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NOTES FOR CMOS DEVICES

@ PRECAUTION AGAINST ESD FOR SEMICONDUCTORS

Note:

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

@ HANDLING OF UNUSED INPUT PINS FOR CMOS

Note:

No connection for CMOS device inputs can be cause of malfunction. If no connection is provided
to the input pins, itis possible that an internal input level may be generated due to noise, etc., hence
causing malfunction. CMOS devices behave differently than Bipolar or NMOS devices. Inputlevels
of CMOS devices must be fixed high or low by using a pull-up or pull-down circuitry. Each unused
pin should be connected to Vop 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 and EEPROM are trademarks of NEC Corporation.

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

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

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.

Preliminary User's Manual U15559EJ1V1UD



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: HUPD78F9835
The customer must judge the need for license: uPD789832, 789833, 789834, 789835

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

* Not all devices/types available in every country. Please check with local NEC representative for availability
and additional information.

e No part of this document may be copied or reproduced in any form or by any means without the prior written
consent of NEC 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.

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

o 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:  Aircraft, aerospace equipment, submersible repeaters, nuclear reactor control systems, life
support systems or medical equipment for life support, etc.

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

M5D 98.12
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Regional Information

Some information contained in this document may vary from country to country. Before using any NEC
product in your application, please contact the NEC office in your country to obtain a list of authorized

representatives and distributors. They will verify:
« Device availability

« Ordering information

» Product release schedule

« Availability of related technical literature

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

» Network requirements

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

from country to country.

NEC Electronics Inc. (U.S.) e Filiale Italiana

Santa Clara, California Milano, Italy

Tel: 408-588-6000 Tel: 02-66 75 41
800-366-9782 Fax: 02-66 75 42 99

Fax: 408-588-6130

800-729-9288 e Branch The Netherlands

Eindhoven, The Netherlands
NEC do Brasil S.A. Tel: 040-244 58 45
Electron Devices Division Fax: 040-244 45 80
Guarulhos-SP, Brasil
Tel: 11-6462-6810
Fax: 11-6462-6829

e Branch Sweden
Taeby, Sweden
Tel: 08-63 80 820

NEC Electronics (Europe) GmbH Fax: 08-63 80 388

Duesseldorf, Germany
Tel: 0211-65 03 01
Fax: 0211-65 03 327

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

° sucursal en Espaﬁa FaX: 01908'670'290

Madrid, Spain
Tel: 091-504 27 87
Fax: 091-504 28 60

e Succursale Francaise
Vélizy-Villacoublay, France
Tel: 01-30-67 58 00
Fax: 01-30-67 58 99
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NEC Electronics Hong Kong Ltd.
Hong Kong

Tel: 2886-9318

Fax: 2886-9022/9044

NEC Electronics Hong Kong Ltd.
Seoul Branch

Seoul, Korea

Tel: 02-528-0303

Fax: 02-528-4411

NEC Electronics Shanghai, Ltd.
Shanghai, P.R. China

Tel: 021-6841-1138

Fax: 021-6841-1137

NEC Electronics Taiwan Ltd.
Taipei, Taiwan

Tel: 02-2719-2377

Fax: 02-2719-5951

NEC Electronics Singapore Pte. Ltd.
Novena Square, Singapore

Tel: 253-8311

Fax: 250-3583
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Target Readers

Purpose

Organization

How to Use This Manual

Conventions

INTRODUCTION

This manual is intended for users who wish to understand the functions of the
uPD789835 Subseries and to design and develop application systems and programs
using these microcontrollers.

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

The uPD789835 Subseries User's Manual is divided into two parts: this manual and
instructions (common to the 78K/0S Series).

78K/0S Series

uPD789835 Subseries .
Instructions

User’'s Manual ,
User’'s Manual

¢ Pin functions e CPU function
¢ Internal block functions e [nstruction set
e Interrupt functions e Explanation of each instruction

Other on-chip peripheral functions
¢ Electrical specifications (target)

It is assumed that the reader of this manual has general knowledge in the fields of
electrical engineering, logic circuits, and microcontrollers.

e To understand the functions in general:
— Read this manual in the order of the contents.
e How to interpret the register format:

— For the bit whose number is enclosed in brackets, its bit name is defined as a
reserved word in the assembler, and in the C compiler, already defined in the
header file named sfrbit.h.

e When you know a register name and want to confirm its details:

— Read APPENDIX B REGISTER INDEX.

To know the 78K/0S Series instruction function in detail:

— Read 78K/0S Series Instructions User’s Manual (U11047E).

To know the electrical specifications of the uPD789835 Subseries:

— Read CHAPTER 22 ELECTRICAL SPECIFICATIONS (TARGET).

Data significance: Higher digits on the left and lower digits on the right
Active low representation: XXX (overscore over pin or signal name)

Note: Footnote for item marked with Note in the text
Caution: Information requiring particular attention

Remark: Supplementary information

Numerical representation: Binary ... xxxx or xxxxB

Decimal ... xxxx
Hexadecimal ... xxxxH
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Related Documents The related documents indicated in this publication may include preliminary versions.

However, preliminary versions are not marked as such.

Documents Related to Devices

Document Name

Document No.

uPD789835 Subseries User's Manual

This manual

78K/0S Series Instructions User's Manual

U11047E

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

Document Name

Document No.

RA78KO0S Assembler Package Operation U14876E
Language U14877E
Structured Assembly Language U11623E

CC78K0S C Compiler Operation U14871E
Language U14872E

SM78K0S, SM78K0 System Simulator Ver.2.10 or Later Operation (Windows™ Based) U14611E

SM78K Series System Simulator Ver.2.10 or Later External Part User Open Interface | U15006E
Specifications

ID78K0-NS, ID78K0S-NS Integrated Debugger Ver.2.20 or Later Operation (Windows Based) U14910E

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

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

Document Name

Document No.

IE-78K0S-NS In-Circuit Emulator

U13549E

IE-78K0S-NS-A In-Circuit Emulator

U15207E

IE-789835-NS-EM1 Emulation Board

To be prepared

Documents Related to Flash Memory Writing

Document Name

Document No.

PG-FP3 Flash Memory Programmer User's Manual

U13502E

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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Other Related Documents

Document Name Document No.
SEMICONDUCTOR SELECTION GUIDE Products & Packages X13769E
Semiconductor Device Mounting Technology Manual C10535E
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

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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1.1 Features

¢ ROM and RAM capacities

CHAPTER 1 GENERAL

Item Program Memory Data Memory
Part Number (ROM) Internal High-Speed RAM | Internal Low-Speed RAM LCD Display RAM
uPD789832 24 KB | Mask ROM 1024 bytes 1216 bytes 288 bytes x 2
1PD789833 32 KB
uPD789834 48 KB 2240 bytes
1PD789835 60 KB
uPD78F9835 60 KB | Flash memory

¢ Ceramic/crystal oscillation or RC oscillation is selectable for the oscillator.

e |/O ports: 37

e Timer: 8 channels

e 8-bit timer: 6 channels

e Watch timer: 1 channel
o Watchdog timer: 1 channel
e Sound generator: 16-level volume, 3-octave scale

e 8-bit resolution A/D converter: 3 channels

e Serial interface: 1 channel

e LCD controller/driver

e Four display modes selectable (48 x 48, 64 x 32, 80 x 16, 80 x 8)
e Power supply voltage: Vop = 1.8 to 3.6 V (Mask ROM version)
Vop = 3.0 to 3.6 V (Flash memory version)

1.2 Applications

LCD games, remote controllers, pagers, etc.
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CHAPTER 1 GENERAL

1.3 Ordering Information

24

Part Number

Package

Internal ROM

uPD789832GJ-xxx-UEN
1PD789833GJ-xxx-UEN
uPD789834GJ-xxx-UEN
1PD789835GJ-xxx-UEN
1PD78F9835GJ-8ET

144-pin plastic LQFP (fine pitch
144-pin plastic LQFP
144-pin plastic LQFP
144-pin plastic LQFP
144-pin plastic LQFP

) (
fine pitch) (
fine pitch) (
fine pitch) (

) (

—_~ o~ o~ o~

fine pitch

Remark xxx indicates ROM code suffix.
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CHAPTER 1 GENERAL

1.4 Pin Configuration (Top View)

144-pin plastic LQFP (fine pitch) (20 x 20)
uPD789832GJ-xxx-UEN
UPD789833GJ-xxx-UEN
uPD789834GJ-xxx-UEN
UPD789835GJ-xxx-UEN
uPD78F9835GJ-UEN

o
o
o=
QA=
OrANTVONOSSS
DODOVVDO-SOLT N OO —|N®
&&&&&&&&goekkgzgﬁﬁkﬁ
NeYooreessagseenBaos I8 00" E2 2 OF OUEEE
[alalalalalalalalalalalalalalalalalalalalalalalaPopapyPo R ST Rel N e Rt \]
e s 0N
TTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTT
TONTODONOTNOAN—ONONOINITONT-ONONOOLTONTOD
S R R R R R NN N NN NN NNN T EE TR e
LCD71 O=—1 108 [+—O P04/KR04
LCD70 O=+—2 O 107 [+—=O P05/KR05
LCD69 O=—13 106 [+—=0O P06/KR06
LCD68 O-—— 4 105 =—=0O P07/KR07
LCD67 O=—5 104 f«=—=O P10
LCD66 O~—16 103 [+—=O P11
LCD65 O~—7 102 [=—O P30/SG0
LCD64 O=+—18 101 [~—0 P31/SG1
LCD63 O=+—19 100 |=—=0 P32/SG2
LCD62 O=——1 10 99 |~—~0 P33/SG3
LCD61 O=—— 11 98 [~—0 P34/SG4
LCD60 O 12 97 |=—0 P35/SG5
LCD59 O~——1 13 96 [=—0 P36/SG6
LCD58 O«— 14 95 |=—=0 P37/SG7
LCD57 O=—— 15 94 +——0 P60/ANIO
LCD56 O-~—— 16 93 |+——0 P61/ANI1
LCD55 O=—— 17 92 |=——0 P62/ANI2
LCD54 O=-—— 18 91 |—>0O Vics
LCD53 O=-—— 19 90 —0O Vics
LCD52 O=-——120 89 —=0 Vic2
LCD51 O=~——21 88 —0O Vit
LCD50 O=~——22 87 —=0 Vico
LCD49 O-~——23 86 —0O CAP3
LCD48 O+——24 85 —0O CAP2
LCD47 O=~——25 84 —0O CAP1
LCD46 O=-—126 83 ——0 CAPO
LCD45 0~—| 27 82— 0O IC (Ver)
LCD44 O=-——28 81 0 Vrouto
LCD43 O=~——29 80 ——O XT2
LCD42 O=-——30 79 —0 XT1
LCD41 O-—31 78 ——O0 Vss
LCD40 O=——32 77 —0 Voo
LCD39 O-~——33 76 |——0 X2Vt /G 2Note 2
LCD38 O-~——34 75 f+——0 XNt /CL N2
LCD37 O=~——35 74 |=——O RESET
LCD36 O=——136 73 |=—0O SEL
NODOrANNITONDDO~NDIFTVONDNO—ANMNTINONDNO— N
NONTIIITTITITITITOOOOOWOOOOOOOOOOOOGOONRNN
llllllllllllllllllllllllllllllllllll
3 RN A BN CEI NS QPR ODI AU OGRR ORI AN~ D
[afafalalalafalalalalalalalalalalafatatatalatayatattotolo oo 1o o 0 1010)
[SISISISISISIS SIS ISIISISISISISISISIS TSI S TS YL S TS ¥ & s P P P s o s o |
i o o s s e s s e s B s R s P |

Notes 1. When ceramic/crystal oscillation is selected
2. When RC oscillation is selected

Cautions 1. Connect the IC (Internally Connected) pin directly to the Vss pin.
2. Ceramic/crystal oscillation and RC oscillation can be switched by the SEL pin. Connect the
SEL pin to the Vss pin when using ceramic/crystal oscillation, and to the Vob pin when using
RC oscillation.

Remark The parenthesized values apply to uPD78F9835.
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CHAPTER 1 GENERAL

ANIO to ANI2:

CAPO to CAP3:

CL1, CL2:
IC:

INTPO, INTP1:
LCDO to LCD95
KRO0O0 to KRO7:

P00 to P0O7:
P10, P11:
P20 to P27:
P30 to P37:
P60 to P62:
P80 to P87:
RESET:

26

Analog Input
Output of booster

RC oscillator (main system clock)

Internally connected
Interrupt from peripherals

Segment/common signal for LCD

Key return input
Port 0
Port 1
Port 2
Port 3
Port 6
Port 8
Reset
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RIN:
RxDO0O0:
SEL:

SGO to SG7:

TI80:

TO40, TO82:

TxDO0O:
Vop:

Vico to Vica:
Vpp:

VRouro:

Vss:

X1, X2:
XT1, XT2:

Remote timer input
Receive data

Main system clock selector
Sound generator

Timer input

Timer output

Transmit data

Power supply

Output of booster
Programming power supply
Output of regulator

Ground

Crystal (main system clock)
Crystal (subsystem clock)



CHAPTER 1 GENERAL

1.5 78K/0S Series Lineup

78K/0S Series Lineup

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

78K/0S
Series

Remark

. Products under development : Products in mass production

Y Subseries products support SMB.

Small-scale package, general-purpose applications

[ 44-pin 4PD789046 #PD789074 with added subsystem clock
42/44-pin PD789026 /, #PD789014 with enhanced timer and increased ROM and RAM capacity
30-pin . #PD789074 with enhanced timer and increased ROM and RAM capacity
r 30-pin #PD789026 with enhanced timer
28-pin On-chip UART and capable of low voltage (1.8 V) operation
20-pin RC oscillation version of #PD789052
| 20-pin #PD789060 without EEPROM™, POC, and LVI
Small-scale package, general-purpose applications and A/D converter
*44—pin /uPD789177 //1PD789177Y #PD789167 with enhanced A/D converter (10 bits)
44-pin /uPD789167 [, /uPD789167Y/  1PD789104A with enhanced timer
30-pin #PD789146 with enhanced A/D converter (10 bits)
H gg:p:: 4PD789104A with added EEPROM
30—gin 1#PD789124A with enhanced A/D converter (10 bits)
30-pin RC oscillation version of the xPD789104A
30-pin 1#PD789104A with enhanced A/D converter (10 bits)
- uPD789026 with added 8-bit A/D converter and multiplier
144-pin UART, 8-bit A/D converter, and dot LCD (Display output total: 96)
88-pin 11PD789830 UART and dot LCD (40 x 16)
80-pin 11PD789488 SIO, 10-bit A/D converter, and on-chip voltage booster type LCD (28 x 4)
80-pin 1PD789478 SIO, 8-bit A/D converter, and resistance division type LCD (28 x 4)
80-pin 1PD789417A #PD789407A with enhanced A/D converter (10 bits)
80-pin 11PD789407A, SIO, 8-bit A/D converter, and resistance division type LCD (28 x 4)
H 64-pin 1PD789456 #PD789446 with enhanced A/D converter (10 bits)
64-pin 1IPD789446 SIO, 8-bit A/D converter, and on-chip voltage booster type LCD (15 x 4)
64-pin PD789436 #PD789426 with enhanced A/D converter (10 bits)
64-pin 1PD789426 SIO, 8-bit A/D converter, and on-chip voltage booster type LCD (5 x 4)
64-pin 1PD789316 RC oscillation version of the #PD789306
64-pin 'uPD789306 SIO and on-chip voltage booster type LCD (24 x 4)
52-pin 11PD789467 8-bit A/D converter and on-chip voltage booster type LCD (23 x 4)
52-pin 11PD789327 SIO and resistance division type LCD (24 x 4)
M*64-pin For PC keyboard, on-chip USB HUB function
44-pin For PC keyboard, on-chip USB function
Inverter control
+ 44-pin uPD789842 On-chip inverter controller and UART
On-chip bus controller
I 30-pin 1PD789850 On-chip CAN controller
Keyless entry
30-pin y ’ #PD789860 with enhanced timer, added SIO, and increased ROM, RAM capacity
20-pin RC oscillation version of the xPD789860
20-pin On-chip POC and key return circuit
VFD drive
+ 52-pin 1PD789871 On-chip VFD controller (display output total: 25)
Meter control
L 64-pin ",uP_D7898_81 ’." UART and resistance division type LCD (26 x 4)

VFD (Vacuum Fluorescent Display) is referred to as FIP™ (Fluorescent Indicator Panel) in some
documents, but the functions of the two are the same.
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CHAPTER 1 GENERAL

The major functional differences among the subseries are listed below.

Series for LCD drive, general-purpose applications

Function ROM Timer 8-Bit | 10-Bit [Serial Interface| /O | Voo Remarks
Capacity | g gt |16-Bit| watch | woT | AP | AD MIN.
Subseries Name Value
Small-scale | uPD789046 | 16 KB 1ch [ 1ch | 1ch 1ch - - 1ch 34 1.8V -
package, | ,pD789026 |4KB1o16 - (UART: 1 ch)
general- KB
purpose
applications uPD789088 16 KB to 3ch 24
32 KB
uPD789074 |2KBto8KB| 1ch
uPD789014 | 2KBto4KB| 2ch - 22
uPD789062 |4 KB - 14 RC oscillation
version
uPD789052 -
Small-scale | uPD789177 16 KB to 3ch | 1ch | 1ch 1ch - 8ch | 1ch 31 [1.8V -
package, 1PD789167 24 KB 8 ch | (UART: 1 ch)
general-
pUpose uPD789156 | 8 KB to 1¢ch - - | 4ch 20 On-chip
applications | uPD789146 | 16 KB ach| - EEPROM
andAD | ,PD789134A | 2KB to - | 4ch RC oscillation
converter ‘
1PD789124A | 8 KB 4ch| - version
uPD789114A - |4ch -
uPD789104A 4ch -
LCD drive | uPD789835 |24 KB to 6 ch - 1ch 1ch | 3ch - 1ch 37 N°{; Dot LCD
60 KB (UART: 1 ch) 18 supported
uPD789830 | 24 KB 1ch [ 1ch - 30 |2.7V
uPD789488 | 32 KB 3ch 8ch | 2ch 45 (1.8V -
1PD789478 | 24 KB to gch| - |(UART:1ch)
32 KB
uPD789417A | 12 KB to - 7ch | 1ch 43
LPD789407A 24 KB 7 ch _ (UART: 1 ch)
uPD789456 12 KB to 2ch - 6 ch 30
uPD789446 | 16 KB 6ch | -
uPD789436 — | 6¢h 40
uPD789426 6 ch -
uPD789316 | 8 KB to - 2ch 23 RC oscillation
16 KB (UART: 1 ch) version
uPD789306 -
uPD789467 | 4 KB to - 1ch - 18
uPD789327 |24 KB - 1¢h 21

Note Flash memory version: 3.0 V
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Series for ASSP
Function ROM Timer 8-Bit | 10-Bit Serial Interface| 1/O | Voo Remarks
Capacity | g gjt |16-Bit| Watch | wpT | AP | A/D MIN.
Subseries Name Value
uUsB uPD789803 | 8KBto16 KB| 2 ch - - 1ch - - |2ch 41 |36V -
1PD789800 | 8 KB (USB:1ch) | 3¢ |aov
Inverter uPD789842 | 8 KB to 3ch |Note1| 1ch | 1ch | 8ch - 1ch 30 |40V -
control 16 KB (UART: 1 ch)
On-chip uPD789850 | 16 KB 1ch | 1ch - 1ch | 4ch - |2ch 18 [40V -
bus (UART: 1 ch)
controller
Keyless uPD789861 | 4 KB 2ch - - 1ch - - - 14 (1.8 V| RC
entry oscillation
version,
on-chip
EEPROM
uPD789860 On-chip
1PD789862 | 16 KB 1ch | 2¢h 1¢ch 22 EEPROM
(UART: 1 ch)
VFD drive | uPD789871 |4KBto8KB | 3ch - 1ch 1ch - — |1ch 33 [2.7V -
Meter uPD789881 | 16 KB 2ch | 1ch - 1ch - — |1ch 28 | Note2 -
control (UART: 1 ch) 27V

Notes 1. 10-bit timer: 1 channel
2. Flash memory version: 3.0 V
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CHAPTER 1 GENERAL

TxD00/SO10/P21
RxD00/SI10/P22

1.6 Block Diagram

8-bit timer/

Ti80/P23 event counter 80
8-bit timer 81
TO82/P25 =—  8-bit timer 82
8-bit
timer 30 |Cascaded
16-bit
8-bit timer
TO40/P27 —— timer 40
8-bit remote
RIN/P26 timer 50

U

cogPsot Sound generator
SG7/P37 unag
Watch timer
Watchdog timer
ANIO0/P60 to
ANI2/P62 A/D converter

SCK10/P20 —

SCK10/UARTO00

SWAP

TES U 88 T T T T L

78K/0S

CPU core ROM

g U

Port 0

—>P00 to P07

Port 1

(—> P10, P11

Port 2

(—>P20 to P27

Port 3

—>P30 to P37

Port 6

P60 to P62

Port 8

(—IP8o to P87

Dot LCD
controller/driver

[ LCDO to LCD87

LCD88/P80 to
LCD95/P87

ﬁ RAiIE

space
RAM for LCD
data
Voo Vss IC
(Vep)

g ¢ T 1Ty Ly

Booster for
Dot LCD

:> Vico to Vice

> CAPO to CAP3

Regulator for
Dot LCD

|:> Vics, Vica

Regulator for
CPU/XT

— VRourto

=

Multiplier

Interrupt control

l«——INTPO/P20
l«——INTP1/P21
KRO00/P0O0 to
KRO7/P07

System control

~—RESET
~—X1/CL1
——X2/CL2
~———XT1
——XT2

Remarks 1. The internal ROM and RAM capacities vary depending on the product.
2. The parenthesized values apply to uPD78F9835.
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1.7 Overview of Functions

ltem uPD789832 uPD789833 uPD789834 uPD789835 uPD78F9835
Internal memory| ROM Mask ROM Flash memory
24 KB 32 KB | 48 KB 60 KB
High-speed RAM 1024 bytes
Low-speed RAM 1216 bytes | 2240 bytes

LCD display RAM

288 bytes x 2

Minimum
instruction

Ceramic/crystal
oscillation

0.4 us/1.6 us (@ 5.0 MHz operation with main system clock)

execution time

RC oscillation

1.0 us/4.0 us (@ 2.0 MHz operation with main system clock)

122 us (@ 32.768 kHz operation with subsystem clock)

General-purpose registers

8 bits x 8 registers

Instruction set

o 16-bit operation
« Bit manipulation (set, reset, test)

1/0 ports Total: 37
e CMOS I/O: 26
e CMOS input: 11

Timers e 16-bit timer: 6 channels
e Watch timer: 1 channel
e Watchdog timer: 1 channel

Sound generator

Volume: 16 levels, scale: 3 octaves

A/D converter

8-bit resolution x 3 channels

Serial interface

Switchable between UART and 3-wire serial /O modes: 1 channel

LCD controller/driver

4 display modes selectable (48 x 48, 64 x 32, 80 x 16, 80 x 8)

Multiplier

8 bits x 8 bits = 16 bits

SWAP

Higher and lower 4 bits of an 8-bit register can be swapped.

Vectored interrupt
sources

Maskable

Internal: 15, External: 5

Non-maskable Internal: 1
Power supply voltage (Vob) 1.8t03.6V 3.0t03.6V
Operating ambient temperature Ta=-40to +85°C
Package 144-pin plastic LQFP (fine pitch) (20 x 20)
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An outline of the timer is shown below.

8-Bit 8-Bit Timer | 8-Bit Timer | 8-Bit Timer | 8-Bit Timer [8-Bit Remote | Watch Timer [ Watchdog
Timer/Event 81 82 30 40 Control Timer Timer
Counter 80 50
Operation Interval timer 1 channel 1 channel 1 channel 1 channel 1 channel 1 channel |1 channel®®’|1 channel™™?
mode External event 1 channel - - - - - - -
counter
Function Timer outputs - - 1 output - 1 output - - -
Square-wave - - 1 output - 1 output - - -
outputs
Capture - - - - - - - -
Interrupt sources 1 1 1 1 1 3 2 2
Notes 1. The watch timer can perform both watch timer and interval timer functions at the same time.
2. The watchdog timer has the watchdog timer and interval timer functions. However, use the watchdog
timer by selecting either the watchdog timer function or interval timer function.
32 Preliminary User's Manual U15559EJ1V1UD




CHAPTER 2 PIN FUNCTIONS

2.1 List of Pin Functions

(1) Port pins

8-bit input-only port when used as a general-purpose port.
Output-only pins when used for alternate function (LCD
display).

Pin Name /0 Function After Reset | Alternate Function
P00 to P07 I/0 Port 0. Input KRO0O0 to KR0O7
8-bit I/O port.
Input/output can be specified in 1-bit units.
When used as an input port, use of an on-chip pull-up resistor
can be specified by pull-up resistor option register 0 (PUO).
P10, P11 I/0 Port 1. Input —
2-bit 1/0 port.
Input/output can be specified in 1-bit units.
When used as an input port, use of an on-chip pull-up resistor
can be specified by pull-up resistor option register 0 (PUO).
P20 I/0 Port 2. Input SCK10
P21 8-bit VO port. TxD00/SO10
Input/output can be specified in 1-bit units.
p22 When used as an input port, use of an on-chip pull-up resistor RxD00/SI10
P23 can be specified by pull-up resistor option register B2 (PUB2). INTPO/TI80
P24 INTP1
P25 TO82
P26 RIN
P27 TO40
P30 to P37 I/0 Port 3. Input SGO to SG7
8-bit I/O port.
Input/output can be specified in 1-bit units.
When used as an input port, use of an on-chip pull-up resistor
can be specified by pull-up resistor option register B3 (PUB3).
P60 to P62 Input Port 6. Input ANIO to ANI2
3-bit input port.
P80 to P87 Input Port 8. Output LCD88 to LCD95
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CHAPTER 2 PIN FUNCTIONS

(2) Non-port pins

Pin Name I/0 Function After Reset | Alternate Function
INTPO Input External interrupt input for which the valid edge (rising edge, Input P23/T180
INTP1 falling edge, or both rising and falling edges) can be specified P24
KROO to KRO7 Input Key return signal detection Input P00 to PO7
SO Input Serial interface serial data input Input P22/RxD00
SO10 Output | Serial interface serial data output Input P21/TxD00
SCK10 1/0 Serial interface serial clock input/output Input P20
RxD00 Input Serial data input for asynchronous serial interface Input P22/SI10
TxD00 Output | Serial data output for asynchronous serial interface Input P21/SO10
TI80 Input External count clock input to 8-bit timer/event counter 80 Input P23/INTPO
TO82 Output | 8-bit timer 82 output Input P25
RIN Input Input to 8-bit remote control timer 50 Input P26
TO40 Output | 8-bit timer 40 output Input P27
SGO to SG7 Output | Frequency output for sound generator Input P30 to P37
ANIO to ANI2 Input A/D converter analog input Input P60 to P62
LCDO to LCD87 | Output | Segment/common signal output Output —
LCD88 to LCD95 P80 to P87
Vico to Vica — LCD drive voltage — —
CAPO to CAP3 — Connection pin for LCD drive capacitor — —
Vrouto — Regulator output for subsystem clock oscillation. Connect to — —

Vss via a 0.1 uF capacitor.
SEL Input Input to switch ceramic/crystal oscillation or RC oscillation. — —
Connect to Vss when using ceramic/crystal oscillation, and
connect to Voo when using RC oscillation.
X1 Input Connecting ceramic/crystal resonator for main system clock — —
X2 _ oscillation _ _
CL1 Input Connecting resistor (R) and capacitor (C) for main system — —
cL2 _ clock oscillation _ _
XT1 Input Connecting crystal resonator for subsystem clock oscillation — —
XT2 — — —
RESET Input | System reset input Input —
Vob — Positive power supply for ports — —
Vss — Ground potential — —
IC — Internally connected. Connect directly to Vss. — —
Vep — Sets flash memory programming mode. — —
Applies high voltage when a program is written or verified.
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CHAPTER 2 PIN FUNCTIONS

2.2 Description of Pin Functions

2.2.1 P00 to P07 (Port 0)

These pins constitute an 8-bit I/0O port. In addition, these pins enable key return signal detection.
Port 0 can be specified in the following operation modes in 1-bit units.

(1) Port mode
These pins constitute an 8-bit I/O port and can be set in the input or output port mode in 1-bit units by port
mode register 0 (PM0). When used as an input port, use of an on-chip pull-up resistor can be specified by
pull-up resistor option register 0 (PUQ) in port units.

(2) Control mode
In this mode, P00 to P07 function as key return signal detection pins (KR0OO to KR07).

2.2.2 P10, P11 (Port 1)

These pins constitute a 2-bit 1/0 port and can be set in the input or output port mode in 1-bit units by port mode
register 1 (PM1). When used as an input port, use of an on-chip pull-up resistor can be specified by pull-up resistor

option register 0 (PUO) in port units.

2.2.3 P20 to P27 (Port 2)

These pins constitute an 8-bit I/O port. In addition, these pins enable serial interface data 1/O, clock 1/O, external
interrupt input, and timer 1/O.

Port 2 can be specified in the following operation modes in 1-bit units.

(1) Port mode
In this mode, P20 to P27 function as an 8-bit I/O port. Port 2 can be set in the input or output port mode in
1-bit units by port mode register 2 (PM2). When used as an input port, use of an on-chip pull-up resistor can
be specified by pull-up resistor option register B2 (PUB2).

(2) Control mode
In this mode, P20 to P27 function as the serial interface data I/O, clock 1/O, external interrupt input, and

timer I/O.
(a) SI10,SO10
These are the serial data I/0 pins of the serial interface.
(b) SCK10
This is the serial clock 1/O pin of the serial interface.
(c) RxDO00, TxD00
These are the serial data I/O pins of the asynchronous serial interface.
(d) TI80
This is the external clock input pin for 8-bit timer/event counter 80.
(e) TO40, TO82

These are the output pins of the 8-bit timer.
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(f) RIN
This is the input pin for 8-bit remote control timer 50.

(g) INTPO, INTP1
These are the external interrupt input pins for which valid edges (rising edge, falling edge, or both
rising and falling edges) can be specified.

Caution When using P20 to P27 as serial interface pins, the I/O mode and output latch must be
set according to the functions to be used. For the details of the setting, refer to Table
13-2 Settings of Serial Interface Operating Mode.

2.2.4 P30 to P37 (Port 3)
These pins constitute an 8-bit I/0 port. In addition, they also function as frequency output for sound generator.

Port 3 can be specified in the following operation mode by P3 function register (PF3).

(1) Port mode
In this mode, port 3 functions as an 8-bit I/O port. Port 3 can be set in the input or output port mode in 1-bit
units by port mode register 3 (PM3). When used as an input port, use of an on-chip pull-up resistor can be
specified by pull-up resistor option register B3 (PUB3) in 1-bit units.

(2) Control mode
In this mode, the pins function as frequency output for sound generator (SGO to SG7).

2.2.5 P60 to P62 (Port 6)

These pins constitute a 3-bit input-only port. In addition, they also function as A/D converter input.

(1) Port mode
In this mode, port 6 functions as a 3-bit input-only port.

(2) Control mode
In this mode, the pins of port 6 function as A/D converter analog inputs (ANIO to ANI2).

2.2.6 P80 to P87 (Port 8)

These pins constitute an 8-bit input port. In addition, they also function as LCD controller/driver segment signal
output.
Port 8 can be specified in the following operation mode in 8-bit units by LCD display mode register 20 (LCDM20).

(1) Control mode
In this mode, the pins function as LCD controller/driver segment/common signal output (LCD88 to LCD95).

(2) Port mode
In this mode, port 8 functions as an 8-bit input port.

2.2.7 LCDO to LCD87

These pins are segment signal/common output pins for the LCD controller/driver.
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2.2.8 CAPO to CAP3

These pins are the capacitor output pins used to drive the LCD. Connect a 0.1 uF capacitor.

2.2.9 VRouto

This pin is the regulator output pin for subsystem clock oscillation. Connect to Vss via a 0.1 uF capacitor.

2.2.10 Vicoto Vica

These pins are the power supply voltage pins to drive the LCD. Connect a 0.1 uF capacitor.

2.2.11 RESET

This pin inputs an active-low system reset signal.

2.2.12 SEL

This pin is the input pin for switching between ceramic/crystal oscillation and RC oscillation. Connect to Vss when
using ceramic/crystal oscillation, and connect to Vop when using RC oscillation.

2.2.13 X1, X2

These pins are used to connect a crystal resonator for main system clock oscillation when ceramic/crystal
oscillation is selected.
To supply an external clock, input the clock to X1 and input the inverted signal to X2.

2.2.14 CL1,CL2

These pins are used to connect a resistor (R) and a capacitor (C) for main system clock oscillation when RC
oscillation is selected.
To supply an external clock, input the clock to CL1 and input the inverted signal to CL2.

2.2.15 XT1, XT2
These pins are used to connect a crystal resonator for subsystem clock oscillation.
To supply an external clock, input the clock to XT1 and input the inverted signal to XT2.

2.2.16 Vop

This is the positive power supply pin.

2.2.17 Vss

This is the ground pin.

2.2.18 Vrp (uPD78F9835 only)

A high voltage should be applied to this pin when the flash memory programming mode is set and when the
program is written or verified.
Perform either of the following.
¢ Independently connect a 10 kQ pull-down resistor to Vpr.
e Use the jumper on the board to connect Vrr to the dedicated flash programmer or Vss, in programming mode
or normal operation mode, respectively.
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2.2.19 IC (mask ROM version only)

The IC (Internally Connected) pin is used to set the uPD789832, 789833, 789834, and 789835 in the test mode
before shipment. In the normal operation mode, directly connect this pin to the Vss pin with as short a wiring length
as possible.

If a potential difference is generated between the IC pin and Vss pin due to a long wiring length, or an external
noise superimposed on the IC pin, the user program may not run correctly.

¢ Directly connect the IC pin to the Vss pin.

Vss IC

\\

Keep short
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2.3 Pin I/O Circuits and Recommended Connection of Unused Pins

The 1/O circuit type of each pin and recommended connection of unused pins are shown in Table 2-1.

For the I/O circuit configuration of each type, see Figure 2-1.

Table 2-1. Types of Pin I/O Circuits and Recommended Connection of Unused Pins

Pin Name I/0 Circuit Type 1/0 Recommended Connection of Unused Pins
P00 to PO7 5-A I/0 Input:  Independently connect to Voo or Vss via a resistor.
P10, P11 Output: Leave open.
P20/SCK10 8-A
P21/TxD00/SO10 5-A
P22/RxD00/SI10 8-A
P23/INTPO/TI80
P24/INTP1
P25/TO82 5-A
P26/RIN 8-A
P27/TO40 5-AA
P30/SGO, P34/SG4 5-AB
P31/SG1 to P33/SG3, 5-A
P35/SG5 to P37/SG7
P60/ANIO to P62/ANI2 9-C Input Connect directly to Voo or Vss.
P80/LCD88 to 17-J I/0 Input:  Independently connect to Voo or Vss via a resistor.
P87/LCD95 Output: Leave open.
LCDO to LCD87 17-K Output Leave open.
SEL 2 Input —
XT1 — Connect to Vss.
XT2 — — Leave open.
RESET 2 Input —

IC (mask ROM version)

Ve (LPD78F9835)

Connect directly to Vss.

Independently connect a 10 kQ pull-down resistor to Ver or directly
connect to Vss.
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Figure 2-1. Pin I/O Circuits (1/2)

Type 2

Type 8-A

Schmitt-triggered input with hysteresis characteristics

Pull-up

enable

Data

Output
disable

IN/OUT

Type 5-A

Pull-up
enable

Data

Voo
Output N-ch
disable ¢
Vss

Input :l

enable

IN/OUT

Type 9-C

4
P-ch[§{

Comparator

INO
N-ch 1]

Bl VssI

(Threshold voltage)

VRer

>

|: Input

enable

Type 5-AA Voo

Pull-up
enable

Qutput D
disable

Data

IN/OUT

Qutput N-ch
disable
Vss

Input g

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

Type 5-AB Type 17-J
Vop
Input
enable
Pull-up 'l: | -
enable P-ch Vicoo m
4
Vop Vi P-ch
LCD1
N-ch LLJ
Data —:Do—l P-ch I
P-ch[77]
‘ O IN/OUT
Output é [ Vieoe = onti ‘DC
- T
disable Neh P-ch | [~ |N-ch
Vss | I
OIN/OUT
~—OG_‘7 SEG/COM Neh, Eﬂ P-ch
Input Data 1 1 I
enable P-ch[]
Vi
—{ Y{f=Pcn 2 Neen
T
4
P-ch[T]
N-ch Vicp4 Nech LU
-
Li]
Vss e
—— ) == | 2
| Type 17-K
-
N-ch
Vicoo m
-
P-ch[{7]
—:Do_l P-ch Vicpt N-ch[ !
-1
4 -
P-ch[T]
N-ch Vicoz N-ch
P-ch | IN-ch
| |
| b—l P-ch N —O OUT
SEG/COM N-ch =+ P-ch
Data e | |
P-ch[{7]
N-ch Vicps
N-ch =]
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-
P-ch[{7]
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CHAPTER 3 CPU ARCHITECTURE

3.1 Memory Space

The uPD789835 Subseries can access 64 KB of memory space. Figures 3-1 through 3-5 show the memory
maps.

Figure 3-1. Memory Map (uPD789832)

FFFFH Special function registers
(SFRs)
FFOOH 256 x 8 bits
FEFFH
Internal high-speed RAM
1024 x 8 bits
FBOOH
FAFFH )
LCD display RAMNete
288 x 8 bits
FOEOQOH
FODFH
LCD display RAMNete
288 x 8 bits
F8COH
F8BFH
Data memory Internal low-speed RAM
space 1216 x 8 bits 5FFFH
F400H
F3FFH
Reserved == Program area -
6000H
5FFFH
0080H
007FH
CALLT table area
Program memory L Internal ROM L 0040H
space 24576 x 8 bits 003FH
Program area
002CH
002BH
Vector table area
0000H 0000H

Note Can be used as normal RAM when not being used for LCD display.

42 Preliminary User's Manual U15559EJ1V1UD



CHAPTER 3 CPU ARCHITECTURE

Figure 3-2. Memory Map (uPD789833)

Data memory
space

space

Program memory

FFFFH Special function registers
(SFRs)
FFOOH 256 x 8 bits
FEFFH
Internal high-speed RAM
1024 x 8 bits
FBOOH
FAFFH )
LCD display RAMNete
288 x 8 bits
FOEOH
FODFH
LCD display RAMNete
288 x 8 bits
F8COH
F8BFH
Internal low-speed RAM
1216 x 8 bits
F400H
F3FFH
Reserved
8000H
7FFFH
- Internal ROM

0000H

32768 x 8 bits

7FFFH

0080H
007FH

0040H
003FH

002CH
002BH

0000H

Program area

CALLT table area

Program area

Vector table area

Note Can be used as normal RAM when not being used for LCD display.
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Figure 3-3. Memory Map (uPD789834)

Data memory
space

space

0000H

FFFFH Special function registers
(SFRs)
FFOOH 256 x 8 bits
FEFFH
Internal high-speed RAM
1024 x 8 bits
FBOOH
FAFFH )
LCD display RAMNete
288 x 8 bits
FOEOH
FODFH
LCD display RAMNete
288 x 8 bits
F8COH
F8BFH
Internal low-speed RAM
1216 x 8 bits
F400H
F3FFH
Internal low-speed RAM
1024 x 8 bits
FOOOH
EFFFH
Reserved
CO00H
BFFFH
Program memory = Internal ROM
49152 x 8 bits

BFFFH

0080H

Program area

007FH
0040H

CALLT table area

003FH
002CH

Program area

002BH
0000H

Vector table area

Note Can be used as normal RAM when not being used for LCD display.
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Figure 3-4. Memory Map (uPD789835)

Data memory
space

0000H

FFFFH Special function registers
(SFRs)
FFOOH 256 x 8 bits
FEFFH
Internal high-speed RAM
1024 x 8 bits
FBOOH
FAFFH .
LCD display RAMNete
288 x 8 bits
FOEOH
FODFH
LCD display RAMNete
288 x 8 bits
F8COH
F8BFH
Internal low-speed RAM
1216 x 8 bits
F400H
F3FFH
Internal low-speed RAM
1024 x 8 bits
FOOOH
EFFFH
Program memory = Internal ROM
space 61440 x 8 bits

EFFFH

0080H

Program area

007FH
0040H

CALLT table area

003FH
002CH

Program area

002BH
0000H

Vector table area

Note Can be used as normal RAM when not being used for LCD display.
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Figure 3-5. Memory Map (uPD78F9835)

Data memory
space

FFFFH Special function registers
(SFRs)
FFOOH 256 x 8 bits
FEFFH
Internal high-speed RAM
1024 x 8 bits
FBOOH
FAFFH )
LCD display RAMNete
288 x 8 bits
F9EOH
FODFH
LCD display RAMNete
288 x 8 bits
F8COH
F8BFH
Internal low-speed RAM
1216 x 8 bits
F400H
F3FFH
Internal low-speed RAM
1024 x 8 bits
FOOOH
EFFFH
Program memory L Flash memory
space 61440 x 8 bits
0000H

EFFFH

0080H

Program area

007FH
0040H

CALLT table area

003FH
002CH

Program area

002BH
0000H

Vector table area

Note Can be used as normal RAM when not being used for LCD display.
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3.1.1 Internal program memory space

The internal program memory space stores programs and table data. This space is usually addressed by the
program counter (PC).
The uPD789835 Subseries provide internal ROM (or flash memory) with the following capacity for each product.

Table 3-1. Internal ROM Capacity

Part Number Internal ROM
Structure Capacity
uPD789832 24576 x 8 bits
1PD789833 32768 x 8 bits
uPD789834 49152 x 8 bits
uPD789835 61440 x 8 bits
uPD78F9835 Flash memory 61440 x 8 bits

The following areas are allocated to the internal program memory space.

(1) Vector table area
The 44-byte area of addresses 0000H to 002BH is reserved as a vector table area. This area stores
program start addresses to be used when branching by the RESET input or an interrupt request generation.
Of a 16-bit program address, the lower 8 bits are stored in an even address, and the higher 8 bits are stored
in an odd address.

Table 3-2. Vector Table

Vector Table Address Interrupt Request Vector Table Address Interrupt Request
000O0H RESET input 0018H INTWT
0004H INTWDT1 001AH INTWTI
0006H INTPO 001CH INTTM80
0008H INTP1 001EH INTTM81
000AH INTCSI10 0020H INTTM82
000CH INTSEROO 0022H INTTM30
0O00EH INTSROO 0024H INTTM40
0010H INTSTOO 0026H INTTMSGO
0012H INTTM50 0028H INTAD
0014H INTTM51 002AH INTKROO
0016H INTTM52

(2) CALLT instruction table area
The subroutine entry address of a 1-byte call instruction (CALLT) can be stored in the 64-byte area of
addresses 0040H to 007FH.
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3.1.2 Internal data memory space

The uPD789835 Subseries products incorporate the following RAM.

(1) Internal RAM
The uPD789835 Subseries incorporate the following RAM.

Table 3-3. Internal RAM Capacity

Part Number Capacity
uPD789832 2240 bytes (high-speed RAM 1024 bytes + low-speed RAM 1216
1PD789833 bytes)
uPD789834 3264 bytes (high-speed RAM 1024 bytes + low-speed RAM 2240
1PD789835 bytes)
uPD78F9835

The internal high-speed RAM is also used as a stack.

(2) LCD display RAM
LCD display RAM is allocated in the area between F8COH and FAFFH. The LCD display RAM can also be
used as ordinary RAM.

3.1.3 Special function register (SFR) area

Special function registers (SFRs) of on-chip peripheral hardware are allocated in the area between FFOOH and
FFFFH (see Table 3-4).
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3.1.4 Data memory addressing

The uPD789835 Subseries are provided with a variety of addressing modes to make memory manipulation as
efficient as possible. At the addresses corresponding to data memory area especially, specific addressing modes
that correspond to the particular function an area, such as the special function registers are available. Figures 3-6
through 3-10 show the data memory addressing modes.

Figure 3-6. Data Memory Addressing (uPD789832)

FFFFH . . . !
Special funzcggryg%i?;ers (SFRs) SFR addressing
FF20H| =/ ~=—"™= R o
FF1FH
FFOOH
FEFFH
Short direct addressing
L Internal high-speed RAM L
1024 x 8 bits
FE2OH| ]
FE1FH
FBOOH
FAFFH LCD display RAMNete
isplay . .
288 x 8 bits Direct addressing
FOEOH ) - .
FODFH Register indirect addressing
LCD display RAMNete
288 x 8 bits Based addressing
F8COH
F8BFH
Internal low-speed RAM
1216 x 8 bits
F400H
F3FFH
Reserved
6000H
5FFFH
ng Internal ROM 1
T 24576 x 8 bits T
0000H

Note Can be used as normal RAM when not being used for LCD display.
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Figure 3-7. Data Memory Addressing (uPD789833)

FFFFH . . . !
Special funzcggry:%ﬁ;ers (SFRs) SFR addressing
FF20H) =/ ~=="™= R o
FF1FH
FFOOH
FEFFH
Short direct addressing
L Internal high-speed RAM L
1024 x 8 bits
FE2OH| ]
FE1FH
FBOOH
FAFFH LCD display RAMNete
isplay .
288 x 8 bits Direct addressing
FOEOH ) - .
FODFH Register indirect addressing
LCD display RAMNete
288 x 8 bits Based addressing
F8COH
F8BFH
Internal low-speed RAM
1216 x 8 bits
F400H
F3FFH
Reserved
8000H
7FFFH
1 Internal ROM 1
T 32768 x 8 bits T
0000H

Note Can be used as normal RAM when not being used for LCD display.
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Figure 3-8. Data Memory Addressing (uPD789834)

FFFFH . . . !
Special funzcggry:%ﬁ;ers (SFRs) SFR addressing
FF20H
FFiFH| "~~~ "~~~ 777 T T o
FFOOH
FEFFH
Short direct addressing
L Internal high-speed RAM L
1024 x 8 bits
FE2OH| ]
FE1FH
FBOOH
FAFFH LCD display RAMNete
288 x 8 bits Direct addressing
FOEOH ) e )
FODFH Register indirect addressing
LCD display RAMNete
288 x 8 bits Based addressing
F8COH
F8BFH
Internal low-speed RAM
1216 x 8 bits
F400H
F3FFH
Internal low-speed RAM
1024 x 8 bits
FOOOH
El(:)'(:)g: Reserved
BFFFH
1 Internal ROM 1
T 49152 x 8 bits T
0000H

Note Can be used as normal RAM when not being used for LCD display.
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Figure 3-9. Data Memory Addressing (uPD789835)

FFFFH . . . !
Special funzcggry:%ﬁ;ers (SFRs) SFR addressing
FF20H
FFiFH| "ot TT T T o
FFOOH
FEFFH
Short direct addressing
L Internal high-speed RAM L
1024 x 8 bits
FE2OH| ]
FE1FH
FBOOH
FAFFH LCD display RAMNete
288 x 8 bits Direct addressing
FOEOH ) e )
FODFH Register indirect addressing
LCD display RAMNete
288 x 8 bits Based addressing
F8COH
F8BFH
Internal low-speed RAM
1216 x 8 bits
F400H
F3FFH
Internal low-speed RAM
1024 x 8 bits
FOOOH
EFFFH
A Internal ROM g
T 61440 x 8 bits T
0000H

Note Can be used as normal RAM when not being used for LCD display.
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Figure 3-10. Data Memory Addressing (uPD78F9835)

FFFFH . . . !
Special funzcggry:%ﬁ;ers (SFRs) SFR addressing
FF20H
FFiFH| "~~~ "~~~ 777 T T o
FFOOH
FEFFH
Short direct addressing
L Internal high-speed RAM L

1024 x 8 bits
FE2OH| ]
FE1FH
FBOOH
FAFFH LCD display RAMNete

288 x 8 bits Direct addressing
FOEOH ) o )
FODFH Register indirect addressing
LCD display RAMNete

288 x 8 bits Based addressing
F8COH
F8BFH

Internal low-speed RAM

1216 x 8 bits
F400H
F3FFH

Internal low-speed RAM

1024 x 8 bits
FOOOH
EFFFH

L Flash memory £

61440 x 8 bits

0000H

Note Can be used as normal RAM when not being used for LCD display.
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3.2 Processor Registers
The uPD789835 Subseries provide the following on-chip processor registers.

3.2.1 Control registers

The control registers contain special functions to control the program sequence statuses and stack memory. The
program counter, program status word, and stack pointer are control registers.

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

Figure 3-11. Program Counter Configuration

15 0
PC [PC15 |PC14|Pc13|Pc12 |PC11|PC10| PCo | Pcs | PC7 | PC6 | PCs | Pca | PC3 | Pc2 | PC1 | PCo |

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

Figure 3-12. Program Status Word Configuration

7 0

PSW IE 4 0 AC 0 0 1 CcY
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(@

(b)

()

(d)

Interrupt enable flag (IE)

This flag controls interrupt request acknowledgement operations of the CPU.

When 0, IE is set to the interrupt disable status (DI), and interrupt requests other than non-maskable
interrupt are all disabled.

When 1, IE is set to the interrupt enable status (El). Interrupt request acknowledgement enable is
controlled with an interrupt mask flag for various interrupt sources.

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

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

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

Carry flag (CY)

This flag stores overflow and underflow upon add/subtract instruction execution. It stores the shift-out
value upon rotate instruction execution and functions as a bit accumulator during bit manipulation
instruction execution.
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(8) Stack pointer (SP)
This is a 16-bit register to hold the start address of the memory stack area. Only the internal high-speed
RAM area can be set as the stack area.

Figure 3-13. Stack Pointer Configuration

15 0
sP [sP15 |sP14 |SP13|sP12[sP11|sP10| sPo | sP8 | SP7 | sP6 | sP5 | sP4 | SP3 | P2 | sP1 | sPo |

The SP is decremented ahead of write (save) to the stack memory and is incremented after read (restore)
from the stack memory.
Each stack operation saves/restores data as shown in Figures 3-14 and 3-15.

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

Figure 3-14. Data to Be Saved to Stack Memory

PUSH rp CALL, CALLT Interrupt
instruction instructions
SP <SP -3
SP =-SP -2 SP =-SP -2 SP-3 PC7 to PCO
SP-2 Lower = SP -2 PC7 to PCO SP-2 PC15 to PC8
? register pairs ? ?
SP -1 Higher = SP -1 PC15 to PC8 SP -1 PSW
? register pairs ? ?
SP = Sp = SP =
Figure 3-15. Data to Be Restored from Stack Memory
POP rp RET instruction RET]I instruction
instruction
Lower
SP register pairs SP - PC7 to PCO SP > PC7 to PCO
Higher
SP +1 register pairs SP +1 PC15 to PC8 SPJr 1 PC15 to PC8
SP=SP +2 SP=SP +2 SP+2 PSW
SP=SP +3

56
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3.2.2 General-purpose registers

The general-purpose registers consist of eight 8-bit registers (X, A, C, B, E, D, L, and H).

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

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

Figure 3-16. General-Purpose Register Configuration

(a) Absolute names

16-bit processing 8-bit processing

R7

RP3
R6
R5

RP2
R4
R3

RP1
R2
R1

RPO
RO

15 0 7 0

(b) Function names

16-bit processing 8-bit processing

H

HL
L
D

DE
E
B

BC
C
A

AX
X

15 0 7 0
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3.2.3 Special function registers (SFRs)

Unlike a general-purpose register, each special function register has a special function.
The special function registers are allocated in the 256-byte area of FFOOH to FFFFH.
Special function registers can be manipulated, like general-purpose registers, by operation, transfer, and bit

manipulation instructions. The manipulatable bit units (1, 8, and 16) differ depending on the special function register
type.

58

The manipulatable bits can be specified as follows.

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

¢ 8-bit manipulation
Describes a symbol reserved by the assembler for the 8-bit manipulation instruction operand (sfr). This
manipulation can also be specified with an address.

¢ 16-bit manipulation
Describes a symbol reserved by the assembler for the 16-bit manipulation instruction operand. When
addressing an address, describe an even address.

Table 3-4 lists the special function registers. The meanings of the symbols in this table are as follows:

e Symbol
Indicates the addresses of the implemented special function registers. The symbols shown in this column are
the reserved words of the assembler, and have already been defined in the header file called “sfrbit.h” of the C
compiler. Therefore, these symbols can be used as instruction operands if an assembler or integrated
debugger is used.

* R/W
Indicates whether the special function register in question can be read or written.
R/W:  Read/write
R: Read only
W: Write only

¢ Bit unit for manipulation
Indicates the bit units (1, 8, 16) in which the special function register in question can be manipulated.

* After reset
Indicates the status of the special function register when the RESET signal is input.
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Table 3-4. Special Function Registers (1/2)

Address Special Function Register (SFR) Name Symbol R/W Bit Units for Manipulation |After Reset
1 Bit 8 Bits | 16 Bits

FFOOH | Port0 PO R/W J v — |ooH

FFO1H | Port 1 P1 J x/ —

FFO2H | Port2 P2 J v —

FFO3H |Port3 P3 J V —

FFO6H Port 6 P6 R J y — | Undefined

FFO8H |Port8 P8 J v —

FF11H A/D conversion result register ADCR — v —

FF14H 16-bit multiplication result store register 0 MULO™ ' | MULOL — v e

FF15H MULOH — v

FF20H Port mode register 0 PMO R/W J v — FFH

FF21H Port mode register 1 PMH1 \ v —

FF22H Port mode register 2 PM2 J v —

FF23H Port mode register 3 PM3 \ v —

FF32H Pull-up resistor option register B2 PUB2 J v — O00H

FF33H Pull-up resistor option register B3 PUB3 S N —

FF42H Watchdog timer clock selection register WDCS — v —

FF4AH | Watch timer mode control register WTM \ v —

FF4BH Watchdog timer mode register WDTM J v —

FF53H P3 function register PF3 \ v —

FF54H Remote control timer control register 50 TMC50 J v —

FF55H Remote control timer capture register 50 CP50 R — v —

FF56H Remote control timer capture register 51 CP51 — v —

FF57H 8-bit compare register 80 CR80 — v — Undefined

FF58H | 8-bit timer counter 80 TM80 R — \/ — |ooH

FF59H 8-bit timer mode control register 80 TMC80 R/W \ v —

FF5AH 8-bit compare register 81 CR81 — N — Undefined

FF5BH | 8-bit timer counter 81 TM81 R — y — | OOH

FF5CH 8-bit timer mode control register 81 TMC81 R/W J v —

FF5DH 8-bit compare register 82 CR82 — v — Undefined

FF5EH 8-bit timer counter 82 TM82 R — v — O00H

FF5FH | 8-bit timer mode control register 82 TMC82 R/W \ v —

FF60H 8-bit compare register 30 CR30 — N — Undefined

FF61H | 8-bit timer counter 30 TM30 R — v — |ooH

FF62H 8-bit timer mode control register 30 TMC30 R/W J v —

FF63H 8-bit compare register 40 CR40 w — v — Undefined

FF64H 8-bit H width compare register 40 CRH40 — \ —

Notes 1. This symbol is for 16-bit access only.
2. 16-bit access is enabled for short direct addressing only.
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Table 3-4. Special Function Registers (2/2)

Address Special Function Register (SFR) Name Symbol R/W | Bit Units for Manipulation |After Reset
1 Bit 8 Bits | 16 Bits
FF65H 8-bit timer counter 40 TM40 R — J — O00H
FF66H 8-bit timer mode control register 40 TMC40 R/W v J —
FF67H Carrier generator output control register 40 TCA40 w — J —
FF68H 8-bit compare register SGO CRSGO — N — Undefined
FF6AH | 8-bit timer counter SGO TMSGO R — ol — | OOH
FF6BH 8-bit timer mode control register SGO TMCSGO R/W v J —
FF6CH Carrier generator output control register SGO TCASGO w — J —
FF6DH Sound generator frequency setting register 00 SGFCO00 R/W — J —
FF72H Serial operation mode register 10 CSIM10 v J —
FF74H Transmission/reception shift register 10 SI010 w — J — Undefined
R| — | v | = Joon
FF80H A/D converter mode register ADM R/W v J —
FF84H A/D input selection register ADS v J —
FFAOH Asynchronous serial interface mode register 00 ASIMO00 v J —
FFA1H Baud rate generator control register 00 BRGCO00 — J —
FFA2H Transmit shift register 00 TXS00 w — J — Undefined
Receive buffer register 00 RXB00 R — N — |FFH
FFA3H Asynchronous serial interface status register 00 ASIS00 v J — O00H
FFABH | Swapping function register 0 SWpPQ“* w — J — | Undefined
R| — | v | = Joon
FFAFH Power supply control register 0 PSCO R/W v J —
FFBOH LCD20 display mode register LCDM20 v J —
FFB2H LCD20 clock control register LCDC20 — J —
FFB3H LCD boost voltage level setting register 00 VLCDO00 — J —
FFDOH Multiplication data register AO MRAO w — J — Undefined
FFD1H Multiplication data register BO MRBO — J —
FFD2H Multiplier control register O MULCO R/W v J — 00H
FFEOH Interrupt request flag register 0 IFO v J —
FFE1H Interrupt request flag register 1 IF1 v J —
FFE2H Interrupt request flag register 2 IF2 v J —
FFE4H Interrupt mask flag register 0 MKO v J — FFH
FFES5H Interrupt mask flag register 1 MKA1 v J —
FFE6H Interrupt mask flag register 2 MK2 v J —
FFECH External interrupt mode register 0 INTMO — J — O00H
FFFOH Subsystem clock oscillation mode register SCKM v J —
FFF2H Subsystem clock control register CSS v J —
FFF5H Key return mode register 00 KRMO00 v J —
FFF7H Pull-up resistor option register 0 PUO v J —
FFFAH Oscillation stabilization time selection register OSTS — J — 04H
FFFBH Processor clock control register PCC v J — 02H

Note The initial value in read mode differs from that in write mode. For details, refer to CHAPTER 16 SWAPPING
(SWAP).
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3.3 Instruction Address Addressing

An instruction address is determined by the program counter (PC) contents. The PC contents are normally
incremented (+1 for each byte) automatically according to the number of bytes of an instruction to be fetched each
time another instruction is executed. When a branch instruction is executed, the branch destination information is set
to the PC and branched by the following addressing (for details of each instruction, refer to 78K/0S Series
Instructions User’s Manual (U11047E)).

3.3.1 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.
This means that information is relatively branched to a location between —128 and +127, from the start
address of the next instruction when relative addressing is used.
This function is carried out when the BR $addr16 instruction or a conditional branch instruction is executed.

[lllustration]

15 0
-+ PC is the start address of
PC . .
the next instruction of
a BR instruction.
+
15 8 7 6 0
o S
jdisp8
15 0

PC

When S = 0, a indicates all bits 0.
When S = 1, a indicates all bits 1.
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3.3.2 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 instruction is executed.
CALL !addr16 and BR !addr16 instructions can be branched to any location in the memory space.

[ustration]
In case of CALL !addr16 and BR !addr16 instructions

7 0
CALL or BR
Low Addr.
High Addr. T
15 J 87 0

PC
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3.3.3 Table indirect addressing

[Function]
Table contents (branch destination address) of the particular location to be addressed by the lower 5-bit

immediate data of an instruction code from bit 1 to bit 5 are transferred to the program counter (PC) and

branched.
This function is carried out when the CALLT [addr5] instruction is executed. The instruction enables a branch

to any location in the memory space by referring to the addresses stored in the memory table at 40H to 7FH.

[Mustration]

7 6 5 1 0
Instruction code 0o 1 tas-o 0
15 8 7 6 5 l 10
Effective address 0O 0 0o 0o 0O OO 0|0 1 0
7 Memory (Table) 0
Low Addr.
Effective address + 1 High Addr. T
15 { 8 7 0
PC

3.3.4 Register addressing

[Function]
The register pair (AX) contents to be specified with an instruction word are transferred to the program counter

(PC) and branched.
This function is carried out when the BR AX instruction is executed.

[ustration]

15 8 7 0

PC
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3.4 Operand Address Addressing

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

3.4.1 Direct addressing

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

[Operand format]

Identifier Description

addr16 Label or 16-bit immediate data

[Description example]
MOV A, IFEOOH; When setting !addr16 to FEOOH

Instruction code 0O 0 1t 0 1 0 0O 1] OPcode

0 0 0 0O 0 0 O OfO0H

11 1 1 1 1 1 0| FEH

[lllustration]

OP code

addr16 (Lower)

addr16 (Higher)

Memory
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3.4.2 Short direct addressing

[Function]
The memory to be manipulated in the fixed space is directly addressed with 8-bit data in an instruction word.
The fixed space is the 256-byte space FE20H to FF1FH where the addressing is applied. Internal high-speed
RAM and special function registers (SFRs) are mapped at FE20H to FEFFH and FFOOH to FF1FH,
respectively.
The SFR area (FFOOH to FF1FH) where short direct addressing is applied is a part of the whole SFR area.
Ports that are frequently accessed in a program and the compare register of the timer counter are mapped in
this area, 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. See [lllustration] below.

[Operand format]
Identifier Description
saddr Label or FE20H to FF1FH immediate data
saddrp Label or FE20H to FF1FH immediate data (even address only)

[Description example]
MOV FE90H, #50H; When setting saddr to FE9OH and the immediate data to 50H

Instruction code 1 1 1 1 0 1 0 1] OPcode

1 0 0 1 0 O 0 O] 90H (saddr-offset)

0 1 0 1 0 0 0 0] 50H (Immediate data)

[lllustration]

OP code

saddr-offset ﬁ
Effective

address 11 1 1 1 1 1 ja >

Short direct memory

When 8-bit immediate data is 20H to FFH, o =
When 8-bit immediate data is OOH to 1FH, o =
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3.4.3 Special function register (SFR) addressing
[Function]

The memory-mapped special function registers (SFRs) are addressed with 8-bit immediate data in an
instruction word.

This addressing is applied to the 256-byte space FFOOH to FFFFH. However, the SFRs mapped at FFOOH to
FF1FH can also be accessed with short direct addressing.

[Operand format]

Identifier Description

sfr Special function register name

[Description example]
MOV PMO, A; When selecting PMO for sfr

Instruction code i1 1 0 0 1 1 A1

[lllustration]

OP code

sfr-offset

SFR
15 8 7 0

Effective
address
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3.4.4 Register addressing

[Function]
In the register addressing mode, general-purpose registers are accessed as operands. The general-purpose

register to be accessed is specified by a register specification code or functional name in the instruction code.
Register addressing is carried out when an instruction with the following operand format is executed. When
an 8-bit register is specified, one of the eight registers is specified with 3 bits in the instruction code.

[Operand format]

Identifier Description
r X,A,C,BED,LH
P AX, BC, DE, HL

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

[Description example]
MOV A, C; When selecting the C register for r

Instruction code 1 0 0 01 0 0 O

L Register specification code

INCW DE; When selecting the DE register pair for rp

Instruction code o o o o 1 0 1 O

Register specification code
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3.4.5 Register indirect addressing

[Function]
In the register indirect addressing mode, memory is manipulated according to the contents of a register pair
specified as an operand. The register pair to be accessed is specified by the register pair specification code
in an instruction code. This addressing can be carried out for all the memory spaces.

[Operand format]

Identifier Description

- [DE], [HL]

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

Instruction code o o 1t o 1 0o 1 1

[ustration]

15 8 7 0
DE D E
Memory address
7 0 specified with
Addressed memory register pair DE.
contents are
transferred.
7 0
A
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3.4.6 Based addressing

[Function]
8-bit immediate data is added to the contents of the base register, that is, the HL register pair, and the sum is
used to address the memory. 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

Instruction code o o 1 o 1 1 0 1

3.4.7 Stack addressing

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

[Description example]
In the case of PUSH DE

Instruction code i 01 0 1 0 1 O
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4.1 Port Functions

The uPD789835 Subseries provide the ports shown in Figure 4-1, enabling various methods of control. Table 4-1
shows the functions of the ports.

Numerous other functions are provided that can be used in addition to the digital I/O port functions. For more
information on these additional functions, see CHAPTER 2 PIN FUNCTIONS.

Figure 4-1. Port Types

r=———= P30 PO [+——= ")

Port3 ¢ -— .. > Port0
L=—={ P37 PO7 [+——
—"|Peo P10[~—m
Port6 4 —— P11 } Port 1

P62
[— P80 P20 [=—=1
Port8 < — .. Port2
L P87 P27 |+—nJ
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Table 4-1. Port Functions

Port Name Pin Name Function

Port 0 P00 to PO7 This is an I/O port for which input and output can be specified in 1-bit units.
When used as an input port, on-chip pull-up resistors can be specified using pull-up
resistor option register 0 (PUO).

Port 1 P10, P11 This is an 1/O port for which input and output can be specified in 1-bit units.
When used as an input port, on-chip pull-up resistors can be specified using pull-up
resistor option register 0 (PUO).

Port 2 P20 to P27 This is an I/O port for which input and output can be specified in 1-bit units.
When used as an input port, on-chip pull-up resistors can be specified using pull-up
resistor option register B2 (PUB2).

Port 3 P30 to P37 This is an 1/O port for which input and output can be specified in 1-bit units.
When used as an input port, on-chip pull-up resistors can be specified using pull-up
resistor option register B3 (PUB3).

Port 6 P60 to P62 This is an input port.

Port 8 P80 to P87 This is an input port.

4.2 Port Configuration

The ports include the following hardware.

Table 4-2. Configuration of Port

Item

Configuration

Control registers

Port mode registers (PMO to PM3)
Pull-up resistor option registers (PUO, PUB2, PUB3)

Ports

Total: 37 (CMOS 1/0: 26, CMOS input: 11)

Pull-up resistors

Total: 26 (software control: 26)
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4.2.1 Port0

This is an 8-bit I/O port with an output latch. Port 0 can be specified in the input or output mode in 1-bit units by
using the port mode register 0 (PM0). When the P00 to P07 pins are used as input port pins, on-chip pull-up
resistors can be connected in 8-bit units by using pull-up resistor option register 0 (PUO).

This port is also used for key return input.

Port 0 is set in the input mode when the RESET signal is input.

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

Figure 4-2. Block Diagram of P00 to P07

Vob
™  WReruwo
S PU0OO )
P-ch
RD
S
S I g O@}
O | o2
O |
17}
WRkrMoo
S KRMO00
()]
>
el
= WRporT
£
2 _
< P00/KRO00 to
Output latch ©)
L
~ (P00 to P07) P07/KR07
WRpm
S PMOO0 to PM0O7
Alternate function {
AN

KRMO0O: Key return mode register 00
PUO: Pull-up resistor option register 0
PM: Port mode register

RD: Port 0 read signal

WR: Port 0 write signal
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4.2.2 Port1

This is a 2-bit I/0 port with an output latch. Port 1 can be specified in the input or output mode in 1-bit units by
using port mode register 1 (PM1). When using the P10 and P11 pins as input port pins, on-chip pull-up resistors can
be connected in 2-bit units by using pull-up resistor option register 0 (PUO).

This port is set in the input mode when the RESET signal is input.

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

Figure 4-3. Block Diagram of P10 and P11

Vob
WRPruo
M\
© PUO1 :>o—| P-ch
RD
& | 5 N
| 2
%] [0)]
_g n
=
1 WRpPporT
ko
IS
N Output latch
~ (P10, P11) © P10, P11
WRpm
S PM10, PM11
N

PUO: Pull-up resistor option register 0
PM: Port mode register

RD: Port 1 read signal

WR: Port 1 write signal
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4.2.3 Port2

This is an 8-bit I/O port with an output latch. Port 2 can be specified in the input or output mode in 1-bit units by
using port mode register 2 (PM2). When using the P20 to P22 pins as input port pins, on-chip pull-up resistors can

be connected in 1-bit units by using pull-up resistor option register B2 (PUB2).
The port is also used as a data I/O to and from the serial interface, external interrupt input, and timer 1/0.

This port is set in the input mode when the RESET signal is input.
Figures 4-4 to 4-7 show block diagrams of port 2.

Caution When using the pins of port 2 as the serial interface, the I/0O or output latch must be set
according to the function to be used. For how to set the latches, see Table 13-2 Settings of

Serial Interface Operating Mode.

Figure 4-4. Block Diagram of P20

Vob
(] WRpugz
PUB20 )Q H P-ch
Alternate
function
RD
| N
(6]
| 3
3 »
Ke)
T WRPpoRT
c
e
= Output latch
(P20) ——O P20/SCK10
WRem
PM20
Alternate
function
™~

PUB2: Pull-up resistor option register B2
PM: Port mode register

RD: Port 2 read signal

WR: Port 2 write signal
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Figure 4-5. Block Diagram of P21

P-ch

Selector

(M~  WRepus2
PUB21
RD
3
o]
IS WRporT
£
i)
= Output latch
(P21)
WRem
PM21
Alternate
function
N
PUB2: Pull-up resistor option register B2
PM: Port mode register
RD: Port 2 read signal
WR: Port 2 write signal
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Figure 4-6. Block Diagram of P22 to P24 and P26

-

Selector

H P-ch

© P22/S110/RxD00,

76

(M|  WRpus2
PUB22 to
PUB24, PUB26
Alternate
function
RD
) |
]
o)
© WRProRT
£
)
= Output latch
(P22 to P24, P26)
WRpem
PM22 to
PM24, PM26
~
PUB2: Pull-up resistor option register B2
PM: Port mode register
RD: Port 2 read signal
WR: Port 2 write signal
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Figure 4-7. Block Diagram of P25 and P27

P-ch

Selector

(]  WRpus2
PUB25, PUB27
RD
(2]
=}
o
= WRporT
£
o
= Output latch
(P25, P27)
WRpm
PM25, PM27
Alternate
function
N/
PUB2: Pull-up resistor option register B2
PM: Port mode register
RD: Port 2 read signal
WR: Port 2 write signal
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4.2.4 Port3

This is an 8-bit 1/0 port with an output latch. Only the bits specified for the port function by the P3 function
register (PF3) can be used. Port 3 can be specified in the input or output mode in 1-bit units by using port mode
register 3 (PM3). When using the P30 to P37 pins as input port pins, on-chip pull-up resistors can be connected in 1-
bit units by using pull-up resistor option register B3 (PUB3).

This port is also used as a sound generator output.

This port is set in the input mode when the RESET signal is input.

Figure 4-8 shows block diagram of port 3.

Figure 4-8. Block Diagram of P30 to P37

Voo
WReruo
M\

& PUB30 to PUB37 )c | poch

RD

) I g A

[0
7))
WRPpoRT
a N
o & Output latch
g (P30 to P37)
] WRem
= 5 © P30/SG0to
8 P37/SG7
S PM30 to PM37 3
Alternate
function
PF3
AN

PF3: P3 function register

PUBS: Pull-up resistor option register B3
PM:  Port mode register

RD: Port 3 read signal

WR: Port 3 write signal
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4.2.5 Port 6

This is a 3-bit input-only port.
This port is also used as the analog input of an A/D converter.
Figure 4-9 shows a block diagram of port 6.

Figure 4-9. Block Diagram of P60 to P62

© P60/ANIO to P62/ANI2

RD
M\

3 L

g

g + i
A/D converter J— l

VREF
N\

RD: Port 6 read signal
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4.2.6 Port8

This is an 8-bit input-only port.
This port is also used for segment output. When used for segment output, P80/LCD88 to P87/LCD95 become

output-only pins.
This port is set in the input mode when the RESET signal is input.

Figure 4-10 shows a block diagram of port 8.

Figure 4-10. Block Diagram of P80 to P87

M\
Vop

RD T
o | | 4
o ~ |
©
c
Q
<
- Vss

Segment output © P80/LCD8S to
P87/LCD95
N

LCDM201 :D_
LCDM200

LCDM201: Bit 1 of the LCD20 display mode register (LCDM20)
LCDM200: Bit 0 of the LCD20 display mode register (LCDM20)
RD: Port 8 read signal
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4.3 Registers Controlling Port Function
The ports are controlled by the following three types of registers.

e Port mode registers (PMO to PM3)
o Pull-up resistor option registers (PUO, PUB2, PUB3)

(1) Port mode registers (PMO0 to PM3)
These registers are used to set port input/output in 1-bit units.
The port mode registers are independently set with a 1-bit or 8-bit memory manipulation instruction.
RESET input sets the registers to FFH.
When port pins are used as alternate-function pins, set the port mode register and output latch according to
Table 4-3.

Caution As Port 2 has an alternate 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 (PMKO0) should be preset

to 1.
Figure 4-11. Format of Port Mode Register
Symbol 7 6 5 4 3 2 1 0 Address  Afterreset R/W
PMO | PMO7 PMO06 PMO05 PMO04 PMO03 PMO02 PMO1 PMO0O FF20H FFH R/W
PM1 1 1 1 1 1 1 PM11 PM10 FF21H FFH R/W
PM2 PM27 PM26 PM25 PM24 PM23 PM22 PM21 PM20 FF22H FFH R/W
PM3 | PM37 PM36 PM35 PM34 PM33 PM32 PM31 PM30 FF23H FFH R/W
PMmn Pmn pin input/output mode selection
(mM=0t0c3 n=01t07)
0 Output mode (output buffer on)
1 Input mode (output buffer off)
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Table 4-3. Port Mode Registers and Output Latch Settings When Using Alternate Functions

Pin Name Alternate Function PMxx Pxx
Name I/0
P00 to P07 'KRO0O to KRO7 Input 1 x
P23 INTPO Input 1 X
TI80 Input 1 X
P24 INTP1 Input 1 X
P25 TO82 Output 0 0
P26 RIN Input 1 X
P27 TO40 Output 0 0
P30 to P37 SGO to SG7"*' Output — —
P60 to P62 ANIO to ANI2 Input — —
P80 to P87 LCD88 to LCD95""* Output — —
Notes 1. These are set by the P3 function register (PF3) when used as alternate-function pins. For details of
these settings, see Figure 9-5 Format of P3 Function Register.
2. These are set by the LCD20 display mode register (LCDM20) when used as alternate-function pins.
For details of these settings, see Figure 14-2 Format of LCD20 Display Mode Register.
Caution When port 2 is used as a serial interface pin, the I/O latch or output latch must be set according
to its function. For the setting method, see Table 13-2 Settings of Serial Interface Operating
Mode.
Remark x: don’t care
PMxx: Port mode register
Pxx: Port output latch
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)

Symbol
PUO

)

Symbol
PUB2

Pull-up resistor option register 0 (PUO)

Pull-up resistor option register 0 (PUO) sets whether an on-chip pull-up resistor on ports 0 and 1 is used or
not in port units.

On the port specified to use an on-chip pull-up resistor by PUO, the pull-up resistor can be internally used
only for the bits set in the input mode. No on-chip pull-up resistors can be used for the bits set in the output
mode regardless of the setting of PUO. This also applies to cases when the pins are used for alternate
functions.

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

RESET input sets PUO to 00H.

Figure 4-12. Format of Pull-Up Resistor Option Register 0

7 6 5 4 3 2 <1> <0> Address  Afterreset R/W
0 0 0 0 0 0 PUO1 PU0OO FFF7H 00H R/W
PUOmM Pm on-chip pull-up resistor selection
(m=0,1)
0 On-chip pull-up resistor not used
1 On-chip pull-up resistor used

Caution Bits 2 to 7 must be set to 0.

Pull-up resistor option register B2 (PUB2)

This register is used to set whether or not to use an on-chip pull-up resistor for P20 to P27. At the pins
where use of a pull-up resistor is specified by PUB2, an on-chip pull-up resistor can be used only for bits
that have been set to input mode. An on-chip pull-up resistor cannot be used for any bit that has been set to
output mode, regardless of the PUB2 setting. This is also true for pins used as output pins for alternate
functions.

PUB2 is set with a 1-bit or 8-bit memory manipulation instruction.

RESET input sets PUB2 to 00H.

Figure 4-13. Format of Pull-up Resistor Option Register B2

<7> <6> <5> <4> <3> <2> <1> <0> Address  Afterreset R/W
PUB27 | PUB26 | PUB25 | PUB24 | PUB23 | PUB22 | PUB21 PUB20 FF32H 00H R/W
PUB2n Selection of On-chip Pull-up Resistor for P2n (n =0 to 7)

0 On-chip pull-up resistor not connected
1 On-chip pull-up resistor connected
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(4) Pull-up resistor option register B3 (PUB3)
This register is used to set whether or not to use an on-chip pull-up resistor for P30 to P37. At the pins
where use of a pull-up resistor is specified by PUBS3, an on-chip pull-up resistor can be used only for bits
that have been set to input mode. An on-chip pull-up resistor cannot be used for any bit that has been set to
output mode, regardless of the PUB3 setting. This is also true for pins used as output pins for alternate
functions.
PUBS is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input sets PUB3 to 00H.

Figure 4-14. Format of Pull-up Resistor Option Register B3

Symbol <7> <6> <5> <4> <3> <2> <1> <0> Address  Afterreset R/W
PUB3 | PUB37 | PUB36 | PUB35 | PUB34 | PUB33 | PUB32 | PUB31 PUB30 FF33H 00H R/W
PUB3n Selection of On-chip Pull-up Resistor for P3n (n =0to 7)
0 On-chip pull-up resistor not connected
1 On-chip pull-up resistor connected
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4.4 Port Function Operation

The operation of a port differs depending on whether the port is set in the input or output mode, as described

below.

4.4.1 Writing to 1/0 port

(1

)

In output mode

A value can be written to the output latch of a port by using a transfer instruction. The contents of the output
latch can be output from the pins of the port.

Data once written to the output latch is retained until new data is written to the output latch.

In input mode

A value can be written to the output latch by using a transfer instruction. However, the status of the port pin
is not changed because the output buffer is OFF.

Data once written to the output latch is retained until new data is written to the output latch.

Caution A 1-bit memory manipulation instruction is executed to manipulate 1 bit of a port.
However, this instruction accesses the port in 8-bit units. When this instruction is
executed to manipulate a bit of an input/output port, therefore, the contents of the output
latch of the pin that is set in the input mode and not subject to manipulation become
undefined.

4.4.2 Reading from 1/O port

(1)

)

In output mode
The status of an output latch can be read by using a transfer instruction. The contents of the output latch
are not changed.

In input mode
The status of a pin can be read by using a transfer instruction. The contents of the output latch are not
changed.

4.4.3 Arithmetic operation of I/O port

(1

)

In output mode

An arithmetic operation can be performed with the contents of the output latch. The result of the operation is
written to the output latch. The contents of the output latch are output from the port pins.

Data once written to the output latch is retained until new data is written to the output latch.

In input mode
The contents of the output latch become undefined. However, the status of the pin is not changed because
the output buffer is OFF.

Caution A 1-bit memory manipulation instruction is executed to manipulate 1 bit of a port.
However, this instruction accesses the port in 8-bit units. When this instruction is
executed to manipulate a bit of an input/output port, therefore, the contents of the output
latch of the pin that is set in the input mode and not subject to manipulation become
undefined.
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5.1 Clock Generator Functions

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

e Main system clock (ceramic/crystal) oscillator
This circuit oscillates at 1.0 to 5.0 MHz. Oscillation can be stopped by executing the STOP instruction or
setting the processor clock control register (PCC).

e Main system clock (RC) oscillator
This circuit oscillates at 0.4 to 2.0 MHz. Oscillation can be stopped by executing the STOP instruction or
setting the processor clock control register (PCC).

e Subsystem clock oscillator
This circuit oscillates at 32.768 kHz. Oscillation can be stopped by the suboscillation mode register (SCKM).

5.2 Clock Generator Configuration
The clock generator includes the following hardware.

Table 5-1. Configuration of Clock Generator

ltem Configuration

Control registers Processor clock control register (PCC)
Suboscillation mode register (SCKM)
Subclock control register (CSS)

Oscillators Main system clock oscillator
Subsystem clock oscillator
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Figure 5-1. Block Diagram of Clock Generator
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Connect the SEL pin to Vss when these pins are used as the X1 and X2 pins (ceramic/crystal
oscillation (fx)), and to Voo when used as the CL1 and CL2 pins (RC oscillation (fCC)).
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5.3 Registers Controlling Clock Generator

The clock generator is controlled by the following three registers.

e Processor clock control register (PCC)
¢ Suboscillation mode register (SCKM)
e Subclock control register (CSS)

(1) Processor clock control register (PCC)
PCC sets CPU clock selection and the division ratio.
PCC is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input sets PCC to 02H.

Figure 5-2. Format of Processor Clock Control Register

Symbol <7> 6 5 4 3 2 1 0 Address  Afterreset R/W
PCC McC 0 0 0 0 0 PCC1 0 FFFBH 02H R/W
MCC Control of main system clock oscillator operation
0 Operation enabled
1 Operation disabled
CSSo PCC1 Selection of CPU clock (fcpu)**®
@ fx = 5.0 MHz and fxr = 32.768 kHz operation | @ fcc = 2.0 MHz and fxr = 32.768 kHz operation
0 0 fx (0.2 us) fcc (0.5 us)
0 1 fx/2° (0.8 us) foc/2? (2.0 ps)
1 0 fxt/2 (61 us)
1 1

Note The CPU clock is selected according to a combination
Subclock control register (CSS)).

Cautions 1. Bits 0 and 2 to 6 must be set to 0.

2. The MCC can be set only when the subsystem clock has been selected as the CPU

clock.

Remarks 1. fx:  Main system clock oscillation frequency (ceramic/crystal oscillation)

88

2. fcc: Main system clock oscillation frequency (RC oscillation)
3. fxm: Subsystem clock oscillation frequency
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CPU clock (fcpu) x 2 indicates the minimum instruction execution time. The following table shows minimum
instruction execution time based on each setting value.

CSS0 PCC1 Minimum instruction execution time

@ fx = 5.0 MHz and fxr = 32.768 kHz operation | @ fcc = 2.0 MHz and fxr = 32.768 kHz operation

0 0 0.4 us 1.0 us
0 1 1.6 us 4.0 us
1 0 122 us

1 1

(2) Suboscillation mode register (SCKM)
SCKM selects a feedback resistor for the subsystem clock, and controls the oscillation of the clock.
SCKM is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input sets SCKM to 00H.

Figure 5-3. Format of Suboscillation Mode Register

Symbol 7 6 5 4 3 2 1 0 Address Afterreset R/W
SCKM 0 0 0 0 0 0 FRC SCC FFFOH OOH R/W
FRC Feedback resistor selection"™
0 On-chip feedback resistor used
1 On-chip feedback resistor not used
SCC Control of subsystem clock oscillator operation
0 Operation enabled
1 Operation disabled

Note The feedback resistor is necessary to adjust the bias point of the oscillation waveform to close to the
mid point of the supply voltage. Only when the subclock is not used, the power consumption in
STOP mode can be further reduced by setting FRC = 1.

Caution Bits 2 to 7 must be set to 0.
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(3) Subclock control register (CSS)

CSS specifies whether the main system or subsystem clock oscillator is to be selected. It also specifies the
CPU clock operation status.

Symbol
CSs

90

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

Figure 5-4. Format of Subclock Control Register

7 6 5 4 3 2 1 0 Address  Afterreset R/W
0 0 CLS CSSo 0 0 0 0 FFF2H 00H R/W"*
CLS CPU clock operation status
0 Operation based on the output of the divided main system clock
1 Operation based on the subsystem clock
CSS0 Selection of the main system or subsystem clock oscillator
0 Divided output from the main system clock oscillator

Output from the subsystem clock oscillator

Note Bit5 is read only.

Caution Bits 0to 3, 6, and 7 must be set to 0.
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5.4 System Clock Oscillators

There are two types of system clock oscillators: the main system clock oscillator and the subsystem clock
oscillator.

With the uPD789835 Subseries, the main system clock oscillator can be switched between ceramic/crystal
oscillation and RC oscillation. Switch between ceramic/crystal oscillation and RC oscillation using the SEL pin.
When using ceramic/crystal oscillation, connect the SEL pin to Vss. When using RC oscillation, connect it to Vop.

5.4.1 Main system clock oscillator (crystal/ceramic oscillation)

This oscillator is oscillated by the crystal or ceramic resonator (5.0 MHz TYP.) connected across the X1 and X2
pins.

An external clock can also be input to the circuit. In this case, input the clock signal to the X1 pin, and input the
inverted signal to the X2 pin.

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

Figure 5-5. External Circuit of Main System Clock Oscillator (Ceramic/Crystal Oscillation)

(a) Crystal or ceramic oscillation (b) External clock
oo T oo r External [
iHlT X1 clock X1
1 | |
|

- 14||L X2 X2
Crystal

ceramic resonator

5.4.2 Main system clock oscillator (RC oscillation)

This oscillator is oscillated by the resistor (R) and capacitor (C) (2.0 MHz TYP.) connected across the CL1 and
CL2 pins.

An external clock can also be input to the circuit. In this case, input the clock signal to the CL1 pin, and input the
inverted signal to the CL2 pin.

Figure 5-6 shows the external circuit of the main system clock oscillator.

Figure 5-6. External Circuit of Main System Clock Oscillator (RC Oscillation)

(a) RC oscillation (b) External clock

CL1 External cL1
clock

CL2

L2
Vss C
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5.4.3 Subsystem clock oscillator

The subsystem clock oscillator is oscillated by the crystal resonator (32.768 kHz TYP.) connected across the XT1
and XT2 pins.

An external clock can also be input to the circuit. In this case, input the clock signal to the XT1 pin, and input the
inverted signal to the XT2 pin.

Figure 5-7 shows the external circuit of the subsystem clock oscillator.

Figure 5-7. External Circuit of Subsystem Clock Oscillator

(a) Crystal oscillation (b) External clock

R Ves External

I XT1 clock XT1
i oy
XT2
] |—1W XT2

Crystal resonator

Caution When using the main system or subsystem clock oscillator, wire as follows in the area enclosed
by the broken lines in Figures 5-5 to 5-7 to avoid an adverse effect from wiring capacitance.

¢ Keep the wiring length as short as possible.

¢ Do not cross the wiring with the other signal lines. Do not route the wiring near a signal line
through which a high fluctuating current flows.

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

¢ Do not fetch signals from the oscillator.

When using the subsystem clock, particular care is required because the subsystem clock oscillator is designed
as a low-amplitude circuit for reducing current consumption.
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5.4.4 Example of incorrect resonator connection

Figure 5-8 shows an example of incorrect connection for ceramic/crystal oscillation and Figure 5-9 shows an
example for RC oscillation.

Figure 5-8. Examples of Incorrect Connection for Ceramic/Crystal Oscillation (1/2)

(a) Too long wiring (b) Crossed signal line
PORTn
(n=01t03,6,8)

Vss X1 Vss X1 X2

& .
/TN

ua e

~
=

(c¢) Wiring near high fluctuating current (d) Current flowing through ground line of oscillator
(potential at points A, B, and C fluctuates)
g Vob

Pmn

Vss X1

X2
— Vss X1 X2
High current P [l

RN
IE:

A TB
T High current
77

Remark When using the subsystem clock, read X1 and X2 as XT1 and XT2, respectively, and connect a

resistor to the XT2 in series.
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Figure 5-8. Examples of Incorrect Connection for Ceramic/Crystal Oscillation (2/2)

(e) Signal is fetched

Remark When using the subsystem clock, read X1 and X2 as XT1 and XT2, respectively, and connect a

resistor to the XT2 in series.

94 Preliminary User's Manual U15559EJ1V1UD



CHAPTER 5 CLOCK GENERATOR

Figure 5-9. Examples of Incorrect Connection for RC Oscillation (1/3)

(a) Too long wiring
e Main system clock e Subsystem clock

CL1 CL2 Vss XT1 XT2 Vss

77 ((
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(b) Crossed signal line
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Figure 5-9. Examples of Incorrect Connection for RC Oscillation (2/3)

(c) Wiring near high fluctuating current
e Main system clock e Subsystem clock

XT2 Vss

XT1
CL1 CL2 Vss =
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High current g L

= o

(d) Current flowing through ground line of oscillator (potential at points A, B, and C fluctuates)

e Main system clock e Subsystem clock
Vop
Vob
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(n=0to03) (n=0to08)
XT1 XT2 Vss
CL1 CL2 Vss

s
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j
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Figure 5-9. Examples of Incorrect Connection for RC Oscillation (3/3)

(e) Signal is fetched
¢ Main system clock e Subsystem clock

XT1 XT2 Vss

CL1 CL2 Vss

5.4.5 Divider

The divider divides the output of the main system clock oscillator (fx or fcc) to generate various clocks.

5.4.6 When no subsystem clock is used

If a subsystem clock is not necessary, for example, for low-power consumption operation or clock operation,
handle the XT1 and XT2 pins as follows:

XT1: Connect to Vss
XT2: Leave open

In this case, however, a small current leaks via the on-chip feedback resistor in the subsystem clock oscillator

when the main system clock is stopped. To avoid this, set bit 1 (FRC) of the suboscillation mode register (SCKM) so
that the on-chip feedback resistor will not be used. Also in this case, handle the XT1 and XT2 pins as stated above.
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5.5 Clock Generator Operation

98

The clock generator generates the following clocks and controls the operation modes of the CPU, such as the
standby mode.

Main system clock  fx or fcc
Subsystem clock  fxt

CPU clock  fcpu

Clock to peripheral hardware

The operation and function of the clock generator is determined by the processor clock control register (PCC),
suboscillation mode register (SCKM), and subclock control register (CSS), as follows.

(a)

()

The low-speed mode 2fcpu of the main system clock is selected when the RESET signal is generated
(PCC = 02H). While a low level is input to the RESET pin, oscillation of the main system clock is
stopped.

Three types of CPU clocks fcru (for details, see Figure 5-2 Format of Processor Clock Control
Register) can be selected by the PCC, SCKM, and CSS settings.

Two standby modes, STOP and HALT, can be used with the main system clock selected. In a system
where no subsystem clock is used, setting bit 1 (FRC) of the SCKM so that the on-chip feedback
resistor cannot be used reduces current consumption in STOP mode. In a system where a subsystem
clock is used, setting SCKM bit 0 to 1 can cause the subsystem clock to stop oscillation.

CSS bit 4 (CSS0) can be used to select the subsystem clock so that low current consumption
operation is used (122 us: at 32.768 kHz operation).

With the subsystem clock selected, it is possible to cause the main system clock to stop oscillating
using bit 7 (MCC) of PCC. The HALT mode can be used, but the STOP mode cannot.

The clock pulse for the peripheral hardware is generated by dividing the frequency of the main system
clock, but the subsystem clock pulse is only supplied to the 8-bit timers 81, 82, sound generator, watch
timer, watchdog timer, and LCD controller/driver. The 8-bit timers 81, 82, sound generator, watch
timer, watchdog timer, and LCD controller/driver can therefore keep running even during standby. The
other hardware stops when the main system clock stops because it runs based on the main system
clock (except for external input clock operations).
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5.6 Changing Setting of System Clock and CPU Clock

5.6.1 Time required for switching between system clock and CPU clock

The CPU clock can be selected by using bit 1 (PCC1) of the processor clock control register (PCC) and bit 4
(CSS0) of the subclock control register (CSS).
Actually, the specified clock is not selected immediately after the setting of PCC has been changed, and the old

clock is used for the duration of several instructions after that (see Tables 5-2 and 5-3).

Table 5-2. Maximum Time Required for Switching CPU Clock (When Ceramic/Crystal Oscillation Is Selected)

Set Value Before Switching

Set Value After Switching

CSS0 PCC1 CSS0 PCC1 CSS0 PCC1 CSS0 PCC1
0 0 0 1 1 X
0 0 4 clocks 2fx/fxt clocks
(306 clocks)
1 2 clocks fx/2fxt clocks
(76 clocks)
1 X 2 clocks 2 clocks

Remarks 1. Two clocks are the minimum instruction execution time of the CPU clock before switching.

2. The parenthesized values apply to operation at fx = 5.0 MHz or fxt = 32.768 kHz.
3. x: Don’t care

Table 5-3. Maximum Time Required for Switching CPU Clock (When RC Oscillation Is Selected)

Set Value Before Switching

Set Value After Switching

CSSo PCCA CSS0 PCC1 CSSo PCCH CSS0 PCC1
0 0 0 1 1 X
0 0 4 clocks 2fcc/fxt clocks
(122 clocks)
1 2 clocks foc/2fxT clocks
(31 clocks)
1 X 2 clocks 2 clocks

Remarks 1. Two clocks are the minimum instruction execution time of the CPU clock before switching.

3. x: Don’t care
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5.6.2 Switching between system clock and CPU clock

(1) When ceramic/crystal oscillation is selected
The following describes switching between the system clock and CPU clock when ceramic/crystal oscillation
is selected for the main system clock.

Figure 5-10. Switching Between System Clock and CPU Clock (Ceramic/Crystal Oscillation)

RESET I_I

Interrupt request signal

2

System clock ‘ ‘ ‘ fx ‘ fx fxr fx
CPU clock ‘ ‘ ‘ Low-speed ‘ High-speed Subsystem clock High-speed operation

{ operation operation operation
Wait (6.55 ms: at 5.0 MHz operation)

Internal reset operation

<1> The CPU is reset when the RESET pin is made low on power application. The effect of resetting is released
when the RESET pin is later made high, and the main system clock starts oscillating. At this time, the
oscillation stabilization time (2'%/fx) is automatically secured.
After that, the CPU starts instruction execution at the slow speed of the main system clock (1.6 us: at
5.0 MHz operation).

<2> After the time required for the Vop voltage to rise to the level at which the CPU can operate at high speed
has elapsed, bit 1 (PCC1) of the processor clock control register (PCC) and bit 4 (CSS0) of the subclock
control register (CSS) are rewritten so that high-speed operation can be selected.

<3> A drop of the Vop voltage is detected with an interrupt request signal. The clock is switched to the
subsystem clock (at this moment, the subsystem clock must be in the oscillation stabilization status).

<4> A recover of the Vop voltage is detected with an interrupt request signal. Bit 7 (MCC) of PCC is set to 0, and
then the main system clock starts oscillating. After the time required for the oscillation to stabilize has
elapsed, PCC1 and CSS0 are rewritten so that high-speed operation can be selected again.

Caution  When the main system clock is stopped and the device is operating on the subsystem

clock, wait until the oscillation stabilization time has been secured by the program before
switching back to the main system clock.
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(2) When RC oscillation is selected

Interrupt request signal

<1>

<2>

<3>

<4>

The following describes switching between the system clock and CPU clock when RC oscillation is selected
for the main system clock.

Figure 5-11. Switching Between System Clock and CPU Clock (RC Oscillation)

RESET I_I

e

System clock ‘ ‘ ‘ fcc ‘ fec fxr fcc
CPU clock ‘ ‘ ‘ Low-speed ‘ High-speed Subsystem clock High-speed operation

{ operation operation operation
Wait (64 us: at 2.0 MHz operation)

Internal reset operation

The CPU is reset when the RESET pin is made low on power application. The effect of resetting is released
when the RESET pin is later made high, and the main system clock starts oscillating. At this time, the
oscillation stabilization time (27/fcc) is automatically secured.

After that, the CPU starts instruction execution at the slow speed of the main system clock (4.0 us: at
2.0 MHz operation).

After the time required for the Vob voltage to rise to the level at which the CPU can operate at high speed
has elapsed, bit 1 (PCC1) of the processor clock control register (PCC) and bit 4 (CSS0) of the subclock
control register (CSS) are rewritten so that high-speed operation can be selected.

A drop of the Vbp voltage is detected with an interrupt request signal. The clock is switched to the
subsystem clock (at this moment, the subsystem clock must be in the oscillation stabilization status).

A recover of the Vb voltage is detected with an interrupt request signal. Bit 7 (MCC) of PCC is set to 0, and
then the main system clock starts oscillating. After the time required for the oscillation to stabilize has
elapsed, PCC1 and CSSO are rewritten so that high-speed operation can be selected again.

Caution  When the main system clock is stopped and the device is operating on the subsystem

clock, wait until the oscillation stabilization time has been secured by the program before
switching back to the main system clock.
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6.1 8-Bit Timer/Event Counters 80 to 82 Functions
The 8-bit timer/event counters (timer 80, timer 81, and timer 82) have the following functions:
¢ Interval timers (timer 80, timer 81, and timer 82)
o External event counter (timer 80 only)
e Square wave output (timer 82 only)
The uPD789835 Subseries is provided with a channel (timer 80) of an 8-bit timer/event counter and two channels

(timer 81 and timer 82) of an 8-bit timer. When reading the description of timer 81 and timer 82, an 8-bit timer/event
counter should be read as referring to an 8-bit timer.
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(1) 8-bit interval timer
When the 8-bit timer/event counter is used as an interval timer, it generates an interrupt at any time intervals

set in advance.

Table 6-1. Interval Time of 8-Bit Timer/Event Counter 80

Minimum Interval Time

Maximum Interval Time

Resolution

@ fx = 5.0 MHz operation

2%/ix (12.8 us)

2"/fx (3.28 ms)

2%/ix (12.8 us)

2%x (102 us)

2"/ix (26.2 ms)

2%x (102 us)

@ fcc = 2.0 MHz operation

2°/fcc (32 us)

2"/fcc (8.19 ms)

2°/fcc (32 us)

2°/fcc (256 us)

2"ffcc (65.5 ms)

2°/fcc (256 us)

Remarks 1. fx:

Main system clock oscillation frequency (ceramic/crystal oscillation)

2. fcc: Main system clock oscillation frequency (RC oscillation)

Table 6-2. Interval Time of 8-Bit Timer 81

Minimum Interval Time

Maximum Interval Time

Resolution

@ fx =5.0 MHz and
fxr = 32.768 kHz operation

2'fx (3.2 us)

2"/t (819 us)

2'fx (3.2 us)

2%x (51.2 us)

2"%/x (13.1 ms)

2%x (51.2 us)

1/fx7 (30.5 us) 2°/fxt (7.81 ms) 1/fx7 (30.5 us)
@ fcc = 2.0 MHz and 2'/fcc (8.0 us) 2%/fcc (2.05 ms) 2'/fcc (8.0 us)
fxr = 32.768 kHz operation | yus. . (108 4e) 2"%/fco (32.8 ms) 2/fcc (128 us)
1/fx7 (30.5 us) 2%fxT (7.81 ms) 1/fx7 (30.5 us)
Remarks 1. fx: Main system clock oscillation frequency (ceramic/crystal oscillation)
2. fcc: Main system clock oscillation frequency (RC oscillation)
3. fxm: Subsystem clock oscillation frequency
Table 6-3. Interval Time of 8-Bit Timer 82
Minimum Interval Time Maximum Interval Time Resolution

@ fx =5.0 MHz and
fxr = 32.768 kHz operation

2%x (1.6 us)

2"/ (410 ps)

2%x (1.6 us)

2/t (205 us) 2"/t (52.4 ms) 2/t (205 us)

1/fx7 (30.5 us) 2%fxT (7.81 ms) 1/fx7 (30.5 us)
@ fcc = 2.0 MHz and 2%fcc (4.0 us) 2"ffcc (1.02 ms) 2%fcc (4.0 us)
fxr = 32.768 kHz operation | 5o (512 ) 2%/fcc (131 ms) 2%fco (512 us)

1/fxt (30.5 us) 2%/xT (7.81 ms) 1/fxt (30.5 us)

Remarks 1. fx:

Main system clock oscillation frequency (ceramic/crystal oscillation)

2. fcc: Main system clock oscillation frequency (RC oscillation)

3. fxm: Subsystem clock oscillation frequency
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(2) External event counter
The number of pulses of an externally input signal can be measured.

(3) Square wave output
A square wave of any frequency can be output.

Table 6-4. Square Wave Output Range of 8-Bit Timer 82

Minimum Interval Time

Maximum Interval Time

Resolution

@ fx = 5.0 MHz and
fxr = 32.768 kHz operation

2%fx (1.6 us)

2""/fx (410 us)

2%fx (1.6 us)

2"%x (205 ps)

2"%/ix (52.4 ms)

2"%x (205 ps)

1/fxt (30.5 us)

2°/fxt (7.81 ms)

1/fxt (30.5 us)

@ fcc = 2.0 MHz and
fxr = 32.768 kHz operation

2%/fcc (4.0 us)

2"ffcc (1.02 ms)

2%/fcc (4.0 us)

2"%fcc (512 us)

2"/fcc (131 ms)

2"%fcc (512 us)

1/fx7 (30.5 us)

2%fxT (7.81 ms)

1/fx7 (30.5 us)

Remarks 1. fx:

Main system clock oscillation frequency (ceramic/crystal oscillation)

2. fcc: Main system clock oscillation frequency (RC oscillation)

3. fxm: Subsystem clock oscillation frequency

6.2 8-Bit Timer/Event Counters 80 to 82 Configuration

The 8-bit timer/event counters 80 to 82 consist of the following hardware configuration.

Table 6-5. Configuration of 8-Bit Timer/Event Counters 80 to 82

Item

Configuration

Timer counter

8 bits x 3 (TM80, TM81, and TM82)

Register

Compare register: 8 bits x 3 (CR80, CR81, and CR82)

Timer output

1(TO82)

Control register

Port mode register 2 (PM2)

8-bit timer mode control registers 80, 81, and 82 (TMC80, TMC81, and TMC82)
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Figure 6-1. Block Diagram of 8-Bit Timer/Event Counter 80

S Internal bus S

U

8-bit compare register 80
(CR80)

U Match
INTTM80

fok/28 ﬁ
e £ 8-bit timer counter 80
cLl % (TM80)
»
TI80/P23/INTPO (O TCIear
Selector [=~—
2

T‘T

TCE80(TCL801/TCL800

8-bit timer mode
control register 80 (TMC80)

S Internal bus g

Remark fcwk: fx or fcc

Figure 6-2. Block Diagram of 8-Bit Timer 81

g Internal bus S

U

8-bit compare register 81
(CR81)

U Match
INTTM81

fok/24 ﬁ
S
fowk/28 3 8-bit timer counter 81 (TM81)
3
fxr ——= TCIear
Selector [=~—
2

T‘T

TCE81|TCL811|TCL810

8-bit timer mode
control register 81 (TMC81)

g Internal bus g

Remark fcwk: fx or fcc
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Figure 6-3. Block Diagram of 8-Bit Timer 82

S Internal bus S

U

8-bit compare register 82 P25 output
(CR82) latch

@ Match
INTTM82

PM25

foLk/23 — ﬁ
S o
5 8-bit timer counter 82
fo/210 —= 3 (TM82) D[§—© TO82/P25
)
fxr — TCIear
Selector |[=—
2
TCES82 |TCL821|TCL820| TOE82
8-bit timer mode
N control register 82 (TMC82)
% Internal bus %

Remark fcwk: fx or fcc

(1) 8-bit compare register 8n (CR8n)
This is an 8-bit register to compare the value set to CR8n with 8-bit timer counter 8n (TM8n) count value,
and if they match, generates an interrupt request (INTTM8n).
CR8n is set with an 8-bit memory manipulation instruction. The 00H to FFH values can be set.
RESET input sets CR8n undefined.

Caution Be sure to stop the operation of the timer before rewriting CR8n. If CR8n is rewritten while
the timer is operation-enabled, an interrupt request match signal may be generated at the
time of the rewrite.

Remark n=0to2

(2) 8-bit timer counter 8n (TM8n)
This is an 8-bit register to count pulses.
TM8n is read with an 8-bit memory manipulation instruction.

RESET input sets TM8n to 00H.

Remark n=0to2
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6.3 Registers Controlling 8-Bit Timer/Event Counters 80 to 82
The following two types of registers are used to control the 8-bit timer/event counters 80 to 82.

o 8-bit timer mode control registers 80, 81, and 82 (TMC80, TMC81, and TMC82)
¢ Port mode register 2 (PM2)

(1) 8-bit timer mode control register 80 (TMC80)
This register enables/stops operation of 8-bit timer counter 80 (TM80) and sets the count clock of TM80.
TMCS8O0 is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input sets TMC80 to 00H.

Figure 6-4. Format of 8-Bit Timer Mode Control Register 80

Symbol <7> 6 5 4 3 2 1 0 Address  Afterreset  R/W
TMC80 |TCE80| O 0 0 0 |TCL801|TCL800| O FF59H 00H R/W
TCE80 8-bit timer counter 80 operation control

0 Operation stopped (TM80 is cleared to 00H)

1 Operation enabled
TCL801|TCL800 8-bit timer/event counter 80 count clock selection
@fx = 5.0 MHz operation @fcc = 2.0 MHz operation
0 0 | fx/26 (78.1 kHz) fco/2® (31.3 kHz)
0 1 x/2° (9.76 kHz) fec/2° (3.91 kHz)
1 0 Rising edge of TI80
1 1 Falling edge of TI80

Caution Be sure to stop the operation of the timer before setting TMC80.
Remarks 1. fx: Main system clock oscillation frequency (ceramic/crystal oscillation)

2. fcc: Main system clock oscillation frequency (RC oscillation)
3. The parenthesized values apply to operation at fx = 5.0 MHz or fcc = 2.0 MHz.
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(2) 8-bit timer mode control register 81 (TMC81)

TMCO1 determines whether to enable or stop operation of 8-bit timer counter 81 (TM81) and specifies the

count clock for 8-bit timer 81.
TMCS81 is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input sets TMC81 to O0H.

Figure 6-5. Format of 8-Bit Timer Mode Control Register 81

Symbol <7> 6 5 4 3 2 1 0 Address  After reset R/W
TMC81 |TCE81‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘TCL811 ‘TCL810‘ 0 | FF5CH O00H R/W
TCE81 8-bit timer counter 81 operation control

0 Operation stopped (TM81 is cleared to 00H)

1 Operation enabled

TCL811|TCL810 8-bit timer 81 count clock selection

@fx = 5.0 MHz and fxr = 32.768 kHz operation @fcc = 2.0 MHz and fxr = 32.768 kHz operation

0 0 |fx2* (312.5kHz) fcc/2* (125 kHz)
0 1 | /28 (19.5 kHz) fcc/28 (7.81 kHz)
1 0 |fxr (32.768 kHz)

Caution Be sure to stop the operation of the timer before setting TMC81.

Remarks 1. fx: Main system clock oscillation frequency (ceramic/crystal oscillation)
2. fcc: Main system clock oscillation frequency (RC oscillation)
3. fxm: Subsystem clock oscillation frequency
4. The parenthesized values apply to operation at fx = 5.0 MHz, fcc = 2.0 MHz, or fxt = 32.768 kHz.
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(3) 8-bit timer mode control register 82 (TMC82)
TMCB82 determines whether to enable or stop operation of 8-bit timer counter 82 (TM82) and specifies the
count clock for 8-bit timer 82. It also controls the operation of the output control circuit.
TMCS82 is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input sets TMC82 to 00H.

Figure 6-6. Format of 8-Bit Timer Mode Control Register 82

Symbol <7> 6 5 4 3 2 1 <0> Address  After reset R/W
TMC82 |TCE02‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘TCL821 ‘TCLBZO‘TOESZ' FF5FH 00H R/W
TCE82 8-bit timer counter 82 operation control

0 Operation stopped (TM82 is cleared to 00H)

1 Operation enabled

TCL821|TCL820 8-bit timer 82 count clock selection
@fx = 5.0 MHz and fxr = 32.768 kHz operation @fcc = 2.0 MHz and fxr = 32.768 kHz operation
0 0 |23 (625 kHz) fcc/23 (250 kHz)
0 1 fx/210 (4.88 kHz) fcc/210(1.95 kHz)
1 0 |fxr (32.768 kHz)
1 1
TOE82 8-bit timer 82 output control

0 Output disabled (port mode)

1 Output enabled

Caution Be sure to stop the operation of the timer before setting TMC82.

Remarks 1. fx: Main system clock oscillation frequency (ceramic/crystal oscillation)
2. fcc: Main system clock oscillation frequency (RC oscillation)
3. fxt: Subsystem clock oscillation frequency
4. The parenthesized values apply to operation at fx = 5.0 MHz, fcc = 2.0 MHz, or fxT = 32.768 kHz.
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(4) Port mode register 2 (PM2)
This register sets port 2 input/output in 1-bit units.
When using the P23/INTPO/TI80 pin for timer input, set PM23 to 1.
When using the P25/TO82 pin for timer output, set PM25 and the output latch of P25 to 0.
PM2 is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input sets PM2 to FFH.

Figure 6-7. Format of Port Mode Register 2

Symbol 7 6 5 4 3 2 1 0 Address  After reset R/W
PM2 |PM27| PM26| PM25| P24 | Pu23 | PM22 | PM21 | PM20|  FR22H FFH RW

PM2n P2n pin input/output mode selection (n=0to 7)

0 | Output mode (output buffer ON)

1 Input mode (output buffer OFF)
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6.4 8-Bit Timer/Event Counters 80 to 82 Operation

6.4.1 Operation as interval timer

Interval timer repeatedly generates an interrupt at time intervals specified by the count value set to 8-bit compare
registers 80, 81, and 82 (CR80, CR81, and CR82) in advance.
To operate 8-bit timer/event counters 80 to 82 as an interval timer, make the settings in the following order.

<1> Set 8-bit timer counter 8n (TM8n) to operation-disabled (TCE8n (bit 7 of 8-bit timer mode control register 8n
(TMC8n)) = 0)

<2> Select the count clock of the 8-bit timer/event counter (see Tables 6-6 to 6-11)

<3> Set the count value to CR8n

<4> Set TM8n to operation-enabled (TCE8n = 1)

When the count value of the 8-bit timer counter 8n (TM8n) matches the value set to CR8n, the value of TM8n is
cleared to 00H and TM8n continues counting. At the same time, an interrupt request signal (INTTM8n) is generated.
Tables 6-6 through 6-11 show interval time, and Figures 6-8 and 6-9 show the timing of interval timer operation.

Caution When the setting of the count clock with TMC8n and the setting of the TM8n to operation-enable
with an 8-bit memory manipulation instruction are performed at the same time, an error of one
clock or more may occur in the first cycle after the timer is started. Because of this, when the 8-
bit timer/event counter operates as an interval timer, be sure to make the settings in the order
described above.

Remark n=0to2

Table 6-6. Interval Time of 8-Bit Timer/Event Counter 80 (at fx = 5.0 MHz Operation)

TCL801 TCL800 Minimum Interval Time Maximum Interval Time Resolution
0 0 2% (12.8 us) 2"/fx (3.28 ms) 2%fx (12.8 us)
0 1 2% (102 ps) 2"/x (26.2 ms) 2%fx (102 ps)
1 0 TI80 input cycle 2° x TI80 input cycle TI80 input edge cycle
1 1

Remark fx: Main system clock oscillation frequency (ceramic/crystal oscillation)

Table 6-7. Interval Time of 8-Bit Timer/Event Counter 80 (at fcc = 2.0 MHz Operation)

TCL801 TCL800 Minimum Interval Time Maximum Interval Time Resolution
0 0 2%/fcc (32 us) 2"/fcc (8.19 ms) 2%/fcc (32 us)
0 1 2%/fcc (256 us) 2"ffcc (65.5 ms) 2%/fcc (256 us)
1 0 TI80 input cycle 2° x TI80 input cycle TI80 input edge cycle
1 1

Remark fcc: Main system clock oscillation frequency (RC oscillation)
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Table 6-8. Interval Time of 8-Bit Timer 81 (at fx = 5.0 MHz and fxr = 32.768 kHz Operation)

TCL811 TCL810 Minimum Interval Time Maximum Interval Time Resolution
0 0 2'/fx (3.2 us) 2"%/fx (819 us) 2'/fx (3.2 us)
0 1 2°fix (51.2 us) 2'%fx (13.1 ms) 2°fix (51.2 us)
1 0 1/fxt (30.5 us) 2°/fxt (7.81 ms) 1/fx (30.5 us)
1 1

Remarks 1. fx: Main system clock oscillation frequency (ceramic/crystal oscillation)
fxt: Subsystem clock oscillation frequency

Table 6-9. Interval Time of 8-Bit Timer 81 (at fcc = 2.0 MHz and fxt = 32.768 kHz Operation)

TCL811 TCL810 Minimum Interval Time Maximum Interval Time Resolution
0 0 2'/fcc (8.0 us) 2"/fcc (2.05 ms) 2'/fcc (8.0 us)
0 1 2%fcc (128 us) 2"/fcc (32.8 ms) 2%fcc (128 ps)
1 0 1/fxt (30.5 us) 2%fxt (7.81 ms) 1/fxt (30.5 us)
1 1

Remarks 1. fcc: Main system clock oscillation frequency (RC oscillation)

fxt: Subsystem clock oscillation frequency

Table 6-10. Interval Time of 8-Bit Timer 82 (at fx = 5.0 MHz and fxr = 32.768 kHz Operation)

TCL821 TCL820 Minimum Interval Time Maximum Interval Time Resolution
0 0 2%/tx (1.6 us) 2"/fx (410 us) 2°/fx (1.6 us)
0 1 2"fx (205 us) 2%fx (52.4 ms) 2"fx (205 us)
1 0 1/fxt (30.5 us) 2%fxt (7.81 ms) 1/fxt (30.5 us)
1 1

Remarks 1. fx: Main system clock oscillation frequency (ceramic/crystal oscillation)

fxt: Subsystem clock oscillation frequency

Table 6-11. Interval Time of 8-Bit Timer 82 (at fcc = 2.0 MHz and fxr = 32.768 kHz Operation)

TCL821 TCL820 Minimum Interval Time Maximum Interval Time Resolution
0 0 2%fcc (4.0 us) 2"/fcc (1.02 ms) 2%fcc (4.0 us)
0 1 2"%fcc (512 us) 2"%/fcc (131 ms) 2"%fcc (512 us)
1 0 1/fxt (30.5 us) 2%fxt (7.81 ms) 1/fxt (30.5 us)
1 1

Remarks 1. fcc: Main system clock oscillation frequency (RC oscillation)

2. fxm: Subsystem clock oscillation frequency
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Figure 6-8. Interval Timer Operation Timing of TM80 and TM81
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CHAPTER 6 8-BIT TIMER/EVENT COUNTERS 80 TO 82

Figure 6-9. Interval Timer Operation Timing of TM82

TM82 countvalue 00 X 01 \/ZX N X 0o ) o X_(ZX N X oo X o1 X \/\/\ X N X
H A A

| Clear Clear 1
| | | |
CR82 N // N // N /[N

: \ T : \ T ; \ T ;

| | | |

! ) ! ) j ) j
TCES2 ! | « : (« | € :

A | | |

'Count start ! ! !

| L

INTTMS2 | )Y |_| )Y —l )Y

! (( ! A [€4 LA (( !

| i Interrupt acknowledged i Interrupt acknowledged I

| | 1

| )) L

TOs2 | . ¢ .

| €4 | | €4 |

| | | |

T T T 1

! Interval time ! Interval time ! Interval time !

Remark Interval time = (N + 1) x t where N = 00H to FFH
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CHAPTER 6 8-BIT TIMER/EVENT COUNTERS 80 TO 82

6.4.2 Operation as external event counter (timer 80 only)

The external event counter counts the number of external clock pulses input to the TI80/P23/INTPO pin by using
8-bit timer counter 80 (TM80).
To operate 8-bit timer/event counter 80 as an external event counter, make the settings in the following order.

<1>

<2>

<3>
<4>

<5>

Set P23 to input mode (PM23 = 1)

Set 8-bit timer counter 80 (TM80) to operation-disabled (TCE80 (bit 7 of 8-bit timer mode control register 80
(TMCB80)) = 0)

Specify the rising edge/falling edge of TI80 (see Figure 6-4)

Set the count value to CR80

Set TM80 to operation-enabled (TCE80 = 1)

Each time the valid edge specified by the bit 1 (TCL800) of TMCB80 is input, the value of 8-bit timer counter 80
(TM80) is incremented.

When the count value of the TM80 matches the value set to CR80, the value of TM80 is cleared to O0OH and
TMB80 continues counting. At the same time, an interrupt request signal (INTTM80) is generated.

Figure 6-10 shows the timing of external event counter operation (with rising edge specified).

Caution When the setting of the count clock with TMC80 and the setting of the TM80 to operation-enable

with an 8-bit memory manipulation instruction are performed at the same time, an error of one
clock or more may occur in the first cycle after the timer is started. Because of this, when the 8-
bit timer/event counter operates as an external event counter, be sure to make the settings in
the order described above.

Figure 6-10. External Event Counter Operation Timing (with Rising Edge Specified)

TI80p|n|nput||||||||||||||‘||||I|||||||||

TM8O count value 00 X 01 X 02 X03 X 04 X 05 X \/\\/\XN—1X N X oo X o1 X 02 X 03 X

CR80 N/

TcE80 | 0
INTTMS0 . |_|

(C

Remark N =00H to FFH
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6.4.3 Operation as square wave output (timer 82 only)

The 8-bit timer/event counter can generate the output square waves of any frequency at intervals specified by the

count value set to 8-bit compare register 82 (CR82) in advance.
To operate the 8-bit timer 82 as square wave output, make the settings in the following order.

<1>

<2>

<3>

<4>

<5>

Set P25 to output mode (PM25 = 0), and set the output latch of P25 to 0

Set 8-bit timer counter 82 (TM82) to operation-disabled (TCE82 (bit 7 of 8-bit timer mode control register 82
(TMC82)) = 0)

Set the count clock of 8-bit timer 82 (see Tables 6-12 and 6-13), and set TO82 to output-enabled (TOE82
(bit 0 of TMC82) = 1)

Set the count value to CR82

Set TM82 to operation-enabled (TCE82 = 1)

When the count value of an 8-bit timer counter 82 (TM82) matches the value set in CR82, the TO82/P25 pin
output will be inverted, respectively. Through application of this mechanism, square waves of any frequency can be
output. As soon as a match occurred, the TM82 value will be cleared to 00H then resume to count, generating an
interrupt request signal (INTTM82).

Setting 0 to the bit 7 in TMCB82, that is, TCE82 makes the square-wave output clear to 0.

Tables 6-12 and 6-13 list square wave output range, and Figure 6-11 shows timing of square wave output.

Caution When the setting of the count clock with TMC82 and the setting of the TM82 to operation-

enabled with an 8-bit memory manipulation instruction are performed at the same time, an error
of one clock or more may occur in the first cycle after the timer is started. Because of this, when
the 8-bit timer/event counter operates as a square-wave output, be sure to make the settings in
the order described above.

Table 6-12. Square Wave Output Range of 8-Bit Timer 82 (at fx = 5.0 MHz and fxr = 32.768 kHz Operation)

TCL821 TCL820 Minimum Pulse Width Maximum Pulse Width Resolution
0 0 2°/x (1.6 us) 2"/fx (409 us) 2°/fx (1.6 us)
0 1 2"%fx (205 us) 2%/ix (52.4 ms) 2"fx (205 us)
1 0 1/fxt (30.5 us) 2%/ixT (7.81 ms) 1/fxt (30.5 us)
1 1

Remarks 1. fx: Main system clock oscillation frequency (ceramic/crystal oscillation)

Table 6-13. Square Wave Output Range of 8-Bit Timer 82 (at fcc = 2.0 MHz and fxr = 32.768 kHz Operation)

2. fxt: Subsystem clock oscillation frequency

TCL821 TCL820 Minimum Pulse Width Maximum Pulse Width Resolution
0 0 2%fcc (4.0 us) 2"/fcc (1.02 ms) 2%fcc (4.0 us)
0 1 2"%fcc (512 us) 2"%/fcc (131 ms) 2"%fcc (512 us)
1 0 1/fxt (30.5 us) 2%fxt (7.81 ms) 1/fxt (30.5 us)
1 1

Remarks 1. fcc: Main system clock oscillation frequency (RC oscillation)
2. fxm: Subsystem clock oscillation frequency
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Figure 6-11. Square Wave Output Timing

TM82 count value 00 x 01 x ftx N XOO X 01 X_{ZX N XOO X 01 MM

Clear Clear

CR82 N // N // N // N

\\ \\ \\

D)) D) D)
TCES? | [€¢ [€¢ [€¢
A
Count start
INTTM82 D) |_| D) |_| b |_
€S A (( A (C
Interrupt acknowledged Interrupt acknowledged
<><>
Note
To82"! ) | | ) [
€S €S

Note The initial value of TO82 at output enable (TOE82 = 1) becomes low-level.
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CHAPTER 6 8-BIT TIMER/EVENT COUNTERS 80 TO 82

6.5 Cautions Related to 8-Bit Timer/Event Counters 80 to 82

(1) Error on starting timer
An error of up to 1 clock occurs after the timer has been started until a coincidence signal is generated. This
is because 8-bit timer counters 80, 81, and 82 (TM80, TM81, and TM82) started in asynchronization with the

count pulse.

Figure 6-12. Start Timing of 8-Bit Timer Counters 80, 81, and 82

TM80, TM81, TM82 OOH X 01H X 02H X 03H X 04H
count value

Timer starts
(2) Setting of 8-bit compare register
8-bit compare registers 80, 81, and 82 (CR80, CR81, and CR82) can be set to 00H.

Therefore, one pulse can be counted when the timer 80 operates as an event counter.

Figure 6-13. External Event Counter Operation Timing

TI80 input _/_\_/_\_/_\_/_\_/_\_

CR80 00H

TM80 count value X ooH X oo X oo X  0oH

Interrupt request flag |_| I_l I_l |—|
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CHAPTER 7 8-BIT TIMERS 30, 40

7.1 8-Bit Timers 30, 40 Functions

The 8-bit timers in the uPD789835 Subseries have 2 channels (timer 30 and timer 40). The operation modes
listed in the following table can be set via mode register settings.

Table 7-1. Operation Modes

Channel Timer 30 Timer 40
Mode

8-bit timer counter mode Available Available
(Discrete mode)

16-bit timer counter mode Available
(Cascade connection mode)

Carrier generator mode Available

PWM output mode Not available Available

(1) 8-bit timer counter mode (discrete mode)
The following functions can be used in this mode.

e |Interval timer with 8-bit resolution
e Square wave output with 8-bit resolution (timer 40 only)

(2) 16-bit timer counter mode (cascade connection mode)
Operation as a 16-bit timer is enabled during cascade connection mode.

The following functions can be used in this mode.

e |Interval timer with 16-bit resolution
e Square wave output with 16-bit resolution

(3) Carrier generator mode
The carrier clock generated by timer 40 is output in cycles set by timer 30.

(4) PWM output mode (timer 40 only)
Pulses are output using any duty factor set by timer 40.
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CHAPTER 7 8-BIT TIMERS 30, 40

7.2 8-Bit Timers 30, 40 Configuration
The 8-bit timers 30 and 40 include the following hardware.

Table 7-2. Configuration of 8-Bit Timers 30, 40

ltem Configuration
Timer counters 8 bits x 2 (TM30, TM40)
Registers Compare registers: 8 bits x 3 (CR30, CR40, CRH40)
Timer output 1 (TO40)
Control registers 8-bit timer mode control register 30 (TMC30)
8-bit timer mode control register 40 (TMC40)
Carrier generator output control register 40 (TCA40)
Port mode register 2 (PM2)
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Figure 7-1. Block Diagram of Timer 30
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Figure 7-2. Block Diagram of Timer 40
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CHAPTER 7 8-BIT TIMERS 30, 40

Figure 7-3. Block Diagram of Output Controller (Timer 40)

[roE40] [RmC40] [NRZ40]

P27

output latch |PM27|

(1)

)

@)

Selector

Carrier clock

(in carrier generator mode)
or timer 40 output signal
(in other than carrier
generator mode)

Carrier generator mode

8-bit compare register 30 (CR30)

This 8-bit register is used to continually compare the value set to CR30 with the count value in 8-bit timer
counter 30 (TM30) and to generate an interrupt request (INTTM30) when a match occurs.

CR30 is set with an 8-bit memory manipulation instruction.

RESET input makes CR30 undefined.

Caution CR30 cannot be used in PWM output mode.

8-bit compare register 40 (CR40)

This 8-bit register is used to continually compare the value set to CR40 with the count value in 8-bit timer
counter 40 (TM40) and to generate an interrupt request (INTTM40) when a match occurs. When connected
to TM30 via a cascade connection and used as a 16-bit timer, the interrupt request (INTTM40) occurs only
when matches occur simultaneously between CR30 and TM30 and between CR40 and TM40 (INTTM30
does not occur).

CR40 is set with an 8-bit memory manipulation instruction.

RESET input makes CR40 undefined.

8-bit H width compare register 40 (CRH40)

During carrier generator mode or PWM output mode, the high-level width of timer output is set by writing a
value to CRH40.

CRH40 is set with an 8-bit memory manipulation instruction.

RESET input makes CRH40 undefined.

Preliminary User's Manual U15559EJ1V1UD 123



CHAPTER 7 8-BIT TIMERS 30, 40

(4) 8-bit timer counters 30 and 40 (TM30 and TM40)

These are 8-bit registers that are used to count the count pulse.

TM30 and TM40 are read with an 8-bit memory manipulation instruction.
RESET input sets TM30 and TM40 to O0H.

TM30 and TM40 are cleared to 00H under the following conditions.

124

(a) Discrete mode

(i) TM30

o After reset

e When TCESO (bit 7 of 8-bit timer mode control register 30 (TMC30)) is cleared to 0
e When a match occurs between TM30 and CR30

e When the TM30 count value overflows

(i) TM40

o After reset

e When TCEA40 (bit 7 of 8-bit timer mode control register 40 (TMC40)) is cleared to 0
e When a match occurs between TM40 and CR40

e When the TM40 count value overflows

(b) Cascade connection mode (TM30 and TM40 are simultaneously cleared to 00H)

After reset

When the TCEA4O flag is cleared to 0

When matches occur simultaneously between TM30 and CR30 and between TM40 and CR40
When the TM30 and TM40 count values overflow simultaneously

(c) Carrier generator mode/PWM output mode (TM40 only)

After reset

When the TCEA4O flag is cleared to 0

When a match occurs between TM40 and CR40
When a match occurs between TM40 and CRH40
When the TM40 count value overflows
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CHAPTER 7 8-BIT TIMERS 30, 40

7.3 Registers Controlling 8-Bit Timers 30, 40
The 8-bit timers 30 and 40 are controlled by the following four registers.
e 8-bit timer mode control register 30 (TMC30)
e 8-bit timer mode control register 40 (TMC40)

o Carrier generator output control register 40 (TCA40)
o Port mode register 2 (PM2)
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(1) 8-bit timer mode control register 30 (TMC30)

Symbol
TMC30

126

8-bit timer mode control register 30 (TMC30) is used to control the timer 30 count clock setting and the
operation mode setting.

TMC30 is set with a 1-bit or 8-bit memory manipulation instruction.

RESET input sets TMC30 to 00H.

Figure 7-4. Format of 8-Bit Timer Mode Control Register 30

<7> 6 5 4 3 2 1 0 Address  Afterreset R/W
TCE30 0 0 TCL301 | TCL300 0 TMD300 0 FF62H 00H R/W
TCE30 Control of TM30 count operation*’

0 Clears TM30 count value and stops operation
1 Starts count operation
TCL301 | TCL300 Selection of timer 30 count clock
@fx = 5.0 MHz operation @fcc = 2.0 MHz operation
0 0 fx/2° (78.1 kHz) foc/2° (31.3 kHz)
0 1 fx/2° (19.5 kHz) foc/2® (7.81 kHz)
1 0 Timer 40 match signal
1 1 Carrier clock (in carrier generator mode) or timer 40 output signal (in other than carrier generator
mode)
TMD300 | TMD401 | TMD400 Selection of operation mode for timer 30 and timer 40"*°?
0 0 0 8-bit timer counter mode (discrete mode)
1 0 1 16-bit timer counter mode (cascade connection mode)
0 1 1 Carrier generator mode
0 1 0 Timer 40: PWM output mode
Timer 30: 8-bit timer counter mode
Other than above Setting prohibited

Notes 1. Since the count operation is controlled by TCE40 (bit 7 of TMC40) in cascade connection mode,
any setting for TCE30 is ignored.
2. The operation mode selection is set to both the TMC30 register and TMC40 register.

Caution In cascade connection mode, the timer 40 output signal is forcibly selected for the count
clock.

Remarks 1. fx: Main system clock oscillation frequency (ceramic/crystal oscillation)
2. fcc: Main system clock oscillation frequency (RC oscillation)
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(2) 8-bit timer mode control register 40 (TMC40)
8-bit timer mode control register 40 (TMC40) is used to control the timer 40 count clock setting and the
operation mode setting.
TMCA40 is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input sets TMC40 to O0H.

Figure 7-5. Format of 8-Bit Timer Mode Control Register 40

Symbol <7> 6 5 4 3 2 1 <0> Address  Afterreset R/W
TMC40| TCE40 0 TCL402 | TCL401 | TCL400 [ TMD401 | TMD400 | TOE40 FF69H OO0H R/W
TCE40 Control of TM40 count operation"*’
0 Clears TM40 count value and stops operation (the count value is also cleared for TM30 during cascade
connection mode)
1 Starts count operation (the count operation is also started for TM30 during cascade connection mode)
TCL402 | TCL401 | TCL400 Selection of timer 40 count clock
@fx = 5.0 MHz operation @fcc = 2.0 MHz operation
0 0 0 fx (5.0 MHz) fee (2.0 MHz)
0 0 1 fx/2° (1.25 MHz) foe/2 (500 kHz)
0 1 0 fx (5.0 MHz) fee (2.0 MHz)
0 1 1 fx/2% (1.25 MHz) fco/2? (500 kHz)
1 0 0 fx/2° (625 kHz) foo/2® (250 kHz)
1 0 1 fx/2* (313 kHz) foo/2* (125 kHz)
Other than above Setting prohibited
TMD300 | TMD401 | TMD400 Selection of operation mode for timer 30 and timer 40"*°?
0 0 0 8-bit timer counter mode (discrete mode)
1 0 1 16-bit timer counter mode (cascade connection mode)
0 1 1 Carrier generator mode
0 1 0 Timer 40: PWM output mode
Timer 30: 8-bit timer counter mode
Other than above Setting prohibited
TOE40 Control of timer output
0 Output disabled (port mode)
1 Output enabled

Notes 1. Since the count operation is controlled by TCE40 (bit 7 of TMC40) in cascade connection mode,
any setting for TCES30 is ignored.
2. The operation mode selection is set to both the TMC30 register and TMC40 register.

Remarks 1. fx: Main system clock oscillation frequency (ceramic/crystal oscillation)
2. fcc: Main system clock oscillation frequency (RC oscillation)
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(3) Carrier generator output control register 40 (TCA40)

Symbol
TCA40

This register is used to set the timer output data during carrier generator mode.
TCAA40 is set with an 8-bit memory manipulation instruction.
RESET input sets TCA40 to O0H.

Figure 7-6. Format of Carrier Generator Output Control Register 40

7 6 5 4 3 <2> <1> <0> Address  Afterreset R/W
0 0 0 0 0 RMC40 | NRZB40 | NRz40 FF67H 00H W
RMC40 Control of remote control output

0 When NRZB40 = 1, a carrier pulse is output to TO40/P27 pin

1 When NRZB40 = 1, high-level signal is output to TO40/P27 pin

NRZB40 | This is the bit that stores the next data to be output to NRZ40. Data is transferred to NRZ40 at the rising edge

of the timer 30 match signal. Input the necessary value in NRZB40 in advance by program.

NRz40 No return zero data
0 Outputs low-level signal (carrier clock is stopped)
1 Outputs carrier pulse or high-level signal

Cautions 1. TCA40 cannot be set with a 1-bit memory manipulation instruction. Be sure to use an 8-
bit memory manipulation instruction to set TCA40.
2. The NRZ40 flag can be written only when carrier generator output is stopped (TOE40 =
0). The data cannot be overwritten when TOE40 = 1.

(4) Port mode register 2 (PM2)

Symbol
PM2

128

This register is used to set the 1/0 mode of port 2 in 1-bit units.

When using the P27/TO40 pin as a timer output, set the PM27 and P27 output latch to 0.
PM2 is set with a 1-bit or 8-bit memory manipulation instruction.

RESET input sets PM2 to FFH.

Figure 7-7. Format of Port Mode Register 2

7 6 5 4 3 2 1 0 Address  Afterreset R/W
PM27 PM26 PM25 PM24 PM23 PM22 PM21 PM20 FF22H FFH R/W
PM2n I/0O mode of P2n pin

(n=0to7)

0 Output mode (output buffer is on)

1 Input mode (output buffer is off)
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7.4 8-Bit Timers 30, 40 Operation

7.4.1 Operation as 8-bit timer counter

Timer 30 and timer 40 can independently be used as an 8-bit timer counter.
The following modes can be used for the 8-bit timer counter.

e Interval timer with 8-bit resolution
e Square wave output with 8-bit resolution (timer 40 only)

(1) Operation as interval timer with 8-bit resolution

The interval timer with 8-bit resolution repeatedly generates an interrupt at a time interval specified by the

count value preset in 8-bit compare register n0 (CRn0).

To operate 8-bit timer n0 as an interval timer, settings must be made in the following sequence.

<1>
<2>
<3>
<4>
<5>

<6>

Disable operation of 8-bit timer counter n0 (TMn0) (TCEnO = 0).

Disable timer output of REM (TOENO = 0).

Set a count value in CRnO.

Set the operation mode of timer n0 to 8-bit timer counter mode (see Figures 7-4 and 7-5).
Set the count clock for timer nO (see Tables 7-3 to 7-6).

Enable the operation of TMnO (TCENO = 1).

When the count value of 8-bit timer counter n0 (TMnO) matches the value set in CRn0O, TMnO is cleared to

00H and continues counting. At the same time, an interrupt request signal (INTTMnO) is generated.
Tables 7-3 to 7-6 show interval time, and Figures 7-8 to 7-13 show the timing of the interval timer operation.

Caution Be sure to stop the timer operation before overwriting the count clock with different data.

Remark n=3,4
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Table 7-3. Interval Time of Timer 30 (at fx = 5.0 MHz Operation)

TCL301 TCL300 Minimum Interval Time Maximum Interval Time Resolution
0 0 2%x (12.8 ps) 2"/fx (3.28 ms) 2% (12.8 us)
0 1 2% (51.2 ps) 2"/fx (13.1 ms) 2%fx (51.2 us)
1 0 Input cycle of timer 40 match Input cycle of timer 40 match Input cycle of timer 40 match
signal signal x 2° signal
1 1 Input cycle of timer 40 output Input cycle of timer 40 output Input cycle of timer 40
x 2°
Remark fx: Main system clock oscillation frequency (ceramic/crystal oscillation)
Table 7-4. Interval Time of Timer 30 (at fcc = 2.0 MHz Operation)
TCL301 TCL300 Minimum Interval Time Maximum Interval Time Resolution
0 0 2%fec (32 ps) 2" (8.19 ms) 2%ffec (32 uis)
0 1 2°ffoc (128 ps) 2"%cc (32.8 ms) 2%ffoc (128 us)
1 0 Input cycle of timer 40 match Input cycle of timer 40 match Input cycle of timer 40 match
signal signal x 2° signal
1 1 Input cycle of timer 40 output Input cycle of timer 40 output Input cycle of timer 40 output
x 2°
Remark fcc: Main system clock oscillation frequency (RC oscillation)
Table 7-5. Interval Time of Timer 40 (at fx = 5.0 MHz Operation)
TCL402 | TCL401 | TCL400 Minimum Interval Time Maximum Interval Time Resolution
0 0 0 1/fx (0.2 us) 2%fx (51.2 us) 1/fx (0.2 us)
0 0 1 2%/ix (0.8 us) 2" (205 us) 2%/ix (0.8 us)
0 1 0 1/ (0.2 us) 2%x (51.2 us) 1/ (0.2 us)
0 1 1 2%/ix (0.8 us) 2" (205 us) 2%/ix (0.8 us)
1 0 0 2 (1.6 us) 2"/fx (410 us) 2 (1.6 us)
1 0 1 2% (3.2 us) 22/fx (819 us) 2% (3.2 us)
Remark fx: Main system clock oscillation frequency (ceramic/crystal oscillation)
Table 7-6. Interval Time of Timer 40 (at fcc = 2.0 MHz Operation)
TCL402 | TCL401 | TCL400 Minimum Interval Time Maximum Interval Time Resolution
0 0 0 1/fec (0.5 uis) 2%ffcc (128 ps) 1/fec (0.5 pis)
0 0 1 2fice (2.0 us) 2"%ec (512 ps) 2fice (2.0 us)
0 1 0 1ffcc (0.5 us) 2%ffcc (128 ps) 1/fcc (0.5 us)
0 1 1 2%ficc (2.0 ps) 2"%cc (512 ps) e (2.0 ps)
1 0 0 2%fcc (4.0 ps) 2"ffec (1.02 ms) 2%fcc (4.0 ps)
1 0 1 2*fce (8.0 ps) 2"/ (4.10 ms) 2*fec (8.0 s)
Remark fcc: Main system clock oscillation frequency (RC oscillation)
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Figure 7-8. Timing of Interval Timer Operation with 8-Bit Resolution (Basic Operation)
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Figure 7-9. Timing of Interval Timer Operation with 8-Bit Resolution (When CRnO Is Set to 00H)
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Figure 7-10. Timing of Interval Timer Operation with 8-Bit Resolution (When CRnO Is Set to FFH)
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Figure 7-11. Timing of Interval Timer Operation with 8-Bit Resolution
(When CRn0 Changes from N to M (N < M))
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Figure 7-12. Timing of Interval Timer Operation with 8-Bit Resolution
(When CRn0 Changes from N to M (N > M))
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Figure 7-13. Timing of Interval Timer Operation with 8-Bit Resolution
(When Timer 40 Match Signal Is Selected for Timer 30 Count Clock)
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(2) Operation as square-wave output with 8-bit resolution (timer 40 only)
Square waves of any frequency can be output at an interval specified by the value preset in 8-bit compare
register 40 (CR40).
To operate timer 40 for square-wave output, settings must be made in the following sequence.

<1> Set P27 to output mode (PM27 = 0).

<2> Set the output latch of P27 to 0.

<3> Disable operation of 8-bit timer counter 40 (TM40) (TCE40 = 0).

<4> Set a count clock for timer 40 and enable output of TO40 (TOE40 = 1).
<5> Set a count value in CR40.

<6> Enable the operation of TM40 (TCE40 = 1).

When the count value of TM40 matches the value set in CR40, the TO40 pin output will be inverted. Through
application of this mechanism, square waves of any frequency can be output. As soon as a match occurs,
TM40 is cleared to 00H and continues counting. At the same time, an interrupt request signal (INTTM40) is
generated.

The square-wave output is cleared to 0 by setting TCE40 to 0.

Tables 7-7 and 7-8 show the square-wave output range, and Figure 7-14 shows the timing of square-wave
output.

Caution Be sure to stop the timer operation before overwriting the count clock with different data.

Table 7-7. Square-Wave Output Range of Timer 40 (at fx = 5.0 MHz Operation)

TCL402 | TCL401 | TCL400 Minimum Pulse Width Maximum Pulse Width Resolution
0 0 0 1/fx (0.2 s) 2% (51.2 us) 1/fx (0.2 us)
0 0 1 2%fx (0.8 us) 2'%/fx (205 s) 2%fx (0.8 us)
0 1 0 1/ (0.2 ps) 2% (51.2 us) 1/ (0.2 ps)
0 1 1 2%/ix (0.8 us) 2" (205 us) 2%/ix (0.8 us)
1 0 0 2% (1.6 us) 2"/fx (410 ps) 2% (1.6 us)
1 0 1 2%fx (3.2 us) 2%/fx (819 us) 2%fx (3.2 us)
Remark fx: Main system clock oscillation frequency (ceramic/crystal oscillation)
Table 7-8. Square-Wave Output Range of Timer 40 (at fcc = 2.0 MHz Operation)
TCL402 | TCL401 | TCL400 Minimum Pulse Width Maximum Pulse Width Resolution
0 0 0 1/fcc (0.5 us) 2%fcc (128 ps) 1/fcc (0.5 us)
0 0 1 2fice (2.0 us) 2"%cc (512 ps) 2fice (2.0 us)
0 1 0 1/foc (0.5 us) 2%fcc (128 ps) 1/foc (0.5 us)
0 1 1 2fice (2.0 us) 2"%cc (512 ps) 2fice (2.0 us)
1 0 0 2%fcc (4.0 us) 2"ffce (1.02 ms) 2%fcc (4.0 us)
1 0 1 2*icc (8.0 ps) 2"%/fcc (4.10 ms) 2*fcc (8.0 uis)
Remark fcc: Main system clock oscillation frequency (RC oscillation)
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Count clock
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Figure 7-14. Timing of Square-Wave Output with 8-Bit Resolution
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7.4.2 Operation as 16-bit timer counter

Timer 30 and timer 40 can be used as a 16-bit timer counter using cascade connection. In this case, 8-bit timer
counter 30 (TM30) is the higher 8 bits and 8-bit timer counter 40 (TM40) is the lower 8 bits. 8-bit timer 40 controls

reset and clear.

The following modes can be used for the 16-bit timer counter.

e Interval timer with 16-bit resolution

e Square-wave output with 16-bit resolution

(1) Operation as interval timer with 16-bit resolution
The interval timer with 16-bit resolution repeatedly generates an interrupt at a time interval specified by the
count value preset in 8-bit compare register 30 (CR30) and 8-bit compare register 40 (CR40).

To operate as an interval timer with 16-bit resolution, settings must be made in the following sequence.

<1> Disable operation of 8-bit timer counter 30 (TM30) and 8-bit timer counter 40 (TM40) (TCE30 = 0,

TCE40 = 0).

<2> Disable timer output of TO40 (TOE40 = 0).

<3> Set the count clock for timer 40 (see Tables 7-5 and 7-6).
<4> Set the operation mode of timer 30 and 8-bit timer 40 to 16-bit timer counter mode (see Figures 7-4

and 7-5).

<5> Set a count value in CR30 and CR40.
<6> Enable the operation of TM30 and TM40 (TCE40 = 1'°*).

Note Start and clear of the timer in the 16-bit timer counter mode are controlled by TCE40 (the value of
TCES3O is invalid).

When the count values of TM30 and TM40 match the values set in CR30 and CR40 respectively, both TM30 and

TM40 are simultaneously cleared to 00H and counting continues.
(INTTM40) is generated (INTTM30 is not generated).

At the same time, an interrupt request signal

Tables 7-9 and 7-10 show interval time, and Figure 7-15 shows the timing of the interval timer operation.

Caution Be sure to stop the timer operation before overwriting the count clock with different data.

Table 7-9. Interval Time with 16-Bit Resolution (at fx = 5.0 MHz Operation)

TCL402 | TCL401 | TCL400 Minimum Interval Time Maximum Interval Time Resolution
0 0 0 1/fx (0.2 us) 2"/x (13.1 ms) 1/fx (0.2 us)
0 0 1 2°/ix (0.8 us) 2%/ix (52.4 ms) 2°/ix (0.8 us)
0 1 0 1/fx (0.2 us) 2"/x (13.1 ms) 1/fx (0.2 us)
0 1 1 2°/fx (0.8 us) 2"/fx (52.4 ms) 2%/fx (0.8 us)
1 0 0 2°/x (1.6 us) 2/fx (105 ms) 2°fix (1.6 us)
1 0 1 2'fix (3.2 us) 2%/ix (210 ms) 2'/ix (3.2 us)

Remark fx: Main system clock oscillation frequency (ceramic/crystal oscillation)
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Table 7-10. Interval Time with 16-Bit Resolution (at fcc = 2.0 MHz Operation)

TCL402 | TCL401 | TCL400 Minimum Interval Time Maximum Interval Time Resolution
0 0 1ffec (0.5 ps) 2"%cc (32.8 ms) 1ffcc (0.5 ps)
0 1 2fice (2.0 s) 2"%cc (131 ms) 2fice (2.0 s)
0 0 1ffec (0.5 us) 2"%%cc (32.8 ms) 1ffec (0.5 us)
0 1 2’ffcc (2.0 s) 2"%%cc (131 ms) 2°ffcc (2.0 ps)
1 0 2%ffcc (4.0 ps) 2" (262 ms) 2%ffcc (4.0 ps)
1 1 2*fice (8.0 us) 2"ficc (524 ms) 2*/fcc (8.0 s)
Remark fcc: Main system clock oscillation frequency (RC oscillation)
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(2) Operation as square-wave output with 16-bit resolution

Square waves of any frequency can be output at an interval specified by the count value preset in CR30 and
CR40.
To operate as a square-wave output with 16-bit resolution, settings must be made in the following sequence.

<1> Disable operation of TM30 and TM40 (TCES30 = 0, TCE40 = 0).

<2> Disable output of TO40 (TOE40 = 0).

<3> Set a count clock for timer 40.

<4> Set P27 to output mode (PM27 = 0) and P27 output latch to 0 and enable TO40 output (TOE40 = 1).
<5> Set count values in CR30 and CR40.

<6> Enable the operation of TM40 (TCE40 = 1").

Note Start and clear of the timer in the 16-bit timer counter mode are controlled by TCE40 (the value of
TCES3O is invalid).

When the count values of TM30 and TM40 simultaneously match the values set in CR30 and CR40
respectively, the TO40 pin output will be inverted. Through application of this mechanism, square waves of
any frequency can be output. As soon as a match occurs, TM30 and TM40 are cleared to 00H and counting
continues. At the same time, an interrupt request signal (INTTM40) is generated (INTTM30 is not generated).
The square-wave output is cleared to 0 by setting TCE40 to 0.

Tables 7-11 and 7-12 show the square wave output range, and Figure 7-16 shows timing of square wave
output.

Caution Be sure to stop the timer operation before overwriting the count clock with different data.

Table 7-11. Square-Wave Output Range with 16-Bit Resolution (at fx = 5.0 MHz Operation)

TCL402 | TCL401 | TCL400 Minimum Pulse Width Maximum Pulse Width Resolution

0 0 0 1/fx (0.2 us) 2%x (13.1 ms) 1/fx (0.2 us)
0 0 1 2°/fx (0.8 s) 2"%x (52.4 ms) 2°/fx (0.8 s)
0 1 0 1/fx (0.2 us) 2%x (13.1 ms) 1/fx (0.2 us)
0 1 1 2%/fx (0.8 us) 2°/fx (52.4 ms) 2%/fx (0.8 us)
1 0 0 2°/fx (1.6 us) 2°/fx (105 ms) 2°/fx (1.6 us)
1 0 1 2'ffx (3.2 ps) 2%/fx (210 ms) 2'ffx (3.2 us)
Remark fx: Main system clock oscillation frequency (ceramic/crystal oscillation)

Table 7-12. Square-Wave Output Range with 16-Bit Resolution (at fcc = 2.0 MHz Operation)

TCL402 | TCL401 | TCL400 Minimum Pulse Width Maximum Pulse Width Resolution

0 0 0 1ffcc (0.5 ps) 2"%fcc (32.8 ms) 1ffcc (0.5 us)

0 0 1 2fice (2.0 ps) 2"%cc (131 ms) 2%fice (2.0 ps)

0 1 0 1ficc (0.5 us) 2"%fcc (32.8 ms) 1ffcc (0.5 pis)

0 1 1 2fice (2.0 ps) 2"%cc (131 ms) 2%fice (2.0 ps)

1 0 0 2°ffce (4.0 s) 2"%cc (262 ms) 2°ffce (4.0 s)

1 0 1 2*ffcc (8.0 us) 2fec (524 ms) 2*ffcc (8.0 us)
Remark fcc: Main system clock oscillation frequency (RC oscillation)
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Figure 7-16. Timing of Square-Wave Output with 16-Bit Resolution
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7.4.3 Operation as carrier generator

An arbitrary carrier clock generated by TM40 can be output in the cycle set in TM30.
To operate timer 30 and timer 40 as carrier generators, settings must be made in the following sequence.

<1>
<2>
<3>
<4>
<5>

<6>

<7>

<8>

Disable operation of TM30 and TM40 (TCE30 = 0, TCE40 = 0).

Disable timer output of TO40 (TOE40 = 0).

Set count values in CR30, CR40, and CRH40.

Set the operation mode of timer 30 and timer 40 to carrier generator mode (see Figures 7-4 and 7-5).

Set the count clock for timer 30 and timer 40.

Set remote control output to carrier pulse (RMC40 (bit 2 of carrier generator output control register 40
(TCA40)) = 0).

Input the required value to NRZB40 (bit 1 of TCA40) by program.

Input a value to NRZ40 (bit 0 of TCA40) before it is reloaded from NRZB40.

Set P27 to output mode (PM27 = 0) and the P27 output latch to 0 and enable TO40 output by setting TOE40
to 1.

Enable the operation of TM30 and TM40 (TCE30 = 1, TCE40 = 1).

The operation of the carrier generator is as follows.

<1>

<2>

<3>

<4>

<5>

When the count value of TM40 matches the value set in CR40, an interrupt request signal (INTTM40) is
generated and output of timer 40 is inverted, which makes the compare register switch from CR40 to
CRH40.

After that, when the count value of TM40 matches the value set in CRH40, an interrupt request signal
(INTTM40) is generated and output of timer 40 is inverted again, which makes the compare register switch
from CRH40 to CR40.

The carrier clock is generated by repeating <1> and <2> above.

When the count value of TM30 matches the value set in CR30, an interrupt request signal (INTTM30) is
generated. The rising edge of INTTMS30 is the data reload signal of NRZB40 and is transferred to NRZ40.
When NRZ40 is 1, a carrier clock is output from TO40 pin.

Cautions 1. TCA40 cannot be set with a 1-bit memory manipulation instruction. Be sure to use an 8-bit

memory manipulation instruction.

2. When setting the carrier generator operation again after stopping it once, reset NRZB40
because the previous value is not retained. In this case also a 1-bit memory manipulation
instruction cannot be used. Be sure to use an 8-bit memory manipulation instruction.

Figures 7-17 to 7-19 show the operation timing of the carrier generator.
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Figure 7-17. Timing of Carrier Generator Operation (When CR40 = N, CRH40 = M (M > N))
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Figure 7-18. Timing of Carrier Generator Operation
(When CR40 = N, CRH40 = M (M < N), Phases of Carrier Clock and NRZ40 Are Asynchronous)
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Figure 7-19. Timing of Carrier Generator Operation (When CR40 = CRH40 = N)
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7.4.4 Operation as PWM output (timer 40 only)

In the PWM output mode, a pulse of any duty ratio can be output by setting a low-level width using CR40 and a
high-level width using CRH40.
To operate timer 40 in PWM output mode, settings must be made in the following sequence.

<1>
<2>
<3>
<4>
<5>

<6>

<7>

Disable operation of TM40 (TCE40 = 0).

Disable timer output of TO40 (TOE40 = 0).

Set count values in CR40 and CRH40.

Set the operation mode of timer 40 to carrier generator mode (see Figure 7-5).

Set the count clock for timer 40.

Set P27 to output mode (PM27 = 0) and the P27 output latch to 0 and enable timer output of TO40 (TOE40
=1).

Enable the operation of TM40 (TCE40 = 1).

The operation in the PWM output mode is as follows.

<1>

<2>

<3>

<4>

When the count value of TM40 matches the value set in CR40, an interrupt request signal (INTTM40) is
generated and output of timer 40 is inverted, which makes the compare register switch from CR40 to
CRH40.

A match between TM40 and CR40 clears the TM40 value to 00H and then counting starts again.

After that, when the count value of TM40 matches the value set in CRH40, an interrupt request signal
(INTTM40) is generated and output of timer 40 is inverted again, which makes the compare register switch
from CRH40 to CR40.

A match between TM40 and CRH40 clears the TM40 value to 00H and then counting starts again.

A pulse of any duty ratio is output by repeating <1> to <4> above. Figures 7-20 and 7-21 show the operation
timing in the PWM output mode.
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Figure 7-20. PWM Output Mode Timing (Basic Operation)
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Figure 7-21. PWM Output Mode Timing (When CR40 and CRH40 Are Overwritten)
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7.5 Notes on Using 8-Bit Timers 30, 40
(1) Error on starting timer
An error of up to 1 clock is included in the time between the timer being started and a match signal being

generated. This is because 8-bit timer counter n0 (TMnO) is started asynchronously to the count pulse.

Figure 7-22. Start Timing of 8-Bit Timer Counter
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8.1 8-Bit Remote Control Timer 50 Functions

The 8-bit remote control timer 50 has a pulse width measurement function with a resolution of 8 bits.

Pulse width is measured from a difference in count value when the valid edge has been detected while the timer
operates in the free-running mode.
8.2 8-Bit Remote Control Timer 50 Configuration

The 8-bit remote control timer 50 consists of the following hardware.

Table 8-1. Configuration of 8-Bit Remote Control Timer 50

Item Configuration
Timer counter 8 bits x 1
Register Remote control timer capture register: x 2 (CP50 and CP51)
Control register Remote control timer control register 50 (TMC50)

Figure 8-1. Block Diagram of 8-Bit Remote Control Timer 50
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(1) Remote control timer capture registers (CP50 and CP51)
These 8-bit registers capture the contents of the 8-bit timer counter 50 (TM50).
The capture operation is performed in synchronization with the valid edge input to the RIN pin (capture
trigger). The contents of CP50 are retained until the next rising edge of the RIN pin is detected. The
contents of CP51 are retained until the next falling edge of the RIN pin is detected.
CP50 and CP51 can be read by using an 8-bit memory manipulation instruction.
RESET input clears CP50 and CP51 to 00H.

(2) 8-bit timer counter 50 (TM50)
This 8-bit register counts the count pulse.
RESET input or clearing the TCE50 bit clears TM50 to 00H.

8.3 Registers Controlling 8-Bit Remote Control Timer 50

The following register controls the 8-bit remote control timer.

(1) Remote control timer control register 50 (TMC50)
This register enables or disables the operation of the 8-bit timer counter 50 (TM50), and sets the count clock.
TMCS50 is set by using a 1-bit or 8-bit memory manipulation instruction.

RESET input clears TMC50 to O0H.

Figure 8-2. Format of Remote Control Timer Control Register 50

Symbol <7> 6 5 4 3 2 1 0 Address  Afterreset R/W
TMC50 | TCE50 0 0 0 0 0 TCL501| TCL500| FF54H 00H R/W
TCE50 TM50 count operation control
0 Clears counter to 0 and stops operation
1 Starts count operation
TCL501 | TCL500 TM50 count clock selection
@fx = 5.0 MHz operation @fcc = 2.0 MHz operation
0 0 x/2'° (4.88 kHz) foc/2" (1.95 kHz)
0 1 x/2° (9.77 kHz) foc/2° (3.91 kHz)
1 0 x/2° (19.5 kHz) foc/2® (7.81 kHz)
1 1 fx/2 (2.5 kHz) fee/2 (1.0 MHz)

Cautions 1. Be sure to clear bits 2 to 6 to 0.
2. Be sure to stop the timer operation (TCE50 = 0) before changing the count clock.

Remarks 1. fx: Main system clock oscillation frequency (ceramic/crystal oscillation)
2. fcc: Main system clock oscillation frequency (RC oscillation)
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CHAPTER 8 8-BIT REMOTE CONTROL TIMER 50

8.4 Operation of 8-Bit Remote Control Timer 50

The 8-bit remote control timer 50 operates as a pulse width measuring circuit.

The width of a high-level or low-level external pulse input to the RIN pin is measured by operating the 8-bit timer
counter 50 (TM50) in the free-running mode.

Noise with short pulse width can be detected since the detection of the valid edge is sampled every 2 cycles of the
count clock selected by TCL500 and TCL501, and the capture operation is not performed until the valid level has
been detected two times. Therefore, the pulse width input to the Tl pin must be 5 or more of the count clock set by
TCL500 and TCL501, regardless of whether the level is high or low. If the pulse width is less than 5 clocks, it cannot
be detected, and the capture operation is not performed.

The value of timer counter 50 (TM50) being counted is loaded to and retained in the capture registers (CP50 and
CP51) in synchronization with the valid edge of the pulse input to the RIN pin, as shown in Figure 8-3.

Figure 8-3 shows the timing of pulse width measurement.

Figure 8-3. Pulse Width Measurement Timing (1/2)

(1) To measure pulse width in synchronization with rising edge

FFH FFH
Count value
of TM50
D1 D3
DO l D2 j
OH ¥ ]
' ] ' : ]
Count starts Caeture CaQture CaRture Cap‘ture:

TCE50 :1 [ |
RIN i | |

LT

|
|
|
|
|
!
:
D3

i
INTTM50 ﬂ M ﬂ M
CP50 00H )( DO )( b1 X D2 )(
INTTM52 N rl_
t0 t1

Remark t0 = (D1 - D0) x 1/fcount
t1 = (100H — D1 + D2) x 1/fcount
fcount: Count clock frequency set by TCL500 and TCL501
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Figure 8-3. Pulse Width Measurement Timing (2/2)

(2) Measure pulse width in synchronization with both rising and falling edges

FFH FFH
Count value
of TM50
D2 D3
D1
DO ¢ i
OH ! ‘ !
Capture Capture Capture Capture

Count starts ‘ ‘
TCE50 =1 | |

RIN ]

|

|
INTTM50 I

|

|

|

A

|

|
]
;

INTTM51 I
| |
CP50  00H DO . D2
| | |
D1
|

INTTM52

|
|
|
|
|
|
|
CP51 00H X
|
|
|
|
I
|
|

t0
Remark t0 = (D2 — D1) x 1/fcount

t1 = (100H — D2 + D3) x 1/fcount
fcount: Count clock frequency set by TCL500 and TCL501
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CHAPTER 9 SOUND GENERATOR

9.1 Functions of Sound Generator

The second generator outputs an interrupt based on a match between a compare register and a timer counter. It
also outputs the sound generator frequency from an arbitrary port.

9.2 Configuration of Sound Generator

Table 9-1. Configuration of Sound Generator

Item Configuration
Timer counter 8 bits x 1 (TMSGO)
Registers Compare registers: 8 bits x 1 (CRSGO)
Control registers Sound generator frequency setting register 00 (SGFCO00)

Carrier generator output control register SGO (TCASGO)
8-bit timer mode control register SGO (TMCSGO)
P3 function register (PF3)
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CHAPTER 9 SOUND GENERATOR

(1) 8-bit compare register SGO (CRSGO)
This 8-bit register is used to continually compare the value set to the CRSGO with the count value in 8-bit
timer counter SGO (TMSGO0) and to issue an interrupt request (INTTMSGO) when a match occurs.
CRSGO is set with an 8-bit memory manipulation instruction.
RESET input makes CRSGO undefined.

(2) 8-bit timer counter SGO (TMSGO)
This 8-bit register is used to count a count pulse.
TMSGO is read with an 8-bit memory manipulation instruction.
RESET input sets TMSGO to 00H.
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CHAPTER 9 SOUND GENERATOR

9.3 Control Registers for Sound Generator

The following four registers are used to control sound generator.

8-bit timer mode control register SGO (TMCSGO)

Carrier generator output control register SGO (TCASGO)
Sound generator frequency setting register 00 (SGFCO00)
P3 function register (PF3)

(1) 8-bit timer mode control register SGO (TMCSGO0)
This register enables/stops operation of 8-bit timer counter SGO (TMSGO) and sets the count clock of

TMSGO.

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

Figure 9-2. Format of 8-Bit Timer Mode Control Register SGO

Symbol <7> 6 5 4 3 2 1 0 Address  Afterreset R/W
TMCSGO| TCESGO 0 0 TCLSGO1|TCLSGO00 0 0 0 FF6BH 00H R/W
TCESGO Control of TMSGO count operation
0 TMSGO count value cleared and operation stopped
1 Count operation started
TCLSGO1|[TCLSGO00 Selection of TMSGO count clock
@ fx = 5.0 MHz operation @ fcc = 2.0 MHz operation
0 0 fx/2'° (610 Hz) foc/2' (244 Hz)
0 1 fx/2'"* (305 Hz) fee/2™ (122 Hz)
1 0 fx/2'° (152 Hz) fec/2'® (61 Hz)
1 1 Carrier clock specified by SGFC00
Remarks 1. fx: Main system clock oscillation frequency (ceramic/crystal oscillation)
2. fcc: Main system clock oscillation frequency (RC oscillation)
157
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(2) Carrier generator output control register SGO (TCASGO0)
This register is used to set the carrier generator output data.
TCASGO is set with an 8-bit memory manipulation instruction.
RESET input sets TCASGO to 00H.

Figure 9-3. Format of Carrier Generator Output Control Register SGO

Symbol 7 6 5 4 3 <2> <1> <0> Address After reset R/W
TCASGO 0 0 0 0 0 RMCSGO|NRZBSGO[ NRZSGO| FF6CH 00H W
RMCSGO0| NRZSGO Control of remote control output
0 0 Low-level output
0 1 Carrier output specified by SGFC00
1 0 Low-level output
1 1 High-level output
NRZBSGO| This is the bit that stores the next NRZSGO data to be output. When a match signal occurs (for a match
between TMSGO and CRSGO0), the data is transferred to NRZSGO.

Caution Be sure to set bits 3to 7 to 0.
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(3) Sound generator frequency setting register 00 (SGFC00)
This register is used to set a frequency for the sound generator.
SGFCO0O0 is set with AN 8-bit memory manipulation instruction.
RESET input sets SGFC00 to 00H.

Figure 9-4. Format of Sound Generator Frequency Setting Register 00 (1/5)

2 1 0 Address Afterreset R/W

Symbol 7 6 5 4 3
MDLOO05 | MDL0O04 | MDL003 | MDL002 | MDL0OO1 | MDLO0OO

FF6DH 00H R/W

SGFC00| TPS000 | MDLOO6

TPS00 Selection of 7-bit counter source clock

@ fx = 5.0 MHz and fxT = 32.768 kHz operation @ fcc = 2.0 MHz and fxT = 32.768 kHz operation

0 fxT (32.768 kHz)

fcc/2” (15.6 kHz)

1 fx/2" (39.1 kHz)

Remarks 1. fx: Main system clock oscillation frequency (ceramic/crystal oscillation)
2. fcc: Main system clock oscillation frequency (RC oscillation)
3. fxm: Subsystem clock oscillation frequency
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CHAPTER 9 SOUND GENERATOR

Figure 9-4. Format of Sound Generator Frequency Setting Register 00 (2/5)

MDLO006 | MDLOO5 | MDL0OO4 | MDLOO3 | MDL002 | MDLOO1 | MDLOOO Setting of sound generator frequency
0 0 0 0 0 0 0 fsG (32.768 kHz)
0 0 0 0 0 0 1 fsG/2 (16.384 kHz)
0 0 0 0 0 1 0 fsa/3 (10.923 kHz)
0 0 0 0 0 1 1 fsa/4 (8.192 kHz)
0 0 0 0 1 0 0 fsG/5 (6.554 kHz)
0 0 0 0 1 0 1 fsG/6 (5.461 kHz)
0 0 0 0 1 1 0 fsG/7 (4.681 kHz)
0 0 0 0 1 1 1 fsG/8 (4.096 kHz)
0 0 0 1 0 0 0 fsG/9 (3.641 kHz)
0 0 0 1 0 0 1 fsGc/10 (3.277 kHz)
0 0 0 1 0 1 0 fsG/11 (2.979 kHz)
0 0 0 1 0 1 1 fsa/12 (2.731 kHz)
0 0 0 1 1 0 0 fsc/13 (2.521 kHz)
0 0 0 1 1 0 1 fsc/14 (2.341 kHz)
0 0 0 1 1 1 0 fsG/15 (2.185 kHz)
0 0 0 1 1 1 1 fsG/16 (2.048 kHz) (do)
0 0 1 0 0 0 0 fsc/17 (1.928 kHz) (ti)
0 0 1 0 0 0 1 fsc/18 (1.820 kHz)
0 0 1 0 0 1 0 fsc/19 (1.725 kHz) (la)
0 0 1 0 0 1 1 fsG/20 (1.638 kHz)
0 0 1 0 1 0 0 fsa/21 (1.560 kHz) (so)
0 0 1 0 1 0 1 fsa/22 (1.489 kHz)
0 0 1 0 1 1 0 fsa/23 (1.425 kHz)
0 0 1 0 1 1 1 fsc/24 (1.365 kHz) (fa)
0 0 1 1 0 0 0 fsG/25 (1.311 kHz) (mi)
0 0 1 1 0 0 1 fsG/26 (1.260 kHz)
0 0 1 1 0 1 0 fsa/27 (1.214 kHz)
0 0 1 1 0 1 1 fsa/28 (1.170 kHz) (re)
0 0 1 1 1 0 0 fsG/29 (1.130 kHz)
0 0 1 1 1 0 1 fsG/30 (1.092 kHz)
0 0 1 1 1 1 0 fsG/31 (1.057 kHz) (do)
0 0 1 1 1 1 1 fsa/32 (1.024 kHz)

Remarks 1. fsa: Oscillation frequency for sound generator
2. Values in parentheses apply to the case when fsc = fxt (32.768 kHz) is selected.
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Figure 9-4. Format of Sound Generator Frequency Setting Register 00 (3/5)

MDLO006 | MDLOO5 | MDL0OO4 | MDLO0O3 | MDL002 | MDLOO1 | MDLOOO Setting of sound generator frequency
0 1 0 0 0 0 0 fsG/33 (993 Hz)
0 1 0 0 0 0 1 fsG/34 (964 Hz)
0 1 0 0 0 1 0 fsG/35 (936 Hz)
0 1 0 0 0 1 1 fsG/36 (910 Hz)
0 1 0 0 1 0 0 fsG/37 (886 Hz)
0 1 0 0 1 0 1 fsG/38 (862 Hz)
0 1 0 0 1 1 0 fsG/39 (840 Hz)
0 1 0 0 1 1 1 fsGc/40 (819 Hz)
0 1 0 1 0 0 0 fsa/41 (799 Hz)
0 1 0 1 0 0 1 fsG/42 (780 Hz)
0 1 0 1 0 1 0 fsG/43 (762 Hz)
0 1 0 1 0 1 1 fsc/44 (745 Hz)
0 1 0 1 1 0 0 fsGc/45 (728 Hz)
0 1 0 1 1 0 1 fsGc/46 (712 Hz)
0 1 0 1 1 1 0 fsG/47 (697 Hz)
0 1 0 1 1 1 1 fsG/48 (683 Hz)
0 1 1 0 0 0 0 fsG/49 (669 Hz)
0 1 1 0 0 0 1 fsG/50 (655 Hz)
0 1 1 0 0 1 0 fsa/51 (643 Hz)
0 1 1 0 0 1 1 fsG/52 (630 Hz)
0 1 1 0 1 0 0 fsG/53 (618 Hz)
0 1 1 0 1 0 1 fsa/54 (607 Hz)
0 1 1 0 1 1 0 fsG/55 (596 Hz)
0 1 1 0 1 1 1 fsG/56 (585 Hz)
0 1 1 1 0 0 0 fsG/57 (575 Hz)
0 1 1 1 0 0 1 fsG/58 (565 Hz)
0 1 1 1 0 1 0 fsG/59 (555 Hz)
0 1 1 1 0 1 1 fsa/60 (546 Hz)
0 1 1 1 1 0 0 fsG/61 (537 Hz)
0 1 1 1 1 0 1 fsG/62 (529 Hz)
0 1 1 1 1 1 0 fsG/63 (520 Hz)
0 1 1 1 1 1 1 fsac/64 (512 Hz)

Remarks 1. fsa: Oscillation frequency for sound generator

2. Values in parentheses apply to the case when fsc = fxt (32.768 kHz) is selected.
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Figure 9-4. Format of Sound Generator Frequency Setting Register 00 (4/5)

MDLO006 | MDLOO5 | MDL0OO4 | MDLOO3 | MDL002 | MDLOO1 | MDLOOO Setting of sound generator frequency
1 0 0 0 0 0 0 fsG/65 (504 Hz)
1 0 0 0 0 0 1 fsG/66 (496 Hz)
1 0 0 0 0 1 0 fsG/67 (489 Hz)
1 0 0 0 0 1 1 fsG/68 (482 Hz)
1 0 0 0 1 0 0 fsG/69 (475 Hz)
1 0 0 0 1 0 1 fsG/70 (468 Hz)
1 0 0 0 1 1 0 fsG/71 (462 Hz)
1 0 0 0 1 1 1 fsa/72 (455 Hz)
1 0 0 1 0 0 0 fsG/73 (449 Hz)
1 0 0 1 0 0 1 fsG/74 (443 Hz)
1 0 0 1 0 1 0 fsG/75 (437 Hz)
1 0 0 1 0 1 1 fsGc/76 (431 Hz)
1 0 0 1 1 0 0 fsac/77 (426 Hz)
1 0 0 1 1 0 1 fsGc/78 (420 Hz)
1 0 0 1 1 1 0 fsG/79 (415 Hz)
1 0 0 1 1 1 1 fsG/80 (410 Hz)
1 0 1 0 0 0 0 fsa/81 (405 Hz)
1 0 1 0 0 0 1 fsG/82 (400 Hz)
1 0 1 0 0 1 0 fsG/83 (395 Hz)
1 0 1 0 0 1 1 fsG/84 (390 Hz)
1 0 1 0 1 0 0 fsG/85 (386 Hz)
1 0 1 0 1 0 1 fsG/86 (381 Hz)
1 0 1 0 1 1 0 fsac/87 (377 Hz)
1 0 1 0 1 1 1 fsG/88 (372 Hz)
1 0 1 1 0 0 0 fsG/89 (368 Hz)
1 0 1 1 0 0 1 fsG/90 (364 Hz)
1 0 1 1 0 1 0 fsa/91 (360 Hz)
1 0 1 1 0 1 1 fsa/92 (356 Hz)
1 0 1 1 1 0 0 fsG/93 (352 Hz)
1 0 1 1 1 0 1 fsG/94 (349 Hz)
1 0 1 1 1 1 0 fsG/95 (345 Hz)
1 0 1 1 1 1 1 fsc/96 (341 Hz)

Remarks 1. fsa: Oscillation frequency for sound generator
2. Values in parentheses apply to the case when fsc = fxt (32.768 kHz) is selected.
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Figure 9-4. Format of Sound Generator Frequency Setting Register 00 (5/5)

MDLO006 | MDLOO5 | MDL0OO4 | MDLO0O3 | MDL002 | MDLOO1 | MDLOOO Setting of sound generator frequency
1 1 0 0 0 0 0 fsG/97 (338 Hz)
1 1 0 0 0 0 1 fsG/98 (334 Hz)
1 1 0 0 0 1 0 fsG/99 (331 Hz)
1 1 0 0 0 1 1 fsc/100 (328 Hz)
1 1 0 0 1 0 0 fsc/101 (324 Hz)
1 1 0 0 1 0 1 fsc/102 (321 Hz)
1 1 0 0 1 1 0 fsG/103 (318 Hz)
1 1 0 0 1 1 1 fsa/104 (315 Hz)
1 1 0 1 0 0 0 fsc/105 (312 Hz)
1 1 0 1 0 0 1 fsc/106 (309 Hz)
1 1 0 1 0 1 0 fsc/107 (306 Hz)
1 1 0 1 0 1 1 fsc/108 (303 Hz)
1 1 0 1 1 0 0 fsc/109 (300 Hz)
1 1 0 1 1 0 1 fsa/110 (298 Hz)
1 1 0 1 1 1 0 fsc/111 (295 Hz)
1 1 0 1 1 1 1 fsc/112 (293 Hz)
1 1 1 0 0 0 0 fsc/113 (290 Hz)
1 1 1 0 0 0 1 fsa/114 (287 Hz)
1 1 1 0 0 1 0 fsc/115 (285 Hz)
1 1 1 0 0 1 1 fsc/116 (282 Hz)
1 1 1 0 1 0 0 fsc/117 (280 Hz)
1 1 1 0 1 0 1 fsc/118 (278 Hz)
1 1 1 0 1 1 0 fsa/119 (275 Hz)
1 1 1 0 1 1 1 fsc/120 (273 Hz)
1 1 1 1 0 0 0 fsc/121 (271 Hz)
1 1 1 1 0 0 1 fsc/122 (269 Hz)
1 1 1 1 0 1 0 fsc/123 (266 Hz)
1 1 1 1 0 1 1 fsc/124 (264 Hz)
1 1 1 1 1 0 0 fsc/125 (262 Hz)
1 1 1 1 1 0 1 fsc/126 (260 Hz)
1 1 1 1 1 1 0 fsc/127 (258 Hz)
1 1 1 1 1 1 1 fsc/128 (256 Hz)

Remarks 1. fsa: Oscillation frequency for sound generator

2. Values in parentheses apply to the case when fsc = fxt (32.768 kHz) is selected.
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(4) P3 function register (PF3)
This register is used to specify a buzzer output pin for the sound generator.
PF3 is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input sets PF3 to 00H.

Figure 9-5. Format of P3 Function Register

Symbol 7 6 5 4 3 2 1 0 Address After reset R/W
PF3 OE3 OE2 OE1 OEO 0 om2 OoM1 oMo FF53H 00H R/W
OEn Control of P30/SGO to P37/SG7 output

0 Output of SGn and SGn+4 pins disabled

1 Output of SGn and SGn+4 pins enabled

Oom2 OoMA1 OMO Selection of P30/SGO0 to P37/SG7 output mode
0 0 0 General-purpose port mode (P30 to P37)
0 0 1 Buzzer mode 0"*'
0 1 0 Buzzer mode 1"***
0 1 1 Buzzer mode 2"*°
1 0 0 Buzzer mode 3"*°*
Other than above Setting prohibited

Notes 1. Pin P30/SGO is used for buzzer output. The other pins, P31/SG1 to P37/SG7, are used as ordinary
general-purpose port pins.

2. Pins P30/SGO0 and P34/SG4 are used for buzzer output. P34/SG4 outputs the inverted level of
P30/SGO. On-chip resistors are not connected for pins P30/SGO0 to P37/SG7. The other pins,
P31/SG1 to P33/SG3 and P35/SG5 to P37/SG7, are used as ordinary general-purpose port pins.

3. Pins P30/SGO0 and P34/SG4 are used for buzzer output. P34/SG4 outputs the inverted level of
P30/SGO0. On-chip resistors are connected for pins P30/SGO to P37/SG7. The other pins, P31/SG1
to P33/SG3 and P35/SG5 to P37/SG7, are used as ordinary general-purpose port pins.

4. Pins P30/SGO to P37/SG7 are used for buzzer output. P34/SG4, P35/SG5, P36/SG6, and P37/SG7
output the inverted level of P30/SGO, P31/SG1, P32/SG2, and P33/SG3, respectively. On-chip
resistors are not connected for these pins (P30/SGO to P37/SG7).

Remark n: 0to3
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CHAPTER 10 WATCH TIMER

10.1 Watch Timer Functions
The watch timer has the following functions.

e Watch timer
¢ Interval timer

The watch and interval timers can be used at the same time.
Figure 10-1 shows a block diagram of the watch timer.

Figure 10-1. Block Diagram of Watch Timer

Clear
forw/2? S ; 13-bit prescaler 5-bit counter
° W
2 fw | fw | fw | fw | fw fw
fr —~ & 28| 29| 10| p11| o1Z| on Clear
S
[8]
o9
[0}
n
3
[wrmz|wrme|wrms|wrma|wrmi [wrmol
Watch timer mode
control register (WTM)
2 Internal bus

Remark fcik: fx or fcc
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(1) Watch timer
The 4.19 MHz main system clock or 32.768 kHz subsystem clock is used to generate an interrupt request
(INTWT) at 0.5-second intervals.

Caution When the main system clock is operating at 5.0 MHz or 2.0 MHz, it cannot be used to

(2) Interval

generate a 0.5-second interval. In this case, the subsystem clock, which operates at
32.768 kHz, should be used instead.

timer

The interval timer is used to generate an interrupt request (INTWT) at specified intervals.

Table 10-1. Interval Time of Interval Timer

Interval Time @ fx=5.0 MHz @ fx=4.19 MHz @ fcc=2.0 MHz @ fxr = 32.768 kHz
Operation Operation Operation Operation
2% x 1/fw 6.55 ms 7.81 ms 16.4 ms 7.81 ms
2 x 1/fw 13.1ms 15.6 ms 32.8 ms 15.6 ms
2" x 1/fw 26.2 ms 31.3ms 65.5 ms 31.3ms
2" x 1/iw 52.4 ms 62.5 ms 131 ms 62.5 ms
2" x 1/fw 104.9 ms 125 ms 262 ms 125 ms
2" x 1/iw 209.7 ms 250 ms 524 ms 250 ms
Remarks 1. fw: Watch timer clock frequency (fx/2, fcc/2’, or fxT)
2. fx: Main system clock oscillation frequency (ceramic/crystal oscillation)
3. fcc: Main system clock oscillation frequency (RC oscillation)
4. fxt: Subsystem clock oscillation frequency

10.2 Watch Timer Configuration

The watch timer includes the following hardware.

Table 10-2. Configuration of Watch Timer

ltem

Configuration

Counter

5 bits x 1

Prescaler

13 bits x 1

Control register

Watch timer mode control register (WTM)
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10.3 Register Controlling Watch Timer
The watch timer mode control register (WTM) is used to control the watch timer.

e Watch timer mode control register (WTM)
WTM selects a count clock for the watch timer and specifies whether to enable clocking of the timer. It also
specifies the prescaler interval and how the 5-bit counter is controlled.
WTM is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input sets WTM to 00H.

Figure 10-2. Format of Watch Timer Mode Control Register

Symbol 7 6 5 4 3 2 <1> <0> Address Afterreset R/W
WTM | WTM7 | WTM6 | WTM5 WTM4 0 0 WTMH1 WTMO | FF4AH 00H R/W
WTM7 Watch timer count clock (fw) selection
@fx = 5.0 MHz and fxr = 32.768 kHz operation @fcc = 2.0 MHz and fxr = 32.768 kHz operation
0 x/2” (39.1 kHz) foc/2” (15.6 kHz)
1 fxr  (32.768 kHz)
WTM6 WTM5 WTM4 Prescaler interval selection
0 0 0 2°ffw
0 0 1 2w
0 1 0 2w
0 1 1 2" ffw
1 0 0 2%/fw
1 0 1 2%/fw
Other than above Setting prohibited
WTM1 Control of 5-bit counter operation
0 Cleared after stop
1 Started
WTMO Watch timer operation
0 Operation stopped (both prescaler and timer cleared)
1 Operation enabled

Remarks 1. fw: Watch timer clock frequency (fx/2” or fxT)
2. fx:  Main system clock oscillation frequency (ceramic/crystal oscillation)
3. fcc: Main system clock oscillation frequency (RC oscillation)
4. fxt: Subsystem clock oscillation frequency
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10.4 Watch Timer Operation

10.4.1 Operation as watch timer

The main system clock (4.19 MHz) or subsystem clock (32.768 kHz) is used as a watch timer that generates 0.5-
second intervals.

The watch timer is used to generate an interrupt request at specified intervals.

By setting bits 0 and 1 (WTMO and WTM1) of the watch timer mode control register (WTM) to 1, the watch timer
starts counting. By setting them to 0, the 5-bit counter is cleared and the watch timer stops counting.

When the interval timer also operates at the same time, only the watch timer can be started from 0 seconds by
setting WTM1 to 0. However, an error of up to 2" x 1/fw seconds may occur for the first overflow of the watch timer
(INTWT) after a 0-second start because the 13-bit prescaler is not cleared in this case.

10.4.2 Operation as interval timer

The interval timer is used to repeatedly generate an interrupt request at the interval specified by a preset count
value.
The interval time can be selected by bits 4 to 6 (WTM4 to WTM®6) of the watch timer mode control register (WTM).

Table 10-3. Interval Time of Interval Timer

Interval Time @ fx=5.0 MHz @ fx =4.19 MHz @ fcc = 2.0 MHz @ fxr = 32.768 kHz
Operation Operation Operation Operation
2% x 1/fw 6.55 ms 7.81 ms 16.4 ms 7.81 ms
2 x 1/fw 13.1 ms 15.6 ms 32.8 ms 15.6 ms
2" x 1/fw 26.2 ms 31.3ms 65.5 ms 31.3ms
2" x 1/iw 52.4 ms 62.5 ms 131 ms 62.5 ms
2" x 1/fw 104.9 ms 125 ms 262 ms 125 ms
2" x 1/iw 209.7 ms 250 ms 524 ms 250 ms
Remarks 1. fw: Watch timer clock frequency (fx/2, fcc/2’, or fxT)

2. fx: Main system clock oscillation frequency (ceramic/crystal oscillation)
3. fcc: Main system clock oscillation frequency (RC oscillation)

4. fxt: Subsystem clock oscillation frequency
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Figure 10-3. Watch Timer/Interval Timer Operation Timing

5-bit counter

OH
Overflow Overflow

Start | |
Countclock [ L. LMLl ML
fw/213 ! -—— ! - |

| | |
Watch timer !
interrupt j - '—l - '_I
INTWT 1 —— , : —— . :

i Watch timer interrupt time (0.5s) | Watch timer interrupt time (0.5 s) |
Interval timer ! | |
interrupt ‘ [___ ] ... M
INTWTI ! [ | : :

" Interval ! ! T ! !

timer (T)

Caution When operation of the watch timer and 5-bit counter has been enabled by setting the watch

timer mode control register (WTM) (setting WTMO (bit 0 of WTM) to 1), the time until the first
interrupt request after this setting will not be exactly the same as the time set by WTM3 (bit 3 of
WTM). This is because the 5-bit counter starts counting one cycle after the output of the 13-bit

prescaler. The INTWT signal will be generated at the set time from its second generation.

Remarks 1. fw: Watch timer clock frequency

2. The parenthesized values apply to operation at fw = 32.768 kHz.
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11.1 Watchdog Timer Functions

The watchdog timer has the following functions.
e Watchdog timer
e Interval timer

Caution Select the watchdog timer mode or interval timer mode by using the watchdog timer mode
register (WDTM).

(1) Watchdog timer
The watchdog timer is used to detect inadvertent program loop. When the inadvertent program loop is

detected, a non-maskable interrupt or the RESET signal can be generated.

Table 11-1. Inadvertent Program Loop Detection Time of Watchdog Timer

Inadvertent Program Loop @ fx = 5.0 MHz Operation | @ fcc = 2.0 MHz Operation @ fxT = 32.768 kHz
Detection Time Operation
2% 1/fw 210 ms 524 ms 250 ms
2"x 1/fw 419 ms 1.05s 500 ms
Remarks 1. fw: /27, foc/2’, or fxt
2. fx: Main system clock oscillation frequency (ceramic/crystal oscillation)
3. fcc: Main system clock oscillation frequency (RC oscillation)
4. fxt: Subsystem clock oscillation frequency
(2) Interval timer
The interval timer generates an interrupt at any preset intervals.
Table 11-2. Interval Time of Watchdog Timer
Interval Time @ fx = 5.0 MHz Operation @ fcc = 2.0 MHz Operation |@ fxr = 32.768 kHz Operation
2 x 1/fw 210 ms 524 ms 250 ms
2" x 1/fw 419 ms 1.05s 500 ms

Remarks 1. fw: fx/27, fcc/2’, or fxt

2. fx: Main system clock oscillation frequency (ceramic/crystal oscillation)
3. fcc: Main system clock oscillation frequency (RC oscillation)
4. fxt: Subsystem clock oscillation frequency
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11.2 Watchdog Timer Configuration

The watchdog timer includes the following hardware.

Table 11-3. Configuration of Watchdog Timer

Item Configuration
Control registers Watchdog timer clock selection register (WDCS)
Watchdog timer mode register (WDTM)
Figure 11-1. Block Diagram of Watchdog Timer
% Internal bus g
WDTMK1|
—J INTWDT1
WDTIF1 Maskable
c . N 9 interrupt request
fo/2’——| o fw/26 | © Q2
3 3 7-bitcounter |~ £ RESET
[) [ c
fxr— »n fw/27 | 3
Clear © INTWDTO
Non-maskable
o interrupt request

WDCS2|WDCST RUN |WDTM4 | WDTM3
Watchdog timer clock selection Watchdog timer mode register
register (WDCS) (WDTM)
g Internal bus

Remark fcwk: fx or fcc
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11.3 Registers Controlling Watchdog Timer

The watchdog timer is controlled by the following two registers.

e Watchdog timer clock selection register (WDCS)
¢ Watchdog timer mode register (WDTM)

(1) Watchdog timer clock selection register (WDCS)

Symbol
WDCS

172

This register sets the watchdog timer count clock.
WDCS is set with an 8-bit memory manipulation instruction.

RESET input sets WDCS to 00H.

Figure 11-2. Format of Watchdog Timer Clock Selection Register

7 6 5 4 3 2 1 0 Address  Afterreset R/W
0 0 0 0 0 WDCS2 | WDCS1 0 FF42H 00H R/W
WDCS2 | WDCSH1 Selection of count clock
@ fx = 5.0 MHz and fxr = 32.768 kHz operation | @ fcc = 2.0 MHz and fxr = 32.768 kHz operation
0 0 fx/2'® (610 Hz) foc/2'® (244 Hz)
0 1 fx/2" (305 Hz) foci2™ (122 Hz)

0 fxr/2° (512 Hz)

1 fx1/2” (256 Hz)

Remarks 1. fx: Main system clock oscillation frequency (ceramic/crystal oscillation)
2.
3.

fcc: Main system clock oscillation frequency (RC oscillation)
fxt: Subsystem clock oscillation frequency

Table 11-4. Inadvertent Program Loop Detection Timer or Interval Time of Watchdog Timer

WDCS2 | WDCSH1 Inadvertent Program Loop Detection Time or Interval Time
@ fx = 5.0 MHz and fxr = 32.768 kHz Operation | @ fcc = 2.0 MHz and fxr = 32.768 kHz Operation
0 0 2%fx (210 ms) 2®ffec (524 ms)
0 1 2%'/fx (419 ms) 2%'ffoc (1.05's)

0 2"%/fxr (250 ms)

1 2" fxr (500 ms)

fxt: Subsystem clock oscillation frequency

Remarks 1. fx: Main system clock oscillation frequency (ceramic/crystal oscillation)
2.
3.

fcc: Main system clock oscillation frequency (RC oscillation)
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(2) Watchdog timer mode register (WDTM)
This register sets an operation mode of the watchdog timer, and enables/disables counting of the watchdog
timer.
WDTM is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input sets WDTM to 00H.

Figure 11-3. Format of Watchdog Timer Mode Register

Symbol <7> 6 5 4 3 2 1 0 Address Afterreset R/W
WDTM| RUN 0 0 WDTM4 | WDTM3 0 0 0 FF4BH 00H R/W
RUN Selection of operation of watchdog timer"™"
0 Stops counting
1 Clears counter and starts counting
WDTM4 | WDTM3 Selection of operation mode of watchdog timer"*?

0 0 Operation stopped

0 1 Interval timer mode (when overflow occurs, a maskable interrupt occurs)"*®

1 0 Watchdog timer mode 1 (when overflow occurs, a non-maskable interrupt occurs)

1 1 Watchdog timer mode 2 (when overflow occurs, reset operation starts)

Notes 1. Once RUN has been set (1), it cannot be cleared (0) by software. Therefore, when counting is
started, it cannot be stopped by any means other than RESET input.
2. Once WDTM3 and WDTM4 have been set (1), they cannot be cleared (0) by software.
3. The watchdog timer starts operations as an interval timer when RUN is set to 1.

Cautions 1. When the watchdog timer is cleared by setting RUN to 1, the actual overflow time is up
to 0.8% shorter than the time set by the watchdog timer clock selection register
(WDCS).
2. In watchdog timer mode 1 or 2, set WDTM4 to 1 after confirming that the WDTIF1 (bit 0
of interrupt request flag register 0 (IF0)) is set to 0. While WDTIF1 is 1, a non-maskable
interrupt is generated upon write completion if watchdog timer mode 1 or 2 is selected.
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11.4 Watchdog Timer Operation

11.4.1 Operation as watchdog timer

The watchdog timer detects an inadvertent program loop when bit 4 (WDTM4) of the watchdog timer mode
register (WDTM) is set to 1.

The count clock (inadvertent program loop detection time interval) of the watchdog timer can be selected by bits 1
and 2 (WDCS1 and WDCS2) of the watchdog timer clock selection register (WDCS). By setting bit 7 (RUN) of
WDTM to 1, the watchdog timer is started. Set RUN to 1 within the set inadvertent program loop detection time
interval after the watchdog timer has been started. By setting RUN to 1, the watchdog timer can be cleared and start
counting. If RUN is not set to 1, and the inadvertent program loop detection time is exceeded, the system is reset or
a non-maskable interrupt is generated by the value of bit 3 (WDTM3) of WDTM.

The watchdog timer continues operation in the HALT mode, but stops in the STOP mode. Therefore, set RUN to
1 before entering the STOP mode to clear the watchdog timer, and then execute the STOP instruction.

Cautions 1. The actual inadvertent program loop detection time may be up to 0.8% shorter than the set
time.
2. When the subsystem clock is selected as the CPU clock, the watchdog timer stops counting.
In this case, therefore, the watchdog timer stops operation even though the main system
clock is oscillating.

Table 11-5. Inadvertent Program Loop Detection Time of Watchdog Timer

WDCS2 | WDCSH Inadvertent Program Loop Detection Time
@ fx = 5.0 MHz and fxr = 32.768 kHz Operation |@ fcc = 2.0 MHz and fxt = 32.768 kHz Operation
0 0 2%fx (210 ms) 2®ffec (524 ms)
0 1 2%'/fx (419 ms) 2%'ffoc (1.05's)
1 0 2"%/fxr (250 ms)
1 1 2"/fxr (500 ms)

Remarks 1. fx: Main system clock oscillation frequency (ceramic/crystal oscillation)
2. fcc: Main system clock oscillation frequency (RC oscillation)
3. fxm: Subsystem clock oscillation frequency
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11.4.2 Operation as interval timer

When bit 4 (WDTM4) and bit 3 (WDTM3) of the watchdog timer mode register (WDTM) are set to 0 and 1,
respectively, the watchdog timer also operates as an interval timer that repeatedly generates an interrupt at time
intervals specified by a preset count value.

Select a count clock (or interval time) by setting bits 1 and 2 (WDCS1 and WDCS2) of the watchdog timer clock
selection register (WDCS). The watchdog timer starts operation as an interval timer when the RUN bit (bit 7 of
WDTM) is set to 1.

In the interval timer mode, the interrupt mask flag (WDTMK1) is valid, and a maskable interrupt (INTWDT1) can
be generated. The priority of INTWDT1 is set as the highest of all the maskable interrupts.

The interval timer continues operation in the HALT mode, but stops in the STOP mode. Therefore, set RUN to 1
before entering the STOP mode to clear the interval timer, and then execute the STOP instruction.

Cautions 1. Once bit 4 (WDTM4) of WDTM is set to 1 (when the watchdog timer mode is selected), the
interval timer mode is not set, unless the RESET signal is input.
2. The interval time immediately after the setting by WDTM may be up to 0.8% shorter than the
set time.
Table 11-6. Interval Time of Watchdog Timer
WDCS2 | WDCSH1 Interval Time
@ fx = 5.0 MHz and fxr = 32.768 kHz Operation |@ fcc = 2.0 MHz and fxr = 32.768 kHz Operation
0 0 2%x (210 ms) 2"ficc (524 ms)
0 1 2%'/fx (419 ms) 2"'ffce (1.05 s)
1 0 2"%xr (250 ms)
1 1 2"/fxr (500 ms)

Remarks 1. fx: Main system clock oscillation frequency (ceramic/crystal oscillation)

2. fcc: Main system clock oscillation frequency (RC oscillation)
3. fxm: Subsystem clock oscillation frequency
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12.1 8-Bit A/D Converter Functions

The 8-bit A/D converter converts input analog voltages in to digital signals with an 8-bit resolution. It can control
up to three analog input channels (ANIO to ANI2).

A/D conversion can be started only by software.

One of analog inputs ANIO to ANI2 is selected for A/D conversion. A/D conversion is performed repeatedly, with
an interrupt request (INTAD) being issued each time an A/D conversion is completed.

12.2 8-Bit A/D Converter Configuration
The 8-bit A/D converter consists of the following hardware.

Table 12-1. Configuration of 8-Bit A/D Converter

ltem Configuration
Analog input 3 channels (ANIO to ANI2)
Register Successive approximation register (SAR)

A/D conversion result register (ADCR)

Control register A/D converter mode register (ADM)
A/D input select register (ADS)
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ANI1/P61 ©

ANI2/P62 ©—

1)

)

3)

4)

1
1
1
:
ANIO/P60 ©——» Sample & hold circuit '
1
1
1
1
1

Figure 12-1. Block Diagram of 8-Bit A/D Converter

Series resistor string

>

Voltage comparator

Tap selector

Selector

Successive
approximation
register (SAR)

Controller INTAD

A/D conversion result
register (ADCR)

2
-
ADS1|ADSO ADCS| FR2 | FR1 | FRO
A/D input select A/D converter mode
register (ADS) register (ADM)

Internal bus g

Successive approximation register (SAR)

The SAR receives the result of comparing an analog input voltage and a voltage at a voltage tap
(comparison voltage), received from the series resistor string, starting from the most significant bit (MSB).
Upon receiving all the bits, down to the least significant bit (LSB), that is, upon the completion of A/D
conversion, the SAR sends its contents to the A/D conversion result register (ADCR).

A/D conversion result register (ADCR)

ADCR holds the result of A/D conversion. Each time A/D conversion ends, the conversion result received
from the successive approximation register is loaded into ADCR, which is an 8-bit register that holds the
result of A/D conversion.

ADCR is read with an 8-bit memory manipulation instruction.

RESET input makes this register undefined signal.

Sample & hold circuit
The sample & hold circuit samples consecutive analog inputs from the input circuit, one by one, and sends

them to the voltage comparator. The sampled analog input voltage is held during A/D conversion.

Voltage comparator
The voltage comparator compares an analog input with the voltage output by the series resistor string.
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®)

(6)

178

Series resistor string
The series resistor string is configured between Vop and Vss. It generates the reference voltages against
which analog inputs are compared.

ANIO to ANI2 pins
Pins ANIO to ANI2 are analog input pins for the three-channel A/D converter. They are used to receive the
analog signals to be A/D converted.

Caution Do not supply pins ANIO to ANI2 with voltages that fall outside the rated range. If a voltage
equal to or greater than Voo or equal to or less than Vss (even if within the absolute
maximum rating) is supplied to any of these pins, the conversion value for the
corresponding channel will be undefined. Furthermore, the conversion values for the
other channels may also be affected.
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12.3 Registers Controlling 8-Bit A/D Converter
The following two registers are used to control the 8-bit A/D converter.

¢ A/D converter mode register (ADM)
* A/D input select register (ADS)

(1) A/D converter mode register (ADM)
ADM specifies the conversion time for analog inputs. It also specifies whether to enable conversion.
ADM is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input sets ADM to 00H.

Figure 12-2. Format of A/D Converter Mode Register

Symbol <7> 6 5 4 3 2 1 0 Address  After reset R/W
ADM |ADCS‘ 0 ‘ FR2 ‘ FR1 ‘ FRO ‘ 0 ‘ 0 ‘ 0 | FF80H 00H R/W
ADCS A/D conversion control
0 Conversion stopped
1 Conversion enabled
FR2 | FR1 | FRO A/D conversion time selectionNote
@fx = 5.0 MHz operation @fcc = 2.0 MHz operation
0 0 0 | 288/fx (57.6 us) 288/fcc (144 pus)
0 0 1 240/fx (48 us) 240/fcc (120 us)
0 1 0 | 192/fx (38.4 us) 192/fcc (96 us)
1 0 0 | 144/f&x (28.8 us) 144/fcc (72 us)
1 0 1 120/fx (24 us) 120/fcc (60 us)
1 1 0 |96/fx (19.2us) 96/fcc (48 us)
Other settings Setting prohibited

Note The specifications of FR2, FR1, and FRO must be such that the A/D conversion time is at least
14 us.

Cautions 1. The result of conversion performed immediately after bit 7 (ADCS) is set is undefined.
2. The result of conversion performed after ADCS is cleared may be undefined (see 12.5 (5)

Timing that makes the A/D conversion result undefined for details).

Remarks 1. fx: Main system clock oscillation frequency (ceramic/crystal oscillation)
2. fcc: Main system clock oscillation frequency (RC oscillation)
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(2) A/D input select register (ADS)
ADS specifies the port used to input the analog voltages to be converted to a digital signal.
ADS is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input sets ADS to 00H.

Figure 12-3. Format of A/D Input Select Register

Symbol 7 6 5 4 3 2 1 0 Address  After reset R/W
aps [ o | o | o | o | o o [aDst|aDso|  FraeH 00H RW
ADS1 | ADSO Analog input channel specification

0 0 ANIO

0 1 ANN
1 0 ANI2
1 1 Setting prohibited

Caution Bits 2 to 7 must be fixed to 0.
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12.4 8-Bit A/D Converter Operation

12.4.1 Basic operation of 8-bit A/D converter

<1>
<2>
<3>

<4>

<5>

<6>

<7>

<8>

Select a channel for A/D conversion, using the A/D input select register (ADS).

The voltage supplied to the selected analog input channel is sampled using the sample and hold circuit.
After sampling continues for a certain period of time, the sample and hold circuit is put on hold to keep the
input analog voltage until A/D conversion is completed.

Bit 7 of the successive approximation register (SAR) is set. The series resistor string voltage tap at the tap
selector is set to half of Vop.

The series resistor string tap voltage is compared with the analog input voltage using the voltage
comparator. If the analog input voltage is higher than half of Vop, the MSB of the SAR is left set. If it is
lower than half of Vob, the MSB is reset.

Bit 6 of the SAR is set automatically, and comparison shifts to the next stage. The next voltage tap of the
series resistor string is selected according to bit 7, which reflects the previous comparison result, as follows:
e Bit 7 =1: Three quarters of Vbp

e Bit 7 = 0: One quarter of Vbp

The tap voltage is compared with the analog input voltage. Bit 6 is set or reset according to the result of
comparison.

¢ Analog input voltage > tap voltage: Bit6 =1

¢ Analog input voltage < tap voltage: Bit6=0

Comparison is repeated until bit 0 of the SAR is reached.

When comparison is completed for all of the 8 bits, a significant digital result is left in the SAR. This value is
sent to and latched in the A/D conversion result register (ADCR). At the same time, it is possible to
generate an A/D conversion end interrupt request (INTAD).

Cautions 1. The first A/D conversion value immediately following the start of A/D conversion may

be undefined.
2. When the A/D converter enters the standby mode, it stops operating.
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Figure 12-4. Basic Operation of 8-Bit A/D Converter

Conversion
. tim
Sampling e
time
A/D converter . _
operation Sampling A/D conversion

) COH Conversion
SAR Undefined 80H Xor 4OHX X X X X X X result

\

Conversion
ADCR result

INTAD _|

A/D conversion continues until bit 7 (ADCS) of the A/D converter mode register (ADM) is reset (0) by software.
If an attempt is made to write to ADM or the A/D input select register (ADS) during A/D conversion, the A/D
conversion operation is canceled. In this case, operation A/D conversion is restarted from the beginning, if the ADCS

is set (1).
RESET makes the A/D conversion result register (ADCR) undefined.

12.4.2 Input voltage and conversion result

The relationship between the analog input voltage at the analog input pins (ANIO to ANI2) and the A/D conversion
result (A/D conversion result register (ADCR)) is represented by:

v
ADCR = INT (— x 256 + 0.5)
DD
or
VoD Vbb

(ADCR - 0.5) x ——— < ViIn < (ADCR + 0.5) x
256 256

INT( ): Function that returns the integer part of a parenthesized value
VIN: Analog input voltage
Vpb: Vop pin voltage

ADCR: Value in the A/D conversion result register (ADCR)

Figure 12-5 shows the relationship between the analog input voltage and the A/D conversion result.
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Figure 12-5. Relationship Between Analog Input Voltage and A/D Conversion Result
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512 256 512 256 512 256 512 256 512 256 512
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12.4.3 Operation mode of 8-bit A/D converter

The 8-bit A/D converter is initially in the select mode. In this mode, the A/D input select register (ADS) is used to
select an analog input channel from ANIO to ANI2 for A/D conversion.

A/D conversion can be started only by software, that is, by setting the A/D converter mode register (ADM).

The A/D conversion result is saved to the A/D conversion result register (ADCR). At the same time, an interrupt
request signal (INTAD) is generated.

o Software-started A/D conversion

Setting bit 7 (ADCS) of the A/D converter mode register (ADM) triggers A/D conversion for a voltage applied to
the analog input pin specified in the A/D input select register (ADS). Upon completion of A/D conversion, the
conversion result is saved to the A/D conversion result register (ADCR). At the same time, an interrupt request
signal (INTAD) is generated. Once A/D conversion is activated, and completed, another session of A/D
conversion is started. A/D conversion is repeated until new data is written to the ADM. If data where ADCS is
1 is written to ADM again during A/D conversion, the current session of A/D conversion is discontinued, and a
new session of A/D conversion begins for the new data. If data where ADCS is 0 is written to ADM again
during A/D conversion, A/D conversion is stopped immediately.

Figure 12-6. Software-Started A/D Conversion

Rewriting ADM Rewriting ADM
ADCS =1 ADCS =1 ADCS =0
A/D conversion ANIn ANIn ANIn ANIm ANIm

discontinued; — Stop
no conversion

Conversion is
result is preserved.

ADCR ANIn ANIn ANIm

1 i

Remarks 1. n=0to 2
2. m=0to2
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12.5 Cautions Related to 8-Bit A/D Converter

(1)

()

)

(4)

®)

Current consumption in the standby mode

When the A/D converter enters the standby mode, it stops operating. Stopping conversion (bit 7 (ADCS) of
the A/D converter mode register (ADM) = 0) can reduce the current consumption.

Figure 12-7 shows how to reduce the current consumption in the standby mode.

Figure 12-7. How to Reduce Current Consumption in Standby Mode
Voo ©

P-ch I o<} ADCS

Series resistor string

Vss ©

Input range for the ANIO to ANI2 pins

Be sure to keep the input voltage at ANIO to ANI2 within the rated value. If a voltage equal to or greater
than Vopb or equal to or less than Vss (even within the absolute maximum rating) is input to a conversion
channel, the conversion output of the channel becomes undefined. This may also affect the conversion
output of the other channels.

Conflict

<1> Conflict between writing to the A/D conversion result register (ADCR) at the end of conversion and

reading from ADCR
Reading from ADCR takes precedence. After reading, the new conversion result is written to ADCR.

<2> Conflict between writing to ADCR at the end of conversion and writing to the A/D converter mode register

(ADM) or the A/D input select register (ADS)
Writing to ADM or ADS takes precedence. A request to write to ADCR is ignored. No A/D conversion
end interrupt request signal (INTAD) is generated.

Conversion results immediately following start of A/D conversion

The first A/D conversion value immediately following the start of A/D conversion may be undefined. Be sure
to poll the A/D conversion end interrupt request (INTAD) and perform processing such as discarding the first
conversion result.

Timing that makes the A/D conversion result undefined

If the timing of the end of A/D conversion and the timing at which the A/D converter stops operating conflict,
the A/D conversion value may be undefined. Because of this, be sure to read out the A/D conversion result
while the A/D converter is operating. Furthermore, when reading out an A/D conversion result after A/D
conversion has stopped, be sure to have done so by the time the next conversion result is complete.

The conversion result readout timing is shown in Figures 12-8 and 12-9.
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Figure 12-8. Conversion Result Readout Timing (When Conversion Result Is Undefined Value)

A/D conversion end A/D conversion end
ADCR X Normal conversion result X Undefined value
INTAD | |

ADCS |

! T !

Normal conversion result read out A/D operation stopped Undefined
value read out

Figure 12-9. Conversion Result Readout Timing (When Conversion Result Is Normal Value)

A/D conversion end

l

ADCR X Normal conversion result
INTAD | |
ADCS

A/D operation stopped Normal conversion

result read out

(6) Noise prevention
To maintain a resolution of 8 bits, be careful of noise at the Voo and ANIO to ANI2 pins. The higher the
output impedance of the analog input source, the larger the effect by noise. To reduce noise, attach an
external capacitor to the relevant pins as shown in Figure 12-10.
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@

®)

9

Figure 12-10. Analog Input Pin Handling

If noise equal to or greater than Voo or equal to or
less than Vss is likely to come to the Voo pin, clamp
the voltage at the pin by attaching a diode with a
small Vr (0.3 V or lower).

j_ ANIO to ANI2

Vss

C =100 to 1000 pF

ANIO to ANI2

The analog input pins (ANIO to ANI2) are alternate-function pins. They are also used as port pins (P60 to
P62).

If any of ANIO to ANI2 has been selected for A/D conversion, do not execute input instructions for the ports;
otherwise the conversion resolution may become lower.

If a digital pulse is applied to a pin adjacent to the analog input pins during A/D conversion, coupling noise
may occur which prevents an A/D conversion result from being attained as expected. Avoid applying a
digital pulse to pins adjacent to the analog input pins during A/D conversion.

Input impedance of the ANIO to ANI2 pins

This A/D converter charges the internal sampling capacitor for about 1/10 of the conversion time, and
performs sampling.

Therefore at times other than sampling, only the leak current is output. During sampling, the current for
charging the capacitor is also output, so the input impedance fluctuates and has no meaning.

However, to ensure adequate sampling, it is recommended that the output impedance of the analog input
source be set to below 10 kQ, or a 100 pF capacitor be connected to the ANIO to ANI2 pins (see Figure 12-
10).

Interrupt request flag (ADIF)

Changing the contents of the A/D converter mode register (ADM) does not clear the interrupt request flag
(ADIF).

If the voltage at the analog input pins is changed during A/D conversion, therefore, the A/D conversion result
and the conversion end interrupt request flag may reflect the previous analog input just before writing to the
ADM occurs. In this case, ADIF may appear to be set if it is read-accessed just after ADM is write-
accessed, even when A/D conversion has not been completed for the new analog input.

In addition, when A/D conversion is restarted, ADIF must be cleared beforehand.
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Figure 12-11. A/D Conversion End Interrupt Request Generation Timing

Rewriting ADM

(to begin conversion

Rewriting ADM
(to begin conversion  ADIF has been set, but conversion

for ANIn) for ANIm) K for ANIm has not been completed.
A/D conversion ANIn ANIn i ANIm ANIm

I
I
|
I
I

ADCR ANIn ' ANIn >< ANIm >< ANIm
I
I
I
I
I

INTAD

Remarks 1. n=0to0 2
2. m=0to2
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13.1 Serial Interface Functions

The serial interface has the following three modes.

e QOperation stop mode
e Asynchronous serial interface (UART) mode
e 3-wire serial /0O mode

(1

()

3)

Operation stop mode
This mode is used when serial transfer is not carried out. It enables a reduction in the power consumption.

Asynchronous serial interface (UART) mode

In this mode, one byte of data following the start bit is transmitted/received, and full-duplex operation is
possible.

A dedicated UART baud rate generator is incorporated, allowing communication over a wide range of baud
rates. In addition, the baud rate can be defined by dividing the clock input to the ASCK pin.

3-wire serial /0 mode (MSB/LSB-first switchable)

In this mode, 8-bit data transfer is carried out with three lines, one for the serial clock (SCTG) and two for
serial data (SI10, SO10).

The 3-wire serial I/O mode supports simultaneous transmit and receive operations, reducing the data
transfer processing time.

It is possible to switch the first bit of 8-bit data to be transmitted between the MSB and the LSB, thus
allowing connection to devices with either bit first.

The 3-wire serial /0 mode is effective for connecting display controllers and peripheral 1/0Os such as the
75XL Series, 78K Series, and 17K Series that include a conventional clocked serial interface.

Figures 13-1 and 13-2 show the block diagrams of the serial interface.
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Figure 13-1. Block Diagram of Serial Interface (S1010)
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Figure 13-2. Block Diagram of Serial Interface (UART00)

Internal Bus

I

Receive buffer | ‘ ‘ ‘ ‘ ‘ ‘ |
register 00 TXEO00| RXE00 |PS001|PS000|CLOO [SLOO | ISRMOO
(RXB0O)

Asynchronous serial interface

Asynchronous serial interface mode register 00 (ASIM00)

status register 00 (ASIS00)

@—|J> Receive shift |PE00 ‘ FEQ0 ‘OVE00| Transmit shift
RxDoO/SI10/P22 register 00 —1 register 00
(RXS00) (TXS00)
TxD00/SO10/P21 @—4
Reception I~
—{ controller ] D INTSEROO
(parity check)[———=INTSR00 Tranemission
controller INTSTO0
(parity addition)
1 Baud rate . ) .
generator l«—{ 5-bit prescaler K1 feux/22 to fork/2

{4 {3

{ 7

[ 1 1 [ T T 1
|TP8002 ‘TPSOO1 lTPSOOO ‘MDLOO:& ‘MDLOOQ‘MDLOM ‘ MDL000 |
Baud rate generator control
register 00 (BRGCO0) I
% Internal bus S

13.2 Serial Interface Configuration
The serial interface has the following hardware configuration.

Table 13-1. Configuration of Serial Interface

ltem Configuration

Registers Transmit/receive shift register 10 (SIO10)
Transmit shift register 00 (TXS00)
Receive shift register 00 (RXS00)
Receive buffer register 00 (RXB00)

Control registers Serial operation mode register 10 (CSIM10)
Asynchronous serial interface mode register 00 (ASIMO0O0)
Asynchronous serial interface status register 00 (ASIS00)
Baud rate generator control register 00 (BRGC00)
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(1)

()

3)

(4)

®)

(6)

192

Transmit/receive shift register 10 (SI010)

This is an 8-bit register used for parallel-to-serial conversion and to perform serial data
transmission/reception in synchronization with the serial clock in the 3-wire serial I/O mode.

SI010 is set with an 8-bit memory manipulation instruction.

RESET input makes SIO10 undefined.

Transmit shift register 00 (TXS00)

This register is used to specify the data to be transmitted in the UART mode. Data written to TXS00 is
transmitted as serial data.

If the data length is specified as 7 bits, bits 0 to 6 of the data written to TXS00 are transferred as the transmit
data. The transmit operation is started by writing data to TXS00.

TXSO00 is written to with an 8-bit memory manipulation instruction. It cannot be read.

RESET input sets TXS00 to FFH.

Caution During a transmit operation, do not write to TXS00.
TXS00 and receive buffer register 00 (RXB00) are allocated to the same address, and when
reading is performed, RXB0O0 values are read.

Receive shift register 00 (RXS00)

This register is used to convert serial data input to the RxD pin into parallel data in the UART mode. Each
time one byte of data is received, it is transferred to receive buffer register 00 (RXB00).

RXS00 cannot be manipulated directly by program.

Receive buffer register 00 (RXB00)

This register is used to hold received data in the UART mode. Each time one byte of data is received, a new
byte of data is transferred from receive shift register 00 (RXS00).

If the data length is specified as 7 bits, receive data is transferred to bits 0 to 6 of RXB00, and the MSB of
RXBO0O0 always becomes 0.

RXBO0O0 can be read with an 8-bit memory manipulation instruction. It cannot be written to.

RESET input becomes undefined.

Caution RXBO00 and transmit shift register 00 (TXS00) are allocated to the same address, and when
writing is performed, the values are written to TXS00.

Transmit controller

This controller controls transmit operations by adding a start bit, parity bit, and stop bit to data written to
transmit shift register 00 (TXS00), according to the data set to asynchronous serial interface mode register
00 (ASIMO0).

Receive controller

This controller controls receive operations according to the data set to asynchronous serial interface mode
register 00 (ASIMOO). It also performs parity error check, etc., during receive operations, and when an error
is detected, it sets the value to asynchronous serial interface status register 00 (ASIS00) depending on the
nature of the error.
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13.3 Registers Controlling Serial Interface

The following four registers are used to control the serial interface.

Serial operation mode register 10 (CSIM10)
Asynchronous serial interface mode register 00 (ASIMO00)
Asynchronous serial interface status register 00 (ASIS00)
Baud rate generator control register 00 (BRGC00)

(1) Serial operation mode register 10 (CSIM10)

This register is set when using the serial interface in the 3-wire serial I/O mode.
CSIM10 is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input sets CSIM10 to 00H.

Figure 13-3. Format of Serial Operation Mode Register 10

Symbol  <7> 6 5 4 3 2 1 0 Address  After reset R/W
csimio [csiEo] o | o [tPsioo] o |DIRtofcsckig o | FF72H 00H RW
CSIE10 Operation control in 3-wire serial I/O mode
0 | Operation stopped
1 Operation enabled
TPS100 Count clock selection when internal clock is selected
@ fx = 5.0 MHz operation @ fcc = 2.0 MHz operation
0 | fx/2® (1.25 MHz) foc/22 (500 kHz)
1 | fx/2® (625 kHz) fce/2® (250 kHz)
DIR10 First bit specification
0 | MSB
1 LSB
CSCK10 SI010 clock selection
0 | Clock input to SCK10 pin from external
1 Internal clock selected by TPS100

Cautions 1. Bits 0, 3, 5, and to 6 must be fixed to 0.

2. Set CSIM10 to 00H in the UART mode.

Remarks 1. fx: Main system clock oscillation frequency (ceramic/crystal oscillation)

2. fcc: Main system clock oscillation frequency (RC oscillation)
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(2) Asynchronous serial interface mode register 00 (ASIMO00)
This register is set when using the serial interface in the asynchronous serial interface mode.
ASIMOO is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input sets the ASIMOO to O0H.

Figure 13-4. Format of Asynchronous Serial Interface Mode Register 00

Symbol <7> <6> 5 4 3 2 1 0 Address  After reset R/W
ASIMO00 |TXE00‘RXEOO‘ PS001 ‘PSOOO‘ CLOO ‘ SLOO ‘ISRMOO‘ 0 | FFAOH 00H R/W
TXEO00 Transmit operation control

0 | Transmit operation stopped

1 Transmit operation enabled

RXEO00 Receive operation control

0 Receive operation stopped

1 Receive operation enabled

PS001|PS000 Parity bit specification

0 0 No parity

0 1 0 parity always added at transmission
Parity check is not performed at reception (no parity error is generated)

1 0 Odd parity

1 1 Even parity
CLOO Character length specification
0 |7 bits
1 8 bits
SL0O0 Transmit data stop bit length specification
0 | 1bit
1 2 bits
ISRM00 Reception completion interrupt control at error occurrence

0 | A reception completion interrupt request is generated when an error occurs.

1 A reception completion interrupt request is not generated when an error occurs.

Cautions 1. Bit 0 must be fixed to 0.
2. Set ASIMOO to 00H in the 3-wire serial /O mode.
3. Switching operation modes must be performed after the serial transmit/receive operation
has been stopped.
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Table 13-2. Settings of Serial Interface Operating Mode

(1) Operation stop mode

ASIM00 CSIM10 PM22| P22 |PM21| P21 |PM20| P20 | First | Shift P22/S110/RxD00 [P21/SO10/TxD00 | P20/SCK10
TXE00| RXE00|CSIE10| DIR10 [CSCK10 Bit Clock Pin Function Pin Function Pin Function
0 0 0 x X ><Nole1 ><Note1 ><Nole1 ><Nole1 ><Note1 ><Note1 _ _ p22 P21 P20
Other than above Setting prohibited
(2) Asynchronous serial interface mode
ASIM00 CSsIM10 PM22| P22 [PM21| P21 |PM20| P20 [ First | Shift P22/S110/RxD00 | P21/SO10/TxD00 | P20/SCK10
TXEOO| RXEQ0 | CSIE10| DIR10CSCK10 Bit Clock Pin Function Pin Function Pin Function
1 10| 0| 0| 0 [NoetjNotetl o | 1 |xNoteljyNoleT) | SB | |nternal | P22 TxD0O P20
clock (CMOS output)
0| 1 | 0] 0] 0 1 | x [xNtelNoteT|, Notet |y Notet RxD00 P21
1 1 0 0 0 1 X 0 1 |xNotel)y Note TxD00
(CMOS output)
Other than above Setting prohibited
(8) 3-wire serial /0 mode
ASIMO00 CSIM10 PM22| P22 |PM21| P21 [PM20| P20 | First | Shift P22/S110/RxD00 | P21/SO10/TxD00 | P20/SCK10
TXE00|RXEQO|CSIE10| DIR10 CSCK10 Bit Clock Pin Function Pin Function Pin Function
0| 0| 1] 0| 0 [fhe2xNe2) o | 1 | {1 | x [MSB |External | SI10Note2 S010 SCK10 input
clock (CMOS output)
1 0 1 Internal SCK10 output
clock
1 1 0 1 x | LSB | External SCK10 input
clock
1 0 1 Internal SCK10 output
clock
Other than above Setting prohibited

Notes 1. Can be used as port function.
2. If used only for transmission, can be used as P22 (CMOS 1/0).

Remark x: Don’t care
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(3) Asynchronous serial interface status register 00 (ASIS00)
This register is used to display the type of receive error, if it occurs while asynchronous serial interface
mode is set.
ASISO00 is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input sets ASIS00 to 00H.

Figure 13-5. Format of Asynchronous Serial Interface Status Register 00

Symbol 7 6 5 4 3 2 1 0 Address Afterreset R/W
ASISO00 0 0 0 0 0 PEOO FEOO OVEOO | FFA3H 00H R
PEOO Parity error flag
0 Parity error not generated
1 Parity error generated (when specified parity of transmit data does not match receive data parity)
FEOO Framing error flag
0 Framing error not generated
1 Framing error generated"®" (when stop bit is not detected)
OVEOO0 Overrun error flag
0 Overrun error not generated
1 Overrun error generated"***
(when the next receive operation is completed before the data is read from the receive buffer register)

Notes 1. Even when the stop bit length is set to 2 bits by setting bit 2 (SLO0) of asynchronous serial
interface mode register 00 (ASIMO0O0), the stop bit detection in the case of reception is performed
with 1 bit.

2. Be sure to read receive buffer register 00 (RXB00) when an overrun error occurs. If not, an
overrun error will occur every time data is received.

Caution Be sure to set bits 3to 7 to 0.
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4)

Symbol
BRGCO00

Baud rate generator control register 00 (BRGCO00)

This register is used to specify the serial clock for the serial interface.

BRGCO0O is set with an 8-bit memory manipulation instruction.

RESET input sets BRGCOO0 to 00H.

Figure 13-6. Format of Baud Rate Generator Control Register 00

7 6 5 4 3 2 1 0 Address Afterreset R/W
0 TPS002 | TPS001 | TPS000 | MDLO03 | MDLOO2 | MDLOO1 | MDLOOO | FFA1H 00H R/W

TPS002 | TPS001 | TPS000 Selection of 5-bit counter source clock (fsck)

@ fx = 5.0 MHz operation @ fcc = 2.0 MHz operation n

0 0 0 fx/2° (1.25 MHz) foc/2® (500 kHz) 1
0 0 1 fx/2° (625 kHz) feo/2® (250 kHz) 2
0 1 0 fx/2" (313 kHz) foc/2® (125 kHz) 3
0 1 1 fx/2° (156 kHz) feo/2® (62.5 kHz) 4
1 0 0 fx/2° (78.1 kHz) foc/2® (31.3 kHz) 5
1 0 1 fx/2” (39.1 kHz) feo/2” (15.6 kHz) 6
1 1 0 fx/2° (19.5 kHz) foc/2® (7.81 kHz) 7
1 1 1 fx/2° (9.8 kHz) feo/2” (3.91 kHz) 8

MDL003 | MDLO02 | MDLO0O1 | MDL0OOO Selection of baud rate generator input clock k
0 0 0 0 fsck/16 0
0 0 0 1 fscx/17 1
0 0 1 0 fsck/18 2
0 0 1 1 fsck/19 3
0 1 0 0 fsck/20 4
0 1 0 1 fsck/21 5
0 1 1 0 fsck/22 6
0 1 1 1 fsck/23 7
1 0 0 0 fsck/24 8
1 0 0 1 fsck/25 9
1 0 1 0 fsck/26 10
1 0 1 1 fsck/27 11
1 1 0 0 fsck/28 12
1 1 0 1 fsck/29 13
1 1 1 0 fsck/30 14
1 1 1 1 Setting prohibited —
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Cautions 1. Be sure to set bit 7 to 0.
2. When writing to BRGCO00 is performed during a communication operation, the output of
the baud rate generator is disrupted and communications cannot be performed normally.
Be sure not to write to BRGCO00 during a communication operation.

Remarks 1. fx:  Main system clock oscillation frequency (ceramic/crystal oscillation)
2. fcc: Main system clock oscillation frequency (RC oscillation)
3. fsck: Source clock of 5-bit counter
4. n: Value determined by the setting of TPS000 to TPS002 (1 < n < 8)
5. ki Value determined by the setting of MDLOOO to MDL0OO3 (0 < k < 14)
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The baud rate transmit/receive clock to be generated is either a divided main system clock signal, or a
divided signal of the clock input from the ASCK pin.

(a) Generation of baud rate transmit/receive clock by means of main system clock
The transmit/receive clock is generated by dividing the main system clock. The baud rate generated
from the main system clock is estimated by using the following expression.

foik

[Baudrate] = ———
2™ x (k + 16)

[Hz]

fck:  main system clock oscillation frequency (fx or fcc)

n:  Value in Figure 13-7 determined by the settings of TPS000 to TPS002 (1 < n < 8)
k:  Value in Figure 13-7 determined by the setting of MDL0OO to MDL0O03 (0 < k < 14)

Table 13-3. Example of Relationship Between Main System Clock and Baud Rate (When fx = 5.0 MHz)

Baud Rate (bps) BRGCO0O0 Set Value n k Error (%)
fx = 5.0 MHz
300 70H 8 0 1.67
600 60H 7 0
1200 50H 6 0
2400 40H 5 0
4800 30H 4 0
9600 20H 3 0
19200 10H 2 0
31250 14H 1 4 0.00
38400 00H 1 0 1.67

Table 13-4. Example of Relationship Between Main System Clock and Baud Rate (When fx = 4.9152 MHz)

Baud Rate (bps) BRGCOO0 Set Value n k Error (%)
fx = 4.9152 MHz

300 6FH 7 16 0.00
600 5FH 6 16

1200 4FH 5 16

2400 3FH 4 16

4800 2FH 3 16

9600 1FH 2 16

19200 OFH 1 16

31250 01H 1 4 1.7
38400 - - - -
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Table 13-5. Example of Relationship Between Main System Clock and Baud Rate (When fx = 4.1943 MHz)

Baud Rate (bps) BRGCO00 Set Value n k Error (%)
fx = 4.1943 MHz

300 6BH 7 11 1.67
600 5BH 6 11

1200 4BH 5 11

2400 3BH 4 11

4800 2BH 3 11

9600 1BH 2 11

19200 0BH 1 11

31250 00H 1 0 4.9
38400 - - - -

Table 13-6. Example of Relationship Between Main System Clock and Baud Rate (When fx = 4.00 MHz)

Baud Rate (bps) BRGCO00 Set Value n k Error (%)
fx = 4.00 MHz

300 6AH 7 10 0.2
600 5AH 6 10

1200 4AH 5 10

2400 3AH 4 10

4800 2AH 3 10

9600 1AH 2 10

19200 0AH 1 10

31250 01H 1 0 0.0
38400 - - - -
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13.4 Serial Interface Operation
The serial interface provides the following three modes.

e Operation stop mode
e Asynchronous serial interface (UART) mode
e 3-wire serial /0O mode

13.4.1 Operation stop mode

In the operation stop mode, serial transfer is not executed, enabling a reduction in the power consumption.
The P20/SCK10, P21/SO10/TxD00, and P22/S110/RxD00 pins can be used as normal I/O ports.

(1) Register setting
Operation stop mode is set by serial operation mode register 10 (CSIM10) and asynchronous serial interface
mode register 00 (ASIMO0O0).

(a) Serial operation mode register 10 (CSIM10)
CSIM10 is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input sets CSIM0O to 00H.

Symbol  <7> 6 5 4 3 2 1 0 Address  After reset R/W
CSIM10 |CSIE10| O 0 |TPS100| O |DIR10|CSCK10| O FF72H 00H R/W
CSIE10 Operation control in 3-wire serial I/O mode

0 | Operation stopped

1 Operation enabled

Caution Bits 0, 3, 5, and 6 must be fixed to 0.
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(b) Asynchronous serial interface mode register 00 (ASIMO00)
ASIMOO is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input sets ASIM0O to O0H.

Symbol <7> <6> 5 4 3 2 1 0 Address  After reset
ASIM00 |TXEOO‘RXEOO‘PSOO1‘PSOOO‘ CLOO ‘ SLOO ‘ISRMOO‘ 0 | FFAOH 00H
TXEOO Transmit operation control

0 | Transmit operation stopped

1 Transmit operation enabled

RXE00 Receive operation control

0 Receive operation stopped

1 Receive operation enabled

Caution Bit 0 must be fixed to 0.
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13.4.2 Asynchronous serial interface (UART) mode

In this mode, the one-byte data following the start bit is transmitted/received enabling full-duplex communications.

This device incorporates a UART-dedicated baud rate generator, allowing communication at a wide range of baud
rates.

The UART-dedicated baud rate generator also can output the 31.25-kbps baud rate that complies with the MIDI
standard.

(1) Register setting
UART mode is set by serial operation mode register 10 (CSIM10), asynchronous serial interface mode
register 00 (ASIMO00), asynchronous serial interface status register 00 (ASIS00), and baud rate generator
control register 00 (BRGCO00).

(a) Serial operation mode register 10 (CSIM10)
CSIM10 is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input sets CSIM10 to 00H.
Set CSIM10 to 00H in the UART mode.

Symbol <7> 6 5 4 3 2 1 0 Address  After reset R/W
csimio [csiEto] o | o |wsiw] o |DiRtolcsckio] o | FF72H 00H RW
CSIE10 Operation control in 3-wire serial /O mode

0 | Operation stopped

1 Operation enabled

TPS100 Count clock selection when internal clock is selected
@ fx = 5.0 MHz operation @ fcc = 2.0 MHz operation
0 |f/2® (1.25 MHz) fcc/2® (500 kHz)
1 fx/2° (625 kHz) foc/2® (250 kHz)
DIR10 Start bit specification
0 MSB
1 LSB
CSCK10 SI010 clock selection

0 | Clock input to SCK10 pin from external

1 Internal clock selected by TPS100

Caution Bits 0, 3, 5, and 6 must be fixed to 0.

Remarks 1. fx: Main system clock oscillation frequency (ceramic/crystal oscillation)
2. fcc: Main system clock oscillation frequency (RC oscillation)
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(b) Asynchronous serial interface mode register 00 (ASIMO00)
ASIMOO is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input sets ASIM0O to O0H.

Caution When using the serial interface function (UART mode), set the related output latches
to 0, and the port mode registers (PMxx) as follows.
e For reception
Set P22 (RxD00) to input mode (PM22 = 1).
e For transmission
Set P21 (TxDO00) to output mode (PM21 = 0).
e For transmission and reception
Set P22 and P21 to input and output mode, respectively.

Symbol <7> <6> 5 4 3 2 1 0 Address  Afterreset R/W
ASIMOO| TXEOO | RXEOO | PS001 PS000 CL0O SLOO ISRM00 0 FFAOH 00H R/W
TXEOO RXEO00 Operation mode Function of RxD00/SI10/P22 Pin| Function of TxD00/SO10/P21 pin
0 0 Operation disabled Port function (P22) Port function (P21)
0 1 UART mode (reception only) Serial function (RxD0O)
1 0 UART mode (transmission Port function (P22) Serial function (TxDO0O0)
only)
1 1 UART mode (transmission Serial function (RxD00)
and reception)
PS001 PS000 Parity bit specification
0 0 No parity
0 1 At transmission, the parity bit is fixed to 0.
At reception, a parity check is not made; no parity error is reported.
1 0 Odd parity
1 1 Even parity
CL0O Character length specification
0 7 bits
1 8 bits
SLOoO Transmission data stop bit length specification
0 1 bit
1 2 bits
ISRM00 Reception completion interrupt control at error occurrence
0 A reception completion interrupt request is generated when an error occurs.
1 A reception completion interrupt request is not generated when an error occurs.

Cautions 1. Be sure to set bit 0 to 0.
2. Switch the operation mode after stopping serial transmission/reception.
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(c) Asynchronous serial interface status register 00 (ASIS00)
ASISO00 is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input sets ASIS00 to O0H.

Symbol 7 6 5 4 3 2 1 0 Address  Afterreset R/W
ASIS00 0 0 0 0 0 PEOO FEOO OVEOO | FFA3H 00H R
PEOO Parity error flag
0 Parity error not generated
1 Parity error generated (when specified parity of transmit data does not match receive data parity)
FEOO Framing error flag
0 Framing error not generated
1 Framing error generated"" (when stop bit is not detected)
OVEO00 Overrun error flag
0 Overrun error not generated
1 Overrun error generated"™**
(when the next receive operation is completed before the data is read from the receive buffer register)
Notes 1. Even when the stop bit length is set to 2 bits by setting bit 2 (SLO0) of asynchronous serial

interface mode register 00 (ASIM0O), the stop bit detection in the case of reception is performed
with 1 bit.

Be sure to read receive buffer register 00 (RXB00) when an overrun error occurs. If not, an
overrun error will occur every time data is received.

Caution Be sure to set bits 3to 7 to 0.
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(d) Baud rate generator control register 00 (BRGCO00)
BRGCOO is set with an 8-bit memory manipulation instruction.
RESET input sets BRGCO00 to 00H.

Symbol 7 6 5 4 3 2 1 0 Address After reset R/W
BRGCOO| © TPS002 | TPS001 | TPS000 | MDLOO3 | MDLOO2 | MDLOO1 | MDLO0O | FFA1H 00H R/W
TPS002 | TPS001 | TPS000 Selection of 5-bit counter source clock (fsck)
@ fx = 5.0 MHz operation @ fcc = 2.0 MHz operation n
0 0 0 fx/2° (1.25 MHz) feo/2® (500 kHz) 1
0 0 1 fx/2° (625 kHz) foc/2® (250 kHz) 2
0 1 0 fx/2* (313 kHz) feo/2* (125 kHz) 3
0 1 1 fx/2° (156 kHz) foc/2® (62.5 kHz) 4
1 0 0 fx/2° (78.1 kHz) feo/2® (31.3 kHz) 5
1 0 1 fx/2” (39.1 kHz) foc/2” (15.6 kHz) 6
1 1 0 fx/2° (19.5 kHz) foc/2® (7.81 kHz) 7
1 1 1 fx/2° (9.8 kHz) foc/2® (3.91 kHz) 8
MDLO03 | MDLOO2 | MDLOO1 | MDLOOO Selection of baud rate generator input clock k
0 0 0 0 fsck/16 0
0 0 0 1 fsck/17 1
0 0 1 0 fsck/18 2
0 0 1 1 fsck/19 3
0 1 0 0 fsck/20 4
0 1 0 1 fsck/21 5
0 1 1 0 fsck/22 6
0 1 1 1 fsck/23 7
1 0 0 0 fsck/24 8
1 0 0 1 fsck/25 9
1 0 1 0 fsck/26 10
1 0 1 1 fsck/27 11
1 1 0 0 fsck/28 12
1 1 0 1 fsck/29 13
1 1 1 0 fsck/30 14
1 1 1 1 Setting prohibited —
Cautions 1. Be sure to set bit 7 to 0.
2. When writing to BRGCO00 is performed during a communication operation, the output of
the baud rate generator is disrupted and communications cannot be performed normally.
Be sure not to write to BRGC00 during a communication operation.
Remarks 1. fx:  Main system clock oscillation frequency (ceramic/crystal oscillation)
2. fcc: Main system clock oscillation frequency (RC oscillation)
3. fsck: Source clock of 5-bit counter
4. n:  Value determined by the setting of TPS000 to TPS002 (1 <n < 8)
5. k- Value determined by the setting of MDLOOO to MDLOO03 (0 < k < 14)
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The baud rate transmit/receive clock to be generated is a divided main system clock signal.

e Generation of baud rate transmit/receive clock by means of main system clock
The transmit/receive clock is generated by dividing the main system clock. The baud rate generated
from the main system clock is estimated by using the following expression.

[Baud rate] = _ fax [Hz]

2% (k + 16)
fck:  fx or fcc
fx:  Main system clock oscillation frequency (ceramic/crystal oscillation)
fcc:  Main system clock oscillation frequency (RC oscillation)

Table 13-7 shows the relationship between the source clock of the 5-bit counter assigned to bits 4 to 6
(TPS000 to TPS002) of BRGCO00 and value n, while Table 13-8 shows that between the input clock of the

baud rate generator and value k.

Table 13-7. Relationship Between Source Clock of 5-Bit Counter and Value n

TPS002 TPS001 TPS000 5-Bit Counter Source Clock Selection n
0 0 0 fcLk/2® 1
0 0 1 fcLk/2°® 2
0 1 0 fcLk/2* 3
0 1 1 foLk/2® 4
1 0 0 fcLk/2°® 5
1 0 1 foLk/2’ 6
1 1 0 fcLk/2® 7
1 1 1 fcLk/2°® 8

Remarks 1. fcik: fx or fcc
2. fx:  Main system clock oscillation frequency (ceramic/crystal oscillation)
3. fcc: Main system clock oscillation frequency (RC oscillation)
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Table 13-8. Relationship Between Input Clock of Baud Rate Generator and Value k

MDLO03 | MDLOO2 | MDLOO1 | MDLOOO Selection of Baud Rate Generator Input Clock k
0 0 0 0 fsck/16 0
0 0 0 1 fsck/17 1
0 0 1 0 fsck/18 2
0 0 1 1 fsck/19 3
0 1 0 0 fsck/20 4
0 1 0 1 fsck/21 5
0 1 1 0 fsck/22 6
0 1 1 1 fsck/23 7
1 0 0 0 fsck/24 8
1 0 0 1 fsck/25 9
1 0 1 0 fsck/26 10
1 0 1 1 fsck/27 11
1 1 0 0 fsck/28 12
1 1 0 1 fsck/29 13
1 1 1 0 fsck/30 14
1 1 1 1 Setting prohibited —

Remark fsck: Source clock of 5-bit counter

e Permissible error range of baud rate
The permissible error range of the baud rate is dependent upon the number of bits of one frame and the
division ratio of the counter [1/(16 + k)].

Figure 13-7. Permissible Error in Baud Rate Allowing for Sampling Error (Where k = 0)

Ideal sampling

327 64T 256T 288T point 320T 352T
N » UL PP LT
30"41— 336T
(Setmn T\ sanr o D S S
15.5T
High-speed clock that can
be received normally START /( Do x (/ D7 X P J STOP _.|l.___Sampling error
(clock cycle T') i i i 15.5T 0.5T
30.45T 60.9T 304.5T |20 0
Low-speed clock that can
be received normally START /( DO Xj/ X D7 X P STOP
(clock cycle T") i i i i
33.55T 67.1T 301.95T 335.5T

Remark T: Source clock cycle of 5-bit counter

Permissible error range of baud rate (where k = 0) = +15.5

320

x 100 = 4.8438 (%)
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(2) Communication operation

(a) Data format
The transmission/reception data format is as shown in Figure 13-8.

Figure 13-8. Asynchronous Serial Interface Transmission/Reception Data Format

One data frame

S;‘t” oo | D1 | b2 | o3 | b4 | b5 | pe | D7 Piﬂty Stop bit

Character bit

One data frame consists of the following bits.

e Start bit: 1 bit

e Character bits: 7 bits/8 bits

e Parity bits: Even parity/odd parity/0 parity/no parity
¢ Stop bit(s): 1 bit/2 bits

The specification of character bit length, parity selection, and specification of stop bit length for each
data frame is carried out using asynchronous serial interface mode register 00 (ASIMO00).

When 7 bits is selected as the number of character bits, only the lower 7 bits (bits 0 to 6) are valid; in
transmission the most significant bit (bit 7) is ignored, and in reception the most significant bit (bit 7) is
always “0”.

The serial transfer rate is selected by means of ASIMOO and baud rate generator control register 00
(BRGCO0).

If a serial data receive error is generated, the receive error contents can be determined by reading the
status of asynchronous serial interface status register 00 (ASIS00).
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(b) Parity types and operation
The parity bit is used to detect a bit error in the communication data. Normally, the same parity bit is

used on the transmitting side and the receiving side. With even parity and odd parity, a 1-bit (odd

number) error can be detected. With 0 parity and no parity, an error cannot be detected.

U

(i)

(iif)

(iv)

Even parity

Transmission
The transmission operation is controlled so that the number of bits with a value of “1” in the
transmission data including parity bit is even. The parity bit value should be as follows.

The number of bits with a value of “1” is an odd number in transmission data: 1
The number of bits with a value of “1” is an even number in transmission data: 0

Reception
The number of bits with a value of “1” in the reception data including parity bit is counted, and if
the number is odd, a parity error is generated.

Odd parity

Transmission

As opposed to even parity, the transmission operation is controlled so that the number of bits with
a value of “1” in the transmission data including parity bit is odd. The parity bit value should be as
follows.

The number of bits with a value of “1” is an odd number in transmission data: 0
The number of bits with a value of “1” is an even number in transmission data: 1

Reception
The number of bits with a value of “1” in the reception data including parity bit is counted, and if
the number is even, a parity error is generated.

0 parity

When transmitting, the parity bit is set to “0” irrespective of the transmission data.

At reception, a parity bit check is not performed. Therefore, a parity error is not generated,
irrespective of whether the parity bit is set to “0” or “1”.

No parity

A parity bit is not added to the transmission data. At reception, data is received assuming that
there is no parity bit. Since there is no parity bit, a parity error is not generated.
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(c) Transmission
A transmit operation is enabled by setting bit 7 (TXEOO) of asynchronous serial interface mode register
00 (ASIMO00) to 1 and is started by writing transmit data to transmission shift register 00 (TXS00). The
start bit, parity bit, and stop bit(s) are added automatically.
When the transmit operation starts, the data in TXS00 is shifted out, and when TXS00 is empty, a
transmission completion interrupt request (INTSTOO) is generated.
The transmission completion interrupt timing is shown in Figure 13-9.

Figure 13-9. Asynchronous Serial Interface Transmission Completion Interrupt Timing

(i) Stop bit length: 1

STOP |
TxDOO (Output) DO D1 D2 D6 D7 |} Parity

START

INTSTOO —|

(ii) Stop bit length: 2

— | I
TxDO0O0 (Output) / DO X D1 X D2 m D6 X D7 XParity/ STOP

START

INTSTOO

Caution Do not overwrite asynchronous serial interface mode register 00 (ASIM00) during a
transmit operation. If the ASIMOO register is overwritten during transmission,
subsequent transmission may not be performed (the normal state is restored by
RESET input).

It is possible to determine whether transmission is in progress by software by using a
transmission completion interrupt request (INTST00) or the interrupt request flag
(STIF00) set by INTSTO0O.
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\ Lo e e e ™
RxDO0O0 (Input) DO D1 D2 D6 D7 } Parity

(d) Reception

When bit 6 (RXEOO0) of asynchronous serial interface mode register 00 (ASIMOO) is set to 1, a receive
operation is enabled and sampling of the RxDOO pin input is performed.

RxDO00 pin input sampling is performed using the serial clock specified by ASIMOO.

When the RxD0O pin input becomes low, the 5-bit counter of the baud rate generator starts counting,
and when half the time determined by the specified baud rate has passed, the data sampling start
timing signal is output. If the RxDOO pin input sampled again as a result of this start timing signal is
low, it is identified as a start bit, the 5-bit counter is initialized and starts counting, and data sampling is
performed. When character data, a parity bit, and one stop bit are detected after the start bit, reception
of one frame of data ends.

When one frame of data has been received, the receive data in the shift register is transferred to
receive buffer register 00 (RXB00), and a reception completion interrupt request (INTSROO) is
generated.

Even if an error occurs, the receive data in which the error occurred is still transferred to RXB00. If bit
1 (ISRMO00) of ASIMOO is cleared to 0 when an error occurs, INTSROO is generated (see Figure 13-
11). If the ISRMOO bit is set to 1, INTSRO0O is not generated.

If the RXEOO bit is cleared to 0 during the receive operation, the receive operation is stopped
immediately. In this case, the contents of RXB0OO and ASIS00 are not changed, and INTSR0O and
INTSEROO are not generated.

Figure 13-10 shows the asynchronous serial interface reception completion interrupt timing.

Figure 13-10. Asynchronous Serial Interface Reception Completion Interrupt Timing

START

INTSR0O | |
)
1

Caution Be sure to read reception buffer register 00 (RXB00) even if a receive error occurs. If
RXBO0O is not read, an overrun error will be generated when the next data is received,
and the receive error state will continue indefinitely.
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(e) Receive errors
The following three errors may occur during a receive operation: a parity error, framing error, or
overrun error. If the error flag in asynchronous serial interface status register 00 (ASIS00) is set to 1
as a result of data reception, a reception error interrupt request (INTSEROQO) is generated. The
reception error interrupt occurs before the reception completion interrupt request (INTSR00). Receive

error causes are shown in Table 13-9.

It is possible to determine what kind of error occurred during reception by reading the contents of
ASISO00 in the reception error interrupt servicing (INTSER0O) (see Table 13-9 and Figure13-11).

The contents of ASIS00 are cleared to 0 by reading receive buffer register 00 (RXB0O0) or receiving the
next data (if there is an error in the next data, the corresponding error flag is set).

Table 13-9. Receive Error Causes

Receive Error Cause ASIS00 Value
Parity error Parity specification at transmission and reception data parity do not match 04H
Framing error Stop bit not detected 02H
QOverrun error Reception of next data is completed before data is read from receive buffer 01H

register 00

\ STOP
RxDO0O (Input) START/ DO X D1 X D2 X}[X D6 X D7 XParity

INTSROONet®

INTSEROO
(Framing error or overrun
error occurs)

INTSEROO
(Parity error occurs)

Figure 13-11. Receive Error Timing

|

Note If the receive error occurs when the ISRMOO bit is set to 1, INTSROO is not generated.

Cautions 1. The contents of asynchronous serial interface status register 00 (ASIS00) are

cleared to 0 by reading receive buffer register 00 (RXB00) or receiving the next
data. To ascertain the error contents, read ASIS00 before reading RXB0O.

Be sure to read receive buffer register 00 (RXB00) even if a receive error occurs. If
RXBO00 is not read, an overrun error will be generated when the next data is
received, and the receive error state will continue indefinitely.
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13.4.3 3-wire serial I/0 mode

The 3-wire serial I/O mode is useful for connection of peripheral 1/0Os and display controllers, etc., that incorporate
a conventional synchronous serial interface, such as the 75XL Series, 78K Series, 17K Series.

Communication is performed using three lines: the serial clock (SCK10), serial output (SO10), and serial input
(SI10) lines.

(1) Register setting
3-wire serial I/O mode settings are performed using serial operation mode register 10 (CSIM10),
asynchronous serial interface mode register 00 (ASIMO00), and baud rate generator control register 00
(BRGCO0).

(a) Serial operation mode register 10 (CSIM10)
CSIM10 is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input sets CSIM10 to 00H.

Symbol  <7> 6 5 4 3 2 1 0 Address  After reset R/W
CSIM10 |CSIE10‘ 0 ‘ 0 ‘TPS100‘ 0 ‘DIR10‘CSCK10‘ 0 | FF72H 00H R/W
CSIE10 Operation control in 3-wire serial I/O mode

0 Operation stopped

1 Operation enabled

TPS100 Count clock selection when internal clock is selected
@ fx = 5.0 MHz operation @ fcc = 2.0 MHz operation
0 | fx/2® (1.25MHz) fcc/2? (500 kHz)
1 | v2® (625 kHz) fec/2® (250 kHz)
DIR10 First bit specification
0 |MSB
1 LSB
CSCK10 SIO10 clock selection

0 Input clock to SCK10 pin from external

1 Internal clock selected by TPS100

Caution Bits 0, 3, 5, and to 6 must be fixed to 0.

Remarks 1. fx: Main system clock oscillation frequency (ceramic/crystal oscillation)
2. fcc: Main system clock oscillation frequency (RC oscillation)
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(b) Asynchronous serial interface mode register 00 (ASIMO00)
ASIMOO is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input sets ASIMOO to 00H.
Set ASIMOO to O0H in the 3-wire serial I/O mode.

Symbol <7> <6> 5 4 3 2 1 0 Address  Afterreset R/W
ASIMOO| TXEOO | RXEOO | PS001 PS000 CLO0O SLOO ISRM00 0 FFAOH 00H R/W
TXEOO RXEO00 Operation mode Function of RxD00/P22 pin Function of TxD00/P21 pin
0 0 Operation stopped Port function (P22) Port function (P21)
0 1 UART mode (reception only) Serial function (RxD0O)
1 0 UART mode (transmission Port function (P22) Serial function (TxD00)
only)
1 1 UART mode (transmission Serial function (RxD00)
and reception)
PS001 PS000 Parity bit specification
0 0 No parity
0 1 At transmission, the parity bit is fixed to 0.
At reception, a parity check is not made; no parity error is reported.
1 0 Odd parity
1 1 Even parity
CL0O Character length specification
0 7 bits
1 8 bits
SLOoO Transmission data stop bit length specification
0 1 bit
1 2 bits
ISRM00 Reception completion interrupt control at error occurrence
0 A reception completion interrupt request is generated when an error occurs.
1 A reception completion interrupt request is not generated when an error occurs.

Cautions 1. Be sure to set bit 0 to 0.
2. Switch the operation mode after stopping serial transmission/reception.
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(2) Communication operation
In the 3-wire serial I/O mode, data transmission/reception is performed in 8-bit units. Data is
transmitted/received in 1-bit units in synchronization with the serial clock.
Transmit/receive shift register 10 (SIO10) shift operations are performed in synchronization with the fall of
the serial clock (m). Then transmit data is held in the SO10 latch and output from the SO10 pin. Also,
receive data input to the SI10 pin is latched in input bits of SIO10 on the rise of SCK10.
At the end of an 8-bit transfer, the operation of SIO10 stops automatically, and the interrupt request signal
(INTCSI10) is generated.

Figure 13-12. 3-Wire Serial /0O Mode Timing

SCK10 1 2 3 4 5 6 7 8

SO | X\o7 X ope X os X o4 X bis X b X o1 X Do)
010 X po7 X pos X pos X pos X pos X po2 X por X/ Dboo

INTCSI10

. End of transfer
Transfer start at the falling edge of SCK10

Cautions 1. When data is written to SIO10 in the serial operation disabled status (CSIE10 = 0), the data

cannot be transmitted or received.

2. When data is written to SIO10 in the serial operation disabled status (CSIE10 = 0) and then
serial operation is enabled (CSIE10 = 1), the data cannot be transmitted or received.

3. Once data has been written to SIO10 with the serial clock selected (CSCK10 = 0), overwriting
the data does not update the contents of SIO10.

4. When CSIM10 is operated during data transmission/reception, data cannot be transmitted or
received normally.

5. When SIO10 is operated during data transmission/reception, the data cannot be transmitted
or received normally.

(3) Transfer start
Serial transfer is started by setting transfer data to the transmit/receive shift register 10 (SIO10) when the

following two conditions are satisfied.

e Bit 7 (CSIE10) of serial operation mode register 10 (CSIM10) = 1
¢ Internal serial clock is stopped or SCK10 is a high level after 8-bit serial transfer.

An end of 8-bit transfer stops the serial transfer automatically and generates the interrupt request signal
(INTCSI10).
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14.1 Functions of LCD Controller/Driver

The LCD controller/driver has the following functions.

(1) Enables automatic output of segment signals and common signals by automatically reading from display data

memory.
(2) Four types of display modes can be selected:

e 1/8 duty (1/5 bias) (80 segments x 8 commons)

e 1/16 duty (1/5 bias) (80 segments x 16 commons)

e 1/32 duty (1/5 bias) (64 segments x 32 commons)

e 1/48 duty (1/5 bias) (48 segments x 48 commons)
(3) Any of four frame frequency settings can be selected for each display mode.
(4) Operation using the subsystem clock is also supported.

14.2 Configuration of LCD Controller/Driver
The LCD controller/driver includes the following hardware.

Table 14-1. Configuration of LCD Controller/Driver

ltem Configuration
Display outputs Segment/common signals: 96 (LCDO to LCD95)
Control registers LCD20 display mode register (LCDM20)

LCD20 clock control register (LCDC20)
LCD boost voltage level setting register (VLCDO0O)
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Figure 14-1. Block Diagram of LCD Controller/Driver

Internal bus

LCD20 clock control LCD20 display mode . Note
ii register (LCDC20) ﬁ register (LCDM20) Display data memory
FxxH FxxH
LCDC201|LCDC200 LCDON201|LCDON200(VAON20| LIPS20(LCDM201|LCDM200 765432 seeescee | 02430
L, 1
2
2
Segment
selector
foLk/28 - fLepo
7 2| fieoo ra LCD | — 3210 3210
fCLK/Ze 3 Prescaler I—“2 clock | =21 Timing Select et Selector
fowk/2 o] generator controller elector
fxr @ LCDON201 LCDON201
LCDON200 LCDON200
2 2
VAON20 LIPS20 LIPS20
- ) Segment Segment
Voltage regulator LCD driving voltage controller Common driver driver cececc e driver
@ ® 6 & o 0 0 0 o @
Vico  Vict Vicz Vics Vieca  CAPO CAP3 LCDO LCD47 LCD48 LCD95/P87

Note The display area changes depending on the LCD display mode.
For details, refer to Figure 14-2 Format of LCD20 Display Mode Register.
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14.3 Registers Controlling LCD Controller/Driver
The following three registers are used to control the LCD controller/driver.

e LCD20 display mode register (LCDM20)
e LCD20 clock control register (LCDC20)
e LCD boost voltage level setting register 00 (VLCDO0O)

(1) LCD20 display mode register (LCDM20)
This register is used to set the display operation enabled/disabled status, the operation mode, the LCD drive
power supply, and the display mode.
LCDM20 is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input sets LCDM20 to 00H.
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Figure 14-2. Format of LCD20 Display Mode Register

Symbol 7 6 5 4 3 2 1 0 Address Afterreset R/W
LCDM20JLCDON201|LCDON200] VAON20 | LIPS20 0 0 LCDM201 (LCDM200] FFBOH 00H R/W
LCDON201|LCDON200} LCD display enable/disable

0 0 Display is OFF (all segment outputs are non-select signals)

0 1 Display is ON (pattern A)"*’

1 0 Setting prohibited

1 1 Display is ON (pattern B)"'

VAON20 Operation mode of LCD controller/driver****
0 No internal voltage boost (normal operation)
1 Internal voltage boost is enabled (low-voltage operation)
LIPS20 Segment/common signal output enable/disable
0 Segment/common signal output disable
1 Segment/common signal output enable
LCDM201|LCDM200 Selection of LCD controller/driver display mode

0 0 48 x 48 mode (1/48 duty) 1/5 bias

0 1 64 x 32 mode (1/32 duty)

1 0 80 x 16 mode (1/16 duty)

1 1 80 x 8 mode (1/8 duty)"**®

Notes 1. In pattern A, the RAM area is displayed between F8COH and FODFH, and in pattern B, between
FOEOH and FAFFH. For the memory map, refer to CHAPTER 3 CPU ARCHITECTURE.
2. When an LCD display is not needed, set VAON20 and LIPS20 to 0 to reduce power consumption.
3. P80/LCD88 to P87/LCDY95 are used as general-purpose input ports.

Cautions 1. Be sure to set bits 2 and 3 to 0.

2. Before manipulating VAON20, be sure to clear LIPS20, LCDON201, and LCDON200 to 0,
and then set the LCD display to OFF.
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(2) LCD20 clock control register (LCDC20)
This register is used to set the LCD clock and frame frequency.
LCDC20 is set with an 8-bit memory manipulation instruction.
'RESET input sets LCDC20 to 00H.

Figure 14-3. Format of LCD20 Clock Control Register

Symbol 7 6 5 4 3 2 1 0 Address  Afterreset R/W
LCDC20 0 0 0 0 0 0 LCDC201|LCDC200| FFB2H O00H R/W
LCDC201 |LCDC200 Selection of LCD source clock (fLcoo)
@ fx = 5.0 MHz and fxr = 32.768 kHz operation | @ fcc = 2.0 MHz and fxr = 32.768 kHz operation
0 0 fx/2° (78.1 kHz) foe/2® (31.3 kHz)
0 1 fx/2” (39.1 kHz) foc/2” (15.6 kHz)
1 0 fx/2° (19.5 kHz) foe/2® (7.81 kHz)
1 1 fxr (32.768 kHz)

Caution Be sure to set bits 2 to 7 to 0.
Remarks 1. fx: Main system clock oscillation frequency (ceramic/crystal oscillation)
2. fcc: Main system clock oscillation frequency (RC oscillation)

3. fxt: Subsystem clock oscillation frequency

The LCD clock frequency (fLcpi) is the LCD source clock divided by 2°.

Table 14-2 lists the frame frequency values when fxt (32.768 kHz) is selected as the LCD source clock (fLcoo).

Table 14-2. Frame Frequency (Hz)

LCDC201 | LCDC200 | LCDM201 | LCDM200 LCD Clock Frequency (fLcb1) Frame Frequency
1 1 0 0 4096 Hz 43.7 Hz
0 1 64 Hz
1 0 128 Hz
1 1 256 Hz
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(3) LCD boost voltage level setting register 00 (VLCDO00)
This register is used to set the voltage level of the LCD controller/driver booster.
VLCDOO is set with an 8-bit memory manipulation instruction.
RESET input sets VLCDOO to 00H.

Symbol
VLCDOO0

222

Figure 14-4. Format of LCD Boost Voltage Level Setting Register 00

7 6 5 4 3 2 1 0 Address Afterreset R/W
0 0 0 0 VLCD3 | VLCD2 | VLCD1 | VLCDO | FFB3H 00H R/W
VLCD3 | VLCD2 | VLCD1 VLCDO | Voltage level selection for LCD display Vico voltage (TYP.) (V)
0 0 0 0 Voltage level 0 (light) 4.0
0 0 0 1 Voltage level 1 41
0 0 1 0 Voltage level 2 4.2
0 0 1 1 Voltage level 3 4.3
0 1 0 0 Voltage level 4 4.4
0 1 0 1 Voltage level 5 4.5
0 1 1 0 Voltage level 6 4.6
0 1 1 1 Voltage level 7 (medium) 4.7
1 0 0 0 Voltage level 8 4.8
1 0 0 1 Voltage level 9 4.9
1 0 1 0 Voltage level 10 5.0
1 0 1 1 Voltage level 11 5.1
1 1 0 0 Voltage level 12 5.2
1 1 0 1 Voltage level 13 5.3
1 1 1 0 Voltage level 14 5.4
1 1 1 1 Voltage level 15 (dark) 5.5
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14.4 Common and Segment Signals
The LCDO to LCD95 pins serve as common signal and segment signals. The assignment of the LCD pins differs
depending on the display mode.

Table 14-3 shows the assignment of the LCDO to LCD95 pins in each display mode.

Table 14-3. Assignment of LCDO to LCD95 Pins in Each Display Mode (1/3)

Pin No. [Pin Name LCD Display Mode
48x48 Mode 64x32 Mode 80x16 Mode 80x8Mode
(LCDM200, 201 = 00B) (LCDM200, 201 = 10B) (LCDM200, 201 = 01B) (LCDM200, 201 = 11B)
1 LCD71 COom47 S39 S55 S63
2 LCD70 | COM46 S38 S54 S62
3 LCD69 | COM45 S37 S53 S61
4 LCD68 | COM44 S36 S52 S60
5 LCD67 | COM43 S35 S51 S59
6 LCD66 | COMA42 S34 S50 S58
7 LCD65 | COM41 S33 S49 S57
8 LCD64 | COM40 S32 S48 S56
9 LCD63 | COM39 COMB31 S47 S55
10 LCD62 | COM38 COM30 S46 S54
11 LCD61 COM37 COM29 S45 S53
12 LCD60 | COM36 com28 S44 S52
13 LCD59 | COM35 com27 S43 S51
14 LCD58 | COM34 COM26 S42 S50
15 LCD57 | COM33 COM25 S41 S49
16 LCD56 | COM32 CcCOomM24 S40 S48
17 LCD55 | COM31 COoM23 COM15 S47
18 LCD54 | COM30 Ccom22 COM14 S46
19 LCD53 | COM29 COoM21 COM13 S45
20 LCD52 | COM28 COM20 CcCOoM12 S44
21 LCD51 com27 COM19 COM11 S43
22 LCD50 | COM26 COM18 COM10 S42
23 LCD49 | COM25 COM17 COoM9 S41
24 LCD48 | COM24 COM16 COM8 S40
25 LCD47 | COM23 COM15 Com7 com7
26 LCD46 | COM22 COM14 COMe6 COM6
27 LCD45 | COM21 COM13 COM5 COM5
28 LCD44 | COM20 COM12 COM4 COM4
29 LCD43 | COM19 COM11 COM3 comM3
30 LCD42 | COM18 COM10 CcomM2 COMm2
31 LCD41 COM17 COoM9 COM1 COM1
32 LCD40 | COM16 COM8 COMo COMo
33 LCD39 | COM15 Com7 S39 S39
34 LCD38 | COM14 COM6 S38 S38
35 LCD37 | COM13 COM5 S37 S37
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Table 14-3. Assignment of LCDO to LCD95 Pins in Each Display Mode (2/3)

Pin No. [Pin Name LCD Display Mode
48x48 Mode 64x32 Mode 80x16 Mode 80x8 Mode
(LCDM200, 201 = 00B) (LCDM200, 201 = 10B) (LCDM200, 201 = 01B) (LCDM200, 201 = 11B)

36 LCD36 | COM12 COM4 S36 S36
37 LCD35 | COM11 COM3 S35 S35
38 LCD34 | COM10 COM2 S34 S34
39 LCD33 | COM9 COM!1 S33 S33
40 LCD32 | COMS8 COMO S32 S32
41 LCD31 com7 S31 S31 S31
42 LCD30 | COM6 S30 S30 S30
43 LCD29 | COM5 S29 S29 S29
44 LCD28 | COM4 S28 S28 S28
45 LCD27 | COM3 S27 S27 S27
46 LCD26 | COM2 S26 S26 S26
47 LCD25 | COMH1 S25 S25 S25
48 LCD24 | COMO S24 S24 S24
49 LCD23 | S23 S23 S23 S23
50 LCD22 | S22 S22 S22 S22
51 LCD21 S21 S21 S21 S21
52 LCD20 | S20 S20 S20 S20
53 LCD19 | S19 S19 S19 S19
54 LCD18 | S18 S18 S18 S18
55 LCD17 | S17 S17 S17 S17
56 LCD16 | S16 S16 S16 S16
57 LCD15 | S15 S15 S15 S15
58 LCD14 | S14 S14 S14 S14
59 LCD13 | S13 S13 S13 S13
60 LCD12 | S12 S12 S12 S12
61 LCD11 S11 S11 S11 S11
62 LCD10 | S10 S10 S10 S10
63 LCD9 S9 S9 S9 S9

64 LCD8 S8 S8 S8 S8

65 LCD7 S7 S7 S7 S7

66 LCD6 S6 S6 S6 S6

67 LCD5 S5 S5 S5 S5

68 LCD4 S4 S4 S4 S4

69 LCD3 S3 S3 S3 S3

70 LCD2 S2 S2 S2 S2

71 LCD1 St S1 St St

72 LCDO SO SO SO SO

121 LCD95 | S47 S63 S79 P87
122 LCD94 | S46 S62 S78 P86
123 LCD93 | S45 S61 S77 P85
124 LCD92 | S44 S60 S76 P84
125 LCD91 S43 S59 S75 P83
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Table 14-3. Assignment of LCDO to LCD95 Pins in Each Display Mode (3/3)

Pin No. [Pin Name LCD Display Mode
48x48 Mode 64x32 Mode 80x16 Mode 80x8 Mode
(LCDM200, 201 = 00B) (LCDM200, 201 = 10B) (LCDM200, 201 = 01B) (LCDM200, 201 = 11B)
126 LCD90 | S42 S58 S74 P82
127 LCD89 | S41 S57 S73 P81
128 LCD88 | S40 S56 S72 P80
129 LCD87 | S39 S55 S71 S79
130 LCD86 | S38 S54 S70 S78
131 LCD85 | S37 S53 S69 S77
132 LCD84 | S36 S52 S68 S76
133 LCD83 | S35 S51 S67 S75
134 LCD82 | S34 S50 S66 S74
135 LCD81 S33 S49 S65 S73
136 LCD80 | S32 S48 S64 S72
137 LCD79 | S31 S47 S63 S71
138 LCD78 | S30 S46 S62 S70
139 LCD77 | S29 S45 S61 S69
140 LCD76 | S28 S44 S60 S68
141 LCD75 | S27 S43 S59 S67
142 LCD74 | S26 S42 S58 S66
143 LCD73 | S25 S41 S57 S65
144 LCD72 | S24 S40 S56 S64
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14.5 Setting LCD Controller/Driver

Set the LCD display using the following procedure.

N
—

Py

N
~

~

~

Set the initial data to the LCD display data memory (F8COH to FODFH, FOEOH to FAFFH).

Set the LCD clock using the LCD20 clock control register (LCDC20).

Set the LCD display mode and operation mode using the LCD20 display mode register (LCDM20).
Enable segment/common signal output using the LCD20 display mode register (LCDM20), and set display

ON.

14.6 LCD Display Data Memory

The LCD display data memory is mapped at F8BCOH to FODFH (pattern A) and FOEOH to FAFFH (pattern B).
When the LCD display data memory is not used for LCD display, it can be used as a normal RAM.

Figure 14-5 shows the assignment of the LCD display data memory in each display mode, and Table 14-4 shows

the relation ship between the LCD display data memory and segment/common output.
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Figure 14-5. Assignment of LCD Display Data Memory in Each Display Mode
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Table 14-4. Relationship Between LCD Display Data Memory and Segment/Common Output (1/7)

(i) Display mode: 48 x 48 mode, address: Pattern A (FBCOH to FODFH)

Bit Segment Pin Common Pin
SO S1 S2 S3 cee S47
b0 COMO
b1 COM1
b2 ComM2
b3 COM3
b4 COM4
b5 COM5
b6 COM6
b7 COM7
Address F8COH F8C6H F8CDH F8D3H coe FODAH
S0 S1 S2 S3 oo S47
b0 COoMs
b1 COM9
b2 CoM10
b3 COM11
b4 COM12
b5 COM13
b6 COM14
b7 COM15
Address F8C1H F8C7H F8CEH F8D4H XX FODBH
SO S1 S2 S3 oo S47
b0 COM40
b1 COM41
b2 COM42
b3 COM43
b4 COM44
b5 COM45
b6 COM46
b7 CcOom47
Address F8C5H F8CCH F8D2H F8D8H XX FODFH
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Table 14-4. Relationship Between LCD Display Data Memory and Segment/Common Output (2/7)

(ii) Display mode: 48 x 48 mode, address: Pattern B (FOEOH to FAFFH)

Bit Segment Pin Common Pin
SO S1 S2 S3 cee S47
b0 COMO
b1 COM1
b2 ComM2
b3 COM3
b4 COM4
b5 COM5
b6 COM6
b7 COM7
Address FOEOH FOE6H FOEDH FOF3H coe FAFAH
S0 S1 S2 S3 oo S47
b0 COoMs
b1 COM9
b2 CoM10
b3 COM11
b4 COM12
b5 COM13
b6 COM14
b7 COM15
Address FOE1H FOE7H FOEEH FOF4H XX FAFBH
SO S1 S2 S3 oo S47
b0 COM40
b1 COM41
b2 COM42
b3 COM43
b4 COM44
b5 COM45
b6 COM46
b7 Ccom47
Address FOE5H FOECH FOF2H FOF8H XX FAFFH
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Table 14-4. Relationship Between LCD Display Data Memory and Segment/Common Output (3/7)

(iii) Display mode: 64 x 32 mode, address: Pattern A (FBCOH to FOBFH)

Bit Segment Pin Common Pin
SO S1 S2 S3 cee S63
b0 COMO
b1 COM1
b2 ComM2
b3 COM3
b4 COM4
b5 COM5
b6 COM6
b7 COM7
Address F8COH F8C4H F8C8H F8CCH oo F9BCH
S0 S1 S2 S3 XX S63
b0 COoMs
b1 COM9
b2 CoM10
b3 COM11
b4 COM12
b5 COM13
b6 COM14
b7 COM15
Address F8C1H F8C5H F8C9H F8CDH XX FO9BDH
SO S1 S2 S3 XX S63
b0 COoM24
b1 COM25
b2 COoM26
b3 comz27
b4 comzs
b5 COoM29
b6 COM30
b7 COM3H1
Address F8C3H F8C7H F8CBH F8CFH XX F9BFH
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Table 14-4. Relationship Between LCD Display Data Memory and Segment/Common Output (4/7)

(iv) Display mode: 64 x 32 mode, address: Pattern B (FO9EOH to FADFH)

Bit Segment Pin Common Pin
SO S1 S2 S3 cee S63
b0 COMO
b1 COM1
b2 ComM2
b3 COM3
b4 COM4
b5 COM5
b6 COM6
b7 COM7
Address FOEOH FOE4H FOE8H FOECH coe FADCH
S0 S1 S2 S3 XX S63
b0 COoMs
b1 COM9
b2 CoM10
b3 COM11
b4 COM12
b5 COM13
b6 COM14
b7 COM15
Address FOE1H FOE5H FOE9H FOEDH XX FADDH
SO S1 S2 S3 XX S63
b0 COoM24
b1 COM25
b2 COoM26
b3 comz27
b4 comzs
b5 COM29
b6 COM30
b7 COM3H1
Address FOE3H F9E7H FOEBH FOEFH XX FADFH
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Table 14-4. Relationship Between LCD Display Data Memory and Segment/Common Output (5/7)

(v) Display mode: 80 x 16 mode, address: Pattern A (FBCOH to F95FH)

Bit Segment Pin Common Pin
SO S1 S2 S3 cee S79
b0 COMO
b1 COM1
b2 ComM2
b3 COM3
b4 COM4
b5 COM5
b6 COM6
b7 COM7
Address F8COH F8C2H F8C4H F8C6H oo F95EH
S0 S1 S2 S3 XX S79
b0 COoMs
b1 COM9
b2 CoM10
b3 COM11
b4 COM12
b5 COM13
b6 COM14
b7 COM15
Address F8C1H F8C3H F8C5H F8C7H XX F95FH
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Table 14-4. Relationship Between LCD Display Data Memory and Segment/Common Output (6/7)

(vi) Display mode: 80 x 16 mode, address: Pattern B (FO9EOH to FA7FH)

Bit Segment Pin Common Pin
SO S1 S2 S3 cee S79
b0 COMO
b1 COM1
b2 ComM2
b3 COM3
b4 COM4
b5 COM5
b6 COM6
b7 COM7
Address FOEOH FOE2H FOE4H FOE6H coe FA7EH
S0 S1 S2 S3 XX S79
b0 COoMs
b1 COM9
b2 CoM10
b3 COM11
b4 COM12
b5 COoM13
b6 COM14
b7 COM15
Address FOE1H FOE3H FOE5H FOE7H XX FA7FH
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Table 14-4. Relationship Between LCD Display Data Memory and Segment/Common Output (7/7)

(vii) Display mode: 80 x 8 mode, address: Pattern A (F8COH to F90FH)

Bit Segment Pin Common Pin
SO S1 S2 S3 S79
b0 COMO
b1 COM1
b2 ComM2
b3 COM3
b4 COM4
b5 COM5
b6 COM6
b7 COM7
Address F8COH F8C1H F8C2H F8C3H F9OFH
(viii) Display mode: 80 x 8 mode, address: Pattern B (FOEOH to FA2FH)
Bit Segment Pin Common Pin
SO S1 S2 S3 S79
b0 COMO
b1 COM1
b2 Ccom2
b3 COM3
b4 COM4
b5 COM5
b6 COM6
b7 COM7
Address FOEOH FOE1H FOE2H FOE3H FA2FH
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14.7 Display Modes

14.7.1 80 x 8 mode (1/8 duty)
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CHAPTER 14 LCD CONTROLLER/DRIVER

Figure 14-6. LCD Drive Waveform Examples (1/8 Duty)
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14.7.2 80 x 16 mode (1/16 duty)
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Figure 14-7. LCD Drive Waveform Examples (1/16 Duty)
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14.7.3 64 x 32 mode (1/32 duty)
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Figure 14-8. LCD Drive Waveform Examples (1/32 Duty)
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14.7.4 48 x 48 mode (1/48 duty)
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CHAPTER 14 LCD CONTROLLER/DRIVER
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Figure 14-9. LCD Drive Waveform Examples (1/48 Duty)
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CHAPTER 15 MULTIPLIER

15.1 Multiplier Function

The multiplier has the following function.
o Calculation of 8 bits x 8 bits = 16 bits

15.2 Multiplier Configuration

(1) 16-bit multiplication result storage register 0 (MULO)
This register stores the 16-bit result of multiplication.
This register holds the result of multiplication after 16 CPU clocks have elapsed.
MULO is set with a 16-bit memory manipulation instruction.
'RESET input makes this register undefined.

Caution Although this register is manipulated with a 16-bit memory manipulation instruction, it can
also be manipulated with an 8-bit memory manipulation instruction. When using an 8-bit
memory manipulation instruction, however, access the register by means of direct
addressing.

(2) Multiplication data registers A and B (MRAO and MRBO0)
These are 8-bit multiplication data storage registers. The multiplier multiplies the values of MRAO and MRBO.
MRAO and MRBO are set with a 1-bit or 8-bit memory manipulation instruction.

RESET input makes these registers undefined.

Figure 15-1 shows the block diagram of the multiplier.
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CHAPTER 15 MULTIPLIER

Figure 15-1. Block Diagram of Multiplier
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CHAPTER 15 MULTIPLIER

15.3 Multiplier Control Register

The multiplier is controlled by the following register.
o Multiplier control register 0 (MULCO)

(1) Multiplier control register 0 (MULCO)

244

MULCO indicates the operating status of the multiplier after operation, as well as controls the multiplier.
MULCO is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input clears this register to 00H.

Figure 15-2. Format of Multiplier Control Register 0

Symbol 7 6 5 4 3 2 1 <0> Address  After reset R/W
MULCO | 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘MULSTOl FFD2H O00H R/W
MULSTO Multiplier operation start control bit Operating status of multiplier
0 Stops operation after resetting counter to 0. Operation stops
1 Enables operation Operation in progress

Caution Be sure to set bits 1 to 7 to 0.
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15.4 Multiplier Operation

The multiplier of the yPD789835 Subseries can execute the calculation of 8 bits x 8 bits = 16 bits. Figure 15-3
shows the operation timing of the multiplier where MRAO is set to AAH and MRBO is set to D3H.

<1> Counting is started by setting MULSTO.

<2> The data generated by the selector is added to the data of MULO at each CPU clock, and the counter value
is incremented by one.

<3> If MULSTO is cleared when the counter value is 111B, the operation is stopped. At this time, MULO holds
the data.

<4> While MULSTO is low, the counter and slave are cleared.

Figure 15-3. Multiplier Operation Timing (Example of AAH x D3H)

CPU clock |||||||Il||||||||||||||||||||||||||||||||||||||I||||||||

MRAO X AA
MREBO X D3 | 1 3
MULSTO |
Counter | 000B | Xoo1BXo1OBXo11BX1OOBX101BX11OBX111BX 000B
Selector output X oAA X 0154 X 0000 X 0000 040 X 0000 X 2A80 X 5500 X 00AA
(M'\:;:'(;g X 00AA X 01FE X 01FE Y 01FE ) 0C9E X 0C9E  371E  8C1E
(Slave) 0000 XOOAA X 01FE X 01FE X 01FE X OCQEX OCQEX 371E X 0000
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CHAPTER 16 SWAPPING (SWAP)

16.1 Function of SWAP

By performing four shift operations, it is possible to switch the contents of the higher four bits of swapping function
register 0 (SWPO0) with the lower four bits. Figure 16-1 shows an example of swapping.

Figure 16-1. Example of Swapping

7 6 5 4 3 2 1 0

Before swapping SWAPOQ7 | SWAP06 |SWAPO05 |SWAP0O4 ||SWAP03 |SWAP02 | SWAPO1 | SWAPOO

L J L J

( A h

7 6 5 4 3 2 1 0

After swapping SWAPO03 | SWAP02 | SWAP0O1 | SWAPOO | SWAPO7 | SWAP06 | SWAPO05 | SWAP04

246 Preliminary User’'s Manual U15559EJ1V1UD



CHAPTER 16 SWAPPING (SWAP)

16.2 Configuration of SWAP
SWAP consists of the following hardware.

Table 16-1. SWAP Configuration

Item Configuration

Register Swapping function register 0 (SWPO0)

Figure 16-2. SWAP Block Diagram

SWAPO04 to SWAPQO7 SWAPO00 to SWAP03

Internal bus (L) >
Internal bus (H) ?
(1) Swapping function register 0 (SWP0)

By writing data to SWPO0 and subsequently reading it back, the contents of the higher four bits and the lower
four bits can be swapped.

SWPO is set with an 8-bit memory manipulation instruction.
In write mode, RESET input makes SWPO0 undefined.
In read mode, RESET input sets SWPO0 to 00H.
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CHAPTER 17 INTERRUPT FUNCTIONS

17.1 Interrupt Function Types
The following two types of interrupt functions are used.

(1) Non-maskable interrupt
This interrupt is acknowledged unconditionally. It does not undergo interrupt priority control and is given top
priority over all other interrupt requests.
A standby release signal is generated.
One interrupt source from the watchdog timer is incorporated as a non-maskable interrupt.

(2) Maskable interrupt
This interrupt undergoes mask control. If two or more interrupts with the same priority are simultaneously
generated, each interrupt has a predetermined priority as shown in Table 17-1.
A standby release signal is generated.
5 external and 15 internal interrupt sources are incorporated as maskable interrupts.

17.2 Interrupt Sources and Configuration

A total of 21 non-maskable and maskable interrupts are incorporated as interrupt sources (see Table
17-1).
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CHAPTER 17 INTERRUPT FUNCTIONS

Table 17-1. Interrupt Source List

Interrupt | Priority"*’ Interrupt Source Internal/ Vector Basic
Type External Table Configuration
Name Trigger Address Type'?
Non- - INTWDTO Watchdog timer overflow (with watchdog Internal 0002H (A)
maskable timer mode 1 selected)
Maskable 0 INTWDT1 Watchdog timer overflow (with interval timer 0004H (B)
mode selected)
1 INTPO Pin input edge detection External 0006H (C)
2 INTP1 0008H
3 INTCSI10 End of 3-wire serial I/O (SIO10) Internal 000AH (B)
transmission/reception
4 INTSEROO Occurrence of asynchronous serial interface 000CH
(UARTOO) receive error
5 INTSR0OO End of UARTOO reception 000EH
6 INTSTOO End of UARTOO transmission 0010H
7 INTTM50 RIN pin input rising edge detection External 0012H (D)
8 INTTM51 RIN pin input falling edge detection 0014H
9 INTTM52 8-bit remote control timer 50 overflow signal | Internal 0016H (B)
10 INTWT Watch timer interrupt 0018H
11 INTWTI Watch timer interval timer interrupt 001AH
12 INTTM80 Generation of match signal of 8-bit 001CH
timer/event counter 80
13 INTTM81 Generation of match signal of 8-bit timer 81 001EH
14 INTTM82 Generation of match signal of 8-bit timer 82 0020H
15 INTTM30 Generation of match signal of 8-bit timer 30 0022H
16 INTTM40 Generation of match signal of 8-bit timer 40 0024H
17 INTTMSGO | Generation of match signal of 8-bit timer SGO 0026H
18 INTAD A/D conversion completion signal 0028H
19 INTKROO Key return signal detection External 002AH (C)
Notes 1. Priority is the priority order when more than one maskable interrupt request is generated at the same

time. 0 is the highest priority and 19 is the lowest.

2. Basic configuration types (A) to (D) correspond to (A) to (D) in Figure 17-1.

Remark There are two interrupt sources for the watchdog timer: a non-maskable interrupt (INTWDTO) and a
maskable interrupt (internal) (INTWDT1). Either one (but not both) should be selected for actual use.
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CHAPTER 17 INTERRUPT FUNCTIONS

Figure 17-1. Basic Configuration of Interrupt Function

(A) Internal non-maskable interrupt

S Internal bus %

Vector table
address generator

Interrupt request

Standby release signal

(B) Internal maskable interrupt

8 Internal bus 8

Vector table
9 } } address generator
Interrupt request IF )

Standby release signal

(C) External maskable interrupt

g Internal bus g

0

INTMO, KRMOO MK IE

o B Vector table
Interrupt Edge } address generator
IF _/

request detector

Standby
release signal

INTPO: External interrupt mode register 0
KRMO0O: Key return mode register 00

IF: Interrupt request flag
IE: Interrupt enable flag
MK: Interrupt mask flag
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CHAPTER 17 INTERRUPT FUNCTIONS

(D) External maskable interrupt (INTTM50, INTTM51)

S Internal bus g

MK IE
o Vector table
Interrupt Edge I ) } address generator
request detector
Standby
release signal
IF: Interrupt request flag
IE: Interrupt enable flag
MK: Interrupt mask flag
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CHAPTER 17 INTERRUPT FUNCTIONS

17.3 Registers Controlling Interrupt Function
The following five types of registers are used to control the interrupt functions.

o Interrupt request flag registers 0 to 2 (IF0 to IF2)
Interrupt mask flag registers 0 to 2 (MKO to MK2)
External interrupt mode register 0 (INTMO)
Program status word (PSW)

Key return mode register 00 (KRMO0O)

Table 17-2 lists the interrupt request flag and interrupt mask flag names corresponding to the interrupt requests.

Table 17-2. Flags Corresponding to Interrupt Request Signal Name

Interrupt Request Signal Name Interrupt Request Flag Interrupt Mask Flag
INTWDT1 WDTIF1 WDTMK1
INTPO PIFO PMKO
INTP1 PIF1 PMK1
INTCSI10 CSIIF10 CSIMK10
INTSEROO SERIF00 SERMKO00
INTSROO SRIF00 SRMKO00
INTSTO0O STIF0O STMKO00
INTWT WTIF WTMK
INTWTI WTIIF WTIMK
INTTM50 TMIF50 TMMK50
INTTM51 TMIF51 TMMK51
INTTM52 TMIF52 TMMK52
INTTM80 TMIF80 TMMK80
INTTM81 TMIF81 TMMK81
INTTM82 TMIF82 TMMK82
INTTM30 TMIF30 TMMK30
INTTM40 TMIF40 TMMK40
INTTMSGO TMIFSGO TMMKSGO
INTAD ADIF ADMK
INTKROO KRIF00 KRMKO00
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(1) Interrupt request flag registers 0 to 2 (IFO to IF2)
An interrupt request flag is set (1) when the corresponding interrupt request is generated, or when an
instruction is executed. It is cleared (0) when the interrupt request is acknowledged, when the RESET signal
is input, or when an instruction is executed.
IFO to IF2 are set with a 1-bit or 8-bit memory manipulation instruction.
RESET input sets these registers to 00H.

Figure 17-2. Format of Interrupt Request Flag Registers

Symbol <7> <6> <5> <4> <3> <2> <1> <0> Address  Afterreset R/W
IFO TMIF50 | STIFOO | SRIFO0 | SERIF00 | CSIIF10 PIF1 PIFO WDTIF1 | FFEOH 00H R/W
<7> <6> <5> <4> <3> <2> <1> <0>
IF1 TMIF30 | TMIF82 | TMIF81 | TMIF80 | WTIIF WTIF TMIF52 | TMIF51 | FFE1H 00H R/W
7 6 5 4 <3> <2> <1> <0>
IF2 0 0 0 0 KRIF00 ADIF |TMIFSGO| TMIF40 | FFE2H 00H R/W
xxIFx Interrupt request flag
0 Interrupt request signal not generated
1 Interrupt request signal generated, interrupt request status entered

Cautions 1. The WDTIF flag is R/W enabled only when the watchdog timer is used as an interval
timer. If watchdog timer mode 1 or 2 is used, clear the WDTIF flag to 0.

2. Since port 2 has an alternate function as the external interrupt input, when the output
level is changed by specifying the output mode of the port function, an interrupt request
flag is set. Therefore, the corresponding interrupt mask flag should be set to 1 before
using the output mode.

3. When an interrupt is acknowledged, the interrupt request flag is automatically cleared
before entering the interrupt routine.
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(2) Interrupt mask flag registers 0 to 2 (MKO to MK2)
The interrupt mask flag is used to enable/disable the corresponding maskable interrupt servicing.
MKO to MK2 are set with a 1-bit or 8-bit memory manipulation instruction.
RESET input sets these registers to FFH.

Figure 17-3. Format of Interrupt Mask Flag Registers

Symbol <7> <6> <5> <4> <3> <2> <1> <0> Address  Afterreset R/W
MKO | TMMK50 [ STMKO0O | SRMKO00 |SERMKO00O[CSIMK10| PMK1 PMKO |WDTMK1| FFE4H FFH R/W
<7> <6> <5> <4> <3> <2> <1> <0>
MK1 | TMMK30 [ TMMK82 | TMMK81 | TMMK80 [ WTIMK | WTMK [ TMMK52 | TMMK51 | FFE5H FFH R/W
7 6 5 4 <3> <2> <1> <0>
MK2 1 1 1 1 KRMKO00 [ ADMK [TMMKSGO| TMMK40 | FFE6H FFH R/W
xXXMKx Interrupt servicing control
0 Interrupt servicing enabled
1 Interrupt servicing disabled

Cautions 1. If the WDTMK flag is read when the watchdog timer is used in watchdog timer mode 1 or

2, its value becomes undefined.

2. Since port 2 has an alternate function as the external interrupt input, when the output
level is changed by specifying the output mode of the port function, an interrupt request
flag is set. Therefore, the corresponding interrupt mask flag should be set to 1 before

using the output mode.
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(3) External interrupt mode register 0 (INTMO)
This register is used to set the valid edge of INTPO and INTP1.
INTMO is set with an 8-bit memory manipulation instruction.

RESET input sets INTMO to O0H.

Symbol

Figure 17-4. Format of External Interrupt Mode Register 0

INTMO

7 6 5 4 3 2 1 0 Address  Afterreset R/W
0 0 ES11 ES10 ESO1 ES00 0 0 FFECH 00H R/W
ES11 ES10 Selection of INTP1 valid edge
0 0 Falling edge
0 1 Rising edge
1 0 Setting prohibited
1 1 Both rising and falling edges
ESO01 ES00 Selection of INTPO valid edge
0 0 Falling edge
0 1 Rising edge
1 0 Setting prohibited
1 1 Both rising and falling edges
Cautions 1. Be sure to set bits 0, 1, 6, and 7 to 0.

2.

Before setting the INTMO register, be sure to set the corresponding interrupt mask flag
to 1 to disable interrupts.

Afterward, clear the interrupt request flag to 0, then clear the interrupt mask flag to 0 to
enable interrupts.
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(4) Program status word (PSW)
The program status word is a register used to hold the instruction execution result and the current status for
interrupt requests. The IE flag to set maskable interrupt enable/disable is mapped in the PSW.
Besides 8-bit unit read/write, this register can carry out operations with a bit manipulation instruction and
dedicated instructions (El, DI). When a vectored interrupt is acknowledged, the PSW is automatically saved
into a stack, and the IE flag is reset to 0.
RESET input sets the PSW to 02H.

Figure 17-5. Configuration of Program Status Word

Symbol 7 6 5 4 3 2 1 0 After reset
psw [ E |z | o |ac| o] o] 1 |cv| 02H

Used when normal instruction is executed

IE Interrupt acknowledgement enabled/disabled
0 Disabled
1 Enabled
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(5) Key return mode register 00 (KRMO0O)
This register sets the pin that is used to detect the key return signal (falling edge of port 0).
KRMOO is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input sets KRMOO to 00H.

Figure 17-6. Format of Key Return Mode Register 00

Symbol <7> <6> <5> <4> 3 2 1 <0> Address  Afterreset R/W
KRMO00 | KRM007 | KRM006 | KRM005 | KRM004 0 0 0 KRMO000 | FFF5H 00H R/W
KRMO000 Control of key return signal detection
0 Key return signal not detected
1 Key return signal detected (P00 to P03 falling edge detection)
KRMOOn Control of key return signal detection
0 Key return signal not detected
1 Key return signal detected (POn falling edge detection)

Remark n=4to7

Cautions 1. Bits 1 to 3 must all be set to 0.

2. Before setting KRMO0O, set (1) bit 7 (KRMKO00) of MKO to disable interrupts. After KRM00
is set, clear (0) KRMKOO after clearing (0) bit 7 (KRIF00) of IFO to enable interrupts.

3. On-chip pull-up resistors are automatically connected in the input mode to the pins
specified for key return signal detection (P00 to P07). Although these resistors are
disconnected when the mode changes to output, key return signal detection continues
unchanged.

4. A key return signal cannot be detected while any one of the pins specified for key return
detection is low level even when a falling edge occurs at another pin.

Figure 17-7. Block Diagram of Key Return Signal Detector

Key return mode register 00
(KRMO00)

PO0/KR0O0
P01/KRO1
P02/KR02
P03/KR03
P04/KR04

} Falling edge detector INTKROO
PO5/KRO5S O———————

PO6/KRO6 O— Standby release
P07/KRO7 ©O————— KRMKO00 ——O) signal

Note For selecting the pin to be used as the falling edge input.

©0 000
()

Selector™°t
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17.4 Interrupt Servicing Operation

17.4.1 Non-maskable interrupt request acknowledgment operation

A non-maskable interrupt request is acknowledged unconditionally even when interrupts are disabled. It is not
subject to interrupt priority control and takes precedence over all other interrupts.

When a non-maskable interrupt request is acknowledged, the PSW and PC are saved to the stack in that order,
the IE flag is reset to 0, the contents of the vector table are loaded to the PC, and then program execution branches.

Figure 17-8 shows the flow from non-maskable interrupt request generation to acknowledgement, Figure 17-9
shows the timing of non-maskable interrupt acknowledgement, and Figure 17-10 shows the acknowledgement
operation when multiple non-maskable interrupts are generated.

Caution During non-maskable interrupt service program execution, do not input another non-maskable

interrupt request; otherwise, the service program will be interrupted and the nhew non-maskable
interrupt request will be acknowledged.
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Figure 17-8. Flow from Generation of Non-Maskable Interrupt Request to Acknowledgment

WDTM4 = 1
(watchdog timer mode
is selected)

Interval timer

WDT
overflows

WDTM3 =0
(non-maskable interrupt
is selected)

Reset processing

Interrupt request is generated

( Interrupt servicing starts )

WDTM: Watchdog timer mode register
WDT:  Watchdog timer

Figure 17-9. Timing of Non-Maskable Interrupt Request Acknowledgment

Saving PSW and PC, and

CPU processing Instruction Instruction jump to interrupt servicing

Interrupt servicing program

woTIF [ ] [T 1] \

Figure 17-10. Non-Maskable Interrupt Request Acknowledgment

( Main routine )

First interrupt servicing

NMI request
(second) —=

NMI request
(first)

Second interrupt servicing

Preliminary User’'s Manual U15559EJ1V1UD 259



CHAPTER 17 INTERRUPT FUNCTIONS

17.4.2 Maskable interrupt request acknowledgment operation

A maskable interrupt request can be acknowledged when the interrupt request flag is set to 1 and the
corresponding interrupt mask flag is cleared to 0. A vectored interrupt request is acknowledged in the interrupt
enabled status (when the IE flag is set to 1).

The time required to start the interrupt servicing after a maskable interrupt request has been generated is shown
in Table 17-3.

Refer to Figures 17-12 and 17-13 for the timing of interrupt request acknowledgement.

Table 17-3. Time from Generation of Maskable Interrupt Request to Servicing

Note

Minimum Time Maximum Time

9 clocks 19 clocks

Note The wait time is maximum when an interrupt request is generated immediately before
the BT or BF instruction.

Remark 1 clock: 1— (fcpu: CPU clock)
fcpu

When two or more maskable interrupt requests are generated at the same time, they are acknowledged starting
from the one assigned the highest priority by the priority specification flag.

A pending interrupt is acknowledged when the status in which it can be acknowledged is set.

Figure 17-11 shows the algorithm of interrupt request acknowledgement.

When a maskable interrupt request is acknowledged, the PSW and PC are saved to the stack in that order, the IE
flag is reset to 0, and the data in the vector table determined for each interrupt request is loaded to the PC, and
execution branches.

To return from interrupt servicing, use the RETI instruction.

Figure 17-11. Interrupt Request Acknowledgment Program Algorithm

=

Yes (Interrupt request generated)

No

xxMKx =07

@terrupt request pendin@

No

@terrupt request pendin@

Vectored interrupt
servicing

xxIFx: Interrupt request flag
xxMKx: Interrupt mask flag
IE: Flag to control maskable interrupt request acknowledgement (1 = enable, 0 = disable)
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Figure 17-12. Interrupt Request Acknowledgment Timing (Example: MOV A, r)

8 clocks

ClockIIIIIIIIIIIII7><>_IIIIII

Saving PSW and PC, and
jump to interrupt servicing

CPU MOV A, r Interrupt servicing program

Interrupt |_|

If the interrupt request has generated an interrupt request flag (xxIFx) by the time the instruction clocks under
execution, n clocks (n = 4 to 10), are n — 1, interrupt request acknowledgment processing will start following the
completion of the instruction under execution. Figure 17-12 shows an example using the 8-bit data transfer
instruction MOV A, r. Because this instruction is executed in 4 clocks, if an interrupt request is generated between
the start of execution and the 3rd clock, interrupt request acknowledgment processing will take place following the
completion of MOV A, r.

Figure 17-13. Interrupt Request Acknowledgment Timing
(When Interrupt Request Flag Is Generated in Final Clock Under Execution)

8 clocks

cck L L LI LT LI LT LT LI Lo LT LT

Saving PSW and PC, and Interrupt servicing

cPU NOP MOV A, r jump to interrupt servicing program

Interrupt |_|

If the interrupt request flag (xxIFx) is generated in the final clock of the instruction, interrupt request
acknowledgment processing will begin after execution of the next instruction is complete.

Figure 17-13 shows an example whereby an interrupt request was generated in the 2nd clock of NOP (a 2-clock
instruction). In this case, the interrupt request will be serviced after execution of MOV A, r, which follows NOP, is
complete.

Caution When interrupt request flag registers 0 to 2 (IF0 to IF2), or interrupt mask flag registers 0 to 2
(MKO to MK2) are being accessed, interrupt requests will be held pending.

17.4.3 Multiple interrupt servicing

Multiple interrupts, in which another interrupt request is acknowledged while an interrupt request being serviced,
can be serviced using the priority order. If multiple interrupts are generated at the same time, they are serviced in
the order of the priority assigned to each interrupt request in advance (refer to Table 17-1).
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Figure 17-14. Example of Multiple Interrupts

Example 1. Acknowledging multiple interrupts

Main servicing INTxx servicing INTyy servicing
El IE=0 El IE=0
INTXX —= INTyy —
RETI RETI

The interrupt request INTyy is acknowledged during the servicing of interrupt INTxx and multiple interrupts are
performed. Before each interrupt request is acknowledged, the El instruction is issued and the interrupt request is
enabled.

Example 2. Multiple interrupts are not performed because interrupts are disabled

Main servicing INTxx servicing INTyy servicing
El IE =
INTyy —= INTyy is held pending
RETI
INTXX —=
IE=0
RETI

Because interrupt requests are disabled (the El instruction has not been issued) in interrupt INTxx servicing, the
interrupt request INTyy is not acknowledged and multiple interrupts are not performed. INTyy is held pending and is
acknowledged after INTxx servicing is completed.

IE = 0: Interrupt requests disabled
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17.4.4 Putting interrupt requests on hold

If an interrupt request (such as a maskable, non-maskable, or external interrupt) is generated when a certain type
of instruction is being executed, the interrupt request will not be acknowledged until the instruction is completed.
These instructions (interrupt request pending instructions) are as follows.

¢ Instructions that manipulate interrupt request flag registers 0 to 2 (IFO to IF2)
¢ Instructions that manipulate interrupt mask flag registers 0 to 2 (MKO to MK2)
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18.1 Standby Function and Configuration

18.1.1 Standby function

The standby function is used to reduce the power consumption of the system and can be effected in the following

two modes.

(1

)

HALT mode

This mode is set when the HALT instruction is executed. The HALT mode stops the operation clock of the
CPU. The system clock oscillator continues oscillating. This mode does not reduce the power consumption
as much as the STOP mode, but is useful for resuming processing immediately when an interrupt request is
generated, or for intermittent operations.

STOP mode

This mode is set when the STOP instruction is executed. The STOP mode stops the main system clock
oscillator and stops the entire system. The power consumption of the CPU can be substantially reduced in
this mode.

The data memory can be retained at a low voltage (Voo = 1.8 V). Therefore, this mode is useful for retaining
the contents of the data memory at an extremely low current.

The STOP mode can be released by an interrupt request, so that this mode can be used for intermittent
operation. However, some time is required until the system clock oscillator stabilizes after the STOP mode
has been released. If processing must be resumed immediately by using an interrupt request, therefore, use
the HALT mode.

In both modes, the previous contents of the registers, flags, and data memory before setting the standby mode
are all retained. In addition, the statuses of the output latch of the 1/0 ports and output buffer are also retained.

Caution To set the STOP mode, be sure to stop the operations of the peripheral hardware, and then
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execute the STOP instruction.
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18.1.2 Registers controlling standby function

The standby function is controlled by the following two registers.

¢ Oscillation stabilization time selection register (OSTS) (only when ceramic/crystal oscillation is selected)
o Power supply control register 0 (PSCO0)

(1) Oscillation stabilization time selection register (OSTS) (only when ceramic/crystal oscillation is
selected)
The wait time after the STOP mode is released upon interrupt request until oscillation stabilizes is controlled
with the oscillation stabilization time selection register (OSTS).
OSTS is set with an 8-bit memory manipulation instruction.
RESET input sets OSTS to 04H. Note that the time required for oscillation to stabilize after RESET input is
2"/fx, and does not depend on OSTS.

Caution When RC oscillation is selected, the oscillation stabilization time cannot be selected using
OSTS.

In the case of RC oscillation, the oscillation stabilization time is fixed to 2'/fcc.

Figure 18-1. Format of Oscillation Stabilization Time Selection Register

Symbol 7 6 5 4 3 2 1 0 Address  Afterreset R/W
OSTS 0 0 0 0 0 OSTS2 | OSTS1 | OSTSO | FFFAH 04H R/W
OSTS2 | OSTS1 | OSTSO Oscillation stabilization time selection
0 0 0 2%/fx (819 us)
0 1 0 2%/fx (6.55 ms)
1 0 0 2"/ix (26.2 ms)
Other than above Setting prohibited

Caution The wait time after the STOP mode is released does not include the time from STOP mode
release to clock oscillation start (“a” in the figure below), regardless of whether STOP
mode is released by RESET input or by interrupt generation.

STOP mode release

X1 pinvoltage ____ _y
waveform

T

Remarks 1. fx: Main system clock oscillation frequency (ceramic/crystal oscillation)

2. fcc: Main system clock oscillation frequency (RC oscillation)
3. The parenthesized values apply to operation at fx = 5.0 MHz.
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(2) Power supply control register 0 (PSCO0)
This register is used to switch the power supply of the subsystem clock. By setting the power supply of the
subsystem clock to Vrouto, the power consumption can be reduced.
PSCO is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input sets PSCO to 00H.

Figure 18-2. Format of Power Supply Control Register 0

Symbol 7 6 5 4 3 2 1 Address  Afterreset R/W
PSCO 0 0 0 0 0 0 0 PSC00 FFAFH 00H R/W
PSCO00 Selection of subsystem clock power supply
0 VDD
1 VRouTo (1.4 VTYP.)

Note Bits 1 to 7 must be set to 0.
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18.2 Standby Function Operation

18.2.1 HALT mode

(1) HALT mode

The HALT mode is set by executing the HALT instruction.
The operation statuses in the HALT mode are shown in the following table.

Table 18-1. Operation Statuses in HALT Mode

Item

Operation Status in HALT Mode Set While Main
System Clock Is Operating

Operation Status in HALT Mode Set While
Subsystem Clock Is Operating

Subsystem Clock
Operating

Subsystem Clock
Stopped

Main System Clock
Operating

Main System Clock
Stopped

Main system clock

Oscillation enabled

Oscillation stopped

CPU

Operation stopped

Port (output latch)

Status prior to setting HALT mode is retained

8-bit timer/event counter 80 | Operation enabled Operation enabled"™"
8-bit timer 81 Operation enabled Operation enabled"***> | Operation enabled Operation enabled""*®
8-bit timer 82 Operation enabled Operation enabled"* | Operation enabled Operation enabled""**
8-bit timer 30 Operation enabled Operation stopped
8-bit timer 40

8-bit remote control timer 50

Operation stopped

Sound generator

Operation enabled

Operation enabled""**

Operation enabled

Operation enabled""*?

Watch timer

Operation enabled

Operation enabled"™*?

Operation enabled

Operation enabled""*®

Watchdog timer

Operation enabled

dNote 2

Operation enable

Operation enabled

dNote 3

Operation enable

Serial interface | SIO

Operation enabled

Operation enabled""

UART

Operation enabled

Operation stopped

A/D converter

Operation stopped

LCD controller/driver

Operation enabled

dNote 2

Operation enable

Operation enabled

dNote 3

Operation enable

External interrupt

Operation enable

dNote 4

Notes 1.

Operation is enabled only when an external clock has been selected.

2. Operation is enabled when the main system clock has been selected.
3. Operation is enabled when the subsystem clock has been selected.

4. Non-masked maskable interrupt
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(2) Releasing HALT mode
The HALT mode can be released by the following three sources.

(a) Releasing by unmasked interrupt request
The HALT mode is released by an unmasked interrupt request. In this case, if interrupts are enabled to
be acknowledged, vectored interrupt servicing is performed. If interrupts are disabled, the instruction at
the next address is executed.

Figure 18-3. Releasing HALT Mode by Interrupt

HALT
instruction Wait ‘
Standby :
release signal s
Operation
mode HALT mode Wait ‘ Operation mode
\
Clock Oscillation

Remarks 1. The broken line indicates the case where the interrupt request that has released the
standby mode is acknowledged.
2. The wait time is as follows:
e When vectored interrupt servicing is performed: 9 to 10 clocks
e When vectored interrupt servicing is not performed: 1 to 2 clocks

(b) Releasing by non-maskable interrupt request

The HALT mode is released regardless of whether interrupts are enabled or disabled, and vectored
interrupt servicing is performed.
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(c) Releasing by RESET input
When the HALT mode is released by the RESET signal, execution branches to the reset vector address
in the same manner as the ordinary reset operation, and program execution is started.

Figure 18-4. Releasing HALT Mode by RESET Input

HALT
instruction WaitNete \
[R— l )) ‘
RESET ((
signal
Oscillation
Operation Reset stabilization Operation
mode HALT mode period wait status mode
‘ Oscillation
_— A _—
Clock Oscillation stops Oscillation

Note The wait time differs depending on the main system clock selected.
When ceramic/crystal oscillation is selected: 2'/x (6.55 ms)
When RC oscillation is selected: 27ffcc (64 us)

Remarks 1. fx: Main system clock oscillation frequency (ceramic/crystal oscillation)
2. fcc: Main system clock oscillation frequency (RC oscillation)

3. The parenthesized values apply to operation at fx = 5.0 MHz or fcc = 2.0 MHz.

Table 18-2. Operation After Releasing HALT Mode

Releasing Source MKxx IE Operation
Maskable interrupt request 0 0 Executes next address instruction
0 1 Executes interrupt servicing
1 X Retains HALT mode
Non-maskable interrupt request - X Executes interrupt servicing
RESET input - - Reset processing

x: Don’t care
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18.2.2 STOP mode

(1) Setting and operation status of STOP mode
The STOP mode is set by executing the STOP instruction.

Caution Because the standby mode can be released by an interrupt request signal, the standby
mode is released as soon as it is set if there is an interrupt source whose interrupt request
flag is set and interrupt mask flag is reset. When the STOP mode is set, therefore, the HALT
mode is set immediately after the STOP instruction has been executed, the wait time set by
the oscillation stabilization time selection register (OSTS) elapses, and then an operation
mode is set.

The operation statuses in the STOP mode are shown in the following table.

Table 18-3. Operation Statuses in STOP Mode

Item

Operation Status in STOP Mode

Subsystem Clock Operating

Subsystem Clock Stopped

Main system clock

Oscillation stopped

CPU

Operation stopped

Port (output latch)

Status prior to setting STOP mode is retained

8-bit timer/event counter 80

dNote 1

Operation enable

8-bit timer 81 Operation enabled""*? Operation stopped
8-bit timer 82 Operation enabled"** Operation stopped
8-bit timer 30 Operation stopped

8-bit timer 40

8-bit remote control timer 50

Operation stopped

Sound generator

Operation enabled"**

Operation stopped

Watch timer

Operation enabled""**

Operation stopped

Watchdog timer

dNote 2

Operation enable

Operation stopped

Serial interface | SIO

dNole 1

Operation enable

UART

Operation stopped

A/D converter

Operation stopped

LCD controller/driver

dNote 2

Operation enable

Operation stopped

External interrupt

dNole 3

Operation enable

Notes 1. Operation is enabled only when an external clock has been selected.
2. Operation is enabled when the subsystem clock has been selected.

3. Non-masked maskable interrupt
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(2) Releasing STOP mode
The STOP mode can be released by the following two sources.

(a) Releasing by unmasked interrupt request
The STOP mode can be released by an unmasked interrupt request. In this case, if interrupts are
enabled to be acknowledged, vectored interrupt servicing is performed, after the oscillation stabilization
time has elapsed. If interrupts are disabled, the instruction at the next address is executed.

Figure 18-5. Releasing STOP Mode by Interrupt

STOP WanNote
instruction
))
Standby (6 T
release signal R
Operation Oscillation stabilization Operation
mode STOP mode wait status mode
Oscillation

Clock Oscillation stops Oscillation

Note The wait time differs depending on the main system clock selected.
When ceramic/crystal oscillation is selected: Can be selected by OSTS register (for details, refer to
Figure 18-1 Format of Oscillation Stabilization Time Selection Register)
When RC oscillation is selected: Fixed at 2"/fcc

Remark The broken line indicates the case where the interrupt request that has released the standby mode is

acknowledged.
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(b) Releasing by RESET input
When the STOP mode is released by the RESET signal, the reset operation is performed after the
oscillation stabilization time has elapsed.

Figure 18-6. Releasing STOP Mode by RESET Input

STOP - Note

instruction i Wait i
J— L ))
RESET ((

signal | |
Oscillation
Operation Reset stabilization Operation
mode STOP mode period wait status mode
Oscillation ‘ ‘
Clock Oscillation stops Oscillation

Note The wait time differs depending on the main system clock selected.
When ceramic/crystal oscillation is selected: 2'/x (6.55 ms)
When RC oscillation is selected: 27ffcc (64 us)

Remarks 1. fx: Main system clock oscillation frequency (ceramic/crystal oscillation)
2. fcc: Main system clock oscillation frequency (RC oscillation)

3. The parenthesized values apply to operation at fx = 5.0 MHz or fcc = 2.0 MHz.

Table 18-4. Operation After Releasing STOP Mode

Releasing Source MKxx IE Operation
Maskable interrupt request 0 0 Executes next address instruction
0 1 Executes interrupt servicing
1 X Retains STOP mode
RESET input - - Reset processing

x: Don’t care
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There are two ways to issue a reset signal.

(1) External reset input via RESET pin
(2) Internal reset by watchdog timer program loop time detection

Figure 19-1. Block Diagram of Reset Function

RESET ©
Reset controller Reset signal
Over-
: flow !
Count clock Watchdog timer Interrupt function
Stop
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(1

()

274

External reset input via RESET pin

Program execution starts at the address written to 0000H and 0001H after the RESET signal is input.

When a low level is input to the RESET pin, a reset is triggered and all hardware is set to the status shown in
Table 19-1. Each pin has high impedance during reset input or during the oscillation stabilization time
immediately after a reset is released.

When a high level is input to the RESET pin, the reset is released and program execution is started after the
oscillation stabilization time has elapsed.

Internal reset by watchdog timer runaway time detection

There are no functional differences between external and internal resets, since in both cases program
execution starts at the address written to 0000H and 0001H after the RESET signal is input.

When the watchdog timer overflows, a reset is triggered and all hardware is set to the status shown in Table
19-1. Each pin has high impedance during reset input or during the oscillation stabilization time immediately
after a reset is released.

The reset is automatically released after a reset, and program execution is started after the oscillation
stabilization time has elapsed.

Cautions 1. For an external reset, input a low level for at least 10 ys to the RESET pin.
2. When the STOP mode is released by reset, the STOP mode contents are retained during
reset input. However, the port pins are set to high impedance.
3. The oscillation stabilization time for ceramic/crystal oscillation after a reset is released
differs from that for RC oscillation.
Ceramic/crystal oscillation: 2'/fx
RC oscillation: 2'/fcc
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Figure 19-2. Reset Timing by RESET Input

. . | Oscillation )
During normal Reset period | stabilization Normal operation
operation (oscillation stops) time wait (reset processing)

|

RESET 3\

Internal | :\ /:
reset signal | \ ‘ |
| | |
| | |

Hi-Z
Portpin T e e e m s mmmmmmmm--—-----—

Figure 19-3. Reset Timing by Overflow in Watchdog Timer

Reset period | Oscillation

During normal ‘ (oscillation stabilization Normal operation

ration I . . : reset pr in
operatio ! continues) time wait (reset processing)

Overflow in
watchdog timer

Internal | |
reset signal ! !
|
|
; Hi-Z
Portpin e m S e S e e e eSS S mSss--------

T AW Y N YavaVat

STOP instruction execution _—

) | i | Oscillation )
During normal Stop status i Reset period | stabilization Normal operation
operation (oscillation stops) |  (oscillation stops) | (reset processing)

|
|

time wait
RESET \ [
I
I
I

Internal
reset signal
ﬂ—m‘ =
Delay Delay

. Hi-Z
Port pin >- -------------------------------------------
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Table 19-1. Status of Each Hardware After Reset (1/2)

Hardware Status After Reset
Program counter (PC)"*" Contents of reset vector
table (0000H, 0001H) are
set
Stack pointer (SP) Undefined
Program status word (PSW) 02H
RAM Data memory Undefined""**
General-purpose registers Undefined"*?
Ports (PO to P3) (output latch) O00H
Port mode registers (PMO to PM3) FFH
Pull-up resistor option registers (PUO, PUB2, PUB3) O00H
Processor clock control register (PCC) 02H
Subsystem clock oscillation mode register (SCKM) O0OH
Subsystem clock control register (CSS) 00H
Oscillation stabilization time selection register (OSTS) 04H
Power supply control register 0 (PSCO) 00H
8-bit timer Timer counters (TM30, TM40, TM80 to TM82) OOH
Compare registers (CR30, CR40, CRH40, CR80 to CR82) Undefined
Mode control registers (TMC30, TMC40, TMC80 to TMC82) 00H
Carrier generator output control register (TCA40) 00H
8-bit remote control timer Timer counter (TM50) O00H
Capture register (CP50, CP51) 00H
Control register (TMC50) O00H
Sound generator Timer counter (TMSGO) 00H
Compare register (CRSGO) Undefined
Frequency setting register (SGFCO00) 00H
Carrier generator output control register (TCASGO) O0H
Mode control register (TMCSGO) 00H
P3 function register (PF3) O00H

Notes 1. During reset input and oscillation stabilization time wait, only the PC contents among the hardware

statuses become undefined.

For all other hardware, the status during reset input and oscillation stabilization time wait remains

unchanged after reset.
2. If the reset signal is input in the standby mode, the status before reset is retained even after reset.
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Table 19-1. Status of Each Hardware After Reset (2/2)

Hardware Status After Reset
Watch timer Mode control register (WTM) 00H
Watchdog timer Clock selection register (WDCS) O00H
Mode register (WDTM) 00H
Serial interface Mode register (CSIM10) 00H
Transmit/receive shift register (SI010) Undefined
Transmit shift register (TXS00) Undefined
Receive buffer register (RXB00) FFH
Asynchronous serial interface mode register (ASIMO00) O0H
Asynchronous serial interface status register (ASIS00) 00H
Baud rate generator control register (BRGC00) O00H
A/D converter Conversion result register (ADCR) Undefined
Mode register (ADM) O00OH
Input selection register (ADS) 00H
LCD controller/driver Display mode register (LCDM20) O00H
Clock control register (LCDC20) 00H
Boost voltage setting register (VLCDO0O0) O00H
Multiplier Multiplication result storage register (MULO) Undefined
Data registers (MVRAO, MRBO) Undefined
Control register (MULCO) 00H
SWAP Swap function register (SWPO0) Note
Interrupt Request flag registers (IFO to IF2) 00H
Mask flag registers (MKO to MK2) FFH
External interrupt mode register (INTMO) 00H
Key return mode register (KRMOO) O00H

Note The status after reset in read mode differs from that in write mode. For details, refer to CHAPTER 16
SWAPPING.
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The uPD78F9835 is available as the flash memory version of the uPD789835 Subseries.

The uPD78F9835 is a version with the internal ROM of the uPD789832, 789833, 789834, 789835 replaced with

flash memory. The differences between the yPD78F9835 and the mask ROM versions are shown in Table 20-1.

Table 20-1. Differences Between yPD78F9835 and Mask ROM Versions

Part Number Flash Memory Mask ROM Version
Version

Item uPD78F9835 uPD789832 1PD789833 uPD789834 uPD789835
Internal | ROM 60 KB 24 KB 32 KB 48 KB 60 KB
memory (flash memory)

High-speed RAM | 1024 bytes

Low-speed RAM | 2240 bytes 1216 bytes 2240 bytes

LCD display RAM| 288 bytes x 2
ICO pin Not provided Provided
Vep pin Provided Not provided
Supply voltage (Vop) 3.0to 3.6V 1.8t03.6V
Electrical specifications Refer to CHAPTER 22 ELECTRICAL SPECIFICATIONS (TARGET).

Caution There are differences in noise immunity and noise radiation between the flash memory and mask
ROM versions. When pre-producing an application set with the flash memory version and then
mass-producing it with the mask ROM version, be sure to conduct sufficient evaluations for the
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20.1 Flash Memory Characteristics

Flash memory programming is performed by connecting a dedicated flash programmer (Flashpro Il (part no. FL-
PR3, PG-FP3)/Flashpro IV** (part no. FL-PR4, PG-FP4)) to the target system with the flash memory mounted on the
target system (on-board). A flash memory writing adapter (program adapter), which is a target board used
exclusively for programming, is also provided.

Note Under development

Remark FL-PR3, FL-PR4, and the program adapter are products made by Naito Densei Machida Mfg. Co., Ltd.
(TEL +81-45-475-4191).

Programming using flash memory has the following advantages.

e Software can be modified after the microcontroller is solder-mounted on the target system
¢ Distinguishing software facilities low-quantity, varied model production
e Easy data adjustment when starting mass production

20.1.1 Programming environment

The following shows the environment required for uPD78F9835 flash memory programming.

When Flashpro Il (part no. FL-PR3, PG-FP3) or Flashpro IV (Part no. FL-PR4, PG-FP4) is used as a dedicated
flash programmer, a host machine is required to control the dedicated flash programmer. Communication between
the host machine and flash programmer is performed via RS-232C/USB (Rev. 1.1).

For details, refer the manual for Flashpro Ill/Flashpro IV.

Remark USB is supported by Flashpro IV only.

Figure 20-1. Environment for Writing Program to Flash Memory

Vep
Vop
RS-232C = Nl —
g/, Ve
uSB
RESET
Dedicated flash programmer 3.wire serial I/O uPD78F9835

Host machine
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20.1.2 Communication mode

Use the communication mode shown in Table 20-2 to perform communication between the dedicated flash
programmer and uPD78F9835.

Table 20-2. Communication Mode List

Communication TYPE Setting"*’ Pins Used Number of
Mode COMM PORT | SIOClock | CPU Clock | Flash Clock | Multiple Rate Vee Pulses
3-wire serial /0 | SIO ch-0 100 Hz to 1.25| Optional 1to 5 MHZ""**| 1.0 SCK10/P20 |0
(3 wired, MHZz"*°? SO10/P21
sync.) SI1/P22

Notes 1. Selection items for TYPE settings on the dedicated flash programmer (Flashpro Ill (part no. FL-PRS3,
PG-FP3)/Flashpro IV (Part no. FL-PR4, PG-FP4)).
2. The possible setting range differs depending on the voltage. For details, refer to CHAPTER 22
ELECTRICAL SPECIFICATIONS (TARGET).

Caution Be sure to select the communication mode according to the nhumber of Ver pulses shown in
Table 20-2.

Figure 20-2. Communication Mode Selection Format

10V
Vee VDD |—k tJ
Vss ~

Vrp pulses

Voo z z
RESET \ /
Vss
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Figure 20-3. Example of Connection with Dedicated Flash Programmer

Dedicated flash programmer uPD78F9835
VPP1 Vee
VDD Vob
RESET RESET
SCK P20/SCK10
SO P22/S110
Si P21/SO10
CLKNotef - oo - X1
GND Vss, SEL
Note Connect this pin when the system clock is supplied by Flashpro lll. If an oscillator is already connected to

the X1 pin, the CLK pin does not need to be connected.
Caution The Voo pin, if already connected to the power supply, must be connected to the VDD pin of the
dedicated flash programmer. Before using the power supply connected to the Vop pin, supply

voltage before starting programming.

If Flashpro Ill (part no. FL-PR3, PG-FP3)/Flashpro IV is used as a dedicated flash programmer, the following
signals are generated for the uPD78F9835. For details, refer to the manual of Flashpro Ill/Flashpro IV.

Table 20-3. Pin Connection List

Signal Name 1/0 Pin Function Pin Name 3-Wire Serial I/0
VPP1 Output Write voltage Vpp (@)
VPP2 - - X
VDD I/0 VDD voltage generation/voltage monitoring VbD Qe
GND - Ground Vss, SEL (@)
CLK Output Clock output X1 O
RESET Output Reset signal RESET (@)
Sl Input Reception signal P21/SO10 O
SO Output Transmit signal P22/S110 (@)
SCK Output Transfer clock P20/SCK10 (@)
HS - - - X

Note Vbb voltage must be supplied before programming is started.
Remark ©O: Pin must be connected.

O: If the signal is supplied on the target board, pin need not be connected.
x: Pin need not be connected.
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20.1.3 On-board pin processing

When performing programming on the target system, provide a connector on the target system to connect the
dedicated flash programmer.

An on-board function that allows switching between normal operation mode and flash memory programming mode
may be required in some cases.

<Vrpp pin>
In normal operation mode, input 0 V to the Vep pin. In flash memory programming mode, a write voltage of

10.0 V (TYP.) is supplied to the Vpr pin, so perform the following.

(1) Connect a pull-down resistor (RVep = 10 kQ) to the Vep pin.
(2) Use the jumper on the board to switch the Vrp pin input to either the programmer or directly to GND.

A Vpp pin connection example is shown below.

Figure 20-4. Vrp Pin Connection Example

1PD78F9835

Connection pin of dedicated flash programmer
Vep

Pull-down resistor (RVre)

<Serial interface pin>
The following shows the pins used by the serial interface.

Serial Interface Pins Used

3-wire serial 1/10 SCK10/P20, SO10/P21, SI10/P22

When connecting the dedicated flash programmer to a serial interface pin that is connected to another device
on-board, signal conflict or abnormal operation of the other device may occur. Care must therefore be taken
with such connections.
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(1) Signal conflict
If the dedicated flash programmer (output) is connected to a serial interface pin (input) that is connected to
another device (output), a signal conflict occurs. To prevent this, isolate the connection with the other device
or set the other device to the output high impedance status.

Figure 20-5. Signal Conflict (Input Pin of Serial Interface)

#PDT8F9835 Connection pin of
dedicated flash
Signal conflict programmer
Input pin 0

Other device

0 T Output pin

In the flash memory programming mode, the signal output by another
device and the signal sent by the dedicated flash programmer conflict,
therefore, isolate the signal of the other device.

(2) Abnormal operation of other device
If the dedicated flash programmer (output or input) is connected to a serial interface pin (input or output) that
is connected to another device (input), a signal is output to the device, and this may cause an abnormal
operation. To prevent this abnormal operation, isolate the connection with the other device or set so that the
input signals to the other device are ignored.

Figure 20-6. Abnormal Operation of Other Device

;MS Connection pin of
dedicated flash
programmer

Pin O

Other device

. T Input pin

If the signal output by the uPD78F9835 affects another device in the flash
memory programming mode, isolate the signals of the other device.

4PD78F9835 Connection pin of
dedicated flash
programmer
Pin O

Other device

\' T Input pin

If the signal output by the dedicated flash programmer affects another
device in the flash memory programming mode, isolate the signals of the
other device.
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<RESET pin>
If the reset signal of the dedicated flash programmer is connected to the RESET pin connected to the reset
signal generator on-board, a signal conflict occurs. To prevent this, isolate the connection with the reset signal
generator.
If the reset signal is input from the user system in the flash memory programming mode, a normal programming
operation cannot be performed. Therefore, do not input reset signals from other than the dedicated flash
programmer.

Figure 20-7. Signal Conflict (RESET Pin)

yws Connection pin of

dedicated flash
Signal conflict programmer

RESET

‘ T Qutput pin

The signal output by the reset signal generator and the signal output from
the dedicated flash programmer conflict in the flash memory programming
mode, so isolate the signal of the reset signal generator.

<Port pins>
When the uPD78F9468 enters the flash memory programming mode, all the pins other than those that
communicate in flash memory programming are in the same status as immediately after reset.
If the external device does not recognize initial statuses such as the output high impedance status, therefore,
connect the external device to Vop or Vss via a resistor.

<Oscillator>
When using the on-board clock, connect X1 and X2 as required in the normal operation mode.
When using the clock output of the flash programmer, connect it directly to X1, disconnecting the main
oscillator on-board, and leave the X2 pin open. Operation of sub-clocks conforms that in the normal operation
mode.

<Power supply>
When using the power supply output of the flash programmer, connect the Vop and Vss pins to VDD and GND
of the flash programmer, respectively.
When using the on-board power supply, connect it as required in the normal operation mode. Because the
flash programmer monitors the voltage, however, VDD of the flash programmer must be connected.

<Other pins>
Connect the SEL pin to Vss.
Process the other pins (LCDO to LCD87, Vico to Vics, Vrouto, and CAPO to CAP3) in the same manner as in
the normal operation mode.
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20.1.4 Connection on flash memory writing adapter

The following shows an example of the recommended connection when using the flash memory writing adapter.

Figure 20-8. Wiring Example of Flash Memory Writing Adapter Using 3-Wire Serial /O Mode

—© VDD (3.0t0 3.6V)

WRITER INTERFACE
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CHAPTER 21 INSTRUCTION SET

This chapter lists the instruction set of the uPD789835 Subseries. For details of the operation and machine
language (instruction code) of each instruction, refer to 78K/0S Series Instructions User’s Manual (U11047E).

21.1 Operation

21.1.1 Operand identifiers and description methods

Operands are described in the “Operands” column of each instruction in accordance with the description method
of the instruction operand identifier (refer to the assembler specifications for details). When there are two or more
description methods, select one of them. Uppercase letters and the symbols #, |, $, and [ ] are key words and are
described as they are. Each symbol has the following meaning.

e #: Immediate data specification e $: Relative address specification
e |1 Absolute address specification e []: Indirect address specification

In the case of immediate data, describe an appropriate numeric value or a label. When using a label, be sure to
describe the #, !, $, and [ ] symbols.

For the operand register identifiers, r and rp, either functional names (X, A, C, etc.) or absolute names (names in
parentheses in the table below, RO, R1, R2, etc.) can be used for description.

Table 21-1. Operand Identifiers and Description Methods

Identifier Description Method
r X (RO), A (R1), C (R2), B (R3), E (R4), D (R5), L (R6), H (R7)
p AX (RPO0), BC (RP1), DE (RP2), HL (RP3)
sfr Special-function register symbol
saddr FE20H to FF1FH Immediate data or label
saddrp FE20H to FF1FH Immediate data or label (even addresses only)
addr16 0000H to FFFFH Immediate data or label (only even addresses for 16-bit data transfer instructions)
addr5 0040H to 007FH Immediate data or label (even addresses only)
word 16-bit immediate data or label
byte 8-bit immediate data or label
bit 3-bit immediate data or label

Remark See Table 3-4 Special Function Registers for symbols of special function registers.
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21.1.2 Description of “Operation” column

TImMOOowXxX>»

®» T I U® >
vormmox

PSW:
CY:
AC:

Z:

IE:
NMIS:
():

XH, XL:
Al

%

W
addr16:
jdisp8:

A register; 8-bit accumulator

X register

B register

C register

D register

E register

H register

L register

AX register pair; 16-bit accumulator
BC register pair

DE register pair

HL register pair

Program counter

Stack pointer

Program status word

Carry flag

Auxiliary carry flag

Zero flag

Interrupt request enable flag

Flag indicating non-maskable interrupt servicing in progress

Memory contents indicated by address or register contents in parenthesis

Higher 8 bits and lower 8 bits of 16-bit register
Logical product (AND)

Logical sum (OR)

Exclusive logical sum (exclusive OR)

Inverted data

16-bit immediate data or label

Signed 8-bit data (displacement value)

21.1.3 Description of “Flag” column

—_

Blank):

X =+ 2

Unchanged

Cleared to 0

Setto 1

Set/cleared according to the result
Previously saved value is restored
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21.2 Operation List

Mnemonic Operands Byte | Clock Operation Flag
Z ACCY
MOV r, #byte 3 6 r < byte
saddr, #byte 3 6 (saddr) « byte
sfr, #byte 3 6 sfr « byte
Ar Note1 2 4 Acr
r, A Note 2 4 reA
A, saddr 2 4 A « (saddr)
saddr, A 2 4 (saddr) « A
A, sfr 2 4 A « sfr
sfr, A 2 4 sfr— A
A, laddr16 3 8 A « (addr16)
laddr16, A 3 8 (addr16) « A
PSW, #byte 3 6 PSW « byte X X X
A, PSW 2 4 A« PSW
PSW, A 2 4 PSW « A X X X
A, [DE] 1 6 A « (DE)
[DE], A 1 6 (DE) « A
A, [HL] 1 6 A« (HL)
[HL], A 1 6 (HL) « A
A, [HL+byte] 2 6 A « (HL + byte)
[HL+byte], A 2 6 (HL + byte) « A
XCH A, X 1 4 Ao X
Ar Note2 2 6 Ao
A, saddr 2 6 A < (saddr)
A, sfr 2 6 A & sfr
A, [DE] 1 8 A & (DE)
A, [HL] 1 8 A« (HL)
A, [HL+byte] 2 8 A & (HL + byte)

Notes 1. Exceptr=A.
2. Exceptr=A, X.

Remark One instruction clock cycle is one CPU clock cycle (fcru) selected by the processor clock control
register (PCC).
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Mnemonic Operands Byte | Clock Operation Flag
Z ACCY

MOVW rp, #word 3 6 rp < word
AX, saddrp 2 6 AX « (saddrp)
saddrp, AX 2 8 (saddrp) « AX
AX, rp note 1 4 AX <« p
rp, AX Note 1 4 rp « AX

XCHW AX, rp ote 1 8 AX & 1p

ADD A, #byte 2 4 A, CY « A + byte X X X
saddr, #byte 3 6 (saddr), CY « (saddr) + byte X X X
Ar 2 4 ACY«—A+r X X X
A, saddr 2 4 A, CY « A + (saddr) X X X
A, laddr16 3 8 A, CY « A + (addr16) X X X
A, [HL] 1 6 A, CY « A+ (HL) X X X
A, [HL+byte] 2 6 A, CY « A + (HL + byte) X X X

ADDC A, #byte 2 4 A, CY « A + byte + CY X X X
saddr, #byte 3 6 (saddr), CY « (saddr) + byte + CY X X X
Ar 2 4 A,CY —~A+r+CY X X X
A, saddr 2 4 A, CY « A + (saddr) + CY X X X
A, laddr16 3 8 A, CY « A + (addr16) + CY X X X
A, [HL] 1 6 A, CY « A+ (HL) + CY X X X
A, [HL+byte] 2 6 A, CY « A+ (HL + byte) + CY X X X

SuUB A, #byte 2 4 A, CY « A —byte X X X
saddr, #byte 3 6 (saddr), CY « (saddr) — byte X X X
Ar 2 4 ACY«—A-r X X X
A, saddr 2 4 A, CY « A — (saddr) X X X
A, laddr16 3 8 A, CY « A — (addr16) X X X
A, [HL] 1 6 A, CY « A—(HL) X X X
A, [HL+byte] 2 6 A, CY « A - (HL + byte) X X X

Note Only when rp = BC, DE, or HL.

Remark One instruction clock cycle is one CPU clock cycle (fcru) selected by the processor clock control
register (PCC).
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Mnemonic Operands Byte | Clock Operation Flag
Z ACCY
SUBC A, #byte 2 4 A, CY « A -byte - CY X X X
saddr, #byte 3 6 (saddr), CY « (saddr) — byte - CY X X X
Ar 2 4 A CY«—A-r-CY X X X
A, saddr 2 4 A, CY « A —(saddr) - CY X X X
A, laddr16 3 8 A, CY « A — (addr16) - CY X X X
A, [HL] 1 6 A, CY <« A-(HL) -CY X X X
A, [HL+byte] 2 6 A, CY « A - (HL + byte) - CY X X X
AND A, #byte 2 4 A <« A A byte X
saddr, #byte 3 6 (saddr) « (saddr) A byte X
Ar 2 4 A—AAnr X
A, saddr 2 4 A < A A (saddr) X
A, laddr16 3 8 A < A A (addr16) X
A, [HL] 1 6 A« AA(HL) X
A, [HL+byte] 2 6 A < A A (HL + byte) X
OR A, #byte 2 4 A« A v byte X
saddr, #byte 3 6 (saddr) « (saddr) v byte X
Ar 2 4 A—Avr X
A, saddr 2 4 A« A v (saddr) X
A, laddr16 3 8 A < A v (addr16) X
A, [HL] 1 6 A« Av (HL) X
A, [HL+byte] 2 6 A« A v (HL + byte) X
XOR A, #byte 2 4 A «— AV byte X
saddr, #byte 3 6 (saddr) « (saddr) ¥ byte X
Ar 2 4 A—AVr X
A, saddr 2 4 A < AV (saddr) X
A, laddr16 3 8 A « A ¥ (addr16) X
A, [HL] 1 6 A« A¥ (HL) X
A, [HL+byte] 2 6 A« AV (HL + byte) X

Remark One instruction clock cycle is one CPU clock cycle (fcru) selected by the processor clock control
register (PCC).
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Mnemonic Operands Byte | Clock Operation Flag
Z ACCY
CMP A, #byte 2 4 A — byte X X X
saddr, #byte 3 6 (saddr) — byte X X X
Ar 2 4 A-r X X X
A, saddr 2 4 A — (saddr) X X X
A, laddr16 3 8 A — (addr16) X X X
A, [HL] 1 6 A - (HL) X X X
A, [HL+byte] 2 6 A — (HL + byte) X X X
ADDW AX, #word 3 6 AX, CY « AX + word X X X
SuBwW AX, #word 3 6 AX, CY « AX — word X X X
CMPW AX, #word 3 6 AX — word X X X
INC r 2 4 rer+1 X X
saddr 2 4 (saddr) « (saddr) + 1 X X
DEC r 2 4 rer-1 X X
saddr 2 4 (saddr) « (saddr) — 1 X X
INCW p 1 4 pe«rp+1
DECW p 1 4 m«rp-1
ROR A1 1 2 (CY, A7 < Ao, Am-1 « Am) x 1 X
ROL A1 1 2 (CY, Ao « A7, Am+1 < Am) X 1 X
RORC A1 1 2 (CY < Ao, A7 < CY, Am-1 < Am) x 1 X
ROLC A1 1 2 (CY « A7, Ao < CY, Ams1 < Am) x 1 X
SET1 saddr.bit 3 6 (saddr.bit) « 1
sfr.bit 3 6 sfr.bit « 1
A.bit 2 4 A.bit « 1
PSW.bit 3 6 PSW.bit « 1 X X X
[HL].bit 2 10 (HL).bit « 1
CLR1 saddr.bit 3 6 (saddr.bit) « 0
sfr.bit 3 6 sfr.bit < 0
A.bit 2 4 A.bit < 0
PSW.bit 3 6 PSW.bit < 0 X X X
[HL].bit 2 10 (HL).bit < 0
SET1 cY 1 2 CY «1 1
CLR1 (03% 1 2 CY«O0 0
NOT1 cY 1 2 |cyecy X

Remark One instruction clock cycle is one CPU clock cycle (fcru) selected by the processor clock control
register (PCC).
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Mnemonic Operands Byte | Clock Operation Flag
Z ACCY
CALL laddr16 3 6 (SP —1) « (PC + 3)H, (SP - 2) « (PC + 3),
PC « addr16, SP « SP -2
CALLT [addr5] 1 8 (SP = 1) « (PC + 1)n, (SP — 2) « (PC + 1),
PCH « (00000000, addr5 + 1),
PCL « (00000000, addr5), SP «— SP —2
RET 1 6 PCH < (SP + 1), PCL < (SP), SP « SP + 2
RETI 1 8 PCH « (SP + 1), PCL« (SP), R R R
PSW « (SP +2), SP « SP + 3, NMIS « 0
PUSH PSW 1 2 (SP —1) « PSW, SP « SP -1
p 1 4 (SP—1) < rpH, (SP—2) < rp,, SP « SP -2
POP PSW 1 4 PSW « (SP), SP « SP +1 R R R
p 1 6 rpH < (SP + 1), rpL «— (SP), SP « SP + 2
MOVW SP, AX 2 8 SP « AX
AX, SP 2 6 AX « SP
BR laddr16 3 6 PC « addr16
$addri6 2 6 PC « PC + 2 + jdisp8
AX 1 6 PCH « A, PCL« X
BC $saddr16 2 6 PC « PC + 2 + jdisp8 if CY = 1
BNC $saddr16 2 6 PC « PC + 2 +jdisp8if CY =0
BZ $saddr16 2 6 PC « PC +2 +jdisp8ifZ=1
BNZ $saddr16 2 6 PC « PC + 2 +jdisp8if Z=0
BT saddr.bit, $addr16 4 10 PC « PC + 4 + jdisp8 if (saddr.bit) = 1
sfr.bit, $addr16 4 10 PC « PC + 4 + jdisp8 if sfr.bit = 1
A.bit, $addr16 3 8 PC « PC + 3 + jdisp8 if A.bit =1
PSW.bit, $addr16 4 10 PC « PC + 4 + jdisp8 if PSW.bit = 1
BF saddr.bit, $addr16 4 10 PC « PC + 4 + jdisp8 if (saddr.bit) = 0
sfr.bit, $addr16 4 10 PC « PC + 4 + jdisp8 if sfr.bit =0
A.bit, $addr16 3 8 PC « PC + 3 + jdisp8 if A.bit=0
PSW.bit, $addr16 4 10 PC « PC + 4 + jdisp8 if PSW.bit = 0
DBNZ B, $addr16 2 6 B« B -1,then PC « PC + 2 + jdisp8if B= 0
C, $addr16 2 6 C«C-1,thenPC« PC +2 +jdisp8if C#0
saddr, $addr16 3 8 (saddr) « (saddr) — 1, then
PC « PC + 3 + jdisp8 if (saddr) # 0
NOP 1 2 No Operation
El 3 6 IE « 1 (Enable interrupt)
DI 3 6 |IE « 0 (Disable interrupt)
HALT 1 2 Set HALT mode
STOP 1 2 Set STOP mode

Remark One instruction clock cycle is one CPU clock cycle (fcru) selected by the processor clock control
register (PCC).
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21.3 Instructions Listed by Addressing Type

(1) 8-bit instructions
MOV, XCH, ADD, ADDC, SUB, SUBC, AND, OR, XOR, CMP, INC, DEC, ROR, ROL, RORC, ROLC, PUSH,

POP, DBNZ
2nd Operand | #byte A r sfr saddr |laddri6| PSW [DE] [HL] [ [HL+byte] | $addr16 1 None
1st Operand
A ADD MOV™* [ MOV MOV MOV MOV MOV MOV MOV ROR
ADDC XCH"™* [ XCH XCH XCH XCH XCH ROL
suB ADD ADD ADD ADD ADD RORC
SUBC ADDC ADDC | ADDC ADDC | ADDC ROLC
AND SuUB SUB SuUB SuB SuB
OR SUBC SUBC |SUBC SUBC |SUBC
XOR AND AND AND AND AND
CMP OR OR OR OR OR
XOR XOR XOR XOR XOR
CMP CMP CMP CMP CMP
r MOV [ MOV INC
DEC
B, C DBNZ
sfr MOV [ MOV
saddr MOV | MOV DBNZ INC
ADD DEC
ADDC
SuB
SUBC
AND
OR
XOR
CMP
laddr16 MOV
PSW MOV MOV PUSH
POP
[DE] MOV
[HL] MOV
[HL+byte] MOV

Note Exceptr=A.
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(2) 16-bit instructions
MOVW, XCHW, ADDW, SUBW, CMPW, PUSH, POP, INCW, DECW

2nd Operand #word AX rp* saddrp SP None
1st Operand
AX ADDW MOVW MOVW MOVW
SUBW XCHW
CMPW
rp MOVW MOvVw"*® INCW
DECW
PUSH
POP
saddrp MOVW
SP MOVW

Note Only when rp = BC, DE, or HL.

(3) Bit manipulation instructions
SET1, CLR1, NOT1, BT, BF

2nd Operand $addr16 None

1st Operand
A.bit BT SET1
BF CLR1
sfr.bit BT SET1
BF CLR1
saddr.bit BT SET1
BF CLR1
PSW.bit BT SET1
BF CLR1
[HL].bit SET1
CLR1
cY SET1
CLR1
NOT1
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(4) Call instructions/branch instructions
CALL, CALLT, BR, BC, BNC, BZ, BNZ, DBNZ

2nd Operand AX laddr16 [addr5] $addr16
1st Operand

Basic Instructions BR CALL CALLT BR
BR BC
BNC
Bz
BNz

Compound Instructions DBNZ

(5) Other instructions
RET, RETI, NOP, El, DI, HALT, STOP
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The following values are target specifications (target values) only, and may not be satisfied in mass-produced
products.

Absolute Maximum Ratings (Ta = 25°C)

Parameter Symbol Conditions Ratings Unit
Power supply voltage Vop -0.3t0 +4.6 \
Input voltage Vit —0.3to Voo + 0.3 \
Output voltage Vo1 Other than below —0.3to Voo + 0.3 \
Voz LCDO to LCD95, CAPO to CAP3, VLco to VLca -0.3t0 +6.5 \

Output current, high lon 1 pin -10 mA

TO40 —24 mA

Total for all pins -30 mA

Output current, low loL 1 pin 30 mA

Total for all pins 90 mA

Operating ambient temperature | Ta During normal operation —40 to +85 °C
During flash memory programming 10to 40 °C

Storage temperature Tstg Mask ROM version —65 to +150 °C
uPD78F9835 —-40 to +125 °C

Caution Product quality may suffer if the absolute maximum rating is exceeded even momentarily for
any parameter. That is, the absolute maximum ratings are rated values at which the product is
on the verge of suffering physical damage, and therefore the product must be used under
conditions that ensure that the absolute maximum ratings are not exceeded.

Remark Unless otherwise specified, the characteristics of alternate-function pins are the same as those of port
pins.
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Main System Clock Oscillator Characteristics
(Ta =-40 to +85°C, Vop = 1.8 to 3.6 V, (Mask ROM Version), Voo = 3.0 to 3.6 V (uPD78F9835))

Resonator | Recommended Circuit Parameter Conditions MIN. TYP. MAX. Unit
Ceramic Lic_xi X2‘ Oscillation frequency (fx)"*" 1.0 5.0 MHz
|
resonator | D ! Oscillation stabilization After Vop reaches 4 ms
"lc1= c2= ! time"*** oscillation voltage
|
P el range MIN.
7
Crystal Lic x1  x2 ‘ Oscillation frequency™™’ 1.0 5.0 MHz
|
resonator | [l ! Oscillation stabilization 10 ms
e Co | timenmez
7
RC |£L1 CL2 Oscillation frequency (fcc) 0.4 2.0 MHz
resonator ' ! Oscillation stabilization After Voo reaches 10 us
| ! time"*** oscillation voltage
:_" ________ X range MIN.
777
External X1 X2 X1 input frequency (fx)"*’ 1.0 5.0 MHz
clock X1 input high-/low-level 85 500 ns
width (txH, txi)
CL1 CL2 CL1 input frequency (fcc)"™" 1.0 5.0 MHz
CL1 input high-/low-level 85 500 ns
width (txH, txi)

Notes 1. Indicates only oscillator characteristics. Refer to AC Characteristics for instruction execution time.
2. Time required to stabilize oscillation after reset or STOP mode release.

Cautions 1. When using the main system clock oscillator, wire as follows in the area enclosed by the
broken lines in the above figures to avoid an adverse effect from wiring capacitance.

o Keep the wiring length as short as possible.

¢ Do not cross the wiring with the other signal lines.

¢ Do not route the wiring near a signal line through which a high fluctuating current flows.
* Always make the ground point of the oscillator capacitor the same potential as Vss.

* Do not ground the capacitor to a ground pattern through which a high current flows.

Do not fetch signals from the oscillator.

n

When the main system clock is stopped and the device is operating on the subsystem
clock, wait until the oscillation stabilization time has been secured by the program before
switching back to the main system clock.

Remark For the resonator selection and oscillator constant, customers are required to either evaluate the
oscillation themselves or apply to the resonator manufacturer for evaluation.
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Subsystem Clock Oscillator Characteristics
(Ta =-40 to +85°C, Vop = 1.8 to 3.6 V (Mask ROM Version), Voo = 3.0 to 3.6 V (uPD78F9835))

Resonator | Recommended Circuit Parameter Conditions MIN. TYP. MAX. Unit
Crystal |_|C XT1 XTZ‘ Oscillation frequency 32 32.768 35 kHz
|
resonator ! D ! (fxr)ee?
' c3= C4=, Oscillation stabilization 10 s
|
L‘é{,‘ time"°?
7
External XT1 XT2 XT1 input frequency 32 35 kHz
clock (fxr)ee?
XT1 input high-/low-level 14.3 15.6 us
width (txtH, txTL)
Notes 1. Indicates only oscillator characteristics. Refer to AC Characteristics for instruction execution time.

2. Time required to stabilize oscillation after Vop reaches oscillation voltage range MIN.

Cautions 1. When using the subsystem clock oscillator, wire as follows in the area enclosed by the

broken lines in the above figure to avoid an adverse effect from wiring capacitance.

o Keep the wiring length as short as possible.

¢ Do not cross the wiring with the other signal lines.

¢ Do not route the wiring near a signal line through which a high fluctuating current flows.
o Always make the ground point of the oscillator capacitor the same potential as Vss.

* Do not ground the capacitor to a ground pattern through which a high current flows.

o Do not fetch signals from the oscillator.

2. The subsystem clock oscillator is designed as a low-amplitude circuit for reducing current
consumption, and is more prone to malfunction due to noise than the main system clock
oscillator. Particular care is therefore required with the wiring method when the subsystem
clock is used.

Remark For the resonator selection and oscillator constant, customers are required to either evaluate the
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DC Characteristics (1/2)
(Ta =-40 to +85°C, Vop = 1.8 to 3.6 V (Mask ROM Version), Voo = 3.0 to 3.6 V (uPD78F9835))

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Qutput current, low loL 1 pin 10 mA
All pins 80 mA
P30/SG0, P34/SG4 (when |OEO0 =1, OEn=0 3 mA
buzzer mode 2 is selected) [ (n =1, 2, 3)
VoL = Vss OE1=1,0En=0 15 mA
(n=0,2,3)
OE2=1,0En=0 0.75 mA
(n=0,1,3)
OE3=1,0En=0 0.38 mA
(n=0,1,2)
Output current, high lon 1 pin -1 mA
TO40/P27 Von=1.0V, -7 -15 -24 mA
Voo =3.0V
All pins -15 mA
P30/SGO, P34/SG4 (when |OE0O =1, OEn=0 -3.0 mA
buzzer mode 2 is selected) [ (n =1, 2, 3)
Vori = Voo OE1=1,0En=0 -15 mA
(n=0,2,73)
OE2=1,0En=0 -0.75 mA
(n=0,1,3)
OE3=1,0En=0 —-0.38 mA
(n=0,1,2)
Input voltage, high ViH1 P00 to P07, P10, P11, P21, P25, P27, P30 to 0.7Vop Voo Vv
P37, P60 to P62, P80 to P87
ViHz RESET, P20, P22 to P24, P26 0.8Vop Voo Vv
ViHs X1 (CL1), X2 (CL2) Vob - 0.1 Vob Y
ViH4 XT1, XT2 Von — 0.1 Von \'
Input voltage, low ViL P00 to P07, P10, P11, P21, P25, P27, P30 to 0 0.3Vop Vv
P37, P60 to P62, P80 to P87
Vi RESET, P20, P22 to P24, P26 0 0.2Vop \Y
Vis X1 (CL1), X2 (CL2) 0 0.1 \
ViLa XT1, XT2 0 0.1 Vv
Output voltage, high Vo lon = -1 mA Voo —1.0 Vv
P00 to P07, P10, P11, P20 to P27, P30 to P37
Output voltage, low VoL lo. =10 mA 1.0 Vv
P00 to P07, P10, P11, P20 to P27, P30 to P37

Remarks 1. Unless otherwise specified, the characteristics of alternate-function pins are the same as those of
port pins.
2. Pin names enclosed in parentheses are for RC oscillation.

Preliminary User's Manual U15559EJ1V1UD 299



CHAPTER 22 ELECTRICAL SPECIFICATIONS (TARGET)

DC Characteristics (2/2)

(Ta =-40 to +85°C, Vop = 1.8 to 3.6 V (Mask ROM Version), Vob = 3.0 to 3.6 V (uPD78F9835))

Parameter Symbol Conditions MIN. | TYP. | MAX. | Unit
Input leakage current, high | luiH1 Vin = Vob Other than X1 (CL1), X2 3 UA
(CL2), XT1, XT2
ILiHe X1 (CL1), X2 (CL2) 20 UA
ILins Vin = VoH XT1, XT2 3 UA
Input leakage current, low Iuiet Vn=0V Other than X1 (CL1), X2 -3 UA
(CL2), XT1, XT2
Iz X1 (CL1), X2 (CL2), XT1, —20 HA
XT2
Output leakage current, high | ILon Vour = Vb 3 UA
Output leakage current, low | lou Vour=0V -3 LA
Regulator voltage VrouTo | Mask ROM version 1.4
uPD78F9835 VbD Vv
Software pull-up resistor R1 Vn=0V P00 to P07, P10, P11, 50 100 200 kQ
P20 to P27, P30 to P37
Power supply current"" Iop1 5.0 MHz crystal oscillation PCC = 00H 3.0 mA
(mask ROM version) operation mode PCC = 02H 20 mA
Ibp2 5.0 MHz crystal oscillation 1.5 mA
HALT mode
Iops 32.768 kHz crystal oscillation | VAON20 = 1 15 LA
operation mode™™*? VAON20 = 0 10 A
Iopa STOP mode When POC is operating 3.0 UA
When POC is stopped 1.0 LA
Iops 5.0 MHz crystal oscillation PCC = 00H 6.5 mA
A/D operation mode PCC = 02H 5.5 mA
Power supply current"™" IpD1 5.0 MHz crystal oscillation PCC = 00H 35 mA
(uPD78F9835) operation mode PCC = 02H o5 mA
Iop2 5.0 MHz crystal oscillation 2.0 mA
HALT mode
Iops 32.768 kHz crystal oscillation 300 LA
operation mode™™*?
Iopa STOP mode 20 UA
Iops 5.0 MHz crystal oscillation PCC = 00H 7.5 mA
A/D operation mode PCC = 02H 6.5 mA
Notes 1. The port current (including the current that flows to the on-chip pull-up resistors) is not included.

2. When the main system clock is stopped.

Remark Unless otherwise specified, the characteristics of alternate-function pins are the same as those of port

pins.
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CHAPTER 22 ELECTRICAL SPECIFICATIONS (TARGET)

AC Characteristics

(1) Basic operation
(Ta =-40 to +85°C, Vop = 1.8 to 3.6 V (mask ROM version), Voo = 3.0 to 3.6 V (uPD78F9835))

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Cycle time (minimum Tey Operating with main Crystal oscillation 0.4 8.0 us
instruction execution system clock RC oscillation 10 20 us
time)
Operating with subsystem clock 114 122 125 us
TI80 input frequency fr 0 4 MHz
TI80 input high-/low- triH, 0.1 us
level width tri
Interrupt input high- tINTH, INTPO, INTP1 10 us
/low-level width tinTL
Key return input low- tkRL KRO0O0 to KR0O7 10 us
level width
RESET low-level width | trsL 10 us
Tcy vs. Vob (Main system clock: ceramic/crystal oscillation)
(a) Mask ROM version (b) uPD78F9835
60 60
20 20
10 10
@ @
= =
5 5
= =
[0] ()
£ Guaranteed S — Guarart\teed
> 20 operation - 20 operation
3 prange 2 4 range
9 3
1.0 1.0
0.5 0.5
0.4 0.4
0.1 0.1
1 2 3 4 5 6 2 3 4 5 6
Supply voltage Voo (V) Supply voltage Voo (V)
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(2) Serial interface (UARTO00)
(Ta =-40 to +85°C, Vop = 1.8 to 3.6 V (mask ROM version), Voo = 3.0 to 3.6 V (uPD78F9835))

Dedicated baud rate generator output

Parameter Symbol Conditions MIN. TYP. MAX. Unit

Transfer rate When fx = 5.0 MHz selected 115200 bps

(3) Serial interface (SI010)
(Ta =-40 to +85°C, Vop = 1.8 to 3.6 V (mask ROM version), Voo = 3.0 to 3.6 V (uPD78F9835))

(a) 3-wire serial /O mode (internal clock output)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
SCK10 cycle time tkevi Voo =2.71t03.6V 800 ns
Voo=1.81t03.6V 3200 ns

SCK10 high-/low-level | tk, Vop=2.7t03.6V ton/2-50 ns
width s Voo = 1.810 3.6 V ben2-150 ns
SI10 setup time tsiki Vop=2.71t03.6V 150 ns
(to SCK10T) Voo = 1.810 3.6 V 500 ns
S0 hMe tKsi Vop=271t03.6V 400 ns
(from SCK10T) Voo =1.8103.6 V 600 ns
SO10 output delay time | tkso1 R=1kQ,C=100pF* |Vop=2.71t03.6V 0 250 ns
from SCK10} Voo =1.8103.6 V 0 1000 ns

Note R and C are the load resistance and load capacitance of the SO10 output line.

(b) 3-wire serial /0 mode (external clock input)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
SCK10 cycle time tkevz Vop=271t03.6V 800 ns
Voo =1.8103.6 V 3200 ns

SCK10 high-/low-level | tw, Vop=2.7103.6 V 400 ns
width ez Voo = 1.810 3.6 V 1600 ns
SI10 setup time tsik2 Vop=2.7t03.6 V 100 ns
(to SCK10T) Voo =1.8103.6 V 150 ns
SI10 hold time tisiz Vop =2.710 3.6 V 400 ns
(from SCK10T) Voo =1.8103.6 V 600 ns
SO10 output delay time | tkso2 R=1kQ,C=100pF*® [Vop=27t03.6V 0 300 ns
from SCK10! Voo = 1.810 3.6 V 0 1000 ns

Note R and C are the load resistance and load capacitance of the SO10 output line.
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AC Timing Test Points (Excluding X1 and XT1 Inputs)

0.8Vop 0.8Vop
> Test points <
0.2Vop 0.2Vop

Clock Timing
1/fx
txe || txn |
Vinz (MIN.)
X1 (CL1) input
N K Vi (MAX.)
1/fx
txTL || txTH |
\ Vina (MIN.)
XT1 input
N K Ve (MAX)
TI80 Timing
1/fn |
tre [ | trim |
TI80 \
\
Interrupt Input Timing
tINTL [ tINTH
INTPO, INTP1
Key Return Input Timing
| tkRL |

KROO to KRO7
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RESET Input Timing

Serial Transfer Timing

3-wire serial I/O mode:

SCK10

S0

SO10

Remark m=1,2

304

RESET

tRsL

tkcym
tkem | tkHm |
\ /
N \
tsikm tksim
{ Input data }
tksom

Output data X
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CHAPTER 22 ELECTRICAL SPECIFICATIONS (TARGET)

LCD Characteristics
(Ta =-40 to +85°C, Vop = 1.8 to 3.6 V (Mask ROM Version), Voo = 3.0 to 3.6 V (uPD78F9835))

Parameter Symbol Conditions MIN. TYP. MAX. Unit

LCD output voltage Vobc lo =45 uA 0 +0.2 \
differential (common)

LCD output voltage Vobs lo =45 uA 0 +0.2 \
differential (segment)

Boost voltage set time B C = 0.47 uF, after LIPS20 is set 300 ms

LCD voltage VLco VLCDO0O = 00H 4.0 \

VLCDOO = 01H 4.1 Vv

VLCDOO = 02H 4.2 \"

VLCDOO = 03H 4.3 Vv

VLCDOO = 04H 4.4 \"

VLCDOO = 05H 4.5 Vv

VLCDO0O0 = 06H 4.6 \"

VLCDOO0 = 07H 4.7 Vv

VLCDO0O = 08H 4.8 \"

VLCDOO = 09H 4.9 Vv

VLCDO0O = 0AH 5.0 \"

VLCDO0O = 0BH 5.1 \"

VLCDOO0 = 0CH 5.2 \Y

VLCDOO = ODH 5.3 Vv

VLCDO0O0 = OEH 5.4 Vv

VLCDOO = OFH 5.5 Vv

Vict 4/5 VLco \

Vicz 3/5 ViLco \

Vics 2/5 VLco \

Vics 1/5 VLco \

Segment output voltage | Vobps Output level = ViLco VLco \

Output level = Vic2 3/5 Vico \

Qutput level = ViLcs 2/5 VLco \Y

Common signal output Vobc Qutput level = VLco VLco \Y

Output level = ViLct 4/5 Vico \

Qutput level = ViLcs 1/5 VLco \Y

8-Bit A/D Converter Characteristics
(Ta =-40 to +85°C, 2.2 V < Vop < 3.6 V (Mask ROM Version), 3.0 V < Vob < 3.6 V (uPD78F9835))

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Resolution 8 8 8 bit
Overall error*™ 1.5 LSB
Conversion time tconv 14 us
Analog input voltage ViaN 0 VbD Vv

Note Excludes quantization error (x1/2 LSB).
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Data Memory STOP Mode Low Supply Voltage Data Retention Characteristics
(Ta=-40 to +85°C, Voo = 1.8 to 3.6 V (Mask ROM Version), 3.0 V < Voo < 3.6 V (uPD78F9835))

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Data retention power VoobR 1.8 3.6 Y
supply voltage
Release signal set time tsREL 0 us
Oscillation stabilization twair Release by RESET Ceramic/crystal 2"/ s
wait time"*®’ oscillation
RC oscillation 2"ffce s
Release by interrupt | Ceramic/crystal Note 2 s
oscillation
RC oscillation 2"ffce s

Notes 1. Use a resonator whose oscillation stabilizes within the oscillation stabilization wait time.
2. Selection of 2%/fx, 2"%/fx, or 2"/fx is possible with bits 0 to 2 (OSTS0 to OSTS2) of the oscillation
stabilization time selection register (OSTS). For details, see 18.1.2 Registers controlling standby
function.

Remarks 1. fx: Main system clock oscillation frequency (ceramic/crystal oscillation)
2. fcc: Main system clock oscillation frequency (RC oscillation)

Data Retention Timing (STOP Mode Release by RESET)

Internal reset operation
! HALT mode

5§ STOP mode e : Operation mode

~——— Data retention mode ————

VoDDR tsReEL

STOP instruction execution

RESET ) \ /l

twair
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Data Retention Timing (Standby Release Signal: STOP Mode Release by Interrupt Request Signal)

HALT mode
4§ STOP mode : Operation mode
Data retention mode ————

5§

Vop
VbDDR tsReEL
STOP instruction execution
) /

Standby release signal
(interrupt request)

5

twair

Flash Memory Writing and Erasing Characteristics (Ta = 10 to 40°C, Voo = 3.0 to 3.6 V) (uPD78F9835 only)

Parameter Symbol Conditions MIN. TYP. MAX. Unit

Write/erase operating frequency fx 3.0V<Vp<36V 1.0 5 MHz

Note

loow When Ver supply voltage = Vre1 7 mA
(at 5.0 MHz operation)

Write current (Voo pin)

Note

Write current (Vee pin) lpPw When Vrr supply voltage = Vee1 13 mA

Note

lope When Vrr supply voltage = Vee1 7 mA
(at 5.0 MHz operation)

Erase current (Vop pin)

Erase current (Vep pin)" Ippe When Vee supply voltage = Vep1 100 mA
Unit erase time ter 0.5 1 1 s
Total erase time tera 20 s
Number of overwrites Erase and write is considered as 1 20 Times
cycle
Vpe supply voltage Vero During normal operation 0 0.2Vop
Vpp1 During flash memory programming 9.7 10.0 10.3

Note Excludes current flowing through ports (including on-chip pull-up resistors)
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CHAPTER 23 PACKAGE DRAWING

144-PIN PLASTIC LQFP (FINE PITCH) (20x20)

A
B
AAAAAAAAAAARRAAAAAAAAARAAAAAAAAAAAAR
108 73
109 FA=S
= e |
| e |
| e |
| e |
| e |
| e |
| e |
= =5 detail of lead end
| e |
| e |
= == -S
| e |
| = e | T
= + &= C D
| e |
= = S E—
| e |
= = R
= =5 -Q
= ==
= ==
= @) ==
= e |
3 144 KY==
1 36,
e HHHH HHHHHHHHHHHHHHHHHHHHHHHH%
G~ H
—P #*K
| — = - ; =
=] N [8] L=
Mi
NOTE
ITEM MILLIMETERS
Each lead centerline is located within 0.08 mm of A 22.0+0.2
its true position (T.P.) at maximum material condition. B 20.0+0.2
¢ 20.0+0.2
D 22.040.2
F 1.25
G 1.25
H 0.22+0.05
| 0.08
J 0.5 (T.P.)
K 1.0£0.2
L 0.5+0.2
Mo 0177883
N 0.08
P 1.4
Q 0.10+0.05
o+4°
R 3 f3°
S 1.5£0.1

S$144GJ-50-UEN
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APPENDIX A DEVELOPMENT TOOLS

The following development tools are available for development of systems using the yuPD789835 Subseries.
Figure A-1 shows the development tools.

® Support of PC98-NX Series
Unless specified otherwise, products supported by IBM PC/AT™ compatibles can be used in the PC98-NX
Series. When using the PC98-NX Series, refer to the explanation of IBM PC/AT compatibles.

® Windows
Unless specified otherwise, "Windows" indicates the following operating systems.
e Windows 3.1
¢ Windows 95, 98, 2000
e Windows NT™ Ver.4.0
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Figure A-1. Development Tools
e Software package '========cccccmmmm e e e mmma

* Software package

Language processing software Software for debugging
o Assemb_ler package ¢ Integrated debugger
* C compiler package * System simulator

* Device file
* C compiler source fileN°te !

Control software

* Project manager
(Windows version only)Nete2

Host machine
(PC or EWS)

Interface adapter

Power supply unit

Flash memory writing tools

In-circuit emulator

Flash programmer

Flash memory
writing adapter

Flash memory

Emulation board

Emulation probe

Conversion socket or
E conversion adapter

Target system

Notes 1. The C compiler source file is not included in the software package.
2. The project manager is included in the assembler package. The project manager is used only for
Windows.
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A.1 Software Package

SP78KO0S Software package Various software tools for 78K/0S Series development are integrated into one package.
The following tools are included.
RA78K0S, CC78K0S, ID78K0-NS, SM78K0S, various device files

Part number: uSxxxxSP78K0S

Remark xxxxin the part number differs depending on the operating system to be used.

USxxxxSP78K0S
XXXX Host Machine (O] Supply Medium
AB17 PC-9800 series, IBM PC/AT Japanese Windows CD-ROM
BR{7 | compatibles English Windows

A.2 Language Processing Software

RA78K0S Program that converts program written in mnemonic into object codes that can be executed
Assembler package by microcontroller.

In addition, automatic functions to generate symbol tables and optimize branch instructions
are also provided.

Used in combination with a device file (DF789835) (sold separately).

<Caution when used in PC environment>

The assembler package is a DOS-based application but may be used in the Windows
environment by using the Project Manager of Windows (included in the assembler package).

Part number: uSxxxxRA78K0S

CC78K0S Program that converts program written in C language into object codes that can be

C compiler package executed by microcontroller.

Used in combination with an assembler package (RA78K0S) and device file (DF789835)
(both sold separately).

<Caution when used in PC environment>

The C compiler package is a DOS-based application but may be used in the Windows
environment by using the Project Manager of Windows (included in the assembler package).

Part number: uSxxxxCC78K0S

DF789835""" File containing the information specific to the device.
Device file Used in combination with the RA78K0S, CC78K0S, ID78K0S-NS, and SM78K0S (sold
separately).

Part number: uSxxxxDF789835

CC78K0S-L"*? Source file of functions for generating object library included in C compiler package.

C compiler source file Necessary for changing object library included in C compiler package according to
customer’s specifications. Since this is a source file, its working environment does not
depend on any particular operating system.

Part number: uSxxxxCC78K0S-L

Notes 1. DF789835 is a file that can be used commonly with the RA78K0S, CC78K0S, ID78K0S-NS, and
SM78K0S.
2. CC78KO0S-L is not included in the software package (SP78K0S).
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Remark xxxx in the part number differs depending on the host machine and operating system to be used.

USxxxxRA78K0S
USxxxxCC78K0S
XXXX Host Machine oS Supply Medium
AB13 PC-9800 series, IBM PC/AT Japanese Windows 3.5"2HD FD
BR{3 | compatibles English Windows
AB17 Japanese Windows CD-ROM
BB17 English Windows
3P17 HP9000 series 700™ HP-UX™ (Rel.10.10)
3K17 SPARCstation™ SunOS™ (Rel.4.1.1),
Solaris™ (Rel.2.5.1)
USxxxxDF789835

USxxxxCC78K0S-L

XXXX Host Machine (OS] Supply Medium
AB13 PC-9800 series, IBM PC/AT Japanese Windows 3.5"2HD FD
BB{3 | compatibles English Windows
3P16 HP9000 series 700 HP-UX (Rel.10.10) DAT
3K13 SPARCstation SunOS (Rel.4.1.1), 3.5"2HD FD
3K15 Solaris (Rel.2.5.1) 1/4" CGMT

A.3 Control Software

Project manager

<Caution>

Control software designed so that the user program can be efficiently developed in the
Windows environment. A series of jobs for user program development including starting the
editor, building, and starting the debugger, can be executed on the project manager.

The project manager is included in the assembler package (RA78K0S). It cannot be used in
an environment other than Windows.
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A.4 Flash Memory Writing Tools

Flashpro 11l

(Part No. FL-PR3, PG-FP3)
Flashpro IV

(Part No. FL-PR4, PG-FP4)
Flash programmer

Dedicated flash programmer for microcontrollers incorporating flash memory

FA-144GJ-UEN
Flash memory writing adapter

Adapter for writing to flash memory and connected to Flashpro II.
FA-144GJ-UEN: for 144-pin plastic LQFP (GJ-UEN type)

Remark The FL-PR3, FL-PR4, and FA-144GJ-UEN are products made by Naito Densei Machida Mfg. Co., Ltd.
(TEL +81-45-475-4191).

A.5 Debugging Tools (Hardware)

|IE-78K0S-NS
In-circuit emulator

In-circuit emulator for debugging hardware and software of application system using 78K/0S
Series. Supports integrated debugger (ID78K0S-NS). Used in combination with AC adapter,
emulation probe, and interface adapter for connecting the host machine.

IE-78K0S-NS-A
In-circuit emulator

IE-78K0S-NS with added coverage function and enhanced the debug function, enhancing the
tracer and timer functions.

IE-70000-MC-PS-B
AC adapter

Adapter for supplying power from AC 100 to 240 V outlet.

IE-70000-98-IF-C
Interface adapter

Adapter necessary when using PC-9800 series PC (except notebook type) as host machine
(C bus supported)

IE-70000-CD-IF-A
PC card interface

PC card and interface cable necessary when using notebook PC as host machine (PCMCIA
socket supported)

IE-70000-PC-IF-C
Interface adapter

Interface adapter necessary when using IBM PC/AT compatible as host machine (ISA bus
supported)

IE-70000-PCI-IF-A
Interface adapter

Adapter necessary when using personal computer incorporating PCI bus as host machine

IE-789835-NS-EM1
Emulation board

Board for emulating peripheral hardware specific to device. Used in combination with in-circuit
emulator.

SWEX-144SD-1
Emulation probe

Probe for connecting in-circuit emulator and target system.
Used in combination with NQPACK144SD and YQSOCKET144SDF.

NQPACK144SD Conversion connector to connect SWEX-144SD-1 and target system board on which 144-pin
Conversion plastic LQFP (GJ-UEN type) can be mounted

connector

YQSOCKET144SDF | Conversion socket to connect SWEX-144SD-1 and target system board on which 144-pin plastic
Conversion LQFP (GJ-UEN type) can be mounted

socket

Remark The SWEX-144SD-1, NQPACK144SD and YQSOCKET144SDF are products made by TOKYO
ELETECH CORPORATION.
For further information, contact: Daimaru Kogyo, Ltd.

Tokyo Electronics Department (TEL +81-3-3820-7112)
Osaka Electronics Department (TEL +81-6-6244-6672)
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A.6 Debugging Tools (Software)

ID78K0S-NS Debugger supporting in-circuit emulators for the 78K/0S Series: |IE-78K0S-NS and IE-
Integrated debugger 78K0S-NS-A. The ID78K0S-NS is Windows-based software.

This program enhances the debugging functions for C language. Therefore, it can display
the trace results corresponding to the source program by using the window integration
function that links the source program, disassembled display, and memory display with the
trace results.

Use this program in combination with a device file (DF789835) (sold separately).

Part number: uSxxxxID78K0S-NS

SM78K0S System simulator for the 78K/0S Series. The SM78K0S is Windows-based software.
System simulator C-source-level or assembler level debugging is possible while simulating the operation of
the target system on the host machine. Using the SM78K0S enables logical and
performance verification of an application independently of the hardware development. This
enhances development efficiency and improves software quality.

Use this program in combination with a device file (DF789835) (sold separately).

Part number: uSxxxxSM78K0S

DF789835"" File containing information specific to the device.
Device file Use this file in combination with the RA78K0S, CC78K0S, ID78K0S-NS, and SM78K0S
(sold separately).

Part number: uSxxxxDF789835

Note DF789835 is a file that can be used commonly with the RA78K0S, CC78K0S, ID78K0S-NS, and
SM78K0S.

Remark xxxx in the part number differs depending on the operating system to be used and the supply medium.

USxxxxID78K0S-NS

USxxxxSM78K0S
XXXX Host Machine (OS] Supply Medium
AB13 PC-9800 series, IBM PC/AT Japanese Windows 3.5"2HD FD
BB{3 | Ccompatibles English Windows
AB17 Japanese Windows CD-ROM
BB17 English Windows
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B.1 Register Index (Alphabetic Order of Register Name)

16-bit multiplication result storage register OH (MULOH) ........ooiiiiiiiiiiie e 242
16-bit multiplication result storage register OL (MULOL) .....cooouiiiiiiiiie et e s 242
8-bit compare regisSter 30 (CRB0)........eiiuie ettt ettt sttt et e bt sae e e abe e e sae e e abeeesae e e sab e e aareesabeesareeanbeesaneesareas 123
8-bit compare register 40 (CRAD).......coo ittt e et e e et e e e s ae e e e e et e e e e s a et e e e rab e e e e e br e e e snne e e e anreeeas 123
8-bit compare register SGO (CRSGIO) ......coiiuiiiiieitii ettt ettt ettt et se e bt e she e e b et e sae e e sbe e e saeeesaneesaseesabeesaneesaneas 156
8-bit H width compare register 40 (CRHA0) ........oooueiiiiiiie et e e br e nee e e s saneee s 123
8-bit timer COUNLEr 30 (TIMB0)......uueeeuteeitie ettt ettt ettt ettt ettt e b et e s st e e sbe e e sae e e sh e e e sae e e sab e e smeeesabeesaneesabeeenneesaneas 124
8-bit imer COUNTET 40 (TIMA0)... ... eeiiiiiie e ettt e e e e e et e et e e e s e s s taeeeaeeeaaaaasaeeeaaaseassssaeeeaaeeesasssaseeaaeeesnnnns 124
8-bit timer COUNLEr 80 (TIMBO)........ueeiuieeitie ettt ettt ettt ettt ettt e bt e sae e e rbe e e sae e e sae e e sae e e sab e e sateesabeesaneesnbeeenneesareas 106
8-Dit IMEr COUNTET 81 (TIMB ). .. ittt e e s e e e e e e s et e et e e e e eaaaatbeeeeaaeeesssbaaeeaeeeesasssaseeaaeeesnnes 106
8-bit timer COUNLEr 82 (TIMB2)........eee ittt ettt ettt b et et e e sb et e she e e sa et e sae e e sab e e saseesabe e sabeesabeesaneesaneas 106
8-bit timer couNter SGO (TIMSGIO) ....ueeiieeiiiiiieiiee ettt e e e e e s e e e e e s e e e e eaeeesaaaateeeeaaeeesssntaeeeaaeseasasssneeeaaeeesannes 156
8-bit timer mode control register 30 (TMC3B0) ....cccuuieiieeriie ettt sae e sab e se e sab e sar e e sab e e saneesareas 126
8-bit timer mode control register 40 (TMCA0) .........oiiiiiiieeiet e et e s e e e et e e snte e e s saneeeas 127
8-bit timer mode control register 80 (CRB0)........cocuie ittt sab e sr e e st e sareesan e saneesaneas 107
8-bit timer mode control register 80 (TMCB0) .........euiiiiiiiiiiet ettt rab e e e sbe e e e enre e e s saneee s 107
8-bit timer mode control register 81 (CRBT) ... ..oo ittt sr e sar e san e saneas 108
8-bit timer mode control register 81 (TIMOCBT) ....o.ueiii it e e e nre e e e sareee s 108
8-bit timer mode control register 82 (CRB2)........ccuii ittt ettt r e sar e sneesaneas 109
8-bit timer mode control register 82 (TIMCB2) .........cuiiiiiiiiiiei et e e e b e e s enee e e s sareeeas 109
8-bit timer mode control register SGO (TCASGIO) .......ueeruieiiieriie ettt ettt e e sbe e sae e san e saneesaneas 157
8-bit timer mode control register SGO (TMCSGO) ........uuiiiiiiiie ettt e st e e sne e e e s sareeeas 157
[A]

A/D conversion result regiSter (ADCR) .......oiiiiiuiiiiie ettt ettt ettt st e e ae e st e e ae e sb et e nae e e areeenae e e 177
A/D converter Mode regiStEr (ADIM) .......ooiuuiii ittt e e s e e b e e e aa et e s ane e e e e bbe e e e nne e e nnees 179
A/D iNPUL SEIECTE FEGISIEN (ADS) ...uiiiiiiteiee ettt st e bt s bt e e bt e st e e e ne e st e e e ae e s abeeeaae e e nneeenneeeneee 180
Asynchronous serial interface mode register 00 (ASIMOO)........ocuueiiiiiiieieiieee e 194
Asynchronous serial interface status register 00 (ASIS00).........ccoiiiiiiierieeiee e 196
[B]

Baud rate generator control register 00 (BRGCO0)........ccoiiuuieiiiiiiee ittt sbe e sne e e s snbe e s 197
[C]

Carrier generator output control register 40 (TCAGD) ...c..ieiieiiee ettt se e san e sneesaneas 128
[E]

External interrupt mode register O (INTIMO)......ccuuiiiiiiieie ettt s e s e e e snaeeeeaas 255
[

Interrupt mask flag re@ister O (IMKOD).......c uii ettt ettt b et h e e st e e seb e e sar e e sbeeesaeeesbreesaneenaee 254
Interrupt mask flag regisSter 1 (IMKT) ... .. oot e e e e e e bt et e sabe e e s sabe e e e snreeenans 254
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Interrupt mask flag regisSter 2 (IMK2)...... ..ottt et e e st e e s b e e e abe e e e snnee e e saneeeean 254
Interrupt request flag register O (IF0) .......oooee it sttt st e b et e e sare e s be e eabe e e aeeenee s 253
Interrupt request flag reGister 1 (IFT1) ... e st e e san e e e e sabeeeeas 253
Interrupt request flag regiSter 2 (IF2) ..ottt s et e b e aeeenee s 253
[K]

Key return mode register 00 (KRMOO) .......coooiiiiiiiiiiee ettt ettt et e e be e e e et et e s sane e e e sbbeeeeanneeeesaneeas 257
[L]

LCD boost voltage level setting register 00 (VLCDO00)......cccuuiiiueieirieiee ettt sie e sae e sne e e sneenanes 222
LCD20 display mode regiSter (LCDEC20).....cccuiuuiieieieeeitiee ettt ettt sasee e e s bbe e e e aabe e e s sanee e e s nbeeesanneeeesnneas 221
LCD20 display mode register (LCDIM20) ..........ueeiuieiieeiieeiieeeteeetee et raee et e sse e sse e e sane e sabeesaneesabeesaneesnreesaneesanes 219
(M]

Multiplication data register A (MRAD).........cu ittt e et b e e e e abe e e e ebe e e e s bt e e e s annee e e snneas 242
Multiplication data register B (MRBO)........coouiiiiiiiiie ettt ettt sab e et sar e s an e e snb e e saneenans 242
Multiplier control register O (MULCO) .........iiiiiiiii ittt et e e s bt e e sne e e e s nb e e e s annee e e saneeas 244
[O]

Oscillation stabilization time selection register (OSTS)......oi i 265
[P]

o] QOO ) TP P T OUR TP PPRTOPRTOS 72
o o A {1 O 73
PO 2 (P2) ..ttt h e E et E et h e bt nan e 74,110,128
o] S () ISP O PP PTPPRTOPRTOS 78
oY AT (<) PP PURPRPN 79
Lol S (2= TSRO OU PP PUROPROS 80
o) B Vgl (o g I (= To 1] (=T R T d k) IO PP UTPPPTPI 164
Port Mode re@iSter O (PIMO) .......co ittt sttt sttt ettt et e bt e et e e e be e e be e e ae e e beeebeeesbeeenneeeabeeennneens 81
o) g gTo o (ol =T 15y (=T o Y 1 O PP PRI 81
Port MOde re@ISTEr 2 (PIM2) ... ..ottt ettt etk et e et et e bt e e be e e ae e e beeeae e e abeeenaeeesbeeennnee e 81
o) g To e [l =T By LT RO (o Y 1 SO PRI 81
Power supply control register 0 (PSC0) .......eiiieiaiieeiie ettt sttt sttt sttt e b e e seeeebee st eesne e e aeeeanee s 266
Processor clock CONErol rEGISEr (PCC) ....cciiuiiiiiiiiiie ettt ettt sa e e e st e e et e e e e snee e e s naneeeeas 88
Pull-up resistor option re@ister 0 (PUD) ........ccouiiiiiiiiit ettt st a e st se e st e e e sae e e sbeeenae e e sbeeennneees 83
Pull-up resistor option register B2 (PUB2) .......ccooiiiiiiiiie ettt ettt st e e rab e e s rabe e e e sneeeesnnneeeeas 83
Pull-up resistor option register B3 (PUBS3) .........ciiiiiiiiiiieeiiie sttt sttt et sae e en e saee e sbeeesaeeesbeeenneeees 84
[R]

Receive buffer register 00 (RSBO0) ........uoiiiiiiiiiiee ettt ettt et e s ese e e sbe e e e s abe e e e saneeeenabeeeean 192
Remote control timer capture register 50 (CPB50)........cuiueiiiiiiiie ettt ettt st sne e eeeenee s 150
Remote control timer capture register 51 (CP5T)....coi ittt 150
Remote control timer control register 50 (TMCB0) .......cccueiitiiiieeiiee ettt sttt be e ene e s aeeenee s 150
[S]

Serial operation mode register 10 (CSIMT0) ... ..ottt e it e sabe e e e sbbeeeenes 193
Sound generator frequency setting register 00 (SGFCO00).......ccccuiiiiiiiiiiiie et seeenaee e 159
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Subclock CONtrol reGISTEr (CSS)......ciiiiiiieiiie ittt e st s reesre e reesre e 90
Suboscillation Mode regisSter (SCKIM) .......cooi i ree e e e e e st e e e e sre e e e sneeeesanseeeeanseeeeenseeesanneeens 89
Swapping function register 0 (SWPO0) .......ccuiiiiieiiie ettt sr e st e st sr e esne e nareas 247
[T]

Transmit shift register 00 (TXS00) .......uiiieiiitiieiiee ittt ettt st e b e et e e e bt e e sbeeesae e e ssbeesaeeeabeeeaaeeesreeenneeesene 192
Transmit/receive shift regiSter 10 (SIOT0) ..ooouiiiiiiiie et e e bbe e e s sne e e e sanes 192
(w]

Watch timer mode control re@ister (WTIM) .......oueoiiei ettt ettt st e rae e neeesae e e neee 167
Watchdog timer clock selection register (WDECS) .....cooiiiiiiiiiiie ettt rne e e 172
Watchdog timer mode regisSter (WDTIM) .....o..ei ittt ettt sttt ettt e s n e st eene e st e e e nae e e s beeennee e e 173
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B.2 Register Index (Alphabetic Order of Register Symbol)

[A]
ADCR:
ADM:
ADS:
ASIMOO:
ASIS00:

[B]

BRGCOO:

[C]
CP50:
CP51:
CR30:
CR40:
CR80:
CR81:
CR82:
CRH40:
CRSGO:
CSIM10:
CSss:

(1

IFO:
IF1:
IF2:
INTMO:

[KI]
KRMOO:

[L]

LCDC20:
LCDM20:

[(M]
MKO:
MK1:
MK2:
MRAO:
MRBO:
MULOH:
MULOL:
MULCO:

318

A/D conversion result register

A/D coNVErter MOAE FEGISTEN ... it e e s bt e e s eane e e e sabeeeeas
A/D input select register.........ccccccevieeenenn.

Asynchronous serial interface mode register 00 ...........oiuiiiiiiiie e e 194
Asynchronous serial interface status register 00 ... s 196
Baud rate generator control register 00 ............cooii i 197
Remote control timer capture register 50.........coo i 150
Remote control timer capture register 51 ... ..o 150
8-bit COMPAre rEGISTEr B0 .....eeii i i e e s e e e s e e e e e e s e e s 123
8-Dit COMPAIE rEQISTEI 40 ......eeeiieiiieie e e e e e e e e e e e e e e e e s s e e e e e e e naannnes 123
8-bit timer mode CONtrol regiSter 80 .........c.eiiiiiieie e 107
8-bit timer mode CoNtrol regiSIEr 81 ... o 108
8-bit timer mode CONtrol FEQISTEr 82 ..........eiii e 109
8-bit H width compare regiSter 40 ...........ooiiiiiiiiiieee e e e e e 123
8-bit COMPAre rEGISIEr SGIO ....ccutiiiiee ittt ettt et e e sbe e e ae e e be e e st e e snneeeareenars 156
Serial operation MOde reGISTEr 10 ... ...iiiiiiiii et se e e s 193
SUDCIOCK CONTIOI FEISTEN ...ttt e bt e b e bt e e sbe e e nae e e sneeenaee e e 920
Interrupt request flag reGiSTEr O.... ..o 253
Interrupt request flag reGister 1 ... ..o e 253
Interrupt request flag reQISTEr 2..... ..o e 253
External interrupt mode re@ister O........c.eeeii i 255
Key return mode regiSter 00...........eeiiiieieii it e e e e e e e e s 257
LCD20 display MOAE FEGISIEN .......eieiieeeiuiieiieeititeetee sttt ettt e b e e sbe e e sae e e sareesaeeesbeeenneee e 221
LCD20 display MOAE FEGISTEN......ccoiuiiii ittt e et e e et e e e sne e e e s nabeeeeas 219
Interrupt Mask flag reGiSTEr O .......cceiiii e e e 254
Interrupt Mask flag rEGISTET T ... et e e e snre e e e 254
Interrupt Mask flag reGISTEr 2 ... 254
Multiplication data regiSter A .. ... ... e 242
Multiplication data regisSter B.........oc i 242
16-bit multiplication result storage register OH ..........coooi e 242
16-bit multiplication result storage register OL ..........cceeviiiie e 242
Multiplier CONIOl FEGISTEI O.....eiiieiiiiie et e e e s et r e e e e e e s e e eees 244
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[0]
OSTS:

[P]
PO:
P1:
P2:
P3:
P6:
P8:
PCC:
PF3:
PMO:
PM1:
PM2:
PM3:
PUO:
PUB2:
PUBS3:
PSCo:

[R]
RSBOO:

[S]
SCKM:
SGFCO00:
SI010:
SWPO:

[T]
TCA40:
TCASGO:
TM30:
TM40:
TM80:
TM81:
TM82:
TMC30:
TMCA40:
TMC50:
TMC80:
TMC81:
TMC82:
TMCSGO:
TMSGO:
TXSO00:

Oscillation stabilization time Selection regiSter ...........oouiiiiiiiii e 265
PO O e e E et E e b e b e e e b e et e e s r e s reesre e 72
oo S PP OO UPP PP UPPRUPP 73
POt 2 et sr e 74,110, 128
o] G PP OPPUPPRUPPRUPP 78
PO B et b e b e h e e R e r e e b e e s re e e b e e s re e s reesree e 79
o] 0 S P PP OPPUPPRUPPRUPP 80
Processor CloCK CONIOl FEGISTEN..........eiieiiiiii e e e e 88
POrt fUNCHION FEQISIEr 8. e e e e s 164
POt MOAE rEGISTEE O ...ttt e e e e e e e e e e s e e e e e e e e s e n e e e e e e e e e annnrnee s 81
(g TeTo (= =T 1 =T i PP PR 81
POt MOAE FEGISTEE 2 ...ttt e e e e e e e s e e e e e e s e n e et e e e e e aannrnees 81
g g TeTo (= =Ty =T g PP OPRR PR 81
Pull-up resistor option regiStEr O ..........eiiiiiiiiiii e e 83
Pull-up resistor option regiSter B2........coo i 83
Pull-up resistor option regiSter B3.........cooii e 84
Power supply CONIol reQISTEN O.......coouiieieiiiie et e e e e e nnneee s 266
Receive DUFfEr regiSter 00 .........ouuiii it s e e sb e e et e e s ene e e e e nareee s 192
SUbOSCIllation MOAE FEGISEN ... ..ei ittt sab e sr e s esneenane s 89
Sound generator frequency setting register 00.........oocuuiie i e 159
Transmit/receive Shift reGISTEr 10........ii i e 192
Swapping fUNCHON FEGISIEr O......coiiiiii i et e e s e e e sbae e e e 247
Carrier generator output CONtrol reQISTEr 40........ccueiiiiiiiii et 128
8-bit timer mode CoNtrol regisSter SGO .......c.oiiuiiii i 157
8-Dit tIMEr COUNTET S0 ...t e e e e e s s e e e s anne e e s anneeenans 124
8-Dit tIMEr COUNTET 40 ... et 124
8-Dit tIMEr COUNTEE B0 ...ttt e e s e e e e e s nnn e e e s snne e e e anneeenans 106
8-Dit tIMEr COUNTEE 81 ... e 106
8-Dit tIMEr COUNTEE B2 ... . et e e e e e e e enre e e s anne e e e e anneeenans 106
8-bit timer mode CONtrol reGISIEr B0 ......co.eeiiiieie i 126
8-bit timer mode CONtrol rEGIStEr 40 .........coi i 127
Remote control timer control regiSter 50..........uuiiiiiiiiieiee e 150
8-bit timer mode CONtrol regiSter 80 .........coui i e 107
8-bit timer mode CONtrol reGiSEr 81 ... 108
8-bit timer mode CONtrol rEQIStEr 82 .........cooi i e 109
8-bit timer mode coNtrol regisSter SGO .......ccoiiuiiii i 157
8-Dit tIMEr COUNLET SGID ... .ei ittt sttt sttt e st e e e an e s be e sabe e e beeeneeens 156
Transmit Shift regISIEr 00 ........oiuiiiiiiiei e bbb e e s b e e e e e e s sne e e e s aaneee s 192
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[vl
VLCDOO:

(W]
WDCS:
WDTM:
WTM:

320

LCD boost voltage level setting register 00 ...........coceiiieirieieiieeiie et seee e 222
Watchdog timer CloCk SEIECON rEQISTEr ..........uuiiieiiiiiie e e e 172
Watchdog timer MO rEQISTEN .........ii i 173
Watch timer mode CONTrol rEQISTON .........u i e 167
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