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Notice

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

owned subsidiaries.

(Note 2) “Renesas Electronics product(s)” means any product developed or manufactured by or for Renesas Electronics.
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Major Revisions in This Edition

Page Description
p.29 Changing 1.5 Pin Configuration (Top View)
p.34 Changing description of supply voltage in 1.8 Outline of Function
p.107 Changing 6.4 (4) Port mode register 4 (PM4)
p.111 Changing Figure 6-11 Capture Register Data Retention Timing
p.211 Adding Caution 3 to Figure 16-4 LCD Display Control Register (LCDC) Format
p.278 Adding Note to Table 22-3 Transmission Method List

The mark * shows major revised points.
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NOTES FOR CMOS DEVICES

@ PRECAUTION AGAINST ESD FOR SEMICONDUCTORS

Note:

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

@ HANDLING OF UNUSED INPUT PINS FOR CMOS

Note:

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

@ STATUS BEFORE INITIALIZATION OF MOS DEVICES

Note:

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

IEBus is a trademark of NEC Corporation.

Windows and WindowsNT 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.

SunOS and Solaris are trademarks of Sun Microsystems, Inc.

Ethernet is a trademark of Xerox Corporation.

NEWS and NEWS-OS are trademarks of Sony Corporation.

OSF/Motif is a trademark of OpenSoftware Foundation, Inc.

TRON is an abbreviation of The Realtime Operating system Nucleus.

ITRON is an abbreviation of Industrial TRON.
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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 : uPD78F0852GC-8BT
The customer must judge the need for license : uPD780851GC(A)-xxx-8BT, 780852GC(A)-xxx-8BT

* The information in this document is current as of October, 2000. The information is subject to
change without notice. For actual design-in, refer to the latest publications of NEC's data sheets or
data books, etc., for the most up-to-date specifications of NEC semiconductor products. Not all
products and/or types are available in every country. Please check with an NEC sales representative
for availability and additional information.

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

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

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

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

* NEC semiconductor products are classified into the following three quality grades:

"Standard”, "Special" and "Specific". The "Specific" quality grade applies only to semiconductor products

developed based on a customer-designated "quality assurance program" for a specific application. The

recommended applications of a semiconductor product depend on its quality grade, as indicated below.

Customers must check the quality grade of each semiconductor product before using it in a particular

application.

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

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

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

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

(Note)

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

(2) "NEC semiconductor products” means any semiconductor product developed or manufactured by or for

NEC (as defined above).

MSE 00.4
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Regional Information

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

+ Device availability
« Ordering information

« Product release schedule

« Availability of related technical literature

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

+ Network requirements

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

from country to country.

NEC Electronics Inc. (U.S.)

Santa Clara, California

Tel: 408-588-6000
800-366-9782

Fax: 408-588-6130
800-729-9288

NEC Electronics (Germany) GmbH
Duesseldorf, Germany

Tel: 0211-65 03 02

Fax: 0211-65 03 490

NEC Electronics (UK) Ltd.
Milton Keynes, UK

Tel: 01908-691-133

Fax: 01908-670-290

NEC Electronics Italiana s.r.l.
Milano, Italy

Tel: 02-66 75 41

Fax: 02-66 75 42 99

NEC Electronics (Germany) GmbH
Benelux Office

Eindhoven, The Netherlands

Tel: 040-2445845

Fax: 040-2444580

NEC Electronics (France) S.A.
Velizy-Villacoublay, France

Tel: 01-30-67 58 00

Fax: 01-30-67 58 99

NEC Electronics (France) S.A.
Madrid Office

Madrid, Spain

Tel: 91-504-2787

Fax: 91-504-2860

NEC Electronics (Germany) GmbH
Scandinavia Office

Taeby, Sweden

Tel: 08-63 80 820

Fax: 08-63 80 388
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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 Singapore Pte. Ltd.
United Square, Singapore

Tel: 65-253-8311

Fax: 65-250-3583

NEC Electronics Taiwan Ltd.
Taipei, Taiwan

Tel: 02-2719-2377

Fax: 02-2719-5951

NEC do Brasil S.A.
Electron Devices Division
Guarulhos-SP Brasil

Tel: 55-11-6462-6810
Fax: 55-11-6462-6829
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Readers

Purpose

Organization

How to Read This Manual

Conventions

INTRODUCTION

This manual has been prepared for user engineers who want to understand the functions
of the pPD780852 Subseries and design and develop its application systems and
programs.

uPD780852 Subseries: pPD780851(A), 780852(A), 78F0852

This manual is designed to help users understand the following functions using the
organization below.

The pPD780852 Subseries manual is separated into two parts: this manual and the
instruction edition (common to the 78K/0 Series).

uPD780852 Subseries 78K/0 Series
User’'s Manual User’'s Manual
(This Manual) Instructions
* Pin functions » CPU functions
e Internal block functions ¢ Instruction set
e Interrupt » Explanation of each instruction

e Other on-chip peripheral functions

This manual assumes general knowledge of electric engineering, logic circuits, and
microcontrollers.

e To understand the functions of the pyPD780851(A), 780852(A), and 78F0852 in
general:
- Read this manual in the order of the CONTENTS.
¢ How to read register formats:
— The name of a bit whose number is enclosed in square is reserved for the
RA78K/0 and is defined for the CC78K/0 by the header file sfrbit.h.
* To learn the detailed functions of a register whose register name is known:
— See APPENDIX C REGISTER INDEX.

The application examples in this manual are for the “standard” model for general-
purpose electronic systems. If the examples in this manual are to be used for
applications where a quality higher than that of the “special’ model is required, study
the quality grade of the respective components and circuits actually used.

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 o XXXX OF XXXXB

Decimal e XXXX

Hexadecimal --- xxxxH
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Related Documents

However, preliminary versions are not marked as such.

* Related documents for

uPD780852 Subseries

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

Document Name

Document No.

Japanese English
uPD780851(A), 780852(A) Preliminary Product Information u14577J U14577E
uPD78F0852 Preliminary Product Information U14576J U14576E
uPD780852 Subseries User's Manual U14581J This manual
78K/0 Series User’s Manual Instructions U12326J U12326E
78K/0 Series Instruction Table U10903J —
78K/0 Series Instruction Set U10904J —

Related documents for development tool (User's Manual)

Document Name

Document No.

Japanese English
RA78K0 Assembler Package Operation U11802J U11802E
Language U11801J U11801E
Structured Assembly Language U11789J U11789E
CC78K0 C Compiler Operation U11517J U11517E
Language U11518J U11518E
CC78K0 C Compiler Application Note Programming Know-how U13034J U13034E
IE-78K0-NS U13731J U13731E

IE-780852-NS-EM4

To be prepared

To be prepared

SM78K0 System Simulator Windows™ Base Reference U10181J U10181E
SM78K Series System Simulator External Part User Open U10092J U10092E

Interface Specifications
ID78KO0 Integrated Debugger EWS Base Reference U11151J —
ID78KO0 Integrated Debugger Windows Base Guide U11649J U11649E
ID78KO0 Integrated Debugger PC Base Reference U11539J U11539E

* Related documents for embedded software (User's Manual)
Document No.
Document Name
Japanese English

78K/0 Series Real-Time OS Basics U11537J U11537E

Installation U11536J U11536E
78K/0 Series OS MX78K0 Basics U12257J U12257E

Caution

version of a document when starting design.
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Other related documents

Document Name

Document No.

Japanese English

SEMICONDUCTOR SELECTION GUIDE Products & Packages (CD-ROM) X13769X

Semiconductor Device Mounting Technology Manual C10535J C10535E
Quality Grades on NEC Semiconductor Device C11531J C11531E
NEC Semiconductor Device Reliability/Quality Control System C10983J C10983E
Guide to Prevent Damage for Semiconductor Devices by Electrostatic Discharge (ESD) C11892J C11892E
Semiconductor Device Quality Control/Reliability Handbook U12769J —
Guide for Products Related to Micro-Computer: Other Companies U11416J —

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

version of a document when starting design.
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CHAPTER 1 OUTLINE

1.1 Features

® |Internal memory

Item Program Memory Data Memory
Part Number (ROM/Flash Memory) |Internal High-Speed RAM | Internal Expansion RAM LCD Display RAM
uPD780851(A) 32 Kbytes 1,024 bytes 512 bytes 20 x 4 bits

uPD780852(A) 40 Kbytes

uPD78F0852 40 Kbytes

® |nstruction execution time can be changed from high-speed (0.24 us) to low-speed (3.81 us)
® |nstruction set suited to system control

¢ Bit manipulation possible in all address spaces

¢ Multiply and divide instructions
® Fifty-six I/O ports: (including pins that have an alternate function as segment signal output)
® 8-bit resolution A/D converter: 5 channels
® Sound generator: 1 channel
® Meter controller/driver: PWM output (8-bit resolution): 16

Can set pulse width with a precision of 8 + 1 bits with 1-bit addition function

® LCD controller/driver

« Segment signal output: 20 max.

e« Common signal output: 4 max.

e Bias: 1/3 bias

¢ Power supply voltage: Vicp = 3.0 V to Vop
® Serial interface: 3 channels

e 3-wire serial /0 mode: 2 channels

¢ UART mode: 1 channel
® Timer: Six channels

e 16-bit timer: 1 channel
e 8-bit timer: 1 channel
« 8-bit timer/event counter: 2 channels
¢ Watch timer: 1 channel
¢ Watchdog timer: 1 channel

® Vectored interrupt sources: 21
® Power supply voltage: Voo =4.0t0 5.5V

1.2 Applications

Automobile meter (dash board) control
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1.3 Ordering Information

Part Number Package Internal ROM
UPD780851GC(A)-xxx-8BT 80-pin plastic QFP (14 x 14 mm) Mask ROM
80-pin plastic QFP (14 x 14 mm) Mask ROM

{PD780852GC(A)-xxx-8BT
LPD78F0852GC-8BT

80-pin plastic QFP (14 x 14 mm)

Remark xxx indicates ROM code suffix.

1.4 Quality Grade

Part Number

Package

Flash memory

Quality Grade

uPD78F0852GC-8BT
UPD780851GC(A)-xxx-8BT
UPD780852GC(A)-xxx-8BT

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

Remark xxx indicates ROM code suffix.

Standard
Special
Special

Please refer to "Quality Grades on NEC Semiconductor Device" (Document No. C11531E) published by

NEC Corporation to know the specification of quality grade on the devices and its recommended applications.

28

Preliminary User’s Manual U14581EJ3VOUMO00



CHAPTER 1 OUTLINE

1.5 Pin Configuration (Top View)

80-pin plastic QFP (14 x 14 mm)
UPD780851GC(A)-xxx-8BT, 780852GC(A)-xxx-8BT, 78F0852GC-8BT

P90/S12
P91/S11
P92/S10
P93/S9
P94/S8
P95/S7
P96/S6
[«— P97/S5

< ™
o
(20N}
= <
QO N~
0 ©
o

B

T

S2
COM3
COM2
COM1
COMO
Vico

|

nm

SMVss

SMVop

P20/SM11
P21/SM12
P22/SM13
P23/SM14
P24/SM21
P25/SM22
P26/SM23
P27/SM24
P30/SM31
P31/SM32
P32/SM33
P33/SM34
P34/SM41
P35/SM42
P36/SM43
P37/SM44
SMVop

SMVss

807978 77 76 7574 73 72 71 70 69 68 67 66 65 64 63 62 61
P85/S15 =—{1
P84/S16 ~—={ 2 O 59
P83/S17 =-—{3 58
P82/S18 =~—{4 57
P81/S19 =—5 56
IC (Ve?) ———16 55
X1l —7 54
X2 ——8 53
Vss1 —9 52
Vroutr — 10 51
RESET — 11 50
P07 =—12 49
P06 =—13 48
P0O5/SI2 -~—{ 14 47
P04/SO2 =—15 46
P03/SCK2 ~—| 16 45
PO2/INTP2 ~—17 44
PO1/INTP1 ~—18 43
POO/INTPQ ~—119 42
AVrer — 20 41
21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40
T MO N HdO 2| MM < 3 A NO Jd NN M
S2z2zz3RusdgdEEECERg
3994dS ook BSYS23ILS
ooooao L ’J-D-D-D-D-n_n_gn_
O
o
Cautions 1. Connect IC (Internally Connected) pin to V. sso or Vssz directly.
2. Connect AV ss pin to V sso.
3. Connect AV rer pin to V poo.

Remarks 1. Whenthese devices are used in applications that require reduction of the noise generated from inside
the microcontroller, the implementation of noise reduction measures, such as connecting the Vsso
and Vssz1 to different ground lines, is recommended.

2. Pin connection in parentheses is intended for the yPD78F0852.
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ANIO to ANI4:
AVREF:

AVss:

COMO to COMS:
IC:

INTPO to INTP2:
P00 to PO7:

P10 to P14:

P20 to P27:

P30 to P37:

P40 to P44:

P50 to P54:
P60, P61:

P81 to P87:

P90 to P97:
PCL:

RESET:

RxD:

SO to S19:

Analog Input

Analog Reference Voltage

Analog Ground
Common Output

SCK2, SCKa3:
SGO:
SI2, SI3:

Serial Clock
Sound Generator Output
Serial Input

SM11to SM14,SM21to SM24, SM31to SM34, SM41 to SM44:

Internally Connected

External Interrupt Input

Port0
Portl
Port2
Port3
Port4
Port5
Port6
Port8
Port9

Programmable Clock Output

Reset
Receive Data
Segment Output

SMVob:
SMVss:
S02, S03:
TI00 to TIO2:
TIO2, TIO3:
TPO:

TxD:

Vbbo:

VLicp:

\pp:

VRouT:
Vsso, Vssi:
X1, X2:
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CHAPTER 1 OUTLINE

1.6 78K/0 Series Product Development

These products are a further development in the 78K/0 Series. The designations appearing inside the boxes are

subseries names.
: Products in mass production

Y subseries products are compatible with 1°C bus.

Control
100-pin EMI-noise reduced version of the uPD78078.
100-pin uPD78078 uPD78078Y / Timer was added to the uPD78054, and the external interface function was enhanced.
100-pin / uPD78070A //uPD78070AY ROM-less versions of the uPD78078.
100-pin 1PD780018AY / Serial I/O of the uPD78078Y was enhanced, and only selected functions are provided.
80-pin uPD780058 uPD780058Y Serial 1/0 of the uPD78054 was enhanced.

80-pin / uPD78058F ﬂpPD78058FY EMI-noise reduced version of the uPD78054.

1 80-pin / uPD78054 '4/ uPD78054Y / UART and D/A converter were added to the pPD78018F, and I/O was enhanced.
80-pin Z uPD780065 / RAM was expanded to the UPD780024A.

64-pin ./ uUPD780078 .;',"uPD780078Y ./ Timer was added to the uPD780034A, and serial I/O was enhanced.

64-pin  /1PD780034A // IPD780034AY / A/D converter of the uPD780024A was enhanced.
64-pin /uPD780024AﬂuPD780024AY Serial I/O of the yPD78018F was enhanced.

64-pin UPD78014H EMI-noise reduced version of the uPD78018F.
64-pin uPD78018F // uPD78018FY / Basic subseries for control.
42/44-pin ! uPD78083 / On-chip UART, capable of operating at a low voltage (1.8 V).

Inverter control

— 64-pin On-chip inverter control circuit and UART. EMI-noise reduced version.
_ VED drive
100-pin 1/0 and VFD C/D of the uPD78044F were enhanced. Display output total: 53
80-pin For panel control. On-chip VFD C/D. Display output total: 53
78K/0 | | 80-pin N-ch open-drain input/output was added to the uPD78044F. Display output total: 34
Series 80-pin Basic subseries for driving VFD. Display output total: 34
~ tCodrive
120-pin ," uPD780338 ':_' ' Display capability and timer of the uPD780308 were enhanced. Segment signal output: 40 Max.
120-pin ',-" ZJ-F;I5-7-8-O-§2-£§ -':_" Display capability and timer of the PD780308 were enhanced. Segment signal output: 32 Max.
| | 120-pin :,". u-PD78-03-18 -"' Display capability and timer of the uPD780308 were enhanced. Segment signal output: 24 Max.

100-pin f,uPD780308 uPD780308Y / SIO of the uPD78064 was enhanced, and ROM and RAM were expanded.
100-pin HUPD78064B EMI-noise reduced version of the uPD78064.
100-pin HPD78064 / uPD78064Y ; Basic subseries for driving LCDs, on-chip UART.

Bus interface

100-pin uPD780948 On-chip DCAN controller.

80-pin  / uPD780988 / IEBus™ controller was added to the uPD78054. EMI-noise reduced version.
— 80-pin ,"uPD780701Y;_': On-chip DCAN/IEBus controller.
80-pn ',"-;1|5D7-868§3Y-" On-chip J1850 (CLASS2) controller.
764—pin ," uPD780814 ':" -------------- Special in DCAN controller function.

emec e e e .-

Meter control

100-pin uPD780958 /[ Industrial meter control.

80-pin / UPD780852 ':_' On-chip automobile meter driving controller/driver.

80-pin uPD7808288':' For automotive meter drive. On-chip DCAN controller.

Remark Some documents use the name fluorescent indicator panel (FIP) instead of vacuum fluorescent display
(VFD). The functions of FIP and VFD are the same.
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CHAPTER 1 OUTLINE

The major functional differences among the subseries are shown below.

Function | om Timer 8-Bit|L0-Bif 8-Bit| Vo | el
s ) Capacity | g git |16-Bit |watch | wpT | A/D | AID | DIA Serial Interface | 1/0 | MIN. Expansion
ubseries Name Value
Control | uPD78075B |32Kto40K| 4ch | 1ch | 1ch | 1ch |[8ch| — |2ch|3ch (UART: 1ch)| 88 |1.8 V|Available
pHPD78078 |48 Kto 60 K
HPD78070A — 61 |27V
puPD780058 |24 Kto60K| 2 ch 3 ch (time-division| 68 |1.8V
UART: 1ch)
HPD78058F |48 K to 60 K 3ch (UART: 1ch)| 69 |27V
HPD78054 116 Kto 60 K 20V
LPD780065 |40 K to 48 K — |4ch(UART:1ch)| 60 |27V
puPD780078 |48 K to 60 K 2 ch — |8ch 3ch (UART:2ch)| 52 |1.8V
HPD780034A|8 Kto 32 K 1lch 3 ch (UART: 1ch)| 51
HPD780024A] 8ch| -
uPD78014H 2 ch 53
HPD78018F |8 Kto 60 K
pHPD78083 |8Kto 16K — — 1 ch (UART: 1 ch)| 33 -
Inverter | uPD780988 |16 Kto 60 K| 3 ch | Note - l1ch| — |8ch| — |3ch(UART:2ch)| 47 |4.0 V|Available
control
VFD uPD780208 [32Kto60K| 2ch | 1ch | 1ch | 1ch |[8ch| - - |2ch 74 |27V -
puPD780232 |16 Kto 24 K| 3 ch — — 4 ch 40 [(45V
uPD78044H |32Kto48K| 2ch | 1ch | 1ch 8 ch 1ch 68 |27V
uPD78044F |16 K to 40 K 2 ch
LCD puPD780338 [48Kto60K| 3ch | 2ch | 1ch lch| — |10ch|l1ch|2ch (UART:1ch)|54 |18V -
drive LPD780328 62
pPD780318 70
puPD780308 [48Kto60K| 2ch | 1ch 8ch| - — | 3 ch (time-division | 57 [2.0V
UART: 1 ch)
UPD78064B |32 K 2 ch (UART: 1 ch)
uPD78064 |16 Kto 32K
Bus uPD780948 |60 K 2ch| 2ch | 1ch | 1ch |8ch| - — | 3ch (UART: 1ch)| 79 |4.0 V|Available
interface| |, pp78098B |40 K to 60 K 1ch 2 ch 69 |27v| -
HPD780814 |32 K to 60 K 2 ch 12 ch — |2ch (UART: 1ch)| 46 (4.0V
Meter uPD780958 [48Kto60K| 4ch | 2ch - lch| - - — |2ch (UART: 1ch)| 69 |22V -
control
Dash puPD780852 [32Kto40K| 3ch | 1ch | 1ch lch |5¢ch| - — |3ch (UART: 1ch)| 56 |[4.0V -
board | |,pD780828B32 K to 60 K 59
control

Note 16-bit timer: 2 channels

32

10-bit timer: 1 channel
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1.7 Block Diagram

TI00/P40 to TI02/P42 <21 6 bt TIMERG -
TPO/PCL/IP60 ~—]
8-bit TIMER1 \,/'Z'\‘/
8-bit TIMER/
TIO2/P43 =—~{ EVENT @
COUNTER2
8-bit TIMER/ | ,_x
TIO3/P44 ~—~{ EVENT N1
COUNTER3
WATCHDOG |1
TIMER And
WATCH TIMER \,/'Z'\‘/
SCK2/P03 =— SERIAL
S02/P04 -~ INTERFACE @
SI2/P05 —{ SIO2
SCK3/P50 = SERIAL
SO3/P51 =~ INTERFACE @
SI3/P52 —=| SIO3
RXD/P53 —» N
TxoPss —  OART R/
ANIO/P10 to ANI4/P14 I::>
AVss — AD
CONVERTER| 4\
AVregr —= ] N\
POWER FAIL
DETECTOR
INTPO/POO to INTERRUPT |1\
INTP2/P02 CONTROL [N
STANDBY |AN]
CONTROL [NV
CLOCK OUTPUT|—!
PCLITPO/PE0 =—{ &onTRoL N—
SOUND A
SGO/P61 =— GENERATORK —
OUTPUT

Remarks 1. The internal ROM capacities depend on the product.
2. Memory type in parentheses is for the uPD78F0852.

78K/0
CPU CORE

ROM

FLASH
MEMORY

U

U

1

i

RAM

INTERNAL
EXPANSION
RAM

Voo

Vsso IC

(Ver)

(=1 PorTo K= P00 to PO7
(= PorTL K P10toP14
(- PORT2 [ P20to P27
(= PORT3 [ P30toP37
(=Y PorTa K> P40to P44
(= PoRTs K-> P50to P54
(= PorTe K> P60, P61
(=1 Ports K-> P8itoPs7
(= PorTe K> Po0to P97
—> sotoss
K~ S5/P97 to S12/P90
LCD
- CONTROLLER ("~ S13/P8T to S19/P81
— > COMO to COM3
— Vico
> SM11/P20 to SM14/P23
> SM21/P24 to SM24/P27
O SNTROLLER > SMBLIP30 to SM34/P33
DRIVER > SMA41/P34 to SM44/P37
—— SMVop
—— SMVss
-— x1
SYSTEM | v,
CONTROL cEeET
|
VOLTAGE — Vrout
REGULATOR|— vss,

Preliminary User’s Manual U14581EJ3VOUMO00

33



CHAPTER 1 OUTLINE

1.8 Outline of Function

Part Number
tem UPD780851(A) UPD780852(A) UPD78F0852
Internal memory | ROM 32 Kbytes 40 Kbytes 40 Kbytes
(Mask ROM) (Mask ROM) (Flash memory)
High-speed RAM 1,024 bytes
Expanded RAM 512 bytes
LCD display RAM 20 x 4 bits

General register

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

Minimum instruction execution time

On-chip minimum instruction execution timer variable function
0.24 us/0.48 ps/0.95 us/1.91 us/3.81 us (in operation at 8.38 MHz)

Instruction set

* 16-bit operation

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

» Bit manipulation (set, reset, test, and Boolean operation)
e BCD adjust, etc.

1/0 port
(including pins shared with segment
signal output)

Total: 56
¢ CMOS input: 5
¢ CMOS output: 16

e CMOS input/output: 35

A/D converter

» 8-bit resolution x 5 channels
» Power-fail detection function

LCD controller/driver

e Segment signal outputs: 20 max.
e Common signal outputs: 4 max.

* Bias: 1/3 bias only
Serial interface e 3-wire serial /0 mode: 2 channels

¢ UART mode: 1 channel
Timer e 16-bit timer: 1 channel

e 8-bit timer: 1 channel

» 8-bit timer/event counter: 2 channels

e Watch timer: 1 channel

* Watchdog timer: 1 channel

Timer outputs

2 (8-bit PWM output: 2)

Meter controller/driver

PWM output (8-bit resolution): 16
Can set pulse width with a precision of 8 + 1 bits with 1-bit addition function

Sound generator

1 channel

Clock output

65.5 kHz, 131 kHz, 262 kHz, 524 kHz, 1.04 MHz, 2.09 MHz, 4.19 MHz,
8.38 MHz (@ 8.38-MHz operation with main system clock)

Vectored interrupt

source

Maskable Internal: 16, External: 3
Non-maskable Internal: 1
Software 1

Power supply voltage

Voo = SMVop =4.0to 5.5V

Operating ambient temperature

Ta =-40°C to +85°C

Package

80-pin plastic QFP (14 x 14 mm)
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2.1 Pin Function List

(1) Port Pins

CHAPTER 2 PIN FUNCTION

Pin Name Input/Output Function After Reset Alternate
Function
P00 to P02 Input/Output | Port O Input INTPO to INTP2
PO3 8-bit input/output port. o . . SCK2
Input/output mode can be specified in 1-bit units.
P04 On-chip pull-up resistor can be used by software. S02
P05 SI2
P06, PO7 -
P10 to P14 Input Port 1 Input ANIO to ANI4
5-bit input only port.
P20 to P23 Output Port 2 Hi-z SM11 to SM14
P24 to P27 8-bit output only port. SM21 to SM24
P30 to P33 Output Port 3 Hi-Z SM31 to SM34
P34 to P37 8-bit output only port. SMA41 to SM44
P40 to P42 Input/Output | Port 4 Input TIOO to TI02
P43, pa4 5-bit input/output port. TIO2, TIO3
Input/output mode can be specified in 1-bit units.
P50 Input/Qutput | Port 5 Input SCK3
P51 5-bit input/output port. s03
Input/output mode can be specified in 1-bit units.
P52 SI3
P53 RxD
P54 TxD
P60 Input/Output | Port 6 Input PCL/TPO
P61 2-bit input/output port. sSGO
Input/output mode can be specified in 1-bit units.
P81 to P87 Input/Output | Port 8 Input S19 to S13
7-bit input/output port.
Input/output mode can be specified in 1-bit units.
Can be set in I/0 port mode or segment output mode in 2-
bit units with the LCD display control register (LCDC).
P90 to P97 Input/Output | Port 9 Input S12 to S5
8-bit input/output port.
Input/output mode can be specified in 1-bit units.
Can be set in 1/0 port mode or segment output mode in 2-
bit units with the LCD display control register (LCDC).
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(2) Non-port pins

Pin Name Input/Output Function After Reset Altern.ate
Function
INTPO to INTP2 Input External interrupt request input with specifiable valid edges Input P00 to P02
(rising edge, falling edge, and both rising and falling edges).
SI2 Input Serial interface SIO2 serial data input. Input P05
S02 Output Serial interface SIO2 serial data output. Input P04
SCK2 Input/Output | Serial interface SI02 serial clock input/output. Input P03
SI3 Input Serial interface SIO3 serial data input. Input P52
S0O3 Output Serial interface SIO3 serial data output. Input P51
SCK3 Input/Output | Serial interface SIO3 serial clock input/output. Input P50
RxD Input Asynchronous serial interface serial data input. Input P53
TxD Output Asynchronous serial interface serial data output. Input P54
TI00 Input Capture trigger signal input to capture register (CR00). Input P40
TIO1 Capture trigger signal input to capture register (CR01). P41
T102 Capture trigger signal input to capture register (CR02). P42
TIO2 Input/Output | 8-bit timer (TM2) input/output (also used for 8-bit PWM output). Input P43
TIO3 8-bit timer (TM3) input/output (also used for 8-bit PWM output). P44
TPO Output Prescaler signal output of 16-bit timer (TMO). Input PCL/P60
PCL Output Clock output (for main system clock trimming). Input TPO/P60
SGO Qutput Sound generator signal output. Input P61
S0 to S4 Output Segment signal output of LCD controller/driver. Output —
S5 to S12 Input P97 to P90
S13 to S19 P87 to P81
COMO to COM3 Output Common signal output of LCD controller/driver. Output —
Vieo — LCD driving power supply. — —
SM11 to SM14 Output Meter control signal output. Hi-z P20 to P23
SM21 to SM24 P24 to P27
SM31 to SM34 P30 to P33
SM41 to SM44 P34 to P37
ANIO to ANI4 Input A/D converter analog input. Input P10 to P14
AVRer Input A/D converter reference voltage input (shared with analog — —
power supply (AVop)).
AVss — A/D converter ground potential. Connect to Vsso. — —
RESET Input System reset input. — —
X1 Input Crystal connection for main system clock oscillation. — —
X2 — — —
SMVop — Power supply for meter controller/driver. — —
SMVss — Ground potential for meter controller/driver. — —
Vopo — Port block positive power supply. — —
Vsso — Port block ground potential. — —
36 Preliminary User's Manual U14581EJ3VOUMO0




CHAPTER 2 PIN FUNCTION

Pin Name Input/Output Function After Reset Alternate
Function
Vrout — Regulator output pin for power supply of pins other than — —
port pins. Connect this pin to Vsso or Vss1 via a 0.1-uF
capacitor.
Vss1 — Ground potential (except for port block). — —
Vep — High-voltage application for program write/verify. — —
Connect directly to Vsso or Vss1 in normal operation mode
(uPD78F0852 only).
IC — Internally connected. Connect directly to Vsso or Vssi. — —
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CHAPTER 2 PIN FUNCTION

2.2 Description of Pin Functions

2.2.1 POO to P07 (Port 0)

These pins constitute an 8-bit input/output port. In addition, they also function as external interrupt request input,
serial interface data input/output, and clock input/output pins.

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

(1) Port mode
In this mode, P00 to P07 function as an 8-bit input/output port.
P00 to P07 can be specified as an input or output port in 1-bit units with port mode register 0 (PM0). On-chip
pull-up resistor can be used in 1-bit units with the pull-up resistor option register 0 (PUO).

(2) Control mode
In this mode, P00 to PO7 function as external interrupt request input, serial interface data input/output, and clock
input/output pins.

(&) INTPO to INTP2
These are external interrupt input pins for which the valid edge (rising edge, falling edge, and both the rising
and falling edges) can be specified.

(b) SI2
Serial interface serial data input pin.

(c) sO2
Serial interface serial data output pin.

(d) SCK2
Serial interface serial clock input/output pin.

2.2.2 P10 to P14 (Port 1)
These pins constitute a 5-bit input only port. In addition, they also function as A/D converter analog input pins.

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

(1) Port mode
In this mode, P10 to P14 function as a 5-bit input only port.

(2) Control mode
In this mode, P10 to P14 function as A/D converter analog input pins (ANIO to ANI4).
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2.2.3 P20 to P27 (Port 2)
These pins constitute an 8-bit output only port. In addition, they also function as PWM output pins for meter control.
The following operation modes can be specified in 1-bit units.

(1) Port mode
In this mode, P20 to P27 function as an 8-bit output only port. They go into a high-impedance state when 1 is
set to port mode register 2 (PM2).

(2) Control mode
In this mode, P20 to P27 function as PWM output pins (SM11 to SM14 and SM21 to SM24) for meter control.

2.2.4 P30 to P37 (Port 3)
These pins constitute an 8-bit output only port. In addition, they also function as PWM output pins for meter control.
The following operation modes can be specified in 1-bit units.

(1) Port mode
In this mode, P30 to P37 function as an 8-bit output only port. They go into a high-impedance state when 1 is
set to port mode register 3 (PM3).

(2) Control mode
In this mode, P30 to P37 function as PWM output pins (SM31 to SM34 and SM41 to SM44) for meter control.

2.2.5 P40 to P44 (Port 4)
These pins constitute a 5-bit input/output port. In addition, they also function as timer input/output pins.
The following operation modes can be specified in 1-bit units.

(1) Port mode
In this mode, P40 to P44 function as a 5-bit input/output port. They can be set in the input or output port in 1-

bit units with the port mode register 4 (PM4).

(2) Control mode
In this mode, P40 to P44 function as timer input/output pins.

(&) TIO2, TIO3
8-bit timer input/output pins.

(b) TIOO to TIO2
These pins input a capture trigger signal to the 16-bit timer capture registers (CR00 to CR02).
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2.2.6 P50 to P54 (Port 5)

These pins constitute a 5-bit input/output port. In addition, they also function as serial interface data input/output
and clock input/output pins.

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

(1) Port mode
In this mode, P50 to P54 function as a 5-bit input/output port. They can be set in the input or output port in 1-
bit units with the port mode register 5 (PM5).

(2) Control mode
In this mode, P50 to P54 function as serial interface data input/output and clock input/output pins.

(a) SI3
Serial interface serial data input pin.

(b) SO3
Serial interface serial data output pin.

(c) SCK3
Serial interface serial clock input/output pin.

(d) RxD, TxD
Asynchronous serial interface serial data input/output pins.

2.2.7 P60, P61 (Port 6)

These pins constitute a 2-bit input/output port. In addition, they also function as clock output, sound generator
signal output, and prescaler signal output pins.

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

(1) Port mode
In this mode, P60 and P61 function as a 2-bit input/output port. They can be set in the input or output port in
1-bit units with the port mode register 6 (PM6).

(2) Control mode
In this mode, P60 and P61 function as clock output, sound generator signal output, and prescaler signal output

pins.

(a) PCL
Clock output pin.

(b) SGO
Sound generator (with amplitude) signal output pin.

(c) TPO
Prescaler signal output pin of the 16-bit timer.
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2.2.8 P81 to P87 (Port 8)

These pins constitute a 7-bit input/output port. In addition, they also function as segment signal output pins of the
LCD controller/driver.

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

(1) Port mode
In this mode, P81 to P87 function as a 7-bit input/output port. They can be set in the input or output port in 1-
bit units with the port mode register 8 (PM8).

(2) Control mode
In this mode, P81 to P87 function as segment signal output pins (S13 to S19) of the LCD controller/driver.

2.2.9 P90 to P97 (Port 9)

These pins constitute an 8-bit input/output port. In addition, they also function as segment signal output pins of
the LCD controller/driver.

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

(1) Port mode
In this mode, P90 to P97 function as an 8-bit input/output port. They can be set in the input or output port in
1-bit units with the port mode register 9 (PM9).

(2) Control mode
In this mode, P90 to P97 function as segment signal output pins (S5 to S12) of the LCD controller/driver.

2.2.10 COMO to COM3
These pins output common signals from the LCD controller/driver during 4-time division drive in 1/3 bias mode
(COMO to COM3 outputs).

2.2.11 Vicp
This pin supplies a voltage to drive an LCD.

2.2.12 AVREF

This is an A/D converter reference voltage input pin. This pin also functions as an analog power supply pin (AVob).
Supply power to this pin when the A/D converter is used.

When A/D converter is not used, connect this pin to Vooo.

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

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

2.2.15 X1 and X2

Crystal resonator connect pins for main system clock oscillation.
When using an external clock supply, input it to X1 and its inverted signal to X2.
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2.2.16 SMVbp
This pin supplies a positive power to the meter controller/driver.

2.2.17 SMVss
This is the ground pin of the meter controller/driver.

2.2.18 Voo
Positive power supply port pin.

2.2.19 Vrout
This is a regulator output pin for the power supply to pins other than port pins. Connect this pin to Vsso or Vss1
via a 0.1-uF capacitorN°€ . Do not use this pin to supply power to other ICs.

Note The size of the capacitor to be connected will be finalized after evaluation.

2.2.20 Vsso, Vss1
The Vsso pin is the ground potential port pin.
The Vss1 pin is the ground potential pin except for port block.

2.2.21 Vep (UPD78F0852 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.

Directly connect this pin to Vsso or Vss1 in the normal operation mode.

2.2.22 IC (Mask ROM version only)

The IC (Internally Connected) pin is provided to set the test mode to check the uPD780852 Subseries before
shipment. In the normal operation mode, directly connect this pin to the Vsso or Vss1 pin with as short a wiring length
as possible.

When a potential difference is generated between the IC pin and Vsso or Vss1 pin because the wiring between those
two pins is too long or external noise is input to the IC pin, the user's program may not run normally.

¢ Directly connect the IC pin to the Vsso or Vssi1 pin.

Vsso or Vss1 IC

|

Keep short
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2.3 Input/Output Circuits and Recommended Connection of Unused Pins

Table 2-1 shows the input/output circuit types of pins and the recommended connection for unused pins.
See Figure 2-1 for the configuration of the input/output circuit of each type.

Table 2-1. Pin Input/Output Circuit Types

Pin Name

Input/Output Circuit Type

Input/Output

Recommended Connection of Unused Pins

POO/INTPO to PO2/INTP2

P03/SCK2

P04/S02

PO5/SI12

P06, PO7

8-A

Input/output

Independently connect to Vsso via a resistor.

P10/ANIO to P14/ANI4

Input

Independently connect to Vooo or Vssovia a resistor.

P20/SM11 to P23/SM14

P24/SM21 to P27/SM24

P30/SM31 to P33/SM34

P34/SM41 to P37/SM44

Output

Leave open.

P40/TI00 to P42/TI02

P43/TIO2

P44/TI0O3

P50/SCK3

P51/S0O3

P52/SI3

P53/RxD

P54/TxD

P60/PCL/TPO

P61/SGO

P81/S19 to P87/S13

P90/S12 to P97/S5

17-G

Input/output

Independently connect to Vooo or Vssovia a resistor.

SO to S4

17

COMO to COM3

18

Output

Vico

Leave open.

RESET

Input

SMVop

SMVss

AVRer

AVss

Vep

IC

Connect to Vooo.

Connect to Vsso.

Connect to Vooo.

Connect to Vsso.

Connect directly to Vsso or Vssi.
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44

Figure 2-1. 1/O Circuits of Pins (1/2)

Type 2

Schmitt-triggered input with hysteresis characteristics

Type 8
Vob
ji——— D | S22
—O IN/JOUT
output N-ch
disable

Type 4

Type 8-A

Vbbb
pullup |
Voo enable DO | [~ P-ch
Vbbb
ouT
IN/OUT
output N-ch
disable output N-ch
disable
Push-pull output whose output can go into a high- D@
impedance state (both P-ch and N-ch are off).
Type 5 Type 9
Vob
L
data :D_l P-ch N P-ch Comparator
N-ch
——O IN/JOUT
output N-ch VREF
disable (Threshold voltage)
y:D input
input enable
enable
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Figure 2-1. 1/O Circuits of Pins (2/2)

Type 17 Type 17-G
-
Vico 71
P-ch == Voo
Vic1 %—4
N-ch
a P-ch data———t— [~ P
SEG ]—l
data I ouT oIN/JOUT
N-ch output N-ch
P-ch =— disable
Vie—— 44—
N-ch -
Lt input ;
- enable
Vico
Type 18 P-ch
= Vici ﬂ—<
Vico rvl N-ch
P-ch == T P-ch
Vi
N-ch
a —> SEG
P-ch N-ch data
| N-ch
COM N-ch P-ch ouT v P-ch [B
LC2 T
data | N-ch =
P-ch ==
Vicz2 %.
N-ch == -
7J7- [
-
Preliminary User’s Manual U14581EJ3VOUMO00

45



[MEMO]

46

Preliminary User’s Manual U14581EJ3VOUMO0



3.1 Memory Spaces

CHAPTER 3 CPU ARCHITECTURE

The uPD780852 Subseries can access a 64-Kbyte memory space. Figures 3-1 to 3-3 show memory maps of the

respective devices.

Figure 3-1. Memory Map ( pPD780851(A))

A
FFFFH Special function
registers (SFRs)
FFOOH 256 x 8 hits
FEFFH| Generalregisters
FEEOH 32 x 8 hits
FEDFH
Internal high-speed RAM
1,024 x 8 hits
FBOOH
FAFFH
Reserved
FAG6DH
FA6CH
LCD display RAM
20 x 4 bits
Data memory FAS9H
space FA58H
Reserved
F800H
F7FFH
Internal expansion RAM
512 x 8 hits
F600H
F5FFH
5 Reserved A
8000H
T 7FFFH
Program
memory L Internal ROM A
space T 32,768 x 8 bits a
Y 0000H

7FFFH

1000H

Program area

{4

OFFFH

0800H

CALLF entry area

07FFH

))

0080H

Program area

)
[

007FH

0040H

CALLT table area

003FH

0000H

Vector table area
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Figure 3-2. Memory Map ( uPD780852(A))

Data memory

space

FFFFH Special function
registers (SFRs)
FEOOH 256 x 8 hits
FEFFH| Generalregisters
FEEOH 32 x 8 bits
FEDFH
Internal high-speed RAM
1,024 x 8 bits
FBOOH
FAFFH
Reserved
FA6DH
FA6CH
LCD display RAM
20 x 4 bits
FA59H
FA58H
Reserved
F800H
F7FFH
Internal expansion RAM
512 x 8 bits
F600H
F5FFH
x Reserved
AO000H
T 9FFFH
Program
memory A Internal ROM
space T 40,960 x 8 bits
0000H

9FFFH

1000H

Program area

[(4

OFFFH

0800H

CALLF entry area

[(4

07FFH

))

0080H

Program area

))
(¢

007FH

0040H

CALLT table area

003FH

0000H

Vector table area

Preliminary User’s Manual U14581EJ3VOUMO00



CHAPTER 3 CPU ARCHITECTURE

Figure 3-3. Memory Map ( uPD78F0852)

Data memory

space

Program area

)
({4

CALLF entry area

[(4

Program area

[(4

CALLT table area

FFFFH Special function
registers (SFRs)
FEOOH 256 x 8 hits
FEFFH| Generalregisters
FEEOH 32 x 8 bits
FEDFH
Internal high-speed RAM
1,024 x 8 bits
FBOOH
FAFFH
Reserved
FA6DH
FA6CH
_ 9FFFH
LCD display RAM
20 x 4 hits -
FA59H
FAS8H 1000H
Reserved OFFFH
F800H -
F7FFH 3
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Preliminary User’s Manual U14581EJ3VOUMO0

49



CHAPTER 3 CPU ARCHITECTURE

3.1.1 Internal program memory space

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

The uPD780852 Subseries incorporate internal ROM (or flash memory), as listed below.

Table 3-1. Internal Memory Capacity

Part Number Internal ROM
Type Capacity
LPD780851(A) Mask ROM 32,768 x 8 bits (0000H to 7FFFH)
UPD780852(A) 40,960 x 8 bits (0000H to 9FFFH)
uPD78F0852 Flash Memory 40,960 x 8 bits (O000H to 9FFFH)

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

(1) Vector table area
The 64-byte area 0000H to 003FH is reserved as a vector table area. This area stores program start addresses
to which execution branches when the RESET signal is input or when an interrupt request is generated.
Of a 16-bit address, the lower 8 bits are stored at an even address and the higher 8 bits are stored at an odd
address.

Table 3-2. Vector Table

Vector Table Address Interrupt Source
0000H RESET input
0004H INTWDT
0006H INTAD
0008H INTOVF
000AH INTTMOO
000CH INTTMO1
000EH INTTMO2
0010H INTPO
0012H INTP1
0014H INTP2
0016H INTCSI3
0018H INTSER
001AH INTSR
001CH INTST
001EH INTTM1
0020H INTTM2
0022H INTTM3
0024H INTCSI2
0026H INTWTI
0028H INTWT
003EH BRK
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(2) CALLT instruction table area
The 64-byte area 0040H to 007FH can store the subroutine entry address of a 1-byte call instruction (CALLT).

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

3.1.2 Internal data memory space
The uPD780852 Subseries have the following RAM.

(1) Internal high-speed RAM
The configuration of the internal high-speed RAM is 1,024 x 8 bits at addresses FBOOH to FEFFH. The 32-byte
area FEEOH to FEFFH is allocated with four general-purpose register banks composed of eight 8-bit registers.
The internal high-speed RAM can be used as stack memory.

(2) LCD display RAM
An LCD display RAM is allocated to an area of 20 x 4 bits at addresses FA59H to FA6CH. The LCD display

RAM can also be used as a normal RAM.

(3) Internal expansion RAM
An internal expansion RAM is allocated to an area of 512 x 8 bits at addresses F600H to F7FFH.

3.1.3 Special-function register (SFR) area
An on-chip peripheral hardware special-function register (SFR) is allocated in the area FFOOH to FFFFH (see Table

3-3 Special-Function Register List in 3.2.3 Special-function registers (SFRs) ).

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

Addressing refers to the method of specifying the address of the instruction to be executed next or the address
of the register or memory relevant to the execution of instructions. The address of an instruction to be executed next
is addressed by the program counter (PC) (for details, see 3.3 Instruction Address Addressing ).

Several addressing modes are provided for addressing the memory relevant to the execution of instructions for
the uPD780852 Subseries, based on operability and other considerations. For areas containing data memory in
particular, special addressing methods designed for the functions of special function registers (SFRs) and general-
purpose registers are available for use. Data memory addressing is illustrated in Figures 3-4 to 3-6. For the details
of each addressing mode, see 3.4 Operand Address Addressing

Figure 3-4. Data Memory Addressing ( uPD780851(A))

FFFFH ) _ )
Special function
registers (SFRs) SFR addressing
256 x 8 bits
FF2OH Y
FF1FH
FFOOH
FEFFH ;
Gen;zra)l( r8e%|_fters Register addressing
FEEOH s N Short direct
FEDFH addressing
T Internal high-speed RAM T
1,024 x 8 bits
FE20H{ ]
FE1FH
FBOOH
FAFFH
Reserved
FAG6DH
FAGCH Direct addressing
LCD display RAM
20 x 4 bits Register indirect
FA59H addressing
FA58H
Reserved Based addressing
F800H
E7EEH Based indexed
addressing
Internal expansion RAM
512 x 8 bits
F600H
FSFFH
I~ Reserved =
8000H
7TFFFH
A Internal ROM A
T 32,768 x 8 bits T
0000H
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Figure 3-5. Data Memory Addressing ( uPD780852(A))
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Figure 3-6. Data Memory Addressing ( pPD78F0852)
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3.2 Processor Registers

The uPD780852 Subseries incorporate the following processor registers.

3.2.1 Control registers

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

a program counter (PC), a program status word (PSW), and a stack pointer (SP).

)

)

Program counter (PC)

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

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

Figure 3-7. Program Counter Configuration

15 0

PC |PC15|PC14/PC13 PC12PC11PC10 PC9| PC8| PC7|PC6| PC5| PC4|PC3|PC2| PC1|PCO

Program status word (PSW)

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

Figure 3-8. Program Status Word Configuration

PSW IE z RBS1| AC RBSO 0 ISP CY
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@

(b)

(c)

(d)

(e)

®

Interrupt enable flag (IE)

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

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

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

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

Register bank select flags (RBS0 and RBS1)

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

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

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

In-service priority flag (ISP)

This flag manages the priority of acknowledgeable maskable vectored interrupts. When this flag is 0, low-
level vectored interrupts specified with a priority specify flag register (PROL, PROH, PR1L) (see 19.3 (3)
Priority specify flag registers (PROL, PROH, PR1L) ) are disabled for acknowledgement. Actual
acknowledgement is controlled with the interrupt enable flag (IE).

Carry flag (CY)

This flag stores overflow and underflow upon add/subtract instruction execution. It stores the shift-out value
upon rotate instruction execution and functions as a bit accumulator during bit manipulation instruction
execution.
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(3) 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 3-9. Stack Pointer Configuration

15

SP6 | SP5| SP4|SP3|SP2 | SP1|SPO

SP14|SP13|SP12|SP11|SP10| SP9| SP8| SP7

SP |SP15

The SP is decremented prior to write (save) to the stack memory and is incremented after read (restore) from

the stack memory.
Each stack operation saves/restores data as shown in Figures 3-10 and 3-11.

Since RESET input makes SP contents undefined, be sure to initialize the SP before

Caution
instruction execution.
Figure 3-10. Data to Be Saved to Stack Memory
Interrupt and
PUSH rp instruction CALL, CALLF, and BRK instruction
CALLT instructions
SP -SP -3
SP <-SP -2 SP <-SP -2 SP-3 PC7 to PCO
SP-2 Register pair, low SP-2 PC7 to PCO SP -2 PC15 to PC8
SP-1 Register pair, high SP-1 PC15 to PC8 SP-1 PSW
Sp Sp > Sp =
Figure 3-11. Data to Be Reset from Stack Memory
RETI and RETB
POP rp instruction RET instruction instructions
SP | Register pair, low SP > PC7 to PCO SP > PC7 to PCO
SP+1 [ Register pair, high SP+1 PC15 to PC8 SP+1 PC15 to PC8
SP <SP +2 SP=<+SP+2 SP +2 PSW
SP<SP +3
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3.2.2 General registers

General registers are mapped at particular addresses (FEEOH to FEFFH) of the data memory. Four banks of
general registers, each consisting of eight 8-bit registers (X, A, C, B, E, D, L, and H) are available.

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

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

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

Figure 3-12. General Register Configuration

(a) Absolute Name

16-bit processing 8-bit processing
FEFFH
R7
BANKO RP3
R6
FEF8H
R5
BANK1 RP2
R4
FEFOH
R3
BANK2 RP1
R2
FEE8H
R1
BANK3 RPO
RO
FEEOH
15 0 7 0
(b) Function Name
16-bit processing 8-bit processing
FEFFH
H
BANKO HL
L
FEF8H
D
BANK1 DE
E
FEFOH
B
BANK2 BC
c
FEE8H
A
BANKS3 AX
X
FEEOH
15 0 7 0
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3.2.3 Special-function registers (SFRs)
Unlike the general registers, these registers have special functions.
They are allocated in the FFOOH to FFFFH area.
The special-function registers can be manipulated like the general registers, with the operation, transfer and bit

manipulation instructions. The bit units (1, 8, or 16 bits) for the manipulation vary for each register.

Each manipulation bit unit can be specified as follows.

.

1-bit manipulation

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

8-bit manipulation

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

16-bit manipulation

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

Table 3-3 gives a list of special-function registers. The meaning of items in the table is as follows.

Symbol

Symbol indicating the address of a special-function register. Itis a reserved word in the RA78K/0, and is defined
via the header file “sfrbit.h” in the CC78K/0. It can be described as an instruction operand when the RA78K/
0, ID78K0-NS, ID78K0, and SM78KO0 are used.

R/W

Indicates whether the corresponding special-function register can be read or written.

R/W: Read/write enable

R: Read only

W:  Write only

Manipulatable bit units

Indicates the manipulatable bit unit (1, 8, or 16). “—” indicates a bit unit for which manipulation is not possible.
After reset

Indicates each register status upon RESET input.
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Table 3-3. Special-Function Register List (1/3)

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

FFOOH Port 0 PO RIW O O — 00H

FFO1H Port 1 P1 R — O —

FFO2H Port 2 P2 RwNote | O O —

FFO3H Port 3 P3 O O —

FFO4H Port 4 P4 R/W O (@) —

FFO5H Port 5 P5 O O —

FFO6H Port 6 P6 O (@) —

FFO8H Port 8 P8 O O —

FFO9H Port 9 P9 O O —

FFOAH 8-bit compare register 1 CR1 — O —

FFOBH 8-bit compare register 2 CR2 — O —

FFOCH 8-bit compare register 3 CR3 — O —

FFODH 8-bit counter 1 ™1 R — O —

FFOEH 8-bit counter 2 T™2 — O —

FFOFH 8-hit counter 3 ™3 — O —

FF10H Capture register 00 CROO — — O 0000H

FF11H

FF12H Capture register 01 CRO1 — — O

FF13H

FF14H Capture register 02 CRO2 — — O

FF15H

FF16H 16-bit timer register 0 T™MO — — O

FF17H

FF18H Serial 1/0O shift register 3 SI03 R/W — — 00H

FF19H Transmit shift register TXS \W — O — FFH
Receive buffer register RXB R — O — FFH

FF1BH A/D conversion result register ADCR1 — O — 00H

FF1FH Serial 1/0 shift register 2 Sl02 R/W — O —

Note When PM2 and PMS3 are set to OOH, read operation is enabled. Moreover, when PM2 and PM3 are set

to FFH, these ports go into a high-impedance state.
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Table 3-3. Special-Function Register List (2/3)

Address Special-Function Register (SFR) Name Symbol R/W Manpulatable Bit Unit After Reset
1 Bit 8 Bits | 16 Bits
FF20H Port mode register 0 PMO R/W O O — FFH
FF22H Port mode register 2 PM2 O O —
FF23H Port mode register 3 PM3 O O —
FF24H Port mode register 4 PM4 O O —
FF25H Port mode register 5 PM5 O O —
FF26H Port mode register 6 PM6 O O —
FF28H Port mode register 8 PM8 O O —
FF29H Port mode register 9 PM9 O O —
FF30H Pull-up resistor option register PUO O O — 00H
FF40H Clock output selection register CKS O O —
FF41H Watch timer mode control register WTM O O —
FF42H Watchdog timer clock select register WDCS O O —
FF48H External interrupt rising edge enable register | EGP O O —
FF49H External interrupt falling edge enable register | EGN O O —
FF4AH LCD timer control registerNote LCDTM w O O —
FF61H Compare register (sin side) MCMP10 R/W O O —
FF62H Compare register (cos side) MCMP11 O O —
FF63H Compare register (sin side) MCMP20 O O —
FF64H Compare register (cos side) MCMP21 O O —
FF65H Compare register (sin side) MCMP30 O O —
FF66H Compare register (cos side) MCMP31 O O —
FF67H Compare register (sin side) MCMP40 O O —
FF68H Compare register (cos side) MCMP41 O O —
FF69H Timer mode control register MCNTC O O —
FF6AH Port mode control register PMC O O —
FF6BH Compare control register 1 MCMPC1 O O —
FF6CH Compare control register 2 MCMPC2 O O —
FF6DH Compare control register 3 MCMPC3 O O —
FF6EH Compare control register 4 MCMPC4 O O —
FF70H Prescaler mode register PRMO O O —
FF71H Capture/compare control register CRCO O O —
FF72H 16-bit timer mode control register TMCO O O —
FF73H Timer clock select register 1 TCL1 — O —
FF74H Timer clock select register 2 TCL2 — O —
FF75H Timer clock select register 3 TCL3 — O —
FF76H 8-bit timer mode control register 1 TMC1 O O — 04H
FF77H 8-bit timer mode control register 2 TMC2 O O —
FF78H 8-bit timer mode control register 3 TMC3 O O —

Note LCDTM is aregister that must be set when debugging the pPD780852 with an in-circuit emulator (IE-78K0-

NS).
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Table 3-3. Special-Function Register List (3/3)

Address Special-Function Register (SFR) Name Symbol R/W Manipulatable Bit Unit After Reset
1 Bit 8 Bits | 16 Bits
FF8OH A/D converter mode register ADM1 R/W O O — 00H
FF81H Analog input channel specification register | ADS1 O —
FF82H Power-fail compare mode register PFM O O —
FF83H Power-fail compare threshold value register | PFT O O —
FF84H Serial operation mode register 3 CSIM3 O O —
FF85H Asynchronous serial interface mode register | ASIM O O —
FF86H Asynchronous serial interface status register | ASIS R — O —
FF87H Baud rate generator control register BRGC R/W — O —
FF89H D/A converter mode register Note 1 DAM1 w O O —
FF94H Sound generator control register SGCR R/W O O —
FF95H Sound generator buzzer control register | SGBR O O —
FF96H Sound generator amplitude register SGAM O O —
FF98H Serial operation mode register 2 CSIM2 O O —
FF99H Serial receive data buffer register SIRB2 — O — Undefined
FFO9AH Serial receive data buffer status register | SRBS2 — O — 00H
FFAOH Oscillator mode register Note 2 0SCM O O —
FFBOH LCD display mode register LCDM O O —
FFB2H LCD display control register LCDC O O —
FFEOH Interrupt request flag register OL IFO | IFOL O O O
FFE1H Interrupt request flag register OH IFOH O O
FFE2H Interrupt request flag register 1L IF1L O O —
FFE4H Interrupt mask flag register OL MKO | MKOL O O O FFH
FFESH Interrupt mask flag register OH MKOH O O
FFE6H Interrupt mask flag register 1L MK1L O O —
FFESH Priority specify flag register OL PRO | PROL O O O
FFE9H Priority specify flag register OH PROH O O
FFEAH Priority specify flag register 1L PRIL O O —
FFFOH Memory size switching register IMS — O — CFH Note 3
FFF4H Internal expansion RAM size switching register | XS — O — 0CH Note 4
FFFOH Watchdog timer mode register WDTM O O — 00H
FFFAH Oscillation stabilization time select register OSTS — O — 04H
FFFBH Processor clock control register PCC O O —
Notes 1. DAMOis aregister that must be setwhen debugging the uPD780852 with an in-circuit emulator (IE-78K0-
NS). Set this register when emulating a power-fail detection function.
2. uPD780851(A), 780852(A) only
The initial value of this register is CFH. Set the following value to this register of each model.
uPD780851(A): C8H
uPD780852(A): CAH
UPD78F0852 (to set the same memory map as uPD780851(A)): C8H
uPD78F0852 (to set the same memory map as uPD780852(A)): CAH
4. Although the initial value of this register is OCH, set this register to OBH.
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3.3 Instruction Address Addressing

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

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.
In other words, relative addressing consists in relative branching from the start address of the following instruction
to the —128 to +127 range.
This function is carried out when the BR $addri16 instruction or a conditional branch instruction is executed.

[Operation]
15 0
PC indicates the start address
pC of the instruction
+ after the BR instruction.
15 8 7 6 0
a S
jdisp8
15 0
PC

When S =0, all bits of a are 0.
When S = 1, all bits of a are 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 !addrl6, BR !addrl6, or CALLF !addrl1l instruction is executed.
CALL !addrl6 and BR !addrl6 instructions can be branched to the entire memory space. The CALLF laddrll
instruction is branched to the 0800H to OFFFH area.

[Operation]
In the case of CALL !addrl16 and BR !addrl16 instructions

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

PC

In the case of CALLF !addrl11 instruction

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

PC|]0 O O 0 1
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3.3.3 Table indirect addressing

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

[Operation]

7 6 5 10

Operation code 11 tas-o 1
15 8 7 6 5 l 10

Effectiveaddress |0 0 0 O 0 0 O 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]
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.

[Operation]

15 8 7 0

PC
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3.4 Operand Address Addressing

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

3.4.1 Implied addressing

[Function]
The register which functions as an accumulator (A and AX) in the general register is automatically (implicitly)
addressed.
Of the yPD780852 Subseries instruction words, the following instructions employ implied addressing.

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

ADJBA/ADJBS Register A for storage of numeric values subject to decimal adjustment

ROR4/ROL4 Register A for storage of digit data subject to digit rotation

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

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

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

[Operand format]

Identifier Description
r X,A C,B EDLH
Y AX, BC, DE, HL

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

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

Operation code 0110001 O|
LI

L Register specify code

INCW DE; when selecting DE register pair as rp

Operation code 1000010 0|

Register specify code
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3.4.3 Direct addressing
[Function]
The memory to be manipulated is addressed with immediate data in an instruction word becoming an operand

address.

[Operand format]

Identifier Description

addrl6 Label or 16-bit immediate data

[Description example]
MOV A, !0FEOOH; when setting !addr16 to FEOOH

Operation code | 1000111 O| OP code

0000000 0] o0H

[11111110]FeH

[Operation]

OP code

addr16 (lower)

addr16 (upper)

Memory
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3.4.4 Short direct addressing

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

[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 OFE30H, #50H; when setting saddr to FE30H and immediate data to 50H

Operation code | 00010001 | OP code

[00 1100 0 0| 30H (saddroffset)

| 01010000 | 50H (immediate data)

[Operation]

OP code
saddr-offset ﬁ

Effective address 11 1 1 1 1 1 |a -

Short direct memory

When 8-bit immediate data is 20H to FFH, a = 0
When 8-bit immediate data is 00H to 1FH, a =1
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3.4.5 Special-function register (SFR) addressing

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

[Operand format]

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

[Description example]
MOV PMO, A; when selecting PMO (FF20H) as sfr

Operation code | 11110110 | OP code

[001 0000 0] 20H (sfroffset)

[Operation]

OP code

sfr-offset

SFR
15 8 7 0

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

[Function]

This addressing is to address a memory area to be manipulated by using as an operand address the contents
of a register pair specified by the register bank select flags (RBS0 and RBS1) and the register pair specification

code in the operation 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 [DE] as register pair

Operation code 10000101
[Operation]
16 8 7 0
DE D E
The memory address
specified with the
7 Memory 0 register pair DE
The contents of the memory
addressed are transferred.
7 0
A
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3.4.7 Based addressing

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

[Operand format]

Identifier Description

— [HL + byte]

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

Operation code | 10101110 |

[o0o010000)]

3.4.8 Based indexed addressing

[Function]
The B or C register contents specified in an instruction word are added to the contents of the base register, that
is, the HL register pair in an instruction word of the register bank specified with the register bank select flags
(RBSO and RBS1) and the sum is used to address the memory. Addition is performed by expanding the B or
C register contents 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 + B], [HL + C]

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

Operation code 10101011
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3.4.9 Stack addressing

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

[Description example]
In the case of PUSH DE

Operation code 10110101
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4.1 Port Functions
The uPD780852 Subseries are provided with five input port pins, sixteen output port pins, and thirty-five input/output
port pins. Figure 4-1 shows the port configuration. Every port can be manipulated in 1-bit or 8-bit units controlled

in various ways. Moreover, the port pins can also serve as I/O pins of the internal hardware.

Figure 4-1. Port Types

g=—+ P40 P00 [~——
0O E——
Port4 O . .0
0w o . .0
0 0 Port0
P44 ~——
e D
0 P07 f=—= 0
Port5 0 =——™
S P10 ~—— &
P54 ~—
<7% Port 1
~——~ P60 -~
0
Port 6 H -~ P61 P14 [~ [
0O P81 P20 b——
0 - - L .
0 - - O
H 0
Port 8 0O 0 Port2
O O
-+ — O
a P87 — O
P27 |—— O
g=— P20
O P30 [
B<—> —— D
L .0
Port9 0 | .0
O O Port3
0O 0
0 — - 0
0 =-——— P97 = U
P37 |— U0
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Table 4-1. Port Functions

Pin Name Input/Output Function Alternate
Function
P00 to P02 Input/Output | Port O INTPO to INTP2
P03 8-bit input/output port. SCK2
Input/output mode can be specified in 1-bit units.
Po4 On-chip pull-up resistor can be used by software. S02
P05 SI2
P06, PO7 —
P10 to P14 Input Port 1 ANIO to ANI4
5-bit input only port.
P20 to P23 Output Port 2 SM11 to SM14
P24 to P27 8-bit output only port. SM21 to SM24
P30 to P33 Output Port 3 SM31 to SM34
P34 to P37 8-bit output only port. SM41 to SM44
P40 to P42 Input/Output | Port 4 TI00 to TI02
P43, P44 5-bit input/output port. TIO2, TIO3
Input/output mode can be specified in 1-bit units.
P50 Input/Output | Port5 SCK3
P51 5-bit input/output port. 503
Input/output mode can be specified in 1-bit units.
P52 SI3
P53 RxD
P54 TxD
P60 Input/Output | Port 6 PCL/TPO
P61 2-bit input/output port. sSGO
Input/output mode can be specified in 1-bit units.
P81 to P87 Input/Output | Port 8 S19 to S13
7-bit input/output port.
Input/output mode can be specified in 1-bit units.
Can be set in input/output port or segment output mode in 2-bit units
with the LCD display control register (LCDC).
P90 to P97 Input/Output | Port 9 S12 to S5
8-bit input/output port.
Input/output mode can be specified in 1-bit units.
Can be set in input/output port or segment output mode in 2-bit units with
the LCD display control register (LCDC).
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4.2 Port Configuration
A port consists of the following hardware.

Table 4-2. Port Configuration

Item Configuration
Control register Port mode register (PMm: m =0, 2to 6, 8, 9)
Pull-up resistor option register (PUQ)
Port Total: 56 (5 inputs, 16 outputs, 35 inputs/outputs)
Pull-up resistor Total: 8 (software specifiable: 8)

4.2.1 PortO
Port 0 is an 8-bit input/output port with output latch. P00 to P07 pins can specify the input mode/output mode in

1-bit units with the port mode register 0 (PM0). On-chip pull-up resistor can be used in 1-bit units with a pull-up resistor
option register 0 (PUO).

Alternate functions include external interrupt request input, serial interface data input/output, and clock input/
output.

RESET input sets port 0 to input mode.

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

Cautions 1. Because port 0 also serves for external interrupt request input, when the port function output
mode is specified and the output level is changed, the interrupt request flag is set. Thus,
when the output mode is used, set the interrupt mask flag to 1.
2. When port 0 is used as the serial interface pins, an I/O and output latches must be set
according to the functions to be used. For an explanation of how to set these latches, refer
to the description of the format of the serial operation mode register.
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Figure 4-2. P00 to P07 Block Diagram

Vbbo
WRPpuo
N\
S PU0O to PUO7 {>@ I P-ch
RD
= o<
Selector
[2]
a
- WRpoRrT
[ ,L POO/INTPO to PO2/INTP2
g P03/SCK2
= Output latch
c
- ~ P00 to PO7 Y N | P04/S0O2
( ) {/ © pos/siz
P06
P07
WRem
$ PMO00 to PMO7
N
Alternate
functions
PU: Pull-up resistor option register
PM: Port mode register
RD: Port 0 read signal
WR: Port 0 write signal
4.2.2 Portl
Port 1 is a 5-bit input only port.
Alternate functions include an A/D converter analog input.
Figure 4-3 shows a block diagram of port 1.
Figure 4-3. P10 to P14 Block Diagram
N\ RD
[%2]
3 |
T P10/ANIO
3] © to
£ P14/ANI4
N\

RD:

78

Port 1 read signal
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4.2.3 Port 2

Port 2 is an 8-bit output only port with output latch. P20 to P27 pins go into a high-impedance state when the ENn

of port mode control register (PMC) is set to 0 and the port mode register 2 (PM2) is set to 1.
Alternate functions include meter control PWM output.
RESET input sets port 2 to high-impedance state.
Figure 4-4 shows a block diagram of port 2.

Figure 4-4. P20 to P27 Block Diagram

"\
RD
S G
%]
a
= WRpoRT
£
[} -
E (?,';tgl:é Igg:;) % P20/SM11 to P23/SM14
o P24/SM21 to P27/SM24
n
WRpm
‘ PM20 to PM27 {>Q
N\
Alternate | |
functions Decoder
2
—
MODn| ENn DIRn1|DIRNO
PM: Port mode register
RD: Port 2 read signal
WR: Port 2 write signal
Caution  WhenPM2issetto0, read operationis enabled. When PM2is setto 1, read operationis disabled.

Remark n=1,2
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4.2.4 Port3
Port 3 is an 8-bit output only port with output latch. P30 to P37 pins go into a high-impedance state when the ENn

of port mode control register (PMC) is set to 0 and the port mode register 3 (PM3) is set to 1.
Alternate functions include meter control PWM output.
RESET input sets port 3 to high-impedance state.
Figure 4-5 shows a block diagram of port 3.

Figure 4-5. P30 to P37 Block Diagram

N\
RD
QQ—C
(2]
a
= WRporT
£
Q —
= Output latch
= (P%g lt"o §3C7) . % P30/SM31 to P33/SM34
HI\E P34/SM41 to P37/SM44
n
WRem
PM30 to PM37 {>O
/\’
Alternate I__l
Decoder

functions

-

MODnN| ENn DIRn1|DIRNO

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

Caution  WhenPM3issetto0, read operationis enabled. When PM3issetto 1, read operationis disabled.

Remark n=3,4
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4.2.5 Port 4

Port 4 is a 5-bit input/output port with output latch. P40 to P44 pins can specify the input mode/output mode in
1-bit units with the port mode register 4 (PM4).

Alternate functions also include timer input/output.

RESET input sets port 4 to input mode.

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

Figure 4-6. P40 to P44 Block Diagram

N\
RD
j < Selector
@ WRPpoRT
>
o]
E Output latch P40/TI00 to P42/TI02
= (P40 to P44) O P43/TIO2
E P44/TI03
WRem
PM40 to PM44
N\
Alternate
functions

PM: Port mode register
RD: Port 4 read signal
WR: Port 4 write signal
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4.2.6 Port5

Port 5 is a 5-bit input/output port with output latch. P50 to P54 pins can specify the input mode/output mode in
1-bit units with the port mode register 5 (PM5).

Alternate functions include serial interface data input/output and clock input/output.

RESET input sets port 5 to input mode.

Figure 4-7 shows a block diagram of port 5.

Caution  When port 0 is used as the serial interface pins, an 1/0 and output latches must be set according
to the functions to be used. For an explanation of how to set these latches, refer to the
description of the format of the serial operation mode register.

Figure 4-7. P50 to P54 Block Diagram

N\ A
RD
Q<{ Selector
" WRPpoRrT
a P50/SCK3
= Output latch P51/S0O3
% (P50 to P54) P52/SI13
< P53/RxD
P54/TxD
WRpm
PM50 to PM54
N\
Alternate
functions

PM: Port mode register
RD: Port 5 read signal
WR: Port 5 write signal
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4.2.7 Port 6

Port 6 is a 2-bit input/output port with output latch. P60 and P61 pins can specify the input mode/output mode
in 1-bit units with the port mode register 6 (PM®6).

Alternate functions include clock output and sound generator output.

RESET input sets port 6 to input mode.

Figure 4-8 shows a block diagram of port 6.

Figure 4-8. P60 and P61 Block Diagram

N\
RD
O<{ Selector
WRProRT
[%2]
a
= Output latch
< (P60, P61) P60/PCL/TPO
L P61/SGO
£
WRem
PM60, PM61
A,
Alternate
functions

PM: Port mode register
RD: Port 6 read signal
WR: Port 6 write signal
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4.2.8 Port 8
Port 8 is a 7-bit input/output port with output latch. P81 to P87 pins can specify the input mode/output mode in
1-bit units with the port mode register 8 (PM8).
Alternate functions also include segment signal output of the LCD controller/driver.
Segment output and input/output port can be switched by setting the LCD display control register (LCDC).
RESET input sets port 8 to input mode.
Figure 4-9 shows block diagram of port 8.

Figure 4-9. P81 to P87 Block Diagram

N\
RD
o
Ny
j : Selector
[%2]
>
o]
= WRpoRrT
=
£ ,L Output latch
[
- ~ (P81 to P87) © P81/S19 to P87/S13
WRem
CL PM81 to PM87
/\_/
Segment output

function

PM: Port mode register
RD: Port 8 read signal
WR: Port 8 write signal
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4.2.9 Port9
Port 9 is an 8-bit input/output port with output latch. P90 to P97 pins can specify the input mode/output mode in
1-bit units with the port mode register 9 (PM9).
Alternate functions also include segment signal output of the LCD controller/driver.
Segment output and input/output port can be switched by setting the LCD display control register (LCDC).
RESET input sets port 9 to input mode.
Figure 4-10 shows a block diagram of port 9.

Figure 4-10. P90 to P97 Block Diagram

N\
RD
o
N\
j : Selector
[2]
a
= WRpoRT
1
2 Output latch
= ~ (P90 to P97) © P90/S12 to P97/S5
WRem
é PM90 to PM97
/‘\_/
Segment output

latch

PM: Port mode register
RD: Port 9 read signal
WR: Port 9 write signal
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4.3 Port Function Control Registers
The following two types of registers control the ports.

* Port mode registers (PMO, PM2 to PM6, PM8, PM9)
e Pull-up resistor option register (PUO)

(1) Port mode registers (PMO, PM2 to PM6, PM8, PM9)
These registers are used to set port input/output in 1-bit units.
PMO, PM2 to PM6, PM8, and PM9 are independently set with a 1-bit or 8-bit memory manipulation instruction.

RESET input sets these registers to FFH.
When a port pin is used as an alternate function pin, set the port mode register and output latch corresponding

to the port in accordance with the function to be used.

Cautions 1. Pins P10 to P17 are input-only pins, and pins P20 to P27 and P30 to P37 are output-only
pins.

2. Port0Ohasanalternate function as external interrupt requestinput, when the port function
output mode is specified and the output level is changed, the interrupt request flag is
set. When the output mode is used, therefore, the interrupt mask flag should be set to
1 beforehand.

3. Ports 2 and 3 that can be also used as meter driving PWM signal output pins go into a
high-impedance state when 1 is set to PM2 x and PM3x, respectively.
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Figure 4-11. Port Mode Register (PMO, PM4 to PM6, PM8, PM9) Format

Address: FF20H After Reset: FFH R/W

Symbol
PMO

7

6 5 4 3 2 1 0

PMO7

PMO06 PMO5 PMO04 PMO03 PM02 PMO1 PMOO

Address: FF24H After Reset: FFH R/W

Symbol
PM4

7

6 5 4 3 2 1 0

1

1 1 PM44 PM43 PM42 PM41 PM40

Address: FF25H After Reset: FFH R/W

Symbol
PM5

7

6 5 4 3 2 1 0

1

1 1 PM54 PM53 PM52 PM51 PM50

Address: FF26H After Reset: FFH R/W

Symbol
PM6

7

6 5 4 3 2 1 0

1

1 1 1 1 1 PM61 PM60

Address: FF28H After Reset: FFH R/W

Symbol
PM8

7

6 5 4 3 2 1 0

PM87

PM86 PM85 PM84 PM83 PM82 PM81 1

Address: FF29H After Reset: FFH R/W

Symbol
PM9

7 6 5 4 3 2 1 0
PM97 PM96 PM95 PM94 PM93 PM92 PM91 PM90
PMmn Pmn Pin Input/Output Mode Selection (m=0,41t06,8,9;n=0to07)

0 Output Mode (Output buffer on)

1 Input Mode (Output buffer off)

Figure 4-12. Port Mode Register (PM2, PM3) Format

Address: FF22H After Reset: FFH R/W

Symbol
PM2

7

6 5 4 3 2 1 0

PM27

PM26 PM25 PM24 PM23 PM22 PM21 PM20

Address: FF23H After Reset: FFH R/W

Symbol
PM3

7 6 5 4 3 2 1 0
PM37 PM36 PM35 PM34 PM33 PM32 PM31 PM30
PMmn Pmn Pin Input/Output Mode Selection (m=2,3;n=0to7)

0 Output Mode (Output buffer on)

1 High-impedance state (Output buffer off) Note

Note When 0 is set to ENn of port mode control register (PMC)
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(2) Pull-up resistor option register (PUO)
This register is used to set whether to use an on-chip pull-up resistor at port O or not. By setting the PUO, the
on-chip pull-up resistor of the corresponding port pin can be used.
PUO is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input clears this register to 00H.

Caution  When the on-chip pull-up resistor is used, the pull-up resistor is not cut off even when the
portis set to the output mode. To use the port in the output mode, clear the corresponding
pull-up resistor option register to 0.

Figure 4-13. Pull-Up Resistor Option Register (PUO) Format

Address: FF30H After Reset: 00H R/W

Symbol 7 6 5 4 3 2 1 0
PUO PUO7 PUO06 PUO5 PUO4 PUO3 PUO2 PUO1 PUOO
PUON POn Pin On-Chip Pull-Up Resistor Selection (n = 0 to 7)

0 On-chip pull-up resistor not used
1 On-chip pull-up resistor used
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4.4 Port Function Operations
Port operations differ depending on whether the input or output mode is set, as shown below.
4.4.1 Writing to input/output port

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

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

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

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

4.4.2 Reading from input/output port

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

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

4.4.3 Operations on input/output port

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

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

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

5.1 Clock Generator Functions

The clock generator generates the clock to be supplied to the CPU and peripheral hardware.

e Main system clock oscillator
This circuit oscillates at frequencies of 4.00 to 8.38 MHz. Oscillation can be stopped by executing the STOP

instruction.
Figure 5-1 shows clock generator block diagram.

Figure 5-1. Clock Generator Block Diagram

Prescaler
Clock to
_ > peripheral
X1©——| Main system hardware
clock Prescaler
X2@0—— oscillator fx
2 22| 23] 24
S
g || Standby CPU clock
© controller
STOP n (fe)
3
HALFOSC PCC2|PCC1|PCCO

ii Oscillator mode register (OSCM) @ Processor clock control register (PCC)
S Internal bus S

5.2 Clock Generator Configuration

The clock generator consists of the following hardware.

Table 5-1. Clock Generator Configuration

Item Configuration

Processor clock control register (PCC)

Control register
Oscillator mode register (OSCM) Note

Oscillator Main system clock oscillator

Note uPD780851(A), 780852(A) only
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5.3 Clock Generator Control Registers
The following two types of registers are used to control the clock generator.

¢ Processor clock control register (PCC)
¢ Oscillator mode register (OSCM)

(1) Processor clock control register (PCC)
PCC sets the division ratio of the CPU clock.
PCC is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input sets PCC to 04H.

Figure 5-2. Processor Clock Control Register (PCC) Format

Address: FFFBH After Reset: 04H R/W

Symbol 7 6 5 4 3 2 1 0
PCC 0 0 0 0 0 PCC2 PCC1 PCCO
PCC2 PCC1 PCCO CPU Clock (fcru) Selection

0 0 0 fx
0 0 1 fx/2
0 1 0 fx/22
0 1 1 fx/23
1 0 0 fx/24
Other than above Setting prohibited

Caution Bits 3 to 7 must be set to 0.

Remark fx: Main system clock oscillation frequency

The fastest instructions of the uPD780852 Subseries are executed in two CPU clocks. Therefore, the relation
between the CPU clock (fcpu) and the minimum instruction execution time is as shown in Table 5-2.

Table 5-2. Relation between CPU Clock and Minimum Instruction Execution Time

Minimum Instruction Execution Time: 2/fcru
CPU Clock (fcru)
fcru = 8 MHz fcru = 8.38 MHz
fx 0.25 us 0.24 us
fx/2 0.5 us 0.48 us
fx/22 1us 0.95 us
fx/23 2 us 1.91 us
fx/24 4 us 3.81 us

Remark fx: Main system clock oscillation frequency
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(2) Oscillator mode register (OSCM)
The yPD780851(A) and uPD780852(A) can be set to the reduced current consumption mode by setting OSCM
(only when operated at fx = 4 to 4.19 MHz).
OSCM is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input clears OSCM to 00H.

Figure 5-3. Oscillator Mode Register (OSCM) Format

Address: FFAOH After Reset: 00H R/IW

Symbol 6 5 4 3 2 1 0
OSCM | HALFOSC | 0 0 0 0 0 0 0
HALFOSC Oscillator Mode Selection
0 Normal operation mode
1 Reduced current consumption mode (only when operated at fx = 4 to 4.19 MHz)
Cautions 1. This function is available only when the device is operated at f x=4104.19 MHz. In other

cases, be sure not to set 1 to HALFOSC.
2. When using in normal operation mode, setting OSCM is not necessary.
3. Only the first setting of OSCM is effective.

Remark fx: Main system clock oscillation frequency
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5.4 System Clock Oscillator

5.4.1 Main system clock oscillator

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

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

Figure 5-4 shows an external circuit of the main system clock oscillator.

Figure 5-4. External Circuit of Main System Clock Oscillator

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

:4| IT X2 X2
o
L—l |i X1 External X1

”””””” clock
E— UPD74HCU04

Crystal resonator or
ceramic resonator

Cautions 1. Do not execute the STOP instruction while an external clock is input. This is because if the
STOP instruction is executed, the main system clock operation is stopped, and the X2 pin
is connected to V oo, via a pull-up resistor.

2. When using a main system clock oscillator, carry out wiring in the broken line area in Figure
5-4 as follows to avoid influence of wiring capacity.

« Keep the wiring length as short as possible.

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

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

« Do not fetch signals from the oscillator.

Figure 5-5 shows examples of resonator having bad connection.
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Figure 5-5. Incorrect Examples of Resonator Connection (1/2)

(@) Too long wiring (b) Crossed signal line

PORTn
(n=0to 6,8and9)

IC X2 X1 IC X2 X1

= =

e e

(c) Wiring near high alternating current (d) Current flowing through ground line of

oscillator (potential at points A, B, and C
fluctuates)

Pmn
X1

X1

W T
T 9 ]
T

High current

A

T B lc
- 7-7-£ High current

Preliminary User’'s Manual U14581EJ3VOUMO0

95



CHAPTER 5 CLOCK GENERATOR

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

(e) Signals are fetched

5.4.2 Divider circuit
The divider circuit divides the output of the main system clock oscillator (fx) to generate various clocks.
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5.5 Clock Generator Operations

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

e Main system clock fx
e CPUclock  fcpu
e Clock to peripheral hardware

The operation of the clock generator is determined by the processor clock control register (PCC) and oscillator
mode register (OSCM) as follows:

(@) The slowest mode (3.81 us: at 8.38-MHz operation) of the main system clock is selected when the RESET
signal is generated (PCC = 04H). While a low level is input to the RESET pin, oscillation of the main system
clock is stopped.

(b) Five types of CPU clocks (0.24 us, 0.48 us, 0.95 us, 1.91 us, and 3.81 yus: at 8.38-MHz operation) can be
selected by the PCC setting.

(c) Two standby modes, STOP and HALT, can be used.

(d) The clock to the peripheral hardware is supplied by dividing the main system clock. The other peripheral
hardware is stopped when the main system clock is stopped (except, however, the external clock input
operation).

(e) The pPD780851(A) and uPD780852(A) can be setto the reduced current consumption mode by setting OSCM
(only when operated at fx = 4 to 4.19 MHz). Setting 1 to bit 7 (HALFOSC) of OSCM will reduce the power
consumption.

Cautions 1. This function is available only when the device is operated at f x =4t04.19 MHz. In other
cases, be sure not to set 1 to HALFOSC.
2. When using in normal operation mode, setting OSCM is not necessary.
3. Only the first setting of OSCM is effective.
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5.6 Changing Setting of CPU Clock

5.6.1 Time required for switching CPU clock

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

98

Table 5-3. Maximum Time Required for Switching CPU Clock

The CPU clock can be selected by using bits 0 to 2 (PCCO0 to PCC2) of the processor clock control register (PCC).
Actually, the specified clock is not selected immediately after the setting of PCC has been changed, and the old

Set Value
before Switching

Set Value after Switching

PCC2|PCC1|PCCO

PCC2|PCC1|PCCO

PCC2|PCC1|PCCO

PCC2|PCC1|PCCO

PCC2|PCC1|PCCO

PCC2|PCC1|PCCO

0 0 1

0 1 0

0 1 1

1 0 0

16 instructions

16 instructions

16 instructions

16 instructions

8 instructions

8 instructions

8 instructions

8 instructions

4 instructions

4 instructions

4 instructions

4 instructions

2 instructions

2 instructions

2 instructions

2 instructions

Rl O|lO|O| O
O|kFR,|F,|O|O
O|lFr,|[|O| | O

1 instruction

1 instruction

1 instruction

1 instruction
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CHAPTER 5 CLOCK GENERATOR

5.6.2 Switching CPU clock
The following figure illustrates how the CPU clock switches.

Figure 5-6. Switching CPU Clock

RESET I_I

CPU clock ‘ ‘ ‘ ‘
‘ ‘ ‘ Slowest ‘ Fastest
t operation  operation
Wait (15.6 ms: at 8.38-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 time
during which oscillation stabilizes (217/fx) is automatically secured.
After that, the CPU starts instruction execution at the slowest speed of the main system clock (3.81 us: at
8.38-MHz operation).

<2> After a lapse of time long enough for the Voo voltage to rise to the level at which the CPU can operate at
its maximum speed, rewrite the contents of the processor clock control register (PCC) to execute the
maximum-speed operation.
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CHAPTER 6 16-BIT TIMER 0 TMO

6.1 Outline of Internal Timer of ©PD780852 Subseries

This chapter explains the 16-bit timer 0. Before that, the internal timers of the uPD780852 Subseries, and the
related functions are briefly explained below.

(1) 16-bit timer 0 TMO
The TMO can be used for pulse widths measurement, divided output of input pulse.

(2) 8-bit timer 1 TM1
The TM1 can be used for an interval timer (see CHAPTER 7 8-BIT TIMER 1 TM1).

(3) 8-bit timer/event counters 2 TM2 and 3 TM3
TM2 and TM3 can be used to serve as an interval timer and an external event counter and to output square waves
with any selected frequency and PWM (see CHAPTER 8 8-BIT TIMER/EVENT COUNTERS 2 TM2 AND 3 TM3).

(4) Watch timer
Thistimer can set a flag every 0.5 sec. and simultaneously generates interrupt request at the preset time intervals
(see CHAPTER 9 WATCH TIMER).

(5) Watchdog timer
This timer can perform the watchdog timer function or generate non-maskable interrupt request, maskable
interrupt request and RESET at the preset time intervals (see CHAPTER 10 WATCHDOG TIMER).

(6) Clock output controller

Clock output supplies other devices with the divided main system clock (see CHAPTER 11 CLOCK OUTPUT
CONTROLLER).
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Table 6-1. Timer/Event Counter Operations

16-Bit Timer TMO| 8-Bit Timer TM1 8-Bit Timer/Event Watch Timer | Watchdog Timer
Counter TM2, TM3

Operating | Interval timer 2 channels 1 channel 2 channels 1 channel Note 1 | 1 channel Note 2
mode External event counter - - O - -
Function | Timer output - - O - _
PWM output - - O — —
Pulse width measurement O - - - -
Square-wave output - - O - -
Divided output O - - - _
Interrupt request O O O O O

Notes 1. Watch timer can perform both watch timer and interval timer functions at the same time.
2. Watchdog timer can perform either the watchdog timer function or the interval timer function, as
selected.
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6.2 16-Bit Timer 0 TMO Functions
The 16-bit timer 0 TMO has the following functions.

¢ Pulse width measurement
e Divided output of input pulse

Figure 6-1 shows 16-bit timer 0 TMO block diagram.

Figure 6-1. Timer 0 TMO Block Diagram

S Internal bus S
Prescaler mode Capture pulse control 16-bit timer mode control
register (PRMO) register (CRCO0) register (TMCO)
ES21|ES20|ES11|ES10|ES01 |ESO00 |PRMOL{PRM00 CRCO01| CRCO0; TMCO02| TPOE
fx/8 —=| _
/16 —| £ - .
f4/32 % 16-bit timer register (TMO0) — INTOVF
x/64 —»] 9
¢ ES21, ES20
—
TI02/P42 @ »|Noise rejection Prescaler Edge 16-bit capture register (CR02)
circuit 1,1/2,1/4,1/8 detector p g
ESll,‘ ES10 % — INTTMO2
Noise rejection Edge hi ;
TIO1/P41 ©— circuit detector 16-bit capture register (CR0O1)
ESO01, ES00 ’7 1 INTTMO1
i
Noise rejection Edge ; ;
TI00/P40 ©— circuit detector 16-bit capture register (CR00)
— INTTMOO
TPO/PCL/P60 @<—C
TPOE
S Internal bus S

(1) Pulse width measurement
TMO can measure the pulse width of an externally input signal.

(2) Divided output of input pulse
The frequency of an input signal can be divided and the divided signal can be output.
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6.3

16-Bit Timer 0 TMO Configuration

16-bit timer 0 TMO consists of the following hardware.

)

)

3

4

104

Table 6-2. 16-Bit Timer 0 TMO Configuration

Item Configuration

Timer register 16 bits x 1 (TMO)

Register Capture register: 16 bits x 3 (CR00 to CR02)

Control register 16-bit timer mode control register (TMCO)
Capture pulse control register (CRCO)
Prescaler mode register (PRMO)

Port mode register 4 (PM4)

16-bit timer register 0 (TMO)

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

The counter is incremented in synchronization with the rising edge of an input clock. If the count value is read
during operation, the count value at that point is read. The value of the counter continues to be incremented
even while the count value is being read.

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

<1> RESET input
<2> Clear TMC02

Capture register 00 (CRO00)

The valid edge of the TI00 pin can be selected as the capture trigger. Setting of the TI00 valid edge is performed
with the prescaler mode register (PRM0). When the valid edge of the TI0O0 is detected, an interrupt request
(INTTMOO) is generated.

CROO is set with a 16-bit memory manipulation instruction.

RESET input makes CROO to undefined.

Capture register 01 (CR01)

The valid edge of the TI01 pin can be selected as the capture trigger. Setting of the T101 valid edge is performed
with the prescaler mode register (PRM0). When the valid edge of the TI01 is detected, an interrupt request
(INTTMO1) is generated.

CROL1 is set with a 16-bit memory manipulation instruction.

RESET input makes CRO1 to undefined.

Capture register 02 (CR02)

The valid edge of the TI02 pin can be selected as the capture trigger. Setting of the T102 valid edge is performed
with the prescaler mode register (PRM0). When the valid edge of the TI02 is detected, an interrupt request
(INTTMO02) is generated.

CRO02 is set with a 16-bit memory manipulation instruction.

RESET input makes CRO2 to undefined.
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6.4 16-Bit Timer 0 TMO Control Registers
The following four types of registers are used to control 16-bit timer 0 TMO.

e 16-bit timer mode control register (TMCO)
e Capture pulse control register (CRCO)

¢ Prescaler mode register (PRMO0)

« Port mode register 4 (PM4)

(1) 16-bit timer mode control register (TMCO)
This register sets the 16-bit timer operation mode and controls the prescaler output signals.
TMCO is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input clears TMCO to 00H.

Figure 6-2. 16-Bit Timer Mode Control Register (TMCO) Format

Address: FF72H After Reset: 00H R/W

Symbol 7 6 5 4 3 1 [0]
T™MCO 0 0 0 0 o | t™co2 [ o | TPOE |
TMCO02 TMO Operation Mode Selection
0 Operation stop (TMO cleared to 0)
1 Operation enabled
TPOE Prescaler Output Control
0 Prescaler signal output disabled
1 Prescaler signal output enabled

Cautions 1. Before changing the operation mode, stop the timer operation (by setting 0 to TMCO02).
2. Bits 1 and 3 to 7 must be set to 0.
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)
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Capture pulse control register (CRCO0)

This register specifies the division ratio of the capture pulse input to the 16-bit capture register (CR02) from an

external source.
CRCO is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input clears CRCO to 00H.

Figure 6-3. Capture Pulse Control Register (CRCO0) Format

Address: FF71H  After Reset: 00H R/W

Symbol 7 6 5 4 3 2 1 0
CRCO 0 0 0 0 0 0 CRCO1 CRCO00
CRCO1 CRCO00 Capture Pulse Selection
0 0 Does not divide capture pulse
0 1 Divides capture pulse by 2
1 0 Divides capture pulse by 4
1 1 Divides capture pulse by 8

Cautions 1. Timer operation must be stopped before setting CRCO.
2. Bits 2 to 7 must be set to 0.
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(3) Prescaler mode register (PRMO)
This register is used to set TMO count clock and valid edge of TIOO to TIO2 input.
PRMO is set with an 8-bit memory manipulation instruction.
RESET input clears PRMO to 00H.

Figure 6-4. Prescaler Mode Register (PRMO0) Format

Address: FF70H After Reset: O0H R/W

Symbol 7 6 5 4 3 2 1 0
PRMO ES21 ES20 ES11 ES10 ESO1 ESO00 PRMO1 PRMOO
ESnl ESnO TIOn Valid Edge Selection
0 0 Falling edge
0 1 Rising edge
1 0 Setting prohibited
1 1 Both falling and rising edges

PRMO1 PRMO00O Count Clock Selection
0 0 fx/23
0 1 fx/24
1 0 fx/25
1 1 fx/28

Caution  Timer operation must be stopped before setting PRMO.

Remarks 1. fx: Main system clock oscillation frequency.
2.n=0to 2

(4) Port mode register 4 (PM4)
This register sets port 4 to the input or output mode in 1-bit units.
To use the P40/TIO0 to P42/T102 pins as timer input pins, set PM40 to PM42 to 1. PM4 is set with a 1-bit or
8-bit memory manipulation instruction.
RESET input sets PM4 to FFH.

Figure 6-5. Port Mode Register 4 (PM4) Format

Address: FF24H  After Reset: FFH R/W

Symbol 7 6 5 4 3 2 1 0
PM4 1 1 1 PM44 PM43 PM42 PM41 PM40
PM4n P4n Pin 1/0O Mode Selection (n = 0 to 4)
0 Output mode (output buffer on)
1 Input mode (output buffer off)
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6.5 16-Bit Timer 0 TMO Operations

6.5.1 Pulse width measurement operations
It is possible to measure the pulse width of the signals input to the TIO0/P40 to TI02/P42 pins using the
16-bit timer register (TM0). TMO is used in free-running mode.

(1) Pulse width measurement with free-running counter and one capture register (TI00)
When the edge specified by prescaler mode register (PRMO) is input to the TI00/P40 pin, the value of TMO is
taken into 16-bit capture register 00 (CR00) and an external interrupt request signal (INTTMOO) is set.
Any of three edge specifications can be selected—rising, falling, or both edges—by means of bits 2 and 3 (ES00
and ESO01) of prescaler mode register (PRMO).
For TIOO pin valid edge detection, sampling is performed at the count clock selected by PRMO, and a capture
operation is only performed when a valid level is detected twice, thus eliminating noise with a short pulse width.

Figure 6-6. Configuration Diagram for Pulse Width Measurement by Free-Running Counter

/28 ——

f2t —| 8

3 16-bit timer register (TMO) INTOVF
/25— ©

n
fx/26 ——= ‘ ‘
TIOO © 16-bit capture register 00 (CR00)

INTTMOO
2 Internal bus 2

Figure 6-7. Pulse Width Measurement Operation Timing by Free-Running Counter
and One Capture Register (with Both Edges Specified)

Count clock M--m---m"w'"m"m

TMO count ™ Yooooroootl X po{ X b1 XFFFFHXOOOOHX - X 2 X D3 X
TIO_Opir: __ﬁi'"li N | ___|":7"|:
inpu | |
e B S T B S OE
INTTMOO ___i_| ____i_| N 3 ____i_| ___i_|
‘ ‘ ‘ ‘ ‘
INTOVF - 3 L 3 N i o ; o ;
‘ ‘ | |
i (D1-DO) x t i (10000H — D1 + D2) x t i(DS—DZ)Xt i
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(2) Measurement of three pulse widths with free-running counter
The 16-bit timer register (TMO) allows simultaneous measurement of the pulse widths of the three signals input
to the T100/P40 to TI02/P42 pins.
When the edge specified by bits 2 and 3 (ES00 and ES01) of prescaler mode register (PRMO) is input to the
TI100/P40 pin, the value of TMO is taken into 16-bit capture register 00 (CR00) and an external interrupt request
signal (INTTMOO) is set.
Also, when the edge specified by bits 4 and 5 (ES10 and ES11) of PRMO is input to the TI01/P41 pin, the value
of TMO is taken into 16-bit capture register 01 (CR01) and an external interrupt request signal (INTTMO1) is set.
When the edge specified by bits 6 and 7 (ES20 and ES21) of PRMO is input to the TI02/P42 pin, the value of
TMO is taken into 16-bit capture register 02 (CR02) and external interrupt request signal (INTTMO02) is set.
Any of three edge specifications can be selected—rising, falling, or both edges—as the valid edges for the TI00/
P40 to TI02/P42 pins by means of bits 2 and 3 (ES00 and ES01), bits 4 and 5 (ES10 and ES11), and bits 6 and
7 (ES20 and ES21) of PRMO, respectively.
For TI00/P40 to TI02/P42 pins valid edge detection, sampling is performed at the interval selected by means
of PRMO, and a capture operation is only performed when a valid level is detected twice, thus eliminating noise
with a short pulse width.

e Capture operation (free-running mode)
Capture register operation in capture trigger input is shown.

Figure 6-8. CROm Capture Operation with Rising Edge Specified

Countclock_l | | | | | l | | | | |
|
™ f n-3 X n-2 f n-2 X n f n+1 [
| | |
Z z

TIOm | A A
Rising edge detection | | |

CROm X n

INTTMOm | |

Remark m=0to 2
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Figure 6-9. Pulse Width Measurement Operation Timing by Free-Running Counter
(with Both Edges Specified)

MO count value _ YoooorYooosY ~ ¥ oo ¥ Yot X Yeerrrfooood) ¥ b2 5( Jo3 )

|
- |
TIOm pin input __|} K - ‘ -l

Value loaded to CROm X DO :: X D1

INTTMOm _|_| J_| . J_l

TIOn pin input

Value loaded to CROn

INTTMOnN

INTOVF

(1000OH — DO + D2) x t (D3-D2) xt |
| | |

|
(10000H — D1 + (D2 + 1) x t !

Remark m=0to2,n=1,2
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6.6 16-Bit Timer 0 TMO Cautions
(1) Timer start errors
An error with a maximum of one clock may occur until counting is started after timer start. This is because the

16-bit timer register (TMO) is started asynchronously with the count pulse.

Figure 6-10. 16-Bit Timer Register Start Timing

comss [\ /NN

TMO count value 0000H X 0001H X 0002H X ©0003H X 0004H

Timer start

(2) Capture register data retention timings
If the valid edge of the TI0n/P4n pinis input during 16-bit capture register On (CROn) read, CROn performs capture
operation, but the capture value is not guaranteed. However, the interrupt request flag (INTTMOn) is set upon
detection of the valid edge.

Figure 6-11. Capture Register Data Retention Timing

MO count value N -3XN-2)(N - N YN+ IX T Xw-aXm- WX m X Y 2 msX

Edge input | |

Interrupt request flag [ [ ]
Capture read signal [

| |
CROn interrupt value X X N N | X |

Capture operation

Remark n=0to2
(3) Valid edge setting
Set the valid edge of the TI0On/P4n pin after setting bit 2 (TMCO02) of the 16-bit timer mode control register (TMCO)
to 0, and then stopping timer operation. Valid edge setting is carried out with bits 2 to 7 (ESn0 and ESn1) of

the prescaler mode register (PRMO).

Remark n=0to 2
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Occurrence of INTTMOn

INTTMOnN occurs even if no capture pulse exists, immediately after the timer operation has been started (TMC02
of TMCO has been set to 1) with a high level applied to input pins TIOO to TI02 of 16-bit timer 0, and with the
rising edge (with ESn1 and ESn0 of PRMO set to 0, 1), or both the rising and falling edges (with ESn1 and ESn0O
of PRMO set to 1, 1) selected. However, INTTMOn does not occur if a low level is applied to TIOO to TI102.

Remark n=0to2
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7.1 8-Bit Timer 1 TM1 Functions

The 8-bit timer 1 TM1 operates as an 8-bit interval timer.

Figure 7-1 shows timer 1 TM1 block diagram.

Figure 7-1. 8-Bit Timer 1 TM1 Block Diagram

Internal bus S

/28 —=
fx/24 —

x/25 —

J

8-bit compare register 1 (CR1)

iL Coincidence
INTTM1

/2" ——=

Selector

x/2° ——=]

/21—

[ 1 ]

TCL12|TCL11

TCL10

Timer clock select register 1 (TCL1) iE

8-bit counter (TM1)

Clear

TCE1

iI Timer mode control register (TMC1)

Internal bus S
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7.2 8-Bit Timer 1 TM1 Configuration
8-bit timer 1 TM1 consists of the following hardware.

Table 7-1. 8-Bit Timer 1 TM1 Configuration

Item Configuration
Timer register 8-bit counter 1 (TM1)
Register 8-bit compare register 1 (CR1)

Control register Timer clock select register 1 (TCL1)
8-bit timer mode control register 1 (TMC1)

(1) 8-bit counter 1 (TM1)
TML1 is an 8-bit read-only register which counts the count pulses.
The counter is incremented in synchronization with the rising edge of the count clock. When count value is read
during operation, count clock input is temporary stopped, and then the count value is read. In the following
situations, the count value is set to O0H.
<1> RESET input
<2> Clear TCE1
<3> Match between TM1 and CR1

(2) 8-bit compare register 1 (CR1)
The value set in the CR1 is constantly compared with the 8-bit counter 1 (TM1) count value, and an interrupt
request (INTTM1) is generated if they match.
It is possible to rewrite the value of CR1 within OOH to FFH during count operation.
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7.3 8-Bit Timer 1 TM1 Control Registers
The following two types of registers are used to control 8-bit timer 1 TM1.

e Timer clock select register 1 (TCL1)
e 8-bit timer mode control register 1 (TMC1)

(1) Timer clock select register 1 (TCL1)
This register sets count clocks of 8-bit timer 1.

TCL1 is set with an 8-bit memory manipulation instruction.
RESET input clears TCL1 to O0OH.

Figure 7-2. Timer Clock Select Register 1 (TCL1) Format

Address: FF73H  After Reset: 00H R/W

Symbol 7 6 5 4 3 2 1 0
TCL1 0 0 0 0 0 TCL12 TCL11 TCL10
TCL12 TCL11 TCL10 Count Clock Selection

0 1 0 fx/23 (1.04 MHz)

0 1 1 fx/24 (523 kHz)

1 0 0 fx/25 (261 kHz)

1 0 1 fx/27 (65.4 kHz)

1 1 0 fx/29 (16.3 kHz)

1 1 1 fx/211 (4.09 kHz)

Other than above Setting prohibited

Cautions 1. When rewriting TCL1 to other data, stop the timer operation beforehand.

2. Bits 3 to 7 must be set to 0.

Remarks 1. fx: Main system clock oscillation frequency
2. Figures in parentheses apply to operation with fx = 8.38 MHz
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(2) 8-bit timer mode control register 1 (TMC1)
TMCL1 is a register that controls the counting operation of the 8-bit counter 1 (TM1).
TMCL1 is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input clears TMC1 to O0OH.

Figure 7-3. 8-Bit Timer Mode Control Register 1 (TMC1) Format

Address: FF76H After Reset: 00H R/W

Symbol 6 5 4 3 2
TMC1 | TCE1 | 0 0 0 0 1
TCE1 TM1 Count Operation Control
0 After clearing counter to 0, count operation disabled
1 Count operation start

Caution Bits 0, 1, and 3 to 6 must be set to 0, and bit 2 must be set to 1.
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7.4 8-Bit Timer 1 TM1 Operations

7.4.1 8-bit interval timer operation
The 8-bit timer 1 operates as an interval timer which generates interrupt requests repeatedly at intervals of the
count value preset to 8-bit compare register 1 (CR1).

When the count values of the 8-bit counter 1 (TM1) match the values set to CR1, counting continues with the TM1
values cleared to 0 and the interrupt request signal (INTTM1) is generated.
Count clock of the TM1 can be selected with bits 0 to 2 (TCL10 to TCL12) of the timer clock select register 1 (TCL1).

[Setting]

<1>

Set the registers.
e TCL1: Select count clock.
e CR1: Compare value

<2> After TCE1 = 1 is set, count operation starts.
<3> If the values of TM1 and CR1 match, the INTTM1 is generated and TML1 is cleared to 00H.
<4> |INTTML1 generates repeatedly at the same interval. Set TCE1 to 0 to stop count operation.
Figure 7-4. Interval Timer Operation Timings (1/3)
(a) Basic operation
| t |
cauncooek [ L LML LML L TL
TM1countvalue  O0H OIHX X N YO00HYO01HY X N XoorXoiHY X N X
1 o A A o !
§tart count C[ear C!ear !
cR1 N N N N N T W
TcEr 1| o w o w o w
INTTM1 |_| |_| |_

A

Interrupt received

Interrupt received

Remark

Interval time

Interval time = (N + 1) x t: N = 00H to FFH

Preliminary User’'s Manual U14581EJ3VOUMO00

Interval time

Interval time

117



CHAPTER 7 8-BIT TIMER 1 TM1

Figure 7-4. Interval Timer Operation Timings (2/3)

(b) When CR1 = 00H

ot !
~—!
| I

|
Count clock |‘|||||||||||||
|

00H ' O0H w w w

TM1 O0H

|
INTTM1‘||||||||||||

I A I
| ! i
TM1 interval time | | |
T | I
I | I

-
|

Interval time

(c) When CR1 = FFH

ot
-~
|
Countclock|:|||||__||||||||||__||||||||||
| | |
™1 Joi] [FE]FFJoo ] [ FE [ FF [ 00 |
| | |
L —— ——
CR1 | FF FF FF
|
|

INTTM1 [] [ ]

A A
| Interrupt received | Interrupt
! ' received

TM1 interval time

! Interval time !
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Figure 7-4. Interval Timer Operation Timings (3/3)

(d) Operated by CR1 transition (M < N)

Countclocklllllll'llllllllllll'll

T™1 NJ ooH | | m | | | N | |FFHlOOH| | ™ iOOHl
| |

CR1 i N k 3 M
| |

TCE1 i ; ;
INTTM1 i | i i r_1
TM1 interval time _i 3 3 I_‘
éRl transition 'tMl overflows since M < N

(e) Operated by CR1 transition (M > N)

CountclockIllllll'lllllllllllllll

|

™1 [N-1] N JooH | o1H | | N | [M—1] ™ | ooH | o1H |
I | I
CR1 N X M }
| | |
TCE1 ; ;
| |

INTTML ]

=

I

TM1 interval time _|

|
|
|
|
|
T
|
;
4
CR1 transition
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7.5 8-Bit Timer 1 TM1 Cautions
(1) Timer start errors
An error with a maximum of one clock may occur concerning the time required for a match signal to be generated

after timer start. This is because 8-bit counter 1 (TM1) is started asynchronously with the count pulse.

Figure 7-5. 8-Bit Timer 1 (TM1) Start Timing

Contpuse | [ | [ | [ | [_] |

TM1 count value 00H X omH X o02H X 03H X 04H

Timer start

(2) Operation after compare register change during timer count operation
If the values after the 8-bit compare register 1 (CR1) is changed are smaller than the value of 8-bit timer register
1 (TM1), TM1 continues counting, overflows and then restarts counting from 0. Thus, if the value (M) after CR1
change is smaller than value (N) before the change, it is necessary to restart the timer after changing CR1.

Figure 7-6. Timing after Compare Register Change during Timer Count Operation

counpuse || [ | | |____| L[ [ L L[

CR1 N X M

TMicountvalue X x-1 X x X X Frn X ooH X _oin X ozH

Caution Always set TCE1 = 0 before setting the STOP state.
Remark N>X>M
(3) TM1 reading during timer operation

When TM1 is read during operation, choose a count clock which has a longer high/low level wave because 8-
bit counter (TM1) is stopped temporary.
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8.1 8-Bit Timer/Event Counters 2 TM2 and 3 TM3 Functions

The 8-bit timer/event counters 2 TM2 and 3 TM3 can have the following functions.

¢ |nterval timer

« External event counter

e Square wave output

* PWM output

Figure 8-1 shows 8-bit timer/event counter 2 TM2 block diagram, and Figure 8-2 shows 8-bit timer/event counter

3 TM3 block diagram.

Figure 8-1. 8-Bit Timer/Event Counter 2 TM2 Block Diagram

Internal bus 2

TIO2/P43 ©—
/28—
fx/25 ——=
fx/27 ——
fx/28 —=
fx/29 —

fx/2tt  ——]

Selector

I A
|TcLe2]TeLat]TeLeof

Timer clock select
register 2 (TCL2)

g

8-bit compare
register 2 (CR2) ' —_@—* INTTM2
% %Coincidence

Mask circuit

Q S
|| 8-bit counter 2 |OVF D*INV S
TM2 © © TIO2/P43
(TM2) R <
Clear — 1 P43 output latch PM43 Note
S | |Invert
R level
[selector}——

| Tce2{T™MC26] Lvs2|LVR2[TMC21 | TOE2|

Timer mode control
register 2 (TMC2)

(

Internal bus 2

Note Bit 3 of port mode register 4 (PM4)
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Figure 8-2. 8-Bit Timer/Event Counter 3 TM3 Block Diagram

Internal bus
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8.2 8-Bit Timer/Event Counters 2 TM2 and 3 TM3 Configurations
The 8-bit timer/event counters 2 TM2 and 3 TM3 consist of the following hardware.

Table 8-1. 8-Bit Timer/Event Counters 2 TM2 and 3 TM3 Configurations

Item Configuration

Timer register 8-bit counter x 2 (TM2, TM3)

Register 8-bit compare register x 2 (CR2, CR3)

Timer output 2 (TIO2, TIO3)

Control register Timer clock select registers 2, 3 (TCL2, TCL3)
8-bit timer mode control registers 2, 3 (TMC2, TMC3)
Port mode register 4 (PM4)

(1) 8-bit counters 2, 3 (TM2, TM3)
TMn is an 8-bit read-only register which counts the count pulses.
The counter is incremented in synchronization with the rising edge of the count clock. When count value is read
during operation, count clock input is temporary stopped, and then the count value is read. In the following
situations, the count value is set to O0H.
<1> RESET input
<2> Clear TCE2 and TCE3
<3> Match between TM2 and TM3 and CR2 and CR3 in clear and start mode with match between TM2 and
TM3 and CR2 and CR3

(2) 8-bit compare registers 2, 3 (CR2, CR3)
The value set in the CR2 is constantly compared with the 8-bit counter 2 (TM2) count value and the value set
in the CR3 is constantly compared with the 8-bit counter 3 (TM3) count value, and interrupt requests (INTTM2
and INTTM3) are generated if they match (except PWM mode).
CR2 and CR3 are set with an 8-bit memory manipulation instruction. They are not set with a 16-bit memory
manipulation instruction.
It is possible to rewrite the values of CR2 and CR3 within 00H to FFH during count operation.
RESET input clears these regiters to 00H.
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8.3 8-Bit Timer/Event Counters 2 TM2 and 3 TM3 Control Registers
The following three types of registers are used to control 8-bit timer/event counters 2 TM2 and 3 TM3.

« Timer clock select registers 2, 3 (TCL2, TCL3)
e 8-bit timer mode control registers 2, 3 (TMC2, TMC3)
« Port mode register 4 (PM4)

(1) Timer clock select registers 2, 3 (TCL2, TCL3)
These registers set count clocks of 8-bit counters 2 and 3 (TM2 and TM3).
TCL2 and TCL3 are set with an 8-bit memory manipulation instruction.
RESET input clears these registers to 00H.

Figure 8-3. Timer Clock Select Register 2 (TCL2) Format

Address: FF74H After Reset: O0H R/W

Symbol 7 6 5 4 3 2 1 0
TCL2 0 0 0 0 0 TCL22 TCL21 TCL20
TCL22 TCL21 TCL20 Count Clock Selection

0 0 0 TIO2 falling edge

0 0 1 TIO2 rising edge

0 1 0 fx/23 (1.04 MHz)

0 1 1 fx/25 (261 kHz)

1 0 0 fx/27 (65.4 kHz)

1 0 1 fx/28 (32.7 kHz)

1 1 0 x/29 (16.3 kHz)

1 1 1 x/211 (4.09 kHz)

Cautions 1. When rewriting TCL2 to other data, stop the timer operation beforehand.
2. Bits 3 to 7 must be set to 0.

Remarks 1. fx: Main system clock oscillation frequency
2. Figures in parentheses apply to operation with fx = 8.38 MHz
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Figure 8-4. Timer Clock Select Register 3 (TCL3) Format

Address: FF75H  After Reset: 00H R/W

Symbol 7 6 5 4 3 2 1 0
TCL3 0 0 0 0 0 TCL32 TCL31 TCL30
TCL32 TCL31 TCL30 Count Clock Selection

0 0 0 TI03 falling edge

0 0 1 TIO3 rising edge

0 1 0 fx/24 (523 kHz)

0 1 1 fx/26 (130 kHz)

1 0 0 fx/27 (65.4 kHz)

1 0 1 fx/28 (32.7 kHz)

1 1 0 x/210 (8.18 kHz)

1 1 1 x/212 (2.04 kHz)

Cautions 1. When rewriting TCL3 to other data, stop the timer operation beforehand.
2. Bits 3 to 7 must be set to 0.

Remarks 1. fx: Main system clock oscillation frequency
2. Figures in parentheses apply to operation with fx = 8.38 MHz

(2) 8-bit timer mode control registers 2, 3 (TMC2, TMC3)
TMC2 and TMC3 are registers which sets up the following five types.

<1> 8-bit counters 2 and 3 (TM2 and TM3) count operation control
<2> 8-bit counters 2 and 3 (TM2 and TM3) operation mode selection

<3> Timer output F/F (flip flop) status setting

<4> Active level selection in timer F/F control or PWM (free-running) mode

<5> Timer output control

TMC2 and TMC3 are set with a 1-bit or 8-bit memory manipulation instruction.

RESET input clears these registers to O0H.
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Figure 8-5. 8-Bit Timer Mode Control Registers 2 and 3 (TMC2 and TMC3) Format

Address: FF77H (TMC2) FF78H (TMC3)  After Reset: OOH R/W

Symbol 6 5 4 1 (0]
TMCn | TCEn | TMCn6 0 0 | LVSn | LVRn | TMCn1 | TOEnN |
TCEn TMn Count Operation Control
0 After clearing counter to 0, count operation disabled (prescaler disabled)
1 Count operation start
TMCn6 TMn Operation Mode Selection
0 Clear and start mode by matching between TMn and CRn
1 PWM (Free-running) mode
LVSn LVRn Timer Output F/F Status Setting
0 0 No change
0 1 Timer output F/F reset (to 0)
1 0 Timer output F/F set (to 1)
1 1 Setting prohibited
In Other Modes (TMCn6 = 0) In PWM Mode (TMCn6 = 1)
TMCn1
Timer F/F Control Active Level Selection
0 Inversion operation disabled Active high
1 Inversion operation enabled Active low
TOEN Timer Output Control
0 Output disabled (Port mode)
1 Output enabled

Cautions 1. Bits 4 and 5 must be set to 0.
2. Bits 2 and 3 are write-only.

Remarks 1. In PWM mode, PWM output will be inactive because of TCEn = 0.

2. If LVSn and LVRn are read after data is set, they will be 0.
3. n=2,3
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(3) Port mode register 4 (PM4)
This register sets port 4 to the input or output mode in 1-bit units.
To use the P43/TI02 and P44/T103 pins as timer output pins, clear the output latches of PM43 and PM44 and
P43 and P44 to 0.
PM4 is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input sets PM4 to FFH.

Figure 8-6. Port Mode Register 4 (PM4) Format

Address: FF24H After Reset: FFH R/W

Symbol 7 6 5 4 3 2 1 0
PM4 1 1 1 PM44 PM43 PM42 PM41 PM40
PM4n P4n Pin I/O Mode Selection
0 Output mode (output buffer on)
1 Input mode (output buffer off)

Remark n=0to 4
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8.4 8-Bit Timer/Event Counters 2 TM2 and 3 TM3 Operations

8.4.1 8-bit interval timer operation

The 8-bit timer/event counters operate as interval timers which generate interrupt requests repeatedly at intervals
of the count value preset to 8-bit compare register n (CRn).

When the count values of the 8-bit counter n (TMn) match the values set to CRn, counting continues with the TMn
values cleared to 0 and the interrupt request signal (INTTMn) is generated.

Count clock of the 8-bit timer register n (TMn) can be selected with the timer clock select register n (TCLn).

[Setting]
<1> Set the registers.

e TCLn: Select count clock.

e CRn: Compare value

e TMCn: Select clear and start mode by match of TMn and CRn.

(TMCn = 0000xxx0B x = don't care)

<2> After TCEn = 1 is set, count operation starts.
<3> If the values of TMn and CRn match, the INTTMn is generated and TMn is cleared to 00H.
<4> INTTMn generates repeatedly at the same interval. Set TCEn to 0 to stop count operation.

Remark n=2,3
Figure 8-7. Interval Timer Operation Timings (1/3)
(a) Basic operation

ot

||

TMn count value :OOH XoinX X n Xoon¥oiHX X N XooHXomHX XN X

A |
Start count C[ear C[ear !
CRn N N N N
T T - T -= T - T
| | | | |
TCEn : I o ! o ! o !
INTTMn 1 1 [
! . A A ;
| | Interrupt received | Interrupt received }
|
| | | |
TIon | | | N
| |
| |
T T
| |

Interval time Interval time Interval time

Remarks 1. Interval time = (N + 1) xt: N = 00H to FFH
2. n=2,3
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Figure 8-7. Interval Timer Operation Timings (2/3)

(b) When CRn = 00H
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Remark n=2,3
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Figure 8-7. Interval Timer Operation Timings (3/3)

(d) Operated by CRn transition (M < N)
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(e) Operated by CRn transition (M > N)
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Remark n=2,3

8.4.2 External event counter operation

The external event counter counts the number of external clock pulses to be input to the TIOn.

TMn is incremented each time the valid edge specified with the timer clock select register n (TCLn) is input. Either
the rising or falling edge can be selected.

When the TMn counted values match the values of 8-bit compare register n (CRn), TMn is cleared to 0 and the
interrupt request signal (INTTMn) is generated.

Whenever the TMn value matches the value of CRn, INTTMn is generated.

Remark n=2,3
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Figure 8-8. External Event Counter Operation Timings (with Rising Edge Specified)

mon LI T L

|
TMn count value __X0000X0001% 0002 0003X0004X0005X_____ XN—1X_N_X0000X0001X0002X0003X
|

CRn

N

INTTMn

-

Remark n=2,3

8.4.3 Square-wave output operation (8-bit resolution)

A square wave with any selected frequency is output at intervals of the value preset to 8-bit compare register n

(CRn).

TI1On pin output status is inverted at intervals of the count value preset to CRn by setting bit 0 (TOEN) of 8-bit timer

mode control register n (TMCn) to 1. This enables a square wave with any selected frequency to be output (duty

= 50%).

[Setting]
<1> Set each register.

¢ Set port latch and port mode register to O.

¢ TCLn: Select count clock

¢ CRn: Compare value

¢ TMCn: Clear and start mode by match of TMn and CRn

LVSn LVRn Timer Output F/F Status Setting
1 0 High-level output
0 1 Low-level output

Timer output F/F inversion enabled
Timer output enabled - TIOn =1

<2> After TCEn = 1 is set, count operation starts.
<3> Timer output F/F is inverted by match of TMn and CRn. After INTTMn is generated, TMn is cleared to OOH.
<4> Timer output F/F is inverted at the same interval and square wave is output from TIOn.

Remark n=2,3
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8.4.4 8-bit PWM output operation
8-bit timer/event counters operate as PWM output when bit 6 (TMCn6) of 8-bit timer mode control register n (TMCn)

is set to 1.

The duty rate pulse determined by the value set to 8-bit compare register n (CRn) is output from TIOn.

Set the active level width of PWM pulse to CRn, and the active level can be selected with bit 1 (TMCn1) of TMCn.
Count clock can be selected with bit O to bit 2 (TCLnO to TCLn2) of timer clock select register n (TCLn).

PWM output enable/disable can be selected with bit 0 (TOEn) of TMCn.

Caution Rewrite of CRn in PWM mode is allowed only once in a cycle.

Remark n=2,3

(1) PWM output basic operation

[Setting]

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

Set port latch (P43, P44) and port mode register 4 (PM43, PM44) to 0.
Set active level width with 8-bit compare register (CRn).

Select count clock with timer clock select register n (TCLn).

Set active level with bit 1 (TMCn1) of TMCn.

Count operation starts when bit 7 (TCEn) of TMCn is set to 1.

Set TCEn to 0 to stop count operation.

[PWM output operation]

<1>

<2>

<3>

<4>
<5>

132

PWM output (output from TIOn) outputs inactive level after count operation starts until overflow is
generated.

When overflow is generated, the active level set in <1> of setting is output.

The active level is output until CRn matches the count value of 8-bit counter n (TMn).

After the CRn matches the count value, PWM output outputs the inactive level again until overflow is
generated.

PWM output operation <2> and <3> are repeated until the count operation stops.

When the count operation is stopped with TCEn = 0, PWM output changes to inactive level.

Remark n=2,3
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(a) PWM output basic operation
Figure 8-9. PWM Output Operation Timing

(i) Basic operation (active level = H)
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Remark n=2,3
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(b) Operation by change of CRn
Figure 8-10. Operation Timing by Change of CRn

(i) Change of CRn value to N to M before overflow of TMn
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(i) Change of CRn value to N to M after overflow of TMn
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CHAPTER 8 8-BIT TIMER/EVENT COUNTERS 2 TM2 AND 3 TM3

8.5 8-Bit Timer/Event Counters 2 TM2 and 3 TM3 Cautions

(1) Timer start errors
An error with a maximum of one clock may occur concerning the time required for a match signal to be generated
after timer start. This is because 8-bit counters 2 and 3 (TM2 and TM3) is started asynchronously with the count
pulse.

Figure 8-11. 8-Bit Counters 2 and 3 (TM2 and TM3) Start Timing

Contpuse | [ | [ | [ | [_] |

TMn count value 00H X omH X o02H X 03H X 04H

Timer start

Remark n=2,3

(2) Operation after compare register change during timer count operation
If the values after the 8-bit compare registers 2 and 3 (CR2 and CR3) are changed are smaller than the value
of 8-bit counters 2 and 3 (TM2 and TM3), TM2 and TM3 continue counting, overflow and then restart counting
from 0. Thus, if the value (M) after CR2 and CR3 change is smaller than value (N) before the change, it is
necessary to restart the timer after changing CR2 and CR3.

Figure 8-12. Timing after Compare Register Change during Timer Count Operation

Count pulse | | | | | I_ __ _I | | | | | | I_

CRn N X M

TMn count value X X-1 X X X :: X FFH X 00H X 01H XOZH

Remarks 1. N>X>M
2. n=2,3

(3) TM2 and TM3 reading during timer operation

When TM2 and TM3 are read during operation, choose a select clock which has a longer high/low level wave
because the select clock is stopped temporarily.
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9.1 Watch Timer Functions

The watch timer has the following functions.

¢ Watch timer

¢ Interval timer

CHAPTER 9 WATCH TIMER

The watch timer and the interval timer can be used simultaneously.

Figure 9-1 shows watch timer block diagram.

Figure 9-1. Watch Timer Block Diagram
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CHAPTER 9 WATCH TIMER

(1) Watch timer
When the main system clock is used, interrupt requests (INTWT) are generated at 0.25 second (at fx = 8.38-
MHz operation) intervals.

(2) Interval timer
Interrupt requests (INTWT) are generated at the preset time interval.

Table 9-1. Interval Timer Interval Time

Interval Time When Operated at
fx = 8.38 MHz

2128 489 us

213/fx 978 us

214/fx 1.96 ms

215/#x 3.91 ms

216/fx 7.82 ms

217 ffx 15.65 ms

Remark fx: Main system clock oscillation frequency
9.2 Watch Timer Configuration
The watch timer consists of the following hardware.

Table 9-2. Watch Timer Configuration

Item Configuration
Counter 5 bits x 1
Prescaler 9 bits x 1

Control register Watch timer mode control register (WTM)
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CHAPTER 9 WATCH TIMER

9.3 Watch Timer Control Register

The watch timer mode control register (WTM) is used to control the watch timer.

e Watch timer mode control register (WTM)

This register sets the watch timer count clock, watch timer operation mode, prescaler interval time, and prescaler

and 5-bit counter operation enable/disable.

WTM is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input clears WTM to OOH.

Figure 9-2. Watch Timer Mode Control Register (WTM) Format

Address: FF41H

After Reset: O0H R/W

Symbol 7 6 5 4 3 2 [0]
WTM WTM7 WTM6 WTMS WTM4 WTM3 o | w1 | wimo |

WTM7 Watch Timer Count Clock Selection
0 fx/27 (65.4 kHz)
1 fx/i211 (4.09 kHz)

WTM6 WTM5 WTM4 Prescaler Interval Time Selection
0 0 0 24/fw (3.91 ms)
0 0 1 25/fw (7.82 ms)
0 1 0 26/fw (15.6 ms)
0 1 1 27/fw (31.2 ms)
1 0 0 28/fw (62.5 ms)
1 0 1 29%fw (125 ms)

Other than above Setting prohibited

WTM3 Watch Flag Set Time Selection
0 Normal operating mode (flag set at fw/214)
1 Fast feed operating mode (flag set at fw/2°)

WTM1 5-bit Counter Operation Control
0 Clear after operation stop
1 Start

WTMO Watch Timer Operation Control
0 Operation stop (clear both prescaler and timer)
1 Operation enabled

Remarks 1. fw: Watch timer clock frequency (fx/27 or fx/2%)

2. fx

Main system clock oscillation frequency

3. Figures in parentheses apply to operation with fx = 8.38 MHz, fw = 4.09 kHz.
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CHAPTER 9 WATCH TIMER

9.4 Watch Timer Operations

9.4.1 Watch timer operation

When the 8.38-MHz main system clock is used, the timer operates as a watch timer with a 0.25-second interval.

The watch timer generates interrupt requests at a constant time interval.

When bit 0 (WTMO) and bit 1 (WTM1) of the watch timer mode control register (WTM) are set to 1, the count
operation starts. When set to 0, the 5-bit counter is cleared and the count operation stops.

For simultaneous operation of the interval timer, zero-second start can be set only for the watch timer by setting
WTM1to 0. However, since the 9-bit prescaler is not cleared the first overflow of the watch timer (INTWT) after zero-
second start may include an error of up to 29 x 1/fw.

9.4.2 Interval timer operation

The watch timer operates as interval timer which generates interrupt request repeatedly at an interval of the preset
count value.

The interval time can be selected with bits 4 to 6 (WTM4 to WTM®6) of the watch timer mode control register (WTM).

Table 9-3. Interval Timer Interval Time

wims | wims | wma Interval Time When Operated at When Operated at
fw = 65.4 kHz fw = 4.09 kHz
0 0 0 24 x 1/fw 244 us 3.91ms
0 0 1 25 x 1/fw 489 us 7.81 ms
0 1 0 26 x 1/fw 978 s 15.6 ms
0 1 1 27 x 1/fw 1.96 ms 31.3ms
1 0 0 28 x 1/fw 3.91 ms 62.5 ms
1 0 1 29 x 1/fw 7.82 ms 125 ms
Other than above Setting prohibited

Remark fw: Watch timer clock frequency
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CHAPTER 9 WATCH TIMER

Figure 9-3. Watch Timer/Interval Timer Operation Timing

5-bit counter

Overflow Overflow
Count lock e L e
fw or fw/2° -Ts -T-
Watch timer | |—| '_l

interrupt INTWT -Ts -T-

Interrupt time of watch timer (0.25 s) | Interrupt time of watch timer (0.25 s) |
| |

|
1
Interval timer |
interrupt INTWTI } !—L - [ I—L - —|_|_
)
|
|

Interval timer

M

Remark fw: Watch timer clock frequency
(): fw=4.09 kHz (fx = 8.38 MHz)
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CHAPTER 10 WATCHDOG TIMER

10.1 Watchdog Timer Functions

The watchdog timer has the following functions.

¢ Watchdog timer
¢ |nterval timer

Select the watchdog timer mode or the interval timer mode with the watchdog timer mode

register (WDTM).

Caution

Figure 10-1 shows the watchdog timer block diagram.

Figure 10-1. Watchdog Timer Block Diagram

RUN
!

i

fx/28 —= Prescaler

Internal bus \

INTWDT
11212 /2 /21| /25 /2 27| /228 fx/zm\_, Maskable

5 E interrupt request

3 5 RESET

[«}]

) 8 INTWDT
Non-maskable

3 interrupt request

WDCS)

\ Internal bus \

DCS2WDCSL
Watchdog timer clock

select register (WDCS) Watchdog timer mode register (WDTM)
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CHAPTER 10 WATCHDOG TIMER

(1) Watchdog timer mode
A runaway is detected. Upon detection of the runaway, a non-maskable interrupt request or RESET can be
generated.

Table 10-1. Watchdog Timer Runaway Detection Time

Runaway Detection Time

212 x 1/fx (489 ps)

213 x 1/fx (978 pus)

214 x 1/fx (1.96 ms)

215 x 1/fx (3.91 ms)

216 x 1/fx (7.82 ms)

217 x 1/fx (15.6 ms)

218 x 1/fx (31.3 ms)

220 x 1/fx (125 ms)

Remarks 1. fx: Main system clock oscillation frequency
2. Figures in parentheses apply to operation with fx = 8.38 MHz.

(2) Interval timer mode
Interrupt requests are generated at preset time intervals.

Table 10-2. Interval Time

Interval Time

212 x 1/fx (489 pus)

213 x 1/fx (978 us)

214 x 1/fx (1.96 ms)

215 x 1/fx (3.91 ms)

216 x 1/fx (7.82 ms)

217 x 1/fx (15.6 ms)

218 x 1/fx (31.3 ms)

220 x 1/fx (125 ms)

Remarks 1. fx: Main system clock oscillation frequency
2. Figures in parentheses apply to operation with fx = 8.38 MHz.
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CHAPTER 10 WATCHDOG TIMER

10.2 Watchdog Timer Configuration

The watchdog timer consists of the following hardware.

Table 10-3. Watchdog Timer Configuration

Item Configuration

Control register Watchdog timer clock select register (WDCS)
Watchdog timer mode register (WDTM)

10.3 Watchdog Timer Control Registers

The following two types of registers are used to control the watchdog timer.

¢ Watchdog timer clock select register (WDCS)
¢ Watchdog timer mode register (WDTM)

(1) Watchdog timer clock select register (WDCS)

This register sets overflow time of the watchdog timer and the interval timer.
WDCS is set with an 8-bit memory manipulation instruction.
RESET input clears WDCS to 00H.

Figure 10-2. Watchdog Timer Clock Select Register (WDCS) Format

Address: FF42H  After Reset: O0H R/W

Symbol 7 6 5 4 3 2 1 0
WDCS 0 0 0 0 0 WDCS2 WDCS1 WDCSO0
WDCS2 WDCS1 WDCSO0 Overflow Time of Watchdog Timer/Interval Timer

0 0 0 x/212 (489 pus)

0 0 1 x/213 (978 us)

0 1 0 fx/214 (1.96 ms)

0 1 1 fx/215 (3.91 ms)

1 0 0 fx/216 (7.82 ms)

1 0 1 fx/217 (15.6 ms)

1 1 0 fx/218 (31.3 ms)

1 1 1 x/220 (125 ms)

Cautions 1. When rewriting WDCS to other data, stop the timer operation beforehand.
2. Bits 3 to 7 must be set to 0.

Remarks 1. fx: Main system clock oscillation frequency
2. Figures in parentheses apply to operation with fx = 8.38 MHz
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CHAPTER 10 WATCHDOG TIMER

)

Watchdog timer mode register (WDTM)

This register sets the watchdog timer operating mode and enables/disables counting.
WDTM is set with a 1-bit or 8-bit memory manipulation instruction.

RESET input clears WDTM to OOH.

Figure 10-3. Watchdog Timer Mode Register (WDTM) Format

Address: FFF9H After Reset: O0H R/W

146

Symbol 6 5 4 3 2 1 0

WDTM | RUN | 0 0 WDTM4 WDTM3 0 0 0
RUN Watchdog Timer Operation Mode Selection Note 1
0 Count stop
1 Counter is cleared and counting starts
WDTM4 WDTM3 Watchdog Timer Operation Mode Selection Note 2|

and Reset by the Watchdog Timer and Timer Interrupt Control

0 X Interval timer mode
(Maskable interrupt request occurs upon generation of an overflow)

1 0 Watchdog timer mode 1
(Non-maskable interrupt request occurs upon generation of an overflow)

1 1 Watchdog timer mode 2
(Reset operation is activated upon generation of an overflow)

Notes 1. Once set to 1, RUN cannot be cleared to 0 by software.
Thus, once counting starts, it can only be stopped by RESET input.
2. Once set to 1, WDTM3 and WDTM4 cannot be cleared to 0 by software.

Cautions 1. If the watchdog timer is cleared by setting 1 for RUN, the actual overflow time will be up
to 28/fx (seconds) shorter than the time set by the watchdog timer clock select register
(WDCS).
2. Touse watchdog timer modes 1 and 2, make sure that the interrupt request flag (WDTIF)
is 0, and then set WDTM4 to 1.
If WDTM4 is set to 1 when WDTIF is 1, the non-maskable interrupt request occurs,
regardless of the contents of WDTMS.

Remark x: don't care
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CHAPTER 10 WATCHDOG TIMER

10.4 Watchdog Timer Operations

10.4.1 Watchdog timer operation

When bit 4 (WDTM4) of the watchdog timer mode register (WDTM) is set to 1, the watchdog timer is operated to
detect any runaways.

A watchdog timer count clock (runaway detection time interval) can be selected by using bits 0 to 2 (WDCSO to
WDCS2) of the watchdog timer clock select register (WDCS).

Watchdog timer starts by setting bit 7 (RUN) of WDTM to 1. After the watchdog timer is started, set RUN to 1 within
the set runaway time interval. The watchdog timer can be cleared and counting is started.

If RUN is not set to 1 and the runaway detection time is past, system reset or a non-maskable interrupt request
is generated according to the WDTM bit 3 (WDTM3) value.

The watchdog timer is cleared if RUN is set to 1.

The watchdog timer continues operating in the HALT mode but it stops in the STOP mode. Thus, set RUN to 1
before the STOP mode is set, clear the watchdog timer and then execute the STOP instruction.

Caution The actual runaway detection time may be shorter than the set time by a maximum of 2 8/fx [sec].

Table 10-4. Watchdog Timer Runaway Detection Time

WDCS2 WDCS1 WDCSO0 Runaway Detection Time

0 0 0 fx/212 (489 us)

x/213 (978 pus)

fx/214 (1.96 ms)
x/215 (3.91 ms)
fx/216 (7.82 ms)

x/217 (15.6 ms)
fx/218 (31.3 ms)
x/220 (125 ms)

R |lr|lRr|[r|lo|lo|o

0
1
1
0
0
1
1

R lolrRr|o|lr|O]|r

Remarks 1. fx: Main system clock oscillation frequency
2. Figures in parentheses apply to operation with fx = 8.38 MHz.
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CHAPTER 10 WATCHDOG TIMER

10.4.2 Interval timer operation

The watchdog timer operates as an interval timer which generates interrupt request repeatedly at an interval of
the preset count value when bit 3 (WDTM3) and bit 4 (WDTM4) of the watchdog timer mode register (WDTM) are
set to 1 and O, respectively.

When the watchdog timer operates as interval timer, the interrupt mask flag (WDTMK) and priority specify flag
(WDTPR) are validated and the maskable interrupt request (INTWDT) can be generated. Among maskable interrupts,
the INTWDT default has the highest priority.

The interval timer continues operating in the HALT mode but it stops in STOP mode. Thus, setbit 7 (RUN) of WDTM
to 1 before the STOP mode is set, clear the interval timer and then execute the STOP instruction.

Cautions 1. Once bit4 (WDTM4) of WDTM is set to 1 (with the watchdog timer mode selected), the interval
timer mode is not set unless RESET input is applied.

2. Theinterval time just after setting with WDTM may be shorter than the set time by a maximum
of 28/fx [sec].

Table 10-5. Interval Timer Interval Time

WDCS2 WDCS1 WDCSO0 Interval Time

0 0 0 fx/212 (489 ps)

x/213 (978 us)

fx/214 (1.96 ms)

fx/215 (3.91 ms)

x/216 (7.82 ms)

fx/217 (15.6 ms)

fx/218 (31.3 ms)

Rr|lkr|lr|r|lo|lo|o
r|lkr|lo|lo|r|r|oO
Rrlo|lr|Oo|lrRr|O|R

x/220 (125 ms)

Remarks 1. fx: Main system clock oscillation frequency
2. Figures in parentheses apply to operation with fx = 8.38 MHz.

148 Preliminary User's Manual U14581EJ3VOUMO0



CHAPTER 11 CLOCK OUTPUT CONTROLLER

11.1 Clock Output Controller Functions

The clock output controller is intended for carrier output during remote controlled transmission and clock output
for supply to peripheral LSls. The clock selected with the clock output selection register (CKS) is output from the
PCL/TPO/P60 pin.

Figure 11-1 shows the clock output controller block diagram.

Figure 11-1. Clock Output Controller Block Diagram

TPO Note

S IR

fx —

fx/2 —

/22 — =

/22 — 8

/24 —= % Clock
w25 — 3 controller
fx/28 —

fx/27 —

3

il

CLOE|CCS2|CCS1|CCSo

EICIock output selection register (CKS)

—)

II { © PCL/TPO/P60

P60
output latch

PM60

Port mode register 6 (PM6)

Internal bus

)

Note TPO: Prescaler output signal of 16-bit timer 0 TMO

11.2 Clock Output Controller Configuration

The clock output controller consists of the following hardware.

Table 11-1. Clock Output Controller Configuration

Item

Configuration

Control register

Clock output selection register (CKS)
Port mode register 6 (PM6)
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CHAPTER 11 CLOCK OUTPUT CONTROLLER

11.3 Clock Output Control Controller Registers
The following two types of registers are used to control the clock output controller.

« Clock output selection register (CKS)
e Port mode register 6 (PM6)

(1) Clock output selection register (CKS)
This register sets output clock.
CKS is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input clears CKS to O0H.

Caution To enable PCL output, set CCS0 to CCS2, and then set CLOE to 1 by using a 1-bit memory
manipulation instruction.

Figure 11-2. Clock Output Selection Register (CKS) Format

Address: FF40H After Reset: 00H R/W
Symbol 7 6 5 4 3 2 1 0
CKS 0 0 0 CLOE 0 CCS2 CCS1 CCSO0
CLOE PCL Output Enable/Disable Specification
0 Operation disabled.
1 Operation enabled.
CCSs2 CCs1 CCSO0 PCL Output Clock Selection
0 0 0 fx (8.38 MHz)
0 0 1 fx/2 (4.19 MHz)
0 1 0 x/22 (2.09 MHz)
0 1 1 fx/23 (1.04 MHz)
1 0 0 fx/24 (524 kHz)
1 0 1 fx/25 (262 kHz)
1 1 0 fx/26 (131 kHz)
1 1 1 fx/27 (65.5 kHz)

Cautions 1. When rewriting CKS to other data, stop the timer operation beforehand.
2. Bits 3 and 5 to 7 must be set to 0.

Remarks 1. fx: Main system clock oscillation frequency

2. Figures in parentheses apply to operation with fx = 8.38 MHz.
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CHAPTER 11 CLOCK OUTPUT CONTROLLER

(2) Port mode register 6 (PM6)
This register sets port 6 input/output in 1-bit units.
When using the P60/PCL/TPO pin for clock output, set PM60 and the output latch of P60 to 0.

PM6 is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input sets PM6 to FFH.

Figure 11-3. Port Mode Register 6 (PM6) Format

Address: FF26H After Reset: FFH R/W

Symbol 7 6 5 4 3 2 1 0
PM6 1 1 1 1 1 1 PM61 PM60
PM6n P6n Pin Input/Output Mode Selection (n =0, 1)
0 Output mode (output buffer on)
1 Input mode (output buffer off)
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11.4 Clock Output Controller Operation

To output the clock pulse, follow the procedure described below.

<1>

<2>

<3>

<4>

<5>

152

Select the clock pulse output frequency with bits 0 to 2 (CCS0 to CCS2) of the clock output selection register
(CKS) (clock pulse output in disabled status).

Set bit 0 (TPOE) of the 16-bit timer mode control register (TMCO) to O (prescaler signal output in disabled
status).

Set the P60 output latch to 0.

Set bit 0 (PM60) of port mode register 6 to 0 (set to output mode).

Set bit 4 (CLOE) of CKS to 1, and enable clock output.

Caution The clock output cannot be used if the output latch of P60 is set to 1.

Remark The clock output controller is designed not to output pulses with a small width during output enable/
disable switching of the clock output. As shown in Figure 11-4, be sure to start output from the
low period of the clock (marked with * in the figure below). When stopping output, do so after
securing high level of the clock.

Figure 11-4. Remote Control Output Application Example
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CHAPTER 12 A/D CONVERTER

12.1 A/D Converter Functions

The A/D converter is an 8-bit resolution converter that converts analog inputs into digital values. It can control
up to 5 analog input channels (ANIO to ANI4).
This A/D converter has the following functions:

(1) A/D conversion with 8-bit resolution
One channel of analog input is selected from ANIO to ANI4, and A/D conversion is repeatedly executed with a
resolution of 8 bits. Each time the conversion has been completed, interrupt request (INTAD) is generated.

(2) Power-fail detection function
This function is to detect a voltage drop in the battery of an automobile. The result of A/D conversion (value of
the ADCR1 register) and the value of PFT register (PFT: power-fail compare threshold value register) are
compared. If the condition for comparison is satisfied, INTAD is generated.
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CHAPTER 12 A/D CONVERTER

Figure 12-1. A/D Converter Block Diagram
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12.2 A/D Converter Configuration

)

&)

3

4

©)

(6)

A/D converter consists of the following hardware.

Table 12-1. A/D Converter Configuration

Item Configuration
Analog input 5 channels (ANIO to ANI4)
Register Successive approximation register (SAR)

A/D conversion result register (ADCR1)

Control register A/D converter mode register (ADM1)

Analog input channel specification register (ADS1)
Power-fail compare mode register (PFM)
Power-fail compare threshold value register (PFT)

Successive approximation register (SAR)

This register compares the analog input voltage value to the voltage tap (compare voltage) value applied from
the series resistor string, and holds the result from the most significant bit (MSB).

When up to the least significant bit (LSB) is set (end of A/D conversion), the SAR contents are transferred to
the A/D conversion result register.

A/D conversion result register (ADCR1)

This register holds the A/D conversion result. Each time A/D conversion ends, the conversion result is loaded
from the successive approximation register.

ADCRL1 is read with an 8-bit memory manipulation instruction.

RESET input clears ADCR1 to 00H.

Caution  When write operation is executed to A/D converter mode register (ADM1) and analog input
channel specification register (ADS1), the contents of ADCR1 are undefined. Read the
conversion result before write operation is executed to ADM1, ADS1. If atiming other than
the above is used, the correct conversion result may not be read.

Sample & hold circuit
The sample & hold circuit samples each analog input sequentially applied from the input circuit, and sends it to
the voltage comparator. This circuit holds the sampled analog input voltage value during A/D conversion.

Voltage comparator
The voltage comparator compares the analog input to the series resistor string output voltage.

Series resistor string
The series resistor string is in AVRrer to AVss, and generates a voltage to be compared to the analog input.

ANIO to ANI4 pins
These are five analog input pins to input analog signals to undergo A/D conversion to the A/D converter. ANIO
to ANI4 are alternate-function pins that can also be used for digital input.

Caution  Keep the input voltage of ANIO to ANI4 within the rated range. If a voltage outside the rated

range is input, the conversion value of that channel is undefined, and the values of the other
channels may be also affected.
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)
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AVRrer pin (Shared with AV b pin)
This pin inputs the A/D converter reference voltage.
This pin also functions as an analog power supply pin. Supply power to this pin when the A/D converter is used.

It converts signals input to ANIO to ANI4 into digital signals according to the voltage applied between AVrer and
AVss.

The current flowing in the series resistor string can be reduced by setting the voltage to be input to the AVrer
pin to AVss level in the standby mode.

AVss pin

This is the GND potential pin of the A/D converter. Always keep it at the same potential as the Vss pin even
when not using the A/D converter.
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12.3 A/D Converter Control Registers
The following four types of registers are used to control A/D converter.

¢ A/D converter mode register (ADM1)

¢ Analog input channel specification register (ADS1)
« Power-fail compare mode register (PFM)

« Power-fail compare threshold value register (PFT)

(1) A/D converter mode register (ADM1)
This register sets the conversion time for analog input to be A/D converted, conversion start/stop and external
trigger.
ADM1 is set with an 8-bit memory manipulation instruction.
RESET input clears ADM1 to 00H.

Figure 12-3. A/D Converter Mode Register (ADM1) Format

Address: FF80H After Reset: 00H R/W

Symbol 6 5 4 3 2 1 0
ADM1 | ADCS1 | 0 FR12 FR11 FR10 0 0 0
ADCS1 A/D Conversion Operation Control
0 Conversion operation stop.
1 Conversion operation enabled.
FR12 FR11 FR10 Conversion Time Selection Note 1

0 0 0 144/fx (17.2 ps)

0 0 1 120/fx (14.3 ps)

0 1 0 96/fx (Note 2)

1 0 0 288/fx (34.4 ps)

1 0 1 240/fx (28.6 ps)

1 1 0 192/fx (22.9 pus)

Other than above Setting prohibited

Notes 1. Set so that the A/D conversion time is 14 us or more.
2. Setting prohibited because the A/D conversion time will be less than 14 us.

Cautions 1. Bits 0 to 2 and 6 must be set to 0.
2. Whenrewriting FR10to FR12to other data, stop the A/D conversion operation beforehand.

Remarks 1. fx: Main system clock oscillation frequency
2. Figures in parentheses apply to operation with fx = 8.38 MHz.
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(2) Analog input channel specification register (ADS1)
This register specifies the analog voltage input port for A/D conversion.

158

ADSL1 is set with an 8-bit memory manipulation instruction.
RESET input clears ADS1 to 00H.

Figure 12-4. Analog Input Channel Specification Register (ADS1) Format

Address: FF81H After Reset: 00H R/W

Symbol 7 6 5 4 3 2 1 0
ADS1 0 0 0 0 0 ADS12 ADS11 ADS10
ADS12 ADS11 ADS10 Analog Input Channel Specification

0 0 0 ANIO

0 0 1 ANI1

0 1 0 ANI2

0 1 1 ANI3

1 0 0 ANI4

Other than above Setting prohibited
Caution  Bits 3 to 7 must be set to 0.
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(3) Power-fail compare mode register (PFM)
The power-fail compare mode register (PFM) controls a comparison operation.
RESET input clears PFM to 00H.

Figure 12-5. Power-Fail Compare Mode Register (PFM) Format

Address: FF82H After Reset: 00H R/W

Symbol 7 6 5 4 3 2 1 0
PFM PFEN PFCM 0 0 0 0 0 0
PFEN Power-Fail Comparison Enable
0 Power-fail comparison disabled (used as normal A/D converter)
1 Power-fail comparison enabled (used to detect power failure)
PFCM Power-Fail Compare Mode Selection
0 ADCRL1 = PFT | Generates interrupt request signal INTAD
ADCR1 < PFT | Does not generate interrupt request signal INTAD
1 ADCR1 = PFT | Does not generate interrupt request signal INTAD
ADCRL1 < PFT | Generates interrupt request signal INTAD

Caution  Bits 0 to 5 must be set to 0.

(4) Power-fail compare threshold value register (PFT)
The power-fail compare threshold value register (PFT) sets a threshold value against which the result of A/D
conversion is to be compared.
PFT is set with an 8-bit memory manipulation instruction.
RESET input clears PFT to O0OH.

Figure 12-6. Power-Fail Compare Threshold Value Register (PFT) Format

Address: FF83H After Reset: 00H R/W
Symbol 7 6 5 4 3 2 1 0

PFT PFT7 PFT6 PFT5 PFT4 PFT3 PFT2 PFT1 PFTO
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12.4 A/D Converter Operations

12.4.1 Basic operations of A/D converter

<1>

<2>

<3>

<4>

<5>

<6>

<7>

<8>

160

Select one channel for A/D conversion with the analog input channel specification register (ADS1).

The voltage input to the selected analog input channel is sampled by the sample & hold circuit.

When sampling has been done for a certain time, the sample & hold circuit is placed in the hold state and the
input analog voltage is held until the A/D conversion operation is ended.

Set bit 7 of the successive approximation register (SAR) so that the tap selector sets the series resistor string
voltage tap to (1/2) AVRer.

The voltage difference between the series resistor string voltage tap and analog input is compared with the
voltage comparator. If the analog input is greater than (1/2) AVrer, the MSB of SAR remains set. If the analog
input is smaller than (1/2) AVrer, the MSB is reset.

Next, bit 6 of SAR is automatically set, and the operation proceeds to the next comparison. The series resistor
string voltage tap is selected according to the preset value of bit 7, as described below.

e Bit 7 =1: (3/4) AVrer

e Bit 7 =0: (1/4) AVrer

The voltage tap and analog input voltage are compared and bit 6 of SAR is manipulated as follows.

e Analog input voltage = Voltage tap: Bit6 =1

* Analog input voltage < Voltage tap: Bit6 =10

Comparison is continued in this way up to bit 0 of SAR.

Upon completion of the comparison of 8 bits, an effective digital result value remains in SAR, and the result
value is transferred to and latched in the A/D conversion result register (ADCR1).

At the same time, the A/D conversion end interrupt request (INTAD) can also be generated.

The occurrence of INTAD can be controlled by setting bit 6 (PFCM) of the power-fail compare mode register
(PFM).

Caution The first A/D conversion value is undefined immediately after an A/D conversion operation
has been started.
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Figure 12-7. Basic Operation of 8-Bit A/D Converter

Conversion time
Sampling time

A/D converter
operation

COH Conversion
SAR Undefined 80H or
40H result

\

Conversion
result

INTAD _|

A/D conversion operations are performed continuously until bit 7 (ADCS1) of the A/D converter mode register
(ADM1) is reset (to 0) by software.
If a write operation to the ADM1 and analog input channel specification register (ADS1) is performed during an

Sampling A/D conversion

ADCR1

A/D conversion operation, the conversion operation is initialized, and if the ADCS1 bit is set (to 1), conversion starts
again from the beginning.
RESET input clears the A/D conversion result register (ADCR1) to O0H.
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12.4.2 Input voltage and conversion results
The relation between the analog input voltage input to the analog input pins (ANIO to ANI4) and the A/D conversion
result (stored in the A/D conversion result register (ADCR1)) is shown by the following expression.

VIN

ADCR1 = INT (
VREF

x 256 + 0.5)

or

(ADCR1 — 0.5) x AVFEE _\/\ < (ADCR1 + 0.5) x AVREF
256 256

where, INT(): Function which returns integer part of value in parentheses
VIN: Analog input voltage
AVRrer:  AVRer pin voltage
ADCR1: A/D conversion result register (ADCR1) value

Figure 12-8 shows the relation between the analog input voltage and the A/D conversion result.

Figure 12-8. Relation between Analog Input Voltage and A/D Conversion Result

255 71— 717 T 1 1 T~~~

54—+~

|
A/D conversion result |
(ADCR1) !

512 256 512 256 512 256 512 256 512 256 512

Input voltage/AVrer
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12.4.3 A/D converter operation mode

The operation mode of the A/D converter is the select mode. One analog input channel is selected from among

ANIO to ANI4 with the analog input channel specification register (ADS1) and A/D conversion is performed.

The following two types of functions can be selected by setting the PFEN flag of the PFM register.

(1) Normal 8-bit A/D converter (PFEN = 0)
(2) Power-fail detection function (PFEN = 1)

(1) A/D conversion (when PFEN = 0)

)

When bit 7 (ADCS1) of the A/D converter mode register (ADM1) is set to 1 and bit 7 of the power-fail compare
mode register (PFM) is set to 0, A/D conversion of the voltage applied to the analog input pin specified with the
analog input channel specification register (ADS1) starts.

Upon the end of the A/D conversion, the conversion result is stored in the A/D conversion result register (ADCR1),
and the interrupt request signal (INTAD) is generated. After one A/D conversion operation is started and ended,
the next conversion operation is immediately started. A/D conversion operations are repeated until new data
is written to ADS1.

If ADS1 is rewritten during A/D conversion operation, the A/D conversion operation under execution is stopped,
and A/D conversion of a newly selected analog input channel is started.

If data with ADCS1 set to 0 is written to ADM1 during A/D conversion operation, the A/D conversion operation
stops immediately.

Power-fail detection function (when PFEN = 1)

When bit 7 (ADCS1) of the A/D converter mode register (ADM1) and bit 7 (PFEN) of the power-fail compare mode
register (PFM) are setto 1, A/D conversion of the voltage applied to the analog input pin specified with the analog
input channel specification register (ADS1) starts.

Upon the end of the A/D conversion, the conversion resultis stored in the A/D conversion result register (ADCR1),
compared with the value of the power-fail compare threshold value register (PFT), and INTAD is generated under
the condition specified by the PFCM flag of the PFM register.

Caution ~ When executing power-fail comparison, the interruptrequest signal (INTAD) is not generated

on completion of the first conversion after ADCS1 has been setto 1. INTAD is valid from
completion of the second conversion.
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ADM1 rewrite

Figure 12-9. A/D Conversion

ADCS1=1 ADSL1 rewrite ADCS1=0
A/D conversion ANIn ANIn ANIn ANIm ANIm
—
Conversion suspended; S
Conversion results are not stored top
ADCR1 ANIn ANIn ANIm
INTAD
(PFEN =0)
INTAD
(PFEN =1)

Remarks 1. n=0, 1, ...
2. m=0,1, ..
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f

f

First conversion Condition satisfied
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12.5 A/D Converter Cautions

)

)

©)

4

Current consumption in standby mode

A/D converter stops operating in the standby mode. At this time, current consumption can be reduced by setting
bit 7 (ADCS1) of the A/D converter mode register (ADM1) to 0 to stop conversion.

Figure 12-10 shows how to reduce the current consumption in the standby mode.

Figure 12-10. Example of Method of Reducing Current Consumption in Standby Mode

AVrer ©

P-ch } o<} ADCS1

Series resistor string

AVss ©

Input range of ANIO to ANI4
Keep the input voltage of ANIO to ANI4 within the rated range. If a voltage outside the rated range is input, the
conversion value of that channel is undefined, and the values of the other channels may also be affected.

Contending operations

<1> Contention between A/D conversion result register (ADCR1) write and ADCRL1 read by instruction
upon the end of conversion
ADCRL1 read is given priority. After the read operation, the new conversion result is written to ADCR1.

<2> Contention between ADCR1 write and A/D converter mode register (ADM1) write or analog input
channel specification register (ADS1) write upon the end of conversion
ADM1 or ADS1 write is given priority. ADCRL1 write is not performed, nor is the conversion end interrupt
signal (INTAD) generated.

<3> Ifthe A/D converter mode register (ADM1) or analog input channel specification register (ADS1) is written
as soon as the A/D conversion end interrupt (INTAD) has occurred, the contents of the A/D conversion
result register (ADCR1) will be undefined.
After an A/D conversion operation has been completed, therefore, read ADCR1 before writing data to ADM
or ADS1.

Starting conversion

The first A/D conversion result after A/D conversion has been started by setting bit 7 (ADCS1) of the A/D
conversion mode register (ADM1) to “1” may differ from the expected value.

Therefore, do not use the first conversion result immediately after A/D conversion has been started.
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(5) Noise countermeasures
To maintain 8-bit resolution, attention must be paid to noise input to pin AVrer and pins ANIO to ANI4. Because
the effect increases in proportion to the output impedance of the analog input source, it is recommended that
a capacitor be connected externally as shown in Figure 12-11 to reduce noise.

Figure 12-11. Analog Input Pin Connection

If there is a possibility that noise equal to or higher than AVrer or
equal to or lower than AVss may enter, clamp with a diode with a
small Ve value (0.3 V or lower).

Reference

voltage O * AVREF
input /

ANIO to ANI4

C =100 to 1000 pF

AVss
7J: Vss
(6) ANIO to ANI4

The analog input pins (ANIO to ANI4) also function as input port pins (P10 to P14).

When A/D conversion is performed with any of pins ANIO to ANI4 selected, do not execute a port input instruction
while conversion is in progress, as this may reduce the conversion resolution.

Also, if digital pulses are applied to a pin adjacent to the pin in the process of A/D conversion, the expected A/D
conversion value may not be obtainable due to coupling noise. Therefore, avoid applying pulses to pins adjacent
to the pin undergoing A/D conversion.

(7) AVRer pin input impedance
A series resistor string of approximately 21 kQ is connected between the AVrer pin and the AVss pin.
Therefore, if the output impedance of the reference voltage is high, this will result in parallel connection to the
series resistor string between the AVrer pin and the AVss pin, and there will be a large reference voltage error.
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8

C)

Interrupt request flag (ADIF)

The interrupt request flag (ADIF) is not cleared even if the analog input channel specification register (ADS1)
is changed.

Caution is therefore required since, if a change of analog input pin is performed during A/D conversion, the
A/D conversion result and conversion end interrupt request flag for the pre-change analog input may be set just
before the ADS1 rewrite, and when ADIF is read immediately after the ADS1 rewrite, ADIF may be set despite
the fact that the A/D conversion for the post-change analog input has not ended.

When the A/D conversion is stopped and then resumed, clear ADIF before the A/D conversion operation is

resumed.
Figure 12-12. A/D Conversion End Interrupt Request Generation Timing
ADS1 rewrite ADS1 rewrite ADIF is set but ANIm conversion
(start of ANIn conversion) (start of ANIm conversion)K has not ended.
A/D conversion ANIn ANIn 3 ANIm ANIm
L L ‘ L L
|
|
|
? | W ? ?
|
|
1
|
ADCR1 ANIn : ANIn ANIm ANIm
|
|
|
1
INTAD

Remarks 1. n=0,1, ..., 4
2. m=0,1, ..., 4

Read of A/D conversion result register (ADCR1)

When write operation is executed to A/D converter mode register (ADM1) and analog input channel specification
register (ADS1), the contents of ADCR1 are undefined. Read the conversion result before write operation is
executed to ADM1, ADS1. If a timing other than the above is used, the correct conversion result may not be
read.
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12.6 Cautions on Emulation

)

)

168

D/A converter mode register (DAM1)

To perform debugging with an in-circuit emulator (IE-78K0-NS), the D/A converter mode register (DAM1) must
be set. DAML1 is a register used to set a probe board (IE-780852-NS-EM4).

DAML1 is used when the power-fail detection functionis used. Unless DAML1 is set, the power-fail detection function
cannot be used. DAML1 is a write-only register.

Because the IE-780852-NS-EM4 uses an external analog comparator and a D/A converter to implement part of
the power-fail detection function, the reference voltage must be controlled. Therefore, set bit 0 (DACE) of DAM1
to 1 when using the power-fail detection function.

Figure 12-13. D/A Converter Mode Register (DAM1) Format

Address: FF89H After Reset: 00H W

Symbol 7 6 5 4 3 2 1 0
DAM1 0 0 0 0 0 0 0 DACE
DACE Reference Voltage Control
0 Disabled
1 Enabled (when power-fail detection function is used)

Cautions 1. DAML1 is a special register that must be set when debugging is performed with an in-
circuit emulator. Even if this register is used, the operation of the uPD780852 Subseries
is not affected. However, delete the instruction that manipulates this register from the
program at the final stage of debugging.

2. Bits 7 to 1 must be set to 0.

A/D converter of IE-780852-NS-EM4

The A/D converter of the IE-780852-NS-EM4 may not satisfy the rating of the first A/D conversion value right after
A/D conversion has been started.

The above applies only to the IE-780852-NS-EM4 and does not affect the operation of the uPD780852 Subseries.
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13.1 Serial Interface Functions

The serial interface UART has the following two modes.

(1) Operation stop mode

This mode is used when serial transfers are not performed to reduce power consumption.

For details, see 13.4.1 Operation stop mode

(2) Asynchronous serial interface (UART) mode

This mode enables full-duplex operation wherein one byte of data is transmitted and received after the start bit.
The on-chip dedicated UART baud rate generator enables communications using a wide range of selectable baud

rates.

For details, see 13.4.2 Asynchronous serial interface (UART) mode

Figure 13-1 shows the serial interface UART block diagram.

Figure 13-1. Serial Interface UART Block Diagram

Internal bus

il

TTAsynchronous serial inten‘aceiL

status register (ASIS

— INTST

Receive buffer N
register (RXB) PE | FE |OVE Direction controller
il - 1l
N " 8 Transmit shift
Direction controller register (TXS)
RxD/P53 @—l rzgicsiglre(;?g) TXE — Transmit controller
TxD/P54 @—<}
] L INTSER
—1 Receive controller
— INTSR
? fsck
Baud rate generator [+
3 4
? ? ? ? ? I | I 1 1 |
TXE|RXE|PS1|PS0O| CL | SL |ISRM [TPS2/TPS1TPSO|MDL3|MDL2|MDL1|MDLO

ii Asynchronous serial interface mode register (ASIM) ii Baud rate generator control register (BRGC)

Selector

Internal bus
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13.2 Serial Interface Configuration

)

)

3

4

170

The serial interface UART consists of the following hardware.

Table 13-1. Serial Interface UART Configuration

Item Configuration

Registers Transmit shift register (TXS)
Receive shift register (RXS)
Receive buffer register (RXB)

Control registers Asynchronous serial interface mode register (ASIM)
Asynchronous serial interface status register (ASIS)
Baud rate generator control register (BRGC)

Transmit shift register (TXS)

This is the register for setting transmit data. Data written to TXS is transmitted as serial data.

When the data length is set as 7 bits, bits 0 to 6 of the data written to TXS are transmitted as transmit data. Writing
data to TXS starts the transmit operation.

TXS is written with an 8-bit memory manipulation instruction. It cannot be read.

RESET input sets TXS to FFH.

Caution Do not write to TXS during a transmit operation.
The same address is assigned to TXS and the receive buffer register (RXB). A read
operation reads values from RXB.

Receive shift register (RXS)

This register converts serial data input via the RxD pin to parallel data. When one byte of data is received at
this register, the receive data is transferred to the receive buffer register (RXB).

RXS cannot be manipulated directly by a program.

Receive buffer register (RXB)

This register is used to hold receive data. When one byte of data is received, one byte of new receive data is
transferred from the receive shift register (RXS).

When the data length is set as 7 bits, receive data is transferred to bits 0 to 6 of RXB. In RXB, the MSB must
be set to 0.

RXB is read with an 8-bit memory manipulation instruction. It cannot be written to.

RESET input sets RXB to FFH.

Caution  The same address is assigned to RXB and the transmit shift register (TXS). During a write
operation, values are written to TXS.

Transmit controller

The transmit controller controls transmit operations, such as adding a start bit, parity bit, and stop bit to data that
is written to the transmit shift register (TXS), based on the values set to the asynchronous serial interface mode
register (ASIM).
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(5) Receive controller
The receive controller controls receive operations based on the values set to the asynchronous serial interface
mode register (ASIM). During a receive operation, it performs error checking, such as for parity errors, and sets

various values to the asynchronous serial interface status register (ASIS) according to the type of error that is
detected.

13.3 Serial Interface Control Registers
The following three types of registers are used to control the serial interface UART.

« Asynchronous serial interface mode register (ASIM)
« Asynchronous serial interface status register (ASIS)
« Baud rate generator control register (BRGC)

(1) Asynchronous serial interface mode register (ASIM)
This is an 8-bit register that controls UART’s serial transfer operations.
ASIM is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input clears ASIM to 0O0H.
Figure 13-2 shows the format of ASIM.

Caution In UART mode, set the port mode register (PM5X) as follows. Besides that, set all output
latches to 0.
* When receiving
Set P53 (RxD) to the input mode (PM53 = 1)
e When transmitting
Set P54 (TxD) to the output mode (PM54 = 0)
* When transceiving
Set P53 to the input mode and P54 to the output mode
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Figure 13-2. Asynchronous Serial Interface Mode Register (ASIM) Format

Address: FF85H After Reset: 00H R/W
Symbol (6] 5 4 3 2 1 0
ASIM | TXE RXE PS1 PSO CL SL ISRM 0
TXE RXE Operation Mode RxD/P53 Pin Function TxD/P54 Pin Function
0 0 Operation stop Port function (P53) Port function (P54)
0 1 UART mode (receive only)| Serial function (RxD) Port function (P54)
1 0 UART mode (transmit only) | Port function (P53) Serial function (TxD)
1 1 UART mode Serial function (RxD) Serial function (TxD)
(transmit and receive)
PS1 PSO Parity Bit Specification
0 0 No parity
0 1 Zero parity always added during transmission
No parity detection during reception (parity errors do not occur)
1 0 Odd parity
1 1 Even parity
CL Character Length Specification
0 7 bits
1 8 bits
SL Stop Bit Length Specification for Transmit Data
0 1 bit
1 2 bits
ISRM Receive Completion Interrupt Control When Error Occurs
0 Receive completion interrupt is issued when an error occurs
1 Receive completion interrupt is not issued when an error occurs

Cautions 1. Do notswitch the operation mode until after the current serial transmit/receive operation

has stopped.

2. Bit 0 must be set to 0.
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(2) Asynchronous serial interface status register (ASIS)

When a receive error occurs during UART mode, this register indicates the type of error.

ASIS is read with an 8-bit memory manipulation instruction.
RESET input clears ASIS to 00H.

Figure 13-3. Asynchronous Serial Interface Status Register (ASIS) Format

Address: FF86H After Reset: 00H R

Symbol 7 6 5 4 3 2 1 0
ASIS 0 0 0 0 0 PE FE OVE
PE Parity Error Flag
0 No parity error
1 Parity error

(Transmit data parity does not match)

FE Framing Error Flag
0 No framing error
1 Framing error Note 1

(Stop bit not detected)

OVE Overrun Error Flag
0 No overrun error
1 Overrun error Note 2

(Next receive operation was completed before data was read from receive buffer register)

Notes 1. Even if a stop bit length of two bits has been set to bit 2 (SL) in the asynchronous serial interface
mode register (ASIM), stop bit detection during a receive operation only applies to a stop bit length

of 1 bit.

2. Be sure to read the contents of the receive buffer register (RXB) when an overrun error has

occurred.

Until the contents of RXB are read, further overrun errors will occur when receiving data.

(3) Baud rate generator control register (BRGC)
This register sets the serial clock for UART.
BRGC is set with an 8-bit memory manipulation instruction.
RESET input clears BRGC to 00H.
Figure 13-4 shows the format of BRGC.
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174

Figure 13-4. Baud Rate Generator Control Register (BRGC) Format

Address: FF87H After Reset: 00H R/W

Symbol 7 6 5 4 3 2 1 0

BRGC 0 TPS2 TPS1 TPSO MDL3 MDL2 MDL1 MDLO

(fx = 8.38 MHz)
TPS2 TPS1 TPSO Source Clock Selection for 5-bit Counter n
0 0 0 fx/2 1
0 0 1 fx/22 2
0 1 0 fx/23 3
0 1 1 fx/24 4
1 0 0 fx/25 5
1 0 1 fx/25 6
1 1 0 fx/27 7
1 1 1 fx/28 8
MDL3 MDL2 MDL1 MDLO Input Clock Selection for Baud Rate Generator | 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 —

Caution  Writing to BRGC during a communication operation may cause abnormal output from the
baud rate generator and disable further communication operations. Therefore, do not write
to BRGC during a communication operation.

Remarks 1. fx:

2. fsck:

3. n:
4. k:

Main system clock oscillation frequency
Source clock for 5-bit counter

Value set via TPSO to TPS2 (1 < n<8)
Value set via MDLO to MDL3 (0 < k < 14)
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13.4 Serial Interface Operations

This section explains the two modes of the serial interface UART.

13.4.1 Operation stop mode
This mode is used when serial transfers are not performed to reduce power consumption.
In the operation stop mode, P53/RxD and P54/TxD pins can be used as ordinary ports.

(1) Register settings
Operation stop mode is set with the asynchronous serial interface mode register (ASIM).
ASIM is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input clears ASIM to O0H.

Address: FF85H After Reset: 00H R/W

Symbol (6] 5 4 3 2 1 0

AsSM | TXE | RXE | Ps1 PSO cL sL ISRM 0
TXE RXE Operation Mode RxD/P53 Pin Function TxD/P54 Pin Function

0 0 Operation stop Port function (P53) Port function (P54)

0 1 UART mode Serial function (RxD) Port function (P54)

(receive only)

1 0 UART mode Port function (P53) Serial function (TxD)
(transmit only)

1 1 UART mode Serial function (RxD) Serial function (TxD)
(transmit and receive)

Cautions 1. Do notswitch the operation mode until after the current serial transmit/receive operation
has stopped.
2. Bit 0 must be set to 0.

13.4.2 Asynchronous serial interface (UART) mode
This mode enables full-duplex operation wherein one byte of data is transmitted or received after the start bit.
The on-chip dedicated UART baud rate generator enables communications using a wide range of selectable baud
rates.
The dedicated UART baud rate generator can also be used to generate a MIDI-standard baud rate (31.25 kbps).

(1) Register settings

UART mode is set with the asynchronous serial interface mode register (ASIM), asynchronous serial interface
status register (ASIS), and the baud rate generator control register (BRGC).
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(a) Asynchronous serial interface mode register (ASIM)
ASIM is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input clears ASIM to O0H.

Caution  InUART mode, setthe port mode register (PM5X) as follows. Besides that, set all output
latches to 0.
¢ When receiving
Set P53 (RxD) to the input mode (PM53 = 1)
¢ When transmitting
Set P54 (TxD) to the output mode (PM54 = 0)
¢ When transceiving
Set P53 to the input mode and P54 to the output mode

Address: FF85H After Reset: 00H R/W

Symbol (6] 5 4 3 2 1 0

asm [ T™XE | RXE | Pst PSO cL SL ISRM 0
TXE RXE Operation Mode RxD/P53 Pin Function TxD/P54 Pin Function

0 0 Operation stop Port function (P53) Port function (P54)

0 1 UART mode Serial function (RxD) Port function (P54)

(receive only)

1 0 UART mode Port function (P53) Serial function (TxD)
(transmit only)

1 1 UART mode Serial function (RxD) Serial function (TxD)
(transmit and receive)

PS1 PSO Parity Bit Specification
0 0 No parity
0 1 Zero parity always added during transmission

No parity detection during reception (parity errors do not occur)

1 0 Odd parity
1 1 Even parity
CL Character Length Specification
0 7 bits
1 8 bits
SL Stop Bit Length Specification for Transmit Data
0 1 bit
1 2 bits
ISRM Receive Completion Interrupt Control When Error Occurs
0 Receive completion interrupt is issued when an error occurs
1 Receive completion interrupt is not issued when an error occurs

Cautions 1. Do not switch the operation mode until after the current serial transmit/receive
operation has stopped.
2. Bit 0 must be set to 0.
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(b) Asynchronous serial interface status register (ASIS)
ASIS is read with an 8-bit memory manipulation instruction.
RESET input clears ASIS to O0H.

Address: FF86H After Reset: 00H R

Symbol
ASIS

7 6 5 4 3 2 1 0
0 0 0 0 0 PE FE OVE
PE Parity Error Flag
0 No parity error
1 Parity error
(Transmit data parity does not match)
FE Framing Error Flag
0 No framing error
1 Framing error Note 1
(Stop bit not detected)
OVE Overrun Error Flag
0 No overrun error
1 Overrun error Note 2
(Next receive operation was completed before data was read from receive buffer register)

Notes 1. Evenifastop bitlength of two bits has been setto bit 2 (SL) in the asynchronous serial interface

occurred.
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mode register (ASIM), stop bit detection during a receive operation only applies to a stop bit
length of 1 bit.
Be sure to read the contents of the receive buffer register (RXB) when an overrun error has

Until the contents of RXB are read, further overrun errors will occur when receiving data.
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(c) Baud rate generator control register (BRGC)
BRGC is set with an 8-bit memory manipulation instruction.
RESET input clears BRGC to 00H.

Address: FF87H After Reset: 00H R/W

Symbol 7 6 5 4 3 2 1 0
BRGC 0 TPS2 TPS1 TPSO MDL3 MDL2 MDL1 MDLO
(fx = 8.38 MHz)
TPS2 TPS1 TPSO Source Clock Selection for 5-bit Counter n
0 0 0 fx/2 1
0 0 1 fx/22 2
0 1 0 fx/23 3
0 1 1 fx/24 4
1 0 0 fx/25 5
1 0 1 fx/25 6
1 1 0 fx/2? 7
1 1 1 fx/28 8
MDL3 MDL2 MDL1 MDLO Input Clock Selection for Baud Rate Generator| 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. Writing to BRGC during a communication operation may cause abnormal output
fromthe baud rate generator and disable further communication operations. Therefore,
do not write to BRGC during a communication operation.

2. Bit 7 must be set to 0.

Remarks 1. fx: Main system clock oscillation frequency

2. fsck: Source clock for 5-bit counter

3. n: Value set via TPSO to TPS2 (1 < n <8)

4. k: Value set via MDLO to MDL3 (0 < k < 14)
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The transmit/receive clock that is used to generate the baud rate is obtained by dividing the main system
clock.

« Use of main system clock to generate a transmit/receive clock for baud rate
The main system clock is divided to generate the transmit/receive clock. The baud rate generated by
the main system clock is determined according to the following formula.

fx

[Baud rate] = ———
2"+ 1k + 16)

[Hz]

fx:  Main system clock oscillation frequency

n: Value set via TPSO to TPS2 (1 <n<8)
For details, see Table 13-2.

k: Value set via MDLO to MDL3 (0 < k < 14)

Table 13-2 shows the relation between the 5-bit counter’s source clock assigned to bits 4to 6 (TPS0to TPS2)
of BRGC and the “n” value in the above formula.

Table 13-2. Relation between 5-Bit Counter’s Source Clock and “n” Value

TPS2 TPS1 TPSO 5-bit Counter’s Source Clock Selection n
0 0 0 fx/2 1
0 0 1 fx/22 2
0 1 0 fx/23 3
0 1 1 fx/24 4
1 0 0 fx/25 5
1 0 1 fx/26 6
1 1 0 fx/27 7
1 1 1 fx/28 8

Remark fx: Main system clock oscillation frequency (fx = 8.38 MHz)

Preliminary User's Manual U14581EJ3VOUMO0 179



CHAPTER 13 SERIAL INTERFACE UART

« Error tolerance range for baud rates
The tolerance range for baud rates depends on the number of bits per frame and the counter’s division
rate [1/(16 + K)].
Table 13-3 describes the relation between the main system clock and the baud rate and Figure 13-5 shows
an example of a baud rate error tolerance range.

Table 13-3. Relation between Main System Clock and Baud Rate

Baud Rate fx = 8.386 MHz
(bps) BRGC Set Value Error (%)
600 7BH 1.10
1,200 6BH 1.10
2,400 5BH 1.10
4,800 4BH 1.10
9,600 3BH 1.10
19,200 2BH -1.3
31,250 21H 1.10
38,400 1BH 1.10
76,800 OBH 1.10
115,200 01H 1.03

Remark fx: Main system clock oscillation frequency

Figure 13-5. Error Tolerance (When k = 0) Including Sampling Errors

Ideal
sampling
point
32T 64T  256T 288T  y  320T 352T
304T 336T
Basic timing \ 4 \ 4
(clock cycle T) \ START DO XjCX bz f P STOP
High-speed clock 15.5T
(clock cycle T") Xj
; \ START DO D7 P STOP
enabllng normal 4 A / X Z Sampling error
reception 30.45T 60.9T 304.5T ~[=o05T
Low-speed clock 15.5T
(clock cycle T") Xj
enabling normal \_START £ Do A 4 ) b7 X P / STOP
reception 33.55T 67.1T 301.95T 335.5T

Remark T: 5-bit counter’s source clock cycle

+15.5
320

Baud rate error tolerance (when k = 0) = x 100 = 4.8438 (%)
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(2) Communication operations

(a) Data format
Figure 13-6 shows the transmit/receive data format.

Figure 13-6. Format of Transmit/Receive Data in Asynchronous Serial Interface

} 1 data frame ‘

;tta” po | p1 | b2 | o3| paf s | pe| D7 Ei‘?”ty Stop bit

| Character bits

One data frame consists of the following each bit.

e Start bit ............. 1 bit

e Character bits ... 7 bits or 8 bits

e Parity bit ........... Even parity, odd parity, zero parity, or no parity
e Stop bit(s) ........ 1 bit or 2 bits

The asynchronous serial interface mode register (ASIM) is used to set the character bit length, parity
selection, and stop bit length within each data frame.

When “7 bits” is selected as the number of character bits, only the lower 7 bits (bits O to 6) are valid, so that
during a transmission the highest bit (bit 7) is ignored and during reception the highest bit (bit 7) must be
set to “0”".

The asynchronous serial interface mode register (ASIM) and the baud rate generator control register (BRGC)
are used to set the serial transfer rate.

If areceive error occurs, information about the receive error can be recognized by reading the asynchronous
serial interface status register (ASIS).
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(b) Parity types and operations
The parity bit is used to detect bit errors in transfer data. Usually, the same type of parity bit is used by the
transmitting and receiving sides. When odd parity or even parity is set, errors in the parity bit (the odd-number
bit) can be detected. When zero parity or no parity is set, errors are not detected.

(i) Even parity

* During transmission
The number of bits in transmit data that includes a parity bit is controlled so that there are an even
number of “1” bits. The value of the parity bit is as follows.

If the transmit data contains an odd number of “1” bits:  the parity bit value is “1”
If the transmit data contains an even number of “1” bits: the parity bit value is “0”

» During reception
The number of “1” bits is counted among the receive data that include a parity bit, and a parity error
occurs when the result is an odd number.

(i) Odd parity

* During transmission
The number of bits in transmit data that includes a parity bitis controlled so that there is an odd number
of “1” bits. The value of the parity bit is as follows.

If the transmit data contains an odd number of “1” bits:  the parity bit value is “0”
If the transmit data contains an even number of “1” bits: the parity bit value is “1”

e During reception
The number of “1” bits is counted among the receive data that include a parity bit, and a parity error
occurs when the result is an even number.

(iii) Zero parity
During transmission, the parity bit is set to “0” regardless of the transmit data.
During reception, the parity bit is not checked. Therefore, no parity errors will occur regardless of
whether the parity bit is a “0” or a “1”.

(iv) No parity
No parity bit is added to the transmit data.

During reception, receive data is regarded as having no parity bit. Since there is no parity bit, no parity
errors will occur.
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(c) Transmission

The transmit operation is started when transmit data is written to the transmit shift register (TXS). A start
bit, parity bit, and stop bit(s) are automatically added to the data.

Starting the transmit operation shifts out the data in TXS, thereby emptying TXS, after which a transmit
completion interrupt (INTST) is issued.

The timing of the transmit completion interrupt is shown in Figure 13-7.
Figure 13-7. Asynchronous Serial Interface Transmit Completion Interrupt Timing

(i) Stop bit length: 1 bit

TxD (output) \START/ DO X D1 X D2 X?gx D6 X D7 XParity/STOPl

I
I
I
I

INTST | |

(ii) Stop bit length: 2 bits

TxD (output) \START/ DO X D1 X D2 X?gx D6 X D7 XParity / STbP l

INTST |_|

Caution

Do notrewrite the asynchronous serial interface mode register (ASIM) during a transmit
operation. Rewriting to the ASIM register during a transmit operation may disable
further transmit operations (in such case, enter a RESET to restore normal operation).
Whether or not a transmit operation is in progress can be determined by software using

the transmit completion interrupt (INTST) or the interrupt request flag (STIF) that is set
by INTST.
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(d) Reception

The receive operation is enabled when “1” is set to bit 6 (RXE) of the asynchronous serial interface mode
register (ASIM), and input via the RxD pin is sampled.

The serial clock specified by ASIM is used when sampling the RxD pin.

When the RxD pin goes low, the 5-bit counter of the baud rate generator begins counting and the start timing
signal for data sampling is output when half of the specified baud rate time has elapsed. If sampling the
RxD pin input with this start timing signal yields a low-level result, a start bit is recognized, after which the
5-bit counter is initialized and starts counting and data sampling begins. After the start bit is recognized,
the character data, parity bit, and one-bit stop bit are detected, at which point reception of one data frame
is completed.

Once reception of one data frame is completed, the receive data in the shift register is transferred to the
receive buffer register (RXB) and a receive completion interrupt (INTSR) occurs.

Even if an error has occurred, the receive data in which the error occurred is still transferred to RXB. INTSR
occurs if bit 1 (ISRM) of ASIM is cleared to 0 on occurrence of an error. If the ISRM bit is setto 1, INTSR
does not occur (see Figure 13-9).

If the RXE bit is reset (to “0”) during a receive operation, the receive operation is stopped immediately. At
this time, the contents of RXB and ASIS do not change, nor does INTSR or INTSER occur.

Figure 13-8 shows the timing of the asynchronous serial interface receive completion interrupt.

Figure 13-8. Asynchronous Serial Interface Receive Completion Interrupt Timing

RXD (input) \START/ DO X D1 X D2 Xzzx D6 X D7 XParity STOP
INTSR |_|

Caution  Be sure to read the contents of the receive buffer register (RXB) even when a receive

error has occurred. Overrun errors will occur during the next data receive operations
and the receive error status will remain until the contents of RXB are read.
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(e) Receive errors

Three types of errors can occur during a receive operation: parity error, framing error, or overrun error. If,
as the result of data reception, an error flag is set to the asynchronous serial interface status register (ASIS),
areceive error interrupt (INTSER) will occur. Receive error interrupts are generated before receive interrupt
requests (INTSR). Table 13-4 lists the causes behind receive errors.

As part of receive error interrupt servicing (INTSER), the contents of ASIS can be read to determine which
type of error occurred during the receive operation (see Table 13-4 and Figure 13-9).

The contents of ASIS are reset (to “0”) when the receive buffer register (RXB) is read or when the next data
is received (if the next data contains an error, another error flag will be set).

Table 13-4. Causes of Receive Errors

Receive Error Cause ASIS Value

Parity error Parity specified during transmission does not match parity of receive data 04H

Framing error | Stop bit was not detected 02H

Overrun error | Reception of the next data was completed before data was read from the 01H
receive buffer register

Figure 13-9. Receive Error Timing

RxD (input) \START/ DO X D1 X D2 X?gx D6 X D7 Parity [|STOP
INTSR Nete —|

INTSER
(when framing/overrun
error occurs)

INTSER |_|
(when parity error occurs)

Note If a reception error occurs when ISRM bit is set to 1, INTSR does not occur.

Cautions 1. The contents of asynchronous serial interface status register (ASIS) are reset (to
“0”) when the receive buffer register (RXB) is read or when the next data is received.
To obtain information about the error, be sure to read the contents of ASIS before
reading RXB.
2. Be suretoread the contents of the receive buffer register (RXB) even when areceive
error has occurred. Overrun errors will occur during the next datareceive operations
and the receive error status will remain until the contents of RXB are read.
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14.1 Serial Interface Functions
The serial interface SI02 has the following two modes.

(1) Operation stop mode
This mode is used when serial transfers are not performed. For details, see 14.4.1 Operation stop mode .

(2) 3-wire serial I/O mode (fixed as MSB first)
This is an 8-bit data transfer mode using three lines: a serial clock line (SCW), a serial output line (SO2), and
a serial input line (S12).
Since simultaneous transmit and receive operations are enabled in the 3-wire serial I/O mode, the processing
time for data transfers is reduced.
The first bit in the 8-bit data in serial transfer is fixed as the MSB. This data contains a 1-byte receive buffer,
and can be received successively. The serial clock and the data phase/polarity can be selected.
The 3-wire serial I/0 mode is useful for connection to a peripheral 1/0 device that includes a clocked serial
interface, a display controller, etc.
Figure 14-1 shows the serial interface SI02 block diagram.

Figure 14-1. Serial Interface SIO2 Block Diagram

Internal bus 8
Serial receive buffer
status register F
(SRBS2) SDVA | SDOF Receive buffer
register (SIRB2)
SI2/P05 © Iﬂ Serial I/0O shift register 2 (S102)
| * W
S02/P04 © |
| Serial
SCK2/P03 © 7 clock Interrupt request | _ \\reg)2
| ' counter signal generator
—
Serial ~— fx/2°
| clock Selector ~— fx/210

| controller ~— fx/21%

[ csie | cLpH | cLpo [MopE2| scLet |scLzof

Serial operation mode register 2 (CSIM2)

8 Internal bus 2
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14.2 Serial Interface Configuration

The serial interface S102 consists of the following hardware.

Table 14-1. Serial Interface SIO2 Configuration

Item Configuration

Registers Serial 1/0O shift register 2 (S102)
Serial receive data buffer register (SIRB2)

Control registers Serial operation mode register 2 (CSIM2)
Serial receive data buffer status register (SRBS2)
Port mode register 0 (PMO0)

(1) Serial 1/O shift register 2 (S102)

)

This is an 8-bit register that performs parallel-serial conversion and serial transmit/receive (shift operations) in
synchronization with the serial clock.

SIO2 is set with an 8-bit memory manipulation instruction.

A transmit/receive operation is started by writing or reading data to or from S102 when bit 7 (CSIE2) of the serial
operation mode register 2 (CSIM2) is 1.

When the received data is completely stored in SIO2, if SDVA (bit 1 of the receive data buffer status register
(SRBS2)) is 0, the contents of SIO2 are immediately transferred to the receive data buffer register (SIRB2). If
SDVA is 1, the received data is held in SIO2.

RESET input clears SIO2 to 00H.

Cautions 1. Do not access (read/write) SIO2 during a transmit/receive operation (shift operation).
2. When a transmit/receive operation starts (writing to SIO2), do not access (read/write)
SI02 before a transmit completion interrupt (INTCSI2) occurs in the transmit/receive
mode (MODE2 = 1).
3. If the external clock mode (CLPH = 1) is selected in the slave mode (SCL20 =0, SCL21
=0), do not read the data of SIO2 directly. The value of SIO2 may not coincide with the
value transferred to SIRB2. To obtain the accurate value, read the data of SIRB2.

Serial receive data buffer register (SIRB2)

This is an 8-bit register that stores the data transferred from the serial 1/0 shift register 2 (SI102).

The contents of SIO2 are immediately transferred to SIRB2 when SDVA (bit 1 of the receive data buffer status
register (SRBS2)) = 0. When SDVA = 1, the contents of SIO2 are not transferred to SIRB2, and the receive
data is held by SI102.

The status of SIRB2 can be checked by using the serial receive data buffer status register (SRBS2). If an overflow
occurs, the value of SIRB2 does not change after SRBS2 has been read, until transfer of the new data has been
completed.

SIRB2 can be read with an 8-bit memory manipulation instruction. It cannot be written to.

RESET input makes SIRB2 to undefined.
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14.3 Serial Interface Control Registers

The following three types of registers are used to control the serial interface S102.

e Serial operation mode register 2 (CSIM2)
e Serial receive data buffer status register (SRBS2)
¢ Port mode register 0 (PMO)

(1) Serial operation mode register 2 (CSIM2)
This register is used to set the SIO2 interface’s serial clock, operation mode, and operation enable/disable.
CSIM2 is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input clears CSIM2 to O0H.

Figure 14-2. Serial Operation Mode Register 2 (CSIM2) Format

Address: FF98H After Reset: 00H R/W

Symbol 6 5 4 3 2 1 0
CsiM2 | CSIE2 | 0 0 CLPH CLPO MODE2 SCL21 SCL20
CSIE2 S102 Operation Enable/Disable Specification
Shift Register Operation Serial Counter Port

0 Operation disabled Clear Port function
1 Operation enabled Counter operation enabled | Serial function + port function

CLPH SO2 Output Timing Selection
0 Transfer starts at the first active edge of SCK2.
1 Transfer starts when SCK2 is written.

CLPO Serial Clock Active Level Selection
0 SCK2 is high while serial transfer is stopped.
1 'SCK2 is low while serial transfer is stopped.

MODE2 SIO2 Operation Mode Setting

Operation Mode Transfer Start Trigger S02/P04 Pin

0 Transmit/receive mode | Writing to SIO2 SO output
1 Receive-only mode Reading from S102 Port function

SCL21 SCL20 Serial Transfer Operation Clock Selection

Operation Clock (Transfer Frequency) Master/Slave

0 0 External clock input to SCK2 Slave mode
0 1 fx/29 Master mode
1 0 fx/210 Master mode
1 1 fx/211 Master mode
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Cautions 1. Bits 5 and 6 must be set to 0.

2. While aserial transfer operationis enabled (CSIE2 =1), be sure to stop the serial transfer
operation once before changing the values of bits other than CSIE2 to different data.

3. When operation is disabled (CSIE2 = 0) during a serial transfer operation, the operation
will be stopped immediately. At this time, even if operation is enabled again (CSIE2
= 1) after it was once stopped, the operation will not start. To resume operation, set
operation enable (CSIE2 = 1) and then execute an access that will be the start trigger
of each transfer operation mode.

4. Changing CSIE2 and other bits at the same time is prohibited. After clearing CSIE2 to
0, change the other bits.

Remark fx: Main system clock oscillation frequency
The following shows the relationships between the CLPO and CLPH settings, and the serial transfer clock, data

output, and input data capture timing.

Figure 14-3. Serial Transfer Operation Timing According to CLPO and CLPH Settings

CLPO CLPH Serial Transfer Operation Clock Selection
0 0 S ; ; ; ; ; ; ; .
SO2
SI2
0 1 _
SCK2
e 4t it bttty
1 0 o ' ' ' ' ' ' ' '
s02 | | | | | | | | .
SI2
1 1 : : : : : : : : :

SCK2 :

SO2

s b bbby

Remarks 1. SCK2: Serial transfer clock
2. SO2: Data output timing
3. SI2: Input data capture timing
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(2) Serial receive data buffer status register (SRBS2)

This register is used to indicate the status of serial receive data buffer register (SIRB2).
SRBS2 is set with an 8-bit memory manipulation instruction.
RESET input clears SRBS2 to 00H.

Figure 14-4. Serial Receive Data Buffer Status Register (SRBS2) Format

Address: FF9AH After Reset: 00H R

Symbol 7 6 5 4 3 2 1 0
SRBS2 0 0 0 0 0 0 SDVA SDOF
SDVA Receive Data Status Check
0 All data in SIRB2 has been read.

This bit is cleared to 0 when SIRB2 has been read.

1 Data in SIRB2 has not been read.
This bit is set to 1 when all receive data has been transferred from SIO2 to SIRB2.

SDOF Overflow Check When Serial Data Is Transferred

0 No overflow error. All data in SIRB2 has been read.
This bit is cleared to 0 when SIRB2 has been read.

1 Overflow error occurs.
This bit is set to 1 if receive data is set in SIRB2 and if the next reception operation has
been completed before that data is read (if data is transferred to S102).

Cautions 1. When an overflow error occurs, receive data in SIO2 will not be transferred to SIRB2
even if the next receive operation for SIO2 is complete.
2. When an overflow error occurs, be sure to read SRBS2 (clear SDOF), and read SIRB2
(clear SDVA). If the receive operation is resumed without reading SIRB2 (clearing
SDVA) after SDOF clear, SDOF is set even if the next receive operation ends normally.
3. Even if an overflow error has occurred, new receive data can be received by SIO2. At
this time, a transmit completion interrupt (INTCSI2) occurs.

(a) Serial data valid flag (SDVA)

This flag indicates that the serial receive data buffer register (SIRB2) has not been completely read. Itis
set to 1 when the receive data has been completely transferred from the serial I/O shift register 2 (SI02)
to SIRB2.

SDVA is cleared to 0 when SIRB2 has been read. If SIRB2 is accessed for read, SDVA remains cleared
(to 0) until the next receive data is transferred from SIO2 to SIRB2.

(b) Overflow flag (SDOF)
This flag indicates whether an overflow error occurs on the serial receive data buffer register (SIRB2).
It is automatically set to 1 to prevent a loss of receive data if data that has not yet been read remains in
SIRB2 (SDVA = 1) and if the next data has been transferred to SIO2.
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(3) Port mode register 0 (PMO)
This register is used to specify the input/output of port 0 in 1-bit units.
When using the PO3/SCK2, P04/S0O2, and P05/SI2 pins in the 3-wire serial I/O mode, set PM03 to PM05 as shown
in Table 14-2 below. Set the output latches of P03 to P05 to 0.
PMO is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input sets PMO to FFH.

Figure 14-5. Port Mode Register 0 (PM0) Format

Address: FF20H After Reset: FFH R/W

Symbol 7 6 5 4 3 2 1 0
PMO PMO7 PMO06 PMO05 PMO04 PMO03 PMO02 PMO1 PMO00O
PMON POn Pin Input/Output Mode Selection
0 Output mode (output buffer on)
1 Input mode (output buffer off)
Remark n=0to7

Table 14-2. Relation between Operation Modes and Settings of PM03 to PM05

192

Operation Mode PMO Settings Note 2

SIO2 Operation | Serial Operation Mode | Master/Slave N°t¢1 | PM03 | PM04 | PM05
Disabled (CSIE2 = 0) — — x x x
Enabled (CSIE2 = 1) | Receive-only mode Master 0 X 1
(MODEZ = 0) Slave 1 x 1
Transmit/receive Master 0 0 1
mode (MODE2 = 1) | gjave 1 0 1

Notes 1. Master/slave can be selected by setting bits 0 and 1 (SCL20 and SCL21) of the serial operation

mode register 2 (CSIM2).
2. 0: Output mode
1: Input mode
x: don’t care (can be used as an ordinary port pin)
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14.4 Serial Interface Operations
This section explains the two modes of the serial interface S102.

14.4.1 Operation stop mode
This mode is used when serial transfers are not performed to reduce power consumption.

In addition, in this mode, the PO3/SCK2, P04/S0O2, and P05/SI2 pins can be used as normal 1/0O port pins.

(1) Register setting
The operation stop mode is set with the serial operation mode register 2 (CSIM2).
CSIM2 is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input clears CSIM2 to 00H.

Address: FF98H After Reset: 00H R/W

Symbol 6 5 4 3 2 1 0
CSIM2 | CSIE2 | 0 0 CLPH CLPO MODE2 SCL21 SCL20
S102 Operation Enable/Disable Specification
CSIE2
Shift Register Operation Serial Counter Port
0 Operation disabled Clear Port function
1 Operation enabled Counter operation enabled | Serial function + port function
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14.4.2 3-wire serial I/O mode
The 3-wire serial I/O mode is useful when connecting to devices such as peripheral I/Os and display controllers,
which incorporate a clocked serial interface.

This mode executes data transfer via three lines: a serial clock line (SCK2), a serial output line (SO2), and a serial
input line (S12).

(1) Register settings
The 3-wire serial /0O mode is set with the serial operation mode register 2 (CSIM2).
CSIM2 is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input clears CSIM2 to O0H.

Address: FF98H After Reset: 00H R/W

Symbol 6 5 4 3 2 1 0
CSIM2 | CSIE2 | 0 0 CLPH CLPO MODE?2 SCL21 SCL20
CSIE2 S102 Operation Enable/Disable Specification
Shift Register Operation Serial Counter Port

0 Operation disabled Clear Port function
1 Operation enabled Counter operation enabled | Serial function + port function

CLPH SO2 Output Timing Sleleciton
0 Transfer starts at the first active edge of ScK2.
1 Transfer starts when SCK2 is written.

CLPO Serial Clock Active Level Selection
0 SCK2 is high while serial transfer is stopped.
1 'SCK2 is low while serial transfer is stopped.

MODE2 SI0O2 Operation Mode Setting

Operation Mode Transfer Start Trigger SO2/P04 Pin

0 Transmit/receive mode | Writing to SI02 SO output
1 Receive-only mode Reading from S102 Port function

SCL21 SCL20 Serial Transfer Operation Clock Selection

Operation Clock (Transfer Frequency) Master/Slave

0 0 External clock input to SCK2 Slave mode
0 1 fx/29 Master mode
1 0 fx/210 Master mode
1 1 fx/211 Master mode
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Cautions 1. Bits 5 and 6 must be set to 0.

2. While aserial transfer operationis enabled (CSIE2 =1), be sure to stop the serial transfer
operation once before changing the values of bits other than CSIE2 to different data.

3. When operation is disabled (CSIE2 = 0) during a serial transfer operation, the operation
will be sopped immediately. At this time, even if operation is enabled again (CSIE2 =
1) after it was once stopped, the operation will not start. To resume operation, set
operation enable (CSIE2 = 1) and then execute an access that will be the start trigger
of each transfer operation mode.

4. Changing CSIE2 and other bits at the same time is prohibited. After clearing CSIE2 to
0, change the other bits.

Remark fx: Main system clock oscillation frequency

(2) Communication operations
Data is transmitted/received in 8-bit units. 8-bit data is transmitted/received bit by bit in synchronization with the
serial clock.
Two transfer modes are provided for the 3-wire serial I/O mode: transmit/receive mode and receive-only mode.
After setting each operation mode using the serial operation mode register (CSIM2), transmit/receive operation
is started by performing an operation that will be the start trigger.

(3) Transfer start
A serial transfer starts when the following conditions have been satisfied.

* Receive-only mode
When CSIE2 = 1 and MODE2 = 1, transfer starts when writing to SIO2.

e Transmit/receive mode
When CSIE2 = 1 and MODE2 = 0, transfer starts when reading from SIO2.

Caution  After data has been written to SI02, transfer will not start even if the CSIE2 bit value is set
to “1”.

Completion of an 8-bit transfer automatically stops the serial transfer operation and sets a serial transfer
completion flag.
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(4) Operation mode

(a) Master mode (with internal clock SCK2)

Serial interface SI02 operates in the master mode (with internal clock m) if bits 1 and 0 (SCL21 and
SCL20) of the serial operation mode register 2 (CSIM2) are set to (0, 1), (1, 0), or (1, 1).

Transfer is started when data has been read from or written to the serial I/O shift register 2 (SI02). The
serial data is output from the SO2 pin in synchronization with the serial clock. Select the operating clock
for serial transfer by using SCL21 and SCL20.

Transfer is completed and a transmit completion interrupt (INTCSI2) occurs when all the 8 bits of the serial
data have been completely transferred.

(b) Slave mode (with external clock)

Serial interface SI02 operates in the slave mode (with an external clock) if bits 1 and 0 (SCL21 and SCL20)
of the serial operation mode register 2 (CSIM2) are set to (0, 0). In the slave mode, the SCK2 pin operates
as an external serial clock input pin.

Serial data is transferred to SIO2 in synchronization with the externally input serial clock. After the serial
data has been received by SIO2, it is transferred to the serial receive data buffer register (SIRB2). At the
same time, the SDVA flag is set to 1 and a transmit completion interrupt (INTCSI2) occurs.

Caution  To prevent the occurrence of an overflow error, read the value of SIRB2 before the next

serial data is transferred to SIO2.

Table 14-3 below shows the status of the PO3/SCK2, P04/SO2, and P05/SI2 pins in each operation mode.

Table 14-3. Operation Mode and Pin Status

Operation Mode Pin
S102 Operation Serial Operation Mode | Master/Slave Note P03/SCK2 P04/SO2 P05/SI12

Disabled (CSIE2 = 0) — — Port function Port function Port function

Enabled (CSIE2 = 1) | Receive-only mode Master Serial function Port function Hi-z
(MODE2 = 1) Slave Hi-Z Port function Hi-Z
Transmit/receive Master Serial function Serial function Hi-Z
mode (MODE2 = 0) | gjave Hi-Z Serial function Hi-z

Note Master/slave can be selected by setting bits 0 and 1 (CSK1 and SCL20) of the serial operation mode
register 2 (CSIM2).
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(5) Transfer format
A simultaneous transmit/receive operation can be performed when the receive data is transferred from the serial
1/0 shift register 2 (S102) to the receive data buffer register (SIRB2).

(a) Clock phase and polarity
The phase and polarity of the serial clock can be selected from four combinations by setting bits 3 and 4
(CLPO and CLPH) of the serial operation mode register 2 (CSIM2).
Select a clock polarity by using CLPO. An active-high or active-low clock can be selected.
The clock phase is set by CLPH. The output timing of SO2 can be selected.
For the setting of CLPO and CLPH, serial transfer clock, data output, and the capture timing of input data,
see Figure 14-3.

(b) Transfer format when CLPH =0

Figure 14-6 shows the operation timing when CLPH = 0. Two waves of SCK2, when CLPO = 0 and when
CLPO =1, are shown in the figure.

Data is transmitted or received in 8-bit units. Each bit of data is transmitted or received in synchronization
with the serial clock.

SI02 is shifted at the falling edge of SCK2 if CLPH = 0 and CLPO = 0. If CLPH = 0 and CLPO = 1, SIO2
is shifted at the rising edge of SCK2. The transmit data is held by the SO2 latch and output from the SO2
pin. The receive data input to the SI2 pin is latched to SIO2 at the rising edge of SCK2 (if CLPH = 0 and

CLPO = 0).
Completion of an 8-bit transfer automatically stops operation of SIO2 and sets a serial transfer completion
flag.

Figure 14-6. Operation Timing When CLPH Is Set to 0
(Serial output data: 55H, serial input data: AAH)

e L L L LT
(CLPO=0) |

(CLPO =1) : :

Start trigger . (Writé: SI02' = 55H5 :
operation timing —" . . ! .

Serial output X 55H XABHX 56H ADHX5AH X B5H X 6AH X D5H X AAH
data timing unt anfin e i Snfien pudin e S

SIRB2

INTCSI2
(interrupt request _l
generated at rising edge)
SI2

XAAH
BE

|
|

SO2

(55IH)
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(c) Transfer format when CLPH =1
Figure 14-7 shows the operation timing when CLPH = 1. Two waves of SCK2, when CLPO = 1 and when
CLPO = 0, are shown in the figure.
Data is transmitted or received in 8-bit units. Each bit of data is transmitted or received in synchronization
with the serial clock.
SI02 is shifted at the falling edge of SCK2 if CLPH = 1 and CLPO = 0. If CLPH = 1 and CLPO = 1, SIO2
is shifted at the rising edge of SCK2. The transmit data is held by the SO2 latch and output from the SO2
pin. The receive data input to the SI2 pin is latched to SIO2 at the falling edge of SCK2 (if CLPH =1 and
CLOP = 0).
Completion of an 8-bit transfer automatically stops operation of SIO2 and sets a serial transfer completion
flag.

Figure 14-7. Operation Timing When CLPH Is Set to 1
(Serial output data: 55H, serial input data: AAH)

S L e e
(CLPO=0) |

(CLPO =1) —

Start trigger || "(Write: SI02 =55H) !

operation timing T T T

Serial outout ™5\ ABH X 56H XADHY 5AH X B5H X 6AH X D5H XAAH

data timing N . . . ; . ; ; ;
SRB2 1 1+ i b+ XAAH
wese — 1D 0T
(interrupt request _l \ : : : : : | | 1
generated at rising edge)
RESS I I s I ey N oy PP
so2 | [ L[ LI 11T e

(6) Hardware detection in error status
Serial interface SIO2 has a function for checking whether an overflow error has occurred.
While serial data being transferred to the serial receive data buffer register (SIRB2) has not yet been read, the
overflow flag (SDOF) is set to 1 if the capture strobe of the LSB of the serial data to be transferred next has
occurred.
If an overflow has occurred, the received serial data is not transferred to SIRB2. Therefore, data that has already
been received and transferred to SIRB2 can be read. In this way, the loss of receive data is prevented even
if an overflow error occurs.
SDOF is cleared by reading the serial receive data buffer status register (SRBS2).
If SIRB2 is read to monitor the status of serial interface SIO2, always monitor SRBS2 to check whether an interrupt
request (overflow error) has occurred.
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Figure 14-8 shows the status of each register (S102, SIRB2, SRBS2) during a receive operation.
Figure 14-8. Receive Operation

@ ®) (6) ®) (11
DATAL DATA2 DATA3 DATA4 DATA5 DATA6

Data reception end

SI102 >> DATAlX >>>> DATA2k >>>> DATA3k >>>> DATA4X >>>> DATA5k >>>> DATA6k >>>>

____><_____
____><_____

SIRB2 { DATA1 DATA2 DATA5 X DATA6
SDVA | | é é | | ;
@ s s s s s
SDOF | | L |
| | o | | |
SIRB2 read ; ” ; ; ; ” ; ” ;
T | L © | |
SRBS2 read E ” E E E ” E ” E
@ | o |

INTCSI2 ” ” ” ” ” ”

(1) After DATAL (receive data) is received completely, it is transferred to SIRB2.

(2) SDVA is set since the receive data is transferred to SIRB2.

(3) SDVA is automatically cleared to 0 by SIRB2 read.

(4) SRBS2 is read and the status is checked (overflow error check).

(5) Like (1) above, DATAZ2 (receive data) is transferred to SIRB2 after it is received completely.

(6) Eventhough DATA3 (receive data) reception is complete, it is held in SIO2 without being transferred to SIRB2
since the previous receive data (DATA2) has not been read from SIRB2.

(7) SDOF is set to 1 since SDVA has been set to 1 and DATAS3 reception for SIO2 is complete.

(8) DATAS3 (receive data) is discarded and DATA4 (receive data) reception ends.
Like (6) above, DATA4 is not transferred to SIRB2 and is held in SIO2.

(9) Like (3) above, SDVA is automatically cleared to 0 by SIRB2 read.

(10) SDOF is automatically cleared to 0 by SRBS2 read.

(11) Like (1) above, after DATAS (receive data) is received completely, DATAGS is transferred to SIRB2.

Preliminary User's Manual U14581EJ3VOUMO0 199



200

CHAPTER 14 SERIAL INTERFACE SIO2

(7) Operation in standby mode

(a) Operation in HALT mode

Even after a HALT instruction has been executed, serial interface SIO2 continues to operate.
In the HALT mode, the CPU cannot access the registers of serial interface SIO2.

If it is not necessary to use serial interface SIO2 in the HALT mode, the power consumption can be reduced
by stopping the operation of the serial interface SIO2 before the HALT instruction is executed.

(b) Operation in STOP mode

Serial interface S102 can operate in the STOP mode if the slave mode (in which an external clock is used)
is selected.
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15.1 Serial Interface Functions
The serial interface SIO3 has the following two modes.

(1) Operation stop mode
This mode is used when serial transfers are not performed. For details, see 15.4.1 Operation stop mode .

(2) 3-wire serial I/O mode (fixed as MSB first)
This is an 8-bit data transfer mode using three lines: a serial clock line (SCK3), serial output line (SO3), and
serial input line (SI3).
Since simultaneous transmit and receive operations are enabled in 3-wire serial I/O mode, the processing time
for data transfers is reduced.
The first bit in the 8-bit data in serial transfers is fixed as the MSB.
3-wire serial /O mode is useful for connection to a peripheral I/O device that includes a clocked serial interface,
a display controller, etc. For details, see 15.4.2 3-wire serial /0O mode .
Figure 15-1 shows the serial interface SIO3 block diagram.

Figure 15-1. Serial Interface SIO3 Block Diagram

§ Internal bus 5
| Serial /0 shift
SI3/P52 © Iﬂ register 3 (S103) | |
S03/P51 ©
<~va | Serial clock
SCK3/P50 © I /] ounter INTCSI3
2
| Serial clock Kg?,
| controller Selector fu/24
2
R —
CSIE3|MODE3|SCL31{SCL30
Serial operation mode register 3 (CSIM3) ii
§ Internal bus \
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15.2 Serial Interface Configuration
The serial interface SI03 consists of the following hardware.

Table 15-1. Serial Interface SIO3 Configuration

Item Configuration
Register Serial 1/0O shift register 3 (S103)
Control register Serial operation mode register 3 (CSIM3)

(1) Serial /O shift register 3 (SIO3)
This is an 8-hit register that performs parallel-serial conversion and serial transmit/receive (shift operations)
synchronized with the serial clock.
SIO3 is set with an 8-bit memory manipulation instruction.
When “1” is set to bit 7 (CSIE3) of the serial operation mode register 3 (CSIM3), a serial operation can be started
by writing data to or reading data from SI103.
When transmitting, data written to SIO3 is output via the serial output (SO3).
When receiving, data is read from the serial input (S13) and written to SIO3.
RESET input clears SIO3 to O0H.

Caution Do not access SIO3 during a transfer operation unless the access is triggered by a transfer
start (Read is disabled when MODE3 = 0 and write is disabled when MODE3 = 1).
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15.3 Serial Interface Control Register

The serial operation mode register 3 (CSIM3) is used to control the serial interface SIO3.
This register is used to set the SIO3'’s serial clock, operation mode, and operation enable/disable.
CSIM3 is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input clears CSIM3 to 00H.

Caution In the 3-wire serial I/O mode, set the port mode register (PM5X) as follows. Besides that, set

all output latches to 0.

When serial clock output (Master transmit or master receive)
Set P50 (SCK3) to the output mode (PM50 = 0)

When serial clock input (Slave transmit or slave receive)
Set P50 to the input mode (PM50 = 1)

When transmit or transmit/receive mode

Set P51 (SO3) to the output mode (PM51 = 0)

When receive mode

Set P52 (SI3) to the input mode (PM52 = 1)

Figure 15-2. Serial Operation Mode Register 3 (CSIM3) Format

Address: FF84H After Reset: 00H R/W

Symbol

6 5 4 3 2

1

0

csIM3 | CSIE3 |

0 0 0 0 MODE3

SCL31

SCL30

S103 Operation Enable/Disable Specification

CSIE3
Shift Register Operation
0 Operation disabled
1 Operation enabled
Transfer Operation Mode Flag
MODE3
Operation Mode

0 Transmit or transmit/receive mode

1 Receive-only mode
SCL31 SCL30 Clock Selection

0 0 External clock input

0 1 fx/22

1 0 fx/23

1 1 fx/24

Caution  Bits 3 to 6 must be set to 0.

Remark fx: Main system clock oscillation frequency
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15.4 Serial Interface Operations
This section explains the two modes of the serial interface S103.

15.4.1 Operation stop mode
This mode is used when serial transfers are not performed to reduce power consumption.
In the operation stop mode, the P50/SCK3, P51/S0O3, and P52/SI3 pins can be used as normal 1/0O port pins.

(1) Register settings
Operation stop mode is set with the serial operation mode register 3 (CSIM3).
CSIM3 is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input clears CSIM3 to 00H.

Address: FF84H After Reset: 00H R/W

Symbol 6 5 4 3 2 1 0
CSIM3 | CSIE3 | 0 0 0 0 MODE3 SCL31 SCL30
S103 Operation Enable/Disable Specification
CSIE3
Shift Register Operation
0 Operation disabled
1 Operation enabled

Caution  Bits 3 to 6 must be set to 0.
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15.4.2 3-wire serial I/O mode

The 3-wire serial /O mode is useful when connecting a peripheral I/O device that includes a clocked serial interface,
a display controller, etc.

This mode executes data transfers via three lines: a serial clock line (ﬁ%), serial output line (SO3), and serial
input line (SI3).

(1) Register settings
3-wire serial I/0O mode is set with the serial operation mode register 3 (CSIM3).
CSIM3 is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input clears CSIM3 to 00H.

Caution In the 3-wire serial I/O mode, set the port mode register (PM5X) as follows. Besides that,
set all output latches to 0.
e When serial clock output (Master transmit or master receive)
Set P50 (SCW) to the output mode (PM50 = 0)
* When serial clock input (Slave transmit or slave receive)
Set P50 to the input mode (PM50 = 1)
e When transmit or transmit/receive mode
Set P51 (SO3) to the output mode (PM51 = 0)
e When receive mode
Set P52 (SI3) to the input mode (PM52 = 1)

Address: FF84H After Reset: 00H R/W

Symbol 6 5 4 3 2 1 0
csimM3 | csiE3 | o0 0 0 0 MODE3 | SCL31 | SCL30
S103 Operation Enable/Disable Specification
CSIE3
Shift Register Operation
0 Operation disabled
1 Operation enabled
Transfer Operation Mode Flag
MODE3
Operation Mode
0 Transmit or transmit/receive mode
1 Receive-only mode
SCL31 SCL30 Clock Selection
0 0 External clock input
0 1 fx/22
1 0 fx/23
1 1 fx/24

Caution  Bits 3 to 6 must be set to 0.

Remark fx: Main system clock oscillation frequency
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Communication operations

In the 3-wire serial /0O mode, data is transmitted and received in 8-bit units. Each bit of data is transmitted or
received in synchronization with the serial clock.

The serial 1/0O shift register 3 (S103) is shifted in synchronization with the falling edge of the serial clock.
Transmission data is held in the SO3 latch and is output from the SO3 pin. Data that is received via the SI3 pin
in synchronization with the rising edge of the serial clock is latched to S103.

Completion of an 8-bit transfer automatically stops operation of SIO3 and sets an interrupt request flag (CSIIF3).

Figure 15-3. 3-Wire Serial /0 Mode Timing

SCK3 1 2 3| 4] |[s] |se] |7] |8
sI3 X Djl? X Di6 { Di5 { D14 f D13 f D2 ) DIt f |j3|o
S03 :X ch>7 X Dos6 } DO5 J DO4 ) DO3 § DO2 § DO1 X Soo
‘ ‘
CSIIF3 i i_
T Transfer completion

Transfer starts in synchronized with the falling edge of SCK3

Transfer start
A serial transfer starts when the following two conditions have been satisfied and transfer data has been set to
(or read from) serial 1/0 shift register 3 (S103).

¢ SI03 operation control bit (CSIE3) = 1
« After an 8-bit serial transfer, the internal serial clock is either stopped or SCK3 is set to high level.
e Transmit or transmit/receive mode
When CSIE3 = 1 and MODE3 = 0, transfer starts when writing to SIO3.
¢ Receive-only mode
When CSIE3 = 1 and MODE3 = 1, transfer starts when reading from SIO3.

Caution  After data has been written to SIO3, transfer will not start even if the CSIE3 bit value is set
to “17.

Completion of an 8-bit transfer automatically stops the serial transfer operation and sets an interrupt request flag
(CSIIF3).
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16.1 LCD Controller/Driver Functions

The functions of the LCD controller/driver incorporated in the pPD780852 Subseries are shown below.

(1) Automatic output of segment signals and common signals is possible by automatic reading of the display data

memory.

(2) Display mode

e 1/4 duty (1/3 bias)
(3) Any of four frame frequencies can be selected in each display mode.

(4) Maximum of 20 segment signal outputs (SO to S19); 4 common signal outputs (COMO to COM3).

Fifteen of the segment signal outputs can be switched to input/output ports in units of 2 (P81/S19 to P87/S13,
P90/S12 to P97/S5).

The maximum number of displayable pixels is shown in Table 16-1.

Table 16-1. Maximum Number of Display Pixels

Bias Method

Time Division Common Signals Used

Maximum Number of Display Pixels

1/3

4

COMO to COM3

80 (20 segments x 4 commons) Note

Note 10 digits on g type LCD panel with 2 segments/digit
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16.2 LCD Controller/Driver Configuration
The LCD controller/driver consists of the following hardware.

Table 16-2. LCD Controller/Driver Configuration

Iltem Configuration

Display outputs Segment signals: 20

Dedicated segment signals: 5

Segment signal/input or output port alternate function: 14

Segment signal/input or output port/16-bit timer prescaler output alternate function: 1
Common signals: 4 (COMO to COM3)

Control registers LCD display mode register (LCDM)
LCD display control register (LCDC)

Figure 16-1. LCD Controller/Driver Block Diagram

S Internal bus
Display data memory@ LCD display mode register (LCDM) @ LCD display control register (LCDC)
FA6CH - FA68H FA67H FA59H
|76543210|7|76543210|76543210| |76543210 |L°D°N‘LCDMG‘LCDMF"LCDM“l

LCDC7|LCDCG|LCDC5|LCDC4| LIPS
L 1,1 |
4

LCD clock selector

Timing controller

3210 3210 3210 3210
Selector] Selector Selector] Selector

—
| Segmentselector

E:H ............... E)H E)te ......... E)te Common driver | LCD driver voltage controller |
P97 output] P81 outpu
buffer buffer

© © © © O 0 0O O ©

SO i sS4 S5/P97 ... S19/P81 COMO COM1 COM2 COM3 Vico

Note Segment driver
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Figure 16-2. LCD Clock Selector Block Diagram

fx/2™ Prescaler

fLen/2®

fLen/2?

fLen/2 LCDCL

Selector

fLeo

3

[ T ]

LCDM6|LCDM5|LCDM4

LCD display mode register

S Internal bus S

Remarks 1. LCDCL: LCD clock
2. fico: LCD clock frequency
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16.3 LCD Controller/Driver Control Registers

The following two types of registers are used to control the LCD controller/driver.

¢ LCD display mode register (LCDM)
e LCD display control register (LCDC)

(1) LCD display mode register (LCDM)
This register sets display operation enabling/disabling, the LCD clock, and frame frequency.

LCDM is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input clears LCDM to O0OH.

Figure 16-3. LCD Display Mode Register (LCDM) Format

Address: FFBOH  After Reset: 00H R/W
Symbol 7 6 5 4 3 2 1
LCDM LCDON LCDM6 LCDM5 LCDM4 0 0 0
LCDON LCD Display Enable/Disable
0 Display off (all segment outputs are non-select signal outputs)
1 Display on
LCDM6 LCDM5 LCDM4 LCD Clock Selection (fx = 8.38 MHz)
0 0 0 fx/217 (64 Hz)
0 0 1 fx/216 (128 Hz)
0 1 0 x/215 (256 Hz)
0 1 1 fx/214 (512 Hz)
Other than above Setting prohibited

Remark fx: Main system clock oscillation frequency
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(2) LCD display control register (LCDC)
This register sets cutoff of the current flowing to split resistors for LCD drive voltage generation and switchover
between segment output and input/output port functions.
LCDC is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input clears LCDC to O0H.

Figure 16-4. LCD Display Control Register (LCDC) Format

Address: FFB2H  After Reset: 00H R/W

Symbol 7 6 5 4 3 2 1 0
LCDC LCDC7 LCDC6 LCDC5 LCDC4 0 0 0 LIPS
P81/S19 to P97/S5 Pin Functions
LCDC7 LCDC6 LCDC5 LCDC4
Port Pins Segment Pins

0 0 0 0 P81 to P97 None

0 0 0 1 P81 to P95 S5, S6

0 0 1 0 P81 to P93 S5 to S8

0 0 1 1 P81 to P91 S5 to S10

0 1 0 0 P81 to P87 S5 to S12

0 1 0 1 P81 to P85 S5to S14

0 1 1 0 P81 to P83 S5 to S16

0 1 1 1 P81 S5 to S18

1 0 0 0 None S5 to S19

Other than above Setting prohibited
LIPS LCD Driving Power Supply Selection
0 Does not supply power to LCD.
1 Supplies power to LCD from Voo pin.

Cautions 1. Pins which perform segment output cannot be used as output port pins even if 0 is set
in the port mode register.
2. If a pin which performs segment output is read as a port, its value will be 0.
3. If a pin set as a segment output pin is not used, leave that pin open.
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16.4 LCD Controller/Driver Settings
LCD controller/driver settings should be performed as shown below.
<1> Set the initial value in the display data memory (FA59H to FA6CH).
<2> Set the pins to be used as segment outputs in the LCD display control register (LCDC).

<3> Set the LCD clock in the LCD display mode register (LCDM).

Next, set data in the display data memory according to the display contents.
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16.5 LCD Display Data Memory

The LCD display data memory is mapped onto addresses FA59H to FA6CH. The data stored in the LCD display
data memory can be displayed on an LCD panel by the LCD controller/driver.

Figure 16-5 shows the relation between the LCD display data memory contents and the segment outputs/common
outputs.

Any area not used for display can be used as normal RAM.

Figure 16-5. Relation between LCD Display Data Memory Contents
and Segment/Common Outputs

Address b7 bs bs b4 bs b2 b1 bo
r-——=-—=-=- [ [ T T T T~
FA6CH 3 l l l L~ 50
oo - I S
I I I
FA6BH ! | | | .51
: 777777 |- — - — — - - - -————
I I I
FABAH | ! ! ! — S2
: ,,,,,, | _ 4 [
I I I
FA69H | ! ! ! L~ S3
o | __ 1 _____ o __
| | | |
| | | |
3 | | | ]
% — -
I I I
3 ffffff R et Fo---
FASBH | | | — S17/P83
- E—— R S
FASAH | | | [~ s18/P82
oo - . S
I I I
FASOH ! | | | L~ S19/P81
Lo v [,

COM3 COM2 COM1 COMO

Caution  The higher 4 bits of the LCD display data memory do not incorporate memory. Be sure to set
them to O.
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16.6 Common Signals and Segment Signals

An individual pixel on an LCD panel lights when the potential difference of the corresponding common signal

and segment signal reaches or exceeds a given voltage (the LCD drive voltage Vicp). The light goes off when the

pote

ntial difference becomes ViLco or lower.

As an LCD panel deteriorates if a DC voltage is applied in the common signals and segment signals, it is driven
by AC voltage.

)

Common signals
For common signals, the selection timing order is as shown in Table 16-3, and operations are repeated with these
as the cycle.

Table 16-3. COM Signals

COM signal
COMO CcOoM1 COM2 COM3
Time division

4-time division f |

(2) Segment signals

©)

214

Segment signals correspond to a 20-byte LCD display data memory (FA59H to FA6CH). Each display data
memory bit 0, bit 1, bit 2, and bit 3 is read in synchronization with the COM0, COM1, COM2 and COM3 timings
respectively, and if the value of the bit is 1, it is converted to the selection voltage. If the value of the bit is 0,
it is converted to the non-selection voltage and output to a segment pin (S0 to S19) (S18 to S5 have an alternate
function as input/output port pins).

Consequently, it is necessary to check what combination of front surface electrodes (corresponding to the
segment signals) and rear surface electrodes (corresponding to the common signals) of the LCD panel to be
used form the display pattern, and then write bit data corresponding on a one-to-one basis with the pattern to
be displayed.

Bits 4 to 7 are fixed at 0.

Common signal and segment signal output waveforms

The voltages shown in Table 16-4 are output in the common signals and segment signals.

The £Vico ON voltage is only produced when the common signal and segment signal are both at the selection
voltage; other combinations produce the OFF voltage.

Table 16-4. LCD Drive Voltage

Segment Signal Selection Signal Level Non-Selection Signal Level
Common Signal Vss1, Vico Vici, Viez
Selection signal level Vico, Vss1 —Vieo, +Viep —1/3Viep, +1/3Vieo
Non-selection signal level | Vicz, Vic1 —1/3Viep, +1/3Vico —1/3Viep, +1/3Vieo
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Figure 16-6 shows the common signal waveform, and Figure 16-7 shows the common signal and segment signal

voltages and phases.

Figure 16-6. Common Signal Waveform

Vico
Vic2

| Te=4xT |

(Divided by 4)

T: One LCDCL cycle
Tr: Frame frequency

Figure 16-7. Common Signal and Segment Signal Voltages and Phases

Selected Not selected

Vico

Vic

Common signal Vieo
9 Vicz

Vico

. Vic
Segment signal Vico
Vic2

T: One LCDCL cycle
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16.7 Supplying LCD Drive Voltage V Lco, Vic1, and Vic2
The uPD780852 Subseries have a split resistor to create an LCD drive voltage, and the drive voltage is fixed
to 1/3 bias.

To supply various LCD drive voltages, internal Voo or external Vico supply voltage can be selected.

Table 16-5. LCD Drive Voltage

Bias Method 1/3 Bias Method
LCD Drive Voltage

Vico Vico
Vic1 2/3Vieo
Vicz 1/3Vicp

Figure 16-8 shows an example of supplying an LCD drive voltage from an internal source according to Table
16-5. By using variable resistors r1 and r2, a non-stepwise LCD drive voltage can be supplied.
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Figure 16-8. Example of Connection of LCD Drive Power Supply

(a) To supply LCD drive voltage from V. pp

Vob
©
LIPS —[>o4 P-ch
D _
7@ Open Vieo pin
Vico
R
Vici
Vicp R
Vicz
R
Vss ©)
Vss
Viep = Vop

(b) To supply LCD drive voltage from external source

Vob Vop
O
LIPS —[>o4 P-ch "
(=0)
O
Vico
r2
Vico
R Vss
Vica
Vicop R
Vic2
R
Vss O
Vss
3Rer2
Vicp = x Vob

3Rer2+3Reri+rier
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16.8 Display Mode

16.8.1 4-time-division display example

Figure 16-10 shows the connection of a 4-time-division type 10-digit LCD panel with the display pattern shown
in Figure 16-9 with the uPD780852 Subseries segment signals (S0 to S19) and common signals (COMO to COM3).
The display example is “1234567890,” and the display data memory contents (addresses FA59H to FA6CH)
correspond to this.

An explanation is given here taking the example of the 5th digit “6” (5, ). In accordance with the display pattern
in Figure 16-9, selection and non-selection voltages must be output to pins S8 and S9 as shown in Table 16-6 at
the COMO to COM3 common signal timings.

Table 16-6. Selection and Non-Selection Voltages (COMO to COM3)

Segment S8 S9
Common
COMO S S
COM1 NS S
COM2 S S
CcOomM3 NS S

S: Selection, NS: Non-selection

From this, it can be seen that 0101 must be prepared in the display data memory (address FA64H) corresponding
to S8.

Examples of the LCD drive waveforms between S8 and the COMO and COML1 signals are shown in Figure 16-
11 (for the sake of simplicity, waveforms for COM2 and COM3 have been omitted). When S8 is at the selection voltage
at the COMO selection timing, it can be seen that the +Vico/-Vico AC square wave, which is the LCD illumination
(ON) level, is generated.

Figure 16-9. 4-Time-Division LCD Display Pattern and Electrode Connections

Son

COMO CcoM1

COM2

m com3

Son+1

n=0to9
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Figure 16-10. 4-Time-Division LCD Panel Connection Example
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220

Figure 16-11. 4-Time-Division LCD Drive Waveform Examples (1/3 Bias Method)
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|
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|
|
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|
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16.9 Cautions on Emulation

(1) LCD timer control register (LCDTM)

To perform debugging with an in-circuit emulator (IE-78K0-NS), the LCD timer control register (LCDTM) must
be set. LCDTM is a register used to set a probe board (IE-780852-NS-EM4).

LCDTM is a write-only register that controls supply of the LCD clock. Unless LCDTM is set, the LCD controller/
driver does not operate. Therefore, set bit 1 (TMC21) of LCDTM to 1 when using the LCD controller/driver.

Figure 16-12. LCD Timer Control Register (LCDTM) Format

Address: FF4AH After Reset: O0OH W

Symbol 7 6 5 4 3 2 1 0
LCDTM 0 0 0 0 0 0 TMC21 0
TMC21 LCD Clock Supply Control
0 LCD controller/driver stop mode (supply of LCD clock is stopped)
1 LCD controller/driver operation mode (supply of LCD clock is enabled)

Cautions 1. LCDTMis a special register that must be set when debugging is performed with an in-circuit
emulator. Even if this register is used, the operation of the uPD780852 Subseries is not
affected. However, delete the instruction that manipulates this register from the program at
the final stage of debugging.

2. Bits 7 to 2 and 0 must be set to 0.
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CHAPTER 17 SOUND GENERATOR

17.1 Sound Generator Function

The sound generator has the function to sound the buzzer from an external speaker, and the following signal

are output.

« Basic cycle output signal
The signal is a buzzer signal with a variable frequency. By setting bits 0 to 2 (SGCLO to SGCL?2) of the sound
generator control register (SGCR), the signal in arange of 0.12 to 4.0 kHz can be output (when fx = 8.38 MHz).
The amplitude of the 7-bit-resolution PWM signal can be varied to enable control of the buzzer sound volume.

Figure 17-1 shows the sound generator block diagram and Figure 17-2 shows the concept of basic cycle output
signal SGO.

Figure 17-1. Sound Generator Block Diagram

¢ Internal bus 5

Sound generator control register (SGCR)

| TCE |SGCLZ|SGCL1|SGCLO|

SGCLO

2

5-bit counter

Selector

Selector
Prescaler

©SGO/P61
PWM amplitude

Comparator

!_V_EV_\
[ 1 I I I
|SGBR3|SGBR2|SGBR1|SGBRO| |SGAM6|SGAM5|SGAM4|SGAM3|SGAM2|SGAM1|SGAMO P61 output PM61
Sound generator buzzer Sound generator amplitude Port mode
control register (SGBR) register (SGAM) register 6 (PM6)
S Internal bus

Figure 17-2. Concept of Basic Cycle Output Signal SGO

BasiccycleoutputSGOHHH |H|H |H|H |”|H
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17.2 Sound Generator Configuration

The sound generator consists of the following hardware.

Table 17-1. Sound Generator Configuration

Item

Configuration

Counter

8 bits x 1, 5 bits x 1

SG output

SGO

Control register

Sound generator control register (SGCR)
Sound generator buzzer control register (SGBR)
Sound generator amplitude register (SGAM)

224
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17.3 Sound Generator Control Registers
The following three types of registers are used to control the sound generator.

¢ Sound generator control register (SGCR)
e Sound generator buzzer control register (SGBR)
¢ Sound generator amplitude register (SGAM)

(1) Sound generator control register (SGCR)
SGCR is a register which sets up the following three types.

e Controls sound generator output
» Selects sound generator input frequency fsc1
» Selects 5-bit counter input frequency fsc2

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

RESET input clears SGCR to 00H.
Figure 17-3 shows the SGCR format.
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Figure 17-3. Sound Generator Control Register (SGCR) Format

Address: FF94H  After Reset: 00H R/W
Symbol 7 6 5 4 3 2 1 0
SGCR TCE 0 0 0 1 SGCL2 SGCL1 SGCLO
TCE Sound Generator Operation Selection
0 Timer operation stopped
SGO for low-level output
1 Sound generator operation
SGO for output
SGCL2 SGCL1 5-Bit Counter Input Frequency fse2 Selection
0 0 fse2 = fsc1/25
0 1 fse2 = fsc1/28
1 0 fsez = fse1/27
1 1 fse2 = fsc1/28
SGCLO Sound Generator Input Frequency fsec1 Selection
0 fse1 = fx/2
1 fse1 = fx

Cautions 1. Before setting the TCE bit, set all the other bits.
2. When rewriting SGCR to other data, stop the timer operation (TCE = 0) beforehand.
3. Bits 4 to 6 must be set to 0.
4. Bit 3 must be set to 1.

The maximum and minimum values of the buzzer output frequency are as follows.

Table 17-2. Maximum Value and Minimum Value of Buzzer Output Frequency

SGCL2 SGCL1 SGCLO Maximum and Minimum Values of Buzzer Output
fsc2 fx = 8.00 MHz fx = 8.38 MHz
Max. (kHz)| Min. (kHz) | Max. (kHz)| Min. (kHz)

0 0 0 fx/26 3.68 1.95 3.85 2.05
0 0 1 fx/25 3.68 1.95 3.85 2.05
0 1 0 fx/27 1.84 0.98 1.93 1.02
0 1 1 fx/2% 1.84 0.98 1.93 1.02
1 0 0 fx/28 0.92 0.49 0.96 0.51
1 0 1 fx/27 0.92 0.49 0.96 0.51
1 1 0 fx/2° 0.46 0.24 0.48 0.26
1 1 1 fx/28 0.46 0.24 0.48 0.26

226
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(2) Sound generator buzzer control register (SGBR)
SGBR is a register that sets the basic frequency of the sound generator output signal.

SGBR is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input clears SGBR to 00H.
Figure 17-4 shows the SGBR format.

Figure 17-4. Sound Generator Buzzer Control Register (SGBR) Format

Address: FF95H  After Reset: 00H R/W
Symbol 7 6 5 4 3 2 1 0
SGBR 0 0 0 0 SGBR3 SGBR2 SGBR1 SGBRO
SGBR3 SGBR2 SGBRL SGEBRO Buzzer Output Frequency (kHz) Note
fx = 8 MHz fx = 8.38 MHz
0 0 0 0 3.677 3.851
0 0 0 1 3.472 3.637
0 0 1 0 3.290 3.446
0 0 1 1 3.125 3.273
0 1 0 0 2.976 3.117
0 1 0 1 2.841 2.976
0 1 1 0 2.717 2.847
0 1 1 1 2.604 2.728
1 0 0 0 2.500 2.619
1 0 0 1 2.404 2.518
1 0 1 0 2.315 2.425
1 0 1 1 2.232 2.339
1 1 0 0 2.155 2.258
1 1 0 1 2.083 2.182
1 1 1 0 2.016 2.112
1 1 1 1 1.953 2.046

Note Output frequency where SGCLO, SGCL1, and SGCL2 are all 0Os

Cautions 1. When rewriting SGBR to other data, stop the timer operation (TCE = 0) beforehand.
2. Bits 4 to 7 must be set to 0.

(3) Sound generator amplitude register (SGAM)
SGAM is a register that sets the amplitude of the sound generator output signal.

SGAM is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input clears SGAM to 00H.
Figure 17-5 shows the SGAM format.
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Figure 17-5. Sound Generator Amplitude Register (SGAM) Format

Address: FFC1H  After Reset: 00H R/W

Symbol 7

6

5

4

3

2

1

0

SGAM 0

SGAM6

SGAMS5

SGAM4

SGAM3

SGAM2

SGAM1

SGAMO

SGAM6

SGAM5

SGAM4

SGAM3

SGAM2

SGAM1

SGAMO

Amplitude

0/128

2/128

3/128

4/128

5/128

6/128

7/128

8/128

9/128

10/128

11/128

12/128

13/128

14/128

15/128

16/128

17/128

18/128

19/128

20/128

21/128

22/128

23/128

24/128

25/128

26/128

271128

28/128

29/128

30/128

o|lo/lo|jo|]oj]oj]lo|lo|lo|lo|lo|l|o|l|o|lo|]o|o|]o|]o|lo|]o|lo|lo|lo|lo|lo|o|o|o|o| oo

o|lo/lo|jo|]oj]oj]lo|lo|lo|lo|lo|l|o|l|o|lo|]o|o|]o|]o|lo|]o|lo|lo|lo|lo|lo|o|o|o|o | oo

Rrlrlkr|r|lrlr|r|r|r|r|r|r|r|r|r|lo|lo|o|o|o|o|o|o|o|o|o|o|o|o|o

Fr{r|I+r|I+|(|I+r|P|lOjl0Ol0OjlOjlO|lO|lO|O|F|(F|IFP|FP|FP|IFP|FP|IPIOlO|lO|lO|lO|O|O

+r{bp|»rplOolO|lO|OO|(F|IF|IF|IP| OlO|lO|lO|F|(F|IFP|rP|lOlO|lO|O|FR|FP ||, |lO|JO|O

~rlo|lo|+r|(rp|lOo|OO(rr|{rpP|lO|CO|(Frr|r|lO|lO|FrP|(rR|O|lO|(FrP|P|O|lO|FRr|[FP|O|O|F |+ |lO

cf(+~p|o|+r|O|+—r|O(rr|O|(rr|O|(rP|O|(rP|O|rrP|O|rP|O|(FrP|O|rP|O|rRP|O|FRr|O|Fr |O|R

31/128

128/128

Cautions 1. When rewriting SGAM to other data, stop the timer operation beforehand.
note that a high level may be output for one period due to rewrite timing.

2. Bit 7 must be set to 0.
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17.4 Sound Generator Operations

17.4.1 To output basic cycle signal SGO

The basic cycle signal is output from the SGO pin if the bit 7 (TCE) of the sound generator control register (SGCR)
is set to “1".

The basic cycle signal of the frequency set by SGCLO to SGCL2 and SGBRO to SGBR3 is output.

The amplitude of the basic cycle signal can be changed by changing the set value of the sound generator amplitude
register (SGAM).

Figure 17-6. Sound Generator Output Operation Timing

Timer

Comparator 1 coincidence —l —l —l —l —l

w QAN ML

=
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CHAPTER 18 METER CONTROLLER/DRIVER

18.1 Meter Controller/Driver Functions
The meter controller/driver is a function to drive a stepping motor for external meter control or cross coil.
e Can set pulse width with a precision of 8 bits
¢ Can set pulse width with a precision of 8 + 1 bits with 1-bit addition function

« Can drive up to four 360° type meters

Figure 18-1 shows the block diagram of the meter controller/driver and Figure 18-2 shows 1-bit addition circuit
block diagram.

Figure 18-1. Meter Controller/Driver Block Diagram

S Internal bus S

Timer mode control register (MCNTC) Port mode control register (PMC)

PCS | PCE MODn| ENn

|
l !

fx —— f
642 Selector me 8-bit timer register OVF MODn ENn
Ny ——
= ficc s i l
© SMn1 (sin+)
Q Output controller .
Compare register 1-bit addition circuit R © SMn2 (sin-)
(MCMPNO) T
MODn ENn
- L
1 © SMn3 (cos+)
- Q Output controller
Compare register || .11 i addition circuitp——={ R © SMn4 (cos-)
(MCMPnN1)
2 2
TENN|ADBn1|ADBNO0 [DIRN1|DIRNO
iE Compare control register n (MCMPCn)
NN/
S Internal bus S

Remark n=1to4
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Figure 18-2. 1-Bit Addition Circuit Block Diagram

OVF
s s
, : g | ofF——

Compare register : s 2 : R

(MCMPnm) ' 0 2 '

E ftCC"> E

el e, :

2
ADBN1/ADBN0
Compare control register (MCMPCn)
A4

§ Internal bus \

Remark n=1to4, m=0,1
18.2 Meter Controller/Driver Configuration
The meter controller/driver consists of the following hardware.

Table 18-1. Meter Controller/Driver Configuration

Iltem Configuration
Timer Free-running up counter (MCNT): 1 channel
Register Compare register (MCMPn1, MCMPnO): 8 channels
Control registers Timer mode control register (MCNTC)

Compare control register n (MCMPCn)
Port mode control register (PMC)

Pulse controller 1-bit addition circuit/output controller

Remark n=1to4

(1) Free-running up counter (MCNT)
MCNT is an 8-bit free-running up counter, and is a register that executes increment at the rising edge of input
clock.
A PWM pulse with a resolution of 8 bits can be output. The duty factor can be set in a range of 0% to 100%.
The count value is cleared in the following cases.

e RESET input
« Stop counter (PCE = 0)

Cautions 1. MCNT executes counting operation from 01H to FFH repeatedly. However, it counts from
00H upon operation start.
2. The PWM output is not output until the first overflow of MCNT.
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)

©)

4

®)

Compare register n0 (MCMPNO)

MCMPnNO is an 8-bit register that can rewrite compare values through specification of bit 4 (TENn) of the compare
control register n (MCMPCn).

RESET input clears this register to OOH and clears hardware to 0.

MCMPnNO is aregister that supports read/write only for 8-bit access instructions. MCMPnNO continuously compares

its value with the MCNT value. When the above two values match, a match signal of the sin side of meter n
is generated.

Compare register n1 (MCMPnN1)

MCMPnN1 is an 8-bit register that can rewrite compare values through specification of bit 4 (TENn) of the compare
control register n (MCMPCn).

RESET input clears this register to OOH and clears hardware to 0.

MCMPn1is aregister that supports read/write only for 8-bit access instructions. MCMPn1 continuously compares
its value with the MCNT value. When the above two values match, a match signal of the cos side of meter n
is generated.

1-bit addition circuit

The 1-bit addition circuit repeats 1-bit addition/non-addition to PWM output alternately upon MCNT overflow
output, and enables the state of PWM output between current compare value and the next compare value.
This circuit is controlled by bits 2 and 3 (ADBn0 and ADBn1) of the MCMPCn register.

Output controller
The output controller consists of a P-ch and N-ch drivers and can drive a meter in H bridge configuration by
connecting a coil.
When a meter is driven in half bridge configuration, the unused pins can be used as normal output port pins.

The relation of the duty factor of the PWM signal output from the SMnm pin is indicated by the following expression
(n=1t0o4, m=0,1).

Set value of MCMPnm x cycle of MCNT count clock

PWM (dut
(duty) 255 x cycle of MCNT count clock

x 100%

_ Set value of MCMPnm X 100%
255

Cautions 1. MCMPnO and MCMPnN1 cannot be read or written by a 16-bit access instruction.
2. MCMPnO and MCMPn1 are in master-slave configuration, and MCNT is compared with
a slave register. The PWM pulse is not output until the first overflow occurs after the
counting operation has been started because the compare data is not transferred to
the slave.
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18.3 Meter Controller/Driver Control Registers
The following three types of registers are used to control the meter controller/driver.
e Timer mode control register (MCNTC)
e Compare control register n (MCMPCn)
¢ Port mode control register (PMC)
Remark n=1to 4
(1) Timer mode control register (MCNTC)
MCNTC is an 8-bit register that controls the operation of the free-running up counter (MCNT).
MCNTC is set with an 8-bit memory manipulation instruction.
RESET input clears MCNTC to O0H.
Figure 18-3 shows the MCNTC format.

Figure 18-3. Timer Mode Control Register (MCNTC) Format

Address: FF69H After Reset: 00H R/W

Symbol 7 6 5 4 3 2 1 0
MCNTC 0 0 PCS PCE 0 0 0 0
PCS Timer Counter Clock (fuc) Selection
0 fx
1 fx/2
PCE Timer Operation Control
0 Operation stopped (timer value is cleared)
1 Operation enabled

Cautions 1. When rewriting MCNTC to other data, stop the timer operation (PCE = 0) beforehand.
2. Bits 0to 3, 6, and 7 must be set to 0.
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(2) Compare control register n (MCMPCn)

MCMPCn is an 8-bit register that controls the operation of the compare register and output direction of the PWM

pin.

MCMPCn is set with an 8-bit memory manipulation instruction.
RESET input clears MCMPCn to O0H.
Figure 18-4 shows the MCMPCn format.

Figure 18-4. Compare Control Register n (MCMPCn) Format

Address: FF6BH to FF6EH  After Reset: 00H R/W

Symbol 7 6 5 3 2 1 0
MCMPCn 0 0 0 | TENN | ADBnN1 ADBNO DIRn1 DIRNO
TENnR Note Transfer Enable Control Bit by Register from Master to Slave
0 Disables data transfer from master to slave.
New data can be written.
1 Transfers data from master to slave when MCNT overflows.
New data cannot be written.
ADBn1 1-Bit Addition Circuit Control (cos side of meter n)
0 No 1-bit addition to PWM output
1 1-bit addition to PWM output
ADBNO 1-Bit Addition Circuit Control (sin side of meter n)
0 No 1-bit addition to PWM output
1 1-bit addition to PWM output
DIRN1 DIRNO Output Pin Control
SMn1 SMn2 SMn3 SMn4
0 0 PWM 0 PWM 0
0 1 PWM 0 0 PWM
1 0 0 PWM 0 PWM
1 1 0 PWM PWM 0

Note TENnN functions as a control bit and status flag.

As soon as the timer overflows and PWM data is output, TENn is cleared to

Caution  Bits 5 to 7 must be set to 0.

Remark n=1to4
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(3) Port mode control register (PMC)
PMC is an 8-bit register that specifies PWM/port output.
PMC is set with an 8-bit memory manipulation instruction.
RESET input clears PMC to 00H.
Figure 18-5 shows the PMC format.

Figure 18-5. Port Mode Control Register (PMC) Format

Address: FF6AH  After Reset: 00H R/W

Symbol 7 6 5 4 3 2 1 0
PMC MOD4 MOD3 MOD2 MOD1 EN4 EN3 EN2 EN1
MODn Meter n Full/Half Bridge Selection
0 Meter n output is full bridge.
1 Meter n output is half bridge.
ENn Meter n Port/PWM Mode Selection
0 Meter n output is in port mode.
1 Meter n output is in PWM mode.

Remark n=1to4

The relation among the ENn and MODn of the PMC register, DIRn1 and DIRnO of the MCMPCn register, and
output pins is shown below.

ENn MODn DIRn1 DIRNO SMn1 SMn2 SMn3 SMn4 Mode

(sin+) (sin-) (cos+) (cos-)

0 X X X Port Port Port Port Port mode

1 0 0 0 PWM 0 PWM 0 PWM mode full bridge

1 0 0 1 PWM 0 0 PWM

1 0 1 0 0 PWM 0 PWM

1 0 1 1 0 PWM PWM 0

1 1 0 0 PWM Port PWM Port PWM mode half bridge

1 1 0 1 PWM Port Port PWM

1 1 1 0 Port PWM Port PWM

1 1 1 1 Port PWM PWM Port

DIRn1 and DIRNO mean the quadrant of sin and cos. DIRn1 and DIRnO = 00 through 11 correspond to quadrants
1 through 4, respectively. The PWM signal is output to the specific pin of the + and — polarities of sin and cos
of each quadrant.

When ENn = 0, all the output pins are used as port pins regardless of MODn, DIRn1, and DIRNO.

When ENn =1 and MODn = 0, the full bridge mode is set, and 0 is output to a pin that does not output a PWM
signal.

When ENn = 1 and MODn = 1, the half bridge mode is set, and the pin that does not output a PWM signal is
used as a port pin.

Caution  The output polarity of the PWM output changes when MCNT overflows.
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18.4 Meter Controller/Driver Operations
18.4.1 Basic operation of free-running up counter (MCNT)

The free-running up counter (MCNT) is counted up by the count clock selected by the PCS bit of the timer mode
control register (MCNTC).

RESET input clears the value of MCNT.

The counting operation is enabled or disabled by the PCE bit of MCNTC.

Figure 18-6 shows the timing from count start to restart.

Figure 18-6. Restart Timing after Count Stop (Count Start - Count Stop - Count Start)

D € €0 (5 60 0 o oo o o
S

Count start Count stop Count start

Remark N = 00H to FFH

18.4.2 To update PWM data

Confirm that bit 4 (TENn) of MCMPCn is 0, and then set 8-bit PWM data to MCMPn1 and MCMPNO, and bits
2 and 3 (ADBn1 and ADBNO0) of MCMPCn, and at the same time, set TENn to 1.

The data will be automatically transferred to the slave latch when the timer overflows, and the PWM data becomes
valid. At the same time, TENn is automatically cleared to O.

Remark n=1to4
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18.4.3 1-bit addition circuit operation

Figure 18-7. Timing in 1-Bit Addition Circuit Operation

FFH

MCNT value

OVF (overflow)

expected value N

Match signal of |_|

PWM output of —
expected value N
(1-bit non-addition)

PWM output of —
expected value N
(1-bit addition)

PWM output of —
expected value N + 1
(1-bit non-addition)

The 1-bit addition mode repeats 1-bit addition/non-addition to PWM output alternately upon MCNT overflow output,
and enables the state of PWM output between current compare value N and the next compare value N + 1. In this
mode, 1-bit addition to the PWM output is set by setting ADBn of the MCMPCn register to 1, and 1-bit non-addition
(normal output) is set by setting ADBn to O.

Remark n=1to 4
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18.4.4 PWM output operation (output with 1 clock shifted)

Figure 18-8. Timing of Output with 1 Clock Shifted

Count clock ||||||||||||||||||||||||||||||||||

Meter 1 sin |
(SM11, SM12)

Meter 1 cos :""l : |
(SM13, SM14) H I

Meter 2 sin H | : |
(SM21, SM22) H [

Meter 2 cos Haie | : |
(SM23, SM24) H C e ee————a-

Meter 3 sin Hi | : |
(SM31, SM32) H L,

Meter 3 cos Hiina | : |
(SM33, SM34) H LN

Meter 4 sin ' :
(SM41, SM42) H NP ;

Meter 4 cos ' '
(SM43, SM44) H R I_

If the wave of sin and cos of meters 1 to 4 rises and falls internally as indicated by the broken line, the SM11
to SM44 pins always shift the count clock by 1 clock and output signals, in order to prevent Voo/GND from fluctuating.
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CHAPTER 19 INTERRUPT FUNCTIONS

19.1 Interrupt Function Types
The following three types of interrupt functions are used.

(1) Non-maskable interrupt
This interrupt is acknowledged unconditionally even in the interrupt disabled state. It does not undergo priority
control and is given top priority over all other interrupt requests.
A standby release signal is generated.
One interrupt request from the watchdog timer is incorporated as a non-maskable interrupt.

(2) Maskable interrupts
These interrupts undergo mask control. Maskable interrupts can be divided into a high interrupt priority group
and a low interrupt priority group by setting the priority specify flag registers (PROL, PROH, PR1L).
High priority interrupts can be issued even if there are low priority interrupts. If two or more interrupts with the
same priority are simultaneously generated, each interrupt has a predetermined priority (see Table 19-1).
A standby release signal is generated.
Three external interrupt requests and sixteen internal interrupt requests are incorporated as maskable interrupts.

(3) Software interrupt
This is a vectored interrupt to be generated by executing the BRK instruction. It is acknowledged even in the
interrupt disabled state. The software interrupt does not undergo interrupt priority control.

19.2 Interrupt Sources and Configuration

A total of 21 interrupt sources exist among non-maskable, maskable, and software interrupts (see Table 19-1).
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Table 19-1. Interrupt Source List

Note 1 Interrupt Source Internal/ Vector Basic
Interrupt Type | Default Table Configuration
Priority Name Trigger External Address | Type Note 2
Non-maskable — INTWDT Watchdog timer overflow Internal 0004H (A)
(with non-maskable interrupt selected)
Maskable 0 INTWDT Watchdog timer overflow (B)
(with interval timer selected)
1 INTAD End of A/D conversion 0006H
2 INTOVF 16-bit timer overflow 0008H
3 INTTMOO | TIOO valid edge detection 000AH ©
4 INTTMO1 | TIO1 valid edge detection 000CH
5 INTTMO2 | TI02 valid edge detection 000EH
6 INTPO Pin input edge detection External | 0010H (D)
7 INTP1 0012H
8 INTP2 0014H
9 INTCSI3 End of serial interface SIO3 transfer Internal 0016H (B)
10 INTSER Generation of serial interface UART receive error 0018H
11 INTSR End of serial interface UART reception 001AH
12 INTST End of serial interface UART transmission 001CH
13 INTTM1 Generation of 8-bit timer register and capture 001EH
register (CR1) match signal
14 INTTM2 Generation of 8-bit timer register and capture 0020H
register (CR2) match signal
15 INTTM3 Generation of 8-bit timer register and capture 0022H
register (CR3) match signal
16 INTCSI2 End of serial interface SIO2 transfer 0024H
17 INTWTI Watch timer overflow 0026H
18 INTWT Reference time interval signal from watch timer 0028H
Software — BRK BRK instruction execution — 003EH (E)

Notes 1. The default priority is the priority applicable when two or more maskable interrupt requests are
generated simultaneously. 0 is the highest priority, and 18 is the lowest.
2. Basic configuration types (A) to (E) correspond to (A) to (E) in Figure 19-1.
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Figure 19-1. Basic Configuration of Interrupt Function (1/2)

(A) Internal non-maskable interrupt

S Internal bus S

Interrupt - Vector table
Priority controller
request y address generator

Standby release signal

(B) Internal maskable interrupt

S Internal bus S

MK IE PR ISP

| ) Priority controller Vector table
— IF y address generator

Interrupt
request

Standby release signal

(C) External maskable interrupt (16-bit timer capture input)

S Internal bus S
Prescaler mode register (PRMO0) MK IE PR ISP
. - Vector table
Interrupt [ Sampling Edge I Priority controller 1 _ 4iress generator
request clock detector

Standby release signal
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Figure 19-1. Basic Configuration of Interrupt Function (2/2)

(D) External maskable interrupt (except 16-bit timer capture input)

S Internal bus
External interrupt edge
enable register MK IE PR ISP
(EGP, EGN)
Interrupt Edge IE | ) Priority controller [—= Zgg:g;;agbzleenerator
request detector

(E) Software interrupt

Interrupt
request

Standby release signal

S Internal bus S

IF: Interrupt request flag
IE: Interrupt enable flag

ISP:
MK:

In-service priority flag
Interrupt mask flag

PR: Priority specify flag
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Priority controller

Vector table
address generator
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19.3 Interrupt Function Control Registers

The following six types of registers are used to control the interrupt functions.

« Interrupt request flag register (IFOL, IFOH, IF1L)

¢ Interrupt mask flag register (MKOL, MKOH, MK1L)
« Priority specify flag register (PROL, PROH, PR1L)

e External interrupt rising edge enable register (EGP)

« External interrupt falling edge enable register (EGN)

¢ Prescaler mode register (PRMO0)

e Program status word (PSW)

Table 19-2 gives a list of interrupt request flags, interrupt mask flags, and priority specify flags corresponding to

interru pt request sources.

Table 19-2. Flags Corresponding to Interrupt Request Sources

Interrupt Request Flag Interrupt Mask Flag Priority Specify Flag
Interrupt Source
Register Register Register
INTWDT WDTIF IFOL WDTMK MKOL WDTPR PROL
INTAD ADIF ADMK ADPR
INTOVF OVFIF OVFMK OVFPR
INTTMOO TMIFOO TMMKOO TMPROO
INTTMO1 TMIFO1 TMMKO1 TMPRO1
INTTMO2 TMIF02 TMMKO02 TMPRO2
INTPO PIFO PMKO PPRO
INTP1 PIF1 PMK1 PPR1
INTP2 PIF2 IFOH PMK2 MKOH PPR2 PROH
INTCSI3 CSIIF3 CSIMK3 CSIPR3
INTSER SERIF SERMK SERPR
INTSR SRIF SRMK SRPR
INTST STIF STMK STPR
INTTM1 TMIF1 TMMK1 TMPR1
INTTM2 TMIF2 TMMK2 TMPR2
INTTM3 TMIF3 TMMK3 TMPR3
INTCSI2 CSIIF2 IF1L CSIMK2 MK1L CSIPR2 PRI1L
INTWTI WTIIF WTIMK WTIPR
INTWT WTIF WTMK WTPR

Remark The WDTIF, WDTMK, and WDTPR flags are interrupt control flags when the watchdog timer is used
as an interval timer.
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Interrupt request flag registers (IFOL, IFOH, IF1L)

The interrupt request flags are set to 1 when the corresponding interrupt request is generated or an instruction
is executed. They are cleared to 0 when an instruction is executed upon acknowledgment of an interrupt request
or upon application of RESET input.

IFOL, IFOH, and IF1L are set with a 1-bit or 8-bit memory manipulation instruction. When IFOL and IFOH are
combined to form 16-bit register IFO, they are set with a 16-bit memory manipulation instruction.

RESET input clears these registers to 00H.

Figure 19-2. Interrupt Request Flag Register (IFOL, IFOH, IF1L) Format

Address: FFEOH After Reset: 00H R/W

Symbol [6] [o]

IFOL | PIF1 | PIFO | TMIF02 | TMIFO1 | TMIFO0 | OVFIF | ADIF | WDTIF |

Address: FFE1H After Reset: 00H R/W

Symbol (6] [o]

IFOH | TMIF3 | TMIF2 | TMIF1 | STIF | SRIF | SERIF | CSIIF3 | PIF2 |

Address: FFE2H After Reset: 00H R/W

Symbol 7 6 5 4 3 [o]
IF1L 0 0 0 0 0 | WTIF | WTIIF | CSIIF2 |
XXIFX Interrupt Request Flag
0 No interrupt request signal is generated
1 Interrupt request signal is generated, interrupt request status

Cautions 1. The WDTIFflagis R/W enabled only when the watchdog timer is used as the interval timer.
If watchdog timer mode 1 is used, set the WDTIF flag to 0.
2. Bits 3 to 7 of IF1L must be set to 0.
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(2) Interrupt mask flag registers (MKOL, MKOH, MK1L)
The interrupt mask flags are used to enable/disable the corresponding maskable interrupt service.
MKOL, MKOH, and MK1L are set with a 1-bit or 8-bit memory manipulation instruction. When MKOL and MKOH
are combined to form a 16-bit register MKO, they are set with a 16-bit memory manipulation instruction.
RESET input sets these registers to FFH.

Figure 19-3. Interrupt Mask Flag Register (MKOL, MKOH, MK1L) Format

Address: FFE4H After Reset: FFH R/W

Symbol [6] [o]

MKOL | PMK1 | PMKO | TMMKO02 | TMMKO1 | TMMK00| OVFMK | ADMK | WDTMK |

Address: FFE5H After Reset: FFH R/W

Symbol 6] [o]

MKOH | TMMK3 | TMMK2 | TMMK1 | STMK | SRMK | SERMK | CSIMK3 | PMK2 |

Address: FFE6H After Reset: FFH R/W

Symbol 7 6 5 4 3 IE
MK1L 1 1 1 1 1 | WTMK | WTIMK | CSIMK2 |
XXMKX Interrupt Servicing Control
0 Interrupt servicing enabled
1 Interrupt servicing disabled

Cautions 1. Ifthe watchdog timer is used in watchdog timer mode 1, the contents of the WDTMK flag
become undefined when read.

2. Because port 0 pins have an alternate function as external interrupt request input, when
the output level is changed by specifying the output mode of the port function, an
interrupt request flag is set. Therefore, 1 should be set in the interrupt mask flag before
using the output mode.

3. Bits 3 to 7 of MK1L must be set to 1.
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(3) Priority specify flag registers (PROL, PROH, PR1L)
The priority specify flag registers are used to set the corresponding maskable interrupt priority orders.
PROL, PROH, and PR1L are set with a 1-bit or 8-bit memory manipulation instruction. If PROL and PROH are
combined to form 16-bit register PRO, they are set with a 16-bit memory manipulation instruction.
RESET input sets these registers to FFH.

Figure 19-4. Priority Specify Flag Register (PROL, PROH, PR1L) Format

Address: FFE8H After Reset: FFH R/W

Symbol [e] [o]

PROL | PPR1 | PPRO | TMPRO2 | TMPRO1 | TMPROO | OVFPR | ADPR | WDTPR |

Address: FFE9H After Reset: FFH R/W

Symbol (6] [o]

PROM | TMPR3 | TMPR2 | TMPR1L | STPR | SRPR | SERPR | CSIPR3 | PPR2 |

Address: FFEAH After Reset: FFH R/W

Symbol 7 6 5 4 3 @
PRIL 1 1 1 1 1 | WTPR | WTIPR | CSIPR2 |
XXPRX Priority Level Selection
0 High priority level
1 Low priority level

Cautions 1. When the watchdog timer is used in the watchdog timer mode 1, set 1 in the WDTPR flag.
2. Bits 3 to 7 of PR1L must be set to 1.
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(4) External interrupt rising edge enable register (EGP) and external interrupt falling edge enable register
(EGN)
These registers specify the valid edge for INTPO to INTP2.
EGP and EGN are set with a 1-bit or 8-bit memory manipulation instruction.
RESET input clears these registers to O0H.

Figure 19-5. External Interrupt Rising Edge Enable Register (EGP) and
External Interrupt Falling Edge Enable Register (EGN) Format

Address: FF48H After Reset: 00H R/W

Symbol 7 6 5 4 3 2 1 0
EGP 0 0 0 0 0 EGP2 EGP1 EGPO
Address: FF49H After Reset: 00H R/W
Symbol 7 6 5 4 3 2 1 0
EGN 0 0 0 0 0 EGN2 EGN1 EGNO
EGPn EGNn INTPn Pin Valid Edge (n =0 to 2)

0 0 Interrupt disabled

0 1 Falling edge

1 0 Rising edge

1 1 Both rising and falling edges
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Prescaler mode register (PRMO)

This register specifies the valid edge for TIO0/P40 to TI02/P42 pins input.
PRMO is set with an 8-bit memory manipulation instruction.

RESET input clears PRMO to O0H.

Figure 19-6. Prescaler Mode Register (PRMO0) Format

Address: FF70H After Reset: 00H R/W

Symbol 7 6 5 4 3 2 1 0
PRMO ES21 ES20 ES11 ES10 ESO1 ESO00 PRMO1 PRMOO
ES21 ES20 T102 Valid Edge Selection
0 0 Falling edge
0 1 Rising edge
1 0 Interrupt disabled
1 1 Both rising and falling edges

ES11 ES10 TI01 Valid Edge Selection
0 0 Falling edge
0 1 Rising edge
1 0 Interrupt disabled
1 1 Both rising and falling edges

ESO1 ESO00 TI00 Valid Edge Selection
0 0 Falling edge
0 1 Rising edge
1 0 Interrupt disabled
1 1 Both rising and falling edges

Caution  Setthe valid edge of the TIO0/P40 to TI02/P42 pins after setting bit 2 (TMCO02) of 16-bit timer

mode control register 0 (TMCO) to 0 to stop the timer operation.
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(6) Program status word (PSW)
The program status word is a register to hold the instruction execution result and the current status for an interrupt
request. The IE flag to set maskable interrupt enable/disable and the ISP flag to control multiple interrupt
processing are mapped.
Besides 8-bit read/write, this register can carry out operations with a bit manipulation instruction and dedicated
instructions (El and DI). When a vectored interrupt request is acknowledged, if the BRK instruction is executed,
the contents of PSW are automatically saved into a stack and the IE flag is reset to 0. If a maskable interrupt
request is acknowledged, the contents of the priority specify flag of the acknowledged interrupt are transferred
to the ISP flag. The PSW contents are also saved into the stack with the PUSH PSW instruction. They are reset
from the stack with the RETI, RETB, and POP PSW instructions.
RESET input sets PSW to 02H.

Figure 19-7. Program Status Word Format

7 6 5 4 3 2 1 0 After Reset

PSW| IE Z |RBS1| AC |[RBSO| O ISP | CY 02H

> Used when normal instruction is executed

ISP Priority of Interrupt Currently Being Serviced

0 | High-priority interrupt servicing (low-priority
interrupt disabled)

1 | Interrupt request not acknowledged, or low-
priority interrupt servicing. (all maskable
interrupts enabled)

IE Interrupt Request Acknowledge Enable/Disable

0 Disabled

1 Enabled
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19.4 Interrupt Servicing Operations

19.4.1 Non-maskable interrupt request acknowledge operation

A non-maskable interrupt request is unconditionally acknowledged even if in an interrupt request acknowledge
disable state. It does not undergo interrupt priority control and has highest priority over all other interrupts.

If a non-maskable interrupt request is acknowledged, the contents are saved into the stacks in the order of PSW,
then PC, the IE flag and ISP flag are reset (to 0), and the contents of the vector table are loaded into PC and branched.

A new non-maskable interrupt request generated during execution of a non-maskable interrupt servicing program
is acknowledged after the current execution of the non-maskable interrupt servicing program is terminated (following
RETI instruction execution) and one main routine instruction is executed. However, if a new non-maskable interrupt
request is generated twice or more during non-maskable interrupt servicing program execution, only one non-
maskable interrupt request is acknowledged after termination of the non-maskable interrupt servicing program
execution.

Figures 19-8, 19-9, and 19-10 show the flowchart of the non-maskable interrupt request generation through
acknowledge, acknowledge timing of non-maskable interrupt request, and acknowledge operation at multiple non-
maskable interrupt request generation, respectively.
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Figure 19-8. Non-Maskable Interrupt Request Generation to Acknowledge Flowchart

WDTM4 =1
(with watchdog timer
mode selected)?

No

Interval timer

Overflow in WDT?

WDTM3 =0
(with non-maskable
interrupt selected)?2

No

Reset processing

Interrupt request generation

WDT interrupt Yes
servicing?
( Interrupt request held pending )
Interrupt
control register Yes

accessed?

(Start of interrupt servicing )

WDTM: Watchdog timer mode register
WDT: Watchdog timer

Figure 19-9. Non-Maskable Interrupt Request Acknowledge Timing

PSW and PC save, jump| Interrupt servicing

CPU processing Instruction Instruction to interrupt servicing program

WDTIF / /t \

Interrupt request generated during this interval is acknowledged at ),

WDTIF: Watchdog timer interrupt request flag
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Figure 19-10. Non-Maskable Interrupt Request Acknowledge Operation

(@) If a non-maskable interrupt request is generated during non-maskable interrupt servicing program

C Main routine )

NMI request <1> ——

execution

\

—~—— Execution of NMI request <1>

< ,
NMI request <2> — NMI request <2> held pending

Execution of 1 instruction —

——— Servicing of NMI request <2> that was pended

/l

(b) If two non-maskable interrupt requests are generated during non-maskable interrupt servicing program

execution
( Main routine )

NMI request <1> ——

\

-—— Execution of NMI request <1>
NMI request <2> ——»| NMI request <2> held pending

NMI request <3> held pending
NMI request <3> —

Execution of 1 instruction ——

—~—— Servicing of NMI request <2> that was pended

NMI request <3> not acknowledged
(Although two or more NMI requests have been generated,
only one request is acknowledged.)
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19.4.2 Maskable interrupt request acknowledge operation

A maskable interrupt request becomes acknowledgeable when an interrupt request flag is set to 1 and the mask
(MK) flag corresponding to that interrupt is cleared to 0. A vectored interrupt requestis acknowledged if in the interrupt
enable state (when IE flag is set to 1). However, a low-priority interrupt request is not acknowledged during servicing
of a higher priority interrupt request (when the ISP flag is reset to 0).

The times from generation of a maskable interrupt request until interrupt servicing is performed are listed in Table
19-3 below.

For the interrupt request acknowledge timing, see the Figures 19-12 and 19-13.

Table 19-3. Times from Generation of Maskable Interrupt Request until Servicing

Minimum Time Maximum Time Note
When xxPRx = 0 7 clocks 32 clocks
When xxPRx = 1 8 clocks 33 clocks

Note If an interrupt request is generated just before a divide instruction, the wait time is maximized.
Remark 1 clock: 1/fcpu (fcpu: CPU clock)

If two or more maskable interrupt requests are generated simultaneously, the request with a higher priority level
specified in the priority specify flag is acknowledged first. If two or more interrupts requests have the same priority
level, the request with the highest default priority is acknowledged first.

An interrupt request that is held pending is acknowledged when it becomes acknowledgeable.

Figure 19-11 shows the interrupt request acknowledge algorithm.

If a maskable interrupt request is acknowledged, the contents are saved into the stacks in the order of program
status word (PSW), then program counter (PC), the IE flag is reset (to 0), and the contents of the priority specify flag
corresponding to the acknowledged interrupt are transferred to the ISP flag. Further, the vector table data determined
for each interrupt request is loaded into PC and branched.

Return from an interrupt is possible with the RETI instruction.
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Figure 19-11. Interrupt Request Acknowledge Processing Algorithm

( Start )

Yes (Interrupt request generation)

No

(Interrupt request held pending)

Yes (High priority)

No (Low priority)

Any high-priority
interrupt request among those
simultaneously generated
with xxPR = 0?

Yes

Any interrupt
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Yes

(Interrupt request held pending)

with xxPR = 0?

(Interrupt request held pending)

"Any high-priority interrup
request among

Yes
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generated?,
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xxMK:
xxPR:
IE:
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(Interrupt request held pending)

} - No
(Vectored interrupt servicing )

ves (Interrupt request held pending)

No

ves (Interrupt request held pending)

(Vectored interrupt servicing )

Interrupt request flag

Interrupt mask flag

Priority specify flag

Flag that controls acknowledge of maskable interrupt request (1 = Enable, O = Disable)

Flag that indicates the priority level of the interrupt currently being serviced (0 = High-priority interrupt
servicing, 1 = No interrupt request acknowledged, or low-priority interrupt servicing)
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Figure 19-12. Interrupt Request Acknowledge Timing (Minimum Time)

6 clocks

; PSW and PC save, | |nterrupt servicin
CPU processing Instruction Instruction jump to interrupt p 9

o [TTTTTI1 1] L,
| |
! 8 clocks
" [TIPITITITT
| |
! 7 clocks !

Remark 1 clock: 1/fcpu (fcru: CPU clock)

Figure 19-13. Interrupt Request Acknowledge Timing (Maximum Time)

25 clocks 6 clocks
CPU processing Instruction Divide instruction gfp\\/l;\):ct?;nftiﬁuspatve' 'pnrf;:m servicing
— [TTTTTTITTT L,
} 33 clocks !
" [TIYITITITT
| 32 clocks !

Remark 1 clock: 1/fcpu (fcru: CPU clock)

19.4.3 Software interrupt request acknowledge operation

A software interrupt requestis acknowledged by BRK instruction execution. Software interrupts cannot be disabled.

If a software interrupt request is acknowledged, the contents are saved into the stacks in the order of the program
status word (PSW), then program counter (PC), the IE flag is reset (to 0), and the contents of the vector table (003EH,
003FH) are loaded into PC and branched.

Return from a software interrupt is possible with the RETB instruction.

Caution Do not use the RETI instruction for returning from the software interrupt.
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19.4.4 Multiple interrupt servicing

Multiple interrupts occur when another interrupt request is acknowledged during execution of an interrupt.

Multiple interrupts do not occur unless the interrupt request acknowledge enable state is selected (IE = 1) (except
non-maskable interrupts). Also, when an interrupt request is received, interrupt requests acknowledge becomes
disabled (IE = 0). Therefore, to enable multiple interrupts, it is necessary to set the IE flag (to 1) with the El instruction
during interrupt servicing to enable interrupt acknowledge.

Moreover, even if interrupts are enabled, multiple interrupts may not be enabled, this being subject to interrupt
priority control. Two types of priority control are available: default priority control and programmable priority control.
Programmable priority control is used for multiple interrupts.

Inthe interrupt enable state, if an interrupt request with a priority equal to or higher than that of the interrupt currently
being serviced is generated, it is acknowledged for multiple interrupt servicing. If an interrupt with a priority lower
than that of the interrupt currently being serviced is generated during interrupt servicing, it is not acknowledged for
multiple interrupt servicing.

Interrupt requests that are not enabled because of the interrupt disable state or they have a lower priority are held
pending. When servicing of the current interrupt ends, the pending interrupt request is acknowledged following
execution of one main processing instruction execution.

Multiple interrupt servicing is not possible during non-maskable interrupt servicing.

Table 19-4 shows interrupt requests enabled for multiple interrupt servicing, and Figure 19-14 shows multiple

interrupt examples.

Table 19-4. Interrupt Request Enabled for Multiple Interrupt during Interrupt Servicing

Multiple Interrupt Request Maskable Interrupt Request
Non-Maskable Interrupt Request xxPR =0 xxPR =1
Interrupt Being Serviced IE=1 IE=0 IE=1 IE=0
Non-maskable interrupt X X x x X
Maskable interrupt ISP=0 O @) x x x
ISP =1 O O x O x
Software interrupt O O x O x

Remarks 1. O: Multiple interrupt enable

2. x: Multiple interrupt disable

3. ISP and IE are flags contained in PSW.
ISP = 0: An interrupt with higher priority is being serviced.
ISP = 1: No interrupt request has been acknowledged, or an interrupt with a lower priority is being

serviced.

IE = 0: Interrupt request acknowledge is disabled.
IE = 1: Interrupt request acknowledge is enabled.

4. xxPR is a flag contained in PROL, PROH, PR1L, and PR1H.
xxPR = 0: Higher priority level
xxPR = 1: Lower priority level
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CHAPTER 19 INTERRUPT FUNCTIONS

Figure 19-14. Multiple Interrupt Examples (1/2)

Example 1. Multiple interrupts occur twice

Main processing INTxx servicing INTyy servicing INTzz servicing

EEII IE=0 |_T|_| IE=0 IE IE=0

INTXX —= INTyy —= INTzz —
(PR=1) (PR=0) (PR=0)

=

RETI | RETI

During servicing of interrupt INTxx, two interrupt requests, INTyy and INTzz, are acknowledged, and multiple
interrupt servicing takes place. Before each interrupt request is acknowledged, the El instruction must always be
issued to enable interrupt request acknowledge.

Example 2. Multiple interrupt servicing does not occur due to priority control

Main processing INTxx servicing INTyy servicing

E:l IE=0

INTXX —= INTyy —

(PR=0) (PR=1) E‘TE'

1 instruction executionl

Interrupt request INTyy issued during servicing of interrupt INTxx is not acknowledged because its priority is lower
than that of INTxx, and multiple interrupt servicing does not take place. The INTyy interrupt request is held pending,
and is acknowledged following execution of one main processing instruction.

PR = 0: Higher priority level

PR = 1. Lower priority level
IE = 0: Interrupt request acknowledge disable
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Figure 19-14. Multiple Interrupt Examples (2/2)

Example 3. Multiple interrupt servicing does not occur because interrupt is not enabled

Main processing INTxx servicing INTyy servicing

INTXX —» (PR=0)
(PR =0) RETI

1 instruction execution

Interrupt is not enabled during servicing of interrupt INTxx (El instruction is not issued), therefore, interrupt request
INTyy is not acknowledged and multiple interrupt servicing does not take place. The INTyy interrupt request is held
pending, and is acknowledged following execution of one main processing instruction.

PR = 0: Higher priority level
IE = 0: Interrupt request acknowledge disable
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19.4.5 Interrupt request hold

There are instructions where, even if an interrupt request is issued for them while another instruction is executed,

request acknowledge is held pending until the end of execution of the next instruction. These instructions (interrupt

request hold instructions) are

* MOV PSW, #byte

* MOV A, PSW

e MOV PSW, A

¢ MOV1 PSW.bit, CY
« MOV1 CY, PSW.bit
* AND1 CY, PSW.bit

* OR1 CY, PSW.bit

* XORL1 CY, PSW.bit

e SET1 PSW.bit

e CLR1 PSW.hit

« RETB

 RETI

e PUSH PSW

« POP PSW

e BT PSW.bit, $addrl6
e BF PSW.bit, $addrl6

listed below.

* BTCLR PSW.bit, $addr16

 El
« DI

e Manipulate instructions for the IFOL, IFOH, IF1L, 1F1H, MKOL, MKOH, MK1L, MK1H, PROL, PROH, PR1L, PR1H,
EGP, and EGN registers

Caution  The BRK instruction is not one of the above-listed interrupt request hold instruction. However,
the software interrupt activated by executing the BRK instruction causes the IE flag to be cleared

to 0. Therefore, even if a maskable interrupt request is generated during execution of the BRK
instruction, the interrupt request is not acknowledged. However, a non-maskable interrupt
request is acknowledged.

The timing with which interrupt requests are held pending is shown in Figure 19-15.

Figure 19-15. Interrupt Request Hold

CPU processing

Instruction N Instruction M

Save PSW and PC, jump
to interrupt servicing

Interrupt servicing
program

xXx|F J

Remarks 1. Instruction N:

Interrupt request hold instruction

2. Instruction M: Instruction other than interrupt request hold instruction
3. The xxPR (priority level) values do not affect the operation of xxIF (interrupt request).
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20

20.
The standby function is designed to decrease power consumption of the system. The following two modes are

CHAPTER 20 STANDBY FUNCTION

.1 Standby Function and Configuration

1.1 Standby function

available.

)

)

HALT mode

HALT instruction execution sets the HALT mode. The HALT mode is intended to stop the CPU operation clock.
The system clock oscillator continues oscillating. In this mode, current consumption is not decreased as much
as in the STOP mode. However, the HALT mode is effective to restart operation immediately upon interrupt
request and to carry out intermittent operations such as watch operation.

STOP mode

STOP instruction execution sets the STOP mode. In the STOP mode, the main system clock oscillator stops,
stopping the whole system, thereby considerably reducing the CPU current consumption.

Data memory low-voltage hold (down to Voo = 2.0 V) is possible. Thus, the STOP mode is effective to hold data
memory contents with ultra-low current consumption.

Because this mode can be cleared upon interrupt request, it enables intermittent operations to be carried out.
However, because a wait time is required to secure an oscillation stabilization time after the STOP mode is
cleared, select the HALT mode if it is necessary to start processing immediately upon interrupt request.

In either of these two modes, all the contents of registers, flags, and data memory just before the standby mode

is set are held. The input/output port output latch and output buffer status are also held.

Cautions 1. When operation is transferred to the STOP mode, be sure to stop the peripheral hardware

operation and execute the STOP instruction.

2. The following sequence is recommended for power consumption reduction of the A/D
converter: First clear bhit 7 (ADCS1) of the A/D converter mode register (ADM1) to 0 to stop
the A/D conversion operation, and then execute the HALT or STOP instruction.
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20.1.2 Standby function control register

The wait time after the STOP mode is cleared upon interrupt request is controlled with the oscillation stabilization
time select register (OSTS).

OSTS is set with an 8-bit memory manipulation instruction.
RESET input sets OSTS to 04H.

Figure 20-1. Oscillation Stabilization Time Select Register (OSTS) Format

Address: FFFAH After Reset: 04H R/W

Symbol 7 6 5 4 3 2 1 0
OSTS 0 0 0 0 0 OSTS2 OSTS1 OSTSO
OSTS2 OSTS1 OSTSO Oscillation Stabilization Time Selection When STOP Mode Is Cleared

0 0 0 212/fx (488 pus)

0 0 1 214/tx (1.95 ms)

0 1 0 215/fx (3.91 ms)

0 1 1 216/tx (7.81 ms)

1 0 0 217/tx (15.6 ms)

Other than above Setting prohibited

Caution  The waittime after the STOP mode is cleared does not include the time (see “a” in the illustration
below) from STOP mode clear to clock oscillation start, regardless of clearance by RESET input
or by interrupt request generation.

STOP mode clear

X1 pin voltage l
waveform

— a [-———

Vss

Remarks 1. fx: Main system clock oscillation frequency
2. Figures in parentheses apply to operation with fx = 8.38 MHz.
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20.2 Standby Function Operations
20.2.1 HALT mode
(1) HALT mode setting and operating status
The HALT mode is set by executing the HALT instruction.

The operating status in the HALT mode is described below.

Table 20-1. HALT Mode Operating Status

HALT Mode Setting During HALT Instruction Execution Using Main System Clock
Item
Clock generator Main system clock can be oscillated.

Clock supply to CPU stops.

CPU Operation stops.
Port (Output latch) Status before HALT mode setting is held.
16-bit timer Operable
8-bit timer
Watch timer

Watchdog timer

A/D converter Operation stops.

Serial interface Operable

LCD controller/driver

External interrupt

Sound generator

Meter controller/driver

Preliminary User's Manual U14581EJ3VOUMO0 265



CHAPTER 20 STANDBY FUNCTION

(2) HALT mode clear
The HALT mode can be cleared with the following three types of sources.

(a) Clear upon unmasked interrupt request
Anunmasked interruptrequestis used to clear the HALT mode. Ifinterrupt acknowledge is enabled, vectored

interrupt service is carried out. Ifinterrupt acknowledge is disabled, the next address instruction is executed.

Figure 20-2. HALT Mode Clear upon Interrupt Generation

HALT instruction

Wait
Standby release .
signal o
Operation mode HALT mode Wait ‘ Operation mode
\
Oscillation
Clock

Remarks 1. The brokenlineindicates the case when the interrupt request which has cleared the standby
mode is acknowledged.
2. Wait times are as follows:
* When vectored interrupt service is carried out: 8 to 9 clocks
* When vectored interrupt service is not carried out: 2 to 3 clocks

(b) Clear upon non-maskable interrupt request

The HALT mode is cleared and vectored interrupt service is carried out whether interrupt acknowledge is
enabled or disabled.
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(c) Clear upon RESET input
As in the case with normal reset operation, a program is executed after branch to the reset vector address.

Figure 20-3. HALT Mode Clear upon RESET Input

Wait
HALT instruction (2V/fx: 15.6 ms) ‘
)1
RESET i
signal
Reset Oscillation stabilization
Operation mode HALT mode period | wait status ‘ Operation mode
Oscillation ‘
Oscillation Oscillation
Clock stop

Remarks 1. fx: Main system clock oscillation frequency
2. Figures in parentheses apply to operation with fx = 8.38 MHz.

Table 20-2. Operation after HALT Mode Clear

Clear Source MKxx PRxx IE ISP Operation

Maskable interrupt request 0 0 0 X Next address instruction execution
0 0 1 X Interrupt service execution
0 1 0 1 Next address instruction execution
0 1 X 0
0 1 1 1 Interrupt service execution
1 x x x HALT mode hold

Non-maskable interrupt request — — X X Interrupt service execution

RESET input — — X X Reset processing

x: don’t care
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20.2.2 STOP mode

(1) STOP mode setting and operating status
The STOP mode is set by executing the STOP instruction.

Cautions 1. Whenthe STOP mode is set, the X2 pinisinternally connected to V op viaa pull-up resistor

to minimize the leakage current at the crystal oscillator. Thus, do not use the STOP mode

in a system where an external clock is used for the main system clock.

2. Because the interrupt request signal is used to clear the standby mode, if there is an

interrupt source with the interrupt request flag set and the interrupt mask flag reset, the

standby mode is immediately cleared if set. Thus, the STOP mode is reset to the HALT

mode immediately after execution of the STOP instruction. After the wait set using the

oscillation stabilization time select register (OSTS), the operation mode is set.

The operating status in the STOP mode is described below.

Table 20-3. STOP Mode Operating Status

STOP Mode Setting

Item

During STOP Instruction Execution Using Main System Clock

Clock generator

Only main system clock oscillation is stopped.

CPU

Operation stops.

Port (Output latch)

Status before STOP mode setting is held.

16-bit timer Operation stops.
8-bit timer Operable only when TIO2 and TIO3 are selected as count clock.
Watch timer Operation stops.

Watchdog timer

Operation stops.

A/D converter

Operation stops.

Serial interface Other than UART

Operable only when externally supplied input clock is specified as the serial clock.

UART

Operation stops.

LCD controller/driver

Operation stops.

External interrupt

Operable

Sound generator

Operation stops.

Meter controller/driver

Operation stops.
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(2) STOP mode clear
The STOP mode can be cleared with the following two types of sources.

(a) Clear upon unmasked interrupt request
An unmasked interrupt request is used to clear the STOP mode. If interrupt acknowledge is enabled after
the lapse of oscillation stabilization time, vectored interrupt service is carried out. If interrupt acknowledge
is disabled, the next address instruction is executed.

Figure 20-4. STOP Mode Clear upon Interrupt Generation

Wait
] ] (Time set by OSTS) |
STOP instruction ‘
)
Standby release o !
signal .
Oscillation stabilization
Operation mode STOP mode wait status ‘ Operation mode
Oscillation Oscillation stop Oscillation
Clock

Remark The broken line indicates the case when the interrupt request which has cleared the standby
mode is acknowledged.
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(b) Clear upon RESET input
The STOP mode is cleared and after the lapse of oscillation stabilization time, reset operation is carried out.

Figure 20-5. STOP Mode Clear upon RESET Input

Wait
STOP instruction (2V/fx: 15.6 ms) ‘

)

RESET h
signal

Reset Oscillation stabilization
Operation mode STOP mode period | wait status ‘ Operation mode
Oscillation Oscillation stop Oscillation

Clock

Remarks 1. fx: Main system clock oscillation frequency
2. Figures in parentheses apply to operation with fx = 8.38 MHz.

Table 20-4. Operation after STOP Mode Clear

Clear Source MKxx PRxx IE ISP Operation

Maskable interrupt request 0 0 0 X Next address instruction execution
0 0 1 X Interrupt service execution
0 1 0 1 Next address instruction execution
0 1 X 0
0 1 1 1 Interrupt service execution
1 x x x STOP mode hold

‘RESET input — — X X Reset processing

x: don’t care
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21.1 Reset Functions

The following two operations are available to generate the reset signal.

(1) External reset input with RESET pin
(2) Internal reset by watchdog timer overrun time detection

External reset and internal reset have no functional differences. In both cases, program execution starts at the
address at 0000H and 0001H by RESET input.
When a low level is input to the RESET pin or the watchdog timer overflows, a reset is applied and each hardware

is set to the status shown in Table 21-1. Each pin has high impedance during reset input or during oscillation

stabilization time just after reset clear.

When a high level is input to the RESET pin, the reset is cleared and program execution starts after the lapse of

oscillation stabilization time (217/fx). The reset applied by watchdog timer overflow is automatically cleared after a

reset and program execution starts after the lapse of oscillation stabilization time (217/fx) (see Figures 21-2 to

21-4).

Cautions 1. For an external reset, input a low level for 10 us or more to the RESET pin.

2. During reset input, main system clock oscillation stops but subsystem clock oscillation
continues.
3. Whenthe STOP mode s cleared by reset, the STOP mode contents are held during resetinput.
However, the port pin becomes high-impedance.
Figure 21-1. Reset Function Block Diagram
RESET © ,
Reset controller Reset signal
. Overflow .
Count clock Watchdog timer Interrupt function
Stop
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Figure 21-2. Timing of Reset by RESET Input

SAVAWAWA WNIVAVAWAY

Oscillation

i At Normal operation
stabilization ——‘,% C
time wait (Reset processing)

Reset period
(Oscillation stop)

Internal | \ ; /
reset signal | :

Normal operation

RESET \

 ——

Delay Delay

Port pin >— ------------------- o

Figure 21-3. Timing of Reset due to Watchdog Timer Overflow

SV AVAWAWA WVAVAWAS

Oscillation

il ati Normal operation
stabilization 4.;% C
time wait (Reset processing)

Reset period
(Oscillation stop)

Watchdog : :
timer / 1 \ l
overflow ! .

Normal operation

Internal \ /
reset signal !

Port pin >. ................... Mz ..

Figure 21-4. Timing of Reset in STOP Mode by RESET Input

SVAVAWA I AVAWAY

STOP instruction execution I
) Oscillation i
Stop status __' _ Resetperiod __! Normal operation

(Oscillation stop) ' (Oscillation stop) stabilization (Reset processing)

RESET \ 3 /
Internal : 1
reset signal ! 1

Port pin >______________H_|—_Z ...........................

Normal operation > !
time wait
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Table 21-1. Hardware Status after Reset (1/2)

Hardware

Status after Reset

Program counter (PC) Note 1

Contents of reset vector table

(0000H, 0001H) are set.

Stack pointer (SP)

Undefined

Program status word (PSW)

02H

RAM

Data memory

Undefined Note 2

General register

Undefined Note 2

Port (Output latch) 00H
Port mode registers (PMO to PM6, PM8, PM9) FFH
Pull-up resistor option register (PUO) 00H
Processor clock control register (PCC) 04H
Memory size switching register (IMS) CFH
Internal expansion RAM size switching register (IXS) OCH
Oscillation stabilization time select register (OSTS) 04H
Oscillator mode register (OSCM) Note 3 00H
16-bit timer 0 TMO Timer register (TMO) 00H
Capture registers (CR00 to CR02) 00H
Prescaler mode register (PRMO) 00H
Mode control register (TMCO) 00H
Capture pulse control register 0 (CRCO) 00H

Notes 1. Duringresetinput or oscillation stabilization time wait, only the PC contents among the hardware status
become undefined. All other hardware statuses remain unchanged after reset.
2. The post-reset status is held in the standby mode.

3. For uPD780851(A), 780852(A) only.
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Table 21-1. Hardware Status after Reset (2/2)

Hardware Status after Reset
8-bit timer TM1 to TM3 Timer counters (TM1 to TM3) 00H
Compare registers (CR1 to CR3) 00H
Clock select registers (TCL1 to TCL3) 00H
Mode control registers (TMC1 to TMC3) 00H
Watch timer Mode control register (WTM) 00H
Watchdog timer Clock select register (WDCS) 00H
Mode register (WDTM) 00H
Clock output controller Clock output selection register (CKS) 00H
A/D converter Mode register (ADM1) 00H
Conversion result register (ADCR1) 00H
Analog input channel specification register (ADS1) 00H
Power-fail compare mode register (PFM) 00H
Power-fail compare threshold value register (PFT) 00H
Serial interface UART Asynchronous serial interface mode register (ASIM) 00H
Asynchronous serial interface status register (ASIS) 00H
Baud rate generator control register (BRGC) 00H
Transmit shift register (TXS) FFH
| Receive buffer register (RXB) |
Serial interface SI02 Operation mode register 2 (CSIM2) 00H
Shift register 2 (SI02) 00H
Receive data buffer register (SIRB2) Undefined
Receive data buffer status register (SRBS2) 00H
Serial interface SIO3 Operation mode register 3 (CSIM3) 00H
Shift register 3 (SIO3) 00H
LCD controller/driver Display mode register (LCDM) 00H
Display control register (LCDC) 00H
Sound generator Control register (SGCR) 00H
Amplitude register (SGAM) 00H
Buzzer control register (SGBR) 00H
Meter controller/driver Compare registers (MCMP10, MCMP11, MCMP20, 00H
MCMP21, MCMP30, MCMP31, MCMP40, MCMP41)
Timer mode control register (MCNTC) 00H
Port mode control register (PMC) 00H
Compare control registers (MCMPC1 to MCMPC3) 00H
Interrupt Request flag registers (IFOL, IFOH, IF1L) 00H
Mask flag registers (MKOL, MKOH, MK1L) FFH
Priority specify flag registers (PROL, PROH, PR1L) FFH
External interrupt rising edge enable register (EGP) 00H
External interrupt falling edge enable register (EGN) 00H
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The uPD78F0852 is a version with a flash memory in uPD780852 Subseries.

The uPD78F0852 replaces the internal ROM of the yPD780852(A) with flash memory to which a program can be
written, deleted and overwritten while mounted on a board. Table 22-1 lists the differences between the yPD78F0852

and the mask ROM version.

Table 22-1. Differences between pPD78F0852 and Mask ROM Version

Item UPD78F0852 LUPD780851(A) | LPD780852(A)
Internal ROM type Flash memory Mask ROM
Internal ROM capacity 40 Kbytes 32 Kbytes | 40 Kbytes
IC pin None Available
Vep pin Available None
Electrical specifications See data sheet of each product.
Quality grade Standard (for general Special (for highly-reliable electronic devices)
electronic devices)

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 commercial samples (not engineering samples) of the mask ROM version.
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22.1 Memory Size Switching Register (IMS)

The yPD78F0852 allows users to select the internal memory capacity using the memory size switching register
(IMS) so that the same memory map as that of the mask ROM version with a different size of internal memory capacity
can be achieved.

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

RESET input sets IMS to CFH.

Figure 22-1. Memory Size Switching Register (IMS) Format

Address: FFFOH After Reset: CFH R/W

Symbol 7 6 5 4 3 2 1 0
IMS RAM2 RAM1 RAMO 0 ROM3 ROM2 ROM1 ROMO
RAM2 RAM1 RAMO Internal High-Speed RAM Capacity Selection
1 1 0 1,024 bytes
Other than above Setting prohibited
ROM3 ROM?2 ROM1 ROMO Internal ROM Capacity Selection
1 0 0 0 32 Kbytes
1 0 1 0 40 Kbytes
Other than above Setting prohibited

The IMS settings to obtain the same memory map as the mask ROM version are shown in Table 22-2.

Table 22-2. Memory Size Switching Register Settings

Mask ROM Version IMS Setting
LPD780851(A) C8H
LPD780852(A) CAH
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22.2 Internal Expansion RAM Size Switching Register (IXS)

The internal expansion RAM size switching register (IXS) is used to select the capacity of the internal expansion

RAM.

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

RESET input sets IXS to OCH.

Figure 22-2. Internal Expansion RAM Size Switching Register (IXS) Format

Address: FFF4H After Reset: OCH R/W

Symbol
IXS

Caution

7 6 5 4 3 2 1 0
0 0 0 IXRAM4 IXRAM3 IXRAM2 IXRAM1 IXRAMO
IXRAM4 IXRAM3 IXRAM2 IXRAM1 IXRAMO Internal Expansion RAM
Capacity Selection
0 1 0 1 1 512 bytes
Other than above Setting prohibited

The initial value of IXS is OCH. Always set OBH in this register.
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22.3 Flash Memory Programming

On-board writing of flash memory (with the device mounted on the target system) is supported.

On-board writing is done after connecting a dedicated flash writer (Flashpro Ill (part number: FL-PR3, PG-FP3)

to the host machine and target system.

Moreover, writing to flash memory can also be performed using a flash memory writing adapter connected to

Flashpro 111

Remark Flashpro Ill is a product of Naito Densei Machida Mfg. Co., Ltd.

22.3.1 Selection of transmission method

Writing to flash memory is performed using Flashpro Il and serial communication. Select the transmission method
for writing from Table 22-3. For the selection of the transmission method, a format like the one shown in Figure

22-3 is used. The transmission methods are selected with the Vep pulse numbers shown in Table 22-3.

Table 22-3. Transmission Method List

Transmission Method

Number of Channels

Pin Used Note

Number of Ver Pulses

3-wire serial 1/0

2

SI3/P52
SO3/P51
SCK3/P50

0

SI2/P05
S02/P04
SCK2/P03

UART

RxD/P53
TxD/P54

Note When the device enters the flash memory programming mode, the pins not used for flash memory
programming are in the same status as immediately after reset. If the external device connected to each
port does not recognize the port status immediately after reset, therefore, the pin must be connected to Voo

or Vss via a resistor.

Cautions 1. Be sure to select the number of V

pp pulses shown in Table 22-3 for the transmission method.

2. If performing write operations to flash memory with the UART transmission method, set the

main system clock oscillation frequency to 4.19 MHz or higher.

Figure 22-3. Transmission Method Selection Format

oV

Vep Vob

RESET

278

Vep pulses

A

oyt

((
)]

Flash write mode
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22.3.2 Flash memory programming function

Flash memory programming functions such as flash memory writing are performed through command and data

transmit/receive operations using the selected transmission method. The main functions are listed in Table 22-4.

Table 22-4. Main Functions of Flash Memory Programming

Function

Description

Reset

Detects write stop and transmission synchronization.

Batch verify

Compares entire memory contents and input data.

Batch delete

Deletes the entire memory contents.

Batch blank check

Checks the deletion status of the entire memory.

High-speed write

Performs writing to flash memory according to write start address and number of write data
(bytes).

Continuous write

Performs successive write operations using the data input with high-speed write operation.

Status

Checks the current operation mode and operation end.

Oscillation frequency setting

Inputs the resonator oscillation frequency information.

Delete time setting

Inputs the memory delete time.

Baud rate setting

Sets the transmission rate when the UART method is used.

Silicon signature read

Outputs the device name, memory capacity, and device block information.
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22.3.3 Flashpro Il connection
Connection of Flashpro Il and the uPD78F0852 differs depending on the transmission method (3-wire serial 1/0
and UART). Each case of connection shows in Figures 22-4, 22-5, and 22-6.

Figure 22-4. Flashpro Il Connection Using 3-Wire Serial I/0O Method (SIO3)

Flashpro Ill uPD78F0852
Vee Vep
Vop Vop
RESET RESET

SCK SCK3

SO SI3
Sl SO3
GND Vss

Figure 22-5. Flashpro Il Connection Using 3-Wire Serial I/0O Method (SI02)

Flashpro Il uPD78F0852
Vep Vee
Vop Vop
RESET RESET

SCK SCK2

SO SI2
Sl S02
GND Vss

Figure 22-6. Flashpro Ill Connection Using UART Method

Flashpro lll uPD78F0852
Vep \Vpp
Vop Vop
RESET RESET
SO RxD
SI TxD
GND Vss
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CHAPTER 23 INSTRUCTION SET

This chapter lists the instruction set of the uPD780852 Subseries. For details of the operation and machine
language (instruction code), refer to the separate document 78K/0 SERIES USER'S MANUAL Instructions
(U12326E).
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23.1 Legend for Operation List

23.1.1 Operand identifiers and description formats

Operands are described in “Operand” column of each instruction in accordance with the description format of the
instruction operand identifier (refer to the assembler specifications for detail). When there are two or more description
formats, select one of them. Alphabetic letters in capitals and symbols, #, !, $, and [ ] are key words and must be
described as they are. The meaning of the symbols are as follows.

* # Immediate data
e I:  Absolute address
* $: Relative address
® []: Indirect address

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 operand register identifiers, r and rp, either function names (X, A, C, etc.) or absolute names (names in
parentheses in the table below, RO, R1, R2, etc.) can be used for description.

Table 23-1. Operand Identifiers and Description Formats

Identifier Description Format
r X (RO), A (R1), C (R2), B (R3), E (R4), D (R5), L (R6), H (R7)
rp AX (RPO0), BC (RP1), DE (RP2), HL (RP3)
sfr Special-function register symbol Note
sfrp Special-function register symbol (16-bit manipulatable register even addresses only) Note
saddr FE20H to FF1FH Immediate data or labels
saddrp FE20H to FF1FH Immediate data or labels (even addresses only)
addr16 0000H to FFFFH Immediate data or labels

(Only even addresses for 16-bit data transfer instructions)

addrll 0800H to OFFFH Immediate data or labels
addr5 0040H to 007FH Immediate data or labels (even addresses only)
word 16-bit immediate data or label
byte 8-bit immediate data or label
bit 3-bit immediate data or label
RBn RBO to RB3

Note Addresses from FFDOH to FFDFH cannot be accessed with these operands.

Remark For special-function register symbols, see Table 3-3 Special-Function Register List
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23.1.2 Description of “Operation” column

A: A register; 8-bit accumulator

X: X register

B: B register

C: C register

D: D register

E: E register

H: H register

L: L register

AX: AX register pair; 16-bit accumulator
BC: BC register pair

DE: DE register pair

HL: HL register pair

PC: Program counter

SP: Stack pointer

PSW: Program status word

CY: Carry flag

AC: Auxiliary carry flag

Z: Zero flag

RBS: Register bank select flag

IE: Interrupt request enable flag

NMIS:  Non-maskable interrupt servicing flag
(): Memory contents indicated by address or register contents in parentheses
xu, X.:  Higher 8 bits and lower 8 bits of 16-bit register
AL Logical product (AND)

V& Logical sum (OR)

A Exclusive logical sum (exclusive OR)
oo: Inverted data

addrl6: 16-bit immediate data or label
jdisp8:  Signed 8-bit data (displacement value)

23.1.3 Description of “flag operation” column
(Blank): Not affected

0: Cleared to 0

1: Setto 1

X: Set/cleared according to the result
R: Previously saved value is restored
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23.2 Operation List

InscgrrL(;(L:JtFi)on Mnemonic Operands Byte - flo'il;e ; Operation 2 ':I\ZQCY
r, #byte 2 4 - r — byte
saddr, #byte 3 6 7 (saddr) — byte
sfr, #byte 3 - 7 sfr — byte
A r Note3 | 1 2 - |Acr
r, A Notes | 7 2 - r— A
A, saddr 2 4 5 A ~ (saddr)
saddr, A 2 4 5 (saddr) « A
A, sfr 2 - 5 A < sfr
sfr, A 2 - 5 sfr « A
A, 'addrl6 3 8 9 A « (addrl6)
laddrl6, A 3 8 9 (addrl6) — A
MOV PSW, #byte 3 - 7 PSW ~ byte X X X
A, PSW 2 - 5 A ~ PSW
PSW, A 2 - 5 PSW ~ A X X X
A, [DE] 1| 4 5 |A < (DE)
8-bit data [DE], A 1 4 5 (DE) « A
transfer A, [HL] 1 4 5 A ~ (HL)
[HL], A 1 4 5 (HL) < A
A, [HL + byte] 2 8 9 A — (HL + byte)
[HL + byte], A 2 8 9 (HL + byte) « A
A, [HL + B] 1 6 7 A < (HL + B)
[HL + B], A 1 6 7 (HL+B) « A
A, [HL + C] 1 6 7 A< (HL+C)
[HL + C], A 1 6 7 (HL+C) « A
Ar Notes | 7 2 - Ao
A, saddr 2 4 6 A o (saddr)
A, sfr 2 - 6 A o sfr
A, 'addrl6 3 8 10 A o (addrl6)
XCH A, [DE] 1 4 6 A o (DE)
A, [HL] 1 4 6 A o (HL)
A, [HL + byte] 2 8 10 A o (HL + byte)
A, [HL + B] 2 8 10 |A o (HL+B)
A, [HL + C] 2 8 10 |A o (HL+C)

Notes 1. When the internal high-speed RAM area is accessed or instruction with no data access
2. When an area except the internal high-speed RAM area is accessed.
3. Except “r = A”

Remark One instruction clock cycle is one cycle of the CPU clock (fcpu) selected by the processor clock control
register (PCC).
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Ins(;rrL(;cL:JtFi)on Mnemonic Operands Byte N Clock Operation Flag
ote 1| Note 2 Z ACCY
rp, #word 3 6 - rp — word
saddrp, #word 4 8 10 (saddrp) — word
sfrp, #word 4 - 10 sfrp — word
AX, saddrp 2 6 8 AX < (saddrp)
saddrp, AX 2 6 8 (saddrp) ~ AX
16-bit
data MOVW AX, sfrp 2 - 8 AX « sfrp
transfer sfrp, AX 2 - 8 sfrp « AX
AX, 1p Note 3 | 7 4 - AX < 1p
rp, AX Note 3 | 7 - p < AX
AX, laddrl6 3 10 12 AX < (addrl6)
laddrl6, AX 3 10 12 (addrl6) —~ AX
XCHW AX, rp Note 3 | 7 4 - AX o Ip
A, #byte 2 4 - A, CY < A + byte X X X
saddr, #byte 3 6 8 (saddr), CY ~ (saddr) + byte X X X
Ar Note 4| 2 4 - |ACY - A+r X X x
r,A 2 4 - nCY « r+A X X X
ADD A, saddr 2 4 5 A, CY « A + (saddr) X X X
A, 'addrl6 3 8 9 A, CY « A+ (addrl6) X X X
A, [HL] 1 4 5 A, CY < A+ (HL) x x x
A, [HL + byte] 2 8 9 A, CY « A+ (HL + byte) X X X
A, [HL + B] 2 8 9 A, CY « A+ (HL+B) X X x
8-hit A, [HL + C] 2 8 9 A, CY « A+ (HL+C) X X X
operation A, #byte 2 4 - A, CY « A + byte + CY X X X
saddr, #byte 3 6 8 (saddr), CY « (saddr) + byte + CY X X X
Ar Note 4| 2 4 - |ACY c A+r+CY X X x
r,A 2 4 - hCY « r+A+CY X X X
A, saddr 2 4 5 A, CY « A + (saddr) + CY X X X
ADDC
A, 'addrl6 3 8 9 A, CY « A+ (addrl6) + CY X X X
A, [HL] 1 4 5 A, CY < A+ (HL) + CY x x x
A, [HL + byte] 2 8 9 A, CY « A+ (HL + byte) + CY X X X
A, [HL + B] 2 8 9 A, CY « A+ (HL +B) + CY x x x
A, [HL +C] 2 8 9 A, CY « A+ (HL +C) +CY x x x
Notes 1. When the internal high-speed RAM area is accessed or instruction with no data access

When an area except the internal high-speed RAM area is accessed

Only when rp = BC, DE or HL

Except “r = A”

Remark One instruction clock cycle is one cycle of the CPU clock (fcru) selected by the processor clock control
register (PCC).
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Ins(;rrL(;cL:JtFi)on Mnemonic Operands Byte N Clock Operation Flag
ote 1| Note 2 ACCY
A, #byte 2 4 - A, CY « A - byte X X
saddr, #byte 3 6 8 (saddr), CY  (saddr) — byte X X
Ar Notes | 2 4 - |ACYA-r X x
r,A 2 4 - nCY «r-A X X
A, saddr 2 4 5 A, CY « A — (saddr) X X
SuB A, 'addrl6 3 8 9 A, CY « A — (addrl6) X %
A, [HL] 1 4 5 A, CY « A—-(HL) X X
A, [HL + byte] 2 8 9 A, CY « A — (HL + byte) X X
A, [HL + B] 2 8 9 A, CY « A—(HL + B) X x
A, [HL + C] 2 8 9 A, CY « A—(HL+C) X X
A, #byte 2 4 - A, CY « A —byte - CY X X
saddr, #byte 3 6 8 (saddr), CY « (saddr) — byte — CY X %
Ar Notes | 2 4 - |ACY -« A-r-cCY X x
r,A 2 4 - rCY «r—-A-CY X X
8-bit A, saddr 2 4 5 A, CY « A —(saddr) - CY X X
operation suBe A, laddr16 3 8 9 A, CY < A — (addr16) — CY X x
A, [HL] 1 4 5 A, CY « A—(HL) - CY x x
A, [HL + byte] 2 8 9 A, CY « A—(HL + byte) - CY X X
A, [HL + B] 2 8 9 A, CY « A—(HL+B)-CY X x
A, [HL + C] 2 8 9 A, CY « A-(HL+C)-CY X %
A, #byte 2 4 - A — AAbyte
saddr, #byte 3 6 8 (saddr) « (saddr)Abyte
Ar Notes | 2 4 - |A < AAT
r, A 2 4 - r — rAA
AND A, saddr 2 4 5 A — A/(saddr)
A, 'addrl6 3 8 9 A ~ A/ (addri6)
A, [HL] 1 4 5 A < AA(HL)
A, [HL + byte] 2 8 9 A <« AA(HL + byte)
A, [HL + B] 2 8 9 A < AA(HL + B)
A, [HL + C] 2 8 9 A <« AAHL + C)

Notes 1. When the internal high-speed RAM area is accessed or instruction with no data access
2. When an area except the internal high-speed RAM area is accessed
3. Except “r = A”

Remark One instruction clock cycle is one cycle of the CPU clock (fcru) selected by the processor clock control
register (PCC).
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Ins(;rrL(;cL:JtFi)on Mnemonic Operands Byte . 1CI0;I;e ; Operation = ':I\ZQCY
A, #byte 2 4 - A — AVbyte X
saddr, #byte 3 6 8 (saddr) « (saddr)Vbyte X
Ar Notes | 2 4 - |A < AVr x
rA 2 4 - r — rvA X
A, saddr 2 4 5 A ~ AV (saddr) X
OR A, 'addrl6 3 8 9 A « AV (addrl6) X
A, [HL] 1 4 5 A < AV(HL) x
A, [HL + byte] 2 8 9 A — AV(HL + byte) X
A, [HL + B] 2 8 9 A < AV(HL + B) x
A, [HL + C] 2 8 9 A <« AV(HL + C) x
A, #byte 2 4 - A — A byte X
saddr, #byte 3 6 8 (saddr) — (saddr) v byte X
Ar Notes | 2 4 - A - Awr x
r, A 2 4 - r — rvA x
8-bit A, saddr 2 4 5 A ~ A~ (saddr) x
operation XOR A, laddrl6 3 8 9 A « A (addrl6) x
A, [HL] 1 4 5 A < AV (HL) x
A, [HL + byte] 2 8 9 A « A~ (HL + byte) X
A, [HL + B] 2 8 9 A < A¥(HL + B) x
A, [HL + C] 2 8 9 A « AV (HL + C) x
A, #byte 2 4 - A — byte X X X
saddr, #byte 3 6 8 (saddr) — byte X X X
Ar Notes | 2 4 - A= x x x
rA 2 4 - r—A X X X
cMP A, saddr 2 4 5 A — (saddr) X X X
A, 'addrl6 3 8 9 A — (addrl16) X X X
A, [HL] 1 4 5 |A-(HL) X x x
A, [HL + byte] 2 8 9 A — (HL + byte) X X X
A, [HL + B] 2 8 9 |A-(HL+B) X x x
A, [HL + C] 2 8 9 A—-(HL +C) X X X

Notes 1. When the internal high-speed RAM area is accessed or instruction with no data access
2. When an area except the internal high-speed RAM area is accessed
3. Except “r = A”

Remark One instruction clock cycle is one cycle of the CPU clock (fcru) selected by the processor clock control
register (PCC).
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Instructi ) Clock ] Flag
nzruc on Mnemonic Operands Byte Operation
roup Note 1| Note 2 Z ACCY
ADDW AX, #word 3 6 - AX, CY « AX + word X X X
16-bit
. SUBW AX, #word 3 6 - AX, CY ~ AX —word X X X
operation
CMPW AX, #word 3 6 - AX — word X X X
Multiply/ MULU X 2 16 — AX « Ax X
divide DIVUW C 2 25 - AX (Quotient), C (Remainder) — AX + C
r 1 2 - r—r+1 X X
INC
saddr 2 4 6 (saddr) — (saddr) + 1 x X
Increment/ r 1 2 - rer—-1 X X
d DEC
ecrement saddr 2 4 6 (saddr) — (saddr) — 1 X x
INCW p 1 4 — m<rmp+1l
DECW p 1 4 - m—rmp-1
ROR Al 1 2 - (CY, A7 « Ao, An-1 — Am) x 1 time x
ROL Al 1 2 - (CY, Ao « A7, Am+1 « Am) x 1 time x
RORC Al 1 2 - (CY « Ao, A7 « CY, Am-1 « Am) x 1 time x
Rotate ROLC Al 1 2 - (CY « A7, Ao « CY, Am+1 « Am) x 1 time X
ROR4 HL ) 10 As-o0 « (HL)s-o0, (HL)7-4 « As-o,
(HL] 12 HUs 0 < (HL)7-4
o ) 0 As-0 « (HL)7-4, (HL)3-0 « As-o,
ROL4 (HL] 1 12 (HL)7-4 « (HL)3-0
Decimal Adjust Accumulator after
ADJBA 2 4 - . X X X
BCD Addition
adjust Decimal Adjust Accumulator after
ADJBS 2 4 - X X X
Subtract
CY, saddr.bit 3 6 7 CY < (saddr.bit) X
CY, sfr.bit 3 - 7 CY ~ sfr.bit X
CY, A.bit 2 4 - CY ~ A.bit X
CY, PSW.bit 3 - 7 CY — PSW.hbit x
Bit CY, [HL].bit > | 6 7 |CY < (HL).bit x
manipu- MOV1 - -
late saddr.bit, CY 3 6 8 (saddr.bit) — CY
sfr.bit, CY 3 - 8 sfr.bit « CY
A.bit, CY 2 4 - A.bit « CY
PSW.bit, CY 3 - 8 PSW.bit « CY X X
[HL].bit, CY 2 6 8 (HL).bit — CY

Notes 1. When the internal high-speed RAM area is accessed or instruction with no data access
2. When an area except the internal high-speed RAM area is accessed

Remark One instruction clock cycle is one cycle of the CPU clock (fcru) selected by the processor clock control
register (PCC).
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Ins(;rrL(;cL:JtFi)on Mnemonic Operands Byte . 1CI0;I;e ; Operation = ':I\ZQCY
CY, saddr.bit 3 6 7 CY « CY A(saddr.bit) X
CY, sfr.bit 3 - 7 CY ~ CYAsfr.bit X
AND1 CY, A.bit 2 4 - CY « CYAA.bit x
CY, PSW.bit 3 — 7 CY « CYAPSW.bit X
CY, [HL].bit 2 6 7 CY — CYA(HL).bit x
CY, saddr.bit 3 6 7 CY < CYV(saddr.bit) X
CY, sfr.bit 3 - 7 CY ~ CYVsfr.bit X
OR1 CY, A.bit 2 4 — CY « CYVA.bit x
CY, PSW.bit 3 - 7 CY —~ CYVPSW.hit X
CY, [HL].bit 2 6 7 CY « CYV(HL).bit x
CY, saddr.bit 3 6 7 CY « CY *(saddr.bit) X
CY, sfr.bit 3 - 7 CY — CYsfr.bit x
Bit XOR1 CY, A.bit 2 4 - CY —~ CY™A.bit X
manipu- CY, PSW.bit 3 | - 7 |CY < CY*PSW.bit x
late CY, [HL].bit 2 | & 7 |CY < CY M (HL).bit x
saddr.bit 2 4 6 (saddr.bit) « 1
sfr.bit 3 - 8 sfr.bit « 1
SET1 A.bit 2 4 — Abit « 1
PSW.bit 2 - 6 PSW.bit « 1 X X X
[HL].bit 2 6 8 (HL).bit « 1
saddr.bit 2 4 6 (saddr.bit) ~ 0
sfr.bit 3 - 8 sfr.bit « 0
CLR1 A.bit 2 4 - A.bit < 0
PSW.bit 2 - 6 PSW.bit — 0 X X X%
[HL].bit 2 6 8 (HL).bit « O
SET1 CYy 1 2 — CY -1 1
CLR1 CcY 1 2 - CY -« 0 0
NOT1 cy 1] 2 - ley —cy x

Notes 1. When the internal high-speed RAM area is accessed or instruction with no data access

2. When an area except the internal high-speed RAM area is accessed

Remark One instruction clock cycle is one cycle of the CPU clock (fcru) selected by the processor clock control
register (PCC).
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Instructi ) Clock ] Flag
nzruc on Mnemonic Operands Byte Operation
roup Note 1| Note 2 Z ACCY
(SP—1) — (PC + 3, (SP - 2) « (PC + 3).,
CALL laddrl6 3 7 -
PC « addrl6, SP — SP -2
(SP—1) — (PC + 2, (SP - 2) « (PC + 2).,
CALLF laddrll 2 5 - PCis-11 « 00001, PCi0-0 « addrll,
SP « SP-2
(SP-1) « (PC + 1)1, (SP-2) « (PC + 1),
CALLT [addr5] 1 6 B PCh — (00000000, addr5 + 1),
PCL — (00000000, addr5),
SP « SP-2
Call/return
(SP—1) « PSW, (SP —2) « (PC + 1)u,
BRK 1 6 - (SP —3) « (PC + 1), PCh — (003FH),
PCL ~ (003EH), SP -« SP-3,IE « 0O
RET 1 6 PCh « (SP + 1), PCL « (SP),
T |SP - SP+2
PCh — (SP + 1), PCL — (SP),
RETI 1 6 - PSW « (SP +2), SP « SP + 3, R R R
NMIS < 0
RETB 1 5 PCh « (SP + 1), PCL « (SP), R R R
- PSW « (SP+2),SP « SP+3
PSW 1 2 - (SP-1) « PSW,SP - SP-1
PUSH -1 - -2 -
- 1 4 a (SP —1) « rpn, (SP -2) « rpy,
SP - SP-2
Stack PSW 1 2 - PSW — (SP), SP — SP +1 R R R
manipu- | POP ) 1 4 B rpH « (SP + 1), rpL — (SP),
late P SP . SP+2
SP, #word 4 - 10 SP ~ word
MOVW SP, AX 2 - 8 SP « AX
AX, SP 2 - 8 AX ~ SP
Uncondi- laddr16 3 6 — PC — addri6
tional BR $addrl6 2 6 - PC — PC + 2 + jdisp8
branch AX 2 8 - PCv « A,PCL « X
BC $addrl6 2 6 - PC « PC+2 +jdisp8ifCY =1
Conditional| BNC $addrl6 2 6 - PC - PC + 2 +jdisp8if CY =0
branch BZ $addr16 2 6 - PC — PC+2 +jdisp8ifz=1
BNZ $addrl6 2 6 - PC « PC+ 2 +jdisp8ifZ=0

Notes 1. When the internal high-speed RAM area is accessed or instruction with no data access
2. When an area except the internal high-speed RAM area is accessed

Remark One instruction clock cycle is one cycle of the CPU clock (fcru) selected by the processor clock control
register (PCC).
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i Clock Flag
Ins(;ructlon Mnemonic Operands Byte Operation
roup Note 1| Note 2 Z ACCY
saddr.bit, $addr16 3 8 9 PC ~ PC + 3 + jdisp8 if (saddr.bit) = 1
sfr.bit, $addr16 4 - 11 PC —~ PC + 4 + jdisp8 if sfr.bit =1
BT A.bit, $addr16 3 8 - PC — PC + 3 +jdisp8if Abit=1
PSW.bit, $addr16 3 - 9 PC —~ PC + 3 + jdisp8 if PSW.bit = 1
[HL].bit, $addr16 3 10 11 PC — PC + 3 + jdisp8 if (HL).bit = 1
saddr.bit, $addrl6 4 10 11 PC —~ PC + 4 + jdisp8 if (saddr.bit) = 0
sfr.bit, $addrl6 4 - 11 PC « PC + 4 + jdisp8 if sfr.bit =0
BF A.bit, $addrl6 3 8 - PC — PC + 3 +jdisp8 if A.bit=0
PSW.bit, $addr16 4 - 11 PC —~ PC + 4 + jdisp8 if PSW.bit =0
[HL].bit, $addr16 3 10 11 PC — PC + 3 + jdisp8 if (HL).bit = 0
) saddr.bit, $addr16 4 10 12 PC ~ PC + 4 + jdisp8 if (saddr.bit) = 1
Condi- then reset (saddr.bit)
tional — - -
) PC —~ PC + 4 + jdisp8 if sfr.bit =1
branch sfr.bit, $addr16 4 - 12 .
then reset sfr.bit
BTCLR . PC — PC + 3 +jdisp8if Abit=1
A.bit, $addr16 3 8 B then reset A.bit
. PC « PC + 4 + jdisp8 if PSW.bit = 1
PSW.bit, $addr16 4 - 12 then reset PSW.bit X x X
HLLbit. $addr16 3 10 12 PC « PC + 3 + jdisp8 if (HL).bit = 1
[HL].bit, $addr then reset (HL).bit
B - B -1, then
B, $addrl6 216 | = |pc.pC+2+idisp8ifB#0
DBNZ  |C, $addri6 2 | 6 C - C—1then
» vaddr T |PC - PC+2+]disp8ifC#0
ddr. $addr16 3 8 10 (saddr) — (saddr) — 1, then
saddr, saddr PC « PC + 3 + jdisp8 if (saddr) # 0
SEL RBn 2 4 - RBS1,0 <« n
NOP 1 2 - No Operation
CPU El 2 - 6 IE « 1 (Enable Interrupt)
control DI 2 - 6 IE — O (Disable Interrupt)
HALT 2 6 - Set HALT Mode
STOP 2 6 - Set STOP Mode

Notes 1. When the internal high-speed RAM area is accessed or instruction with no data access

2. When an area except the internal high-speed RAM area is accessed

Remark One instruction clock cycle is one cycle of the CPU clock (fcru) selected by the processor clock control
register (PCC).
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23.3 Instructions Listed by Addressing Type
(1) 8-bit instructions

MOV, XCH, ADD, ADDC, SUB, SUBC, AND, OR, XOR, CMP, MULU, DIVUW, INC, DEC, ROR, ROL, RORC,
ROLC, ROR4, ROL4, PUSH, POP, DBNZ
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Second Operand [HL + byte]
— #byte | A | rNe® | sfr | saddr |laddrl6| PSW | [DE] | [HL] [[HL+B]|$addrl6] 1 | None
First Operand [HL+C]
A ADD MOV MOV [MOV |[MOV |[MOV |[MOV |MOV |MOV ROR
ADDC XCH |XCH |XCH |XCH XCH |XCH |XCH ROL
SUB ADD ADD |ADD ADD |ADD RORC
SUBC ADDC ADDC|ADDC ADDC|ADDC ROLC
AND SUB SUB |[SUB 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
ADD DEC
ADDC
SUB
SUBC
AND
OR
XOR
CMP
B, C DBNZ
sfr MOV |[MOV
saddr MOV MOV DBNZ INC
ADD DEC
ADDC
SUB
SUBC
AND
OR
XOR
CMP
laddr16 MOV
PSW MOV MOV PUSH
POP
[DE] MOV
[HL] MOV RORA4
ROL4
[HL + byte] MOV
[HL + B]
[HL + C]
X MULU
C DIVUW

Note Exceptr=A
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(2) 16-hit instructions
MOVW, XCHW, ADDW, SUBW, CMPW, PUSH, POP, INCW, DECW

Second Operand

#word AX rp Note sfrp saddrp laddr16 SP None
1st Operand
AX ADDW MOVW MOVW MOVW MOVW MOVW
SUBW XCHW
CMPW
p MOVW MOV Note INCW
DECW
PUSH
POP
sfrp MOVW MOVW
saddrp MOVW MOVW
laddr16 MOVW
SP MOVW MOVW
Note Only when rp = BC, DE, HL
(3) Bit manipulation instructions
MOV1, AND1, OR1, XOR1, SET1, CLR1, NOT1, BT, BF, BTCLR
Second Operand
— A.bit sfr.bit saddr.bit | PSW.bit [HL].bit CcY $addrl6 None
First Operand
A.bit MOV1 BT SET1
BF CLR1
BTCLR
sfr.bit MOV1 BT SET1
BF CLR1
BTCLR
saddr.bit MOV1 BT SET1
BF CLR1
BTCLR
PSW.hit MOV1 BT SET1
BF CLR1
BTCLR
[HL].bit MOV1 BT SET1
BF CLR1
BTCLR
CY MOV1 MOV1 MOV1 MOV1 MOV1 SET1
AND1 AND1 AND1 AND1 AND1 CLR1
OR1 OR1 OR1 OR1 OR1 NOT1
XOR1 XOR1 XOR1 XOR1 XOR1
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(4) Call/branch instructions

CALL, CALLF, CALLT, BR, BC, BNC, BZ, BNZ, BT, BF, BTCLR, DBNZ

Second Operand
First Operand

AX

laddr16

laddrll

[addr5]

$addrl6

Basic instruction

BR

CALL
BR

CALLF

CALLT

BR
BC
BNC
BZ
BNZ

Compound
instruction

BT

BF
BTCLR
DBNzZ

(5) Other instructions

ADJBA, ADJBS, BRK, RET, RETI, RETB, SEL, NOP, EIl, DI, HALT, STOP
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APPENDIX A DEVELOPMENT TOOLS

The following development tools are available for the development of systems that employ the uPD780852
Subseries.
Figure A-1 shows the development tool configuration.
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Figure A-1. Development Tool Configuration

Language Processing Software

]

* Assembler package
« C compiler package
« C library source file
« Device file

298

Debugging Tools

]

« System simulator
« Integrated debugger

« Device file

O

Embedded Software

*OS

D « Real-time OS

Host machine (PC)

Interface adapter,

PC card interface, etc.

Flash memory
writing environment

Flash programmer

On-chip flash

memory version

In-circuit emulator

Emulation board

Power unit

Emulation probe

conversion adapter

Conversion socket or

Target system
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A.1 Language Processing Software

RA78K/0 This assembler converts programs written in mnemonics into an object code
Assembler Package executable with a microcontroller.

Further, this assembler is provided with functions capable of automatically creating
symbol tables and branch instruction optimization.

This assembler is used in combination with an optional device file (DF780852).

<Caution when using in PC environment>

This assembler package is a DOS-based application, however using Project Manager,
which is included in the assembler package, enables use of this assembler in a
Windows environment.

Part Number: uSxxxxRA78K0

CC78K/0 This compiler converts programs written in C language into an object code executable
C Compiler Package with a microcontroller.

This compiler is used in combination with an optional assembler package (RA78K/0)
and device file (DF780852).

<Caution when using in PC environment>

This C compiler package is a DOS-based application, however using Project Manager,
which is included in the assembler package, enables use of this compiler in a Windows
environment.

Part Number: uSxxxxCC78K0

DF780852 This file contains information peculiar to the device.
Device File This file is used in combination with each optional tools RA78K/0, CC78K/0, SM78KO0,
and ID78KO0.

Supported OS and host machine depend on each tool.

Part Number: puSxxxxDF780852

CC78K/0-L This is a source of functions configuring the object library included in the C compiler
C Library Source File package (CC78K/0).

It is required to make the object library included in the CC78K/0 conform to the
customer’s specifications.

Operation environment does not depend on OS because the source file is used.

Part Number: uSxxxxCC78KO0-L

Note The DF780852 is used in common with the RA78K/0, CC78K/0, SM78K0, and ID78K0.

Remark xxxx in the part number differs depending on the host machine and OS used.
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USxxxxRA78K0
USxxxxCC78K0
USxxxxDF780852
USxxxxCC78KO0-L

XXXX Host Machine

(O

Supply Medium

AA13 PC-9800 Series

Windows

Japanese version "

3.5-inch 2HD FD

AB13 IBM PC/AT™ and compatibles

BB13

Windows

Japanese version "

Windows

English version "

3.5-inch 2HC FD

3P16 HP9000 Series 700™

HP-UX™ (Rel. 9.05)

DAT (DDS)

3K13 SPARCstation™
3K15

SunOS™ (Rel. 4.1.4)
Solaris™ (Rel. 2.5.1)

3.5-inch 2HC FD

1/4-inch CGMT

3R13 NEWS™ (RISC)

NEWS-OS™ (Rel. 6.1)

3.5-inch 2HC FD

Note  WindowsNT™ is not supported.

A.2 Flash Memory Writing Tools

Flashpro 111
(part number: FL-PR3, PG-FP3)
Flash Writer

Dedicated flash writer for microcontrollers with on-chip flash memory.

Remark FL-PR3 is a product of Naito Densei Machida Mfg. Co., Ltd.
For details, contact Naito Densei Machida Mfg. Co., Ltd. (TEL +81-44-822-3813).
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A.3 Debugging Tools

A.3.1 Hardware

IE-78K0-NS
In-circuit Emulator

This in-circuit emulator is used to debug hardware and software when developing application
systems using the 78K/0 Series. It is compatible with the integrated debugger (ID78K0). This
emulator is used in combination with an emulation probe and an interface adapter for
connection to a host machine.

IE-70000-MC-PS-B
Power Unit

This is an adapter for power supply from a receptacle of 100 to 240 VAC.

IE-70000-98-IF-C
Interface Adapter

This adapter is required when using the PC-9800 Series computer (except notebook type) as
the IE-78K0-NS host machine. (It is compatible with the C bus.)

IE-70000-CD-IF-A
PC Card Interface

These PC card and interface cable are required when using a notebook as the IE-78K0-NS
host machine. (It is compatible with the PCMCIA socket.)

IE-70000-PC-IF-C
Interface Adapter

This adapter is required when using an IBM PC/AT or compatible as the IE-78K0-NS host
machine.

IE-70000-PCI-IF
Interface Adapter

This adapter is required when using on-chip PCI bus as the IE-78K0-NS host machine.

IE-780852-NS-EM4,
IE-78K0-NS-P04
Probe Board

Probe board and I/O board for emulating the uPD780852 Subseries.

NP-80GC-TQ

Emulation probe for 80-pin plastic QFP (GC-8BT type)

Remark NP-80GC-TQ is a product of Naito Densei Machida Mfg. Co., Ltd.
For details, contact Naito Densei Machida Mfg. Co., Ltd. (TEL +81-44-822-3813).
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A.3.2 Software (1/2)

SM78K0
System Simulator

This system simulator is used to perform debugging at C source level or assembler
level while simulating the operation of the target system on a host machine.

The SM78KO0 operates on Windows.
Use of the SM78KO0 allows the execution of application logical testing and
performance testing on an independent basis from hardware development without
having to use an in-circuit emulator, thereby providing higher development efficiency
and software quality.

The SM78KO0 is used in combination with the optional device file (DF780852).

Part Number: pSxxxxSM78K0

Remark xxxx in the part number differs depending on the host machine and OS used.

USXxxXSM78K0
XXXX Host Machine oS Supply Medium
AA13 PC-9800 Series Windows Japanese version Note 3.5-inch 2HD FD
AB13 IBM PC/AT and compatibles | Windows Japanese version Note 3.5-inch 2HC FD
BB13 Windows English version Note
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A.3.2 Software (2/2)

ID78K0-NS

Integrated Debugger
(Supports in-circuit emulator
IE-78K0-NS)

ID78K0

Integrated Debugger
(Supports in-circuit emulator
IE-78001-R-A)

This is a control program used to debug the 78K/0 Series.

The graphical user interfaces employed are Windows for personal computers and OSF/
MotifT™ for EWSs, offering the standard appearance and operability typical of these
interfaces. Further, debugging functions supporting C language are reinforced, and the
trace result can be displayed in C language level by using a window integrating function
that associates the source program, disassemble display, and memory display with the
trace result. In addition, it can enhance the debugging efficiency of a program using a
real-time OS by incorporating function expansion modules such as a task debugger and
system performance analyzer.

This debugger is used in combination with an optional device file (DF780852).

Part Number: uSxxxxID78K0-NS, uSxxxx|D78K0

Remark xxxx in the part number differs depending on the host machine and OS used.

USxxxxID78K0-NS

XXXX

Host Machine os Supply Medium

AA13

PC-9800 Series

Windows Japanese version N | 3.5-inch 2HD FD

AB13
BB13

IBM PC/AT and compatibles | Windows Japanese version Note 3.5-inch 2HC FD

Note

Windows English version

Note WindowsNT is not supported.

USxxxx|D78K0

XXXX Host Machine os Supply Medium
AA13 PC-9800 Series Windows Japanese version \°*® | 3.5-inch 2HD FD
AB13 IBM PC/AT and compatibles | Windows Japanese version Note 3.5-inch 2HC FD
BB13 Windows English version N°t
3P16 HP9000 Series 700 HP-UX (Rel. 9.05) DAT (DDS)
3K13 SPARCSstation SunOS (Rel. 4.1.4) 3.5-inch 2HC FD
3K15 Solaris (Rel. 2.5.1) 1/4-inch CGMT
3R13 NEWS (RISC) NEWS-0OS (Rel. 6.1) 3.5-inch 2HC FD

Note WindowsNT is not supported.
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For efficient development and maintenance of the uPD780852 Subseries, the following embedded software

products are available.

Real-Time OS (1/2)

RX78K/0
Real-time OS

is supplied.

(DF780852).

RX78K/0 is a real-time OS conforming with the yITRON specifications.
Tool (configurator) for generating nucleus of RX78K/0 and plural information tables

Used in combination with an optional assembler package (RA78K/0) and device file
<Caution when using in PC environment>

Real-time OS is a DOS-based application.
Use DOS prompt in Windows.

Part number: pSxxxxRX78013-AAAA

Caution  When purchasing the RX78K/0, fillin the purchase application formin advance and sign the User
Agreement.

Remark xxxx and AAAA in the part number differ depending on the host machine and OS used.

[SXxxXRX78013-AAAA

AAANA Product Outline

Upper Limit of Mass-Production Quantity

001 Evaluation object

Do not use for mass-produced products.

100K Object for mass-produced product 0.1 million units

001M 1 million units
010M 10 million units
S01 Source program Source program for mass-produced object

XXXX Host Machine oS Supply Medium
AA13 PC-9800 Series Windows Japanese version N 12| 3 5.inch 2HD FD
AB13 IBM PC/AT and compatibles | Windows Japanese version Notes 1. 2| 3 5.jnch 2HC FD
BB13 Windows English version Notes 1, 2
3P16 HP9000 Series 700 HP-UX (Rel. 9.05) DAT (DDS)
3K13 SPARCstation SunOS (Rel. 4.1.4) 3.5-inch 2HC FD
3K15 Solaris (Rel. 2.5.1) 1/4-inch CGMT
3R13 NEWS (RISC) NEWS-OS (Rel. 6.1) 3.5-inch 2HC FD

Notes 1. DOS is also supported.

2.

WindowsNT is not supported.
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Real-Time OS (2/2)

MX78K0
(O]

UITRON specification subset OS. Nucleus of MX78K0 is supplied.

This OS performs task management, event management, and time management.
It controls the task execution sequence for task management and selects the task
to be executed next.

<Caution when using in PC environment>

MX78K0 is a DOS-based application.

Use DOS prompt in Windows.

Part number: pSxxxxMX78K0-AAA

Remark

USxxxxMX78K0-AAA

xxxx and AAA in the part number differ depending on the host machine and OS used.

306

AAA Product Outline Note

001 Evaluation object Use for trial product.

XX Object for mass-produced product Use for mass-produced product.

S01 Source program Can be purchased only when object for

mass-produced product is purchased.

XXXX Host Machine oS Supply Medium
AA13 PC-9800 Series Windows Japanese version NS 12 | 3 5.inch 2HD FD
AB13 IBM PC/AT and compatibles | Windows Japanese version Notes 1.2 | 3 5.inch 2HC FD
BB13 Windows English version Notes 1, 2
3P16 HP9000 Series 700 HP-UX (Rel. 9.05) DAT (DDS)
3K13 SPARCstation SunOS (Rel. 4.1.4) 3.5-inch 2HC FD
3K15 Solaris (Rel. 2.5.1) 1/4-inch CGMT
3R13 NEWS (RISC) NEWS-OS (Rel. 6.1) 3.5-inch 2HC FD

Notes 1. DOS is also supported.

2. WindowsNT is not supported.
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C.1 Register Index (in Alphabetical Order with Respect to Register Name)

(Al

A/D conversion result register (ADCR1) ... 155

A/D converter mode register (ADM1) ... 157

Analog input channel specification register (ADS1) ... 158
Asynchronous serial interface mode register (ASIM) ... 170
Asynchronous serial interface status register (ASIS) ... 173

(B]

Baud rate generator control register (BRGC) ... 173

[C]

Capture pulse control register (CRCO) ... 106
Capture register 00 (CRO00) ... 104

Capture register 01 (CRO01) ... 104

Capture register 02 (CR02) ... 104

Clock output selection register (CKS) ... 150
Compare control register 1 (MCMPC1) ... 235
Compare control register 2 (MCMPC2) ... 235
Compare control register 3 (MCMPC3) ... 235
Compare control register 4 (MCMPC4) ... 235
Compare register (cos side) (MCMP11) ... 233
Compare register (cos side) (MCMP21) ... 233
Compare register (cos side) (MCMP31) ... 233
Compare register (cos side) (MCMP41) ... 233
Compare register (sin side) (MCMP10) ... 233
Compare register (sin side) (MCMP20) ... 233
Compare register (sin side) (MCMP30) ... 233
Compare register (sin side) (MCMP40) ... 233

(D]
D/A converter mode register (DAM1) ... 168

(E]

8-bit compare register 1 (CR1) ... 114

8-bit compare register 2 (CR2) ... 123

8-bit compare register 3 (CR3) ... 123

8-bit counter 1 (TM1) ... 114

8-bit counter 2 (TM2) ... 123

8-bit counter 3 (TM3) ... 123

8-bit timer mode control register 1 (TMC1) ... 116
8-bit timer mode control register 2 (TMC2) ... 125
8-bit timer mode control register 3 (TMC3) ... 125
External interrupt falling edge enable register (EGN) ... 249
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External interrupt rising edge enable register (EGP) ... 249

(1]

Internal expansion RAM size switching register (IXS) ... 277
Interrupt mask flag register OH (MKOH) ... 247

Interrupt mask flag register OL (MKOL) ... 247

Interrupt mask flag register 1L (MK1L) ... 247

Interrupt request flag register OH (IFOH) ... 246

Interrupt request flag register OL (IFOL) ... 246

Interrupt request flag register 1L (IF1L) ... 246

(L]

LCD display control register (LCDC) ... 211
LCD display mode register (LCDM) ... 210
LCD timer control register (LCDTM) ... 221

M]
Memory size switching register (IMS) ... 276

(O]
Oscillation stabilization time select register (OSTS) ... 264
Oscillator mode register (OSCM) ... 93

[P]

Port 0 (PO) ... 38, 77

Port 1 (P1) ... 38,78

Port 2 (P2) ... 39, 79

Port 3 (P3) ... 39, 80

Port 4 (P4) ... 39, 81

Port 5 (P5) ... 40, 82

Port 6 (P6) ... 40, 83

Port 8 (P8) ... 41, 84

Port 9 (P9) ... 41, 85

Port mode control register (PMC) ... 236

Port mode register 0 (PMO) ... 86, 192

Port mode register 2 (PM2) ... 86

Port mode register 3 (PM3) ... 86

Port mode register 4 (PM4) ... 86, 107, 127
Port mode register 5 (PM5) ... 86

Port mode register 6 (PM6) ... 86, 151

Port mode register 8 (PM8) ... 86

Port mode register 9 (PM9) ... 86

Power-fail compare mode register (PFM) ... 159
Power-fail compare threshold value register (PFT) ... 159
Prescaler mode register (PRMO) ... 107, 250
Priority specify flag register OH (PROH) ... 248
Priority specify flag register OL (PROL) ... 248
Priority specify flag register 1L (PR1L) ... 248
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Processor clock control register (PCC) ... 92
Program status word (PSW) ... 55, 251
Pull-up resistor option register (PUO) ... 88

(R]
Receive buffer register (RXB) ... 170

[S]

Serial receive data buffer register (SIRB2) ... 188

Serial receive data buffer status register (SRBS2) ... 191
Serial 1/O shift register 2 (SIO2) ... 188

Serial I/0O shift register 3 (SIO3) ... 202

Serial operation mode register 2 (CSIM2) ... 189

Serial operation mode register 3 (CSIM3) ... 203

16-bit timer mode control register (TMCO) ... 105

16-bit timer register (TMO) ... 104

Sound generator amplitude register (SGAM) ... 227
Sound generator buzzer control register (SGBR) ... 227
Sound generator control register (SGCR) ... 225

(7]

Timer clock select register 1 (TCL1) ... 115
Timer clock select register 2 (TCL2) ... 124
Timer clock select register 3 (TCL3) ... 124
Timer mode control register (MCNTC) ... 234
Transmit shift register (TXS) ... 170

(W]

Watch timer mode control register (WTM) ... 139
Watchdog timer clock select register (WDCS) ... 145
Watchdog timer mode register (WDTM) ... 146
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C.2 Register Index (in Alphabetical Order with Respect to Register Symbol)

(Al

ADCR1 : A/D conversion result register ... 155

ADM1 . A/D converter mode register ... 157

ADS1 : Analog input channel specification register ... 158
ASIM . Asynchronous serial interface mode register ... 170
ASIS . Asynchronous serial interface status register ... 173
(B]

BRGC : Baud rate generator control register ... 173

[C]

CKS . Clock output selection register ... 150

CROO . Capture register 00 ... 104

CRO1 . Capture register 01 ... 104

CRO02 . Capture register 02 ... 104

CR1 . 8-bit compare register 1 ... 114

CR2 . 8-bit compare register 2 ... 123

CR3 : 8-bit compare register 3 ... 123

CRCO . Capture pulse control register ... 106

CSIM2 : Serial operation mode register 2 ... 189

CSIM3 : Serial operation mode register 3 ... 203

(D]

DAM1 . DI/A converter mode register ... 168

(E]

EGN . External interrupt falling edge enable register ... 249
EGP . External interrupt rising edge enable register ... 249
(1]

IFOH . Interrupt request flag register OH ... 246

IFOL . Interrupt request flag register OL ... 246

IF1L . Interrupt request flag register 1L ... 246

IMS :  Memory size switching register ... 276

IXS . Internal expansion RAM size switching register ... 277
(L]

LCDC . LCD display control register ... 211

LCDM . LCD display mode register ... 210

LCDTM : LCD timer control register ... 221

M]

MCMP10 : Compare register (sin side) ... 233
MCMP11 : Compare register (cos side) ... 233
MCMP20 : Compare register (sin side) ... 233
MCMP21 : Compare register (cos side) ... 233

310 Preliminary User's Manual U14581EJ3VOUMO0



APPENDIX C REGISTER INDEX

MCMP30 :
MCMP31 :
MCMP40 :
MCMPA41 :
MCMPC1:
MCMPC2 :
MCMPC3 :
MCMPC4 :

MCNTC
MKOH
MKOL
MK1L

(O]
0oScM
0STS

[P]
PO
P1
P2
P3
P4
P5
P6
P8
P9
PCC
PFM
PFT
PMO
PM2
PM3
PM4
PM5
PM6
PM8
PM9
PMC
PROH
PROL
PRIL
PRMO
PSW
PUO

[R]
RXB

Compare register (sin side) ... 233
Compare register (cos side) ... 233
Compare register (sin side) ... 233
Compare register (cos side) ... 233
Compare control register 1 ... 235
Compare control register 2 ... 235
Compare control register 3 ... 235
Compare control register 4 ... 235
Timer mode control register ... 234
Interrupt mask flag register OH ... 247
Interrupt mask flag register OL ... 247
Interrupt mask flag register 1L ... 247

Oscillator mode register ... 93
Oscillation stabilization time select register ... 264

Port O ... 38, 77

Port1 ... 38, 78

Port 2 ... 39, 79

Port 3 ... 39, 80

Port 4 ... 39, 81

Port 5 ... 40, 82

Port 6 ... 40, 83

Port 8 ... 41, 84

Port9 ... 41, 85

Processor clock control register ... 92
Power-fail compare mode register ... 159
Power-fail compare threshold value register ... 159
Port mode register 0 ... 86, 192

Port mode register 2 ... 86

Port mode register 3 ... 86

Port mode register 4 ... 86, 107, 127
Port mode register 5 ... 86

Port mode register 6 ... 86, 151

Port mode register 8 ... 86

Port mode register 9 ... 86

Port mode control register ... 236
Priority specify flag register OH ... 248
Priority specify flag register OL ... 248
Priority specify flag register 1L ... 248
Prescaler mode register ... 107, 250
Program status word ... 55, 251
Pull-up resistor option register ... 88

Receive buffer register ... 170
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[S]

SGAM : Sound generator amplitude register ... 227
SGBR : Sound generator buzzer control register ... 227
SGCR : Sound generator control register ... 225
SI02 : Serial I/O shift register 2 ... 188

SIO3 : Serial I/O shift register 3 ... 202

SIRB2 : Serial receive data buffer register ... 188
SRBS2 : Serial receive data buffer status register ... 191
(7]

TCL1 . Timer clock select register 1 ... 115

TCL2 . Timer clock select register 2 ... 124

TCL3 . Timer clock select register 3 ... 124

T™MO : 16-bit timer register ... 104

T™M1 : 8-bit counter 1 ... 114

T™M2 . 8-bit counter 2 ... 123

T™M3 :  8-bit counter 3 ... 123

TMCO :16-bit timer mode control register ... 105
TMC1 . 8-bit timer mode control register 1 ... 116
TMC2 : 8-bit timer mode control register 2 ... 125
TMC3 : 8-bit timer mode control register 3 ... 125
TXS . Transmit shift register ... 170

(W]

WDCS : Watchdog timer clock select register ... 145
WDTM : Watchdog timer mode register ... 146

WTM : Watch timer mode control register ... 139
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APPENDIX D REVISION HISTORY

The following table shows the revision history of this manual. "Chapter" indicates the chapter of the newest edition
where revision was made.

Edition

Major Revision from Previous Edition

Chapter

2nd edition

Changing 1.5 Pin Configuration (Top View)

LHAPTER 1 OUTLINE

Changing description of supply voltage in 1.8 Outline of Function

Changing 6.4 (4) Port mode register 4 (PM4)

CHAPTER 6 16-BIT TIMER 0 TMO

Changing Figure 6-11 Capture Register Data Retention Timing

Adding Caution 3 to Figure 16-4 LCD Display Control Register
(LCDC) Format

g

HAPTER 16 LCD CONTROLLER/

DRIVER

Adding Note to Table 22-3 Transmission Method List

HAPTER 22

HuPD78F0852
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