt e et e et eeereaeaeas 65

32,25 I i E b h bR h e h bbbt b et 65

3.3 Pin Input/Output Circuits and Recommended Connection of Unused Pins  .............. 66
CHAPTER 4 PIN FUNCTION (UPD78070AY) ..eiitiitiieeeiiiteiee e aiteee e ettt e e sttt e e e e snteeeeessntaeeeeesnnnneeaesanes 71
O T T U o 4T T I £ USSR 71
4.2 Description Of PiN FUNCHIONS ittt 75
421 P00 0 PO7 (POFt 0) ..eoeeeieieieeeeeeeeee et ee et et et e ettt e e ee et ettt e ettt e e ee et 75

4.2.2 L O (o T A o T At I PP UPPPRRNt 75

4.2.3 P20 10 P27 (PO 2) ettt ettt e e e e ettt e e e ettt e e e e e tateeaeeeaneeeeaeeaannees 76

N B e O R (o B A (=T T2 S OO 77

4.2.5 PB0 t0 PB3, PBB (POIt B) ...eeieieiiiiiiiiie et e e ettt e e e ettt e e e et e e e e e ettt e e e e easatneeaeaaanneeeaaeeanees 77

4.2.6 P70 10 P72 (PO 7)) ceeiieeiiiiiit ettt ettt e ettt e e e e ettt e e e e ettt e e e e antateeaeeeannsbeeaeeennnees 78

4.2.7 PO0 £0 POB (POIT ) .iiieiiiie ettt ettt ettt ettt et e et e e sat e e s et e e et e e e ne e e e nnbeeean 78

4.2.8 P100 t0 PLO3 (POIt 10) ..ueeeiieeeiiiiiieeeee ettt e e ettt e e e e ettt e e e e et e e e e e sntaeeeeeesnsaeeeaeeeannsseaaeesannens 79

4.2.9 PL20 t0 PL27 (POIT 12) ..eieiiiieeiiiiiiie ettt e e e et e e e e ettt e e e e et eaeeeennseeeaeeennnnee 79

4.2.10  P130, PL3L (POIt 13) ..ooiieieieieeeeeceeeeeee et ee ettt 80
4,211 ADD 10 AD 7 ittt ettt e et e e e e e e e e e e e e e e e et bbb e brarnraee 80

A.2.02  AD 10 AL ettt e e e e e e e e e e e e e e e e e e e aa bbb b bbb e b et e taeaaaaans 80

B.2.13  RD toooieiieiieieeee et 80

8214 WR oo 80

R T N I = OO TP OUPUPPPPPPPRPRPNY 80

4.2.068 AV REFO titiiieeeiee s e e eee oottt et ettt e e e e e e e e e e e e e ee e e e e e ahha b e bttt ettt ettt e e e e e e e eeeeeaeeaeneaanannnraraabrnrnretnrnes 80

L N = SRS 80

A.2.08 AV DD ittt oo h e bbbt ettt ettt e e e e e e e e e e e e e e e e a e e e nbnrnennnnrne 80

Nt e T N PP PP TP PRSP 81

8,220 RESET weoooooeoeoeeoeceoeeese s 81

A.2.20 XL, X e oo e e ettt et ettt et e e e e e e e e e e e e ae e e e eatbebbnrnrntnrne 81

A.2.22 KT L, X 2 ettt ettt ettt e e et e e et e e e e 81

Z.2.23 VDD ittt et et e e e e e e e e e e oo e e e e e aaha bt bt b et e ettt et e e e e eerreaeaeas 81

A.2.24 NV SS it e ettt et ettt e et e e e e e e e e e e e e e e e e e arnan e anatnrae 81

A.2.25 I ot E bRttt 81

4.3  Pin Input/Output Circuits and Recommended Connection of Unused Pins  .............. 82
CHAPTER S5 CPU ARCHITECTURE ..ottt e e e e . 87
5.1 MEMOIY SPACES ..oiieiiiiiiiiiiiiieet ettt e e et e e et e e e e e e e e e st e e e e e e e 87
51.1 EXternal MEMOIY SPACE ......coiiiiiiiiie ettt e e 88

5.1.2 Internal data MEMOTY SPACE ......cciiuiieiiiie ettt ettt e e b e e st e et eeanbeee s 89

5.1.3 Special function register (SFR) @r€a.........uciiiiiiiiiiiiiie e 89

5.1.4 Data MemOry a00IrESSING .. .ccoiiiieiiiie ittt e et e st e s 90

5.2 PrOCESSOr REQISIEIS iiiiiiiii ittt e e et e e e e e e s e s e et reeeeeaaeaeeaaanans 91
521 (O0] 1 ({0 L= |1 (=T £ O PUP PP PPRPPPRTP 91

5.2.2 GENETAI TEUISTEIS ...ttt ettt e et e et e s e et e e e e e nanes 94

5.2.3 Special fuNCtion regiSter (SFR) ...iiiiiiiiiie ettt sbee et 95

16



5.3 Instruction AdAress AdAreSSING  .ooeiiiiiiiiiieeie e e e a e e e e e e e 99
5.3.1 Relative AdArESSING .....oooiiiiiiiiiiieee et 99

5.3.2 IMMeEdiate AAIESSING ......uveieiiiieeitie ettt 100

5.3.3  Table iNdireCt @ddrESSING ....uueiiiiiieiiiie ettt ettt e e e et e et e e e nrbeeeanbeeeeae 101

5.3.4 REGISTET AUUIESSING ....vveiiieeeiti ettt et e e e e et e e e as 102

5.4  Operand Address AJAIrESSING  ..ooeiiiiiiiiieiiiiiiie e 103
5.4.1 IMPlEA AAATESSING ..ttt ettt et et e e tb e e e et e e sneeeennbeeeas 103

5.4.2 REGISIEr AUUIESSING ....vviiitiie ettt ettt e et e et e e ns 104

5.4.3 (D1 g=To o= To (o [ {=TS T [ o TP PR PP PPPRTI 105

5.4.4  Short dir€Ct adAreSSING ......ciueieiiiie ittt et e e e atb e e e e e sbreeaareeeeane 106

5.4.5  Special function register (SFR) @ddreSSiNg .....ccccvieriiiiiiiieeiie e 107

5.4.6 Register iINAIreCt addreSSING ......ociieieiiiie e 108

5.4.7 2 T1<To I To (o | L TSTY [ o To [T UPR 109

5.4.8 Based iNndeXed addreSSINg ........couuuieiiiieiiie ettt 110

5.4.9 SEACK AUANESSING ..ttt ettt nae 110
CHAPTER 6 PORT FUNGCTIONS ...ttt e e e e e e e e e e e e e e e e e e e e eeeaeeeesaneeeannnnn eees 111
00 R o Ty A U o od 1o 1SR 111
6.2 POrt ConfiQUIAtiON .ocoiiiiiiiiie e e e e e e e e e e e e aa e e e e e e e e 116
6.2.1 0] B O PP PP PO T PPN 116

6.2.2 0] O R PP PO PO T PP TTRN 118

6.2.3  POIt 2 (UPD78070A) ...eiieeiitiieeite etttk b bt bttt 119

6.2.4  POrt 2 (UPDT78070AY) ...ooviieeeeeieeeeeeeeeieeeeee e e e eeee e e ees s ees s s enae et enen e naneennaes 121

6.2.5 0] B PP PO PO T PP ORN 123

6.2.6 POIT B e 124

6.2.7 0] PP PP U PO TP TR T TTORRN 126

6.2.8 0] B PP PO PO TP TR 128

L2 I = o o B O L PSP U PR UP PSPPI 130

(SR O B = o o At TP O TP PPPPPPPPP 132

L0 5 R o A R PP PPUP TP UT PP 133

6.3 Port Function Control REJISIEIS .o e e 134
6.4  POrt FUNCLION OPEIatiONS  ooiiieiiiiiiiiiie ettt e e s 138
6.4.1 WIiting 1O INPUL/OULPUL POIT ...ttt 138

6.4.2 Reading from iNPUL/OULPUL POTT......uviiiiiie ittt e e 138

6.4.3 Operations 0N INPUL/OULPUL POIT.....ccc.uiiiiiiie ettt e e 138
CHAPTER 7 CLOCK GENERATOR ...ttt s 139
7.1 Clock Generator FUNCHIONS  ....iiiiiiiiiiiieiiiiie ettt e e 139
7.2 Clock Generator Configuration  .......ooooiiiiiiii e 140
7.3 Clock Generator Control REQISIEr  ..iiiiiiiiiiiie et e e e e e 141
7.4 System CIOCK OSCIIAIOr  ..oooiiiiiii e 145
7.4.1 Main system ClOCK OSCIIATON .......cccuuiiiiiie e 145

7.4.2 SUbSYStEM CIOCK OSCIHIATON ....eiiiiiiiiiiee e e e e e 146

7.4.3 D1V o = P TP OP PP PUPRP T 148

7.4.4  When no subsystem CIOCKS are USEd ..........cciiiiiiiiiiiieiii e 148

7.5  Clock Generator OPEratiONS  ....oiiciiiiiiiiiiiiiie e e e e e e e e e e e e e e e e e s e e s e e e e e e e e e e e e aennenenees 149
751 Main System CIOCK OPEIAtIONS .. ....uviiiiiiieiiii ettt 150

7.5.2 SUDSYStEM CIOCK OPETALIONS ...ttt e e 151

17



7.6 Changing System Clock and CPU Clock Settings  ...cccvvveviiieeeiiiiiceeeeee e 152
7.6.1 Time required for switchover between system clock and CPU clocK .........ccccccveriiieiinnenn. 152

7.6.2 System clock and CPU clock switching proCedure ..........cocovvoiiieiiiicinicceee e 153
CHAPTER 8 16-BIT TIMER/EVENT COUNTER ...ciiiiiiiiiiiii ettt e e e e 155
8.1  Outline of Timers Incorporated into ~ pPD78070A and 78070AY ......ccovviieveeiiiiiieennnin, 155
8.2  16-bit Timer/Event Counter FUNCLIONS  ..ooiiiiiiiiiiiiiee et e 157
8.3  16-bit Timer/Event Counter Configuration  .......ccueiioiiiiiie e 159
8.4  16-bit Timer/Event Counter Control REJISIErS ... 164
8.5  16-bit Timer/Event Counter OPEratioNS  .....ccvveiiieieeeeiiiiiiiiiiiee e e e e e e e e s s e e e e e e e e e seanans 172
8.5.1 INterval tiMer OPEIALIONS .....coiiiiieiiit et e e 172

8.5.2 PWM OULPUL OPEFALIONS ....eeiiiiiiieeiiee ettt et e e 174

8.5.3 PP G OULPUL OPEIATIONS ...iviieiiiie ettt ee ettt ettt e st e et e e et e e eneeeennbeeean 177

8.5.4 Pulse width measurement OPEratiONS ..........oiurieiiiie et 178

8.5.5 External event COUNEr OPEIatiON ........c.cooiiiiiiiiie ittt 185

8.5.6 Square-wave OULPUL OPETATION ....coiuuiiiiiiieiiiee et sie e et et e e e et e e st e st e e s teeeenneeeennaeas 187

8.5.7  One-shot pulSe OULPUL OPEFALION .....c..viiiiiiiiiiee ettt 189

8.6  16-bit Timer/Event Counter Operating PreCcautionS — .......coocciieiiiiieiee e 193
CHAPTER 9 8-BIT TIMER/EVENT COUNTERS 1 AND 2. ..ttt 197
9.1  8-bit Timer/Event Counters 1 and 2 FUNCLIONS  ....ccciiiiiiiiiieiee e 197
9.1.1  8-bit timer/event COUNLEr MO .........c.ciiuiiiiiiiiieie et 197

9.1.2 16-bit timer/event COUNTEr MOE ........oiiiiiiiiiee ettt e e e e e e e neaeeae e 200

9.2  8-bit Timer/Event Counters 1 and 2 Configurations  ......ccccccoiiiiiiieiiiiieee e 202
9.3  8-bit Timer/Event Counters 1 and 2 Control RegiSters  .....ccccceviiiiiiiiiieeeeeee e 205
9.4  8-bit Timer/Event Counters 1 and 2 OperationsS  ....c..ooooiiiiiiiieiiiiiie e 210
9.4.1 8-bit timer/event COUNTEr MOTE .......c..eiiiiiiieiei et e e e e e e e e nraeeeas 210

9.4.2 16-bit timer/event COUNEr MOUE ........cocuiiiiiiiii e 216

9.5 Cautions on 8-bit Timer/Event Counters 1 and 2 .....cccooiiiiiiieiiiieeee e 221
CHAPTER 10 8-BIT TIMER/EVENT COUNTERS 5 AND B.....ccoiiiiiiiiieeiiiiiiee et 223
10.1 8-bit Timer/Event Counters 5 and 6 FUNCLIONS  ....c..uiiiiiiiiieiiee e 223
10.2 8-bit Timer/Event Counters 5 and 6 Configurations ..o 226
10.3 8-bit Timer/Event Counters 5 and 6 Control Registers  ......ccccoiiiiiiiiieieeeee e, 228
10.4 8-bit Timer/Event Counters 5 and 6 OPErationS  .......coocceiiieiiiiiiiieiiieee e 233
10.4.1  INterval tiMer OPEIALIONS ......veiiirieeetit ettt ettt e e et e e e e 233

10.4.2  External event COUNTEr OPEIALION .......iiiuiiiiiiee ittt ettt e e e et e e 236

10.4.3  SQUAIE-WAVE OULPUL ....oeiieiiiiiiiiee et e e et e e e e e e e e e e e e e e s e e e e e e n e e e e e e sennneeeeeas 237

10.4.4  PWM OULPUL OPEIALIONS .iiieiiiiiiiieiiie ettt ettt ettt e et e e 239

10.5 Cautions on 8-bit Timer/Event Counters 5 and 6  .....ooooiiiieiiiiiiee e 242
CHAPTER 11 WATCH TIMER ..ottt ettt e e e e e e ettt e e e e e e e e e e e et neeeeees seeeas 245
11.1  Watch TIMEr FUNCLIONS oottt ettt e e et e e e s st e e e e anbb e e e e e snbeeeeeaan 245
11.2 Watch Timer Configuration  .....ooouieiiiiiii et e e 246
11.3 Watch Timer Control REGISIEIS  ..eeeiiiiiiiiiiee ittt e e e 247
11.4 Watch Timer OPEIatiONS  ..uuveiiiiiieeei i ittt et e e e e e e e e e e e e e e e e e s e s aea e e e eeaaeaaeseaannrnenees 250
11.4.1  WatCh tIMer OPEIATION ....viiiieieiiee ettt e e e e s 250

11.4.2  INterval tiIMer OPEIALION .....c.ueieiiiie ettt ettt e e e e e e neneas 250

18



CHAPTER 12 WATCHDOG TIMER ... . 251

12.1 Watchdog Timer FUNCHIONS  ...oiiiiiiiiiiiiitii ettt e e e e e e e e 251
12.2 Watchdog Timer ConfigUIation  ....oooiiiiiiiieiiiii et e e 253
12.3 Watchdog Timer Control REQISIEIS  ..oiiiiiiiiiiieee e 254
12.4 Watchdog Timer OPEIAtiONS  ...coiiiiiiiiiiitiie ettt e et e e e e b eea e 257
12.4.1  Watchdog timer OPEIratiON .......c..iiiiiiiiiiii et 257

12.4.2  INterval tiMer OPEIATION .....c.ueieiiiie ettt ettt ettt ettt e et e e at e e e et eeene e e e nneeas 258
CHAPTER 13 CLOCK OQUTPUT CONTROL CIRCUIT ...etiiiiiiiieeeee et e ae e e e e eneees 259
13.1 Clock Output Control Circuit FUNCLIONS .ooiiiiiiiiiieee e 259
13.2 Clock Output Control Circuit Configuration  ........cceeiiiiiiiiie e 260
13.3 Clock Output Function Control REQISIEIS  ..eeiiiiiiiiiiie e 261
CHAPTER 14 BUZZER OUTPUT CONTROL CIRCUIT ..oiiiiiiiiiiiieee et 265
14.1 Buzzer Output Control Circuit FUNCLIONS  .oiiiiiiiiiiicce e 265
14.2 Buzzer Output Control Circuit Configuration ... 265
14.3 Buzzer Output Function Control REQISIEIS ..o 266
CHAPTER 15 A/D CONVERTER ....ooiiiiiiiiiie ettt ettt e ettt e e e et e e e e e nntae e e e e nnee seee 269
15.1 A/D CoNnverter FUNCLIONS  ...ooiiiiiiiiiiiiiiiiei ittt e e e e e e e e e ettt e e e e e e e e e e e s annnneeeeeeees 269
15.2 A/D Converter ConfigUuration  ....ouiiiiiiiiiiiie et e e 269
15.3 A/D Converter Control REQISIEIS i e e e e 273
15.4  A/D CoONVErter OPEIAtIONS  ....eeiiiiiiiiieeiitiiiee ettt e ettt e et e e et b et e e s st e e e e e s abb e e e e s sbeeeeeean 277
15.4.1 Basic operations Of A/D CONVEITET .......cuiiiiiiiiiiieie ittt 277

15.4.2 Input voltage and CONVErsSiON FESUILS ........cciuiiiiiiiiiiiie et 279

15.4.3 A/D converter OpPerating MOTE .........oioiuiieiiiieiii ettt 280

15.5 A/D CONVEIEr CAULIONS  .oeiiiiiiieieeiii ittt et e e e e e e e e ettt et aeeeeeesaaaanbesaeeeeeaaeaeeaeaannnnseeeeeees 282
CHAPTER 16 D/A CONVERTER ....oiiiiiiiiiiiie ettt e e e e e ettt e e e e e e e e e e e et eeaaean cees 287
16.1 DJ/A CoNnVerter FUNCLIONS  ...ooiiiiiiiiiiiiiiiei it e ettt e e e e e e e e e ettt e e e e e e e e e e e s annnneeeeeeees 287
16.2 DI/A Converter Configuration  .......oooiiiiiiiiiiie e a e 288
16.3 DJ/A Converter Control REJISTEIS ..ot 290
16.4 Operations Of D/A CONVEITEE oottt e b e e et e e e 291
16.5 Cautions Related t0 D/A CONVEIEI  ..oiiiiiiieiiiiiiee ettt eee e e st e e e s snbeeeaeaan 292
CHAPTER 17 SERIAL INTERFACE CHANNEL O ( UPD78070A) ...uuitiiiiiieieeeeeee e a e e 293
17.1 Serial Interface Channel 0 FUNCLIONS  ..eiiiiiiiiiiii ettt 294
17.2 Serial Interface Channel 0 Configuration ... 296
17.3 Serial Interface Channel 0 Control REQISIEIS  ...ooiiiiiiiiiiie e 300
17.4 Serial Interface Channel 0 OPEerationS  ....ooiiieeeiiii i 307
17.4.1  Operation S0P MOUE .....oiiiiiieiiiii ettt e et e et s e et e e e s 307

17.4.2  3-wire serial 1/0 MOode OPEIAtION ........coiueiiiiiiieiiee et 308

17.4.3  SBI MOAE OPEIATION ..ooutiieiiiieeiiie ettt ettt et e ettt e ssbe e e e bt e e nte e e snbe e e e bbeeeneeeennneas 312

17.4.4  2-wire serial 1/0 MOde OPEIATION ........coiuieiiiii et 338

17.4.5 SCKO/P27 Pin oUtPUL MANIPUIATION ..o.vveiiiiiieeiee et 343
CHAPTER 18 SERIAL INTERFACE CHANNEL O ( UPD78070AY) ..uutiiiiiiiieeeeeaeieieiiiiieeee e e e e e e 345
18.1 Serial Interface Channel 0 FUNCLIONS ..o 346

19



18.2 Serial Interface Channel 0 Configuration  .........oooiiiiiiiiieeceee e 348
18.3 Serial Interface Channel 0 Control REJISIEIS  ..ooiiiiiiiiiiiiiee e 352
18.4 Serial Interface Channel 0 OPerationS  .......ocuiiiiiiiiiiie e 360
S o R @ T o T=Y =N d o] I3 (] o N 4T Lo [PPSR 360

18.4.2  3-wire serial /0O MOde OPEIAtION ........coiuieiiiiieiiei et 361

18.4.3  2-wire serial 1/0O MOde OPEIALION ........coiuieiiiiiieiiee e 365

S A L O o 10 o g ToTo [N o] o 1T - Vo o U OTRT 370

18.4.5 Cautions on USe Of [2C DUS MOUE .....coiiiiiiiiiiieitie et 388

18.4.6  ResStrictions iN 12C DUS MOGE .....oiiiiiiiiiiiiiieiee et 391

18.4.7 SCKO/SCL/P27 PN OUtPUL MAaNIPUIBTION ...eeiiiiiiiiiie e 393
CHAPTER 19 SERIAL INTERFACE CHANNEL 1 ..ooiiiiiiiiiiiti e 395
19.1 Serial Interface Channel 1 FUNCHONS  ...cviiiiiiiiiiiiciie e 395
19.2 Serial Interface Channel 1 Configuration ... 396
19.3 Serial Interface Channel 1 Control REQISIEIS  ...oiiiiiiiiiiiieee e 398
19.4 Serial Interface Channel 1 OPeratiOnS  ....oociieeiiiiiiiiieeee e 405
19.4.1  OPEeration STOP MOUE .....oiiiiiiiiiiie ettt e et s e e s e ane e e s 405

19.4.2  3-wire serial /0O MOde OPEIAtION ........coiuiiiiiiiieiiee et 406

19.4.3 3-wire serial /0 mode operation with automatic transmit/receive function .............c......... 409
CHAPTER 20 SERIAL INTERFACE CHANNEL 2 ..ottt 437
20.1 Serial Interface Channel 2 FUNCLONS ..o 437
20.2 Serial Interface Channel 2 Configuration  ........c.oooiiiiiiiiieie e 438
20.3 Serial Interface Channel 2 Control REQISIErS  ....ooiiiiiiiiiii e 441
20.4 Serial Interface Channel 2 OPEeration  ........eeeiiiiieoiii e e e 449
20.4.1  Operation StOP MOGE .......oiiiuiieiiiii ettt ettt e et e et e nnn e e e nereeeaneee e 449

20.4.2 Asynchronous serial interface (UART) MOUE ......oviiiiiiiiiiieiiiieeec e 451

20.4.3  3-Wire Serial /O MOUE ........cciiiiiiiiiiii et 464

20.4.4 Restrictions on USING UART MO .......cccuiiiiiiiiiiiieiiee et 471
CHAPTER 21 REAL-TIME OQUTPUT PORT ... e e e e e e e eeneennnnnes 475
21.1 Real-time OUutput POrt FUNCLIONS  ..oiiiiiiiiiiiie ettt 475
21.2 Real-time Output Port Configuration  ........oiiiiiiiiiieiiei e 475
21.3 Real-time Output Port Control REQISIEIS  ..iiiieeiiii e 477
CHAPTER 22 INTERRUPT FUNCTIONS AND TEST FUNCTIONS ..o 479
22.1  INTErrUPt FUNCLION TYPES  coreiiiiiiiiiee i ittt e e e e e s e e e e e e e e e e e s e e st e e e e e e e e s e s annaareeneeees 479
22.2 Interrupt Sources and CoNnfigUration  ........oiiiiiiiiii e 480
22.3 Interrupt Function Control REQISIEIS i 484
22.4 Interrupt Servicing OPEratiONS  ....ccoiiiiiiiiiiiiiiie e e e e e e s e e e e e e e e e e 493
22.4.1 Non-maskable interrupt request acknowledge Operation............ccccovvveeriiieiiiec e 493

22.4.2 Maskable interrupt request acknowledge OPeration ..........cccocvveieeieiiiieesiiie e 496

22.4.3 Software interrupt request acknowledge OpPeration ...........ccoccveerieieiiieeeriie e 498

22.4.4  MUtiple INtEITUPTL SEIVICING .. .veiiiiiieiiie ettt ettt e et 499

22.4.5  INEITUPE FEQUEST TESEIVE .....eeiiiiiie it ettt ettt e e e e e e e e e e e e e e e e 502

22.5  TESE FUNCHONS ootttk et e et e st e e e e e b e e e nareeen 503
22.5.1 Registers controlling the test fUNCLION ..........ciiiiiiii e 503

22.5.2 Test input signal acknowledge OPEeration ...........ccccooeeiiiiiieniiie e 504

20



*

CHAPTER 23 EXTERNAL DEVICE EXPANSION FUNCTION .....coooiiiiiiiiiiiiiieeiiieen e 505

23.1 External Device EXpansion FUNCLONS ...t 505
23.2 External Device Expansion Function Control RegiSter ..o 506
23.3 External Device Expansion FUNction TIMING  ....ooooiiiiiiieiieee e 508
23.4 Example of Connection With MEMOIY ..o 513
CHAPTER 24 STANDBY FUNCTION ....ciiiiiiiiiieiiiiiie ettt 515
24.1 Standby Function and Configuration ... 515
24.1.1  StanNdDY FUNCLION ...coiiiiiiii ettt e e e naee 515
24.1.2 Standby fuNCtion CONEIOl FEOISIET .....uvviiiiiiiiiiie e ebrae e 516
24.2  Standby FUNCHON OPEIratiONS  ...ooiiiiiiiiiiiii e 517
P S R o 1 R O 1T Yo [ SRR 517
24.2.2  STOP IMOUE ...ttt ettt ettt b et b e ettt ettt e s s 520
CHAPTER 25 RESET FUNGCTION L.ttt e e e e e 523
25.1 RESEE FUNCHION  ..oiiiiiiiiiii ettt et e et e b e e naree e 523
CHAPTER 26 INSTRUGCTION SET ...ttt ettt ettt e st e s e e e e e 529
26.1 Legends Used in Operation LISt ......cccciiiiiiiiiee et e et e e e e 530
26.1.1 Operand identifiers and description Methods ...........cccooviiiiiiiiiiii e 530
26.1.2 Description of “Operation” COIUMM ..ottt 531
26.1.3 Description of “flag operation” COIUMN .........ouiiiiiiiii e 531
26.2  OPEIAtiON LIST oottt 532
26.3 Instructions Listed by Addressing TYPE oooriiiiiiiiieiiiiee ettt 540
APPENDIX A DIFFERENCES BETWEEN uPD78078, 78075B SUBSERIES, AND uPD78070A ...... 545
APPENDIX B DEVELOPMENT TOOLS ..ottt 547
B.1 Language ProcesSing SOMWAIE  ......cooiiiiiiiiiiiiiiie et e e 550
B.2  Debugging TOOIS ..o 552
B.2. 1 HAIOWAIE ..ottt b et b ekttt 552
B.2.2  SOIWAIE ...ttt 554

B.3 Upgrading from In-circuit Emulator for 78K/0 Series to
In-circuit Emulator IE-78001-R-A oot 556
APPENDIX C EMBEDDED SOFTWARE .....ooiiitiiiiiiitit ettt ettt 561
APPENDIX D REGISTER INDEX ..ottt ettt ettt e e e e e eeeas 563
D.1  RegiSter NAME INUEX  ...oiiiiiiiiiiiiitei ettt e e et e e e s abaeeeeeaae 563
D.2  Register SYMDOI INAEX  ..uvviiiiiiiiieeii it e e e e e e e e e e e e 566
APPENDIX E  REVISION HISTORY ..ottt ettt a e aaen s 569

21



[MEMO]

22



LIST OF FIGURES (1/8)

Figure No. Title Page
3-1 List of Pin INPU/OULPUL CIFCUILS ....veeiiiiiiiiiie ittt 68
4-1 List of Pin INPU/OULPUL CIFCUILS ....veiiiiiiiiiiie ittt ettt e b e e et e nnee 84
5-1 LT g gL VALY, =T o PRSP PRP PP 87
5-2 Data MemOrY AGUrESSING ..ooiviiiiiiie ettt ettt et e et e et e e e arte e e snbeeeabeeeeanteeesnnes 90
5-3 Program Counter Format 91
5-4 Program Status WOrd FOIMAL.........coiiiiiiiiieiiiie ettt 91
5-5 STACK POINLET FOIMAL ...ttt ettt et 93
5-6 Data to be Saved t0 StaCk MEMOIY .......cocuiiiiiiieiiiie et 93
5-7 Data to be Reset from Stack MEMOIY ........ociiiiiiiiiiiiiie e 93
5-8 General Register CONfIQUIALION ........cooiiiiiiiiie ettt e e e neeeens 94
6-1 P O Ty P ittt e e ns
6-2 Block Diagram of POO @nd PO7 ......ccoouiiiiiiieiiiee ettt ettt ee e e e aneee e
6-3 Block Diagram Of POL t0 POB ........eeiiiiiiiiiieiiiie ettt
6-4 Block Diagram Of PLO t0 PL7 ...cociiiiiiiiiiiie ittt
6-5 Block Diagram of P20, P21, P23 to P26
6-6 Block Diagram 0f P22 and P27 ..ottt
6-7 Block Diagram of P20, P21, P23 to P26
6-8 Block Diagram Of P22 @nd P27 ......cooiuiiiiiiiii ettt
6-9 Block Diagram 0f P30 t0 P37 ...ttt
6-10 Block Diagram 0f P60 t0 PB3 ........ooiiiiiiiiiieiiiie ettt
6-11 BIOCK DIagram OF PB6 .........coiiuiiiiieiiiiiiiei ettt ettt ettt e et e e e s e e e
6-12 BIOCK DIagram Of P70 .......oiiiiiiiiiiie ettt
6-13 Block Diagram of P71 @nd P72 ......ccooiiiiiieiiie ettt
6-14 Block Diagram 0Of PO0 10 PO3 ...ttt
6-15 Block Diagram Of P4 10 PO6 ........eiiiiiiiiiiie ettt
6-16 Block Diagram of P100 and PLOL .......ociiuiiiiiiiieiiii ettt
6-17 Block Diagram of P102 and PLO3 ........eoiiiiiiiiiiieeiiiiie ettt
6-18 Block Diagram 0f PL20 10 PL27 .....ooiiiiiiiiiie ettt
6-19 Block Diagram of P130 and PL3L .......oiiiiiiiiiiiieiiieeiie et
6-20 Port Mode Register Format ..............cc.......

6-21 Pull-up Resistor Option Register Format

7-1 Block Diagram Of CIOCK GENEIALON .........ciiiiiiiiiiiiei it 140
7-2 Subsystem Clock Feedback Resistor 141
7-3 Processor Clock Control RegisSter FOIMAL ........cooiiiiiiiiiiiiieeiiit e 142
7-4 Oscillation Mode Selection RegiSter FOIMAL .........cooiuiiiiiiiiiiiiiiee e 144
7-5 Main System Clock Waveform due to Writing t0 OSMS .......ccviiiiiiiiiiieie e 144
7-6 External Circuit of Main System Clock OSCIllator ...........occviiiiiiiiiie e 145
7-7 External Circuit of Subsystem Clock OSCIlAtOr ............ccoiiiiiiiiiiiie e 146
7-8 Examples of Oscillator with Bad CONNECLION ..........ciiiiiiiiiiiiiie e 147

23



LIST OF FIGURES (2/8)

Figure No. Title Page
7-9 Main System CIOCK StOP FUNCLION ......oiiiiiiiiiiiieiiit e 150
7-10 System Clock and CPU CIOCK SWItCRING .....cciouiiiiiiiieiiiieiee et 153
8-1 16-bit Timer/Event Counter BIOCK DIagram ..........ccooiiiiiiiieiiiieiiee e 160
8-2 16-bit Timer/Event Counter Output Control Circuit Block Diagram ...........cccevcvverinieiniiennnns 161
8-3 Timer Clock Selection RegiSter O FOIMAL .......coiuuiiiiiiiiiiiie et
8-4 16-bit Timer Mode Control Register Format .........

8-5 Capture/Compare Control Register 0 Format
8-6 16-bit Timer Output Control Register Format
8-7 Port Mode ReQIStEr 3 FOIMAL .......vviiiiiiiiiie ittt
8-8 External Interrupt Mode Register O FOIMAL ......ccooiiiiiiiiiiiiieeii et
8-9 Sampling Clock Select RegiSter FOIMAL .......ccoiuuiiiiiiieiiiie e
8-10 Control Register Settings for Interval Timer OPeration ............ccoeeiveeiiireeiiiee e 172
8-11 Interval Timer Configuration DIAGIAIM .........cccuiiiiiiiiiiiie e 173
8-12 Interval Timer OpPeration TIMINGS .....oueee ittt ee e ee et e e e e b e e s teeeenneeeennees 173
8-13 Control Register Settings for PWM Output OPeration ..........ccocveeiiiieiiiieeniiee e 175
8-14 Example of D/A Converter Configuration with PWM OUIPUL .......c.ceeviiiiiiiiiiiiieiieceiee 176
8-15 TV Tuner Application Circuit EXample .........oooiiiii e 176
8-16 Control Register Settings for PPG Output OPeration ...........coccuvierieieiiiieeniieesieee e 177
8-17 Control Register Settings for Pulse Width Measurement with Free-running Counter

aANd ONE CaptUre REGISTEI ....cii ittt e e e e e e et e e e s nnees 178
8-18 Configuration Diagram for Pulse Width Measurement by Free-running Counter ................. 179
8-19 Timing of Pulse Width Measurement Operation by Free-running Counter and

One Capture Register (with Both Edges Specified) ... 179
8-20 Control Register Settings for Two Pulse Width Measurements with

Free-runNiNg COUNTET ....coiiiiiiiee ettt ettt ettt e et e b e e e st e e e 180
8-21 Timing of Pulse Width Measurement Operation with Free-running Counter

(with Both EAQES SPECITIEA) ...eveiiiiiieiiii ettt 181
8-22 Control Register Settings for Pulse Width Measurement with Free-running Counter

and TWO Capture REGISTEIS ....coi ittt e e et e e e e 182
8-23 Timing of Pulse Width Measurement Operation by Free-running Counter and

Two Capture Registers (with Rising Edge Specified) .........cccviiiiiiiiiiie
8-24 Control Register Settings for Pulse Width Measurement by Means of Restart
8-25 Timing of Pulse Width Measurement Operation by Means of Restart

(with RiSINg EAge SPECITIEA) ....vviiiiiieiiiie e
8-26 Control Register Settings in External Event Counter Mode
8-27 External Event Counter Configuration Diagram ..........ccccooveeiiiiioniieeiiniee e
8-28 External Event Counter Operation Timings (with Rising Edge Specified)
8-29 Control Register Settings in Square-wave Output Mode ..........cccoooiiiiiiiiiiiiene e
8-30 Square-wave Output OPeration TIMING .........coiiriiiiiieie e
8-31 Control Register Settings for One-shot Pulse Output Operation Using Software Trigger ... 189
8-32 Timing of One-shot Pulse Output Operation Using Software Trigger ..........ccccveeeiiiiieeeaennns 190
8-33 Control Register Settings for One-shot Pulse Output Operation Using External Trigger .... 191

24



Figure No.

LIST OF FIGURES (3/8)

Title Page

8-34

8-35
8-36
8-37
8-38

9-1
9-2
9-3
9-4
9-5
9-6
9-7
9-8
9-9
9-10
9-11
9-12
9-13
9-14
9-15
9-16

10-1
10-2
10-3
10-4
10-5
10-6
10-7
10-8
10-9
10-10
10-11
10-12
10-13
10-14
10-15
10-16
10-17
10-18
10-19

Timing of One-shot Pulse Output Operation Using External Trigger
(with RisiNg Edge SPEeCIfied) ......coiiiiiiiiiieiiie e
16-bit Timer Register Start Timing
Timings After Change of Compare Register during Timer Count Operation

Capture Register Data Retention TiMING .......ooueiiieiiiiiiiiee e
Operation TiMING Of OVFO FIAQ ...iveeiiiiiiiiiiie ittt e e
8-bit Timer/Event Counters 1 and 2 BIOCK Diagram ..........ccccovuiiiiirieiiiieiniieesiee e 202
Block Diagram of 8-bit Timer/Event Counter Output Control Circuit 1 ..........cccceeviiieiiiienns 203
Block Diagram of 8-bit Timer/Event Counter Output Control Circuit 2 ..........cccceevivveiiiiennns 203
Timer Clock Select RegiSter 1 FOIMAL ......cocuviiiiiiiiiieciii et 206
8-bit Timer Mode Control RegiSter 1 FOIMAL......ccciuviiiieieiiieeeiiie et ieeeesiiee e e e 207
8-bit Timer Output Control Register FOMAL ..........ccviiiiiiiiiiieeee e 208
Port Mode ReQIStEr 3 FOIMMAL ......oiiiiiiiiiiee ettt e e e e e e et e e e e e nnnaeeeae s 209
Interval Timer OPeration TIiMING . ....cueie ettt e et e et e e et e e snteeeateeeenneeeeeneeas 210
External Event Counter Operation Timings (with Rising Edge Specified) ..........c.cocevinrenne 213
Square-wave Output OPeration TIMING ........ccoiiriaiiieiiee e 215
Interval Timer OPeration TIMING ......coo e e e e e abeeeeas 216
External Event Counter Operation Timings (with Rising Edge Specified) .........cccocevnienne. 218
Square-wave Output Operation TIMING .......ccccoovieiiiiiiie e

8-bit Timer Registers 1 and 2 Start Timing

External Event Counter Operation TiMING ......oeoiieioiiiieiiiie e
Timing after Compare Register Change during Timer Count Operation .........c.cccccoevvveerneen. 222
8-bit Timer/Event Counters 5 and 6 BIOCK Diagram ..........ccccoeuiiiiiiiiiiiiciniieeeiee e 226
Block Diagram of 8-bit Timer/Event Counters 5 and 6 Output Control Circuit..................... 227
Timer Clock Select RegiSter 5 FOIMAL .........coiiiiiiiiiiiaiiiiiii e 228
Timer Clock Select RegiSter 6 FOIMAL ........ccuvviiiiiiiiiiciiee e 229
8-bit Timer Output Control Register 5 FOrMAL ..........ccoiviiiiiiiiiiicic e 230
8-bit Timer Output Control Register 6 FOrMAL ..........ccuviiiiiiiiiiiiee e 231
Port Mode RegiSter 10 FOIMAL .....c.ciiiiiiiiieeiieiie ettt e et e e e e e e e e e ananeeeens 232
8-bit Timer Mode Control Register Settings for Interval Timer Operation ..............cccceveveenne 233
Interval Timer Operation Timings

8-bit Timer Mode Control Register Setting for External Event Counter Operation .............. 236
External Event Counter Operation Timings (with Rising Edge Specified) ............cccevinienee 236
8-bit Timer Mode Control Register Settings for Square-wave Output Operation ................. 237
Square-wave Output Operation Timing

8-bit Timer Control Register Settings for PWM Output Operation ...........cccceevveveiriieenineens 239
PWM Output Operation Timings (Active high Setting) .......ccceviiiiiiiiiiie e 240
PWM Output Operation Timings (CRn0 = 00H, active high setting) .........ccccovvviveeiiiiinnenn. 240
PWM Output Operation Timings (CRn0 = FFH, active high setting) ........ccccccoevvvieiiiiinne.n. 241
PWM Output Operation Timings (CRnO changing, active high setting) ...........ccccccoeviiiieee.n. 241
8-bit Timer Registers 5 and 6 Start TIMINGS .......coiiiiiiiiiieiiie e 242

25



LIST OF FIGURES (4/8)

Figure No. Title Page
10-20 External Event Counter Operation TiMINGS ......oooiiiiiiiieiieie et 242
10-21 Timings after Compare Register Change during Timer Count Operation...........c.cccccvverneee. 243
11-1 Watch Timer BIOCK DIBGFIAIM .......uvviiiiiiiiiiiee ettt 247
11-2 Timer Clock Select RegISter 2 FOMAL ......cocuviiiiiiiiiie e 248
11-3 Watch Timer Mode Control Register FOMMAL .........coouuviiiiiiiiiiieiieee e 249
12-1 Watchdog Timer BIOCK DIGQIam .....c.cuuiiiiiiiiiiii ettt 253
12-2 Timer Clock Select RegISter 2 FOMMAL ......ccouiiiiiiieiiie e 255
12-3 Watchdog Timer Mode Register FOMMAL ..........coiiiiiiiiiiiiic e 256
13-1 Remote Controlled Output Application EXample .........cccooueiiiiiiiiiiieiee e 259
13-2 Clock Output Control Circuit BIOCK Diagram .........cccoioiiiiiiieiiiieiieie e 260
13-3 Timer Clock Select Register O FOMMAL ......cccuiiiiiiiiiiiec e 262
13-4 Port Mode ReQISTEr 3 FOIMMAL ...ccuuiiiiiiie ettt sttt e s e e tee e e aneeeennees 263
14-1 Buzzer Output Control Circuit BIOCK DIagram .........coccvveiiiiiiiiiiciiie e 265
14-2 Timer Clock Select RegiSter 2 FOIMAL .........ooiiiiiiiiiiieiiiiiei et e e 267
14-3 Port Mode ReQIStEr 3 FOIMMAL .......viiiiiiieiiie et 268
15-1 A/D Converter BIOCK DIAQIamM .......coiiiiiiiiiiiiii ettt e aabaee e 270
15-2 A/D Converter Mode RegiSter FOIMAL .......coiviiiiiiiiiiiiii et 274
15-3 A/D Converter Input Select Register FOrMAL .........coovviiiiiiiiiiiciieeccee e 275
15-4 External Interrupt Mode RegiSter 1 FOIMAL .........cooiiiiiiiiiiiiiiiiee e 276
15-5 A/D Converter BasiC OPEIatiON .......ccuuiiiiiieiiiieiiiie ettt 278
15-6 Relationships between Analog Input Voltage and A/D Conversion Result...........cccccocvveenee 279
15-7 A/D Conversion By HardWare STArt ... 280
15-8 A/D Conversion by SOftWAre STAI ........cccvoiiiiiiii s 281
15-9 Example of Method of Reducing Current Consumption in Standby Mode ...........cccccoecvveennne 282
15-10 ANalog INPUt PiN DISPOSITION ....ciiiiiiiiiiiiiiiiiiiie ettt e e e e e e e e e e 283
15-11 A/D Conversion End Interrupt Request Generation TimiNg .......ccccoovveriiiiiiieeeiiiee e 284
15-12 AVDD PiN HANAING ...ttt 285
16-1 D/A Converter BIOCK DIBGIAIM .......oiiiiiiiiiiie ettt 288
16-2 D/A Converter Mode RegiSter FOIMAL ........cooviiiiiiiiiiiie et 290
16-3 Use Example of BUffer AMPIIfIEr ... 292
17-1 Serial Bus Interface (SBI) System Configuration EXample ..........ccccciiiiiiiiiiiiiiciiieecneeee 295
17-2 Serial Interface Channel 0 BIOCK DIagram .........ccoiiuieiiiieiiiieesiiee s iree e 297
17-3 Timer Clock Select RegiSter 3 FOMAL ......cocuviiiiiiiiiieeie e 301
17-4 Serial Operating Mode RegisSter 0 FOIMAL ..........cooiiiiiiiiiiiiieeiee e 303
17-5 Serial Bus Interface Control RegiSter FOMMAL........cc.ooviiiiiiiiiiiiee e 304
17-6 Interrupt Timing Specify RegiSter FOIMAL .........coiiiiiiiiieiie e 306

26



Figure No.

LIST OF FIGURES (5/8)

Title Page

17-7

17-8

17-9

17-10
17-11
17-12
17-13
17-14
17-15
17-16
17-17
17-18
17-19
17-20
17-21
17-22
17-23
17-24
17-25
17-26
17-27
17-28
17-29
17-30
17-31
17-32
17-33
17-34

18-1
18-2
18-3
18-4
18-5
18-6
18-7
18-8
18-9
18-10
18-11
18-12
18-13
18-14

3-wire Serial /O MOAE TIMINGS «oiiiiiieiiiieiiiie ettt e e
RELT and CMDT OPEIALIONS ...ccuvieiiiiieiiiie ettt ettt e e e e e
Circuit of Switching in Transfer Bit Order .....................

Example of Serial Bus Configuration with SBI
SBI Transfer TIMINGS ....oeooiiiieiiiiei et e e e et e e e nnree s
BUS REICASE SIGNAI ... .eiiiiiiiiiiiieie et
Command Signal .....................
AGAIESSES ..ttt h ettt n
Slave Selection With AQAIESS ........ocvii i

ACKNOWIEAGE SIGNAI ..ttt ettt et e et e e et e e eneeeenneeeean

BUSY and READY SIGNAIS .....ooiiiiiieiiiieie ettt

RELT, CMDT, RELD, and CMDD Operations (Master) ......cccceeeeiiiiiiieeeiiiiiiee e eiiiiee e 324
RELD and CMDD Operations (SIAVE) .......uiiiiiieiiiieiiiieeiiiee ettt tee e aneee e 324
ACKT OPEIALION .tttk t e et e et e e bt e e bttt e s s e e e et e e nnn e e e nnneeeas 325
ACKE OPEIALIONS ....ttieiiiiie ittt ettt et e ettt as et e st e et e e e e e as 326
ACKD OPEIALIONS ...ttt ettt ettt e ettt e e e e ettt e e e e e bbb et e e e s sbbb e e e e e asnnbreeeeeaan 327
BSYE Operation
Pin Configuration

Address Transmission from Master Device to Slave Device (WUP = 1) .....cccccceeiiiiiiiiiennnns 332
Command Transmission from Master Device to Slave DeVICe .........cccoveiiieiiiiiiiniiic e 333
Data Transmission from Master Device t0o Slave DeVICe ........ccccovvveiiiiieiiiiiiiiee e 334
Data Transmission from Slave Device t0 Master DeVICE .........coovuuieiiiiiiiiiiieeiiiiiece e 335
Serial Bus Configuration Example Using 2-wire Serial 1/O MOde ..........cccoovieiiiiiiiiieeniiieens 338
2-wire Serial /O MOAE TIMINGS «.iiitiieiiiieiiiie ettt e e e 341
RELT and CMDT OPEIALIONS .....eiieiiiiiiiiaeeaiittiee e ettt et e ettt e e et e e e e e e abbn e e e e s annneeeaeas 341
SCKO/P27 Pin CONFIGUIRALION ...t 343

Serial Bus Configuration Example USING 12C BUS .....coccuviiiiieiiiiieiiiie e
Serial Interface Channel 0 BIOCK DIagram .........ccoiiiioiirieiiiieesiie e
Timer Clock Select RegiSter 3 FOIMAL ......ccccuviiiiiiiiiie e
Serial Operating Mode Register 0 Format ....................
Serial Bus Interface Control Register FOrMAL...........coooviiiiiiiiiiiic e
Interrupt Timing Specify RegiSter FOIMAL .........ooiiiiiiiiieiieee e
3-wire Serial /O MA@ TIMINGS ..iiiutiieiiiieiiiiee ittt ettt e e e e st e e s bee e e snbeeeanbeeeans
RELT and CMDT OpPerations ........cccucvvernveeiiireeenniieennns
Circuit of Switching in Transfer Bit OrAer ..o
Serial Bus Configuration Example Using 2-wire Serial /O Mode
2-wire Serial /O MOAE TIMINGS ..iiiutiieiiiieeiii ettt e e
RELT and CMDT OPEIALIONS ...ciuvieiiiiieiiiieaitite ettt ettt ettt e st e e e
Example of Serial Bus Configuration UsSiNg I2C BUS .......ccuuiiiiiiiiiiieiiee e
12C Bus Serial Data Transfer TiMiNg ........covoiiieiiiiei e

27



Figure No.

LIST OF FIGURES (6/8)

Title Page

28

18-15
18-16
18-17
18-18
18-19
18-20
18-21
18-22

18-23

18-24
18-25
18-26
18-27
18-28
18-29

19-1
19-2
19-3
19-4
19-5
19-6
19-7
19-8
19-9
19-10

19-11
19-12
19-13
19-14
19-15
19-16
19-17
19-18
19-19
19-20
19-21
19-22

19-23

= L A O o T o 11 To T o PSPPSR
o [0 | (=3]SR
Transfer Direction Specification

ACKNOWIEAGE SIGNAI ..ttt
S100] e J@Zo] s To 11 0] o H U TP T ST PPPRPUPRP PRSP
{0 LS o g T PSSP UUPR
Pin Configuration
Example of Communication from Master to Slave

(with 9-clock wait selected for both master and SIave) .........ccocveeiiiiiiie e 381
Example of Communication from Slave to Master

(with 9-clock wait selected for both master and slave) .............cccoiiiiiiiiiiiie 384
Start CONAItIoN OULPUL ...eeiueiieiiiie ettt e et e e st e e nne e e e anteeesneeeennneeeanneeeans 388
Slave Wait Release (TranSMISSION) ....c.uiiiiirieiiiie ettt 389
Slave Wait Release (RECEPLION) ....eiiiiiiieiiiie e 390
SCKO/SCL/P27 PiN CONfIGUIALION ... 393
SCKO/SCL/P27 Pin CONFIGUIALION .......cvoevoseeeeeeeeeeeee e 394
Logic Circuit of SCL SIgNal.......cccociiiiiiiiii s 394

Serial Interface Channel 1 Block Diagram
Timer Clock Select Register 3 Format ..................
Serial Operation Mode Register 1 Format

Automatic Data Transmit/Receive Control Register FOrmat ..........ccccccevvviiiiieniiieniieecieenn 400
Automatic Data Transmit/Receive Interval Specify Register Format .........c.ccccevvviiiiiiinnen. 401
3-wire Serial 1/O MO TIMINGS ....uviiiiiiiiiiiii et e e et e e e s e e e e e e e annees 407
Circuit of Switching in Transfer Bit OFAer ..........ccooiiiiiiiiie e 408
Basic Transmission/Reception Mode Operation TiMiNgS ......cccccooereiiiieiriiieniee e 416
Basic Transmission/Reception Mode FIOWChart ... 417

Buffer RAM Operation in 6-byte Transmission/Reception

(in Basic TransSmMit/RECEIVE MOUE) ....ccuviiiiiiiiiieieeee et
Basic Transmission Mode Operation TiMINGS .......ocuueiieiiiiiiiieee e
Basic Transmission Mode FIOWCRHAIT ..........coiiiiiiiiiiiiic e
Buffer RAM Operation in 6-byte Transmission (in Basic Transmit Mode) ............cccccecvrenee
Repeat Transmission Mode Operation Timing

Repeat Transmission Mode FIOWCHAI ...........cviiiiiiiiiic e
Buffer RAM Operation in 6-byte Transmission (in Repeat Transmit Mode) ...........ccccveenee.
Automatic Transmission/Reception Suspension and Restart ..........ccccoovvieiieniiieiee e,
System Configuration when the Busy Control Option is Used ..................

Operation Timings when Using Busy Control Option (BUSYO = 0)

Busy Signal and Wait Cancel (When BUSYO0 = 0) ......ouiiiiiiiiiiiiiiiiiieee e
Operation Timings when Using Busy & Strobe Control Option (BUSYO = 0).....cccceeveeeenneee.
Operation Timing of the Bit Slippage Detection Function through the Busy Signal

(WHEN BUSYO = 1) 1otttk b et b ettt et nne e 433
Automatic Data Transmit/Receive INterval ... 434



Figure No.

LIST OF FIGURES (7/8)

Title Page

19-24

20-1
20-2
20-3
20-4
20-5
20-6
20-7
20-8

20-9

20-10
20-11

20-12
20-13
20-14
20-15

21-1
21-2
21-3
21-4
21-5

22-1
22-2
22-3
22-4
22-5
22-6
22-7
22-8
22-9
22-10
22-11
22-12
22-13
22-14
22-15

Operation Timing with Automatic Data Transmit/Receive Function
Performed by INtErNal CIOCK ......c.uviiiiiiiii et 435

Serial Interface Channel 2 BIOCK DIagram .........ccouuiiiiirieiiiieesiie e
Baud Rate Generator BIOCK DIiAQram .........cooviiiiiiiiiiiieiiiee ettt
Serial Operating Mode RegiSter 2 FOIMMAL .........ccoiiiiiiiiieiiiie et
Asynchronous Serial Interface Mode Register Format
Asynchronous Serial Interface Status Register Format
Baud Rate Generator Control RegiSter FOrMAt .........cceveiiuieeiiiieiiie e

Asynchronous Serial Interface Transmit/Receive Data Format...........c.cccocoiviiiiiiiniiecnnn, 458

Asynchronous Serial Interface Transmission Completion Interrupt Request

(CToT LT =N do) T T 11 o USSP TSRS 460
Asynchronous Serial Interface Reception Completion Interrupt Request

GENETALION THMING -eeteittieeiti ettt b e ettt e et e s bb e e e st e e e nsbe e e s nneeeanneeena 461
RECEIVE EITOI TIMIMNG .eeeieiiiiieiiiie ettt ettt e et e sttt e e sste e e st e e et e e e aneeeesnteeessnneeeanaeeennee 462
State of Receive Buffer Register (RXB) when Receive Operation is Stopped and

Whether Interrupt Request (INTSR) is Generated or NOt..........ccceeiiiiiiiiieiiiieeiee e 463
3-wire Serial 1/O MO TIMING .....uuiiiieiiiiii et e et e et be e e e e nnees 469
Circuit of Switching in Transfer Bit Order ... 470
Receive Completion Interrupt Request Generation Timing (when ISRM = 1) ......ccccoevvennee 471
Period that Reading Receive Buffer Register is Prohibited .............cccccooiiiiiiiiiniiiieie. 472

Real-time Output Port BIOCK DIiAGIam ........ccoiviiiiiiiiiiiie e 475
Real-time Output Buffer Register Configuration .............cooouiiiiiiiiiiiiee e 476
Port Mode RegiSter 12 FOIMMAL .......ooiiiiiiiiieeiiie et 477
Real-time Output Port Mode Register FOrMAL .........cooviiiiiiiiiiiiciiiee e 477
Real-time Output Port Control Register FOrMaLt ...........oooiiiiiiiiiiiiiiiiiee e 478

Basic Configuration of INterrupt FUNCHION .........ooiiiiiiiiiiiiei e
Interrupt Request Flag RegiSter FOIMAL ...........eiiiiiiiiiiiie et
Interrupt Mask Flag Register FOMMAL ..........cooiiiiiiiiiiiiieiee e
Priority Specify Flag RegiSter FOMMAL .........cocoviiiiiiiiiiicie e
External Interrupt Mode Register O Format .................
External Interrupt Mode Register 1 FOIMAL ......cooiiiiiiiiiiiiiieeii e
Sampling Clock Select RegiSter FOIMAL ........cooviiiiiiiiiiiiie it
Noise Eliminator Input/Output Timing (during rising edge detection)
Program Status Word FOIMAL.........cooviiiiiiiiiieeii e
Flowchart from Non-maskable Interrupt Generation to Acknowledge
Non-maskable Interrupt Request Acknowledge TimiNg ......c..coieiiiiiiieeiiiiiiiee e
Non-maskable Interrupt Request Acknowledge Operation ...........ccccovvveeriiiciiiee e
Interrupt Request Acknowledge Processing AlgOrithm .........cccooiiiiiiiiiiiie e
Interrupt Request Acknowledge Timing (Minimum TiMe) ......oocuiiiiiiiiiieieeeiieeee e

Interrupt Request Acknowledge Timing (MaxXimum TiME) ......ccovveiiriiiiiiiieiiee e

29



Figure No.

LIST OF FIGURES (8/8)

Title Page

30

22-16
22-17
22-18
22-19
22-20

23-1
23-2
23-3
23-4
23-5
23-6
23-7
23-8

24-1
24-2
24-3
24-4
24-5

25-1
25-2
25-3
25-4

B-1
B-2
B-3
B-4

Multiple INterrupt EXAMPIE .....ooeiiiii e
INterrupt REQUEST HOIO ...t
Basic Configuration of Test Function .....................

Interrupt Request Flag Register 1L Format
Interrupt Mask Flag RegisSter 1L FOIMAL ........oooiiiiiiiiieiiiie e

Memory Expansion Mode Register Format

Internal Memory Size Switching Register FOrMat ..........cccoiiiiiiiieiiececccec e 506
External Bus Type Select RegiSter FOMMAL .......ccccuiiiiiiiiiiiee e 507
Instruction Fetch from EXternal MEMOIY .......ocviiiiiiiiiiiieiiee et 509
External Memory Read TIMING .....veeoiiiieiiiieeiie ettt 510
External Memory Wrte TimMING ......oeoiiiieiiieeiiie ettt e et eeaneeeeenees 511
External Memory Read Modify WIIte TiMING ......cccviiiiiiiiiiieiiiceiieee e 512
Example of Connection of gPD78070A and MEMOIY .........ccovcuiiiiiiieiiiie e 513
Oscillation Stabilization Time Select Register FOrmat .........cccocovviiiiiiiieeiceee e 516
HALT Mode Release by Interrupt Request GENeration ..........cccccocvveiiiieiniiieniiie e 518
HALT Mode Release by RESET INPUL .........o.oviuiveeeeeeeeeeeeeessereseeees e 519
STOP Mode Release by Interrupt Request GENeration ............cceevvierivee e 521

Release by STOP Mode RESET Input

Block Diagram of RESEt FUNCHON .........iiiiiieiiiiiee e 523
Timing of Reset INPUt By RESET INPUL.......c.ovuoueieeeeeeeeeeeeeee e esee e s s eenee e, 524
Timing of Reset due to Watchdog Timer OVErflowW .........cccooceieiiiieiiiei e 524
Timing of Reset Input in STOP Mode by RESET INPUL e 524
Development TOO! CONFIGUIALION .....coiuiiiiiiie et e et eeeeesnaeeennes 548
TGC-100SDW Drawing (For Reference ONlY) .......cocviiiiiiiiiieiieeei e 557
EV-9200GF-100 Drawing (For Reference ONlY) ... 558
EV-9200GF-100 Recommended Footprint (For Reference Only) ........ccocovveviieeiiiieeeniinnennne 559



LIST OF TABLE (1/3)

Table No. Title Page
1-1 Differences between uPD78078 Subseries and UPD78070A .........ccoviiiiiiiieiiiie e 44
2-1 Differences between uPD78078Y Subseries and UPD78070AY ......cccveriiieeriieeeiiieeenieeennne 54
3-1 Pin INpUt/OULPUL CIFCUIT TYPES oiiiieiiiie ittt 66
4-1 Pin INpUt/OULPUL CIFCUIT TYPES ittt 82
5-1 VECEOT TADIE ..tttk 88
5-2 Special FUNCHION REGISTET LISt ....ciiiiiiiiiieiiiieiiee et 96
6-1 Port FUNCHIONS (UPD78070A) ...eeiiiiieaiiiiee ittt ee ettt ettt ettt ettt e bt e e anb e e snbeeesnnneeesnaeeennee 112
6-2 Port FUNCEIONS (UPD78070AY) ittt ettt ettt ettt 114
6-3 POrt CONFIQUIALION ...ttt et 116
6-4 Port Mode Register and Output Latch Settings when Using Alternate Function.................. 135
7-1 Clock Generator CONfIQUIALION .........ooiiiiiiiiiee et 140
7-2 Relationship between CPU Clock and Minimum Instruction Execution Time .........cccccceeev.e. 143
7-3 Maximum Time Required for CPU CIOCK SWItChOVET .........ccoiiiiiiiiiieiiiieecc e 152
8-1 Timer/Event CoUNtEr OPEIAtIONS ......iiiiueieeiiiieeiiie e eitiee et e e stee et e e et e e s e e snbeeeanteeeenneeeesnneeean 156
8-2 16-bit Timer/Event Counter INterval TIMES .......ooiiiiiiiiie e 157
8-3 16-bit Timer/Event Counter Square-wave Output RANGES ........coccveviiiiieiiiiiiiee e 158
8-4 16-bit Timer/Event Counter CoNfigUration ...........cccooiiiiiiiiie e 159
8-5 INTPO/TIOO Pin Valid Edge and CROO Capture Trigger Valid EAge .......cccoovveeviiiiiiieeninnen, 162
8-6 16-bit Timer/Event Counter INterval TIMES .......ooiiiiiiiiiie e 174
8-7 16-bit Timer/Event Count Square-wave OUtPUL RANGES .....cocivvieiiiieiiiiee e 188
9-1 8-bit Timer/Event Counters 1 and 2 Interval TIMES .....cccccoiiiiiiiiiiiiiieiee e 198
9-2 8-bit Timer/Event Counters 1 and 2 Square-wave Output RanNges ............ccceveeeiiiiieeeennninns 199
9-3 Interval Times when 8-bit Timer/Event Counters 1 and 2 are

Used as 16-bit TIMEI/EVENT COUNTETS .......uiiiiiiiiiiiie ittt 200
9-4 Square-wave Output Ranges when 8-bit Timer/Event Counters 1 and 2 are
Used as 16-bit TIMEI/EVENT COUNTEIS .......uiiiiiiiiiiiieiie ettt
9-5 8-bit Timer/Event Counters 1 and 2 Configurations ...........cccceeiiieeiiiieniiee e
9-6 8-bit Timer/Event Counter 1 INterval TiMe .........uiiiiiiiiiie e
9-7 8-bit Timer/Event Counter 2 Interval TiMe ........cccoiviiiiiiiiiie e
9-8 8-bit Timer/Event Counters 1 and 2 Square-wave Output Ranges
9-9 Interval Times when 2-channel 8-bit Timer/Event Counters (TM1 and TM2) are
Used as 16-bit TIMEI/EVENT COUNTET .....couiiiiiiiiiiiie ittt 217
9-10 Square-wave Output Ranges when 2-channel 8-bit Timer/Event Counters
(TM1 and TM2) are Used as 16-bit Timer/Event COUNLET .........ccouiiiiieieiiiiiiiee e 219

31



LIST OF TABLE (2/3)

Table No. Title Page
10-1 8-bit Timer/Event Counter 5 and 6 Interval TIMES .......ccccooviiiiiiiiiiiie e 224
10-2 8-bit Timer/Event Counters 5 and 6 Square-wave Output RaNges .........cccocveeviviiiiieeiineens 225
10-3 8-bit Timer/Event Counters 5 and 6 Configurations
10-4 8-bit Timer/Event Counters 5 and 6 Interval Times
10-5 8-bit Timer/Event Counters 5 and 6 Square-wave Output RaNges .........cccooveervvieniieeiineens 238
11-1 Interval Timer Interval Time
11-2 Watch Timer Configuration
11-3 Interval Timer Interval Time
12-1 Watchdog Timer Runaway Detection TIMES ........coiiiriiiiiiiiiiie e 251
12-2 INEEIVAL TIMES ..ottt b ettt ettt et e 252
12-3 Watchdog Timer CONfIQUIAtION ........cuiiiiiiiiiiiie e 253
12-4 Watchdog Timer Runaway Detection TIME ........ccooiiiiiiiiieiriie e 257
12-5 Interval TImer INTErVAl TIME .. ..ooiiiie ettt e e e e e e anree e 258
13-1 Clock Output Control Circuit CONfIQUIALION .........coiiiiiiiiiii et 260
14-1 Buzzer Output Control Circuit CONfIQUIatioN ..........cooouiiiiiiiiiiiie e 265
15-1 A/D Converter CONFIGQUIALTION ........coiiiiiiiiiiiiie et e et e e et re e e 269
16-1 D/A Converter CONFIQUIALION .......ouiiiiiiiieiiiie ettt e e 288
17-1 Differences between Channels 0, 1, and 2 ........uuoeeiiiiiiiiiiiieciee e 293
17-2 Serial Interface Channel 0 ConfiguIation ...........coooiiiiiiiiiiie e 296
17-3 Various Signals iN SBI MO .......ccoiiiiiiiiiii et 328
18-1 Differences between Channels 0, 1, and 2 ........uueeeiiiiiiiiiiiieceee e 345
18-2 Serial Interface Channel 0 ConfIQUIatioN .............oiiiiiiiiiiieiii e 348
18-3 Serial Interface Channel O Interrupt Request Signal Generation ...........cccccceeviiveiiiieeniieens 351
18-4 SIGNAIS N 12C BUS MOTE ...ttt ettt ettt b e beeebe e 378
19-1 Serial Interface Channel 1 Configuration ...........ccooiiiiiiiiiie e 396
19-2 Interval Timing through CPU Processing (when the Internal Clock is Operating) ............... 435
19-3 Interval Timing through CPU Processing (when the External Clock is Operating) .............. 436
20-1 Serial Interface Channel 2 ConfiguIation ...........ccooiiiiiiiie e 438
20-2 Serial Interface Channel 2 Operating Mode SettingS.........cccceriiieiiiieiiiee e 443
20-3 Relationship between Main System Clock and Baud Rate ..........ccccceeiiiiiiieeeiiiiiieie e 447
20-4 Relationship between ASCK Pin Input Frequency and Baud Rate

(When BRGC iS St 10 OOH) ....uuiiiiiiieiiiiie oottt ettt e et e e et e e eneeeennaeeean 448
20-5 Relationship between Main System Clock and Baud Rate ..........cccccooveeiiiiiiniiiiciiiec e 456

32



Table No.

LIST OF TABLE (3/3)

Title Page

20-6

20-7

21-1
21-2
21-3

22-1
22-2
22-3
22-4
22-5
22-6

23-1

24-1

24-2

24-3

24-4

25-1

26-1

A-1

B-1

Relationship between ASCK Pin Input Frequency and Baud Rate
(when BRGC is Set to 00H)

Receive Error Causes..............
Real-time Output Port CONfIQUIALION .........eviiiiieiiiii et 475
Operation in Real-time Output Buffer Register Manipulation ............ccccccevveiiiieiiieeeniieeens 476

Real-time Output Port Operating Mode and Output Trigger

INEEITUPT SOUICE LIST...eiiiiiiiie ettt ettt e et e e ettt e e enteeeenbeeeenraeeennee 480
Various Flags Corresponding to Interrupt REQUESt SOUICES .......ccevviieiiiiieiiiieeiiiee e 484
Times from Maskable Interrupt Request Generation to Interrupt Service ..........cccovcvvernnen. 496
Interrupt Request Enabled for Multiple Interrupt during Interrupt Servicing .........cccceecvvenee. 499
TESE INPUL FACTOIS ...ttt e e e e e e e e s e e e e et reeeeeenees 503
Flags Corresponding to Test INPUL SIGNAIS ......oeiiiiiiiiiiiciiic e 503
Pin Functions in External Memory EXpansion MOOE .........cccccviiiiiieiiiiiciiiec e 505
HALT MOde OPErating STATUS ......oeeiiiiiiiiieeiiiieiie ettt e et e e e e ebnaeeee s

Operation after HALT Mode Release
STOP Mode Operating Status ....................
Operation after STOP Mode Release

Hardware Status after RESET .....couviiiiiii e 525
Operand ldentifiers and Description Methods ...........cocvviiiiiiiiiiicii e 530
Major Differences between uPD78078, 78075B Subseries, and pPD78070A ........cccceeeuee 545

Upgrading from In-circuit Emulator for 78K/0 Series to In-circuit Emulator IE-78001-R-A .. 556

33



[MEMO]

34



CHAPTER 1 OUTLINE (uPD78070A)

1.1 Features

O ROM-less version of the uPD78078 Subseries

Type Function
Program memory (ROM) None
Data memory Internal high-speed RAM 1024 bytes
(RAM) Internal buffer RAM 32 bytes

O External memory expansion space: 64 Kbytes

O Minimum instruction execution time changeable from high speed (0.4 us: @ 5.0-MHz operation with main

system clock) to ultra-low speed (122 us: @ 32.768-kHz operation with subsystem clock)

O Instruction set suited to system control

< Bit manipulation possible in all address spaces

« Multiply and divide instructions incorporated

I/0 port pins: 61 (including eight N-ch open-drain port pins)
8-bit resolution A/D converter: 8 channels

8-bit resolution D/A converter: 2 channels

O O OO

Serial interface: 3 channels
* 3-wire serial I/0O/SBI/2-wire serial 1/O mode: 1 channel

« 3-wire serial /0 mode (automatic transmit/receive function): 1 channel

« 3-wire serial I/O/UART mode: 1 channel
O Timer: 7 channels
» 16-bit timer/event counter : 1 channel
« 8-bit timer/event counter : 4 channels
e Watch timer : 1 channel
« Watchdog timer : 1 channel
Vectored interrupt source: 24
One test input

O O OO

Power supply voltage: Voo = 2.7 to 5.5 V

Two types of on-chip clock oscillator circuits (main system clock and subsystem clock)
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CHAPTER 1 OUTLINE (uPD78070A)

1.2 Application Fields
CD-ROM drives, printers, AV equipment, PPCs, etc.

1.3 Ordering Information

Part number Package Internal ROM
uPD78070AGC-7EA 100-pin plastic QFP (Fine pitch) (14 x 14 mm, resin thickness 1.45 mm) None
HuPD78070AGC-8EUNete 100-pin plastic LQFP (Fine pitch) (14 x 14 mm, resin thickness 1.4 mm) None
uPD78070AGF-3BA 100-pin plastic QFP (14 x 20 mm, resin thickness 2.7 mm) None

Note Under planning

Caution Two types of packages are available for the UPD78070AGC. Forthe suppliable package, contact
an NEC sales representative.
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CHAPTER 1 OUTLINE (uPD78070A)

1.4 Pin Configuration (Top View)

¢ 100-pin plastic QFP (Fine pitch) (14 x 14 mm, resin thickness 1.45 mm)
UPD78070AGC-7EA

¢ 100-pin plastic LQFP (Fine pitch) (14 x 14 mm, resin thickness 1.4 mm)
UPD78070AGC-8EUNte

28
O mN S g ~ O S 0
ogze  EEEERER . TEEEL
Sxg3g.2z2:2:2:24b¢e SEEEE
HNAdO XTI NANIdONAN 4 NNNNN
HH\—!H>>OOOOOOO|—U|—P—QHNOHH\—!HH
oo oao<C<<C<oononoOoQaAaAEXX>XXEao0o0o0ao
100999897 96 9594 93 92 9190 898887 868584 83 828180797877 76
P14/ANI4 O=—— 1 75 [=—0O P122/RTP2
P15/ANI5 O=——{ 2 O 74 |*+—0O P121/RTP1
P16/ANI6 O=<——] 3 73 j+=—0O P120/RTPO
P17/ANI7 O=——| 4 72 [=—>0O P96
AVss O—5 71 j+=—0O P95
P130/ANOO0 O=<— 6 70 [«=—=0O P94
P131/ANO1 O=——| 7 69 [+—0O P93
AVrRerr O———| 8 68 |«=—>0O P92
P70/SI2IRXD O=<+—{ 9 67 [«=—=0O P91
P71/SO2/TxD O=<—> 10 66 [+=—O P90
P72/SCK2/ASCK O=<—] 11 65 [«—0O P37
Vss O—1 12 64 |[=—0O P36/BUZ
P20/SI1 O=—— 13 63 [=—0O P35/PCL
P21/SO1 O=——>| 14 62 [*=—0O P34/TI2
P22/SCK1 O=— 15 61 [«=—=0O P33/TI1
P23/STB O=<—{ 16 60 [«=—=O P32/TO2
P24/BUSY O=——| 17 59 [=—0O P31/TO1
P25/SI0/SBO0 O=<—] 18 58 [+=—0O P30/TO0
P26/SO0/SB1 O=——| 19 57 j«=—0O P103
P27/SCKO O=<— 20 56 [«—=O P102
A0 O=— 21 55 [«—0O P101/TI6/TO6
Al O=+—+ 22 54 |«—0O P100/TI5/TO5
A2 O=<+— 23 53 —0O ASTB
A3 O=—— 24 52 [*=—0O P66/WAIT
A4 O=—— 25 51 —=O WR
262728293031323334 3536 373839404142 43 4445 46 47 48 49 50

Note Under planning

Cautions 1. Connect IC (Internally Connected) pin to V. ss directly.
2. Connect AV pb pin to V po.
3. Connect AV ss pin to V ss.



CHAPTER 1 OUTLINE (uPD78070A)

e 100-pin plastic QFP (14 x 20 mm)
uPD78070AGF-3BA

Sle—»0 P96
Se—>0 P94
Sle—0 P93

S le—>0O P92
Lle—>=0O P91
L+—>0O P90
Sle—0 P37

8 «—>0O P36/BUZ

Q& }+—O P35/PCL
Sle—>0O P34/TI2

B le—0 P33/TI1
Ble—>0 P32/TO2

R le——»0O P31/TOL

X |«—»O P30/TO0

L fe—>0O P103
Rf=—>=0 P102

B [«—>0 P101/TI6/TO6
B |*=—=0O P100/TI5/TO5
RF—>0O ASTB

O Sle—=0O P95

P120/RTPO0 O<— 11 éo <—>0O P66/WAIT
P121/RTP1 O<——2 79 —0O WR
P122/RTP2 O=——3 78 —=O RD
P123/RTP3 O<+—{4 77 [«—0O P63
P124/RTP4 O<—|5 76 [«—>0O P62
P125/RTP5 O=<—»{6 75 f«—>0O P61
P126/RTP6 O<—»{7 74 [«—0O P60
P127/RTP7 O<—»{8 73F—>0O A15
IC O——9 72F—0 A14
X2 O—10 71F—O Vss
X1 O—{11 70 —O A13
Voo O———{12 69 F——>0O Al12
XT2 O——]13 68 —=0O All
XT1/P07 O—{14 67 —O Al0
RESET O———»|15 66 ——0O A9
POO/INTPO/TIO0 O———»{16 65 —O A8
PO1/INTPL/TIOL O=e—»]17 64 [«—0O AD7
PO2/INTP2 O=—»18 63 [«—»(O AD6
PO3/INTP3 O<—{19 62 [«—O AD5
PO4/INTP4 O=—{20 61 |[«—=0O AD4
PO5/INTP5 O=—{21 60 [«—=O AD3
PO6/INTP6 O—{22 59 [«—0O AD2
AVopo O———23 58 [«—0O AD1
AVrero Q=-—»124 57 f«—>0O ADO
P10/ANI0 O=—»{25 56 ——=0O A7
P11/ANI1 O=—{26 55 ——=O A6
P12/ANI2 O=—{27 —0O A5
P13/ANI3 O=<—={28 —0 A4
P14/ANI4 O<—{29 —0O A3
P15/ANI5 O=<—{30 —0 A2
31323334 3738 4142 46 47 48

AVss O——
P130/ANOQ0 O=e—>
P131/ANO1 Q=-——>{H

Vss O———8
P20/SI1 O=——»
P21/SO1 O=—»
A0 O=—I8
Al O+—8un o o1 »n
PR WA

P16/ANI6 O
P17/ANI7 Oe—>]
AVrerr O———S
P70/SI2/RXD Oe—»
P71/SO2/TXD Oe—»!
P22/SCK1 Oe—{8
P23/STB O=—»|&
P24/BUSY Q=5
P25/SI0/SB0 Oe—»
P26/SO0/SB1 Oe—»
P27/SCKO Oe—»

P72/SCK2/ASCK O=—{3

Cautions 1. Connect IC (Internally Connected) pinto V. ss directly.
2. Connect AV pb pin to V po.
3. Connect AV ss pin to V ss.



CHAPTER 1 OUTLINE (uPD78070A)

AO to Al15
ADO to AD7
ANIO to ANI7
ANOO, ANO1
ASCK

ASTB

AVbp

AVReFo, AVREF1
AVss

BUSY

BUZ

IC

INTPO to INTP6
P00 to PO7
P10 to P17
P20 to P27
P30 to P37
P60 to P63, P66
P70 to P72
P90 to P96
P100 to P103
P120 to P127

: Address Bus

: Address/Data Bus
: Analog Input

: Analog Output

: Asynchronous Serial Clock
: Address Strobe

. Analog Power Supply
. Analog Reference Voltage
: Analog Ground
. Busy

Buzzer Clock
Internally Connected

Interrupt from Peripherals
. Port0

Port 1

: Port 2
: Port3
: Port6
: Port7

Port 9
Port 10
Port 12

P130, P131
PCL

RD

RESET

RTPO to RTP7
RxD

SBO, SB1
SCKO to SCK2
SIO to SI2
SO0 to SO2
STB

TIOO, TI01

TI1, TI2, TI5, TI6

TxD
Vb
Vss
WAIT
WR
X1, X2

XT1, XT2

: Port 13

. Programmable Clock
. Read Strobe

. Reset

: Real-time Output Port
. Receive Data

. Serial Bus

: Serial Clock

: Serial Input

. Serial Output

. Strobe

: Timer Input

. Timer Input

TOO to TO2, TO5, TO6 :

Timer Output

: Transmit Data
: Power Supply
: Ground

: Wait

. Write Strobe

: Crystal (Main System Clock)

. Crystal (Subsystem Clock)
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CHAPTER 1 OUTLINE (uPD78070A)

*x 1.5 78K/0 Series Expansion

The products in the 78K/0 Series are listed below. The names in boxes are subseries names.

Note Under planning
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CHAPTER 1 OUTLINE (uPD78070A)

The following shows the major differences between subseries products.

Function ROM Timer 8-bit [10-bit | 8-bit Serial Interface | 110 Voo  |External
Subseries Capacity | 8-bit |16-bit|Watch|WDT | A/D | A/ID | D/A MIN. Value|Expansion
Control | uPD78075B |32 Kto40K|4ch [1ch [1ch|1ch|[8ch| - 2ch|3ch (UART:1ch) | 88 | 1.8V v
uPD78078 |48 Kto 60 K
HUPD78070A - 61 | 2.7V
uPD780058 | 24 K to 60 K| 2 ch 3 ch (time-division 68 | 1.8V
UART: 1 ch)
HUPD78058F | 48 K to 60 K 3ch (UART: 1ch) | 69 | 2.7V
uPD78054 |16 Kto 60 K 20V
uPD780034 | 8 Kto 32 K - |8ch — | 3ch(UART: 1ch,time-| 51 | 1.8V
uPD780024 8ch| - division 3-wire: 1 ch)
uPD78014H 2 ch 53
HuPD78018F | 8 K to 60 K
uPD78014 |8 Kto 32K 27V
puPD780001 | 8 K - — 1ch 39 —
uPD78002 |8 Kto 16 K 1ch - 53 v
uPD78083 — 8 ch 1ch (UART: 1 ch) 33| 1.8V —
Inverter| uPD780988 [32 Kto 60 K| 3ch [Note1| — |[1ch| - |8ch - [3ch(UART:2ch) | 47 | 40V v
control | ,;pPP780964 |8 K to 32 K Note 2 2 ch (UART: 2 ch) 27V
uPD780924 8ch| -
FIP uPD780208 |32 Kto60K|2ch|1lch|1lch|lch|8ch| - - |2ch 74 | 2.7V —
drive | ,pD780228 [48Kt060K|3ch| — | - 1 ch 72 | 45V
uPD78044H|32Kto48K|2ch|1lch|1ch 68 | 2.7V
HUPD78044F | 16 Kto 40 K 2 ch
LCD uPD780308 |48 Kto60K|2ch|1ch|1lch|lch|8ch| - — | 3 ch (time-division | 57 | 2.0V -
drive UART: 1 ch)
UPD78064B | 32 K 2 ch (UART: 1 ch)
uPD78064 |16 Kto 32 K
IEBus | uPD78098B|40Kto60K|2ch|1ch|1lch|1lch|8ch| - 2ch|3ch (UART:1ch) | 69 | 2.7V v
support| ,;pp78098 |32 K to 60 K
Meter | uPD780973 |24 Kto32K|3ch|lch|lch|lch|5ch| - — |2ch (UART:1ch) | 56 | 45V -
control
Notes 1. 16-bit timer: 2 channels

10-bit timer: 1 channel
2. 10-bit timer: 1 channel
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CHAPTER 1 OUTLINE (uPD78070A)

1.6 Block Diagram

TOO/P30 =—
TIOO/INTPO/PO0 —
TIOL/INTP1/PO1 —*

16-bit TIMER/
EVENT COUNTER

TO1/P31 =—
TI1/P33 —

8-bit TIMER/

EVENT COUNTER 1

TO2/P32 <—
TI2/P34 —*

8-bit TIMER/

EVENT COUNTER 2

TI5/TO5/P100 ~=—

8-bit TIMER/
EVENT COUNTER 5

TI6/TO6/P101 ~—»

8-bit TIMER/
EVENT COUNTER 6

|WATCHDOG TIMER

|WATCH TIMER

SI0/SBO/P25 ——»
SO0/SB1/P26 —-—
SCKO/P27 ~—>

SERIAL
INTERFACE 0

78K/0
CPU
CORE

RAM

T 3

SI1/P20 —
SO1/P21 <«—|
SCK1/P22 =
STB/P23 =—]
BUSY/P24 —»

SERIAL
INTERFACE 1

SI2/RXxD/P70 —
SO2/TxD/P71 <—
SCK2/ASCK/P72 =

SERIAL
INTERFACE 2

ANIO/P10 to
ANI7/P17
AVbp

AVss

AVRero —

A/D CONVERTER

ANOO/P130,
ANO1/P131
AVss

AVRer1 —»

D/A CONVERTER

INTPO/POO to
INTP6/P06

INTERRUPT
CONTROL

BUZ/P36 <—| BUZZER OUTPUT

PCL/P35 —=—j

CLOCK OUTPUT
CONTROL
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Voo Vss IC

<—— P00

0 A A A A

PORT O P01 to P06
< P07
PORT 1 @ P10 to P17
PORT 2 @ P20 to P27
PORT3 K[> P30to P37
P60 to P63,
PORT 6 P66
PORT7 K= P70t0 P72
PORT 9 @ P90 to P96
PORT10 K= P100to P103
PORT12 (=) P1201t0 P127
PORT13 K[> P130, P131
REAL-TIME RTPO/P120 to
OUTPUT PORT RTP7/P127

L

EXTERNAL
ACCESS

\J/‘;> ADO to AD7

A0 to A15
]
WR
WAIT/P66

SYSTEM
CONTROL

RESET
X1

X2
XT1/P07

XT2




CHAPTER 1 OUTLINE (uPD78070A)

1.7 Outline of Function

Item Function
Internal ROM None
High-speed RAM 1024 bytes
Buffer RAM 32 bytes
Memory space 64 Kbytes

General register

8 bits x 8 x 4 banks

. With main system clock selected
Minimum

instruction

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

execution
time

With subsystem clock selected

122 us (@ 32.768-kHz operation)

Instruction set

* 16-bit operation

» Multiply/divide (8-bit x 8-bit, 16-bit/8-bit)

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

1/0 port

Total 161

* CMOS input 12
¢ CMOS input/output : 51
* N-ch open drain 1/O : 8

A/D converter

8-bit resolution x 8 channels

D/A converter

8-bit resolution x 2 channels

Serial interface

« 3-wire serial 1/0/SBI/2-wire serial /0 mode selection enable : 1 channel
» 3-wire serial I/0 mode (Maximum 32-byte on-chip

automatic transmit/receive function) : 1 channel
» 3-wire serial I/O/UART mode selection enable : 1 channel

Timer

¢ 16-bit timer/event counter : 1 channel
« 8-bit timer/event counter : 4 channels
* Watch timer : 1 channel
* Watchdog timer : 1 channel

Timer output

5 outputs: (14-bit PWM output enable: 1, 8-bit PWM output enable: 2)

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 operation with main system clock)
32.768 kHz (@ 32.768-kHz operation with subsystem clock)

Buzzer output

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

Vectored | Maskable Internal: 15

interrupt External: 7

source Non-maskable Internal: 1
Software 1

Test input Internal: 1

Power supply voltage

Vop = 2.7t0 5.5V

Operating ambient temperature

Ta =-40 to +85°C

Package

«100-pin plastic QFP (Fine pitch) (14 x 14 mm, resin thickness 1.45 mm)
«100-pin plastic LQFP (Fine pitch) (14 x 14 mm, resin thickness 1.4 mm)Nete
«100-pin plastic QFP (14 x 20 mm, resin thickness 2.7 mm)

Note Under planning
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1.8 Differences between uPD78078 Subseries and uPD78070A

The yPD78070A is a ROM-less version of the uPD78078 Subseries. Table 1-1 shows the differences between
the uPD78070A and the uPD78078 Subseries. Other than the differences shown in Table 1-1, the uPD78070A has
the same functions as the yPD78078 Subseries.

For details of the uPD78078 Subseries, refer to uPD78078 and UPD78078Y Subseries User's Manual
(U10641E).

For the electrical specifications of these products, refer to their data sheets.

Table 1-1. Differences between pPD78078 Subseries and UPD78070A

tem Part Number uPD78078 Subseries uPD78070A
Internal ROM 48 to 60 Kbytes None
Internal expansion RAM 1024 bytes None
1/0 ports Total 88 61
CMOS input 2
CMOS I/0 78 51
N-ch open drain 1/O 8
Pins withNoe Pins with pull-up resistor | 86 (78) 51
added function Middle-voltage pins 8 None
LED direct drive outputs | 16 4
External Bus mode Multiplexed bus mode or separate | Separate bus mode only
expansion functions bus mode can be selected.
Memory expansion mode | Four types of memory expansion Full address mode only
modes can be selected.
ROM correction function Provided None
Power supply voltage Voo =1.8t05.5V Voo =2.7t05.5V

Note Pins with added function are included in the number of I/O ports.

Remark Numbers in parentheses are for the uPD78P078.
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2.1 Features

O ROM-less version of the uPD78078Y Subseries

Type

Function

Program memory (ROM) None

Data memory Internal high-speed RAM 1024 bytes

(RAM) Internal buffer RAM 32 bytes

O External memory expansion space: 64 Kbytes

O Minimum instruction execution time changeable from high speed (0.4 us: @ 5.0-MHz operation with main

system clock) to ultra-low speed (122 us: @ 32.768-kHz operation with subsystem clock)

O Instruction set suited to system control

« Bit manipulation possible in all address spaces

e Multiply and divide instructions incorporated

I/0 port pins: 61(including eight N-ch open-drain port pins)
8-bit resolution A/D converter: 8 channels

8-bit resolution D/A converter: 2 channels

Serial interface: 3 channels

O O OO

» 3-wire serial I/0/2-wire serial I/0O/I>)C bus mode: 1 channel

« 3-wire serial /0 mode (automatic transmit/receive function): 1 channel

« 3-wire serial I/O/UART mode: 1 channel
O Timer: 7 channels
e 16-bit timer/event counter : 1 channel
« 8-bit timer/event counter : 4 channels
« Watch timer : 1 channel
« Watchdog timer : 1 channel
Vectored interrupt source: 24
One test input

O O OO

Power supply voltage: Voo = 2.7 to 5.5 V

Two types of on-chip clock oscillation circuits (main system clock and subsystem clock)
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2.2 Application Fields
CD-ROM drives, printers, AV equipment, PPCs, etc.

2.3 Ordering Information

Part number Package Internal ROM
uPD78070AYGC-7EA 100-pin plastic QFP (Fine pitch) (14 x 14 mm, resin thickness 1.45 mm) None
uPD78070AYGC-8EUNe  100-pin plastic LQFP (Fine pitch) (14 x 14 mm, resin thickness 1.4 mm) None
uPD78070AYGF-3BA 100-pin plastic QFP (14 x 20 mm, resin thickness 2.7 mm) None

Note Under planning

Caution Two types of packages are available for the HUPD78070AYGC. For the suppliable package,
contact an NEC sales representative.
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CHAPTER 2 OUTLINE (uPD78070AY)

2.4 Pin Configuration (Top View)

« 100-pin plastic QFP (Fine pitch) (14 x 14 mm, resin thickness 1.45 mm)
UPD78070AYGC-7EA

* 100-pin plastic LQFP (Fine pitch) (14 x 14 mm, resin thickness 1.4 mm)
UPD78070AYGC-8EUNte

S8
OO ST OmN E g >~ O S m
ovzs  EEEEREE . SELEE
£%%%g _zzzzzzz[hi groro
PN AdOro0BINNIASN AN 4 NNNNN
A A A>>0000000lWEE 0N oo dd
paoooo<<<<ooooOoQaaAEXX>XXEaoaooaooo
10099989796 959493 92 9190 898887 868584 83828180797877 76
P14/ANI4 O=——| 1 75 f+=—0O P122/RTP2
P15/ANI5 O=——] 2 O 74 |«—O P121/RTP1
P16/ANI6 O=——| 3 73 [«—0O P120/RTPO
P17/ANI7 O=——| 4 72 [«—>0O P96
AVss O—— 5 71 =—0O P95
P130/ANOQ O=<—> 6 70 [«=—=0O P94
P131/ANO1 O=——>| 7 69 [+—0O P93
AVrerr O——| 8 68 [«—O P92
P70/SI2IRXD O=<—>| 9 67 [«—0O P91
P71/SO2/TxD O=<—=| 10 66 [+=—=0O P90
P72/SCK2/ASCK O=— 11 65 [«—O P37
Vss O—— 12 64 [«=—0O P36/BUZ
P20/SI1 O=<—{ 13 63 [«—O P35/PCL
P21/SO1 O=— 14 62 [«—O P34/TI2
P22/SCK1 O=——| 15 61 [«—O P33/TI1
P23/STB O=<—>| 16 60 [«—O P32/T02
P24/BUSY O=——| 17 59 [«—O P31/TO1
P25/S10/SBO/SDA0 O=<—| 18 58 [«—O P30/TO0
P26/SO0/SB1/SDA1 O=—{ 19 57 j«—0O P103
P27/SCKO/SCL O=<— 20 56 [«—O P102
A0 O=+— 21 55 [«—O P101/TI6/TO6
Al O<+——+ 22 54 [«—0O P100/TI5/TO5
A2 O=<+——23 53 —0O ASTB
A3 O=+— 24 52 [«—0O P66/WAIT
A4 O=——] 1 —>0O WR
262728293031323334 3536 373839404142 43 44454647 4849 50

Note Under planning

Cautions 1. Connect IC (Internally Connected) pin to V. ss directly.
2. Connect AV op pin to V op.
3. Connect AV ss pin to V ss.

47



CHAPTER 2 OUTLINE (uPD78070AY)

e 100-pin plastic QFP (14 x 20 mm)
uPD78070AYGF-3BA

48

2. Connect AV op pin to V op.
3. Connect AV ss pin to V ss.

O
[O)N®)
E e
N - N O S B
20N 9000 EE
AbEEEEEnuasm
OCUITNANAITONOULITNAITOO OO0 Ok
DO OOM MMM MOHM®MAdAAA U
[ W W W Y WY WA Y Yo WY MY MY Y WY Y o WY o Y o I o N a HANES
1009998 97 96 95 9493 92 91 90 89 88 87 86 8584 83 82 81 .
P120/RTPO O<—>|1 80 [«+—=O P66/WAIT
P121/RTP1 O=e——2 79 FH—0O WR
P122/RTP2 O<—»{3 78F—0O RD
P123/RTP3 O<+—4 77 f=—0O P63
P124/RTP4 O<——|5 76 [«—>O P62
P125/RTP5 O<——>16 75 f«—>O P61
P126/RTP6 O<+—»{7 74 f«—0O P60
P127/RTP7 O<——»8 73—>0O A15
IC O——9 72 —>0O Al4
X2 O——10 71 F—O Vss
X1 O——{11 70 b—=0O A13
Voo O———12 69 ——0O Al2
XT2 O—13 68 ——=0O All
XT1/PO7 O———={14 67 —0O Al0
RESET O——{ 15 66 —O A9
POO/INTPO/TIO0 O—— |16 65 F——=0O A8
PO1/INTPL/TIOL O=——{17 64 [«—0O AD7
PO2/INTP2 O-=-—{18 63 [«—»0O AD6
PO3/INTP3 O<+—19 62 [«—O AD5
PO4/INTP4 O=—{20 61 [«—»0O AD4
PO5/INTP5 O=——{21 60 [«—0O AD3
PO6/INTP6 Oe——»22 59 [«—(O AD2
AVop O——23 58 [«—O AD1
AVrero O—»24 57 J«—>0O ADO
P10/ANI0 O=—]25 56 |—=0O A7
P11/ANI1 O<—|26 55 F——O A6
P12/ANI2 O<—27 54 |—O A5
P13/ANI3 O=<—>{28 583 F——0 A4
P14/ANI4 O<—]29 52H—>0 A3
P15/ANI5 O<—30 51 ——=0O A2
31323334 3536 373839404142 43 44 454647 48 49 50
CC 88819954588 R22332%
ITIIZZ2EER2750Q900 09
sr <<239835 Qd%aog g8
Jd o949 oK a4 NJgQNTA A
oo M ™ = 0|0 o NOd QL DO
— - o ISl o oS 2m
[aNa ~ < n O'X
n o = N~
oy Qs
o g o
Cautions 1. Connect IC (Internally Connected) pin to V. ss directly.
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AO to Al15
ADO to AD7
ANIO to ANI7
ANOO, ANO1
ASCK

ASTB

AVbp

AVReFo, AVREF1
AVss

BUSY

BUZ

IC

INTPO to INTP6
P00 to PO7
P10 to P17
P20 to P27
P30 to P37
P60 to P63, P66
P70 to P72
P90 to P96
P100 to P103
P120 to P127
P130, P131

: Address Bus

. Address/Data Bus
: Analog Input

. Analog Output

: Asynchronous Serial Clock
: Address Strobe

. Analog Power Supply
. Analog Reference Voltage
: Analog Ground
. Busy

Buzzer Clock
Internally Connected

Interrupt from Peripherals

Port O

: Portl

Port 2

: Port3
: Port6
: Port7
: Port9

Port 10
Port 12
Port 13

PCL

RD

RESET

RTPO to RTP7
RxD

SBO, SB1
SCKO to SCK2
SCL

SDAO, SDA1
SI0 to SI2
SO0 to SO2
STB

TI0O, TIO1

TI1, TI2, TI5, TI6

TxD
Vobp
Vss
WAIT
WR
X1, X2

XT1, XT2

: Programmable Clock
: Read Strobe

. Reset

: Real-time Output Port
: Receive Data

: Serial Bus

. Serial Clock

: Serial Clock

: Serial Data

: Serial Input

: Serial Output

. Strobe

. Timer Input

: Timer Input

TOO to TO2, TO5, TO6 :

Timer Output

: Transmit Data
: Power Supply
: Ground

: Wait

: Write Strobe

: Crystal (Main System Clock)
. Crystal (Subsystem Clock)
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*x 2.5 78K/0 Series Expansion

The products in the 78K/0 Series are listed below. The names in boxes are subseries names.

Note Under planning
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Major differences among Y subseries are tabulated below.

Function ROM Configuration of Serial Interf o |V
Subseries Capacity onfiguration of Serial Interface MIN.
Control uPD78078Y |48 Kto 60 K | 3-wire/2-wire/I2C :1lch 88 1.8V
3-wire with automatic transmit/receive function : 1 ch
uPD78070AY — 3-wire/UART “1ch 61 27V
puPD780018Y | 48 K to 60 K | 3-wire with automatic transmit/receive function : 1 ch 88
Time-division 3-wire :1ch
12C bus (multimaster supported) :1ch
uPD780058Y |24 K to 60 K | 3-wire/2-wire/I?C :1lch 68 1.8V
3-wire with automatic transmit/receive function : 1 ch
3-wire/time-division UART :1ch
uPD78058FY | 48 K to 60 K | 3-wire/2-wire/I2C :1lch 69 27V
oD78054Y | 16 K 1o 60 K 3-wire with automatic transmit/receive function : 1 ch 2.0V
H ° 3-wire/UART :1ch :
uPD780034Y | 8 Kto 32 K UART :1ch 51 1.8V
PD780024Y $-wire +1eh
H 12C bus (multimaster supported) :1ch
uPD78018FY | 8 K to 60 K 3-wire/2-wire/I2C :1lch 53
3-wire with automatic transmit/receive function : 1 ch
uPD78014Y |8 Kto 32 K 3-wire/2-wire/SBI/I’C :1lch 27V
3-wire with automatic transmit/receive function : 1 ch
uPD78002Y |8 Kto 16 K 3-wire/2-wire/SBI/I?C :1lch
LCD uPD780308Y | 48 K to 60 K | 3-wire/2-wire/I2C :1lch 57 20V
drive 3-wire/time-division UART :1ch
3-wire :1lch
uPD78064Y |16 K to 32 K | 3-wire/2-wire/I?C :1lch
3-wire/lUART :1lch

Remark The functions

except serial interface are common with subseries without Y.
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2.6 Block Diagram

TOO/P30 <—
TIOO/INTPO/PO0 —
TIOL/INTP1/PO1 —

16-bit TIMER/
EVENT COUNTER

TO1/P31 <—
TI1/P33 —

8-bit TIMER/
EVENT COUNTER 1

TO2/P32 =—]
TI2/P34 —

8-bit TIMER/
EVENT COUNTER 2

P100/TI5/TO5 ~—

8-bit TIMER/
EVENT COUNTER 5

P101/TI6/TO6 ~=—»

8-bit TIMER/
EVENT COUNTER 6

|WATCHDOG TIMER

|WATCH TIMER

SI10/SBO/SDAQ/P25 <

78K/0
CPU
CORE

RAM

L

SO0/SB1/SDA1/P26 ~—» ﬁ\IETFth ACE 0
SCKO/SCLP27 <=
SI/P20 —»]
sovp2L = o
K1/P22 -<=—»
SgTsﬁpzs INTERFACE 1
BUSY/P24 —
s o
INTERFACE 2

SCK2/ASCK/P72 <

ANIO/P10 to
ANI7/P17
AVbp

AVss

AVRero — ]

A/D CONVERTER

ANOO0/P130,
ANO1/P131
AVss

AVRerF1 —

D/A CONVERTER

INTPO/POO to
INTP6/P06

INTERRUPT
CONTROL

BUZ/P36 <—| BUZZER OUTPUT

PCL/P35 <=—]

CLOCK OUTPUT
CONTROL

TIe 3 T ¥ & JALLITL L

52

Voo Vss IC

<—— P00

PLLALLLALLL

PORT O <}:{> P01 to PO6
P07
PORT1 K[> P10to P17
PORT2 (> P20to P27
PORT3 ([ P30to P37
PORT 6 ggg to P63,
PORT7 (= P7010 P72
PORT9 K => P90 to P96
PORT 10 <}:{> P100 to P103
PORT 12 <}:{> P120 to P127
PORT 13 <}:{> P130, P131
REAL-TIME RTPO/P120 to
OUTPUT PORT RTP7/P127

L

EXTERNAL
ACCESS

\’/‘:> ADO to AD7

A0 to A15
RD
WR
WAIT/P66

SYSTEM
CONTROL

RESET
X1

X2
XT1/PO7

XT2




CHAPTER 2 OUTLINE (uPD78070AY)

2.7 Outline of Function

Item Function
Internal ROM None
memory High-speed RAM 1024 bytes
Buffer RAM 32 bytes
Memory space 64 Kbytes

General register

8 bits x 8 x 4 banks

Minimum
instruction

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 operation)

execution
time

With subsystem clock selected

122 us (@ 32.768-kHz operation)

Instruction set

« 16-bit operation

» Multiply/divide (8-bit x 8-bit, 16-bit/8-bit)

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

1/0 port

Total 161

* CMOS input 12
¢ CMOS input/output : 51
* N-ch open drain 1/O : 8

A/D converter

8-bit resolution x 8 channels

D/A converter

8-bit resolution x 2 channels

Serial interface

 3-wire serial 1/0/2-wire serial 1/0/12C bus mode selection : 1 channel
enable

« 3-wire serial I/0 mode (maximum 32-byte on-chip automatic
transmit/receive function) : 1 channel

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

Timer

 16-bit timer/event counter : 1 channel
« 8-bit timer/event counter : 4 channels
* Watch timer : 1 channel
* Watchdog timer : 1 channel

Timer output

5 outputs: (14-bit PWM output enable: 1, 8-bit PWM output enable: 2)

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 operation with main system clock)
32.768 kHz (@ 32.768-kHz operation with subsystem clock)

Buzzer output

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

Vectored | Maskable Internal: 15

interrupt External: 7

source Non-maskable Internal: 1
Software 1

Test input Internal: 1

Power supply voltage

Vop = 2.7t0 5.5V

Operating ambient temperature

Ta =-40 to +85°C

Package

* 100-pin plastic QFP (Fine pitch) (14 x 14 mm, resin thickness 1.45 mm)
» 100-pin plastic LQFP (Fine pitch) (14 x 14 mm, resin thickness 1.4 mm)Nce
* 100-pin plastic QFP (14 x 20 mm, resin thickness 2.7 mm)

Note Under planning
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2.8 Differences between uPD78078Y Subseries and pPD78070AY

The uPD78070AY is a ROM-less version of the uPD78078Y Subseries. Table 2-1 shows the differences between
the uPD78070AY and the uPD78078Y Subseries. Other than the differences shown in Table 2-1, the yPD78070AY
has the same functions as the yPD78078Y Subseries.

For details of the uPD78078Y Subseries, refer to yPD78078 and pPD78078Y Subseries User's Manual
(U10641E).

For the electrical specifications of these products, refer to their data sheets.

Table 2-1. Differences between UPD78078Y Subseries and pPD78070AY

tem Part Number uPD78078Y Subseries uPD78070AY
Internal ROM 48 to 60 Kbytes None
Internal expansion RAM 1024 bytes None
1/0 ports Total 88 61
CMOS input 2
CMOS 1/0 78 51
N-ch open drain 1/O 8
Pins withNoe Pins with pull-up resistor | 86 (78) 51
added function Middle-voltage pins 8 None
LED direct drive outputs | 16 4
External Bus mode Multiplexed bus mode or separate | Separate bus mode only
expansion functions bus mode can be selected.
Memory expansion mode | Four types of memory expansion Full address mode only
modes can be selected.
ROM correction function Provided None
Power supply voltage Voo =1.8t0 5.5V Voo =2.7t0 5.5V

Note Pins with added function are included in the number of I/O ports.

Remark Numbers in parentheses are for the uPD78P078Y.
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3.1 Pin Function List

(1) Port pins (1/2)

Pin Name |Input/Output Function After Reset | Alternate Function
P00 Input Input only Input INTPO/TIOO
PO1 Input/output mode can be specified INTP1/TIOL
P02 bit-wise. INTP2
P03 Input/ | Port 0. If used as an input port, an on-chip Input INTP3
P04 output | 8-bit input/output port. pull-up resistor can be connected INTP4
P05 by software. INTP5
P06 INTP6

pQ7Note 1 Input Input only Input XT1

P10 to P17 Port 1.

8-bit input/output port.
Input/ Input/output mode can be specified bit-wise. Input ANIO to ANI7
output If used as an input port, an on-chip pull-up resistor can be connected by
softwareNete 2,
P20 SI1
P21 SO1
P22 Port 2. SCK1
P23 Input/ | 8-bit input/output port. Input STB
P24 output | Input/output mode can be specified bit-wise. BUSY
P25 If used as an input port, an on-chip pull-up resistor can be connected by SI10/SBO
P26 software. SO0/SB1
P27 SCKO
P30 TOO
P31 TO1
P32 Port 3. TO2
P33 Input/ | 8-bit input/output port. Input TI1
P34 output | Input/output mode can be specified bit-wise. TI2
P35 If used as an input port, an on-chip pull-up resistor can be connected by PCL
P36 software. BUZ
P37 —
Notes 1. When the PO7/XT1 pin is used as an input port, set the 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, set port 1 to

the input mode. The on-chip pull-up resistor is automatically disabled.
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(1) Port pins (2/2)

If used as an input port, an on-chip pull-up resistor can be connected

by software.

Pin Name |Input/Output Function After Reset | Alternate Function
P60 N-ch open-drain input/output port.
P61 LED can be driven directly. -
Port 6.
P62
Input/ | 5-bit input/output port.
P63 Input
P output | Input/output mode can be ——
P ; _chi WAIT
specified bit-wise. If used as an input port, an on-chip
pull-up resistor can be connected
by software.
Port 7.
P70 SI12/RxD
3-bit input/output port.
Input/ . .
P71 Input/output mode can be specified bit-wise. Input SO2/TxD
output
P If used as an input port, an on-chip pull-up resistor can be connected
P72 by software. SCK2/ASCK
P90 N-ch open-drain input/output port.
P91 Port 9.
P92 7-bit input/output port.
P93 Input/output mode can be Input —
P94 specified bit-wise. If used as an input port, an on-chip
P95 pull-up resistor can be connected
P96 by software.
Port 10.
P100 TI5/TO5
4-bit input/output port.
Input/
P101 Input/output mode can be specified bit-wise. Input TI6/TO6
output
If used as an input port, an on-chip pull-up resistor can be connected
P102, P103 by software. -
Port 12.
8-bit input/output port.
P120, P127 | InPut o
’ Input/output mode can be specified bit-wise. Input RTPO to RTP7
output
If used as an input port, an on-chip pull-up resistor can be connected
by software.
Port 13.
2-bit input/output port.
P130, P131 | 'MPut/ o
’ Input/output mode can be specified bit-wise. Input ANOO, ANO1
output
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(2) Non-port pins (1/2)

Pin Name |Input/Output Function After Reset| Alternate Function
INTPO POO/TI00
INTP1 P0O1/TIO1
INTP2 External interrupt request input with specifiable valid edges (rising edge, P02
INTP3 Input | falling edge, both rising and falling edges) Input P03
INTP4 P04
INTP5 P05
INTP6 P06

SI0 P25/SBO
Sl1 Input Serial interface serial data input Input P20
SI2 P70/RxD
SO0 P26/SB1
SO1 Output | Serial interface serial data output Input P21
SO2 P71/TxD
SBO Input/ P25/S10
Serial interface serial data input/output Input
SB1 output P26/SO0
SCKO P27
— Input/
SCK1 Serial interface serial clock input/output Input P22
soke | O P72/ASCK
STB Output | Serial interface automatic transmit/receive strobe output Input P23
BUSY Input Serial interface automatic transmit/receive busy input Input P24
RxD Input | Asynchronous serial interface serial data input Input P70/S12
TxD Output | Asynchronous serial interface serial data output Input P71/S02
ASCK Input | Asynchronous serial interface serial clock input Input P72/SCK2
TI00 External count clock input to 16-bit timer (TMO) POO/INTPO
TIO1 Capture trigger signal input to capture register (CR00) PO1/INTP1
TI1 External count clock input to 8-bit timer (TM1) P33
Input Input
TI2 External count clock input to 8-bit timer (TM2) P34
TI5 External count clock input to 8-bit timer (TM5) P100/TO5
TI6 External count clock input to 8-bit timer (TM6) P101/TO6
TOO 16-bit timer (TMO) output (also used for 14-bit PWM output) P30
TO1 8-bit timer (TM1) output P31
TO2 Output | 8-bit timer (TM2) output Input P32
TO5 8-bit timer (TM5) output (also used for 8-bit PWM output) P100/TI5
TO6 8-bit timer (TM6) output (also used for 8-bit PWM output) P101/TI6
PCL Output | Clock output (for main system clock and subsystem clock trimming) Input P35
BUZ Output | Buzzer output Input P36
RTPO to RTP7| Output | Real-time output port outputting data in synchronization with trigger Input P120 to P127
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(2) Non-port pins (2/2)

Pin Name |Input/Output Function After Reset |Alternate Function
ADO to AD7 {Input/Output| Low-order address/data bus for external memory Input —
AO to A15 | Output | Address bus for external memory Input —
RD Output | Strobe signal output for read operation from external memory Input —
WR Strobe signal output for write operation from external memory
WAIT Input | Wait insertion when accessing external memory Input P66
ASTB Output | Strobe output externally latching address information output to ADO to Input —
AD7 and A0 to A15 to access external memory

ANIO to ANI7| Input | A/D converter analog input Input P10 to P17

ANOO, ANO1| Output | D/A converter analog output Input P130, P131
AVREF0 Input | A/D converter reference voltage input — —
AVRer1 Input D/A converter reference voltage input — —
AVop — A/D converter analog power supply. Connect to Voo. — —
AVss — A/D converter and D/A converter ground potential. Connect to Vss. — —
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 — —
Vss — Ground potential — —
IC — Internally connected. Connect directly to Vss. — —
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3.2 Description of Pin Functions

3.2.1 P00 to P07 (Port 0)
These are 8-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 oscillation.

The following operating modes can be specified bit-wise.

1)

)

Port mode

P00 and P07 function as input-only ports and P01 to P06 function as input/output ports.

P01 to P06 can be specified for input or output ports bit-wise with a port mode register 0 (PM0). When they are
used as input ports, on-chip pull-up resistors can be connected to them by defining the pull-up resistor option
register L (PUOL).

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.

(&) INTPO to INTP6
INTPO to INTP6 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 to capture register (CR00) of 16-bit timer/event counter.

(d) XT1
Crystal connect pin for subsystem clock oscillation.

3.2.2 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.

€

2

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, on-chip pull-up resistors can be connected to them by defining the pull-up resistor option register L
(PUOL).

Control mode

These ports function as A/D converter analog input pins (ANIO to ANI7). The pull-up resistor is automatically
disabled when the pins are specified for analog input.
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3.2.3 P20 to P27 (Port 2)
These are 8-bit input/output ports. Besides serving as input/output ports, they function as data input/output to/

from the serial interface, clock input/output, automatic transmit/receive busy input, and strobe output.
The following operating modes can be specified bit-wise.

60

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 2 (PM2). When they are used as input ports, on-chip pull-up resistors can be connected
to them by defining the pull-up resistor option register L (PUOL).

Control mode
These ports function as serial interface data input/output, clock input/output, automatic transmit/receive busy
input, and strobe output functions.

(a) SIo, SI1, SO0, SO1
Serial interface serial data input/output pins.

(b) SCKO, SCK1
Serial interface serial clock input/output pins.

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

(d) BUSY
Serial interface automatic transmit/receive busy input pins.

(e) STB
Serial interface automatic transmit/receive strobe output pins.

Caution  When this port is used as a serial interface, the 1/0O and output latches must be set
according to the function the user requires. Forthe setting, refer to Figure 17-4. Serial
Operation Mode Register 0 Format and Figure 19-3. Serial Operation Mode Register
1 Format.
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3.2.4 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, on-chip pull-up resistors can be connected
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, 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.

3.2.5 P60 to P63, P66 (Port 6)

These are 5-bit input/output ports. Besides serving as input/output ports, they are used for external memory
control.

P60 to P63 can drive LEDs directly.

The following operating modes can be specified bit-wise.

)

2

Port mode

These ports function as 5-bit input/output ports. They can be specified bit-wise as input or output ports with
port mode register 6 (PM6).

P60 to P63 are N-ch open-drain outputs.

When P66 is used as input port, on-chip pull-up resistors can be connected by defining the pull-up resistor
option register L (PUOL).

Control mode
These ports function as external wait signal output pin (WAIT) to the external memory. When a pin is used

as a external wait signal output, the on-chip pull-up resistor is automatically disabled.

Caution When external wait is not used, P66 can be used as an input/output port.
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3.2.6 P70 to P72 (Port 7)

These are 3-bit input/output ports. Besides serving as input/output ports, they function as serial interface data
input/output 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 ports or output ports
with port mode register 7 (PM7). When they are used as input ports, on-chip pull-up resistors can be
connected 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) SlI2, sSO2
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/output pin.

Caution Whenthis portis used as a serial interface, the I/O and output latches must be set according
to the function the user requires.
For the setting, refer to the operation mode setting list in Table 20-2. Serial Interface
Channel 2.

3.2.7 P90 to P96 (Port 9)

These are 7-bit input/output ports.

They can be specified bit-wise as input or output ports with port mode register 9 (PM9).

P90 to P93 are N-ch open-drain pins. When P94 to P96 are used as input ports, on-chip pull-up resistors can
be connected by defining the pull-up resistor option register H (PUOH).
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3.2.8 P100 to P103 (Port 10)
These are 4-bit input/output ports. Besides serving as input/output ports, they function as a timer input/output.

The following operating modes can be specified bit-wise.

1)

2

Port mode

These ports function as 4-bit input/output ports. They can be specified bit-wise as input or output ports with
port mode register 10 (PM10). When they are used as input ports, on-chip pull-up resistors can be connected
by defining the pull-up resistor option register H (PUOH).

Control mode
These ports function as timer input/output.

(a) TI5, TI6
Pins for external count clock input to 8-bit timer/event counter.

(b) TOS5, TO6
Pins for timer output.

3.2.9 P120 to P127 (Port 12)
These are 8-bit input/output ports. Besides serving as input/output ports, they function as a real-time output port.

The following operating modes can be specified bit-wise.

1)

2

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 12 (PM12). When they are used as input ports, on-chip pull-up resistors can be connected
by defining the pull-up resistor option register H (PUOH).

Control mode

These ports function as real-time output ports (RTPO to RTP7) outputting data in synchronization with a
trigger.
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3.2.10 P130, P131 (Port 13)

These are 2-bit input/output ports. Besides serving as input/output ports, they are used for D/A converter analog
output.

The following operating modes can be specified bit-wise.

(1) Port mode
These ports function as 2-bit input/output ports. They can be specified bit-wise as input or output ports with
port mode register 13 (PM13). When they are used as input ports, on-chip pull-up resistors can be connected
by defining the pull-up resistor option register H (PUOH).

(2) Control mode
These ports function as D/A converter analog output (ANOO and ANO1).

Caution When only either one of the D/A converter channels is used with AV rRer1< Vop, the other pins
that are not used as analog outputs must be set as follows:
* Set PM13x bit of the port mode register 13 (PM13) to 1 (input mode) and connect the pin
to Vss.
e SetPM13x bit of the port mode register 13 (PM13) to 0 (output mode) and the output latch
to 0, to output low level from the pin.

3.2.11 ADO to AD7
These are the low-order address/data bus pins for external memory.

3.2.12 A0 to Al15
These are the address bus pins for external memory.

3.2.13 RD
This is a strobe signal output pin for read operation from external memory.

3.2.14 WR
This is a strobe signal output pin for write operation from external memory.

3.2.15 ASTB

This is a strobe signal output pin that externally latches the address data from the ADO to AD7, AO to A15 pins
in order to access the external memory.

Inthe case of the pPD78070A, this signal does not need to be used because the external device expansion function
is fixed at the separate bus mode, but the address strobe signal is being output.

3.2.16 AVREeFo
A/D converter reference voltage input pin.
When A/D converter is not used, connect this pin to Vss.

3.2.17 AVREr1
D/A converter reference voltage input pin.
When D/A converter is not used, connect this pin to Vob.

3.2.18 AVobp

This is an analog power supply pin of A/D converter. Always use the same voltage as that of the Vob pin even
when not using A/D converter.
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3.2.19 AVss
This is a ground voltage pin of A/D converter and D/A converter. Always use the same voltage as that of the Vss
pin even when not using A/D converter or D/A converter.

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

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

3.2.22 XT1, XT2
Crystal resonator connect pins for subsystem clock oscillation.
For external clock supply, input it to XT1 and its inverted signal to XT2.

3.2.23 Vop
This is a positive power supply pin.

3.2.24 Vss
This is a ground potential pin.

3.2.25 IC

The IC (Internally Connected) pin is provided to set the test mode to check the uPD78070A 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.

e Connect IC pin to V ss pin directly.

As short as possible
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3.3 Pin Input/Output Circuits and Recommended Connection of Unused Pins

Table 3-1 shows the input/output circuit types of pins and the recommended connections of unused pins.
Refer to Figure 3-1 for the configuration of the input/output circuit of each type.

Table 3-1. Pin Input/Output Circuit Types (1/2)

Pin Name Input/Output Input/Output | Recommended Connection of Unused Pins
Circuit Type
POO/INTPO/TI00 2 Input Connect to Vss.
PO1/INTP1/TI01 8-A Input/Output | Independently connect to Vss via a
PO2/INTP2 resistor.
PO3/INTP3
P04/INTP4
PO5/INTP5
PO6/INTP6
PO7/XT1 16 Input Connect to Voo.
P10/ANIO to P17/ANI7 11 Input/Output | Independently connect to Vop or Vss via a
P20/SI11 8-A resistor.
P21/S0O1 5-A
P22/SCK1 8-A
P23/STB 5-A
P24/BUSY 8-A
P25/S10/SBO 10-A
P26/S0O0/SB1
P27/SCKO
P30/TO0 5-A
P31/TO1
P32/TO2
P33/TI1 8-A
P34/T12
P35/PCL 5-A
P36/BUZ
P37
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Table 3-1. Pin Input/Output Circuit Types (2/2)

Pin Name Input/Output | Input/Output | Recommended Connection of Unused Pins
Circuit Type
P60 to P63 13-C Input/Output | Independently connect to Voo via a resistor.
P66/WAIT 5-A Input/Output | Independently connect to Voo or Vss via a
P70/SI2/RxD 8-A resistor.
P71/SO2/TxD 5-A
P72/SCK2/ASCK 8-A
P90 to P93 13-C Input/Output | Independently connect to Voo via a resistor.
P94 to P96 5-A Input/Output | Independently connect to Voo or Vssvia a
P100/TI5/TO5 8-A resistor.
P101/TI6/TO6
P102, P103 5-A
P120/RTPO to P127/RTP7
P130/ANOO, P131/ANO1 12-A Input/Output | Independently connect to Vss via a resistor,
ADO to AD7 5-E Input/Output | Independently connect to Vop via a resistor
A0 to A15 5-A Output Leave open
RD
WR
ASTB
RESET 2 Input —
XT2 16 — Leave open
AVREFo — Connect to Vss.
AVREF1 Connect to Voo.
AVbbp
AVss Connect to Vss.
IC Connect directly to Vss.
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Figure 3-1. List of Pin Input/Output Circuits (1/2)

Type 8-A

Type 2 Vob
pullup l'> | :
enable P-ch
IN
Vop
data 44 P-ch
Schmitt-triggered input with INJOUT
hysteresis characteristics output
disable
Type 5-A Vb Type 10-A Voo
pullup l|> o | . ullu
enable P-ch gnabFI)e {>O—| P-ch
Voo Voo
data ——— 1 Yo |[=p-ch data 4o |[=p-ch
INfOUT INJOUT
output N-ch open drain
disable output disable N-ch
enable
Type 5-E Voo Type 11 Vob
pullup P-ch
pullup | i enable
enable DO [ P-ch VDD
Vi data 44
DD
data +——OIN/OUT
P-ch
output
disable Pch|
IN/OUT Comparator
output
disuble :DO—| N-ch ;AVS?N ch
V/Rer fThreshoId voltage)
) ;E input
enable
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Figure 3-1. List of Pin Input/Output Circuits (2/2)

Type 12-A oD Type 16
pullup l,: |£ : feedback
enable P-ch cut-off
Vob
data 4»:Do_| P-ch
P-ch
OIN/OUT —W\:—m
output N-ch
disable >_|>o_<
enable X?I'l X'(I)'Z

Analog output
voltage N-ch
; AVss

Type 13-C

+—OIN/OUT

data
output disable :DO—| N-ch

<—o<|7
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4.1 Pin Function List

(1) Port pins (1/2)

Pin Name |Input/Output Function After Reset | Alternate Function
P00 Input Input only Input INTPO/TIOO
PO1 Input/output mode can be specified INTP1/TIOL
P02 bit-wise. INTP2
P03 Input/ | Port 0. If used as an input port, an on-chip INTP3
P04 output | 8-bit input/output port. pull-up resistor can be connected nput INTP4
P05 by software. INTP5
P06 INTP6

pQ7Note 1 Input Input only Input XT1

P10 to P17 Port 1.

8-bit input/output port.

Input/
Input/output mode can be specified bit-wise. Input ANIO to ANI7
output If used as an input port, an on-chip pull-up resistor can be connected by

softwareNete 2,
P20 SI1
P21 SO1
P22 Port 2. SCK1
P23 Input/ | 8-bit input/output port. STB
P24 output | Input/output mode can be specified bit-wise. nput BUSY
P25 If used as an input port, an on-chip pull-up resistor can be connected by SI0/SBO/SDAO
P26 software. SO0/SB1/SDA1
P27 SCKO/SCL
P30 TOO
P31 TO1l
P32 Port 3. TO2
P33 Input/ | 8-bit input/output port. TI1
P34 output | Input/output mode can be specified bit-wise. nput TI2
P35 If used as an input port, an on-chip pull-up resistor can be connected by PCL
P36 software. BUZ
P37 —

Notes 1. When the PO7/XT1 pin is used as an input port, set the 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, set port 1 to

the input mode. The on-chip pull-up resistor is automatically disabled.
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(1) Port pins (2/2)

If used as an input port, an on-chip pull-up resistor can be connected

by software.

Pin Name |Input/Output Function After Reset |Alternate Function
P60 N-ch open-drain input/output port. —
P61 LED can be driven directly.

Port 6.
P62
Input/ | 5-bit input/output port.
P63 Input
output | |nput/output mode can be
P66 specified bit-wise. If used as an input port, an on-chip WAIT
pull-up resistor can be connected
by software.
P70 Port 7. SI2/RxD
Input/ | 3-bit input/output port.
P71 output | Input/output mode can be specified bit-wise. Input SO2/TxD
If used as an input port, an on-chip pull-up resistor can be connected
P72 by software. SCK2/ASCK
P90 N-ch open-drain input/output port.
P91 Port 9.
P92 Input/ 7-bit input/output port.
P93 output Input/output mode can be Input —
P94 specified bit-wise. If used as an input port, an on-chip
P95 pull-up resistor can be connected
P96 by software.
P100 Port 10. TISITOS
4-bit input/output port.
Input/ » o
P101 Input/output mode can be specified bit-wise. Input TI6/TO6
output
If used as an input port, an on-chip pull-up resistor can be connected
P102, P103 by software. -
Port 12.
8-bit input/output port.
Input/ » o
P120 to P127 Input/output mode can be specified bit-wise. Input RTPO to RTP7
output
If used as an input port, an on-chip pull-up resistor can be connected
by software.
Port 13.
2-bit input/output port.
Input/

P130, P131 Input/output mode can be specified bit-wise. Input ANOO, ANO1

output
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(2) Non-port pins (1/2)

Pin Name |Input/Output Function After Reset | Alternate Function
INTPO POO/TI00
INTP1 P0O1/TIO1
INTP2 External interrupt request input with specifiable valid edges (rising edge, P02
INTP3 Input | falling edge, both rising and falling edges) Input P03
INTP4 P04
INTP5 P05
INTP6 P06

SI0 P25/SB0/SDAO

Sl1 Input Serial interface serial data input Input P20

SI2 P70/RxD
SO0 P26/SB1/SDA1
SO1 Output | Serial interface serial data output Input P21
SO2 P71/TxD
SBO P25/S10/SDAO
SB1 Input/ P26/SO0/SDA1
SDAO output Serial interface serial data input/output Input 25/SI0/SBO
SDA1 P26/SO0/SB1
SCKO P27/SCL
SCK1 Input/ P22
— Serial interface serial clock input/output Input
SCK2 output P72/ASCK
scL P27/SCKO
STB Output | Serial interface automatic transmit/receive strobe output Input P23
BUSY Input Serial interface automatic transmit/receive busy input Input P24
RxD Input | Asynchronous serial interface serial data input Input P70/S12
TxD Output | Asynchronous serial interface serial data output Input P71/S02
ASCK Input | Asynchronous serial interface serial clock input Input P72/SCK2
TI00 External count clock input to 16-bit timer (TMQ) 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 nput External count clock input to 8-bit timer (TM2) P34

TI5 External count clock input to 8-bit timer (TM5) P100/TO5
TI6 External count clock input to 8-bit timer (TM6) P101/TO6
TOO 16-bit timer (TMO) output (also used for 14-bit PWM output) P30
TO1 8-bit timer (TM1) output P31

TO2 Output | 8-bit timer (TM2) output Input P32
TO5 8-bit timer (TM5) output (also used for 8-bit PWM output) P100/TI5
TO6 8-bit timer (TM6) output (also used for 8-bit PWM output) P101/TI6
PCL Output | Clock output (for main system clock and subsystem clock trimming) Input P35
BUZ Output | Buzzer output Input P36

RTPO to RTP7| Output | Real-time output port outputting data in synchronization with trigger Input P120 to P127
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(2) Non-port pins (2/2)

Pin Name |Input/Output Function After Reset |Alternate Function
ADO to AD7 |nput/Outputl Low-order address/data bus for external memory Input —
AO to A15 | Output | Address bus for external memory Input —
RD Output | Strobe signal output for read operation from external memory Input —
WR Strobe signal output for write operation from external memory
WAIT Input | Wait insertion when accessing external memory Input P66
ASTB Output | Strobe output externally latching address information output to ADO to Input P67
AD7 and A0 to A15 to access external memory

ANIO to ANI7| Input | A/D converter analog input Input P10 to P17

ANOO, ANO1| Output | D/A converter analog output Input P130, P131
AVREF0 Input | A/D converter reference voltage input — —
AVRer1 Input D/A converter reference voltage input — —
AVop — A/D converter analog power supply. Connect to Voo. — —
AVss — A/D converter and D/A converter ground potential. Connect to Vss. — —
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 — —
Vss — Ground potential — —
IC — Internally connected. Connect directly to Vss. — —
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4.2 Description of Pin Functions

4.2.1 POO to PO7 (Port 0)
These are 8-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 oscillation.
The following operating modes can be specified bit-wise.

1)

)

Port mode

P00 and P07 function as input-only ports and P01 to P06 function as input/output ports.

P01 to P06 can be specified for input or output ports bit-wise with a port mode register 0 (PM0). When they are
used as input ports, on-chip pull-up resistors can be connected to them by defining the pull-up resistor option
register L (PUOL).

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.

(&) INTPO to INTP6
INTPO to INTP6 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 to capture register (CR00) of 16-bit timer/event counter.

(d) XT1
Crystal connect pin for subsystem clock oscillation.

4.2.2 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.

€

2

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, on-chip pull-up resistors can be connected to these ports by defining the pull-up resistor option register
L (PUOL).

Control mode

These ports function as A/D converter analog input pins (ANIO to ANI7). The on-chip pull-up resistor is
automatically disabled when the pins specified for analog input.
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4.2.3 P20 to P27 (Port 2)
These are 8-bit input/output ports. Besides serving as input/output ports, they function as data input/output to/

from the serial interface, clock input/output, automatic transmit/receive busy input, and strobe output.
The following operating modes can be specified bit-wise.
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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 2 (PM2). When they are used as input ports, on-chip pull-up resistors can be connected
to them by defining the pull-up resistor option register L (PUOL).

Control mode
These ports function as serial interface data input/output, clock input/output, automatic transmit/receive busy
input, and strobe output functions.

(a) Slo, SI1, SO0, SO1, SBO, SB1, SDAO, SDA1
Serial interface serial data input/output pins.

(b) SCKO, SCK1, SCL
Serial interface serial clock input/output pins.

(c) BUSY
Serial interface automatic transmit/receive busy input pins.

(d) STB
Serial interface automatic transmit/receive strobe 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. Forthe setting, refer to Figure 18-4. Serial
Operation Mode Register 0 Format and Figure 19-3. Serial Operation Mode Register
1 Format.
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4.2.4 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, on-chip pull-up resistors can be connected
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, 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.

4.2.5 P60 to P63, P66 (Port 6)
These are 5-bit input/output ports. Besides serving as input/output ports, they are used for external memory

control.
P60 to P63 can drive LEDs directly.
The following operating modes can be specified bit-wise.

)

2

Port mode

These ports function as 5-bit input/output ports. They can be specified bit-wise as input or output ports with
port mode register 6 (PM6).

P60 to P63 are N-ch open-drain outputs.

When P66 is used as input port, on-chip pull-up resistors can be connected by defining the pull-up resistor
option register L (PUOL).

Control mode
These ports function as external wait signal output pin (WAIT) to the external memory. When a pin is used

as a external wait signal output, the on-chip pull-up resistor is automatically disabled.

Caution When external wait is not used, P66 can be used as an input/output port.
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4.2.6 P70 to P72 (Port 7)

These are 3-bit input/output ports. Besides serving as input/output ports, they function as serial interface data
input/output 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 ports or output ports
with port mode register 7 (PM7). When they are used as input ports, on-chip pull-up resistors can be
connected 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) SlI2, sSO2
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/output pin.

Caution Whenthis portis used as a serial interface, the I/O and output latches must be set according
to the function the user requires.
For the setting, refer to the operation mode setting list in Table 20-2. Serial Interface
Channel 2.

4.2.7 P90 to P96 (Port 9)

These are 7-bit input/output ports.

They can be specified bit-wise as input or output ports with port mode register 9 (PM9).

P90 to P93 are N-ch open-drain pins. When P94 to P96 are used as input ports, on-chip pull-up resistors can
be connected by defining the pull-up resistor option register H (PUOH).
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4.2.8 P100 to P103 (Port 10)
These are 4-bit input/output ports. Besides serving as input/output ports, they function as a timer input/output.

The following operating modes can be specified bit-wise.

1)

2

Port mode

These ports function as 4-bit input/output ports. They can be specified bit-wise as input or output ports with
port mode register 10 (PM10). When they are used as input ports, on-chip pull-up resistors can be connected
by defining the pull-up resistor option register H (PUOH).

Control mode
These ports function as timer input/output.

(a) TI5, TI6
Pins for external clock input to 8-bit timer/event counter.

(b) TOS5, TO6
Pins for timer output.

4.2.9 P120 to P127 (Port 12)
These are 8-bit input/output ports. Besides serving as input/output ports, they function as a real-time output port.

The following operating modes can be specified bit-wise.

1)

2

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 12 (PM12). When they are used as input ports, on-chip pull-up resistors can be connected
by defining the pull-up resistor option register H (PUOH).

Control mode

These ports function as real-time output ports (RTPO to RTP7) outputting data in synchronization with a
trigger.
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4.2.10 P130, P131 (Port 13)

These are 2-bit input/output ports. Besides serving as input/output ports, they are used for D/A converter analog
output.

The following operating modes can be specified bit-wise.

(1) Port mode
These ports function as 2-bit input/output ports. They can be specified bit-wise as input or output ports with
port mode register 13 (PM13). When they are used as input ports, on-chip pull-up resistors can be connected
by defining the pull-up resistor option register H (PUOH).

(2) Control mode
These ports function as D/A converter analog output (ANOO and ANO1).

Caution When only either one of the D/A converter channels is used with AV rRer1< Vop, the other pins
that are not used as analog outputs must be set as follows:
* Set PM13x bit of the port mode register 13 (PM13) to 1 (input mode) and connect the pin
to Vss.
« SetPM13x bit of the port mode register 13 (PM13) to 0 (output mode) and the output latch
to 0, to output low level from the pin.

4.2.11 ADO to AD7
These are the low-order address/data bus pins for external memory.

4.2.12 A0 to Al5
These are the address bus pins for external memory.

4.2.13 RD
This is a strobe signal output pin for read operation from external memory.

4.2.14 WR
This is a strobe signal output pin for write operation from external memory.

4.2.15 ASTB

This is a strobe signal output pin that externally latches the address data from the ADO to AD7, AO to A15 pins
in order to access the external memory.

In the case of the uPD78070AY, this signal does not need to be used because the external device expansion
function is fixed at the separate bus mode, but the address strobe signal is being output.

4.2.16 AVREF0
A/D converter reference voltage input pin.
When A/D converter is not used, connect this pin to Vss.

4.2.17 AVREF1
D/A converter reference voltage input pin.
When D/A converter is not used, connect this pin to Vob.

4.2.18 AVbp

This is an analog power supply pin of A/D converter. Always use the same voltage as that of the Vob pin even
when not using A/D converter.
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4.2.19 AVss
This is a ground voltage pin of A/D converter and D/A converter. Always use the same voltage as that of the Vss
pin even when not using A/D converter or D/A converter.

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

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

4.2.22 XT1, XT2
Crystal resonator connect pins for subsystem clock oscillation.
For external clock supply, input it to XT1 and its inverted signal to XT2.

4.2.23 Vobp
This is a positive power supply pin for ports.

4.2.24 Vss
This is a ground potential pin.

4.2.25 IC

The IC (Internally Connected) pin is provided to set the test mode to check the uPD78070AY 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.

e Connect IC pin to V ss pin directly.

As short as possible
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4.3 Pin Input/Output Circuits and Recommended Connection of Unused Pins

Table 4-1 shows the input/output circuit types of pins and the recommended connections of unused pins.
Refer to Figure 4-1 for the configuration of the input/output circuit of each type.

Table 4-1. Pin Input/Output Circuit Types (1/2)

Pin Name Input/Output Input/Output | Recommended Connection of Unused Pins
Circuit Type
POO/INTPO/TI00 2 Input Connect to Vss.
PO1/INTP1/TI01 8-A Input/Output | Independently connect to Vss via a
PO2/INTP2 resistor.
PO3/INTP3
P04/INTP4
PO5/INTP5
PO6/INTP6
PO7/XT1 16 Input Connect to Voo.
P10/ANIO to P17/ANI7 11 Input/Output | Independently connect to Voo or Vssvia
P20/SI11 8-A a resistor.
P21/S0O1 5-A
P22/SCK1 8-A
P23/STB 5-A
P24/BUSY 8-A
P25/S10/SB0/SDAO 10-A
P26/SO0/SB1/SDA1
P27/SCKO/SCL
P30/TO0 5-A
P31/TO1
P32/TO2
P33/TI1 8-A
P34/T12
P35/PCL 5-A
P36/BUZ
P37
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Table 4-1. Pin Input/Output Circuit Types (2/2)

Pin Name Input/Output | Input/Output | Recommended Connection of Unused Pins
Circuit Type
P60 to P63 13-C Input/Output | Independently connect to Voo via a resistor.
P66/WAIT 5-A Input/Output | Independently connect to Voo or Vss via a
P70/SI2/RxD 8-A resistor.
P71/SO2/TxD 5-A
P72/SCK2/ASCK 8-A
P90 to P93 13-C Input/Output | Independently connect to Voo via a resistor.
P94 to P96 5-A Input/Output | Independently connect to Voo or Vssvia a
P100/TI5/TO5 8-A resistor.
P101/TI6/TO6
P102, P103 5-A
P120/RTPO to P127/RTP7
P130/ANOO, P131/ANO1 12-A Input/Output | Independently connect to Vss via a resistor.
ADO to AD7 5-E Input/Output | Independently connect to Voo via a resistor.
A0 to A15 5-A Output Leave open
RD
WR
ASTB
RESET 2 Input —
XT2 16 — Leave open
AVREFo — Connect to Vss.
AVREF1 Connect to Voo.
AVbbp
AVss Connect to Vss.
IC Connect directly to Vss.
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Figure 4-1. List of Pin Input/Output Circuits (1/2)

Type 2 Type 8-A Voo
pullup {>o | .
enable P-ch
IN
Voo
data " Do|f=P<n
Schmitt-triggered input with INJOUT
hysteresis characteristics output N-ch
disable
Type 5-A Voo Type 10-A Voo
pullup l|> o | - ullu
enable P-ch gnab?e {>O—| P-ch
Voo Voo
data ——— 1 Yo |[=p-ch data ———+—{ Yo |[=p-ch
INfOUT INJOUT
output N-ch open drain
disable output disable N-ch
input :l - o@
enable
Type 5-E Voo Type 11 Voo
pullup P-ch
pullup | ) enable
enable DO [ P-ch VDD
v data
DD
data +——OIN/OUT
P-ch
output
disable Pch|
IN/OUT Comparator
disable 1> | N-ch ;AVs;rN ch
VRer fThreshoId voltage)
) ;E input
enable
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Figure 4-1. List of Pin Input/Output Circuits (2/2)

data
output disable :DO—| N-ch

<—o<|7

Type 12-A \Vob Type 16
pullup >0 | : feedback
enable P-ch cut-off
Vob
data 4‘:Do—| %;-ch P-ch
OIN/OUT W’—DO—’
output N-ch
disable . | >o .
enable o o
Analog output XT1 XT2
voltage N-ch
_WT'_AVSS
Type 13-C
+—O IN/OUT
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CHAPTER 5 CPU ARCHITECTURE

5.1 Memory Spaces
The uPD78070A and 78070AY allow access to amemory space of 64 Kbytes. Figure 5-1 shows the memory maps.

Figure 5-1. Memory Map

A
FFFFH Special Function
Registers (SFRs)
FEOOH 256 x 8 bits
FEFFH| GeneralRegisters
EEEOH 32 x 8 hits
FEDFH
Internal High-speed RAM
1024 x 8 bits
FBOOH
FAFFH
Reserved
FAEQOH
FADFH
Internal Buffer RAM
32 x 8 bits
FACOH
Data memory FABFH
Space OFFFH
Reserved =  CALLFEntyArea =
FA80H 0800H
FA7FH 07FFH
= Program Area Xx
0080H
Program External Memory 007FH
64128 x 8 bits
memory 3= = CALLT Table Area
space
0040H
003FH
Vector Table Area
i 0000H 0000H
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5.1.1 External memory Space
The uPD78070A and 78070AY are ROM-less products and therefore have no internal program memory space.
The 64128 x 8 bit area from 0000H to FA7FH can be used as an external memory. Program and table data can
be stored and peripheral devices can be allocated. Normally, addressing is executed by the program counter (PC).
The following area is allocated from 0000H to OFFFH. As 0000H to 003FH are especially identified as the vector
table area, allocate ROM to this area as necessary.

(1) Vector table area
The 64-byte area 0000H to O03FH 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-bit address, the low-order 8 bits are stored at even addresses and the high-order 8 bits are
stored at odd addresses.

Table 5-1. Vector Table

Vector Table Address Interrupt Source
0000H ‘RESET input
0004H INTWDT
0006H INTPO
0008H INTP1
000AH INTP2
000CH INTP3
000EH INTP4
0010H INTP5
0012H INTP6
0014H INTCSIO
0016H INTCSI1
0018H INTSER
001AH INTSR/INTCSI2
001CH INTST
001EH INTTM3
0020H INTTMOO
0022H INTTMO1
0024H INTTM1
0026H INTTM2
0028H INTAD
002AH INTTM5
002CH INTTM6
003EH BRK

(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).
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5.1.2 Internal data memory space
The uPD78070A and 78070AY units incorporate the following RAMs.

(1) Internal high-speed RAM
This is a 1024 x 8-bit configuration in the area FBOOH to FEFFH 4 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.

(2) Internal buffer RAM
Internal buffer RAM is allocated to the 32-byte area from FACOH to FADFH. Internal buffer RAM is used
for storing transmit/receive data of serial interface channel 1 (3-wire serial I/O mode with automatic transmit/
receive function). When not used in the 3-wire serial /O mode with automatic transmit/receive function,
internal buffer RAM can also be used as normal RAM.

5.1.3 Special function register (SFR) area
An on-chip peripheral hardware special function register (SFR) is allocated in the area FFOOH to FFFFH. (Refer

to Table 5-2. Special Function Register List of 5.2.3 Special function register (SFR) ).

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

Addressing is a method to specify the instruction address to be executed next and the register and memory address
to be manipulated when instructions are executed. The instruction address to be executed next is addressed by the
program counter (PC) (for details, refer to 5.3 Instruction Address Addressing ).

For the addressing of the memory to be manipulated when instructions are executed, the yPD78070A and 78070AY
are provided with various addressing modes for optimum addressing. Special addressing methods are possible to
meet the functions of the special function registers (SFRs) and general registers. The data memory space is the entire
64-Kbyte space (0000H to FFFFH). Figure 5-2 shows the data memory addressing modes.

For details of addressing, refer to 5.4 Operand Address Addressing

Figure 5-2. Data Memory Addressing

FFFFH _ _ )
Special Function
Registers (SFRs) SFR Addressing
256 x 8 bits
FF2OHY_
FF1FH
FFOOH
FEFFH i A
Gengzral I;igtlsters Register Addressing
FEEOH s v Short Direct
FEDFH Addressing
T Internal High-speed RAM T
1024 x 8 bits
FE2OH} ]
FE1FH
FBOOH
FAFFH
Reserved
FAEOH
FADFH Direct Addressing
Internal Buffer RAM
32 x 8 hits Register Indirect
FACOH Addressing
FABFH
Based Addressing
Based Indexed
Reserved Addressing
FA80H
FATFH
L External Memory L
"~ 64128 x 8 bits B
0000H A
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5.2 Processor Registers

The uPD78070A and 78070AY units incorporate the following processor registers.

5.2.1 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)

2

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 5-3. Program Counter Format

15 0

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

Program status word (PSW)
The program status word is an 8-bit register consisting of various flags to be set/reset by instruction

execution.
Program status word contents are automatically stacked upon interrupt request generation or PUSH PSW

instruction execution and are automatically reset upon execution of the RETB, RETI and POP PSW instructions.
RESET input sets the PSW to 02H.

Figure 5-4. Program Status Word Format

PSW IE 4 RBS1| AC RBSO 0 ISP CYy
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92

(@)

(b)

(©)

(d)

(e)

()

Interrupt enable flag (IE)

This flag controls the interrupt request acknowledge operations of the CPU.

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

When IE =1, the IE is set to interrupt enabled (EI) status and interrupt request acknowledge is controlled
with an in-service priority flag (ISP), an interrupt mask flag for various interrupt sources, and a 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.

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

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.

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.

In-service priority flag (ISP)

This flag manages the priority of acknowledgeable maskable vectored interrupts. When ISP = 0,
acknowledgment of the vectored interrupt request specified to low-order priority with the priority specify
flag registers (PROL, PROH, and PR1L) (refer to 22.3 (3) Priority specify flag registers (PROL, PROH,
and PR1L)) is disabled. Whether an actual interrupt request is acknowledged or not is controlled with
the interrupt enable flag (IE).

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.
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(3) Stack pointer (SP)
This is a 16-bit register to hold the start address of the memory stack area. Only the internal high-speed RAM
area can be set as the stack area.

Figure 5-5. Stack Pointer Format
15 0

SP |SP15|SP14|SP13|SP12|SP11|SP10| SP9 | SP8 | SP7 | SP6 | SP5 | SP4 | SP3 | SP2 | SP1 | SPO

The SP is decremented ahead of write (save) to the stack memory and is incremented after read (reset)

from the stack memory.

Each stack operation saves/resets data as shown in Figures 5-6 and 5-7.

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

SP <SP -2

SP-2

SP-1

S

sP >

SP+1

SP=SP +2

instruction execution.

Figure 5-6. Data to be Saved to Stack Memory

PUSH rp Instruction

Register Pair Lower

Register Pair Upper

SP <SP -2

SP-2

SP-1

SR

CALL, CALLF, and
CALLT Instruction

PC7 to PCO

PC15 to PC8

Interrupt and
BRK Instruction

SP=sSp -3
SP ?— 3 PC7 to PCO
SP ?_ 2 PC15 to PC8
SP-1 PSW
S?P -

Figure 5-7. Data to be Reset from Stack Memory

POP rp Instruction

Register Pair Lower

Register Pair Upper

Sp >

SP+1

SP=SP +2

RET Instruction

PC7 to PCO

PC15 to PC8

RETI and RETB

Instruction
Sp PC7 to PCO
SP+1 PC15to PC8
SP +2 PSW
SP=<SP +3
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5.2.2 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 interruption for each bank.

Figure 5-8. General Register Configuration

(a) Absolute Name

16-bit Processing 8-bit Processing
FEFFH
R7
BANKO RP3
R6
FEF8H
FEF7H
R5
BANK1 RP2
R4
FEFOH
FEEFH
R3
BANK2 RP1
R2
FEE8H
FEE7H
R1
BANK3 RPO
RO
FEEOH
15 0 7 0
(b) Function Name
16-bit Processing 8-bit Processing
FEFFH
H
BANKO HL
L
FEF8H
FEF7H
D
BANK1 DE
E
FEFOH
FEEFH
B
BANK2 BC
C
FEESH
FEE7H
A
BANK3 AX
X
FEEOH
15 0 7 0

94



CHAPTER 5 CPU ARCHITECTURE

5.2.3 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 registers can be manipulated in a similar way to the general registers, by using operation,
transfer, or bit-manipulate instructions. The special function registers are read from and written to in specified
manipulation bit units (1, 8, and/or 16) depending on the 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.

* 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 5-2 gives a list of special function registers. The meaning of items in the table is as follows.

e Symbol
This column shows the addresses of the special function registers.
They have been defined as reserved words in the RA78K/0 and as the header file, sfrbit.h, in the CC78K/0.
They can be described as instruction operands when the RA78K/0, ID78K0-NS, ID78K0, and SM78KO0 are used.
* RIW
This column shows whether the corresponding special function register can be read or written.
R/W : Both reading and writing are enabled.
R . The value in the register can read out. A write to this register is ignored.
W @ A value can be written to the register. Reading values from the register is impossible.
* Manipulation
The register can be manipulated in bit units marked with a check (V) mark.
The register cannot be manipulated in bit units marked with “—".
» After reset
The register is set to the value immediately after the RESET signal is input.
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Table 5-2. Special Function Register List (1/3)

Manipulation
Address Special Function Register (SFR) Name Symbol R/W After Reset
1 bit 8 bits | 16 bits
FFOOH Port 0 PO R/W v v — 00H
FFO1H Port 1 P1 v v —
FFO2H Port 2 P2 v v —
FFO3H Port 3 P3 v v —
FFO6H Port 6 P6 v v — Undefined
FFO7H Port 7 P7 v v — 00H
FFO9H Port 9 P9 v v —
FFOAH Port 10 P10 v v —
FFOCH Port 12 P12 v v —
FFODH Port 13 P13 v v —
FF10H Capture/compare register 00 CROO — — v Undefined
FF11H
FF12H Capture/compare register 01 CRO1 — — v
FF13H
FF14H 16-bit timer register TMO R — — v 0000H
FF15H
FF16H Compare register 10 CR10 R/W — v — Undefined
FF17H Compare register 20 CR20 — v —
FF18H 8-bit timer register 1 TMS | TM1 R — v v 00H
FF19H 8-bit timer register 2 T™M2 — v
FF1AH Serial I/O shift register 0 SIO0 R/W — v — Undefined
FF1BH Serial I/O shift register 1 SIo1 — v —
FF1FH A/D conversion result register ADCR R — v —
FF20H Port mode register 0 PMO R/W v v — FFH
FF21H Port mode register 1 PM1 v v —
FF22H Port mode register 2 PM2 v v —
FF23H Port mode register 3 PM3 v v —
FF26H Port mode register 6 PM6 v v —
FF27H Port mode register 7 PM7 v v —
FF29H Port mode register 9 PM9 v v —
FF2AH Port mode register 10 PM10 v v —
FF2CH Port mode register 12 PM12 v v —
FF2DH Port mode register 13 PM13 v v —
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Table 5-2. Special Function Register List (2/3)

Manipulation

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

FF30H Real-time output buffer register L RTBL R/W — v — 00H
FF31H Real-time output buffer register H RTBH — v —

FF34H Real-time output port mode register RTPM v v —

FF36H Real-time output port control register RTPC v v —

FF3FH External bus type selection register EBTS — v —

FF40H Timer clock select register 0 TCLO v v —

FF41H Timer clock select register 1 TCL1 — v —

FF42H Timer clock select register 2 TCL2 — v —

FF43H Timer clock select register 3 TCL3 — v — 88H
FF47H Sampling clock select register SCSs — v — 00H
FF48H 16-bit timer mode control register TMCO v v —

FF49H 8-bit timer mode control register 1 TMC1 v v —

FF4AH Watch timer mode control register TMC2 v v —

FF4CH Capture/compare control register 0 CRCO v v — 04H
FF4EH 16-bit timer output control register TOCO v v — 00H
FF4FH 8-bit timer output control register TOC1 v v —

FF50H Compare register 50 CR50 — v —

FF51H 8-bit timer register 5 TM5 R — v —

FF52H Timer clock selection register 5 TCL5 R/W — v —

FF53H 8-bit timer mode control register 5 TMC5 v v —

FF54H Compare register 60 CR60 — v —

FF55H 8-bit timer register 6 T™M6 R — v —

FF56H Timer clock selection register 6 TCL6 R/W — v —

FF57H 8-bit timer mode control register 6 TMC6 v v —

FF60H Serial operating mode register 0 CSIMO v v —

FF61H Serial bus interface control register SBIC v v —

FF62H Slave address register SVA — v — Undefined
FF63H Interrupt timing specify register SINT v v — 00H
FF68H Serial operating mode register 1 CSiM1 v v —

FF69H Automatic data transmit/receive control register ADTC v v —

FF6AH Automatic data transmit/receive address pointer ADTP — v —

FF6BH Automatic data transmit/receive interval specify register ADTI v v —

FF70H Asynchronous serial interface mode register ASIM v v —

FF71H Asynchronous serial interface status register ASIS R — v —

FF72H Serial operating mode register 2 CSIM2 R/W v v —

FF73H Baud rate generator control register BRGC — v —

FF74H Transmit shift register TXS | SI02 — v — FFH

| Receive buffer register RXB | R
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Table 5-2. Special Function Register List (3/3)

Manipulation
Address Special Function Register (SFR) Name Symbol R/W After Reset
1 bit 8 bits | 16 bits
FF80H A/D converter mode register ADM RIW v v — 01H
FF84H A/D converter input select register ADIS — v — 00H
FF90H D/A conversion value set register 0 DACSO0 — v —
FF91H D/A conversion value set register 1 DACS1 — v —
FF98H D/A converter mode register DAM v v —
FFDOH to External access areaN°® v v — Undefined
FFDFH
FFEOH Interrupt request flag register OL IFO | IFOL v v v 00H
FFE1H Interrupt request flag register OH IFOH v v
FFE2H Interrupt request flag register 1L IF1L v v —
FFE4H Interrupt mask flag register OL MKO | MKOL v v v FFH
FFES5H Interrupt mask flag register OH MKOH v v
FFE6H Interrupt mask flag register 1L MK1L v v —
FFE8H Priority order specify flag register OL PRO | PROL v v v
FFE9H Priority order specify flag register OH PROH v v
FFEAH Priority order specify flag register 1L PR1L v v —
FFECH External interrupt mode register 0 INTMO — v — 00H
FFEDH External interrupt mode register 1 INTM1 — v —
FFFOH Internal memory size switching register IMS — v — COH
FFF2H Oscillation mode selection register OSMS W — v — 00H
FFF3H Pull-up resistor option register H PUOH R/W v v —
FFF7H Pull-up resistor option register L PUOL v v —
FFF8H Memory expansion mode register MM v v — 10H
FFFOH Watchdog timer mode register WDTM v v — 00H
FFFAH Oscillation stabilization time select register OSTS — v — 04H
FFFBH Processor clock control register PCC v v —

Note The external access area cannot be accessed in SFR addressing. Access the area through direct
addressing.
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5.3 Instruction Address Addressing

Aninstruction address is determined by program counter (PC) contents. The PC contents are normally incremented
(+1 for each byte) automatically according to the number of bytes of an instruction to be fetched each time another
instruction is executed. However, 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—
5.3.1 Relative addressing

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

[Nustration]

15 0
__ PCindicates the start address

pC of the instruction

+ after the BR instruction.
15 8 7 6 0

a S
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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5.3.2 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.
CALL !'addrl6 and BR !addrl6 instructions can branch to all the memory space. CALLF !addrll instruction
branches to the area from 0800H to OFFFH.

[Nustration]
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
faz-o
15 11 10 87 0

PC|O0O O O O 1
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5.3.3 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.
Table indirect addressing is carried out when the CALLT [addr5] instruction is executed. This instruction can
refer to the address stored in the memory table 40H to 7FH and branch to all the memory space.

[Nustration]

7 6 5 10
Operation Code 1 1 tas-o 1
15 8 7 6 5 i 10
Effective Address 0 0 00O OO 0|0 1 0
7 Memory (Table) 0
Low Addr.
Effective Address + 1 High Addr. T
15 l 8 7 0
PC
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5.3.4 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.

[Nustration]

15 8 7 0

PC
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5.4 Operand Address Addressing

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

5.4.1 Implied addressing

[Function]
The register which functions as an accumulator (A and AX) in the general register is automatically (implicitly)
addressed.
Of the uPD78070A and 78070AY 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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5.4.2 Register addressing

[Function]

The general register is accessed as an operand. The general register to be accessed is specified with register
bank select flags (RBSO and RBS1) and register specify code (Rn, RPn) in the instruction code.
Register addressing is carried out when an instruction with the following operand format is executed. When an
8-hit 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 ED,LH

P

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

0110001 0|

INCW DE; when selecting DE register pair as rp

Operation code

1000010 0

Register specify code

Register specify code
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5.4.3 Direct addressing

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

[Operand format]

Identifier Description

addrl6 Label or 16-bit immediate data

[Description example]
MOV A, '0FEOOH; when setting !'addr16 to FEOOH

Operation code | 10001110 | OP code

[00o000000]| oOH

[11111110] FeH

[Nustration]

OP code

addr16 (lower)

addri16 (higher)

Memory
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5.4.4 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 space to which this addressing is applied to is the 256-byte space, from FE20H to FF1FH. An internal
high-speed RAM and a special function register (SFR) are mapped at FE20H to FEFFH and FFOOH to FF1FH,
respectively.
The SFR area where short direct addressing is applied (FFOOH to FF1FH) is a part of the SFR area. In this area,
ports which are frequently accessed in a program, 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 setto 0. When it is at O0OH 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)

[0 1010000/ 50H(mmediate data)

[Nustration]

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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5.4.5 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 | 1111011 0| OP code

[00100000]| 20H (sfroffset)

[Mustration]

OP code

sfr-offset

15 8 7 0

SFR

Effective Address 11 1 1 1 1 1 1
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5.4.6 Register indirect addressing

[Function]
The memory is addressed with the contents of the register pair specified as an operand. The register pair to
be accessed is specified with the register bank select flag (RBS0 and RBS1) and the register pair specify code
in the instruction code. This addressing can be carried out for all the memory spaces.

[Operand format]

Identifier Description

— [DE], [HL]

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

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

[Function]

8-bitimmediate data is added to the contents of the base register, that is, the HL register pair, and the sum is used
to address the memory. The HL register pair to be accessed is in the register bank specified with 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

[1t0101110 |

[0o0010000)]
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5.4.8 Based indexed addressing

[Function]
The B or C register contents specified in an instruction are added to the contents of the base register, that is,
the HL register pair, and the sum is used to address the memory. The HL, B, and C registers to be accessed
are registers in the register bank specified with the register bank select flag (RBSO and RBS1).
Addition is performed by expanding the contents of the B or C register 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 + B], [HL + C]

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

Operation code 10101011

5.4.9 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/reset 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
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6.1 Port Functions

CHAPTER 6 PORT FUNCTIONS

The uPD78070A and 78070AY units incorporate two input ports and fifty-nine input/output ports. Figure 6-1 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.

Port 6

Port 7

Port 9

Port 10

Port 12

Port 13

l
N
|
#
|

Figure 6-1. Port Types

P60

P63
P66

P70

P72
P90

P96
P100

P103
P120

P127
P130

P131

P00

PO7
P10

P17
P20

P27
P30

P37

Port 0

Port 1

Port 2

Port 3
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Table 6-1. Port Functions ( uPD78070A) (1/2)

Pin Name Function Alternate Function
P00 Port 0. Input only INTPO/TIOO
P01 8-bit input/output port. Input/output mode can be specified bit- INTP1/TIO1
P02 wise. INTP2
P03 If used as an input port, an on-chip pull- INTP3
P04 up resistor can be connected by software. INTP4
P05 INTP5
P06 INTP6
P07 Input only XT1

P10 to P17 Port 1. ANIO to ANI7

8-bit input/output port.

Input/output mode can be specified bit-wise.

If used as an input port, an on-chip pull-up resistor can be connected by software.
P20 Port 2. SI1
P21 8-bit input/output port. SO1
p22 Input/output mode can be specified bit-wise. SCK1
P23 If used as an input port, an on-chip pull-up resistor can be connected by software. STB
P24 BUSY
P25 SI0/SBO
P26 SO0/SB1
P27 SCKO
P30 Port 3. TOO
P31 8-bit input/output port. TO1
P32 Input/output mode can be specified bit-wise. TO2
P33 If used as an input port, an on-chip pull-up resistor can be connected by software. TI1
P34 TI2
P35 PCL
P36 BUZ
P37 —
P60 Port 6. N-ch open drain input/output port. —
P61 5-bit input/output port. LED can be driven directly.
P62 Input/output mode can be specified
P63 bit-wise.
P66 If used as an input port, an on-chip pull- WAIT

up resistor can be connected by software.

P70 port 7. SI2/RXD

3-bit input/output port.
Prl Input/output mode can be specified bit-wise. S02/TxD
P72 If used as an input port, an on-chip pull-up resistor can be connected by software. SCK2/ASCK
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Table 6-1. Port Functions ( uPD78070A) (2/2)

Pin Name Function Alternate Function
P90 Port 9. N-ch open-drain input/output port. —
Po1 7-bit input/output port.

P92 Input/output mode can be specified bit-wise.

P93

P94 If used as an input port, an on-chip pull-

P95 up resistor can be connected by software.

P96

P100 Port 10. TIS/TO5
4-bit input/output port.

P101 TI6/TO6
Input/output mode can be specified bit-wise.

P102, 103 —

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

P120 to P127

Port 12.
8-bit input/output port.
Input/output mode can be specified bit-wise.

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

RTPO to RTP7

P130, P131

Port 13.
2-bit input/output port.
Input/output mode can be specified bit-wise.

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

ANOO, ANO1
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Table 6-2. Port Functions ( uPD78070AY) (1/2)

Pin Name Function Alternate Function
P00 Port 0. Input only INTPO/TIOO
P01 8-bit input/output port. Input/output mode can be specified bit- INTP1/TIO1
P02 wise. INTP2
P03 If used as an input port, an on-chip pull- INTP3
P04 up resistor can be connected by software. INTP4
P05 INTP5
P06 INTP6
P07 Input only XT1

P10 to P17 Port 1. ANIO to ANI7

8-bit input/output port.

Input/output mode can be specified bit-wise.

If used as an input port, an on-chip pull-up resistor can be connected by software.
P20 Port 2. SI1
P21 8-bit input/output port. SO1
p22 Input/output mode can be specified bit-wise. SCK1
P23 If used as an input port, an on-chip pull-up resistor can be connected by software. STB
P24 BUSY
P25 SI0/SBO/SDAO
P26 SO0/SB1/SDA1
P27 SCKO/SCL
P30 Port 3. TOO
P31 8-bit input/output port. TO1
P32 Input/output mode can be specified bit-wise. TO2
P33 If used as an input port, an on-chip pull-up resistor can be connected by software. TI1
P34 TI2
P35 PCL
P36 BUZ
P37 —
P60 Port 6. N-ch open drain input/output port. —
P61 5-bit input/output port. LED can be driven directly.
P62 Input/output mode can be specified
P63 bit-wise.
P66 If used as an input port, an on-chip pull- WAIT

up resistor can be connected by software.

P70 port 7. SI2/RXD

3-bit input/output port.
P71 Input/output mode can be specified bit-wise. SO2/TxD
P72 If used as an input port, an on-chip pull-up resistor can be connected by software. SCK2/ASCK
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Table 6-2. Port Functions ( uPD78070AY) (2/2)

Pin Name Function Alternate Function
P90 Port 9. N-ch open drain input/output port. —
P91 7-bit input/output port.

P92 Input/output mode can be specified bit-wise.

P93

P94 If used as an input port, an on-chip pull-

P95 up resistor can be connected by software.

P96

P100 Port 10. TI5/TO5
4-bit input/output port.

P101 TI6/TO6
Input/output mode can be specified bit-wise.

P102, 103 —

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

P120 to P127

Port 12.
8-bit input/output port.
Input/output mode can be specified bit-wise.

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

RTPO to RTP7

P130, P131

Port 13.
2-bit input/output port.
Input/output mode can be specified bit-wise.

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

ANOO, ANO1

115



CHAPTER 6 PORT FUNCTIONS

6.2 Port Configuration
A port consists of the following hardware:

Table 6-3. Port Configuration

Iltem Configuration

Control register Port mode register (PMm: m =0 to 3, 6, 7, 9, 10, 12, 13)
Pull-up resistor option register (PUOH, PUOL)

Port Total: 61 (input: 2, input/output: 59)
Pull-up resistor Total: 51 (controlled by software)
6.2.1 PortO

Port 0 is an 8-bit input/output port with output latch. P01 to P06 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 P06 pins are
used as input ports, an on-chip pull-up resistor can be used in 6-bit units with a pull-up resistor option register L (PUOL).

This port can also function as an external interrupt request input, external count clock input to the timer and crystal
connection for subsystem clock oscillation.

RESET input sets port 0 to input mode.

Figures 6-2 and 6-3 show the block diagrams of port 0.

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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Figure 6-2. Block Diagram of P00 and P07

]
RD
2]
>
m
: |
=
g -0 O<I—OC4© POO/INTPO/TIOO,
£ PO7/XT1
N
Figure 6-3. Block Diagram of P01 to P06
Voo
WRpuo
1
S > PUOO ): | P-ch
RD
| A
O D<{ Selector =
3
o WRpoRT
©
c PO1/INTP1/TI01
b _| Output Latch PO2/INTP2 t '
e o - —— O (o
= (P01 to PO6) PO6/INTP6
WRem
l‘/ > PMO1 to PMO6
I —

PUO : Pull-up resistor option register
PM : Port mode register
RD : Port O read signal
WR : Port 0 write signal
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6.2.2 Port1l

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 on-chip pull-up resistor can be
connected to them in 8-bit units with a pull-up resistor option register L (PUOL).

This port can also function as an A/D converter analog input.

RESET input sets port 1 to input mode.

Figure 6-4 shows the block diagram of port 1.

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

Figure 6-4. Block Diagram of P10 to P17

Vob
WRpruo
a1
Fan) >
& PUO1 )o | P-ch
RD
o J
~ Selector
2 A
5 WRepoRT
g
) A Output Latch P10/ANIO to
< ~ (P10to P17) ’ O p17/aNI7
WRem
£ PM10 to 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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6.2.3 Port 2 (UPD78070A)

Port 2 is an 8-bit input/output port with output latch. P20 to P27 pins can specify the input mode/output mode in
1-bit units with the port mode register 2 (PM2). When P20 to P27 pins are used as input ports, an on-chip pull-up
resistor can be connected to them in 8-bit units with a pull-up resistor option register L (PUOL).

This port can also function as serial interface data input/output, clock input/output, automatic transmit/receive busy
input, and strobe output.

RESET input sets port 2 to input mode.

Figures 6-5 and 6-6 show the 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 17-4. Serial Operating Mode Register 0
Format and Figure 19-3. Serial Operating Mode Register 1 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) Judging method of busy state of slave in 17.4.3 SBI mode operation).

Figure 6-5. Block Diagram of P20, P21, P23 to P26

Vop
WRruo
[
< PUO2 ): | P-ch
RD
| Fan) -
-V QQ—OC Selector
@ 1
S | WReom P20/SI1
© ’
E A _ | Output Latch Egég?é
= ~ (P20, P21, P23 to P26) O Poa/BUSY
P25/SI0/SBO,
P26/SO0/SB1
WRem
J. PM20, PM21
~ PM23 to PM26
N

Dual 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 6-6. Block Diagram of P22 and P27

B

Selector

P-ch

A

Pull-up resistor option register

WRPpuo
[
S PUO2
RD
© <{J
2
m WRPpoRrT
T
£
g A Output Latch
= ~ (P22, P27)
WRpm
4‘, PM22, PM27
N
Dual Function
PUO :
PM Port mode register
RD Port 2 read signal
WR Port 2 write signal

0

P22/SCK1,
P27/SCKO
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6.2.4 Port 2 (UPD78070AY)

Port 2 is an 8-bit input/output port with output latch. P20 to P27 pins can specify the input mode/output mode in
1-bit units with the port mode register 2 (PM2). When P20 to P27 pins are used as input ports, an on-chip pull-up
resistor can be connected to them in 8-bit units with a pull-up resistor option register L (PUOL).

This port can also function as serial interface data input/output, clock input/output, automatic transmit/receive busy
input, and strobe output.

RESET input sets port 2 to input mode.

Figures 6-7 and 6-8 show the block diagram of port 2.

Caution When used as a serial interface, set the input/output and output latch according to its functions.
Forthe setting method, refer to Figure 18-4. Serial Operating Mode Register 0 Format and Figure

19-3. Serial Operating Mode Register 1 Format.

Figure 6-7. Block Diagram of P20, P21, P23 to P26

Vob
WRPruo
a1
S - PUO2 ): | b-ch
RD
-~ © O<{ Selector
2 i
5 WRepoRT P20/SI1
= )
c
5 PS | Output Latch Egég?é
c ~ (P20, P21, P23 to P26) O P24/BUS,Y
P25/S10/SB0/SDAO,
P26/SO0/SB1/SDA1
WRemM
J. .| PmM20, PM21
~ PM23 to PM26
N

Dual 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 6-8. Block Diagram of P22 and P27

B

Selector

P-ch

WRPruo
1
S - PUO2
RD
2
o WRpoRrT
©
o
I3 i .| Output Latch
£ ~ (P22, P27)
WRpm
J‘/ PM22, PM27
——/

PUO :

PM
RD
WR

Dual Function

Port mode register
Port 2 read signal
Port 2 write signal

Pull-up resistor option register

»————————©

P22/SCK1,
P27/SCKO/SCL
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6.2.5 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 on-chip pull-up
resistor can be connected to them in 8-bit units with a pull-up resistor option register L (PUOL).

This port can also function as timer input/output, clock output and buzzer output.

RESET input sets port 3 to input mode.

Figure 6-9 shows the block diagram of port 3.

Figure 6-9. Block Diagram of P30 to P37

Vob
WRpruo
a1
Fan) >
& PUO3 )o | P-ch
RD
VanY J
~ Selector
9 A
[ WRPpoRT P30/TO0 to
8 P32/TO2,
3 A .| Output Latch P33/TI1,
= ~ (P30 to P37) O P34/TI2,
P35/PCL,
P36/BUZ,
P37
WRem
£ PM30 to PM37
——/

Dual Function

PUO : Pull-up resistor option register
PM : Port mode register
RD : Port 3 read signal
WR : Port 3 write signal
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6.2.6 Port 6

Port 6 is a 5-bit input/output port with output latch. Pins P60 to P63 and P66 can specify the input mode/output
mode in 1-bit units with the port mode register 6 (PM6).

When pin P66 is used as an input port, an on-chip pull-up resistor can be used in 5-bit units with a pull-up resistor
option register L (PUOL).

P60 to P63 pins can drive LEDs directly.

This port can also function as the external wait signal output to external memory.

RESET input sets port 6 to input mode.

Figures 6-10 and 6-11 show the block diagrams of port 6.

Caution When external wait is not used, P66 can be used as an input/output port.

Figure 6-10. Block Diagram of P60 to P63

RD

J
- < | ( Selector

A

WRPpoRT

Output Latch
(P60 to P63) ————©O P60 to P63

Internal Bus

WRpm

4$—> PM60 to PM63

PM : Port mode register
RD : Port 6 read signal
WR : Port 6 write signal
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WRpuo

Figure 6-11. Block Diagram of P66

©

®

|
o<w< Selector [

PUOG6 )C |

@ 1
m WRpoRT
©
£
Q J, .| Output Latch
= ~ (P66)
WRpm
(J_‘, - PM66
N
PUO : Pull-up resistor option register
PM Port mode register
RD : Port 6 read signal
WR : Port 6 write signal

O P66/WAIT
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6.2.7 Port 7
Port 7 is a 3-bit input/output port with output latch. P70 to P72 pins can specify the input mode/output mode in

1-bit units with the port mode register 7 (PM7). When P70 to P72 pins are used as input ports, an on-chip pull-up
resistor can be connected to them in 3-bit units with a pull-up resistor option register L (PUOL).
This port can also function as include serial interface channel 2 data input/output and clock input/output.

RESET input sets port 7 to input mode.
Figures 6-12 and 6-13 show the block diagrams of port 7.

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 20-2. Serial Interface Channel 2 Operating Mode Setting.

Figure 6-12. Block Diagram of P70

Vob
WRpuo
(N
O PUO7 :>o—| P-ch
RD
- Yany
& D<{ Selector
] A
@ | WRepoRT
[
£
o] Output Latch »——————© P70/SI2/RxD
= ~ - (P70)
WRewm
$ PM70
—/

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 6-13. Block Diagram of P71 and P72

B

Selector

P-ch

A

Pull-up resistor option register

WRpuo
a1
S > PUO7
RD
O o<]—oLJ
2
m WRPpoRT
©
c
o] A Output Latch
= ~ (P71, P72)
WRpm
£ PM71, PM72
——/
Dual Function
PUO :
PM Port mode register
RD Port 7 read signal
WR Port 7 write signal

————0O

P71/SO2/TxD,
P72/SCK2/ASCK
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6.2.8 Port9

Port 9 is a 7-bit input/output port with output latch. P90 to P96 pins can specify the input mode/output mode in
1-bit units with the port mode register 9 (PM9).

When pins P94 to P96 are used as the input ports, an on-chip pull-up resistor can be used in 3-bit units with a
pull-up resistor option register H (PUOH).

RESET input sets port 9 to input mode.

Figures 6-14 and 6-15 show the block diagrams of port 9.

Figure 6-14. Block Diagram of P90 to P93

RD

Ll |
~ Selector

WRpoRT

S .| Output Latch »—————© P90 to P93

(P90 to P93)

Internal Bus

WRpm

h——
Y

S = PM90 to PM93

PM : Port mode register
RD : Port 9 read signal
WR : Port 9 write signal
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Figure 6-15. Block Diagram of P94 to P96

D

<<}
I E— Selector

P-ch

Pull-up resistor option register

WRpuo
[
S PUO9
RD
-—5
(2]
>
o WRPorT
©
£
I Output Latch
= ~ (P94 to P96)
WRpm
£ > PM94 to PM96
N
PUO :
PM Port mode register
RD Port 9 read signal
WR Port 9 write signal

O P94 to P96
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6.2.9 Port 10
Port 10 is a 4-bit input/output port with output latch. P100 to P103 pins can specify the input mode/output mode

in 1-bit units with the port mode register 10 (PM10). When P100 to P103 pins are used as input ports, an on-chip
pull-up resistor can be connected to them in 4-bit units with a pull-up resistor option register H (PUOH).

This port can also function as the timer input/output.

RESET input sets port 10 to input mode.

Figures 6-16 and 6-17 show the block diagrams of port 10.

Figure 6-16. Block Diagram of P100 and P101

Voo
WRpuo
1
& - PUO10 :)o—l P-ch
RD
| VanY
O D<{ Selector
o) WR A
n PORT
g
o A _| Output Latch
Q - P100/TI5/TO5,
£ S (P100, P101) O pi0mermos
WRpm
(L PM100, PM101
——/

Dual function

PUO : Pull-up resistor option register
PM : Port mode register
RD : Port 10 read signal
WR : Port 10 write signal
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Figure 6-17. Block Diagram of P102 and P103

Internal Bus

Vob

WRepruo

Mn .

o PUO10 :><>—| P-ch

RD

Fan) J

i OQ—OC Selector D

A
WRepoRT
| Output Latch » O P102, P103

© (P102, P103) '

WRemM

S = PM102, PM103

PUO : Pull-up resistor option register
PM : Port mode register
RD : Port 10 read signal
WR : Port 10 write signal
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6.2.10 Port 12
Port 12 is an 8-bit input/output port with output latch. The P120 to P127 pins can specify the input mode/output

mode in 1-bit units with the port mode register 12 (PM12). When the P120 to P127 pins are used as input ports, an
on-chip pull-up resistor can be connected to them in 8-bit units with a pull-up resistor option register H (PUOH).

This port can also function as real-time output.
RESET input sets port 12 to input mode.
Figure 6-18 shows the block diagram of port 12.
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Figure 6-18. Block Diagram of P120 to P127
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6.2.11 Port 13

Port 13 is a 2-bit input/output port with output latch. The P130 and P131 pins can specify the input mode/output
mode in 1-bit units with the port mode register 13 (PM13). When the P130 and P131 pins are used as input ports,
an on-chip pull-up resistor can be connected to them in 2-bit units with a pull-up resistor option register H (PUOH).

This port can also function as the D/A converter analog output.

RESET input sets port 13 to input mode.

Figure 6-19 shows the block diagram of port 13.

Caution When only either one of the D/A converter channels is used with AV rer1 < Vbp, the other
pins that are not used as analog outputs must be set as follows:
* Set PM13x bit of the port mode register 13 (PM13) to 1 (input mode) and connect the pin

to Vss.
« Set PM13x bit of the port mode register 13 (PM13) to 0 (output mode) and the output latch

to 0, to output low level from the pin.

Figure 6-19. Block Diagram of P130 and P131

Vob
WRepruo
>
< - PUO13 >: | P-ch
RD
- Fan)
Y OQ—OC Selector
] A
@ WRpoRrT
g
IS .| Output Latch @ PL30/ANOD,
£ ~ (P130, P131) P131/ANO1
WRpM
J‘, »| PM130, PM131
—

PUO : Pull-up resistor option register
PM : Port mode register
RD : Port 13 read signal
WR : Port 13 write signal

133



CHAPTER 6 PORT FUNCTIONS

6.3 Port Function Control Registers

The following two types of registers control the ports.
e Port mode registers (PMO to PM3, PM6, PM7, PM9, PM10, PM12, PM13)
e Pull-up resistor option register (PUOH, PUOL)

(1) Port mode registers (PMO to PM3, PM6, PM7, PM9, PM10, PM12, PM13)

134

These registers are used to set port input/output in 1-bit units.
PMO to PM3, PM6, PM7, PM9, PM10, PM12, and PM13 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 alternate-function pins, set the port mode register and output latch according
to Table 6-4.

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

2. As port 0 has an alternate 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 6-4. Port Mode Register and Output Latch Settings when Using Alternate Function

) Alternate Function ) Alternate Function
Pin Name PMxx Pxx Pin Name PMxx Pxx
Name Input/Output Name Input/Output
P00 INTPO Input |1 (Fixed) None P36 BUZ Output 0 0
TI00 Input |1 (Fixed) None P66 WAIT Input xNote 2
PO1 INTP1 Input 1 X P100 TIS Input 1 x
TIO1 Input 1 X TOS5 Output 0 0
P02 to P06 INTP2 to INTP6 Input 1 X P101 TI6 Input 1 X
pQ7Noe 1 XT1 Input |1 (Fixed) None TO6 Output 0 0
P10 to P17%** | ANIO to ANI7|  Input 1 * | P120 to P127 | RTPOto RTP7 | Output 0 Don't
P30 to P32 TOO to TO2 Output 0 0 care
P33, P34 TI1, TI2 Input 1 x P130, P131Nete 1| ANOO, ANO1 | Output 1 x
P35 PCL Output 0 0
Notes 1. If these ports are read out when these pins are used in the alternative function mode, undefined
values are read.
2. When the P66 pin is used for alternate function, set the function with the memory extension mode

register (MM).

Cautions 1. When not using external wait, the P66 pin can be used as an I/O port.

2. When port 2 and port 7 are used for serial interface, the I/O latch or output latch must be
set according to its function. For the setting methods, see Figure 17-4. Serial Operation
Mode Register 0 Format, Figure 18-4. Serial Operation Mode Register 0 Format, Figure 19-3.
Serial Operation Mode Register 1 Format, and Table 20-2. Operating Mode Setting for Serial

Remark

Interface Channel 2.

X . don’t care

PMxx : Port mode register

Pxx

Port output latch
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Symbol
PMO

PM1

PM2

PM3

PM6

PM7

PM9

PM10

PM12

PM13

Figure 6-20. Port Mode Register Format

7 6 5 4 3 2 1 0
1 |PMO06 | PMO05|PM04|PMO0O3 |PM02|PMO1| 1
PM17|PM16 |PM15|PM14|PM13 |PM12 | PM11|PM10
PM27 | PM26 | PM25 | PM24 | PM23 |PM22 | PM21 | PM20
PM37 | PM36 | PM35 | PM34 | PM33 |PM32 | PM31 | PM30
1 |PM66| 1 1 |PM63|PM62|PM61|PM60
1 1 1 1 1 |PM72|PM71|PM70
1 |PM96|PM95|PM94 | PM93|PM92 | PM91|PM90
1 1 1 1 |PM103|PM102/PM101PM100
PM127|PM126 PM125PM124[PM123|PM122|PM121|PM120
1 1 1 1 1 1 |PM131|PM130

After
Address Reset R/W
FF20H FFH RIW
FF21H FFH RIW
FF22H FFH RIW
FF23H FFH RIW
FF26H FFH RIW
FF27H FFH RIW
FF29H FFH RIW
FF2AH FFH RIW
FF2CH FFH RIW
FF2DH FFH RIW

Pmn Pin Input/Output Mode Selection

PMmN = 0103,6,7,9,10,12,13:n=010 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 on-chip pull-up resistor use has
been specified with PUOH, PUOL. No on-chip 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 00H.

Cautions 1. P00, P07, P60 to P63, and P90 to P93 pins do not incorporate a pull-up resistor.
2. When port 1 or P66 pin is used as alternate-function pin, an on-chip pull-up resistor

cannot be used even if 1 is set in PUOm bit of PUOL (m = 1, 6).

Figure 6-21. Pull-up Resistor Option Register Format

Symbol 7 6 <6> <4> 3 <2> <1> 0 Address Fézf;eert R/W

PUOH 0 0 |PUO13PUO12] 0 |PUO10OPUOCY9| O FFF3H OOH R/W
<7> <6> 5 4 <3> <2>  <1> <0>

PUOL [PUO7|PUO6 0 0 |PUO3|PUO2|PUO1|PUOO FFF7H O00H R/W

Pm Internal Pull-up Resistor Selection
PUOM| (1 - 0t03, 6, 7,9, 10, 12, 13)

0 Internal pull-up resistor not used

1 Internal pull-up resistor used

Caution Bits 0, 3, 6, 7 of PUOH and bits 4, 5 of PUOL should be set to O.
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6.4 Port Function Operations

Port operations differ depending on whether the input or output mode is set, as shown below.

6.4.1

Writing to input/output port

(1) Output mode

2

6.4.2

1)

&)

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.

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.

Reading from input/output port

Output mode

The output latch contents are read by a transfer instruction. The output latch contents do not change.

Input mode

The pin status is read by a transfer instruction. The output latch contents do not change.

6.4.3 Operations on input/output port

1)

2
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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.

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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7.1 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 the processor clock control
register (PCC). This enables to decrease power consumption in the STOP mode.
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7.2 Clock Generator Configuration

The clock generator consists of the following hardware.

Table 7-1. Clock Generator Configuration

Item

Configuration

Control register

Processor clock control register (PCC)

Oscillation mode selection register (OSMS)

Oscillator

Main system clock oscillator

Subsystem clock oscillator

Figure 7-1. Block Diagram of Clock Generator

FRC
XT1/P07 ©—=| Subsystem fxr
Clock
XT2 o Oscillator Prescaler
X1 @——= Main fx 5 E/Z \:>
System °
X2 Clack Divider % fxx Prescaler %T
Oscillator o 0 x| x| x| Fox L=
2 | 22| 28| 2% IS} Standby Wait
& [ Control Control [
g Circuit Circuit
To INTPO
3 Sampling Clock
STOP
ECS |MCC|FRC|CLS|CSS|PCCZ|PCC1|PCCO|
Oscillation Mode Processor Clock
Selection Register Control Register

Internal Bus
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Function

Clock to
Peripheral
Hardware

CPU Clock
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7.3 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 selects a CPU clock and the division ratio, determines whether to make the main system clock
oscillator operate or stop, and enables or disables the 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 7-2. Subsystem Clock Feedback Resistor

FRC

P-ch

141



CHAPTER 7 CLOCK GENERATOR

Figure 7-3. Processor Clock Control Register Format

Symbol <7> <6> <5> <4> 3 2 1 0 Address RAef;irt R/W
PCC | MCC| FRC | CLS | CSS 0 |PCC2| PCC1l|PCCO FFFBH 04H R/wNote 1
rw | css | pecal pecil peco CPU Clock (fceu) Selection

MCS=1 MCS =0

0 0 0 | fxx fx fx/2
0 0 1|2 fu/2 fu/2?

0 0 1 0 |f2® fd2° f2°
0 1 1| fd2® f2° fu/2*
1 0 0 |2 f2* fu/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 ControlMote 2

0 Oscillation possible

1 Oscillation stopped

Notes 1. Bit5 is a read-only bit.
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 uPD78070A and 78070AY can be executed in two clocks of the CPU clock. The
relationship between the CPU clock (fcpu) and the minimum instruction execution time is shown in Table 7-2.

Table 7-2. Relationship between CPU Clock and Minimum Instruction Execution Time

CPU Clock (fcpu) Minimum Instruction Execution Time: 2/fcpu
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
fxt/2 122 us

fx = 5.0 MHz, fxt = 32.768 kHz
fx : Main system clock oscillation frequency
fxt: Subsystem clock oscillation frequency

143



CHAPTER 7 CLOCK GENERATOR

(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 00H.

Figure 7-4. Oscillation Mode Selection Register Format

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

L MCS | Main System Clock Scaler Control

0 Scaler used

1 Scaler not used

Caution As shown in Figure 7-5 below, writing data (including same data as previous) to OSMS cause
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delay of main system clock cycle upto 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. In addition, because the
oscillation mode is changed by this register, the clocks for peripheral hardware as well as that
for the CPU are switched.

Therefore, writing to OSMS should be performed only immediately after reset signal release and
before peripheral hardware operation starts.

Figure 7-5. Main System Clock Waveform due to Writing to OSMS

Write to OSMS
(MCS=-0)

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

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

7.4.1 Main system clock oscillator

The main system clock oscillator oscillates with a crystal resonator or a ceramic resonator (standard: 5.0 MHz)
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 anti-phase clock signal to the X2 pin.

Figure 7-6 shows an external circuit of the main system clock oscillator.

Figure 7-6. External Circuit of Main System Clock Oscillator

(a) Crystal and ceramic oscillation (b) External clock
e — IC
;——IIT X2 X2
|
| —=

Vss 74; [ External X1
| Hli X1 Clock
B i uPD74HCUO4

Crystal or

Ceramic Resonator
Caution Do not execute the STOP instruction or do not set MCC (bit 7 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.
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7.4.2 Subsystem clock oscillator

The subsystem clock oscillator oscillates with a crystal resonator (standard: 32.768 kHz) 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 anti-phase clock signal to the XT2 pin.

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

Figure 7-7. External Circuit of Subsystem Clock Oscillator

(a) Crystal oscillation (b) External clock
—] IC
! XT2
l— XT2
! 32.768
! — kHz
[ External
Vss 7J7'—:< I I XT1 Clock XT1
oo oo UPD74HCU04

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

« Minimize the wiring length.

- Do notallow wiring to intersect with other signal conductors. Do not allow wiring to come
near abruptly 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 7-8 shows examples of oscillator having bad connection.
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Figure 7-8. Examples of Oscillator with Bad Connection (1/2)

(a) Wiring of connection
circuits is too long

IC X2

&
TN

—

Vss 777

(c) Changing high current is too near a

signal conductor

IC X2

]

A

Vss 777

S3lp

Current

(b) A signal line crosses over
oscillation circuit lines

PORTN
(n=0t03,6,7,
9, 10, 12, 13)
IC X2 X1

Vss 777

(d) Current flows through the grounding line
of the oscillator (potential at points A, B,
and C fluctuate)

g Voo

Pnm

AN, |
A TB TC

High
Current
Vss 77,

IC

Remark When using a subsystem clock, replace X1 and X2 with XT1 and XT2, respectively. Further, insert

resistors in series on the XT2 side.
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Figure 7-8. Examples of Oscillator with Bad Connection (2/2)

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

"LIDJ PH ?”h

Vss 777 Vss 777

XT1 and XT2 are wiring in parallel

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

Cautions 2. In Figure 7-8 (f), XT2 and X1 are wired in parallel. Thus, the cross-talk noise of X1 may
increase with XT2, resulting in malfunctioning. To prevent that from occurring, it is
recommended to wire XT2 and X1 so that they are not in parallel.

7.4.3 Divider
The divider generates various clocks by dividing the main system clock oscillator output (fxx).

7.4.4 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.

*x  XT1: Connectto Vop
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, set bit 6 (FRC) of the processor clock control register
(PCC) so that the above internal feedback resistor is not used. In this case also, connect the XT1 and XT2 pins as
described above.
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7.5 Clock Generator Operations

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

¢ 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).

@

(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 five CPU clock stages (fxx, fxx/2, fxx/22, fxx/2® or fxx/2*) 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 which is not using the subsystem clock, the current consumption in the STOP mode can be reduced
further by setting bit 6 (FRC) of the PCC so as not to use the on-chip 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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7.5.1 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 bits 0 to 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 (see Figure 7-9).

Figure 7-9. 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 |||||||||||i||||||

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

MCC 5
css L
CLS / L

Oscillation does not stop.
Main System Clock Oscillation

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

CPU Clock ||||||||||||||||||||||||
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Figure 7-9. Main System Clock Stop Function (2/2)

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

McC | \

CSsS

CLS

Main System Clock Oscillation

Subsystem Clock Oscillation

CPU Clock ||||||||||||§>|||||

7.5.2 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 bits 0 to 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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7.6 Changing System Clock and CPU Clock Settings

7.6.1 Time required for switchover between system clock and CPU clock

The system clock and CPU clock can be switched over by means of bits 0 to 2 (PCCO 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 (see Table 7-3).

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 7-3. Maximum Time Required for CPU Clock Switchover

Set Values after Switchover Set Values before Switchover
MCS [CSS | PCC2 | PCC1 [PCCOJ CSS|PCC2PCCYPCCO|CSS|PCC2PCCLPCCO|CSS|PCCAPCCYPCCO|CSS|PCCAPCCPCCO|CSS|PCC2PCCLPCCO | CSS|PCC2PCCYPCCO
o|O0|O0O|O|OjO|Of1|0Ofj0O|1|0|0O|O0O|1|1|0]|2]|0O0|0 |2]|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
11 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

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 and fxT = 32.768 kHz.
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system clock (changing CSS from 1 to 0).




CHAPTER 7 CLOCK GENERATOR

7.6.2 System clock and CPU clock switching procedure
This section describes switching procedure between system clock and CPU clock.

Figure 7-10. System Clock and CPU Clock Switching

Vop
RESET I_I
Interrupt \
Request
Signal
System Clock || o | Frx L fxr e box
CPU Clock - o o
‘ ‘ ‘ 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 (2'7/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 Vop 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 Vob voltage due to an interrupt request signal, the main system clock
is switched to the subsystem clock (which must be in an oscillation stable state).

(4) Upon detection of Vob voltage reset due to an interrupt request signal, 0 is set to bit 7 (MCC) of PCC 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.

153



[MEMO]

154



CHAPTER 8 16-BIT TIMER/EVENT COUNTER

8.1 Outline of Timers Incorporated into  uPD78070A and 78070AY

This chapter explains the 16-bit timer/event counter. First of all, the timers incorporated into the uPD78070A and
78070AY and other related parts are outlined below.

)

&)

©)

4

®)

(6)

O

16-bit timer/event counter (TMO)

The TMO can be used for an interval 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-bit timer/event
counter (See CHAPTER 9 8-BIT TIMER/EVENT COUNTERS 1 AND 2).

8-bit timer/event counters 5 and 6 (TM5 and TM®6)

TM5 and TM6 can be used to serve as an interval timer and external event counter and to output any
frequency square waves. These cannot be used as 16-bit timer/event counters (See CHAPTER 10 8-
BIT TIMER/EVENT COUNTER 5 AND 6).

Watch timer (TM3)
This timer can set a flag every 0.5 sec. and simultaneously generates interrupt requests at the preset time
intervals (See CHAPTER 11 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 (See CHAPTER 12 WATCHDOG TIMER).

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

Buzzer output control circuit

This circuit outputs the buzzer frequency obtained by dividing the main system clock (See CHAPTER
14 BUZZER OUTPUT CONTROL CIRCUIT).
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Table 8-1. Timer/Event Counter Operations

16-bit timer/

event counter

8-bit timer/event

counters 1 and 2

8-bit timer/event

counters 5 and 6

Watch timer

Watchdog timer

Operation | Interval timer 2 channelsM3| 2 channels 2 channels | 1 channel™*! | 1 channelto*e?

mode External event counter v v v — —

Function Timer output v v v — —
PWM output v — v — —
Pulse width measurement v — — — —
Square-wave output v v v — —
One-shot pulse output v — — — —
Interrupt request v v v v

Test input

Notes 1. The watch timer can perform both watch timer and interval timer functions at the same time.
2. The watchdog timer can perform either the watchdog timer function or the interval timer function.
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8.2 16-bit Timer/Event Counter Functions

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

* Interval timer

« PWM output

* Pulse width measurement
« External event counter

» Square-wave output

« One-shot pulse output

TMO can perform both PWM output and pulse width measurement at the same time.

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

Table 8-2. 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 TI0O0 input cycle 21 x TI100 input cycle TI00 input edge cycle
2 x 1/fx 216 x 1/fx 1/fx

N (400 ns) N (13.1 ms) N (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 us) (3.2 us) (52.4 ms) (104.9 ms) (800 ns) (1.6 us)
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 : Bit 0 of oscillation mode selection register (OSMS)

3. Figures in parentheses apply to operation with 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.
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(5) Square-wave output
TMO can output a square wave with any selected frequency.

Table 8-3. 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 2% x TI00 input cycle TI00 input edge cycle
2 x 1/fx 216 x 1/fx 1/fx

N (400 ns) N (13.1 ms) N (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 us) (3.2 us) (52.4 ms) (104.9 ms) (800 ns) (1.6 us)
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 : Bit 0 of oscillation mode selection register (OSMS)
3. Figures in parentheses apply to operation with 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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8.3 16-bit Timer/Event Counter Configuration

The 16-bit timer/event counter consists of the following hardware.

Table 8-4. 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 (TOO)

Control register

Timer clock select register 0 (TCLO)

16-bit timer mode control register (TMCO)
Capture/compare control register 0 (CRCO0)
16-bit timer output control register (TOCO)
Port mode register 3 (PM3)

External interrupt mode register 0 (INTMO)

Sampling clock select register (SCS)Nete

Note  Refer to Figure 22-1. Basic Configuration of Interrupt Function
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Figure 8-1. 16-bit Timer/Event Counter Block Diagram

e~

g Internal bus

Capture/Compare
Control Register 0

CRC02|CRC01|/CRC00

1 L
‘ ‘ INTP1
TIO1/ o 5 |
PO1/ @ 5 16-Bit Capture/Compare | INTTMOO
S _| !
INTP1 L E Control Register (CR00)
INTTM3 — Match E)YJ\{I'\JAU:D Hse
2¥xx Control Note 2
» 16-Bit Timer/Event
fXX/zz S 6-Bit Ti - o | b oo to Tvcos Counter Output © TOO/P30
fxx/2 i 4>| 16-Bit Timer Register (TMO) I Control Circuit
2 1 Clear
TIOO / n iear }
P00 / » Clear Circuit TMCOL to 2
INTPO — 3 TMCO03
3 Match INTTMO1
INTPO
16-Bit Capture/Ci
|TCL06‘TCL05‘TCLO4| Control Register (CRRo1) |TMCO3‘TMC02‘TMC01‘ OVFO| |OSPT‘OSPE‘TO(I)4‘LVSO‘LVRO‘TO(Dl‘TOEOl
Timer Clock T 16-Bit Timer 16-Bit Timer Output
Selection CRCO2 Mode Control Control Register
Register 0 Register
g Internal Bus g

Notes 1. Edge detection circuit
2. The configuration of the 16-bit timer/event counter output control circuit is shown in Figure 8-2.
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Figure 8-2. 16-bit Timer/Event Counter Output Control Circuit Block Diagram

PWM Pulse Level
8#&%&1 Control > Inversion

CRC02
INTTMOL :

CRCO0 : i>_> 5 -
INTTMOO : 8 ={INnv Ll S
' © ks
' @ o~ g _ TOO0/P30
TI00 / Edge :
P00/ Detection [ | One-Shot Pulse '
INTPO Circuit ' Output Control S :
y ! Circuit 3 '
, R :
2 T :
[ 1
ES11| ES10 OSPT | OSPE [TOCO04| LVSO | LVRO |TOCO1| TOEO TMCO03| TMC02| TMCO1, E:&?mp“t PM30
External Interrupt 16-Bit Timer Output 16-Bit Timer Port Mode
Mode Register 0 Control Register Mode Control Register 3
Register
g Internal Bus g

Remark The circuitry enclosed by the dotted line is the output control circuit.
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(1) Capture/compare register 00 (CR00)

CROO0 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 CRO0O is used as a compare register, the value set in the CRO0O 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 TMO is set to 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/TI01 pin as the capture trigger. Setting of the INTPO/TI00 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 8-5. INTPO/TI00 Pin Valid Edge and CROO Capture Trigger Valid Edge

ES11 ES10 INTPO/TIOO Pin Valid Edge | CRO0O 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

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

Cautions 1. Setthe PWM data (14 bits) to the higher 14 bits of CR00 and set 00 to the lower 2 bits.

2. Setvaluesotherthan 0000H to CR00. Therefore, when used as an eventcounter, 1-pulse
count operation cannot be executed.

3. When the value after CR0OO is changed is smaller than the 16-bit timer register (TMO)
value, TMO continues to count, overflows, and resumes counting from zero. Therefore,
when the value after CR0OO is changed (M) is smaller than the value before CROO is
changed (N), it is necessary to restart the timer after changing CRO0O.

(2) Capture/compare register 01 (CR01)
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CRO1 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 a compare register is set by bit 2 (CRC02) of capture/compare control
register 0 (CRCO).

When CROL1 is used as a compare register, the value set in the CR01 is constantly compared with the 16-
bit timer register (TMO0) count value, and an interrupt request (INTTMOL1) is generated if they match.
When CROL1 is used as a capture register, it is possible to select the valid edge of the INTPO/TIO0 pin as
the capture trigger. Setting of the INTPO/TIOO0 valid edge is performed by means of external interrupt mode
register 0 (INTMO).

CRO1 is set with a 16-bit memory manipulation instruction.

After RESET input, the value of CRO1 is undefined.

Caution If a valid edge of TIOO/P0OO pin is input while reading out CR01, CR01 does not carry out
capture operation and retains the data. However, the interrupt request flag (PIF0) is set
by the detection of a valid edge.
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(3) 16-hit 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
(CRO01) should first be set as a capture register.
RESET input sets TMO to 0000H.

Caution As reading of the value of TMO is performed via CRO01, the previously set value of CRO1 is
lost.
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8.4 16-bit Timer/Event Counter Control Registers
The following seven types of registers are used to control the 16-bit timer/event counter.

« Timer clock select register 0 (TCLO)

« 16-bit timer mode control register (TMCO)
« Capture/compare control register 0 (CRCO)
« 16-bit timer output control register (TOCO)
* 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.
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Figure 8-3. Timer Clock Selection Register 0 Format

Symbol <7> 6 5 4 3 1 0 Address  After Reset R/W
TCLO | CLOE ‘TCLOG‘TCLOS‘TCLO4‘TCLO3‘TCL02‘TCLOl‘TCLOOl FF40H 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) fx/2 (2.5 MHz)
0 1 1 0 | fxx/2 fxi2 (2.5 MHz) x/2®  (1.25 MHZ)
0 1 1 1 | 2 fx/2® (1.25 MHz) xi2®> (625 kHz)
1 0 0 0 | fxi2® fx/2® (625 kHz) fxi2® (313 kHz)
1 0 0 1| 2t fx/2* (313 kHz) x/2° (156 kHz)
1 0 1 0 | fxx/2® x/2° (156 kHz) x/i2°  (78.1kHz)
1 0 1 1| fxw/2° fx/2° (78.1 kHz) /2" (39.1 kHz)
1 1 0 0 | fxx2’ /2" (39.1 kHz) x/2®  (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) fx/2 (2.5 MHz)
0 1 1| fxx/2 fx/2 (2.5 MHz) x/2°  (1.25 MHz)
1 0 0 | f2® /2> (1.25 MHz) x/2® (625 kHz)
1 1 1 Watch timer output (INTTM3)

Other than above

Setting prohibited

CLOE| PCL Output Control
0 Output disabled
1 Output enabled

Cautions 1. External interrupt mode register 0 (INTMO) sets the TIOO/INTPO pin valid edge, and
the sampling clock selection register (SCS) selects the sampling clock frequency.

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 TIOO has been specified as the TMO count clock, the
value should be read from TMO, not from capture/compare register 01 (CRO01).

4. When rewriting TCLO to other data, stop the timer operation beforehand.
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Remarks 1.

No oo kod

fxx
fx
fxr
TIOO :
TMO :
MCS:

: Main system clock frequency (fx or fx/2)
: Main system clock oscillation frequency
: Subsystem clock oscillation frequency

16-bit timer/event counter input pin

16-bit timer register

Bit O of oscillation mode selection register (OSMS)
Figures in parentheses apply to operation with fx = 5.0 MHz or 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 when a value other than 0, 0, O (operation stop mode)
is setin TMCO01 to TMCO03, respectively. Set 0, 0, 0 in TMCO01 to TMCO3 to stop the operation.

Symbol 7

6 5 4 3 2 1 <0> Address  After Reset R/IW
TMCO| 0 ‘ 0 ‘ 0 ‘ 0 ‘TMCOS‘TMCOZ‘TMCOl‘ OVFO| FF48H 0OH RIW
OVFO0| 16-bit Timer Register Overflow Detection
0 Overflow not detected
1 Overflow detected
TMCO03[TMCO02|TMCO01| Operating Mode and Clear Mode TOO Output Timing Interrupt Request Generation
0 0 0 Operation stop (TMO cleared to 0) No change Not generated
0 0 1 PWM mode (free running) PWM pulse output Generated when
TMO and CRO0 match,
0 | 1 | 0 | Freerunning mode TMO and CROO match, | '1\10 and CRO1 match
or TMO and CR0O1 match. '
0 1 1 TMO and CR0OO0 match,
TMO and CRO1 match,
or on TIOO valid edge.
1 0 0 Clear & start on TI00 valid edge TMO and CROO match,
or TMO and CR0O1 match.
1 0 1 TMO and CR0OO match,
TMO and CR0O1 match,
or on TIOO valid edge
1 1 0 Clear & start when TM0 and CR00 TMO and CROO0 match,
match or TMO and CRO1 match.
1 1 1 TMO and CROO match,
TMO and CRO1 match,
or on TIOO valid edge
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Figure 8-4. 16-bit Timer Mode Control Register Format
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Cautions 1. Switch the clear mode and the TOO output timing after stopping the timer operation (by

setting TMCO1 to TMCO03 to 0, 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 and then set data to CROO.

4. If the mode is set so that the timer is cleared and starts when TMO and CR0OO match,
the OVFO flag is set to 1 when the TMO value changes from OFFFFH to 0000H with CR00

set to FFFFH.

Remark TOO : 16-bit timer/event counter output pin
TIOO : 16-bit timer/event counter input pin
TMO : 16-bit timer register
CROO : Compare register 00
CRO1 : Compare register 01

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

This register controls the operation of the capture/compare registers (CR00, CRO1).
CRCO is set with a 1-bit or 8-bit memory manipulation instruction.

RESET input sets CRCO value to 04H.

Figure 8-5. 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

Operates as compare register

Operates as capture register

CRCO1

CROO Capture Trigger Selection

Captures on valid edge of TI01

Captures on valid edge of TIOO

CRO01 Operating Mode Selection

Operates as compare register

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-bittimer mode control register (TMCO0), CR00 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 set with a 1-bit or 8-bit memory manipulation instruction.
RESET input sets TOCO value to 00H.

Figure 8-6. 16-bit Timer Output Control Register Format

Symbol 7 <6> <5> 4 <3>  <2> 1 <0> Address  After Reset R/W
TOCO| 0 ‘OSPT‘OSPE‘TOCM‘ LVSO‘LVRO‘TOCOl‘TOEOl FFAEH 00H RIW

TOEOQ | 16-Bit Timer/Event Counter Output Control

0 | Output disabled (Port mode)

1 | Output enabled

In PWM Mode In Other Modes

TOCO01

Active level selection | Timer output F/F control by
match of CR0O0 and TMO

0 Active high Inversion operation disabled

1 Active low Inversion operation enabled

16-Bit Timer/Event Counter Timer
Output F/F Status Setting

LVSO | LVRO

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 No one-shot pulse trigger

1 One-shot pulse trigger used

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 0O 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 0.
PM3 is set with a 1-bit or 8-bit memory manipulation instruction.

RESET input sets PM3 value to FFH.

Symbol 7

6

5

4

Figure 8-7. Port Mode Register 3 Format

3

2

1

0

PM3 | PM37 ‘ PM36 ‘ PM35 ‘ PM34 ‘ PM33 ‘ PM32 ‘ PM31 ‘ PM30|

Address  After Reset R/W
FF23H FFH RIW
PM3n | P3n Pin Input/Output Mode Selection (n =0 to 7)

Output mode (output buffer ON)

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 00H.

Figure 8-8. External Interrupt Mode Register 0 Format

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

INTMO|ES31‘ES30‘ESZl‘ESZO‘ESll‘ESlO‘ 0 ‘ 0 | FFECH OOH 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 Set 0, 0, 0 to bits 1 through 3 (TMCO01 through TMCO03) of the 16-bit timer mode control
register (TMCO) and stop the timer operation before setting the valid edges of INTPO/TI00/
P00 pins.
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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 8-9. Sampling Clock Select Register Format

Symbol 7 6 5 4 3 2 1 0 Address  After Reset R/W
scs| 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘3031‘scso| FFATH 00H RIW

INTPO Sampling Clock Selection

SCS1|SCS0

MCS=1 MCS =0

0 0 | fxx/2"

0 1 | /2" | /27 (39.1kHz) | x/2°(19.5 kHz)

1 0 | fx2®| /2°(156.3 kHz) | fx/2°(78.1 kHZ)

1 1 | #xx/2®| fx/2°(78.1kHz) | x/2"(39.1 kHz)

Caution f xx/2Nis the clock supplied to the CPU, and f  xx/25, fxx/2%, and fxx/2" are clocks supplied to
peripheral hardware. f xx/2Vis stopped in HALT mode.

Remarks 1. N : Value setin bits 0to 2 (PCCO0 to PCC2) of the processor clock control register (PCC)
(N=0to 4)
2. fxx  : Main system clock frequency (fx or fx/2)
3. fx : Main system clock oscillation frequency
4. MCS : Bit 0 of oscillation mode selection register (OSMS)
5. Figures in parentheses apply to operation with fx = 5.0 MHz.
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8.5 16-bit Timer/Event Counter Operations

8.5.1 Interval timer operations

Setting the 16-bit timer mode control register (TMCO) and capture/compare control register 0 (CRCO0) as shown
in Figure 8-10 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 is used as the interval.

When the count value of the 16-bit timer register (TM0O) 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 bits 4 to 6 (TCL04 to TCLO6) of the timer clock
select register 0 (TCLO).

For the operation in the case that the value of the compare register is changed during timer count operation, refer
to 8.6 16-bit Timer/Event Counter Operating Precautions (3)

Figure 8-10. Control Register Settings for Interval Timer Operation

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

TMCO3 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 O or 1 allows another function to be used simultaneously with the interval timer. See
the description of the respective control registers for details.
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INTTM3 ——
2fxx — ™
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fxx/2 —
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Figure 8-11. Interval Timer Configuration Diagram
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Figure 8-12. Interval Timer Operation Timings
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Remark Interval time = (N + 1) xt: N = 0001H to FFFFH.
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Table 8-6. 16-bit Timer/Event Counter Interval Times

Minimum Interval Time Maximum Interval Time Resolution
TCLO6 | TCLOS TCL4

MCS =1 MCS =0 MCS =1 MCS =0 MCS =1 MCS =0
0 0 0 2 x TI00 input cycle 2% x TIOO input cycle TI00 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/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)
0 1 1 22 x 1/fx 23 x 1/fx 217 x 1/fx 218 x 1/fx 2 x 1/fx 22x 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/fx 219 x 1/fx 22 x 1/fx 23 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 | 2'¢ x watch timer output cycle | Watch timer output edge cycle

Other than above Setting prohibited

Remarks 1. fx
2. MCS

: Main system clock oscillation frequency
: Bit O of oscillation mode selection register (OSMS)

3. TCLO4 to TCLO6 : Bits 4 to 6 of timer clock selection register 0 (TCLO)
4. Figures in parentheses apply to operation with fx = 5.0 MHz.

8.5.2 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 8-13 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 TOO0/

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
(TOCO01) of the 16- bit timer output control register (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 has a combination of the basic cycle determined by 28/® and the
sub-cycle determined by 2'4/® so that the time constant of the external LPF can be shortened. Count clock @ can
be selected with bits 4 to 6 (TCLO4 to TCLO6) of the timer clock select register (TCLO).

PWM output enable/disable can be selected with bit 0 (TOEO) of TOCO.

Cautions 1. PWM operation mode should be selected before setting CR0O.
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 TIOO/POO/INTPO pin.
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Figure 8-13. Control Register Settings for PWM Output Operation

(a) 16-bit timer mode control register (TMCO)
TMC03 TMC02 TMCO1 OVFO
mcol o [ o [ o [ o[ oo | 1] 0|
L

PWM mode

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

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

CROO set as compare register

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

OSPT OSPE TOC04 LVSO LVRO TOCO1l TOEO
rocof 0 [ x [ x| x| x[xJon]1]
L —To0 Output Enabled
Specifies Active Level

Remark 0/1: Setting 0 or 1 allows another function to be used simultaneously with PWM output.

See the description of the respective control registers for details.
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 8-14 is as follows.

capture/compare register 00 (CR00) value

VaN = VREF X
216

Vrer: External switching circuit reference voltage

Figure 8-14. Example of D/A Converter Configuration with PWM Output

uPD78070A, 78070AY

VRer

PWM

signal

TOO/P30 »| Switching Circuit | Analog Output (Van)

Low-Pass Filter

Y

Figure 8-15 shows an example in which PWM output is converted to an analog voltage and used in a voltage
synthesizer type TV tuner.

Figure 8-15. TV Tuner Application Circuit Example

+110V
UPD78070A, 78070AY T
22 kQ
47 kQ 47 kQ 47 kQ
100 ﬁ
Electronic
TOO/P30 K223S5% ::O'22 HF ::O'22 HF ::0'22 HF Tuner

8.2 kQ uPC574J

8.2 kQ

Vss y GND
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8.5.3 PPG output operations

Setting the 16-bit timer mode control register (TMCO) and capture/compare control register 0 (CRCO0) as shown
in Figure 8-16 allows operation as PPG (Programmable Pulse Generator) output.

In the PPG output operation, square waves are output from the TO0/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 (CR00), respectively.

Figure 8-16. Control Register Settings for PPG Output Operation

(a) 16-bit timer mode control register (TMCO)
TMCO03 TMC02 TMCO01 OVFO
TMCOlO‘O‘O‘O‘l‘l‘O‘Ol
L[ ]

Clear & start on match of TMO and CR00

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

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

L CROO set as compare register

CRO1 set as compare register
(c) 16-bit timer output control register (TOCO)

OSPT OSPE TOC04 LVSO LVRO TOCO1 TOEO
Tocol o [ o [ o | 1 [or]on| 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 CR0O1
One-shot pulse output disabled

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

Remark x:don't care
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8.5.4 Pulse width measurement operations

It is possible to measure the pulse width of the signals input to the TIO0/P00 pin and TI01/PO1 pin using the 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

178

When the 16-bit timer register (TMO) is operated in free-running mode (see register settings in Figure 8-
17), and the edge specified by external interrupt mode register 0 (INTMO) is input to the TIO0/P0O 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 (EX10
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 8-17. Control Register Settings for Pulse Width Measurement with
Free-running Counter and One Capture Register

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

TMCO3 TMC02 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

L CROO set as compare register

CROL1 set as capture register

Remark 0/1: Setting Oor 1 allows anotherfunction to be used simultaneously with pulse width measurement.
See the description of the respective control registers for details.
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Figure 8-18. Configuration Diagram for Pulse Width Measurement by Free-running Counter

INTTM3 ——
2fxx — ™ =
=]
frox —— % - 16-Bit Timer Register (TMO) ~| ovro

fxxf2 —= D

fxd/2” ——m ‘ ‘

T100/POO/INTPOO @ - 16-Bit Capture/Compare
Register 01 (CR01)

Kx = INTPO
N4
5 Internal Bus B

Figure 8-19. Timing of Pulse Width Measurement Operation by Free-running Counter
and One Capture Register (with Both Edges Specified)

! t l

TMO Count Value — X0000¥ 0001 \/P X Do X \/? X b1 X \/P XFrrrX0000 X \/? X b2 X \/2 X 3 X

TIOO Pin Input | 1 :
) ! )L

CRO1 Captured Value \/P X Do \/\/ X b1 \/\/ \/\/X D2 \/2 X D3

INTPO ) | | )) | | )) )) | | )) | |

OVFO ) ) i )\ i ) |

))
T(

'(D1-DO0) xt; (10000H — D1 + D2) x t (D3 -D2) x t!

179



CHAPTER 8 16-BIT TIMER/EVENT COUNTER

(2) Two pulse width measurements with free-running counter

When the 16-bit timer register (TMO) is operated in free-running mode (see register settings in Figure 8-
20), it is possible to simultaneously measure the pulse widths of the two signals input to the TI00/P00 pin
and the TI01/P01 pin.

When the edge specified by bits 2 and 3 (ES10 and ES11) of external interrupt mode register 0 (INTMO)
is input to the TI00/P0O0 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 T100/
P00 pin and the T101/P01 pin by means of bits 2 and 3 (ES10 and ES11) and bits 4 and 5 (ES20 and ES21)
of INTMO, respectively.

For TI0O0/POO 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 8-20. Control Register Settings for Two Pulse Width Measurements with Free-running Counter

180

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

TMCO3 TMC02 TMCO1 OVFO
TMCO|O‘O‘O‘O‘O‘1‘O/1‘O|

Free-Running Mode

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

CRC02 CRCO1CRCO0
CRCOlO‘O‘O‘O‘O‘l‘O‘ll

L CROO set as capture register

Captured in CROO on valid edge of TI01/P01 Pin

CROL1 set as capture register

Remark 0/1: Setting O or 1 allows another function to be used simultaneously with pulse width measurement.
See the description of the respective control registers for details.
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Figure 8-21. Timing of Pulse Width Measurement Operation with
Free-running Counter (with Both Edges Specified)

TMO Count Value 0000 Y0001 X \/? X po X \/? X b1 X \/P XerFFX 0000 X \/? X D2 :X \/? X b3 X

TIOO Pin Input | | 1 :
N | ))

1

1\ i 1\ i 1\ 1\ i i 1\ i
CRO1 Captured Value JX oo )X b1 /) /X b2 ) X b3
T T \C \ T :
I NTPO ()f_l_l ()J_l ()() )J_l 3 ()J_l
TI01 Pin Input J " |
P N : : (\(\ i
1\ 1\ 3 1\ 3 i 1\ 3
CROO0 Captured Value // : // X D1 // // :X // :
T T \C \ T\ :
INTP1 ) J_| ) ) |_L
OVFO ) ) )
i(Dl-DO)xt} (10000H — D1 + D2) x t 3(D3—j|32)><t§

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

182

When the 16-bit timer register (TMO) is operated in free-running mode (see register settings in Figure 8-22),
it is possible to measure the pulse width of the signal input to the TIO0/P0OO pin.

When the edge specified by bits 2 and 3 (ES10 and ES11) of external interrupt mode register 0 (INTMO)
is input to the TI00/P0O0 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 (CR00).

Either of two edge specifications can be selected—rising or falling—as the valid edges for the TIO0/P0O pin
by means of bits 2 and 3 (ES10 and ES11) of INTMO.

For TI00/POO 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 TI00/P0O is specified to be both rising and falling edge, capture/compare
register 00 (CRO0O0) cannot perform the capture operation.

Figure 8-22. 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
TMCOlO‘O‘O‘O‘O‘l‘O/l‘Ol

\—‘—I—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
TI0O0/POO Pin

CRO1 set as capture register

Remark 0/1: Setting O or 1 allows another function to be used simultaneously with pulse width measurement.
See the description of the respective control registers for details.
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Figure 8-23. Timing of Pulse Width Measurement Operation by Free-running
Counter and Two Capture Registers (with Rising Edge Specified)

t

TMO Count Value X 0000 X 0001X \/? X po X \/? X p1 X \/? XeFFFX 0000 X \/? X p2 X \/? X D3 X

TI00 Pin Input | ! 1 : | | ! | :

1\ i 1\ i 1\ | 1\ 3 1\ 3
CRO1 Captured Value // X DO // X // ; // X D2 // X
N N\ \{ ' \ ! \ !
)\ ; )\ : )\ . N ; 3\ ;
CROO0 Captured Value // ! // X D1 // // ! // X D3
\ ! \{ ! \{ i A\ \ !
INTPO )J_l ‘\‘\ i ‘\‘\ 3 ‘\J_l ‘\‘\ i
OVFO )) ‘\‘\ )) ” ”
i(Dl—DO)Xti (10000H — D1 + D2) x t §(D3—D2)xt§
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(4) Pulse width measurement by means of restart

When input of a valid edge to the TI00/POO0 pin is detected, the count value of the 16-bit timer register (TMO)
is taken into 16-bit capture/compare register 01 (CR01), and then the pulse width of the signal input to the
TI00/P00 pin is measured by clearing TMO and restarting the count (see register settings in Figure 8-24).
The edge specification can be selected from two types, rising and falling edges, by bits 2 and 3 (ES10 and
ES11) of the external interrupt mode register 0 (INTMO).

In a valid edge detection, the sampling is performed by a cycle selected by the sampling clock selection
register (SCS), and a capture operation is not performed before detecting valid levels twice allowing short
pulse width noise to be eliminated.

Caution If the valid edge of TI00/P0Q is specified to be both rising and falling edge, capture/compare
register 00 (CRO0O0) cannot perform the capture operation.

Figure 8-24. Control Register Settings for Pulse Width Measurement by Means of Restart

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

TMCO3 TMC02 TMCO1 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 CRCO1 CRCO0
CRCOlO‘O‘O‘O‘O‘l‘l‘ll

L CROO set as capture register

Captured in CR0O on invalid
edge of TIOO/POO0 Pin

CROL1 set as capture register

Remark 0/1: Setting O or 1 allows another function to be used simultaneously with pulse width measurement.
See the description of the respective control registers for details.

Figure 8-25. Timing of Pulse Width Measurement Operation by
Means of Restart (with Rising Edge Specified)

Clock mmm
TMO Count X 0000 X 0001 X/ X Do XooooXooorXp1/X X X X D2 X 0000 X 0001 X

\

=

TIOO Pin Input )J | ) | I_
CRO1 Capture i 3 ) :

{)/alue / X DO 1 // X D2
CRO0 Capture - : j) :

{)/alue 7 X X D1/ ! X

INTPO ) l | . []

e e E——

D1 xt |

D2 xt
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8.5.5 External event counter operation

The external event counter counts the number of external clock pulses to be input to the TI00/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 CROO0 (1-pulse count operation cannot be performed).

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 cycle selected with
the sampling clock select register (SCS), noise with short pulse widths can be removed.

Figure 8-26. Control Register Settings in External Event Counter 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 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'

CROO set as compare register

Remark 0/1: Setting 0 or 1 allows another function to be used simultaneously with the external event
counter. See the description of the respective control registers for details.
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Figure 8-27. External Event Counter Configuration Diagram

16-Bit Capture/Compare
Register 00 (CR0O0)

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

Figure 8-28. External Event Counter Operation Timings (with Rising Edge Specified)

TIOOPlnInput||||||||||||||||||||||||||||

TMO Count Value 0000 {0001} 0002 0003 00040005 ) XN-1X N_X0000X 00010002 0003Y

CROO N /

INTTMO ) [ ]

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

A square wave with any selected frequency is output at intervals of the count value preset to the 16-bit capture/
compare register 00 (CR0O).

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

Figure 8-29. 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 CR00

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

CRC02 CRCO1CRC00
CRCOlO‘O‘0‘0‘0‘0/1‘0/1‘0'

CRO0O set as compare register

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

OSPT OSPE TOCO4 LVSO LVRO TOCO1 TOEQ
Toco|o‘o‘o‘o‘0/1‘0/1‘ 1‘1|

L TOO Output Enabled
—— Inversion of output on match of TMO and CR00
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.
See the description of the respective control registers for details.
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Figure 8-30. Square-wave Output Operation Timing

TIOO Pin
;S I I I I |

TMO Count

value _ X 0000 X 0001 X 0002 X / XN-1X N X o000 Xoo01X 0002 / XN-1X N

0000

CROO

N

¢

A

INTTMO

.

\ [ ]

TOO Pin
Output _I

) [

Table 8-7. 16-bit Timer/Event Count 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 2% 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 us) (3.2 us) (52.4 ms) (104.9 ms) (800 ns) (1.6 us)

2 x watch timer output cycle

216 x watch timer output cycle

Watch timer output edge cycle

Remarks 1.
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: 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.
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8.5.7 One-shot pulse output operation
It is possible to output one-shot pulses synchronized with a software trigger or an external trigger (TI00/P00 pin

input).

1)

One-shot pulse output using software trigger

If the 16-bit timer mode control register (TMCO), capture/compare control register 0 (CRCO0), and the 16-
bit timer output control register (TOCO) are set as shown in Figure 8-31, and 1 is set in bit 6 (OSPT) of TOCO
by software, a one-shot pulse is output from the TO0/P30 pin.

By setting 1 in 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, 00OH 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 8-31. 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 CR00

(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

CRO1 set as compare register

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

OSPT OSPE TOC04 LVSO LVRO TOCO1 TOEO
TOCOlO‘O‘1‘1‘0/1‘0/1‘1‘1'

L T00 Output Enabled

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

Inversion of output on match of TMO and CRO1

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.
See the description of the respective control registers for details.
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Figure 8-32. Timing of One-shot Pulse Output Operation Using Software Trigger

Set OCH to TMCO
(TMO count start)

Jim_nm—m_m gigliginipiginlinh
TMO Count Value 0000  X000LX / X N jXN+1XX0000X 7 XN-1X N>( JXM-1X ™ onoooXoomXoooz

CROL Set Value N / N / N ¢ N

CROO Set Value M / M / M / M
OSPT : . :

INTTMOL . |_| ., |_|_,
INTTMOO , ! . [ ]

TOO Pin Output

Caution The 16-bit timer register starts operation at the moment a value otherthan 0, 0, 0 (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 (CRCO0), and the 16-
bit timer output control register (TOCO) are set as shown in Figure 8-33, a one-shot pulse is output from
the TOO/P30 pin with a TI00/P00 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 a valid edge is input to the TI00/P0O0 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 (CRO1).
Thereafter, output is inactivated by the count value set beforehand in 16-bit capture/compare register 00
(CRO00).

Caution When outputting one-shot pulses, external trigger is ignored if generated again.

Figure 8-33. 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 TOCO4 LVSO LVRO TOCO1 TOEO
TOC0|0‘0‘1‘1‘0/1‘OI1‘1‘1'
L TOO0 Output Enabled

Inversion of output on match of TMO and CR00

Specified TOO output F/F initial value
Inversion of output on match of TMO and CR0O1

One-shot pulse output mode

Caution Values in the following range should be set in CR00 and CROL.
0000H < CRO1 < CRO00 < FFFFH

Remark 0/1: Setting O or 1 allows another function to be used simultaneously with one-shot pulse output.
See the description of the respective control registers for details.
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Figure 8-34. 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 Xooo1X  XX0000X //XXN:XN+1XN+2X [ ‘XM—ZXM—1X M jXM+1XM+2XM+3

CRO1 Set Value N (N[ __N [

TI00 Pin Input ‘ | | \ i !
[

INTTMOl )) )) H ))

INTTMOO )L )) 3 )L |—|

CROO Set Value M M ™ ¢ M

|
|
)L

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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8.6 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 8-35. 16-bit Timer Register Start Timing

Count Pulse _/_\_/_\_/_\_/_\_/_\_

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 (CRO0O).
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 CROO0 change is smaller than that (N) before change, it is necessary to restart the timer after
changing CROO0.

Figure 8-36. Timings After Change of Compare Register during Timer Count Operation

Count Pulse —/_\—/_\—/_\—N—/_\—/_\—/_\—/_\—

CROO0 Captured Value N X // M

TMO Count Value ~ X—1 X X X /D( FFEFH 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/P0O pin is input during 16-bit capture/compare register 01 (CR01) read, CR01
holds data without carrying out capture operation. However, the interrupt request flag (PIFO) is set upon
detection of the valid edge.

Figure 8-37. Capture Register Data Retention Timing

Count Pulse -/_\—/_\—/_\—/_\—N—/_\—/_\—/_\—
TMO Count Value N X N+1 X N+2 X /D( M X M+ 1 X M + 2
Edge Input \ N /
Interrupt | | | |

Request Flag

Capture Read Signal ) /—\_

CRO1 Captured Value X X // N+1 B

Capture Operation
Ignored

(5) Valid edge setting
Set the valid edge of the TIO0/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 O, 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 0 (INTMO).

(6) 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, which is the match interrupt request with CROO, 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.
!
CROO is set to FFFFH.
1
When TMO is counted up from FFFFH to O000H.

Figure 8-38. Operation Timing of OVFO Flag

Count Pulse
CRO0 FFFFH /
T™MO FFFEH X FFFFH /X 0000H >< 0001H X
OVFO0 \\
\
INTTMOO —l
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CHAPTER 9 8-BIT TIMER/EVENT COUNTERS 1 AND 2

9.1 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).

9.1.1 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 9-1. 8-bit Timer/Event Counters 1 and 2 Interval Times

198

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 2% x 1/fx 210 x 1/fx 2 x 1/fx 22 x 1/fx
(400 ns) (800 ns) (102.4 ps) (204.8 us) (400 ns) (800 ns)
22 x 1/fx 2% x 1/fx 210 x 1/fx 21 x 1/fx 22 x 1/fx 2% x 1/fx
(800 ns) (1.6 us) (204.8 us) (409.6 us) (800 ns) (1.6 us)
2% x 1/fx 24 x 1/fx 21 x 1/fx 212 x 1/fx 2% x 1/fx 24 x 1/fx
(1.6 us) (3.2 us) (409.6 us) (819.2 pus) (1.6 us) (3.2 us)
24 x 1/fx 25 x 1/fx 212 x 1/fx 218 x 1/fx 24 x 1/fx 25 x 1/fx
(3.2 us) (6.4 us) (819.2 pus) (1.64 ms) (3.2 us) (6.4 us)
2% x 1/fx 26 x 1/fx 213 x 1/fx 214 x 1/fx 2% 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 ps) (25.6 ps)
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 2° x 1/fx 216 x 1/fx 217 x 1/fx 28 x 1/fx 2° x 1/fx
(51.2 us) (102.4 pus) (13.1 ms) (26.2 ms) (51.2 us) (102.4 pus)
2° x 1/fx 210 x 1/fx 217 x 1/fx 218 x 1/fx 2° x 1/fx 210 x 1/fx
(102.4 ps) (204.8 pus) (26.2 ms) (52.4 ms) (102.4 ps) (204.8 ps)
21 x 1/fx 212 x 1/fx 219 x 1/fx 220 x 1/fx 21 x 1/fx 212 x 1/fx
(409.6 us) (819.2 pus) (104.9 ms) (209.7 ms) (409.6 us) (819.2 pus)
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.
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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 9-2. 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 2% x 1/fx 210 x 1/fx 2 x 1/fx 22 x 1/fx
(400 ns) (800 ns) (102.4 ps) (204.8 us) (400 ns) (800 ns)
22 x 1/fx 2% x 1/fx 210 x 1/fx 21 x 1/fx 22 x 1/fx 2% x 1/fx
(800 ns) (1.6 us) (204.8 us) (409.6 us) (800 ns) (1.6 us)
2% x 1/fx 24 x 1/fx 21 x 1/fx 212 x 1/fx 2% x 1/fx 24 x 1/fx
(1.6 us) (3.2 us) (409.6 us) (819.2 pus) (1.6 us) (3.2 us)
24 x 1/fx 25 x 1/fx 212 x 1/fx 218 x 1/fx 24 x 1/fx 25 x 1/fx
(3.2 us) (6.4 us) (819.2 pus) (1.64 ms) (3.2 us) (6.4 us)
2% x 1/fx 26 x 1/fx 213 x 1/fx 214 x 1/fx 2% 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 ps) (25.6 ps)
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 2° x 1/fx 216 x 1/fx 217 x 1/fx 28 x 1/fx 2° x 1/fx
(51.2 us) (102.4 pus) (13.1 ms) (26.2 ms) (51.2 us) (102.4 pus)
2° x 1/fx 210 x 1/fx 217 x 1/fx 218 x 1/fx 2° x 1/fx 210 x 1/fx
(102.4 ps) (204.8 pus) (26.2 ms) (52.4 ms) (102.4 ps) (204.8 ps)
21 x 1/fx 212 x 1/fx 219 x 1/fx 220 x 1/fx 21 x 1/fx 212 x 1/fx
(409.6 us) (819.2 pus) (104.9 ms) (209.7 ms) (409.6 us) (819.2 pus)
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.
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9.1.2 16-bit timer/event counter mode

(1) 16-bit interval timer
Interrupt requests can be generated at the preset time intervals.

Table 9-3. Interval Times when 8-bit Timer/Event Counters 1 and 2
are Used as 16-bit Timer/Event Counters

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 2% x 1/fx 218 x 1/fx 219 x 1/fx 22 x 1/fx 2% x 1/fx
(800 ns) (1.6 us) (52.4 ms) (104.9 ms) (800 ns) (1.6 us)
2% x 1/fx 24 x 1/fx 219 x 1/fx 220 x 1/fx 2% 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)
2% x 1/fx 26 x 1/fx 221 x 1/fx 222 x 1/fx 2% 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 2% 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 pus) (25.6 ps)
27 x 1/fx 28 x 1/fx 2% x 1/fx 2% x 1/fx 27 x 1/fx 28 x 1/fx
(25.6 us) (51.2 us) (1.7 s) (3.4 59) (25.6 us) (51.2 us)
28 x 1/fx 2° x 1/fx 224 x 1/fx 2% x 1/fx 28 x 1/fx 2° x 1/fx
(51.2 us) (102.4 pus) (3.4 59) (6.7 s) (51.2 us) (102.4 pus)
2° x 1/fx 210 x 1/fx 2% x 1/fx 2% x 1/fx 2° x 1/fx 210 x 1/fx
(102.4 ps) (204.8 pus) (6.7 s) (13.4 ) (102.4 ps) (204.8 ps)
21 x 1/fx 212 x 1/fx 227 x 1/fx 228 x 1/fx 21 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: Bit 0 of oscillation mode selection register (OSMS)
3. Figures in parentheses apply to operation with 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 9-4. 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 2% x 1/fx 218 x 1/fx 219 x 1/fx 22 x 1/fx 2% x 1/fx
(800 ns) (1.6 us) (52.4 ms) (104.9 ms) (800 ns) (1.6 us)
2% x 1/fx 24 x 1/fx 219 x 1/fx 220 x 1/fx 2% 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 2% x 1/fx 220 x 1/fx 221 x 1/fx 24 x 1/fx 2% x 1/fx
(3.2 us) (6.4 us) (209.7 ms) (419.4 ms) (3.2 us) (6.4 us)
2% x 1/fx 26 x 1/fx 221 x 1/fx 222 x 1/fx 2% x 1/fx 26 x 1/fx
(6.4 us) (12.8 us) (419.4 ms) (838.9 ms) (6.4 us) (12.8 pus)
26 x 1/fx 27 x 1/fx 222 x 1/fx 2% 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 2% 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 59) (25.6 us) (51.2 us)
28 x 1/fx 2° x 1/fx 224 x 1/fx 2% x 1/fx 28 x 1/fx 2° x 1/fx
(51.2 ps) (102.4 ps) (3.459) (6.7 s) (51.2 ps) (102.4 ps)
2° x 1/fx 210 x 1/fx 2% x 1/fx 2% x 1/fx 2% x 1/fx 210 x 1/fx
(102.4 ps) (204.8 us) (6.7 s) (13.4 ) (102.4 pus) (204.8 us)
21 x 1/fx 212 x 1/fx 277 x 1/fx 228 x 1/fx 21 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: Bit 0 of oscillation mode selection register (OSMS)
3. Figures in parentheses apply to operation with fx = 5.0 MHz.
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9.2 8-bit Timer/Event Counters 1 and 2 Configurations
The 8-bit timer/event counters 1 and 2 consist of the following hardware.

Table 9-5. 8-bit Timer/Event Counters 1 and 2 Configurations

Item Configuration
Timer register 8 bits x 2 (TM1, TM2)
Register Compare register: 8 hits 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 6-9. Block Diagram of P30 to P37

Figure 9-1. 8-bit Timer/Event Counters 1 and 2 Block Diagram

S Internal Bus 8
@ INTTM1
8-Bit Compare 8-Bit Compare
Register (CR10) Register (CR20) o
jote
5 8-Bit
s Timer/Event
. Match 3 Counter |——© TO2/P32
ﬁ Match 0 Output
Control
bol2to ol [ L
‘g 8-Bit Timer
fax/21t —w T Register 1 (TM1) 5
n 3 8-Bit Timer
o
TILP33O— g Register 2 (TM2) INTTM2
Clear 2]
4 L Clear
Selector |<—<
bol2to 2 [ 5
S
fax/21t —w 2
n
TI2/P34O—]
Note
8-Bit Timer/
Event Counter
4 ™| output Control © TO1/P31
Circuit
4
TCLTCLTCYTCLTCL TCLTCL|TCL TOC TOC
TMC12|TCE2 | TCE1 LVS2|LVR2, TOE2|LVS1|LVRY]| TOEY
17 |16 | 15| 14 |13 |12 |11 |10 15 11
Timer‘CIock 8-Bit Timer 8-Bit Timer
Select Register 1 Mode Control Output Control
Register Register
S Internal Bus 8

Note Refer to Figures 9-2 and 9-3 for details of 8-bit timer/event counter output control circuits 1 and 2,
respectively.
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Figure 9-2. Block Diagram of 8-bit Timer/Event Counter Output Control Circuit 1

f Level F/F ;
! (LV1) !
LVR1— ~{R !
: Q ‘
! ; ’ > © TO1/P31
LVS1— ~s !
ToC11— | P31 PM31
INV ' Output Latch

Remark The section in the broken line is an output control circuit.

Figure 9-3. Block Diagram of 8-bit Timer/Event Counter Output Control Circuit 2

! Level FIF i

: (LV2) :

| ! » fsck
LVR2— »|R 3

! Q :

; ! > ©T02/P32
LVS2 — ~(s :

: L P32 PM32

TOC15—4————— ‘
! } INV ' Output Latch

Remarks 1. The section in the broken line is an output control circuit.
2. fsck : Serial clock frequency
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1

2
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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 O0OH
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.

Caution When using the compare register as 16-bit timer/event counter, be sure to set data after
stopping timer operation.

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
manipulation instruction. When TM1 and TM2 are used as 16-bittimer x 1-channel mode, 16-bittimer register
(TMS) is read with a 16-bit memory manipulation instruction.

RESET input sets TM1 and TM2 to 00H.
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9.3 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.

« 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)

(1) 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 O0H.
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Figure 9-4. Timer Clock Select Register 1 Format

Symbol 7 6 5 4 3 2 1 0 Address  After Reset  R/W
TCL1 |TCL17‘TCL16‘TCLlS‘TCL14‘TCL13‘TCL12‘TCLll‘TCLlOl FF41H 00H RIW
8-Bit Timer Register 1 Count Clock Selection
TCL13[TCL12|TCL11TCL10
‘ MCS=1 MCS =0
0 0 0 0 TI1 falling edge
0 0 0 1 TI1 rising edge
0 1 1 0 |fx/2 /2 (2.5 MHz) /2> (1.25 MHz)
0 1 1 1| fxx/2? fx/2° (1.25 MHZ) x/2° (625 kHz)
1 0 0 0 |fxw2® x/2° (625 kHz) 2" (313 kHz)
1 0 0 1| 2 /2" (313 kHz) fx/2° (156 kHz)
1 0 1 0 |fxw2® fx/2® (156 kHz) x/2°  (78.1 kHz)
1 0 1 1| fxwi2® fx/2° (78.1 kHz) /2"  (39.1 kHz)
1 1 0 0 |[fxx2’ /2" (39.1 kHz) fx/2®  (19.5 kHz)
1 1 0 1| f2® fx/2®  (19.5 kHz) fx/2° (9.8 kHz)
1 1 1 0 |fx2® fx/2° (9.8 kHz) /2" (4.9 kHz)
1 1 1 1| P2t /2™ (2.4 kHz) fx/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 |fxi2 fx/2 (2.5 MHz) fx/2°  (1.25 MHz)
0 1 1 1| fxx/2® fx/2° (1.25 MHz) /2> (625 kHz)
1 0 0 0 |fxx2® fx/2® (625 kHz) fx/2* (313 kHz)
1 0 0 1| fxx/2® fx/2* (313 kHz) x/2° (156 kHz)
1 0 1 0 |fx2® fx/2° (156 kHz) fx/2°  (78.1kHz)
1 0 1 1| 2 fx/2® (78.1 kHz) fxi2”  (39.1 kHz)
1 1 0 0 |2’ x/2" (39.1 kHz) x/2°  (19.5 kHz)
1 1 0 1| fxwi2® x/2° (19.5 kHz) x/2° (9.8 kHz)
1 1 1 0 |fx2® fx/2° (9.8 kHz) /2" (4.9 kHz)
1 1 1 1|t fx/2" (2.4 kHz) x/2"? (1.2 kH2)

Other than above

Setting prohibited

Caution When rewriting TCL1 to other data, stop the timer operation beforehand.

Remarks 1.

fxx
2. fx

TI1
TI2

o g r®

MCS :

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

Bit 0 of oscillation mode selection register (OSMS)
Figures in parentheses apply to operation with fx = 5.0 MHz.
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(2) 8-bit timer mode control register 1 (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 00H.

Figure 9-5. 8-bit Timer Mode Control Register 1 Format

Symbol 7 6 5 4 3 2 <1> <0>

TMC1 0 0 0 0 0 |TMC12 TCE2 | TCE1l

Address  After Reset R/W
FF49H O0H R/W

_

TCE1l

8-bit Timer Register 1 Operation Control

0 Operation stop (TM1 clear to 0)
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-hit timer 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-hit timer register, TCE1 should be used for operation enable/stop.
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(3) 8-bit 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 0O0H.

Figure 9-6. 8-bit Timer Output Control Register Format

Symbol <7> <6> 5 <4>  <B>  <2> 1 <0> Address  After Reset R/W
TOC1|LVS2 |LVR2 TOC15 TOE2 | LVS1 |LVR1 TOC11TOE1l FF4AFH 00H R/W
L L 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 9-7. 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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9.4 8-bit Timer/Event Counters 1 and 2 Operations
9.4.1 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). Countclock 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 in the case that the value of the compare register is changed during timer count operation,
refer to 9.5 Cautions on 8-bit Timer/Event Counters 1 and 2 (3)

Figure 9-8. Interval Timer Operation Timing

t
-

TM1 CountValue 00 X 01 X //XN%OOXOlX / XN%OOXOlX /X N X

A
Count Start Clear Clear

CR10 N ) TN ) jN ) N

T M r

INTTM1
(( 3 A (4 3 (4 3
. Interrupt Request Acknowledge | Interrupt Request Acknowledge |
"y | |
TO1 ) ) |_

(o

Interval Time

|

|

|

|
-t -t

I

|

|

|

|

|

|

|

|
|
|

: ~ :

Interval Time ! Interval Time
|
|
|
|

Remark Interval time = (N + 1) xt: N = OOH to FFH
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Table 9-6. 8-bit Timer/Event Counter 1 Interval Time

Minimum Interval Time Maximum Interval Time Resolution
TCL13|TCL12|TCL11|TCL10
MCS =1 MCS =0 MCS =1 MCS =0 MCS =1 MCS =0
0 0 0 0 TI1 input cycle 28 x TI1 input cycle TI1 input edge cycle
0 0 0 1 TI1 input cycle 28 x TI1 input cycle TI1 input edge cycle
0 1 1 0 2 x 1/fx 22 x 1/fx 2% 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 2% x 1/fx 24 x 1/fx 21 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)
1 0 0 1 24 x 1/fx 25 x 1/fx 212 x 1/fx 218 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 2% x 1/fx 2% 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 2% x 1/fx 27 x 1/fx
(12.8 pus) (25.6 ps) (3.28 ms) (6.55 ms) (12.8 us) (25.6 pus)
1 1 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 2° x 1/fx 216 x 1/fx 217 x 1/fx 28 x 1/fx 2° 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 2° x 1/fx 210 x 1/fx 217 x 1/fx 218 x 1/fx 2° 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)
1 1 1 1 21 x 1/fx 212 x 1/fx 219 x 1/fx 220 x 1/fx 21 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
Remarks 1. fx . Main system clock oscillation frequency
2. MCS . Bit 0 of oscillation mode select register (OSMS)
3. TCL10 to TCL13 : Bits 0 to 3 of timer clock selection register 1 (TCL1)
4. Figures in parentheses apply to operation with fx = 5.0 MHz.
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Table 9-7. 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 T12 input cycle TI2 input edge cycle
0 0 0 1 TI2 input cycle 28 x T12 input cycle TI2 input edge cycle
0 1 1 0 2 x 1/fx 22 x 1/fx 2% 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 2% x 1/fx 24 x 1/fx 21 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)
1 0 0 1 24 x 1/fx 25 x 1/fx 212 x 1/fx 218 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 2% 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 2% x 1/fx 27 x 1/fx
(12.8 pus) (25.6 us) (3.28 ms) (6.55 ms) (12.8 us) (25.6 pus)
1 1 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 2° 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 2° x 1/fx 210 x 1/fx 217 x 1/fx 218 x 1/fx 2° 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)
1 1 1 1 21 x 1/fx 212 x 1/fx 219 x 1/fx 220 x 1/fx 21 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
MCS

. Main system clock oscillation frequency
: Bit 0 of oscillation mode select register (OSMS)

TCL14 to TCL17 : Bits 4 to 7 of timer clock selection register 1 (TCL1)
Figures in parentheses apply to operation with fx = 5.0 MHz.




CHAPTER 9 8-BIT TIMER/EVENT COUNTERS 1 AND 2

(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 9-9. External Event Counter Operation Timings (with Rising Edge Specified)

TI1P|nInput||||||||||||||||||||||||||||

X 00 X o1 X 02 X 03 X

T™M1 CountValue X 00 X 01 X 02 X 03 X 04 X 05 X \/\) XN-1X N

1\

CR10

INTTM1

\U

=

Remark N = 00H to FFH
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(3) Square-wave output operation
The 8-bit timer event counters 1 and 2 operate as square-wave outputs with any selected frequency at

214

intervals of the value preset to 8-bit compare register (CR10 and CR20).

The TO1/P31 or TO2/P32 pin output status is reversed at intervals of the count value presetto 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 9-8. 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 2°% x 1/fx 210 x 1/fx 2 x 1/fx 22 x 1/fx
(400 ns) (800 ns) (102.4 pus) (204.8 us) (400 ns) (800 ns)
22 x 1/fx 2% x 1/fx 210 x 1/fx 21 x 1/fx 22 x 1/fx 2% x 1/fx
(800 ns) (1.6 us) (204.8 pus) (409.6 ps) (800 ns) (1.6 us)
2% x 1/fx 24 x 1/fx 21 x 1/fx 212 x 1/fx 2% x 1/fx 24 x 1/fx
(1.6 us) (3.2 us) (409.6 us) (819.2 pus) (1.6 us) (3.2 us)
24 x 1/fx 2% x 1/fx 212 x 1/fx 2138 x 1/fx 24 x 1/fx 2% x 1/fx
(3.2 us) (6.4 us) (819.2 pus) (1.64 ms) (3.2 us) (6.4 us)
2% x 1/fx 26 x 1/fx 213 x 1/fx 214 x 1/fx 2% x 1/fx 26 x 1/fx
(6.4 us) (12.8 us) (1.64 ms) (3.28 ms) (6.4 us) (12.8 pus)
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 2° x 1/fx 216 x 1/fx 217 x 1/fx 28 x 1/fx 2° x 1/fx
(51.2 ps) (102.4 ps) (13.1 ms) (26.2 ms) (51.2 ps) (102.4 ps)
2° x 1/fx 210 x 1/fx 217 x 1/fx 218 x 1/fx 2% x 1/fx 210 x 1/fx
(102.4 ps) (204.8 us) (26.2 ms) (52.4 ms) (102.4 pus) (204.8 us)
21 x 1/fx 212 x 1/fx 219 x 1/fx 220 x 1/fx 21 x 1/fx 212 x 1/fx
(409.6 us) (819.2 pus) (104.9 ms) (209.7 ms) (409.6 us) (819.2 pus)
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.
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Figure 9-10. Square-wave Output Operation Timing

CountCIock||||||||“||||||||||||HI||||||
TM1 Count Value 00 X o1 X 02 X (‘\/\XN—lX N X oo X o1 X o2 X (“/\XN—lx N X 00

A Count Start

\ \
CR10 N // //
N N

) | i L

TOlNOte

Note The initial value of TO1 output can be set with bits 2 and 3 (LVR1 and LVS1) of the 8-bit timer output
control register (TOC1).
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9.4.2 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 entered.

In this mode, the count clock is selected with bits 0to 3 (TCL10 to TCL13) of the timer clock select register (TCL1).
The overflow signal of the 8-bit timer/event counter 1 (TM1) is used as the count clock of the 8-bit timer/event counter
2 (TM2).

The count operation in this mode is enabled/disabled with bit 0 (TCE1) of TMCL1.

(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 in the 2-channel 8-bit compare registers (CR10 and CR20).
To set the count value, assign the higher 8 bits of the value to CR20 and the lower 8 bits of the value to
CR10. For the count values (interval times) that can be set, refer to Table 9-9.
When the count value of the 8-bit timer register 1 (TM1) matches the value assigned to CR10 and the count
value of the 8-bit timer register 2 (TM2) matches the value assigned to CR20, counting continues after the
TM1 and TM2 values are cleared to 0 and the interrupt request signal (INTTM2) is generated. For the
operation timing of the interval timer, refer to Figure 9-11 .
The count clock is selected with bits 0 to 3 (TCL10 to TCL13) of the timer clock select register 1 (TCL1).
The overflow signal of TM1 is used as the count clock of TM2.

Figure 9-11. Interval Timer Operation Timing

N
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INTTM2
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T I_
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144 (o

TO2

-
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| |
> -
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-bitintervaltimer, setthe INTTM1 mask flag TMMKZ1 to 1 to disable INTTM1 acknowledgment.
Whenreading the 16-bittimer register (TMS) count value, use the 16-bit memory manipulation
instruction.
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Table 9-9. Interval Times when 2-channel 8-bit Timer/Event Counters (TM1 and TM2)

are Used as 16-bit Timer/Event Counter

Minimum Interval Time Maximum Interval Time Resolution
TCL13|TCL12|TCL11|TCL10
MCS =1 MCS =0 MCS =1 MCS =0 MCS =1 MCS =0
0 0 0 0 TI1 input cycle 28 x TI1 input cycle TI1 input edge cycle
0 0 0 1 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)
1 0 0 0 28 x 1/fx 24 x 1/fx 219 x 1/fx 220 x 1/fx 2% 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 2% 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 2% x 1/fx 26 x 1/fx 22 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)
1 0 1 1 26 x 1/fx 27 x 1/fx 222 x 1/fx 2% 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 2% 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 59) (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 2° x 1/fx
(51.2 ps) (102.4 pus) (3.4 59) (6.7 s) (51.2 us) (102.4 ps)
1 1 1 0 29 x 1/fx 210 x 1/fx 225 x 1/fx 226 x 1/fx 2° x 1/fx 210 x 1/fx
(102.4 us) | (204.8 us) (6.7 s) (13.4 ) (102.4 us) | (204.8 us)
1 1 1 1 211 x 1/fx 212 x 1/fx 277 x 1/fx 228 x 1/fx 21 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

fx
. MCs

Remarks

: Main system clock oscillation frequency

. Bit 0 of oscillation mode select register (OSMS)

. Figures in parentheses apply to operation with fx = 5.0 MHz.

1.
2
3. TCL10 to TCL13 : Bits 0 to 3 of timer clock selection 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).
Each time the valid edge specified with the timer clock select register 1 (TCL1) is input, TM1 is incremented.
When TM1 overflows, TM2 is incremented using the overflow signal as the 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 9-12. External Event Counter Operation Timings (with Rising Edge Specified)

TllPlnInputl|||||||||||||||||||||||||||

TM1, TM2 Count Value X 0000 X0001 X 0002 X 0003 X 0004 X 0005 X /\/\ Yn—1X_N X0000X0001X0002X 0003X
U

CR10, CR20 /) N 3
\ [l

INTTM2 ) []

f

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-bitintervaltimer, setthe INTTM1 mask flag TMMKZ1 to 1 to disable INTTM1 acknowledgment.
Whenreading the 16-bittimer register (TMS) count value, use the 16-bit memory manipulation
instruction.
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(3) Square-wave output operation

The 8-bit timer event counters 1 and 2 operate as a square-wave output with any selected frequency at

intervals of the value preset to 8-bit compare register (CR10 and CR20). To set the count value, set the

value of higher 8 bits to CR20 and the value of lower 8 bits to CR10.

The TO2/P32 pin output status is reversed at intervals of the count value presetto 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 9-10. 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 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 2% x 1/fx 218 x 1/fx 219 x 1/fx 22 x 1/fx 2% x 1/fx
(800 ns) (1.6 us) (52.4 ms) (104.9 ms) (800 ns) (1.6 us)
2% x 1/fx 24 x 1/fx 219 x 1/fx 220 x 1/fx 2% 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)
2% x 1/fx 26 x 1/fx 221 x 1/fx 222 x 1/fx 2% 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 2% 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 pus) (25.6 ps)
27 x 1/fx 28 x 1/fx 2% x 1/fx 2% x 1/fx 27 x 1/fx 28 x 1/fx
(25.6 us) (51.2 us) (1.7 s) (3.4 5) (25.6 us) (51.2 us)
28 x 1/fx 2° x 1/fx 224 x 1/fx 2% x 1/fx 28 x 1/fx 2° x 1/fx
(51.2 us) (102.4 pus) (3.4 9) (6.7 s) (51.2 us) (102.4 pus)
2° x 1/fx 210 x 1/fx 2% x 1/fx 2% x 1/fx 2° x 1/fx 210 x 1/fx
(102.4 ps) (204.8 pus) (6.7 s) (13.4 ) (102.4 ps) (204.8 ps)
21 x 1/fx 212 x 1/fx 227 x 1/fx 228 x 1/fx 21 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: Bit 0 of oscillation mode selection register (OSMS)
3. Figures in parentheses apply to operation with fx = 5.0 MHz.
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Figure 9-13. Square-wave Output Operation Timing
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9.5 Cautions on 8-bit Timer/Event Counters 1 and 2
(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 8-bit timer registers 1 and 2 (TM1 and TM2) are started

asynchronously with the count pulse.

Figure 9-14. 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 00H.
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 1 to 0 and stopping timer operation.

Figure 9-15. External Event Counter Operation Timing

TI1, TI2, Input _/_\_/_\_/_\_/_\_/_\_

CR10, CR20 O00H

TM1, TM2 Count Value X 00H X 00H X 00H X 00H

TO1, TO2 /—\—/—\—
Interrupt Request Flag 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 (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 9-16. Timing after Compare Register Change during Timer Count Operation

camruse / N/ \_/ ./ S S _
CR10, CR20 N X // M

TM1, TM2 Count Value X-1 X X X /D( FFH X 00H X 01H X 02H

Remark N>X>M
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10.1 8-bit Timer/Event Counters 5 and 6 Functions
The 8-bit timer/event counters 5 and 6 (TM5, TM6) have the following functions.
¢ |Interval timer
« External event counter

» Square-wave output
« PWM output

223



CHAPTER 10 8-BIT TIMER/EVENT COUNTERS 5 AND 6

(1) 8-bit interval timer
Interrupt requests are generated at the preset time intervals.

Table 10-1. 8-bit Timer/Event Counter 5 and 6 Interval Times

224

Minimum Interval Width Maximum Interval Width Resolution
MCS =1 MCS =0 MCS =1 MCS =0 MCS =1 MCS =0
— 1/fx — 28 x 1/fx — 1/fx

(200 ns) (51.2 us) (200 ns)

1/fx 2 x 1/fx 28 x 1/fx 2% x 1/fx 1/fx 2 x 1/fx
(200 ns) (400 ns) (51.2 us) (102.4 pus) (200 ns) (400 ns)
2 x 1/fx 22 x 1/fx 2° x 1/fx 210 x 1/fx 2 x 1/fx 22 x 1/fx
(400 ns) (800 ns) (102.4 ps) (204.8 pus) (400 ns) (800 ns)
22 x 1/fx 2% x 1/fx 210 x 1/fx 21 x 1/fx 22 x 1/fx 2% x 1/fx
(800 ns) (1.6 us) (204.8 us) (409.6 us) (800 ns) (1.6 us)
2% x 1/fx 24 x 1/fx 21 x 1/fx 212 x 1/fx 2% x 1/fx 24 x 1/fx
(1.6 us) (3.2 us) (409.6 us) (819.2 pus) (1.6 us) (3.2 us)
24 x 1/fx 2% x 1/fx 212 x 1/fx 213 x 1/fx 24 x 1/fx 2% x 1/fx
(3.2 us) (6.4 us) (819.2 pus) (1.64 ms) (3.2 us) (6.4 us)
25 x 1/fx 26 x 1/fx 218 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 ps) (6.55 ms) (13.1 ms) (25.6 us) (51.2 ps)
28 x 1/fx 2% x 1/fx 216 x 1/fx 217 x 1/fx 28 x 1/fx 2% x 1/fx
(51.2 us) (102.4 pus) (13.1 ms) (26.2 ms) (51.2 us) (102.4 pus)
2° x 1/fx 210 x 1/fx 217 x 1/fx 218 x 1/fx 2° x 1/fx 210 x 1/fx
(102.4 ps) (204.8 us) (26.2 ms) (52.4 ms) (102.4 pus) (204.8 us)
21 x 1/fx 212 x 1/fx 219 x 1/fx 220 x 1/fx 21 x 1/fx 212 x 1/fx
(409.6 ps) (819.2 pus) (104.9 ms) (209.7 ms) (409.6 us) (819.2 pus)

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.
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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 10-2. 8-bit Timer/Event Counters 5 and 6 Square-wave Output Ranges

Minimum Pulse Width Maximum Pulse Width Resolution
MCS =1 MCS =0 MCS =1 MCS =0 MCS =1 MCS =0
— 1/fx — 28 x 1/fx — 1/fx

(200 ns) (51.2 us) (200 ns)

1/fx 2 x 1/fx 28 x 1/fx 2% x 1/fx 1/fx 2 x 1/fx
(200 ns) (400 ns) (51.2 us) (102.4 pus) (200 ns) (400 ns)
2 x 1/fx 22 x 1/fx 2° x 1/fx 210 x 1/fx 2 x 1/fx 22 x 1/fx
(400 ns) (800 ns) (102.4 ps) (204.8 pus) (400 ns) (800 ns)
22 x 1/fx 28 x 1/fx 210 x 1/fx 21 x 1/fx 22 x 1/fx 28 x 1/fx
(800 ns) (1.6 us) (204.8 us) (409.6 us) (800 ns) (1.6 us)
2% x 1/fx 24 x 1/fx 21 x 1/fx 212 x 1/fx 2% x 1/fx 24 x 1/fx
(1.6 us) (3.2 us) (409.6 us) (819.2 pus) (1.6 us) (3.2 us)
24 x 1/fx 2% x 1/fx 212 x 1/fx 213 x 1/fx 24 x 1/fx 2% x 1/fx
(3.2 us) (6.4 us) (819.2 pus) (1.64 ms) (3.2 us) (6.4 us)
25 x 1/fx 26 x 1/fx 218 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 pus) (6.55 ms) (13.1 ms) (25.6 us) (51.2 ps)
28 x 1/fx 2° x 1/fx 216 x 1/fx 217 x 1/fx 28 x 1/fx 29 x 1/fx
(51.2 us) (102.4 pus) (13.1 ms) (26.2 ms) (51.2 us) (102.4 pus)
2° x 1/fx 210 x 1/fx 217 x 1/fx 218 x 1/fx 2° x 1/fx 210 x 1/fx
(102.4 ps) (204.8 us) (26.2 ms) (52.4 ms) (102.4 pus) (204.8 us)
21 x 1/fx 212 x 1/fx 219 x 1/fx 220 x 1/fx 21 x 1/fx 212 x 1/fx
(409.6 ps) (819.2 pus) (104.9 ms) (209.7 ms) (409.6 us) (819.2 pus)

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.

(4) PWM output

TM5 and TM6 can generate 8-bit resolution PWM output.
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10.2 8-bit Timer/Event Counters 5 and 6 Configurations
The 8-bit timer/event counters 5 and 6 consist of the following hardware.

Table 10-3. 8-bit Timer/Event Counters 5 and 6 Configurations

Iltem Configuration
Timer register 8 bits x 2 (TM5, TM6)
Register Compare register: 8 bits x 2 (CR50, CR60)
Timer output 2 (TO5, TO6)

Timer clock select register 5 and 6 (TCL5, TCL6)
Control register 8-bit timer mode control registers 5 and 6 (TMC5, TMC6)
Port mode register 10 (PM10)Nete

Note Refer to Figure 6-16. Block Diagram of P100 and P101

Figure 10-1. 8-bit Timer/Event Counters 5 and 6 Block Diagram

S Internal Bus S

i

8-bit Compare

Register (CRn0)
‘ ‘ Match
= INTTMn
N
2fxx to fxx/2° - e
5] - Output
= 8-bit Timer OVF TO5/P100/TI5
11 o 1
Pod2® ——= o Register n (TMn) Control Oroep101/TI6
n A
TI5/P100/TO5 © )
TI6/P101/TO6 Clear
Selector
A 6
4
2
TCL| TCL| TCL| TCL TMC | TCE | LVS| LVR | TMC| TOE
n3 n2 nl n0 n6 n n n nl n
Timer Clock Select 8-bit Timer Mode
Register n Control Register n
S Internal Bus S

Note Refer to Figure 10-2 for details of configurations of 8-bit timer/event counters 5 and 6 output control
circuits.

Remark n=05,6
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Figure 10-2. Block Diagram of 8-bhit Timer/Event Counters 5 and 6 Output Control Circuit

TMCn6
INTTMn

TCEn
INTTMn
OVFn

-------------- PWM Output Circuit
Timer Output F/F2

_ | Level

FIF

Selector

P100, P101
Output Latch

Remarks 1. The section in the broken line is an output control circuit.

2. n=5,6

(1) Compare register 50 and 60 (CR50, 60)
These 8-bit registers compare the value set to CR50 to 8-bit timer register 5 (TM5) count value, and the

®) TO5/P100/TI5
TO6/P101/TI6

PM100,
PM101

i

value set to CR60 to the 8-bit timer register 6 (TM6) count value, and, if they match, generate interrupts

request (INTTM5 and INTTMG6, respectively).

CR50 and CR60 are set with an 8-bit memory manipulation instruction. They cannot be set with a 16-bit

memory manipulation instruction. The 00H to FFH values can be set.

RESET input sets CR50 and CR60 values to O0H.

Caution To use PWM mode, set CRnO value before setting TMCn (n = 5, 6) to PWM mode.

(2) 8-bit timer registers 5 and 6 (TM5, TM6)
These 8-bit registers count count pulses.
TM5 and TM6 are read with an 8-bit memory manipulation instruction.
RESET input sets TM5 and TM6 to 00H.
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10.3 8-bit Timer/Event Counters 5 and 6 Control Registers

The following three types of registers are used to control the 8-bit timer/event counters 5 and 6.

« Timer clock select register 5 and 6 (TCL5, TCL6)
« 8-bit timer mode control registers 5 and 6 (TMC5, TMCB6)
e Port mode register 10 (PM10)

(1) Timer clock select register 5 (TCL5)

This register sets count clocks of 8-bit timer register 5.

TCL5 is set with an 8-bit memory manipulation instruction.

RESET input sets TCL5 to O0H.

Symbol 7 6
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Figure 10-3. Timer Clock Select Register 5 Format

5 4 3 1 0 Address  After Reset R/W
TCL5| 0 ‘ 0 ‘ 0 ‘ 0 ‘TCLSS‘TCLSZ‘TCLSl‘TCLSOl FF52H 00H RIW
8-bit Timer Register 5 Count Clock Selection
TCL53|TCL52|TCL51|TCL50
MCS=1 MCS =0

0 0 0 0 | TIS falling edge™°t®

0 0 0 1 | TI5rising edge®

0 1 0 0 2fxx (Setting prohibited) fx (5.0 MHz)
0 1 0 1| fxx fx (5.0 MHz) fx/2 (2.5 MHz)
0 1 1 0 | fxx/2 fx/2 (2.5 MHz) x/2°  (1.25 MHZ)
0 1 1 1| fxw/2? x/2° (1.25 MHz) x/i2® (625 kHz)
1 0 0 0 | fxx/2® x/2° (625 kHz) fxi2' (313 kHz)
1 0 0 1| fxxi2* fx/2* (313 kHz) x/2° (156 kHz)
1 0 1 0 | fxx2® x/2° (156 kHz) x/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) /28 (19.5 kHz)
1 1 0 1| fx2® x/2® (19.5 kHz) fx/2° (9.8 kHz)
1 1 1 0 | fxxi2® x/2° (9.8 kHz) /2" (4.9 kHz)
1 1 1 1| fx/2™ fx/2" (2.4 kHz) /2'? (1.2 kHz)

Other than above Setting prohibited

Note When clock is input from the external, timer output (PWM output) cannot be used.

Caution When rewriting TCL5 to other data, stop the timer operation beforehand.

Remarks 1.

2.
3. TI5
4.
5

fxx

fx

MCS

: Main system clock frequency (fx or fx/2)
: Main system clock oscillation frequency
: 8-bit timer register 5 input pin

: Bit 0 of oscillation mode selection register (OSMS)

Figures in parentheses apply to operation with fx = 5.0 MHz.
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(2) Timer clock select register 6 (TCL6)
This register sets count clocks of 8-bit timer register 6.
TCL6 is set with an 8-bit memory manipulation instruction.
RESET input sets TCL6 to O0H.

Figure 10-4. Timer Clock Select Register 6 Format

Symbol 7 6 5 4 3 2 1 0 Address  After Reset R/W
TCL6| 0 ‘ 0 ‘ 0 ‘ 0 ‘TCL63‘TCL62‘TCLGl‘TCLGOl FF56H OOH RIW
8-bit Timer Register 5 Count Clock Selection
TCL63|TCL62|TCL61/TCL60
MCS=1 MCS =0

0 0 0 0 | TI6 falling edgeM°te

0 0 0 1 | TI6 rising edgeN°®

0 1 0 0 2fxx (Setting prohibited) fx (5.0 MHz)
0 1 0 1| fxx fx (5.0 MHz) fx/2 (2.5 MHz)
0 1 1 0 | fxx/2 fx/2 (2.5 MHz) x/22  (1.25 MHz)
0 1 1 1| fxx/2? fx/2®  (1.25 MHz) fx/2®> (625 kHz)
1 0 0 0 | fxx2® x/2® (625 kHz) fx2* (313 kHz)
1 0 0 1| 2t fx/2* (313 kHz) x/2° (156 kHz)
1 0 1 0 | fx2® x/2° (156 kHz) x/2®  (78.1 kHz)
1 0 1 1| fxx2® fx/2° (78.1 kHz) /2" (39.1 kHz)
1 1 0 0 | fxxi2’ /2" (39.1 kHz) x/2®  (19.5 kHz)
1 1 0 1| fxx2® x/2® (19.5 kHz) x/2° (9.8 kHz)
1 1 1 0 | fxx2® x/2° (9.8 kHz) %2 (4.9 kHz)
1 1 1 fxx/2™ /2" (2.4 kHz) /2% (1.2 kHz)

Other than above Setting prohibited

Note When clock is input from the external, timer output (PWM output) cannot be used.
Caution When rewriting TCL6 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. TI6 : 8-bit timer register 6 input pin

4. MCS : Bit 0 of oscillation mode selection register (OSMS)

5. Figures in parentheses apply to operation with fx = 5.0 MHz.
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(3) 8-bit timer mode control register 5 (TMC5)
This register enables/stops operation of 8-bit timer register 5, sets the operating mode of 8-bit timer register
5 and controls operation of 8-bit timer/event counter 5 output control circuit.
It sets R-S flip-flop (timer output F/F 1,2) setting/resetting, the active level in PWM mode, inversion enabling/
disabling in modes other than PWM mode and 8-bit timer/event counter 5 timer output enabling/disabling.
TMCS is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input sets TMC5 to 00H.

Figure 10-5. 8-bit Timer Output Control Register 5 Format

Symbol <7> 6 5 4 <3>  <2> 1 <0> Address  After Reset R/W
TMC5|TCE5‘TM056‘ 0 ‘ 0 ‘LVS5‘LVR5‘TMC51‘TOE5| FF53H OOH RIW

TOES | 8-bit Timer/Event Counter 5 Output Control

0 Output disabled (Port mode)

1 Output enabled

In PWM Mode In Other Mode
TMC51
Active level selection | Timer output F/F1 control
0 Active high Inversion operation disabled
1 Active low Inversion operation enabled
LVS5 | LVRS 8-bit Timer/Event Counter 5 Timer

Output F/F1 Status Setting

0 0 No change

0 1 Timer output F/F1 reset (0)

1 0 Timer output F/F1 set (1)

1 1 Setting prohibited

TMC56| 8-bit Timer/Event Counter 5 Operating Mode Selection

0 Clear & start mode on match of TM5 and CR50

1 PWM mode (free-running)

TCES5 | 8-bit Timer Register 5 Operation Control

0 Operation stop (TM5 clear to 0)

1 Operation enable

Cautions 1. Timer operation must be stopped before setting TMC5.
2. If LVS5 and LVR5 are read after data are set, they will be 0.
3. Be sure to set bits 4 and 5 to 0.
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(4) 8-bit timer mode control register 6 (TMC6)
This register enables/stops operation of 8-bit timer register 6, sets the operating mode of 8-bit timer register
6 and controls operation of 8-bit timer/event counter 6 output control circuit.
It sets R-S flip-flop (timer output F/F 1,2) setting/resetting, active level in PWM mode, inversion enabling/
disabling in modes other than PWM mode and 8-bit timer/event counter 6 timer output enabling/disabling.
TMCE6 is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input sets TMC6 to 00H.

Figure 10-6. 8-bit Timer Output Control Register 6 Format

Symbol <7> 6 5 4 <3>  <2> 1 <0> Address  After Reset R/W
TMCGlTCEG‘TMCGG‘ 0 ‘ 0 ‘LVSG‘LVRG‘TMCBl‘TOEGl FF57H O0H R/W

TOES® | 8-bit Timer/Event Counter 6 Output Control

0 Output disabled (Port mode)

6 Output enabled

In PWM Mode In Other Mode
TMC61
Active level selection | Timer output F/F1 control
0 Active high Inversion operation disabled
1 Active low Inversion operation enabled
LVS6 | LVR6 8-bit Timer/Event Counter 6 Timer

Output F/F1 Status Setting

0 0 No change

0 1 Timer output F/F1 reset (0)

1 0 Timer output F/F1 set (1)

1 1 Setting prohibited

TMC66| 8-bit Timer/Event Counter 6 Operating Mode Selection

0 Clear & start mode on match of TM6 and CR60

1 PWM mode (free-running)

TCES6 | 8-bit Timer Register 6 Operation Control

0 Operation stop (TM6 clear to 0)

1 Operation enable

Cautions 1. Timer operation must be stopped before setting TMCS6.
2. If LVS6 and LVRG6 are read after data are set, they will be 0.
3. Be sure to set bits 4 and 5 to 0.
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(5) Port mode register 10 (PM10)
This register sets port 10 input/output in 1-bit units.
When using the P100/TI5/TO5 and P101/T16/TO6 pins for timer output, set PM100, PM101 and output
latches of P100 and P101 to O.
PM10 is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input sets PM10 to FFH.

Figure 10-7. Port Mode Register 10 Format

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

PM10 | 1 1 1 1 |PM103|PM102 PM101|PM100 FF2AH FFH RIW
\ \ \ !

PM10n| P10n Pin Input/Output Mode Selection (n = 0 to 3)

0 Output mode (output buffer ON)

1 Input mode (output buffer OFF)
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10.4 8-bit Timer/Event Counters 5 and 6 Operations

10.4.1 Interval timer operations

Setting the 8-bit timer mode control registers (TMC5 and TMCG6) as shown in Figure 10-8 allows operation as
an interval timer. Interruptrequests are generated repeatedly using the count value presetin 8-bit compare registers
(CR50 and CR60) as the interval.

When the count value of the 8-bit timer register 5 or 6 (TM5, TM6) matches the value set to CR50 or CR60,
counting continues with the TM5 or TM6 value cleared to 0 and the interrupt request signal (INTTM5, INTTMS6) is
generated.

Count clock of the 8-bit timer register 5 (TM5) can be selected with the timer clock select register 5 (TCL5) and
count clock of the 8 bit timer register 6 (TM6) can be selected with the timer clock select register 6 (TCL6).

For the operation in the case that the value of the compare register is changed during timer count operation,
refer to 10.5 Cautions on 8-hit Timer/Event Counters 5 and 6 (3)

Figure 10-8. 8-bit Timer Mode Control Register Settings for Interval Timer Operation

TCEn TMCn6 LVSn LVRn TMCnl TOEn

TMCn 1 0 0 0 o/1 | 0/1 | 01 | O/1

Clear and start on match of TMn and CRn0O

TMn operation enable
Remarks 1. 0/1: Setting 0 or 1 allows another function to be used simultaneously with the interval timer.

See 10.3 (3), (4) for details.
2. n=56
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Figure 10-9. Interval Timer Operation Timings

<t
-

countcioc [T [T [Ty LML L LT LT L L L

N N N
TMn Count Value 0 Y o1 D N X oo ) o1 X_th N X 00 X o1 u N
A A

i Qlear F:Iear ;
1 NN N N :
cRn0 N ) N ) N )
(C \C (C
)2 i )1
Tcen | |

Count Start

INTTMn )) | | ) |_| )) |—
! C A € A € !
i ' Interrupt Request Acknowledge | Interrupt Request Acknowledge |
! | )) ‘ |
| ¢
Ton 1 N N |_
i C ! ! C !
3 Interval Time 1 Interval Time 1 Interval Time 1

Remarks 1. Interval time = (N + 1) xt: N = 00H to FFH
2. n=5,6
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Table 10-4. 8-bit Timer/Event Counters 5 and 6 Interval Times

Minimum Interval Time Maximum Interval Time Resolution
TCLn3[TCLN2|TCLN1|TCLNO
MCS =1 MCS =0 MCS =1 MCS =0 MCS =1 MCS =0
0 0 0 0 TIn input cycle 28 x TIn input cycle TIn input edge input cycle
0 0 0 1 TIn input cycle 28 x TIn input cycle TIn input edge input cycle
0 1 0 0 (Setting prohibited) 1/fx (Setting prohibited)| 28 x 1/fx |(Setting prohibited)| 2 x 1/fx
(200 ns) (51.2 us) (200 ns)
0 1 0 1 1/fx 2 x 1/fx 28 x 1/fx 2% x 1/fx 1/fx 2 x 1/fx
(200 ns) (400 ns) (51.2 us) (102.4 pus) (200 ns) (400 ns)
0 1 1 0 2 x 1/fx 22 x 1/fx 2° 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 2% x 1/fx 210 x 1/fx 21 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 2% x 1/fx 24 x 1/fx 21 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)
1 0 0 1 24 x 1/fx 25 x 1/fx 212 x 1/fx 213 x 1/fx 24 x 1/fx 2% x 1/fx
(3.2 us) (6.4 us) (819.2 pus) (1.64 ms) (3.2 us) (6.4 us)
1 0 1 0 25 x 1/fx 26 x 1/fx 218 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 2% 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)
1 1 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 ps) (6.55 ms) (13.1 ms) (25.6 us) (51.2 pus)
1 1 0 1 28 x 1/fx 2° x 1/fx 216 x 1/fx 217 x 1/fx 28 x 1/fx 2% 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 2° x 1/fx 210 x 1/fx 217 x 1/fx 218 x 1/fx 2° 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)
1 1 1 1 211 x 1/fx 212 x 1/fx 219 x 1/fx 220 x 1/fx 21 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
Remarks 1. fx : Main system clock oscillation frequency
2. MCS : Bit O of oscillation mode select register (OSMS)
3. TCLnO to TCLn3: Bits 0 to 3 of timer clock selection register n (TCLn)
4. Figures in parentheses apply to operation with fx = 5.0 MHz.
5. n=5,6
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10.4.2 External event counter operation

The external event counter counts the number of external clock pulses to be input to the TI5/P100/TO5 and TI6/
P101/TO6 pins with 8-bit timer registers 5 and 6 (TM5 and TM6).

TM5 and TM6 are incremented each time the valid edge specified with timer clock select registers 5 and 6 (TCL5
and TCL6) is input. Either rising or falling edge can be selected.

When the TM5 and TM6 counted values match the values of 8-bit compare registers (CR50 and CR60), TM5
and TM6 are cleared to 0 and the interrupt request signals (INTTM5 and INTTM6) are generated.

Figure 10-10. 8-bit Timer Mode Control Register Setting for External Event Counter Operation

TCEn TMCn6 LVSn LVRn TMCnl TOEn

TMCn 1 0 0 0 x X x 0

L TOnN output disable

Clear & start mode on match of TMn and CRnO

TMn operation enable

Remarks 1. n=5,6
2. x:don't care

Figure 10-11. External Event Counter Operation Timings (with Rising Edge Specified)

CountCIock||||||||||||||||||I|||||||||

TMn Count Value 00 for)fo2 )13 oafos) /J/fn-1f N X 00 X o1 { 02 f 03

CRNO N/

TCEn J ¢ 1
INTTMn ) |_|

Remarks 1. N = 00H to FFH
2. n=5,6
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10.4.3 Square-wave output

The 8-bit timer event counters 5 and 6 operate as a square wave output with any selected frequency at intervals
of the value preset to 8-bit compare register (CR50 and CR60).

The TO5/P100/TI5 or TO6/P101/TI16 pin output status is reversed at intervals of the count value preset to CR50
or CR60 by setting bit 1 (TMC51) and bit 0 (TOES) of the 8-bit timer output control register 5 (TMC5), or bit 1 (TMC61)
and bit 0 (TOE1) of the 8-bit timer mode control register 6 (TMCB6) to 1.

This enables a square wave of any selected frequency to be output.

Figure 10-12. 8-bit Timer Mode Control Register Settings for Square-wave Output Operation

TCEn TMCn6 LVSn LVRn TMCnl TOEn

TMCn 1 0 0 0 0/1 | 01 1 1

LJ L TOn output enable

Inversion of output on match of TMn and CRn0O

Specifies TOO output F/F1 initial value

Clear and start mode on match of TMn and CRn0O

TMn operation enable

Caution When TI5/P100/TO5 or TI6/P101/TOG6 pin is used as the timer output, set port mode register
(PM100 or PM101) and output latch to 0.

Remark n=5,6

Figure 10-13. Square-wave Output Operation Timing

CountCIock||||||||u||||||||||||zz|||||||
TMn Count Value 00 X o1 X 02 X (‘\/\XN—lx N X oo X o1 X o2 X (‘\/\XN—lx N X 00

/A Count Start

\ \
CRNO N // //
\3 \'

| ! |

TOnNote

))
(

Note The initial value of TOn output can be set with bits 2 and 3 (LVRn and LVSn) of the 8-bit timer mode
control register n (TMCn).

Remark n=5,6
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Table 10-5. 8-bit Timer/Event Counters 5 and 6 Square-wave Output Ranges

Minimum Pulse Time Maximum Pulse Time Resolution
MCS =1 MCS =0 MCS =1 MCS =0 MCS =1 MCS =0
— 1/fx — 28 x 1/fx — 1/fx
(200 ns) (51.2 us) (200 ns)
1/fx 2 x 1/fx 28 x 1/fx 2% x 1/fx 1/fx 2 x 1/fx
(200 ns) (400 ns) (51.2 us) (102.4 pus) (200 ns) (400 ns)
2 x 1/fx 22 x 1/fx 2° x 1/fx 210 x 1/fx 2 x 1/fx 22 x 1/fx
(400 ns) (800 ns) (102.4 ps) (204.8 pus) (400 ns) (800 ns)
22 x 1/fx 2% x 1/fx 210 x 1/fx 21 x 1/fx 22 x 1/fx 2% x 1/fx
(800 ns) (1.6 us) (204.8 us) (409.6 us) (800 ns) (1.6 us)
2% x 1/fx 24 x 1/fx 21 x 1/fx 212 x 1/fx 2% x 1/fx 24 x 1/fx
(1.6 us) (3.2 us) (409.6 us) (819.2 pus) (1.6 us) (3.2 us)
24 x 1/fx 2% x 1/fx 212 x 1/fx 213 x 1/fx 24 x 1/fx 2% x 1/fx
(3.2 us) (6.4 us) (819.2 pus) (1.64 ms) (3.2 us) (6.4 us)
25 x 1/fx 26 x 1/fx 218 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 ps) (6.55 ms) (13.1 ms) (25.6 us) (51.2 ps)
28 x 1/fx 2% x 1/fx 216 x 1/fx 217 x 1/fx 28 x 1/fx 2% x 1/fx
(51.2 us) (102.4 pus) (13.1 ms) (26.2 ms) (51.2 us) (102.4 pus)
2° x 1/fx 210 x 1/fx 217 x 1/fx 218 x 1/fx 2° x 1/fx 210 x 1/fx
(102.4 ps) (204.8 us) (26.2 ms) (52.4 ms) (102.4 pus) (204.8 us)
21 x 1/fx 212 x 1/fx 219 x 1/fx 220 x 1/fx 21 x 1/fx 212 x 1/fx
(409.6 ps) (819.2 pus) (104.9 ms) (209.7 ms) (409.6 ps) (819.2 pus)
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.
4. n=5,6
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10.4.4 PWM output operations

Setting the 8-bit timer mode control registers (TMC5 and TMC6) as shown in Figure 10-14 allows operation as
PWM output. Pulses with the duty rate determined by the values presetin 8-bit compare registers (CR50 and CR60)
output from the TO5/P100/TI5 or TO6/P101/TI6 pin.

Select the active level of PWM pulse with bit 1 of the 8-bit timer mode control register 5 (TMCS5) or bit 1 of the
8-bit timer mode control register 6 (TMC6).

This PWM pulse has an 8-bit resolution. The pulse can be converted into an analog voltage by integrating it
with an external low-pass filter (LPF). Count clock of the 8-bit timer register 5 (TM5) can be selected with the timer
clock select register 5 (TCL5) and count clock of the 8-bit timer register 6 (TM6) can be selected with the timer clock
select register 6 (TCL6).

PWM output enable/disable can be selected with bit 0 (TOE5) of TMC5 or bit 0 (TOE6) of TMC6.

Figure 10-14. 8-bit Timer Control Register Settings for PWM Output Operation

TCEn TMCn6 LVSn LVRn TMCnl TOEn

TMCn 1 1 0 0 X X 0/1 1

L TOnN output enable

—— Sets active level

PWM mode

TMn operation enable

Remarks 1. n=5,6
2. x: don’'t care
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Figure 10-15. PWM Output Operation Timings (Active high setting)

CRnO Changing
(M—-N)

igigiginiyaiginisininiginin

TMn Count Value 00 X o1 X o2 X?ZX FF X o0 X o1 X o2 X}ZX N XN+1XN+2XEX 00

CRNO M // | N // N

| " | | ' | |

{s ‘ ‘ 14 |

TCEn ! ! !
INTTMn } } } | | :
‘ )) ‘ ‘ )) w
: C : : C ;
OVFn i |_| 3 |
| ) ! ) !
; ¢ T ¢ T
| . N |
! 148 !
TOn ! ) |

Inactive Level —
Inactive Level Active Level Inactive Level

Remark n=5,6

Figure 10-16. PWM Output Operation Timings (CRn0O = 00H, active high setting)

CRnNO Changing
(M —00)

'

CountCIock|||‘||||||||||I|||||||||||||

TMn Count Value 00 X o1 X o2 X?ZX FF X 00 X 01 X 02 XQZX FF X 00 X 01 oo

CRNO M // | 00 // 00

| ) | | ) | | |
cen B B
INTTMn } } | | } | | :
L ) L ) L !
: C ; C ; j
OVFn ! | | | | 1
L D) D) !
; 148 148 ‘
TOn ! N N |
148 {s
Inactive Level Inactive Level

Remark n=05,6

240



CHAPTER 10 8-BIT TIMER/EVENT COUNTERS 5 AND 6

Figure 10-17. PWM Output Operation Timings (CRn0 = FFH, active high setting)

CountCIock|||‘||||||||||||||||||||||||

TMn Count Value 00 X o1 X o2 X?ZX FF X 00 X o1 X 02 X?ZX FF X 00 X 01 oo

CRNO FF // FF // FF
1 9 | | ) 1 1 |
C | | C | | |
TCEn ! ! ! ! !
INTTMn } | | } | | } Lo
b)) . b)) | | |
| N | | ¢ | | 1 1
OVFn i | | 3 |_| ; o
I ) I ) I ! !
! ¢ ! ¢ ! T T
! ‘ N ! | |
| C
TOn ! N
¢
Inactive Level
Inactive Level Active Level Inactive Level

Active Level

Remark n=5,6

Figure 10-18. PWM Output Operation Timings (CRn0 changing, active high setting)

CRnO Changing
(N—M)

ook MZMWM
\C/é%g :X FF X 0o X o1 f 02 X?U N XN+1XN+2X2[X FF X 00 X o1 X 02 X?ZX M XM+1XM+2
cRn0 ) B R A v W

)
((

3 )) |_| 3 )

)
89

)
89

—

TCENn

«

«
) | |

[§9

INTTMn
))
48

OVFn |_|
)L
Ton | I N I h |

| h | |

Active Level Inactive Level Active Level Inactive Level

Caution If CRnO is changed during TMn operation, the value changed is not reflected until TMn
overflows.

Remark n=05,6
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10.5 Cautions on 8-bit Timer/Event Counters 5 and 6
(1) Timer start errors
An error with a maximum of one clock might occur concerning the time required for a match signal to be
generated after the timer starts. This is because 8-bit timer registers 5 and 6 (TM5 and TM6) are started

asynchronously with the count pulse.

Figure 10-19. 8-bit Timer Registers 5 and 6 Start Timings

Count Pulse _/_\_/_\_/_\_/_\_/_\_

TMS, TM6 Count Value 00H X oH X oH X oH X 04H

Timer Start

(2) Compare registers 50 and 60 sets
The 8-bit compare registers (CR50 and CR60) can be set to 00H.
Thus, when an 8-bit compare register is used as an event counter, one-pulse count operation can be carried

out.
Figure 10-20. External Event Counter Operation Timings
CR50, CR60 O0H
TMS, TM6 Count Value X ooH X ooH X ooH X  0oH

TO5, TO6 /—\—/—\—
Interrupt Request Flag I_l I_l I_l I_l
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(3) Operation after compare register change during timer count operation
If the values after the 8-bit compare registers (CR50 and CR60) are changed are smaller than those of 8-
bittimer registers (TM5 and TM6), TM5 and TM6 continue counting, overflow and then restarts counting from
0. Thus, if the value (M) after CR50 and CR60 change is smaller than that (N) before change itis necessary
to restart the timer after changing CR50 and CR60.

Figure 10-21. Timings after Compare Register Change during Timer Count Operation

compuse /- N/ N\ S

CRS50, CR60 N X /) M

TMS5, TM6 Count Value X—1 X X X /D( FFH X 00H X 01H X 02H

Remark N>X>M
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11.1 Watch Timer Functions

CHAPTER 11

The watch timer has the following functions.

* Watch timer
* Interval timer

WATCH 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 (standard: 4.194304 MHz) main system clockis 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 11-1. 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 us 488 us
2% x 1/fw 819 us 977 us 977 us
28 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
2° x 1/fw 13.1 ms 15.6 ms 15.6 ms

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 fxT)
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11.2 Watch Timer Configuration
The watch timer consists of the following hardware.

Table 11-2. Watch Timer Configuration

Iltem Configuration

Counter 5 bits x 1

Timer clock select register 2 (TCL2)

Control register ) ]
Watch timer mode control register (TMC2)
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11.3 Watch Timer Control Registers
The following two types of registers are used to control the watch timer.

« Timer clock select register 2 (TCL2)
« 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 O0H.

Remark Besides setting the watch timer count clock, TCL2 sets the watchdog timer count clock and buzzer

output frequency.

Figure 11-1. Watch Timer Block Diagram

TMC21
> § LVL
fxx/2' —o) o Y Clear 3 | 5-Bit Counter ZEN
g fw ‘ | @ %
g Prescaler i I A Clear S [ INTWT
fxr —»] n | N
fw
fw | fw | fw | fw | fw [ fw 513
1 24 25| 28| 27| 28| 2° )
|5
|2 = INTTM3
[0}
.| 0
= — To 16-Bit
] Timer/Event
3 Counter
TCL24 TMC26 | TMC25|TMC24|TMC23|TMC22|TMC21|TMC20
@ Timer Clock Select Register 2 Watch Timer Mode Control Register

g Internal Bus g
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Figure 11-2. Timer Clock Select Register 2 Format
After

248

Symbol 7 6 5 4 3 2 1 0 Address Reset R/W
TCL2 |TCL27|TCL26|TCL25[TCL24| 0 |TCL22[TCL21TCL20 FF42H 00H R/W
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) fx/2° (156 kHz)
0 1 0 | fx/2® fx/2° (156 kHz) fx/2° (78.1 kHz)
0 1 1| fxx/28 fx/2° (78.1 kHz) fx/27 (39.1 kHz)
1 0 0 | fxi2’ fx/27 (39.1 kHz) fx/2® (19.5 kHz)
1 0 1| fxx/28 fx/28 (19.5 kHz) x/2° (9.8 kHz)
1 1 0 | fxx/2° fx/2° (9.8 kHz) x/2'° (4.9 kHz)
1 1 1| fxx/2 fx/2™ (2.4 kHz) fx/2"% (1.2 kHz)
Watch Timer Count Clock Selection
TCL24
MCS =1 MCS =0
0 | fxx/2’ fx/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| fxi2® x/2™ (4.9 kHz) fx/2" (2.4 kHz)
1 1 0 | fxx/2™ fx/2™ (2.4 kHz) x/2'2 (1.2 kHz)
1 1 1 Setting prohibited

Caution When rewriting TCL2 to other data, stop the timer operation beforehand.

Remarks 1.
2.

o g r®

fxx
fx
fxT

X

Figures in parentheses apply to operation with fx = 5.0 MHz or fxr = 32.768 kHz.

: Main system clock frequency (fx or fx/2)
: Main system clock oscillation frequency
: Subsystem clock oscillation frequency

: don't care
MCS :

Bit O of oscillation mode selection register (OSMS)
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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.

Symbol
TMC2

Figure 11-3. Watch Timer Mode Control Register Format

After

7 6 5 4 3 2 1 0 Address Reset R/W
0 [TMC26|TMC25|TMC24|TMC23|TMC22|TMC21|TMC20 FF4AH O0OH 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 | 2"/fw (0.4 sec) 2"/fw (0.5 sec) 2"/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*/fw (488 ps) 2°/fw (488 us)
0 0 1 | 2%fw (819 us) 2%/fw (977 us) 25/tw (977 us)
0 1 0 | 2%fw (1.64 ms) 2%/fw (1.95 ms) 2%/fw (1.95 ms)
0 1 1 | 27/fw (3.28 ms) 27/fw (3.91 ms) 2/fw (3.91 ms)
1 0 0 | 2%fw (6.55 ms) 2%/fw (7.81 ms) 2%/tw (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 : Watch timer clock frequency (fxx/27 or fxr)

fxx : Main system clock frequency (fx or fx/2)

fx : Main system clock oscillation frequency

fxt : Subsystem clock oscillation frequency
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11.4 Watch Timer Operations

11.4.1 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 (TMC2) 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).

11.4.2 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 11-3. Interval Timer Interval Time

TMC26 | TMC25 | TMC24 Interval Time When operated at | When operated at | When operated at
fxx = 5.0 MHz fxx = 4.19 MHz fxt = 32.768 kHz
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 2% x 1/fw 13.1 ms 15.6 ms 15.6 ms
Other than above Setting prohibited

fxx : Main system clock frequency (fx or fx/2)
fx : Main system clock oscillation frequency
fxr : Subsystem clock oscillation frequency

fw : Watch timer clock frequency (fxx/27 or fxt)

TMC24 to TMC26 : Bits 4 to 6 of watch timer mode control register (TMC2)

250



CHAPTER 12 WATCHDOG TIMER

12.1 Watchdog Timer Functions
The watchdog timer has the following functions.

* Watchdog timer
« Interval timer

Caution Select the watchdog timer mode or the interval timer mode with the watchdog timer mode
register (WDTM) (the watchdog timer and the interval timer cannot be used simultaneously).

(1) Watchdog timer mode
A runaway is detected. Upon detection of the runaway, a non-maskable interrupt request or RESET can

be generated.

Table 12-1. Watchdog Timer Runaway Detection Times

Runaway Detection Time MCS =1 MCS =0

et

211 x 1/fxx 211 x 1/fx (410 ps) 212 x 1/fx (819 us)

et

212 x 1/fxx 212 x 1/fx (819 us) 213 x 1/fx (1.64 ms)

et

213 x 1/fxx 213 x 1/fx (1.64 ms) 214 x 1/fx (3.28 ms)

et

214 x 1/fxx 214 x 1/fx (3.28 ms) 215 x 1/fx (6.55 ms)

et

215 x 1/fxx 215 x 1/fx (6.55 ms) 216 x 1/fx (13.1 ms)

et

216 x 1/fxx 216 x 1/fx (13.1 ms) 217 x 1/fx (26.2 ms)

et

217 x 1/fxx 217 x 1/fx (26.2 ms) 218 x 1/fx (52.4 ms)

N

219 x 1/fxx 219 x 1/fx (104.9 ms) 270 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 : Bit 0 of oscillation mode selection register (OSMS)
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 12-2. Interval Times

Interval Time MCS =1 MCS =0
21 x 1/fxx 21 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) 2% x 1/fx (3.28 ms)
21 x 1/fxx 2% 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) 2Y7 x 1/fx (26.2 ms)
217 x 1/fxx 2Y7 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 fxx  : Main system clock frequency (fx or fx/2)

1.
2. fx : Main system clock oscillation frequency

3. MCS : Bit 0 of oscillation mode selection register (OSMS)

4. Figures in parentheses apply to operation with fx = 5.0 MHz.
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12.2 Watchdog Timer Configuration
The watchdog timer consists of the following hardware.

Table 12-3. Watchdog Timer Configuration

Iltem Configuration

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

Figure 12-1. Watchdog Timer Block Diagram

% Internal Bus %
fxx/2° Prescaler
TMMK4

Rl R e e fL o Twer
24| 22|22 27 22|20 2 i | TMIE4 Maskable Interrupt

5 Request

2 8-bit Control SEeeT

g Counter Circuit RESET

INTWDT

L Non-maskable
Interrupt Request
3

L[]

TCL22|TCL21|TCL20] RUN |WDTM4 |WDTM3

Timer Clock Watchdog Timer
Select Register 2 Mode Register

2 Internal Bus g
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12.3 Watchdog Timer Control Registers

The following two types of registers are used to control the watchdog timer.

« 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 O0H.

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 12-2. Timer Clock Select Register 2 Format

After

7 6 5 4 3 2 1 0 Address R/W
Reset
TCL27|TCL26|TCL25[TCL24| 0 |TCL22[TCL21{TCL20 FF42H OOH R/W
Watchdog Timer Count Clock Selection
TCL22[TCL21TCL20
MCS =1 MCS =0
0 0 0 | fx/2® fx/2° (625 kHz) fx/2* (313 kHz)
0 0 1| 2t fx/2* (313 kHz) fx/2° (156 kHz)
0 1 0 | fxx/2° x/2° (156 kHz) fx/2° (78.1 kHz)
0 1 1| fox/2° fx/2° (78.1 kHz) fx/27 (39.1 kHz)
1 0 0 | fxx/2’ fx/2" (39.1 kHz) fx/2® (19.5 kHz)
1 0 1| 28 fx/2® (19.5 kHz) fx/2° (9.8 kHz)
1 1 0 | fxx/2° x/2° (9.8 kHz) fx/2'° (4.9 kHz)
1 1 1| fxx/2" fx/2' (2.4 kHz) fx/2'? (1.2 kHz)
Watch Timer Count Clock Selection
TCL24
MCS =1 MCS =0
0 | fxx/2’ fx/2” (39.1 kHz) x/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° x/2° (9.8 kHz) fx/2° (4.9 kHz)
1 0 1| fxx/2" x/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

2. fx
fxr

X

ALl

: Main system clock frequency (fx or fx/2)
: Main system clock oscillation frequency

: Subsystem clock oscillation frequency

: don’t care

MCS: Bit 0 of oscillation mode selection register (OSMS)
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 O0H.

Figure 12-3. Watchdog Timer Mode Register Format

After

Symbol <7> 6 5 4 3 2 1 0 Address Reset R/W
WDTM | RUN 0 0 |WDTM4WDTM3| O 0 0 FFFOH OOH R/W
WDTM2 WD TM3 Watchdog Timer Operation Mode

SelectionNote

Interval timer modeN°t¢ 2
0 X | (Maskable interrupt occurs upon
generation of an overflow.)

Watchdog timer mode 1
1 0 | (Non-maskable interrupt occurs upon
generation of an overflow.)

Watchdog timer mode 2
1 1 | (Reset operation is activated upon
generation of an overflow.)

RUN | Watchdog Timer Operation Mode Selectiont¢3

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. Operation as an interval timer is started as soon as is set to 1.
3. Once setto 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 (TCL2).
2. When using the watchdog timer modes 1 and 2, be sure that the interrupt request flag
(TMIF4) is 0 before setting WDTM4 to 1. If WDTM4 is set to 1 while TMIF4 is 1, a non-
maskable interrupt requests generated regardless of the contents of WDTM3.

Remark x: don't care
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12.4 Watchdog Timer Operations

12.4.1 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 runaway.

The watchdog timer count clock (runaway 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 runaway 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 runaway 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 can be cleared when RUN is set to 1.

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 runaway 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 12-4. Watchdog Timer Runaway Detection Time
TCL22 | TCL21 | TCL20 | Runaway Detection Time MCS =1 MCS =0
0 0 0 211 x 1/fxx 21 x 1/fx (410 ps) 212 x 1/fx (819 us)
0 0 212 x 1/fxx 212 x 1/fx (819 us) 218 x 1/fx (1.64 ms)
0 1 0 213 x 1/fxx 21 x 1/fx (1.64 ms) 21 x 1/fx (3.28 ms)
0 1 1 21 x 1/fxx 21 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 : Main system clock frequency (fx or fx/2)
2. fx : Main system clock oscillation frequency

3. MCS : Bit 0 of oscillation mode selection register (OSMS)
4. TCL20 to TCL22: Bits 0 to 2 of timer clock selection register 2 (TCL2)
5. Figures in parentheses apply to operation with fx = 5.0 MHz.
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* 12.4.2 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 set to O, respectively.
The count clock (interval time) can be selected with bits 0 to 2 (TCL20 to TCL22) of the timer clock select register
2 (TCL2). The watchdog timer starts operation as an interval timer when bit 7 (RUN) of WDTM is set to 1.
When the watchdog timer operated as interval timer, the interrupt mask flag (TMMK4) and priority specify flag
(TMPRA4) 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 (RUN) of
WDTM 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 setto 1 (with the watchdog timer mode selected), the interval
timer mode is not set unless RESET input is applied.
2. Theintervaltime just after setting with WDTM may be shorter than the settime by a maximum

of 0.5 %.
3. When the subsystem clock is selected for CPU clock, watchdog timer count operation is
stopped.
Table 12-5. Interval Timer Interval Time
TCL22 | TCL21 | TCL20 Interval Time MCS =1 MCS =0
0 0 0 21 x 1/fxx 21 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) 2% x 1/fx (3.28 ms)
0 1 1 21 x 1/fxx 2% 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) 2Y7 x 1/fx (26.2 ms)
1 1 0 217 x 1/fxx 2Y7 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 : Main system clock frequency (fx or fx/2)
2. fx : Main system clock oscillation frequency

3. MCS : Bit O of oscillation mode selection register (OSMS)
4. TCL20 to TCL22: Bits 0 to 2 of timer clock select register 2 (TCL2)
5. Figures in parentheses apply to operation with fx = 5.0 MHz.
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CHAPTER 13 CLOCK OUTPUT CONTROL CIRCUIT

13.1 Clock Output Control Circuit Functions

The clock output control circuit is 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 (TCL0O to TCL03)
of TCLO.

<2> Set the P35 output latch to 0.

<3> Set bit 5 (PM35) of port mode register 3 (PM3) to 0 (set to output mode).

<4> Set bhit 7 (CLOE) of timer clock select register 0 (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 (See the portions marked with * in Figure 13-1).

Figure 13-1. Remote Controlled Output Application Example

PCL/P35 Pin Output
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13.2 Clock Output Control Circuit Configuration

The clock output control circuit consists of the following hardware.

fxx/2 ———————*
fxx /22 ——
fxx /22—
fxx /28—
fxx/2® ——™
fxx /28—

fxx /2"

Table 13-1. Clock Output Control Circuit Configuration

Item

Configuration

Control register

Timer clock select register 0 (TCLO)
Port mode register 3 (PM3)

Figure 13-2. Clock Output Control Circuit Block Diagram

Selector

Synchronizing
Circuit

1 I

CLOE

TCLO3

TCLO2|TCLO1

TCLOO

@Timer Clock Select Register 0

D

>

Output

P35

Latch

PM35

Y

© PCL/P35

Port Mode Register 3

Internal Bus

5
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13.3 Clock Output Function Control Registers

The following two types of registers are used to control the clock output function.

« 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 O0OH.

Remark Besides setting PCL output clock, TCLO sets the 16-bit timer register count clock.
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Figure 13-3. Timer Clock Select Register 0 Format

After

Symbol <7> 6 5 4 3 2 1 0 Address Reset R/W
TCLO |CLOE |TCLO6|TCLO5[TCLO4|TCLO3|TCLO2TCLO1[TCLOO FF40H OOH R/W
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) fx/2 (2.5 MHz)
0 1 1 0 | fxx/2 fx/2 (2.5 MHz) fx/2% (1.25 MHz)
0 1 1 1 | fxx/2? fx/2% (1.25 MHz) fx/2° (625 kHz)
1 0 0 0 | fxx/2® fx/2° (625 kHz) fx/2* (313 kHz)
1 0 0 1| fxx/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) fx/2" (39.1 kHz)
1 1 0 0 | /2 fx/27 (39.1 kHz) fx/28 (19.5 kHz)
Other than above Setting prohibited
16-Bit Timer Register Count Clock Selection
TCLOB|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) fx/2 (2.5 MHz)
0 1 1 | fxx/2 fx/2 (2.5 MHz) fx/22 (1.25 MHz)
1 0 0 | fxx/2? fx/22 (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

Cautions 1. Setting of the TIOO/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 TCLO3, then set 1 in CLOE with a 1-bit memory
manipulation instruction.

3. Toreadthe countvalue when T100 has been specified as the TMO count clock, the value
should be read from TMO, not from capture/compare register 01 (CRO01).

4. When rewriting TCLO to other data, stop the clock operation beforehand.
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Remarks 1. fxx : Main system clock frequency (fx or fx/2)

fx : Main system clock oscillation frequency

fxr  : Subsystem clock oscillation frequency

TI00 : 16-bit timer/event counter input pin

TMO : 16-bit timer register

MCS : Bit 0 of oscillation mode selection register (OSMS)

No ok obd

(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 O.
PM3 is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input sets PM3 to FFH.

Figure 13-4. Port Mode Register 3 Format

Symbol 7 6 5 4 3 2 1 0 Address e RIW
PM3 |PM37|PM36| PM35| PM34| PM33| PM32| PM31 | PM30 FF23H  FFH RIW

Figures in parentheses apply to operation with fx = 5.0 MHz or fxr = 32.768 kHz.

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

0 | Output mode (output buffer ON)

1 Input mode (output buffer OFF)
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CHAPTER 14 BUZZER OUTPUT CONTROL CIRCUIT

14.1 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 0.

<3> Set bhit 6 (PM36) of port mode register 3 (PM3) to 0 (Set to output mode).

Caution Buzzer output cannot be used when setting P36 output latch to 1.

14.2 Buzzer Output Control Circuit Configuration

The buzzer output control circuit consists of the following hardware.

Table 14-1. Buzzer Output Control Circuit Configuration

Item

Configuration

Control register

Timer clock select register 2 (TCL2)
Port mode register 3 (PM3)

Figure 14-1. Buzzer Output Control Circuit Block Diagram

Port Mode Register 3

fxx/2? —————» S
10 Q
fxx/2 "l S BUZ/P36
fax /2t ———
3
P36
TCL27|\TCL26|TCL25 Output Latch PM36
Timer Clock Select Register 2 @
Y Y
g Internal Bus g
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14.3 Buzzer Output Function Control Registers

The following two types of registers are used to control the buzzer output function.

» 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 O0H.

Remark Besides setting the buzzer output frequency, TCL2 sets the watch timer count clock and the
watchdog timer count clock.
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Symbol
TCL2

Figure 14-2. Timer Clock Select Register 2 Format

7 6 5 4 3 2 1 0 Address ~ After RIW
Reset
TCL27|TCL26|TCL25[TCL24| 0 |TCL22|TCL21|TCL20 FF42H O0H R/W
Watchdog Timer Count Clock Selection
TCL22|[TCL21TCL20
MCS =1 MCS =0
0 0 0 | fxx/2® x/2° (625 kHz) fx/2* (313 kHz)
0 0 1| fxx/2* fx/2* (313 kHz) fx/2° (156 kHz)
0 1 0 | fxx/2® fx/2° (156 kHz) fx/2° (78.1 kHz)
0 1 1| fxx/2° x/2° (78.1 kHz) fx/2" (39.1 kHz)
1 0 0 | fxx/2’ fx/2" (39.1 kHz) fx/2® (19.5 kHz)
1 0 1| fxx/2® x/2% (19.5 kHz) fx/2° (9.8 kHz)
1 1 0 | fx/2° x/2° (9.8 kHz) fx/2'° (4.9 kHz)
1 1 1| fxx/2™ fx/2™ (2.4 kHz) fx/2" (1.2 kHz)
Watch Timer Count Clock Selection
TCL24
MCS =1 MCS =0
0 | fxx/2’ fx/2” (39.1 kHz) x/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° x/2° (9.8 kHz) fx/2™ (4.9 kHz)
1 0 1| /2™ x/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.
2.

o g r®

fxx : Main system clock frequency (fx or fx/2)
fx : Main system clock oscillation frequency
fxt  : Subsystem clock oscillation frequency
X : don't care

MCS

: Bit 0 of oscillation mode selection register (OSMS)
Figures in parentheses apply to operation with fx = 5.0 MHz or fxr = 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 0.
PM3 is set with a 1-bit or 8-bit memory manipulation instruction.

RESET input sets PM3 to FFH.

Symbol
PM3

268

Figure 14-3. Port Mode Register 3 Format

7 6 5 4 3 2 1 0 Address RAef;eert RIW
PM37 |PM36 | PM35 | PM34 | PM33 | PM32 | PM31 | PM30 FF23H FFH R/W
\ \ \ \ \ \ \ |
PM3n| P3n Pin Input/Output Mode Selection (n=0to 7)
0 | Output mode (output buffer ON)
1 Input mode (output buffer OFF)




CHAPTER 15 A/D CONVERTER

15.1 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).

A/D conversion should be carried out by selecting 1-channel analog input from ANIO to ANI7. 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.

15.2 A/D Converter Configuration

The A/D converter consists of the following hardware.

Table 15-1. A/D Converter Configuration

Iltem Configuration
Analog input 8 channels (ANIO to ANI7)
Control register A/D converter mode register (ADM)

A/D converter input select register (ADIS)
External interrupt mode register 1 (INTM1)

Register Successive approximation register (SAR)
A/D conversion result register (ADCR)
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Figure 15-1. A/D Converter Block Diagram

% Internal Bus %

‘ ‘ A/D Converter
Input Select Register

ADIS3 |ADIS2 | ADIS1| ADISO

Ll 1 ]

4
Series Resistor String
ANIO/P10 ©— i—__i___-i
ANI1/P11 ©— | | ——©O AVop
) Sample & Hold Circuit - I
ANI2/P12 @—={ Mot Note - ; Voltage 1 g | | AVrero
o [8]
ANI3/P13 ©—= 3 5 ! | Comparator | & | |
El ﬂﬂ\o A LG
ANI4/P14 O—~ @ 8 ! | KA
ANIS/P15 ©—= | AV ! LE |
O— ss | | | |
ANIG/P16 b - Successive o AVss
ANI7/P17 ©— Approximation L1l __
Register (SAR)
3
*r—
Edge
INTP3/PO3 ©O——> R Control
Detector | ) Gircuit INTAD
ES40, ES41N"“’3—f
Trigger > INTP3
Enable
' ,
A/D Conversion
CS | TRG | FR1 | FRO |[ADM3|ADM2|ADM1 Result Register
(ADCR)
A/D Converter Mode Register @ ‘ ‘
% Internal Bus g

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 and 1 of external interrupt mode register 1 (INTM1)
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1

)

®3)

(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 held (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.

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 AVrero 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 ANIO to ANI7 input voltages within the specified range. If a voltage higher than
AVRrero or lower than AV ss is applied (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. Analog input (ANIO to ANI7) pins also function as input/output port (Port 1) pins. When
A/D conversion is being performed with any one of ANIO to ANI7 pins selected, do not
execute an input instruction using Port 1 during the conversion operation, otherwise,
the conversion resolution may be deteriorated.

If a digital pulse is applied to a pin adjacent to a pin used in A/D conversion, the desired
A/D conversion value may not be obtained due to the coupling noise. Do not apply a
pulse to a pin adjacent to a pin used in A/D conversion.
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(7

(8)

9

272

AVREFo 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 AVrero
and AVss.

The current flowing in the series resistor string can be reduced by setting the voltage to be input to the AVrero
pin to AVss level in standby mode.

Caution Aseries resistance string of approximately 10 k Qis connected between AV reropinand AV ss
pin. Therefore, the reference supply voltage is made as if it were connected in parallel with
the series resistance string between AV  rero pin and AV ss pin if the output impedance of
the reference supply voltage source is high. As a result, the reference voltage error will
increase.

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 analog power supply pin of the A/D converter. Keep it at the same potential as the Voo pin even
when not using the A/D converter.
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15.3 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)
e External interrupt mode register 1 (INTM1)

(1) 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 01H.
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Symbol
ADM

Figure 15-2. A/D Converter Mode Register Format

<> <6> 5 4 3 2 0 Address AT 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 SelectionNot¢*
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 us) 80/fx (19.1 us) 160/fx (38.1 us)
0 1 1 | 40/fx (Setting prohibited"*'*2) | 80/fx (Setting prohibited“*¢?) | 40/fx (Setting prohibited"¢?) | 80/fx (19.1 uS)
1 0 0 | 50/fx (Setting prohibited"*¢?) | 100/fx (20.0 yS) 50/fx (Setting prohibited"¢?) | 100/fx (23.8 ys)
1 0 1 | 100/fx (20.0 us) 200/fx (40.0 us) 100/fx (23.8 us) 200/fx (47.7 us)
Other combinations | 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 us.

Cautions 1.

Remarks 1.

2.

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.

. When restarting the stopped A/D conversion operation, start the A/D conversion

operation after clearing the interrupt request flag (ADIF) to 0.

fx
MCS : Bit 0 of oscillation mode selection register (OSMS)

: Main system clock oscillation frequency
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(2) A/D converter input select register (ADIS)
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 OOH.

Cautions 1. Set the analog input channel in the following order.
<1> Set the number of analog input channels with ADIS.
<2> Using the 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 on-chip pull-up resistor can be used for the channels set for analog input with ADIS,
irrespective of the value of bit 1 (PUO1) of the pull-up resistor option register L (PUOL).

Figure 15-3. 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 ‘ADISS‘ADISZ‘ADISI‘ADISO' FF84H O00H R/W
ADIS3|ADIS2| ADIS1]ADISO| Number of Analog Input Channel Selection
0 0 0 0 No analog input channel (P10 to P17)
0 0 0 1 1 channel (ANIO, P11 to P17)
0 0 1 0 2 channel (ANIO, ANI1, P12 to P17)
0 0 1 1 3 channel (ANIO to ANI2, P13 to P17)
0 1 0 0 4 channel (ANIO to ANI3, P14 to P17)
0 1 0 1 5 channel (ANIO to ANI4, P15 to P17)
0 1 1 0 6 channel (ANIO to ANI5, P16, P17)
0 1 1 1 7 channel (ANIO to ANI6, P17)
1 0 0 0 8 channel (ANIO to 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 INTP6.
INTM1 is set with an 8-bit memory manipulation instruction.
RESET input sets INTM1 to 00H.

Figure 15-4. External Interrupt Mode Register 1 Format
After

Reset
INTM1 | ES71 | ES70 | ES61 | ES60 | ES51 | ES50 | ES41 | ES40 FFEDH O0H R/W

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

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

ES71| ES70| INTP6 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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15.4 A/D Converter Operations

15.4.1 Basic operations of A/D converter

<1> Set the number of analog input channels with A/D converter input select register (ADIS).
<2> From among the analog input channels set with 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) AVrero.
<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) AVrero, the MSB of SAR remains set. If
the input is smaller than (1/2) AVrero, 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 Bit 7 = 1: (3/4) AVrero
e Bit 7 = 0: (1/4) AVRrero
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: Bit 6 = 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 15-5. A/D Converter Basic Operation

- Conversion -~
Ti
Sampling Ime
_ Time _
A/ID _
Converter Sampling A /D Conversion
Operation
Undefined 80H o Conversion
ndefine or
SAR 40H Result
ADCR Conversion
Result
INTAD _|

A/D conversion operations are performed continuously until bit 7 (CS) of 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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15.4.2 Input voltage and conversion results
Therelation between the analog input voltage input to the analog input pins (ANI0 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 (
AVREF0

x 256 + 0.5)

or

(ADCR - 0.5) x %5 Vin < (ADCR + 0.5) x AVREFO

256

Where, INT () : Function which returns integer parts of value in parentheses.
N : Analog input voltage
AVRero : AVRerFo pin voltage
ADCR : A/D conversion result register (ADCR)

Figure 15-6 shows the relation between the analog input voltage and the A/D conversion result.

Figure 15-6. Relationships between Analog Input Voltage and A/D Conversion Result

255 bttt

%54 4 4

A/D Conversion 253 .

Results i
(ADCR) !
3!
2 1 oy @
1 ,,,,,,,,
0 ,,,,,,,,
1 1 3 2 5 3 507 254 509 255 511
512 256 512 256 512 256 512 256 512 256 512
Input Voltage/AVrero
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15.4.3 A/D converter operating mode

Start A/D conversion by selecting 1-channel analog input from ANIO to ANI7 by means of the A/D converter input

select register (ADIS) and A/D converter mode register (ADM).

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 the A/D converter mode register (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 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 15-7. A/D Conversion by Hardware Start

U L UoUou

ADM Rewrite ADM Rewrite
CS=1,TRG=1 CS=1,TRG=1
A
. Standby Standby Standby
A/D Conversion State ANIn ANIn State ANIn State ANIm ANIm ANIm

NI NN
PN PR RN

ADCR ANIn ANIn ANIn ANIm ANIm

LTl 11

Remarks 1. n =0,1, ...,7
2. m=0,1,..,7
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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
ADMS3) 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
continues 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 O is written to ADM during A/D conversion, the A/D conversion operation stops

immediately.
Figure 15-8. A/D Conversion by Software Start
Conversion Start ADM Rewrite ADM Rewrite
CS=1,TRG=0 CS=1,TRG=0 CS=0,TRG=0
\i i Y
A/D Conversion ANIn ANIn ANIn ANIm ANIm

—
Conversion suspended
Conversion results are L Stop
not stored
ADCR >< ANIn >< ANIn >< ANIm

INTAD

Remarks 1. n =0,1,...,7
2. m=0,1,..
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15.5 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 AVrero pin at this time, this current must
be cut in order to minimize the overall system power dissipation. In Figure 15-9, the power dissipation can
be reduced by outputting a low-level signal to the output port in standby mode. However, there is no precision
to the actual AVrero voltage, and therefore the conversion values themselves lack precision and can only
be used for relative comparison.

Figure 15-9. Example of Method of Reducing Current Consumption in Standby Mode

Vop

Output Port

’E 1 PD78070A, 78070AY

AVReFo
AVRerFo = Vop

Series Resistor String

AVss

I
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)

3

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
AVRero 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.

Noise countermeasures

In order to maintain 8-bit resolution, attention must be paid to noise on pins AVrero 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 15-10 in order to reduce noise.

Figure 15-10. Analog Input Pin Disposition

If there is possibility that noise whose level is
AVrero or higher or AVss or lower may enter,
clamp with a diode with a small Vr (0.3 V or less).

Reference
Voltage Input  © ‘ / AVrero
o J_ ANIO to ANI7
C =100 to -1
1000 pF Voo
AVbp
AVss
Vss
77T

(4) 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 an inputinstruction using PORT 1
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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(5) AVRero pin input impedance
A series resistor string of approximately 10 kQ is connected between the AVrero pin and the AVss pin.
Therefore, if the output impedance of the reference voltage source is high, this will result in parallel
connection to the series resistor string between the AVrero pin and the AVss pin, and there will be a large
reference voltage error.

(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 15-11. A/D Conversion End Interrupt Request Generation Timing

ADM Rewrite ADIF is set but ANIm
) (Start of ANIm Conversion) conversion has not ended
ADM Rewrite
(Start of ANIn Conversion)
Y i
A/D Conversion ANIn ANIn ANIm ANIm

N N

DI I N N
X

ANIn ANIm ANIm

ADCR X ANIn

INTAD

Remarks 1. n =0,1,..,7
2. m=0,1,..,7
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(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, for an application that switches to the backup power supply, always apply the same potential as
Voo pin level as shown in Figure 15-12.

Figure 15-12. AV po Pin Handling

ﬂ AVREF0
H Vob
. AVbp
Main Power —— —
Capacitor
for Backup
Vss
AVss
77T
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CHAPTER 16 D/A CONVERTER

16.1 D/A Converter Functions

The D/A converter converts a digital input into an analog value. It consists of two 8-bit resolution channels of
voltage output type D/A converter.

The conversion method used is the R-2R resistor ladder method.

Start the D/A conversion by setting the DACEO and DACEL1 of the D/A converter mode register (DAM).

There are two types of modes for this D/A converter, as follows.

(1) Normal mode
Outputs an analog voltage signal immediately after the D/A conversion.

(2) Real-time output mode

Outputs an analog voltage signal synchronously with the output trigger after the D/A conversion.
Since a sine wave can be generated in the mode, it is useful for an MSK modem for cordless telephone sets.
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16.2 DI/A Converter Configuration

The D/A converter consists of the following hardware.

DACS1 Write

INTTM2
DACSO0 Write

INTTM1

Table 16-1. D/A Converter Configuration

Item

Configuration

Register

D/A conversion value set register 0 (DACSO0)
D/A conversion value set register 1 (DACS1)

Control register

D/A converter mode register (DAM)

Figure 16-1. D/A Converter Block Diagram

\

Internal Bus

{1

D/A Conversion Value
Set Register 1

© ANO1/P131

AVRrer1 ©)

AVss ©)
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8
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(1) D/A conversion value set register 0, 1 (DACSO0, DACS1)
DACSO0 and DACSL1 are registers that set the value used to determine analog voltage values output to the
ANOO and ANOL1 pins, respectively.
DACSO0 and DACS1 are set with 8-bit memory manipulation instructions.
RESET input sets these registers to 00H.
Analog voltage output to the ANOO and ANOL1 pins is determined by the following expression.

DACSnh

ANONnN output voltage = AVRer1 x
256

where, n=0,1
Cautions 1. Inthereal-time outputmode, when datathatare setin DACS0 and DACS1 are read before
an output trigger is generated, the previous data are read rather than the set data.

2. In the real-time output mode, data should be set to DACS0 and DACS1 after an output
trigger and before the next output trigger.
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16.3 D/A Converter Control Registers

The D/A converter mode register (DAM) controls the D/A converter. This register sets D/A converter operation
enable/stop.

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

RESET input sets this register to 00H.

Figure 16-2. D/A Converter Mode Register Format

After
Symbol 7 6 5 4 3 2 <1> <0> Address Reset R/W
DAM 0 0 |DAM5DAM4| 0 0 |DACE1DACEO FF98H 00H R/W

L DACEO| D/A Converter Channel 0 Control

0 D/A conversion stop

1 D/A conversion enable

DACE1| D/A Converter Channel 1 Control

0 D/A conversion stop

1 D/A conversion enable

DAM4 | D/A Converter Channel 0 Operating Mode

0 Normal mode

1 Real-time output mode

DAM5 | D/A Converter Channel 1 Operating Mode

0 Normal mode

1 Real-time output mode

Cautions 1. When using the D/A converter, a dual-function port pin should be set to the input mode, and
a pull-up resistor should be disconnected.
2. Always set bits 2, 3, 6, and 7 to 0.
3. When D/A conversion is stopped, the output state is high-impedance.
4. The output triggers are INTTM1 and INTTM2 for channel 0 and channel 1, respectively, in
the real-time output mode.
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16.4 Operations of D/A Converter

<1> Select the channel 0 operating mode and channel 1 operating mode by setting DAM4 and DAMS5,
respectively, of the D/A converter mode register (DAM).

<2> Set the data corresponding to the analog voltages output to the ANOO/P130 and ANO1/P131 pins to the
D/A conversion value setting registers 0 and 1 (DACSO0 and DACS1), respectively.

<3> Start the channel 0 and channel 1 D/A conversion operations by setting DACEO and DACEL, respectively,
of the DAM.

<4> In the normal mode, the analog voltage signals are output to the ANOO/P130 and ANO1/P131 pins
immediately after the D/A conversion. In the real-time output mode, the analog voltage signals are output
synchronously with the output triggers.

<5> In the normal mode, the analog voltage signals to be output are held until new data are set in DACSO0 and
DACSL1. Inthe realtime output mode, new data are set in DACSO0 and DACS1 and then they are held until
the next trigger is generated.

Caution Set DACEO and DACEL after setting data in DACSO0 and DACSI.
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16.5 Cautions Related to D/A Converter

(1) Output impedance of D/A converter
Because the output impedance of the D/A converter is high, use of current flowing from the ANOn pins (n
=0,1)is prohibited. Ifthe inputimpedance ofthe load for the converter is low, insert a buffer amplifier between
the load and the ANOn pins. In addition, wiring from the ANOn pins to the buffer amplifier or the load should
be as short as possible (because of high output impedance). If the wiring may be long, design the ground
pattern so as to be close to those lines or use some other expedient to achieve shorter wiring.

Figure 16-3. Use Example of Buffer Amplifier

(a) Inverting amplifier

{PD78070A, 78070AY <
Ll

R2

R1

ANON

N

* The input impedance of the buffer amplifier is R1.

(b) Voltage-follower

uPD78070A, 78070AY

ANON

» The input impedance of the buffer amplifier is Ra.
« If R1is not connected, the output becomes
undefined when RESET is low.

(2) Output voltage of D/A converter

Because the output voltage of the converter changes in steps, use the D/A converter output signalsin general
by connecting a low-pass filter.

(3) AVREer1 pin
When only either one of the D/A converter channels is used with AVrer1 < Vob, the other pins that are not
used as analog outputs must be set as follows:
e Set PM13x bit of the port mode register 13 (PM13) to 1 (input mode) and connect the pin to Vss.

« Set PM13x bit of the port mode register 13 (PM13) to 0 (output mode) and the output latch to 0, to output
low level from the pin.
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The pyPD78070A incorporates three channels of serial interfaces. Differences between channels 0, 1, and 2 are
as follows (Refer to CHAPTER 19 SERIAL INTERFACE CHANNEL 1 for details of the serial interface channel 1.
Refer to CHAPTER 20 SERIAL INTERFACE CHANNEL 2 for details of the serial interface channel 2).

Table 17-1. Differences between Channels 0, 1, and 2

Serial Transfer Mode

Channel 0

Channel 1

Channel 2

Clock selection

fxx/2, fxx/22, fxx/23,
fxx/24, fxx/25, fxx/28,
fxx/27, fxx/28, external
clock, TO2 output

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

3-wire serial I/0 Transfer method

MSB/LSB switchable
as the start bit

MSB/LSB switchable
as the start bit
Automatic transmit/
receive function

MSB/LSB switchable
as the start bit

Transfer end flag

Serial transfer end
interrupt request flag
(CSIIFO0)

Serial transfer end
interrupt request flag
(CSIIF1)

Serial transfer end
interrupt request flag
(SRIF)

SBI (serial bus interface)

2-wire serial 1/0

Use possible

UART
(asynchronous serial interface)

None

None

None

Use possible
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17.1 Serial Interface Channel 0 Functions

Serial interface channel 0 employs the following four modes.

* Operation stop mode

» 3-wire serial I/O mode

« SBI (serial bus interface) mode
e 2-wire serial I/0O mode

Caution Do not change the operation mode (3-wire serial I/0/2-wire serial I/O/SBI) while operation of the
serial interface channel 0 is enabled. Stop the serial operation before changing the operation

mode.

(1) Operation stop mode
This mode is used when serial transfer is not carried out. Power consumption can be reduced.

(2) 3-wire serial I/0 mode (MSB-/LSB-first selectable)

This mode is used for 8-bit data transfer using three lines, one each for serial clock (SCKO), serial output
(S00) and serial input (SI0). This 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 1/0 devices or display controllers which

incorporate a conventional synchronous clocked serial interface as is the case with the 75X/XL, 78K, and

17K Series.

(3) 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 (SCKO0)

and serial data bus (SBO or SB1).

SBI mode complies with the NEC serial bus format. In the SBI mode, transfer data is transmitted/received

as one of the three data types: “address”, “command”, or “data”.

« Address : Data to select the target device for serial communication
« Command : Data to give an instruction to the target device
* Data : Data actually transmitted

The actual transmission is performed in the following procedure: The master device outputs an “address”
on the serial bus and selects a slave device with which the master device is to perform communication from

among several devices. The master device and the slave device mutually transmit and receive “commands”
and “data” to achieve serial transfer. The receiving side can automatically identify the received data as an

“address”, “command”, or “data” in“ hardware.

This function enables the input/output ports to be used effectively and simplifies the application program

to control serial interface.

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/O 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 port pins.

Figure 17-1. Serial Bus Interface (SBI) System Configuration Example

Voo

Master CPU Slave CPU1

SCKO SCKO

SBO SBO

Slave CPU2

SCKO

SBO

Slave CPUn

SCKO

SBO
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17.2 Serial Interface Channel 0 Configuration
Serial interface channel 0 consists of the following hardware.

Table 17-2. Serial Interface Channel 0 Configuration

Iltem Configuration

Serial 1/0 shift register 0 (SI100)

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)Nete

Note Referto Figure 6-5. Block Diagram of P20, P21, P23 to P26 and
Figure 6-6. Block Diagram of P22 and P27
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Figure 17-2. Serial Interface Channel 0 Block Diagram

S Internal Bus Q

Serial Bus Interface

Serial Operating
Control Register

Mode Register 0

ICSIEO| COI | WUP COS;M C(%M Cosle C()SIM COSOIM ng\llsteﬁd(gr\iss BSYE | ACKD | ACKE | ACKT |CMDD| RELD | CMDT | RELT
i B oA T T

W' ‘ Match

[
Control
JLE T o
SI0/SB0 ©— Serial I/0 Shift
/P25

PM25 Register 0 (SI00) b Q
Output T
Control | Busy/
@F~|12> ( Acknowledge
SOO//'%% PM26 Bus Release/ | -~ ACKD Output Circuit
' Command/
P26 Output — CMDD
Output Latch p Acknowledge | RELD
Control Detector
WUP |
i nterrupt
@—~|ZZ> - cLb Serial Clock Request Signal INTCSIO
Sl(l:z’lgg PM27 ‘ Counter Generator
'

i l<—TO2
ggrt]?rlg ﬂ Serial Clock <—{ Selector Selector <,\:| fod2 1O Ff/ 28

Control Circuit
) )
Lesivoo | Ecsimoo 4
—CSIM01 —CsIM01
P27 ¢ !
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Remark Output Control performs selection between CMOS output and N-ch open-drain output.
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1

)
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Serial 1/0 shift register 0 (SI00)

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 (CSIEOQ) of serial operating mode register 0 (CSIMO) is 1, writing data to SIO0 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 (SI0) 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 SIO0. 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.
This register is not used in the 3-wire serial I/O mode.

SVA is set with an 8-bit memory manipulation instruction.

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.

Addresses can be compared on the data of LSB-masked high-order 7 bits when bit 4 (SVAM) of the interrupt
timing specify register (SINT) is set (1).

If no matching is detected in address reception, bit 2 (RELD) of the serial bus interface control register (SBIC)
is cleared to 0. When bit 5 (WUP) of the CSIMO is set (1) in the SBI mode, the wake-up function can be
used. In this case, the interrupt request signal (INTCSIO) is generated only if the slave address output from
the master matches the SVA value. This interrupt request enables to recognize the generation of the
communication request from the master device. If the bit5 (SIC) of the interrupt timing specify register (SINT)
is set (1), the wake-up function does not operate even when WUP is set (1) (the interrupt request signal
is generated when a bus release is detected). When using the wake-up function, clear SIC to 0.
Further, when SVA transmits data as master or slave device in the SBI or 2-wire serial I/O mode, errors can
be detected using SVA.

RESET input makes SVA undefined.
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®3)

4)

®)

(6)

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/O shift register 0 (SI0O0). When the internal system
clock is used, the circuit also controls clock output to the SCK0/P27 pin.

Interrupt request signal generator
This circuit controls interrupt request signal generation. It generates the interrupt request signal in the
following cases.

* In the 3-wire serial /0 mode and 2-wire serial /0O mode
This circuit generates an interrupt request signal every eight serial clocks.
* In the SBI mode
When WUPNe® s 0 ...... Generates an interrupt request signal every eight serial clocks.
When WUPNe®e js 1 ...... Generates an interrupt request signal when the serial I/O shift register 0 (SI00)
value matches the slave address register (SVA) value after address reception.

Note WUP is wake-up function specify bit. Itis bit 5 of serial operating mode register 0 (CSIM0). When
using the wake-up function (WUP = 1), clear bit 5 (SIC) of the interrupt timing specify register (SINT)
to 0.

(7) Busyl/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 /O mode and 2-wire serial /0 mode.
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17.3 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.
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Symbol
TCL3

Figure 17-3. Timer Clock Select Register 3 Format

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

TCL37|TCL36|{TCL35/TCL34|TCL33[TCL32|TCL31|TCL30|] FF43H R/W
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 | fxx2s fx/23 (625 kHz) fx/24 (313 kHz)

1 0 0 1| fod/24 fx/24 (313 kHz) fx/25 (156 kHz)

1 0 1 0 | fxx/25 fx/25 (156 kHz) fx/26 (78.1 kHz)

1 0 1 1 | fxx/28 fx/26 (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

Serial Interface Channel 1 Serial Clock Selection
TCL37|TCL36|TCL35/TCL34
MCS =1 MCS =0
0 1 1 0 | fxx/2 Setting prohibited fx/22 (1.25 MHz)
0 1 1 1| fxw/22 fx/22 (1.25 MHz) fx/2¢ (625 kHz)
1 0 0 0 | fux2e 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 | fxx2s fx/25 (156 kHz) fx/26 (78.1 kHz)
1 0 1 1 | fxx/28 fx/26 (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 | fxx28 fx/28 (19.5 kHz) fx/2° (9.8 kHz)

Other than above

Setting prohibited

Caution When rewriting TCL3 to other data, stop the serial transfer operation beforehand.

Remarks 1. fxx

2. fx

1 Main system clock frequency (fx or fx/2)
: Main system clock oscillation frequency

3. MCS : Bit 0 of oscillation mode selection register (OSMS)
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 00H.

Caution Do not change the operation mode (3-wire serial 1/0/2-wire serial I/O/SBI) while operation
of the serial interface channel 0 is enabled. Stop the serial operation before changing the
operation mode.
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Symbol

Figure 17-4. Serial Operating Mode Register 0 Format

<7> <6> <5> 4 3 2 1 0 Address  After Reset R/W
CSIMO [CSIEO| COI | WUP |csiMo4 | csIMO3 | CSIM02 | csIMot [csimoo|  FF60H 00H R/wNote 1
R/W |csimo1|csimoo| Serial Interface Channel O Clock Selection
0 Input Clock to SCKO pin from off-chip
1 8-bit timer register 2 (TM2) output
1 Clock specified with bits 0 to 3 of timer clock select register 3 (TCL3)
R/W |csim csIM| CsIM Operation . SI0/SBO/P25 | SO0/SB1/P26 SCKO/P27
PM25| P25 |PM26| P26 |PM27| P27 Start Bit . . ) . ) .
04 | 03 | 02 Mode Pin Function Pin Function Pin Function
0 |Note 2INote 2 3-wire serial | MSB SlgNote 2 SO0 SCKO (CMOS
0| x 1 1| x]1010]0| 1] yomode LSB (Input) (CMOS output) |  input/output)
Note 3|Note 3 SB1 (N-Ch
olx|x|lololol1 P25 (CMOS | o drain
input/output) input/output) .
1|0 SBI mode MSB ?n?)ﬁ?/éti';\a/luct))s
Note 3|Note 3 SBO (N-Ch P26 (CMOS
1,00 | x| x |01 open-drain .
input/output) inputioutput)
Note 3|Note 3 SB1 (N-Ch
O| x| x|0]0)]0]|1 iszjt/(gij'\tﬂ(ats) open-drain -
2-wire serial P P input/output) SCKO (N-ch
111 MSB open-drain
Note 3|Note 3 I/0 mode SBO (N-ch input/output)
1/0/0|x|x]0]|1 open-drain | P26 (CMOS
input/output) input/output)
R/W | WUP | Wake-up Function ControlN°te 4
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 (SVA) data in SBI mode
R | COI | Slave Address Comparison Result FlagN°t®
0 Slave address register (SVA) not equal to serial I/O shift register 0 (SIO0) data
1 Slave address register (SVA) equal to serial 1/0 shift register 0 (SIO0) data
R/W |CSIEO| Serial Interface Channel 0 Operation Control
0 Operation stopped
1 Operation enable
Notes 1. Bit 6 (COIl) is a read-only bit.
2. Can be used as P25 (CMOS input/output) when used only for transmission.
3. Can be used freely as port function.
4. When using the wake-up function (WUP = 1), set bit 5 (SIC) of the interrupt timing specify
register (SINT) to O.
5. When CSIEO = 0, COIl becomes 0.
Remark x : don’t care

PMxx: Port mode register

Pxx : Port output latch
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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 O0H.

Symbol
SBIC

R/W

R/W

R/W
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Figure 17-5. Serial Bus Interface Control Register Format (1/2)

<7> <6> <5> <4> <3B> <2> <1I> <0> 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 bus release signal (REL) is detected
* When CSIEO0 =0
* When RESET input is applied
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 command signal (CMD) is detected
* When RESET input is applied
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 wha 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. CSIEQ: Bit 7 of serial operating mode register 0 (CSIMO)
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R/IW

R/W

Figure 17-5. Serial Bus Interface Control Register Format (2/2)

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
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.
ACKD| Acknowledge Detection
Clear Conditions (ACKD = 0) Set Conditions (ACKD = 1)
« Falling edge of the SCK0 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 CSIE0 =0 transfer
*« When RESET input is applied
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 cancelled by start of serial interface transfer. However, the BSYE flag

is not cleared to 0.

Remark CSIEO: Bit 7 of serial operating 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/P27 pin level
status.

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

RESET input sets SINT to O0OH.

Figure 17-6. Interrupt Timing Specify Register Format

Symbol 7 <6> <5> <4> 3 2 1 0 Address  After Reset R/W
SINT 0 CLD | SIC |[SVAM| O 0 0 0 FF63H O0H R/whote 1
R/W

306

SVAM| SVA Bit to be Used as Slave Address

0 Bits 0 to 7

1 Bits1to 7
R/W -
SIC | INTCSIO Interrupt Cause Selection™ote 2

0 CSIIFO is set upon termination of serial interface
channel 0 transfer
CSIIFO is set upon bus release detection or

1 L S
termination of serial interface channel O transfer

R

CLD | SCKO/P27 Pin LevelNoe®

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 O.
3. When CSIEO = 0, CLD becomes 0.

Caution Be sure to set bits 0 through 3 to 0.
Remark SVA : Slave address register

CSIIFO: Interrupt request flag for INTCSIO
CSIEO : Bit 7 of serial operating mode register 0 (CSIMO)
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17.4 Serial Interface Channel 0 Operations
The following four operating modes are available to the serial interface channel 0.

* Operation stop mode
» 3-wire serial I/O mode
* SBI mode

e 2-wire serial I/O mode

17.4.1 Operation stop mode

Serial transfer is not carried out in the operation stop mode. Thus, power consumption can be reduced. The
serial 1/0 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 00H.

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

CSIMO |CSIEQ| COI | WUP |csiMo4 | csIMo3 | csIMO2 | csIMol | csimoo|  FF60H OOH R/W

R/W |CSIEQ| Serial Interface Channel 0 Operation Control

0 Operation stopped

1 Operation enabled
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17.4.2 3-wire serial I/O mode operation
The 3-wire serial /O mode is valid for connection of peripheral I/0 units and display controllers which incorporate
a conventional synchronous clocked serial interface as in the case with the 75X/XL, 78K, and 17K Series.
Communication is carried out with three lines of serial clock (SCKO0), serial output (SO0), and serial input (SI0).

(1) Register setting
The 3-wire serial /0 mode is set with the serial operating mode register 0 (CSIMO0) 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 00H.

Symbol 7> <> 5> 4 3 2 1 0  Address After Reset R/W
CSIMO |CSIEO| COI | WUP |csimMo4|csIMo3 | csiMo2 | csiMol | csimoo|  FF60H 00H R/whote 1
R/W |csimoz|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  [csiv csim csim Operation . SI0/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 < L0 °1e ool ol |3wiesera MsB SiQhote2 S00 SCKO (CMOS
1 I/O mode LSB (Input) (CMOS output) | input/output)
1 | 0 | SBImode (See 17.4.3 SBI mode operation.)
1 | 1| 2-wireserial /O mode (See 17.4.4 2-wire serial I/O mode operation.)
R/W | WUP | Wake-up Function ControlN°te 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 (SVA) data in SBI mode
R/W |CSIEO| Serial Interface Channel 0 Operation Control
0 Operation stopped
1 Operation enabled

Notes 1. Bit 6 (COl) 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 /0 mode is selected.

Remark x . don’t care

PMxx: Port mode register
Pxx : Port output latch
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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> <6> <5> <4> <3> <2> <1> <0> Address  After Reset R/W

SBIC |BSYE |ACKD|ACKE|ACKT |[CMDD|RELD |[CMDT|RELT| FF61H 00H R/IW

RIW 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 When CMDT =1, SO latch is cleared to 0. After SO latch clearance, automatically cleared to O.

CMDT Also cleared to 0 when CSIEO = 0.

Remark CSIEO: Bit 7 of serial operating mode register 0 (CSIMO)
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)

CSIIFO

Communication operation
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
(SCKO). The transmitted data is held in the SOOQ latch and is output from the SO0 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 (CSIIF0)
is set.
Figure 17-7. 3-wire Serial /0O Mode Timings
1
SCKO 1 2 3 4 5 6 7 8

RS D £ € E3 €3 €

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 SOO0 pin output status
can be manipulated by setting 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 17.4.5 SCKO/P27 pin output manipulation ).

(3) Other signals
Figure 17-8 shows RELT and CMDT operations.
Figure 17-8. RELT and CMDT Operations
SO0 latch ®

RELT /

CMDT 45 |
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4)

®)

MSB/LSB switching as the start bit

The 3-wire serial I/O mode enables to select transfer to start at MSB or LSB.

Figure 17-9 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 (CSIMO0).

Figure 17-9. Circuit of Switching in Transfer Bit Order

Internal Bus -———-——-——-——-—---—+ e B e Ittt Sl S P-—f—————————————

LSB-first L
MSB-first —— Read/Write Gate | | Read/Write Gate

SO0 Latch

sio ——  ShiftRegister0 (S100)  |—|D QW

D U ) B D

SO0

SCKO

Start bit switching is realized by switching the bit order for data write to SIO0. The SIO0 shift order remains
unchanged.

Thus, switching between the 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 I/O shift register 0 (SIO0) when the following

two conditions are satisfied.

« Serial interface channel 0 operation control bit (CSIEQ) = 1.
« Internal serial clock is stopped or SCKO is a high level after 8-bit serial transfer.

Caution If CSIEOQ is set to “1” after data write to SIO0, transfer does not start.

Upon termination of 8-bit transfer, serial transfer automatically stops and the interrupt request flag (CSIIFO)
is set.
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17.4.3 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 /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
simplifies the application program to control serial interface channel 0.

The SBI function is incorporated into various devices including 75X/XL Series and 78K Series devices.

Figure 17-10 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 pinis 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 17-10. Example of Serial Bus Configuration with SBI

Vob
Serial Clock
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 (SCKO0) as well because serial clock line (SCKO0) input/output switching is carried out
asynchronously between the master and slave CPUs.
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(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 SB0O

(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.

@

(b)

Address/command/data identify function
Serial data is distinguished into addresses, commands, and data.

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

(e)

The acknowledge signal to check serial data reception is controlled.

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.
Serial data to be transferred with SBI consists of three kinds of data, “address”, “command”, and “data”.
Figure 17-11 shows the address, command, and data transfer timings.

Figure 17-11. SBI Transfer Timings

Address Transfer
-
seoeny  \ A 0 [ar X XX X/ ACK/ _BUSY

Bus Release
Signal

Address
Command Transfer

Command Signal

SCKO | | | | | | | | | | | | | | | | |9| | | | | | | | |
_ aeed ey
SBO (SB1) CO \ACK/  BUSY READY

Command

Data Transfer

B fy—
SBO (SB1) D7 DO \ACK:  BUSY / READY

Data

Remark The broken lines indicate the READY state.

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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(a) Bus release signal (REL)

(b)

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 17-12. Bus Release Signal

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 If the SBO (SB1) line changes from low level to high level while the SCKO line is in high
level, this is recognized as a bus release signal. Therefore, if the changing timing of
bus fluctuates because of the substrate capacity, etc., it may be recognized as a bus
release signal even while datais being transmitted. Care should be taken for the wiring.

Command signal (CMD)

The command signal is a signal with the SB0O (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 17-13. Command Signal

The command signal indicates that the master device is going to transmit a command to the slave device
(however, the command signal following a bus release signal indicates that the master device is going
to transmit an address).

The slave device incorporates hardware to detect the command signal.

Caution If the SBO (SB1) line changes from high level to low level while the SCKO line is in high
level, this is recognized as a command signal. Therefore, if the changing timing of bus
fluctuates because of the substrate capacity, etc., it may be recognized as a command
signal even while data is being transmitted. Care should be taken for 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 17-14. Addresses

SCKO 1 2 3 4 5 6 7 8

SBO (SB1) / A7 X A6 X A5 X A4 X A3 X A2 X AL X AO

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 17-15. Slave Selection with Address

Master Slave 1 Non-selection
N
/S\?c;/ris?s Transmission L» .
Slave 2 Selection
Slave 3 Non-selection
Slave 4 Non-selection
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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 17-16. Commands

SCKO [ 12 13 1a] 1s[ 1e[ 17[ 18

SBO (SB1) _|\ /c7XceX05XC4XC3XCZXClX§

Vv
Command Signal Command

Figure 17-17. Data

SCKO [ 12 13 1a] 1s[ e[ 17[ 18

SBO (SB1) \ 07 X(o6 X 05 X 04 X D3 D2 YD1 X DO

J

N

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

arbitrarily 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 17-18. Acknowledge Signal

[When output in synchronization with 11th clock SCKO]

SCKO 8 19 Trof 1

———

SBO (SB1) X X X X x / \ACK /

[When output in synchronization with 9th clock SCKO]

———

SBO (SB1) X X X X X X \Acky

Remark The broken lines indicate the READY state.

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 signhal (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 17-19. 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. It is
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 In the SBI mode, after the release of BUSY is instructed, the BUSY signal continues
to be output until the next falling edge of the serial clock (SCKO0). If WUP is setto 1
in this period, BUSY will not be released. Therefore, make sure after releasing BUSY

that SBO (SB1) pin is at the high level before setting WUP to 1.

319



CHAPTER 17 SERIAL INTERFACE CHANNEL 0 ( uPD78070A)

(3) Register setting
The SBImode 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)

Symbol

CSIMO

R/W

RIW

R/IW

R/W

320

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

<7> <6> <5> 4 3 2 1 0 Address  After Reset R/W
CSIEO| COI | WUP |csimo4 | csiMO3 | csIMO2 | csIMo1 | 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/SBO/P25 | SOO0/SB1/P26 SCKO0/P27
PM25| P25 |PM26| P26 |PM27| P27 Start Bit X . . . ) .
04 | 03 | 02 Mode Pin Function Pin Function Pin Function
0 | x | 3-wire serial I/O mode (See 17.4.2 3-wire serial I/O mode operation.)
Note 2|Note 2 SB1 (N-ch
O| x| x|0|0|0]|1 .P25 (CMOS open-drain
input/output) input/output) <=
1]0 SBImode | MSB SCKO (CMOS
Note 2|Note 2 SBO (N'C.h P26 (CMOS input/output)
Lyojofpx)xjoi1 open-drain input/output)
input/output) P p
1 | 1 | 2-wire serial /O mode (see 17.4.4 2-wire serial /O mode operation.)
WUP | Wake-up Function ControlNot 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 (SVA) data in SBI mode
COI | Slave Address Comparison Result Flagh°®® 4
0 Slave address register (SVA) not equal to serial 1/0 shift register 0 (SIO0) data
1 Slave address register (SVA) equal to serial I/O shift register 0 (SIO0) data
CSIEO| Serial Interface Channel 0 Operation Control
0 Operation stopped
1 Operation enabled

Notes 1. Bit 6 (COl) is a read-only bit.
2. Can be used as a port.
3. When using the wake-up function (WUP = 1), set bit 5 (SIC) of the interrupt timing specify
register (SINT) to O.
4. When CSIEO = 0, COIl becomes 0.

Remark x : don't care
PMxx: Port mode register
Pxx : Port output latch
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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> <6> <5> <4> <3> <2> <1I> <0> Address  After Reset R/W

SBIC |BSYE |ACKD|ACKE |ACKT |[CMDD|RELD |[CMDT|RELT| FF61H O00H R/whote

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.

RIW 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 WUP = 1) « 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 CSIE0O =0

*« When RESET input is applied

* When command signal (CMD) is detected

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.

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. CSIEQ: Bit 7 of serial operating mode register 0 (CSIMO0)
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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 CSIE0 =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) (sets ready state).

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 serial operating 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 OOH.

Symbol 7 <6> <5> <4> 3 2 1 0 Address  After Reset R/W
SINT 0 CLD | SIC |SVAM| ©0 0 0 0 FF63H 00H R/whote 1
R/IW

SVAM| SVA Bit to be Used as Slave Address

0 Bits 0 to 7

1 Bits1to 7

R/W
SIC | INTCSIO Interrupt Factor Selection°t¢2
0 CSIIFO is set upon termination of serial interface
channel 0 transfer
CSIIFO is set upon bus release detection or
1 - L
termination of serial interface channel O transfer
R

CLD | SCKO0/P27 Pin LevelNoe®

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 through 3 to 0.
Remark SVA : Slave address register

CSIIFO: Interrupt request flag for INTCSIO
CSIEO : Bit 7 of serial operating mode register 0 (CSIMO)

323



CHAPTER 17 SERIAL INTERFACE CHANNEL 0 ( uPD78070A)

(4) Various signals
Figures 17-20 to 17-25 show various signals and flag operations in the serial bus interface control register
(SBIC). Table 17-3 lists various signals in SBI.

Figure 17-20. RELT, CMDT, RELD, and CMDD Operations (Master)

Slave address write to SIO0
(Transfer start instruction)

/

SI00 X
SCKo /O
SBO (SB1) §i> \ / X:

/ /
& iy \

RELD LY \\\i
CMDD A\ 1

Figure 17-21. 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 ) \/\\/\ )l@@&

SCKO | [1] J2] 7| |s| |9 \

\ READY
SBO (SB1) [ A7 X ne Xj/ AL X A0 /[ [AcK
((

Slave address

When addresses match
)\

RELD ' \ /| \
L \

When addresses do not match

.

)]
t(

CMDD {
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Figure 17-22. ACKT Operation

SCKO 6 7 8 9 |

sBo(sB) X b2 X b1 X po / ’

ACKT

{(

NpNpuy

ACK ACK signal is output for
a period of one clock
just after setting

N

When set during

this period

Caution Do not set ACKT before termination of transfer.
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Figure 17-23. ACKE Operations

(@) When ACKE = 1 upon completion of transfer

SCKO |1| |2| | | |7| |8| ()9| | |

SBO(SB1)  \

ACK signal is output

B (€D CE =T

at 9th clock

ACKE !

/T\

a\

- When ACKE =1 at this point

(b) When set after completion of transfer

J LR

SCKo |6 7 8 9
(‘(‘
sBo(sBl) X D2 X b1 X po /
ACKE

))

ACK ACK signal is output for
< a period of one clock
/ \ just after setting

«

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 ><3‘D2 p1 X DO

ACK signal is not output

ACKE ”

\

a\

t When ACKE = 0 at this point

(d) When ACKE = 1 period is short

seo L L L LS L

SBO (SBl):x p2 X b1 X po / t

ACKE

))

ACK signal is not output

S\

«

If set and cleared during this period
and ACKE = 0 at the falling edge of SCKO
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Figure 17-24. ACKD Operations

(a) When ACK signal is output at 9th clock of SCKO

Transfer Start
r Instruction

SIO0
""""""""""" i Transfer Start
AN
350(351):>( p2 X D1 X DO \ \ACK/ \ \__
ACKD q \l_

(b) When ACK signal is output after 9th clock of SCKO

Transfer Start
r Instruction

SI00

i Transfer Start

SCKO 6 7 8 9 \7Lr

SBO (SB1) :X p2 X b1 X Do / ® ACK \ \
ACKD ) \|

(c) Clear timing when transfer start is instructed in BUSY

Transfer Start
r Instruction

sloo K{ X

SCKO |6| |7| |8| |9| |
530(551):>( p2 X b1 X DO / ¢

ACKD

Figure 17-25. BSYE Operation

SCKO 6 7 8 9 k | | | k |
SBO (SB1) :X p2 X b1 X Do / t \ACK |\  BUSY p
) 7 \

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 17-26. Pin Configuration

Slave Device

Master Device |

SCKO "L L scxo (Clock Output)

Clock Output Clock Input
Serial Clock

(Clock Input)

Vop
N-ch Open-drain SBO (SB1) gRL SBO (SB1)] N-ch Open-drain
SO0 H Serial Data Bus |_¢ 300

SI0 P( >§ >§ >§ SI0

Caution Because the N-ch open-drain output must be high-impedance state at time of data
reception, write FFH to the serial I/O shift register 0 (SIO0) in advance. The N-ch open-drain
output can be 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 high-impedance state.
Thus, it is not necessary to write FFH to SIOO0.
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(6)

(7

(8)

Address match detection method

In the SBI mode, a particular slave device can be selected by transmitting slave address from the master
device.

Address match detection can be automatically executed by hardware. With slave address register, CSIIFO
is set only when the wake-up function specify bit (WUP) = 1 and the address transmitted from the master
device matches the value set to SVA.

When bit 5 (SIC) of the interrupt timing specify register (SINT) is set (1), the wake-up function does not
operate even if WUP is set (1) (the interrupt request signal is generated when a bus release is detected).
When using the wake-up function, clear SIC to 0.

Cautions 1. Slave selection/non-selection is 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 1/0 shift register 0 (SIO0). Thus, transmit errors can be detected in the following way.

(a) 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 17-27 to 17-30 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 SB0/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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Figure 17-27. Address Transmission from Master Device to Slave Device (WUP = 1)

Master Device Processing (Transmitter)l

; Write Interrupt Servicing
Program Processin CMDT| RELT| CMDT - )
9 9 Set | Set | Set | tg SO0 (Preparation for the Next Serial Transfer)

Serial Transmission INTCSIO ACKD SCKO

Hardware Operation 4
Generation Set Stop

SCKO Pin 1 2 3 4 5 6 7 8 9

SBO (SB1) Pin A7XA6XA5XA4XA3XA2XA1XAO/
\

| Address }

Slave Device Processing (Receiver) |

Program Processing WUP o ACKT BUSY
Set Clear

\ \J L \J

: cMDD| cMDD| MDD : ; INTCSIO ACK|BUSY BUSY]|
Hardware Operation set | Clear | set Serial Reception Generation Output| output Clenr

RELD
Set (When SVA = SI00)

(v02082ad" ) 0 TANNVHO IOVHYILNI TVI¥IS LT ¥3LdVHO
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Master Device Processing (Transmitter)l

Figure 17-28. Command Transmission from Master Device to Slave Device

Program Processing

cvpT|  Write
Set | to SIO0

Interrupt Servicing
(Preparation for the Next Serial Transfer)

Hardware Operation

INTCSIO ACKD

Serial Transmission 4
Generation Set

SCKO Pin

SBO (SB1) Pin

Slave Device Processing (Receiver) |

‘ C7XC6XC5XC4XC3XC2XC1XCO/

| Command

SCKO
Stop

Program Processing

Hardware Operation

SIO0 | Command| ACKT BUSY
Read | analysis | Set Clear
[c;wett)D Serial Reception INTCSI0 ACK [BUSY BUSY|
___________________ eneration e —___JOutput | Output | ___ Clear | _______

(v02082ad ) 0 TANNVHO JOVHYILNI TVI¥IS LT ¥3LdVHO
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Master Device Processing (Transmitter)l

Figure 17-29. Data Transmission from Master Device to Slave Device

Program Processing Write

to SIO0

Interrupt Servicing
(Preparation for the Next Serial Transfer)

Hardware Operation

[

Serial Transmission

INTCSIO ACKD SCKO

Generation Set Stop

SCKO Pin

SBO (SB1) Pin

D7XD6XD5XD4XD3XD2XD1XDO/

Slave Device Processing (Receiver) |

.

Data

ACK

Program Processing

Hardware Operation

SI00 | ACKT BUSYI
Read Set Clear
Serial Reception INTCSIO ACK |BUSY BUSY]|
____________________ Generation] _ |Output |Output | | Clear | ~____________

(v02082ad" ) 0 TANNVHO IOVHYILNI TVI¥IS LT ¥3LdVHO
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(9) Transfer start

Serial transfer is started by setting transfer data to the serial I/O shift register 0 (SIO0) when the following
two conditions are satisfied.

« Serial interface channel 0 operation control bit (CSIEQ) = 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 SIO0, transfer does not start.

2. Because the N-ch open-drain output must be 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 high-impedance state. Thus, it is not necessary to write FFH to SIOO0.

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 end of 8-bit transfer, serial transfer automatically stops and the interrupt request flag (CSIIFO0) is set.
After RESET is input, be sure to perform the following settings for the pins used as data input/output (SBO
or SB1) before serial transfer of the first byte.

<1> Assign 1 to the output latch of P25 and P26.
<2> Assign 1 to bit 0 (RELT) of the serial bus interface control register (SBIC).
<3> Assign 0 to the output latch of P25 and P26, to which 1 was assigned in step 1.

(10) How to detect the busy state in a slave

336

When device is in the master mode, follow the procedure below to judge whether slave device is in the busy
state or not.

<1> Detect acknowledge signal (ACK) or interrupt request signal generation.
<2> Set the port mode register PM25 (or PM26) of the SB0/P25 (or SB1/P26) pin into the input mode.

<3> Read out the pin state (when the pin level is high, the READY state is set).

After the detection of the READY state, set the port mode register to 0 and return to the output mode.
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(11) SBI mode precautions

@

(b)

(c)

(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 (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.

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.

In SBI, the BUSY signal continues to be output after BUSY clear instruction generation to the falling
edge of the next serial clock (SCKO0). If WUP is set to 1 in this period, BUSY will not be released.
Therefore, make sure after releasing BUSY that the SBO (SB1) pin is at the high level before setting
WUP to 1.

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.

If the SBO (SB1) line changes from low level to high level or from high level to low level while the SCKO
line is at high level, it is recognized as either a bus release signal or a command signal. Therefore,
if the changing timing of bus fluctuates because of the wiring capacitance, etc., this may be wrongly
interpreted as a bus release signal (or a command signal) even while data is being transmitted. Care
should be taken in the wiring.
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17.4.4 2-wire serial I/O mode operation
The 2-wire serial I/0 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 17-31. Serial Bus Configuration Example Using 2-wire Serial 1/0O Mode

Master

SCKO

SBO (SB1)

Slave
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(1) Register setting

The 2-wire serial /O 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 00H.

Symbol <7> <6> <5> 4 3 2 1 0 Address  After Reset R/W
CSIMO |CSIEO| COIl | WUP |csimo4 | csIMO3 | cSIMO2 | csIMo1 |csivoo|  FF60H 00H R/whote 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 csiv|csim Operation .| SIO/SBO/P25 | SOO0/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 /0O mode (See 17.4.2 3-wire serial I/O mode operation.)
1 | 0 | SBImode (see 17.4.3 SBI mode operation.)
Note 2|Note 2 SB1 (N-ch
O| x| x| 00|01 .P25 (CMOS open-drain
input/output) input/output) —
1)1 SBImode | MSB SCKo éN'Fh
Note 2|Note 2 SBO (N-ch _open-drain
1]0|0|x|x|0]|1 open-drain iEZL?t/(cijl\tACJtS input/output)
input/output) p pu
R/W | WUP | Wake-up Function ControlNote 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 (SVA) data in SBI mode
R | COI | Slave Address Comparison Result Flagh°t¢ 4
0 Slave address register (SVA) not equal to serial 1/0 shift register 0 (SIO0) data
1 Slave address register (SVA) equal to serial 1/0O shift register 0 (SI00) data
R/W |CSIEQ| Serial Interface Channel O Operation Control
0 Operation stopped
1 Operation enabled
Notes 1. Bit 6 (COl) 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 1/O mode.
4. When CSIEO = 0, COIl becomes 0.
Remark x : don’t care
PMxx: Port mode register
Pxx : Port output latch
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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> <6> <5> <4> <3> <2> <1> <0> Address  After Reset R/W

SBIC |[BSYE|ACKD|ACKE |ACKT |CMDD|RELD |CMDT|RELT| FF61H O0H R/IW

RIW 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 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.

Remark CSIEO: Bit 7 of serial operating mode register 0 (CSIMO)

(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 <6> <5> <4> 3 2 1 0 Address  After Reset R/W
SINT 0 CLD | SIC |SVAM| © 0 0 0 FF63H 00H R/whote 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 0 transfer

CLD | SCKO/P27 Pin LevelN°te2

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 bits 0 through 3 to O.

Remark CSIIFO: Interrupt request flag for INTCSIO
CSIEO : Bit 7 of serial operating mode register 0 (CSIMO0)
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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 I1/O shift register 0 (SIO0) is carried out in synchronization with the falling edge
of the serial clock (SCT)). The transmit data is held in the SOO latch and is output from the SBO/P25 (or
SB1/P26) pin on an MSB-first basis. The receive data input from the SBO (or SB1) pin is latched into the
SI00 at the rising edge of SCKO.

Upon termination of 8-bit transfer, the SIO0 operation stops automatically and the interrupt request flag
(CSIIFO) is set.

Figure 17-32. 2-wire Serial /0 Mode Timings

SCKO 1 2 3 4 5 6 7 8
|
l
SBO (SB1) ‘ D7 KDG KDS }(04 KDS KDZ P(Dl P(Do
|
|
: K
CSIIFO |

®3)

SO0

\ 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 pin and thus it must
be externally connected to a pull-up resistor. Because the N-ch open-drain output must be high-impedance
state for data reception, write FFH to SIOO0 in advance.

The SBO (or SB1) pin generates the SOO0 latch status and thus the SBO (or SB1) pin output status can be
manipulated by setting 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 17.4.5 SCKO0/P27 pin output manipulation ).

Other signals
Figure 17-33 shows RELT and CMDT operations.

Figure 17-33. RELT and CMDT Operations

Latch <1> 4{

RELT /

CMDT CF |
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4)

®)
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Transfer start
Serial transfer is started by setting transfer data to the serial I/O shift register 0 (SIO0) when the following
two conditions are satisfied.

« Serial interface channel 0 operation control bit (CSIEQ) = 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 SIO0, transfer does not start.
2. Because the N-ch open-drain output must be 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 (CSIIFO)
is set.

Error detection

Inthe 2-wire serial I/O mode, the serial bus SBO (SB1) status being transmitted is fetched into the destination
device, that is, the serial I/O shift register 0 (SIO0). Thus, transmit error can be detected in the following
way.

(a) 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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17.4.5 SCKO/P27 pin output manipulation

Because the SCKO0/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 value of SCKO to be set by software (SI0/SB0 and SO0/SB1 pin to
be controlled with the RELT and CMDT bits of the serial bus interface control register (SBIC)).
SCKO/P27 pin output manipulating procedure is described below.

<1> Setthe serial operating mode register 0 (CSIMO) (SCKO pin enabled for serial operation in the output mode).
SCKO = 1 with serial transfer suspended.

<2> Manipulate the P27 output latch with a bit manipulation instruction.

Figure 17-34. SCKO0/P27 Pin Configuration

Set by bit manipulation
/ instruction

=y To Internal
SCKO/P27 O II% Circuit P27 Output

Latch
. SCKO (1 when transfer stops)

From Serial Clock
When CSIEO =1 [Control Circuit ]
and
CSIMO01 and CSIMO0O are 1 and O, or 1 and 1.
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The uPD78070AY incorporates three channels of serial interfaces. Differences between channels 0, 1, and 2
are as follows (Refer to CHAPTER 19 SERIAL INTERFACE CHANNEL 1 for details of the serial interface channel
1. Refer to CHAPTER 20 SERIAL INTERFACE CHANNEL 2 for details of the serial interface channel 2).

Table 18-1. Differences between Channels 0, 1, and 2

Serial Transfer Mode

Channel 0

Channel 1

Channel 2

Clock selection

fxx/2, fxx/22, fxx/23, fxx/
24, fxx/25, fxx/28, fxx/27,
fxx/28, external clock,
TO2 output

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

3-wire serial 1/10
Transfer method

MSB/LSB switchable
as the start bit

MSB/LSB switchable
as the start bit
Automatic transmit/
receive function

MSB/LSB switchable
as the start bit

Transfer end flag

Serial transfer end
interrupt request flag
(CSIIF0)

Serial transfer end
interrupt request flag
(CSIIF1)

Serial transfer end
interrupt request flag
(SRIF)

2-wire serial 1/0

I2C bus (Inter IC Bus)

Use possible

UART
(asynchronous serial interface)

None

None

None

Use possible
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18.1 Serial Interface Channel 0 Functions

Serial interface channel 0 employs the following four modes.

* Operation stop mode

* 3-wire serial /0 mode

* 2-wire serial /0 mode

12C (Inter IC) bus mode

Caution Do notchange the operation mode (3-wire serial I/0/2-wire serial 1/0/I 2C bus) while the operation

1)

2

3

346

of the serial interface channel 0 is enabled. Stop the serial operation before changing the
operation mode.

Operation stop mode
This mode is used when serial transfer is not carried out. Power consumption can be reduced.

3-wire serial /0 mode (MSB-/LSB-first selectable)

This mode is used for 8-bit data transfer using three lines, one each for serial clock (SCT)), serial output
(S00) and serial input (S10). 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 1/0 devices or display controllers which
incorporate a conventional synchronous clocked serial interface as is the case with the 75X/XL, 78K, and
17K Series.

2-wire serial I/0 mode (MSB-first)

This mode is used for 8-bit data transfer using two lines of serial clock (SC_KO) 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.
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(4) 12C (Inter IC) bus mode (MSB-first)

This mode is used for 8-bit data transfer with two or more devices using two lines of serial clock (SCL) and

serial data bus (SDAO or SDA1).

This mode is in compliance with the I12C bus format. In this mode, the transmitter outputs three kinds of data
onto the serial data bus: “start condition”, “data”, and “stop condition”, to be actually sent or received. The

receiver automatically distinguishes the received data into “start condition”, “data”, or “stop condition”, by

hardware.

Figure 18-1. Serial Bus Configuration Example Using |  2C Bus

Voo Vob

Master CPU

Slave CPU1

SCL d

SDAO (SDA1)

SCL

SDAO (SDA1)

Slave CPU2

SCL

SDAO (SDA1)

Slave CPUn

SCL

SDAO (SDA1)

347



CHAPTER 18 SERIAL INTERFACE CHANNEL 0 ( uPD78070AY)

18.2 Serial Interface Channel 0 Configuration
Serial interface channel 0 consists of the following hardware.

Table 18-2. Serial Interface Channel 0 Configuration

Iltem Configuration

Serial 1/0 shift register 0 (SI100)

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)Nete

Note Referto Figure 6-7. Block Diagram of P20, P21, P23to P26 and
Figure 6-8. Block Diagram of P22 and P27
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Figure 18-2. Serial Interface Channel 0 Block Diagram

S

Internal Bus Q
‘ ‘ ‘ ‘ ‘ ‘ Serial Bus Interface
Serial Operating Mode Register 0 Control Register
CSIM| CSIM| CSIM| CSIM| CSIM Slave Address
ICSIEQ] COI |WUP 04 03 02 o1 00 Register (SVA) BSYE | ACKD | ACKE | ACKT [CMDD| RELD |CMDT | RELT
] T ~—svam 7 1 bt
Match
BSYE—l 17
Control l
Circuit
SI0/SBO/ p— Serial 1/0 Shift %'-RSEQT
SDAO0/P25 P25 Register 0 (SI00)
Output Latch
output | L J
Control K led
SO0/SB1/ > Acknowledge
SDA1/P26 Output Circuit
PM26— Stop Condition/ |~ ACKD
StatCondto | — cypp - WU
Control .
Detector RELD Interrupt
CLD P26 Output Latch Rse_quelst
SCKo/ Serial Clock ignal L. |NTCSIO
Z Generator
SCL/P27 Counter
PM27— TEZ
Output Serial Clock 1/16 fxx/2 to
=~ R Selector
Control ﬂ Control Circuit| ™| 5 [~ | Divider fxx/28
1 4
L csimoo Ccsimoo | 4
—CSIM01 —CSIM01
P27
Output Latch y A ‘ ‘ ‘ + + \
CLD | SIC |SVAM|CLC |WREL |WAT1 |wATo| [TCL33[TCL32[TCL31{TCL30
Interrupt Timing Timer Clock
Specify Register Select
Register 3

Internal Bus

Remark Output control performs selection between CMOS output and N-ch open-drain output.
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1)

)

®3)

4)

®)
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Serial 1/0O shift register 0 (SIO0)

This is an 8-hit 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 (CSIEO) of serial operating mode register 0 (CSIMO) is 1, writing data to SIO0 starts serial
operation.

In transmission, data written to SIOO0 is output to the serial output (SOO0) or serial data bus (SB0/SB1). In
reception, data is read from the serial input (SI0) or SBO/SB1 to SI00.

Note that, if a bus is driven in the 12C bus mode or 2-wire serial I/O mode, the bus pin must serve for both
input and output. Therefore, the transmission N-ch transistor of the device which will start reception of data
must be turned off beforehand. Consequently, write FFH to SIOO0 in advance.

In the 12C bus mode, set SIO0 to FFH with bit 7 (BSYE) of the serial bus interface control register (SBIC)
set to O.

RESET input makes SI00 undefined.

Caution In the | 2C bus mode, do not execute write instructions to SI0 while WUP (bit 5 of serial
operation mode register 0 (CSIM0)) = 1. Data can be received when using the wake-up
function (WUP = 1) even if write instruction to SIO0 is not executed. For the wake-up
function, refer to 18.4.4 (1) (c) Wake-up function.

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.
This register is not used in the 3-wire serial I/O mode.

SVA is set with an 8-bit memory manipulation instruction.

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 (CSIMOQ) becomes 1.

Addresses can be compared on the data of LSB-masked high-order 7 bits when bit 4 (SVAM) of the interrupt
timing specify register (SINT) is set (1).

If no matching is detected in address reception, bit 2 (RELD) of the serial bus interface control register (SBIC)
is cleared to 0. When bit 5 (WUP) of CSIMO is set (1) in the I2C bus mode, the wake-up function can be
used. In this case, the interrupt request signal (INTCSIO) is generated if the slave address output from the
master and the SVA value match (the interrupt request signal is generated also when a stop condition is
detected). This interrupt request enables to recognize the generation of the communication request from
the master device. Set SIC to 1 when using the wake-up function.

Further, when SVA transmits data as master or slave device in the the I2°C bus mode or 2-wire serial I/O
mode, errors can be detected using SVA.

RESET input makes SVA undefined.

SO0 latch
This latch holds SI0/SB0/SDA0/P25 and SO0/SB1/SDA1/P26 pin levels. It can be directly controlled by
software.

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/O shift register 0 (SIO0). When the internal system
clock is used, the circuit also controls clock output to the SCKO/SCL/P27 pin.
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(6) Interrupt request signal generator
This circuit controls interrupt request signal generation. It generates interrupt request signals according to
the settings of interrupt timing specification register (SINT) bits 0 and 1 (WATO, WAT1) and serial operation
mode register 0 (CSIMO) bit 5 (WUP), as shown in Table 18-3.

(7) Acknowledge output circuit and stop condition/start condition/acknowledge detector
These two circuits output and detect various control signals in the 12C mode.

These do not operate in the 3-wire serial /O mode and 2-wire serial /O mode.

Table 18-3. Serial Interface Channel 0O Interrupt Request Signal Generation

Serial Transfer Mode BSYE | WUP | WAT1| WATO | ACKE Description
3-wire or 2-wire serial /O mode | 0 0 0 0 0 | Aninterrupt request signal is generated each
time 8 serial clocks are counted.
Other than above Setting prohibited
12C bus mode (transmit) 0 0 1 0 0 | Aninterruptrequestsignalis generated eachtime

8 serial clocks are counted (8-clock wait).
Normally, during transmissionthe settings WAT21,
WATO = 1, 0, are not used. They are used only
when wanting to coordinate receive time and
processing systematically using software. ACK
information is generated by the receiving side,
thus ACKE should be set to 0 (disable).

1 1 0 | Aninterrupt request signal is generated each

time 9 serial clocks are counted (9-clock wait).
ACK information is generated by the receiving
side, thus ACKE should be set to 0 (disable).
Other than above Setting prohibited

12C bus mode (receive) 1 0 1 0 0 | Aninterrupt request signal is generated each
time 8 serial clocks are counted (8-clock wait).
ACK informationis output by manipulating ACKT
by software after aninterruptrequestis generated.

1 1 0/1 | An interrupt request signal is generated each
time 9 serial clocks are counted (9-clock wait).
To automatically generate ACK information,
preset ACKE to 1 before transfer start. However,
in the case of the master, set ACKE to 0
(disable) before receiving the last data.

1 1 1 1 1 After address is received, if the values of the
serial I/O shift register 0 (SI00) and the slave
addressregister (SVA) match and if stop condition
isdetected, aninterruptrequestsignalis generated.
To automatically generate ACK information,

preset ACKE to 1 (enable) before transfer start.

Other than above Setting prohibited

Remark BSYE: Bit 7 of serial bus interface control register (SBIC)
ACKE: Bit 5 of serial bus interface control register (SBIC)
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18.3 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)
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(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 18-3. Timer Clock Select Register 3 Format

Symbol 7 6 5 4 3 2 1 0  Address After Reset R/W
TCL3 |TCL37|TCL36|TCL35|TCL34|TCL33|TCL32|TCL31|TCL30| FF43H 88H R/W
TCL33|TCL32|TCL31|TCL30| Serial Interface Channel 0 Serial Clock Selection
Serial Clock in 12C Bus Mode Serial Clock in 2-wire or 3-wire
Serial I/0 Mode
MCS=1 MCS=0 MCS=1 MCS =0
0 1 1 0 | fx</25 | Setting prohibited | fx/26 (78.1 kHz) | fx</2 | Setting prohibited | fx/22 (1.25 MHZz)
0 1 1 1 | fxd28 | fx/28 (78.1 kHz) | fx/27 (39.1 kHz) | fxv/22 | £x/22 (1.25 MHz) | fx/23 (625 kHz)
1 0 0 0 | fxd27 |fx/27 (39.1 kHz) | fx/28 (19.5 kHZz) | fxd/23 | fx/23 (625 kHz) | fx/24 (313 kHz)
1 0 0 1 | fxx/28 | x/28 (19.5 kHz) | fx/2° (9.77 kHz) | fxx/24 | T/24 (313 kHz) | fx/25 (156 kHz)
1 0 1 0 | fxd/2° | x/29 (9.77 kHz) | fx/210 (4.88 kHz) | fxd25 | fx/25 (156 kHz) | fx/26 (78.1 kHz)
1 0 1 1 fxx/210 | fx/210 (4.88 kHz) | fx/211 (2.44 kHz) | fx/26 | fx/26 (78.1 kHz) | fx/27 (39.1 kHz)
1 1 0 0 fxx/211 | fx/211 (2.44 kHZ) | fx/212 (1.22 kHz) | fx/27 | £x/27 (39.1 kHz) | fx/28 (19.5 kHz)
1 1 0 1 fxx/212 | fx/212 (1.22 kHz) | fx/213 (0.61 kHz) | fxx/28 | fx/28 (19.5 kHz) | fx/2° (9.8 kHz)
Other than above Setting prohibited
Serial Interface Channel 1 Serial Clock Selection
TCL37|TCL36|TCL35(TCL34|
MCS=1 MCS=0
0 1 1 0 fxx/2 Setting prohibited fx/22 (1.25 MHz)
0 1 1 1 | fxd22 fx/22 (1.25 MHz) fx/23 (625 kHz)
1 0 0 0 fxx/23 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) fx/26 (78.1 kHz)
1 0 1 1 fxx/26 fx/26 (78.1 kHz) fx/27 (39.1 kHz)
1 1 0 0 | fx27 x/27 (39.1 kHz) fx/28 (19.5 kHz)
1 1 0 1 | fxd28 fx/28 (19.5 kHz) fx/2° (9.8 kHz)
Other than above Setting prohibited

Caution When rewriting TCL3 to other data, stop the serial transfer operation beforehand.

Remarks 1. fxx
2. fx 1 Main system clock oscillation frequency
3. MCS : Bit 0 of oscillation mode selection register (OSMS)

4. Figures in parentheses apply to operation with fx = 5.0 MHz.

: Main system clock frequency (fx or fx/2)
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(2) Serial operating mode register 0 (CSIMO)

354

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 00H.

Caution Do not change the operation mode (3-wire serial 1/O/2-wire serial 1/0/I 2C bus) while the
operation of the serial interface channel 0 is enabled. Stop the serial operation before
changing the operation mode.
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Figure 18-4. Serial Operating Mode Register 0 Format

Symbol <7> <6> <5> 4 3 2 1 0 Address  After Reset R/W
CSIMO |CSIEO| COI | WUP | csimo4 | csimMo3 | csIMo2 | csIMol | csivoo|  FF60H O0OH R/whote 1
R/W |csimo1|csimoo| Serial Interface Channel 0 Clock Selection
0 X Input clock to SCKO/SCL pin from off-chip
1 0 8-bit timer register 2 (TM2) outputNete 2
1 1 Clock specified with bits 0 to 3 of timer clock select register 3 (TCL3)
R/W  [csim| csim| csim Operation .| SI0/SBO/SDAO/ | SO0/SB1/SDA1/ | SCKO/SCL/P27
PM25| P25 |PM26| P26 |PM27| P27 Start Bit . ) . . ] )
04 | 03 | 02 Mode P25 Pin Function P26 Pin Function | Pin Function
o | 0 “"i”“”;” olol ol |3wireseral| MSB SloNote 3 SO0 SCKO (CMOS
1 /O mode LSB (Input) (CMOS output) | input/output)
Note 4|Note 4 SBl/SDAl
O x| x| 00|01 . . P25 (CMOS (N-ch open-drain
2-wire serial input/output) input/output) T
101 O mode | wMsB p p SCKo/sCL
Note 4|Note 4 or SBO/SDAD (N-ch open-drain
2 input/output)
1]0]0|x|x|o|21 [FCbusmode (N-ch open-drain iEZSt/(ciJ'\tAOutS)
input/output) P P
R/W | WUP | Wake-up Function ControlNote S
0 Interrupt request signal generation with each serial transfer in any mode
1 Interrupt request signal generation when the address received after detecting start condition
(when CMDD = 1) matches the slave address register (SVA) data in I°C bus mode
R | COI | Slave Address Comparison Result FlagN°t®
0 Slave address register (SVA) not equal to serial I/O shift register 0 (SIO0) data
1 Slave address register (SVA) equal to serial 1/O shift register 0 (SIO0) data
R/W |CSIEO| Serial Interface Channel 0 Operation Control
0 Operation stopped
1 Operation enabled
Notes 1. Bit 6 (COIl) is a read-only bit.
2. 1?C bus mode, the clock frequency becomes 1/16 of that output from TO2.
3. Can be used as P25 (CMOS input/output) when used only for transmission.
4. Can be used freely as port function.
5. Set bit 5 (SIC) of the interrupt timing specify register (SINT) to 1 when using the wake-up
function (WUP = 1). Do not execute a write instruction to the serial I/O shift register 0 (S100)
while WUP = 1.
6. When CSIEO = 0, COIl becomes 0.
Remark x: don’t care
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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 O0H.

Figure 18-5. Serial Bus Interface Control Register Format (1/2)

Symbol .75 <6> <B5> <4> <3> <2> <1> <0> Address After Reset R/W

SBIC |BSYE |ACKD|ACKE |ACKT |CMDD|RELD |[CMDT|RELT| FF61H O00H R/wNote

R/W Used for stop condition signal output.
RELT| When RELT =1, SO latch is set to 1. After SO latch setting, automatically cleared to O.
Also cleared to 0 when CSIEO = 0.

R/W Used for start condition 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| Stop Condition 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 stop condition signal is detected

*When CSIEO =0

« When RESET input is applied

R |CMDD| Start Condition Detection

Clear Conditions (CMDD = 0) Set Conditions (CMDD = 1)

« When transfer start instruction is executed
« When stop condition signal is detected
*«When CSIEO =0

* When RESET input is applied

« When start condition signal is detected

R/W Used to generate the ACK signal by software when 8-clock wait mode is selected.
ACKT| Keeps SDAO (SDA1) low from set instruction (ACKT = 1) execution to the next fallig edge of SCL.
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.

Remark CSIEO: Bit 7 of serial operating mode register 0 (CSIMO)
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Figure 18-5. Serial Bus Interface Control Register Format (2/2)

R/W |ACKE| Acknowledge Signal Output ControlN°®¢?

Disables acknowledge signal automatic output. (However, output with ACKT is enabled)
Used for reception when 8-clock wait mode is selected or for transmission.Note 2

1 Enables acknowledge signal automatic output.

Outputs acknowledge signal in synchronization with the falling edge of the 9th SCL clock cycle
(automatically output when ACKE = 1).

However, not automatically cleared to O after acknowledge signal output.

Used in reception with 9-clock wait mode selected.

R |ACKD| Acknowledge Detection

Clear Conditions (ACKD = 0) Set Conditions (ACKD = 1)
» While executing the transfer start instruction * When acknowledge signal (ACK) is detected at the
*When CSIE0O =0 rising edge of SCL clock after completion of
* When RESET input is applied transfer
R/W Note 3

BSYE| Control of N-ch Open-drain Output for Transmission in 1°C Bus ModeM°te4

0 Output enabled (transmission)

1 Output disabled (reception)

=

Notes Setting should be performed before transfer.

If 8-clock wait mode is selected, the acknowledge signal at reception time must be output

using ACKT.

3. The busy mode can be canceled by start of serial interface transfer or reception of address
signal. However, the BSYE flag is not cleared to 0.

4. When using the wake-up function, be sure to set BSYE to 1.

Remark CSIEO: Bit 7 of serial operating 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/SCL pin level
status.
SINT is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input sets SINT to O0OH.

Figure 18-6. Interrupt Timing Specify Register Format (1/2)

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

SINT 0 CLD | SIC |SVAM| CLC |WREL|WAT1|/WATO| FF63H O00H R/whote 1

R/W |WAT1|WATO| Waitand Interrupt Control

0 0 Generates interrupt service request at rising edge of 8th SCKO clock cycle.
(keeping clock output in high impedance)

0 1 Setting prohibited

1 0 Used in I2C bus mode. (8-clock wait)

Generates interrupt service request at rising edge of 8th SCKO clock cycle.

(In the case of master device, makes SCL output low to enter wait state after 8 clock pulses are
output. In the case of slave device, makes SCL output low to request wait state after 8 clock
pulses are input.)

1 1 Used in 12C bus mode. (9-clock wait)

Generates interrupt service request at rising edge of 9th SCKO clock cycle.

(In the case of master device, makes SCL output low to enter wait state after 9 clock pulses are
output. In the case of slave device, makes SCL output low to request wait state after 9 clock
pulses are input.)

R/W |WREL| Wait Sate Cancellation Control

0 Wait state has been cancelled.

1 Cancels wait state. Automatically cleared to O when the state is cancelled.
(Used to cancel wait state by means of WATO and WAT1.)

R/W | CLC | Clock Level ControlNote2

0 Used in 1°C bus mode.
Make output level of SCL pin low unless serial transfer is being performed.

1 Used in 1C bus mode.

Make SCL pin enter high-impedance state unless serial transfer is being performed.
(except for clock line which is kept high)

Used to enable master device to generate start condition and stop condition signals.

Notes 1. Bit 6 (CLD) is a read-only bit.
2. When not using the I?2C mode, set CLC to 0.
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Figure 18-6. Interrupt Timing Specify Register Format (2/2)

R/W |SVAM| SVA Bit to be Used as Slave Address

0 Bits0to 7

1 Bits 1to 7

R/W | SIC | INTCSIO Interrupt Cause SelectionNote 1

0 CSIIFO is set to 1 upon termination of serial interface channel 0 transfer

1 CSIIF0 is set to 1 upon stop condition detection or termination of serial interface channel 0 transfer

R | CLD | SCKO/SCL Pin LevelNote2

0 Low level

1 High level

Notes 1. When using wake-up function in the 12C mode, set SIC to 0.
2. When CSIEO = 0, CLD becomes 0.

Remark SVA : Slave address register
CSIIFO: Interrupt request flag for INTCSIO
CSIEO : Bit 7 of serial operating mode register 0 (CSIMO0)
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18.4 Serial Interface Channel 0 Operations
The following four operating modes are available to the serial interface channel 0.

* Operation stop mode

» 3-wire serial I/O mode
» 2-wire serial /0 mode
12C (Inter IC) bus mode

18.4.1 Operation stop mode
Serial transfer is not carried out in the operation stop mode. Thus, power consumption can be reduced. The serial
I/O 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/SI10/SB0/SDAO0, P26/SO0/SB1/SDA1 and P27/SCKO/SCL pins can be used
as general 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 00H.

Symbol .75 6> <5 4 3 2 1 0 Address  After Reset R/W

CSIMO |CSIEQ| COI | WUP |csimo4 | csIM03| CsIM02 | 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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18.4.2 3-wire serial I/O mode operation
The 3-wire serial /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 (SO0), and serial input (SI0).

(1) Register setting
The 3-wire serial /0O mode is set with the serial operating mode register 0 (CSIMO0) 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 00H.

Symbol .75 <> <5 4 3 2 1 0 Address  After Reset R/W

CSIMO |CSIEQ| COIl | WUP |csimo4 | csIM03| CSIM02 | cSIMO1 | csimoo|  FF60H OOH R/wyNote 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 . SI0/SBO/SDAO | SO0/SB1/SDA1 | SCKO/SCL/P27
PM25| P25 |PM26| P26 |PM27| P27 Start Bit ] ) ) ) ) )
04 | 03 | 02 Mode /P25 Pin Function| /P26 Pin Function|  Pin Function
Note 2|Note 2 —
ol x L2 °f °;e ol ool |3wiresera] MSB SloNete? S00 SCKO (CMOS
1 I/O mode LSB (Input) (CMOS output) | input/output)

1| 1 | 2-wire serial I/O mode (See 18.4.3 2-wire serial I/O mode operation.)
or
I2C bus mode (See 18.4.4 I°C bus mode operation.)

R/W | WUP | Wake-up Function Control™ot3

0 Interrupt request signal generation with each serial transfer in any mode

Interrupt request signal generation when the address received after detecting start condition
(when CMDD = 1) matches the slave address register (SVA) data in IC bus mode

R/W |CSIEO| Serial Interface Channel O Operation Control

0 Operation stopped

1 Operation enabled

Notes 1. Bit 6 (COl) 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 : Port output latch
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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.

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

BSYE|ACKD |ACKE|ACKT [CMDD|RELD |[CMDT|RELT| FF61H O00H R/W

When RELT =1, SO latch is set to 1. After SO latch setting, automatically cleared to 0.

RELT Also cleared to 0 when CSIEOQ = 0.

When CMDT = 1, SO latch is cleared to 0. After SO latch clearance, automatically cleared to 0.

CMDT Also cleared to 0 when CSIEOQ = 0.

Remark CSIEO: Bit 7 of serial operating mode register 0 (CSIMO)
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(2) Communication operation
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 SOO0 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 (CSIIF0)
is set.

Figure 18-7. 3-wire Serial /0O Mode Timings

SCKO 1 2 3 4 5 6 7 8

RS D £ € E &3 €

|
|
l
SO0 X DO7 X DO6 X DO5 X DO4 X DO3 X DO2 X DO1 X/DOO

CSIIFO

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 SOO0 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 18.4.7 SCKO/SCL/P27 pin output manipulation ).

(3) Other signals
Figure 18-8 shows RELT and CMDT operations.

Figure 18-8. RELT and CMDT Operations

SO0 latch &

RELT /
CMDT 45 |
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4)

(5)

364

MSB/LSB switching as the start bit

The 3-wire serial I/O mode enables to select transfer to start from MSB or LSB.

Figure 18-9 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 (CSIMO0).

Figure 18-9. Circuit of Switching in Transfer Bit Order

Internal Bus -—-——----------—+ L (e S

LSB-first L
MSB-first ———> Read/Write Gate | | Read/Write Gate

SO0 Latch

sio —  ShiftRegister0 (S100)  |—|D QW

D U D O B

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 I/O shift register 0 (SIO0) when the following

two conditions are satisfied.

« Serial interface channel 0 operation control bit (CSIEQ) = 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 SIO0, transfer does not start.

Upon termination of 8-bit transfer, serial transfer automatically stops and the interrupt request flag (CSIIF0)
is set.
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18.4.3 2-wire serial I/O mode operation
The 2-wire serial I/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 18-10. Serial Bus Configuration Example Using 2-wire Serial 1/0 Mode

Master

SCKO

SBO (SB1)

Slave

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 (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 00H.

Symbol .75 <> <55 4 3 2 1 0 Address  After Reset R/W

CSIMO |CSIEO| COIl | WUP |csimo4 | csIMO3 | CSIM02 | csiMo1 |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 csiv|csiM Operation .| SIO/SBO/SDAO | SO0/SB1/SDAL | SCKO/SCL/P27
PM25| P25 |PM26| P26 |PM27| P27 Start Bit . . . . . .
04 | 03 | 02 Mode /P25 Pin Function | /P26 Pin Function| Pin Function

0 | x | 3-wire Serial I/O mode (See 18.4.2 3-wire serial /O mode operation.)

Note 2|Note 2 SB1/SDA1
O|x|x|0|0|O0]|1 >-wi ial .P25 (CMOS (N-ch open-drain|
-wire serial input/output input/output) SCKO0/SCL
111 I/O mode MSB / (N-ch open-drain
Note 2(Note 2 or SBO/SDAO input/output)
1 /0|0 ]| x| x]0/| 1 |2Cbusmode (N-ch open-drain P26 (CMOS
) input/output)
input/output)

R/W | WUP | Wake-up Function Contro|N°te3

0 Interrupt request signal generation with each serial transfer in any mode

1 Interrupt request signal generation when the address received after detecting start condition
(when CMDD = 1) matches the slave address register (SVA) data in I2C bus mode

R | COI | Slave Address Comparison Result FlagN°® 4

0 Slave address register (SVA) not equal to serial I/0 shift register 0 (SIO0) data

1 Slave address register (SVA) equal to serial 1/0 shift register 0 (SI00) data

R/W |CSIEO| Serial Interface Channel 0 Operation Control

0 Operation stopped

1 Operation enabled

Notes 1. Bit 6 (COl) 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 1/0 mode.
4

. When CSIEO = 0, COIl becomes 0.
Remark x : don’t care

PMxx: Port mode register
Pxx : Port output latch
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(b)

Symbol

SBIC

R/W

R/W

(c)

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.

<7> <6> <5> <4>  <3> <> <1I> <0> Address  After Reset R/W

BSYE |ACKD |ACKE|ACKT [CMDD|RELD |[CMDT|RELT| FF61H 00H R/IW

When RELT =1, SO latch is set to 1. After SO latch setting, automatically cleared to 0.

RELT Also cleared to 0 when CSIEO = 0.

CMDT Also cleared to 0 when CSIEO = 0.

When CMDT = 1, SO latch is cleared to 0. After SO latch clearance, automatically cleared to 0.

Remark CSIEO: Bit 7 of serial operating mode register 0 (CSIMO)
Interrupt timing specify register (SINT)

SINT is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input sets SINT to O0H.

Notes 1. Bit 6 (CLD) is a read-only bit.
2. When CSIEO = 0, CLD becomes 0.

Caution Be sure to set bits 0 to 3 to 0 of the 2-wire serial I/O mode is used.

Remark CSIIFO: Interrupt request flag for INTCSIO
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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 1/0O shift register 0 (SIO0) is carried out in synchronization with the falling edge
of the serial clock (SCT)). The transmit data is held in the SO0 latch and is output from the SBO/SDAO0/
P25 (or SB1/SDA1/P26) pin on an MSB-first basis. The receive data inputfromthe SBO (or SB1) pinislatched
into the SI00 at the rising edge of SCKO.

Upon termination of 8-bit transfer, the SIO0 operation stops automatically and the interrupt request flag
(CSIIFQ) is set.

Figure 18-11. 2-wire Serial /0 Mode Timings

SCKO 1 2 3 4 5 6 7 8
|
l
SBO (SB1) ‘ D7 KDG KDS P(m P(D3 P(Dz Km KDO
|
|
: K‘
CSIIFO |
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[ 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 the N-ch open-drain output must be high-impedance
state for data reception, write FFH to SIOO0 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) 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 18.4.7 SCKO/SCL/P27 pin output manipulation ).
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(3) Other signals
Figure 18-12 shows RELT and CMDT operations.

Figure 18-12. RELT and CMDT Operations

SO0 Latch &

RELT /
CMDT C|5 |

(4) Transfer start
Serial transfer is started by setting transfer data to the serial I/O shift register 0 (SIO0) when the following

two conditions are satisfied.

« Serial interface channel 0 operation control bit (CSIEQ) = 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 SIO0, transfer does not start.
2. Because the N-ch open-drain output must be 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 (CSIIFO)
is set.

(5) Error detection
Inthe 2-wire serial I/O mode, the serial bus SBO (SB1) status being transmitted is fetched into the destination
device, that is, the serial 1/O shift register 0 (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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18.4.4 1°C bus mode operation

The 12C bus mode is provided for when communication operations are performed between a single master device
and multiple slave devices. This mode configures a serial bus that includes only a single master device, and is
based on the clocked serial 1/0 format with the addition of bus configuration functions, which allows the master
device to communicate with a number of (slave) devices using only two lines: serial clock (SCL) line and serial data
bus (SDAO or SDA1) line. Consequently, when the user plans to configure a serial bus which includes multiple
microcontrollers and peripheral devices, using this configuration results in reduction of the required number of port
pins and on-board wires.

In the I12C bus specification, the master sends start condition, data, and stop condition signals to slave devices
through the serial data bus, while slave devices automatically detect and distinguish the type of signals due to the
signal detection function incorporated as hardware. This function simplifies the application program to control 1°C
bus.

An example of a serial bus configuration is shown in Figure 18-13. This system below is composed of CPUs and
peripheral ICs having serial interface hardware that complies with the I12C bus specification.

Note that pull-up resistors are required to connect to both serial clock line and serial data bus line, because open-
drain buffers are used for the serial clock pin (SCL) and the serial data bus pin (SDAO or SDA1) on the I°C bus.

The signals used in the I1°C bus mode are described in Table 18-4.

Figure 18-13. Example of Serial Bus Configuration Using |  2C Bus

Voo Vbbb
Master CPU Slave CPU1
scL Serial clock scL
SDAO (SDA1) |- 28118l data bus SDAO (SDAL)
Slave CPU2
SCL

SDAO (SDA1)

Slave IC

SCL

SDA
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@

)

12C bus mode functions

In the 12C bus mode, the following functions are available.

@)

(b)

Automatic identification of serial data
Slave devices automatically detect and identifies start condition, data, and stop condition signals sent in
series through the serial data bus.

Chip selection by specifying device addresses
The master device can select a specific slave device connected to the I°C bus and communicate with it
by sending in advance the address data corresponding to the destination device.

(c) Wake-up function

When address data is sent from the master device, slave devices compare it with the value registered in
their internal slave address registers. |If the values in one of the slave devices match, the slave device
internally generates an interrupt request signal to terminate the current processing and communicates
with the master device (an interrupt request generates also when a stop condition is detected). Therefore,
CPUs other than the selected slave device on the I°C bus can perform independent operations during
the serial communication.

(d) Acknowledge signal (ACK) control function

(e)

The master device and a slave device send and receive acknowledge signals to confirm that the serial
communication has been executed normally.

Wait signal (WAIT) control function
When a slave device is preparing for data transmission or reception and requires more waiting time, the
slave device outputs a wait signal on the bus to inform the master device of the wait status.

12C bus definition
This section describes the format of serial data communications and functions of the signals used in the 1°C

bus mode.
First, the transfer timings of the start condition, data, and stop condition signals, which are output onto the
signal data bus of the I1°C bus, are shown in Figure 18-14.

Figure 18-14. |2C Bus Serial Data Transfer Timing

scL i \!/1to7\if8\i/o\! 1t0Wt07\ [8\ii[o\! [

SDAO (SDAl)d-\l /_ \ | x & / R x x : : /
Start ’Aaa}é;; RW ’A’c’k ””” 5 aa | ACK 1 5 ata  ACK skbb
condition condition

The start condition, slave address, and stop condition signals are output by the master. The acknowledge
signal (ACK) is output by either the master or the slave device (normally by the device which has received

the 8-bit data that was sent). A serial clock (SCL) is continuously supplied from the master device.
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(a) Start condition

When the SDAO (SDAL1) pin level is changed from high to low while the SCL pin is high, this transition is
recognized as the start condition signal. This start condition signal, which is created using the SCL and
SDAO (or SDA1) pins, is output from the master device to slave devices to initiate a serial transfer.
Refer to 18.4.5 Cautions on use of | 2C bus mode , for details of the start condition output.

The start condition signal is detected by hardware incorporated in slave devices.

Figure 18-15. Start Condition

(b) Address

The 7 bits following the start condition signal are defined as an address.

The 7-bit address data is output by the master device to specify a specific slave from among those
connected to the bus line. Each slave device on the bus line must therefore have a different address.
Therefore, after a slave device detects the start condition, it compares the 7-bit address data received
and the data of the slave address register (SVA). After the comparison, only the slave device in which
the data are a match becomes the communication partner, and subsequently performs communication
with the master device until the master device sends a start condition or stop condition signal.

Figure 18-16. Address

SCL 1 2 3 4 5 6 7
SDAO (SDA1) \ /A6XA5XA4XA3XA2XA1XAOXR/WX
Address

(c) Transfer direction specification

The 1 bit that follows the 7-bit address data will be sent from the master device, and it is defined as the
transfer direction specification bit. If this bit is 0, it is the master device which will send data to the slave.
If itis 1, it is the slave device which will send data to the master.

Figure 18-17. Transfer Direction Specification

SCL 1 2 3 4 5 6 7 8
SDAO (SDA1) \ /A6XA5XA4XA3XA2XA1XAOXRNVX
H_/
Transfer direction
specification
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(d) Acknowledge signal (ACK)

The acknowledge signal indicates that the transferred serial data has definitely been received. This
signal is used between the sending side and receiving side devices for confirmation of correct data
transfer. In principle, the receiving side device returns an acknowledge signal to the sending device
each time it receives 8-bit data. The only exception is when the receiving side is the master device and
the 8-bit data is the last transfer data; the master device outputs no acknowledge signal in this case.
The sending side that has transferred 8-bit data waits for the acknowledge signal which will be sent from
the receiving side. If the sending side device receives the acknowledge signal, which means a successful
data transfer, it proceeds to the next processing. If this signal is not sent back from the slave device, this
means that the data sent has not been received by the slave device, and therefore the master device
outputs a stop condition signal to terminate subsequent transmissions.

Figure 18-18. Acknowledge Signal

SCL 1 2 3 4 5 6 7 8 9

SO N ) 0 ey e o P

(e) Stop condition
If the SDAO (SDAL1) pin level changes from low to high while the SCL pin is high, this transition is defined
as a stop condition signal.

The stop condition signal is output from the master to the slave device to terminate a serial transfer.
The stop condition signal is detected by hardware incorporated in the slave device.

Figure 18-19. Stop Condition

SCL

SDAO (SDA1)
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(f) Wait signal (WAIT)

The wait signal is output by a slave device to inform the master device that the slave device is in wait
state due to preparing for transmitting or receiving data.

During the wait state, the slave device continues to output the wait signal by keeping the SCL pin low to
delay subsequent transfers. When the wait state is released, the master device can start the next transfer.
For the releasing operation of slave devices, refer to 18.4.5 Cautions on use of | 2C bus mode .

Figure 18-20. Wait Signal

(a) Wait of 8 Clock Cycles

Set low because slave device drives low,
though master device returns to Hi-Z state.

— No wait is inserted after 9th clock cycle.
(and before master device starts next transfer.)

SCL of
master device

SCL of
slave device

oo Yo Yo [\ e Jo Yo [ =)o

t Output by manipulating ACKT

(b) Wait of 9 Clock Cycles

Set low because slave device drives low,
though master device returns to Hi-Z state.

SCL of 3
master device 6 7 8 9 1. 2 3

SCL of
slave device

SDAO (SDA1) X DZX D1 X DO Xm/ \ D7 X D6 X DS

T— Output based on the value set in ACKE in advance




CHAPTER 18 SERIAL INTERFACE CHANNEL 0 ( uPD78070AY)

(3) Register setting
The 12C mode setting is performed by 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 by a 1-bit or 8-bit memory manipulation instruction.
RESET input sets 00H.

Symbol

<7> <6> <5> 4 3 2 1 0 Address  After Reset R/W
CSIMO [CSIEO| COI | WUP |csimo4|csiMos | csiMoz | csimo1 | csimoo|  FF60H O0H R/wNote 1
R/W | CSIMO1 | CSIMOO | Serial Interface Channel 0 Clock Selection
0 X Input clock from off-chip to SCL pin
1 0 8-hit timer register 2 (TM2) outputote 2
1 1 Clock specified with bits 0 to 3 of timer clock select register 3 (TCL3)
RIW |CSIM| CSIM | CSIM | PM25 | P25 [PM26(P26 | PM27|P27 | Operation Start | SI0/SBO/SDAO/ | SO0/SBL/SDAL/| SCKO/SCLIP27
04 |03 02 mode bit P25 pin function| P26 pin function | pin function
0 X 3-wire serial /0 mode (see 18.4.2 3-wire serial I/O mode operation )
1 1 0 x x 0 0 0 1 2-wire MSB | P25 SB1/SDA1 SCKO/SCL
Note 3 |Note 3 serial I/0O or (CMOS 1/0) N-ch open- N-ch open-
I2C bus mode drain I/0 drain 1/0
1 1 1 0 0 x [x |0 1 2-wire MSB | SBO/SDAO P26 SCKO/SCL
Note 3|Note 3 serial I/0O or N-ch open- (CMOS 1/0) N-ch open-
I2C bus mode drain 1/0 drain 1/0
R/W | WUP | Wake-up Function ControlNot 4
0 Interrupt request signal generation with each serial transfer in any mode
1 In 12C bus mode, interrupt request signal is generated when the address data received after start condition detection
(when CMDD = 1) matches data in slave address register (SVA).
R col Slave Address Comparison Result Flagh >
0 Slave address register (SVA) not equal to data in serial I/O shift register 0 (SIO0)
1 Slave address register (SVA) equal to data in serial I/O shift register 0 (SIO0)
R/W | CSIEQ | Serial Interface Channel 0 Operation Control
0 Stops operation.
1 Enables operation.
Notes 1. Bit 6 (COI) is a read-only bit.
2. In the I2C bus mode, the clock frequency is 1/16 of the clock frequency output by TO2.
3. Can be used freely as a port.
4. Set bit 5 (SIC) of the interrupt timing specify register (SINT) to 1 when using the wake-up function
(WUP =1). Do not execute a write instruction to the serial 1/0O shift register 0 (SIO0) while WUP = 1.
5. When CSIEO = 0, COl is 0.
Remark x : Don’t care

PMxx : Port mode register
Pxx : Port output latch
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Symbol

SBIC

RIW

RIW

RIW

RIW

RIW

376

(b) Serial bus interface control register (SBIC)
SBIC is set by a 1-bit or 8-bit memory manipulation instruction.
RESET input sets SBIC to 00H.

<7> <6> <5> <4> <3> <2> <1> <0> Address  After Reset R/W
BSYE |ACKD|ACKE | ACKT |CMDD| RELD |CMDT|RELT| FF61H 00H R/yyNote 1
RELT Use for stop condition output. 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 Use for start condition output. When CMDT = 1, SO latch is cleared to 0. After clearing SO latch, automatically
cleared to 0. Also cleared to 0 when CSIEO = 0.
RELD Stop Condition Detection
0 Clear Conditions
» When transfer start instruction is executed
« |f SIO0 and SVA values do not match in address reception
*When CSIE0 =0
» When RESET input is applied
1 Setting Condition
» When stop condition is detected
CMDD Start Condition Detection
0 Clear Conditions
» When transfer start instruction is executed
» When stop condition is detected
* When CSIE0 =0
* When RESET input is applied
1 Setting Condition
» When start condition is detected
ACKT SDAO (SDAL1) is set to low after the Set instruction execution (ACKT = 1) before the next SCL falling edge. Used for
generating an ACK signal by software if the 8-clock wait mode is selected. Cleared to 0 if CSIE = 0 when a transfer by
the serial interface is started.
ACKE Acknowledge Signal Automatic Output ControlNot 2
0 Disabled (with ACKT enabled). Used when receiving data in the 8-clock wait mode or when transmitting data.No® 3
1 Enabled.
After completion of transfer, acknowledge signal is output in synchronization with the 9th falling edge of SCL clock
(automatically output when ACKE = 1). However, not automatically cleared to O after acknowledge signal output.
Used for reception when the 9-clock wait mode is selected.
ACKD Acknowledge Detection
0 Clear Conditions
» When transfer start instruction is executed
*When CSIE0 =0
* When RESET input is applied
1 Set Conditions
» When acknowledge signal is detected at the rising edge of SCL clock after completion of transfer
BSYE Control of N-ch Open-drain Output for Transmission in [’C Bus ModeN°te 5
Note 4
0 Output enabled (transmission)
1 Output disabled (reception)
Notes 1. Bits 2, 3, and 6 (RELD, CMDD, ACKD) are read-only bits.
2. This setting must be performed prior to transfer start.
3. Inthe 8-clock wait mode, use ACKT for output of the acknowledge signal after normal data reception.
4. The busy mode can be released by the start of a serial interface transfer or reception of an address

signal. However, the BSYE flag is not cleared.
When using the wake-up function, be sure to set BSYE to 1.

Remark CSIEOQ: Bit 7 of serial operating mode register 0 (CSIMO)
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Symbol

SINT

R/W

R/IW

R/W

R/IW

R/W

(c) Interrupt timing specification register (SINT)
SINT is set by the 1-bit or 8-bit memory manipulation instruction.
RESET input sets SINT to O0H.

7 <6> <5> <4> <3> <2> 1 0 Address  After Reset R/W
0 CLD | SIC |SVAM| CLC |WREL|WAT1|WATO0| FF63H 00H R/whote 1
WAT1 | WATO Interrupt control by waitNoe 2
0 0 Interrupt service request is generated on rise of 8th SCKO clock cycle (clock output is high
impedance).
Setting prohibited
Used in I2C bus mode (8-clock wait)
Generates an interrupt service request on rise of 8th SCL clock cycle. (In case of master device,
SCL pin is driven low after output of 8 clock cycles, to enter the wait state. In case of slave device,
SCL pin is driven low after input of 8 clock cycles, to require the wait state.)
1 1 Used in I2C bus mode (9-clock wait)
Generates an interrupt service request on rise of 9th SCL clock cycle. (In case of master device,
SCL pin is driven low after output of 9 clock cycles, to enter the wait state. In case of slave device,
SCL pin is driven low after input of 9 clock cycles, to require the wait state.)
WREL | Wait release control
0 Indicates that the wait state has been released.
1 Releases the wait state. Automatically cleared to O after releasing the wait state. This bit is used to release
the wait state set by means of WATO and WAT1.
CLC Clock level control
0 Used in I°C bus mode. In cases other than serial transfer, SCL pin output is driven low.
1 Used in I°C bus mode. In cases other than serial transfer, SCL pin output is set to high impedance. (Clock
line is held high.) Used by master device to generate the start condition and stop condition signals.
SVAM | SVA bits used as slave address
0 Bits 0 to 7
1 Bits 1to 7
SIC INTCSIO interrupt source selectionNote 3
0 CSIIFO is set to 1 after end of serial interface channel O transfer.
1 CSIIFO is set to 1 after end of serial interface channel 0 transfer or when stop condition is detected.
CLD SCL pin levelNote 4
0 Low level
1 High level
Notes 1. Bit 6 (CLD) is read-only.
2. When the I2C bus mode is used, be sure to set 1 and 0, or 1 and 1 in WATO and WAT1, respectively.
3. When using the wake-up function in 12C mode, be sure to set SIC to 1.
4. When CSIEO = 0, CLD is 0.
Remark SVA : Slave address register

CSIIFO : Interrupt request flag for INTCSIO
CSIEO : Bit 7 of serial operating mode register 0 (CSIMO)
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(4) Various signals
A list of signals in the I2C bus mode is given in Table 18-4.

Table 18-4. Signals in | 2C Bus Mode

Signal name Description

Start condition Definition : SDAO (SDAL1) falling edge when SCL is high (Note 1)
Function : Indicates that serial communication starts and subsequent data are address data.
Signaled by : Master

Signaled when : CMDT is set.
Affected flag(s) : CMDD (is set.)

Stop condition Definition : SDAO (SDAZ1) rising edge when SCL is high (Note 1)
Function : Indicates end of serial transmission.
Signaled by : Master

Signaled when : RELT is set.
Affected flag(s) : RELD (is set) and CMDD (is cleared)

Acknowledge signal (ACK) Definition : Low level of SDAO (SDA1) pin during one SCL clock cycle after serial reception
Function : Indicates completion of reception of 1 byte.
Signaled by : Master or slave

Signaled when :  ACKT is set with ACKE = 1.
Affected flag(s) : ACKD (is set.)

Wait (WAIT) Definition : Low-level signal output to SCL
Function : Indicates state in which serial reception is not possible.
Signaled by : Slave

Signaled when :  WAT1, WATO = 1x.
Affected flag(s) : None

Serial Clock (SCL) Definition : Synchronization clock for output of various signals
Function : Serial communication synchronization signal.
Signaled by : Master

Signaled when : See Note 2 below.
Affected flag(s) : CSIIFO. Also see Note 3 below.

Address (A6 to A0) Definition : 7-bit data synchronized with SCL immediately after start condition signal
Function : Indicates address value for specification of slave on serial bus.
Signaled by : Master

Signaled when : See Note 2 below.
Affected flag(s) : CSIIFO. Also see Note 3 below.

Transfer direction (R/W) Definition : 1-bit data output in synchronization with SCL after address output
Function : Indicates whether data transmission or reception is to be performed.
Signaled by : Master

Signaled when : See Note 2 below.
Affected flag(s) : CSIIFO. Also see Note 3 below.

Data (D7 to DO) Definition : 8-bit data synchronized with SCL, not immediately after start condition
Function : Contains data actually to be sent.
Signaled by : Master or slave

Signaled when : See Note 2 below.
Affected flag(s) : CSIIFO. Also see Note 3 below.

Notes 1. The level of the serial clock can be controlled by CLC of the interrupt timing specify register (SINT).
2. Execution of instruction to write data to SIO0 when CSIEQ = 1 (serial transfer start directive). In the
wait state, the serial transfer operation will be started after the wait state is released.
3. If the 8-clock wait is selected when WUP = 0, CSIIFO is set at the rising edge of the 8th clock cycle of
SCL. If the 9-clock wait is selected when WUP = 0, CSIIFO is set at the rising edge of the 9th clock
cycle of SCL. If WUP =1, CSIIFO is set when an address is received and the address matches the
slave address register (SVA) value and when a stop condition is detected.
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(5) Pin configurations

The configurations of the serial clock pin SCL and the serial data bus pins SDAO (SDA1) are shown below.

(&) SCL
Pin for serial clock input/output dual-function pin.
<1> Master .... N-ch open-drain output
<2> Slave ...... Schmitt input

(b) SDAO (SDA1)
Serial data input/output dual-function pin.
Uses N-ch open-drain output and Schmitt-input buffers for both master and slave devices.

Note that pull-up resistors are required to connect to both serial clock line and serial data bus line, because

open-drain buffers are used for the serial clock pin (SCL) and the serial data bus pin (SDAO or SDA1) on the
12C bus.

Figure 18-21. Pin Configuration

VoD Slave devices
Master device |

SCL SCL

Clock output —4%; Voo ;E“‘i (Clock output)

(Clock input)<—@— —b—» Clock input
SDAO(SDA1)

Data output —4%; SDAO(SDAL1) ;E“‘i Data output

Data input <—@7 —b—» Data input

Caution Because the N-ch open-drain output must be in the high-impedance state during data
reception, set bit 7 (BSYE) of the serial bus interface control register (SBIC) to 1 before
writing FFH to the serial I/O shift register 0 (SIO0). However, do not write FFH to the SIO0
during data reception when using the wake-up function (when bit 5 (WUP) of the serial

operation mode register 0 (CSIMO0)). N-ch open-drain always enters the high-impedance
state even if FFH is not written to SIOO0.
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™)

®
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Address match detection method

In the 1°C mode, the master can select a specific slave device by sending slave address data.

Address match detection is performed automatically by the slave device hardware. A slave device address has
a slave register (SVA), and compares its contents and the slave address sent from the master device. If they
match and the wake-up function specification (WUP) bit is then 1, CSIIFO is set (also when a stop condition is
detected).

When using the wake-up function, set SIC to 1.

Caution  Be sure to set the WUP bit to 1 before the master device sends slave address data to slave
devices. Each slave device recognizes whether the slave device is selected or not by
master device by comparing the content of the SVA register (which is in each slave device)
and the slave address data, which is sent by master device immediately after the start
condition signal. Only if the WUP bit has been set to 1 when they match, the slave device
generates INTCSIO request signal.

Error detection

In the 1°C bus mode, transmission error detection can be performed by the following methods because the serial
bus SDAO (SDAL) status during transmission is also taken into the serial I/O shift register 0 (SIO0) of the transmitting
device.

(a) Comparison of SIO0 data before and after transmission
In this case, a transmission error is judged to have occurred if the two data values are different.

(b) Using the slave address register (SVA)
Transmit data is set in SIO0 and SVA before transmission is performed. After transmission, the COI bit
(match signal from the address comparator) of serial operating mode register 0 (CSIMO) is tested: “1”
indicates normal transmission, and “0” indicates a transmission error.

Communication operation

In the I°C bus mode, the master selects the slave device to be communicated with from among multiple
devices by outputting address data onto the serial bus.

After the slave address data, the master sends the R/W bit which indicates the data transfer direction, and
starts serial communication with the selected slave device.

Data communication timing charts are shown in Figures 18-22 and 18-23.

In the transmitting device, the serial /0O shift register 0 (SIO0) shifts transmission data to the SO latch in
synchronization with the falling edge of the serial clock (SCL), the SOO0 latch outputs the data on an MSB-first
basis from the SDAO or SDA1 pin to the receiving device.

In the receiving device, the data input from the SDAO or SDAL1 pin is taken into the SIOO0 in synchronization
with the rising edge of SCL.
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Figure 18-22. Example of Communication from Master to Slave (with 9-clock wait selected for both

master and slave) (1/3)

(a) Start condition - address

Processing in master devicel

SIOO0 write
COl
ACKD
CMDD
RELD
CLD
P27
WUP
BSYE
ACKE
CMDT
RELT
CLC
WREL
SIC
INTCSIO

Transfer line

SCL
SDAO

,SIO0 — address ,SIO0 - data
i
m OO0
| U\—

1| |2| |3| Ié_lI |5|

| Processing in slave devicel

SIO0 write
Col
ACKD
CMDD
RELD
CLD
P27
WUP
BSYE
ACKE
CMDT
RELT
CLC
WREL
SIC

INTCSIO
CSIEO

P25
PM25
PM27

AVGID 05 65 a0 iE
,SI00 — FFH
:x:x:x:x:x:x:x_;k \ OO0
- [
- L W—
Bl B LRI T
] b
!] I!
; /
i /
- 7
L
L
H
H
L
L
L
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Figure 18-22. Example of Communication from Master to Slave (with 9-clock wait selected for both
master and slave) (2/3)

(b) Data
Processing in master device |
SI00 wiite —=r90 - data :\SIOO - data
o OO0
ACKD ] |
cmpb | /
RELD L | ]

co __ | MM ML

P27 H
wup L
BSYE _L
ACKE L | / |
L
L
L

CMDT
RELT

clc L

WREL L /
sIC L /
INTCSIO L !

Transfer line

SCL

1[I T3l 4] 8]
L
D7 \D6 XD5XD4AD3

| Processing in slave devicel

5100 — FFH -
SI00 write { \ 100 — FPH

col OO0 XOOOX
ACKD [ \
CMDD |

RELD L |
CLD rLfolflIlIlJ1JlJ1 ’ \MLMLLr

P27 L i L
WUP J /

BSYE
ACKE
CMDT

RELT

cLc
WREL
sic

INTCSIO ﬁ
CSIEO

P25
PM25
PM27

Tl | | | | I||r
—

— || I
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Figure 18-22. Example of Communication from Master to Slave (with 9-clock wait selected for both

master and slave) (3/3)

Processing in master device |

SI00 write
Col
ACKD
CMDD
RELD
CLD
P27
WUP
BSYE
ACKE
CMDT
RELT
CLC
WREL
SIC
INTCSIO

Transfer line

SCL

,SI0O0 - data

(c) Stop condition

SIOQ, ~ address

OO
|_\7

1

E

H

L

L |

L |
/ A q ]
| —

] — \

L" / \!/

| Processing in slave devicel

SIO0 write
Col
ACKD
CMDD
RELD
CLD
P27
WUP
BSYE
ACKE
CMDT
RELT
CLC
WREL
SIC

INTCSIO
CSIEO

P25
PM25
PM27

1) 12| 18] |14

MRID (0

{S100 — FFH SIO0 — FFH

| /\\ \‘
7%‘:::::: == PO
| —
\ [T 1

ML L ML

I / j
; ]
/ T
1 ] /
L / |
hf
U

1

1
L [ 1
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* Figure 18-23. Example of Communication from Slave to Master (with 9-clock wait selected for both
master and slave) (1/3)

(a) Start condition - address

Processing in master devicel

SI00 write
Col
ACKD
CMDD
RELD
CLD
p27
WUP
BSYE
ACKE
CMDT
RELT
CLC
WREL
SIC
INTCSIO

Transfer line

SCL

,SIO0 — address ,SI00 ~ FFH

XOOOEX

[

[Tl N3l el T8
)\
D7| XD6XD5AD4XD3

SDAO

|Processing in slave devicel

SIO0 ~ data
T

SIOO0 write i

col '
ACKD (|
CMDD |
RELD L \

co [ 1 MMM
|
j

P27
WUP
BSYE
ACKE / |
CMDT
RELT
CLC
WREL
sIC

INTCSIO ﬁ
CSIEO

P25
PM25
PM27

|
|
i
| LT
|

b o [ Ll il
-

— || I
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Figure 18-23. Example of Communication from Slave to Master (with 9-clock wait selected for both

master and slave) (2/3)

Processing in master device |

SI00 write
COl
ACKD
CMDD
RELD
CLD
p27
WUP
BSYE
ACKE
CMDT
RELT
CLC
WREL
SIC
INTCSIO

Transfer line

SCL
SDAO

(b) Data

,SI00 — FFH

,SI00 — FFH

XOOOEX

[T

||| I|I|Ir T

| Processing in slave devicel

SIOO0 write
COl
ACKD

\ SI00 . data
T

1| |2| |3| |4| |5|

\
D7\ XD6XD5XD4XD3

SIO0 — data
T

~ oo

[

cMbp T |

RELD

P27 1 $

WUP
BSYE
ACKE

CMDT
RELT
CLC
WREL
SIC

INTCSIO
CSIEO

P25
PM25
PM27

L

o | [ [ L i [ L M

— | |r I
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Figure 18-23. Example of Communication from Slave to Master (with 9-clock wait selected for both

master and slave) (3/3)

Processing in master device |

SI00 write
COl
ACKD
CMDD
RELD
CLD
P27
WUP
BSYE
ACKE
CMDT
RELT
CLC
WREL
SIC
INTCSIO

Transfer line

SCL
SDAO

(c) Stop condition

:SIOO ~ FFH ,SIO0 — address
— OO0 OO
: ﬁum

L
— T
E |
1 /
/d;I //
L il K\ #—/
L
\

2| 3] &l Bl 6] (7] BN[Y
D7 \ AD6 AD5 XD4XD3XD2XD1ADO /NAK

| Processing in slave devicel

SIO0 write
Col
ACKD
CMDD
RELD
CLD
P27
WUP
BSYE
ACKE
CMDT
RELT
CLC
WREL
SIC

INTCSIO
CSIEO

P25
PM25
PM27

\ SI00 - data
T

\

_:?I/(:XZ)DDDDD(

12 e
\__1/ASRASKA4RAS
)

XOOX

I

14

C

|

r|jr|r I
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(9) Start of transfer
A serial transfer is started by setting transfer data in the serial I/O shift register 0 (SIOO) if the following two
conditions have been satisfied:

» The serial interface channel 0 operation control bit (CSIEQ) = 1.
 After an 8-bit serial transfer, the internal serial clock is stopped or SCL is low.

Cautions 1. Be sure to set CSIEO to 1 before writing data in SIO0. Setting CSIEO to 1 after writing
data in SIO0 does not initiate transfer operation.

2. Because the N-ch open-drain output must be high-impedance state during data reception,

set bit 7 (BSYE) of the serial bus interface control register (SBIC) to 1 before writing FFH
to SIO0.
However, do not write FFH to the SIO0 during data reception when using the wake-up
function (setting the bit 5 (WUP) of the serial operation mode register 0 (CSIMO0)). N-ch
open-drain output always enters the high-impedance state even when FFH is not written
to SI00.

3. If data is written to SIO0 while the slave is in the wait state, that data is held. The
transfer is started when SCL is output after the wait state is cleared.

When an 8-bit data transfer ends, serial transfer is stopped automatically and the interrupt request flag (CSIIF0)
is set.
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18.4.5 Cautions on use of | 2C bus mode

(1) Start condition output (master)
The SCL pin normally outputs a low-level signal when no serial clock is output. It is necessary to change the SCL

pin to high in order to output a start condition signal. Set the bit 3 (CLC) of the interrupt timing specify register

(SINT) to drive the SCL pin high.
After setting CLC, clear CLC to 0 and return the SCL pin to low. If CLC remains 1, no serial clock is output.

If it is the master device which outputs the start condition and stop condition signals, confirm that CLD is set
to 1 after setting CLC to 1; a slave device may have set SCL to low (wait state).

Figure 18-24. Start Condition Output

SCL

SDAO (SDA1)

CLC

CMDT

CLD
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(2) Slave wait release (slave transmission)
The wait status of a slave is released by setting the WREL flag, which is bit 2 of the interrupt timing specify
register (SINT), or by executing a serial /O shift register 0 (SIO0) write instruction.
If the slave sends data, the wait is immediately released by execution of an SIO0 write instruction and the
clock rises without the start transmission bit being output in the data line. Therefore, manipulate the P27
output latch through the program as shown in Figure 18-25 to transmit data correctly. At this time, control the
low-level width (“a” in Figure 18-25) of the first serial clock at the timing used for setting the P27 output latch
to 1 after execution of an SIO0 write instruction.
In addition, if the acknowledge signal from the master is not output (if data transmission from the slave is
completed), set 1 in the WREL flag of SINT and release the wait.
For these timings, see Figure 18-23 .

Figure 18-25. Slave Wait Release (Transmission)

Master device operation ‘

Writing
Software operation FFH
to SI00
; Setting | Setting . .
Hard tl
ardware operation / ACKD [CSIIFo Serial reception

scL 9 / a1 2 3

SDAO (SDA1) A0 R ACK \ D7 X D6 X D5 ><

Slave device operation ‘

. P27 | Wiite P27
Software operation output | data output
latch 0 | to SIO0 latch 1
I 1
Hardware operation ACK | Setting Wait ' .
P / output| CSIIFO release Serial transmission
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(3) Slave wait release (slave reception)
The wait status of a slave is released by setting the WREL flag, which is bit 2 of the interrupt timing specify
register (SINT), or by executing a serial /O shift register 0 (SIO0) write instruction.
When a slave receives data, if the SCL line immediately enters a high-impedance state due to a write to
SI00, the slave may not receive the first bit of the data sent from the master. This is because SIO0 cannot
start operation if the SCL line is in a high-impedance state during execution of a write instruction to SIO0
(until the next instruction execution is started). Therefore, manipulate the P27 output latch through the program
as shown in Figure 18-26 to receive data correctly.
For these timings, see Figure 18-22 .

Figure 18-26. Slave Wait Release (Reception)

Master device operation ‘

Writing
Software operation data
to SI00
; Setting|Setting . L
Hard t
araware operation / ACKD |CSIIFO \ Serial transmission

Transfer line

ScL 9 1 2 3

_
e R 2|

Slave device operation ‘

b ]

) P27 | Wite P27
Software operation output | FFH output
latch 0 | to SIO0 latch 1
1
Hardware operation ACK | Setting Wait ' '
P / output| CSIIFO release Serial reception

(4) Reception completion of slave
During processing of reception completion by a slave device, confirm the statuses of CMDD and COI (if
CMDD = 1). This procedure is necessary to use the wake-up function normally. If an uncertain amount of
data is sent from the master device, the slave device cannot determine whether the start condition signal or
the data will be sent from the master. This may disable use of the wake-up function.
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18.4.6 Restrictions in | 2C bus mode

The following restrictions apply to the uPD78070AY Subseries.

¢ Restrictions when used as slave device in|  2C bus mode

Applicable models

Description

Preventive measure

uPD78070AY and IE-78078-R-EM

When the wake-up function is executed (by setting the WUP flag (bit 5 of the serial
operation mode register 0 (CSIMO)) in the serial transfer status'°®, data between the
other slaves and master will be judged as an address. If this data happens to coincide
with the slave address of the uPD78070AY, the uPD78070AY will initiate communication,
destroying the communication data.

Note The serial transfer status is the status in which the interrupt request flag (CSIIFO)
is set because of the end of serial transfer after the serial 1/0 shift register 0
(S100) has been written.

This restriction can be avoided by modifying the program.

Before executing the wake-up function, execute the following program that releases serial
transfer status. To execute the wake-up function, do not execute an instruction that
writes SI00. Even if such an instruction is not executed, data can be received when the
wake-up function is executed.

This program releases the serial transfer status. To release the serial transfer status,
the serial interface channel 0 must be set once in the operation stop status (by clearing
the CSIEO flag (bit 7 of the serial operation mode register (CSIMO0) to 0). However, if the
serial interface channel 0 is set in the operation stop status in the 1°C bus mode, the SCL
pin output a high level and the SDAO (SDA1) pin outputs a low level, affecting
communication of the I2C bus. Therefore, this program places the SCL and SDAO (SDA1)
pins in the high-impedance state to prevent the 12C bus from being affected.

In the example below, SDAQ (/P25) is used as a serial data input/output pin. When
SDAL1 (/P26) is used as the serial data input/output pin, take P2.5 and PM2.5 in the
program below as P2.6 and PM2.6, respectively

For the timing of each signal when this program is executed, refer to Figure 18-22 .
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e Example of program releasing serial transfer status

392

SET1 P25 ; <1>
SET1 PM25 ; <2>
SET1 PM2.7 ; <3>
CLR1 CSIEO ; <4>
SET1 CSIEO ; <5>
SET1 RELT ; <6>
CLR1 PM2.7 ; <7>
CLR1 P2.5 ; <8>
CLR1 PM25 ; <9>

<1>

<2>

<3>

<4>
<5>
<6>
<7>

<8>

<9>

Prevents the SDAO pin from outputting a low level when the I2C bus mode is restored by the instruction in
<5>. The output of the SDAO pin goes into a high-impedance state.

Sets the P25 (/SDAO) pin in the input mode to prevent the SDAO line from being affected when the port
mode is set by the instruction in <4>. The P25 pin is set in the input mode when the instruction in <2> is
executed.

Sets the P27 (/SCL) pin in the input mode to prevent the SCL line from being affected when the port mode
is set by the instruction in <4>. The P27 pin is set in the input mode when the instruction in <3> is executed.
Changes the mode from the I’C bus mode to port mode.

Restores the mode from the port mode to the 1°C bus mode.

Prevents the instruction in <8> from causing the SDAO pin to output a low level.

Sets the P27 pin in the output mode because the P27 pin must be in the output mode in the 1°C bus mode.
Clears the output latch of the P25 pin to 0 because the output latch of the P25 pin must be cleared to 0 in
the 1°C bus mode.

Sets the P25 pin in the output mode because the P25 pin must be in the output mode in the 1°C bus mode.

Remark RELT: bit 0 of serial bus interface control register (SBIC)
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18.4.7 SCKO/SCL/P27 pin output manipulation

The SCKO/SCL/P27 pin enables static output by manipulating software in addition to normal serial clock output.
The value of serial clocks can be set by software (SI0/SB0/SDAO and SO0/SB1/SDAL1 pins are controlled with the

RELT and CMDT bits of serial bus interface control register (SBIC)).
The SCKO/SCL/P27 pin output should be manipulated as described below.

(1) In 3-wire serial /0O mode and 2-wire serial /0O mode
The SCKO/SCL/P27 pin output level is manipulated by the P27 output latch.

<1> Set serial operating mode register 0 (CSIMO0) (SCKO pin is set in the output mode and serial operation

is enabled). While serial transfer is suspended, SCKO is set to 1.
<2> Manipulate the content of the P27 output latch by executing the bit manipulation instruction.

Figure 18-27. SCKO/SCL/P27 Pin Configuration

Set by bit
/ manipulation instruction
SOKO |b To Internal
SCKO/SCL/P27 O——— Circuit P27 Output

Latch
g : SCKO (1 when transfer stops)

_ From Serial Clock
When gnsdlEO =1 [c:ontrol Circuit ]

CSIMO01 and CSIMOO are 1 and 0, or 1 and 1.
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(2) In I2C bus mode

The SCKO/SCL/P27 pin output level is manipulated by the CLC bit of interrupt timing specify register (SINT).

<1> Set serial operating mode register 0 (CSIMO0) (SCL pin is set in the output mode and serial operation is
enabled). Set 1 to the P27 output latch. While serial transfer is suspended, SCL is set to O.

<2> Manipulate the content of the CLC bit of SINT by executing the bit manipulation instruction.

Figure 18-28. SCKO/SCL/P27 Pin Configuration

Py To Internal
SCKO/SCL/P27 07>—b—> Cireuit P27 Output

When CSIEO =1

and

/Setl

Latch

SCLNote

From Serial Clock
Control Circuit

CSIM01 and CSIM00 are 1 and 0, or 1 and 1.

Note The level of SCL signal follows the contents of logic circuit shown in Figure 18-29.

Figure 18-29. Logic Circuit of SCL Signal

SCL

CLC (Set by bit manipulation instruction)

(O—— Wait Request Signal

Serial Clock
(low level when transfer stops)

Remarks 1. This figure shows the relationship of each signal, and does not show the internal circuit.

2. CLC: Bit 3 of interrupt timing specify register (SINT)
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19.1 Serial Interface Channel 1 Functions

Serial interface channel 1 employs the following three modes.

« Operation stop mode

» 3-wire serial 1/0 mode

* 3-wire serial I/0 mode with automatic transmit/receive function

)

)

®3)

Operation stop mode
This mode is used when serial transfer is not carried out to reduce power consumption.

3-wire serial /0 mode

This mode is used for 8-bit data transfer using three lines, each for serial clock (SCK1), serial output (SO1)
and serial input (SI1).

The 3-wire serial /0O mode enables simultaneous transmission/reception and so decreases the data transfer
processing time.

Since the start bit of 8-bit data to undergo serial transfer is switchable between MSB and LSB, connection
is enabled with either start bit device.

The 3-wire serial /O mode is valid for connection of peripheral I/O units and display controllers which
incorporate a conventional synchronous serial interface such as the 75X/XL, 78K, and 17K Series.

3-wire serial I/O mode with automatic transmit/receive function (MSB-/LSB-first switchable)

This mode has the same functions as those of the 3-wire serial /O mode with automatic transmit/receive
function added.

The automatic transmit/receive function is used to transmit/receive data with a maximum of 32 bytes. This
function enables the hardware to transmit/receive data to/from the OSD (On Screen Display) device and
a device with built-in display controller/driver independently of the CPU, thus the software load can be
alleviated.
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19.2 Serial Interface Channel 1 Configuration

Serial interface channel 1 consists of the following hardware.

Table 19-1. Serial Interface Channel 1 Configuration

Item

Configuration

Register

Serial 1/0 shift register 1 (S101)
Automatic data transmit/receive address pointer (ADTP)

Control register

Timer clock select register 3 (TCL3)

Serial operating mode register 1 (CSIM1)

Automatic data transmit/receive control register (ADTC)
Automatic data transmit/receive interval specify register (ADTI)
Port mode register 2 (PM2)Note

Refer to Figures 6-5. and 6-7. Block Diagram of P20, P21, P23 to 26 and Figures 6-6. and

Note
6-8. Block Diagram of P22 and P27
Figure 19-1. Serial Interface Channel 1 Block Diagram
g Internal Bus g

Automatic Data

| Transmit/Receive

Buffer RAM Addresls Pointlf\elr

(ADTP)

U

¢

|

Internal Bus

DIR —|

-—DIR

Si1/
P20

o]

Serial /0

Shift Register 1

(slo1)

Automatic Data
Transmit/Receive Interval

Automatic Data
Transmit/Receive

Serial Operating

Pm2L ~ TTTITIT]
o

PM23
STB/ A_‘%r
P23 ©

BUSY/
P24 ©

SCK1/ ©
P22

PM22
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Selector

P22 Output Latch

Specify Register Control Register Mode Register 1
ADTI|ADTI|ADTI | ADTI| ADTI | ADTI RE |arLD|ERCE| ERR | TRE |STRB|BUSY|BUSY] | [csiEll DIR | ATE |CSIM|CSIM
7 4 3 2 1 0 1 0 11 | 10
F— ADTIO to ADTI4 ¥ ¥
Match © TRF
Selector
5-Bit Counter
Hand-
shake
ARLD —l A
r ); INTCSI1
Serial Clock
*1 Counter I I
SIO1 write
TCIear—r Selector
R
Q
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1

)

®3)

Serial 1/0 shift register 1 (S101)

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.

SIO1 is set with an 8-bit memory manipulation instruction.

When value in bit 7 (CSIE1) of serial operating mode register 1 (CSIM1) is 1, writing data to SIO1 starts
serial operation.

In transmission, data written to SIO1 is output to the serial output (SO1). In reception, data is read from
the serial input (SI1) to SIO1.

RESET input makes SIO1 undefined.

Caution Do not write data to SIO1 while the automatic transmit/receive function is activated.

Automatic data transmit/receive address pointer (ADTP)

This register stores the value (number of transmit data bytes — 1) while the automatic transmit/receive
function is activated. As data is transferred/received, it is automatically decremented.

ADTP is set with an 8-bit memory manipulation instruction. The high-order 3 bits must be set to 0.
RESET input sets ADTP to 00H.

Caution Do not write data to ADTP while the automatic transmit/receive function is activated.
Serial clock counter

This counter counts the serial clocks to be output and input during transmission/reception to check whether
8-bit data has been transmitted/received.
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19.3 Serial Interface Channel 1 Control Registers

The following four types of registers are used to control serial interface channel 1.

. Timer clock select register 3 (TCL3)

. Serial operating mode register 1 (CSIM1)
. Automatic data transmit/receive control register (ADTC)
. Automatic data transmit/receive interval specify register (ADTI)

(1) Timer clock select register 3 (TCL3)
This register sets the serial clock of serial interface channel 1.

TCL3 is set with an 8-bit memory manipulation instruction.
RESET input sets TCL3 to 88H.

Remark Besides setting the serial clock of serial interface channel 1, TCL3 sets the serial clock of serial

interface channel 0.

Figure 19-2. Timer Clock Select Register 3 Format

Symbol 7 6 5 4 3 2 1 0 Address  After Reset R/W
TCL3 |TCL37|TCL36|TCL35[TCL34TCL33[TCL32|TCL31|TCL30| FF43H 88H R/IW
Serial Interface Channel 1 Serial Clock Selection
TCL37|TCL36|{TCL35|TCL34
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 | fxx2e fx/23 (625 kHz) fx/24 (313 kHz)
1 0 0 1| fxx/2 fx/24 (313 kHz) fx/25 (156 kHz)
1 0 1 0 | fux2s fx/25 (156 kHz) fx/26 (78.1 kHz)
1 0 1 1 | fxx/26 fx/26 (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

Caution When rewriting other data to TCL3, stop the serial transfer operation beforehand.

Remarks 1.

2.
3.
4.
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fxx  : Main system clock frequency (fx or fx/2)

fx : Main system clock oscillation frequency

MCS : Bit O of oscillation mode selection register (OSMS)
Figures in parentheses apply to operation with fx = 5.0 MHz.
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(2) Serial operating mode register 1 (CSIM1)
This register sets serial interface channel 1 serial clock, operating mode, operation enable/stop, and

automatic transmit/receive operation enable/stop.
CSIM1 is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input sets CSIM1 to 00H.

Figure 19-3. Serial Operation Mode Register 1 Format

Symbol  <7> 6 <5> 4 3 2 1 0 Address  After Reset R/W
CSIM1 |CSIE1l| DIR | ATE 0 0 0 |csimir|csimio| FF68H 0OH R/W
csimi1|csimio| Serial Interface Channel 1 Clock Selection
0 x Clock externally input to SCK1 pinNete!
1 0 8-bit timer register 2 (TM2) output
1 1 Clock specified with bits 4 to 7 of timer clock select register 3 (TCL3)
ATE | Serial Interface Channel 1 Operating Mode Selection
0 3-wire serial /0 mode
1 3-wire serial I/O mode with automatic transmit/receive function
DIR Start Bit SI1 Pin Function SO1 Pin Function
0 MSB SI11/P20 SO1
1 LSB (Input) (CMOS output)
CSIE|CSIM Shift Register| Serial Clock Counter| SI1/P20 Pin | SO1/P21 Pin| SCK1/P22
PM20| P20 |PM21| P21 |PM22| P22 . . . . . .
1| 11 1 Operation | Operation Control Function Function Pin Function
o | x “‘“:2 “°:2 N‘fz N"‘:Z N”:’Z N":Z Operation Clear P20 (CMOS | P21 (CMOS| P22 (CMOS
stop input/output) | input/output) | input/output)
0 1] x SCK1
Note 3|Note 3 Operation Count g1 Note 3 SO1 (CMOS (Input)
1——1|x|0]|0 . .
enable operation (input) output) SCKL
1 01 (CMOS
output)
Notes 1. Ifthe external clock input has been selected with CSIM11 setto 0, setbit 1 (BUSY1) and bit2 (STRB)
of the automatic data transmit/receive control register (ADTC) to 0, 0.
2. Can be used freely as port function.
. Can be used as P20 (CMOS input/output) when only transmitter is used (set bit 7 (RE) of ADTC to
0).
Remark  x Don't care

PMxx: Port mode register

Pxx

port output latch
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(3) Automatic data transmit/receive control register (ADTC)
This register sets automatic receive enable/disable, the operating mode, strobe output enable/disable, busy
input enable/disable, and error check enable/disable, and displays automatic transmit/receive execution and
error detection.
ADTC is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input sets ADTC to 00H.

Figure 19-4. Automatic Data Transmit/Receive Control Register Format

Symbol <75 <> <5> <4> <3> <2> <1> <0> Address After Reset R/W

ADTC | RE |ARLD|ERCE| ERR | TRF |STRB BUSY1BUSY0| FF69H 00H R/whote 1
R/W
BUSY1|BUSYO| Busy Input Control
0 X Not using busy input
1 0 Busy input enable (active high)
1 1 Busy input enable (active low)
R/W
STRB | Strobe Output Control
0 Strobe output disable
1 Strobe output enable
R - - - - -
TRF | Status in Automatic Transmit/Receive Function'°te2
Detection of termination of automatic transmission/
0 reception (This bit is set to O upon suspension of
automatic transmission/reception or when ARLD = 0.)
1 During automatic transmission/reception
(This bit is set to 1 when data is written to SIO1.)
ERR | Error Detection in Automatic Transmit/Receive Function
0 No error (Set to 0 when data is written to SIO1)
1 Error occurred
R/W , , - - ,
ERCE | Error Check in Automatic Transmit/Receive Function
0 Error check disable
1 Error check enable (only when BUSY1 = 1)
RIW - - , , -
ARLD | Operating Mode for Automatic Transmit/Receive Function
0 Single operating mode
1 Repetitive operating mode
RE | Receive operation in Automatic Transmit/Receive Function
0 Receive disable
1 Receive enable

Notes 1. Bits 3 and 4 (TRF and ERR) are read-only bits.
2. The termination of automatic transmission/reception should be judged by using TRF, not CSIIF1
(interrupt request flag).

Caution When an external clock input is selected with bit 1 (CSIM11) of the serial operating mode
register 1 (CSIM1) set to 0, set STRB and BUSY1 of ADTC to 0, 0.

Remark x: Don't care
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(4) Automatic data transmit/receive interval specify register (ADTI)
This register sets the automatic data transmit/receive function data transfer interval.
ADTI is set by a 1-bit or 8-bit memory manipulation instruction.
RESET input sets ADTI to O0H.

Figure 19-5. Automatic Data Transmit/Receive Interval Specify Register Format (1/4)

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

ADTI |ADTI7| O 0 |ADTI4|ADTI3|ADTI2|ADTI1|ADTIO| FF6BH OOH R/W
ADTI7| Data Transfer Interval Control

0 No control of interval by ADTI"®*
1 Control of interval by ADTI (ADTIO to ADTI4)

Data Transfer Interval Specification (fxx = 5.0-MHz Operation)

ADTI4|ADTI3|ADTI2|ADTI1|ADTIO
MinimumMNote 2 Maximumnete 2

0 0 0 0 0 18.4 us + 0.5/fsck 20.0 us + 1.5/fsck
0 0 0 0 1 31.2 us + 0.5/fsck 32.8 us + 1.5/fscx
0 0 0 1 0 44.0 us + 0.5/fsck 45.6 us + 1.5/fsck
0 0 0 1 1 56.8us + 0.5/fsck 58.4us + 1.5/fsck
0 0 1 0 0 69.6 us + 0.5/fsck 71.2 us + 1.5/fsck
0 0 1 0 1 82.4 Us + 0.5/fsck 84.0 Us + 1.5/fsck
0 0 1 1 0 95.2 us + 0.5/fsck 96.8 us + 1.5/fsck
0 0 1 1 1 108.0 us + 0.5/fsck 109.6 us + 1.5/fsck
0 1 0 0 0 120.8 u's + 0.5/fsck 122.4 us + 1.5/fsck
0 1 0 0 1 133.6 us + 0.5/fsck 135.2 us + 1.5/fscx
0 1 0 1 0 146.4 us + 0.5/fsck 148.0 us + 1.5/fsck
0 1 0 1 1 159.2 us + 0.5/fsck 160.8 us + 1.5/fsck
0 1 1 0 0 172.0 us + 0.5/fsck 173.6 us + 1.5/fscx
0 1 1 0 1 184.8 us + 0.5/fsck 186.4 us + 1.5/fsck
0 1 1 1 0 197.6 us + 0.5/fscx 199.2 us + 1.5/fsck
0 1 1 1 1 210.4 us + 0.5/fsck 212.0 us + 1.5/fsck

Notes 1. The interval is dependent only on CPU processing.
2. The data transfer interval includes an error. The data transfer minimum and maximum intervals are
found from the following expressions (n: Value setin ADTIO to ADTI4). However, if a minimum which
is calculated by the following expressions is smaller than 2/fsck, the minimum interval time is 2/fsck.

6
Minimum =(n+1)x—2> + 28 , 0.5
fxx fxx fsck

Maximum = (n + 1) x 20 , 36 , 15
fxx fxx fsck
Cautions 1. Do not write to ADTI during operation of the automatic data transmit/receive function.
2. Bits 5 and 6 must be set to 0.
3. When controlling the data transfer interval by automatic transmit/receive using ADTI, busy
control (refer to 19.4.3 (4) (a) Busy control option) becomes invalid.

Remark fxx : Main system clock frequency (fx or fx/2)
fx : Main system clock oscillation frequency
fsck : Serial clock frequency
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Symbol

402

ADTI

Figure 19-5. Automatic Data Transmit/Receive Interval Specify Register Format (2/4)

7 6 5 4 3 2 1 0 Address  After Reset

ADTI7| O 0 |ADTI4|ADTI3|ADTI2|ADTI1|ADTIO| FF6BH 00H

R/W

R/W

Data Transfer Interval Specification (fxx = 5.0-MHz Operation)

ADTI4|ADTI3|ADTI2|ADTI1|ADTIO Mot Masdmurmre
1 0 0 0 0 223.2 us + 0.5/fsck 224.8 us + 1.5/fsck
1 0 0 0 1 236.0 us + 0.5/fsck 237.6 us + 1.5/fsck
1 0 0 1 0 248.8 us + 0.5/fsck 250.4 us + 1.5/fsck
1 0 0 1 1 261.6 us + 0.5/fsck 263.2 us + 1.5/fsck
1 0 1 0 0 274.4 us + 0.5/fsck 276.0 us + 1.5/fsck
1 0 1 0 1 287.2 us + 0.5/fsck 288.8 us + 1.5/fsck
1 0 1 1 0 300.0 us + 0.5/fscx 301.6 us + 1.5/fsck
1 0 1 1 1 312.8 us + 0.5/fsck 314.4 us + 1.5/fsck
1 1 0 0 0 325.6 us + 0.5/fsck 327.2 us + 1.5/fsck
1 1 0 0 1 338.4 us + 0.5/fsck 340.0 us + 1.5/fsck
1 1 0 1 0 351.2 us + 0.5/fsck 352.8 us + 1.5/fsck
1 1 0 1 1 364.0 us + 0.5/fsck 365.6 us + 1.5/fsck
1 1 1 0 0 376.8 us + 0.5/fsck 378.4 us + 1.5/fsck
1 1 1 0 1 389.6 us + 0.5/fsck 391.2 us + 1.5/fsck
1 1 1 1 0 402.4 us + 0.5/fsck 404.0 us + 1.5/fsck
1 1 1 1 1 415.2 us + 0.5/fsck 416.8 us + 1.5/fsck

Note The data transfer interval includes an error. The data transfer minimum and maximum intervals
are found from the following expressions (n: Value setin ADTIO to ADTI4). However, if aminimum
which is calculated by the following expressions is smaller than 2/fsck, the minimum interval time
is 2/fsck.

6
Minimum = (n+1)x—2>_ + 28 4 0.5
fxx fxx fsck

Maximum = (n + 1) x 20 , 36 , 15
fxx fxx fsck
Cautions 1. Do not write to ADTI during operation of the automatic data transmit/receive function.
2. Bits 5 and 6 must be set to 0.
3. When controlling the data transfer interval by automatic transmit/receive using
ADTI, busy control (refer to 19.4.3 (4) (a) Busy control option) becomes invalid.

Remark fxx : Main system clock frequency (fx or fx/2)
fx : Main system clock oscillation frequency
fsck : Serial clock frequency
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Symbol

ADTI

Figure 19-5. Automatic Data Transmit/Receive Interval Specify Register Format (3/4)
7 6 5 4 3 2 1 0 Address R/W

ADTI7| O 0 |ADTI4|ADTI3|ADTI2|ADTI1|ADTIO| FF6BH R/IW

ADTI7| Data Transfer Interval Control
0 No control of interval by ADT[Nete!
1 Control of interval by ADTI (ADTIO to ADTI4)

Data Transfer Interval Specification (fxx = 2.5-MHz Operation)
ADTI4|ADTI3|ADTI2|ADTI1|ADTIO
Minimumnote 2 Maximumbtete 2

0 0 0 0 0 36.8 s + 0.5/fsck 40.0 us + 1.5/fsck
0 0 0 0 1 62.4 us + 0.5/fsck 65.6 s + 1.5/fsck
0 0 0 1 0 88.0 s + 0.5/fsck 91.2us + 1.5/fsck
0 0 0 1 1 113.6 us + 0.5/fsck 116.8 us + 1.5/fsck
0 0 1 0 0 139.2 s + 0.5/fsck 142.4 us + 1.5/fsck
0 0 1 0 1 164.8 us + 0.5/fsck 168.0 us + 1.5/fsck
0 0 1 1 0 190.4 us + 0.5/fsck 193.6 us + 1.5/fsck
0 0 1 1 1 216.0 s + 0.5/fsck 219.2 us + 1.5/fsck
0 1 0 0 0 241.6 us + 0.5/fsck 244.8 us + 1.5/fsck
0 1 0 0 1 267.2 us + 0.5/fsck 270.4 us + 1.5/fsck
0 1 0 1 0 292.8 us + 0.5/fsck 296.0 us + 1.5/fsck
0 1 0 1 1 318.4 us + 0.5/fscx 321.6 us + 1.5/fsck
0 1 1 0 0 344.0 us + 0.5/fscx 347.2 us + 1.5/fsck
0 1 1 0 1 369.6 us + 0.5/fsck 372.8 us + 1.5/fsck
0 1 1 1 0 395.2 us + 0.5/fsck 398.4 us + 1.5/fsck
0 1 1 1 1 420.8 us + 0.5/fsck 424.0 us + 1.5/fsck

Notes 1. The interval is dependent only on CPU processing.

Cautions 1. Do not write to ADTI during operation of the automatic data transmit/receive function.

Remark fxx

2. The data transfer interval includes an error. The data transfer minimum and maximum
intervals are found from the following expressions (n: Value set in ADTIO to ADTI4).
However, if a minimum which is calculated by the following expressions is smaller than

2/fsck, the minimum interval time is 2/fsck.

26 28 , 05

Minimum = (n + 1) x
fxx fxx fsck

Maximum = (n + 1) x 26, 36 , 15
fxx fxx fsck

2. Bits 5 and 6 must be set to 0.

3. When controlling the data transfer interval by automatic transmit/receive using
ADTI, busy control (refer to 19.4.3 (4) (a) Busy control option) becomes invalid.

: Main system clock frequency (fx or fx/2)
fx : Main system clock oscillation frequency
fsck : Serial clock frequency
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Symbol

404

ADTI

Figure 19-5. Automatic Data Transmit/Receive Interval Specify Register Format (4/4)

7 6 5 4 3 2 1 0 Address  After Reset R/W
ADTI7| O 0 |ADTI4|ADTI3|ADTI2|ADTI1|ADTIO| FF6BH 00H R/W
Data Transfer Interval Specification (fxx = 2.5-MHz Operation)
ADTI4|ADTI3|ADTI2|ADTI1|ADTIO
MinimumMete Maximum?™ete
1 0 0 0 0 446.4 us + 0.5/fsck 449.6 us + 1.5/fsck
1 0 0 0 1 472.0 us + 0.5/fsck 475.2 us + 1.5/fsck
1 0 0 1 0 497.6 us + 0.5/fsck 500.8 us + 1.5/fsck
1 0 0 1 1 523.2 us + 0.5/fsck 526.4 us + 1.5/fsck
1 0 1 0 0 548.8 us + 0.5/fsck 552.0 us + 1.5/fsck
1 0 1 0 1 574.4 us + 0.5/fsck 577.6 us + 1.5/fsck
1 0 1 1 0 600.0 s + 0.5/fsck 603.2 us + 1.5/fsck
1 0 1 1 1 625.6 s + 0.5/fsck 628.8 s + 1.5/fsck

651.2 us + 0.5/fsck

654.4 us + 1.5/fsck

676.8 us + 0.5/fsck

680.0 us + 1.5/fsck

702.4 s + 0.5/fscx

705.6 s + 1.5/fsck

728.0 us + 0.5/fsck

731.2 us + 1.5/fsck

753.6 us + 0.5/fsck

756.8 us + 1.5/fsck

779.2 us + 0.5/fsck

782.4 us + 1.5/fsck

804.8 s + 0.5/fsck

808.0 us + 1.5/fsck

830.4 us + 0.5/fsck

833.6 us + 1.5/fscx

Note

The data transfer interval includes an error. The data transfer minimum and maximum intervals
are found from the following expressions (n: Value setin ADTIO to ADTI4). However, if aminimum
which is calculated by the following expressions is smaller than 2/fsck, the minimum interval time

is 2/fsck.
6
Minimum =(n+ 1) x—2— + 28 , 0.5
XX fxx fsck
6
Maximum = (n + 1) x -2 + 36 4 1.5
XX fxx fsck

Cautions 1. Do not write to ADTI during operation of the automatic data transmit/receive function.

2. Bits 5 and 6 must be set to 0.

3. When controlling the data transfer interval by automatic transmit/receive using
ADTI, busy control (refer to 19.4.3 (4) (a) Busy control option) becomes invalid.

Remark fxx

: Main system clock frequency (fx or fx/2)

fx : Main system clock oscillation frequency
fsck : Serial clock frequency
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19.4 Serial Interface Channel 1 Operations

The following three operating modes are available to the serial interface channel 1.

. Operation stop mode
. 3-wire serial 1/0 mode
. 3-wire serial I/0O mode with automatic transmit/receive function

19.4.1 Operation stop mode

Serial transfer is not carried out in the operation stop mode. Thus, power consumption can be reduced. The
serial 1/0 shift register 1 (SIO1) does not carry out shift operation either, and thus it can be used as an ordinary
8-bit register.

In the operation stop mode, the P20/SI1, P21/SO1, P22/SCK1, P23/STB, and P24/BUSY pins can be used as
ordinary input/output ports.

(1) Register setting
The operation stop mode is set with the serial operating mode register 1 (CSIM1).
CSIM1 is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input sets CSIM1 to 00H.

Symbol .75 6 <5> 4 3 2 1 0 Address  After Reset R/W

CSIM1 |CSIE1l| DIR | ATE 0 0 0 |csimii|csimio| FF68H 00H RIW
CSIE|CSIM Shift Register| Serial Clock Counter| SI1/P20 Pin | SO1/P21 Pin| SCK1/P22
PM20| P20 |PM21| P21 |PM22| P22 ) ) ) ) ) )
1|11 1 Operation | Operation Control Function Function Pin Function
o | x “";‘””":1”":1”":1”";“”";“ Operation Clear P20 (CMOS | P21 (CMOS| P22 (CMOS
stop input/output) | input/output) | input/output)
0 Sk (o
Note 2| Note 2 Operation Count SiiNete2 | SO1 (CMOS
1 1|(x|0]0 : Input tput
enable operation (Input) output) -
SCK1
1 0|1 (CMOS
output)

Notes 1. Can be used freely as port function.
2. Can be used as P20 (CMOS input/output) when only transmitter is used (set bit 7 (RE) of the
automatic data transmit/receive control register (ADTC) to 0).

Remark x . Don't care

PMxx: Port mode register
Pxx : Port output latch
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19.4.2 3-wire serial I/O mode operation

The 3-wire serial /O mode is valid for connection of peripheral I/0 units and display controllers which incorporate
a conventional synchronous serial interface such as the 75X/XL, 78K, and 17K Series.

Communication is carried out with three lines of serial clock (WKl), serial output (SO1) and serial input (SI1).

(1) Register setting
The 3-wire serial I/O mode is set with the serial operating mode register 1 (CSIM1).
CSIM1 is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input sets CSIM1 to 00H.

Symbol <75 g <5> 4 3 2 1 0 Address  After Reset R/W

CSIM1 |CSIE1l| DIR | ATE 0 0 0 |csimii|csimio| FF68H O0OH R/IW

csimit|csimio| Serial Interface Channel 1 Clock Selection

0 X Clock externally input to SCK1 pinhote?

1 0 8-bit timer register 2 (TM2) output

1 1 Clock specified with bits 4 to 7 of timer clock select register 3 (TCL3)

ATE | Serial Interface Channel 1 Operating Mode Selection

0 3-wire serial I/O mode
1 3-wire serial /0 mode with automatic transmit/receive function
DIR Start Bit SI1 Pin Function SO1 Pin Function
0 MSB SI1/P20 SO1
1 LSB (Input) (CMOS output)
CSIE| CSIM Shift Register 1| Serial Clock Counter| SI1/P20 Pin | SO1/P21 Pin| SCK1/P22
PM20| P20 |PM21| P21 |PM22| P22 . . . . .
1|11 Operation Operation Control Function Function Pin Function
o | ”":2 ””:2 ”‘fz noeater e Operation Clear P20 (CMOS | P21 (CMOS| P22 (CMOS
stop input/output) | input/output) | input/output)
0 ol (mpu)
1 N":‘L” N")’(” ol o Operation Count Sj1Notes SO1 (CMOS
enable operation (Input) output) -
SCK1
1 0|1 (CMOs
output)

Notes 1. If the external clock input has been selected with CSIM11 set to 0, set bit 1 (BUSY1) and bit 2
(STRB) of the automatic data transmit/receive control register (ADTC) to O, O.
2. Can be used freely as port function.
3. Can be used as P20 (CMOS input/output) when only transmitter is used (set bit 7 (RE) of ADTC
to 0).

Remark x . Don’t care

PMxx: Port mode register
Pxx : Port output latch
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(2) Communication operation

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 1 (SIO1) is carried out at the falling edge of the serial clock
SCK1. The transmit data is held in the SO1 latch and is output from the SO1 pin. The receive data input
to the SI1 pin is latched into SIO1 at the rising edge of SCK1.

Upon termination of 8-bit transfer, the SIO1 operation stops automatically and the interrupt request flag
(CSIIF1) is set.

Figure 19-6. 3-wire Serial /0 Mode Timings

SCK1 1 2 3 4 5 6 7 8

X

SOl DO7 X DO6 X DO5 X DO4 X DO3 X DO2 X DO1 X/DOO
CSlIF1
L End of Transfer
Transfer Start at the Falling Edge of SCK1
SIO1 Write

Caution SO1 pin becomes low level by SIO1 write.

(3) MSBJ/LSB switching as the start bit
The 3-wire serial I/0 mode enables to select transfer to start from MSB or LSB.
Figure 19-7 shows the configuration of the serial I/O shift register 1 (SIO1) 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 6 (DIR) of the serial operating mode register
1 (CSIM1).
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4)

408

Figure 19-7. Circuit of Switching in Transfer Bit Order

Internal Bus -—-—-—----------—+ L (e S

LSB-first L
MSB-first ——— Read/Write Gate | | Read/Write Gate

SO1 Latch

st —  ShiftRegister 1 (SI01)  |—|D QW

D U G D W B

SO1

SCKL ———

Start bit switching is realized by switching the bit order write to SIO1. The SIO1 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 I/O shift register 1 (SIO1) when the following

two conditions are satisfied.

« Serial interface channel 1 operation control bit (CSIE1) =1

« Internal serial clock is stopped or SCK1 is a high level after 8-bit serial transfer.

Caution If CSIE1 is set to “1” after data write to SIO1, transfer does not start.

Upon termination of 8-bit transfer, serial transfer automatically stops and the interrupt request flag (CSIIF1)
is set.
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19.4.3 3-wire serial I/0O mode operation with automatic transmit/receive function

This 3-wire serial I/O mode is used for transmission/reception of a maximum of 32-byte data without the use of
software. Once transfer is started, the data prestored in the RAM can be transmitted by the set number of bytes,
and data can be received and stored in the RAM by the set number of bytes.

Handshake signals (STB and BUSY) are supported by hardware to transmit/receive data continuously. OSD
(On Screen Display) LSI and peripheral LSI including LCD controller/driver can be connected without difficulty.

(1) Register setting
The 3-wire serial I/O mode with automatic transmit/receive function is set with the serial operating mode

register 1 (CSIM1), the automatic data transmit/receive control register (ADTC) and the automatic data

transmit/receive interval specify register (ADTI).

(a) Serial operating mode register 1 (CSIM1)
CSIM1 is set with a 1-bit or 8-bit memory manipulation instruction.

RESET input sets CSIM1 to 00H.

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

CSIM1 |CSIE1l| DIR | ATE 0 0 0 |csimii|csimio| FF68H 00H R/W
csimi1|csimio| Serial Interface Channel 1 Clock Selection
0 x Clock externally input to SCK1 pinNete
1 0 8-bit timer register 2 (TM2) output
1 1 Clock specified with bits 4 to 7 of timer clock select register 3 (TCL3)

ATE | Serial Interface Channel 1 Operating Mode Selection

0 3-wire serial /0 mode

1 3-wire serial /0 mode with automatic transmit/receive function

DIR Start Bit SI1 Pin Function SO1 Pin Function
0 MSB SI1/P20 SO1
1 LSB (Input) (CMOS output)
CSIE| CSIM Shift Register 1| Serial Clock Counter| SI1/P20 Pin | SO1/P21 Pin| SCK1/P22
PM20| P20 |PM21| P21 |PM22| P22 i . i . .
1] 11 Operation Operation Control Function Function Pin Function
0 | x [Vt v e e[ Operation Clear P20 (CMOS | P21 (CMOS| P22 (CMOS
stop input/output) | input/output) | input/output)
0 1] x SCK1
1 N°:‘Le3 N":’?’ ol o Operation Count SlpNotes so1 (cmos|  (Input)
enable operation (Input) output) SCK1L
1 0|1 (CMOS
output)
Notes 1. If the external clock input has been selected with CSIM11 set to 0, set bit 1 (BUSY1) and

bit 2 (STRB) of the automatic data transmit/receive control register (ADTC) to 0O, 0.

2. Can be used freely as port function.
3. Can be used as P20 (CMOS input/output) when only transmitter is used (set bit 7 (RE) of

ADTC to 0).

Remark x : Don't care
PMxx: Port mode register

Pxx : Port output latch
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410

(b) Automatic data transmit/receive control register (ADTC)
ADTC is set with a 1-bit or 8-bit memory manipulation instruction.

RESET input sets ADTC to 00H.
Symbol

<7> <6> <5> <4> <3> <2> <1>  <0> Address  After Reset R/W
ADTC | RE |ARLD |ERCE| ERR | TRF |STRB BUSY1BUSY0O| FF69H O00H R/WNote 1
R/W
BUSY1|BUSYO| Busy Input Control
0 X Not using busy input
1 0 Busy input enable (active high)
1 1 Busy input enable (active low)
R/W
STRB | Strobe Output Control
0 Strobe output disable
1 Strobe output enable
R
TRF | Status of Automatic Transmit/Receive FunctionNote 2
Detection of termination of automatic transmission/
0 reception (This bit is set to O upon suspension of
automatic transmission/reception or when ARLD = 0.)
1 During automatic transmission/reception
(This bit is set to 1 when data is written to SIO1.)
R - - - -
ERR | Error Detection of Automatic Transmit/Receive
Function
0 No error
(This bit is set to 0 when data is written to SIO1)
1 Error occurred
R/W - -
ERCE | Error Check Control of Automatic Transmit/
Receive Function
0 Error check disable
1 Error check enable (only when BUSY1 = 1)
RIW - - - -
ARLD | Operating Mode Selection of Automatic Transmit/
Receive Function
0 Single operating mode
1 Repetitive operating mode
R/W - - - -
RE Receive Control of Automatic Transmit/Receive
Function
0 Receive disable
1 Receive enable

Notes 1. Bits 3 and 4 (TRF and ERR) are read-only bits.

2. Judge the termination of automatic transmission/reception by using TRF, not CSIIF1

(interrupt request flag).

Caution When an external clock input is selected with bit 1 (CSIM11) of the serial operating
mode register 1 (CSIM1) setto 0, set STRB and BUSY1 of ADTC to 0, 0 (when an external
clock is input, handshake control cannot be carried out).

Remark x: Don't care
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(c) Automatic data transmit/receive interval specify register (ADTI)
This register sets the automatic data transmit/receive function data transfer interval.
ADTI is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input sets ADTI to O0H.

Symbol

ADTI

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

ADTI7| O 0 |ADTI4|ADTI3|ADTI2|ADTI1|ADTIO| FF6BH O0H R/W

ADTI7| Data Transfer Interval Control
0 No control of interval by ADTINt !
1 Control of interval by ADTI (ADTIO to ADTI4)

Data Transfer Interval Specification (fxx = 5.0-MHz Operation)
ADTI4|ADTI3|ADTI2|ADTI1|ADTIO
MinimumnNote 2 MaximumPnNete 2

0 0 0 0 0 18.4 us + 0.5/fsck 20.0 us + 1.5/fsck
0 0 0 0 1 31.2 us + 0.5/fsck 32.8 s + 1.5/fsck
0 0 0 1 0 44.0 us + 0.5/fsck 45.6 us + 1.5/fsck
0 0 0 1 1 56.8 us + 0.5/fsck 58.4 us + 1.5/fsck
0 0 1 0 0 69.6 us + 0.5/fsck 71.2 us + 1.5/fsck
0 0 1 0 1 82.4 s + 0.5/fsck 84.0 us + 1.5/fsck
0 0 1 1 0 95.2 us + 0.5/fsck 96.8 us + 1.5/fsck
0 0 1 1 1 108.0us + 0.5/fsck 109.6 us + 1.5/fscx
0 1 0 0 0 120.8 us + 0.5/fsck 122.4 us + 1.5/fsck
0 1 0 0 1 133.6 us + 0.5/fsck 135.2 us + 1.5/fsck
0 1 0 1 0 146.4 us + 0.5/fscx 148.0 us + 1.5/fscx
0 1 0 1 1 159.2 us + 0.5/fsck 160.8 us + 1.5/fsck
0 1 1 0 0 172.0 us + 0.5/fsck 173.6 us + 1.5/fsck
0 1 1 0 1 184.8 us + 0.5/fsck 186.4 us + 1.5/fsck
0 1 1 1 0 197.6 us + 0.5/fsck 199.2 us + 1.5/fsck
0 1 1 1 1 210.4 us + 0.5/fsck 212.0 us + 1.5/fsck

Notes 1. The interval is dependent only on CPU processing.
2. The data transfer interval includes an error.

Cautions 1. Do not write to ADTI during operation of the automatic data transmit/receive function.

intervals are found from the following expressions (n: Value set in ADTIO to ADTI4).

The data transfer minimum and maximum

However, if a minimum which is calculated by the following expressions is smaller than
2/fsck, the minimum interval time is 2/fsck.

Minimum = (n + 1) x 26 . 28 ., 05
fxx fxx fsck
Maximum = (n + 1) x 26 ., 3 .15
fxx fxx fsck

2. Bits 5 and 6 must be set to 0.

3. When controlling the data transfer interval by automatic transmit/receive using
ADTI, busy control (refer to 19.4.3 (4) (a) Busy control option) becomes invalid.

Remark fx

fx

x : Main system clock frequency (fx or fx/2)
: Main system clock oscillation frequency
fsck : Serial clock frequency
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Symbol

412

ADTI

7 6 5 4 3 2 1 0 Address  After Reset R/W
ADTI7| O 0 |ADTI4|ADTI3|ADTI2|ADTI1|ADTIO| FF6BH 00H R/W
Data Transfer Interval Specification (fxx = 5.0-MHz Operation)
ADTI4|ADTI3|ADTI2|ADTI1|ADTIO — -
Minimumpnote MaximumnNote
1 0 0 0 0 223.2 us + 0.5/fscx 224.8 us + 1.5/fsck
1 0 0 0 1 236.0 us + 0.5/fscx 237.6 us + 1.5/fsck
1 0 0 1 0 248.8 s + 0.5/fscx 250.4 us + 1.5/fsck
1 0 0 1 1 261.6 us + 0.5/fsck 263.2 us + 1.5/fsck
1 0 1 0 0 274.4 us + 0.5/fsck 276.0 us + 1.5/fsck
1 0 1 0 1 287.2 us + 0.5/fsck 288.8 us + 1.5/fsck
1 0 1 1 0 300.0 us + 0.5/fsck 301.6 us + 1.5/fsck
1 0 1 1 1 312.8 us + 0.5/fsck 314.4 us + 1.5/fsck
1 1 0 0 0 325.6 us + 0.5/fsck 327.2 us + 1.5/fsck
1 1 0 0 1 338.4 us + 0.5/fscx 340.0 us + 1.5/fsck
1 1 0 1 0 351.2 us + 0.5/fscx 352.8 us + 1.5/fsck
1 1 0 1 1 364.0 us + 0.5/fsck 365.6 us + 1.5/fsck
1 1 1 0 0 376.8 us + 0.5/fsck 378.4 us + 1.5/fsck
1 1 1 0 1 389.6 s + 0.5/fsck 391.2 us + 1.5/fsck
1 1 1 1 0 402.4 us + 0.5/fscx 404.0 us + 1.5/fsck
1 1 1 1 1 415.2 us + 0.5/fscx 416.8 us + 1.5/fsck
Note The data transfer interval includes an error. The data transfer minimum and maximum intervals

are found from the following expressions (n: Value setin ADTIO to ADTI4). However, if aminimum
which is calculated by the following expressions is smaller than 2/fsck, the minimum interval time

is 2/fsck.
6
Minimum = (n+1) x 2-_ +-28 ; 0.5
XX fxx fsck
6
Maximum = (n + 1) x —2°_ + 36 , 15
fxx fxx fsck

Cautions 1. Do not write to ADTI during operation of the automatic data transmit/receive function.
2. Bits 5 and 6 must be set to 0.

3. When controlling the data transfer interval by automatic transmit/receive using

ADTI, busy control (refer to 19.4.3 (4) (a) Busy control option) becomes invalid.

Remark fxx : Main system clock frequency (fx or fx/2)

fx : Main system clock oscillation frequency

fsck : Serial clock frequency
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Symbol

ADTI

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

ADTI7| O 0 |ADTI4|ADTI3|ADTI2|ADTI1|ADTIO| FF6BH 0OH R/W

ADTI7| Data Transfer Interval Control
0 No control of interval by ADTINete
1 Control of interval by ADTI (ADTIO to ADTI4)

Data Transfer Interval Specification (fxx = 2.5-MHz Operation)
ADTI4|ADTI3|ADTI2|ADTI1|ADTIO
Minimumnote 2 Maximum?tete 2

0 0 0 0 0 36.8 us + 0.5/fsck 40.0 us + 1.5/fsck
0 0 0 0 1 62.4 s + 0.5/fsck 65.6us + 1.5/fsck
0 0 0 1 0 88.0 s + 0.5/fsck 91.2 us + 1.5/fsck
0 0 0 1 1 113.6 us + 0.5/fsck 116.8 us + 1.5/fsck
0 0 1 0 0 139.2 us + 0.5/fsck 142.4 us + 1.5/fsck
0 0 1 0 1 164.8 us + 0.5/fsck 168.0 us + 1.5/fsck
0 0 1 1 0 190.4 us + 0.5/fsck 193.6 us + 1.5/fsck
0 0 1 1 1 216.0 us + 0.5/fsck 219.2 us + 1.5/fsck
0 1 0 0 0 241.6 us + 0.5/fsck 244.8 us + 1.5/fsck
0 1 0 0 1 267.2 us + 0.5/fsck 270.4 us + 1.5/fsck
0 1 0 1 0 292.8 us + 0.5/fsck 296.0 us + 1.5/fsck
0 1 0 1 1 318.4 us + 0.5/fscx 321.6 us + 1.5/fsck
0 1 1 0 0 344.0 us + 0.5/fscx 347.2 us + 1.5/fsck
0 1 1 0 1 369.6 us + 0.5/fscx 372.8 us + 1.5/fsck
0 1 1 1 0 395.2 us + 0.5/fsck 398.4 us + 1.5/fsck
0 1 1 1 1 420.8 us + 0.5/fsck 424.0 us + 1.5/fsck

Notes 1. The interval is dependent only on CPU processing.
2. The data transfer interval includes an error. The data transfer minimum and maximum

Cautions 1. Do not write to ADTI during operation of the automatic data transmit/receive function.

intervals are found from the following expressions (n: Value set in ADTIO to ADTI4).

However, if a minimum which is calculated by the following expressions is smaller than

2/fsck, the minimum interval time is 2/fsck.

Minimum = (n + 1) x 26 , 28 , 05

fxx fxx fsck

6
Maximum = (n + 1) x 2>+ 36, 1.5
fxx fxx fsck

2. Bits 5 and 6 must be set to 0.

3. When controlling the data transfer interval by automatic transmit/receive using
ADTI, busy control (refer to 19.4.3 (4) (a) Busy control option) becomes invalid.

Remark fxx : Main system clock frequency (fx or fx/2)

fx : Main system clock oscillation frequency
fsck : Serial clock frequency
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Symbol 7 6 5 4 3 2 1 0 Address  After Reset R/W

ADTI |ADTI7| O 0 |ADTI4|ADTI3|ADTI2|ADTI1|ADTIO| FF6BH OOH R/W

Data Transfer Interval Specification (fxx = 2.5-MHz Operation)

ADTI4|ADTI3|ADTI2|ADTI1|ADTIO

MinimumnNote MaximumnNote
1 0 0 0 0 446.4 us + 0.5/fsck 449.6 us + 1.5/fsck
1 0 0 0 1 472.0 us + 0.5/fsck 475.2 us + 1.5/fsck
1 0 0 1 0 497.6 us + 0.5/fsck 500.8 us + 1.5/fsck
1 0 0 1 1 523.2 s + 0.5/fsck 526.4 us + 1.5/fsck
1 0 1 0 0 548.8 s + 0.5/fsck 552.0 us + 1.5/fsck

574.4us + 0.5/fsck

577.6 ps + 1.5/fsck

600.044s + 0.5/fsck

603.2 s + 1.5/fscx

625.6 s + 0.5/fsck

628.8 s + 1.5/fsck

651.2 us + 0.5/fsck

654.4us + 1.5/fsck

676.8 us + 0.5/fsck

680.0 us + 1.5/fsck

702.4 us + 0.5/fscx

705.6 us + 1.5/fsck

728.0 us + 0.5/fsck

731.2 us + 1.5/fsck

753.6 s + 0.5/fscx

756.8 us + 1.5/fsck

779.2us + 0.5/fsck

782.4us + 1.5/fsck

804.8 s + 0.5/fsck

808.0 s + 1.5/fscx

830.4 us + 0.5/fsck

833.6 us + 1.5/fsck

Note The data transfer interval includes an error. The data transfer minimum and maximum intervals
are found from the following expressions (n: Value setin ADTIO to ADTI4). However, if aminimum
which is calculated by the following expressions is smaller than 2/fsck, the minimum interval time
is 2/fsck.

Minimum = (n + 1) x 26 +.28 L 05
fxx fxx fsck

26, 3 , .15

Maximum = (n + 1) x
fxx fxx fsck

Cautions 1. Do not write to ADTI during operation of the automatic data transmit/receive function.
2. Bits 5 and 6 must be set to 0.
3. When controlling the data transfer interval by automatic transmit/receive using
ADTI, busy control (refer to 19.4.3 (4) (a) Busy control option) becomes invalid.
Remark fxx : Main system clock frequency (fx or fx/2)
fx : Main system clock oscillation frequency
fsck : Serial clock frequency
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(2) Automatic transmit/receive data setting

(a) Transmit data setting

<1>

<2>

Write transmit data from the least significant address FACOH of buffer RAM (up to FADFH at
maximum). The transmit data should be in the order from high-order address to low-order
address.

Set to the automatic data transmit/receive address pointer (ADTP) the value obtained by
subtracting 1 from the number of transmit data bytes.

(b) Automatic transmit/receive mode setting

<1>
<2>
<3>

<4>

Set CSIE1 and ATE of the serial operating mode register 1 (CSIM1) to 1.

Set RE of the automatic data transmit/receive control register (ADTC) to 1.
Setadatatransmit/receive interval in the automatic data transmit/receive interval specify register
(ADTI).

Write any value to the serial 1/O shift register 1 (SI01) (transfer start trigger).

Caution Writing any value to SIO1 orders the start of automatic transmit/receive operation and

the written value has no meaning.

The following operations are automatically carried out when (a) and (b) are carried out.

« Afterthe buffer RAM data specified with ADTP is transferred to SIO1, transmission is carried out (start
of automatic transmission/reception).
e The received data is written to the buffer RAM address specified with ADTP.

« ADTP is decremented and the next data transmission/reception is carried out. Data transmission/
reception continues until the ADTP decremental output becomes 00H and address FACOH data is
output (end of automatic transmission/reception).

* When automatic transmission/reception is terminated, TRF is cleared to O.
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(3) Communication operation

416

(a) Basic transmission/reception mode

This transmission/reception mode is the same as the 3-wire serial I/O mode in which specified number
of data are transmitted/received in 8-bit units.

Serial transfer is started when any data is written to the serial I/O shiftregister 1 (S101) while bit 7 (CSIE1)
of the serial operating mode register 1 (CSIM1) is set to 1.

Upon completion of transmission of the last byte, the interrupt request flag (CSIIF1) is set. However,
determine whether the automatic transmission/reception is completed, not with CSIIF1 but with bit 3
(TRF) of the automatic data transmission/reception control register (ADTC).

If busy control and strobe control are not executed, the P23/STB and P24/BUSY pins can be used as
normal input/output ports.

Figure 19-8 shows the basic transmission/reception mode operation timings, and Figure 19-9 shows
the operation flowchart. Figure 19-10 shows an example of the buffer RAM operation in 6-byte
transmission/reception.

Figure 19-8. Basic Transmission/Reception Mode Operation Timings

‘ Interval ‘
so1 Yo7} ps)psfp4)ps)p2)p1Ypo Yo7} ps)psfp4)ps)p2)fp1Ypo /j A
si1 Yo7} ps)psfp4)ps)p2)p1)po 7)o psfp4)ps)p2fp1foo | [

Cautions 1. Because, inthe basic transmission/reception mode, the automatic transmit/receive
function writes/reads data to/from the buffer RAM after 1-byte transmission/reception,
an interval is inserted till the next transmission/reception. As the buffer RAM write/
read is performed at the same time as CPU processing, the maximum interval is
dependent upon CPU processing and the value of the automatic data transmit/
receive interval specify register (ADTI) (see (5) Automatic transmit/receive interval
time).

2. When TRF is cleared, the SO1 pin becomes low level.

Remark CSIIFO: Interrupt request flag
TRF : Bit 3 of automatic data transmit/receive control register (ADTC)
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Figure 19-9. Basic Transmission/Reception Mode Flowchart

( Start )

Write transmit data
in buffer RAM

Set ADTP to the value (pointer
value) obtained by subtracting 1
from the number of transmit

data bytes Software Execution

Set the transmission/reception
operation interval time in ADTI

Write any data to SIO1
(Start trigger)

Write transmit data from
buffer RAM to SIO1

Transmission/reception
operation

Decrement pointer value

Hardware Execution

Write receive data from
SI01 to buffer RAM

No

Pointer value =0

No

Software Execution

Yes

( )

ADTP: Automatic data transmit/receive address pointer
ADTI : Automatic data transmit/receive interval specify register
SIO1 : Serial I/O shift register 1

TRF : Bit 3 of automatic data transmit/receive control register (ADTC)
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In 6-byte transmission/reception (ARLD = 0, RE = 1) in basic transmit/receive mode, buffer RAM operates as
follows.

(i) Before transmission/reception (refer to Figure 19-10 (a))
After any data has been written to the serial 1/0 shift register 1 (SIO1) (start trigger: this data is not
transferred), transmit data 1 (T1) is transferred from the buffer RAM to SIO1. When transmission
of the first byte is completed, the receive data 1 (R1) is transferred from SIOL1 to the buffer RAM,
and automatic data transmit/receive address pointer (ADTP) is decremented. Then transmit data
2 (T2) is transferred from the buffer RAM to SIO1.

(ii) 4th byte transmission/reception point (refer to Figure 19-10 (b))
Transmission/reception of the third byte is completed, and transmit data 4 (T4) is transferred from
the buffer RAM to SIO1. When transmission of the fourth byte is completed, the receive data 4 (R4)
is transferred from SIO1 to the buffer RAM, and ADTP is decremented.

(iii) Completion of transmission/reception (refer to Figure 19-10 (c))
When transmission of the sixth byte is completed, the receive data 6 (R6) is transferred from SIO1

to the buffer RAM, and the interrupt request flag (CSIIF1) is set (INTCSI1 generation).

Figure 19-10. Buffer RAM Operation in 6-byte Transmission/Reception
(in Basic Transmit/Receive Mode) (1/2)

(a) Before transmission/reception

FADFH

FAC5H Transmit data 1 (T1) —27| Receive data 1 (R1) | SIO1

Transmit data 2 (T2) <~ -7

Transmit data 3 (T3)  [*~ e
<:> 5 ADTP
Transmit data 4 (T4) “ e

Transmitdata 5 (T5) [ .~

FACOH Transmit data 6 (T6) g 0 CSlIF1
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Figure 19-10. Buffer RAM Operation in 6-byte Transmission/Reception

FADFH

FAC5H

FACOH

FADFH

FAC5H

FACOH

(in Basic Transmit/Receive Mode) (2/2)

(b) 4th byte transmission/reception

Receive data 1 (R1)

Receive data 2 (R2)

Receive data 4 (R4)

Receive data 3 (R3)

Transmit data 4 (T4)

Transmit data 5 (T5)

Transmit data 6 (T6)

(c) Completion of transmission/reception

Receive data 1 (R1)

Receive data 2 (R2)

Receive data 3 (R3)

Receive data 4 (R4)

Receive data 5 (R5)

Receive data 6 (R6)

SI01

ADTP

CSIIF1

SI01

ADTP

CSIIF1
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(b) Basic transmission mode
In this mode, the specified number of 8-bit unit data are transmitted.
Serial transfer is started when any data is written to the serial I/O shiftregister 1 (S101) while bit 7 (CSIE1)
of the serial operating mode register 1 (CSIM1) is set to 1.
Upon completion of transmission of the last byte, the interrupt request flag (CSIIF1) is set. However,
determine whether the automatic transmission/reception is completed, not with CSIIF1 but with the bit
3 (TRF) of automatic data transmission/reception control register (ADTC).
If receive operation, busy control and strobe control are not executed, the P20/SI1, P23/STB and P24/
BUSY pins can be used as normal input/ports.
Figure 19-11 shows the basic transmission mode operation timings, and Figure 19-12 shows the
operation flowchart. Figure 19-13 shows an example of the buffer RAM operation in 6-byte transmission.

Figure 19-11. Basic Transmission Mode Operation Timings

L nterval
sck
so1  YorYooYosfoeYoefoeforfoe  YorYoe)osfoaYoafoefoifoe )\
. |
TRE

Cautions 1. Because, in the basic transmission mode, the automatic transmit/receive function
reads data from the buffer RAM after 1-byte transmission, an interval is inserted till
the next transmission. As the buffer RAM read is performed at the same time as
CPU processing, the maximum interval is dependent upon CPU processing and the
value of the automatic data transmit/receive interval specify register (ADTI) (see (5)
Automatic transmit/receive interval time).

2. When TRF is cleared, the SO1 pin becomes low level.

Remark CSIIF1: Interrupt request flag
TRF . Bit 3 of automatic data transmit/receive control register (ADTC)
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Figure 19-12. Basic Transmission Mode Flowchart

( Start )

Write transmit data
in buffer RAM

Set ADTP to the value (pointer
value) obtained by subtracting 1
from the number of transmit
data bytes

Set the transmission/reception
operation interval time in ADTI

Write any data to SIO1
(Start trigger)

Software Execution

Write transmit data from Decrement pointer value
buffer RAM to SIO1 P

Transmission operation

Hardware Execution

No

Pointer value =0

No

Software Execution

Yes

C End )

ADTP: Automatic data transmit/receive address pointer

ADTI : Automatic data transmit/receive interval specify register

SIO1 : Serial I/O shift register 1

TRF : Bit 3 of automatic data transmit/receive control register (ADTC)
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In 6-byte transmission (ARLD = 0, RE = 0) in basic transmit mode, buffer RAM operates as follows.

0]

Before transmission (refer to Figure 19-13 (a))

After any data has been written to the serial 1/0 shift register 1 (SI01) (start trigger: this data is not
transferred), transmit data 1 (T1) is transferred from the buffer RAM to SIO1. When transmission
of the first byte is completed, the automatic data transmit/receive address pointer (ADTP) is
decremented. Then transmit data 2 (T2) is transferred from the buffer RAM to SIO1.

(ii) 4th byte transmission point (refer to Figure 19-13 (b))

Transmission of the third byte is completed, and transmit data 4 (T4) is transferred from the buffer
RAM to SIO1. When transmission of the fourth byte is completed, ADTP is decremented.

(iii) Completion of transmission/reception (refer to Figure 19-13 (c))

When transmission of the sixth byte is completed, the interrupt request flag (CSIIF1) is set (INTCSI1
generation).

Figure 19-13. Buffer RAM Operation in 6-byte Transmission
(in Basic Transmit Mode) (1/2)

(a) Before transmission

FADFH
FAC5H Transmit data 1 (T1) =% SIo1
Transmit data 2 (T2) ""/1,/’/:::/:”//
Transmit data 3 (T3) - /////,//
gt @ 5 ADTP
Transmit data 4 (T4) T a1
Transmit data 5 (T5) . ///
FACOH Transmit data 6 (T6) ’ 0 CSlIF1
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FADFH

FAC5H

FACOH

FADFH

FAC5H

FACOH

Figure 19-13. Buffer RAM Operation in 6-byte Transmission
(in Basic Transmit Mode) (2/2)

(b) 4th byte transmission point

Transmit data 1 (T1)

Transmit data 2 (T2) g

Transmit data 3 (T3) - ’:/ O

Transmit data 4 (T4) e a

Transmit data 5 (T5) 7

Transmit data 6 (T6) 0

(c) Completion of transmission/reception

Transmit data 1 (T1)

Transmit data 2 (T2)

Transmit data 3 (T3)

Transmit data 4 (T4)

Transmit data 5 (T5)

Transmit data 6 (T6) 1

SI01

ADTP

CSIIF1

SIo1

ADTP

CSIlIF1
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(c) Repeat transmission mode

In this mode, data stored in the buffer RAM is transmitted repeatedly.

Serial transfer is started by writing any data to serial I/O shift register 1 (SIO1) when 1 is set in bit 7
(CSIE1) of the serial operating mode register 1 (CSIM1).

Unlike the basic transmission mode, after the last byte (data in address FACOH) has been transmitted,
the interrupt request flag (CSIIF1) is not set, the value at the time when the transmission was started
is setin the automatic data transmit/receive address pointer (ADTP) again, and the buffer RAM contents
are transmitted again.

When a reception operation, busy control and strobe control are not performed, the P20/SI1, P23/STB
and P24/BUSY pins can be used as ordinary input/output ports.

The repeat transmission mode operation timing is shown in Figure 19-14, and the operation flowchart

in Figure 19-15. Figure 19-16 shows an example of the buffer RAM operation in 6-byte repeat
transmission.

Figure 19-14. Repeat Transmission Mode Operation Timing

Interval Interval ‘

so1  XD7)XD6)XD5XD4XD3XD2)XD1XDO0 XD7)XD6 XD5XD4)XD3)D2)D1) D0 XD7)XD6 D5

Caution Since, in the repeat transmission mode, a read is performed on the buffer RAM after
the transmission of one byte, the interval is included in the period up to the next
transmission. Asthe buffer RAMread is performed at the same time as CPU processing,
the maximum interval is dependent upon the CPU operation and the value of the

automatic data transmit/receive interval specify register (ADTI) (see (5) Automatic
transmit/receive interval time).
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Figure 19-15. Repeat Transmission Mode Flowchart

( Start )

Write transmit data
in buffer RAM

Set ADTP to the value (pointer
value) obtained by subtracting 1
from the number of transmit

data bytes Software Execution

Set the transmission/reception
operation interval time in ADTI

Write any data to SIO1
(Start trigger)

Decrement pointer value

Write transmit data from
buffer RAM to SIO1

Transmission operation

Hardware Execution

No

Pointer value =0

Reset ADTP

ADTP: Automatic data transmit/receive address pointer
ADTI : Automatic data transmit/receive interval specify register
SIO1 : Serial I/O shift register 1
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In 6-byte transmission (ARLD = 1, RE = 0) in repeat transmit mode, buffer RAM operates as follows.

(i) Before transmission (refer to Figure 19-16 (a))
After any data has been written to the serial 1/0 shift register 1 (SI01) (start trigger: this data is not
transferred), transmit data 1 (T1) is transferred from the buffer RAM to SIO1. When transmission
of the first byte is completed, the automatic data transmit/receive address pointer (ADTP) is
decremented. Then transmit data 2 (T2) is transferred from the buffer RAM to SIO1.

(i) Upon completion of transmission of 6 bytes (refer to Figure 19-16 (b))
When transmission of the sixth byte is completed, the interrupt request flag (CSIIF1) is not set.
The first pointer value is set to ADTP again.

(iii) 7th byte transmission point (refer to Figure 19-16 (c))
Transmit data 1 (T1) is transferred from the buffer RAM to SIO1 again. When transmission of the
first byte is completed, ADTP is decremented. Then transmit data 2 (T2) is transferred from the
buffer RAM to SIO1.

Figure 19-16. Buffer RAM Operation in 6-byte Transmission
(in Repeat Transmit Mode) (1/2)

(a) Before transmission

FADFH
FAC5H Transmit data 1 (T1) s SIOo1
Transmit data 2 (T2) f""//,///j::/:c’/
Transmit data 3 (T3) - s
Pt @ 5 ADTP
Transmit data 4 (T4) R A
Transmit data 5 (T5) . ///
FACOH | Transmitdata6(T6) |~ 0 CSIIF1
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Figure 19-16. Buffer RAM Operation in 6-byte Transmission
(in Repeat Transmit Mode) (2/2)

(b) Upon completion of transmission of 6 bytes

FADFH
FAC5H Transmit data 1 (T1) =2 SIo1
Transmitdata2 (T2) [~~~ -~ 2727
Transmit data 3 (T3) s
Pt @ 5 ADTP
Transmit data 4 (T4) T et
Transmit data 5 (T5) . ///
FACOH Transmit data 6 (T6) ’ 0 CSlIF1
(c) 7th byte transmission point
FADFH
FAC5H Transmit data 1 (T1) =2 SIo1
Transmit data 2 (T2) "'////ji:j{’///
Transmit data 3 (T3) s
T @ 5 ADTP
Transmit data 4 (T4) PR 1
Transmit data 5 (T5) . ///
FACOH Transmit data 6 (T6) ’ 0 CSlIF1
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(d) Automatic transmission/reception suspending and restart
Automatic transmission/reception can be temporarily suspended by setting bit 7 (CSIE1) of the serial
operating mode register 1 (CSIM1) to 0.
If during 8-bit data transfer, the transmission/reception is not suspended if bit 7 (CSIE1) is setto 0, it
is suspended upon completion of 8-bit data transfer.
When suspended, bit 3 (TRF) of the automatic data transmit/receive control register (ADTC) is set to
0 after transfer of the 8th bit, and all the port pins used with the serial interface pins for dual function
(P20/sI1, P21/S01, P22/SCK1, P23/STB, and P24/BUSY) are set to the port mode.
For restart of automatic transmission/reception, remaining data can be transferred by setting CSIE1 to
1 and writing any data to the serial /O shift register 1 (SIO1).

Cautions 1. If the HALT instruction is executed during automatic transmission/reception,
transfer is suspended and the HALT mode is set if during 8-bit data transfer. When
the HALT mode is cleared, automatic transmission/reception is restarted from the
suspended point.

2. When suspending automatic transmission/reception, do not change the operating
mode to 3-wire serial I/O mode while TRF = 1.

Figure 19-17. Automatic Transmission/Reception Suspension and Restart

CSIE1 = 0 (Suspended Command) Suspend

— Restart Command
l CSIE1 = 1, Write to SIO1

sea  [JUUUUU L _
Yo7} ps)psfp4fps)p2)p1)po \\ Yo7)ps)ps)p4fps)p2)p1Ypo
Yo7)ps)psfp4fps)p2)p1)po % Yo7)ps)ps)p4fps)p2)p1Ypo

CSIE1: Bit 7 of serial operating mode register 1 (CSIM1)

SO

=

S

=
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(4) Synchronization control
Busy control and strobe control are functions for synchronizing sending and receiving between the master
device and slave device.
By using these functions, it is possible to detect bit slippage during sending and receiving.

(a) Busy control option
Busy control is a function which causes the master device’s serial transmission to wait when the slave
device outputs a busy signal to the master device, and maintain the wait state while that busy signal
is active.
When the busy control option is used, the conditions shown below are necessary.

« Bit 5 (ATE) of serial operation mode register 1 (CSIM1) should be set at (1).
e Bit 1 (BUSY1) of the automatic data transmit/receive control register (ADTC) should be set at (1).

The system configuration between the master device and slave device in cases where the busy control
option is used is shown in Figure 19-18.

Figure 19-18. System Configuration when the Busy Control Option is Used

Master Device

(LPD78070A, 78070AY) Slave Device
SCK1 SCK1
so1 so1
sl1 sl1
BUSY

The master device inputs the busy signal output by the slave device to pin BUSY/P24. In sync with
the fall of the serial clock, the master device samples the input busy signal. Even if the busy signal
becomes active during sending or receiving of 8 bit data, the wait does not apply. If the busy signal
becomes active at the rise of the serial clock 2 clock cycles after sending or receiving of 8 bit data ends,
the busy input first becomes effective at that point, and thereafter, sending or receiving of data waits
during the period that the busy signal is active.

The busy signal’s active level is set in bit 0 (BUSYO) of ADTC.

BUSYO0 = 0: Active high
BUSYO = 1: Active low

Furthermore, in the case that the busy control option is used, select the internal clock for the serial clock.
The busy signal cannot be controlled with an external clock.
The operation timing when the busy control option is used is shown in Figure 19-19.

Caution Busy control cannot be used at the same time as interval timing control using the

automatic data transmit/receive interval specify register (ADTI). If both are used
simultaneously, busy control becomes invalid.
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Figure 19-19. Operation Timings when Using Busy Control Option (BUSYO0 = 0)

so1 XD7XD6XD5XD4XD3XD2XD1XDO % XD7XD6XD5XD4XD3XD2XD1XDO \J /\
si1 XD?XDGXDSXD4XD3XD2XD1XDO i \\ XD7XD6XD5XD4XD3XD2XD1XDO /

BUSY |

CSIIF1

-= Busy Input Clear

[ Busy Input Valid

TRF

Caution When TRF is cleared, the SO1 pin becomes low level.

Remark CSIIF1: Interrupt request flag
TRF : Bit 3 of the automatic data transmit/receive control register (ADTC)

If the busy signal becomes inactive, the wait is canceled. If the sampled busy signal is inactive, sending
or receiving of the next 8 bit data begins from the fall of the next serial clock cycle.

Furthermore, the busy signal is asynchronous with the serial clock, so even if the slave side inactivates
the busy signal, it takes nearly 1 clock cycle at the most until it is sampled again. Also, it takes another
0.5 clock cycle after sampling until data transmission resumes.

Therefore, in order to definitely cancel a wait state, it is necessary for the slave side to keep the busy
signal for at least 1.5 clock cycles.

Figure 19-20 shows the timing of the busy signal and wait cancel. In this figure, an example of the case
where the busy signal becomes active when sending or receiving starts is shown.
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Figure 19-20. Busy Signal and Wait Cancel (when BUSYO = 0)
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***** BUSY Input Cancel
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(b) Busy & strobe control option
Strobe control is a function for synchronizing the sending and receiving of data between a master device
and slave device. When sending or receiving of 8 bit data ends, the strobe signal is output by the master
device from pin STB/P23. Through this means, the slave device can know the timing of the end of master
data transmission. Therefore, even if there is noise in the serial clock and bit slippage occurs,
synchronization is maintained and bit slippage has no effect on transmission of the next byte.
In the case that the strobe control option is used, the conditions shown below are necessary.

« Set bit 5 (ATE) of serial operation mode register 1 (CSIM1) at (1).
e Set bit 2 (STRB) of the automatic data transmit/receive control register (ADTC) at (1).

Normally, busy control and strobe control are used simultaneously as handshake signals. In this case,
together with output of the strobe signal from pin STB/P23, pin BUSY/P24 can be sampled and sending
or receiving can wait while the busy signal is being input.

If strobe control is not carried out, pin P23/STB can be used as a normal 1/O port.

Operation timing when busy and strobe control are used is shown in Figure 19-21.

Furthermore, if strobe control is used, the interrupt request flag (CSIIF1), set when sending or receiving
ends, is set after the strobe signal is output.
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Figure 19-21. Operation Timings when Using Busy & Strobe Control Option (BUSYO0 = 0)

so1 XD7XD6XD5XD4XD3XD2XD1XDO % XD?XDBXDSXD4XD3XD2XD1XDO )\
si1 XD7XD6XD5XD4XD3XD2XD1XDO \\ XD?XDGXDSXD4XD3XD2XD1XDO \ /

STB [ ] []

|

CSlIF1

-~ Busy Input Clear

sUsY "

777777777 Busy Input Valid

TRF

Caution When TRF is cleared, the SO1 pin becomes low level.

Remark CSIIF1: Interrupt request flag
TRF : Bit 3 of the automatic data transmit/receive control register (ADTC)
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(c) Bit slippage detection function through the busy signal

During an automatic transmit/receive operation, noise occur in the serial clock signal output by the
master device and bit slippage may occur in the slave device side serial clock. At this time, if the strobe
control option is not used, this bit slippage will have an effect on sending of the next byte. In such a
case, the busy control option can be used on the master device side and, by checking the busy signal
during sending, bit slippage can be detected.

Bit slippage detection through the busy signal is accomplished as follows.

The slave side outputs a busy signal after the serial clock rises on the 8th cycle of data sending or
receiving (at this time, if application of the wait state by the busy signal is not desired, the busy signal
is made inactive within 2 clock cycles).

The master device side samples the busy signal in sync with the fall of the serial clock’s front side. If
no bit slippage is occurring, the busy signal will be inactive in sampling for 8 clock cycles. If the busy
signal is found to be active in sampling, it is regarded as an occurrence of bit slippage error processing
is executed (bit 4 (ERR) of the automatic data transmit/receive control register (ADTC) is set at (1)).
The operation timing of the bit slippage detection function through the busy signal is shown in Figure

19-22.

Figure 19-22. Operation Timing of the Bit Slippage Detection Function through the Busy Signal
(when BUSYO0 = 1)

SCK1
(Master Side)

SCK1
(Slave Side)

so1  Xp7XpeXD5XD4XD3XD2XD1XDO XD?X// D7XD6XD5XD4XD3XD2)D1Y D0 |

))
T (

BUSY | | !

CSlIF1 ,
F
CSIE1 |
ERR |

))
T (

sit Xp7Xpe)D5XD4XD3XD2)XD1)XDO XD7X//D7XD6XD5XD4XD3XD2XD1>(;DO /

***** No busy detection
generation

-- Error interrrupt request

fffff Error detection

CSIIF1: Interrupt request flag
CSIE1 : Bit 7 of serial operation mode register 1 (CSIM1)
ERR : Bit 4 of the automatic data transmit/receive control register (ADTC)
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(5) Automatic transmit/receive interval time

When using the automatic transmit/receive function, the read/write operations from/to the buffer RAM are
performed after transmitting/receiving one byte. Therefore, an interval is inserted before the next transmit/
receive.

Since the read/write operations from/to the buffer RAM are performed in parallel with the CPU processing
when using the automatic transmit/receive function by the internal clock, the interval depends on the value
which is set in the automatic transmit/receive interval specification register (ADTI) and the CPU processing
at the rising edge of the eighth serial clock. Whether it depends on the ADTI or not can be selected by the
setting of its bit 7 (ADTI7). When it is set to 0, the interval depends only on the CPU processing. When
it is set to 1, the interval depends on the contents of the ADTI or CPU processing, whichever is greater.
When the automatic transmit/receive function is used by an external clock, it must be selected so that the
interval may be longer than the value indicated by paragraph (b).

Figure 19-23. Automatic Data Transmit/Receive Interval

‘ Interval ‘
so1 XD7XD6XD5XD4XD3XD2XD1XDO XD7XD6XD5XD4XD3XD2XD1XDO /}
si1 XD7XD6XD5XD4XD3XD2XD1XDO XD7XD6XD5XD4XD3XD2XD1XDO/

CSIIF1: Interrupt request flag
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(a) When the automatic transmit/receive function is used by the internal clock
If bit 1 (CSIM11) of serial operation mode register 1 (CSIM1) is set at (1), the internal clock operates.
If the automatic transmit/receive function is operated by the internal clock, interval timing by CPU
processing is as follows.
When bit 7 (ADTI17) of automatic data transmit/receive interval specify register (ADTI) is set to 0, the
interval depends on the CPU processing. When ADTI7 is set to 1, it depends on the contents of the
ADTI or CPU processing, whichever is greater.
Refer to Figure 19-5. Automatic Data Transmit/Receive Interval Specify Register Format for the
intervals which are set by the ADTI.

Table 19-2. Interval Timing through CPU Processing (when the Internal Clock is Operating)

CPU Processing Interval Time

When using multiplication instruction Max. (2.5Tsck, 13Tcpu)

When using division instruction Max. (2.5Tsck, 20Tcpu)
External access 1 wait mode Max. (2.5Tsck, 9Tcpu)
Other than above Max. (2.5Tsck, 7Tcpu)
Tsck o 1/fsck
fsck . Serial clock frequency
Tcpu . 1/fcpu
fcpu : CPU clock (setby bits 0to 2 (PCCO0 to PCC2) of the processor clock control register (PCC)

and bit 0 (MCS) of the oscillation mode selection register (OSMS))
MAX. (a, b) : a or b, whichever is greater

Figure 19-24. Operation Timing with Automatic Data Transmit/Receive Function Performed by
Internal Clock

- Uy L UL

!

« Uy MUy

‘« TSCK"‘ ‘<— Interval —»‘

ssa L LT L LI Ll LI L1 L [~
X
X

so1 XD7XD6XD5XD4XD3XD2XD1XDO%

si1 XD7XD6XD5XD4XD3XD2XD1XDO\'\’

fx . Main system clock oscillation frequency
fcru @ CPU clock (set by bits 0 to 2 (PCCO to PCC2) of the processor clock control register (PCC) and
bit 0 (MCS) of the oscillation mode selection register (OSMS).

Tcpu @ 1/fcpu
Tsck @ 1/fsck
fsck : Serial clock frequency
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(b) When the automatic transmit/receive function is used by the external clock

If bit 1 (CSIM11) of serial operation mode register 1 (CSIM1) is cleared to 0, external clock operation
is set.

When the automatic transmit/receive function is used by the external clock, it must be selected so that
the interval may be longer than the values shown as follows.

Table 19-3. Interval Timing through CPU Processing (when the External Clock is Operating)

CPU Processing Interval Time
When using multiplication instruction 13Tcpu or longer
When using division instruction 20Tcpu or longer
External access 1 wait mode 9Tcpu or longer
Other than above 7Tcpu or longer

Tcpu @ 1/fcpu

fcru : CPU clock (set by the bits 0 to 2 (PCCO to PCC2) of the processor clock control register (PCC)
and bit 0 (MCS) of the oscillation mode selection register (OSMS))
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20.1 Serial Interface Channel 2 Functions

Serial interface channel 2 has the following three modes.

« Operation stop mode
e Asynchronous serial interface (UART) mode
» 3-wire serial I/O mode

)

)

®3)

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 I/O mode (MSB-first/LSB-first switchable)

In this mode, 8-hit data transfer is performed using three lines: the serial clock (m), and serial data lines
(SI2, S02).

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 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.
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20.2 Serial Interface Channel 2 Configuration

Serial interface channel 2 consists of the following hardware.

Table 20-1. Serial Interface Channel 2 Configuration

Item

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)

Port mode register 7 (PM7)Nete

Note Refer to Figure 6-12. Block Diagram of P70 and Figure 6-13. Block Diagram of P71 and P72

Figure 20-1. Serial Interface Channel 2 Block Diagram

S Internal Bus <
Asynchronous Asynchronous
Serial Interface Serial Interface
- Status Register Mode Register
Receive Buffer o -
Register PE| FE |OVE irection TXE | RXE |PSL|PSO | CL | SL |IsRM|SCK
(RXB/SI02) Control
{} Circuit ¢ ¢ ¢ ¢ ¢ ¢
Direction iL
Control Transmit
Circuit Shift Register
N (TXS/SI02)
Receive
RXD/{SQ% @—Dﬂ»—» Shift Register
(RXS)
TxD/SO2
/P71
PM71
SCK Output
Reception D"NTSER Transmission Control Cirpéuit 4‘ %
] Control Control
PM72 Circuit [ INTSR/INTCSI2 Circuit
< <— ISRM —> INTST
ASCK/SCK2 ©
P72 >
Note
Baud Rate Generator fux tO
frod 210
SCK
CSCK

Serial Operating
Mode Register 2

L PR M=

CSIE2 C§£M CSCK MDL3|MDL2|MDL1|MDLO|TPS3|TPS2|TPS1

TPSO

Baud Rate Generator
Control Register

Internal Bus

Note See Figure 20-2 for the baud rate generator configuration.
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Figure 20-2. Baud Rate Generator Block Diagram

CSIE2
TXE
Start Bit

Terminal Clock —<—

Sampling Clock

Receive Clock

5-Bit . |
= Counter
S S
O = 8]
Qo ie} Q
2 112 % Match & [+ selector K1 fucto fus20
4 TPSOto TPS3
MDLO to MDL3 SCK
CSCK
Decoder
] 4
S
3]
: Match
) <—| 1/2 I
5-Bit
Counter
, RXE 4
Start Bit Detection ? ? b b
TPS3|TPS2|TPS1|TPSO|MDL3|MDL2|MDL1|MDLO

Control Register

Baud Rate Generator

Internal Bus

© ASCK/SCK2/P72
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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 set in 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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20.3 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)
e 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.

RESET input sets CSIM2 to 00H.

Figure 20-3. Serial Operating Mode Register 2 Format

Symbol .75 ¢ 5 4 3 2 1 0 Address  After Reset R/W

CSIM

CSIM2 |CSIE2] O 0 0 0 CSCK| 0 FF72H 00H R/W

22

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

Cautions 1. Ensure that bits 0 and 3 through 6 are set to 0.
2. When UART mode is selected, CSIM2 should be set to 00H.
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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 00H.

Figure 20-4. Asynchronous Serial Interface Mode Register Format

Symbol .75 <> 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 |
SCK | Clock in Asynchronous Serial Interface Mode

0 Input clock from off-chip to ASCK pin

1 Dedicated baud rate generator outputN°

ISRM | Control of Reception Completion Interrupt in Case
of Error Generation

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 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 setto 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 /0 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 20-2. Serial Interface Channel 2 Operating Mode Settings

(1) Operation Stop 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
0 0 X 0 x X xNote 1 | Note 1 | yNote 1|y Notel| yNote1l |y Notel _ _ P7O P71 P72
Other than above Setting prohibited
(2) 3-wire Serial 1/0 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
0 0| o0 1 0 0 | 1NotezxNote2) 1 1 x | MSB | External| Sl2Nete2 SO2 | SCK2input
clock (CMOS
output)
1 0 1 Internal SCK2 output
clock
1 1 0 1 | x |LSB |Extemal| Si2teez | SO2 = | 5CK2 input
clock (CMOS P
output)
1 0 1 Internal SCK2 output
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
1 0 0 0 0 0 | xNotel)xNotell 1 1 x | LSB |Externall P70 TxD ASCK input
clock (CMOS
output)
1 xNote 1 |y Note Internal P72
clock
0 1 0 0 0 0 1 x | xNotelixNotell 7] x Externall RxD P71 ASCK input
clock
1 xNote 1 | ycNote 1 Internal P72
clock
1 1 0 0 0 0 1 x 0 1 1 X External TxD ASCK input
clock (CMOs
output)
1 xNote 1 | 5cNote 1 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

Port output latch
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(3) 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 an 8-bit memory manipulation instruction.
In 3-wire serial /0O mode, the contents of the ASIS are undefined.
RESET input sets ASIS to O0H.

Figure 20-5. Asynchronous Serial Interface Status Register Format

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

ASIS 0 0 0 0 0 PE FE | OVE FF71H O00H R

L OVE

0 Overrun error not generated

Overrun Error Flag

Overrun error generatedhote
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 generated°te 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. Evenifthe 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.
RESET input sets BRGC to 00H.

Figure 20-6. Baud Rate Generator Control Register Format (1/2)

Symbol 7 6 5 4 3 2 1 0 Address  After Reset R/W
BRGC | TPS3 | TPS2 | TPS1 | TPSO |MDL3 |MDL2 | MDL1 | MDLO| FF73H 00H R/W

MDL3|MDL2 | MDL1|MDLO| Baud Rate Generator Input Clock Selection k

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 fscx/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.

Remark fSCK: 5-bit counter source clock
k : Value set in MDLO to MDL3 (0 < k < 14)
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Figure 20-6. 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/2m fxx/21° (4.9 kHz) fx/21t (2.4 kHz) 11
0 1 0 1| fxx fx (5.0 MHz) | fx/2 (2.5 MHz) 1
0 1 1 0 | fxx2 fx/2 (2.5 MHz) | fx/2? (1.25 MHz) 2
0 1 1 1| fxx/22 fx/22 (1.25 MHz) | fx/2? (625 kHz) 3
1 0 0 0 | fxx/23 fx/23 (625 kHz) | fx/2* (313 kHz) 4
1 0 0 1| fxx/2¢ fx/2 (313 kHz) | fx/2° (156 kHz) 5
1 0 1 0 | fxx/2s fx/25 (156 kHz) | fx/2° (78.1 kHz) 6
1 0 1 1| fxx/26 fx/26 (78.1 kHz) | fx/27 (39.1 kHz) 7
1 1 0 0 | fxx27 fx/27 (39.1 kHz) | fx/2® (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/20 fx/2° (9.8 kHz) fx/210 (4.9 kHz) 10
Other than above Setting prohibited

Caution When awrite 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.
2.

3
4.
5

fx

fxx

. MCS

n

: Main system clock oscillation frequency
: Main system clock frequency (fx or fx/2)

: Bit 0 of oscillation mode selection register (OSMS)
: 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.

[Baud rate] = fX—X [Hz]

2" x (k + 16)
where, 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 setin MDLO to MDL3 (0 < k < 14)

Table 20-3. Relationship between Main System Clock and Baud Rate

fx = 5.0 MHz fx = 4.19 MHz
Baud
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 — —

MCS: Bit 0 of oscillation mode selection register (OSMS)
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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.

fasck

[Baud rate] = o x(k+16) [Hz]

fasck : Frequency of clock input to ASCK pin
k : Value set in MDLO to MDL3 (0 < k < 14)

where,

Table 20-4. Relationship 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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20.4 Serial Interface Channel 2 Operation
Serial interface channel 2 has the following three modes.

* Operation stop mode
« Asynchronous serial interface (UART) mode
» 3-wire serial /0 mode

20.4.1 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 00H.

Symbol <75 & 5 4 3 2 1 0 Address  After Reset R/W

CSIM
22

CsIM2 |CSIE2] O 0 0 0 CSCK| 0 FF72H 00H RIW

CSIE2| Operation Control in 3-wire Serial /0 Mode

0 Operation stopped

1 Operation enabled

Caution Ensure that bit 0 and bits 3 through 6 are set to 0.
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(b)

Symbol

ASIM

Asynchronous serial interface mode register (ASIM)

ASIM is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input sets ASIM to O0H.

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

TXE | RXE | PS1 | PSO | CL SL |[ISRM| SCK FF70H 00H R/IW

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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20.4.2 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.

(1) 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.

Symbol

CSIM2

RESET input sets CSIM2 to 00H.

When the UART mode is selected, 00H should be set in CSIM2.

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

csie2l o | o | o | o sz”\" csck| o | FF72H OO0H RIW
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 /0 Mode
0 Operation stopped
1 Operation enabled

Caution Ensure that bit 0 and bits 3 through 6 are set 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 O0H.

Symbol .75 <> 5 4 3 2 1 0 Address  After Reset R/W
ASIM | TXE | RXE | PS1 | PSO CL SL |ISRM | SCK FF70H O0H R/W
L 1
SCK | Clock Selection in Asynchronous Serial Interface
Mode

0 Input clock from off-chip to ASCK pin

1 Dedicated baud rate generator outputhete

ISRM | Control of Reception Completion Interrupt 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 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 setto 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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(c) Asynchronous serial interface status register (ASIS)
ASIS is set with an 8-bit memory manipulation instruction.
RESET input sets ASIS to O0H.

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

ASIS 0 0 0 0 0 PE FE | OVE FF71H 00H R

L OVE

0 Overrun error not generated

Overrun Error Flag

Overrun error generatedote
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 generated°te 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 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.
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(d) Baud rate generator control register (BRGC)
BRGC is set with an 8-bit memory manipulation instruction.
RESET input sets BRGC to 00H.

454

Symbol 7 g 5 4 3 2 1 0  Address After Reset R/W
BRGC |TPS3|TPS2|TPS1|TPSO |MDL3|MDL2|MDL1 |MDLO| FF73H 00H R/W
MDL3|MDL2 | MDL1 | MDLO| Baud Rate Generator Input Clock Selection k
0 0 0 0 fscx/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 fsc/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 fscx/27 11
1 1 0 0 fscx/28 12
1 1 0 1 fsck/29 13
1 1 1 0 fsck/30 14
5-Bit Counter Source Clock Selection
TPS3|TPS2|TPS1|TPSO n
MCS =1 MCS =0
0 0 | 0 | 0 |fxx/2% fx/210 (4.9 kHz) fx/21t (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/2® (625 kHz) 3
1 0| 0 | 0 |fxx/22 fx/23 (625 kHz) | fx/2* (313 kHz) 4
1 0] o 1| fxx/2* fx/2° (313 kHz) | fx/2° (156 kHz) 5
1 0 1 | 0 |fxx/2s fx/25 (156 kHz) | fx/2° (78.1 kHz) 6
1 0 1 1 | fxx/2¢ fx/28 (78.1 kHz) | fx/27 (39.1 kHz) 7
1 1 0 0 | fxx/27 fx/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 |fxx2e fx/2° (9.8 kHz) fx/210 (4.9 kHz) 10
Other than above Setting prohibited
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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. fsck : 5-bit counter source clock

k : Value set in MDLO to MDL3 (0 < k < 14)

fx : Main system clock oscillation frequency

fxx  : Main system clock frequency (fx or fx/2)

MCS : Bit 0 of oscillation mode selection register (OSMS)

n : Value set in TPSO to TPS3 (1 < n <11)

Figures in parentheses apply to operation with fx = 5.0 MHz.

No ok owbd
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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.

[Baud rate] =

where,

fxx :

fxx

2" x (K + 16)

(HZ]

: Main system clock oscillation frequency

Main system clock frequency (fx or fx/2)

: Value set in TPSO to TPS3 (1 < n <11)
: Value set in MDLO to MDL3 (0 < k < 14)

Table 20-5. Relationship 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 — —
MCS: Bit 0 of oscillation mode selection register (OSMS)
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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

Baud rate] = ————  [H
[Baud rate] 2 % (k + 16) [Hz]
where, fasck : Frequency of clock input to ASCK pin

k : Value set in MDLO to MDL3 (0 < k < 14)

Table 20-6. Relationship 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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(2) Communication operation

458

(a) Data format
The transmit/receive data format is shown in Figure 20-7.

Figure 20-7. Asynchronous Serial Interface Transmit/Receive Data Format

‘ One Data Frame |

S;ﬁ” Do |D1|D2|D3|D4|Ds5|D6| D7 PBairt'ty Stop Bit

Character Bit —>‘

One data frame consists of the following bits.

o Start bit .....cocovvrnen. 1 bit

» Character bits.......... 7 bits/8 bits

e Parity bit.................. Even parity/odd parity/0 parity/no parity
e Stop bit(s) ceeerrnnneee. 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 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 O parity and no parity, an error cannot be detected.

(i) Even parity

¢ 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 : 0

« 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 transmit shift register (TXS) is shifted out, and when
the transmit shift register (TXS) is empty, a transmission completion interrupt request (INTST) is
generated.

Figure 20-8. Asynchronous Serial Interface Transmission Completion
Interrupt Request Generation Timing

(a) Stop bit length: 1

STOP |
TXD (Output) po X p1 X D2 D6 X 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 l

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 is performed during
transmission, subsequent transmit operations may not be possible (the normal
state is restored by R@nput).

Itis 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 baud rate generator (see Figure 20-2 ) 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 been received, 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.
When an error is generated, if bit 1 (ISRM) of ASIM is cleared to 0, INTSR is generated.
If ISRM bit is set to 1, INTSR is not 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 20-9. Asynchronous Serial Interface Reception Completion
Interrupt Request Generation 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.

If the data reception result error flag is set in the asynchronous serial interface status register (ASIS),
a receive error interrupt request (INTSER) is generated. A receive error interrupt is generated prior to
a receive completion interrupt request (INTSR). Receive error causes are shown in Table 20-7.

It is possible to determine what kind of error was generated during reception by reading the contents
of ASIS in the reception error interrupt servicing (see Figures 20-9 and 20-10).

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 20-7. 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
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o~ \__ o o o ) Do)
INTSRNote |_|

INTSER (when a framing
error or an overrun error

is generated)

INTSER (when a parity
error is generated)

Figure 20-10. Receive Error Timing

START

Note If areceive error is generated while bit 1 (ISRM) of the asynchronous serial interface mode register
(ASIM) is set to (1), INTSR is not generated.

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.

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

(a) When transmit operation is stopped by clearing (0) bit 7 (TXE) of the asynchronous serial interface mode
register (ASIM) 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) When receive operation is stopped by clearing (0) bit 6 (RXE) of the asynchronous serial interface mode
register (ASIM) during reception, the state of the receive buffer register (RXB) and whether a receive
completion interrupt request (INTSR) is generated or not differ depending on the receive stop timing.

Figure 20-11 shows the timing.

Figure 20-11. State of Receive Buffer Register (RXB) when Receive Operation is Stopped and
Whether Interrupt Request (INTSR) is Generated or Not

RxD Pin >< Parity /
RXB ><

INTSR

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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20.4.3 3-wire serial /0 mode
The 3-wire serial I/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 (SCK2), serial output (SO2), and serial input (SI2).

(1) Register setting

3-wire serial 1/O mode settings are performed using serial operating mode register 2 (CSIM2), the
asynchronous 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 00H.

Symbol <75 g 5 4 3 2 1 0 Address  After Reset R/W

CSIM2 |CSIE2] O 0 0 0
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CSIM

22 CSCK| 0 FF72H 00H RIW

CSCK| Clock Selection in 3-wire Serial I/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 I/O Mode

0 Operation stopped

1 Operation enabled

Caution Ensure that bit 0 and bits 3 through 6 are set 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 O0H.
When the 3-wire serial 1/0 mode is selected, 00H should be set in ASIM.

Symbol <75 <> 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 B
SCK | Clock 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 in Case
of Error Generation

Reception completion interrupt generated in case
of error generation

Reception completion interrupt 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
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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 O0H R/W

MDL3|MDL2 | MDL1 | MDLO| Baud Rate Generator Input Clock Selection k
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 fsck/21 5
0 1 1 0 fsex/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 —

5-Bit Counter Source Clock Selection
TPS3| TPS2|TPS1|TPSO n
MCS =1 MCS =0

0 0 0 0 | fxxs2t fx/210 (4.9 kHz) fx/21t (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 | fxx23 fx/23 (625 kHz) fx/24 (313 kHz) 4
1 0 0 1| fxx/2¢ fx/24 (313 kHz) fx/25 (156 kHz) 5
1 0 1 0 | fxx/2s fx/25 (156 kHz) fx/26 (78.1 kHz) 6
1 0 1 1 fxx/2° fx/2° (78.1 kHz) fx/27 (39.1 kHz) 7
1 1 0 0 fxx/27 fx/27 (39.1 kHz) fx/28 (19.5 kHz) 8
1 1 0 1| fxw/28 fx/28 (19.5 kHz) fx/29 (9.8 kHz) 9
1 1 1 0 | fxx/20 fx/2° (9.8 kHz) fx/210 (4.9 kHz) 10

Other than above Setting prohibited
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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. fsck : 5-bit counter source clock

k : Value set in MDLO to MDL3 (0 < k < 14)

fx : Main system clock oscillation frequency

fxx  : Main system clock frequency (fx or fx/2)

MCS : Bit 0 of oscillation mode selection register (OSMS)

n : Value set in TPSO to TPS3 (1 < n <11)

Figures in parentheses apply to operation with fx = 5.0 MHz.

No ok owbd
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When the internal clock is used as the serial clock in the 3-wire serial /0O 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 through TPS3.
Be sure then to set MDLO through MDL3 to 1,1,1,1.
The serial clock frequency becomes 1/2 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 through MDL3 and TPSO through TPS3.
Be sure then to set MDLO through MDL3 to 1,1,1,1.
The serial clock frequency is calculated by the following formula.

fxx
Serial clock frequency = ——— [HZz]
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)
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(2) 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/SI02) and receive shift register (RXS) shift operations are performed in
synchronization with the fall of the serial clock SCK2. 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/S102)
on the rise of SCK2.
At the end of an 8-bit transfer, the operation of the TXS/SIO2 or RXS stops automatically, and the interrupt
request flag (SRIF) is set.

Figure 20-12. 3-wire Serial 1/0 Mode Timing

SCK2 1 2 3 4 5 6 7 8

BAED D 3 3 € 3 9 &

SO2 x DO7 X DO6 X DO5 X DO4 X DO3 X DO2 X DO1 X/DOO

SRIF

L End of Transfer
Transfer Start at the Falling Edge of SCK2
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®3)

4)
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MSB/LSB switching as the start bit

The 3-wire serial I/O mode enables to select transfer to start from MSB or LSB.

Figure 20-13 shows the configuration of the transmit shift register (TXS/S102) 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 (CSIM22) of the serial operating mode register
2 (CSIM2).

Figure 20-13. Circuit of Switching in Transfer Bit Order

Internal Bus  -------------- e e i i i

LSB-first L
MSB-first —— Read/Write Gate | | Read/Write Gate

SO2 Latch

S12 | Transmit Shift Register (TXS/SI02) |—{D  Q W

D D A Y A

SO2

SCK2

Start bit switching is realized by switching the bit order for data write to SIO2. The SI02 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 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 CSIE2 is set to “1” after data write to TXS/SIO2, transfer does not start.

Upon termination of 8-bit transfer, serial transfer automatically stops and the interrupt request flag (SRIF)
is set.
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20.4.4 Restrictions on using UART mode
In the UART mode, a receive completion interrupt request (INTSR) is generated after a certain period of time
following the generation and clearing of the receive error interrupt request (INTSER). Thereby, the phenomenon

shown below may occur.

@ Details
If the bit 1 (ISRM) of the asynchronous serial interface mode register (ASIM) is set to 1, the setting is made
such that receive completion interrupt request (INTSR) will not be generated upon the generation of areceive
error. However, in the receive error interrupt (INTSER) servicing, if the receive buffer register (RXB) is read
within a certain timing (“a” in Figure 20-14), internal error flag is cleared (to 0). Therefore, no receive error
is judged to have been generated, and INTSR, which is not supposed to be generated, will be generated.
Figure 20-14 illustrates the operation above.

Figure 20-14. Receive Completion Interrupt Request Generation Timing (when ISRM = 1)

fsck

INTSER (when framing or
overrun error is generated)

Error flag (internal flag)

Cleared upon
INTSR reading RXB

Interrupt servicing routine X X X X X X X X X X
on CPU side
RXB reading Judged no receive error has been generated,
and INTSR is generated.

Remark ISRM : Bit 1 of asynchronous serial interface mode register (ASIM)
fsck  : 5-bit counter source clock of baud rate generator
RXB : Receive buffer register

To avoid this phenomenon, implement the following countermeasures.
® Countermeasures
« In the case of framing error or overrun error
Prohibit the reading of the receive buffer register (RXB) for a certain period (“T2” in Figure 20-15) after
the generation of a receive error interrupt request (INTSER).
* In the case of parity error

Prohibit the reading of the receive buffer register (RXB) for a certain period (“T1 + T2" in Figure 20-15)
after the generation of a receive error interrupt request (INTSER).
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Figure 20-15. Period that Reading Receive Buffer Register is Prohibited

RxD (input) \ /DO X D1 X D2 ijx D6 X D7 XParity/ STOP

INTSR

INTSER (when framing or
overrun error is generated)

INTSER (when parity error
is generated)

T1:

T2 :

START

T1 T2

The amount of time for one unit of data sent in the baud rate selected with the baud
rate generator control register (BRGC) (1/baud rate)

The amount of time for 2 clocks of 5-bit counter source clock (fsck) selected with
BRGC

@ Example of countermeasures

An example of the countermeasures is shown below.

[Condition]

fx = 5.0 MHz

Processor clock control register (PCC) = 00H
Oscillation mode selection register (OSMS) = 01H
Baud rate generator control register (BRGC) = BOH (when 2400 bps is selected for baud rate)

Tcy = 0.4 us (tcy = 0.2 us)

T1 =

2400

=416.7 us

T2=12.8x2=25.6 s

T1+T2

tcy

= 2212 (clock)
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[Example]

Main processing

[= ]

INTSER is generated —|

7 clocks (MIN.) of CPU clock
(time from interrupt request to servicing)

Instructions for

2205 clocks (MIN.)
of CPU clock are

required.

MOV A,RXB |
| RETI |

UART receive error interrupt (INTSER) servicing
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21.1 Real-time Output Port Functions

Data set previously in the real-time output buffer register can be transferred to the output latch by hardware
concurrently with timer interrupt request or external interrupt request generation, then output externally. This is
called the real-time output function. The pins that output data externally are called real-time output ports.

By using a real-time output, a signal which has no jitter can be output. This port is therefore suitable for control
of stepping motors, etc.

Port mode/real-time output port mode can be specified bit-wise.

21.2 Real-time Output Port Configuration
The real-time output port consists of the following hardware.

Table 21-1. Real-time Output Port Configuration

Item Configuration
Register Real-time output buffer register (RTBL, RTBH)
Control register Port mode register 12 (PM12)

Real-time output port mode register (RTPM)
Real-time output port control register (RTPC)

Figure 21-1. Real-time Output Port Block Diagram

g Internal Bus S

N AN AN
Real-time Output
Port Control
Register
BYTE | EXTR Port Mode
=—{ Register 12
(PM12)
INTP2 — Real-time Output | Real-time Output
INTTML Output Trigger Buffer Register Buffer Register
Control Circuit Higher 4 Bits Lower 4 Bits
INTTM2 —— (RTBH) (RTBL)
Real-time Output Port
Mode Register (RTPM)
_—
Output Latch <:
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(1) Real-time output buffer register (RTBL, RTBH)
Addresses of RTBL and RTBH are mapped individually in the special function register (SFR) area as shown
in Figure 21-2.
When specifying 4 bits x 2 channels as the operating mode, data can be set individually in RTBL and RTBH.
When specifying 8 bits x 1 channel as the operating mode, data can be setto both RTBL and RTBH by writing

8-bit data to either RTBL or RTBH.
Table 21-2 shows operations during manipulation of RTBL and RTBH.

Higher Lower

__41131t§__ 4 Bits

FF30H i RTBL
FF31H RTBH |
1

Figure 21-2. Real-time Output Buffer Register Configuration

Table 21-2. Operation in Real-time Output Buffer Register Manipulation

Operating Mode Register to be In ReadNete In WriteNete 2
Manipulated Higher 4 Bits | Lower 4 Bits | Higher 4 Bits | Lower 4 Bits
4 bits x 2 channels RTBL RTBH RTBL Invalid RTBL
RTBH RTBH RTBL RTBH Invalid
8 bits x 1 channel RTBL RTBH RTBL RTBH RTBL
RTBH RTBH RTBL RTBH RTBL

Notes 1.

set in the port mode, 0 is read out.

2. After setting data in the real-time output port, output data should be set in RTBL and RTBH by the

time a real-time output trigger is generated.
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21.3 Real-time Output Port Control Registers
The following three registers control the real-time output port.

« Port mode register 12 (PM12)
* Real-time output port mode register (RTPM)
« Real-time output port control register (RTPC)

(1) Port mode register 12 (PM12)
This register sets the input or output mode of port 12 pins (P120 to P127) which also function as real-time
output pins (RTPO to RTP7). To use port 12 as a real-time output port, the port pin that performs real-time
output must be set in the output mode (PM12n = 0: n = 0 to 7).
PM12 is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input sets this register to FFH.

Figure 21-3. Port Mode Register 12 Format

After
Reset

PM12 |PM127|PM126|PM125|PM124|PM123|PM122 |PM121|PM120 FF2CH FFH R/IW
\ | | | | | | |
‘ PM12n Selects 1/0 Mode of P12n Pin (n=0t0 7)

Symbol 7 6 5 4 3 2 1 0 Address RIW

0 Output mode (output buffer ON)

1 Input mode (output buffer OFF)

(2) Real-time output port mode register (RTPM)
This register selects the real-time output port mode/port mode bit-wise.
RTPM is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input sets this register to 00H.

Figure 21-4. Real-time Output Port Mode Register Format

After
Symbol 7 6 5 4 3 2 1 0 Address Reset R/W
RTPM |RTPM7|RTPM6|RTPM5RTPM4RTPM3|RTPM2|RTPM1RTPMO, FF34H 00H R/IW

RTPMn Real-time Output Port Selection (n =0 to 7)

0 Port mode

1 Real-time output port mode

Cautions 1. When using these bits as a real-time output port, set the ports to which real-time output
is performed to the output mode (set the bits of the port mode register 12 (PM12) to 0).
2. In the port specified as a real-time output port, data cannot be set to the output latch.
Therefore, when setting an initial value, data should be set to the output latch before
setting the real-time output mode.
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(3) Real-time output port control register (RTPC)

This register sets the real-time output port operating mode and output trigger.

Table 21-3 shows the relationship between the real-time output port operating mode and output trigger.
RTPC is set with a 1-bit or 8-bit memory manipulation instruction.

RESET input sets this register to 00H.

Figure 21-5. Real-time Output Port Control Register Format

After
Symbol 7 6 5 4 3 2 <1> <0> Address Reset R/IW
RTPC 0 0 0 0 0 0 |BYTE |EXTR FF36H O00H R/W
L EXTR Real-time Output Control by INTP2

0 INTP2 not specified as real-time output trigger

1 INTP2 specified as real-time output trigger

BYTE Real-time Output Port Operating Mode

0 4 bits x 2 channels

1 8 bits x 1 channel

Table 21-3. Real-time Output Port Operating Mode and Output Trigger

BYTE EXTR Operating Mode RTBH - Port Output RTBL - Port Output
0 0 4 bits x 2 channels INTTM2 INTTM1
1 INTTM1 INTP2
1 0 8 bits x 1 channel INTTM1
1 INTP2
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22.1 Interrupt Function Types

The following three types of interrupt functions are used.

1)

2

3

Non-maskable interrupt

This interrupt is acknowledged unconditionally even in a 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.

The non-maskable interrupt has one source of interrupt request from the watchdog timer.

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, and 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 (see Table 22-1).
A standby release signal is generated.

The maskable interrupt has seven sources of external interrupt requests and fifteen sources of internal
interrupt requests.

Software interrupt

This is a vectored interrupt to be generated by executing the BRK instruction. It is acknowledged even in
a disabled state. The software interrupt does not undergo interrupt priority control.
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22.2 Interrupt Sources and Configuration

There are total of 24 non-maskable, maskable, and software interrupts in the interrupt sources (see Table 22-1).

Table 22-1. Interrupt Source List (1/2)

Interrupt Default Interrupt Source Internal/ \‘/r?acbtl?sr Conﬁgjlr(;tion
1 1tyNote 1
Type Priority Name Trigger External Address TypeNote2
Non- Watchdog timer overflow (with
maskable — INTWDT (A)

watchdog timer mode 1 selected)

Internal 0004H

Watchdog timer overflow (with
0 INTWDT (B)

interval timer mode selected)

1 INTPO 0006H ©)
2 INTP1 0008H
3 INTP2 000AH
4 INTP3 Pin input edge detection External 000CH (D)
5 INTP4 000OEH
6 INTPS 0010H
7 INTP6 0012H
Maskable 8 INTCSIO End of serial interface channel 0 0014H

transfer

End of serial interface channel 1
9 INTCSI1 0016H

transfer

10 INTSER Serial interface channel 2 UART 0018H

reception error generation
P 9 Internal (B)

End of serial interface channel 2

UART reception
11 001AH

INTCSI2 End of serial interface channel 2

INTSR

3-wire transfer

12 INTST End of serial interface channel 2 001CH

UART transfer

Notes 1. Default priorities are intended for two or more simultaneously generated maskable interrupt requests.
0 is the highest priority and 20 is the lowest priority.
2. Basic configuration types (A) to (E) correspond to (A) to (E) of Figure 22-1.
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Table 22-1. Interrupt Source List (2/2)

Interrupt Default Interrupt Source Internal/ Vector Basic
Type PriorityNete External Table Configuration
yp Y Name Trigger Address TypeNoe?2
13 INTTM3 Reference time interval signal from 001EH
watch timer
Generation of 16-bit timer register,
14 INTTMOO | capture/compare register (CR0O0) 0020H
match signal
Generation of 16-bit timer register,
15 INTTMO1 | capture/compare register (CR01) 0022H
match signal
Generation of 8-bit timer/event
Maskable 16 INTTM1 Internal 0024H (B)
counter 1 match signal
Generation of 8 bit timer/event
17 INTTM2 0026H
counter 2 match signal
18 INTAD End of A/D converter conversion 0028H
Generation of 8-bit timer/event
19 INTTM5 ) 002AH
counter 5 match signal
Generation of 8-bit timer/event
20 INTTM6 . 002CH
counter 6 match signal
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 20 is the lowest priority.

2. Basic configuration types (A) to (E) correspond to (A) to (E) of Figure 22-1.
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Interrupt
Request

(A) Internal non-maskable interrupt

Figure 22-1. Basic Configuration of Interrupt Function (1/2)
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Figure 22-1. Basic Configuration of Interrupt Function (2/2)

(D) External maskable interrupt (except INTPO)

)

Internal Bus

Interrupt
Request

~~

External Interrupt

(E) Software interrupt

Interrupt
Request

!

Vector Table
Address
Generator

Standby

Mode Register MK IE PR ISP
(INTMO, INTM1)
Priority Control
Edge IF Circuit
Detector
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IF : Interrupt request flag
IE : Interrupt enable flag
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MK : Interrupt mask flag
PR : Priority specify flag
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22.3 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)

« Program status word (PSW)

Table 22-2 gives a listing of interrupt request flags, interrupt mask flags, and priority specify flags corresponding
to interrupt request sources.

Table 22-2. 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
INTP6 PIF6 PMK6 PPR6
INTCSIO CSIIFO IFOH CSIMKO MKOH CSIPRO PROH
INTCSI1 CSIIF1 CSIMK1 CSIPR1
INTSER SERIF SERMK SERPR
INTSR/INTCSI2 SRIF SRMK SRPR
INTST STIF STMK STPR
INTTM3 TMIF3 TMMK3 TMPR3
INTTMOO TMIFOO TMMKOO TMPROO
INTTMO1 TMIF01 TMMKO1 TMPRO1
INTTM1 TMIF1 IF1L TMMK1 MK1L TMPR1 PR1L
INTTM2 TMIF2 TMMK2 TMPR2
INTAD ADIF ADMK ADPR
INTTMS TMIF5 TMMKS TMPR5
INTTM6 TMIF6 TMMK6 TMPR6
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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-bit register IF0, use a 16-bit memory manipulation instruction for the setting.
RESET input sets these registers to 00H.

Figure 22-2. Interrupt Request Flag Register Format

After
Symbol <7> <6> <5> <4> <3> <2> <1> <0> Address Reset RIW
IFOL | PIF6 | PIF5 | PIF4 | PIF3 | PIF2 | PIF1 | PIFO |TMIF4 FFEOH O00H R/W
<7> <6> <5> <4> <3> <2> <1> <0>
IFOH |TMIFO1TMIFOO| TMIF3 | STIF | SRIF |SERIF|CSIIF1|CSIIFO FFE1H O0H R/W
<7> 6 5 <4> <3> <2> <1> <0>
IFLL [WTIF*™| 0 0 |TMIF6|TMIF5| ADIF |TMIF2 | TMIF1 FFE2H O00H R/W
\ \ \ \ \ \ \ \
xX[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

used in the watchdog timer mode 1, set TMIF4 flag to O.
2. Set always 0 in IF1L bits 5 and 6.
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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 IFOL and IFOH 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 22-3. Interrupt Mask Flag Register Format

Symbol <7> <6> <5> <4> <3> <2> <1> <0> Address RAef;e;rt RIW

MKOL | PMK6 |PMK5 |PMK4 |PMK3|PMK2 | PMK | PMK | TMMK4 FFE4H FFH R/W
<7> <6> <5> <4> <3> <2> <1> <0>

MKOH |TMMKO01 TMMKO00| TMMK3 | STMK |SRMK |SERMK |CSIMK1|CSIMKO FFE5H FFH R/W
<7> 6 5 <4> <3> <2> <1>  <0>

MKIL |wmk™| 1 1 |TMMK6|TMMK5| ADMK |TMMK2 | TMMK1 FFE6H FFH R/W

xxMKx Interrupt Servicing Control
0 Interrupt servicing enabled
1 Interrupt servicing disabled

Note WTMK controls standby mode release enable/disable and does not control interrupt functions.

Cautions 1. If TMMKA4 flag is read when a watchdog timer is used in the watchdog timer mode 1, the
read 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 5 and 6.
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(3) Priority specify flag registers (PROL, PROH, 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 IFOL and IFOH 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.

Symbol
PROL

PROH

PRI1L

Cautions 1. When a watchdog timer is used in the watchdog timer mode 1, set 1 in TMPR4 flag.

Figure 22-4. Priority Specify Flag Register Format

<7> <6> <5> <4> <3> <2>  <1>  <0> Address Réf;zrt R/W
PPR6 | PPR5 |PPR4 |PPR3 | PPR2 |PPR1 | PPRO [TMPR4| FFESH FFH R/W

<7> <6> <5> <4> <3> <2> <1l> <0>
TMPROLTMPROOTMPR3| STPR | SRPR [SERPRICSIPR1CSIPRO FFE9H FFH R/W

7 6 5 <4> <3> <2> <1> <0>

1 1 1 [TMPR6|TMPR5/ADPR [TMPR2ITMPR1 FFEAH FFH R/W

\ \ \ \ \ \ \ |

xxPRx Priority Level Selection

2. Set always 1 in PR1L bits 5 to 7.

0 High priority level

1 Low priority level
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(4) External interrupt mode register (INTMO, INTM1)
These registers set the valid edge for INTPO to INTP6.

INTMO and INTM1 are set by 8-bit memory manipulation instructions.

RESET input sets these registers to 00H.

Figure 22-5. External Interrupt Mode Register 0 Format

After

Symbol 7 6 5 4 3 2 1 0 Address Reset R/IW
INTMO | ES31 | ES30 | ES21 | ES20 | ES11|ES10| 0 0 FFECH 00H RIW
L \ | \ |
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 Set 0, 0, 0 to bits 1 through 3 (TMCO01 through TMCO03) of the 16-bit timer mode control
register (TMCO) and stop the timer operation before setting the valid edges of INTPO/TI00/

POO pin.
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Figure 22-6. External Interrupt Mode Register 1 Format

After
Symbol 7 6 5 4 3 2 1 0 Address Reset Riw
INTM1 | ES71 | ES70 |ES61 | ES60 | ES51 | ES50 | ES41 | 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

ES71 |ES70 INTP6 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 22-7. Sampling Clock Select Register Format

After
Symbol 7 6 5 4 3 2 1 0 Address Reset R/W
scs| o 0 0 0 0 0 |sCs1|scso FF47H OOH RIW
\—li INTPO Sampling Clock Selection
SCS1|SCS0
MCS =1 MCS =0
0 0 | fu/2V
0 1 | fd2” | £427(39.1 kHz) | £/2%(19.5 kHz)
1 0 | f2® | £/2%(156.3 kHz) | £/2°(78.1 kHz)
1 1 | f/2® | £2%(78.1kHz) | £/27(39.1 kHz)

Caution f xx/2Visaclockto be suppliedtothe CPUand f

xx/25, fxx/28 and f xx/27 are clocks to be supplied

to the peripheral hardware. f xx/2N stops in the HALT mode.

Remarks 1.
2.

3
4.
5

N : Value (N = 0 to 4) at bits 0 to 2 (PCCO to PCC2) of processor clock control register
fxx  : Main system clock frequency (fx or fx/2)
. fx : Main system clock oscillation frequency

MCS : Bit O of oscillation mode selection register (OSMS)

. Figures in parentheses apply to operation with fx = 5.0 MHz.



CHAPTER 22 INTERRUPT FUNCTIONS AND TEST FUNCTIONS

When the setting INTPO input level is active twice in succession, the noise eliminator sets interrupt request
flag (PIFO) to 1.
Figure 22-8 shows the noise eliminator input/output timing.

Figure 22-8. Noise Eliminator Input/Output Timing (during rising edge detection)

(@) When input is less than the sampling cycle (t  swmp)

tsmp

REEE—

Sampling Clock

INTPO i i
J L

PIFO “Prr

Because INTPO level is not active in sampling,
PIFO output remains at low level.

(b) When input is equal to or twice the sampling cycle (t SMP)

tsmp
Sampling Clock
: v 1 v
INTPO v <1> <2>
PIFO

Because sampling INTPO level is active 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

When INTPO level is active 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 multiple
interrupt servicing 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, and when the BRK
instruction is executed, the contents of PSW automatically is saved into a stack and the IE flag is reset to
0. If a maskable interrupt request is acknowledged contents of the priority specify flag of the acknowledged
interrupt are transferred to the ISP flag. The acknowledged contents of PSW is also saved into the stack
with the PUSH PSW instruction. It is reset from the stack with the RETI, RETB, and POP PSW instructions.
RESET input sets PSW to 02H.

Figure 22-9. Program Status Word Format

After
7 6 5 4 3 2 <1> <0> Reset
PSW | IE Z |RBS1| AC |[RBSO| O ISP | CY 02H

‘ Used when Normal Instruction is Executed

ISP Priority of Interrupt Currently Being Received
High-priority interrupt servicing
(low-priority interrupt disable)

Interrupt request not acknowledged or low-priority
1 interrupt servicing
(all-maskable interrupts enable)

IE Interrupt Request Acknowledge Enable/Disable
0 Disable
1 Enable
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22.4 Interrupt Servicing Operations

22.4.1 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, PSW
and 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 servicing program
is acknowledged after the current execution of the non-maskable interrupt servicing 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 22-10 shows the flowchart from non-maskable interrupt request generation to acknowledge. Figure 22-
11 shows the non-maskable interrupt request acknowledge timing. Figure 22-12 shows the acknowledge operation
if multiple non-maskable interrupt requests are generated.
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Figure 22-10. Flowchart from Non-maskable Interrupt Generation to Acknowledge

WDTM4 =1
(with watchdog timer
mode selected)?

No

'

Interval timer

Overflow in WDT?

WDTM3 =0

(with non-maskable No
interrupt selected)? 1
Reset processing
Interrupt request generation |
. . No
WDT interrupt servicing? i

Interrupt request
held pending

Interrupt control
register unaccessed?

Yes
Interrupt
service start

WDTM : Watchdog timer mode register
WDT : Watchdog timer

Figure 22-11. Non-maskable Interrupt Request Acknowledge Timing

PSW and PC Save, Jump|

CPU Instruction Instruction Instruction to Interrupt Servicing

Interrupt Sevicing
Program

TMIFA [ [ LT[R \
\ |
The interrupt request generated in this period is acknowledged at # timing.

TMIF4 : Watchdog timer interrupt request flag
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Figure 22-12. Non-maskable Interrupt Request Acknowledge Operation

(a) If a new non-maskable interrupt request is generated during
non-maskable interrupt servicing program execution

C Main Routine >

\

NMI Request <1> — -— NMI Request <1> Execute

NMI Request <2> Reserve
NMI Request <2> —

1 Instruction Execution —=

—~— Reserved NMI Request <2> Processing

/I

(b) If two non-maskable interrupt requests are generated during
non-maskable interrupt servicing program execution

C Main Routine )

-— NMI Request <1> Execute
NMI Request <2> —» NMI Request <2> Reserve
NMI Request <3> Reserve

NMI Request <1> —

NMI Request <3> —

1 Instruction Execution — %

\ -— Reserved NMI Request <2> Processing

NMI Request <3> Not Acknowledged
(Only 1 NMI request is acknowledged even if
two or more NMI requests are generated.)
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22.4.2 Maskable interrupt request acknowledge operation

A maskable interrupt request becomes acknowledgeable when an interrupt request flag is set to 1 and the
interrupt mask (MK) 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
service (with ISP flag reset to 0).

Wait times maskable interrupt request generation to interrupt servicing are shown in Table 22-3.

Refer to Figures 22-14 and 22-15 for the interrupt request acknowledge timing.

Table 22-3. Times from Maskable Interrupt Request Generation to Interrupt Service

Minimum Time Maximum TimeNete
When xxPRx =0 7 clocks 32 clocks
When xxPRx =1 8 clocks 33 clocks

Note Ifaninterruptrequestis generated just before a divide instruction, the wait time is maximized.
Remark 1 clock: L (fcpu: CPU clock)
fcpu

If two or more maskable interrupt requests are generated simultaneously, the request specified for higher priority
with the priority specify flag is acknowledged first. If two or more requests are specified for the same priority with
the priority specify flag, the interrupt request with the higher default priority is acknowledged first.

Any reserved interrupt requests are acknowledged when they become acknowledgeable.

Figure 22-13 shows interrupt request acknowledge algorithms.

When a maskable interrupt request is acknowledged, the contents of program status word (PSW) and program
counter (PC) are saved to stacks, in this order. Then, the IE flag is reset (to 0), and the value of the acknowledged
interrupt priority specify flag is transferred to the ISP flag. Further, the vector table data determined for each interrupt
request is loaded into PC and branched.

Return from the interrupt is possible with the RETI instruction.
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Figure 22-13. Interrupt Request Acknowledge Processing Algorithm

{ Start }

No
xx|F =17
Yes (Interrupt Request
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(4

xx|F : Interrupt request flag

xxMK : Interrupt mask flag

xxPR : Priority specify flag

IE : Flag to control maskable interrupt request acknowledge

ISP : Flag to indicate the priority of interrupt being serviced (0 = an interrupt with higher priority
is being serviced, 1 = interrupt request is not acknowledged or an interrupt with lower
priority is being serviced)
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Figure 22-14. Interrupt Request Acknowledge Timing (Minimum Time)

6 Clocks
. . . PSW and PC Save, Interrupt
CPU Processing Instruction Instruction Jump to Interrupt Servicing
Servicing Program
)
xxIF / (L] -
(xxPR = 1) \ ) |
‘ 8 Clocks
xxIF [ [ [ ]] / [ ] .
(xxPR = 0) ‘ ¢ [
‘ 7 Clocks ‘

1
Remark 1 clock: TForw (fcpu: CPU clock)
CPU

Figure 22-15. Interrupt Request Acknowledge Timing (Maximum Time)

25 Clocks 6 Clocks
. . L. i PSW and PC Save, Interrupt
CPU Processing Instruction Divide Instruction Jump to Interrupt Servicing
Servicing Program
xxIF [ ] ] L] .
(xxPR = 1) \ ( |
‘ 33 Clocks |
xxIF [ [/ [T ]
(xxPR =0) \ !
! 32 Clocks |

1
Remark 1 clock: Foru (fcpu: CPU clock)
CPU

22.4.3 Software interrupt request acknowledge operation
A software interrupt request is acknowledged by BRK instruction execution. Software interrupt cannot be

disabled.
If a software interrupt is acknowledged, the contents of program status word (PSW) and program counter (PC)

are saved to stacks, in this order. Then the IE flag is reset (to 0), and the contents of the vector tables (003EH

and 003FH) are loaded into PC and branched.
Return from the software interrupt is possible with the RETB instruction.

Caution Do not use the RETI instruction for returning from the software interrupt.

498



CHAPTER 22 INTERRUPT FUNCTIONS AND TEST FUNCTIONS

22.4.4 Multiple interrupt servicing

A multiple interrupt consists in acknowledging another interrupt during the execution of the interrupt.

A multiple interrupt is generated only in the interrupt request acknowledge enable state (IE = 1) (except non-
maskable interrupt). As soon as an interrupt request is acknowledged, it enters the acknowledge disable state (IE
= 0). Therefore, in order to enable a multiple interrupt, it is necessary to set the interrupt enable state by setting
the IE flag (1) with the El instruction during interrupt servicing.

Even in an interrupt enabled state, a multiple interrupt may not be enabled. However, it is controlled according
to the interrupt priority. There are two priorities, the default priority and the programmable priority. The multiple
interrupt is controlled by the programmable priority control.

If an interrupt request with the same or higher priority than that of the interrupt being serviced is generated, it
is acknowledged as a multiple interrupt. In the case of an interrupt with a priority lower than that of the interrupt
being processed, it is not acknowledged as a multiple interrupt.

Interrupt request not acknowledged as a multiple interrupt due to interrupt disable or a low priority is reserved
and acknowledged following one instruction execution of the main processing after the completion of the interrupt
being serviced.

During non-maskable interrupt servicing, multiple interrupts are not enabled.

Table 22-4 shows an interrupt request enabled for multiple interrupt during interrupt servicing, and Figure 22-
16 shows multiple interrupt examples.

Table 22-4. Interrupt Request Enabled for Multiple Interrupt during Interrupt Servicing

Multiple E;zrl;l;z: Non-maskable Maskable Interrupt Request
Interrupt xxPR =0 xxPR =1
Interrupt being Serviced Request IE=1 IE=0 IE=1 IE=0
Non-maskable interrupt D D D D D
Maskable interrupt ISP=0 E E D D D
ISP =1 E E D E D
Software interrupt E E D E D

Remarks 1. E: Multiple interrupt enable

2. D: Multiple 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 request is not accepted or an interrupt with lower priority is

being serviced

IE =0 : Interrupt request acknowledge is disabled
IE =1 : Interrupt request acknowledge is enabled

4. xxPR is a flag contained in PROL, PROH, and PRIL
xxPR = 0 : Higher priority level
xxPR = 1: Lower priority level
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Figure 22-16. Multiple Interrupt Example (1/2)

Example 1. Two multiple interrupts generated

Main Processing INTxx INTyy INTzz
Servicing Servicing Servicing

INTXX —
(PR=1)

During interrupt INTxx servicing, two interrupt requests, INTyy and INTzz are acknowledged, and
a multiple interrupt is generated. An El instruction is issued before each interrupt request
acknowledge, and the interrupt request acknowledge enable state is set.

Example 2. Multiple interrupt is not generated by priority control

Main Processing INTXx INTyy

Servicing Servicing
| El | IE=0

INTYy
(PR=1)

INTXX —
(PR=0)

RETI

1 Instruction
Execution

The interrupt request INTyy generated during interrupt INTxx servicing is not acknowledged
because the interrupt priority is lower than that of INTxx, and a multiple interrupt is not generated.

INTyy request is retained and acknowledged after execution of 1 instruction execution of the main
processing.

PR = 0 : Higher priority level
PR =1 : Lower priority level
IE = 0 : Interrupt request acknowledge disable
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Figure 22-16. Multiple Interrupt Example (2/2)

Example 3. A multiple interrupt is not generated because interrupts are not enabled

Main Processing INTxx INTyy
Servicing Servicing

1 Instruction
Execution

Because interrupts are not enabled in interrupt INTxx servicing (an El instruction is not issued),
interrupt request INTyy is not acknowledged, and a multiple interrupt is not generated. The INTyy
request is reserved and acknowledged after 1 instruction execution of the main processing.

PR = 0 : Higher priority level
IE = 0 : Interrupt request acknowledge disable
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22.4.5 Interrupt request reserve

Some instructions may reserve the acknowledge of an instruction request until the completion of the execution
of the next instruction even if the interrupt request is generated during the execution. The following shows such
instructions (interrupt request reserve instruction).

« 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

e SET1/CLR1 PSW.bit

« RETB

« RETI

¢ PUSH PSW

¢ POP PSW

* BT PSW.bit, $addrl6

« BF PSW.bit, $addr16

» BTCLR PSW.bit, $addr16

* El

e DI

¢ Manipulate instructions for IFOL, IFOH, IF1L, MKOL, MKOH, MK1L, PROL, PROH, PR1L, INTMO, INTM1
registers

Caution BRK instruction is not an interrupt request reserve instruction described above. However, in
a software interrupt started by the execution of BRK instruction, the IE flag is cleared to 0.
Therefore, interrupt requests are not acknowledged even when a maskable interrupt request
is issued during the execution of the BRK instruction. However, non-maskable interrupt
requests are acknowledged.

Figure 22-17 shows the interrupt request hold timing.

Figure 22-17. Interrupt Request Hold

Save PSW and PC, Interrupt service
Jump to interrupt service program

xxIF J \

CPU processing Instruction N Instruction M

Remarks 1. Instruction N : Instruction that holds interrupts requests
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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22.5 Test Functions

In this function, when the watch timer overflows, the corresponding test input flag is set (1), and a standby release

signal is generated.

Unlike the interrupt function, vectored processing is not performed.

There is one test input factor as shown in Table 22-5. The basic configuration is shown in Figure 22-18.

Table 22-5. Test Input Factors

Test Input Factors Internal/
Name Trigger External
INTWT Clock timer overflow Internal

Figure 22-18. Basic Configuration of Test Function

Internal bus

!

MK

Test input
signal IF

IF : Test input flag
MK: Test mask flag

22.5.1 Registers controlling the test function
The test function is controlled by the following two registers.

« Interrupt request flag register 1L (IF1L)
« Interrupt mask flag register 1L (MK1L)

| )~ Standy
release signal

The names of the test input flag and test mask flag corresponding to the test input signals are listed in Table

22-6.

Table 22-6. Flags Corresponding to Test Input Signals

Test Input Signal Name

Test Input Flag

Test Mask Flag

INTWT

WTIF

WTMK
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(1) Interrupt request flag register 1L (IF1L)
It indicates whether a clock 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 22-19. Interrupt Request Flag Register 1L Format

After

Symbol <7> 6 5  <4> <3> <2> <1> <0> Address Reset RIwW
IFIL|WTIF| O 0 [TMIF6|TMIF5| ADIF [TMIF2|TMIF1 FFE2H 00H R/IW
WTIF Clock timer overflow detection flag

0 Not detected

1 Detected

Caution Be sure to set bits 5 and 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 clock 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 22-20. Interrupt Mask Flag Register 1L Format

After
Symbol <7> 6 5 <4> <3> <2> <1> <0> Address  poet RIW
MKI1L [WTMK| 1 1 | TMMK6|TMMK5 | ADMK|TMMK2|TMMK1 FFE6H FFH RIW
WTMK Standby mode control by clock timer

0 Enables releasing the standby mode.

1 Disables releasing the standby mode.

Caution Be sure to set bits 5 and 6 to 1.

22.5.2 Test input signal acknowledge operation

 Internal test signal
If the watch timer overflows, an internal test input signal (INTWT) is generated, by which the WTIF flag is
set. Atthistime, ifitis not masked with the interrupt mask flag (WTMK), a standby release signal is generated.
The watch function is available by checking the WTIF flag at a shorter cycle than the watch timer overflow
cycle.
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23.1 External Device Expansion Functions

CHAPTER 23 EXTERNAL DEVICE EXPANSION FUNCTION

The external device expansion functions connect external devices to areas other than RAM and SFR.

External expansion can be executed in all 64 K address space except the internal RAM, SFR, and unusable

space.

Because the uPD78070A and u78070AY have no internal ROM, a ROM device should be connected using the
external device expansion function.

Unlike the uPD78078 and 78078Y Subseries, the external device expansion mode is fixed to the separate bus
mode. The external device is connected using a separate address bus and data bus. As an external latch circuit
is not required, the number of parts can be reduced and the packaging area can be minimized.

For connecting external devices, use the pins described in Table 23-1.

Table 23-1. Pin Functions in External Memory Expansion Mode

Name Function Alternate-Function Pin
ADO to AD7 Data bus -
AO to Al15 Address bus -
RD Read strobe signal -
WR Write strobe signal -
WAIT Wait signal pP66Note

Note When the external wait function is not used, the WAIT pin can be used as a port.

Caution As the external device expansion function is fixed to the separate bus mode, an address strobe
signal is not required. However, an address strobe signal is output from the ASTB pin. For
the output timing, refer to Figures 23-4 to 23-7.
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23.2 External Device Expansion Function Control Register

The external device expansion function is controlled by the memory expansion mode register (MM), memory
size switching register (IMS) and external bus type select register (EBTS).

(1) Memory expansion mode register (MM)
MM is a register that specifies the wait count.
MM is set with an 8-bit memory manipulation instruction.
RESET input sets this register to 10H.

Figure 23-1. Memory Expansion Mode Register Format

After
Symbol 7 6 5 4 3 2 1 0 Address Reset RIW

MM 0 0 PW1 | PWO 0 0 0 0 FFF8H 10H R/W

PW1 | PWO Wait Control

0 0 No wait

0 1 Wait (one wait state insertion)

1 0 Setting prohibited

1 1 Wait control by external wait pin

Caution Ensure that 0 is set in bits 0 to 3.

(2) Internal memory size switching register (IMS)
Although IMS is a register that specifies the internal high-speed RAM capacity, the memory size of the
UPD78070A and 78070AY cannot be changed.
IMS is set with an 8-bit memory manipulation instruction.
RESET input sets this register to COH.

Figure 23-2. Internal Memory Size Switching Register Format

Symbol 7 6 5 4 3 2 1 0 Address RAeféeeI; RIW
IMS |RAM2 | RAM1|RAMO| O 0 0 0 0 FEFOH COH RIW

L

RAM2|RAM1 |RAMO| Internal high-speed RAM size selection

1 1 0 1024 bytes

Other than above Setting prohibited

Caution Do not set IMS with a value other than those used for resetting.
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(3) External bus type select register (EBTS)

It sets the external device expansion function operating mode. This register is fixed to the separate bus

mode in the yPD78070A and 78070AY.

It is set by an 8-bit memory manipulation instruction.

RESET signal input sets EBTS to 01H.

Figure 23-3. External Bus Type Select Register Format

Symbol 7 6 5 4 3 2

0

EBTS| O 0 0 0 0 0

EBTSO

After

Address R/W

Reset

FF3FH 01H R/W

EBTSO

External device expansion function operating
mode selection

Multiplexed bus mode (setting prohibited)

1 Separate bus mode

Caution Do not set EBTS with a value other than those used for resetting.
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23.3 External Device Expansion Function Timing

Timing control signal output pins in the external memory expansion mode are as follows.

1)

)

3

4)

RD pin

Read strobe signal output pin. The read strobe signal is output in data accesses and instruction fetches
from external memory.

During internal memory access, the read strobe signal is not output (maintains high level).

WR pin
Write strobe signal output pin. The write strobe signal is output in data access to external memory.
During internal memory access, the write strobe signal is not output (maintains high level).

WAIT pin (Dual-function: P66)

External wait signal input pin. When the external wait is not used, the WAIT pin can be used as an input/
output port.

During internal memory access, the external wait signal is ignored.

ADO to AD7 and AO to A15 pins

Address/data signal output pin. Valid signal is output or input during data accesses and instruction fetches
from external memory. Also, during internal memory access, this signal changes. (Signal output description
is undefined.)

Timing charts are shown in Figures 23-4 to 23-7.
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Caution As the external device expansion function is fixed to the separate bus mode, an address
strobe signal is not required. However, an address strobe signal is output from ASTB pin.
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Figure 23-4. Instruction Fetch from External Memory

(a) No wait (PW1, PWO = 0, 0) setting

ASTBNo® / \
RD \ /

ADO to AD7 XLower Address ><Instruction CodeX
A0 to A7 X Lower Address X
A8 to A15 X Higher Address X

(b) Wait (PW1, PWO = 0, 1) setting

ASTBete 4/—\
RD \ /

ADO to AD7 X Lower Address X Instruction Code X
AO to A7 X Lower Address X
A8 to A15 X Higher Address X
Internal Wait Signal T TTTTTT Y SoTTTTTTETEmTm e m s

(1-clock waity — teeeeaaa

(c) External wait (PW1, PWO = 1, 1) setting

ASTBNte / \
RD \

A
-~

)L
A8
1t
ADO to AD7 XLower Address X " Instruction Code X

o
it

A0 to A7 X ,, Lower Address X
0
it

A8 to A15 X " Higher Address X
0

wr o/

Note Because the external device expansion function is fixed to the separate bus mode, an address strobe
signal is not required. However, an address strobe signal is output from the ASTB pin.
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Figure 23-5. External Memory Read Timing

(a) No wait (PW1, PWO = 0, 0) setting

ASTBN® / \

RD \ /
ADO to AD7 XLower AddressX Read Data X
A0 to A7 X Lower Address
A8 to A15 X Higher Address
(b) Wait (PW1, PWO = 0, 1) setting
ASTBNte J\
RD \ [
ADO to AD7 XLower AddressX Read Data ><:
A0 to A7 X Lower Address
A8 to A15 X Higher Address
Internal Wait Signal T TTTTTT ' A
(1-clock wait) Vemmm - !

(c) External wait (PW1, PWO0 = 1, 1) setting

ASTBN® / \
RD \

Al

))
|98
it
ADO to AD7 XLower AddressX " Read Data

|98
X

A0 to A7 X " Lower Address
(9
U

A8 10 AL5 X | Higher Address
(9

Note Because the external device expansion function is fixed to the separate bus mode, an address strobe
signal is not required. However, an address strobe signal is output from the ASTB pin.
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ASTBNole
WR

ADO to AD7
AO to A7

A8 to A15

ASTBNo®
WR
ADO to AD7

A0 to A7
A8 to A15

Internal Wait Signal
(1-clock wait)

ASTBM®
WR
ADO to AD7

A0 to A7

A8 to A15

WAIT

Figure 23-6. External Memory Write Timing

(a) No wait (PW1, PWO = 0, 0) setting

7\

\ /
Lower Address )= = == === === === === - Write Data
X > Hit < X
X Lower Address X
X Higher Address X
(b) Wait (PW1, PWO = 0, 1) setting
\ /
Lower Address p= = == = = ===="= R R Write Data
X ) e < X
X Lower Address ><
X Higher Address X
....................................... . A
AT, 1
(c) External wait (PW1, PWO0 = 1, 1) setting
I\ |
{
i /
N ))
XLower Address)' e '< : : Write Data X
9
))
X Lower Address EE X
))
X Higher Address EE X

| ——

Note Because the external device expansion function is fixed to the separate bus mode, an address strobe

signal is not required. However, an address strobe signal is output from the ASTB pin.
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Figure 23-7. External Memory Read Modify Write Timing

(a) No wait (PW1, PWO = 0, 0) setting

ASTBNo® / \

RD \ /
WR \ [
ADO to AD7 XLower AddressX Read Data >_I-1i-_Z_< Write Data X
A0 to A7 X Lower Address X
A8 to A15 X Higher Address X

(b) Wait (PW1, PWO = 0, 1) setting

ASTBNete [\
RD \ /
WR \ [
ADO to AD7 XLower AddressX Read Data )I:”:Z< Write Data X
AO to A7 X Lower Address X:
A8 to Al5 X Higher Address X__
Internal Wait Signal ~~~"""TTTTTTTTTTTR \ ST TTTTETEE T \ JoooTTTTTEmmEE Y

(1-clock wait)

(c) External wait (PW1, PWO = 1, 1) setting

ASTBNete / \ 1y )y
( [
_ )
RD A /
{
— it —
WR \ ))
ol
: :g Hi-Z )
ADO to AD7 XLower Address y Read Data >-< 5y Write Data X
( (
)z ))
AO to A7 X " Lower Address N X
19§ U
)) )
A8 to A15 X N Higher Address N X
9 138

WAIT [—— [

Note Because the external device expansion function is fixed to the separate bus mode, an address strobe
signal is not required. However, an address strobe signal is output from the ASTB pin.
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Remark Read modify write timing is generated when the following instructions are executed.

XCH
XCH
XCH
XCH
XCH
XCH
MOV1
SET1
CLR1
BTCLR

A, laddrl6

A, [DE]

A, [HL]

A, [HL + byte]
A, [HL + B]

A, [HL + C]
[HL].bit, CY
[HL].bit

[HL].bit

[HL].bit, $addr16

23.4 Example of Connection with Memory

Figure 23-8 shows an example of the connections between uPD78070A and external memories. In this
application example, a PROM is connected.

Figure 23-8. Example of Connection of uPD78070A and Memory

UPD78070A Voo UPD27C1001A
N S [
.
RD . OE
Data Bus
Address Bus oowoo7l
A0 to A15 > A0 to A15
ADO to AD7
— /)
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CHAPTER 24 STANDBY FUNCTION

24.1 Standby Function and Configuration

24.1.1 Standby function
The standby function is designed to decrease power consumption of the system. The following two modes are

available.

1)

2

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 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 Vop = 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 the 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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24.1.2 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 2%7/fx, not 2*¥/fx, until the STOP mode is cleared by RESET

input.
Figure 24-1. Oscillation Stabilization Time Select Register Format
Symbol 7 6 5 4 3 2 1 0 Address RAef;eert RIW
OSTS| © 0 0 0 0 |OSTS2|0STS1|OSTSO|  FFFAH 04H RIW
L ]
Selection of Oscillation Stabilization
0sTs2l0sTs105TS0 Time when STOP Mode is Released
MCS=1 MCS =0
0 | 0| 0 |2%f«| 2" (819us) |2 (1.64 ms)
0| 0| 1 [2"f«|2"/(3.28ms) |2"/x(6.55 ms)
0 | 1| 0 [|2%H«]| 2"/ (6.55ms) |2"x(13.1 ms)
0 | 1 | 1 |2%«]|2%f(13.1ms) |2"/x(26.2 ms)
1 0 | 0 |2« |2 (26.2 ms) | 2%« (52.4 ms)
Other than above| Setting prohibited

Caution The wait time after STOP mode clear does not include the time from STOP mode clear to clock
oscillation start (see “a” in the illustration below), whether the STOP mode is cleared by RESET
input or by interrupt request generation.

Remarks 1.

2.
3.
4.
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STOP Mode Clear

X1 Pin
Voltage
Waveform

Vss
fxx  : Main system clock frequency (fx or fx/2)
fx : Main system clock oscillation frequency
MCS : Bit 0 of oscillation mode selection register (OSMS)

Figures in parentheses apply to operation with fx = 5.0 MHz.
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24.2 Standby Function Operations

24.2.1 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 24-1. HALT Mode Operating Status

HALT mode setting

Item

HALT execution during

main system clock operation

HALT execution during

subsystem clock operation

With subsystem

ClockNote 1

Without subsystem

ClockNote 2

Main system
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 stops.

Port (output latch)

Status before HALT mode setting is held.

16-bit timer/event counter

Operable.

Operable when watch timer output
is used as count clock (with fxT
selected as count clock of watch
timer).

8-bit timer/event counter 1 and 2

Operable.

Operable when TI1 or TI2 is

selected as count clock.

8-bit timer/event counter 5 and 6

Operable.

Operable when TI5 or TI6 is
selected as count clock.

Watch timer

Operable when
fxx/27 is selected
as count clock.

Operable.

Operable when fxT is selected

as count clock.

auto transmit/receive is used

Watchdog timer Operable. Operation stops.
A/D converter Operable. Operation stops.
D/A converter Operable.
Real-time output port Operable.
Serial Interface
When a function other than | Operable. Operable at external SCK.

When auto transmit/receive
function is used

Operation stops.

External interrupt

INTPO

Operable when a clock (fxx/2°, fxx/28, fxx/27) for the

peripheral hardware is selected as sampling clock.

Operation stops.

INTP1 to INTP6

Operable.

Bus lines in external expansion

ADO to AD7

Enters high impedance state.

A0 to Al5 Holds the state before HALT mode is set.
ASTB Outputs low level.
WR, RD Outputs high level.
WAIT Enters high impedance state.
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 release
The HALT mode can be released with the following four types of sources.

(a) Release by unmasked interrupt request
When an unmasked interrupt requestis generated, the HALT mode is released. Ifinterrupt acknowledge

is enabled, vectored interrupt service is carried out. If disabled, the next address instruction is executed.

Figure 24-2. HALT Mode Release by Interrupt Request Generation

Interrupt
OALT Request
Instruction Wait ‘
Standby X
Release Signal |
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 1 8to 9 clocks
* When vectored interrupt service is not carried out : 2 to 3 clocks

(b) Release by non-maskable interrupt request
When a non-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) Release by unmasked test input

When an unmasked test signal is input, the HALT mode is released and the next address instruction
of the HALT instruction is executed.
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(d) Release by RESET input
When a RESET signal is input, the HALT mode is released. As inthe case with normal reset operation,

a program is executed after branch to the reset vector address.

Figure 24-3. HALT Mode Release by RESET Input

Wait
HALT | @x:262ms) |
Instruction ‘ ‘
RESET (
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. Figures in parentheses apply to operation with fx = 5.0 MHz.
Table 24-2. 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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24.2.2 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

oo via a pull-up

resistor to minimize 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 to the

HALT mode immediately after execution of the STOP instruction. After the wait set
using the oscillation stabilization time select register (OSTS), the operating mode is set.

The operating status in the STOP mode is described below.

Table 24-3. STOP Mode Operating Status

STOP mode setting
Item

With subsystem clock Without subsystem clock

Clock Generator

Only main system clock stops oscillation.

CPU

Operation stops.

Port (output latch)

Status before STOP mode setting is held.

16-bit timer/event counter

Operable when watch timer output is used Operation stops.
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.

8-bit timer/event counter 5 and 6

Operable when TI5 or TI6 are selected for the count clock.

Watch timer

Operable when xT is selected for the count clock. Operation stops.

Watchdog timer

Operation stops.

A/ID converter

Operation stops.

D/A converter

Operable.

Real-time output port

Operable when external trigger is used or TI1 and TI2 are selected for the 8-bit timer/

event counter 1 or 2 count clock.

Serial Interface

When a function other than auto
transmit/receive & UART is used

Operable only when externally supplied clock is specified as the serial clock.

When auto transmit/receive
function & UART is used

Operation stops.

External interrupt

INTPO

Operation disabled.

INTP1 to INTP6

Operable.

Bus lines in external expansion

ADO to AD7 Enters high impedance state.

A0 to Al5 Holds the state before STOP mode is set.
ASTB Outputs low level.

WR, RD Outputs high level.

WAIT Enters high impedance state.
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(2) STOP mode release
The STOP mode can be released with the following three types of sources.

(a) Release by unmasked interrupt request
When an unmasked interrupt requestis generated, the STOP mode isreleased. Ifinterrupt 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 24-4. STOP Mode Release by Interrupt Request Generation

Interrupt Wait
STOP Request ‘ (Time set by OSTS) ‘
Instruction ‘ ‘
Standby ) "
Release Signal | e e e —
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

When an unmasked test signal is input, the STOP mode is released. 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 released. After the lapse of oscillation stabilization
time, reset operation is carried out.

Figure 24-5. Release by STOP Mode RESET Input

Wait
STOP (2Mx:262ms) |
Instruction ‘
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. Figures in parentheses apply to operation with fx = 5.0 MHz.
Table 24-4. Operation after STOP Mode Release
Release Source MK xx 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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25.1 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 overrun 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, areset is applied and each hardware

is set to the status as shown in Table 25-1. 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 (2'7/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 (27/fx) (see Figures 25-2 to
25-4).

Cautions 1. For an external reset, input a low level for 10 Us or more to the RESET pin.
2. During reset input, main system clock oscillation remains stopped but subsystem clock
oscillation continues.

3. When the STOP mode is cleared by reset, the STOP mode contents are held during reset
input. However, the port pin becomes high-impedance.

Figure 25-1. Block Diagram of Reset Function

| Reset
5 N
RESET © If Reset Control Circuit Signal
Over-
] flow Interrupt
Count Clock Watchdog Timer Functi([J)n
Stop
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RESET

Internal
Reset Signal

Port Pin

X1

Watchdog
Timer Overflow

Internal
Reset Signal

Port Pin

SAVAVA

RESET
Internal

Reset Signal

Port Pin
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Figure 25-2. Timing of Reset Input by RESET Input

WV VAVAWANS

Reset Period
(Oscillation Stop)

L gtsactiwlill‘?ztiaﬁi%n Normal Operation
I Time Wait (Reset Processing)
| |
/ [
| I
| I
| |
| |
|
|
\4—»‘
I
‘ |
Delay
Hi-z

Figure 25-3. Timing of Reset due to Watchdog Timer Overflow

VAVAVAWA

Normal Operaton ———

AWV L\

<— Reset Period —<—— Oscillation ~——Normal Operation
(Oscillation Stop)

Stabilization (Reset Processing)
Time Wait

A

\/

Figure 25-4. Timing of Reset Input in STOP Mode by RESET Input

I VAVAVAS

STOP Instruction Execution

Normal Operation

Stop Status

=~ (Oscillation Stop) ™" (Oscillation Stop)

I Reset Period ! Oscillation Normal Operation
—»|«—— Stabilization |- R (P )
| | Time Wait (Reset Processing)
I T
I \ I / I I
| I I
I I I
. | ,
\\ I / I
\ \
| ]
Delay
Hi-z
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Table 25-1. Hardware Status after Reset (1/3)

Hardware

Status after Reset

Program counter (PC)Note?

The contents of reset vector tables

(0O000H and 0001H) are set.

Stack pointer (SP)

Undefined

Program status word (PSW)

02H

Data memory

UndefinedNete 2

RAM
General register UndefinedNote 2
Ports 0to 3, 7, 9, 10, 12, 13 00H
Port (Output latch) (PO to P3, P7, P9, P10, P12, P13)
Port 6 (P6) Undefined
Port mode register (PMO to PM3, PM6, PM7, PM9, PM10, PM12, PM13) FFH
Pull-up resistor option register (PUOH, PUOL) O0H
Processor clock control register (PCC) 04H
Oscillation mode selection register (OSMS) O00H
Memory size switching register (IMS) COH
External bus type selection register (EBTS) OOH
Memory expansion mode register (MM) 10H
Oscillation stabilization time select register (OSTS) 04H
Timer register (TMO) OOH
Capture/compare register (CR00, CR01) Undefined
16-bit timer/event counter Clock selection register (TCLO) OOH
Mode control register (TMCO) OOH
Capture/compare control register 0 (CRCO0) 04H
Output control register (TOCO) OOH
Timer register (TM1, TM2) OOH
8-bit timer/event counter Compare registers (CR10, CR20) Undefined
1 and 2 Clock select register (TCL1) O00H
Mode control registers (TMC1) O00H
Output control register (TOC1) OOH

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. If the reset is applied in the standby mode, the status before reset will be held after reset.
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Table 25-1. Hardware Status after Reset (2/3)

Hardware Status after Reset
8-bit timer/event counters Timer register (TM5, TM6) OOH
5and 6 Compare register (CR50, CR60) OOH

Clock select register (TCL5, TCL6) OOH

Mode control register (TMC5, TMC6) O0H
Watch timer Mode control register (TMC2) O0OH

Clock select register (TCL2) O00H
Watchdog timer

Mode register (WDTM) OOH
Serial interface Clock select register (TCL3) 88H

Shift registers (SI00, S101) Undefined

Mode registers (CSIMO, CSIM1, CSIM2) OOH

Serial bus interface control register (SBIC) O00H

Slave address register (SVA) Undefined

Automatic data transmit/receive control 00H

register (ADTC)

Automatic data transmit/receive address OOH
pointer (ADTP)

Automatic data transmit/receive interval O0OH
specify register (ADTI)

Asynchronous serial interface mode O00H
register (ASIM)

Asynchronous serial interface status O0H
register (ASIS)

Baud rate generator control register (BRGC) OOH

Transmit shift register (TXS) FFH

Receive buffer register (RXB)

Interrupt timing specify register (SINT) O00H

A/D converter Mode register (ADM) 01H
Conversion result register (ADCR) Undefined
Input select register (ADIS) OOH

D/A converter Mode register (DAM) OOH
Conversion value setting register O00H
(DACSO0, DACS1)

Real-time output port Mode register (RTPM) OOH
Control register (RTPC) O0H
Buffer register (RTBL, RTBH) O0H
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Table 25-1. Hardware Status after Reset (3/3)

Interrupt

Hardware Status after Reset
Request flag register (IFOL, IFOH, IF1L) OOH

Mask flag register (MKOL, MKOH, MK1L) FFH
Priority specify flag register FFH
(PROL, PROH, PR1L)

External interrupt mode register OOH
(INTMO, INTM1)

Sampling clock select register (SCS) O0H
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CHAPTER 26 INSTRUCTION SET

This chapter describes each instruction set of the uPD78070A and 78070AY as list table. For details of its operation
and operation code, refer to the separate document 78K/0 Series USER’'S MANUAL—Instructions (U12326E)
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26.1 Legends Used in Operation List

26.1.1 Operand identifiers and description methods

Operands are described in “Operand” column of each instruction in accordance with the description method of the
instruction operand identifier (refer to the assembler specifications for detail). When there are two or more description
methods, select one of them. Alphabetic letters in capitals and symbols, #, !, $ and [ ] are key words and 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, describe an appropriate numeric value or a label. When using a label, be sure to
describe the #, |, $, and [ ] symbols.

For operand register identifiers, r and rp, either function names (X, A, C, etc.) or absolute names (nhames in
parentheses in the table below, RO, R1, R2, etc.) can be used for description.

Table 26-1. Operand Identifiers and Description Methods

Identifier Description Method
r X (RO), A (R1), C (R2), B (R3), E (R4), D (R5), L (R6), H (R7),
p AX (RP0), BC (RP1), DE (RP2), HL (RP3)
sfr Special function register symbolNo
sfrp Special function register symbol (16-bit manipulatable register even addresses only)Net
saddr FE20H to FF1FH Immediate data or labels
saddrp FE20H to FF1FH Immediate data or labels (even address only)
addrl6 0000H to FFFFH Immediate data or labels

(Only even addresses for 16-bit data transfer instructions)

addrll 0800H to OFFFH Immediate data or labels
addr5 0040H to 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
RBn RBO to RB3

Note Addresses from FFDOH to FFDFH cannot be accessed with these operands.

Remark For special function register symbols, refer to Table 5-2. Special Function Register List
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26.1.2 Description of “operation” column

A : Aregister; 8-bit accumulator

X : Xregister

B . B register

C . Cregister

D . D register

E . E register

H : Hregister

L . Lregister

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
() : Memory contents indicated by address or register contents in parentheses
xu, XL : Higher 8 bits and lower 8 bits of 16-bit register
N . 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)

26.1.3 Description of “flag operation” column
(Blank) : Not affected

0 : Clearedto 0

1 : Settol

X . Set/cleared according to the result
R . Previously saved value is restored
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26.2 Operation List

Instruction | Mnemonic Operands Byte Clock Operation Flag
Group Note 1 Note 2 Z ACCY
8-bit data | MOV r, #byte 2 4+2n — r — byte
transfer saddr, #byte 3 6 +3n 7 +3n |[(saddr) — byte
sfr, #byte 3 — 7+3n |sfr — byte
A, rhoes 1 2+n — Acr
r, ANote3 1 2+n — r—A
A, saddr 2 4+2n 5+2n [A ~ (saddr)
saddr, A 2 4 +2n 5+2n [(saddr) « A
A, sfr 2 — 5+2n [A < sfr
sfr, A 2 — 5+2n |[sfr < A
A, laddrl6 3 8+ 3n 9+4n |A ~ (addrl6)
laddril6, A 3 8+3n | 9+3n+m |(addrl6) — A
PSW, #byte 3 — 7+3n |[PSW ~ byte X X X
A, PSW 2 — 5+2n |A - PSW
PSW, A 2 — 5+2n [PSW A X X X
A, [DE] 1 4+n 5+2n |A ~ (DE)
[DE], A 1 4+n 5+n+m |(DE) < A
A, [HL] 1 4+n 5+2n |A < (HL)
[HL], A 1 4+n 5+n+m | (HL) < A
A, [HL + byte] 2 8+2n 9+3n |[A < (HL + byte)
[HL + byte], A 2 8+2n 9+n+m | (HL + byte) -« A
A, [HL + B] 1 6+n 7+2n |A < (HL+B)
[HL+B], A 1 6+n 7+n+m |(HL+B) - A
A, [HL +C] 1 6+n 7+2n |A < (HL+C)
[HL+C], A 1 6+n 7+n+m |(HL+C) - A
XCH A, rhoes 1 2+n — Aor
A, saddr 2 4+2n 6+2n |[A o (saddr)
A, sfr 2 — 6+2n [A o sfr
A, laddrl6 3 8+3n |[10+4n+m |A - (addrl6)
A, [DE] 1 4+n | 6+2n+m |A o (DE)
A, [HL] 1 4+n | 6+2n+m |A o (HL)
A, [HL + byte] 2 8+2n [10+3n+m |A o (HL + byte)
A, [HL + B] 2 | 8+2n |10+3n+m |A o (HL+B)
A, [HL + C] 2 8+2n |[10+3n+m |A o (HL+C)

Notes 1. For instructions that access the internal high-speed RAM area or perform no data access
2. For instructions that access an area other than the internal high-speed RAM area
3. Except when “r = A”

Remarks 1. One clock in the “Clock” columns is equal to one cycle of the CPU clock (fcru) selected by the processor
clock control register (PCC).
2. nindicates wait cycles per byte to be inserted when an external expansion memory area is read or
fetched from.
3. m indicates wait cycles to be inserted when an external expansion memory area is written to.
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Instruction | Mnemonic Operands Byte Clock Operation Flag
Group Note 1 Note 2 Z ACCY
16-bit data | MOVW rp, #word 3 6 +3n — rp « word
transfer saddrp, #word 4 8 +4n 10 + 4n | (saddrp) — word
sfrp, #word 4 — 10 +4n |sfrp — word
AX, saddrp 2 6 +2n 8+2n |[AX « (saddrp)
saddrp, AX 2 6 +2n 8+2n |(saddrp) — AX
AX, sfrp 2 — 8+2n |[AX  sfrp
sfrp, AX 2 — 8+2n |[sfrp « AX
AX, rphotes 1 4+n — AX < 1p
rp, AXNote 3 1 4+n — p « AX
AX, laddr16 3 10+3n | 12+5n |AX ~ (addrl6)
laddrl6, AX 3 10 + 3n |12+2m+3n| (addrl6) — AX
XCHW AX, rphotes 1 4+n — AX o 1p
8-bit ADD A, #byte 2 4+ 2n — A, CY « A+ byte X X X
operation saddr, #byte 3 6 +3n 8 +3n [(saddr), CY ~ (saddr) + byte X X X
A, rhowe4 2 4+2n — A, CY « A+r X X %
rnA 2 4+2n — LCY «r+A X X X%
A, saddr 2 4+2n 5+2n |[A, CY ~ A+ (saddr) X X X
A, laddrl6 3 8 +3n 9+4n |A, CY « A+ (addrl6) X X X
A, [HL] 1 4+n 5+2n [A CY « A+ (HL) X X X
A, [HL + byte] 2 8+2n 9+3n [A CY « A+ (HL + byte) X X X
A, [HL + B] 2 | 8+2n | 9+3n |A CY c A+(HL+B) x x x
A, [HL +C] 2 8+2n 9+3n [A,CY « A+(HL+C) X X%
ADDC A, #byte 2 4+ 2n — A, CY « A+byte + CY X X X
saddr, #byte 3 6 +3n 8 +3n |(saddr), CY ~ (saddr) + byte + CY X X X
A, rhowe4 2 4+2n — A, CY « A+r+CY X X %
rnA 2 4+2n — nCY « r+A+CY X X X%
A, saddr 2 4+2n 5+2n [A, CY ~ A+ (saddr) + CY X X X
A, laddrl6 3 8 +3n 9+4n |[A, CY « A+ (addrl6) + CY X X X
A, [HL] 1 4+n 5+2n |[ACY « A+ (HL)+CY X X X
A, [HL + byte] 2 8+2n 9+3n [A CY « A+ (HL + byte) + CY X X X
A, [HL + B] 2 | 8+2n | 9+3n |A CY « A+(HL+B)+CY x x x
A, [HL +C] 2 8+2n 9+3n [A,CY « A+(HL+C)+CY X X%

Notes 1. For instructions that access the internal high-speed RAM area or perform no data access
2. For instructions that access an area other than the internal high-speed RAM area
3. Only when rp = BC, DE, or HL
4. Except when “r = A”

Remarks 1. One clock in the “Clock” columns is equal to one cycle of the CPU clock (fcru) selected by the processor
clock control register (PCC).
2. nindicates wait cycles per byte to be inserted when an external expansion memory area is read or
fetched from.
3. m indicates wait cycles to be inserted when an external expansion memory area is written to.
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Instruction | Mnemonic Operands Byte Clock Operation Flag
Group Note 1 Note 2 ACCY
8-bit SUB A, #byte 2 4 +2n — A, CY « A—byte X X
operation saddr, #byte 3 6 +3n 8+3n [(saddr), CY ~ (saddr)—byte X X
A, pioe3 2 4+2n — A CY « A—r x X
rnA 2 4+2n — LCY « r=A X x
A, saddr 2 4 +2n 5+2n [A, CY « A—(saddr) X X
A, laddr16 3 8+ 3n 9+4n |[A,CY ~ A-(addrl6) X X
A, [HL] 1 4+n 5+2n |A CY « A—(HL) X x
A, [HL + byte] 2 8 +2n 9+3n [A, CY « A—(HL + byte) X X
A, [HL + B] 2 8+2n | 9+3n |A CY -« A—(HL+B) X x
A, [HL +C] 2 | 8+2n | 9+3n |A,CY c A—(HL+C) x  x
SUBC A, #byte 2 4+ 2n — A, CY « A—byte - CY X X
saddr, #byte 3 6 +3n 8+3n [(saddr), CY ~ (saddr) —byte — CY X X X
A, rhoes 2 4+2n — A, CY « A-r-CY X X X%
rnA 2 4+ 2n — nCY « r-A-CY X X X
A, saddr 2 4 +2n 5+2n |[A, CY « A—(saddr)—-CY X X X%
A, laddrl6 3 8+ 3n 9+4n [A, CY ~ A-(addrl6) - CY X X X
A, [HL] 1 4+n 5+2n |A CY « A—(HL)-CY x x x
A, [HL + byte] 2 8+ 2n 9+3n [A CY ~ A—(HL + byte) - CY X X X
A, [HL + B] 2 8+2n | 9+3n |A CY « A—(HL+B)-CY x x x
A, [HL +C] 2 | 8+2n | 9+3n |A,CY « A—(HL+C)-CY X x x
AND A, #byte 2 4+ 2n — A — A\ byte X
saddr, #byte 3 6 +3n 8 +3n |(saddr) — (saddr) A\ byte X
A, rhoes 2 4+2n — A< ANT x
rnA 2 4+2n — r—rAA X
A, saddr 2 4 +2n 5+2n |[A < A/\(saddr) X
A, laddrl6 3 8+ 3n 9+4n |[A ~ A/ (addrl6) X
A, [HL] 1 4+n 5+2n |A < AN(HL) x
A, [HL + byte] 2 8 +2n 9+3n |[A ~ AN(HL + byte) X
A, [HL + B] 2 8+2n | 9+3n |A-AN(HL+B) x
A, [HL +C] 2 | 8+2n | 9+3n |[AAAN(HL+C) x

Notes 1. For instructions that access the internal high-speed RAM area or perform no data access
2. For instructions that access an area other than the internal high-speed RAM area
3. Except when “r = A”

Remarks 1. One clock in the “Clock” columns is equal to one cycle of the CPU clock (fcru) selected by the processor
clock control register (PCC).
2. nindicates wait cycles per byte to be inserted when an external expansion memory area is read or
fetched from.
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Instruction | Mnemonic Operands Byte Clock Operation Flag
Group Note 1 Note 2 Z ACCY
8-bit OR A, #byte 2 4+ 2n — A « AV byte X
operation saddr, #byte 3 6 +3n 8 +3n |(saddr) — (saddr) V byte X
A, rhowes 2 4+2n — A< AVr x
rnA 2 4+2n — r—rVA X
A, saddr 2 4 +2n 5+2n |[A <« AV (saddr) X
A, laddrl6 3 8+ 3n 9+4n |A ~ AV (addrl6) X
A, [HL] 1 4+n 5+2n |A < AV (HL) x
A, [HL + byte] 2 8+2n 9+3n |[A ~ AV (HL + byte) X
A, [HL + B] 2 8+2n | 9+3n |A-AV(HL+B) x
A, [HL +C] 2 | 8+2n | 9+3n |[A—AV(HL+C) x
XOR A, #byte 2 4+ 2n — A — AY byte X
saddr, #byte 3 6 +3n 8 +3n |(saddr) — (saddr) ¥ byte X
A, rhoes 2 4+2n — A« A¥Vr x
rnA 2 4+2n — r—r¥A X
A, saddr 2 4 +2n 5+2n |[A « A¥ (saddr) X
A, laddrl6 3 8+ 3n 9+4n |[A ~ A¥ (addrl6) X
A, [HL] 1 4+n 5+2n |A < AY(HL) x
A, [HL + byte] 2 8+2n 9+3n |[A ~ A¥ (HL + byte) X
A, [HL + B] 2 8+2n | 9+3n |A-AV(HL+B) x
A, [HL +C] 2 | 8+2n | 9+3n |A—A¥(HL+C) x
CMP A, #byte 2 4+ 2n — A —byte X X X
saddr, #byte 3 6 +3n 8 +3n |(saddr) — byte X X X
A, rhoes 2 4+2n — A-r X X X%
rnA 2 4+ 2n — r—-A X X X
A, saddr 2 4 +2n 5+2n |[A-—(saddr) X X ox
A, laddrl6 3 8+ 3n 9+4n |A-(addrl6) X X X
A, [HL] 1 4+n 5+2n |A—(HL) x x x
A, [HL + byte] 2 8+2n 9+3n |[A-(HL + byte) X X X
A, [HL + B] 2 8+2n | 9+3n |A—(HL+B) x x x
A, [HL +C] 2 | 8+2n | 9+3n |A-(HL+C) x X x

Notes 1. For instructions that access the internal high-speed RAM area or perform no data access
2. For instructions that access an area other than the internal high-speed RAM area
3. Except when “r = A”

Remarks 1. One clock in the “Clock” columns is equal to one cycle of the CPU clock (fcru) selected by the processor
clock control register (PCC).
2. nindicates wait cycles per byte to be inserted when an external expansion memory area is read or
fetched from.
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Instruction | Mnemonic Operands Byte Clock Operation Flag
Group Note 1 Note 2 Z ACCY
16-bit ADDW AX, #word 3 6 +3n — AX, CY ~ AX + word X X X%
operation | SUBW AX, #word 3 6 +3n — AX, CY « AX —word X X X
CMPW AX, #word 3 6+3n — AX —word X X %
Multiply MULU X 2 16+ 2n — AX <« AxX
divide DIVUW C 2 25+ 2n — AX (Quotient), C (Remainder) — AX/C
Increment | INC r 1 2+n — r—r+1 x X
decrement saddr 2 4 +2n 6 +2n | (saddr) — (saddr) + 1 X X
DEC r 1 2+n — r—r-1 X %
saddr 2 4 +2n 6 +2n | (saddr) — (saddr) -1 X X
INCW p 1 4+n — m—rp+l
DECW p 1 4+n — me—rmp-1
Rotate ROR Al 1 2+n — (CY,A7 -« AO,Am -1 « Am) x 1 time X
ROL Al 1 2+n — (CY,A0 - A7,Am+1 — Am) x 1 time X
RORC Al 1 2+n — (CY « AO,A7 - CY,Am-1 — Am) x 1 time x
ROLC Al 1 2+n — (CY -« A7,A0 « CY,Am+1 « Am) x 1 time X
ROR4 [HL] 2 | 10+2n |[12+3n+m|A3-0 « (HL)3-0, (HL)7 -4 — A3-0,
(HL)3-0 « (HL)7-4
ROL4 [HL] 2 | 10+2n |[12+3n+m|A3-0 « (HL)7 -4, (HL)3-0 — A3-0,
(HL)7-4 « (HL)3-0
BCD ADJBA 2 4+ 2n — Decimal Adjust Accumulator after Addition X X X
adjust ADJBS 2 4 +2n — Decimal Adjust Accumulator after Subtract | x x x
Bit mani- | MOV1 CY, saddr.bit 3 6 +3n 7+3n |CY — (saddr.bit) X
pulation CY, sfr.bit 3 — 7+3n | CY ~ sfr.hit X
CY, A.bit 2 4+ 2n — CY ~ A.bit x
CY, PSW.hit 3 — 7+3n |CY —~ PSW.hit X
CY, [HL].bit 2 | 6+2n | 7+3n |CY — (HL).bit x
saddr.bit, CY 3 6 +3n 8 +3n | (saddr.bit) - CY
sfr.bit, CY 3 — 8+3n |sfrbit - CY
A.bit, CY 2 4 +2n — A.bit « CY
PSW.bit, CY 3 — 8+3n |PSW.bit - CY X X
[HL].bit, CY 2 6+2n | 8+3n+m | (HL).bit - CY

Notes 1. For instructions that access the internal high-speed RAM area or perform no data access

2. For instructions that access an area other than the internal high-speed RAM area

Remarks 1. One clock in the “Clock” columns is equal to one cycle of the CPU clock (fcru) selected by the processor
clock control register (PCC).
2. nindicates wait cycles per byte to be inserted when an external expansion memory area is read or
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Instruction | Mnemonic Operands Byte Clock Operation Flag
Group Note 1 Note 2 Z ACCY
Bit mani- |AND1 CY, saddr.bit 3 6 +3n 7+3n |[CY < CY A (saddr.bit) X
pulation CY, sfr.bit 3 — 7+3n [CY ~ CYAsfrbit X
CY, A.bit 2 4 +2n — CY ~ CY N\ A.bit X
CY, PSW.bit 3 — 7+3n [CY ~ CYN\PSW.bit x
CY, [HL].bit 2 6+ 2n 7+3n [CY « CYA(HL).bit X
OR1 CY, saddr.bit 3 6 +3n 7+3n |[CY ~ CYV (saddr.bit) X
CY, sfr.bit 3 — 7+3n |CY — CY\Vsfrbit x
CY, A.bit 2 4+ 2n — CY ~ CYVA.bit x
CY, PSW.bit 3 — 7+3n |[CY ~ CYVPSW.hit x
CY, [HL].bit 2 | 6+2n | 7+3n |CY < CYV (HL).bit x
XOR1 CY, saddr.bit 3 6+ 3n 7+3n |[CY « CY ¥ (saddr.hit) X
CY, sfr.bit 3 — 7+3n [CY ~ CY¥sfrbit X
CY, A.bit 2 4 +2n — CY ~ CY Y A.bit X
CY, PSW. bit 3 — 7+3n |[CY ~ CY¥PSW.bit x
CY, [HL].bit 2 6+ 2n 7+3n [CY « CY ¥ (HL).bit X
SET1 saddr.bit 2 4+2n 6 +2n |(saddr.bit) ~ 1
sfr.bit 3 — 8+3n |sfrbit - 1
A.bit 2 4+ 2n — Abit « 1
PSW.bit 2 — 6+2n [PSW.it - 1 X X X%
[HL].bit 2 6+2n | 8+3n+m |(HL).bit — 1
CLR1 saddr.bit 2 4 +2n 6 +2n |[(saddr.bit) - O
sfr.bit 3 — 8+3n |sfrbit - 0
A.bit 2 4+2n — A.bit — 0
PSW.bit 2 — 6+2n [PSW.bit - O x X X
[HL].bit 2 6+2n | 8+3n+m |(HL).bit — O
SET1 CY 1 2+n — CY -1 1
CLR1 CcYy 1 2+n — CY -0 0
NOT1 cY 1 | 2+n — ey ocy x

Notes 1. For instructions that access the internal high-speed RAM area or perform no data access
2. For instructions that access an area other than the internal high-speed RAM area

Remarks 1. One clock in the “Clock” columns is equal to one cycle of the CPU clock (fcru) selected by the processor
clock control register (PCC).
2. nindicates wait cycles per byte to be inserted when an external expansion memory area is read or
fetched from.
3. m indicates wait cycles to be inserted when an external expansion memory area is written to.
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Instruction | Mnemonic Operands Byte Clock Operation Flag
Group Note 1 Note 2 Z ACCY
Call/ CALL laddr16 3 7 +3n — (SP-1) « (PC+3)H, (SP-2) — (PC + 3)L,
return PC — addrl6, SP — SP -2
CALLF laddr1l 2 5+ 2n — (SP—1) — (PC+2)H, (SP-2) « (PC +2)L,
PC15-11 ~ 00001, PC10-0 ~ addrll,
SP - SP-2
CALLT [addr5] 1 6+n — (SP-1) « (PC+ 1)H, (SP-2) « (PC + 1)L,

PCH — (00000000, addr5 + 1),

PCL « (00000000, addr5),

SP — SP-2

BRK 1 6+n — | (SP=1) — PSW, (SP-2) — (PC + 1)H,
(SP-3) « (PC + 1)L, PCH « (003FH),
PCL « (003EH), SP « SP—3, IE « 0

RET 1 6+n — PCH — (SP + 1), PCL — (SP),
SP - SP+2
RETI 1 6+n — PCH « (SP + 1), PCL « (SP), R R R
PSW « (SP+2),SP  SP + 3,
NMIS < 0
RETB 1 6+n — PCH — (SP + 1), PCL — (SP), R R R
PSW ~ (SP+2),SP - SP+3
Stack PUSH PSW 1 2+n — (SP-1) « PSW,SP - SP-1
manipulate p 1 4+n — (SP-1) « rpH, (SP -2) « rpL,
SP - SP-2
POP PSW 1 2+n — PSW — (SP),SP - SP+1 R R R
p 1 4+n — rpH < (SP + 1), rpL « (SP),
SP - SP+2
MOVW SP, #word 4 — 10 +4n | SP — word
SP, AX 2 — 8+2n |SP - AX
AX, SP 2 — 8+2n |AX ~ SP
Uncondi- | BR laddr16 3 6 +3n — PC — addrl6
tional $addrl6 2 6+2n — PC « PC + 2 +jdisp8
branch AX 2 8+2n — PCH ~ A, PCL - X
Conditional| BC $addrl6 2 6+ 2n — PC - PC+2+jdisp8ifCY=1
branch BNC $addrl6 2 6 +2n — PC « PC+ 2 +jdisp8if CY =0
BZ $addr16 2 | 6+2n — PC « PC+2+jdisp8ifZ=1
BNZ $addr16 2 6+ 2n — PC -« PC+2+jdisp8ifZz=0

Notes 1. For instructions that access the internal high-speed RAM area or perform no data access
2. For instructions that access an area other than the internal high-speed RAM area

Remarks 1. One clock in the “Clock” columns is equal to one cycle of the CPU clock (fcru) selected by the processor
clock control register (PCC).
2. nindicates wait cycles per byte to be inserted when an external expansion memory area is read or
fetched from.
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Instruction | Mnemonic Operands Byte Clock Operation Flag
Group Note 1 Note 2 Z ACCY
Conditional| BT saddr.bit, $addr16 3 8+ 3n 9+3n |PC ~ PC+ 3 +disp8 if(saddr.bit) = 1
branch sfr.bit, $addr16 4 — 11+ 4n |PC ~ PC + 4 + jdisp8 if sfr.bit = 1
A.bit, $addr16 3 8+3n — PC — PC + 3 +jdisp8if A.bit=1
PSW.bit, $addr16 3 — 9+3n |PC ~ PC+ 3 +jdisp8if PSW.hit=1
[HL].bit, $addr16 3 [ 10+3n | 11+4n |PC ~ PC + 3 +jdisp8 if (HL).bit=1
BF saddr.bit, $addr16 4 10+4n | 11+4n |PC ~ PC + 4 + disp8 if(saddr.bit) = 0
sfr.bit, $addr16 4 — 11 +4n |PC ~ PC + 4 + jdisp8 if sfr.bit =0
A.bit, $addr16 3 8+ 3n — PC ~ PC + 3 +jdisp8if A.bit=0
PSW.bit, $addr16 4 — 11 +4n |PC ~ PC + 4 + jdisp8 if PSW. bit=0
[HL].bit, $addr16 3 [ 10+3n | 11+4n |PC ~ PC + 3 +jdisp8 if (HL).bit =0
BTCLR saddr.bit, $addr16 4 | 10+4n | 12+4n |PC ~ PC + 4 + |disp8 if(saddr.bit) = 1
then reset(saddr.bit)
sfr.bit, $addr16 4 — 12+4n |PC « PC + 4 +jdisp8 if sfr.bit=1
then reset sfr.bit
A.bit, $addrl6 3 8+3n — PC —~ PC + 3 +jdisp8if Abit=1
then reset A.bit
PSW.bit, $addr16 4 — 12+4n |PC « PC + 4 +jdisp8 if PSW.bit =1 X X X
then reset PSW.bit
[HL].bit, $addr16 3 | 10+3n [12+4n+m | PC ~ PC + 3 +jdisp8 if (HL).bit =1
then reset (HL).bit
DBNZ B, $addrl6 2 6+ 2n — B - B-1,then
PC — PC+2+disp8ifB 20
C, $addrl6 2 6+2n — C ~ C-1,then
PC — PC +2 +disp8if C#0
saddr. $addrl6 3 8+ 3n 10 + 3n | (saddr) « (saddr)—1, then
PC — PC + 3 + jdisp8 if(saddr) # 0
CPU SEL RBn 2 4 +2n — RBS1,0 ~ n
control NOP 1 2+n — No Operation
El 2 — 6 +2n |IE < 1 (Enable Interrupt)
DI 2 — 6+2n |IE ~ O (Disable Interrupt)
HALT 2 6 +2n — Set HALT Mode
STOP 2 6 +2n — Set STOP Mode

Notes 1. For instructions that access the internal high-speed RAM area or perform no data access

2. For instructions that access an area other than the internal high-speed RAM area

Remarks 1. One clock in the “Clock” columns is equal to one cycle of the CPU clock (fcru) selected by the processor

clock control register (PCC).

2. nindicates wait cycles per byte to be inserted when an external expansion memory area is read or

fetched from.

3. m indicates wait cycles to be inserted when an external expansion memory area is written to.
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26.3 Instructions Listed by Addressing Type
(1) 8-bitinstructions

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 rNee | 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
SuUB 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
SUB
SUBC
AND
OR
XOR
CMP
laddrl16 MOV
PSW MOV |MOV PUSH
POP
[DE] MOV
[HL] MOV ROR4
ROL4
[HL + byte] MOV
[HL + B]
[HL + C]
X MULU
C DIVUW

Note Except when “r = A”
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(2) 16-bit instructions
MOVW, XCHW, ADDW, SUBW, CMPW, PUSH, POP, INCW, DECW

Second Operand | #word AX rphoe sfrp saddrp laddr16 SP None
1st Operand
AX ADDW MOVW MOVW MOVW MOVW MOVW
SUBW XCHW
CMPW
p MOVW MOV Whete INCW
DECW
PUSH
POP
sfrp MOVW MOVW
saddrp MOVW MOVW
laddr16 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 CcY $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
CY 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

Second Operand AX laddrl6 | 'addrll [addr5] | $addrl6
First Operand
Basic instruction BR CALL CALLF CALLT BR
BR BC
BNC
Bz
BNZ
Compound BT
instruction BF
BTCLR
DBNZ

(5) Other instructions

ADJBA, ADJBS, BRK, RET, RETI, RETB, SEL, NOP, El, DI, HALT, STOP
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APPENDIX A DIFFERENCES BETWEEN uPD78078, 78075B SUBSERIES, AND uPD78070A

The major differences between the uPD78078, 78075B Subseries, and uPD78070A are shown in Table A-1.

Table A-1. Major Differences between uPD78078, 78075B Subseries, and uPD78070A

Part Number uPD78078 Subseries uPD78075B Subseries uPD78070A
Item
Anti-EMI noise measure Not provided Provided Not provided
On-chip I2C bus version Provided Not provided Provided
Supply voltage Voo = 1.8t0 5.5V Vb =2.7t05.5V
Internal ROM size uPD78076 : 48 Kbytes uPD78074B : 32 Kbytes Not provided
uPD78078, 78P078 uPD78075B : 40 Kbytes
: 60 Kbytes
Internal expansion RAM size 1024 bytes None
/0 port | Total 88 | 61
CMOS input 2
CMOS 1/0 78 | 51
N-ch open-drain 1/0 8
Pins withee 1 | Pin with pull-up resistor | 86 (78 for uPD78P078) 51
additional Medium-voltage pin 8 Not provided
functions
LED direct drive output 16 Not provided 4
AVoo pin Provided Not provided Provided
(AVrero pin functions alternately)
External Bus mode Selectable from multiplexed bus mode or separate Only separate bus mode
expansion bus mode
function Memory expansion mode | Selectable from four types of memory expansion modes Only full-address mode
ROM correction function Provided Not provided
Package *100-pin plastic QFP *100-pin plastic QFP «100-pin plastic QFP
(Fine pitch) (14 x 14 mm)Nee 2| (Fine pitch) (14 x 14 mm) | (Fine pitch) (14 x 14 mm)
*100-pin plastic LQFP *100-pin plastic LQFP *100-pin plastic LQFP
(Fine pitch) (14 x 14 mm) | (Fine pitch) (14 x 14 mm) | (Fine pitch) (14 x 14 mm)Nete 4
*100-pin plastic QFP *100-pin plastic QFP «100-pin plastic QFP
(14 x 20 mm) (14 x 20 mm) (14 x 20 mm)
+100-pin ceramic WQFNNete 3
Electrical specifications Refer to separately available Data Sheets.
Recommended soldering conditions

Notes 1. The number of I/O ports includes the pins with additional functions.
2. Not available in the Y subseries.
3. PROM version only.
4. Under development.
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APPENDIX B DEVELOPMENT TOOLS

The following development tools are available for the development of systems which employ the uPD78070A
and 78070AY. Figure B-1 shows the configuration example of the tools.
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Figure B-1. Development Tool Configuration (1/2)

(1) In-circuit emulator when IE-78K0-NS is used

548

Language processor software

[] [}* Assembler package
» C compiler package
* C library source file
dl « Device file

[al o

Debugging tool

» System simulator
« Integrated debugger
* Device file

Host machine (PC)

— Embedded software

* Real-time OS
*«0OS

Interface adapter,

PC card interface, etc.

In-circuit emulator

Emulation board

unit

Emulation probe

Conversion socket or
conversion adapter

Target system

Power supply




APPENDIX B DEVELOPMENT TOOLS

Figure B-1. Development Tool Configuration (2/2)

(2) In-circuit emulator when IE-78001-R-A is used

Language processor software

Debugging tool
0N Assempler package « System simulator
« C compiler package « Integrated debugger
«C I|b_rary_ source file « Device file
d « Device file -

Embedded software

* Real-time OS
«0OS

Host machine (PC or EWS)

Interface board

In-circuit emulator

Interface adapter |
L.....Emdationboard |
Y
L Probeboard i

Emulation probe

Conversion socket or
conversion adapter

Target system

Remark The sections indicated with broken lines may differ depending on the developing environment. Refer
to B.2.1 Hardware .
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B.1 Language Processing Software

RA78K/0 (Assembler Package) This assembler converts a program written in mnemonics into an
object code executable with a microcontroller.

Further, this assembler is provided with functions capable of
automatically creating symbol tables and branch instruction
optimization. This assembler should be used together with the
separately available device file (DF78078).

<Caution when used under the PC environment>

The assembler package is a DOS-based application but may be
used under the Windows environment by using the project manager
(included in the assembler package) on Windows.

Part number: uSxxxxRA78K0

CC78K/0 (C Compiler Package) This compiler converts a program written in C language into an
object code executable with a microcontroller. This compiler should
be used together with the separately available assembler package
and device file.

<Caution when used under the PC environment>

The C compiler package is a DOS-based application but may be
used under the Windows environment by using the project manager
(included in the assembler package) on Windows.

Part number: uSxxxxCC78K0

DF78078 (Device File)\ee This data provides developmenttools with peculiar device information.
This data file should be used together with the separately available
tools (RA78K/0, CC78K/0, SM78KO0, ID78K0-NS, and ID78KO0).
The corresponding operating system and host machine depend on
each tool they are to be combined with.

Part number: uSxxxxDF78078

CC78K/0-L (C Library Source File) This is a function source file configurating object library included in
C compiler package. This file is necessary when the object library
includedin C compiler package needsto be modified for customization.
Since this is the source file, its working environment does not
depend on any particular operating system.

Part number: uSxxxxCC78K0-L

Note The DF78078 can be used in conjunction with the RA78K/0, CC78K/0, SM78K0, ID78K0-NS, and ID78K0.
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Remark

xxxx in the part number differs depending on the host machine and OS used.

USxxxx RA78K0
USxxxx CC78K0
uUSxxxx DF78078

USxxxx CC78K0-L

XXXX

Host Machine

oS

Supply Medium

AA13

PC-9800 series

Japanese WindowsNets 1.2

3.5-inch 2HD FD

AB13

IBM PC/AT™ and

BB13

compatibles

Japanese WindowsNotes 1.2

English WindowsNotes 1.2

3.5-inch 2HC FD

3P16

HP9000 series 700™

HP-UX™ (rel. 9.05)

DAT (DDS)

3K13

SPARCstation™

3K15

SunOS™ (rel. 4.1.4)

3.5-inch 2HC FD

1/4-inch CGMT

3R13

NEWS™ (RISC)

NEWS-OS™ (rel. 6.1)

3.5-inch 2HC FD

Notes 1. Also operates under the DOS environment.
2. Windows NT™ is not supported.
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B.2 Debugging Tools

B.2.1 Hardware (1/2)

(1) In-circuit emulator when IE-78K0-NS is used

IE-78K0-NSNote
In-circuit emulator

This in-circuit emulator is used to debug hardware and software when an
application system using the 78K/0 Series is developed. It supports the
integrated debugger (ID78K0-NS). This emulator is used in combination
with a power supply unit, an emulation probe, and an interface adapter that
connects the emulator with the host machine.

IE-70000-MC-PS-B
Power supply unit

Adapter to supply power from a plug socket with AC100 to 240 V.

IE-70000-98-IF-CNete
Interface adapter

Adapter necessary when using a PC-9800 series PC (except notebooks)
as the host machine of the IE-78K0-NS.

IE-70000-CD-|FNote
PC card interface

PC card and interface cable necessary when using a notebook type PC-
9800 series as the host machine of the IE-78K0-NS.

|E-70000-PC-|F-CNote
Interface adapter

Adapter necessary when using IBM PC/AT and compatibles as the host
machine of the IE-78K0-NS.

IE-78078-NS-EM1Nete
Emulation board

This board emulates the peripheral hardware peculiar to a device. ltis
used in combination with an in-circuit emulator.

Emulation probe

NP-100GC This is a probe to connect an in-circuit emulator and target system.

Emulation probe It is for 100-pin plastic QFP (GC-7EA, GC-8EU type).
TGC-100SDW This conversion adapter connects the board of the target system created
conversion adapter | for mounting 100-pin plastic QFP (GC-7EA, GC-8EU type) and the NP-
(refer to Figure B-2) | 100GC.

NP-100GF This probe connects an in-circuit emulator and target system.

It is for a 100-pin plastic QFP (GF-3BA type).

EV-9200GF-100
conversion socket

(refer to Figure B-3)

This conversion socket connects the board of the target system created
for mounting 100-pin plastic QFP (GF-3BA type) and the NP-100GF.

Note Under development

Remarks 1.

NP-100GC and NP-100GF are the products of Naitou Densei Machidaseisakusho Co., Ltd.

Reference: Naitou Densei Machidaseisakusho Co., Ltd. (Tel: (044) 822-3813)
2. TGC-100SDW is a product of TOKYO ELETECH Co., Ltd.

Reference: Daimaru Kogyo, Ltd.

Tokyo Electric Components Division (Tel: (03) 3820-7112)
Osaka Electric Components Division (Tel: (06) 244-6672)

3. The TGC-100SDW is sold singly.
4. Five EV-9200GF-100s are sold as a set.
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B.2.1 Hardware (2/2)

(2) In-circuit emulator when IE-78001-R-A is used

IE-78001-R-ANc
In-circuit emulator

This in-circuit emulator is used to debug 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 or
IE-70000-98-IF-CNete
Interface adapter

Adapter necessary when using a PC-9800 series PC (except notebooks)
as the host machine of the IE-78001-R-A.

IE-70000-PC-IF-B or
IE-70000-PC-IF-CNote
Interface adapter

Adapter necessary when using IBM PC/AT and compatibles as the host
machine of the IE-78001-R-A.

IE-78000-R-SV3
Interface adapter

Adapter and cable necessary when using an EWS as the host machine
ofthe IE-78001-R-A. This cable is connected to the board in the IE-78001-
R-A. As Ethernet™, 10Base-5 is supported. If the other methods are used,
a commercially available conversion adapter is necessary.

IE-78078-NS-EM1Nete
Emulation board

This board emulates the peripheral hardware peculiar to a device. It is
used in combination with an in-circuit emulator and emulation probe
conversion board.

IE-78K0-R-EX1Note
Emulation probe conversion board

A board necessary to use the IE-78078-NS-EM1 with IE-78001-R-A.

IE-78078-R-EM
Emulation board

This board emulates the peripheral hardware peculiar to a device (3.0 to
5.5V). Itis used in combination with IE-78001-R-A.

EP-78064GC-R
Emulation probe

This is a probe to connect an in-circuit emulator and target system.
It is for 100-pin plastic QFP (GC-7EA, GC-8EU type).

TGC-100SDW
conversion adapter
(refer to Figure B-2)

This conversion adapters connects the board of the target system created
for mounting 100-pin plastic QFP (GC-7EA, GC-8EU type) and the EP-
78064GC-R.

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).

EV-9200GF-100
conversion socket

(refer to Figure B-3)

This conversion socket connects the board of the target system created
for mounting 100-pin plastic QFP (GF-3BA type) and the EP-78064GF-R.

Note Under development

Remarks 1.

Reference: Daimaru Kogyo, Ltd.

TGC-100SDW is a product of TOKYO ELETECH Co., Ltd.

Tokyo Electric Components Division (Tel: (03) 3820-7112)
Osaka Electric Components Division (Tel: (06) 244-6672)

2. The TGC-100SDW is sold singly.
3. Five EV-9200GF-100s are sold as a set.
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B.2.2 Software (1/2)

SM78K0
System simulator

assembler level.

The SM78K0 operates in Windows.
By using the SM78KO0, the logic and performance of the application can
be verified independently of hardware development even if an in-circuit

This simulator simulates the operation of the target system on the host
machine and is used to debug the target system at C source level or

emulator is not used, so that the development efficiency can be enhanced
and software quality can be improved.
This simulator is used in combination with an optional device file (DF78078).

Part number: pSxxxxSM78K0

Remark xxxx in the part number differs depending on the host machine and OS used.

HSxxxxSM78KO0

554

XXXX

Host Machine

oS

Supply Medium

AA13

PC-9800 series

Japanese WindowsNo®

3.5-inch 2HD FD

AB13

IBM PC/AT and

BB13

compatibles

Japanese WindowsNo®

English WindowsNet®

3.5-inch 2HC FD

Note

Windows NT™ is not supported.




APPENDIX B DEVELOPMENT TOOLS

B.2.2 Software (2/2)

ID78K0-NSNete

Integrated debugger
(supporting in-circuit emulator
IE-78K0-NS)

This is a control program that is used to debug the 78K/0 Series.

It uses Windows on a personal computer and OSF/Motif™ on EWS as a
graphical userinterface, and has the appearance and operability conforming
tothese interfaces. Moreover, debugging functions supporting C language
are reinforced, and the trace result can be displayed in C language level
by using a window integrating function that associates the source program,

ID78K0

Integrated debugger
(supporting in-circuit emulator
IE-78001-R-A)

disassemble display, and memory display with the trace result. In addition,
it can enhance the debugging efficiency of a program using areal-time OS
by incorporating function expansion modules such as a task debugger and
system performance analyzer.

This debuggeris used in combination with an optional device file (DF78078).

Part number: uSxxxxID78K0-NS, uSxxxxID78K0

Note Under development

Remark xxxx in the part number differs depending on the host machine and OS used.

USxxxx|D78K0-NS

XXXX

Host Machine oS Supply Medium

AA13

PC-9800 series Japanese WindowsNo® 3.5-inch 2HD FD

AB13

BB13

IBM PC/AT and Japanese WindowsNo® 3.5-inch 2HC FD

compatibles

English WindowsNete

Note

USxxxXID78K0

Windows NT is not supported.

XXX X Host Machine oS Supply Medium
AA13 PC-9800 series Japanese WindowsNo® 3.5-inch 2HD FD
AB13 IBM PC/AT and Japanese WindowsNo® 3.5-inch 2HC FD
BB13 compatibles English WindowsNet®
3P16 HP9000 series 700 HP-UX (rel. 9.05) DAT (DDS)
3K13 SPARCstation SunOS (rel. 4.1.4) 3.5-inch 2HC FD
3K15 1/4-inch CGMT
3R13 | NEWS (RISC) NEWS-O0S (rel. 6.1) 3.5-inch 2HC FD
Note Windows NT is not supported.
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B.3 Upgrading from In-circuit Emulator for 78K/0 Series to In-circuit Emulator IE-78001-R-A
If you have an older type of in-circuit emulator for 78K/0 Series (IE-78000-R or IE-78000-R-A), your in-circuit
emulator can be upgraded to be equivalent to the in-circuit emulator IE-78001-R-A by only exchanging the break

board with the IE-78001-R-BK (under development).

Table B-1. Upgrading from In-circuit Emulator for 78K/0 Series to In-circuit Emulator IE-78001-R-A

Your In-circuit Emulator | Modification of the housing Required Board
of the in-circuit emulatorNo®

IE-78000-R Necessary IE-78001-R-BK

IE-78000-R-A Unnecessary

Note To modify the housing of the in-circuit emulator, this in-circuit emulator must be brought
to NEC.
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Drawing for Conversion Adapter (TGC-100SDW)

Figure B-2. TGC-100SDW Drawing (For Reference Only)

A
B

Y Z
$ 1l | Lot
L I
a [ 9.
|
b %
J
|
f h

Note Product of TOKYO ELETECH Corporation.

ITEM MILLIMETERS  INCHES ITEM MILLIMETERS  INCHES
A 21.55 0.848 a 14.45 0.569
B 0.5%24=12 0.020%0.945=0.472 b 1.85£0.25 0.073+0.010
C 0.5 0.020 c 3.5 0.138
D 0.5%24=12 0.020%0.945=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 g 4.5 ©0.177
H 10.9 0.429 h 16.0 0.630
I 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 0.5%24=12.0 0.020%0.945=0.472 m 2.4 0.094
N 1.125+0.3 0.044+0.012 n 2.7 0.106
o 1.1250.2 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
u 5.0 0.197
v 4-01.3 4-0.051
w 1.8 0.071
X c2.0 C0.079
Y ©0.9 ©0.035
z ©0.3 ©0.012
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Socket Drawing and Recommended Footprint (EV-9200GF-100)

Figure B-3. EV-9200GF-100 Drawing (For Reference Only)

A M
E B N (@]
F
——1
goooooooboooooopoooooo00oooooo
=] = o
e ‘ S
=
=ED %NEC :
= =
= | = m
[a]Ne} - + - L Y|
= | =
= w =
= =
3| | [EV-9200GF-100 HE
= 1 = =
000000000000000000000000000000
)>/ —
No.1 pin index p O

EV-9200GF-100-GO

ITEM MILLIMETERS INCHES
A 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 0.76
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 02.3 ©0.091
S ©1.5 ©0.059
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Figure B-4. EV-9200GF-100 Recommended Footprint (For Reference Only)

g o =
wuw a - é\j/ T
& =
S =
B
A
EV-9200GF-100-P1
ITEM MILLIMETERS INCHES
A 26.3 1.035
B 21.6 0.85
C |0.65%0.02x29=18.85%0.05 | 0.02673:3%% x 1.142 = 0.7423:3%2
D |065%0.02x19=12.35+0.05 | 0.02670.003 x 0.748 = 0.486 *3.003
E 15.6 0.614
F 20.3 0.799
G 12 £ 0.05 0.472735%
H 6 0.05 0.236'90%3
| 0.35 + 0.02 0.014733%
J 92.36 + 0.03 ©0.09373:5%
K 2.3 $0.091
L @1.57 + 0.03 $0.062*33%
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 yPD78070A and 78070AY to allow
users to develop and maintain the application program for these products.

Real-time OS (1/2)

RX78K/0
Real-time OS

RX78K/0 is a real-time OS which is based on the uITRON specification.
Supplied with the RX78K/0 nucleus and a tool to prepare multiple information tables (configurator).
When using the RX78K/0, the RA78K/0 assembler package and device file (DF78078) (option)

are necessary.

<Caution when used under the PC environment>

The real-time OS is a DOS based application. Use this software in the DOS prompt when

running it on Windows.

Part number: uSxxxxRX78013-AAAA

Caution When purchasing the RX78K/0, fill in the purchase application form in advance, and sign the
License Agreement.

Remark

USxxxxRX78013-AAAA

xxxx and AAAA in the part number differs depending on the host machine and OS used.

JAVAVAYAY 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

S01 Source program Source program for mass-production object
XXX X Host Machine oS Supply Medium
AA13 | PC-9800 series Japanese WindowsMes.2| 3. 5-inch 2HD FD
AB13 | IBM PC/AT and Japanese WindowsMs 12| 3.5-inch 2HC FD
BB13 | compatibles English WindowsMetes 1.2

3P16 HP9000 series 700 HP-UX (rel. 9.05) DAT (DDS)

3K13 | SPARCstation SunOS (rel. 4.1.4) 3.5-inch 2HC FD
3K15 1/4-inch CGMT
3R13 | NEWS (RISC) NEWS-OS (rel. 6.1) | 3.5-inch 2HC FD

Notes 1. This operates under the DOS environment, too.
2. Windows NT is not supported.
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Real-time OS (2/2)

MX78K0 OS MX78K/0 is an OS for subsets based on the uITRON specification.
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.
<Caution when used under the PC environment>
The MX78KO0 is a DOS based application. Use this software in the DOS prompt when running
it on Windows.
Part number: pSxxxxMX78K0-AAA

Remark xxxx and AAA in the part number differs depending on the host machine and OS used.

USxxxxMX78K0-AAA
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AAA Product outline Max. No. for Use in Mass Production

001 Evaluation object Use for preproduction.

XX Mass-production object | Use for mass-production.

S01 Source program Available only when purchasing
mass-production object.

XXX X Host Machine (O Supply Medium

AA13 | PC-9800 series Japanese WindowsMetes 2| 3 5-inch 2HD FD

AB13 | IBM PC/AT and Japanese Windows™etes -2 3 5-inch 2HC FD

BB13 | compatibles English WindowsNetes 1.2

3P16 HP9000 series 700 HP-UX (rel. 9.05) DAT (DDS)

3K13 | SPARCstation SunOS (rel. 4.1.4) 3.5-inch 2HC FD

3K15 1/4-inch CGMT

3R13 | NEWS (RISC) NEWS-OS (rel. 6.1) | 3.5-inch 2HC FD

Notes 1. Also operates under the DOS environment.
2. Windows NT is not supported.
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APPENDIX D REGISTER INDEX

1 Register Name Index

[A]

(B]

A/D conversion result register (ADCR) ... 271

A/D converter input select register (ADIS) ... 275

A/D converter mode register (ADM) ... 273

Asynchronous serial interface mode register (ASIM) ... 442
Asynchronous serial interface status register (ASIS) ... 444
Automatic data transmit/receive address pointer (ADTP) ... 397
Automatic data transmit/receive interval specify register (ADTI) ... 401

Automatic data transmit/receive control register (ADTC) ... 400

Baud rate generator control register (BRGC) ... 445

[C]

Capture/compare control register 0 (CRCO0) ... 167
Capture/compare register 00 (CR00) ... 162
Capture/compare register 01 (CR0O1) ... 162
Compare register 10 (CR10) ... 204

Compare register 20 (CR20) ... 204

Compare register 50 (CR50) ... 227

Compare register 60 (CR60) ... 227

(D]

(E]

D/A conversion value set register 0 (DACSO0) ... 289
D/A conversion value set register 1 (DACS1) ... 289
D/A converter mode register (DAM) ... 290

8-bit timer mode control register 1 (TMC1) ... 207
8-bit timer mode control register 5 (TMC5) ... 230
8-bit timer mode control register 6 (TMC6) ... 231
8-bit timer output control register (TOC1) ... 208

8-bit timer register 1 (TM1) ... 204

8-bit timer register 2 (TM2) ... 204

8-bit timer register 5 (TM5) ... 227

8-bit timer register 6 (TM6) ... 227

External bus type select register (EBTS) ... 507
External interrupt mode register 0 (INTMO) ... 170, 488
External interrupt mode register 1 (INTM1) ... 276, 488
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[1]
Internal memory size switching register (IMS) ... 506
Interrupt mask flag register OH (MKOH) ... 486
Interrupt mask flag register OL (MKOL) ... 486
Interrupt mask flag register 1L (MK1L) ... 486, 504
Interrupt request flag register OH (IFOH) ... 485
Interrupt request flag register OL (IFOL) ... 485
Interrupt request flag register 1L (IF1L) ... 485, 504
Interrupt timing specify register (SINT) ... 306, 358

M]

Memory expansion mode register (MM) ... 506

(O]
Oscillation mode selection register (OSMS) ... 144

Oscillation stabilization time select register (OSTS) ... 516

[P]
Port 0 (PO) ... 116
Port 1 (P1) ... 118
Port 2 (P2) ... 119, 121
Port 3 (P3) ... 123
Port 6 (P6) ... 124
Port 7 (P7) ... 126
Port 9 (P9) ... 128
Port 10 (P10) ... 130
Port 12 (P12) ... 132
Port 13 (P13) ... 133
Port mode register 0 (PM0) ... 134
Port mode register 1 (PM1) ... 134
Port mode register 2 (PM2) ... 134
Port mode register 3 (PM3) ... 134, 169, 209, 263, 268
Port mode register 6 (PM6) ... 134
Port mode register 7 (PM7) ... 134
Port mode register 9 (PM9) ... 134
Port mode register 10 (PM10) ... 134, 232
Port mode register 12 (PM12) ... 134, 477
Port mode register 13 (PM13) ... 134
Priority specify flag register OH (PROH) ... 487
Priority specify flag register OL (PROL) ... 487
Priority specify flag register 1L (PR1L) ... 487
Processor clock control register (PCC) ... 141
Pull-up resistor option register H (PUOH) ... 137
Pull-up resistor option register L (PUOL) ... 137
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[R]
Real-time output buffer register H (RTBH) ... 476
Real-time output buffer register L (RTBL) ... 476
Real-time output port control register (RTPC) ... 478
Real-time output port mode register (RTPM) ... 477
Receive buffer register (RXB) ... 440
Receive shift register (RXS) ... 440

[S]
Sampling clock select register (SCS) ... 171, 490
Serial bus interface control register (SBIC) ... 304, 356
Serial 1/0 shift register 0 (SIO0) ... 298, 350
Serial 1/O shift register 1 (SI01) ... 397
Serial operating mode register 0 (CSIMO) ... 302, 354
Serial operating mode register 1 (CSIM1) ... 399
Serial operating mode register 2 (CSIM2) ... 441
16-bit timer mode control register (TMCO) ... 166
16-bit timer output control register (TOCO) ... 168
16-bit timer register (TM0) ... 163
16-bit timer register (TMS) ... 204
Slave address register (SVA) ... 298, 350

Successive approximation register (SAR) ... 271

(7]
Timer clock select register 0 (TCLO) ... 164, 261
Timer clock select register 1 (TCL1) ... 205
Timer clock select register 2 (TCL2) ... 247, 254, 266
Timer clock select register 3 (TCL3) ... 300, 353, 398
Timer clock select register 5 (TCL5) ... 228
Timer clock select register 6 (TCL6) ... 229
Transmit shift register (TXS) ... 440

W]

Watchdog timer mode register (WDTM) ... 256
Watch timer mode control register (TMC2) ... 249
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D.2 Register Symbol Index

[A]
ADCR: A/D conversion result register ... 271
ADIS: A/D converter input select register ... 275
ADM: A/D converter mode register ... 273
ADTC: Automatic data transmit/receive control register ... 400
ADTI: Automatic data transmit/receive interval specify register ... 401

ADTP: Automatic data transmit/receive address pointer ... 397

ASIM: Asynchronous serial interface mode register ... 442
ASIS: Asynchronous serial interface status register ... 444
(B]
BRGC: Baud rate generator control register ... 445
[C]

CRO00: Capture/compare register 00 ... 162

CRO1: Capture/compare register 01 ... 162

CR10: Compare register 10 ... 204

CR20: Compare register 20 ... 204

CR50: Compare register 50 ... 227

CR60: Compare register 60 ... 227

CRCO: Capture/compare control register 0 ... 167
CSIMO: Serial operating mode register 0 ... 302, 354
CSIM1: Serial operating mode register 1 ... 399
CSIM2: Serial operating mode register 2 ... 441

(D]
DACSO0: D/A conversion value set register 0 ... 289
DACS1: D/A conversion value set register 1 ... 289
DAM: D/A converter mode register ... 290

(E]
EBTS: External bus type select register ... 507

1]
IFOH: Interrupt request flag register OH ... 485
IFOL: Interrupt request flag register OL ... 485
IF1L: Interrupt request flag register 1L ... 485, 504
IMS: Internal memory size switching register ... 506
INTMO: External interrupt mode register 0 ... 170, 488
INTM1: External interrupt mode register 1 ... 276, 488
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M]

MKOH: Interrupt mask flag register OH ... 486

MKOL: Interrupt mask flag register OL ... 486
MK1L: Interrupt mask flag register 1L ... 486, 504

MM: Memory expansion mode register ... 506
(O]

OSMS: Oscillation mode selection register ... 144

OSTS: Oscillation stabilization time select register ... 516
[P]

PO: Port0 ... 116

P1: Port1l ... 118

P2: Port2 ... 119, 121

P3: Port3 ... 123

P6: Port6 ... 124

P7: Port7 ... 126

P9: Port9 ... 128

P10: Port 10 ... 130

P12: Port12 ... 132

P13: Port 13 ... 133

PCC: Processor clock control register ... 141

PMO: Port mode register 0 ... 134

PM1: Port mode register 1 ... 134

PM2: Port mode register 2 ... 134

PM3: Port mode register 3 ... 134, 169, 209, 263, 268

PM6: Port mode register 6 ... 134

PM7: Port mode register 7 ... 134

PM9: Port mode register 9 ... 134

PM10: Port mode register 10 ... 134, 232

PM12: Port mode register 12 ... 134, 477

PM13: Port mode register 13 ... 134

PROH: Priority specify flag register OH ... 487

PROL: Priority specify flag register OL ... 487

PR1L: Priority specify flag register 1L ... 487

PUOH: Pull-up resistor option register H ... 137

PUOL: Pull-up resistor option register L ... 137
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[R]
RTBH: Real-time output buffer register H ... 476
RTBL: Real-time output buffer register L ... 476
RTPC: Real-time output port control register ... 478
RTPM: Real-time output port mode register ... 477
RXB: Receive buffer register ... 440
RXS: Receive shift register ... 440

[S]
SAR: Successive approximation register ... 271
SBIC: Serial bus interface control register ... 304, 356
SCS: Sampling clock select register ... 171, 490
SINT: Interrupt timing specify register ... 306, 358
SIO0: Serial I/O shift register 0 ... 298, 350
SIO1: Serial 1/O shift register 1 ... 397
SVA: Slave address register ... 298, 350

(7]
TCLO: Timer clock select register 0 ... 164, 261
TCL1: Timer clock select register 1 ... 205
TCL2: Timer clock select register 2 ... 247, 254, 266
TCL3: Timer clock select register 3 ... 300, 353, 398
TCL5: Timer clock select register 5 ... 228
TCL6: Timer clock select register 6 ... 229
TMO: 16-bit timer register ... 163
TM1: 8-bit timer register 1 ... 204
TM2: 8-bit timer register 2 ... 204
TM5: 8-bit timer register 5 ... 227
TM6: 8-bit timer register 6 ... 227
TMCO: 16-bit timer mode control register ... 166
TMC1: 8-bit timer mode control register 1 ... 207
TMC2: Watch timer mode control register ... 249
TMCS5: 8-bit timer mode control register 5 ... 230
TMCG6: 8-bit timer mode control register 6 ... 231
TMS: 16-bit timer register ... 204
TOCO: 16-bit timer output control register ... 168
TOC1: 8-bit timer output control register ... 208
TXS: Transmit shift register ... 440

(W]
WDTM: Watchdog timer mode register ... 256
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The revision history is shown below. The revised chapters are those of each edition.

APPENDIX E REVISION HISTORY

Edition Major Revisions from Previous Edition Revised Chapters
2nd uPD78070A, 78070AY : Under development - Developed Throughout
uPD78070AGC-8EU, 78070AYGC-8EU were added as applied devices
Recommended connection of unused PO7/XT1 pin was modified CHAPTER 3
Connect to Voo or Vss — Connect to Voo PIN FUNCTION,
(uPD78070A)
CHAPTER 4
PIN FUNCTION
(UPD78070AY)
Block diagrams of ports were modified. CHAPTER 6

Figure 6-5. Block Diagram of P20, P21, P23 to P26, Figure 6-6. Block Diagram of
P22 and P27, Figure 6-7. Block Diagram of P20, P21, P23 to P26, Figure 6-8.
Block Diagram of P22 and P27, Figure 6-9. Block Diagram of P30 to P37,

Figure 6-13. Block Diagram of P71 and P72, and Figure 6-16. Block Diagram of
P100 and P101

PORT FUNCTIONS

Table 7-2. Relationship between CPU Clock and Minimum Instruction Execution
Time was added

CHAPTER 7
CLOCK GENERATOR

The generation conditions of 16-bit timer event counter interrupt requests were
modified

Restrictions (except for the OSPT flags) were added to the cautions on forbidding
to set the 16-bit timer output control register when the timer is operating

CHAPTER 8
16-BIT TIMER/EVENT
COUNTER

Cautions on switching the operating mode of serial interface channel 0 were added | CHAPTER 17
SERIAL INTERFACE
CHANNEL 0
(uPD78070A),
CHAPTER 18
SERIAL INTERFACE
CHANNEL 0
(uPD78070AY)

Conditions of clearing the busy mode of serial interface channel 0 (in SBI mode) CHAPTER 17

were modified SERIAL INTERFACE

Cautions on false acknowledgments of bus release signal (REL), command signal CHANNEL 0

(CMD) depending on the bus line change timing were added (uPD78070A)

Cautions on serial 1/0O shift register 0 (SIO0) were added CHAPTER 18

Slave wait release (Slave reception) was added in cautions on use of 1°C bus mode SERIAL INTERFACE
CHANNEL 0

. -

Restrictions in 1°C bus mode was added (UPD78070AY)

SCKO/SCL/P27 pin output manipulation was modified

Caution was added in Figure 19-5. Automatic Data Transmit /Receive Internal CHAPTER 19

Specify Register Format SERIAL INTERFACE
CHANNEL 1

The interrupt requests (INTSR and INTSER) generation conditions and timing ata | CHAPTER 20

receive error ware modified. SERIAL INTERFACE
CHANNEL 2

Restrictions on using UART mode was added
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Edition

Major Revisions from Previous Edition

Revised Chapters

2nd

APPENDIX A DIFFERENCES BETWEEN uPD78078, 78075B, SUBSERIES AND
uPD78070A was added

APPENDIX A
DIFFERENCES
BETWEEN uPD78078,
78075B, SUBSERIES
AND pPD78070A

APPENDIX B DEVELOPMENT TOOLS APPENDIX B
Revisions throughout: support of the in-circuit emulator IE-78K0-NS, etc. DEVELOPMENT
TOOLS
APPENDIX C EMBEDDED SOFTWARE APPENDIX C
Revisions throughout: fuzzy inference development support system was EMBEDDED
deleted, etc. SOFTWARE

570




NEC

]I Message

Although NEC hastaken all possible steps
to ensure that the documentation supplied
to our customers is complete, bug free
and up-to-date, we readily accept that

From: .
errors may occur. Despite all the care and
precautions we've taken, you may
Name encounter problemsin the documentation.
Please complete this form whenever
Company you'd like to report errors or suggest
improvements to us.
Tel. FAX
Address
Thank you for your kind support.
North America Hong Kong, Philippines, Oceania Asian Nations except Philippines
NEC Electronics Inc. NEC Electronics Hong Kong Ltd. NEC Electronics Singapore Pte. Ltd.

Corporate Communications Dept. Fax: +852-2886-9022/9044
Fax: 1-800-729-9288

1-408-588-6130
Korea
NEC Electronics Hong Kong Ltd.
Seoul Branch
Fax: 02-528-4411

Europe

NEC Electronics (Europe) GmbH
Technical Documentation Dept.
Fax: +49-211-6503-274

South America Taiwan
NEC do Brasil S.A. NEC Electronics Taiwan Ltd.
Fax: +55-11-6465-6829 Fax: 02-719-5951

Fax: +65-250-3583

Japan

NEC Corporation

Semiconductor Solution Engineering Division
Technical Information Support Dept.

Fax: 044-548-7900

| would like to report the following error/make the following suggestion:

Document title:

Document number:

Page number:

If possible, please fax the referenced page or drawing.

Document Rating Excellent Good
Clarity a a
Technical Accuracy a a

Organization a a

Acceptable Poor
a Qa
0 Qa
a a

CSs 97.8



