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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, it is possible that an internal input level may be generated due to noise, etc., hence
causing malfunction. CMOS devices behave differently than Bipolar or NMOS devices. Inputlevels
of CMOS devices must be fixed high or low by using a pull-up or pull-down circuitry. Each unused
pin should be connected to Voo or GND with a resistor, if it is considered to have a possibility of
being an output pin. All handling related to the unused pins must be judged device by device and
related specifications governing the devices.

(® STATUS BEFORE INITIALIZATION OF MOS DEVICES

Note:

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

HP9000 Series 700 and HP-UX are trademarks of Hewlett-Packard Company.

SPARCstation is a trademark of SPARC International, Inc.

Solaris and SunOS are trademarks of Sun Microsystems, Inc.

TRON stands for The Realtime Operating system Nucleus.

ITRON is an abbreviation of Industrial TRON.

These commodities, technology or software, must be exported in accordance
with the export administration regulations of the exporting country.
Diversion contrary to the law of that country is prohibited.
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The application circuits and their parameters are for reference only and are not intended for use in actual design-ins.

Purchase of NEC Electronics 12C components conveys a license under the Philips 12C Patent Rights to use
these components in an I12C system, provided that the system conforms to the I2C Standard Specification as
defined by Philips.

e The information in this document is current as of March, 2003. The information is subject to change
without notice. For actual design-in, refer to the latest publications of NEC Electronics data sheets or
data books, etc., for the most up-to-date specifications of NEC Electronics products. Not all
products and/or types are available in every country. Please check with an NEC Electronics sales
representative for availability and additional information.

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

e NEC 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 NEC Electronics products listed in this document
or any other liability arising from the use of such products. No license, express, implied or otherwise, is
granted under any patents, copyrights or other intellectual property rights of NEC Electronics or others.

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

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

e NEC Electronics products are classified into the following three quality grades: "Standard", "Special" and
"Specific".

The "Specific" quality grade applies only to NEC Electronics products developed based on a customer-
designated "quality assurance program" for a specific application. The recommended applications of an NEC

Electronics product depend on its quality grade, as indicated below. Customers must check the quality grade of

each NEC Electronics product before using it in a particular application.

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

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

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

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

(Note)

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

(2) "NEC Electronics products" means any product developed or manufactured by or for NEC Electronics (as
defined above).

M8E 02.11-1
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Regional Information

Some information contained in this document may vary from country to country. Before using any NEC
Electronics product in your application, please contact the NEC Electronics 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.

[GLOBAL SUPPORT]
http://www.necel.com/en/support/support.htmli

NEC Electronics America, Inc. (U.S.) NEC Electronics (Europe) GmbH NEC Electronics Hong Kong Ltd.

Santa Clara, California Duesseldorf, Germany Hong Kong
Tel: 408-588-6000 Tel: 0211-65 03 01 Tel: 2886-9318
800-366-9782
e Sucursal en Espafia NEC Electronics Hong Kong Ltd.
Madrid, Spain Seoul Branch
Tel: 091-504 27 87 Seoul, Korea

Tel: 02-558-3737
e Succursale Francaise
Vélizy-Villacoublay, France NEC Electronics Shanghai, Ltd.
Tel: 01-30-6758 00 Shanghai, P.R. China
. . Tel: 021-6841-1138
¢ Filiale Italiana

Milano, Italy : ;
’ NEC Electronics Taiwan Ltd.
Tel: 02-66 75 41 Taipei, Taiwan

e Branch The Netherlands Tel: 02-2719-2377
Eindhoven, The Netherlands

Tel: 040-24458 45 NEC Electronics Singapore Pte. Ltd.

Novena Square, Singapore
* Tyskland Filial Tel: 6253-8311

Taeby, Sweden
Tel: 08-63 80 820

¢ United Kingdom Branch
Milton Keynes, UK
Tel: 01908-691-133

J03.4
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Readers

Purpose

Organization

How to Read This Manual

Conventions

PREFACE

This manual has been prepared for user engineers who want to understand the
functions of the uPD178078 and 178098A Subseries in order to design and develop
its application systems and programs.

This manual is intended to give users an understanding of the functions described
in the Organization below.

The uPD178078 and 178098A Subseries manual is separated into two parts: this
manual and the instruction edition (common to the 78K/0 Series).

uPD178078, 178098A 78K/0 Series
Subseries Instruction
User’s Manual User’s Manual

® Pin functions ® CPU functions
® Internal block functions ® |nstruction set
® [nterrupts ® Explanation of each instruction
® Other on-chip peripheral functions
® Electrical specifications

It is assumed that readers of this manual have general knowledge in the fields of
electricity, logic circuits, and microcontrollers.

O To understand the functions in general:

— Read this manual in the order of the contents.

O To know the uPD178078, 178098A Subseries instruction functions in detail:

— Refer to the 78K/0 Series Instruction User’s Manual (U12326E)

O How to interpret the register format:

— The name is defined as a reserved word in the DF178098 and RA78KO0, and
is defined in the header file named sfrbit.h in the CC78KO0 of a bit whose number
is in angle brackets (<>).

O To know the electrical specifications of the uPD178078, 178098A Subseries:

— Refer to CHAPTER 25 ELECTRICAL SPECIFICATIONS.

Data significance: Higher digits on the left and lower digits on the right

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

Note:
Caution:
Remark:

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

Numeric representation: Binary ... xxxx or xxxxB

Decimal ... xxxx
Hexadecimal ... xxxxH
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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 yPD178078, 178098A Subseries

Document Name Document No.
uPD178078, 178098A Subseries User’'s Manual This manual
78K/0 Series Instruction User’'s Manual U12326E
78K/0 Series Application Note Basics (I) U12704E

® Documents Related to Software Development Tools (User’s Manuals)

Document Name Document No.
RA78K0 Assembler Package Operation U14445E
Language U14446E
Structured Assembly Language U11789E
CC78K0 C Compiler Operation U14297E
Language U14298E
SM78K Series System Simulator Ver.2.30 or Later Operation (Windows™ Based) U15373E

External Part User Open Interface Specifications | U15802E

ID78K Series Integrated Debugger Ver.2.30 or Later Operation (Windows Based) U15185E
RX78K0 Real-Time OS Fundamentals U11537E

Installation U11536E
Project Manager Ver.3.12 or Later (Windows Based) U14610E

Caution The related documents listed above are subject to change without notice. Be sure to use the
latest version of each document when designing.
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Documents Related to Hardware Development Tools (User’s Manuals)

Document Name Document No.
|IE-78K0-NS In-Circuit Emulator U13731E
|IE-78K0-NS-A In-Circuit Emulator U14889E
|IE-78K0-NS-PA Performance Board U16109E
IE-178098-NS-EM1 Emulation Board U14013E
IE-78001-R-A In-Circuit Emulator U14142E
|E-78K0-R-EX1 In-Circuit Emulator To be prepared

Documents Related to Flash Memory Writing

Document Name Document No.
PG-FP3 Flash Memory Programmer User's Manual U13502E
PG-FP4 Flash Memory Programmer User's Manual U15260E

Other Related Documents

Document Name Document No.
SEMICONDUCTOR SELECTION GUIDE - Products and Packages - X13769X
Semiconductor Device Mounting Technology Manual Note
Quality Grades on NEC Semiconductor Devices C11531E
NEC Semiconductor Device Reliability/Quality Control System C10983E
Guide to Prevent Damage for Semiconductor Devices by Electrostatic Discharge (ESD) C11892E

Note Seethe “Semiconductor Device Mount Manual” website (http://www.necel.com/pkg/en/mount/index.html).

Caution The related documents listed above are subject to change without notice. Be sure to use the
latest version of each document for designing.

User's Manual U12790EJ2VOUD 11



CONTENTS

CHAPTER 1 OUTLINE ... cciiieseecrrresssmessssssssme s s sssssmse s esssssmssnessssnse s eessssmseseasssnmessesssansensesssnnsnnsanss 31
T B == 4 = 31
LI Y oo 117 1T o = 32
1.3  Ordering INfOrmation ... s 32
1.4 Pin Configuration (TOP VIEW) .....iciccccmiiiiimmriiiiesssinsssmss s s sssssssss s ssssssss s sssssssss s snsssnns 33
1.5 Development of 8-Bit DTS Series .....ccccuiiimiircmmrnimniissrsssss s s s ssss s ssss s ssmsssssns 35
LI = 1 e Tod S T e | o 1o 36
1.7  Functional OULING .....ccccciiieccmeiriri s sssm s s s s smmmmm s s e e s e e e e e s s nnnn 39

CHAPTER 2 PIN FUNCTIONS ........eoiicccccerrrsssmmesssssssmss s esssssms s sessssmse s eessssmsssessssnmessesssamsesensssnnsnnennss 41
2.1 Pin FUNCLION LISt ... s s s s e mmmn e 41
2.2 Description of Pin FUNCLIONS ......eciiiiiiiemmminimssrrnssssss s sssss s ssssss s ssmss s s samssnes 44

2.2.1 P00 0 PO7 (POM 0) c..eveeeeeeeeeeeeeeeeeeeeeeeeeee e et et s e eee e s e se s ee s st et enes s st en s eeeeeeeneeeseneseeneeen. 44
222 PAO 0 P17 (POM 1) oo eae et eenae e en st ens s en s ennaen s ansenaneenans 44
2.2.83 P20 10 P27 (POM 2) ..o eeeae e en e aee s s s sa e enae s aen e naen s s enaenenans 44
2.2.4 P30 10 P37 (POM B) c.oeeieeeeeeeeeeeeeeeeeeeeee e eee et er e eee e ee s e st et en e e et s s et ee s et eeenenn. 45
225 PAO 0 PAT7 (POIt 4) oo s e aen s ennaen s s enaneanans 45
2268 P50 10 P57 (POM 5) ceceoeeceeceeeeeeeceeeeeecteeeaeeesae s eeeae s aessasssaesenaseensesenseaenssaennasnsaesenaneenans 46
2.2.7  PBO L0 PB7 (POM B) ..eoeeeeeeeeeeeeeeeeeeeeeeeee e et ee s e eev e e e st s e st et eneseseeten s eeeeeeeneeeseneeeeneeen. 46
2.2.8 P70 10 P77 (POI 7) ceeeeeeeeeeeeeeeeeeeeeeeee e eee e eeae e eee e s e ense e aenas s snaen s s enanenans 46
2.2.9  P100 0 P102 (POt 10) .iiieeiieiiieeeiieeeeie e etieeesie e e et e e st e e e snee e e s eeeesseeeesneeeesnneeesneeeeaneeeesnneas 46
2.2.10 P120 10 P124 (POIt 12) .eoiiiiiieiiieii ettt et e e sttt e e e e et e e e e e ssta e e e e e sesnaeeaaeeansreeaeeesntes 47
P T I e 1 (O I (o TN G 7 € o o A [ ) SO S 47
2.2.12 EOD, EOT . et et e e e e e e e e e e e e e b—— e e e e e e antaeeaaeaaararaaaaan 47
2.2.13 VECOL, VOOH ...ttt ettt ettt e e e ettt e e e e e s aata e e e e e s easbeeeaeeeansnseeeeeesntaeeeeenanes 47
33 VR =TT = OO 47
P22 T G T 2 POt 48
2.2.16 REGOSC ...ttt ettt e e e sttt e e e ettt e e e e e e teeee e e e e abeeeeeeeaaareeeeeeantaeeeaeaane 48
2.2.17 REGGCPU ...ttt e e e ettt e e e e e ettt e e e e e e abas e e e e eeaateeeaeeaaaareraaaan 48
22 I < T Y oY o S USRS 48
2.2.19 GINDO 0 GIND2 ..ot e e e e et e e e e e s atb e e e e e e s sbsaeeaeeaasntaeeaeeansraneaeeaanes 48
2.2.20 VDDP O RT L.ttt e e e e e e e e e e e e et ——— e e e e e e a——eeeeeeaabareaaeaaaaraeeaaeaaararaaaaan 48
2.2.21 GINDPORT ...ttt e e e e et e e e e e e e e a e e e e e e sabaeeeeeseataseeaaeesssseeeanesanteneeaesn 48
2.2.22 VDDPLL .. ettt e et et et aaaaaeeaeaenanaaa e nanrrprrarrane 48
2.2.28 GINDPLL .. et e e e — e e e e e — e e e e e e e eaba—eaaeeaaareeeaeeaaaareraaaann 48
2.2.24  AVDD .oeiiieiee et e e e e e e e e e e e e e e e e e e aeeeiaa—a——————————tttetataaaaaaaaaeaaeaaaaaaaannnnnrararans 48
2,225 AV S ittt L ————————————— et et a et aaaaaeaeeaeaeaeaan e nanananrrrrrna 48
2.2.26 VPP (UPD178F098 ONIY) ....oovoeeeeeceeceeeceeeeeee e eeeeaeesae s esaeeen e ees s ees s ssenassensssensssananeenanens 48
2.2.27 1C (Mask ROM VEISIONS ONIY) ...eoiueiiiiaiiiiiiie ittt ettt ettt snee e 49
2.3 Pin I/O Circuits and Recommended Connection of Unused Pins .......cccccvvvemceeennnns 50
12 User's Manual U12790EJ2VOUD



CHAPTER 3 CPU ARCHITECTURE ..o ssssss s ssss s s s ssssss s sassssnns 54

B I 111 Lo T T AT « 2= 1o 54
3.1.1  Internal program MEMOIY SPACE ........ccuurieeiiiiiiiiee e ettt e e e e e e s et e e e e s ee e e e s annreeeeeennnee 58

3.1.2  Internal data MEMOIY SPACE ......cccciiiiieeeieee et e e n e s enne e e nnee s 59

3.1.3  Special-function register (SFR) @rea ........ccoccoiiiiiiiiiiiies e 59

3.1.4  Data memory addreSSINg ..cc.coiccueeieeiiiii et e e e e s e e e e 60

3.2  Processor REQISTErsS .....ccuiimrrmiirmmrrmmnssssss s s s sss s s e ssm s s s ensssnmss s ssmmne s 63
2 B 00T o 1 (o] I (= To 1] (=1 £ S S OO UP ORI 63

3.2.2  GENEral-purPOSE FEUISTEIS ..ccouiiiiiiii it e s nee s 68

3.2.3 Special-function registers (SFR) ......ccociiiiiiii s 70

3.3 Instruction Address AdAreSSing .......ccccccrursmmmrmmnssmsrmmnnssss s s 75
3.3.1  Relative AdArESSING ....cceeieieiieiiieee ettt et e s e e e s e e s e e e e e e 75

3.3.2  Immediate addreSSIiNgG .....cccceiiieiieiie e 76

3.3.3 Table indireCt @ddreSSING ...c.ocveiiiieie e 77

3.3.4  RegiSter A00rESSING ...cocueieeeiieiiiiie et e e e e e s e r e e e e r e e s e n e e e e e nanee 78

3.4 Operand Address AdAreSSiNg ....cccucceiciermisasmsssmsisssmsmsssmssssssssssesssssssssassnssssssssassmsssssnses 79
3.4.1  IMPlied AdAreSSING ..c.cveieieeee e s 79

3.4.2 RegiSter A00rESSING ...cocueeeieieiitieii ettt e et e et e e e e e e e e e e e e s e e e e e e nr e e e e e nanee 80

R B B T =T A= o (o [ === T o o PP 81

3.4.4  Short direCt addreSSING .......ceiuiiiiiieiie ettt ettt sae et sr e n e sar e e nneenane s 82

3.4.5 Special-function register (SFR) addreSSing.......cocceviiiiiiiiiii i 83

3.4.6 Register indireCt addreSSINgG .....ooocreiiiieeeiire e 84

I = 7= 1= 1Yo = To (o [ £ 1= o o TP 85

3.4.8 Based indexXed addreSSiNg .......ccuueieeiiiiuiiieie et e e e e e s e r e e 86

O e IS v- o7 Q= To [0 [ £=F-T7 o To [ TSP OP R PPPR 87
CHAPTER 4 PORT FUNCTIONS .....ceoiiiiiieiriiniesssssssssss s sssssssss s ssssssss s sessssss s s snssssssssssssssss s nnsnsansnssnss 88
L 3 B o T A ¥ T o o = 88
4.2 Port Configuration .......ccccciiceciminimmiiss s s s s s s e 91
- B o o O O L TP O P PR TPPTURRPPUS 91

S o T o A U 92

S T o T o A~ USSR 93

424 POIt B iRt Rt bRt bt e bt e e bt e ene s 95

T o T o A RS 96

N T o T ¢ A SRR 97

A o o O PP O P PR UPPTPRPPOS 98

T o Y o USSR 99

e T o T o B 1 O SRS 101
42,10 POIt 12 et e Rt e e E et b b h bt n e n e e 103
- B T o T i 1 SRR 105

4.3 Registers Controlling Port FUNCHON ..o s 106
4.4 Port Function Operations .........cccccicecmmmmmmminiinisssssssssssmsssssnnssssssssssssssssmsssssssssessssssssssnsmmnnes 109
o A g1 TaTo IR (o T 4@ I oo o A O PSP PTRPPR 109

4.4.2 Reading from 1/O POt .......ooiiiiieeee ettt sttt sae e ene e e 109

4.4.3 0perations 0N 1/0 POrt ....cc.eiiiiie e e e e e e e e e e e e e e e e e nnraraaaean 109

User's Manual U12790EJ2VOUD 13



CHAPTER 5 CLOCK GENERATOR ...t ssssssss s s sssss sssssssssssssssassssnns 110

5.1 Clock Generator FUNCLIONS .......ccccuiecmiiiimmiismsisss s ssssss s s s s ssss s s ssmssnssmn s 110
5.2 Clock Generator Configuration ..........c.ccceiiiimmmninsmnmnr s 111
5.3 Clock Generator Control RegiSters........cccuomrirmmiiimmmnsssnss s s s ssne s 112
5.4 System Clock OSCIllator ...t s s e s 114
5.4.1  System CIOCK OSCIllATOr ......ceiiiiiiiiiii e e 114

5.4.2 Incorrect resonator CONNECHION ........ocueiiiiiiiiiie e 115

L 3C T 11/ T 1Y R RRTN 116

5.5 Clock Generator Operations .........cccccccccmmmriinisissssssssmssesssrsrssssssssssssssmsssssssssessssssssssssnmnnes 117
5.6 Changing System Clock and CPU Clock Settings ........ccccocmmremmnniesminssssssessissanssssanes 118
5.6.1 Time required for switchover between system clock and CPU clock ..........cccceceviieenernnen. 118
CHAPTER 6 16-BIT TIMER/EVENT COUNTER 0 ......ccciiiiiemerirnssmeerenssssmessesssssse s sessssmsssessssnmessessss 119
6.1 Functions of 16-Bit Timer/Event Counter 0 ..........cccourmmmirmmmisssmnnsssmnesmmss s ssases 119
6.2 Configuration of 16-Bit Timer/Event Counter 0.........cccocriiimmiieminissminssnnsses e 121
6.3 Registers Controlling 16-Bit Timer/Event Counter 0 ..........ccocomrirrinismnsmssssessssenns 124
6.4 Operation of 16-Bit Timer/Event Counter 0........cccccmimiiiiiiiiiissssssmssmsnnnrr s ssssssssssssssssssnn 130
6.4.1  Operation as iNterval lIMET .......cocii it 130

6.4.2 Operation as external @VeNt COUNTET ........ccocuiiiiiiiie it e e 132

6.4.3 Pulse width measurement ... 134

6.4.4 Square wave OUIPUL OPEIALION .....cocuiiiiiiiii ettt 141

6.4.5 One-shot pulse oUtPUL OPEIAtION .......ccuiiiiiiiiieiie e e 142

6.4.6 PPG OUPUL OPEIAtioN ......oviiiiiiiiiiie e e e e e e e e s e s e e e e e snrae e e e e aenes 147

LS S o T | =Ty = 149
Lo T B 01 (=Y V= L (]2 =Y RPN 150

6.5.2 Pulse width measurement by free-running counter and one capture register.................... 151

6.5.3 Two-pulse-width measurement by free-running counter ..........ccccovevieine e 152

6.5.4 Pulse width measurement by restart ... 154

B.5.5  PPG OUIPUL ...e.viveeieieeeeeeeeee e et s e et en e st et et et ee et et et et et et et et et ee st st et ee e e neseeeeenenenens 155

6.6 Notes on 16-Bit Timer/Event Counter 0.........cccccmiiiemmrnisnincssmnsmsssssssssessssssss s sasssssases 156
CHAPTER 7 8-BIT TIMER/EVENT COUNTERS 50, 51 ....ccccccmimiinemrrrmnsemssinsssassssssssssssssssssssssssnnses 161
7.1 Functions of 8-Bit Timer/Event Counters 50, 51 .........cocoiciiiccieccccmrrrrrree s sssmsccenenenes 161
7.2 Configuration of 8-Bit Timer/Event Counters 50, 51 ......cccccvvcmmmnnsicmmmmnnssmssnnnssennnnns 163
7.3 Registers Controlling 8-Bit Timer/Event Counters 50, 51.......cccocicmiiicmmnnsmninsensnncanes 165
7.4 Operations of 8-Bit Timer/Event Counters 50, 51 .......ccccucimmiiscmmnnimmmnsssssssssssamssssanens 170
7.4.1  Operation as interval timer (8-hit) ........cc.oeeiiiiiiiiiie e 170

7.4.2 Operation as external @VeNt COUNTET ........ccocuiiiiiiiii it 174

7.4.3 Square-wave output operation (8-bit resolution) ...........ccceieiiiiiiiiien e 175

7.4.4  8-bit PWM oUtPUL OPEIatioN ...ccoeiieiiiiiiiii e e s nrereeeee 176

7.4.5 Operation as interval timer (16-Dit) ........cccoiiiiiiiri e 179

4 T S o T | =T = 181
7.5.1  Interval timer (8-Dit) ...cooueriieiee it a e a e e e nanes 181

7.5.2  EXternal @VeNt COUNTEI ...ttt e e et e e e e e s tae e e e e eeaee 182

7.5.3 Interval timer (16-Dit) ......eooiiiiiiiiee ettt s b e 183

14

User's Manual U12790EJ2VOUD



7.6 Notes on 8-Bit Timer/Event Counters 50, 571 .......cccieeeciiiimieemeiinnmresessrersessssssresessnses 184
CHAPTER 8 BASIC TIMER ....c.coiiiiimiiiiisiiimsnsiessissssssssass s ssss sassms sassms assmssnssms s snsssssasanssassns nssmssnsans 185
8.1  Function of BasiC TIMEer ... s s e 185

8.2 Configuration of BasiC TIMEr ......ccccccemiiiiinisincr s s s s s 185

8.3 Operation of BasiC TiMer......cccccieesmmmmmmmmiirriissssssssssmssssssnrsssssssssssssssmsssssssssessssssssssssnmssnnsnes 186
CHAPTER 9 WATCHDOG TIMER ......coiiiiiiiminiensissssssssssssssssssssmssssms ssssmsssssms s sasssssasasssnssss snssmssnssns 187
9.1 Watchdog Timer FUNCLIONS ....cccceeeiimiiieirirnimss s e smmne s 187

9.2 Watchdog Timer Configuration.........cccccccmiicemininincsrnss s s 189

9.3 Watchdog Timer Control RegiSters ......ccccuuimrmninimmmmninesninnssesss s s smsssns 189

9.4 Watchdog Timer Operations ........cccccceiicmmnissmnsssminssssss s s sssms s sms s sssmsssssanas 192
9.4.1  Operation as WatChdOg tIMEN ........ccei i e 192

9.4.2 Operation as iNterval tIMEN ..........uiiiiiiiiiiee e e e e s e e s e s enraeeeaeseaes 193
CHAPTER 10 BUZZER OUTPUT CONTROLLERS.......cccciiitminmnmssnmsisssmsssssmsssssmssssms s sssssasamssnsans 194
10.1 Functions of Buzzer Output CONtrollers .........ccomiiimmissnincssmnssssses s sanssssans 194
10.2 Configuration of Buzzer Output CONntrollers..........ccocmicemrniismnssssssssnssssssssnsssssanssssans 195
10.3 Registers Controlling Buzzer Output CONtrollers .........cccceccmrrinismnrinsssmssinsssssssssssanes 195
0T TR T = 1 = =t O PSRRI 195

0T T2 = 1 U RSP 196

10.4 Operation of Buzzer Output Controllers .........ccccciiiircemmmmmrninnisnsssssssssss s ssssnes 197
CHAPTER 11 A/D CONVERTER .....cccciiiitmiiesnnsnssisssmssssssssassmssnsms s sms s sasssssnsass nssmssnssmssassmssnnsnnssssns 198
11.1 A/D Converter FUNCHONS ......cccciiiiiniimriir s ssms s s s s s smn s s s smmnssnns 198
11.2 A/D Converter Configuration ..........ccccceceiiiiiminssmninsssincss s s s ses s s sansssas 198
11.3 Registers Controlling A/D CONVEIEY ......ccciiiirsmmrriissmsnnisssssmsssisssssssssssssssssssssssnsssssssssnnes 201
11.4 A/D Converter OpPerations ........cccucocemicesiicssmiissmmssssisssssssssssssssssssss s ssmsssssmsssssnsssssmsssssns 205
11.4.1 Basic operations of A/D CONVEIET .......cccuiiiiiiiieeiieeteesee ettt sne e seeeeneesnee e 205

11.4.2 Input voltage and CONVErsion reSUIS ..........ciiiiiiiiiiee e 207

11.4.3 A/D converter operating MOTES .........c.coiueiiiierieiiie ettt ettt se e b e b e saeesnee e 208

11.5 A/D Converter Cautions .......cccciiiiiiiimsinis s sssss s s s sss s s sss s s sams s ssms s ssmssnsans 214
CHAPTER 12 OVERVIEW OF SERIAL INTERFACE ... s ssssss s ssens 217
CHAPTER 13 SERIAL INTERFACE SIO0......cccistriierriaserssssmsssss s s ssssss s ssssssssssssssssss snsssssnssns 218
13.1 Functions of Serial Interface SIOO0 ..o s 218
13.2 Configuration of Serial Interface SI00.........cccceccmriiiirssnrinirssrr s ——— 221
13.3 Control Registers of Serial Interface SIO0.........ccciiicmiiicmminisnnncr e 226
13.4 Operations of Serial Interface SIO0 ... ———— 234
13.4.1 Operation StOP MOUTE ....occiciiiiie et e e e e s e e e s e eabaae e e e s e snnteeeeeesnnsreeeaeean 234

13.4.2 3-wire serial I/O M0ode OPEratioN .........cociiiiiiiiiiiee ittt 235

13.4.3 SBI MOUE OPEIAtION ..cueeieiiitieete ettt ettt ettt e b e e et e e sbe e et e e saeeebeesnneeneeaas 239

User's Manual U12790EJ2VOUD 15



13.4.4 2-wire serial I/O Mode OPEratioN ..........cccciiiiiiiiiiiiiie et e s e e e e snraeeeeeean 265

13.4.5 12C DUS MOAE OPEIALION .....cuevieietiietisietisieetstetsiet ettt st seese s sessesesbenesseneesensesennns 270

13.4.6 Cautions on USE Of 12C DUS MOTE .......cviviiriiieiiiec et 290

13.4.7 Restrictions in USiNG 12C DUS MOE ........ccueeviiieiiiieieceeeeeee ettt 292

13.4.8 SCKO0/SCL/P27 pin output ManIPUIALION ........ceeiiiiie e 294
CHAPTER 14 SERIAL INTERFACE SIOT .....ciiiiciiiininerrrinsssssssssssssss s ssssssssssssssssssssssssssssssssssssssssnnss 295
14.1 Functions of Serial Interface SIOT ... s 295
14.2 Configuration of Serial Interface SIOT ... ———— 296
14.3 Control Registers of Serial Interface SIOT ... 299
14.4 Operations of Serial Interface SIOT ... ———— 306
14.4.1 Operation StOP MOGE .....ccociiiiee et e e e e s e e e s et e ee e e e e e snsteeeaeesansreeeaeean 306

14.4.2 3-wire serial I/O M0ode OPEratioN .........coceiiiieiiieiie ettt nee e 307

14.4.3 3-wire serial I/O mode operation with automatic transmit/receive function ........................ 311
CHAPTER 15 SERIAL INTERFACE SIO3........oiiircccerrrrsssmerrssssssse s ssssssmsssssssssssssessssssessesssnmsssessss 339
15.1 Function of Serial Interface SIO3 .........ccccciiiiiissi s 339
15.2 Configuration of Serial Interface SIO3 ... 340
15.3 Registers Controlling Serial Interface SIO3 ... 341
15.4 Operation of Serial Interface SIO3J ... e 343
15.4.1 Operation STOP MOGE ....coouiiiiiiiiiieiee ettt e sab e e sbeesan e e sbeeeneenneeans 343

15.4.2 3-Wire Serial 1/O MOGE ....ooiiiiieiiie ettt e e e e et e e s e e e saee e e e teeeeenneeesnneeeennneeeans 344
CHAPTER 16 SERIAL INTERFACE UARTO (uPD178076, 178078, AND 178F098 ONLY)......... 347
16.1 Functions of Serial Interface UARTO ......ccccccicmiiinismnninneess s ssssssss s sssssssssssssssnnes 347
16.2 Configuration of Serial Interface UARTO .......ccccciiminsmmmnssninsmsssssss s s s smsssssmsssssns 349
16.3 Registers Controlling Serial Interface UARTO .........ccciiiimmiiismmnssmninsssnsssess s ssssmssnsnes 351
16.4 Operation of Serial Interface UARTO......ccccccmiiiriiiisisssssscmmmmnnnnsissssssssssssssmsssssssssesssssssnsnes 355
16.4.1 Operation STOP MOGE ....coouuiiiiiiiiieee ettt e et sab e e be e san e e sbeeeneenneeens 355

16.4.2 Asynchronous serial interface (UART) MOE .......coiiiiiiiiiiiiie e 356
CHAPTER 17 IEBus CONTROLLER (uPD178096A, 178098A, 178F098 ONLY) .....cccccccvrennee 367
17.1 IEBus Controller FUNCLIONS ........cccccciiiiiimniiness s s s s s ssss s s s ssssss s ssssnnns 367
17.1.1 Communication protoCol Of IEBUS ........cccuiiiiiiiieiiie ettt 367

17.1.2 Determination of bus mastership (arbitration) ...........cccceiiiiiiniiii e 368

17.1.3 CommuUNICAtION MOE .......oiiiiiiiiieiii ettt st sre e s sreeeneenree e 368

17.1.4 CommuNICAtION AAAIESS ... ..eieeiiieeeiiieeeiee e ee e e e e e eee e st e e e ssee e e s e e e sneeeeanteeesneeeennneeeanseeeanns 368

17.1.5 Broadcast COMMUNICATION ......coiiiiieiiiii et e e e e e e e e enreeeeeean 369

17.1.6 Transfer format of IEBUS ........cccuiiiiiiie e 369

1717 TrANSTEr LA ... ettt e e e e e et e e e e e e nnreeeaeean 379

B T T = V1 0 (o] = RSP RRR 382

17.2 Simple IEBUS CONIIOIIEr ......eeeeeiiiieicccccccsseeccmnsn s sssssss s s s s e s s smmmmms s s e s s e s nnnnnas 383
17.3 IEBus Controller Configuration ... s ssnes 384
17.4 Internal Registers of IEBUS CONEIOIIEr .........cociiiiiiiimmnisnn s sess s s ensaes 386

16

User's Manual U12790EJ2VOUD



17.4.1 Internal register lISt ...t 386

17.4.2 Description of internal regiSters .........ooo i e 387

17.5 Interrupt Operations of IEBUS CONtroller .........cccciiiiiiceminssmnssisses s ssses s sssenssssens 406
17.5.1 Interrupt CONTIOL DIOCK ... e e e e e e e e e e e e e e e e e e e saaas 406

17.5.2 INterrupt SOUICE liST ....oooiii e e e 407

17.5.3 Communication error source processing ISt .........cocuieiiiiiiiiiniie e 408

17.6 Interrupt Generation Timing and Main CPU Processing.......ccccceecurrnsssmmrrisssnnsssssssanns 411
17.6.1 MaSter traNSMISSION ......veiiiieee ettt s e e e e e e e e e e snneeeanneeenane 411

LI T2 VT = g (=T T=T o) (oo PSPPI 413

17.6.3  SIAVE tranSMISSION ....cciuiiiiiiiiietee sttt saeesre e srneeneenane e 415

17.6.4  SIAVE FECEPTION ..ottt ettt sttt st e b et et e e b e e et e e sae e e be e saneebeesabeeneesnneens 417

17.6.5 Interval of occurrence of interrupt for IEBUS CONTIOl ........cooviiiiiiiiiiecec e 419
CHAPTER 18 INTERRUPT FUNCTIONS .........iiicrcccmerrrssameeressssmse s sessssmse s ssssssme s sessssssessesssamssseenss 423
18.1 Interrupt FUNCHION TYPES ..cormiiriiiiiiciiciiissememmnssn s sssssssssssssssmssss s s s s ssssssssssssssmssssssnssesssssssnsnns 423
18.2 Interrupt Sources and Configuration ..o 423
18.3 Interrupt Function Control Registers..........ccommirminimmnisnincs s s ssans 432
18.4 Interrupt Servicing Operations ........cccccccecirinirnrinnir s 438
18.4.1 Non-maskable interrupt request acknowledgment operation ...........cccceviiiiiiiiee e 438

18.4.2 Maskable interrupt request acknowledgment operation ...........cccceeveiiiie e 441

18.4.3 Software interrupt request acknowledgment operation ...........coccccevieeiiiiiiinie e 444

18.4.4 Multiple Servicing iNtErrUPT .......oceii e 445

18.4.5 Pending interrupt reQUESTS .......ccviiiiiii e e e e e 448
CHAPTER 19 PLL FREQUENCY SYNTHESIZER .......ccoiooierrrrccrrrnssscessessssmse s sessssme s s essssmseseensss 449
19.1 Function of PLL Frequency Synthesizer .........cccccciiivrmmmmmmmminninnssssssssssscesesss e sssssssssnsnes 449
19.2 Configuration of PLL Frequency SyntheSizer .........ccciicminismnnsmninisnnsssssssssssssmssnnns 451
19.3 Registers Controlling PLL Frequency SynthesSizer ..........cccociecmmniiciminscnnnsssninsnsnnens 453
19.4 Operation of PLL Frequency Synthesizer .........ccccccvviimmmmmmiinnnsssssssssssssses s sssssssssssnes 457
19.4.1 Operation of each block of PLL frequency synthesizer .........ccccccoceiiiiiiiine e 457

19.4.2 Operation to set N value of PLL frequency Synthesizer ..........ccooevieriiiiiiine e 461

19.5 PLL Disable Status ........ccccccrirmmiismnmsmnes s s sssss s s s sssss nsssssnssns 466
19.6 Notes on PLL Frequency SyntheSizer ... sssssnssmsssnes 466
CHAPTER 20 FREQUENCY COUNTER.....cciiiiiimrrimmisnmnsinsssssssssssssssssssssssssssssssssssssssssssssssssssnssssnnss 467
20.1 Function of FrequenCy COUNEr ........ccucicimiiismmiissninims s s s s s sssas s sas s s snms s ssnn s 467
20.2 Configuration of Frequency COUNLEr .........cccciimiiismmmmnnssmmsnmnnsssss s ssssssssssssmsssnas 467
20.3 Registers Controlling Frequency COUNLEr ........ccucoiriimsiicssmnsmssssssssssess s s ssmssnssnees 469
20.4 Operation of Frequency COUNLEr ........ccccciiiiimmnismrissnnsssess s ssssms s s sms s s sanssnsmne s 471
20.5 Notes on FrequenCy COUNLEN ......ccccccmmmmmmririisissssssssssmmssessssssessssssssssssmmsssssssssessssssssssnsnmnnes 473
CHAPTER 21 STANDBY FUNCTION .....ceiiiiicccrrrrssssmeeressssmesssssssss e s eessssmsssessssnsessesssmsessesssnmsnsesnss 475
21.1 Standby Function and Configuration.........ccccuceciiiicmnnccnincsnics e 475
21.1.1 StandDy FUNCHON ...t 475

User's Manual U12790EJ2VOUD 17



21.1.2 Standby function CONtrol rEQISTEN .........eii i 476

21.2 Standby Function Operations ... s s e 477

P B T o Vo I o 4 To o (= PSS 477

271.2.2 STOP MOGE ...eiiiiiiietit ettt ettt et e e et e e e s bt e e e be e e e aase e e sabeeeenbeeeaaneeesaneeenn 480
CHAPTER 22 RESET FUNCTION ....ooiiiiiiecirienssmmerrsssssmseresssssmesssssssssesesssssmsssessssnssssesssansessesssnnsnsessss 483
22.1 BReSet FUNCLION ... s e e mmmmnnns 483
22.2 Power Failure Detection FUNCHION ... e 491
22.3 4.5 V Voltage Detection FUNCHION .....cccemiiiiimmiininnrnne s sssss s ssmnens 492
CHAPTER 23 [UPD1T78F098 ........cccceeeerrrersmmerrasssmserrssssmssssssssssessessssnseseassssmessessssnsessesssansesessssnnennessss 493
23.1 Memory Size Select RegiSter ... s 494
23.2 Internal Expansion RAM Size Select RegiSter.........cccuveiiiiicimniscnmnninnnnsssnssss s 495
23.3 Flash Memory Features ......cccccummimmmmmmmmmmmmmmmmensmsmssssssssssss s ssssssnsnssssssssssssssssass 496
23.3.1 Programming €NVIFONMENT .........coiiiiiiiiiieeiiiie et e e e e e e e e enn e nns 496

23.3.2  CommuUuNICAtION MOME ....coiieiieeiiieeeiie et e e e et e e s aee e e snee e e s neeeenneeesmreeeenneeeenees 497

23.3.3 On-board pin NandliNg .......oooiieiiii e e 500

23.3.4 Connection of adapter for flash Writing .........cccooiriiiiiii e 503
CHAPTER 24 INSTRUCTION SET ....oociiiietrrimissnnnrimssssnsssmsssssssssssssssssssssssssssssssssssssasssssssssssssnnsssnssss 505
P2 B T 0 4 Y=Y o T o = 506
24.1.1 Operand identifiers and description Method ............cccceeeiiiiiiiie e 506

24.1.2 Description of “operation” COIUMN ........c.eii i e 507

24.1.3 Description of “flag operation” COIUMN ..........oiiiiiiiiiee e s 507

P2 S 0 T o 1= - 1§ e T 0T 508
24.3 Instructions Listed by Addressing TYPe .....ccccerrrrrmmmmmmnssmmsmmmnsssssssssssssssssssssmss s sssssasssnes 516

* CHAPTER 25 ELECTRICAL SPECIFICATIONS.......cciiiimmriiemnrrissmss s s ssmss s sssssmmss ssasssmssneas 520
* CHAPTER 26 PACKAGE DRAWING ........oiiiiiccecerrrsssmserrsssssmessssssssssssessssmsesesssssmsssessssnsessesssanseseanss 539
* CHAPTER 27 RECOMMENDED SOLDERING CONDITIONS ........cooiiiecerressemceresssssmessesssmeesennsns 540
APPENDIX A DEVELOPMENT TOOLS .....cccoicctrimiinemrrmnssnsssrssssssss s ssssssssssssssssssssssssssssssssssnsssnnnnss 541
A1 SOftWare PacCKage .......cccuieomrriimrinimsissans s s s ssssms s s s sam s s smss s ssms s ssms s mn s nmnn s snnas 543

A.2 Language Processing SOftWare.........ccccciriiimmmmninsmmnmnnsssnnnsssss s ssssssssssssmsssns 543

W T 0 4 o I o i 41 T - 544

A.4 Flash Memory Writing TOOIS .....cccceiriirimmmmrinessr s s s s samsne s 544

A.5 Debugging Tools (HardwWare) .......cccccuucsmmmmmssssnmmmmmssssssmmmssssssmmsssssssssssssssssssssssssssasssnssnes 545
A.5.1  When using in-circuit emulator IE-78K0-NS, IE-78K0-NS-A ......ccooiiiieieeeree e 545

A.5.2 When using in-circuit emulator IE-78001-R-A ... e s 546

A.6 Debugging TOOIS (SOftWAre) .......ccccriirsmmmmrisssmnrmnssssnsrrssssss s ssss s ssms s s smnnn s 547

A.7 Embedded SOftWAre ........ccccciirirrsrrrrssscierrssssmesresssmserrsssssms e s esssssmessessssmmesessssnmmssessssnmnnnes 548

A.8 Upgrading Old Version of In-Circuit Emulator for 78K/0 Series to IE-78001-R-A ... 549

18 User's Manual U12790EJ2VOUD



A.9 Drawing for Conversion Socket (EV-9200GF-100) Package and Recommended

0T 1o 550
APPENDIX B REGISTER INDEX ....cccocrusetmiissnmssassmsssssmssssssssssssnssssssssssssssssssssass sasssssnssnssassnssnssnssnssas 552
B.1 Register Index (Register Name) ......c.cccociiiirmiismmnissminnnssss s s s ssss s ssss snssmssnsans 552

B.2 Register Index (SYMDOI) ... sss s s s s s s 555
APPENDIX C REVISION HISTORY ....ooiiiociiismsiissmsmssmsesssnsssssmsssssssssasassssssss sassmsssssnssassnsssssnsssssasssssansss 558

User's Manual U12790EJ2VOUD 19



LIST OF FIGURES (1/8)

Figure No. Title Page
2-1 PN 17O CIICUILS ..ttt et e et e b e e b e e e ae e s b e e s anesare e seneeneenaneens 52
3-1 Memory Map (UPD178076, 178096A) .....coiuieiiiitieieeeiee sttt ettt st sse et sneesbeesneenneesaneas 55
3-2 Memory Map (UPD178078, 178098A) ......oocuiiiiiirieiieiiree sttt sttt 56
3-3 Memory Map (UPDT78F098) ....cccueiiiiiiieiiiee ettt ettt se ettt e e sab e e e ne e e sraneeesaneee s 57
3-4 Correspondence Between Data Memory and Addressing (uPD178076, 178096A) .........cccccecueenen. 60
3-5 Correspondence Between Data Memory and Addressing (uPD178078, 178098A) ..........ccceevuneen. 61
3-6 Correspondence Between Data Memory and Addressing (UPD178F098) ........cccovveeiiieiiiiieeeninenn. 62
3-7 Configuration of Program COUNTET ........cccuiiiiiiiieiie ettt sttt sae et saeeeneas 63
3-8 Configuration of Program Status WOrd .........coceiiiiiiiiiiii e e 63
3-9 Configuration of Stack POINTET ........coiiiiiii e 65
3-10 Data to Be Saved t0 Stack MeEMOIY .......c.oo i e s 66
3-11 Data to Be Restored from Stack MEMOIY .....c..oiiiiiiiiiie e e 67
3-12 General-purpose Register CONfIgUIation ...........cooiiiiiiiiiiie e e 69
4-1 o] (A Y/ o1 PP PP PPPTPPPPPP 88
4-2 Block Diagram Of POO 10 PO7 .......ueiiiiiiiiiie ettt ettt st e e e nr e s nane e e sne e s 91
4-3 Block Diagram Of P10 10 P17 ..ot 92
4-4 Block Diagram Of P20 10 P26 .........cooiiiiiiiiiiiiee ettt san e 93
4-5 BIOCK DIiagram Of P27 ........cooiiiiiiiiie ettt sttt st et e st e e sb et e e st e sane e e enee s 94
4-6 Block Diagram Of P30 10 P37 ......ceeiiiiiiiieeee et 95
4-7 Block Diagram Of P40 10 PA7 .......ooo ettt 96
4-8 Block Diagram Of P50 10 P57 .......ueiiiiiiiiiee ettt 97
4-9 Block Diagram Of PBO 10 PB7 .........ooiiiiiiiieiiie e e e 98
4-10 Block Diagram of P70 t0 P72, P74, and P75 ...ttt 929
4-11 Block Diagram of P73, P76, @Nd P77 ...ttt 100
4-12 Block Diagram Of PTOO ......coo it et e e e ns 101
4-13 Block Diagram of P101 @nd P02 ........ooi i 102
4-14 Block Diagram of P120 @and P27 ... s 103
4-15 Block Diagram of P122 10 P124 ...t 104
4-16 Block Diagram of P130 10 PA87 ..o e 105
4-17 Format of POrt MOAE REGISTEIS ....cooueiiiiiiie ittt e e sane e 108
5-1 Format of DTS System Clock Select Register (DTSCK) ......cooiiiiiiiiieiiieeeeeee e 110
5-2 Block Diagram of ClOCK GENEIATON .......coiuiiiiiiiiieiee et rane s 111
5-3 Format of Processor Clock Control REGISTEr ........ciuiiiiiiiiieiiieiee sttt 112
5-4 Format of Oscillation Stabilization Time Select Register (OSTS) ....cccoooiiiiiiieiiiiieeree e 113
5-5 External Circuit of System Clock OSCIllator ..........coiiiiiiiiii e 114
5-6 Examples of Incorrect Connection RESONALON ..........eiiiiiiiiiiiieie e 115
6-1 Block Diagram of 16-Bit Timer/Event COUNTET O ..........ooiiiiiiiiiiiiiiieeeiee e 120
6-2 Format of 16-Bit Timer Mode Control Register 0 (TMCO) .......cccoiuieriiriiieiieeiee et 125
6-3 Format of Capture/Compare Control Register 0 (CRCO) .......ccceiiiiiiieiiiieriee e 126

20 User's Manual U12790EJ2VOUD



LIST OF FIGURES (2/8)

Figure No. Title Page
6-4 Format of 16-Bit Timer Output Control Register 0 (TOCO) .......cccueiiiiiiiiiiee e 127
6-5 Format of Prescaler Mode Register 0 (PRMO) .........coiiiiiiiiiieie et 128
6-6 Format of Port Mode RegiSter 3 (PM3) ......ooiiiiiiiiieie ettt s 129
6-7 Setting of Control Registers for Interval Timer Operation .........ccccccoviiiiiiiiinie e 130
6-8 Configuration of INtErVal TIMET .....cccuiiiiiee et b e bt eesneeeneas 131
6-9 Timing of Interval Timer OPEration ........coociiiioiiiiiie e e 131
6-10 Setting of Control Registers in External Event Counter Mode ...........cccceeiiiiiiiiiiiiec e 132
6-11 Configuration of External EVENt COUNTET .......oouiiiiiiieiee et 133
6-12 Timing of External Event Counter (with Rising Edge Specified) .........ccccuiiniiniiiniiiieene e 133
6-13 Setting of Control Registers for Pulse Width Measurement with Free-Running Counter and

ONE Capture REGISTEN ... .iiiiiiiie ettt et b e bt et e e be et e e e enreas 134
6-14 Configuration of Pulse Width Measurement Circuit with Free-Running Counter ...........cc.ccccceenen. 135
6-15 Timing of Pulse Width Measurement with Free-Running Counter and One Capture Register

(with Both Rising and Falling Edges Specified) ........ccociiiiiiiiiiiiieee e 135
6-16 Setting of Control Registers for Measurement of Two Pulse Widths with Free-Running

(07010 o1 (=] SO TP U RO TR PPPRO 136
6-17 Capture Operation of CRO1 When Rising Edge Is Specified .........ccoooeeiiiiiieiinicieeee e 137
6-18 Timing of Pulse Width Measurement by Free-Running Counter (with Both Rising and Falling

o [o IS o 1= Ted1i =T | PSP PRPPTRRN 137
6-19 Setting of Control Registers for Measurement with Free-Running Counter and Two Capture

LRT=T 0] (=T = PP PRSP 138
6-20 Timing of Pulse Width Measurement with Free-Running Counter and Two Capture Registers

(with RiSiNg EAQE SPECITIEA) ...ecueiiiiiiiiiiie e et 139
6-21 Setting of Control Registers for Pulse Measurement by Restarting.........cc.ccoveeniiniiniinniniieenene 140
6-22 Timing of Pulse Width Measurement by Restarting (with Rising Edge Specified) ..........ccoccveernnnen. 140
6-23 Setting of Control Register in Square Wave Output MOJE ..........coceiiiieiiniiieiee e 141
6-24 Timing of Square Wave Output OPEration .........ccccoiiiiiiiiiieee it 142
6-25 Setting of Control Registers for One-Shot Pulse Output Operation with Software Trigger ............ 143
6-26 Timing of One-Shot Pulse Output Operation with Software Trigger ......c.cccooerieiniiiieene e 144
6-27 Setting of Control Registers for One-Shot Pulse Output Operation with External Trigger ............. 145
6-28 Timing of One-Shot Pulse Output Operation with External Trigger (Clear & Start at Valid Edge

of TI00 with Rising EAge SPeCified) .........cereiiiiiiiiiiieiie et 146
6-29 Setting of Control Register for PPG Output Operation ..........ccoocerieiiiieiee e 147
6-30 Configuration 0f PPG OUIPUL .....ooeiiiiiiii et et sb e s e e sne e s 148
6-31 PPG Output Operation TiMING .......cooueeieeiiieieeeie ettt st sb e sbeesaeesab e e saeesaneeseeesneesaeeens 148
6-32 Start Timing of 16-Bit TimMer COUNTET O .....cooui ittt sae e eneas 156
6-33 Timing After Changing Value of Compare Register During Timer Count Operation...................... 156
6-34 Data Retention Timing of Capture REGISIEr ..........ooiiiiiiiiii s 157
6-35 Operation TimiNg Of OVFO FIAQ ...ccueiitiiiiiiiie ittt sr e saeeeneenane s 158
6-36 CRO01 Capture Operation with Rising Edge Specified.........cccooueiiiiiiiiiiiiii e 159
7-1 Block Diagram of 8-Bit Timer/Event CoUNter 50 ........cccooiiiiiiiiiiiiieree et 162
7-2 Block Diagram of 8-Bit Timer/Event COUNEr 51 ... 162

User's Manual U12790EJ2VOUD 21



LIST OF FIGURES (3/8)

Figure No. Title Page
7-3 Format of Timer Clock Select Register 50 (TCL50) ....ccccuuieiiureriiiieeiiiee et 165
7-4 Format of Timer Clock Select Register 51 (TCL5T) ..ccueiiiiiiiiiieiii et 166
7-5 Format of 8-Bit Timer Mode Control Register 50 (TMC50) .......cocoeiiiirieriiienieeee e 167
7-6 Format of 8-Bit Timer Mode Control Register 51 (TMC5T) ....ccoiiiiiiiiiiiiieeiee e 168
7-7 Format of Port Mode RegiSter 3 (PM3) ......ooiiiiiiiiiieiee ettt s 169
7-8 Timing of Interval Timer OPEration .........cociiiiiiiiiiie e e 171
7-9 Operation Timing of External Event Counter (with Rising Edge Specified) ........c.cccceeviiiinieciinenne 174
7-10 Timing of Square-Wave Output OPEration ..........cccoiuiiiieiiieee e 175
7-11 Operation Timing Of PWM OULPUL .....c.eiiiiiii ettt st 177
7-12 Timing of Operation When CR5N IS Changed ...........coiiiiiiiiieiiiiie et 178
7-13 16-Bit Cascade ConnectioN MOGE ........c.coiiiiiiiiiieiie et s sne e e eneesaee e 180
7-14 Start Timing of 8-Bit TimMer COUNTEI BN .....coiuiiiiiiiiiiiie ettt b et eneas 184
8-1 Block Diagram Of BaSiC TIMET .......eiiiieii e e e e s 185
8-2 Timing of BasiC TiMer OPEration .........c.coceiiiiaiieiii ettt s se e s seeesane e e 186
8-3 Operation Timing t0 POl BTMIFO FIAQ ..cocuiiiiiiiiiiiee ettt 186
9-1 Block Diagram of WatChdOog TIMEer ........oocueiiiiiiee et e 187
9-2 Format of Watchdog Timer Clock Select Register (WDCS) ......cueiiiiiiiiiieiiieeiee e 190
9-3 Format of Watchdog Timer Mode Register (WDTM) ....cccooiiiiiieiii et 191
10-1 Block Diagram Of BEEPOQ .........coiiiiiiiiiii ittt ettt s e e e e e nr e e nane e snee s 194
10-2 BIOCK Diagram Of BUZ ........cooiiiiiiie et e s ne e e e e nnn e e ennee s 194
10-3 Format of BEEP Frequency Select Register 0 (BEEPCLO) .......coieiiiiiiiiiiieieeee e 196
10-4 Format of Clock Output Select Register (CKS) ... 196
11-1 Block Diagram Of A/D CONVEIET .....cciuiiiieiieetie ettt ettt ettt ettt st e sbe e st esaeeebe e saneeneesane s 199
11-2 Format of A/D Converter Mode Register 3 (ADMS3) ....coocuiiiiiieiiiiieeeiiee et 202
11-3 Format of Analog Input Channel Specification Register 3 (ADS3) ......cccocieiiiiieriiieiee e 203
11-4 Format of Power-Fail Comparison Mode Register 3 (PFM3) .....c.cooiiiiiiiiiieee e 204
11-5 Basic Operation Of A/D CONVEIET ........uuiiiiieiiiiee ettt e e s e e e e e st e e e e e e e ee e e e e eansaeeeaeesnraees 206
11-6 Relationship Between Analog Input Voltage and A/D Conversion Result .........ccccooeeieiiieeeinnennee. 207
11-7 A/D CONVEISION OPEIALION ....cotiiiiietii ittt ettt ettt e et b e st e e sbe e sabeesaeeeabeesaneeaneesene 209
11-8 Power-Fail Comparison Threshold Value Register 3 (PFT3) ....ocuoeiiiiiiiiiiieieeeiee e 210
11-9 A/D Conversion Operation in Power-Fail Comparison Mode ..........cceveeriiiiienieeiiceeenee e 211
11-10  Circuit Configuration of Series Resistor StNg .......ccoiiiiiiiii e 214
11-11  Analog INput Pin HANAIING ....oeiiii e e e s e e e e e 215
11-12  A/D Conversion End Interrupt Request Generation Timing .......ccccoeieerieiiiienieeniee e 216
13-1 System Configuration Example of Serial Bus Interface (SBI) .......ccccoviiiiiiiiiiie e 219
13-2 Serial Bus Configuration Example USING 12C BUS ......cccccevievirieiirieeisieisieseseseeteseeteseesssaesessesessesessesens 220
13-3 Block Diagram of Serial Interface SIO0 ........ccciiiiiiiiiii e 222
13-4 Format of Serial Interface Clock Select Register 0 (SCLO) ....ccooueiiiiiiiiiiii e 226

22 User's Manual U12790EJ2VOUD



LIST OF FIGURES (4/8)

Figure No. Title Page
13-5 Format of Serial Operating Mode Register 0 (CSIMO) .......coocuiiiiiiiiiiiiieie e 227
13-6 Format of Serial Bus Interface Control Register 0 (SBICO) .......coceiiieeneriiiieiieeiee e 229
13-7 Format of Interrupt Timing Specification Register 0 (SINTO) .......cooieeriiiiiiiiieeiee e 232
13-8 3-Wire Serial 1/0O MOAE TIMING ..eoiuiiiiiiiiieiie ettt s e st e e sae e s rbe e e e st e e e sneeesanneeas 237
13-9 RELT and CMDT OPEIAtIONS ....cccuuiiiiiiiiieitiiesieestie ettt sttt st saeesas e sieeeneesaneesbeesnneesbeesneenneeans 237
13-10  Circuit for Switching Transfer Bit Order .........c.ooiiiiiiiiiie e 238
13-11  Example of Serial Bus Configuration With SBI ..........ccooiiiiiiiiiiiie e s 239
13-12  SBI TranSfer TIMING ..ooueo ittt st ettt e b et et s b e et e e sae e et e e saeeebeesabeenneesaneens 241
13-13  BUS REIEASE SIGNAI ...ttt ettt b et eeae e et e e sae e e be e sareenneenaneen 242
LS S O] 43T ¢ F=Ta Yo IS o o =L TSP PSPPI 242
LR E T o (o [ (=TT R 243
13-16  Slave SeleCtion DY AQAIrESS ....c...iiiiiiiiie ettt ae e e be e s ereenneesaneen 243
13-17  COMMEANGS ...ttt et et s h e et s bt e bt e s ae e e b e e e et e abe s et e e ebe e s b e e saneebeesereeneesaneens 244
LR T -\ - SRR 244
13-19  ACKNOWIEAGE SIGNAI ... ittt ettt b ettt b et eesae e et e e saeeebe e sabeenneesaneens 245
13-20  BUSY @nd READY SIGNAIS .......ouiveieieeeieeeeeeeeseeeeseeseeeesseseeseesessesseseesessessessseeseesesssseseesssnesesnesneeneseans 246
13-21  RELT, CMDT, RELD, and CMDD Operations (Master) .........cccccererrieeririiiienee e seee e siee e 251
13-22 RELD and CMDD Operations (SIAVE) .........ciiiueeiiiiiiiiiieeiee ittt ettt sae et e e s 251
L 2 T X0 G IO 011 -4 o) o I PRSP 252
L 2 S 0 1 @ o =Y 2= 1 o] 1= 253
L 2 T 0 1 I @ o 1Y - o g T S 254
L B2 T = N O 01T -4 o) o I USRS 254
13-27  Pin CONFIQUIALION ...eiiiiiiiii ettt e b e e e e b e sab e e sbeeeaneesbeesneenneeans 257
13-28 Address Transmission from Master Device to Slave Device (WUP = 1) ....cocoiiiiiiiiiinniienieeeee 259
13-29 Command Transmission from Master Device to Slave DeviCe ..........cccccvciiiiiiiiiiiiieieenieneeeee 260
13-30 Data Transmission from Master Device t0 Slave DEVICE .........ccocuiiieiriiiiiiiieenee e 261
13-31 Data Transmission from Slave Device to Master DEVICE .........cccocuieieiriiiiiieieenie e 262
13-32  Serial Bus Configuration Example Using 2-Wire Serial I/O MOde.........ccceiiieiiiiiiiniiie e 265
13-33  2-Wire Serial I/O MOdE TiMNG ...cocueiiiieieeiiieriie ettt ettt se e b beesae e sab e e saeesneeseneeneesnneens 268
13-34  RELT and CMDT OPEIAtIONS ....cccuiiiiiiiiieitieeieesiee ettt sttt st sae e b seeesnneesaneesbeesnneesbeesneenneeans 269
13-35 Serial Bus Configuration Example USING 12C BUS .......ccceiueiviiieiieseeieiesieeeeeee e 270
13-36  12C Bus Serial Data Transfer TIMING ......ccccociieeiereiesieeseeteseeteseeseseesessesesseseeseseeseseesessesessesessessssenens 271
L S A1 €= U @7 o o {11 T o T 272
1388 AQAIESS it e e 272
13-39  Transfer Direction SPeCIfiCation ..........ccceiiiiiiiiiii i e e 272
13-40  ACKNOWIEAGE SIGNAI ... eiiiiiiiiiiiiet ettt b e et b et e e eae e et e e saeeebeesabeenneesaneens 273
LG R T S (o] o @70 o T 114 IS RUP PSR 273
13-42 WAL SIGNAI ..ttt ettt s h et bt e sae e e ke e e et e ebe e e b e e ehe e e bt e saeeebe e snreenneenaneen 274
13-43  Pin CONFIQUIALION ...eiiiieiiie ettt e b et e e abe e sab e e sbeeeaneesbeeeneenneeans 281
13-44 Data Transmission from Master to Slave (Both Master and Slave Selected 9-Clock Wait) ........... 283
13-45 Data Transmission from Slave to Master (Both Master and Slave Selected 9-Clock Wait) ........... 286
13-46  Start Condition OULPUL ......ooiiiiiiiie ettt b et e sae e st e esaeeeabeeseeeeneesaneens 290
13-47  Slave Wait Release (TranSMISSION) ......ccccuuuiieeiiiiiiiie e e eciieet e e seste e e e s e et e e e e e sstreeeeesesssaaeeeeeesnnnaeeaaeann 291

User's Manual U12790EJ2VOUD 23



LIST OF FIGURES (5/8)

Figure No. Title Page
13-48  SCKO/SCL/P27 Pin CONFIGUIALION ... es s eneeneees 294
14-1 Block Diagram of Serial Interface SIOT ........oo i 297
14-2 Format of Serial Operating Mode Register 1 (CSIMT) .....oiiiiiiiiiiie e 300
14-3 Format of Automatic Data Transmit/Receive Control Register (ADTC) ......cccccerieerieeneeniieneenieens 301
14-4 Format of Automatic Data Transmit/Receive Interval Specification Register (ADTI) ........cccceenennee 303
14-5 Format of Port Mode RegiSter 2 (PIM2) .......eiiiiiiiiiiie ettt 305
14-6 3-Wire Serial 1/0O MO TiMING .. .cooiuieiiiieiieiit ettt sttt e e e b e beesae e e beeeneeenneas 309
14-7 Circuit for Switching Transfer Bit Order ........cooui oot 310
14-8 Basic Transmit/Receive Mode Operation TiminNg .......c.ccouieiiiiiiiiiiiee e 319
14-9 Basic Transmit/Receive Mode FIOWChAIT .........ccocuoiiiiiiiiiii e e 320
14-10  Buffer RAM Operation in 6-Byte Transmission/Reception (in Basic Transmit/Receive Mode) ..... 321
14-11  Basic Transmit Mode Operation TiMiNG .....c.cooeioiiiiiiiie e e 323
14-12  Basic Transmit Mode FIOWCNAI ... e 324
14-13  Buffer RAM Operation in 6-Byte Transmission (in Basic Transmit Mode) ..........ccccceereirieinienienn 325
14-14 Repeat Transmit Mode Operation TimMiNgG......coocuii ittt 327
14-15 Repeat Transmit Mode FIOWCQAIT ...........oiiiiiii e s 328
14-16  Buffer RAM Operation in 6-Byte Transmission (in Repeat Transmit Mode) ..........ccceoveriienienienne 329
14-17  Automatic Transmission/Reception Suspension and Restart ...........cccccvevieiiiciiiie e 331
14-18  System Configuration When Busy Control Option IS Used ..........ccooceiiiiiiiiiiiiiee e 332
14-19  Operation Timing When Busy Control Option Is Used (When BUSY0 = 0) ....ccccevvieieeniieneenieene 333
14-20 Busy Signal and Wait Release (When BUSY0 = 0) ..ccocuiiiiiiiiiiieeeiiee et 334
14-21  Operation Timing When Strobe Control Option Is Used ..........cccooiiiiieiiiiiiieieeee e 334
14-22  Operation Timing When Busy & Strobe Control Option Is Used (When BUSYO = 0) .......cccccevnennee 336
14-23 Operation Timing of Bit Shift Detection Function by Busy Signal (When BUSY0 = 1) .......cc.c....... 337
14-24  Interval Time of Automatic TransmisSiON/RECEPLION .......c.coiiiiiiiiiiiiee e 338
15-1 Block Diagram of Serial Interface SIOS ..o 339
15-2 Format of Serial Operating Mode Register 3 (CSIM3) ......coiuiiiiiiiiiieie e 341
15-3 Format of Port Mode RegiSter 7 (PM7) ..ottt s 342
15-4 Timing in 3-Wire Serial 1/0O MO ......ccouiiiiiiiieeee ettt s eee e s 346
16-1 Block Diagram of Serial Interface UARTO .....cc.coiiiiiiiiiie ittt 347
16-2 Block Diagram of Baud Rate GENErator ...........ooiiiiiiiiiiiiee et 348
16-3 Format of Asynchronous Serial Interface Mode Register 0 (ASIMO) ........cccovceriiiiiieeninnieenieeieee 352
16-4 Format of Asynchronous Serial Interface Register 0 (ASISO) ......c.ooviiriiiiiiiieenii e 353
16-5 Format of Baud Rate Generator Control Register 0 (BRGCO) ......ccccueviiiiiriiieeiiiiee e 354
16-6 Permissible Error of Baud Rate Allowing for Sampling Error (K = 0) ..c.ccoooeviieeiiniieenee e 361
16-7 Format of Transmit/Receive Data of Asynchronous Serial Interface ..........ccocceviiiiininniiinieniees 362
16-8 Generation Timing of Transmission Completion Interrupt Request of Asynchronous Serial

L1 (=T 0 = T = PRSPPI 364

16-9 Timing of Generation of Reception Completion Interrupt of Asynchronous Serial Interface .......... 365

16-10  ReCeption Error TiMING ...o. oottt e e e et e e e s e e e s e aannn e e e e e e annnneeee s 366
24 User's Manual U12790EJ2VOUD



LIST OF FIGURES (6/8)

Figure No. Title Page
17-1 IEBus Transfer Signal FOIMAL ...t e e bee e e 369
17-2 Master AAAreSS FIld ........eei e e s s e e s e e nr e e enne e nneee s 370
17-3 SI1AVE AAAIESS FIEIA ...ttt ettt ettt e b e bt e bt b e saeeeneenneas 371
17-4 (0701 1o I =1 o T PO P TP UP PSP 373
17-5 Telegraph LeNGth FIeld ...t 375
17-6 )= = = o RPN 376
17-7 Bit Configuration Of SIAve STAtUS .........coiiiiiiiii e e 380
17-8 Configuration Of LOCK AQAIESS .....cccueiiuiieiieiit ettt sttt n e bt e e e eneas 381
17-9 Bit FOrmMat Of IEBUS ......cooiiiiiiiie et e e nr e e e e snn e e e nnne s 382
17-10  IEBuUs Controller BIOCK DIagram ........cooueeiiiiieiiiiee ittt s be et e sn e e bee e s enbe e e sanees 384
17-11  Format of IEBus Control Register 0 (BCRO) .......ccocuiiiiiriieiie ettt 387
17-12  Format of IEBus Unit Address Register (UAR) ........ooiiiiiiiiiieieeee e 390
17-13 Format of IEBus Slave Address Register (SAR) .......ooiiiiiiiiii e 390
17-14  Format of IEBus Partner Address Register (PAR) .......c.ooiiiiiiiiiiiieee e 390
17-15  Format of IEBus Control Data Register (CDR) ........cooiiiiiiiiiiieeee e 391
17-16  Interrupt Generation Timing (for (1), (3), @Nd (4)) «ooeeeeiiiiiie e e s 392
17-17  Interrupt Generation Timing (fOr (2) and (5)) ...eeeeeirieriieie ettt 392
17-18 Timing of INTIE2 Interrupt Generation in Locked State (for (4) and (5)) ....coooeererrieenieeniieeneenieee 393
17-19  Timing of INTIEZ2 Interrupt Generation in Locked State (for (3)) ..oooovevriieiiiieiiiiee e 393
17-20 Format of IEBus Telegraph Length Register (DLR) ......cccioiiiiiiiiiiiieeree e 394
17-21  Format of IEBus Data RegiSter (DR) ......cooiiiiiiiiiiiiieiie ettt 395
17-22  Format of IEBus Unit Status Register (USR) .......coouiiiiiiiii e 396
17-23  Example of Broadcast Communication Flag Operation ............ccoeiiieiiiiiiieiiieeee e 397
17-24  Format of IEBus Interrupt Status Register (ISR) .......ccccoiiiiiiiiinii e 400
17-25 Format of IEBus Slave Status Register (SSR) ....cooiuiiiiiiii e 404
17-26  Format of IEBus Communication Success Counter (SCR) .......cccceviiiiiiiiiiiieeee e 405
17-27  Format of IEBus Transmit Counter (CCR) .......coiuiiiiiiiiiiie ettt e e 405
17-28  Configuration of Interrupt Control BIOCK .........cccuiiiiiiiiiiiii e e 406
17-29  MaAStEr TraNSMISSION .....veiiieeie ittt e e e s r e e e et e e sne e e e smn e e e aane e e snr e e e anneeeennneenannes 411
LA O 1V =1 (=T gl m 1= T e =T o) o o PR PPR 413
17-31  SlAVE TrANSMISSION .....uviiiuiiiiieiie ettt sttt ettt b e et e b e s e e e s be e s r e e sane s b e e seneeaneenaneens 415
17-32  SIAVE RECEPLION ...ttt e a e st sb e e e b e sh e e e be e sae e e beeeaeeebeesneenneeaas 417
17-33  Master Transmission (Interval of Interrupt OCCUITENCE) ........oovuiiiiiiiiiiiiiieee e 419
17-34  Master Reception (Interval of Interrupt OCCUITENCE) ........eeiviiiiiiiiiee e 420
17-35 Slave Transmission (Interval of Interrupt OCCUITENCE) ......cc.eeviieiiiiiiiiiiie e 421
17-36  Slave Reception (Interval of Interrupt OCCUITENCE) ......coiuiiiiiiiieeiie ettt 422
18-1 Basic Configuration of Interrupt FUNCLION .........cooiiiiiiii e 430
18-2 Format of Interrupt Request Flag Registers (IFOL, IFOH, IFTL) ..cooiiiiiiiiiiieeee e 433
18-3 Format of Interrupt Mask Flag Registers (MKOL, MKOH, MKTL) ....cccoiiiiiiiiiiiiee e 434
18-4 Format of Priority Specification Flag Registes (PROL, PROH, PRIL) ......ccciiiiiiiiiiienieceeieeiee 435
18-5 Format of External Interrupt Rising Edge Enable Register (EGP) and External Interrupt

Falling Edge Enable Register (EGIN) .......cooiiiiiiiiiiee ettt 436
User's Manual U12790EJ2VOUD 25



LIST OF FIGURES (7/8)

Figure No. Title Page
18-6 Configuration of Program Status WOrKd .........cocuiiiiiiiiiii e e 437
18-7 Flowchart from Generation of Non-Maskable Interrupt Request to Acknowledgment .................... 439
18-8 Non-Maskable Interrupt Request Acknowledgment Timing .........ccccoviiiiiie e 439
18-9 Non-Maskable Interrupt Request Acknowledgment Operation ...........c.ccoeceeiiiieeiiieeniiee e 440
18-10 Interrupt Request Acknowledgment Processing Algorithm .........cooooiiiriieiiici e 442
18-11  Interrupt Request Acknowledgment Timing (Minimum Time) .....c.cooveiriiiiiiiieenee e 443
18-12 Interrupt Request Acknowledgment Timing (Maximum Time) .......ccccciiriieiiiieeiniin e 443
18-13  Example of Multiple Interrupt SErviCiNg .........coocei it e 446
18-14  Pending INterrupt REQUESTS ......viii i e e 448
19-1 Block Diagram of PLL Frequency SYNthESIZEr .........c.cociiiiiiiiiiiiiieeee e 451
19-2 Format of PLL Mode Select Register (PLLIMD) .........coiiiiiiiiieieeiie et 453
19-3 Format of PLL Reference Mode Register (PLLRF) .....coccuiiiiiiiiie e 454
19-4 Format of PLL Unlock FF Judge Register (PLLUL) ......cccuioiiiiiiii e 455
19-5 Format of PLL Data Transfer Register (PLLNS) .......cccoiiiiiiiiiieii e 456
19-6 Configuration of Input Select Block and Programmable Divider ...........cccocoviiiieiinieniiiiee e 457
19-7 Reference Frequency Generator Configuration ...........cocioieieieenii et 458
19-8 Phase Comparator, Charge Pump, and Unlock FF Configuration ............cccccceviiiniininnnienieenee 458
19-9 Relationship Between f, N, U_P, AN DW oo e oo es s 459
19-10  Error Out Pin ConfIQUIAtion ........ooiuiiiiiiie ettt b e sereenneesane e 460
20-1 Frequency Counter BIOCK DIgram ..........eeiiiiiiiiiieeiiiee ettt st sab e et e e snneeeesaneeeaa 468
20-2 Format of IF Counter Mode Select Register (IFCMD) ........ccooiiiiiieiieniee et 469
20-3 Format of IF Counter Control Register (IFCCR) .......cociiiiiiiiie e 470
20-4 Format of IF Counter Gate Judge Register (IFCJG) ......cuiiriiiiiiiiiiiiie e 470
20-5 Block Diagram of Input Pin and Mode SeleCtion............coeiiieiiiiiiiiiie et 471
20-6 Gate Timing of FrequenCy COUNTET .......coiuiiiii ittt et sttt sae e e 472
20-7 Frequency Counter INPUt Pin CIrCUIT........coiiiiiiiiii e 473
20-8 Gate Status When HALT Instruction IS EXECULEM .......ccccoiiiiiiiiiieiiieeee et 473
21-1 Format of Oscillation Stabilization Time Select Register (OSTS) ....ceovviiiiiiiieiiiie e 476
21-2 HALT Mode Release upon Interrupt GENEration ..........coooeiiieeiiiiiieesie et 478
21-3 HALT Mode Release by RESET 18] 00 | PRSP 479
21-4 STOP Mode Release by Interrupt Request Generation............ccoeceeiiiieieiiiiiniiee e 481
21-5 Release by STOP Mode RESET INPUL < e 482
22-1 Reset FUNCtion BIOCK DIGGram .........uuiiiiiiiiiiiee ettt e e s e e e s e e 484
22-2 Timing of Reset by RESET 0] 10 PP 485
22-3 Timing of Reset due to Watchdog Timer OVErflow .........ccocioiiiiiiiiiiiren e 486
22-4 Timing of Reset by POWEI-0N CIEAI ........oiiiiiiiiii e 487
22-5 Format of POC Status Register (POCS) .......coiiiiiiieiiiiee ettt 491
22-6 Format of POC Status Register (POCS) .......coiiiiiiieieeiee ettt 492
22-7 Format of VM45 Control Register (VMASC) ........uiiiiiieiiiie ettt 492

26 User's Manual U12790EJ2VOUD



LIST OF FIGURES (8/8)

Figure No. Title Page
23-1 Format of Memory Size Select Register (IMS) .......oo i e 494
23-2 Format of Internal Expansion RAM Size Select Register (IXS) ....ooooiiiiiiiiiiienieeeeeeeeeee 495
23-3 Environment for Writing Program to Flash MemoOry ..o 496
23-4 Communication Mode Selection FOrMat ..........cooiiiiiiiiiiiiiee e 497
23-5 Example of Connection with Dedicated Flash Programmer ...........cccceeieiiieineniieenie e 498
23-6 VPP Pin CONNECLION EXAMPIE ..ottt ettt e e e e e e e et e e e e st e e e e e e e nnnaeeeeeanas 500
23-7 Signal Conflict (Input Pin of Serial INterface) ..o 501
23-8 Abnormal Operation Of Other DEVICE .........oiiuiiiiiiiei ettt e e 501
23-9  Signal CoNflICt (RESET PN .....vuveeeeeeeeeeeeeeeeeeeeeeeee e seees s s s s s s ees s s s s ss s een s s s sneenen. 502
23-10 Wiring Example for Flash Writing Adapter in 3-Wire Serial I/O Mode ..........coccceviviiiiiiiiiieeeieen, 503
23-11  Wiring Example for Flash Writing Adapter in UART ......ooii e 504
A-1 Configuration of DevelopmENt TOOIS .....ccoiuiii i e e e 542
A-2 EV-9200GF-100 Package Drawing (for Reference ONly) ......cccccoiiiiieiiiiiiieeiie e 550
A-3 EV-9200GF-100 Recommended Board Mounting Pattern (for Reference Only) .......cccccovveveiiieene 551

User's Manual U12790EJ2VOUD 27



LIST OF TABLES (1/3)

Table No. Title Page
2-1 O @ I O (o U T a NY] o1= T PP PO PRP TR 50
3-1 INternal MemMOIY CAPACITY ......eeieeiiieiiie ettt st ab e et e sab e e sbeeeaneesbeeeneenneeans 58
3-2 VECIOr TADIE ... 58
3-3 Absolute Addresses of General-Purpose RegiSters ... 68
3-4 SpeCial-FUNCLON REGISIEIS ......oiiiiiiieiii ettt sttt sae e et e e eaeeeeeas 71
4-1 POrt FUNCHIONS ... e e 89
4-2 (070103ilo (0T =1ile] aTe) Bl o] o S P PP P PRSP UPR ORI 91
4-3 Port Mode Register and Output Latch Settings When Using Alternate Functions ...........cccocuen.e. 107
5-1 Configuration of CIOCK GENEIALOL ........eiiiiiiii i eane s 111
5-2 Maximum Time Required for CPU Clock SWiItChOVET ..........uviiiiiiiiiiei et 118
6-1 Configuration of 16-Bit Timer/Event COUNTEr O ..........ooiiiiiiiiiiiiieeiee e 121
6-2 CRO0O0 Capture Trigger and Valid Edges of TIO0 and TI0OT PiNS ......ccoviiiiiiiiiniiie e 122
6-3 CRO01 Capture Trigger and Valid Edge of TI00 Pin (CRCO2 = 1) ...cooviiiiiiiiiiee e 123
7-1 Configuration of 8-Bit Timer/Event Counters 50 and 571 .......cccoiiiiiiiiiiiieiie e 163
9-1 Watchdog Timer Inadvertent Program Loop Detection Time .......ccccvviieeiiiiieicee e 188
9-2 L1 C=T V7= I I o = O PP PP 188
9-3 Configuration of WatChdog TiMEr .........oi i s snee s 189
9-4 Watchdog Timer Inadvertent Program Loop Detection TimMe .......coccvviieeiiiiee s 192
9-5 Interval Timer INTerval TIME ..o e e e s nane 193
10-1 Configuration of Buzzer Output CONtrOlIErS .........c.coiiiiiiiiiieieeeee et 195
11-1 Configuration Of A/D CONVEIET .......oiiiiiiieiee ettt rbe e e st e e snee e e snnee s 198
12-1 Differences Between uPD178096A and 178098A, and uPD178076, 178078, and 178F098.......... 217
13-1 Configuration of Serial INterface SIO0 .......c.eiiiiiiiiiie e e 221
13-2 Serial Interface SIOO0 Interrupt Request Signal Generation...........ccoooeeieiiienienie e 225
13-3 SIGNAIS IN SBI IMOTE ..ottt ettt et e e e bt e e e bt e e sabe e e e nb e e e aaneeesneee s 255
13-4 SigNalS iN 12C BUS MOUE .....cueuiiiieieiete ettt sttt sttt saesessese st e e beseebeseetesaesessesessasessennsenens 280
14-1 Configuration of Serial Interface SIOT ..o e 296
14-2 Timing of Interrupt Request Signal Generation ...........ccocoiiiiiiiiee i e 338
15-1 Configuration of Serial Interface SIO3 .........oo i e 340
16-1 Configuration of Serial INterface UARTO ......coocuiiiiiiiieiie ettt 349

28 User's Manual U12790EJ2VOUD



LIST OF TABLES (2/3)

Table No. Title Page
16-2 BRGCO Set Value for Each Baud Rate .........ccceoiiiiiiiiiiicii e 360
16-3 Causes Of RECEPHON EITOIS ........ooiiiiiiiiieee ettt b e bbb e e nane s 366
17-1 Transfer Rate and Maximum Number of Transfer Bytes in Communication Mode 1...................... 368
17-2 Contents Of CONIOl BitS .....cooiiiiiiiie et sb e e nane s 372
17-3 Control Field for Locked Slave UNit ..........ooeiiiiiiie e e 373
17-4 Control Field for Unlocked Slave UNit..........ccoociiiiiiiiieiieii e e 373
17-5 Acknowledge Signal Output Conditions of Control Field ..........c.cccoooiiiiiniiiiiieee e 374
17-6 Contents of Telegraph Length Bit .........oooiiiiiiiiiiee et 375
17-7 Comparison of Existing and Simple IEBus Interface FUNCLIONS ..........cccoiiiiiiiiiiiiice e 383
17-8 Internal Registers of IEBUS CONIOIET .........ooiiiiiiiiieeee et 386
17-9 Reset Conditions of Flags in ISR REGISTEr ......cccuiiiiiiiieie e 399
17-10  INTEITUPE SOUICE LSt ..oeiiiieiiiiiee e e e e et e e e e e s e e e e e e eesareeeeeesnnbeeaeeaan 407
17-11 Communication Error Source Processing LiSt.........coooiiiiiiiiiiiiiiierie et 408
18-1 101 CY g0 oY A To 10 (o= USSR 424
18-2 Flags Corresponding to Interrupt REQUESt SOUICES ......c...eeiiiiiiiiiiiiiieeee e 432
18-3 Times from Maskable Interrupt Request Generation to Interrupt Servicing ..........ccoceeveriieeneennne. 441
18-4 Interrupt Requests Enabled for Multiple Interrupt Servicing .........coooceviiiieiiiieicr e 445
19-1 Division Mode, Input Pin, and DiviSion ValUue .............oiiiiiiii e 450
19-2 Configuration of PLL FrequencCy SYNTNESIZEN ..........ooiiiiiiiiiiie e 451
19-3 Error Out OULPUL SIGNAL ......oeeieieie ettt ae e e sabeeneenane e 460
19-4 Operation of Each Block and Register Status in PLL Disable Status ..........cccoccevieeiienien e 466
20-1 Configuration of FrequenCy COUNTET .........oiiuiiiiieiie ittt 467
21-1 HALT Mode Operating STAUS ......eii it e snee s 477
21-2 Operation After HALT MOde REIEASE .......ooiueiiiiiiiiiiiieeie ettt s 479
21-3 STOP Mode Operating Status .......cceeieieiieeiii ittt ee et r e bt esaeeeneas 480
21-4 Operation After STOP MOdE REIEASE .....uuiiiiiiiiiiiii ettt e e e e et e e e e e senes 482
22-1 Hardware Status After RESEt.... ..ottt s 488
23-1 Differences Between uPD178F098 and Mask ROM VErSiONS ........cccccoviieiiiniieeniee e 493
23-2 Set Value of Memory Size Select REGISTEN .......ooiiiiiiiiieei e e s 494
23-3 Set Value of Internal Expansion RAM Size Select Register......ocooviiiiiiiiiiiii e 495
23-4 CommUNICAtION MOAE LISt ......viiiiiieiie ittt st sb e bbb e e saeeeneas 497
23-5 PiN CONNECHION LISt ...uiiiiiiiiieie ettt ettt b et e e sae e et e e saeeebe e saneeneenaneens 499
24-1 Operand Symbols and DESCHPLIONS ......cueiiuiiiiiiiieiiie ettt ettt ettt b e sn e b san e e sneesane s 506

User's Manual U12790EJ2VOUD 29



LIST OF TABLES (3/3)

Table No. Title Page
27-1 Soldering Conditions for Surface-MouNt TYPE ...cccuueiiiiiiiiiie e e 540
A-1 Upgrading Old Version of In-Circuit Emulator for 78K/0 Series to IE-78001-R-A ........ccoocieeevieenne 549

30 User's Manual U12790EJ2VOUD



CHAPTER 1 OUTLINE

1.1 Features

® On-chip high-capacity ROM and RAM

Type | Program Memory Data Memory
Part Number (ROM) Internal High-Speed RAM Buffer RAM Internal Expansion RAM
uPD178076 48 KB 1024 bytes 32 bytes 1024 bytes
1PD178078 60 KB 2048 bytes
1PD178096A 48 KB 1024 bytes
UPD178098A 60 KB 2048 bytes
1PD178F098 60 KB
(Flash memory)

Instruction set suitable for system control

* Bit processing across entire address space
e Multiplication/division instructions
General-purpose I/O ports: 80 pins

IEBus™ controller (uPD178096A, 178098A, and 178F098 only)
Hardware for PLL frequency synthesizer

* Dual modulus prescaler (160 MHz MAX.)

* Programmable divider

* Phase comparator

e Charge pump

Frequency counter

8-bit resolution A/D converter: 8 channels
Serial interface: 4-channel clocked

* 3-wire serial 1/0O/SBI/2-wire serial 1/0/I2C busN°t® mode selectable: 1 channel

* 3-wire serial /0O mode: 1 channel
» 3-wire serial /O mode (with automatic transfer/receive function): 1 channel
* UART mode: 1 channel

(uPD178076, 178078, and 178F098 only)

Note When using the I2C bus mode (including when this mode is implemented by software without using the

internal hardware), consult NEC Electronics when placing a mask order.
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® Timer: 5 channels
* Basic timer (timer carry FF): 1 channel
e 16-bit timer/event counter: 1 channel
¢ 8-bit timer/event counter: 2 channels

* Watchdog timer: 1 channel
® Vectored interrupts
* uPD178076, 178078: 22 sources
e uPD178096A, 178098A: 21 sources
e uPD178F098: 24 sources
Item Non-Maskable Maskable Interrupt Software Interrupt
Part Number Interrupt External Internal
uPD178076 1 sourceNote 8 sources 13 sourcesNote | 1 source
uPD178078
uPD178096A 12 sourcesNote
uPD178098A
uPD178F098 15 sourcesNote

Note Either a non-maskable interrupt or maskable interrupt (internal) can be selected as the interrupt source
of the watchdog timer (INTWDT).

® Test input: 1 pin
® |nstruction cycle: 0.317/0.635/1.27/2.54/5.08 us (with 6.3 MHz crystal resonator)
0.444/0.889/1.778/3.556/7.111 us (with 4.5 MHz crystal resonator)
® Supply voltage: Vbb = 4.5 to 5.5 V (with PLL, CPU operating)
Vop = 3.5 to 5.5 V (with CPU operating)
® Power-on clear circuit

1.2 Applications
Car stereo

1.3 Ordering Information

Part Number Package Internal ROM
uPD178076GF-xxx-3BA 100-pin plastic QFP (14 x 20 mm, 0.65-mm pitch) Mask ROM
uPD178078GF-xxx-3BA 100-pin plastic QFP (14 x 20 mm, 0.65-mm pitch) Mask ROM
UPD178096AGF-xxx-3BA 100-pin plastic QFP (14 x 20 mm, 0.65-mm pitch) Mask ROM
UPD178098AGF-xxx-3BA 100-pin plastic QFP (14 x 20 mm, 0.65-mm pitch) Mask ROM
uPD178F098GF-3BA 100-pin plastic QFP (14 x 20 mm, 0.65-mm pitch) Flash memory

Remark xxx indicates ROM code suffix. When using 12C bus mode, Exx is the ROM code suffix.
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1.4 Pin Configuration (Top View)

100-pin plastic QFP (14 x 20 mm, 0.65 mm pitch)
UPD178076GF-xxx-3BA, 178078GF-xxx-3BA
UPD178096AGF-xxx-3BA, 178098AGF-xxx-3BA
1PD178F098GF-3BA

= N~
5 2
25 -Z
DLl N owtma—rornoOoOsmar—-o 2R
Z o TSI TSI TOO OO OO ©O®Z 0
?TTTTTTTTTTTTTTTTT?T
10099 98 97 96 95 94 93 92 91 90 89 88 87 86 85 84 83 82 81
POO/INTPO O=—»{1 80f«~—=O PO06/INTP6
PO1/INTP1 O=—+2 O 79f=——=0O PO5/INTP5
P20/SI1 O=—+{3 78|=—0 P04/INTP4
P21/SO1 O=—~{4 77— P124
P22/SCK1 O=——{5 76[~—=0O P123
P23/STB O=—+{6 75[~—0 P122
P24/BUSY O=—+{7 74}+=—0 P121{/RX0}
P25/S10/SB0/SDA0 O=—=18 73}~—0O P120{/TX0)
P26/S0O0/SB1/SDA1 O=—~9 72—QO P77
P27/SCK0/SCL O 10 71~—0O P76
P70/SI3 O=—{11 70[=——=O P75[/TXDO]
P71/S03 O=~—={12 69[~—=O P74[/RXD0]
P72/SCK3 O=—-+{13 68—O P137
P73 O~—14 67|—O P136
P50 O=—+15 66|—O P135
P51 O=~—+16 65—O P134
P52 O=—+{17 64|—O P133
P53 O~—18 63[—=O P132
P54 O=~—={19 62— P131/TO51
P55 O=—=+20 61——O P130/TO50
P56 O=—21 60~—O P37/BUZ
P57 O=~—22 59[~—=O P36/BEEPO
P10/ANI0 O—{23 58[=——=O P35/TI51
P11/ANH O—24 57 [«~—=O P34/TI50
P12/ANI2 O—{25 56 [~——=O P33/TI01
P13/ANI3 O—={26 55{~——=0O P32/TI00
AVoo O——]27 54=—=O P31/TO0
P14/ANI4 O—={28 53[~——=0O P30/VM45
P15/ANI5 O—{29 52{+——=O PO3/INTP3
P16/ANI6 O——{30 51f=——=0O PO2/INTP2
31323334 35363738394041424344 454647 484950
82 83¥x38822738780 ¢
€<973 gagzgioctuizg
S 0 9 s>~z ol
o O o ¥ o
oo
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Cautions 1.
2.
3.

Remark ():
[1:
{}:

Directly connect the IC (Internally Connected) pin to GNDO, GND1, or GND2.

Keep the voltage at the AVop, VooPORT, and VooPLL pins the same as that at the Vop pin.
Keep the voltage at the AVss, GNDPORT, and GNDPLL pins the same as that at GNDO, GND1,
or GND2.

Connect each of the REGOSC and REGCPU pins to GND via a 0.1 uF capacitor.

1PD178F098 only
1PD178076 and 178078 only

Pin Name
AMIFC:

ANIO to ANI7:
AVpp:

AVss:

BUSY:
BEEPO, BUZ:
EOO, EO1:
FMIFC:
GNDPLL:
GNDPORT:

GNDO to GND2:

IC:

INTPO to INTP7:

P00 to P0O7:
P10 to P17:
P20 to P27:
P30 to P37:
P40 to P47:
P50 to P57:
P60 to P67:
P70 to P77:
P100 to P102:
P120 to P124:
P130 to P137:

uPD178096A and 178098A only

REGCPU: Regulator for CPU power supply
AMintermediate frequency counterinput REGOSC: Regulator for oscillator
A/D converter input RESET: Reset input
A/D converter power supply RXDoQNote 1 UARTO serial data input
A/D converter ground RX(QNote 2 IEBus serial data input
Busy input SBO, SB1: Serial data bus input/output

Buzzer output

SCKO, SCK1, SCK3:

Serial clock input/output

Error out output SCL: Serial clock input/output
FMintermediate frequency counterinput ~ SDAO, SDA1: Serial data input/output
PLL ground SIo, Sit, SI3: Serial data input

Port ground SO0, SO1, SO3: Serial data output

Ground STB: Strobe output

Internally connected TI00, TIO1: 16-bit timer capture trigger input
Interrupt input T150, TI51: 8-bit timer clock input

Port 0 TOO: 16-bit timer output

Port 1 TO50, TO51: 8-bit timer output

Port 2 TXDQNote 1 UARTO serial data output
Port 3 TXQNote 2. IEBus serial data output
Port 4 VCOL, VCOH: Local oscillation input

Port 5 VooPORT: Port power supply

Port 6 VopPLL: PLL power supply

Port 7 Vob: Power supply

Port 10 VM45: Vob = 4.5 V monitor output
Port 12 vppNote 3 Programming power supply
Port 13 X1, X2: Crystal resonator

Notes 1. uPD178076, 178078, and 178F098 only

2. uPD178096A, 178098A, and 178F098 only

3. uPD178F098 only

34
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1.5 Development of 8-Bit DTS Series

Flash memory product or
PROM product

=
o
W)
ard
~
[e2]
m
o
S
o]

80 pins i

80 pins
On-chip OSD controller
8-bit PWM x 4 channels
14-bit PWM x 1 channel
100 pins
100 pins uPD178F098
On-chip IEBus controller and UART
100 pins
80 pins uPD178F054 80 pins
Timer and 3-wire serial
I/0 enhanced
80 pins uPD178F124 80 pins
On-chip UART
80 pins
80 pins uPD178P018A
80 pins

User's Manual U12790EJ2VOUD

Products under mass production

ES products (for development
evaluation) only

Mask ROM product

1PD178048 Subseries

On-chip OSD controller
8-bit PWM x 4 channels
14-bit PWM x 1 channel

1PD178098A Subseries

On-chip IEBus controller

1PD178078 Subseries

On-chip UART

uPD178054 Subseries

Timer and 3-wire serial
1/0 enhanced

uPD178054 Subseries

On-chip UART

uPD178018A Subseries

uPD178003 Subseries

Limits functions of uPD178018A Subseries
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1.6 Block Diagram

(1) uPD178076, 178078

TooR31 O=—f @
To0/P32 O toitimar <:> Port 0 8 > P00 to P07
TIO1/P33 O—=
TI50/P34 O—| 8-bit timer/ /\,:> K Port 1 8 | P10to P17
TO50/P130 O=~—— event counter 50
TI51/P35 O—=| B-bit fimer/ - (| Ponz 8 > P20 to P27
TO51/P131 O=— event counter 51
Watchdog timer © <:> Port 3 8 > P30to P37
Basic timer <:> <i> Port 4 8 > P40 to P47
SIO/SBO/SDAOP25 = 28K/ ﬂPFD:?B'(\gB,
SO0/SB1/SDA1/P26 O=—=f DTl KN L Ry | [eoke - 8 > P50 to P57
SCKO0/SCL/P27 O=—= core UPD178076:
48 KB
SI1/P20 O— <:> Port 6 8 > P60 to P67
so1/P21 0=—f o @ @
SCKi1/P22 C interface 1 /\::>
STB/P23 O=— @ Port 7 8 > P70to P77
BUSY/P24 O— = @
SI3/P70 0—= <:>
SO3/P71 Serial /\:> RAM Port 10 3 > P100 to P102
— interface 3 LPD178078:
SCK3/P72 O=—»] 3KB
RXDO/P74 © é‘PKDB”m <:> Port 12 5 > P120 to P124
TXDO/P75 O—» UARTO
A1  Port13 8 > P130to P137
INTPO/POO to Interrupt \,/;>
INTP7/P0O7 control ANIO/P10 to
BEEPO/P36 O~—] o AN7P17
BUZ/P37 Buzzeroutput |~ <:> AD
N \’—L converter
—O AVop
RESET O— — RESET —O AVss
X1 O~ -~ cPU
X2 O— System
VooPORT 0——|  control = PERIPHERAL @ Frequency [~—O AMIFC/P101
GNDPORT 0—— counter ~——O FMIFC/P102
Vop
-0 EO0
VM45/P PLL e
45/P30 O=— - -5
REGOSC C Voltage — Vosc VCOL
regulator —= Vcru [~——OVCOH
REGCPU O— T
07
GNDO ScI;ItLage 0O VooPLL
GNDf regulator GNDPLL
* —olIC
——OGND2
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(2) uPD178096A, 178098A

TOO0/P31 O=—
TIO0/P32 O—
TI01/P33 O—=

16-bit timer/
event counter

TI50/P34 O—
TO50/P130 O=—

8-bit timer/
event counter 50

TI51/P35 O—=
TO51/P131 O=—

8-bit timer/
event counter 51

ROM
1(PD178098A:
60 KB
(PD178096A:
48 KB

{

Watchdog timer <:>
Basic timer <:>
SI0/SB0/SDA0O/P25 O=—»]
Serial 78K/0
SO0/SB1/SDA1/P26 0=—~| ~ PTC oPU
SCKO0/SCL/P27 O=—= core
SI1/P20 O—
_SotP21o=-—f @
ScKi/paz in(::r?ace 1 /\:>
STB/P23 O=—
BUSY/P24 O— @
SI3/P70 0—

o Serial RAM
ﬂ/Pﬁ interface 3 /\l:> LPD178098A:
SCK3/P72 O=— e
RX0/P121 O— Bus 0 <:> /éPKDE:mO%A:
TX0/P120 O=— us

INTPO/POO to Interrupt <:>
INTP7/P0O7 control
BEEPO/P36 O=—
BUZ/P37 O Buzzer output /‘\l:L
RESET O— RESET
o) — CPU
X2 O— System
VooPORT 0——|  control PERIPHERAL
GNDPORT O—
Vob T
VM45/P30 O~—r Volt v
REGOSC O— oltage — Vosc
regulator L~ Vepu

REGCPU O—
GNDO O—

GND1 O——
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UGG CE VG T

g ¢ ¢

Port 0 8 > P00 to P07
Port 1 8 |P10to P17
Port 2 8 > P20 to P27
Port 3 8 > P30to P37
Port 4 8 > P40 to P47
Port 5 8 > P50 to P57
Port 6 8 > P60 to P67
Port 7 8 > P70to P77
Port 10 3 > P100to P102
Port 12 5 > P120to P124
Port 13 8 P130 to P137
8 ANIO/P10 to
ANI7/P17
AD
converter O AVoo
—O AVss
Frequency -~——0O AMIFC/P101
counter -—CO FMIFC/P102
—O0 EOO
PLL —O EO1
~—O0 VCOL
~—O VCOH
\
Sgkage O VooPLL
regulator GNDPLL
—OIC
——O GND2
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(3) uPD178F098

TO0/P31 O=—

Flash
memory
(60 KB)

{

ooee 0| ot ()
TI0O1/P33 O—]
TI50/P34 O—=| 8-hit timer/ \,/:>
TO50/P130 O=——{ event counter 50
TI51/P35 O—=| 8-bit timer/ \,/:>
TO51/P131 O=—— event counter 51
Watchdog timer <:>
Basic timer <:>
SI0/SB0O/SDAQ/P25 O
Serial 78K/0
SO0/SB1/SDA1/P26 O=—~| CPU
= interface 0
SCKO0/SCL/P27 O=—= core
SI1/P20 O—
SO1/P21 O=— Serial
SCK1/P22 0 in?::ace 1 /\:>
STB/P23 O~—]
BUSY/P24 O— @
SI3/P70 0—— -
e (I
SCK3/P72 O~ RAM
3 KB
RXDO/P74 O— \,/:> ( )
TXDO/P75 0=— UARTO
RX0/P121 0— <:>
TX0/P120 0=  'EBUsO
INTPO/POO to Interrupt \,/:>
INTP7/P0O7 control
BEEPO/P36 Buzzer output |
BUZ/P37 O~=—o K
X1 0= -~ CPU
X2 O— System
VooPORT 0——{  control PERIPHERAL
GNDPORT O—
Vop O—E
VM45/P30 O=—- Vol v
REGOSC reo Le;gt%r — VOSC
REGCPU O—— 9 ory
GNDQ O—
GND1 O——

38
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U OGO LU LU0

g & 8

Port 0 8 > P00 to P07
Port 1 8 |P10to P17
Port 2 8 > P20 to P27
Port 3 8 > P30to P37
Port 4 8 > P40 to P47
Port 5 8 > P50 to P57
Port 6 8 > P60 to P67
Port 7 8 > P70to P77
Port 10 3 > P100to P102
Port 12 5 > P120to P124
Port 13 8 P130 to P137
8 ANIO/P10 to
ANI7/P17
AD
converter
——O AVbD
—O AVss
Frequency [=——CAMIFC/P101
counter -—OFMIFC/P102
—O EOO
PLL —O EO1
~—O VCOL
~—OVCOH
\
\'Z')-I't-age O VooPLL
regulator GNDPLL
—2O0IC
——O GND2
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1.7 Functional Outline

(1/2)
Item uPD178076 uPD178078 uPD178096A uPD178098A uPD178F098
Internal | ROM 48 KB 60 KB 48 KB 60 KB 60 KB
memory | (Mask ROM) (Mask ROM) (Mask ROM) (Mask ROM) (Flash memory)
High-speed RAM| 1024 bytes
Buffer RAM 32 bytes
Expansion RAM| 1024 bytes 2048 bytes 1024 bytes 2048 bytes

General-purpose registers

8 bits x 32 registers (8 bits x 8 registers x 4 banks)

Minimum instruction
execution time

® 0.317 us/0.635 us/1.27 us/2.54 us/5.08 us (with crystal resonator of fx = 6.3 MHz)
* 0.444 1s/0.889 us/1.778 us/3.556 us/7.111 us (with crystal resonator of fx = 4.5 MHz)Note 1

Instruction set

¢ 16-bit operation

¢ Multiplication/division (8 bits x 8 bits, 16 bits + 8 bits)
¢ Bit manipulation (set, reset, test, Boolean operation)

* BCD adjustment, etc.

1/0 ports

Total: 80 pins
* CMOS input: 8 pins
* CMOS 1/0: 64 pins
* N-ch open-drain output: 8 pins

A/D converter

8-bit resolution x 8 channels

Serial interface

* 3-wire/SBI/2-wire/I2C busNote 2
mode selectable: 1 channel

* 3-wire mode: 1 channel

* 3-wire mode (with automatic
transmit/receive function of up to
32 bytes): 1 channel

* UART mode: 1 channel

* 3-wire/SBI/2-wire/I2C busNote 2
mode selectable: 1 channel

* 3-wire mode: 1 channel

* 3-wire mode (with automatic
transmit/receive function of up to
32 bytes): 1 channel

.

.

3-wire/SBI/2-wire/
12C busNete 2 mode
selectable: 1 channel
3-wire mode:

1 channel

3-wire mode (with
automatic transmit/
receive function of
up to 32 bytes):

1 channel

UART mode:

1 channel

IEBus controller

Not provided

Provided

Timer

* Basic timer (timer carry FF (10 Hz)): 1 channel

¢ 16-bit timer/event counter:
¢ 8-bit timer/event counter:
* Watchdog timer:

1 channel
2 channels
1 channel

Buzzer output

BEEPO pin: 1 kHz, 1.5 kHz, 3 kHz, 4 kHz

BUZ pin: 0.77 kHz, 1.54 kHz, 3.08 kHz, 6.15 kHz (with crystal resonator of fx = 6.3 MHz)

Notes 1.

resonator cannot be used. Use the 6.3 MHz crystal resonator.
When the 12C bus mode is used (including when the mode is implemented in software without using
the peripheral hardware), consult NEC Electronics when ordering a mask.
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When using the IEBus controller of the uPD178096A, 178098A or 178F098, the 4.5 MHz crystal
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(2/2)
Iltem uPD178076 uPD178078 uPD178096A uPD178098A uPD178F098
Vectored | Maskable Internal: 13 Internal: 12 Internal: 15
interrupt External: 8 External: 8 External: 8
sources Non-maskable | Internal: 1
Software 1
PLL Division mode | 2 types
frequency * Direct division mode (VCOL pin)
synthesizer ¢ Pulse swallow mode (VCOL and VCOH pins)

Reference
frequency

Seven types selectable by software (1, 3, 9, 10, 12.5, 25, 50 kHz)

Charge pump

Error out output: 2 pins

Phase
comparator

Unlock detectable in software

Frequency counter

Frequency measurement
* AMIFC pin: For 450 kHz counting
* FMIFC pin: For 450 kHz/10.7 MHz counting

Standby function

e HALT mode
¢ STOP mode

Reset

* Reset by RESET pin

¢ Internal reset by watchdog timer

* Reset by power-on clear circuit
« Detection of less than 4.5 VNote (reset does not occur)
* Detection of less than 3.5 VNote (during CPU operation)
« Detection of less than 2.3 VNote (in STOP mode)

Supply voltage

* Voo = 4.5 to 5.5 V (during CPU, PLL operation)
¢ Voo = 3.5 to 5.5 V (during CPU operation)

Package

¢ 100-pin plastic QFP (14 x 20 mm, 0.65 mm pitch)

Note For details, refer to CHAPTER 22 RESET FUNCTION.
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2.1 Pin Function List

(1) Port pins (1/2)

CHAPTER 2 PIN FUNCTIONS

Pin Name 110 Function After Reset |Alternate Function
P00 to P07 1/0 Port 0. Input INTPO to INTP7
8-bit I/O port.
Can be set to input or output mode in 1-bit units.
P10 to P17 Input Port 1. Input ANIO to ANI7
8-bit input port.
P20 1/0 Port 2. Input S
P21 8-bit I/O port. SO1
P22 Can be set to input or output mode in 1-bit units. SCK1
P23 STB
P24 BUSY
P25 S10/SB0/SDAO
P26 SO0/SB1/SDA1
P27 SCKO/SCL
P30 1/0 Port 3. Input VM45
P31 8-bit 1/0O port. TOO
P32 Can be set to input or output mode in 1-bit units. TIOO
P33 TIO1
P34 TI50
P35 TI51
P36 BEEPO
P37 BUZ
P40 to 47 1/10 Port 4. Input -
8-bit I/O port.
Can be set to input or output mode in 1-bit units.
P50 to P57 1/0 Port 5. Input -
8-bit 1/0 port.
Can be set to input or output mode in 1-bit units.
P60 to P67 1/0 Port 6. Input -
8-bit 1/0 port.
Can be set to input or output mode in 1-bit units.
P70 1/0 Port 7. Input SI3
P71 8-bit 1/0O port. SO3
P72 Can be set to input or output mode in 1-bit units. 'SCK3
P73 -
P74 RXDOQNote
P75 TXDoNote
P76, P77 -

Note uPD178076, 178078, and 178F098 only.
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(1) Port pins (2/2)

Pin Name 110 Function After Reset |Alternate Function
P100 1/0 Port 10. Input -
P101 3-bit 1/0O port. AMIFC
P102 Can be set to input or output mode in 1-bit units. FMIFC
P120 e} Port 12. Input TX0Note
P121 5-bit 1/0O port. RXONote
P122 to P124 Can be set to input or output mode in 1-bit units. -
P130 Output Port 13. Low level TO50
P131 8-bit output port. output TO51
P132 to P137 N-ch open-drain output port (12 V tolerant)

Note uPD178096A, 178098A, and 178F098 only.

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

Pin Name 1/0 Function After Reset |Alternate Function
INTPO to Input External maskable interrupt input whose valid edge Input P00 to P07
INTP7 (rising edge, falling edge, or both rising and falling edges)

can be specified.
SIo Input Serial data input to serial interface. Input P25/SB0/SDAO
S P20
SI3 P70
SO0 Output Serial data output from serial interface. Input P26/SB1/SDA1
SO1 P21
SO3 P71
SBO 1/10 Serial data input/output to/from N-ch open-drain I/O Input P25/S10/SDAO
SB1 serial interface. P26/SO0/SDA1
SDAO P25/S10/SB0O
SDA1 P26/SO0/SB1
SCKO 1/10 Serial clock input/output to/from serial interface. Input P27/SCL
SCKi1 P22
SCK3 P72
SCL N-ch open-drain 1/0 P27/SCKO
STB Output Strobe output for serial interface automatic transmission/ Input P23

reception.
BUSY Input Busy input for serial interface automatic transmission/ Input P24

reception.
VW45 Output Voo = 4.5 V monitor output Input P30
TI0OO Input External count clock input to 16-bit timer (TMO). Input P32
TIO1 P33
TI50 Input External count clock input to 8-bit timer (TM50). Input P34
TI51 External count clock input to 8-bit timer (TM51). P35
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(2) Non-port pins (2/2)

Pin Name 1/0 Function After Reset |Alternate Function
TOO Output 16-bit timer (TMO) output. Input P31
TO50 8-bit timer (TM50) output. Low level P130
TO51 8-bit timer (TM51) output. output P131
BEEPO Output Buzzer output. Input P36
BUZ P37
ANIO to ANI7 Input Analog input to A/D converter. Input P10 to P17
EOO, EO1 Output Error out output from charge pump of PLL frequency - -

synthesizer.
VCOL Input Inputs local oscillation frequency of PLL (in HF and MF modes). - -
VCOH Input Inputs local oscillation frequency of PLL (in VHF mode). - -
AMIFC Input Input to AM intermediate frequency counter. Input P101
FMIFC Input Input to FM intermediate frequency or AM intermediate Input P102
frequency counter.
RXDoQNote 1 Input Serial data input to asynchronous serial interface (UARTO). Input P74
TXDONote 1 Output Serial data output from asynchronous serial interface (UARTO).| Input P75
TX0Note 2 Output IEBus controller data output. Input P120
RXONote 2 Input IEBus controller data input. Input P121
RESET Input System reset input. - -
X1 Input Connection of crystal resonator for system clock oscillation. - -
X2 - - -
REGOSC - Regulator for oscillator. Connect this pin to GND via - -
a 0.1 uF capacitor.
REGCPU - Regulator for CPU power supply. Connect this pin to GND - -
via a 0.1 uF capacitor.
Vop - Positive power supply. - -

GNDO to GND2

Ground.

VooPORT - Port power supply. Make the same potential as Voo. - -

GNDPORT - Port ground. Make the same potential as GNDO to GND2. - -

AVop - A/D converter positive power supply. Make the same - -
potential as Voo.

AVss - A/D converter ground. Make the same potential as GNDO to - -
GND2.

VopPLLNote 4 - PLL positive power supply. Make the same potential as Vop. - -

GNDPLLNote 4 - PLL ground. Make the same potential as GNDO to GND2. - -

IC - Internally connected. Directly connect this pin to GNDO, - -
GND1, or GND2.

VppNote 3 - Pin to apply high voltage at program write/verify. - -

Notes 1. uPD178076, 178078, and 178F098 only.

2. yuPD178096A, 178098A, and 178F098 only.
3. uPD178F098 only.
4. Connect a capacitor of about 1000 pF between the VooPLL and GNDPLL pins.
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CHAPTER 2 PIN FUNCTIONS

2.2 Description of Pin Functions

2.2.1 P00 to P07 (Port 0)
These are 8-bit I/O port pins. Besides serving as I/O port pins, they also function as external interrupt inputs. The
following operating modes can be specified in 1-bit units.

(1) Port mode
These pins function as an 8-bit I/0 port that can be set to input or output mode in 1-bit units using port
mode register 0.

(2) Control mode
These pins function as external interrupt input pins (INTPO to INTP7).
INTPO to INTP7 are external interrupt input pins for which the valid edge (rising edge, falling edge, or both
rising and falling edges) can be specified.

2.2.2 P10 to P17 (Port 1)

These are 8-bit input port pins. Besides serving as input port pins, they also function as A/D converter analog
inputs.

The following operating modes can be specified in 1-bit units.

(1) Port mode
These pins function as an 8-bit input port.

(2) Control mode
These pins function as A/D converter analog input pins (ANIO to ANI7).

2.2.3 P20 to P27 (Port 2)

These are 8-bit I/0 port pins. Besides serving as /O port pins, they also have serial interface data input/output,
clock 1/0, automatic transmit/receive busy input, and strobe output functions.

The following operating modes can be specified in 1-bit units.

(1) Port mode
These pins function as an 8-bit I/O port that can be set to input or output mode in 1-bit units using port mode
register 2.

(2) Control mode
These pins function as serial interface data 1/0, clock I/O, automatic transmit/receive busy input, and strobe

output pins.

(a) SIlo, SI1, SO0, SO1, SDAQNote, gpA1Note
These are serial interface serial data 1/0 pins. SDAO and SDA1 are N-ch open drain.

(b) SCKO and SCK1, SCLNote
These are serial interface serial clock 1/0 pins.

SCL is N-ch open drain.

Note For I2C bus mode
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(c) SBO and SB1
These are NEC standard serial bus interface I/O pins.
SBO and SB1 are N-ch open drain.

(d) BUSY
This is the serial interface automatic transmit/receive busy input pin.

(e) STB
This is the serial interface automatic transmit/receive strobe output pin.

Caution When this port is used for the serial interface, the I/0 and output latches must be set
according to the required function. For the setting, refer to Table 4-3 Port Mode Register
and Output Latch Settings When Using Alternate Functions and Figure 13-5 Format of
Serial Operating Mode Register 0 (CSIMO).

2.2.4 P30 to P37 (Port 3)

These are 8-bit I/0 port pins. Beside serving as /O port pins, they also have Vbb = 4.5 V monitor output, timer
output, timer input and buzzer output functions.

The following operating modes can be specified in 1-bit units.

(1) Port mode
These pins function as an 8-bit I/O port that can be set to input or output mode in 1-bit units using port mode
register 3.

(2) Control mode
These pins function as Vob = 4.5 V monitor output, timer output, timer input, and buzzer (BEEPO, BUZ) output
pins.

(a) VM45
This is the monitor output pin of Voo = 4.5 V.

(b) TOO
This is the output pin of the 16-bit timer/event counter.

(c) TIoo
This is the external count clock input pin of the 16-bit timer/event counter and a capture trigger signal input
pin.

(d) Tio1
This is a capture trigger signal input pin of the 16-bit timer/event counter.

(e) TI50, TI51
These are pins for external clock input to the 8-bit timer/event counter.

(f) BEEPO, BUZ
These are buzzer output pins.

2.2.5 P40 to P47 (Port 4)
These are 8-bit I/O port pins.
They can be set to input or output mode in 8-bit units mode using port mode register 4.
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2.2.6 P50 to P57 (Port 5)
These are 8-bit I/O port pins.
They can be set to input or output mode in 1-bit units using port mode register 5.

2.2.7 P60 to P67 (Port 6)
These are 8-bit I/O port pins.
They can be set to input or output mode in 1-bit units using port mode register 6.

2.2.8 P70 to P77 (Port 7)

These are 8-bit I/O port pins. Besides serving as I/O port pins, they also have serial interface data 1/0, clock
I/0, and asynchronous serial interface data I/0 functions.

The following operating modes can be specified in 1-bit units.

(1) Port mode
These pins function as an 8-bit I/O port that can be set to input or output mode in 1-bit units using port mode
register 7.

(2) Control mode
These pins function as serial interface data 1/O, clock I/0O, and asynchronous serial interface data 1/O pins.

(a) SI3 and SO3
These are serial data I/O pins of the serial interface.

(b) SCK3
This is a serial clock I/O pin of the serial interface.

(c) RXDO, TXDO (uPD178076, 178078, and 178F098 only)
These are serial data 1/0 pins of the asynchronous serial interface.

2.2.9 P100 to P102 (Port 10)

These are 3-bit I/0 port pins. Besides serving as I/O port pins, they can also be used as the input pins of an AM
intermediate frequency counter and an FM intermediate frequency counter.

The following operating modes can be specified in 1-bit units.

(1) Port mode
These pins function as a 3-bit I/0O port that can be set to input or output mode in 1-bit units using port mode
register 10.

(2) Control mode
These pins can be used as the input pins of the AM intermediate frequency counter and FM intermediate

frequency counter.

(a) AMIFC
This is an input pin of the AM intermediate frequency counter.

(b) FMIFC
This is an input pin of the FM intermediate frequency counter or AM intermediate frequency counter.
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2.2.10 P120 to P124 (Port 12)
These pins are 5-bit I/O port pins that can also be used to input IEBus data.
They can be set to input or output mode in 1-bit units using port mode register 12.
The following operating modes can be specified in 1-bit units.

(1) Port mode
These pins function as a 5-bit /0O port that can be set to input or output mode in 1-bit units using port mode
register 12.

(2) Control mode (uPD178096A, 178098A, and 178F098 only)
These pins can be used as the IEBus controller data I/O (RX0 and TXO0).

2.2.11 P130 to P137 (Port 13)

These are 8-bit output port pins. They are N-ch open-drain pins with a 12 V withstanding voltage. Besides serving
as output port pins, they are used for timer output.

The following operating modes can be specified in 1-bit units.

(1) Port mode
These pins function as an 8-bit output port.

(2) Control mode
These pins function as outputs for the 8-bit timer/event counter (TO50, TO51).

2.2.12 EOO, EO1

These are the output pins of the charge pump of the PLL frequency synthesizer.

They output the result of phase comparison between the frequency divided by the programmable divider of the
local oscillation input (VCOL and VCOH pins) and the reference frequency.

2.2.13 VCOL, VCOH
These pins input the local oscillation frequency (VCO) of the PLL.
Because signals are input to these pins via an AC amplifier, cut the DC component of the input signals by using
a capacitor.
e VCOL
e HF, MF input
¢ This pin becomes active when the HF or MF mode is selected by software. Otherwise, the pin is in the status
set by bit 2 (VCOLDMD) of the PLL mode select register (PLLMD). If VCOLDMD is reset to 0 (to connect
a pull-down resistor), however, the VCOL pin does not become active even if the HF or MF mode is selected.
In this case, set VCOLDMD to 1 (high-impedance state).
e VCOH
e VHF input
¢ This pin becomes active when the FM mode is selected by software. Otherwise, the pin is in the status set
by bit 3 (VCOHDMD) of the PLL mode select register (PLLMD). If VCOHDMD is reset to 0 (to connect a
pull-down resistor), however, the VCOH pin does not become active even if the FM mode is selected. In
this case, set VCOHDMD to 1 (high-impedance state).

2.2.14 RESET
This is a low-level active system reset input pin.
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2.2.15 X1, X2
These are crystal resonator connection pins for system clock oscillation.

2.2.16 REGOSC
This is the oscillator regulator pin. Connect to GND via a 0.1 uF capacitor.

2.2.17 REGCPU
This is the CPU power supply regulator pin. Connect to GND via a 0.1 uF capacitor.

2.2.18 Voo
This is the positive power supply pin.

2.2.19 GNDO to GND2
These are ground potential pins.

2.2.20 VooPORT
This is the positive power supply pin for ports.

2.2.21 GNDPORT
This is the ground potential pin for ports.

2.2.22 VpoPLL
This is the positive power supply pin for the PLL.

2.2.23 GNDPLL
This is the ground potential pin for the PLL.

2.2.24 AVop

This is the analog power supply pin of the A/D converter.

Always keep the voltage on this pin at the same level as that on the Vb pin even when the A/D converter is not
used.

2.2.25 AVss

This is the ground pin of the A/D converter.

Always keep the voltage on this pin at the same level as that on the GNDO, GND1, or GND2 pin even when the
A/D converter is not used.

2.2.26 Ver (uPD178F098 only)
This pin applies a high voltage when the flash memory programming mode is set or when a program is written
or verified.
*  Connect this pin in either of the following ways.
¢ Connect independently to a 10 kQ pull-down resistor.
e By using a jumper on the board, connect directly to the dedicated flash programmer in the programming mode
or to GND in the normal operation mode.

When the wiring between the Vrp pin and GND pin is long or external noise is input to the Vrr pin, the user’s program
may not run normally.
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2.2.27 IC (Mask ROM versions only)
The IC (Internally Connected) pin is provided to set the test mode to check the uPD178078 and 178098A Subseries
at delivery. Connect it directly to the GND pin with the shortest possible wire in the normal operating mode.
When a potential difference is produced between the IC pin and GND pin because the wiring between the two pins
is too long or external noise is input to the IC pin, the user's program may not run normally.

O Connect IC pin to GND pin directly.

GND IC

As short as possible

User's Manual U12790EJ2VOUD 49



CHAPTER 2 PIN FUNCTIONS

2.3 Pin I/O Circuits and Recommended Connection of Unused Pins
Table 2-1 shows the pin 1/O circuit types and the recommended connection of the pins when they are not used.

For the configuration of the 1/O circuit of each pin, refer to Figure 2-1.

Table 2-1. Pin I/O Circuit Types (1/2)

P122 to P124

Pin Name 1/0 Circuit Type 1/0 Recommended Connection of Unused Pin
POO/INTPO to PO7/INTP7 8 1/0 Input:  Independently connect to Voo, VooPORT, GNDO to
GND2, or GNDPORT via a resistor.
Output: Leave open.
P10/ANIO to P17/ANI7 25 Input Directly connect to Voo, VooPORT, GNDO to GND2, or
GNDPORT.
P20/SI1 5-K 1/0 Input:  Independently connect to Voo, VooPORT, GNDO
P21/SO1 5 to GND2, or GNDPORT via a resistor.
P22/SCK1 5-K Output: Leave open.
P23/STB 5
P24/BUSY 5-K
P25/S10/SB0/SDAO 10-D
P26/SO0/SB1/SDA1
P27/SCK0/SCL
P30/VM45 5
P31/TO0
P32/T100 5-K
P33/TI01
P34/T150
P35/TI51
P36/BEEPO 5
P37/BUZ
P40 to P47
P50 to P57
P60 to P67
P70/SI3 5-K
P71/S03 5
P72/SCK3 5-K
P73 5
P74/RXDO 5-K
P75/TXD0 5
P76, P77
P100
P101/AMIFC
P102/FMIFC
P120/TX0
P121/RX0 5-K
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Table 2-1. Pin I/O Circuit Types (2/2)

Pin Name 1/0O Circuit Type 1/0 Recommended Connection of Unused Pin
P130/TO50 19 Output Leave open.
P131/TO51
P132 to P137
EOO DTS-EOf1
EO1
VCOL, VCOH DTS-AMP2 Input Disable PLL by software and select pull-down.
REGOSC, REGCPU - - Connect to GNDO, GND1, or GND2 via 0.1 uF capacitor.
RESET 2 Input -
AVop - - Connect to Voo or VooPORT.
AVss Directly connect to GNDO to GND2, or GNDPORT.
IC (mask ROM version)
Ver (flash memory version) Independently connect a 10 kQ pull-down resistor or di-
rectly connect to GNDO, GND1, GND2, or GNDPORT.
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52

Figure 2-1. Pin I/O Circuits (1/2)

Type 2 Type 5
Vob
e i [
—O IN/OUT
IN Qutput N-ch
disable
Input ]
enable
Schmitt-triggered input with
hysteresis characteristics
Type 5-K Type 8
Vop
Dat Vob
S S S
P-ch
—O IN/OUT
—O IN/OUT
Output N-ch
disable Output N-ch
disable
(L]
Input O@
enable
Type 10-D Type 19
Voo
i S | B
ouT
—O IN/OUT
Open drain —' N-ch
Output disable N-ch
(]
Input
enable

Remark Vop and GND are the positive power supply and ground pins for all port pins. Read Vop and GND as

VooPORT and GNDPORT.
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Figure 2-1. Pin I/O Circuits (2/2)

Type 25

P-ch

Comparator
—< | = _,_m
7 N-ch +— O IN

Vrer (Threshold voltage)

Input
enable

Type DTS-EO1

VooPLL

ow —| [=P-ch

ouT

UP 4 N-ch

GNDPLL

Type DTS-AMP

I VooPLL

R

Note

7;{ GNDPLL

Note This switch is selectable by software only for the VCOL and VCOH pins.

Remark Voo and GND are the positive power supply and ground pins for all port pins. Read Vbp and GND as

VooPORT and GNDPORT.
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3.1 Memory Spaces

The initial values of the memory size select register (IMS) and internal expansion RAM size select register (IXS)
are CFH and OCH, respectively. The following values must be set to the registers of each product.

Part Number IMS IXS
uPD178076, 178096A CCH 0AH
uPD178078, 178098A CFH 08H
uPD178F098 Value equivalent to mask Value equivalent to mask
ROM version ROM version
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(1) uPD178076, 178096A

Set the values of the memory size select register (IMS) and internal expansion RAM size select register (1XS)
to CCH and OAH, respectively (the initial values are CFH and OCH).

! FFFFH

FFOOH

Special-function
registers (SFRs)
256 x 8 bits

FEFFH

FEEOH

General-purpose
registers
32 x 8 bits

FEDFH

FBOOH

Internal high-speed RAM
1024 x 8 bits

Figure 3-1. Memory Map (uPD178076, 178096A)

FAFFH
FAEOH

Use prohibited

Data memory FADFH
space

Buffer RAM
32 x 8 bits

BFFFH

1000H
0FFFH

Program area

FACOH A CALLF entry area
FABFH
Use prohibited
oso0
F7FFH
-L Internal expansion RAM . Program area
B 1024 x 8 bits
e
F3FFH
Use prohibited
CO00H CALLT table area
T BFFFH
0040H
Program A Internal ROM 003FH
memory T 49152 x 8 bits
space Vector table area
¥ l 0000H 0000H
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(2) uPD178078, 178098A
Set the values of the memory size select register (IMS) and internal expansion RAM size select register (1XS)
to CFH and 08H, respectively (the initial values are CFH and OCH).

Figure 3-2. Memory Map (uPD178078, 178098A)

! FFFFH
Special-function
registers (SFRs)
256 x 8 bits
FFOOH
FEFFH General-purpose
registers
FEEOH 32 x 8 bits
FEDFH
Internal high-speed RAM
1024 x 8 bits
FBOOH EFFFH
FAFFH
Use prohibited - Program area =
FAEOH
Data memory FADFH (000K
space
P Buffer RAM OFFFH
32 x 8 bits
FACOH =~ CALLF entry area =
FABFH U hibited
se prohibite
o500
F7FFH
- Program area =
_|_ Internal expansion RAM |
T 2048 x 8 bits T 0080H
007FH
FOOOH CALLT table area
EFFFH
0040H
sz)gc?rr; A Internal ROM A 003FH
T 61440 x 8 bits T
space Vector table area
¥ 0000H 0000H
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(3) uPD178F098
Set the value of the memory size select register (IMS) and internal expansion RAM size select register (1XS)
to the value corresponding to that of the mask ROM versions (the initial values are CFH and OCH).

Figure 3-3. Memory Map (uPD178F098)

! FFFFH
Special-function
registers (SFRs)
256 x 8 bits
FFOOH
FEFFH General-purpose
registers
FEEOH 32 x 8 bits
FEDFH
Internal high-speed RAM
1024 x 8 bits
FBOOH EFFFH
FAFFH
Use prohibited -+ Program area o~
Dat FAEOH
Saaiememory FADFH 1000H
P Buffer RAM 0FFFH
32 x 8 bits
FACOH -~ CALLF entry area =
FABFH U hibited
se prohibite
oro0
F7FFH
- Program area ~
_|_ Internal expansion RAM |
T 2048 x 8 bits T 0080H
007FH
FOOOH CALLT table area
EFFFH
0040H
222:,? L Flash memory g 003FH
T 61440 x 8 bits T
space Vector table area
¥ l 0000H 0000H
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3.1.1 Internal program memory space

The internal program memory space stores programs and table data, and is usually addressed by the program
counter (PC).

The uPD178078, 178098A Subseries products incorporate the following internal ROM (or flash memory).

Table 3-1. Internal Memory Capacity

Product Structure Capacity
uPD178076, 178078 Mask ROM 49152 x 8 bits (0000H to BFFFH)
uPD178096A, 178098A 61440 x 8 bits (0000H to EFFFH)
uPD178F098 Flash memory

(1) Vector table area
The 64-byte area 0000H to 003FH is reserved as a vector table area. The reset input and program start
addresses for branch upon generation of an interrupt request are stored in the vector table area. Of the 16-
bit address, the lower 8 bits are stored at even addresses and the higher 8 bits are stored at odd addresses.

Table 3-2. Vector Table

Vector Table Address Interrupt Request Vector Table Address Interrupt Request
0000H Reset input 001CH INTTM50
0004H INTWDT 001EH INTTM51
0006H INTPO 0020H INTSERQNote 1
0008H INTP1 0022H INTSRQNote 1
000AH INTP2 0024H INTSTQNote 1
000CH INTP3 0026H INTBTMO
000EH INTP4 0028H INTTMOO
0010H INTP5 002AH INTTMO1
0012H INTP6 002CH INTIE {Note 2
0014H INTP7 002EH INTIE2Note 2
0016H INTCSIO 0030H INTAD
0018H INTCSIH 003EH BRK
001AH INTCSI3 S

Notes 1. uPD178076, 178078, and 178F098 only.
2. uPD178096A, 178098A, and 178F098 only.

(2) CALLT instruction table area
The 64-byte area 0040H to 007FH can store the subroutine entry address of a 1-byte call instruction (CALLT).

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

58 User's Manual U12790EJ2VOUD



CHAPTER 3 CPU ARCHITECTURE

3.1.2 Internal data memory space
The uPD178078 and 178098A Subseries products incorporate the following RAMs.

(M

()

(3

Internal high-speed RAM

A high-speed memory of 1024 bytes is incorporated.

Inthis area, four banks of general-purpose registers, each bank consisting of eight 8-bit registers, are allocated
in the 32-byte area FEEOH to FEFFH.

This area cannot be used as a program area to which instructions are written and executed.

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

Buffer RAM

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

Internal expansion RAM

Internal expansion RAM is allocated to the 1024-byte area from F400H to F7FFH in the uPD178076 and
178096A. For the uPD178078, 178098A, and 178F098, it is allocated to the 2048-byte area from FOOOH to
F7FFH.

This area can be used as a normal data area like the internal high-speed RAM, and also as a program area
to which instructions are written and executed.

The internal expansion RAM cannot be used as a stack memory.

3.1.3 Special-function register (SFR) area
On-chip peripheral hardware special-function registers (SFRs) are allocated in the area FFOOH to FFFFH. (Refer
to Table 3-4 Special-Function Registers.)

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

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

To address the memory that is manipulated when an instruction is executed, the uPD178078, 178098A Subseries
products are provided with many addressing modes to enable high operability. Especially at addresses corresponding
to data memory area, particular addressing modes can be used in accordance with the functions of the special-function
registers (SFRs) and general-purpose registers. Figures 3-4 to 3-6 show the data memory addressing modes. For
details of each addressing, see 3.4 Operand Address Addressing.

Figure 3-4. Correspondence Between Data Memory and Addressing (uPD178076, 178096A)

FFFFH T ]
Special-function
registers (SFRs) SFR addressing
256 x 8 bits
FF20H
o S T T e A At S
FFOOH
FEFFH General-purpose
registers Register addressing
FEEOH 32 x 8 bits ; Sggrt direct
FEDFH —_— ressing
-+ Internal high-speed RAM -
1024 x 8 bits
FE20H( ]
FE1FH
FBOOH Direct addressing
FAFFH o
FAEOH Use prohibited Register indirect
addressing
FADFH Buffer RAM
FACOH 32 x 8 bits Based addressing
FABFH .
Use prohibited Based indexed
F800H addressing
F7FFH
L Internal expansion RAM —~
1024 x 8 bits
F400H
F3FFH
Use prohibited
CO000H
BFFFH
iy Internal ROM A
T 49152 x 8 bits T
0000H :
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Figure 3-5. Correspondence Between Data Memory and Addressing (uPD178078, 178098A)

FFFFH

FF20H
FF1FH

FFOOH
FEFFH

FEEOH
FEDFH

FE20H
FE1FH

FBOOH
FAFFH

FAEOH
FADFH

FACOH
FABFH

F800H
FTFFH

FOOOH
EFFFH

0000H

Special-function
registers (SFRs)
256 x 8 bits

!

SFR addressing

General-purpose registers
32 x 8 bits

L Internal high-speed RAM :

1024 x 8 bits

Use prohibited

Buffer RAM
32 x 8 bits

Use prohibited

B 2048 x 8 bits 7

Internal expansion RAM

B 61440 x 8 bits a

Internal ROM

Register addressing
¢ Short direct
addressing

Direct addressing

Register indirect
addressing

Based addressing

Based indexed
addressing
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Figure 3-6. Correspondence Between Data Memory and Addressing («PD178F098)

FFFFH T ]
Special-function
registers (SFRs) SFR addressing
256 x 8 bits
FR2OH | e
FF1FH
FFOOH
FEFFH _ A
General-purposg registers Register addressing

FEEOH 32 x 8 bits | Short direct
FEDFH - addressing

- Internal high-speed RAM -

1024 x 8 bits
FE2O0H | ____ ]
FE1FH
FBOOH Direct addressing
FAFFH o
FAEOH Use prohibited Register indirect
addressing
FADFH Buffer RAM
FACOH 32 x 8 bits Based addressing
FABFH .
Use prohibited Based indexed

F8O0OH addressing
F7FFH

A1 Internal expansion RAM A

T 2048 x 8 bits T
FOOOH
EFFFH

A Flash memory A

T 61440 x 8 bits T
0000H
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3.2 Processor Registers

The uPD178078 and 178098A Subseries products incorporate the following processor registers.

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

o)

(2

PC

Program counter (PC)

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

Figure 3-7. Configuration of Program Counter
Program status word (PSW)

15 0
PC15| PC14 | PC13 |PC12 | PC11 | PC10| PC9 | PC8 | PC7 | PC6 | PC5 | PC4 | PC3 | PC2 | PC1 | PCO

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

Figure 3-8. Configuration of Program Status Word

PSW IE Z RBS1| AC | RBSO 0 ISP CcY
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(a)

(b)

()

(d)

(e)

®

Interrupt enable flag (IE)

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

When IE = 0, all the interrupts are disabled (DI) except the non-maskable interrupt.

When IE = 1, the interrupts are enabled (El). At this time, the acknowledgment of interrupts is controlled
by the in-service priority flag (ISP), the interrupt mask flag corresponding to each interrupt, and the
interrupt priority specification flag.

The IE flag is reset to (0) upon Dl instruction execution or interrupt acknowledgment and is set to (1) upon
El instruction execution.

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

Register bank select flags (RBS0 and RBS1)

These are 2-bit flags to select one of the four register banks.

The 2-bit information that indicates the register bank selected by SEL RBn instruction execution is stored
in these flags.

Auxiliary carry flag (AC)
If the operation result has a carry from bit 3 or a borrow at bit 3, this flag is set (1). It is reset (0) in all
other cases.

In-service priority flag (ISP)

This flag manages the priority of acknowledgeable maskable vectored interrupts.

When ISP = 0, acknowledging the vectored interrupt requests to which a low priority is assigned by the
priority specification flag registers (PROL, PROH, PR1L) (refer to 18.3 (3) Priority specification flag
registers (PROL, PROH, PR1L)) is disabled. Whether an interrupt request is actually acknowledged
depends on the status of the interrupt enable flag (IE).

Carry flag (CY)

This flag stores an overflow and underflow upon add/subtract instruction execution. It stores the shift-
out value upon rotate instruction execution and functions as a bit accumulator during bit manipulation
instruction execution.
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(3

SP

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

Figure 3-9. Configuration of Stack Pointer

15 0

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

The SP is decremented ahead of write (save) to the stack memory and is incremented after read (restore)
from the stack memory.
Each stack operation saves/restores data as shown in Figures 3-10 and 3-11.

Caution Since reset input makes the SP contents undefined, be sure to initialize the SP before
instruction execution.
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Figure 3-10. Data to Be Saved to Stack Memory

(a) PUSH rp instruction (when SP is FEEOH)

sP FEEOH ——— FEEOH
é FEDFH
sP FEDEH ~——— FEDEH

(b) CALL, CALLF, CALLT instructions (when SP is FEEOH)

sP FEEOH FEEOH
: FEDFH
Y

sp FEDEH ~— FEDEH

Higher register pair

Lower register pair

PC15to PC8

PC7 to PCO

(c) Interrupt, BRK instructions (when SP is FEEOH)

SP FEEOH — = FEEOH
; FEDFH
i FEDEH
SP FEDDH FEDDH

PSW

PC15 to PC8

PC7 to PCO
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Figure 3-11. Data to Be Restored from Stack Memory

(a) POP rp instruction (when SP is FEDEH)

Higher register pair

Lower register pair

PC15 to PC8

PC7 to PCO

PSW

PC15 to PC8

SP FEEOH [~— FEEOH

4

| FEDFH
SP FEDEH FEDEH

(b) RET instruction (when SP is FEDEH)

SP FEEOH ~—— FEEOH

[}

i FEDFH
SP FEDEH — FEDEH

(c) RETI, RETB instructions (when SP is FEDDH)

SP FEEOH <~ FEEOH

A

: FEDFH

| FEDEH
SP FEDDH FEDDH

PC7 to PCO
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3.2.2 General-purpose registers

General-purpose registers are mapped at particular addresses (FEEOH to FEFFH) of the data memory. They

consist of 4 banks, each bank consisting of eight 8-bit registers (X, A, C, B, E, D, L and H).
Each register can be used as an 8-bit register, and two 8-bit registers can also be used in pairs as a 16-bit register
(AX, BC, DE and HL).

They can be written using function names (X, A, C, B, E, D, L, H, AX, BC, DE and HL) and absolute names (RO

to R7 and RPO to RP3).

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

processing and a register for interrupt for each bank.

Table 3-3. Absolute Addresses of General-Purpose Registers

Bank Register Absolute Bank Register Absolute
Function Name |Absolute Name Address Function Name |Absolute Name Address

BANKO H R7 F E F F H| BANK2 H R7 FEEFH

L R6 F EFEH L R6 FEEEH

D R5 F EFDH D R5 FEEDH

E R4 FEFCH E R4 FEECH

B R3 F EFBH B R3 F EEBH

C R2 FEFAH C R2 FEEAH

A R1 FEF9H A R1 FEEO9H

X RO FEF 8H X RO FEE 8H

BANK1 H R7 F E F 7 H| BANK3 H R7 FEEZ7H

L R6 FEF 6 H L R6 FEEG6H

D R5 FEFS5H D R5 FEESH

E R4 FEF 4H E R4 FEEA4H

B R3 FEF 3H B R3 FEE3H

C R2 FEF2H C R2 FEEZ2H

A R1 FEFI1H A R1 FEET1H

X RO FEFOMH X RO FEEOH

68
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FEFFH

FEF8H

FEEOH

FEE8H

FEEOH

FEFFH

FEF8H

FEFOH

FEE8H

FEEOH

Figure 3-12. General-Purpose Register Configuration

(a) Absolute name

16-bit processing

8-bit processing

R7

BANKO RP3
R6
R5

BANK1 RP2
R4
R3

BANK2 RP1
R2
R1

BANKS3 RPO
RO

15 0
(b) Function name
16-bit processing 8-bit processing

H

BANKO HL
L
D

BANK1 DE
E
B

BANK2 BC
Cc
A

BANKS3 AX
X

15 0 0
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3.2.3 Special-function registers (SFR)

Unlike a general-purpose register, each special function register has a special function.
Special-function registers are allocated in the area FFOOH to FFFFH.
Special-function registers can be manipulated like general-purpose registers, using operation, transfer, and bit

manipulation instructions. The manipulatable bit units, 1, 8 and 16, depend on the special-function register type.

70

Each bit manipulation unit can be specified as follows.

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

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

® 16-bit manipulation
Use the symbol reserved in the assembler for the 16-bit manipulation instruction operand (sfrp).
When addressing an address, use an even address.

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

* Symbol
This is a symbol to indicate the address of the special-function register.
These symbols are reserved in the DF178098 and RA78KO0, and defined by the header file sfrbit.h in the CC78KO0.
They can be written as instruction operands when the RA78K0, ID78K0, ID78K0-NS, ID78K0-NS-A, or SM78K0
is used.

* R/W
Indicates whether the corresponding special-function register can be read or written.
R/W: Read/write enabled

R: Read only
R&Reset: Read only (reset to 0 when read)
W: Write only

* Manipulatable bits
O indicates the manipulatable bit units 1, 8, and 16. — indicates the bit units that cannot be manipulated.
* After reset
Indicates the status of each register upon reset. The values of special-function registers whose addresses are
not shown in the table are undefined after reset.
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Table 3-4. Special-Function Registers (1/4)

Address Special-Function Register (SFR) Name Symbol R/W Manipulatable Bits After Reset
1 8 16

FFOOH |Port O PO R/W O O —_ 00H

FFO1H |Port 1 P1 R O O — Undefined

FFO2H |Port 2 P2 RW | O O — 00H

FFO3H |Port 3 P3 ) ) —

FFO4H |Port 4 P4 © 1O | —

FFOSH |Port5 P5 © 1O | —

FFO6H |Port 6 P6 ) ) —

FFO7H |Port7 P7 O O —

FFOAH |Port 10 P10 ) ) —

FFOCH |Port 12 P12 ) ) —

FFODH | Port 13 P13 © 1O | —

FF10H |A/D conversion result register 3Note 1 ADCR3 — — — — —

FF11H R — O — Undefined

FF12H | A/D converter mode register 3 ADM3 R/W O O — 00H

FF13H | Analog input channel specification register 3 ADS3 — O —

FF15H | Power-fail comparison threshold value register 3 PFT3 —_ O —_

FF16H | Power-fail comparison mode register 3 PFM3 O O —

FF19H |VM45 control register VM45C O O —

FF1AH | Serial I/O shift register 0 SI00 — O — Undefined

FF1BH |POC status register POCS R&Reset| — O — | HeldNote2

FF20H |Port mode register 0 PMO R/W O O — FFH

FF22H | Port mode register 2 PM2 O O —

FF23H | Port mode register 3 PM3 O O —

FF24H |Port mode register 4 PM4 O O —

FF25H | Port mode register 5 PM5 O O —

FF26H | Port mode register 6 PM6 O O —

FF27H | Port mode register 7 PM7 O O —

FF2AH | Port mode register 10 PM10 O O —

FF2CH | Port mode register 12 PM12 O O —

FF40H | Clock output select register CKS O O — 00H

FF41H |BEEP frequency select register 0 BEEPCLO O O —

FF42H |Watchdog timer clock select register WDCS O O —

FF43H | Serial interface clock select register 0 SCLO O O — 08H

FF48H | External interrupt rising edge enable register EGP O O —_ 00H

FF49H | External interrupt falling edge enable register EGN O O —

Notes 1. This register can be accessed only in 8-bit units. When ADCR3 is read, the value of FF11H is read.

2. The value of this register is 03H only after reset by power-on clear. This register is not reset by the RESET

Caution Do not access addresses to which no SFR is assigned.

pin or watchdog timer.
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Table 3-4. Special-Function Registers (2/4)

Address Special-Function Register (SFR) Name Symbol R/W Manipulatable Bits After Reset
1 8 16

FF5AH | Asynchronous serial interface mode register oNote ASIMO R/W O O — 00H

FF5BH | Asynchronous serial interface status register oNote ASISO R — O —

FF5CH |Baud rate generator control register oNote BRGCO R/W — O —

FF5DH | Transmit shift register oNote TXS0 W — O — FFH

Receive buffer register ONte ~~~ |RxB0 | | R | — | o] =] Fn |

FF60H | Serial operating mode register 0 CSIMO R/W O O — 00H

FF61H | Serial bus interface control register 0 SBICO O O —

FF62H | Slave address register 0 SVAO — O — Undefined

FF63H | Interrupt timing specification register 0 SINTO O O — 00H

FF67H | Serial I/O shift register 1 SIO1 — O — Undefined

FF68H | Serial operating mode register 1 CSIM1 O O — 00H

FF69H | Automatic data transmit/receive address pointer ADTP — O —

FF6AH | Automatic data transmit/receive control register ADTC O O —_

FF6BH | Automatic data transmit/receive interval specification |ADTI O O —

register

FF6EH | Serial I/O shift register 3 SI03 — O — Undefined

FF6FH | Serial operating mode register 3 CSIM3 O O — 00H

FF70H | 16-bit timer counter 0 TMO R — — O 0000H

FF71H — —

FE74H | 16-bit eapture/eempare register 00 CROd R/W = = O | Undefined

FF78H - -

FF78H | 16-bit timer mode control register 0 TMCO O O — 00H

FF7AH | Prescaler mode register 0 PRMO — O —

FF7CH | Capture/compare control register O CRCO O O —

FF7EH | 16-bit timer output control register 0 TOCO O O —

FF80H | 8-bit compare register 50 CR50 — O — Undefined

FF81H | 8-bit compare register 51 CR51 — O —_

FF82H | 8-bit timer counter 50 TM5  TM50 R — O O 00H

FF83H | 8-bit timer counter 51 TM51 — O

FF84H | Timer clock select register 50 TCL50 R/W — O —

FF85H | 8-bit timer mode control register 50 TMC50 O O —

FF87H | Timer clock select register 51 TCL51 — O —_

FF88H | 8-bit timer mode control register 51 TMC51 O O —

FFAOH |PLL mode select register PLLMD O O —

FFA1H |PLL reference mode register PLLRF O O — OFH

Note (PD178076, 178078, and 178F098 only

Caution Do not access addresses to which no SFR is assigned.
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Table 3-4. Special-Function Registers (3/4)

Address Special-Function Register (SFR) Name Symbol R/W Manipulatable Bits After Reset
1 8 16

FFA2H |PLL unlock F/F judge register PLLUL R&Reset| O O —_ Undefined

FFA3H |PLL data transfer register PLLNS W O O — 00H

FFA6H |PLL data registers PLL data register L PLLR |PLLRL| R/W O O O Undefined

FFA7H PLL data register H PLLRH O O

FFA8H |PLL data register 0 PLLRO O O —

FFA9H |IF counter mode select register IFCMD O O — 00H

FFAAH | DTS system clock select register DTSCK O O —

FFABH |IF counter gate judge register IFCJG R O O —

FFACH |IF counter control register IFCCR W O O —

FFAEH |IF counter register IFCR [IFCRL R — — O

FFAFH IFCRH — —

FFBOH |IEBus control register oNote 1 BCRO R/W O O —

FFB2H |IEBus unit address registerNote 1 UAR |UARL — O O

FFB3H UARH —_ O

FFB4H |IEBus slave address registerNote 1 SAR |SARL — O O

FFB5H SARH — O

FFB6H |IEBus partner unit address registerNote 1 PAR |PARL — O O

FFB7H PARH — O

FFB8H |IEBus control data registerNote 1 CDR — O — 01H

FFBOH |IEBus telegraph length registerNote 1 DLR — O —

FFBAH |IEBus data registerNote 1 DR — O — O0H

FFBBH |IEBus unit status registerNote 1 USR R O O —

FFBCH |IEBus interrupt status registerNote 1 ISR R/W O O —

FFBDH |IEBus slave status registerNote 1 SSR R O O — 41H

FFBEH |IEBus communication successful counterNote 1 SCR — O — O1H

FFBFH |IEBus transmission counterNote 1 CCR — O — 20H

FFDOH |External access areaNote 2 RW | O O — | Undefined

|

FFDFH

FFEOH | Interrupt request flag register OL IFO IFOL O O O 00H

FFE1H |Interrupt request flag register OH IFOH O O

FFE2H |Interrupt request flag register 1L IF1L O O —

FFE4H |Interrupt mask flag register OL MKO | MKOL O O O FFH

FFE5H |Interrupt mask flag register OH MKOH O O

FFE6H |Interrupt mask flag register 1L MK1L O O —

Notes 1. uPD178096A, 178098A, and 178F098 only
2. The external access area cannot be accessed by means of SFR addressing. Use direct addressing to
access this area.

Caution Do not access addresses to which no SFR is assigned.
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Table 3-4. Special-Function Registers (4/4)

Address Special-Function Register (SFR) Name Symbol R/W Manipulatable Bits After Reset
1 8 16

FFE8H | Priority specification flag register OL PRO |PROL | R/W O O O FFH

FFE9H | Priority specification flag register OH PROH O O

FFEAH | Priority specification flag register 1L PR1L O O —

FFFOH |Memory size select registerNote IMS — O — CFHNote

FFF4H |Internal expansion RAM size select registerNote IXS — O — OCHNote

FFF9H | Watchdog timer mode register WDTM O O — 00H

FFFAH | Oscillation stabilization time select register OSTS — O — 04H

FFFBH | Processor clock control register PCC O O —

Note The initial values of the memory size select register (IMS) and internal expansion RAM size select register
(IXS) are CFH and OCH, respectively. Set the values of these registers in each product as follows.

Part Number IMS IXS
1PD178076, 178096A CCH 0AH
uPD178078, 178098A CFH 08H
uPD178F098 Value corresponding to mask ROM version | Value corresponding to mask ROM version

Caution Do not access addresses to which no SFR is assigned.
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3.3 Instruction Address Addressing

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

3.3.1 Relative Addressing

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

[Hlustration]

15 0

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

15 8 7 6 0

jdisp8

15 0

PC

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

[Function]
The immediate data in the instruction word is transferred to the program counter (PC) and branched.
This function is carried out when the CALL !addr16, BR !laddr16, or CALLF !addr11 instruction is executed. The
CALL !addr16 and BR !add16 instructions can be used to branch to any location in the memory. The CALLF
laddr11 instruction is used to branch to the area between 0800H and OFFFH.

[Hlustration]
In the case of the CALL !addr16 and BR !addr16 instructions

7 0
CALL or BR
Low addr.
High addr. T
15 l 87 0

PC

In the case of the CALLF !addr11 instruction

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

PC|O0O 0 O 0 1
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3.3.3 Table indirect addressing

[Function]
The table contents (branch destination address) of the particular location to be addressed by bits 1 to 5 of the
immediate data of an operation code are transferred to the program counter (PC) and branched.
This addressing is used when the CALLT [addr5] instruction is executed. This instruction references an address
stored in the memory table between 40H and 7FH, and can be used to branch to any location in the memory.

[Hlustration]

7 6 5 10
Operation code 1 1 tas-o 1
15 8 7 6 5 i 10
Effective address 0O 0 0o 0o 0O OO 0|0 1 0
7 Memory (table) 0
Low addr.
Effective address + 1 High addr. T
15 { 8 7 0

PC
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3.3.4 Register addressing

[Function]
The register pair (AX) contents to be specified with an instruction word are transferred to the program counter
(PC) and branched.
This function is carried out when the BR AX instruction is executed.

[Hlustration]

rp A X

15 8 7 0

PC
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3.4 Operand Address Addressing

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

3.4.1 Implied addressing

[Function]
The register that functions as an accumulator (A and AX) in the general-purpose register area is automatically
addressed (implied). Of the uPD178078 and 178098A Subseries instruction words, the following instructions
employ implied addressing.

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

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

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

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

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

[Function]

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

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

Register addressing is carried out when an instruction with the following operand format is executed. When an
8-bit register is specified, one of the eight registers is specified with 3 bits in the operation code.

[Operand format]

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

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

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

Operation code 01100010

[
L Register specification code

INCW DE; when selecting DE register pair as rp

Operation code 10000100 |

I—L Register specification code
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3.4.3 Direct addressing

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

[Operand format]

Symbol Description

addr16 Label or 16-bit immediate data

[Example]
MOV A, I0OFEOOH; when setting !laddr16 to FEOOH

Operation code | 1000111 O| Opcode

[ooo000000]| ooH

[11 111110 FeH

[Hlustration]

OP code

addr16 (lower)

addr16 (higher)

Memory

User’'s Manual U12790EJ2V0OUD



CHAPTER 3 CPU ARCHITECTURE

3.4.4 Short direct addressing

[Function]

The memory to be manipulated in the fixed space is directly addressed with 8-bit data in an instruction word.
The fixed space to which this addressing is applied is the 256-byte space FE20H to FF1FH. An internal RAM
and special-function registers (SFRs) are mapped at FE20H to FEFFH and FFOOH to FF1FH, respectively.
The SFR area (FFOOH to FF1FH) where short direct addressing is applied is part of the total the SFR area. In
this area, ports which are frequently accessed in a program and a compare register and a capture register of
the timer/event counter are mapped and these SFRs can be manipulated with a small number of bytes and clocks.
When 8-bit immediate data is at 20H to FFH, bit 8 of an effective address is set to 0. When it is at 00H to 1FH,
bit 8 is set to 1. Refer to [lllustration] below.

[Operand format]

Symbol Description

saddr Label or immediate data indicating FE20H to FF1FH

saddrp Label or immediate data indicating FE20H to FF1FH
(even addresses only)

*x  [Example]

MOV FE30H, A; when transferring the value of register A to saddr (FE30H)

Operation code |1 1110010 | Opcode

[00 11000 0] B30H(saddroffset)

[Hlustration]

OP code

saddr-offset ﬁ

15 8 7 0

Short direct memory

Effective address 11 1 1 1 1 1 |« -

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

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

[Operand format]

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

[Example]

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

Operationcode [ 111101 10|

[00100000)]

[Hlustration]

OP code

sfr-offset

SFR
15 8 7 0

Effective address 11 1 1 1 1 1 1
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3.4.6 Register indirect addressing

[Function]
This addressing is used to address the memory to be manipulated by using the contents of the register pair
specified by the register pair code in an instruction word as the operand address. The register pair specified

is in the register bank specified by the register bank select flags (RBS0 and RBS1). This addressing can be used
for the entire memory space.

[Operand format]

Symbol Description
— [DE], [HL]

[Example]

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

Operation code 10000T1O01
[Hlustration]
15 8 7 0
DE D E
7 Memory 0
7 0
A
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3.4.7 Based addressing

[Function]
This addressing mode is used to address a memory location specified by the result of adding the 8-bit immediate
data to the contents of the HL register pair which is used as a base register. The HL register pair accessed is
the registerin the register bank specified by the register bank select flags (RBS0 and RBS1). Additionis performed
by expanding the offset data as a positive number to 16 bits. A carry from the 16th bitis ignored. This addressing
can be used for the entire memory space.

[Operand format]

Symbol Description

— [HL + byte]

[Example]

MOV A, [HL + 10H]; when setting byte to 10H

Operatoncode |1 0101110 |

[00010000 |

[llustration]

HL H L

+10
7 Memory 0

The contents of the
addressed memory
are transferred.
7 0
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3.4.8 Based indexed addressing

[Function]
This addressing mode is used to address a memory location specified by the result of adding the contents of
the B or C register specified in the instruction word to the contents of the HL register pair which is used as a base
register. The HL, B, and C registers accessed are the registers in the register bank specified by the register bank
select flags (RBSO and RBS1).
Addition is performed by expanding the offset data as a positive number to 16 bits. A carry from the 16th bit
is ignored. This addressing can be used for the entire memory space.

[Operand format]

Symbol Description
— [HL + B], [HL + C]

[Example]

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

Operation code 10101011
*x  [lllustration]
16 87 0
HL H L
+
7 0
B
7 Memory 0
The contents of the
addressed memory

are transferred.
7 0
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3.4.9 Stack addressing

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

[Example]

In the case of PUSH DE

Operation code 10110101
[llustration]
7 Memory 0
SP FEEOH — FEEOH
' FEDFH D
SP FEDEH FEDEH E
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4.1 Port Functions
The uPD178078 and 178098A Subseries products incorporate eight input ports, eight output ports and 64 1/0 ports.
Figure 4-1 shows the port configuration. Every port is capable of 1-bit and 8-bit manipulations and can carry out

considerably varied control operations. Besides port functions, the ports can also serve as on-chip hardware 1/O pins.

Figure 4-1. Port Types

~—~{Ps0 POO f+— |

Port 5 Port 0
- P57 PO7 f«—n |
-1 P60 P10 f~—-

Port 6 Port 1
- P67 PI7[—
~—{P70 P20 [+ |

Port 7 Port2
-~ P77 o7 a——
- P100 P30 f«—» |

Port10{<—’ Ram——
- P102 [~
~lP120 L [Pot3

Port 12 { =— .

- ] P37 f+—» |

-~ P124 )

P40 f+—

- P130 —
Port 4

Port 13 D
- P47 [« |
-~ P137
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Table 4-1. Port Functions (1/2)

Pin Name 110 Function After Reset | Alternate Function
P00 to P07 110 Port 0. Input INTPO to INTP7
8-bit 1/0 port.
Can be set to input or output mode in 1-bit units.
P10 to P17 Input Port 1. Input ANIO to ANI7
8-bit input port.
P20 1/0 Port 2. Input S
P21 8-bit 1/0O port. SO1
P22 Can be set to input or output mode in 1-bit units. 'SCK1
P23 STB
P24 BUSY
P25 S10/SB0/SDAO
P26 SO0/SB1/SDA1
P27 'SCKO/SCL
P30 1/0 Port 3. Input VM45
P31 8-bit 1/O port. TOO
P32 Can be set to input or output mode in 1-bit units. TIOO
P33 TIO1
P34 TI50
P35 TI51
P36 BEEPO
P37 BUZ
P40 to 47 1/0 Port 4. Input -
8-bit 1/0 port.
Can be set to input or output mode in 1-bit units.
P50 to P57 1/0 Port 5. Input -
8-bit I/O port.
Can be set to input or output mode in 1-bit units.
P60 to P67 1/0 Port 6. Input -
8-bit 1/0 port.
Can be set to input or output mode in 1-bit units.
P70 110 Port 7. Input SI3
P71 8-bit I/O port. S03
P72 Can be set to input or output mode in 1-bit units. SCK3
P73 -
P74 RXDQNote 1
P75 TXDQNote 1
P76, P77 -
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Table 4-1. Port Functions (2/2)

Pin Name 110 Function After Reset |Alternate Function

P100 I/0 Port 10. Input -

P101 3-bit I/O port. AMIFC

P102 Can be set to input or output mode in 1-bit units. FMIFC

P120 o) Port 12. Input TX0QNote 2

P121 5-bit I/O port. RXQNote 2

P122 to P124 Can be set to input or output mode in 1-bit units. -

P130 Output Port 13. - TO50

P131 8-bit output port. TO51

P132 to P137 N-ch open-drain output port (12 V tolerant) -

Notes 1. uPD178076, 178078, and 178F098 only.
2. uPD178096A, 178098A, and 178F098 only.
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4.2 Port Configuration
A port consists of the following hardware.

Table 4-2. Configuration of Port

ltem Configuration
Control register Port mode register (PMm: m =0, 2 to 7, 10, 12)
Port Total: 80 pins (8 input, 8 output, 64 1/0)

421 Port0

Port 0 is an 8-bit I/0 port with an output latch. The P00 to P07 pins can be set to input mode/output mode in 1-
bit units using port mode register 0 (PMO).

Alternate functions include external interrupt request input.

Reset input sets port 0 to the input mode.

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

Cautions 1. Because port 0 also serves as an external interrupt request input, when the port function
output mode is specified and the output level is changed, the interrupt request flag is set.
When using the output mode, therefore, preset the interrupt mask flag to 1.

2. When the external interrupt request function is switched to the port function, edge detection
may be performed. Therefore, set bit n (EGPn) of the external interrupt rising edge enable
register (EGP) and bit n (EGNn) of the external interrupt falling edge enable register (EGN)
to 0 before selecting the port mode.

Remark n=0to7
Figure 4-2. Block Diagram of P00 to P07

N\
RD
© O<{ Selector [
) A
2 WRporT
©
POO/INTPO
E) & Output latch © to
c (P00 to PO7) PO7/INTP7
WRpm
(JJ = PMO0O0 to PM07
S

PM: Port mode register
RD: Port 0 read signal
WR: Port 0 write signal

User’'s Manual U12790EJ2VOUD 91



CHAPTER 4 PORT FUNCTIONS

4.2.2 Port1
Port 1 is an 8-bit input port.
Alternate functions include A/D converter analog input.

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

Figure 4-3. Block Diagram of P10 to P17

N\
RD

(2]

>

o]

: |

% - o P10/ANIO

I —0O  to

P17/ANI7

T

RD: Port 1 read signal
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4.2.3 Port 2

Port 2 is an 8-bit I/0 port with an output latch. The P20 to P27 pins can be set to input mode/output mode in 1-

bit units using port mode register 2 (PM2).
Alternate functions include serial interface data 1/O, clock I/0, automatic transmit/receive busy input, and strobe

output.

Reset input sets port 2 to the input mode.
Figures 4-4 and 4-5 show the block diagrams of port 2.

Cautions 1. When using port 2 for the serial interface, set the input/output mode and output latch
according to the function used. For the setting method, refer to Table 4-3 Port Mode Register
and Output Latch Settings When Using Alternate Functions and Figure 13-5 Format of Serial
Operating Mode Register 0 (CSIMO).

2. When reading the pin state in SBI mode, set PM2n to 1 (n = 5, 6) (refer to the description of
(10) Method used to judge busy state of a slave (e) in 13.4.3 SBI mode operation).
Figure 4-4. Block Diagram of P20 to P26
N\
RD
- FanY J
~ Selector
@ A
2 WRPpoRrT P20/SI1,
S P21/S01,
g A Output latch . P22/SCK
IS ~ (P20 to P26) O P23/STB,
P24/BUSY,
P25/S10/SB0/SDAO,
P26/SO0/SB1/SDA1
WRpm
£ PM20 to PM26
N\

Alternate function

PM: Port mode register
RD: Port 2 read signal
WR: Port 2 write signal
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Figure 4-5. Block Diagram of P27

Selector

94

N\
RD

1]

3 WRepoRT

©

c

> Output latch
£ ~ (P27)

WRpm
J_‘, PM27

o

Alternate function

PM: Port mode register
RD: Port 2 read signal
WR: Port 2 write signal
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4.2.4 Port3
Port 3 is an 8-bit I/O port with an output latch. The P30 to P37 pins can be set to input mode/output mode in

1-bit units using port mode register 3 (PM3).
Alternate functions include Voo = 4.5 V monitor output, timer output, timer input, and buzzer output.

Reset input sets port 3 to the input mode.
Figure 4-6 shows the block diagram of port 3.

Figure 4-6. Block Diagram of P30 to P37

1
RD
- © O<{ Selector
8 )
a WRporT Eg?ﬁ}r/g/lgs,
a y
C
I3 N Output latch Eggg :8?
£ ~ (P30 to P37) \ ® pasmol,
P35/TI51,
P36/BEEPO,
P37/BUZ
WRem
£ PM30 to PM37
N

Alternate function

PM: Port mode register
RD: Port 3 read signal
WR: Port 3 write signal
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4.2.5 Port 4
Port 4 is an 8-bit I/O port with an output latch. The P40 to P47 pins can be set to input mode/output mode in

8-bit units using port mode register 4 (PM4).
Reset input sets port 4 to the input mode.
Figure 4-7 shows the block diagram of port 4.

Figure 4-7. Block Diagram of P40 to P47

~—t
RD
S O<{ Selector
g A
2 WRPporT
]
£
o .| Output latch P40 to P47
= ~ (P40 to P47)
WRwm
(J_‘; >| PM40 to PM47
~

PM: Port mode register
RD: Port 4 read signal
WR: Port 4 write signal
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4.2.6 Port5
Port 5 is an 8-bit I/O port with an output latch. The P50 to P57 pins can be set to input mode/output mode in

1-bit units using port mode register 5 (PM5).
Reset input sets port 5 to the input mode.
Figure 4-8 shows the block diagram of port 5.

Figure 4-8. Block Diagram of P50 to P57

N\

RD
REERS O< O( Selector

2 A

° WRPporT

©

£

Qo .| Output latch »—————© P50 to P57

= ~ (P50 to P57) °
WRepm
\JQ »| PMS50 to PM57

S

PM: Port mode register
RD: Port 5 read signal
WR: Port 5 write signal
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4.2.7 Port 6
Port 6 is an 8-bit I/O port with an output latch. The P60 to P67 pins can be set to input mode/output mode in

1-bit units using port mode register 6 (PM6).
Reset input sets port 6 to the input mode.
Figure 4-9 shows the block diagram of port 6.

Figure 4-9. Block Diagram of P60 to P67

N\
RD
S0 < | :( Selector
1)
=}
° WRporT
©
£
o _ | Output latch
£ S = (P60 to P67) 4 ——O P60 to P67
WRprm
J} »| PM60 to PM67
N\

PM: Port mode register
RD: Port 6 read signal
WR: Port 6 write signal
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4.2.8 Port7
Port 7 is an 8-bit I/O port with an output latch. The P70 to P77 pins can be set to input mode/output mode in

1-bit units using port mode register 7 (PM7).
Alternate functions include serial interface data 1/0O, clock 1/0, and asynchronous interface data |/ONote

Reset input sets port 7 to the input mode.
Figures 4-10 and 4-11 show the block diagrams of port 7.

Note ©PD178076, 178078, and 178F098 only

Figure 4-10. Block Diagram of P70 to P72, P74, and P75

M\
RD
O<{ Selector
[2]
2 | WReorr
§ P70/S13
5 Qutput latch P71/S0O3
£ (P70to P72, P74, P75) —O P72/SCK3
P74/RXD0O
P75/TXD0
WRem
PM70 to PM72
PM74, PM75
N\
Alternate
function

PM: Port mode register
RD: Port 7 read signal
WR: Port 7 write signal
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Figure 4-11. Block Diagram of P73, P76, and P77

M\
RD
QQ—CC Selector

8

o WRPpoRT

©

5 Qutput latch

[0]

= (P73, P76, P77) © P73, P76, P77
WRwmm

PM73, PM76, PM77
r\’

PM: Port mode register
RD: Port 7 read signal
WR: Port 7 write signal
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4.2.9 Port 10
Port 10 is a 3-bit I/O port with an output latch. The P100 to P102 pins can be set to input mode/output mode in

1-bit units using port mode register 10 (PM10).
Alternate functions include AM intermediate frequency counter and FM intermediate frequency counter input.

Reset input sets port 10 to the input mode.
Figures 4-12 and 4-13 show the block diagrams of port 10.

Figure 4-12. Block Diagram of P100

M\
RD
j C Selector

2]
2 WRPpoRT
g
oy Qutput latch
(0]
E (P100) © P100

WRwmm

PM100
N\

PM: Port mode register
RD: Port 10 read signal
WR: Port 10 write signal
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Figure 4-13. Block Diagram of P101 and P102

M\
RD
j : Selector
8
o WRPoRT
©
£
% Qutput latch o) P101/AMIFC
- (P101, P102) ‘ P102/FMIFC
WRwmm
PM101, PM102
N\

PM: Port mode register
RD: Port 10 read signal
WR: Port 10 write signal
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4.2.10 Port 12

Port 12 is a 5-bit I/0 port with an output latch. The P120 to P124 pins can be set to input mode/output mode in

1-bit units using port mode register 12 (PM12).
Alternate functions include data I/ONote of the IEBus controller.
Reset input sets port 12 to the input mode.
Figures 4-14 and 4-15 show the block diagrams of port 12.

Note uPD178096A, 178098A, and 178F098 only

Figure 4-14. Block Diagram of P120 and P121

RD

O<{ Selector
WReProRT

[%2]
=)
o]
©
£ Output latch
g (P120, P121)
WRem
PM120, PM121
N\
Alternate
function

PM: Port mode register
RD: Port 12 read signal
WR: Port 12 write signal
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Figure 4-15. Block Diagram of P122 to P124

Selector

104

[N\
RD
(2]
=}
Q WRporT
©
£
Qo i | Output latch
= ~ (P122 to P124)
WRprm
\J.‘/ >PM122 to PM124
N/

PM: Port mode register
RD: Port 12 read signal
WR: Port 12 write signal
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4.2.11 Port 13
Port 13 is an 8-bit N-ch open-drain output port with an output latch.
Alternate functions include timer output.
Reset input sets port 13 to the general-purpose output port mode.
Figure 4-16 shows the block diagram of port 13.

Figure 4-16. Block Diagram of P130 to P137

N\
RD
1)
=}
Qo
E
5 WRPpoRT
=
Output latch P130/TO50
(P130 to P137) D I © P131/TO51
P132 to P137
Alternate function
N\

RD: Port 13 read signal
WR: Port 13 write signal
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4.3 Registers Controlling Port Function

Ports are controlled by the corresponding port mode registers (PM0, PM2 to PM7, PM10, and PM12). These
registers set the corresponding ports to the input or output mode in 1-bit units.

These port mode registers can be set by using a 1-bit or 8-bit memory manipulation instruction.

Reset input sets the values of these registers to FFH.

When using the alternate-function pins of each port, set the corresponding port mode register and output latch
as shown in Table 4-3.

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

output mode, therefore, preset the interrupt mask flag to 1.

Remark The P10 to P17 pins are input-only pins and the P130 to P137 pins are output-only pins.
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Table 4-3. Port Mode Register and Output Latch Settings When Using Alternate Functions

Pin Name Alternate Function PMxx Pxx
Name I/0

P00 to P07 INTPO to INTP7 Input 1 X
P20 S Input 1 X
P21 SO1 Output 0 0
P22 SCK1 Input 1 x

Output 0 0
P23 STB Output 0 0
P24 BUSY Input 1 X
P30 VM45 Output 0 0
P31 TOO Output 0 0
P32 TIOO Input 1 X
P33 TIO1 Input 1 X
P34 TI50 Input 1 X
P35 TI51 Input 1 X
P36 BEEPO Output 0 0
P37 BUZ Output 0 0
P70 SI3 Input 1 X
P71 S03 Output 0 0
P72 SCK3 Input 1 X

Output 0 0
P74 RXDO Input 1 X
P75 TXDO Output 0 0
P101 AMIFC Input 1 X
P102 FMIFC Input 1 X
P120 X0 Output 0 0
P121 RX0 Input 1 x
P130 TO50 Output — 0
P131 TO51 Output — 0

Cautions 1. When using the above alternate-function pins as output pins, be sure to set the output

2.

Remark x:

latch (Pxx) to 0.

When P25 to P27 are used for the serial interface, the input/output mode or output latch
must be set according to the function used. For the setting method, refer to Figure 13-
5 Format of Serial Operating Mode Register 0 (CSIMO).

Don’t care

PMxx: Port mode register

Pxx:

Output latch of port
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108

Symbol
PMO

PM2

PM3

PM4

PM5

PM6

PM7

PM10

PM12

7

6

Figure 4-17. Format of Port Mode Registers

5

4

3

2

0

PMO7

PMO06

PMO05

PMO04

PMO03

PMO2

PMO1

PM27

PM26

PM25

PM24

PM23

PM22

PM21

PM20

PM37

PM36

PM35

PM34

PM33

PM32

PM31

PM30

PM47

PM46

PM45

PM44

PM43

PM42

PM41

PM40

PM57

PM56

PM55

PM54

PM53

PM52

PM51

PM50

PM67

PM66

PM65

PM64

PM63

PM62

PM61

PM60

PM77

PM76

PM75

PM74

PM73

PM72

PM71

PM70

PM102

PM101

PM100

PM124PM123

PM122

PM121

PM120

PMmn

Pmn pin input/output mode selection
(m=0,2t07,12:n=01t07)

Output mode (output buffer on)

Input mode (output buffer off)
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FF20H

FF22H

FF23H

FF24H

FF25H

FF26H

FF27H

FF2AH

FF2CH

After reset

FFH

FFH

FFH

FFH

FFH

FFH

FFH

FFH

FFH

R/W
R/W

R/W

R/W

R/W

R/W

R/W

R/W

R/W
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4.4 Port Function Operations
Port operations differ depending on whether the input or output mode is set, as shown below.
4.4.1 Writing to 1/O 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 held until data is written to the output latch again.
The data in the output latch is cleared after reset.

(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 held until data is written to the output latch again.

4.4.2 Reading from I/O port

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

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

4.4.3 Operations on I/O 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 held until data is written to the output latch again.
The data in the output latch is cleared after reset.

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

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

5.1 Clock Generator Functions

The clock generator generates the clock to be supplied to the CPU and peripheral hardware. The system clock
oscillator oscillates at frequencies of 6.3 MHzNote, Oscillation can be stopped by executing the STOP instruction or

setting the processor clock control register (PCC).

Note

110

In addition to the 6.3 MHz crystal resonator, a 4.5 MHz crystal resonator can also be connected to the
uPD178078 and 178098A Subseries. When using the system clock at a frequency of 4.5 MHz, set bit 0
(DTSCKO) of the DTS system clock select register (DTSCK) to 1. Set the DTSCKO flag after power
application and reset by the RESET pin, and before using the basic timer, buzzer output controller (BEEPO),
PLL frequency synthesizer, and frequency counter.

When using the IEBus controller of the uPD178096A, 178098A, and 178F098, however, be sure to use
the 6.3 MHz crystal resonator. At this time, it is not necessary to set the DTSCKO flag.

The timing of the basic timer, buzzer output controller (BEEPO), PLL frequency synthesizer, and frequency
counter described in 8.3 Operation of Basic Timer, 10.3.1 (1) BEEP frequency select register 0
(BEEPCLO), 19.3 (2) PLL reference mode register (PLLRF), and 20.3 (1) IF counter mode select
register (IFCMD) is not changed.

Figure 5-1. Format of DTS System Clock Select Register (DTSCK)

Symbol 7 6 5 4 3 2 1 0 Address  Afterreset R/W
DTSCK| O 0 0 0 0 0 0 |DTSCKO, FFAAH 00H R/W
DTSCKO System clock selection
0 6.3 MHz
1 4.5 MHz
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CHAPTER 5 CLOCK GENERATOR

5.2 Clock Generator Configuration

The clock generator consists of the following hardware.

Table 5-1. Configuration of Clock Generator

Item

Configuration

Control registers

Processor clock control register (PCC)
Oscillation stabilization time select register (OSTS)

Oscillator

System clock oscillator

Figure 5-2. Block Diagram of Clock Generator
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CHAPTER 5 CLOCK GENERATOR

5.3 Clock Generator Control Registers
The clock generator is controlled by the following two registers.

* Processor clock control register (PCC)
* Oscillation stabilization time select register (OSTS)

(1) Processor clock control register (PCC)
The clock generator is controlled by the processor clock control register (PCC).
PCC sets the CPU clock.
PCC is set by a 1-bit or 8-bit memory manipulation instruction.
Reset input sets PCC to 04H.

Figure 5-3. Format of Processor Clock Control Register

Symbol 7 6 5 4 3 2 1 0 Address After reset R/W
PCC 0 0 0 0 0 |PCC2|PCC1|PCCO FFFBH 04H R/
RWwW |PCC2|PCC1|PCCO CPU clock (fcpu) selection Minimum instruction execution time: 2/fcru
fx = 6.3 MHz operation

0 0 0 fx 0.32 us
0 1 fx/2 0.64 us
0 1 0 | 2 1.27 us
0 1 1| 2 2.54 us
1 0 0 | fx2* 5.08 us

Other than above Setting prohibited

Note Bits 3 to 7 are read-only.

Remark fx: System clock oscillation frequency
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(2) Oscillation stabilization time select register (OSTS)
This register is used to select the time required for oscillation to stabilize after the RESET signal has been
input or the STOP mode has been released.
This register is set by an 8-bit memory manipulation instruction.
Reset input set OSTS to 04H. It therefore takes 217/fx to release the STOP mode by RESET input.

Figure 5-4. Format of Oscillation Stabilization Time Select Register (OSTS)

Symbol 7 6 5 4 3 2 1 0 Address Afterreset R/W
osts| o | o | o | o | o |ostsz2|oststi|ostso| FFFAH  oaH AW
OSTS2|OSTS1|0STS0| Oscillation stabilization time selection
0 0 0 212/fx (650 us)
0 0 1 214/fx  (2.60 ms)
0 1 0 215/fx  (5.20 ms)
0 1 1 216/fx  (10.4 ms)
1 0 0 217/fx  (20.8 ms)
Other than above Setting prohibited

Remarks 1. fx: System clock oscillation frequency
2. ():fx=6.83 MHz
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5.4 System Clock Oscillator
5.4.1 System clock oscillator

The system clock oscillator oscillates with a crystal resonator (6.3 MHz or 4.5 MHz) connected to the X1 and X2
pins.

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

Figure 5-5. External Circuit of System Clock Oscillator

Crystal oscillation

—HT X2
7J7T—HL X1

i —  GNDO

Crystal resonator

Caution When using the system clock oscillator, wire as follows in the area enclosed by the broken

lines in Figure 5-5 to avoid an adverse effect from wiring capacitance.

¢ Keep the wiring length as short as possible.

* Do notcross the wiring to with other signal lines. Do not route wiring near a signal line through
which a high fluctuating current flows.

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

¢ Do not fetch signals from the oscillator.
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5.4.2 Incorrect resonator connection

Figure 5-6 shows examples of Incorrect resonator connection.

Figure 5-6. Examples of Incorrect Connection Resonator (1/2)
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5.4.3 Divider

Figure 5-6. Examples of Incorrect Connection Resonator (2/2)

(e) Signals are fetched

X2 X1 GNDO

The divider divides the system clock oscillator output (fx) and generates various clocks.
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5.5 Clock Generator Operations

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

e System clock fx
e CPU clock fcpu

* Clock to peripheral hardware

The following clock generator functions and operations are determined by the processor clock control register
(PCC).

(a) Upon generation of the RESET signal, the lowest speed mode of the system clock (5.08 us when operated
at 6.3 MHz) is selected (PCC = 04H). System clock oscillation stops while a low level is being applied to the

RESET pin.

(b) One of the five minimum instruction execution times (0.317, 0.635, 1.27, 2.54, 5.08 us at 6.3 MHz) can be
selected by setting PCC.

(c) Two standby modes, STOP and HALT, are available.

(d) The system clock is divided and supplied to the peripheral hardware. The peripheral hardware also stops if
the system clock is stopped.
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5.6 Changing System Clock and CPU Clock Settings

5.6.1 Time required for switchover between system clock and CPU clock

The system clock and CPU clock can be switched over by setting bits 0 to 2 (PCCO to PCC2) of the processor

clock control register (PCC).

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

pre-switchover clock for several instructions (refer to Table 5-2).

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

Set Values Before

Set Values After Switchover

Switchover
PCC2|PCC1|PCC0|PCC2| PCC1|PCCO|PCC2|PCC1|PCCO|PCC2|PCC1|PCCO|PCC2|PCC1|PCCO
PCC2|PCC1|PCCO

0 0 0 0 0 1 0 1 0 0 1 1 1 0 0
0 0 0 16 instructions 16 instructions 16 instructions 16 instructions
0 0 1 8 instructions 8 instructions 8 instructions 8 instructions
0 1 0 4 instructions 4 instructions 4 instructions 4 instructions
0 1 1 2 instructions 2 instructions 2 instructions 2 instructions
1 0 0 1 instruction 1 instruction 1 instruction 1 instruction

Remark One instruction is the minimum instruction execution time with the pre-switchover CPU clock.
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CHAPTER 6 16-BIT TIMER/EVENT COUNTER 0

6.1 Functions of 16-Bit Timer/Event Counter 0

16-bit timer/event counter 0 has the following functions.

M

(2

3)

4

®)

(6)

Interval timer
16-bit timer/event counter 0 generates interrupt requests at the preset time interval.
* Number of counts: 2 to 65536

External event counter

16-bit timer/event counter 0 can measure the number of pulses with a high-/low-level width in a signal input
externally.

e Valid level pulse width: 16/fx or more

Pulse width measurement
16-bit timer/event counter O can measure the pulse width of an externally input signal.
* Valid level pulse width: 2/fx or more

Square-wave output
16-bit timer/event counter 0 can output a square wave with any selected frequency.
e Cycle: (2 x 2 to 65536 x 2) x count clock cycle

One-shot pulse output
16-bit timer/event counter 0 can output a one-shot pulse for which any output pulse width can be set.

PPG output
16-bit timer/event counter 0 can output a square wave that has an arbitrary cycle and pulse width.
* 2 < Pulse width < Cycle < (FFFF + 1) H

Figure 6-1 shows the block diagram.
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Figure 6-1. Block Diagram of 16-Bit Timer/Event Counter 0

S Internal bus S
Capture/compare
control register 0
(CRCO0)
| | lgl INTTMOO
Noise § 16-bit capture/compare =
TI01/P33©———"{aliminatof 3 register 00 (CR00)

U Match

16-bit timer counter 0
) (TMO) Elea Output
controller ) D » ©TO0/P31
Match
2 utput latct
Ol |PM31

Noise | | 16-bit capture/compare
Tioo/P32© eliminato] | register 01 (CRO1)

RS
lector |
L]

.
X
N
o
e
L=

INTTMO1

CRCO02 —
[rmcositmco2Tmco1] ovro| [osPT |osPE [Toco4] Lvso | LvRo [Toco1] TOEO|

16-bit timer .
Timer output control

mode control
register 0 (TMCO) register 0 (TOCO)

Prescaler mode
register 0 (PRMO)

§

Internal bus

120 User's Manual U12790EJ2VOUD



CHAPTER 6 16-BIT TIMER/EVENT COUNTER 0

6.2 Configuration of 16-Bit Timer/Event Counter 0

16-bit timer/event counter 0 consists of the following hardware.

0

()

Table 6-1. Configuration of 16-Bit Timer/Event Counter 0

Iltem Configuration
Timer counter 16-bit timer counter 0 (TMO)
Register 16-bit capture/compare registers 00 and 01 (CR00 and CRO01)
Timer input TI0O, TIO1
Timer output TOO
Control registers ¢ 16-bit timer mode control register 0 (TMCO)

e Capture/compare control register 0 (CRCO)
¢ 16-bit timer output control register 0 (TOCO)
* Prescaler mode register 0 (PRMO)

* Port mode register 3 (PM3)

* Port 3 (P3)

16-bit timer counter 0 (TMO)

TMO is a 16-bit read-only register that counts count pulses.

The count value is incremented at the rising edge of the count clock. If the count value is read while the register
is operating, input of the count clock is temporarily stopped, and the count value at that point is read.

The count value is reset to 0000H in the following cases.

<1> When the RESET signal is input

<2> When TMCO03 and TMCO2 are cleared.

<3> When the valid TI00 edge is input in the clear & start mode

<4> When TMO and CRO0 match in the clear & start mode

<5> When OSPT is set or the valid TIOO edge is input in the one-shot pulse output mode

16-bit capture/compare register 00 (CR00)

CROO is a 16-bit register with both the functions of a capture register and a compare register. Whether this
register is used as a capture register or a compare register is specified by bit 0 (CRCO00) of capture/compare
control register 0.

¢ When CRO0O is used as compare register
The value set to CROO is always compared with the count value of 16-bit timer counter 0 (TM0). When
the two values match, an interrupt request (INTTMOO) is generated. When TMO is used as an interval timer,
CRO0O is also used to hold the interval time.

¢ When CROO is used as capture register

The valid edge of the TI00/P32 pin or the TI01/P33 pin can be selected as the capture trigger. The valid
edge of TIOO and TI01 is specified by prescaler mode register 0 (PRMO) (Refer to Table 6-2).
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Table 6-2. CRO00 Capture Trigger and Valid Edges of TI0OO and TI01 Pins

(1) TIOO pin valid edge selected as capture trigger (CRC01 = 1, CRC00 = 1)

CRO0O0 Capture Trigger TIOO Pin Valid Edge
ESO1 ES00
Falling edge Rising edge 0 1
Rising edge Falling edge 0 0
No capture operation Both rising and falling edges 1 1

(2) TIO1 pin valid edge selected as capture trigger (CRC01 = 0, CRC00 = 1)

CRO0O0 Capture Trigger TIO1 Pin Valid Edge
ES11 ES10
Falling edge Falling edge 0 0
Rising edge Rising edge 0 1
Both rising and falling edges Both rising and falling edges 1 1

Remarks 1. Setting ES01, ES00 = 1, 0 and ES11, ES10 = 1, 0 is prohibited.
2. ESO1, ES00: Bits 5 and 4 of prescaler mode register 0 (PRMO)
ES11, ES10: Bits 7 and 6 of prescaler mode register 0 (PRMO)
CRCO01, CRCO00: Bits 1 and 0 of capture/compare control register 0 (CRCO)

CRO0O is set by a 16-bit memory manipulation instruction.
CROO is undefined after reset.

Cautions 1. Set CRO0O0 to a value other than 0000H in the clear & start mode entered on a match between
TMO and CR00. However, in the free-running mode and in the clear mode using the valid
edge of TI0O, if CROO is set to 0000H, an interrupt request (INTTMOO) is generated when
CR0OONn changes from 0000H to 0001H following overflow (FFFFH).

2. Ifthe new value of CRO0 is less than the value of 16-bit timer counter 0 (TM0), TMO continues
counting, overflows, and then starts counting from 0 again. If the new value of CR00 is less
than the old value, therefore, the timer must be reset and restarted after the value of CR00
is changed.

3. CRO0O0 does not generate an interrupt request if it is captured at the valid edge of the TI00
pin.

4. Do not select the TI00 valid edge as the count clock when using TI00 as a capture trigger.

(3) 16-bit capture/compare register 01 (CR01)

122

This is a 16-bit register with both the functions of a capture register and a compare register. Whether CR01
is used as a capture register or a compare register is specified by using bit 2 (CRC02) of capture/compare
control register 0.

¢ When CRO1 is used as compare register

The value set to CRO1 is always compared with the count value of 16-bit timer counter 0 (TM0). When
the two values match, an interrupt request (INTTMO1) is generated.
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e When CRO1 is used as capture register

The valid edge of the TIO0/P32 pin can be selected as the capture trigger. The valid edge of TI00/P32 is

specified by using prescaler mode register 0 (PRMO) (refer to Table 6-3).

Table 6-3. CR0O1 Capture Trigger and Valid Edge of TI0O0 Pin (CRCO02 = 1)

CRO1 Capture Trigger TI00 Pin Valid Edge
ESO1 ES00
Falling edge Falling edge 0 0
Rising edge Rising edge 0 1
Both rising and falling edges Both rising and falling edges 1 1

Remarks 1. Setting ES01, ES00 = 1, 0 is prohibited.
2. ESO1, ES00: Bits 5 and 4 of prescaler mode register 0 (PRMO0)
CRCO02: Bit 2 of capture/compare control register 0 (CRCO)

CRO1 is set by using a 16-bit memory manipulation instruction.
CRO1 is undefined after reset.

Cautions 1. Set CRO1 to a value other than 0000H in the clear & start mode entered on a match
between TM0 and CR00. However, in the free-running mode and in the clear mode using
the valid edge of TI0O, if CRO1 is set to 0000H, an interrupt request (INTTMO1) is generated
when CRO1 changes from 0000H to 0001H following overflow (FFFFH).

2. When using CRO1 as a capture register, do not select the TI00 valid edge as the count

clock.
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6.3

Registers Controlling 16-Bit Timer/Event Counter 0

The following six registers control 16-bit timer/event counter 0.

16-bit timer mode control register 0 (TMCOQ)
Capture/compare control register 0 (CRCO)
16-bit timer output control register 0 (TOCO)
Prescaler mode register 0 (PRMO)

Port mode register 3 (PM3)

Port 3 (P3)

(1) 16-bit timer mode control register 0 (TMCO)

124

This register specifies the operating mode of the 16-bit timer, clear mode of 16-bit timer counter 0 (TMO), and
output timing, and detects an overflow.

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

The value of this register is cleared to O0H after reset.

Caution 16-bit timer counter 0 (TMO) starts operating when TMC02 and TMCO3 are set to values other
than 0, 0 (operation stop mode). To stop operation, reset TMC02 and TMCO03 to 0, 0.
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Symbol 7

Figure 6-2. Format of 16-Bit Timer Mode Control Register 0 (TMCO0)

6 5

3 2 1

<0>

™co[ o | o | o | o [mcos|tmcoz|mcot|ovol

Address
FF78H

After reset

00H

R/W
R/W

TMCO03|TMCO02|TMCO01| Selection of operating mode Selection of TOO output Generation of interrupt
and clear mode timing request
0 0 0 Operation stops Not affected Not generated
0 0 1 (TMO is cleared to 0).
0 1 0 Free-running mode Match between TMO Generated on match
and CROO0 or CRO1 between TMO and CRO0O or
0 1 1 Match between TMO CRO1
and CRO0O0 or CRO1, or valid
edge of TIOO
1 0 0 Clear & start at valid edge Match between TMO
of TIOO and CROO0 or CRO1
1 0 1 Match between TMO
and CROO0 or CRO1, or valid
edge of TI0O
1 1 0 Clear & start on Match between TMO
match between TMO and CROO0 or CRO1
1 1 1 and CR0O Match between TMO
and CROO0 or CRO1, or valid
edge of TI0OO
OVF0 Detection of overflow of 16-bit timer counter 0
0 Overflow
1 No overflow
Cautions 1. Write the bits other than the OVFO flag after stopping the timer operation.
2. The valid edge of the TI00/P32 pin is selected by prescaler mode register 0 (PRMO).
3. If a mode in which TMO is cleared and started on a match between TMO0 and CROO is
selected, and if the value of TMO changes from FFFFH to 0000H with CR0OO set to FFFFH,
the OVFO flag is set to 1.
Remark TOO: Output pin of 16-bit timer/event counter 0
TIOO: Input pin of 16-bit timer/event counter 0
TMO: 16-bit timer counter 0

CRO00: 16-bit capture/compare register 00
CRO01: 16-bit capture/compare register 01
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(2) Capture/compare control register 0 (CRCO0)
This register controls the operations of the 16-bit capture/compare registers (CR00 and CRO01).
CRCO is set by using a 1-bit or 8-bit memory manipulation instruction.
This register is cleared to O0H after reset.

Figure 6-3. Format of Capture/Compare Control Register 0 (CRCO0)

Symbol 7 6 5 4 3 2 1 0 Address  After reset R/W
creol o | o | o | o | o [cRcoz|cRcot|creos| FF7CH oo RIW
CRCO02 Selection of operating mode of CRO1
0 Compare register
1 Capture register
CRCO1 Selection of capture trigger of CR00
0 Captured at valid edge of TIO1
1 Captured at reverse edge to valid edge of TIooNote
CRCO00 Selection of operating mode of CR00
0 Compare register
1 Capture register
Note If both the rising and falling edges are selected as the valid edges of TI00, CR0O0 does not perform

a capture operation.

Cautions 1. Be sure to set CRCO after stopping the timer operation.
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2. Do not specify CR00 as a capture register when a mode in which TMO is cleared and
started on a match between TMO and CRO0O is selected by 16-bit timer mode control
register 0 (TMCO).
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(3)

Symbol
TOCO

16-bit timer output control register 0 (TOCO)

This register controls the operation of the 16-bit timer/event counter output controller. It sets/resets the R-
S flip-flop (LVO0); enables/disables output inversion, timer output of 16-bit timer/event counter 0, and the one-
shot pulse output operation; and sets the output trigger of the one-shot pulse.

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

The value of this register is cleared to 00H after reset.

Figure 6-4 shows the format of TOCO.

Figure 6-4. Format of 16-Bit Timer Output Control Register 0 (TOCO0)

7 <6> <5> 4 <3>  <2> 1 <0> Address  Afterreset  R/W

0 |OSPT|OSPE|TOC04|LVSO0 |LVRO |TOCO01| TOEO FF7EH 00H R/W
OSPT Control of output trigger of one-shot pulse by software

0 No one-shot pulse trigger

1 One-shot pulse trigger
OSPE Control of one-shot pulse output operation

0 Successive pulse output

1 One-shot pulse outputNote

TOCO04 Control of timer output F/F on match between CR01 and TMO

0 Inversion operation disabled

1 Inversion operation enabled

LVSO | LVRO | Setting of timer output F/F status of 16-bit timer/event counter 0
0 0 Not affected
0 1 Timer output F/F reset (0)
1 0 Timer output F/F set (1)
1 1 Setting prohibited

TOCO1 Control of timer output F/F on match between CR00 and TMO

0 Inversion disabled
1 Inversion enabled
TOEO Control of output of 16-bit timer/event counter 0

0 Output disabled (output is fixed to O level)

1 Output enabled

Note One-shot pulse output operates normally only in the free-running mode and the mode in which TMO
is cleared and started at the valid edge of TI00.

Cautions 1. Be sure to set TOCO after stopping the timer.
2. LVSO0 and LVRO are 0 when they are read.
3. OSPT is always 0 when read because it is automatically cleared after data has been set.
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(4) Prescaler mode register 0 (PRMO)
This register selects the count clock of 16-bit timer counter 0 (TMO) and the valid edges of the TI00 and TI01
input pins. PRMO is set by an 8-bit memory manipulation instruction.
The value of this register is cleared to 00H after reset.

Figure 6-5. Format of Prescaler Mode Register 0 (PRMO0)

Symbol 7 6 5 4 3 2 1 0 Address  Afterreset R/W
PRMO|ES11 | ES10 | ESO1 [ES00| O 0 |PRMO1|/RPMO0O FF7AH 00H R/W
ES11 | ES10 Selection of valid edge of TIO1
0 0 Falling edge
0 1 Rising edge
1 0 Setting prohibited
1 1 Both rising and falling edges
ESO1 | ES00 Selection of valid edge of TI00
0 0 Falling edge
0 1 Rising edge
1 0 Setting prohibited
1 1 Both rising and falling edges
PRMO1|PRMO00 Selection of count clock
0 0 fx/2 (3.15 MHz)
0 1 fx/22 (1.58 MHz)
1 0 fx/26 (98.4 kHz)
1 1 Valid edge of TI00

Cautions 1. Be sure to set data to PRMO after stopping the timer operation.

2. When the valid edge of TIOO is set as the count clock, do not set the mode in which TMO0
is cleared and started at the valid edge of TI00, and do not set T100 as the capture trigger.

3. The capture trigger must be a pulse wider than two pulses of the selected count clock
to ensure capturing. Similarly, the external clock must have a pulse wider than two
internal clocks (fx/23).

4. If the TIOO pin or TI0O1 pin goes high immediately after system reset, the rising edge is
detected immediately after TMO has been enabled to operate. Keep this in mind when
the pin is pulled up. However, when TMO is enabled to operate again after it has been
stopped, the rising edge is not detected.

Remarks 1. fx: System clock oscillation frequency

2. TIO0O, TIO1: Input pins of 16-bit timer/event counter 0
3. ():fx=6.3 MHz
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(5) Port mode register 3 (PM3)
This register sets port 3 I/O in 1-bit units.
When using the P31/TOO pin for timer output, set PM31 and the output latch of P31 to 0.
When using the P32/TI00 pin as a timer input (T100), set PM32 to 1.
When using the P33/TI01 pin as a timer input (T101), set PM33 to 1.
PM3 is set by a 1-bit or 8-bit memory manipulation instruction.
RESET input sets PM3 to FFH.

Figure 6-6. Format of Port Mode Register 3 (PM3)

Symbol 7 6 5 4 3 2 1 0 Address After reset R/W
PM3 | PM37 ‘ PM36 ‘ PMSS‘ PM34 ‘ PM33 ‘ PM32 ‘ PM31 ‘ PM30| FF23H FFH RIW
PM3n Selection of P3n pin I/0 mode (n=0to 7)

0 | Output mode (output buffer on)

1 Input mode (output buffer off)
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6.4 Operation of 16-Bit Timer/Event Counter 0

6.4.1 Operation as interval timer

16-bit timer/event counter 0 operates as an interval timer when 16-bit timer mode control register 0 (TMCO) and
capture/compare control register 0 (CRCO) are set as shown in Figure 6-7. An interrupt request is repeatedly
generated at intervals specified by the count value preset to 16-bit capture/compare register 00 (CR00).

When the count value of 16-bit timer counter 0 (TM0) matches the set value of CR00, the value of TMO is cleared
to 0 and an interrupt request signal (INTTMOO) is generated.

The count clock of 16-bit timer/event counter 0 is selected by bits 0 and 1 (PRM00 and PRMO01) of prescaler mode
register 0 (PRMO).

For details of the operation when the value of the compare register is changed during timer count operation, refer
to (3) in 6.6 Notes on 16-Bit Timer/Event Counter 0.

Figure 6-7. Setting of Control Registers for Interval Timer Operation
(a) 16-bit timer mode control register 0 (TMCO)

TMCO03 TMC02 TMCO1 OVFO

TMCO| O 0 0 0 1 1 0/1 0

Clear & start on match between TMO and CR00

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

CRC02 CRC01 CRC00

CRCO| O 0 0 0 0 0/1 01 0

L CROO is used as compare register.

Remark 0/1: When these bits are set to 1 or reset to 0, other functions can be used at the same time as the
interval timer function. For details, refer to Figures 6-2 and 6-3.
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Figure 6-8. Configuration of Interval Timer

16-bit capture/compare register 00

(CR00)
INTTMOO
fx/2
fx/22 S
© 16-bit timer counter 0 Note
OVF0
fx/26 § (TMO)
Tioop32 e Noise 1]
eliminator Clear
circuit
fx/23

Note OVFO is 1 only when CRO0 = FFFFH in the interval timer.

Figure 6-9. Timing of Interval Timer Operation

TMO count value ?000HX0001HX /| X N Joooorfoootr) )/ X N JoooorfooorHf /) X n X
A A A

|

| Count start Clear Clear
| |
|
|
|

P

CROO N Il

INTTMOO )) )) l_l )) I_
48 ! (( T( 1
A A |
i Interrupt request Interrupt request [
| acknowledged acknowledged |
TOO )) )) l_
€9 €9

Interval time Interval time

|

|

|

|

|

)) l

(( |

|

|

|

T

|

|

Interval time I
|
|

Remark Interval time = (N + 1) x t
N = 0001H to FFFFH
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6.4.2 Operation as external event counter

The external event counter counts the number of external clock pulses input to the TI00/P32 pin by using 16-bit
timer counter 0 (TMO).

Each time the valid edge specified by prescaler mode register 0 (PRMO) has been input to TIO0/P32, the value
of TMO is incremented.

When the count value of TMO matches the value of capture/compare register 00 (CR00), TMO is cleared to 0 and
an interrupt request signal (INTTMOO) is generated.

Set CROO to a value other than 0000H (one pulse cannot be counted).

The rising, falling, or both rising and falling edges can be selected as the valid edge of TI0O0/P32 by using bits 4
and 5 (ES00 and ESO01) of prescaler mode register 0 (PRMO).

Because the operation is performed only after the valid level of the TI00 pin is detected twice by sampling using
the internal clock (fx/23), noise with a short pulse width can be eliminated.

Figure 6-10. Setting of Control Registers in External Event Counter Mode

(a) 16-bit timer mode control register 0 (TMCO)

TMCO03 TMC02 TMCO1 OVFO

TMCO| O 0 0 0 1 1 0/ 0

\—‘—1— Clear & start on match between

TMO and CROO.

(b) Capture/compare control register 0 (CRCO0)

CRC02 CRC01 CRC00

CRCO| © 0 0 0 0 0/1 0/1 0

L CROO is used as compare register.

Remark 0/1: When these bits are reset to 0 or set to 1, other functions can be used at the same time as the
external event counter function. For details, refer to Figures 6-2 and 6-3.
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Figure 6-11. Configuration of External Event Counter

S Internal bus 8

16-bit capture/compare register 00

(CRO00)
N\ /7 Match INTTMOO
fx/23 / \ Clear
Noise o
Valid edge of TI00 © elimi- 16-bit “F"T‘;\;Ig"“”ter 0 OVFQNete
nator ( )

Note OVFO0 is 1 only when CR0O0 = FFFFH in the external event counter.

Figure 6-12. Timing of External Event Counter (with Rising Edge Specified)

TIOO pin input
(after noise eliminated)

TMO count value  X0000HX0001HK0002HX0003HY0004HX000sHY /| XN-1 X N YooooHX0001HX0002+HX0003HX

CROO N )

INTTMOO I_l

Caution Read TMO to read the count value of the external event counter.
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6.4.3 Pulse width measurement

16-bit timer counter 0 can be used to measure the pulse width of the signal input to the TI0O0/P32 and TI01/P33
pins.

The pulse width can be measured by operating TMO in the free-running mode, or by restarting the timer in
synchronization with the edge of the signal input to the TI00/P32 pin.

(1) Pulse width measurement with free-running counter and one capture register
When 16-bit timer counter 0 (TMO) operates in the free-running mode (refer to the register setting in Figure
6-13) and if the edge specified by prescaler mode register 0 (PRMO) is input to the TIO0/P32 pin, the value
of TMO is loaded to 16-bit capture/compare register 01 (CRO1) and an external interrupt request signal
(INTTMO1) is set.
The rising, falling, or both the rising and falling edges can be selected as the edge by using bits 6 and 7 (ES10
and ES11) of PRMO.
Because the value of TMO is captured only after the valid level of the TI00 pin is detected twice by sampling
using the count clock cycle selected by PRMO, noise with a short pulse width can be eliminated.

Figure 6-13. Setting of Control Registers for Pulse Width Measurement
with Free-Running Counter and One Capture Register

(a) 16-bit timer mode control register 0 (TMCO)

TMC03 TMC02 TMCO1 OVFO

TMCO| O 0 0 0 0 1 01 0

\—‘—1— Free-running mode

(b) Capture/compare control register 0 (CRCO0)

CRC02 CRC01 CRC00

CRCO| © 0 0 0 0 1 0/1 0

L CROO is used as compare register.

CRO1 is used as capture register.

Remark 0/1: When these bits are set to 1 or reset to 0, other functions can be used at the same time as
the pulse width measurement function. For details, refer to Figures 6-2 and 6-3.
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Figure 6-14. Configuration of Pulse Width Measurement Circuit with Free-Running Counter

fx/2 ——
S
f/2? 3 16-bit timer counter 0 (TMO) OVFO
?
fx/28 ——= ‘ ‘
—
Noise : )
TI00/P32©—| elimi- 16-bit capture/compare register 01
(CRoO1)
nator
{} INTTMO1
S Internal bus %

Figure 6-15. Timing of Pulse Width Measurement with Free-Running Counter and
One Capture Register (with Both Rising and Falling Edges Specified)

t

I '
v 1
' '
' '

TMO count value ~ Y0000HY 8\/ XDo-2)Do- 1% I;)O Yoo+ 1X /) Xp1-1X ;1 Yot +1X /) XerrrrXooooHY // Yp2-1X |:32 X02+1

)
TIOO pin input «3‘
—

( |

TIOO (after noise eliminated) N |

)) ) | E
Value loaded to CRO1 /| Y o i X b1 /| i Y o2
INTTMO1 2 [ [ ] : 2 [ ]
f f % ’
OVFo )) : )) : )) | Note E
( ' (4 ' W !
" (D1 Do) xt ; (10000H - D1 + D2) x t ;

Note Clear OVFO by software.
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(2

TMCO

CRCO

136

Measurement of two pulse widths with free-running counter

When 16-bit timer counter 0 (TMO) operates in the free-running mode (refer to Figure 6-16), the pulse widths
of the two signals input to the TI00/P32 and TI01/P33 pins can be simultaneously measured.

When the edge specified by bits 4 and 5 (ES00 and ES01) of prescaler mode register 0 (PRMO) is input to
the T100/P32 pin, the value of TMO is captured to 16-bit capture/compare register 01 (CR01), and an external
interrupt request signal (INTTMO1) is set.

When the edge specified by bits 6 and 7 (ES10 and ES11) of PRMO is input to the TI0O1/P33 pin, the value
of TMO is captured to 16-bit capture/compare register 00 (CR00), and an external interrupt request signal
(INTTMOO) is set.

The edges of the TIO0/P32 and TI01/P33 pins are specified by bits 4 and 5 (ES00 and ES01), and bits 6 and
7 (ES10 and ES11) of PRMO, respectively. The rising, falling, or both the rising and falling edges can be
specified.

Because the value of TMO is captured only after the valid level of the TI00 pin is detected twice by sampling
using the count clock cycle selected by prescaler mode register 0 (PRMO), noise with a short pulse width can
be eliminated.

Figure 6-16. Setting of Control Registers for Measurement of
Two Pulse Widths with Free-Running Counter

(a) 16-bit timer mode control register 0 (TMCO)

TMCO03 TMC02 TMCO1 OVFO

0 0 0 0 0 1 0/ 0

—t—

Free-running mode

(b) Capture/compare control register 0 (CRCO0)

CRC02 CRC01 CRC00

0 0 0 0 0 1 0 1

L CROO is used as capture register.

— Value of TMO is captured to CROO at valid edge of TI01/P33 pin.

— CRO1 is used as capture register.

Remark 0/1: When these bits are set to 1 or reset to 0, other functions can be used at the same time as
the pulse width measurement function. For details, refer to Figures 6-2 and 6-3.
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e About capture operation (free-running mode)
The following charts show the operation of the capture register when the capture trigger is input.

Figure 6-17. Capture Operation of CR01 When Rising Edge Is Specified

Count clock _I [

™o

TIOO I A

Rising edge detected

CRoO1

INTTMO1

Figure 6-18. Timing of Pulse Width Measurement by Free-Running Counter
(with Both Rising and Falling Edges Specified)

TMO count value

TI0O pin input ‘ g'l
(after noise eliminated) _— 1

YooooroootHY /X DO Yoo+ X //X D1 Yot + X/ XrrrrrXoooorX /X D2 XD?+1XD2+2X /X D3

A

L

Yo ] !

- —

Value loaded to CROT /| X DO /|
INTTMO1 | ’_‘—?Q—‘J_I—? [ 7]
TI01 pin input \ A ‘
Value loaded to CROO /| I X D1 I I X D2+1 [
NTTHoO A S NS
OVFo I Note ‘
(D1-DO) x t (10000H — D1 + D2) x t %(DS—D2)><t

Note Clear OVFO by software.
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(10000H — D1 + (D2 + 1)) x t
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(3) Pulse width measurement with free-running counter and two capture registers
When 16-bit timer counter 0 (TMO) operates in the free-running mode (refer to Figure 6-19), the pulse widths
of the signals input to the TI00/P32 pin can be measured.
When the edge specified by bits 4 and 5 (ES00 and ES01) of prescaler mode register 0 (PRMO) is input to
the T100/P32 pin, the value of TMO is captured to 16-bit capture/compare register 01 (CR01), and an external
interrupt request signal (INTTMO1) is set.
The value of TMO is also captured to 16-bit capture/compare register 00 (CR00) when the reverse edge to
the edge that triggers capturing to the CRO01 is input to the pin.
The edge of the TIO0/P32 pin is specified by bits 4 and 5 (ES00 and ES01) of prescaler mode register 0 (PRMO).
The rising or falling edge can be specified.
Because the value of TMO is captured only after the valid level of the TI00 pin is detected twice by sampling
using the count clock cycle selected by prescaler mode register 0 (PRMO), noise with a short pulse width can
be eliminated.

Caution When both the rising and falling edges are specified as the valid edges of the TI00/P32 pin,
16-bit capture/compare register 00 (CR00) cannot perform a capture operation.

Figure 6-19. Setting of Control Registers for Measurement with Free-
Running Counter and Two Capture Registers

(a) 16-bit timer mode control register 0 (TMCO)

TMC03 TMC02 TMCO1 OVFO

TMCO| O 0 0 0 0 1 0/1 0

\—‘—1— Free-running mode

(b) Capture/compare control register 0 (CRCO0)

CRC02 CRC01 CRC00

CRCO| © 0 0 0 0 1 1 1

L CROO is used as capture register.

Value of TMO is captured to CROO at reverse edge to
valid edge of TI00/P32 pin.

CRO1 is used as capture register.

Remark 0/1: When these bits are set to 1 or reset to 0, other functions can be used at the same time as
the pulse width measurement function. For details, refer to the descriptions of each control
register.
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Figure 6-20. Timing of Pulse Width Measurement with Free-Running Counter
and Two Capture Registers (with Rising Edge Specified)

T o 2 20 0 G 2 Wl 20 20 W
PSR e NI
—— D S — i |
Value loaded 0 GO0 ) o) — Y=

o i L

OVFo | ' Note

(D1-DO)xt ! (10000H — D1 + D2) x t ! (D3-D2)xt

Note Clear OVFO by software.

(4) Pulse width measurement by restarting
When the valid edge of the TIO0/P32 pin is detected, the pulse width of the signal input to the TI00/P32 pin
can be measured by clearing 16-bit timer counter 0 (TMO) and restarting counting after the count value of TMO
is captured to 16-bit capture/compare register 01 (CR01) (refer to Figure 6-22).
The rising or falling edge can be specified as the valid edge by using bit 4 and 5 (ES00 and ES01) of prescaler
mode register 0 (PRMO).
Because the value of TMO is captured only after the valid level of the TI00 pin is detected twice by sampling
using the count clock cycle selected by prescaler mode register 0 (PRMO), noise with a short pulse width can
be eliminated.

Caution When both the rising and falling edges are specified as the valid edges of the TI00/P32 pin,
16-bit capture/compare register 00 (CR00) cannot perform a capture operation.
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Figure 6-21. Setting of Control Registers for Pulse Measurement by Restarting

(a) 16-bit timer mode control register 0 (TMCO)

TMC03 TMC02 TMCO1 OVFO

TMCO| O 0 0 0 1 0 0/1 0

\—‘—1— Clears & start at valid edge of TI00/P32 pin

(b) Capture/compare control register 0 (CRCO0)

CRC02 CRC01 CRC00

CRCO[ o | 0 | o | 0 | O 1 1 1
L

CROO is used as capture register.

Value of TMO is captured to CROO at reverse edge to
valid edge of TI00/P32 pin.

CRO1 is used as capture register.

Remark 0/1: When these bits are set to 1 or reset to 0, other functions can be used at the same time as
the pulse width measurement function. For details, refer to Figures 6-2 and 6-3.

Figure 6-22. Timing of Pulse Width Measurement by Restarting (with Rising Edge Specified)

b

Countclock|||||||I|||||||||I||||||

TMO count value  X0000HX0001HY // X Do YooooHooo1HX o X /[ X b2 XooooHXoootHX

L L

TI00 pin input
(after noise eliminated) >3J

Value loaded to CRO1 /| X bpo /| X b2
Value loaded to CR00 // | IX D1 // | X
INTTMO1 ) | | )) | |
(( ' ' (( '
D1 xt |
E D2 x t :
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6.4.4 Square wave output operation

The 16-bit timer/event counter can be used to output a square wave of any frequency at intervals specified by the
count value preset to 16-bit capture/compare register 00 (CRO00).

When bits 0 (TOEOQ) and 1 (TOCO01) of 16-bit timer output control register 0 (TOCO) are set to 1, the output status
of the TOO pin is inverted at the intervals specified by the count value preset to CR00. In this way, a square wave
of any frequency can be output.

Figure 6-23. Setting of Control Register in Square Wave Output Mode

(a) 16-bit timer mode control register 0 (TMCO0)

TMC03 TMC02 TMCO01 OVF0

TMCO| O 0 0 0 1 1 0/1 0

\—‘—1— Clear & start on match between TMO and CR00

(b) Capture/compare control register 0 (CRCO0)

CRC02 CRC01 CRC00

CRCO| O 0 0 0 0 0/1 0/1 0

L CROO is used as compare register.

(c) 16-bit timer output control register 0 (TOCO0)

OSPT OSPE TOC04 LVSO LVRO TOCO01 TOEO

TOCO| O 0 0 0 01 | on 1 1
L L] L TOC output enabled

Output inverted on match between TMO and CR0O0

Specification of initial value of TOO output F/F

Output not inverted on match between TMO and CRO1

One-shot pulse output disabled

Remark 0/1: When these bits are reset to 0 or set to 1, other functions can be used at the same time as the
square wave output function. For details, refer to Figures 6-2, 6-3, and 6-4.
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Figure 6-24. Timing of Square Wave Output Operation

CountclockI|||||||||||||||||||||||I||

TMO count value XOOOOHXOOO1HX0002HX /| XN-1X N XOOOOHXOOO1HX0002HX /I XN-1X N XOOOOH

CRO00

INTTMOO

TOO pin output

6.4.5 One-shot pulse output operation
The 16-bit timer/event counter can be used to output a one-shot pulse in synchronization with a software trigger
or external trigger (TI00/P32 pin input).

(1) One-shot pulse output with software trigger

142

A one-shot pulse can be output to the TO0/P31 pin by setting 16-bit timer mode control register 0 (TMCO),
capture/compare control register 0 (CRCO0), and 16-bit timer output control register 0 (TOCO) as shown in
Figure 6-25, and setting bit 6 (OSPT) of TOCO to 1 by software.

When OSPT is setto 1, 16-bittimer counter 0 (TMO) is cleared and started, and the output to TI00/P32 becomes
active at the count value preset to 16-bit capture/compare register 01 (CR01). After that, the output becomes
inactive at the count value preset to 16-bit capture/compare register 00 (CR00).

After outputting the one-shot pulse, TMO continues operating. To stop TMO, set TMO to 00H.

Caution Do not set OSPT to 1 while the one-shot pulse is being output. To output the one-shot pulse

again, wait until the INTTMOO interrupt , which occurs on a match between TM0 and CRO00,
has occurred.
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Figure 6-25. Setting of Control Registers for One-Shot Pulse Output Operation with Software Trigger

(a) 16-bit timer mode control register 0 (TMCO)

TMCO03 TMC02 TMCO1 OVFO

TMCO| O 0 0 0 0/ 0/1 0/1 0

\—‘—1— Clear & start at valid edge of TI00/P32 pin,

or free-running mode

(b) Capture/compare control register 0 (CRCO0)

CRC02 CRC01 CRC00

CRCoO| © 0 0 0 0 0 0/1 0

L CROO is used as compare register.

——— CRO1 is used as compare register.

(c) 16-bit timer output control register 0 (TOCO)

OSPT OSPE TOC04 LVSO LVRO TOC01 TOEO

TOCO| O 0 1 1 on on 1 1
L L TOO output enabled

— Output inverted on match between TM0 and CR0O0

Specification of initial value of TOO output F/F

Output inverted on match between TMO and CRO1

Specification of one-shot pulse output mode

Set to 1 to output one-shot pulse.

Caution Set CR00 and CRO1 to a value in the following range.
0000H < CRO1 < CROO < FFFFH

Remark 0/1: When these bits are reset to 0 or set to 1, other functions can be used at the same time as
the one-shot pulse output function. For details, refer to Figures 6-2, 6-3, and 6-4.
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Figure 6-26. Timing of One-Shot Pulse Output Operation with Software Trigger

Set OCH to TMCO
(TMO count start)

Countclock||||||||||||||||||I|H_|_|_|_|_|_|_|_|_~J_|_
TMO countvalue 0000 X 0001 /X N XN+1XX0000X ) XN-1X N X JXm-1X ™ XM+1X p) Xoooo

CRO1 set value N ) N / N ! N //
CROO set value M ), M T w ) M /A
OSPT ) § I_I ) . § §
INTTMO1 ! |_| ) |_|_,) N
INTTMOO ) ) - B .

TOO pin output

One-shot pulse ;

Caution 16-bit timer counter 0 (TMO) starts operating as soon as TMC02 and TMCO3 are set to values
other than 0, 0 (operation stop mode).

Remark N <M

(2) One-shot pulse output with external trigger
A one-shot pulse can be output to the TO0/P31 pin by using the valid edge of the TI00/P32 pin as an external
trigger when 16-bit timer mode control register 0 (TMCO), capture/compare control register 0 (CRCO0), and 16-
bit timer output control register 0 (TOCO) are set as shown in Figure 6-27.
The rising, falling, or both the rising and falling edges can be selected as the valid edge of the TI00/P32 pin
by bit 4 and 5 (ES00 and ESO01) of prescaler mode register 0 (PRMO).
At the valid edge of the TI00/P32 pin, 16-bit timer counter 0 (TMO) is cleared and started, and the output to
TOO0/P31 becomes active at the count value written in advance to 16-bit capture/compare register 01 (CR01).
After that, the output becomes inactive at the count value written in advance in 16-bit capture/compare register
00 (CRoO)Note

Note The case where N < M is described here. When N > M, the output becomes active with the CR00
register and inactive with the CRO1 register.

Caution The external trigger is ignored even if generated while the one-shot pulse is being output.
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Figure 6-27. Setting of Control Registers for One-Shot Pulse Output Operation with External Trigger

(a) 16-bit timer mode control register 0 (TMCO)

TMC03 TMC02 TMCO1 OVFO

TMCO| O 0 0 0 0/1 | 01 | on 0

—t—

Clear & start at valid edge of
TI00/P32 pin, or free-running mode

(b) Capture/compare control register 0 (CRCO0)

CRC02 CRC01 CRC00

CRCO| © 0 0 0 0 0 0/1 0

L CROO is used as compare register.

— CRO01 is used as compare register.

(c) 16-bit timer output control register 0 (TOCO)

OSPT OSPE TOC04 LVSO LVRO TOC01 TOEO

TOCO| © 0 1 1 01 | on 1 1
L L TOO output enabled

— Output inverted on match between TM0 and CR0O0

Specification of initial value of TOO output F/F

Output inverted on match between TMO and CRO1

Specification of one-shot pulse output mode

Caution Set CR00 and CRO1 to a value in the following range.
0000H < CRO1 < CROO < FFFFH

Remark 0/1: When these bits are reset to 0 or set to 1, other functions can be used at the same time as
the one-shot pulse output function. For details, refer to Figures 6-2, 6-3, and 6-4.
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Figure 6-28. Timing of One-Shot Pulse Output Operation with External Trigger
(Clear & Start at Valid Edge of TI00 with Rising Edge Specified)

Set 08H to TMCO
(TMO count start)

TMO countvalue 0000 X0001X X000 /X N :XN+1XN+2X / XM—2XM—1X M jXM+1XM+2XM+3

CRO1 set value N // ‘ N // ‘ N //

TI00 pin input \ I | \ 1 5
INTTM01 ) ) )L H )
INTTMOO )) )) )) |_|

i
)) .

TOO pin output ) |

N
CROO set value M // M // ‘ M // M

Caution 16-bit timer counter 0 (TMO) starts operating as soon as TMC02 and TMCO3 are set to values
other than 0, 0 (operation stop mode).

Remark N <M
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6.4.6 PPG output operation
16-bit timer/event counter 0 operates as a PPG (Programmable Pulse Generator) output when 16-bit timer mode

control register 0 (TMCO) and capture/compare control register 0 (CRCO) are set as shown in Figure 6-29.

The PPG output pulse is a square wave and is output from the TO0/P31 pin. One cycle of this pulse is specified
by the count value preset to 16-bit capture/compare register 00 (CR00), and the pulse width is specified by the count
value preset to 16-bit capture/compare register 01 (CR01).

Figure 6-29. Setting of Control Register for PPG Output Operation
(a) 16-bit timer mode control register 0 (TMCO0)

TMCO03 TMC02 TMCO1 OVFO

TMCO| O 0 0 0 1 1 0 0

\—‘—1— Clear & start on match between

TMO and CR0O0O

(b) Capture/compare control register 0 (CRCO0)

CRC02 CRC01 CRC00

CRCO| O 0 0 0 0 0 X 0
L CROO is used as compare register.

CRO1 is used as compare register.

(c) 16-bit timer output control register 0 (TOCO0)

OSPT OSPE TOC04 LVSO LVRO TOC01 TOEO

TOCO| O 0 0 1 0/1 | oA 1 1
L L L TOC output enabled

Output inverted on match between TMO and CR00

Specification of initial value of TOO output F/F

Output inverted on match between TMO and CRO1

One-shot pulse output disabled

Cautions 1. Set CR00 and CRO1 to a value in the following range.
0000H < CRO1 < CROO < FFFFH
2. The cycle of the pulse generated by PPG output is (set value of CR0O0 + 1), and the duty factor
is (set value of CRO1 + 1)/(set value of CR00 + 1).

Remark x: Don’t care
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Figure 6-30. Configuration of PPG Output

16-bit capture/compare
register 00 (CRO0O0)

fx2 ——— ‘ ‘
fx/22 5
fx/26 % 16-bit timer counter 0 Clear
» T™MO circuit
Tioo/P32 6| Noise o

NO | .|
eliminator ‘ ‘

16-bit capture/compare
register 01 (CRO1)

— OTO0/P31

Output controller

Figure 6-31. PPG Output Operation Timing

t

B
1 1
1 1

Countclock||||||||||||||||I|||||

TMO count value :XOOOOHX0001HX N X | K- 1 N.AXOOOOHX0001HX

I I
Count start X Clear
L]

CROO capture value

)

CRO1 capture value \\ M \\
(
)T

B

1
Pulse width: (M + 1) xt 1
1

1cycle: (N+1)xt

Remark 0000H <M < N < FFFFH
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6.5 Program List
Caution The following sample program is shown as an example to describe the operation of

semiconductor products and their applications. Therefore, when applying the following information
to your devices, design the devices after performing evaluation on your own responsibility.
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6.5.1 Interval timer

/*******************************************************************************/

/* */
/* Setting example of timer 0 interval timer mode */
/* Cycle set to 98 as intervalTMO (at 6.3 MHz for 1 ms) */
/* Variable ppgdata prepared as rewrite data area */
/* Cycle (if 0000, no change) */
/* ppgdata to be checked at every INTTMO00, and changed if required. */
/* Therefore, if change is required, set the change data in ppgdata. */
/* When changed, ppgdata cleared to 0000. */
/* */
/*******************************************************************************/
#pragma sfr

#pragma EI

#pragma DI

#define intervalTMO 98 /* Cycle data to be set to CRO0 */

#pragma interrupt INTTMOO intervalint rb2
unsigned int ppgdata; /* Data area to be set to timer 0 */
void main (void)
{
PCC = 0x0; /* Set high-speed operation mode */
ppgdata = 0;
/* Set port */
/* Set the following to output */
P3 = 0b11111101; /* Clear P31 */
PM3.1 = 0; /* Set P31 as output */
/* Set interrupt */
TMMKOO = 0; /* Cancel INTTMOO interrupt mask */
/* Set timer 0 */
PRMO = 0b00000010; /* Count clock is fx/2"6 */
CRCO = 0b00000000; /* Set CR0O0 and CRO1l to compare register */
CR0O0 = intervalTMO; /* Set cycle initial value to CRO0 */
TOCO = 0b00000111; /* Invert on match with CR0O0, initial value L */
TMCO = 0b00001100; /* Clear & start on match between TMO and CROO */
EI();
while (1) ; /* Loop as dummy here */

}

/* Timer 0 interrupt function */
void intervalint ()

unsigned int work;
/***************************************************/

/* */
/* Define variables required for interrupt here * /
/* */
/***************************************************/
work = ppgdata;
if (work != 0)
{
CR0O0 = work;
ppgdata = 0;
if (work == Oxffff)
TMCO = 0b00000000; /* Stop timer */

}
}

/***********************************************************/

/* */
/* Describe processing required for interrupt below */
/* */

/***********************************************************/

}
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6.5.2 Pulse width measurement by free-running counter and one capture register

/******************************************************************************/

/* */
/* Timer 0 operation sample */
/* Pulse width measurement example by free-running and CRO1l */
/* Measurement results up to 16 bits and not checked for errors */
/* data[0]: End flag */
/* data[l] : Measurement results (pulse width) */
/* data[2] : Previous read value */
/* */

/******************************************************************************/

#pragma sfr

#pragma EI
#pragma DI
#pragma interrupt INTTMO01l intervalint rb2
unsigned int datal3]; /* Data area */

void main (void)

{

unsigned int length;

PCC = 0x%0; /* Set high-speed operation mode */
data[0] = 0;
datal[l] = 0;
datal[2] = 0;
/* Set port */
PM3.2 = 1; /* Set P32 as input */
/* Set interrupt */
TMMKO1l = 0; /* Cancel INTTMOl interrupt mask */
/* Set timer 0 */
PRMO = 0b00110010; /* Both rising and falling edges for TIOO0 */
/* Count clock is fx/2"6 */
CRCO = 0b00000100; /* Set CRO1l to capture register */
TMCO = 0b00000100; /* Start in free-run mode */
EI();
while (1) { /* Dummy loop */
while(data([0] == 0); /* Wait for measurement completion */
DI(); /* Prohibit interrupt for exclusive operation */
length = datall]; /* Read measurement results */
data[0] = 0; /* Clear end flag */
EI(); /* Exclusive operation completed */

}

/* Timer 0 interrupt function */
void intervalint ()

unsigned int work;
/*****************************************************/

/* */
/* Define variables required for interrupt here */
/* */
/*****************************************************/
work = CRO1; /* Read capture value */
datal[l] = work - datal2]; /* Calculate and update interval */
data[2] = work; /* Update read value */
data[0] = Oxffff; /* Set measurement completion flag*/

/***********************************************************/

/* */
/* Describe processing required for interrupt below */
/* */

/***********************************************************/

}
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6.5.3 Two-pulse-width measurement by free-running counter

/******************************************************************************/

/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*

*
/
Timer 0 operation sample */
Two-pulse-width measurement sample by free-running */
Measurement results up to 16 bits and not checked for errors */
Result area at TIOO side */
data[0]: End flag */
data[l] : Measurement results (pulse width) */
data[2] : Previous read value */
Result area at TIOl side */
datal[3]: End flag */
data[4] : Measurement results (pulse width) x/
data[5]: Previous read value */

*
/

/******************************************************************************/

#pragma
#pragma
#pragma
#pragma
#pragma

sfr
ET
DI

interrupt INTTMOO intervalint rb2
interrupt INTTMO1l intervalint2 rb2
unsigned int datalé];

void main (void)

{

152

/*

unsigned int length,length2;

PCC = 0x0
data[0] =
data[1l] =
data[2] =
datal[3] =
data[4] =
datal[5] =

PM3.2 =1
PM3.3

I
[y

TMMKO1 =
TMMKOO =

PRMO

7

1

0
OI
0;
O.
0
0

1

’

’

0b11110010;

CRCO = 0b00000101;
TMCO = 0b00000100;

EI();
while (1) {

if (datal0] != 0)

{

}

TMMKO1

length =
datal[o0]
TMMKO1 =

if (datal3] != 0)

{

TMMKOO =

length2
data[3]
TMMKOO =

/*
/*

/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*

/*
/*

1;
datal[1l];
0;
0;
/*
1;
data[4];

0;
0;

Data area */

Set high-speed operation mode */
Clear data area */

Set
Set
Set
Set

port */

P32
P33

as input */
as input */

interrupt */

Cancel INTTMOl interrupt mask */

Cancel INTTMOO interrupt mask */

Set timer 0 */

Both rising and falling edges */

Count clock is fx/276 */
Set CR00 and CRO1l to capture register */
Start in free-run mode */

Dummy loop */
TI0O0 measurement completion check */

TIO1

/*

/*
/*
/*

INTTMO1l interrupt prohibited for
exclusive operation */

Read measurement results */
Clear end flag */

Exclusive operation completed */

measurement completion check */

/*

/*
/*
/*

INTTMOO interrupt prohibited for
exclusive operation */

Read measurement results */
Clear end flag */

Exclusive operation completed */
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/* INTTMOO interrupt function */
void intervalint ()

unsigned int work;
/******************************************************/

/* */
/* Define variables required for interrupt here x/
/* */
/******************************************************/
work = CROO; /* Read capture value */
data[4] = work - datal5]; /* Calculate and update interval */
data[5] = work; /* Update read value */
data[3] = Oxffff; /* Set measurement completion flag*/

/********************************************************/

/* */
/* Define variables required for interrupt below */
/* */

/********************************************************/

}

/* INTTMOl interrupt function */
void intervalint2 ()

unsigned int work;
/******************************************************/

/* */
/* Define variables required for interrupt here x/
/* */
/******************************************************/
work = CRO1; /* Read capture value */
data[l] = work - datal2]; /* Calculate and update interval */
data[2] = work; /* Update read value */
data[0] = Oxffff; /* Set measurement completion flag*/

/********************************************************/

/* */
/* Define variables required for interrupt below */
/* */

/********************************************************/

}
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6.5.4 Pulse width measurement by restart

/**************************************************************************/

/* */
/* Timer 0 operation sample */
/* Pulse width measurement example by restart */
/* Measurement results up to 16 bits, not to be checked for errors */
/* data[0]: End flag */
/* data[l] : Measurement results (pulse width) */
/* data[2] : Previous read value */
/* */

/**************************************************************************/

#pragma sfr

#pragma EI
#pragma DI
#pragma interrupt INTTMO1l intervalint rb2
unsigned int datal3]; /* Data area */

void main (void)

{

unsigned int length;

PCC = 0x0; /* Set high-speed operation mode */
data[0] = 0;
datal[l] = 0;
datal[2] = 0;
/* Set port */
PM3.2 = 1; /* Set P32 as input */
/* Set interrupt */
TMMKO1l = 0; /* Cancel INTTMOl interrupt mask */
/* Set timer 0 */
PRMO = 0b00110010; /* Both rising and falling edges */
/* Count clock is fx/2"6 */
CRCO = 0b00000100; /* Set CRO1l to capture register */
TMCO = 0b00001000; /* Clear & start at TIOO valid edge */
EI();
while (1) { /* Dummy loop */
if (data[0] != 0) /* Wait for TIOO0 measurement completion */
{
TMMKO1 = 1; /* Prohibit INTTM01 for exclusive
operation */
length = datall]l+datal2]; /* Cycle calculation based on
measurement results */
data[0] = 0; /* Clear end flag */
TMMKO1l = O; /* Exclusive operation completed */

}

/* Timer 0 interrupt function */
void intervalint ()

{

/******************************************************/

/* */
/* Define variables required for interrupt here */
/* */
/******************************************************/
data[2] = datalll; /* Update old data */
data[l] = CRO1; /* Update read value */
data[0] = Oxffff; /* Set measurement completion flag*/

/********************************************************/

/* */
/* Define variables required for interrupt below */
/* */

/********************************************************/

}
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6.5.5 PPG output

/******************************************************************************/

/* */
/* Timer 0 PPG mode setting example */
/* Cycle set to 98 as intervalTMO */
/* Active period set to 49 as active time */
/* Array ppgdata prepared as data area for rewriting */
/* [0] : Active period (0000: no change, Oxffff: stop) */
/* [1]: Cycle (0000: no change) */
/* ppgdata to be checked at every INTTMO0O, and changed if required. */
/* Therefore, if change is required, set the change data in ppgdata. */
/* When changed, ppgdata cleared to 0000. */
/* */

/******************************************************************************/

#pragma sfr

#pragma EI
#pragma DI
#define intervalTMO 98 /* Cycle data to be set to CRO0 */
#define active time 49 /* Initial value data of CRO1 */
#pragma interrupt INTTMOO ppgint rb2

unsigned int ppgdatal2]; /* Data area to be set to timer 0 */

void main (void)

{
PCC = 0x0; /* Set high-speed operation mode */
ppgdata[0]
ppgdatal[l] = 0;

1]
o

/* Set port */

P3 = 0b11111101; /* Clear P31 */
PM3.1 = 0; /* Set P31 to output */
/* Set interrupt */
TMMKOO = 0; /* Cancel INTTMOO interrupt mask */
/* Set timer 0 */
PRMO = 0b00000010; /* Count clock is fx/2%6 */
CRCO = 0b00000000; /* Set CR00 and CRO1l to compare register */
CRO0 = intervalTMO; /* Set initial value of cycle */
CRO1 = active time; /* Set initial value of active period */
TOCO = 0b00010111; /* Inverted on match between CR0O0 and CRO1,
initial value L */
TMCO = 0b00001100; /* Clear & start on match between TMO and CR0O0 */
EI();
while (1) ;

}

/* Timer 0 interrupt function */
void ppgint ()

unsigned int work;

work = ppgdatalO0];

if (work != 0)

{
CR0O01 = work;
ppgdatal[0] = 0;
if (work == Oxffff)

{

}
}
work = ppgdatall];
if (work != 0)

{

TMCO = 0b00000000; /* Stop timer */

CR0O0 = work;
ppgdata[l]=0;
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6.6 Notes on 16-Bit Timer/Event Counter 0
(1) Error on starting timer
An error of up to 1 clock occurs from when the timer is started until a match signal is generated. This is because

16-bit timer counter 0 (TMO) is started asynchronously to the count pulse.

Figure 6-32. Start Timing of 16-Bit Timer Counter

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

TMO count value 0000H X 0001H X 0002H X 0003H X 0004H

Timer starts

(2) Setting of 16-bit capture/compare register (in start & clear mode on match between TM0 and CR00)
Set 16-bit capture/compare registers 00 and 01 (CR00 and CRO01) to a value other than 0000H (one pulse
cannot be counted).

(3) Operation after changing value of compare register during timer count operation
If a new value written to 16-bit capture/compare register 00 (CR00) is less than the value of 16-bit timer counter
0 (TMO), TMO continues counting, overflows, and starts counting again from 0. Therefore, if the new value
of CR0OO (M) is less than the old value (N), it is necessary to restart the timer after changing the value of CR0O.

Figure 6-33. Timing After Changing Value of Compare Register During Timer Count Operation

Count pulse _/_\ / \ / \—?F—/ \ / \ / \ /_\_
CR00 N X \/\\/\ M
TMO count value :X x-1 X x X )D( FFFFH X 0000H X 0001H X 0002H

Remark N> X>M
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(4) Data retention timing of capture register
When a capture trigger is input while a 16-bit capture/compare register (CR00/CRO01) is being read, CR00/
CRO01 continues the normal capture operation, but the read value at this time is not guaranteed. However,
the interrupt request flag (TMIFOO/TMIFO1) is set as a result of detecting the valid edge.

Figure 6-34. Data Retention Timing of Capture Register

Count pulse _/_\_/_\_/_\_/ \—?3—/ \ / \ / \_
TMO count value N X N+t X N+2 X /[X M X M+1 X M+2

Edge input \

Interrupt request flag | |

.................

. The read value is not guaranteed. —=, i
Capture read signal N ' !

T( [y T

CRO1 interrupt value X X // N+1 X M+1

Capture operation

(5) Setting of valid edge
Set the valid edge of the TIO0/P32 pin after clearing bits 2 and 3 (TMC02 and TMCO03) of 16-bit timer mode
control register 0 to 0, 0, and stopping the timer operation. The valid edge is specified by using bits 4 and
5 (ES00 and ESO01) of prescaler mode register 0 (PRMO).

(6) Re-triggering one-shot pulse

(a) One-shot pulse output with software trigger
Do not set OSPT to 1 while the one-shot pulse is being output. To output the one-shot pulse again, wait
until the INTTMOO interrupt, which occurs on a match between TM0 and CROO, has occurred.

(b) One-shot pulse output with external trigger
The external trigger is ignored even if it is generated again while the one-shot pulse is being output.

(c) One-shot pulse output function
When using the software trigger for one-shot pulse output, fix the level of the TI00/P32 and TI01/P33 pins
to either the high or low level. Otherwise, the external trigger will remain valid even when the software
trigger is used, and the timer will be cleared and started when the level of the TI00/P32 or TI01/P33 pin
changes, resulting in unexpected output of the pulse.
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(7) Operation of OVFO flag

(a) OVFO flag setting
The OFVO flag is set to 1 in the following case.
When one of clear & start mode on match between TMO and CRO0O, clear & start mode on TI00 valid edge,
or free-running mode is selected.
l
CROO is set to FFFFH.

\J

TMO is counted up from FFFFH to 0000H.

Figure 6-35. Operation Timing of OVFO Flag

Count pulse
CR00 FFFFH /
T™O FFFEH >< FrFrH /X oo >< iy X
OVFO0 K\
\
INTTMOO

(b) OVFO flag clear
Even if the OVFO flag is cleared before the next count clock is counted (before TMO becomes 0001H)
after TMO has overflowed, the OVFO flag is set again and the clear becomes invalid.
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(8) Conflicting operations

(@)

(b)

If the read period and capture trigger input conflict

If the read period and inputting a capture trigger conflict while 16-bit capture/compare registers 00 and
01 (CRO0 and CRO01) are used as capture registers, the capture operation takes precedence and the read
data is undefined. However, the interrupt request flags (TMIFOO/TMIF01) are set when the valid edge
is detected.

If the match timing of the write period and TMO conflict

When 16-bit capture/compare registers 00 and 01 (CR00, CR0O1) are used as capture registers, because
match detection cannot be performed correctly if the match timing of the write period and 16-bit timer
counter 0 (TMO) conflict, do not write to CR00 and CRO1 close to the match timing.

(9) Timer operation

<1> Even if 16-bit timer counter 0 (TMO) is read, its value is not captured to 16-bit capture/compare register

01 (CRO1).

<2> While the timer is stopped, signals input to the TI00 and TIO1 pins are not accepted regardless of the

operating mode of the CPU.

<3> The one-shot pulse output operates correctly only in the free-running mode or the mode in which TMO

is cleared and started at the valid edge of TI00. In the mode in which TMO is cleared and started on
a match between TMO and CROO, the one-shot operation cannot be performed because TMO does not
overflow.

(10) Capture operation

<1>

<2>

<3>

Rising edge detection | |

<4>

If the TIOO valid edge is specified as the count clock, a capture operation by the capture register specified
as the trigger for TI0O is not possible.
If both the rising and falling edges are selected as the valid edges of TI00, CR00 does not perform a capture

operation.
To ensure the reliability of the capture operation, the capture trigger requires a pulse longer than two cycles
of the count clock selected by prescaler mode register 0 (PRMO).

Figure 6-36. CRO1 Capture Operation with Rising Edge Specified

Count clock _I | | | | | | | | | |

!
™0 J N3 ] N2 ] N X L net )

TI00 [ A

|
N
|
|
|
|
|
|
|

CRoO1 )

|
|
N
|
INTTMO1 | |

The capture operation is performed at the fall of the count clock. Interrupt request input (INTTMOO,
INTTMO1), however, occurs at the rise of the next count clock.
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(11) Compare operation

<1>

<2>

When a 16-bit timer capture/compare register (CRO0/CRO01) is overwritten during timer operation, a match
interrupt may be generated or the clear operation may not be performed normally if that value is close to
or larger than the timer value.

The capture operation may not be performed for CRO0/CRO01 set to compare mode even if a capture trigger
is input.

(12) Edge detection

<1>

<2>

If the TIOO pin or the TI01 pin is high level immediately after system reset and the rising edge or both the
rising and falling edges are specified as the valid edge of the TI00 pin or TI01 pin to enable 16-bit timer
counter 0 (TMO) operation, a rising edge is detected immediately. Be careful when pulling up the TI00 pin
or the TIO1 pin. However, the rising edge is not detected at restart after the operation has been stopped.
The sampling clock used to eliminate noise differs when the TI00 valid edge is used as the count clock
and when it is used as a capture trigger. In the former case, the count clock is fx/23, and in the latter case
the count clock is selected by prescaler mode register 0 (PRMO0). The capture operation is not performed
until the valid edge is sampled and the valid level is detected twice, thus eliminating noise with a short pulse
width.

*  (13) STOP mode setting
Stop the timer operation before setting STOP mode; otherwise the timer may malfunction when the main
system clock starts.
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7.1 Functions of 8-Bit Timer/Event Counters 50, 51

8-bit timer/event counters 50 and 51 have the following two modes.

¢ Mode in which an 8-bit timer/event counter is used alone (single mode)
¢ Mode in which the two timer/event counters are connected in cascade (cascade connection mode with a

resolution of 16 bits)

These two modes are explained below.

M

()

Mode in which an 8-bit timer/event counter is used alone (single mode)
The timer/event counter operates as an 8-bit timer/event counter.
In this mode, the following functions can be used.

<1> Interval timer
Interrupt requests are generated at the preset interval.
* Number of counts: 1 to 256

<2> External event counter
The number of pulses with high/low level widths in a signal input externally can be measured.

<3> Square-wave output
A square wave with an arbitrary frequency can be output.
e Cycle: (1 x 2 to 256 x 2) x Count clock cycle

<4> PWM output
A pulse with an arbitrary duty ratio can be output.
e Cycle: Count clock x 256
e Duty ratio: Set value of compare register/256

Mode in which the two timer/event counters are connected in cascade (cascade connection mode with
a resolution of 16 bits)

By combining the two 8-bit timer/event counters, they can operate as a 16-bit timer/event counter.

In this mode, the following functions can be used.

¢ |nterval timer with 16-bit resolution
e External event counter with 16-bit resolution

¢ Square-wave output with 16-bit resolution

Figures 7-1 and 7-2 show the block diagrams of 8-bit timer/event counters 50 and 51.
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Figure 7-1. Block Diagram of 8-Bit Timer/Event Counter 50

2 Internal bus 2
8-bit compare —
register 50 (CR50) 3 4@4 INTTM50
TI50/P34 S
fx/2 Z . Match é — y Note 1
h2d ——= 9 = 5, -
/25 — § T T g
o7 — - N A O D g N
f/2? —— @ (TM50) R °
fx/2"
Clear N
Output latch
SNotez (P130)
3 || Level
R Inversion
Selector,I
[ v 1
[reLsozfTeLsot]ToLso0] [TCE50|TMC506| TMC504 | LVS50|LVR50[TMC501 TOES0)
Timer clock select Timer mode control
reg|5ter 50 (TCL50) register 50 (TMC50)

Internal bus

Figure 7-2. Block Diagram of 8-Bit Timer/Event Counter 51

2 Internal bus 2

8-bit compare
register 51 (CR51) ’ —_@—‘ INTTM51

Mask circuit

TI51/?3}&2'> Match Note 1
X - [ ] } ote
f2? —~ 8 Sq =
fX/27 N 8-bittimer  yF ] —INV g
fx/2 "I & FH counters51 8 i
)20 —— @ o) TO51/P131
Rpich (TM51) R »
Clear 1
Output latch
SNOte 2 (gm)
3 | Level
S — R inversion
elector ,'
frcLs12[TCL511TCLE10] [TCE51]TMC516| TMC514] LVS51|LVR51|TMC511| TOE51]
Timer clock select Timer mode control
register 51 (TCL51) @ register 51 (TMC51)
2 Internal bus 2

Notes 1. Timer output F/F
2. PWM output F/F
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7.2 Configuration of 8-Bit Timer/Event Counters 50, 51
8-bit timer/event counters 50 and 51 consist of the following hardware.

Table 7-1. Configuration of 8-Bit Timer/Event Counters 50 and 51

Iltem Configuration

Timer counter 8-bit timer counters 50 and 51 (TM50 and TM51)

Register 8-bit compare registers 50 and 51 (CR50 and CR51)

Timer input TI50, TI51

Timer output TO50 and TO51

Control registers e Timer clock select registers 50 and 51 (TCL50 and TCL51)
* 8-bit timer mode control registers 50 and 51 (TMC50 and TMC51)
* Port mode register 3 (PM3)
e Port 13 (P13)

(1) 8-bit timer counters 50 and 51 (TM50 and TM51)
TM50 and TM51 are 8-bit read-only registers that count the count pulses.
The counter is incremented at the rising edge of the count clock.
When TM50 and TM51 are cascaded and used as a 16-bit timer, their values can be read by using a 16-bit
memory manipulation instruction. However, because TM50 and TM51 are connected by the internal 8-bit bus,
TM50 and TM51 are read separately in this order. Therefore, read the value of TM50 and TM51 when used
as a 16-bit timer twice for comparison, taking changes in the value during counting into consideration.
If the count value is read while the timer is operating, stop input of the count clockNote and read the count
value at that point.
The count value is cleared to 00H in the following cases.
<1> When RESET is input
<2> When TCE5n is cleared
<3> Upon a match between TM5n and CR5n in the mode in which the timer is cleared and started on a match

between TM5n and CR5n

Note An error may occur in the count. Select a count clock that has a high/low level longer than two cycles
of the CPU clock.

Caution In cascade connection mode, the count value is reset to 0000H when TCE50 of the lowest
timer is cleared.

Remark n=0, 1
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(2) 8-bit compare registers 50 and 51 (CR50 and CR51)

164

When CRb5n is used as a compare register in other than PWM mode, the value set to CR5n is constantly
compared with 8-bit timer counter 5n (TM5n) count value, and an interrupt request (INTTM5n) is generated
if they match.

In PWM mode, the TO5n pin goes to the active level by the overflow of TM5n. When the values of TM5n and
CR5n match, the TO5n pin goes to the inactive level.

It is possible to rewrite the value of CR5n within O0H to FFH during a count operation.

When TM50 and TM51 can be connected in cascade and used as a 16-bit timer, CR50 and CR51 operate
as a 16-bit compare register. This register compares the count value with the register value, and if the values
match, an interrupt request (INTTM50) is generated. The INTTM51 interrupt request is also generated at this
time, so mask the INTTM51 interrupt request.

Set CR5n using an 8-bit memory manipulation instruction. RESET input makes CR5n undefined.

Caution In the cascade connection mode, stop the timer operation before setting data.

Remark n=0, 1
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7.3 Registers Controlling 8-Bit Timer/Event Counters 50, 51
The following four types of registers control 8-bit timer/event counters 50 and 51.

¢ Timer clock select registers 50 and 51 (TCL50 and TCL51)

¢ 8-bit timer mode control registers 50 and 51 (TMC50 and TMC51)
¢ Port mode register 3 (PM3)

Port 13 (P13)

(1) Timer clock select registers 50 and 51 (TCL50 and TCL51)
These registers select the count clock of 8-bit timer/event counters 50 and 51 (TM50 and TM51) and the valid
edge of the TI50 and TI51 inputs.
TCL50 and TCL51 are set by using an 8-bit memory manipulation instruction.
The values of these registers are cleared to 00H after reset.

Figure 7-3. Format of Timer Clock Select Register 50 (TCL50)

Symbol 7 6 5 4 3 2 1 0 Address  Afterreset R/W
TCL50| © 0 0 0 0 |TCL502|TCL501|TCL500 FF84H 00H R/W
TCL502|TCL501|TCL500 Selection of count clock

0 0 0 Falling edge of TI50

0 0 1 Rising edge of TI50

0 1 0 fx2  (3.15 MHz)

0 1 1 fx/23 (788 kHz)

1 0 0 fx/25 (197 kHz)

1 0 1 x/27  (49.2 kHz)

1 1 0 x/29 (12.3 kHz)

1 1 1 fx/211 (3.08 kHz)

Cautions 1. When changing the data of TCL50, be sure to stop the timer operation.
2. Be sure to reset bits 3 to 7 to “0”.

Remarks 1. In the cascade connection mode, the only setting of the count clock in TCL50 is valid.

2. fx: System clock oscillation frequency
3. ():fx=6.3 MHz
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Symbol
TCL51

(2

166

Figure 7-4. Format of Timer Clock Select Register 51 (TCL51)

7 6 5 4 3 2 1 0 Address  Afterreset R/W
0 0 0 0 0 |[TCL512|TCL511(TCL510 FF87H O00H R/W
TCL512({TCL511|TCL510 Selecttion of count clock
0 0 0 Falling edge of TI51
0 0 1 Rising edge of TI51
0 1 0 fx/2  (3.15 MHz)
0 1 1 fx/23 (788 kHz)
1 0 0 fx/25 (197 kHz)
1 0 1 fx/27 (49.2 kHz)
1 1 0 fx/29 (12.3 kHz)
1 1 1 fx/211 (3.08 kHz)
Cautions 1. When changing the data of TCL51, be sure to stop the timer operation.
2. Be sure to reset bits 3 to 7 to “0”.
Remarks 1. In the cascade connection mode, the setting of TCL51 is invalid.
2. fx: System clock oscillation frequency
3. ():fx=6.3 MHz
8-bit timer mode control registers 50 and 51 (TMC50 and TMC51)

TMC50 and TMC51 are registers that are used for the following.

<1>
<2>
<3>
<4>
<5>

<6>

Controlling count operation of 8-bit timer counters 50 and 51 (TM50 and TM51)
Selecting operation mode of 8-bit timer counters 50 and 51 (TM50 and TM51)
Selecting single mode or cascade connection mode (TMC51 only)

Setting status of timer output F/F (flip-flop)

Controlling timer F/F or selecting active level in PWM (free-running) mode
Controlling timer output

TMC50 and TMC51 can be set by using a 1-bit or 8-bit memory manipulation instruction.
They are cleared to 00H after reset.
Figures 7-5 and 7-6 show the formats of TMC50 and TMC51.
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Figure 7-5. Format of 8-Bit Timer Mode Control Register 50 (TMC50)

Symbol <7> 6 5 4 <3 <2> 1 <0> Address  Afterreset R/W
TMC50 [TCE50TMC506) O  [TMC504|LVS50|LVR50TMC501| TOE50 FF85H 00H R/W
TCE50 Control of count operation of TM50
0 Counter cleared to 0 and count operation disabled (prescaler disabled)
1 Count operation starts
TMC506 Selection of operating mode of TM50

0 Mode of clearing and starting TM50 on match between TM50 and CR50

1 PWM (free-running) mode

TMC504| Be sure to reset this bit to “0”.

LVS50 |LVR50 Setting of status of timer output F/F
0 0 Not affected
0 1 Timer output F/F reset to 0
1 0 Timer output F/F set to 1
1 1 Setting prohibited
TMC501| Other than PWM mode (TMC506 = 0) PWM mode (TMC506 = 1)
Control of timer F/F Selection of active level
0 Inversion operation disabled Active high
1 Inversion operation enabled Active low
TOE50 Control of timer output

0 Output (port mode) disabled

1 Output enabled

Caution Be sure to reset bit 4 (TMC504) to “0”.

Remarks 1. The PWM output becomes inactive when TCE50 = 0 in the PWM mode.
2. LVS50 and LVR50 are 0 when read after data has been set.
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Figure 7-6. Format of 8-Bit Timer Mode Control Register 51 (TMC51)

Symbol <7> 6 5 4 <B3> <2> 1 <0> Address  After reset R/W
TMC51 [TCE51|TMC516| O  |TMC514|LVS51|LVR51 TMC511| TOE51 FF88H O00H R/W
TCE51 Control of count operation of TM51
0 Counter cleared to 0 and count operation disabled (prescaler disabled)
1 Count operation starts
TMC516 Selection of operating mode of TM51

0 Mode of clearing and starting TM51 on match between TM51 and CR51

1 PWM (free-running) mode

TMC514 Selection of single mode or cascade connection mode

0 Single mode

1 Cascade connection mode (connected to lower timer (TM50))
LVS51 |LVR51 Setting of status of timer output F/F
0 0 Not affected
0 1 Timer output F/F reset to 0
1 0 Timer output F/F set to 1
1 1 Setting prohibited
TMC511| Other than PWM mode (TMC516 = 0) PWM mode (TMC516 = 1)
Control of timer F/F Selection of active level
0 Inversion operation disabled Active high
1 Inversion operation enabled Active low
TOES51 Control of timer output

0 Output (port mode) disabled

1 Output enabled

Remarks 1. The PWM output becomes inactive when TCE51 = 0 in the PWM mode.
2. LVS51 and LVR51 are 0 when read after data has been set.
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(3) Port mode register 3 (PM3)
This register sets port 3 I/0 in 1-bit units.
When using the P34/TI50 pin for timer input, set PM34 to 1.
When using the P35/T151 pin for timer input, set PM35 to 1.
When using the P130/TO50 pin for timer output, set the output latch of P130 to 0.
When using the P131/TO51 pin for timer output, set the output latch of P131 to 0.
PM3 is set by a 1-bit or 8-bit memory manipulation instruction.
RESET input sets PM3 to FFH.

Figure 7-7. Format of Port Mode Register 3 (PM3)

Symbol 7 6 5 4 3 2 1 0 Address After reset R/W
PM3 | PM37| PM36 | PMas | PM34| PM33| Pm32 | PMat[PM30|  FrasH FFH RW
PM3n Selection of P3n pin I/O mode (n=0to 7)

0 | Output mode (output buffer on)

1 Input mode (output buffer off)
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7.4 Operations of 8-Bit Timer/Event Counters 50, 51

7.4.1 Operation as interval timer (8-bit)

The 8-bit timer/event counter operates as an interval timer that repeatedly generates an interrupt request at the
interval specified by the count value preset to 8-bit compare register 5n (CRn).

When the count value of 8-bit timer counter 5n (TM5n) matches the value set to CR5n, the value of TM5n is cleared
to 0. TM5n continues counting and an interrupt request signal (INTTM5n) is generated.

The count clock of TM5n can be selected by using bits 0 to 2 (TCL5n0 to TCL5n2) of timer clock select register
5n (TCL5n).

[Setting]

<1>

<2>
<3>

<4>

170

Set each register.

e TCL5n: Select a count clock.

e CR5n: Set a compare value.

e TMC5n: Select count operation stop and clear & start mode on match between TM5n and CR5n (TMC5n
= 0000xxx0B: x = don’t care).

The count operation is started when TEC5n is set to 1.

INTTM5n is generated when the values of TM5n and CR5n match (TM5n is cleared to 00H).

After that, INTTM5n is repeatedly generated at fixed intervals. To stop the count operation, clear TCE5n

to 0.

Remark n=0or1
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Figure 7-8. Timing of Interval Timer Operation (1/3)

(a) Basic operation

cauncooec [ | [T LML LML LML LT

TM5n countvalue 00} o1 ) /CX N X oo X o1 X /CX N X oo X o1 X /CX N X

Clear Clear

CR5n N /| N /| N /| N

TCE5n J

N
. Count starts

INTTMSn 3 )) |_| )) |_| )) |_
; U N U LA U !
| . Interrupt request | Interrupt request 1
| . acknowledged | acknowledged |

TO5n | « ; [

! €9

Interval time Interval time Interval time

Remarks 1. Interval time = (N + 1) x t
N = 00H to FFH
2. n=0or1
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Figure 7-8. Timing of Interval Timer Operation (2/3)

(b) When CR5n = 00H
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(¢) When CR5n = FFH
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Remark n=0or1
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Figure 7-8. Timing of Interval Timer Operation (3/3)

(d) Operation when CR5n is changed (M < N)

Countclocklllllll'llllllllllll'll

TMSNiOOHl | ™ | | | N | |FFHiOOH| |MiOOH|
CR5n N X M
TCES5n H
INTTMsn __ [ | | | [
rosn_] i i L
éRSn is changed. TI\jISn overflows because M < N

(e) Operation when CR5n is changed (M > N)

Countclock||||||||||||||||||I||||

™5 [N-1] N |00H|01H| | N | [M—1] ™ | ooH [ o1H |
| |
CR5n N X M
| |
INTTM5n |_| |_|

TO5n I

I

|
|
|
1
4
CR5n is changed.

Remark n=0or1
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7.4.2 Operation as external event counter

The external event counter counts the number of clock pulses input from an external source to the TI5n pin using
8-bit timer counter 5n (TM5n).

Each time the valid edge specified by timer clock select register 5n (TCL5n) is input to TI5n, the value of TM5n
is incremented. Either the rising or falling edge can be selected as the valid edge.

When the count value of TM5n matches the value of 8-bit compare register 5n (CR5n), TM5n is cleared to 0, and
an interrupt request signal (INTTM5n) is generated.

After that, each time the value of TM5n matches the value of CR5n, INTTM5n is generated.

[Setting]
<1> Set each register.
e TCL5n: Select rising or falling edge of TI5n input.
Rising edge of TI5n — TCL5n = O0H
Falling edge of TI5n — TCL5n = 01H
* CR5n: Set a compare value.
e TMC5n: Select count operation stop, clear & start mode on match between TM5n and CR5n, timer F/F
inverted operation disable, timer output disable.
(TMC5n = 0000 xx00B, x = don’t care)
<2> When TCE5n = 1 is set, the number of pulses input from TI5n is counted.
<3> INTTM5n is generated when the values of TM5n and CR5n match (TM5n is cleared to 00H).
<4> After that, INTTM5n is generated each time when the values of TM5n and CR5n match.

Remark n=0or1

Figure 7-9. Operation Timing of External Event Counter (with Rising Edge Specified)

TM5n countvalue X 00 X 01 X 02 X 03 X 04 X 05 X X N-1X NI)(00X01X02X03X
CR5n :N

INTTM5n []

Remarks 1. N = 0O0H to FFH
2. n=0or1
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7.4.3 Square-wave output operation (8-bit resolution)

The 8-bit timer/event counter (TM5n) can be used to output a square wave with any frequency at time intervals
specified by the value preset to 8-bit compare register 5n (CR5n).

When bit 0 (TOES5N) of 8-bit timer mode control register 5n (TMC5n) is set to 1, the output status of TO5n is inverted
at the interval specified by the count value preset to CR5n. In this way, a square wave (duty factor = 50%) of any
frequency can be output.

[Setting]

<1>

Set each register.

¢ Reset the port latches (P130 and P131) to “0".

e TCL5n: Select a count clock.

e CRb5n: Set a compare value.

e TMC5n: Select clear & start mode on match between TM5n and CR5n.

LVS5n |LVR5n | Setting of status of timer output F/F

1 0 High-level output

0 1 Low-level output

Enable inverting the timer F/F.
Enable the timer output — TOE5n = 1.

<2> When TCEb5n is set to 1, the count operation is started.
<3> When the value of TM5n matches as the value of CR5n, the timer output F/F is inverted.
In addition, INTTM5n is generated, and TM5n is cleared to O0H.
<4> After that, the timer output F/F is inverted at fixed intervals, and a square wave is output from TO5n.
Remark n=0or1
Figure 7-10. Timing of Square-Wave Output Operation
Countclockl||||||||||||||||||||||||||||||
(( ((
TM5n count value  00H X 01H X 02H ) /. AN-1 X N YXooH Y o1H ) 02H X /. N1 N YooH
A ) ))

Count starts

CR5n N

INTTMSn " [] " []

TOSret |

Note The initial value of TO5n output can be set by using bits 2 and 3 (LVR5n and LVS5n) of 8-bit timer mode

control register 5n (TMC5n).

Remark n=0or1
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7.4.4 8-bit PWM output operation
The 8-bit timer/event counter can be used for PWM output when bit 6 (TMC5n6) of 8-bit timer mode control register
5n (TMC5n) is set to 1.
A pulse with the duty factor determined by the value set to 8-bit compare register 5n (CR5n) is output from TO5n.
Set the active level width of the PWM pulse to CR5n. The active level is selected by bit 1 (TMC5n) of TMC5n.
The count clock can be selected by bits 0 to 2 (TCL5n0 to TCL5n2) of timer clock select register n (TCL5n).
PWM output can be enabled or disabled by bit 0 (TOE5n) of TMC5n.

Caution The value of CR5n can be rewritten only once in once cycle in the PWM mode.

Remark n=0or1

(1) Basic operation of PWM output

[Setting]
<1> Set each register.
¢ Reset the port latches (P130 and P131)Nete to “0”.
e TCL5n: Select a count clock.
e CRb5n: Set a compare value.
e TMC5n: Select count operation stop, PWM mode, timer output F/F not affected.

TMC5n1 Active level selection
0 Active high
1 Active low

Enable timer output.
(TMC5n = 01000001B or 01000011B)

<2> The count operation is started when TCE5n = 1 is set.
To stop the count operation, set TCE5n to 0.

Note 8-bit timer/event counter 50: P130
8-bit timer/event counter 51: P131

[Operation of PWM output]

<1> When the count operation is started, the PWM output (output from TO5n) remains inactive until an
overflow occurs.

<2> When an overflow occurs, the active level is output. This active level is output until the value of CR5n
matches the count value of 8-bit timer counter 5n (TM5n).

<3> The PWM output remains inactive after CR5n and the count value of TM5n have matched, until an
overflow occurs again.

<4> After that, <2> and <3> are repeated until the count operation is stopped.

<5> When the count operation is stopped because TCE5n is cleared to 0, the PWM output becomes inactive.

Remark n=0or1
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Figure 7-11. Operation Timing of PWM Output

(a) Basic operation (when active level = H)
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| | |
TO5n : . | i o |_ —'_ _‘_
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(b) When CR5n =0
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|
| | |
CR5n : 00H o . . ‘ . ‘
| ! | |
TCE5n __| . ; . . | R
| | |
| ! |
INTTM5n ! o [ | . . ' | . !
TO5n L 1 | |
4 4
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(c) When CR5n = FFH

Countclock|||||| |||||||||| |||||| |||||||||| ||||||
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|
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|
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Remark n=0or1
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(2) Operation when CR5n is changed
Figure 7-12. Timing of Operation When CR5n Is Changed

(a) If value of CR5n is changed from N to M when TM5n > CR5n

Count
clockmvuwwwm

TM5n_IN |N+1|N+2| |FFH|00H|01H|02H| B AL +1|M+2I IFFH!OOHI01H!02HI N WY [ +1|M+2I

i
CR5n N ‘ ‘ X M ‘ ‘ ‘ ‘
TCESN AT — 3 — 3
INTTM5n : : [ : : [1 : :
Tosn ™ | 1 | | I I
éRSn changed (N -~ M)
(b) If value of CR5n is changed from N to M when TM5n < CR5n
Count
Gook ML L LMLMLM LML LML L L L L UL L L LU L
TM5n_NIWIWI_ _Iﬁlm_Hlm_Hloz_HIWH'l Y IN+1!N+2I o IFFHiOOHIO1Hi02HI I LY IM+1iM+2I
‘
CRS5n N X N x M
TCESN T —— 3 — 3
INTTM5n 1 1 1 1 I 1
Tosn ™ — l i l

CR5n changed (N— M)

Caution The value of CR5n can be changed only once in one cycle in the PWM mode.

Remark n=0or1
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7.4.5 Operation as interval timer (16-bit)

The 8-bit timer/event counters are used together in 16-bit timer/counter mode when bit 4 (TMC514) of 8-bit timer
mode control register 51 (TM51) is set to 1.

In this mode, the 8-bit timer/event counters are used as a 16-bitinterval timer that repeatedly generates an interrupt
request at intervals specified by the count value preset to the 8-bit compare registers (CR50 and CR51).

At this time, CR50 serves as the lower 8 bits of the 16-bit compare register, and CR51 serves as the higher 8 bits.

[Setting]
<1> Set each register.
e TCL50: Select a count clock for TM50.
The count clock for TM51, which is cascaded, does not have to be set.
¢ CR50 and CR51: Set compare values (each compare value can be set in a range of 00H to FFH).
e TMC50 and TMC51: Select clear & start mode on match between TM50 and CR50 (or between TM51

and CR51).
(TMSO — TMC50 = 0000xxx0B x: don'’t care)
TM51 — TMC51 = 0001xxx0B x: don’t care
<2> The count operation is started by setting TCE51 of TMC51 to 1 first, and then TCE50 of TMC50 to 1.
<3> If the value of cascaded timer TM50 matches the value of CR50, INTTM50 of TM50 is generated (TM50 and
TM51 are cleared to O0H).
<4> After that, INTTM50 is repeatedly generated at fixed intervals.

Cautions 1. Be sure to set the compare registers (CR50 and CR51) after stopping the operation of
both timers (TCE50 = TCE51 = 0).
2. Even if the 8-bit timer/counters are cascaded, INTTM51 of TM51 is generated when the
count value of TM51 matches CR51. Be sure to mask TM51 to disable this interrupt.
3. Set TCE50 and TCE51 in the order of TM51 then TM50.
4. Counting can be restarted or stopped just by setting or resetting TCE50 of TM50 to 1
or 0.

Figure 7-13 shows a timing example in the 16-bit cascade connection mode.
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Figure 7-13. 16-Bit Cascade Connection Mode
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Operation enabled. Interrupt request Operation
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7.5 Program List

Caution Thefollowing sample programis shown as an example to describe the operation of semiconductor
products and their applications. Therefore, when applying the following information to your
devices, design the devices after performing evaluation on your own responsibility.

7.5.1 Interval timer (8-bit)

/*************************************************************************************/

(frequency change by interrupt processing)

*/
*/
*/
*/
*/
*/

/*************************************************************************************/

Data area */

Set high-speed operation mode */
Clear data area */

Set port */

Clear P130 when using TO50 */

Set interrupt */

Clear INTTM50 interrupt mask */

Set timer 50 */
Clear & start mode, initial value L */

Both rising and falling edges */

Count clock is fx/2%6 */

Set interval to 1 ms as initial value */
Timer start */

/*
/* Timer 50 operation sample
/* Interval timer setting example
/* data[0] : Data set flag (value changed when other than 00)
/* data[l] : Set data
/*
#pragma sfr
#pragma EI
#pragma DI
#pragma interrupt INTTM50 intervalint rb2
unsigned char datal[2]; /*
void main (void)
{
PCC = 0x0; /*
datal0] = 0; /*
data[l] = 0;
/*
P13 = 0bl1111110; /*
/*
TMMK50 = O; /*
/*
TMC50 = 0b00000111; /*
CL50 = 0b00000101; /*
/*
CR50 = 98; /*
TCES0 = 1; /*
EI();
while (1) ; /*

}

/* INTTM50 interrupt function */

void intervalint ()

{

if (datal0] != 0)

{

CR50 = datall];

datal[0] =

/*
/*

Dummy loop */

Set new set value */
Clear request flag */
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7.5.2 External event counter

/**************************************************************
/*

/* Timer 50 operation sample

/* Event counter setting example

/* data: Count up flag

/*

/**************************************************************

#pragma sfr

#pragma EI
#pragma DI
#pragma interrupt INTTM50 intervalint rb2
unsigned char data; /* Data area */

void main (void)

{

PCC = 0x0; /* Set high-speed operation mode
data = 0; /* Clear data area */
/* Set port */
PM3.4 = 1; /* Set P34 to input */
/* Set interrupt
TMMK50 = O; /* Clear INTTM50 interrupt mask
/* Set timer 50
TMC50 = 0b00000000; /* Clear & start mode
TCL50 = 0b00000001; /* Specify rising edge of TI5O0
CR50 = 0x10; /* Set N = 16 as initial value
TCE50 = 1; /* Timer start
EI();
/*************************************************************/
/* */
/* Describe the processing to be executed */
/* */
/*************************************************************/
while (data == 0); /* Wait for count up */
/*************************************************************/
/* */
/* Describe the processing after count up below */
/* */
/*************************************************************/
/* INTTM50 interrupt function */
b
void intervalint ()
data = Oxff; /* Set count up flag */
TCE50 = 0; /* Timer stop */
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7.5.3 Interval timer (16-bit)

/***************************************************************/

/*
/*
/*
/*

*/
Timer 5 operation sample x/
Cascade connection setting example *x/
*/

/***************************************************************/

#pragma
#pragma
#pragma
#define
#pragma

sfr

EI

DI

intervalTM5 98

/* Cycle data to be set to CR */

interrupt INTTM50 ppgint rb2

unsigned char ppgdatal[2];

void main (void)

{

}

/* Timer 5 interrupt function */

int interval;

interval = intervalTM5;
PCC = 0x0;

ppgdata[0] = 0;
ppgdatal[l] = 0;

P13 = 0b11111110;

TMMKS5 0 0;
TMMK51 = 1;

TCL50 = 0b00000101;
CR50 = interval & Oxff;
CR51 = interval >> 8;

TMC50 = 0b00000111;
TMC51 = 0b00010000;
TCE51 = 1;

TCE50 = 1;

EI();

while (1) ;

void ppgint ()

unsigned int work;

/* Data area to be set to timer 5 */

/* Select high-speed operation mode */

/* Clear CR50 data */

/* Clear CR51 data */

/* Set port */

/* Clear P130 when using TO50 */

/* Set interrupt */

/* Clear INTTM50 interrupt mask */

/* Set INTTM51 interrupt mask */
/* Set timer 5 */
/* Count clock is fx/2%6 */

/* Set lower compare register to CR50 */
/* Set higher compare register to CR51 */
/* Inverted on match, initial value L */

/* Cascade mode */

/* Timer starts */

work = ppgdata[0]+ppgdata[l] *0x100;

if (work != 0)

{

TCE50 =0;

CR51 = work >> 8;

CR50 = work & Oxff;

ppgdata[0] = 0;
ppgdatal[l] = 0;

if (work != Oxffff)

{
}

TCE50 =

1; /* Timer resumes */
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CHAPTER 7 8-BIT TIMER/EVENT COUNTERS 50, 51

7.6 Notes on 8-Bit Timer/Event Counters 50, 51
(1) Error on starting timer
An error of up to 1 clock occurs after the timer has been started until a match signal is generated. This is

because 8-bit timer counter 5n (TM5n) is started asynchronously to the count pulse.

Figure 7-14. Start Timing of 8-Bit Timer Counter 5n

Countpuse | || [ | [ | [_] |

TM5n count value 00H X otH X 02H X 03H X 04H

Timer starts

(2) STOP mode setting
Be sure to clear TCE5n to 0 to set the STOP status, except when TI5n input is selected. Otherwise, the timer
may malfunction when the system clock starts oscillating.

(3) Reading TM5n (n = 0 or 1) during timer operation
When TMb5n is read during operation, the count clock is temporarily stopped. Therefore, select a count clock
with a high/low level longer than two cycles of the CPU clock. For example, when the CPU clock (fcru) is fx,

the count clock to be selected should be fx/4 or less in order that TM5n can be read.

Remark n=0or1
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CHAPTER 8 BASIC TIMER

The basic timer is used for time management during program execution.
8.1 Function of Basic Timer

The basic timer generates an interrupt request signal (INTBTMO) at time intervals of 100 ms.
8.2 Configuration of Basic Timer

Figure 8-1. Block Diagram of Basic Timer

6.3 MHz .
or45MHz Divider — INTBTMO

Caution With the yPD178078 and 178098A Subseries, a 4.5 MHz crystal resonator can be used in addition
to the 6.3 MHz crystal resonator. If the system clock is used at a frequency of 4.5 MHz, set bit
0 (DTSCKO) of the DTS system clock select register (DTSCK) to 1 (refer to Note in 5.1).
Even if the system clock (6.3 or 4.5 MHz) is changed, the timing shown in Figure 8-2 Timing of
Basic Timer Operation is not changed.
The first interrupt request signal (INTBTMO) after the DTSCKO flag has been set is generated
within 100 to 140 ms. The second signal and those that follow are generated at intervals of 100
ms.
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CHAPTER 8 BASIC TIMER

8.3 Operation of Basic Timer

An example of the operation of the basic timer is shown below.

In this example, the basic timer operates as an interval timer that repeatedly generates an interrupt at time intervals
of 100 ms. An interrupt request signal (INTBTMO) is generated every 100 ms.

The timer clock frequency is 10 Hz.

Figure 8-2. Timing of Basic Timer Operation

Timer clock
(10 Hz)

INTBTMO

] ] ]
| |

Interrupt acknowledged Interrupt acknowledged

Interval time Interval time Interval time

(100 ms)

By polling the interrupt request flag (BTMIFO) of this basic timer by software, time management can be carried
out. Note that BTMIFO is not a Read & Reset flag.

Figure 8-3. Operation Timing to Poll BTMIFO Flag

Timer clock
(10 Hz)

BTMIFO flag

—— 0 is written by software L
Always 1 unless 0 is

written by software

1 when polled by software

For the registers controlling the basic timer, refer to CHAPTER 18 INTERRUPT FUNCTIONS.
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CHAPTER 9 WATCHDOG TIMER

9.1 Watchdog Timer Functions
The watchdog timer has the following functions.

e Watchdog timer
¢ Interval timer

Caution Select the watchdog timer mode or the interval timer mode using the watchdog timer mode
register (WDTM). (The watchdog timer and interval timer cannot be used simultaneously.)

Figure 9-1 shows a block diagram of the watchdog timer.

Figure 9-1. Block Diagram of Watchdog Timer

Clock Divided
/2% mtpultI Divider CI|°Ctk Output INTWDT
controller selector controller
T RESET
RUN Division mode
selector 3

WDT mode signal

[wocs2lwbesiiwpeso| | RUN [woTmdwpTms|
Watchdog timer clock II Watchdog timermodeII
select register (WDCS) register (WDTM)

) Internal bus
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CHAPTER 9 WATCHDOG TIMER

(1) Watchdog timer mode

An inadvertent program loop is detected. Upon detection of the inadvertent program loop, a non-maskable
interrupt request or reset can be generated.

Table 9-1. Watchdog Timer Inadvertent Program Loop Detection Time

Inadvertent Program Loop Detection Time

212 % 1/ix (650 us)

213 % 1/fx (1.30 ms)

214 % 1/fx (2.60 ms)

216 % 1/fx (10.4 ms)

(
(
215 % 1/fx (5.20 ms)
(
(

217 % 1/fx (20.8 ms)
218 x 1/fx (41.6 ms)

220 % 1/fx (166 ms)

Remark fx: System clock oscillation frequency
(): fx =6.83 MHz.

(2) Interval timer mode

188

Interrupt requests are generated at the preset time intervals.

Table 9-2. Interval Time

Interval Time

212 % 1/ix (650 us)

213 % 1/fx (1.30 ms)

214 % 1/fx (2.60 ms)

216 % 1/fx (10.4 ms)

(
(
215 % 1/fx (5.20 ms)
(
(

217 % 1/fx (20.8 ms)
218 x 1/fx (41.6 ms)

220 % 1/tx (166 ms)

Remark fx: System clock oscillation frequency
(): fx =6.83 MHz.
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CHAPTER 9 WATCHDOG TIMER

9.2 Watchdog Timer Configuration
The watchdog timer consists of the following hardware.

Table 9-3. Configuration of Watchdog Timer

Iltem Configuration

Control registers Watchdog timer clock select register (WDCS)
Watchdog timer mode register (WDTM)

9.3 Watchdog Timer Control Registers
The following two registers are used to control the watchdog timer.

¢ Watchdog timer clock select register (WDCS)
e Watchdog timer mode register (WDTM)
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CHAPTER 9 WATCHDOG TIMER

(1) Watchdog timer clock select register (WDCS)
This register sets the watchdog timer and overflow time of the interval timer.
WDCS is set by a 1-bit or 8-bit memory manipulation instruction.
Reset input sets WDCS to 00H.

Figure 9-2. Format of Watchdog Timer Clock Select Register (WDCS)

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

WDCS 0 0 0 0 0 |WDCS2WDCS1|{WDCS0 FF42H 00H R/W

WDCS2/WDCS1|WDCS0 Watchdog timer/interval timer overflow time

0 0 0 2%/  (650us)

0 1 2%x  (1.30 ms)

0
0 1 0 2"fx  (2.60 ms)
0

1 1 2%/fx  (5.20 ms)

1 0 0 | 2" (10.4 ms)
1 0 1 2"x  (20.8 ms)
1 1 0 | 2"%x (41.6ms)
1 1 1 2%/x (166 ms)

Remarks 1. fx: System clock oscillation frequency
2. (): fx=6.3 MHz.
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CHAPTER 9 WATCHDOG TIMER

(2) Watchdog timer mode register (WDTM)
This register sets the watchdog timer operating mode and enables/disables counting.
WDTM is set by a 1-bit or 8-bit memory manipulation instruction.
Reset input sets WDTM to O0H.

Figure 9-3. Format of Watchdog Timer Mode Register (WDTM)

Symbol  <7> 6 5 4 3 2 1 0 Address  After reset R/W
WDTM | RUN 0 0 |WDTM4|WDTM3| 0 0 0 FFFOH 00H R/W
RUN Count enable/disable

0 Count stop

1 Counter is cleared and counting starts.

WDTM4 |WDTM3 Selection of watchdog timer operating modeNete 2

Interval timer modeNote 3
(Maskable interrupt occurs upon generation of an overflow.)

1 0 Watchdog timer mode 1
(Non-maskable interrupt occurs upon generation of an overflow.)

1 1 Watchdog timer mode 2
(Reset operation is activated upon generation of an overflow.)

Notes 1. Once setto 1, RUN cannot be cleared to 0 by software. Therefore, use RESET input to clear RUN
to 0.

2. Once set to 1, WDTM3 and WDTM4 cannot be cleared to 0 by software.
3. WDTM starts interval timer operation as soon as RUN is set to 1.

Caution When RUN is set to 1 so that the watchdog timer is cleared, the actual overflow time is up
to 0.5% shorter than the time set by the watchdog timer clock select register (WDCS).

Remark x: Don’t care
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9.4 Watchdog Timer Operations

9.4.1 Operation as watchdog timer

When bit 4 (WDTM4) of the watchdog timer mode register (WDTM) is set to 1, the watchdog timer operates to
detect an inadvertent program loop.

The watchdog timer count clock (inadvertent program loop detection time interval) can be selected using bits 0
to 2 (WDCSO0 to WDCS2) of watchdog timer clock select register 2 (WDCS). The watchdog timer starts counting when
bit7 (RUN) of WDTM is setto 1. After the watchdog timer starts counting, set RUN to 1 again within the set inadvertent
program loop time interval to clear the watchdog timer and start counting again. If RUN is not set to 1 and the
inadvertent program loop detection time elapses, a system reset or non-maskable interrupt request is generated
according to the value of WDTM bit 3 (WDTM3).

The watchdog timer continues operating in the HALT mode but it stops in the STOP mode. Thus, set RUN to 1
before the STOP mode is set, clear the watchdog timer, and then execute the STOP instruction.

Caution The actual inadvertent program loop detection time may be shorter than the set time by up to
0.5%.

Table 9-4. Watchdog Timer Inadvertent Program Loop Detection Time

Inadvertent Program Loop Detection Time

212 % 1/fx (650 us)

213 % 1/fx (1.30 ms)

214 % 1/fx (2.60 ms)

216 % 1/fx (10.4 ms)

(
(
215 % 1/fx (5.20 ms)
(
(

217 % 1/fx (20.8 ms)

218 » 1/fx (41.6 ms)
220 % 1/fx (166 ms)

Remarks 1. fx: System clock oscillation frequency
2. () fx=6.3 MHz.
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9.4.2 Operation as interval timer

The watchdog timer operates as an interval timer that generates interrupt requests repeatedly at an interval of the
preset count value when bit 3 (WDTMS3) and bit 4 (WDTM4) of the watchdog timer mode register (WDTM) are set
to 1 and 0, respectively.

The count clock (interval time) can be selected by using bits 0 to 2 (WDCSO0 to WDCS2) of the watchdog timer
clock select register (WDCS). By setting bit 7 (RUN) of WDTM to 1, the watchdog timer starts operating as an interval
timer.

When the watchdog timer operates as interval timer, the interrupt mask flag (WDTMK) and priority specification
flag (WDTPR) are validated and the maskable request interrupt (INTWDT) can be generated. Among the maskable
interrupt requests, INTWDT has the highest default priority.

The interval timer continues operating in the HALT mode but it stops in STOP mode. Thus, set RUN to 1 before
the STOP mode is set, clear the interval timer, and then execute the STOP instruction.

Cautions 1. Once bit4 (WDTM4) of WDTM is set to 1 (with the watchdog timer mode selected), the interval
timer mode is not set unless RESET is input.

2. Theinterval time just after being set by WDTM may be shorter than the set time by up to 0.5%.

Table 9-5. Interval Timer Interval Time

Interval Time

212 % 1/fx (650 us)

213 % 1/fx (1.30 ms)

214 % 1/fx (2.60 ms)

216 % 1/fx (10.4 ms)

(
(
215 % 1/fx (5.20 ms)
(
(

217 % 1/fx (20.8 ms)

218 » 1/fx (41.6 ms)
220 % 1/fx (166 ms)

Remarks 1. fx: System clock oscillation frequency
2. () fx=6.3 MHz.
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CHAPTER 10 BUZZER OUTPUT CONTROLLERS

10.1 Functions of Buzzer Output Controllers

The uPD178078 and 178098A Subseries have the following two types of buzzer output controllers.

* BEEPO
* BUZ

BEEPO outputs a square wave of the buzzer frequency selected by BEEP frequency select register 0 (BEEPCLO)

from the BEEPO/P36 pin.
BUZ outputs a square wave of the buzzer frequency selected by the clock output select register (CKS) from the

BUZ/P37 pin.
Figures 10-1 and 10-2 show the block diagrams of BEEPO and BUZ.

Figure 10-1. Block Diagram of BEEPO

1 kHz
1.5 kHz

SKHz - Selector BEEP0/P36

4 kHz ———= ——
utput latc!
P36) PM36

BEEP|BEEP|BEEP| BEEP frequency select
CLO02 | CLO1/| CLOO | register 0 (BEEPCLO)

s

2 Internal bus S

Figure 10-2. Block Diagram of BUZ

fx/21°

fx/2" ———

/212 Selector BUZ/P37

fx/21® — =
Output latch PM37

I (P37)

Clock output
select register (CKS)

BZO | BCS | BCS

¥

2 Internal bus S

Remark fx: System clock oscillation frequency
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CHAPTER 10 BUZZER OUTPUT CONTROLLERS

10.2 Configuration of Buzzer Output Controllers
The buzzer output controllers consist of the following hardware.

Table 10-1. Configuration of Buzzer Output Controllers

(1) BEEPO
Iltem Configuration
Control register BEEP frequency select register 0 (BEEPCLO)
(2) BUZ
ltem Configuration
Control register Clock output select register (CKS)

10.3 Registers Controlling Buzzer Output Controllers

10.3.1 BEEPO
BEEPO is controlled by the following register.

¢ BEEP frequency select register 0 (BEEPCLO)
(1) BEEP frequency select register 0 (BEEPCLO)
This register selects the frequency of buzzer output.

BEEPCLO is set by a 1-bit or 8-bit memory manipulation instruction.
This register is cleared to O0H after reset.
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CHAPTER 10 BUZZER OUTPUT CONTROLLERS

Figure 10-3. Format of BEEP Frequency Select Register 0 (BEEPCLO)

Symbol 7 6 5 4 3 2 1 0 Address  Afterreset R/W
BEEP 0 0 0 0 0 BEEP |BEEP |BEEP FF41H 00H R/W
CLo CL02 | CLO1 | CLOO
BEEP | BEEP | BEEP Selection of frequency of
CLO02 | CLO1 | CLOO BEEPO output
0 X X Buzzer output (port function) disabled
1 0 0 1 kHz
0 0 1 3 kHz
1 1 0 4 kHz
1 1 1 1.5 kHz

Cautions 1. The selected clock may not be correctly output during the period of 1 cycle immediately
after the output clock has been changed.
2. The frequency of BEEPO output (1 kHz, 1.5 kHz, 3 kHz, or 4 kHz) does not change even
if the system clock (6.3 MHz or 4.5 MHz) is changed.

10.3.2 BUZ
BUZ is controlled by the following register.

* Clock output select register (CKS)

Figure 10-4. Format of Clock Output Select Register (CKS)

Symbol <7> 6 5 4 3 2 1 0 Address  Afterreset  R/W
CKS |BZOE|BCS1|BCS0| 0 0 0 0 0 FF40H O00H R/W
BZOE BUZ output enable/disable
0 Low-level output
1 Buzzer output enabled
BCS1 | BCSO Selection of output clock of BUZ
0 0 /210 (6.15 kHz)
0 1 fx/211 (3.08 kHz)
1 0 fx/212 (1.54 kHz)
1 1 fx/213 (769 Hz)

fx: System clock oscillation frequency
(): fx=6.3 MHz
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10.4 Operation of Buzzer Output Controllers

The buzzer frequency is output using the following procedure.

(1) BEEPO

()

<1>

<2>

<3>

BUZ

<1>

<2>
<3>

<4>

Select the buzzer output frequency by using bits 0 to 2 (BEEPCL00 to BEEPCL02) of BEEP frequency
select register 0 (BEEPCLO).

Reset the output latch of P36 to 0.

Reset bit 6 (PM36) of port mode register 3 to 0 (set the output mode).

Select the buzzer output frequency by using bits 5 and 6 (BCS0 and BCS1) of the clock output select
register (CKS) (disable buzzer output).

Set bit 7 (BZOE) of CKS to 1 and enable buzzer output.

Reset the output latch of P37 to 0.

Reset bit 7 (PM37) of port mode register 3 to 0 (set output mode).
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CHAPTER 11 A/D CONVERTER

11.1 A/D Converter Functions

The A/D converter converts an analog input into a digital value. It consists of 8 channels (ANIO to ANI7) with
8-bit resolution.

The conversion method is based on successive approximation and the conversion result is held in 8-bit A/D
conversion result register 3 (ADCRS3).

Conversion is started by setting A/D converter mode register 3 (ADMS3).

Select one analog input channel from ANIO to ANI7 and carry out A/D conversion.

When A/D conversion is completed, the next A/D conversion is started immediately. Each time an A/D conversion
operation ends, an interrupt request (INTAD) is generated.

11.2 A/D Converter Configuration
The A/D converter consists of the following hardware.

Table 11-1. Configuration of A/D Converter

Iltem Configuration

Analog input 8 channels (ANIO to ANI7)

Control registers | A/D converter mode register 3 (ADM3)
Analog input channel specification register 3 (ADS3)
Power-fail comparison mode register 3 (PFM3)

Registers Successive approximation register (SAR)
A/D conversion result register 3 (ADCR3)
Power-fail comparison threshold value register 3 (PFT3)

198 User's Manual U12790EJ2VOUD



CHAPTER 11 A/D CONVERTER

Figure 11-1. Block Diagram of A/D Converter

ANIO/P10 ©—= . o
ANI1/P11 o—+ Sample & hold circuit P
ANI2/P12 o— 5§ Tttt e NN
ANI3/P13 o—| £ N ! Voltage comparator 18 | AVoo
ANI4/P14 ©— @ O _L [ i 8‘ I
ANI5/P15 ©—| @ | | ‘D 'ADCS3
ANI6/P16 0—= & ! ; ; R I
ANI7/P17 ©—= ! I i %‘ |
| | =y |
! AVss | Successive Cor g
R approximation - | AVss
register (SAR) [ JT _
I'“omroller INTAD
|Comroller Voltage
A/D conversion result comparator |Power-fail comparison threshold
4 register 3 (ADCR3) value register 3 (PFT3)
|AD533‘AD332 ADS31 ADSaOl |ADCSS‘ 0 ‘ FR32‘ FR31 ‘ FR30 ‘ 0 ‘ 0 ‘ 0 | |PFEN3‘PFCM3‘PFHHM3|
Analog input channel A/D converter mode Power-fail comparison mode
specification register 3 (ADS3) register 3 (ADM3) register 3 (PFM3)
% Internal bus %
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(M

(2

3)

4

®)

(6)

)

200

Successive approximation register (SAR)

This register compares the analog input voltage value to the voltage tap (compare voltage) value applied from
the series resistor string and holds the result from the most significant bit (MSB).

When up to the least significant bit (LSB) is set (end of A/D conversion), the SAR contents are transferred
to the A/D conversion result register.

A/D conversion result register 3 (ADCR3)

This register holds the A/D conversion result. Each time A/D conversion ends, the conversion result is loaded
from the successive approximation register (SAR).

ADCR is read by an 8-bit memory manipulation instruction.

Reset input makes ADCR undefined.

Caution When data is written to A/D converter mode register 3 (ADM3) and analog input channel
specification register 3 (ADS3), the contents of ADCR3 are undefined. Read the result of
conversion after conversion has been completed and before writing data to ADM3 and ADS3.
Otherwise, the correct conversion result may not be read.

Power-fail comparison threshold value register 3 (PFT3)

This register sets the threshold value to be compared with the value of A/D conversion result register 3
(ADCR3).

PFT3 is read or written by using an 8-bit memory manipulation instruction.

Sample & hold circuit
The sample & hold circuit samples the input signal of the analog input pin selected by the selector when
A/D conversion starts, and holds the sampled analog input voltage value during A/D conversion.

Voltage comparator
The voltage comparator compares the sampled analog input voltage to the series resistor string output voltage.

Resistor string
The resistor string is connected between AVop and AVss, and generates a voltage to be compared to the analog
input.

ANIO to ANI7 pins
These are 8-channel analog input pins used to input analog signals to undergo A/D conversion to the A/D
converter.

Cautions 1. Use the ANIO to ANI7 input voltages within the specified range. If a voltage of AVop or
higher or AVss or lower is applied (even if within the absolute maximum ratings), the
converted value of the corresponding channel becomes undefined and may adversely
affect the converted values of other channels.

2. The analog input pins (ANIO to ANI7) function alternately as input port pins (P10 to P17).
When one of ANIO to ANI7 is selected for A/D conversion, do not execute an input
instruction to port 1; otherwise, the conversion resolution may drop.

If a digital pulse is applied to a pin adjacent to the pin being A/D converted, the expected
A/D conversion value may not be obtained due to coupling noise. Do not apply a pulse
to a pin adjacent to a pin being A/D converted.
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(8) AVss pin
This is the ground pin of the A/D converter. Always use this pin at the same voltage as GNDO, GND1, GND2,
GNDPLL, and GNDPORT even when the A/D converter is not used.

(9) AVop pin
This is the analog power supply pin of the A/D converter. Always use this pin at the same voltage as Vo0,
VopoPLL, and VooPORT even when the A/D converter is not used.
In the standby mode, the current flowing into the series resistor string can be reduced by stopping the
conversion operation (by resetting bit 7 (ADCS3) of A/D converter mode register 3 (ADM3) to 0).

11.3 Registers Controlling A/D Converter
The following three registers control the A/D converter.

¢ A/D converter mode register 3 (ADM3)
¢ Analog input channel specification register 3 (ADS3)
¢ Power-fail comparison mode register 3 (PFM3)

(1) A/D converter mode register 3 (ADM3)
This register selects the conversion time of the analog input to be converted and starts or stops the conversion
operation.
ADM is set by a 1-bit or 8-bit memory manipulation instruction.
This register is cleared to O0H after reset.

User’'s Manual U12790EJ2VOUD 201



CHAPTER 11 A/D CONVERTER

Figure 11-2. Format of A/D Converter Mode Register 3 (ADM3)

Symbol <7> 6 5 4 3 2 1 0 Address  Afterreset R/W
ADM3 [ADCS3| o | FRs2 |FRst |FRs0 | o | o | o | FFI2H  ooH  RW
ADCS3 Control of A/D conversion operation
0 Conversion operation stopped
1 Conversion operation enabled
FR32 | FR31 | FR30 Selection of conversion time
0 0 0 288/fx (45.7 us)
0 0 1 240/fx  (38.0 us)
0 1 0 192/fx  (30.4 us)
1 0 0 144/fx  (22.8 us)
1 0 1 120/fx  (19.0 us)
1 1 0 96/fx  (15.2 us)
Other than above Setting prohibited

Cautions 1. The conversion result is undefined immediately after bit 7 (ADCS3) is set to 1.
2. To change the data of bits 3 to 5 (FR30 to FR32), stop the A/D conversion operation.

Remarks 1. fx: System clock oscillation frequency
2. ():fx=6.3 MHz
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(2) Analog input channel specification register 3 (ADS3)
This register specifies the input channel of the analog voltage to be converted.
ADS3 is set by an 8-bit memory manipulation instruction.
The value of this register is cleared to O0H after reset.

Figure 11-3. Format of Analog Input Channel Specification Register 3 (ADS3)

Symbol 7 6 5 4 3 2 1 0 Address After reset R/W
ass [ o | o | o | o |ADsss|ADss2 |ADss1|ADS30| FFisH  ooH  RW
ADS33|ADS32|ADS31|ADS30| Specification of analog input channel
0 0 0 0 ANIO
0 0 0 1 AN
0 0 1 0 ANI2
0 0 1 1 ANI3
0 1 0 0 ANI4
0 1 0 1 ANI5
0 1 1 0 ANI6
0 1 1 1 ANI7
Other than above Setting prohibited
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(3) Power-fail comparison mode register 3 (PFM3)
PFM3 is set by a 1-bit or 8-bit memory manipulation instruction.
The value of this register is initialized to 00H after reset.

Figure 11-4. Format of Power-Fail Comparison Mode Register 3 (PFM3)

Symbol <7> <6> <5> 4 3 2 1 0 Address After reset R/W
PFM3 [PFENS [PFeMslPFHRME 0 | o | o | o | o | FFIeH  ooH AW
PFEN3 Power-fail comparison enable/disable
0 Power-fail comparison disabled
1 Power-fail comparison enabled
PFCM3 Selecttion of power-fail comparison mode

0 Interrupt request (INTAD) generated when ADCR3 > PFT

1 Interrupt request (INTAD) generated when ADCR3 < PFT

Note
PFHRM3 Selection of power-fail HALT repeat mode

0 Power-fail HALT repeat mode disabled

1 Power-fail HALT repeat mode disabled

Note When bit 5 (PFHRM3) is set to 1, power-fail comparison manipulation is enabled in the HALT mode,
which means that A/D conversion is repeated until an interrupt request (INTAD) is generated (this bit
is reset to 0 when INTAD is generated).
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11.4 A/D Converter Operations
11.4.1 Basic operations of A/D converter

(1) Select one channel for A/D conversion using A/D converter analog input channel specification register 3
(ADS3).

(2) Sample the voltage input to the selected analog input channel using the sample & hold circuit.

(8) Sampling for the specified period of time sets the sample & hold circuit to the hold state so that the circuit
holds the input analog voltage until the end of A/D conversion.

(4) Bit 7 of the successive approximation register (SAR) is set and the tap selector sets the series resistor string
voltage tap to (1/2) AVop.

(5) The voltage difference between the series resistor string voltage tap and analog input is compared by a voltage
comparator. If the analog input is greater than (1/2) AVop, the MSB of SAR remains set. If the input is smaller
than (1/2) AVob, the MSB is reset.

(6) Next, bit 6 of SAR is automatically set and the operation proceeds to the next comparison. In this case, the
series resistor string voltage tap is selected according to the preset value of bit 7 as described below.

e Bit7=1: (3/4) AVop

e Bit7=0: (1/4) AVop
The voltage tap and analog input voltage are compared and bit 6 of SAR is manipulated with the result as
follows.

* Analog input voltage > Voltage tap: Bit6 =1

* Analog input voltage < Voltage tap: Bit6 =0

(7) Comparison of this sort continues up to bit 0 of SAR.

(8) Upon completion of the comparison of 8 bits, an effective digital resultant value remains in SAR and the
resultant value is transferred to and latched in A/D conversion result register 3 (ADCRS).

At the same time, the A/D conversion end interrupt request (INTAD) can also be generated.

Caution The value immediately after A/D conversion has been started is undefined.

Take appropriate measures, such as discarding the first conversion result by polling the
A/D conversion end interrupt request (INTAD).
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Figure 11-5. Basic Operation of A/D Converter
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A/D conversion operations are performed continuously until bit 7 (ADCS3) of ADM is reset (0) by software.

If a write to ADM3 or ADSS is performed during an A/D conversion operation, the conversion operation is initialized,
and if the ADCS3 bit is set (1), conversion starts again from the beginning.

The value of ADCR3 is undefined after reset.
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11.4.2 Input voltage and conversion results
The relationship between the analog input voltage input to the analog input pins (ANIO to ANI7) and the A/D
conversion result (the value stored in A/D conversion result register 3 (ADCR3)) is shown by the following expression.

VIN
ADCRS3 = INT ( AVoD x 256 + 0.5)
or
AVbDp AVbbp
— < —_
(ADCR3 - 0.5) x 256 S Vin < (ADCR3 + 0.5) x 256

Where, INT(): Function which returns integer part of value in parentheses.
VIN: Analog input voltage
AVpbb:  AVbp pin voltage
ADCRS3: A/D conversion result register 3 (ADCRS3) value

Figure 11-6 shows the relationship between the analog input voltage and the A/D conversion result.

Figure 11-6. Relationship Between Analog Input Voltage and A/D Conversion Result

255 |ttt -

54 | —f—p 1t

A/D conversion 253

results : i
(ADCR3) 3 :
3!
2 ,,,,,,,,
1 ,,,,,,,,
0 ,,,,,,,,
1 1 3 2 5 3 507 254 509 255 511
512 256 512 256 512 256 512 256 512 256 512
Input voltage/AVop
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11.4.3 A/D converter operating modes

The A/D converter has the following two modes.

¢ A/D conversion mode: In this mode, the voltage applied to the analog input pin selected from ANIO to

ANI7 is converted into a digital signal. The result of the A/D conversion is stored
in A/D conversion result register 3 (ADCRS3), and at the same time, an interrupt
request signal (INTAD) is generated.

* Power-fail comparison mode: The digital value resulting from A/D conversion is compared with the value

assigned to power-fail comparison threshold value register 3 (PFT3). If the result
of the comparison matches the condition set by bit 6 (PFCM3) of power-fail
comparison mode register 3 (PFM3), an interrupt request signal (INTAD) is
generated.

(1) A/D conversion operation mode

208

When bit 7 (ADCS3) of A/D converter mode register 3 (ADM3) is set to 1, A/D conversion starts on the voltage
applied to the analog input pins specified by bits 0 to 3 (ADS30 to ADS33) of ADSS3.

At the end of the A/D conversion, the conversion result is stored in A/D conversion result register 3 (ADCR3)
and the interrupt request signal (INTAD) is generated. After one A/D conversion operation is started and ends,
the next A/D conversion operation starts immediately. The A/D conversion operation con-tinues repeatedly
until new data is written to ADMS3.

If data is written to ADCS3 again during A/D conversion, the converter suspends its A/D conversion operation
and starts A/D conversion on the newly written data.

If data with ADCSS3 set to 0 is written to ADM3 during A/D conversion, the A/D conversion operation stops
immediately.
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Figure 11-7. A/D Conversion Operation

Conversion start . ADMS rewrite
ADCS3 = 1 ADS3 rewrite ADCS3=0
Y Y i
A/D conversion Stop ANIn ANIn ANIn ANIm ANIm

——
Conversion suspended
Conversion results are L Stop
not stored

ADCR3 ><Jndefined"°‘e>< ANIn >< ANIm

INTAD
(when PFEN = 0)

Remarks 1. n =0,1,...,7
2. m=0,1,..,7

Note The conversion result is illegal immediately after bit 7 (ADCS3) of A/D converter mode register
3 (ADM3) has been set to 1 (to enable conversion).

Caution Reset bit 5 (PFHRM3) of power-fail comparison mode register 3 (PFM3) to 0.
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(2) Power-fail comparison mode

In the power-fail comparison mode, the digital value converted from an analog input is compared in units of
8 bits.

If the result of the comparison matches the condition set by bit 6 (PFCM3) of power-fail comparison mode
register 3 (PFM3), an interrupt request (INTAD) is generated.

Note that the power-fail comparison mode can be used in the HALT mode. At this time, the HALT mode can
be released by generating the interrupt request signal (INTAD) as a result of comparison (however, the
A/D operation must be executed before the HALT instruction is executed).

To set the power-fail comparison mode, set bit 7 (PFEN3) of PFM3 to 1, set bit 6 (PFCM3) to the generation
condition of INTAD, and assign the threshold value to be compared with the value of A/D conversion result
register 3 (ADCR3) to power-fail comparison threshold value register 3 (PFT3).

By setting bit 7 (ADCS3) of A/D converter mode register 3 (ADM3) to 1, the voltage applied to the analog input
pin specified by ADS3 is converted into a digital signal. When A/D conversion has been completed, the result
of the conversion is stored in ADCR3. This conversion result is compared with the value set in PFT3 and if
the result of the comparison matches the condition set by bit 6 (PFCM3) of PFM3, an interrupt request signal
(INTAD) is generated.

Figure 11-8. Power-Fail Comparison Threshold Value Register 3 (PFT3)

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

210

PFT3 | PFT37 | PFT36 | PFT35 | PFT34 | PFTas | PFTa2 | PFT31 | PFTR0 | FF1SH  00H  RW

Remark Bit 7 (PFT37) is the MSB, and bit 0 (PFT30) is the LSB.
For the setting value, refer to 11.4.2 Input voltage and conversion results.

Cautions 1. In the power-fail comparison mode, the first result (A/D conversion result and interrupt
request (INTAD)) of the A/D conversion (started by setting bit 7 (ADCS3) of A/D converter
mode register 3 (ADM3) to 1) is not correct.

2. When executing A/D conversion in the HALT mode using the power-fail HALT repeat
mode, clear the interrupt request flag (ADIF) after the first conversion has been completed
immediately after bit 7 (ADCS3) of ADM3 has been set to 1, and bit 5 (PFHRM3) of power-
fail comparison mode register 3 (PFM3) has been set to 1, before executing the HALT
instruction.

3. To set the power-fail comparison mode in the HALT mode, be sure to set bit 5 (PFHRM3)
of PFM3 to 1 before executing the HALT instruction. Otherwise, comparison cannot be
performed correctly because the conversion result in the HALT mode is not stored in
A/D conversion result register 3 (ADCR3). If bit 5 (PFHRM3) of PFM3 is set in the normal
operating mode (other than during HALT operation), the A/D conversion is not performed
correctly. Therefore, be sure to clear this bit to 0 in the normal mode.
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Figure 11-9. A/D Conversion Operation in Power-Fail Comparison Mode (1/3)

(1) In normal mode (other than HALT mode)

Conversion starts

ADS3 rewritten

ADMS rewritten

ADCS3 =1 ADCS3=0
A/D conversion  Stop ANIn ANIn ANIn ANIn ANIm ANIm
T i i NS — i
| | . Conversion |
PFT3, PFM3 | ! | stopped !
set T l T l T l |
'\/ Unde- | | |
ADCRS3 i A\ fined"®': A\ ANIn ANIn 1 ANIm
o | 1
INTAD L : I_I !
(when PFEN3 = 1) T 1 1 1
Comparison Comparison
Note 2
ote condition does condition does
not match. not match.
Comparison
condition
matches.

Notes 1. The conversion data is undefined immediately after bit 7 (ADCS3) of A/D converter mode register
3 (ADMB3) is set to 1 (to start conversion).

2. The first result of A/D conversion (A/D conversion result and interrupt request) is not correct. Do

not use this result because there is a possibility that it will be determined that the comparison

condition has matched even if it has not.

Caution Set power-fail comparison threshold value register 3 (PFT3) and power-fail comparison
mode register 3 (PFM3) before starting conversion. Be sure to reset bit 5 (PFHRM3) of PFM3

to 0 (to disable HALT repeat mode setting).

Remark n=0,1,..7
m=0,1,..7
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Figure 11-9. A/D Conversion Operation in Power-Fail Comparison Mode (2/3)

(2) In HALT repeat mode (when generation of interrupt (INTAD) is used to release HALT mode)

Conversion starts  ADIF clear : . Note2 ADMBS rewritten
ADCS3 = 1 PFHRM3 = 1 HALT instruction ADCS3 =0
HALT operation Interrupt request
releases HALT mode
A/D conversion  Stop ANIn ANIn ANIn ANIn ANIn ANIn
! I stop
PFT3, PFM3 ! ! ! ! !
set | | | | |
1 l 1 l 1 l 1 l 1
'\/ Unde- | | | l
ADCRS3 ><fined"°‘e'><AN|” >< ANIn >< ANIn | ANIn
- 1 | |
INTAD Lo : :
(when PFEN3 = 1) Do : :
Note 3 Comparison condition | Comparison condition
does not match. matches.
Comparison Comparison condition
condition does matches.
not match. (PFHRMS is reset)

Notes 1. The conversion data is undefined immediately after bit 7 (ADCS3) of A/D converter mode register
3 (ADMB3) is set to 1 (to start conversion).

2. When executing A/D conversion in the HALT mode by using the power-fail comparison mode, clear
the interrupt request flag (ADIF) after the first conversion has been completed immediately after
bit 7 (ADCS3) of ADM3 has been set to 1, and bit 5 (PFHRMS3) of power-fail comparison mode
register 3 (PFM3) has been set to 1, before executing the HALT instruction.

3. The first result of A/D conversion (A/D conversion result and interrupt request) is not correct. Do
not use this result because there is a possibility that it will be determined that the comparison
condition has matched even if it has not.

Caution Be sure to set bit 5 (PFHRM3) of PFM3 to 1 (to enable the HALT repeat mode setting).

Remark n=0,1,..7
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Figure 11-9. A/D Conversion Operation in Power-Fail Comparison Mode (3/3)

(3) In HALT repeat mode (when generation of interrupt (INTAD) is not used to release HALT mode)

HALT instruction™°*?

Conversion starts  ADIF clear .
ADCS3 = 1 PFHRM3 = 1 HALT operation
Interrupt request (INTAD) does
not release HALT mode
A/D conversion  Stop ANIn ANIn ANIn ANIn ANIn
PFT3, PFM3

Previous Previous
conversion X conversion
/ \result result

A/D conversion is in progress but
conversion operation is stopped.

set l
ANIn

ADCR3 ><

Unde-
fined"*'®"

INTAD
(when PFEN3 = 1)

Note 3 Comparison
condition does

not match. Comparison condition
matches.
(PFHRMS is reset)

Notes 1. The conversion data is undefined immediately after bit 7 (ADCS3) of A/D converter mode register
3 (ADMB3) is set to 1 (to start conversion).

2. When executing A/D conversion in the HALT mode by using the power-fail HALT repeat mode,
clear the interrupt request flag (ADIF) after the first conversion has been completed immediately
after bit 7 (ADCS3) of ADM3 has been setto 1, and bit 5 (PFHRM3) of power-fail comparison mode
register 3 (PFM3) has been set to 1, before executing the HALT instruction.

3. The first result of A/D conversion (A/D conversion result and interrupt request) is not correct. Do
not use this result because there is a possibility that it will be determined that the comparison
condition has matched even if it has not.

Caution Be sure to set bit 5 (PFHRM3) of PFM3 to 1 (to enable the HALT repeat mode setting).

Remark n=0,1,..7
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11.5 A/D Converter Cautions

M

()

(3)

214

Current consumption in standby mode

The A/D converter is stopped in the standby mode. At this time, the current consumption can be reduced by
resetting bit 7 (ADCS3) of A/D converter mode register 3 (ADM3) to 0.

Figure 11-10 shows the circuit configuration of the series resistor string.

Figure 11-10. Circuit Configuration of Series Resistor String

AVop ©

P-ch =] | o<} ADCS3

Series resistor string

AVss ©

Input range of ANIO to ANI7

The input voltages of ANIO to ANI7 should be within the specification range. In particular, if a voltage of AVobp
or above or AVss or below is input (even if within the absolute maximum rating range), the conversion value
for that channel will be undefined. The conversion values of the other channels may also be affected.

Conflicting operations

<1> Conflict between writing A/D conversion result register 3 (ADCR3) on completion of conversion and
reading ADCRS3 by an instruction
Reading ADCRS takes precedence. After ADCR3 has been read, a new conversion result is written
to ADCRS3.

<2> Conflict between writing ADCR3 on completion of conversion and writing A/D converter mode register
3 (ADMB3) or writing analog input channel specification register 3 (ADS3)
Writing ADM3 or ADS3 takes precedence. ADCRS3 is not written. Nor is the A/D conversion end interrupt
request signal (INTAD) generated.
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(4) Noise countermeasures
In order to maintain 8-bit resolution, attention must be paid to noise on the AVop and ANIO to ANI7 pins. Since
the effect increases in proportion to the output impedance of the analog input source, it is recommended that
a capacitor be connected externally as shown in Figure 11-11 in order to reduce noise.

Figure 11-11. Analog Input Pin Handling

If there is possibility that noise whose
level is AVoo or higher or AVss or lower may enter,

clamp with a diode with a small VF (0.3 V or less).
Analog

voltage input  © ‘ / AVop

o ! ANIO to ANI7

"

AVss

o

C =100 to 1,000 pF

(5) ANIO/P10 to ANI7/P17 pins
The analog input pins ANIO to ANI7 also function as I/O port pins (port 1). When A/D conversion is performed
with any of pins ANIO to ANI7 selected, be sure not to execute an instruction that inputs data to port 1 while
conversion is in progress, as this may reduce the conversion resolution.
Also, if digital pulses are applied to a pin adjacent to the pin in the process of A/D conversion, the expected
A/D conversion value may not be obtainable due to coupling noise. Therefore, avoid applying pulses to pins
adjacent to the pin undergoing A/D conversion.

(6) Input impedance of ANIO to ANI7 pins
In this A/D converter, the internal sampling capacitor is charged and sampling is performed for approx. one
tenth of the conversion time.
Since only the leakage current flows other than during sampling and the current for charging the capacitor
also flows during sampling, the input impedance fluctuates and has no meaning.
To perform sufficient sampling, however, it is recommended to make the output impedance of the analog input
source 10 kQ or lower, or attach a capacitor of around 100 pF to the ANIO to ANI7 pins (see Figure 11-11).
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(7) Interrupt request flag (ADIF)
The interrupt request flag (ADIF) is not cleared even if analog input channel specification register 3 (ADS3)
is changed.
Caution is therefore required since, if the analog input pin is changed during A/D conversion, the A/D
conversion result and conversion end interrupt request flag for the pre-change analog input may be set just
before the ADS3 rewrite, and when ADIF is read immediately after the ADM rewrite, ADIF may be set despite
the fact that the A/D conversion for the post-change analog input has not ended.
When A/D conversion is stopped and then resumed, clear the ADIF before it is resumed.
Figure 11-12. A/D Conversion End Interrupt Request Generation Timing
ADS3 rewrite ADIF is set but ANIm
) (Start of ANIm conversion) conversion has not ended
ADMS3 rewrite
(Start of ANIn conversion)
) y
A/D conversion ANIn ANIn ' ANIm ANIm
ADCRS3 ANIn X 1 ANIn ANIm ANIm
INTAD
Remarks 1. n=0,1, ..., 7
2. m=0,1,..,7
(8) Conversion result immediately after starting A/D conversion
The first A/D conversion result value is undefined immediately after an A/D conversion operation has been
started. Poll the A/D conversion end interrupt request (INTAD) and discard the first conversion result.
(9) Reading A/D conversion result register 3 (ADCR3)
If data is written to A/D converter mode register 3 (ADM3) and analog input channel specification register 3
(ADS3), the contents of ADCRS3 are undefined. Read the conversion value before writing ADM3 and ADS3
after the conversion operation has been completed. Otherwise, the correct conversion result may not be read.
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CHAPTER 12 OVERVIEW OF SERIAL INTERFACE

The serial interface differs between the yPD178096A and 178098A, and uPD178076, 178078, and 178F098. Table

12-1 shows the differences.

Table 12-1. Differences Between yPD178096A and 178098A, and yPD178076, 178078, and 178F098

Item 1PD178096A, 178098A uPD178076, 178078, 178F098 Refer to:
sloo ®) ®) CHAPTER 13
SIO1 @) @) CHAPTER 14
SI03 O @) CHAPTER 15
UARTO — ®) CHAPTER 16
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13.1 Functions of Serial Interface SIO0

Serial interface SIO0 employs the following five modes.

¢ Operation stop mode

e 3-wire serial I/0 mode

* SBI (serial bus interface) mode

¢ 2-wire serial I/0 mode
* 12C (Inter IC) bus modeNote

Note When using the 12C bus mode (including when this mode is implemented by software without using the

internal hardware), consult NEC Electronics when placing an order for a mask.

Caution Do not change the operation mode (3-wire serial I/O, SBI, 2-wire serial I/0, or 12C bus) while

(M

(2

218

the operation of serial interface SIO0 is enabled. To change the operation mode, stop the serial
operation.

Operation stop mode
This mode is used when serial transfer is not carried out to reduce power consumption.

3-wire serial /0 mode (MSB-/LSB-first selectable)
This mode is used for 8-bit data transfer using three lines, one each for the serial clock (SCKO), serial output

(SO0) and serial input (SI0). This mode enables simultaneous transmission/reception and therefore reduces
the data transfer processing time.

The start bit of transferred 8-bit data is switchable between the MSB and LSB, so that devices can be connected
regardless of their start bit recognition format.

This mode should be used when connecting with peripheral I/O devices or display controllers which incorporate
a conventional clocked serial interface as is the case with the 75XL, 78K, and 17K Series.
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(3) SBI (serial bus interface) mode (MSB-first)
This mode is used for 8-bit data transfer with two or more devices using two lines, one for the serial clock (SCKO)
and one for the serial data bus (SBO or SB1).
In the SBI mode, transfer data is classified into “addresses”, “commands” and “data” for transmission/
reception, in conformance with serial bus format of NEC Electronics.

¢ Address: Data to select the target device for serial communication
e Command: Data to give instructions to the target device
e Data: Data actually transferred

In fact, transfer is started when the master device outputs an “address” to the serial bus to select one of the
slave devices subject to communication. After that, “commands” and “data” are transmitted between the
master device and slave device to implement serial communication. The receiver can automatically identify
the received data as “addresses”, “commands”, or “data” by hardware.

This function enables the I/O ports to be used effectively and the application program serial interface control
portions to be simplified.

In this mode, the wakeup function for handshake and the acknowledge and busy signal output function can

also be used.

Figure 13-1. System Configuration Example of Serial Bus Interface (SBI)

Master CPU Slave CPU1

SCKO SCKO0

SBO SBO

Slave CPU2

SCKO

SBO

Slave CPUn

SCKo

SBO
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4
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2-wire serial /0 mode (MSB-first)

This mode is used for 8-bit data transfer using two lines, one for the serial clock (m) and one for the serial
data bus (SBO or SB1).

This mode enables handling of any of the possible data transfer formats by controlling the SCKO level and
the SBO or SB1 output level. Thus, the handshake line previously necessary for connection of two or more
devices can be removed, resulting in an increased number of available I/O ports.

I2C bus mode (MSB-first)

This mode is used for 8-bit data transfer with two or more devices using two lines, one for the serial clock (SCL)
and one for the serial data bus (SDAO or SDA1).

This mode complies with the I12C bus format. In this mode, the transmitter outputs three kinds of data onto
the serial data bus: “start condition”, “data”, and “stop condition”. The receiver automatically distinguishes
the received data as “start condition”, “data”, or “stop condition” by hardware.

Figure 13-2. Serial Bus Configuration Example Using I12C Bus

Voo Vop

Master CPU g Slave CPU 1

SCL . SCL

SDAO (SDA1) SDAO (SDA1)

Slave CPU 2

SCL

SDAO (SDA1)

Slave CPU n

SCL

SDAO (SDA1)
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13.2 Configuration of Serial Interface SIO0
Serial interface SIO0 consists of the following hardware.

Table 13-1. Configuration of Serial Interface SIO0

Iltem Configuration

Registers Serial 1/0O shift register 0 (SIO0)
Slave address register 0 (SVAQ)

Control registers Serial interface clock select register 0 (SCLO)
Serial operating mode register 0 (CSIMO)
Serial bus interface control register 0 (SBICO)
Interrupt timing specification register 0 (SINT0)
Port mode register 2 (PM2)

Port 2 (P2)
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Figure 13-3. Block Diagram of Serial Interface SIO0

S Internal bus (
Serial bus interface
. . . control register 0
Serial operating mode register 0 (CSIMO) (SBICO)
ICSIEQ| COI | WUP CSLM Cg‘éM Cg‘;M C(SnlM Cg(I)M resgliz\tl:re(l)d(dsr\e/iso) BSYE | ACKD | ACKE | ACKT |CMDD| RELD | CMDT | RELT
'E ~—SvAaM v 4 Yo
Match
BSYE <r
B ¢
Controller l
l < - CLRSET
SI0/SB0/ «b Serial I/O shift
sbAoP2s © e bos Selector register 0 (SIO0) b Q
;'t " output latch T
utpu 7~ H
contprol AN | Note
SO0/SB1/ w{} Selector Acknowledge
SDA1/P26 output circuit
PM26 — note | Stop condition/ |~ ACKD
Output start condition/ cMDD WUP
control acl;r;ct)g\::lz)?ge | . RELD Interrupt
CLD P26 output latch resci‘;r?;lt
SCKO/ {> Serial clock —= INTCSIO
SCL/P27 Z counter generator
PM27 —
Output -
control ﬂ S:or:'i:'glllz (I:,k <—{Selector [~—{ di1v/i1d?er Selector<] /22-1x/2°
2 4
— CSIMO1 — CSIMO1
P27
output latch { 4 [ | [ ’ ’ |
CLD | SIC |SVAM| CLC |WREL |[WAT1 [WAT0| [TCL33[TCL32[TCL31[TCL30

Interrupt timing

Serial interface

specification register 0 clock select
(SINTO) register 0
(SCLO)
Internal bus (

Note Example of operation in 12C bus mode.

Remark The output control selects between CMOS output and N-ch open-drain output.
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(M
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Serial I/0 shift register 0 (SI00)

This is an 8-bit register used to carry out parallel/serial conversion and serial transmission/reception (shift
operation) in synchronization with the serial clock.

SI00 is set by an 8-bit memory manipulation instruction.

When bit 7 (CSIEO) of serial operating mode register 0 (CSIMO) is 1, writing data to SIOO0 starts a serial
operation.

In transmission mode, data written to SIOO is output to the serial output (SOO0) or serial data bus (SB0/SB1).
In reception mode, data is read from the serial input (SI0) or SB0/SB1 to SIOO.

Note that if the bus is driven in the SBI mode, 2-wire serial I/O mode, or I2C bus mode, the bus pins must
serve for both input and output. Thus, in the case of a device for reception, write FFH to SIO0 in advance
(except when address reception is carried out by setting bit 5 (WUP) of CSIMO to 1).

In the 12C bus mode, set bit 7 (BSYE) of serial bus interface control register 0 (SBICO) to 1.

In the SBI mode, the busy state can be cleared by writing data to SIOO0. In this case, bit 7 (BSYE) of serial
bus interface control register 0 (SBICO) is not cleared to 0.

RESET input makes SIO0 undefined.

Caution In the I2C bus mode, do not execute an instruction that writes to SIO0 while WUP (bit 5 of
serial operating mode register 0 (CSIM0)) = 1. Data can be received when the wakeup function
is beingused (WUP =1), even if such an instruction is not executed. For details of the wakeup
function, refer to 13.4.5 (1) (c) Wakeup function.

Slave address register 0 (SVAO0)

This is an 8-bit register to set the slave address value for connection of a slave device to the serial bus.
SVAQO is set by an 8-bit memory manipulation instruction. It is not used in the 3-wire serial I/O mode.

The master device outputs a slave address for selection of a particular slave device to the connected slave
devices. These two data (the slave address output from the master device and the SVAQ value) are compared
by an address comparator. If they match, that slave device has been selected. In this case, bit 6 (COI) of
serial operating mode register 0 (CSIM0) becomes 1.

The higher 7 bits of the slave address with the LSB masked can also be compared by setting the bit 4 (SVAM)
of interrupt timing specification register 0 (SINTO).

If no match is detected in address reception, bit 2 (RELD) of serial bus interface control register 0 (SBICO)
is cleared to 0. By setting bit 5 (WUP) of CSIMO to 1 in the SBI mode, the wakeup function can be used. In
this case, an interrupt request signal (INTCSIO) is generated when the slave address output by the master
matches the value of SVAO (the interrupt request is also generated when a stop condition is detected). This
interrupt request indicates that the master has requested communication.

Further, when SVAO transmits data as a master or slave device in the SBI or 2-wire serial I/O mode, errors
can be detected by using SVAO.

Reset input makes SVAO undefined.
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SO0 latch
This latch holds the SI0/SB0/SDA0/P25 and SO0/SB1/SDA1/P26 pin levels. It can be directly controlled by
software. In the SBI mode, this latch is set at the end of the 8th serial clock.

Serial clock counter
This counter counts the serial clocks to be output and input during transmission/reception and to check whether
8-bit data has been transmitted/received.

Serial clock controller
This circuit controls serial clock supply to serial I/O shift register 0 (SIO0). When the internal system clock
is used, this circuit also controls clock output to the SCK0/SCL/P27 pin.

Interrupt request signal generator
This circuit controls interrupt request signal generation. It generates an interrupt request signal in the following
cases.

¢ In the 3-wire serial /0O mode and 2-wire serial I/O mode
This circuit generates an interrupt request signal every eight serial clocks.

¢ In the SBI mode
When WUPNote js o ... Generates an interrupt request signal every eight serial clocks.
When WUPNote js 1. Generates an interrupt request signal when the serial I/0 shift register 0 (SI00)
value matches the slave address register 0 (SVAOQ) value after address reception.

Note WAUP is the wakeup function specification bit. It is bit 5 of serial operating mode register 0 (CSIMO).

* In the 12C bus mode
Generates an interrupt request as shown in Table 13-2.

Output circuit and detector of control signals
These two circuits output and detect various control signals in the SBI mode.

They do not operate in the 3-wire serial /O mode and 2-wire serial I/O mode.

* In the SBI mode
Busy/acknowledge output circuit, bus release/command/acknowledge detector

* In the I12C bus mode
Acknowledge output circuit, stop condition/start condition/acknowledge detector
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Table 13-2. Serial Interface SIO0 Interrupt Request Signal Generation

Serial Transfer mode BSYE|WUP WAT1|WATO/ACKE Description

12C bus mode (transmit) 0 0 1 0 0 An interrupt request signal is generated each time 8 serial clocks
are counted (8-clock wait).

Normally, during transmission, the settings WAT21, WATO0=1, 0,
are not used. They are used only when wanting to coordinate the
receive time and processing systematically using software. ACK
information is generated by the receiving side, thus ACKE should
be set to 0 (disabled).

1 1 0 An interrupt request signal is generated each time 9 serial clocks
are counted (9-clock wait).

ACK information is generated by the receiving side, thus ACKE
should be set to 0 (disabled).

Other than above Setting prohibited

I2C bus mode (receive) 1 0 1 0 0 An interrupt request signal is generated each time 8 serial clocks
are counted (8-clock wait).

ACK information is output by manipulating ACKT by software after
an interrupt is generated.

1 1 0/1 | Aninterrupt request signal is generated each time 9 serial clocks
are counted (9-clock wait).

To automatically generate ACK information, preset ACKE to 1
before transfer start. However, in the case of the master, set ACKE
to O (disabled) before receiving the last data.

1 1 1 1 1 After address is received, if the values of serial 1/O shift register
0 (SI00) and slave address register 0 (SVAQ) match, an interrupt
request signal and a stop condition are generated.

To automatically generate ACK information, preset ACKE to 1
(enable) before transfer start.

Other than above Setting prohibited

Remark BSYE: Bit 7 of the serial bus interface control register (SBIC)
ACKE: Bit 5 of the serial bus interface control register (SBIC)
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13.3 Control Registers of Serial Interface SIO0

The following six registers are used to control serial interface SIOO.

» Serial interface clock select register 0 (SCLO)
» Serial operating mode register 0 (CSIMO)

* Serial bus interface control register 0 (SBICO)
* Interrupt timing specification register 0 (SINTO)
* Port mode register 2 (PM2)

e Port 2

(1) Serial interface clock select register 0 (SCLO0)
This register sets the serial clock of serial interface SIOO0.

SCLO is set by a 1-bit or 8-bit memory manipulation instruction.
Reset input sets SCLO to 08H.

Figure 13-4. Format of Serial Interface Clock Select Register 0 (SCLO0)

Symbol 7 6 5 4 3 2 1 0 Address After reset R/W
SCLO 0 0 0 0 |SCLO3/SCL02/SCLO1SCLO0| FF43H 08H R/W
SCL03|SCL02|SCL01|SCL00 Selection of serial interface SIO0 serial clock
0 1 1 0 fx/22 (Setting prohibited)
0 1 1 1 fx/23 (788 kHz)
1 0 0 0 | fx/24 (394 kHz)
1 0 0 1 fx/25 (197 kHz)
1 0 1 0 | /28 (98.4 kHz)
1 0 1 1 fx/27 (49.2 kHz)
1 1 0 0 | fx/28 (24.6 kHz)
1 1 0 1 fx/2° (12.3 kHz)
Other than above Setting prohibited

Caution When rewriting SCLO to other data, stop the serial transfer operation first.

Remark fx: System clock oscillation frequency
(): fx=6.3 MHz
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(2) Serial operating mode register 0 (CSIMO)
This register sets the serial interface SIO0 serial clock, operating mode, operation enable/stop, and wakeup
function, and displays the address comparator match signal.
CSIMO is set by a 1-bit or 8-bit memory manipulation instruction.
Reset input sets CSIMO to 00H.

Caution Do not change the operating mode (3-wire serial I/O, 2-wire serial 1/0O, or SBI) while the
operation of serial interface SIO0 is enabled. To change the operating mode, stop the serial

operation.

Figure 13-5. Format of Serial Operating Mode Register 0 (CSIMO) (1/2)

Symbol 7. 6> <5 4 3 2 1 0 Address After reset R/W
CSIMO |CSIEQ| COI | WUP |csimo4 |CSIMO3 [CSIMO2 |CSIMO1 0 FF60H O0OH R/VVNote 1
R/W  |CSIMO1 Selection of serial interface SIOO0 clock

0 Input clock to SCKO/SCL/P27 pin from off-chip

1 Clock specified by bits 0 to 3 of serial interface clock select register 0 (SCLO)

R/W  [csim|csim|CsiM Operating ., |SIO/SB0/SDA0/P25 SO0/SB1/SDA1/P26 |SCKO/SCL/P27
PM25| P25 |PM26| P26 |PM27| P27 Start bit ) . ) . . .
04 | 03 | 02 mode pin function pin function pin function
Note 2|Note 2 -
o | x 0 sl olol ol [3wieseral MSB SlQNete2 SO0 SCKo
1 I/O mode LSB (Input) (CMOS output) | (CMOS I/0)
Note 3|Note 3 SB1
P25
0| x| x|0|0]|O0]|1 (N-ch open-
(CMOSVO) | " yrain 1/0)
Note 3|Note 3 SBO P26
1100 x|x|0]1 (N-chopen- | (cpmos 1/0)
drain 1/0O)
Note 3|Note 3 P25 SB1/SDA1
0 | x| x| 0]0]0]1 oy serial (CMOS 1/0) (’\c‘j'ch open
VO mode rainl/0) | scKosscL
111 . or MSB (N-ch open-
I’Cb i
Note 3|Note 3 modlés SBO/SDAO P26 drain 1/0)
1100 x|x]|0]1 (N-ch open- CMOS 1/0
drain 1/0) ( )

(Continued)
Caution When using SCKO or SCL, set P27 to 1. If P27 is set to 0, it always outputs a low level.

Notes 1. Bit 6 (COIl) is a read-only bit.
2. Can be used as P25 (CMOS input/output) when used only for transmission.
3. Can be used freely as a port function.

Remark x: Don’t care

PMxx: Port mode register
Pxx:  Output latch of port
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Figure 13-5. Format of Serial Operating Mode Register 0 (CSIMO) (2/2)

R/W | WUP Control of wake up functionNote 1

0 Interrupt request signal generated with each serial transfer in any mode

« Interrupt request signal generated when the address received after bus release (when CMDD = RELD = 1)
matches the slave address register 0 data in SBI mode

« Interrupt request signal generated when the address received after start condition detected (CMDD = 1)
matches the slave address register 0 data in I°C bus mode

R | COI Slave address comparison result flagNote 2
0 Slave address register 0 and serial I/O shift register 0 data do not match
1 Slave address register 0 and serial I/O shift register 0 data match
R/W |CSIEO Control of serial interface SIO0 operation

0 Operation stopped

1 Operation enabled

Notes 1. When using the wakeup function (WUP = 1), set bit 5 (SIC) of interrupt timing specification register
0 (SINTO) as follows. Do not execute a write instruction to serial 1/0O shift register 0 (SIO0) while
WUP = 1.
When the wakeup function is used in SBI mode: SIC=0
When the wakeup function is used in I2C bus mode: SIC = 1
2. When CSIE0 = 0, COl is 0.
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(3)

Symbol

SBICO

R/W

R/W

Serial bus interface control register 0 (SBICO)

This register sets the serial bus interface SIO0 operation and display the status.
SBICO is set by a 1-bit or 8-bit memory manipulation instruction.

Reset input sets SBICO to O0H.

Figure 13-6. Format of Serial Bus Interface Control Register 0 (SBICO0) (1/3)

<7> <6> <5> <4> <3> <2> <1>  <0>

BSYE |ACKD|ACKE | ACKT |[CMDD|RELD |CMDT | RELT

Address After reset R/W

FF61H 00H R/Whete

Used for bus release signal output in SBI mode and stop condition signal output.

RELT| When RELT =1, SO latch is set to 1. After SO latch setting, automatically cleared to 0.
Also cleared to 0 when CSIEO = 0.
Used for command signal output in SBI mode and start condition signal output.

CMDT| When CMDT = 1, SO latch is cleared to (0). After SO latch clearance, automatically cleared to 0.
Also cleared to 0 when CSIEO = 0.

RELD Detection of bus release (SBI mode)/stop condition (12C bus mode)

Clear conditions (RELD = 0)

Set conditions (RELD =1)

* When transfer start instruction is executed

¢ |f SIO0 and SVAO values do not match in
address reception

* When CSIE0 =0

* When reset input is applied

* When bus release signal (REL) or stop condition
is detected

CMDD

Detection of command (SBI mode)/start condition (I1>°C bus mode)

Clear conditions (CMDD = 0)

Set conditions (CMDD = 1)

* When transfer start instruction is executed

* When bus release signal (REL) or stop condition is
detected

* When CSIEO =0

* When reset input is applied

* When command signal (CMD) or stop condition
is detected

Note Bits 2, 3, and 6 (RELD, CMDD and ACKD) are read-only bits.

Remarks 1. Bits 0, 1, and 4 (RELD, CMDT, and ACKT) are 0 when read after data setting.
2. CSIEO: Bit 7 of serial operating mode register 0 (CSIMO)
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Figure 13-6. Format of Serial Bus Interface Control Register 0 (SBICO0) (2/3)

(a) SBI mode

R/W The acknowledge signal is output in synchronization with the falling edge of SCKO just after execution
ACKT| of the instruction to be set to 1, and after acknowledge signal output, automatically cleared to 0.
Used as ACKE = 0. Also cleared to 0 upon start of serial interface transfer or when CSIEO = 0.

R/W |ACKE Control of acknowledge signal output

0 Acknowledge signal automatic output disabled (output with ACKT enabled)
Before completion of | The acknowledge signal is output in synchronization with the 9th falling
transfer edge of SCKO (automatically output when ACKE = 1).

1 The acknowledge signal is output in synchronization with the falling edge of
After completion of SCKO just after execution of the instruction to be set to 1
transfer (automatically output when ACKE = 1).

However, not automatically cleared to 0 after acknowledge signal output.

R |ACKD Detection of acknowledge

Clear conditions (ACKD = 0) Set conditions (ACKD = 1)

¢ Falling edge of SCKO immediately after the busy
mode is released after executing the transfer * When acknowledge signal (ACK) is detected at the

start instruction rising edge of SCKO clock after completion of
*When CSIEO =0 transfer

* When reset input is applied

Note

R/W BSYE Synchronization of busy signal output control

0 Busy signal output in synchronization with the falling edge of SCKO clock just after
execution of the instruction to be cleared to 0 disabled.

1 Busy signal output at the falling edge of SCKO clock following the acknowledge signal.

Note The busy mode can be canceled by the start of serial interface transfer or address signal reception.
However, the BSYE flag is not cleared to 0.

Remark CSIEO: Bit 7 of serial operating mode register 0 (CSIMO)
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Figure 13-6. Format of Serial Bus Interface Control Register 0 (SBICO0) (3/3)

(b) 12C bus mode

R/W SDAO (SDA1) is set to low just after execution of the instruction to be set to 1 before the next SCL falling
ACKT| edge. Used for generating an ACK signal by software if the 8-clock wait mode is selected. Cleared
to 0 if CSIE = 0 when a transfer by the serial interface is started.
R/W |ACKE Control of acknowledge signal outputNete !
0 Acknowledge signal automatic output disabled. (However, output with ACKT is enabled)
Used for reception when 8-clock wait mode is selected or for transmission. Note2
1 Acknowledge signal automatic output enabled.
Acknowledge signal output in synchronization with the falling edge of the 9th SCL clock cycle
(automatically output when ACKE = 1).
However, not automatically cleared to 0 after acknowledge signal output.
Used in reception with 9-clock wait mode selected.
R |ACKD Detection of acknowledge
Clear conditions (ACKD = 0) Set conditions (ACKD = 1)
* When transfer start instruction is executed * When acknowledge signal (ACK) is detected at the
*When CSIEO =0 rising edge of SCL clock after completion of
* When reset input is applied transfer
R/W Note 3 _ ~ . faal 12 Note 4
BSYE Control of N-ch open-drain output for transmission in [<C bus mode
0 Output enabled (transmission)
1 Qutput disabled (reception)

Notes 1. This setting should be performed before transfer.
2. If 8-clock wait mode is selected, the acknowledge signal at reception must be output using ACKT.
3. The busy mode can be canceled by the start of serial interface transfer or the reception of an
address signal. However, the BSYE flag is not cleared to 0.
4. When using the wakeup function, be sure to set BSYE to 1.

Remark CSIEO: Bit 7 of serial operating mode register 0 (CSIMO0)
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(4) Interrupt timing specification register 0 (SINTO)
This register sets the bus release interrupt and address mask functions and displays the P27/SCK0/SCL pin
level status.
SINTO is set by a 1-bit or 8-bit memory manipulation instruction.
Reset input sets SINTO to 00H.

Figure 13-7. Format of Interrupt Timing Specification Register 0 (SINTO) (1/2)

Symbol 7 <6> <5> <4> <3> <2 1 0 Address After reset R/W
SINTO 0 CLD | SIC |SVAM| CLC |WREL|WAT1|WATO| FF63H 00H R/Whete 1
R/W  |WAT1 | WATO Control of wait and interrupt
0 0 Interrupt servicing request generated at rising edge of 8th SCKO clock

(keeping clock output in high impedance state).

0 1 Setting prohibited

1 0 Used in I2C bus mode (8-clock wait).

Interrupt servicing request generated at rising edge of 8th SCL clock.

(In the case of a master device, SCL output is made low to enter a wait state after 8 clock pulses are
output. In the case of a slave device, SCL output is made low to request a wait state after 8 clock
pulses are input.)

1 1 Used in I2C bus mode (9-clock wait).

Interrupt servicing request generated at rising edge of 9th SCL clock .

(In the case of a master device, SCL output is made low to enter a wait state after 9 clock pulses are
output. In the case of a slave device, SCL output is made low to request a wait state after

9 clock pulses are input.)

R/W |WREL Control of wait sate cancellation

0 Wait state has already been cancelled.

1 Cancel wait state. Automatically cleared to 0 when the state is cancelled.
(Used to cancel wait state by means of WATO and WAT1.)

RW | CLC Control of clock levelNote2

0 Used in I2C bus mode.
Output level of SCL pin made low unless serial transfer is being performed.

1 Used in I2C bus mode.

SCL pin enters high-impedance state unless serial transfer is being performed (except for clock line,
which is kept high).

Used to enable master device to generate start condition and stop condition signals.

Notes 1. Bit 6 (CLD) is a read-only bit.
2. When not using the I2C mode, set CLC to 0.
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R/W

R/W

Figure 13-7. Format of Interrupt Timing Specification Register 0 (SINTO) (2/2)

SVAM SVAQO bits to be used as slave address

0 Bits 0 to 7
1 Bits 7to 0

SIC Selection of INTCSIO interrupt sourceNete !
0 CSIIFOQ is set to 1 upon termination of serial interface SIOO0 transfer
1 CSIIFO is set to 1 upon bus release detection (SBI mode), stop condition detection (I°C bus mode),

or termination of serial interface SIOO0 transfer

CLD P27/SCKO0/SCL pin levelNote 2
0 Low level
1 High level

Remark

Notes 1. When using wakeup function in the I2C mode, set SIC to 1.

When using wakeup function in the SBI mode, set SIC to 0.

2. When CSIEO =0, CLD is 0.

SVAOQ: Slave address register 0
CSIIF: Interrupt request flag corresponding to INTCSIO
CSIEO: Bit 7 of serial operating mode register 0 (CSIMO)
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13.4 Operations of Serial Interface SIO0
The following five operating modes are available for serial interface SIO0.

* Operation stop mode

* 3-wire serial /0O mode
* SBI mode

* 2-wire serial /0 mode
I2C (Inter IC) bus mode

13.4.1 Operation stop mode

Serial transfer is not carried out in the operation stop mode.

Serial 1/0 shift register 0 (S100) does not carry out shift operation either and thus it can be used as an ordinary
8-bit register.

In the operation stop mode, the P25/S10/SB0/SDA0, P26/SO0/SB1/SDA1 and P27/SCKO0/SCL pins can be used
as ordinary 1/O ports.

(1) Register setting
The operation stop mode is set using 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.

Symbol 7. 6> <55 4 3 2 1 0 Address After reset R/W
CSIMO |CSIEO| COI | WUP |csiMo4 |CcsIMo3 | csIMo2 | cSIMo1| O FF60H 00H R/W
R/W  |CSIEO Control of serial interface SIO0 operation

0 Operation stopped

1 Operation enabled
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13.4.2 3-wire serial I/O mode operation
The 3-wire serial 1/0O mode is effective for connection of peripheral 1/0 units and display controllers which
incorporate a conventional clocked serial interface as is the case with the 75XL, 78K, and 17K Series.
Communication is carried out with three lines, one each for the serial clock (SCKO), serial output (SO0), and serial
input (SI10).

(1) Register setting
The 3-wire serial I/0O mode is set using serial operating mode register 0 (CSIMO), serial bus interface control
register 0 (SBICO), port mode register 2 (PM2), and port 2 (P2).

(a) Serial operating mode register 0 (CSIMO0)
CSIMO is set by a 1-bit or 8-bit memory manipulation instruction.
Reset input sets CSIMO to 00H.

Symbol 7. 6> <5> 4 3 2 1 0 Address  Afterreset  R/W
CSIMO |CSIEO| COIl | WUP |csimo4 | csiMo3 [csiMo2 | csiMo1| O FF60H O00H R/VyNete 1
R/W | csimo1 Selection of serial interface SIO0 clock

0 Clock Input to SCK0/SCL/P27 pin from off-chip

1 Clock specified by bits 0 to 3 of serial interface clock select register 0 (SCLO)

R/W  [csiM|CsiM|CsIM Operating .. | SIO/SB0/SDAOQ/P25 |SO0/SB1/SDA1/P26| SCKO0/SCL/P27
PM25| P25 |PM26| P26 |PM27| P27 Start bit . . . . . .
04 | 03 | 02 mode pin function pin function pin function
Note 2|Note 2 E—
0 o, olol ol [3wireseral MSB Slghere? S00 SCKO
o I L VOmode | | g (Input) (CMOS output) | (CMOS 1/0)

1 | 0 | SBImode (refer to 13.4.3 SBI mode operation).

2-wire serial I/O mode (refer to 13.4.4 2-wire serial I/O mode operation) or
12C bus mode (refer to 13.4.5 I1°C bus mode operation).

R/W | WUP Control of wakeup function

0 Interrupt request signal generated with each serial transfer in any mode

1 Setting prohibitedNete 3

R/W |CSIEO Control of serial interface SIO0 operation

0 Operation stopped

1 Operation enabled

Caution When using SCKO or SCL, set P27 to 1. If P27 is set to 0, it always outputs a low level.

Notes 1. Bit 6 (COlI) is a read-only bit.
2. Can be used as P25 (CMOS 1/0) when used only for transmission.
3. Be sure to set WUP to 0 when the 3-wire serial I/O mode is selected.

Remark x: Don’t care

PMxx: Port mode register
Pxx:  Output latch of port
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(b)

Symbol

SBICO

R/W

R/W

236

Serial bus interface control register 0 (SBICO)
SBICO is set by a 1-bit or 8-bit memory manipulation instruction.
Reset input sets SBICO to 00H.

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

BSYE |ACKD |ACKE |ACKT |CMDD |RELD CMDT |RELT | FF61H 00H R/W

RELT When RELT = 1, SO latch is set to 1. After SO latch setting, automatically cleared to 0.
Also cleared to 0 when CSIEO = 0.

CMDT When CMDT = 1, SO latch is cleared to 0. After SO latch clearance, automatically cleared to 0.
Also cleared to 0 when CSIEQ = 0.

Remark CSIEO: Bit 7 of serial operating mode register 0 (CSIMO)
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(2) Communication operation

SCKO 1 2 3 4 5 6 7 8

The 3-wire serial I/0 mode is used for data transmission/reception in 8-bit units. Bit-wise data transmission/
reception is carried out in synchronization with the serial clock.

The shift operation of serial /0O shift register 0 (SIOO0) is carried out at the falling edge of the serial clock (M).
The transmitted data is held in the SO0 latch and is output from the SO0 pin. The received data input to the
SI0 pin is latched in SIOO0 at the rising edge of SCKO.

Upon termination of 8-bit transfer, the SIO0 operation stops automatically and the interrupt request flag
(CSIIFO0) is set.

Figure 13-8. 3-Wire Serial /0 Mode Timing

SIo \ X\?I? X Dl6 X DI5 X DI4 X DI3 X DI2 X DI X DIO/

SO0 x DO7 X DO6 X DO5 X DO4 X DO3 X DO2 X DO1 X/DOO

CSlIFo

3)

SO0 latch

L R End of transfer
Transfer start at falling edge of SCKO

The SO0 pin is a CMOS output pin and outputs the current SOO latch status. Thus, the SO0 pin output status
can be manipulated by setting bit 0 (RELT) and bit 1 (CMDT) of serial bus interface control register 0 (SBICO).
However, do not carry out this manipulation during serial transfer.

Control the SCKO pin output level in the output mode (internal system clock mode) by manipulating the P27
output latch (refer to 13.4.8 SCKO0/SCL/P27 pin output manipulation).

Other signals
Figure 13-9 shows the RELT and CMDT operations.

Figure 13-9. RELT and CMDT Operations

L

RELT

!
/
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4

®)
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MSB/LSB switching as the start bit

In the 3-wire serial I/O mode, transfer can be selected to start from the MSB or LSB.

Figure 13-10 shows the configuration of serial I/O shift register 0 (SIO0) and the internal bus. As shown in
the figure, MSB/LSB can be read/written in reverse form.

MSB/LSB switching as the start bit can be specified by bit 2 (CSIM02) of serial operating mode register 0
(CSIMO).

Figure 13-10. Circuit for Switching Transfer Bit Order

Internal bus ~ -------------—1 e T R R T e

LSB-first L
MSB-first ——— Read/write gate | | Read/write gate

SO0 latch

810 ———{  Shift register 0 (SIO0) o QW

D U D D O B

SO0

SCKO ———

Start bit switching is realized by switching the bit order for data written to SIO0. The SIOO shift order remains
unchanged.
Thus, switching between MSB-first and LSB-first must be performed before writing data to the shift register.

Transfer start
Serial transfer is started by setting transfer data to serial 1/0O shift register 0 (SIO0) when the following two
conditions are satisfied.

» Serial interface SIO0 operation control bit (CSIEQ) = 1.
* Internal serial clock is stopped or SCKO is high level after 8-bit serial transfer.

Caution If CSIEO is set to “1” after writing data to SIO0, transfer does not start.

Remark CSIEO: Bit 7 of serial operating mode register 0 (CSIMO)

Upon termination of 8-bit transfer, serial transfer automatically stops and the interrupt request flag (CSIIFO)
is set.
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13.4.3 SBI mode operation

SBI (Serial Bus Interface) is a high-speed serial interface that complies with the NEC Electronics serial bus format.

SBl uses a single master device and employs the clocked serial I/O format with the addition of a bus configuration
function. This function enables devices to communicate using only two lines. Thus, when configuring a serial bus
with two or more microcontrollers and peripheral ICs, the number of ports to be used and the number of wires on
the board can be decreased.

The master device outputs three kinds of data to slave devices on the serial data bus: “addresses” to select the
device to communicate with, “commands” to instruct the selected device, and “data”, which is the data actually sent.

The slave device can identify the received data as “address”, “command”, or “data” by hardware. This function
enables the application program that controls the serial interface SIO0 to be simplified.

The SBI function is incorporated into various devices including 75XL Series and 78K Series devices.

Figure 13-11 shows a serial bus configuration example when a CPU having a serial interface compliant with SBI
and peripheral ICs are used.

In SBI, the SBO (SB1) serial data bus pin is an open-drain output pin and therefore the serial data bus line behaves
in the same way as a wired-AND configuration. In addition, a pull-up resistor must be connected to the serial data
bus line.

When using the SBI mode, refer to (d) in (11) SBI mode cautions described later.

Figure 13-11. Example of Serial Bus Configuration with SBI

Voo
Serial clock
SCKO SCKO Slave CPU
Master CPU
Serial data bus
SBO (SB1) SBO (SB1) Address 1

SCKO Slave CPU
SBO (SB1) Address 2
SCKO Slave IC
SBO (SB1) Address N

Caution When exchanging the master CPU/slave CPU, a pull-up resistor is necessary for the serial clock
line (SCKO) as well because serial clock line (SCKO0) I/O switching is carried out asynchronously
between the master and slave CPUs.
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(1) SBI functions
In the conventional serial I/0 format, when a serial bus is configured by connecting two or more devices, many

240

ports and wiring are necessary to provide chip select signals to identify commands and data, and to judge
the busy state, because only the data transfer function is available. If these operations are to be controlled
by software, the software will become heavily loaded.

In SBI, a serial bus can be configured with two signal lines, one for the serial clock SCKO0 and one for the serial
data bus SBO (SB1). Thus, use of SBI leads to a reduction in the number of microcontroller ports and the
amount of wiring and routing on the board.

The SBI functions are described below.

(a)

(b)

(c)

(d)

(e)

Address/command/data identification function
Serial data is distinguished as addresses, commands, and data.

Chip select function by address transmission
The master executes slave chip selection by address transmission.

Wakeup function

The slave can easily judge address reception (chip select judgment) with the wakeup function (which can
be set/reset by software).

When the wakeup function is set, the interrupt request signal (INTCSIO) is generated upon reception of
a match address.

Thus, when communication is executed with two or more devices, the CPU of devices other than the
selected slave device can operate independent of serial communications.

Acknowledge signal (ACK) control function
The acknowledge signal is controlled to check serial data reception.

Busy signal (BUSY) control function
The busy signal is controlled to report the slave busy state.
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(2) SBI definition
The SBI serial data format and the signals to be used are defined as follows.

” o«

Serial data to be transferred with SBI consists of three kinds of data: “address”, “command”, and “data”.
Figure 13-12 shows the address, command, and data transfer timing.

Figure 13-12. SBI Transfer Timing

Address transfer
SCKO |||||||||||||||8||9|||||||||||
soeen  \_ A 0 [ XX XX X/ pCK/ _eusy

Bus release A /
signal Address

Command transfer
Command signal

_J [

N J

Command

Data transfer

- l--i

N J

Data

Remark The dotted line indicates the READY status.

The bus release signal and the command signal are output by the master device. BUSY is output by the slave

device. ACK canbe output by either the master or slave device (normally, the 8-bit data receiver outputs ACK).
Serial clocks continue to be output by the master device from 8-bit data transfer start to BUSY release.
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(a)

(b)

Bus release signal (REL)

The bus release signal occurs when the SBO (SB1) line changes from low level to high level when the
SCKO line is high level (without serial clock output).

This signal is output by the master device.

Figure 13-13. Bus Release Signal

SCKO upye

SBO (SB1) f

The bus release signal indicates that the master device is going to transmit an address to the slave device.
The slave device incorporates hardware to detect the bus release signal.

Caution A transition of the SB0 (SB1) pin from low to high is recognized as a bus release signal
when the SCKO line is high. If the change timing of the bus is shifted due to the influence
of board capacitance, data that is transmitted may be identified as a bus release signal
by mistake. Exercise care when wiring.

Command signal (CMD)
The command signal occurs when the SBO (SB1) line changes from high level to low level when the SCKO

line is high level (without serial clock output). This signal is output by the master device.

Figure 13-14. Command Signal

SC:TO e

The command signal indicates that the master is going to transmit a command to the slave (however,
the command signal following the bus release signal indicates that an address is to be transmitted).
The slave device incorporates hardware to detect the command signal.

Caution A transition of the SB0 (SB1) pin from high to low is recognized as a command signal
when the SCKO line is high. If the change timing of the bus is shifted due to the influence
of board capacitance, data that is transmitted may be identified as a command signal
by mistake. Exercise care when wiring.
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(c) Address

An address is 8-bit data that the master device outputs to the slave devices connected to the bus line

in order to select a particular slave device.

Figure 13-15. Addresses

SCKO

SBO (SB1) LI

/

1 2 3 4

6 7

/A7 X a6 X(A5 X a4 X A3 (A2 X a1 X A0

Address

Bus release

signal

Command signal

Eight-bit data following the bus release and command signals is defined as an “address”. In the slave

device, this condition is detected by hardware and whether or not the 8-bit data matches that slave’s

specification number (slave address) is checked by hardware. If the 8-bit data matches the slave address,

that slave device has been selected. After that, communication with the master device continues until

a release instruction is received

Figure 13-16. Slave Selection by Address

from the master device.

Master _‘ Slave 1
aScljézierszs transmission |_.

Slave 2

Slave 3

Slave 4
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(d) Command and data
The master device transmits commands to and transmits/receives data to/from the slave device selected
by address transmission.

Figure 13-17. Commands

SCKo 1[ 12 13 14 1s] 1s[ |7 |8

SBO (SB1) _‘\ /C7X06X05XC4XC3XC2XC1@

N J

Command signal Command

Figure 13-18. Data

SCKo 1[ 12 13[ 14 15[ 1s[ 17[ 18

SBO (SB1) \ 07 X D6 X D5 X D4 X 03 X D2 X D1 X DO

N J

A\
Data

Eight-bit data following a command signal is defined as “command” data. Eight-bit data without a
command signal is defined as “data”. Command and data operation procedures can be determined by
the user according to their communication specifications.
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(e) Acknowledge signal (ACK)
The acknowledge signal is used to check serial data reception between the transmitter and receiver.

Figure 13-19. Acknowledge Signal

[When output in synchronization with 11th SCKO clock]

SCKo 8[ 1o Tof 11

SBO (SB1) D D & & O O O/ \ACK,

[When output in synchronization with 9th SCKO clock]

s UL L L L e e L L

sBo(SBT) X X_ X_ X X XX \Ack,

The acknowledge signal is one-shot pulse generated at the falling edge of SCKO after 8-bit data transfer.
It can be positioned anywhere and can be synchronized with any SCKO clock.

After 8-bit data transmission, the transmitter checks whether the receiver has returned the acknowledge
signal. If the acknowledge signal is not returned for the preset period of time after data transmission, it
can be judged that data reception has not been carried out correctly.
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(f) Busy signal (BUSY) and ready signal (READY)

The BUSY signal is used to report to the master device that the slave device is not ready for data
transmission/reception.
The READY signal is intended to report to the master device that the slave device is ready for data
transmission/reception.

Figure 13-20. BUSY and READY Signals

SCKo |3||9|||||||||

SBO (SB1) X \AcCK/~ BUSY / READY

In SBI, the slave device notifies the master device of the busy state by setting the SB0 (SB1) line to the
low level.

msignal output follows acknowledge signal output from the master or slave device. It is set/reset
at the falling edge of SCKO. When the msignal is reset, the master device automatically terminates
the output of the SCKO serial clock.

When the BUSY signal is reset and the READY signal is set, the master device can start the next transfer.

Caution In the SBI mode, SBI outputs the BUSY signal after the BUSY clear instruction has been
executed until the next serial clock falls. If WUP is set to 1 by mistake during this period,
BUSY will not be cleared. Before setting WUP to 1, therefore, clear BUSY, and make sure
that the SBO (SB1) pin has gone high.

(3) Register setting

246

The SBI mode is set using serial operating mode register 0 (CSIMO), serial bus interface control register 0
(SBICOQ), interrupt timing specification register 0 (SINTO), port mode register 2 (PM2), and port 2 (P2).

(a) 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.
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Symbol

CSIMO

R/W

R/W

R/W

R/W

<7> <6> <5> 4 3 2 1 0 Address After reset R/W
CSIEO| COI | WUP |csiMo4|csIMo3 |CSIMo2 [csiMo1 | O FF60H 00H R/WhNote 1
CSsIMo1 Selection of serial interface SIOO0 clock
0 Clock input to SCK0/SCL/P27 pin from off-chip
1 Clock specified by bits 0 to 3 of serial interface clock select register 0 (SCLO)
CSIM|CSIM|CSIM Operating .. | SI0/SB0/SDA0/P25 [SO0/SB1/SDA1/P26| SCKO/SCL/P27
PM25| P25 |PM26| P26 |PM27| P27 Start bit ) ) ) ) ) )
04 | 03 | 02 mode pin function pin function pin function
0 | x | 3-wire serial I/O mode (refer to 13.4.2 3-wire serial /O mode operation).
Note 2|Note 2
O x| x|0|0|0|1 P25 Nim
cmos o) | (N-ch open-
drain 1/0) SCTO
110 SBI mode MSB
Note 2|Note 2 SBO (CMOS |/O)
P26
1100 | x| x]0]1 (N-ch open-
drain I/0) (CMOS 1/0)
1 1 2-wire serial I/O mode (refer to 13.4.4 2-wire serial /O mode operation) or
I2C bus mode (refer to 13.4.5 I°C bus mode operation).
WUP Control of wakeup functionNete3
0 Interrupt request signal generated with each serial transfer in any mode
1 Interrupt request signal generated when the address received after bus release
(when CMDD = RELD = 1) matches the slave address register 0 data in SBI mode
COI Slave address comparison result flaghete 4
0 Slave address register 0 and serial I/O shift register 0 data do not match
1 Slave address register 0 and serial I/O shift register 0 data match
CSIEO Control of serial interface SIO0 operation
0 Operation stopped
1 Operation enabled

Notes

Caution When using SCKO or SCL, set P27 to 1. If P27 is set to 0, it always outputs a low level.

1. Bit 6 (COl) is a read-only bit.

2. Can be used freely as a port.

3. Clear bit 5 (SIC) of interrupt timing specification register 0 (SINTO) to 0 when using the wake-
up function in the SBI mode (WUP=1).

4. When CSIEO = 0, COl is 0.

Remark x: Don'’t care

PMxx: Port mode register
Pxx:  Output latch of port
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(b) Serial bus interface control register 0 (SBICO0)

Symbol

SBICO

R/W

R/W

R/W

R/W

248

SBICO is set by a 1-bit or 8-bit memory manipulation instruction.
Reset input sets SBICO to 00H.

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

BSYE |ACKD |ACKE |ACKT CMDD |RELD |CMDT |RELT | FF61H 00H R/WNote

Used for bus release signal output.
RELT| When RELT =1, SO latch is set to (1). After SO latch setting, automatically cleared to (0).
Also cleared to 0 when CSIEO = 0.

Used for command signal output.
CMDT| When CMDT =1, SO latch is cleared to (0). After SO latch clearance, automatically cleared to (0).
Also cleared to 0 when CSIEO = 0.

RELD Detection of bus release

Clear conditions (RELD = 0) Set conditions (RELD = 1)

¢ When transfer start instruction is executed
¢ |f SIO0 and SVAOQ values do not match in address

reception * When bus release signal (REL) is detected
* When CSIE0 =0

* When reset input is applied

CMDD Detection of command

Clear conditions (CMDD = 0) Set conditions (CMDD = 1)

¢ When transfer start instruction is executed

*Wh I ignal (REL) is detect
. Whgrr: lCJ:uSsIé%e:age signal ( ) is detected ¢ When command signal (CMD) is detected

* When reset input is applied

The acknowledge signal is output in synchronization with the falling edge of SCKO just after execution
ACKT| of the instruction to be set to (1) and, after acknowledge signal output, is automatically cleared to (0).
Used as ACKE = 0. Also cleared to (0) upon start of serial interface transfer or when CSIEO = 0.

ACKE Control of acknowledge signal output
0 Acknowledge signal automatic output disabled (output with ACKT enabled)
Before completion of The acknowledge signal is output in synchronization with the 9th falling edge of
transfer SCKO (automatically output when ACKE = 1).
1 The acknowledge signal is output in synchronization with the falling edge
After completion of of SCKO just after execution of the instruction to be set to 1
transfer (automatically output when ACKE = 1).
However, not automatically cleared to 0 after acknowledge signal output.

(Continued)

Note Bits 2, 3, and 6 (RELD, CMDD and ACKD) are read-only bits.

Remarks 1. Bits 0, 1, and 4 (RELT, CMDT, and ACKT) are 0 when read after data setting.
2. CSIEO: Bit 7 of serial operating mode register 0 (CSIMO0)
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R/W

ACKD Detection of acknowledge

Clear conditions (ACKD = 0)

Set conditions (ACKD = 1)

¢ When SCKO falls immediately after the busy mode is
released after the transfer start instruction is executed.
e When CSIEO =0

* When reset input is applied

¢ When the acknowledge signal (ACK) is detected at

the rising edge of the SCKO clock after completion of
transfer

Note

BSYE Control of busy signal output synchronization

Busy signal output in synchronization with the falling edge of SCKO clock just after
execution of the instruction to be cleared to (0) (makes READY status) disabled.

1 Busy signal output at the falling edge of SCKO clock following the acknowledge signal.

Note Busy mode can be cleared by the start of serial interface transfer. However, the BSYE flag is not

cleared to 0.

Remark CSIEO: Bit 7 of serial operating mode register 0 (CSIMO)
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(c) Interrupt timing specification register 0 (SINTO)
SINTO is set by a 1-bit or 8-bit memory manipulation instruction.
Reset input sets SINTO to O0H.

Symbol 7 <6> <5> <4> <3>  <2> 1 0 Address After reset R/W
SINTO 0 |CLD | SIC |SVAM| CLC |WREL|WAT1|WATO| FF63H 00H R/WNote 1
R/W
SVAM SVAO bits to be used as slave address

0 Bits 0to 7
1 Bits 7to 0

R/W

SIC Selection of INTCSIO interrupt sourceNete 2

CSIIFO is set upon termination of serial interface

0 SI00 transfer
1 CSIIFO is set upon bus release detection or
termination of serial interface SIO0 transfer
R
CLD SCKO0/SCL/P27 pin levelNote3

0 Low level

1 High level

Notes 1. Bit 6 (CLD) is a read-only bit.
2. When using the wakeup function in the SBI mode, set SIC to 0.
3. When CSIEO =0, CLD is 0.

Caution Be sure to set bits 0 to 3 to 0 when using SBI mode.
Remark SVAOQ: Slave address register 0

CSIIF: Interrupt request flag corresponding to INTCSIO
CSIEO: Bit 7 of serial operating mode register 0 (CSIMO)

250 User's Manual U12790EJ2VOUD



CHAPTER 13 SERIAL INTERFACE SIO0

(4) Signals

Figures 13-21 to 13-26 show the signals and flag operations in SBI. Table 13-3 lists the signals in SBI.

Figure 13-21. RELT, CMDT, RELD, and CMDD Operations (Master)

Slave address write to SIO0
(Transfer start instruction)

SI00 X

ScKo /=
SBO (SB1) T%l > /—X:

CMDT

RELD

/
|
\

CMDD \ \l

Figure 13-22. RELD and CMDD Operations (Slave)

Write FFH to SIO0
(Transfer start instruction) Transfer start instruction

sloo )i( X A7 X A6 /t)( A1 X Ao X /\/\ eiz)a

SCKO | 1] Jz] 7| [s] |9 \

\ READY
SBO (SB1) [ A7 X re Xj/ Al X Ao [ [AcK
((

Slave address

r When addresses match

))
C(

RELD \ /\/\ X
t

)) ))
( [

When addresses do not match

.

CMDD {
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Figure 13-23. ACKT Operation

SCKO 6 7 8 9 |

{(

) — ALY .
wowen X2 (ot A0/ - 2 peron of one clock
just after setting

ACKT .
)}

When set during
this period

Caution Do not set ACKT before termination of transfer.
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Figure 13-24. ACKE Operations

(a) When ACKE = 1 upon completion of transfer

SCKO |1| |2| | | |7| |8| ik9| | |
SBO(SB1)  \ X b7 X D6 ><32D2 X D1 X Do/\ﬁ/ ACK signal is output

at 9th clock
ACKE ! /T\

4

L When ACKE = 1 at this point

(b) When set after completion of transfer

SCKO e[ |7 |8 ]o ﬂmu_l_l_

)
(S — N
SBO (SB1) X D2 X D1 X DO / ACK ACK signal is output for
a period of one clock
just after setting
[T\

«

If set during this period and ACKE = 1
at the falling edge of the next SCKO

(c) When ACKE = 0 upon completion of transfer

SCKO | 1 | | 2 | | | | 7 | | 8 | 9 | | |
SBO(SB1)  \ X D7 X D6 >Q202 X D1 X Do ACK signal is not output
ACKE ” \

A\

L When ACKE = 0 at this point

(d) When “ACKE = 1” period is short

sco | LTI LI L L L

))
SBO (SB1) X D2 X D1 X DO / v ACK signal is not output

ACKE ) [\

{(

If set and cleared during this period
and ACKE = 0 at the falling edge of SCKO
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Figure 13-25. ACKD Operations

(a) When ACK signal is output at 9th clock of SCKO0

Transfer start
r instruction

SIO0

v Transfer start

SCKO

SBO (SB1)

ACKD

(b) When ACK signal is output after 9th clock of SCKO0

Transfer start
r instruction

SI00 l
. I Transfer start
SCKO 6 7 8 9 7L|7

SBO (SB1) :X p2 X b1 X Do / * ACK \

ACKD

(c) Clear timing when transfer start is set during BUSY

Transfer start
r instruction

soo I ) S

SCKO 6 7 8 9
SBO (SB1) :X p2 X b1 X Do /
ACKD

Figure 13-26. BSYE Operation

SCKO 6 7 8 9 k | | | k |
SBO (SB1) :X p2 X b1 X o / ¥ \ACK |\  BUSY p
BSYE ” / \

If reset during this period and

When BSYE =1 at this point BSYE = 0 at the falling edge of SCKO
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Table 13-3. Signals in SBI Mode (1/2)

tput
Signal Name OUtF_)Ut Definition Timing Chart Ou pu Effect on Flag Meaning of Signal
Device Condition
Bus release SBO (SB1) risi SCKO RELT set ¢ RELD set CMD signal is output
u g
. 0 (SB1) rising edge H e CMDD cleared | to indicate that
signal Master when SCKO = 1 i i
(REL) SBO (SB1) transmit data is an
address.
CMDT set CMDD set i) Transmit data is an
address after REL
Command . SCKO "y signal output.
signal Master S‘:O (i‘%l()ofa”l:g edge ii) REL signal is not
(CMD) when = SBO (SB1) output and trans-
mit data is a
command.
Low-level signal to be MACKE =1 ACKD set Completion of
Acknowledge output to SBO (SB1) durin ;
cknowledge |\ cter/ P _( ) g9 (@ACKT set reception
signal slave one-clock period of SCKO
(ACK) after completion of serial
reception [Synchronous BUSY output]
[Synchronous BUSY signal] BSYE = 1 — Serial receive
Busy signal Low-level signal to be —| |—| ))-| |—| m disabled because of
(m) Slave output to SBO (SB1) SCKO 9 <‘| | | processing
following acknowledge <ACK> <] BUSY
signal SBO (SB1) DO \ « | « READY
)] o ) @BSYE =0 _ . .
High-level Signal to be T‘)&‘ACK»« BUSY — @Execuﬁon of Serlsll I:celve
SBO (SB1) DO READY enable
Ready signal Slave output to SBO (SBH1) before N instruction for
(READY) serial transfer start and data write to

after completion of serial
transfer

SI00
(transfer start
instruction)
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Table 13-3. Signals in SBI Mode (2/2)

Signal Name OUtF_)Ut Definition Timing Chart OUIF)I:,It Effects on Flag Meaning of Signal
Device Condition

Synchronous clock to When CSIEOQ = 1, | CSIIFO set (rising | Timing of signal

output address/command/ execution of edge of 9th clock | output to serial data
Serial clock data, ACK signal, synchro- SCKO | 1 | | 5 | g 8 9 10 instructi.on for of SCKo)Nete 1 | pys
(SCKO) Master nous BUSY signal, etc. data write to

Address/command/data are SIOO0 (serial

transferred with the first SBO (SB1) :X:)G[X_X_/ transfer start

eight synchronous clocks. instruction)Note 2

Address value of

8-bit data to be transferred SCKO | 1 | | 2 | (¢ | 7 | | 8 | | slave device on the
Address Master in_synchronization with serial bus
(A7 to AO) SCKO after output of REL

and CMD signals SBO (SB1) —L,_LDGDDD—

REL CMD

8-bit data to be transferred - —l_l—l_l_ee_l_l_l_l_l_ Instructions and

in synchronization with SCKo ! 2 ! 8 messages to the
Command Master SCKO after output of only slave device
(G710 CO) CMD signal without REL | SBO (SB1) L /X PDCXj-

signal output CMD

Numeric values to be

8-bit data to be transferred SoKo —MWI_ processed by slave
Data Master/ in synchronization with or master device
(D7 to DO) slave SCKO without output of

REL and CMD signals SBO (SB1) \_)GD(:X:

Notes 1. When WUP = 0, CSIIFO is set at the rising edge of the 9th clock of SCKO.
When WUP = 1, an address is received. CSIIFO is set only when the address matches the slave address register 0 (SVAQ) value.
2. In the BUSY state, transfer starts after the READY state is set.
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(5) Pin configuration
The serial clock pin (SCKO0) and serial data bus pin SBO (SB1) have the following configurations.

(a) SCKO ... Serial clock I/0O pin
<1> Master ... CMOS and push-pull output
<2> Slave...... Schmitt input
(b) SBO (SB1) .... Serial data I/O alternate-function pin
Both master and slave devices have an N-ch open-drain output and a Schmitt input.

Because the serial data bus line has an N-ch open-drain output, an external pull-up resistor is necessary.

Figure 13-27. Pin Configuration

Slave device

Master device |

SCKo T LI L scxo (Clock output)

Clock output Clock input
Serial clock

(Clock input)

N-ch open drain SBO (SB1) gRL SBO (SB1) | N-ch open drain

soo —| Serial data bus |—~ soo

SI0 P( >< >< >< SIo

Caution Because the N-ch open-drain output must be made high impedance when data is received,
write FFH to SIO0 in advance. The N-ch open-drain output can be made high impedance
throughout transfer. However, when the wakeup function specification bit (WUP) = 1, the
N-ch open-drain output is always made high impedance. Thus, it is not necessary to write
FFH to SI100.

User's Manual U12790EJ2VOUD 257



CHAPTER 13 SERIAL INTERFACE SIO0

(6)

0]

®

258

Address match detection method

In the SBI mode, a particular slave device is selected by address communication from the master device and
communication is started.

Address match detection is executed by hardware. CSIIFO is set in the wakeup state (WUP = 1) only when
the address transmitted from the master device matches the value set to slave address register 0 (SVAO).

Cautions 1. Slave selection/non-selection is detected by matching of the slave address received after
bus release (RELD = 1).
For this match detection, the match interrupt request (INTCSI0) of the address generated
with WUP =1 is normally used. Thus, execute selection/non-selection detection using
the slave address when WUP = 1.

2. When detecting selection/non-selection without using an interrupt request with WUP =

0, do so by means of transmission/reception of acommand preset by the program instead
of using the address match detection method.

Error detection
In the SBI mode, the serial bus SB0 (SB1) status being transmitted is fetched into the destination device, that
is, serial 1/0O shift register 0 (SIO0). Thus, transmit errors can be detected in the following way.

(a) Method of comparing SIO0 data before transmission to that after transmission
In this case, if two data differ from each other, a transmit error is judged to have occurred.

(b) Method of using slave address register 0 (SVAO0)
Transmit data is set to both SIO0 and SVAO and is transmitted. After termination of transmission, the
COl bit (match signal coming from the address comparator) of serial operating mode register 0 (CSIMO)
is tested. If “17, normal transmission is judged to have been carried out. If “0”, a transmit error is judged
to have occurred.

Communication operation

Inthe SBI mode, the master device normally selects one slave device as the communication target from among
two or more devices by outputting an “address” to the serial bus.

After the communication target device has been determined, commands and data are transmitted/received
and serial communication is realized between the master and slave device.

Figures 13-28 to 13-31 show the data communication timing charts.

The shift operation of serial I/O shift register 0 (SIO0) is carried out at the falling edge of the serial clock (SCKO).
Transmit data is latched into the SO0 latch and is output MSB-first from the SB0/P25 or SB1/P26 pin. Receive
data input to the SBO (or SB1) pin at the rising edge of SCKO is latched into SIOO.
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Figure 13-28. Address Transmission from Master Device to Slave Device (WUP = 1)

Master device processing (transmitter) |

; Write Interrupt servicing
Program processin CVIDT |RELT |CMDT > .
9 P 9 Set | Set | Set |5 S|0O0 (Preparation for next serial transfer)

CSlIFo ACKD

Serial transmission )
generation set

Hardware operation

Transfer line

SCKO pin 1 2 3 4 5 6 7 8 9

SBO (SB1) pin A7XA6XA5XA4XA3XA2XA1XAO/
\

SCKO

stop

| Address }
Slave device processing (receiver) |
Program processing WUP"0 AS,;T Bclé?rY
Hardware operation CMDD |GMDD (GMDD Serial reception CSlIFo ACK 1BUSY BUSY
_____ set |olear [ set | generaion)] ~ Joutput| output | ____ | clear | _______
RELD
set (When SVAOQ = SIO0)
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Figure 13-29. Command Transmission from Master Device to Slave Device

Master device processing (transmitter) |

cmpT | Write Interrupt servicing
to SIO0 (Preparation for next serial transfer)

Program processing

Serial transmission CSIIFO ACKD

Hardware operation generation set

Transfer line

SCKO pin 1 2 3 4 5 6 7 8 9

SBO (SB1) pin C7XCGXCSXC4XCSXC2XC1XCO/
\ \
|

| Command

Slave device processing (receiver) |

SCKO
stop

. SIO0 |Command | ACKT BUSY

Program processing read | analysis | set clear

Hardware operation [C';"EE:D Serial reception CSIIFO ACK 1BUSY BUSY
___________________ genEFanon e OUtpUt Output ———e clear R
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Master device processing (transmitter) |

Figure 13-30. Data Transmission from Master Device to Slave Device

Program processing

Write Interrupt servicing
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(9) Transfer start
Serial transfer is started by setting transfer data to serial 1/0O shift register 0 (SIO0) when the following two
conditions are satisfied.

¢ Serial interface SIO0 operation control bit (CSIEQ) = 1
¢ Internal serial clock is stopped or SCKO is at high level after 8-bit serial transfer.

Cautions 1. If CSIEO is set to “1” after data is written to SIOO0, transfer does not start.

2. Because the N-ch open-drain output must be made high impedance for data reception,
write FFH to SIOO0 in advance.
However, when the wakeup function specification bit (WUP) = 1, the N-ch open-drain
output is always made high impedance. Thus, it is not necessary to write FFH to SIO0.

3. If data is written to SIO0 when the slave is busy, the data is not lost.
When the busy state is cleared and the SB0 (or SB1) input is set to the high level (READY)
state, transfer starts.

Upon termination of 8-bit transfer, serial transfer automatically stops and the interrupt request flag (CSIIFO)
is set.

Be sure to set the pins used to input/output data after input of the RESET signal and before serial transfer
of 1 byte as follows.

<1> Set the output latches of P25 and P26 to 1.

<2> Set bit 0 (RELT) of serial bus interface control register 0 (SBICO) to 1.
<3> Clear the output latches of P25 and P26, which were set to 1 above, to 0.
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(10) Method used to judge busy state of a slave
When the device is in the master mode, use the method below to judge whether the slave device is in the
busy state or not.
<1> Detect acknowledge signal (ACK) or interrupt request signal generation.
<2> Set the port mode register PM25 (or PM26) of the SB0/P25 (or SB1/P26) pin to the input mode.
<3> Read out the pin state (when the pin level is high, the READY state is set).

After the detection of the READY state, set the port mode register to 0 and return to the output mode.
(11) SBI mode cautions

(a) Slave selection/non-selection is detected by match detection of the slave address received after bus
release (RELD = 1).
For this match detection, the match interrupt (INTCSIO) of the address generated with WUP = 1 is normally
used. Thus, execute selection/non-selection detection using the slave address when WUP = 1.

(b) When detecting selection/non-selection without using an interrupt with WUP = 0, do so by means of
transmission/reception of a command preset by the program instead of using the address match detection
method.

(c) Inthe SBI mode, SBI outputs the BUSY signal after the BUSY clear instruction has been executed until
the next serial clock falls. If WUP is set to 1 by mistake during this period, BUSY will not be cleared. Before
setting WUP to 1, therefore, clear BUSY, and make sure that the SBO (SB1) pin has gone high.

(d) For pins which are to be used for data I/0, be sure to carry out the following settings before serial transfer
of the 1st byte after reset input.

<1> Set the P25 and P26 output latches to 1.
<2> Set bit 0 (RELT) of the serial bus control register to 1.
<3> Reset the P25 and P26 output latches from 1 to 0.

(e) A transition of the SBO (SB1) pin from low to high or high to low is recognized as a bus release signal
or a command signal when the SCKO line is high. If the change timing of the bus is shifted due to the
influence of board capacitance, data that is transmitted may be identified as a bus release signal or a
command signal by mistake. Exercise care when wiring.
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13.4.4 2-wire serial I/O mode operation

The 2-wire serial /O mode can cope with any communication format by program.

Communication is basically carried out with two lines, one for the serial clock (m) and one for serial data
I/0 (SBO or SB1).

Figure 13-32. Serial Bus Configuration Example Using 2-Wire Serial I/O Mode

Vop Voo

!

Master Slave

SCKO . SCKO

SBO (SB1) SBO (SB1)

(1) Register setting
The 2-wire serial I/0O mode is set using serial operating mode register 0 (CSIMO), serial bus interface control
register 0 (SBICO), interrupt timing specification register 0 (SINTO0), port mode register 2 (PM2), and port 2
(P2).

(a) Serial operating mode register 0 (CSIMO0)

CSIMO is set by a 1-bit or 8-bit memory manipulation instruction.
Reset input sets CSIMO to 00H.
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Symbol .7,  <6> <5> 4 3 2 1 0 Address  Afterreset  R/W
CSIMO [CSIEO| COIl | WUP |csiMo4 | CSIMO3 | CSIMo2 | CSIMo1| O FF61H 00H R/VWyhNete 1
R/W |csimot Selection of serial interface SIOO0 clock selection
0 Clock input to SCK0/SCL/P27 pin from off-chip
1 Clock specified by bits 0 to 3 of serial interface clock select register 0 (SCLO)
R/W  [csim|csim|csiM Operating .. |SIO/SB0/SDA0/P25 SO0/SB1/SDA1/P26 | SCKO/SCL/P27
PM25| P25 |PM26| P26 |PM27| P27 Start bit . ) i ) ) )
04 | 03 | 02 mode pin function pin function pin function
0 | x | 3-wire serial I/O mode (refer to 13.4.2 3-wire serial /O mode operation)
1 | 0 |SBImode (Referto 13.4.3 SBI mode operation)
Note2|Note 2 2-wire serial P25 S’\IB1'/18DA:]
0[x|x|0]0/|0|1]| yOmode cmos o) | dr‘;inﬂ?g) SCKO/SCL
111 2C b or d MSB (N-ch open-
Note 2|Note 2 (R:fsemg e SBO/SDAO P26 drain 1/0)
1700 |x|x|0]|1 (N-ch open- CMOS 1/0
13.4.5) drain I/0) ( )
R/W | WUP Control of wakeup function
0 Interrupt request signal generated with each serial transfer in any mode
1 Setting prohibitedNete
R | COI Slave address comparison result flag Nete 4
0 Slave address register 0 and serial I/0 shift register 0 data do not match
1 Slave address register 0 and serial I/O shift register 0 data match
R/W |CSIEO Control of serial interface SIO0 operation
0 Operation stopped
1 Operation enabled

Caution When using SCKO, set P27 to 1. If P27 is set to 0, it always outputs a low level.

Notes 1. Bit 6 (COl) is a read-only bit.
2. Can be used freely as a port.
3. Be sure to set WUP to 0 in the 2-wire serial I/O mode.
4. When CSIEO = 0, COl is 0.

Remark x: Don’t care

PMxx: Port mode register

Pxx:  Output latch of port
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(b) Serial bus interface control register 0 (SBICO0)
SBICO is set by a 1-bit or 8-bit memory manipulation instruction.

Reset input sets SBICO to 00H.

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

SBICO |BSYE|ACKD|ACKE |ACKT |CMDD|RELD |CMDT|RELT| FF61H 00H R/W
R/W RELT When RELT = 1, SO latch is set to 1. After SO latch setting, automatically cleared to 0.
Also cleared to 0 when CSIEO = 0.
R/W CMDT When CMDT = 1, SO latch is cleared to 0. After SO latch clearance, automatically cleared to 0.
Also cleared to 0 when CSIEO = 0.
(c) Interrupt timing specification register 0 (SINTO)
SINTO is set with a 1-bit or 8-bit memory manipulation instruction.
Reset input sets SINTO to 00H.
Symbol 7 <6> <5> <4> <3 <2> 1 0 Address  After reset R/W
SINTO 0 CLD | SIC |SVAM| CLC |WREL|WAT1|WATO| FF63H 00H R/WNote 1
R
CLD SCKO0/SCL/P27 pin levelNete 2

0 Low level

1 High level

Caution Be sure to set bits 0 to 3 to 0 when using in 2-wire serial I/O mode.

Notes 1. Bit 6 (CLD) is a read-only bit.
2. When CSIEO =0, CLD is 0.

Remark CSIEO: Bit 7 of serial operating mode register 0 (CSIMO)
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(2) Communication operation

SBO (SB1)

268

SCKO 1 2 3 4 5 6 7 8

CSlIFo

The 2-wire serial I/O mode is used for data transmission/reception in 8-bit units. Data transmission/reception
is carried out bit-wise in synchronization with the serial clock.

The shift operation of serial I/O shift register 0 (SIO0) is carried out in synchronization with the falling edge
of the serial clock (SCKO). The transmit data is held in the SO0 latch and is output from the SB0/P25 (or SB1/
P26) pin on an MSB-first basis. The receive data inputfromthe SBO (or SB1) pinis latched into the shift register
at the rising edge of SCKO.

Upon termination of 8-bit transfer, the shift register operation stops automatically and the interrupt request
flag (CSIIFO0) is set.

Figure 13-33. 2-Wire Serial I/O Mode Timing

[ End of transfer
Transfer start at falling edge of SCKO

The SBO (or SB1) pin specified for the serial data bus is an N-ch open-drain I/O and thus it must be externally
connected to a pull-up resistor. Because it is necessary to make the N-ch open-drain output high impedance
for data reception, write FFH to SIO0 in advance.

The SBO (or SB1) pin generates the SO0 latch status and thus the SBO (or SB1) pin output status can be
manipulated by setting bit 0 (RELT) and bit 1 (CMDT) of serial bus interface control register 0 (SBICO).
However, do not carry out this manipulation during serial transfer.

Control the SCKO pin output level in the output mode (internal system clock mode) by manipulating the P27
output latch (refer to 13.4.8 SCKO0/SCL/P27 pin output manipulation).
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(3

Signals
Figure 13-34 shows the RELT and CMDT operations.

Figure 13-34. RELT and CMDT Operations

SO0 Latch &

RELT /

CMDT 35 |

4

®)

Transfer start
Serial transfer is started by setting transfer data to serial 1/O shift register 0 (SIO0) when the following two
conditions are satisfied.

¢ Serial interface SIO0 operation control bit (CSIEQ) = 1
¢ Internal serial clock is stopped or SCKO is at high level after 8-bit serial transfer.

Cautions 1. If CSIEO is set to “1” after data is written to SIOO0, transfer does not start.
2. Because the N-ch open-drain output must be made high impedance for data reception,
write FFH to SIO0 in advance.

Upon termination of 8-bit transfer, serial transfer automatically stops and the interrupt request flag (CSIIFO)
is set.

Error detection
In the 2-wire serial I/O mode, the serial bus SBO (SB1) status being transmitted is fetched into the destination
device, that is, serial I/O shift register 0 (SIO0). Thus, a transmit error can be detected in the following way.

(a) Method of comparing SIO0 data before transmission to that after transmission
In this case, if the two data differ from each other, a transmit error is judged to have occurred.

(b) Method of using slave address register 0 (SVA0)
Transmit data is set to both SIO0 and SVAO and is transmitted. After termination of transmission, the
COl bit (match signal coming from the address comparator) of serial operating mode register 0 (CSIMO0)
is tested. If “17, normal transmission is judged to have been carried out. If “0”, a transmit error is judged
to have occurred.
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13.4.5 12C bus mode operation

The 12C bus mode is provided for when communication operations are performed between a single master device
and multiple slave devices. This mode configures a serial bus that includes only a single master device, and is based
on the clocked serial 1/0 format with the addition of bus configuration functions, which allows the master device to
communicate with a number of (slave) devices using only two lines: a serial clock (SCL) line and a serial data bus
(SDAO or SDAT1) line. Consequently, when the user plans to configure a serial bus which includes multiple
microcontrollers and peripheral devices, using this configuration results in reduction of the required number of port
pins and on-board wiring.

In the 12C bus specification, the master sends start condition, data, and stop condition signals to slave devices
via the serial data bus, while slave devices automatically detect and distinguish the type of signals using the signal
detection function incorporated as hardware. This simplifies I2C bus control sections in the application program.

An example of a serial bus configuration is shown in Figure 13-35. The system below is composed of CPUs and
peripheral ICs having serial interface hardware that complies with the 12C bus specification.

Note that pull-up resistors are required to connect to both serial clock line and serial data bus line, because N-
ch open-drain outputs are used for the serial clock pin (SCL) and the serial data bus pin (SDAO or SDA1) on the 12C
bus.

The signals used in the 12C bus mode are described in Table 13-4.

Figure 13-35. Serial Bus Configuration Example Using I12C Bus

Voo Vop

Master CPU Slave CPU 1

scL Serial clock ScL

SDAO (SDAT1) [ Serial data bus SDAO (SDA1)

Slave CPU 2

SCL

SDAO (SDAT)

Slave IC

SCL

SDA
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(1) 12C bus mode functions
In the 12C bus mode, the following functions are available.

(a)

(b)

(c)

(d)

(e)

Automatic identification of serial data
Slave devices automatically detect and identify start condition, data, and stop condition signals sent via
the serial data bus.

Chip selection by specifying device address
The master device can select a specific slave device connected to the I2C bus and communicate with
it by sending in advance the address data corresponding to the destination device.

Wakeup function

When the received address matches the value of slave address register 0 (SVAQ), the slave device
internally generates an interrupt signal (also generated when a stop condition is detected). Therefore,
CPUs other than the selected slave device on the 12C bus can perform independent operations during
serial communication.

Acknowledge signal (ACK) control function
The master device and a slave device send and receive acknowledge signals to confirm that serial
communication has been executed normally.

Wait signal (WAIT) control function
When a slave device is preparing for data transmission or reception and requires more waiting time, the
slave device outputs a wait signal on the bus to inform the master device of the wait status.

(2) 12C bus definition
This section describes the format of serial data communication and the functions of the signals used in the
I2C bus mode.
First, the transfer timing of the start condition, data, and stop condition signals, which are output onto the signal
data bus of the I12C bus, is shown in Figure 13-36.

soaosoan T\ [ X \ /_X:M:X_X_L_/

Figure 13-36. 12C Bus Serial Data Transfer Timing

R I ) E Lo

Start Address R/W ACK Data ACK Data ACK  Stop
condition condition

The start condition, slave address, and stop condition signals are output by the master. The acknowledge
signal (ACK) is output by either the master or the slave device (normally by the device which has received
the 8-bit data that was sent). A serial clock (SCL) is continuously supplied from the master device.
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272

(a)

(b)

(c)

Start condition

When the SDAO (SDAT1) pin level is changed from high to low while the SCL pin is high, this transition
is recognized as the start condition signal. This start condition signal, which is created using the SCL
and SDAO (or SDA1) pins, is output from the master device to slave devices to initiate a serial transfer.
Refer to 13.4.6 Cautions on use of I12C bus mode, for details of the start condition output.

The start condition signal is detected by hardware incorporated in slave devices.

Figure 13-37. Start Condition

Address

The 7 bits following the start condition signal are defined as an address.

The 7-bit address data is output by the master device to specify a specific slave from among those
connected to the bus line. Each slave device on the bus line must therefore have a different address.
Therefore, after a slave device detects the start condition, it compares the 7-bit address data received
and the data of slave address register 0 (SVAQ). After the comparison, only the slave device in which
the data matches becomes the communication partner, and subsequently performs communication with
the master device until the master device sends a start condition or stop condition signal.

Figure 13-38. Address

SCL 1 2 3 4 5 6 7

Yopooonan

Address

SDAO (SDAT)

Transfer direction specification

The 1 bit that follows the 7-bit address data sent from the master device, is defined as the transfer direction
specification bit. If this bit is 0, it is the master device which will send data to the slave. Ifitis 1, itis
the slave device which will send data to the master.

Figure 13-39. Transfer Direction Specification

SCL 1 2 3 4 5 6 7 8

50D (5DAY) —\ [s s ae o e o | o f e f

—
Transfer direction
specification
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(d) Acknowledge signal (ﬁ)

The acknowledge signal indicates that the transferred serial data has definitely been received. This signal
is used between the transmitting side and receiving side devices for confirmation of correct data transfer.
In principle, the receiving side device returns an acknowledge signal to the transmitting device each time
it receives 8-bit data. The only exception is when the receiving side is the master device and the 8-bit
data is the last transfer data; the master device outputs no acknowledge signal in this case.

The transmitting side that has transferred 8-bit data waits for the acknowledge signal which will be sent
from the receiving side. If the transmitting side device receives the acknowledge signal, which means
a successful data transfer, it proceeds to the next processing. If this signal is not sent back from the slave
device, this means that the data sent has not been received by the slave device, and therefore the master
device outputs a stop condition signal to terminate subsequent transmissions.

Figure 13-40. Acknowledge Signal

SCL 1 2 3 4 5 6 7 8 9

SDAO(SDA1)—\ /AGXASXA4XA3XA2XA1XAOXRAN\/\CK/*

(e) Stop condition
If the SDAO (SDA1) pin level changes from low to high while the SCL pin is high, this transition is defined
as a stop condition signal.
The stop condition signal is output from the master to the slave device to terminate a serial transfer.

The stop condition signal is detected by hardware incorporated in the slave device.

Figure 13-41. Stop Condition

SCL

SDAO (SDA1) /
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(f) Wait signal (WAIT)
The wait signal is output by a slave device to inform the master device that the slave device is in wait
state due to preparing for transmitting or receiving data.
During the wait state, the slave device continues to output the wait signal by keeping the SCL pin low
to delay subsequent transfers. When the wait state is released, the master device can start the next
transfer. Forthe releasing operation of slave devices, refer to 13.4.6 Cautions on use of I2C bus mode.

Figure 13-42. Wait Signal

(a) Wait of 8 clock cycles

Set to low because slave device drives low,
though master device returns to Hi-Z state.

No wait is inserted after 9th clock cycle
(and before master device starts next transfer).

SCL of
master device

SCL of
slave device

woson JElof] | = o l=]=]

[ Output by manipulating ACKT

(b) Wait of 9 clock cycles

though master device returns to Hi-Z state.

SCL of B
master device 6 7 8 9 1] _IM

SCL of
slave device

S O ) C) G W ) G

Output based on the value set in ACKE in advance

l— Set to low because slave device drives low,
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(3) Register setting
The I2C mode is set by serial operating mode register 0 (CSIMO), serial bus interface control register 0 (SBICO0),
interrupt timing specification register 0 (SINTO), port mode register 2 (PM2), and port 2 (P2).

(a) Serial operating mode register 0 (CSIMO0)

CSIMO is set by a 1-bit or 8-bit memory manipulation instruction.
Reset input sets CSIMO to 00H.

User's Manual U12790EJ2VOUD 275



CHAPTER 13 SERIAL INTERFACE SIO0

Symbol .7, 6> <5 4 3 2 1 0 Address  After reset R/W
CSIMO |CSIEO| COI | WUP |csiMo4 | csimMo3 | csiMo2 [csiMot| O FF60H 00H R/VyNote 1
R/W | CSIMo01 Selection of serial interface SIOO0 clock

0 Clock input from off-chip to SCK0O/SCL/P27 pin

1 Clock specified by bits 0 to 3 of serial interface clock select register 0 (SCLO)

R/W | CSIM{CSIM | CSIM| PM25| P25 | PM26| P26 | PM27| P27 | Operating Start | SI0/SB0/SDAO/ | SO0/SB1/SDA1/| SCK0/SCL/P27
04 | 03 | 02 mode bit P25 pin function | P26 pin function | pin function

0 x | 3-wire serial I/0O mode (refer to 13.4.2 3-wire serial /0O mode operation)

1 0 | SBI mode (refer to 13.4.3 SBI mode operation)

1 1 0 X X 0 0 0 1 |2-wire serial | MSB | P25 SB1/SDA1 SCKO0/SCL
Note 2| Note 2 1/0 (refer to (CMOS 1/0) (N-ch open- | (N-ch open-
13.4.4) or 12C drain 1/0) drain 1/0)
1lo|lo]|x|x]| o] 1 [busmode SBO/SDAO | P26
Note 2 [Note 2 (N-ch open- (CMOS 1/0)
drain 1/0)

RW [ WuUP Control of wakeup functionNote 3
0 Interrupt request signal generated with each serial transfer in any mode

1 In I2C bus mode, interrupt request signal is generated when the address data received after start condition

detection (when CMDD = 1) matches the data in slave address register 0.

R col Slave address comparison result flagNote 4
0 Slave address register 0 and serial I/O shift register 0 data do not match
1 Slave address register 0 and serial I/O shift register 0 data match
R/W | CSIEO Control of serial interface SIO0 operation

0 Operation stopped

1 Operation enabled

Caution When using SCL, set P27 to 1. If P27 is set to 0, it always outputs a low level.

Notes 1. Bit 6 (COl) is a read-only bit.
2. Can be used freely as a port.
3. When using the wakeup function in the 12C bus mode (WUP = 1), set bit 5 (SIC) of interrupt timing
specification register 0 (SINTO) to 1. Do not execute a write instruction to serial I/O shift register 0 (S100)
while WUP = 1.
4. When CSIEO0 = 0, COl is 0.

Remark x: Don’t care

PMxx: Port mode register
Pxx:  Output latch of port
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(b) Serial bus interface control register 0 (SBICO0)
SBICO is set by a 1-bit or 8-bit memory manipulation instruction.
Reset input sets SBICO to 00H.

Symbol 7. 6> <B> <4> <3> <2> <1> <0> Address After reset R/W

SBICO |BSYE|ACKD |ACKE |ACKT |CMDD|RELD |CMDT|RELT| FF61H 00H R/W Note

R/W | RELT | Use for stop condition signal output. When RELT = 1, SO latch is set to 1. After SO latch setting,
automatically cleared to 0. Also cleared to 0 when CSIEO = 0.

R/W | CMDT | Use for start condition signal output. When CMDT = 1, SO latch is cleared to 0. After clearing SO latch,
automatically cleared to 0. Also cleared to 0 when CSIEO = 0.

R | RELD | Detection of stop condition
Clear conditions (RELD = 0) Setting conditions (RELD = 1)
* When transfer start instruction is executed * When stop condition is detected

¢ |f SIO0 and SVAO values do not match in address reception
e When CSIEO = 0
* When reset input is applied

R | CMDD | Detects Start condition
Clear conditions (CMDD = 0) Setting conditions (CMDD = 1)
* When transfer start instruction is executed * When start condition is detected

* When stop condition is detected
* When CSIEQ =0
* When reset input is applied

R/W | ACKT | SDAO (SDA1) is set to low level after the instruction to be set to 1 is executed (ACKT = 1) before the next
SCL falling edge. Used for generating an ACK signal by software if the 8-clock wait mode is selected.
Cleared to 0 if CSIE = 0 when a transfer by the serial interface is started.

(Continued)
Note Bits 2, 3, and 6 (RELD, CMDD, ACKD) are read-only bits.
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R/W | ACKE Control of acknowledge signal automatic outputNete 1
0 Disabled (with ACKT enabled). Used when receiving data in the 8-clock wait mode or when transmitting
data.Note 2
1 Enabled.

After completion of transfer, the acknowledge signal is output in synchronization with the 9th falling edge of
the SCL clock (automatically output when ACKE = 1). However, not automatically cleared to O after
acknowledge signal output. Used for reception when the 9-clock wait mode is selected.

R | ACKD | Detection of acknowledge
Clear conditions (ACKD = 0) Set conditions (ACKD = 1)
* When transfer start instruction is executed * When acknowledge signal is detected at rising
e When CSIE0 =0 edge of SCL clock after completion of transfer
* When reset input is applied

R/W |[BSYENete3 Control of N-ch open-drain output for transmission in 12C bus modeNete 4
0 Output enabled (transmission)
1 Output disabled (reception)

Notes 1. This setting must be performed prior to transfer start.
2. In the 8-clock wait mode, use ACKT for output of the acknowledge signal after normal data reception.
3. The busy mode can be released by the start of a serial interface transfer or reception of an address
signal. However, the BSYE flag is not cleared.
4. When using the wakeup function, be sure to set BSYE to 1.
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(c) Interrupt timing specification register 0 (SINTO)
SINTO is set by a 1-bit or 8-bit memory manipulation instruction.
Reset input sets SINTO to O0H.

Symbol 7  <6> <5> <4> <3> <2> 1 0 Address After reset R/W
SINTO 0 CLD | SIC |SVAM| CLC |WREL|WAT1|WATO0| FF63H 00H R/W Note 1
R/W | WAT1 | WATO Control of wait and interrupt
0 0 Setting prohibitedNote 2
0 1
1 0 Used in 12C bus mode (8-clock wait)
An interrupt servicing request is generated on the rise of the 8th SCL clock cycle. (In the case of a
master device, the SCL pin is driven low after output of 8 clock cycles, to enter the wait state. In the
case of a slave device, the SCL pin is driven low after input of 8 clock cycles, to request the wait state.)
1 1 Used in 12C bus mode (9-clock wait)
An interrupt servicing request is generated on the rise of the 9th SCL clock cycle. (In the case of a
master device, the SCL pin is driven low after output of 9 clock cycles, to enter the wait state. In the
case of a slave device, the SCL pin is driven low after input of 9 clock cycles, to request the wait state.)
R/W | WREL Control of wait release
0 Indicates that the wait state has been released.
1 Release the wait state. Automatically cleared to O after releasing the wait state. This bit is used to release the
wait state set by means of WATO and WAT1.
R/W | CLC Control of clock level
0 Used in I12C bus mode. In cases other than serial transfer, SCL pin output is driven low.
1 Used in I2C bus mode. In cases other than serial transfer, SCL pin output is set to high impedance. (The clock
line is held high.) Used by the master device to generate the start condition and stop condition signals.
R/W | SVAM SVAO bits used as slave address
0 Bits0to 7
1 Bits 7 to 0
R/W | SIC Selection of INTCSIO interrupt sourceNote 3
0 CSIIFO is set to 1 after end of serial interface SIOO0 transfer.
1 CSIIFO is set to 1 after end of serial interface SIO0 transfer or when stop condition is detected.
R | CLD SCKO0/SCL/P27 pin level Note 4
0 Low level
1 High level
Notes 1. Bit 6 (CLD) is read-only.
2. When the I2C bus mode is used, be sure to set WATO and WAT1 to 1 and 0, or 1 and 1, respectively.
3. When using the wakeup function in I2C mode, be sure to set SIC to 1.
4. When CSIEO =0, CLD is 0.
Remark SVAO: Slave address register 0
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(4) Signals

A list of signals in the 12C bus mode is given in Table 13-4.

Table 13-4. Signals in I12C Bus Mode

Signal Name

Start condition

Description
Definition: SDAO (SDA1) falling edge when SCL is high Note 1
Function: Indicates that serial communication will start and subsequent data is address data.
Signaled by: Master
Signaled when: CMDT is set.

Affected flag(s):

CMDD (is set).

Stop condition

Definition: SDAO (SDA1) rising edge when SCL is high Note 1
Function: Indicates end of serial transmission.

Signaled by: Master

Signaled when: RELT is set.

Affected flag(s):

RELD (is set) and CMDD (is cleared).

Acknowledge signal (ACK)

Definition: Low level of SDAO (SDA1) pin during one SCL clock cycle after serial reception
Function: Indicates completion of reception of 1 byte.
Signaled by: Master or slave

Signaled when:

ACKT is set with ACKE = 1.

Affected flag(s):

ACKD (is set).

Wait (WAIT)

Definition: Low-level signal output to SCL

Function: Indicates state in which serial reception is not possible.
Signaled by: Slave

Signaled when:  WAT1, WATO = 1x.

Affected flag(s): None

Serial clock (SCL)

Definition: Synchronization clock for output of various signals
Function: Serial communication synchronization signal.
Signaled by: Master

Signaled when: Note 2

Affected flag(s): CSIIFQNote 3

Address (A6 to AO)

Definition: 7-bit data synchronized with SCL immediately after start condition signal
Function: Indicates address value for specification of slave on serial bus.

Signaled by: Master

Signaled when: Note 2

Affected flag(s): CSIIFQNote 3

Transfer direction (R/W)

Definition: 1-bit data output in synchronization with SCL after address output
Function: Indicates whether data transmission or reception is to be performed.
Signaled by: Master

Signaled when: Note 2

Affected flag(s): CSIIFQNote 3

Data (D7 to DO)

Definition: 8-bit data synchronized with SCL, not immediately after start condition
Function: Contains data to be actually sent.

Signaled by: Master or slave

Signaled when: Note 2

Affected flag(s): CSIIFQNote 3

Notes 1.

The level of the serial clock can be controlled by CLC of interrupt timing specification register 0 (SINTO).

2. Aninstruction to write data to SIO0 is executed when CSIEOQ = 1 (serial transfer start directive). In the
wait state, the serial transfer operation will be started after the wait state is released.

3. If the 8-clock wait is selected when WUP = 0, CSIIFO is set at the rising edge of the 8th clock cycle
of SCL. If the 9-clock wait is selected when WUP = 0, CSIIFO is set at the rising edge of the 9th clock
cycle of SCL. If WUP =1, CSIIFO is set when an address is received and the address matches the
slave address register 0 (SVAOQ) value, and when a stop condition is detected.
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(5

(6)

Pin configuration
The configurations of the serial clock pin (SCL) and the serial data bus pin SDAO (SDA1) are shown below.

(a) SCL
Serial clock I/O alternate-function pin.
<1> Master N-ch open-drain output
<2> Slave Schmitt input

(b) SDAO (SDA1)
Serial data 1/0 alternate-function pin.
Uses N-ch open-drain output and Schmitt-input buffers for both master and slave devices.

Note that pull-up resistors are required to connect to both serial clock line and serial data bus line, because open-
drain buffers are used for the serial clock pin (SCL) and the serial data bus pin (SDAO or SDA1) on the I2C bus.

Figure 13-43. Pin Configuration

Voo Slave devices

Master device |

SCL SCL
Clock output 4>|§ Vob fki (Clock output)

(Clock input) <—@— —b—» Clock input

SDAO (SDA1)
Data output —4%; SDAO (SDA1) fki Data output

Data input <—@7 —b—» Data input

Caution Because it is necessary to make an N-ch open-drain output high impedance while data is
being received, set bit 6 (BSYE) of serial bus interface control register 0 (SBICO) to 1 in
advance and write FFH to serial I/O shift register 0 (S100).

When the wakeup function is used (when bit 5 (WUP) of serial the serial operating mode
register 0 (CSIMO) is set), do not write FFH to SIO0 before reception. The N-ch open-drain
output is always high impedance even if FFH is not written to SI00.

Address match detection method

In the 12C mode, the master can select a specific slave device by sending slave address data.

Address match detection is performed automatically by the slave device hardware. A slave device address
is compared with the slave address sent from the master device. If they match and the wakeup state (WUP)
bit is then 1, the interrupt request flag (CSIIFO) is set (it is also set when a stop condition is detected). When
using the wakeup function (WUP = 1), set SIC to 1.

Caution Whether a slave is selected or not depends on detection of match of the data (address)
received after the start condition.
To detect this match, an address match detection interrupt (INTCSIO) that occurs when WUP
=1, is normally used. Therefore, to enable detection of whether a slave is selected or not,
be sure that WUP = 1.
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Error detection

In the 12C bus mode, transmit error detection can be performed by the following methods because the serial
bus SDAO (SDA1) status during transmission is also taken into serial I/O shift register 0 (SIO0) of the
transmitting device.

(a) Comparison of SIO0 data before and after transmission
In this case, a transmit error is judged to have occurred if the two data values are different.

(b) Using the slave address register 0 (SVAO0)
Transmit data is set in SIO0 and SVAO before transmission is performed. After transmission, the COI
bit (match signal from the address comparator) of serial operating mode register 0 (CSIMO) is tested: "1"
indicates normal transmission, and "0" indicates a transmit error.

Communication operation

In the 12C bus mode, the master selects the slave device communicate with from among multiple devices by
outputting address data onto the serial bus.

After the slave address data, the master sends the R/W bit, which indicates the data transfer direction, and
starts serial communication with the selected slave device.

Data communication timing charts are shown in Figures 13-44 and 13-45.

In the transmitting device, serial I/O shift register 0 (SIO0) shifts transmit data to the SO latch in synchronization
with the falling edge of the serial clock (SCL), the SO0 latch outputs the data on an MSB-first basis from the
SDAO or SDA1 pin to the receiving device.

In the receiving device, the data input from the SDAO or SDA1 pin is taken into serial I/O shift register 0 (SIO0)
in synchronization with the rising edge of SCL.
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Figure 13-44. Data Transmission from Master to Slave
(Both Master and Slave Selected 9-Clock Wait) (1/3)
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Figure 13-44. Data Transmission from Master to Slave
(Both Master and Slave Selected 9-Clock Wait) (2/3)

(b) Data
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Figure 13-44. Data Transmission from Master to Slave
(Both Master and Slave Selected 9-Clock Wait) (3/3)
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Figure 13-45. Data Transmission from Slave to Master
(Both Master and Slave Selected 9-Clock Wait) (1/3)
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Figure 13-45. Data Transmission from Slave to Master
(Both Master and Slave Selected 9-Clock Wait) (2/3)

(b) Data

Master device operation |

Write SI00  —o100 = FFH , SI00 = FFH

col OO0 OO
=
i
L

ACKD
CMDD
RELD
Lo ML s
P27 H
wup L
BSYE H
ACKE H
cMpT L
L

L

L

L

RELT
CLC
WREL
SIC
INTCSIO

Transfer line

SCL
SDAO

1Tl [ e 1]
\
D7| XD6XD5XD4RD3

|Slave device operationl

Write SIO0 IS|00¢Dat:—1

col —7(:x:x:x:x:x:x:x\ \, OO0
ACKD _I |

cvbbD T 1|

RELD L | |

co __ 1ML -
P27 T L ' L ¥
WUP /
BSYE
ACKE
CMDT
RELT
cLC
WREL
sIC ﬁ
INTCSIO
CSIE0

P25
PM25
PM27

b o I | Ll ol | L
—]

— || I

User's Manual U12790EJ2VOUD 287



CHAPTER 13 SERIAL INTERFACE SIO0

Figure 13-45. Data Transmission from Slave to Master
(Both Master and Slave Selected 9-Clock Wait) (3/3)
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(9) Start of transfer
A serial transfer is started by setting transfer data in serial I/O shift register 0 (SIO0) if the following two
conditions are satisfied.

* The serial interface SIO0 operation control bit (CSIEQ) = 1.
¢ After an 8-bit serial transfer, the internal serial clock is stopped or SCL is low.

Cautions 1. Be sure to set CSIEO to 1 before writing data to SIO0. Setting CSIEO to 1 after writing data
to SIO0 will not start a transfer operation.

2. Because the N-ch open-drain output must be made high impedance during data reception,
set bit 7 (BSYE) of serial bus interface control register 0 (SBICO0) to 1 before writing FFH
to SIO0.

When the wakeup function is used (when bit 5 (WUP) of serial operating mode register
0 (CSIMO) is set), do not write FFH to SIO0 before reception. The N-ch open-drain output
is always high impedance even if FFH is not written to SIO0 .

3. If data is written to SIO0 while the slave is in the wait state, that data is held. The transfer

is started when SCL is output after the wait state is cleared.

When an 8-bit data transfer ends, serial transfer is stopped automatically and the interrupt request flag (CSIIFO0)
is set.
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13.4.6 Cautions on use of 12C bus mode

(1) Start condition output (master)
The SCL pin normally outputs a low-level signal when no serial clock is output. It is necessary to change the

SCL pin to high in order to output a start condition signal. Set CLC of interrupt timing specification register
0 (SINTO) to 1 to drive the SCL pin high.

After setting CLC, clear CLC to 0 and return the SCL pin to low. If CLC remains 1, no serial clock is output.
If it is the master device which outputs the start condition and stop condition signals, confirm that CLD is set
to 1 after setting CLC to 1; a slave device may have set SCL to low (wait state).

Figure 13-46. Start Condition Output

SCL

SDAO (SDA1)

CLC

CMDT

CLD
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(2) Slave wait release
The slave wait release operation is performed by setting the WREL flag or executing an SIO0 write instruction.
If the slave sends data, the wait is immediately released by execution of an SIO0 write instruction and the
clock rises without the start transmission bit being output on the data line. Therefore, as shown in Figure 13-
47, data should be transmitted by manipulating the P27 output latch via the program. At this time, control
the low-level width ("a" in Figure 13-47) of the first serial clock at the timing used for setting the P27 output
latch to 1 after execution of an SIO0 write instruction.
In addition, if the acknowledge signal from the master is not output (if data transmission from the slave is
completed), set the WREL flag of SINTO to 1 and release the wait.
If the slave receives data, after execution of an SIO0 write instruction, it is not necessary to manipulate the
P27 output latch because the data to be received has already been output on the data line even if the wait
is released.
For the timing of these operations, see Figures 13-44 and 13-45.

Figure 13-47. Slave Wait Release (Transmission)

Master device operation ‘

Writing
Software operation FFH
to SI00
Hardware operation Setting|Setting ) )
P / ACKD |CSIIFO Serial reception
SCL 9 a 1 2 3
———

Slave device operation ‘

output | data output
latch 0 |to SIO0 latch 1

I i
Hardware operation / ACK | Setting Wait

. P27 | Write p27
Software operation

output |CSIIFO release Serial transmission

(3) Reception completion of slave
During processing of reception completion by a slave device, confirm the statuses of CMDD and COI (if CMDD
=1). This procedure is necessary to use the wakeup function normally. If an uncertain amount of data is
sent from the master device, the slave device cannot determine whether the start condition signal or the data
will be sent from the master. This may disable use of the wakeup function.
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13.4.7 Restrictions in using I2C bus mode
The following restrictions must be observed when using the uPD178078, 178098A Subseries.

* Restrictions when using as slave device in 12C bus mode

292

Devices:

Description:

Preventive measures:

uPD178076, 178078, 178096A, 178098A, 178F098
IE-178098-NS-EM1

If the wakeup function is executed (by setting the WUP flag (bit 5 of serial operating
mode register 0 (CSIMO0)) to 1) in the serial transfer statusN°te, data between another
slave device and the master is identified as an address. If that data matches the slave
address of the uPD178078, 178098A Subseries, therefore, the yPD178078, 178098A
Subseries participates in communication, destroying the communicated data.

Note The serial transfer status is the status after serial I/0 shift register 0 (SIO0) has
been written until the interrupt request flag (CSIIFO0) is set to 1 due to the end
of serial transfer.

The above problem can be avoided by modifying the program.

Before executing the wakeup function, execute the program shown below that clears
the serial transfer status. When executing the wakeup function, do not write an
instruction that writes to SIO0. Data can be received during execution of the wake-
up function even if such an instruction is not executed.

This program clears the serial transfer status. To clear the serial transfer status, serial
interface SIO0 must be stopped once (by clearing the CSIEO flag (bit 7 of serial
operating mode register 0 (CSIMO0)) to 0). If serial interface SIO0 is stopped in the 12C
bus mode, however, the SCL pin outputs a high level and SDAO (SDA1) pin outputs
alow level. Consequently, communication of the I2C bus may be affected. Therefore,
this program makes the SCL and SDAO (SDA1) pins go into a high-impedance state
to prevent the I2C bus from being affected.

Note that, in this example, the SDAO (/P25) pin is used as the serial data 1/0 pin.

If the SDA1 (/P26) pin is used as the serial data 1/O pin, take P2.5 and PM2.5 in the
program below as P2.6 and PM2.6.

For the timing of each signal when this program is executed, refer to Figure 13-44.
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e Example of program for clearing serial transfer status

SET1 P25 : (1)
SET1 PM25  ;(2)
SET1 PM2.7  ;(3)
CLR1 CSIE0  : (4)
SET1 CSIE0O  ;(5)
SET1 RELT : (6)
CLR1 PM2.7  ;(7)
CLR1 P25 : (8)
CLR1 PM25  :(9)

Instruction (5) prevents the SDAO pin from outputting a low level when the I2C bus mode is restored. The
SDAO pin goes into a high-impedance state.

Instruction (4) sets the P25 (/SDAO) pin in the input mode to prevent the SDAO line from being affected when
the port mode is restored. The input mode is set when instruction (2) is executed.

Instruction (4) sets the P27 (/SCL) pin in the input mode to prevent the SCL line from being affected when
the port mode is restored. The input mode is set when instruction (3) is executed.

The mode is changed from the 12C bus mode to the port mode.

The mode is changed from the port mode to the I2C bus mode.

Instruction (8) prevents the SDAOQ pin from outputting a low level.

Because the P27 pin must be set in the output mode in the I2C bus mode, the P27 pin is set in the output
mode.

Because the output latch of the P25 pin must be set to 0 in the I2C bus mode, the output latch of the P25
pin is set to 0.

Because the P25 pin must be set in the output mode in the I2C bus mode, the P25 pin is set in the output
mode.

Remark RELT: Bit 0 of serial bus interface control register 0 (SBICOQ)
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13.4.8 SCKO/SCL/P27 pin output manipulation

Because the SCK0/SCL/P27 pin incorporates an output latch, static output is also possible by software in addition
to normal serial clock output.

P27 output latch manipulation enables any value of SCKO/SCL to be set by software. (The SI0/SB0/SDAO and
SO0/SB1/SDA1 pins are controlled by the RELT and CMDT bits of SBICO.)

The procedure for manipulating SCK0/SCL/P27 pin output is described below.

(1) Set serial operating mode register 0 (CSIMO0) (the SCKO/SCL pin is enabled for serial operation in the output
mode). SCKO = 1 and SCL = 0 with serial transfer suspended.
(2) Manipulate the P27 output latch with a bit manipulation instruction.

Figure 13-48. SCKO0/SCL/P27 Pin Configuration

SCKO/SCL/P27 07’—%' ;?C'Sittema' P27 output

B B
<

When CSIEO = 1
and
CSIMO01 =1

From serial clock
SCKO0/SCL controller
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14.1 Functions of Serial Interface SIO1

Serial interface SIO1 employs the following three modes.

¢ Operation stop mode

e 3-wire serial I/0 mode

¢ 3-wire serial I/0O mode with automatic transmit/receive function

(M

(2

3)

Operation stop mode
This mode is used when serial transfer is not carried out to reduce power consumption.

3-wire serial /0 mode (MSB-/LSB-first selectable)

This mode is used for 8-bit data transfer using three lines, one each for the serial clock (SCK1), serial output
(SO1) and serial input (SI1).

The 3-wire serial I/O mode enables simultaneous transmission/reception and so decreases the data transfer
processing time.

Since the start bit of 8-bit data to undergo serial transfer is switchable between MSB and LSB, connection
is enabled with either start bit device.

The 3-wire serial I/O mode is effective for connection of peripheral I/0 units and display controllers which
incorporate a conventional clocked serial interface such as the 75XL, 78K and 17K Series.

3-wire serial I/0 mode with automatic transmit/receive function (MSB-/LSB-first selectable)

This mode has an automatic transmit/receive function in addition to the functions in (2) above.

The automatic transmit/receive function is used to transmit/receive data with a maximum of 32 bytes. This
function enables the hardware to transmit/receive data to/from an OSD (On Screen Display) device and a
device with a built-in display controller/driver independently of the CPU, thus alleviating the software load.
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14.2 Configuration of Serial Interface SIO1

Serial interface SIO1 consists of the following hardware.

296

Table 14-1. Configuration of Serial Interface SIO1

Item

Configuration

Registers

Serial 1/0O shift register 1 (SIO1)
Automatic data transmit/receive address pointer (ADTP)

Control registers

Serial operating mode register 1 (CSIM1)

Automatic data transmit/receive control register (ADTC)

Automatic data transmit/receive interval specification register (ADTI)
Port mode register 2 (PM2)

Port 2 (P2)
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Figure 14-1. Block Diagram of Serial Interface SIO1
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(M

(2

3)
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Serial I/0 shift register 1 (SI01)

This is an 8-bit register used to carry out parallel/serial conversion and serial transmission/reception (shift
operation) in synchronization with the serial clock.

SIO1 is set by an 8-bit memory manipulation instruction.

When the value in bit 7 (CSIE1) of serial operating mode register 1 (CSIM1) is 1, writing data to SIO1 starts
a serial operation.

In transmission, data written to SIO1 is output to the serial output (SO1). In reception, data is read from the
serial input (SI1) to SIO1.

Reset input makes SIO1 undefined.

Caution Do not write data to SIO1 while the automatic transmit/receive function is activated.

Automatic data transmit/receive address pointer (ADTP)

This register stores the value of (transmit data byte —1) while the automatic transmit/receive function is
activated. As data is transferred/received, it is automatically decremented.

ADTP is set by an 8-bit memory manipulation instruction. The higher 3 bits must be set to 0.

Reset input sets ADTP to O0H.

Caution Do not write data to ADTP while the automatic transmit/receive function is activated.
Serial clock counter

This counter counts the serial clocks to be output and input during transmission/reception to check whether
8-bit data has been transmitted/received.
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14.3 Control Registers of Serial Interface SI101
The following five registers are used to control serial interface SIO1.

¢ Serial operating mode register 1 (CSIM1)

¢ Automatic data transmit/receive control register (ADTC)

e Automatic data transmit/receive interval specification register (ADTI)
e Port mode register 2 (PM2)

e Port 2 (P2)

(1) Serial operating mode register 1 (CSIM1)
This register sets the serial interface SIO1 serial clock, operating mode, operation enable/stop and automatic
transmit/receive operation enable/stop.
CSIM1 is set by a 1-bit or 8-bit memory manipulation instruction.
Reset input sets CSIM1 to 00H.
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Figure 14-2. Format of Serial Operating Mode Register 1 (CSIM1)

Symbol <7> 6 <5> 4 3 2 1 0 Address  After reset R/W
CSIM1 |CSIE1| DIR1 | ATE |[LSCK1| 0 0 |[SCL11|SCL10 FF68H O00H R/W
CSIE1 Enable/disable of operation of serial interface SIO1
Shift register operation Serial counter PortNote 1
0 Operation stopped Cleared Port function
1 Operation enabled Count operation enabled Serial function + port function
DIR1 Specification of first bit of serial transfer data
0 MSB
1 LSB
ATE Selection of operating mode of serial interface SIO1
0 3-wire serial /0O mode
1 3-wire serial I/0O mode with automatic transmit/receive function
LSCK1 Chip enable control of SCKi pin
0 | SCK1 is used as port (P22) when CSIE1 = 0.
SCK1 is used for clock output when CSIE1 = 1.
1 SCK1 is fixed to high level when CSIE1 = 0.
SCK1 is used for clock output when CSIE1 = 1.
SCL11|SCL10 Selection of serial clock of serial interface SIO1
0 0 External clock input to SCK1 pinNote 2
0 1 fx/24 (394 kHz)
1 0 fx/25 (197 kHz)
1 1 fx/26 (98.4 kHz)

Notes 1. When CSIE1 =0 (SIO1 operation stop status), the P20/SI1, P21/SO1, PZZ/W, P23/STB, and
P24/BUSY pins can be used as port pins.
2. When external clock input is selected by clearing SCL11 and SCL10 to 0, 0, clear bits 2 (STRB)
and 1 (BUSY1) of the automatic data transmit/receive control register (ADTC) to 0, 0.

Remark (): fx=6.3 MHz
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(2) Automatic data transmit/receive control register (ADTC)
This register sets automatic receive enable/disable, the operating mode, strobe output enable/disable, busy
input enable/disable and displays automatic transmit/receive execution.
ADTC is set by a 1-bit or 8-bit memory manipulation instruction.
Reset input sets ADTC to 00H.

Figure 14-3. Format of Automatic Data Transmit/Receive Control Register (ADTC)

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

ADTC RE |ARLD |ERCE| ERR | TRF |STRB |BUSY1|BUSY0| FF6AH O0H R/W Note 1
L
R/W -
BUSY1BUSYO0| Control of busy input
0 X Not using busy inputNete2
1 0 Busy input enabled (active high)
1 1 Busy input enabled (active low)
R/W
STRB Control of strobe output
0 Strobe output disabledNet3
1 Strobe output enabled
R
TRF Status of automatic transmit/receive functionNote 4
End of automatic transmission/reception detected.
0 (This bit is set to 0 upon suspension of
automatic transmission/reception or when ARLD = 0.)
1 Automatic transmission/reception in progress.
(This bit is set to 1 when data is written to SIO1.)
R - - - -
ERR | Error detection of automatic transmit/receive
function
0 No error
(This bit is set to 0 when data is written to SIO1.)
1 Error occurred
R/W
ERCE| Error check control of automatic transmit/
receive function
0 Error check disabled
1 Error check enabled (only when BUSY1 = 1)
R/W - - - -
ARLD | Operating mode selection of automatic transmit/
receive function
0 Single operating mode
1 Repetitive operating mode
R/W
RE Receive control of automatic transmit/receive
function
0 Receive disabled"oe®
Receive enabled
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Notes 1.
2.

Bits 3 and 4 (TRF and ERR) are read-only bits.
When BUSY1 is reset to 0, P24 (CMOS 1/0O) is used even when bit 7 (CSIE1) of serial operating
mode register 1 (CSIM1) is set to 1.

. When STRB is reset to 0, P23 (CMOS 1I/O) is used even when bit 7 (CSIE1) of CSIM1 is set to

1.
When an interrupt is acknowledged, interrupt request flag CSIIF1 is cleared. Therefore, use TRF,
instead of CSIIF1, to identify the completion of automatic transmission/reception.

. When RE is reset to 0, P20 (CMOS 1/0) is used even when bit 7 (CSIE1) of CSIM1 is set to 1.

Caution When an external clock input is selected with bits 0 and 1 (SCL11 and SCL10) of CSIM1 set

to 0, set bits 2 and 1 (STRB and BUSY1) of ADTC to 0, 0.

Remark x: Don't care
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(3) Automatic data transmit/receive interval specification register (ADTI)
This register sets the automatic data transmit/receive function data transfer interval.
ADTI is set by a 1-bit or 8-bit memory manipulation instruction.
Reset input sets ADTI to O0H.

Figure 14-4. Format of Automatic Data Transmit/Receive Interval Specification Register (ADTI) (1/2)

Symbol 7§ 5 4 3 2 1 0  Address Afterreset  RW
ADTI |ADTI7| O 0 |ADTI4|ADTI3|ADTI2|ADTI1 |ADTIO| FF6BH 00H R/W
ADTI7 Control of data transfer interval
0 No control of interval by ADT]| Note1
1 Control of interval by ADTI (ADTIO to ADTI4)
ADTI4|ADTI3|ADTI2|ADTI1|ADTIO Control of data transfer interval (fx = 6.3 MHz, fsck = 394 kHz)Note 2
0 0 0 0 0 5.08 us + 0.5/fsck
0 0 0 0 1
0 0 0 1 0 7.61us + 0.5/fsck
0 0 0 1 1 10.2 us + 0.5/fsck
0 0 1 0 0 12.7 us + 0.5/fsck
0 0 1 0 1 15.2 us + 0.5/fsck
0 0 1 1 0 17.8 us + 0.5/fsck
0 0 1 1 1 20.3 us + 0.5/fsck
0 1 0 0 0 22.8us + 0.5/fsck
0 1 0 0 1 25.4 us + 0.5/fsck
0 1 0 1 0 27.9 us + 0.5/fsck
0 1 0 1 1 30.5 us + 0.5/fsck
0 1 1 0 0 33.0us + 0.5/fsck
0 1 1 0 1 35.5us + 0.5/fsck
0 1 1 1 0 38.1 us + 0.5/fsck
0 1 1 1 1 40.6 us + 0.5/fsck

(Continued)
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Figure 14-4. Format of Automatic Data Transmit/Receive Interval Specification Register (ADTI) (2/2)

Symbol 7 6 5 4 3 2 1 0  Address  Afterreset  R/W
ADTI |ADTI7| O 0 |ADTI4|ADTI3|ADTI2 ADTH1 [ADTIO| FF6BH 00H R/W
ADTI4 |ADTI3 |ADTI2 |ADTI1 |ADTIO Specification of data transfer interval (fx = 6.3 MHz, fsck = 394 kHz)Note

1 0 0 0 0 43.1 us + 0.5/fsck

1 0 0 0 1 45.7 us + 0.5/fsck

1 0 0 1 0 48.2 s + 0.5/fsck

1 0 0 1 1 50.8 us + 0.5/fsck

1 0 1 0 0 53.3 us + 0.5/fsck

1 0 1 0 1 55.8 us + 0.5/fsck

1 0 1 1 0 58.4 us + 0.5/fsck

1 0 1 1 1 60.9us + 0.5/fsck

1 1 0 0 0 63.5 us + 0.5/fsck

1 1 0 0 1 66.0 us + 0.5/fsck

1 1 0 1 0 68.5us + 0.5/fsck

1 1 0 1 1 71.1 us + 0.5/fsck

1 1 1 0 0 73.6 us + 0.5/fsck

1 1 1 0 1 76.1 us + 0.5/fsck

1 1 1 1 0 78.6 us + 0.5/fsck

1 1 1 1 1 81.2 us + 0.5/fsck

Notes 1. The interval time is 2/fsck.
2. The data transfer interval time is found from the following expressions (n: Value set to ADTIO to

ADTI4).
<> n=0
Interval time = 2 + 05
fsck fsck
<2> n=1to 31
Interval time = n+1 + 05
fsck fsck

Cautions 1. Do not write ADTI during operation of the automatic data transmit/receive function.
2. Be sure to set bits 5 and 6 to 0.
3. When controlling the interval time of automatic transmit/receive data transfer by using
ADTI, busy control is invalid. (Refer to 14.4.3 (4) (a) Busy control option.)

Remark fx: System clock oscillation frequency
fsck: Serial clock frequency
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(4) Port mode register 2 (PM2)
PM2 is a register that sets input/output of port 2 in 1-bit units.
When using the P21/SO1 pin as a serial data output, set PM21 and the output latch of P21 to 0.
When using the P22/SCK1 pin as a clock output, set PM22 and the output latch of P22 to 0.
When using the P25/STB pin as a strobe output, set PM25 and the output latch of P25 to 0.
When using the P20/SI1 pin as a serial data input, the P22/SCK1 pin as a clock input, and the P24/BUSY
pin as a busy input, set PM20, PM22, and PM24 to 1. At this time, the output latches of P20, P22, and P24

can be either 0 or 1.

PM2 is set by a 1-bit or 8-bit memory manipulation instruction.
RESET input sets the value of PM2 to FFH.

Figure 14-5. Format of Port Mode Register 2 (PM2)

Address: FF22H After reset: FFH R/W

Symbol 7 6 5 4 3 2 1 0
PM2 PM27 PM26 PM25 PM24 PM23 PM22 PM21 PM20
PM2n 1/0 mode selection of P2n pin (n = 0 to 7)
0 Output mode (output buffer on)

Input mode (output buffer off)
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14.4 Operations of Serial Interface SIO1
The following three operating modes are available for serial interface SIO1.

¢ Operation stop mode
e 3-wire serial /0 mode
e 3-wire serial /0 mode with automatic transmit/receive function

14.4.1 Operation stop mode

Serial transfer is not carried out in the operation stop mode. Serial I/O shift register 1 (SIO1) does not carry out
shift operations either, and thus it can be used as an ordinary 8-bit register.

In the operation stop mode, the P20/SI1, P21/SO1, P22/SCK1, P23/STB and P24/BUSY pins can be used as
ordinary 1/O ports.

(1) Register setting
The operation stop mode is set using serial operating mode register 1 (CSIM1).
CSIM1 is set by a 1-bit or 8-bit memory manipulation instruction.
Reset input sets CSIM1 to 00H.

Symbol <7> 6 <5> 4 3 2 1 0 Address  After reset R/W
CSIM1|CSIE1| DIR1 | ATE |LSCK1| 0 0 |SCL11|SCL10 FF68H 00H R/W
CSIE1 Enable/disable of operation of serial interface SIO1
Shift register operation Serial counter PortNote 1
0 Operation stopped Cleared Port function
1 Operation enabled Count operation enabled Serial function + port function

Note When CSIE1 =0 (SIO1 operation stop status), the P20/SI1, P21/SO1, P22/SCK1, P23/STB, and P24/
BUSY pins can be used as port pins.
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14.4.2

3-wire serial /0 mode operation

The 3-wire serial I/O mode is effective for connection of peripheral I/0 units and display controllers that incorporate
a conventional synchronous serial interface such as the 75XL, 78K and 17K Series.

Communication is carried out with three lines, one each for the serial clock (SCK1), serial output (SO1), and serial
input (SI1).

(M

Symbol
CSIM1

Register setting
The 3-wire serial /0O mode is set using serial operating mode register 1 (CSIM1), port mode register 2 (PM2),
and port 2 (P2).

(a) Serial operating mode register 1 (CSIM1)
CSIM1 is set by a 1-bit or 8-bit memory manipulation instruction.
Reset input sets CSIM1 to 00H.

<7> 6 <5> 4 3 2 1 0 Address  Afterreset R/W
CSIE1| DIR1 | ATE |LSCK1| 0 0 |SCL11|SCL10 FF68H 00H R/W
CSIE1 Enable/disable of operation of serial interface SIO1

Shift register operation Serial counter PortNote 1
0 Operation stopped Cleared Port function
1 Operation enabled Count operation enabled Serial function + port function
DIR1 Start bit
0 MSB
1 LSB
ATE Selection of operating mode of serial interface SIO1
0 3-wire serial 1/0 mode
1 3-wire serial I/O mode with automatic transmit/receive function
LSCK1 Chip enable control of SCK1 pin
0 @ is used as port (P22) when CSIE1 = 0.
SCK1 is used for clock output when CSIE1 = 1.
1 @ is fixed to high level when CSIE1 = 0.
SCK1 is used for clock output when CSIE1 = 1.
SCL11|SCL10 Selection of serial clock of serial interface SIO1
0 0 External clock input to SCK1 pinNote 2
0 1 fx/24 (394 kHz)
1 0 fx/25 (197 kHz)
1 1 fx/26 (98.4 kHz)
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Notes 1.

P24/BUSY pins can be used as port pins.

2. When external clock input is selected by clearing SCL11 and SCL10 to 0, 0, clear bits 2 (STRB)

When CSIE1 = 0 (SIO1 operation stop status), the P20/SI1, P21/SO1, P22/SCK1, P23/STB, and

and 1 (BUSY1) of the automatic data transmit/receive control register (ADTC) to 0, 0.

Remark (): fx=6.3 MHz

(b) Port mode register 2 (PM2)
PM2 is a register that sets input/output of port 2 in 1-bit units.

When using the P21/SO1 pin as a serial data output, set PM21 and the output latch of P21 to 0.

When using the P22/SCK1 pin as a clock output, set PM22 and the output latch of P22 to 0.
When using the P25/STB pin as a strobe output, set PM25 and the output latch of P25 to 0.

When using the P20/SI1 pin as a serial data input, the P22/SCK1 pin as a clock input, and the P24/BUSY
pin as a busy input, set PM20, PM22, and PM24 to 1. At this time, the output latches of P20, P22, and

P24 can be either 0 or 1.
PM2 is set by a 1-bit or 8-bit memory manipulation instruction.
RESET input sets the value of PM2 to FFH.

Address: FF22H After reset: FFH R/W

Symbol
PM2

7 6 5 4 3 2 1 0
PM27 PM26 PM25 PM24 PM23 PM22 PM21 PM20
PM2n 1/0 mode selection of P2n pin (n = 0 to 7)

0 Output mode (output buffer on)

Input mode (output buffer off)
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(2) Communication operation
The 3-wire serial I/0 mode is used for data transmission/reception in 8-bit units. Bit-wise data transmission/
reception is carried out in synchronization with the serial clock.
The shift operation of serial /O shift register 1 (SIO1) is carried out at the falling edge of the serial clock (W).
The transmit data is held in the SO1 latch and is output from the SO1 pin. The receive data input to the SI1
pin is latched into SIO1 at the rising edge of SCK1.
Upon termination of 8-bit transfer, the SIO1 operation stops automatically and the interrupt request flag
(CSIIF1) is set.

Figure 14-6. 3-Wire Serial /0 Mode Timing

SCK1 1 2 3 4 5 6 7 8

Si1 { X&E)W X Di6 X DI5 X Di4 X DI3 X DiI2 X DI X DIO/

SO1 \ DO7 X DO6 X DO5 X DO4 X DO3 X DO2 X DO1 X/DOO

CSIIF1

L _ End of transfer
Transfer start at falling edge of SCK1

SIO1 Write

Caution The SO1 pin becomes low level by SIO1 write.
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(3)

4
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MSB/LSB switching as the start bit

In the 3-wire serial I/O mode, transfer can be selected to start from the MSB or LSB.

Figure 14-7 shows the configuration of serial I/O shift register 1 (SIO1) and the internal bus. As shown in the
figure, MSB/LSB can be read/written in reverse form.

MSB/LSB switching as the start bit can be specified by bit 6 (DIR1) of serial operating mode register 1 (CSIM1).

Figure 14-7. Circuit for Switching Transfer Bit Order

Internal bus  ---—————-——————1 R I U S — R O

LSB-first L
MSB-first —— Read/write gate | Read/write gate

SO1 latch

St ———{  Shiftregister1(SI01)  [—|D QW

D U D D O B

SO1

SCK1
Start bit switching is realized by switching the bit order for data written to SIO1. The SIO1 shift order remains

unchanged.
Thus, switching between MSB-first and LSB-first must be performed before writing data to the shift register.

Transfer start

Serial transfer is started by setting transfer data to serial 1/0O shift register 1 (SIO1) when the following two

conditions are satisfied.

* Serial interface SIO1 operation control bit (bit 7 (CSIE1) of serial operating mode register 1 (CSIM1)) =
1

* Internal serial clock is stopped or SCK1 is a high level after 8-bit serial transfer.

Caution If CSIE1 is set to 1 after data is written to SIO1, transfer does not start.

Upon termination of 8-bit transfer, serial transfer automatically stops and the interrupt request flag (CSIIF1)
is set.
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14.4.3 3-wire serial I/O mode operation with automatic transmit/receive function

This 3-wire serial I/0O mode is used for transmission/reception of a maximum of 32 bytes of data without the use
of software. Once transfer is started, the set number of bytes of data prestored in the RAM can be transmitted, and
the set number of bytes data can be received and stored in the RAM.

Handshake signals (STB and BUSY) are supported by hardware to transmit/receive data continuously, facilitating
connection of an OSD (On Screen Display) LSI and peripheral LSls including an LCD controller/driver.

(1) Register setting
The 3-wire serial I/O mode with automatic transmit/receive function is set using serial operating mode register
1 (CSIM1), the automatic data transmit/receive control register (ADTC), automatic data transmit/receive
interval specification register (ADTI), port mode register 2 (PM2), and port 2 (P2).

User's Manual U12790EJ2VOUD 311



CHAPTER 14 SERIAL INTERFACE SIO1

(a) Serial operating mode register 1 (CSIM1)
CSIM1 is set by a 1-bit or 8-bit memory manipulation instruction.
Reset input sets CSIM1 to 00H.

Symbol <7> 6 <5> 4 3 2 1 0 Address Afterreset R/W
CSIM1 |CSIE1| DIR1 | ATE |LSCK1| 0 0 |SCL11|SCL10 FF68H 00H R/W
CSIE1 Enable/disable of operation of serial interface SIO1
Shift register operation Serial counter PortNote 1
0 Operation stopped Cleared Port function
1 Operation enabled Count operation enabled Serial function + port function
DIR1 Start bit
0 MSB
1 LSB
ATE Selection of operating mode of serial interface SIO1
0 3-wire serial 1/0 mode
1 3-wire serial I/O mode with automatic transmit/receive function
LSCK1 Chip enable control of SCK1 pin
0 SCK1 is used as port (P22) when CSIE1 = 0.
SCKT1 is used for clock output when CSIE1 = 1.
1 SCK1 is fixed to high level when CSIE1 = 0.
SCK1 is used for clock output when CSIE1 = 1.
SCL11|SCL10 Selection of serial clock of serial interface SIO1
0 0 External clock input to SCK1 pinNote 2
0 1 fx/24 (394 kHz)
1 0 fx/25 (197 kHz)
1 1 fx/26 (98.4 kHz)

Notes 1. When CSIE1 = 0 (SIO1 operation stop status), the P20/SI1, P21/SO1, P22/SCK1, P23/STB, and
P24/BUSY pins can be used as port pins.
2. When external clock input is selected by clearing SCL11 and SCL10 to 0, 0, clear bits 2 (STRB)
and 1 (BUSY1) of the automatic data transmit/receive control register (ADTC) to O, 0.
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(b) Automatic data transmit/receive control register (ADTC)
ADTC is set by a 1-bit or 8-bit memory manipulation instruction.

Reset input sets ADTC to O0H.

Symbol

<7> <6> <5> <4> <3> <2> <1>  <0> Address After reset R/W
ADTC RE |ARLD|ERCE| ERR | TRF |STRB |BUSY1BUSY0O| FF6AH O00H R/WhNote 1
L1
R/W -
BUSY1|BUSY(| Control of busy input
0 X Not using busy inputNete 2
1 0 Busy input enabled (active high)
1 1 Busy input enabled (active low)
R/W
STRB Control of strobe output
0 Strobe output disabledNete3
1 Strobe output enabled
R
TRF Status of automatic transmit/receive functionNote 4
End of automatic transmission/reception detected.
0 (This bit is set to 0 upon suspension of
automatic transmission/reception or when ARLD = 0.)
1 Automatic transmission/reception in progress.
(This bit is set to 1 when data is written to SIO1.)
R - - - -
ERR | Error detection of automatic transmit/receive
function
0 No error
(This bit is set to 0 when data is written to SIO1)
1 Error occurred
R/W - -
ERCE| Error check control of automatic transmit/
receive function
0 Error check disabled
1 Error check enabled (only when BUSY1 = 1)
R/W - - - -
ARLD | Operating mode selection of automatic transmit/
receive function
0 Single operating mode
1 Repetitive operating mode
R/W - - - -
RE Receive control of automatic transmit/receive
function
0 Receive disabledNotes

Receive enabled
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Notes 1. Bits 3 and 4 (TRF and ERR) are read-only bits.

2. WhenBUSY1isresetto0, P24 (CMOS I/0O) is used even when bit 7 (CSIE1) of serial operating
mode register 1 (CSIM1) is set to 1.

3. When STRB is reset to 0, P23 (CMOS 1I/O) is used even when bit 7 (CSIE1) of CSIM1 is set
to 1.

4. When an interrupt is acknowledged, interrupt request flag CSIIF1 is cleared. Therefore, use
TRF, instead of CSIIF1, to identify the completion of automatic transmission/reception.

5. When RE is reset to 0, P20 (CMOS 1/O) is used even when bit 7 (CSIE1) of CSIM1 is set to
1.

Caution When an external clock input is selected with bit 1 (CSIM11) of serial operating mode
register 1 (CSIM1) set to 0, set STRB and BUSY1 of ADTC to 0, 0 (when an external clock

is input, handshake control cannot be performed).

Remark x: Don't care
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(c) Automatic data transmit/receive interval specification register (ADTI)
This register sets the automatic data transmit/receive function data transfer interval.
ADTI is set by a 1-bit or 8-bit memory manipulation instruction.
Reset input sets ADTI to O0H.

Symbol 7 6 5 4 3 2 1 0 Address  Afterreset  R/W
ADTI |ADTI7| O 0 |ADTI4|ADTI3|ADTI2|ADTI1 |ADTIO| FF6BH 00H R/W
ADTI7 Control of data transfer interval
0 No control of interval by ADT] Note1
1 Control of interval by ADTI (ADTIO to ADTI4)
ADTI4|ADTI3|ADTI2|ADTI1|ADTIO Specification of data transfer interval (fx = 6.3 MHz, fsck = 394 kHz)Note 2
0 0 0 0 0 5.08 us + 0.5/fsck
0 0 0 0 1
0 0 0 1 0 7.61us + 0.5/fsck
0 0 0 1 1 10.2 1s + 0.5/fsck
0 0 1 0 0 12.7 us + 0.5/fsck
0 0 1 0 1 15.2 us + 0.5/fsck
0 0 1 1 0 17.8 us + 0.5/fsck
0 0 1 1 1 20.3 us + 0.5/fsck
0 1 0 0 0 22.8us + 0.5/fsck
0 1 0 0 1 25.4 us + 0.5/fsck
0 1 0 1 0 27.9 us + 0.5/fsck
0 1 0 1 1 30.5 us + 0.5/fsck
0 1 1 0 0 33.0us + 0.5/fsck
0 1 1 0 1 35.5us + 0.5/fsck
0 1 1 1 0 38.1 us + 0.5/fsck
0 1 1 1 1 40.6 us + 0.5/fsck
(Continued)
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Symbol 7 6 5 4 3 2 1 0 Address  After reset R/W
ADTI |ADTI7| O 0 |ADTI4 |ADTI3|ADTI2 |/ADTI1 |ADTIO| FF6BH O00H R/W
ADTI4 |ADTI3 |ADTI2 /ADTI1 |ADTIO Specification of data transfer interval (fx = 6.3 MHz, fsck = 394 kHz)Note 2

1 0 0 0 0 43.1 us + 0.5/fsck

1 0 0 0 1| 45.7us + 0.5/fsck

1 0 0 1 0 48.2 us + 0.5/fsck

1 0 0 1 1 50.8 us + 0.5/fsck

1 0 1 0 0 53.3 us + 0.5/fsck

1 0 1 0 1 55.8 us + 0.5/fsck

1 0 1 1 0 58.4 us + 0.5/fsck

1 0 1 1 1 60.9 us + 0.5/fsck

1 1 0 0 0 63.5 us + 0.5/fsck

1 1 0 0 1 66.0 us + 0.5/fsck

1 1 0 1 0 68.5us + 0.5/fsck

1 1 0 1 1 71.1 us + 0.5/fsck

1 1 1 0 0 73.6 us + 0.5/fsck

1 1 1 0 1 76.1 us + 0.5/fsck

1 1 1 1 0 78.6 us + 0.5/fsck

1 1 1 1 1 81.2 us + 0.5/fsck

Notes 1. The interval time is 2/fsck.
2. The data transfer interval time is found from the following expressions (n: Value set to ADTIO

to ADTI4).
<1> n=0
Interval time = 2 + 05
fsck fsck
<2> n=1to 31
Interval time = n+1 + 05
fsck fsck

Cautions 1. Do not write ADTI during operation of the automatic data transmit/receive function.
2. Be sure to set bits 5 and 6 to 0.
3. When controlling the interval time of automatic transmit/receive data transfer by
using ADTI, busy control is invalid. (Refer to 14.4.3 (4) (a) Busy control option.)

Remark fx: System clock oscillation frequency
fsck: Serial clock frequency
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(d) Port mode register 2 (PM2)
PM2 is a register that sets input/output of port 2 in 1-bit units.

When using the P21/SO1 pin as a serial data output, set PM21 and the output latch of P21 to 0.

When using the P22/SCK1 pin as a clock output, set PM22 and the output latch of P22 to 0.
When using the P25/STB pin as a strobe output, set PM25 and the output latch of P25 to 0.
When using the P20/SI1 pin as a serial data input, the P22/SCK1 pin as a clock input, and the P24/BUSY
pin as a busy input, set PM20, PM22, and PM24 to 1. At this time, the output latches of P20, P22, and
P24 can be either 0 or 1.

PM2 is set by a 1-bit or 8-bit memory manipulation instruction.
RESET input sets the value of PM2 to FFH.

Address: FF22H After reset: FFH R/W

Symbol
PM2

7 6 5 4 3 2 1 0
PM27 PM26 PM25 PM24 PM23 PM22 PM21 PM20
PM2n 1/0 mode selection of P2n pin (n = 0 to 7)

0 Output mode (output buffer on)

Input mode (output buffer off)
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(2) Automatic transmit/receive data setting

(a) Transmit data setting

<1> Write transmit data from the least significant address FACOH of buffer RAM (up to FADFH). The
transmit data should be in the order of higher address to lower address.

<2> Set the value obtained by subtracting 1 from the number of transmit data bytes to the automatic
data transmit/receive address pointer (ADTP).

(b) Automatic transmit/receive mode setting

<1> Set bit 7 (CSIE1) and bit 5 (ATE) of serial operating mode register 1 (CSIM1) to 1.

<2> Set bit 7 (RE) of the automatic data transmit/receive control register (ADTC) to 1.

<3> Set the data transmit/receive interval in the automatic data transmit/receive interval specification
register (ADTI).

<4> Write any value to serial I/O shift register 1 (SIO1) (transfer start trigger).

Caution Writing any value to SIO1 orders the start of automatic transmit/receive operation; the
written value has no meaning.

The following operations are automatically carried out when (a) and (b) are carried out.

* After the buffer RAM data specified by ADTP is transferred to SIO1, transmission is carried out (start
of automatic transmission/reception).

* The received data is written to the buffer RAM address specified by ADTP.

e ADTP is decremented and the next data transmission/reception is carried out. Data transmission/
reception continues until the ADTP decremental output becomes 00H and address FACOH data is
output (end of automatic transmission/reception).

¢ When automatic transmission/reception is terminated, bit 3 (TRF) of ADTC is cleared to 0.
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(3) Communication operation

(a)

Basic transmit/receive mode

This transmit/receive mode is the same as the 3-wire serial I/O mode in which the specified number of
data are transmitted/received in 8-bit units.

Serial transfer is started when any data is written to serial I/O shift register 1 (SIO1) while bit 7 (CSIE1)
of serial operating mode register 1 (CSIM1) is set to 1.

Upon completion of transmission of the last byte, the interrupt request flag (CSIIF1) is set. The termination
of automatic transmission/reception should be checked by using bit 3 (TRF) of the automatic data transmit/
receive control register (ADTC), not by CSIIF1 because the CSIIF1 interrupt request flag is cleared if an
interrupt is acknowledged.

If busy control and strobe control are not executed, the P23/STB and P24/BUSY pins can be used as
normal 1/O ports.

Figure 14-8 shows the basic transmit/receive mode operation timing, and Figure 14-9 shows the operation
flowchart.

Figure 14-10 shows the buffer RAM operation in 6-byte transmission.

Figure 14-8. Basic Transmit/Receive Mode Operation Timing

‘ Interval ‘
SO1 XD7XD6XD5XD4XDSXD2XD1 XDO XD7XD6XD5XD4XDSXD2XD1 XDO /} /\
Si Yo7} ps) s ) p4Y D3 D2 D1} Do Yo7} ps)ps)p4)Dsfp2fD1) Do/ [

Cautions 1. Because, inthe basic transmit/receive mode, the automatic transmit/receive function
writes/reads data to/from the buffer RAM after 1-byte transmission/reception, an
interval is inserted until the next transmission/reception. As the buffer RAM write/
read is performed at the same time as CPU processing, the maximum interval is
dependent upon the CPU processing and the value of the automatic data transmit/
receive interval specification register (ADTI) (refer to (6) Automatic data transmit/
receive interval).

2. When TRF is cleared, the SO1 pin becomes low level.

Remark CSIIF: Interrupt request flag
TRF: Bit 3 of the automatic data transmit/receive control register (ADTC)
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Figure 14-9. Basic Transmit/Receive Mode Flowchart

( Start

)

Write transmit data
in buffer RAM

Set ADTP to the value (pointer

from the number of transmit
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Set the transmit/receive
operation interval time to ADTI

Write any data to SIO1
(Start trigger)

Write transmit data from
buffer RAM to SIO1

Transmission/reception
operation

Decrement pointer value

Write receive data from
SI0O1 to buffer RAM

Pointer value = 0

No

No

( End

)

ADTP: Automatic data transmit/receive address pointer

Software

Hardware

Software

execution

execution

execution

ADTI:  Automatic data transmit/receive interval specification register
SI01:  Serial I/O shift register 1
TRF: Bit 3 of the automatic data transmit/receive control register (ADTC)
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In 6-byte transmission/reception (bit 6 (ARLD) and bit 7 (RE) of the automatic data transmit/receive control register
(ADTC) = 0 and 1, respectively) in basic transmit/receive mode, the buffer RAM operates as follows.

(M)

(i)

Before transmission/reception (refer to Figure 14-10 (a))

After any data has been written to SIO1 (start trigger: this data is not transferred), transmit data 1
(T1) is transferred from the buffer RAM to SIO1. When transmission of the first byte is completed,
receive data 1 (R1) is transferred from SIO1 to the buffer RAM, and the automatic data transmit/
receive address pointer (ADTP) is decremented. Then transmit data 2 (T2) is transferred from the
buffer RAM to SIO1.

4th byte transmit/receive point (refer to Figure 14-10 (b))

Transmission/reception of the third byte is completed, and transmit data 4 (T4) is transferred from
the buffer RAM to SIO1. When transmission of the fourth byte is completed, receive data 4 (R4) is
transferred from SIO1 to the buffer RAM, and ADTP is decremented.

(iii) Completion of transmission/reception (refer to Figure 14-10 (c))

When transmission of the sixth byte is completed, receive data 6 (R6) is transferred from SIO1 to
the buffer RAM, and the interrupt request flag (CSIIF1) is set (INTCSI1 generation).

Figure 14-10. Buffer RAM Operation in 6-Byte Transmission/Reception
(in Basic Transmit/Receive Mode) (1/2)

(a) Before transmission/reception

FADFH
FAC5H Transmit data 1 (T1) =2 Receive data 1 (R1) | SIO1
Transmit data 2 (T2) “"’/;/’/i::/:”///
Transmitdata 3 (T3) |~ et
N 5 ADTP
Transmit data 4 (T4) -~ .- =
Transmit data 5 (T5) [~ ///
FACOH Transmit data 6 (T6) b 0 CSIIF1
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Figure 14-10. Buffer RAM Operation in 6-Byte Transmission/Reception
(in Basic Transmit/Receive Mode) (2/2)

FADFH

FAC5H

FACOH

FADFH

FAC5H

FACOH

(b) 4th byte transmission/reception

Receive data 1 (R1)

Receive data 4 (R4)

Receive data 2 (R2)

Receive data 3 (R3)

Transmit data 4 (T4)

Transmit data 5 (T5)

Transmit data 6 (T6)

(c) Completion of transmission/reception

Receive data 1 (R1)

Receive data 2 (R2)

Receive data 3 (R3)

Receive data 4 (R4)

Receive data 5 (R5)

Receive data 6 (R6)
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(b) Basic transmit mode
In this mode, the specified number of 8-bit unit data are transmitted.
Serial transfer is started when any data is written to serial I/O shift register 1 (SIO1) while bit 7 (CSIE1)
of serial operating mode register 1 (CSIM1) is setto 1, and bit 7 (RE) of the automatic data transmit/receive
control register (ADTC) is set to 0.
Upon completion of transmission of the last byte, the interrupt request flag (CSIIF1) is set. The termination
of automatic transmission/reception should be checked by using bit 3 (TRF) of the automatic data transmit/
receive control register (ADTC), not by CSIIF1.
If a receive operation, busy control, and strobe control are not executed, the P20/SI1, P23/STB and P24/
BUSY pins can be used as normal I/O pins.
Figure 14-11 shows the basic transmit mode operation timing, and Figure 14-12 shows the operation
flowchart.
Figure 14-13 shows the buffer RAM operation when repeatedly transmitting 6 bytes.

Figure 14-11. Basic Transmit Mode Operation Timing

‘ Interval ‘

SCK1

SO

—_

Yo7} b6 psYp4Y D3} D2) D1 Y D0 Yo7} o6} D5 p4 Y3y p2)D1) DO | (/\

CSIIF1

TRF

Cautions 1. Because, in the basic transmit mode, the automatic transmit/receive function reads
data from the buffer RAM after 1-byte transmission, an interval is inserted until the
next transmission. As the buffer RAM read is performed at the same time as CPU
processing, the maximum interval is dependent upon the CPU processing and the
value of the automatic data transmit/receive interval specification register (ADTI)
(refer to (6) Automatic data transmit/receive interval).

2. When TRF is cleared, the SO1 pin becomes low level.

Remark CSIIF: Interrupt request flag
TRF: Bit 3 of the automatic data transmit/receive control register (ADTC)
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Figure 14-12. Basic Transmit Mode Flowchart
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ADTP: Automatic data transmit/receive address pointer

ADTIl:  Automatic data transmit/receive interval specification register
SI01:  Serial I/O shift register 1

TRF: Bit 3 of the automatic data transmit/receive control register (ADTC)
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In 6-byte transmission (bit 6 (ARLD) and bit 7 (RE) of the automatic data transmit/receive control register (ADTC)
are 0) in basic transmit mode, the buffer RAM operates as follows.

(i) Before transmission (refer to Figure 14-13 (a))
After any data has been written to SIO1 (start trigger: this data is not transferred), transmit data 1
(T1) is transferred from the buffer RAM to SIO1. When transmission of the first byte is completed,
ADTP is decremented. Then transmit data 2 (T2) is transferred from the buffer RAM to SIO1.

(ii) 4th byte transmission point (refer to Figure 14-13 (b))
Transmission of the third byte is completed, and transmit data 4 (T4) is transferred from the buffer
RAM to SIO1. When transmission of the fourth byte is completed, ADTP is decremented.

(iii) Completion of transmission/reception (refer to Figure 14-13 (c))
When transmission of the sixth byte is completed, the interrupt request flag (CSIIF1) is set (INTCSI1
generation).

Figure 14-13. Buffer RAM Operation in 6-Byte Transmission (in Basic Transmit Mode) (1/2)

(a) Before transmission

FADFH
FAC5H Transmit data 1 (T1) =% SI01
Transmitdata 2 (T2) [~~~ /::, - j//:j/:?//
Transmit data 3 (T3) - s
T @ 5 ADTP
Transmit data 4 (T4) T 3
Transmit data 5 (T5) [~ .~
FACOH Transmit data 6 (T6) ’ 0 CSIIF1
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Figure 14-13. Buffer RAM Operation in 6-Byte Transmission (in Basic Transmit Mode) (2/2)

FADFH

FAC5H

FACOH

FADFH

FAC5H

FACOH

(b) 4th byte transmission point

Transmit data 1 (T1)

Transmit data 2 (T2)

Transmit data 3 (T3)

Transmit data 4 (T4)

Transmit data 5 (T5)

Transmit data 6 (T6)

(c) Completion of transmission/reception

Transmit data 1 (T1)

Transmit data 2 (T2)

Transmit data 3 (T3)

Transmit data 4 (T4)

Transmit data 5 (T5)

Transmit data 6 (T6)
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(c) Repeat transmit mode
In this mode, data stored in the buffer RAM is transmitted repeatedly.
Serial transfer is started by writing any data to serial I/O shift register 1 (SIO1) when bit 7 (CSIE1) of serial
operating mode register 1 (CSIM1) is setto 1, and bit 7 (RE) of the automatic data transmit/receive control
register (ADTC) is set to 0.
Unlike the basic transmit mode, after the last byte (data in address FACOH) has been transmitted, the
interrupt request flag (CSIIF1) is not set, the value when the transmission was started is set in the
automatic data transmit/receive address pointer (ADTP) again, and the buffer RAM contents are
transmitted again.
When a reception operation, busy control, and strobe control are not performed, the P20/SI1, P23/STB
and P24/BUSY pins can be used as ordinary 1/O pins.
The repeat transmit mode operation timing is shown in Figure 14-14, and the operation flowchart in Figure
14-15.

Figure 14-14. Repeat Transmit Mode Operation Timing

‘ Interval ‘ ‘ Interval ‘

so1  Xp7)XD6)XDs5XD4)D3XD2)XD1)Do XD7) D6 )X D5)D4)XD3)YD2)XD1) Do XD7)D6) D5

Caution Since, in the repeat transmit mode, a read is performed on the buffer RAM after the
transmission of one byte, the interval isincluded in the period up to the next transmission.
As the buffer RAM read is performed at the same time as CPU processing, the maximum
interval is dependent upon the CPU processing and the value of the automatic data
transmit/receive interval specification register (ADTI) (refer to (6) Automatic data transmit/
receive interval).
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Figure 14-15. Repeat Transmit Mode Flowchart
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In 6-byte transmission (bit 6 (ARLD) and bit 7 (RE) of the automatic data transmit/receive control register (ADTC)
are 1 and 0, respectively) in repeat transmit mode, the buffer RAM operates as follows.

(i) Before transmission (refer to Figure 14-16 (a))
After any data has been written to SIO1 (start trigger: this data is not transferred), transmit data 1
(T1) is transferred from the buffer RAM to SIO1. When transmission of the first byte is completed,
ADTP is decremented. Then transmit data 2 (T2) is transferred from the buffer RAM to SIO1.

(ii) Upon completion of transmission of 6 bytes (refer to Figure 14-16 (b))
When transmission of the sixth byte is completed, the interrupt request flag (CSIIF1) is not set. The
previous pointer value is assigned to ADTP.

(iii) 7th byte transmission point (refer to Figure 14-16 (c))
Transmit data 1 (T1) is transferred from the buffer RAM to SIO1 again. When transmission of the
first byte is completed, ADTP is decremented. Then transmitdata 2 (T2) is transferred from the buffer
RAM to SIO1.

Figure 14-16. Buffer RAM Operation in 6-Byte Transmission (in Repeat Transmit Mode) (1/2)

(a) Before transmission

FADFH
FAC5H Transmit data 1 (T1) = SIO1
Transmitdata2 (T2) (-~ .-
Transmitdata3 (T3) |~ ///:/://
P o 5 ADTP
Transmit data 4 (T4) i 1
Transmitdata5 (T5) |~ .-~
FACOH Transmit data 6 (T6) . 0 CSIIF1
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Figure 14-16. Buffer RAM Operation in 6-Byte Transmission (in Repeat Transmit Mode) (2/2)

(b) Upon completion of transmission of 6 bytes

FADFH
FAC5H Transmit data 1 (T1) SIOA
Transmit data 2 (T2)
Transmit data 3 (T3)
0 ADTP
Transmit data 4 (T4)
Transmit data 5 (T5)
FACOH Transmit data 6 (T6) 0 CSIIF1
(c) 7th byte transmission point
FADFH
FAC5H Transmit data 1 (T1) == SIO1
Transmitdata2 (T2) [~~~ ’:, - ’/j::f////
Transmitdata 3 (T3) |~ et
T (s 5 ADTP
Transmit data 4 (T4) R et
Transmitdata 5 (T5) [~ .~
FACOH Transmit data 6 (T6) |~ 0 CSIIF1
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SCK1

SO1

S

(d) Automatic transmission/reception suspension and restart

Automatic transmission/reception can be temporarily suspended by setting bit 7 (CSIE1) of serial
operating mode register 1 (CSIM1) to 0.

If 8-bit data transfer is in progress, the transmission/reception is not suspended if bit 7 (CSIE1) is set
to 0. It is suspended upon completion of 8-bit data transfer.

When suspended, bit 3 (TRF) of the automatic data transmit/receive control register (ADTC) is set to O
after transfer of the 8th bit, and all the port pins that function alternately as serial interface pins (P20/SI1,
P21/SO1, P22/SCK1, P23/STB and P24/BUSY) are set to the port mode.

During restart of transmission/reception, the remaining data can be transferred by setting CSIE1 to 1 and
writing any data to serial I/O shift register 1 (SIO1).

Cautions 1. Ifthe HALT instructionis executed during automatic transmission/reception, transfer
is suspended and the HALT mode is set if 8-bit data transfer is in progress.
2. When suspending automatic transmission/reception, do not change the operating
mode to 3-wire serial /0 mode while TRF = 1.

Figure 14-17. Automatic Transmission/Reception Suspension and Restart

CSIE1 = 0 (suspend command) Suspend | Restart command

" CSIE1 = 1, write to SIO1
))

Yo7YoeYosYb4)osYb2)orYbo | YorYpefos)oaYoafpzforYoo \
Yo7} D6} D5 p4YDs) D2 D1 ) Do % Jo7)ps) s fp4Y D3} D2) 1Yo

CSIE1: Bit 7 of serial operating mode register 1 (CSIM1)

User's Manual U12790EJ2VOUD 331



CHAPTER 14 SERIAL INTERFACE SIO1

(4) Synchronization control
Busy control and strobe control are functions used to synchronize transmission/reception between the master
device and a slave device.
By using these functions, a shift in bits being transmitted or received can be detected.

(a) Busy control option
Busy control is a function used to keep the serial transmission/reception by the master device waiting
while the busy signal output by a slave device to the master is active.

When using this busy control option, the following conditions must be satisfied.

* Bit 5 (ATE) of serial operating mode register 1 (CSIM1) is set to 1.
¢ Bit 1 (BUSY1) of the automatic data transmit/receive control register (ADTC) is set to 1.

Figure 14-18 shows the system configuration of the master device and a slave device when the busy
control option is used.

Figure 14-18. System Configuration When Busy Control Option Is Used

Master device

(uPD178078, 178098A Subseries) Slave device
SCK1 SCK1
SO1 SO1
SH S
BUSY

The master device inputs the busy signal output by the slave device to the BUSY/P24 pin. The master
device samples the input busy signal in synchronization with the falling of the serial clock. Even if the
busy signal becomes active while 8-bit data is being transmitted or received, transmission/reception by
the master is not kept waiting. If the busy signal is active at the rising edge of the serial clock 2 clocks
after completion of transmission/reception of the 8-bit data, the busy input becomes valid. After that, the
master transmission/reception is kept waiting while the busy signal is active.

The active level of the busy signal is set by bit 0 (BUSYO0) of ADTC.

BUSYO0 = 0: Active high
BUSY1 = 1: Active low
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When using the busy control option, select the internal clock as the serial clock. Control by the busy signal
cannot be implemented with the external clock.
Figure 14-19 shows the operation timing when the busy control option is used.

Caution Busy control cannot be used simultaneously with the interval time control function of
the automatic data transmit/receive interval specification register (ADTI). If used, busy

control is invalid.

Figure 14-19. Operation Timing When Busy Control Option Is Used (When BUSYO0 = 0)

. Xp7XpeXpsXpaXD3Xp2Xp1XDo | A
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><]
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SCK1 |||||||||||||||| b
- b

BUSY |_—>P_| |

CSIIF1 }

fffff Busy input released

e Busy input valid

TRF

Caution If TRF is cleared, the SO1 pin goes low.

Remark CSIIF1: Interrupt request flag
TRF:  Bit 3 of the automatic data transmit/receive control register (ADTC)

When the busy signal becomes inactive, waiting is released. If the sampled busy signal is inactive,
transmission/reception of the next 8-bit data is started at the falling edge of the next clock.

Because the busy signal is asynchronous to the serial clocks, it takes up to 1 clock until the busy signal,
even if made inactive by the slave, is sampled. It takes 0.5 clocks until data transfer is started after the
busy signal was sampled.

To accurately release waiting, the slave must keep the busy signal inactive for at least the duration of
1.5 clocks.

Figure 14-20 shows the timing of the busy signal and wait release. This figure shows an example where
the busy signal is active as soon as transmission/reception has been started.
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(active high) If made inactive
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Figure 14-20. Busy Signal and Wait Release (When BUSYO0 = 0)
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Strobe control option

Strobe control is a function used to synchronize data transmission/reception between the master and a
slave device. The master device outputs the strobe signal from the STB/P23 pin when 8-bit transmission/
reception has been completed. By this signal, the slave device can determine the timing of the end of
data transmission. Therefore, synchronization is established even if a bit shift occurs due to noise on
the serial clock, and transmission of the next byte is not affected by the bit shift.

To use the strobe control option, the following conditions must be satisfied.

* Bit 5 (ATE) of serial operating mode register 1 (CSIM1) is set to 1.
¢ Bit 2 (STRB) of the automatic data transmit/receive control register (ADTC) is set to 1.

A strobe signal is output from the STB/P23 pin for the duration of 1 clock in synchronization with the falling
of the ninth serial clock.

Figure 14-21 shows the operation timing when the strobe control option is used.

Figure 14-21. Operation Timing When Strobe Control Option Is Used

|
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| D7) D6l D5) D4/ D3) D2){ D1} Do; \\  [(p7)De) D5/ D4/ D3} D2 D1><D0;
= L
Strob;si_g:al o{u{tput Strobe signal‘mﬁt\‘cp_
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(c) Busy & strobe control option
Usually, the busy control and strobe control options are simultaneously used as handshake signals. In
this case, the strobe signal is output from the STB/P23 pin, and the BUSY/P24 pin is sampled, and
transmission/reception can be kept waiting while the busy signal is input.
When the strobe control option is not used, the P23/STB pin can be used as a normal I/O port pin.
To use the busy & strobe control option, the following conditions must be satisfied.

* Bit 5 (ATE) of serial operating mode register 1 (CSIM1) is set to 1.
e Bit2 (STRB) and bit 1 (BUSY1) of the automatic data transmit/receive control register (ADTC) are set
to 1.

The active level of the busy signal is set by bit 0 (BUSYO0) of ADTC.

BUSYO = 0: Active high
BUSY1 = 1: Active low

Figure 14-22 shows the operation timing when the busy & strobe control option is used.

When the strobe control option is used, the interrupt request flag (CSIIF1) that is set on completion of
transmission/reception is set after the strobe signal is output.
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Figure 14-22. Operation Timing When Busy & Strobe Control Option Is Used (When BUSYO0 = 0)

st XD7XD6)XDsXD4XD3XD2)D1XDo \/\\/\ _ Xo7XpeXDsXpaXDsXD2XD1XDO | |
sT8 [ \

CSIIF1

[P Busy input released

ffffffffffffff Busy input valid

TRF

Caution When TRF is cleared, the SO1 pin goes low.

Remark CSIIF1: Interrupt request flag
TRF: Bit 3 of the automatic data transmit/receive control register (ADTC)
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(d) Bit shift detection by busy signal

During automatic transmission/reception, a bit shift of the serial clock of the slave device may occur
because noise is superimposed on the serial clock signal output by the master device. Unless the strobe
control option is used at this time, the bit shift affects transmission of the next byte. In this case, the master
can detect the bit shift by checking the busy signal during transmission by using the busy control option.
A bit shift is detected by using the busy signal as follows.

The slave outputs the busy signal after the rising of the eighth serial clock during data transmission/
reception (to not keep transmission/reception waiting by the busy signal at this time, make the busy signal
inactive within 2 clocks).

The master samples the busy signal in synchronization with the falling of the leading side of the serial
clock. If a bit shift has not occurred, all the eight serial clocks that have been sampled are inactive. If
the sampled serial clocks are active, it is assumed that a bit shift has occurred, and error processing is
executed (by setting bit 4 (ERR) of the automatic transmit/receive control register (ADTC) to 1).
Figure 14-23 shows the operation timing of the bit shift detection function by the busy signal.

Figure 14-23. Operation Timing of Bit Shift Detection Function by Busy Signal (When BUSYO0 = 1)

SCK1
(master)

SCK1
(slave)

SO1

S

BUSY

CSIIF1

CSIE1

ERR

XD7X\/\\/\ D7XDeXD5XD4XD3XD2XD1X D0 |

D)
T(

))
T(

XD7XD6)D5XD4XD3XD2XD1XDO XD7X\/\\/\D7XD6XD5XD4XD3XD2XD1 Do /

***** Busy not detected --- Error interrupt request

generated
fffff Error detected

CSIIF1: Interrupt request flag
CSIE1: Bit 7 of serial operating mode register 1 (CSIM1)
ERR: Bit 4 of the automatic data transmit/receive control register (ADTC)
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(5

(6)

Timing of interrupt request signal generation
The interrupt signal is generated in synchronization with the timing shown in Table 14-2.

Table 14-2. Timing of Interrupt Request Signal Generation

Operating Mode Timing of Interrupt Request Signal

Single mode Master mode 10th serial clock at end of transfer

Slave mode 8th serial clock at end of transfer

Repeat transmit mode Not generated

If bit shift occurs during transmission/reception 8th serial clock

Interval time of automatic transmission/reception

Because read/write to/from the buffer RAM using the automatic transmit/receive function is performed
asynchronously to the CPU processing, the interval time is dependent on the CPU processing at the timing
of the eighth rising of the serial clock and the set value of the automatic data transmit/receive interval
specification register (ADTI). Whether the interval time is dependent on ADTI is selected by setting bit 7
(ADTI7) of ADTI. If ADTI7 isresetto O, the interval timeis 2/fsck. If ADTI7 is setto 1, the interval time determined
by the set contents of ADTI or the interval time by the CPU processing is selected, whichever is greater.
Figure 14-24 shows the interval time of automatic transmission/reception.

Remark fsck: Serial clock frequency

Figure 14-24. Interval Time of Automatic Transmission/Reception

Interval

SCK1

so1  Xp7Xpe)XDsXD4XD3XD2)XD1XDo XD7XD6)D5XD4)XD3XD2)D1XDO |

S

—_

Xp7XDeXDs)XD4XD3XD2XD1)XD0 Xp7XDeXDsXD4)XD3XD2)D1)XDo0 |

CSIIF1
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The following expression must be satisfied to access the buffer RAM.

1 transfer cycle < Read access + Write access + CPU buffer RAM access

In the case of a “high-speed CPU & low-speed SCKNote” the interval time is not necessary. In the case of
a “low-speed CPU & high-speed SCKNote”  the interval time is necessary.

In this case, make sure that a sufficient interval time elapses, by using the automatic data transmit/receive

interval specification register (ADTI), so that the above expression is satisfied.

Note The speeds of the CPU clock and SCK differ depending on the type of CPU core.
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15.1 Function of Serial Interface SIO3

Serial interface SIO3 has the following two modes.

(1) Operation stop mode

This mode is used when serial transfer is not performed. For details, refer to 15.4.1.

(2) 3-wire serial I/0 mode (MSB-first)

In this mode, 8-bit data is transferred by using three lines: a serial clock (SCK3), serial output (SO3), and serial

input (SI13).

Because transmission and reception can be executed simultaneously in this mode, the processing time of data

transfer can be shortened.
The first bit of the 8-bit data to be transferred is the MSB.

The 3-wire serial I/0 mode is useful for connecting a peripheral I/0 or display controller with a clocked serial

interface. For details, refer to 15.4.2.
Figure 15-1 shows the block diagram of serial interface SIO3.

Figure 15-1. Block Diagram of Serial Interface SIO3

2 Internal bus
Js¢C
| Direction controller |
I8t
| Serial 1/0 shift
SI3/P70 O Iﬂ register 3 (SI03)
PM71 s
SO3/P71 Q%Pﬂ output latch
Serial clock Interrupt request
SCK3/P72 O—-4|ﬂ counter signal generator
Serial clock Selector
W controller
PM72

P72 output latch
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15.2 Configuration of Serial Interface SIO3
The serial interface SIO3 consists of the following hardware.

Table 15-1. Configuration of Serial Interface SIO3

Iltem Configuration
Register Serial 1/0O shift register 3 (SIO3)
Control registers Serial operating mode register 3 (CSIM3)
Port mode register (PM7)
Port 7 (P7)

(1) Serial I/O shift register 3 (SIO3)
This 8-bit register converts parallel data into serial data and transmits or receives serial data (shift operation)
in synchronization with the serial clock.
SI03 is set by an 8-bit memory manipulation instruction.
A serial operation is started by writing or reading data to or from SIO3 when bit 7 (CSIE3) of serial operating
mode register 3 (CSIM3) is 1.
Data written to SIO3 is output to a serial output line (SO3) for transmission.
Data is read to SIO3 from a serial input line (SI3) for reception.
The value of this register is undefined after reset.

Caution Do not execute an access to SIO3 during transfer other than a transfer start trigger access

(read operations are disabled when MODEO = 0, and write operations are disabled when
MODEO = 1).
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15.3 Registers Controlling Serial Interface SIO3
The following three registers control serial interface SIO3.

* Serial operating mode register 3 (CSIM3)
* Port mode register 7 (PM7)
e Port 7 (P7)

(1) Serial operating mode register 3 (CSIM3)
This register selects the serial clock of SIO3 and the operating mode, and enables or disables the operation.
CSIM3 is set by a 1-bit or 8-bit memory manipulation instruction.
The value of this register is initialized to O0OH after reset.

Figure 15-2. Format of Serial Operating Mode Register 3 (CSIM3)

Symbol <7> 6 5 4 3 2 1 0 Address  Afterreset R/W
csmafcsies] o | o | o | o |moDE|sciai|scso| < FFeFH  ooH AW
CSIE3 Enable/disable of SIO3 operation
Shift register operation Serial counter Port
0 Operation disabled Cleared Port functionNote 1
1 Operation enabled Counter operation enabled Serial function + port functionNote 2
MODE Transfer operating mode flag
Operating mode Transfer start trigger SO3 output
0 Transmit or transmit/receive mode| SIO3 write Serial output
1 Receive only mode SIO3 read Fixed to low levelNote 3
SCL31|SCL30 Selection of clock
0 0 External clock input to SCK3
0 1 fx/2% (394 kHz)
1 0 fx/25 (197 kHz)
1 1 fx/26 (98.4 kHz)

Notes 1. The SI3, SO3, and SCK3 pins can be used as port pins when CSIE3 = 0 (when SIO3 operation
is stopped).
2. When CSIE3 = 1 (when SIO3 operation is enabled), the SI3 pin can be used as a port pin if only
the transmission function is used, and the SO3 pin can be used as a port pin in the receive mode.
3. This pin can be used as a port pin (P71).

Remarks 1. fx: System clock oscillation frequency
2. ():fx=6.3 MHz
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(2) Port mode register 7 (PM7)

PM7 is a register that sets input/output of port 7 in 1-bit units.
When using the P71/SO83 pin as a serial data output, set PM71 and the output latch of P71 to 0.
When using the P72/SCK3 pin as a clock output, set PM72 and the output latch of P72 to 0.

When using the P70/SI3 pin as a serial data input and the P72/SCK3 pin as a clock input, set PM70 and PM72

to 1. At this time, the output latches of P70 and P72 can be either 0 or 1.
PM7 is set by a 1-bit or 8-bit memory manipulation instruction.
RESET input sets the value of PM7 to FFH.

Figure 15-3. Format of Port Mode Register 7 (PM7)

Address: FF27H After reset: FFH R/W

342

Symbol 7 6 5 4 3 2 1 0
PM7 PM77 PM76 PM75 PM74 PM73 PM72 PM71 PM70
PM7n 1/0 mode selection of P7n pin (n =0 to 7)
0 Output mode (output buffer on)

Input mode (output buffer off)
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15.4 Operation of Serial Interface SIO3

This section explains the two modes of serial interface SIO3.

15.4.1 Operation stop mode
In this mode, serial transfer is not performed.
The P70/SI3, P71/S03, and P72/SCKS pins can be used as ordinary 1/O port pins.

(1) Register setting
The operation stop mode is set by using serial operating mode register 3 (CSIM3).
CSIM3 is set by a 1-bit or 8-bit memory manipulation instruction.
The value of this register is initialized to O0OH after reset.

Symbol <7> 6 5 4 3 2 1 0 Address  After reset R/W
csms [cses | o | o | o | o |mopE |scisi|sciso| FFeFH  ooH  Rw
CSIE3 Enable/disable of SIO3 operation
Shift register operation Serial counter Port
0 Operation disabled Cleared Port functionNote 1
1 Operation enabled Count operation enabled Serial function + port functionNote 2
Notes 1. The SI3, SO3, and SCK3 pins can be used as port pins when CSIE3 = 0 (when SIO3 operation
is stopped).
2. When CSIE3 = 1 (when SIO3 operation is enabled), the SI3 pin can be used as a port pin if only

the transmission function is used, and the SO3 pin can be used as a port pin in the receive mode.
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15.4.2 3-wire serial /0 mode

The 3-wire serial /O mode is useful for connecting a peripheral 1/O or display controller equipped with a clocked
serial interface.

In this mode, communication is executed by using three lines: a serial clock (SCK3), serial output (SO3), and serial

input (SI3).

(1) Register setting

The 3-wire serial /O mode is set by using serial operating mode register 3 (CSIM3).

(a) Serial operation mode register 3 (CSIM3)

This register is set by a 1-bit or 8-bit memory manipulation instruction.
The value of this register is initialized to 00H after reset.

Symbol <7> 6 5 4 3 2 1 0 Address Afterreset R/W
csms [csEs | o | o | o | o |mopE|scist|sciso| FFeFH  ooH  RW
CSIE3 Enable/disable of SIO3 operation
Shift register operation Serial counter Port
Operation disabled Cleared Port functionNote 1
Operation enabled Counter operatio enabled Serial function + port functionNote 2
MODE Transfer operation mode flag
Operating mode Transfer start trigger SO3 output
Transmit or transmit/receive mode| SIO3 write Serial output
Receive-only mode SI103 read Fixed to low levelNote 3
SCL31 |SCL30 Selection of clock
0 0 External clock input to SCK3
0 1 fx/24 (394 kHz)
0 fx/25 (197 kHz)
1 fx/26 (98.4 kHz)

344

Notes 1. The SI3, SO3, and SCKS pins can be used as port pins when CSIE3 = 0 (when SIO3 operation

is stopped).
2. When CSIE3 = 1 (when SIOS3 operation is enabled), the SI3 pin can be used as a port pin if only
the transmission function is used, and the SO3 pin can be used as a port pin in the receive mode.
3. This pin can be used as a port pin (P71).

Remarks 1. fx: System clock oscillation frequency

2. ( ):fx=6.3 MHz
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(b) Port mode register 7 (PM7)
PM7 is a register that sets input/output of port 7 in 1-bit units.

When using the P71/SO83 pin as a serial data output, set PM71 and the output latch of P71 to 0.

When using the P72/SCK3 pin as a clock output, set PM72 and the output latch of P72 to 0.
When using the P70/SI3 pin as a serial data input and the P72/SCK3 pin as a clock input, set PM70 and
PM72 to 1. At this time, the output latches of P70 and P72 can be either O or 1.
PM7 is set by a 1-bit or 8-bit memory manipulation instruction.
RESET input sets the value of PM7 to FFH.

Address: FF27H After reset: FFH R/W

Symbol
PM7

7 6 5 4 3 2 1 0
PM77 PM76 PM75 PM74 PM73 PM72 PM71 PM70
PM7n 1/0 mode selection of P7n pin (n = 0 to 7)

0 Output mode (output buffer on)

Input mode (output buffer off)
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(2) Communication operation

In the 3-wire serial I/O mode, data is transmitted or received in 8-bit units. Data is transmitted or received
in synchronization with the serial clock.

The shift operation of serial I/O shift register 3 (SIO3) is performed at the falling edge of the serial clock (SCK3).
The transmit data is held in SO3 and is output from the SO3 pin. The receive data input to the SI3 pin is latched
to SIO3 at the falling edge of the serial clock.

When 8-bit data has been transferred, the operation of SIO3 is automatically stopped, and the interrupt request
flag (CSIIF3) is set.

Figure 15-4. Timing in 3-Wire Serial I/O Mode

SCK3 1 2 3 4 5 6 7 8
SI3 pi7 f pis f D5 f D14 { pi3 f pi2 § pi1 ) pio
S03 D‘O7 Y o6 { DOs J D04 ) DO3 f DO2 [ DO1 | D‘OO
CSIIF3
Transfer ends

Transfer starts at falling edge of SCK3

(3) Starting transfer

346

Serial transfer is started by writing (or reading) transfer data to serial 1/O shift register 3 (SIO3) when the
following conditions are satisfied.

e Operation control bit of SIO3 (bit 7 (CSIE3) of serial operation mode register 3 (CSIM3)) = 1
* |If the internal serial clock is stopped or SCKS3 is high after transfer of 8-bit serial data
¢ Transmit/receive mode

Transfer is started if SIO3 is written when bit 7 (CSIE3) of CSIM3 = 1, and bit 2 (MODE) = 0
* Receive mode

Transfer is started if SIO3 is read when bit 7 (CSIE3) of CSIM3 = 1, and bit 2 (MODE) = 1

Caution Serial transfer is not started even if 1 is written to CSIE3 after data is written to SI103.

On completion of transfer of the 8-bit data, serial transfer is automatically stopped, and the interrupt request
flag (CSIIF3) is set.
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16.1 Functions of Serial Interface UARTO

Serial interface UARTO has the following two modes.

(1) Operation stop mode
In this mode, serial transfer is not performed.
For details, refer to 16.4.1.

(2) Asynchronous serial interface (UART) mode

This mode is used to transmit or receive 1-byte data following a start bit. Full duplex operation can be executed

in this mode.

Because a UART-dedicated baud rate generator is provided, communication can be executed at a wide range

of baud rates.

Moreover, MIDI standard baud rate (31.25 kbps) can also be generated by using the UART-dedicated baud

rate generator.
For details, refer to 16.4.2.

Figure 16-1 shows the block diagram of serial interface UARTO.

Figure 16-1. Block Diagram of Serial Interface UARTO

Internal bus

)

ﬁ

Receive buffer
register 0

Asynchronous serial interface
mode register 0 (ASIMO)

|TXEO‘RXEO‘ PSO01 ‘ PSOO‘ CLo ‘ SLO ‘ISRMO‘ 0 |

(RXBO)

Asynchronous serial interface
status register 0 (ASISO0)
Receive shift

RXDO/P74©) ’ o] register 0 | PEO ‘ FEO ‘OVEol Transmit shift
(RX0) register
(TXS0,
TXDO/P750 .4 C | e
Ll controller ) INTSERO
ity check
|PM75| Output latch (parity check) = INTSRO Transmission
(P75) controller |—— INTSTO
(parity added)

Note For the configuration of the baud rate generator, refer to Figure 16-2.
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Figure 16-2. Block Diagram of Baud Rate Generator

TXEO
T
5-bit counter : 8 <:|fx/2 to f/28
< Match @
Transmission 1/2 ate
clock A
Encoder
Reception 1/2 v Match
clock A
5-bit counter
3 4
RXEO TPS02|TPS01 |TPS00 [MDLO3 |MDL02 |MDLO1 | MDL0O
Start bit detection
Baud rate generator

control register 0 (BRGCO)

{

8

Internal bus g

Remark TXED: Bit 7 of asynchronous serial interface mode register 0 (ASIMO)
RXED: Bit 6 of asynchronous serial interface mode register 0 (ASIMO)
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16.2 Configuration of Serial Interface UARTO

Serial interface UARTO consists of the following hardware.

(M

()

3)

Table 16-1. Configuration of Serial Interface UARTO0

Iltem Configuration

Registers Transmit shift register 0 (TXSO0)
Receive shift register 0 (RX0)
Receive buffer register 0 (RXBO)

Control registers | Asynchronous serial interface mode register 0 (ASIMO)
Asynchronous serial interface status register 0 (ASIS0)
Baud rate generator control register 0 (BRGCO)

Port mode register 7 (PM7)

Port 7 (P7)

Transmit shift register 0 (TXSO0)

This register stores transmit data. The data written to TXSO0 is transmitted as serial data.

When the data length is specified to be 7 bits, bits 0 to 6 of the data written to TXSO0 are transferred as transmit
data. The transmission operation is started by writing data to TXSO.

TXSO0 is written by an 8-bit memory manipulation instruction, but it cannot be read.

The value of this register is set to FFH after reset.

Caution Do not write data to TXS0 during transmission.
Because TXSO0 and receive buffer register 0 (RXB0) are assigned to the same address, if this
address is read, the value of RXBO is read.

Receive shift register 0 (RX0)

This register converts the serial data input to the RxDO pin into parallel data. When 1 byte of data has been
received, the receive data is transferred to receive buffer register 0 (RXBO0).

RXBO0 cannot be directly manipulated by software.

Receive buffer register 0 (RXB0)

This register holds receive data. Each time 1 byte of data has been received, new receive data is transferred
from receive shift register 0 (RXO0).

If the data length is specified to be 7 bits, the receive data is transferred to bits 0 to 6 of RXBO0, and the MSB
of RXBO is always 0.

RXBO can be read by an 8-bit memory manipulation instruction, but it cannot be written.

The value of this register is set to FFH after reset.

Caution Because RXBO0 and transmit shift register 0 (TXS0) are assigned to the same address, if data
is written to this address, the value is written to TXSO0.
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4

®)

350

Transmission controller

This circuit controls the transmission operation by appending a start bit, parity bit, and stop bit to the data written
to transmit shift register 0 (TXS0) according to the contents of asynchronous serial interface mode register
0 (ASIMO).

Reception controller

This circuit controls the reception operation according to the contents of asynchronous serial interface mode
register 0 (ASIMO). It also checks for errors such as a parity error during reception and, if an error is detected,
writes a value identifying the error to asynchronous serial interface status register 0 (ASIS0).
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16.3 Registers Controlling Serial Interface UARTO
The following five registers control serial interface UARTO.

¢ Asynchronous serial interface mode register 0 (ASIMO)
¢ Asynchronous serial interface status register 0 (ASISO0)
e Baud rate generator control register 0 (BRGCO)

* Port mode register 7 (PM7)

Port 7 (P7)

(1) Asynchronous serial interface mode register 0 (ASIMO0)
This 8-bit register controls the serial transfer operation of serial interface UARTO.
ASIMO is set by a 1-bit or 8-bit memory manipulation instruction.
The value of this register is initialized to O0H after reset.
Figure 16-3 shows the format of ASIMO.
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Symbol
AsIMo | TxEo | RxEo | Psot | Psoo | clo | sto |isRmo| o'

352

Figure 16-3. Format of Asynchronous Serial Interface Mode Register 0 (ASIMO)

<7> <6> 5 4 3 2 1 0 Address Afterreset R/W
FF5AH OOH R/W

TXEO | RXEO Operating mode Function of RXD0/P74 pin Function of TXD0/P75 pin
0 0 Operation stop Port function (P74) Port function (P75)
0 1 UART mode (reception only) Serial function (RXDO0)
1 0 UART mode (transmission only) | Port function (P74) Serial function (TXDO)
1 1 UART mode Serial function (RXDO0)
(transmission/reception)

PS01 | PS00 Specification of parity bit
0 0 No parity
0 1 0 parity always appended during transmission.

Parity not checked during reception (parity error does not occur).

1 0 Odd parity
1 1 Even parity

CLO Specification of character length
0 7 bits
1 8 bits

SLO Specification of stop bit length of transmit data
0 1 bit
1 2 bits

ISRMO Control of reception completion interrupt in case of error

0 Reception completion interrupt request generated in case of error
1 Reception completion interrupt request not generated in case of error

Note Be sure to reset bit 0 of ASIMO to 0.

Cautions 1. Before changing the operation mode, stop the serial transmission/reception operation.
2. Set port mode register 7 (PM7) and the output latch of port 7 (P7) as follows in the UART
mode.
Reset the output latch to 0.
¢ During reception
Set the P74/RXDO0 pin to the input mode (PM74 = 1).
¢ During transmission
Set the P75/TXDO pin to the output mode (PM75 = 0, P75 = 0).
e During transmission/reception
Set P74 to the input mode and P75 to the output mode.
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(2

Symbol
ASISO

3)

Asynchronous serial interface status register 0 (ASIS0)

This register indicates the type of error when a reception error occurs in the UART mode.
ASISO is set by an 8-bit memory manipulation instruction.

The value of this register is initialized to O0OH after reset.

Figure 16-4. Format of Asynchronous Serial Interface Register 0 (ASIS0)

7 6 5 4 3 2 1 0 Address  After reset R/W
[ o | o | o | o | o | Peo | FEo |OvEo| FpseH oo R
PEO Parity error flag
0 No parity error
1 Parity error occurred

(if parity of transmit data did not match).

FEO Framing error flag
0 No framing error
1 Framing error occurredNote 1

(if stop bit was not detected).

OVEO Overrun error flag
0 No overrun error
1 Overrun error occurredNote 2

(if next reception operation was completed before
data was read from receive buffer register 0).

Notes 1. Even when the stop bit length is set to 2 bits by bit 2 (SLO) of asynchronous serial interface mode

register 0 (ASIMO), only 1 stop bit is detected during reception.
2. Be sure to read receive buffer register 0 (RXBO0) if an overrun error has occurred.
Until RXBO is read, the overrun error will persistently occur each time data is received.

Baud rate generator control register 0 (BRGCO0)

This register sets the serial clock of serial interface UARTO.
BRGCO is set by an 8-bit memory manipulation instruction.
The value of this register is initialized to 00H after reset.
Figure 16-5 shows the format of BRGCO.
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Figure 16-5. Format of Baud Rate Generator Control Register 0 (BRGCO0)

Symbol 7 6 5 4 3 2 1 0 Address  Afterreset R/W
BRGCO [ 0 | TPS02 | TPSO1 | TPS00 | MDLOS | MDLO2 | MDLOY | MDLOO |  FFsCH 00H R/W

TPS02 | TPS01 |[TSP00| Selection of source clock of n
5-bit counter

0 0 0 fx/2 (3.15 MHz) 1
0 0 1 fx/22 (1.58 MHz) 2
0 1 0 fx/23 (788 kHz) 3
0 1 1 fx/24 (394 kHz) 4
1 0 0 fx/25 (197 kHz) 5
1 0 1 fx/26 (98.4 kHz) 6
1 1 0 fx/27 (49.2 kHz) 7
1 1 1 fx/28 (24.6 kHz) 8
MDLO3|MDLO02 [MDLO01|MDLOO |Selection of input clock k
of baud rate generator
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 data is written to BRGCO during communication, the output of the baud rate generator is
disturbed and communication cannot be executed normally. Therefore, do not write BRGCO
during communication.

Remark fsck: Source clock of 5-bit counter
n:  Value set by TPS00 to TPS02 (1 < n < 8)
k:  Value set by MDLOO to MDLO3 (0 < k < 14)
() fx=6.3MHz
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16.4 Operation of Serial Interface UARTO
This section explains the two modes of serial interface UARTO.
16.4.1 Operation stop mode

In this mode, serial transfer is not performed, and the pins used for the serial interface can be used as ordinary
port pins.

(1) Register setting
The operation stop mode is set using asynchronous serial interface mode register 0 (ASIMO).
ASIMO is set by a 1-bit or 8-bit memory manipulation instruction.
The value of this register is initialized to O0OH after reset.

Symbol <7> <6> 5 4 3 2 1 0 Address  Afterreset R/W
AsiMo | TxEo | RxEo | PSo1 | Psoo | clo | sLo |isAmo| o' FF5AH 00H R/W

TXEO | RXEO Operating mode Function of RXD0/P74 pin Function of TXD0/P75 pin
0 0 Operation stop Port function (P74) Port function (P75)
0 1 UART mode (reception only) Serial function (RXDO0)
1 0 UART mode (transmission only) | Port function (P74) Serial function (TXDO)
1 1 UART mode Serial function (RXDO0)
(transmission/reception)

Note Be sure to reset bit 0 of ASIMO to 0.

Caution Before changing the operating mode, stop the serial transmission/reception operation.
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16.4.2 Asynchronous serial interface (UART) mode

This mode is used to transmit or receive 1-byte data following a start bit. Full duplex operation can be executed
in this mode.

Because a UART-dedicated baud rate generator is provided, communication can be executed at a wide range of
baud rates.

Moreover, the baud rate of the MIDI standard (31.25 kbps) can also be generated by using the UART-dedicated
baud rate generator.

(1) Register setting
The UART mode is set using asynchronous serial interface mode register 0 (ASIMO0), asynchronous serial
interface status register 0 (ASIS0), baud rate generator control register 0 (BRGCO), port mode register 7 (PM7),
and port 7 (P7).

(a) Asynchronous serial interface mode register 0 (ASIMO)

ASIMO is set by a 1-bit or 8-bit memory manipulation instruction.
The value of this register is initialized to O0OH after reset.
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Symbol <7> <6> 5 4 3 2 1 0 Address Afterreset R/W
AsIMo | TxEo | RxEo | Pso1 | Psoo | clo | sto [isRmo| o™ | FFsAH  ooH  RW

TXEO | RXEO Operating mode Function of RXD0/P74 pin Function of TXD0/P75 pin
0 0 Operation stop Port function (P74) Port function (P75)
0 1 UART mode (reception only) Serial function (RXDO0)
1 0 UART mode (transmission only) | Port function (P74) Serial function (TXDO)
1 1 UART mode Serial function (RXDO0)

(transmission/reception)

PS01 | PS00 Specifion of parity bit
0 0 No parity
0 1 0 parity always appended during transmission.

Parity not checked during reception (parity error does not occur).

1 0 Odd parity
1 1 Even parity

CLo Specification of character length
0 7 bits
1 8 bits

SLO Specification of stop bit length of transmit data

0 1 bit
1 2 bits

ISRMO Control of reception completion interrupt in case of error
0 Reception completion interrupt request generated in case of error
1 Reception completion interrupt request not generated in case of error

Note Be sure to reset bit 0 of ASIMO to 0.

Cautions 1. Before changing the operation mode, stop the serial transmission/reception operation.

2. Set port mode register 7 (PM7) and the output latch of port 7 (P7) as follows in the UART
mode.
¢ During reception
Set P74 (RXDO) to the input mode (PM74 = 1).
¢ During transmission
Set P75 (TXDO) to the output mode (PM75 = 0, P75 = 0).
e During transmission/reception
Set P74 to the input mode and P75 to the output mode.
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Symbol
ASISO

358

(b) Asynchronous serial interface status register 0 (ASISO0)
ASISO is set by an 8-bit memory manipulation instruction.
The value of this register is initialized to 00H after reset.

7 6 5 4 3 2 1 0 Address Afterreset R/W
[ o | o | o | | o | Peo | Feo | oveo | FFsBH oo R
PEO Parity error flag
0 No parity error
1 Parity error occurred

(if parity of transmit data did not match).

FEO Framing error flag
0 No framing error
1 Framing error occurredNote 1

(if stop bit was not detected).

OVEO Overrun error flag
0 No overrun error
1 Overrun error occurredNote 2

(if next reception operation was completed before
data was read from receive buffer register 0).

Notes 1. Even when the stop bit length is set to 2 bits by bit 2 (SLO) of asynchronous serial interface mode
register 0 (ASIMO), only 1 stop bit is detected during reception.
2. Be sure to read receive buffer register 0 (RXBO0) if an overrun error has occurred.
Until RXBO is read, the overrun error will persistently occur each time data is received.

User's Manual U12790EJ2VOUD



CHAPTER 16 SERIAL INTERFACE UARTO (uPD178076, 178078, AND 178F098 ONLY)

(c) Baud rate generator control register 0 (BRGCO0)
BRGCO is set by an 8-bit memory manipulation instruction.
RESET input sets BRGCO to 00H.

Symbol 7 6 5 4 3 2 1 0 Address  Afterreset R/W
BRGCO [ 0 | TPso2 | TPsot | TPSo0 | MDLO3 | MDLO2 | MDLOY | MDLOO| FFSCH  00H  RW
TPS02 | TPS01 |TPS00 Selection of source clock n
of 5-bit counter
0 0 0 fx/2 (3.15 MHz) 1
0 0 1 fx/22 (1.58 MHz) 2
0 1 0 fx/23 (788 kHz) 3
0 1 1 fx/24 (394 kHz) 4
1 0 0 fx/25 (197 kHz) 5
1 0 1 fx/28 (98.4 kHz) 6
1 1 0 fx/27 (49.2 kHz) 7
1 1 1 fx/28 (24.6 kHz) 8
MDLO3|MDLO02 [MDLO1|MDLOO |Selection of input clock k
of baud rate generator
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 fsox/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 data is written to BRGCO during communication, the output of the baud rate generator is

disturbed and communication cannot be executed normally. Therefore, do not write BRGCO
during communication.

Remark fsck: Source clock of 5-bit counter

n:  Value set by TPS00 to TPS02 (1 < n < 8)
k:  Value set by MDLOO to MDLO3 (0 < k < 14)
() fx=6.3MHz
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(2) Baud rate

360

The baud rate can be calculated by the following expression.

[Baud rate] = p fx

n+1 (k +

[bps]

fx: System clock oscillation frequency
n: Value set by TPS00 to TPS02 (1 < n < 8) (Refer to Figure 16-5.)
k: Value set by MDL0OO to MDLO3 (0 < k < 14) (Refer to Figure 16-5.)

Table 16-2. BRGCO Set Value for Each Baud Rate

Target Baud Rate fx = 6.3 MHz fx = 4.5 MHz
[bps] BRGCO0 Error (%) BRGCO0 Error (%)

300 — — 7DH 1.02
600 75H -2.34 6DH 1.02
1200 65H —2.34 5DH 1.02
2400 55H —2.34 4DH 1.02
4800 45H -2.34 3DH 1.02
9600 35H —2.34 2DH 1.02
19200 25H —2.34 1DH 1.02
31250 19H 0.8 12H 0.0
38400 15H —2.34 ODH 1.02

Remark Baud rate = fx/{2"1 x (k + 16)}
fx: System clock oscillation frequency

n: Value set by TPS00 to TPS02 (1 < n < 8)
k: Value set by MDLOO to MDLO3 (0 < k < 14)
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* Permissible error range of baud rate
The error of the baud rate depends on the number of bits in one frame and the division ratio of the 5-bit counter
[1/(16 + k)].
Figure 16-5 shows an example of the permissible error.

Figure 16-6. Permissible Error of Baud Rate Allowing for Sampling Error (k = 0)

Ideal
samphng point
32T 64T  256T 288T 320T 352T
30v4T 336T
Reference timing | __START DO XjCX pr___ P Jstop
15.5T
High-speed  \__START ,( DO Xj D7z Y P JsToP _
limit timing A A Sampling error
30457  60.9T 30457 | —|=—os5T
15.5T
Low-speed  \__START ,( DO Xj/ Y or [ P STOP
limit timing A A A
33557 67.1T 301.95T  3355T

+15.5

Permissible baud rate error (where K = 0) = x 100 = 4.8438 (%)

Caution The above permissible error value is the calculated value based on the ideal sampling point.
When designing, take the error of the start bit detection time into consideration and add margins.

Remark T: Source clock cycle of 5-bit counter
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(3) Basic operation

362

(a)

(b)

Data format
Figure 16-7 shows the format of the transmit/receive data.

Figure 16-7. Format of Transmit/Receive Data of Asynchronous Serial Interface

} 1 data frame }

St‘)‘i’t” Do | ot | 2| D3| pa|os| ps| D7 Pzﬂty Stop bit

} Character bits }

One data frame consists of the following bits.

e Start bit .............. 1 bit

¢ Character bits .... 7 or 8 bits (LSB-first)

e Parity bit............. Even parity/odd parity/0 parity/no parity
e Stop bit .............. 1 or 2 bits

The character bit length, parity, and stop bit length of one data frame are selected by asynchronous serial
interface mode register 0 (ASIMO).

If the character bit length is specified to be 7 bits, only the lower 7 bits (bits 0 to 6) are valid. The most
significant bit (bit 7) is ignored during transmission, and it is “0” during reception.

The serial transfer rate is set by baud rate generator control register 0 (BGRCO).

If a receive error occurs in the serial data, the error can be identified by reading the status of asynchronous
serial interface status register 0 (ASISO0).

Type and operation of parity

A parity bit is used to detect a bit error in the communication data. Usually, the same type of parity bit
is used on both the transmitter and receiver sides. With even parity or odd parity, an error of 1 bit (or
odd-number error) can be detected. Errors cannot be detected when 0 parity or no parity is specified.
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(i) Even parity

During transmission
The parity bit is set so that the number of bits in the transmit data, plus the parity bit, that are “1”
is even. The value of the parity bit is as follows.

If the number of bits in transmit data that are “1” is odd: 1
If the number of bits in transmit data that are “1” is even: 0

During reception
The number of bits in the receive data, including the parity bit, that are “1” are counted. If the
number of bits is odd, a parity error occurs.

(ii) Odd parity

During transmission
The parity bit is set so that the number of bits in the transmit data, plus the parity bit, that are “1”
is odd. The value of the parity bit is as follows.

If the number of bits in transmit data that are “1” is odd: 0
If the number of bits in transmit data that are “1” is even: 1

During reception
The number of bits in the receive data, including the parity bit, that are “1” are counted. If the
number of bits is even, a parity error occurs.

(iii) 0 parity
The parity bit is cleared to 0 during transmission, regardless of the transmit data.
The parity bit is not checked during reception. Therefore, a parity error does not occur regardless
of whether the parity bit is 0 or 1.

(iv) No parity
A parity bit is not appended to the transmit data.

During reception, data is received assuming that it has no parity bit. Because no parity bit is used,

parity errors do not occur.
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(c) Transmission
The transmission operation is started when transmit data is written to transmit shift register 0 (TXS0). The
start bit, parity bit, and stop bit are automatically appended.
When the data in TXSO is shifted out and TXS0 becomes empty as a result of starting transmission, a
transmission completion interrupt request (INTSTO) is generated.
Figure 16-8 shows the timing of the transmission completion interrupt.

Figure 16-8. Generation Timing of Transmission Completion Interrupt Request
of Asynchronous Serial Interface

(i) Stop bit length: 1

TXDO (output) \START/ DO X D1 X D2 U D6 X D7 XParity STOPl
INTSTO —I

(ii) Stop bit length: 2

\ \
TXDO (output) START/ DO X D1 X D2 ngx D6 X D7 XParity/ STOP

INTSTO

Caution Do not change the contents of asynchronous serial interface mode register 0 (ASIMO0)
during transmission. If the contents of the ASIMO register are changed during transmission,
subsequent transmissions may not be able to be performed (the normal status can be
restored by RESET input).

Whether transmissionis in progress can be checked by software, by using the transmission
completion interrupt request (INTSTO) or the interrupt request flag (STIF0) that is set by
INTSTO.
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(d) Reception
Reception is enabled when bit 6 (RXEO) of asynchronous serial interface mode register 0 (ASIMO) is set
to 1, and then the input to the RXDO pin is sampled.
The RXDO pin is sampled with the serial clock specified by ASIMO.
When the RXDO pin goes low, the 5-bit counter of the baud rate generator starts counting. When a time
of half the set baud rate has elapsed, the start timing signal of data sampling is output. If the RXDO pin
is sampled with this start timing signal again and is found to be low level, the pin level is recognized as
a start bit. The 5-bit counter is initialized, counting is started, and the data is sampled. If character data,
a parity bit, and 1 stop bit are detected after the start bit, reception of one frame of data is completed.
When reception of one frame of data has been completed, the receive data in the shift register is
transferred to receive buffer register 0 (RXB0), and a reception completion interrupt request (INTSRO)
is generated.
Evenif an error occurs, the receive data in which the error occurred is transferred to RXBO. If bit 1 (ISRMO)
of ASIMO is cleared to 0 when the error occurred, INTSRO is generated (refer to Figure 16-10).
INTSRO is not generated if the ISRMO bit is set to 1.
If the RXEO bit is reset to 0 during reception, reception is immediately stopped. At this time, the contents
of RXBO and ASISO0 are not affected, nor are INTSRO and INTSERO generated.
Figure 16-9 shows the timing of generating the reception completion interrupt request of the asynchronous
serial interface.

Figure 16-9. Timing of Generation of Reception Completion Interrupt of Asynchronous Serial Interface

RXDO (input) \START/ DO X D1 X D2 ngx D6 X D7 XParity STOP
INTSRO |_|

Caution Be sure to read receive buffer register 0 (RXB0) even if a reception error occurs.
Otherwise, an overrun error occurs when the next data is received, and the reception
error status persists.
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(e) Reception error
Three types of errors: a parity error, framing error, and overrun error, may occur during reception. If the
error flag in asynchronous serial interface status register 0 (ASIS0) is set as a result of receiving data,
the reception error interrupt request (INTSERO) is generated. This interrupt occurs before the reception
completion interrupt request (INTSR0). Table 16-3 shows the causes of reception errors.
Which error has occurred during reception can be identified by reading the contents of ASISO in the
reception error processing (INTSERO) (refer to Table 16-3 and Figure 16-10).
The contents of ASISO are reset when receive buffer register 0 (RXBO) is read or the next data is received
(if an error occurs in the next data, the corresponding error flag is set).

Table 16-3. Causes of Reception Errors

Reception Error Cause Value of ASISO
Parity error Parity specified for transmission does not match parity of receive data. 04H
Framing error Stop bit is not detected. 02H
Overrun error Reception of next data is completed before data is read from receive buffer register 0. 01H

Figure 16-10. Reception Error Timing

RXDO (input) \START/ DO X D1 X D2 ngx D6 X D7 ) Parity [|STOP

INTSRo*® ”

INTSERO ”
(If framing/overrun error occurs)

INTSERO |_|
(If parity error occurs)

Note If a reception error occurs while the ISRMO bit is set to 1, INTSRO does not occur.

Cautions 1. The contents of asynchronous serial interface status register 0 (ASIS0) are reset to
0 when receive buffer register 0 (RXBO0) is read or the next data is received. To identify
the error, be sure to read ASIS0 before reading RXBO.

2. Be sure to read receive buffer register 0 (RXB0) even if a reception error occurs.
Otherwise, an overrun error occurs when the next data is received, and the reception
error status persists.
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The uPD178098A Subseries (uPD178096A, 178098A, 178F098) incorporates an IEBus controller.

IEBus (Inter Equipment Bus) is a small-scale digital data transfer system that transfers data between units. To implement
IEBus by using the uPD178098A Subseries, an external IEBus driver and receiver are necessary because they are not provided.

The internal IEBus controller of the uPD178098A Subseries is of negative logic.

17.1 IEBus Controller Functions

17.1.1 Communication protocol of IEBus
The communication protocol of the IEBus is as follows.

(1) Multitask mode
All the units connected to the IEBus can transfer data to the other units.

(2) Broadcast communication function
Communication between one unit and multiple units can be performed as follows.
e Group-unit broadcast communication: Broadcast communication to group units
o All-unit broadcast communication: Broadcast communication to all units

(3) Effective transfer rate
The effective transfer rate is in mode 1 (the uPD178098A Subseries does not support modes 0 and 2 for the effective
transfer rate).
e Mode 1: Approx. 18 Kbps (when fx = 6.3 MHz)

Caution Different modes must not be mixed on one IEBus.

(4) Communication mode
Data transfer is executed in half-duplex asynchronous communication mode.

(5) Access control: CSMA/CD (Carrier Sense Multiple Access with Collision Detection)
The priority of the IEBus is as follows.
<1> Broadcast communication takes precedence over individual communication (communication from one unit to
another).
<2> The lower master address takes precedence.

(6) Communication scale
The communication scale of IEBus is as follows.
e Number of units: 50 MAX.
e Cable length: 150 m MAX. (when twisted pair cable is used)

Caution The communication scale in an actual system differs depending on the characteristics of the cables,
etc., constituting the IEBus driver/receiver and IEBus.
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17.1.2 Determination of bus mastership (arbitration)

An operation to occupy the bus is performed when a unit connected to the IEBus controls the other units. This operation
is called arbitration.

When two or more units simultaneously start transmission, arbitration is used to grant one of the units permission to
occupy the bus.

Because only one unit is granted the bus mastership as a result of arbitration, the priority conditions of the bus are
predetermined as follows.

Caution The bus mastership is released if communication is aborted.

(1) Priority by communication type
Broadcast communication (communication from one unit to multiple units) takes precedence over normal
communication (communication from one unit to another).

(2) Priority by master address
If the communication type is the same, communication with the lower master address takes precedence.
A master address consists of 12 bits, with unit 000H having the highest priority and unit FFFH having the lowest
priority.

17.1.3 Communication mode

Although the IEBus has three communication modes each having a different transfer rate, the uPD178098A Subseries
supports only communication mode 1. The transfer rate and the maximum number of transfer bytes in one communication
frame in communication mode 1 are as shown in Table 17-1.

Table 17-1. Transfer Rate and Maximum Number of Transfer Bytes in Communication Mode 1

Communication Mode | Maximum Number of Transfer Bytes (Bytes/Frame) Effective Transfer Rate (Kbps)Nete

1 32 Approx. 18

Note The effective transfer rate when the maximum number of transfer bytes is transmitted (when fx = 6.3 MHz).

Select the communication mode (mode 1) for each unit connected to the IEBus before starting communication. If the
communication mode of the master unit and that of the partner unit (slave unit) are not the same, communication is not
executed correctly.

17.1.4 Communication address
With the IEBus, each unit is assigned a specific 12-bit address. This communication address consists of the following

identification numbers.

o Higher 4 bits: Group number (number to identify the group to which each unit belongs)
e Lower 8 bits: Unit number (number to identify each unit in a group)
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17.1.5 Broadcast communication

Normally, transmission or reception is performed between the master unit and its partner slave unit on a one-to-one
basis. During broadcast communication, however, two or more slave units exist and the master unit executes transmission
to these slave units. Because multiple slave units exist, the slave units do not return an acknowledge signal during
communication.

Whether broadcast communication or normal communication is to be executed is selected by the broadcast bit (for this
bit, refer to 17.1.6 (2) Broadcast bit).

Broadcast communication is classified into two types: group-unit broadcast communication and all-unit broadcast
communication. Group-unit broadcast and all-unit broadcast are identified by the value of the slave address (for the slave
address, refer to 17.1.6 (4) Slave address field).

(1) Group-unit broadcast communication
Broadcast communication is performed with the units in a group identified by the group number indicated by the
higher 4 bits of the communication address.

(2) All-unit broadcast communication
Broadcast communication is performed with all the units, regardless of the value of the group number.

17.1.6 Transfer format of IEBus
Caution The logic on the IEBus I/O pin of the uyPD178098A Subseries and the logic of the IEBus protocol
(data on the IEBus) are inverted values. The following describes the case of the IEBus protocol.
<Example: Start bit>
e u1PD178098A: High level
¢ |[EBus protocol: Low level

Figure 17-1 shows the transfer signal format of the IEBus.

Figure 17-1. IEBus Transfer Signal Format

Master Slave Telegraph
Header address address Control field | length Data field
field field field
Broad- | Master Slave Tele-
Frame format | 512" |cast |address |P| address |p|a| SOl |pla ?’ap'ﬂl p|a| Data g5/ | Data |5)
bit bit bit bit bit g?gt bit bit

Remarks 1. P: Parity bit, A: ACK/NACK bit
2. The master station ignores the acknowledge bit during broadcast communication.

(1) Start bit
The start bit is a signal that informs the other units of the start of data transfer.
The unit that is to start data transfer outputs a low-level signal (start bit) for a specific time, and then starts
outputting the broadcast bit.
If another unit has already output its start bit when one unit is to output the start bit, this unit does not output
the start bit but waits for completion of output of the start bit by the other unit. When the output of the start bit
by the other unit is complete, the unit starts outputting the broadcast bit in synchronization with the completion
of the start bit output by the other unit.
The units other than the one that has started communication detect this start bit, and enter the reception status.
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(2) Broadcast bit
This bit indicates whether the master selects one slave (individual communication) or multiple slaves (Broadcast
communication) as the other party of communication.
When the broadcast bit is 0, it indicates broadcast communication; when it is 1, individual communication is
indicated. broadcast communicationis classified into two types: group-unit communication and all-unitcommunication.
These communication types are identified by the value of the slave address (for the slave address, referto 17.1.6
(4) Slave address field).
Because two or more slave units exist in the case of broadcast communication, the acknowledge bit in each field
subsequent to the master address field is not returned.
If two or more units start transmitting a communication frame at the same time, broadcast communication takes
precedence over individual communication, and wins in arbitration.
If one unit occupies the bus as the master, the value set to the broadcast request flag (ALLRQ) of IEBus control
register 0 (BCRO) is output.

(3) Master address field
The master address field is output by the master to inform a slave of the master’s address.
The configuration of the master address field is as shown in Figure 17-2.
If two or more units start transmitting the broadcast bit at the same time, the master address field is used to make
a judgment of arbitration.
The data output in the master address field is compared with the data on the bus each time one bit is output.
If the master address output in the master address field is found to be different from the data on the bus as a
result of comparison, it is assumed that the master has lost in arbitration. As a result, the master stops
transmission and enters the reception status.
Because the IEBus is configured of wired AND, the unit having the minimum master address of the units
participating in arbitration (arbitration masters) wins in arbitration.
After a 12-bit master address has been output, only one unit remains in the transmission status as the master
unit.
Next, this master unit outputs a parity bit, determines the master address of other units, and starts outputting
a slave address field.
If one unit occupies the bus as the master, the address set by the IEBus unit address register (UAR) is output.

Figure 17-2. Master Address Field

Master address field
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Master address (12 bits)

Parity

MsB|

LsB
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4

®)

Slave address field

The master outputs the address of the unit with which it is to communicate.

Figure 17-3 shows the configuration of the slave address field.

A parity bit is output after a 12-bit slave address has been transmitted in order to prevent a wrong slave address
from being received by mistake. Next, the master unit detects an acknowledge signal from the slave unit to confirm
that the slave unit exists on the bus. When the master has detected the acknowledge signal, it starts outputting
the control field. During broadcast communication, however, the master does not detect the acknowledge bit
but starts outputting the control field.

The slave unit outputs the acknowledge signal if its slave address matches and if the slave detects that the parities
of both the master address and slave address are even. The slave unit judges that the master address or slave
address has not been correctly received and does not output the acknowledge signal if the parities are odd. At
this time, the master unit is in the standby (monitor) status, and communication ends.

During broadcast communication, the slave address is used to identify group-unit broadcast or all-unit broadcast,
as follows.

If slave address is FFFH: All-unit broadcast communication
If slave address is other than FFFH: Group-unit broadcast communication

Remark The group No. during group-unit broadcast communication is the value of the higher 4 bits of the slave
address.

If one unit occupies the bus as the master, the address set by the IEBus slave address register (SAR) is output.

Figure 17-3. Slave Address Field

Slave address field

Slave address (12 bits) Parity ACK

Group No. Unit No.

2 N N

Control field

The master outputs the operation it requires the slave to perform, by using this field.

The configuration of the control field is as shown in Figure 17-4.

If the parity following the control bit is even and if the slave unit can execute the function required by the master
unit, the slave unit outputs an acknowledge signal and starts outputting the telegraph length field. If the slave
unit cannot execute the function required by the master unit even if the parity is even, or if the parity is odd, the
slave unit does not output the acknowledge signal, and returns to the standby (monitor) status.

The master unit starts outputting the telegraph field after confirming the acknowledge signal.

Ifthe master cannot confirm the acknowledge signal, the master unit enters the standby status, and communication
ends. During broadcast communication, however, the master unit does not confirm the acknowledge signal, and
starts outputting the telegraph length field.

Table 17-2 shows the contents of the control bits.
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Table 17-2. Contents of Control Bits

Bit 3Note 1 Bit 2 Bit 1 Bit 0 Function
0 0 0 0 Read slave status
0 0 0 1 Undefined
0 0 1 0 Undefined
0 0 1 1 Read data and lockNote 2
0 1 0 0 Read lock address (lower 8 bits)Note 3
0 1 0 1 Read lock address (higher 4 bits)Note 3
0 1 1 0 Read slave status and unlockNote 2
0 1 1 1 Read data
1 0 0 0 Undefined
1 0 0 1 Undefined
1 0 1 0 Write command and lockNete 2
1 0 1 1 Write data and lockNete 2
1 1 0 0 Undefined
1 1 0 1 Undefined
1 1 1 0 Write command
1 1 1 1 Write data

Notes 1. The telegraph length bit of the telegraph length field and data transfer direction of the data field change
as follows depending on the value of bit 3 (MSB).
If bit 3 is ‘1’: Transfer from master unit to slave unit
If bit 3 is ‘0’: Transfer from slave unit to master unit
2. This is a control bit that specifies locking or unlocking (refer to 17.1.7 (4) Locking and unlocking).
3. The lock address is transferred in 1-byte (8-bit) units and is configured as follows.

MSB LSB

Control bit: 4H Lower 8 bits

Control bit: 5H Undefined Higher 4 bits
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If the control bit received from the master unit is not as shown in Table 17-3, the unit locked by the master unit
rejects acknowledging the control bit, and does not output the acknowledge bit.

Table 17-3. Control Field for Locked Slave Unit

Bit 3 Bit 2 Bit 1 Bit 0 Function
0 0 0 0 Read slave status
0 1 0 0 Read lock address (lower 8 bits)
0 1 0 1 Read lock address (higher 4 bits)

Moreover, units for which lock is not set by the master unit reject acknowledgment and do not output an
acknowledge bit when the control data shown in Table 17-4 is acknowledged.

Table 17-4. Control Field for Unlocked Slave Unit

Bit 3 Bit 2 Bit 1 Bit 0 Function
0 1 0 0 Read lock address (lower 8 bits)
0 1 0 1 Read lock address (higher 4 bits)

If one unit occupies the bus as the master, the value set to the IEBus control data register (CDR) is output.

Figure 17-4. Control Field

Control field

Control bit (4 bits)  Parity ACK

msB| | |LsB
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Table 17-5. Acknowledge Signal Output Conditions of Control Field

(a) If received control data is AH, BH, EH, or FH

Communication | Lock Status Master Unit Slave Slave Reception Received Control Data
Target (SLVRQ) | (LOCK) Identification Transmission Enable AH BH EH FH
Slave Lock = 1 (Match with PAR) | Enable (ENSLVRX)
Specification = 1| Unlock = 0 Lock Request (ENSLVTX)
No Specification Unit = 1
=0 Other =0
1 0 don’t care don’t care 1 \/
1 1
Other than above X

(b) If received control data is OH, 3H, 4H, 5H, 6H, or 7H

Communication | Lock Status Master Unit Slave Slave Reception Received Control Data
Target (SLVRQ) | (LOCK) Identification Transmission Enable OH | 3H | 4H | 5H | 6H | 7H
Slave Lock = 1 (Match with PAR) | Enable (ENSLVRX)
Specification = 1| Unlock = 0 Lock Request (ENSLVTX)
No Specification Unit = 1
=0 Other =0
1 0 don’t care 0 don’t care \ X X X \ X
1 v x | x RN
1 0 don’t care J x R x x
1 0 J U IRV B
1 VN
Other than above X

Caution If the received control data is other than the data shown in Table 17-5, x (ACK is not returned) is
unconditionally assumed.

Remarks 1. V: ACK is returned.
x: ACK is not returned.
2. ENSLVTX: Bit 4 of IEBus control register 0 (BCRO)
ENSLVRX: Bit 3 of IEBus control register 0 (BCRO)
LOCK: Bit 2 of the IEBus unit status register (USR)
SLVRQ: Bit 6 of the IEBus unit status register (USR)

PAR: IEBus partner address register
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(6) Telegraph length field
This field is output by the transmission side to inform the reception side of the number of bytes of the transmit
data.
The configuration of the telegraph length field is as shown in Figure 17-5.
Table 17-6 shows the relationship between the telegraph length bit and the number of transmit data.

Figure 17-5. Telegraph Length Field

Telegraph length field

Telegraph length bit (8 bits) Parity ACK

wse| | | | | | [iss

Table 17-6. Contents of Telegraph Length Bit

Telegraph Length Bit (Hex) Number of Transmit Data Bytes
01H 1 byte
02H 2 bytes
| |
FFH 255 bytes
00H 256 bytes

The operation of the telegraph length field differs depending on whether the master transmits data (when control
bit 3 is 1) or receives data (when control bit 3 is 0).

(@) When master transmits data
The telegraph length bit and parity bit are output by the master unit. When the slave unit detects that the
parity is even, it outputs the acknowledge signal, and starts outputting the data field. During broadcast
communication, however, the slave unit does not output the acknowledge signal.
If the parity is odd, the slave unit judges that the telegraph length bit has not been correctly received, does
not output the acknowledge signal, and returns to the standby (monitor) status. At this time, the master unit
also returns to the standby status, and communication ends.

(b) When master receives data
The telegraph length bit and parity bit are output by the slave unit and the synchronization signals of bits
are output by the master unit. If the master unit detects that the parity bit is even, it outputs the acknowledge
signal.
If the parity bit is odd, the master unit judges that the telegraph length bit has not been correctly received,
does not output the acknowledge signal, and returns to the standby (monitor) status. At this time, the slave
unit also returns to the standby status, and communication ends.
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)
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Data field

This is data output by the transmission side.

The master unit transmits to or receives data from a slave unit by using the data field.
The configuration of the data field is as shown below.

Figure 17-6. Data Field

Data field (number specified by telegraph length field)

One data

Control bit (8 bits) Parity ACK Parity ACK

we| | | | | | [iss

Following the data bit, the parity bit and acknowledge bit are respectively output by the master unit and slave
unit.

Use broadcast communication only for when the master unit transmits data. At this time, the acknowledge bit
is ignored.

The operation differs as follows depending on whether the master transmits or receives data.

(a) When master transmits data
When the master unit writes data to a slave unit, the master unit transmits the data bit and parity bit to the
slave unit. If the parity is even and the receive data is not stored in the IEBus data register (DR) when the
slave unit has received the data bit and parity bit, the slave unit outputs an acknowledge signal. If the parity
is odd or if the receive data is stored in the IEBus data register (DR), the slave unit rejects receiving the data,
and does not output the acknowledge signal.
If the slave unit does not output the acknowledge signal, the master unit transmits the same data again. This
operation continues until the master detects the acknowledge signal from the slave unit, or the data exceeds
the maximum number of transmit bytes.
If there is more data and the maximum number of transmit bytes is not exceeded when the parity is even
and when the slave unit outputs the acknowledge signal, the master unit transmits the next data.
During broadcast communication, the slave unit does not output the acknowledge signal, and the master
unit transfers 1 byte of data at a time. If the parity is odd or the DR register is storing receive data after the
slave unit has received the data bit and parity bit during broadcast communication, the slave unit judges that
reception has not been performed correctly, and stops reception.
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(b) When master receives data

When the master unit reads data from a slave unit, the master unit outputs a sync signal corresponding to
all the read bits.

The slave unit outputs the contents of the data and parity bits to the bus in response to the sync signal from
the master unit.

The master unit reads the data and parity bits output by the slave unit, and checks the parity.

If the parity is odd, or if the DR register is storing a receive data, the master unit rejects accepting the data,
and does not output the acknowledge signal. If the maximum number of transmit bytes is within the value
that can be transmitted in one communication frame, the master unit repeats reading the same data.

If the parity is even and the DR register is not storing a receive data, the master unit accepts the data and
returns the acknowledge signal. If the maximum number of transmit bytes is within the value that can be
transmitted in one frame, the master unit reads the next data.

Caution Do not operate master reception in broadcast communication, because the slave unit
cannot be defined and data transfer cannot be performed correctly.

(8) Parity bit
The parity bit is used to check that if the transmit data has no error.

©)

The parity bit is appended to each data of the master address, slave address, control, telegraph length, and data
bits.

The parity bit is even parity. If the number of bits in data that are ‘1’ is odd, the parity bit is ‘1°. If the number
of bits in the data that are ‘1’ is even, the parity bit is ‘0.

Acknowledge bit
During normal communication (communication from one unit to another), an acknowledge bit is appended to the

following locations to check that the data has been correctly received.

End of slave address field
End of control field

End of telegraph length field
End of data field

The definition of the acknowledge bit is as follows.

¢ 0: Indicates that the transmit data is recognized (ACK).

1: Indicates that the transmit data is not recognized (NACK).

During broadcast communication, however, the contents of the acknowledge bit are ignored.
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(a) Acknowledge bit at end of slave address field
The acknowledge bit at the end of the slave address field serves as NACK in any of the following cases,
and transmission is stopped.

(b)

If the parity of the master address bit or slave address bit is incorrect
If a timing error (error in bit format) occurs
If a slave unit does not exist

Acknowledge bit at end of control field
The acknowledge bit at the end of the control field serves as NACK in any of the following cases, and
transmission is stopped.

If the parity of the control bit is incorrect

If control bit 3 is ‘1’ (write operation) when the slave reception enable flag (ENSLVRX) is not set (1) (refer
to 17.4.2 (1) IEBus control register 0 (BCRO0))

If the control bit indicates reading of data (3H or 7H) when the slave transmission enable flag (ENSLVTX)
is not set (1) (refer to 17.4.2 (1) IEBus control register 0 (BCRO0))

If a unit other than the one that set locking requests control bits 3H, 6H, 7H, AH, BH, EH, or FH when
locking is set

If the control bit indicates reading of a lock address (4H or 5H) even when locking is not set

If a timing error occurs

If the control bit is undefined

Cautions 1. Even when the slave transmission enable flag (ENSLVTX) is not set (1), ACK may be

returned if control data is received (refer to Table 17-5).

2. Even when the slave reception enable flag (ENSLVRX) is not set (1), NACK is always

returned by the acknowledge bit in the control field if data/command writing control
data is acknowledged.
Slave reception can be disabled (communication stopped) by the ENSLVRX flag only
in the case of individual communication. In the case of broadcast communication,
communication is maintained and the data request interrupt (INTIE1) or IEBus end
interrupt (INTIE2) is generated.
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(c) Acknowledge bit at end of telegraph length field
The acknowledge bit at the end of the telegraph length field serves as NACK in any of the following cases,
and transmission is stopped.

e If the parity of the telegraph length bit is incorrect
e If a timing error occurs

(d) Acknowledge bit at end of data field
The acknowledge bit at the end of the data field serves as NACK in any of the following cases, and
transmission is stopped.

o If the parity of the data bit is incorrectNete
¢ If a timing error occurs after the preceding acknowledge bit has been transmitted
e If receive data is stored in the IEBus data register (DR) and no more data can be receivedNote

Note In this case, when the communication executed is individual communication, if the maximum number
of transmit bytes is within the value that can be transmitted in one frame, the transmission side
executes transmission of that data field again. For broadcast communication, the transmission side
does not execute transmission again, a communication error occurs on the reception side and
reception stops.

17.1.7 Transfer data

(1) Slave status
The master unit can learn why the slave unit did not return the acknowledge bit (ACK) by reading the slave status.
The slave status is determined according to the result of the last communication the slave unit has executed.
All the slave units can supply information on the slave status.
The configuration of the slave status is shown below.
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Figure 17-7. Bit Configuration of Slave Status

MSB LSB
| Bit7 | Bite | Bits | Bit4a | Bt3 | Bt2 | Bit1 | Bito |
Bit QNete ! Meaning
0 Transmit data is not written in IEBus data register (DR)
1 Transmit data is written in IEBus data register (DR)
Bit 1Note2 Meaning
0 Receive data is not stored in IEBus data register (DR)
1 Receive data is stored in IEBus data register (DR)
Bit 2 Meaning
0 Unit is not locked

1 Unit is locked

Bit 3 Meaning
0 Fixedto 0

Bit 4Note3 Meaning
0 Slave transmission is stopped
1 Slave transmission is ready
Bit 5 Meaning

0 Fixed to 0

Bit 7 Bit 6 Meaning
0 0 Mode 0 Indicates the highest mode supported by
unithete4,
0 1 Mode 1
1 0 Mode 2
1 1 Not used

Notes 1. After reset: Bit 0 is set to 1.
2. The receive buffer size is 1 byte.
3. When the uPD178098A Subseries serves as a slave unit, this bit corresponds to the status indicated
by bit 4 (ENSLVTX) of IEBus control register 0 (BCRO).
4. When the uPD178098A Subseries serves as a slave unit, bits 7 and 6 are fixed to ‘0’ and ‘1’ (mode
1), respectively.
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(2) Lock address
When the lock address is read (control bit: 4H or 5H), the address (12 bits) of the master unit that has issued
the lock instruction is configured in 1-byte units as shown below and read.

Figure 17-8. Configuration of Lock Address

MSB LSB
Control bit: 4H Lower 8 bits
Control bit: 5H Undefined Higher 4 bits
(3) Data
If the control bit indicates reading of data (3H or 7H), the data in the data buffer of the slave unit is read by the
master unit.

If the control bit indicates writing of data (BH or FH), the data received by the slave unit is processed according
to the operation rule of that slave unit.

(4) Locking and unlocking
The lock function is used when a message is transferred in two or more communication frames.
The unitthatis locked does not receive data from units other than the one that has locked the unit (either individual
or broadcast communication).
A unit is locked or unlocked as follows.

(a) Locking
If the communication frame is completed without succeeding to transmit or receive data of the number of
bytes specified by the telegraph length bit after the telegraph length field has been transmitted or received
(ACK = 0) by the control bit that specifies locking (3H, AH, or BH), the slave unit is locked by the master
unit. At this time, the bit (bit 2) in the byte indicating the slave status is set to ‘1’.

(b) Unlocking
After transmitting or receiving data of the number of data bytes specified by the telegraph length bit in one
communication frame by the control bit that has specified locking (3H, AH, or BH), or the control bit that has
specified unlocking (6H), the slave unit is unlocked by the master unit. At this time, the bit related to locking
(bit 2) in the byte indicating the slave status is reset to ‘0’.
Locking or unlocking is not performed during broadcast communication.

The locking and unlocking conditions are shown below.
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* (c) Lock setting conditions
Control Data Broadcast Communication Individual Communication
Communication End Frame End Communication End Frame End
3H, 6HNote Not locked Lock set
AH, BH Not locked Not locked Not locked Lock set
OH, 4H, 5H, EH, FH Not locked Not locked Not locked Not locked
* (d) Lock release conditions (while locked)
Control Data Broadcast Communication from Lock Request Unit | Individual Communication from Lock Request Unit
Communication End Frame End Communication End Frame End
3H, 6HNote Unlocked Remains locked
AH, BH Unlocked Unlocked Unlocked Remains locked
OH, 4H, 5H, EH, FH Remains locked Remains locked Remains locked Remains locked

Note The frame end of control data 6H (slave status read/unlock) occurs when the parity in the data field is odd,
and when the acknowledge signal from the IEBus unit is repeated up to the maximum number of transfer
bytes without being output.

17.1.8 Bit format

*  Caution The logic on the IEBus I/O pin of the yPD178098A Subseries and the logic of the IEBus protocol
(data on the IEBus) are inverted values. The following describes the case of the IEBus protocol.
<Example: Start bit>
e uPD178098A: High level
¢ I[EBus protocol: Low level

The format of the bits constituting the communication frame of the IEBus is shown below.

Figure 17-9. Bit Format of IEBus

Logic “1”
Logic “0”
| | | |
\ Preparation \Synchronization\ Data period \ Stop period
period period
Preparation period: First low-level (logic “1”) period
Synchronization period: Next high-level (logic “0”) period
Data period: Period indicating value of bit
Stop period: Last low-level (logic “1”) period

The synchronization period and data period are almost equal to each other in length.
The IEBus synchronizes each bit. The specifications on the time of the entire bit and the time related to the period
allocated to that bit differ depending on the type of the transmit bit, or whether the unit is the master unit or a slave unit.
* The master and slave units monitor whether each period (preparation period, synchronization period, data period, and
stop period) is output for specified time while they are communicating. If a period is not output for the specified time, the
master and slave units report a timing error, immediately terminate communication and enter the standby status.
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17.2 Simple IEBus Controller

The uPD178098A Subseries has a newly developed IEBus controller. The functions of this IEBus controller are
limited compared with the conventional IEBus interface functions of the existing models (provided in the 78K/0 Series).
Table 17-7 compares the conventional IEBus interface functions of the existing models with the simple IEBus
interface functions of the uPD178098A Subseries.

Table 17-7. Comparison of Existing and Simple IEBus Interface Functions

Item

Conventional Functions (IEBus of 78K/0)

Simple Version (IEBus Incorporated in
uPD178098A Subseries)

Communication mode

Modes 0, 1, and 2

Fixed to mode 1

Internal system clock

fx = 6.0 (6.29) MHz

fx = 6.3 MHzNete 1

Internal buffer size

Transmit buffer: 33 bytes (FIFO)
Receive buffer: 40 bytes (FIFO)
Up to 4 frames can be received.

Transmit/receive data register

CPU processing

Communication start preprocessing (data setting)

Setting and management of each communication
status

Writing data to transmit buffer
Reading data from receive buffer

Communication start preprocessing (data setting)

Setting and management of each communication
status

1-byte data write processing
1-byte data read processing
Management of transmission such as slave status

Management of multiple frames, master request
reprocessing

Hardware processing

Bit processing (modulation/demodulation, error
detection)

Field processing (generation/management)
Arbitration result detection

Parity processing (generation/error detection)
Automatic return of ACK/NACK

Automatic data reprocessing

Automatic master reprocessingN°t® 2

Transmission processing such as automatic slave
status transmission

Multiple-frame reception processing

Bit processing (modulation/demodulation, error
detection)

Field processing (generation/management)
Arbitration result detection

Parity processing (generation/error detection)
Automatic return of ACK/NACK

Automatic data transmission reprocessing

Notes 1. The uPD178098A Subseries supports the IEBus controller when fx = 6.3 MHz. When fx = 4.5 MHz,
the IEBus controller is not supported.

2. Automatic master reprocessing: Aftergenerating the master request, if the master requestis cancelled
by arbitration, etc., the bus is released and the master automatically
re-issues the master request.
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17.3 IEBus Controller Configuration

The block diagram of the IEBus controller is shown below.

Figure 17-10.

IEBus Controller Block Diagram

CPU interface block

UU@@@@@@@ S

registers

Internal |BCRO [ uarciz)| | sariia | [ Parciz) | | cor)] | oLre) | [ Dree) | usre)] [ 1sre)| [ ssre) | | scrie)] [cerie)]:
8 ‘ 8p 48p 48 8
,,,,,,, 12”,,‘12%, 12””‘8‘””‘8%, 8‘
8 Internal bus

TX0/P120 o< | MPX
PM120

P120 output |
latch ;

Comparator

TX/RX
Parity generation Conflict
error detection detection

L

-

CLK—

Bit processing block

ACK
generation

Interrupt
controller

—— INT request
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Field processing block

j5> Internal bus R/W
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(1) Ha

rdware configuration and functions

The IEBus mainly consists of the following six internal blocks.

(a)

(b)

()

(d)

(e)

()

CPU interface block
Interrupt control block
Internal registers

Bit processing block
Field processing block
IEBus interface block

CPU interface block
This is a control block that interfaces between the CPU and the |IEBus.

Interrupt control block
This control block transfers interrupt request signals from the IEBus to the CPU.

Internal registers
These registers set data to the control registers and fields that control the IEBus (for the internal registers,
refer to 17.4 Internal Registers of IEBus Controller).

Bit processing block
This block generates and disassembles bit timing, and mainly consists of a bit sequence ROM, 8-bit preset
timer, and comparator.

Field processing block
This block generates each field in the communication frame, and mainly consists of a field sequence ROM,
4-bit down counter, and comparator.

IEBus interface block

This is the interface block for an external driver/receiver, and mainly consists of a noise filter, shift register,
conflict detector, parity detector, parity generator, and ACK/NACK generator.
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17.4 Internal Registers of IEBus Controller

17.4.1 Internal register list

Table 17-8. Internal Registers of IEBus Controller

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

FFBOH | IEBus control register 0 BCRO R/W v v - 00H

FFB2H | IEBus unit address register UAR - - v 0000H

FFB4H | IEBus slave address register SAR - - v

FFB6H | IEBus partner address register PAR R - - v

FFB8H | IEBus control data register CDR R/W - v - 01H

FFB9H | IEBus telegraph length register DLR - v -

FFBAH | IEBus data register DR - v - 00H

FFBBH | IEBus unit status register USR R v v -

FFBCH | IEBus interrupt status register ISR R/W \/ v -

FFBDH | IEBus slave status register SSR R v v - 41H

FFBEH | IEBus communication success counter SCR - \/ - 01H

FFBFH | IEBus transmit counter CCR - y - 20H

Cautions 1. The above registers are mapped to the SFR space.

386

2. Registers UAR, SAR, and PAR must be manipulated in word units.
3. Instructionsin Read Modify Write mode (such as XCH and ROL4) cannot be used for DR, CDR,
DLR, and ISR.
4. When using the IEBus, set port mode register 12 (PM12) and the output latch of port 12 (P12)
as follows.
Set the P120/TX0 pin in the output mode (PM120 = 0, P120 = 0)
Set the P121/RX0 pin in the input mode (PM121 = 1)
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17.4.2 Description of internal registers
The internal registers incorporated in the IEBus controller are described below.

(1) IEBus control register 0 (BCRO0)

Figure 17-11. Format of IEBus Control Register 0 (BCRO)

After reset: 00H R/W  Address: FFBOH

<7> <6> <5> <4> <3> 2 1 0
BCRO [ENIEBUS| MSTRQ | ALLRQ |ENSLVTX|ENSLVRX] o | o | o |
ENIEBUS| Communication enable flag
0 IEBus unit stopped
1 IEBus unit active
MSTRQ Master request flag
0 IEBus unit not requested as master
1 IEBus unit requested as master
ALLRQ Broadcast request flag
0 Individual communication requested
1 Broadcast communication requested
ENSLVTX Slave transmission enable flag
0 Slave transmission disabled
1 Slave transmission enabled
ENSLVRX Slave reception enable flag
0 Slave reception disabled
1 Slave reception enabled

Cautions 1.

While the IEBus is operating as the master, writing to the BCRO register (including bit
manipulation instructions) is disabled until either the end of that communication or frame,
or until communication is stopped by the occurrence of an arbitration-loss communication
error. Master requests cannot therefore be nested. However, if the IEBus is specified as a
slave while a master request is being held pending, the BCRO register can be written to at
the end of communication to clear the communication end/frame end flag. This is also the
case when communication has been forcibly stopped (ENIEBUS flag = 0).
If a bit manipulation instruction for the BCRO register conflicts with a hardware reset of the
MSTRAQ flag, the BCRO register may not operate normally. The following countermeasures
are recommended in this case.
o Because the hardware reset is instigated in the acknowledgment period of the slave
address field, be sure to observe Caution 1 of (b) Master request flag (MSTRQ) below.
* Be sure to observe the caution above regarding writing to the BCRO register.
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(a) Communication enable flag (ENIEBUS)...Bit 7
<Set/reset conditions>
Set: By software
Reset: By software

Caution Before setting the ENIEBUS flag, make the following setting.

o Set the interrupt enabled (El) status and enable the interrupt servicing of INTIE2
(IEMK2 = 0).
o Set the IEBus unit address register (UAR)

(b) Master request flag (MSTRQ)...Bit 6
<Set/reset conditions>
Set: By software
Reset: By hardware, at the end of the arbitration period. Because the reset signal is generated in the ACK
period of the slave address field, if a MSTRQ flag setting instruction is sent in this period, it will
be invalid.

Cautions 1. The master request should be resent by software following a loss in arbitration.
When resending the master request in this case, set (1) the MSTRQ flag after securing
the required wait period. This flag is unable to be set (1) before the end of this wait

period.

INTIE2 interrupt signal Start interrupt generation
MSTRQ flag . ) |_
reset signal Forcible reset period

| |
™ Wait period (61.7 s MAX) |

2. When a master request has been sent and bus mastership acquired, do not set the
MSTRQ, ENSLVTX, or ENSLVRX flag until the end of communication (i.e. the ISR
register’'s communication end/frame end flag is set (1)) as setting these flags disables
interrupt request generation. However, these flags can be set if communication has
been aborted.

(c) Broadcast request flag (ALLRQ)...Bit 5
<Set/reset conditions>
Set: By software
Reset: By software

Caution When requesting broadcast communication, always set the ALLRQ flag, then the MSTRQ
flag.
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(d) Slave transmission enable flag (ENSLVTX)...Bit 4
<Set/reset conditions>
Set: By software
Reset: By software

Cautions 1. Clear the ENSLVTX flag before setting the MSTRQ flag when making a master request.
If a slave transmission request is sent in slave mode when the ENSLVTX flag is unset,
NACK n the control field will be returned. Moreover, when returning to an enabled state
from a disabled state, transmission becomes valid from the next frame.

2. If the controller receives control data for data/control writing (3H, 7H) when the
ENSLVTX flag is unset, NACK will be returned via the acknowledge bit of the control
field.

3. The ENSLVTX flag will be set and the status interrupt (INTIE2) will be generated when
the control data (OH, 4H, 5H, 6H) of a slave status request is returned, even if the
ENSLVTX flag is in the reset status. At this time, the datareturned via the acknowledge
bit of the control field (ACK or NACK) depends on the status of the local unit and the
received control data.

(e) Slave reception enable flag (ENSLVRX)...Bit 3
<Set/reset conditions>
Set: By software
Reset: By software

Caution If the ENSLVRX flag is reset when the IEBus is busy with other CPU processing, NACK will
be returned via the acknowledge bit of the control field, making it possible to disable slave
reception. Note that resetting this flag only disables individual communication, not
broadcast communication. If the received slave address matches the unit address during
individual communication, however, the start interrupt (INTIE2) is generated. If CPU
processing has priority (neither reception nor transmission occurs), be sure to stop the
IEBus unit by resetting the ENIEBUS flag. Note also that when returning to an enabled state
from a disabled state, transmission becomes valid from the next frame.
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(2) IEBus unit address register (UAR)
This register sets the local address of an IEBus unit. This register must be always set before starting

communication.
The unit address (12 bits) is set to bits 11 to 0.
Figure 17-12. Format of IEBus Unit Address Register (UAR)
After reset: 0000H R/W  Address: FFB2H

1514 13 12 11 10 9 8 7 6 5 4 3 2 1 0
uar| o] o]0 o]

(3) IEBus slave address register (SAR)
When a master request is issued, the value of this register is reflected in the value of the transmit data in the slave
address field. This register must always be set before starting communication.
The slave address (12 bits) is set to bits 11 to 0.

Figure 17-13. Format of IEBus Slave Address Register (SAR)

After reset: 0000H R/W  Address: FFB4H

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
sapfojofofof | [ [ I [ [ T [ [ ] ]|

(4) IEBus partner address register (PAR)

(a) Slave unit
The value of the receive data in the master address field (address of the master unit) is written to this register.
If a request “4H” to read the lock address (lower 8 bits) is received from the master, the CPU must read the
value of this register, and write it to the lower 8 bits of the IEBus data register (DR).
If a request “5H” to read the lock address (higher 4 bits) is received from the master, the CPU must read
the value of this register and write the data of the higher 4 bits to DR.
The partner address (12 bits) is set to bits 11 to 0.

Figure 17-14. Format of IEBus Partner Address Register (PAR)

After reset: 0000H R Address: FFB6H

1514 13 12 11 10 9 8 7 6 5 4 3 2 1 0
pafofofofof | [ [ I I [ [ T [ [ ]]
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(5) IEBus control data register (CDR)

(a) Master unit
The data of the lower 4 bits is reflected in the data transmitted in the control field. When a master request
is issued, this register must be set in advance before starting communication.

(b) Slave unit
The data received in the control field is written to the lower 4 bits.
When the status transmission flag (STATUSF) of the IEBus interrupt status register (ISR) is set, an interrupt
(INTIE2) is issued, and each processing should be performed by software, according to the value of the lower
4 bits of CDR.

Figure 17-15. Format of IEBus Control Data Register (CDR)

After reset: 01H R/W  Address: FFB8H

6 5 4 3 2 1 0
coR | o | o | o | o | coms | core | comri | coro |

CDR3 | CDR2 CDR1 CDRO Function

0 0 0 0 Read slave status

0 0 0 1 Undefined

0 0 1 0 Undefined

0 0 1 1 Read data and lock

0 1 0 0 Read lock address (lower 8 bits)

0 1 0 1 Read lock address (higher 4 bits)

0 1 1 0 Read slave status and unlock

0 1 1 1 Read data

1 0 0 0 Undefined

1 0 0 1 Undefined

1 0 1 0 Write command and lock

1 0 1 1 Write data and lock

1 1 0 0 Undefined

1 1 0 1 Undefined

1 1 1 0 Write command

1 1 1 1 Write data

Cautions 1. Because the slave unit must judge whether the received datais a “command” or “data”,
it must read the value of this register after completing communication.

2. Instructions in Read Modify Write mode (such as XCH and ROL4) cannot be used for
CDR.

3. If the master unit sets an undefined value, NACK is returned from the slave unit, and
communication is aborted. During broadcast communication, however, the master
unit continues communication without recognizing ACK/NACK; therefore, make sure
not to set an undefined value to this register during broadcast communication.

4. In the case of defeat in a bus conflict and a slave status request is received from the
unit that won, the IEBus telegraph length register (DLR) is fixed to “01H”. Therefore,
when a re-request of the master follows, the appointed telegraph length must be set
to DLR.
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* (c) Slave status return operation
When the IEBus receives a request to transfer from master to slave status (control data: OH, 6H) or a lock
address request (4H, 5H), whether ACK in the control field is returned or not depends on the status of the

IEBus unit.
(1) If OH or 6H control data was received in the unlocked state — ACK returned
(2) If 4H or 5H control data was received in the unlocked state — ACK not returned
(3) If OH, 4H, 5H or 6H control data was received in the locked
state from the unit that sent the lock request — ACK returned
(4) If OH, 4H, or 5H control data was received in the locked state
from other than the unit that sent the lock request — ACK returned

(5) If 6H control data was received in the locked state from other
than the unit that sent the lock request — ACK not returned

In all of the above cases, the acknowledgment of a slave status or lock address request will cause the
STATUSF flag (bit 4 of the ISR register) to be set and the status interrupt request (INTIE2) to be generated.
The generation timing is at the end of the control field parity bit (at the start of the ACK bit). However, if ACK
is not returned, a NACK error is generated after the ACK bit, and communication is terminated.

Figure 17-16. Interrupt Generation Timing (for (1), (3), and (4))

Control field Telegraph length field —
IEBus sequence Control bits (4 bits) Parity bit (1 bit) ACK bit (1 bit) Telegraph length bits (8 bits)
INTIE2 —|
Flag set by reception Flag reset by CPU processing
of OH, 4H, 5H, 6H
STATUSF flag

Internal NACK flag |

Figure 17-17. Interrupt Generation Timing (for (2) and (5))

Control field

IEBus sequence Control bits (4 bits) Parity bit (1 bit) ACK bit (1 bit) Terminated by communication error

INTIE2 —| —|

Flag reset by

Flag set by reception CPU processing
of OH, 4H, 5H, 6H

STATUSF flag

Error generated by
—|detection of NACK

Internal NACK flag
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Because in (4) and (5) the communication was from other than the unit that sent the lock request while the
IEBus was in the locked state, the start or communication complete interrupt (INTIE2) is not generated, even
if the IEBus unit is the communication target. The STATUSF flag (bit 4 of the IEBus interrupt status register
(ISR)) is set and the status interrupt request (INTIE2) generated, however, if a slave status or lock address
request is acknowledged. Note that even if the same control data is received while the IEBus is in the locked
state, the interrupt generation timing for INTIE2 differs depending on whether the master unit (3) or another
unit (4) is requesting the locked state.

Figure 17-18. Timing of INTIE2 Interrupt Generation in Locked State (for (4) and (5))

IEBus sequence Start | Broad- Master address Slave address Control -Il-glr?gt;]a,ﬁn DataNote
q cast 12+ P) (12+P +A) 4+P+A) (8+P+A) B8+P+A)
INTIE2 —|
Status
interrupt

Note The telegraph length and data modes are not set in the case of (5) because ACK is not returned.
Remark P: Parity bit, A: ACK/NACK bit

Figure 17-19. Timing of INTIE2 Interrupt Generation in Locked State (for (3))

Start | Broad- Master address Slave address Control | Telegraph length Data
cast (12+P) (12+P+A) 4+P+A)|[(B+P+A)|[(B+P+A)

LT |

Start Status Communication
interrupt interrupt complete interrupt

IEBus sequence

Remark P: Parity bit, A: ACK/NACK bit
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(6) IEBus telegraph length register (DLR)

(a) Transmission unit (master transmission, slave transmission)
The data of this register is reflected in the data transmitted in the telegraph length field and indicates the
number of bytes of the transmit data. This register must be set in advance before transmission.

(b) Reception unit (master reception, slave reception)
The receive data in the telegraph length field transmitted from the transmission unit is written to this register.

Remark The IEBus telegraph length register consists of a write register and a read register. Consequently,
data written to this register cannot be read as is. The data that can be read is the data received
during IEBus communication.

Figure 17-20. Format of IEBus Telegraph Length Register (DLR)

After reset: 01H R/W  Address: FFB9H

7 6 5 4 3 2 1 0
DR | | | | | | | | |
Bit Setting Number of communication
value data bytes

0,0} 0|0]O0O]O0]| 01 01H 1 byte
o/ 0]0]0|O0]|O 1 0 02H 2 bytes

0|0 1 O[O0 0] O0]|O 20H 32 bytes

1 1 1 1 1 1 1 1 FFH 255 bytes
o,0}0j0|O0O]O0]O0]|O0 00H 256 bytes

Cautions 1. If the master issues a request “OH, 4H, 5H, or 6H” to transmit a slave status and lock
address (higher 4 bits, lower 8 bits), the contents of this register are set to “01H” by
hardware; therefore, the CPU does not have to set this register.

2. In the case of defeat in a bus conflict and a slave status request is received from the
unit that won, the IEBus telegraph length register (DLR) is fixed to “01H”. Therefore,
when a re-request of the master follows, the appointed telegraph length must be set
to DLR.

3. Instructions in Read Modify Write mode (such as XCH and ROL4) cannot be used for
DLR.
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* (7) IEBus data register (DR)
The IEBus data register (DR) sets the communication data. The communication data (8 bits) is set to bits 7 to
0.

Remark The IEBus data register consists of a write register and a read register. Consequently, data written
to this register cannot be read as is. The data that can be read is the data received during IEBus
communication.

(a) Transmission unit

The data (1 byte) written to the IEBus data register (DR) is stored in the shift register of the IEBus. It is then
output from the most significant bit, and an interrupt (INTIE1) is issued to the CPU each time 1 byte has been
transmitted. If NACK is received after 1-byte data has been transmitted during individual transfer, the next
data is not transferred from DR to the shift register, and the same data is retransmitted. At this time, INTIE1
is not generated.

INTIE1 is issued when the IEBus interface shift register stores the IEBus data register (DR) value. However,
when the last byte and 32nd byte (the last byte of 1 communication frame) are stored in the shift register,
INTIE1 is not issued.

(b) Reception unit
One byte of the data received by the shift register of the IEBus interface block is stored to this register.
Each time 1 byte has been correctly received, an interrupt (INTIE1) is issued.

Figure 17-21. Format of IEBus Data Register (DR)

After reset: 00H R/W  Address: FFBAH

oR | | | | | | | | |

Cautions 1. If the next data is not set in time while the transmission unit is set, an underrun occurs,
and a communication error interrupt (INTIE2) occurs, stopping transmission.

2. When the IEBus is a receiving unit, if the reading of the data is too late for the next data
reception timing, the unit will enter the overrun state. At this time, during individual
communication reception, NACK will be returned at the acknowledge bit of the data
field, and the master unit will be requested to retransmit the data. If an overrun error
occurs during broadcast communication reception, the communication error interrupt
(INTIE2) is generated.

3. Instructions in Read Modify Write mode (such as XCH and ROL4) cannot be used for
DR.
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(8) IEBus unit status register (USR)

Figure 17-22. Format of IEBus Unit Status Register (USR)

IEBus CONTROLLER (uPD178096A, 178098A, 178F098 ONLY)

After reset: 0OH

R Address: FFBBH

<6> <5> <4> <3> <2>

usR | o |SLVRQ| ARBIT JALLTRNS| ACK | LOCK | o | o
SLVRQ Slave request flag
0 No request from master to slave
1 Request from master to slave
ARBIT Arbitration result flag
0 Arbitration win
1 Arbitration loss
ALLTRNS Broadcast communication flag
0 Individual communication status
1 Broadcast communication status
ACK ACK transmission flag
0 NACK transmitted
1 ACK transmitted
LOCK Lock status flag
0 Unit unlocked
1 Unit locked

(a) Slave request flag (SLVRQ)...Bit 6
A flag indicating whether there has been a slave request from the master.

<Set/reset conditions>
Set:

if the received slave address is FFFH during broadcast communication reception), this flag is set

by hardware

Reset:
same as the

When the unit is requested as a slave (if the received slave address and unit UAR match during
individual communication reception, or if the higher 4 bits of the received slave address match or

when the acknowledge period of the slave address field starts.

This flag is reset by hardware when the unit is not requested as a slave. The reset timing is the
set timing. If the unit is requested as a slave immediately after communication has
been correctly received (when the SLVRQ bit is set), and if a parity error occurs in the slave address

field for that communication, the flag is not reset.
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(b) Arbitration result flag (ARBIT)...Bit 5
A flag that indicates the result of arbitration.
<Set/reset conditions>
Set: When the data output by the IEBus unit during the arbitration period does not match the bus line
data after the master request.
Reset: By the start bit timing.

Cautions 1. The timing at which the arbitration result flag (ARBIT) is reset differs depending on
whether the unit outputs a start bit.

o If start bit is output: The flag is reset at the output start timing.
o If start bitis not output: The flag is reset at the detection timing of the start bit (approx.
160 us after output)

2. The flag is reset at the detection timing of the start bit if the other unit outputs the start
bit earlier and the local unit does not output the start bit after the master request.

(c) Broadcast communication flag (ALLTRNS)...Bit 4
A flag that indicates whether the unit is performing broadcast communication. The contents of the flag are
updated in the broadcast field of each frame.
Except for initialization (reset) by system reset, the set/reset conditions vary depending on the receive data
of the broadcast field bit.
<Set/reset conditions>
Set: When “Broadcast” is received by the broadcast field
Reset: When “individual” is received by the broadcast field, or upon the input of a system reset.

Caution The broadcast communication flag is updated regardless of whether the IEBus is the
communication target or not.

Figure 17-23. Example of broadcast Communication Flag Operation

IEBus sequencel Start | 2% w11 | 10 Start |hdviduel| M11 | M10
Broadcast
communication flag ——---
Set Not reset Reset
by start bit

(d) ACK transmission flag (ACK)...Bit 3
A flag that indicates whether ACK has been transmitted in the AC_erriod of the ACK field when the IEBus
is a receiving unit. The contents of the flag are updated in the ACK period of each frame. However, if the
internal circuit is initialized by the occurrence of a parity error, etc., the contents are not updated in the ACK
period of that field.
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(e) Lock status flag (LOCK)...Bit 2
A flag that indicates whether the unit is locked.

<Set/reset conditions>

Set:

Reset:

Caution

Remark

When the communication end flag (ENDTRNS) goes low level and the frame end flag (ENDFRAM)
goes high level after receipt of a lock specification (3H, 6H, AH, BH) in the control field.

When the communication enable flag (ENIEBUS) is cleared.

When the communication endflag is set after receipt of alock release (3H, 6H, AH, BH) in the control
field.

Lock specification/release is not possible in broadcast communication. In the lock status,
individual communication from a unit other than the one that requests locking is not
acknowledged. However, even communication from a unit other than the one that requests
locking is acknowledged as long as the communication is a slave status request.

ENDTRNS: Bit 3 of the IEBus interrupt status register (ISR)

ENDFRAM: Bit 2 of the IEBus interrupt status register (ISR)
ENIEBUS: Bit 7 of IEBus control register 0 (BCRO0)
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(9) IEBus interrupt status register (ISR)
This register indicates the status when the IEBus issues an interrupt. ISR is read to generate an interrupt, after
which the specified interrupt servicing is carried out.
Reset the ISR register after reading it. Until it is reset, the INTIE2 interrupt signal is not generated (nor held

pending).

To reset the ISR register, reset each flag, satisfying the reset conditions in Table 17-9.

Table 17-9. Reset Conditions of Flags in ISR Register

Flag Name

Reset Condition

Processing Example

IEERR, STARTF, STATUSF

Byte write operation of ISR register. Any value can
be written.

ISR = 00H, etc.

ENDTRNS, ENDFRAM

Set MSTRQ, ENSLVTX, or ENSLVRX flag.

BCRO register = 88H or ENSLVTX =

1, etc.

Caution Even if 0is written to the ENDTRNS or ENDFRAM flag by accessing the ISR register, these flags
are not reset. Reset them as described above.

Remark MSTRQ: Bit 6 of IEBus control register 0 (BCRO)
ENSLVTX: Bit 4 of IEBus control register 0 (BCRO)
ENSLVRX: Bit 3 of IEBus control register 0 (BCRO)
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Figure 17-24. Format of IEBus Interrupt Status Register (ISR)

After reset: 0OH R/W  Address: FFBCH

7 <6> <5> <4> <3> <2> 1 0
ISR [ o | IEERR | STARTF|STATUSFIENDTRNSENDFRAM| 0 o |
IEERR Communication error flag (during communication)
0 No communication error
1 Communication error
STARTF Start interrupt flag
0 Start interrupt does not occur
1 Start interrupt occurs
STATUSF Status transmission flag (slave)
0 No slave status/lock address (higher 4 bits, lower 8 bits) transmission
request
1 Slave status/lock address (higher 4 bits, lower 8 bits) transmission request
ENDTRNS Communication end flag
0 Communication does not end after the number of bytes set in the
telegraph length field have been transferred
1 Communication ends after the number of bytes set in the telegraph length
field have been transferred
ENDFRAM Frame end flag
0 The frame (transfer of the maximum number of bytes (32 bytes)
prescribed by mode 1) did not end
1 The frame (transfer of the maximum number of bytes (32 bytes)
prescribed by mode 1) ended

Caution Each of IEERR, STARTF, STATUSF, ENDTRNS, and ENDFRAM are generation triggers for the
interrupt request signal (INTIE2) (see Figure 17-28 Configuration of Interrupt Control Block).
Because of this, if any one of these interrupt triggers has been set, no new interrupt will be
generated by a subsequent trigger. Clear the flag of the interrupt source by the interrupt
servicing program before the next interrupt occurs.
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(a)

(b)

(c)

(d)

(e)

Communication error flag (IEERR)...Bit 6
A flag that indicates the detection of an error during communication.
<Set/reset conditions>
Set: The flag is set if a timing error, parity error (except in the data field), NACK reception (except in
the data field), underrun error, or overrun error (that occurs during broadcast communication
reception) occurs.
Reset: By software

Start interrupt flag (STARTF)...Bit 5
A flag that indicates whether an interrupt was in the ACK period of the slave address field.
<Set/reset conditions>
Set: In the slave address field, upon a master request. When the IEBus is a slave unit, this flag is set
upon a request from the master (only if it was a slave request in the locked state from the unit
requesting a lock).
Reset: By software

Status transmission flag (STATUSF)...Bit 4
A flag indicating that the transmission status is either the master to slave status, or the lock address (higher
4 bits, lower 8 bits), when the IEBus is a slave unit.
<Set/reset conditions>
Set: When 0H, 4H, 5H, or 6H is received in the control field from the master when the IEBus is a slave
unit.
Reset: By software

Communication end flag (ENDTRNS)...Bit 3
A flag that indicates whether communication ends after the number of bytes set in the telegraph length field
have been transferred.
<Set/reset conditions>
Set: When the value of the IEBus communication success counter (SCR) is 0.
Reset: When the MSTRQ, ENSLVTX, or ENSLVRX flag of IEBus control register 0 (BCRO) is set.

Frame end flag (ENDFRAM)...Bit 2
A flag that indicates whether communication ends after the maximum number of bytes (32 bytes) prescribed
by mode 1 have been transferred.
<Set/reset conditions>
Set: When the value of the IEBus transmit counter (CCR) is 0.
Reset: When the MSTRQ, ENSLVTX, or ENSLVRX flag of IEBus control register 0 (BCRO) is set.
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(f) Communication error triggers

e Timing error
Occurrence conditions:

Remark:

e Parity error

Occurrence conditions:

Remark:

Restriction:

e NACK reception
Occurrence conditions:

Remark:

e Underrun error
Occurrence conditions:

Remark:

e Overrun error
Occurrence conditions:

Remark:

Occurs if the high/low level width of the communication bit has shifted from the
prescribed value.

The respective prescribed values are setin the bit processing block and monitored
by the internal 8-bit timer. An interrupt is generated when a timing error occurs.

Occurs if the generated parity and the received parity in each field do not match
when the IEBus is a receiving unit.

During individual communication, an interrupt is generated if a parity error occurs
in a field other than the data field.

During broadcast communication, an interrupt is generated even if a parity error
occurs in the data field.

If there is a slave request that has lost in arbitration to a broadcast request, no
interrupt is generated, even if a parity error occurs.

This error occurs when NACK is received during the ACK period in each of the
slave address, control, and telegraph length fields during individual communication,
regardless of whether the unit is the master or a slave unit.

A NACK reception only occurs in individual communication. ACK and NACK are
not discriminated in broadcast communication.

An interrupt is generated if NACK is received in a field other than the data field.

Occurs during data transmission if there was insufficient time to write the next
transmit data to the IEBus data register (DR) before ACK reception.
An interrupt is generated if an underrun occurs.

The data interrupt request (INTIE1) that stores each byte of data in the IEBus data
register (DR) is generated, and the DR register is read by software. An overrun
error occurs if this reading processing is late and its timing becomes that of the
next data reception.

In individual communication reception, an acknowledgment is not returned in the
ACK period of this data, resulting in the retransmission of the data by the
transmitting unit. Consequently, the IEBus transfer counter (CCR) is decremented,
whereas the IEBus communication success counter (SCR) is not. In broadcast
communication reception, reception is stopped by the occurrence of a communication
error interrupt request (INTIE2), at which time the DR register is not updated. The
STATRX flag (bit 1 of the SSR register) also remains set (1) without generating
INTIE1. The overrun state is released at the timing of the next data reception
following the reading of DR.
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(g) Overrun error - supplementary details

(@

(in)

When the frame ends in the overrun state during individual communication reception

If the DR register is not read after entering the overrun state and the retransmitted data reaches the
maximum number of bytes (32 bytes), the frame end interrupt (INTIE2) is generated. The overrun state
is maintained until the DR register is read after the end of the frame.

If the next reception is started in the case of (i) above, or if the next reception is started without
the DR register being read after the final data has been received, regardless of whether the
communication is broadcast or individual

Even if communication to the IEBus unit starts in the overrun state, the cause of the overrun, NACK,
is not returned in the ACK period of the slave address, control, or telegraph length field (the DR register
is not updated). If the next communication is not to the IEBus unit, the DR register is not updated until
it is read. Because the IEBus unit is not a communication target, the data interrupt (INTIE1) and
communication error interrupt (INTIE2) are not generated.

(iii) If the next transmission occurs in the overrun state

The data to be transmitted next in the overrun state can be no more than 2 bytes long.
Because the data request interrupt (INTIE1) is not generated, the transmit data cannot be set, resulting
in an underrun error. Therefore, clear the overrun status before starting transmission.

(iv) Overrun state release

The overrun state can only be released by reading the DR register or by a system reset. Therefore,
be sure to read DR in the communication error interrupt servicing program.
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(10) IEBus slave status register (SSR)
This register indicates the communication status of the slave unit. After receiving a slave status transmission

request from the master, the CPU reads this register, and writes the slave status to the IEBus data register (DR)
to transmit the slave status. At this time, the telegraph length is automatically set to “01H”, so setting of the IEBus
telegraph length register (DLR) is not required (because it is preset by hardware).

Bits 6 and 7 indicate the highest mode supported by the unit, and are fixed to “01H” (mode 1).

Figure 17-25. Format of IEBus Slave Status Register (SSR)

After reset: 41H

R Address: FFBDH

6 5 <4> 3 <2> <1> <0>
ssR [ o 1 | 0 |[STATSLV| 0 [STATLOCK|STATRX | STATTX |

STATSLYV, Slave transmission status flag

0 Slave transmission stops

1 Slave transmission enabled
STATLOCK Lock status flag

0 Unlock status

1 Lock status
STATRX DR receive status

0 Receive data not stored in DR

1 Receive data stored in DR
STATTX DR transmit status

0 Transmit data not stored in DR

1 Transmit data stored in DR

(a) Slave transmission status flag (STATSLV)...Bit 4
Reflects the contents of the slave transmission enable flag.

(b) Lock status flag (STATLOCK)...Bit 2
Reflects the contents of the locked flag.

(c) DR reception status (STATRX)...Bit 1
This flag indicates the DR reception state.

(d) DR transmission status (STATTX)...Bit 0
This flag indicates the DR transmission state.
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(11) IEBus communication success counter (SCR)
The IEBus communication success counter (SCR) indicates the number of remaining communication bytes.
This register reads the count value of the counter in the value set by the IEBus telegraph length register (DLR)
is decremented by ACK in the data field. When the count value has reached “00H”, the communication end flag
(ENDTRNS) of the IEBus interrupt status register (ISR) is set.

Figure 17-26. Format of IEBus Communication Success Counter (SCR)

After reset: 01H R Address: FFBEH

scR | | | | | | | | |

Bit Setting Remaining number of
value communication data bytes

oOo/,0]0]0|O0]|O 1 01H 1 byte
o,0] 0|0 |O0]O 1 0 02H 2 bytes

0|0 1 0,0 0]0)|O0 20H 32 bytes

1 1 1 1 1 1 1 1 FFH 255 bytes

0 0 0 0 0 0 0 0 O00H 0 bytes (end of communication)
or 256 bytesNot

Note The actual hard counter consists of 9 bits. When “00H” is read, it cannot be judged whether the remaining
number of communication data bytes is 0 (end of communication) or 256. Therefore, either the
communication end flag is used, or if “O0H” is read when the first interrupt occurs at the beginning of
communication, the remaining number of communication data bytes is judged to be 256.

(12) IEBus transmit counter (CCR)
The IEBus transmit counter (CCR) indicates the number of remaining bytes of the communication byte number
specified in the communication mode.
Bits 7 to 0 of the IEBus transmit counter (CCR) indicate the number of transfer bytes.
This register reads the count value of the counter that is preset to the maximum number of transmitted bytes
(32 bytes) per frame specified in mode 1. Whereas SCR (IEBus communication success counter) is decremented
during normal communication (m, CCR is decremented when 1 byte has been communicated, regardless of
whether ACK or NACK. When the count value has reached “00H”, the frame end flag (ENDFRAM) of the IEBus
interrupt status register (ISR) is set.
The maximum number of transfer bytes of the preset value of mode 1 per frame is 20H (32 bytes).

Figure 17-27. Format of IEBus Transmit Counter (CCR)

After reset: 20H R Address: FFBFH

ccR | | | | | | | | |
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17.5 Interrupt Operations of IEBus Controller

* 17.5.1 Interrupt control block
The interrupt request signals are shown below.

<1> Communication error IEERR
<2> Start interrupt STARTF
<3> Status communication STATUSF
<4> End of communication ENDTRNS
<5> End of frame ENDFRAM

<6> Transmit data write request ~ STATTX
<7> Receive data read request STATRX

<1> to <5> of the above interrupt requests are assigned to the IEBus interrupt status register (ISR). For detalils, refer
to Table 17-10 Interrupt Source List.

The configuration of the interrupt control block is illustrated below.

Figure 17-28. Configuration of Interrupt Control Block

IEERR
STARTF
STATUSF
ENDTRNS
ENDFRAM
STATTX
STATRX

o ) e

— U B R INTIE2
e — T

IEBus macro Interrupt control block 78K/0 CPU

Caution OR output of IEERR, STARTF, STATUSF, ENDTRNS, and ENDFRAM is treated as a vectored
interrupt request signal (INTIE2).
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17.5.2 Interrupt source list
The interrupt sources are listed below.

Table 17-10. Interrupt Source List

Interrupt Source

Condition of Generation

CPU Processing After

Generation of Interrupt

Remark

Unit Field
Timing error Master/slave All fields Undo communication processing Communication error is OR
Parity error | Reception Other than data output of timing error, parity
§ (individual) error, NACK reception, underrun
® ! error, and overrun error
< All fields
= (Broadcast)
Q
S | NACK Reception Other than data
E reception (Transmission) | (individual)
/o)
O | Underrun error| Transmission Data
Overrun error | Reception Data
(Broadcast)
Start interrupt Master Slave/address | Slave request judgment Interrupt always occurs if conflict
Copnflict judgment lost when master request is
(If lost, remaster processing) issued.
Communication preparation
processing
Slave Slave/address | Slave request judgment Generated only when slave
Communication preparation request is issued.
processing
Status Slave Control Refer to transmission processing Interrupt occurs regardless of
transmission example such as slave status. slave transmission enable flag.
Interrupt occurs if NACK is
returned in the control field.
End of Transmission | Data End processing by software Set if SCR is cleared to 0
communication Reception Data End processing by software
Receive data processing
End of frame Transmission | Data Retransmission preparation processing | Set if CCR is cleared to 0
Reception Data Re-reception preparation processing
Transmit data write| Transmission | Data Transmit data write processing by Set after transfer of transmission
software data to internal shift register.
This does not occur when the last
data is transferred.
Receive data read | Reception Data Receive data read processing by Set after normal data reception

software
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17.5.3 Communication error source processing list

The following table shows the occurrence conditions of the communication errors (timing error, NACK reception,

overrun error, underrun error, and parity error), error processing by the internal IEBus controller, and examples of

processing by software.

Table 17-11. Communication Error Source Processing List (1/3)

Timing Error
Occurrence Unit status Reception Transmission
condition Occurrence | If bit specification timing is not correct
condition
Location of Other than data field Data field Other than data field Data field
occurrence
Broadcast Hardware * Reception stops. e Transmission stops.
communication | processing ¢ INTIE2 occurs ¢ INTIE2 occurs
e To start bit waiting status e To start bit waiting status
Remark Communication between other units
does not end.
Software e Error processing (such as retransmission e Error processing (such as retransmission
processing request) request)
Individual Hardware * Reception stops. e Transmission stops.
communication | processing ¢ INTIE2 occurs. ¢ INTIE2 occurs.
¢ NACK is returned. e To start bit waiting status
e To start bit waiting status
Software e Error processing (such as retransmission e Error processing (such as retransmission
processing request) request)
NACK Reception
Occurrence Unit status Reception Transmission
condition Occurrence | Unit NACK transmission NACK reception
condition
Location of Other than data Data field Other than data Data field NACK reception
occurrence field field of data of 32nd
byte
Broadcast Hardware - - - - -
communication | processing
Software - - - - -
processing
Individual Hardware * Reception stops. | e INTIE2 does not | e Transmission ¢ INTIE2 does ¢ INTIE2
communication | processing ¢ INTIE2 occurs. occur. stops. not occur. occurgNote,
¢ To start bit waiting | e Data ¢ INTIE2 occurs. * Retrans- e To start bit
status retransmitted by | e To start bit mission waiting status
other unit is waiting status processing
received.
Software e Error processing - e Error processing - e Error
processing (such as (such as processing
retransmission retransmission (such as
request) request) retransmission
request)

Note Both ISR.6 (IEERR) and ISR.2 (ENDFRAM) are set to 1.
To reset them, satisfy the conditions in Table 17-9.

408
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Table 17-11. Communication Error Source Processing List (2/3)

Overrun Error

Underrun Error

Occurrence Unit status Reception Transmission
condition Occurrence | DR cannot be read in time before the next data | DR cannot be written in time before the next
condition is received. data is transmitted.
Location of Other than | Data field Other than | Data field
occurrence data field data field
Broadcast Hardware - ¢ Reception stops. - e Transmission stops.
communication| processing ¢ INTIE2 occurs. ¢ INTIE2 occurs.
e To start bit waiting status o To start bit waiting status
Remarks 1. Communication
between other units
does not end.
2. Data cannot be
received until the
overrun status is
cleared.
Software - ¢ DR is read and overrun status is - e Error processing (such as
processing cleared. retransmission request)
e Error processing (such as
retransmission request)
Individual Hardware - ¢ INTIE2 does not occur. - e Transmission stops.
communication| processing e NACK is returned. ¢ INTIE2 occurs.
e Data is retransmitted from other e To start bit waiting status
unit.
Remark Data cannot be received
until overrun status is
cleared.
Software - ¢ DR is read and overrun status is - e Error processing (such as
processing cleared. retransmission request)

e Error processing (such as
retransmission request)
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Table 17-11. Communication Error Source Processing List (3/3)

Parity Error

Occurrence Unit status Reception Transmission
condition Occurrence | Received data and received parity do not match.
condition
Location of Other than data field Data field Other than data Data field
occurrence field
Broadcast Hardware * Reception stops. - -
communication| processing ¢ INTIE2 occurs.
¢ To start bit waiting status
Remark Communication between other units does not end.
Software e Error processing (such as retransmission request) - -
processing
Individual Hardware * Reception stops. o Reception does not stop. - -
communication| processing ¢ INTIE2 occurs. ¢ INTIE2 does not occur.
e To start bit waiting status * NACK is returned.
o Data retransmitted by other
unit is received.
Software e Error processing (such as - - -
processing retransmission request)

410
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17.6 Interrupt Generation Timing and Main CPU Processing

17.6.1 Master transmission

Initial
Set

preparation processing:
a unit address, slave address, control data, telegraph length, and the first byte of the transmit data.

Communication start processing:

Set the bus control register (enable communication, master request, and slave reception).
Figure 17-29. Master Transmission
%7 Approx. 624 us (mode 1)4{
<1> 4 L
Start CBargfd' M address | P | Saddress | P | A| Control [P | A T?Lengﬁph P/A| Datat
Approx. 390 us %
(mode 1)
. 4 N 4 v <2>
Data 1 PlA Data 2 PlA Datan -1 P|A Data n PlA
<1> Interrupt (INTIE2) occurrence
Judgment of occurrence of error —  Error processing
\2
Judgment of slave request —  Slave reception processing
(See 17.6.1 (1) Slave reception processing)
\2
Judgment of conflict result —  Remaster request processing
<2> Interrupt (INTIE2) occurrence
Judgment of occurrence of error —  Error processing
2
Judgment of end of communication —  End of communication processing
\2
Judgment of end of frame —  Recommunication processing

(See 17.6.1 (3) Recommunication processing)

Remarks 1. v/: Interrupt (INTIE1) occurrence (See 17.6.1 (2) Interrupt (INTIE1) occurrence)
The transmit data of the second and subsequent bytes are written to the IEBus data
register (DR) by software. At this time, the data transfer direction is RAM (memory) —
SFR (peripheral).
2. w: Aninterrupt (INTIE1) does not occur.
3. n = Final number of data bytes
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(M

(2

(3

412

Slave reception processing

If a slave reception request is confirmed during vectored interrupt servicing, change the data transfer direction
from RAM (memory) — SFR (peripheral) to SFR (peripheral) - RAM (memory) by software until the first data
is received. The maximum pending period of this data transfer direction changing processing is about 1040 us
in communication mode 1.

Interrupt (INTIE1) occurrence

If NACK is received from the slave in the data field, an interrupt (INTIE1) is not issued to the CPU, and the same
data is retransmitted by hardware.

If the transmit data is not written in time during the period of writing the next data, a communication error interrupt
occurs due to occurrence of underrun, and communication ends midway.

Recommunication processing

The vectored interrupt servicing in <2> of Figure 17-29 judges whether the data has been correctly transmitted
within one frame. If the data has not been correctly transmitted (if the number of data to be transmitted in one
frame could not be transmitted), the data must be retransmitted in the next frame, or the remainder of the data
must be transmitted.
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17.6.2 Master reception

Before performing master reception, itis necessary to notify the slave unit of slave transmission. Therefore, more than
two communication frames are necessary for master reception.

The slave unit prepares the transmit data, sets (1) the slave transmission enable flag (ENSLVTX), and waits.

Initial preparation processing:
Set a unit address, slave address, and control data.

Communication start processing:
Set the bus control register (enable communication and master request).

Figure 17-30. Master Reception

<1>

Approx. 1,014 us (mode 1)

| Start ‘ E;gfd‘ ‘Maddress‘ P ‘ Saddress‘ P ‘ A‘ Control ‘ P‘ A ‘ T?Le,%%ph ‘ P ‘ A ‘ Data 1 o

Approx. 390us__|
(mode 1) ‘

|

\
4 4 4 V <2>
A

Data 1 ‘P‘ ‘ Data 2 ‘P‘A‘ Datan -1 ‘P‘A‘ Data n ‘P‘Al

<1> Interrupt (INTIE2) occurrence
Judgment of occurrence of error —  Error processing

\2
Judgment of slave request —  Slave reception processing
\2
Judgment of conflict result —  Remaster request processing

<2> Interrupt (INTIE2) occurrence
Judgment of occurrence of error —  Error processing

\2
Judgment of end of communication —  End of communication processing
\2
Judgment of end of frame —  Frameendprocessing (See 17.6.2 (2) Frame end processing)

Remarks 1. : Interrupt (INTIE1) occurrence (See 17.6.2 (1) Interrupt (INTIE1) occurrence)
The receive data stored in the IEBus data register (DR) is read by software.
At this time, the data transfer direction is SFR (peripheral) - RAM (memory).
2. n = Final number of data bytes
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(M

()

414

Interrupt (INTIE1) occurrence

If NACK is transmitted (hardware processing) in the data field, an interrupt (INTIE1) is not issued to the CPU,
and the same data is retransmitted from the slave.

If the receive data is not read by the time the next data is received, the hardware automatically transmits NACK.

Frame end processing

The vectored interrupt servicing in <2> of Figure 17-30 judges whether the data has been correctly received within
one frame. If the data has not been correctly received (if the number of data to be received in one frame could
not be received), a request to retransmit the data must be made to the slave in the next communication frame.
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17.6.3 Slave transmission

Initial preparation processing:
Set a unit address, telegraph length, and the first byte of the transmit data.

Communication start processing:
Set the bus control register (enable communication, slave transmission, and slave reception).

Figure 17-31. Slave Transmission

%7 Approx. 624 us (mode 1) 4{

<1> © v .
start | 2%% |\ address| P | Saddress | P | A|  Control PlA T?Lenggﬁ]ph P|A| Datat
Approx. 390 us
(mode 1)
L v V_________________V v <2>
Data 1 PlA Data 2 PlA Datan -1 P|A Data n PlA

<1> Interrupt (INTIE2) occurrence
Judgment of occurrence of error —  Error processing

l

Judgment of slave request

<2> Interrupt (INTIE2) occurrence
Judgment of occurrence of error —  Error processing

\2
Judgment of end of communication —  End of communication processing
\2
Judgment of end of frame —  Frameendprocessing (See 17.6.3 (2) Frame end processing)

Remarks 1. v: Interrupt (INTIE1) occurrence (See 17.6.3 (1) Interrupt (INTIE1) occurrence).

The transmit data of the second and subsequent bytes are written to the IEBus data
register (DR) by software. At this time, the data transfer direction is RAM (memory) —

SFR (peripheral).
2. wv: Aninterrupt (INTIE1) does not occur.

3. ©: Aninterrupt (INTIE2) occurs only when OH, 4H, 5H, or 6H is received in the control field
in the slave status (for the slave status return operation in the locked state, referto 17.4.2

(5) IEBus control data register (CDR)).
4. n = Final number of data bytes
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(1) Interrupt (INTIE1) occurrence
If NACK is received from the master in the data field, an interrupt (INTIE1) is not issued to the CPU, and the same
data is retransmitted by hardware.
If the transmit data is not written in time during the period of writing the next data, a communication error interrupt
occurs due to occurrence of underrun, and communication is abnormally ended.

(2) Frame end processing
The vectored interrupt servicing in <2> of Figure 17-31 judges whether the data has been correctly transmitted
within one frame. If the data has not been correctly transmitted (if the number of data to be transmitted in one
frame could not be transmitted), the data must be retransmitted in the next frame, or the remainder of the data
must be transmitted.
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17.6.4 Slave reception

Initial preparation processing:
Set a unit address.

Communication start processing:

Set the bus control register (enable communication, disable slave transmission, and enable slave reception).

Figure 1

7-32. Slave Reception

%7Approx. 1,014 us (mode 1}————

<1>
Start | Broad |y address| P | Saddress |P | A|  Control PlA T?Lengﬁph P/A| Datat
| Approx. 390 us %
\ (mode 1)
. v N v V<2>
Data 1 P|A Data 2 P|A Datan -1 P|A Datan P|A

<1> Interrupt (INTIE2) occurrence
Judgment of occurrence of error -

l

Judgment of slave request -

<2> Interrupt (INTIE2) occurrence
Judgment of occurrence of error -

\2

Judgment of end of communication —
\2

Judgment of end of frame -

Error processing

Slave processing

Error processing

End of communication processing

Frame end processing (See 17.6.4 (2) Frame end processing)

Remarks 1. v/: Interrupt (INTIE1) occurrence (See 17.6.4 (1) Interrupt (INTIE1) occurrence).
The receive data stored in the IEBus data register (DR) is read by software.
At this time, the data transfer direction is SFR (peripheral) —» RAM (memory).
2. n = Final number of data bytes
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(1) Interrupt (INTIE1) occurrence
If NACK is transmitted in the data field, an interrupt (INTIE1) is not issued to the CPU, and the same data is
retransmitted from the master.
If the receive data is not read by the time the next data is received, NACK is automatically transmitted.

(2) Frame end processing

The vectored interrupt servicing in <2> of Figure 17-32 judges whether the data has been correctly received within
one frame.
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17.6.5 Interval of occurrence of interrupt for IEBus control

Each control interrupt must occur at each point of communication and perform the necessary processing until the next
interrupt occurs. Therefore, the CPU must control the IEBus control block, taking the shortest time of this interrupt into
consideration.

The locations at which the following error interrupts may occur are indicated by T in the field where it may occur. T does
not mean that the interrupt occurs at each of the points indicated by T. If an error interrupt (timing error, parity error, NACK
reception, underrun error, or overrun error) occurs, the IEBus internal circuit is initialized. As a result, subsequent
interrupts do not occur in that communication frame.

(1) Master transmission

Figure 17-33. Master Transmission (Interval of Interrupt Occurrence)

\Y4 \Y4
Start bit ggf 9 |Master address| P | Slave address |P|A| Control |P|A T?Lenggﬁlph P|A| Data |P|A
«ﬁ»TT TT TT TT tS*LA TT A TT A TT U
T
2 t4
t5
Communication Communication
starts start interrupt
V. ..
Data |P|A Data Data P|A
o v A
t4

End of communication
End of frame

Remarks 1. T: Timing error
A: NACK reception
U: Underrun error
v: Data set interrupt (INTIET1)
2. End of frame occurs at the end of 32-byte data.

(IEBus: 6.29 MHz operation)

Iltem Symbol MIN. Unit
Communication starts - timing error t1 Approx. 93 us
Communication starts - communication start interrupt t2 Approx. 1,282 us
Communication start interrupt - timing error 13 Approx. 15 us
Communication start interrupt - end of communication t4 Approx. 1,012 us
Transmission data request interrupt interval t5 Approx. 375 us
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(2) Master reception

Figure 17-34. Master Reception (Interval of Interrupt Occurrence)

Vv
Start bit \E;‘;?d' ‘Masteraddress‘P‘Slave addreSS‘P A| Control ‘P‘A Lﬂzgaph‘P A| Data ‘Pl
t1 | T TT TT TT t3>iA TT A TT P|A TT
t2 T t4
Communication starts Communication
v V start interrupt
Al Data |P|A| Data | Dpata |P|A
TT TT A
t5
t4
End of communication
End of frame
Remarks 1. Timing error

T:
P: Parity error

A: NACK reception

v: Data set interrupt (INTIE1)

2. End of frame occurs at the end of 32-byte data.

(IEBus: 6.29 MHz operation)

Iltem Symbol MIN. Unit
Communication starts - timing error t1 Approx. 93 us
Communication starts - communication start interrupt t2 Approx. 1,282 us
Communication start interrupt - timing error 13 Approx. 15 us
Communication start interrupt - end of communication t4 Approx. 1,012 us
Receive data read interval t5 Approx. 375 us
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(3) Slave transmission

Figure 17-35. Slave Transmission (Interval of Interrupt Occurrence)

V V
Start bit | B2 |waster address| P| Slave address|P|A| Control |P|A| 19°9%"" [p|a| Data |P|A
T TT WT P TT t3P T T; t6P TA WT A TTts u
t2 t7
Communication starts Communication  Status request
V start interrupt
e P Ses [ oon 7l
T u TT A
t7
End of communication
End of frame
Remarks 1. T: Timing error
P: Parity error
A: NACK reception
U: Underrun error
v: Data set interrupt (INTIE1)
2. End of frame occurs at the end of 32-byte data.
(IEBus: 6.29 MHz operation)
ltem Symbol MIN. Unit
Communication starts - timing error t1 Approx. 96 us
Communication starts - communication start interrupt t2 Approx. 1,192 us
Communication start interrupt - timing error 13 Approx. 15 us
Communication start interrupt - status request t4 Approx. 225 us
Transmission data request interrupt interval t5 Approx. 375 us
Status request - timing error t6 Approx. 15 us
Status request - end of communication t7 Approx. 787 us
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(4) Slave reception

Figure 17-36. Slave Reception (Interval of Interrupt Occurrence)

V
Start bit ‘ Broad- ‘Master addFGSS‘P Slave address‘P A| Control ‘P A Lﬂ;&rap“\P A| Data ‘P
T TT TT P TT t3’iA TT PlA TT P A TT P
t2 PIT t4

Communication starts Communication

V V _____ V start interrupt
Al Data [P/A| Data | Data |P|A
TT 0 T O|A
t5 P P
End of communication
End of frame
Remarks 1. Timing error

T:
P: Parity error

A: NACK reception

O: Overrun error

v: Data set interrupt (INTIE1)

2. End of frame occurs at the end of 32-byte data.

(IEBus: 6.29 MHz operation)

ltem Symbol MIN. Unit
Communication starts - timing error t1 Approx. 96 us
Communication starts - communication start interrupt t2 Approx. 1,192 us
Communication start interrupt - timing error t3 Approx. 15 us
Communication start interrupt - end of communication t4 Approx. 1,012 us
Receive data read interval t5 Approx. 375 us
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18.1 Interrupt Function Types

The following three types of interrupt functions are used.

0

()

3)

Non-maskable interrupt

This interrupt is acknowledged unconditionally even if interrupts are disabled. It does not undergo interrupt
priority control and is given top priority over all other interrupt requests.

It generates a standby release signal.

One interrupt source from the watchdog timer is incorporated as a non-maskable interrupt.

Maskable interrupts

These interrupts undergo mask control. Maskable interrupts can be divided into a high-priority interrupt group
and a low-priority interrupt group by setting the priority specification flag register (PR).

Multiple interrupt servicing can be applied to low-priority interrupts when high-priority interrupts are generated.
If two or more interrupts with the same priority are generated simultaneously, each interrupt is serviced
according to a predetermined priority (refer to Table 18-1).

A standby release signal is generated.

Maskable interrupts are provided in each product as follows.

e uPD178076, 178078 Internal: 13, external: 8
e uPD178096A, 178098A Internal: 12, external: 8
e uPD178F098 Internal: 15, external: 8

Software interrupt
This is a vectored interrupt generated by executing the BRK instruction. Itis acknowledged evenin an disabled
interrupt state. The software interrupt does not undergo interrupt priority control.

18.2 Interrupt Sources and Configuration

The uPD178076 and 178078 have a total of 22 interrupt sources, including non-maskable, maskable, and software
interrupts. The uPD178096A and 178098A have a total of 21 interrupt sources, and the uPD178F098 has a total
of 24 sources.

Remark Eitheranon-maskable interrupt or a maskable interrupt (internal) can be selected as the interrupt source

of the watchdog timer (INTWDT).
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Table 18-1. Interrupt Sources (1/6)

(1) uPD178076, 178078 (1/2)

Vector Basic
Default Interrupt Source Internal/ i ! i
Interrupt Type .. Note 1 Table Configuration
PriorityNote N : External
ame Trigger Address TypeNote 2
Non-maskable - INTWDT | Overflow of watchdog timer Internal 0004H (A)
(when watchdog timer mode 1 is selected)
Maskable 0 INTWDT | Overflow of watchdog timer (B)
(when interval timer mode is selected)
1 INTPO Pin input edge detection External | 0006H ©)
2 INTP1 0008H
3 INTP2 000AH
4 INTP3 000CH
5 INTP4 000EH
6 INTP5 0010H
7 INTP6 0012H
8 INTP7 0014H
9 INTCSIO | End of transfer by serial interface SIO0 Internal | 0016H (B)
10 INTCSI1 | End of transfer by serial interface SIO1 0018H
11 INTCSI3 | End of transfer by serial interface SIO3 001AH
12 INTTM50| Generation of match signal of 8-bit 001CH
timer/event counter 50
13 INTTM51| Generation of match signal of 8-bit 001EH
timer/event counter 51
14 INTSERO| Reception error of serial interface UARTO 0020H
15 INTSRO | End of reception by serial interface UARTO 0022H
16 INTSTO | End of transmission by serial interface 0024H
UARTO
17 INTBTMO| Generation of coincidence signal of basic 0026H
timer BTMO
18 INTTMOO| Generation of signal indicating match 0028H
between 16-bit timer counter 0 (TMO) and
capture/compare register 00 (CR00) (when
CROO is used as compare register)
Detection of input edge of TIO0/P32 pin External (D)
(when CROO is used as capture register)

Notes 1. If two or more maskable interrupts occur at the same time, they are acknowledged or held pending
according to their default priorities. A default priority of 0 is the highest, while 22 is the lowest.
2. (A) to (E) under the heading Basic Configuration Type correspond to (A) to (E) in Figure 18-1.
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Table 18-1. Interrupt Sources (2/6)

(1) uPD178076, 178078 (2/2)

Vector Basic
Default Interrupt Source Internal/ i I )
Interrupt Type .. Note 1 Table Configuration
PriorityNote : External
Name Trigger Address TypeNote 2
Maskable 19 INTTMO1| Generation of signal indicating match Internal | 002AH (B)
between 16-bit timer counter 0 (TMO) and
capture/compare register 01 (CR01) (when
CRO1 is used as compare register)
Detection of input edge of TI01/P33 pin External (D)
(when CRO1 is used as capture register)
20 - — _ Note 3 _
21 - — Note 3
22 INTAD End of conversion by A/D converter Internal | 0030H (B)
Software - BRK Execution of BRK instruction - 003EH (E)

Notes 1. If two or more maskable interrupts occur at the same time, they are acknowledged or held pending
according to their default priorities. A default priority of 0 is the highest, while 22 is the lowest.
2. (A) to (E) under the heading Basic Configuration Type correspond to (A) to (E) in Figure 18-1.

3. There are no interrupt sources corresponding to vector addresses 002CH and 002EH.
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Table 18-1. Interrupt Sources (3/6)

(2) uPD178096A, 178098A (1/2)

Vector Basic
Default Interrupt Source Internal/ i I )
Interrupt Type .. Note 1 Table Configuration
PriorityNote N : External
ame Trigger Address | TypeNote 2
Non-maskable - INTWDT | Overflow of watchdog timer Internal 0004H (A)
(when watchdog timer mode 1 is selected)
Maskable 0 INTWDT | Overflow of watchdog timer (B)
(when interval timer mode is selected)
1 INTPO Pin input edge detection External | 0006H ©)
2 INTP1 0008H
3 INTP2 000AH
4 INTP3 000CH
5 INTP4 000EH
6 INTP5 0010H
7 INTP6 0012H
8 INTP7 0014H
9 INTCSIO | End of transfer by serial interface SIO0 Internal 0016H (B)
10 INTCSI1 | End of transfer by serial interface SIO1 0018H
11 INTCSI3 | End of transfer by serial interface SIO3 001AH
12 INTTM50| Generation of match signal of 8-bit 001CH
timer/event counter 50
13 INTTM51| Generation of match signal of 8-bit 001EH
timer/event counter 51
14 _ _ _ Note 3 _
15 _ _ Note 3
16 _ _ Note 3
17 INTBTMO0| Generation of match signal of basic Internal 0026H (B)
timer BTMO
18 INTTMOO| Generation of signal indicating match 0028H
between 16-bit timer counter 0 (TMO) and
capture/compare register 00 (CR00) (when
CROO is used as compare register)
Detection of input edge of TIO0/P32 pin External (D)
(when CROO is used as capture register)

Notes 1. If two or more maskable interrupts occur at the same time, they are acknowledged or held pending
according to their default priorities. A default priority of 0 is the highest, while 22 is the lowest.
2. (A) to (E) under the heading Basic Configuration Type correspond to (A) to (E) in Figure 18-1.
3. There are no interrupt sources corresponding to vector addresses 0020H, 0022H, and 0024H.
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Table 18-1. Interrupt Sources (4/6)

(2) uPD178096A, 178098A (2/2)

Vector Basic
Default Interrupt Source Internal/ i I )
Interrupt Type .. Note 1 Table Configuration
PriorityNote : External
Name Trigger Address TypeNote 2
Maskable 19 INTTMO1| Generation of signal indicating match Internal | 002AH (B)
between 16-bit timer counter 0 (TMO) and
capture/compare register 01 (CR01) (when
CRO1 is used as compare register)
Detection of input edge of TI01/P33 pin External (D)
(when CRO1 is used as capture register)
20 INTIEA1 IEBusO data access request Internal | 002CH (B)
21 INTIE2 IEBusO0 communication error and start/end 002EH
of communication
22 INTAD End of conversion by A/D converter AD1 0030H (B)
Software - BRK Execution of BRK instruction - 003EH (E)

Notes 1. If two or more maskable interrupts occur at the same time, they are acknowledged or held pending
according to their default priorities. A default priority of 0 is the highest, while 22 is the lowest.

2. (A) to (E) under the heading Basic Configuration Type correspond to (A) to (E) in Figure 18-1.
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Table 18-1. Interrupt Sources (5/6)

(3) uPD178F098 (1/2)

Vector Basic
Default Interrupt Source Internal/ -asie.
Interrupt Type .. Note 1 Table Configuration
PriorityNote N : External
ame Trigger Address | TypeNote 2
Non-maskable - INTWDT | Overflow of watchdog timer Internal 0004H (A)
(when watchdog timer mode 1 is selected)
Maskable 0 INTWDT | Overflow of watchdog timer (B)
(when interval timer mode is selected)
1 INTPO Pin input edge detection External | 0006H ©)
2 INTP1 0008H
3 INTP2 000AH
4 INTP3 000CH
5 INTP4 000EH
6 INTP5 0010H
7 INTP6 0012H
8 INTP7 0014H
9 INTCSIO | End of transfer by serial interface SIO0 Internal | 0016H (B)
10 INTCSI1 | End of transfer by serial interface SIO1 0018H
11 INTCSI3 | End of transfer by serial interface SIO3 001AH
12 INTTM50| Generation of match signal of 8-bit 001CH
timer/event counter 50
13 INTTM51| Generation of match signal of 8-bit 001EH
timer/event counter 51
14 INTSERO| Reception error of serial interface UARTO 0020H
15 INTSRO | End of reception by serial interface UARTO 0022H
16 INTSTO | End of transmission by serial interface UARTO 0024H
17 INTBTMO| Generation of match signal of basic timer 0026H
BTMO
18 INTTMOO| Generation of signal indicating match 0028H
between 16-bit timer counter 0 (TMO) and
capture/compare register 00 (CR00) (when
CROO is used as compare register)
Detection of input edge of TI00/P32 pin External (D)
(when CROO is used as capture register)

Notes 1. If two or more maskable interrupts occur at the same time, they are acknowledged or held pending
according to their default priorities. A default priority of 0 is the highest, while 22 is the lowest.
2. (A) to (E) under the heading Basic Configuration Type correspond to (A) to (E) in Figure 18-1.
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Table 18-1. Interrupt Sources (6/6)

(3) uPD178F098 (2/2)

Vector Basic
Default Interrupt Source Internal/ i I )
Interrupt Type .. Note 1 Table Configuration
PriorityNote : External
Name Trigger Address TypeNote 2
Maskable 19 INTTMO1| Generation of signal indicating match Internal | 002AH (B)
between 16-bit timer counter 0 (TMO) and
capture/compare register 01 (CR01) (when
CRO1 is used as compare register)
Detection of input edge of TI01/P33 pin External (D)
(when CRO1 is used as capture register)
20 INTIEA1 IEBusO data access request Internal | 002CH (B)
21 INTIE2 IEBusO0 communication error and start/end 002EH
of communication
22 INTAD End of conversion by A/D converter AD1 0030H (B)
Software - BRK Execution of BRK instruction - 003EH (E)

Notes 1. If two or more maskable interrupts occur at the same time, they are acknowledged or held pending
according to their default priorities. A default priority of 0 is the highest, while 22 is the lowest.
2. (A) to (E) under the heading Basic Configuration Type correspond to (A) to (E) in Figure 18-1.

User's Manual U12790EJ2VOUD 429



CHAPTER 18

INTERRUPT FUNCTIONS

430

Figure 18-1. Basic Configuration of Interrupt Function (1/2)

(A) Internal non-maskable interrupt

Internal bus S

Interrupt Priority Zgg:g;;able
request controller generator
Standby
release signal
(B) Internal maskable interrupt
S Internal bus S
MK IE PR ISP

— T

Priority
Interrupt IF ;OD controller

request

Vector table
address
generator

Standby

(C) External maskable interrupt

release signal

Internal bus S
External interrupt mode
register (EGP, EGN) MK IE PR ISP
- Vector table
Interrupt Edge Priority address
IF controller t
request detector generator
Standby
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Figure 18-1. Basic Configuration of Interrupt Function (2/2)

(D) External maskable interrupt (INTTMO0O, INTTMO1)

S Internal bus S
Prescaler mode
register (PRMO) MK IE PR ISP
Interrupt Edge s D Priority rarass
controller
request Detector IF generator
Standby

(E) Software interrupt

\

Internal bus

Vector table

Interrupt
address
request generator
Remark IF:  Interrupt request flag

IE: Interrupt enable flag
ISP: In-service priority flag
MK: Interrupt mask flag

PR: Priority specification flag
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18.3 Interrupt Function Control Registers

The following six types of registers are used to control the interrupt functions.

* Interrupt request flag register (IFOL, IFOH, IF1L)
e Interrupt mask flag register (MKOL, MKOH, MK1L)
* Priority specification flag register (PROL, PROH, PR1L)

¢ External interrupt rising edge enable register (EGP)
* External interrupt falling edge enable register (EGN)

* Program status word (PSW)

Table 18-2 lists the interrupt request flags, interrupt mask flags, and priority specification flags corresponding to

interrupt request sources.

Table 18-2. Flags Corresponding to Interrupt Request Sources

Interrupt Source Interrupt Request Flag Interrupt Mask Flag Priority Specification Flag
Register Register Register
INTWDT WDTIF IFOL WDTMK MKOL WDTPR PROL
INTPO PIFO PMKO PPRO
INTP1 PIF1 PMK1 PPR1
INTP2 PIF2 PMK2 PPR2
INTP3 PIF3 PMK3 PPR3
INTP4 PIF4 PMK4 PPR4
INTP5 PIF5 PMK5 PPR5
INTP6 PIF6 PMK6 PPR6
INTP7 PIF7 IFOH PMK7 MKOH PPR7 PROH
INTCSIO CSIIF0 CSIMKO CSIPRO
INTCSIH CSIIF1 CSIMK1 CSIPR1
INTCSI3 CSIIF3 CSIMK3 CSIPR3
INTTM50 TMIF50 TMMK50 TMPR50
INTTM51 TMIF51 TMMK51 TMPR51
INTSERQNote 1 SERIFQNote 1 SERMKQNote 1 SERPRQNote 1
INTSRQNote 1 SRIFQNote 1 SRMKQNote 1 SRPRQNote 1
INTSTQNote 1 STIFQNote 1 IF1L STMKQNote 1 MK1L STPRQNote 1 PR1L
INTBTMO BTMIFO BTMMKO BTMPRO
INTTMO0 TMIF00 TMMKO00 TMPROO
INTTMO1 TMIFO1 TMMKO1 TMPRO1
INTIE{Note 2 IEIF1Note 2 IEMK {Note 2 IEPR1Note 2
INTIE2Note 2 IEIF2Note 2 IEMK2Note 2 IEPR2Note 2
INTAD ADIF ADMK ADPR

Notes 1. uPD178076, 178078, 178F098 only
2. uPD178096A, 178098A, 178F098 only
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(1) Interrupt request flag registers (IFOL, IFOH, IF1L)

Symbol
IFOL

IFOH

IF1L

Figure 18-2. Format of Interrupt Request Flag Registers (IFOL, IFOH, IF1L)

request or upon application of reset input.
IFOL, IFOH and IF1L are set by a 1-bit or 8-bit memory manipulation instruction. If IFOL and IFOH are used
as the 16-bit register IFO, use a 16-bit memory manipulation instruction for setting.
Reset input sets these registers to 00H.

<7> <6> <5> <4> <3> <2> <1> <0>
PIF6 PIF5 PIF4 PIF3 PIF2 PIF1 PIFO | WDTIF
<7> <6> <5> <4> <3> <2> <1> <0>
SRIF0"*"| SERIF0"™'| TMIF51 | TMIF50 | CSIIF3 | CSIIF1 | CSIIFO | PIF7
7 <6> <5> <4> <3> <2> <1> <0>
0 ADIF |IEIF2Y"*?|IEIF1"*°?| TMIFO1 | TMIFOO | BTMIFO |STIFQ""’
xx|Dx Interrupt request flag
0 No interrupt request signal

Interrupt request signal is generated,;
Interrupt request state

bits to 0 in the uPD178096A and 178098A.
2. These bits are provided in the uPD178096A, 178098A, and 178F098 only. Be sure to reset these
bits to 0 in the uPD178076 and 178078.

Address
FFEOH

FFE1H

FFE2H

After reset

00H

00H

00H

R/W
R/wW

R/W

R/W

The interrupt request flags are set to 1 when the corresponding interrupt request is generated or an instruction
is executed. They are cleared to 0 when an instruction is executed upon acknowledgment of an interrupt

Notes 1. These bits are provided in the uPD178076, 178078, and 178F098 only. Be sure to reset these

Cautions 1. The WDTIF flag is R/W enabled only when the watchdog timer is used as an interval timer.
If the watchdog timer is used in watchdog timer mode 1, set the WDTIF flag to 0.

2. Tooperatethetimers, serial interface, and A/D converter after the standby mode has been
released, clear the interrupt request flag, because the interrupt request flag may be set
by noise.
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(2) Interrupt mask flag registers (MKOL, MKOH, MK1L)
The interrupt mask flags are used to enable/disable the corresponding maskable interrupt servicing and to
set standby clear enable/disable.
MKOL, MKOH and MK'1L are set by a 1-bit or 8-bit memory manipulation instruction. If MKOL and MKOH are
used as the 16-bit register MKO, use a 16-bit memory manipulation instruction for setting.
Reset input sets these registers to FFH.

Figure 18-3. Format of Interrupt Mask Flag Registers (MKOL, MKOH, MK1L)

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

MKOL| PMK6 | PMK5 | PMK4 | PMK3 | PMK2 | PMK1 | PMKO | WDTMK FFE4H FFH R/W
<7> <6> <5> <4> <3> <2> <1> <0>
MKOH | SRMKO™™ | SERMKO™™® | TMMK51{ TMMK50| CSIMK3 | CSIMK1 |[CSIMKO | PMK7 FFE5H FFH R/W
7 <6> <5> <4> <3> <2> <1> <0>
MK1L 1 ADMK |IEMK2"**?IEMK1""** TMMKO1{TMMKOO|BTMMKO|STMKO™®' [ FFE6H FFH R/W
xxMKx Control of interrupt servicing
0 Interrupt servicing enabled
1 Interrupt servicing disabled

Notes 1. These bits are provided in the uPD178076, 178078, and 178F098 only. Be sure to reset these
bits to 0 in the uPD178096A and 178098A.
2. These bits are provided in the uPD178096A, 178098A, and 178F098 only. Be sure to reset these
bits to 0 in the uPD178076 and 178078.

Cautions 1. If the WDTMK flag is read when the watchdog timer is used in watchdog timer mode 1,
the MKO value becomes undefined.

2. Because port 0 has an alternate function as an external interrupt request input, when the
output level is changed by specifying the output mode of the port function, an interrupt
request flag is set. Therefore, the interrupt mask flag should be set to 1 before using
the output mode.
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(3) Priority specification flag registers (PROL, PROH, PR1L)
The priority specification flags are used to set the corresponding maskable interrupt priority order.
PROL, PROH and PR1L are set by a 1-bit or 8-bit memory manipulation instruction. If PROL and PROH are
used as the 16-bit register PRO, use a 16-bit memory manipulation instruction for setting.
Reset input sets these registers to FFH.

Figure 18-4. Format of Priority Specification Flag Registes (PROL, PROH, PR1L)

Symbol  <7> <6> <5> <4> <3> <2> <1> <0> Address  Afterreset  R/W

PROL| PPR6 | PPR5 | PPR4 | PPR3 | PPR2 | PPR1 | PPRO |WDTPR| FFF8H FFH R/W
<7> <6> <5> <4> <3> <2> <1> <0>
PROH | SRPRO“™'| SERPR0™™*' | TMPR51|TMPR50| CSIPR3 | CSIPR1 |CSIPRO| PPR7 FFEOH FFH R/W
7 <6> <5> <4> <3> <2> <1> <0>
PR1L 1 ADPR |IEPR2"*2|IEPR1""®? TMPRO1|TMPR00|BTMPRO|STPR""'| FFEAH FFH R/W
xxPRx Priority level selection
0 High priority level
1 Low priority level

Notes 1. These bits are provided in the uPD178076, 178078, and 178F098 only. Be sure to set these bits
to 1 in the uPD178096A and 178098A.
2. These bits are provided in the uPD178096A, 178098A, and 178F098 only. Be sure to set these
bits to 1 in the yPD178076 and 178078.

Caution When the watchdog timer is used in watchdog timer mode 1, set the WDTPR flag to 1.
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(4) External interrupt rising edge enable register (EGP), external interrupt falling edge enable register
(EGN)
These registers set the valid edge for INTPO to INTP7.
EGP and EGN are set by a 1-bit or 8-bit memory manipulation instruction.
Reset input sets these registers to O0H.

Figure 18-5. Format of External Interrupt Rising Edge Enable Register (EGP)
and External Interrupt Falling Edge Enable Register (EGN)

Symbol 7 6 5 4 3 2 1 0 Address  Afterreset R/W
EGP| EGP7 | EGP6 | EGP5 | EGP4 | EGP3 | EGP2 | EGP1 | EGPO FF48H 00H R/W
7 6 5 4 3 2 1 0
EGN| EGN7 | EGN6 | EGN5 | EGN4 | EGN3 | EGN2 | EGN1 | EGNO FF49H 00H R/W
EGPn | EGNn Selection of INTPn pin valid edge (n = 0 to 7)
0 0 Interrupts disabled
0 1 Falling edge
1 0 Rising edge
1 1 Both falling and rising edges
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(5) Program status word (PSW)

The program status word is a register used to hold the instruction execution result and the current status of
an interrupt request. The IE flag to set maskable interrupt enable/disable and the ISP flag to control nesting
interrupt are mapped in the PSW.

Besides 8-bit unit read/write, this register can carry out operations via bit manipulation instructions and
dedicated instructions (El and DI). When a vectored interrupt request is acknowledged, if the BRK instruction
is executed, the contents of the PSW are automatically saved into a stack and the IE flag is resetto 0. If a
maskable interrupt request is acknowledged, the contents of the priority specification flag of the acknowledged
interrupt are transferred to the ISP flag. The acknowledged interrupt is also saved into the stack by the PUSH
PSW instruction and restored from the stack by the RETI, RETB, and POP PSW instructions.

Reset input sets the PSW to 02H.

Figure 18-6. Configuration of Program Status Word

’ 6 5 4 8 2 ! 0 After reset

PSW | IE Z |RBS1| AC |RBSO| O ISP | CY 02H

‘ Used when normal instruction is executed

ISP Priority of interrupt currently being serviced
0 High-priority interrupt being serviced
(low-priority interrupts disabled)

Interrupt request not acknowledged or low-priority
1 interrupt being serviced
(all-maskable interrupts enabled)

IE |Enable/disable of interrupt request acknowledgment

0 Disabled

1 Enabled
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18.4 Interrupt Servicing Operations

18.4.1 Non-maskable interrupt request acknowledgment operation

A non-maskable interrupt request is unconditionally acknowledged even if in an interrupt request acknowledgment
disabled state. It does not undergo interrupt priority control and has the highest priority of all interrupts.

If a non-maskable interrupt request is acknowledged, the acknowledged interrupt is saved in the stack, the program
status word (PSW), and the program counter (PC), in that order, the IE and ISP flags are reset to 0, and the vector
table contents are loaded into the PC and branched.

A new non-maskable interrupt request generated during execution of a non-maskable interrupt servicing program
is acknowledged after execution of the current non-maskable interrupt servicing program has finished (following RETI
instruction execution) and one main routine instruction is executed. If a new non-maskable interrupt request is
generated twice or more during non-maskable interrupt servicing program execution, only one non-maskable interrupt
request is acknowledged after termination of the non-maskable interrupt servicing program execution.

Figure 18-7 shows the flowchart from generation of a non-maskable interrupt request to acknowledgment. Figure
18-8 shows the timing of acknowledging the non-maskable interrupt request, and Figure 18-9 shows the operation
performed if a more than one non-maskable interrupt request occurs.
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Figure 18-7. Flowchart from Generation of Non-Maskable Interrupt Request to Acknowledgment

WDTM4=1
(with watchdog timer
ode selected)?

No

Interval timer

Overflow in WDT?

WDTM3=0
(with non-maskable
interrupt request selected)?

No

Reset processing

J

Interrupt request generation |

No

WDT interrupt servicing?

nterrupt request
held pending

Interrupt control
register unaccessed?

Yes

Interrupt
servicing start

WDTM: Watchdog timer mode register
WDT: Watchdog timer

Figure 18-8. Non-Maskable Interrupt Request Acknowledgment Timing

. ) . . PSW and PC saved Interrupt servicing
CPU instruction Instruction Instruction Jump to interrupt servicing | program

WoTIF [T / \
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Figure 18-9. Non-Maskable Interrupt Request Acknowledgment Operation

(a) If a new non-maskable interrupt request is generated during
non-maskable interrupt servicing program execution

( Main routine )

NMI request

\

I NMI request —= NMI request is held pending.
Execution of one instruction

Pending NMI request is serviced.

A

(b) If two non-maskable interrupt requests are generated during
non-maskable interrupt servicing program execution

( Main routine )

NMI request NMI  — | Held pending.
[ request
Execution of one instruction NMI Held pending.

request

Only one NMI request is acknowledged even if
two or more NMI requests are generated.

.
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18.4.2 Maskable interrupt request acknowledgment operation

A maskable interrupt request becomes acknowledgeable when an interrupt request flag is set to 1 and the mask
(MK) flag of the interrupt request is cleared to 0. A vectored interrupt request is acknowledged in an interrupt enabled
state (with the IE flag set to 1). However, a low-priority interrupt request is not acknowledged during high-priority
interrupt servicing (with the ISP flag reset to 0).

The wait times from maskable interrupt request generation to interrupt request servicing are as follows.

For the interrupt acknowledgment timing, refer to Figures 18-11 and 18-12.

Table 18-3. Times from Maskable Interrupt Request Generation to Interrupt Servicing

Minimum Time Maximum Time Note
When xxPRx =0 7 clocks 32 clocks
When xxPRx = 1 8 clocks 33 clocks

Note If an interrupt request is generated just before a divide instruction, the wait time is maximized.

Remark 1 clock : a1 (fcru: CPU clock)
fcpu

If two or more maskable interrupt requests are generated simultaneously, the request specified as having a priority
by the priority specification flag is acknowledged first. If two or more requests are specified as having the same priority
by the priority specification flag, the default priorities apply.

Any pending interrupt requests are acknowledged when they become acknowledgeable.

Figure 18-10 shows the interrupt request acknowledgment algorithms.

If a maskable interrupt request is acknowledged, the acknowledged interrupt request is saved in the stack, the
program status word (PSW), and the program counter (PC), in that order, the IE flag is reset to 0, and the acknowledged
interrupt priority specification flag contents are transferred to the ISP flag. Further, the vector table data determined
for each interrupt request is loaded into the PC and branched.

Return from the interrupt is possible using the RETI instruction.
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Figure 18-10. Interrupt Request Acknowledgment Processing Algorithm

( Start )

No
xxIF=17?
Yes (interrupt request
generation)
N
°<xxMK=0?
Yes
( Interrupt request )
held pending . -
Yes (High priorit
(High priority) % x PR =0?

No (Low priority)

Any high-
Priority interrupt request among
simultaneously generated

XPR=0 interrupts?

simultaneously
generated XxXPR=0
interrupt requests?

Interrupt request
No held pending

y
simultaneously
generated high-priority
interrupt requests ?

Yes

Interrupt request
held pending

No

Interrupt request
held pending

Yes
Interrupt request
Vectored interrupt held pgndinqg
servicing

Y Interrupt request
s held pending

;

Yes Interrupt request

held pending
Vectored interrupt
servicing

xxIF: Interrupt request flag

xxMK: Interrupt mask flag

xxPR: Priority specification flag

IE: Flag controlling acknowledgment of maskable interrupt request (1 = Enabled, 0 = Disabled)

ISP:  Flag indicating priority of interrupt currently being serviced (0 = Interrupt with high priority being
serviced, 1 = Interrupt request is not acknowledged, or interrupt with low priority is being serviced)

442 User's Manual U12790EJ2VOUD



CHAPTER 18 INTERRUPT FUNCTIONS

Figure 18-11. Interrupt Request Acknowledgment Timing (Minimum Time)

6 clocks
. . ) PSW and PC saved Interrupt
CPU processing Instruction Instruction Jump to interrupt servicing
servicing program
A
xxIF / ( / .
(xxPR=1) « [
| 8 clocks
oF [TTHTTTTT77  \,
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Remark 1 clock:
fcpu

Figure 18-12. Interrupt Request Acknowledgment Timing (Maximum Time)

25 clocks 6 clocks
. . L X . PSW and PC saved Interrupt
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17 \

xXIF / / / /
(xxPR = 1) \
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(fcpu: CPU clock)
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fcpu
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18.4.3 Software interrupt request acknowledgment operation

A software interrupt request is acknowledged by BRK instruction execution. Software interrupts cannot be
disabled.

If a software interrupt request is acknowledged, it is saved in the stack, the program status word (PSW), and the
program counter (PC), in that order, the IE flag is reset to 0, and the contents of the vector tables (003EH and 003FH)
are loaded into the PC and branched.

Return from a software interrupt is possible using the RETB instruction.

Caution Do not use the RETI instruction for returning from a software interrupt.
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18.4.4 Multiple servicing interrupt

Acknowledgment of an interrupt request while another interrupt is being serviced is called multiple interrupt
servicing.

Multiple interrupt servicing does not take place unless interrupts (except the non-maskable interrupt) are enabled
to be acknowledged (IE = 1). Acknowledgment of another interrupt request is disabled (IE = 0) when one interrupt
has been acknowledged. Therefore, to enable multiple interrupt servicing, the El flag must be set to 1 during interrupt
servicing, to enable other interrupts.

Multiple interrupt servicing may not occur even when interrupts are enabled. This is controlled by the priorities
of the interrupts. Although two types of priorities, default priority and programmable priority, may be assigned to an
interrupt, multiple interrupt servicing is controlled by using the programmable priority.

If an interrupt with the same priority level as or a higher priority than the interrupt currently being serviced occurs,
that interrupt can be acknowledged and serviced. If aninterrupt with a priority lower than that of the interrupt currently
being serviced occurs, that interrupt cannot be acknowledged and serviced.

An interrupt that is not acknowledged and serviced because it is disabled or it has a low priority is held pending.
This interrupt is acknowledged after servicing of the current interrupt has been completed and one instruction of the
main routine has been executed.

Multiple interrupt servicing is not enabled while the non-maskable interrupt is being serviced.

Table 18-4 shows the interrupts to which multiple interrupt servicing can be applied, and Figure 18-13 shows an
example of multiple interrupt servicing.

Table 18-4. Interrupt Requests Enabled for Multiple Interrupt Servicing

Interrupt Request  |Non-maskable Maskable Interrupt Request
Interrupt PR =0 PR =1
Interrupt being
serviced Request IE = 1 IE=0 | IE=1 IE=0
Non-maskable interrupt D D D D D
ISP =0 E E D D D
Maskable interrupt
ISP =1 E E D E D
Software interrupt servicing E E D E D

Remarks 1. E: Multiple interrupt servicing enabled
2. D: Multiple interrupt servicing disabled
3. ISP and IE are the flags contained in the PSW
ISP = 0: An interrupt with higher priority is being serviced
ISP = 1: An interrupt request is not acknowledged or an interrupt with lower priority
is being serviced
IE = 0: Interrupt request acknowledgment is disabled
IE =1: Interrupt request acknowledgment is enabled
4. PR is a flag contained in PROL and PROR.
PR = 0: Higher priority level
PR = 1: Lower priority level
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Figure 18-13. Example of Multiple Interrupt Servicing (1/2)

Example 1. Example where multiple interrupt servicing takes place two times

Main processing INTxx INTyy INTzz
servicing servicing servicing
IE=0 IE=0 IE=0
[= ]
INTXXx — INTyy — INTzz —
(PR=1) (PR=0) (PR =0)

=

RETI | RETI |

Two interrupt requests, INTyy and INTzz, are acknowledged while interrupt INTxx is being serviced,
and multiple interrupt servicing takes place. Before each interrupt request is acknowledged, the El
instruction is always executed, and interrupts are enabled.

Example 2. Example where multiple interrupt servicing does not take place because of priority control

Main processing INTxx INTyy
servicing servicing

E SR

INTXx —» Z
(PR=0) (PR=1)

'

1 instruction
execution

Interrupt request INTyy that is generated while interrupt INTxx is being serviced is not acknowledged
because its priority is lower than that of INTxx, and therefore, multiple interrupt servicing does not
take place. The INTyy request is held pending, and is acknowledged after one instruction of the main
routine has been executed.

PR = 0: High-priority level

PR = 1: Low-priority level

IE = 0: Acknowledging interrupt requests is disabled.
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Figure 18-13. Example of Multiple Interrupt Servicing (2/2)

Example 3. Example where multiple interrupt servicing does not take place because interrupts are not

enabled
Main processing INTxx INTyy
servicing servicing
| El | IE=0
INTyy .
INTxx —= (PR=0)
(PR=0) RETI

1 instruction
execution

Because interrupts are not enabled (El instruction is not issued) in the servicing of interrupt INTxx,
interrupt request INTyy is not acknowledged, and multiple interrupt servicing does not take place.
The INTyy request is held pending, and is acknowledged after one instruction of the main routine
has been executed.

PR = 0: High priority level
IE = 0: Acknowledging interrupts is disabled.
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18.4.5 Pending interrupt requests

Even if an interrupt request is generated, the following instructions hold it pending.

« MOV PSW, #byte
« MOV A, PSW

« MOV PSW, A

« MOV1 PSW.bit, CY

* MOV1/AND1/OR1/XOR1 CY, PSW.bit

e SET1/CLR1 PSW.bit

* RETB

* RETI

* PUSH PSW

* POP PSW

e BT/BF/BTCLR PSW.bit, $addr16
e El

* DI

¢ Instructions manipulating IFOL, IFOH, IF1L, MKOL, MKOH, MK1L, PROL, PROH, PR1L, EGP, and EGN registers

Caution Because the IE flag is cleared to 0 by the software interrupt (caused by execution of the BRK
instruction), a maskable interrupt request is not acknowledged even if it occurs while the BRK

instruction is being executed. However, the non-maskable interrupt is acknowledged.

Figure 18-14. Pending Interrupt Requests

CPU processing Instruction N Instruction M

PSW and PC saved
Jump to interrupt servicing

Interrupt servicing
program

xx IF J

\

Remarks 1. Instruction N: Instruction that holds interrupt request pending
2. Instruction M: Instruction that does not hold interrupt request pending

3. Operation of xxIF is

448

not affected by value of xxPR.
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19.1 Function of PLL Frequency Synthesizer

The PLL (Phase Locked Loop) frequency synthesizer is used to lock the frequency in the MF (Middle Frequency),
HF (High Frequency), and VHF (Very High Frequency) ranges to a specific frequency by means of phase difference
comparison.

The PLL frequency synthesizer divides the frequency of the signal input from the VCOL or VCOH pin by using
a programmable divider, and outputs the phase difference between the frequency of this signal and the reference
frequency from the EOO and EO1 pins.

The following two types of input pins and five frequency division modes are used.

1

(2

3)

4

(5

Direct division (MF) mode
The VCOL pin is used.
The VCOH pin is set in the status specified by bit 3 (VCOHDMD) of the PLL mode select register (PLLMD).

Pulse swallow (HF) mode
The VCOL pin is used.
The VCOH pin is set in the status specified by bit 3 (VCOHDMD) of PLLMD.

Pulse swallow (VHF) mode
The VCOH pin is used.
The VCOL pin is set in the status specified by bit 2 (VCOLDMD) of PLLMD.

VCOL and VCOH pin disable
The VCOL and VCOH pins are set in the status specified by bits 2 (VCOLDMD) and 3 (VCOHDMD) of PLLMD.
At this time, the phase comparator, reference frequency generator, and charge pump operate.

PLL disable

The PLL disabled status is set by the PLL reference mode register (PLLRF).

The VCOH and VCOL pins are set in the status specified by bits 2 (VCOLDMD) and 3 (VCOHDMD) of PLLMD.
The EOO and EO1 pins go into a high-impedance state.

At this time, all the internal PLL operations are stopped.

These division modes are selected by using the PLL mode select register (PLLMD).

The division value (N value) is set to the programmable divider by using the PLL data register. Frequency division
in each of the above modes is carried out according to the value (N value) set to the programmable divider.

Table 19-1 shows the division modes, input pins used (VCOL pin or VCOH pin), and the value that can be set to
the programmable divider.
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Table 19-1. Division Mode, Input Pin, and Division Value

Division Mode Pin Used Value That Can Be Set
Direct division (MF) VCOL 3210 2121
Pulse swallow (HF) VCOL 1024 to 217 — 1
Pulse swallow (VHF) VCOH 1024 to 217 -1

Caution For the frequencies that can actually be input, and the
input amplitude, refer to CHAPTER 25 ELECTRICAL
SPECIFICATIONS.
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19.2 Configuration of PLL Frequency Synthesizer

The PLL frequency synthesizer consists of the following hardware.

Table 19-2. Configuration of PLL Frequency Synthesizer

Item

Configuration

Data registers

PLL data register L (PLLRL)
PLL data register H (PLLRH)
PLL data register 0 (PLLRO)

Control registers

PLL mode select register (PLLMD)

PLL reference mode register (PLLRF)
PLL unlock FF judge register (PLLUL)

PLL data transfer register (PLLNS)

Figure 19-1. Block Diagram of PLL Frequency Synthesizer

Internal bus

PLL mode

select register

g1

PWM
data transfer register

VCOH|VCOL| PLL | PLL PLL data register PLL
DMD|DMD| MD1/MDO | | (PLLRL, PLLRH, PLLRO) NSO
] '2—{2
_ VCOH 6—— L 0 EOf
Mixer Input select Programmable aset Charge
-— - block Sivider comparator Sump
fr (¢-DET)
VCOL ©—— L © EOO
0.3 MHz Reference
Note or —=| frequency Unlock
Voltage 4.5 MHz generator FF
control
generator
4
Note *f "—‘
Lowpass
filter PLL | PLL | PLL | PLL PLL EOC |EOC
RF3| RF2 | RF1 | RFO ULO ON1 | ONO
PLL reference Pll-:ll-:L_'”éOCk EO select
mode register re]g;jis?e? register
S Internal bus S

Note External circuit
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(M

()

3)

4

®)

(6)

)
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PLL data register L (PLLRL), PLL data register H (PLLRH), and PLL data register 0 (PLLRO)

These registers set the division value of the PLL frequency synthesizer. The division value of the PLL
frequency synthesizer is made up of 17 bits. The higher 16 bits of this value are set by PLL data register L
(PLLRL) and PLL data register H (PLLRH). The higher 16 bits can also be set by the PLL data register (PLLR).
The least significant bit is set by bit 7 (PLLSCN) of PLL data register 0 (PLLRO).

The contents of these registers are undefined after reset. These registers hold the current values in the STOP
and HALT modes.

Input select block
The input select block consists of the VCOL and VCOH pins, and input amplifiers of the respective pins.

Programmable divider
The programmable divider consists of two modulus prescalers, a programmable counter (12 bits), a swallow
counter (5 bits), and a division mode select switch.

Reference frequency generator
The reference frequency generator consists of a divider that generates the reference frequency fr of the PLL
frequency synthesizer, and a multiplexer.

Phase comparator

The phase comparator (¢-DET) compares the phase of the divided frequency output fn of the programmable
divider with that of the reference frequency output fr of the reference frequency generator, and outputs an up
request signal (W) and down request signal (W).

Unlock FF
The unlock FF detects the unlock status of the PLL frequency synthesizer from the up request signal (UP)

and down request signal (DW) of the phase comparator (¢-DET).
Charge pump

The charge pump outputs the result of the output of the phase comparator from the error out pins (EOO and
EO1 pins).
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19.3 Registers Controlling PLL Frequency Synthesizer
The PLL frequency synthesizer is controlled by the following four registers.

* PLL mode select register (PLLMD)
PLL reference mode register (PLLRF)
e PLL unlock FF judge register (PLLUL)
PLL data transfer register (PLLNS)

(1) PLL mode select register (PLLMD)
This register selects the input pin and division mode of the PLL frequency synthesizer.
PLLMD is set by a 1-bit or 8-bit memory manipulation instruction.
The value of this register is set to 00H after reset.
In the STOP mode, only bits 3 and 2 (VCOHDMD and VCOLDMD) retain the previous value. Bits 1 and 0
(PLLMD1 and PLLMDO) are reset to 0.
In the HALT mode, this register holds the value immediately before the HALT mode was set.

Figure 19-2. Format of PLL Mode Select Register (PLLMD)

Symbol 7 6 5 4 <3> <2> <1> <0> Address  After reset R/W
PLLMD| O 0 0 0  |VCOHDMD|VCOLDMD|PLLMD1 [PLLMDO FFAOH 00H R/W
VCOH Selection of disable status of VCOH pin

DMD
0 Connected to pull-down resistor.
1 High-impedance status
VCOL Selection of disable status of VCOL pin
DMD
0 Connected to pull-down resistor.
1 High-impedance status
PLLMD1 [ PLLMDO Selection of division mode of PLL frequency synthesizer and VCO input pin
0 0 VCOL and VCOH pins disabledNote
0 1 Direct division (VCOL pin and MF mode)
1 0 Pulse swallow (VCOH pin and VHF mode)
1 1 Pulse swallow (VCOL pin and HF mode)

Note This does not mean that the PLL is disabled. The VCOH and VCOL pins become the status specified
by bit 3 (VCOHDMD) and bit 2 (VCOLDMD). The EOO0 and EO1 pins go low.

Remark Bits 4 to 7 are fixed to 0 by hardware.
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(2) PLL reference mode register (PLLRF)
This register selects the reference frequency fr of the PLL frequency synthesizer and sets the disabled status
of the PLL frequency synthesizer.
PLLRF is set by 1-bit or 8-bit memory manipulation instruction.
The value of this register is set to OFH after reset and in the STOP mode.
In the HALT mode, this register holds the value immediately before the HALT mode was set.

Figure 19-3. Format of PLL Reference Mode Register (PLLRF)

Symbol 7 6 5 4 <3 <2> <1> <0> Address  Afterreset R/W
PLLRF| © 0 0 0 |PLLRF3|PLLRF2|PLLRF1|PLLRFO FFA1H OFH R/W
PLLRF3|PLLRF2|PLLRF1|PLLRFO Settings of reference frequency fr of PLL frequency synthesizer
0 0 0 0 50 kHz
0 0 0 1 25 kHz
0 0 1 0 12.5 kHz
0 0 1 1 9 kHz
0 1 0 0 1 kHz
0 1 0 1 3 kHz
0 1 1 0 10 kHz
0 1 1 1 Setting prohibited
1 x x x | PLL disableNote

Note When PLL disable is selected, the status of the VCOL, VCOH, EOO, and EO1 pins are as follows.
VCOH, VCOL pins: Status specified by bit 3 (VCOHDMD) and bit 2 (VCOLDMD) of the PLL mode
select register (PLLMD).
EOO0, EO1 pins: High-impedance state

Remark Bits 4 to 7 are fixed to 0 by hardware.
x: Don’t care
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(38) PLL unlock FF judge register (PLLUL)
This register detects whether the PLL frequency synthesizer is in the unlock status.
Because this register is an R&RESET register, it is reset to 0 after it has been read.
The value of this register is set to OxHNote 1 after reset.
In the STOP and HALT modes, this register holds the value immediately before the STOP or HALT mode was

set.
Figure 19-4. Format of PLL Unlock FF Judge Register (PLLUL)
Symbol 7 6 5 4 3 2 1 <0> Address  Afterreset R/W
PLLUL| © 0 0 0 0 0 0 |PLLULO FFA2H  oxH"e'  R"Y*©?
PLLULO Detection of status of unlock FF

0 Unlock FF = 0: PLL lock status

1 Unlock FF = 1: PLL unlock status

Notes 1. Thevalue of bit0 (PLLULO) after reset differs depending on the type of reset that has been executed
(refer to the table below).
2. Bit 0 (PLLULO) is R&Reset.

7 6 5 4 3 2 1 0
After Power-on clear 0 0 0 0 0 0 0 Undefined
reset .
Watchdog timer Held
RESET input Held
STOP mode Held
HALT mode v \ ' V v V V Held

Remark Bits 1 to 7 are fixed to 0 by hardware.
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(4) PLL data transfer register (PLLNS)
This register transfers the values of the PLL data registers (PLLRL, PLLRH, and PLLRO) to the programmable
counter and swallow counter.
The value of this register is 00H after reset and in the STOP mode.
In the HALT mode, this register holds the previous value immediately before the HALT mode was set.

Figure 19-5. Format of PLL Data Transfer Register (PLLNS)

Symbol 7 6 5 4 3 2 1 <0> Address  After reset R/W
PLLNS| O 0 0 0 0 0 0 |PLLNSO FFA3H O0H W
PLLNSO Transfer of value of PLL data register to programmable counter and swallow counter
0 Not transferred
1 Transferred

Remark Bits 1 to 7 are fixed to 0 by hardware.
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19.4 Operation of PLL Frequency Synthesizer
19.4.1 Operation of each block of PLL frequency synthesizer

(1) Operation of input select block and programmable divider
The input select block and programmable divider select the input pin and division mode of the PLL frequency
synthesizer and divide the frequency in the selected division mode, according to the setting of the PLL mode
select register (PLLMD).
The programmable counter (12 bits) and pulse swallow counter (5 bits) are binary counters.
The division value (N value) is set to the programmable counter and swallow counter by the PLL data registers
(PLLRL, PLLRH, and PLLRO).
When the N value has been transferred to the programmable counter and swallow counter, frequency division
is performed in the selected division mode according to the status of bit 0 (PLLNSO) of the PLL data transfer
register.
Figure 19-6 shows the configuration of the input select block and programmable divider.

Figure 19-6. Configuration of Input Select Block and Programmable Divider

¢

o1 VHF Swallow
VCOH AMP. Two modulus wa
~O—— prescalers ‘ counter
VCOH HF| & 5 bits
DMD MF (1/32, 1/33)
VHF
HF Programmable
VCOL ©ﬁ AMP O—O counter
‘ L .| (12bits) fn
vcoL MF To ¢-DET
DMD ‘ ‘
12 bits | S5hbits
’7 PLL data registers
PLL (PLLRL, PLLRH, PLLRO)
NSO
PWM data
transfer register
S Internal bus

(2) Operation of reference frequency generator
The reference frequency generator divides the 6.3 MHz or 4.5 MHz output of the crystal resonator and
generates seven types of reference frequency fr for the PLL frequency synthesizer.
Reference frequency fr is selected by the PLL reference mode register (PLLRF).
Figure 19-7 shows the configuration of the reference frequency generator.
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Figure 19-7. Reference Frequency Generator Configuration

PLLRF3 to PLLRFO

4-16 decoder

{} | ‘ PLL disable signal
MUX

Divider
6.3 MHz

or ——= 1kHzO
4.5 MHz 3kHzO
9kHzO

fr

o0 To ¢-DET

25 kHz O
50 kHz O

(3) Operation of phase comparator (¢-DET)
Figure 19-8 shows the configuration of the phase comparator (¢-DET), charge pump, and unlock FF.
The phase comparator (¢-DET) compares the phase of the divided frequency fn of the programmable divider
with that of the reference frequency fr of the reference frequency generator, and outputs an up request signal,
UP, or a down request signal, DW.
If the divided frequency fn is lower than the reference frequency fr, the up request signal is output. If fnis higher
than fr, the down request signal is output.
Figure 19-9 shows the relationships between the reference frequency fr, divided frequency fn, up request signal
ﬁ, and down request signal DW.
When the PLL is disabled, neither the up nor the down request signal is output.
The up and down request signals are input to the charge pump and unlock FF.

Figure 19-8. Phase Comparator, Charge Pump, and Unlock FF Configuration

Reference frequency| fr Up
generator D@—- Unlock FF PLLUL

Phase
comparator
(¢-DET)
—O EO1
DW h
Programmable N Charge pump
divider E00

L

PLL disable signal
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4

Figure 19-9. Relationship Between fr, f, UP, and DW

(a) If fn advances fr in phase

S|
]

Operation of charge pump

The charge pump outputs the result of the up request (W’) or down request (W) signal from the phase
comparator (¢-DET) from the error out pins (EOO and EO1 pins). Table 19-3 shows the output signals.

The EOO and EO1 pins are voltage-driven type pins.
Figure 19-10 shows the configuration of the error out pins.
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Table 19-3. Error Out Output Signal

Relationship Between Divided Frequency
fn and Reference Frequency fr

Error Out Output Signal

When fr > fn Low level
When fr < fn High level
When fr = fn Floating (high impedance)
Figure 19-10. Error Out Pin Configuration
J VooPLL
DW P-ch
EO1
uP ~— N-ch

17- GNDPLL

IJ VooPLL
P-ch

EOO

GNDPLL

User's Manual U12790EJ2VOUD




CHAPTER 19 PLL FREQUENCY SYNTHESIZER

(5) Operation of unlock FF
The unlock FF detects the unlock status of the PLL frequency synthesizer.
It detects the unlock status of the PLL frequency synthesizer from the up request signal UP and down request
signal DW of the phase comparator (¢-DET).
Because either of the up request or down request signal outputs a low level in the unlock status, the unlock
status can be detected by using this low-level signal.
The status of the unlock FF is detected by bit 0 (PLLULO) of the PLL unlock FF judge register (PLLUL).
The unlock FF is set at the cycle of the reference frequency fr selected at that time.
The PLL unlock FF judge register is reset when its contents have been read.
To read the PLL unlock FF judge register, therefore, it must be read at a cycle longer than the cycle (1/fr) of
the reference frequency.

19.4.2 Operation to set N value of PLL frequency synthesizer

The division value (N value) is set to the programmable counter (12 bits) and swallow counter (5 bits) by the PLL
data registers (PLLRL, PLLRH, and PLLRO).

When the N value has been transferred to the programmable counter and swallow counter by bit 0 (PLLNSO) of
the PLL data transfer register (PLLNS), frequency division is carried out in the selected division mode.

Examples of setting the N value in the respective division modes (MF, HF, and VHF) are shown below.

(1) Direct division mode (MF)

(a) Calculating division value N (value set to PLL data register)

fvcoL
fr
where, fvcoL: Input frequency of VcoL pin

N =

fr: Reference frequency

(b) Example of setting PLL data register
An example of setting the PLL data register to receive broadcast stations in the following MW band is
shown below.
Receive frequency: 1422 kHz (MW band)
Reference frequency: 9 kHz
Intermediate frequency: 450 kHz
Division value N is calculated as follows:

f 1422 + 4
N - V(f)OL _ 9+ 50 = 208 (decimal)
r

= ODOH (hexadecimal)
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Data is set to the PLL data registers (PLLR and PLLRO) as follows.

PLLR PLLRO

PLLRH PLLRL ~1—PLLSCN

b7:b6:b5: b4 |b3:b2:b1:b0|b7:b6: b5 b4|b3 b2 b1 bO|b7|b6 b5 b4 b3 b2 bl b0

b16 | b15 | b14 | b13 | b12 | b11 | b10| b9 | b8 ,
TR E— TR E— |
| | |

|
Programmable counter value

b5 | b4 b3 b2 bl | b0

Don't care Fixed to 0

After setting the above PLL data registers (PLLR and PLLRO), data must be transferred to the
programmable counter by setting bit 0 (PLLNSO) of the PLL data transfer register (PLLNS).

(2) Pulse swallow mode (HF)

(a) Calculating division value N (value set to PLL data register)
_fvoor

fr
where, fvcoL: Input frequency of VcoL pin

fr: Reference frequency

(b) Example of setting PLL data register

An example of setting the PLL data register to receive broadcast stations in the following SW band is shown
below.

Receive frequency: 25.50 MHz (SW band)

Reference frequency: 10 kHz

Intermediate frequency: 450 kHz
Division value N is calculated as follows:

fvcoL 25500 + 450

N = = = 2595 (decimal)
fr 10

= 0A23H (hexadecimal)
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Because the least significant bit of division value N must be set to bit 7 (PLLSCN) of PLL data register
0 (PLLRO), data must be set by shifting the result of the above calculation 1 bit to the right.
Data is set to the PLL data registers (PLLR and PLLRO) as follows.

Result of calculation (N value)

0:0:0:0/1:0:1:0[0:0

0 A 2

Shifted 1 bit to right @

Value shifted 1 bit to right

1:0[0:0

0:1/0:0:0:1[0:0:0:1[—

0:0:0:0|0:1

0 5 1 1 H

U

PLLR PLLRO

PLLRH PLLRL ~1—PLLSCN

b7:b6:b5: b4 |b3:b2:b1:b0|b7:b6: b5 b4|b3:b2:b1ib0 b7 b6 b5 b4 b3 b2 bl b0

b16 | b15 | b14 | b13 | b2, b11 | b10| b9 | b8 | b7 | b6 |, b5 | ba | b3 | b2 | bl | b0

Programmable counter value Swallow counter value Fixed to 0

1 0

After setting the above PLL data registers (PLLR and PLLRO), data must be transferred to the
programmable counter and swallow counter by setting bit 0 (PLLNSO) of the PLL data transfer register
(PLLNS).

In this example, a value of half the N value is set to the higher 16 bits of the PLL data register (PLLR)
by shifting the N value resulting from calculation 1 bit to the right.

If the N value is calculated as follows with the least significant bit of the N value in PLLSCN fixed to 0,
the result of the calculation (NrLLR) can be set to the PLL data register (PLLR) as is.

If the calculation result is set in this way, however, the input frequency (fvcor) is 2 x fr (reference frequency)
of the set value NpLLR.

fvcoL
NPLLR =

r
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(3) Pulse swallow mode (VHF)

(a) Calculating division value N (value set to PLL data register)
fvcoH
fr
where, fvcon: Input frequency of VCOH pin
fr: Reference frequency

N =

(b) Example of setting PLL data register
An example of setting the PLL data register to receive broadcast stations in the following FM band is shown
below.
Receive frequency: 100.0 MHz (FM band)
Reference frequency: 50 kHz
Intermediate frequency: +10.7 MHz
Division value N is calculated as follows.
fvcon ~ 100.0 + 10.7
fr 0.5

N =

= 2214 (decimal)
= 08A6H (hexadecimal)
Because the least significant bit of division value N must be set to PLL data register 0 (PLLRO), data must

be set by shifting the value calculated by the above expression 1 bit to the right.
Data is set to the PLL data registers (PLLR and PLLRO) as follows.

Result of calculation (N value)

0:0:0/1:0

0:0:0:0/1

0 8 A

Shifted 1 bit to right @

Value shifted 1 bit to right

0/0:0:0/0:1:0:0[{0:1:0:1][0:0:1:1]—

0 4 5 3 H
PLLR PLLRO
PLLRH PLLRL ~1—PLLSCN
b7:b6!b5: b4|b3:b2:b1:b0|b7 b6 b5 b4|b3:b2:b1:b0|b7|b6 b5 b4 b3 b2 bl bO
b163b153b14ib13 b123b11ib103b9 bsitﬂibsibs b4ib33b23b1 b0
i1 Programmable counter value : . Swallow counter value Fixed to 0

0:0:0:0/0:!1:0:0{0:110:1][0:0:1:1/0

0 4 5 3 0
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After setting the above PLL data registers (PLLR and PLLRO), data must be transferred to the
programmable counter and swallow counter by setting bit 0 (PLLNSO) of the PLL data transfer register
(PLLNS).
In this example, a value of half the N value is set to the higher 16 bits of the PLL data register (PLLR)
by shifting the N value resulting from calculation 1 bit to the right.
If the N value is calculated as follows with the least significant bit of the N value in PLLSCN fixed to 0,
the result of the calculation (NrLLR) can be set to the PLL data register (PLLR) as is.
If the calculation result is set in this way, however, the input frequency (fvcon) is 2 x fr (reference frequency)
of the set value NpLLR.

fvcoH

NPLLR =
r
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19.5 PLL Disable Status

The PLL frequency synthesizer can be stopped (PLL disable status) by performing any of the following settings
while the PLL frequency synthesizer is operating.

» Setting the value of bit 3 (PLLRF3) of the PLL reference mode register (PLLRF) to 1 to set the PLL disable status
¢ Setting STOP mode using the STOP instruction
» Setting the reset using the reset function

The following table shows the operation of each block and the status of each register in the PLL disable status.

Table 19-4. Operation of Each Block and Register Status in PLL Disable Status

Block/Register Status in PLL Disable Status

VCOL and VCOH pins Status set in bit 3 (VCOHDMD) and bit 2
(VCOLDMD) of PLLMD

Programmable divider Division stops

Reference frequency generator Output stops

Phase comparator Output stops
EOO0 and EO1 pin High impedance
PLL mode select register Retains value on execution of write instruction

PLL data register

PLL unlock FF judge register

19.6 Notes on PLL Frequency Synthesizer

* Notes on using PLL frequency synthesizer
Because the input pins (VCOL and VCOH pins) of the PLL frequency synthesizer are provided with an AC
amplifier, cut the DC component of the input signal by connecting a capacitor to the input pins in series.
The potential of the selected input pin is intermediate (about 1/2Vbp). An unselected input pin becomes the status
set in bit 3 (VCOHDMD) and bit 2 (VCOLDMD) of the PLL mode select register (PLLMD).
For the frequencies that can actually be input and the input amplitude, refer to CHAPTER 25 ELECTRICAL
SPECIFICATIONS.
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20.1 Function of Frequency Counter

The frequency counter counts the intermediate frequency (IF) of a tuner.

It counts the intermediate frequency input to the FMIFC or AMIFC pin for a specific time (1 ms, 4 ms, 8 ms, or
open) with a 16-bit counter. The count value of the frequency counter is stored in the IF counter register.

Forthe range of the frequency that can be input to the FMIFC and AMIFC pins, referto CHAPTER 25 ELECTRICAL
SPECIFICATIONS.
20.2 Configuration of Frequency Counter

The frequency counter consists of the following hardware.

Table 20-1. Configuration of Frequency Counter

Iltem Configuration
Counter register IF counter register (IFC)
Control registers IF counter mode select register (IFCMD)

IF counter control register (IFCR)
IF counter gate judge register (IFCJG)
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Figure 20-1. Frequency Counter Block Diagram

2 Gate time
control block

FMIFC©— Start/sto IF counter
Input select P register
block control block (IFC)
AMIFC O—— block
2
IFC | IFC | IFC | IFC IFC IFC | IFC
MD1| MDO | CK1 | CKO JGO ST | RES
IF counter IF counter IF counter
mode select gate judge control
register register register
S Internal bus S

(1) IF counter input select block
The IF counter input select block selects the pin to be used from the FMIFC and AMIFC pins, and the count
mode.

(2) Gate time control block
The gate time control block sets the gate time (count time).

(3) Start/stop control block
The start/stop control block sets the count start of the IF counter register and detects the end of counting.

(4) IF counter register block
The IF counter register block is a 16-bit register that counts up the frequency input in the set gate time. The
count value is stored in the IF counter register (IFCR). When the count value reaches FFFFH, the IF counter
register holds FFFFH at the next input, and stops counting. The value of this register is reset to 0000H after
reset or in the STOP mode. In the HALT mode, it holds the current count value.
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20.3 Registers Controlling Frequency Counter
The frequency counter is controlled by the following three registers.

¢ |IF counter mode select register (IFCMD)
¢ |IF counter control register (IFCCR)
¢ IF counter gate judge register (IFCJG)

(1) IF counter mode select register (IFCMD)
This register selects the input pin of the frequency counter, and selects the mode and gate time (count time).
This register is set by a 1-bit or 8-bit memory manipulation instruction.
The value of this register is reset to 00H after reset or in the STOP mode.
In the HALT mode, this register holds the value immediately before the HALT mode was set.

Figure 20-2. Format of IF Counter Mode Select Register (IFCMD)

Symbol 7 6 5 4 <3> <2> <1> <0> Address  Afterreset R/W
IFCMD| O 0 0 0 |IFCMD1|IFCMDO|IFCCK1 |IFCCKO FFA9H 00H R/W
IFCMD1 {IFCMDO Selection of frequency counter pin and mode
0 0 FMIFC AMIFC pins disabledNote 1
0 1 AMIFC pin, AMIF count modeNote 2
1 0 FMIFC pin, FMIF count modeNote 2
1 1 FMIFC pin, AMIF count modeNote 2
IFCCK1 |IFCCKO Selection of gate time
0 0 1 ms
0 1 4 ms
1 0 8 ms
1 1 Open

Notes 1. The FMIFC and AMFIC pins are used as port pins.
2. When using the AMIFC/P101 and FMIFC/P102 pins to input signals to the frequency counter, set
PM101 and PM102 to 1.

Caution Any pin not selected by IFCMD is automatically set in the port mode.

Remark Bits 4 to 7 are fixed to 0 by hardware.
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(2) IF counter control register (IFCCR)
This register sets the count start of the IF counter register and clears the IF counter register.
IFCCR is set by a 1-bit or 8-bit memory manipulation instruction.
The value of this register is reset to O0H after reset and in the STOP mode.
In the HALT mode, this register holds the value immediately before the HALT mode was set.

Figure 20-3. Format of IF Counter Control Register (IFCCR)

Symbol 7 6 5 4 3 2 <1>  <0> Address  Afterreset R/W
IFCCR| © 0 0 0 0 0 | IFCST |IFCRES FFACH O00H w
IFCST Count start of IF counter register

0 Nothing is affected

1 Counting starts

IFCRES Clearance of data of IF counter register

0 Nothing is affected

1 Data of IF counter register cleared

Remark Bits 2 to 7 are fixed to 0 by hardware.

(3) IF counter gate judge register (IFCJG)
This register detects opening/closing of the gate of the frequency counter.
The value of this register is reset to 00H after reset and in the STOP mode.
In the HALT mode, this register holds the value immediately before the HALT mode was set.

Figure 20-4. Format of IF Counter Gate Judge Register (IFCJG)

Symbol 7 6 5 4 3 2 1 <0> Address  Afterreset R/W
IFCJG| O 0 0 0 0 0 0 |IFCJGO FFABH 00H R
IFCJGO Detection of opening/closing of gate of frequency counter

0 Gate is closed
1 * If gate time is set to other than open

Status until gate is closed after IFCST has been set to 1

* If gate time is set to open
Status where gate is open as soon as it has been set to be opened

Remark Bits 1 to 7 are fixed to 0 by hardware.

Caution IFCJGO remains set even if the IF counter register overflows and stops counting, until the
set gate time expires.
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20.4 Operation of Frequency Counter

(1) Select the input pin, mode, and gate time by using the IF counter mode select register (IFCMD).
Figure 20-5 shows a block diagram of input pin and mode selection.

(2) Setbit 0 (IFCRES) of the IF counter control register (IFCCR) to 1, and clear the data of the IF counter register.
(8) Set bit 1 (IFCST) of the IF counter control register (IFCCR) to 1.

(4) The gate is opened only for the set gate time from when the 1 kHz internal signal rises after IFCST is set.
If the gate time is set to open, the gate is opened as soon as it has been specified to be opened.
Bit 0 (IFCJGO) of the IF counter gate judge register (IFCJG) is automatically set to 1 as soon as IFCST has
been set to 1.
When the gate time has expired, bit 0 (IFCJGO) of the IF counter gate judge register (IFCJG) is automatically
cleared to 0. If it is specified that the gate be open, however, IFCJGO is not automatically cleared. In this
case, set a gate time. Figure 20-6 shows the gate timing of the frequency counter.

(5) The IF counter register counts the frequency input to the selected FMIFC or FMIFC pin while the gate is open.
If the FMIFC pin is used in the FMIF count mode, however, the input frequency is divided by half before it

is counted input to the selected FMIFC or AMIFC pin while the gate is open.

The relationship between count value x (decimal), the input frequencies (frmiFc and fawirc), and the gate time (TGATE)
is shown below.

e FMIF count mode (FMIFC pin)

frmIFC = x 2 (kHz)

TGATE

¢ AMIF count mode (FMIFC or AMIFC pin)

famiFc =

(kHz)
GATE

Figure 20-5. Block Diagram of Input Pin and Mode Selection

FMIF count mode

FMIFC (O AMP 12—

AMIF count mode
AMP O IF counter register

AMIF count mode

AMIFC O———| AWP O
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Figure 20-6. Gate Timing of Frequency Counter

(a) If gate time is setto 1, 4, or 8 ms

Hi
Internal1kHzL|||3|||||||||||||||||||

OPEN — |
1ms !
CLOSE ‘ !
! ! — Counting ends if gate time is 1 ms.
g OPEN — ! ’
= 4ms ! |
9 CLOSE ‘ !
(‘5“ ! ! ! — Counting ends if gate time is 4 ms.
OPEN — w 1
8 ms ! ! !
CLOSE ; 1 ! _ l _
| | | ! Gate time: 8 ms T Counting ends
_ ; \‘ if gate time is
IFCJGO : ~ Gate time: 1 ms Gate time: 1 ms | 8 ms.
L 4 * ! Clears
Counting starts. IFCJGO
Gate is opened at this point.
— Sets IFCST.

IFCJGO is automatically set at this point.

(b) If gate is set to be open

Hi
Internal 1 kHz | | | | | | | | | | | | | | | | | |
L

OPEN —
Gate
CLOSE

Count period.
If IFCST is set during this period,
gate is closed after undefined time.

L

b IFCCK1 = IFCCKO = 1.
Gate is opened at this point.
If gate is opened when IFCJGO is opened, gate is closed after undefined time.

OPEN —
Gate | |
CLOSE

Count period

b IFCCK1 = IFCCKO = 1 t Sets gate time by using IFCCK1 and IFCCKO

Caution If counting is started by using IFCST while this gate is open, the gate is closed after an undefined
time. To open the gate, therefore, do not set IFCST to 1.

Remark IFCST: Bit 1 of the IF counter control register (IFCCR)

IFCJGO: Bit 0 of the IF counter gate judge register (IFJG)
IFCCK1, IFCCKO: Bits 1 and 0 of the IF counter mode select register (IFCMD)
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20.5 Notes on Frequency Counter

(1) Notes on using frequency counter
Because signals are input to the frequency counter from an input pin (FMIFC or AMIFC pin) with an AC amplifier
as shown in Figure 20-7, cut the DC component of the input signals by using capacitor C.
If the FMIFC or AMIFC pin is selected by the IF counter mode select register, switch SW1 turns ON, and switch
SW2 turns OFF. As a result, the voltage on the pin is about 1/2Vop.
Unless the voltage has risen to a sufficient intermediate level at this time, counting may not be performed
normally because the AC amplifier is not in the normal operating range.
Therefore, make sure that sufficient wait time elapses after a pin has been selected and before counting is
started (IFCST = 1).

Figure 20-7. Frequency Counter Input Pin Circuit

g VooPLL

Sw2
R SWi1
O—
C
External frequency I I @) . To internal counter
FMIFC
or AMIFC pin

(2) Notes in HALT mode
The FMIFC and AMIFC pins hold the status immediately before the HALT mode was set.
To release the HALT mode by using the interrupt of the frequency counter at this time, the following point must
be noted.
The gate will not be opened if the HALT instruction is executed after counting has been started by IFCST before
the gate is actually opened.
Therefore, wait for at least 1 ms before executing the HALT instruction.

Figure 20-8. Gate Status When HALT Instruction Is Executed

OPEN —— e
Gate

CLOSE

1 ms MAX.

L T*Timing to open gate

Interrupt request is not issued if HALT instruction is executed
L during this period because gate is not opened.
Sets IFCST
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(3) Error of frequency counter
The error of the frequency counter includes the error of the gate time and the count error.

(1) Error of gate time
The gate time of the frequency counter is created by dividing 6.3 MHz.
Therefore, if 6.3 MHz is shifted “+x” ppm, the gate time is also shifted “—x” ppm.

(2) Count error
The frequency counter counts the frequency at the rising edge of the input signal.
If a high level is input to the pin when the gate is opened, therefore, one excess pulse is counted. When
the gate is closed, however, counting is not affected by the status of the pin.
Therefore, the count error is “maximum + 1”.
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21.1 Standby Function and Configuration

21.1.1 Standby function
The standby function is designed to decrease the power consumption of the system. The following two modes

are available.

0

(2

HALT mode

HALT instruction execution sets the HALT mode. The HALT mode stops the CPU operation clock, but the
system clock oscillator continues oscillating. In this mode, the current consumption cannot be decreased as
much as in the STOP mode. The HALT mode is effective for restarting immediately upon interrupt request
generation and to carry out intermittent operations such as in watch applications.

Although the CPU stops operating, the peripheral functions can operate. To lower the current consumption,
therefore, stop all unnecessary circuits before executing the HALT instruction.

STOP mode

STOP instruction execution sets the STOP mode. In the STOP mode, the system clock oscillator stops and
the whole system stops. The CPU current consumption can be considerably decreased in this mode.
Data memory low-voltage hold (down to Voo = 2.3 V) is possible. Thus, the STOP mode is effective for holding
data memory contents with ultra-low current consumption.

If the supply voltage drops below 2.3 V, the system is reset by means of power-on clear reset. For reset, refer
to CHAPTER 22 RESET FUNCTION.

Because this mode can be released upon interrupt request generation, it enables intermittent operations to
be carried out.

However, because a wait time is necessary to secure the oscillation stabilization time after the STOP mode
is released, select the HALT mode if it is necessary to start processing immediately upon interrupt request
generation.

All the functions stop operating in this mode.

Some registers of the PLL frequency synthesizer and frequency counter are reset, but the other functions are
stopped with their current status held.

Cautions 1. When proceeding to the STOP mode, be sure to stop the peripheral hardware operations
before executing the STOP instruction.
2. The following sequence is recommended for power consumption reduction of the A/D
converter: first clear bit 7 (ADCS3) of ADM3 to 0 to stop the A/D conversion operation,
then execute the HALT or STOP instruction.
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21.1.2 Standby function control register

A wait time from when the STOP mode is released upon interrupt request generation until the oscillation stabilizes
is controlled by the oscillation stabilization time select register (OSTS).

OSTS is set by an 8-bit memory manipulation instruction.

Reset input sets OSTS to 04H.

Figure 21-1. Format of Oscillation Stabilization Time Select Register (OSTS)

Symbol 7 6 5 4 3 2 1 0 Address  Afterreset R/W
OSTS 0 0 0 0 0 |OSTS2|0STS1|0STS0 FFFAH 04H R/W
I

Selection of oscillation stabilization
time when STOP mode is released

0STS2|0STS1|0STS0

0 | 0 |2k (650us)
0 | 1 |2 (2.60ms)

0
0

0 1 0 |2"fx (5.20 ms)
0 1 1 |2%x  (10.4 ms)

1] 0|0 |27/ (20.8ms)

Other than above| Setting prohibited

Remark fx: System clock oscillation frequency
() fx=6.3 MHz

Caution The wait time when the STOP mode is released does not include the time required for the clock

oscillation to start after the STOP mode has been released (see “a” in the figure below),
regardless of whether the mode has been released by the RESET signal or an interrupt request.

STOP mode release

X1 pin
voltage
waveform

Vss
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21.2 Standby Function Operations

21.2.1 HALT mode

(1) HALT mode setting and operating status
The HALT mode is set by executing the HALT instruction.
The operating status in the HALT mode is described below.

Table 21-1. HALT Mode Operating Status

Item

Status

Clock generator

System clock oscillates. Clock supply to CPU stopped.

CPU

Stops operating.

Port

Hold status before HALT mode was set.

16-bit timer/event counter O

8-bit timer/event counters 50, 51

Basic timer

Watchdog timer

Buzzer output controller

Hold operation before HALT mode was set and can operate.

A/D converter

Holds operation performed when HALT mode was set.
However, comparison cannot be performed correctly in A/D conversion operation mode.
In power-fail comparison mode, operation is as follows depending on setting of bit 5
(PFHRMB) of power-fail comparison mode register 3 (PFM3):

PFHRM3 = 0: Comparison cannot be performed normally.

PFHRMS3 = 1: Power-fail comparison operation can be performed.

Serial interface S100, SIOS3,

UARTQNote 1

Hold operation performed when HALT mode was set and can operate.

SIO1

Holds operation performed when HALT mode was set.
However, transfer is continued with erroneous data if serial clock is supplied in automatic
transfer mode.

IEBus controllerNote 2

External interrupt

PLL frequency synthesizer

Hold operation before HALT mode was set and can operate.

Frequency counter

Holds operation performed before HALT mode was set.
However, operation is not performed correctly even though it is continued.

Power-on clear circuit

Reset when voltage of less than 3.5 V is detected.

Notes 1. uPD178076, 178078, and 178F098 only.
2. uPD178096A, 178098A, and 178F098 only.

User's Manual U12790EJ2VOUD 477



CHAPTER 21 STANDBY FUNCTION

(2) HALT mode release
The HALT mode can be released by the following three sources.

(a) Release upon unmasked interrupt request generation
When anunmasked interruptrequestis generated, the HALT mode is released. Ifinterruptacknowledgment

is enabled, vectored interrupt servicing is carried out. If disabled, the next address instruction is executed.

Figure 21-2. HALT Mode Release upon Interrupt Generation

Interrupt
HALT request
instruction Wait ‘
Standby 1
release signal |
b oo o o o — — — — — — — — —
Operating
mode HALT mode Wait ‘ Operating mode
!
Clock Oscillation

Remarks 1. The broken lines indicate the case when the interrupt request which has released the
standby status is acknowledged.
2. The wait time is as follows:
* When vectored interrupt servicing is carried out: 8 to 9 clocks
* When vectored interrupt servicing is not carried out: 2 to 3 clocks

(b) Release upon non-maskable interrupt request generation
When a non-maskable interrupt is generated, the HALT mode is released and vectored interrupt servicing
is carried out regardless of whether interrupt acknowledgment is enabled or disabled.
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(c) Release by RESET input
If a RESET signal is input, the HALT mode is released. As is the case with a normal reset operation,
the program is executed after branch to the reset vector address.

Figure 21-3. HALT Mode Release by RESET Input

Wait
HALT | 27/ 20.8 ms)
instruction ‘ ‘
RESET (
signal | |
Oscillation
Operating Reset stabilization Operating
mode HALT mode period wait status mode
Oscillation
Oscillation stop Oscillation
Clock
Remarks 1. fx: System clock oscillation frequency
2. () x=6.3 MHz
Table 21-2. Operation After HALT Mode Release
Release Source MKxx PRxx IE ISP Operation
Maskable interrupt 0 0 0 X Next address instruction execution
request 0 0 1 X Interrupt servicing execution
0 1 0 1 Next address instruction execution
0 1 X 0
0 1 1 1 Interrupt servicing execution
1 X X X HALT mode held
Non-maskable interrupt - - X X Interrupt servicing execution
request
RESET input - - X X Reset processing

Remark x: Don't care
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21.2.2 STOP mode

(1) STOP mode setting and operating status
The STOP mode is set by executing the STOP instruction.

Cautions 1. Whenthe STOP modeis set, the X1 pin is pulled down to GNDO, and the X2 pin is internally
pulled up to Voo to minimize the leakage current of the crystal oscillator.

2. Because the interrupt request signal is used to release the standby mode, if there is an
interrupt source with the interrupt request flag set and the interrupt mask flag reset, the
standby mode is immediately released if set. Thus, the STOP mode is reset to the HALT
mode immediately after execution of the STOP instruction, and the operating mode is set
after the wait set using the oscillation stabilization time select register (OSTS).

The operating status in the STOP mode is described below.

Table 21-3. STOP Mode Operating Status

ltem Status
Clock generator System clock stopped. Clock supply to CPU stopped.
CPU Stops operating.
Ports Hold status before STOP mode was set.
16-bit timer/event counter 0 Stop operating and cannot operate.

8-bit timer/event counters 50, 51

Basic timer

Watchdog timer

Buzzer output controller

A/D converter

Serial interface
SI00, SIO1, SI03, UART(QNote 1

IEBus controllerNote 2

External interrupt Can operate.

PLL frequency synthesizer Stop operating and cannot operate.

Frequency counter

Power-on clear circuit RESET generated when 2.3 V or less is detected.

Notes 1. uPD178076, 178078, and 178F098 only.
2. uPD178096A, 178098A, and 178F098 only.
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(2) STOP mode release
The STOP mode can be released by the following two sources.

(a) Release by unmasked interrupt request
When an unmasked interrupt request is generated, the STOP mode is released. If interrupt request
acknowledgment is enabled after the lapse of the oscillation stabilization time, vectored interrupt servicing
is carried out. If interrupt request acknowledgment is disabled, the next address instruction is executed.

Figure 21-4. STOP Mode Release by Interrupt Request Generation

Interrupt Wait
STOP request ‘ (Time set by OSTS) ‘
instruction ‘ ‘
Standby 55 i
release signal | L
Operating Oscillation stabilization Operating
mode STOP mode wait status ‘ mode
Oscillation Oscillation stop Oscillation
Clock

Remark The broken lines indicate the case when the interrupt request which has released the standby
status is acknowledged.
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(b) Release by RESET input
If a RESET signal is input, the STOP mode is released, and after the lapse of oscillation stabilization time,
the reset operation is carried out.

Figure 21-5. Release by STOP Mode RESET Input

Wait
STOP (2"7/ix: 20.8 ms)
instruction
RESET ' 4
signal
Oscillation
Operating Reset stabilization Operating
mode STOP mode period wait status mode
Oscillation Oscillation stop Oscillation
Clock

Remarks 1. fx: System clock oscillation frequency
2. () fx=6.3 MHz

Table 21-4. Operation After STOP Mode Release

Release Source MKXx PRxx IE ISP Operation

Maskable interrupt request 0 0 0 X Next address instruction execution
0 0 1 X Interrupt servicing execution
0 1 0 1 Next address instruction execution
0 1 X 0
0 1 1 1 Interrupt servicing execution
1 X X X STOP mode held

RESET input - - X X Reset processing

Remark x: Don't care
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22.1 Reset Function

The following three operations are available to generate the reset signal.

(1)
(2)
@)

(M

()

3)

External reset input by RESET pin
Internal reset by inadvertent program loop time detection of watchdog timer
Internal reset by power-on clear (POC)

External reset input by RESET pin
When alow level is input to the RESET pin, the device is reset, and each hardware unit enters the status shown

in Table 22-1. While the reset signal is input and during the oscillation stabilization time immediately after
the RESET signal has been deasserted, each pin goes into a high-impedance state (however, the P130
through P137 pins go low, and the VCOH and VCOL pins are pulled down).

The RESET signal is deasserted when a high level is input to the RESET pin, and program execution is started
after the oscillation stabilization time (217/fx) has elapsed.

Internal reset by inadvertent program loop time detection of watchdog timer

Reset is effected and each hardware unit enters the status shown in Table 22-1 when the watchdog timer
overflows. While reset is effected and during the oscillation stabilization time immediately after the effect of
reset has been cleared, each pin goes into a high-impedance state (however, the P130 to P137 pins go low,
and the VCOH and VCOL pins are pulled down).

Reset by the watchdog timer is cleared immediately after reset has been effected, and program execution is
started after the oscillation stabilization time (217/fx) has elapsed.

Internal reset by power-on clear (POC)
Reset is effected by means of power-on clear under the following conditions.

* |f supply voltage is less than 3.5 VNote gn power application
* If supply voltage drops to less than 2.3 VNote in STOP mode
* If supply voltage drops to less than 3.5 VNote (including in HALT mode)

When these power-on clear reset conditions are satisfied, reset is effected, and each hardware unit enters
the status shown in Table 22-1. While the reset signal is input and during the oscillation stabilization time
immediately after the reset signal has been deasserted, each pin goes into a high-impedance state (the P130
to P137 pins go low, however).

Reset by power-on clear is cleared if the supply voltage rises beyond a specific level, and program execution
is started after the oscillation stabilization time (217/fx) has elapsed.

Note These voltage values are maximum values. Actually, reset is effected at a voltage lower than these.
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Cautions 1. For an external reset, input a low level to the RESET pin for 10 us or more.
2. During reset input, system clock oscillation remains stopped.
3. When the STOP mode is released by RESET input, the STOP mode register contents are held
during reset input. However, the I/O port pins become high-impedance. Output port pins
(P130 to P137) become low level regardless of the previous status.

Figure 22-1. Reset Function Block Diagram

Power-on clear circuit
In STOP mode
RESET © Reset controller Reset
signal
Over-
i flow Interrupt
Count clock Watchdog Timer function
Stop
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Figure 22-2. Timing of Reset by RESET Input

(a) In normal operating mode

VAVAVAWA I WAVAWAE

Reset period Oscillation Normal operation

Normal operation —————»'<— et ¢ . ans
P (oscillation stabilization (reset processing)
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| T | I
I I
Internal j \ } |
reset signal | N\ | /
| | |
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| Delay | ‘ |
Delay
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1/0 port pin >_ _____________ 9 _mlpgd_arfe_ _____________
Output port pin
(P130 to P137) \

(b) In STOP mode

AVAVA I VAVAVAN

STOP instruction execution | |
. Stop status Reset period Oscillation i
Normal operation H‘k (oscillation —t=— (oscillation —=— stabilization - Normal operat!on
stop) \ stop) [ time wait (reset processing)
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RESET I\ I / I
I I

I

Internal 1 ‘
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| | |
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Delay’ Delay

High impedance
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Output port pin
(P130 to P137)

User's Manual U12790EJ2VOUD 485



CHAPTER 22 RESET FUNCTION

Figure 22-3. Timing of Reset due to Watchdog Timer Overflow

AV AVAVAWA WV VAVAWARS

Normal operation ———<— Reset period —»l«— Oscillation —» Normal operation

I
} (oscillation stabilization (reset processing)
|
|
|

\
Watchdog T\ stop) } time wait
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\ \
Internal ; /
reset signal N\ /

High impedance
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Output port pin
(P130 to P137)
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Figure 22-4. Timing of Reset by Power-on Clear

(a) At Power-on
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(b) In STOP mode
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(¢) In normal operating mode (including HALT mode)
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Table 22-1. Hardware Status After Reset (1/3)

Hardware

Status After Reset

Program counter (PC)Note 1

Contents of reset
vector table (0000H,
0001H) are set.

Stack pointer (SP)

Undefined

Program status word (PSW)

Undefined

RAM

Data memory

UndefinedNote 2

General-purpose register

UndefinedNote 2

Ports (output latches) Ports 0, 2, 3, 7, 10, 12, 13 (PO, P2, P3, P7, P10, P12, P13) 00H
Ports 4 to 6 (P4 to P6) Undefined
Port mode registers (PMO, PM2 to PM7, PM10, PM12) FFH
Processor clock control register (PCC) 04H
Oscillation stabilization time select register (OSTS) 04H
Memory size select register (IMS) CFHNote 3
Internal expansion RAM size select register (1XS) OCHNote 4
16-bit timer/event counter 0 | Timer register (TMO) 0000H
Capture/compare registers 00, 01 (CR00, CRO1) Undefined
Mode control register 0 (TMCO) 00H
Prescaler mode register 0 (PRMO) 00H
Capture/compare control register 0 (CRCO) 00H
Output control register 0 (CRCO0) 00H
8-bit timer/event counters Counters 50, 51 (TM50, TM51) 00H
50, 51 Compare registers 50, 51 (CR50, CR51) Undefined
Clock select registers 50, 51 (TCL50, TCL51) 00H
Mode control registers 50, 51 (TMC50, TMC51) 00H

Notes 1. During reset input or oscillation stabilization time wait, only the PC contents among the hardware

statuses become undefined. All other hardware statuses remain unchanged after reset.

2. The status before reset is held even after reset in the standby mode.

3. The initial value is CFH. Set the following value to this register according to the product.
uPD178076, 178096A: CCH
uPD178078, 178098A: CFH
uPD178F098:

4. The initial value is 0OCH. Set the following value to this register according to the product.
uPD178076, 178096 A: OAH
uPD178078, 178098A: 08H
uPD178F098:

Value corresponding to mask ROM version

Value corresponding to mask ROM version
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Table 22-1. Hardware Status After Reset (2/3)

Hardware Status After Reset
Watchdog timer Clock select register (WDCS) 00H
Mode register (WDTM) O00H
Buzzer output BEEPO Frequency select register 0 (BEEPCLO) 00H
controller BUZ Clock output control register (CKS) 00H
Serial interface | SIO0 Shift register 0 (SIO0) Undefined
Slave address register 0 (SVAQ) Undefined
Clock select register 0 (SCLO) 08H
Operating mode register 0 (CSIMO) 00H
Serial bus interface control register 0 (SBICO) 00H
Interrupt timing specification register 0 (SINT0) O0H
SIO1 Shift register 1 (SIO1) Undefined
Operating mode register 1 (CSIM1) 00H
Automatic data transmit/receive address pointer register (ADTP) OOH
Automatic data transmit/receive control register (ADTC) O0H
Automatic data transmit/receive transfer interval specification register (ADTI) 00H
SI03 Shift register 3 (SIO3) Undefined
Operating mode register 3 (CSIM3) 00H
UARTONete 1/ Asynchronous serial interface mode register 0 (ASIMO) 00H
Asynchronous serial interface status register 0 (ASIS0) 00H
Baud rate generator control register 0 (BRGCO) 00H
Transmit shift register O/receive buffer register 0 (TXS0, RXBO0) FFH
IEBus controllerNote 2 IEBus control register 0 (BCRO0) O0H
IEBus unit address register (UAR) 0000H
|IEBus slave address register (SAR) 0000H
IEBus other unit address register (PAR) 0000H
IEBus control data register (CDR) 01H
IEBus telegraph length register (DLR) 01H
IEBus data register (DR) O00H
IEBus unit status register (USR) 00H
IEBus interrupt status register (ISR) 00H
IEBus slave status register (SSR) 41H
IEBus communication success counter (SCR) 01H
IEBus transmission counter (CCR) 20H

Notes 1. uPD178076, 178078, and 178F098 only
2. uPD178096A, 178098A, and 178F098 only

User’'s Manual U12790EJ2V0OUD

489



CHAPTER 22 RESET FUNCTION

Table 22-1. Hardware Status After Reset (3/3)

Hardware Status After Reset
A/D converter Mode register 3 (ADM3) O00H
A/D conversion result register 3 (ADCR3) Undefined
Analog input channel specification register 3 (ADS3) 00H
Power-fail comparison mode register 3 (PFM3) O00H
Power-fail comparison threshold value register 3 (PFT3) O00H
Interrupt Request flag registers (IFOL, IFOH, and IF1L) 00H
Mask flag registers (MKOL, MKOH, and MK1L) FFH
Priority specification flag registers (PROL, PROH, and PR1L) FFH
External interrupt rising edge enable register (EGP) 00H
External interrupt falling edge enable register (EGN) O0H
PLL frequency synthesizer PLL mode select register (PLLMD) 00H
PLL reference mode register (PLLRF) OFH
PLL unlock FF judge register (PLLUL) HelgNote 1
PLL data registers (PLLRH, PLLRL, and PLLRO) Undefined
PLL data transfer control register (PLLNS) 00H
Frequency counter IF counter mode select register (IFCMD) 00H
IF counter gate judge register (IFCJG) 00H
IF counter control register (IFCCR) 00H
IF counter data register (IFCR) 0000H
Power-on clear POC status register (POCS) HelgNote 2
VM45 control register (VM45C) 00H

Notes 1. Undefined only at power-on clear reset
2. O3H only at power-on clear reset
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CHAPTER 22 RESET FUNCTION

22.2 Power Failure Detection Function

If reset is effected by means of power-on clear, bit 0 (POCM) of the POC status register (POCS) is set to 1. If
reset is effected by the RESET pin or the watchdog timer, however, POCM holds the previous status.

A power failure status can be detected by detecting POCM after reset by power-on clear has been released (after
program execution has been started from address 0000H).

Figure 22-5. Format of POC Status Register (POCS)

Symbol 7 6 5 4 3 2 1 0 Address  Afterreset R/W
POCS| O 0 0 0 0 0 |VM45POCM FF1BH Held"*® R&Reset
POCM Detection of power-on clear occurrence status
0 Power-on clear does not occur

1Note | Reset is effected by power-on clear

Note The value of this register is set to 03H only when reset is effected by power-on clear. It is not reset
by the RESET pin or watchdog timer.

Remark The values of the special-function registers, other than POCS, are the same as the values after
a reset effected by means of power-on clear.
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22.3 4.5V Voltage Detection Function

This function is used to detect a voltage drop on the Vob pin below 4.5 V (4.5 V + 0.3 V). If the voltage on the
Vop pin drops below 4.5V (4.5 V + 0.3 V), bit 1 (VM45) of the POC status register (POCS) is set. At the same time,
this status can be monitored by the VM45/P30 pin. Therefore, the power to the other peripheral units can be controlled
when a voltage of less than 4.5 V is detected.

Note, however, that this 4.5 V voltage detection function does not cause an internal reset.

Figure 22-6. Format of POC Status Register (POCS)

Symbol 7 6 5 4 3 2 1 0 Address  Afterreset R/W
POCS| © 0 0 0 0 0 |VM45|POCM FF1BH Held"® R&Reset
VM45 Detection of voltage level of Voo pin

0 Not detected if Voo pin is less than 4.5V (4.3 £ 0.3 V)

1 Detected if Voo pin is less than 4.5V (4.3 £ 0.3 V)

Note The value of this register is set to 03H only at power-on clear reset, and is not reset by the RESET
pin or watchdog timer.

Remark The values of the special-function registers other than POCS after reset are the same as the values
at power-on clear.

The status detected (not detected) by VM45 can be output to (monitored by) the VM45/P30 pin under control of
the VM45 control register (VM45C).

Figure 22-7. Format of VM45 Control Register (VM45C)

Symbol 7 6 5 4 3 2 <1> <0> Address  Afterreset R/W
VM45C| O 0 0 0 0 0 |VM45C1|VM45C0] FF19H 00H R/W
VM45CH1 Enable/disable of output of VM45 (Vob 4.5 V monitor)

0 Output of VM45 to VM45/P30 pin disabled (port function)

1Note | Output of VM45 to VM45/P30 pin enabled

VM45C0 Selection of output of VM45 (Vob 4.5 V monitor)

0 High level output

1 Low level output

Note When the VM45/P30 pin is used for VM45 output, reset the output latches of bit 0 (PM30) of PM3 and
bit 0 (P30) of P3 to 0.
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The uPD178F098 is provided with a flash memory to/from which data can be written/erased with the device
mounted on the board. The differences between the flash memory version (uPD178F098) and mask ROM versions
(uPD178076, 178078, 178096A, and 178098A) are shown in Table 23-1.

Table 23-1. Differences Between yPD178F098 and Mask ROM Versions

size select register (IXS)

ltem uPD178F098 uPD178076, 178078 nPD178096A, 178098A
Internal memory ROM structure | Flash memory Mask ROM
ROM capacity | 60 KB uPD178076: 48 KB 1PD178096A: 48 KB
uPD178078: 60 KB uPD178098A: 60 KB
Expansion RAM| 2048 bytes uPD178076: 1024 bytes uPD178096A: 1024 bytes
capacity uPD178078: 2048 bytes uPD178098A: 2048 bytes
Internal ROM capacity selected by Equivalent to mask ROM uPD178076: OAH uPD178096A: 0AH
memory size select register (IMS) version uPD178078: 08H uPD178098A: 08H
Internal expansion RAM capacity Equivalent to mask ROM uPD178076: CCH uPD178096A: CCH
selected by internal expansion RAM | version uPD178078: CFH uPD178098A: CFH

Serial interface

4 channels (SIO0, SIO1, SIO3, UARTO0)

3 channels (SI100, SIO1,
SI03)

IEBus controller Provided Not provided Provided
IC pin Not provided Provided
Vep pin Provided Not provided
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23.1 Memory Size Select Register

The internal memory capacity of the uPD178F098 can be changed using the memory size select register (IMS).
By using this register, the memory of the yPD178F098 can be mapped in the same manner as a mask ROM version
with a different internal memory capacity.

IMS is set by an 8-bit memory manipulation instruction.

This register is set to CFH after reset.

Be sure to set IMS to CCH or CFH.

Figure 23-1. Format of Memory Size Select Register (IMS)

Symbol 7 6 5 4 3 2 1 0 Address  Afterreset R/W
IMS |[RAM2|RAM1|RAMO| 0 |ROM3|ROM2/ROM1 ROMO FFFOH CFH R/W
RAM2 | RAM1 | RAMO Selection of internal high-speed RAM capacity
1 1 0 1024 bytes
Other than above Setting prohibited
RAM3 | RAM2 | RAM1 | RAMO Selection of internal ROM capacity
1 1 0 0 48 KB
1 1 1 1 60 KB
Other than above Setting prohibited

Table 23-2 shows the setting of IMS to perform the same memory mapping as that of a mask ROM version.

Table 23-2. Set Value of Memory Size Select Register

Target Version Set Value of IMS
uPD178076, 178096A CCH
uPD178078, 178098A CFH
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23.2 Internal Expansion RAM Size Select Register

The internal RAM expansion capacity of the yPD178F098 can be changed using the internal expansion RAM size

select register (1XS). By using this register, the memory of the uPD178F098 can be mapped in the same manner
as a mask ROM version with a different internal expansion RAM capacity.

IXS is set by an 8-bit memory manipulation instruction.

This register is set to OCH after reset.

Be sure to set IXS to 0AH or 08H.

Figure 23-2. Format of Internal Expansion RAM Size Select Register (IXS)

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

IXS| O 0 0  |IXRAM4|IXRAM3|IXRAM2|IXRAM1|IXRAMO

FFF4H OCH R/W

IXRAM4 | IXRAMS | IXRAM2 | IXRAM1 | IXRAMO

Selects internal expansion RAM capacity
0 1 0 0 0 2048 bytes
0 1 0 1 0 1024 bytes
Other than above

Setting prohibited

Table 23-3 shows the setting of IXS to perform the same memory mapping as that of a mask ROM version

Table 23-3. Set Value of Internal Expansion RAM Size Select Register

Target Version Set Value of IXS
uPD178076, 178096A 0AH
uPD178078, 178098A 08H
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* 23.3 Flash Memory Features

Flash memory programming is performed by connecting a dedicated flash programmer (Flashpro Il (part no. FL-
PR3, PG-FP3)/Flashpro IV (part no. FL-PR4, PG-FP4)) to the target system with the flash memory mounted on the
target system (on-board write). A flash memory writing adapter (program adapter), which is a target board used
exclusively for programming, is also provided.

Remark FL-PR3, FL-PR4, and the program adapter are products of Naito Densei Machida Mfg. Co., Ltd. (TEL
+81-45-475-4191).

Programming using flash memory has the following advantages.

e Software can be modified after the microcontroller is solder-mounted on the target system.
o Distinguishing software facilities low-quantity, varied model production
e Easy data adjustment when starting mass production

23.3.1 Programming environment

The following shows the environment required for uPD178F098 flash memory programming.

When Flashpro Il (part no. FL-PR3, PG-FP3) or Flashpro IV (part no. FL-PR4, PG-FP4) is used as a dedicated
flash programmer, a host machine is required to control the dedicated flash programmer. Communication between
the host machine and flash programmer is performed via RS-232C/USB (Rev. 1.1).

For details, refer to the manuals for Flashpro Ill/Flashpro IV.

Remark USB is supported by Flashpro IV only.

Figure 23-3. Environment for Writing Program to Flash Memory

RS-232C o / . Vbb
&/ Ve

usB
RESET

Dedicated flash SIO/UART 1PD178F098
programmer

Host machine
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23.3.2 Communication mode
Use the communication mode shown in Table 23-4 to perform communication between the dedicated flash

programmer and uPD178F098.

Table 23-4. Communication Mode List

Communication TYPE SettingNote 1 Pins Used Number
Mode COMM PORT SIO Clock CPU Flash Clock |Multiple of Vee
cLOCK Rate Pulses

3-wire serial I/O [SIO ch-0 100 Hz to Optional 1to 1.0 P72/SCK3 0

(3 wired, sync.)  [1.25 MHzNote 2 5 MHzNote 2 P71/SO3

P70/SI3

UART (UARTO) |UART ch-0 4,800 to Optional 1to 1.0 P75/TxD0 8

(Async.) 76,800 bpgNotes 2,3 5 MHzNote 2 P74/RxD0

Notes 1.

PG-FP3)/Flashpro IV (part no. FL-PR4, PG-FP4)).
2. The possible setting range differs depending on the voltage. For details, see CHAPTER 25 ELEC-
TRICAL SPECIFICATIONS.
3. Because factors other than the baud rate error, such as the signal waveform slew, also affect UART
communication, thoroughly evaluate the slew as well as the baud rate error.

Figure 23-4. Communication Mode Selection Format

0V
Vep Vop
GND
Vob

RESET
GND

Vep pulses
A

AR

((
)

Flash memory write mode
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Figure 23-5. Example of Connection with Dedicated Flash Programmer

(a) 3-wire serial 1/0

Dedicated flash programmer uPD178F098
VPP1 Vep
VDD Voo, VooPORT
RESET RESET
SCK SCK3
SO SI3
Sl SO3
CLKNotep oo - X1
GND GNDO to GND2, GNDPORT
(b) UART
Dedicated flash programmer uPD178F098
VPP1 Vep
VDD Voo, VooPORT
RESET RESET
SO (TxD) RxDO
Sl (RxD) TxDO
CLKNotep oo - X1
GND GNDO to GND2, GNDPORT

Note Connect this pin when the system clock is supplied from the dedicated flash programmer. If a resonator
is already connected to the X1 pin, do not connect to the CLK pin.

Caution The Vop and VooPORT pins, even if already connected to the power supply, must be connected

to the VDD pin of the dedicated flash programmer. When using the power supply connected to
the Vop and VooPORT pins, supply voltage before starting programming.
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When Flashpro Ill/Flashpro IV is used as a dedicated flash programmer, the following signals are generated for
the uPD178F098. For details, refer to the manual of Flashpro IlI/Flashpro IV.

Table 23-5. Pin Connection List

Signal Name 1/10 Pin Function Pin Name 3-Wire Serial 1/0 UART
VPP1 Output Write voltage Vep © ©)
VPP2 - - - x x
VDD I/0 Voo voltage generation/ | Voo, VooPORT oNote oflote
voltage monitoring

GND - Ground GNDO to GND2, GNDPORT © ©
CLK Output | Clock output X1 O O
RESET Output | Reset signal RESET © ©
S| (RxD) Input Reception signal SO3/TxD0 © ©
SO (TxD) Output Transmit signal SI3/RxD0 © ©
SCK Output Transfer clock SCK3 © X
HS Input Handshake signal - X X

Note Vob voltage must be supplied before programming is started.
Remark ©: Pin must be connected.

O:  If the signal is supplied on the target board, pin does not need to be connected.
x: Pin does not need to be connected.
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23.3.3 On-board pin handling

When performing programming on the target system, provide a connector on the target system to connect the
dedicated flash programmer.

An on-board function that allows switching between normal operation mode and flash memory programming mode
may be required in some cases.

<Vpp pin>

In normal operation mode, input 0 V to the Vep pin. In flash memory programming mode, a write voltage of 10.0
V (TYP.) is supplied to the Vpr pin, so perform the following.

(1) Connect a pull-down resistor (RVrr = 10 kQ) to the Vrp pin.
(2) Use the jumper on the board to switch the Vrp pin input to either the programmer or directly to GND.

A Vppr pin connection example is shown below.

Figure 23-6. Vep Pin Connection Example
uPD178F098

Connection pin of dedicated flash programmer
Vep

Pull-down resistor (RVee)

<Serial interface pins>
The following shows the pins used by the serial interface.

Serial Interface Pins Used

3-wire serial /0 SI3, SO3, SCK3

UART RxDO, TxDO

When connecting the dedicated flash programmer to a serial interface pin that is connected to another device on-

board, signal conflict or abnormal operation of the other device may occur. Care must therefore be taken with
such connections.
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(1) Signal conflict
If the dedicated flash programmer (output) is connected to a serial interface pin (input) that is connected to
another device (output), a signal conflict occurs. To prevent this, isolate the connection with the other device
or set the other device to the output high-impedance status.

Figure 23-7. Signal Conflict (Input Pin of Serial Interface)

uPD178F098
Connection pin of
dedicated flash
Signal conflict programmer
Input pin e

Other device

. T Output pin

In the flash memory programming mode, the signal output by another
device and the signal sent by the dedicated flash programmer conflict,
therefore, isolate the signal of the other device.

(2) Abnormal operation of other device
If the dedicated flash programmer (output or input) is connected to a serial interface pin (input or output) that
is connected to another device (input), a signal is output to the device, and this may cause an abnormal
operation. To prevent this abnormal operation, isolate the connection with the other device or set so that the
input signals to the other device are ignored.

Figure 23-8. Abnormal Operation of Other Device

uPD178F098
- Connection pin of
dedicated flash
programmer
Pin O

Other device

. T Input pin

If the signal output by the uPD178F098 affects another device in the flash
memory programming mode, isolate the signals of the other device.

uPD178F098
- Connection pin of
dedicated flash
programmer
Pin O

Other device

. T Input pin

If the signal output by the dedicated flash programmer affects another
device in the flash memory programming mode, isolate the signals of the
other device.
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<RESET pin>

If the reset signal of the dedicated flash programmer is connected to the RESET pin connected to the reset signal
generator on-board, a signal conflict occurs. To prevent this, isolate the connection with the reset signal generator.
If the reset signal is input from the user system in the flash memory programming mode, a normal programming
operation cannot be performed. Therefore, do not input reset signals from other than the dedicated flash

programmer.
Figure 23-9. Signal Conflict (RESET Pin)
PD178F098
eIl Connection pin of
dedicated flash
Signal conflict programmer
RESET O
Reset signal generator
T Output pin

The signal output by the reset signal generator and the signal output from

the dedicated flash programmer conflict in the flash memory programming

mode, so isolate the signal of the reset signal generator.
<Port pins>

When the uPD178F098 enters the flash memory programming mode, all the pins other than those that communicate
in flash memory programming are in the same status as immediately after reset.

If the external device does not recognize initial statuses such as the output high-impedance status, therefore,
connect the external device to Vop or Vss via a resistor.

<Oscillator>
When using the on-board clock, connect X1 and X2 as required in the normal operation mode.

When using the clock output of the flash programmer, connect it directly to X1, disconnecting the oscillator on-
board, and leave the X2 pin open.

<Power supply>

To use the power output from the flash programmer, connect the Voo and VooPORT pins to VDD of the flash
programmer, and the GNDO to GND2 and GNDPORT pins to GND of the flash programmer.

To use the on-board power supply, make connections that accord with the normal operation mode. However,
because the voltage is monitored by the flash programmer, be sure to connect VDD of the flash programmer.
Supply the same power as in the normal operation mode to the other power supply pins (AVop, AVss, VopPLL,
and GNDPLL).
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23.3.4 Connection of adapter for flash writing
The following figures show examples of the recommended connection when the adapter for flash writing is used.

Figure 23-10. Wiring Example for Flash Writing Adapter in 3-Wire Serial /0 Mode

——© VDD (35105.5V)

—O anp
0 o
Q| Qo

100 99 98 97 96 95 94 93 92 91 90 89 88 87 86 85 84 83 82 81

1 80

2 79

3 78

e 7

5 76

6 75

7 74

8 73

9 72
10 71
11 70
12 69
13 3 68
14 o 67
15 % 66
16 = 65
17 [a] 64
18 =1 63
19 62
20 61
21 60
22 59
23 58
24 57
25 56
26 55
27 54
28 53
29 52
30 51

31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50

GND
O VDD
VDD2(LVDD)

© 0o o O o 0

SISO SCK CLKOUT RESET VPP RESERVE/HS

WRITER INTERFACE
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504

Figure 23-11. Wiring Example for Flash Writing Adapter in UART

——© VDD (3510 5.5V)

—O anp
o O
Q| Q o

100 99 98 97 96 95 94 93 92 91 90 89 88 87 86 85 84 83 82 81

1 80

2 79

3 78

. | O ;

5 76

6 75

7 74

8 73

9 72
10 71
11 70
12 69
13 3 68
14 o 67
15 % 66
16 = 65
17 [m) 64
18 =1 63
19 62
20 61
21 60
22 59
23 58
24 57
25 56
26 55
27 54
28 53
29 52
30 51

31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50

| O O GND
o) VDD
VDD2(LVDD)

© o o o o o0

SISO SCK CLKOUT RESET VPP RESERVE/HS

WRITER INTERFACE
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CHAPTER 24 INSTRUCTION SET

This chapter describes each instruction set of the uyPD178078 and 178098A Subseries as list tables. For details
of the operation and operation code of each instruction, refer to the separate document 78K/0 Series Instruction
User’s Manual (U12326E).
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24.1 Conventions

24.1.1 Operand identifiers and description method

Operands are written in the “Operand” column of each instruction in accordance with the description of the
instruction operand identifiers (refer to the assembler specifications for details).
descriptions, select one of them. Uppercase letters and the symbols #, |, $, and [ ] are keywords and must be written

as they are. Each symbol has the following meaning.

e #: Immediate data specification
e I:  Absolute address specification
e $: Relative address specification
e []: Indirect address specification

In the case of immediate data, write an appropriate numeric value or a label. When using a label, be sure to write

the #, !, $, and [ ] symbols.

For the operand register symbols, r and rp, either function names (X, A, C, etc.) or absolute names (names in

parentheses in the table below, RO, R1, R2, etc.) can be used.

Table 24-1. Operand Symbols and Descriptions

Symbol Description
r X (R0O), A (R1), C (R2), B (R3), E (R4), D (R5), L (R6), H (R7),
rp AX (RPO), BC (RP1), DE (RP2), HL (RP3)
sfr Special-function register symbolNete
sfrp Special-function register symbol (16-bit manipulatable register, even addresses only)Note
saddr FE20H to FF1FH Immediate data or labels
saddrp FE20H to FF1FH Immediate data or labels (even addresses only)
addr16 0000H to FFFFH Immediate data or labels

(Only even addresses for 16-bit data transfer instructions)

addri11 0800H to OFFFH Immediate data or labels
addr5 0040H to 007FH Immediate data or labels (even addresses only)
word 16-bit immediate data or label
byte 8-bit immediate data or label
bit 3-bit immediate data or label
RBn RBO to RB3

Note Addresses from FFDOH to FFDFH cannot be accessed with these operands.

Remark For special-function register symbols, refer to Table 3-4 Special-Function Register List.
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CHAPTER 24 INSTRUCTION SET

24.1.2 Description of “operation” column

PSW:
CY:
AC:

RBS:
IE:
NMIS:
(@F

XH, XL:
Al

V-

A
addr16:
jdisp8:

A register; 8-bit accumulator
X register

B register

C register

D register

E register

H register

L register

AX register pair; 16-bit accumulator
BC register pair

DE register pair

HL register pair

Program counter

Stack pointer

Program status word

Carry flag

Auxiliary carry flag

Zero flag

Register bank select flag
Interrupt request enable flag
Non-maskable interrupt servicing flag

Memory contents indicated by address or register contents in parentheses

Higher 8 bits and lower 8 bits of 16-bit register
Logical product (AND)

Logical sum (OR)

Exclusive logical sum (exclusive OR)

Inverted data

16-bit immediate data or label

Signed 8-bit data (displacement value)

24.1.3 Description of “flag operation” column

(Blank):

X =+

Not affected

Cleared to 0

Setto 1

Set/cleared according to the result
Previously saved value is restored
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24.2 Operation List

Inscjt‘rrtcj)it;on Mnemonic Operands Bytes Note?loill:stez Operation = lj;gCY
8-bit data | MOV r, #byte 2 4 - r < byte
transfer saddr, #byte 3 6 (saddr) « byte
sfr, #byte 3 - 7 sfr « byte
Ar Note3| 1 2 - |Aer
r, A Note 3 | 4 2 - reA
A, saddr 2 4 5 A « (saddr)
saddr, A 2 4 5 (saddr) « A
A, sfr 2 - 5 A « sfr
sfr, A 2 - 5 sfr < A
A, laddr16 3 8 9 A « (addr16)
laddr16, A 3 8 9 (addr16) « A
PSW, #byte 3 - 7 PSW « byte X X X
A, PSW 2 - 5 A « PSW
PSW, A 2 - 5 PSW « A X X X
A, [DE] 1 4 5 A « (DE)
[DE], A 1 4 5 (DE) « A
A, [HL] 1 4 5 A « (HL)
[HL], A 1 4 5 (HL) « A
A, [HL + byte] 2 8 9 A « (HL + byte)
[HL + byte], A 2 8 9 (HL + byte) « A
A, [HL + B] 1 6 7 A « (HL + B)
[HL + B], A 1 6 7 (HL+B) « A
A, [HL + C] 1 6 7 A« (HL + C)
[HL + C], A 1 6 7 (HL+C) « A
XCH Ar Note 3| 4 2 - Aor
A, saddr 2 4 6 A < (saddr)
A, sfr 2 - 6 A < sfr
A, laddr16 3 8 10 A < (addr16)
A, [DE] 1 4 6 A < (DE)
A, [HL] 1 4 6 A < (HL)
A, [HL + byte] 2 8 10 A < (HL + byte)
A, [HL + B] 2 8 10 A < (HL + B)
A, [HL + C] 2 8 10 A< (HL+C)

Notes 1. When the internal high-speed RAM area is accessed or an instruction with no data access
2. When an area except the internal high-speed RAM area is accessed.
3. Except "r=A"

Remarks 1. One instruction clock cycle is one cycle of the CPU clock (fcru) selected by the PCC register.
2. This clock cycle applies to the internal ROM program.
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Inscj[‘ruction Mnemonic Operands Bytes Clocks Operation Flag

roup Note 1| Note 2 Z ACCY

16-bit MOovw rp, #word 3 6 - rp « word

data saddrp, #word 4 8 10 (saddrp) < word

transfer sfrp, #word 4 - 10 sfrp « word
AX, saddrp 2 6 8 AX « (saddrp)
saddrp, AX 2 6 8 (saddrp) « AX
AX, sfrp 2 - 8 AX « sfrp
sfrp, AX 2 - 8 sfrp « AX
AX, rp Note 3 | 4 4 - AX < 1p
p, AX Note 3 | 4 4 - p « AX
AX, laddr16 3 10 12 AX « (addr16)
laddr16, AX 3 10 12 (addr16) « AX

XCHW AX, rp Note 3 | 4 4 - AX & 1p

8-bit ADD A, #byte 2 4 - A, CY « A + byte X X X

operation saddr, #byte 3 6 8 (saddr), CY « (saddr) + byte X X X
Ar Noted | 5 4 - A,CY «A+r X X X
r, A 2 4 - LCY«r+A X X X
A, saddr 2 4 5 A, CY « A + (saddr) X X X
A, laddr16 3 8 9 A, CY « A + (addr16) X X X
A, [HL] 1 4 5 A, CY « A + (HL) X X X
A, [HL + byte] 2 8 9 A, CY « A + (HL + byte) X X X
A, [HL + B] 2 8 9 A, CY « A+ (HL + B) X X X
A, [HL + C] 2 8 9 A, CY <A+ HL+C) X X X

ADDC A, #byte 2 4 - A, CY « A + byte + CY X X X

saddr, #byte 3 6 8 (saddr), CY « (saddr) + byte + CY X X X
Ar Note4 | o 4 - A, CY «A+r+CY X X X
r, A 2 4 - r,CY «<r+A+CY X X X
A, saddr 2 4 5 A, CY « A + (saddr) + CY X X X
A, laddr16 3 8 9 A, CY « A + (addr16) + CY X X X
A, [HL] 1 4 5 A, CY « A+ (HL) + CY X X X
A, [HL + byte] 2 8 9 A, CY « A + (HL + byte) + CY X X X
A, [HL + B] 2 8 9 A, CY <A+ (HL +B)+CY X X X
A, [HL + C] 2 8 9 A, CY «A+HL+C)+CY X X X

Notes 1. When the internal high-speed RAM area is accessed or an instruction with no data access
2. When an area except the internal high-speed RAM area is accessed
3. Only when rp = BC, DE or HL
4. Except'r=A"

Remarks 1. One instruction clock cycle is one cycle of the CPU clock (fcru) selected by the PCC register.
2. This clock cycle applies to the internal ROM program.
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Inscj[‘rrtcj)it;on Mnemonic Operands Bytes Note?oiﬁe 2 Operation = AC':I;Q(
8-bit SuB A, #byte 2 4 - A, CY « A — byte X X X
operation saddr, #byte 3 6 8 (saddr), CY « (saddr) — byte X X X
Ar Note3| 2 4 - A, CY <« A-r X X X
r, A 2 4 - rLCY«r-A X X X
A, saddr 2 4 5 A, CY « A — (saddr) X X X
A, laddr16 3 8 9 A, CY « A — (addr16) X X X
A, [HL] 1 4 5 A, CY « A - (HL) X X X
A, [HL + byte] 2 8 9 A, CY « A — (HL + byte) X X X
A, [HL + B] 2 8 9 A, CY «A-(HL+B) X X X
A, [HL + C] 2 8 9 A, CY «A-(HL+C) X X X
SUBC A, #byte 2 4 - A, CY « A — byte - CY X X X
saddr, #byte 3 6 8 (saddr), CY « (saddr) — byte — CY X X X
Ar Note3| 2 4 - A, CY «A-r-CY X X X
r, A 2 4 - nCY«r-A-CY X X X
A, saddr 2 4 5 A, CY « A — (saddr) - CY X X X
A, laddr16 3 8 9 A, CY « A — (addr16) - CY X X X
A, [HL] 1 4 5 A, CY « A-(HL)-CY X X X
A, [HL + byte] 2 8 9 A, CY « A — (HL + byte) - CY X X X
A, [HL + B] 2 8 9 A, CY «A-(HL+B)-CY X X X
A, [HL + C] 2 8 9 A, CY < A-(HL+C)-CY X X X
AND A, #byte 2 4 - A « AAbyte X
saddr, #byte 3 6 8 (saddr) « (saddr) Abyte X
Ar Note3| o 4 - |A<AAr x
r, A 2 4 - r—rAA X
A, saddr 2 4 5 A « AA(saddr) X
A, laddr16 3 8 9 A <« A/ (addr16) X
A, [HL] 1 4 5 A « ANA[HL] X
A, [HL + byte] 2 8 9 A « AA[HL + byte] X
A, [HL + B] 2 8 9 A <« AA[HL + B] X
A, [HL + C] 2 8 9 A « AA[HL + C] X

Notes 1. When the internal high-speed RAM area is accessed or an instruction with no data access
2. When an area except the internal high-speed RAM area is accessed
3. Except "r=A"

Remarks 1. One instruction clock cycle is one cycle of the CPU clock (fcru) selected by the PCC register.
2. This clock cycle applies to the internal ROM program.
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Inscj[‘ruction Mnemonic Operands Bytes Clocks Operation Flag
roup Note 1| Note 2 Z ACCY
8-bit OR A, #byte 2 4 - A < AVbyte X
operation saddr, #byte 3 6 8 (saddr) « (saddr)Vbyte X
Ar Note3 | o 4 - A « AVr X
r, A 2 4 - r<rvA X
A, saddr 2 4 5 A « AV(saddr) X
A, laddr16 3 8 9 A « AV (addr16) X
A, [HL] 1 4 5 A « AV(HL) X
A, [HL + byte] 2 8 9 A « AV(HL + byte) X
A, [HL + B] 2 8 9 A« AV(HL + B) X
A, [HL + C] 2 8 9 A« AV(HL + C) X
XOR A, #byte 2 4 - A « A~ byte X
saddr, #byte 3 6 8 (saddr) « (saddr) v byte X
Ar Note3| 2 4 - A Avr x
r, A 2 4 - re—rvA X
A, saddr 2 4 5 A « A~ (saddr) X
A, laddr16 3 8 9 A <« A*#(addr16) X
A, [HL] 1 4 5 A « A (HL) X
A, [HL + byte] 2 8 9 A « A~ (HL + byte) X
A, [HL + B] 2 8 9 A « A (HL + B) X
A, [HL + C] 2 8 9 A« A (HL + C) X
CMP A, #byte 2 4 - A — byte X X X
saddr, #byte 3 6 8 (saddr) — byte X X X
Ar Note3| o 4 - A-r X X X
r, A 2 4 - r—A X X X
A, saddr 2 4 5 A — (saddr) X X X
A, laddr16 3 8 9 A — (addr16) X X X
A, [HL] 1 4 5 A — (HL) X X X
A, [HL + byte] 2 8 9 A — (HL + byte) X X X
A, [HL + B] 2 8 9 A - (HL + B) X X X
A, [HL + C] 2 8 9 A-(HL + C) X X X

Notes 1. When the internal high-speed RAM area is accessed or an instruction with no data access
2. When an area except the internal high-speed RAM area is accessed
3. Except "r=A"

Remarks 1. One instruction clock cycle is one cycle of the CPU clock (fcru) selected by the PCC register.
2. This clock cycle applies to the internal ROM program.

User's Manual U12790EJ2VOUD 511




CHAPTER 24 INSTRUCTION SET
Ing:l:)ﬁt;on Mnemonic Operands Bytes Note?oiﬁe 2 Operation = AC':I;Q(
16-bit ADDW AX, #word 3 6 - AX, CY « AX + word X X X
operation |sypw AX, #word 3 6 - AX, CY « AX — word X X X
CMPW AX, #word 3 6 - AX — word X X X
Multiply/ MULU X 2 16 - AX « Ax X
divide DIVUW (o} 2 25 - AX (Quotient), C (Remainder) < AX + C
Increment/ | INC r 1 2 - rer+1 X X
decrement saddr 2 | 4 6 |(saddr) < (saddr) + 1 X x
DEC r 1 2 - rer—-1 X X
saddr 2 4 6 (saddr) « (saddr) — 1 X X
INCW P 1 4 - p <« rp+1
DECW rp 1 4 - rp«rp—1
Rotate ROR Al 1 2 - (CY, A7 < Ao, Am-1 < Am) x 1 time X
ROL A1 1 2 - (CY, Ao < A7, Am+1 < Am) x 1 time X
RORC A1 1 2 - (CY « Ao, A7 « CY, Am-1 < Am) x 1 time X
ROLC A1 1 2 - (CY « A7, Ao « CY, Am+1 < Am) x 1 time X
ROR4 Asz-o « (HL)s-0, (HL)7-4 < As-o,
[HL] 2 10 12 (HL)30 < (HL)74
ROL4 Asz-o « (HL)7-4, (HL)3-0 < As-o,
[HL] 2 10 12 (HL)7  (HL)s0
BCD ADJBA Decimal Adjust Accumulator after
adjust 2| 4 ~ | Addition XXX
ADJBS o 4 _ Decimal Adjust Accumulator after v % x
Subtract
Bit MOV1 CY, saddr.bit 3 6 7 CY « (saddr.bit) X
manipulate CY, sfr.bit 3 | - 7 |CY « sfrbit x
CY, A.bit 2 4 - CY « A.bit X
CY, PSW.bit 3 - 7 CY « PSW.bit X
CY, [HL].bit 2 6 7 CY « (HL).bit X
saddr.bit, CY 3 6 8 (saddr.bit) « CY
sfr.bit, CY 3 - 8 sfr.bit « CY
A.bit, CY 2 4 - A.bit « CY
PSW.bit, CY 3 - 8 PSW.bit « CY X X
[HL].bit, CY 2 6 8 (HL).bit « CY

Notes 1. When the internal high-speed RAM area is accessed or an instruction with no data access
2. When an area except the internal high-speed RAM area is accessed

Remarks 1. One instruction clock cycle is one cycle of the CPU clock (fcru) selected by the PCC register.
2. This clock cycle applies to the internal ROM program.
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Inscj[‘rrtcj)it;on Mnemonic Operands Bytes Note?IOCNk;e 2 Operation = AC':I;Q(
Bit AND1 CY, saddr.bit 3 6 7 CY « CY A(saddr.bit) X
manipulate CY, sfr.bit 3 | - 7 |CY « CYAsfr.bit x
CY, A.bit 2 4 - CY « CYAA.bit X
CY, PSW.bit 3 - 7 CY « CYAPSW.bit X
CY, [HL].bit 2 6 7 CY « CYA(HL).bit X
OR1 CY, saddr.bit 3 6 7 CY « CYV (saddr.bit) X
CY, sfr.bit 3 - 7 CY « CYVsfr.bit X
CY, A.bit 2 4 - CY « CYVA.bit X
CY, PSW.bit 3 - 7 CY « CYVPSW.bit X
CY, [HL].bit 2 6 7 CY « CYV(HL).bit X
XOR1 CY, saddr.bit 3 6 7 CY « CY **(saddr.bit) X
CY, sfr.bit 3 - 7 CY « CY v sfr.bit X
CY, A.bit 2 4 - CY « CYA.bit X
CY, PSW. bit 3 - 7 CY « CY ¥ PSW.bit X
CY, [HL].bit 2 6 7 CY « CY* (HL).bit X
SET1 saddr.bit 2 4 6 (saddr.bit) « 1
sfr.bit 3 - 8 sfr.bit « 1
A.bit 2 4 - A.bit « 1
PSW.bit 2 - 6 PSW.bit « 1 X X X
[HL].bit 2 6 8 (HL).bit « 1
CLR1 saddr.bit 2 4 6 (saddr.bit) « 0
sfr.bit 3 - 8 sfr.bit < 0
A.bit 2 4 - A.bit < 0
PSW.bit 2 - 6 PSW.bit « 0 X X X
[HL].bit 2 6 8 (HL).bit « 0
SET1 cY 1 2 - CY « 1 1
CLR1 CcY 1 2 - CY« 0 0
NOT1 cY 1 2 - |CY«CY x

Notes 1. When the internal high-speed RAM area is accessed or an instruction with no data access
2. When an area except the internal high-speed RAM area is accessed

Remarks 1. One instruction clock cycle is one cycle of the CPU clock (fcru) selected by the PCC register.
2. This clock cycle applies to the internal ROM program.
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Instruction . Clocks i Flag
Group Mnemonic Operands Bytes Note 1] Note 2 Operation 2 AGCY
Call/return | CALL laddr16 3 7 _ (SP = 1) « (PC + 3)H, (SP - 2) « (PC + 3),
PC « addr16, SP « SP -2
CALLF (SP=1) « (PC + 2)n, (SP —2) « (PC + 2).,
laddr11 2 5 - PCi1s-11 < 00001, PC10-0 < addrif,
SP « SP-2
CALLT (SP=1) « (PC + 1)n, (SP = 2) « (PC + ).,
[addr5] 1| 6 _ | PCH « (00000000, addr5 + 1),
PCL « (00000000, addr5),
SP « SP-2
BRK (SP — 1) < PSW, (SP — 2) « (PC + 1)u,
1 6 —  |(SP = 8) « (PC + 1)i, PCh « (003FH),
PCL « (003EH), SP <~ SP -3, IE « 0
RET 1 6 _ PCH « (SP + 1), PCL « (SP),
SP« SP +2
RETI PCh « (SP + 1), PCL « (SP),
1 6 - PSW « (SP + 2), SP « SP + 3, R R R
NMIS « 0
PCH « (SP + 1), PCL « (SP),
RETB 1 6 - R R R
PSW « (SP +2), SP « SP + 3
Stack PSW 1 2 - (SP —1) « PSW, SP « SP -1
manipulate | PUSH o i1 _ |(SP=1) « rpn, (SP = 2) « 1py,
SP « SP-2
POP PSW 1 2 - PSW « (SP), SP « SP + 1 R R R
P 1 4 _ rpH < (SP + 1), rpL « (SP),
SP« SP +2
MOovw SP, #word 4 - 10 SP « word
SP, AX 2 - 8 SP « AX
AX, SP 2 - 8 AX « SP
Uncondi- |BR laddr16 3 6 - PC « addr16
tional $addr16 2 6 - PC « PC + 2 + jdisp8
branch AX 2 | 8 —  |PCH e A PCL X
Conditional| BC $addr16 2 6 - PC « PC + 2 + jdisp8 if CY =1
branch BNC $addr16 2 | 6 -  |PC« PC+2 +jdisp8if CY = 0
Bz $addr16 2 6 - PC « PC + 2 + jdisp8if Z=1
BNZ $addr16 2 6 - PC « PC +2 +jdisp8ifZ=10

Notes 1. When the internal high-speed RAM area is accessed or an instruction with no data access

2. When an area except the internal high-speed RAM area is accessed

Remarks 1. One instruction clock cycle is one cycle of the CPU clock (fcru) selected by the PCC register.
2. This clock cycle applies to the internal ROM program.
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Instruction ) Clocks ) Flag
Group Mnemonic Operands Bytes Note 1] Note 2 Operation 2 AGCY
Conditional | BT saddr.bit, $addr16 3 8 9 PC « PC + 3 + jdisp8 if(saddr.bit) = 1
branch sfr.bit, $addr16 4 | - 11 |PC « PC + 4 + jdisp8 if sfr.bit = 1
A.bit, $addr16 3 8 - PC « PC + 3 + jdisp8 if A.bit = 1
PSW.bit, $addr16 3 - 9 PC « PC + 3 + jdisp8 if PSW.bit = 1
[HL].bit, $addr16 3 10 11 PC « PC + 3 + jdisp8 if (HL).bit = 1
BF saddr.bit, $addr16 4 10 11 PC « PC + 4 + jdisp8 if(saddr.bit) = 0
sfr.bit, $addr16 4 - 11 PC « PC + 4 + jdisp8 if sfr.bit=0
A.bit, $addr16 3 8 - PC « PC + 3 + jdisp8 if A.bit =0
PSW.bit, $addr16 4 - 11 PC « PC + 4 + jdisp8 if PSW. bit = 0
[HL].bit, $addr16 3 10 11 PC « PC + 3 + jdisp8 if (HL).bit = 0
BTCLR ) PC « PC + 4 + jdisp8 if(saddr.bit) = 1
saddr.bit, $addr16 4 10 12 then reset(saddr.bit)
sfr.bit, $addr16 4 _ 12 PC < PC+4 + jdisp8 if sfr.bit = 1
then reset sfr.bit
A.bit, $addr16 3 8 _ PC « PC + 3.+ jdisp8 if A.bit = 1
then reset A.bit
PSW.bit, $addr16 4 _ 12 PC« PC+4+ ]qISpS if PSW.bit = 1 < x x
then reset PSW.bit
[HL].bit, $addr16 3 10 12 PC« PC+3+ ].dlsp8 if (HL).bit = 1
then reset (HL).bit
DBNZ B, $addr16 2 6 _ B<—B—1,then. . .
PC « PC + 2 +jdisp8if B# 0
C, $addr16 2 |6 | - |CeC-tihen
PC « PC + 2 + jdisp8if C= 0
saddr. Saddr16 3 | 8 | 10 |[(83ddn < (saddr)—1, then
PC « PC + 3 + jdisp8 if(saddr) = 0
CPU SEL RBn 2 4 - RBS1,0 < n
control NOP 1 2 - No Operation
El 2 - 6 IE « 1(Enable Interrupt)
DI 2 - 6 IE « 0(Disable Interrupt)
HALT 2 6 - Set HALT Mode
STOP 2 6 - Set STOP Mode

Notes 1. When the internal high-speed RAM area is accessed or an instruction with no data access
2. When an area except the internal high-speed RAM area is accessed

Remarks 1. One instruction clock cycle is one cycle of the CPU clock (fcru) selected by the PCC register.
2. This clock cycle applies to the internal ROM program.
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24.3 Instructions Listed by Addressing Type
(1) 8-bit instructions

MOV, XCH, ADD, ADDC, SUB, SUBC, AND, OR, XOR, CMP, MULU, DIVUW, INC, DEC, ROR, ROL, RORC,
ROLC, ROR4, ROL4, PUSH, POP, DBNZ
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2nd Operand [HL + byte]
— #byte | A fNote | sfr | saddr |laddri6| PSW | [DE] | [HL] |[HL +B] [$addri6| 1 None
1st Operand [HL +C]
A ADD MOV |MOV |MOV |MOV |MOV |[MOV |[MOV [MOV ROR
ADDC XCH [XCH |XCH |XCH XCH |[XCH |XCH ROL
SuUB ADD ADD |ADD ADD |ADD RORC
SUBC ADDC ADDC|ADDC ADDC|ADDC ROLC
AND SuB SUB |SUB SUB |SUB
OR SuUBC SUBC|SUBC SUBC|SUBC
XOR AND AND |AND AND |AND
CMP OR OR |[OR OR |OR
XOR XOR [XOR XOR [XOR
CMP CMP |CMP CMP |CMP
r MOV | MOV INC
ADD DEC
ADDC
SUB
SUBC
AND
OR
XOR
CMP
B, C DBNZ
sfr MOV | MOV
saddr MOV |MOV DBNZ INC
ADD DEC
ADDC
SUB
SUBC
AND
OR
XOR
CMP
laddr16 MOV
PSW MOV |MOV PUSH
POP
[DE] MOV
[HL] MOV ROR4
ROL4
[HL + byte] MOV
[HL + B]
[HL + C]
X MULU
C DIVUW

Note Exceptr=A
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(2) 16-bit instructions
MOVW, XCHW, ADDW, SUBW, CMPW, PUSH, POP, INCW, DECW

2nd Operand

— #word AX rpNote sfrp saddrp | laddr16 SP None
1st Operand
AX ADDW MOVW MOVW MOVW MOVW MOVW
SUBW XCHW
CMPW
rp MOVW | MOVwNote INCW
DECW
PUSH
POP
sfrp MOVW MOVW
saddrp MOVW MOVW
laddr16 MOVW
SP MOVW MOVW
Note Only when rp = BC, DE, HL
(3) Bit manipulation instructions
MOV1, AND1, OR1, XOR1, SET1, CLR1, NOT1, BT, BF, BTCLR
2nd Operand
— A.bit sfr.bit saddr.bit | PSW.bit [HL].bit cYy $addr16 None
1st Operand
A.bit MOVA1 BT SET1
BF CLR1
BTCLR
sfr.bit MOVA1 BT SET1
BF CLR1
BTCLR
saddr.bit MOVA1 BT SET1
BF CLR1
BTCLR
PSW.bit MOVA1 BT SET1
BF CLR1
BTCLR
[HL].bit MOVA1 BT SET1
BF CLR1
BTCLR
CcY MOVA1 MOVA1 MOVA1 MOVA1 MOVA1 SET1
AND1 AND1 AND1 AND1 AND1 CLR1
OR1 OR1 OR1 OR1 OR1 NOTH1
XOR1 XOR1 XOR1 XOR1 XOR1
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(4) Call instructions/branch instructions
CALL, CALLF, CALLT, BR, BC, BNC, BZ, BNZ, BT, BF, BTCLR, DBNZ

2nd Operand
—_ AX laddr16 laddr11 [addr5]
1st Operand

$addr16

Basic instruction BR CALL CALLF CALLT
BR

BR
BC
BNC
BZ
BNZ

Compound
instruction

BT

BF
BTCLR
DBNZ

(5) Other instructions
ADJBA, ADJBS, BRK, RET, RETI, RETB, SEL, NOP, El, DI, HALT, STOP
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CHAPTER 25 ELECTRICAL SPECIFICATIONS

Absolute Maximum Ratings (Ta = 25°C)

Parameter Symbol Conditions Rating Unit
Supply voltage Voo -0.3 to +6.0 \
VooPORT —0.3 to Voo + 0.3Note 1 \Y
AVop -0.3 to Voo + 0.3Note 1 \Y
VooPLL —0.3 to Voo + 0.3Note 1 \Y
Vep 1PD178F098 only, Note 2 —0.3 to +10.5 Vv
Input voltage Vi -0.3 to Voo + 0.3 \
Output voltage Vo Excluding P130 to P137 —0.3 to Voo + 0.3 \Y
Output breakdown | Vebs P130 to P137 N-ch open drain 16 \
voltage
Analog input voltage |Van P10 to P17 Analog input pin -0.3 to Voo + 0.3 \
High-level output loH Per pin -8 mA
current Total of P00, P01, P20 to P27, P50 to P57, -15 mA
and P70 to P73
Total of P02 to P07, P30 to P37, P40 to P47, -15 mA
P60 to P67, P74 to P77, and P120 to P124
Total of P100 to P102 -10 mA
Low-level output loL Note 3| Per pin Peak value 16 mA
current r.m.s 8 mA
Total of P00, P01, P20 to P27, Peak value 30 mA
P50 to P57, and P70 to P73 r.m.s 15 mA
Total of P02 to P07, P30 to P37, Peak value 30 mA
P40 to P47, P60 to P67, P74 to P77, | rm.s 15 mA
P120 to P124, and P130 to P137
Total of P100 to 102 Peak value 20 mA
r.m.s 10 mA
Operating temperature | Ta During normal operation —40 to +85 °C
During flash memory programming 10 to 40 °C
Storage temperature | Tsig —55 to +125 °C

(Notes are explained on the next page.)

Caution Ifthe rated value of even one of the above parameters is exceeded even momentarily, the quality
of the product may be degraded. The absolute maximum ratings, therefore, are the values
exceeding which the product may be physically damaged. Be sure to use the product with these

ratings never being exceeded.

Remark Unless otherwise specified, the characteristics of alternate-function pins are the same as those of port

pins.
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Notes 1. Keep the voltage at VooPORT, AVbp, and VooPLL the same as that at the Voo pin.

2. Make sure that the following conditions of the Vpp voltage application timing are satisfied when the flash
memory is written.
- When supply voltage rises
Vpp must exceed Vob 1 ms or more after Vob has reached the lower-limit value (3.5 V) of the operating
voltage range (see a in the figure below).
- When supply voltage drops
Vobp must be lowered 10 us or more after Vrp falls below the lower-limit value (3.5 V) of the operating
voltage range of Vop (see b in the figure below).

3. The rms value should be calculated as follows: [rms value] = [Peak value] x VDuty
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Recommended Supply Voltage Ranges (Ta = —40 to +85°C)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Supply voltage Vb1 When CPU and PLL are operating 4.5 5.0 5.5 \"
Vb2 When CPU is operating and PLL is stopped 3.5 5.0 5.5 \
Data retention voltage| Voor When crystal oscillation stops 2.3 5.5 \
Output breakdown | Veos P130 to P137 (N-ch open drain) 15 \Y
voltage

DC Characteristics (Ta = —40 to +85°C, Voo = 3.5 to 5.5 V) (1/3)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
High-level input Vini P10 to P17, P21, P23, P30, P31, P36, P37, P40 to 0.7 Voo Voo Vv
voltage P47, P50 to P57, P60 to P67, P71, P73, P75 to P77,

P100 to P102, P120, P122 to P124
ViH2 P00 to P07, P20, P22, P24 to P27, P32 to P35, P70, 0.8 Vop Vop \Y
P72, P74, P121, RESET
Low-level input Viut P10 to P17, P21, P23, P30, P31, P36, P37, P40 to 0 0.3 Vop Vv
voltage P47, P50 to P57, P60 to P67, P71, P73, P75 to P77,
P100 to P102, P120, P122 to P124
Vi P00 to P07, P20, P22, P24 to P27, P32 to P35, P70, 0 0.2 Vop Vv
P72, P74, P121, RESET
High-level output VoH1 P00 to P07, P20 to P24, P30 | 4.5V <Vob <55V, Voo — 1.0 \'
voltage to P37, P40 to P47, P50 to | lon = -1 mA
P57, P60 to P67, P70 10 P77, 35y < Vop < 4.5V, Voo — 0.5 v
P100 to P102, P120 to P124 lon = =100 pA
VoHz EOO0, EO1 Voo =4.5t05.5V, Voo — 1.0 \'
lon = -3 mA
Low-level output VoH1 P00 to P07, P20 to P27, P30 | 45V <V <55V, 1.0 \Y
voltage to P37, P40 to P47, P50 to lo=1mA

P100 to P102, P120 t0 P124, | 1 _ 100 A
P130 to P137

VoLz2 EOO0, EO1 Voo =4.5t05.5V, 1.0 \'
lo =3 mA
High-level input ILH P00 to P07, P10 to P17, Vi = Vob 3 UA
leakage current P20 to P24, P30 to P37,

P40 to P47, P50 to P57,
P60 to P67, P70 to P77,
P100 to P102, P120 to
P124, RESET

Remark Unless otherwise specified, the characteristics of alternate-function pins are the same as those of port
pins.
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DC Characteristics (Ta = —40 to +85°C, Voo = 3.5 to 5.5 V) (2/3)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Low-level input lui P00 to P07, P10 to P17, Vi=0V -3 UA
current leakage P20 to P27, P30 to P37,

P40 to P47, P50 to P57,
P60 to P67, P70 to P77,
P100 to P102, P120 to
P124, RESET
Output off lLoH1 P130 to P137 Vo=15V -3 LA
current leakage ILoLt P130 to P137 Vo=0V 3 LA
ILoH2 P25 to P27 Vo = Vop -3 UA
(at N-ch open-drain I/O)
ILoL2 P25 to P27 Vo=0V 3 LA
(at N-ch open-drain 1/0)
ILoHs EOO, EO1 Vo = Vop -3 UA
ILoLs EOO0, EO1 Vo=0V 3 UA
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CHAPTER 25 ELECTRICAL SPECIFICATIONS

DC Characteristics (Ta = —40 to +85°C, Voo = 3.5 to 5.5 V) (3/3)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Supply currentNote | |ppy When CPU is operating fx = 4.5 MHz 25 15 mA
(Mask ROM and PLL is stopped. (uPD178076, 178078)

versions) Iob2 Sine wave input to X1 pin | fx = 6.3 MHz 4.0 20 mA
Vi = Voo (uPD178076, 178078,
178096A, 178098A)
lops In HALT mode with PLL fx = 4.5 MHz 0.2 0.8 mA
obs Sine wave input to X1 pin | fx = 6.3 MHz 0.3 1.0 mA
Vi = Voo (uPD178076, 178078,
178096A, 178098A)
Supply currentNote | ops When CPU is operating fx = 4.5 MHz 5.0 18 mA
(uPD178F098) and PLL is stopped.
lope Sine wave input to X1 pin |ty _ 6.3 MHz 7.0 20 mA
Vi = Vob
Ioos In HALT mode with PLL fx = 4.5 MHz 0.3 0.8 mA
stopped.
Iopa Sine wave input to X1 pin | ¢ _ § 3 MHz 0.4 1.0 mA
Vi = Vob
Data retention VDDR1 When crystal resonator is oscillating 3.5 5.5
voltage Voorze | When crystal oscillation is | Power-failure detection | 2.2
stopped function
VoDR3 Data memory held 2.0 \Y
Data retention IopR1 When crystal oscillation is | Ta = 25°C, 2.0 4.0 UA
current stopped Voo =5V
|obr2 Ta = —40 to +85°C, 2.0 20 UA

Voo =3.5t05.5V

Note Excluding AVop current and VopPLL current.
Remarks 1. fx: System clock oscillation frequency

2. Unless otherwise specified, the characteristics of alternate-function pins are the same as those of
port pins.
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CHAPTER 25 ELECTRICAL SPECIFICATIONS

Reference Characteristics (Ta = —40 to +85°C, Voo = 4.5 to 5.5 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Supply current Ioos When CPU and PLL are operating.| Mask ROM 5 mA
. . . versions
Sine wave input to VCOH pin
fin = 160 MHz, Vin = 0.15 Vp-p HPD178F098 8 mA
AC Characteristics
(1) Basic operation (Ta = —40 to +85°C, Voo = 3.5 to 5.5 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Cycle time Tev fx = 6.3 MHz 0.32 5.08 us
(minimum instruction fx = 4.5 MHzNote 1 0.44 711 us
execution time)

TIOO, TIO1 input tTiHo, 4/fsamMote 2 s
high-/low-level trico

width

TI150, TI51 input fris 2 MHz
frequency

TI150, TI51 input tribs, 200 ns
high-/low-level tris

width

Interrupt input tINTH, INTPO to INTP7 1 us
high-/low-level tinTL

width

RESET pin tRsL 10 us
low-level width

Notes 1. When the IEBus controller of the uPD178096A, 178098A, and 178F098 is used, the 4.5 MHz crystal

resonator cannot be used. Use the 6.3 MHz crystal resonator.

2. fsam = fx/2, fx/4, fx/64 selectable by bits 0 and 1 (PRM00 and PRMO01) of prescaler mode register 0

(PRMO0). However, fsam = fx/8 when the valid edge of TIOO is selected as the count clock.
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CHAPTER 25 ELECTRICAL SPECIFICATIONS

(2) Serial interface (Ta = —40 to +85°C, Voo = 3.5 to 5.5 V)
(a) Serial interface S100

(i) 3-wire serial I/0 mode (SCKO ... internal clock output)

Parameter Symbol Conditions MIN. TYP. MAX. Unit

SCKO cycle time tkev1 Voo=4.5t055V 800 ns
Voo=3.5t05.5V 1600 ns

SCKO high-/low-level width tir, Vop=4.5105.5V tkevi/2 — 50 ns
b Voo=3.5t05.5V teovi/2 — 100 ns

SI0 setup time (to SCKOT) tsikt Voo=4.5t055V 100 ns
Voo=3.5t05.5V 150 ns

SI0 hold time (from SCKOT) tisit 400 ns
SO0 output delay time from SCKOY| tkso C =100 pF Note 300 ns

Note C is the load capacitance of the SCKO and SO0 output lines.

(ii) 3-wire serial /0 mode (SCKO ... external clock input)

Parameter Symbol Conditions MIN. TYP. MAX. Unit

SCKO cycle time tkeyz Voo=4.5t055V 800 ns
Voo=3.5t05.5V 1600 ns

SCKO high-/low-level width tirz, Voo=4.5105.5V 400 ns
tz Voo=3.5t05.5V 800 ns

SI0 setup time (to SCKOT) tsike 100 ns
SI0 hold time (from SCKO0T) tisiz 400 ns
SO0 output delay time from SCKOL| txsoz C =100 pF Note 300 ns
SCKO rise, fall time tre, tr2 1000 ns

Note C is the load capacitance of the SO0 output line.
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(iii) SBI mode (SCKO ... internal clock output)

Parameter Symbol Conditions MIN. TYP. MAX. Unit

SCKO cycle time tkeys Vob=4.5t055V 800 ns
Vob=3.5t05.5V 3200 ns

SCKO high-/low-level width thra, Voo=4.5105.5V tkova/2 — 50 ns
tas Voo=3.5t05.5V tkoval2 — 150 ns

SBO, SB1 setup time (to SCKOT) | tsis Voo=4.5105.5V 100 ns
Vob=3.5t05.5V 300 ns

SBO, SB1 hold time (from SCKOT) | tksis tkova/2 ns
SBO, SB1 output delay time from | tksos R =1kQ Voo=4.5t055V 0 250 ns
SCKo! C=100pF™* |y, - 3510 5.5V 0 1000 ns
SBO, SB1J from ScKo?T tkss tkeys ns
SCKOJ from SBo, SB1l tsek tkevs ns
SBO, SB1 high-level width tseH tkeys ns
SBO, SB1 low-level width tseL tkeva ns

Note R and C are the load resistance and load capacitance of the SCKO0, SBO, and SB1 output lines.

(iv) SBI mode (SCKO ... external clock input)

Parameter Symbol Conditions MIN. TYP. MAX. Unit

SCKO cycle time tkeva Vop=4.5105.5V 800 ns
Voo=3.5t05.5V 3200 ns

SCKO high-/low-level width tkHa, Vob=4.5t055V 400 ns
T Voo=3.5t05.5V 1600 ns

SBO, SB1 setup time (to SCKOT) | tsiks Voo=4.51t05.5V 100 ns
Vop=3.5t05.5V 300 ns

SBO, SB1 hold time (from SCKOT) | tksi tkeva/2 ns
SBO, SB1 output delay time from | tksos R =1kQ Voo=4.51t0 55V 0 250 ns
sckol C=100pF™* | vpr = 351055V 0 1000 ns
SBO, SB1J from SCcKo?T tkse tkova ns
SCKOJ from SBO, SB1l tsek tkeva ns
SBO, SB1 high-level width tseH tkeva ns
SBO, SB1 low-level width tsBL tkeva ns
SCKO rise, fall time tha, tra 1000 ns

Note R and C are the load resistance and load capacitance of the SB0O and SB1 output lines.
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CHAPTER 25 ELECTRICAL SPECIFICATIONS

(v) 2-wire serial I/0 mode (SCKO ... internal clock output)

SCKol

Parameter Symbol Conditions MIN. TYP. MAX. Unit

SCKO cycle time tkeys R=1kQ 1600 ns
SCKO high-level width tiks C =100 pF tere tkevs/2 — 160 ns
SCKO low-level width tiis Voo=4.5105.5V |tcrs/2-50 ns

Voo=3.51t0 5.5V |tkevs/2 - 100 ns
SBO, SB1 setup time (to SCKOT) | tsiks Voo=4.51t05.5V 300 ns

Voo=3.5t05.5V 350 ns
SBO, SB1 hold time (from SCKOT) | tksis 600 ns
SBO, SB1 output delay time from | tksos 0 300 ns

Note R and C are the load resistance and load capacitance of the SCKO0, SB0, and SB1 output lines.

(vi) 2-wire serial /0 mode (SCKO ... external clock input)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
SCKO cycle time tkevs 1600 ns
SCKO high-level width tirs 650 ns
SCKO low-level width tiis 800 ns
SBO, SB1 setup time (to SCKOT) | tsis 100 ns
SBO, SB1 hold time (from SCKOT) | txsis tkove/2 ns
SBO, SB1 output delay time from | tksos R=1kQ Voo=4.5t055V 0 300 ns
ScKol C=100pF"*| vy = 351055V 0 500 ns
SCKaO rise, fall time tre, tre 1000 ns

Note R and C are the load resistance and load capacitance of the SB0O and SB1 output lines.
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(vii) I12C bus mode (SCL ... internal clock output)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
SCL cycle time tkeyz R =1kQ 10 us
SCL high-level width tirr C =100 pF et tkovr — 160 ns
SCL low-level width tkL7 tkevz — 50 ns
SDAO, SDA1 setup time (to SCLT) | tsiz 200 ns
SDAO, SDAT1 hold time tksiz 0 ns
(from SCLI)
SDAO, SDA1 output delay time tkso7 Voo=4.5t0 55V 0 300 ns
(from SCLL) Voo=35t055V | 0 500 ns
SDAO, SDA1! from SCLT or tkss 200 ns
SDAO, SDA1T from SCLT
SCLJ from SDAO, SDA1! tsek 400 ns
SDAO, SDA1 high-level width tseH 500 ns

Note R and C are the load resistance and load capacitance of SCL, SDAO and SDA1 output line.
(viii) I2C bus mode (SCL ... external clock input)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
SCL cycle time tkevs 1000 ns
SCL high-/low-level width tkHs, tks 400 ns
SDAO, SDA1 setup time (to SCLT) | tsis 200 ns
SDAO, SDAT1 hold time tksis 0 ns
(from SCL!)
SDAO, SDA1 output delay time tksos R =1kQ Voo=4.51t0 55V 0 300 ns
from SCLL C=100pF™*lypy = 351055 V 0 500 ns
SDAO, SDA1! from SCLT or tkss 200 ns
SDAO, SDA1T from SCLT
SCLJ from SDAO, SDA1J tsex 400 ns
SDAO, SDA1 high-level width tseH 500 ns
SCL rise, fall time trs, trs 1000 ns

Note R and C are the load

resistance and load capacitance of the SDAO and SDA1 output lines.
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(b) Serial interface SIO01

(i) 3-wire serial /0 mode (SCK1 ... internal clock output)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
SCK1 cycle time tkove 800 ns
SCK1 high/low-level width tkHo, tkeve/2 — 50 ns
kLo
SH1 setup time (to SCK17T) tsiko 100 ns
SH1 hold time (from SCK1T) tksio 400 ns
SO1 output delay time (from SCK14) | tksos C = 100 pF Nete 300 ns
Note C is the load capacitance of the SCK1 and SO1 output lines.
(ii) 3-wire serial I/0 mode (SCK1 ... external clock input)
Parameter Symbol Conditions MIN. TYP. MAX. Unit
SCK1 cycle time tkevio 800 ns
SCK1 high/low-level width tirio, 400 ns
tkL1o
SI1 setup time (to SCK1T) tsik1o 100 ns
SI1 hold time (from SCK1T) tksito 400 ns
SO1 output delay time (from SCK14) | txsoto C = 100 pF Note 300 ns
SCK1 rise, fall time tato, trio 1000 ns

Note C is the load capacitance of the SO1 output line.
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(iii) 3-wire serial I/0

mode with automatic transmit/receive function (SCK1 ... internal clock

output)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
SCKi1 cycle time tkevit 800 ns
SCK1 high/low-level width tkH11, tkev11/2 — 50 ns

kL1

SI1 setup time (to SCK1T) tsiki1 100 ns
SI1 hold time (from SCK1T) tKsi1 400 ns
SO1 output delay time (from%i) tkso11 C =100 pF Note 300 ns
STBT from SCK17T tsep tkcvi1/2 — 100 tkevii/2 + 100 ns
Strobe signal high-level width tsw tkev11/2 — 30 tkev11/2 + 30 ns
Busy signal setup time teys 100 ns
(to busy signal detection timing)
Busy signal hold time tByH 100 ns
(from busy signal detection timing)
SCK1! from busy inactive tsps 200 ns

Note C is the load capacitance of the SO1 output line.

(iv) 3-wire serial I/O mode with automatic transmit/receive function (SCK1

... external clock

input)
Parameter Symbol Conditions MIN. TYP. MAX. Unit
SCK1 cycle time tkey12 800 ns
SCK1 high/low-level width tkrtz, 400 ns
tkLi2
SI1 setup time (to SCK1T) tsikiz 100 ns
SH1 hold time (from SCK171) tisitz 400 ns
SO1 output delay time (from SCK11) | tksorz C = 100 pF Note 300 ns
SCK1 rise, fall time triz, tri2 1000 ns

Note C is the load capacitance of the SO1 output line.
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(c) Serial interface SIO3

(i) 3-wire serial /0 mode (SCK3 ... internal clock output)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
SCK3 cycle time tkevis 800 ns
SCK3 high/low-level width tkH13, tkevia/2 — 50 ns

tkL13
SI3 setup time (to SCK3T) tsik1s 100 ns
SI3 hold time (from SCK3T) tksia 400 ns
SO3 output delay time (from SCK3!) | tksots C =100 pF Nete 300 ns
Note C is the load capacitance of the SCK3 and SO3 output lines.
(ii) 3-wire serial I/0 mode (SCK3 ... external clock input)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
SCK3 cycle time tkevisa 800 ns
SCK3 high/low-level width tiria, 400 ns

tkL14
SI3 setup time (to SCK31) tsik1a 100 ns
SI3 hold time (from SCK3T) tksita 400 ns
SO3 output delay time (from SCK3!) | trsore C = 100 pF Note 300 ns
SCKa3 rise, fall time thia, tr1a 1000 ns
Note C is the load capacitance of the SO3 output line.
(d) Serial interface UARTO (dedicated baud rate generator output)Note

Parameter Symbol Conditions MIN. TYP. MAX. Unit

Transfer rate 38400 bps

Note uPD178076, 178078, and 178F098 only.
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AC Timing Test Points (Excluding X1 Input)

0.8 Vop
0.2 Vop

:> Test points <:

0.8 Voo
0.2 Vob

Tl Timing

——tTILo—— triHO———
TI0O0, TIO1

TI50,TI51 \

Interrupt Input Timing

|—— tiNTL ——— | | —— tiINTH
INTPO to INTP7
|t——— tRSL ——— |

RESET Input Timing

RESET

1/fnis

\

tris

triHs
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Serial Transfer Timing

3-wire serial I/0 mode:

tkcym
P tkLm Sl tkHm -
- tRn : : - tFn
- / \
SCKO, SCK1, SCK3 \ / \
\ / N—eo
tsikm tksim
-
SIo, SI1, SI3 Input data
tksom
-
SO0, SO1, SO3 Output data ><

Remark m=1,2,9, 10, 13, 14
n=2,10, 14

SBI mode (bus release signal transfer):

SCKO

tksB tsBL

tsBH

- > -

SBO, SB1

tsBk
[

. tkcys, 4 ——— |

tkLs, 4 tkHa, 4

- oy

-t -

tra

A A
Yy

tF4

-

J

N/

- tKsI3, 4 —

-

o

e

tkso3, 4 >
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SBI mode (command signal transfer):

— fkcys, 4 ——W

tkLa, 4 tkHa, 4
- > |- >
- -

R4

tFa

L

SCKO

———— tksB ————»>|

SBO, SB1

[\

N/

tsiks, 4

tsBk ——|

2-wire serial 1/0 mode:

SCKO

tksos, 6

o

tks03, 4 >

/- X

~——— tkcys, 6 ————®|

tkLs, 6 tkHs, 6
T tme : : _tre
/ \
N/ N

tsiks, 6

SBO, SB1

I12C bus mode:

SCL

SDAO, SDA1

tseH  tsBk
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CHAPTER 25 ELECTRICAL SPECIFICATIONS

3-wire serial /0 mode with automatic transmit/receive function:
4 ((
SO1 D2 >§ D1 X DO X X D7
\ ))
7(
S D2 >¥ D1 ¥< DO >< S >< D7

tsiki1, 12 | | tksi11, 12
tkH11, 12
- -
- >

tkso11, 12 &2

J

SCK1

<tR12

-

kL1, 12 ||

tseD tsBw

O ——
STB tkevi1, 12

tBYH —m|a tspPs —»

BUSY
(Active high)

Note The signal is not actually driven low here; it is shown as such to indicate the timing.

IEBus Controller CharacteristicsN°t¢ ' (Ta = —40 to +85°C, Vop = 3.5 to 5.5 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit

IEBus system fs Fixed to mode 1 6.3Note 2 MHz
clock frequency

Notes 1. uPD178096A, 178098A, only 178F098 only.
2. Although the system clock frequency is 6.0 MHz in the IEBus standard, in these products, normal
operation is guaranteed at 6.3 MHz.

Remark 6.0 MHz and 6.3 MHz cannot both be used as the IEBus system clock frequency.
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A/D Converter Characteristics (Ta = —40 to +85°C, Vobo = AVpp = 3.5 to 5.5 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Resolution 8 8 8 bit
Total conversion Voo =45t055V +1.0 | %FSR
errorhiotes 1, 2 Voo = 3510 5.5 V +1.4 | %FSR
Conversion time tconv 15.2 45.7 us
Analog input voltage | Vian 0 Voo \%

Notes 1. Excluding quantization error (£0.2%FSR)
2. This value is indicated as a ratio to the full-scale value.

PLL Characteristics (Ta = —40 to +85°C, Voo = 4.5 to 5.5 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Operating fint VCOL pin, MF mode, sine wave input, Vin = 0.15 Ve-p 0.5 3.0 MHz
frequency fin VCOL pin, HF mode, sine wave input, Vin = 0.15 Ve.p 10 40 MHz

fing VCOH pin, VHF mode, sine wave input, Vin = 0.15 Ve-p 60 130 MHz
fing VCOH pin, VHF mode, sine wave input, Vin = 0.3 Vep 40 160 MHz

Remark The above values are the result of evaluation of the device by NEC Electronics. If the device is likely
to be affected by noise in your application, itis recommended to use the device at an amplitude voltage
higher than the above values.

IFC Characteristics (Ta = —40 to +85°C, Voo = 4.5 to 5.5 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Operating fins AMIFC pin, AMIF count mode, sine wave input, 0.4 0.5 MHz
frequency Vin = 0.15 Vep

fine FMIFC pin, FMIF count mode, sine wave input, 10 11 MHz
ViN = 0.15 Vep

finz FMIFC pin, AMIF count mode, sine wave input, 0.4 0.5 MHz
Vin = 0.15 Vep

Remark The above values are the result of evaluation of the device by NEC Electronics. If the device is likely
to be affected by noise in your application, itis recommended to use the device at an amplitude voltage
higher than the above values.
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Flash Memory Programming Characteristics (Ta = 10 to 40°C, Voo = 3.5 to 5.5 V)

(1) Write/erase characteristics

Parameter Symbol Conditions MIN. | TYP. | MAX. | Unit
Write current (Vob pin)Nete Ioow When Vep = Vpe1, fx = 6.3 MHz 23 mA
Write current (Vep pin)Nete IpPw When Vep = Vpe1, fx = 6.3 MHz 20 mA
Erase current (Voo pin)Nete lobe When Vep = Vpe1, fx = 6.3 MHz 23 mA
Erase current (Vep pin)Note lpPE When Vep = Vpe1 100 mA
Unit erase time ter 0.5 1 1 s
Total erase time tera 20 s
Number of rewrites Cwar Erase and write are counted as one cycle 20 | Times
Vep power supply voltage Vepro In normal mode 0 0.2Vop| V
Vpp1 During flash memory programming 9.7 10.0 10.3 \

Note AVop current and port current (current flowing to internal pull-up resistors) are not included.

Remark fx: System clock oscillation frequency

(2) Serial write operation characteristics

Parameter Symbol Conditions MIN. | TYP. | MAX. | Unit
Vep setup time tPsroN Vep high voltage 1.0 us
VeeT setup time from Voo™ toresr | Vep high voltage 10 us
RESETT setup time from VepT| tesrar Ver high voltage 1.0 us
Vep count start time from RESETT | trece 1.0 us
Count execution time tcount 2.0 ms
Vep counter high-level width teH 8.0 us
Vep counter low-level width teL 8.0 us
Ve counter noise elimination width| tnFw 40 ns

Flash Write Mode Setting Timing

Vop
Vop
ov tbRPSR tRFCF tcH
|
[
VepH — —
Ver  Vep
VepL teL
1

trsroN tPsRRF

Vob /
RESET (input) \ /

ov

tcounTt
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CHAPTER 26 PACKAGE DRAWING

100-PIN PLASTIC QFP (14x20)

T
- T
G~

NOTE ITEM MILLIMETERS

Each lead centerline is located within 0.15 mm of A

23.6+0.4

its true position (T.P.) at maximum material condition.

20.0£0.2

14.0£0.2

17.6+£0.4

0.8

0.6

0.30£0.10

0.15

0.65 (T.P.)

1.8+0.2

0.8+0.2

+0.10
0.1575°05

0.10

2.7+0.1

0.1%0.1

5°+5°

| IDO|v|Z £ |rMX«—IOTMOO|T

3.0 MAX.
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CHAPTER 27 RECOMMENDED SOLDERING CONDITIONS

The uPD178078, 178098A Subseries should be soldered and mounted under the following recommended conditions.
For soldering methods and conditions other than those recommended below, contact an NEC Electronics sales
representative.

For technical information, see the following website.

Semiconductor Device Mount Manual (http://www.necel.com/pkg/en/mount/index.html)

Table 27-1. Soldering Conditions for Surface-Mount Type

1PD178076GF-XXX-3BA:  100-pin plastic QFP (14 x 20)
1PD178078GF-XXX-3BA:  100-pin plastic QFP (14 x 20)
1PD178096AGF-XXX-3BA: 100-pin plastic QFP (14 x 20)
1PD178098AGF-XXX-3BA: 100-pin plastic QFP (14 x 20)

uPD178F098GF-3BA: 100-pin plastic QFP (14 x 20)
. . - Recommended
Soldering Method Soldering Conditions "
Condition Symbol
Infrared reflow Package peak temperature: 235°C, Time: 30 seconds max. IR35-00-3

(210°C min.), Number of times: 3 max.

VPS Package peak temperature: 215°C, Time: 40 seconds max. VP15-00-3
(200°C min.), Number of times: 3 max.

Wave soldering Solder bath temperature: 260°C max., Time: 10 seconds max., WS60-00-1
Number of times: 1, Preheating temperature: 120°C max.,
(Package surface temperature)

Partial heating Pin temperature: 300°C max., Time: 3 seconds max. (per device side) -

Caution Do not use two or more soldering methods together (except partial heating).
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The following development tools are available for the development of systems which employ the uPD178078,
178098A Subseries.
Figure A-1 shows a configuration example of the tools.

® Support for PC98-NX series
Unless otherwise specified, products supported by IBM PC/AT™ compatible machines can be used for PC98-
NX series computers. When using PC98-NX series computers, refer to the description for IBM PC/AT
compatible machines.

e Windows
Unless otherwise specified, “Windows” means the following OSs.
e Windows 3.1
* Windows 95
¢ Windows 98
* Windows 2000
» Windows NT™ ver. 4.0
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Figure A-1. Configuration of Development Tools

Language processing software

D * Assembler package
* C compiler package

* Device file

* C library source fileN°te

» Software package

Debugging software

¢ Integrated debugger

* System simulator

Control software

* Project Manager
(Windows only)Nete 2

Host machine (PC or EWS)

Embedded software

¢ Real-time OS

Interface adapter,
PC card interface, etc.

Flash memory
write environment

Flash programmer

Flash memory
write adapter

Flash memory

Power supply unit

In-circuit emulator

Emulation board

Emulation probe

Conversion socket or
conversion adapter

Target system

Notes 1. The C library source file is not included in the software package.

2. The Project Manager is included in the assembler package.
The Project Manager is only used for Windows.
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A.1 Software Package

SP78K0
Software package

This package contains various software tools for 78K/0 Series development.
The following tools are included.
RA78K0, CC78K0, ID78K0-NS, SM78K0, and various device files

Part Number: uSxxxxSP78K0

Remark xxxx in the part number differs depending on the OS used.

uSxxxxSP78K0
XXXX Host Machine oS Supply Medium
AB17 |PC-9800 series, IBM PC/AT| Windows (Japanese version) CD-ROM
BB17 and compatibles Windows (English version)

A.2 Language Processing Software

RA78KO0
Assembler package

This assembler converts programs written in mnemonics into object codes 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 a device file (DF178098) (sold
separately).

<Precaution when using RA78K0 in PC environment>

This assembler package is a DOS-based application. It can also be used in Windows,
however, by using the Project Manager (included in assembler package) in Windows.

Part Number: uSxxxxRA78K0

CC78K0
C compiler package

This compiler converts programs written in C language into object codes executable with
a microcontroller.

This compiler should be used in combination with an assembler package and device file
(both sold separately).

<Precaution when using CC78K0 in PC environment>

This C compiler package is a DOS-based application. It can also be used in Windows,
however, by using the Project Manager (included in assembler package) in Windows.

Part Number: uSxxxxCC78K0

DF17809gNote 1
Device file

This file contains information peculiar to the device.

This device file should be used in combination with tools (RA78K0, CC78K0, SM78KO0,
ID78K0-NS, ID78K0, and RX78K0) (sold separately).

The corresponding OS and host machine differ depending on the tool used.

Part Number: puSxxxxDF178098

CC78K0-LNote 2
C library source file

This is a source file of functions configuring the object library included in the C compiler
package.

This file is required to match the object library included in C compiler package to the
user’s specifications.

It does not depend on the operating environment because it is a source file.

Part Number: uSxxxxCC78K0-L

Notes 1. The DF178098 can be used in common with the RA78K0, CC78K0, SM78K0, ID78K0-NS, ID78K0, and

RX78KO0.

2. CC78KO0-L is not included in the software package (SP78KO0).
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Remark xxxx in the part number differs depending on the host machine and OS used.

USxxxxRA78K0
USxxxxCC78K0

XXXX

Host Machine

(O]

Supply Medium

AB13

BB13

AB17

BB17

PC-9800 series,
IBM PC/AT and compatibles

Windows (Japanese version)

Windows (English version)

3.5-inch 2HD FD

Windows (Japanese version)

Windows (English version)

3P17

HP9000 series 700™

HP-UX™ (Rel. 10.10)

3K17

SPARCstation™

SunOS™ (Rel. 4.1.4),
Solaris™ (Rel. 2.5.1)

CD-ROM

1SxxxxDF178098
USxxxxCC78K0-L

XXXX

Host Machine

0Ss

Supply Medium

AB13

BB13

PC-9800 series,
IBM PC/AT and compatibles

Windows (Japanese version)

Windows (English version)

3.5-inch 2HD FD

3P16

HP9000 series 700

HP-UX (Rel. 10.10)

DAT

3K13

3K15

SPARCstation

SunOS (Rel. 4.1.4),
Solaris (Rel. 2.5.1)

3.5-inch 2HD FD

1/4-inch CGMT

A.3 Control Software

Project Manager

Manager.
<Caution>

This is control software designed to enable efficient user program development in the
Windows environment. All operations used in development of a user program, such as
starting the editor, building, and starting the debugger, can be performed from the Project

The Project Manager is included in the assembler package (RA78KO0).
It can only be used in Windows.

A.4 Flash Memory Writing Tools

Flashpro Il

Flashpro IV

Flash programmer

(Part number: FL-PR3, PG-FP3)

(Part number: FL-PR4, PG-FP4)

Flash programmer dedicated to microcontrollers with on-chip flash memory.

FA-100GF-3BA

Flash memory writing adapter

Flash memory writing adapter used connected to Flashpro Ill/Flashpro IV.
* FA-100GF-3BA: 100-pin plastic QFP (GF-3BA type)

Remark FL-PR3, FL-PR4, and FA-100GF-3BA are products of Naito Densei Machida Mfg. Co., Ltd.
Contact: +81-45-475-4191 Naito Densei Machida Mfg. Co., Ltd.
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A.5 Debugging Tools (Hardware)

A.5.1 When using in-circuit emulator IE-78K0-NS, IE-78K0-NS-A

IE-78K0-NS
In-circuit emulator

The in-circuit emulator serves to debug hardware and software when developing
application systems using a 78K/0 Series product. It is used with an integrated debugger
(ID78K0-NS). This emulator should be used in combination with a power supply unit,
emulation probe, and interface adapter, which is required to connect this emulator to the
host machine.

|E-78K0-NS-PA
Performance board

This board is used for extending the IE-78K0-NS functions, and is used connected to
the IE-78K0-NS. With the addition of this board, the addition of a coverage function,
enhancement of tracer and timer functions, and other such debugging function
enhancements are possible.

IE-78K0-NS-A
In-circuit emulator

In-circuit emulator that combines the IE-78K0-NS and IE-78K0-NS-PA

IE-70000-MC-PS-B
Power supply unit

This adapter is used for supplying power from a 100 to 240 V AC output.

IE-70000-98-IF-C
Interface adapter

This adapter is required when using a PC-9800 series computer (except notebook type)
as the IE-78K0-NS host machine (C bus compatible).

IE-70000-CD-IF-A
PC card interface

This is PC card and interface cable required when using a notebook-type computer as
the IE-78K0-NS host machine (PCMCIA socket compatible).

IE-70000-PC-IF-C
Interface adapter

This adapter is required when using an IBM PC/AT compatible computer as the |IE-78K0-
NS host machine (ISA bus compatible).

IE-70000-PCI-IF-A
Interface adapter

This adapter is required when using a PC with a PCI bus as the IE-78K0-NS host
machine.

IE-178098-NS-EM1
Emulation board

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-100GF-TQ
NP-H100GF-TQ
Emulation probe

This probe is used to connect the in-circuit emulator to the target system and is designed
fora 100-pin plastic QFP (GF-3BA type). It should be used in combination with the TGF-
100RBP.

TGF-100RBP
Conversion adapter

This conversion socket connects the NP-100GF-TQ or NP-H100GF-TQ to the target
system board designed to mount a 100-pin plastic QFP (GF-3BA type).

NP-100GF
Emulation Probe

This probe is for a 100-pin plastic QFP (GF-3BA type) and connects an in-circuit emulator
and the target system.

EV-9200GF-100
Conversion Socket
(See Figures A-2
and A-3)

This conversion socket connects the board of a target system created to mount a
100-pin plastic QFP (GF-3BA type) and NP-100GF.

Remarks 1.

NP-100GF, NP-100GF-TQ, and NP-H100GF-TQ are products of Naito Densei Machida Mfg. Co.,

Ltd.

Contact: +81-45-475-4191 Naito Densei Machida Mfg. Co., Ltd.
TGF-100RBP is a product of TOKYO ELETECH CORPORATION.
Inquiry: Daimaru Kogyo, Ltd. Phone: Tokyo +81-3-3820-7112 Electronics Dept.

Osaka +81-6-6244-6672 Electronics 2nd Dept.

The EV-9200GF-100 is sold in sets of 5 units.
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A.5.2 When using in-circuit emulator IE-78001-R-A

IE-78001-R-A
In-circuit emulator

This is an in-circuit emulator for debugging the hardware and software when an
application system using the 78K/0 Series is developed. It is used with an
integrated debugger (ID78K0). This emulator is used with an emulation probe and
interface adapter for connecting a host machine.

IE-70000-98-IF-C
Interface adapter

This adapter is necessary when a PC-9800 series PC (except notebook type) is
used as the host machine for the IE-78001-R-A (C bus compatible).

IE-70000-PC-IF-C
Interface adapter

This adapter is necessary when an IBM PC/AT or compatible machine is used as
the host machine for the IE-78001-R-A (ISA bus compatible).

IE-178098-NS-EM1
Emulation board

This board is used with an in-circuit emulator and emulation probe conversion board
to emulate device-specific peripheral hardware.

|IE-78K0-R-EX1
Emulation probe conversion board

This board is necessary for using the IE-178098-NS-EM1 on the IE-78001-R-A.

EP-78064GF-R
Emulation probe

This probe is for an 100-pin plastic QFP (GF-3BA type) and connects an in-circuit
emulator and the target system.

EV-9200GF-100
Conversion socket
(See Figures A-2
and A-3)

This conversion socket connects the board of a target system created to mount an
100-pin plastic QFP (GF-3BA type) and EP-78064GF-R.

Remark The EV-9200GF-100 is sold in sets of five units.
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A.6 Debugging Tools (Software)

SM78K0 This is a system simulator for the 78K/0 Series. The SM78K0 is Windows-based
System simulator software.

Itis used to perform debugging at the C source level or assembler level while simulating
the operation of the target system on a host machine.

Use of the SM78KO0 allows the execution of application logical testing and performance
testing on an independent basis from hardware development, thereby providing higher
development efficiency and software quality.

The SM78KO0 should be used in combination with a device file (DF178098) (sold
separately).

Part Number: uSxxxxSM78K0

ID78K0-NS This debugger supports the in-circuit emulators for the 78K/0 Series. The

Integrated debugger ID78K0-NS is Windows-based software.

(supporting in-circuit emulators It has improved C-compatible debugging functions and can display the results of

IE-78K0-NS and |E-78K0-NS-A) tracing with the source program using an integrating window function that associates

ID78KO0 the source program, disassemble display, and memory display with the trace result.
It should be used in combination with a device file (sold separately).

Integrated debugger

(supporting in-circuit emulator Part Number: uSxxxxID78K0-NS

IE-78001-R-A) USxxxxID78K0

Remark xxxx in the part number differs depending on the host machine and OS used.

USxxxxSM78K0
USxxxxID78K0-NS
uSxxxxID78K0

XXXX Host Machine (OF) Supply Medium
AB13 PC-9800 series, Windows (Japanese version) 3.5-inch 2HD FD
BB13 | 'BM PC/AT and compatibles | \y;nq6ys (English version)

AB17 Windows (Japanese version) CD-ROM

BB17 Windows (English version)
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A.7 Embedded Software

RX78K0 The RX78KO0 is a real-time OS conforming to the uITRON specifications.

Real-time OS A tool (configurator) for generating the nucleus of the RX78K0 and multiple information
tables is supplied.

Used in combination with an assembler package (RA78K0) and device file (DF178098)
(both sold separately).

<Precaution when using RX78K0 in PC environment>

The real-time OS is a DOS-based application. It should be used at the DOS prompt when
using in Windows.

Part number: uSxxxxRX78013-AAAA

Caution When purchasing the RX78KaO, 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.

1SXxxXRX78013-AAAA

AAAA Product Outline Maximum Number for Use in Mass Production

001 Evaluation object Do not use for mass-produced product.

100K Mass-producted 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 (OF) Supply Medium
AA13 PC-9800 series Windows (Japanese version) 3.5-inch 2HD FD
AB13 IBM PC/AT and compatibles Windows (Japanese version)
BB13 Windows (English version)
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A.8 Upgrading Old Version of In-Circuit Emulator for 78K/0 Series to IE-78001-R-A

If you already have an old type of in-circuit emulator for the 78K/0 series (IE-78000-R or IE-78000-R-A), it can be
upgraded to have equivalent functions to the IE-78001-R-A by exchanging the break board with the IE-78001-R-BK.

Table A-1. Upgrading Old Version of In-Circuit Emulator for 78K/0 Series to IE-78001-R-A

Your In-Circuit Emulator Upgrading of HousingNote Necessary Board
IE-78000-R Necessary IE-78001-R-BK
|IE-78000-R-A Not necessary

Note To upgrade the housing, your in-circuit emulator must be brought to NEC
Electronics.
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A.9 Drawing for Conversion Socket (EV-9200GF-100) Package and Recommended Board
Mounting Pattern

Figure A-2. EV-9200GF-100 Package Drawing (for Reference Only)

A M
B
E N 0]
F
gooooooooooooobooooooboooooooo
= = o
o T =
il g
= NEC |||
. ) : ”
oo + - V|
=] 8
0 =
= =
3| | [EV-9200GF-100 HHE
0 =
(==} [= =
000000000000000000000000000000
m —

No.1 pin index / p ©

EV-9200GF-100-GOE

ITEM MILLIMETERS INCHES
A 24.6 0.969
B 21 0.827
C 15 0.591
D 18.6 0.732
E 4-C 2 4-C 0.079
F 0.8 0.031
G 12.0 0.472
H 22.6 0.89
| 253 0.996
J 6.0 0.236
K 16.6 0.654
L 19.3 076
M 8.2 0.323
N 8.0 0.315
O 2.5 0.098
P 2.0 0.079
Q 0.35 0.014
R $2.3 $0.091
S $1.5 $0.059
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Figure A-3. EV-9200GF-100 Recommended Board Mounting Pattern (for Reference Only)

Based on EV-9200GF-100
(2) Pad drawing (in mm)

%
i

C

B

A

EV-9200GF-100-P1E
ITEM MILLIMETERS INCHES

A 26.3 1.035
B 21.6 0.85
C |0.65+0.02 x 29=18.85+0.05 | 0.026%0:303 x 1.142=0.742"3.503
D |0.65+0.02 x 19=12.35+0.05 | 0.026%0.903 x 0.748=0.486"33%3
E 15.6 0.614
F 20.3 0.799
G 12%0.05 0.472%3:5%3
H 6+0.05 0.236%0.50
| 0.35+0.02 0.0143%%
J $2.36£0.03 $0.093553)
K $2.3 $0.091
L $1.57%0.03 $0.062733%

Caution The dimensions of the mount pad for EV-9200 and that for
target device (QFP) may differ in some parts. For the
recommended mount pad dimensions for QFP, refer to the
"Semiconductor Device Mount Manual" website
(http://www.necel.com/pkg/en/mount/index.html).
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B.1 Register Index (Register Name)

[A]

[B]

[C]

[D]

[E]

[

552

16-bit capture/compare register 00 (CRO0) .......oiiiuiiiiiiiiiiee e 121
16-bit capture/compare register 01 (CROT) ..oouiiiiiiii e 122
16-bit timer couNter O (TIMO) ......ouiiieeeiie ettt ettt e bt e e e ae e et e e saeeebeesareeneesaneas 121
16-bit timer mode control register 0 (TIMCO) .....ccoiiiiiiiiieeeee et 124
16-bit timer output control register 0 (TOCO) .......cueeiiiiiierie ettt b e seeenee s 127
8-bit compare register 50 (CRB0) ......ciiiuiiiiiiiieeitii ettt ettt sbe e sae e e sbe e ee e et e e b e e nne e snbeenneeeares 164
8-bit compare regisSter 51 (CRBT) ..ot aeeeean 164
8-bit timer CoOUNtEr 50 (TIMB0) .. .ceiurieitieeiieitee ettt ettt st b et b e sae e sbeesae e e abe e eaeeenbe e sareenbeesabeenneennnes 163
8-bit iMer COUNTET 51 (TIMBT) 1.ttt ettt ettt e b e e e e e b e e sareenbe e smbeenneeeanes 163
8-bit timer mode control register 50 (TMCB50) .......eiiiiiieiiiee et 166
8-bit timer mode control register 51 (TMC5T) ..o..eiiiiiiiiiie e e e 166
A/D conversion result register 3 (ADCR3) .......co ittt sne e 200
A/D converter mode register 3 (ADIM3) ......ooiiiiiieiie ettt ne e 201
Analog input channel specification register 3 (ADSB) ....ccueiiiuiiiiiiiieee e e 203
Asynchronous serial interface mode register 0 (ASIMO) .......cooouiiiiiiiie i e 351
Asynchronous serial interface status register 0 (ASIS0) ....cccoiivieiiiiiie i 353
Automatic data transmit/receive address pointer (ADTP) ......ccuiiiiiiiiiie e ccieee e e e e 298
Automatic data transmit/receive control register (ADTC) ....cccoiiuierieriieeiieeree sttt 301
Automatic data transmit/receive interval specification register (ADTI) .....cccoiiiiieiiiniiene e 303
Baud rate generator control register 0 (BRGCO) ........coiiiiiiiiiiiiiieeiee et 353
BEEP frequency select register 0 (BEEPCLO) .......cueiiiiiiiiiii ettt 195
Capture/compare control register 0 (CRCO) ....cccuiiiiiiiiiiiee ettt e b e 126
Clock output select register (CKS) ..ottt sae e s b saeeenns 196
DTS system clock select register (DTSCK) ......ocuiiiiiiiieiieeee e e 110
External interrupt falling edge select flag (EGN) ........coiiiiiiiiiiiiie e 436
External interrupt rising edge select flag (EGP) .....cccuui it 436
IEBus communication successful counter (SCR) .......coiuiiiiiiiiiiiieie e e 405
IEBus control data register (CDRY) ........coiiiii ittt e et e e 391
IEBuUs control register 0 (BCRO) .......coiitiiiiiiiie ettt sttt ettt be et e s se e st e e saeeebeesareeneesane s 387
IEBUS data register (DR) ......oceoiiiiieiii ettt st h et bt na et et e e et e b e e ereenee s 395
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IEBus interrupt status register (ISR) .....oooi i e e 399
IEBus partner address register (PAR) ........ooioiiie et e e st e s aee e e e e e e e nne e e e snre e e e nee e e enneas 390
IEBuUs slave address register (SAR) .....ooo ittt e e n e e enne e e nneean 390
IEBuUS slave status register (SSR) ........iii i s 404
IEBus telegraph length regiSter (DLR) ......c..ooiioiiiriiie e e e s e s e e e ene e e e snte e e eneeeennneas 394
IEBus transmission couNter (CCR) ......eiiiiiiieieii e e et e e st e et e e s e e seeeeeeneeeeenneas 405
IEBus unit address regisSter (UAR) ........eoi ittt sttt e e e e 390
IEBus unit status register (USR) ......oooiiiiiie et e et e e e e snte e e e neeeeneeas 396
IF counter control register (IFCCR) ......cooiiiiiiee et e et e et e e e e e e s e e e eneeeeenneas 470
IF counter gate judge register (IFCUG) ....ouuiiiiiiiiie ettt st 470
IF counter mode select regisSter (IFCMD) ......oouiiiiiee e e e e e e e e e snte e e e nee e eneeas 469
| aoToTU ) (=T = To 153 LY (1 10 = SR 223
Internal extension RAM size select register (IXS) ... s 495
Interrupt mask flag register OH (MKOH) .......cooo i e e enneas 434
Interrupt mask flag register OL (IMKOL) ........oeiiiiie e et e e e e et e e ene e e e st e e eeneeeeenneas 434
Interrupt mask flag register TL (IMKTL) ..coouiiiii e e 434
Interrupt request flag register OH (IFOH) ..o e 433
Interrupt request flag register OL (IFOL) .......ooiieiiiee e e e e e e enneas 433
Interrupt request flag register TL (IFTL) oo 433
Interrupt timing specification register 0 (SINTO) ... .cceiiiiiieiee e e e eneeeas 232
[M]
Memory size Select regiSter (IMS) ......oociii it e et e e st e e e e e e eensee e snneeeeaneeeennes 494
[O]
Oscillation stabilization time select regisSter (OSTS) ...ciiiiiiiiiiie e e e e 113
[P]
PLL data regiSter (PLLR) .....cooueeiiieiieiii ettt sttt st he e s e e sae e e nbe e ean e e nbeesnneenee s 452
PLL data register 0 (PLLRO) ...cciuiiiiiiiietieee ettt ettt sttt st s e bt e et eesan e e beesnneenee s 452
PLL data register H (PLLRH) ...ooo ettt sttt st e et e e e nt e s e 452
PLL data regiSter L (PLLRL) ...ooiiiiiiiiiot ettt ettt sttt st e n e sae e et e sae e e beesmneenee s 452
PLL data transfer register (PLLNS) .......ooiiiiiiie et et s 456
PLL mode select regisSter (PLLMD) ........ooiiiiiiiiie ettt sttt st et e e 453
PLL reference mode register (PLLRF) .......oooio ittt 454
PLL unlock F/F judge regiSter 0 (PLLUL) ......cooiiiiiiiiieieesie ettt nee s 455
POC status regiSter (POCS) ....oii ittt ettt e bt e e et e e e st e e e snb e e e eneeesneeas 491
o4 S O (=0 ) T TP PR URRI 91
o4 B T (= 1 T TP PP URRI 92
o4 B2 (=2 T PR 93
o4 BRI (=) T TP PP URR 95
o g R (T TP U PP USRI 96
o] AT € T SRS 97
o4 B G (- TR PP PP URRI 98
o4 A { i T TP PP URRTI 99
o5 B 0T € ) TSSO 101
POI 12 (P12) 1ot e e s e s e ee s eesee e e e es s sn e es e s eneanaenee s aanaenans s eneanen 103
oS T (= ) OO 105
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Port mode register O (PIMO) .......oooiiiiiiiie ettt ettt e e st s ab e san e e bt st nanes 106
Port Mode regiSter 2 (PIM2) ..ottt sttt ettt b et b e e st e s ae e e b e sareeneenane s 106
Port Mode regiSter 3 (PIM3B) ...ttt ettt b et a e e e s ae e e b sar e neenane s 106
Port Mode register 4 (PIM4) ...ttt ettt e s bt et ean e e e bt et e e nane s 106
Port MOde regiSter 5 (PIM5) ......oiuiiiiieiie ettt ettt ettt be et e st st e e s ae e e b e e sareeneenane s 106
Port MOde regiSter B (PIMB) ........ueoiiiiiieiie ettt ettt ettt ettt b et e st e st e e s ae e e beesareeneesane s 106
POrt Mode regiSTEr 7 (PIM7) ...ttt ettt e e s b e et e e e san e e e ebe e e st e e e nanes 106
Port mode register 10 (PIMT0) .....uiiiiiiieiee ettt see et sab e e saeesan e e s beesnneennee s 106
Port mode register 12 (PIMT2) ... ..ottt et s a e st sbe e ean e e sbeeenneenaee s 106
Power-fail compare mode register 3 (PFM3) ....cooiiiiiiiiiie e 204
Power-fail compare threshold value register 3 (PFT3) ....occiiiiiiiiiie e 200
Prescaler mode register 0 (PRIMO) .......ooiiiiiiiiii ettt bttt nee e s 128
Priority specification flag register OH (PROH) .......c.uiiiiiiiiie e 435
Priority specification flag register OL (PROL) ......cccoiiiiiiiiiieiii ettt s 435
Priority specification flag register TL (PRIL) .....ooiiiiiiiiiiee et e 435
Processor clock control re@ister (PCC) ...o.uii ittt 112
[R]
Receive buffer register 0 (RXBO) ......ooueiiiiiie ittt sttt sbe e sn b e e ene e s nneas 349
[S]
Serial bus interface control register 0 (SBICO) .........coouiiiiieiieriie e e 229
Serial I/O shift register 0 (SIO0) ....cciiiiie et e et e e e s e e e e et e e s neeeesnteeeeneeeennneeeanneeean 223
Serial 1/0O shift regisSter 1 (SIOT) ...uii e e e e e e st e e st e e e snee e e e neeeenneeeeanneeean 298
Serial 1/0O shift register 3 (SIO3) .....coiii i e e e 340
Serial interface clock select register 0 (SCLO) ....uuiiiioire e e e snee e e neeeeean 226
Serial operating mode regisSter 0 (CSIMO) .......coiiiiiieiiee e see e e e e e snee e e sneeeenneeeenn 227
Serial operating mode register 1 (CSIMT) ..o e e s 299
Serial operating mode regiSter 3 (CSIM3) ......ooii i see e e e e e ee e eneeeenneeeean 341
Slave address regiSter 0 (SVAD) ..cee i cieeese e ree e s ee e et e e e e st e e e s te e e s seeesenseeeanteeeenneeeeaneeeanneneean 223
[T]
Timer clock select register 50 (TCL50) ... ..uuiiiir e iiee e e e e e e st e e et e e seeeeseeeessneeeesnseeeseeeeenneeeeaneneean 165
Timer clock select register 51 (TCOLST) .ottt st e e saneeeas 165
Transmit Shift register O (TXS0) ..eeueiiiieiii ettt st r e b e et e e sbe e e beesaee e be e sreenneeaas 349
vl
VMA45 control regiSter (VIMASBC) .......oi ittt sttt sttt b et sae e st esae e e be e saneeneeaa 492
(W]
Watchdog timer clock select register (WDECS) ......coiiiiiiiiiiiieeiie ettt e 190
Watchdog timer mode register (WDTM) ......cooiiiiiiieeiee ettt sn e 191
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B.2 Register Index (Symbol)

[A]
ADCRS: A/D conversion result register 3 ... s 200
ADMB3: A/D converter Mode regiStEr 3 . ...t 201
ADS3: Analog input channel specification register 3 ... 203
ADTC: Automatic data transmit/receive control register ...........cooviiiiiiiiiii e 301
ADTI: Automatic data transmit/receive interval specification register ...........cccoccveieerieiiiiiiennens 303
ADTP: Automatic data transmit/receive address POINTEr .........cccoiiiiiieriiiriene e 298
ASIMO: Asynchronous serial interface mode register 0 .........ccceivieiiiiiie i 351
ASISO: Asynchronous serial interface status register 0..........cccviieeiiiieec e 353
[B]
BCRO: IEBUS CONTIOl reQISTEr O .....eeiiiiieeeee et 387
BEEPCLO: BEEP frequency Select regiSter O........cooeiiiiiiiiriiee ettt 195
BRGCO: Baud rate generator control reQiSter O ........c.eoiiiiiiiiiie i 353
[C]
CCR: IEBUS tranSmiSSIiON COUNTET .......ocuiiiiiiiiiiiie ettt 405
CDR: IEBUS cONtrol dat@ regiSter ........veiiiii e 391
CKS: Clock oUtpUL SEIECE FEGISTET ....oiueiiiiiiiee et 196
CRO0O0: 16-bit capture/compare register 00 ........cooiuiiiiiiiiiiie e s 121
CRO1: 16-bit capture/compare register 01 ........ooiiiiiiii e e s 122
CR50: 8-bit compare regiSter 5O ........ooi i e 164
CR51: 8-bit COMPAre regiSTEr BT ... 164
CRCo: Capture/compare CONtrol reiSTEr O ......cc.eiiiiieiiieiee ettt enee e 126
CSIMo: Serial operating Mode regiSter O .........iiiiiiiiieee e e 227
CSIM1: Serial operating Mode regiStEr T ... 299
CSIMS: Serial operating Mode regiSter 3 ... e 341
[D]
DLR: IEBus telegraph 1ength regiSter ........oo i s 394
DR: IEBUS data regiSTOr..cco i 395
DTSCK: DTS system ClOCK SEIECT rE@QISTEN ....coiiiiiiiiee e 110
[E]
EGN: External interrupt falling edge select flag........cccooviieiiiiiiiii e 436
EGP: External interrupt rising edge select flag ..o 436
[
IFOH: Interrupt request flag register OH ..o 433
IFOL: Interrupt request flag regisSter OL .........eeoiiiiii e 433
IF1L: Interrupt request flag regisSter TL ... i 433
IFCCR: IF counter CONIOl FEQISTEN ....ccoiuiieiie e 470
IFCJG: IF counter gate judge regiSTer ... 470
IFCMD: IF counter mode Select regiSter ... .. .o 469
IFCR: | 7o TN ) (=T £=To 1S3 =T PSPPI 223
IMS: Memory Size SEIECT FEQISTEN ......ueiiiiiiie e e 494
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[(M]

[O]

[P]

556

ISR:
IXS:

MKOH:
MKOL:
MK1L:

OSTS:

PO:
P1:
P2:
P3:
P4:
P5:
P6:
P7:
P10:
P12:
P13:
PAR:
PCC:
PFM3:
PFT3:

PLLMD:
PLLNS:

PLLR:
PLLRO:

PLLRF:
PLLRH:

PLLRL:
PLLUL:
PMO:
PM2:
PMS3:
PM4:
PM5:
PM6:
PM7:
PM10:
PM12:
POCS:
PROH:
PROL:
PR1L:
PRMO:

IEBuUS interrupt Status regiSter ..... ... oo 399
Internal extension RAM size select regiSter ... 495
Interrupt mask flag register OH .........ooo i 434
Interrupt mask flag regisSter OL ..........oo i 434
Interrupt mask flag regisSter TL ... 434
Oscillation stabilization time Select regiSter .........cvi i 113
POIE O e e 91
[0 o e PP 92
o o 2 TP 93
POrt B e 95
o PP PRR 96
o TP PRRP 97
POIE B e e 98
o o PP PRR 99
[0 o A O PP PTR 101
PO T2 e e 103
o o A 1 PSP PTRRPTR 105
IEBus partner address regiSter ........ui i iii i 390
Processor Clock CONrol rEQISTEN ......ooi i 112
Power-fail compare mode regiSter 3 ... 204
Power-fail compare threshold value register 3 ... 200
PLL MOde SEIECT @ISO ... e 453
PLL data transfer regiSter ... e s 456
[ T F= = =T 1] (= TP 452
B e F= Y = = To £ (=T o O OO PP PPPPSPRPPPPPN 452
PLL reference mode regiSter ........cciiiiiiiiiie e 454
PLL data regiSter H ... 452
e F= = = To £ (= o PP SO P PP PPPPPRPPPPPN 452
PLL unlock F/F judge reISTEI O .......coiiuiiiieiiieeeiie ettt sttt s seeas 455
POrt Mode regiSter O .....ooo it 106
Port Mode reQiSIEr 2 ... 106
POrt Mode regiSter 3 . ..o e 106
POrt MOde rEQISTEr 4 ..o e 106
Port Mode reQiSIEr B ... e 106
POrt MOde rEGISTEI B .....ooiieiiieie e 106
POrt MOAE FEQISTEI 7 ... e 106
Port Mode regiSter 10 ... 106
POrt Mode regiSter 12 ... 106
POC StAtUS FEGISTEN ...ttt st sb et b e e e e beenneeenes 491
Priority specification flag register OH ...........ooo i 435
Priority specification flag register OL .........c.ooo e 435
Priority specification flag register 1L ... 435
Prescaler mode regiSter O .......ooo i e e e e 128
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[R]
RXBO

[S]

SAR:
SBICO:
SCLO:
SCR:
SINTO:
SI100:
SI01:
S103:
SSR:
SVAO:

[T]
TCL50:
TCL51:
TMO:
TM50:
TM51:
TMCO:

TMC50:
TMC51:

TOCO:
TXSO0:

[U]
UAR:
USR:

vl

VM45C:

[(wi]
WDCS:

WDTM:

Receive buffer regiSter O ... e e 349
IEBUS slave address regiSter ... .ot 390
Serial bus interface control regiSter O ..........ooiiieiiiiiiiee e 229
Serial interface clock select register O ... 226
IEBus communication successful COUNTET .........c.ooiriiiiiiiei e 405
Interrupt timing specification regiSter 0 ..o 232
Serial 1/0O Shift reQISTEr O ...oooiiiiieee e s e 223
Serial /0 shift re@iSTEr 1 ... e 298
Serial 1/0 Shift re@iSTEr 3 ... i e e 340
IEBUS Slave Status FEQISTEN ......coiiiiiiiie e e 404
Slave address regISIEr O .......iiiiiiiieiii ettt n e 223
Timer clock Select regiSter 50 .......cuuiiiiiiii e e 165
Timer clock Select regiSter 51 .. .. 165
16-bit tiMer COUNTEr O .....oooeiiiiie s 121
8-Dit tIMEr COUNTET 50 ..o e e 163
8-Dit tIMEr COUNTEE BT .. e e 163
16-bit timer mode coNntrol regiSter O .........ceiviiiiiiiei e 124
8-bit timer mode control regiSter 50 .......ccviiiieiiiie e 166
8-bit timer mode control register 51 ... 166
16-bit timer output control regiSter O .........oov i 127
Transmit Shift regiSTer O .....ocooiii e e s 349
IEBUS UNit @ddreSS FEQISTOr ... uviiiiieie ittt 390
IEBUS UNit STATUS rEQISTEN ....eiiiieie e e 396
VIMA45 CONIOI FEGISTEN ..ottt e e sn e e nnnees 492
Watchdog timer CloCk SeleCt regiSter .......cciii i e 190
Watchdog timer mode regiSter ........ouoi i 191
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APPENDIX C REVISION HISTORY

The revision history of this edition is listed in the table below. “Chapter” indicates the chapter of the previous edition
where the revision was made.

(1/2)
Edition Revision Chapter
2nd Addition of uPD178096A and 178098A Throughout

Modification of uPD178F098 from under development to developed
Modification of 1.5 Development of 8-Bit DTS Series CHAPTER 1 OUTLINE
Modification of pin handing in 2.2.26 Ver (uPD178F098 only) CHAPTER 2 PIN
Modification of Table 2-1 Pin I/O Circuit Types and Figure 2-1 Pin I/O Circuits | FUNCTIONS
Addition of description of programming area in 3.1.2 Internal data memory space | CHAPTER 3 CPU
Modification of Figure 3-10 Data to Be Saved to Stack Memory and ARCHITECTURE
Figure 3-11 Data to Be Restored from Stack Memory
Modification of [Example] in 3.4.4 Short direct addressing
Addition of [lllustration] to 3.4.7 Based addressing, 3.4.8 Based indexed
addressing, and 3.4.9 Stack addressing
Addition of description of output latches after reset to 4.4 Port Function CHAPTER 4 PORT
Operations FUNCTIONS
6.2 Configuration of 16-Bit Timer/Event Counter 0 CHAPTER 6 16-BIT
 Addition of Cautions to (2) 16-bit capture/compare register 00 (CR00) TIMER/EVENT
* Addition of Table 6-3 CR01 Capture Trigger and Valid Edge of TI0OO Pin COUNTER 0

(CRC02 = 1)
* Addition of Caution to (3) 16-bit capture/compare register 01 (CR01)
Addition of Caution to Figure 6-5 Format of Prescaler Mode Register 0 (PRMO)
6.4.5 One-shot pulse output operation
* Modification of Figure 6-26 Timing of One-Shot Pulse Output Operation with

Software Trigger
» Addition of Note to (2) One-shot pulse output with external trigger
Addition of 6.5 Program List
Addition of (6) (c) One-shot pulse output function to 6.6 Notes on 16-Bit
Timer/Event Counter 0
7.2 Configuration of 8-Bit Timer/Event Counters 50, 51 CHAPTER 7 8-BIT
* Addition of Note to (1) 8-bit timer counters 50 and 51 (TM50 and TM51) TIMER/EVENT
* Addition of description of PWM mode to (2) 8-bit compare registers 50 and 51 COUNTERS

(CR50 and CR51)
Addition of 7.5 Program List
Addition of (4) Noise countermeasures and (6) Input impedance of ANIO to ANI7| CHAPTER 11 A/D
pins to 11.5 A/D Converter Cautions CONVERTER
Addition of Figure 16-2 Block Diagram of Baud Rate Generator CHAPTER 16 SERIAL
Addition of Caution to Figure 16-6 Permissible Error of Baud Rate Allowing INTERFACE UARTO
for Sampling Error (k = 0) (uPD178076, 178078,

178F098 ONLY)
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(2/2)

Edition

Revision

Chapter

2nd

Addition of Caution about inversion of IEBus protocol and signal inside the
microcontroller to 17.1.6 Transfer format of IEBus and 17.1.8 Bit format

Modification of Note and Caution in 17.1.6 (9) Acknowledge bit

Addition of description of lock setting conditions and lock release conditions to
17.1.7 (4) Locking and unlocking

Addition of description of timing error detection for each period to 17.1.8 Bit format

Addition of Notes about automatic master reprocessing to Table 17-7 Comparison
of Existing and Simple IEBus Interface Functions

17.4.2 Description of internal registers

* Explanation of each register thoroughly modified and Note added

* Addition of figures of interrupt timing to Figures 17-16 to 17-19

* Addition of Figure 17-23 Example of Broadcast Communication Flag
Operation

» Addition of Table 17-9 Reset Conditions of Flags in ISR Register

17.5 Interrupt Operations of IEBus Controller
* Thorough modification of contents
* Addition of 17.5.3 Communication error source processing list

Addition of description of wait of slave unit to 17.6.2 Master reception

CHAPTER 17 IEBus
CONTROLLER
(uPD178096A,178098A,

178F098 ONLY)

Correction of description of drive type of EO1 pin in 19.4.1 Operation of each
block of PLL frequency synthesizer

CHAPTER 19 PLL
FREQUENCY
SYNTHESIZER

Correction of Note in Table 22-1 Hardware Status After Reset

CHAPTER 22 RESET
FUNCTION

Thorough modification of descriptions of flash memory programming as 23.3 Flash
Memory Features

CHAPTER 23
LPD178F098

Addition of chapters

CHAPTER 25
ELECTRICAL
SPECIFICATIONS

CHAPTER 26
PACKAGE DRAWING

CHAPTER 27
RECOMMENDED
SOLDERING
CONDITIONS

Thorough modification of descriptions of development tools
Deletion of EMBEDDED SOFTWARE

APPENDIX A
DEVELOPMENT
TOOLS

Addition of chapters

APPENDIX B
REGISTER INDEX

APPENDIX C
REVISION HISTORY
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