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Notice

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

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

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

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

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

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

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

“Standard”: Computers; office equipment; communications equipment; test and measurement equipment; audio and visual
equipment; home electronic appliances; machine tools; personal electronic equipment; and industrial robots.

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

“Specific”: Aircraft; aerospace equipment; submersible repeaters; nuclear reactor control systems; medical equipment or
systems for life support (e.g. artificial life support devices or systems), surgical implantations, or healthcare
intervention (e.g. excision, etc.), and any other applications or purposes that pose a direct threat to human life.

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

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

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

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

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

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

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

owned subsidiaries.

(Note 2) “Renesas Electronics product(s)” means any product developed or manufactured by or for Renesas Electronics.
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NOTES FOR CMOS DEVICES

@ PRECAUTION AGAINST ESD FOR SEMICONDUCTORS

Note:

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

@ HANDLING OF UNUSED INPUT PINS FOR CMOS

Note:

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

@ STATUS BEFORE INITIALIZATION OF MOS DEVICES

Note:

Power-on does not necessarily define initial status of MOS device. Production process of MOS
does not define the initial operation status of the device. Immediately after the power source is
turned ON, the devices with reset function have not yet been initialized. Hence, power-on does
not guarantee out-pin levels, 1/0 settings or contents of registers. Device is not initialized until the
reset signal is received. Reset operation must be executed immediately after power-on for devices
having reset function.

EEPROM and IEBus are trademarks of NEC Corporation.

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

PC/AT is a trademark of International Business Machines Corporation.
SPARCstation is a trademark of SPARC International, Inc.

SunOS is a trademark of Sun Microsystems, Inc.

HP9000 Series 700 and HP-UX are trademarks of Hewlett Packard Company.
NEWS and NEWS-OS are trademarks of Sony Corporation.

Ethernet is a trademark of Xerox Corporation.

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

TRON is the abbreviation of The Realtime Operating System Nucleus.

ITRON is the abbreviation of Industrial TRON.




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

Licence not needed : uPD78F4956-8BT
The customer must judge the need for licence : uPD784953-xxx-8BT, 784955-xxx-8BT

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

The information contained in this document is being issued in advance of the production cycle for the

device. The parameters for the device may change before final production or NEC Corporation, at its own
discretion, may withdraw the device prior to its production.

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

NEC Corporation does notassume any liability for infringement of patents, copyrights or other intellectual property
rights of third parties by or arising from use of a device described herein or any other liability arising from use
of such device. 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
* 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 ltaliana 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: 65-253-8311

Fax: 65-250-3583

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
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Readers

Purpose

Organization

How to read this manual

INTRODUCTION
This manual explains the functions of the uPD784955 Subseries to engineers who will
design application systems.
This manual describes the hardware functions of the uPD784955 Subseries.

The uPD784955 Subseries user’s manual is organized into two volumes, the hardware
volume (this manual) and the instruction volume.

Hardware Instructions

Pin functions CPU functions
Internal block functions Addressing
Interrupts Instruction set

Other on-chip peripheral functions

There are Cautions associated with using this product.
Be sure to read the Cautions in the text of each chapter and summarized at the end

of each chapter.

Reading this manual requires general knowledge about electronics, logic circuits, and
microcontrollers.

« If there are no particular differences in the function
In this manual, the uPD784955 is explained as a representative product. If this manual
is to be used as the user’s manual for the uPD784953 or 78F4956, the uPD784955
should be replaced with the yPD784953 or 78F4956.

« If there are differences in the function
Each product name is presented and described separately.

* To understand the overall function
- Read following the table of contents.

« To debug when the operation is unusual
- Since the cautions are summarized at the end of each chapter, see the cautions
associated with the function.

« Since the cautions are summarized at the end of each chapter, see the cautions
associated with the function.
- See APPENDIX D REGISTER INDEX.

» For detailed explanations of the instruction functions
- Refer to the other manual 78K/IV Series User’s Manual — Instructions (U10905E).

» For explanations of the application examples of the functions
- Refer to the application notes.



Conventions Data significance . Higher digits on the left and lower digits on the right

Active low representation  : xxx (overscore over pin or signal name)

Note : Footnote for item marked with Note in the text
Caution . Information requiring particular attention
Remark . Supplementary information

Numerical representation  : Binary ... xxxx or xxxxB

Decimal ... xxxx
Hexadecimal ... xxxxH

Register notation

7 6 5 4 ® 2 1 0 — For the bit with a bit number circled, its bit name
is a reserved word for NEC'’s assembler or is
EDC B 1 0 x A 1 0 x defined as an sfr variable by the # pragm sfr

directive for C compiler.

When writing When reading

Write O or 1. The operation| Read 0 or 1.
is not affected by either
value.

Must write 0.

Must write 1.

Write the value for the Read the value that
function you want to use. conforms to the
operating state.

Never write a combination of codes that have “Setting Prohibited” written in the,
register description in this manual.

Characters that are confused : 0 (zero), O (capital 0)
: 1 (one), | (letter 1), | (capital i)
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Related documents The related documents indicated in this publication may include preliminary versions.
However, preliminary versions are not marked as such.

Documents related to device

Document Name

Document No.

NEWS-OS™ Based

Japanese English
puPD784953, 784955 Preliminary Product Information U12830J U12830E
UPD78F4956 Preliminary Product Information u12831J U12831E
puPD784955 Subseries Special Function Register Table u12832J To be prepared
uPD784955 Subseries User's Manual, Hardware U12833J This document
78K/IV Series Application Note, Software Basics U10095J U10095E
78K/IV Series User’s Manual, Instructions U10905J U10905E
78K/IV Series Instruction Table U10594J —
78K/IV Series Instruction Set U10595J —

Documents related to development tools (User’'s Manuals)
Document Name Document No.

Japanese English
RA78K4 Assembler Package Operation U11334J U11334E

Language U11162J U11162E
RA78K4 Structured Assembler Preprocessor U11743J U11743E
CC78K4 C Compiler Operation U11572J U11572E

Language U11571J U11571E
CC78K Series Library Source File U12322J U12322E
|IE-78K4-NS U13856J Under preparation
IE-784000-R U12903J EEU-1534
|E-784956-NS-EM1 U13856J To be prepared
SM78K4 System Simulator, Windows™ Based Reference U10093J U10093E
SM78K Series System Simulator External parts U10092J U10092E

user open interface

specification
ID78K4-NS Integrated Debugger Reference U12796J U12796E
ID78K4 Integrated Debugger, Windows Based Reference U10440J U10440E
ID78K4 Integrated Debugger HP-UX™, SunOS™, Reference U11960J U11960E

Caution The contents of the above related documents are subject to change without notice. Be sure to
use the latest edition of a document for designing.
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Documents related to embedded software (User’'s Manual)

Document Name

Document No.

Japanese English
78KI/IV Series Real-Time OS Basics uU10603J U10603E
Installation u10604J U10604E
Debugger U10364J -
78K/IV Series OS MX78K4 Basics U11779J -
Other documents
Document Name Document No.
Japanese English
IC Package Manual C10943X
Semiconductor Device Mounting Technology Manual C10535J C10535E
Quality Grades on NEC Semiconductor Devices C11531J C11531E
NEC Semiconductor Device Reliability/Quality Control System C10983J C10983E
Guide to Prevent Damage for Semiconductor Devices by Electrostatic C11892J C11892E
Discharge (ESD)
Guide to Quality Assurance for Semiconductor Devices - MEI-1202
Microcomputer Product Series Guide U11416J -

Caution

12

The contents of the above related documents are subject to change without notice. Be sure to
use the latest edition of a document for designing.




CONTENTS

CHAPTER 1 OVERVIEW ...ttt ettt e e e e et e e e e e e e s e e s eeeeeaeeas 31
R T L0 =TT PP RT R PPPPPPRPRPRPN 33
22 @ (o 1= ¢ 1o TN T {0 ) 3 =11 o] o RSP 34
1.3  Pin Configuration (TOP VIBW) ......ceeiiiieaiiiiiiieitee et e ettt e e e e e e et be e e e e e e e e e e e e s annnneeees 35
A = (0T QB 1 =T [ = L 4 I PP UUR PR 37
1.5 FUNCHON LIST .oeiiiiiiiiiie ittt et s st e e e st e e e s e bbb e e e s e anbbe e e e s taeessnnres 38
1.6 Differences Between pPD784955 Subseries ProductsS .............eeeeeeiiiaiiiiiiiiiiiiiieeeeeee e 40
CHAPTER 2 PIN FUNCTIONS ...ttt et e e e e e e s e s s e e e e e e e e e e s aaannnren aeeeeas 41
2.1 PiN FUNCHON LISt ...ttt ettt e e e e e e e ettt e e e e e e e e e e e e e annnee eeaaaeens 41
2.2 Explanation of Pin FUNCHONS ......cccciiiiiiiiiiiie e s e ee e e e e e e e e s s s nrneeeeeeeas 4 4
A2 R o] ¢ ¢ F= Vo] o =] = i g o N 1 410 To [ PR TR ST 44
2.3 Pin I/O Circuit and Recommended Connections of Unused PiNs .........cccccccoiiiiiiiiiieneen. 52
CHAPTER 3 CPU ARCHITECTURE ... ..ottt ettt e e e e e et e e e e e e e e e e e aan s 55
I J0t R |V 1= g T Y2 o > Vo] 55
3.2 INLEINAI ROM AFB@ ... eeiieieieti ettt e ettt e et e e e e e e s e e bbbttt e e e e e e e e e e e s aaannnbbnbeees teeeees 59
3.3 BASE AIBA ..ottt e e e e e e — b a e e aas s 60
R N V=Tt (o] g = Lo (= T (== PO U PSP TPRPTPPPRNE 60
3.3.2 CALLT INStrUCLION tADIE @rE@ ....cceiieiiiiee ettt ettt e e et e e e e et e e e e e e e nnaeeeas 61
3.3.3 CALLF INSIIUCLION ENEIY GIEA ...eeiiiiieiiieeeeiiitiee e e ettt e e e ettt e e e e e s et e e e e e s abae e e e e aantaeeeaeaeasneeeaaeeeannsaeeens 61
R 0] o g o Tl D= L= Y (=T PP PPPPPP 62
R o A [ 1 (=T g P U YA - 1= SRS PRPRR 62
3.4.2 Special function register (SFR) Gra ........c..ueiieiiiiiiiiie et a e e e e e e neeaeeeas 65
3.5 UPD78F4956 MEMOIY MaPPiNg .....uuvvrrererieieeesesiiiissintireereseeessssasssssssneeereeeeeessssnsnsssssssneeeeeeeens 66
3.6 CONLIOl REQISTEIS ...ttt ettt e et et et e e e e e e s e e et bbbt eeeeeaaaeeesaaannnrnees beeeeees 67
3.6.1 Program COUNLET (PC) ...oceiiiiiiiiie et e ettt ettt e e e ettt e e e e e s et e e e e e e at bt e e e e e esbeeeeeeeannseeeaaaesannneneas 67
3.6.2 Program Status WOTA (PSW) ....ccciiiiiiiie ettt a e e et e e e e e st a e e e e s et ae e e e e eenraeeeas 67
3.6.3 USING the RSS Dt ...ttt ettt e e e et e e e e e sttt e e e e e eatbe e e e e e aanaeebeeaeeeannneeeas 71
I ] = Tod [ o [0 101 (=T A (] = TSRS PRP PR 74
3.6.5 Memory expansion Mode register (MM) .........coi i e s seaaaaea s 77
3.7 GENEIAI REUISIEIS ...eeiieiiiiiiei ettt et e e e e et b e e e e e e e e e e e e s e nbbbbeaneeaaaes teeeees 78
R T A A O] 0T T8 =1 1] o RO ERP R 78
R A 0 Tox o] OO PSSP PRRTPRPPPROE 80
3.8 Special Function RegiIStErs (SFRS) .......uuuiiiiiiiiiiaai e 83
IS T OF- 1F 1o [ TP 89
CHAPTER 4 CLOCK GENERATOR ...ttt ettt et e e e e e et e e e e e e e e e e e e e aannee s 91
o e 0 o Tox 1T L PRSP 91
N ©o ] 1T U] =1 o] o TSP PEPRRPP 91
e I O a1 (o] I S {=T o[£ 1= SO T TP PP PP 92

13



4.4 System CIOCK OSCIllAtOr ..........coeiiieiiee e r e e e e e s e s rereeaeeeee s .. 95
T (= To [ T=T g Tos Y Ao 1Y/ o [T PP PSPPI 97

4.5 Clock Generator OPEIALIONS .......cc.uuuueiiiiiiaaaaee ittt e e e e e e s e e aeab e e e e eaaaaaaaeaaaannnbereeeeaaaaaaaaaas 9 8
CHAPTER 5 PORT FUNGCTIONS ...ttt s e e e e e e e e e e e e e e eeeeeeeeeesessssbanben sennnes 99
5.1 Digital INPUt/OULPUL POI ....eeieiieee et e e e e e e e e e e e s e nnnnneeanees e 99
5.2 POt CONfIQUIALION .....eeiiiiiiiieeiie ittt e e e e e e e ettt e et e e e e e e e e s s nnbbnsneeeaes eeeeees 101
LT R o o A O T TP PP PP PR U PP STRTRPPPPPIRE 101
B.2.2 POIT L oot 103
LT T =] o BT PP PP TP PO PP STOTRPPPPPIRE 104
LT o] 4 B TP PP PP PP PP STRTOPPPPPIRE 105
B.2.5 POIT A o e 106
LT ST o] o B TP PP TP U TRTOTRPPPPPIRE 107
LT A o ¢ AL T PP TP TP PO TP STRTOPPPPPIRE 108
5128 POIT 7 oo 109
LT T o o B I PP TP TP T OO T R RTRTRTOPPPINE 110

5.3 CONLIOI REQISTEIS ... ittt ettt e ettt et e e e e e e s e e et bbbe et e e e aaaeeesaaannnbnene beseeees 111
Lo @ T o =T = 111 1O SPS 114
5.4.1 Writing to iNPUL/OULPUL POIT .....eeiiiieii ettt e et e e e e sttt e e e e esbe e e e e e e nneeeeaaesamnneneas 114
5.4.2 Reading from INPUY/OULPUL POI .........eeiiieiiiieiee ettt ettt e e e et e e e e e e e e e nnee e e e e e s ennneeas 114
5.4.3 Operations oN iNPUY/OULPUL POT ......uuiiieiiiiiiieeesciies e e e s e e e s e e e e e s satae e e e s e sssereeeeessntbeeeeessasaraeaens 114
CHAPTER 6 REAL-TIME OUTPUT FUNCTIONS ... 115
0 I U 0 o1 {0 LU PP 115
I 2 Ofo 101 o [T =11 o] o KPR PU R PPPRR 115
6.3 Real-Time Output POrt O (RTPO) ...cceoiiiiiiiieeiee e s s e e e e e e e s s s e e e e e e e e e e s s annnnnrnees 118
(SR I A O o g1 (o] N =T o 1S3 (=] £ PSRRI 118

(SR I @ o 1= =1 1 o] o SRR 122
6.3.3 PWM MOdUIAtion CONIOI ......cc.eiiiriiiiiiiiieiit et 123

6.4 Real-Time Output POrt 1 (RTPL) ..ottt e e e e e e e e e 126
Lo A OFo g1 (o] (=T o 1S3 (=] £ PR 126

(S A @] o 1= - 1 (o] o SO SRP PP 130
6.4.3 PWM mMOdUlation CONIOL ........oiiiiiiiiiii ettt e e ettt e e e et e e e e e ennre e e e e e e e nneaeeeas 131

6.5  USING thiS FUNCHION .....utiiiiiiiiiiiiiiie ettt e e et e et e e e e e e e e e e anbbnreeeee aaaeas 134
L G O 11 1o o ST PTP PR 135
CHAPTER 7 TIMER/COUNTER OVERVIEW ...ttt 137
CHAPTER 8 16-BIT TIMER/COUNTER O ...ooiiiiiiiiiiiiiiieceet ettt e e e e e e e e e e enae 143
S0 A U od 1o o [P PR PPPPPRPPRRN 143
8.2 CONFIQUIALION ..eieieiiiiiii ittt et e e e e e e s e bbb ettt e e e e e e e ae s e nbnbbabeeeaaaas  aabesreees 143
8.3 CONLIOI REQISLEL ....eeeeeiiiiiee ettt et e e e e e e e e e bbb e e e e e e e e e e e s aaannbbebeeeeaaaes  ebereees 147
S @ T o =T - 11T o SRS 151
S I A = - TS (ol o] 1T = Vio o W ) I 1Y O ST PEP R 151
8.4.2 Free running operation Of TIMO ..........eiiiiiiiiiiie ettt e e e et e e e e s e e e e e s e nnee e e e e e enneeeas 152

14



8.4.3 Clear and start operation of TMO at valid edge of INTPO ........ccciiiiiiiiiiie e 152

8.4.4 Clear and start operation when TMO and CROO MatCh ...........ccuiiiiiiiiiiiiii e 153

8.4.5 Operation as 16-bit PWIM OUIPUL ........cooiiiiiiiiie et e et e e e s esne e e e e e neeaeeeas 154

8.4.6 Capture operation Of TMO ........cciiiiiiiiiii et e e e s e e e e st e e e e e s stb e e e e e e sassraeaaeeessnsaaeeas 155

8.4.7 Pulse width measuremMent OPEIAtION ............eiieiiiiiiiie e e e e e e e e e e et ee e e e e e enaeeeeaeeaneeeeeeas 156

8.4.8 Compare operation Of TIMO .......cooo ittt e e e e et et e e e e e nbee e e e e e e nneeeee e e s anneeeas 159

8.4.9 NOISE eliMINALION CIFCUIL .......ieiiiiiiieiie ettt e 160

o IR I OF- 1F 1o [ TR 161
CHAPTER 9 16-BIT TIMER/COUNTER L ....c.ooiiiiiiiiiiieiiiiiiee ettt st s nnnnaee s 163
LS 20 R ¥ [ (od 1 T LSRR 163
Lo T2 ©o 1o 11 - 1o o PSR 163
0.3 CONLIOl REQISTEIS ...ttt e e ettt et e e e e e e s e s et bbbt e e e e e aaaeeesaaannnrnens beereees 165
S I @ o =T - 110 ] o TSP 168
Lo I R 2 7= TS (ol o] o 1= = Vo] T ) I 1Y i SR PEP SR 168

9.4.2 Free running operation Of TIML ... ... it e e e e e e e e neee e e e e e snneeeas 169

9.4.3 Clear and start operation when TM1 and CR10 MatCh ...........ccciiiiiiiiiiiii e 170

9.4.4 Operation as 16-bit PWIM OUIPUL ........ccciiiiiiiiie ittt e s e e st e e e e st r e e e s ssaaa e e e e sannsaeeeas 171

9.4.5 Compare operation Of TIML ... ..ot e et e e e e e e e e e e e e nnee e e e e e e enneneas 172

S IR T OF- 1F 1o [ TP 173
CHAPTER 10 16-BIT TIMER/COUNTER 2 ...ooiiiiiiiiiiiiiieie ettt e e e e e e 175
0 0 R U T 1o 1S PRSPPI 175
O ©7o )¢ {0 U] =1 1 o] o H PP TP T TR UURTTP 175
10.3  CONrOl REQISTEIS .ottt ettt et e e e e e e s e bbb b e et e e e e e e e s e s e anbbbbeseeeeaaaaaaeaaaaen aannnn 177
0B R @ o =1 - 1 SO 180
10.4.1 BasSiC OPeration Of TIMZ ... ..ooi ettt ettt e e e ettt e e e e e e tbe e e e e e anneeeeaeeasnnnbeeaaean 180

10.4.2  Free running operation Of TIM2 ... ittt e e e e e e e e e e sneaeeae e e an 181

10.4.3 Clear and start operation when TM2 and CR20 MatCh ........cccccoviviiiie i 181

10.4.4 Operation as 16-bit PWM OULPUL ........coiiiiiiiiiiiei it e e e e e eea e e e 182

10.4.5 Compare operation Of TIM2 ... ...t e et e e e e e ene e e e e e e snnaeeaaaean 183

ST O 1110 oI PP PP 184
CHAPTER 11 16-BIT TIMER/COUNTER 3 ...ttt e et e e e e e e e e e annne 185
5 R ¥ o4 1o 1P P TP PUTTT 185
A ©7o )41 {0 U] =1 1 o] o H PP TP TR UURTTP 185
IO T @0 ¢ 1 {0 B =T 0 15 (=] £ S 187
R A @ o 1T =110 ] [P TP TP PR PURTR 189
11.4.1  BasiC Operation Of TIMB ... . oottt e et e e e ettt e e e e bbe e e e e e enneeeaaeeanenbeeeaean 189

11.4.2  Free running operation Of TIM3 .......oiiiiii i e e e e e e s e e e e e e e atreeaeeeaan 190

11.4.3 Clear and start operation when TM3 and CR30 MatCh .........cccooiiiiiiiiiiiiiiiiee e 191

11.4.4 Compare operation Of TIM3 ... .. oottt e e st e e e e e enne e e e e e aneaeeaaaean 192

I ST O 1110 [PPSR 193

15



CHAPTER 12 16-BIT TIMER/COUNTER 4 .......oiiiiiiiiiiee ittt 195

D2 R ¥ od 1o o TP UUPPRPUTUPPR 195
D2 ©7o 11 {To T8 ] =1 (o o SRR 195
D2 B ©70 41 (o] B =T o | 1 L= SO E TP P PRUUPPR TR 200
D @ o 1T -1 1o o PP TP PR 203
12.4.1 BasiC OPEration Of TIMA ......coi ittt e e e et e e e e e e e e e e s et e e e e s e sntr e e e e e e sasbbaaeaesan 203

12.4.2  Free running operation Of TIMZ .. ... . i ittt e et e e e e e e e e e e nnaeeaa e e s 204

12.4.3 Clear and start operation of TM4 at valid edge Of INTP2 ..o 204

12.4.4 Clear and start operation when TM4 and CR40 MatCh ........cccceoviiiiiie i 205

12.4.5 Capture operation Of TIMA .. ... .. oot e e e st e e e e e e nbe e e e e e eanneaeeeaaeaan 206

12.4.6 Pulse width measuremMent OPEIAtION ...........cuuiiiie it e e e e eee e e e e aebeeeaaseaneeeeeaeas 207

12.4.7 Compare operation Of TMZ ... ....ciii it e e e s e e e e e e s e e e e e s saaraeaeaeean 211

12.4.8  NOISE liMiNAtiON CIFCUIL .......iieeiieee ettt e e e et e e e e e nbe e e e e e e nnaeeea e e e annneeaens 212

D2 T OF- 1F | (o] 1 PR TP PPPRPUUPT 213
CHAPTER 13 16-BIT TIMER/COUNTER S ..ottt e e e e e e 215
R 0 A U T 1o o PSPPSR 215
A ©7o )41 1o U] =1 (o] o H PP TR UURTTP 215
13.3  CONIOl REGISTEN ...ttt ettt e ettt e e e e e e e e e s e bbbt b e aeeeeaaaeeesaaannrennane  aaaannn 220
IR B0 R @ o =1 - 1 o SO 223
13.4.1 BasiC OPeration Of TIMS ... oottt ettt e e ettt e e e s et e e e e e e anne e e e e e eaannnbeeaaeaan 223

13.4.2  Free running operation Of TIMS ... ittt e e e e e e e e e e sneaeeeeee s 224

13.4.3 Clear and start operation of TM5 at valid edge Of INTP5 .........ccooiiiiiiiiiiiiiiec e 224

13.4.4 Clear and start operation when TM5 and CR50 MatCh ...........coooiiiiiiiiiiiiiiie e 225

13.4.5 Capture operation Of TIMS ... . ... et e e e st e e e e e e nbe e e e e e anneaeeeaeeaan 226

13.4.6 Pulse width measurement OPEIAtION ..........cccuuiiieeiiiiiiee et r e e e e e e e e e st e e e e s eerraeeaes 227

13.4.7 Compare operation Of TIMS ... ...t e et e e e e e e e e e e e sneaeeaaaean 230

13.4.8  NOISE liMiNAtiON CIFCUIL .......iieiiieee ettt ettt e e e et e e e e e e nae e e e e e e nraeeea e s e ennneeaens 231

TS O 1110 o[ PP 232
CHAPTER 14 8-BIT TIMER/COUNTER B ....coiiiiiiiiiiiiiiiiiiiiet ettt e e e e e e e e eenene 233
I R ¥ o4 1o 1P T TSP PUTPT 233
i ©7o )¢ {0 U] =1 (o] o H PP TP UURTTP 234
G T @70 ¢ 1 {0 B = =T 0 1S (=] £ SR 236
i R @ o 1T =110 ] PP U PR PPPEPURTT 238
14.4.1 BasSiC OPeration Of TIMB ......coiiuuiiiiai et et e ettt e ettt e e e s e tbe e e e e e eanneeeeaeeasnnnbeeeaean 238

14.4.2  Interval operation Of TIMB .........uuiiiiiiiiiie ettt e e e e e e e e e e st re e e e e s asb e e e e e e easnenaeeaeeans 239

14.4.3  Free running operation of TM6 (PWM OULPUL) ......oouuiiiiiiiiiiiie et 240

I OF= 1F | (o] 1 PP TP T PPP R PURPT 242
CHAPTER 15 8-BIT TIMER/COUNTER 7 ...ooiiiiiiiiiiiiite ettt e e e e e e e e e e aennees 243
L15. 1 FUNCHONS .ttt ettt sttt e st e e e e s n e e et e s n e e e nn e e s nn e e e nnneeenne anreeennnees 243
15.2  CONFIQUIALION ..oiiiiiiiiiet ettt e e e e ettt e e e e e e e e e s e abnbbebe e e e e e e e e e e aaannnns aeeeeaeas 243
15.3  CONrOl REQISTEIS ..ottt e ettt e e e e e e e ettt e e e e e e e s e s e bbb beaeeeeaaaaeaeaaaan aannn 245

16



L 30 S @ o =1 - 1 o SO 247

15.4.1 BasSiC OPEration Of TIM7 ....ccoo ittt e ettt e e e e et e e e s e anneeeeaeeasnnnbeeaaean 247

15.4.2  Interval operation Of TIM7 ... . ...ttt e e et e e e e e et e e e e e e ennenaeeaeeann 247

TS O 1110 o[ PP 248

CHAPTER 16 WATCHDOG TIMER ... .t . 249

T R @70 )41 {0 18] =1 1 o] o H PP PP T TR UURTTPN 249

16.2  CONIOl REGISTEN ... ittt e e e ettt e e e e e e e e e s e bbb bbeaeeeeaaaeeesaasnnrenrene  aeaenn 250

LG T0C T @ o =1 - 11 1 1 SRR 252

G 75t R ©o 1¥ o1 ] o 1= = 11T [P EUTSOTP 252

16.3.2  INLEITUPL PIOKILY OFOE ...eeiieiiiiieie ettt e e e et e e e e ettt e e e e s anbte e e e e e enbeeeaeeaesnnneeaaaann 252

T O 1F 1o oI PSR PTRP 253

16.4.1 General cautions when using the watchdog timer ... 253

16.4.2 Cautions about the uPD784955 Subseries watchdog timer ............ccooviiiiiei i 254

CHAPTER 17 A/D CONVERTER ...ttt ettt ettt e e e e e e e s e bbbt e e e e e e e e e e e e ann sean 255

L17.1 FUNCHONS .ttt ettt et s e e e e st e e et e s n e e e nn e e s nn e e e nnneeannne anneeennnees 255

A ©7o ] 4110 18] =1 (o] o H PP TP TR UUUTTP 255

17.3  CONrOl REQISTEIS ..ottt ettt ettt e e e e e e e et ettt e e e e e e e e e s e nbbbbeseeeeaaaeeaeaaaan aaennn 258

I R @ o =1 - 1 1 1SR 261

17.4.1 Basic operations Of A/D CONVEITET ........coii it ee e et e et ee e e et e e e e e aanbeeeaaesaneaeeaeeaaan 261

17.4.2 Input voltage and CONVEISION FESUIL .........ooi i e e e e s 263

17.4.3 Operations MOde Of A/D CONVEIET ......uiiiiiiiiiieee e et e e e sttt e s e e e e s s e e e e e sber e e e e s asaareeaeeaaan 264

S T OF- 1F | (o] 1T R PP PPPRPURPT 266

CHAPTER 18 SERIAL INTERFACE OVERVIEW ...ttt 271

CHAPTER 19 ASYNCHRONOUS SERIAL INTERFACE ... 273
19.1 Asynchronous Serial Interface MOUE ..........ouuiiiiiiiiiiii e 273

0 0t R @7o oo U = o] o [ RPN 273

B O @7o 41 £o ] (=T ) (=] £ PRSPPI 276

S A @ o 1T =110 ] o PP PPPRPURPT 280

19.2.1  OpEration SLOP MOE ......ceeeiiuiiiiie ettt ettt e ettt e e e e et e e e e e s aatteeeaaeaanbeeeeeeaasaeeeaeeaasneneeeaaaann 280

19.2.2 Asynchronous serial interface (UART) MOE ......ccccuvviiiiiiiiiiiie ettt tvae e 281

19.2.3  Standby MOAE OPEFALION ........ueiiieeiiiiiii ettt e et e e e et e e e e e et e e e e e senbeeeeaeeanbeeeaeeeasneneeaaaaann 292

CHAPTER 20 3-WIRE SERIAL /O MODE ......ooiiiiiiiiiiie ettt 293

P20 5 ¥ [ o [ox 1o o TP 293

P20 I @ T T - o ) o 293

P20 e B ©o] 11 (o] I 2 LT o | (=] £ J TP UPPR PR 295

O I @ o= = 11 ] o PP TP T R PPPRT 296

CHAPTER 21 EDGE DETECTION FUNCTION ... e e e e e e e e e e eeeeeeeeenes 299

17



P2 T A @ 11 (o I =T 1] 1= £ SRR 299
21.2 Edge Detection Of POO PN .........uiiiiiiiiiiiiii ittt e e e e e e e e e e e e e e anaes 300
CHAPTER 22 INTERRUPT FUNCTIONS ...ttt e e s e e e e e e e e 301
221  INLErruPt REQUEST SOUICES .....coeiiiiiiiiiiitititae e e e e e e e e e e e e et e et e eee e et a e e e e e e e eaeaans 302
I R Yo 11 = T =N (01 (=T U o] £ ST EP S 304
22.1.2 Operand €rrOr INEEITUPLS ....ooeiiieeieeee ettt er e e ettt e e e e e etaee e e e e e s seseeaeaaanbseeaeeaansbeeeaesaannseeaaeaannseeeens 304
22.1.3  NON-MASKADIE INTEITUPLS ...eiiiiiiiiiie ettt e e ettt e e e e e et e e e e e nne e e e e e e e nnsbeeeas 304
22.1.4  Maskable INTEITUPLS ....c.uiviiiie it e e e e et e e e e e et e e e e e s satb e e e e e e s ensrnaeaeas 304
22.2  INLErrUPt SEIVICE MOUES ...ttt e e e e e e e e e e e e e e e e e nnes .. 305
22.2.1  VecCtored INTEITUPE SEIVICE .....coiiiiiiei ettt ettt e e e ettt e e e e et e e e e e ambbee e e e e eannsneeaeeaaansaeeeas 305
22.2.2 MBCIO SEIVICE ...eeiiiieiii ittt sttt ettt ettt b et b e e s et et e e s aa e e bt e e be e e be e sbb e e beenen e e eaneenne e e 305
A T O] 1 (=) (8RS (o] 1 o [ PSSR 305
22.3 Interrupt Processing Control REQISIEIS .......ooiiiuiiiiiiiiiiiaaee et 306
22.3.1  INLErrUPt CONIOI FEQISTEIS ..iiiiiiiiiiiiii e e ittt e e et e e e st e e e s et ae e e e e eeabaeeaeeessasbaeeas 308
22.3.2 Interrupt mask registers (MKO, MKL) .....coooiiiiiiiaaiiiii e e et e e e e e s eneeeeae s 312
22.3.3 In-service priority regisSter (ISPR) ......oeiiiii et a e e 314
22.3.4 Interrupt mode control register (IMC) ......iiiii it rrr e e e saaaeeeeas 315
22.3.5 Watchdog timer mode register (WDIM) ......ooi it e e e e eneeeae s 316
22.3.6  Program StatuS WO (PSWV) .......eeiiiiiiiiiiiie ettt ettt e e et e e e e e e e e e e e e nneneeeeas 317
22.4 Software Interrupt Acknowledgment OpPerations ..........ccccvveiriiieeeeeeiis s e e e e e 318
22.4.1 BRK instruction software interrupt acknowledgment operation ............cccccceieiiiiiiieee e 318
22.4.2 BRKCS instruction software interrupt (software context switching)
ACKNOWIEAGMENT OPEIALION ..ottt e e a e e e st e e e e e e stba e e e e e saraeeas 318
22.5 Operand Error Interrupt Acknowledgment Operation ...........cccovvviiiiiiiiieeeieeee e 319
22.6 Non-maskable Interrupt Acknowledgment Operation ...........cccueveeeiieeeeaniniiiiiiiieeee e 320
22.7 Maskable Interrupt Acknowledgment OPeration .............cooecciuviiieieeeeeeee e e 324
A B R = Tox (o) {=To N1 01 (=] 1 U o] PSR S 326
A A 0] 1 (=) (SR 1 (od 1 o [ PSSP 326
22.7.3 Maskable interrupt priority IEVEIS .........c..vviieiiiiiiie e 328
22.8 MaACIO SErVICE FUNCHON .....ueiiiiiiiiiiiee ettt et e e e e e e e et e e e e e e e e e e e e sannenes . 334
22.8.1 Outline of MACro Service FUNCHON ...........oiiiiiiiie e 334
22.8.2  TYPES OF MACIO SEIVICE ..veiiiiiiiiiiiiie e eeieiee ettt s et e e e et e e e e et e e e e e s bbb e e e e e s rstbaaa e e s etbrreeeeas 334
22.8.3 BaSIC MACI0 SEIVICE OPEIALION .....cciiiiiiiiiieei ittt ee e ettt e e e e ettt e e e s bt e e e e e aanbeeeeaesansneeaeeeannseeeeas 337
22.8.4 Operation at end Of MACIO SEIVICE .........eiiiiiiiiiiiie e as 338
22.8.5 MaCr0 SErIVICE CONIOI FEQISTEIS ...iiiiiiiiiiieeeiiiiiet e e e ettt e e s et e e e e e ettt e e e e e st e e e e s s sntbaeae e s snbrneeaeas 341
22.8.6  MACIO SEIVICE LYPE A ...ttt ettt ettt e e e ettt e e e e e sttt e e e e e s nbb e e e e e e anbbeeeaeeeannneeeaeaeaanneeeeas 345
22.8.7 MaCIO SEIVICE tYPE B ...ttt e ettt e e e e ettt e e e e e et e e e e e e e nnr e e e e e e e e anneeeeas 350
22.8.8 MaACIO SEIVICE TYPE € ..ooeiiiiie ettt et e e e et e e e e sttt e e e e e sa et e e e s aatbaeeaesensbaaaeaeeeaentbeeeas 355
A7 S B I O 10 1 (=1 gl . o To [T RSP 369
22.9 When Interrupt Requests and Macro Service Are Temporarily Held Pending ............... 371
22.10 Instructions Whose Execution Is Temporarily Suspended by an Interrupt Request
LoV = Tor (o IR Y= V(o = ST PPEPTPP 373
22.11 Interrupt Request and Macro Service Operation TiMING ... 373
22.11.1 Interrupt request acknowledge processing tiMe ..........ceeeiiiiiiiiee i 374
22.11.2 Processing time Of MACIO SEIVICE ........uuiiiiiiiiiiiiea et e et ee e e ettt e e e e et e e e e s anneeeeaeeeannneeeeas 375
22.12 Restoring Interrupt Function to Initial State ..........cc..eeeiiiiiiiii 376

18



A 1 T OF- 11 |10 T 377

CHAPTER 23 STANDBY FUNGCTION ...ttt ettt a e e e e e e e e aeaeaeeas 379
23.1  Structure and FUNCHON ..........uiiiiiiiaiiioi ittt e e e e e e e e e s e eiab e e e e e e e e e e e e e e aannnnes .. 379
P B ©o] 11 (o] I R LT | (=] £ J TR PP PUPUR PR 380
P22 C T o Vo I 1Y o o = PRSPPI 383
23.3.1 Settings and operating states Of HALT MOUE ......ccoiiuuiiiiiiiiiiiie e 383
23.3.2  Releasing HALT MOGE .......oooi ittt et e e st e e e e e et e e e e e e nnne e e e e e annneeeeas 383
23,4 STOP MOE .....eeiiei ittt ettt e e e ettt e e e e et bt e e s e an b bt e e e e anbbe e e e e anbeeees 2eeanees 391
23.4.1 Settings and operating states Of STOP MOAE ........ccuuiiiiiiiiiiiiee e 391
23.4.2 Releasing STOP MOUTE ......oouiiiiiiiiiiae ittt e et e e e e et e e e e e et beee e e s aasbeeeeaesaansaeeaeeeansneneas 392
22 B SR 15 ]I 1 oo [ P UP PPN 396
23.5.1 Settings and operating states Of IDLE MOE ..........ccueiiiiiiiiiiiiee e 396
23.5.2 Releasing IDLE MOOE .......oouiiiiiiiiiiaiiiieie ettt e et e e e et be e e e e e anbae e e e e e e nnaeeaeeeannneeeeas 397
23.6 Check Items When Using STOP 0Or IDLE MOAE ........ccooiiiiiiiiiiiiiieee s e e 401
CHAPTER 24 RESET FUNGCTION ...ttt e e e e e e e e e e e e e e e e aeeeeeeeenen ae 403
CHAPTER 25 pPD78F4956 PROGRAMMING ...ttt e e e e e e e e e e eeeeeeeeeeeanenenees 405
25.1 Internal Memory Size Switching Register (IMS) ... 406
25.2  Programming Flash MEmMOIY .......cooiiiiiiiiii e 407
25.2.1 Selecting a communication MEthOM ...........ooiuiiiiiiiiiii e 407
25.2.2  Flash memory programming fUNCHIONS ..........ccuiiiiiiiiiiiee e 408
25.2.3 Connecting FIASNPIO 1 ......ooi ettt e e e e e e e e 409
CHAPTER 26 INSTRUCTION OPERATION ..ottt e e e e e e 411
26.1  EXAIMPIES ..ttt ettt e e e e e e et e e e e e e e e e e e nba b e et eee teeaaaaaens 411
P2 S o ) E O o 1= - 1o T P 415
26.3  Lists of ADAressing INSIUCHONS ........eeiiiiiiaiiiiitiiie et a e eeaaaae s 439

APPENDIX A MAJOR DIFFERENCES AMONG THE pPD784955 SUBSERIES, yPD784225

SUBSERIES, AND pPD784216 SUBSERIES ........cccoiiiiiiiiiiceieee e 443
APPENDIX B DEVELOPMENT TOOLS ....oooiiiiiiiii ettt 445
B.1 Language ProCessing SOMWAIE ........cooiuiiiiiiiiiieiae e 448
B.2 Flash Memory WItiNg TOOIS .....coociiiiiiiiieie et e e e e e e s e s s eneeeeeeee s 4 49
(23S B 1= o 18 o o 1 o TN o To | <O UUPPPPR T 450
T A o T 1 (o 1117 T PRSP PPRRPT 450
B.3.2 SOMWAIE ...ttt et et 452
B.4 Conversion Socket Drawing (EV-9200GC-80) and Recommended Footprints ................ 454
APPENDIX C EMBEDDED SOFTWARE ...ttt 457

19



APPENDIX D REGISTER INDEX ....iiiiiitiiiiaiiiiiiee s iiieiee ettt e ettt ee e et ee e e s snbbeeeessnsbaeeeessnbeeeeessnnne eenns 461
D.1 Register Index (By RegISter NAME) ........coiiiiiiiiiiiiiiiiieie et e e e e e 461
D.2 Register Index (By Register SYMDbOI) ......c.ooiiiiiiiiiiiiieccc e e e e e e e 464

% APPENDIX E REVISION HISTORY ...oiiiiiiiiiiiiiiiieeiiie ettt et e ssbe e e saneeesnnee e 469

20



LIST OF FIGURES (1/7)

Figure No. Title Page
2-1 PIN 1O CHICUIL ..ttt ettt et b et s hb e e e bt e e bttt e sab e e e enbe b e e ettt e e nnbeeeanbeeas 53
3-1 UPDT784953 MEMOIY IMTAP ...tvttitiiiiieieietitetetaeaeeeaeesssasass bbb tebereeeeeteeeaaaaeaeeeasasssasasasssssestntnssseeeeeeneseees 56
3-2 UPDT784955 MEMOTY IMTAP ...vvititiiiiiiiiieiitttetae e e e e e e e s s sasss bt te e e e e et eeeaaaaeaeeaeaaassssasassassbstnenbsneeeeeeaeenees 57
3-3 UPDT78FA956 MEIMOIY IVIBP ....uttttitieieieiet ettt e e e e e e e e e e e e e e ettt et ettt e eeeaaaeaaaaeaesaaaannnnnsnbnbnsnsneeeeeennes 58
3-4 INternal RAM MEMOTY IMAP ... .uviiiieiiiiiiie e e eete e e e ettt e e e s ettt e e e e e et e e e e e saab b et e e e satb e e e e e s asbaaaaeeeeannsbeeeas 63
3-5 Internal Memory Size Switching Register (IMS) FOrmMat ...........coocvieeiiiiiiiiie e 66
3-6 Program Counter (PC) FOMMAL .......oiueeiiiie ettt ettt e et e e e e et e e e e e s atae e e e e e anneeeeaeaannneneeeas 67
3-7 Program Status Word (PSW) Format ... 68
3-8 Stack POINTEr (SP) FOMMAL ....eeiiiiiiiiiiie ettt e et e e s e e e s et e e e e s s atb e e e e e e sataeeeeeeesanrreaaeaaas 74
3-9 Data Saved t0 the SACK ..........eeiiiee et e e et e e e e e e e e e e naeeeas 75
3-10 Data Restored from the STACK .........oouiiiiiiie e et 76
3-11 Format of the Memory Expansion Mode Register (MM) 77
3-12 General REGISIEI FOMMAL .......oiiiiiiiiiie ettt e et e e e et e e e e e et bt ee e e s e asaeeeeaeeaanseeeaeee s nneneaaeaann 78
3-13 General REGISIEN AUUIESSES ....cciiiiiiiiie ettt et e e e e e e et e e e e et e e e e e st et e e e s atbaeeaeeeanssranaeeaas 79
4-1 Block Diagram Of CIOCK GENEIALOL ........ccciiiiiiiii et e ettt e e e et e e e e et e e e e e anneeeeaeeennneaeeeas 91
4-2 Standby Control Register (STBC) FOIMMAL ........ccuvviiiiiiiiiiie ettt e st e e e e s saare e e e e ssareeeaeeeees 93
4-3 Oscillation Stabilization Time Specification Register (OSTS) FOrmat..........ccccvveeeviviiierieeiiiienee e 94
4-4 External Circuit of System Clock OSCIllator ...........c.uiiiiiiiie e 95
4-5 Examples of Oscillator Connected INCOIMTECHY .........vviiiiiiiiiiiee e 96
5-1 (o] g A @foT o) iTo U] £=1 o] o IR ER T 99
5-2 Block Diagram Of POO 10 PO7 .......coiiiiiiiie ettt ettt e et e e e e et e e e e e st e e e e e snta e e e e e s s ensrnaeaeas 102
5-3 Block Diagram Of PLO 10 PL7 ....cciiiiiiiiiie ettt ettt e e s e e e e e e ettt e e e e e st e e e e s s s esbaaeaes 103
5-4 Block Diagram of P20, P21, P25 to P27 104
5-5 Block Diagram of P30 to P37 105
5-6 Block Diagram of P40 to P47 106
5-7 Block Diagram of P50 to P57 107
5-8 Block Diagram of P60 to P67 108
5-9 Block Diagram of P70 to P77 109
5-10 Block Diagram of P90 to P95 110
5-11 Port Mode ReGISIEr FOIMAL .......ciiiiiiiiiiii e e e e e et e e e s e e e s st e e e e e e e s entbaeeas 112
5-12 Pull-Up Resistor Option RegiSter FOIMAL ........c.coiiiiiiiieiiiiie e e eraae e 113
6-1 Block Diagram of Real-Time OULPUL PO .........ociiiiiiiiie et e e e et e e e satvaeea e 116
6-2 Configuration of Real-Time Output Buffer Registers 0, 1 ......ccccvvviiiiiiiiie et 117
6-3 Format of Real-Time Output Port Mode Register 0 (RTPMO) ........eiiiiiiiiiiiiee e 118
6-4 Format of Real-Time Output Port Control Register 0 (RTPCO) 119
6-5 Format of PWM Modulation Control Register 0 (PWMGCO) .......cocuviiieiiiiiiiee e e e 120
6-6 Format of PWM Modulation Buffer Register 0 (BFPWMCO) .......c.cueiieiiiiiiiieee e 121
6-7 Example of the Operation Timing of Real-Time Output Port 0 (EXTR0O =0, BYTEO =0) ................. 122
6-8 Example of PWM Output Level INVErsion (RTPO) ......ccioiiiiiiiie et ee e esitee et e e e sivaeaae s 123

21



LIST OF FIGURES (2/7)

Figure No. Title Page
6-9 Example of PWM Modulation Operation (RTPO) .......cciiiiiiiiiieiiiiiiee e e e sairaee e 124
6-10 Configuration of the PWM Modulation Control Circuit (RTPO) ........coociiiiiieiiiiiiieee e 125
6-11 Format of Real-Time Output Port Mode Register 1 (RTPML) .......oooiiiiiiiiiiiei e 126
6-12 Format of Real-Time Output Port Control Register 1 (RTPCL) ......covviviiiiieiieiiiiieeee e 127
6-13 Format of PWM Modulation Control Register 1 (PWMCL) ......cooiiuiiiieiiiiiieee e 128
6-14 Format of PWM Modulation Buffer Register 1 (BFPWMCL) ......ccuuiiiiiiiiiiiee e 129
6-15 Example of the Operation Timing of Real-Time Output Port 1 (EXTR1 =0, BYTEL1 =0) ................. 130
6-16 Example of PWM Output Level INVErsion (RTPL) ......ccioiiiiiiiieeiiiiiiie e ee e eesitree e sitvee e sivaeaae s 131
6-17 Example of PWM Modulation Operation (RTPL) .......ouiiiiiiiiaiiiiee e 132
6-18 Configuration of the PWM Modulation Control Circuit (RTPL) .......ccoviiiiiieiiiiiiiiee e e 133
7-1 Timer/Counter BIOCK DIBOIAIM .......o.uuiieieaeeiiit ettt e e ettt e e e e ettt e e e e e abee e e e e e annsbeeae e e e nnnneeaens 138
8-1 Block Diagram of 16-Bit Timer/Counter O (TMO) .........cieeiiiiiiiiee e e e e e e s e e e eearaaeae s 144
8-2 Format of 16-Bit Timer Mode Control Register 0 (TMCO) .......coiiiueiieaiiiiieee e eeee e 147
8-3 Format of Capture/Compare Control Register 0 (CRCO) 148
8-4 Format of Timer Output Control Register 0 (TOCO) .......coicuuiiieei et e s eraaee e 149
8-5 Format of Prescaler Mode Register 0 (PRMO) ........ooiiiiiiiiiiiiee e 150
8-6 Basic Operation Timing Of TIMO .....c.ocuuiiieeiiiiiies e e e e e e et e e e e st e e e e e st aeeaeeeeantaeeeas 151
8-7 Timing for Rewriting to TMC02 and TMCO03 (Free Running Mode) .........cccceevvviiiiieeeiiiiiieee e 151
8-8 Free Running Mode Operation Timing Of TIMO ..........eiiiiiiiiiiiae et e e 152
8-9 Clear and Start Mode Operation Timing of TMO at Input of the Valid Edge of INTPO ............c..cc... 152
8-10 Clear and Start Mode Operation Timing When TMO and CR0OO Match (CR0OO # 0000H).................. 153
8-11 Clear and Start Mode Operation Timing When TMO and CROO Match (CR0O = 0000H) ................. 153
8-12 Example of PWM OULPUL Of TOOD ....uiiiiii ettt et e e e e st e e e e et e e e e e s nntbaaeeae s 154
8-13 Capture Operation Timing (Free Running Mode) 155
8-14 Capture Operation Timing (Clear and Start Mode at INTPO Valid Edge Input) .........cccccoeiiiieeennns 155
8-15 Pulse Width Measurement Timing (When Both Edges Are Specified) 156
8-16 Pulse Width Measurement Timing (When Rising Edge Is Specified) ..... 157
8-17 Pulse Width Measurement Timing (When Falling Edge Is Specified) ........ccccooiiieeiiiiiinieiieeee 158
8-18 Compare Operation Timing of TMO (CR0O0, CRO1 # 0000H) ......cciiiiiiiiiieeiiiiiiee e eeiireee e siiree e 159
8-19 Compare Operation Timing of TMO (CR0O0, CRO1 = 0000H) ......cccciiiiiiiiieeiiiiiiiee e eeiieee e e 159
8-20 LNl 01 =1 (o Tod 1 B T= Vo = 1 SRR SRTR 160
8-21 Sampling TiMING DIAQIAIM .....ueiiiiiiiiee ettt e e e e e e e st e e e e e e stbreeeeesasbaseaesassstreeeeesnnsraeeaeaaes 160
8-22 Start Timing of 16-Bit TIMer REGISIEr O ......veiiiiiiiiiiiii et e e e s eineereae e 161
8-23 Timing After Changing Compare Register during Timer Count Operation ............ccceovivieeeeeriiiineenn. 161
9-1 Block Diagram of 16-Bit TIMer/Counter 1 (TML) .......uuviiiiiiiiiiee e e e e eiraaea s 163
9-2 Format of the 16-Bit Timer Mode Control Register 1 (TMC1) 165
9-3 Format of Timer Output Control Register 1 (TOC1) 166
9-4 Format of the Prescaler Mode Register 1 (PRM1) 167
9-5 Basic Operation Timing of TML ........cuuiiiiiiiiie e 168
9-6 Timing for Rewriting to TMC12 and TMC13 (Free Running Mode) 168

22



LIST OF FIGURES (3/7)

Figure No. Title Page
9-7 Free Running Mode Operation Timing Of TIML.......c.uuiiiiiiiiiiiie e e eraea e 169
9-8 Clear and Start Mode Operation Timing When TM1 and CR10 Match (CR10 # 0000H).................. 170
9-9 Clear and Start Mode Operation Timing When TM1 and CR10 Match (CR10 = 0000H) ................. 170
9-10 Example of PWM Output of TO1 171
9-11 Compare Operation Timing of TM1 (CR10, CR11 # 0000H) 172
9-12 Compare Operation Timing of TM1 (CR10, CR11 = 0000H) ......ccietiiiiiiieaiiiiieeaeeeiieee e e 172
9-13 Start Timing of 16-Bit TIMEr REGISIEr L .......ciiiiiiiiiie ettt e e e e e e saraaaeaeeaes 173
9-14 Timing After the Compare Register Changes During Timer Counting 173
10-1 Block Diagram of 16-Bit TIMer/Counter 2 (TIM2) .......uuuiieiiiiiiiee et e e e e e e saaaeee s 175
10-2 Format of the 16-Bit Timer Mode Control Register 2 (TMC2) ........ooiiiiiiiiiiieeeiiiee e 177
10-3 Format of the Timer Output Control Register 2 (TOC2) .......uiiiiiiiiiiieee et 178
10-4 Format of the Prescaler Mode RegiSter 2 (PRM2) .......cooiiiiiiieiiiiiiiee ettt 179
10-5 Basic Operation TiMiNg Of TIM2 ... ettt e et e e et e e e e e nnee e e e e e e aneaeeeas 180
10-6 Timing for Rewriting to TMC22 and TMC23 (Free RUnning Mode) ..........cooviiiiiiiieieiniiiee e 180
10-7 Free Running Mode Operation Timing Of TIM2 .........uuiiiiiiiiiiie e eraea e 181
10-8 Clear and Start Mode Operation Timing When TM2 and CR20 Match (CR20 # 0000H).................. 181
10-9 Clear and Start Mode Operation Timing When TM2 and CR20 Match (CR20 = 0000H) ................. 181
10-10 Example of PWM OULPUL Of TO2 ....coiiiiiiii ittt e sttt e e e e e e et e e e e e e e e e e e e s ennnnees 182
10-11  Compare Operation Timing of TM2 (CR20, CR21 # 0000H) 183
10-12 Compare Operation Timing of TM2 (CR20, CR21 = 0000H) 183
10-13  Start Timing of 16-Bit TIMEr REQISIEI 2 .....ccoiiiiiiii ettt e e e e st e e e e e e nnnes 184
10-14  Timing After the Compare Register Changes During Timer Counting ..........cceeeuriiiiereeriiiiereee e 184
11-1 Block Diagram of 16-Bit TIMer/Counter 3 (TM3) .......uuiiieiiiiiiiee e e e e e e iaaaee s 185
11-2 Format of 16-Bit Timer Mode Control Register 3 (TMC3) ....ccioiiiiiiiiaeieiie e 187
11-3 Format of Prescaler Mode Register 3 (PRM3) ...t 188
11-4 Basic Operation Timing Of TIM3 ... e e e et e e e e s e e e s st ae e e e e e e antaaeeas 189
11-5 Timing for Rewriting to TMC32 and TMC33 (Free RuUnning Mode) .........c.coeviiiiiiiiieiiiiiie e 189
11-6 Free Running Mode Operation Timing Of TIM3 .........eiiiiiiiiie e 190
11-7 Clear and Start Mode Operation Timing When TM3 and CR30 Match (CR30 # 0000H).................. 191
11-8 Clear and Start Mode Operation Timing When TM3 and CR30 Match (CR30 = 0000H) ................. 191
11-9 Compare Operation Timing of TM3 (CR30, CR31 # 0000H) 192
11-10  Compare Operation Timing of TM3 (CR30, CR31 = 0000H) 192
11-11  Start Timing of 16-Bit TIMEr REQISIEr 3 ... e e e e e e e 193
11-12  Timing After the Compare Register Changes During Timer Counting ..........coeeeeriieeereenniieeeeee e 193
12-1 Block Diagram of 16-Bit TIMer/Counter 4 (TIMA) ........ooi i a e e naeeea s 196
12-2 Format of 16-Bit Timer Mode Control Register 4 (TMCA) .....cooo it 200
12-3 Format of Capture/Compare Control Register 4 (CRCA4) .......ccoiiiiiiiee e 201
12-4 Format of Prescaler Mode Register 4 (PRMA) ... ... 202
12-5 Basic Operation TiMING Of TIMA ...ttt et e e et e e e e e nnee e e e e e e ennaeeeas 203
12-6 TMC42 and TMC43 Rewrite Operation Timing (Free Running Mode) ...........ccccvceveeiiiiieeeee i, 203

23



LIST OF FIGURES (4/7)

Figure No. Title Page
12-7 Free Running Mode Operation Timing Of TIM4 ..........ooiiiiiiiiiiie et 204
12-8 Clear and Start Mode Operation Timing of TM4 at Input of the Valid Edge of INTP2 ....................... 204
12-9 Clear and Start Mode Operation Timing When TM4 and CR40 Match (CR40 # 0000H).................. 205
12-10 Clear and Start Mode Operation Timing When TM4 and CR40 Match (CR40 = 0000H) ................. 205
12-11  Capture Operation Timing (Free RUNNING MOAE) ........coiiiiiiiiiiiiiiiii e 206
12-12  Capture Operation Timing (Clear and Start Mode at INTP2 Valid Edge Input) ........cccoooiiieiieiniinenn. 206
12-13  Pulse Width Measurement Timing (When Both Edges Are Specified) 207
12-14  Pulse Width Measurement Timing (When Rising Edge Is Specified) ..... 209
12-15 Pulse Width Measurement Timing (When Falling Edge Is Specified) ..., 210
12-16  Compare Operation Timing of TM4 (CR40, CR41, and CR42 # 0000H) .........ccccovuvveeeiiiiiieeee e 211
12-17  Compare Operation Timing of TM4 (CR40, CR41, and CR42 = 0000H) .......cccovriiiiiieiiiiiieee e 211
S R | N A = [ Tod S BT To | = o TP 212
12-19  Sampling TiMING DIAGIAM ......cciiiiiee ittt e et e e e e e e e e e e e e st e e e e e s s b aaeaeeeastseeeeeasntaseeeessasnnnes 212
12-20  Start Timing of 16-Bit TIMEr REQISIEI 4 ....coooiiiiiiiie et e e e e e e 213
12-21  Timing After Changing Compare Register During Timer Count Operation ...........cccccceeveiiviereeeennnen. 213
13-1 Block Diagram of 16-Bit TIMer/Counter 5 (TIM5) ........eiiiiiiiiiiiee et 216
13-2 Format of 16-Bit Timer Mode Control Register 5 (TMC5) 220
13-3 Format of Capture/Compare Control Register 5 (CRC5) 221
13-4 Format of Prescaler Mode Register 5 (PRM5) 222
13-5 Basic Operation Timing of TM5 ... 223
13-6 TMC52 and TMC53 Rewrite Operation Timing (Free Running Mode) 223
13-7 Free Running Mode Operation Timing Of TIM5 ... 224
13-8 Clear and Start Mode Operation Timing of TM5 at Input of Valid Edge of INTP5 ........c.ccoccoiieiis 224
13-9 Clear and Start Mode Operation Timing When TM5 and CR50 Match (CR50 # 0000H).................. 225
13-10 Clear and Start Mode Operation Timing When TM5 and CR50 Match (CR50 = 0000H) ................. 225
13-11  Capture Operation Timing (Free RUNNING MOAE) ........coiiiiiiiiiiiieiiii e 226
13-12  Capture Operation Timing (Clear and Start Mode at INTP5 Valid Edge Input) .......ccccooovvvieveeciinnen. 226
13-13  Pulse Width Measurement Timing (When Both Edges Are Specified) .........ccccooiiiiiiiniiene. 227
13-14  Pulse Width Measurement Timing (When Rising Edge Is Specified) ..........cccooiiieiiiinii e 228
13-15 Pulse Width Measurement Timing (When Falling Edge Is Specified) .........cccccevviviieeieiiiiieee e, 229
13-16  Compare Operation Timing of TM5 (CR50, CR51 # 0000H) ......cccuuiiiiieiiiiiiee et 230
13-17 Compare Operation Timing of TM5 (CR50, CR51 = 0000H) .....coiiuiiiiieiiiiiiee e 230
13-18 INTP5 Block Diagram ..................... 231
13-19 Sampling Timing Diagram 231
13-20  Start Timing of 16-Bit TIMEr REQISIEI 5 ....cooii it e e e 232
13-21 Timing After Changing Compare Register During Timer Count Operation ...........cccccveevviiivereeeeennnen. 232
14-1 Block Diagram of 8-Bit TIMEr/COUNIET B ..........oiiiiiiiiiiiiai et e et e e e e e e e e e e e e enneaeeeas 234
14-2 Format of Timer Mode Control ReQIStEr 6 (TMCB) .......coiiiiiiiieeiiiiiiiee ettt eraee e 236
14-3 Format of Timer Clock Select RegiSter 6 (TCLB) ......couieiiuiiiiieeiiieiee et 237
14-4 Basic Operation TiMIiNG Of TIMB ..........uuiiiiiiiieiii ettt e e e e et e e e e e e e nneeee e e e e aneaeeeas 238
14-5 Interval Operation Timing of TM6 (CR6E Z O0H) ........ooviiiiiiiiiie e eraae e 239

24



LIST OF FIGURES (5/7)

Figure No. Title Page
14-6 Interval Operation Timing of TM6 (CR6E = 00H) ........uuviiiiiiiiiiee e e naaae s 239
14-7 Free Running Mode Operation Timing of TM6 (CR6 # 00H and FFH) ..........ccccooiiiiiiiiiieee 240
14-8 Free Running Mode Operation Timing of TM6 (CR6 = 00H) .........cooeeiiiiiiiee e 241
14-9 Free Running Mode Operation Timing of TM6 (CR6 = FFH) .........ccccoiiiiiiiii e 241
14-10  Start Timing oOf 8-Bit TIMEr REQISIEI B .....ccooiiiiiiiie et e e e e e e e e e e enneeas 242
14-11  Timing After the Compare Register Changes during Timer Counting .........cccceeevevvvieeeeeesciveenee e 242
15-1 Block Diagram of 8-Bit TIMEIr/COUNIET 7 .......ueiiiiiiiiiiiii ettt e e e e e e e e e enneaeeeas 243
15-2 Format of Timer Mode Control Register 7 (TMC7) 245
15-3 Format of Timer Clock Select REGIStEr 7 (TCLT7) c..uuuiiiieiiiiiii ettt ettt ivaee e 246
15-4 Basic Operation TiMIiNG Of TIM7 ...ttt et e e et e e e e e naee e e e e e e ennaeeeas 247
15-5 Interval Operation Timing of TM7 (CR7 # O0H) 247
15-6 Interval Operation Timing of TM7 (CR7 = 00H) 247
15-7 Start Timing of 8-Bit TIMEr REQISIEE 7 ... ..o e e e e e e e e e neeeeeaaeaanes 248
15-8 Timing After the Compare Register Changes during Timer Counting ...........cooevvieeeeiiiiiieeeesiciieneennn 248
16-1 Watchdog Timer BIOCK DIQQIam .........eeiiiiiiiiiii ettt e et e et e e e e e e e e e e snnnaeeeas 249
16-2 Watchdog Timer Mode Register (WDM) FOIMAL.........cciiiiiiiiiieiiiiiiiee et e e e esiiieee e e s snvree e e s s sivneea s 251
17-1 A/D Converter BIOCK DIAGFIAIM .........uuuiiieeiiiiit ettt e et e e e e ettt e e e e e eabee e e e e e asaeeeeaeaansseeaeeaaannnneeaens 256
17-2 A/D Converter Mode Register 0 (ADMO) FOIMAL .......ccciiiuiiieeeiiiiiiee e st eeeseiae e e e e ssnrre e e e e ssivaeeae s 259
17-3 Analog Input Channel Setting Register 0 (ADS0) FOIMAL ........cccvvevieiiiiiiiee et 260
17-4 Basic Operation Timing Of A/D CONVEITEN .......couiiiiieiieeaeiiiiee e e aiteie e e e et e e e e e saeeee e e e aneaeeeeesanreeeeeens 262
17-5 Relationship between Analog Input Voltage and A/D Conversion Result ...........cccccoevviviieeeiiciienenn. 263
17-6 A/D Conversion Operation by Hardware Start (When Falling Edge Is Specified) .........ccccccovevveeennn. 264
17-7 A/D Conversion Operation by Software Start 265
17-8 Connection of ANAIOG INPUL PIN ....uiiiii e et e e e st e e e s e enarreaaeeaas 267
17-9 A/D Conversion End Interrupt Request Generation TiMiNg ........cccevveeiiiiiieeeeesiiiieeeeseiieeeeeessvneeeaens 268
17-10  ConNeCtion Of AVREF PN ...ttt ettt e ettt e e e e et e e e e e e annbe e e e e e aneaeeaaeeanneeas 269
18-1 Serial INterface EXAMPIE .. ...uiiiii it e e e e s traaaa e 271
19-1 Block Diagram in Asynchronous Serial Interface MOde ...........cooiiiiieeiiiiiiiiii e 274
19-2 Asynchronous Serial Interface Mode Register 1 (ASIM1) FOrmat ........ccccvvveeiiiiiiieeee it 277
19-3 Asynchronous Serial Interface Status Register 1 (ASIS1) FOrmat ........ccccoeeiiiiiiieieiiiiieee e 278
19-4 Baud Rate Generator Control Register 1 (BRGCL1) FOrMat .......cccvveeeeiiiiiiieeiiiiiieee e cirere e 279
19-5 Asynchronous Serial Interface Transmit/Receive Data FOrmat ............cccvveeeieiiiiiee i, 287
19-6 Asynchronous Serial Interface Transmit Completion Interrupt Request Timing ..........ccccccceeviieeeennn. 289
19-7 Asynchronous Serial Interface Receive Completion Interrupt Request Timing 290
19-8 RECEIVE EITOE TIMINQ .uttiiiieiiiiiiie e e ittt e e ettt e e e e et e e e e e st e e e e s et et e e e e sasbaaeeaeeassaaeeeeesatbeaeeaesassreeaens 291
20-1 Block Diagram of Clocked Serial Interface (3-Wire Serial I/O Mode) 294
20-2 Serial Operating Mode Register 0 (CSIMO) Format 295

25



LIST OF FIGURES (6/7)

Figure No. Title Page
20-3 Serial Operating Mode Register 0 (CSIMO) Format (Operation Stopped Mode) .........c.cccecvveveeennnns 296
20-4 Serial Operating Mode Register 0 (CSIMO) Format (3-Wire Serial I/O Mode) .........cceeveeiiiiiiieennnnns 297
20-5 3-Wire Serial I/O MOOE TIMING ....uueiiiieeiiiieiee ettt e e et e e e e et e e e e s atae e e e e e aaaeeeeaeeeanneeeeaeeaansnnneaaeaanns 298
211 Format of External Interrupt Rising Edge Enable Register (EGP0) and External Interrupt Falling

Edge Enable RegiSter (EGND) ......ciiuueiiiee ettt ettt ettt e e e e ettt e e e e e aatee e e e e e anbbeeeaeeeannnnaeeeas 299
21-2 Edge Detection OFf POO PN .......oiiiiiiiiiiiie ettt ettt e e e et e e e e et e e e e e st a e e e e e e ennnraaaeas 300
22-1 Interrupt Control REGISLEr (XXICN) ... ..ttt ettt e e e ettt e e e et e e e e e e ntbeeea e e eennneeeens 309
22-2 Format of Interrupt Mask Registers (MKO, MKL) .......ooiiiiiiiiiieiiiiiiiee e esieee et e e snivaee e 313
22-3 Format of In-Service Priority RegiSter (ISPR) .....c.uuiiiiieiiiie et e 314
22-4 Format of Interrupt Mode Control RegiSter (IMC) ......cooo it 315
22-5 Format of Watchdog Timer Mode RegiSter (WDM) .......cooicuiiiiieiiiiiiiee ettt 316
22-6 Format of Program Status WOrd (PSWL) ......ceoiiiiiiieie ettt e e s eneaeee e s 317
22-7 Context Switching Operation by Execution of a BRKCS INStrUCtion .............ccoveiiiiiiiiiiieeiiiiieeeeee 318
22-8 Return from BRKCS Instruction Software Interrupt (RETCSB Instruction Operation) ...................... 319
22-9 Non-Maskable Interrupt Request Acknowledgment OPerations ............ccceeeeeeriiieereeniniieeeeeeeieeeenns 321
22-10 Interrupt Request Acknowledgment Processing Algorithm ... 325
22-11  Context Switching Operation by Generation of an Interrupt ReqUEeSst ..........cccevveiiiiiiiee v 326
22-12  Return from Interrupt that Uses Context Switching by Means of RETCS Instruction ....................... 327
22-13 Examples of Servicing When Another Interrupt Request Is Generated During Interrupt Service ..... 329
22-14  Examples of Servicing of Simultaneously Generated Interrupt REqUESLS ..........ccoovcvievieeiiciiiieeeninns 332
22-15 Differences in Level 3 Interrupt Acknowledgment According to IMC Register Setting ...................... 333
22-16 Differences between Vectored Interrupt and Macro Service Processing ...........ccooicueieeeeiiiiieneennnnnns 334
22-17  MaCro Service ProCeSSING SEQUENCE .......uuiiiiiiiiierieeiiiitteeeeesttaeeeesastbaeeeesssbaaaeaesassssreeeessstrareaeeaans 337
22-18 Operation at End of Macro Service When VCIE = 0 .......eeiiiiiiiiiiiees it 339
22-19  Operation at End of Macro Service When VCIE = 1 ...t 340
22-20  Macro Service Control WOord FOIMAL ...........ccciiiiiiiieiiiiiiesee sttt 342
22-21  Macro Service Mode REQISIEr FOMMAL ........ooiiiiiiiiiie et e e e e e e e e aeaeeeaeeeaaes 343
22-22  Macro Service Data Transfer Processing FIOW (TYPE A) .o iueiiiiiiiiiie e 346
22-23  Type AMACIO SErViCe ChanNEl .......coiiiiiiiiii it e e e e e e ea e e s aaees 348
22-24  ASYyNchronous Serial RECEPLION ......coii ittt e ettt e e e e etbe e e e e e annneeeeeeeanees 349
22-25 Macro Service Data Transfer Processing FIOW (TYPE B) ...ccoiuuriiriiiiiiiiiie et 351
22-26  Type B Macro Service Channel ........cccoccveveeeiiiiiieee i, 352
22-27  Parallel Data Input Synchronized with External Interrupts 353
22-28  Parallel Data INPUL TIMING -...eeiieiiiiiee ettt e e e ettt e e e e e aabte e e e e e sambeeeeeeeaannseeaeeaeaannnneeaeaanns 354
22-29  Macro Service Data Transfer Processing FIOW (TYPE C) ..occvvivviiiiiiiiiiiiie et esireee e sien e 356
22-30 Type C MaCro Service ChaNNE .........ooo ittt e e e e e e e e e e e e e e e aneee 359
22-31  Stepping Motor Open Loop Control by Real-Time OUutput POIT .........cc.eeiiiiiiiiiiiee e 361
22-32  Data Transfer CoNrol TIMING ....ocvviiiie it e e e e e e e st e e e s et e e e e e e asbreeeeeesansbreeeaeaanes 362
22-33 Single-Phase Excitation of 4-Phase Stepping MOLOF ..........cooiuiiiiieiiiiiiii e e e 364
22-34  1-2-Phase Excitation of 4-Phase Stepping MOLOF ...........coiiiiiiiuiiiiee et e e e 364
22-35  Automatic Addition Control + Ring Control Block Diagram 1

(When Output Timing Varies with 1-2-Phase EXCItation) ............coocoeeiiaiiiiiiiie e 365

26



Figure No.

LIST OF FIGURES (7/7)

Title Page

22-36

22-37

22-38

22-39
22-40
22-41
22-42

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

24-1
24-2

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

B-1
B-2
B-3

Automatic Addition Control + Ring Control Timing Diagram 1

(When Output Timing Varies with 1-2-Phase EXCItation) ............cooceeiiaiiiiiiiiee e 366
Automatic Addition Control + Ring Control Block Diagram 2

(1-2-Phase Excitation Constant-Velocity OPeration) ..........cc..eeeeeiiieeieeriiiiieee e esieee e eieee e 367
Automatic Addition Control + Ring Control Timing Diagram 2

(1-2-Phase Excitation Constant-Velocity OPeration) ..........ccccceeeeiiiiieieeiiiiiiiee e esiiiee e e e ssiveee e e sinneeas 368
Macro Service Data Transfer Processing Flow (Counter Mode) ..........ccueeeeiiiiiiieeiiiiiiiieee e 369
(07001 (=1 1Y (oo = RSP UPER 370
Counting Number of Edges 370
Interrupt Request Generation and Acknowledgment (Unit: CIOCK = 1/fcik) ..ocoveeeiereeiiiiieiee e 373
Standby FUNCEION State TranSItiONS ........ccuviiieiiiiiiiie e e e e e e e e e e s e e e s eaarsreaaeeaas 379
Standby Control Register (STBC) FOMMAL .........uuiiiieiiiiiie et a et e e e e e e 381
Oscillation Stabilization Time Specification Register (OSTS) FOrmat ..........cccueeeeiiiiiieiieniiieeeeees 382
Operations After HALT MOAE REIEASE ........ciiiiiiiiiiie ettt e e e e e rtbae e e e 385
Operations After the STOP Mode Has Been Released ...........c.ooooiiiiiiiiiiiiiiiieie e 393
Releasing STOP Mode by NMI Input 395
Operations After IDLE Mode Release 398
Oscillation of System Clock in RESEt PEriOd ...........coiiiiiiiiiieiiiiee e 403
ACCEPLING RESEE SION@I ...oiiiiiiiiiiie ettt e et e e e e et e e e e e s satb e e e e e s etbaeaeeaeessntaeeeas 404
Internal Memory Size Switching Register (IMS) FOrmMat ............ooouiiiiiiiiiiiie e 406
Communication Protocol Selection FOIMAL ...........cccevciiiiiiiiieiii e 407
Flashpro Il Connection in 3-Wire Serial I/O Method .........c..oeiiiiiiiiiii e 409
Flashpro Il Connection in UART MEtNOQ ........ooiiiiiiiiiiieiiiii e eee e 409
Development TOOI CONFIGUIALION ........uiiiiieeiiii ettt et e e e e e e e e e enaeeeas 446
EV-9200GC-80 Drawing (for reference ONlY) .........eeeoii o 454
EV-9200GC-80 Footprints (for reference ONlY) ......cc.veveeeiiiiiiiee et 455

27



LIST OF TABLES (1/3)

Table No. Title Page
1-1 Differences among Products of PD784955 SUDSEIES .......cceeiiiiiiiieiiiiiiieeeeesiiieee e sraer e ssivaeea s 40
2-1 Operating Modes of Port 0 44
2-2 Operating Modes of Port 1 46
2-3 Operating Modes of Port 2 47
2-4 Operating Modes of Port 3 49
2-5 I/O Circuit Type for Each Pin and Recommended Connections of Unused Pins...........c.ccccooevvieenn. 52
3-1 VECLON TADIE AGUIESS ....ceiieiiieiee ettt e e e ettt e e e e ekt e et e e e e nabe e e e e e e anneseeeaaeeannneeaens 60
3-2 INEEINAI RAM ATBA ...ttt ettt b et e b e et sb e e st nteenae e ns 62
3-3 Settings of the Internal Memory Size Switching Register (IMS) ... 66
3-4 Register BanK SEIECHON ...ttt e et e e e st e e e e s ane e e e e e e e enaeeeas 70
3-5 Correspondence between Function Names and Absolute Names .........ccccoovvvvevieiiiiieie e 82
3-6 Special Function RegiSter (SFR) LISt .........eiiiiiiiiiiiae et e e et ee e e e snaeeeeaaeenes 84
4-1 Clock Generator CONfIQUIALION .........ciieiiiiiiieeeeiiiiiee e e esiiie e e e st e e e s e st e e e e e s stbr e e e e e snatbareeesensnssreeaeeaas 91
5-1 o] A U ot o] RSP ER TR 100
5-2 o] a @fo]q)ilo U1 =1 o] [P TOPERR 101
5-3 Port Mode Register and Output Latch Settings When Using Alternate Functions ................ccccceee... 111
6-1 Configuration of Real-Time OUIPUL POIS O, 1 ......ouiiiiiiiiiiiee ettt e e e irre e e e sare e e e e e 115
6-2 Operation for Manipulating Real-Time Output Buffer Registers 0, 1 .........ooccooieiiniiieneeiiiieeeee s 117
6-3 Operating Modes and Output Triggers of Real-Time Output POrt O ...........coocoeiiiiiiiiieeiieeeeees 119
6-4 Data Transfer from PWM Modulation Buffer Register 0 (BFPWMCO0) to PWM Modulation Control

REQISIEr O (PWIMEC0) ... ceeiieei ettt oottt e e e ekt e et e e e e e nbe e e e e e e annbb e e e e e e amtbeeeaeeaannnneeaeaesannneean 121
6-5 Operating Modes and Output Triggers of Real-Time Output Port 1..........coooiieiiiniiiiieeiieieee s 127
6-6 Data Transfer from PWM Modulation Buffer Register 1 (BFPWMC1) to PWM Modulation Control

Lo RS (=T g R (VAT Y [ ) RS SPRPT 129
7-1 TIMEr/COUNTET OPEIALION .....uvvviiee et ee e e et e e e e ettt e e e e et e e e e e aeb e e e e e s sabaeeeeesastbaaeaeesasstseeaeeeeassaeeaeas 137
8-1 Configuration of 16-Bit TImer/Counter O (TMO) .......oeeiiiuiiieieeiiieee e e e eeee e e e e eeaeeeaeeaees 143
8-2 Valid Edge of Pin INTPO and CR0OO Capture Trigger 145
8-3 Valid Edge of Pin INTP1 and CR0OO Capture Trigger 146
8-4 Valid Edge of Pin INTPO and CRO1 Capture Trigger 146
9-1 Configuration of 16-Bit TIMer/Counter 1 (TML) ......ooiii i e e e 163
10-1 Configuration of 16-Bit TIMer/Counter 2 (TM2) ......cceeiiiiuiiiiie it e e s e e e e sere e e e saraeeaeeaaaes 175
111 Configuration of 16-Bit TIMer/Counter 3 (TM3) ......ceui i e e eeae e e e 185

28



LIST OF TABLES (2/3)

Table No. Title Page
12-1 Configuration of 16-Bit TIMer/CouNnter 4 (TMA) .......ceiiiiiuiiiie et e e e e et e s sabae e e e e e 195
12-2 Valid Edge of Pin INTP2 and CR40 Capture Trigger 197
12-3 Valid Edge of Pin INTP3 and CR40 Capture Trigger 198
12-4 Valid Edge of Pin INTP2 and CR41 Capture Trigger 198
12-5 Valid Edge of Pin INTP4 and CR42 Capture Trigger 199
13-1 Configuration of 16-Bit TIMer/Counter 5 (TM5) ......ccciiiiuiiiii ettt e e e sarae e e e 215
13-2 Valid Edge of Pin INTP5 and CR50 Capture Trigger 217
13-3 Valid Edge of Pin INTP6 and CR50 Capture Trigger 218
13-4 Valid Edge of Pin INTP5 and CR51 Capture Trigger 218
14-1 Configuration of 8-Bit TIMEr/CoUNter 6 (TIMB) .......cceeiiiiiiiiieeeiiiiee et e e e e e eneeee e e e 234
15-1 Configuration of 8-Bit TIMEr/COUNLEr 7 (TIM7) ....ueiiie ettt e e e e e e e e 243
17-1 A/D Converter CONfIQUIALION .........iiiiiiiiie et e e e et e e e e st e e e e s e anbaaeeaaeessnsaaeeas 255
19-1 Configuration of Asynchronous Serial INterface ............oc.ueeviiiiiiiiiee e 273
19-2 Relationship between 5-Bit Counter Source Clock and m Value ...........ccccceeieiiiiieri e 285
19-3 Relationship between System Clock and Baud RaAte ...........coooiiiiiiiiaiiiiiiiie e 286
19-4 Receive Error Causes 291
20-1 3-Wire Serial /O CONfIQUIALION ........ooiiiiiiiiiiie ettt e e et e e e e et e e e e e e nbae e e e e e e anneeeaaeeans 293
22-1 INterrupt REQUESE SEIVICE MOUES .......ooiiiiiiiiiiie et e e e e e e e e st e e e e e s sssbaaeae s 301
22-2 INTEITUPE REQUEST SOUITES ... ..ttt e e e e ettt e e e e e aeaaaaeaaaeaaaeaaaaannnnnes 302
22-3 (07e] a1 7o I R =T oIS (=] £ TSRS USRI 306
22-4 Flag List of Interrupt Control Registers for Interrupt REQUESES .........cccoviviiiiiiiiiiiiiee e 307
22-5 Multiple INTEITUPE SEIVICING ... .eeeeiiee ittt e e e et e e e e e et e e e e e s entbe e e e e e anneeeeaaeeaneaeeeas 328
22-6 Interrupts for Which Macro Service Can Be USEd ...........ocuuiiiiiiiiiiiiie e 335
22-7 Examples of Main USES fOr TYPE C...uvvriiiiiiiiiiie ettt e e et e e e e e e et e e e e e e nataaeeas 336
22-8 Interrupt Request Acknowledge ProCesSing TIiME ........coiiiiiiieaiiiiiiiee e e reiee e e e eereeeae s 374
22-9 Macro Service ProCeSSING TIME ...ttt e et e e e e et e e e e e e tbe e e e e e e annneeeae e e e annneeeas 375
23-1 Sy e=TaTo] o)V iU o Tox 1o o 1Y ToTo 1= R SPUPRRT 379
23-2 Operating States in the HALT MOUE ......oueiiiiieeie ettt e e e e e e s e enneeeeaeeeean 383
23-3 HALT Mode Release and Operation After REICASE .........cccvviiieiiiiiiiiee et 384
23-4 Releasing HALT Mode by Maskable Interrupt REQUESL ..........ccoiiiiiiiiiiiiiiiee e 390
23-5 Operating States iN STOP MOUE .....ooiiiiiiiiiie ettt e e e s e e e e e s nbee e e e e e snereeeaaeaanns 391
23-6 Releasing STOP Mode and Operation After REIEASE ..........cceeiiiiiiiiiie i 392
23-7 Operating StatesS iN IDLE MOUE .......ooiiiiiiiiiie ettt ettt e e et e e e e e e tbee e e e e eennneaeeeeaaan 396
23-8 Releasing IDLE Mode and Operation After REIEASE ...........eiiiiiiiiiiieei e 397

29



LIST OF TABLES (3/3)

Table No. Title Page
24-1 State After Reset for All HArdware RESELS .......c.cviiiiiiiiiiiiiieiie et 404
25-1 Differences between the uPD78F4956 Mask ROM Versions 405
25-2 Internal Memory Size Switching Register (IMS) Settings ............cc....... 406
25-3 CommMUNICALION PrOOCOIS .......oi ittt e ettt e e e e et e e e e e e nebeeeeaeaanees 407
25-4 Flash Memory Programming FUNCLIONS .........uuiiiiiiiiiei et e et e e e et e e e e eeae e 408
26-1 8-Bit Addressing Instructions 439
26-2 16-Bit AAAreSSINg INSITUCLIONS .....oiiiiiiiiiiie ettt e e e e e st e e e e e nbe e e e e e e e anneeeeaaeeeanneeeas 440
26-3 24-Bit ADAressing INSIIUCHIONS ......uuiiiiiiiiiiiie et e st e et e e e e et e e e e e st e e e e s s nsbeaeeeesasastbeeeaeaannes 441
26-4 Bit Manipulation Instruction Addressing INSrUCHIONS ........c.ueiiiiiiiiieii e 441
26-5 Call Return Instructions and Branch Instruction Addressing INStructions .............cccocceeeiiiiiieeeeennines 442

30



CHAPTER 1 OVERVIEW

The uPD784955 Subseries is an 80-pin microcontroller of the 78K/IV Series thatis suitable for performing specific-
purpose inverter control. The 78K/IV Series are 16-bit single-chip microcontroller that are comprised of a high-

performance CPU.
The uPD784955 has a 48-Kbyte mask ROM and 2048-byte RAM on chip. Also, it has a high-function timer/counter,

8-bit A/D converter and 2-channel independent serial interface on chip.
The uPD784953 is the same as the uPD784955 only with a 24-Kbyte mask ROM and 768-byte RAM.

The uPD78F4956 replaces the mask ROM of uPD784955 with a 64-Kbyte flash memory.
The relationship among the products are shown below.

On-chip flash memory version Mask ROM version
UPD78F4956 UPD784955
Flash memory 64 K ROM 48 K
RAM 2048 RAM 2048
UPD784953
ROM 24K
RAM 768

These products can be applied to the following field:
* Motor control for inverter air-conditioners, etc.
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CHAPTER 1 OVERVIEW

* 78K/IV Series Product Development Diagram

: : Under mass production

777771 Under development I°C bus compatible Multi-master I°C bus
bemmmaen H compatible
UPD784038Y T e meeaes :
H HPD784225Y
uPD784038 prTTTTTTTTmmmmmeeet ik
Standard development i\ uPD784225 .
Enhanced internal memory capacity '.8.0. e '
Pin-compatible with uPD784026 pins
HPD784026 P H ROM correction added
Multi-master 12C bus Multi-master 12C bus
Enhanced A/D, 16-bit timer, compatible l__c_o_r_n_p_a_tl_b_lg ........ \
and power management HPD784216Y J v uPD784218Y :
UPD784216 i pPD784218
100 pins Enhanced internal memory capacity
Enhanced I/0O and ROM correction added
internal memory capacity
HPD784054
UPD784046
ASSP development On-chip 10-bit A/D

=
T
O
N
©
B
©
a
a
1
'
H
H
'
H
H
'
H
H
'
H
H
'
H
H
'
H
'

. | uPD784937 |
For DC inverter control [ H

Enhanced functions of UPD784908
pTTTTTmTmmmmmnee H Enhanced internal memory capacity
' uPD784908 ROM correction added

On-chip IEBus™ controller

Multi-master 12C bus
compatible

uPD784915

Enhanced functions of
uPD784915

Software servo controller,
On-chip analog circuit for VCRs,
Enhanced timer
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CHAPTER 1 OVERVIEW

1.1 Features

® 78K/IV Series (16-bit CPU core)
® Minimum instruction execution time: 160 ns (fc.k = 12.5-MHz operation)
® |nstruction set suited for control applications
® On-chip memory: Mask ROM 48 Kbytes (uPD784955)
24 Kbytes (uPD784953)
Flash memory 64 Kbytes (uPD78F4956)
RAM 2,048 bytes (uPD784955, 78F4956)
768 bytes (uPD784953)

* |/O ports: 67

» Software programmable pullup resistors: 59 inputs

e LED direct drive possible: 32 outputs
* Timer/counter: 16-bit timer/counter x 6 units

8-bit timer/counter x 2 units

* Watchdog timer: 1 channel
® Serial interfaces: 2 channels

« UART: 1 channel (on-chip baud rate generator)

e CSI (3-wire serial 1/0): 1 channel
* Real-time output function: 6-bit resolution x 2 channels
* A/D converter: 8-bit resolution x 8 channels
® Interrupt controller (4-level priority)

* Vectored interrupt/macro service/context switching
® Standby function

e HALT, STOP, IDLE modes
* Power supply voltage: Voo =4.5t0 5.5V



CHAPTER 1 OVERVIEW

1.2 Ordering Information

Part Number

Package

Internal ROM

UPD784953GC-xxx-8BT
UPD784955GC-xxx-8BT
UPD78F4956GC-8BT

80-pin plastic QFP (14 x 14 mm)
80-pin plastic QFP (14 x 14 mm)
80-pin plastic QFP (14 x 14 mm)

Remark xxx indicates ROM code suffix.
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CHAPTER 1 OVERVIEW

1.3 Pin Configuration (Top View)

e 80-pin plastic QFP (14 x 14 mm)

UPD784953GC-xxx-8BT, 784955GC-xxx-8BT, 78F4956GC-8BT

~N O W < O N
S A O - A ~ o
EEEEEE EEEEEBEEES zZzz
crrorx £2Z£2££2£22z2y ,<2<
L MONAO (OISO NHO T O~ O W
A 4 4 d dd n OO0 000000 >>1~I~I~
[ I WY o Y o Y o Y o S WY WY WY WY WY o Y o WY o IS O GO o B o B o Y
O OO 0O~ OO T MO NCHO OO ON O LW S M N o
O ~NNMNNNNNMNMNNRK O © © © © © © © ©
P16/TO2 O=—=| 1 60 [~——0 P74/ANI4
P17/TO6 O=—=] 2 59 |=~——0 P73/ANI3
P20/RXD O=~—={ 3 58 [«——O P72/ANI2
P21/TxD O=~—> 4 57 |=—0 P71/ANI1
P25/S| O=—=] 5 56 |~——O P70/ANIO
P26/SO O=~—= 6 55 ——O AVoo
P27/SCK O=—n] 7 54 ——O Voo
RESET O—~| 8 53 ——O0 Vss
Voo O— 9 52 |~—=0O P37/RTP17
X2 o—/ 10 51 |=—=O P36/RTP16
X1 00— 11 50 [=—=O P35/RTP15
Vss O—| 12 49 |~—=0O P34/RTP14
IC (Vep o) O—-] 13 48 |=—=O P33/RTP13
PY0 O=—n{ 14 47 |=—=0 P32/RTP12
P91 O~—= 15 46 |~—=0 P31/TO1
P92 O~——+| 16 45 |+~—=0 P30/TO0
P93 O=—=] 17 44 |+—=O P67
P94 O=—-={ 18 43 |=—=O P66
P95 O=—-={ 19 42 |=—=0O P65
P40 O=—-={ 20 41 |~—=0 P64

P41 O=—= 21
P42 O=—+] 22
P43 O=—~ 23
P44 O=— 24
P45 O=— 25
P46 O=— 26
P47 O=—] 27
P50 O=— 28
P51 O=—= 29
P52 O=——={ 30
P53 O=— 31
P54 O=— 32
Vss O—— 33
P55 O=— 34
P56 O=——+| 35
P57 O=— 36
P60 O=— 37
P61 O=—| 38
P62 O=— 39
P63 O=——=] 40

Note The Vep pin applies to the yPD78F4956 only.

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

ss directly.
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CHAPTER 1 OVERVIEW

36

ANIO to ANI7
AVbbp

AVss

AVREF

IC

INTPO to INTP6:
NMI

P00 to PO7
P10 to P17
P20, P21,
P25 to P27
P30 to P37
P40 to P47
P50 to P57
P60 to P67
P70 to P77
P90 to P95

Note The Ver pin applies to the yPD78F4956 only.

: Analog Input

: Analog Power Supply

: Analog Ground

: Analog Reference Voltage
. Internally Connected

Interrupt from Peripherals

: Non-maskable Interrupt
:PortO
:Portl
: Port 2

: Port 3
. Port 4
:Port5
: Port 6
: Port 7
:Port9

RESET

RTPO2 to RTPO7
RTP12 to RTP17
RxD

SCK

Sl

SO

TOO to TO2, TO6
TxD

Vob

VppNote

Vss

X1, X2

. Reset

: Real-time Port 0
: Real-time Port 1
: Receive Data

: Serial Clock

: Serial Input

: Serial Output

: Timer Output

: Transmit Data

: Power Supply

: Programming Power Supply
: Ground

: Crystal 1, 2
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CHAPTER 1 OVERVIEW

1.4 Block Diagram

INTPO to INTP6

PROGRAMMABLE
INTERRUPT
CONTROLLER

INTPO —
INTP1 —
TOO ~—

TIMER/COUNTERO
(16 BITS)

TO1l ~—

TIMER/COUNTER1
(16 BITS)

TO2 ~—

TIMER/COUNTER?2
(16 BITS)

TIMER/COUNTER3
(16 BITS)

INTP2 —
INTP3 —™
INTP4 —™

TIMER/COUNTERA4
(16 BITS)

INTPS —

INTP6 —™

TIMER/COUNTERS5
(16 BITS)

TO6 —~—

TIMER/COUNTERG
(8 BITS)

TIMER/COUNTER?
(8 BITS)

WATCHDOGTIMER

INTP3 —]
RTPO2 to RTP07 {—

REAL-TIME
OUTPUTPORTO

INTP5 —]
RTP12 to RTP17 {—

REAL-TIME
OUTPUTPORT1

O N VI VN O V2 VN V2 A VI

ANIO to ANI7 )

INTPO —
AVop —
AVss

AVRrer —

AID
CONVERTER

i

78KIIV

cpucore|| ROM

L

i

RAM

Note The Ver pin applies to the yPD78F4956 only.

UART ~—— RxD
BAUD-RATE XD
GENERATOR
CLOCKED [~ SI
SERIAL — SO
INTERFACE «— SCK
PORT 0O P00 to PO7
PORT 1 P10 to P17
P20, P21,
PORT 2 P25 to P27
PORT 3 P30 to P37
PORT 4 P40 to P47
PORT 5 P50 to P57
PORT 6 P60 to P67
PORT 7 P70 to P77
PORT9 P90 to P95
<~ RESET
~— X1
SYSTEM X2
CONTROL — Voo
— Vss
— IC (Vep Note)

Remark The internal ROM and RAM capacities differ depending on the product.
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CHAPTER 1 OVERVIEW

1.5 Function List
(1/2)

Item

Product Name

UPD784953

UPD784955

UPD78F4956

No. of basic instructions (mnemonics)

113

General registers

8 bits x 16 registers x 8 banks or 16 bits x 8 registers x 8 banks (memory mapping)

Minimum instruction execution time

* 160 ns (fcik = 12.5-MHz operation)

Internal memory ROM 24 Kbytes 48 Kbytes 64 Kbytes
(mask ROM) (mask ROM) (flash memory)
RAM 768 bytes 2,048 bytes
1/0 ports Total 67
CMOS inputs 8
CMOS I/Os 59
Pins with added Pins with pull-up 59
functionsNoe resistors
LED direct drive outputs | 32
Real-time output ports 6 bits x 2

Timer/counters

16-bit timer/counter 0:

Timer register x 1
Capture/compare register x 2

Pulse output possible
* PWM output

16-bit timer/counter 1:

Timer register x 1
Compare register x 2

Pulse output possible
* PWM output

16-bit timer/counter 2:

Timer register x 1
Compare register x 2

Pulse output possible
* PWM output

16-bit timer/counter 3:

Timer register x 1
Compare register x 2

16-bit timer/counter 4:

Timer register x 1
Capture/compare register x 3

16-bit timer/counter 5:

Timer register x 1
Compare register x 1
Capture/compare register x 2

8-bit timer/counter 6:

Timer register x 1
Compare register x 1

Pulse output possible
* PWM output

8-bit timer/counter 7:

Timer register x 1
Compare register x 1

Note These added functions are valid when these pins are used as I/O pins.
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(2/2)

Product Name
Item

uPD784953 uPD784955 uUPD78F4956

Serial interfaces

e UART: 1 channel (on-chip baud rate generator)
e CSI (3-wire serial 1/0): 1 channel

A/D converter

8-bit resolution x 8 channels

Watchdog timer

1 channel

Standby function

e HALT, STOP, IDLE modes

Interrupts Hardware sources

28 (external: 8 (with internal 2), internal 22)

Software sources

BRK instruction, BRKCS instruction, operand error

Non-maskable

Internal: 1, external: 1

Maskable

Internal: 20, external: 7

* 4-level programmable priority
* 3 processing mode: Vectored interrupt/macro service/context switching

Power supply voltage

Voo =4.5t05.5V

Package

80-pin plastic QFP (14 x 14 mm)
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CHAPTER 1 OVERVIEW

1.6 Differences Between uPD784955 Subseries Products

The only difference between the uPD784953 and 784955 lies in the internal memory capacity.

The uPD78F4956 is provided with a 64-Kbyte flash memory instead of the mask ROM of the above products. These

differences are summarized in Table 1-1.

Table 1-1. Differences among Products of

UPD784955 Subseries

Product Name HPD784953 HPD784955 HPD78F4956
Item
Internal ROM 24 Kbytes 48 Kbytes 64 Kbytes

(mask ROM) (mask ROM) (flash memory)

Internal RAM 768 bytes 2,048 bytes
Internal memory size switching register (IMS) | No Yes
IC pin Yes No
Vpp pin No Yes

Electrical specifications and recommended
soldering conditions

Refer to the respective product data sheet.
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2.1 Pin Function List

(1) Port pins (1/2)

CHAPTER 2 PIN FUNCTIONS

Pin Name 110 Alternate Function Function
P00 110 NMI Port 0 (PO) :
P02 INTPL e Can be set in input or output mode bit-wise.
¢ Pins set in input mode can be connected to internal pull-up resistors
Po3 INTP2 by software bit-wise.
P04 INTP3
P05 INTP4
P06 INTP5
PO7 INTP6
P10 110 RTPO2 Port 1 (P1) :
P12 RTPO4 e Can be set in input or output mode bit-wise.
¢ Pins set in input mode can be connected to internal pull-up resistors
P13 RTPOS by software bit-wise.
P14 RTPO6 » Direct LED drive capability
P15 RTPO7
P16 TO2
P17 TO6
P20 110 RxD Port 2 (P2) :
P21 TxD e 5-bit I/O port
P25 S| * Can be set in input or output mode bit-wise.
* Pins set in input mode can be connected to internal pull-up resistors
P26 SO by software bit-wise.
P27 SCK
P30 110 TOO Port 3 (P3) :
P31 TO1 * 8-bit /0 port
P32 RTP12 . C.an be s.et.ln input or output mode blt-WISE.. .
¢ Pins set in input mode can be connected to internal pull-up resistors
P33 RTP13 by software bit-wise.
P34 RTP14 « Direct LED drive capability
P35 RTP15
P36 RTP16
P37 RTP17
P40 to P47 110 — Port 4 (P4) :

e 8-bit /0 port

e Can be set in input or output mode bit-wise.

e All pins set in input mode can be connected to internal pull-up
resistors by software.

« Direct LED drive capability
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CHAPTER 2 PIN FUNCTIONS

(1) Port pins (2/2)

Pin Name

I/0

Alternate Function

Function

P50 to P57

110

Port 5 (P5) :

e 8-bit /O port

* Can be set in input or output mode bit-wise.

« All pins set in input mode can be connected to internal pull-up
resistors by software.

» Direct LED drive capability

P60 to P67

I/0

Port 6 (P6) :

e 8-bit /O port

* Can be set in input or output mode bit-wise.

« All pins set in input mode can be connected to internal pull-up
resistors by software.

P70 to P77

Input

ANIO to ANI7

Port 7 (P7) :
e 8-bit input only port

P90 to P95

I/0

Port 9 (P9) :

e 6-bit /O port

* Can be set in input or output mode bit-wise.

* Pins set in input mode can be connected to internal pull-up resistor
by software bit-wise.

42
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(2) Non-port pins

Pin Name 110 Alternate Functions Function
NMI Input P00 Non-maskable interrupt request input
INTPO PO1 External interrupt request input
INTP1 P02
INTP2 P03
INTP3 P04
INTP4 P05
INTP5 P06
INTP6 P07
RTP02 to RTPO7 Output P10 to P15 Real-time output port that outputs data synchronized to the trigger
TO2 P16 16-bit timer output (can also be used as 16-bit PWM output)
TO6 P17 8-bit timer output (can also be used as 8-bit PWM output)
RxD Input P20 Serial data input (UART)
TxD Output P21 Serial data output (UART)
Sl Input P25 Serial data input (3-wire serial 1/0O)
SO Output P26 Serial data output (3-wire serial 1/0)
'SCK 110 P27 Serial clock input/output (3-wire serial 1/O)
TOO Output P30 16-bit timer output (can also be used as 16-bit PWM output)
TO1 P31
RTP12 to RTP17 P32 to P37 Real-time output port that outputs data in synchronization with trigger
ANIO to ANI7 Input P70 to P77 Analog voltage input for A/D converter
RESET — System reset input
X1 To connect system clock oscillation crystal
X2 —
AVRer Reference voltage applied to D/A converter
AVop Positive power supply to A/D converter. Connect to Voo.
AVss Ground for A/D converter. Connect to Vss.
Vob Positive power supply
Vss GND potential
|CNote 1 Directly connect to Vss (IC test pin).
VppNote 2 Flash memory programming mode setting

High-voltage application pin during program write/verify

Notes 1. Only products with mask ROM have an IC pin.

2. Only uPD78F4956 has a Vee pin.
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2.2 Explanation of Pin Functions
2.2.1 Normal operating mode

(1) POO to PO7 (Port 0) ......... 3-state 1/0
Port 0 is an 8-bit I/0O port with output latch. With the port mode register (PMO0) it is possible to specify input or
output in 1-bit units. Each pin contains a software programmable pull-up resistor. Besides operating as an I/
O pin, it also operates as a control signal input pin such as an external interrupt signal pin. (See Table 2-1.
Operating Modes of Port0 .) There is also Schmitt-trigger input to prevent malfunction of all 8 pins due to noise.
It becomes an input port (outputs high-impedance state) by RESET input, and the contents of the output latch
become undefined.

Table 2-1. Operating Modes of Port 0

Pin Name Function

P00 Input port / NMI input Nete

PO1 Input port / INTPO input / CRO1 capture trigger input / Count clock of 16-bit timer/counter 0

P02 Input port / INTP1 input / CROO capture trigger input / Count clock of 16-bit timer/counter 0

P03 Input port / INTP2 input / CR41 capture trigger input

P04 Input port / INTP3 input / CR40 capture trigger input / Count clock of 16-bit timer/counter 4 / Trigger signal of
real-time output port

P05 Input port / INTP4 input / CR42 capture trigger input

P06 Input port / INTP5 input / CR51 capture trigger input / Count clock of 16-bit timer/counter 5 / Trigger signal of

real-time output port

P07 Input port / INTP6 input / CR50 capture trigger input / Count clock of 16-bit timer/counter 5

Note NMI input is received regardless of interrupt enabled/disabled state.

(a) Function as a port pin
Regardless of the input mode/output mode specification, it is possible to connect a pull-up resistor in 1-bit
units using pull-up resistor option register 0 (PUQ). Even if its alternate function is used, it can always be
used to read or test the pin level.

(b) Function as a control-signal input pin

(i) NMI (Non-maskable interrupt)
This is an external non-maskable interrupt request input pin. It is possible to specify rising-edge
detection or falling-edge detection by using the external interrupt rising edge enable register (EGPO)
or external interrupt falling edge enable register (EGNO).

(i) INTPO to INTP6 (Interrupt from Peripherals)
This is an external interrupt request input pin. An interrupt occurs when the valid edge specified by
prescaler-mode registers 0, 4 and 5 (PRMO, 4, 5) is detected at pins INTPO to INTP6. (Refer to
CHAPTER 8 16-BIT TIMER/COUNTER 0, CHAPTER 12 16-BIT TIMER/COUNTER 4, and CHAPTER
13 16-BIT TIMER/COUNTER 5.)
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Also, INTPO to INTP6 are used as external trigger input pins for various functions.

* INTPO ....

e INTP1 ...

* INTP2 ...

* INTP3 ...

* INTP4 ...

e INTP5 ...

* INTPG ....

Capture trigger input pin for 16-bit timer/counter 0,
External count clock input pin for 16-bit timer/counter 0O,
Capture trigger input pin for 16-bit timer/counter 0
External count clock input pin for 16-bit timer/counter 0O,
Capture trigger input pin for 16-bit timer/counter 4,
External count clock input pin for 16-bit timer/counter 4
Capture trigger input pin for 16-bit timer/counter 4,
External count clock input pin for 16-bit timer/counter 4,
Trigger input pin for real-time output port

Capture trigger input pin for 16-bit timer/counter 4,
External count clock input pin for 16-bit timer/counter 4
Capture trigger input pin for 16-bit timer/counter 5,
External count clock input pin for 16-bit timer/counter 5,
Trigger input pin for real-time output port

Capture trigger input pin for 16-bit timer/counter 5,
External count clock input pin for 16-bit timer/counter 5
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(2) P10 to P17 (Port 1)

3-state I/O

Port 1 is an 8-bit I/O port with output latch. It is possible to specify input or output in 1-bit units using the port

1 mode register (PM1). Regardless of whether the input mode or output mode is specified, itis possible to connect

a pull-up resistor in 1-bit units by using the pull-up resistor option register (PU1).

As a 6-bit real-time output port, P10 to P15 can output the contents of real-time output buffer register 0 (RTBLO,

RTBHO) at an arbitrary interval time. Selection as a normal output port or as a real-time output port is done using
real-time output port control register 0 (RTPCO0). Pins P16 and P17 can also function as timer-output pins.
It is also possible to drive the LED directly.

Port 1 becomes an input port (outputs high-impedance state) at RESET input, and the contents of the output

latch become undefined.

Table 2-2. Operating Modes of Port 1

(h=0to7, m=2to7)

Pin Name PM1ln =1 PM1n =0
RTPMOm =1 TOE2 =1 TOE6 =1 Other than on left
P10 | RTPO2 (0] O (0]
P11 | RTPO3 (0] O (0]
P12 | RTPO4 (0] O (0]
P13 | RTPO5 (0] O (0]
P14 | RTPO6 (0] O (0]
P15 | RTPO7 (0] O (0]
P16 I O TO2 Output O (0]
P17 | O (0] TOG6 Output (0]

Cautions 1. RTPMOm is bits 2 to 7 of the real-time port mode register (RTPMOnN).
TOE2 is bit 0 of the timer output control register 2 (TOC2).

TOESG is bit 0 of the timer mode control register 6 (TMCB6).

When using port 1 as an alternate function pin (PM1n = 0), set P1n (output latch) to “0".
When using P10 to P15 as output ports, set bhit 7 (RTPOEO) of the real-time output port control
register 0 (RTPCO) to “0” (real-time output operation disable), and set bits 1 to 7 of the PWM
modulation control register 0 (PWMCDO) to “0” (PWM modulation operation disable and real-time

2.
3.

Remark
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output level inversion disable).
4. When using P16 and P17 as output ports, set TOE2 and TOES6 to “0” (timer output disable).

I: input port, O: output port
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(3) P20, P21, P25 to P27 (Port 2) ...... 3-state 1/0
Port 2 is a 5-bit I/O port with latch. It is possible to specify input or output in 1-bit units using the port 2 mode

register (PM2). Regardless of whether input or output is specified, it is possible to connect a pull-up resistor in

1-bit units by using pull-up resistor option register 2 (PU2).

Besides functioning as an I/O port, it can also function as a control signal pin. Also, the operating mode can be

specified in bit units as shown in Table 2-3 using the asynchronous serial interface mode register 1 (ASIM1) or
the serial operating mode register 0 (CSIMO).
Even if its alternate function is used, it can always be used to read or test the pin level.

Port 2 becomes an input port (outputs high-impedance state) at RESET input, and the contents of the output

latch become undefined.

Table 2-3. Operating Modes of Port 2

(h=0to7, m=2to7)

Pin Name PM2n =1 PM2n =0
RXE=1 CSIEO =1, |Other than on left TXE=1 CSIEO =1, Other than on left
MODEO = 0/1 MODEO = 0
P20 RXD | I (0] O (0]
P21 | | | (0] O (0]
P25 | | | (0] O (0]
P26 I I I 0] e} 0]
P27 | SCKMNote | o SCKNete o

Note The SCK pin functions with specification of bit 0 and bit 1 of CSIMO (selection of clock), independently of the
specification of bit 2 (serial transfer operating mode) of the serial operating mode register 0 (CSIM0). To use
the SCK pin as external clock (SCL0O, SCLO1 = 00B), set CSIEO = 1 and PM27 = 1 (input mode). To use
the SCK pin as internal clock (SCLOO, SCLO1 = except 00B), set CSIEO = 1 and PM27 = 0 (output mode).

Cautions 1. RXE1 and TXE1 are bits 6 and 7 of the asynchronous serial interface mode register 1 (ASIM1).
SCLO00, SCL01, MODEO and CSIEO are bits 0, 1, 2 and 7 of the serial operating mode register 0

(CSIMO).

2. When used as alternate function pin (only output) (PM2n = 0), set P2n (output latch) to “0".
3. When using P20, P21 and P25 to 27 as output ports, set RXE1 and TXE1 to “0” (UART operation
disable), and set bits 6 and 7 of CSIMO to “0” (SIO operation disable).

Remark

I: input port, O: output port
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(@) Port mode
For ports, input or output can be specified in 1-bit units by PM2.

(b) Serial transfer operation mode
It is possible to set the pins as control pins in 1-bit units by setting PM2, ASIM1 and CSIM1.

(i) RxD (Receive Data)
RxD is a serial data input pin for the asynchronous serial interface.

(i) TxD (Transmit Data)
TxD is a serial data output pin for the asynchronous serial interface.

(iii) Sl (Serial Input)
Sl is a serial data input pin (for 3-wire serial I/O mode).

(iv) SO (Serial Output)
SO is a serial data output pin (for 3-wire serial /0O mode).

(v) SCK (Serial Clock)
SCK is a serial clock 1/O pin (for 3-wire serial /O mode).
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(4) P30 to P37 (Port 3) ...... 3-state 1/0
Port 3 is an 8-bit I/O port with output latch. It is possible to specify input or output in 1-bit units by using the port
3 mode register (PM3). Regardless of whether input or output is specified, it is possible to connect a pull-up
resistor in 1-bit units by using pull-up resistor option register 3 (PU3). Each pin incorporates software-
programmable pull-up resistor.
As areal-time output port, P32 to P37 can output the contents of real-time output buffer register 1 (RTBL1, RTBH1)
in arbitrary time intervals. Selection as a normal output port or as real-time output is done by using the real-time
output port control register 1 (RTPC1). Also, P30 and P31 can function as timer output pins.
Also, the LED can be driven directly.
Port 3 becomes an input port (outputs high-impedance state) at RESET input, and the contents of the output
latch become undefined.

Table 2-4. Operating Modes of Port 3

(n=0to7, m=2t07)

Pin Name PM3n =1 PM3n =0
TOEO =1 TOE1=1 RTPM1m =1 Other than on left
P30 I TOO Output (0] O (0]
P31 I O TO1 Output O (0]
P32 I (e} 0] RTP12 @)
P33 | O (0] RTP13 (0]
P34 | O (0] RTP14 (0]
P35 | O (0] RTP15 (0]
P36 | O (0] RTP16 (0]
P37 | O (0] RTP17 (0]

Cautions 1. TOEO is bit 0 of the timer output control register 0 (TOCO).
TOEL1 is bit 0 of the timer output control register 1 (TOC1).
RTPM1m is bits 2 to 7 of the real-time output port mode register 1 (RTPM1).

2. When using as alternate function pin (PM3n = 0), set P3n (output latch) to “0".

3. When using P30 and P31 as output port, set TOEO and TOEL1 to “0” (disable timer output).

4. When using P32 to P37 as output port, set bit 7 (RTPOEL) of the real-time output port control
register 1 (RTPC1) to “0” (real-time output operation disable), and set bits 1 to 7 of PWM
modulation control register 1 (PWMC1) to “0” (PWM modulation operation disable and real-time
output level inversion disable).

Remark I: input port, O: output port

(5) P40 to P47 (Port 4) ...... 3-state 1/0
Port 4 is an 8-bit I/O port with output latch. It is possible to specify input or output in 1-bit units using the port
4 mode register (PM4). It is possible to connect a pull-up resistor in 8-bit units only in the input mode by using
the pull-up resistor option register (PUO).
Also, the LED can be driven directly.
Port 4 becomes an input port (outputs high-impedance state) at RESET input, and the contents of the output
latch become undefined.
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(6)

(7

8

)

P50 to P55 (Port 5) ...... 3-state 1/0

Port 5 is an 8-bit I/O port with output latch. It is possible to specify input or output in 1-bit units using the port
5 mode register (PM5). It is possible to connect a pull-up resistor in 8-bit units only in the input mode by using
the pull-up resistor option register (PUO).

Also, the LED can be driven directly.

Port 5 becomes an input port (outputs high-impedance state) at RESET input, and the contents of the output
latch become undefined.

P60 to P67 (Port 6) ...... 3-state 1/0

Port 6 is an 8-bit I/O port with output latch. It is possible to specify input or output in 1-bit units using the port
4 mode register (PM6). It is possible to connect a pull-up resistor in 8-bit units only in the input mode by using
the pull-up resistor option register (PUO).

Also, the LED can be driven directly.

Port 6 becomes an input port (outputs high-impedance state) at RESET input, and the contents of the output
latch become undefined.

P70 to P77 (Port 7) .... 3-state input

Port 7 is an 8-bit input-only pin. Besides operating as an input port, these pins can also operate as analog-input
pins (ANIO to ANI7) for the A/D converter. Regardless of dual-pin operation, reading or testing the pin level is
always possible. These pins do not incorporate pull-up resistors.

(@) Port mode
Functions as an 8-bit input-only pin.

(b) Control mode
Operates as analog-input pins (ANIO to ANI7) for the A/D converter. The values read by the pins specified
for analog input are undefined.

P90 to P95 (Port 9) ...... 3-state 1/0

Port 9 is a 6-bit 1/0 port with output latch. It is possible to specify input or output in 1-bit units using the port 9
mode register (PM9). Regardless of whether input or outputis specified, itis possible to connect a pull-up resistor
in 1-bit units by using the pull-up resistor option register (PUO).

Each pin incorporates a software-programmable pull-up resistor.

Port 9 becomes an input port (outputs high-impedance state) at RESET input, and the contents of the output
latch become undefined.

(10) AVRer

This is a reference-voltage-input pin for the A/D converter.

(11) AVop

This is the analog power-supply pin for the A/D converter. Even when the A/D converter is not used, apply the
same potential as the Voo pin.

(12) AVss

This pin is the ground-potential pin for the A/D converter. Even when the A/D converter is not used, apply the
same potential as the Vss pin.

(13)RESET
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This is the active-low system reset input pin.
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(14) X1, X2
These pins are connected to the crystal resonator for generating the system clock.
When an external clock is supplied, it should be input to the pin X1, and the inverted signal should be input to
pin X2.

(15) Voo
Vo is the positive power-supply pin.

(16) Vss
Vss is the ground-potential pin.

(17) Vep (UPD78F4956 only)
This is the high-voltage application pin for flash-memory programming mode settings and program write/verify.

(18) IC (mask ROM version only)
This pin is for testing the IC. Connect directly to Vss.
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2.3 Pin 1/O Circuit and Recommended Connections of Unused Pins

Table 2-5 shows the pin I/O circuit types and the recommended connections of unused pins.
See Figure 2-1 for each type of I/O circuit.

Table 2-5. 1/O Circuit Type for Each Pin and Recommended Connections of Unused Pins

Pin Name

1/0 Circuit Type

I/0

Recommended Connection When Unused

POO/NMI

PO1/INTPO

PO2/INTP1

PO3/INTP2

PO4/INTP3

PO5/INTP4

PO6/INTP5

PO7/INTP6

8-A

P10/RTPO2 to P15/RTPO7

P16/TO2

P17/TO6

P20/RxD

8-A

P21/TxD

P25/SI

8-A

P26/SO

5-A

P27/SCK

8-A

P30/TO0

P31/TO1

P32/RTP12 to P36/RTP17

P40 to P47

P50 to P57

P60 to P67

110

When input: Independently connect to Vss or Voo via a resistor.
When output: Leave open.

P70/ANIO to P77/ANI7

Input

Connect to Vss or Voo.

P90 to P95

I/0

During input: Independently connect to Vss or Vob via a resistor.
During output: Leave open.

X1

X2

16

Input

Connect to Vss.

Leave open.

RESET

Input

AVop

AVREer

AVss

IC

VPP Note

Connect to Vop.

Connect to Vss.

Connect to Vss directly.

Note The Vep pin applies to the pPD78F4956 only.

Remark A unified numbering system for I/O circuit type is used for the entire 78K Series. Since, for a given product,

only some of these circuit types are available on-chip, the ones listed may not be numbered sequentially.
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Figure 2-1. Pin I/O Circuit

Type 2 Type 9
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feedback
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output
disable
o)
XT1 XT2
input
enable
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pull-up l'> o | :
enable P-ch
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IN/OUT
output N-ch
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3.1 Memory Space

CHAPTER 3 CPU ARCHITECTURE

The uPD784955 is provided with the function that selects mapping of the internal data area (containing special-
function registers and internal RAM) by using the LOCATION instruction. The LOCATION instruction must be
executed after reset is cleared, and cannot be used more than once.

The program after reset must be as shown below.

RETVCT

INITSEG
RSTSTRT:

CSEG ATO
DW RSTSTRT
to

CSEG BASE
LOCATION OH; or LOCATION OFH
MOVG  SP, #STKBGN

(1) When the LOCATION 0 instruction is executed

e Internal memory

The internal data area and internal ROM area are as follows.

Product Name

Internal Data Area

Internal ROM Area

puPD784953 OFCOOH to OFFFFH 00000H to O5FFFH
uPD784955 OF700H to OFFFFH 00000H to OBFFFH
uPD78F4956 OF700H to OFFFFH 00000H to OF6FFH

(2) When the LOCATION OFH instruction is executed

e Internal memory

The internal data area and internal ROM area are as follows.

Product Name

Internal Data Area

Internal ROM Area

uPD784953 FFCOOH to FFFFFH 00000H to O5FFFH
puPD784955 FF700H to FFFFFH 00000H to OBFFFH
uUPD78F4956 FF700H to FFFFFH 00000H to OFFFFH
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FFFFFH

10000H
OFFFFH

OFFOOH
OFEFFH

OFCOOH
OFBFFH
06000H
05FFFH

00000H

On execution of
LOCATION 0 instruction

Figure 3-1. pPD784953 Memory Map

On execution of

LOCATION OFH instruction

FFFFFH - i )
Special function registers (SFR)
FFFOOH (256 Bytes)
OFEFFH FFEFFH FFEFFH
Unusable General registers Internal RAM
(128 Bytes) (768 Bytes)
OFE8OH FFE8OH FFCOOH
OFE7FH FFE7FH FFBFFH
. FFE39H
OFE3 94 \acro service control word
Special functi isters (SFR
pecial ur(wzcglgnBr;glss) ers ( ) OFEO6H area (52 Bytes) FFEO6H
Data area (512 Bytes)
OFDOOH FFDOOH
OFCFFH FFCFFH
Internal RAM Program/data area ] bl
nusable
(768 Bytes) (256 Bytes)
0FCOOH FFCOOH
Unusable
O5FFFH
Program/data area
(24 KBytes)
Note
01000H
00FFFH
10000H
Internal ROM CALLF entry area ofFrrrd[ T T T T T T T T T
(24 KBytes) (2 KBytes)
00800H 06000H
007FFH O5FFFH
00080H
0007FH
CALLT table area Internal ROM Note|
00040H (64 Bytes) (24 KBytes)
00031H
Vector table area
00000H (64 Bytes) 00000H

Note Base area and entry area for reset or interrupt. However, the internal RAM area is not used as a reset entry area.
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FFFFFH

10000H
OFFFFH

OFFOOH
OFEFFH

OF700H
OF6FFH
0CO000H
OBFFFH

00000H

On execution of
LOCATION 0 instruction

Figure 3-2. uPD784955 Memory Map

On execution of

LOCATION OFH instruction

FFFFFH
Special function registers (SFR)
FFFOOH (256 Bytes)
OFEFFH FFEFFH FFEFFH
Unusable General registers Internal RAM
(128 Bytes) (2048 Bytes)
OFE8O0OH FFE80H FF700H
OFE7FH FFE7FH FF6FFH
] 39
OFE39H Macro service control word FRESSH
Special function registers (SFR
P (256 Bytgs) (SFR) OFE06H area (52 Bytes) FFEOGH
Data area (512 Bytes)
OFDOOH FFDOOH
OFCFFH FFCFFH
Igt(i:gaé RAM Program/data area Unusable
( ytes) (1536 Bytes)
OF700H FF700H
Unusable
O0BFFFH
Program/data area
(48 KBytes)
Note
01000H
00FFFH
100004
Internal ROM CALLF entry area OFFFFH
(48 KBytes) (2 KBytes)
00800H 0CO000H
007FFH 0BFFFH
00080H
0007FH
CALLT table area Internal ROM Note
00040H (64 Bytes) (48 KBytes)
0003FH
Vector table area
00000H (64 Bytes) 00000H

Note Base area and entry area for reset or interrupt. However, the internal RAM area is not used as a reset entry area.
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Notes 1.

FFFFFH

10000H
OFFFFH

OFFOOH
OFEFFH

OF700H
OF6FFH

00000H

On execution of

LOCATION 0 instruction

* Figure 3-3. uPD78F4956 Memory Map

On execution of
LOCATION OFH instruction

FFFFFH
Special function registers (SFR)
FFFOOH (256 Bytes)
OFEFFH FFEFFH FFEFFH
Unusable General registers Internal RAM
(128 Bytes) (2048 Bytes)
OFE8O0OH FFE8O0H FF700H
OFE7FH FFE7FH FF6FFH
) FFE39H
OFE39HIMacro service control word
Special function registers (SFR
P (256 By,[gs) (SFR) OFEO06H area (52 Bytes) FFEO06H
Data area (512 Bytes)
OFDOOH FFDOOH
OFCFFH FFCFFH
Internal RAM Program/data area U bl
nusable
(2048 Bytes) (1536 Bytes)
OF700H FF700H
OFFFFH Note 2
OF6FFH Program/data area
64 KBytes
Note 1 ( Y )
01000H
00FFFH
10000H
Internal ROM CALLF entry area OFFFFH
(64 KBytes) (2 KBytes)
00800H
007FFH
00080H Internal ROM
0007FH 64 KBytes
CALLT table area ( ytes)
00040H (64 Bytes) Note 1
0003FH
Vector table area
00000H (64 Bytes) 00000H

Base area and entry area for reset or interrupt. However, the internal RAM area is not used as a reset entry area.

2. 2304 Bytes in this area can be used as internal ROM only when executing the LOCATION OFH instruction.
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3.2 Internal ROM Area

UPD784955 has on-chip ROM that can store programs and table data.
If the internal ROM area or internal data area overlap when the LOCATION 0 instruction is executed, the internal

data area becomes the access target. The internal ROM area in the overlapping part cannot be accessed.

Address Space
Part Number Internal ROM
LOCATION O Instruction LOCATION OFH Instruction
HPD784953 24 K x 8 bits 00000H to O5FFFH 00000H to O5FFFH
HPD784955 48 K x 8 bits 00000H to OBFFFH 00000H to OBFFFH
HPD78F4956 64 K x 8 bits 00000H to OF6FFH 00000H to OFFFFH

The internal ROM can be accessed at high speed. Usually, a fetch is executed in six system clocks in 1-byte units.
By setting the IFCH bit to 1 of the memory expansion mode register (MM), the high-speed fetch function is used. An
internal ROM fetch is a high-speed fetch (fetch in two system clocks in 2-byte units).
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3.3 Base Area
The area from 0 to FFFFH is the base area. The base area is the target in the following uses.

« Entry address for reset

« Entry address for interrupt

e Entry address for CALLT instruction

« 16-bit immediate addressing mode (instruction address addressing)
« 16-bit direct addressing mode

e 16-bit register addressing mode (instruction address addressing)

« 16-bit register indirect addressing mode

e Short direct 16-bit memory indirect addressing mode

This base area is allocated in the vector table area, CALLT instruction table area, and CALLF instruction entry
area.

When the LOCATION 0 instruction is executed, the internal data area is placed in the base area. Be aware that
the program is not fetched from the internal high-speed RAM area and special function register (SFR) area in the
internal data area. Also, use the data in the internal RAM area after initialization.

3.3.1 Vector table area

The 64-byte area from 00000H to 0003FH is reserved as the vector table area. The program start addresses for
branching by an interrupt request or RESET input are stored in the vector table area. If context switching is used
by each interrupt, the register bank number of the switch destination is stored.

The portion that is not used as the vector table can be used as program memory or data memory.

The values written in the vector table are a 16-bit values. Therefore, branching can only be to the base area.

Table 3-1. Vector Table Address

Interrupt Source Vector Table Address Interrupt Source Vector Table Address
BRK instruction 003EH INTTM20 001CH
Operand error 003CH INTTM21 001EH
RESET (reset input) 0000H INTTM30 0020H
NMI 0002H INTTM31 0022H
INTWDT 0004H INTTM40 0024H
INTPO 0006H INTTM42 0026H
INTP1 0008H INTTM50 0028H
INTP2/INTTM41 000AH INTTM52 002AH
INTP3 000CH INTTM6 002CH
INTP4 000EH INTTM7 002EH
INTP5/INTTM51 0010H INTSER1 0030H
INTP6 0012H INTSR1 0032H
INTTMOO 0014H INTST1 0034H
INTTMO1 0016H INTCSIO 0036H
INTTM10 0018H INTAD 0038H
INTTM11 001AH
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3.3.2 CALLT instruction table area

The 64-Kbyte area from 00040H to 0007FH can store the subroutine entry addresses for the 1-byte call instruction
(CALLT).

In a CALLT instruction, this table is referenced and the base area address written in the table is branched to as
the subroutine. Since a CALLT instruction is one byte, many subroutine call descriptions in the program can be CALLT
instructions, so the object size of the program can be reduced. Since a maximum of 32 subroutine entry addresses
can be described in the table, they should be registered in order from the most frequently described.

When not used as the CALLT instruction table, the area can be used as normal program memory or data memory.

3.3.3 CALLF instruction entry area

The area from 00800H to 00FFFH can be for direct subroutine calls in the 2-byte call instruction (CALLF).

Since a CALLF instruction is a 2-byte call instruction, compared to when using the CALL instruction (3 bytes or
4 bytes) of a direct subroutine call, the object size can be reduced.

When you want to achieve high speed, describing direct subroutines in this area is effective.

If you want to decrease the object size, describe an unconditional branch (BR) in this area, and place the actual
subroutine outside this area. This compresses the object size of a subroutine that is called from five or more locations.
In this case, since only a 4-byte location for the BR instruction is used in the CALLF entry area, the object size of
many subroutines can be compressed.

61



CHAPTER 3 CPU ARCHITECTURE

3.4 Internal Data Area

The internal data area consists of the internal RAM area and the special function register area (see Figures 3-
1 to 3-3).

The final address in the internal data area can be set to OFFFFH (when executing the LOCATION 0 instruction)
or FFFFFH (when executing the LOCATION OFH instruction) by the LOCATION instruction. The address selection
of the internal data area by this LOCATION 0 must be executed once immediately after a reset is cleared. After one
selection, updating is not possible. The program following a reset clear must be as shown in the example. If the
internal data area and another area are allocated to the same address, the internal data area becomes the access
target, and the other area cannot be accessed.

Example RSTVCT CSEG ATO
DW  RSTSTRT

to

INITSEG CSEG BASE
RSTSTRT: LOCATION OH ; or LOCATION OFH
MOVG SP, #STKBGN

Caution When the LOCATION 0 instruction is executed, the program after clearing the reset must not
overlap the internal data area. In addition, make sure the entry address of the servicing routine
for a non-maskable interrupt such as NMI does not overlap the internal data area. The entry area
for a maskable interrupt must be initialized before referencing the internal data area.

3.4.1 Internal RAM area

The puPD784955 has an on-chip general-purpose static RAM.
This area has the following configuration.

Peripheral RAM (PRAM)
Internal RAM area |:
Internal high-speed RAM (IRAM)

Table 3-2. Internal RAM Area

Internal RAM Internal RAM Area

Part Number Peripheral RAM: PRAM | Internal High-speed RAM: IRAM
uPD784953 768 bytes 256 bytes 512 bytes

(OFCOOH to OFEFFH) | (OFCOOH to OFCFFH) (OFDOOH to OFEFFH)
uPD784955 2,048 bytes 1,536 bytes
LPD78FA4956 (OF700H to OFEFFH) | (OF700H to OFCFFH)

Remark The addresses in the table are the values when the LOCATION 0 instruction is executed. When the
LOCATION OFH instruction is executed, OFOO00H must be added to the above values.
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Figure 3-4 shows the internal RAM memory map.

Figure 3-4. Internal RAM Memory Map

00FEFFH

General register area

OOFE80H

Available range for short
direct addressing 1

OOFE39H

Macro service
control word area

OOFEOGH

00FEOQQH | Internal high-speed RAM
00FDFFH

Available range for short
direct addressing 2

O0FD20H
00OFD1FH

00FDOOH
00FCFFH

Peripheral RAM

Differs according to the product™°®®

Note uPD784953 : OOFCOOH
uPD784955, 78F4956 : O0F700H

Remark The addresses in the figure are the values when the LOCATION O instruction is executed. When the
LOCATION OFH instruction is executed, OFOO00H must be added to the above values.
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Internal high-speed RAM (IRAM)

The internal high-speed RAM can be accessed at high speed. FD20H to FEFFH can use the short direct
addressing mode for high-speed access. The two short direct addressing modes are short direct addressing 1
and short direct addressing 2 that are based on the address of the target. Both addressing modes have the same
function. In some instructions, short direct addressing 2 has a shorter word length than short direct addressing
1. For details, see 78K/IV Series User's Manual Instructions (U10905E)

A program cannot be fetched from IRAM. If a program is fetched from an address that is mapped by IRAM, the
CPU goes into an inadvertent loop.

The following areas are reserved in IRAM.

* General register area . FE8OH to FEFFH
« Macro service control word area: FEO6H to FE39H
e Macro service channel area . FEOOH to FEFFH (The address is set by a macro service control word.)

When the reserved function is not used for each area, the area can be used as normal data memory.

Remark The addresses in this text are the addresses when the LOCATION 0 instruction is executed. When
the LOCATION OFH instruction is executed, OFOO00H must be added to the values in this text.

Peripheral RAM (PRAM)

The peripheral RAM (PRAM) is used as normal program memory or data memory. When used as the program
memory, the program must be written beforehand in the peripheral RAM by a program.

A program fetch from the peripheral RAM is high speed and can occur in two clocks in 2-byte units.
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3.4.2 Special function register (SFR) area
The special function register (SFR) of the on-chip peripheral hardware is mapped to the area from OFFOOH to
OFFFFH (see Figures 3-1 to 3-3).

Caution In this area, do not access an address that is not mapped in SFR. If mistakenly accessed, the
CPU enters the deadlock state. The deadlock state is released only by reset input.

Remark The addresses in this text are the addresses only when the LOCATION 0 instruction is executed. If the
LOCATION OFH instruction is executed, OFOO00H must be added to the values in the text.

65



CHAPTER 3 CPU ARCHITECTURE

3.5 uPD78F4956 Memory Mapping

The uPD78F4956 has a 64-Kbyte flash memory and 2,048-byte internal RAM.

The uPD78F4956 has a function (memory size switching function) so that a part of the internal memory is not used
by the software.

The size of the memory can be switched using the internal memory switching register (IMS).

Based on the IMS setting, the memory mapping can be the same as that of the mask ROM versions having a
different internal memory (ROM/RAM) size.

IMS can only be written by an 8-bit memory manipulation instruction.

RESET input sets IMS to FFH.

Figure 3-5. Internal Memory Size Switching Register (IMS) Format

Address: OFFFCH After Reset: FFH W

Symbol 7 6 5 4 3 2 1 0
IMS 1 1 ROM1 ROMO 1 1 RAM1 RAMO
ROM1 ROMO Internal ROM Capacity Selections
0 0 24 Kbytes
0 1 Setting prohibited
1 0 48 Kbytes
1 1 64 Kbytes
RAM1 RAMO Internal RAM Capacity Selections
0 0 768 bytes
0 1 Setting prohibited
1 0
1 1 2,048 bytes

Caution Mask ROM versions ( uPD784953, 784955) do not have an IMS.

Table 3-3 shows the IMS settings to have the same memory map as the mask ROM versions.

Table 3-3. Settings of the Internal Memory Size Switching Register (IMS)

Target Mask ROM Version IMS Settings
uPD784953 CCH
uPD784955 EFH
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3.6 Control Registers
The control registers are the program counter (PC), program status word (PSW), and stack pointer (SP).

3.6.1 Program counter (PC)

This is a 20-bit binary counter that saves address information about the program to be executed next (see Figure
3-6).

Usually, this counter is automatically incremented based on the number of bytes in the instruction to be fetched.
When the instruction that is branched is executed, the immediate data or register contents are set.

RESET input sets the low-order 16 bits of the PC to the 16-bit data at addresses 0 and 1, and 0000 in the high-
order four bits of the PC.

Figure 3-6. Program Counter (PC) Format

19 0

PC

3.6.2 Program status word (PSW)

The program status word (PSW) is a 16-bit register that consists of various flags that are set and reset based on
the result of the instruction execution.

A read or write access is performed in units of the high-order 8 bits (PSWH) and the low-order 8 bits (PSWL). In
addition, bit manipulation instructions can manipulate each flag.

The contents of the PSW are automatically saved on the stack when a vectored interrupt request is accepted and
when a BRK instruction is executed, and are automatically restored when a RETI or RETB instruction is executed.
When context switching is used, the contents are automatically saved to RP3, and automatically restored when a
RETCS or RETCSB instruction is executed.

RESET input resets all of the bits to 0.

Always write 0 in the bits indicated by “0” in Figure 3-7. The contents of bits indicated by “~" are undefined when
read.
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Figure 3-7. Program Status Word (PSW) Format

Symbol 7 6 5 4 3 2 1 0

pswh | ur | mes2 | mes1 | meso | — | — | — | — |
7 6 5 4 3 2 1 0

pswe | s | z | mss | ac | e | ev | o | cv |

Each flag is described below.

Carry flag (CY)

This is the flag that stores the carry or borrow of an operation result.

When a shift rotate instruction is executed, the shifted out value is stored. When a bit manipulation instruction
is executed, this flag functions as the bit accumulator.

The CY flag state can be tested by a conditional branch instruction.

Parity/overflow flag (P/V)
The P/V flag has the following two actions in accordance with the execution of the operation instruction.
The state of the P/V flag can be tested by a conditional branch instruction.

» Parity flag action
The results of executing the logical instructions, shift rotate instructions, and CHKL and CHKLA instructions
are setto 1 when an even number of bitsis setto 1. If the number of bits is odd, the resultis resetto 0. However,
for 16-bit shift instructions, the parity flag from only the low-order 8 bits of the operation result is valid.

« Overflow flag action
The result of executing an arithmetic operation instruction is set to 1 only when the numerical range expressed
in two’s complement is exceeded. Otherwise, the resultis reset to 0. Specifically, the result is the exclusive
or of the carry from the MSB and the carry to the MSB and becomes the flag contents. For example, in 8-
bit arithmetic operations, the two’s complement range is 80H (-128) to 7FH (+127). If the operation result
is outside this range, the flag is set to 1. If inside the range, it is reset to 0.
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Example The action of the overflow flag when an 8-bit addition instruction is executed is described next.

When 78H (+120) and 69H (+105) are added, the operation result becomes E1H (+225). Since the
upper limit of two’s complementis exceeded, the P/V flagis setto 1. Inatwo’s complement expression,
E1H becomes -31.

78H (+120) = 0111 1000
+) 69H (+105) = +) 0110 1001
0 1110 0001 =-31 PN =1
1
cy

Next, since the operation result of the addition of the following two negative numbers falls within the
two’s complement range, the P/V flag is reset to 0.

1111 1011
+) 1111 0000
1 1110 1011 =-21P/V=0
1
CY

FBH (-5)
+) FOH (~16)

Interrupt request enable flag (IE)

This flag controls the CPU interrupt request acceptance.

If IE is O, interrupts are disabled, and only non-maskable interrupts and unmasked macro services can be
accepted. The other interrupts are all disabled.

If IE is 1, the interrupt enable state is entered. Enabling the acceptance of interrupt requests is controlled by
the interrupt mask flags that correspond to each interrupt request and the priority of each interrupt.

This flag is set to 1 by executing the El instruction and is reset to 0 by executing the DI instruction or accepting
an interrupt.

Auxiliary carry flag (AC)

If the operation result has a carry from bit 3 or a borrow to bit 3, this flag is set to 1. Otherwise, the flag is reset
to 0.

This flag is used when the ADJBA and ADJBS instructions are executing.
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Register set selection flag (RSS)

This flag sets the general registers that function as X, A, C, and B and the general register pairs (16 bits) that
function as AX and BC.

This flag is used to maintain compatibility with the 78K/IIl Series. Always set this flag to 0 except when using
a 78K/lll Series program.

Zero flag (2)

This flag indicates that the operation result is O.

If the operation result is 0, this flag is set to 1. Otherwise, it is reset to 0. The state of the Z flag can be tested
by conditional branch instructions.

Sign flag (S)

This flag indicates that the MSB in the operation result is 1.

The flag is set to 1 when the MSB of the operation result is 1. If 0, the flag is reset to 0. The S flag state can
be tested by the conditional branch instructions.

Register bank selection flags (RBSO to RBS2)
This is the 3-bit flag that selects one of the eight register banks (register banks 0 to 7). (refer to Table 3-4.)

Three bit information that indicates the register bank selected by executing the SEL RBn instruction is stored.

Table 3-4. Register Bank Selection

RBS2 RBS1 RBSO0 Set Register Bank

0 0 0 Register bank 0

Register bank 1

Register bank 2

Register bank 3

Register bank 4

Register bank 5

Register bank 6

Rr|lkr|lRr|r|o|lo|o

0
1
1
0
0
1
1

rlo|lr|o|lr|o]|r

Register bank 7

User flag (UF)
This flag is set and reset by a user program and can be used in program control.
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3.6.3 Using the RSS bit

Basically, always use with the RSS bit fixed at 0.

The following descriptions discuss using a 78K/Ill Series program and a program that sets the RSS bitto 1. Reading
is not necessary if the RSS bit is fixed at 0.

The RSS bit enables the functions in A (R1), X (R0), B (R3), C (R2), AX (RP0), and BC (RP1) to also be used
in registers R4 to R7 (RP2, RP3). When this bit is effectively used, efficient programs in terms of program size and
program execution can be written.

Sometimes, however, unexpected problems arise if used carelessly. Consequently, always set the RSS bit to 0.
Use with the RSS bit set to 1 only when 78K/Ill Series programs will be used.

By setting the RSS bit to 0 in all programs, writing and debugging programs become more efficient.

Even if a program where the RSS bit is set to 1 is used, when possible, it is recommended to use the program
after modifying the program so that the RSS bit is not set to 1.

(1) Using the RSS bit
* Registers used in instructions where the A, X, B, C, and AX registers are directly described in the operand
column of the operation list (see 26.2)

* Registersthatare implicitly specified in instructions that use the A, AX, B, and C registers by implied addressing

* Registers that are used in addressing in instructions that use the A, B, and C registers in indexed addressing
and based indexed addressing

The registers used in these cases are switched in the following ways by the RSS bit.

 WhenRSS =0
A-R1, X-R0,B-R3, C5R2, AX-RPO, BC-RP1

« WhenRSS =1
A-R5, X5R4, B.R7, CoR6, AX-RP2, BC-RP3
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The registers used in other cases always become the same registers regardless of the contents of the RSS bit.
For registers A, X, B, C, AX, and BC in NEC assembler RA78K4, instruction code is generated for any register
described by name or for registers set by an RSS pseudo instruction in the assembler.

When the RSS bit is set or reset, always specify an RSS pseudo instruction immediately before (or immediately
after) that instruction (see the following examples).

<Program examples>

*« When RSS =0

RSS 0O ; RSS pseudo instruction
CLR1 PSWL. 5
MOV B, A ; This description corresponds to “MOV R3, R1".

e WhenRSS =1

RSS 1 ; RSS pseudo instruction
SET1 PSWL. 5
MOV B, A ; This description corresponds to “MOV R7, R5".

Generation of instruction code in the RA78K4

« In the RA78K4, when an instruction with the same function as an instruction that directly specifies A or AX
in the operand column in the operation list of the instruction is used, the instruction code that directly describes
A or AX in the operand column is given priority and generated.

Example The “MOV A, r” instruction where r is B has the same function as the “MOV r, r” instruction where
ris A and r' is B. In addition, they have the same (MOV A, B) description in the assembler source
program. In this case, RA78K4 generates code that corresponds to the “MOV A, r” instruction.
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« If A, X, B, C, AX, or BC is described in an instruction that specifies r, r’, rp, or rp’ in the operand column, the
A, X, B, C, AX, or BCinstruction code generates the instruction code that specifies the following registers based
on the operand of the RSS pseudo instruction in RA78K4.

Register RSS =0 RSS =1
A R1 R5
X RO R4
B R3 R7
C R2 R6
AX RPO RP2
BC RP1 RP3

« If RO to R7 and RPO to RP4 are specified inr, r', rp, and rp’ in the operand column, an instruction code that
conforms to the specification is output. (Instruction code that directly describes A or AX in the operand column
is not output.)

« The A, B, and C registers that are used in indexed addressing and based indexed addressing cannot be
described as R1, R3, R2, or R5, R7, R6.

(3) Usage Cautions
Switching the RSS bit obtains the same effect as holding two register sets. However, be careful and write the
program so that implicit descriptions in the program and dynamically changing the RSS bit during program
execution always agree.
Also, since a program with RSS = 1 cannot be used in a program that uses context switching, the portability of
the program becomes poor. Furthermore, since different registers having the same name are used, the readability
of the program worsens, and debugging becomes difficult. Therefore, when RSS = 1 must be used, write the
program while taking these problems into consideration.
A register that does not have the RSS bit set can be accessed by specifying the absolute name.
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3.6.4 Stack pointer (SP)

The 24-bit register saves the starting address of the stack (LIFO: 00000H to FFFFFFH) (refer to Figure 3-8). The
stack is used for addressing during subroutine processing or interrupt servicing. Always set the most-significant four
bits to zero.

The contents of the SP are decremented before writing to the stack area and incremented after reading from the
stack (refer to Figures 3-9 and 3-10).

SP is accessed by special instructions.

Since the SP contents become undefined when RESET is input, always initialize the SP from the initialization
program immediately after clearing the reset (before accepting a subroutine call or interrupt).

Example Initializing SP
MOVG SP, #0FEEOH ; SP — OFEEOH (when used from FEDFH)
Figure 3-8. Stack Pointer (SP) Format

23 0

SP
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Figure 3-9. Data Saved to the Stack

PUSH sfr instruction

stack
SP[] SP[]
l 1
SP-1 SP-1
1
SP ~ SP-1 SP-2

SP — SP-2

PUSH PSW instruction

PUSH sfrp instruction

stack

High byte

Low byte

PUSH rg instruction

RP3

RP2

AX

stack stack
SP[] SP[]
SiP—l ng:: Undefined SiP—l High byte
SP-2 PSWL SP-2 Middle byte
SP ~ SP-2 SlP-3 Low byte
SP ~ SP-3
CALL, CALLF, CALLT Vector interrupt PUSH post, PUSHU post instructions
instruction stack stack (For PUSH AX, RP2, RP3) stack
SP[] SP[] SP []
SED-l Undefined |PC19- PC16 SiP-l P [Pci9-pCis SiP-l R7
SP-2 PC15 - PC8 SP-2 PSWL SP-2 R6
SlP-S PC7 - PCO SLP-3 PC15 - PC8 SLP-S R5
SP — SP-3 le>-4 PC7 - PCO le>-4 R4
SP — SP-4 le>-5 A
SlP—G
SP ~ SP-6
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Figure 3-10. Data Restored from the Stack

POP sfr instruction

POP sfrp instruction

stack stack
SP ~ SP+1 SP ~ SP+2
SP+1 SP+1 High byte
1 1
SP ] SP [] Low byte
POP PSW instruction POP rg instruction
stack stack
SP ~ SP+2 SP ~ SP+3
1
PSWH?7 - ___Note SP+2 f
S::’+l PSWH4 i High byte
SP[] PSWL SP+1 Middle byte
1
SP [] Low byte
RET instruction RETI, RETB interrupt POP post, POPU post instructions
stack stack (For POP AX, RP2, RP3) stack
SP — SP+3 SP ~ SP+4 SP —~ SP+6
SP+2 | et |pc1g-peis sP+3 | D3R lpc19-peis SP+5 R7
t 1 £ 1 RP3
SP+1 PC15 - PC8 SP+2 PSWL SP+4 R6
T T T
SP[] PC7 - PCO SP+1 PC15 - PC8 SP+3 RS
1 1 RP2
SP [] PC7 - PCO SP+2 R4
1
SP+1 A
1 AX
SP[]

Note This 4-bit data is ignored.
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Cautions 1. In stack addressing, the entire 1-Mbyte space can be accessed, but the stack cannot be
guaranteed in the SFR area and internal ROM area.

2. The stack pointer (SP) becomes undefined when RESET is input. In addition, even when SP
is in the undefined state, non-maskable interrupts can be accepted. Therefore, when the SP
is in the undefined state immediately after the reset is cleared and a request for a non-
maskable interruptis generated, unexpected actions sometimes occur. To avoid this danger,
always specify the following in the program after clearing a reset.

RSTVCT CSEG ATO
DW  RSTSTRT

to

INITSEG CSEG BASE
RSTSTRT: LOCATION OH; or LOCATION OFH
MOVG SP, #STKBGN

3.6.5 Memory expansion mode register (MM)

MM is an 8-bit register that controls the internal fetch cycle. It is set using a 1-bit or 8-bit memory manipulation
instruction.

Figure 3-11 shows the format of MM.

RESET input sets MM to 20H.

Figure 3-11. Format of the Memory Expansion Mode Register (MM)

Address: OFFC4H After Reset: 20H R/W

Symbol 7 6 5 4 3 2 1 0
MM IFCH 0 0 0 0 0 0 0
IFCH Internal ROM Fetch
0 Normal fetch (Fetches at 6 cycles = 1 byte instruction.)
0 Hi-speed fetch (Fetches at 2 cycles = 1 word (2 bytes) instruction.)

Caution After reset, it should be set to 80H.
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3.7 General Registers

3.7.1 Configuration

There are sixteen 8-bit general registers. In addition, two 8-bit general registers can be combined and used as
a 16-bit general register. Furthermore, four of the 16-bit general registers are combined with an 8-bit register for
address expansion and used as a 24-bit address specification register.

The general registers except for the V, U, T, and W registers for address expansion are mapped to the internal
RAM.

These register sets provide eight banks and can be switched by the software or context switching.

RESET input selects register bank 0. In addition, the register banks that are used in an executing program can
be verified by reading the register bank selection flags (RBS0, RBS1, RBS2) in the PSW.

Figure 3-12. General Register Format

7 | 07 0
A (R1) ! X (RO)
AX (RPO)
B (R3) 3 C (R2)
BC (RP1)
R5 i R4
RP2
o R7 ; R6
— RP3
% ! R9 } R8
VVP (RG4) VP (RP4)
u } R11 } R10
UUP (RG5) UP (RP5)
T . D(R13) | E (R12)
TDE (RG6) DE (RP6)
W . H(R15) L (R14)
! ! 8 banks
WHL (RG7) HL (RP7) —
23 15 0

Remark The parentheses enclose the absolute names.
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Figure 3-13. General Register Addresses

8-bit Processing 8-bit Processing

FEFFHNote RBNKO H (R15) Fny|L (R14) &) HL (RP7) &n

RBNK1 D (R13) om)|E (R12) chy DE (RP6) (cH)

RBNK2 R11 (H) R10 (an) UP (RP5) (aH)

RBNK3 R9 (9H) R8 (sH) VP (RP4) (gH)

RBNK4 R7 (7n) R6 (6H) RP3 )

RBNK5 R5 (sH) R4 (an) RP2 @)

RBNK6 B (R3) @H) | C (R2) 2n) BC (RP1) en
FE8OHNote RBNK7 A (R1) an | X (RO) (om) AX (RPO) ©H)

7 07 0 15 0

Note These are the addresses when the LOCATION O instruction is executed. The addresses when the
LOCATION OFH instruction is executed are the sum of the above values and OFOO00H.

Caution R4, R5, R6, R7, RP2, and RP3 can be used as the X, A, C, B, AX, and BC registers when the RSS
bit in the PSW is setto 1. However, use this function only when using a 78K/IIl Series program.

Remark When changing the register bank and when returning to the original register bank is necessary, execute
the SEL RBn instruction after using the PUSH PSW instruction to save the PSW to the stack. If the stack
position is not changed when returning to the original state, the POP PSW instruction is used to return.
When the register banks in the vectored interrupt processing program are updated, PSW is automatically
saved on the stack when an interrupt is accepted and returned by the RETI and RETB instructions.
Therefore, when one register bank is used in an interrupt servicing routine, only the SEL RBn instruction
is executed, and the PUSH PSW or POP PSW instruction does not have to be executed.

Example When register bank 2 is specified

PUSH PSW
SEL RB2

O
E Operation in register bank 2

SO

POP PSW O

Operation in original register bank
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3.7.2 Functions

In addition to being manipulatable in 8-bit units, general registers can be a pair of two 8-bit registers and be
manipulated in 16-bit units. Also four of the 16-bit registers can be combined with the 8-bit register for address
expansion and manipulated in 24-bit units.

Eachregister can generally be used as the temporary storage for the operation result or the operand of the operation
instruction between registers.

The area from OFE80H to OFEFFH (during LOCATION 0 instruction execution, or the OFFE80H to OFFEFFH during
LOCATION OFH instruction execution) can be accessed by specifying an address as normal data memory whether
or not it is used as the general register area.

Since there are eight register banks in the 78K/IV Series, efficient programs can be written by suitably using the
register banks in normal processing or interrupt processing.

Each register has the unique functions shown below.

A (R1):

« This register is primarily for 8-bit data transfers and operation processing. It can be combined with all of the
addressing modes for 8-bit data.

« This register can be used to store bit data.

« Thisregister can be used as a register that stores the offset value during indexed addressing or based indexed
addressing.

X (RO):
« This register can store bit data.

AX (RPO):
e This register is primarily for 16-bit data transfers and operation results. It can be combined with all of the
addressing modes for 16-bit data.

AXDE:
* When a DIVUX, MACW, or MACSW instruction is executing, this register can be used to store 32-bit data.

B (R3):

« This register functions as a loop counter and can be used by the DBNZ instruction.

« This register can store the offset in indexed addressing and based indexed addressing.
e This register is used as the data pointer in a MACW or MACSW instruction.
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C (R2):

« This register functions as a loop counter and can be used by the DBNZ instruction.
« This register can store the offset in based indexed addressing.

e This register is used as the counter in string and SACW instructions.

« This register is used as the data pointer in a MACW or MACSW instruction.

RP2:
* When context switching is used, this register saves the low-order 16 bits of the program counter (PC).

RP3:
* When context switching is used, this register saves the most significant 4 bits of the program counter (PC) and
the program status word (PSW) (except bits 0 to 3 in PSWH).

VVP (RG4):
« This register functions as a pointer and specifies the base address in register indirect addressing, based
addressing, and based indirect addressing.

UUP (RG5):

e This register functions as a user stack pointer and implements another stack separate from the system stack
by the PUSHU and POPU instructions.

« Thisregister functions as a pointer and acts as the register that specifies the base address during register indirect
addressing and based addressing.

DE (RPS6), HL (RP7):
« This register stores the offset during indexed addressing and based indexed addressing.

TDE (RG6):

« This register functions as a pointer and sets the base address in register indirect addressing and based
addressing.

« This register functions as a pointer in string and SACW instructions.
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WHL (RG7):

« This register primarily performs 24-bit data transfers and operation processing.

« Thisregister functions as a pointer and specifies the base address during register indirect addressing or based
addressing.

« This functions as a pointer in string and SACW instructions.

In addition to its function name (X, A, C, B, E, D, L, H, AX, BC, VP, UP, DE, HL, VVP, UUP, TDE, WHL) that
emphasizes its unique function, each register can be described by its absolute name (RO to R15, RP0O to RP7, RG4

to RG7). For the correspondence, refer to Table 3-5.

Table 3-5. Correspondence between Function Names and Absolute Names

(a) 8-bit registers (b) 16-bit registers
Function Name Function Name
Absolute Name Absolute Name
RSS =0 RSS = 1Note RSS =0 RSS = 1Note
RO X RPO AX
R1 A RP1 BC
R2 C RP2 AX
R3 B RP3 BC
R4 X RP4 VP VP
R5 A RP5 UP UP
R6 C RP6 DE DE
R7 B RP7 HL HL
R8
R9 (c) 24-bit registers
R10
R11 Absolute Name Function Name
R12 E E RG4 VVP
R13 D D RG5 UUP
R14 L L RG6 TDE
R15 H H RG7 WHL

Note Use RSS =1 only when a 78K/Ill Series program is used.

Remark R8 to R11 do not have function names.
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3.8 Special Function Registers (SFRs)

These registers are assigned special functions such as the mode register and control register of the internal
peripheral hardware and are mapped to the 256-byte area from OFFOOH to OFFFFHNote,

Note These are the addresses when the LOCATION O instruction is executing. They are FFFOOH to FFFFFH
when the LOCATION OFH instruction is executing.

Caution In this area, do not access an address that is not allocated by an SFR. If erroneously accessed,
the uPD784955 enters the deadlock state. The deadlock state is released only by reset input.

Table 3-6 shows the list of special function registers (SFRs). The meanings of the items are described next.

e Symbol

« R/W

e Bit manipulation unit ---

* After Reset

This symbolindicates the on-chip SFR. In NEC assembler RA78K4, thisis areserved
word. In C compiler CC78K4, it can be used as an sfr variable by a “#pragma sfr”
directive.

Indicates whether the corresponding SFR can be read or written.

R/W : Read/write

R : Read-only

W : Write-only

When the corresponding SFR is manipulated, the appropriate bit manipulation unit
isindicated. An SFR that can manipulate 16 bits can be described in the sfrp operand.
If specified by an address, an even address is described.

An SFR that can manipulate one bit can be described in bit manipulation instructions.
Indicates the state of each register when RESET is input.
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Table 3-6. Special Function Register (SFR) List (1/5)

Address Bit Manipulation Unit
Name of Special Function Register (SFR) Symbol R/W After Reset
Note 1 1 bit | 8 bits |16 bits
OFFOOH | Port 0 PO R/W O O — OQHNote 2
OFFO1H | Port1 P1 O O —
OFFO2H | Port 2 P2 O O —
OFFO3H | Port3 P3 O O —
OFF04H | Port 4 P4 O O —
OFFO5H | Port 5 P5 O O —
OFF06H | Port 6 P6 O O —
OFFO7H | Port 7 P7 R O O —
OFFO9H | Port 9 P9 R/W O O —
OFF10H | 16-bit timer register O TMO R — — O 0000H
OFF11H
OFF12H | 16-bit capture/compare register 00 CROO R/W — — O Undefined
OFF13H | (16-bit timer/counter)
OFF14H | 16-bit capture/compare register 01 CRO1 — — O
OFF15H | (16-bit timer/counter)
OFF16H | Capture/compare control register O CRCO O O — 00H
OFF18H | 16-bit timer mode control register 0 TMCO O O —
OFF1AH | Timer output control register O TOCO O O —
OFF1CH | Prescaler mode register 0 PRMO O O —
OFF20H | Port 0 mode register PMO O O — FFH
OFF21H | Port 1 mode register PM1 O O —
OFF22H | Port 2 mode register PM2 O O —
OFF23H | Port 3 mode register PM3 O O —
OFF24H | Port 4 mode register PM4 O O —
OFF25H | Port 5 mode register PM5 O O —
OFF26H | Port 6 mode register PM6 O O —
OFF29H | Port 9 mode register PM9 O O —
OFF30H | Pull-up resistor option register 0 PUO O O — 00H
OFF31H | Pull-up resistor option register 1 PU1 O O —
OFF32H | Pull-up resistor option register 2 PU2 O O —
OFF33H | Pull-up resistor option register 3 PU3 O O —
OFF39H | Pull-up resistor option register 9 PU9 O O —
OFF3CH | 16-bit compare register 10 CR10 — — O Undefined
OFF3DH
Notes 1. When the LOCATION 0 instruction is executed. Add “FOO00H” to this value when the LOCATION OFH
instruction is executed.
2. Because each port is initialized to input mode at reset, “O0H” is not actually read. The output latch is
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Table 3-6. Special Function Register (SFR) List (2/5)

Address Bit Manipulation Unit
Name of Special Function Register (SFR) Symbol R/W After Reset
Note 1 bit | 8 bits |16 bits
OFF3EH | 16-bit compare register 11 CR11 R/W — — O Undefined
OFF3FH
OFF42H | 16-bit compare register 20 CR20 — — O
OFF43H
OFF4EH | Pull-up resistor option register PUO O O — 0000H
OFF50H | 8-bit timer register 6 TM6 — O —
OFF51H | 8-bit timer register 7 T™M7 — O —
OFF52H | 8-bit compare register 6 CR6 — O — Undefined
OFF53H | 8-bit compare register 7 CR7 — O —
OFF54H | Timer mode control register 6 TMC6 O O — 00H
OFF55H | Timer mode control register 7 TMC7 O O —
OFF56H | Timer clock select register 6 TCL6 O O —
OFF57H | Timer clock select register 7 TCL7 O O —
OFF60H | 16-bit timer register 1 T™M1 R — — O 0000H
OFF61H
OFF62H | 16-bit timer register 2 T™M2 — — O
OFF63H
OFF64H | 16-bit timer register 3 T™M3 — — O
OFF65H
OFF66H | 16-bit timer register 4 T™M4 — — O
OFF67H
OFF68H | 16-bit timer register 5 TM5 — — O
OFF69H
OFF6BH | 16-bit timer mode control register 1 TMC1 RW| O O — 00H
OFF6CH | 16-bit timer mode control register 2 TMC2 O O —
OFF6DH | 16-bit timer mode control register 3 TMC3 O O —
OFFB6EH | 16-bit timer mode control register 4 TMC4 O O —
OFF6FH | 16-bit timer mode control register 5 TMC5 O O —
OFF70H | Asynchronous serial interface mode register 1 | ASIM1 O O —
OFF72H | Asynchronous serial interface status register 1 | ASIS1 R O O —
OFF74H | Transmission shift register 1 TXS1 W — O — FFH
Reception buffer register 1 RXB1 R — O —
OFF76H | Baud rate generator control register 1 BRGC1 RW | O O — 00H
OFF78H | 16-bit compare register 21 CR21 — — O Undefined
OFF79H
OFF7BH | Timer output control register 1 TOC1 O O — 00H

Note When the LOCATION O instruction is executed. Add “FOO00H” to this value when the LOCATION OFH

instruction is executed.
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Table 3-6. Special Function Register (SFR) List (3/5)

Address Bit Manipulation Unit
Name of Special Function Register (SFR) Symbol R/W After Reset
Note 1 bit | 8 bits |16 bits
OFF7CH | Timer output control register 2 TOC2 RW| O O — 00H
OFF7DH | Capture/compare control register 4 CRC4 O O —
OFF7EH | Capture/compare control register 5 CRC5 O O —
OFF80H | A/D converter mode register O ADMO O O —
OFF81H | Analog input channel specification register 0 | ADSO O O —
OFF83H | A/D conversion result register 0 ADCRO R — O — Undefined
OFF85H | Prescaler mode register 1 PRM1 RW | O O — 00H
OFF86H | Prescaler mode register 2 PRM2 O O —
OFF87H | Prescaler mode register 3 PRM3 O O —
OFF88H | Prescaler mode register 4 PRM4 O O —
OFF89H | Prescaler mode register 5 PRM5 O O —
OFF8AH | 16-bit compare register 30 CR30 — — O Undefined
OFF8BH
OFF8EH | 16-bit compare register 31 CR31 — — O
OFF8FH
OFF90H | Serial operating mode register 0 CsIMO0 O O — 00H
OFF94H | Serial I/O shift register 0 SI00 — O —
OFF96H | Real-time output buffer register LO RTBLO — O —
OFF97H | Real-time output buffer register HO RTBHO — O —
OFF98H | Real-time output port mode register 0 RTPMO O O —
OFF99H | Real-time output port control register 0 RTPCO O O —
OFF9AH | Real-time output buffer register L1 RTBL1 — O —
OFF9BH | Real-time output buffer register H1 RTBH1 — O —
OFF9CH | Real-time output port mode register 1 RTPM1 O O —
OFF9DH | Real-time output port control register 1 RTPC1 O O —
OFFAOH | External interrupt rising edge enable register | EGPO O O —
OFFA2H | External interrupt falling edge enable register| EGNO O O —
OFFA4H | PWM modulation control register 0 PWMCO O O —
OFFA5H | PWM modulation control register 1 PWMC1 O O —
OFFAGH | PWM modulation buffer register 0 BFPWMCO O O —
OFFA7H | PWM modulation buffer register 1 BFPWMC1 O O —
OFFA8H | In-service priority register ISPR R O O —
OFFAAH | Interrupt mode control register IMC RW | O O — 80H
OFFACH | Interrupt mask flag register OL MKOL | MKO O O O FFFFH
OFFADH | Interrupt mask flag register OH MKOH O O

Note When the LOCATION O instruction is executed. Add “FOO00H” to this value when the LOCATION OFH
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Table 3-6. Special Function Register (SFR) List (4/5)

Address Bit Manipulation Unit

Name of Special Function Register (SFR) Symbol R/W After Reset
Note 1 bit | 8 bits |16 bits
OFFAEH | Interrupt mask flag register 1L MKI1L | MK1 RW | O O O FFFFH
OFFAFH | Interrupt mask flag register 1H MK1H O O
OFFBOH | 16-bit capture/compare register 40 CR40 — — O Undefined
OFFB1H — — O
OFFB2H | 16-bit capture/compare register 41 CR41 — — O
OFFB3H — — O
OFFB4H | 16-bit capture/compare register 42 CR42 — — O
OFFB5H — — O
OFFB6H | 16-bit capture/compare register 50 CR50 — — O
OFFB7H — — O
OFFB8H | 16-bit capture/compare register 51 CR51 — — O
OFFB9H — — O
OFFBEH | 16-bit compare register 52 CR52 — — O
OFFBFH — — O
OFFCOH | Standby control register STBC — O — 00H
OFFC2H | Watchdog timer mode register WDM — O —
OFFC4H | Memory expansion mode register MM O O — 20H
OFFCFH | Oscillation stabilizing time selection register | OSTS O O — 00H
OFFEOH | Interrupt control register (INTPO) PICO O O — 43H
OFFE1H | Interrupt control register (INTP1) PIC1 O O —
OFFE2H | Interrupt control register (INTTM41/INTP2) PIC2 O O —
OFFE3H | Interrupt control register (INTP3) PIC3 O O —
OFFE4H | Interrupt control register (INTP4) PIC4 O O —
OFFESH | Interrupt control register (INTTM51/INTP5) PIC5 O O —
OFFEGH | Interrupt control register (INTP6) PIC6 O O —
OFFET7H | Interrupt control register (INTTMOO) TMICO00 O O —
OFFES8H | Interrupt control register (INTTMO1) TMICO1 O O —
OFFEQH | Interrupt control register (INTTM10) TMIC10 O O —
OFFEAH | Interrupt control register (INTTM11) TMIC11 O O —
OFFEBH | Interrupt control register (INTTM20) TMIC20 O O —
OFFECH | Interrupt control register (INTTM21) TMIC21 O O —
OFFEDH | Interrupt control register (INTTM30) TMIC30 O O —
OFFEEH | Interrupt control register (INTTM31) TMIC31 O O —
OFFEFH | Interrupt control register (INTTM40) TMIC40 O O —

Note When the LOCATION O instruction is executed. Add “FOO00H” to this value when the LOCATION OFH
instruction is executed.
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Table 3-6. Special Function Register (SFR) List (5/5)

Address Bit Manipulation Unit

Name of Special Function Register (SFR) Symbol R/W After Reset
Note 1 1 bit | 8 bits | 16 bits
OFFFOH | Interrupt control register (INTTM42) TMIC42 RW| O O — 43H
OFFF1H | Interrupt control register (INTTM50) TMIC50 O O —
OFFF2H | Interrupt control register (INTTM52) TMIC52 O O —
OFFF3H | Interrupt control register (INTTM6) TMIC6 O O —
OFFF4H | Interrupt control register (INTTM7) TMIC7 O O —
OFFF5H | Interrupt control register (INTSER1) SERIC1 O O —
OFFF6H | Interrupt control register (INTSR1) SRIC1 O O —
OFFF7H | Interrupt control register (INTST1) STIC1 O O —
OFFF8H | Interrupt control register (INTCSIO) Cslico O O —
OFFF9H | Interrupt control register (INTAD) ADIC O O —
OFFFCH | Internal memory size switching registerNote 2 IMS w — e) — FFH

Notes 1. When the LOCATION 0 instruction is executed. Add “FOO00H" to this value when the LOCATION OFH
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3.9 Cautions

)

)

3

4

Program fetches are not possible from the internal high-speed RAM area (when executing the LOCATION 0
instruction: OFDOOH to OFEFFH, when executing the LOCATION OFH instruction: FFDOOH to FFEFFH)

Special function register (SFR)
Do not access an address that is allocated to an SFR in the area from OFFOOH to OFFFFHNO®  |f mistakenly
accessed, the yPD784955 enters the deadlock state. The deadlock state is released only by RESET input.

Note These are addresses when the LOCATION 0 instruction is executed. They are FFFOOH to FFFFFH
when the LOCATION OFH instruction is executed.

Stack pointer (SP) operation
Although the entire 1-Mbyte space can be accessed by stack addressing, the stack cannot be guaranteed in the
SFR area and the internal ROM area.

Stack pointer (SP) initialization

The SP becomes undefined when RESET is input. Even after a reset is cleared, non-maskable interrupts can
be accepted. Therefore, the SP enters an undefined state immediately after clearing the reset. When a non-
maskable interrupt request is generated, unexpected operations sometimes occur. To minimize these dangers,
always describe the following in the program immediately after clearing a reset.

RSTVCT CSEG ATO
DW  RSTSTRT
to

INITSEG CSEG BASE
RSTSTRT: LOCATION OH; or LOCATION OFH
MOVG SP, #STKBGN
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CHAPTER 4 CLOCK GENERATOR

4.1 Functions

The clock generator is the circuit that generates the clock that is supplied to the CPU and peripheral hardware.
It oscillates at the frequency of 12.5 MHz. Oscillation is stopped by executing the STOP instruction or by setting
standby control register (STBC).
4.2 Configuration

The clock generator consists of the following hardware.

Table 4-1. Clock Generator Configuration

Iltem Configuration

Control register Standby control register (STBC)
Oscillation stabilization time specification register (OSTS)

Figure 4-1. Block Diagram of Clock Generator

X1 O——

System clock fxx 2 divider PLL con_tro_l mr_cwt 2 divider fok CPU clock,
oscillator (8x multiplication) peripheral clock

X2 O———

Remark fxx : Oscillation frequency
fcuk @ Internal system clock frequency (fcik = 2 ¢ fxx)
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4.3 Control Register

)

92

Standby control register (STBC)

This register is used to set the standby mode. For the details of the standby mode, refer to CHAPTER 23
STANDBY FUNCTION.

The write operation can be performed only using dedicated instructions to avoid entering into the standby mode
due to an inadvertent program loop. These dedicated instructions, MOV STBC and #byte, have a special code
structure (4 bytes). The write operation is performed only when the OP code of the 3rd byte and 4th byte are
complements of each other. When the 3rd byte and 4th byte are not complements of each other, the write operation
is not performed and an operand error interrupt is generated. In this case, the return address saved in the stack
area indicates the address of the instruction that caused an error. Therefore, the address that caused an error
can be determined from the return address that is saved in the stack area.

If a return from an operand error is performed simply with the RETB instruction, an infinite loop will be caused.
Because the operand error interrupt occurs only in the case of an inadvertent program loop (if MOV STBC or
#byte is described, only the correct dedicated instruction is generated in NEC's RA78K4 assembler), initialize
the system for the program that processes an operand error interrupt.

Other write instructions such as MOV STBC, A, AND STBC, #byte, and SET1 STBC.7 are ignored and no
operation is performed. In other words, neither is a write operation to STBC performed nor is an interrupt such
as an operand error interrupt generated. STBC can be read out any time by means of a data transfer instruction.
RESET input sets STBC to O0OH.

Figure 4-2 shows the format of STBC.
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Figure 4-2. Standby Control Register (STBC) Format

Address: OFFCOH After Reset: O0H R/W

Symbol 7 6 5 4 3 2 1 0
STBC 0 0 0 0 0 0 STP HLT
STP HLT Operation Specification Flag
0 0 Normal operation mode
0 1 HALT mode (Automatically cleared upon cancellation of
HALT mode)
1 0 STOP mode (Automatically cleared upon cancellation of
STOP mode)
1 1 IDLE mode (Automatically cleared upon cancellation of
IDLE mode)

Caution After the standby instruction (after standby is cleared), a NOP instruction should be executed
three times. If there is contention between execution of the standby instruction and an interrupt
request, the standby instruction is not executed, and the interrupt is received after several
instructions following the standby instruction have been executed. Instructions that are
executed before the interrupt is received are instructions that start within a maximum of 6 blocks
after execution of the standby instruction.

Example MOV STBC #byte
NOP
NOP
NOP
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(2) Oscillation stabilization time specification register (OSTS)
OSTS is a register that specifies operation of the oscillator.
OSTS is set by a 1-bit or 8-bit memory manipulation instruction.
RESET input sets OSTS to 00H.

Figure 4-3. Oscillation Stabilization Time Specification Register (OSTS) Format

Address: OFFCFH After Reset: 00H R/W

Symbol 7 6 5 4 3 2 1 0
OSTS 0 0 0 0 0 0 OSTS1 OSTSO
0OSTS1 OSTSO0 Oscillation Stabilization Time
0 0 2%%/fcik (65.5 ms)

2%8ffcik (32.8 ms)

2Y[fcik (16.4 ms)

R )
R |lo|r

2%%/fcik (8.2 ms)

Remark Figures in parentheses apply to operation with fc.k = 8 MHz.
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4.4 System Clock Oscillator

The system clock oscillator oscillates with a crystal resonator or a ceramic resonator connected to the X1 and X2
pins.

External clocks can be input to the 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 4-4 shows an external circuit of the system clock oscillator.

Figure 4-4. External Circuit of System Clock Oscillator

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

— IT X2 X2
: —
Vss 7"/7_:r<
1 | X1 External

X1
\ Vss clock

Crystal resorator
or
ceramic resonator

uPD74HCUO4
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Caution When using a system clock oscillator, carry out wiring in the broken line area in Figure 4-4 to

prevent any effects from wiring capacities.

» Keep the wiring length as short as possible.

« Do not cross the wiring with any other signal lines. Do not route the wiring in the vicinity of
a line through which a high alternating current flows.

« Always keep the ground of the capacitor of the oscillation circuit at the same potential as V Ssi.
Do not ground the capacitor to a ground pattern through which a high current flows.

» Do not fetch signals from the oscillation circuit.

Figure 4-5 shows examples of oscillators that are connected incorrectly.

Figure 4-5. Examples of Oscillator Connected Incorrectly (1/2)

(a) Wiring of connection (b) Signal conductors intersect
circuits is too long each other
PORTN
(n=0-7, 9)
X2 X1 Vss X2 X1 Vss
- IH amll
( R ]
za
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Figure 4-5. Examples of Oscillator Connected Incorrectly (2/2)
(c) Changing high current is too near a (d) Current flows through the ground in line
signal conductor of the oscillator (potential at points A, B,

and C fluctuate)

Vbbo

X2

X1
X2 X1 Vss
High-voltage ) | [l

-

T bl e
voua High-voltage

7T

(e) Signals are fetched

X2 X1 Vss

4.4.1 Frequency divider
The frequency divider divides the main system clock oscillator output (fxx) and generates various clocks.
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4.5 Clock Generator Operations

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

* « System clock (fcik)
e CPU clock (fcru)

» Clock to peripheral hardware

Operation of the clock generator is set by the standby control register (STBC).
System clock oscillation stops while low level is applied to the RESET pin.
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5.1 Digital Input/Output Port

CHAPTER 5 PORT FUNCTIONS

The ports shown in Figure 5-1 are provided to make various control operations possible. Table 5-1 shows the
function of each port. Ports 0 through 6, 9 can be connected to internal pull-up resistors by software when inputting.

Port 5

Port 6

Port 7

Port 9

Oooooodo

Oooooooo

I

il

Figure 5-1. Port Configuration

U]

P50

P57
P60

P67

P70 to P77

P90

P95

P00

P07
P10

P17

P20

P25
to
P27

P30

P37
P40

P47

Oooooood

Ooooooog

ooooood

Oooooood

[T L T

Port 0

Port 1

Port 2

Port 3

Port 4
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Table 5-1. Port Functions

Port Pin Name Function Specification of Software Pull-Up Resistor

Port 0 P00 to PO7 Can be specified for input or output bit-wise Specifiable bit-wise

Port 1 P10 to P17 Can be specified for input or output bit-wise Specifiable bit-wise

Port 2 P20, P21, Can be specified for input or output bit-wise Specifiable bit-wise

P25 to P27

Port 3 P30 to P37 Can be specified for input or output bit-wise Specifiable bit-wise

Port 4 P40 to P47 Can be specified for input or output bit-wise Specifiable for each port in a batch
Port 5 P50 to P57 Can be specified for input or output bit-wise Specifiable for each port in a batch
Port 6 P60 to P67 Can be specified for input or output bit-wise Specifiable for each port in a batch
Port 7 P70 to P77 Input port —

Port 9 P90 to P95 Can be specified for input or output bit-wise Specifiable bit-wise

100




CHAPTER 5 PORT FUNCTIONS

5.2 Port Configuration

Ports consist of the following hardware:

Table 5-2. Port Configuration

Iltem Configuration

Control register Port mode register (PMm: m = 0 to 6, 9)

Pull-up resistor option register (PUO, PUm: m = 0to 3, 9)

Port Total: 67 ports (8 inputs, 59 inputs/outputs)
Pull-up resistor Total: 59 (software control)
5.2.1 Port0

Port 0 is a 8-bit input/output port with output latch. The P00 to P07 pins can specify the input mode/output mode
in 1-bit units with the port 0 mode register. A pull-up resistor can be connected to the P00 to P07 pins via the pull-
up resistor option register 0, regardless of whether the input mode or output mode is specified.

Port 0 also supports external interrupt request input as an alternate function.

RESET input sets port 0 to the input mode.

Figure 5-2 shows the block diagram of port 0.

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

mode is used, set the interrupt mask flag to 1.
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Figure 5-2. Block Diagram of P00 to P07

WReru
[\
S »{ PUOO to PUO7 DO I P-ch
RD
o J -t
~ Selector
o 1
Is) WRpoRT
E J\ POO/NMI,
Slj - Output Latch ©) PO1/INTPO
= ~ (P00 to P07) to
PO7/INTP6
WRem
4‘; »| PMOO to PMO7
N

PU : Pull-up resistor option register
PM : Port mode register
RD : Port O read signal
WR : Port 0 write signal
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5.2.2 Port1

Port 3 is an 8-bit input/output port with output latch. The P10 to P17 pins can specify the input mode/output mode
in 1-bit units with the port 1 mode register. A pull-up resistor can be connected to the P10 to P17 pins via the pull-
up resistor option register 1, regardless of whether the input mode or output mode is specified.

Port 1 also supports real-time output and timer output as alternate functions.

Port 1 can drive the LED directly.

RESET input sets port 1 to the input mode.

Figure 5-3 shows a block diagram of port 1.

Figure 5-3. Block Diagram of P10 to P17

WRepu
N\
O ~| PU10 10 PU17 {>Q l P-ch
RD
- Y -
-~ O<{ Selector
a 1
Is) WRpoRrT
© P10/RTP02
g A Output Latch to
£ ~ (P10 to P17) ———© P15/RTPO7,
P16/TO2,
P17/TO6
WRpM
J} »| PM10 to PM17
N/
Alternate Function

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

Port 2 is an 5-bit input/output port with output latch. P20, P21, P25 to P27 pins can specify the input mode/output
mode in 1-bit units with the port 2 mode register. A pull-up resistor can be connected to the P20, P21, P25 to P27
pins via the pull-up resistor option register 2, regardless of whether the input mode or output mode is specified.

Port 2 also supports serial interface data input/output as alternate functions.

RESET input sets port 2 to the input mode.

Figure 5-4 shows a block diagram of port 2.

Figure 5-4. Block Diagram of P20, P21, P25 to P27

WReru
N I
PU20, PU21
A , , }
~ PU25 to PU27 {>Q [ Pech
RD
VanY J
~ O<{ Selector
9 A
o WRPpoRT
§ P20/RxD,
I A - Output Latch P21/TxD,
£ ~ (P20, P21, P25 to P27) ————————© P25/SI,
P26/S0,
P27/SCK
WRem
/J. PM20, PM21,
~ PM25 to PM27
N\
Alternate Function

PU : Pull-up resistor option register
PM : Port mode register
RD : Port 2 read signal
WR : Port 2 write signal
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5.2.4 Port3

Port 3 is an 8-bit input/output port with output latch. The P30 to P37 pins can specify the input mode/output mode
in 1-bit units with the port 1 mode register. A pull-up resistor can be connected to the P30 to P37 pins via the pull-

up resistor option register 1, regardless of whether the input mode or output mode is specified.
Port 3 also supports real-time output and timer output as alternate functions.
Port 3 can drive the LED directly.
RESET input sets port 3 to the input mode.
Figure 5-5 shows a block diagram of port 3.

Figure 5-5. Block Diagram of P30 to P37

WRpru
N1
o = PU30to PU37 {>Q l p-ch
RD
- Fan) J -
~ Selector
o )
a WRPpoRrT
§ P30/TOO,
o A Output Latch P31/TO1,
= ~ (P30 to P37) O P32RTP12
to
P37/RTP17
WRpmM
(J_‘, »| PM30 to PM37
S

Alternate Function

PU : Pull-up resistor option register
PM : Port mode register
RD : Port 3 read signal
WR : Port 3 write signal
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5.2.5 Port 4
Port 4 is an 8-bit input/output port with output latch. The P40 to P47 pins can specify the input mode/output mode

in 1-bit units with the port 4 mode register. When the P40 to P47 pins are used as input ports, a pull-up resistor can
be connected to them in 8-bit units with bit 4 (PUO4) of the pull-up resistor option register.

Port 4 can drive LED directly.

RESET input sets port 4 to the input mode.

Figure 5-6 shows a block diagram of port 4.

Figure 5-6. Block Diagram of P40 to P47

Voo
WRpu
N\
FanY
© PUO4 )( )—l P-ch
RD
VanY J
~ Selector
9 A
a WRpoRT
3 L o
s Output Latch
Q FanY
£ N (P40 to P47) ———————©O P40 to P47
WRem
£ PM40 to PM47
L/

PUO : Pull-up resistor option register
PM : Port mode register
RD : Port 4 read signal
WR : Port 4 write signal
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5.2.6 Portb

Port 5 is an 8-bit input/output port with output latch. The P50 to P57 pins can specify the input mode/output mode
in 1-bit units with the port 5 mode register. When the P50 to P57 pins are used as input ports, a pull-up resistor can
be connected to them in 8-bit units with bit 5 (PUOS5) of the pull-up resistor option register.

Port 5 can drive LEDs directly.

RESET input sets port 5 to the input mode.
Figure 5-7 shows a block diagram of port 5.

Figure 5-7. Block Diagram of P50 to P57

Selector

P-ch

A

WRpu
N\
S - PUO5
RD
g
a WRPpoRT
©
c
5 A Output Latch
= ~ (P50 to P57)
WRpm
£ PM50 to PM57
~

PUO : Pull-up resistor option register

PM : Port mode register
RD : Port 5 read signal
WR : Port 5 write signal

y— © P50to P57
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5.2.7 Port 6
Port 6 is an 8-bit input/output port with output latch. The P60 to P67 pins can specify the input mode/output mode

in 1-bit units with the port 6 mode register. When pins P60 to P67 are used as input ports, a pull-up resistor can be
connected to them in 8-bit units with bit 6 (PUOG) of the pull-up resistor option register.

RESET input sets port 6 to the input mode.

Figure 5-8 shows block diagrams of port 6.

Figure 5-8. Block Diagram of P60 to P67

Vob
WRpru
N1
Mn -
& PUO6 )O | p-ch
RD
o J -t
~ Selector
] A
o WRporT
©
5 Output Latch
o} - ———0O
E © (P60 to P67) P60 to P67
WRpM
\JJ »| PM60 to PM67
N/

PUO : Pull-up resistor option register
PM : Port mode register
RD : Port 6 read signal
WR : Port 6 write signal
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5.2.8 Port7
This is an 8-bit input-only port with no on-chip pull-up resistor.
Port 7 supports A/D converter analog input as an alternate function.
Figure 5-9 shows a block diagram of port 7.

Figure 5-9. Block Diagram of P70 to P77

[\
RD

(2]

>

o

2 1

=

2 O O<I—OC © P7O/ANIO o

= P77/ANI7
N

RD : Port 7 read signal
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5.2.9 Port9
This is an 6-bit input/output port with output latch. Input mode/output mode can be specified in 1-bit units with

the port 6 mode register. A pull-up resistor can be connected to the P90 to P95 pins via the pull-up resistor option
register 9, regardless of whether the input mode or output mode is specified.

RESET input sets port 9 to the input mode.

Figure 5-10 shows a block diagram of port 9.

Figure 5-10. Block Diagram of P90 to P95

Vop
WRru
N\
& PU90 to PU95 {>O I P-ch
RD
- Fan) J
~ Selector
o WRpoRT
=
5 Output Latch O P90 to P95
= ~ (P90 to P95)
WRem
PM90 to PM95
N

PU : Pull-up resistor option register
PM : Port mode register
RD : Port 9 read signal
WR : Port 9 write signal

110



CHAPTER 5 PORT FUNCTIONS

5.3 Control Registers

The following two types of registers control the ports.

e Port mode registers (PMO to PM6, PM9)

« Pull-up resistor option registers (PUO to PU3, PU9, PUO)

(1) Port mode registers (PMO to PM6, PM9)

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

PMO to PM6 and PM9 are set with a 1-bit or 8-bit memory manipulation instruction, respectively.

RESET input sets port mode registers to FFH.
When port pins are used as alternate function pins, set the port mode registers and output latches according to

Table 5-3.

Caution As port 0 has an alternative function as external interrupt request input, specifying the port
function output mode and changing the output level sets the interrupt request flag. When
the output mode is used, therefore, the interrupt mask flag should be set to 1 beforehand.

Table 5-3. Port Mode Register and Output Latch Settings When Using Alternate Functions

Pin Name Alternate Function PMxx | P
Name I/0
P00 NMI Input 1 X
PO1 to PO7 INTPO to INTP6 Input 1 X
P10 to P15 RTPO2 to RTPO7 | Output 0 0
P16 TO2 Output 0 0
P17 TO6 Output 0 0
P20 RxD Input 1 X
P21 TxD Output 0 0
P25 Sl Input 1 X
P26 SO Output 0 0
P27 SCK Input 1 x
Output 0 0
P30 TOO Output 0 0
P31 TO1 Output 0 0
P32 to P37 RTP12 to RTP17 | Output 0 0
P70 to P77 ANIO, ANI1 Input —
Remark x . don't care (setting is not required)

— . Port mode register and output latch do not exist

PMxx : Port mode register
Pxx : Port output latch
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* (2)

Figure 5-11. Port Mode Register Format

Address: OFF20H to OFF26H, OFF29H After Reset: FFH R/W

Symbol 7 6 5 4 3 2 1 0
Pmo | Pmo7 | Pmos | Pwmos | pPmosa | Pwmos | pPmoz | Pmor | Pwmoo |
pmi | pviz | pwvie | pwis | Pmia | pwis | pwmiz | pmit | Pmio |
S O I 3 I N N W
Pms | Pm37 | Pm36 | Pwm3s | Pwmsa | Pwmss | Pm32 | Pm3L | Pm30 |
PMa | Pw47 | Pwmas | Pmas | Pmas | Pwm4s | Pmaz | Pmal | Pm40 |
pms | Pws7 | Pmse | Pwmss | Pwmsa | Pwss | pPws2 | Pmst | Pwmso |
PMe | Pm67 | Pmes | PMes | PMes | PMes | PMe2 | PM6L | PMeo |
O S S 3 N T TS T

PMxn Pxn Pin 1/0 Mode Specification
x =0,1,3to6:n=0to 7
x=2:n=0,1,5t07
x=9:n=0to5

0 Output mode (output buffer ON)

1 Input mode (output buffer OFF)

Pull-up resistor option registers (PUO to PU3, PU9, PUO)

These registers are used to set whether or not to use an internal pull-up resistor at each port in 1-bit or 8-bit units.
PUn (n=0to 3, 9) can specify the pull-up resistor connection of each port pin, whether in input mode or in output
mode. PUO can specify the pull-up resistor connection of ports 4, 5, and 6 only in input mode. Pull-up resistors
are connected irrespective of whether an alternate function is used.

These registers are set by a 1-bit or 8-bit memory manipulation instruction.

RESET input sets these registers to 00H.

Cautions 1. Particular care is required with the circuit configuration when connecting a pull-up resistor,
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Figure 5-12. Pull-Up Resistor Option Register Format

Address: OFF30H to OFF33H, OFF39H After Reset: OOH R/IW

Symbol
PUO

PU1

PU2

PU3

PU9

Symbol
PUO

O) ®

® @ ® ®

®

©

[ Puor | Puos | Puos | Puos | Puos | puoz PUOL PUOO
| PU17 | PU16 | PU15 | PU14 | PU13 | PU12 PU11 PU10
| PU27 | PU26 | PU25 | 0 | 0 | 0 PU21 PU20
| pusz | Puse | pPuss | pPusa | Puss | pus PU31 PU30
| 0 | 0 | PU95 | PU94 | PU93 | PU92 PU91 PU90
PUxn Pxn Pin Pull-Up Resistor Specification
x=0,1,3:n=0to 7
x=2:n=0,1,5t07
x=9:n=0to5
0 No pull-up resistor connection
1 Pull-up resistor connection
Address: OFF4EH After Reset: 00H R/W
e e @ s 2 : 0
o | puos | pPuos | pPuos | o 0 0 0
PUON Port n Pull-Up Resistor Specification (n = 4 to 6)
0 No pull-up resistor connection
1 Pull-up resistor connection
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5.4 Operations
Port operations differ depending on whether the input or output mode is set, as shown below.
5.4.1 Writing to input/output port

(1) Output mode
A value is written to the output latch by a transfer instruction, and the output latch contents are output from the

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

(2) Input mode
A value is written to the output latch by a transfer instruction, but since the output buffer is OFF, the pin status
does not change.
Once data is written to the output latch, it is retained until data is written to the output latch again.

Caution In the case of 1-bit memory manipulation instructions, although a single bit is manipulated,
the port is accessed in 8-bit units. 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.

5.4.2 Reading from input/output port

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

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

5.4.3 Operations on input/output port

(1) Output mode
An operation is performed on the output latch contents, and the result is written to the output latch. The output
latch contents are output from the pins.
Once data is written to the output latch, it is retained until data is written to the output latch again.

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

Caution In the case of 1-bit memory manipulation instructions, although a single bit is manipulated,
the port is accessed in 8-bit units. 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.
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6.1 Functions

The real-time output function transfers preset data in the real-time output buffer register to the output latch by
hardware synchronized to the generation of a timer interrupt or an external interrupt and outputs it off the chip. Also,
the pins for output off the chip are called the real-time output port. The real-time output port has two channels; RTPO
and RTP1.

Since jitter-free signals can be output by using the real-time output port, the operation is optimized for the control
such as stepping motors.

The port mode or real-time output mode is selectable in 1-bit units.

6.2 Configuration
The real-time output port consists of the following hardware.

Table 6-1. Configuration of Real-Time Output Ports 0, 1

Iltem Structure

Registers Real-time output buffer registers 0, 1 (RTBLO, RTBL1, RTBHO, RTBH1)
PWM modulation buffer registers 0, 1 (BFPWMCO, BFPWMC1)

Control registers | Real-time output port mode registers 0, 1 (RTPMO, RTPM1)
Real-time output port control registers 0, 1 (RTPCO, RTPC1)
PWM modulation control registers 0, 1 (PWMCO0, PWMC1)
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Figure 6-1. Block Diagram of Real-Time Output Port

Internal bus

I

Real-time output port control
registers 0, 1 (RTPCO, RTPC1)

RTPOE | RTPEG | BYTE EXTR
4
INTP3TRG, INTPSTRG —= Most significant 4 Least significant 2
INTTM30, INTTM50 — Output trigger bits of real-time bits of real-time
' control circuit output buffer registers | output buffer registers
INTTM6, INTTM7 —=| (RTBHO, RTBH1) (RTBLO, RTBL1)

TOO, TO6 —=

TO1, TO2 ——

Output latch (H)

Output latch (L)

N

P

PWM modulation control circuit

PWM modulation buffer registers
0, 1 (BFPWMCO, BFPWMCL1)
—

’ Selector |

R

[ PWM modulation control
registers 0, 1 (PWMCO, PWMC1)

| |

Ports 1, 3 output latch

Real-time output port
mode registers 0, 1
(RTPMO, RTPM1)

RTPO7, RTPO2,
RTP17 ~~ 7 RTP12
— RTPOE bit

P1n/RTPOm pin output
P3m/RTP1m pin output
(n=0to5 mM=2to7)
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« Real-time output buffer registers 0, 1 (RTBLO, RTBHO, RTBL1, RTBH1)

These 4-bit registers save the output data beforehand. RTBLO, RTBHO, RTBL1, RTBH1 are mapped to
independent addresses in the special function register (SFR) as shown in Figure 6-2.
When the 4 bits x 1 channel and 2 bits x 1 channel operating mode is specified, RTBLO, RTBHO, RTBL1, RTBH1
can be independently set with data. In addition, if the addresses of both RTBLO, RTBHO, RTBL1, RTBH1 are
specified, the data in both registers can be read in a batch.
When the 6 bits x 1 channel operating mode is specified, writing 6-bit data to either RTBLO, RTBHO, RTBL1,
RTBH1 can set data in either register. In addition, if the addresses of either RTBLO, RTBHO, RTBL1, RTBH1
are specified, the data in both can be read in a batch.
Table 6-2 lists the operations for manipulating RTBLO, RTBHO, RTBL1, RTBH1.

Table 6-2. Operation for Manipulating Real-Time Output Buffer Registers 0, 1

Figure 6-2. Configuration of Real-Time Output Buffer Registers 0, 1

OFF96H, OFF9AH !

Most significant 4 bits

Least significant 2 bits

RTBLO, RTBL1

OFF97H, OFF9BH

RTBHO, RTBH1

Operating Mode

Manipulated Register

Reading Note 1

Writing Note 2

Most significant 4 bits

Least significant 2 bits

Most significant 4 bits

Least significant 2 bits

4 bits x 1 channel

2 bits x 1 channel

RTBLO, RTBL1

RTBHO, RTBH1

RTBLO, RTBL1

Invalid

RTBLO, RTBL1

RTBHO, RTBH1

RTBHO, RTBH1

RTBLO, RTBL1

RTBHO, RTBH1

Invalid

6 bits x 1 channel

RTBLO, RTBL1

RTBHO, RTBH1

RTBLO, RTBL1

RTBHO, RTBH1

RTBLO, RTBL1

RTBHO, RTBH1

RTBHO, RTBH1

RTBLO, RTBL1

RTBHO, RTBH1

RTBLO, RTBL1

Notes 1.

Only the bits specified in the real-time output port mode can be read. When the bits set in the bits set
in the port mode are read, zeros are read.

2. After setting the real-time output port, set the output data in RTBLO, RTBHO, RTBL1, RTBH1 until the
real-time output trigger is generated.
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6.3 Real-Time Output Port 0 (RTPO)

6.3.1 Control registers
The real-time output port O is controlled by the following three registers.

« Real-time output port mode register 0 (RTPMO)
« Real-time output port control register 0 (RTPCO)
* PWM modulation control register 0 (PWMCO0)

(1) Real-time output port mode register 0 (RTPMO)
This register sets the real-time output port mode and port mode selections in bit-wise.
RTPMO is set by a 1-bit or 8-bit memory manipulation instruction.
RESET input sets RTPMO to 00H.

Figure 6-3. Format of Real-Time Output Port Mode Register 0 (RTPMO0)

Address: OFF98H After Reset: 00H R/W

Symbol 7 6 5 4 3 2 1 0
RTPMO RTPMO7 RTPMO06 RTPMO5 RTPMO4 RTPMO3 RTPMO02 0 0
RTPMOm Real-time Output Port 0 Selection (m = 2 to 7)
0 Port mode
1 Real-time output mode

Caution  When used as a real-time output port 0, set the port for real-time output in the output mode.
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(2) Real-time output port control register 0 (RTPCO)
This register sets the operating mode and output trigger of the real-time output port 0.

Table 6-3 shows the relationships between the operating modes and output triggers of the real-time output

port 0.

RTPCO is set by a 1-bit or 8-bit memory manipulation instruction.
RESET input sets RTPCO to O0H.

Figure 6-4. Format of Real-Time Output Port Control Register 0 (RTPCO)

Address: OFF99H After Reset: 00H R/W
Symbol @ @ @ @ 3 2 1
RTPCO | RTPOEO | RTPEGO | BYTEO | EXTRO | 0 0 0
RTPOEO Real-time Output Port 0 Operation Control
0 Operation disabled
1 Operation enabled Note
RTPEGO INTP3TRG Valid Edge Setting
0 Falling edge
1 Rising edge
BYTEO Real-time Output Port 0 Operation Mode
0 4 bits x 1 channel (upper side), 2 bits x 1 channel (lower side)
1 8 bits x 1 channels
EXTRO Real-time Output Control by INTP3TRG
0 Do not set INTP3TRG as a real-time output trigger
1 Set INTP3TRG as a real-time output trigger

Note When real-time output operation is enabled (RTPOEQO = 1), the values of the real-time output buffer
registers HO and LO (RTBHO, RTBLO) are transferred to the output latch of real-time output port 0.

Table 6-3. Operating Modes and Output Triggers of Real-Time Output Port 0

BYTEO | EXTRO Operating Mode RTBHO - Port Output [RTBLO — Port Output
0 0 4 bits x 1 channel INTTM®6 (internal) INTTM30 (internal)
0 1 2 bits x 1 channel INTTM30 (internal)
1 0 6 bits x 1 channel INTTM30 (internal) INTP3TRG (external)
1 1 INTP3TRG (external)
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(3) PWM modulation control register 0 (PWMCO)
PWMCQO is a register which performs real-time output modulation control and specifies the output level of real-
time output port 0.
PWMCQO is set by a 1-bit or 8-bit memory manipulation instruction.
RESET input sets PWMCO to OOH.

Figure 6-5. Format of PWM Modulation Control Register 0 (PWMCO0)

Address: OFFA4H After Reset: 00H R/W
Symbol 7 6 5 4 3 2 1 0

PWMCO PWMCO07 | PWMCO06 | PWMCO05 | PWMCO04 | PWMCO03 | PWMCO02 | INVRTPO | SELPWMO

PWMCOnNote 1 PWM Modulation Operation Specification (n = 2 to 7)
0 Disable
1 Enable

INVRTPQNote 2 Real-time Output Port 0 Output Level Specification
0 Inversion disabled
1 Inversion enabled

SELPWMoNote 3 PWM Signal Specification
0 Timer output (TOO) of 16-bit timer/counter 0 (TMO)
1 Timer output (TO1) of 16-bit timer/counter 1 (TM1)

Notes 1. PWMCOn (bits 2 to 7) specifies enable/disable for PWM modulation operation of real-time output pins. It
is possible to set PWMCOnN for each pin independently.
2. INVRTPO (bit 1) enables/disables inversion operation of output level in real time. When INVRTPO is set,
the inversion level of the value being set to real-time output buffer register 0 (RTBHO, RTBLO) is output.
When performing PWM modulation, the output level after PWM modulation is also inverted.
3. SELPWMO (bit 0) specifies the PWM signal. At real-time output port 0 (RTPO), TOO (timer output of TMO)
and TO1 (timer output of TM1) output PWM signals.
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(4) PWM modulation buffer register 0 (BFPWMCO0)
BFPWMCO is a register that is synchronized to the real-time output transfer signal, and transfers data (upper
6 bits only) to PWMCO.
BFPWMCO is set by a 1-bit or 8-bit memory manipulation instruction.
RESET input sets BFPWMCO to 00H.

Figure 6-6. Format of PWM Modulation Buffer Register 0 (BFPWMCO0)

Address: OFFA6H After Reset: 00H R/W
Symbol 7 6 5 4 3 2 1 0

BFPWMCOl BFPWMCO7| BFPWMC06| BFPWMCO05 BFPWMCO04 BFPWMCOE!I BFPWMC02| 0 | 0 |

Transfer of data (upper 6 bits) from BFPWMCO to PWM modulation control register 0 (PWMCDO0) is performed
in synchronization with transfer of data from real-time output buffer register 0 to the output latch. There are the
following transfer operations.

« From register RTBHO to the output latch (H): Transfers the upper 4 bits.

* From register RTBLO to the output latch (L): Transfers the lower 2 bits.

« Transfer of upper and lower 6 bits at the same time

The transfer operation is specified by bits 4 and 5 (EXTRO, BYTEO) of real-time output port control register 0
(RTPCO). It is specified as shown in Table 6-4.

Table 6-4. Data Transfer from PWM Modulation Buffer Register 0 (BFPWMCO0) to PWM Modulation
Control Register 0 (PWMCO0)

BYTEO EXTRO Transfer of upper 4 bits Transfer of lower 2 bits

0 0 4-bit transfer from (BFPWMCO07 to BFPWMCO04) | 2-bit transfer from BFPWMCO03 and BFPWMC02
to (PWMCO7 to PWMCO04) at the INTTM6 to PWMCO03 and PWMCO2 at the INTTM30
transfer trigger transfer trigger

0 1 6-bit transfer from (BFPWMCO07 to BFPWMCO02) to (PWMCO07 to PWMCO02) at the INTTM30
transfer trigger

1 0 4-bit transfer from (BFPWMCO07 to BFPWMCO04) | 2-bit transfer from BFPWMCO03 and
to (PWMCO7 to PWMCO04) at the INTTM30 BFPWNMCO02 to PWMCO03 and PWMCO02 at
transfer trigger the INTP transfer trigger

1 1 6-bit transfer from (BFPWMCO07 to BFPWMCO02) to (PWMCO07 to PWMCO02) at the INTP transfer
trigger

Caution Transferring data from BFPWMCO to PWMCO can only be performed for the upper 6 bits, and
cannot be performed for the lower 2 bits.
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6.3.2 Operation

When real-time output is enabled by bit 7 (RTPOEOQ) = 1 in the real-time output port control register 0 (RTPCO),
data in the real-time output buffer register 0 (RTBHO, RTBLO) are transferred to the output latch synchronized to the
generation of the selected transfer trigger (set by EXTRO and BYTEO N°t€). Based on the setting of the real-time
output port mode register 0 (RTPMO), only the transferred data for the bits specified in the real-time output port are
output from bits RTP02 to RTPO7. A port setin the port mode by RTPMO can be used as a general-purpose 1/O port.

Note EXTRO:Bit 4 of the real-time output port control register 0 (RTPCO)
BYTEO: Bit 5 of the real-time output port control register 0 (RTPCO)

Figure 6-7. Example of the Operation Timing of Real-Time Output Port 0 (EXTRO = 0, BYTEO = 0)

INTTM6 —l |_| |_| |_|
INTTM30 ] |_ |_ |_

CPU operation \ A / B A B A B A B

RTBHO DO1 X \ D02 X D03 X D04 X
RTBLO J D11 X D12 X D13 X D14 X:

Output latch ) X X X
P15 to P12 D01 D02 D03 D04
Qutput latch X X X
P11, P10 D11 D12 D13 D14

A: Software processing by INTTM6 (RTBHO write)
B: Software processing by INTTM30 (RTBLO write)
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6.3.3 PWM modulation control

For real-time output port 0 (RTP0), PWM modulation, which takes the OR logic of the PWM signal (TOO0 or TO1)
in the real-time output, is possible. Also, by enabling inversion of the real-time output level, it is possible to generate
a pulse waveform whose level is the inverted value of the value set in registers RTBHO and RTBLO.

(1) Inversion of RTPO real-time output
By setting bit 1 (INVRTPO) of PWM modulation control register 0 (PWMCDO0) to “1”, level whose value is the inverted
value of the value set in the real-time output buffer registers (RTBHO, RTBLO) is output. An example of the
operation is shown in Figure 6-8.

Figure 6-8. Example of PWM Output Level Inversion (RTPO)

RTBL02 0 X 1 X 0 X 1 X 0 X 1
INTTM30 |_| |_| |_| |_| |_|
X A X

Output latch 0 X 1

P10 pin \—/T

Remark INTTMS30 is the transfer trigger.

0 1 0
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(2) PWM Modulation Operation of RTPO
When pins P10 to P15 are used in the real-time output mode (RTP02 to RTP0O7 output mode), PWM modulation
can be performed the output pattern of each pin. When PWM modulation is performed, the signal which takes
the OR logic value between the signal transferred to the output latch from RTBHO and RTBLO and the PWM signal
(TOO or TO1), is output to pins P10 to P15. Also, it is possible to perform PWM modulation for each pin
independently. An example of the PWM modulation operation is shown in Figure 6-9.

Figure 6-9. Example of PWM Modulation Operation (RTPO)

RTBH/LO 011011xxB X 011110xxB X 110110xxB X 100111xxB X 101101xxB 111001xxB

| | |
e T L LT L]

Output latch :X 1110

1xxB X 011011xxB X 011110xxB X 110110xxB X 100111xxB X 101101xxB X 111001xxB |

TOO ||| ” ” ”” ”” ”” ”” ”” ”” ”” ”” ”” ”” ”” ”” ”
BFPWMCO ;XOSH ‘ ‘ ‘ ‘ i i i 1 08H ! X 10H X 08H X 80H

80H ;X 10H ;X 04H X 80H X 20H X 04H X 40H X 20H X X 40H i
:\ :\ :\ :\ XY Y Y % :
PWMCO i

iy
o
T

>‘<i>“‘<‘ N

XY XY XY Y
08H X 80H X 10H X 04H X 80H X 20H X 04H X 40H X X 08H X 40H X 10H X 08H

o T

o T LT
e L]
e WL L
wen T WL
e L LT T
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Figure 6-10. Configuration of the PWM Modulation Control Circuit (RTPO)

7 .o 4 3 2 1 0
BFPWMCO |[BFPWMCO7| *+ |BFPWMCO04/BFPWMCO3|BFPWMC02 0 0
RTPTMPH
(Upper transfer trigger) o
$L || msngesge | o
RTPTMPL transfer transfer
(Lower transfer trigger)
100 s PWMCO | PWMCO7 | *+ | PWMCO4 | PWMCO3 | PWMCO2 | INVRTPO | SELPWMO
§ [ ] ) J
To1—~ &
Output latch (7) : B E
H 1.
: 8 ©) P1sirTPO7
= 3|
Output latch (4) : _
: S|
: 8 | ©) P12/RTPO4
5 & |
s L
Output latch (3) : |
: g
: 8 ©) P11/RTPO3
5 3|
s L
Output latch (2) : |
: g
: 8 O PioRTPO2
5 3|
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6.4 Real-Time Output Port 1 (RTP1)

6.4.1 Control registers
The real-time output port 1 is controlled by the following three registers.

* Real-time output port mode register 1 (RTPM1)
« Real-time output port control register 1 (RTPC1)
* PWM modulation control register 1 (PWMC1)

(1) Real-time output port mode register 1 (RTPM1)
This register sets the real-time output port mode and port mode selections bit-wise.
RTPM1 is set by a 1-bit or 8-bit memory manipulation instruction.
RESET input sets RTPM1 to O0OH.

Figure 6-11. Format of Real-Time Output Port Mode Register 1 (RTPM1)

Address: OFF9CH After Reset: 00H R/W

Symbol 7 6 5 4 3 2 1 0
RTPM1 RTPM17 RTPM16 RTPM15 RTPM14 RTPM13 RTPM12 0 0
RTPMOm Real-time Output Port 1 Selection (m =2 to 7)
0 Port mode
1 Real-time output mode

Caution  When used as a real-time output port 1, set the port for real-time output to the output mode.
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(2) Real-time output port control register 1 (RTPC1)
This register sets the operating mode and output trigger of the real-time output port 1.

Table 6-5 shows the relationships between the operating modes and output triggers of the real-time output

port 1.

RTPC1 is set by a 1-bit or 8-bit memory manipulation instruction.
RESET input sets RTPC1 to O0H.

Figure 6-12. Format of Real-Time Output Port Control Register 1 (RTPC1)

Address: OFF9BH After Reset: O0H R/W

Symbol @ @ @ @ 3 2 1
RTPC1 | RTPOE1 | RTPEG1 | BYTE1 | EXTR1 | 0 0 0
RTPOE1 Real-time Output Port 1 Operation Control
0 Operation disabled
1 Operation enabled Note
RTPEG1 INTP5TRG Valid Edge Setting
0 Falling edge
1 Rising edge
BYTE1 Real-time Output Port 1 Operation Mode
0 4 bits x 1 channel (upper side), 2 bits x 1 channel (lower side)
1 8 bits x 1 channels
EXTR1 Real-time Output Control by INTP5TRG
0 Do not set INTP5TRG as a real-time output trigger
1 Set INTP5TRG as a real-time output trigger

Note When real-time output operation is enabled (RTPOE1 = 1), the values of the real-time output buffer
registers HO and LO (RTBH1, RTBL1) are transferred to the output latch of real-time output port 0.

Table 6-5. Operating Modes and Output Triggers of Real-Time Output Port 1

BYTE1l | EXTR1 Operating Mode RTBH1 - Port Output |RTBL1 - Port Output
0 0 4 bits x 1 channel INTTM7 (internal) INTTMS50 (internal)
0 1 2 bits x 1 channel INTTMS50 (internal)
1 0 6 bits x 1 channel INTTMS50 (internal) INTP5TRG (external)
1 1 INTP5TRG (external)
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(3) PWM modulation control register 1 (PWMC1)

PWMC1 is a register which performs real-time output modulation control and specifies the output level of real-
time output port 1.

PWMCL1 is set by a 1-bit or 8-bit memory manipulation instruction.

RESET input sets PWMC1 to O0OH.

Figure 6-13. Format of PWM Modulation Control Register 1 (PWMC1)

Address: OFFA5H After Reset: 00H R/W
Symbol 7 6 5 4 3 2 1 0

PWMC1 PWMC17 | PWMC16 | PWMC15 | PWMC14 | PWMC13 | PWMC12 | INVRTP1 | SELPWM1

PWMC1nNote 1 PWM Modulation Operation Specification (n = 2 to 7)
0 Disable
1 Enable

INVRTP1Note 2 Real-Time Output Port 1 Output Level Specification
0 Inversion disabled
1 Inversion enabled

SELPWMNote 3 PWM Signal Specification
0 Timer output (TO2) of 16-bit timer/counter 2 (TM2)
1 Timer output (TO6) of 8-bit timer/counter 6 (TM6)

Notes 1. PWMC1n (bits 2 to 7) specifies enable/disable for PWM modulation of real-time output pins. Itis possible
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to set PWMCL1n for each pin independently.

2. INVRTPL1 (bit 1) enables/disables inversion of output level in real time. When INVRTP1 is set, the inversion
level of the value being set to real-time output buffer register 1 (RTBH1, RTBL1) is output. When performing
PWM modulation, the output level after PWM modulation is also inverted.

3. SELPWML1 (bit 0) specifies the PWM signal. At real-time output port 1 (RTP1), TO2 (timer output of TM2)
and TOG6 (timer output of TM6) output PWM signals.
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(4) PWM modulation buffer register 1 (BFPWMC1)
BFPWMCL1 is a register that is synchronized to the real-time output transfer signal, and transfers data (upper
6 bits only) to PWMC1.
BFPWMCL is set by a 1-bit or 8-bit memory manipulation instruction.
RESET input sets BFPWMC1 to 00H.

Figure 6-14. Format of PWM Modulation Buffer Register 1 (BFPWMC1)

Address: OFFA7H After Reset: 00H R/W
Symbol 7 6 5 4 3 2 1 0

BFPWMC1 |BFPWMC17|BFPWMC16|BFPWMC15 BFPWMC14|BFPWMC13 BFPWMC12| 0 | 0 |

Transfer of data (upper 6 bits) from BFPWMC1 to PWM modulation control register 1 (PWMC1) is performed
in synchronization with transfer of data from real-time output buffer register 1 to the output latch. There are the
following three transfer operations.

« From register RTBHL1 to the output latch (H): Transfers the upper 4 bits.

« From register RTBL1 to the output latch (L): Transfers the lower 2 bits.

« Transfer of upper and lower 6 bits at the same time

The transfer operation is specified by bits 4 and 5 (EXTR1, BYTE1) of real-time output port control register 1
(RTPC1). ltis specified as shown in Table 6-6.

Table 6-6. Data Transfer from PWM Modulation Buffer Register 1 (BFPWMC1) to PWM Modulation
Control Register 1 (PWMC1)

BYTE1 EXTR1 Transfer of upper 4 bits Transfer of lower 2 bits

0 0 4-bit transfer from (BFPWMC17 to BFPWMC14) | 2-bit transfer from BFPWMC13 and BFPWMC12
to (PWMC17 to PWMC14) at the INTTM7 to PWMC13 and PWMC12 at the INTTM50
transfer trigger transfer trigger

0 1 6-bit transfer from (BFPWMC17 to BFPWMC12) to (PWMC17 to PWMC12) at the INTTM50
transfer trigger

1 0 4-bit transfer from (BFPWMC17 to BFPWMC14) | 2-bit transfer from BFPWMC13 and
to (PWMC17 to PWMC14) at the INTTM50 BFPWMC12 to PWMC13 and PWMC12 at
transfer trigger the INTP5 transfer trigger

1 1 6-bit transfer from (BFPWMC17 to BFPWMC12) to (PWMC17 to PWMC12) at the INTP5 transfer
trigger

Caution  Transferring data from BFPWMCL1 to PWMC1 can only be performed for the upper 6 bits,
and cannot be performed for the lower 2 bits.
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6.4.2 Operation

When real-time output is enabled by bit 7 (RTPOE1) = 1 in the real-time output port control register 1 (RTPC1),
data in the real-time output buffer register 1 (RTBH1, RTBL1) are transferred to the output latch synchronized to the
generation of the selected transfer trigger (set by EXTR1 and BYTE1 N°t€). Based on the setting of the real-time
output port mode register 1 (RTPM1), only the transferred data for the bits specified in the real-time output port are
output from bits RTPO to RTP7. A port set in the port mode by RTPM1 can be used as a general-purpose 1/O port.

Note EXTR1:Bit 4 of the real-time output port control register 1 (RTPC1)
BYTEL:Bit 5 of the real-time output port control register 1 (RTPC1)

Figure 6-15. Example of the Operation Timing of Real-Time Output Port 1 (EXTR1 = 0, BYTEL = 0)

INTTM7 —l |_| |_| |_|
INTTM50 ] |_ |_ |_

CPU operation \ A / B A B A B A B

RTBH1 DO1 X \ D02 X D03 X D04 X
RTBL1 ) D11 X D12 X D13 X D14 X:

Qupacy SR R G G
Output latch
P31, P30 D11 X D12 X D13 X D14

A: Software processing by INTTM7 (RTBH1 write)
B: Software processing by INTTM50 (RTBL1 write)
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6.4.3 PWM modulation control

For real-time output port 1 (RTP1), PWM modulation, which takes the OR logic of the PWM signal (TO2 or TOG6)
in the real-time output, is possible. Also, by enabling inversion of the real-time output level, it is possible to generate
a pulse waveform whose level is the inverted value of the value set in registers RTBH1 and RTBL1.

(1) Inversion of RTP1 real-time output
By setting bit 1 (INVRTP1) of PWM modulation control register 1 (PWMC1) to “1”, level whose value is the inverted
value of the value set in the real-time output buffer registers (RTBH1, RTBL1) is output. An example of the
operation is shown in Figure 6-16.

Figure 6-16. Example of PWM Output Level Inversion (RTP1)

RTBL12 0 X 1 X 0 X 1 X 0 X 1
INTTM50 |_| |_| |_| |_| |_|
X A X

Output latch 0 X 1

Pin P32 \—/T

Remark INTTM5O0 is the transfer trigger.

0 1 0
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(2) PWM Modulation Operation of RTP1
When pins P32 to P37 are used in the real-time output mode (RTP12 to RTP17 output mode), PWM modulation
can be performed to the output pattern of each pin. When PWM modulation is performed, the signal which takes
the OR logic value between the signal transferred to the output latch from RTBH1 and RTBL1 and the PWM signal
(TO2 or TOG6), is output to pins P32 to P37. Also, it is possible to perform PWM modulation for each pin
independently. An example of the PWM modulation operation is shown in Figure 6-17.

Figure 6-17. Example of PWM Modulation Operation (RTP1)

RTBH/L1 X 011011xxB X 011110xxB X 110110xxB X 100111xxB X 101101xxB X 111001xxB X
oo | L ]
] ‘1 Y ‘V Y ‘1 N ‘V Y ‘1 Y K] . K1 ;

Output latch :X lllOOlXXB EX 011011><><B X 011110><><B EX 110110X><B X lOOlllXXB X 1011b1><><B X 111001X><B !

TO2 ||| ” ” ”” ”” ”” ”” ”” ”” ”” ”” ” ” ”” ”” ”” ”

BFPWMC1 ;X 08H EX 80H X 10H X 04H X 80H X 20H X 04H X 40H X 20H X EX 40H X 10H X 08H X 80Hi
: :\ X :\ :\ :\ :\ X X DY :\ X DY X :

PWMC1 :X 10H X 08H X 80H X 10H X 04H X 80H X 20H X 04H X 40H X X 08H X 40H X 10H X 08H

PnP37 ! ||| ” ” ”

Pin P36 |_| 3

(Y
[
I

Pin P35

Pin P34 ||| ” ” ”
PinP33 ! ” ”l

PinP32 |

I3

132



CHAPTER 6 REAL-TIME OUTPUT FUNCTIONS

Figure 6-18. Configuration of the PWM Modulation Control Circuit (RTP1)

7 .o 4 3 2 1 0
BFPWMC1 |[BFPWMC17| *+ |BFPWMC14/BFPWMC13/BFPWMC12 0 0
RTPTMPH
(Upper transfer trigger) o
F L] | rongedge | o
RTPTMPL transfer transfer
(Lower transfer trigger)
102 s PWMC1 | PWMC17 | *+ | PWMC14 | PWMC13 | PWMC12 | INVRTP1 | SELPWM1
§ ] o J
TO6—~ &
Output latch (7) : B E
H I=i
: 8 ©) P37RTP17
: 3|
R :
Output latch (4) : E
: Sl
; 8 ©) P3arTP14
: ot
R s L
Output latch (3) : B E
H I=h I
: 8 ©) P33RTP13
: A |
R s L
Output latch (2) : |
: SN
; 8 (0 P32RTP12
: & |
R :
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6.5
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Using this Function

Disabling the real-time output operation
Set bit 7 (RTPOEO, RTPOEL) = 0 in the real-time output port control registers 0, 1 (RTPCO, RTPC1).

Initial Setting

« Sets the initial value in the output latch of the port.

« Specifies the real-time output port mode or port mode in bit units.
Sets real-time output port mode registers 0 and 1 (RTPMO, RTPM1).

« Selects the transfer trigger.
Sets bits 4, 5 and 6 of RTPCO and RTPC1 (EXTRO, EXTR1, BYTEO, BYTE1, RTPEGO, RTPEG1).

« Sets initial values for real-time output buffer registers 0 and 1 (RTBLO, RTBHO, RTBL1, RTBH1) that are the
same as those of the output latch of the port.

Enabling real-time output operation

RTPOEO, RTPOEl1 =1

When operation is enabled, the values of RTBLO, RTBHO, RTBL1 and RTBH1 are latched to the output latch
of real-time output ports 0 and 1 (RTPO, RTP1).

Until the selected transfer trigger is generated, the output latch of the portis “0”, and sets the next outputin RTBLO,
RTBHO, RTBL1 and RTBHL1.

The values output by the real-time output operation are “OR” values of the port’s output latch and real-time output
ports 0 and 1 (see Figure 6-1 Block Diagram of Real-Time Output Port ). From the time the real-time output
operation is enabled until the transfer trigger is generated, the output latch of the port should be set to “0”".

By interrupt processing of the selected trigger, the next real-time output values are setin order for RTBLO, RTBHO,
RTBL1 and RTBH1.
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6.6 Cautions

)

)

3

4

®)

(6)

7

®

9

For the initial setting, set bit 7 (RTPOEO, RTPOEL1) in the real-time output port control registers 0 and 1 (RTPCO,
RTPC1) to 0 to disable the real-time output operation.

When the real-time output operation is disabled (RTPOEO, RTPOEL = 0) once, always set the same initial value
as in the output latch in the real-time output buffer registers (RTBLO, RTBHO, RTBL1, RTBH1) before enabling
real-time output (RTPOEO, RTPOE1 =0 - 1).

Operation is not guaranteed when there is contention of the following signals.

« Contention between the real-time output port mode/port mode switch (bit 7 (RTPOEO, RTPOEL1) of real-time
output port control register 0 and 1 (RTPCO, TRTPC1)) and the real-time output transfer trigger.

< Contention between writing to real-time output buffer registers 0 and 1 (RTBHO, RTBLO, RTBH1, RTBL1) in
the real-time output port mode and the real-time output transfer trigger.

« Contention between writing to PWM modulation buffer registers 0 and 1 (BFPWMCO0, BFPWMC1) in the real-
time output port mode and the real-time output transfer trigger.

« Contention between reading from PWM modulation control registers 0 and 1 (PWMCO, PWMC1) in the real-
time output port mode and the real-time output transfer trigger.

Before switching the port mode and real-time output port mode (bit 7 (RTPOEO, RTPOE1) of RTPCO and RTPC1),
initial values should be set for real-time output buffer registers 0 and 1 (RTBHO, RTBLO, RTBH1 and RTBL1),
PWM modulation control registers 0 and 1 (PWMCO0, PWMC1), and PWM modulation buffer registers 0 and 1
(BFPWMCO, BFPWMC1).

The real-time output latch cannot be read or written directly.

RTP02to RTPO7 and RTP12to RTP17 are taken to be the external-pin output of the “OR” between output latches
of the output ports for each bit.

During real-time output operation, the output latches of pins P10 to P15 and P32 to P37 should be set to “0".

While setting the real-time output port mode, writing to PWM modulation control register 0 and 1 (PWMCO and
PWMC1) is prohibited except for setting initial values.

If pins P10/RTPO2 to P15/RTP07 and P32/RTP12 to P37/RTP17 are used as output ports (P10 to P15, P32 to
P37), bits 7 (RTPOEO, RTPOE1) of RTPCO and RTPC1 should be set to “0” (prohibiting real-time output), bits
2to 7 (PWMCO02 to PWMCOQ7) of PWMCO and PWMC1 should be set to “0” (prohibiting PWM modulation), and
bits 1 (INVRTPO, INVRTP1) of BFPWMCO0 and BFPWMC1 should be set to “0” (prohibiting inversion of the real-
time output level).
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CHAPTER 7 TIMER/COUNTER OVERVIEW

There are six units of on-chip 16-bit timer/counters and two units of on-chip 8-bit timer/counters.
Since atotal of 21 interrupt requests is supported, these timer/counters can function as eight units of timer/counters.

Table 7-1. Timer/Counter Operation

Name |16-bit Timer/ | 16-bit Timer/ | 16-bit Timer/ | 16-bit Timer/ | 16-bit Timer/ | 16-bit Timer/
Item counter O counter 1 counter 2 counter 3 counter 4 counter 5
Count width 8 bits — — — — — —
16 bits v v v v v v
Operating mode | Interval timer 1lch 1lch 1lch 1lch 1lch 1ch
External event counter — — — — — —
Function Timer output 1lch 1lch 1ch — — —
PWM output v v v — — —
Pulse width measurement| 2 inputs — — — 3 inputs 2 inputs
No. of interrupt requests 4 2 2 2 5 4
Name |8-bit Timer/ |8-bit Timer/
Item counter 6 counter 7
Count width 8 bits v v
16 bits
Operating mode | Interval timer 1lch 1lch
External event counter — —
Function Timer output 1ch —
PWM output v —
Pulse width measurement — —
No. of interrupt requests 1 1
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16-bit Timer/Counter 0

Figure 7-1. Timer/Counter Block Diagram (1/5)

INTP1
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INTP1 O 4 ponnt ;ar_npllng Edge p 16 blt_ capture/compare INTTMOO
noise eliminator detector 5 register 00 (CR0O0)
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fok/8 k) =
& g
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O
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fow/2 — *g
Q@
fold — &
fok/8 —
16-bit Timer/Counter 1
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Figure 7-1. Timer/Counter Block Diagram (2/5)

16-bit Timer/Counter 2

16-bit compare
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— 16 3
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& 2
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16-bit Timer/Counter 3
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16-bit Timer/Counters 4

Figure 7-1. Timer/Counter Block Diagram (3/5)

= INTP3TRG

INTTM40

INTP3
-00i i Capture| 16-bit capture/compare | Match
INTP3C 4 point _sar_npllng Edge p _ p p
noise eliminator detector 5 register 40 (CR40)
3]
Q
[
n
] 16
fek/8
S
ferk/16 § 16-bit timer register 4 (TM4) [=—{Clear control
&
Reverse
fok/32 edge
— detector 16
-poi i Capture
INTP2 O~ 4 pomt sampllng Edge p -
noise eleminator detector 16-bit capture/compare
register 41 (CR41)
16
INTP4O 4-point sampling Edge Capture 16-bit capture/compare | Match
noise eleminator detector register 42 (CR42)

Selector

— INTTM41/INTP2

INTTM42

foik

fo/2 —

Selector
\

fokl/d —

fok/8 —
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16-bit Timer/Counters 5

Figure 7-1. Timer/Counter Block Diagram (4/5)
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Figure 7-1. Timer/Counter Block Diagram (5/5)
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CHAPTER 8 16-BIT TIMER/COUNTER 0O

8.1 Function

16-bit timer/counter 0 (TMO) has the following functions:

¢ |Interval timer

An interrupt request is generated at an arbitrary time interval that was set in advance.

* PWM output

8.2 Configuration

16-bit timer/counter 0 (TMO) consists of the following hardware:

Table 8-1. Configuration of 16-Bit Timer/Counter 0 (TMO)

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

16-bit timer mode control register 0 (TMCO)
Capture/compare control register 0 (CRCO0)
Timer output control register 0 (TOCO)
Prescaler mode register 0 (PRMO)
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Figure 8-1. Block Diagram of 16-Bit Timer/Counter 0 (TMO)
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(1) 16-bit timer register 0 (TMO)
TMO is a 16-bit free-running or interval timer that counts the count pulse. The count is incremented in

synchronization with the rise of the input clock.
In the following cases the count value becomes 0000H.

<1>
<2>
<3>
<4>

RESET input

When bits 2 and 3 (TMC02, TMCO03) of the 16-bit timer mode control register 0 (TMCO) are cleared.
When the INTPO valid edge input in the clear and start mode is input at the INTPO valid edge.

When 16-bit capture/compare register 00 (CR00) match, and when TMO and CR00 match in the clear and
start mode.

(2) 16-bit capture/compare register 00 (CR00)
CROO0 is a 16-bit register with combined capture-register and compare-register functions.

Depending on the value of bit 0 (CRCO00) of the capture/compare control register 0 (CRCO) sets whether the

register is used as a capture register or compare register.

* Using CROO as a compare register
Constantly compares the value set on CR00 and the count value of 16-bit timer register 0 (TMO) and if they
match, generates an interrupt request (INTTMO0O). When TMO is set for interval-timer operation, it can also
be used as a register for containing the interval time.

e Using CROO as a capture register
The valid edge of pin INTPO or pin INTP1 can be selected as a capture trigger, and is set by bits 4 and 5 (ES00,
ESO01) and bits 6 and 7 (ES10, ES11) of prescaler mode register 0 (PRMO).
If the valid edge of pin INTPO is specified as the capture trigger, setting is as shown in Table 8-2, and if the
valid edge of pin INTP1 is specified as the capture trigger, then setting is as shown in Table 8-3.

Table 8-2. Valid Edge of Pin INTPO and CROO Capture Trigger

ESO1 ESO00 Valid Edge of INTPO Pin Capture Trigger of CR0O0 Capture Trigger of CR0O1
0 0 Falling edge Rising edge Falling edge
0 1 Rising edge Falling edge Rising edge
1 0 Setting prohibited Setting prohibited Setting prohibited
1 1 Both rising and falling edges No capture operation Both rising and falling edges
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Table 8-3. Valid Edge of Pin INTP1 and CROO Capture Trigger

ES11 ES10 Valid Edge of INTP1 Pin Capture Trigger of CR00
0 0 Falling edge Falling edge
0 1 Rising edge Rising edge
1 0 Setting prohibited Setting prohibited
1 1 Both rising and falling edges Both rising and falling edges

CROO is set by a 16-bit memory manipulation instruction.
RESET input makes CR0OO undefined.

Caution When switching CR0OO from the capture mode to the compare mode, the value of CR0OO
becomes the last captured value. Also, when switching from the compare mode to the
capture mode, the value of CR0O0 becomes the last value that was set in the compare register.

(3) 16-bit capture/compare register 01 (CR01)
CROL1 is a 16-bit register with combined capture-register and compare-register functions.
Depending on the value of bit 2 (CRC02) of the capture/compare control register 0 (CRCO) sets whether the
register is used as a capture register or compare register.

* Using CRO1 as a compare register
Constantly compares the value set on CR01 and the count value of 16-bit timer register 0 (TMO0) and if they
match, generates an interrupt request (INTTMO1). When TMO is set for interval-timer operation, it can also
be used as a register for containing the interval time.

* Using CRO1 as a capture register
The valid edge of pin INTPO can be selected as a capture trigger, and is set by bits 4 and 5 (ES00, ES01)
of prescaler mode register 0 (PRMO).
If the valid edge of pin INTPO is specified as the capture trigger, setting is as shown in Table 8-4.

Table 8-4. Valid Edge of Pin INTPO and CRO1 Capture Trigger

ESO1 ESO00 Valid Edge of INTPO Pin Capture Trigger of CRO1
0 0 Falling edge Falling edge
0 1 Rising edge Rising edge
1 0 Setting prohibited Setting prohibited
1 1 Both rising and falling edges Both rising and falling edges

CROO is set by a 16-bit memory manipulation instruction.
RESET input makes CR0OO undefined.

Caution When switching CRO1 from the capture mode to the compare mode, the value of CRO1
becomes the last captured value. Also, when switching from the compare mode to the
capture mode, the value of CR01 becomes the last value that was set in the compare register.
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8.3 Control Register

)

The following four types of registers control 16-bit timer/counter 0 (TMO).

« 16-bit timer mode control register 0 (TMCO)
» Capture/compare control register 0 (CRCO)
< Timer output control register 0 (TOCO)

» Prescaler mode register 0 (PRMO)

16-bit timer mode control register 0 (TMCO)

This register specifies the operation mode of the 16-bit timer; and the clear mode, output timing, and overflow

detection of the 16-bit timer register 0 (TMO).
TMCQO is set by a 1-bit or 8-bit memory manipulation instruction.
RESET input sets TMCO to 00H.

Caution TMO starts operating when values other than “0” and “0” (operation stop mode) are set for

bits 2 and 3 (TMC02, TMCO03) of TMCO, respectively. To stop operation, set TMC02 and TMCO03

to “0” and “0”", respectively.

Figure 8-2. Format of 16-Bit Timer Mode Control Register 0 (TMCO)

Address: OFF18H After Reset: 00H R/W

Symbol 7 6 5

N

3

2

=

©

TMCO 0 0 0 0 TMCO03 TMCO02 0 | OVFO |

TMCO03 TMCO02 |[Selection of Operating Mode
and Clear Mode

Generation of Interrupt

0 0 Operation stop
(TMO is cleared to 0).

Does not generate.

0 1 Free running mode

1 0 Clears and starts at valid
edge of INTPO.

Generates on coincidence
between TMO and CROO.

1 1 Clears and starts on
coincidence between TMO
and CRO0O.
OVFO Detection of Overflow of TMO
0 Does not overflow.
1 Overflows.

Caution Switch to the clear mode after stopping timer operation (setting bits 2 and 3 (TMCO02 and TMCO03)

of 16-bit timer mode control register 0 (TMCO) to “0” and “0”, respectively).
The valid edge of INTPO is set by prescaler mode register 0 (PRMO).

Remark INTPO: input pin of 16-bit timer/counter 0 (TMO)
TMO : 16-bit timer register O
CROO : 16-bit capture/compare register 00
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Capture/compare control register 0 (CRCO)

This register controls the operation of the capture/compare registers 00, 01 (CR00 and CRO01).

CRCO is set by a 1-bit or 8-bit memory manipulation instruction.
RESET input sets CRCO to 00H.

Figure 8-3. Format of Capture/Compare Control Register 0 (CRCO)

Address: OFF16H After Reset: O0OH R/W

Symbol 7 6 5 4 3 2 1 0
CRCO SMPCO01 SMPCO00 0 0 0 CRCO02 CRCO1 CRCO00
SMPCO01 SMPCO00 Selection of Sampling Clock
0 0 fok
0 1 fok/2
1 0 fek/4
1 1 fok/8
CRCO02 Selection of Operation Mode of CR0O1
0 Operates as compare register.
1 Operates as capture register.
CRCO1 Selection of Capture Trigger of CR00
0 Captured at valid edge of INTP1.
1 Captured in reverse phase of valid edge of INTPO.
CRCO00 Selection of Operation Mode of CR00
0 Operates as compare register.
1 Operates as capture register.

Cautions 1. CRCO should be set after stopping timer operation.

2. Do not specify CR0OO as a capture register when the clear and start mode when TMO and

CROO0 match is selected by 16-bit timer mode control register 0 (TMCO).
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(3) Timer output control register 0 (TOCO)
This is aregister for controlling operation of the 16-bit timer/counter 0 (TMO) output control circuit. It sets or resets
the R-S type flip-flop (ALVO), and enables or disables TMO timer output.
TOCO is set by a 1-bit or 8-bit memory manipulation instruction.
RESET input sets TOCO to 00H.

Figure 8-4. Format of Timer Output Control Register 0 (TOCO)

Address: OFF1AH After Reset: 0O0H R/W

Symbol 7 6 5 4 3 2 1 ©
TOCO 0 0 0 0 0 0 AVO | TOEO |
ALVO Specify of Active Level

0 Active level “0” (low)
1 Active level “1” (high)
TOEO Output Control of 16-Bit Timer/Counter 0 (TMO)
0 Disables output (output is set to O level).
1 Enables output.

Caution TOCO should be set after TMO timer operation has been stopped.

Remark Setting and resetting of the timer output is controlled by INTTMOO (set signal) and INTTMO1 (reset
signal).
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(4) Prescaler mode register 0 (PRMO)
Prescaler mode register 0 (PRMO) is a register that sets the count clock of 16-bit timer register 0 (TMO0), and
the valid edges of INTPO and INTP1 input.
PRMO is set by a 1-bit or 8-bit memory manipulation instruction.
RESET input sets PRMO to 00H.

Figure 8-5. Format of Prescaler Mode Register 0 (PRMO)

Address: OFF1CH  After Reset: 00H R/IW

Symbol 7 6 5 4 3 2 1 0
PRMO ES11 ES10 ESO1 ES00 0 0 PRMO1 PRMOO
ES11 ES10 Selection of Valid Edge of INTP1
0 0 Falling edge
0 1 Rising edge
1 0 Setting prohibited
1 1 Both falling and rising edges

ESO1 ESO00 Selection of Valid Edge of INTPO
0 0 Falling edge
0 1 Rising edge
1 0 Setting prohibited
1 1 Both falling and rising edges

PRMO1 PRMOO Selection of Count Clock
0 0 fe/4 (2 MHZ)
0 1 fewk/8 (1 MHz)
1 0 fex/16 (500 kHz)
1 1 Setting prohibited

Cautions 1. Ifthe valid edges of INTPO and INTPL1 are set for the count clock, do not set the clear and
start mode or the capture trigger with the valid edges of INTPO and INTP1.
2. PRMO should be set after timer operation has been stopped.

Remark Figures in parentheses apply to operation with fcik = 8 MHz
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8.4 Operation

8.4.1 Basic operation of TMO

16-bit timer/counter 0 (TMO) is a 16-bit free running or interval timer that counts the count pulse. Its count is
incremented in synchronization with the rise of the input clock.

All of the bits of TMO are cleared (0) by RESET input, and the count operation stops.

Enabling or disabling the count operation is controlled by bits 2 and 3 (TMC02, TMCO03) of 16-bit timer mode control
register 0 (TMCO). If TMCO02 and TMCO03 are set to an operation mode other than “0” and “0” the count operation
starts, and when they are reset (TMC02 and TMCO03 are set to “0” and “0”), TMO is cleared and the count operation
stops.

Also, the count value becomes 0000H.

TMO changes from 0000H to 0001H at the first count clock input after the count-start setting.

TMO continues operating as is even if the same operating mode is set during operation and the timer is not cleared.

Count does not stop even during the TMO read period.

Figure 8-6. Basic Operation Timing of TMO

comere [1_ 1T, L1 111N
FCOOH
TMO 0000H XOOOlHXOOOZHXOOO3Hx xFBFFHX:X 0000H

A A

Count start Count stop

Figure 8-7. Timing for Rewriting to TMC02 and TMCO03 (Free Running Mode)

comene [T [T

T™O 0000H X 0001H X 0002H X 0003H X 0004H X 0005H X 0006H X 0007H X 0008H
TMC02, TMC03 00B X 01B v 01B
A A
Count start Rewrite

151



CHAPTER 8 16-BIT TIMER/COUNTER 0

8.4.2 Free running operation of TMO

If bits 2 and 3 (TMCO02, TMCO03) of 16-bit timer mode control register 0 (TMCO) are set to “1” and “0”, respectively,
TMO performs free running operation. If TMO has a full count by FFFFH, bit 0 of TMCO (OVFO) is set to “1” at the
next count clock, and TMO is cleared. Counting continues after that, and it is possible to clear OVFO using an
instruction.

Figure 8-8. Free Running Mode Operation Timing of TMO

comensc [1 (1 [T LTI
TMO 0000H X 0001H X 0002H x x FFFEH X FFFFH X 0000H X 0001H

OVFO flag

) )
{ (

A

Overflow

8.4.3 Clear and start operation of TMO at valid edge of INTPO

If bits 2 and 3 (TMCO02, TMCO03) of 16-bit timer mode control register 0 (TMCO) are set to “0” and “1”, respectively,
TMO is set to the clear and start mode at input of the valid edge of INTPO. When the valid edge of INTPO is input
(interrupt request signal: INTPO is generated), TMO is cleared (0000H) and becomes 0001H on the next count clock.
Count continues after that.

Figure 8-9. Clear and Start Mode Operation Timing of TMO at Input of the Valid Edge of INTPO

n N N n

0000H
T™MO 1000HX 1001H X 1002H X1003HX:X 0001H X 0002H X 0003H
Pin INTPO
A

Valid edge detected/INTPO generated
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8.4.4 Clear and start operation when TMO and CR0OO match

If bits 2 and 3 (TMCO02, TMCO03) of 16-bit timer mode control register 0 (TMCO) are set to “1” and “1”, respectively,
TMO is set to the clear and start mode when 16-bit capture/compare register 00 (CR00) match. When TM0 and CR00O
match, an interrupt request signal (INTTMOO) is generated at the next count clock, and TMO is cleared (O000H).

Figure 8-10. Clear and Start Mode Operation Timing When TMO and CR00 Match (CR0O0O # 0000H)

S n I I I

T™MO 1000HX 1001H X 1002H X 1003H X 0000H X 0001H X 0002H

CRO0O 1003H

INTTMOO |_|

Figure 8-11. Clear and Start Mode Operation Timing When TMO and CR00 Match (CR0O0 = 0000H)

e [1 1 T 1 T T T1

T™MO 0000H

A

Count start

CROO 0000H

. n 7N 1n 1

Caution CROO should be set to the compare mode.

Remark Interval period = (CR0OO + 1) x TMO count-clock rate
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8.4.5 Operation as 16-bit PWM output
By setting bit 0 (TOEOQ) of timer output control register 0 (TOCO) to “1”, it operates as PWM output.

<Setting method>

<1> Specify the active level (bit 1 (ALVO) of TOCO) of timer 0 output (TOO0), and enable TOO output (set bit 0 (TOEO)
of TOCO to “17).

<2> Set 16-bit capture/compare registers 00 and 01 (CR00, CR01) to the compare mode (set bits 0 and 2 (CRCO00,
CRCO02) of capture/compare control register 0 (CRCO) to “0").

<3> Set the interval period in CR0OO, and set the active-level width in CRO1.

<4> The count clock is selected by bits 0 and 1 (PRM00, PRMO01) of prescaler mode register 0 (PRMO).

<5> By setting bits 2 and 3 (TMC02, TMCO03) of 16-bit timer mode control register 0 (TMCO) to “1”, the count operation
starts, and the PWM signal is output from pin TOO.

Figure 8-12. Example of PWM Output of TOO

T™MO

A\ Count start AClear AClear AClear
CROO al X a2
CRO1 bl 3 X b2 X b3

X a3

INTTMOO —|
Comparator X bl b2 b3
TOO
3 bl+1 ; ; b2 +1 ; j
i az+1 1 a3+1 1

Caution If CR00 = CROL1 is set, TOO outputs inactive level (ALVO).
If CROO < CRO1 is set, TOO outputs active level (ALVO).

Remark CRO00, CR01: Compare mode, CR0O0 > CRO1, Active level: “0”
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8.4.6 Capture operation of TMO

If bits 0 and 2 (CRC00, CRCO02) of capture/compare control register 0 (CRCO) are setto “1”, 16-bit capture/compare
registers 00 and 01 (CR0O, CRO01) are set to the capture mode. When the capture trigger is input, the value of TMO
is captured to CR0O0O and CROL1.

Figure 8-13. Capture Operation Timing (Free Running Mode)

S A w I I o I

T™MO 1000HX 1001H X 1002H X 1003H X 1004H X 1005H X 1006H

Pin INTPO
Capture trigger | |
A
INTPO generation;
1
CRO1 X 1003H

Figure 8-14. Capture Operation Timing (Clear and Start Mode at INTPO Valid Edge Input)

comens__[1 (1 [1 1 1 T

0000H

T™MO 1000HX 1001H X 1002H X1003HX:X 0001H X 0002H X 0003H
Pin INTPO
Capture trigger | |
A
INTPO generation;
1
CRO1 X 1003H
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8.4.7 Pulse width measurement operation

(1) Pulse width measurement (both rising and falling edge)

It is possible to use 16-bit timer register 0 (TMO) to measure the pulse width of the signal input to pins INTPO/
P01 and INTP1/P02. The width from edge to edge is measured.

<1> Set16-bitcapture/compare registers 00 and 01 (CR00, CR01) to the capture mode (set bits 0 and 2 (CRCO00,

CRCO02) of capture/compare control register 0 (CRCO) to “1").
<2> Set the CROO capture trigger in INTP1 (set bit 1 (CRCO01) of CRCO to “0").

<3> Setboth edges of INTPO and INTP1 as valid edges (set bits 4 to 7 (ES00, ES01, ES10, ES11) of prescaler
mode register 0 (PRMO) to “1").

<4> Setthe free running mode (set bits 2 and 3 (TMCO02, TMCO03) of 16-bit timer mode control register 0 (TMCO)
to “1” and “0”, respectively).

Figure 8-15. Pulse Width Measurement Timing (When Both Edges Are Specified)

FFFFH FFEFH

T™MO
Pin INTPO

INTPO

CRO1

<1>

<2> \

Pin INTP1

r T

CROO

: D1 : D3 : D5

<3> <4>

OVFO

Cleared by instruction

[Measurement Method]

* The CRO1 and OVFO (bit 0 of TMCO) flags are read in INTPO interrupt processing.
<1> is (D2 - DO) x count-clock rate.
<2> is (10000H — D2 + D4) x count-clock rate.
« The CRO0 and OVFO flags are read in INTP1 interrupt processing.
<3> is (10000H — D1 + D3) x count-clock rate.
<4> is (D5 — D3) x count-clock rate.

Remark Dn: TMO count value (n =0, 1, 2, ...)
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(2) Pulse width measurement (rising edge)
It is possible to use 16-bit timer register O (TMO) to measure the width of the pulse input to pin INTPO/P01. The
width from edge to edge is measured.

<1> Set 16-bit capture/compare control register 00 and 01 (CR00, CRO01) to the capture mode (set bits 0 and
2 (CRCO00, CRCO02) of capture/compare control register 0 (CRCO) to “1").

<2> Set the opposite edge of INTPO as the CROO capture trigger (set bit 1 (CRC01) of CRCO to “1").

<3> Setthe free-running mode (set bits 2 and 3 (TMCO02, TMCO03) of 16-bit timer mode control register 0 (TMCO)
to “1” and “0”, respectively).

Figure 8-16. Pulse Width Measurement Timing (When Rising Edge Is Specified)

FFFFH FFFFH

T™MO

Pin INTPO

INTPO

CRO1

CROO

OVFO0

Cleared by instruction

[Measurement Method]
* The CRO1 and OVFO (bit 0 of TMCO) flags are read in INTPO interrupt processing.
<1> is (10000H — DO + D2) x count-clock rate.

Caution CROO s captured at the opposite edge of INTPO, however, an interrupt request signal (INTPO)
is not generated at that time. INTPO (request signal) is only generated when the specified

valid edge is detected.

Remark Dn: TMO count value (n =0, 1, 2, ...)
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(3) Pulse width measurement (falling edge)

It is possible to use 16-bit timer register 0 (TMO) to measure the width of the pulse input to pin INTPO/P01. The
high width and low width are individually measured.

<1> Set 16-bit capture/compare control registers 00 and 01 (CR00, CRO01) to the capture mode (set bits 0 and

2 (CRCO00, CRCO02) of capture/compare control register 0 (CRCO) to “1").
<2> Set the opposite edge of INTPO as the CROO capture trigger (set bit 1 (CRCO01) of CRCO to “1").

Set the clear and start mode at the valid edge input of INTPO (set bits 2 and 3 (TMCO02, TMCO03) of 16-
bit timer mode control register 0 (TMCO) to “0” and “1”, respectively).

<3>

Figure 8-17. Pulse Width Measurement Timing (When Falling Edge Is Specified)

DO
T™O \
Pin INTPO g
INTPO 3
CRO1 ' 3 :
: ‘ ‘
CROO X ' DO i
| <1> <2> i
<3> ‘

[Measurement Method]

CROO0 and CRO1 are read by INTPO interrupt processing.
<1> Low width is D2 x count-clock rate.

<2> High width is (D3 — D2) x count-clock rate.
<3> 1 period is D3 x count-clock rate.

However, TMO must be corrected when there is overflow.

Caution CROO s captured at the opposite edge of INTPO, however, an interrupt request signal (INTPO)

is not generated at that time. INTPO (request signal) is only generated when the specified
valid edge is detected.

Remark Dn: TMO count value (n=0, 1, 2, ...)
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8.4.8 Compare operation of TMO

Setbits0and 2 (CRCO00, CRCO02) of capture/compare control register 0 (CRCO) are setto “0”, and set 16-bit capture/
compare registers 00 and 01 (CR00, CRO01) to the compare mode. If 16-bit timer register 0 (TMO) matches CR00
or CRO1, an interrupt request signal (INTTMOO or INTTMO1) is generated at the next count clock.

Figure 8-18. Compare Operation Timing of TMO (CR00, CR0O1  # 0000H)

e [ (1 [1 1 1 T

T™MO 1000HX 1001H X 1002H X 1003H X 0004H X 0005H X 0006H

CROO 1004H
INTTMOO |_|
CRO1 1002H

INTTMO1 |_|

Caution The operating mode of TMO shown in Figure 8-18 is a mode other than the clear and start mode
when TMO and CR0OO match. In the case of the clear and start mode when TMO and CR0OO match,
TMO is cleared at the next count clock after TMO and CR0OO match. (See Figure 8-10. Clear and
Start Mode Operation Timing When TMO and CR0O0 Match (CRO0O  # 0000H).) TMO is not cleared
if it matches with CRO1.

Figure 8-19. Compare Operation Timing of TMO (CR00O, CRO1 = 0000H)

S I o I N N w I
TMO 0000H X 0001H X 0002H X 0003H X 0004H X 0005H x0006H

A

Current start

CROO 0000H
INTTMOO [ ]

CRO1 0000H
INTTMO1 [ ]

Caution The operating mode of TMO shown in Figure 8-19 is a mode other than the clear and start mode
when TMO and CR0OO match. In the case of the clear and start mode when TMO and CR0OO match,
TMO remains 0000H. (See Figure 8-11. Clear and Start Mode Operation Timing When TMO and
CRO0OO Match (CR0OO = 0000H).)
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8.4.9 Noise elimination circuit

The noise elimination circuit of 16-bit timer/counter 0 (TMO) performs sampling at four point at the timing specified

by bits 6 and 7 (SMPC00, SMPCO01) of capture/compare control register 0 (CRCO). It performs sampling in succession,

and if the same level is detected four times in a row, that level is fetched.

Tin @—>

Schmitt
trigger

[Sampling timing]
Tin:

Figure 8-20. INTPO Block Diagram

4-point sampling,
noise elimination circuit

Valid edge
detection
circuit

——»1

Sampling clock

Sampling timing
selection circuit

(CRCO control)

Port input signal

—— fcik
~— fcLk/2
~— foLk/4

[+— fcLk/8

Width of INTPO pin input signal, Tsmp: Sampling timing,

C1, C2: System clock, Tcwk: System-clock rate (= 1/fcik)

Interrupt/
capture signal
generator

— INTPO

— Capture trigger

<1> Tins@xTsmp) ... Removed as noise.
<2> (3 x Tsmp) < Tin < (4 x Tsmp) .... May be removed as noise, or may pass as a valid signal.
<3> Tin = (4 x Tsmp) .... Passes as a valid signal.
Caution In order to ensure that valid signals pass, input a signal whose width is 4 x Tsmp.
Figure 8-21. Sampling Timing Diagram
Sampling _/_\___ | B 1 B | B 1/ \ :
TinO | : | x : | ::Remove | : | X 1
TinO-1 X—X Remov:e: | |
Tin0-2 - S | Passes | | |
TinO ‘ X:: ‘ : ‘ Passes : ‘ : ‘ |
Sampling-circuit : -- : -- : -- : -- : ]
output - .. . . XPassed data
| | | 3 x Tsmp | . Teik 3
! ! 4 x Tsmp ! 1 1

Remark The time when the pin level (Tin) passes the sampling circuit may vary by 1 x Tsmp at (3 x Tsmp + TcLk)
to (4 x Tsmp + Tcik).
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8.5 Cautions
(1) Error at timer start
After the timer starts, the time until a uniform signal is generated may have a maximum error of 1 clock. This

is because the start of 16-bit timer register 0 (TMO) is asynchronous with respect to the count pulse.

Figure 8-22. Start Timing of 16-Bit Timer Register 0

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

TMO count value 0000H X 0001H X 0002H X 0003H X 0004H

Timer starts

(2) Operation after changes in the compare register during timer count operation
If the value of 16-bit capture/compare register 00 (CR0O) after changing is less than the value of 16-bit timer
register 0 (TMO0), TMO continues counting, and when an overflow occurs, it starts over from 0. Also, if the value
of CROO0 after changing (M) is less than the value before changing (N), the timer must be restarted after CR00
changes.

Figure 8-23. Timing After Changing Compare Register during Timer Count Operation

campire NS\ N\
CROO N X /\/\ M

\\

\
TMO count value :X x-1 X x X /gx FFFFH X 0000H X 0001H X 0002H
\

Remark N>X>M

(3) Valid edge setting
The valid edge of pin INTPO/P01 should be set after setting bits 2 and 3 (TMCO02, TMCO03) of 16-bit timer mode
control register 0 (TMCO) to “0” and “0”, respectively, and after timer operation stops. The valid edge is set using
bits 4 and 5 (ES00, ES01) of prescaler mode register 0 (PRMO).
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9.1 Functions

16-bit timer/counter 1 (TM1) has the following two modes.

¢ Interval timer

An interrupt request is generated at an arbitrary time interval that was set in advance.

* PWM output

9.2 Configuration

16-bit timer/counter 1 (TM1) is comprised of the following hardware.

Table 9-1. 16-Bit Timer/Counter 1 (TM1) Configuration

Item

Configuration

Timer register

16-bit x 1 (TM1)

Register

Compare registers: 16-bit x 2 (CR10, CR11)

Timer output

1 (TO1)

Control register

16-bit timer mode control register 1 (TMC1)
Timer output control register 1 (TOC1)
Prescaler mode register 1 (PRM1)

Figure 9-1. Block Diagram of 16-Bit Timer/Counter 1 (TM1)

fok —

16-bit compare

fok/d —

Selector

fok/8 —=

register 10 (CR10) INTTM10
16 §
Clear ©
e

16-bit timer register 1 (TM1) f~— § —OTO1
5
s
16 8
Comparator INTTM11
Transfer

16-bit compare
register 11 (CR11)
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16-bit timer register 1 (TM1)

TM1 is a 16-bit free running or interval timer that counts the count pulse. The count is incremented in
synchronization with the rise of the input clock.

In the following cases the count value becomes 0000H.

<1> RESET input
<2> When bits 2 and 3 (TMC12, TMC13) of 16-bit timer mode control register 1 (TMC1) are cleared.
<3> When TM1 and CR10 match in the clear and start mode at the match of 16-bit compare register 10 (CR10).

16-bit compare register 10 (CR10)

This register constantly compares the value set for CR10 with the count value of 16-bit timer register 1 (TM1),
and if they match, it generates an interrupt request (INTTM10). If TM1 is set as an interval timer, it can also be
used as a register for holding the interval time.

CR10 is set by a 16-bit memory manipulation instruction.

RESET input makes CR10 undefined.

16-bit compare register 11 (CR11)

This register constantly compares the value set for CR11 with the count value of 16-bit timer register 1 (TM1),
and if they match, it generates an interrupt request (INTTM11). If TM1 is set as an interval timer, it can also be
used as a register for holding the interval time.

CR11 is set by a 16-bit memory manipulation instruction.

RESET input makes CR11 undefined.
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9.3 Control Registers
The following three registers control 16-bit timer/counter 1 (TM1).

» 16-bit timer mode control register 1 (TMC1)
e Timer output control register 1 (TOC1)
« Prescaler mode register 1 (PRM1)

(1) 16-bit timer mode control register 1 (TMC1)
TMCL1 is a register for detecting the setting and overflow of the clear mode of 16-bit timer register 1 (TM1).
TMCL1 is set by a 1-bit or 8-bit memory manipulation instruction.
RESET input sets TMC1 to 00H.

Caution TML1 starts operating when bits 2 and 3 (TMC12, TMC13) of TMC1 are set to values other than
“0” and “0” (operation stop mode), respectively. To stop operation, set TMC12 and TMC13
to “0” and “0”, respectively.

Figure 9-2. Format of the 16-Bit Timer Mode Control Register 1 (TMC1)

Address: OFF6BH After Reset: 00OH R/W

Symbol 7 6 5 4 3 2 1 ©
TMC1 0 0 0 0 TMC13 | TMC12 o | ovkr |
TMC13 TMC12 Selection of Operating Mode Generation of Interrupt

and Clear Mode

0 0 Operation stop Does not generate
(TM1 is cleared to 0).

0 1 Free running mode. Generates on coincidence
1 0 Setting prohibited between TM1 and CR10.
1 1 Clears and starts on coinci-

dence between TM1 and CR10.

OVF1 Detection of Overflow of TM1
0 Does not overflow
1 Overflow

Caution TMC1 should be set only after TM1 timer operation has stopped.
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(2) Timer output control register 1 (TOC1)
This is a register for controlling the operation of the 16-bit timer/counter 1 (TM1) output control circuit. It sets

or resets the R-S type flip-flop (ALV1), enables or disables output inversion, and enables or disables TM1 timer
output.

TOC1 is set by a 1-bit or 8-bit memory manipulation instruction.
RESET input sets TOC1 to O0OH.

Figure 9-3. Format of Timer Output Control Register 1 (TOC1)

Address: OFF7BH After Reset: 00H R/W

Symbol 7 6 5 4 3 2 1 ©
TOC1 0 0 0 0 0 0 ALV1 | TOE1l |
ALV1 Specify of Active Level

0 Active level “0” (low)
1 Active level “1” (high)
TOE1 Output Control of 16-Bit Timer/Counter 1 (TM1)
0 Disable output (output is set to O level)
1 Enable output

Cautions 1. TOCL1 should be set after TM1 timer operation has been stopped.
2. IfPWM is to be output from TM1, bits 2 and 3 (TMC12, TMC13) of 16-bit timer mode control
register 1 (TMC1) should be set to “1” and “1”, respectively. If TMC12 and TMC13 are
set to “0” and “0”, respectively, TO1 becomes inactive.

Remark Setting and resetting of the timer output is controlled by INTTM10 (set signal) and INTTM11 (reset
signal).
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(3) Prescaler mode register 1 (PRM1)
Prescaler mode register 1 (PRM1) is a register for specifying the count clock of 16-bit timer register 1 (TM1).
PRML1 is set by a 1-bit or 8-bit memory manipulation instruction.
RESET input sets PRM1 to O0H.

Figure 9-4. Format of the Prescaler Mode Register 1 (PRM1)

Address: OFF85H After Reset: 00H R/W

Symbol 7 6 5 4 3 2 1 0
PRM1 0 0 0 0 0 0 PRM11 PRM10
PRM11 PRM10 Count Clock Selection
0 0 fewk (8 MHz)
0 1 fe/4 (2 MHZ)
1 0 few/2 (1 MHz)
1 1 Setting prohibited

Caution PRM1 should be set after TM1 timer operation has stopped.

Remark Figures in parentheses apply to operation with fci.k = 8 MHz.
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9.4 Operation

9.4.1 Basic operation of TM1
16-bit timer/counter 1 (TM1) is a 16-bit free-running or interval timer that counts the count pulse. Its count is
incremented in synchronization with the rise of the input clock.

All of the bits of TM1 are cleared (0) by RESET input, and the count operation stops.

Enabling or disabling the count operation is controlled by bits 2 and 3 (TMC12, TMC13) of 16-bit timer mode control
register 1 (TMC1). If TMC12 and TMC13 are set to an operation mode other than “0” and “0”, the count operation
starts, and when they are reset (TMC12 and TMC13 are set to “0” and “0"), TM1 is cleared and the count operation
stops.

The count value becomes 0000H.

TM1 changes from 0000H to 0001H at the first count clock input after the count-start setting.

TM1 continues operating as is even if the same operating mode is set during operation and the timer is not cleared.

Count does not stop even during the TM1 read period.

Figure 9-5. Basic Operation Timing of TM1

comense [T, 11 LT
FCOOH
™1 0000H XOOOlHXOOOZHXOOOSHx XFBFFHX:X 0000H

A A

Count start Count stop

Figure 9-6. Timing for Rewriting to TMC12 and TMC13 (Free Running Mode)

comeenc [ 1ML ML T[T 1T

™1 0000H X 0001H X 0002H X 0003H X 0004H X 0005H X 0006H X 0007H X 0008H
TMC12, TMC13  00B X 01B v 01B
A A
Count start Rewrite
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9.4.2 Free running operation of TM1

If bits 2 and 3 (TMC12, TMC13) of 16-bit timer mode control register 1 (TMC1) are set to “1” and “0”, respectively,
TM1 performs free-running operation. If TM1 has a full count by FFFFH, bit 0 of TMC1 (OVF1) is set to “1” at the
next count clock, and TM1is cleared. Counting continues after that, and itis possible to clear OVF1 with an instruction.

Figure 9-7. Free Running Mode Operation Timing of TM1

L]

camens [ 1 [ 1 L 1 T1

™1 0000H X 0001H X 0002H x x FFFEH X FFFFH

X 0000H X 0001H

OVF1 flag

)

{

A

Overflow
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9.4.3 Clear and start mode operation when TM1 and CR10 match

If bits 2 and 3 (TMC12, TMC13) of 16-bit timer mode control register 1 (TMC1) are set to “1” and “1”, respectively,
TM1is setto the clear and start mode when 16-bit compare register 10 (CR10) matches. When TM1 and CR10 match,
an interrupt request signal (INTTM10) is generated at the next count clock, and TML1 is cleared (0000H).

Figure 9-8. Clear and Start Mode Operation Timing When TM1 and CR10 Match (CR10 # 0000H)

S n I I N e

T™1 lOOOHX 1001H X 1002H X 1003H X 0000H X 0001H X 0002H

CR10 1003H

INTTM10 |_|

Figure 9-9. Clear and Start Mode Operation Timing When TM1 and Match CR10 (CR10 = 0000H)

e [1 1 T 1 T T1

™1 0000H

A

Count start

CR10 0000H

INTTM10 |_| |_| |_| |_| |_| |_|_

Remark Interval period = (CR10 + 1) x TM1 count-clock rate

170



CHAPTER 9 16-BIT TIMER/COUNTER 1

9.4.4 Operation as 16-bit PWM output
By setting bit 0 (TOEL) of timer output control register 1 (TOC1) to “1”, it operates as PWM output.

<Setting method>

<1> Specify the active level (bit 1 (ALV1) of TOC1) of timer 1 output (TO1), and enable TO1 output (set bit 0 (TOE1)
of TOCL1 to “17).

<2> Set the interval period in 16-bhit compare register 10 (CR10), and set the active-level width in 16-bit compare
register 11 (CR11).

<3> The count clock is selected by bits 0 and 1 (PRM10, PRM11) of prescaler mode register 1 (PRM1).

<4> By setting bits2and 3 (TMC12, TMC13) of 16-bit timer mode control register 1 (TMC1) to “1”, the count operation
starts, and the PWM signal is output from pin TO1.

Figure 9-10. Example of PWM Output of TO1

1 |
T™M1 3 3
A Count start AClear | AClear 1 AClear
CR10 al X La2 X } a3 :
CR11 bl } X L b2 X 3 b3 }
INTTM10 _| ! —| | —|
Comparator X 1b1 X b2 X b3
TO1
Tb1+1. T b2+l :
| a2+1 | a3+1 |

Caution If CR10 = CR11 is set, TO1 outputs inactive level (ALV1).
If CR10 < CR11 is set, TO1 outputs active level (ALV1).

Remark CR10 > CR11, Active level: “0”
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9.4.5 Compare operation of TM1
When 16-bit timer register 1 (TM1) matches 16-bit compare register 10 (CR10) or 16-bit compare register 11
(CR11), an interrupt request signal (INTTM10 or INTTM11) is generated at the next count clock.

Figure 9-11. Compare Operation Timing of TM1 (CR10, CR11  # 0000H)

n N N n

T™1 1000HX 1001H X 1002H X 1003H X 1004H X 1005H X 1006H

CR10 1004H
INTTM10 |_|
CR11 1002H

INTTM11 |_|

Caution The operating mode of TM1 shown in Figure 9-11 is a mode other than the clear and start mode
when TM1 and CR10 match.
In the case of the clear and start mode when TM1 and CR10 match, TM1 is cleared at the next
count clock after TM1 and CR10 match. (See Figure 9-8. Clear and Start Mode Operation Timing
When TM1 and CR10 Match (CR10 # 0000H).)

Figure 9-12. Compare Operation Timing of TM1 (CR10, CR11 = 0000H)

S I o I N N w I
™1 0000H X 0001H X 0002H X 0003H X 0004H X 0005H x0006H

A
Clock start
CR10 0000H
INTTM10 [ ]
CR11 0000H
INTTM11 [ ]

Caution The operating mode of TM1 shown in Figure 9-12 is a mode other than the clear and start mode
when TM1 and CR10 match.
In the case of the clear and start mode when TM1 and CR10 match, TM1 remains 0000H. (See
Figure 9-9. Clear and Start Mode Operation Timing When TM1 and CR10 Match (CR10 = 0000H).)
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9.5 Cautions
(1) Error at timer start
After the timer starts, the time until a uniform signal is generated may have a maximum error of 1 clock. This

is because the start of 16-bit timer register 1 (TM1) is asynchronous with respect to the count pulse.

Figure 9-13. Start Timing of 16-Bit Timer Register 1

TM1 count value 00H X o X o2 X 034 X 04H

Timer starts

(2) Operation after changes in the compare register during timer count operation
If the value of 16-bit compare register 10 (CR10) after changing is less than the value of 16-bit timer register
1 (TM1), TM1 continues counting, and when an overflow occurs, it starts over from 0. Also, if the value of CR10
after changing (M) is less than the value before changing (N), the timer must be restarted after CR10 changes.

Figure 9-14. Timing After the Compare Register Changes During Timer Counting

Count pulse j \ / \ / \_”_/ \_/_\_/_\_/_\_
CRI10 N X /\/\ M

\\

)
TM1 count value :X -1 X x X /gx FFFFH X 0000H X 0001H X 0002H
\

Remark N>X>M
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10.1  Functions
16-bit timer/counter 2 (TM2) has the following modes.
* Interval timer
An interrupt request is generated at an arbitrary time interval that was set in advance.
* PWM output
10.2 Configuration

16-bit timer/counter 2 (TM2) is comprised of the following hardware.

Table 10-1. Configuration of 16-Bit Timer/Counter 2 (TM2)

Iltem Configuration

Timer register 16-bit x 1 (TM2)

Register Compare register: 16-bit x 2 (CR20, CR21)

Timer output 1(TO2)

Control register 16-bit timer mode control register 2 (TMC2)
Timer output control register 2 (TOC2)
Prescaler mode register 2 (PRM2)

Figure 10-1. Block Diagram of 16-Bit Timer/Counter 2 (TM2)

16-bit compare

register 20 (CR20) INTTM20
] 16 3
fok — Clear o
o
g 16-bit timer register 2 (TM2) f=~— € o702
fok/8 —= @ 8
9 >
? =3
2
fok/16 — 16 3
Comparator INTTM21
Transfer
16-bit compare

register 21 (CR21)
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16-bit timer register 2 (TM2)

TM2 is a 16-bit free running or interval timer which counts the count pulse. The count is incremented in
synchronization with the rise of the input clock.

In the following cases the count value becomes 0000H.

<1> RESET input
<2> When bits 2 and 3 (TMC22, TMC23) of 16-bit timer mode control register 2 (TMC2) are cleared
<3> When TM2 and CR20 match in the clear and start mode at the match of 16-bit compare register 20 (CR20)

16-bit compare register 20 (CR20)

This register constantly compares the value set for CR20 with the count value of 16-bit timer register 2 (TM2),
and if they match, it generates an interrupt request (INTTM20). If TM2 is set as an interval timer, it can also be
used as a register for holding the interval time.

CR20 is set by a 16-bit memory manipulation instruction.

RESET input makes CR20 undefined.

16-bit compare register 21 (CR21)

This register constantly compares the value set for CR21 with the count value of 16-bit timer register 2 (TM2),
and if they match, it generates an interrupt request (INTTM21). If TM2 is set as an interval timer, it can also be
used as a register for holding the interval time.

CR21 is set by a 16-bit memory manipulation instruction.

RESET input makes CR21 undefined.
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10.3 Control Registers
The following three registers control 16-bit timer/counter 2 (TM2).

« 16-bit timer mode control register 2 (TMC2)
« Timer output control register 2 (TOC2)
» Prescaler mode register 2 (PRM2)

(1) 16-bit timer mode control register 2 (TMC2)
TMC2 is a register for detecting the setting and overflow of the clear mode of 16-bit timer register 2 (TM2).
TMC2 are set by a 1-bit or 8-bit memory manipulation instruction.
RESET input sets TMC2 to 00H.

Caution TM2 starts operating when bits 2 and 3 (TMC22, TMC23) of TMC2 are set to values other than
“0” and “0” (operation stop mode), respectively. To stop operation, set TMC22 and TMC23
to “0” and “0”, respectively.

Figure 10-2. Format of the 16-Bit Timer Mode Control Register 2 (TMC2)

Address: OFF6CH After Reset: O0H R/W

Symbol 7 6 5 4 3 2 1 ©
T™MC2 0 0 0 0 TMC23 | TMC22 o | ovrz |
TMC23 TMC22 Selection of Operating Mode Generation of Interrupt

and Clear Mode

0 0 Operation stop Does not generate
(TM2 is cleared to 0).

0 1 Free running mode. Generates on coincidence
1 0 Setting prohibited between TM2 and CR20.
1 1 Clears and starts on coinci-

dence between TM2 and CR20.

OVF2 Detection of Overflow of TM2
0 Does not overflow
1 Overflow

Caution TMC2 should be set after TM2 timer operation has stopped.
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(2) Timer output control register 2 (TOC2)
This is a register for controlling the operation of the 16-bit timer/counter 2 (TM2) output control circuit. It sets

or resets the R-S type flip-flop (ALV2), enables or disables output inversion, and enables or disables TM1 timer
output.

TOC?2 is set by a 1-bit or 8-bit memory manipulation instruction.
RESET input sets TOC2 to O0OH.

Figure 10-3. Format of the Timer Output Control Register 2 (TOC?2)

Address: OFF7CH After Reset: 00H R/W

Symbol 7 6 5 4 3 2 1 ©
TOC2 0 0 0 0 0 0 ALV2 | TOE2 |
ALV2 Specify of Active Level
0 Active level “0” (low)
1 Active level “1” (high)
TOE2 Output Control of 16-Bit Timer/Counter 2 (TM2)
0 Disable output (output is set to O level)
1 Enable output

Cautions 1. TOC2 should be set after TM2 timer operation has been stopped.
2. IfPWM is to be output from TM2, bits 2 and 3 (TMC22, TMC23) of 16-bit timer mode control
register 2 (TMC2) should be set to “1” and “1”, respectively. If TMC22 and TMC23 are
set to “0” and “0”, respectively, TO2 becomes inactive.

Remark Setting and resetting of the timer output is controlled by INTTM20 (set signal) and INTTM21 (reset
signal).
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(3) Prescaler mode register 2 (PRM2)
Prescaler mode register 2 (PRM2) is a register for specifying the count clock of 16-bit timer register 2 (TM2).
PRM2 is set by a 1-bit or 8-bit memory manipulation instruction.
RESET input sets PRM2 to O0H.

Figure 10-4. Format of the Prescaler Mode Register 2 (PRM2)

Address: OFF86H After Reset: 00H R/W

Symbol 7 6 5 4 3 2 1 0
PRM2 0 0 0 0 0 0 PRM21 PRM20
PRM21 PRM20 Count Clock Selection
0 0 fewk (8 MHz)
0 1 fe/8 (1 MHZz)
1 0 fewk/16 (500 kHz)
1 1 Setting prohibited

Caution PRM2 should only be set after TM2 timer operation has stopped.

Remark Figures in parentheses apply to operation with fci.k = 8 MHz.
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10.4 Operation

10.4.1 Basic operation of TM2

16-bit timer/counter 2 (TM2) is a 16-bit free running or interval timer that counts the count pulse. Its count is
incremented in synchronization with the rising edge of the input clock.

All of the bits of TM2 are cleared (0) by RESET input, and the count operation stops.

Enabling or disabling the count operation is controlled by bits 2 and 3 (TMC22, TMC23) of 16-bit timer mode control
register 2 (TMC2). If TMC22 and TMC23 are set to an operation mode other than “0” and “0”, the count operation
starts, and when they are reset (TMC22 and TMC23 are set to “0” and “0"), TM2 is cleared and the count operation
stops.

Also, the count value becomes 0000H.

TM2 changes from 0000H to 0001H at the first count clock input after the count-start setting.

TM2 continues operating as is even if the same operating mode is set during operation, and the timer is not cleared.

Count does not stop even during the TM2 read period.

Figure 10-5. Basic Operation Timing of TM2

comense [T, 11 LT
FCOOH
T™M2 0000H XOOOlHXOOOZHXOOOSHx XFBFFHX:X 0000H

A A

Count start Count stop

Figure 10-6. Timing for Rewriting to TMC22 and TMC23 (Free Running Mode)

comeenc [ 1ML ML T[T 1T

T™2 0000H X 0001H X 0002H X 0003H X 0004H X 0005H X 0006H X 0007H X 0008H
TMC22, TMC23  00B X 01B v 01B
A A
Count start Rewrite
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10.4.2 Free running operation of TM2

If bits 2 and 3 (TMC22, TMC23) of 16-bit timer mode control register 2 (TMC2) are set to “1” and “0”, respectively,
TM2 performs free running operation. If TM2 has a full count by FFFFH, bit 0 of TMC2 (OVF2) is set to “1” at the
next count clock, and TM2 is cleared. Counting continues after that, and it is possible to clear OVF2 using an
instruction.

Figure 10-7. Free Running Mode Operation Timing of TM2

comen [1_[1 11 LT
T™M2 0000H X 0001H X 0002H x x FFFEH X FFFFH X 0000H X 0001H

OVF2 flag

b
{

A

Overflow

10.4.3 Clear and start mode operation timing when TM2 and CR20 match

If bits 2 and 3 (TMC22, TMC23) of 16-bit timer mode control register 2 (TMC2) are setto “1” and “1”, respectively,
TM2 is setto the clear and start mode when 16-bit compare register 20 (CR20) matches. When TM2 and CR20 match,
an interrupt request signal (INTTM20) is generated at the next count clock, and TM2 is cleared (0000H). Counting
continues after that.

Figure 10-8. Clear and Start Mode Operation Timing When TM2 and CR20 Match (CR20 # 0000H)

n N N n

™2 1000HX 1001H X 1002H X 1003H X 0000H X 0001H X 0002H

CR20 1003H

INTTM20 |_|

Figure 10-9. Clear and Start Mode Operation Timing When TM2 and CR20 Match (CR20 = 0000H)

e [1 1 T 1 T T T1

T™2 0000H

A

Count start

CR20 0000H

INTTM20 |_| |_| |_| |_| |_| |_|_

Remark Interval period = (CR20 + 1) x TM2 count-clock rate
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10.4.4 Operation as 16-bit PWM output
By setting bit 0 (TOEZ2) of timer-output-control register 2 (TOC2) to “1”, it operates as PWM output.

<Setting method>

<1> Specify the active level (bit 2 (ALV2) of TOC2) of timer 2 output (TO2), and enable TO2 output (set bit 0 (TOE2)
of TOC2 to “1").

<2> Set the interval period in 16-bhit compare register 20 (CR20), and set the active-level width in 16-bit compare
register 21 (CR21).

<3> The count clock is selected by bits 0 and 1 (PRM20, PRM21) of prescaler mode register 2 (PRM2).

<4> By setting bits 2and 3 (TMC22, TMC23) of 16-bit timer mode control register 2 (TMC2) to “1”, the count operation
starts, and the PWM signal is output from pin TO2.

Figure 10-10. Example of PWM Output of TO2

1 |
T™M2 3 3
A Count start AClear | AClear 1 AClear
CR20 a1 X La2 X } a3 :
CR21 bl } X L b2 X 3 b3 }
INTTM20 _| ! —| | —|
Comparator X 1b1 X b2 X b3
TO2
Tb1+1. T b2+l :
| a2+1 | a3+1 |

Caution If CR20 = CR21 is set, TO2 outputs inactive level (ALV2).
If CR20 < CR21 is set, TO2 outputs active level (ALV2).

Remark CR20 > CR21, Active level: “0”
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10.4.5 Compare operation of TM2
When 16-bit timer register 2 (TM2) matches 16-bit compare register 20 (CR20) or 16-bit compare register 21
(CR21), an interrupt request signal (INTTM20 or INTTM21) is generated at the next count clock.

Figure 10-11. Compare Operation Timing of TM2 (CR20, CR21  # 0000H)

n N N n

T™2 1000HX 1001H X 1002H X 1003H X 1004H X 1005H X 1006H

CR20 1004H
INTTM20 |_|
CR21 1002H

INTTM21 |_|

Caution The operating mode of TM2 shown in Figure 10-11 is a mode other than the clear and start mode
when TM2 and CR20 match.
In the case of the clear and start mode when TM2 and CR20 match, TM2 is cleared at the next
count clock after TM2 and CR20 match. (See Figure 10-8. Clear and Start Mode Operation Timing
When TM2 and CR20 Match (CR20 # 0000H).) Even if CR21 and TM2 match, TM2 is not cleared.

Figure 10-12. Compare Operation Timing of TM2 (CR20, CR21 = 0000H)

S I o I N N w I
T™M2 0000H X 0001H X 0002H X 0003H X 0004H X 0005H x0006H

A

Count start

CR20 0000H
INTTM20 [ ]

CR21 0000H
INTTM21 [ ]

Caution The operating mode of TM2 shown in Figure 10-12 is a mode other than the clear and start mode
when TM2 and CR20 match.
In the case of the clear and start mode when TM2 and CR20 match, TM2 remains 0000H. (See
Figure 10-9. Clear and Start Mode Operation Timing When TM2 and CR20 Match (CR20 = 0000H).)
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x 10.5 Cautions
(1) Error at timer start
After the timer starts, the time until a uniform signal is generated has a maximum error of 1 clock. Thisis because

the start of 16-bit register 2 (TM2) is asynchronous with respect to the count pulse.

Figure 10-13. Start Timing of 16-Bit Timer Register 2

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

TM2 count value 00H X o X o2 X 034 X 04H

Timer starts

(2) Operation after changes in the compare register during timer count operation
If the value of 16-bit compare register 20 (CR20) after changing is less than the value of 16-bit timer register
2 (TM2), TM2 continues counting, and when an overflow occurs, it starts over from 0. Therefore, if the value
of CR20 after changing (M) is less than the value before changing (N), the timer must be restarted after CR20
changes.

Figure 10-14. Timing After the Compare Register Changes During Timer Counting

Count pulse _/_\ / \ / \_”_/ \ / \ / \_/_\_
CR20 N X /\/\ M

\\

TM2 count value :X 1 X x X /\KX FFFFH X 0000H X 0001H X 0002H
\

Remark N>X>M
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11.1 Functions

16-bit timer/counter 3 (TM3) has the following function.

* Interval timer
An interrupt request is generated at an arbitrary time interval that was set in advance.

11.2 Configuration
16-bit timer/counter 3 (TM3) is comprised of the following hardware.

Table 11-1. Configuration of 16-Bit Timer/Counter 3 (TM3)

Item Configuration

Timer register 16-bit x 1 (TM3)

Register Compare register: 16-bit x 2 (CR30, CR31)

Control register 16-bit timer mode control register 3 (TMC3)
Prescaler mode register 3 (PRM3)

Figure 11-1. Block Diagram of 16-Bit Timer/Counter 3 (TM3)

16-bit compare

register 30 (CR30) INTTM30
[ | 16
fok — Clear
8 16-bit timer register 3 (TM3) [~—
foxk/d — ©
(]
]
fok/16 — 16
16-bit compar
6-bit compare INTTM31

register 31 (CR31)
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16-bit timer register 3 (TM3)

TM3 is a 16-bit free running or interval timer which counts the count pulse. The count is incremented in
synchronization with the rise of the input clock.

In the following cases the count value becomes 0000H.

<1> RESET input
<2> When bits 2 and 3 (TMC32, TMC33) of 16-bit timer mode control register 3 (TMC3) are cleared.
<3> When TM3 and CR30 match in the clear and start mode at the match of 16-bit compare register 30 (CR30).

16-bit compare register 30 (CR30)

This register constantly compares the value set for CR30 with the count value of 16-bit timer register 3 (TM3),
and if they match, it generates an interrupt request (INTTM30). If TM3 is set as an interval timer, it can also be
used as a register for holding the interval time.

CR30 is set by a 16-bit memory manipulation instruction.

RESET input makes CR30 undefined.

16-bit compare register 31 (CR31)

This register constantly compares the value set for CR31 with the count value of TM3, and if they match, it
generates an interrupt request (INTTM31). If TM3 is set as an interval timer, it can also be used as a register
for holding the interval time.

CR31 is set by a 16-bit memory manipulation instruction.

RESET input makes CR31 undefined.

186



CHAPTER 11 16-BIT TIMER/COUNTER 3

11.3 Control Registers
There are two kinds of registers for controlling 16-bit timer/counter 3 (TM3).

« 16-bit timer mode control register 3 (TMC3)
» Prescaler mode register 3 (PRM3)

(1) 16-bit timer mode control register 3 (TMC3)
TMCS3 is a register for detecting the setting and overflow of the clear mode of 16-bit timer register 3 (TM3).
TMC3 is set by a 1-bit or 8-bit memory manipulation instruction.
RESET input sets TMC3 to O0H.

Caution TM3 starts operating when bits 2 and 3 (TMC32, TMC33) of TMC3 are set to values other than
“0” and “0” (operation stop mode), respectively. To stop operation, set TMC32 and TMC33
to “0” and “0”, respectively.

Figure 11-2. Format of 16-Bit Timer Mode Control Register 3 (TMC3)

Address: OFF6DH After Reset: 00H R/W

Symbol 7 6 5 4 3 2 1 ©
TMC3 0 0 0 0 TMC33 TMC32 0 | OVF3 |
TMC33 TMC32 Operating Mode and Clear Generation of Interrupt
Mode Selection
0 0 Operation stop Does not generate.
(TM3 is cleared to 0).
0 1 Free running mode. Generated on coincidence
1 0 Setting prohibited. between TM3 and CR30.
1 1 Clear and start on coincidence
between TM3 and CR30.
OVF3 Detection of Overflow of TM3
0 Does not overflow
1 Overflow

Caution TMC3 should be set after TM3 timer operation has stopped.
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(2) Prescaler mode register 3 (PRM3)
Prescaler mode register 3 (PRM3) is a register for specifying the count clock of 16-bit timer register 3 (TM3).
PRM3 is set by a 1-bit or 8-bit memory manipulation instructions.
RESET input sets PRM3 to 00H.

Figure 11-3. Format of Prescaler Mode Register 3 (PRM3)

Address: OFF87H After Reset: 00H R/W

Symbol 7 6 5 4 3 2 1 0
PRM3 0 0 0 0 0 0 PRM31 PRM30
PRM31 PRM30 Count Clock Selection
0 0 fewk (8 MHz)
0 1 fe/4 (2 MHZ)
1 0 fewk/16 (500 kHz)
1 1 Setting prohibited.

Caution PRMS3 should be set after TM3 timer operation has stopped.

Remark Values inside parentheses () are for fc.k = 8 MHz.
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11.4 Operation

11.4.1 Basic operation of TM3

16-bit timer/counter 3 (TM3) is a 16-bit free running or interval timer that counts the count pulse. Its count is
incremented in synchronization with the rise of the input clock.

All of the bits of TM3 are cleared (0) by RESET input, and the count operation stops.

Enabling or disabling the count operation is controlled by bits 2 and 3 (TMC32, TMC33) of 16-bit timer mode control
register 3 (TMC3). If TMC32 and TMC33 are set to an operation mode other than “0” and “0”, the count operation
starts, and when they are reset (TMC32 and TMC33 are set to “0” and “0"), TM3 is cleared and the count operation
stops.

The count value becomes 0000H.

TM3 changes from 0000H to 0001H at the first count clock input after the count-start setting. TM3 continues
operating as is even if the same operating mode is set during operation, and the timer is not cleared.

Count does not stop even during the TM3 read period.

Figure 11-4. Basic Operation Timing of TM3

comense [T, 11 LT
FCOOH
TM3 0000H XOOOlHXOOOZHXOOOSHx XFBFFHX:X 0000H

A A

Count start Count stop

Figure 11-5. Timing for Rewriting to TMC32 and TMC33 (Free Running Mode)

comeenc [ 1ML ML T[T 1T

T™M3 0000H X 0001H X 0002H X 0003H X 0004H X 0005H X 0006H X 0007H X 0008H
TMC32, TMC33  00B X 01B v 01B
A A
Count start Rewrite
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11.4.2 Free running operation of TM3

If bits 2 and 3 (TMC32, TMC33) of 16-bit timer mode control register 3 (TMC3) are set to “1” and “0”, respectively,
TM3 performs free running operation. If TM3 has a full count by FFFFH, bit 0 of TMC3 (OVF3) is set to “1” at the
next count clock, and TM3is cleared. Counting continues after that, and itis possible to clear OVF3 with an instruction.

Figure 11-6. Free Running Mode Operation Timing of TM3

L]

camens [ 1 [ 1 L 1 T1

T™3 0000H X 0001H X 0002H x x FFFEH X FFFFH

X 0000H X 0001H

OVF3 flag

)

N
{ (

A

Overflow
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11.4.3 Clear and start operation when TM3 and CR30 match

If bits 2 and 3 (TMC32, TMC33) of 16-bit timer mode control register 3 (TMC3) are setto “1” and “1”, respectively,
TM3is setto the clear and start mode when 16-bit compare register 30 (CR30) matches. When TM3 and CR30 match,
an interrupt request signal (INTTM30) is generated at the next count clock, and TM3 is cleared (0000H). Counting
continues after that.

Figure 11-7. Clear and Start Mode Operation Timing When TM3 and CR30 Match (CR30 # 0000H)

S n I I N e

T™M3 lOOOHX 1001H X 1002H X 1003H X 0000H X 0001H X 0002H

CR30 1003H

INTTM30 |_|

Figure 11-8. Clear and Start Mode Operation Timing When TM3 and CR30 Match (CR30 = 0000H)

e [1 1 T 1 11 T

T™3 0000H

A

Count start

CR30 0000H

N n n n n

Remark Interval period = (CR30 + 1) x TM3 count-clock rate
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11.4.4 Compare operation of TM3
When 16-bit timer register 3 (TM3) matches 16-bit compare register 30 (CR30) or 16-bit compare register 31
(CR31), an interrupt request signal (INTTM30 or INTTM31) is generated at the next count clock.

Figure 11-9. Compare Operation Timing of TM3 (CR30, CR31  # 0000H)

n N N n

T™M3 1000HX 1001H X 1002H X 1003H X 1004H X 1005H X 1006H

CR30 1004H
INTTM30 |_|
CR31 1002H

INTTM31 |_|

Caution The operating mode of TM3 shown in Figure 11-9 is a mode other than the clear and start mode
when TM3 and CR30 match.
In the case of the clear and start mode when TM3 and CR30 match, TM3 is cleared at the next
count clock after TM3 and CR30 match. (See Figure 11-7. Clear and Start Mode Operation Timing
When TM3 and CR30 Match (CR30 # 0000H).)

Figure 11-10. Compare Operation Timing of TM3 (CR30, CR31 = 0000H)

S I o I N N w I
T™3 0000H X 0001H X 0002H X 0003H X 0004H X 0005H x0006H

A

Count start

CR30 0000H
INTTM30 [ ]

CR31 0000H
INTTM31 [ ]

Caution The operating mode of TM3 shown in Figure 11-10 is a mode other than the clear and start mode
when TM3 and CR30 match.
In the case of the clear and start mode when TM3 and CR30 match, TM3 remains 0000H. (See
Figure 11-8. Clear and Start Mode Operation Timing When TM3 and CR30 Match (CR30 = 0000H).)
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11.5 Cautions

(1) Error at timer start
After the timer starts, the time until a uniform signal is generated may have a maximum error of 1 clock. This
is due to the fact that the start of 16-bit timer register 3 (TM3) is asynchronous with respect to the count pulse.

Figure 11-11. Start Timing of 16-Bit Timer Register 3

TM3 count value 0000H X 00001H X ©0002H X 0003H X 0004H

|

Timer starts

(2) Operation after changes in the compare register during timer count operation
If the value of 16-bit compare register 30 (CR30) after changing is less than the value of 16-bit timer register
3 (TM3), TM3 continues counting, and when an overflow occurs, it starts over from 0. Therefore, if the value
of CR30 after changing (M) is less than the value before changing (N), the timer must be restarted after CR30
changes.

Figure 11-12. Timing After the Compare Register Changes During Timer Counting

Count pulse j \ / \ / \_”_/ \_/_\_/_\_/_\_
CR30 N X /\/\ M

\\

TM3 count value :X 1 X x X /\KX FFFFH X 0000H X 0001H X 0002H
\

Remark N>X>M
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12.1 Function

16-bit timer/counter 4 (TM4) has the following function:

* Interval timer
An interrupt request is generated at a time interval set in advance.

12.2 Configuration
The 16-bit timer/counter 4 (TM4) has the hardware configuration shown below.

Table 12-1. Configuration of 16-Bit Timer/Counter 4 (TM4)

Item Configuration

Timer register 16 bits x 1 (TM4)

Register Capture/compare register: 16 bits x 3 (CR40, CR41, CR42)

Control register 16-bit timer mode control register 4 (TMC4)
Capture/compare control register 4 (CRC4)
Prescaler mode register 4 (PRM4)
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Figure 12-1. Block Diagram of 16-Bit Timer/Counter 4 (TM4)

= INTP3TRG

INTP3
- 4-point sampling Edge Capture|  16-bit capture/compare | Match
INTP3 noise eliminator detector 5 register 40 (CR40) INTTM40
3]
Q
()
] 3
] 16
fex/8
S
feik/16 § 16-bit timer register 4 (TM4) [=—{Clear control
)
Reverse-
fewk/32 edge
| detector 16
INTP2 0| 4-Point sampling| _| Edge Capture _
noise eliminator detector 16-bit capture/compare
register 41 (CR41) =
% —= INTTM41/INTP2
n
16
4-point sampling Edge Capture 16-bit capture/compare | Match
INTP4© noise eliminator detector register 42 (CR42) INTTM42
INTP4
fok —
fo/2 —

Selector
\

fokl/d —

fok/8 —
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(1) 16-bit timer register 4 (TM4)
The TM4 is a 16-bit free running or interval timer that counts count pulses. The counter is incremented in
synchronization with the rising edge of the input clock pulse. The count value becomes 0000H during the
following.

<1> RESET input

Clears the 16-bit timer mode control register 4 (TMC4)’s bits 2 and 3 (TMC42 and TMC43).

When the INTP2 valid edge inputs during clear and start mode by INTP2 valid edge input

TM4 and CRA40 are the same in the clear and start mode when the 16-bit capture/compare register 40
(CR40) is the same.

<2>
<3>
<4>

(2) 16-bit capture/compare register 40 (CR40)
CR40 is a 16-bit register that has the same functions as a capture register and compare register.
Bit 0 (CRC4) of the capture/compare control register 4 (CRC4) sets the register as to whether it will be used as
a capture register or a compare register.

* When CR40 is used as a compare register
It always compares the count value of the 16-bit timer register (TM4) with the values programmed in CR40
and generates an interrupt request when they are the same. When TM4 is programmed to operate as an
interval timer, it can also be used as a register that saves interval time.

« When CR40 is used as a capture register
Allows the selection of the valid edge of the signal at pins INTP2 or INTP3 to be used as a capture trigger.
The valid edge of INTP2 and INTP3 is set by the prescaler mode register 4 (PRM4)’s bits 4 and 5 (ES20 and
ES21) and bits 6 and 7 (ES30 and ES31).
Table 12-2 shows the situation when the valid edge of the signal on pin INTP2 is specified as the capture trigger,
and Table 12-3 shows the situation when the valid edge of the signal on pin INTP3 is specified as the capture

trigger.
Table 12-2. Valid Edge of Pin INTP2 and CR40 Capture Trigger
ES21 ES20 Valid Edge of Pin INTP2 Capture Trigger of CR40 Capture Trigger of CR41
0 0 Falling edge Rising edge Falling edge
0 1 Rising edge Falling edge Rising edge
1 0 Setting prohibited Setting prohibited Setting prohibited
1 1 Both rising and falling edge Capture does not operate Both rising and falling edge
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Table 12-3. Valid Edge of Pin INTP3 and CR40 Capture Trigger

ES31 ES30 Valid Edge of Pin INTP3 Capture Trigger of CR40
0 0 Falling edge Falling edge
0 1 Rising edge Rising edge
1 0 Setting prohibited Setting prohibited
1 1 Both rising and falling edges Both rising and falling edges

CRA40 is set by a 16-bit memory manipulation instruction.
RESET input makes CR40 undefined.

Caution When switching the CR40 from the capture mode to the compare mode, the value for CR40
becomes one that will be ultimately captured. When switching from the compare mode to
the capture mode, the value of CR40 becomes the value assigned to the compare register.

(3) 16-bit capture/compare register 41 (CR41)
CRA41 is a 16-bit register with combined capture-register and compare-register functions.
Depending on the value of bit 2 (CRC42) of the capture/compare control register 4 (CRC4) sets whether the
register is used as a capture register or compare register.

« When CRA41 is used as a compare register.
It always compares the count value of the 16-bit timer register (TM4) with the value programmed in CR41,
and if they are the same, it generates an interrupt request (INTTM41). When TM4 is set to interval timer
operation it can also be used as the register for saving the interval time.

« When CRA41 is used as a capture register.
The valid edge of the signal at pin INTP2 can be selected as a capture trigger. The valid edge of INTP2 is
programmed by bits 4 and 5 (ES20 and ES21) of the prescaler mode register 4 (PRM4).
If the valid edge of pin INTP2 is specified as the capture trigger, setting is as shown Table 12-4.

Table 12-4. Valid Edge of Pin INTP2 and CR41 Capture Trigger

ES21 ES20 Valid Edge of INTP2 Pin Capture Trigger of CR41
0 0 Falling edge Falling edge
0 1 Rising edge Rising edge
1 0 Setting prohibited Setting prohibited
1 1 Both rising and falling edges Both rising and falling edges

CRA41 is set by a 16-bit memory manipulation instruction.
RESET input makes CR41 undefined.

Caution When switching CR41 from the capture mode to the compare mode, the value of CR41

becomes the last captured value. Also, when switching from the compare mode to the
capture mode, the value of CR41 becomes the last value that was set in the compare register.
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(4) 16-bit capture/compare register 42 (CR42)
CR42 is a 16-bit register with combined capture-register and compare-register functions.
Depending on the value of bit 2 (CRC42) of the capture/compare control register 4 (CRC4) sets whether the
register is used as a capture register or compare register.

* Using CR42 as a compare register
Constantly compares the value set on CR42 and the count value of 16-bit timer register 4 (TM4) and if they
match, generates an interrupt request (INTTM42). When TM4 is set for interval-timer operation, it can also
be used as a register for containing the interval time.

* Using CR42 as a capture register
The valid edge of pin INTP4 can be selected as a capture trigger, and is set by bits 2 and 3 (ES40, ES41)
of prescaler mode register 4 (PRM4).
If the valid edge of pin INTP4 is specified as the capture trigger, setting is as shown in Table 12-5.

Table 12-5. Valid Edge of Pin INTP4 and CR42 Capture Trigger

ES41 ES40 Valid Edge of INTP4 Pin Capture Trigger of CR42
0 0 Falling edge Falling edge
0 1 Rising edge Rising edge
1 0 Setting prohibited Setting prohibited
1 1 Both rising and falling edges Both rising and falling edges

CRA42 is set by a 16-bit memory manipulation instruction.
RESET input makes CR42 undefined.

Caution When switching CR42 from the capture mode to the compare mode, the value of CR42
becomes the last captured value. Also, when switching from the compare mode to the
capture mode, the value of CR42 becomes the last value that was set in the compare register.
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12.3 Control Register
The following three types of registers control the 16-bit timer/counter 4 (TM4).

« 16-bit timer mode control register 4 (TMC4)
» Capture/compare control register 4 (CRC4)
» Prescaler mode register 4 (PRM4)

(1) 16-bit timer mode control register 4 (TMC4)
The TMC4 is the register that detects overflow and assigns the clear mode for the 16-bit timer register 4 (TM4).
TMC4 is set by a 1-bit or 8-bit memory manipulation instruction.
RESET input sets TMC4 to 000H.

Caution TM4 starts operating when a value other than “0”, “0” (operation stop mode) is setin TMC4's
bits 2 and 3 (TMC42 and TMC43). To stop the operation, set “0”, “0” in TMC42 and TMC43.

Figure 12-2. Format of 16-Bit Timer Mode Control Register 4 (TMC4)

Address: OFF6EH After Reset: 0O0H R/W

Symbol 7 6 5 4 3 2 1 ©
TMC4 0 0 0 0 TMC43 TMC42 0 | OVF4 |
TMC43 TMC42 |[Selection of Operating Mode Generation of Interrupt

and Clear Mode

0 0 Operation stop Does not generate.
(TM4 is cleared to 0).

0 1 Free running mode Generates on coincidence

1 0 Clears and starts at valid between TM4 and CRA40.
edge of INTP2.

1 1 Clears and starts on
coincidence between TM4
and CR40.

OVFO Detection of Overflow of TM4
0 Does not overflow.
1 Overflows.

Caution Always assign TM4 after stopping TM4’s timer operations.
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(2) Capture/compare control register 4 (CRC4)
This is the register that controls the operations of the 16-bit capture/compare registers 40, 41 and 42 (CR40,

CR41 and CR42).

CRC4 is set by a 1-bit or 8-bit memory manipulation instructions.

RESET input sets CRC4 to 00H.

Figure 12-3. Format of Capture/Compare Control Register 4 (CRC4)

Address: OFF7DH After Reset: 00H R/W

Symbol 7 6 5 4 3 2 1
CRC4 SMPC41 SMPC40 0 0 CRC43 CRC42 CRC41
SMPC41 SMPC40 Selection of Sampling Clock
0 0 fok
0 1 fok/2
1 0 fok/4
1 1 fck/8
CRC43 Selection of Operation Mode of CR42
0 Operates as compare register.
1 Operates as capture register.
CRC42 Selection of Operation Mode of CR41
0 Operates as compare register.
1 Operates as capture register.
CRC41 Selection of Capture Trigger of CR40
0 Captured at valid edge of INTP3.
1 Captured in reverse phase of valid edge of INTP2.
CRC40 Selection of Operation Mode of CR40
0 Operates as compare register.
1 Operates as capture register.

Cautions 1. Always set CRC4 after stopping timer operations

2. Donotspecify CR40 to the capture register when selecting the clear and start mode when

TM4 and CR40 match in 16-bit timer mode control register 4 (TMC4).
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(3) Prescaler mode register 4 (PRM4)
The prescaler mode register 4 (PRMA4) is a register that specifies 16-bit timer register 4’s (TM4) count clock and
INTP2's, INTP3's and INTP4’s valid input edge.
PRM4 is set by a 1-bit or 8-bit memory manipulation instruction.
RESET input sets PRM4 to 00H.

Figure 12-4. Format of Prescaler Mode Register 4 (PRM4)

Address: OFF88H  After Reset : O0H R/W

Symbol 7 6 5 4 3 2 1 0
PRM4 ES31 ES30 ES21 ES20 ES41 ES40 PRM41 PRM40
ES31 ES30 Selection of Valid Edge of INTP3
0 0 Falling edge
0 1 Rising edge
1 0 Setting prohibited.
1 1 Both falling and rising edges

ES21 ES20 Selection of Valid Edge of INTP2
0 0 Falling edge
0 1 Rising edge
1 0 Setting prohibited.
1 1 Both falling and rising edges

ES41 ES40 Selection of Valid Edge of INTP4
0 0 Falling edge
0 1 Rising edge
1 0 Setting prohibited.
1 1 Both falling and rising edges

PRM41 PRM40 Selection of Count Clock
0 0 fewk/8 (1 MHz)
0 1 fcx/16 (500 MHz)
1 0 fewk/32 (250 kHz)
1 1 Setting prohibited.

Cautions 1. Do not set the valid edge of INTP2, INTP3 and INTP4 in the capture trigger and clear and
start mode when assigning the valid edge of INTP2, INTP3, and INTP4 to the count cock.
2. Always set PRM4 after stopping timer operations.

Remark Figures in parentheses apply to operation with fcik = 8 MHz
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12.4 Operation

12.4.1 Basic operation of TM4

The 16-bit timer counter 4 (TM4) is a 16-bit free running timer or interval timer for counting the pulse count. The
counter is incremented through synchronization with the fall in the input clock pulse.

Inputting the RESET signal clears all TM4 bits (0) and stops the count operation.

The enabling and prohibiting of the count operation, is controlled by the 16-bit timer mode control register 4
(TMC4)’s bits 2 and 3 (TMC42 and TMC43). TMC42 and TMC43 start the count operations when they are set to an
operation mode other than “0”, “0” resetting TMC42 and TMC43 to “0”, “0” clears TM4.

Resetting makes the count value 0000H.

After the count start is set, the first count click input makes TM4 0000H to 0001H.

TM4 does not clear the timer, it continues the count operations even if the same operation mode is set again.

The count does not stop during the TM4 read duration.

Figure 12-5. Basic Operation Timing of TM4

comere [T 1M, L1 11N
FCOOH
T™M4 0000H XOOOlHXOOOZHXOOOZSHx XFBFFHX:X 0000H

A A

Count start Count stop

Figure 12-6. TMC42 and TMC43 Rewrite Operation Timing (Free Running Mode)

comene_[1_ [T LTI

T™M4 0000H X 0001H X 0002H X 0003H X 0004H X 0005H X 0006H X 0007H X 0008H
TMC42, TMC43 00B X 01B 01B
A A
Count start Rewrite
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12.4.2 Free running operation of TM4

Setting the 16-bit timer mode control register 4 (TMC4)’s bits 2 and 3 (TMC42 and TMC43) to “1” and “0”,
respectively, allows TM4 in free running operation. When the TM4 has made a full count to FFFFH, the next count
clock pulse sets TMC4's bit 0 (OVF4) to 1 and clears TM4 (00000H). The count then continues. OVF4 is cleared
by command.

Figure 12-7. Free Running Operation Timing of TM4

comeee [T LM
T™M4 0000H X 0001H X 0002H x x FFFEH X FFFFH X 0000H X 0001H

OVF4 flag

)
{

A

Overflow

12.4.3 Clear and start operation of TM4 at valid edge of INTP2

Setting the 16-bit timer mode control register 4 (TMC4)’s bits 2 and 3 (TMC42 and TMC43) to “1” and “0”,
respectively, allows the input of INTP2’s valid edge to place TM4 in clear-and-start mode. Entering INTP2 valid edge
(interrupt request signal: generates INTP2) clears TM4 0000H and the next count clock pulse resets it to 0001H. The
count then continues.

Figure 12-8. Clear and Start Mode Operation Timing of TM4 at Input of the Valid Edge of INTP2

n N N n

0000H
T™4 1000HX 1001H X 1002H X1003HX:X 0001H X 0002H X 0003H
Pin INTP2
A

Valid edge detected/INTP2 generated
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12.4.4 Clear and start operation when TM4 and CR40 Match

Setting the 16-bit timer mode control register 4 (TMC4)’s bits 2 and 3 (TMC42 and TMCA43) to 1 and 1, respectively,
allows a comparison of TM4 and the 16-bit capture/compare register 40 (CR40) that is the same to place TM4 in clear-
and-start mode. If TM4 and CR40 are the same, the next count clock pulse generates an interrupt request signal
(INTTM40) to clear TM4 (0000H). The count then continues.

Figure 12-9. Clear and Start Mode Operation Timing When TM4 and CR40 Match
(CR40 # 0000H)

n N N n

T™M4 1000HX 1001H X 1002H X 1003H X 0000H X 0001H X 0002H

CR40 1003H

INTTM40 |_|

Figure 12-10. Clear and Start Mode Operation Timing When TM4 and CR40 Match
(CR40 = 0000H)

e [1 1 T 1 T T T1

T™4 0000H

A

Count start

CR40 0000H

INTTM40 |

Caution Always set CR40 to compare mode.

Remark Interval period = (CR40 + 1) x TM4 count-clock rate
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12.4.5 Capture operation of TM4

Setting capture/compare control register 4 (CRC4)’s bits 0, 2 and 3 (CRC40, CRC42 and CRC43) to “1” allows
the 16-bit capture/compare registers 40, 41 and 42 (CR40, CR41 and CR42) in capture mode. Inputting the capture
trigger captures TM4's values in CR40, CR41 and CR42.

Figure 12-11. Capture Operation Timing (Free Running Mode)

SR i B N I I

™4 1000HX 1001H X 1002H X 1003H X 1004H X 1005H X 1006H

Pin INTP2
Capture trigger | |
A
INTP2 generation;
Y
CR41 X 1003H

Figure 12-12. Capture Operation Timing (Clear and Start Mode at INTP2 Valid Edge Input)

mT 1 1 non

0000H
T™4 1000HX 1001H X 1002H X1003HX:X 0001H X 0002H X 0003H
Pin INTP2
Capture trigger | |
A
INTP2 generation;
1
CR41 X 1003H
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12.4.6 Pulse width measurement operation

(1) Pulse width measurement (both rising and falling edges)

The 16-bit timer register 4 (TM4) can be used to measure the pulse width of signals input to pins INTP2/P03 ,
INTP3/P04 and INTP4/P05. The width from edge to edge is measured.

<1> Setting the 16-bit capture/compare registers 40, 41 and 42 (CR40, CR41 and CR42) enables the capture
mode (sets the capture/compare control register 4 (CRC4)’s bits 0, 2 and 3 (CRC40, CRC41 and CRC42)
to Hl")
<2> Sets CR40's capture trigger to INTP3 (sets CRC4's hit 1 (CRC41) to “0”).
<3> SetsINTP2, INTP3, INTP4's valid edges for both edges (sets the prescaler mode register 4 (PRM4)’s bits
2 to 7 (ES40, ES41, ES20, ES21, ES30 and RS31) to “1").
<4> Enables the free running mode (sets the 16-bit timer mode control register 4 (TMC4)’s bits 2 and 3 to “1”
and “0”, respectively (sets TMC42 to “1" and TMC43 to “0")).
Figure 12-13. Pulse Width Measurement Timing (When Both Edges Are Specified)
FFFFH FFFFH
™4 , % ; L :
Pin INTP2 b 5 E A b
INTP2 Ak : | r | EEF Lo
CR41 : DO ! : D3, | | D6 |
‘ o ‘ o Lo
Pin INTP3 | | L b
INTP3 § r ! § r i § r !
CRA40 : . D1 : | D4 : ' D7
i 0 i 0 |
Pin INTP4 1 i |
INTP4 | | ]
CR42 | D2 : D5 : D8
| O i 0 i
OVF4
A

Cleared by instruction
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[Measurement Method]
* INTP2 interrupt processing reads the CR41 and OVF4 (TMC4’s bit 0) flags.
<1> is (D3 - DO0) x count-clock rate.
<2> is (10000H — D3 + D6) x count-clock rate.
* INTP3 interrupt processing reads CR40 and OVF4.
<3> is (10000H — D1 + D4) x count-clock rate.
<4> is (D7 — D4) x count-clock rate.
e INTP4 interrupt processing reads CR42 and OVF4.
<5> is (10000H — D2 + D5) x count-clock rate
<6> is (D8 — D5) x count-clock rate

Remark Dn: TM4 count value (n =0, 1, 2, ...)
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(2) Pulse width measurement (rising edge)
Can use the 16-bit timer register 4 (TM4) to measure the width of pulse input to pin INTP2/P03. Width is measured
from edge to edge.

<1> Places the 16-bit capture/compare registers 40 and 41 in capture mode (sets capture/compare control
register 4 (CRC4)’s bits 0 and 2 (CRC40 and CRC42) to “1").

<2> Sets the CR40’s capture trigger to INTP2’s reverse edge (sets CRC4’s bit 1 (CRC41) to “1").

<3> Enables the free running mode (sets the 16-bit timer mode control register 4 (TMC4)’s bits 2 and 3 (TMC42
and TMC43) to “1” and “0” respectively.)

Figure 12-14. Pulse Width Measurement Timing (When Rising Edge Is Specified)

FFFFH FFFFH

T™M4

Pin INTP2

INTP2

CR41

CR40

OVF4

Cleared by instruction

[Measurement Method]
e The INTP2 interrupt process reads the CR41 and OVF4 (TMC4'’s bit 0) flags.
<1> is (10000H — DO + D2) x count-clock rate.

Caution CR40 is captured on the reverse edge signal INTP2 but the interrupt request signal (INTP2)
does not generate at that time. INTP2 (interrupt request signal) is generated only when the

measured valid edge is detected.

Remark Dn: TM4 count value (n=0, 1, 2, ...)
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(3) Pulse width measurement (falling edge)

The 16-bit timer register 4 (TM4) can be used to measure the pulse width of signal INTP2/P03 input. High width
and low width are measured separately.

<1> Places the 16-bit capture/compare registers 40 and 41 (CR40 and CR41) in capture mode (sets capture/

compare control register 4 (CRC4)’s bits 0 and 2 (CRC40 and CRC42) to “1").
<2>

Sets CR40’s capture trigger on the reverse edge of INTP2 (sets CRC4’s hit 1 (CRC41) to “1").
<3>

Uses the input of INTP2’s valid edge to enable the clear and start mode (sets 16-bit timer mode control
register 4 (TMC4)’s bits 2 and 3 (TMC42 and TMC43) to “0” and “1” respectively).

Figure 12-15. Pulse Width Measurement Timing (When Falling Edge Is Specified)

DO
T™M4 :

Pin INTP2 g
INTP2 3
CRA41 '

Y

CR40 X

[Measurement Method]

INTP2 interrupt processing reads CR40 and CR41.
<1> Low width is D2 x count-clock rate.

<2> High width is (D3 — D2) x count-clock rate.
<3> Duration 1 is D3 x count-clock rate.

However, compensation is required if TM4 overflows.

Caution CR40is captured on the reverse edge of signal INTP2 but the interrupt request signal (INTP2)

does not generate at that time. INTP2 (interrupt request signal) is generated only when the
measured valid edge is detected.

Remark Dn: TM4 count value (n=0, 1, 2, ...)
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12.4.7 Compare operation of TM4

By setting the capture/compare control register 4 (CRC4)’s bits 0, 2 and 3 (CRC40, CRC42 and CRC43) to “0”,
the 16-bit capture/compare registers 40, 41 and 42 (CR40, CR41 and CR42) are set to compare mode. When the
16-bit timer register 4 (TM4)'s CR40, CR41 and CR42 are the same, the next count clock generates interrupt request
signals (INTTM40, INTTM41 and INTTM42).

Figure 12-16. Compare Operation Timing of TM4 (CR40, CR41, and CR42  # 0000H)

n N N n

T™4 1000HX 1001H X 1002H X 1003H X 1004H X 1005H X 1006H

CR40 1004H

INTTM40 |_|
CR41 1002H

INTTM41 |_|
CR42 1003H

INTTM42 |_|

Caution The operating mode for TM4 in Figure 12-16 is a mode other than the clear and start mode when
TM4 and CR40 match. In the case of the clear and start mode when TM4 and CR40 match, the
next count clock clears TM4 (see Figure 12-9. Clear and Start Mode Operation Timing When TM4
and CR40 Match (CR40 # 0000H)). TM4 is not cleared when CR41 and CR42 match.

Figure 12-17. Compare Operation Timing of TM4 (CR40, CR41, and CR42 = 0000H)

S o I I L
T™M4 0000H X 0001H X 0002H X 0003H X 0004H X 0005H xOOOSH

A

Count start

CR40 0000H
INTTMA40 [ ]

CR41 0000H
INTTM41 [ ]

CR42 0000H
INTTM42 ]

Caution The operating mode for TM4 in Figure 12-17 is a mode other than the clear and start mode when
TM4 and CR40 match. In the case of the clear and start mode when TM4 and CR40 match, TM4
remains at 0000H (see Figure 12-10. Clear and Start Mode Operation Timing When TM4 and CR40
Match (CR40 = 0000H)).
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12.4.8 Noise elimination circuit

The 16-bit timer/counter 4 (TM4)’s noise elimination circuit (SMPC40 and SMPC41) performs 4-point sampling

in the timing specified by capture/compare control register 4 (CRC4)’s bit's 6 and 7. If in continuous sampling, the
same level continues for four times that level is swept in internally.

Tin @—>

Schmitt
trigger

[Sampling timing]
Tin:

Figure 12-18. INTP2 Block Diagram

4-point sampling,
noise elimination circuit

Valid-edge-
detection
circuit

——»1

Sampling clock

Sampling-timing-
selection circuit

(controlled by CRC4)

—— = Port input signal

—— fcik
~— fcLk/2
~— foLk/4

[+— fcLk/8

Width of INTP2 pin input signal, Tsmp: Sampling timing,

C1, C2: System clock, Tcwk: System-clock rate (= 1/fcik)

<1>
<2>
<3>

Caution Enter a signal of 4

Tin < (3 x Tsmp)
(3 x Tsmp) < Tin < (4 x Tsmp) .... May be removed as noise, or may pass as a valid signal.
Tin = (4 x Tsmp)

.... Removed as noise.

.... Passes as a valid signal.

Interrupt/
capture signal
generator

— INTPO

— Capture trigger

x Tsmp width for assured pass of valid signals.

Figure 12-19. Sampling Timing Diagram

c1 [\ [\ N\ 'mEE M e =
S B VY A VN A VY A U A VY A W A WY A W A W A
Sampling [\ 3 j N j N 1 N M\
TinO | : | x : | ::Remove | : | X 1
TinO-1 X'X Remov:e: ) !
TinO-2 - N : Passes | ! 3
Tind D . Passes - —C
Sampling-circuit -- -- -- -- ‘
output - .. . . XPassed data
| | | 3 x Tsmp | . Teik 3
1 1 4 x Tsmp 1 1 1

Remark There is a distortion of 1 x Tsmp in (3 x Tsmp + 1Tcwk) to (4 x Tsmp + 1Tcik) in the time in which pin
level (Tin) passes through the sampling circuit.
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12.5 Cautions
(1) Error at timer start
After the timer starts, the time until a uniform signal is generated has a maximum error of 1 clock. Thisis because

the start of 16-bit timer register 4 (TM4) is asynchronous with respect to the count pulse.

Figure 12-20. Start Timing of 16-Bit Timer Register 4

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

TM4 count value 0000H X 0001H X 0002H X 0003H X 0004H

Timer starts

(2) Operation after changes in the compare register during timer count operation
If the value of 16-bit capture/compare register 40 (CR40) after changing is less than the value of 16-bit timer
register 4 (TM4), TM4 continues counting, and when an overflow occurs, it starts over from 0. Therefore, if the
value of CR40 after changing (M) is less than the value before changing (N), the timer must be restarted after
CR40 changes.

Figure 12-21. Timing After Changing Compare Register During Timer Count Operation

compuse S\ /NN
CR40 N X /\/\ M

\\

\
TM4 count value :X x-1 X x X /gx FFFFH X 0000H X 0001H X 0002H
\

Remark N>X>M

(3) Valid edge setting
The valid edge of pin INTP2/P03 should be set after setting bits 2 and 3 (TMC42, TMC43) of 16-bit timer mode
control register 4 (TMC4) to “0” and “0”, respectively, and after timer operation stops. The valid edge is set using
bits 4 and 5 (ES20, ES21) of prescaler mode register 4 (PRM4).
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13.1 Function

16-bit timer/counter 5 (TM5) has the following functions:

¢ |Interval timer

An interrupt request is generated at a time interval set in advance.

13.2 Configuration

The 16-bit timer/counter 5 (TM5) has the hardware configuration shown below.

Table 13-1. Configuration of 16-Bit Timer/Counter 5 (TM5)

Item

Configuration

Timer register

16 bits x 1 (TM5)

Register

Capture/compare register : 16-bit x 2 (CR50, CR51)
compare register : 16-bit x 1 (CR52)

Control register

16-bit timer mode control register 5 (TMC5)
Capture/compare control register 5 (CRC5)
Prescaler mode register 5 (PRM5)
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Figure 13-1. Block Diagram of 16-Bit Timer/Counter 5 (TM5)

INTP6
: 4-point sampling Edge Capture| 16-bit capture/compare | Match
INTP6 noise eliminator detector 5 register 5 (CR50) INTTMS50
i3]
Q
5]
n
] 16
fok/8 —
S
fouk/16 ksl 16-bit timer register 5 (TM5) |=—{Clear control
&
Reverse
fok/32 — edge
_— detector 16
-pOi i Capture
INTP5 O 4 pomt ;ar_'npllng Edge p .
noise eliminator detector 16-bit capture/compare
register 51 (CR51) 5
@ [~ INTTM51/INTP5
&
fee —= INTPSTRG 16 |
fok/2 — *8
Q<
fo/d — B
e o 16-bit compare register 52 Match INTTM52
fok/8 — (CR52)
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(1) 16-bit timer register 5 (TM5)
TM5 is a 16-bit free running or interval timer that counts the count pulses.

Itincrements the counter in synchronization with the rise in the input clock. The count value then becomes 0O000H.

<1>
<2>

<3>

<4>

Input of RESET

Clears the 16-bit timer mode control register 5 (TMC5)’s bits 2 and 3 (TMC52 and TMC53).

When the INTPS valid edge is input during the enabling of the clear and start mode by INTP5 valid edge
input.

When TM5 and CR50 match in the clear and start mode when 16-bit capture/compare register 50 (CR50)
match.

(2) 16-bit capture/compare register 50 (CR50)
CR50 is the 16-bit register that has the functions of both the capture and compare registers.
The capture/compare control register 5 (CRC5)’s bit 0 (CRC50) is set for the register to be used as either a capture

register or a compare register.

*« When CR50 is used as a compare register

The value set in CR50 is always being compared with the count in 16-bit timer register 5 (TM5) and when
they are the same an interrupt request (INTTM50) is generated. When the TM5 is set to operate as an interval
timer, it can also be used as a register for saving interval time.

« When CR50 is used as a capture register
The valid edge of the signals on pin INTP5 or INTP6 can be selected as the capture trigger. The valid edges
of signals INTP5 are set by the prescaler mode register 5 (PRM5)’s bit 4 and 5 (ES50 and ES51) and the valid
edges for INTP6 are set by bits 6 and 7 (ES60 and ES61).
Table 13-2 shows the situation when the valid edge of the signal on pin INTP5 is specified as the capture trigger,

and Table 13-3 shows the situation when the valid edge of the signal on pin INTP6 is specified as the capture

trigger.
Table 13-2. Valid Edge of Pin INTP5 and CR50 Capture Trigger
ES51 ES50 Valid Edge of Pin INTP5 Capture Trigger of CR50 Capture Trigger of CR51
0 0 Falling edge Rising edge Falling edge
0 1 Rising edge Falling edge Rising edge
1 0 Setting prohibited Setting prohibited Setting prohibited
1 1 Both rising and falling edge Capture does not operate Both rising and falling edge
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Table 13-3. Valid Edge of Pin INTP6 and CR50 Capture Trigger

ES61 ES60 Valid Edge of Pin INTP6 Capture Trigger of CR50
0 0 Falling edge Falling edge
0 1 Rising edge Rising edge
1 0 Setting prohibited Setting prohibited
1 1 Both rising and falling edges Both rising and falling edges

CR50 is set by al6-bit memory manipulation instruction.
RESET input makes CR50 undefined.

Caution When a switch is made from capture to compare mode, CR50’s value is the last value
captured. When a switch is made from the compare mode to the capture mode, CR50’s value
is the last value set in the compare register.

(3) 16-bit capture/compare register 51 (CR51)
CR51 is a 16-bit register with the functions of both capture and compare register.
The capture/compare control register 5 (CRC5)’s bit 2 (CRC52) sets the register for use as either a capture or
compare register.

« When CR51 is used as a compare register.
The count value of the 16-bit timer register (TM5) is always being compared with the values programmed in
CR50 and an interrupt request (INTTM51) generated when they are the same. When TM5 is set to operate
as an interval timer, it can also be used as a register that saves interval time.

« When CR51 is used as a capture register.
Allows the selection of the valid edge of the signal at pin INTP5 to be used as a capture trigger.
The valid edge of INTP5 is set by the prescaler mode register 5 (PRM5)’s bits 4 and 5 (ES50 and ES51).
Table 13-4 shows the situation when the valid edge of INTP5 is specified as a capture trigger.

Table 13-4. Valid Edge of Pin INTP5 and CR51 Capture Trigger

ES51 ES50 Valid Edge of INTP5 Pin Capture Trigger of CR51
0 0 Falling edge Falling edge
0 1 Rising edge Rising edge
1 0 Setting prohibited Setting prohibited
1 1 Both rising and falling edges Both rising and falling edges

CR51 is set by a 16-bit memory manipulation instruction.
RESET input makes CR51 undefined.

Caution When a switch is made from capture to compare mode, CR51’s value is the last value
captured. When a switch is made from the compare mode to the capture mode, CR51's value
is the last value set in the compare register.
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(4) 16-bit compare register 52 (CR52)
The count of the 16-bit timer register (TM5) is always compared with the values set in CR52 and an interrupt
request generated when they match. When TM5 is set to operate as an interval timer, it can also be used as
a register that saves interval time.
CR52 is set by a 16-bit memory manipulation instruction.
RESET input makes CR52 undefined.
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13.3 Control Register
The following three types of registers control the 16-bit timer/counter 5 (TM5).

« 16-bit timer mode control register 5 (TMC5)
» Capture/compare control register 5 (CRC5)
* Prescaler mode register 5 (PRM5)

(1) 16-bit timer mode control register 5 (TMC5)
The TMCS5 is the register that detects overflow and assigns the clear mode for the 16-bit timer register 5 (TM5)
TMCS5 is set by 1-bit or 8-bit memory manipulation instruction.
RESET input resets TMC5 to O0H.

Caution TMb5 starts operating when a value other than “0”, “0” is set in TMC5’s bits 2 and 3 (TMC52
and TMC53). To stop the operation, set “0”, “0” in TMC52 and TMC53.

Figure 13-2. Format of 16-Bit Timer Mode Control Register 5 (TMC5)

Address: OFF6FH After Reset: 00H R/W

Symbol 7 6 5 4 3 2 1 ©
TMC5 0 0 0 0 TMC53 TMC52 0 | OVF5 |
TMC53 TMC52 |Selection of Operating Mode Generation of Interrupt

and Clear Mode

0 0 Operation stop Does not generate.
(TM5 is cleared to 0).

0 1 Free running mode Generates on coincidence

1 0 Clears and starts at valid between TM5 and CRS0.
edge of INTP5.

1 1 Clears and starts on
coincidence between TM5
and CR50.

OVFO Detection of Overflow of TM5
0 Does not overflow.
1 Overflows.

Caution Always assign TM5 after stopping TM5’s timer operations.
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(2) Capture/compare control register 5 (CRC5)
This register controls the operations of the 16-bit capture/compare registers 50, 51 and 52 (CR50, CR51 and
CR52).
CRCS5 is set by 1-bit or 8-bit memory manipulation instructions.
RESET input resets CRC5 to 00H.

Figure 13-3. Format of Capture/Compare Control Register 5 (CRC5)

Address: OFF7EH After Reset: 0O0H R/W
Symbol 7 6 5 4 3 2 1 0

CRC5 SMPC51 SMPC50 0 CRC52 CRC51 CRC50

o
o

SMPC51 SMPC50 Selection of Sampling Clock
0 0 ferk
0 1 fok/2
1 0 fewk/4
1 1 fck/8
CRC52 Selection of Operation Mode of CR51
0 Operates as compare register.
1 Operates as capture register.
CRC51 Selection of Capture Trigger of CR50
0 Captured at valid edge of INTP6.
1 Captured in reverse phase of valid edge of INTP5.
CRC50 Selection of Operation Mode of CR50
0 Operates as compare register.
1 Operates as capture register.

Cautions 1. Always set CRC5 after stopping timer operations
2. Do not specify CR50 to the capture register when selecting the clear and start mode when
TM4 and CR40 match in 16-bit timer mode control register 5 (TMC5).
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(3) Prescaler mode register 5 (PRM5)
The prescaler mode register 5 (PRM5) is a register that specifies 16-bit timer register 5’s (TM5) count clock and
INTP5’s and INTP6’s valid input edge.
PRMS5 is set by a 1-bit or 8-bit memory manipulation instruction.
RESET input resets PRM5 to O0H.

Figure 13-4. Format of Prescaler Mode Register 5 (PRM5)

Address: OFF89H  After Reset : O0H R/W

Symbol 7 6 5 4 3 2 1 0
PRM5 ES61 ES60 ES51 ES50 0 0 PRM51 PRM50
ES61 ES60 Selection of Valid Edge of INTP6
0 0 Falling edge
0 1 Rising edge
1 0 Setting prohibited.
1 1 Both falling and rising edges

ES51 ES50 Selection of Valid Edge of INTP5
0 0 Falling edge
0 1 Rising edge
1 0 Setting prohibited.
1 1 Both falling and rising edges

PRM51 PRM50 Selection of Count Clock
0 0 fewk/8 (1 MHz)
0 1 fex/16 (500 MHz)
1 0 fewk/32 (250 kHz)
1 1 Setting prohibited.

Cautions 1. Do not set the valid edge of INTP5 and INTP6 in the capture trigger and clear-and-start
mode when assigning the valid edge of INTP5 and INTP6 to the count clock
2. Always set PRM5 after stopping timer operations.

Remark Figures in parentheses apply to operation with fcik = 8 MHz
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13.4 Operation

13.4.1 Basic operation of TM5

The 16-bit timer counter 5 (TM5) is a 16-bit free running timer or interval timer for counting pulses. The counter
is incremented through synchronization with the rise in the input clock pulse.

Inputting the RESET signal clears all TM5 bits (to 0) and stops the count operation.

The enabling and prohibiting of the count operation is controlled by 16-bit timer mode control register 5 (TMC5)’s
bits 2 and 3 (TMC52 and TMC53). Setting TMC52 and TMC52 to an operation mode other than “0”, “0” starts the
count operation. Resetting TMC52 and TMC53 to “0”, “0” clears TM5 and stops the count operation.

Resetting makes the count value 0000H.

After the start count is set, the first count clock input makes TM5 0000H to 0001H.

TM5 does not clear the timer, it continues count operations even if the same operation mode is set again.

The count does not stop during TM5 read duration.

Figure 13-5. Basic Operation Timing of TM5

comensc [T 1 L1
FCOOH
TM5 0000H XOOOlHXOOOZHXOOO3Hx XFBFFHX:X 0000H

A A

Count start Count stop

Figure 13-6. TMC52 and TMC53 Rewrite Operation Timing (Free Running Mode)

comeenc [ 1ML ML T[T 1T

T™5 0000H X 0001H X 0002H X 0003H X 0004H X 0005H X 0006H X 0007H X 0008H
TMC52, TMC53  00B X 01B v 01B
A A
Count start Rewrite
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13.4.2 Free running operation of TM5

Setting the 16-bit timer mode control register 5 (TMC5)’s bits 2 and 3 (TMC52 and TMC53) to “1” and “0”,
respectively, allows TM5 to free running operation. When TM5 has made a full count to FFFFH, the next count clock
pulse sets TMC5's bit 0 (OVF5) to 1 and clears TM5 (to 00000H). The countthen continues. OVF5 can also be cleared
by command.

Figure 13-7. Free Running Mode Operation Timing of TM5

comeee [T LM
TM5 0000H X 0001H X 0002H x x FFFEH X FFFFH X 0000H X 0001H

OVFS5 flag

)
{

A

Overflow

13.4.3 Clear and start operation of TM5 at valid edge of INTP5
Setting the 16-bit timer mode control register 5 (TMC5)’s bits 2 and 3 (TMC52 and TMC53) to “1” and “0”,
respectively, allows the input of INTP5’s valid edge to place TM5 in clear-and-start mode. Entering INTP5 valid edge

(interrupt request signal: generates INTP5) clears TM5 (to 0000H) and the next count clock pulse resets it to (0001H).
The count then continues.

Figure 13-8. Clear and Start Mode Operation Timing of TM5 at Input of Valid Edge of INTP5

n N N n

0000H
TM5 1000HX 1001H X 1002H X1003HX:X 0001H X 0002H X 0003H
Pin INTP5
A

Valid edge detected/INTP5 generated
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13.4.4 Clear and start operation when TM5 and CR50 match

Setting the 16-bit timer mode control register 5 (TMC5)’s bits 2 and 3 (TMC52 and TMC53) to “1” and “1”,
respectively, allows TM5 to the clear and start mode 16-bit capture/compare register 50 (CR50) match. If TM5 and
CR50 are the same, the next count clock pulse generates an interrupt request signal (INTTM50) to clear TM5 (to
0000H). The count then continues.

Figure 13-9. Clear and Start Mode Operation Timing When TM5 and CR50 Match (CR50 # 0000H)

S n I I N e

TM5 lOOOHX 1001H X 1002H X 1003H X 0000H X 0001H X 0002H

CR50 1003H

INTTM50 |_|

Figure 13-10. Clear and Start Mode Operation Timing When TM5 and CR50 Match (CR50 = 0000H)

e [1 1 T 1 11 T

TM5 0000H

A

Count start

CR50 0000H

N n n n n

Caution Always set CR50 to compare mode.

Remark Interval period = (CR50 + 1) x TM5 count-clock rate
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13.4.5 Capture operation of TM5

Setting capture/compare control register 5 (CRC5)’s bits 0 and 2 (CRC50 and CRC52) to “1” places the 16-bit
capture/compare registers 50 and 51 (CR50 and CR51) in capture mode. Inputting the capture trigger captures TM5’s
values in CR50 and CR51.

Figure 13-11. Capture Operation Timing (Free Running Mode)

SR i B N I I

TM5 1000HX 1001H X 1002H X 1003H X 1004H X 1005H X 1006H

Pin INTP5
Capture trigger | |
A
INTP5 generation;
Y
CR51 X 1003H

Figure 13-12. Capture Operation Timing (Clear and Start Mode at INTP5 Valid Edge Input)

mT 1 1 non

0000H
T™M5 1000HX 1001H X 1002H X1003HX:X 0001H X 0002H X 0003H
Pin INTP5
Capture trigger | |
A
INTP5 generation;
1
CR51 X 1003H
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13.4.6 Pulse width measurement operation

(1) Pulse width measurement (both rising and falling edge)

The 16-bit timer register 5 (TM5) can be used to measure the pulse width of signals input to pins INTP5/P06 and
INTP6/PO7. The width from edge to edge is measured.

<1>

<2>

<3>

<4>

Pin INTP6

Setting the 16-bit capture/compare registers 50 and 51 (CR50 and CR51) enables the capture mode (sets
the capture/compare control register 5 (CRC5)’s bits 0 and 2 (CRC50 and CRC51) to “1).
Sets CR50's capture trigger to INTP5 (sets CRC5’s bit 1 (CRC51) to “0”).

Sets INTP5’s and INTP6’s valid edges for both edges (sets the prescaler mode register 5 (PRM5)’s bits
4 to 7 (ES50, ES51, ES60 and ES61) to “1").

Enables the free running mode (Sets the 16-bit timer mode control register 5 (TMC5)’s bits 2 and 3 (sets
TMC52 to “1” and TMC53 to “0%)).

Figure 13-13. Pulse Width Measurement Timing (When Both Edges Are Specified)

FFFFH

FFEFH

TM5
Pin INTP5 \

INTP5 i ]

CR51 : Do | D2 | D4

N1

CR50

D1

D3 : D5

OVF5

Cleared by instruction

[Measurement Method]

INTP5 interrupt processing reads the CR50 and OVF5 (TMC5's bit 0) flags.

<1> is (D2 - DO) x count-clock rate.
<2> is (10000H — D2 + D4) x count-clock rate.

INTP6 interrupt processing reads CR50 and OVF5.

<3> is (10000H — D1 + D3) x count-clock rate.
<4> is (D5 - D3) x count-clock rate.

Remark Dn: TM5 count value (n =0, 1, 2, ...)
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(2) Pulse width measurement (rising edge)
Can use the 16-bit timer register 5 (TM5) to measure the width of pulse input to pin INTP5/06. Width is measured

from edge to edge.

<1> Places the 16-bit capture/compare registers 50 and 51 (CR50 and CR51) in capture mode (sets capture/
compare control register 5 (CRC5)’s bits 0 and 2 (CRC50 and CRC52) to “1").

<2> Sets the CR50’s capture trigger to INTP5’s reverse edge (sets CRC5’s bit 1 (CRC51) to “1").

<3> Enables the free running mode (sets the 16-bit timer mode control register 5 (TMC5)’s bits 2 and 3 (TMC52
and TMC53) to “1” and “0” respectively.)

Figure 13-14. Pulse Width Measurement Timing (When Rising Edge Is Specified)

FFFFH FFFFH

TM5

Pin INTP5

INTP5

CR51

CR50

OVF5

Cleared by instruction

[Measurement Method]
e The INTPS interrupt process reads the CR51 and OVF5 (TMC5'’s bit 0) flags.
<1> is (10000H — DO + D2) x count-clock rate.

Caution CR50is captured on the reverse edge of signal INTP5 but the interrupt request signal (INTP5)
does not generate at that time. INTP5 (interrupt request signal) is generated only when the

measured valid edge is detected.

Remark Dn: TM5 count value (n=0, 1, 2, ...)
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(3) Pulse width measurement (falling edge)

The 16-bit timer register 5 (TM5) can be used to measure the pulse width of signal INTP5/P06 input. High width
and low width are measured separately.

<1> Places the 16-bit capture/compare registers 50 and 51 (CR50 and CR51) in capture mode (sets capture/

compare control register 5 (CRC5)’s bits 0 and 2 (CRC50 and CRC52) to “1").
<2>

Sets CR50’s capture trigger on the reverse edge of INTP5 (sets CRC5’s hit 1 (CRC51) to “1").
<3>

Uses the input of INTP5’s valid edge to enable the clear and start mode (sets 16-bit timer mode control
register 5 (TMC5)’s bits 2 and 3 (TMC52 and TMC53) to “0” and “1” respectively).

Figure 13-15. Pulse Width Measurement Timing (When Falling Edge Is Specified)

DO
™5 “.

Pin INTP5 g
INTP5 3
CR51 '

Y

CR50 X

[Measurement Method]

INTP5 interrupt processing reads CR50 and CR51.
<1> Low width is D2 x count-clock rate.

<2> High width is (D3 — D2) x count-clock rate.
<3> Duration 1 is D3 x count-clock rate.

However, compensation is required if TM5 overflows.

Caution CR50is captured on the reverse edge of signal INTP5 but the interrupt request signal (INTP5)

does not generate at that time. INTP5 (interrupt request signal) is generated only when the
measured valid edge is detected.

Remark Dn: TM5 count value (n=0, 1, 2, ...)
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13.4.7 Compare operation of TM5

Setting the capture/compare control register 5 (CRC5)’s bits 0 and 2 (CRC50 and CRC52) to “0” places the 16-
bit capture/compare registers 50 and 51 (CR50 and CR51) in compare mode. When the 16-bit timer register 5 (TM5)’s
CR50 and CR51 are the same, the next count clock generates interrupt request signals (INTTM50 or INTTM51).

Figure 13-16. Compare Operation Timing of TM5 (CR50, CR51  # 0000H)

0 1 1 N nn

TM5 lOOOHX 1001H X 1002H X 1003H X 1004H X 1005H X 1006H

CR50 1004H
INTTM50 |_|
CR51 1002H

INTTM51 |_|

Caution The operating mode for TM5 in Figure 13-16 is a mode other than the clear and start mode when
TM5 and CR50 match. In the case of the clear and start mode when TM5 and CR50 match, the
next count clock clears TM5 (see Figure 13-9. Clear and Start Mode Operation Timing When TM5
and CR50 Match (CR50 # 0000H)). TM5 is not cleared when TM5 and CR51 match.

Figure 13-17. Compare Operation Timing of TM5 (CR50, CR51 = 0000H)

S I o I N N w I
TM5 0000H X 0001H X 0002H X 0003H X 0004H X 0005H x0006H

A

Count start

CR50 0000H
INTTM50 [ ]

CR51 0000H
INTTM51 [ ]

Caution The operating mode for TM5 in Figure 13-17 is a mode other than the clear-and-start mode TM5
and CR50 match, which enables. In the case of the clear and start mode when TM5 and CR50
match, TM5 remains at 0000H (see Figure 13-10. Clear and Start Mode Operation Timing When
TM5 and CR50 Match (CR50 = 0000H)).
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13.4.8 Noise elimination circuit

The 16-bit timer/counter 5 (TM5)’s noise elimination circuit performs 4-point sampling in the timing specified by
capture/compare control register 5 (CRC5)’s bit's 6 and 7 (SMPC50 and SMPC51) . If in continuous sampling, the
same level continues for four times that level is swept in internally.

Figure 13-18. INTP5 Block Diagram

Valid-edge-

) O Schmitt] | 4-point sampling, | - | _linterrupt/ — INTP5
Tin trigger noise elimination circuit gﬁé%?tt on capture signal
nerator - i
Sampling clock generato Capture trigger

Sampling-timing- [+ fowk
selection circuit - fcLk/2

~—— fowk/4
(controlled by CRC5) |«——fc.«/8

—— = Port input signal

[Sampling timing]
Tin:  Width of INTP5 pin input signal, Tsmp: Sampling timing,
C1, C2: System clock, Tcwk: System-clock rate (= 1/fcik)
<1> Tin < (3 x Tsmp) .... Removed as noise.
<2> (3 x Tsmp) < Tin < (4 x Tsmp) .... May be removed as noise, or may pass as a valid signal.
<3> Tin = (4 x Tsmp) .... Passes as a valid signal.

Caution Enter a signal of 4 x Tsmp width for assured pass of valid signals.

Figure 13-19. Sampling Timing Diagram

Sampling V \ . | . 1 . | . /_\
TinO : X:: ::Remove | :

TinO-1 X -~ . __Remove N '
Tind-2 I < | Passes | |
TinO ‘ X : ‘ : | Passes : ! : !
Sampling-circuit -- -- -- - ‘
output - .. . . XPassed data
| | | 3 x Tsmp | . Teik 3
1 1 4 x Tsmp 1 1 1

Remark There is a distortion of 1 x Tsmp in (3 x Tsmp + 1Tcwk) to (4 x Tsmp + 1Tcik) in the time in which pin
level (Tin) passes through the sampling circuit.
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x 13.5 Cautions
(1) Error at timer start
After the timer starts, the time until a uniform signal is generated may have a maximum error of 1 clock. This

is because the start of 16-bit timer register 5 (TM5) is asynchronous with respect to the count pulse.

Figure 13-20. Start Timing of 16-Bit Timer Register 5

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

TMS5 count value 0000H X 0001H X 0002H X 0003H X 0004H

Timer starts

(2) Operation after changes in the compare register during timer count operation
If the value of 16-bit capture/compare register 50 (CR50) after changing is less than the value of 16-bit timer
register 5 (TM5), TM5 continues counting, and when an overflow occurs, it starts over from 0. Also, if the value
of CR50 after changing (M) is less than the value before changing (N), the timer must be restarted after CR50
changes.

Figure 13-21. Timing After Changing Compare Register During Timer Count Operation

Count pulse j \ / \ / \_”_/ \_/ \_/_\_/_\_
CR50 N X /\/\ M

\\
\

TMS5 count value :X x-1 X x X /gx FFFFH X 0000H X 0001H X 0002H
\

Remark N>X>M

(3) Valid edge setting
The valid edge of pin INTP5/P06 should be set after setting bits 2 and 3 (TMC52, TMC53) of 16-bit timer mode
control register 5 (TMC5) to “0” and “0”, respectively, and after timer operation stops. The valid edge is set using
bits 4 and 5 (ES50, ES51) of prescaler mode register 5 (PRM5).
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14.1 Functions

The 8-bit timer/counter 6 (TM6) functions as follows.

¢ Interval timer
« PWM output

(1) Interval timer
An interrupt request is generated at a time interval set in advance.

(2) PWM output
Allows output of rectangular waveforms that can be set to any desired frequency and output pulse width.
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14.2 Configuration
The 8-bit timer/counter 6 (TM6) has the hardware configuration shown below.

Table 14-1. Configuration of 8-Bit Timer/Counter 6 (TM6)

Item Configuration

Timer register 8-bit x 1 (TM6)

Register Compare registers: 8-bit x 1 (CR6)

Timer output 1 (TO6)

Control register Timer mode control register 6 (TMC6)
Timer clock selector register 6 (TCL6)

Figure 14-1. Block Diagram of 8-Bit Timer/Counter 6

fok/4d —
— 5
fck/8 Clear li %
fok/16 —= g g
Q@ 8-bit timer register 6 (TM6) g [—OT06
fok/64 —= % °
>
g
— =
fek/128 8 3
fok/512 —=
Match —
Comparator
S
8 [ INTTM6
Transfer 3
8-bit compare —

register 6 (CR6)
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)

)

8-bit timer register 6 (TM6)

TM6 is an 8-bit free running or interval timer that counts the count pulses.

It increments the counter in synchronization with the rise in the input clock pulse.
The count then becomes 00H.

<1> Input of RESET
<2> Clears the timer mode control register 6 (TMC6)'’s bit 7 (TCES).
<3> TM6 and CR6 the same in the interval mode.

8-bit compare register 6 (CR6)
CR6 has a master (CR6)/slave (comparator) configuration. Transfer times differ depending on what operating
mode TM6 is in.

<1> When TM6 is in interval mode
Transfers from CR6 to the comparator are made when the write command writes into CR6. The values
setin CR6 are always being compared with the TM6 count, and when they are the same, aninterruptrequest
(INTTMS6) is generated. When interval timer operations are programmed for TM6, TM6 can be used as
a register for storing interval times.

<2> When TM6 is in free running mode
A TM6 overflow performs transfers from CR6 to the comparator. In the free running mode, PWM is output

from pin TO6.

CR6 is set by a 8-bit memory manipulation instructions.
RESET input makes CR6 undefined.
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14.3 Control Registers
The following two types of registers control the 8-bit timer/counter 6 (TM6).

e Timer mode control register 6 (TMC6)
e Timer clock selector register 6 (TCL6)

(1) Timer mode control register 6 (TMCB6)
TMCE6 is the register that controls the operations of 8-bit timer register 6 (TM6).
TMCE6 is set by 1-bit or 8-bit memory manipulation instruction.
RESET signal input resets the register to O0H.

Figure 14-2. Format of Timer Mode Control Register 6 (TMC6)

Address: OFF54H After Reset: 00H R/W

Symbol @ 6 5 4 3 2 1 ©
TMC6 [ TCEe | Tmces 0 0 0 0 TMC61 | TOE6 |
TCE6 TM6 Count Operating Control
0 Stop counting
1 Start counting
TMC66 TM6 Operating Mode Control
0 Interval mode
1 Free running mode
TMC61 Specify of Active Level of Timer Output
0 Active level “1” (high)
1 Active level “0” (low)
TOE6 TM6 Output Control
0 Disable output (output is set to O level)
1 Enable output

Cautions 1. Always set TM6 after stopping TM6'’s timer operations.
2. When outputting PWM from TM6, set bit 6 (TOEG6) to “1”. When setting TOE®6 to “0”, the
timer output (TO6) pin outputs “0".
3. When setting timer output enable (TOE6 = 1) in the interval mode (TMC66 = 0), the TO6
pin outputs a fixed value of inactive level. To output PWM from the TOG6 pin, be sure to
set the free running mode (TMC66 = 1).
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(2) Timer clock select register 6 (TCL6)
The timer clock select register 6 (TCL6) specifies the count-clock pulse for the 8-bit timer register 6 (TM6).
TCL6 is set by a 1-bit or 8-bit memory manipulation instruction.
RESET signal input resets the register to O0H.

Figure 14-3. Format of Timer Clock Select Register 6 (TCL6)

Address: OFF56H After Reset: 00H R/W

Symbol 7 6 5 4 3 2 1 0
TCL6 0 0 0 0 0 TCL62 TCL61 TCL60
TCL62 TCL61 TCL60 Count Clock Selection
0 0 0 felk/4 (2 MHZ)
0 0 1 fck/8 (1 MHZz)
0 1 0 feLk/16 (500 kHz)
0 1 1 fek/64 (125 kHz)
1 0 0 felk/128 (62.5 kHz)
1 0 1 fck/512 (15.6 kHz)
1 1 0 Setting prohibited
1 1 1

Caution Always program TCL6 after stopping timer operations

Remark Items in parentheses indicate operations at fcik = 8 MHz.
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14.4 Operation

14.4.1 Basic operation of TM6

The 8-bit timer counter (TM6) is an 8-bit free running or interval timer for counting pulses. The counter is
incremented through synchronization with the rise in the input clock pulse.

Inputting the RESET signal clears all TM6 bits (to 0) and stops the count operation.

The enabling and inhibiting of the count operation is controlled by the timer mode control register (TMC6)’s bit
7 (TCE®G). Setting TCEG6 to “1” starts the count operation. Setting TCE6 to “0” clears TM6 and stops the count operation.

Resetting also makes the count 00H.
After the start count is set, the first count clock input makes TM 00H to O1H.
TM6 does not clear the timer, but continues count operations even if the same operation mode is set again.

The count does not stop during the TM6 read duration.

Figure 14-4. Basic Operation Timing of TM6

Count clock _l_l |_| |_| |_| |_| l_l—) ‘_l_l |_| |_| |_|

T™6 ooH X o1H X oz2H X o3H X 04H X: :)( N—1 XN X 00H
A A A

Count start (TCE6 = 1) Rewrite (TCE6 = 1) Count stop (TCE6 = 0)
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14.4.2 Interval operation of TM6

Setting the timer mode control register 6 (TMC6)’s bit 6 (TMC66) to “0” places the 8-bit timer/counter 6 (TM6) in
interval operation. When the values in TM6 and the 8-bit compare register 6 (CR6) are the same, the next count clock
pulse generates an interrupt request signal (INTTM®6) that clears TM6 (to O0H).

Setting TM6’s bit 0 (TOES®) to “1” enables timer output (TO6). The enabling of TO6 output outputs an inactive level
of fixed value.

Caution PWM cannot be output in the interval mode.

Figure 14-5. Interval Operation Timing of TM6 (CR6  # OOH)

Count clock I | I | I | I | I | I | I | |_| |_|
™6 oon_X_otn X_ XN X oon Yot
A

Count start

) )
CR6 ,‘ N ,‘
INTTM6 o [ 1 o [1

TO6 (when set to high active) |

Figure 14-6. Interval Operation Timing of TM6 (CR6 = O0H)

Count clock _l_l |_| |_| |_| |_| |_| |_| |_| |_|

TM6 00H
A
Count start
CR6 00H
INTTMG M Jrrr r—rpf° 7Tl
TO6 (when set to high active)
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14.4.3 Free running operation of TM6 (PWM output)

Setting the timer mode control register 6 (TMC6)’s bit 6 (TMC66) to “1” places TM6 in free running operation. TM6’s
overflow generates an interrupt request signal (INTTM6)

Setting TMC6's bit 0 (TOES6) to “1” enables timer output (TO6). Setting TMC6'’s bit 7 to “0” stops the count and
places TO6 on inactive level.

PWM can be output in this mode.

(How to set PWM output)

<1> Set the timer 6 output to free running mode (TMC6'’s bit 6 (TMC66) to “1”).

<2> Set TOG6 to active level (set TMC6's bit 1 (TMC61)) and set TO6's output to enable (set TMC6'’s bit 0 (TOE®)
to “17).

<3> Select the count clock timer using the timer clock select register 6 (TCL6)'s bits 0 to 2 (TCL60 to TCL62).

<4> Set TMC6's bit 7 (TCE6) to “1” to start the count operation and output a PWM signal from pin TO6.

* Cautions 1. PWMduration=countclockrate  x256 and active level width = count clock rate x CR6's value.
2. CRG6’s compare equivalence interrupt is not generated in the free running mode.

Figure 14-7. Free Running Mode Operation Timing of TM6 (CR6  # O0OH and FFH)

Count clock || || || || || || || || || || || || || || || || || ||
™6 _00H _X0iHX (FraXoon X0, X N X1 e X X_0oH
A A

Count start Count stop

CR6 (master) N

[

X

Comparator (slave)

Comparator equivalent

1t
Overflow signal
(INTTM6) { { l_l { !} l_l !}
T06 1t 1t { ¢ I-—
4 4
Active level Inactive level
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Figure 14-8. Free Running Mode Operation Timing of TM6 (CR6 = 00H)

Count clock Il Il Il Il Il Il Il Il Il Il Il Il Il Il Il
™6 _00H_XotHX (e Yoo X 01H (FrrYoor X0t ...
A

Count start

CR6 (master) 00H

Comparator (slave) O00H

A
Comparator equivalent I | | | | |
A} 1 A} \‘ A} 1

P
>

. 1 ( 1 1 (
Overflow signal
(INTTM6) { ¢ {1 {
TOG ) ) ) ) ) Y ) 1
{ ( t Y * { Y { (
Inactive level

Figure 14-9. Free Running Mode Operation Timing of TM6 (CR6 = FFH)

Count clock || || || || || || || || || || || || || || ||
™6 00H XowX (FraXoor Yo XN Xt X2, XFrHYoor XoH

A

Count start

CR6 (master)

Comparator (slave)

Comparator equivalent

i
g

Overflow signal
(INTTM6) ! S T { { T
)
TO6 ,\ - [ FI_ |
{ t
Inactive level Active level
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x 14.5 Cautions
(1) Error at timer start
After the timer starts, the time until a uniform signal is generated may have a maximum error of 1 clock. This

is because the start of 8-bit timer register 6 (TM6) is asynchronous with respect to the count pulse.

Figure 14-10. Start Timing of 8-Bit Timer Register 6

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

TM6 count value 00H X o X o2 X 034 X 04H

Timer starts
(2) Operation after changes in the compare register during timer count operation
If the value of 8-bit compare register 6 (CR6) after changing is less than the value of 8-bit timer register 6 (TM6),

TM6 continues counting, and when an overflow occurs, it starts over from 0. Also, if the value of CR6 after
changing (M) is less than the value before changing (N), the timer must be restarted after CR6 changes.

Figure 14-11. Timing After the Compare Register Changes During Timer Counting

Count pulse  / \ / \ / \_? ?_/ \ / \ / \ / \
CR6 N X \/\\/\ M
TM6 count value :X -1 X x X \/t}( FFFFH X 0000H X 0001H X 0002H

Caution Always set TCE6 = 0 before setting the STOP mode.

Remark N>X>M
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15.1 Functions
The 8-bit timer/counter 7 (TM7) functions as follows.

* Interval timer
An interrupt request is generated at a time interval set in advance.

15.2 Configuration
The 8-bit timer/counter 7 (TM7) has the hardware configuration shown below.

Table 15-1. Configuration of 8-Bit Timer/Counter 7 (TM7)

Item Configuration

Timer register 8-bit x 1 (TM7)

Register Compare register: 8-bit x 1 (CR7)

Control registers | Timer mode control register 7 (TMC7)
Timer clock selector register 7 (TCL7)

Figure 15-1. Block Diagram of 8-Bit Timer/Counter 7

fok/4 —=

fok/8 — Clear li

folk/16 — g

Q@ 8-hit timer register 7 (TM7)
fax/6d — §
fek/128 — 8

fclk/256 —

8-bit compare
register 7 (CR7)

INTTM7
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)

)
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8-bit timer register 7 (TM7)

TM7 is an 8-bit interval timer that counts count pulses.

It increments the counter in synchronization with the rising edge of the input clock.
The count then becomes 00H.

<1> Inputs RESET signal
<2> Clears the 8-bit timer mode control register 7 (TMC7)’s bit 7 (TCE7).
<3> TM7 and CR7 match.

8-bit compare register 7 (CR7)

The TM7 count and the values programmed in CR7 are always compared and an interrupt request (INTTM7)
generated when they match. TM7 can also be used as a register for saving interval time.

CR7 is set by an 8-bit memory manipulation instruction.

RESET input makes CR7 undefined.
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15.3 Control Registers

The following two types of registers control 8-bit timer/counter 7 (TM7).

e Timer mode control register 7 (TMC7)
« Timer clock select register 7 (TCL7)

(1) Timer mode control register 7 (TMC7)

TMCY7 is the register that controls the operations of 8-bit timer register 7 (TM7).
TMCY7 is set by 1-bit or 8-bit memory manipulation instruction.

RESET input sets TMC7 to 00H.

Figure 15-2. Format of Timer Mode Control Register 7 (TMC7)

Address: OFF55H After Reset: 00H R/W

Symbol @ 6 5 3 2
™™mcr [ Tcer | o 0 0 0
TCE7 TM7 Count Operating Control
0 Stop counting
1 Start counting

Caution Always set bit 6 of TMC7 to O.

245



CHAPTER 15 8-BIT TIMER/COUNTER 7

(2) Timer clock select register 7 (TCL7)
The timer clock select register 7 specifies the count-clock pulse for the 8-bit timer register 7 (TM7).
TCL7 is set by a 1-bit or 8-bit memory manipulation instruction.
RESET input sets TCL7 to O0OH.

Figure 15-3. Format of Timer Clock Select Register 7 (TCL7)

Address: OFF57H After Reset: 00H R/W

Symbol 7 6 5 4 3 2 1 0
TCL7 0 0 0 0 0 TCL72 TCL71 TCL70
TCL72 TCL71 TCL70 Count Clock Selection
0 0 0 felk/4 (2 MHZ)
0 0 1 fck/8 (1 MHZz)
0 1 0 feLk/16 (500 kHz)
0 1 1 fek/64 (125 kHz)
1 0 0 felk/128 (62.5 kHz)
1 0 1 fclk/256 (31.25 kHz)
1 1 0 Setting prohibited
1 1 1

Caution Always set TCL7 after stopping timer operations.

Remark Items in parentheses indicate operations at fcik = 8 MHz.
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15.4 Operation

15.4.1 Basic operation of TM7
The 8-bit timer/counter (TM7) is an 8-bit interval timer for counting count pulses. The counter is incremented
through synchronization with the rise in the input clock pulse.

Inputting the RESET signal clears all TM7 bits (to 0) and stops the count operation.

The enabling and inhibiting of the count operation is controlled by the timer mode control register 7 (TMC7)’s bit
7 (TCET). Setting TCE7 to “1” starts the count operation. Setting TCE7 to “0” clears TM7 and stops the count operation.

Resetting also makes the count 00H.

After the start count is set, the first count clock input makes TM7 O0H to O1H.

TM7 does not clear the timer, but continues count operations even if the same operation mode is set again.

The count does not stop during the TM7 read duration.

Figure 15-4. Basic Operation Timing of TM7

Count clock _l_l |_| |_| |_| |_| l_l—) ‘_l_l |_| |_| |_|

™7 ooH X o1H X oz2H X o3H X 04H X: :)( N—1 XN X 00H
A A A

Count start (TCE7 = 1) Rewrite (TCE7 = 1) Count stop (TCE7 = 0)

15.4.2 Interval operation of TM7
When the valuesin TM7 and 8-bit compare register 7 (CR7) match, the next count clock pulse generates an interrupt
request signal (INTTM7) that clears TM7 (to O0OH). The count then continues.

Figure 15-5. Interval Operation Timing of TM7 (CR7  # OOH)

Count clock I | I | I | I | I | I | I | |_| |_|
™7 ooH X O1H X:: D( N X ooH X 01H
A

Count start

CR7 N

INTTM7 o [] o []

Figure 15-6. Interval Operation Timing of TM7 (CR7 = O0H)

Count clock _l_l |_| |_| |_| |_| |_| |_| |_| |_|

T™7 00H

A

Count start
CR7 00H

INTTM? M I r e rtrtJritri
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*x 15.5 Cautions

(1) Error at timer start
After the timer starts, the time until a uniform signal is generated may have a maximum error of 1 clock. This
is due to the fact that the start of 8-bit timer register 7 (TM7) is asynchronous with respect to the count pulse.

Figure 15-7. Start Timing of 8-Bit Timer Register 7

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

TM7 count value 00H X o X o2 X 034 X 04H

Timer starts
(2) Operation after changes in the compare register during timer count operation
If the value of 8-bit compare register 7 (CR7) after changing is less than the value of 8-bit timer register 7 (TM7),

TM7 continues counting, and when an overflow occurs, it starts over from 0. Also, if the value of CR7 after
changing (M) is less than the value before changing (N), the timer must be restarted after CR7 changes.

Figure 15-8. Timing After the Compare Register Changes During Timer Counting

Count pulse  / \ / \ / \_? ?_/ \ / \ / \ / \
CR7 N X \/\\/\ M
TM7 count value :X -1 X x X \/t}( FFFFH X 0000H X 0001H X 0002H

Caution Always set TCE7 = 0 before setting the STOP mode.

Remark N>X>M
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The watchdog timer detects program runaway.
Program or system errors are detected by the generation of watchdog timer interrupts. Therefore, at each location

in the program, the instruction that clears the watchdog timer (starts the count) within a constant time should be input.
Ifthe watchdog timer overflows without executing the instruction that clears the watchdog timer within the set period,

a watchdog timer interrupt (INTWDT) is generated to signal a program error.

16.1 Configuration
Figure 16-1 is a block diagram of the watchdog timer.

Figure 16-1. Watchdog Timer Block Diagram

fork ————= Watchdog timer
foLk/213
foLk/212
S
3 INTWDT
foLk/211 °
n
fok/29
Clear signal

Remark fcwk: Internal system clock (8 MHz)
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16.2 Control Register

« Watchdog timer mode register (WDM)
WDM is the 8-hit register that controls watchdog timer operation.
To prevent the watchdog timer from erroneously clearing this register due to a program runaway, this register is
only written by a special instruction. This special instruction is the MOV WDM #byte instruction, which has a special
code format (4 bytes). Writing takes place only when the third and fourth op codes are mutual 1's complements.
If the third and fourth op codes are not mutual 1's complements and not written, the operand error interrupt is
generated. In this case, the return address saved in the stack is the address of the instruction that caused the
error. Therefore, the address that caused the error can be identified from the return address saved in the stack.
If returning by simply using the RETB instruction from the operand error, an infinite loop results.
Since an operand error interrupt is generated only when the program is in a runaway state (the correct special
instruction is only generated when “MOV WDM, #byte” is described in the RA78K4 NEC assembler), make the
program initialize the system.
Other write instructions (MOV WDM, A; AND WDM, #byte; SET1 WDM.7, etc.) are ignored and no operation is
executed. In other words, WDM is not written, and interrupts, such as operand error interrupts, are not generated.
After a system reset (ﬁ input), when the watchdog timer starts (when the RUN bit is set to one), the WDM
contents cannot change. Only areset can stop the watchdog timer. The watchdog timer can be cleared by a special
instruction.
WDM can be read at any time by an 8-bit data transfer instruction.
RESET input sets WDM to OOH.
Figure 16-2 shows the WDM format.
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Symbol
WDM

Address: OFFC2H After Reset: 00H R/W
7 6 5 4 3 1 0
RUN 0 0 WDT4 0 WDT1 0
RUN Watchdog Timer Operation Setting
0 Stops the watchdog timer.
1 Clears the watchdog timer and starts counting.
WDT4 Watchdog Timer Interrupt Request Priority
0 Watchdog timer interrupt request
<NMI pin input interrupt request
1 Watchdog timer interrupt request
>NMI pin input interrupt request
WDT2 WDT1 Count Clock Overflow Time [ms]
(fek = 8 MHz)
0 0 fewk/29 16.4
0 1 feuk/211 65.5
1 0 fek/212 131.1
1 1 fewk/213 262.1

Cautions 1. Onlythe specialinstruction (MOV WDM, #byte) can write to the watchdog timer mode register

Remark

Figure 16-2. Watchdog Timer Mode Register (WDM) Format

(WDM).

2. Whenwriting to WDM to setthe RUN bitto 1, write the same value every time. Evenif different

values are written, the contents written the first time cannot be updated.

3. When the RUN bit is set to 1, it cannot be reset to 0 by means of the software.

fck: Internal system clock frequency
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16.3 Operations

16.3.1 Count operation

The watchdog timer is cleared by setting the RUN bit of the watchdog timer mode register (WDM) to 1 to start
counting. After the RUN bit is set to 1, when the overflow time set by bits WDT2 and WDT1 in WDM has elapsed,
a non-maskable interrupt (INTWDT) is generated.

If the RUN bit is reset to 1 again before the overflow time elapses, the watchdog timer is cleared, and counting
restarts.

16.3.2 Interrupt priority order

The watchdog timer interrupt (INTWDT) is a hon-maskable interrupt. In addition to INTWDT, the non-maskable
interrupts include the interrupt (NMI) from the NMI pin. By setting bit 4 of the watchdog timer mode register (WDM),
the acknowledgement order when INTWDT and NMI are simultaneously generated can be set.

If acknowledging NMl is given priority, even if INTWDT is generated in an NMI processing program that is executing,
INTWDT is not acknowledged, but is acknowledged after the NMI processing program ends.
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16.4 Cautions

16.4.1 General cautions when using the watchdog timer

(1) The watchdog timer is one way to detect a runaway operation, but all runaway operations cannot be detected.

)

Therefore, in a device that particularly demands reliability, the runaway operation must be detected early not only
by the on-chip watchdog timer but by an externally attached circuit; and when returning to the normal state or
while in the stable state, processing like stopping the operation must be possible.

The watchdog timer cannot detect runaway operation in the following cases.

<1>

<2>

<3>

<4>

<5>
<6>

When the watchdog timer is cleared in a timer interrupt servicing program

When interrupt requests and macro services are temporarily held pending successively (see 22.9 When
Interrupt Requests and Macro Service Are Temporarily Held Pending )

When runaway operation is caused by logical errors in the program (when each module in the program
operates normally, but the entire system does not operate properly), and when the watchdog timer is
periodically cleared

When the watchdog timer is periodically cleared by an instruction group that is executed during a runaway
operation

When the STOP mode, HALT mode, or IDLE mode is the result of a runaway operation

When the watchdog timer also goes into an inadvertent program loop when the CPU goes upset because
of introduced noise

In cases <1>, <2>, and <3>, detection becomes possible by correcting the program.
In case <4>, the watchdog timer can be cleared only by the 4-byte special instruction. Similarly in <5>, if there
is no 4-byte special instruction, the STOP mode, HALT mode, or IDLE mode cannot be set. Since the result of

the runaway operation is to enter state <2>, three or more bytes of consecutive data must be a specific pattern
(example, BT PSWL.bit, $$). Therefore, it is very rare that state <2> is brought about due to the results of <4>,
<5>, and the runaway operation.
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16.4.2 Cautions about the pPD784955 Subseries watchdog timer

(1) Only the special instruction (MOV WDM, #byte) can write to watchdog timer mode register (WDM).

(2) Ifthe RUN bitis set to 1 by writing to the watchdog timer mode register (WDM), write the same value every time.
Even when different values are written, the contents written the first time cannot be changed.

(3) If the RUN bit is set to 1, it cannot be reset to 0 by means of the software.
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17.1 Functions

The A/D converter converts analog inputs to digital values, and is configured by eight 8-bit resolution channels
(ANIO to ANI7).

Successive approximation is used as the conversion method, and conversion results are saved in the 8-bit A/D
conversion result register 0 (ADCRO).

A/D conversion can be begun by the following two methods.

(1) Hardware start
Conversion is started by trigger input (P01) (rising edge, falling edge, or both rising and falling edges can be

specified).

(2) Software start
Conversion is started by setting the A/D converter mode register 0 (ADMO).

Select one channel for analog input from ANIO to ANI7, and perform A/D conversion. If hardware start is used,
A/D conversion stops at the end of the A/D conversion operation. If software startis used, the A/D conversion operation
is repeated. Each time one A/D conversion is completed, an interrupt request (INTAD) is issued.

17.2 Configuration

The A/D converter has the following hardware configuration.

Table 17-1. Configuration of A/D Converter

Iltem Configuration
Analog input 8 channels (ANIO to ANI7)
Control registers A/D converter mode register 0 (ADMO)

Analog input channel setting register 0 (ADSO0)

Registers Successive approximation register (SAR)
A/D conversion result register 0 (ADCRO0)
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Figure 17-1. A/D Converter Block Diagram

— Series resistor string

ANIO O—— Sample & hold circuit .
femmmmmmmmmsmmememmmmen—n . H AVRer
ANI1 O— : : .
ANI2 O— : : :
5 : \O : Voltage comparator !
ANI3 O— £ — O _L : :
(5] ' ' '
ANI4 O—~ & : : S|
: , S
ANI5 O— : ; : L3
ANIE O— -
[
ANI7 O—— :
3 :
ADSO00 to ADS02 Successive approximation .
register (SAR) AVss
Conversion trigger
INTPOTRG O Edge_ detection C_ontr_ol INTAD
circuit Circuit
E
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)

)
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4

®)

(6)

(7

8

Successive approximation register (SAR)

Compares the voltage of the analog input with the voltage tap (comparison voltage) from the series resistor string,
and saves the result from the most significant bit (MSB).

The contents of SAR will be transmitted across to the A/D conversion result register 0 (ADCRO) everything down
to the least significant bit (LSB) is retained (A/D conversion finished).

A/D conversion result register 0 (ADCRO)

Holds A/D conversion results. At the end of each A/D conversion operation, the conversion result from the
successive approximation register is loaded.

ADCR is read with an 8-bit memory manipulation instruction.

RESET input makes its contents undefined.

Sample & hold circuit
Samples analog inputs one by one as they are sent from the input circuit, and sends them to the voltage
comparator. The sampled analog input voltages are held during A/D conversion.

Voltage comparator
Compares the analog input voltage with the output voltage of the series resistor string.

Series resistor string
Placed between AVrer and AVss, generates the voltage that is compared with that of analog input signal.

ANIO to ANI7 pins
Eight analog input channels used for inputting analog data to the A/D converter for A/D conversion. Pins not
selected for analog input with the analog input channel setting register 0 (ADS0) can be used as input ports.

Cautions 1. The ANIO to ANI7 input voltages should be within the rated voltage range. Inputting a
voltage equal to or greater than AV rer, or equal to or smaller than AV ss (even if within
the absolute maximum rated range) will cause the channel’'s conversion values to
become undefined, or may affect the conversion values of other channels.

2. Analog input (AN10 to AN17) pins alternate with input port (P70 to P77) pins. When
performing an A/D conversion with the selection of any one of inputs from AN10 to AN17,
do not execute input instructions to port 7 during conversion. Otherwise, the conversion
resolution may decrease. When a digital pulse is applied to the pin which adjoins a pin
in the A/D conversion, an expected A/D conversion value may not be acquired due to the
coupling noise. Therefore do not apply a pulse to the pin which adjoins the pin in the
A/D conversion.

AVss pin
Ground pin of the A/D converter. Always keep this pin at the same potential as the Vss pin, even when not using
the A/D converter.

AVREer pin

Reference voltage input pin of the A/D converter. Always keep this pin at the same potential as the Vob pin, even
when not using the A/D converter.
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17.3 Control Registers
The A/D converter is controlled by the following two registers.

« A/D converter mode register 0 (ADMO)
» Analog input channel setting register 0 (ADSO0)

(1) A/D converter mode register 0 (ADMO)
Used to set the A/D conversion time of analog input to be converted, start/stop of conversion operation, and
external triggers.
ADMO is set by a 1-bit or 8-bit memory manipulation instruction.
RESET input sets ADMO to O0H.
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Address: OFF80H After Reset: 00H

Figure 17-2. A/D Converter Mode Register 0 (ADMO0) Format

R/W

Symbol @ ® ® ® ® © @ 0
abMo | ADCso | TrRGo | FRo2 | FRo1 | FRoO | EGAO1 | EGAOO | 0

ADCSO0 A/D Conversion Control

0 Conversion stop

1 Conversion enable
TRGO Software Start/Hardware Start Selection

0 Software start

1 Hardware start

A/D Conversion Time Selection
FRO2 FRO1 FROO
Number of clocks When fcik = 8 MHz

0 0 0 144/fcik 18.0 us

0 0 1 120/fcrk 15.0 us

0 1 0 96/fcik 12.0 us (conversion disable)

1 0 0 288/fck 36.0 us

1 0 1 240/fcik 30.0 us

1 1 0 192/fcik 24.0 us

Other than above — Setting prohibited

EGAO1 EGA00 External Trigger Signal Valid Edge Selection

0 0 No edge detection

0 1 Detection of falling edge

1 0 Detection of rising edge

1 1 Detection of both falling and rising edges

Cautions 1. Do not set the A/D conversion time to 14

Remark

us or less.

2. When overwritting bits FR0OO0 to FR02 with unidentical data, temporarily halt A/D conver-

sion before continuing.

fcwk : Internal system clock frequency
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(2) Analog input channel setting register 0 (ADSO0)

Used to specify the input ports for analog signals to be A/D converted.

ADSO can be set by a 1-bit or 8-bit memory manipulation instruction.

RESET input sets ADSO0 to 00H.

Figure 17-3. Analog Input Channel Setting Register 0 (ADS0) Format

Address: OFF81H After Reset: O0OH R/W
Symbol 7 6 5 4 3 2 1 0
ADSO 0 0 0 0 0 ADS02 ADSO1 ADSO00
ADS02 ADSO01 ADSO00 Analog Input Channel Setting

0 0 0 ANIO

0 0 1 ANI1

0 1 0 ANI2

0 1 1 ANI3

1 0 0 ANI4

1 0 1 ANIS

1 1 0 ANI6

1 1 1 ANI7
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17.4 Operations

17.4.1 Basic operations of A/D converter

<1>
<2>
<3>

<4>

<5>

<6>

<7>

<8>

Select one channel for A/D conversion with the analog input channel setting register 0 (ADSO).

The voltage input to the selected analog input channel is sampled by the sample & hold circuit.

After sampling has been performed for a certain time, the sample & hold circuit enters the hold status, and the
input analog voltage is held until A/D conversion ends.

Bit 7 of the successive approximation register (SAR) is set. The tap selector sets the voltage tap for the series
resistor string at (1/2)AVRer.

The difference in voltage between the series resistor string’s voltage tap and analog input is compared with
the voltage comparator. If the analog input is greater than (1/2)AVrer, the setting for the SAR MSB will remain
the same. If it is smaller than (1/2)AVrer, the MSB will be reset.

Next, bit 6 of SAR is automatically set, and the next comparison is started. The series resistor string voltage
tap is selected as shown below according to bit 7 to which a result has already been set.

e Bit7=1: (3/4) AVrer

e Bit7=0: (1/4) AVrer

The voltage tap and analog input voltage are compared, and bit 6 of SAR is manipulated according to the result,
as follows.

« Analog input voltage = Voltage tap : Bit6 =1

 Analog input voltage < Voltage tap : Bit6 =0

Comparisons of this kind are repeated until bit 0 of SAR.

When comparison of all eight bits is completed, the valid digital result remains in SAR, and this value is
transferred to the A/D conversion result register 0 (ADCRO) and latched.

At the same time, it is possible to have an A/D conversion end interrupt request (INTAD) issued.
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Figure 17-4. Basic Operation Timing of A/D Converter
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A/D conversion is performed continuously until the bit 7 (ADCSO0) of the A/D converter mode register 0 (ADMO)
is reset to 0 by means of software.

If a write operation to ADMO or analog input channel setting register 0 (ADSO0) is performed during A/D conversion,
the conversion operation is initialized and conversion starts from the beginning if the ADCS 0 bit is set 1.
RESET input makes the A/D conversion result register 0 (ADCRO) undefined.
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17.4.2 Input voltage and conversion result

The relationship between the analog input voltage input to the analog input pins (ANIO to ANI7) and the A/D
conversion result (value saved in A/D conversion result register 0 (ADCRO0)) is expressed by the following equation.

VIN

ADCR = INT (
AVREF

x 256 + 0.5)
or

(ADCR - 0.5) x —Az\t/SZEF AVrer

< ViN < (ADCR + 0.5) x ———
256
Remark INT( ) : Function returning the integer portion of the value in parentheses
VIN : Analog input voltage
AVRer : AVRer pin voltage
ADCR : A/D conversion result register 0 (ADCRO) value

Figure 17-5 shows the relationship between analog input voltage and the A/D conversion result.

Figure 17-5. Relationship between Analog Input Voltage and A/D Conversion Result
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2 —— —— -
l ,,,,,,,,
0 ,,,,,,,,
1 1 3 2 5 3 507 254 509 255 511
512 256 512 256 512 256 512 256 512 256 512
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17.4.3 Operations mode of A/D converter

Select one channel for analog input from among ANIO to ANI7 with the analog input channel setting register 0
(ADSO0) and commence A/D conversion.

A/D conversion can be started in the following two ways.

» Hardware start : Conversion start by trigger input (P01)
« Software start : Conversion start by setting A/D converter mode register 0 (ADMO0)

The result of A/D conversion will be stored in the A/D conversion result register 0 (ADCRO0), and at the same time,
an interrupt request signal (INTAD) will be issued.

(1) A/D conversion operation by hardware start
The A/D conversion operation can be made to enter the standby status by setting “1” to bit 6 (TRG) and bit 7
(ADCSO0) of the A/D converter mode register 0 (ADMO0). When an external trigger signal (P01) is input, conversion
of the voltage applied to the analog input pin set with ADSO begins.
The result of conversion will be stored in the A/D conversion result register 0 (ADCRO0) when A/D conversion
operation have finished, and an interrupt request signal (INTAD) will be issued. When the A/D conversion
operation that was started completes the first A/D conversion, no other A/D conversion operation is started unless
an external trigger signal is input.
Rewriting ADMO’s bit 7 (ADCSO0) during an A/D conversion operation cancels the A/D conversion operating at
that time and waits until a new external trigger signal is input. The A/D conversion process will be restarted from
the beginning when an external trigger signal is input once again. The A/D conversion process will be started
when the next external trigger signal is received when ADCS is overwritten with A/D conversion in the stand-by
mode.
If, during A/D conversion, data whose ADCSO is 0 is written to ADMO, A/D conversion is immediately stopped.

Caution When POL1/INTPO is used as the external trigger input (P01), specify a valid edge with bits
1 and 2 (EGAO0O and EGAO01) of the A/D converter mode register 0 (ADMO) and set 1 to the
interrupt mask flag (PMK1).

Figure 17-6. A/D Conversion Operation by Hardware Start (When Falling Edge Is Specified)

Uod Uod

ADMO write ADMO write
ADCS0=1,TRGO=1 ADCS0=1,TRGO=1
\
: Standby Standby Standby
A/D conversion Status ANIn ANIn Status ANIn Status ANIm ANIm ANIm

NN NN
PN P IR

ADCRO ANIn ANIn ANIn ANIm ANIm
T T 11
Remark n =0,1, ... .7

m=0,1, ...
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(2) A/D conversion operation by software start
A/D conversion of the voltage applied to the analog input pin specified with analog input channel setting register
0 (ADSQO) is started by setting “0” to bit 6 (TRGO0) and “1” to bit 7 (ADCSO0) of the A/D converter mode register
0 (ADMO).
When A/D conversion ends, the conversion result is saved in the A/D conversion result register 0 (ADCRO0), and
an interrupt request signal (INTAD) is issued. When an A/D conversion operation that was started completes the
first A/D conversion, the next A/D conversion starts immediately. A/D conversion operations are performed
continuously until new data is written to ADMO.
The A/D conversion process will be suspended if ADCSO is overwritten during A/D conversion operations, and
A/D conversion operations for the newly selected analog input channel will be started.
If, during A/D conversion, data where ADCSO0 is 0 is written to ADMO, the A/D conversion operation is immediately

stopped.

Figure 17-7. A/D Conversion Operation by Software Start

ADMO setting
ADCS0=1, TRGO=0 ADSO write ADCS0=0
4 4 4
A/D conversion ANIn ANIn ANIn ANIm ANIm

.
Conversion operation
interrupted and L Stop
conversion result not left over
ADCRO >< ANIn >< ANIn >< ANIm

INTAD

Remark n =0,1, ... .7
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17.5 Cautions

(1) ANIO to ANI7 input range
ANIO to ANI7 input voltages should be within the rated voltage range. Inputting a voltage equal to or greater than
AVREF, or equal to or smaller than AVss (even if within the absolute maximum rated range) will cause the channel’'s
conversion values to become undefined, or may affect the conversion values of other channels.

(2) Contention operation

<1> Contention between A/D conversion result register 0 (ADCRO) write at conversion end and ADCRO
read clue to instruction
The read operation to ADCRO is prioritized. After the read operation, a new conversion result is written to
ADCRO.

<2> Contention between ADCRO write at conversion end and external trigger signal input
External trigger signals cannot be received during A/D conversion. Therefore, external trigger signals during
ADCRO write operation are not accepted.

<3> Contention between ADCRO write at conversion end and A/D converter mode register 0 (ADMO)
write, or between ADCRO write at conversion end and analog input channel setting register 0 (ADS0)
write.
The write operation to ADMO or ADSOQ is prioritized. Write to ADCRO is not performed. Moreover, no interrupt
signal (INTAD) is issued at conversion end.
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Anti-noise measures

Attention must be paid to noise fed to AVrer and ANIO to ANI7 to preserve the 8-bit resolution. The influence
of noise grows proportionally to the output impedance of the analog input source. Therefore, it is recommended
to connect C externally, as shown in Figure 17-8.

Figure 17-8. Connection of Analog Input Pin

If there is the possibility that noise equal to or greater than AVrer,
or equal to or smaller than AVss, may be input,
clamp with a diode having a small Vr (0.3 V or less).

Reference

voltage input  © ‘ / AVrer
ANIO to ANI7

J_ Vob
C =100 to 1000 pF

Voo
AVss
Vss

ANIO/P70 to ANI7/P77

The analog input pins (ANIO to ANI7) can also be used as an input port pin (P70 to P77).

Do not execute the input instruction that corresponds with port 7 during conversion if any pin from among ANIO
to ANI7 has been selected and A/D conversion run. This may degrade the resolution.

Moreover, if a digital pulse is applied to pins adjacent to the pin for which A/D conversion is being performed,
the A/D conversion value will not be obtained as expected because of coupling noise. Therefore, do not apply
a pulse to pins adjacent to the pin for which A/D conversion is being performed.

Input impedance of AV rer pin

Connects a series resistor string across the AVrer pin and AVss pin.

Therefore, if the output impedance of the reference voltage source is high, connecting in parallel a series resistor
string between the AVrer and AVss pins will result in a large reference voltage error.
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(6) Interrupt request flag (ADIF)
The interrupt request flag (ADIF) is not cleared even if the analog input channel register 0 (ADSO) is changed.
Owing to this, there will be cases when the A/D conversion result and ADIF that correspond with the pre-changed
analog input immediately prior to ADSO overwriting will be set if the analog input pin is changed during A/D
conversion. It must therefore be noted that ADIF will be set regardless of whether the A/D conversion for the
changed analog input has finished or not when ADIF is read immediately after ADSO has been overwritten. These
facts should be kept in mind.
Moreover, if A/D conversion is stopped once and then resumed, clear ADIF before resuming conversion.

Figure 17-9. A/D Conversion End Interrupt Request Generation Timing

ADSO write ADIF is set, but ANIm
) (ANIm conversion start) conversion has not completed
ADMO write
(ANIn conversion start)
\ A
A/D conversion ANIn ANIn ANIm ANIm

N N N N

DI S N
X

ANIn ANIm ANIm

ADCRO X ANIn

INTAD

Remark n=0,1, ---, 7
m=0,1, -, 7
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(7) AVRer pin
The AVrer pin is the analog circuit’s power pin and A/D converter’s reference voltage input pin and also supplies
power to the ANIO/P70 to ANI7/P77 input circuits.
Therefore, be sure to apply the same potential level as Voo as shown in Figure 17-10, even for applications in
which a backup power supply can be switched.

Figure 17-10. Connection of AV rer Pin

N AVRer
N ¢ Vobp
Main )
power — Backup capacitor
supply T
‘ ’ AVss
Vss

269



[MEMO]

270



CHAPTER 18 SERIAL

INTERFACE OVERVIEW

The uPD784955 Subseries has a serial interface with two independent channels. Therefore, communication
outside and within the system can be simultaneous on the two channels.

® Asynchronous serial interface (UART) x 1 channel
- See CHAPTER 19.

® Clocked serial interface (CSI) x 1 channel
3-wire serial I/O mode (MSB or LSB first)

Note

- See CHAPTER 20.

UPDA4711A

RS-232C
driver/receiver

Figure 18-1. Serial Interface Example

UART + 3-wire serial 1/0

UPD784955 (master)

[3-wire serial 1/0]

uPD75108 (slave)

SI

SO
SCK

Note

SO
(UART) S|
RxD _
SCK
TxD

INTPmM

O
o Port Port

O

Handshake lines

Port
INT
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CHAPTER 19 ASYNCHRONOUS SERIAL INTERFACE

The uPD784955 Series has one channel of serial interface in asynchronous serial interface mode.

19.1 Asynchronous Serial Interface Mode

The asynchronous serial interface (UART: Universal Asynchronous Receiver Transmitter) offers the following two
modes.

(1) Operation stop mode
This mode is used when serial transfer is not performed to reduce the power consumption.

(2) Asynchronous serial interface (UART) mode
This mode is used to send and receive 1-byte data that follows the start bit, and supports full-duplex transmission.
A UART-dedicated baud rate generator is provided on-chip, enabling transmission at any baud rate within a broad
range. The MIDI standard’'s baud rate (31.25 kbps) can be used by utilizing the UART-dedicated baud rate
generator.

19.1.1 Configuration
The asynchronous serial interface has the following hardware configuration.

Figure 19-1 gives the block diagram of the asynchronous serial interface.

Table 19-1. Configuration of Asynchronous Serial Interface

Item Configuration

Registers Transmit shift register (TXS1)
Receive shift register (RX1)
Receive buffer register (RXB1)

Control registers | Asynchronous serial interface mode register 1 (ASIM1)
Asynchronous serial interface status register 1 (ASIS1)
Baud rate generator control register 1 (BRGC1)
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Figure 19-1. Block Diagram in Asynchronous Serial Interface Mode
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Transmit shift register 1 (TXS1)

This register is used to set transmit data. Data written to TXS1 is sent as serial data.

If a data length of 7 bits is specified, bits 0 to 6 of the data written to TXS1 are transferred as transmit data.
Transmission is started by writing data to TXS1.

TX1 can be written with an 8-bit memory manipulation instruction, but cannot be read.

RESET input sets TXS1 to FFH.

Caution Do not write to TXS1 during transmission.
TXS1 and receive buffer register 1 (RXB1) are allocated to the same address. Therefore,
attempting to read TXS1 will result in reading the values of RXB1.

Receive shift register 1 (RX1)

This register is used to convert serial data input to the RxD1 pin to parallel data. Receive data is transferred to
the receive buffer register (RXB1) when 1-byte data is received.

RX1 cannot be directly manipulated by program.

Receive buffer register 1 (RXB1)

This register is used to hold receive data. Each time one byte of data is received, new receive data is transferred
from the receive shift register 1 (RX1)

If a data length of 7 bits is specified, receive data is transferred to bits 0 to 6 of RXB1, and the MSB of RXB1
always becomes 0.

RXB1 can be read by an 8-bit memory manipulation instruction, but cannot be written.

RESET input sets RXB1 to FFH.

Caution RXB1 and transmit shift register 1 (TXB1) are allocated to the same address. Therefore,
attempting to read RXB1 will result in reading the values of TXB1.

Transmission control circuit

This circuit controls transmit operations such as the addition of a start bit, parity bit, and stop bit(s) to data written
to transmit shift register 1 (TXS1), according to the contents set to the asynchronous serial interface mode register
1 (ASIM1).

Reception control circuit

This circuit controls reception according to the contents set to the asynchronous serial interface mode register
1 (ASIM1). It also performs error check for parity errors, etc., during reception and transmission. If it detects an
error, it sets a value corresponding to the nature of the error in the asynchronous serial interface status register
1 (ASIS1).
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19.1.2 Control registers

The asynchronous serial interface controls the following three types of registers.

« Asynchronous serial interface mode register 1 (ASIM1)
« Asynchronous serial interface status register 1 (ASIS1)
« Baud rate generator control register 1 (BRGC1)

(1) Asynchronous serial interface mode register 1 (ASIM1)
ASIML1 is an 8-bit register that controls serial transfer operation of the asynchronous serial interface.
ASIML1 is set by a 1-bit or 8-bit memory manipulation instruction.
RESET input sets ASIM1 to O0H.
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Figure 19-2. Asynchronous Serial Interface Mode Register 1 (ASIM1) Format

Address: OFF70H After Reset: 00H R/W
Symbol @ (6 5 4 3 2 1 0
ASIM1 | TXE1l | RXE1 | PS11 PS10 CL1 SL1 ISRMn 0 Note
TXE1 RXE1 Operation Mode R_XD/PZO_ T)_(D/PZJ' )
Pin Function Pin Function
0 0 Operation stop Port function Port function
0 1 UART mode Serial function Port function
(Receive only)
1 0 UART mode Port function Serial function
(Transmit only)
1 1 UART mode Serial function Serial function
(Transmit/Receive)
PS11 PS10 Parity Bit Specification
0 0 No parity
0 1 Always add 0 parity during transmission
Do not perform parity check during reception (parity error not generated)
1 0 Odd parity
1 1 Even parity
CL1 Character Length Specification
0 7 bits
1 8 bits
SL1 Transmit Data Stop Bit Length Specification
0 1 bit
1 2 bits
ISRM1 Receive Completion Interrupt Control at Error Occurrence
0 Generate receive completion interrupt request when error occurs
1 Do not generate receive completion interrupt request when error occurs

Note Ensure that “0” is written in bit 0.

Caution Switch across to the operational mode after stopping serial sending and receiving opera-

tions.
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(2) Asynchronous serial interface status register 1 (ASIS1)
ASIS1 is a register used to display the type of error when a receive error occurs.
ASIS1 can be read with a 1-bit or 8-bit memory manipulation instruction.
RESET input sets ASIS1 to O0H.

Figure 19-3. Asynchronous Serial Interface Status Register 1 (ASIS1) Format

Address: OFF72H After Reset: 00H R

Symbol 7 6 5 4 3 @ @ @

ASIS1 0 0 0 0 o | Per | FE1 | ovEr |
PE1 Parity Error Flag
0 Parity error not generated
1 Parity error generated

(when parity of transmit data does not match)

FE1 Framing Error Flag
0 Framing error not generated
1 Framing error generatedNete 1

(when stop bit(s) is not detected)

OVE1 QOverrun Error Flag
0 Overrun error not generated
1 Overrun error generatedNote 2

(When next receive operation is completed before data from receive buffer
register is read)

Notes 1. Evenifthe stop bitlength has been set to 2 bits with bit 2 (SL1) of the asynchronous serial interface
mode register 1 (ASIM1), stop bit detection during reception is only 1 bit.
2. Be sure to read the receive buffer register 1 (RXB1) when an overrun error occurs.
An overrun error is generated each time data is received until RXB1 is read.

(3) Baud rate generator control register 1 (BRGC1)
BRGCL1 is a register used to set the serial clock of the asynchronous serial interface.
BRGCL1 is set by a 1-bit or 8-bit memory manipulation instruction.
RESET input sets BRGC1 to O0H.
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Figure 19-4. Baud Rate Generator Control Register 1 (BRGC1) Format

Address: OFF76H After Reset: 00H R/W
Symbol 7 6 5 4 3 2 1 0
BRGC1 0 TPS12 TPS11 TPS10 MDL13 MDL12 MDL11 MDL10
TPS12 TPS11 TPS10 5-Bit Counter Source Clock Selection
0 0 0 fe/4 (2 MHZz)
0 0 1 fewk/8 (1 MHz)
0 1 0 fex/16 (500 kHz)
0 1 1 fewk/32 (250 kHz)
1 0 0 fek/64 (125 kHz)
1 0 1 fewk/128 (62.5 kHz)
1 1 0 fek/256 (31.3 kHz)
1 1 1 fewk/512 (15.6 kHz)
MDL13 MDL12 MDL11 MDL10 Baud Rate Genera.tor k
Input Clock Selection
0 0 0 0 fsck/16 0
0 0 0 1 fsck/17 1
0 0 1 0 fsck/18 2
0 0 1 1 fsck/19 3
0 1 0 0 fsck/20 4
0 1 0 1 fsck/21 5
0 1 1 0 fsck/22 6
0 1 1 1 fsck/23 7
1 0 0 0 fsck/24 8
1 0 0 1 fsck/25 9
1 0 1 0 fsck/26 10
1 0 1 1 fsck/27 11
1 1 0 0 fsck/28 12
1 1 0 1 fsck/29 13
1 1 1 0 fsck/30 14
1 1 1 1 Setting prohibited -

Caution If a write operation to BRGC1 is performed during communication, the baud rate generator
output will become garbled and normal communication will not be achieved. Consequently,

do not write in BRGC1 during communications.

Remarks 1. Figures in parentheses apply to operation with fc.k = 8 MHz.
2. fsck : Source clock of 5-bit counter
3. k: Value setin MDL10 to MDL13 (0 < k < 14)
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19.2 Operation
The asynchronous serial interface has the following two types of operation modes.

» Operation stop mode
« Asynchronous serial interface (UART) mode

19.2.1 Operation stop mode
Serial transfer cannot be performed in the operation stop mode, resulting in reduced power consumption.
Moreover, in the operation stop mode, pins can be used as regular ports.

(1) Register setting
Setting of the operation stop mode is done with asynchronous serial interface mode register 1 (ASIM1).
ASIM1 is set by a 1-bit or 8-bit memory manipulation instruction.
RESET input sets ASIM1 to 00H.

Address: OFF70H After Reset: 00H R/W

Symbol @ ® 5 4 3 2 1 0

ASIM1 | TXE1 | RXE1 | PS11 PS10 CL1 SL1 ISRM1 0 Note
. RxD/P20 TxD/P21
TXE1 RXE1 Operation Mode ) . ) .
Pin Function Pin Function
0 0 Operation stop Port function Port function
0 1 UART mode Serial function Port function

(Receive only)

1 0 UART mode Port function Serial function
(Transmit only)

1 1 UART mode Serial function Serial function
(Transmit/Receive)

Note Ensure that “0” is written in bit 0.

Caution Switch across to the operational mode after stopping serial sending and receiving opera-
tions.
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19.2.2 Asynchronous serial interface (UART) mode
This mode is used to transmit and receive the 1-byte data following the start bit. It supports full-duplex operation.
A UART-dedicated baud rate generator is incorporated enabling communication using any baud rate within a large
range.
The MIDI standard’s baud rate (31.25 kbps) can be used utilizing the UART-dedicated baud rate generator.

(1) Register setting

The UART mode is set with asynchronous serial interface mode register 1 (ASIM1), asynchronous serial interface
status register 1 (ASIS1), and baud rate generator control register 1 (BRGC1).
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(a) Asynchronous serial interface mode register 1 (ASIM1)
ASIM1 can be set by a 1-bit or 8-bit memory manipulation instruction.
RESET input sets ASIM1 to 00H.

Address: OFF70H After Reset: O0OH R/W
Symbol @ (& 5 4 3 2 1 0
ASIM1 | TXE1 | RXE1 | PS11 PS10 CL1 SL1 ISRM1 0 Note
TXE1 RXE1 Operation Mode R_XD/PZO_ T)_(D/PZJ' )
Pin Function Pin Function
0 0 Operation stop Port function Port function
0 1 UART mode Serial function Port function
(Receive only)
1 0 UART mode Port function Serial function
(Transmit only)
1 1 UART mode Serial function Serial function
(Transmit/Receive)
PS11 PS10 Parity Bit Specification
0 0 No parity
0 1 Always add 0 parity during transmission
Do not perform parity check during reception (parity error not generated)
1 0 Odd parity
1 1 Even parity
CL1 Character Length Specification
0 7 bits
1 8 bits
SL1 Transmit Data Stop Bit Length Specification
0 1 bit
1 2 bits
ISRM1 Receive Completion Interrupt Control at Error Occurrence
0 Generate receive completion interrupt when error occurs
1 Do not generate receive completion interrupt when error occurs

Note Ensure that “0” is written in bit 0.

Caution Switch the operation mode after stopping serial sending and receiving operations.
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(b) Asynchronous serial interface status register 1 (ASIS1)
ASIS1 can be read by a 1-bit or 8-bit memory manipulation instruction.
RESET input sets ASIS1 to O0H.

Address: OFF72H After Reset: 00H R

Symbol 7 6 5 4 3 @ @ @
ASIS1 0 0 0 0 0 | PE1 | FE1 | OVE1l |
PE1 Parity Error Flag
0 Parity error not generated
1 Parity error generated
(when parity of transmit data does not match)
FE1 Framing Error Flag
0 Framing error not generated
1 Framing error generatedNete 1
(when stop bit(s) is not detected)
OVE1 QOverrun Error Flag
0 Overrun error not generated
1 Overrun error generatedNote 2
(When next receive operation is completed before data from receive buffer
register is read)

Notes 1. Even if the stop bit length has been set to 2 bits with bit 2 (SLn) of the asynchronous serial
interface mode register 1 (ASIM1), stop bit detection during reception is only for 1 bit.
2. Be sure to read the receive buffer register 1 (RXB1) when an overrun error occurs.
An overrun error is generated each time data is received until RXB1 is read.
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(c) Baud rate generator control register 1 (BRGC1)
BRGCL1 is set by a 1-bit or 8-bit memory manipulation instruction.
RESET input sets BRGC1 to 00H.

Address: OFF76H After Reset: 00H R/IW

Symbol 7 6 5 4 3 2 1 0
BRGC1 0 TPS12 TPS11 TPS10 MDL13 MDL12 MDL11 MDL10
TPS12 TPS11 TPS10 5-Bit Counter Source Clock Selection
0 0 0 fewk/4 (2 MHz)
0 0 1 fe/8 (1 MHZz)
0 1 0 fewk/16 (500 kHz)
0 1 1 fe/32 (250 kHz)
1 0 0 fowk/64 (125 kHz)
1 0 1 fek/128 (62.5 kHz)
1 1 0 fewk/256 (31.3 kHz)
1 1 1 fowk/512 (15.6 kHz)
MDL13 MDL12 MDL11 MDL10 Baud Rate Generétor k
Input Clock Selection

0 0 0 0 fsck/16 0
0 0 0 1 fsck/17 1
0 0 1 0 fsck/18 2
0 0 1 1 fsck/19 3
0 1 0 0 fsck/20 4
0 1 0 1 fsck/21 5
0 1 1 0 fsck/22 6
0 1 1 1 fsck/23 7
1 0 0 0 fsck/24 8
1 0 0 1 fsck/25 9
1 0 1 0 fsck/26 10
1 0 1 1 fsck/27 11
1 1 0 0 fsck/28 12
1 1 0 1 fsck/29 13
1 1 1 0 fsck/30 14
1 1 1 1 Setting prohibited -

Caution If a write operation to BRGC1 is performed during communication, the baud rate
generator output will become garbled and normal communication will not be achieved.
Consequently, do not write in BRGC1 during communications.

Remarks 1. Figures in parentheses apply to operation with fc.k = 8 MHz.
2. fsck : Source clock of 5-bit counter
3. k: Value setin MDL10 to MDL13 (0 < k < 14)
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The send/receive clock pulse used for generating baud rate is a signal that is a frequency-division of the
system clock pulse.

e The system clock generates a clock pulse that is used for baud rate.
The system clock pulses is frequency-divided to generate a send/receive clock pulse. The baud rate
generated from the system clock is determined by the equation shown below.

feik

Baud rate] = ——————
[ ] 2m+1 (k + 16)

[Hz]

fcik @ Internal system clock frequency
m : Value set in TPS10 to TPS12 (2<m <9)
k  : Value set in MDL10 to MDL13 (0 < k < 14)

The relationship between the source clock of the 5-bit counter and the m value is shown in Table 19-
2.

Table 19-2. Relationship between 5-Bit Counter Source Clock and m Value

TPS12{TPS11|TPS10 5-Bit Counter Source Clock Selection
0 0 0 fowk/4 (2 MHZ)

fc/8 (1 MHz)

fowk/16 (500 kHz)

fek/32 (250 kHz)

fok/64 (125 kHz)

fok/128 (62.5 kHz)

fck/256 (31.3 kHz)

fowk/512 (15.6 kHz)

O (o |N[jojo|h|lw | N |3

0
0
0
1
1
1
1

Rk |lolo|kr |k |o
R |lo|kr |Oo|kr |O|F

Remark Figures in parentheses apply to operation with fcik = 8 MHz.

285



CHAPTER 19 ASYNCHRONOUS SERIAL INTERFACE

e Permissible baud rate range
The permissible baud rate range is dependent on the number of bits in one frame and the ratio of
frequency division of the counter. [1/(16+k)]
Table 19-3 shows the relationship between system clock and baud rate.

Table 19-3. Relationship between System Clock and Baud Rate

Baud Rate fck = 12.5 MHz fcik = 8.0 MHz fck = 6.0 MHz
(bps) BRGC1 value |Error (%)| BRGC1 value |Error (%)| BRGC1 value |Error (%)
195 — — 7EH 33.55 7EH 0.16
300 7EH 35.63 7AH 0.16 74H -2.34
600 74H 1.73 6AH 0.16 64H -2.34
976 69H 1.00 60H 0.06 58H 0.06
1200 64H 1.73 5AH 0.16 54H —-2.34
2400 54H 1.73 4AH 0.16 44H —-2.34
4800 44H 1.73 3AH 0.16 34H -2.34
9615 34H 1.56 2AH 0.00 24H -2.50
19200 24H 1.73 1AH 0.16 14H -2.34
31250 19H 0.00 10H 0.00 08H 0.00
38400 14H 1.73 OAH 0.16 04H —-2.34
76800 04H 1.73 00H -18.62 OOH —38.96
97656 OOH 1.00 — — — —
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(2) Communication operation

(a) Data format
The format for sending and receiving data is shown in Figure 19-5.

Figure 19-5. Asynchronous Serial Interface Transmit/Receive Data Format

| 1-data frame ‘

Sé?t” po|p1|D2|D3|Ds|D5| D6 | D7 Pgriitty Stop Bit(s)

Character bits ————————

Each data frame is composed for the bits outlined below.

e Start bit......coooeiiiies 1 bit

¢ Character bits .............. 7 bits/8 bits

e Parity bit......ccccoeeinn. Even parity/Odd parity/O parity/No parity
e Stop bit(s) .ceveveeiiiiien. 1 bit/2 bits

Specification of the character bit length inside one data frame, selection of the parity, and selection of the
stop bit length, are performed with the asynchronous serial interface mode register 1 (ASIM1).

If 7 bits has been selected as the number of character bits, only the low-order 7 bits (bits O to 6) are valid.
In the case of transmission, the highest-order bit (bit 7) is ignored. In the case of reception, the highest-order
bit (bit 7) always becomes “0".

The setting of the serial transfer rate is performed with the ASIM1 and the baud rate generator control register
1 (BRGC1).

If a serial data reception error occurs, itis possible to determine the contents of the reception error by reading
the status of the asynchronous serial interface status register 1 (ASIS1).
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(b) Parity types and operations
Parity bits serve to detect bit errors in transmit data. Normally, the parity bits used on the transmit side and
the receive side are of the same type. In the case of even parity and odd parity, it is possible to detect “1”
bit (odd number) errors. In the case of 0 parity and no parity, errors cannot be detected.

(i) Even parity
e During transmission

Makes the number of “1"s in transmit data that includes the parity bit even. The value of the parity
bit changes as follows.

If the number of “1” bits in transmit data is odd : 1
If the number of “1” bits in transmit data is even : 0

« During reception
The number of “1” bits in receive data that includes the parity bit is counted, and if it is odd, a parity
error occurs.

(i) Odd parity
e During transmission
Odd parity is the reverse of even parity. It makes the number of “1”s in transmit data that includes
the parity bit even. The value of the parity bit changes as follows.

If the number of “1” bits in transmit data is odd : O
If the number of “1” bits in transmit data is even : 1

« During reception
The number of “1” bits in receive data is counted, and if it is even, a parity error occurs.

(iii) O Parity
During transmission, makes the parity bit “0”, regardless of the transmit data.

Parity bit check is not performed during reception. Therefore, no parity error occurs, regardless of
whether the parity bit value is “0” or “1".

(iv) No parity
No parity is appended to transmit data.

Transmit data is received assuming that it has no parity bit. No parity error can occur because there
is no parity bit.
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(c) Transmission
Transmission is started by writing transmit data to the transmit shift register 1 (TXS1). The start bit, parity
bit, and stop bit(s) are automatically added.

The contents of the transmit shift register 1 (TXS1) are shifted out upon transmission start, and when the

transmit shift register 1 (TXS1) becomes empty, a transmit completion interrupt request (INTST1) is
generated.

Caution In the case of UART transmission, follow the procedure below when performing
transmission for the first time.

<1> Set the port to the input mode (PM21 = 1), and write O to the port latch.

<2> Write 1 to bit 7 (TXE1) of asynchronous serial interface mode register 1 (ASIM1)
to enable transmission.

<3> Set the port to the output mode (PM21 = 0).
<4> Write transmit data to TXS to start transmission.

If the portis set to the output mode first, 0 will be output from the pins, which may cause
malfunction.

Figure 19-6. Asynchronous Serial Interface Transmit Completion Interrupt Request Timing

(a) Stop bit length: 1

STOP |
TxD (output) DO D1 D2 D6 D7 Parity

START

INTST1 —|

(b) Stop bit length: 2

TxD (output) \ / DO >< D1 >< D2 >GD< D6 >< D7 ><Parity / ST‘OP |

START

INTST1

Caution Do not write to the asynchronous serial interface mode register 1 (ASIM1) during
transmission. If you write to the ASIM1 register during transmission, further transmis-
sion operations may become impossible (in this case, input RESET to return to normal).
Whether transmissionis in progress or not can be judged by software, using the transmit
completion interrupt (INTST1) or the interrupt request flag (STIF1) set by INTST1.
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(d) Reception

290

When the RXE bit of the asynchronous serial interface mode register 1 (ASIM1) is set to 1, reception is
enabled and sampling of the RxD pin input is performed.

Sampling of the RxD pin input is performed by the serial clock set in the baud rate generator control register
1 (BRGC1).

The 5-bit counter for the baud rate generator will begin counting when the RxD pin input reaches low level,
and the ‘start timing’ signal for data sampling will be output when half of the time set for the baud rate has
passed. If the result of re-sampling the RxD pin input with this start timing signal is low level, the RxDn pin
input is perceived as the start bit, the 5-bit counter is initialized and begins counting, and data sampling is
performed. Following the start bit, when the character data, parity bit, and one stop bit are detected, reception
of one frame of data is completed.

When reception of one frame of data is completed, the receive data in the shift register is transferred to the
receive buffer 1 register (RXB1),and a receive completion interrupt request (INTSR1) is generated.

Also, even if an error occurs, the receiving data for which the error occurred is transferred to RXB1. If an
error occurs, when bit 1 (ISRM1) of ASIM1 is cleared (0), INTSR1 is generated. (refer to Figure 19-7).
When bit ISRM1 is set (1), INTSR1 is not generated.

When bit RXEL1 is reset to 0 during a receive operation, the receive operation is immediately stopped. At
this time, the contents of RXB1 and ASIS1 remain unchanged, and INTSR1 and INTSER1 are not generated.

Figure 19-7. Asynchronous Serial Interface Receive Completion Interrupt Request Timing

\ STOP
RxD (input) / DO X D1 X D2 X}D< D6 X D7 XParity

START

INTSR1 |_|

Caution Even when a receive error occurs, be sure to read the receive buffer register 1 (RXB1).

If RXB1 is not read, an overrun error will occur during reception of the next data, and
the reception error status will continue indefinitely.



CHAPTER 19 ASYNCHRONOUS SERIAL INTERFACE

(e) Receive error
Errors that occur during reception are of three types: parity errors, framing errors, and overrun errors. As
the data reception result error flag is set inside the asynchronous serial interface status register 1 (ASIS1),
the receive error interrupt request (INTSERL1) is generated. A receive error interrupt is generated before
a receive completion interrupt request (INTSR1). Receive error causes are shown in Table 19-4.
Whattype of error has occurred during reception can be detected by reading the contents of the asynchronous
serial interface status register 1 (ASIS1) during processing of the receive error interrupt (INTSER1) (refer
to Table 19-4 and Figure 19-8).
The contents of ASIS1 are reset to 0 either when the receive buffer register 1 (RXB1) is read or when the
next data is received (If the next data has an error, this error flag is set).

Table 19-4. Receive Error Causes

Receive Error Cause ASIS1
Parity error Parity specified for transmission and parity of receive data don't match 04H
Framing error Stop bit was not detected 02H
Overrun error Next data reception was completed before data was read from the receive buffer register | 01H

Figure 19-8. Receive Error Timing

\ STOP
RxD (input) / DO >< D1 >< D2 >GD< D6 >< D7 X Parity

INTSR1 Nete

INTSER1
(when framing/
overrun error
occurs)

INTSER1
(when parity
error occurs)

Note INTSRL1 will not be triggered if an error occurs when the ISRM1 bit has been set (1).

Cautions 1. The contents of the ASIS1 register are reset to 0 either when the receive buffer
register 1 (RXB1) is read or when the next data is received. To find out the contents
of the error, be sure to read ASIS1 before reading RXB1.

2. Besuretoread the receive buffer register 1 (RXB1) even when a receive error occurs.
If RXB1 is not read, an overrun error will occur at reception of the next data, and the
receive error status will continue indefinitely.
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19.2.3 Standby mode operation

(1) HALT mode operation
Serial transfer operation is normally performed.

* (2) STOP mode or IDLE mode operation
The asynchronous serial interface mode register 1 (ASIM1), transmit shift register 1 (TXS1), receive shift register
1 (RX1), and receive buffer register 1 (RXB1) stop operation holding the value immediately before the clock stops.
If the clock stops (STOP mode) during transmission, the TxD pin output data immediately before the clock stopped
is held. If the clock stops during reception, receive data up to immediately before the clock stopped is stored,
and subsequent operation is stopped. When the clock is restarted, reception is resumed.
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20.1 Function

This mode transfers 8-bit data by using the three lines of the serial clock (SF(), the serial output (SO), and the
serial input (SI).

Since the 3-wire serial /O mode can perform simultaneous transmission and reception, the data transfer processing
time becomes shorter.

The first bit in the serially transferred 8-bit data can be selected from either MSB or LSB.

The 3-wire serial /0O mode is valid when the peripheral /O or display controller equipped with a clocked serial
interface is connected.

20.2 Configuration

The 3-wire serial /0O mode is installed in the following hardware.
Figure 20-1 is a block diagram of the clocked serial interface (CSI) in the 3-wire serial I/O mode.

Table 20-1. 3-Wire Serial I/0 Configuration

Item Configuration
Register Serial 1/O shift register 0 (SI00)
Control register Serial operating mode register 0 (CSIMQ)
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Figure 20-1. Block Diagram of Clocked Serial Interface
(3-Wire Serial 1/0 Mode)

% Internal bus %
I8t
Control register | Direction control circuit |

J8°

| Serial 1/0 shift
SI O Iﬂ register 0 (SI00)
SO O Vll
| Serial clock Interrupt
Sok O W generation [—— INTCSIO
| counter circuit
- e foLk/23
j | Serial clock Selector  f=—— fow/2*
control circuit - fow/25

» Serial 1/0 shift register 0 (S100)
This 8-bit shift register performs parallel to serial conversion and serial communication (shift operation) synchro-
nized with the serial clock.
SIOO0 is set by an 8-bit memory manipulation instruction.
When bit 7 (CSIEO) in serial operating mode register 0 (CSIMO) is one, serial operation starts by writing data to
or reading it from SIOO0.
When transmitting, the data written to SIOOQ is output to the serial output (SO).
When receiving, data is read from the serial input (Sl) to SI100.
RESET input sets SIO0 to O0OH.

Caution Do not access SIOO0 during a transfer except for an access that becomes a transfer start trigger.
(When MODEO = 0, reading is disabled; and when MODEO = 1, writing is disabled.)
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20.3 Control Registers

» Serial operating mode register 0 (CSIMO)
The CSIMO register sets the serial clock and operating mode to the 3-wire serial I/O mode, and enables or stops
operation.
CSIMO is set by a 1-bit or 8-bit memory manipulation instruction.
RESET input sets CSIMO to 00H.

Figure 20-2. Serial Operating Mode Register 0 (CSIMO) Format

Address: OFF90H After Reset: O0H R/W

Symbol @ 6 5 4 3 2 1 0
CSIMO | CSIEO | 0 0 0 MODE1 MODEO SCLO1 SCLO00
SI00 Operation Enable/Disable Setting
CSIEO
Shift Register Operation Serial Counter Port
0 Disable operation Clear Port functionNote
1 Enable operation Enable operation count Serial function + Port function
MODE1 Specification of First Transfer Data Bit
0 MSB
1 LSB
Transfer Operation Mode Flag
MODEO
Operation Mode Transfer Start Trigger SO Output
0 Transmit/receive SI00 write Normal output
communication mode
1 Receive only mode SIOO0 read “0” fixed
SCLO1 SCLO00 Clock Selection
0 0 External clock to SCK
0 1 fok/8
1 0 feLk/16
1 1 fck/32

Note If CSIEO =0 (SIO0 operation stopped state), the pins connected to SI, SO, or SCK can function as ports.

Remark few: Internal system clock
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20.4 Operation
3-wire serial I/O has the following two operating modes.

* Operation stopped mode
» 3-wire serial /O mode

(1) Operation stopped mode
Since serial transfers are not performed in the operation stopped mode, power consumption can be decreased.
In the operation stopped mode, the pin can be used as an ordinary 1/O port.

(a) Register settings
The operation stopped mode is set in serial operating mode register 0 (CSIMO).
CSIMO is set by a 1-bit or 8-bit memory manipulation instruction.
RESET input sets CSIMO to OOH.

Figure 20-3. Serial Operating Mode Register 0 (CSIMO) Format (Operation Stopped Mode)

Address: OFF90H After Reset: O0H R/W

Symbol @) 6 5 4 3 2 1 0
CSIMO | CSIEO | 0 0 0 MODE1 MODEO SCLO1 SCLO0O0
SI00 Operating Enable/Disable Setting
CSIEO
Shift Register Operation Serial Counter Port
0 Disable operation Clear Port functionNote
1 Enable operation Enable count operation Serial function + port function

Note If CSIEO = 0 (SIOO0 operation stopped state), the pins connected to SlI, SO, or SCK can function as
ports.
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(2) 3-wire serial I/0 mode
The 3-wire serial I/O mode is valid when connecting a peripheral 1/0 or a display controller equipped with the
clocked serial interface.
Communication is over three lines, the serial clock (SCK), serial output (SO), and serial input (SI).

(a) Register setting
The 3-wire serial /0 mode is set in serial operating mode register 0 (CSIMO).
CSIMO is set by a 1-bit or 8-bit memory manipulation instruction.
RESET input sets CSIMO to 00H.

Figure 20-4. Serial Operating Mode Register 0 (CSIMO) Format (3-Wire Serial /0 Mode)

Address: OFF90H After Reset: O0H R/W

Symbol @ 6 5 4 3 2 1 0
CSIMO | CSIEO | 0 0 0 MODE1 MODEO SCLO1 SCLOO
SI00 Operation Enable/Disable Setting
CSIEO
Shift Register Operation Serial Counter Port
0 Disable operation Clear Port functionNote
1 Enable operation Enable count operation Serial function + port function
MODE1 Specification of First Transfer Data Bit
0 MSB
1 LSB
Transfer Operation Mode Flag
MODEO
Operation Mode Transfer Start Trigger SO Output
0 Transmit/receive SI00 write Normal output
communication mode
1 Receive only mode SIOO0 read “0” fixed
SCLO1 SCLOO Clock Selection
0 0 External clock to SCK
0 1 fck/8
1 0 fek/16
1 1 fck/32

Note If CSIEO =0 (SIOO0 operation stopped state), the pins connected to Sl, SO, or SCK can function as ports.

Remark few: Internal system clock
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(b) Communication
The 3-wire serial I/O mode transmits and receives data in 8-bit units. Data is transmitted and received with
each bit synchronized to the serial clock.
The shifting of the serial I/O shift register 0 (S100) is synchronized to the falling edge of the serial clock (Sﬁ).
The transmitted data are held in the SO latch and output from the SO pin. At the rising edge of SCK, the
received data that was input at the SI pin is latched to SIOO0.
The end of the 8-bit transfer automatically stops SIO0 operation and sets the interrupt request flag (INTCSIO).

Figure 20-5. 3-Wire Serial /0 Mode Timing

SCK 1 2 3 4 5 6 7 8

Sl l XNDI? X DI6 X DI5 X Dl4 X DI3 X DI2 X DI1 XDIO/

SO X DO7 X DO6 X DO5 X DO4 X DO3 X DO2 X DO1 X/DOO

INTCSIO

. . = End transfer
Start transfer synchronized to the falling edge of SCK

(c) Start transfer
If the following two conditions are satisfied, the serial transfer starts when the transfer data is set in the serial
I/0 shift register 0 (S100).

e Control bit (CSIEOQ) = 1 during SIO0 operation
« After an 8-bit serial transfer, the internal serial clock enters the stopped state or SCK is high.
« Transmit and transmit/receive communication mode
When CSIEO = 1 and MODEDO = 0, the transfer starts with an SIO0 write.
* Receive only mode
When CSIEO = 1 and MODEDO = 1, the transfer starts with an SIO0 read.

Caution Even if CSIEO becomes “1” after the data is written to SIO0, transfer does not start.

Serial transfer is automatically stopped by the end of the 8-bit transfer, and the interrupt request flag
(INTCSIO) is set.
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CHAPTER 21 EDGE DETECTION FUNCTION

The P00 pin has an edge detection function that can be programmed to detect the rising edge or falling edge.
The edge detection function is always functioning, even in the STOP mode and IDLE mode.

21.1 Control Registers

« External Interrupt Rising Edge Enable Register (EGPO0), External Interrupt Falling Edge Enable Register
(EGNO)
The EGPO and EGNO registers specify the effective edge to be detected by the NMI pin.
They can read/write with an 8-bit manipulation instruction or a bit manipulation instruction.
RESET input sets the EGP0 and EGNO to 00H.

Figure 21-1. Format of External Interrupt Rising Edge Enable Register (EGPO0) and External Interrupt
Falling Edge Enable Register (EGNO)

Address: OFFAOH After Reset: 00H R/W
Symbol 7 6 5 4 3 2 1 0

EGPO 0 0 0

o
o
o
o

EGPO00

Address: OFFA2H After Reset: 00H R/W

Symbol 7 6 5 4 3 2 1 0
EGNO 0 0 0 0 0 0 0 EGNOO
EGP0O0O EGNOO NMI Pin Effective Edge
0 0 Interrupt disable
0 1 Falling edge
1 0 Rising edge
1 1 Both rising and falling edges

Valid edges of edges detected at pins INTPO to INTP6 are specified by prescaler mode registers 0, 4, and 5
(PRMO, PRM4, and PRM5) (see Figure 8-5 Format of Prescaler Mode Register 0 (PRMO) ; Figure 12-4
Format of Prescaler Mode Register 4 (PRM4) ; and Figure 13-4 Format of Prescaler Mode Register 5
(PRMb)).
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% 21.2 Edge Detection of POO Pin

The POO pin detects the edges after noise elimination by analog delay. Therefore, edge detection requires that
a pulse width be maintained for at least 10 us.

Figure 21-2. Edge Detection of POO Pin

10 ps (MIN.)
P00 pin |_| J
<10 [S—»
- - (MAX.)

. 10 us
Input signal of
P00 after noise (MAX.) |
elimination

Rising edge —l

Falling edge —l
T 1 Elimination as T

Elimination as noise because  noiaction of

noise because pulse Detection of pulshe width falling edge
width is short rising edge Is short because pulse width
because pulse is long enough

width is long enough

Caution Since noise at the P0O pin is eliminated by analog delay, the edge is detected at most 10 us later
after an actual edge is input. The delay time until edge detection is not a constant value because
of differences in device characteristics.
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CHAPTER 22 INTERRUPT FUNCTIONS

The uPD784955 is provided with three interrupt request service modes — vectored interrupt, context switching,
and macro service (refer to Table 22-1). These three service modes can be set as required in the program. However
interrupt service by macro service can only be selected for interrupt request sources provided with the macro service
processing mode shown in Table 22-2. Context switching cannot be selected for non-maskable interrupts or operand
error interrupts.

Multiple-interrupt control using 4 priority levels can easily be performed for maskable vectored interrupts.

Table 22-1. Interrupt Request Service Modes

Interrupt Request

) Servicing Performed PC & PSW Contents Service
Service Mode
Vectored interrupts | Software Saving to & restoration Executed by branching to service program at
from stack addressN specified by vector table
Context switching Saving to & restoration Executed by automatic switching to register
from fixed area in bank specified by vector table and branching
register bank to service program at addressN°® specified by

fixed area in register bank

Macro service Hardware Retained Execution of pre-set service such as data
(firmware) transfers between memory and 1/0

Note The start addresses of all interrupt service programs must be in the base area. If the body of a service
program cannot be located in the base area, a branch instruction to the service program should be written
in the base area.
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CHAPTER 22 INTERRUPT FUNCTIONS

22.1 Interrupt Request Sources

The uPD784955 has the 31 interrupt request sources shown in Table 22-2, with a vector table allocated to each.

Table 22-2. Interrupt Request Sources (1/2)

Macro
Interrupt .
Type of ) Service Vector
Default Interrupt Request Generating| Control Context Macro
Interrupt o ) ) ) o ) Control Table
Priority Generating Source Unit Register | Switching | Service
Request Word Address
Name
Address
Software None | BRK instruction execution — — Not Not — 003EH
possible possible
BRKCS instruction execution — — Possible Not — —
possible
Operand None Invalid operand in “MOV STBC, — — Not Not — 003CH
error #byte” instruction or “MOV WDM, possible possible
#byte instruction”, and
LOCATION instruction
Non- None NMI (pin input edge detection) Edge — Not Not — 0002H
maskable detection possible possible
INTWDT (watchdog timer Watchdog — Not Not — 0004H
overflow) timer possible possible
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Table 22-2. Interrupt Request Sources (2/2)

Macro
Type of ) Interrupt Service Vector
Interrupt Detfaglt Interrupt Request Generfatlng Cothrol C(?nte.xt Mac-ro Control Table
Request Priority Generating Source Unit Register | Switching | Service Word Address
Name Address
Maskable INTPO (Pin input edge detection) Edge PICO Possible | Possible | OFEO6H 0006H
INTP1 (Pin input edge detection) | detection PIC1 OFEO8H | 0008H
INTP2/INTTM41 (pin input edge Edge PIC2 OFEOAH | 000AH
detection/TM4-CR41 match detection/
signal) T™4
3 INTP3 (Pin input edge detection) Edge PIC3 OFEOCH | 000CH
4 INTP4 (Pin input edge detection) detection PIC4 OFEOEH 000EH
5 INTP5/INTTM51 (pin input edge Edge PIC5 OFE10H | 0010H
detection/TM5-CR51 match detection/
signal) TM5
6 INTP6 (Pin input edge detection) | Edge detection PIC6 OFE12H 0012H
7 INTTMOO (TMO-CRO0 match signal) T™MO TMICO0 OFE14H 0014H
8 INTTMO1 (TMO-CRO1 match signal) TMICO1 OFE16H 0016H
9 INTTM10 (TM1-CR10 match signal) T™M1 TMIC10 OFE18H 0018H
10 INTTM11 (TM1-CR11 match signal) TMIC11 OFE1AH 001AH
11 INTTM20 (TM2-CR20 match signal) T™2 TMIC20 OFE1CH 001CH
12 INTTM21 (TM2-CR21 match signal) TMIC21 OFE1EH 001EH
13 INTTM30 (TM3-CR30 match signal) T™M3 TMIC30 OFE20H 0020H
14 INTTM31 (TM3-CR31 match signal) TMIC31 OFE22H 0022H
15 INTTM40 (TM4-CR40 match signal) T™4 TMIC40 OFE24H 0024H
16 INTTM42 (TM4-CR42 match signal) TMIC42 OFE26H 0026H
17 INTTM50 (TM5-CR50 match signal) TM5 TMIC50 OFE28H 0028H
18 INTTM52 (TM5-CR52 match signal) TMIC52 OFE2AH 002AH
19 INTTM6 (TM6-CR6 match signal) TM6 TMIC6 OFE2CH 002CH
20 INTTM7 (TM7-CR7 match signal) ™7 TMICT OFE2EH 002EH
21 INTSER1 (UART receive error) UART SERIC1 OFE30H 0030H
22 INTSR1 (UART receive completion) SRIC1 OFE32H 0032H
23 INTST1 (UART transmit completion) STIC1 OFE34H 0034H
24 INTCSIO (transmit/receive completion CslI CslIco OFE36H 0036H
clocked-serial interface)
25 INTAD (A/D conversion completion) | AID converter ADIC OFE38H 0038H
Remarks 1. The default priority is a fixed number. It indicates the priority when multiple interrupt requests with

the same specified priority are generated simultaneously.

™
CR (00, 01, 40, 41, 42, 50, 51)

: timer/counter
. capture/compare registers

CR (10, 11, 20, 21, 30, 31, 52, 6, 7) : compare registers

UART
CslI

: asynchronous serial interface
: clocked serial interface
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22.1.1 Software interrupts

Interrupts by software consist of the BRK instruction that generates a vectored interrupt and the BRKCS instruction
that performs context switching.

Software interrupts are acknowledged even in the interrupt disabled state, and are not subject to priority control.

22.1.2 Operand error interrupts

These interrupts are generated if there is an illegal operand in an “MOV STBC, #byte” instruction or “MOV WDMC,
#byte” instruction, and LOCATION instruction.

Operand error interrupts are acknowledged even in the interrupt disabled state, and are not subject to priority
control.

22.1.3 Non-maskable interrupts

A non-maskable interrupt is generated by NMI pin input or the watchdog timer.

Non-maskable interrupts are acknowledged unconditionallyNo®  even in the interrupt disabled state. They are not
subject to interrupt priority control, and are of higher priority that any other interrupt.

Note Except during execution of the service program for the same non-maskable interrupt, and during execution
of the service program for a higher-priority non-maskable interrupt

22.1.4 Maskable interrupts

A maskable interrupt is one subject to masking control according to the setting of an interrupt mask flag. In addition,
acknowledgment enabling/disabling can be specified for all maskable interrupts by means of the IE flag in the program
status word (PSW).

In addition to normal vectored interrupts, maskable interrupts can be acknowledged by context switching and macro
service (though some interrupts cannot use macro service: refer to Table 22-2).

The priority order for maskable interrupt requests when interrupt requests of the same priority are generated
simultaneously is predetermined (default priority) as shown in Table 22-2. Also, multiprocessing control can be
performed with interrupt priorities divided into 4 levels. However, macro service requests are acknowledged without
regard to priority control or the IE flag.
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22.2 Interrupt Service Modes
There are three uPD784955 interrupt service modes, as follows:

« Vectored interrupt service
e Macro service
e Context switching

22.2.1 Vectored interrupt service

When an interrupt is acknowledged, the program counter (PC) and program status word (PSW) are automatically
saved to the stack, a branch is made to the address indicated by the data stored in the vector table, and the interrupt
service routine is executed.

22.2.2 Macro service

When an interrupt is acknowledged, CPU execution is temporarily suspended and a data transfer is performed
by hardware. Since macro service is performed without the intermediation of the CPU, it is not necessary to save
orrestore CPU statuses such as the program counter (PC) and program status word (PSW) contents. This is therefore
very effective in improving the CPU service time (refer to 22.8 Macro Service Function ).

22.2.3 Context switching

When an interrupt is acknowledged, the prescribed register bank is selected by hardware, a branch is made to
a pre-set vector address in the register bank, and at the same time the current program counter (PC) and program
status word (PSW) are saved in the register bank (refer to 22.4.2 BRKCS instruction software interrupt (software
context switching) acknowledgment operation and 22.7.2 Context switching ).

Remark “Context” refers to the CPU registers that can be accessed by a program while that program is being

executed. These registers include general registers, the program counter (PC), program status word
(PSW), and stack pointer (SP).
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22.3 Interrupt Processing Control Registers

UPD784955 interrupt service is controlled for each interrupt request by various control registers that perform
interrupt service specification. The interrupt control registers are listed in Table 22-3.

Table 22-3. Control Registers

Register Name Symbol Function
Interrupt control registers PICO, PIC1, PIC2, PICS, Registers to record generation of interrupt request, control
PIC4, PIC5, PIC6, TMICOO, masking, specify vectored interrupt service or macro
TMICO01, TMIC10, TMIC11, service processing, enable or disable context switching
TMIC20, TMIC21, TMIC30, function, and specify priority.

TMIC31, TMIC40, TMIC42,
TMIC50, TMIC52, TMICG,
TMIC7, SERIC1, SRIC1,
STIC1,CSIICO, ADIC

Interrupt mask registers MKO (MKOL, MKOH) Control masking of maskable interrupt request. Associated
MK1 (MK1L, MK1H) with mask control flag in interrupt control register. Can be
accessed in word or byte units.
In-service priority register ISPR Records priority of interrupt request currently acknowl-
edged.
Interrupt mode control register | IMC Controls nesting of maskable interrupt with priority specified

to lowest level (level 3).

Watchdog timer mode register | WDM Specifies priorities of interrupt by NMI pin input and
overflow of watchdog timer.

Program status word PSW Enables or disables acknowledging maskable interrupt.

An interrupt control register is allocated to each interrupt source. The flags of each register perform control of the
contents corresponding to the relevant bit position in the register. The interrupt control register flag names
corresponding to each interrupt request signal are shown in Table 22-4.
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Table 22-4. Flag List of Interrupt Control Registers for Interrupt Requests

Default Interrupt Interrupt Control Register
Priority Re.quest Interrupt Interrupt Macro Service F:ontext Switch- | Priority Specification
Signal Request Flag | Mask Flag Enable Flag ing Enable Flag | Flag

0 INTPO PICO PIFO PMKO PISMO PCSEO PPRO1 | PPROO
1 INTP1 PIC1 PIF1 PMK1 PISM1 PCSE1 PPR11 | PPRI10
2 INTP2/INTTMA41 PIC2 PIF2 PMK2 PISM2 PCSE2 PPR21 | PPR20
3 INTP3 PIC3 PIF3 PMK3 PISM3 PCSE3 PPR31 | PPR30
4 INTP4 PIC4 PIF4 PMK4 PISM4 PCSE4 PPR41 | PPR40
5 INTP5/INTTM51 PIC5 PIF5 PMK5 PISM5 PCSES5 PPR51 | PPR50
6 INTP6 PIC6 PIF6 PMK6 PISM6 PCSE6 PPR61 | PPR60
7 INTTMOO TMICO00 TMIF00 TMMKO00 TMISMO00 TMCSEOO | TMPR0O1 | TMPRO00O
8 INTTMO1 TMICO1 TMIFO1 TMMKO1 TMISMO1 TMCSEO1 | TMPRO11 | TMPRO10
9 INTTM10 TMIC10 TMIF10 TMMK10 TMISM10 TMCSE10 |TMPR101 | TMPR100
10 INTTM11 TMIC11 TMIF11 TMMK11 TMISM11 TMCSE11 |TMPR111 | TMPR110
11 INTTM20 TMIC20 TMIF20 TMMK20 TMISM20 TMCSE20 | TMPR201 | TMPR200
12 INTTM21 T™MIC21 TMIF21 TMMK21 TMISM21 TMCSE21 |TMIC211 | TMIC210
13 INTTM30 TMIC30 TMIF30 TMMK30 TMISM30 TMCSE30 | TMPR301 | TMPR300
14 INTTM31 TMIC31 TMIF31 TMMK31 TMISM31 TMCSE31 | TMPR311 | TMPR310
15 INTTM40 TMIC40 TMIF40 TMMK40 TMISM40 TMCSE40 | TMPR401 | TMPR400
16 INTTM42 TMIC42 TMIF42 TMMK42 TMISM42 TMCSE42 | TMPR421 | TMPR420
17 INTTM50 TMIC50 TMIF50 TMMK50 TMISM50 TMCSE50 | TMPR501 | TMPR500
18 INTTM52 TMIC52 TMIF52 TMMK52 TMISM52 TMCSE52 | TMPR521 | TMPR520
19 INTTM6 TMIC6 TMIF6 TMMK6 TMISM6 TMCSE6 TMPR61 | TMPR60
20 INTTM7 TMIC7 TMIF7 TMMK7 TMISM7 TMCSE7 TMPR71 | TMPR70
21 INTSER1 SERIC1 SERIF1 SERMK1 SERISM1 SERCSE1 |SERPRI11 | SERPR10
22 INTSR1 SRIC1 SRIF1 SRMK1 SRISM1 SRCSE1 SRPR11 |SRPR10
23 INTST1 STIC1 STIF1 STMK1 STISM1 STCSE1 STPR11 |STPR10
24 INTCSIO Cslico CSlIFo CSIMKO CSIlISMO0 CSICSEO | CSIPRO1 | CSIPROO
25 INTAD ADIC ADIF ADMK ADISM ADICSE ADPR1 | ADPRO
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22.

for
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3.1 Interrupt control registers
An interrupt control register is allocated to each interrupt source, and performs priority control, mask control, etc.,
the corresponding interrupt request. The interrupt control register format is shown in Figure 22-1.

Priority specification flags ( xxXPR1/xxPRO0)

The priority specification flags specify the priority on an individual interrupt source basis for the 26 maskable
interrupts.

Up to 4 priority levels can be specified, and multiple interrupt sources can be specified at the same level. Among
maskable interrupt sources, level 0 is the highest priority.

If multiple interrupt requests are generated simultaneously among interrupt source of the same priority level, they
are acknowledged in default priority order.

These flags can be manipulated bit-wise by software.

RESET input sets all bits to 1.

Context switching enable flag ( xXCSE)

The context switching enable flag specifies that a maskable interrupt request is to be serviced by context
switching.

In context switching, the register bank specified beforehand is selected by hardware, a branch is made to a vector
address stored beforehand in the register bank, and at the same time the current contents of the program counter
(PC) and program status word (PSW) are saved in the register bank.

Context switching is suitable for real-time processing, since execution of interrupt servicing can be started faster
than with normal vectored interrupt servicing.

This flag can be manipulated bit-wise by means of software.

RESET input sets all bits to 0.

Macro service enable flag ( xxISM)

The macro service enable flag specifies whether an interrupt request corresponding to each flag is to be
processed by vectored interrupt or context switching, or by macro service.

When macro service processing is selected, at the end of the macro service (when the macro service counter
reaches 0) the macro service enable flag is automatically cleared (0) by hardware (vectored interrupt service/
context switching service).

This flag can be manipulated bit-wise by means of software.

RESET input sets all bits to 0.

Interrupt mask flag ( xxMK)

An interrupt mask flag specifies enabling/disabling of vectored interrupt servicing and macro service processing
for the interrupt request corresponding to each flag.

The interrupt mask contents are not changed by the start of interrupt service, etc., and are the same as the interrupt
mask register contents (refer to 22.3.2 Interrupt mask registers (MKO/MK1) ).

Macro service processing requests are also subject to mask control, and macro service requests can also be
masked with this flag.

This flag can be manipulated by means of software.

RESET input sets all bits to 1.

Interrupt request flag ( xxIF)

An interrupt request flag is set (1) by generation of the interrupt request that corresponds to that flag. When the
interrupt is acknowledged, the flag is automatically cleared (0) by hardware.

This flag can be manipulated by means of software.

RESET input sets all bits to 0.

308



CHAPTER 22 INTERRUPT FUNCTIONS

Figure 22-1. Interrupt Control Register (xxICn) (1/3)

Address : OFFEQOH to OFFE8H After Reset : 43H R/W
smo - @D ® @ s 2 O ©
PICO PIFO PMKO PISMO PCSEO 0 0 PPRO1 PPROO
PIC1 PIF1 PMK1 PISM1 PCSE1 0 0 PPR11 PPR10
PIC2 PIF2 PMK2 PISM2 PCSE2 0 0 PPR21 PPR20
PIC3 PIF3 PMK3 PISM3 PCSE3 0 0 PPR31 PPR30
PIC4 PIF4 PMK4 PISM4 PCSE4 0 0 PPR41 PPR40
PIC5 PIF5 PMK5 PISM5 PCSE5 0 0 PPR51 PPR50
PIC6 PIF6 PMK6 PISM6 PCSE6 0 0 PPR61 PPR60
TMICO00 | TMIFOO | TMMKOO | TMISMO0 | TMCSEOO 0 0 TMPR001| TMPRO0O
TMICO1 | TMIFO1 | TMMKO1 | TMISMO1 | TMCSEO1 0 0 TMPRO011| TMPRO10
xXIFn Interrupt Request Generation
0 No interrupt request (Interrupt signal is not generated.)
1 Interrupt request (Interrupt signal is generated.)
xxMKn Interrupt Processing Enable/Disable
0 Interrupt processing enable
1 Interrupt processing disable
xxISMn Interrupt Processing Mode Specification
0 Vectored interrupt processing/Context switching processing
1 Macro service processing
xXCSEn Context Switching Processing Specification
0 Processing with vectored interrupt
1 Processing with context switching
XxPRnl | xxPRnO Interrupt Request Priority Specification
0 0 Priority O (Highest priority)
0 1 Priority 1
1 0 Priority 2
1 1 Priority 3
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310

Figure 22-1. Interrupt Control Register (xxICn) (2/3)

Address : OFFE9H to OFFF1H After Reset : 43H R/W
smi D) ® @ 3 2 © ©
TMIC10 | TMIF10 | TMMK10 | TMISM10 | TMCSE10 0 0 TMPR101| TMPR100
TMIC11 | TMIF11 | TMMK11 | TMISM11| TMCSE11 0 0 TMPR111| TMPR110
TMIC20 | TMIF20 | TMMK20 | TMISM20 | TMCSE20 0 0 TMPR201 | TMPR200
TMIC21 | TMIF21 | TMMK21 | TMISM21 | TMCSE21 0 0 TMPR211 | TMPR210
TMIC30 | TMIF30 | TMMK30 | TMISM30 | TMCSE30 0 0 TMPR301 | TMPR300
TMIC31 | TMIF31 | TMMK31 |TMISM31 | TMCSE31 0 0 TMPR311| TMPR310
TMIC40 | TMIF40 | TMMK40 | TMISM40 | TMCSE40 0 0 TMPR401 | TMPR400
TMIC42 | TMIF42 | TMMK42 | TMISM42 | TMCSE42 0 0 TMPR421| TMPR420
TMIC50 | TMIF50 | TMMK50 | TMISM50 | TMCSES50 0 0 TMPR501 | TMPR500
xxIFn Interrupt Request Generation
0 No interrupt request (Interrupt signal is not generated.)
1 Interrupt request (Interrupt signal is generated.)
xXMKn Interrupt Processing Enable/Disable
0 Interrupt processing enable
1 Interrupt processing disable
xxISMn Interrupt Processing Mode Specification
0 Vectored interrupt processing/Context switching processing
1 Macro service processing
xXCSEnN Context Switching Processing Specification
0 Processing with vectored interrupt
1 Processing with context switching
xxPRn1l xxPRnO Interrupt Request Priority Specification
0 0 Priority 0 (Highest priority)
0 1 Priority 1
1 0 Priority 2
1 1 Priority 3
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Figure 22-1. Interrupt Control Register (xxICn) (3/3)

Address : OFFF2H to OFFF9H

TMIC52

TMIC6

TMIC7

SERIC1

SRIC1

STIC1

CslICOo

ADIC

After Reset : 43H R/W

sl D ® ® @ s 2 ® ©®
TMIF52 | TMMK52 | TMISM52 | TMCSES2 0 0 TMPR521 | TMPR520
TMIF6 TMMK6 | TMISM6 | TMCSE6 0 0 TMPR61 | TMPR60
TMIF7 TMMK?7 | TMISM7 | TMCSE7 0 0 TMPR71 | TMPR70
SERIF1 | SERMK1 | SERISM1 | SERCSE1 0 0 SERPR11| SERPR10
SRIF1 SRMK1 | SRISM1 | SRCSE1l 0 0 SRPR11 | SRPR10
STIF1 STMK1 | STISM1 | STCSE1 0 0 STPR11 | STPR10
CSIIFO CSIMKO | CSIISMO | CSICSEO 0 0 CSIPRO1 | CSIPROO
ADIF ADMK ADISM ADCSE 0 0 ADPRO1 | ADPROO
xxIFn Interrupt Request Generation
0 No interrupt request (Interrupt signal is not generated.)
1 Interrupt request (Interrupt signal is generated.)
XXMKn Interrupt Processing Enable/Disable
0 Interrupt processing enable
1 Interrupt processing disable
xxISMn Interrupt Processing Mode Specification
0 Vectored interrupt processing/Context switching processing
1 Macro service processing
xXCSEn Context Switching Processing Specification
0 Processing with vectored interrupt
1 Processing with context switching
xxPRn1l xxPRnO Interrupt Request Priority Specification
0 0 Priority O (Highest priority)
0 1 Priority 1
1 0 Priority 2
1 1 Priority 3
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22.3.2 Interrupt mask registers (MKO, MK1)

The MKO and MK1 are composed of interrupt mask flags. MKO and MK1 are 16-bit registers that can be manipulated
as a 16-bit unit. MKO can be manipulated in 8 bit units as MKOL and MKOH, and similarly MK1 can be manipulated
as MK1L and MK1H.

In addition, each bit of the MKO and MK1 can be manipulated individually with a bit manipulation instruction. Each
interrupt mask flag controls enabling/disabling of the corresponding interrupt request.

When an interrupt mask flag is set (1), acknowledgment of the corresponding interrupt request is disabled.

When an interrupt mask flag is cleared (0), the corresponding interrupt request can be acknowledged as a vectored
interrupt or macro service request.

Each interrupt mask flag in the MKO and MK1 is the same flag as the interrupt mask flag in the interrupt control
register. The MKO and MK1 are provided for en bloc control of interrupt masking.

After RESET input, the MKO and MK1 are set to FFFFH, and all maskable interrupts are disabled.
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Figure 22-2. Format of Interrupt Mask Registers (MKO, MK1)

<Byte access>

Address : OFFACH to OFFAFH After Reset : FFH R/W
Symbol 7 6 5 4 3 2 1 0

MKOL | TMMKOO PMK6 PMK5 PMK4 PMK3 PMK2 PMK1 PMKO

MKOH | TMMK40 | TMMK31 | TMMK30 | TMMK21 | TMMK20 | TMMK11| TMMK10| TMMKO1

MK1L | STMK1 SRMK1 | SERMK1 | TMMK7 | TMMK6 | TMMK52 | TMMK50 | TMMK42

MK1H 1 1 1 1 1 1 ADMK CSIMKO
xXMKn Interrupt Request Enable/Disable
0 Interrupt processing enable
1 Interrupt processing disable

<Word access>

Address : OFFACH, OFFAEH After Reset : FFFFH RIW
Symbol 15 14 13 12 11 10 9 8

MKO | TMMK40 | TMMK31 | TMMK30 | TMMK21 | TMMK20 | TMMK11| TMMK10 | TMMKO1

7 6 5 4 3 2 1 0

TMMKOO0 PMK6 PMKS PMK4 PMK3 PMK2 PMK1 PMKO

15 14 13 12 11 10 9 8
MK1 1 1 1 1 1 1 ADMK CSIMKO
7 6 5 4 3 2 1 0

STMK1 SRMK1 | SERMK1 | TMMK7 | TMMK6 | TMMK52 | TMMK50 | TMMKA42

xXMKn Interrupt Request Enable/Disable
0 Interrupt processing enable
1 Interrupt processing disable
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22.3.3 In-service priority register (ISPR)

ISPR shows the priority level of the maskable interrupt currently being serviced and the non-maskable interrupt
being serviced. When a maskable interrupt request is acknowledged, the bit corresponding to the priority of that
interrupt request is set to 1, and remains set until the service program ends. When a non-maskable interrupt is
acknowledged, the bit corresponding to the priority of that non-maskable interrupt is set to 1, and remains set until
the service program ends.

When a RETI instruction or RETCS instruction is executed, the bit, among those setto 1 in ISPR, that corresponds
to the highest-priority interrupt request is automatically cleared to 0 by hardware.

The contents of ISPR are not changed by execution of a RETB or RETCSB instruction.

RESET input sets the ISPR register to 00H.

Figure 22-3. Format of In-Service Priority Register (ISPR)

Address : OFFA8H After Reset : 00H R
Symbol 7 6 5 4 3 2 1 0
ISPR NMIS WDTS 0 0 ISPR3 ISPR2 ISPR1 ISPRO
NMIS NMI Processing Status
0 NMI interrupt is not acknowledged.
1 NMI interrupt is acknowledged.
WDTS Watchdog Timer Interrupt Processing Status
0 Watchdog timer interrupt is not acknowledged.
1 Watchdog timer interrupt is acknowledged.
ISPRnN Priority Level (n =0 to 3)
0 Interrupt of priority level n is not acknowledged.
1 Interrupt of priority level n is acknowledged.

Caution The in-service priority register (ISPR) is a read-only register. The microcontroller may malfunc-
tion if this register is written.
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22.3.4 Interrupt mode control register (IMC)
IMC contains the PRSL flag. The PRSL flag specifies enabling/disabling of nesting of maskable interrupts for which
the lowest priority level (level 3) is specified.
When IMC is manipulated, the interrupt disabled state (DI state) should be set first to prevent malfunction.
IMC can be read or written with an 8-bit manipulation instruction or bit manipulation instruction.
ﬁinput sets the IMC register to 80H.

Figure 22-4. Format of Interrupt Mode Control Register (IMC)

Address : OFFAAH After Reset : 80H R/W
Symbol 7 6 5 4 3 2 1 0
IMC PRSL 0 0 0 0 0 0 0
PRSL Nesting Control of Maskable Interrupt (lowest level)
0 Nesting of interrupts with level 3 (lowest level) is enabled.
1 Nesting of interrupts with level 3 (lowest level) is disabled.
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22.3.5 Watchdog timer mode register (WDM)

The WDT4 bit of WDM specifies the priority of NMI pin input non-maskable interrupts and watchdog timer overflow
non-maskable interrupts.

WDM can be written to only by a dedicated instruction. This dedicated instruction, “MOV WDM, #byte”, has a special
code configuration (4 bytes), and a write is not performed unless the 3rd and 4th bytes of the operation code are mutual
complements.

If the 3rd and 4th bytes of the operation code are not mutual 1's complements, a write is not performed and an
operand error interrupt is generated. In this case, the return address saved in the stack area is the address of the
instruction that was the source of the error, and thus the address that was the source of the error can be identified
from the return address saved in the stack area.

If recovery from an operand error is simply performed by means of a RETB instruction, an endless loop will result.

As anoperand errorinterruptis only generated in the event of an inadvertent program loop (with the NEC assembler,
RA78K4, only the correct dedicated instruction is generated when “MOV WDM, #byte” is written), system initialization
should be performed by the program.

Other write instructions (MOV WDM, A; AND WDM, #byte; SET1 WDM.7, etc.) are ignored and do not perform any
operation. That is, a write is not performed to the WDM, and an interrupt such as an operand error interrupt is not
generated.

WDM can be read at any time by a data transfer instruction.

RESET input sets the WDM register to O0H.

Figure 22-5. Format of Watchdog Timer Mode Register (WDM)

Address : OFFC2H After Reset : 00H R/IW
Symbol 7 6 5 4 3 2 1 0
WDM RUN 0 0 WDT4 0 WDT2 WDT1 0

RUN Specifies Operation of Watchdog Timer (refer to Figure 12-2).

WDT4 Priority of Watchdog Timer Interrupt Request
0 Watchdog timer interrupt request < NMI pin input interrupt request
1 Watchdog timer interrupt request > NMI pin input interrupt request

WDT2 WDT1 | Specifies Count Clock of Watchdog Timer
(refer to Figure 12-2).

Caution The watchdog timer mode register (WDM) can be written only by using a dedicated instruction
(MOV WDM, #byte).
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22.3.6 Program status word (PSW)

PSW is a register that holds the current status regarding instruction execution results and interrupt requests. The
IE flag that sets enabling/disabling of maskable interrupts is mapped in the low-order 8 bits of the PSW (PSWL).

PSWL can be read or written to with an 8-bit manipulation instruction, and can also be manipulated with a bit
manipulation instruction or dedicated instruction (EI/DI).

When a vectored interrupt is acknowledged or a BRK instruction is executed, PSWL is saved to the stack and the
IE flag is cleared (0). PSWL is also saved to the stack by the PUSH PSW instruction, and is restored from the stack
by the RETI, RETB, or POP PSW instruction.

When context switching or a BRKCS instruction is executed, PSWL is saved to a fixed area in the register bank,

and the IE flag is cleared to 0. PSWL is restored from the fixed area in the register bank by a RETCSI or RETCSB
instruction.

RESET input sets PSWL to O0H.

Figure 22-6. Format of Program Status Word (PSWL)

After Reset : 00H

Symbol 7 6 5 4 3 2 1 0
PSWL S 4 RSS AC IE PV 0 CYy
S Used for normal instruction execution
Z
RSS
AC
IE Enable or Disable Accepting Interrupt
0 Disable
1 Enable
PV Used for normal instruction execution
CY
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22.4 Software Interrupt Acknowledgment Operations

A software interrupt is acknowledged in response to execution of a BRK or BRKCS instruction. Software interrupts
cannot be disabled.

22.4.1 BRK instruction software interrupt acknowledgment operation

When a BRK instruction is executed, the program status word (PSW) and program counter (PC) are saved in that
order to the stack, the IE flag is cleared (0), the vector table (003EH/003FH) contents are loaded into the low-order
16 bits of the PC, and 0000B into the high-order 4 bits, and a branch is performed (the start of the service program
must be in the base area).

The RETB instruction must be used to return from a BRK instruction software interrupt.

Caution The RETI instruction must not be used to return from a BRK instruction software interrupt.

22.4.2 BRKCS instruction software interrupt (software context switching) acknowledgment operation

The context switching function can be initiated by executing a BRKCS instruction.

The register bank to be used after context switching is specified by the BRKCS instruction operand.

When a BRKCS instruction is executed, the program branches to the start address of the interrupt service program
(which must be in the base area) stored beforehand in the specified register bank, and the contents of the program
status word (PSW) and program counter (PC) are saved in the register bank.

Figure 22-7. Context Switching Operation by Execution of a BRKCS Instruction

|
|
|
|
|
0000B Register bank | [T
(0to 7) —
T f —
@ ransier Register bank n (n =0 to 7) —
|PC19-16 | PCis0 | A X —
p B c
Exch 1
(6) Exchange Rs | Ra
2 Ssave R7 1 R6
(Bits 8 to 11 of L
temporary register) ® save v VP
0 Op () Register bank switching
| Temporary register | (RBS0-RBS2 — n)
T E @ (RSS . o)
IE 0
W

@ Save /
| PSW |

The RETCSB instruction is used to return from a software interrupt due to a BRKCS instruction. The RETCSB

instruction must specify the start address of the interrupt service program for the next time context switching is
performed by a BRKCS instruction. This interrupt service program start address must be in the base area.

Caution The RETCS instruction must not be used to return from a BRKCS instruction software interrupt.
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Figure 22-8. Return from BRKCS Instruction Software Interrupt (RETCSB Instruction Operation)

Register bank n (n =0 to 7)
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22.5 Operand Error Interrupt Acknowledgment Operation

RETCSB instruction operand

An operand error interrupt is generated when the data obtained by inverting all the bits of the 3rd byte of the operand
of a “MOV STBC, #byte” instruction or LOCATION instruction or a “MOV WDM, #byte” instruction does not match
the 4th byte of the operand. Operand error interrupts cannot be disabled.

When an operand error interrupt is generated, the program status word (PSW) and the start address of the
instruction that caused the error are saved to the stack, the IE flag is cleared to 0, the vector table value is loaded
into the program counter (PC), and a branch is performed (within the base area only).

As the address saved to the stack is the start address of the instruction in which the error occurred, simply writing
a RETB instruction atthe end of the operand error interrupt service program will resultin generation of another operand
error interrupt. You should therefore either process the address in the stack or initialize the program by referring to

22.12 Restoring Interrupt Function to Initial State
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22.6 Non-maskable Interrupt Acknowledgment Operation

Non-maskable interrupts are acknowledged even in the interrupt disabled state. Non-maskable interrupts can be
acknowledged at all times except during execution of the service program for an identical non-maskable interrupt or
a non-maskable interrupt of higher priority.

The relative priorities of non-maskable interrupts are set by the WDT4 bit of the watchdog timer mode register
(WDM) (see 22.3.5 Watchdog timer mode register (WDM) ).

Except in the cases described in 22.9 When Interrupt Requests and Macro Service are Temporarily Held
Pending , a non-maskable interrupt request is acknowledged immediately. When a non-maskable interrupt request
is acknowledged, the program status word (PSW) and program counter (PC) are saved in that order to the stack,
the IE flag is cleared to 0, the in-service priority register (ISPR) bit corresponding to the acknowledged non-maskable
interrupt is set to 1, the vector table contents are loaded into the PC, and a branch is performed. The ISPR bit that
is set to 1 is the NMIS bit in the case of a non-maskable interrupt due to edge input to the NMI pin, and the WDTS
bit in the case of watchdog timer overflow.

When the non-maskable interrupt service program is executed, non-maskable interrupt requests of the same
priority as the non-maskable interrupt currently being executed and non-maskable interrupts of lower priority than
the non-maskable interrupt currently being executed are held pending. A pending non-maskable interrupt is
acknowledge after completion of the non-maskable interrupt service program currently being executed (after
execution of the RETI instruction). However, even if the same non-maskable interrupt request is generated more
than once during execution of the non-maskable interrupt service program, only one non-maskable interrupt is
acknowledged after completion of the non-maskable interrupt service program.
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Figure 22-9. Non-Maskable Interrupt Request Acknowledgment Operations (1/2)

(@) When a new NMI request is generated during NMI service program execution

( Main routine )

(NMIS =1)
NMI request NMI request held pending since NMIS = 1

NMI request

Pending NMI request is serviced

(b) When awatchdog timer interrupt request is generated during NMI service program execution (when
the watchdog timer interrupt priority is higher (when WDT4 in the WDM = 1))

C Main routine )

¥ Watchdog
timer interrupt
request

NMI request
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Figure 22-9. Non-Maskable Interrupt Request Acknowledgment Operations (2/2)

(c) When awatchdog timer interrupt request is generated during NMI service program execution (when
the NMI interrupt priority is higher (when WDT4 in the WDM = 0))

( Main routine )

Watchdog | Watchdog timer interrupt is kept
timer | pending because WDT4 =0

interrupt

request

NMI request

Pending watchdog timer interrupt is processed

(d) When an NMI request is generated twice during NMI service program execution

( Main routine )

NMI | Held pending since NMI service
request | program is being executed

s

A
NMI request
NMI Held pending since NMI service

request | program is being executed

NMI request was generated more than
twice, but is only acknowledged once

A
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Cautions 1. Macro service requests are acknowledged and serviced even during execution of a non-
maskable interrupt service program. If you do not want macro service processing to be
performed during a non-maskable interrupt service program, you should manipulate the
interrupt mask register in the non-maskable interrupt service program to prevent macro
service generation.

2. The RETI instruction must be used to return from a non-maskable interrupt. Subsequent
interrupt acknowledgment will not be performed normally if a different instruction is used.
Refer to Section 22.12 Restoring Interrupt Function to Initial State when a program is to be
restarted from the initial status after a non-maskable interrupt acknowledgement.

3. Non-maskable interrupts are always acknowledged, except during non-maskable interrupt
service program execution (except when a high non-maskable interrupt request is generated
during execution of a low-priority non-maskable interrupt service program) and for a certain
period after execution of the special instructions shown in 22.9. Therefore, a non-maskable
interrupt will be acknowledged even when the stack pointer (SP) value is undefined, in
particular after reset release, etc. In this case, depending on the value of the SP, it may
happen that the program counter (PC) and program status word (PSW) are written to the
address of a write-inhibited special function register (SFRs) (see Table 3-6 in 3.8 Special
Function Registers (SFRs)), and the CPU becomes deadlocked, or an unexpected signal is
output from a pin, or the PC and PSW are written to an address in which RAM is not mounted,
with the result that the return from the non-maskable interrupt service program is not
performed normally and a software upset occurs.

Therefore, the program following RESET release must be as shown below.

CSEG ATO
DW  STRT
CSEG BASE
STRT:
LOCATION OFH; or LOCATION 0
MOVG SP, #imm24
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22.7 Maskable Interrupt Acknowledgment Operation

A maskable interrupt can be acknowledged when the interrupt request flag is set to 1 and the mask flag for that
interrupt is cleared to 0. When servicing is performed by macro service, the interrupt is acknowledged and serviced
by macro service immediately. In the case of vectored interrupt and context switching, an interrupt is acknowledged
if the interrupt enabled state (when the IE flag is set to 1) and the priority of that interrupt is one for which
acknowledgment is permitted.

If maskable interrupt requests are generated simultaneously, the interrupt for which the highest priority is specified
by the priority specification flag is acknowledged. If the interrupts have the same priority specified, they are
acknowledged in accordance with their default priorities.

A pending interrupt is acknowledged when a state in which it can be acknowledged is established.

The interrupt acknowledgment algorithm is shown in Figure 22-10.
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Figure 22-10. Interrupt Request Acknowledgment Processing Algorithm
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22.7.1 Vectored interrupt

When a vectored interrupt maskable interrupt request is acknowledged, the program status word (PSW) and
program counter (PC) are saved in that order to the stack, the IE flag is cleared to O (the interrupt disabled state is
set), and the in-service priority register (ISPR) bit corresponding to the priority of the acknowledged interrupt is set
to 1. Also, data in the vector table predetermined for each interrupt request is loaded into PC, and a branch is
performed. The return from a vectored interrupt is performed by means of the RETI instruction.

Caution When a maskable interrupt is acknowledged by vectored interrupt, the RETI instruction must be
used to return from the interrupt. Subsequent interrupt acknowledgment will not be performed
normally if a different instruction is used.

22.7.2 Context switching

Initiation of the context switching function is enabled by setting the context switching enable flag of the interrupt
control register to 1.

When an interrupt request for which the context switching function is enabled is acknowledged, the register bank
specified by 3 bits of the lower address (even address) of the corresponding vector table address is selected.

The vector address stored beforehand in the selected register bank is transferred to the program counter (PC),
and at the same time the contents of PC and the program status word (PSW) up to that time are saved in the register
bank and branching is performed to the interrupt service program.

Figure 22-11. Context Switching Operation by Generation of an Interrupt Request

|
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The RETCS instruction is used to return from an interrupt that uses the context switching function. The RETCS
instruction must specify the start address of the interrupt service program to be executed when that interrupt is
acknowledged next. This interrupt service program start address must be in the base area.

Caution The RETCS instruction must be used to return from an interrupt serviced by context switching.
Subsequent interrupt acknowledgment will not be performed normally if a different instruction

is used.

Figure 22-12. Return from Interrupt that Uses Context Switching by Means of RETCS Instruction
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22.7.3 Maskable interrupt priority levels

The uPD784955 performs multiple interrupt servicing in which an interrupt is acknowledged during servicing of
another interrupt. Multiple interrupts can be controlled by priority levels.

There are two kinds of priority control, control by default priority and programmable priority control in accordance
with the setting of the priority specification flag. In priority control by means of default priority, interrupt service is
performed in accordance with the priority preassigned to each interrupt request (default priority) (refer to Table 22-
2). In programmable priority control, interrupt requests are divided into four levels according to the setting of the priority
specification flag. Interrupt requests for which multiple interrupt is permitted are shown in Table 22-5.

Since the |E flag is cleared to 0 automatically when an interrupt is acknowledged, when multiple interrupt is used,
the IE flag should be set to 1 to enable interrupts by executing an IE instruction in the interrupt service program, etc.

Table 22-5. Multiple Interrupt Servicing

Priority of Interrupt Currently . PRSL in
) ISPR Value IE Flag in PSW . Acknowledgeable Maskable Interrupts
Being Acknowledged IMC Register
No interrupt being 00000000 0 X ¢ All macro service only
acknowledged 1 x « All maskable interrupts
3 00001000 0 X « All macro service only
1 0 « All maskable interrupts
1 1 « All macro service
« Maskable interrupts specified as
priority 0/1/2
2 0000x%100 0 X « All macro service only
1 X « All macro service
« Maskable interrupts specified as
priority 0/1
1 0000xx10 0 X « All macro service only
1 X « All macro service
« Maskable interrupts specified as
priority O
0 0000xxx1 X X ¢ All macro service only
Non-maskable interrupts 1000%xxx X X « All macro service only
0100%xxx
1100xxxx
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Figure 22-13. Examples of Servicing When Another Interrupt Request Is Generated during Interrupt Service (1/3)
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Since interrupt request b has a higher
priority than interrupt request a, and
interrupts are enabled, interrupt
request b is acknowledged.

The priority of interrupt request d is
higher than that of interrupt request c,
but since interrupts are disabled,
interrupt request d is held pending.

Although interrupts are enabled,
interrupt request f is held pending
since it has a lower priority than
interrupt request e.

Although interrupts are enabled,
interrupt request h is held pending
since it has the same priority as
interrupt request g.
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Figure 22-13. Examples of Servicing When Another Interrupt Request Is Generated during Interrupt Service (2/3)
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Figure 22-13. Examples of Servicing When Another Interrupt Request Is Generated during Interrupt Service (3/3)
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nested during level 3 interrupt servicing
(see Figure 22-15).

| U servicing
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Interrupt set during servicing of level O interrupt
request v request u, the interrupt request is not
Interrupt request u __|(Level 0)— acknowledged but held pending even
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Level 2) — Pending interrupt requests y and z are
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(Level 1) = (Level2)” request x. As interrupt requests y and z
\ . have the same priority level, interrupt
Z servicing request z which has the higher default
priority is acknowledged first, irrespective
of the order in which the interrupt requests
y Ser\/icing were generated.

Notes 1. Low default priority
2. High default priority
Remarks 1. *“a”to“z”inthe figure above are arbitrary names used to differentiate between the interrupt requests
and macro service requests.
2. High/low default priorities in the figure indicate the relative priority levels of the two interrupt
requests.
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Figure 22-14. Examples of Servicing of Simultaneously Generated Interrupt Requests
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* When requests are generated
simultaneously, they are
acknowledged in order starting
with macro service.

» Macro service requests are
acknowledged in default priority
order (b/c/f) (not dependent
upon the programmable priority
order).

* As interrupt requests are
acknowledged in high-to-low
priority level order, d and e are
acknowledged first.

* As d and e have the same
prority level, the interrupt
request with the higher default
priority, d, is acknowledged
first.
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Figure 22-15. Differences in Level 3 Interrupt Acknowledgment According to IMC Register Setting

Main routine
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Interrupt requesta
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b servicing
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U
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level 3 interrupt is acknowledged even during
level 3 interrupt servicing (nesting is

c servicing possible).

/ d servicing
Interrupt requestc ___ Interrupt Since level 3 interrupt request ¢ is being

(Level 3) request d» serviced in the interrupt enabled state and
(Level 3) PRSL = 0, interrupt request d, which is also
level 3, is acknowledged.
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>

Main routine
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As interrupt request 3 and f are both of the

Note 1
Interrupt request e — same level, the one with the higher default

(Level 3) priority, f, i_s acknowledged first. )
Interrupt request fNote 2 = When the interrupt enabled state is set
p(|_evqe| 3) - fservicing - during servicing of interrupt request f,
El € servicing pending interrupt request e is acknowledged
El since PRSL = 0.

Notes 1. Low default priority
2. High default priority

Remarks 1. *“a”to“f”inthe figure above are arbitrary names used to differentiate between the interrupt requests
and macro service requests.

2. High/low default priorities in the figure indicate the relative priority levels of the two interrupt
requests.
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22.8 Macro Service Function

22.8.1 Outline of macro service function

Macro service is one method of servicing interrupts. With anormalinterrupt, the program counter (PC) and program
status word (PSW) are saved, and the start address of the interrupt service program is loaded into the PC, but with
macro service, different processing (mainly data transfers) is performed instead of this processing. This enables
interrupt requests to be responded to quickly, and moreover, since transfer processing is faster than processing by

a program, the processing time can also be reduced.

Also, since a vectored interrupt is generated after processing has been performed the specified number of times,
another advantage is that vectored interrupt programs can be simplified.

Figure 22-16. Differences between Vectored Interrupt and Macro Service Processing

Macro service  Main routine >

Macro service
processing

>< Main routine

Context Interrupt
i i Note 2 Note 3 . .
switchinghete Main routine servicing Main routine
Vectored Interrupt Restore
. i i Note 4 L . .
interrupthote L Main routine > servicing PC, PSW Main routine
Vectored . . Save Initialize Interrupt Restore Restore i i
interrupt Main routine Note 4 general general servicir?g general X b e psw Main routine
registers registers registers

Interrupt request generation

Notes 1. When register bank switching is used, and an initial value has been set in the register beforehand
2. Register bank switching by context switching, saving of PC and PSW
3. Register bank, PC and PSW restoration by context switching
4. PC and PSW saved to the stack, vector address loaded into PC

22.8.2 Types of macro service

Macro service can be used with the 26 kinds of interrupts shown in Table 22-6. There are four kinds of operation,

which can be used to suit the application.
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Table 22-6. Interrupts for Which Macro Service Can Be Used

Default . . . Macro Service Control
Priority Interrupt Request Generation Source Generating Unit Word Address
0 INTPO (Pin input edge detection) Edge detection OFEO6H
INTP1 (Pin input edge detection) OFEO8H
2 INTP2/INTTM41 Edge detection/TM4 OFEOAH
(Pin input edge detection/TM4-CR41 match signal)
INTP3 (Pin input edge detection) Edge detection OFEOCH
INTP4 (Pin input edge detection) OFEOEH
5 INTP5/INTTM51 Edge detection/TM5 OFE10H
(Pin input edge detection/TM5-CR51 match signal)
6 INTP6 (Pin input edge detection) Edge detection OFE12H
7 INTTMOO (TMO-CROO match signal) TMO OFE14H
8 INTTMO1 (TMO-CRO1 match signal) OFE16H
9 INTTM10 (TM1-CR10 match signal) T™1 OFE18H
10 INTTM11 (TM1-CR11 match signal) OFE1AH
11 INTTM20 (TM2-CR20 match signal) T™M2 OFE1CH
12 INTTM21 (TM2-CR21 match signal) OFE1EH
13 INTTM30 (TM3-CR30 match signal) T™M3 OFE20H
14 INTTM31 (TM3-CR31 match signal) OFE22H
15 INTTM40 (TM4-CR40 match signal) T™M4 OFE24H
16 INTTM42 (TM4-CR42 match signal) OFE26H
17 INTTM50 (TM5-CR50 match signal) TM5 OFE28H
18 INTTM52 (TM5-CR52 match signal) OFE2AH
19 INTTM6 (TM6-CR6 match signal) TM6 OFE2CH
20 INTTM7 (TM7-CR7 match signal) ™7 OFE2EH
21 INTSER1 (UART receive error) UART OFE30H
22 INTSR1 (UART receive completion) OFE32H
23 INTST1 (UART transmission completion) OFE34H
24 INTCS10 (clocked serial interface transmit/receive completion) Csl OFE36H
25 INTAD (A/D conversion completion) A/D converter OFE38H
Remarks 1. The default priority is a fixed number. It indicates the priority when multiple interrupt requests with

the same specified priority are generated simultaneously.

2. T™ : timer/counter

CR (00, 01, 40, 41, 42, 50)

: capture/compare registers

CR (10, 11, 20, 21, 30, 31, 52, 6, 7) : compare registers
UART : asynchronous serial interface

CsSli : clocked serial interface
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There are four kinds of macro service, as shown below.

1)

)

©)

4

336

Type A

One byte or one word of data is transferred between a special function register (SFR) and memory each time
an interrupt request is generated, and a vectored interrupt request is generated when the specified number of
transfers have been performed.

Memory that can be used in the transfers is limited to internal RAM addresses OFEOOH to OFEFFH when the
LOCATION Oinstructionis executed, and addresses OFFEOOH to OFFEFFH when the LOCATION OFH instruction
is executed.

The specification method is simple and is suitable for low-volume, high-speed data transfers.

Type B

As with type A, one byte or one word of data is transferred between a special function register (SFR) and memory
each time an interrupt request is generated, and a vectored interrupt request is generated when the specified
number of transfers have been performed.

The SFR and memory to be used in the transfers is specified by the macro service channel (the entire 1-Mbyte
memory space can be used).

This is a general version of type A, suitable for large volumes of transfer data.

Type C

Data is transferred from memory to two special function registers (SFR) each time an interrupt request is
generated, and a vectored interrupt request is generated when the specified number of transfers have been
performed.

With type C macro service, not only are data transfers performed to two locations in response to a single interrupt
request, but it is also possible to add output data ring control and a function that automatically adds data to a
compare register. The entire 1-Mbyte memory space can be used.

Type C is mainly used with the INTTM30, INTTM6, INTTM50 and INTTM?7 interrupts, and is used for stepping
motor control, etc., by macro service, with RTBL or RTBH and CR30, CR6, CR50, CR7, or CR1W used as the
SFRs to which data is transferred.

Table 22-7. Examples of Main Uses for Type C

Interrupt Output Data Compare Register
INTTM30 RTBHO or RTBLO CR30
INTTM6 RTBHO CR6
INTTM50 RTBH1 or RTBL1 CR50
INTTM7 RTBH1 CR7

Counter mode

This mode is to decrement the macro service counter (MSC) when an interrupt occurs and is used to count the
division operation of an interrupt and interrupt generation circuit.

When MSC is 0, a vectored interrupt can be generated.

To restart the macro service, MSC must be set again.

MSC is fixed to 16 bits and cannot be used as an 8-bit counter.
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22.8.3 Basic macro service operation

Interrupt requests for which the macro service processing generated by the algorithm shown in Figure 22-10 can
be specified are basically serviced in the sequence shown in Figure 22-17.

Interrupt requests for which macro service processing can be specified are not affected by the status of the IE
flag, but are disabled by setting an interrupt mask flag in the interrupt mask register (MKO) to 1. Macro service
processing can be executed in the interrupt disabled state and during execution of an interrupt service program.

Figure 22-17. Macro Service Processing Sequence

Generation of interrupt request for which
macro service processing can be specified

P

Macro service processing execution| ; Data Transfer, Real-Time Output Port Control
MSC ~ MSC-1 ; Decrement Macro Service Counter (MSC)
No
Yes

Interrupt service mode bit — 0

No Yes

Interrupt request flag —~ 0

\/ \/

Interrupt request generation Execute next instruction

The macro service type and transfer direction are determined by the value set in the macro service control word
mode register. Transfer processing is then performed using the macro service channel specified by the channel
pointer according to the macro service type.

The macro service channel is memory that contains the macro service counter that records the number of transfers,
the transfer destination and transfer source pointers, and data buffers, and can be located at any address in the range
FEOOH to FEFFH when the LOCATION 0 instruction is executed, or FFEOOH to FFEFFH when the LOCATION OFH
instruction is executed.
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22.8.4 Operation at end of macro service

In macro service, processing is performed the number of times specified during execution of another program.
Macro service ends when the processing has been performed the specified number of times (when the macro service
counter (MSC) reaches 0). Either of two operations may be performed at this point, as specified by the VCIE bit (bit
7) of the macro service mode register for each macro service.

(1) When VCIE bitis 0
In this mode, an interrupt is generated as soon as the macro service ends. Figure 22-18 shows an example of
macro service and interrupt acknowledgment operations when the VCIE bit is 0.
This mode is used when a series of operations end with the last macro service processing performed, for instance.
It is mainly used in the following cases:

e Asynchronous serial interface receive data buffering (INTSR1)

« A/D conversion result fetch (INTAD)

« Compare register update as the result of a match between a timer register and the compare register (INTTMOO,
INTTMO1, INTTM10, INTTM11, INTTM20, INTTM21, INTTM30, INTTM31, INTTM40, INTTM41, INTTM42,
INTTM50, INTTM52, INTTM6, and INTTM7)
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Figure 22-18. Operation at End of Macro Service When VCIE = 0

C Main routine )

El

Macro service request —

Macro service processing

Last macro service request

Macro service processing

C Main routine )

E/
Other interrupt request — " Last macro —»

Servicing of interrupt request
due to end of macro service

Servicing of other interrupt

| Macro service processing

service request

Servicing of interrupt request
due to end of macro service

At the end of macro service
(MSC = 0), an interrupt
request is generated and
acknowledged.

If the last macro service is
performed when the
interrupt due to the end of
macro service cannot be
acknowledged while other
interrupt servicing is being
executed, etc., that interrupt
is held pending until it can
be acknowledged.
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(2) When VCIE bitis 1
In this mode, an interrupt is not generated after macro service ends. Figure 22-19 shows an example of macro
service and interrupt acknowledgment operations when the VCIE bit is 1.
This mode is used when the final operation is to be started by the last macro service processing performed, for
instance. It is mainly used in the following cases:

« Clocked serial interface receive data transfers (INTCSIO0)

« Asynchronous serial interface data transfers (INTST1)

« To stop a stepping motor in the case of controlling a stepping motor by means of macro service type C using
the real-time output port and timer/counter (INTTM6, INTTM7, INTTM30, and INTTM50) .

Figure 22-19. Operation at End of Macro Service When VCIE = 1

C Main routine )

El
Macro service request — Macro service processing
Last macro service request —» Processing of last macro service
Interrupt request due to the end of — Interrupt servicing
the hardware operation started by
the last macro service processing
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22.8.5 Macro service control registers

(1) Macro service control word
The uPD784955's macro service function is controlled by the macro service control mode register and macro
service channel pointer. The macro service processing mode is set by means of the macro service mode register,
and the macro service channel address is indicated by the macro service channel pointer.
The macro service mode register and macro service channel pointer are mapped onto the part of the internal
RAM shown in Figure 22-20 for each macro service as the macro service control word.
When macro service processing is performed, the macro service mode register and channel pointer values
corresponding to the interrupt requests for which macro service processing can be specified must be set
beforehand.
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Figure 22-20. Macro Service Control Word Format

Reserved word

ADCHP
ADMMD

CSICHPO
CSIMMDO

STCHP1
STMMD1

SRCHP1
SRMMD1

SERCHP1
SERMMD1

TMCHP7
TMMMD7

TMCHP6
TMMMD6

TMCHP52
TMMMD52

TMCHP50
TMMMD50

TMCHP42
TMMMD42

TMCHP40
TMMMDA40

TMCHP31
TMMMD31

TMCHP30
TMMMD30

TMCHP21
TMMMD21

TMCHP20
TMMMD20

TMCHP11
TMMMD11

TMCHP10
TMMMD10

TMCHPO1
TMMMDO1

TMCHPO0O
TMMMDOO

PCHP6
PMMD6

PCHP5
PMMD5

PCHP4
PMMDA4

PCHP3
PMMD3

PCHP2
PMMD2

PCHP1
PMMD1

PCHPO
PMMDO

Address

OFE39H
OFE38H

OFE37H
OFE36H

OFE35H
OFE34H

OFE33H
OFE32H

OFE31H
OFE30H

OFE2FH
OFE2EH

OFE2DH
OFE2CH

OFE2BH
OFE2AH

OFE29H
OFE28H

OFE27H
OFE26H

OFE25H
OFE24H

OFE23H
OFE22H

OFE21H
OFE20H

OFE1FH
OFE1EH

OFE1DH
OFE1CH

OFE1BH
OFE1AH

OFE19H
OFE18H

OFE17H
OFE16H

OFE15H
OFE14H

OFE13H
OFE12H

OFE11H
OFE10H

OFEOFH
OFEOEH

OFEODH
OFEOCH

OFEOBH
OFEOAH

OFEO9H
OFEO8H

OFEO7H
OFEO6H

Channel Pointer

Mode Register

Channel Pointer

Mode Register

Channel Pointer

Mode Register

Channel Pointer

Mode Register

Channel Pointer

Mode Register

Channel Pointer

Mode Register

Channel Pointer

Mode Register

Channel Pointer

Mode Register

Channel Pointer

Mode Register

Channel Pointer

Mode Register

Channel Pointer

Mode Register

Channel Pointer

Mode Register

Channel Pointer

Mode Register

Channel Pointer

Mode Register

Channel Pointer

Mode Register

Channel Pointer

Mode Register

Channel Pointer

Mode Register

Channel Pointer

Mode Register

Channel Pointer

Mode Register

Channel Pointer

Mode Register
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Mode Register

Channel Pointer

Mode Register
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Mode Register
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Mode Register
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Mode Register

Channel Pointer

Mode Register
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Cause

INTAD

INTCSIO

INTST1

INTSR1

INTSER1

INTTM7

INTTM6

INTTM52

INTTM50

INTTM42

INTTM40

INTTM31

INTTM30

INTTM21

INTTM20

INTTM11

INTTM10

INTTMO1

INTTMOO

INTP6

INTTM51/INTP5

INTP4

INTP3

INTTM41/INTP2

INTP1
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(2) Macro service mode register

The macro service mode register is an 8-bit register that specifies the macro service operation. This register

is written in internal RAM as part of the macro service control word (refer to Figure 22-20).

The format of the macro service mode register is shown in Figure 22-21.

Figure 22-21. Macro Service Mode Register Format (1/2)

7 6 5 4 3 2 1 0
| VCIE ‘MODZ ‘MODl ‘MODO‘ CHT3 ‘ CHT2 ‘CHTl ‘ CHTO|
\ ! \ \ ! !
\ \
CHTO 0 1 0
CHT1 0 0 0
CHT2 0 0 0
CHT3 0 0 1
{MOD2 |MOD1|MODO| Counter Mode Type A Type B
0 0 0 Counter Data transfer | Data size: Data transfer | Data size:
decrement direction 1 byte direction 1 byte
Memory - SFR Memory - SFR
0 0 1 Data transfer Data transfer
direction direction
SFR -~ memory SFR - memory
0 1 0
0 1 1
1 0 0 Data transfer | Data size: Data transfer Data size:
direction 2 bytes direction 2 bytes
Memory - SFR Memory - SFR
1 0 1 Data transfer Data transfer
direction direction
SFR - memory SFR - memory
1 1 0
1 1 1
— VCIE Interrupt Request when MSC =0
0 Generated
1 Not generated (next interrupt servicing is vectored interrupt)
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Figure 22-21. Macro Service Mode Register Format (2/2)

7 6 5 4 3 2 1 0
VCIE |MOD2|MOD1 |MODO|CHT3 |CHT2 | CHT1 | CHTO
\ | \ \ \ |
CHTO 0 1 0 1
CHT1 0 0 1 1
CHT2 1 1 1 1
CHT3 1 1 1 1
Decrements MPD Increments MPD
Retains MPT |Decrements MPT| Retains MPT | Increments MPT
0 0 0 Data size for timer | No automatic No ring control
specified addition -
0 0 1 by MPT: 1 byte Ring control
0 1 0 Automatic No ring control
addition -
0 1 1 Ring control
1 0 0 Data size for timer | No automatic No ring control
specified addition -
1 0 1 by MPT: 2 bytes Ring control
1 1 0 Automatic No ring control
addition -
1 1 1 Ring control
VCIE Interrupt Request when MSC =0
0 Generated
1 Not generated (next interrupt processing is vectored interrupt)

(3) Macro service channel pointer

344

The macro service channel pointer specifies the macro service channel address. The macro service channel
can be located in the 256-byte space from FEOOH to FEFFH when the LOCATION 0 instruction is executed, or
FFEOOH to FFEFFH when the LOCATION OFH instruction is executed, and the high-order 16 bits of the address
are fixed. Therefore, the low-order 8 bits of the data stored to the highest address of the macro service channel

are set in the macro service channel pointer.
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22.8.6 Macro service type A

(1) Operation
Data transfers are performed between buffer memory in the macro service channel and an SFR specified in the
macro service channel.
With type A, the data transfer direction can be selected as memory-to-SFR or SFR-to-memory.
Data transfers are performed the number of times set beforehand in the macro service counter. One macro
service processing transfers 8-bit or 16-bit data.
Type A macro service is useful when the amount of data to be transferred is small, as transfers can be performed
at high speed.
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Figure 22-22. Macro Service Data Transfer Processing Flow (Type A)

Macro service request
acknowledgment
|

Read contents of macro
service mode register

Other

Determine channel type

To other macro service processing

| Read channel pointer contents (m) |
\
| Read MSC contents (n) |
\ .
[ Calculate buffer address\o= |~ Note 1-bytetransfer:m-n-1
T 2-byte transfer:m-nx2-1

|  Read SFR pointer contents |

Determine transfer direction SFR - Memory

Memory - SFR

Read buffer contents, then transfer Specified SFR contents, then
read data to specified SFR transfer read data to buffer
| MSC — MSC-1 |
No
Yes

Clear interrupt service mode bit
(ISM) to 0

VCIE =17

No

Clear interrupt request flag
(IF)to O

Ce > (=

(Vectored interrupt request generation)
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(2) Macro service channel configuration
The channel pointer and 8-bit macro service counter (MSC) indicate the buffer address in internal RAM (FEOOH
to FEFFH when the LOCATION O instruction is executed, or FFEOOH to FFEFFH when the LOCATION OFH
instruction is executed), which is the transfer source or transfer destination (refer to Figure 22-23). Inthe channel
pointer, the low-order 8 bits of the address are written to the macro service counter in the macro service channel.
The SFR involved with the access is specified by the SFR pointer (SFRP). The low-order 8 bits of the SFR address

are written to the SFRP.

347



CHAPTER 22 INTERRUPT FUNCTIONS

Figure 22-23. Type A Macro Service Channel

(a) 1-byte transfers

7 0
B Macro Service Counter (MSC) } High addresses
B SFR Pointer (SFRP)
g Macro Service Buffer 1 MSC =1
- O
Macro service Macro Service Buffer 2 MSC =2
channel 0
O
0 -~
O
O
g Macro Service Buffer n MSC =n
=~ =~
0 .
Macro service O Channel Pointer
controlword O )
O Mode Register
5] vy Low addresses

Macro service buffer address = (channel pointer) - (macro service counter) - 1

(b) 2-byte transfers

7 0

4 High addresses

Macro Service Counter (MSC)

SFR Pointer (SFRP)

Macro Service (High-order Byte) MSC = 1

Buffer 1 (Low-order Byte)

. (High-order Byte)
Macro Service M Y7 T 7T MSC = 2

Buffer 2 (Low-order Byte)

Macro service
channel

).

)
;SN

- (High-order Byte)
Macro Service \ ¥ U MSC = n

Buffer n (Low-order Byte)

OOooOoooooooooooooogoog

Macro service Channel Pointer

control word

Mode Register

[ |

t Low addresses

Macro service buffer address = (channel pointer) - (macro service counter) x 2 - 1
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(3) Example of use of type A

An example is shown below in which data received via the asynchronous serial interface is transferred to a buffer

area in on-chip RAM.

Figure 22-24. Asynchronous Serial Reception

- - = OFE7FH

(Internal RAM)

MSC OEH

OFE70H

SFRP 74HNote Note Low-order 8 bits of RXB1 address

Channel Pointer 7FH

] Type A, SFR — Memory, 8-bit transfer,
Mode Register 11H interrupt request generation when
MSC =0

Internal Bus S

|
~

Receive Buffer
(RXB1)

RxD/P20 (O———  Shift Register

L~ INTSR1 macro service request

Remark Addresses in the figure are the values when the LOCATION O instruction is executed.
When the LOCATION OFH instruction is executed, 0FOO00H should be added to the values in the figure.
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22.8

1)

350

.7 Macro service type B

Operation

Data transfers are performed between a data area in memory and an SFR specified by the macro service channel.
With type B, the data transfer direction can be selected as memory-to-SFR or SFR-to-memory.

Data transfers are performed the number of times set beforehand in the macro service counter. One macro
service processing transfers 8-bit or 16-bit data.

This type of macro service is macro service type A for general purposes and is ideal for processing a large amount
of data because up to 64 Kbytes of data buffer area when 8-bit data is transferred or 1 Mbyte of data buffer area
when 16-bit data is transferred can be set in any address space.
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Figure 22-25. Macro Service Data Transfer Processing Flow (Type B)

Macro service request
acknowledgment
|

Read contents of macro service
mode register

Other

Determine channel type

f

To other macro service processing

Read channel pointer contents (m)

Memory - SFR

Determine transfer direction

SFR — Memory

Select transfer source SFR with Select transfer source memory with
SFR pointer macro service pointer (MP)
Read data from SFR, and write to Read data from memory, and write to
memory addressed by MP SFR specified by SFR pointer
| Increment MPNete |  Note 1-byte transfer: + 1
| 2-byte transfer: + 2
| MSC « MSC-1 |
MSC = 0? No
Yes
Clear interrupt service mode
bit (ISM) to 0
VCIE = 17 ves
No

Clear interrupt request flag
(IF)to O

= = O

(Vectored interrupt request generation)
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(2) Macro service channel configuration
The macro service pointer (MP) indicates the data buffer area in the 1-Mbyte memory space that is the transfer
destination or transfer source.
The low-order 8 bits of the SFR that is the transfer destination or transfer source is written to the SFR pointer
(SFRP).
The macro service counter (MSC) is a 16-bit counter that specifies the number of data transfers.
The macro service channel that stores the MP, SFRP, and MSC is located in internal RAM space addresses
OFEOOH to OFEFFH when the LOCATION O instruction is executed, or OFFEOOH to OFFEFFH when the
LOCATION OFH instruction is executed.
The macro service channel is indicated by the channel pointer as shown in Figure 22-26. In the channel pointer,
the low-order 8 bits of the address are written to the macro service counter in the macro service channel.

Figure 22-26. Type B Macro Service Channel

High addresses
f Hig (Bits 8 to 15) SFR

(Bits 0to 7)

Macro Service
Counter (MSC)

) SFR Pointer (SFRP)
Macro service

channel

(Bits 16 to 23)Note
‘Macro Service . o, o |
Pointer (MP)

(Bits 0to 7)

(¢

~ Buffer Area 8

) Channel Pointer
Macro service

control word

Mode Register

‘ Low addresses

Macro service buffer address = macro service pointer

Note Bits 20 to 23 must be set to 0.
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(3) Example of use of type B
An example is shown below in which parallel data is input from port 3 in synchronization with an external signal.

The INTP4 external interrupt pin is used for synchronization with the external signal.

Figure 22-27. Parallel Data Input Synchronized with External Interrupts

/\/

64K memory space

0AO1FH

D)

Buffer area

)

OAO0OQOH

Macro service control word,
macro service channel
(Internal RAM)

00H
MSC -~
OFE6EH 20H
\‘\ SFRP 03HMNete| Note Low-order 8 bits of port 3 address
|
|
e 00H
L
|
N [mP AOH
30
00H

-4 Channel Pointer 6EH

Type B, SFR — memory, 8-hit transfer,
Mode Register 18H | interrupt request generation when

MSC =0

Internal Bus S

Edge
INTP4 © detection

INTP4

Macro service request

Port 3

P37Q
P36 O
P35O

P34©
P330 {>

P32O
P31 O
P30©

Remark Macro service channel addresses in the figure are the values when the LOCATION O instruction is
executed.
When the LOCATION OFH instruction is executed, 0FO0O00H should be added to the values in the figure.
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Figure 22-28. Parallel Data Input Timing

- XX

INTP4

A

Data fetch (macro service)
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22.8.8 Macro service type C

(1) Operation
In type C macro service, data in the memory specified by the macro service channel is transferred to two SFRs,
for timer use and data use, specified by the macro service channel in response to a single interrupt request (the
SFRs can be freely selected). An 8-bit or 16-bit timer SFR can be selected.
In addition to the basic data transfers described above, type C macro service, the following functions can be added
to type C macro service to reduce the size of the buffer area and alleviate the burden on software.
These specifications are made by using the mode register of the macro service control word.

(a) Updating of timer macro service pointer
It is possible to choose whether the timer macro service pointer (MPT) is to be kept as it is or incremented/
decremented. The MPT is incremented or decremented in the same direction as the macro service pointer
(MPD) for data.

(b) Updating of data macro service pointer
Itis possible to choose whether the data macro service pointer (MPD) is to be incremented or decremented.

(c) Automatic addition
The current compare register value is added to the data addressed by the timer macro service pointer (MPT),
and the resultis transferred to the compare register. If automatic addition is not specified, the data addressed
by the MPT is simply transferred to the compare register.

(d) Ring control
An output data pattern of the length specified beforehand is automatically output repeatedly.
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Figure 22-29. Macro Service Data Transfer Processing Flow (Type C) (1/2)

Macro service request
acknowledgment
|

Read contents of macro service
mode register

Other

Determine channel type ‘

To other macro service processing

| Read channel pointer contents (m) |

| Read memory addressed by MPT |

Automatic addition specified? Yes

| Transfer data to compare register | | Add data to compare register

Retain MPT?

No

Increment MPT?

Decrement MPT Increment MPTNote Note 1-byte transfer: + 1
2-byte transfer: + 2

Read memory addressed by MPD
\

Transfer data to buffer register

No

Increment MPD?

Decrement MPD (- 1) Increment MPD (+ 1)

®
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Figure 22-29. Macro Service Data Transfer Processing Flow (Type C) (2/2)

Ring control? Ho
Yes
Decrement ring counter
No -

Ring counter = 0?

Increment MPD?

Subtract modulo register Add modulo register contents
contents from data macro to data macro service pointer
service pointer (MPD), and (MPD), and return pointer to
return pointer to start address start address

Load modulo register
contents into ring counter

MSC - MSC -1

No

Yes

Clear ( 0) interrupt
service mode bit (ISM)

Clear ( 0) interrupt
request flag (IF)

Cw D C=

(Vectored interrupt request generation)
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Macro service channel configuration

There are two kinds of type C macro service channel, as shown in Figure 22-30.

The timer macro service pointer (MPT) mainly indicates the data buffer area in the 1-Mbyte memory space to
be transferred or added to the timer/counter compare register.

The data macro service pointer (MPD) indicates the data buffer area in the 1-Mbyte memory space to be
transferred to the real-time output port.

The modulo register (MR) specifies the number of repeat patterns when ring control is used.

The ring counter (RC) holds the step in the pattern when ring control is used. When initialization is performed,
the same value as in the MR is normally set in this counter.

The macro service counter (MSC) is a 16-bit counter that specifies the number of data transfers.

The low-order 8 bits of the SFR that is the transfer destination is written to the timer SFR pointer (TSFRP) and
data SFR pointer (DSFRP).

The macro service channel that stores these pointers and counters is located in internal RAM space addresses
OFEOOH to OFEFFH when the LOCATION O instruction is executed, or OFFEOOH to OFFEFFH when the
LOCATION OFH instruction is executed. The macro service channelis indicated by the channel pointer as shown
in Figure 22-30. Inthe channel pointer, the low-order 8 bits of the address are written to the macro service counter
in the macro service channel.
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f High addresses

Macro service
channel

Macro service
control word

‘ Low addresses

Figure 22-30. Type C Macro Service Channel (1/2)

(a) No ring control

Bi 1 TSFR
Macro Service (Bits 810 15)
Counter (MSC)
(Bits 0 to 7) *
Timer SFR Pointer (TSFRP) — DSFR

(Bits 16 to 23)Note
Timer Macro Service 5. o 1o |
Pointer (MPT) (Bits 8 to 15)

Timer Buffer Area

(Bits 0 to 7)

Data SFR Pointer (DSFRP)

(Bits 16 to 23)Note

Data Macro Service .
Pointer (MPD) (Bits 810 15)

(Bits 0 to 7)

Data Buffer Area

Channel Pointer

Mode Register

Macro service buffer address = macro service pointer

Note Bits 20 to 23 must be set to 0.
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Figure 22-30. Type C Macro Service Channel (2/2)

(b) With ring control

f High addresses

) (Bits 8 to 15) TSFR
Macro Service 7]
Counter (MSC) . i ]
(Bits 0to 7) ~ ~
Timer SFR Pointer (TSFRP) — DSFR

(Bits 16 to 23)Note
Timer Macro Service .. .. .. |
Pointer (MPT) (Bits 8 to 15)

(Bits 0 to 7)

Timer Buffer Arear

Macro service
channel

Data SFR Pointer (DSFRP)

(Bits 16 to 23)Noe
Data Macro Service o o 1o |
Pointer (MPD) (Bits 8 0 15)

(Bits 0 to 7) Data Buffer Area

Modulo Register (MR)

Ring Counter (RC)

. Channel Pointer
Macro service

control word

Mode Register

‘ Low addresses

Macro service buffer address = macro service pointer

Note Bits 20 to 23 must be set to 0.
(3) Examples of use of type C
(a) Basic operation
Here we show examples for direct control of output patterns and output intervals to real-time output port 0.

Update data is transferred from the two data storage areas set in the 1-Mbyte space beforehand to the real-
time output function buffer register 0 (RTBLO) and the 16-bit compare register 30 (CR30).
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Figure 22-31. Stepping Motor Open Loop Control by Real-Time Output Port

Macro service control word,
macro service channel
1-Mbyte memory space (Internal RAM)
00H
- MSC -------
123411H T9 OFE5EH 04H
i
. —| TSFRP 52H | Low-order 8 bits
Output timing | of CR30 address
data area T2 ! ( 12H
123409H T L MPT 34H
I
(123408H / D9 1 09H
/ —| DSFRP 98H | Low-order 8 bits
Output data area ! of RTBLO address
/ D2 ! ( 12H
123400H k DL | i L MPD 34H
1 00H
: I P
L | Channel 5EH
Pointer Type C, MPT/MPD
Mode OFH | incremented, 1-byte
Register timer data, no
automatic addition,
no ring control,
interrupt request
generation at
MSC=0
S ‘ —ﬁlnternal Bus%
§ |
| “:
16-Bit Compare| : Regil;ftf:rr L0 !
Register CR30 " RTBLO !
| ' 1 P10
! |
| | P11
INTTM30 , L Output 4h§7
~ Match  Real-time| Latch : P12
output trigger/ | N Pl | :( P13
Macro service start! |
Timer/ | l
Counter3 } [
T™3 ! 1
! 1

Stepping motor

Remark Internal RAM addresses in the figure are the values when the LOCATION O instruction is executed.
When the LOCATION OFH instruction is executed, 0FO0O00H should be added to the values in the figure.
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Figure 22-32. Data Transfer Control Timing
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d rs |

Count value T2
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v L P
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Timer interrupt
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(b) Examples of use of automatic addition control and ring control

0]

(ii)

Automatic addition control

The output timing data (At) specified by the macro service pointer (MPT) is added to the contents of the
compare register, and the result is written back to the compare register.

Use of this automatic addition control eliminates the need to calculate the compare register setting value
in the program each time.

Ring control

With ring control, the predetermined output patterns is prepared for one cycle only, and the one-cycle
data patterns are output repeatedly in order in ring form.

When ring control is used, only the output patterns for one cycle need be prepared, allowing the size
of the data ROM area to be reduced.

The macro service counter (MSC) is decremented each time a data transfer is performed.

With ring control, too, an interrupt request is generated when MSC = 0.

When controlling a stepping motor, for example, the output patterns will vary depending on the
configuration of the stepping motor concerned, and the phase excitation method (single-phase excita-
tion, two-phase excitation, etc.), but repeat patterns are used in all cases. Examples of single-phase
excitation and 1-2-phase excitation of a 4-phase stepping motor are shown in Figures 22-33 and 22-
34.
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Figure 22-33. Single-Phase Excitation of 4-Phase Stepping Motor

@ ¥ ®| 0 0|6
Phase A
Phase B
Phase C
Phase D
1 cycle
(4 patterns)

Figure 22-34. 1-2-Phase Excitation of 4-Phase Stepping Motor

® © | @ @ 6 6 0 6|0 @6
Phase A
Phase B
Phase C
Phase D
1 cycle
(8 patterns)
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Figure 22-35. Automatic Addition Control + Ring Control Block Diagram 1
(When Output Timing Varies with 1-2-Phase Excitation)
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Internal RAM addresses in the figure are the values when the LOCATION 0 instruction is executed.

When the LOCATION OFH instruction is executed, 0FO0O00H should be added to the values in the figure.
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Figure 22-36. Automatic Addition Control + Ring Control Timing Diagram 1
(When Output Timing Varies with 1-2-Phase Excitation)
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Figure 22-37. Automatic Addition Control + Ring Control Block Diagram 2
(1-2-Phase Excitation Constant-Velocity Operation)
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Internal RAM addresses in the figure are the values when the LOCATION O instruction is executed.

When the LOCATION OFH instruction is executed, 0FOO00H should be added to the values in the figure.
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Figure 22-38. Automatic Addition Control + Ring Control Timing Diagram 2
(1-2-Phase Excitation Constant-Velocity Operation)
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22.8.9 Counter mode

(1) Operation
MSC is decremented the number of times set in advance to the macro service counter (MSC).

Because the number of times an interrupt occurs can be counted, this function can be used as an event counter
where the interrupt generation cycle is long.

Figure 22-39. Macro Service Data Transfer Processing Flow (Counter Mode)

Macro service request
acknowledgement
1

Reads contents of macro service
mode register

Others

Identifies channel type

To other macro service processing
Counter mode

MSC-MSC-1 MSC is 16-bit width

Clears interrupt processing type
bit (ISM) to 0

VCIE =1?

Clears interrupt request flag
(IF)to O

o D =)

(Vectored interrupt request is generated)
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(2) Configuration of macro service channel
The macro service channel consists of only a 16-bit macro service counter (MSC). The low-order 8 bits of the
address of the MSC are written to the channel pointer.

Figure 22-40. Counter Mode

7 0

Macro Service High-order 8 bytes T ngh addresses

Macro service channel

ooooo

Channel Pointer

Mode Register ¢ Low addresses

(3) Example of using counter mode
Here is an example of counting the number of edges input to external interrupt pin INTP5.

Figure 22-41. Counting Number of Edges

(Internal RAM)

/\/

High-order 8 bytes f=——
MSCOEH ------------- -1
Low-order 8 bytes [———

-~~~ OFE7EH

777777777777777 Channel Pointer 7EH

Counter mode

Mode Register 00H Interrupt request is generated when MSC = 0.

S Internal Bus S

INTP5/P06 ()—» INTP5 Macro service request

Remark Theinternal RAM address in the figure above is the value when the LOCATION 0O instruction is executed.
When the LOCATION OFH instruction is executed, add OFOO00H to this value.
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22.9 When Interrupt Requests and Macro Service Are Temporarily Held Pending

When the following instructions are executed, interrupt acknowledgment and macro service processing is held
pending for 8 system clock cycles. However, software interrupts are not held pending.

El

DI

BRK

BRKCS

RETCS

RETCSB !addr16

RETI

RETB

LOCATION OH or LOCATION OFH

POP PSW

POPU post

MOV PSWL, A

MOV PSWL, #byte

MOVG SP, #imm 24

Write instruction and bit manipulation instruction (excluding BT and BF) to interrupt control registersNo®, MKO,

MK1, IMC, and ISPR.

PSW bit manipulation instruction
(Excluding the BT PSWL.bit, $addr20 instruction, BF PSWL.bit, $addr20 instruction, BT PSWH.bit, $addr20
instruction, BF PSWH.bit, $addr20 instruction, SET1 CY instruction, NOT1 CY instruction, and CLR1 CY
instruction)

Note Interrupt control registers: PICO, PIC1,PIC2, PIC3, PIC4, PIC5, PIC6, TMICO0, TMICO1, TMIC10, TMIC11,

TMIC20, TMIC21, TMIC30, TMIC31, TMIC40, TMIC42, TMIC50, TMIC52,
TMIC6, TMIC7, SERIC1, SRIC1, STIC1, CSIICO, ADIC
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Cautions 1. When an interrupt related register is polled using a BF instruction, etc., the branch destina-
tion of that BR instruction, etc., should not be that instruction. If a program is written in which

a branch is made to that instruction itself, all interrupts and macro service requests will be

held pending until a condition whereby a branch is not made by that instruction arises.

Bad Example

LOOP : BF PICO0.7, $LOOP

X X X

Good Example (1)

LOOP : NOP
BF PICO.7, $LOOP

Good Example (2)
LOOP : BT PICO.7, $NEXT

BR $LOOP
NEXT :

All interrupts and macro service requests are held pend-
ing until PICO0.7 is 1.

Interrupts and macro service requests are not serviced
until after execution of the instruction following the BF
instruction.

Interrupts and macro service requests are serviced after
execution of the NOP instruction, so that interrupts are
never held pending for a long period.

Using a BTCLR instruction instead of a BT instruction has
the advantage that the flag is cleared (0) automatically.
Interrupts and macro service requests are serviced after
execution of the BR instruction, so that interrupts are
never held pending for a long period.

2. For a similar reason, if problems are caused by a long pending period for interrupts and

macro service when instructions to which the above applies are used in succession, a time

at which interrupts and macro service requests can be acknowledged should be provided
by inserting a NOP instruction, etc., in the series of instructions.
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22.10 Instructions Whose Execution Is Temporarily Suspended by an Interrupt Request or Macro
Service

Execution of the following instructions is temporarily suspended by an acknowledgeable interrupt request or macro
service request, and the interrupt request or macro service request is acknowledged. The suspended instruction is
resumed after completion of the interrupt service program or macro service processing.

Temporarily suspended instructions:
MOVM, XCHM, MOVBK, XCHBK
CMPME, CMPMNE, CMPMC, CMPMNC
CMPBKE, CMPBKNE, CMPBKC, CMPBKNC
SACW

22.11 Interrupt Request and Macro Service Operation Timing

Interrupt requests are generated by hardware. The generated interrupt request sets (1) an interrupt request flag.

When the interrupt request flag is set to 1, a time of 8 clocks (1.00 us: fc.k = 8 MHz) is taken to determine the
priority, etc.

Following this, if acknowledgment of that interrupt or macro service is enabled, interrupt request acknowledgment
processing is performed when the instruction being executed ends. If the instruction being executed is one which
temporarily defers interrupts and macro service, the interrupt request is acknowledged after the following instruction
(refer to 22.9 When Interrupt Requests and Macro Service Are Temporarily Held Pending for deferred
instructions).

Figure 22-42. Interrupt Request Generation and Acknowledgment (Unit: Clock = 1/f CLK)

Interrupt Request Flag

8 clocks

Instruction Interrupt request acknowledgment processing/macro service processing
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22.11.1 Interrupt request acknowledge processing time
The time shown in Table 22-8 is required to acknowledge an interrupt request. After the time shown in this table
has elapsed, execution of the interrupt servicing program is started.

Table 22-8. Interrupt Request Acknowledge Processing Time
(Unit: Clock = 1/fcik)

Vector Table IROM EMEM

Branch IROM, PRAM EMEM PRAM EMEM
destination

Stack IRAM | PRAM | EMEM | IRAM | PRAM | EMEM | IRAM | PRAM | EMEM | IRAM | PRAM | EMEM

Vectored 26 29 37 +4n 27 30 38 +4n| 30 33 41 + 4n 31 34 42 + 4n
interrupts

Context 22 — - 23 - — 22 — - 23 - —
switching

Remarks 1. IROM : internal ROM (with high-speed fetch specified)
PRAM : peripheral RAM of internal RAM (only when LOCATION 0 instruction is executed in the
case of branch destination)

IRAM : internal high-speed RAM
EMEM : internal ROM when external memory and high-speed fetch are not specified

2. nisthe number of wait states per byte necessary for writing data to the stack (the number of wait
states is the sum of the number of address wait states and the number of access wait states).

3. If the vector table is EMEM, and if wait states are inserted in reading the vector table, add 2m to
the value of the vectored interrupt in the above table, and add m to the value of context switching,
where m is the number of wait states per byte necessary for reading the vector table.

4. If the branch destination is EMEM and if wait states are inserted in reading the instruction at the
branch destination, add that number of wait states.

5. Ifthe stack is occupied by PRAM and if the value of the stack pointer (SP) is odd, add 4 to the value
in the above table.

6. The number of wait states is the sum of the number of address wait states and the number of access
wait states.
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22.11.2 Processing time of macro service
Macro service processing time differs depending on the type of the macro service, as shown in Table 22-9.

Remarks 1.

2.

Table 22-9. Macro Service Processing Time
(Units: Clock = 1/fcik)

Data Area
Processing Type of Macro Service
IRAM Others

Type A SFR - memory 1 byte 24 -
2 bytes 25 -

Memory - SFR 1 byte 24 -

2 bytes 26 -

Type B SFR - memory 33 35
Memory - SFR 33 64

Type C 49 53
Counter mode MSC #0 17 -
usCc=0 25 -

IRAM: internal high-speed RAM

In the following cases in the other data areas, add the number of clocks specified below.

« Ifthe data size is 2 bytes with IROM or PRAM, and the data is located at an odd address: 4 clocks

< If the data size is 1 byte with EMEM: number of wait states for data access

« If the data size is 2 bytes with EMEM: 4 + 2n (where n is the number of wait states per byte)
If MSC = 0 with type A, B, or C, add 1 clock.
With type C, add the following value depending on the function to be used and the status at that

time.

* Ring control: 4 clocks. Adds 7 more clocks if the ring counter is O during ring control.
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22.12 Restoring Interrupt Function to Initial State

If an inadvertent program loop or system error is detected by means of an operand error interrupt, the watchdog
timer, NMI pin input, etc., the entire system must be restored to its initial state. In the uPD784955, interrupt
acknowledgment related priority control is performed by hardware. This interrupt acknowledgment related hardware

must also be restored to its initial state, otherwise subsequent interrupt acknowledgment control may not be performed

normally.

A method of initializing interrupt acknowledgment related hardware in the program is shown below. The only way

of performing initialization by hardware is by RESET input.

Example MOVW MKO, #0FFFFH ;
MOV  MKI1L, #0FFH
IRESL
CMP  ISPR, #0 ;
BZ SNEXT
MOVG SP, #RETVAL ;
RETI ;
RETVAL :
DW LOWW (IRESL) ;
DB 0
DB HIGHW (IRESL) ;
NEXT

Mask all maskable interrupts

No interrupt service programs running?

Forcibly change SP location

Forcibly terminate running interrupt service program, return
address = IRESL

Stack data to return to IRESL with RETI instruction

LOWW & HIGHW are assembler operators for calculating low-
order 16 bits & high-order 16 bits respectively of symbol

« Itis necessary to ensure that a non-maskable interrupt request is not generated via the NMI

pin during execution of this program.
 After this, on-chip peripheral hardware initialization and interrupt control register initializa-

tion are performed.

« When interrupt control register initialization is performed, the interrupt request flags must

be cleared to 0.
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22.13 Cautions

)

)

3

4

®)

(6)

(7

8

C)

The in-service priority register (ISPR) is read-only. Writing to this register may result in malfunction.
The watchdog timer mode register (WDM) can only be written to with a dedicated instruction (MOV WDM, #byte).

The RETI instruction must not be used to return from a software interrupt caused by a BRK instruction.
Use the RETB instruction.

The RETCS instruction must not be used to return from a software interrupt caused by a BRKCS instruction.
Use the RETCSB instruction.

When a maskable interrupt is acknowledged by a vectored interrupt, the RETI instruction must be used to return
from the interrupt. Subsequent interrupt related operations will not be performed normally if a different instruction
is used.

The RETCS instruction must be used to return from a context switching interrupt. Subsequent interrupt related
operations will not be performed normally if a different instruction is used.

Macro service requests are acknowledged and serviced even during execution of a non-maskable interrupt
service program. If you do not want macro service processing to be performed during a non-maskable interrupt
service program, you should manipulate the interrupt mask register in the non-maskable interrupt service program
to prevent macro service generation.

The RETI instruction must be used to return from a non-maskable interrupt. Subsequent interrupt acknowledg-
ment will not be performed normally if a different instruction is used. Referto 22.12 Restoring Interrupt Function

to Initial State when a program is to be restarted from the initial status after a non-maskable interrupt
acknowledgement.

Non-maskable interrupts are always acknowledged, except during non-maskable interrupt service program
execution (except when a high non-maskable interrupt request is generated during execution of a low-priority
non-maskable interrupt service program) and for a certain period after execution of the special instructions shown
in 22.9. Therefore, a non-maskable interrupt will be acknowledged even when the stack pointer (SP) value is
undefined, in particular after reset release, etc. In this case, depending on the value of the SP, it may happen
that the program counter (PC) and program status word (PSW) are written to the address of a write-inhibited
special function register (SFR) (refer to Table 3-6 in 3.8 Special Function Registers (SFRs) ), and the CPU
becomes deadlocked, or an unexpected signal is output from a pin, or PC and PSW are written to an address
in which RAM is not mounted, with the result that the return from the non-maskable interrupt service program
in not performed normally and a software upset occurs.

Therefore, the program following RESET release must be as follows.

CSEG ATO
DW STRT
CSEG BASE
STRT:
LOCATION OFH; or LOCATION 0
MOVG SP, #imm24
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(10) When an interrupt related register is polled using a BF instruction, etc., the branch destination of that BR
instruction, etc., should not be that instruction. If a program is written in which a branch is made to that instruction

(11)

378

itself, all interrupts and macro service requests will be held pending until a condition whereby a branch is not

made by that instruction arises.

Bad Example

LOOP: BF PICO0.7, $LOOP

X X X

Good Example (1)

LOOP: NOP
BF PICO.7, $LOOP

Good Example (2)
LOOP: BT PICO0.7, $NEXT

BR $LOOP

NEXT:

All interrupts and macro service requests are held pending until
PICO.7 is 1.

Interrupts and macro service requests are not serviced until after
execution of the instruction following the BF instruction.

Interrupts and macro service requests are serviced after execution of
the NOP instruction, so that interrupts are never held pending for a
long period.

Using a BTCLR instruction instead of a BT instruction has the
advantage that the flag is cleared (0) automatically.

Interrupts and macro service requests are serviced after execution of
the BR instruction, so that interrupts are never held pending for a long
period.

For a similar reason to that given in (10), if problems are caused by a long pending period for interrupts and

macro service when instructions to which the above applies are used in succession, a time at which interrupts

and macro service requests can be acknowledged should be provided by inserting a NOP instruction, etc., in

the series of instructions.



CHAPTER 23 STANDBY FUNCTION

23.1 Structure and Function

The pyPD784955 has a standby function that can reduce the system’s power consumption. The standby function

has the following three modes.

Table 23-1. Standby Function Modes

HALT mode Stops the CPU operating clock. The average power consumption can be reduced
by intermittent operation during normal operation.

STOP mode Stops the main system clock. All of the operations in the chip are stopped, and the
extremely low power consumption state of only a leakage current is entered.

IDLE mode In this mode, the oscillation circuit continues operating while the rest of the system
stops. Normal program operation can return to power consumption near that of the
STOP mode and for the same time as the HALT mode.

These modes are programmable.
Macro service can be started from the HALT mode. After macro service execution, the device is returned to the

HALT mode.
Figure 23-1 shows the standby function state transitions.

Figure 23-1. Standby Function State Transitions

Normal Macro service request

operation \ One time processing ends D Macro

Main system .
( clocyk } service

Wait for
stable
oscillation

Macro service ends

STOP IDLE

(Standby) | |nterrupt (Standby) | |nterrupt Interrupt (Standby)
request for request for request for
masked masked masked
interrupt interrupt interrupt

Note Only unmasked interrupt requests

Remark NMIlis only valid with external input. The watchdog timer cannot be used for the release of Standby (HALT
mode/STOP mode/IDLE mode.)

379



CHAPTER 23 STANDBY FUNCTION

23.2 Control Registers

(1) Standby control register (STBC)
The STBC register sets the STOP mode and selects the internal system clock.
To prevent the standby mode from accidentally being entered due to a runaway program, this register can only
be written by a special instruction. This dedicated instruction, “MOV WDM, #byte”, has a special code
configuration (4 bytes), and a write is not performed unless the 3rd and 4th bytes of the operation code are mutual
complements.
If the 3rd and 4th bytes of the operation code are not mutual 1's complements, a write is not performed and an
operand error interrupt is generated. In this case, the return address saved in the stack area is the address of
the instruction that was the source of the error, and thus the address that was the source of the error can be
identified from the return address saved in the stack area.
If recovery from an operand error is simply performed by means of an RETB instruction, an endless loop will result.
As an operand error interrupt is only generated in the event of an inadvertent program loop (with the NEC
assembler, RA78K4, only the correct dedicated instruction is generated when “MOV STBC, #byte” is written),
system initialization should be performed by the program.
Other write instructions (i.e., MOV STBC, A; STBC, #byte instruction; SET1 STBC.7) are ignored and nothing
happens. In other words, STBC is not written, and an interrupt, such as an operand error interrupt, is not
generated.
STBC can always be read by a data transfer instruction.
RESET input sets STBC to 30H.
Figure 23-2 shows the STBC format.
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Figure 23-2. Standby Control Register (STBC) Format

Address: OFFCOH After Reset: O0H R/W

Symbol 7 6 5 4 3 2 1 0
STBC 0 0 0 0 0 0 STP HLT
STP HLT Operation Setting Flag
0 0 Normal operating mode
0 1 HALT mode

(automatically cleared when the HALT mode is released)

1 0 STOP mode
(automatically cleared when the STOP mode is released)

1 1 IDLE mode
(automatically cleared when the IDLE mode is released)

Caution Execute the NOP command three times after the standby command (after standby is released).
If the interrupt request and standby instruction execution conflict, do not execute the standby
instruction but, execute more than one instruction after the standby instruction and then
acknowledge the interrupts. An instruction executed before acknowledging the interrupts,
would be one that begins execution in less than six clock pulses after the execution of the standby
instruction.

Example MOV STBC, #byte
NOP
NOP
NOP
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(2) Oscillation stable time specification register (OSTS)

The OSTS register sets the oscillation circuit operation and the oscillation stabilization time when the STOP mode

is released.

Bits OSTS0 and OSTS1 in OSTS select the oscillation stabilization time when the STOP mode is released.
Generally, select an oscillation stabilization time of at least 40 ms when using a crystal resonator and at least

4 ms when using a ceramic resonator.

The time until the stabilization oscillation is affected by the crystal/ceramic resonator that is used and the
capacitance of the connected capacitor. Therefore, if you want a short oscillation stabilization time, consult the
manufacturer of the crystal/ceramic resonator.

OSTS can be set by a 1-bit or 8-bit memory manipulation instruction.

RESET input sets OSTS to 00H.
Figure 23-3 shows the OSTS format.

Figure 23-3. Oscillation Stabilization Time Specification Register (OSTS) Format

Address: OFFCFH After Reset: O0OH R/W

Symbol 7 6 5 4 3 2 1
OSTS 0 0 0 0 0 0 OSTS1
OSTS1 OSTSO Oscillation Stabilization Time Selection
0 0 219/fcik (65.5 ms)
0 1 218/fcik (32.8 ms)
1 0 217/fcik (16.4 ms)
1 1 216/fcik (8.2 ms)

Remark Figures in parentheses apply to operation with fc.k = 8 MHz.
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23.3 HALT Mode

23.3.1 Settings and operating states of HALT mode

The HALT mode is set by setting the HLT bit in the standby control register (STBC) to 1.

STBC can be written in with 8-bit data by a special instruction. Therefore, the HALT mode is specified by the “MOV
STBC, #byte” instruction.

When enable interrupts is set (IE flag in PSW is set to 1), specify three NOP instructions after the HALT mode
setting instruction (after the HALT mode is released). If this is not done after the HALT mode is released, multiple
instructions may execute before interrupts are acknowledged. Unfortunately, the order relationship between the
interrupt service and instruction execution may change. Since problems caused by the changes in the execution order
are prevented, the measures described earlier are required.

The operating states in the HALT mode are described next.

Table 23-2. Operating States in the HALT Mode

Item Operating States
Clock oscillation circuit | Operation
Internal system clock Operation
CPU Stop operation Note
I/O line Holds the state before the HALT mode was set.
Peripheral function Continues operation
Internal RAM Retention

Note Macro service processing is carried out.
23.3.2 Releasing HALT mode
The HALT mode can be released by the following three sources.
« Non-maskable interrupt request (only possible for NMI pin input.)

« Maskable interrupt request (vectored interrupt, context switching, macro service)
 RESET input

Table 23-3 lists the release source and describes the operation after release. Operations following the canceling
of the HALT mode are also shown in Figure 23-4.
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Table 23-3. HALT Mode Release and Operation After Release

Release Source | MKNotel | |gNote2 State During Release Operation After Release
RESET input X X - Normal reset operation
NMI pin input X X * None while executing a non-maskable | Acknowledges interrupt requests

interrupt service program
Executing a low-priority hon-maskable
interrupt service program

« Executing the service program for The instruction following the “MOV
the same request STBC, #byte” instruction is executed.
» Executing a high-priority non-maskable (The interrupt request that released
interrupt service program the HALT mode is savedNote 3 )
Maskable 0 1 » None while executing an interrupt Acknowledges interrupt requests
interrupt service program
request (except » Executing a low-priority maskable
for a macro interrupt service program

The PRSL bitNote 4 js cleared to
0 while executing an interrupt
service program at priority level 3.

service request)

« Executing a maskable interrupt The instruction following “MOV STBC,
service program with the same #byte” is executed.
priority (The interrupt request that released

(This excludes executing an interrupt | the HALT mode is savedNote 3 )
service program in priority level 3
when the PRSL bitNote 4 s cleared
to 0.)

Executing a high-priority interrupt
service program

1 X - Holds the HALT mode

Macro service 0 X - Macro service process execution
request End condition is not satisfied - End
HALT mode condition is satisfied
again
- When VCIENo® 5 = 1
HALT mode again
When VCIEN®® 5 = 0
Same as a release by the
maskable interrupt request

1 X - Holds the HALT mode

Notes 1. Interrupt mask bit in each interrupt request source
Interrupt enable flag in the program status word (PSW)

3. The held interrupt request is acknowledged when acknowledgement is enabled.
4. Bit in the interrupt mode control register (IMC)
5. Bitin the macro service mode register of the macro service control word that is in each macro service

request source
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Figure 23-4. Operations After HALT Mode Release (1/4)

(1) Interrupt after HALT mode

[ Main routine )

( mMov sTBC, #ibyte )
|

HALT mode

Interruption request —» ———————=

¢ HALT mode release
« Interrupt service

(2) Reset after HALT mode

( Main routine )

| mov sTaC, #byte |

HALT mode

RESET input —»

Normal reset operations
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Figure 23-4. Operations After HALT Mode Release (2/4)

(3) HALT mode during interrupt servicing routine whose priority is higher than or equal to release source
interrupt

( Main routine

MOV STBC, #byte

HALT mode

INT —= | « HALT mode release
¢ HALT mode release source interrupt held

\
\ » Execution of the hold interrupt
Y

(4) HALT mode during interrupt servicing routine whose priority is lower than release source interrupt

( Main routine )

MOV STBC, #byte

HALT mode

INT#/

* HALT mode release
» Execution of the HALT mode
release source’s interrupt
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Figure 23-4. Operations After HALT Mode Release (3/4)

(5) Macro service request during HALT mode

(a) Immediately after macro service end condition is satisfied, interrupt request is issued (VCIE=0).

( Main routine ]

[ mov sTBC, #byte |

HALT mode

Last macro service request — . )
* Macro service processing

¢ HALT mode release
« Servicing of interrupt request
due to end of macro service

(b) Macro service end condition is not satisfied, or after macro service end condition is satisfied,

interrupt request is not issued (VCIE = 1)

( Main routine )

| mov sTBC, #byte |

HALT mode

Last macro service request — ) )
* Macro service processing

Interrupt servicing — « HALT mode release
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Figure 23-4. Operations After HALT Mode Release (4/4)

(6) HALT mode which the interrupt is held, which is enabled in an instruction that interrupt requests are
temporarily held.

( Main routine )

El T

Interrupt request —» Interrupt held for
eight clocks

| mov steC, #byte | T

I

¢ HALT mode release
« Interrupt servicing

(7) Contention between HALT instruction and interrupt.

[ Main routine )

Interrupt request —>| MOV STBC, #byte | * HALT mode not executed

Execute instruction at most 6 clocks

* Interrupt servicing
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(1) Released by a non-maskable interrupt
When a non-maskable interrupt is generated, the halt mode is released regardless of the enable state (El) and
disable state (DlI) for interrupt acknowledgment.
If the non-maskable interrupt that released the HALT mode can be acknowledged when the HALT mode is
released, that non-maskable interrupt is acknowledged, and execution branches to the service program. If it
cannot be acknowledged, the instruction following the instruction that set the HALT mode (“MOV STBC, #byte”
instruction) is executed. The non-maskable interrupt that released the HALT mode is acknowledged when
acknowledgment is enabled. For details about non-maskable interrupt acknowledgment, refer to 22.6 Non-
maskable Interrupt Acknowledgment Operation

Caution The HALT mode cannot be released with the watchdog timer.

(2) Released by a maskable interrupt request
The HALT mode released by a maskable interrupt request can only be released by an interrupt where the interrupt
mask flag is 0.
If an interrupt can be acknowledged when the halt mode is released and the interrupt request enable flag (IE)
issetto 1, execution branches to the interrupt service program. Ifthe IE flag is cleared to 0 when acknowledgment
is not possible, execution restarts from the next instruction that sets the HALT mode. For details about interrupt
acknowledgment, refer to 22.7 Maskable Interrupt Acknowledgment Operation
A macro service temporarily releases the HALT mode, performs the one-time processing, and returns again to
the HALT mode. If the macro service is only specified several times, the HALT mode is released when the VCIE
bit in the macro service mode register in the macro service control word is cleared to 0.
The operation after this release is identical to the release by the maskable interrupt described earlier. Also when
the VCIE bit is set to 1, the HALT mode is entered again, and the HALT mode is released by the next interrupt
request.
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Table 23-4. Releasing HALT Mode by Maskable Interrupt Request

Release Source | MKNotel | jgNote2 State During Release Operation After Release
Maskable 0 1 * None while executing an interrupt Acknowledges interrupt requests
interrupt service program
request (except » Executing a low-priority maskable
for a macro interrupt service program
service request) « The PRSL bitNot 4 js cleared to

0 while executing an interrupt

service program at priority level 3.

» Executing a maskable interrupt The instruction following the “MOV
service program with the same STBC, #byte” instruction is executed.
priority (The interrupt request that released
(This excludes executing an interrupt | the HALT mode is savedNote 3)
service program in priority level 3
when the PRSL bitNote 4 s cleared
t0 0.)

« Executing a high-priority interrupt
service program

0 0 -
1 X - Holds the HALT mode
Macro service 0 X - Macro service process execution
request End condition is not satisfied
- HALT mode again
End condition is satisfied
- When VCIENo® S5 = 1:
HALT mode again
When VCIENOt 5 = 0
Same as a release by a
maskable interrupt request
1 X - Holds the HALT mode
Notes 1. Interrupt mask bit in each interrupt request source

2. Interrupt enable flag in the program status word (PSW)

The held interrupt request is acknowledged when acknowledgment is enabled.

3

4. Bit in the interrupt mode control register (IMC)

5. Bitin the macro service mode register of the macro service control word that is in each macro service
request source

(3) Released by RESET input

After branching to the reset vector address as in a normal reset, the program executes. However, the contents
of the internal RAM hold the value before the HALT mode was set.
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23.4 STOP Mode

23.4.1 Settings and operating states of STOP mode

The STOP mode is set by setting the STP bit in the standby control register (STBC) to 1.

STBC can only be written with 8-bit data by a special instruction. Therefore, the STOP mode is set by the “MOV
STBC, #byte” instruction.

When enable interrupts is set (IE flag in PSW is set to 1), specify three NOP instructions after the STOP mode
setting instruction (after the STOP mode is released). If this is not done after the STOP mode is released, multiple
instructions can be executed before interrupts are acknowledged. Unfortunately, the order relationship between the
interrupt service and instruction execution may change. Since the problems caused by changes in the execution order
are prevented, the measures described earlier are required.

Caution Since an interrupt request signal is used for releasing the standby mode, when there is an
interrupt source that sets the interrupt request flag or resets the interrupt mask flag, even though
the standby mode is entered, it is immediately released. Therefore, inthe STOP mode, the HALT
mode is entered immediately after the HALT instruction is executed, and the operating mode
returns after waiting only the time set in the oscillation stable time selection register (OSTS).

Next, the operating states during the STOP mode are described.

Table 23-5. Operating States in STOP Mode

Iltem Operating States
Clock generation circuit | Stop operations (PLL also stops)
Internal system clock Halting
CPU Stop operation
I/0 line Holds the state before the STOP mode was set.
Peripheral function All operations stop Note
Internal RAM Retention

Note Even the A/D converter stops its operation, current consumption is not reduced if the A/D converter mode
register (ADMO0)’s ADCSO bit is set to 1.

Cautions 1. Clear (set to 0) ADMO0’s ADCSO bit.
2. Don't enable the STOP mode during external clock input.
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23.4.2 Releasing STOP mode

The STOP mode is released by NMI input or RESET input.
Outlines of the release sources and operations following release are shown in Table 23-6. Operations following
release of the STOP mode are also shown in Figure 23-5.

Table 23-6. Releasing STOP Mode and Operation After Release

Release Source | MKNotel | |gpNote2 | |ENote3 State During Release Operation After Release
RESET input X X X - Normal reset operation
NMI pin input X X X None while executing a Acknowledges interrupt
non-maskable interrupt service requests
program
Executing a low-priority
non-maskable interrupt service
program
Executing the service program The instruction following the
for the NMI pin input “MOV STBC, #byte” instruction
Executing a high-priority is executed. (The interrupt
non-maskable interrupt service request that released the
program STOP mode is pendingNote 4)
Notes 1. Interrupt mask bit in each interrupt request source

2. Macro service enable flag that is in each interrupt request source

3. Interrupt enable flag in the program status word (PSW)

4. The pending interrupt request is acknowledged when acknowledgment is enabled.
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Figure 23-5. Operations After the STOP Mode Has Been Released (1/2)

(1) Interrupt after STOP mode

[ Main routine )

| mov sTaC, #byte |
|

STOP mode

Interrupt request —

* STOP mode release
« Interrupt servicing

(2) Reset after STOP mode

( Main routine )

| mov sTaC, #byte |

STOP mode

RESET input —»

Normal reset operations
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Figure 23-5. Operations After the STOP Mode Has Been Released (2/2)

(3) STOP mode during interrupt servicing routine whose priority is lower than release source interrupt

[ Main routine )

MOV STBC, #byte

STOP mode

INT —= | « STOP mode release
¢ STOP mode release source
interrupt pending

« Execution of the pending interrupt

(4) STOP mode during interrupt servicing routine whose priority is lower than release source interrupt

( Main routine ]

MOV STBC, #byte

STOP mode

» STOP mode release
! ¢ Execution of the STOP mode
INT —

release source interrupt
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(1) Releasing the STOP mode by NMI input
When the valid edge specified in the external interrupt edge enable registers (EGP0O, EGNO) is input by the NMI
input, the oscillator starts oscillating again. Then the STOP mode is released after the oscillation stabilization
time set in the oscillation stabilization time setting register (OSTS) elapses.
When the STOP mode is released and non-maskable interrupts from the NMI pin input can be acknowledged,
execution branches to the NMI interrupt service program. If acknowledgment is disabled (such as when set in
the STOP mode in the NMI interrupt service program), execution starts again from the instruction following the
instruction that set the STOP mode. When acknowledgment is enabled, execution branches to the NMl interrupt
service program (by executing the RETI instruction).
For details about NMI interrupt acknowledgment, refer to 22.6 Non-maskable Interrupt Acknowledgment
Operation .

Figure 23-6. Releasing STOP Mode by NMI Input

STOP

Oscillator « | |—|l'||_||_||||| ||||||||
ferk (( (( ||_| I—l

STP F/F1 « N
- (¢

STP FIF2 , « « [
NMI input N | N

(When the rising) « (S
edge is set

N

Oscillator stops Timer count time for
oscillation stabilization

(2) Releasing the STOP mode by Rmnput
When RESET input falls from high to low and the reset condition is entered, the oscillator starts oscillating.
Maintain the oscillation stabilization time for the RESET active period. Then, when the RESET rises, normal
operation starts.
The difference from the normal reset operation is that the data memory saves the contents before setting the
STOP mode.
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23.5 IDLE Mode

23.5.1 Settings and operating states of IDLE mode

The IDLE mode is set by setting both bits STP and HLT in the standby control register (STBC) to 1.

STBC can only be written with 8-bit data by using a special instruction. Therefore, the IDLE mode is set by the
“MOV STBC, #byte” instruction.

When enable interrupts is set (the IE flag in PSW is set to 1), specify three NOP instructions after the IDLE mode
setting instruction (after the IDLE mode is released). If this is not done after the IDLE mode is released, multiple
instructions can be executed before interrupts are acknowledged. Unfortunately, the order relationship between the
interrupt processing and the instruction execution may change. To prevent the problems caused by the change in
the execution order, the measures described earlier are required.

The operating states in the IDLE mode are described next.

Table 23-7. Operating States in IDLE Mode

Item Operating States
Clock generation circuit | Continues oscillating (PLL also continues to operate)
Internal system clock Halting
CPU Stop operation
I/O line Saves the state before the IDLE mode was set.
Peripheral function All operations stop Note
Internal RAM Retention

Note Eventhoughthe A/D converter stops its operation, current consumption is not reduced if A/D converter mode
register (ADMO0)’s ADCSO bit is set to 1.

Caution Clear (set to 0) ADM0’s ADCSO bit.
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23.5.2 Releasing IDLE mode
The IDLE mode is released by NMI input or RESET input.
Outlines of the release sources and operations following release are shown in Table 23-8. Operations following

release of the IDLE mode are also shown in Figure 23-8.

Table 23-8. Releasing IDLE Mode and Operation After Release

Release Source | MKNotel | |gpNote2 | |ENote3 State During Release Operation After Release

RESET input 3 3 3 - Normal reset operation

NMI pin input X X X None while executing a Acknowledges interrupt
non-maskable interrupt service requests
program
Executing a low-priority
non-maskable interrupt service
program
Executing the service program Executes the instruction
for the NMI pin input following the “MOV STBC,
Executing a high-priority #byte” instruction (The interrupt
non-maskable interrupt service request that released the IDLE
program mode is savedNote 4 )

Notes 1. Interrupt mask bit in each interrupt request source

2. Macro service enable flag that is in each interrupt request source
3. Interrupt enable flag in the program status word (PSW)
4. The saved interrupt request is acknowledged when acknowledgment is enabled.
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Figure 23-7. Operations After IDLE Mode Release (1/2)

(1) Interrupt after IDLE mode

[ Main routine )

| mov sTBC, #ibyte |

IDLE mode

Interrupt request —— ———————>

¢ IDLE mode release
« Interrupt servicing

(2) Reset after IDLE mode

( Main routine )

| mov staC, #byte |

IDLE mode

RESET input —»

Normal reset operations
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Figure 23-7. Operations After IDLE Mode Release (2/2)

(3) IDLE mode during interrupt servicing routine whose priority is higher than or equal to release source
interrupt

[ Main routine )

MOV STBC, #byte

IDLE mode

INT —» | o IDLE mode release
¢ IDLE mode release source
interrupt pending

« Execution of the pending interrupt

(4) IDLE mode during interrupt servicing routine whose priority is lower than release source interrupt

| -

( Main routine

MOV STBC, #byte

IDLE mode

3 » IDLE mode release
! « Execution of the IDLE mode
INT —=

release source interrupt
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(1) Releasing the IDLE mode by NMI input

)

When the valid edge specified in the external interrupt edge enable registers (EGP0O, EGNO) is input by the NMI
input, the IDLE mode is released.

When the IDLE mode is released and the non-maskable interrupt from the NMI pin input can be acknowledged,
execution branches to the NMI interrupt service program. If acknowledgment is disabled (such as when set in
the IDLE mode in the NMI interrupt service program), execution starts again from the instruction following the
instruction that set the IDLE mode. When acknowledgment is enabled, execution branches to the NMl interrupt
service program (by executing the RETI instruction).

For details about NMI interrupt acknowledgment, refer to 22.6 Non-maskable Interrupt Acknowledgment
Operation .

Releasing the IDLE mode by Rmnput

When RESET input falls from high to low and the reset condition is entered, the oscillator starts oscillating.
Maintain the oscillation stabilization time for the RESET active period. Then, when the RESET rises, normal
operation starts.

The difference from the normal reset operation is that the data memory saves the contents before setting the
IDLE mode.
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23.6 Check Items When Using STOP or IDLE Mode

The checks required to reduce the consumption current when using the STOP mode or IDLE mode are described
below.

(1) Is the output level of each output pin appropriate?
The appropriate output level of each pin differs with the circuit in the next stage. Select the output level so that
the consumption current is minimized.

< If a high level is output when the input impedance of the circuit in the next stage is low, current flows from
the power source to the port, and the consumption current increases. This occurs when the circuit in the next
stage is, for example, a CMOS IC. When the power supply is turned off, the input impedance of a CMOS
IC becomes low. To reduce the consumption current and not negatively affect the reliability of the CMOS IC,
output a low level. If a high level is output, latch-up results when the power supply is applied again.

< Depending on the circuit in the next stage, the consumption current sometimes increases when a low level
is input. In this case, output a high level or high impedance to reduce the consumption current.

< When the circuit in the next stage is a CMOS IC, if the output is high impedance when power is supplied to
the CMOS IC, the consumption current of the CMOS IC sometimes increases (in this case, the CMOS IC
overheats and is sometimes destroyed). In this case, output a suitable level or use a pull-up or pull-down
resistor.

The setting method for the output level differs with the port mode.

« Since the output level is determined by the state of the internal hardware when the port is in the control mode,
the output level must be set while considering the state of the internal hardware.

« The output level can be set by writing to the output latch of the port and the port mode register by the software
when in the port mode.

When the port enters the control mode, the port mode is changed by simply setting the output level.

(2) Is the input level to each input pin appropriate?
Set the voltage level input to each pin within the range from the Vss voltage to the Voo voltage. If a voltage outside
of this range is applied, not only does the consumption current increase, but the reliability of the uPD784955 is
negatively affected.
In addition, do not increase the middle voltage.

(3) Are internal pullup resistors needed?
Unnecessary pull-up resistors increase the consumption current and are another cause of device latch-up. Set
the pull-up resistors to the mode in which they are used only in the required parts.
When the parts needing pull-up resistors and the parts not needing them are mixed together, externally connect
the pull-up resistors where they are needed and set the mode in which the internal pull-up resistors are not used.
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4

402

A/D converter

The current flowing through pin AVrer can be reduced by clearing the ADCSO bit, that is bit 7 in the A/D converter
mode register 0 (ADMO), to 0. Furthermore, if you want to reduce the current, disconnect the current supplied
to AVRrer by an externally attached circuit.

The AVrer pin must always have the same voltage as the Vrer pin. If current is not supplied to the AVoo pin
in the STOP mode, not only does the consumption current increase, but the reliability of the yPD784955 is
negatively affected.
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Inputting the low-level signal to the RESET pin resets the system and places all hardware in the state shown in
Table 24-1. The entire system’s current consumption can be held down in the reset duration because the system
clock stops oscillating unconditionally.

Inputting the high-level signal to the RESET pin clears the reset state, places the reset vector table’s contents in
the program counter (PC) after the count time for the timer that is used for stabilizing oscillation (65.5 ms: at 8-MHz
operation), branches to an address latched in the PC and starts execution of programs from the branch destination
address.

A reset can thus be started from any address desired.

Figure 24-1. Oscillation of System Clock in Reset Period

System clock |_l L — _J |_

oscillation circuit

fOsciIIation is unconditionally
istopped during the reset period.

RESET input

Timer count time for oscillation stabilization

To prevent noise from causing the RESET input signal pin to operate in error, a noise elimination circuit is
incorporated to reduce noise by means of analog delay.
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Analog delay

-

Figure 24-2. Accepting Reset Signal

Analog delay

RESET input

|

Analog Oscillation
delay stabilizaion time

Internal reset signal

Internal clock

Table 24-1. State After Reset for All Hardware Resets

Hardware

State During Reset (RESET =1L)

State After Reset (RESET = H)

System clock oscillation circuit

Oscillation stops

Oscillation starts

Program counter (PC)

Undefined

Set a value in the reset vectored table.

Stack pointer (SP)

Undefined

Program status word (PSW)

Initialize to 0000H.

Internal RAM This is undefined. However, when the standby state is released by a reset, the
value is saved before setting standby.
1/0 lines High impedance

Other hardware

Initialize to the fixed stateNote,

Note See Table 3-6 Special Function Register (SFR) List
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The uPD78F4956 is a flash memory version of the uPD784955 Subseries.
The uPD78F4956 has on-chip flash memory that allows write, erase, and rewrite of programs in the state in which
it is mounted on the substrate. Table 25-1 shows the differences between the flash memory version (UPD78F4956)
and the mask ROM versions (uPD784955 and 784953).

Table 25-1. Differences between the pPD78F4956 Mask ROM Versions

Item

uPD78F4956

Mask ROM versions

Internal ROM type

Flash memory

Mask ROM

(IMS)

Internal ROM capacity 64 Kbytes uPD784953: 24 Kbytes
uPD784955: 48 Kbytes
Internal RAM capacity 2,048 bytes uPD784953: 768 bytes
uPD784955: 2,048 bytes
Internal memory size switching register | Available Not available

IC pin

Not available

Available

Vep pin

Available

Not available

Caution There are differences in noise immunity and noise radiation between the PROM and mask ROM

versions. When pre-producing an application set with the PROM version and then mass-
producing it with the mask ROM version, be sure to conduct sufficient evaluations for the set
using commercial samples (nhot engineering samples) of the mask ROM version.
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25.1 Internal Memory Size Switching Register (IMS)

IMS is a register to prevent a certain part of the internal memory from being used by software. By setting the IMS,
itis possible to establish a memory map that is the same as that of mask ROM version with a different internal memory
(ROM, RAM) with capacity.

IMS is set by an 8-bit memory manipulation instruction.

RESET input sets IMS to FFH.

Figure 25-1. Internal Memory Size Switching Register (IMS) Format

Address : OFFFCH After Reset : FFH w

Symbol 7 6 5 4 3 2 1 0
IMS 1 1 ROM1 ROMO 1 1 RAM1 RAMO
ROM1 ROMO Internal ROM Capacity Selection
0 0 24 Kbyte
0 1 Setting prohibited
1 0 48 Kbyte
1 1 64 Kbyte
RAM1 RAMO Internal RAM Capacity Selection
0 0 768 bytes
0 1 Setting prohibited
1 0
1 1 2,048 bytes

Caution IMS is not available for mask ROM versions (  uPD784953 and 784955).

The IMS settings to create the same memory map as mask ROM versions are shown in Table 25-2.

Table 25-2. Internal Memory Size Switching Register (IMS) Settings

Relevant Mask ROM Version IMS Setting
uPD784953 CCH
uPD784955 EFH
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25.2 Programming Flash Memory

Flash memory can be written while mounted on the target system (on-board writing). Connect the dedicated flash
programmer (Flashpro 1) to the host computer and target system for programming.

Remark The Flashpro Il is a product of Naitou Densei Machidaseisakusho Co., Ltd.
25.2.1 Selecting a communication method

The Flashpro Il is used to write data into a flash memory by serial communications. Figure 25-2 shows the format
used to select the communication protocol. Each communication protocol is selected with the number of Vep pulses

shown in Table 25-3.

Table 25-3. Communication Protocols

Communication Protocol No. of Channels Pins Used No. of Vee Pulses

3-wire serial 1/0 1 SCK/P27 0
SO/P26
SI/P25

UART 1 TxD/P21 8
RxD/P20

Caution Always select the communication protocol using the number of V pp pulses shown
in Table 25-3.

Figure 25-2. Communication Protocol Selection Format

10V }—l_l
Vep Vob
m :
Vss

Vob
RESET Vss \ /

~
~
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25.2.2 Flash memory programming functions

By transmitting and receiving various commands and data by the selected communication protocol, operations
such as writing to the flash memory are performed. Table 25-4 shows the major functions.

Table 25-4. Flash Memory Programming Functions

Function Description
Batch erase Erase the entire memory contents.
Block erase Erase the contents of the specified memory block where one memory block is 16 Kbytes.

Batch blank check Checks the erase state of the entire memory.

Block blank check Checks the erase state of the specified block.

Data write Writes to the flash memory based on the start write address and the number of data written (number
of bytes).

Batch verify Compares the data input to the contents of the entire memory.

Block verify Compares the data input to the contents of the specified memory block.

Verification for the flash memory entails supplying the data to be verified from an external source via a serial
interface, and then outputting the existence of unmatched data to the external source after referencing the blocks
or all of the data. Consequently, the flash memory is not equipped with a read function, and it is not possible for third
parties to read the contents of the flash memory with the use of the verification function.
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25.2.3 Connecting Flashpro Il
The connection between the Flashpro Il and the pPD78F4956 differs with the communication protocol (3-wire serial
I/0 or UART). Figures 25-3 and 25-4 are the connection diagrams in each case.

Figure 25-3. Flashpro Il Connection in 3-Wire Serial I/O Method

Flashpro Il HPD78F4956
Vep Vep
Vop Vop
RESET RESET
SCK SCK

SO SI
Sl SO

Vss Vss

Figure 25-4. Flashpro Il Connection in UART Method

Flashpro I UPD78F4956
Vep Vep
Vop Vob
RESET RESET
SO RxD
SI TxD
Vss Vss
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26.1 Examples

CHAPTER 26 INSTRUCTION OPERATION

(1) Operand expression format and description (1/2)

Expression Format Description

r, pNote 1 X(R0), A(R1), C(R2), B(R3), R4, R5, R6, R7, R8, R9, R10, R11, E(R12), D(R13), L(R14), H(R15)

riNote 1 X(RO), A(R1), C(R2), B(R3), R4, R5, R6, R7

r2 R8, R9, R10, R11, E(R12), D(R13), L(R14), H(R15)

r3 V,U, T, W

rp, rp’Note 2 AX(RP0), BC(RP1), RP2, RP3, VP(RP4), UP(RP5), DE(RP6), HL(RP7)

rp1Note 2 AX(RP0), BC(RP1), RP2, RP3

rp2 VP(RP4), UP(RP5), DE(RP6), HL(RP7)

rg, rg' VVP(RG4), UUP(RG5), TDE(RG6), WHL(RG7)

sfr Special function register symbol (see the special function register table)

sfrp Special function register symbol (16-bit manipulation register: see the special function register table)

postNote 2 AX(RP0), BC(RP1), RP2, RP3, VP(RP4), UP(RP5)/PSW, DE(RPS6), HL(RP7)
Multiple descriptions are possible. However, UP is restricted to the PUSH/POP instruction, and
PSW is restricted to the PUSHU/POPU instruction.

mem [TDE], [WHL], [TDE+], [WHL+], [TDE-], [WHL-], [VVP], [UUP]: register indirect addressing
[TDE+byte], [WHL+byte], [SP+byte], [UUP+byte], [VVP+byte]: based addressing
imm24[A], imm24[B], imm24[DE], imm24[HL]: indexed addressing
[TDE+A], [TDE+B], [TDE+C], [WHL+A], [WHL+B], [WHL+C], [VVP+DE], [VVP+HL]: based indexed
addressing

mem1 Everything under mem except [WHL+] and [WHL-]

mem2 [TDE], [WHL]

mem3 [AX], [BC], [RP2], [RP3], [VVP], [UUP], [TDE], [WHL]

Notes 1. By setting the RSS hitto 1, R4 to R7 can be used as X, A, C, and B. Use this function only when 78K/
Il Series programs are used.
2. By setting the RSS bit to 1, RP2 and RP3 can be used as AX and BC. Use this function only when
78K/l Series programs are used.
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(1) Operand expression format and description (2/2)

Expression Format Description

Note

saddr, saddr' FD20H - FF1FH Immediate data or label

saddrl FEOOH - FEFFH Immediate data or label

saddr2 FD20H - FDFFH, FFOOH - FF1FH Immediate data or label

saddrp FD20H - FF1EH Immediate data or label (when manipulating 16 bits)
saddrpl FEOOH - FEFFH Immediate data or label (when manipulating 16 bits)
saddrp2 FD20H - FDFFH, FFOOH - FF1EH Immediate data or label (when manipulating 16 bits)
saddrg FD20H - FEFDH Immediate data or label (when manipulating 24 bits)
saddrgl FEOOH - FEFDH Immediate data or label (when manipulating 24 bits)
saddrg2 FD20H - FDFFH Immediate data or label (when manipulating 24 bits)
addr24 OH - FFFFFFH Immediate data or label

addr20 OH - FFFFFH Immediate data or label

addrl6 OH - FFFFH Immediate data or label

addrll 800H - FFFH Immediate data or label

addr8 OFEOOH - OFEFFHN°® |mmediate data or label

addr5 40H - 7EH Immediate data or label

imm24 24-bit immediate data or label

word 16-bit immediate data or label

byte 8-bit immediate data or label

bit 3-bit immediate data or label

n 3-bit immediate data

locaddr OOH or OFH

Note When OOH is set by the LOCATION instruction, these addresses become the addresses shown here.
When OFH is set by the LOCATION instruction, the values of the addresses shown here added to FOOOOH
become the addresses.
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(2) Operand column symbols

Symbol Description
+ Auto increment
- Auto decrement
# Immediate data
! 16-bit absolute address
1! 24-bit/20-bit absolute address
$ 8-bit relative address
$! 16-bit relative address
/ Bit reversal
[] Indirect addressing
[%] 24-bit indirect addressing
(3) Flag column symbols
Symbol Description
(Blank) Not changed
0 Clear to zero.
1 Set to one.
x Set or clear based on the result.
P Operate with the P/V flag as the parity flag.
\% Operate with the P/V flag as the overflow flag.
R Restore the previously saved value.
(4) Operation column symbols
Symbol Description
jdisp8 Two’s complement data (8 bits) of the relative address distance between the head address of the next
instruction and the branch address
jdisp16 Two’s complement data (16 bits) of the relative address distance between the head address of the next
instruction and the branch address
PChw PC bits 16 to 19
PCww PC bits 0 to 15
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(5) Number of bytes in instruction that has mem in operand

mem Mode

Register Indirect Addressing

Based Addressing

Indexed Addressing

Based Indexed Addressing

No. of bytes

1 2Note

3

5

2

Note This becomes a 1-byte instruction only when [TDE], [WHL], [TDE+], [TDE-], [WHL+], or [WHL-] is described
in mem in the MOV instruction.

(6) Number of bytes in instruction that has saddr, saddrp, r, or rp in operand
The number of bytes in an instruction that has saddr, saddrp, r, or rp in the operand is described in two parts
divided by a slash (/). The following table shows the number of bytes in each one.

Description No. of Bytes on Left Side No. of Bytes on Right Side
saddr saddr2 saddrl
saddrp saddrp2 saddrpl
r rl r2
rp rpl rp2

(7) Descriptions of instructions with mem in operand and string instructions
The TDE, WHL, VVP, and UUP (24-bit registers) operands can be described by DE, HL, VP, and UP. However,
when DE, HL, VP, and UP are described, they are handled as TDE, WHL, VVP, and UUP (24-bit registers).
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26.2 List of Operations

(1) 8-bit data transfer instruction: MOV

Flags
Mnemonic Operand Bytes Operation
S Z AC PV CY
MOV r, #byte 2/3 r — byte

saddr, #byte 3/4 (saddr) — byte
sfr, #byte 3 sfr ~ byte
laddrl6, #byte 5 (saddr16) « byte
lladdr24, #byte 6 (addr24) ~ byte
r,r 2/3 r—r
Ar 1/2 Acr
A, saddr2 2 A — (saddr2)
r, saddr 3 r — (saddr)
saddr2, A 2 (saddr2) — A
saddr, r 3 (saddr) < r
A, sfr 2 A — sfr
r, sfr 3 r — sfr
sfr, A 2 sfr « A
sfr, r 3 sfr — r
saddr, saddr' 4 (saddr) — (saddr’)
r, laddrl6 4 r — (addrlé)
laddrl6, r 4 (addrl6) ~ r
r, laddr24 5 r — (addr24)
laddr24, r 5 (addr24) ~ r
A, [saddrp] 2/3 A — ((saddrp))
A, [Ysaddrg] 3/4 A ~ ((saddrg))
A, mem 1-5 A — (mem)
[saddrp], A 2/3 ((saddrp)) ~ A
[%saddrg], A 3/4 ((saddrg)) ~ A
mem, A 1-5 (mem) « A X X X X X
PSWL, #byte 3 PSWL. ~ byte
PSWH, #byte 3 PSWH ~ byte X X X X X
PSWL, A 2 PSWL « A
PSWH, A 2 PSWH ~ A
A, PSWL 2 A — PSWL
A, PSWH 2 A — PSWH
r3, #byte 3 r3 « byte
A, r3 2 A <13
r3, A 2 r3 « A
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(2) 16-bit data transfer instruction: MOVW

Flags
Mnemonic Operand Bytes Operation
S Z AC PV CY

MOVW rp, #word 3 rp — word

saddrp, #word 4/5 (saddrp) —~ word

sfrp, #word 4 sfrp « word

laddr16, #word 6 (addrl6) — word

laddr24, #word 7 (addr24) ~ word

rp, rp' 2 p « rp'

AX, saddrp2 2 AX « (saddrp2)

rp, saddrp 3 rp — (saddrp)

saddrp2, AX 2 (saddrp2) ~ AX

saddrp, rp 3 (saddrp) ~ rp

AX, sfrp 2 AX ~ sfrp

rp, sfrp 3 rp — sfrp

sfrp, AX 2 sfrp « AX

sfrp, rp 3 sfrp < 1p

saddrp, saddrp’ 4 (saddrp) ~ (saddrp’)

rp, laddrl6 4 rp — (addrle)

laddr16, rp 4 (addrl6) — rp

rp, 'addr24 5 rp — (addr24)

lladdr24, rp 5 (addr24) —~ rp

AX, [saddrp] 3/4 AX ~ ((saddrp))

AX, [Y%saddrg] 3/4 AX < ((saddrg))

AX, mem 2-5 AX ~ (mem)

[saddrp], AX 3/4 ((saddrp)) « AX

[Yesaddrg], AX 3/4 ((saddrg)) —~ AX

mem, AX 2-5 (mem) ~ AX
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(3) 24-bit data transfer instruction: MOVG

Flags
Mnemonic Operand Bytes Operation
S Z AC PV CY

MOVG rg, #imm24 5 rg « imm24

rg, rg’ 2 rg « rg'

rg, 'laddr24 5 rg — (addr24)

lladdr24, rg 5 (addr24) ~ rg

rg, saddrg 3 rg — (saddrg)

saddrg, rg 3 (saddrg) ~ rg

WHL, [%saddrg] 3/4 WHL « ((saddrg))

[Yosaddrg], WHL 3/4 ((saddrg)) « WHL

WHL, mem1 2-5 WHL « (mem1l)

mem1, WHL 2-5 (meml) — WHL

(4) 8-bit data exchange instruction: XCH
Flags
Mnemonic Operand Bytes Operation
S Z AC PV CY

XCH r,r 2/3 ror

Ar 1/2 Aor

A, saddr2 2 A o (saddr2)

r, saddr 3 r » (saddr)

r, sfr 3 r o sfr

saddr, saddr' 4 (saddr) « (saddr')

r, laddrl6 4 r - (addrl6)

r, laddr24 5 r o (addr24)

A, [saddrp] 2/3 Ao ((saddrp))

A, [Yosaddrg] 3/4 A o ((saddrg))

A, mem 2-5 A o (mem)
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(5) 16-bit data exchange instruction: XCHW

Flags
Mnemonic Operand Bytes Operation
S Z AC PV CY
XCHW rp, rp' 2 p o rp'
AX, saddrp2 2 AX o« (saddrp2)
rp, saddrp 3 rp - (saddrp)
rp, sfrp 3 rp - sfrp
AX, [saddrp] 3/4 AX o ((saddrp))
AX, [Y%saddrg] 3/4 AX o ((saddrg))
AX, laddrl6 4 AX o (addrl6)
AX, lladdr24 5 | AX & (addr24)
saddrp, saddrp’ 4 (saddrp) ~ (saddrp)
AX, mem 2-5 AX o (mem)
(6) 8-bit arithmetic instructions: ADD, ADDC, SUB, SUBC, CMP, AND, OR, XOR
Flags
Mnemonic Operand Bytes Operation
S Z AC PV CY
ADD A, #byte 2 A, CY « A + byte X X x V x
r, #byte 3 r, CY < r + byte x x x V x
saddr, #byte 3/4 (saddr), CY ~ (saddr) + byte x x x VvV x
sfr, #byte 4 sfr, CY « sfr + byte x x x V x
r,r 2/3 ncCY «r+r x x x V x
A, saddr2 2 A, CY < A + (saddr2) x x x V x
r, saddr 3 r, CY < r+ (saddr) x x x V x
saddr, r 3 (saddr), CY « (saddr) +r x x x V x
r, sfr 3 r,CY < r+sfr x x x V x
sfr, r 3 sfr, CY < sfr+r x x x VvV x
saddr, saddr' 4 (saddr), CY ~ (saddr) + (saddr’) x x x V x
A, [saddrp] 3/4 A, CY « A + ((saddrp)) x x x V x
A, [Ysaddrg] 3/4 A, CY « A + ((saddrg)) x x x V x
[saddrp], A 3/4 ((saddrp)), CY « ((saddrp)) + A x x x V x
[Yosaddrg], A 3/4 ((saddrg)), CY ~ ((saddrg)) + A x x x VvV x
A, 'addrl6 4 A, CY « A + (addrl6) x x x V x
A, laddr24 5 A, CY «~ A + (addr24) X X x V x
laddrl6, A 4 (addr16), CY ~ (addrl6) + A x x x \V x
laddr24, A 5 (addr24), CY ~ (addr24) + A x x x V x
A, mem 2-5 A, CY <« A+ (mem) x x x V x
mem, A 2-5 (mem), CY ~ (mem) + A x x x V x
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Flags
Mnemonic Operand Bytes Operation

AC P/V CY

ADDC A, #byte 2 A, CY « A+ byte + CY x VvV X
r, #byte 3 r,CY « r + byte + CY x VvV x
saddr, #byte 3/4 (saddr), CY ~ (saddr) + byte + CY x VvV X
sfr, #byte 4 sfr, CY « sfr + byte + CY x VvV x
r,r 2/3 rncCY «r+r+CY x VvV x
A, saddr2 2 A, CY « A + (saddr2) + CY x VvV x
r, saddr 3 r, CY « r+ (saddr) + CY x VvV X
saddr, r 3 (saddr), CY « (saddr) +r + CY x VvV x
r, sfr 3 r,CY < r+sfr+CY x V. x
sfr, r 3 sfr, CY < sfr+r+ CY x VvV x
saddr, saddr' 4 (saddr), CY ~ (saddr) + (saddr’) + CY x VvV X
A, [saddrp] 3/4 A, CY « A + ((saddrp)) + CY x VvV x
A, [Yosaddrg] 3/4 A, CY « A + ((saddrg)) + CY x VvV x
[saddrp], A 3/4 ((saddrp)), CY « ((saddrp)) + A + CY x VvV x
[Yosaddrg], A 3/4 ((saddrg)), CY ~ ((saddrg)) + A + CY x VvV X
A, laddrl6 4 A, CY « A+ (addrl6) + CY x VvV X
A, laddr24 5 A, CY «~ A + (addr24) +CY x VvV x
laddrl6, A 4 (addrl6), CY — (addrl6) + A + CY x VvV X
lladdr24, A 5 (addr24), CY ~ (addr24) + A+ CY x VvV X
A, mem 2-5 A, CY « A+ (mem) + CY x VvV x
mem, A 2-5 (mem), CY ~ (mem) + A+ CY x VvV x
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Flags
Mnemonic Operand Bytes Operation

S Z AC PV CY

SuB A, #byte 2 A, CY — A - byte x x x V x
r, #byte 3 r, CY « r— byte x x x V x
saddr, #byte 3/4 (saddr), CY ~ (saddr) — byte x x x VvV x
sfr, #byte 4 sfr, CY « sfr — byte x x x V x
r,r 2/3 nCY «r—r' x x x V x
A, saddr2 2 A, CY « A — (saddr2) x x x V x
r, saddr 3 r, CY « r— (saddr) x x x V x
saddr, r 3 (saddr), CY « (saddr) —r x x x V x
r, sfr 3 r,CY « r—sfr x x x V x
sfr, r 3 sfr, CY « sfr—r x x x V x
saddr, saddr' 4 (saddr), CY ~ (saddr) — (saddr’) x x x V x
A, [saddrp] 3/4 A, CY — A — ((saddrp)) x x x V x
A, [%saddrg] 3/4 | A, CY « A—((saddrg)) x x x V x
[saddrp], A 3/4 ((saddrp)), CY < ((saddrp)) — A x x x V x
[Yosaddrg], A 3/4 ((saddrg)), CY ~ ((saddrg)) — A x x x VvV x
A, laddrl6 4 A, CY ~ A — (addrl6) x x x V x
A, lladdr24 5 | A CY < A- (addr24) x x x V x
laddr16, A 4 (addr16), CY ~ (addrl6) — A x x x V x
laddr24, A 5 (addr24), CY ~ (addr24) — A x x x V x
A, mem 2-5 A, CY « A—-(mem) x x x V x
mem, A 2-5 (mem), CY ~ (mem) — A x x x V x
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Flags
Mnemonic Operand Bytes Operation

AC P/V CY

SUBC A, #byte 2 A, CY - A—-byte - CY x VvV X
r, #byte 3 r,CY « r—byte - CY x VvV x
saddr, #byte 3/4 (saddr), CY ~ (saddr) — byte — CY x VvV X
sfr, #byte 4 sfr, CY « sfr — byte — CY x VvV x
r,r 2/3 rncY «r—r-CY x VvV x
A, saddr2 2 A, CY « A —(saddr2) — CY x VvV x
r, saddr 3 r, CY « r—(saddr) - CY x VvV X
saddr, r 3 (saddr), CY « (saddr) —r - CY x VvV x
r, sfr 3 r,CY < r—sfr-CY x V. x
sfr, r 3 sfr, CY < sfr—r-CY x VvV x
saddr, saddr' 4 (saddr), CY ~ (saddr) — (saddr’) — CY x VvV X
A, [saddrp] 3/4 A, CY « A —((saddrp)) — CY x VvV x
A, [Yosaddrg] 3/4 A, CY « A —((saddrg)) — CY x VvV x
[saddrp], A 3/4 ((saddrp)), CY « ((saddrp)) - A—-CY x VvV x
[Yosaddrg], A 3/4 ((saddrg)), CY ~ ((saddrg)) - A-CY x VvV X
A, laddrl6 4 A, CY « A —(addrl6) - CY x VvV x
A, laddr24 5 A, CY « A - (addr24) - CY x VvV X
laddrl6, A 4 (addrl6), CY ~ (addrl6) — A - CY x VvV x
lladdr24, A 5 (addr24), CY — (addr24) - A-CY x VvV x
A, mem 2-5 A, CY « A—-(mem) - CY x VvV x
mem, A 2-5 (mem), CY ~ (mem) - A —-CY x VvV x
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Mnemonic Operand Bytes Operation Flags
S Z AC PV CY
CMP A, #byte 2 A — byte x x x V x
r, #byte 3 r — byte x x x V x
saddr, #byte 3/4 (saddr) — byte x x x V x
sfr, #byte 4 sfr — byte x x x V x
rr 2/3 r—r x x x V x
A, saddr2 2 A — (saddr2) x x x V x
r, saddr 3 r — (saddr) x x x V x
saddr, r 3 (saddr) —r x x x V x
r, sfr 3 r — sfr x x x V x
sfr, r 3 sfr—r x x x V x
saddr, saddr' 4 (saddr) — (saddr’) x x x V x
A, [saddrp] 3/4 A — ((saddrp)) x x x V x
A, [Ysaddrg] 3/4 A — ((saddrg)) x x x V x
[saddrp], A 3/4 ((saddrp)) — A x x x V x
[Y%6saddrg], A 3/4 ((saddrg)) — A x x x V x
A, laddrl6 4 A — (addr16) x x x V x
A, lladdr24 5 A — (addr24) x x x V x
laddr16, A 4 (addri6) — A x x x V x
laddr24, A 5 (addr24) — A x x x V x
A, mem 2-5 A — (mem) x x x V x
mem, A 2-5 (mem) — A x x x V x
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Flags
Mnemonic Operand Bytes Operation
AC P/V CY
AND A, #byte 2 A — AAbyte P
r, #byte 3 r « r/A\byte P
saddr, #byte 3/4 (saddr) — (saddr) Abyte P
sfr, #byte 4 sfr — sfrAbyte P
r,r 2/3 r — rAr P
A, saddr2 2 A <« AN (saddr2) P
r, saddr 3 r — r/\ (saddr) P
saddr, r 3 (saddr) « (saddr) Ar P
r, sfr 3 r — rAsfr P
sfr, r 3 sfr — sfrAr P
saddr, saddr' 4 (saddr) — (saddr) A (saddr’) P
A, [saddrp] 3/4 A < AN ((saddrp)) P
A, [Yosaddrg] 3/4 A « AN ((saddrg)) P
[saddrp], A 3/4 ((saddrp)) — ((saddrp)) NA P
[%6saddrg], A 3/4 ((saddrg)) « ((saddrg)) ANA P
A, laddrl6 4 A < AA (addrie6) P
A, lladdr24 5 A < AA (addr24) P
laddrl6, A 4 (addrl6) — (addrl6) NA P
lladdr24, A 5 (addr24) — (addr24) NA P
A, mem 2-5 A « AA(mem) P
mem, A 2-5 (mem) — (mem) AA P
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Flags
Mnemonic Operand Bytes Operation
S Z AC PV CY
OR A, #byte 2 A — AVbyte x % P
r, #byte 3 r — rVbyte x % P
saddr, #byte 3/4 (saddr) — (saddr) Vbyte x X P
sfr, #byte 4 sfr « sfrVbyte x % P
r,r 2/3 r—rvr X x P
A, saddr2 2 A < AV (saddr2) x % P
r, saddr 3 r — rVv (saddr) x % P
saddr, r 3 (saddr) « (saddr) Vr x % P
r, sfr 3 r — rvsfr X x P
sfr, r 3 sfr — sfrvr x X P
saddr, saddr' 4 (saddr) — (saddr) V (saddr') X % P
A, [saddrp] 3/4 A < AV ((saddrp)) x % P
A, [Yosaddrg] 3/4 A « AV ((saddrg)) x % P
[saddrp], A 3/4 ((saddrp)) < ((addrp)) VA x % P
[Yesaddrg], A 3/4 ((saddrg)) — ((addrg)) VA X % P
A, laddrl6 4 A < AV (addrl6) x % P
A, laddr24 5 A ~ AV (addr24) x % P
laddr16, A 4 (addrl6) — (addrl6) VA x % P
lladdr24, A 5 (addr24) ~ (addr24) VA X % P
A, mem 2-5 A — AV (mem) x X P
mem, A 2-5 (mem) « (mem) VA X X p
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Flags
Mnemonic Operand Bytes Operation
AC P/V CY
XOR A, #byte 2 A « A ¥ byte P
r, #byte 3 r — r % byte P
saddr, #byte 3/4 (saddr) — (saddr) * byte P
sfr, #byte 4 sfr — sfr v byte P
r,r 2/3 r—r»r P
A, saddr2 2 A < A+ (saddr2) P
r, saddr 3 r — rv* (saddr) P
saddr, r 3 (saddr) « (saddr) ~r P
r, sfr 3 r—r sfr P
sfr, r 3 sfr — sfr v r P
saddr, saddr' 4 (saddr) — (saddr) ~ (saddr’) P
A, [saddrp] 3/4 A < A~ ((saddrp)) P
A, [Yosaddrg] 3/4 A « A~ ((saddrg)) P
[saddrp], A 3/4 ((saddrp)) < ((saddrp)) VA P
[%6saddrg], A 3/4 ((saddrg)) « ((saddrg)) VA P
A, laddrl6 4 A < A (addrl6) P
A, lladdr24 5 A < AV (addr24) P
laddr16, A 4 (addrl6) ~ (addrl6) A P
lladdr24, A 5 (addr24) ~ (addr24) A P
A, mem 2-5 A « A (mem) P
mem, A 2-5 (mem) — (mem) VA P
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(7) 16-bit arithmetic instructions: ADDW, SUBW, CMPW

Flags
Mnemonic Operand Bytes Operation
Z AC P/V CY
ADDW AX, #word 3 AX, CY ~ AX + word x x VvV x
rp, #word 4 rp, CY « rp + word x x V x
rp, rp’ 2 rp, CY < rp +rp' x x V x
AX, saddrp2 2 AX, CY —~ AX + (saddrp2) x x VvV x
rp, saddrp 3 rp, CY «~ rp + (saddrp) x x VvV x
saddrp, rp 3 (saddrp), CY ~ (saddrp) + rp x x VvV x
rp, sfrp 3 rp, CY « rp + sfrp x x VvV x
sfrp, rp 3 sfrp, CY « sfrp +rp x x VvV x
saddrp, #word 4/5 (saddrp), CY « (saddrp) + word x x VvV x
sfrp, #word 5 sfrp, CY « sfrp + word x x VvV x
saddrp, saddrp' 4 (saddrp), CY ~ (saddrp) + (saddrp’) x x VvV x
SUBW AX, #word 3 AX, CY ~ AX —word x x VvV x
rp, #word 4 rp, CY « rp — word x x V x
rp, rp’' 2 p, CY « rp—rp’ x x V x
AX, saddrp2 2 AX, CY —~ AX — (saddrp2) x x V x
rp, saddrp 3 rp, CY ~ rp — (saddrp) x x V x
saddrp, rp 3 (saddrp), CY «~ (saddrp) —rp x x VvV x
rp, sfrp 3 rp, CY ~ rp — sfrp x x V x
sfrp, rp 3 sfrp, CY < sfrp—r1p x x V x
saddrp, #word 4/5 (saddrp), CY ~ (saddrp) — word x x VvV x
sfrp, #word 5 sfrp, CY « sfrp — word x x V x
saddrp, saddrp’ 4 (saddrp), CY « (saddrp) — (saddrp’) x x VvV x
CMPW AX, #word 3 AX — word x x V x
rp, #word 4 rp — word x x V x
p, rp' 2 rp—rp' x x V x
AX, saddrp2 2 AX — (saddrp2) x x V x
rp, saddrp 3 rp — (saddrp) x x V x
saddrp, rp 3 (saddrp) — rp x x V x
rp, sfrp 3 rp — sfrp x x V x
sfrp, rp 3 sfrp —rp x x V x
saddrp, #word 4/5 (saddrp) — word x x V x
sfrp, #word 5 sfrp — word x x V x
saddrp, saddrp' 4 (saddrp) — (saddrp') x x V x
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(8) 24-bit arithmetic instructions: ADDG, SUBG
Flags
Mnemonic Operand Bytes Operation
Z AC P/V CY
ADDG rg, rg' 2 rg, CY —~ rg +rg' x x V x
rg, #imm24 5 rg, CY < rg + imm24 x x VvV X
WHL, saddrg 3 WHL, CY — WHL + (saddrg) x x V  x
SUBG rg, rg’ 2 rg, CY —~ rg—-rg' x x VvV X
rg, #imm24 5 rg, CY < rg —imm24 x x V x
WHL, saddrg 3 WHL, CY ~ WHL — (saddrg) x x V x
(9) Multiply/divide instructions: MULU, MULUW, MULW, DIVUW, DIVUX
Flags
Mnemonic Operand Bytes Operation
Z AC PV CY
MULU r 2/3 AX « Axr
MULUW rp 2 AX (high order), rp (low order) —« AX x rp
MULW rp 2 AX (high order), rp (low order) — AX xrp
DIVUW r 2/3 | AX (quotient), r (remainder) — AX + rNote 1
DIVUX rp 2 AXDE (quotient), rp (remainder) — AXDE + rpNote 2
Notes 1. Whenr=0,r « X, AX « FFFFH
2. Whenrp =0, rp -« DE, AXDE ~ FFFFFFFFH
(10) Special arithmetic instructions: MACW, MACSW, SACW
Flags
Mnemonic Operand Bytes Operation
Z AC PV CY
MACW byte 3 AXDE ~ (B) x (C) + AXDE,B « B +2, x x V x
C - C+2 byte — byte—1
End if (byte = 0 or P/V = 1)
MACSW | byte 3 AXDE « (B) x (C) + AXDE, B « B + 2, x x V x
C - C+2 byte « byte—1
if byte = 0 then End
if P/V = 1 then if overflow AXDE ~ 7FFFFFFFH, End
if underflow AXDE ~ 80000000H, End
SACW [TDE+], [WHL+] 4 AX < | (TDE) — (WHL) | + AX, x x V x
TDE ~ TDE + 2, WHL ~ WHL + 2
C-C-1Endif(C=00rCY=1)
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(11) Increment and decrement instructions: INC, DEC, INCW, DECW, INCG, DECG

Flags
Mnemonic Operand Bytes Operation
S Z AC PV CY

INC r 1/2 r—r+1 x x x V

saddr 2/3 (saddr) « (saddr) +1 x x x V
DEC r 1/2 r—r-—1 x x x V

saddr 2/3 (saddr) « (saddr) — 1 x x x V
INCW rp 2/1 P —rmp+1

saddrp 3/4 (saddrp) ~ (saddrp) + 1
DECW rp 2/1 P —rmp-1

saddrp 3/4 (saddrp) — (saddrp) — 1
INCG rg 2 rg-rg+1
DECG rg 2 g —rg-1

(12) Decimal adjust instructions: ADJBA, ADJBS, CVTBW
Flags
Mnemonic Operand Bytes Operation
S Z AC PV CY

ADJBA 2 Decimal Adjust Accumulator after Addition x x x P x
ADJBS 2 Decimal Adjust Accumulator after Subtract x x x P x
CVTBW 1 X <A A-O00HIfA7=0

X«AA-FFHIifA7=1
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(13) Shift and rotate instructions: ROR, ROL, RORC, ROLC, SHR, SHL, SHRW, SHLW, ROR4, ROL4

Flags
Mnemonic Operand Bytes Operation
S Z AC PV CY
ROR r,n 2/3 (CY, 17 « ro, rm-1 « Im) X n n=0to7 P x
ROL r,n 2/3 (CY, ro « 17, rms1 « Im) X N n=0to7 P x
RORC r,n 2/3 (CY < 10,17 « CY, I'm-1 « I'm) XN n=0to7 P x
ROLC r,n 2/3 (CY < 17,10 « CY, Imt1 « m) X N n=0to7 P x
SHR r,n 2/3 (CY < 10,17 « 0, Im1 « rm) Xn n=0to7 x x 0 P x
SHL r,n 2/3 (CY < 17,10 « 0, fm1 « Im) XN n=0to7 x x 0 P x
SHRW rp, N 2 (CY < rpo, rpis « O, rpm-1 « rpm) xn n=0to 7 x x 0 P x
SHLW p, N 2 (CY « rpis, rpo « O, rpm+1 « rpm) XN n=0to 7 x x 0 P x
ROR4 mem3 2 Aso « (mem3)s-o, (Mem3)7-4 « As-o,
(mem3)s-0 « (mem3)7-4
ROL4 mem3 2 Aszo — (mem3)7-4, (Mmem3)sz-o — As-o,
(mem3)7-4+ — (mem3)s-o
(14) Bit manipulation instructions: MOV1, AND1, OR1, XOR1, NOT1, SET1, CLR1
Flags
Mnemonic Operand Bytes Operation
S Z AC PV CY

MOV1 CY, saddr.bit 3/4 CY ~ (saddr.bit) X

CY, sfr.bit 3 CY - sfr.bit X

CY, X.bit 2 CY ~ X.bit X

CY, A.bit 2 CY ~ A.bit x

CY, PSWL.bit 2 CY — PSWL.bit X

CY, PSWH.bit 2 CY ~ PSWh.bit X

CY, laddr16.bit 5 CY ~ laddrl6.bit X

CY, laddr24.bit 2 CY -~ !laddr24.bit x

CY, mem2.bit 2 CY — mem2.bit X

saddr.bit, CY 3/4 (saddr.bit) « CY

sfr.bit, CY 3 sfr.bit — CY

X.bit, CY 2 X.bit — CY

A.bit, CY 2 A.bit « CY

PSWL.bit, CY 2 PSWL.bit « CY X X X X X

PSWH.bit, CY 2 PSWhHh.bit « CY

laddr16.bit, CY 5 laddr16.bit — CY

lladdr24.bit, CY 6 lladdr24.bit —~ CY

mem2.bit, CY 2 memz2.bit « CY
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Flags

Mnemonic Operand Bytes Operation
S Z AC PV CY
AND1 CY, saddr.bit 3/4 CY ~ CYA (saddr.bit) X
CY, /saddr.bit 3/4 | CY — CYA (saddr.bit) x
CY, sfr.bit 3 CcY CY A sfr.bit X
CY, /sfr.bit 3 CY — CYA sfr.hbit x
CY, X.bit 2 | CY < CYA X.bit x
CY, /X.bit 2 | cY « CYA Xbit x
CY, A.bit 2 | CY < CYA Abit x
CY, /A.bit 2 CY — CYA Abit x
CY, PSWL.bit 2 | CY — CYA PSWLbit x
CY, IPSWL.bit 2 | CY < CYA PSWLbit x
CY, PSWH.bit 2 | CY < CYA PSWh.hit x
CY, IPSWH.bit 2 | cy < cYA PSwubit x
CY, laddr16.bit 5 | CY < CYA laddri6.bit x
CY, /addr16.bit 5 | cy < cYA taddri6.bit x
CY, Naddr24.bit 2 | CY < CYA naddr24.bit x
CY, /Maddr24.bit 6 | CY < CYA Naddr24.bit x
CY, mem2.bit 2 CcY CY A\ mem2.bit X
CY, /mem2.bit 2 CY < CYA memz2.bit x
OR1 CY, saddr.bit 3/4 CY ~ CYV (saddr.bit) X
CY, /saddr.bit 3/4 | CY — CYV (saddr.bit) x
CY, sfr.bit 3 CY CYV sfr.bit X
CY, /sfr.bit 3 CY < CYV sfrbit x
CY, X.bit 2 | CY < CYV X.bit x
CY, /X.bit 2 | Y — CcYV Xubit x
CY, A.bit 2 | CY < CYV Abit x
CY, /A bit 2 | cy «cyvabi x
CY, PSWL.bit 2 | CY < CYV PSWLbit x
CY, /PSWL.bit 2 | cy < cyv PswLbit x
CY, PSWH.bit 2 | CY < CYV PSWh.hit x
CY, /PSWH.bit 2 | cY — CYV PSWh.bit x
CY, laddr16.bit 5 | CY < CYV laddr16.bit x
CY, Nladdr16.bit 5 | cy < cyVaddri6.bit x
CY, Naddr24.bit 2 | CY < CYV lladdr24.bit x
CY, /Maddr24.bit 6 | CY — CYV laddr24.bit x
CY, mem2.bit 2 CcY CYV mem2.bit X
CY, /mem2.bit 2 | cy < cYV mem2bit x
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Flags
Mnemonic Operand Bytes Operation
S Z AC PV CY

XOR1 CY, saddr.bit 3/4 CY ~ CY*+ (saddr.bit) X

CY, sfr.bit 3 CY — CY sfr.bit x

CY, X.bit 2 CY ~ CY~+ X.bit X

CY, A.bit 2 CY « CY+* A.bit X

CY, PSWL.bit 2 CY « CY* PSWL.bit X

CY, PSWH.bit 2 CY « CY PSWh.bit X

CY, laddri16.bit 5 CY ~ CY+ laddrl6.bit X

CY, !laddr24.bit 2 CY ~ CY~+ !laddr24.bit X

CY, mem2.bit 2 CY « CY* mem2.bit X
NOT1 saddr.bit 3/4 | (saddr.bit) — (saddr.bit)

sfr.bit 3 | sfr.bit — sfrbit

X.bit 2 | Xbit < X.bit

A.bit 2 | Abit « Abit

PSWL.bit 2 | PSWL.bit — PSWLbit X xx x

PSWH.bit 2 | PSWH.bit — PSW.bit

laddrl6.bit 5 | laddri6.bit — laddr16.bit

lladdr24.bit 2 | naddr24.bit — taddr24.bit

mem2.bit 2 mem2.bit — mem2.bit

cY 1 |cy-cy x
SET1 saddr.bit 2/3 (saddr.bit) — 1

sfr.bit 3 sfr.bit « 1

X.bit 2 X.bit « 1

A.bit 2 A.bit « 1

PSWL.bit 2 PSWL.bit ~ 1 x x x x

PSWH.bit 2 PSWh.bit « 1

laddr16.bit 5 laddr16.bit ~ 1

lladdr24.bit 2 lladdr24.bit ~ 1

mem2.bit 2 mem2.bit <1

CY 1 CY -1 1
CLR1 saddr.bit 2/3 (saddr.bit) < 0

sfr.bit 3 sfr.bit « 0

X.bit 2 X.bit « O

A.bit 2 A.bit < O

PSWL.bit 2 PSWL.bit ~ 0 x x x x

PSWH.bit 2 PSWhHh.bit — 0

laddr16.bit 5 laddr16.bit — O

lladdr24.bit 2 laddr24.bit —~ 0

mem2.bit 2 memz2.bit ~0

CY 1 CY -0 0
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(15) Stack manipulation instructions: PUSH, PUSHU, POP, POPU, MOVG, ADDWG, SUBWG, INCG, DECG

Flags
Mnemonic Operand Bytes Operation
S Z AC PV CY
PUSH PSW 1 (SP-2) « PSW,SP - SP -2
sfrp 3 (SP -2) « sfrp, SP « SP -2
sfr 3 (SP-1) « sfr, SP « SP-1
post 2 {(SP — 2) — post, SP — SP — 2} x mNote
rg 2 (SP-3) «rg,SP - SP-3
PUSHU post 2 {(UUP - 2) < post, UUP — UUP — 2} x mNote
POP PSW 1 PSW ~ (SP), SP ~ SP +2 R R R R R
sfrp 3 sfrp « (SP), SP « SP +2
sfr 3 sfr « (SP), SP « SP +1
post 2 {post — (SP), SP — SP + 2} x mNote
rg 2 rg « (SP), SP - SP +3
POPU post 2 {post — (UUP), UUP — UUP + 2} x mNote
MOVG SP, #imm24 5 SP ~ imm24
SP, WHL 2 SP —~ WHL
WHL, SP 2 WHL ~ SP
ADDWG SP, #word 4 SP ~ SP + word
SUBWG SP, #word 4 SP ~ SP - word
INCG SP 2 SP -« SP+1
DECG SP 2 SP - SP-1

Note m is the number of registers specified by post.
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(16) Call return instructions: CALL, CALLF, CALLT, BRK, BRKCS, RET, RETI, RETB, RETCS, RETCSB

Flags
Mnemonic Operand Bytes Operation
S Z AC PV CY
CALL laddr16 3 (SP-3) « (PC+3),SP ~ SP -3,
PCuw « 0, PCuw ~ addrl6
laddr20 4 (SP-3) « (PC+4),SP ~ SP -3,
PC ~ addr20
p 2 (SP-3) -« (PC+2),SP - SP -3,
PChw « 0, PCw « rp
rg 2 (SP-3) « (PC+2),SP - SP -3,
PC ~ rg
[rp] 2 (SP-3) « (PC+2),SP ~ SP -3,
PChw « 0, PCw « (rp)
[ra] 2 (SP-3) « (PC+2),SP ~ SP -3,
PC ~ (rg)
$laddr20 3 (SP-3) - (PC+3),SP ~ SP -3,
PC —~ PC + 3 + jdispl6
CALLF laddr1l 2 (SP-3) « (PC+2),SP - SP-3
PCi19-12 « 0, PC11 « 1, PCi00 « addrll
CALLT [addr5] 1 (SP-3) -« (PC+1),SP -~ SP-3
PChw « 0, PCiw « (addrb)
BRK 1 (SP -2) « PSW, (SP —1)o-3 «, (PC + 1)nw,
(SP - 4) « (PC + 1),
SP - SP-14

PChw ~ 0, PCw ~ (O03EH)

BRKCS RBn 2 PCw ~ RP2, RP3 « PSW,RBS2-0 « n,
RSS ~ 0, IE «~ 0, RP3s-11 « PChw, PChw ~ 0O
RET 1 PC ~ (SP), SP - SP +3
RETI 1 PCww « (SP), PChw « (SP + 3)o-3, R R R R R

PSW  (SP+2),SP « SP + 4
The flag with the highest priority that is set to 1
in ISPR is cleared to 0.

RETB 1 | PCuw « (SP), PCuw < (SP + 3)o-, R R R R R
PSW — (SP+2),SP — SP + 4

RETCS laddr16 3 PSW <« RP3, PCww « RP2, RP2 ~ addrlé6, R R R R R
PChw ~ RP3s-11

The flag with the highest priority that is set to 1
in ISPR is cleared to 0.

RETCSB laddr16 4 PSW ~ RP3, PCww « RP2, RP2 ~ addrlé6, R R R R R
PChw « RP3s-11
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(17) Unconditional branch instruction: BR

Flags
Mnemonic Operand Bytes Operation
S Z AC PV CY

BR laddr16 3 PChw « 0, PCiw « addrl6

laddr20 4 PC ~ addr20

rp 2 PChw « 0, PCw « rp

rg 2 PC - rg

[rp] 2 PChw « 0, PCiw « (rp)

[ra] 2 PC  (rg)

$addr20 2 PC ~ PC + 2 + jdisp8

$laddr20 3 PC  PC + 3 + jdisp16
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(18) Conditional branch instructions: BNZ, BNE, BZ, BE, BNC, BNL, BC, BL, BNV, BPO, BV, BPE, BP, BN,

BLT, BGE, BLE, BGT, BNH, BH, BF, BT, BTCLR, BFSET, DBNZ

Flags
Mnemonic Operand Bytes Operation
S Z AC PV CY

BNZ $addr20 2 PC PC +2 +jdisp8ifZ=0

BNE

BZ $addr20 2 PC « PC+2 +jdisp8ifz=1

BE

BNC $addr20 2 PC PC + 2 +jdisp8 if CY =0

BNL

BC $addr20 2 PC « PC +2 +jdisp8ifCY =1

BL

BNV $addr20 2 PC PC + 2 + jdisp8 if P/V =0

BPO

BV $addr20 2 PC « PC +2 +jdisp8if P/V =1

BPE

BP $addr20 2 PC « PC +2 +jdisp8ifS=0

BN $addr20 2 PC -« PC+ 2 +jdisp8ifS=1

BLT $addr20 3 PC PC + 3 +jdisp8 if P/V *S =1

BGE $addr20 3 PC — PC + 3 +jidsp8 if P/V *S =0

BLE $addr20 3 PC « PC + 3 +jdisp8 if (P/V *S) VZ =1

BGT $addr20 3 PC « PC + 3 +jidsp8 if (P/V ¥ S) VZ=0

BNH $addr20 3 PC PC + 3 +jdisp8 if ZVCY =1

BH $addr20 3 PC - PC + 3 +jidsp8 if ZVCY =0

BF saddr.bit, $addr20 4/5 PC — PC + 4Note 4 jdispsg if (saddr.bit) = 0
sfr.bit, $addr20 4 PC ~ PC + 4 + jdisp8 if sfr.bit =0
X.bit, $addr20 3 PC ~ PC + 3 + jdisp8 if X.bit =0
A.bit, $addr20 3 PC ~ PC + 3 + jdisp8 if A.bit =0
PSWL.bit, $addr20 3 PC PC + 3 + jdisp8 if PSWL.bit =0
PSWH.bit, $addr20 3 PC —~ PC + 3 + jdisp8 if PSWh.bit = 0
laddr16.bit, $addr20 6 PC —~ PC + 3 + jdisp8 if laddr16.bit = 0
laddr24.bit, $addr20 3 PC —~ PC + 3 + jdisp8 if !laddr24.bit = 0
mem2.bit, $addr20 3 PC ~ PC + 3 + jdisp8 if mem2.bit = 0

Note This is used when the number of bytes is four. When five, it becomes PC — PC + 5 + jdisp8.
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Flags
Mnemonic Operand Bytes Operation
S Z AC PV CY
BT saddr.bit, $addr20 3/4 | PC « PC + 3Note 1 4 idisp8 if (saddr.bit) = 1
sfr.bit, $addr20 4 PC —~ PC + 4 + jdisp8 if sfr.bit = 1
X.bit, $addr20 3 PC — PC + 3 + jdisp8 if X.bit = 1
A.bit, $addr20 3 PC ~ PC + 3 + jdisp8 if A.bit = 1
PSWL.bit, $addr20 3 PC —~ PC + 3 + jdisp8 if PSWL.bit =1
PSWH.bit, $addr20 3 PC —~ PC + 3 + jdisp8 if PSWh.bit = 1
laddr16.bit, $addr20 6 PC —~ PC + 3 + jdisp8 if laddrl16.bit = 1
laddr24.bit, $addr20 3 PC —~ PC + 3 + jdisp8 if !laddr24.bit = 1
mem2.bit, $addr20 3 PC ~ PC + 3 + jdisp8 if mem2.bit = 1
BTCLR saddr.bit, $addr20 4/5 | {PC < PC + 4Note 2 4 idisp8, (saddr.bit) — 0}
if (saddr.bit = 1)
sfr.bit, $addr20 4 {PC ~ PC + 4 + jdisp8, sfr.bit — 0} if sfr. bit =1
X.bit, $addr20 3 {PC « PC + 3 + jdisp8, X.bit — 0} if X.bit=1
A.bit, $addr20 3 {PC — PC + 3 + jdisp8, A.bit — O} if A.bit=1
PSWL.bit, $addr20 3 {PC ~ PC + 3 + jdisp8, PSWL.bit ~ 0} X X X x X
if PSWL.bit = 1
PSWH.bit, $addr20 3 {PC — PC + 3 + jdisp8, PSWH.bit — 0}
if PSWh.bit = 1
laddri16.bit, $addr20 6 {PC « PC + 3 + jdisp8, !addr16.bit — 0}
if laddr16.bit = 1
laddr24.bit, $addr20 3 {PC ~ PC + 3 + jdisp8, "addr24.bit — 0}
if laddr24.bit = 1
mem2.bit, $addr20 3 {PC < PC + 3 + jdisp8, mem2.bit — 0}

if mem2.bit = 1

Notes 1. This is used when the number of bytes is three. When four, it becomes PC —~ PC + 4 + jdisp8.

2. This is used when the number of bytes is four. When five, it becomes PC — PC + 5 + jdisp8.
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PC — PC + 3Note 1 + idisp8 if (saddr) # 0

Flags
Mnemonic Operand Bytes Operation
S Z AC PV CY
BFSET saddr.bit, $addr20 4/5 {PC — PC + 4Note 2 4 idisp8, (saddr.bit) — 1}
if (saddr.bit = 0)
sfr.bit, $addr20 4 {PC « PC + 4 + jdisp8, sfr.bit — 1} if sfr. bit=0
X.bit, $addr20 3 {PC — PC + 3 + disp8, X.bit — 1} if X.bit=0
A.bit, $addr20 3 {PC « PC + 3 + jdisp8, A.bit — 1} if Abit=0
PSWL.bit, $addr20 3 {PC ~ PC + 3 + jdisp8, PSWL.bit ~ 1} X X X X X
if PSWL.bit = 0
PSWH.bit, $addr20 3 {PC < PC + 3 + jdisp8, PSWh.bit ~ 1}
if PSWh.bit = 0
laddr16.bit, $addr20 6 {PC —~ PC + 3 + jdisp8, !addr16.bit ~ 1}
if laddr16.bit = 0
laddr24.bit, $addr20 3 {PC < PC + 3 + jdisp8, "addr24.bit ~ 1}
if laddr24.bit = 0
mem2.bit, $addr20 3 {PC ~ PC + 3 + jdisp8, mem2.bit — 1}
if mem2.bit =0
DBNZ B, $addr20 2 B~B-1PC  PC+2+jdisp8ifB#0
C. $addr20 2 C-C-1,PC - PC+2+jdisp8ifC#0
saddr, $addr20 3/4 (saddr) « (saddr) — 1,

Notes 1. This is used when the number of bytes is three. When four, it becomes PC —~ PC + 4 + jdisp8.

2. This is used when the number of bytes is four. When five, it becomes PC ~ PC + 5 + jdisp8.

(19) CPU control instructions: MOV, LOCATION, SEL, SWRS, NOP, El, DI

Flags
Mnemonic Operand Bytes Operation
S Z AC PV CY

MOV STBC, #byte 4 STBC ~ byte

WDM, #byte 4 WDM - byte
LOCATION | locaddr 4 Specification of the high-order word of the location

address of the SFR and internal data area

SEL RBnN 2 RSS -« 0,RBS2-0 «~ n

RBn, ALT 2 RSS « 1, RBS2-0 ~ n
SWRS 2 | Rss < Rss
NOP 1 No operation
El 1 IE « 1 (Enable interrupt)
DI 1 IE < O (Disable interrupt)
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(20) String instructions: MOVTBLW, MOVM, XCHM, MOVBK, XCHBK, CMPME, CMPMNE,

CMPMC, CMPMNC, CMPBKE, CMPBKNE, CMPBKC, CMPBKNC

Flags
Mnemonic Operand Bytes Operation
S Z AC PV CY
MOVTBLW | !addr8, byte 4 (addr8 + 2) ~ (addr8), byte — byte — 1,
addr8 — addr8 — 2 End if byte = 0
MOVM [TDE+], A 2 (TDE) -« A, TDE -« TDE+1,C -« C-1EndifC=0
[TDE-], A 2 (TDE) - A, TDE -« TDE-1,C -« C-1EndifC=0
XCHM [TDE+], A 2 (TDE) -« A, TDE « TDE+1,C « C-1EndifC=0
[TDE-], A 2 (TDE) » A, TDE « TDE-1,C « C-1EndifC=0
MOVBK [TDE+], [WHL+] 2 (TDE) ~ (WHL), TDE ~ TDE + 1,
WHL « WHL+1,C - C-1EndifC=0
[TDE-], [WHL-] 2 (TDE) « (WHL), TDE ~ TDE -1,
WHL « WHL-1,C « C-1EndifC=0
XCHBK [TDE+], [WHL+] 2 (TDE) « (WHL), TDE ~ TDE + 1,
WHL « WHL+1,C - C-1EndifC=0
[TDE-], [WHL-] 2 (TDE) «~ (WHL), TDE ~ TDE -1,
WHL « WHL-1,C « C-1EndifC=0
CMPME [TDE+], A 2 (TDE)-A, TDE « TDE+1,C « C-1EndifC=00rZ=0 | x x x V X
[TDE-], A 2 (TDE) - A, TDE « TDE-1,C - C-1EndifC=00rZ=0 | x x x V x
CMPMNE | [TDE+], A 2 (TDE)-A, TDE « TDE+1,C « C-1EndifC=00rZ=1| x x x V x
[TDE-], A 2 (TDE) - A, TDE -« TDE-1,C - C-1EndifC=00rZ=1 | x x x V x
CMPMC [TDE+], A 2 (TDE)-A, TDE -« TDE+1,C -« C-1EndifC=00rCY=0| x x x V x
[TDE-], A 2 (TDE)-A, TDE « TDE-1,C « C-1EndifC=00rCY=0| x x x V x
CMPMNC | [TDE+], A 2 (TDE)-A, TDE -« TDE+1,C - C-1EndifC=00rCY=1| x x x V x
[TDE-], A 2 (TDE)-A, TDE -« TDE-1,C - C-1EndifC=00rCY=1| x x x V x
CMPBKE | [TDE+], [WHL+] 2 (TDE) — (WHL), TDE ~ TDE + 1, x x x V ox
WHL « WHL+1,C -« C-1EndifC=00rZ=0
[TDE-], [WHL-] 2 (TDE) — (WHL), TDE ~ TDE -1, x x x V x
WHL « WHL-1,C « C-1EndifC=00rZ=0
CMPBKNE| [TDE+], [WHL+] 2 (TDE) — (WHL), TDE ~ TDE + 1, x x x V x
WHL « WHL+1,C -« C-1EndifC=00rzZ=1
[TDE-], [WHL-] 2 (TDE) — (WHL), TDE ~ TDE -1, x x x V x
WHL « WHL-1,C « C-1EndifC=00rZ=1
CMPBKC | [TDE+], [WHL+] 2 (TDE) — (WHL), TDE ~ TDE + 1, x x x V x
WHL « WHL+1,C -« C-1EndifC=00rCY =0
[TDE-], [WHL-] 2 (TDE) — (WHL), TDE ~ TDE -1, x x x V x
WHL « WHL-1,C « C-1EndifC=00rCY =0
CMPBKNC | [TDE+], [WHL+] 2 (TDE) — (WHL), TDE ~ TDE + 1, x x x V x
WHL « WHL+1,C -« C-1EndifC=0o0rCY=1
[TDE-], [WHL-] 2 (TDE) — (WHL), TDE ~ TDE -1, x x x V x
WHL « WHL-1,C « C-1EndifC=00rCY =1
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26.3 Lists of Addressing Instructions

(1) 8-bitinstructions (The values enclosed by parentheses are combined to express the A description asr.)
MOV, XCH, ADD, ADDC, SUB, SUBC, AND OR XOR, CMP, MULU, DIVUW, INC, DEC, ROR, ROL, RORC,
ROLC, SHR, SHL, ROR4, ROL4, DBNZ, PUSH, POP, MOVM, XCHM, CMPME, CMPMNE, CMPMNC, CMPMC,
MOVBK, XCHBK, CMPBKE, CMPBKNE, CMPBKNC, CMPBKC

Table 26-1. 8-Bit Addressing Instructions

Second |  #byte A r saddr sfr laddri6 | mem r3 [WHL+] n NoneMote 2
operand r saddr' lladdr24 | [saddrp] PSWL [WHL-]
First operand [%saddrg] PSWH
A (MOV) (MOV) MoV (MOV)Note 6 | MOV (MOV) MoV MoV (MOV)
ADDNee | (XCH) XCH (XCHNote6 | (XCH) (XCH) XCH (XCH)
(ADD)N"‘e 1 (ADD)N"‘e 1 (ADD)NoIes 16 (ADD)N"‘e 1 ADDNole 1 ADDNole 1 (ADD)N"‘e 1
r MOV (MOV) MOV MOV MOV MOV RORNoe 3 | MULU
ADDNote 1| (XCH) XCH XCH XCH XCH DIVUW
(ADD)NOte 1| ADDNotel | appNotel | AppNote 1 INC
DEC
saddr MoV (MoV)Nete 6 | MOV MoV INC
ADDNote 1 (ADD)Note 1 | ADDNotel | XCH DEC
ADDNote 1 DBNZ
sfr MOV MOV MOV PUSH
ADDNote 1 (ADD)NOIE 1 | AppNote 1 POP
laddr16 MoV MoV MoV
lladdr24 ADDNote 1
mem MoV
[saddrp] ADDNote 1
[%saddrg]
mem3 ROR4
ROL4
r3 MoV MOV
PSWL
PSWH
B, C DBNZ
STBC, WDM MOV
[TDE+] (MOV) MOVBKNote 5
[TDE-] (ADD)Note 1
MOVMNOK&4
Notes 1. ADDC, SUB, SUBC, AND, OR, XOR, and CMP are identical to ADD.

ok, wDn

There is no second operand, or the second operand is not an operand address.
ROL, RORC, ROLC, SHR, and SHL are identical to ROR.

XCHM, CMPME, CMPMNE, CMPMNC, and CMPMC are identical to MOVM.
XCHBK, CMPBKE, CMPBKNE, CMPBKNC, and CMPBKC are identical to MOVBK.
When saddr is saddr2 in this combination, the instruction has a short code length.
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(2) 16-bitinstructions (The values enclosed by parentheses are combined to express AX description as rp.)
MOVM, XCHW, ADDW, SsuBw, CMPW, MULUW, MULW, DIVUX, INCW, DECW, SHRW, SHLW, PUSH, POP,

ADDWG, SUBWG, PUSHU, POPU, MOVTBLW, MACW, MACSW, SACW

Table 26-2. 16-Bit Addressing Instructions

Second | #word AX ) saddrp sfrp laddr16 | mem [WHL+] byte n Nonelete2
operand rp' saddrp' lladdr24 | [saddrp]
First operand [%saddrg]
AX (MOVW) | (MOVW) | (MOVW) | (MOVW)\®€3 | MOVW | (MOVW) |MOVW | (MOVW)
ADDWNOEL | (XCHW) | (XCHW) | (XCHW)N®3 | (XCHW) | XCHW  |XCHW | (XCHW)
(ADD)NO‘e 1 (ADDW)Nme 1 (ADDW)NOIES 13 (ADDW)Nme 1
P MOVW  |(MOVW) |MOVW |MOVW |MOVW | MOVW SHRW MULWNte 4
ADDWNoe L | (XCHW) | XCHW XCHW XCHW SHLW INCW
(ADDw)Nolel ADDWNote 1 [ AppwNote 1 [ AppyyNote 1 DECW
saddrp MOVW | (MOVW)\oe3 | MOVW | MOVW INCW
ADDWNete L | (ADDW)Noe L | ADDWNCEe L | XCHW DECW
ADDwNotel
sfrp MOVW  |MOVW | MOVW PUSH
ADDWNe'e L | (ADDW)ete L | (ADDW)Nete ¢ POP
laddr16 MOVW (MOVW) | MOVW MOVTBLW,
lladdr24
mem MOVW
[saddrp]
[%saddrg]
PSW PUSH
POP
SP ADDWG
SUBWG
post PUSH
POP
PUSHU
POPU
[TDE+] (MOVW) SACW
byte MACW
MACSW
Notes SUBW and CMPW are identical to ADDW.
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There is no second operand, or the second operand is not an operand address.
When saddrp is saddrp2 in this combination, this is a short code length instruction.
MULUW and DIVUX are identical to MULW.



CHAPTER 26 INSTRUCTION OPERATION

(3) 24-bit instructions (The values enclosed by parentheses are combined to express WHL description as

rg.)

MOVG, ADDG, SUBG, INCG, DECG, PUSH, POP

Table 26-3. 24-Bit Addressing Instructions

Second | #mm24 WHL rg saddrg lladdr24 mem1 [%saddrg] | SP NoneNote
operand rg'
First operand
WHL (MOVG) (MOVG) (MOVG) (MOVG) (MOVG) MOVG MOVG MOVG
(ADDG) (ADDG) (ADDG) ADDG
(SUBG) (SUBG) (SUBG) SUBG
rg MOVG (MOVG) MOVG MOVG MOVG INCG
ADDG (ADDG) ADDG DECG
SUBG (SUBG) SUBG PUSH
POP
saddrg (MOVG) MOVG
lladdr24 (MOVG) MOVG
meml MOVG
[%saddrg] MOVG
SP MOVG MOVG INCG
DECG
Note There is no second operand, or the second operand is not an operand address.
(4) Bit manipulation instructions
MOV1, AND1, OR1, XOR1, SET1, CLR1, NOT1, BT, BF, BTCLR, BFSET
Table 26-4. Bit Manipulation Instruction Addressing Instructions
Second operand CY saddr.bit  sfr.bit /saddr.bit  /sfr.bit NoneNote
A.bit  X.bit /A.bit  /X.bit
PSWL.bit PSWH.bit /PSWL.bit /PSWH.bit
mem2.bit /mem2.bit
laddr16.bit /laddr16.bit
First operand Naddr24.bit /Naddr24.bit
CcY MOV1 AND1 NOT1
AND1 OR1 SET1
OR1 CLR1
XOR1
saddr.bit MOV1 NOT1
sfr.bit SET1
A.bit CLR1
X.bit BF
PSWL.bit BT
PSWH.bit BTCLR
mem2.bit BFSET
laddr16.bit
addr24.bit

Note There is no second operand, or the second operand is not an operand address.
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(5) Call return instructions and branch instructions
CALL, CALLF, CALLT, BRK, RET, RETI, RETB, RETCS, RETCSB, BRKCS, BR, BNZ, BNE, BZ, BE, BNC, BNL,
BC, BL, BNV, BPO, BV, BPE, BP, BN, BLT, BGE, BLE, BGT, BNH, BH, BF, BT, BTCLR, BFSET, DBNZ

Table 26-5. Call Return Instructions and Branch Instruction Addressing Instructions

Instruction Address Operand $addr20 | $!addr20 | laddrl6 | !'addr20 p rg [rp] [ra] laddrll | [addr5] RBn None
Basic instructions BCNete | CALL CALL CALL CALL CALL CALL CALL CALLF |CALLT |BRKCS |[BRK
BR BR BR BR BR BR BR BR RET
RETCS RETI
RETCSB RETB
Composite instructions BF
BT
BTCLR
BFSET
DBNZ

Note BNZ, BNE, BZ, BE, BNC, BNL, BL, BNV, BPO, BV, BPE, BP, BN, BLT, BGE, BLE, BGT, BNH, and BH are
identical to BC.

(6) Other instructions
ADJBA, ADJBS, CVTBW, LOCATION, SEL, NOT, El, DI, SWRS
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APPENDIX A MAJOR DIFFERENCES AMONG THE uPD784955 SUBSERIES, uPD784225
SUBSERIES, AND pPD784216 SUBSERIES

Series Name

uPD784955 Subseries

puPD784225 Subseries

puPD784216 Subseries

Item
Minimum When the main system | 160 ns (at 12.5-MHz 160 ns (at 12.5-MHz operation)
instruction clock is selected operation)

execution time

When the subsystem
clock is selected

61 us (at 32.768-kHz operation

1/0 port Total 67 86
CMOS inputs 8 8
CMOS I/0 59 72
N-ch open-drain 1/O — 6
Pins with Pins with pull-up 59 57 70
added resistors
functionsNete LED direct drive outputs | 32 16 22
Medium-voltage pins — 6

Real-time output port

6 bits x 2 channels

8 bits x 1 channel

Timer/counters

* 16-bit timer/counter x
6 units

 8-bit timer/counter x
2 units

« 16-bit timer/counter x
1 unit

« 8-bit timer/counter x
4 units

« 16-bit timer/counter x
1 unit

« 8-bit timer/counter x
6 units

Serial interface

¢« UART x 1 channel
e CSI (3-wire serial 1/0)
x 1 channel

¢ UART/IOE (3-wire serial I/O) x 2 channels
¢ CSI (3-wire serial I/0) x 1 channel

External memory expansion function

No

Yes

Standby function

* HALT/STOP/IDLE
mode

¢ HALT/STOP/IDLE mode

¢ In low power consumption mode:

HALT or IDLE mode

ROM correction

No

Yes

No

Package

» 80-pin plastic QFP
(14 x 14 mm)

« 80-pin plastic QFP
(14 x 14 mm)

¢ 80-pin plastic TQFP
(fine pitch)
(12 x 20 mm)

¢ 100-pin plastic QFP
(fine pitch)
(14 x 14 mm)

¢ 100-pin plastic QFP
(14 x 20 mm)

Note These added functions are valid when these pins are used as I/O pins.
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APPENDIX B DEVELOPMENT TOOLS

The development tool configurations that are required for the development of systems that employ the uPD784955
Subseries are shown in the following pages.
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APPENDIX B DEVELOPMENT TOOLS

Figure B-1. Development Tool Configuration (1/2)

(1) When using the in-circuit emulator IE-78K4-NS

Language Processing Software

D * Assembler package
« C compiler package
* C library source file

* Device file
] O
Debugging Tool
D « System simulator
« Integrated debugger
* Device file
] |
Embedded Software
D «» Real-time OS
*0S
] [

Host Machine (PC)

Interface adapter,
PC card interface, etc.

Flash Memory
Write Environment

In-circuit Emulator

Flash programmer

Emulation board
| Power supply unit

Flash memory
write adapter

T Emulation probe

On-chip flash
memory version

Conversion socket or
conversion adapter

Target system
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Figure B-1. Development Tool Configuration (2/2)

(2) When using the in-circuit emulator IE-784000-R

Language Processing Software

D » Assembler package

« C compiler package
« C library source file
* Device file

Debugging Tool

D « System simulator
« Integrated debugger
« Device file

Embedded Software

D « Real-time OS
«0OS

Host Machine (PC or EWS)

Interface board

Flash Memory
Write Environment

In-circuit Emulator

Flash programmer Interface adapter

Flash memory
write adapter

On-chip flash 5 mulation Probe conversion board:

memory version

Emulation probe

Conversion socket or
conversion adapter

Target system

Remark Items in broken line boxes differ according to the development environment. Refer to B.3.1. Hardware .
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B.1 Language Processing Software

RA78K4 This assembler converts programs written in mnemonics into an object codes
Assembler Package 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 in combination with an optional device file
(DF784956).

<Precaution when using RA78K4 in PC environment>

This assembler package is a DOS-based application. It can also be used in Win-
dows, however, by using the Project Manager (included in assembler package) on
Windows.

Part Number: uSxxxxRA78K4

CC78K4 This compiler converts programs written in C language into object codes executable
C Compiler Package with a microcontroller.

This compiler should be used in combination with an optional assembler package
(RA78K4) and device file (DF784956).

<Precaution when using RA78K4 in PC environment>

This C compiler package is a DOS-based application. It can also be used in Win-
dows, however, by using the Project Manager (included in assembler package) on
Windows.

Part Number: uSxxxxCC78K4

DF784956Note This file contains information peculiar to the device.

This device file should be used in combination with an optional tool (RA78K4,
CC78K4, SM78K4, ID78K4-NS, and ID78K4).

Corresponding OS and host machine differ depending on the tool to be used with.

Part Number: uSxxxxDF784956

CC78K4-L This is a source file of functions configuring the object library included in the C

C Library Source File compiler package.

This file is required to match the object library included in C compiler package to the
customer’s specifications.

Operating environment for the source file is not dependent on the OS.

Part Number: pSxxxxCC78K4-L

Note The DF784956 can be used in common with the RA78K4, CC78K4, SM78K4, ID78K4-NS, and ID78K4.
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Remark

USxxxxRA78K4
USxxxxCC78K4
USxxxxDF784956
USxxxxCC78K4-L

xxxx in the part number differs depending on the host machine and OS used.

XXXX

Host Machine

oS

Supply Medium

AA13

PC-9800 Series

Windows (Japanese version) Notes 1.2

3.5-inch 2HD FD

AB13

IBM PC/AT™ and compatibles

BB13

Windows (Japanese version) Notes 1,2

Windows (English version) Notes 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-0S (Rel. 6.1)

3.5-inch 2HC FD

Notes 1. Can be operated in DOS environment.

2. Windows NT™ not supported.

B.2 Flash Memory Writing Tools

Flashpro Il (type FL-PR2)
Flash programmer

Flash programmer dedicated to microcontrollers with on-chip flash memory.

FA-80GC

Flash Memory Writing Adapter

Flash memory writing adapter used connected to the Flashpro II.
¢ FA-80GC : 80-pin plastic QFP (GC-8BT type)

Remark Flashpro Il and FA-80GC are products of Naitou Densei Machidaseisakusho Co., Ltd.
Phone: (044) 822-3813 Naitou Densei Machidaseisakusho Co., Ltd.
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B.3 Debugging

Tools

B.3.1 Hardware (1/2)

(1) When using the in-circuit emulator IE-78K4-NS

IE-78K4-NS
In-circuit Emulator

The in-circuit emulator serves to debug hardware and software when developing
application systems using a 78K/IV Series product. It corresponds to integrated
debugger (ID78K4-NS). This emulator should be used in combination with power
supply unit, emulation probe, and interface adapter which is required to connect this
emulator to the host machine.

IE-70000-MC-PS-B
Power Supply Unit

This adapter is used for supplying power from a receptacle of 100-V to 200-V AC.

IE-70000-98-IF-C
Interface Adapter

This adapter is required when using the PC-9800 Series computer (except notebook
type) as the IE-78K4-NS host machine.

IE-70000-CD-IF
PC Card Interface

This is PC card and interface cable required when using the PC-9800 Series
notebook-type computer as the IE-78K4-NS host machine.

IE-70000-PC-IF-C
Interface Adapter

This adapter is required when using the IBM PC/AT and its compatible computers
as the |IE-78K4-NS host machine.

Emulation Board

|IE-784956-NS-EM1Note

This board emulates the operations of the peripheral hardware peculiar to a device.
It should be used in combination with an in-circuit emulator.

NP-80GC
Emulation Probe

This probe is used to connect the in-circuit emulator to the target system and is
designed for 80-pin plastic QFP (GC-8BT type).

EV-9200GC-80
Conversion Socket
(Refer to Figures
B-2 and B-3)

This conversion socket connects the NP-80GC to the target system board designed
to mount a 80-pin plastic QFP (GC-8BT type).

Note Under development

Remarks 1. NP-80GC is a product of Naitou Densei Machidaseisakusho Co., Ltd.
Phone: (044) 822-3813 Naitou Densei Machidaseisakusho Co., Ltd.
2. EV-9200GC-80 is sold in units of five.
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B.3.1 Hardware (2/2)

(2) When using the in-circuit emulator IE-784000-R

IE-784000-R

In-circuit Emulator

The IE-784000-R is an in-circuit emulator that can be used in all members of the
78KI/IV Series.

Use in combination with the separately purchased IE-784000-R-EM and IE-784956-
NS-EM1. For debugging, connect to the host machine. Using in conjunction with
the mandatory, separately purchased, integrated debugger (ID78K4) and device file,
allows debugging on the source program level in C language and structured
assembly language. The CO coverage function provides efficient debugging and
program inspection. Connecting with the host machine by either Ethernet™ or a
dedicated bus requires a separately purchased interface adapter.

IE-70000-98-IF-B
IE-70000-98-IF-C
Interface Adapter

or

This adapter is required when using the PC-9800 Series computer (except notebook
type) as the IE-784000-R host machine.

IE-70000-98N-IF
Interface Adapter

Interface adapter and cable are required when using a PC-9800 series notebook
computer as the IE-784000-R host machine.

IE-70000-PC-IF-B
IE-70000-PC-IF-C
Interface Adapter

or

This adapter is required when using the IBM PC/AT and its compatible computers
as the |IE-78001-R-A host machine.

IE-78000-R-SV3
Interface Adapter

This is adapter and cable required when using an EWS computer as the IE-784000-
R host machine, and is used connected to the board in the IE-784000-R.

10Base-5 supports Ethernet, but a commercially available conversion adapter is
required for other formats.

IE-784000-R-EM
Emulation Board

The emulation board that is used with all units in the 78K/IV Series.

IE-784956-NS-EM1Note

Emulation Board

Board for emulating peripheral hardware that is inherent to a device.

IE-78K4-R-EX2
Emulation Probe
Conversion Board

80-pin conversion board required when using the |IE-784956-NS-EM1 on the IE-
784000-R.

EP-78230GC-R
Emulation Probe

This probe is used to connect the in-circuit emulator to the target system and is
designed for 80-pin plastic QFP (GC-8BT type).

EV-9200GC-80
Conversion Socket
(Refer to Figures
B-2 and B-3)

This conversion socket connects the EP-78243GC-R to the target system board
designed to mount a 80-pin plastic QFP (GC-8BT type).

Note Under development

Remark EV-9200GC-80 is sold in units of five.
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B.3.2 Software (1/2)

SM78K4
System Simulator

This system simulator is used to perform debugging at C source level or assembler
level while simulating the operation of the target system on a host machine.

This simulator runs on Windows.
Use of the SM78K4 allows the execution of application logical testing and
performance testing on an independent basis from hardware development without
having to use an in-circuit emulator, thereby providing higher development efficiency
and software quality.

The SM78K4 should be used in combination with the optional device file (DF784956).

Part Number: uSxxxxSM78K4

Remark xxxx in the part number differs depending on the host machine and OS used.

USxxxxSM78K4

XXXX
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Host Machine

0s

Supply Medium

AA13

PC-9800 Series

. . Note
Windows (Japanese version)

3.5-inch 2HD FD

AB13

BB13

IBM PC/AT and compatibles

. . Note
Windows (Japanese version)

Windows (English version)NOte

3.5-inch 2HC FD

Note Windows NT not supported.
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B.3.2 Software (2/2)

ID78K4-NS

Integrated Debugger
(supporting in-circuit emulator
|E-78K4-NS)

ID78K4

Integrated Debugger
(supporting in-circuit emulator
IE-784000-R)

This debugger is a control program to debug 78K/IV Series microcontrollers.
It adopts a graphical user interface, which is equivalent visually and operationally to
Windows or OSF/Motif™. It also has an enhanced debugging function for C language
programs, and thus trace results can be displayed on screen in C-language level by using
the windows integration function which links a trace result with its source program,
disassembled display, and memory display. In addition, by incorporating function
modules such as task debugger and system performance analyzer, the efficiency of
debugging programs, which run on real-time OSs can be improved.

It should be used in combination with the optional device file (DF784956).

Part Number: uSxxxxID78K4-NS, uSxxxx|D78K4

Remark

uUSxxxx|D78K4-NS

xxxx in the part number differs depending on the host machine and OS used.

XXXX

Host Machine

oS

Supply Medium

AA13

PC-9800 Series

. . Note
Windows (Japanese version)

3.5-inch 2HD FD

AB13

BB13

IBM PC/AT and compatibles

. . Note
Windows (Japanese version)

3.5-inch 2HC FD

Windows (English version)NOte

Note Windows NT not supported.

USxxxxID78K4

XXXX Host Machine oS Supply Medium
AA13 PC-9800 Series Windows (Japanese version)NOte 3.5-inch 2HD FD
AB13 IBM PC/AT and compatibles Windows (Japanese version)NOte 3.5-inch 2HC FD
BB13 Windows (English version)NOte
3P16 | HP9000 Series 700 HP-UX (Rel. 9.05) DAT (DDS)
3K13 SPARCSstation 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

Note Windows NT not supported.
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B.4 Conversion Socket Drawing (EV-9200GC-80) and Recommended Footprints

Figure B-2. EV-9200GC-80 Drawing (for reference only)

A

_E_ B % N
F
——
ST I x
= ) [NEC| E
o o B ()| 5 o o
= @ = |
= |EV-92006C-80 E }
uuuuuuuu 00000000R —
No.1 pin index / 9
(U -
G
H
|
| EV-9200GC-80-G1E
ITEM|  MILLIMETERS INCHES
A 18.0 0.709
B 14.4 0.567
C 14.4 0.567
D 18.0 0.709
E 4-C 2.0 4-C 0.079
F 0.8 0.031
G 6.0 0.236
H 16.0 0.63
[ 18.7 0.736
J 6.0 0.236
K 16.0 0.63
L 18.7 0.736
M 8.2 0.323
N 8.0 0.315
o) 2.5 0.098
P 2.0 0.079
Q 0.35 0.014
R ®2.3 ®0.091
S ®1.5 ®0.059

454




APPENDIX B DEVELOPMENT TOOLS

Figure B-3. EV-9200GC-80 Footprints (for reference only)

7§ )
=
= -
w o %—f{b - T
= O
= v
1=
aa0aomua0nonon
C
B
A
EV-9200GC-80-P1E
ITEM MILLIMETERS INCHES
A 19.7 0.776
B 15.0 0.591
C |0.65%0.02 x 19=12.35+0.05 | 0.026:3.502 x 0.748=0.486*3.503
D |0.65%0.02 x 19=12.35+0.05 | 0.0263:30 x 0.748=0.486 *3-353
E 15.0 0.591
F 19.7 0.776
G 6.0£0.05 0.2365:003
H 6.0£0.05 0.23620:003
[ 0.35%0.02 0.01415%%1
J 92.36£0.03 $0.093'39
K ©2.3 $0.091
L ®1.57£0.03 ©0.06273.503
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

The following embedded software products are available for efficient program development and maintenance of
the uPD784955 Subseries.
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Real-Time OS (1/2)

RX78K/IV RX78K/IV is a real-time OS conforming to the uITRON specifications.

Real-time OS Tool (configurator) for generating nucleus of RX78K/IV and plural information tables
is supplied.
Used in combination with an optional assembler package (RA78K4) and device file
(DF784956).

<Precaution when using RX78K/IV in PC environment>
The real-time OS is a DOS-based application. It should be used in the DOS Prompt
when using in Windows.

Part number: pSxxxxRX78K4

Caution  When purchasing the RX78K/IV, fill in the purchase application form in advance and sign the
User Agreement.

Remark xxxx and AAAA in the part number differ depending on the host machine and OS used.

[SXxxXRX78K4-AAAA

AAAA Product Outline Maximum Number for Use in Mass Production

001 Evaluation object Do not use for mass-produced product.

100K Mass-production object 0.1 million units

001M 1 million units

010M 10 million units

S01 Source program Source program for mass-produced object
XXXX Host Machine oS Supply Medium
AA13 | PC-9800 Series Windows (Japanese version)Notes 1.2 | 3 5.jnch 2HD FD

AB13 | IBM PC/AT and compatibles Windows (Japanese version)Notes 1.2 | 3 5.inch 2HC FD

BB10 Windows (English version)Notes 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-0OS (Rel. 6.1) 3.5-inch 2HC FD

Notes 1. Can also be operated in DOS environment.
2. Windows NT not supported.
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Real-Time OS (2/2)

MX78K4 MX78K4 is an OS for uITRON specification subsets. A nucleus for the MX78K4 is
0s also included as a companion product.

This manages tasks, events, and time. In the task management, determining the
task execution order and switching from task to the next task are performed.
<Precaution when using MX78K4 in PC environment>

The MX78K4 is a DOS-based application. It should be used in the DOS Prompt
when using in Windows.

Part number: pSxxxxMX78K4-AAA

Remark xxxx and AAA in the part number differ depending on the host machine and OS used.

USXxxXMX78K4-AAA

AAA Product Outline Maximum Number for Use in Mass Production

001 Evaluation object Use in preproduction stages.

XX Mass-production object Use in mass production stages.

S01 Source program Only the users who purchased mass-production
objects are allowed to purchase this program.

XXXX Host Machine oS Supply Medium

AA13 | PC-9800 Series Windows (Japanese version)Notes 1.2 | 3 5.jnch 2HD FD

AB13 | IBM PC/AT and compatibles Windows (Japanese version)Notes 1.2 | 3 5.inch 2HC FD

BB13 Windows (English version)Notes 1, 2

3P16 HP9000 Series 700 HP-UX (Rel. 9.05) DAT (DDS)
3K13 SPARCSstation SunOS (Rel. 4.1.4) 3.5-inch 2HC FD
3K15 1/4-inch CGMT
3R13 NEWS (RISC) NEWS-0OS (Rel. 6.1) 3.5-inch 2HC FD

Notes 1. Can also be operated in DOS environment.
2. Windows NT not supported.
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APPENDIX D REGISTER

D.1 Register Index (By Register Name)

[A]

A/D conversion result register 0 (ADCRO) ... 257

A/D converter mode register 0 (ADMO) ... 255, 258, 259
Analog input channel setting register 0 (ADSO) ... 260

Asynchronous serial interface mode register 1 (ASIM1) ... 276, 277, 280, 282
Asynchronous serial interface status register 1 (ASIS1) ... 278, 283

(B]

Baud rate generator control register 1 (BRGC1) ... 278, 279, 284

[C]

Capture/compare control register 0 (CRCO) ... 148
Capture/compare control register 4 (CRC4) ... 201
Capture/compare control register 5 (CRC5) ... 221

(E]

External interrupt falling edge enable register (EGNO) ... 299
External interrupt rising edge enable register (EGPO) ... 299

U

In-service priority register (ISPR) ... 314

Internal memory size switching register (IMS) ... 66, 406
Interrupt control register ... 308

Interrupt mask flag register OH (MKOH) ... 313

Interrupt mask flag register OL (MKOL) ... 313

Interrupt mask flag register 1H (MK1H) ... 313

Interrupt mask flag register 1L (MK1L) ... 313

Interrupt mode control register (IMC) ... 315

M]
Macro service mode register ... 343

Memory expansion mode register (MM) ... 77

(O]

Oscillation stabilization time specification register (OSTS) ... 91, 94, 382

[P]

Port 0 (PO) ... 44, 101

Port 0 mode register (PMO) ... 111, 112
Port 1 (P1) ... 46, 103

Port 1 mode register (PM1) ... 111, 112
Port 2 (P2) ... 47, 104
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Port 2 mode register (PM2) ... 111, 112

Port 3 (P3) ... 49, 105

Port 3 mode register (PM3) ... 111, 112

Port 4 (P4) ... 49, 106

Port 4 mode register (PM4) ... 111, 112

Port 5 (P5) ... 50, 107

Port 5 mode register (PM5) ... 111, 112

Port 6 (P6) ... 50, 108

Port 6 mode register (PM6) ... 111, 112

Port 7 (P7) ... 50, 109

Port 9 (P9) ... 50, 110

Port 9 mode register (PM9) ... 111, 112

Prescaler mode register 0 (PRMO) ... 150
Prescaler mode register 1 (PRM1) ... 167
Prescaler mode register 2 (PRM2) ... 179
Prescaler mode register 3 (PRM3) ... 188
Prescaler mode register 4 (PRM4) ... 202
Prescaler mode register 5 (PRM5) ... 222

Program status word (PSW) ... 67, 317

Pull-up resistor option register (PUO) ... 112, 113
Pull-up resistor option register 0 (PUO) ... 112, 113
Pull-up resistor option register 1 (PU1) ... 112, 113
Pull-up resistor option register 2 (PU2) ... 112, 113
Pull-up resistor option register 3 (PU3) ... 112, 113
Pull-up resistor option register 9 (PU9) ... 112, 113
PWM modulation buffer register 0 (BFPWMCDO) ..
PWM modulation buffer register 1 (BFPWMC1) ...
PWM modulation control register 0 (PWMCDO) ... 120
PWM modulation control register 1 (PWMC1) ... 128

[R]

Real-time output buffer register HO (RTBHO) ... 117
Real-time output buffer register H1 (RTBH1) ... 117
Real-time output buffer register LO (RTBLO) ... 117
Real-time output buffer register L1 (RTBL1) ... 117
Real-time output port control register 0 (RTPCO) ... 119
Real-time output port control register 1 (RTPC1) ... 127
Real-time output port mode register 0 (RTPMO) ... 118
Real-time output port mode register 1 (RTPM1) ... 126
Receive buffer register 1 (RXB1) ... 275

Receive shift register 1 (RX1) ... 275

[S]

Serial 1/O shift register 0 (SIO0) ... 294

Serial operating mode register 0 (CSIMO) ... 295, 296, 297
Standby control register (STBC) ... 91, 92, 93, 380, 381
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[T]

Timer clock select register 6 (TCL6) ... 237
Timer clock select register 7 (TCL7) ... 246
Timer mode control register 6 (TMC6) ... 236
Timer mode control register 7 (TMC7) ... 245

Timer output control register 0 (TOCO) ...
Timer output control register 1 (TOC1) ...
Timer output control register 2 (TOC2) ...

149
166
178

Transmit shift register 1 (TXS1) ... 275

(W]

Watchdog timer mode register (WDM) ... 250, 251, 316

(8]

8-bit compare register 6 (CR6) ... 235
8-bit compare register 7 (CR7) ... 244
8-bit timer register 6 (TM6) ... 235
8-bit timer register 7 (TM7) ... 244

[16]

16-bit capture/compare
16-bit capture/compare
16-bit capture/compare
16-bit capture/compare
16-bit capture/compare
16-bit capture/compare
16-bit capture/compare

register 00 (CROQO) ...
register 01 (CRO1) ...
register 40 (CR40) ...
register 41 (CR41) ...
register 42 (CR42) ...
register 50 (CR50) ...
register 51 (CR51) ...

16-bit compare
16-bit compare
16-bit compare
16-bit compare
16-bit compare
16-bit compare
16-bit compare

register 10 (CR10) ...
register 11 (CR11) ...
register 20 (CR20) ...
register 21 (CR21) ...
register 30 (CR30) ...
register 31 (CR31) ...
register 52 (CR52) .

16-bit timer mode control register 0

16-bit timer register 0 (TMO) ... 145
16-bit timer register 1 (TM1) ... 164
16-bit timer register 2 (TM2) ... 176
16-bit timer register 3 (TM3) ... 186
16-bit timer register 4 (TM4) ... 197
16-bit timer register 5 (TM5) ... 217

164
164
176
176
186
186
219

(TMCQO) ...
16-bit timer mode control register 1 (TMC1) ...
16-bit timer mode control register 2 (TMC2) ...
16-bit timer mode control register 3 (TMC3) ...
16-bit timer mode control register 4 (TMC4) ...
16-bit timer mode control register 5 (TMC5) ...
, 151

145
146
197
198
199
217
218

147
165
177
187
200
220
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D.2 Register Index (By Register Symbol)

(Al
ADCRO :
ADIC
ADMO
ADSO
ASIM1
AsIS1

(B]

A/D conversion result register 0 ... 257

Interrupt control register ... 311

A/D converter mode register 0 ... 255, 258, 259

Analog input channel setting register 0 ... 260

Asynchronous serial interface mode register 1 ... 276, 277, 280, 282
Asynchronous serial interface status register 1 ... 278, 283

BFPWMCO: PWM modulation buffer register 0 ... 121
BFPWMC1: PWM modulation buffer register 1 ... 129

BRGC1 :

[C]
CROO
CRO1
CR10
CR11
CR20
CR21
CR30
CR31
CR40
CR41
CR42
CR50
CR51
CR52
CR6
CR7
CRCO
CRC4
CRC5
CSIICO :
CSIMO

(E]
EGNO
EGPO

(1
IMC
IMS
ISPR

464

Baud rate generator control register 1 ... 278, 279, 284

16-bit capture/compare register 00 ... 145
16-bit capture/compare register 01 ... 146
16-bit compare register 10 ... 164

16-bit compare register 11 ... 164

16-bit compare register 20 ... 176

16-bit compare register 21 ... 176

16-bit compare register 30 ... 186

16-bit compare register 31 ... 186

16-bit capture/compare register 40 ... 197
16-bit capture/compare register 41 ... 198
16-bit capture/compare register 42 ... 199
16-bit capture/compare register 50 ... 217
16-bit capture/compare register 51 ... 218
16-bit compare register 52 ... 219

8-bit compare register 6 ... 235

8-bit compare register 7 ... 244
Capture/compare control register 0 ... 148
Capture/compare control register 4 ... 201
Capture/compare control register 5 ... 221
Interrupt control register ... 311

Serial operating mode register 0 ... 295, 296, 297

External interrupt falling edge enable register ... 299
External interrupt rising edge enable register ... 299

Interrupt mode control register ... 315
Internal memory size switching register ... 66, 406
In-service priority register ... 314
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(M]
MKOH
MKOL
MK1H
MK1L
MM

(O]
OSTS

[P
PO
P1
P2
P3
P4
P5
P6
P7
P9
PICO
PIC1
PIC2
PIC3
PIC4
PIC5
PIC6
PMO
PM1
PM2
PM3
PM4
PM5
PM6
PM9
PRMO
PRM1
PRM2
PRM3
PRM4
PRMS5
PSW
PUO
PU1
PU2
PU3
PU9
PUO

Interrupt mask flag register OH ...
Interrupt mask flag register OL ...
Interrupt mask flag register 1H ...
Interrupt mask flag register 1L ...

313
313
313
313

Memory expansion mode register ... 77

Oscillation stabilization time specification register ... 91, 94, 382

Port 0 ... 44, 101

Port 1 ... 46, 103

Port 2 ... 47, 104

Port 3 ... 49, 105

Port 4 ... 49, 106

Port 5 ... 50, 107

Port 6 ... 50, 108

Port 7 ... 50, 109

Port 9 ... 50, 110

Interrupt control register ... 309
Interrupt control register ... 309
Interrupt control register ... 309
Interrupt control register ... 309
Interrupt control register ... 309
Interrupt control register ... 309
Interrupt control register ... 309
Port 0 mode register ... 111, 112
Port 1 mode register ... 111, 112
Port 2 mode register ... 111, 112
Port 3 mode register ... 111, 112
Port 4 mode register ... 111, 112
Port 5 mode register ... 111, 112
Port 6 mode register ... 111, 112
Port 9 mode register ... 111, 112
Prescaler mode register 0 ... 150
Prescaler mode register 1 ... 167
Prescaler mode register 2 ... 179
Prescaler mode register 3 ... 188
Prescaler mode register 4 ... 202
Prescaler mode register 5 ... 222
Program status word ... 67, 317

Pull-up resistor option register O ...
Pull-up resistor option register 1 ...
Pull-up resistor option register 2 ...
Pull-up resistor option register 3 ...
Pull-up resistor option register 9 ...
112, 113

Pull-up resistor option register ...

112, 113
112, 113
112, 113
112, 113
112, 113
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PWMCO: PWM modulation control register 0 ... 120
PWMC1: PWM modulation control register 1 ... 128

[R]

RTBHO : Real-time output buffer register HO ... 117
RTBH1 : Real-time output buffer register H1 ... 117
RTBLO : Real-time output buffer register LO ... 117
RTBL1 : Real-time output buffer register L1 ... 117
RTPCO : Real-time output port control register 0 ... 119
RTPC1 : Real-time output port control register 1 ... 127
RTPMO : Real-time output port mode register 0 ... 118
RTPM1 : Real-time output port mode register 1 ... 126

RX1 . Receive shift register 1 ... 275
RXB1 : Receive buffer register 1 ... 275
[S]

SERIC1 : Interrupt control register ... 311
SIO0 : Serial I/O shift register 0 ... 294

SRIC1 : Interrupt control register ... 311
STBC : Standby control register ... 91, 92, 93, 380, 381

STIC1 : Interrupt control register ... 311

(T]

TCL6 : Timer clock select register 6 ... 237

TCL7 : Timer clock select register 7 ... 246

TMO :16-bit timer register O ... 145, 151

T™M1 : 16-bit timer register 1 ... 164

T™M2 . 16-bit timer register 2 ... 176

T™M3 : 16-bit timer register 3 ... 186

T™M4 : 16-bit timer register 4 ... 197

TM5 . 16-bit timer register 5 ... 217

TM6 :  8-bit timer register 6 ... 235

™7 :  8-bit timer register 7 ... 244

TMCO : 16-bit timer mode control register O ... 147
TMC1 : 16-bit timer mode control register 1 ... 165

TMC2 : 16-bit timer mode control register 2 ... 177
TMC3 : 16-bit timer mode control register 3 ... 187
TMC4 : 16-bit timer mode control register 4 ... 200
TMC5 : 16-bit timer mode control register 5 ... 220
TMC6 : Timer mode control register 6 ... 236
TMC7 : Timer mode control register 7 ... 245
TMICOO : Interrupt control register ... 309

TMICO1 : Interrupt control register ... 309

TMIC10 : Interrupt control register ... 310

TMIC11 : Interrupt control register ... 310

TMIC20 : Interrupt control register ... 310

TMIC21 : Interrupt control register ... 310

TMIC30 : Interrupt control register ... 310
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TMIC31 :
TMICA40 :
TMICA42 :
TMIC50 :
TMIC52 :

TMIC6
TMICY
TOCO
TOC1
TOC2
TXS1

(W]
WDM

Interrupt control register ...
Interrupt control register ...
Interrupt control register ...
Interrupt control register ...
Interrupt control register ...
Interrupt control register ...
Interrupt control register ...
Timer output control register O ...
Timer output control register 1 ...
Timer output control register 2 ...

310
310
310
310
311
311
311

Transmit shift register 1 ... 275

Watchdog timer mode register ...

149
166
178

250, 251, 316
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The following shows major revisions up to now.

Edition

Major Revisions from Previous Edition

Revised Chapters

2nd

Addition of document numbers of related documents

INTRODUCTION

Deletion of uPD78F4943 Subseries and addition of yPD784937 Subseries
in 78K/IV Series Product Development Diagram

Deletion of the external bus block in 1.4 Block Diagram

CHAPTER 1 OVERVIEW

Modification of Table 2-2 Operating Modes of Port 1
Modification of Table 2-3 Operating Modes of Port 2
Modification of Table 2-4 Operating Modes of Port 3

CHAPTER 2 PIN FUNCTIONS

Modification of internal ROM area in Figure 3-3 uPD78F4956
Memory Map

Deletion of 3.4.3 External SFR area

CHAPTER 3 CPU
ARCHITECTURE

Modification of Figure 4-1 Block Diagram of Clock Generator CHAPTER 4 CLOCK
Modification of system clock frequency in 4.5 Clock Generator GENERATOR
Operations fxx - fork

Modification of description in (2) Pull-up resistor option registers CHAPTER 5 PORT

(PUO to PU3, PU9, PUO) in 5.3 Control Registers

FUNCTIONS

Modification of Figure 6-1 Block Diagram of Real-Time Output Port C
Modification of the name of external interrupt trigger in Figure 6-4
Format of Real-Time Output Port Control Register 0 (RTPCO)
INTP3 - INTP3TRG

Modification of Figure 6-5 Format of PWM Modulation

Control Register 0 (PWMCO)

Modification of the name of external interrupt trigger in Figure 6-12
Format of Real-Time Output Port Control Register 1 (RTPC1)
INTP5 - INTP5TRG

Modification of Figure 6-13 Format of PWM Modulation

Control Register 1 (PWMC1)

Modification of 6.6 Cautions

HAPTER 6 REAL-TIME
OUTPUT FUNCTIONS

Deletion of (4) Operation of OVFO flag in 8.5 Cautions

CHAPTER 8 16-BIT
TIMER/COUNTER 0

Deletion of (3) Operation of OVF1 flag in 9.5 Cautions

CHAPTER 9 16-BIT
TIMER/COUNTER 1

Deletion of (3) Operation of OVF2 flag in 10.5 Cautions

CHAPTER 10 16-BIT
TIMER/COUNTER 2

Deletion of (3) Operation of OVF3 flag in 11.5 Cautions

CHAPTER 11 16-BIT
TIMER/COUNTER 3

Deletion of (4) Operation of OVF4 flag in 12.5 Cautions

CHAPTER 12 16-BIT
TIMER/COUNTER 4

Deletion of (4) Operation of OVF5 flag in 13.5 Cautions

CHAPTER 13 16-BIT
TIMER/COUNTER 5
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Edition
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2nd

Addition of Caution 3 in Figure 14-2 Format of Timer Mode Control
Register 6 (TMC6)
Deletion of Caution 2 in 14.4.3 Free running operation of TM6 (PWM output)

Deletion of (3) TM6 read out during timer operation  in 14.5 Cautions

C

HAPTER 14 8-BIT
TIMER/COUNTER 6

Deletion of (3) TM7 read out during timer operation  in 15.5 Cautions

CHAPTER 15 8-BIT
TIMER/COUNTER 7

Modification of Figure 17-1 A/D Converter Block Diagram
Deletion of Caution in 17.4.1 Basic operations of A/D converter

OO0

HAPTER 17 A/D
ONVERTER

Modification of Figure 19-1 Block Diagram in Asynchronous Serial
Interface Mode
Modification of expression of baud rate

Modification of Table 19-2 Relationship between 5-Bit Counter
Source Clock and m Value
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Standby mode operation

CH

APTER 19
IASYNCHRONOUS SERIAL
INTERFACE
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Ch
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SERIAL 1/O MODE

Modification of pins with edge detection function P00 to P07 - POO

CHAPTER 21 EDGE
DETECTION FUNCTION
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Word Format
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FUNCTIONS
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