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NOTES FOR CMOS DEVICES

VOLTAGE APPLICATION WAVEFORM AT INPUT PIN

Waveform distortion due to input noise or a reflected wave may cause malfunction. If the input of the
CMOS device stays in the area between Vi. (MAX) and Vi1 (MIN) due to noise, etc., the device may
malfunction. Take care to prevent chattering noise from entering the device when the input level is fixed,
and also in the transition period when the input level passes through the area between Vi. (MAX) and
ViH (MIN).

HANDLING OF UNUSED INPUT PINS

Unconnected CMOS device inputs can be cause of malfunction. If an input pin is unconnected, it is
possible that an internal input level may be generated due to noise, etc., causing malfunction. CMOS
devices behave differently than Bipolar or NMOS devices. Input levels of CMOS devices must be fixed
high or low by using pull-up or pull-down circuitry. Each unused pin should be connected to Voo or GND
via a resistor if there is a possibility that it will be an output pin. All handling related to unused pins must
be judged separately for each device and according to related specifications governing the device.

PRECAUTION AGAINST ESD

A 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 when it has occurred. Environmental control must be
adequate. When it is dry, a humidifier should be used. It is recommended to avoid using insulators that
easily build up 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
benches and floors should be grounded. The operator should be grounded using a wrist strap.
Semiconductor devices must not be touched with bare hands. Similar precautions need to be taken for
PW boards with mounted semiconductor devices.

STATUS BEFORE INITIALIZATION

Power-on does not necessarily define the initial status of a MOS device. Immediately after the power
source is turned ON, devices with reset functions have not yet been initialized. Hence, power-on does
not guarantee output pin levels, /O settings or contents of registers. A device is not initialized until the
reset signal is received. A reset operation must be executed immediately after power-on for devices
with reset functions.

POWER ON/OFF SEQUENCE

In the case of a device that uses different power supplies for the internal operation and external
interface, as a rule, switch on the external power supply after switching on the internal power supply.
When switching the power supply off, as a rule, switch off the external power supply and then the
internal power supply. Use of the reverse power on/off sequences may result in the application of an
overvoltage to the internal elements of the device, causing malfunction and degradation of internal
elements due to the passage of an abnormal current.

The correct power on/off sequence must be judged separately for each device and according to related
specifications governing the device.

INPUT OF SIGNAL DURING POWER OFF STATE

Do not input signals or an 1/O pull-up power supply while the device is not powered. The current
injection that results from input of such a signal or 1/O pull-up power supply may cause malfunction and
the abnormal current that passes in the device at this time may cause degradation of internal elements.

Input of signals during the power off state must be judged separately for each device and according to
related specifications governing the device.
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Windows and Windows NT are either registered trademarks or trademarks of Microsoft Corporation in the
United States and/or other countries.

PC/AT is a trademark of International Business Machines Corporation.

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

SPARCstation is a trademark of SPARC International, Inc.

Solaris and SunOS are trademarks of Sun Microsystems, Inc.

SuperFlash® is a registered trademark of Silicon Storage Technology, Inc. in several countries including the
United States and Japan.

Caution: This product uses SuperFlash® technology licensed from Silicon Storage Technology, inc.

* The information contained in this document is being issued in advance of the production cycle for the
product. The parameters for the product may change before final production or NEC Electronics
Corporation, at its own discretion, may withdraw the product prior to its production.

* Not all products and/or types are available in every country. Please check with an NEC Electronics sales
representative for availability and additional information.

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

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

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

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

« NEC Electronics products are classified into the following three quality grades: "Standard", "Special" and "Specific".
The "Specific" quality grade applies only to NEC Electronics products developed based on a customer-designated
"quality assurance program" for a specific application. The recommended applications of an NEC Electronics
products depend on its quality grade, as indicated below. Customers must check the quality grade of each NEC
Electronics product before using it in a particular application.

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

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

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

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

(Note)

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

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

M5D 02.11-1
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Regional Information

Some information contained in this document may vary from country to country. Before using any NEC
Electronics product in your application, please contact the NEC Electronics office in your country to
obtain a list of authorized representatives and distributors. They will verify:

- Device availability
- Ordering information

Product release schedule

Availability of related technical literature

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

Network requirements

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

from country to country.

[GLOBAL SUPPORT]

http://www.necel.com/en/support/support.html

NEC Electronics America, Inc. (U.S.)
Santa Clara, California
Tel: 408-588-6000

800-366-9782

NEC Electronics (Europe) GmbH
Duesseldorf, Germany

Tel: 0211-65030

« Sucursal en Espafa
Madrid, Spain
Tel: 091-504 27 87

« Succursale Francaise
Vélizy-Villacoublay, France
Tel: 01-30-67 5800

- Filiale Italiana
Milano, Italy
Tel: 02-66 7541

- Branch The Netherlands
Eindhoven, The Netherlands
Tel: 040-2445845

« Tyskland Filial
Taeby, Sweden
Tel: 08-63 80 820

« United Kingdom Branch
Milton Keynes, UK
Tel: 01908-691-133
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NEC Electronics Hong Kong Ltd.
Hong Kong
Tel: 2886-9318

NEC Electronics Hong Kong Ltd.
Seoul Branch

Seoul, Korea

Tel: 02-558-3737

NEC Electronics Shanghai Ltd.
Shanghai, P.R. China
Tel: 021-5888-5400

NEC Electronics Taiwan Ltd.
Taipei, Taiwan
Tel: 02-2719-2377

NEC Electronics Singapore Pte. Ltd.

Novena Square, Singapore
Tel: 6253-8311
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Target Readers

Purpose

Organization

How to Use This Manual

INTRODUCTION

This manual is intended for user engineers who wish to understand the functions of
the 78K0S/KAl+ in order to design and develop its application systems and
programs.

The target devices are the following subseries products.

e 78K0S/KAl+: /PD78F9221, 78F9222

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

Two manuals are available for the 78K0S/KA1+: this manual and the Instruction
Manual (common to the 78K/0S Series).

78K/0S Series
Instructions

78K0S/KA1+
User’'s Manual

User’s Manual

e Pin functions e CPU function
e Internal block functions e Instruction set
o Interrupts o Instruction description

Other internal peripheral functions

Electrical specifications (target values)

It is assumed that the readers of this manual have general knowledge of electrical
engineering, logic circuits, and microcontrollers.

¢ To understand the overall functions of 78KOS/KA1+
— Read this manual in the order of the CONTENTS. The mark * shows major
revised points.
¢ How to read register formats
— For a bit number enclosed in a square, the bit name is defined as a reserved
word in the RA78K0S, and is defined as an sfr variable using the #pragma sfr
directive in the CC78K0S.
¢ To learn the detailed functions of a register whose register name is known
— See APPENDIX C REGISTER INDEX.
¢ To learn the details of the instruction functions of the 78K/0S Series
— Refer to 78K/0S Series Instructions User’s Manual (U11047E) separately
available.
¢ To learn the electrical specifications (target) of the 78KOS/KA1+
— See CHAPTER 20 ELECTRICAL SPECIFICATIONS (TARGET VALUES).
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Conventions Data significance:

Active low representation:

Note:
Caution:
Remark:

Higher digits on the left and lower digits on the right

xxx (overscore over pin or signal name)

Footnote for item marked with Note in the text

Information requiring particular attention
Supplementary information

Numerical representation: Binary ... xxxx or xxxxB

Decimal ... xxxx
Hexadecimal ... xxxxH

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

However, preliminary versions are not marked as such.

Documents Related to Devices

Document Name

Document No.

78K0S/KA1+ User's Manual

This manual

78K/0S Series Instructions User's Manual

U11047E

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

Document Name

Document No.

RA78K0S Assembler Package Operation U16656E
Language U14877E
Structured Assembly Language U11623E
CC78K0S C Compiler Operation U16654E
Language U14872E
ID78K0S-NS Ver. 2.52 Integrated Debugger Operation U16584E
ID78K0S-QB Ver. 2.81 Integrated Debugger Operation U17287E
PM plus Ver. 5.20 U16934E

Documents Related to Development Hardware Tools (User’'s Manuals)

Document Name

Document No.

IE-78K0S-NS In-Circuit Emulator U13549E
IE-78K0S-NS-A In-Circuit Emulator U15207E
QB-78KOSKX1MINI In-Circuit Emulator U17272E

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

version of each document for designing.
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Documents Related to Flash Memory Writing

Document Name

Document No.

PG-FP4 Flash Memory Programmer User’'s Manual

U15260E

PG-FPL2 Flash Memory Programmer User’s Manual

U17307E

Other Related Documents

Document Name

Document No.

SEMICONDUCTOR SELECTION GUIDE - Products and Packages - X13769X
Semiconductor Device Mount Manual Note

Quality Grades on NEC Semiconductor Devices C11531E
NEC Semiconductor Device Reliability/Quality Control System C10983E
Guide to Prevent Damage for Semiconductor Devices by Electrostatic Discharge (ESD) C11892E

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

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

version of each document for designing.

8 Preliminary User's Manual U16898EJ2V0OUD




CONTENTS

CHAPTER 1 OVERVIEW. .. ..ottt 14
L1 FRALUIES cuttiiiiiiiiiiiiittttttet ettt e e e e e oo e e e e e e e e e e e e e e e e e e e e e e e e e e e n e e e e e e e e e e anaaaas 14
2 AN o o] [T o= 1 oY TN =1 T SRR 14
1.3 Ordering INTOIrMAtiON ..ococoi i e e e e e e r e e e e e e s e tat e e e e e aaeessesssnraneeaeeeaanns 15
1.4  Pin Configuration (TOP VIBW) ...eeeiii ittt ettt e e e e e e s it e e e e e e e s snbbbreeeaaaeeeanns 15
1.5 78KOS/KX1+ ProdUCTE LINBUP ...eeeeiieiiiiiiie ittt sttt sttt e s e snene s 16
G T = 1 o Y] = o | = oo I SRS 17
1.7 FUNCLIONAI OULHINE Lottt b et e st smre e s b e e snne e e anne e e 18

LOf o VN I = G o VR L U N [ I 0 19
P20 R T o I U o o3 A o] T TP URRPRPPPN 19
2.2 PIN FUNCHIONS oottt ekt e e ekt e e ek et e e e sa b et e e e s bt e e e et e e e e e e bbe e e e annreeeeannreas 21

221 L (o R I (o o ) TR PPR 21
2.2.2 P30, P31, @nd P34 (POIt 3) .oiiieeiiiiiiiiiiie ettt ettt e et e e e e e s st e e e e e e s et b ra e e e e e s s e nnrreeeas 21
223 PAD 10 PAS (PO 4)... ettt bttt 22
224 PL21 10 PL23 (POt L12)...iiiiieietit ettt ettt ettt ettt ettt ettt et e ket e ekt e b et e e bt e et e e neeennes 22
225 O (=0T ¢ 1 ) PRSPPSO 22
226 RESET oottt E ettt na et re s 22
227 XL AN X2 etttk h e ettt eh et na et 22
2.2.8 P 23
229 LY TR OPR T PRPPRRR 23
2.2.00 VS ittt et oot e e e e e et e e e e e e e et e e e e e e et e e e e e e e e e e e s 23
2.3 Pin I/O Circuits and Connection of UNUSEd PINS .......ccccociiiiiiiiiic e 23
CHAPTER 3 CPU ARCHITECTURE. ...ttt abe bbb sbb s bebebebsbsbsbebnenennnnes 25
G I8 A /=70 0 o] VAT o 1= U] = PO UUPTPPTTT 25
3.1.1 INternal Program MEMIOIY SPACE. ... ..uuuiiia et iiiiiieeae e et aitteeeea e e s aataeeeeaaaeaaanseeeeeaaeaaanseneeaaaeeaanseneeas 27
3.1.2 INternal data MEMOIY SPACE ........iiiiiiiee ittt ettt e e e et et e s e e e s ab e e s anbe e e s nnneas 27
3.1.3 Special function register (SFR) @rEa ........uuvviiieiiiiiiiiii et e e a e 28
3.14 Data MEMOrY A0AIESSING .....ccieeiiiiitiiieee ettt e e et e e e e e et b e e e e e e e e s aabbe e e e e e e e s asbbrreeeeeesasnnrreeeas 28
3.2 PrOCESSOI REGISTEIS ...eiiiiiiiie ittt e ettt e e e e e s b e e e et e e e e e s e nbbbbeeeeaaeeesanbebeeneaeas 30
3.21 (0] 11 o] =T 11 =] £ TP O TP R PPPPP PPN 30
3.2.2 GENETAl-PUINPOSE FEQISTEIS .. iuitiiiiee e e e ettt e e e e e et e e e e e e e et e e e e e e s s s tbaeteaeeessstbaeaeaeeessastbrseaaeeanas 32
3.2.3 Special function regiSters (SFRS) ..o it e e 33
3.3 InStruction AdAreSS AQAIESSING ...uuuiiiiiiiieiii ittt e e e e e e e e e e e e e anneeees 36
331 REIALIVE OAIESSING ......eeieiiiiee ettt et et e bt e st e e et e e abee e e s naneeeeanbreeeaaee 36
3.3.2 IMMEAIALE AAATESSING ... vvvvieiieei ittt s e e e e s e e e e e e s s e b e e e aeeseasatbaeeaaeseasnrreeeas 37
3.33 Table INAIFECt AAAIESSING .. c.ociiiiiiiiiii e e e e e st e e e e e s ebbrreeaeeeaan 37
3.34 (R CETo 1S3 (] g To (o [ {11 o o R USRI 38
3.4 Operand AddresSs AQArESSING ....ueii ettt e s st e e s sbe e e e e sbreeeeanes 39
3.4.1 D1 ¢=Tot A= To [0 | =TT [ o PSRRI 39
3.4.2 ] Lo gae 17T or = To (o [ £ =TT o T PT PSP PPPPPPTN 40
3.4.3 Special function register (SFR) addreSSinNg .........ouuuieiiiaiiiiiiieie e e e 41
3.4.4 REQISTEr QUAIESSING ....eveeiiiti ittt e e e et s e e e et e e a bt e e s e e e e e 42
3.45 Register iNdir@Ct @dAreSSING .......c.cciiiiiiiiiiie e ettt e e e e et e e e e e et e e e e easatbareeaeesannnes 43

Preliminary User's Manual U16898EJ2V0OUD 9



3.4.6 (2 Fo Ty o Jr= o (o[ £ =217 o Vo TR TUPEI 44

3.4.7 SEACK QUAIESSING ...eeeetiieeette ettt et e e et e s b et e e aa bt e e s ee e e s e e e sanre e e e nnes 44
CHAPTER 4 PORT FUNGCTIONS ...ttt ettt e e sttt e e e e s s nnb b e e e e e e e s s annbbeeeeeas 45
o R VT o Vol Ao ] RS o 1 o T o £ RSP 45
A oY a @o ] o} o LU =Y 4 o ] o ST 46
42.1 0T TP P PO PP PP PP PP PP PPPPPPPPPPPPPR 47

422 0T TSP TP T PP PTRPPPRPRPRPIRY 48

4.2.3 04 R ST TP PP PP PPPPPPPRPIRY 50

424 POt L2 et e e et e e e et e e e n e e e s 55

4.2.5 L0 T4 A TP OTPTOTPPPPPPRPOR 57

4.3 Registers Controlling Port FUNCHIONS ...coiiiiiiiiiiiie e 57
4.4 Operation Of POrt FUNCHION ..ueiiiiiiii ettt 62
44.1 LAV o R (o TN 7@ 2 o To o AU PRSUPSPR 62

442 Reading frOM 1/O POIT ... ..t e e e e et e e e e e e et eeeeeeas 62

443 (@] oT=T = 1] g E-T o] 0 T 11 2 o To 5 ORI 62
CHAPTER 5 CLOCK GENERATORS ... .ttt e e e s e e e e e s s s reeeeeeas 63
5.1 FUunctions Of CIOCK GENEIALOIS ....ciiiiiiiiiiite ettt e e e e e e e e eeeeas 63
51.1 SYSEM CIOCK OSCIlIALOIS ...t 63

5.1.2 Clock oscillator for interval time generation .............cooiiiiiiiiiee e 63

5.2 Configuration of CIOCK GENEIALOIS .....ciiiiiiiiciiiiieee et s e e e s s e e e e e e e s e snnraaeees 64
5.3 Registers Controlling ClOCK GENEIALOIS .......ciiiiiiaiiiiiiiiieiie et 66
5.4 System ClOCK OSCIHIALOIS .....oiiiiiiiiiiiiiiii ettt e e 69
54.1 High-speed RiNG-OSC OSCIlAtOr .........iiiiiiiiiiiee e e s e e e e e s eanaaaeeeas 69

54.2 Crystal/Ceramic OSCIIALON............oiiiiiiiiiee e e e e e e e e e e e e e s aeeeeas 69

543 External ClOCK INPUL CIFCUIL .......ooi ettt e e e e e et e e e e e anebeeeeaens 71

544 [ = ox= 1T PRI 71

5.5 Operation of CPU ClOCK GENEIAON ......cicceeiieieiiee ettt e e r e e e e e s e e nnnrreee s 72
5.6 Operation of Clock Generator Supplying Clock to Peripheral Hardware...............cccvveeee.... 77
CHAPTER 6 16-BIT TIMER/EVENT COUNTER 00 ....cciiiiiiiiiiiiiiiiieiie et e e e e sietee e e e e e s snnnenneeeas 79
6.1 Functions of 16-Bit Timer/Event CoUNter 00 ..........coccviieeiiiiieeiiiiee et e e sier e siee et neeeas 79
6.2 Configuration of 16-Bit Timer/Event Counter 00 .........cc.eeeiiiiiiiiiiiiiiiieeee e 80
6.3 Registers to Control 16-Bit Timer/Event Counter 00..........ccceeviiiiiiiiiiieeeeieiiiiieee e e eeieeeeens 84
6.4 Operation of 16-Bit Timer/Event Counter 00 ...........cooiiiieiiieee s e e e e srrene e e e e e s enneeeeees 90
6.4.1 INtErVal tIMEE OPEIALION .....ceii ittt e et e e e e e e et e e e e e e e e aanebeeeeeeas 90

6.4.2 External eVent COUNLEr OPEFALION .........oi i iiiiieieee ettt e e e ettt e e e e e et e e e e e e e e anebeeeeaaeesaanneneeeeans 93

6.4.3 Pulse width MeasuremMent OPEIALIONS...........ciuirieiiiiee ettt 96

6.4.4 SquAare-wave OULPUL OPEIALION. ........ccuiiiiiie e e eceite et e e e e et e e e e s s e e e e e s st ber e e e e e e s sasbraeeeaeesaanes 104

6.4.5 PP G OULPUL OPEIALIONS .....eeeieiieeiiitet ettt ettt ettt e e ettt e e e e e et et e e e e e e st b e e e e e e e e s anenees 106

6.4.6 One-shot pulSe OULPUL OPEFALION .........eiiiiiiiiiie ettt e et ee e e e e et ee e e e e e e e eeeaaeeeannnees 109

6.5 Cautions Related to 16-Bit Timer/Event Counter 00..........ccceeeiiiiiiiiiiiiee e 114
CHAPTER 7 8-BIT TIMER 80 ......utiiiiiiiiiiiiiiit ittt e e e e e e e e e e st e e e e e e e s e sannbeneeeas 120
7.1 Function of 8-Bit TIMEr 80 ........uuuiiiiiiiiiiiiiiiit et e e e e e e e e e s s aeee e e e e e s snnrnneeeeeas 120
7.2  Configuration of 8-Bit TIMEr 80 .....ccccieeiiiiiiiiiiiiie e s e e e e e s e e e e e e s s s nnnreneees 121
7.3 Register Controlling 8-Bit TiMer 80........cccciiiiiiiiiee e e e e e e e s e s rnraaee s 123

10

Preliminary User's Manual U16898EJ2V0OUD



7.4  Operation Of 8-Bit TIMEr 80........ooiiiiiiiiiiii et e e e e e e e raeee s 124
7.4.1 Operation as INEIVAI HIMEN ........oiiiiiiiei e 124
7.5 NOteS 0N 8-Bil TIMEI 80......ueeiiiiiiiiii ittt ettt e et e e e sttt e e s sebe e e e s snbeeeeesbbeeeesee 126
CHAPTER 8 8-BIT TIMER HIL ....ooiiiiiiiiiiiiiiiiiiiitiiiiee bbbttt nas 127
8.1 Functions Of 8-Bit TIMEr HL......oiouiiiiiiiiiie ettt e e s b e e e nbneee e 127
8.2 Configuration of 8-Bit TIMEr HIL .......cceviiiiiiiiiiiiiiiir e e e e s e e e e e e e e s e nenes 127
8.3 Registers Controlling 8-Bit Timer HL.......oooiiiiiiiiiie e 130
8.4  Operation Of 8-Bit Timer HL ... 133
8.4.1 Operation as interval timer/Square-Wave OULPUL ...........cooiiiuiiiieeeeiiiieeee e e e s sirere e e e e e s ssirereeaeee s 133
8.4.2 Operation as PWM OULPUL MOAE ..........euiiiiiieiiiiiieie ettt e e e ee e e e e 136
CHAPTER 9 WATCHDOG TIMER ... .ttt bbb eneeenneas 142
9.1 Functions of WatChdOg TIMEI ......ueeiiii i e e e e e s e e e e e e e e e anneees 142
9.2 Configuration of WatChdOg TIMEr ........cooiiiiiiiiieiiie et e e 144
9.3 Registers Controlling WatChdog TiMer .........eiiiiiiiiiieiiee e 145
9.4 Operation of WatChdog TiMEr ... e e e e e e e e e e e e e s e nnnes 147
9.4.1 Watchdog timer operation when “low-speed Ring-OSC cannot
be stopped” is selected by OPtION DYLE ......oooieiiiii e 147
9.4.2 Watchdog timer operation when “low-speed Ring-OSC can
be stopped by software” is selected by Option Byte ..........oovviiiiiiiiiii s 149
9.4.3 Watchdog timer operation in STOP mode
(when “low-speed Ring-OSC can be stopped by software” is selected by option byte)............. 151
9.4.4 Watchdog timer operation in HALT mode
(when “low-speed Ring-OSC can be stopped by software” is selected by option byte)............. 153
CHAPTER 10 A/D CONVERTER ... ..ttt ettt e e e e e e e e e e e e e e e e e aannbeeeeeas 154
10.1 FUNCLIONS OF A/D CONVEITET ...ttt sttt e e st e e st ee e e e nbee e e e nnees 154
10.2 Configuration Of A/D CONVEITEN .....c.ic e e e e s e e e e e st e e e e e e e e s eannrreaeaaeees 157
10.3 Registers Used DY A/D CONVEITET ...ttt a et e e e e e e e enbnreeeaaaaeeas 158
10.4 A/D CONVEITEr OPEIAIONS ...cciiuiiiiiiiitite e ittt ettt ettt eab e e s asb b e e e s st e e e s s abe e e e e anbreeesenees 163
10.4.1  BasiC 0perations Of A/D CONVEITET ... .uuuiiiie e ittt ee e e e e ettt e e e e e e st e e e e e e s stbbaeeaaeessssbaaeeaaeessannes 163
10.4.2  Input voltage and CONVErSION FESUILS ........ccouiiuiiiiiiee it e e 165
10.4.3  A/D converter OPEration MO ...........uueiiiee ettt e e e ettt e e e e e et e e e e e e e e ntbee e e e e e e s anbbeeeeaaeaaannes 166
10.5 How to Read A/D Converter Characteristics Table .........ccccoiiiiiiii e, 168
10.6 Cautions fOr A/D CONVEITET ......uiiiiiiiie ettt sttt et e e e e st e e e s snbeeeesannaeas 170
CHAPTER 11 SERIAL INTERFACE UARTG ....cooiiiiiiiiiiiiiit s 173
11.1 Functions of Serial INterface UARTBE .......cccoiiiiiiiiiiiiiee et 173
11.2 Configuration of Serial INterface UARTG ........ccoiiiiiiiiiiiie et 177
11.3 Registers Controlling Serial Interface UARTGE ........ocoiiiiiiiiiiiiiiee e 180
11.4 Operation of Serial INterface UARTG......cocuiiiiiiiiie it 189
11.4.1 Operation StOP MOUE .......cccuiiiiiieeeeicie et e e e e et e e e e e s s r e e e e e s seatbaeeeaeesssatbaeeeaeeessstbaaeeaeeessnsees 189
11.4.2  Asynchronous serial interface (UART) MOGE ......ccooiiiiiiiiiiiiiiiiiiicee e 190
11.4.3 Dedicated baud rate gENEIALON ... ... .uueiiiee ettt e e e et e e e e e s et eeeeaeeeaannees 204
CHAPTER 12 INTERRUPT FUNCTIONS ...ttt e e s 211
12.1 INTErrUPt FUNCHION TYPOS .. ittt e e e ettt et e e e e s s aaa bt e e e e e e e e anbbbbeeeaaaeeanns 211

Preliminary User's Manual U16898EJ2VOUD 11



12.2 Interrupt Sources and CoNfiIQUIAtION ........uuiiiiiiii e 212

12.3 Interrupt FUNCtiON CONtIrol REGISTEIS ...oiiiiiiiiiiiiee e 214
12.4 Interrupt Servicing OPEIratiON ......cuiiicei i e e e e e s et e e e s s s e e e e e e s s st e ereaeeessnnrnreeeeeeeenannns 219
12.4.1  Maskable interrupt request acknowledgment OPeration...............eeeeeiiiriiiiiieeee e 219

12.4.2  MUItIPlE INTEITUPL SEIVICING ....eerieiieiieiiiet e ettt e e e ettt e e e e e et e e e e e e e s anbeeeeeaaeesannnneeaaaeeaannnneas 222

12.4.3  INtErruUPt rEQUESTE PENAING. .. eeeitriieiiiei ettt et e e et e e s e e s e e e e anne e e e nanes 223
CHAPTER 13 STANDBY FUNCTION ...ciiiiiiiiiiiteeiiite ettt see et e st e e e anbae e s s nnbaeeesnnseeeesnnees 224
13.1 Standby Function and Configuration...........ccooiuiiiiiiiiiieii e 224

IR 700 00 S - T To | ) V8 101 T 1o 1o PP PPPRR 224

13.1.2  Registers used during StaNdDY ...........coooiiiiii e 226

13.2 Standby FUNCHION OPEIatiON ... ...ueiiiiiie ittt e e e e e e e e nbnreeeaaaeeean 227

IR T o 7Y I I ¢ 4o o [ SO UPRUR 227

G T2 T 1 @ L = ¢ 1 oo [ T PO PP OUPR 230
CHAPTER 14 RESET FUNCTION ...ttt ettt ettt e sitae e e e stae e e s anteaaesnntaeaeesnsaeeeseseeas 234
14.1 Register for Confirming RESEt SOUICE.......uuiiiiii i er e e e 241
CHAPTER 15 POWER-ON-CLEAR CIRCUIT ...ttt ittt sitee e siten e sitae e nntae e e nnenas 242
15.1 Functions of POWEr-0n-Clear CirCUIL .......ccuiiiiiiiieeiiiiie ettt 242
15.2 Configuration of POWer-on-Clear CirCUIT ........icoiiiiiiiiiiiice e ee e 243
15.3 Operation of POWEr-0n-Clear CiFCUIT..........uuuiiiiiiiiiiiie e ee e e e 243
15.4 Cautions for POWer-on-Clear CirCUIt........c.uuuiiiieeiiiiiiieece e esaenreee e e e 244
CHAPTER 16 LOW-VOLTAGE DETECTOR ...cciitiiiiiiiiiiee ettt ettt ettt e nntae e e 246
16.1 Functions Of LOW-VOItage DEECTOT ......cciiiiiiiiiiiie ettt 246
16.2 Configuration of LOW-VOItage DetECION .....cuiveeiii e e e en e e 246
16.3 Registers Controlling Low-Voltage DeteCtOr ......cccuuviiiiiii e 247
16.4 Operation Of LOW-VOItage DetECION.........uiiiiiiiaiiiiieeiee et e e e e e 249
16.5 Cautions for LOW-VoItage DELECTON ......ciiuiiiiiiiiiie ettt 252
CHAPTER 17 OPTION BYTE . .iiiiitiiiieiitiiie ettt e ettt s ittt e sttt e e e e sttt e e s sttt e e s e bbee e e e snbaeaeesntaeaesasbeeesennreas 255
CHAPTER 18 FLASH MEMORY ...ooiiiiiiiie ittt ettt e e st e e e s snbe e e e s s bbe e e e e nnbe e e e ennreas 258
S TR R o (U] T ST 258
18.2 MemOry CONFIQUIATION ..eeiiiiiiiie ittt ettt e et e e e 259
18.3 FUNCLIONAI OULIINE ... .eiiiiiieie e et e b e e snbae e e e e neeas 260
18.4 Writing wWith FIash Programmer.........cccciiiiiiiiec et e e e e e e e e e e e e e e 261
18.5 Programming ENVIFONMENT .......cooi ittt e et e e e e e e e s snnnbeeeeaaeeeaaas 262
18.6 Pin ConNECtion 0N BOAI .......uuuiiiiiiiiiiiiiiiieiee ettt e e e s s e e e e e s s snreneeeaeee e s 264
L18.6.1 XL @NA X2 PINS wuttrriieeeeiiiiiiiieee e et ettt e e e e s e e b ea e e e e e e s aataeb e et eeesaasaseaeeeaaesaasssaeeaaeesasssstbaaaaaeeesnnsseeees 264

18.6.2  RESET PiN.eceueeeieeeeeeeeeeeeeeeeeee e e e e st s e es et s et s et en et en e, 265

R I TR T o o o1 TSP UPRRP 266

18.6.4  POWET SUPPIY «o ittt ettt e et e e bt e skt e et e e n et e e 266

18.7 On-Board and Off-Board Flash Memory Programming .......cccccevveeeeiiiiiiiiieneee e sseiniieeeeeeen 267
18.7.1  Controlling flash MEMOIY ......cccooiiie e e e e 267

18.7.2  Flash memory programming MO ..........couiuuuiiiiee et iee e e et ee e e e e e e e e e e s eaennbeeeaaeseannnnes 268

12 Preliminary User's Manual U16898EJ2VOUD



18.7.3 ComMMUNICATION COMMANAS ....uuueeieeeiiie e e e e et e e e e e et e e e e e e e e eeet e e e eeeeeestaaeeeeeeesessannaseeeeeeenees 268

18.7.4  SECUIMLY SEIINGS .. tveieiiiiie ettt e e b e e e a et e e s e e st e e e e st e e e nann e e e sneeeeas 269
18.8 Flash Memory Programming by Self Writing ......cccoveeeieei e 270
18.8.1  Outline of Self ProgrammMINg ..........coouieeeiiieeiiie e et e e e e e st e e e e e e e naeeee 270
18.8.2  Cautions on self programming fUNCLION ............euiiiiiiiii e 273
18.8.3  Registers used for self programming fUNCHON ............ooiiiiiiiiiiii e 273
18.8.4  Example of shifting normal mode to self programming mode.............ccooecvvieeieeiiiiiniene e, 281
18.8.5  Example of shifting self programming mode to normal mode..........cccccooiiiieiiiiiiiiiiiieee e 284
18.8.6  Example of block erase operation in self programming mode ............coooouiieiiiiiiiiiiiene e, 287
18.8.7  Example of block blank check operation in self programming mode.............ccccovvvveiiieeiiinieene 290
18.8.8  Example of byte write operation in self programming Mode...........ccceeviiiiiiiiee e 293
18.8.9  Example of internal verify operation in self programming mode .............cccoeeiiiiiiiiiieieeeiinines 296

18.8.10 Examples of operation when command execution time should
be minimized in self programming MOUE ...........coiiiiiiiiiiiee e 299

18.8.11 Examples of operation when interrupt-disabled time should

be minimized in self programming MOGE ............oiiiiiiiiiii e 306
CHAPTER 19 INSTRUCTION SET OVERVIEW.....c.coitiiiiiiiiiiiiiiiiiiiii s 317
I TR R @ ] 1= = Lo USSR 317
19.1.1  Operand identifiers and description MEthOdS ............ooouiiiiiiiiiii e 317
19.1.2  Description of “Operation” COIUMI ...........oiiuiiieiiiie ettt e e e e ereee s 318
19.1.3  Description Of “Flag” COIUMN.......ciiiiiiiiiiiee e e e e e e s e e e e e s s nbraeeeeeeasnnees 318
S T2 @ T 1= = Lo o I I F= USRI 319
19.3 Instructions Listed by AdAreSSing TYPe ..ottt 324
CHAPTER 20 ELECTRICAL SPECIFICATIONS (TARGET VALUES).....cccoociiiiiiieiiiiee e 327
CHAPTER 21 PACKAGE DRAWING ...ttt ebe bbb sbbbebebsbabsbnbnbebnenees 339
APPENDIX A DEVELOPMENT TOOLS ... 340
Y S 10} £ AT = LT o= To - Vo SRR 343
A.2 Language ProCesSing SOftWAIE ........uueiiiiieiiiiiiiiiiie e st e e e sree e e e e e e s e sanrreee e e e e e s e annnes 343
A3 CONTIOI SOTIWAIE ... .ttt e et e s e st e e e s b e e e e nb e e e s an e e e e anneas 344
A4 Flash Memory WIItING TOOIS ...ccoiiiiiiiiiiiiiie ittt 344
A.5 Debugging TOOIS (HArdWare).........ccccuuieiiiiiee st s e e e e e e s s e e e e e e s s nnnaeeeeeeeeannns 345
Ab5.1 When using in-circuit emulator I1E-78K0S-NS or IE-78K0S-NS-A.......ccuiiiiiiiiiiieeeee e 345
A5.2 When using in-circuit emulator QB-78KOSKXLIMINI ......c.coiiiiiiiiiiiiiiiiieee e 345
A.6 Debugging TOOIS (SOFtWEAIE) .....cciiiuiiiiiiiiiiii ettt e e 346
APPENDIX B NOTES ON TARGET SYSTEM DESIGN ...t 347
APPENDIX C REGISTER INDEX......iitttiiitiieiiiiiiee ittt ettt e e e s s e e e e e e s s s snnbrrreeaaeeeaeas 349
C.1 Register Index (RegQiSTer NAIME) ....ccoii ittt e e e e e s eee s 349
C.2 Register INAeX (SYMDOI) ... e 351
APPENDIX D REVISION HISTORY ... 353
D.1 Major Revisions in ThiS EditION .....c..oviiiiiiiiiiiie et 353

Preliminary User's Manual U16898EJ2V0OUD 13



CHAPTER 1 OVERVIEW

1.1 Features

O Minimum instruction execution time selectable from high speed (0.2 us) and low speed (3.2 us) (with CPU clock
of 10 MHz)

O General-purpose registers: 8 bits x 8 registers

O ROM and RAM capacities

Item
Program Memory (Flash Memory) Memory (Internal High-Speed RAM)
Part number
HPD78F9221 2 KB 128 bytes
uPD78F9222 4 KB 256 bytes

O On-chip power-on clear (POC) circuit and low voltage detector (LVI)
O On-chip watchdog timer (operable on internal low-speed Ring-OSC clock)
O 1/O ports: 17
O Timer: 4 channels
¢ 16-bit timer/event counter: 1 channel
e 8-bit timer: 2 channels
¢ Watchdog timer: 1 channel
O Serial interface: UART (LIN (Local Interconnect Network) bus supported) 1 channel
O 10-bit resolution A/D converter: 4 channels
O Supply voltage: Vob = 2.0 to 5.5 V'
O Operating temperature range: Ta = —40 to +85°C

Note Use this product in a voltage range of 2.2 to 5.5 V because the detection voltage (Vroc) of the power-on
clear (POC) circuitis 2.1V +0.1 V.

1.2 Application Fields

O Automotive electronics
¢ System control of body instrumentation system (such as power windows and keyless entry reception)
e Sub-microcontroller of control system
O Household appliances
e Electric toothbrushes
e Electric shavers
O Toys
O Industrial equipment
¢ Sensor and switch control
¢ Power tools
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CHAPTER 1 OVERVIEW

1.3 Ordering Information

Part Number

Internal ROM

#PD78F9221MC-5A4
HPD78F9222MC-5A4
HPD78F9221MC-5A4-A
HUPD78F9222MC-5A4-A

20-pin plastic SSOP (7.62 mm (300))
20-pin plastic SSOP (7.62 mm (300))
20-pin plastic SSOP (7.62 mm (300))
20-pin plastic SSOP (7.62 mm (300))

Flash memory
Flash