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

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

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

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

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

NEC devices are classified into the following three quality grades:

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

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

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

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

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

Anti-radioactive design is not implemented in this product.
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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. Input
levels of CMOS devices must be fixed high or low by using a pull-up or pull-down circuitry. Each
unused pin should be connected to Voo or GND with a resistor, if it is considered to have a
possibility of being an output pin. All handling related to the unused pins must be judged device
by device and related specifications governing the devices.

® STATUS BEFORE INITIALIZATION OF MOS DEVICES

Note:

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

FIP is a trademark of NEC Corporation

EEPROM and IEBus are trademarks of NEC Corporation.

MS-DOS and Windows are trademarks of Microsoft Corporation.

IBM-DOS PC/AT and PC DOS are trademarks of International Business Machines Corporation.
HP2000 Series 300, HPS000 Series 700, and HP-UX are trademarks of Hewlett-Packard Company.
SPARCstation is a trademark of SPARC International, Inc.

Sun OS is a trademark of Sun Microsystems, Inc.

Ethernet is a trademark of Xerox Corp.

NEWS and NEWS-0OS are trademarks of Sony Corporation.

OSF/Motif is a trade mark of OpenSoftware Foundation, Inc..

TRON is an abbreviation of The Realtime Operating system Nucleus.

ITRON is an abbreviation of Industrial TRON. C




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

License not needed:
uPD78F0034CW, 78F0034GC-AB8, 78F0034GK-8A8
uPD78F0034YCW, 78F0034YGC-ABS8, 78F0034YGK-8A8

The customer must judge the need for license:
uPD780021CW-x00x, 780022CW-xxx, 780023CW-xxx, 780024CW-xxx
HPD780021GC-xxx-AB8, 780022GC-xxx-AB8, 780023GC-xxx-AB8, 780024GC-xxx-AB8
HPD780021GK-xxx-8A8, 780022GK-xxx-8A8, 780023GK-xxx-8A8, 780024 GK-xxx-8A8
1PD780021CW(A}-xxx, 780022CW(A)-xxx, 780023CW/(A)-xxx, 780024CW (A)->xx
#PD780021GC(A)->xx-AB8, 780022GC(A)-xxx-AB8, 780023GC(A)-xxx-AB8, 780024GC(A)-xxx-AB8
uPD780021GK(A)-xxx-8A8, 780022GK(A)-00x-8A8, 780023GK(A)-xxx-8A8, 780024GK(A)-00x-8A8
HPD780021YCW-xxx, 780022YCW-xxx, 780023YCW-xxx, 780024Y CW-xxx
#PD780021YGC-xxx-ABB, 780022Y GC-xx-AB8, 780023YGC-xxx-AB8, 780024YGC-oxx-ABS
1PD780021YGK-xxx-8A8, 780022YGK-xxx-8A8, 780023YGK-00-8A8, 780024 Y GK-xxx-8A8
uPD780021YCW(A)-xxx, 780022YCW(A)-xxx, 780023YCW(A)-xxx, 780024YCW(A)->00x
#PD780021YGC(A)-xxx-AB8, 780022Y GC(A)-xxx-AB8, 780023YGC(A)-xxx-AB8, 780024 YGC(A)->oc-AB8
#PD780021YGK(A)-xxx-8A8, 780022YGK(A)-xxx-8A8, 780023YGK(A)-xxx-8A8, 780024YGK(A)-xxx-8A8
pPD780031CW-xxx, 780032CW-xxx, 780033CW-xxx, 780034CW-xxx
pPD780031GC-xxx-AB8, 780032GC-xxx-AB8, 780033GC-xxx-AB8, 780034GC-xxx-AB8
1PD780031GK-xxx-8A8, 780032GK-xxx-8A8, 780033GK-xxx-8A8, 780034GK-xxx-8A8
pPD780031CW(A)-xxx, 780032CW(A)-xxx, 780033CW(A)-xxx, 780034CW(A)-xxx
1PD780031GC(A)->oxx-AB8, 780032GC(A)-xxx-AB8, 780033GC(A)-xxx-AB8, 780034GC{A)-xxx-AB8
HPD780031GK(A)-xxx-8A8, 780032GK(A)-xxx-8A8, 780033GK(A)->00x-8A8, 780034GK(A)-xxx-8A8
pPD780031YCW-xxx, 780032YCW-xxx, 780033YCW-xxx, 780034Y CW-xxx
1PD780031YGC-xxx-AB8, 780032YGC-xxx-AB8, 780033YGC-xxx-AB8, 780034YGC-xxx-AB8
pPD780031YGK-xxx-8A8, 780032YGK-xxx-8A8, 780033YGK-xxx-8A8, 780034YGK-xxx-8A8
uPD780031YCW(A)-xxx, 780032YCW(A)->xx, 780033YCW(A)-xxx, 780034Y CW(A)-xxx
1PD780031YGC(A)->xx-AB8, 780032YGC (A)-xxx-AB8, 780033YGC(A)-xxx-AB8, 780034 YGC(A)-xxx-AB8
uPD780031YGK(A)-xxx-8A8, 780032YGK(A)-xxx-8A8, 780033YGK(A)-xxx-8A8, 780034YGK(A)-xxx-8A8
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INTRODUCTION

Readers This manual has been prepared for user engineers who want to understand the functions
of the uPD780024, 780034, 780024Y and 780034Y subseries and design and develop
its application systems and programs

4PD780024 Subseries : uPD780021, 780022, 780023, 780024
uPD780021(A), 780022(A), 780023(A), 780024(A)
uPD780034 Subseries : uPD780031, 780032, 780033, 780034, 78F0034
uPD780031(A), 780032(A), 780033(A), 780034(A)
uPD780024Y Subseries: puPD780021Y, 780022Y, 780023Y, 780024Y
pPD780021Y(A), 780022Y(A), 780023Y(A), 780024Y(A)
#PD780034Y Subseries: uPD780031Y, 780032Y, 780033Y, 780034Y, 78F0034Y
uPD780031Y(A), 780032Y(A), 780033Y(A), 780034Y(A)

Purpose This manualis intended for users to understand the functions described in the Organization
below.
Organization The uPD780024, 780034, and 780034Y subseries manual is separated into two parts:
this manual and the instruction edition (common to the 78K/0 series).
uPD780024, 780034, 780024Y, 780034Y 78K/0 series
subseries User’'s Manual
This Manual Instruction
» Pin functions ¢ CPU functions
+ Internal block functions « Instruction set
* Interrupt » Explanation of each instruction

Other on-chip peripheral functions

How to Read This Maual Before reading this manual, you should have general knowledge of electric and logic
circuits and microcontrollers.

* When you want to understand the function in general:
— Read this manual in the order of the contents.
¢ How to interpret the register format:
— For the bit number enclosed in square, the bit name is defined as a reserved word
in RA78K/0, AND IN CC78K/0, already defined in the header file named sfrbit.h.
* To make sure the details of the registers when you know the register name.
— Refer to Appendix C. —
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Chapter Organization This manual devides the descriptions for the subseries into different chapters as shown
' below. Read only the chapters related to the device you use.

Chapter uPD789024 uPD789034 pPD789024Y uP0789034Y
Subseries Subseries | Subseries Subseries

Chapter 1 Qutline (uPD780024, 780034 Subseries) O O —_ —
Chapter 2  Outline (uPD780024Y, 780034Y Subseries) — — O o
Chapter 3  Pin Function (uPD780024, 780034 Subseries) 0] o] — —
Chapter 4  Pin Function (uPD780024Y, 780034Y Subseries) — — O O
Chapter 5 CPU Architecture 0] O O O
Chapter 6 Port Functions 0] O o} O
Chapter 7  Clock Generator O O O o}
Chapter 8 16-Bit Timer/Event Counter TMO O @] O O
Chapter 9 8-Bit Timer/Event Counters TM5 O O O O
Chapter 10 Watch Timer O O O O
Chapter 11 Watchdog Timer O O o} o
Chapter 12 Clock Output/Buzzer output Control Circuit CKU O O O o
Chapter 13 8-Bit A/D Converter AD1 O — O —

(uPD780024 ,780024Y Subseries)
Chapter 14 10-Bit A/D Converter ADO — O — o

(£PD780034, 780034Y Subseries)
Chapter 15 Serial Interface O O O @]
Chapter 16 Serial Interface UARTO O O o O
Chapter 17 Serial Interface SIO3 o o O o
Chapter 18 Serial Interface {ICO - - O 0]

(uPD780024Y, 780034Y Subseries only)
Chapter 19 Interrupt Functions O O e} O
Chapter 20 External Device Expansion Functions O O o} O
Chapter 21 Standby Function o} O O o
Chapter 22 Reset Function o O O O
Chapter 23 uPD78F0034, 78F0034Y O O O o}
Chapter 24 Instruction Set O O 0 O




Differences between uPD780024, 780034 subseries and uPD780024Y, 780034Y subseries:

The pPD730024 780034 subseries and uPD780024Y, 780034Y subseries are different
in the following functions of the serial interface channel 0.

Legend

Serial Interface

#PD780024, 780034 subseries

uPD780024Y, 780034Y subseries

3-wire serial I/O mode

2 ch (81030, SIO31)

1 ch (SIO30 only)

UART mode

1ch

1ch

I2C bus mode

Not supported

1ch

Data representation weight :
Active low representations :

High digits on the left and low digits on the right
XX (line over the pin and signal names)

Note Description of note in the text.
Caution Information requiring particular attention
Remarks Additional explanatory material
Numberal representations : Binary --- XXXX OF XxxxB

Decimal - XXX

Hexadecimal -« xxxxH
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Related Documents

However, preliminary versions are not marked as such.

« Related documents for uPD780024 subseries

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

Document name

Document No.

Japanese English
HPD780021, 780022, 780023, 780024, Preliminary Product Information Planned Planned
HPD780024, 780034, 780024Y, 780034Y Subseries User's Manual u12022J This manual
78K/0 Series User's Manual-Instruction IEU-849
78K/0 Series Instruction Table U10903J —
78K/0 Series Instruction Set U10%04J —
pPD780034 Subseries Special Function Register Table Planned —

* Related documents for uPD780024Y subseries

Document name

Document No.

Japanese English
pPD780021Y, 780022Y, 780023Y, 780024Y, Preliminary Product Information Planned Planned
uPD780024, 780034, 780024Y, 780034Y ) u12022J This manual
78K/0 Series User's Manual-Instruction IEU-849 IEU-1372
78K/0 Series Instruction Table U10803J —
78K/0 Series Instruction Set U10904J —
uPD780034Y Subseries Special Function Register Table Planned —

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

document when starting design.
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* Related documents for uPD780034 subseries

Document No.

Document name Japanese English
uPD780031, 780032, 780033, 780034, Preliminary Product Information Planned Planned
HPD78F0034 Preliminary Product Information U11993J
uPD780024, 780034, 780024Y, 780034Y Subseries User's Manual ui2022J This manual
78K/0 Series User's Manual-Instruction IEU-849 IEU-1372
78K/0 Series Instruction Table U10903J —
78K/0 Series Instruction Set U10904J —
#PD780034 Subseries Special Function Register Table Planned —

* Related documents for uPD780034Y subseries

Document No.

Document name Japanese Engiish
#PD780031Y, 780032Y, 780033Y, 780034Y, Preliminary Product Information Planned Pianned
4PD78F0034Y Preliminary Product Information U11994J Planned
uPD780024, 780034, 780024Y, 780034Y Subseries User's Manual ui12022.) This manual
78K/0 Series User's Manual-Instruction IEU-848 IEU-1372
78K/0 Series Instruction Table U10903J -
78K/0 Series Instruction Set U10904J -
HPD780034Y Subseries Special Function Register Table Planned —

Caution The above documents are subjectto change without prior notice. Besure to use the latest version
document when starting design.
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- Related documents for development tool (User's Manuals)

Document No.
Document name
Japanese English

RA78K Series Assembler Package Operation EEU-809 EEU-1399

Language EEU-815 EEU-1404
RA78K Series Structured Assembler Preprocessor EEU-817 EEU-1402
CC78K Series C Compiler Operation EEU-656 EEU-1280

Language EEU-655 EEU-1284
CC78K/0 C Compiler Operation U115174 -

Language ut1518J —
CC78K/0 C Compiler Application Note Programming Note EEA-618 EEA-1208
CC78K Series Library Source File EEU-777 —
1E-780000-SL Planned Planned
IE-78000-R-A U10057J U10057E
|IE-78K0-SL-PO1 Planned Planned
1E-780034-SL-EM4 Planned Planned
EP-64CW-SL Planned Planned
EP-64GC-SL Planned Planned
EP-64GK-SL Planned Planned
SM78K0 System Simulator Windows™ Base Reference U10181J U10181E
SM78K0 Series System Simulator External part user open Interface | U10092J U10092E
ID78K0 Integrated Debugger EWS Base Reference U11151J -
ID78K0 Integrated Debugger PC Base Reference U11539J —_
1D78K0 Integrated Debugger Windows Base Guide U11649J —

Caution Theabove documents are subjectto change without prior notice. Be sure to use the latestversion
document when starting design.
J




Related documents for embedded software (User's Manual)

Document name

Document No.

Japanese English
78K/0 Series Real-Time OS Basics U11537J4 -
Instaliation U11536J -
Technicals U115384 —
78K/0 Series OS MX78K0 Basics EEU-5010 —
Fuzzy Knowledge Data Creation Tool EEU-829 EEU-1438
78K/0, 78lK/, 87AD Series Fuzzy Inference Development Support System - EEU-862 EEU-1444
Translator
78K/0 Series Fuzzy inference Development Support System - EEU-858 EEU-1441
Fuzzy Inference Module
78K/0 Series Fuzzy Inference Development Support System - EEU-921 EEU-1458

Fuzzy Inference Debugger

Other Documents

Document name

Document No.

Japanese English

IC PACKAGE MANUAL C10943X

Semiconductor Device Mounting Technology Manual C10535J GC10535E
Quality Grade on NEC Semiconductor Devices C11531J C11531E
Reliabiilty Quality Control on NEC Semiconductor Devices C10983J C10983E
Electric Static Discharge (ESD) Test MEM-539 —
Semiconductr Devices Quality Assurance Guide MEI-603 MEI-1202
Microcontroller Related Product Guide - Third Party Manufacturers Ut11416d —

Caution Theabove documentsare subjectto change withoutprior notice. Be sure to use the latest version

document when starting design.
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CHAPTER 1 OUTLINE (uPD780024, 780034 Subseries)

1.1
1.2
1.3
1.4
1.5
1.6
1.7
1.8
1.9

1.10 Mask Options

CHAPTER 2 OUTLINE (uPD780024Y, 780034Y Subseries)

21
2.2
2.3
24
2.5
2.6
2.7
2.8
2.9

2.10 Mask Options

CHAPTER 3 PIN FUNCTION (:PD780024, 780034 Subseries)

3.1
3.2

CONTENTS

FEAIUTES .ooccrireemieriiniscinaressnsesternsessssssstssstsssnsrossansass seassssansasssstssssesntsonsissnsssnessanssttinassasanssns
APPlICAtIONS c.uerirreriessisnesessisersssssesstssssssrsimas s s s s sasses st e s bbb eSO s
Ordering INfOrMation ..ottt s e s e
Quality Grade........oceiemrennteninesntinnesnissnncsescscesssensness
Pin Configuration {Top View)
78K/0 Series Expansion
BIOCK DIQQram .......cccieeeretesnnsrirennsssaeniasnsssssssssssssssesnsssranssst sstastonsssmnmsnnsn sanssnssassosssnssnssasses
OULIINE Of FUNCHON ..ot rsisststessaneens rsses s enssme e s nssransensssnnanesssassssassnssnsassnse
The Difference between the Standard and the Special

---------------------------------------------------------------------------------------------

------------------------------------------------------------------------------------------------------------------------

FRATUIES .eervreeecineentranrenmirsoneissmsasmnresetssbemssusssssssntassssisassessnssssnasssssssssesansstsenensssessossst sssnassnsss
Applications............
Ordering Information .....c.cccceveevrunnee teeeresmesseraeamressusessmsssesesatisaiebeneL LIt tesnranesnntn nanans
QUAalItY Grade ......c.coveiericcensninenmincemniinisnstsssesassnesasesassnssssassssssanse
Pin Configuration (TOp VIeW) ....ucveeennnennieccesiscssniaseenaes
78K/0 Series Expansion
BIOCK DIGQIam .......ccciveeirniinniissiennsnissessisensasanninsssssssssnasssansstsssonsssstsontssosssssnsnanssasssssssssssssas
OULIING Of FUNGCHON ..o it seairsctsssesnsesnssessssssseaasasnnrasst sesanesssansossas anesssnsssonnnseas
The Difference between Standard Versions and Special Versions

................................................................................

-------------------------------------------------------------------------------------------------------

Pin FUNGHON LISt o.oocoeieieeieiircrnteerersscnctrcscireareesasemsmsrssosossssessstresssssarassassssasansss sansssssanasansasas
Description of Pin Functions
3.2.1 PQOto P03 (Port 0)
3.22 P10to P17 (Port 1)
3.2.3 P20to P25 (Port2)
3.2.4 P30to P36 (Port 3)
3.2.5 P40to P47 (Port 4)
3.2.6 P50to P57 (Port 5)
3.27 P64 to P67 (Port 6)
3.2.8 P70to P75 (Port7)
3.29 AVrer
3.2.10 AVoo

B2 1Tl AVSS e eeeeeeet et res et s eeas e r e e e nnvesmesabmn e easnteeasateteseamseseiesessesaset ettt A bener b e arabs e se bbb naannsneas
B.0.92 RESET 1.vvoereeveeeeeeeeeeeseeemseceseeeeese s eoeaseseeoesstssssessesmsssesas s s ees s sssss e ens e e eess e es i
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3.2.14 XT1 and XT2
3.2.15 Vooo and Vop1

----------------------------------------------------------------------------------------------

.............................................................................................................................

sm Cu>o7CcOC NLAN259 7201

-~ OrWN =



3.3

32,16 VSS0 ANA VSES1 .eeeeeireceeveccerertratrccereererssessres vessssesstessnsesssssssssseasssssnasssesnsssnssessensessessenssesnnsensnans
3.2.17 Vpp (Flash MemOry VEISIONS ONIY) ......coccvieeeereeereceerreesrcsseseresessressesssssesessesvasessasesasssesssanesssens
3.2.18 IC (Mask ROM VEISION ONIY) ...ccovererereeerriieaieiretasen e steessesesneseesssnnenssssssssaensssassaseseesensemnsnseses
Input/output Circuits and Recommended Connection of Unused Pins...........ccccceeee....

CHAPTER 4 PIN FUNCTION (uPD780024Y, 780034Y SUDSEMES).....ccisccrrersucsmsarcessnrscsarsananesas

4.1
4.2

4.3

Pin Function List .. crreersereseessasenssesattaenasnatesnnnnennsrnnases

Description of Pin Functions N
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.25 PAOTO PAT (PO Q) ettt e e e sasssssssresesvesmessreseesasesssasnessesasssasasnsssnsen
4.2.8 PS5O0 P57 (PO 5) cureeeeeceeecreeeriereessressressnesssesssssssssssssesssesssassessemsesssseessnsesnssnnesmsssssansessnsssnes
827 PB4 IO PBT7 (POM B) .ecuceeeieieeeieeceieeieeeeeeeereaeeesesessseessnsssasesssseessssassssesssnssestossensensnesnsns sensasas
4.2.8  PTO1O0 P75 (POM 7} ceeeereieieeereeerrcsrereeressestevssstesssssassssssessnsessssesssssssssssssssessssssestossssnssssssnssssssnsesan
2.9  AVREF .evieceeceeecteecteeeeeseescereste s e e saenseeseessete e eea st st eess b e bt e s ase e s e e eR s s Rt s e m e s e bentsaneseraenneteane
B.2.10 AVDD ceeeeeiieerec et ce e ee et et ea st rert e e v st s e e se s maen s e s s asre s s st et eant e nseea st neens e ssssestnseresnten sesaneee
B.2.11 AVSS.ureeriirerirereneerasessersstesssasssassnsasasstesssssnsssessenesssesmesesasernesnsse st sese renmsabesse e staasneneesasensssnsessnsnases
B.2.12 RESET covevureeeesereeeisestesseeceses s esssssse s ssessms s ssse st sasesass s s eoessss ettt sns s esestemsstasesasssesessans
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4.2.17 Vep (Flash memory versions only)......o il e e
4.2.18 |C (Mask ROM VEISION ONIY) w..eeeeieeeeiceeee e cne s eeenm e e ssseseessmns e easeesesessessesons ensnens
Input/output Circuits and Recommended Connection of Unused Pins............ccanoc..oc.
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5.3

5.4
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5.1.2 Internal data memory space........ O R
5.1.3 Special Function RegiSter (SFR) @rea......ccceccvrvereiresrerieriieeeresesiasssresesssessssessesssenssessnessensaseses
5.1.4 EXternal MEmMOTY SPACE......cccorvereeiererererertaressgasensrasesesssasesssasesessassrnsesesssenscasssessesensrasn

5.1.5 Data memory ad@reSSiNg - ..ccoco s ecieceesseesseste s estessesissresatesse e s tsse e st st sbonsenenenenses
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1.1

CHAPTER 1 OUTLINE (uPD780024, 780034 SUBSERIES)

Features

* Internal Memory

Type Program Memory Data Memory
Part Number (ROM/Flash memory) (High-Speed RAM)
#PD780021, 780031 8 Kbytes 512 bytes
©PD780022, 780032 16 Kbytes
pPD780023, 780033 24 Kbytes 1024 bytes
pPD780024, 780034 32 Kbytes

uPD78F0034

32 Kbytes Note

1024 bytes Note

Note The capacities of internal flash memory, internal high-speed RAM can be changed by means of the memory

size switching register (IMS).

* External Memory Expansion Space: 64 Kbytes

* Instruction execution time changeable from high speed (0.24 us: In main system clock 8.38 MHz operation) to ultra-

low speed (122 us: In subsystem clock 32.768 kHz operation)
* Instruction set suited to system control

* Fifty-one I/O ports: (Four N-ch open-drain ports)

Bit manipulation possible in all address spaces

Multiply and divide instructions

* 8-bit resolution A/D converter: 8 channels (uPD780024 Subseries only)
* 8-bit resolution D/A converter: 2 channels (uPD780034 Subseries only)
¢ Serial interface

: 3 channels

3-wireserial /O mode: 2 channel

UART mode

* Timer: Five channels

16-bit timerfevent counter :
8-bit timer/event counter :

Watch timer
Watchdog timer

* Vectored interrupts: 22

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

: 1 channel

1 channel
2 channels
: 1 channel
: 1 channel

* Power supply voltage: Voo =18t055V
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1.2 Applications

#PD780021, 780022, 780023, 780024
uPD780031, 780032, 780033, 780034, 78F0034
Home electric appliances, pagers, AV equipment, car audios, car electric equipment, office automation

apparetus, etc.

uPD780021(A), 780022(A), 780023(A), 780024(A)
uPD780031(A), 780032(A), 780033(A), 780034(A), 78F0034
Controller of Transport Machines, Gas Detective Breaker, Safety Equipment, etc.
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1.3 Ordering Information

(1) uPD780024 Subseries

Order Number Package Internal ROM
pPD780021 CW-xxx 64-pin plastic shrink DIP (750 mil) Mask ROM
uPD780021GC-xxx-AB8 64-pin plastic QFP (14 x 14 mm) Mask ROM
uPD780021GK-xxx-8A8 64-pin plastic LQFP (12 x 12 mm) Mask ROM
uPD780022CW-xxx 64-pin plastic shrink DIP (750 mil) Mask ROM
uPD780022GC-xxx-AB8 64-pin plastic QFP (14 x 14 mm) Mask ROM
uPD780022GK-xxx-8A8 64-pin plastic LQFP (12 x 12 mm) Mask ROM
uPD780023CW-xxx 64-pin plastic shrink DIP (750 mil) Mask ROM
uPD780023GC-xxx-AB8 64-pin plastic QFP (14 x 14 mm) Mask ROM
uPD780023GK-xxx-8A8 64-pin plastic LQFP (12 x 12 mm) Mask ROM
pPD780024CW-xxx 64-pin plastic shrink DIP (750 mil) Mask ROM
uPD780024GC-xxx-AB8 64-pin plastic QFP (14 x 14 mm) Mask ROM
uPD780024GK-xxx-8A8 64-pin plastic LQFP (12 x 12 mm) Mask ROM
uPD780021CW(A)-xxx 84-pin plastic shrink DIP (750 mil) Mask ROM
uPD780021GC(A)-xxx-AB8 64-pin plastic QFP (14 x 14 mm) Mask ROM
puPD780021GK(A)-xxx-8A8 64-pin plastic LQFP {12 x 12 mm) Mask ROM
uPD780022CW(A)-xxx 64-pin plastic shrink DIP (750 mil) Mask ROM
uPD780022GC(A)-xxx-AB8 64-pin plastic QFP (14 x 14 mm) Mask ROM
1PD780022GK(A)-xxx-8BA8 64-pin plastic LQFP (12 x 12 mm) Mask ROM
uPD780023CW(A)-xxx 64-pin plastic shrink DIP (750 mil) Mask ROM
#PD780023GC(A)-xxx-AB8 64-pin plastic QFP (14 x 14 mm) Mask ROM
uPD780023GK(A)-xxx-BA8 64-pin plastic LQFP (12 x 12 mm) Mask ROM
uPD780024CW(A)-xxx 64-pin plastic shrink DIP (750 mil) Mask ROM
uPD780024GC(A)-xxx-AB8 64-pin plastic QFP (14 x 14 mm) Mask ROM
uPD780024GK(A)-xxx-8A8 64-pin plastic LQFP (12 x 12 mm) Mask ROM

Remark xxx indicates ROM code suffix.
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(2) uPD78003 Subseries

Order Number

Package

Internal ROM

HPD780031CW-xxx
4PD780031GC-xxx-AB8
HPD780031GK-xxx-8A8
HPD780032CW-xxx
#PD780032GC-xxx-ABS
#PD780032GK-xxx-8A8
HPD780033CW-xxx
HPD780033GC-xxx-AB8B
HPD780033GK-xxx-8A8
UPD780034CW-xxx
HPD780034GC-xxx-AB8
HPD780034GK-xxx-8A8
HPD780031CW(A)-xxx
LPD780031GC(A)-xx-AB8
LPD780031GK(A)-xxx-8A8
HPD780032CW(A)-xxx
uPD780032GC(A)-xxx-AB8
HPD780032GK(A)-xxx-8A8
HUPD780033CW(A)-xxx
#PD780033GC(A)-xxx-AB8
HPD780033GK(A)-xxx-8A8
HPD780034CW/(A)->cxx
uPD780034GC(A)-xxx-ABS
HPD780034GK(A)-xxx-8A8
HPD78F0034CW
HPD78F0034GC-ABS
pPD78F0034GK-8A8

64-pin plastic shrink DIP (750 mil)
64-pin plastic QFP (14 x 14 mm)
64-pin plastic LQFP (12 x 12 mm)
64-pin plastic shrink DIP (750 mil)
64-pin plastic QFP (14 x 14 mm)
64-pin plastic LQFP (12 x 12 mm)
64-pin plastic shrink DIP (750 mil)
64-pin plastic QFP (14 x 14 mm)
64-pin plastic LQFP (12 x 12 mm)
64-pin plastic shrink DIP (750 mil)
64-pin plastic QFP (14 x 14 mm)
64-pin plastic LQFP (12 x 12 mm)
64-pin plastic shrink DIP (750 mil)
64-pin plastic QFP (14 x 14 mm)
64-pin plastic LQFP (12 x 12 mm)
64-pin plastic shrink DIP (750 mil)
64-pin plastic QFP (14 x 14 mm)
64-pin plastic LQFP (12 x 12 mm)
64-pin plastic shrink DIP (750 mil)
64-pin plastic QFP (14 x 14 mm)
64-pin plastic LQFP (12 x 12 mm)
64-pin plastic shrink DIP (750 mil)
64-pin plastic QFP (14 x 14 mm)
64-pin plastic LQFP (12 x 12 mm)
64-pin plastic shrink DIP (750 mil)
64-pin plastic QFP {14 x 14 mm)
64-pin plastic LOFP (12 x 12 mm)

Remark xxx indicates ROM code suffix.

Mask ROM
Mask ROM
Mask ROM
Mask ROM
Mask ROM
Mask ROM
Mask ROM
Mask ROM
Mask ROM
Mask ROM
Mask ROM
Mask ROM
Mask ROM
Mask ROM
Mask ROM
Mask ROM

- Mask ROM

Mask ROM
Mask ROM
Mask ROM
Mask ROM
Mask ROM
Mask ROM
Mask ROM
Flash memory
Flash memory
Flash memory
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1.4 Quality Grade
(1) uPD780024 Subseries

Order Number

Package

Package Quality Grade

#PD780021CW-xxx
1PD780021GC-xxx-AB8
uPD780021GK-xxx-8A8
uPD780022CW-xxx
uPD780022GC-xxx-AB8
1PD780022GK-xxx-8A8
1PD780023CW-xxx
uPD780023GC-xxx-AB8
uPD780023GK-xxx-8A8
uPD780024CW-xxx
uPD780024GC-xxx-AB8
uPD780024GK-xxx-8A8
pPD780021CW(A)-xxx
uPD780021GC(A)-xxx-AB8
uPD780021GK(A)-xxx-8A8
uPD780022CW/(A)-xxx
uPD780022GC (A)-xxx-AB8
#PD780022GK(A)-xxx-8A8
uPD780023CW/(A)-xxx
uPD780023GC(A)-xxx-AB8
uPD780023GK(A)-xxx-8A8
UPD780024CW(A)-xxx
#PD780024GC(A)-xxx-AB8
uPD780024GK(A)-xxx-8A8

64-pin plastic shrink DIP (750 mil)
64-pin plastic QFP (14 x 14 mm)
64-pin plastic LQFP (12 x 12 mm)
64-pin plastic shrink DIP (750 mil)
64-pin plastic QFP (14 x 14 mm)
64-pin plastic LQFP (12 x 12 mm)
64-pin plastic shrink DIP (750 mil)
64-pin plastic QFP (14 x 14 mm)
64-pin plastic LQFP (12 x 12 mm)
64-pin plastic shrink DIP (750 mil)
64-pin plastic QFP (14 x 14 mm)
64-pin plastic LQFP (12 x 12 mm)
64-pin plastic shrink DIP (750 mil)
64-pin plastic QFP (14 x 14 mm)
64-pin plastic LQFP (12 x 12 mm)
64-pin plastic shrink DIP (750 mil)
64-pin plastic QFP (14 x 14 mm)
64-pin plastic LQFP (12 x 12 mm)
64-pin plastic shrink DIP (750 mil)
64-pin plastic QFP (14 x 14 mm)
64-pin plastic LQFP (12 x 12 mm)
64-pin plastic shrink DIP (750 mil)
64-pin plastic QFP (14 x-14 mm)
64-pin plastic LQFP (12 x 12 mm)

Remark xxx indicates ROM code suffix.

Standard General (electric appliances)
Standard General (electric appliances)
Standard General (electric appliances)
Standard General (electric appliances)
Standard General (electric appliances)
Standard General (electric appliances)
Standard General (electric appliances)
Standard General (electric appliances)
Standard General (electric appliances)
Standard Genera! (electric appliances)
Standard General (electric appliances)
Standard General (electric appliances)
Special (high-reliable)
Special (high-reliable)
Special (high-reliable)
Special (high-reliable)
Special (high-reliable)
Special (high-reliable)
Special (high-reliable)
Special (high-reliable)
Special (high-reliable)
Special (high-reliable)
Special (high-reliabie)
Special (high-reliable)

Please refer to "Quality grade on NEC Semiconductor Devices" (Document number 1E1-1209) published by
NEC Corporation to know the specification of quality grade on the devices and its recommended applications.
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(2) p©PD780034 Subseries

Order Number

Package

Package Quality Grade

uPD780031CW-xxx
uPD780031GC-xxx-AB8
uPD780031GK-xxx-8A8
uPD780032CW-xxx
uPD780032GC-xxx-AB8
nPD780032GK-xxx-8A8
uPD780033CW-xxx
uPD780033GC-xxx-AB8
uPD780033GK-xxx-8A8
uPD780034CW-xxx
uPD780034GC-xxx-AB8
uPD780034GK-xxx-8A8
uPD780031CW(A)-xxx
uPD780031GC(A)-xxx-AB8
uPD780031GK(A)->ocx-8A8
uPD780032CW(A)-xxx
uPD780032GC(A)-xxx-AB8
#PD780032GK(A)-xxx-8A8
uPD780033CW(A)->oxx
uPD780033GC(A)-xxx-AB8
uPD780033GK(A)->x<-8A8
uPD780034CW(A)-xxx
uPD780034GC (A)-xxx-AB8
uPD780034GK(A)-xx<-8A8
uPD78F0034CW
uPD78F0034GC-ABS
uPD78F0034GK-8A8

64-pin plastic shrink DIP (750 mil)
64-pin plastic QFP (14 x 14 mm)
64-pin plastic LQFP (12 x 12 mm)
64-pin plastic shrink DIP (750 mil)
64-pin plastic QFP (14 x 14 mm)
64-pin plastic LQFP (12 x 12 mm)
64-pin plastic shrink DIP (750 mil)
64-pin plastic QFP (14 x 14 mm)
64-pin plastic LQFP (12 x 12 mm)
64-pin plastic shrink DIP (750 mil)
64-pin plastic QFP (14 x 14 mm)
64-pin plastic LQFP (12 x 12 mm)
64-pin plastic shrink DIP (750 mil)
64-pin plastic QFP (14 x 14 mm)
64-pin plastic LQFP (12 x 12 mm)
64-pin plastic shrink DIP (750 mil)
84-pin plastic QFP (14 x 14 mm)
64-pin plastic LQFP (12 x 12 mm)
84-pin plastic shrink DIP (750 mil)
64-pin plastic QFP (14 x 14 mm)
64-pin plastic LQFP (12 x 12 mm)
64-pin plastic shrink DIP (750 mil}
64-pin plastic QFP (14 x 14 mm)
64-pin plastic LQFP (12 x 12 mm)
84-pin plastic shrink DIP (750 mil)
64-pin plastic QFP (14 x 14 mm)
64-pin plastic LQFP (12 x 12 mm)

Remark >xx indicates ROM code suffix.

Standard (general electric appliances)
Standard (general electric appliances)
Standard {general electric appliances)
Standard (general electric appliances)
Standard (general electric appliances)
Standard (general electric appliances)
Standard (general electric appliances)
Standard (general electric appliances)
Standard (general electric appliances)
Standard (general electric appliances)
Standard (general electric appliances)
Standard (general electric appliances)
Special (high-reliable electric appliances)
Special (high-reliable electric appliances)
Special (high-reliable electric appliances)
Special (high-reliable electric appliances)
Special (high-reliable electric appliances)
Special (high-reliable electric appliances)
Special (high-reliable electric appliances)
Special (high-reliable electric appliances)
Special (high-reliable electric appliances)
Special (high-reliable electric appliances)
Special (high-reliable electric appliances)
Special (high-reliable electric appliances)
Standard (general electric appliances)
Standard (general electric appliances)
Standard (general electric appliances)

Please refer to "Quality grade on NEC Semiconductor Devices" (Document number IEI-1209) published by
NEC Corporation to know the specification of quality grade on the devices and its recommended applications.
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1.5 Pin Configuration (Top View)

+ B4-pin plastic shrink DIP

uPD780021CW-xxx, 780022CW-xxx, 780023CW-xxx, 780024CW-xxx
uPD780021CW(A)-xxx, 780022CW(A)-xxx, 780023CW(A)-xxx, 780024CW(A)-xxx
uPD780031CW-xxx, 780032CW-xxx, 780033CW-xxx, 780034CW-xxx
PD780031CW(A)-xxx, 780032CW(A)-xxx, 780033CW(A)-xxx, 780034CW(A)->xx

uPD78F0034CW

P40/ADO O=—=
P41/AD1 O~
P42/AD2 O=—n
P43/AD3 O~
P44/ADA O—n
PA45/ADS O=—e
P46/ADE O=—r
P47/AD7 O~
P50/A8 O=—n]
P51/AQ O=—n
P52/A10 O=—
P53/A11 Oe—e
P54/A12 O=—vf
P55/A13 O
P56/A14 O=—v]
P57/A15 O=—e
Vsso O——
Vopo O——
P30 O=—
P31 O~
P32/SDAQ O
P33/SCLO O=—=
P34/8131 O~
P35/S031 O
P36/SCK31 O
P20/S130 O
P21/S030 O=—
P22/SCK30 O=—=
P23/RxD0 O~
P24/TxDQ O=—

P25/ASCKO O=—]

Voor 00—

20
21
22
23
24
25
26
27
28
29
30
31
32

—/

64
63
62
61
60
59
58
57
56
55
54
53
52
51
50
49
48
47
46
45
44
43
42
a1
40
39
38
37
36
35
34
33

|—O PE7/ASTB

—e0 PE6/WAIT
O P65/WR
l-—-O P64/RD

=0 P75/BUZ
O P74/PCL
O P73/TI51/TO51
—=O P72/TISOITO50
le—-O P71/T101
O P70/TI00/TO0
O PO3/INTP3/ADTRG
L0 PO2/INTP2
le—=O PO1/INTP1
~—~O POO/INTPO
——O Vss1

O X1

——O X2

— |C(Vrr)

fe—0 XT1

—O XT2
-—O RESET
——O AVoo
t—C AVrer
—=CO P10/ANIO
=—C P11/ANI1
—-0 P12/ANI2
—yC P13/ANI3
l=—CO P14/ANI4
-—0 P15/ANIS
—CO P16/ANIB
a—~O0 P17/ANI7
——C AVss

Cautions 1. Be sure to connect IC (internally Connected) pin to Vsso directly.

2. Connect AVss pin to Vsso.

Remarks 1. When these are used in application required to reduce noises generated from a on-chip micro
controller, noise measures are recommended that Vooo and Voot are supplied independently, and
that Vsso and Vss1 are independently connected to ground lines and so on.

2. Pin connection in patentheses is intended for the uPD78F0034.



CHAPTER 1 OUTLINE (uPD780024, 780034 SUBSERIES)

+ 64-pin plastic QFP (14 x 14 mm)

1PD780021GC-xxx-AB8, 780022GC-xx-AB8, 780023GC-xxx-AB8, 780024GC-xxx-ABS
#PD780021GC(A)-x0cx-AB8, 780022GC(A)-xxx-ABS8, 780023GC(A)-xxx-AB8, 780024GC(A)-xxx-ABS
1PD780031GC-xx-AB8, 780032GC-xxx-AB8, 780033GC-xxx-AB8, 780034GC-xxx-ABS
1PD780031GC(A)-xox-AB8, 780032GC(A)-xxx-ABS, 780033GC(A)-xxx-AB8, 780034GC(A)-xxx-ABS
$PD78F0034GC-ABS

64-pin plastic LQFP (12 x 12 mm)

1PD780021GK-xxx-8A8, 780022GK-50cx-8A8, 780023GK-xxx-8A8, 780024GK-xxx-8A8
1PD780021GK(A)-xxx-8A8, 780022GK(A)-xxx-8A8, 780023GK(A)-xxx-8A8, 780024GK(A)-xxx-8A8
1PD780031GK-5xx-8A8, 780032GK->xx-8A8, 780033GK-xxx-8A8, 780034GK->xx-8A8
PD780031GK(A)-xxx-8A8, 780032GK(A)-xxx-8A8, 780033GK(A)-xxx-8A8, 780034GK(A)-xxx-8A8
uPD78F0034GK-8A8
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P57/A15 O~—n1{8 41 -0 X1
Vsso O——— 9 40 O X2
Vooo O——— 10 39 O IC (Ver)
P30 O—n] 11 38 O XT1
P31 O=—e] 12 37 O XT2
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P33 O=—={ 14 35 O AVop
P34/SI131 Oe—=1 15 34 O AVeer
P35/S031 O——e{ 18 33 [=——0 P10/ANIO
17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32
5888883@;‘2&9339%5
RegEiipfizEgEiis
D R -le 3L g w ¥ oo -
g o g g r &g L o & o & o o
o a. o

Cautions 1. Be sure to connect IC (internally Connected) pin to Vsso directly.
2. Connect AVss pin to Vsso.

Remarks 1. When these are used in application required to reduce noises generated from a on-chip micro
controller, noise measures are recommended that Voo and Voo1 are supplied independently, and
that Vsso and Vss1 are independently connected to ground lines and so on.

2. Pin connection in patentheses is intended for the uPD78F0034.
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AB - A15
ADQ - AD7
ADTRG
ANIO - ANI7
ASCKO
ASTB
AVop
AVREF
AVss

BUZ

IC

P00 - P03
P10 - P17
P20 - P25
P30 - P36
P40 - P47
P50 - P57
P64 - P67

: Address Bus

: Address/Data Bus

: AD Trigger Input

1 Analog input

: Asynchronous Serial Clock
: Address Strobe

: Analog Power Supply

: Analog Reference Voltage
: Analog Ground

: Buzzer Clock

: Internally Connected
INTPO - INTP3 :
: Port0
: Portl

Interrupt from Peripherals

Port2
Port3
Port4
Ports
Porté

P70 - P75
PCL

RD

RESET

RxDO

SCK30, SCK31
SI30, SI31
S030, SO31

TOO, TO50, TO51
TxDO

Vooo, Vb1

Vep

Vsso, Vssi

WAIT

WR

X1, X2
XT1, XT2

: Port7

: Programmable Clock
: Read Strobe

. Reset

: Receive Data

: Serial Clock

: Serial Input

: Serial Output

Tioo, TI01, TI5O0, TI51 :

Timer Input

: Timer Output

: Transmit Data

1 Power Supply

: Programming Power Supply
: Ground

: Wait

: Write Strobe

: Crystal (Main System Clock)
: Crystal (Subsystem Clock)
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1.6 78K/0 Series Expansion

78K/0 Series Expansion is shown below. The names in flames are Subseries.

78K/0
series

Y subseries supports 12C bus specifications.

Control
B 100 pin é{PD78078 luPD?BO?BY [ Add timers and enhances external interface based on uPD78054.
100 pin  /uPD78070A //:PD78070AY / UPD78078 without ROM.
100 pin 'uPD780018"°"f’uPD780018Y“"": Enhances serial I/O and restriets their functions.
80 pin lu-l-'-‘-D-'lé(-)o-s-a- Q) ;I 567-8665-8-F-“°": Enhances serial /0 and reduce EM1 noises based on uPD78054
80 pin ];{Pb'?ééga'F' PD78058FY / Reduce EMI noise based on uPD78054
80 pin /yPD78054 M;PD78054Y l Adds UART and D/A and enhances I/Os based on uPD78014
64 pin ’pPDTBOO34 "pPD730034Y /' Enhances A/D based on xPD780024.
64 pin :;;567:0652-4- ) ny-F;D-7-8(.)52-4:(- + Enhances serial I/0Os and reduces EMI noises based on uPD78018F.
64 pin :y'Pb'7§6§sl' S Enhances A/D based on yPD780924.
64 pin I;J-P-D-7-8(-)§2:l- / Has inverter controller circuit and UART, and reduces EM! noises.
s4pin  JuPDTR0I4H Reduce EMI noises based on £PD78018F.
84 pin /yPD78018F /yPD78018FY Z Operates at 1.8 V and enhances ROM/RAM size selection based on 4uPD78014.
64pin  /uPD78014  //uPD78014Y / Adds A/D and 16-bit timer based on PD78002.
B4pin  /uPD780001 Adds A/D based on 4PD78002.
64 pin /yPD78002 luPD78002Y / Basic subseries for control applications.
L 42/44 pin ZyPD?BOBS / Operates at 1.8 V has UART.
_ Drives FIPs
100 pin Enhances 1/Q, FIP C/D based on /PD78044F. Max. 53 display outputs
— 80pin Adds 6-pin V/D caution based on zPD78024: Max. 34 display outputs
L 64 pin Basic subseries for driving FIPs: Max. 26 display outputs
B 100 pin uuPD780308Y /' Enhances SIO based on uPD78064 and expand ROM and RAM.
100 pin Reduce EM1 noise based on uPD78064
| 100pin /uPD78064  f/uPD78064Y [ Subseries for driving LCDs, has UART.
Supports IEBus™
— 80 pin Adds IEBus controller based on zPD78054.
LY
——64pin p P-D-78P0914 v PWM output, LV digital-code decoder, has Hsync counter.

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

Function Timer 8-bit {10-bit | 8-bit Voo External
Subseries C?;g'gity 8-bit | 16-bit {Watch| wOT | AD | AD | D/A Serlal Intertace YO 1MiN.vatue | xtension
Control | 4PD78078 |32K - 60K | 4ch | 1ch | 1ch | 1ch | 8h | — | 2ch |3ch (UART: 1ch) 88 | 18V o)
£PD78070A - 61 | 27V
uPD780018 | 48K - 60K — |2ch (time shared 88
3 wires: 1ch)
uPD780058 |24K - 60K | 2ch 2ch |3ch (time shared 68 | 1.8V
UART: 1ch)
uPD78058F |48K - 60K 3ch (UART: 1ch) 69 | 27V
4PD78054 | 16K - 60K 20V
uPD780034 |8K - 32K — | 8ch | — |3ch (UART: 1ch, time | 51 | 1.8V
uPD780024 8ch | — shared 3 wires: 1ch)
1PD780964 3ch |Note | — — | 8¢h 2ch (UART: 2ch) 47 | 27V
£PD780924 8ch | —
pPD78014H 2ch | 1ch | 1ch 2ch 53 | 18V
uPD78018F |8K - 60K
uPD78014 |8K - 32K 27V
4PD780001 |{8K - | - 1¢h 39 —
uPD78002 |8K - 16K ich - 53 @)
#PD78083 - 8ch 1ch (UART: 1ch) 33 | 18V —
FIP uPD780208 |32K-60K | 2ch | fch | 1ch | 1ch | 8ch | — | — |2¢ch 74 | 27V -
dive | ;pD78044F |16K - 40K 68
uPD78024 |24K - 32K 54
LCD  [uPD780308 |48K-60K | 2ch | 1ch | fch | 1ch | 8¢h | — | — |3ch (time shared 57 | 1.8V —
drive UART: 1ch)
uPD78064B |32K 2ch (UART: 1ch) 20V
uPD78084 | 16K - 32K
IEBus |uPD78098 |32K-60K | 2ch | 1ch | 1ch | tch | 8ch | — | 2ch |3ch (UART: 1ch) 69 | 27V @)
support
Lv uPD78P0814| 32K 6ch | — | — |[1ch [ 8¢h | — | — |2ch 54 | 45V @)
support
Note 10-bit timer: 1 channel
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1.7 Block Diagram

TI00/TOO/P70

T101/P71 —~{EVENT COUNTER

TI50/TOS0/P72 ~—

TIS1/TO51/P73 ~—

SI30/P20 —=
SO30/P21 =—
SCK30/P22 ==—

SI31/P34 —=
S031/P35 =

SCK31/P36 =

RxDO/P23 —
TxDO/P24 ~—
ASCKO/P25 <—

ANIO/P10 -
ANI7/P17
AVoo

AVss ——
AVeer —=|

INTPO/POO -
INTP3/PO3

BUZ/P75 -—{BUZZER OUTPUT

PCL/P74 =

Remarks 1. The internal ROM and RAM capacities depend on the product.
2. Pin connection in parentheses is intended for the uPD78F0034.

16-bit TIMER/

8-bit TIMER/
EVENT COUNTER 50

8-bit TIMER/
EVENT COUNTER 51

WATCHDOG TIMER

WATCH TIMER

SERIAL
INTERFACE 30

SERIAL
INTERFACE 31

I R

UARTO

U

A/D CONVERTER

INTERRUPT
CONTROL

CLOCK OUTPUT
CONTROL

guu U

§
N

T8KI0
CPU CORE

g &

ROM

s
RAM
(1024 Bytes)

NN
Vooo Voor Vsso Vss1 IC
{Ver)

PORTO K> P00- P03
{1 PORTt1 KIP10-P17
(Y PorT2  K=>P20-P2s
(4 PorT3 K=>P30-P36
PORT4 K> Pa0-Pa7
(—4 PorTs K=>Pso-Ps7
<= PORTe K _>P64-P67
K] PORT7? P70 - P75
ADQ/P40 -
AD7/P47
AB/P50 -
EXTERNAL A1S/PS7
K= Access | RO/P6a
— WR/PE5
~— WAIT/P66
—— ASTB/P67
~— RESET
— X1
SYSTEM
CONTROL [ %2
— XT1
—— XT2
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1.8 Outline of Function

Part Number | pPD780021 uPD780022 ©PD780023 uPD780024 PD78F0034
ltem 1PD780031 uPD780032 uPD780033 | pPD780034 #
Internal memory ROM 8 Kbytes 16 Kbytes 24 Kbytes 32 Kbytes 32 Kbytes Note
(Mask ROM) | (Mask ROM) | (Mask ROM) | (Mask ROM) | (Flash memory)
High-speed RAM 512 bytes 1024 bytes 1024 bytes Note

Memory space

64 Kbytes

General register

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

Instruction cycle

Instruction execution time changeable function

With main system
clock selected

0.24 us/0.48 us/0.95 us/1.91 ps/3.81 ps (in operation at 8.38 MHz)

With subsystem
clock selected

122 ps (in operation at 32.768 kHz)

instruction set

+ 16-bit operation

+ Muiltipiy/divide (8 bits x 8 bits, 16 bits + 8 bits)

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

/O port

Total : 51
» CMOS input : 8
« CMOS I/O 1 39

» N-ch open-drain /O : 4

A/D converter

- B-bit resolution x 8 channels (uPD780021, 780022, 780023, 780024)
+ 10-bit resolution x 8 channels (uPD780031, 780032, 780033, 780034, 78F0034)
» Low-voltage operation: AVop = 1.8t0 5.5 V

Serial interface « 3-wire serial I/O-mode , : 2 channels
« UART mode : 1 channel
Timer + 16-bit timer/event counter : 1 channel
« 8-bit timer/event counter : 2 channels
« Watch timer : 1 channel
« Watchdog timer : 1 channel
Timer output Three outputs: (8-bit PWM output enable: 2)
Clock output « 131 kHz, 262 kHz, 524 kHz, 1.05 MHz, 2.10 MHz, 4.19 MHz, 8.38 MHz
(8.38 MHz with main system clock)
- 32.768 kHz (32.768 kHz with subsystem clock)
Buzzer output 1.02 kHz, 2.05 kHz, 4.10 kHz, 8.19 kHz (8.38 MHz with main system clock)

Vectored interrupt | Maskable

Internal: 13, External: 7

Non-maskable

Internal: 1

Software

1

Power supply voitage

Voo =18tc55V

Operating ambient temperature

Ta=—-4010 +85°C

Package

+ 64-pin plastic shrink DIP (750 mil)
+ 64-pin plastic QFP (14 x 14 mm)
» B64-pin plastic LQFP (12 x 12 mm)

Note The capacities of internal Flash memory, internal high-speed RAM can be changed by means of the memory

size switching register (IMS).
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1.9 The Difference between the Standard and the Special

Standard : pPD780021, 780022, 780023, 780024
©PD780031, 780032, 780033, 780034, 78F0034

Special : uPD780021(A), 780022(A), 780023(A), 780024(A)
©PD780031(A), 780032(A), 780033(A), 780034(A)

There is the difference in only quality between the standard and the special.

1.10 Mask Options

The mask ROM versions (uPD780021, 780022, 780023, 780024, 780031, 780032, 780033, and 780034) provide
pull-up resistor mask options which allow uses to specify whether to connect a pull-up resistor to a specific port pin
when the user places an order for the device production. Using the mask option when pull-up resistors are required
reduces the number of components to add to the devise, resulting in board space saving.

The mask options provided in the uPD780024 and 780034 subseries are shown in Table 1-1.

Table 1-1. Mask Options of Mask ROM Versions

Pin names Mask option

P30 - P33 Pull-up resistor connection can be specified in 1-bit units.
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2.1 Features

* Internal Memory

Type Program Memory Data Memory
Part Number (ROM) (High-Speed RAM)
uPD780021Y, 780031Y 8 Kbytes 512 bytes
pPD780022Y, 780032Y 16 Kbytes
,uPD780023Y, 780033Y 24 Kbytes 1024 bytes
nPD780024Y, 780034Y 32 Kbytes
pPD78F0034Y 32 Kbytes Note 1024 pytes Note

Note The capacities of internal Flash memory and internal high-speed RAM can be changed by means of the
memory size switching register.

* External Memory Expansion Space: 64 Kbytes

* Instruction execution time changeable from high speed (0.24 us: In main system clock 8.38 MHz operation) to
ultra-low speed (122 us: In subsystem clock 32.768 kHz operation)

* Instruction set suited to system control
» Bit manipulation possibte in all address spaces
+ Multiply and divide instructions

* Fifty-one I/O ports: (Four N-ch open-drain ports)

* 8-bit resolution A/D converter: 8 channels (uPD780024Y Subseries only)

* 10-bit resolution A/D converter: 8 channels (uPD780034Y Subseries only)

* Serial interface : 8 channels
+ 12C mode : 1 channel
+ 3-wire serial mode: 1 channel
- UART mode : 1 channel

* Timer: Five channels
- 16-bit timer/event counter: 1 channel
+ B-bit timer/event counter : 2 channels
« Watch timer : 1 channel
- Watchdog timer : 1 channel
* Vectored interrupts: 22
* Two types of on-chip clock oscillators (main system clock and subsystem clock)
* Power supply voltage: Voo =1.8t0 5.5 V
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2.2 Applications

pPD780021Y, 780022Y, 780023Y, 780024Y
uPD780031Y, 780032Y, 780033Y, 780034Y, 78F0034Y
AV equipment, pagers, car audios, car electric equipment, office automation apparatus, Household electric

appliances, etc.

uPD780021Y(A), 780022Y(A), 780023Y(A), 780024Y (A), 78F0024Y
uPD780031Y(A), 780032Y(A), 780033Y(A), 780034Y(A), 78F0034Y
Controller of vending machines, gas detector breaker, safety arrangement, etc.
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2.3 Ordering Information
(1) uPD780024Y Subseries

Part Number

Package

Internal ROM

uPD780021YCW-xxx
#PD780021YGC-xxx-AB8
pPD780021YGK-xxx-8A8
pPD780022Y CW-xxx
1PD780022YGC-xxx-AB8
uPD780022Y GK-xxx-8A8
uPD780023YCW-xxx
pPD780023YGC->xx-AB8
#PD780023YGK-xxx-8A8
PD780024Y CW-xxx
uPD780024YGC-xxx-AB8
uPD780024YGK-500x-8A8
uPD780021YCW(A)-xxx
1PD780021YGC(A)-xxx-AB8
$PD780021YGK(A)->ocx-8A8
1PD780022YCW(A)-xxx
pPD780022YGC(A)-xxx-AB8
uPD780022YGK(A)-xxx-8A8
1PD780023YCW(A)-xxx
uPD780023YGC(A)-xxx-AB8
uPD780023YGK(A)-xxx-8A8
pPD780024YCW(A)->0xx
uPD780024YGC(A)-xxx-AB8
uPD780024YGK(A)->0-8A8

64-pin plastic shrink DIP (750 mil)
64-pin plastic QFP (14 x 14 mm)
64-pin plastic LQFP (12 x 12 mm)
64-pin plastic shrink DIP (750 mil)
64-pin plastic QFP (14 x 14 mm)
64-pin plastic LQFP (12 x 12 mm)
64-pin plastic shrink DIP (750 mil)
64-pin plastic QFP (14 x 14 mm)
64-pin plastic LQFP (12 x 12 mm)
64-pin plastic shrink DIP (750 mil)
64-pin plastic QFP (14 x 14 mm)
64-pin plastic LQFP (12 x 12 mm})
64-pin plastic shrink DIP (750 mil)
64-pin plastic QFP (14 x 14 mm)
64-pin plastic LQFP (12 x 12 mm)
64-pin plastic shrink DIP (750 mil)
64-pin plastic QFP (14 x 14 mm)
64-pin plastic LQFP (12 x 12 mm)
64-pin plastic shrink DIP (750 mil)
64-pin plastic QFP (14 x 14 mm)
64-pin plastic LQFP (12 x 12 mm)
64-pin plastic shrink DIP (750 mil)
64-pin plastic QFP (14 x 14 mm)
64-pin plastic LQFP (12 x 12 mm)

Remark xxx indicates ROM code number suffix.

Mask ROM
Mask ROM
Mask ROM
Mask ROM
Mask ROM
Mask ROM
Mask ROM
Mask ROM
Mask ROM
Mask ROM
Mask ROM
Mask ROM
Mask ROM
Mask ROM
Mask ROM
Mask ROM
Mask ROM
Mask ROM
Mask ROM
Mask ROM
Mask ROM
Mask ROM
Mask ROM
Mask ROM
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(2) uPD780034Y Subseries

Part Number

Package

Internal ROM

pPD780031YCW-xxx
4PD780031YGC-xxx-AB8
4PD780031YGK-xxx-8A8
pPD780032YCW-xxx
uPD780032YGC-xxx-AB8
uPD780032YGK->xx-8A8
#PD780033YCW-xxx
uPD780033YGC-xxx-AB8
HPD780033YGK-xxx-8A8
pPD780034YCW-xxx
#PD780034YGC-xxx-AB8
pPD780034YGK-xxx-8A8
pPD780031YCW/(A)-xxx
#PD780031YGC(A)->xx-AB8B
#PD780031YGK(A)-xxx-8A8
#PD780032YCW(A)-xxx
#PD780032YGC(A)-xxx-AB8
UPD780032YGK(A)-xxx-8A8
uPD780033YCW(A)->xx
uPD780033YGC(A)-xxx-AB8
uPD780033YGK(A)-xxx-8A8
#PD780034YCW(A)-xxx
uPD780034YGC(A)-xxx-AB8
uPD780034YGK(A)-xxx-8A8
uPD78F0034YCW
uPD78F0034YGC-AB8
uPD78F0034YGK-8A8

64-pin plastic shrink DIP (750 mit)
64-pin plastic QFP (14 x 14 mm)
64-pin plastic LQFP (12 x 12 mm)
64-pin plastic shrink DIP (750 mil)
64-pin plastic QFP (14 x 14 mm)
64-pin plastic LQFP (12 x 12 mm)
64-pin plastic shrink DIP (750 mil)
64-pin plastic QFP (14 x 14 mm)
64-pin plastic LQFP (12 x 12 mm)
64-pin plastic shrink DIP (750 mil)
64-pin plastic QFP (14 x 14 mm)
64-pin plastic LQFP (12 x 12 mm)
64-pin plastic shrink DIP (750 mil)
64-pin plastic QFP (14 x 14 mm)
64-pin plastic LQFP (12 x 12 mm)
64-pin plastic shrink DIP (750 mil)
64-pin plastic QFP (14 x 14 mm)
64-pin plastic LQFP (12 x 12 mm)
64-pin plastic shrink DIP (750 mil)
64-pin plastic QFP (14 x 14 mm)
64-pin plastic LQFP (12 x 12 mm)
64-pin plastic shrink DIP (750 mil)
64-pin plastic QFP (14,x 14, mm)
64-pin plastic LQFP (12 x 12 mm)
64-pin plastic shrink DIP (750 mil)
64-pin plastic QFP (14 x 14 mm)
64-pin plastic LQFP (12 x 12 mm)

Remark xxx indicates ROM code number suffix.

Mask ROM
Mask ROM
Mask ROM
Mask ROM
Mask ROM
Mask ROM
Mask ROM
Mask ROM
Mask ROM
Mask ROM
Mask ROM
Mask ROM
Mask ROM
Mask ROM
Mask ROM
Mask ROM

- Mask ROM

Mask ROM
Mask ROM
Mask ROM
Mask ROM
Mask ROM
Mask ROM
Mask ROM
Flash memory
Flash memory
Flash memory
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2.4 Quality Grade
(1) uPD780024Y Subseries

Part Number

Package

Internal ROM

uPD780021YCW-xxx
#PD780021YGC-xx-AB8
uPD780021YGK-xxx-8A8
uPD780022Y CW-xxx
uPD780022YGC-xxx-AB8
uPD780022YGK-xxx-8A8
uPD780023YCW-xxx
uPD780023YGC-xxx-ABS
uPD780023YGK-xxx-8A8
uPD780024Y CW-xxx
uPD780024YGC-xxx-AB8
uPD780024YGK-xxx-8A8
#PD780021YCW(A)-xxx
#PD780021YGC(A)-xxx-AB8
4PD780021YGK(A)-xxx-8A8
1PD780022YCW(A)-xxx
pPD780022YGC(A)-xxx-ABS
HPD780022YGK(A)-xxx-8A8
PD780023Y CW(A)-xxx
#PD780023YGC(A)-xxx-AB8
1PD780023YGK(A)-xxx-8A8
HPD780024YCW(A)-xxx
pPD780024YGC(A)-xxx-AB8
uPD780024YGK(A)-xxx-8A8

64-pin plastic shrink DIP (750 mil)
64-pin plastic QFP (14 x 14 mm)
64-pin plastic LQFP (12 x 12 mm)
64-pin plastic shrink DIP (750 mil)
64-pin plastic QFP (14 x 14 mm)
64-pin plastic LQFP (12 x 12 mm)
64-pin plastic shrink DIP (750 mil)
64-pin plastic QFP (14 x 14 mm)
64-pin plastic LQFP (12 x 12 mm)
64-pin plastic shrink DIP (750 mil)
64-pin plastic QFP (14 x 14 mm)
64-pin plastic LQFP (12 x 12 mm)
64-pin plastic shrink DIP (750 mil)
64-pin plastic QFP (14 x 14 mm)
64-pin plastic LQFP (12 x 12 mm)
64-pin plastic shrink DIP (750 mil)
64-pin plastic QFP (14 x 14 mm)
64-pin plastic LQFP (12 x 12 mm)
64-pin plastic shrink DIP (750 mil)
64-pin plastic QFP (14 x 14 mm)
64-pin plastic LQFP (12 x 12 mm)
64-pin plastic shrink DIP (750 mil)
64-pin plastic QFP (14 x 14 mm)
64-pin plastic LQFP (12 x 12 mm)

Remark xxx indicates ROM code number suffix.

Standard (electric appiiances)
Standard (electric appliances)
Standard (electric appliances)
Standard (electric appliances)
Standard (electric appliances)
Standard (electric appliances)
Standard (electric appliances)
Standard (electric appliances)
Standard (electric appliances)
Standard (electric appliances)
Standard (electric appliances)
Standard (electric appliances)
Extra (high-reliable electric appliances)
Extra (high-reliable electric appliances)
Extra (high-reliable electric appliances)
Extra (high-reliable electric appliances)
Extra (high-reliable electric appliances)
Extra (high-reliable electric appliances)
Extra (high-reliable electric appliances)
Extra (high-reliabie electric appliances)
Extra (high-reliable electric appliances)
Extra (high-reliable electric appliances)
Extra (high-reliable electric appliances)
Extra (high-reliable electric appliances)

Please refer to "Quality grade on NEC Semiconductor Devices" {(Document number IEI-1209) published by
NEC Corporation to know the specification of quality grade on the devices and its recommended applications.
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(2) ©PD780034Y Subseries

Part Number

Package

Internal ROM

#PD780031YCW-xxx
1PD780031YGC-xxx-AB8
1PD780031YGK-xxx-8A8
pPD780032YCW-xxx
uPD780032YGC-xxx-AB8
uPD780032YGK-xxx-8A8
#PD780033YCW-xxx
uPD780033YGC-xxx-AB8
uPD780033YGK-xxx-8A8
1PD780034YCW-xxx
uPD780034YGC-xxx-AB8
uPD780034YGK-xxx-8A8
uPD780031YCW/(A)-xxx
uPD780031YGC(A)-xxx-AB8
uPD780031YGK(A)-xxx-8A8
nPD780032YCW(A)-xxx
uPD780032YGC(A)-xxx-AB8
uPD780032YGK(A)->xxx-8A8
uPD780033YCW(A)-xxx
uPD780033YGC(A)-xxx-AB8
#PD780033YGK(A)-xxx-8A8
uPD780034YCW(A)-xxx
#PD780034YGC(A)-xxx-AB8
1PD780034YGK(A)-xxx-8A8
uPD78F0034YCW
uPD78F0034YGC-ABS
uPD78F0034YGK-8A8

64-pin plastic shrink DIP (750 mil)
64-pin plastic QFP (14 x 14 mm})
64-pin plastic LQFP (12 x 12 mm)
64-pin plastic shrink DIP (750 mil)
64-pin plastic QFP (14 x 14 mm)
64-pin plastic LQFP {12 x 12 mm)
64-pin plastic shrink DIP (750 mil)
64-pin plastic QFP (14 x 14 mm)
64-pin plastic LQFP (12 x 12 mm)
64-pin plastic shrink DIP (750 mil)
64-pin plastic QFP (14 x 14 mm)
64-pin plastic LQFP (12 x 12 mm)
64-pin plastic shrink DIP (750 mil)
64-pin plastic QFP (14 x 14 mm)
64-pin plastic LQFP (12 x 12 mm)
64-pin plastic shrink DIP (750 mil)
64-pin plastic QFP (14 x 14 mm)
64-pin plastic LQFP (12 x 12 mm)
64-pin plastic shrink DIP (750 mil)
64-pin plastic QFP (14 x 14 mm)
64-pin plastic LQFP (12 x 12 mm)
64-pin plastic shrink DIP (750 mil)
64-pin plastic QFP (14.x-14 mm)
64-pin plastic LQFP (12 x 12 mm)
64-pin plastic shrink DIP (750 mil)
64-pin plastic QFP (14 x 14 mm)
64-pin plastic LQFP (12 x 12 mm)

Remark xxx indicates ROM code number suffix.

Standard (General electric appliances)
Standard (General electric appliances)
Standard (General electric appliances)
Standard (General electric appliances)
Standard (General electric appliances)
Standard (General electric appliances)
Standard (General electric appliances)
Standard (General electric appliances)
Standard (General electric appliances)
Standard {General electric appliances)
Standard {General electric appliances)
Standard {General electric appliances)
Special (high-reliable electric appliances)
Spegcial (high-reliable electric appliances)
Special (high-reliable electric appliances)
Special (high-reliable electric appliances)
Special (high-reliable electric appliances)
Special (high-reliable electric appliances)
Special (high-reliable electric appliances)
Special (high-reliable electric appliances)
Special (high-reliable electric appliances)
Special (high-reliable electric appliances)
Special (high-reliable electric appliances)
Special (high-reliable electric appliances)
Standard (General electric appliances)
Standard (General electric appliances)
Standard (General electric appliances)

Please refer to "Quality grade on NEC Semiconductor Devices" (Document number IEI-1208) published by
NEC Corporation to know the specification of quality grade on the devices and its recommended applications.
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2.5 Pin Configuration (Top View)

+ 64-pin plastic shrink DIP (750 mil)

uPD780021YCW-xxx, 780022YCW-xxx, 780023YCW-xxx, 780024Y CW-xxx
uPD780021YCW/(A)-xxx, 780022YCW({A}-xxx, 780023YCW(A}-xxx, 780024Y CW(A)-xxx
uPD780031YCW-xxx, 780032YCW-xxx, 780033YCW-xxx, 780034YCW-xxx
uPD780031YCW(A)-xxx, 780032YCW/(A)-xxx, 780033YCW/(A)-xxx, 780034Y CW(A)-xxx

uPD78F0034YCW

P4O/ADO Qs
P41/AD1 Oee—n
P42/AD2 O
P43/AD3 O

P44/AD4 Qe

P45/ADS @
P46/ADE Oa—s]
P47/AD7 O]
P50/A8 (e
P51/A9 O—sv
P52/A10 O~a—n
P53/A11 O=—e]
P54/A12 O]
P55/A13 O]
PS6/A14 Ore—e]
P57/A15 O~
Vsso O—
Vobo O—

P30 O=—i

P31 Oy
P32/SDA0 O-e—sf
P33/SCLO O=—s
P34 O]
P35 O
P36 Qe
P20/SI30 Oa—n
P21/S030 0=
P22/SCK30 O
P23/RxD0 Qi
P24/TxD0Q O—nf
P25/ASCKO Cre—

Vopr O——

0 ~NO ;R W=

- s s O
wW N =+ O

14

—/

64
63
62
61
60
59

57
56

A R A &

50
49
48
47
46
45
44
43
42
41
40
39
38
37
36
35
34
33

. .o PB7/ASTB

. o PBE/WAIT

. .o PB5/WR

. +0 PB4/RD
.~ P75/BUZ

.~ ~O P74/PCL

e O P73/TI51/TO51
0 P72/TI50/TO50
L~ 0 P71/TION
=0 P70/TI00/TOD
< —0 PO3/INTPY/ADTRG
L+ —0 PO2/INTP2
0O PO1/INTP1
=0 POO/INTPO
—O Vsss

O X1

0 X2

O IC (Vee)
e 0 XT1

Q XT2
——0 RESET
——O AVoo
le—O AVRer
l-——0 P10/ANIO
le——0O P11/ANI1
Le——0O P12/ANI2
le—0O P13/ANI3
le——0O P14/ANI4
le—0 P15/ANIS
e—0O P16/ANIS
le———0O P17/ANI7
AVss

Cautions 1. Be sure to connect IC (internally Connected) pin to Vsso directly.

2. Connect AVss pin to Vsso.

Remarks 1.

When these are used in application required to reduce noises generated from a on-chip micro

controller noise measures are recommended that Vooo and Voo are supplied independently, and
that Vsso and Vsst are independently connected to ground lines and so non.
2. Pin connection in parenthesis is intended for the uPD78F0034.
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64-pin plastic QFP (14 x 14 mm)

uPD780021YGC-xxx-AB8, 780022YGC-xxx-AB8, 780023YGC-xxx-AB8, 780024YGC-xxx-AB8
uPD780021YGC(A)-xxx-AB8, 780022YGC(A)-xxx-AB8, 780023YGC(A)-xxx~-AB8, 780024YGC(A)-xxx-AB8
#PD780031YGC-xxx-AB8, 780032YGC-xxx-AB8, 780033YGC-xxx-AB8, 780034YGC-xxx-AB8
uPD780031YGC(A)-xxx-AB8, 780032YGC(A)-xxx-AB8, 780033YGC(A)-xxx-AB8, 780034YGC(A)-xxx-AB8
uPD78F0034YGC-ABS

64-pin plastic LQFP (12 x 12 mm)

HPD780021YGK-xxx-8A8, 780022YGK-xxx-8A8, 780023YGK-x-8A8, 780024YGK-xxx-8A8
#PD780021YGK(A)-xxx-8A8, 780022YGK(A)-xxx-8A8, 780023YGK(A)-xxx-8A8, 780024YGK(A)-xxx-8A8
#PD780031YGK-xxx-8A8, 780032YGK-xxx-8A8, 780033YGK-xxx-8A8, 780034YGK-xxx-8A8
pPD780031YGK(A)-xxx-8A8, 780032YGK(A)-xxx-8A8, 780033YGK(A)-xxx-8A8, 780034YGK(A)-xxx-8A8
uPD78F0034YGK-8A8
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- O
0 w0
O O
cC O Q0 aQaaaaoaob gl |ﬂi Io 5 O v ©
£ 2 £ << <3l ddkE
~ O O < ™ o - o ~ O U < w0 <t (%] (2]
o <r < <t =T <t b g w0 (o] [{e] (<o} ~ I~ ™~ ~
a 0O 0 O 4 o o 0 oA a o oo o
64 63 62 61 60 59 58 57 56 55 54 63 52 51 50 49
P50/A8 (O] 1 48 f«——w P71/TI01
P51/A9 Oe—s] 2 O 47 fa——e() P70O/TIONTO0
P52/A10 O=—»{ 3 46 |e—— PO3/INTPI/ADTRG
PS3/A11 Oe—»1 4 45 |e—) PO2/INTP2
P54/A12 Ow— 5 44 te—=() PO1/INTP1
P55/A13 OQe—] 6 43 le——e(O PO/INTPO
P56/A14 Ora——e{ 7 42 D Vsst
P57/A15 Oa—] 8 Nl 0Ox1
Vsso O———— 9 WEH—Ox2
Vooo O——1 10 39 f=—— IC(Vere)
P30 O] 11 38 f+—r QO XT4
P31 Q=] 12 37— XT2
P32/SDA0 Oe——+ 13 36 f+— O RESET
P33/SCLO O=——=f 14 35 ———O AVeo
P34 O=——] 15 34 (O AVrer
P35 Oe—e] 16 33— P10/ANIC
17 18 19 20 21 22 "23 24 2526 27 28 29 30 31 32
8 2 818 88¢2 3 gL w0y
S B3R EE8F22222z2¢2¢2
5 [} &L w g e R -y
& - P @ I L T e v ¥ 2 A =
g § g § A oo aaa o

Cautions 1. Be sure to connect IC (Internally Connected) pin to Vsso directly.
2. Connect AVss pin to Vsso.

Remarks 1. When these are used in application required to reduce noises generated from a on-chip micro
controller noise measures are recommended that Vooo and Voo: are supplied independently, and
that Vsso and Vss1 are independently connected to ground lines and so non.

2. Pin connection in parenthesis is intended for the yPD78F0034.
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A8 - A15
ADO - AD7
ADTRG
ANIO - ANI7
ASCKO
ASTB
AVop
AVrer
AVss

BUZ

IC

POO - PO3
P10 - P17
P20 - P25
P30 - P36
P40 - P47
P50 - P57
P64 - P67
P70 - P75

INTPO - INTP3:

Address Bus
Address/Data Bus

AD Trigger Input

Analog Input
Asynchronous Serial Clock
Address Strobe

Analog Power Supply
Analog Reference Voltage
Analog Ground

Buzzer Clock

Internally Connected
Interrupt from Peripherals
Port 0

Port 1

Port 2

Port 3

Port 4

Port 5

Port 6

Port 7

PCL
RD
RESET
RxDO
SCK30
SCLO
SDAO
S130
S030

TIOO, TIO1, TI50, TI51:

TOO, TO50, TO51
TxDO

Vooo, Vooi

Vpp

Vsso, Vssi

WAIT

WR

X1, X2

XT1, XT2

Programmable Clock

Read Strobe

Reset

Receive Data

Serial Clock

Serial Clock

Serial Data

Serial Input

Serial Output

Timer Input

Timer Output

Transmit Data

Power Supply

Programming Power Supply
Ground

Wait

Write Strobe

Crystal (Main System Clock)
Crystal (Subsystem Clock)
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2.6 78K/0 Series Expansion

78K/AQ
series

[ 100 pin
100 pin
100 pin
80 pin
80 pin
80 pin
64 pin
64 pin
64 pin
64 pin
64 pin
64 pin
64 pin
64 pin
64 pin

[ 100 pin
— 80pin
64 pin

100 pin
— 100 pin
100 pin

— 80 pin

L—— 64 pin

Note Planning

: Mass-produced

Y subseries supports 12C bus specifications.

control
/pPD78078 [pPD78078Y L Add timers and enhances external interface based on uPD78054.
/uPD78070A  /JuPD78070AY [ ,PD78078 without ROM.
#4PD78001 s"°§:,"m>078001sv"°*§: Enhances serial I/O and restricts their functions.

’7 ;;P-D-7-860-5—8- :f';;ﬁﬁfsbaf;s-F-“%'Enhances serial /O and reduce EMI noises based on xPD78054.

] y-P—D-7§55-8-F- -W;z.P-D:IS-O.S.BF.:\-/ i Z Reduce EMI noise based on zPD78054.
JuPD78054  [JuPD78054Y [ Adds UART and D/A and enhances 1/Os based on 4PD78014.

,"pPD780034 .,":'#pD730034Y :' Enhances A/D based on uPD780024.

; ,;P-[)-7-8(-352-4. ) :7;:567-85654-\(. / Enhances serial /Os and reduces EMI noises based on pPD78018F.
[ e T —— [ JOg - -
JAPD780964 Enhances A/D based on xPD780924.
'7 uPD780924 ; Has inverter controlier circuit and UART, and reduces EMI noises.
JuPD78014H Reduce EM! noises based on zPD78018F.

Operates at 1.8 V and enhances ROM/RAM size selection based
[#PD78018F_/fuPD78018FY / C e
/uPD73014 I#PWSOT 4Y / Adds A/D and 16-bit timer based on xPD78002.
/uPD780001 [ Adds A/D based on PD78002.

/uPD78002 IpPD‘/BOOZY / Basic subseries for control applications.

42/44 pin {,uPD78083 / Operates at 1.8 V has UART.

Drives F1Ps
Enhances 1/0, FIP C/D based on uPD78044F: Max. 53 display outputs
Adds 6-pin V/D caution based on #PD78024: Max. 34 display outputs
Basic subseries for driving FIPs: Max. 26 display outputs

Drives LCDs

’ ” ,

K uPD780308 r yP0780308Y_l: Enhances SIO based on zPD78064 and expand ROM and RAM.
] uPD78064B Reduce EM1 noise based on uPD78064

[uPD78064  //uPD78064Y / Subseries for driving LCDs, has UART.

Supports IEBus™
1PD78098 Adds |EBus controller based on ¢PD78054.

/PD78P0914
)

14
--------- -t

PWM output, LV digital-code decoder, has Hsync counter.



CHAPTER 2 OUTLINE (uPD780024Y, 780034Y SUBSERIES)

Major differences among these subseries are tabulated below.

Function Voo
ROM Capact Serial Interface Configuration 10
m pacty ? MIN. value
Control uPD78078Y 48K - 60K 3 wires/2 wires/I2C : 1ch 88 18V
3-wires with auto-transmit/receive : 1ch
[lPD78070AY —_ 3-wire/UART - 1ch 61 27V
pPD780018Y 48K - 80K 3-wires with auto-transmit/receive : 1ch 88
3 wires/time shared : 1ch
12C bus (Multi master support)  : 1ch
pPD780058Y 24K - 60K 3 wires/2 wires/12C s 1ch 68 1.8V
3-wires with auto-transmit/receive : ich
3-wire/UART timer shared :1ch
uPD78058FY 48K - 60K 3 wires/2 wires/I2C : 1ch 69 27V
3-wires with auto-transmit/receive : 1ch
uPD78054Y 16K - 60K 3-wire/UART - 1¢ch 20V
uPD780034Y 8K - 32K UART : 1ch 51 18V
3-wire : 1ch
#PD780024Y I2C bus (Multi master support)  : 1ch
pPD78018FY 8K - 60K 3 wires/2 wires/I2C . ich 53
3-wires with auto-transmit/receive : tch
uPD78014Y 8K - 32K 3 wires/2 wires/SBIfI2ZC : 1ch 27V
3-wires with auto-transmit/receive : 1ch
uPD78002Y 8K - 16K 3 wires/2 wires/SBI/I2ZC : 1ch
LCD Drive ©PD780308Y 48K - 60K 3 wires/2 wires/I2C 1 1ch 57 18V
3-wire/UART timer shared : 1ch
3-wire : 1ch
uPD78064Y 16K - 32K 3 wires/2 wires/I°C : 1¢h 20V
3-wire/UART : 1ch

Remark Functions other than serial interface are the same as subseries without Y.
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2.7 Bilock Diagram

TIOD/TOO/P70 et

16-bit TIMER/

TI01/PT1 EVENT COUNTER

TI50/TO50/P72 ~—] &0t TIMER/

TIS1/TOS1/P73 =—

SI30/P20 —
SO30/P21 =—
SCK30/P22 =—=

EVENT COUNTERS0

[8-bit TIMER/
EVENT COUNTERS!

WATCHDOG TIMER

WATCH TIMER

| INTERFACE30

RxD0/P23 —
TxD0/P24 ~—
ASCKOQ/P25 ~—

SDAQ/P32 =—
SCLO/P33 =—

ANIO/P10 -
ANI7/P17

AVoo

AVss ——

AVREF ——]

INTPO/POO -
INTP3/P03

A/D CONVERTER

INTERRUPT
CONTROL

BUZ/P75 -——— BUZZER OUTPUT

PCLP74 =—]

Remarks 1. The internal ROM and RAM capacities depend on the product.

CLOCK OUTPUT
CONTROL

80 ¢ 0 U 8 8guu LT

78K/0

cPucore| | ROM

g U

g

RAM
(1024 Bytes)

NN

Vooo Voor Vsso Vssi

g g 88U Ul

g

PORTO K> P00 - P03
PORTT K _]P10-P17
PORT2 K> P20-P25
PORT3 K> P30-P3s
PORT4 K> P40 - P47
PORTs K P50- P57
PORTe K> P64 - P67
PORT? P70 - P75
ADO/P40 -
AD7/P47
ABIPSD -
A15/P57
EXTERNAL &
R [
=——- WAIT/P66
—— ASTBIPET
| RESET
svstem [ %)
CONTROL ot
L xT2

2. Pin connection in parentheses is intended for the yPD78F0034Y.
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2.8 Outline of Function

Part Number | ;PD780021Y | uPD780022Y | uPD780023Y |uPD780024Y |
ltern uPD780031Y | uPD780032Y | uPD780033Y | 1PD780034Y H
internal memory ROM 8 Kbytes 16 Kbytes 24 Kbytes 32 Kbytes 32 KbytesNote
(Mask ROM) | (Mask ROM) | (Mask ROM) | (Mask ROM) | (Flash memory)
high-speed RAM 512 bytes 1024 bytes 1024 bytesNote
Memory space 64 Kbytes

General register

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

instruction cycle

Instruction execution time changeable function

With main system
clock selected

0.24 us/0.48 us/0.95 us/1.91 us/3.81 us (in operation at 8.38 MHz)

With subsystem
clock selected

122 us (in operation at 32.768 kHz)

Instruction set

* 16-bit operation

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

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

11O port

Total . 51
e CMOS input : 8
« CMOS I/O ;39

¢ N-ch open-drain I/O : 4

A/D converter

» 8-bit resolution x 8 channels (uPD780021Y, 780022Y, 780023Y, 780024Y)
* 10-bit resolution x 8 channels (uPD780031Y, 780032Y, 780033Y, 780034Y, 78F0034Y)
Low-voltage operation: AVoo=1.8t0 55V

Serial interface e 3-wire serial /O mode : 1 channel

* UART mode : 1 channel

* I2C bus mode ;1 channel
Timer * 16-bit timer/event counter : 1 channel

* B8-bit timerfevent counter : 2 channels

* Watch timer : 1 channel

» Watchdog timer : 1 channel
Timer output Three outputs: (8-bit PWM output enable: 2)

Clock output

¢ 131 kHz, 262 kHz, 524 kHz, 1.05 MHz, 2.10 MHz, 4.19 MHz, 8.38 MHz
{8.38 MHz with main system clock)
* 32.768 kHz (32.768 kHz with subsystem clock)

Buzzer output

1.02 kHz, 2.05 kHz, 4.10 kHz, 8.19 kHz (8.38 MHz with main system clock)

Vectored interrupt

Maskable interrupt

Internal: 13, External: 7

Non-maskable interrupt

Internai: 1

Software interrupt

1

Power supply voltage

Voo=1.8to 55V

Operating ambient temperature

Ta=-4010 +85'C

Package

e B64-pin plastic shrink DIP (750 mil)
* 64-pin plastic QFP (14 x 14 mm)
e 64-pin plastic LQFP (12 x 12 mm)

Note The capacities of internal Flash memory, internal high-speed RAM can be changed by means of the memory
size switching register (IMS).
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2.9 The Difference between Standard Versions and Special Versions

Standard : pPD780021Y, 780022Y, 780023Y, 780024Y
uPD780031Y, 780032Y, 780033Y, 780034Y, 78F0034Y

Special : uPD780021Y(A), 780022Y(A), 780023Y(A), 780024Y(A)
©PD780031Y(A), 780032Y(A), 780033Y(A), 780034Y(A)

2.10 Mask Options

The mask ROM versions (uPD780021Y, 780022Y, 780023Y, 780024Y, 780031Y, 780032Y, 780033Y, 780034Y)
provide pull-up resistor mask options which allow users to specify whether to connect a pull-up resistor to a specific
port pin when the user places an order for the device production. Using this mask option when pull-up resistors are
required reduces the number of components to add to the device, resulting in board space saving.

The mask options provided in the uPD780024Y, 780034Y subseries are shown in Table 2-1.

Table 2-1. Mask Options of Mask ROM Versions

Pin names Mask option

P30 - P33 Pull-up resistor connection can be specified in 1-bit units.
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CHAPTER 3 PIN FUNCTION (uPD780024, SUBSERIES)
3.1 Pin Function List
(1) Port Pins (1/2)
Alternative
Pin Name Input/Output Function After Reset .
Function
P00 InputOut put | Port 0 Input INTPO
Input/output mode can be specified bit-wise.
P02 . . . INTP2
If used as an input port, an on-chip pull-up resistor can be
0P3 used by software INTPS/ADTRG
P10 - P17 Input Port 1 input AN10 - AN17
B-bit input only port.
P20 Input/Output | Port 2 Input SI130
P21 6-bit Input/output port SO30
Input/output mode can be specified bit-wise —
P22 If used as an input port, an on-chip pull-up resistor can be SCK30
P23 used by software RxDO
P24 TxDO
P25 ASCKO
P30 Input/Output | Port 3 N-ch open-drain Input/output port Input —
P31 7-bit Input/output | On-chip pull-up resistor can be
port Input/output specified by mask option
P32 mode can be (Mask version only)
P33 specified bit-wise | LEDs can be driven directly
P34 If used as an input port, an on-chip S131
Pas pull-up resistor can be used by SO31
software —
P36 SCK31
P40 - P47 Input/Output | Port4 Input ADO - AD7
8-bit Input/Output port
‘Inputioutput mode can be specified bit-wise.
If used as an input port, an on-chip pull-up resistor can be
used by software
Interrupt request flag (KRIF) is set to 1 by falling edge
detection
P50 - P57 Input/Output | Port 5 Input A8 - A15
B8-bit Input/Output port
LED can be driven directly
Input/output mode can be specified bit-wise.
If used as an input port, an on-chip pull-up resistor can be
used by software
P64 inputOutput | Port 6 Input RD
P65 4-bit Input/Output port WR
Input/output mode can be specified bit-wise.
P66 : ; . WAIT
If used as an input port, an on-chip pull-up resistor can be
P87 used by software ASTB
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(1) Port Pins (2/2)

Pin Name input/Output Function After Reset Altern'ative

Function

P70 Input/Out put | Port 7 Input TI00/TO0

P71 6-bit Input/Output port Tiod

Input/output mode can be specified bit-wise.

P72 If used as an input port, an on-chip pull-up resistor can be TI50/TO50

P73 used by software TI51/TO51

P74 PCL

P75 BUZ

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

Pin Name Input/Output Function After Reset ;f::s:t‘iitri]ve
INTPO Input External interrupt input with specifiable valid edges (rising Input POO
INTP1 edge, falling edge, both rising and falling edges) PO1
INTP2 P02
INTP3 PO3/ADTRG
SI30 Input Serial interface serial data input Input P20
SI31 P34
$S030 Qutput Serial Interface Serial data output Input P21
S031 P35
'SCK30 Input/Output | Serial Interface serial clock input/output Input P22
SCK31 P36
RxDO Input Asynchronous serial interface serial data input Input P23
TxDO Output Asynchronous serial interface serial data output Input P24
ASCKO input Asynchronous serial interface serial clock input Input P25
T!00 Input External count clock input to 16-bit timer (TMO) Input P70/TO0
Tio1 P71
Tis0 External count clock input to 8-bit timer (TMS0) P72/TO50
TI51 External count clock input to 8-bit timer (TM51) P73/TO51
TOO Output 16-bit timer TMO output input P70/T100
TO50 8-bit timer (TM50) output (aiso used for 8-bit PWM output) Input P72/TI50
TOS51 8-bit timer {TM51) output (also used for 8-bit PWM output) P73/TI51
PCL Output clock output (for main system clock and subsystem clock Input P74

trimming)
BUZ Output Buzzer output Input P75
ADO - AD7 Input/Output | Lower-order address/data bus when expanding extemal memory Input P40 - P47
AB - Al15 Output High-order address/data bus when expanding external memory Input P50 - P57
RD Output Strobe signal output for read operation from external memory Input P64
WR Strobe signal output for write operation from external memory P65
WAIT Input Wait insertion when accessing external memory Input P66
ASTB Output Strobe output externally latching address information Input P67
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(2) Pins other than port pins (2/2)

Pin Name Input/Output Function After Reset ::ji;?;:ve
AN10 - AN17 Input A/D converter analog input input P10 - P17
ADTRG Input A/D converter trigger signal input input PO3/INTP3
AVrer Input A/D converter reference voltage input —_ —_
AVop —_ A/D converter analog power supply. Connect to Vooe or Voo1 — —
AVss — A/D converter ground potential. Connect to Vsso or Vsss — —
RESET Input System Reset Input — —
X1 Input Crystal connection for main system clock oscillation — -
X2 — — —
XT1 Input Crystal connection for subsystem clock oscillation —_ —_
XT2 — —_ -
Vooo — Positive power supply — —_
Vsso —_ Ground potential — —
Voos — Positive power supply other than port — —
Vsst — Ground potential other than port — —
iC —_ Internal connection. Connect directly to Vss — —
Vep —_ High-voltage application for program write/verify —_ —

Connect directly to Vsso in normal operating mode.
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3.2 Description of Pin Functions

3.2.1 P00 to P03 (Port 0)

These are 4-bit input/output ports. Besides serving as input/output ports, they function as an external interrupt
input, and A/D convertor external trigger input.

The following operating modes can be specified bit-wise.

(1) Port mode
These ports function as 4-bits input/output ports.
POO to P03 can be specified for input or output ports bit-wise with a port mode register 0 (PM0). When they are
used as input ports, on-chip pull-up resistors can be used to them by defining the pull-up resistor option register
0(PU0).

{2) Control mode
In this mode, these ports function as an external interrupt input, and A/D converter external trigger input.

(a) INTPO to INTP3
INTPO to INTP3 are external interrupt request input pins which can specify valid edges (rising edge, falling
edge, and both rising and falfling edges).

(b) ADTRG
Pin for external count clock input to 16-bit timer/event counter
A/D converter external trigger input

Caution When P03 is used as am external trigger input, Specify the valid edge in the bit 1, 2
(EGA0O, EGAO1) of A/D converter mode register (ADM0) and set interrupt mask flag
(PMK3) to 1.

3.2.2 P10 to P17 (Port 1)
These are 8-bit input only ports. Besides serving as input ports, they function as an A/D converter analog input.
The following operating modes can be specified bit-wise.

(1) Port mode
These ports function as 8-bit input only ports.

(2) Control mode
These ports function as A/D converter analog input pins (ANIO-ANI7).
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3.2.3 P20 to P25 (Port 2)

These are 6-bit input/output ports. Besides serving as input/output ports, they function as data input/output to/
from the serial interface and clock input/output, functions.

The following operating modes can be specified bit-wise.

(1) Port mode
These ports function as 6-bit input/output ports. They can be specified bit-wise as input or output ports with port
mode register 2 (PM2). When they are used as input ports, on-chip pull-up resistors can be used to them by
defining the pull-up resistor option register 2 (PV2).

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

(a) SI30 and SO30
Serial interface serial data input/output pins

(b) SCK30
Serial interface serial clock input/output pins

(c) ASCKO
Asynchronous serial interface serial clock input pins

3.2.4 P30 to P36 (Port 3)

These are 7-bit input/output ports. Beside serving as input/output ports, they function as serial interface data input/
output and clock input/output

The following operating modes can be specified bit-wise.

(1) Port mode
These ports function as 7-bit input/output ports. They can be specified bit-wise as input or output ports with port
mode register 3 (PM3). P30 to P33 are N-ch open claim input/output port. On-chip pull-up resistor can be used
by mask option. (Mask ROM version only) When P34 to P36 are used as input ports, on-chip pull-up resistors
can be used by defining the pull-up resistor option register 3 (PU3).

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

(a) SI31 and S0O31
Serial interface serial data input/output pins.

(b) SCK31
Serial interface serial clock input/output pins.
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3.2.5 P40 to P47 (Port 4)
These are 8-bit input/output ports. Besides serving as input/output ports, they function as an address/data bus.
The interrupt request flag (KRIF) can be set to 1 by detecting a falling edge.
The following operating mode can be specified in 1-bit units.

(1) Port mode
These ports function as 8-bit input/output ports. They can be specified in 1-bit units for input or output ports by
using the port mode register 4 (PM4). When they are used as input ports, on-chip pull-up resistors can be used
by defining the pull-up resistor option register 4 (PU4).

(2) Control mode
These ports function as low-order address/data bus pins (ADO to AD7) in external memory expansion mode.
When pins are used as an address/data bus, the pull-up resistor is automatically disabled.

3.2.6 P50 to P57 (Port 5)
These are 8-bit input/output ports. Besides serving as input/output ports, they function as an address bus.
Port 5 can drive LEDs directly.
The following operating modes can be specified bit-wise.

(1) Port mode
These ports function as 8-bit input/output ports. They can be specified bit-wise as input/output ports with port
mode register 5 (PM5). When they are used as input ports, on-chip pull-up resistors can be used by defining
the pull-up resistor option register 5 (PUS5).

(2) Control mode
These ports function as high-order address bus pins (A8 to A15) in external memory expansion mode. When
pins are used as an address bus, the pull-up resistor is automatically disabled.

3.2.7 P64 to P67 (Port 6) :

These are 4-bit input/output ports. Besides serving as input/output ports, they are used for control in external
memory expansion mode.

The following operating modes can be specified bit-wise.

(1) Port mode
These ports function as 4-bit input/output ports. They can be specified bit-wise as input or output ports with port
mode register 6(PM6).
When they are used as input ports, on-chip pull-up resistors can be used by defining the pull-up resistor option
register 6(PU6).

(2) Control mode
These ports function as control signal output pins (RD, WR, WAIT, ASTB) in external memory expansion mode.
When a pin is used as a control signal output, the pull-up resistor is automatically disabled.

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



- CHAPTER 3 PIN FUNCTION (uPD780024, 780034 SUBSERIES)

3.2.8 P70 to P75 (Port 7)

This is a 6-bit input/output port. in addition to its use as an input/output port, it also has timer input/output, clock
output and buzzer output functions.

The following operating modes can be specified bit-wise.

{1) Port mode
Port 7 functions as a 6-bit input/output port. Bit-wise specification as an input port or output port to is possible
by means of port mode register 7 (PM7). When used as input ports, on-chip puli-up resistors can be used by
defining the pull-up resistor option register 7(PU7). P70 and P71 are also 16-bit timer/event counter capture
trigger signal input pins with a valid edge input.

(2) Control mode
Port 7 functions as timer input/output, clock output and buzzer output.

(a) TI0O
External count clock input pins to 16-bit timer/event counter and capture trigger signal input pins to 16-bit
timer/event counter capture register (CR01).

(b) Tio1
Capture trigger signal input pins to 16-bit timer/event counter capture register (CR00).

(c) TI50 and TI51
8-bit timer/event counter external count clock input pins.

(d) TOO, TO50 and TO51
Timer output pin.

(e) PCL
Clock output pins.

(f) BUZ
Buzzer output pin.

3.2.9 AVrer
These are A/D converter reference veltage input pins.
When A/D converter is not used, connect this pin to Vsso.

3.2.10 AVoo

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

3.2.11 AVss

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



CHAPTER 3 PIN FUNCTION (uPD780024, 780034 SUBSERIES)

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

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

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

3.2.15 Vooe and Voo1
Vooo is a positive power supply port pin.
Voo1 is a positive power supply pin other than port pin.

3.2.16 Vsso and Vssi
Vsso is a ground potential port pin.
Vss1 is a ground potential pin other than port pin.

3.2.17 Ver (Flash memory versions only) -
High-voltage apply pin for Flash memory programming mode setting and program write/verify. Connect directly
to Vss in normal operating mode.

3.2.18 IC (Mask ROM version only)

The IC (internally Connected) pin is provided to set the test mode to check the uPD780024, 780034 subseries
at delivery. Connect it directly to the Vsso with the shortest possible wire in the normal operating mode.

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

+ Connect IC pins to Vsso pins directly.
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3.3 Input/output Circuits and Recommended Connection of Unused Pins

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

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

Pin Name Input/output circuit type Input/output Recommended connection of unused pins
POO/INTPQ 8-C input/output | Connect independently via a resistor to Vsso
PO1/INTP1
PO2/INTP2
PO3/INTP3
P10/ANIO - P17/ANI7 25 Input Connect independently via a resistor to Vooo or Vsso
P20/S130 8-C Input/output
P21/S030 5H
P22/SCK30 8-C
P23/RxD0
P24/TxDO 5-H
P25/ASCKO 8-C
P30, P31 13-Q Input/output | Connect independently via a resistor to Vooo
(Mask ROM product)

P30, P31 13-P

(Flash memory product)

P32, P33 13-S

(Mask ROM product)

P32, P33 13-R

(Flash memory product)

P34/S131 8-C Connect independently via a resistor to Vooo or Vsse
P35/S031 5-H

P36/SCK31 8-C

P40/ADO - P47/AD7 5-H input/output | Connect independently via a resistor to Vooo
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Table 3-1. Pin Input/Output Circuit Types (2/2)

Pin Name Input/output circuit type Input/output Recommended connection of unused pins

P50/A8 - P57/A15 5-H Inputioutput | Connect independently via a resistor to Vooo or Vsso

P64/RD Input/output

P65/WR

PE6/WAIT

P67/ASTB

P70/TI00/TO0 8-C

P71/Ti01

P72/TI50/TOS0

P73/T151/TO51

P74/PCL 5-H

P75/BUZ

RESET 2 Input —

XT1 16 Connect to Vooo

XT2

AVop

AVrerF

AVss

IC (Mask ROM product)

Ver
{Flash memory product)

Open

Connect to Vooo

Connect to Vsso
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Figure 3-1 Pin Input/Output Circuit of List (1/2)

TYPE 2

Schmitt-Triggered Input with Hysteresis Characteristics

TYPE 13-P

data
output disable

—O IN/JOUT
) > % N-ch
Vsso

input j

enable

TYPE 5-H Vooo TYPE 13-Q l Vooo
Magk | <
[Option] §

pullup D" } P-ch —O INJOUT
enable Vooo data Nah

dat output disable :D |

: —{ >—{f=r<n Vsso
INJOUT
output N-ch
disable Vsso
input j

input enable
enable

TYPE 8-C l TYPE 13-R I

| Vooo
——0O INJOUT
pullup Dc | '
P-ch data
enable Vooo ! output disable :D°‘_‘| N-ch
j——— o | S Voo
IN/JOUT
o@}
output N-ch
disable Vsso
0@
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Figure 3-1 Pin Input/Output Circuit of List (2/2)

TYPE 13-8 TYPE 25
V DDO
Mask
Optuon
——O INJOUT
d P-crL_
o Comparat
output disable ———) D> [=N-ch mparator
=
; N-ch
Vsso +—oIN
Vrer (slesh hold voltage)
input G;
enable
o@
TYPE 16
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4.1 Pin Function List

(1) Port Pins (1/2)

. Alternative
Pin Name Input/Output Function After Reset )
Function
P00 Input/Out put | Port 0 Input INTPO
P01 4-bit Input/Output port INTP1
Input/output mode can be specified bit-wise.
P02 If used as an input port, an on-chip pull-up resistor can be INTP2
oP3 used by software INTP3/ADTRG
P10 - P17 Input Port 1 Input AN10 - AN17
8-bit input only port.
P20 Input/Output Port 2 input SI30
P21 6-bit Input/output port 5030
Input/output mode can be specified bit-wise
P22 If used as an input port, an on-chip pull-up resistor can be SCK30
P23 used by software RxDO
P24 TxDO
P25 ASCKO0
P30 input/Output Port 3 N-ch open-drain Input/output port Input -—
P31 7-bit Input/output | On-chip pull-up resistor can be
port Input/output used by mask option
P32 mode can be (Mask version only) SDAo
P33 specified bit-wise | LEDs can be driven directly SCLO
P34 If used as an input port, an on-chip _—
Pas pull-up resistor can be used
by software
P36
P40 - P47 Input/Output Port 4 input ADO - AD7
8-bit Input/Output port
Input/output mode can be specified bit-wise.
if used as an input port, an on-chip pull-up resistor can be
used by software
Interrupt request flag (KRIF) is set to 1 by falling edge
detection ‘
PSO - P57 Input/Output Port 5 Input A8 - A15
8-bit Input/Output port
LED can be driven directly
Input/output mode can be specified bit-wise.
If used as an input port, an on-chip pull-up resistor can be
used by software
P64 Input/Output Port 6 Input RD
P65 4-bit Input/Output port WR
Input/output mode can be specified bit-wise.
Pe6 If used as an input port, an on-chip pull-up resistor can be WAIT
P67 used by software ASTB
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(1) Port Pins (2/2)

Pin Name Input/Output Function After Reset ,::::::::\ve
P70 Input/Out put | Port7 input TI00/TOO
P71 6-bit Input/Output port TI01
e Input/output n'fode can be speciﬁe.d bit-wise. ' T150/TO50

If used as an input port, an on-chip pull-up resistor can be
P73 used by software ' T151/TO51
P74 PCL
P75 BUZ
(2) Pins other than port pins (1/2)
Pin Name Input/Output Function After Reset Altem‘ative
Function
INTPO Input External interrupt input with specifiable valid edges {rising Input P00
INTP1 edge, falling edge, both rising and falling edges) PO1
INTP2 P02
INTP3 PO3/ADTRG
S130 Input Serial interface serial data input Input P20
“8030 Output Serial Interface Serial data output Input P21
SDAO Input/output | Serial Interface Serial data Input/Output Input P32
SCK30 input/Output | Serial Interface serial clock input/output Input p22
scCLo P33
RxDO Input Asynchronous serial interface serial data input Input P23
TxDO Output Asynchronous serial interface serial data output Input P24
ASCKO Input Asynchronous serial interface serial clock input Input P25
Tioo Input External count clock input to 16-bit timer (TMQ) Input P70/TO0
TI01 P71
TIS0 External count clock input to 8-bit timer (TM50} P72/TO50
TIi51 External count clock input to 8-bit timer (TM51) P73/TO51
TOO Output 16-bit timer TMO output Input P70/Ti00
TOS0 8-bit timer (TM50) output (also used for 8-bit PWM output) Input P72/T150
TO51 8-bit timer (TM51) output (also used for 8-bit PWM output) P72/TI51
PCL Output clock output (for main system clock and subsystem clock Input P74
trimming)
BUZ Output Buzzer output Input P75
ADO - AD7 Input/Output | Lower-order address/data bus when expanding extemal memory input P40 - P47
A8 - A15 Output High-order address/data bus when expanding external memory Input P50 - P57
RD Output Strobe signal output for read operation from external memory Input P64
WR Strobe signal output for write operation from external memory P65
WAIT Input Wait insertion when accessing external memory Input P66
ASTB Output Strobe output externally latching address information Input P67
output to port 4,5 to access external memory
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(2) Pins other than port 1 pins (2/2)

Pin Name Input/Output Function After Reset :::i;?;:ve
AN10 - AN17 Input A/D converter analog input Input P10 - P17
ADTRG Input A/D converter trigger signal input Input PO3/INTP3
AVRer input A/D converter reference voltage input — —
AVop — A/D converter analog power supply. Connect to Vooo or Voos — —
AVss - A/D converter ground potential. Connect to Vsso or Vss: — —_
RESET Input System Reset Input - -
X1 Input Crystal connection for main system clock oscillation — —
X2 — _ —_
XT1 Input Crystal connection for subsystem clock oscillation —_ —
XT2 —_ - -
Vooo - Positive power supply — —
Vsso — Ground potential —_ —
Voo — Positive power supply other than port — —
Vss1 — Ground potential other than port — -
IC — Internal connection. Connect directly to Vss — —
Vep —_ High-voltage application for program write/verify — —

Connect directly to Vsso in normal operating mode.
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4.2 Description of Pin Functions

4.2.1 P00 to P03 (Port 0)

These are 4-bit input/output ports. Besides serving as input/output ports, they function as an external interrupt
input, and A/D converter external trigger input pins.

The following operating modes can be specified bit-wise.

(1) Port mode
In this mode, these ports function as 4-bit input/output ports.
P00 to P03 can be specified for input or output ports bit-wise with a port mode register 0 (PM0). When they are
used as input ports, on-chip pull-up resistors can be used to them by defining the pull-up resistor option register
0 (PUO).

{2) Control mode
In this mode, these ports function as an external interrupt input, and A/D converter external trigger input pins..

(a) INTPO to INTP3
INTPO to INTP3 are external interrupt request input pins which can specify valid edges (rising edge, falling
edge, and both rising and falling edges).

(b) ADTRG
A/D converter external trigger input pins.

Caution When the P03 is used as A/D converter external trigger input, specify in the bit 1, 2
(EGA00, EGAO1) of A/D converter mode register (ADMC) the valid edges and set the
interrupt mask flog (PMK3) to 1.

4.2.2 P10 to P17 (Port 1)
These are 8-bit input only ports. Besides serving as input/output ports, they function as an A/D converter analog
input. ’

The following operating modes can be specified bit-wise.

(1) Port mode
These ports function as 8-bit input only ports.

(2) Control mode
These ports function as A/D converter analog input pins (ANI0-ANI7).
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4.2.3 P20 to P25 (Port 2)

These are 6-bit input/output ports. Besides serving as input/output ports, they function as data input/output to/
from the serial interface and clock input/output functions.
The following operating modes can be specified bit-wise.

(1) Port mode
These ports function as 6-bit input/output ports. They can be specified bit-wise as input or output ports with port
mode register 2 (PM2). When they are used as input ports, on-chip pull-up resistors can be used to them by
defining the pull-up resistor option register 2 (PU2).

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

(a) SI30 and S0Q30
Serial interface serial data input/output pins

(b) SCK30
Serial interface serial clock input/output pins

(c) ASCKoO
Asynchronous serial interface serial clock input/output pins

4.2.4 P30 to P36 (Port 3)

These are 7-bit input/output ports. Beside serving as input/output ports, they function as serial interface data input/
output and clock input/output.

P30 to P33 (Port 3) can drive LEDs directly.

The following operating modes can be specified bit-wise.

(1) Port mode
These ports function as 7-bit input/output ports. They can be specified bit-wise as input or output ports with port
mode register 3 (PM3). P30 to P33 are N-ch open drain output. Mask ROM version can contain puil-up resistors
with the mask option. When P64 to P67 are used as input ports, on-chip pull-up resistors can be used by defining
the pull-up resistor option register 3 (PU3).

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

(a) SDAO
Serial interface serial data input/output pins.

(b) SCLO
Serial interface serial clock input/output pins.
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4.2.5 P40 to P47 (Port 4)
These are 8-bit input/output ports. Besides serving as input/output ports, they function as an address/data bus.
The interrupt request flag (KRIF) can be set to 1 by detecting a falling edge.
The following operating mode can be specified in 1-bit units.

(1) Port mode
These ports function as 8-bit input/output ports. They can be specified bit-wise for input or output ports by using
the port mode register 4 (PM4). When they are used as input ports, on-chip pull-up resistors can be used by
defining the pull-up resistor option register 4 (PU4).

(2) Control mode
These ports function as low-order address/data bus pins (ADO to AD7) in external memory expansion mode.
When pins are used as an address/data bus, the pull-up resistor is automatically disabled.

4.2.6 P50 to P57 (Port 5)
These are 8-bit input/output ports. Besides serving as input/output ports, they function as an address bus.
Port 5 can drive LEDs directly.
The following operating modes can be specified bit-wise.

(1) Port mode
These ports function as 8-bit input/output ports. They can be specified bit-wise as input/output ports with port
mode register 5 (PM5). When they are used as input ports, on-chip pull-up resistors can be used by defining
the pull-up resistor option register 5 (PUS).

(2) Control mode
These ports function as high-order address bus pins (A8 to A15) in external memory expansion mode. When
pins are used as an address bus, the pull-up resistor is automatically disabled.

4.2.7 P64 to P67 (Port 6)

These are 4-bit input/output ports. Besides serving as input/output ports, they are used for control in external
memory expansion mode.

The following operating modes can be specified bit-wise.

(1) Port mode
These ports function as 4-bit input/output ports. They can be specified bit-wise as input or output ports with port
mode register 6 (PM6).
When they are used as input ports, on-chip pull-up resistors can be used by defining the pull-up resistor option
register 6 (PU6).

(2) Control mode
These ports function as control signal output pins (ﬁ, WR, WAIT, ASTB) in external memory expansion mode.
When a pin is used as a control signal output, the pull-up resistor is automatically disabled.

Caution When external wait is not used in external memory expansion mode, P66 can be used as an
input/output port.
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4.2.8 P70 to P75 (Port 7)

This is a 6-bit input/output port. In addition to its use as an input/output port, it also has timer input/output, clock
output and buzzer output functions.
The foliowing operating modes can be specified bit-wise.

(1) Port mode
Port 7 functions as a 6-bit input/output port. Bit-wise specification as an input port or output port is possible by
means of port mode register 7 (PM7). When used as input ports, on-chip pull-up resistors can be used by defining
the pull-up resistor option register 7(PU7). P70 P71 aiso becomes a 16-bit timer/event counter capture trigger
signal input pin with a valid edge input.

(2) Control mode
Port 7 functions as timer input/output, clock output and buzzer output.

(a) TIoO
Pin for external count clock input to the 16-bit timer/event counter and pin for capture trigger signal input
to the 16-bit timer/event counter capture register (CR01).

(b) TIO1
Pin for capture trigger signal input to the 16-bit timer/event counter capture resister (CR00).

(c) TI50, TIS1
Pin for external count clock input to the 8-bit timer/event counter.

(d) TOO, TO50, TO51
Timer output pin.

(e) PCL
Clock output pin.

(f) BUZ
Buzzer output pin.

4.29 AVrer
A/D converter reference voltage input pin.
When A/D converter is not used, connect this pin to Vssc.

4.2.10 AVoo

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

4211 AVss

This is a ground voltage pin of A/D converter. Always use the same voltage as that of the Vsso pin even when
A/D converter is not used.
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4.2.12 RESET
This is a low-fevel active system reset input pin.

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

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

4.2.15 Vopo, Vo1
Vooo is a positive power supply pin
Voo is a positive power supply pin other than port pin.

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

4.2.17 Vep (Flash memory versions only)
High-voltage apply pin for Flash memory programming mode setting and program write/verify. Connect directly
to Vsso in normal operating mode.

4.2.18 IC (Mask ROM version only)

The IC (Internally Connected) pin is provided to set the test mode to check the uPD780024, 780034 subseries
at delivery. Connect it directly to the Vsso with the shortest possible wire in the normal operating mode.

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

¢ Connect IC pins to Vsso pins directly.
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4.3 Input/output Circuits and Recommended Connection of Unused Pins

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

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

Pin Name Input/output circuit type Input/output Recommended connection of unused pins
POO/INTPO 8-C input/output | Connect independently via a resistor to Vsso
PO1/INTP1
PO2/INTP2
PO3/INTP3
P10/ANIO - P17/ANI7 25 Input Connect independently via a resistor to Vooo or Vsso
P20/S130 8-C Input/output
P21/8030 5-H
P22/SCK30 8-C
P23/RxD0
P24/TxD0 5-H
P25/ASCKO 8-C
P30, P31 13-Q Input/output | Connect independently via a resistor to Vooo
(Mask ROM product)

P30, P31 13-P

(Flash memory product)

P32/SDA0 13-8

(Mask ROM product)

P32/SDA0D 13-R

(Flash memory product)

P33/SCLO 13-8

(Mask ROM product)

P33/SCLO 13-R

(Flash memory product)

P34 8-C Connect independently via a resistor to Vooo or Vsso
P35 5-H

P36 8-C

P40/ADO - P47/AD7 5-H Input/output | Connect independently via a resistor to Vooo
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Table 4-1. Pin Input/Output Circuit Types (2/2)

Pin Name Input/output circuit type Input/output Recommended connection of unused pins

P50/A8 - P57/A15 5-H inputioutput | Connect independently via a resistor to Vooo or Vsso

P64/RD Input/output

P65/WR

PEE/WAIT

P§7/ASTB

P70/TI00/TOO 8-C

P71/TI101

P72/T150/TO50

P73/T151/TO51

P74/PCL 5-H

P75/BUZ

RESET 2 input —_

Connect to Voo

IC (Mask ROM product)

Vep
{Flash memory product)

Open

Connect to Voo

Connect to Vsso
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Figure 4-1 Pin Input/Output Circuit of List (1/2)
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Figure 4-1 Pin Input/Output Circuit of List (2/2)
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5.1 Memory Spaces

CHAPTER 5 CPU ARCHITECTURE

Figures 5-1 to 5-5 shows memory maps.

Figure 5-1. Memory Map (1PD780021, 780031, 780021Y, 780031Y)

[

i

{4

FFFFH Special Function
Registers (SFRs)
FFOOH 256 x 8 bits
FEFFH| General Registers
FEEQH 32 x 8 bits
FEDFH
Internal High-speed RAM
512 x 8 bits
FDOOH
FCFFH
1FFFH
Reserved 3= Program Area 3
Data memory 1000H
space F800H OFFFH
F7FFH
* CALLF Entry Area
0800H
A External Memory =< 07FFH
B 55296 x 8 bits
= Program Area A
Program
mermory 0080H
space
2000H 007FH
1FFFH CALLT Table Area
n internal ROM L ggggt:
T 8192 x 8 bits B
Vector Table Area
Y 0000H 0000H
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FFFFH Special Function
Registers (SFRs)
FFOOH 256 x 8 bits
FEFFH| General Registers
FEEOH 32 x 8 bits
FEDFH
Intemal High-speed RAM
512 x 8 bits
FDOOH
FCFFH
3FFFH
Reserved A= Program Area
Data memory 1000H
space F800H OFFFH
) F7FFH £
+* CALLF Entry Area
0800H
- External Memory A 07FFH
47104 x 8 bits
= Program Area 5
Program
memory
oo
4000H
SFFFH CALLT Table Area
,, Internal ROM N gg;g:
T 16384 x 8 bits T
Vector Table Area
y 0000H 0000H

Figure 5-2. Memory Map (1PD780022, 780032, 780022Y, 780032Y)

3).
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Figure 5-3. Memory Map (vPD780023, 780033, 780023Y, 780033Y)

FFFFH Special Function
Registers (SFRs)
FFOOH 256 x 8 bits
FEFFH| General Registers
FEEOH 32 x 8 bits
FEDFH
= ~
Internal High-speed RAM
1024 x 8 bits
FBOOH
FAFFH
5FFFH
Reserved e 3 Program Area
Data memory 1000H
space FSOOH OFFFH
F7FFH 3= CALLFEntry Area 3
0800H
1 ExemalMemory A O7FFH
T 38912 x 8 bits
o Program Area e
Program
memory 0080H
space
6000H 007FH
5FFFH CALLT Table Area
A Internal ROM A gggg':l
T 24576 x 8 bits T
Vector Table Area
\i 0000H 0000H

J)
[}

{4

{4




CHAPTER 5 CPU ARCHITECTURE

Figure 5-4. Memory Map (uPD780024, 780034, 780024Y, 780034Y)

[{}

[{]

{4

FFFFH Special Function
Registers (SFRs)
FFOOH 256 x 8 bits
FEFFH| General Registers
FEEQOH 32 x 8 bits
FEDFH
internal High-speed RAM
1024 x 8 bits
FBOOH
FAFFH
7FFFH
Reserved = Program Area 3
mory 1000H
F8O0H OFFFH
F7FFH = A
T CALLF Entry Area 7
0800H
e External Memory 2 Q7FFH
B 30720 x 8 bits
= Program Area e
Program
;"pi’;‘:’y 0080H
8000H 007FH
7FFFH CALLT Table Area
iy Internal ROM A gggg:
T 32768 x 8 bits T
Vector Table Area
1 0000H 0000H
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Figure 5-5. Memory Map (uPD78F0034, 78F0034Y)

FFFFH Special Function
Registers (SFRs)
FFOOH 256 x 8 bits
FEFFH{ General Registers
FEEOH 32 x 8 bits
FEDFH
Internal High-speed RAM
1024 x 8 bits
FBOOH
FAFFH
7FFFH
Reserved ~= Program Area ﬁ
Data memory 1000H
space FBO0H OFFFH
F7FFH = 3
i = CALLF Entry Area
0800H
~  Extemal Memory = O7FFH
- 30720 x 8 bits
= Program Area e
Program
memory
oo
8000H
7FFFH 'CALLT Table Area
| Intemal Flash Memory | 88;:3':'
T 32768 x 8 bits .
Vector Table Area
Y 0000H 0000H

{4

[{§
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5.1.1 Internal program memory space

The internal program memory space contains the program and table data. Normally, it is addressed with the
program counter (PC).

The products of the uPD780024, 780034, 780024Y, ane 780034Y Subseries incorate on-chip ROM (or flash
memory), as listed below.

Table 5-1. Internal ROM Capacity

Internal ROM
Part number
Type Capacity
4PD780021, 780031, 780021Y, 780031Y Mask ROM 8192 x 8 bits (0000H to 1FFFH)
#PD780022, 780032, 780022Y, 780032Y 16384 x 8 bits (0000H to 3FFFH)
#PD780023, 780033, 780023Y, 780033Y 24576 x 8 bits (0000H to 5SFFFH)
uPD780024, 780034, 780024Y, 780034Y 32768 x 8 bits (0000H to 7FFFH)
uPD78F0034, 78F0034Y Flash Memory | 32768 x 8 bits (QO00H to 7FFFH)

The internal program memory is divided into the following three areas.
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(1) Vector table area
The 64-byte area D000H to D03FH is reserved as a vector table area. The RESET input and program start
addresses for branch upon generation of each interrupt request are stored in the vector table area. Of the 16-
bit address, low-order 8 bits are stored at even addresses and high-order 8 bits are stored at odd addresses.

Table 5-2. Vector Table

Vector Table Address Interrupt Request
0000H RESET input
0004H INTWDT
0006H INTPO
0008H INTP1
000AH INTP2
000CH INTP3
000EH INTSERO
0010H INTSRO
0012H INTSTO
0014H INTCSI30
0016H INTCSI31 Note 1
0018H INTHCOQ Note 2
001AH INTWTI
001CH INTTMOO0
001EH INTTMO1
0020H . INTTMS0
0022H INTTM51
0024H INTADO
0026H INTWT
0028H INTKR
003EH BRK

Notes 1. uPD780024, 780034 subseries only
2. yPD780024Y, 780034Y subseries 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).

(3) CALLF instruction entry area
The area 0800H to OFFFH can perform a direct subroutine call with a 2-byte call instruction (CALLF).
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5.1.2 Internal data memory space
The pPD780024, 780034, 780024Y, and 780034Y Subseries have on-chip high-speed RAM, as listed below.

Table 5-3. Internal High-Speed RAM Capacity

Product internal high-speed RAM
uPD780021, 780031, 780021Y, 780031Y 512 x 8 bits (FDOOH to FEFFH)
pPD780022, 780032, 780022Y, 780032Y
pPD780023, 780033, 780023Y 780033Y 1024 x 8 bits (FBOOH to FEFFH)

uPD780024, 780034, 780024Y, K780034Y
uPD78F0034, 78F0034Y

The 32-byte area FEEQH to FEFFH is allocated four general-purpose register banks composed of eight 8-bit
registers.
The internal high-speed RAM can be used as stack memory.

5.1.3 Special Function Register (SFR) area
An on-chip peripheral hardware special-function register (SFR) is allocated in the area FFOOH to FFFFH. (Refer
to 5.2.3 Special Function Register (SFR) Table 5-5. Special Function Register List.)

Caution Do not access addresses where the SFR is not assigned.
5.1.4 External memory space

The external memory space is accessible with memory expansion mode register. External memory space can
store program, table data, etc. and allocate peripheral devices.
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5.1.5 Data memory addressing

Addressing refers to the method of specifying the address of the instruction to be executed next or the address
of the register or memory relevant to the execution of instructions.

The address of an instruction to be executed next is addressed by the program counter (PC) (for details, see 5.3
Instruction Address Addressing).

Several addressing modes are provided for addressing the memory relevant to the execution of instructions for
the uPD780024, 780034, 780024Y, and 780034Y Subseries, based on operability and other considerations. For areas
containing data memory in particular, special addressing methods designed for the functions of special function
registers (SFR) and general-purpose registers are available for use. Data memory addressing is iliustrated in Figures
5-8 to 5-10. For the details of each addressing mode, see 5.4 Operand Address Addressing.

Figure 5-6. Data Memory Addressing (uPD780021, 780031, 780021Y, 780031Y)

FFFFH \
Special Function
Registers (SFRs) SFR Addressing
256 x 8 bits
FR20H | _ e
FF1FH
FFOOH
FEFFH i )
Gen3e£al F;ebg_tlsters Register Addressing
FEEOH X SIS I R Short Direct
FEDEH Addressing
¥ Internal High-speed RAM *
512 x 8 bits
FE20H) ]
FE1FH
FDOOH
FCFFH
Direct Addressing
Not usable
Register Indirect
Addressing
Based Addressing
F800H
E7FFH Based Indexed
Addressing
L External Memory A
¥ 55296 x 8 bits T
2000H
1FFFH
A Internai ROM A
T 8192 x 8 bits T
0000H
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Figure 5-7. Data Memory Addressing (uPD780022, 780032, 780022Y, 780032Y)

FFFFH . . !
Special Function
Registers (SFRs) SFR Addressing
256 x 8 bits
FR20H | o
FF1FH
FFOOH
FEFFH ; )
Ger;gal }gebgilsters Register Addressing
FEEOH X S L S Short Direct
FEDFH Addressing
¥ Internal High-speed RAM *
512 x 8 bits
FE20H( ]
" FE1FH
FDOOH
FCFFH
Direct Addressing
Not usable
Register Indirect
Addressing
Based Addressing
F800H
F7FFH Based Indexed
Addressing
m External Memory A
T 47104 x 8 bits "
4000H
3FFFH
A internal ROM A
T 16384 x 8 bits T
0000H r
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Figure 5-8. Data Memory Addressing (uPD780023, 780033, 780023Y, 780033Y)

Special Function
Registers (SFRs) SFR Addressing
256 x 8 bits
General Registers 4 .
30y 8 bgits Register Addressing

internal High-speed RAM

1024 x 8 bits

Short Direct
Addressing

Not usable

b) ]
1

External Memory
38912 x 8 bits

b)]

)]

Internal ROM
24576 x 8 bits

)]
{4

[

Direct Addressing

Register Indirect
Addressing

Based Addressing

Based Indexed
Addressing
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Figure 5-9. Data Memory Addressing (xPD780024, 780034, 780024Y, 780034Y)

FFFFH . .
Special Function
Registers (SFRs) SFR Addressing
256 x 8 bits
FF2OH | _ e
FFiFH
FFOOH
FEFFH : A
Gen:gf: gﬁzters Register Addressing
FEEOH v
FEDFH
¥ Internal High-speed RAM ¥
1024 x 8 bits
FE20MH| ]
FE1FH
FBOOH
FAFFH
Not usable
F800H
F7FFH
iy External Memory ~
T 30720 x 8 bits T
8000H
TFFFH
A Internal ROM AL
T 32768 x 8 bits T

0000H

Short Direct
Addressing

Direct Addressing

Register Indirect
Addressing

Based Addressing

Based Indexed
Addressing
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Figure 5-10. Data Memory Addressing (uPD78F0034, 78F0034Y)

FFFFH . ) ‘
Special Function
Registers (SFRs) SFR Addressing
256 x 8 bits
% S I B
FF1FH
FFOOH
FEFFH i A
Genseéal gigtlsters Register Addressing
FEEOH x 8 bits ) Short Direct
FEDFH i Addressing
T internal High-speed RAM T
1024 x 8 bits
RE20HY ]
FE1FH
FBOOH
FAFFH
Direct Addressing
N
ot usable Register Indirect
Addressing
Based Addressing
F800H
F7FFH Based indexed
Addressing
AL External Memory S
T 30720 x 8 bits T
BOOOH
7FFFH
L Flash Memory AL
T 32768 x 8 bits T
0000H r
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5.2 Processor Registers

The uPD780024, 780034, 780024Y, 780034Y subseries units incorporate the following processor registers.

5.2.1 Control registers

The control registers control the program sequence, statuses and stack memory. The control registers consist

of a program counter, a program status word and a stack pointer.

{1)

(2)

Program counter (PC)

The program counter is a 16-bit register which holds the address information of the next program to be executed.
In normal operation, the PC is automatically incremented according to the number of bytes of the instruction to
be fetched. When a branch instruction is executed, immediate data and register contents are set.

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

Figure 5-11. Program Counter Configuration

15 0

PC

Program status word (PSW)

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

Figure 5-12. Program Status Word Configuration

IE z RBS1| AC | RBSO o ISP (03 4
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(3)

(@)

(b)

{c)

(d)

(e)

®

Interrupt enable flag (IE)

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

When 0, the IE is set to DI, and only non-maskable interrupt request becomes acknowledgeable. Other
interrupt requests are all disabled. When 1, the IE is set to El and interrupt request acknowledge enable
is controlled with an inservice priority flag (ISP), an interrupt mask flag for various interrupt sources and a
priority specification flag.

The IE is reset to (0) upon DI instruction execution or interrupt acknowledgement and is set to (1) upon El
instruction execution.

Zero flag (Z)
When the operation result is zero, this flag is set (1). |t 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.

In these flags, the 2-bit information which indicates the register bank selected by SEL RBn instruction
execution is stored.

Auxiliary carry flag (AC)

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

In-service priority flag (ISP)

This flag manages the priority of acknowledgeable maskable vectored interrupts. When this flag is O, low-
level vectored interrupts specified with a priority specify flag register (PROL, PROH, PR1L) (refer to 19.3 (3)
Priority Specify Flag Register (PROL, PROH, PR1L)) are disabled for acknowledgement. Whenitis 1, all
interrupts are acknowledgeable. Actual acknowledgement is controlied with the interrupt enable flag (IE).

Carry flag (CY)
This flag stores overflow and underflow upon add/subtract instruction execution. It stores the shift-out value

upon rotate instruction execution and functions as a bit accumulator during bit manipulation instruction
execution.

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

Table 5-4. Internal High-Speed RAM Area

Product Internal high-speed RAM area
uPD780021, 780031, 780021Y, 780031Y FDOOH to FEFFH
uPD780022, 780032, 780022Y, 780032Y
uPD780023, 780033, 780023Y, 780033Y FBOOH to FEFFH

uPD780024, 780034, 780024Y, 780034Y
uPD78F0034, 78F0034Y
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Figure 5-13. Stack Pointer Configuration
15 0
SpP

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

the stack memory.
Each stack operation saves/resets data as shown in Figures 5-14 and 5-15.

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

Figure 5-14. Data to be Saved to Stack Memory

interrupt and
PUSH rp Instruction CALL, CALLF, and BRK Instruction
CALLT Instruction
SP«SP-3
SP «SP 2. SP -SP-2 SP-3 PC7-PCO
SP-2 Register Pair Lower SP-2 PC7-PCO SP-2 PC15-PC8
SP -1 Register Pair Upper SP-1 PC15-PC8 SP—1 PSW
SP = SP = SP -

Figure 5-15. Data to be Reset from Stack Memory

RETI and RETB

POP mp Instruction RET instruction Instruction
SP -+ | Register Pair Lower SP = PC7-PCO SP = PC7-PCO
SP +1 Register Pair Upper SP+1 PC15-PC8 SP+1 PC15-PC8
SP=SP.+2 SP=SP +2 SP+2 PsSw
SP=-SP+3
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5.2.2 General registers

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

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

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

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

Figure 5-16. General Register Configuration

(a) Absolute Name

16-Bit Processing 8-Bit Processing
FEFFH
R7
BANKO RP3
R6
FEF8H
RS
BANK1 RP2
R4
FEEOH
R3
BANK2 RP1
R2
FEESH
R1
BANK3 RPC
RO
FEEOH
15 0 7 0
{b) Function Name
16-Bit Processing 8-Bit Processing
FEFFH
H
BANKO HL
L
FEF8H
|
D
BANK1 DE
\ ‘E
FEFOH
\ :
BANK2 x‘ BC
c
FEE8H
\ A
BANK3 \ AX
X
FEEOH \
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5.2.3 Special Function Register (SFR)
Unlike a general register, each special-function register has special functions.
It is allocated in the FFOOH to FFFFH area.
The special-function register can be manipulated like the general register, with the operation, transfer and bit
manipulation instructions. Manipulatable bit units, 1, 8 and 16, depend on the special-function register type.
Each manipulation bit unit can be specified as follows.

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

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

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

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

« Symbol .
Symbol indicating the address of a special function register. It is a reserved word in the RA78/0, and is defined
via the header file “sirbit.h” in the CC78K/0.
+ R'W
Indicates whether the corresponding special-function register can be read or written.
R/W : Read/write enable
R  : Readonly
W : Write only
+ Manipulatable bit units
indicates the manipulatable bit unit (1, 8, or 16). “-” indicates a bit unit for which manipulation is not possible.
- After reset
Indicates each register status upon RESET input.
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Table 5-5. Special Function Register List (1/3)

Manipulatable Bit Unit
Address Special-Function Register (SFR) Name Symbol RW T oi B bts | 16 bits After Reset
FFOOH Port0 PO RW @) ®) — 00H
FFOIH Port1 P1 R O O —
FFO2H Port2 P2 R/W O o —
FFO3H Port3 P3 O 0] —
FFO4H Port4 P4 o O —
FFO5H Ports P5 O O —
FFO6H Port6 P6 O o —
FFO7H Port7 P7 O O —
FFOAH Capture/compare register 00 CR00 — - O Undefined
FFOBH
FFOCH Capture/compare register 01 CRo1 — — @]
FFODH
FFOEH 16-bit timer register T™MO R — — O 0000H
FFOFH
FF10H 8-bit compare register 50 CR50 R/W 0] O — Undefined
FF11H 8-bit compare register 51 CRS51 o] O -
FF12H 8-bit counter 50 TM5 |TM50 R - O ©) 00H
FF13H 8-bit counter 51 TM51 — O
FF16H A/D conversion result register 0 ADCRO - ONote 1| ONote 2
FF17H
FFi8H | Transmit  shift register TXS0 W = 1 -_O__ 1 — | FFH
Receivebufierregister _____|RXBOR | — | O | —
FF1AH Serial /O shift register 30 SI030 R/'W - O —  |Undefined
FF1BH Serial 1/0 shift register 31Note 3 S1031 - O —
FF1FH IIC shift registerNote 4 1co - @) —_ 00H
Notes 1. puPD780024, 780024Y Subseries only

2.
3.
4.

uPD780034, 780034Y Subseries only, 16-bit access possible

uPD780024, 780034 Subseries only

4PD780024Y, 780034Y Subseries only
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Table 5-5. Special-Function Register List (2/3)

Manipulatable Bit Unit

Address Special-Function Register (SFR) Name Symbol RW — 5 bis | 16 bits After Reset
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 PMS O O -

FF26H Port mode register 6 PM6 0. ] —_—

FF27H Port mode register 7 PM?7 0 O —

FF30H Pull-up resistor option register 0 PUO O 0] — 00H
FF32H Pull-up resistor option register 2 PU2 @] @] —_

FF33H Pull-up resistor option register 3 PU3 O O —

FF34H Pull-up resistor option register 4 PU4 O O —

FF35H Pull-up resistor option register § PUS ®) ®] —

FF36H Pull-up resistor option register 6 PU6 @] O —

FF37H Pull-up resistor option register 7 PU7 ] O -

FF40H Clock output selection register CKS O 0] —

FF41H Watch timer mode control register WTM 0] O -

FF42H Watchdog timer clock selection register WDCS — O —

FF47H Memory expansion mode register MEM 0] O —

FF48H External interrupt rising edge enable register EGP O @) —

FF48H External interrupt falling edge enable register EGN O O —

FF60H 16-bit timer mode control register TMCO @) O —

FF61H Prescaler mode register PRMO — 0] —

FF62H Capture/compare control register 0 CRCO 0 0O —

FF63H 16-bit timer output control register 0 TOCO O Q —

FF70H 8-bit timer mode control register 50 TMC50 O O _— 04H
FF71H Timer clock selection register 50 TCL50 — O — 00H
FF78H 8-bit timer mode control register 51 TMC51 0] 0] — 04H
FF79H Timer clock selection register 51 TCL51 — O —_ 00H
FF80H A/D converter mode register ADMO O O —_

FF81H Analog input channel specification register ADSO -_— O —

FFAOH Asynchronous serial interface mode register ASIMO 0] @] —_

FFA1H Asynchronous serial interface status register ASISO R — @] -

FFA2H Baud rate generator control register BRGCO R/W — O —
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Table 5-5. Special-Function Register List (3/3)

Manipulatable Bit Unit

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

FFA8H IC control registerNote 1 lnceo R/W O ) — O0H
FFAQH IC status registerNote 1 1CSo R O O —
FFAAH lIC clock selection registerNote 1 lICCLO R/W O Q -
FFABH Slave address registerNote 1 SVAD — O -
FFBOH Serial operation mode register 30 CSIM30 O O —
FFB8H Serial operation mode register 31Note2 | cgIM31 O O —
FFDOH External access areaNote 3 O O — Undefined
FFOFH
FFEOH Interrupt request flag register OL IFO | iFOL O O O 00H
FFE1H Interrupt request flag register OH IFOH 0] @
FFE2H Interrupt request flag register 1L IF1L O @] -
FFE4H Interrupt mask flag register OL MKO | MKOL O O O FFH
FFESH Interrupt mask flag register OH MKOH O O
FFEBH Interrupt mask flag register 1L MK1L O O —
FFE8H Priority level specification flag register OL. | PRO | PROL O Q O
FFEQH Priority level specification flag register OH PROH @] O
FFEAH Priority leve! specification flag register 1L | PR1L O O —
FFFOH Memory size switching register IMS — O — CFHNote 4
FFF8H Memory expansion wait setting register- | |-MM R/W O O — 10H
FFFOH Watchdog timer mede register WDTM O O — 00H
FFFAH Oscillation stabilization time selection register| OSTS —_ O — 04H
FFFBH Processor clock control register PCC O @] —

Notes 1. uPD780024Y, 780034Y Subseries only

2. uPD780024, 780034 Subseries only

3. The external access area cannot be accessed by SFR addressing. Access it with the direct addressing
method.

4. The default is CFH, but set the value corresponding to each respective product as indicated below.
pPD780021, 780031, 780021Y, 780031Y: 42H
©PD780022, 780032, 780022Y, 780032Y: 44H
uPD780023, 780033, 780023Y, 780033Y: CsH
uPD780024, 780034, 780024Y, 780034Y: C8H
pPD78F0034, 780034Y: Value for mask ROM version
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5.3 Instruction Address Addressing

An instruction address is determined by program counter (PC) contents and is normally incremented (+1 for each
byte) automatically according to the number of bytes of an instruction to be fetched each time another instruction is
executed. When a branch instruction is executed, the branch destination information is set to the PC and branched
by the following addressing. (For details of instructions, refer to 78K/0 USER’S MANUAL: Instruction (IEU-1372).

5.3.1 Relative Addressing

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

[Wustration]

15 0

__. PCindicates the start address
PC of the instruction
after the BR instruction.

15 8 7 6 0

jdisp8

15 0

PC

When 8 =0, all bits of a are 0.
When S = 1, all bits of o are 1.
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5.3.2 Immediate addressing

[Function]
Immediate data in the instruction word is transferred to the program counter (PC) and branched.
This function is carried out when the CALL 'addr16 or BR !addr16 or CALLF laddr11 instruction is executed.
CALL laddr16 and BR !addri6 instructions can be branched to the entire memory space. The CALLF laddr11
instruction is branched to the 0800H to OFFFH area.

[Hlustration]
In the case of CALL laddr16 and BR !addr16 instructions

7 0
CALL or BR
Low Addr. -—————j
High Addr. T
15 87 i) 0

PC

In the case of CALLF taddri1 instruction

76 4 3 0
CALLF

faio-s

far-o

PClIO 0 0 O 1
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5.3.3 Table indirect addressing

[Function]
Table contents (branch destination address) of the particular location to be addressed by bits 1 to 5 of the
immediate data of an operation code are transferred to the program counter (PC) and branched.
This function is carried out when the CALLT [addr5] instruction is executed.
This instruction references the address stored in the memory table from 40H to 7FH, and allows branching to

the entire memory space.

[Mustration]

7 6 5 1 0
OperationCode | 1 1 taso 1
15 8 7 6 5 1 10
Effective Address {0 0 0 0 0 0 O 0 {0 1 0
J
7 Memory (Table) 0
Low Addr. —_——

Effective Address+1 High Addr. 7

PC
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5.3.4 Register addressing

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

[Niustration]

15 8 7 0

PC




CHAPTER 5 CPU ARCHITECTURE

5.4 Operand Address Addressing

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

5.4.1 Implied addressing

[Function]
The register which functions as an accumulator (A and AX) in the general register is automatically (implicitly)
addressed.
Of the pPD780024, 780034, 780024Y, 780034Y subseries instruction words, the following instructions employ
implied addressing.

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

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

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

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

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

[Function]
The general register to be specified is accessed as an operand with the register specify code (Rn and RPn) of
an instruction word in the registered bank specified with the register bank select flag (RBSO to RBS1).
Register addressing is carried out when an instruction with the following operand format is executed. When an
8-bit register is specified, one of the eight registers is specified with 3 bits in the operation code.

[Operand format]

Identifier Description
r X,ACBEDLH
o} AX, BG, DE, HL

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

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

Operation code 0110001 0]

'*l:] Register specify code

INCW DE; when selecting DE register pair as rp

Operation code l 1000010 OI

l—{i Register specify code
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5.4.3 Direct addressing

[Function]

The memory to be manipulated is addressed with immediate data in an instruction word becoming an operand

address.

[Operand format]

Identifier

Description

addri16

Label or 16-bit immediate data

[Description exampie]

MOV A, I0FEQOH; when setting 'addr16 to FEOOH

Operation code

[Miustration]

[1 00011 10| OPcode

[ 00000000/ 00H

1111

11 10]| FEH

OP code

addr16 (lower)

addr16 (upper)

Memory
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5.4.4 Short direct addressing

[Function]

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

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

When 8-bit immediate data is at 20H to FFH, bit 8 of an effective address is set to 0. When it is at 00H to 1FH,
bit 8 is set to 1. Refer to the [lliustration] on the next page.

[Operand format]

Identifier

Description

sadgdr

Label of FE20H to FF1FH immediate data

saddrp

Label of FE20H to FF1FH immediate data (even address only)
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[Description example]

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

Operation code l 00010001 I OP code

{0011 00 0 0] 30H (saddroffset)

[0 101 00 0 0] 50H(immediate data)

[Hlustration]

7 0
OP code
saddr-offset ‘—1
— ~ . Short Direct Memory
15 8 7 0

Effectve Address [ 1 1 1 1 1 1 1 |«

When 8-bit immediate data is 20H to FFH, oo = 0
When 8-bit immediate data is O0H to 1FH, a =1
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5.4.5 Special-Function Register (SFR) addressing

[Function]

The memory-mapped special-function register (SFR) is addressed with 8-bit immediate data in an instruction
word.

This addressing is applied to the 240-byte spaces FFOOH to FFCFH and FFEOH to FFFFH. However, the SFR
mapped at FFOOH to FF1FH can be accessed with short direct addressing.

[Operand format]

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

[Description example]

MOV PMO, A; when selecting PM0 (FF20H) as sir

Operationcode | 1 1 110 1 1 0] OP code

[ 0010000 0] 20H (st-offset)

[Mtustration}

OP code

sfr-offset

SFR
15 8 7 0

Effective Address T T 111 1 11
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5.4.6 Register indirect addressing

[Function]
Register pair contents specified with a register pair specify code in an instruction word of the register bank
specified with a register bank select flag (RBS0 and RBS1) serve as an operand address for addressing the
memory to be manipulated. This addressing can be carried out for all the memory spaces.

[Operand format]

Identifier Description
— [DE], [HL]

[Description example]

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

Operationcode |1 0000 10 1|
[Mustration}
16 8 7 0
DE D E
The memory address
specified with the
’ Memory 0 register pair DE
The contents of the memory
addressed are transferred.
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5.4.7 Based addressing

[Function]

8-bit immediate data is added as offset data to the contents of the base register, that is, the HL register pair in
an instruction word of the register bank specified with the register bank select flag (RBS0 and RBS1) and the
sum is used to address the memory. Addition is performed by expanding the offset data as a positive number
to 16 bits. A carry from the 16th bit is ignored. This addressing can be carried out for all the memory spaces.

{Operand format]

Identifier

Description

{HL + byte]

[Description example]

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

Operation code

[10101110]

[ooo10000]"
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5.4.8 Based indexed addressing

[Function]
The B or C register contents specified in an instruction are added to the contents of the base register, that is,
the HL register pair in an instruction word of the register bank specified with the register bank select flag (RBSO
and RBS1) and the sum is used to address the memory.
Addition is performed by expanding the offset data as a positive number to 16 bits. A carry from the 16th bit
is ignored. This addressing can be carried out for all the memory spaces.

[Operand format]

ldentifier Description
— [HL + B], [HL + C}

[Description example]

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

Operationcode |1 01010 1 1

5.4.9 Stack addressing

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

[Description example]

In the case of PUSH DE

Operation code [1t0o110101]}]
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6.1 Port Functions

The uPD780024, 780034, 780024Y and 780034Y subseries units incorporate eight input ports and forty-three
input/output ports. Figure 6-1 shows the port configuration. Every port is capabie of 1-bit and 8-bit manipuiations

and can carry out considerably varied control operations. Besides port functions, the ports can also serve as on-
chip hardware input/output pins.

Figure 6-1. Port Types

-1 P50 P00 fo——e
' i ~ } Port0
Port5 PO3
-—e P10 fo—-—
-] P57 e——
-] PB4 P L Port 1
Port 6 . -} —
~-———=1 P&7 P17 f——
-1 P70 P20 fe——r
Port7 t Port 2
-— o T——
-1 P75 P25 |o——r
P30 o
[— ; Port3
P36 fo——r
P40 je—n
Port 4
P47 e
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Table 6-1. Port Functions (uPD780024, 780034 subseries)

lternative
Pin Name Function A tern‘ v
Function
POO Port 0 INTPO
PO1 4-bit input/Output port INTP1
P02 Input/output mode can be specified bit-wise. INTP2
If used as an input port, an on-chip pull-up resistor can be used by software
oP3 . INTP3/ADTRG
P10 - P17 Port 1 AN10 - AN17
8-bit input only port.
P20 Port 2 SI30
P2y 6-bit !nput/output port 8030
I . "
P22 nput/output mode can be specified bit-wise SCK30
If used as an input port, an on-chip pull-up resistor can be used by software
P23 RxDO
P24 TxDO
P25 ASCKO
P30 Port 3 N-ch open-drain Input/output port —
P31 7-bit Input/output port Input/output | On-chip pull-up resistor can be specified by mask
P32 mode can be specified bit-wise option {Mask version only)
LEDs can be driven directly
P33
P34 If used as an input port, an on-chip pull-up resistor Si31
P35 can be specified by software SO31
P36 SCK31
P40 - P47 Port 4 ADO-AD7
8-bit Input/Output port
Input/output mode can be specified bit-wise.
if used as an input port, an on-chip pull-up resistor can be specified by software
Interrupt request flag (KRIF) is set to 1 by falling edge detection
P50 - P57 Port 5 A8 - A15
8-bit Input/Output port
LED can be driven directly
Input/output mode can be specified bit-wise.
If used as an input port, an on-chip pull-up resistor can be used by software
P64 Port 6 RD
P65 4-bit Input/Output port WR
P66 Input/output mode can be specified WAIT
If used as an input port, an on-chip pull-up resistor can be used by software
P67 ASTB
P70 Port 7 TI00/TOO
P71 6-bit Input/Output port Ti01
Input/output mode can be specified bit-wise.
P72 If used as an input port, an on-chip pull-up resistor can be used by software TI50/TOS0
P73 TI51/TO51
P74 PCL
P75 BUZ
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Table 6-2. Port Functions (uPD780024Y, 780034Y subseries)

Al i
Pin Name Function tern.atwe
Function
P00 Port 0 INTPO
PO1 4-bit Input/Output port INTP1
P02 Input/output m‘ode can be specme-d bit-wise. INTP2
If used as an input port, an on-chip pull-up resistor can be used by software
oP3 INTP3/ADTRG
P10 - P17 Port 1 AN10 - AN17
8-bit input only port.
P20 Port 2 SI30
P21 6-bit input/output port SO30
| b .
P22 nput/output mode can be specified bit-wise SCK30
If used as an input port, an on-chip pull-up resistor can be used by software
P23 RxDO
P24 TxDO
P25 ASCKO
P30 Port 3 N-ch open-drain Input/output port —
P31 7-bit Input/output port Input/output | On-chip pull-up resistor can be specified by mask
P32 mode can be specified bit-wise option (Mask version only) SDAD
LEDs can be driven directly
P33 SCLO
P34 If used as an input port, pull-up resistor can —
P35 be used by software
P36
P40 - P47 Port 4 ADO - AD7
8-bit Input/Output port
Input/output mode can be specified bit-wise.
If used as an input port, pull-up resistor can be used by software
Interrupt request flag (KRIF) is set to 1 by falling edge detection
P50 - P57 Port 5 A8 - A15
8-bit input/Output port
LED can be driven directly
Input/output mode can be specified bit-wise.
If used as an input port, pull-up resistor can be used by software
P64 Port 6 RD
P65 4-bit Input/Output port WR
P66 Input/output mode can be specified bit-wise. WA
If used as an input port, pull-up resistor can be used by software
P67 ASTB
P70 Port 7 TI00/TOO
P71 6-bit Input/Output port T101
P72 Input/output mode can be specified bit-wise. TI50/TO50
If used as an input port, a pull-up resistor can be connected by software
P73 Ti51/TO51
P74 PCL
P75

BUZ
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6.2 Port Configuration
A port consists of the following hardware:

Table 6-3. Port Configuration

Item Configuration
Control register Port mode register (PMm: m =0, 2 to 7)
Pull-up resistor option register (PUOm,: m=0, 2to 7)
Port Total: 51 ports (8 inputs, 43 inputs/outputs)
Pull-up resistor * Mask ROM version

Total: 43 (software specifiable: 39, mask option: 4)
» Flash memory version Total: 39

6.2.1 Port0

Port 0 is an 4-bit input/output port with output latch. P00 to P03 pins can specify the input mode/output mode in
1-bit units with the port mode register 0 (PM0). When P00 to P03 pins are used as input ports, an on-chip pull-up
resistor can be used to them in 6-bit units with a pull-up resistor option register0 (PUQ).

Dual-functions include external interrupt input, and A/D converter external trigger input.

RESET input sets port 0 to input mode. :

Figures 6-2 show block diagrams of port0.

Caution Because port 0 also serves for external interrupt input, when the port function output mode is
specified and the output level is changed, the interrupt request flag is set. Thus, when the output
mode is used, set the interrupt mask flag to 1.
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Figure 6-2. P00 and P03 Configurations

POOAINTPO
|

Vooo
WReuo
Y ,L
< PUOO - PUO3
P-ch
RD
—re
Selector
WReort
3
'—?—, ,L Output latch N
&E: ~ (P00 - P0O3)
E
WRem
{_L PMOQO0 - PMO3
N/
PU : Pull-up resistor option register
PM : Port mode register
RD : Port 0 read signal
WR : Port 0 write signal
6.2.2 Port 1
Port 1 is an 8-bit input only port.
Dual-functions include an A/D converter analog input.
Figure 6-3 shows a block diagram of port 1.
Figure 6-3. P10 to P17 Configurations
™ rD
o
=2
el
® Ta P10/ANIO
s| 7 o<]~OC © |
£ P17/ANIO
N

RD : Port 1 read signal

®
© PO2/INTP2

PO3/INTP3/ADTRG
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6.2.3 Port 2
Port 2 is an 6-bit input/output port with output latch. P20 to P25 pins can specify the input mode/output mode in

1-bit units with the port mode register 2 (PM2). When P20 to P25 pins are used as input ports, an on-chip pull-up
resistor can be used to them in 1-bit units with a pull-up resistor option register 2 (PU2).

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

RESET input sets port 2 to input mode.

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

Figure 6-4. P20 to P25 Configurations

Vooo
WReuo
Y l
- PU20 - PU25 ) I P-ch
RD
&
Selector
172
2 WReorT
g J\ : P20/S130,
o Output latch P21/5030,
E O (P20 - P25) ) S N © P23/RxDO,
P24/TxDO,
P25/ASCKO
WRmm
- 43 PM20 - PM25
N
Dual-functions

PU : Pull-up resistor option register
PM : Port mode register
RD : Port 2 read signal
WR: Port 2 write signal
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6.2.4 Port 3 (uPD780024, 780034 Subseries)
Port 2 is an 7-bit input/output port with output latch. P30 to P36 pins can specify the input mode/output mode in

1-bit units with the port mode register 3.
This port has the foliowing functions for pull-up resistor. These functions depend on. High 36-bits/low 4 bits MASK

ROM product/Flash memory product.

Table 6-4. Pull-up resistor of port 3 (uPD780024, 780034 subseries)

~— ———_____ | High 3bits (34 to P36 pins) Low 4 bits (30 - P33 pins)

Mask ROM products An on-chip pull-up resistor on-chip pull-up resistor can be specified
can be used bit-wise by PU 3 | bit-wise by mask option

On-chip pull-up resistor is not be specified

Flash memory products

PU3: Pull-up resistor option register 3

P30 to P33 pins can drive LED directly.
Dual-functions for P34 to P36 pins include serial interface data input/output and clock input/output.

RESET input sets port 3 to input mode.
Figures 6-5 and 6-6 show a block diagram of port 3.

Figure 6-5. P30 to P33 Configurations (uPD780024, 780034 Subseries)

Y
Vooo
RD Mask option register
j Mask ROM version only
No pull-up register for
= flash memory version
Selector
0
2 | WReorr
I
[=
E Output latch N )
=3 (P30 - P33) © P30 - P33
WRem
\L PM30 - PM33
N\

PM : Port mode register
RD : Port 3 read signal
WR : Port 3 write signal
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Figure 6-6. P34 to P36 Configurations (uPD780024, 780034 Subseries)

|

Vooo

P-ch

/

P34/8I31
© P35/SC31

WReuo
aY
& PU34 - PU36
RD
S J_><
Selector
0
2 | WReonr
I
5 Output latch
E ~ (P34 - P36)
WRem
$ PM34 - PM36
N\

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

P36/SCK31
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€.2.5 Port 3 (uPD780024Y, 780034Y Subseries)

Port 3 is an 7-bit input/output port with output latch. P30 to P36 pins can specify the input mode/output mode in
1-bit units with the port mode register 3 (PM3).

This port has following functions about pull-up resistor.
These functions differ depending on high 3bits/low 4 bits and Mask ROM version/Flash memory version.

Table 6-5. Puli-up resistor of port 3 (uPD780024, 780034 Subseries)

| nhigh 3bits (34 to P36 pins) low 4 bits (30 to P33 pins)
Mask ROM products A pull-up resistor can be On-chip pull-up resistor can be specified
connected bit-wise by P03 bit-wise by mask option
Flash memory version On-chip pull-up resistor don't be specified

PU3: Pull-up resistor option register 3

P30 to P33 pins can drive LED directly.

Dual-functions for P32 and P33 pins include interface data input/output and clock input/output.
RESET input sets port 3 to input mode.

Figure 7,8 shows a block diagram of port 3.
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Figure 6-7. P30 to P33 Configurations (:PD780024Y, 780034Y Subseries)

PM : Port mode register
RD : Port 3 read signal
WR : Port 3 write signal

Vooo
RD g Mask option register
Mask ROM versions only
_l No pull-up register for
& flash memory versions
Selector
[2]
=
= | WRronr
[}
£ P30, P31
g (L Output latch N © P32/SDAO
= (P30 - P33) P33/SCLO
WRrm
’JV\ PM30 - PM33
N

Figure 6-8. P34 to P36 Configurations (uPD780024Y, 780034Y, Subseries)

..

Selector

/

© P34 -P36

WReuo
[\
& PU34 - PU36
RD
ra:
Nt
% WReoaT
©
g ,L Output latch
2 ~ (P34 - P36)
WRrM
é PM34 - PM36
N
PU : Pull-up resistor option register
PM : Port mode register
RD : Port 6 read signal
WR : Port 6 write signal
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6.2.6 Port4

Port 4 is an 8-bit input/output port with output latch. P40 to P47 pins can specify the input mode/output mode in
1-bit units with the port mode register 4 (PM4). When P40 to P47 pins are used as input ports, a pull-up resistor can
be connected to them in 1-bit units with pull-up resistor option register 4 (PU4).

The interrupt request flag (KRIF) can be set to 1 by detecting falling edges.

Dual-functions also include address/data bus function in external memory expansion mode.

RESET input sets port 4 to input mode.

Figures 6-8 and 6-10 show a block diagram of port 4 and block diagram of falling edge detection circuit, respectively.

Figure 6-9. P40 to P47 Configurations

Vooo

WReuo

Y /L
& PU40 - PU47
P-ch
RD
{ 1 Selector

A

m |
3 | WReorr . ‘;
s |
P40/ADO
g £ O;;;())ut lI:’a‘:c_/:'h ™~ : ® |
= (P40 - P47) P47/AD7
WRMm
J/ PM40 - PM47

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

Figure 6-10. Block Diagram of Falling Edge Detection Circuit

P40
P41 @——m8
P42 @—\_

P43 O—— ] Falling edge INTKR
P44 @———- ] detection circuit

P45 @————]—_

P46 O—
P47
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6.2.7 Port5

Port 5 is an 8-bit input/output port with output latch. P50 to P57 pins can specify the input mode/output mode in
1-bit units with the port mode register 5 (PM5). When P50 to P57 pins are used as input ports, an on-chip pull-up
resistor can be used to them in 1-bit units with a pull-up resistor option register 5 (PUS).

Port 5 can drive LEDs directly.

Dual-functions include address bus function in external memory expansion mode.

RESET input sets port 5 to input mode.

Figure 6-11 shows a block diagram of port 5.

Figure 6-11. P50 to P57 Configurations

Vobo
WReuo
7\4
& PU50 - PUS7 ] I P.ch
-C
RD
S :>< H
‘ Selector
(<]
2
.@ WRporRT
8 ,l\ Output latch N P50/A8
= (P50 - P57) e |
P57/A15
WRem
é PM50 - PM57
Y,

PU : Pull-up resistor option register
PM : Port mode register
RD : Port 5 read signal
WR : Port 5 write signal
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6.2.8 Port6

Pont 6 is an 4-bit input/output port with output latch. P64 to P67 pins can specify the input mode/output mode in

1-bit units with the port mode register 6 (PM6).

When pins P64 to P67 are used as input ports, an on-chip pull-up resistor can be used to them in 1-bit units with
pull-up resistor option register 6 (PU6). Mask ROM versions can have pull-up resistors set to pins P60 to P63 by
the mask option. The PROM versions have no mask option and therefore specifying pull-up resistors to the P00

through P63 pins is impossible.

Dual-functions include the control signal output function in external memory expansion mode.

RESET input sets port 6 to input mode.
Figures 6-12 shows block diagrams of port 6.

Caution When external wait is not used in external memory expansion mode, P66 can be used as an input/

output port.
Figure 6-12. P64 to P67 Configurations
Vooo
WReuo
N\ l
& PUG4 - PU67 ‘
RD
& o<
N
{ Selector
a
2 | WRrorT __
€ l P64/RD,
g Output latch N © P6SWR,
£ ™ (P64 - P67) P66/WAIT,
P67/ASTB
WRem
(J, PM64 - PM67
N

PU : Pull-up resistor option register
PM : Port mode register
RD : Port 6 read signal
WR : Port 6 write signal
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6.2.9 Port7
This is a 6-bit input/output port with output latches. Input mode/output mode can be specified bit-wise by means
of port mode register 7 (PM7). When pins P70 to P75 are used as input port pins, an on-chip pull-up resistor can

be used as a 1-bit unit by means of pull-up resistor option register 7 (PU7).
Dual-functions also include timer input/output, clock output and buzzer output.
RESET input sets the input mode.

Port 7 block diagrams are shown in Figures 6-13.

Caution Because P70, P71 also serves for external interrupt input, when the port function output mode
is specified and the output level is changed, the interrupt request flag is set. Thus, when the
output mode is used, set the interrupt mask flag to 1.

Figure 6-13. P70 to P75 Configurations

D

P-ch

Selector

) o=

WReuo
Y
& PU70 - PU75
RD
o]
o
3
T WReorT
5
= ,L Output latch
i (P70 - P75)
WRmm
(L, PM70 - PM75
N/
Dual-functions
PU : Pull-up resistor option register
PM : Port mode register
RD : Port 7 read signal
WR : Port 7 write signal

P70/T100/TO0
P71/Ti01

o) P72/TI50/TO50
P73/TI151/TO51
P74/PCL
P75/BUZ
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6.3 Port Function Control Registers

The following two types of registers control the ports.
* Port mode registers (PM0, PM2 to PM7)
« Pull-up resistor option register (PUQ, PU 2 to PU7)

(1) Port mode registers (PM0, PM2 to PM7)
These registers are used to set port input/output in 1-bit units.
PMO0 and PM2 to PM7 are independently set with a 1-bit or 8-bit memory manipulation instruction
RESET input sets registers to FFH.

Cautions 1. Pins P10 and P17 are input-only pins.

2. As port 0, P70 and P71 has a dual function as external interrupt input, when the port
function output mode is specified and the output level is changed, the interrupt request
flag is set. When the output mode is used, therefore, the interrupt mask flag should be
set to 1 beforehand.
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Address:

Symbol
PMO

Address:

Symbol
PM2

Address:

Symbol
PM3

Address:

Symbol
PM4

Address:

Symbol
PMS

Address:

Symbol
PM6

Address:

Symbol
PM7

Figure 6-14. Port Mode Register (PM0, PM2 to PM7) Format

FF20H After Reset: FFH R/W

7 6 5 4 3 2 1 0

1 1 1 1 PMo3 | PM02 | PMo PMOO |
FF22H After Reset: FFH R/W

7 6 5 4 3 2 1 0
[ ] PM25 PM24 PM23 PM22 PM21 PM20
FF23H After Reset: FFH R/W

7 6 5 4 3 2 1 0

1 PM36 | PM35 PM34 PM33 PM32" PM31 PM30 |
FF24H After Reset: FFH R/W

7 6 5 4 3 2 1 0
| pmaz | Pmas PM45 | PM4s PM43 PM42 P4t | Pmao |
FF25H After Reset: FFH RW

7 6 5 4 3 2 1 0

PM57 PM56 PMs5 | PMs4 PM53 PM52 PM51 PM50

FF26H After Reset: FFH R/MW

7 6 5 4 3 2 1 0
[ pme7 | Pwes | pves | Pmea | 1 T

FF27H After Reset: FFH R/W

7 6 5 4 3 2 1 0
[ + | + | ewrs | Pwra PM73 | PM72 | PM7t | PM70 |
PMmn Pmn pin Input/output Mode Select (m =0,2t07 ;n=0107)
0 Output Mode (Qutput buffer on)

Input Mode (Output buffer off)
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(2) Pull-up resistor option register (PU0, PU2 to PU7)
This register is used to set whether to use an internal pull-up resistor at each port or not. A puil-up resistor is
internally used at bits which are set to the input mode at a port where pull-up resistor use has been specified

with PUO, PU2 to PU7. No pull-up resistors can be used to the bits set to the output mode irrespective of PUQ
or PU2 to PU7 setting.

PUOQ and PU2 to PU7 are set with a 1-bit or 8-bit memory manipulation instruction.
RESET input sets this register to O0H.

Cautions 1. P10 and P17 pins do not incorporate a pull-up resistor.
2. When ports 4 and 6 pins are used as dual-function pins, a pull-up resistor cannot be used
eveniftissetinPUmn (m=0,2to :n=0to 7).

3. Pins P30 to P33 can be used with pull-up resistor by mask option only for mask ROM
version.
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Address:

Symbol
PUO

Address:

Symbol
PU2

Address:

Symbol
PU3

Address:

Symbol
PU4

Address:

Symbol
PU5

Address:

Symbol
PUB

Address:

Symbol
PU7

Figure 6-15. Pull-Up Resistor Option Register (PU0, PU2 to PU7) Format

FF30H After Reset: 00H R/W
7 6 5 4 3 2 1 0
0 0 0 0 PUO3 PU02 PUO1 PUOO
FF32H After Reset: O0H R/W
7 6 5 4 3 2 1 0
0 0 PU25 PU24 PU23 PU22 PU21 PU20
FF33H After Reset: 00H R/W
7 6 5 4 3 2 1 0
0 PUss | PU3s | PU34 0 0 0 o |
FF34H After Reset: OO0H R/W
7 8 5 4 3 2 1 0
PU47 PU46 PU45 ] PU44 PU43 PU42 PU41 PU40
FF35H After Reset: 00H RMW
7 6 5 4 3 2 1 0
[ PUS7 PU56 PUs5 PUS4 PU53 PU52 PU5S1 PU50
FF36H After Reset: 00H RW
7 6 5 4 3 2 1 0
PU67 I PU66 PU65 PU64 0 0 0 J 0
FF37H After Reset: 00H RMW
7 6 5 4 3 2 1 0
[ o | o PU75 Pu74 | PU73 PU72 PU71 PU70
PMmn Pmn pin Internal pull-up resistor select (m=0,2t07;n=17)
0 On-chip pull-up resistor not used

1 On-chip pull-up resistor used
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6.4 Port Function Operations

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

(1) Output mode
A value is written to the output latch by a transfer instruction, and the output latch contents are output from the
pin.
Once data is written to the output latch, it is retained until data is written to the output latch again.

(2) Input mode

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

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

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

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

6.4.2 Reading from input/output port

(1) Output mode

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

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

6.4.3 Operations on input/output port

(1) Output mode

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

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

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

Caution In the case of 1-bit memory manipulation instruction, although a single bit is manipulated
the port is accessed as an 8-bit unit. Therefore, on a port with a mixture of input and output
pins, the output latch contents for pins specified as input are undefined, even for bits other
than the manipulated bit.
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6.5 Selection of Mask Option
The following mask option is provided in mask ROM version. The Flash memory versions have no mask options.

Table 6-6. Comparison between Mask ROM Version and Flash memory Version

Pin Name Mask ROM Version Flash memory Version

Mask option for pins P30 to P33 Bit-wise-selectable on-chip pull-up resistors No on-chip pull-up resistor
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7.1 Clock Generator Functions

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

{1) Main system clock oscillator
This circuit oscillates at frequencies of 1 to 8.38 MHz. Oscillation can be stopped by executing the STOP

instruction or setting the processor clock ¢ontrol register (PCC).

(2) Subsystem clock oscillator
The circuit oscillates at a frequency of 32.768 kHz. Oscillation cannot be stopped. Ifthe subsystem clock oscillator

is not used, not using the internal feedback resistance (PCC) can be set by the processor clock control register.
This enables to decrease power consumption in the STOP mode.
7.2 Clock Generator Configuration

The clock generator consists of the following hardware.

Table 7-1. Clock Generator Configuration

item Configuration

Control register Processor clock control register (PCC)

Oscillator Main system clock oscillator
Subsystem clock oscillator
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FRC

Subsystem

Figure'7-1. Block Diagram of Clock Generator

fxr

clock
oscillator

X1@——f Main system

clock
X2@— oscillator

STOP

Timer
clock
output
Prescaler function
1/2
Clock to
" peripheral
Prescaler fxr hardwares
fx 2
R
2| 22| 28| 24 .
S Standby Wait
g ! control . control | CPU clock
g circuit 1 circuit (fCPU)
To INTPO
sampling
clock
43
| ¢ T
MCC| FRC | CLS | CSS |PCC2|PCC1|PCCO

@ Processor clock control register

internal bus

)
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7.3 Clock Generator Control Register

The clock generator is controlled by the processor clock control register (PCC).

The PCC sets whether to use CPU clock selection, the ratio of division, main system clock oscillator operation/
stop and subsystem clock oscillator internal feedback resistor.

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

'RESET input sets the PCC to 04H.

Figure 7-2. Subsystem Clock Feedback Resistor

FRC

P-ch
Feedback register
A T Dc

>0

XT1 o XT2
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Figure 7-3. Processor Clock Control Register (PCC) Format

Address: FFFBH After Reset: 04H  R/wNote 1

Symbol
PCC

] a 3 2 1 0
| mcc | FRCc | as | css | o PCC2 PCC1 PCCO
MCC Main system clock oscillation control Now 2
0 Oscillation possible
1 Oscillation stopped
FRC Subsystem clock feedback resistor select
0 Internal feedback resistor used
1 Internal feedback resistor not used
CLS CPU clock status
0 Main system clock
1 Subsystem clock
Css PCC2 PCC1 PCCO CPU clock select
0 0 0 0 fx  (0.24 ps)
0 0 1 x/2 (0.48 ps)
0 1 0 x/22 (0.95 us)
0 1 1 x/23 (1.91 us)
1 0 0 fx/24 | (3.81, us)
1 0 0 ] fxr (122 ps)
0 0 1
0 1 0
0 1 1
1 0 0
Other than above Setting prohibited

Notes 1. Bit 5 is Read Only.

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

Caution Bit 3 must be set to 0.

Remarks t. fx : Main system clock oscillator frequency

2. fixt: Subsystem clock oscillator frequency
3. Figures in parentheses indicate minimum instruction execution time: 2/fcru when
operating at fx = 8.38 MHz or fxT = 32.768 kHz.



CHAPTER 7 CLOCK GENERATOR

7.4 System Clock Oscillator

7.4.1 Main system clock oscillator

The main system clock oscillator oscillates with a crystal resonator or a ceramic resonator (standard: 8.38 MHz)
connected to the X1 and X2 pins.

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

Figure 7-4 shows an external circuit of the main system clock oscillator.

Figure 7-4. External Circuit of Main System Clock Oscillator

{a) Crystal and ceramic oscillation (b) External clock

E_HT I>?2 X2

X1 External
clock

X1

Crystal resonator or nPD74HCUO04

ceramic resonator

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

7.4.2 Subsystem clock oscillator
The subsystem clock oscillator oscillates with @crystal resonator (standard: 32.768 kHz) connected to the XT1
and XT2 pins.
* External clocks can be input to the main system clock oscillator. In this case, input a clock signal to the XT1 pin
and an antiphase clock signal to the XT2 pin.
Figure 7-5 shows an external circuit of the subsystem clock oscillator.

Figure 7-5. Externai Circuit of Subsystem Clock Oscillator

(a) Crystal oscillation (b) External clock
f—r Ic External XT1
+— T XT1 clock
| 32.768
; 2 e n#PD74HCUO4 T
i | XT2

Vss1 o] I ___________ XT2
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Cautions 1. When using amain system clock oscillator and a subsystem clock oscillator, carry out wiring
in the broken line area in Figures 7-4 and 7-5 to prevent any effects from wiring capacities.
- Minimize the wiring length.

- Do notallow wiring to intersect with other signal conductors. Do notaliow wiring to come
near changing high current.

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

+ Do not fetch signals from the oscillator.

Take special note of the fact that the subsystem clock oscillator is a circuit with low-level

amplification so that current consumption is maintained at low levels.

Figure 7-6 shows examples of oscillator having bad connection.

Figure 7-6. Examples of Oscillator with Bad Connection (1/2)

(a) Wiring of connection (b) Signal conductors intersect
circuits is too long each other

Remark When using a subsystem clock, replace X1 and X2 with XT1 and XT2, respectively. Further, insert
resistors in series on the side of XT2.
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Figure 7-6. Examples of Oscillator with Bad Connection (2/2)

(c) Changing high current is too near a

(d) Current flows through the grounding line
signal conductor

of the oscillator (potential at points A, B,
and C fluctuate)

High current

'L1

(e) Signals are fetched

e
{ High current

77?- Vss1

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

Caution 2. When X2 and XT1 are wired in parallel, the cross-talk noise of X2 may increase with XT1,
resulting in malfunctioning.

To prevent that from occurring, it is recommended to wire X2 and XT1 so that they are not
in parallel, and to connect the IC pin between X2 and XT1 directly to Vss.
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7.4.3 Scaler
The scaler divides the main system clock oscillator output (fx) and generates various clocks.

7.4.4 When no subsystem clocks are used
If it is not necessary to use subsystem clocks for low power consumption operations and clock operations, connect

the XT1 and XT2 pins as follows.

XT1: Connect to Vooo
XT2: Open

In this state, however, some current may leak via the internal feedback resistor of the subsystem clock oscillator
when the main system clock stops. To minimize leakage current, the above internal feedback resistance can be
removed with bit 6 (FRC) of the processor clock control register (PCC). In this case also, connect the XT1 and XT2
pins as described above.
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7.5 Clock Generator Operations

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

the standby mode.

+ Main system clock  fx

» Subsystem clock fxT

+ CPUclock feru

» Clock to peripheral hardware

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

(PCQC).

(a)

(0)

(e

(e)

Upon generation of RESET signal, the lowest speed mode of the main system clock (3.81 us when operated at
8.38 MHz) is selected (PCC = 04H). Main system clock oscillation stops while low level is applied to RESET
pin.

With the main system clock selected, one of the five CPU clock types (0.24 us. 0.48 us, 0.95 us, 1.9 us, 3.8 us,
@ 8.38 MHz) can be selected by setting the PCC.

With the main system clock selected, two standby modes, the STOP and HALT modes, are available. Todecrease
current consumption in the STOP mode, the subsystem clock feedback resistor can be disconnected to stop the
subsystem clock.

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

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

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

(a) Because the operation guarantee instruction execution speed depends on the power supply voltage, the
instruction execution time can be changed by bits 0 to 2 (PCCO0 to PCC2) of the PCC.

(b) [fbit 7 (MCC) of the PCC is set to 1 when operated with the main system clock, the main system clock oscillation
-does not stop. When bit 4 (CSS) of the PCC is setto 1 and the operation is switched to subsystem clock operation
(CLS = 1) after that, the main system clock oscillation stops (see Figure 7-7).

Figure 7-7. Main System Clock Stop Function (1/2)

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

MCC {

CSS

CLS

Main system clock oscillation

Subsystem clock oscillation __r L iy

CPU clock |||||||||||i§ [ | | | 1

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

MCC

css L

CcLls L /
Oscillation does not stop.
Main system clock oscillation

Subsystem clock oscillation __I l I l | | I ] I I I |

CPU clock ||||I|||||||IIIIIII|II||
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Figure 7-7. Main System Clock Stop Function (2/2)

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

MCC [ \

css
cLS &
Main system clock oscillation /
Subsystemclockoscilaton [ ] | ] | L 1 |
CPU clock [ 1 |

7.5.2 Subsystem clock operations

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

(a) The instruction execution time remains constant (122 us when operated at 32.768 kHz) irrespective of bits 0 to
2 (PCCO to PCC?2) of the PCC.

(b) Watchdog timer counting stops.
Caution Do not execute the STOP instruction - while the subsystem clock is in operation.
7.6 Changing System Clock and CPU Clock Settings

7.6.1 Time required for switchover between system clock and CPU clock

The system clock and CPU clock can be switched over by means of bits 0 to 2 (PCCO to PCC2) and bit 4 (CSS)
of the processor clock control register (PCC).

The actual switchover operation is not performed directly after writing to the PCC, but operation continues on the
pre-switchover clock for several instructions (see Table 7-2).

Determination as to whether the system is operating on the main system clock or the subsystem clock is performed
by bit 5 (CLS) of the PCC register.
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Table 7-2. Maximum time required for CPU clock switchover

Set value before

Set vaiue After Switchover

Switchover
CS$ |PCC2|PCC JPCCO css |Pecz ipect Ipeco| css Ipoczl Pectipocol €8s jpecz |PCCH IPCCO| €SS |PCC2 |PCC1IPCCO| €SS [PCC2|PCC1PCCO| CSS [PCC2|PCC1|PCCO
olololotltojort1tojol1]ojofo]| 1|1 |{C|1[O0]|O0]1|[x]x]x
0j0|0]|0 16 instruction 16 instruction 16 instruction 16 instruction fx/2fxr instruction
(77 instruction)
0j0 |1 8 instruction 8 instruction 8 instruction 8 instruction fx/4fxr instruction
(39 instruction)
oj1]0 4 instruction 4 instruction 4 instruction 4 instruction fx/8fxt instruction
(20 instruction)
0111 2 instruction 2 instruction 2 instruction 2 instruction fx/16fx instruction
(10 instruction)
1{0(0 1 instruction 1 instruction 1 instruction 1 instruction fx/32fxr instruction
(5 instruction)
1 I x| x| x 1 instruction 1 instruction 1 instruction 1 instruction 1 instruction

Remarks 1. One instruction is the minimum instruction execution time with the pre-switchover CPU clock.
2. Figures in paretheses apply to operation with fx = 8.38 MHz and fxr = 32.768 kHz.

Caution Selection of the CPU clock cycle scaling factor (PCCO to PCC2) and switchover from the main
system clock to the subsystem clock (changing CSS from 0 to 1) should not be performed
simultaneously.
Simultaneous setting is possible, however, for selection of the CPU clock cycle scaling factor
(PCCO to PCC2) and switch over from the subsystem clock to the main system clock (changing
CSS from 1 to 0). |
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7.6.2 System clock and CPU clock switching procedure
This section describes switching procedure between system clock and CPU clock.

Interrupt request signal

<>

<4>

Figure 7-8. System Clock and CPU Clock Switching

Voo —/
RESET U

2

System clock ‘ ‘ \ fx 1 fx ] fxr fx
CPU clock | 1 ‘ Lowest- } Highest- ’ Subsystem High-speed
speed speed clock operation
operation operation operation

Wait (15.6: @8.38 MHz operation)

Internal reset operation

The CPU is reset by setting the RESET signal to low level after power-on. After that, when reset is released
by setting the RESET signal to high level, main system clock starts oscillation. At this time, oscillation
stabilization time (217/fx) is secured automatically.

After that, the CPU starts executing the instruction at the minimum speed of the main system clock (3.81 us
when operated at 8.38 MHz).

After the lapse of a sufficient time for the Voo voltage to increase to enable operation at maximum speeds, the
PCC are rewritten and the maximum-speed operation is carried out.

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

Upon detection of Voo voltage reset due 1o an interrupt, O is set to the MCC and oscillation of the main system
clock is started. After the lapse of time required for stabilization of oscillation, the PCC is rewritten and the
maximum-speed operation is resumed.

Caution When subsystem ciock is being operated while main system clock was stopped, if
switching to the main system clock is made again, be sure to switch after securing
oscillation stable time by software.

»
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CHAPTER 8 16-BIT TIMER/EVENT COUNTER TMO

The timers incorporated into the pPD780024, 780024Y, 780034, and 780034Y subseries are outlined below.

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

8-bit timers/event counters TM5
TM5 can be used to serve as an interval timer and an external event counter and to output square waves with

any selected frequency. Two 8-bit timer/event counters can be used as one 16-bit timer/event counter (See
CHAPTER 9 8-BIT TIMER/EVENT COUNTERS TM5).

Watch timer (WT)

This timer can set a flag every 0.5 sec. and simultaneously generates interrupt request at the preset time intervals
(See CHAPTER 10 WATCH TIMER).

Watchdog timer (WDT)

WDTM can perform the watchdog timer function or generate non-maskable interrupt request, maskable interrupt
request and RESET at the preset time intervals (See CHAPTER 11 WATCHDOG TIMER).

Clock output,/buzzer output control circuit CKU
Clock output supplies other devices with the divided main system clock and the subsystem clock, and buzzer

output supplies the buzzer frequency with the divided main system clock (See CHAPTER 12 CLOCK QUTPUT/
BUZZER OUTPUT CONTROL CIRCUIT).
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Table 8-1. Timer/Event Counter Types and Functions

16-bit Timer/event
event Counter TMO

8-bit Timer/event
event Counter TMO

Watch Timer

Watchdog Timer

Type Interval timer 2 channelsNote3 2 channel 1 channeiNotet 1 channetNote2
External event counter O @) - -
Function | Timer output O ol - -
PWM output O '®) - -
Pulse width measurement O - - -
Square-wave output O '®) - -
One-shot pulse output O - - -
Interrupt request O @) O '®)
Test input - - '®) _

Notes 1. Watch time 4 can perform both watch timer and interval timer functions at the same time.
2. WDTM can perform either the watchdog timer function or the interval timer function.
3. When capture/compare registers 00, 01 (CR00, CRO01) are specified as compare registers.

8.1 Functions

The 186-bit timer/event counter (TMO) has the following functions.

Interval timer
Pulse width measurement

» External event counter
» Square-wave output

One-shot pulse output

Figure 8-1 shows 16-Bit Timer/Evant Counter Block Diagram.
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Figure 8-1. Timer 0 (TMO) Block Diagram
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(1) Interval timer
TMO generates interrupt request at the preset time interval.

(2) Puise width measurement
TMO can measure the pulse width of an externally input signal.

(3) External event counter
TMO can measure the number of pulses of an externally input signal.

{4) Square-wave output
TMO can output a square wave with any selected frequency.

{5} One-shot pulse output
TMO is able to output one-shot pulse which can set any width of output pulse.
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8.2 Configuration

Timer 0 consists of the foliowing hardware.

Tabie 8-2. Timer 0 Configuration

Item Configuration

Timer register 18 bits x 1 (TMOQ)

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

Timer output 1 (TOO)

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

(1) 16-bit timer register (TMO)
TMO is a 16-bit read-only register that counts count pulses.
The counter is incremented in synchronization with the rising edge of an input clock. [f the count value is read
during operation, 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>
<2>
<3>

<4>

<5>

At RESET input

it TMCO03 and TMCO02 are cleared

If valid edge of TI0O is input in the clear & start mode by inputting valid edge of TI00

If TMO and CROO coincide with each other in the clear & start mode on coincidence between TM0
and CR00

If OSPT is set or if the valid edge of TI00 is input in the one-shot pulse output mode
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{2) Capture/compare register 00 (CR00)
CRO00 is a 16-bit register which has the functions of both a capture register and a compare register. Whether
itis used as a capture register or as a compare register is set by bit 0 (CRCO00) of capture/compare control register
0.
When CROO is used as a compare register, the value set in the CR0O is constantly compared with the 16-bit timer
register (TMO) count value, and an interrupt request (INTTMOO) is generated if they match. It can also be used
as the register which holds the interval time when TMO is set to interval timer operation, and as the register which
sets the pulse width in the PWM operating mode.
When CROO0 is used as a capture register, it is possible to select the valid edge of the TIO0/TO0/P70 pin or the
TI01/P71 pin as the capture trigger. Setting of the TIOD or T101 valid edge is performed by means of prescaler
mode register 0 (PRMO).

If CROO is specified as a capture register and capture trigger is specified to be the valid edge of the TI00/TO0/
P70 pin, the situation is as shown in the table 8-3.

Table 8-3. Ti00/TO0/P70 Pin Valid Edge and CR0O0 Capture Trigger Valid Edge

Capture Trigger Valid Edge
ES11 ES10 TI00/TO0/P70 Pin Valid Edge
CR0OO CRO1
0 0 Falling edge Rising edge Falling edge
0 1 Rising edge Falling edge Rising edge
1 0 Setting prohibited Setting prohibited Setting prohibited
1 1 Both rising and falling edges No capture operation Both rising and falling edges

CROO is set by a 16-bit memory manipulation instruction.
After RESET input, the value of CR0OQ is undefined.
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(3) Capture/compare register 01 (CR01)
CRO1 is a 16-bit register which has the functions of both a capture register and a compare register. Whether
itis used as a capture register or a compare register is set by bit 2 (CRC02) of capture/compare control register
0.
When CRO1 is used as a compare register, the value set in the CR01 is constantly compared with the 16-bit timer
register (TMO) count value, and an interrupt request (INTTMO1) is generated if they match.
When CRO1 is used as a capture register, it is possible to select the valid edge of the TI00/TO0/P70 pin as the
capture trigger. Setting of the TI00/TO0/P70 valid edge is performed by means of prescaler mode register 0
(PRMO).
CRO1 is set with a 16-bit memory manipulation instruction.
After RESET input, the value of CRO1 is undefined.

8.3 Timer 0 Control Registers
The following five types of registers are used to control the 16-bit timer/event counter.

¢ 16-bit timer mode control register (TMCO)
* Capture/compare control register (CRCO)
* 16-bit timer output control register (TOCO)
* Prescaler mode register 0 (PRMO0)

* Port mode register 7 (PM7)

(1) 16-bit timer mode control register (TMCO0)
This register sets the 16-bit timer operating mode, the 16-bit timer register clear mode and output timing, and
detects an overflow.
TMCO is set with a 1-bit or 8-bit memory manipulation-instruction,
RESET input sets TMCO value to O0H.

Caution The 16-bit timer register starts operation at the moment a value other than 0, 0 (operation
stop mode) is set in TMC02 to TMCO3, respectively. Set 0, 0 in TMC02 to TMCO3 to stop the
operation.
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Figure 8-2. 16-Bit Timer Mode Control Register Format

Address FF60H  After Reset: 00H RMW

Symbol 7

6 5 4 3 2 1 J[o

TMCO{ o0

0 0 0 4TMCO3 TMC02| TMCO1| OVFO

TMCO03

TMCO02

T™MCO1 Operating Mode Clear

) TOO output timing selection Interrupt request generation
Mode Selection

0 Operation stop No change Not generated

1 (TMO cleared to 0)

0 Free running mode Match between TMO and Generated on match
CRO0 or match between TMO | between TMO and CROO,
and CRO1 and match between TMO and

1 Match between TMO and CRO1
CROO, match between TMO
and CRO1 or TI00 valid edge

0 Clear & start on T100 valid Match between TMO and
edge CRO00 or match between TMO
and CRO1

1 Match between TMO and
CRO00, match between TMO
and CRO1or TI00 valid edge

0 Clear & start on match Match between TMO and
between T100 and CR00 CRO0O or match between TMQ
and CRO1

1 Match between TMO and
CROO0; match between TMO
and CRO1or TI00 valid edge

OVFo

16-bit Timer Register Overflow Detection

Overflow not detected

Overflow detected

Cautions 1.

Remarks

Switch the clear mode and the TOO output timing after stopping the timer operation (by
setting TMCO02 to TMCO3 to 0, 0).

Set the valid edge of the TI00/TOO/P70 pin with mode register 0 (PRMQ).

If clear & start mode on match between TM0 and CR0Q is selected, when the set value of CR00
is FFFFH and the TMO value changes from FFFFH to 0000H, OVFO flag is set to 1.

TOO : 16-bit timer/event counter output pin
TIO0 : 16-bit timer/event counter input pin
TMO : 16-bit timer register

CRO00 : Compare register 00

CRO1: Compare register 01
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(2) Capture/compare control register 0 (CRCO)
This register controls the operation of the capture/compare registers (CR00, CRO01).
CRCO is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input sets CRCO value to 04H.

Figure 8-3. Capture/Compare Control Register 0 (CRCO0) Format

Address: FF62H  After Reset: 04H R/W

-Symbol 7 8 5 4 3 2 1 0
CRCO 0 o | o | o 0 CRCO2 | CRCOi | CRCOO |
CRC02 CRO1 Operating Mode Selection
0 Operates as compare register
1 Operates as capture register
CRCO01 CRO00 Capture Trigger Selection
0 Captures on valid edge of TI01n
1 Cpatures on valid edge of TI00n by reverse phase
CRC00 CR0OO0n Operating Mode Selection
0 Operates as compare register
1 Operates as capture register

Cautions 1. Timer operation must be stopped before setting CRCO.

2. When clear & start mode on a match between TMO0 and CRO0O0 is selected with
the 16-bit timer mode control register (TMC0), CR00 should not be specified as
a capture register.
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(3) 16-bit timer output control register (TOCO0)
This register controls the operation of the timer O output control circuit. It sets R-S type flip-flop (LV0) setting/
resetting, the active level in PWM mode, inversion enabling/disabling in modes other than PWM mode, timer 0

output enabling/disabling, one-shot pulse output operation enabling/disabling, and output trigger for a one-shop
pulse by software.

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

Figure 8-4. 16-Bit Timer Output Control Register L (TOC0) Format

Address: FFB3H  After Reset: 00H R/W

Symbol 7 6] 4 1 o]
TOCO 0 | ospT | ospE | Tocoa | Lvso | LvRo | Tocor | ToEo |

OSPT Control of One-Shot Pulse Output Trigger by Software
0 One-shot pulse trigger not used
1 One-shot pulse trigger used

OSPE One-shot pulse Output Control
0 Continuous pulse output
1 One-shot pulse output

TOC04 Timer output F/F control by match of CRO1 and TMOn
0 Inversion operation disabled
1 inversion operation enabled

LVSOo LVRO Timer O timer output F/F status setting
0 0 No change
0 1 Timer output F/F reset (0)
1 0 Timer output F/F set (1)
1 1 Setting prohibited

TOCO1 Timer output F/F control by match of CRO0 and TMO
0 Inversion operation disabled
1 Inversion operation enabled

TOEO Timer ouptut control
0 Ouput disabled (Output set to level 0)
1 Qutput enabled

Cautions 1. Timer operation must be stopped before setting TOCO.
2. 11 LVSO0 and LVRO are read after data is set, they will be 0.
3. OSPT is cleared automatically after data setting, and will therefore be 0 if read.
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(4) Prescaler mode register 0 (PRMO0)
This register is used to set 16-bit timer (TMO) count clodck and TOO valid edges.
PRMO is set with an 8-bit memory manipulation instruction.
RESET input sets PRMO value tc 00H.

Figure 8-5. Prescaler Mode Register 0 (PRMO) Format

Address: FF61H  After Reset: O0H R/W

Symbol 7 6 5 4 3 2 1 0
PRMO ES11 ES10 ESO1 ES00 L 0 0 PRMO1 PRMOO
ES11 ES10 TI01 Valid Edge Selection
0 0 Falling edge
0 1 Rising edge
1 0 Setting prohibited
1 1 Both falling and rising edges
ESO1 ES00 T100 Valid Edge Selection
0 0 Falling edge
0 1 Rising edge
1 0 Setting prohibited
1 1 Both falling and rising edges
PRMO1 PRM0O Counter clock Selection
0 0 fx (8.38 MHz)
0 1 fx/22 (2.09 MHz)
1 0 fx/26 (131 kHz)
1 1 TI00 valid edge

Caution When T100 valid edge is set to counter clock, clear/start mode and capture trigger
should not be set by TI00 valid edge.

Remarks 1. fx: Main system clock oscillation frequency
2. TI0O, TIO1: 16-bit timer/event counter input pin
3. Figures in parenthesis indicates fx=8.38 operation
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(5) Port mode register 7 (PM7)
This register sets port 7 input/output in 1-bit units.
When using the P70/T00/TIO0 pin for timer output, set PM70 and output latch of P70 to 0.
PM7 is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input sets PM7 value to FFH.

Figure 8-6. Port Mode Register 7 (PM7) Format

Address: FF27H  After Reset: FFH R/W

Symbol 7 6 5 4 3 2 1 0

PM7| 1 | 1 |PM75|PM74|PM73|PM72|PM71|PM70
I N l |

PM7n| P7n pin input/output mode selection (n = 0 to 5)

0 | Output mode (output buffer ON)

1 Input mode (output buffer OFF)
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8.4 Operations

8.4.1 Interval timer (16-bit) operations

Setting the 16-bit timer mode control register (TMCO) and capture/compare control register 0 (CRCO) as shown
in Figure 8-7 allows operation as an interval timer. Interrupt request is generated repeatedly using the count value
set in 16-bit capture/compare register 00 (CR0O0) beforehand as the intervat.

When the count value of the 16-bit timer register (TMQ) matches the value set to CROO, counting continues with
the TMO value cleared to 0 and the interrupt request signal (INTTMO0Q) is generated.

Count clock of the 16-bit timer/event counter can be selected with bits 0 to 1 (PRM00, PRM01) of the prescaler
mode register 0 (PRMO).

Figure 8-7. Control Register Settings for Interval Timer Operation

(a) 16-bit timer mode control register (TMCO0)

TMCO03 TMC02 TMCO1 OVFO
T™CO| 0 0 0 0 1 1 01 0

Clears and starts on coincidence between TM0 and CR00.
(b) Capture/compare control register 0 (CRCO0)

CRC02 CRCO1 CRCO0

CRCO| © 0 0 0 0 o1 | on 0

L CROO as compare register
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