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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 mustbe 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.

FIP, EEPROM, and IEBus are trademarks 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.

Solaris and SunOS are trademarks of Sun Microsystems, Inc.

Ethernet is a trademark of Xerox Corp.

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:
uUPD78F0066GC-8BT

The customer must judge the need for a license for the following products:
UPD780065GC-xxx-8BT

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

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

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

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

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

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

NEC devices are classified into the following three quality grades:

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

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

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

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

The quality grade of NEC devices is "Standard" unless otherwise specified in NEC's Data Sheets or Data Books.
If customers intend to use NEC devices for applications other than those specified for Standard quality grade,
they should contact an NEC sales representative in advance.
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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 ltaliana 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.
Spain 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 1130
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

Rodovia Presidente Dutra, Km 214
07210-902-Guarulhos-SP Brasil
Tel: 55-11-6465-6810

Fax: 55-11-6465-6829
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Major Revisions in This Edition

Page Description

p.29 Renewal of 1.5 78K/0 Series Lineup

p.33 Modification of description of on-chip pull-up resistor specification and function description of
TI0O pin in 2.1 Pin Functions

pp.41, 42 Addition of input/output circuit type and Figure 2-1 Pin Input/Output Circuits  in 2.3 Pin 1/O
Circuits and Recommended Connections of Unused Pins

p.43 Modification of Caution in 3.1 Memory Space

p.56 Modification of following register symbols in Table 3-3 Special Function Register List
ADTC - ADTCO, ADTP - ADTPO, ADTI - ADTIO

pp.74 to 83 | Modification of block diagrams of ports in Figures 4-2 through 4-11

p.86 Modification of description and Caution in 4.3 (2) Pull-up resistor option registers (PUO, PU2
to PU9)

p.104 Addition of PPG output column and modification of number of interval timers in Table 6-1 Timer/
Event Counter Operations

p.105 Modification of Figure 6-1 16-Bit Timer/Event Counter Block Diagram

p.107 Addition of column of CR0O1 Capture Trigger in Table 6-3 TIOO/TO0/P20 Pin Valid Edge and
Capture/Compare Register Capture Register Capture Trigger

p.111 Addition of a Caution on OSPT in Figure 6-4 Format of 16-Bit Timer Output Control Register
0 (TOCO0)

p.112 Modification of Cautions in Figure 6-5 Format of Prescaler Mode Register 0 (PRMO)

p.115 Addition of the noise elimination circuit in Figure 6-8 Interval Timer Configuration Diagram

p.133 Addition of cautions on sampling clock in 6.6 (12) Edge detection

p.187 Modification of the input buffer to the schmitt-triggered input in Figure 13-1 Serial Interface
(UARTO) Block Diagram

pp.209 to Modification of following register symbols and bit names in CHAPTER 14 SERIAL INTERFACE

250 (slol)
e Automatic Data Transmit/Receive Address Pointer (ADTPO)
« Automatic Data Transmit/Receive Control Register (ADTCO)
< Automatic Data Transmit/Receive Interval Specification Register (ADTIO)
e Bit name in Serial Operation Mode Register 1 (CSIM1)

pp.251, 257 Deletion of the direction control circuit in Figure 15-1 Serial Interface (SIO30) Block Diagram
Figure 16-1 Serial Interface (SIO31) Block Diagram

p.264 Addition of descriptions about INTTMOO and INTTMO1 triggers in Table 17-1 Interrupt Source
List

pp.267, 270| Modification of Table 17-2 Flags Corresponding to Interrupt Request Source and Figure 17-
4 Format of Priority Specify Flag Registers (PROL, PROH, PR1L) (WTPR - WTPRO)

p.306 Addition of Caution in 21.1 Memory Size Switching Register and modification of Figure 21-1
Format of Memory Size Switching Register (IMS) (W - R/W)

pp-308, 331 | Addition of Flashpro Ill in 21.3 Flash Memory Programming and A.2 Flash Memory Writing
Tools

pp.327 to Addition of descriptions of Windows™ for supporting PC98-NX series, modification of supported

338 OS version, addition of Solaris™ to OSs, addition of the performance board IE-78K0-NS-PA, and

interface adapter IE-7000-PCI-IF in APPENDIX A DEVELOPMENT TOOLS

The mark xshows major revised points.

Preliminary User’'s Manual U13420EJ2VOUMO0O




Readers

Purpose

Organization

How To Read This Manual

Conventions

INTRODUCTION

This manual has been prepared for user engineers who understand the functions of the
UPD780065 Subseries and wish to design and develop application systems and programs
for these devices.

UPD780065 Subseries: uPD780065
uUPD78F0066

This manual is intended to provide users an understanding of the functions described in
the organization below.

The pPD780065 Subseries manual is separated into two parts: this manual and the
instructions edition (common to the 78K/0 Series).

uPD780065 Subseries 78K/0 Series
User’'s Manual User’s Manual
(This Manual) Instructions
e Pin functions * CPU functions
* Internal block functions  Instruction set
 Interrupt « Explanation of each instruction

e Other on-chip peripheral functions

Before reading this manual, you should have general knowledge of electric and logic
circuits and microcontrollers.

e To gain a general understanding of functions:
- Read this manual in the order of the contents.
e How to interpret the register format:
- For the bit number enclosed in square, the bit name is defined as a reserved word
in RA78K/0, and in CC78K/0, already defined in the header file named sfrbit.h.
* To check the details of a register when you know the register name.
- Refer to APPENDIX C.

Data representation weight:  Higher digits on the left and lower digits on the right
Active low representations: ~ xxx (overscore over pin or signal name)

Note: Footnote for item marked with Note in the text.
Caution: Information requiring particular attention
Remarks: Supplementary information
Numerical representations:  Binary o XXXX OF XXXXB

Decimal e XXXX

Hexadecimal --- xxxxH

Preliminary User’s Manual U13420EJ2VOUMO0O 7



Related Documents

However, preliminary versions are not marked as such.

Related documents for the device

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

Document Name

Document No.

English Japanese
uPD780065 Preliminary Product Information U13732E u13732J
UPD78F0065 Preliminary Product Information U13419E U13419J
uPD780065 Subseries User's Manual This manual U13420J
78K/0 Series User’s Manual-Instructions U12326E U12326J
78K/0 Series Instruction Application Table — U10903J
78K/0 Series Instruction Set — u10904J

Related documents for development tool (User's Manual)

Document Name

Document No.

English Japanese
RA78K0 Assembler Package Operation U11802E U11802J
Language U11801E U11801J
Structured Assembly Language U11789E U11789J
RA78K Series Structured Assembler Preprocessor EEU-1402 U12323J
CC78K0 C Compiler Operation U11517E U11517J
Language U11518E U11518J
CC78K/0 C Compiler Application Note Programming Know-how U13034E u13034J

IE-78K0-NS

To be prepared

To be prepared

IE-78001-R-A

To be prepared

To be prepared

|IE-78K0-R-EX1

To be prepared

To be prepared

IE-780066-NS-EM4

To be prepared

To be prepared

EP-78230 EEU-1515 EEU-985
SM78K0 System Simulator Windows Based Reference U10181E u10181J
SM78K Series System Simulator External part user open Interface | U10092E U10092J
ID78K0-NS Integrated Debugger Windows Based | Reference U12900E U12900J
ID78KO0 Integrated Debugger EWS Based Reference — U11151J
ID78KO0 Integrated Debugger PC Based Reference U11539E U11539J
ID78KO0 Integrated Debugger Windows Based Guide U11649E U11649J

Caution

version document when starting design.
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Related documents for embedded software (User’s Manual)

Document Name

Document No.

English Japanese
78K/0 Series Real-Time OS Basics U11537E U11537J
Installation U11536E U11536J
78K/0 Series OS MX78K0 Basics U12257E U12257J

Other Documents

Document Name

Document No.

English Japanese
SEMICONDUCTORS SELECTION GUIDE Products & Packages (CD-ROM) X13769X
Semiconductor Device Mounting Technology Manual C10535E C10535J
Quality Grades on NEC Semiconductor Devices C11531E C11531J
NEC Semiconductor Device Reliability/Quality Control System C10983E C10983J
Guide to Prevent Damage for Semiconductor Devices by Electrostatic Discharge (ESD) | C11892E C11892J
Guide to Microcomputer-Related Products by Third Party — U11416J

Caution  The above documents are subject to change without prior notice. Be sure to use the latest
version document when starting design.
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CHAPTER 1 OUTLINE

1.1 Features

® |nternal Memory

Type Program Memory Data Memory
Part Number (Mask ROM/Flash memory) | High-Speed RAM Expansion RAM Buffer RAM
uPD780065 40 Kbytes 1024 bytes 4096 bytes 32 bytes
UPD78F0066 48 Kbytes Note

Note The capacity of internal flash memory can be changed by means of the memory size switching register (IMS).

* External Memory Expansion Space: 64 Kbytes
* Minimum instruction execution time changeable from high speed (0.24 us: @ 8.38-MHz operation with main system
clock) to ultra-low speed (122 us: @ 32.768-kHz operation with subsystem clock)
® |nstruction set suited to system control
< Bit manipulation possible in all address spaces
* Multiply and divide instructions
® Sixty I/O ports
® 8-bit resolution A/D converter: 8 channels
® Serial interface: 4 channels
« 3-wire serial /0 mode (provided with automatic transmission/reception function): 1 channel
e 3-wire serial /O mode: 1 channel
e 2-wire serial /0O mode: 1 channel
¢« UART mode: 1 channel
® Timer: Five channels
« 16-bit timer/event counter: 1 channel
e 8-bit timer/event counter: 2 channels
« Watch timer: 1 channel
¢ Watchdog timer: 1 channel
® Vectored interrupts: 20
* Two types of on-chip clock oscillators (main system clock and subsystem clock)
* Power supply voltage: Vopo =2.7t0 5.5V
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1.2 Applications
Car audio supporting CD text, etc.

1.3 Ordering Information

Part Number Package Internal ROM
UPD780065GC-xxx-8BT 80-pin plastic QFP (14 x 14 mm) Mask ROM
UPD78F0066GC-xxx-8BT 80-pin plastic QFP (14 x 14 mm) Flash memory

Remark xxx indicates ROM code suffix.
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1.4 Pin Configuration (Top View)

80-pin plastic QFP (14 x 14 mm)

uPD780065GC-xxx-8BT
uPD78F0066GC-8BT

Cautions 1.

Remarks 1.

— > § 8 o o g - m

.sE8e  S28883.:5053

2822 glReeddlRlElEd2s

Z R PREEREEREEERREERRS S

807978 77 76 7574 73 72 71 70 69 68 67 66 65 64 63 62 61
ANI7 O——| 1 O 60
ANI6 O——| 2 59
ANI5 O——|3 58
ANI4 O——|4 57
ANI3 O——|5 56
ANI2 O——| 6 55
ANI1 O——|7 54
ANIO C——|8 53
AVrer O——| 9 52
RESET O——| 10 51
XT1 O——|11 50
XT2 O——12 49
IC (Vep) O—|13 48
X1 O———|14 47
x2 O0——15 46
Voor O——— 16 45
Vss1 O——— 17 44
P90/SCK31 O=—=| 18 43
P91/S031 O=——=| 19 42
P92/S131 O=—| 20 41

21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40

O P42/AD2
O P43/AD3
O P44/AD4
O P45/AD5
O P46/AD6
O P47/AD7
O P50/A8
O P51/A9
O P52/A10
O P53/A11
O P54/A12
O P55/A13
O P56/A14
O P57/A15
———O Voo
——O Vsso

O p37

O P36

O P35

O P34

POO/INTPO O

L

PO1/INTP1 O
PO2/INTP2 O
PO3/INTP3 O

2. Connect AV ss pin to V sso.

P04
P05 O
P06
P07

P20/T100TO0 O

|

P21/TI01 O
P22/TI50/TO50 O

P23/TI51/TO51 O

Connect directly IC (Internally Connected) pin to V

L

P24
P25
P26
P27 O
P30
P31
P32

sso Or Vssi.

P33 O

When these devices are used in applications that require the reduction of noise generated from an

on-chip microcontroller, the implementation of anti-noise measures is recommended, such as

supplying to Vooo and Vop1 independently, connecting Vsso and Vssi independently to ground lines,

and so on.

2. Pin connection in parentheses is intended for the uPD78F0066.

Preliminary User’'s Manual U13420EJ2VOUMO0O

27



CHAPTER 1 OUTLINE

28

A8 to Al5:
ADO to AD7:
ANIO to ANI7:
ASCKO:
ASTB:

AVREF:

AVss:

BUSY:

IC:

INTPO to INTP3:
P00 to PO7:
P20 to P27:
P30 to P37:
P40 to P47:
P50 to P57:
P64 to P67:
P70 to P77:
P80 to P84:
P90 to P92:

Address Bus PCL:

Address/Data Bus RD:

Analog Input RESET:
Asynchronous Serial Clock RxDO:

Address Strobe SCK1, SCK30, SCK31:
Analog Reference Voltage SDIO30:

Analog Ground SI1, SI31:

Busy SO01, SO31:

Internally Connected STB:

Interrupt from Peripherals TI00, TIO1, TI50, TI51:
Port0 TOO, TO50, TO51:
Port2 TxDO:

Port3 Vbpo, Vob1:

Port4 \/pp:

Port5 Vsso, Vssi:

Port6 WAIT:

Port7 WR:

Port8 X1, X2:

Port9 XT1, XT2:
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CHAPTER 1 OUTLINE

1.5 78K/0 Series Lineup

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

: Products in mass production

Y subseries products are compatible with I°C bus.

_ Control
100-pin LPD78078 with reduced EMI noise
100-pin HMPD78078 uPD78078Y / uPD78054 with timer and enhanced external interface function
100-pin /,uPD78070A UPD78070AY/. ROM-less version of the PD78078
100-pin UPD780018AY/, HPD78078Y with enhanced serial I/0 and limited functions
80-pin ',uPD780058Y. HPD78054 with enhanced serial I/0 and reduced EMI noise
80-pin HPD78058F /1PD78058FY HMPD78054 with reduced EMI noise
80-pin / HPD78054 / UPD78054Y H1PD78018 F with UART, D/A, and enhanced 1/O
80-pin ) ,uPD780065 B ,uPD780024A with enhanced RAM

64-pin /’yPD780034AM1PD780034AY HPD780024A with enhanced A/D
64-pin /,UPD780024AI/JPD780024AY HMPD78018F with enhanced serial 1/0, reduced EMI noise

64-pin HPD78014H HMPD78018F with reduced EMI noise
64-pin HPD78018F //1/PD78018FY/ Basic subseries for control

42-/44-pin ! HPD78083 / On-chip UART and capable of low-voltage (1.8 V) operation

Inverter control
64-pin HMPD780988 On-chip inverter controller and UART, reduced EMI noise

B FIP™ drive
100-pin H1PD78044F with enhanced 1/0 and FIP C/D. Display output total: 53
aKlo 100-pin ' UPD78064F with enhanced I/O and FIP C/D. Display output total: 48
Series | 80-pin HE?Z?E’??? ! For panel control. On-chip FIP C/D. Display output total: 53
80-pin HUPD78044H H1PD78044F with N-ch open-drain I/0O. Display output total: 34
80-pin Basic subseries for FIP drive. Display output total: 34
- LCD drive
100-pin  / uPD780308 //PD780308Y/ 1PD78064 with enhanced SIO, and expanded ROM and RAM
— 100-pin UPD78064B HUPD78064 with reduced EMI noise
100-pin émé/ HPD78064Y 7 Basic subseries for LCD drive. On-chip UART

Call ID supported
— 80-pin PD780841" On-chip Call ID decoder and simplified DTMF, reduced EMI noise

100-pin On-chip DCAN controller
80-pin pPD78054 with IEBus™ controller and reduced EMI noise
80-pin :/JPD780701Y/ On-chip DCAN/IEBus controller
80-pin PD7gogagy, On-chip J1850 (CLASS2) controller
100-pin . /1PD780958 3 For industrial meter control
 80-pin K l;ﬁfﬁébé%é . On-chip controller/driver for automobile meter drive
80-pin ,&I;E)-?é(-)ééé K Super-low power consumption. On-chip UART

Note Under planning
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Major functional differences among the subseries are listed below.

Function|  ROM Timer 8-bit | 10-bit| 8-bit _ Voo | External
. Serial Interface 1/10 .
Subseries Name Capacity | g-bit | 16-bit|watch| wDT | A/D | AID | D/IA MIN. Value| Expansion
Control | uPD78075B | 32Kto40K{ 4ch| 1ch|1ch|1lch|8ch| — |2ch|3ch(UART: 1ch) 88 1.8V v
UPD78078 | 48 Kto 60 K
©PD78070A — 61 27V
UPD780058 | 24 Kto 60 K| 2 ch 3 ch (time-division 68 1.8V
UART: 1 ch)
UPD78058F | 48 K to 60 K 3 ch (UART: 1 ch) 69 27V
UPD78054 | 16 Kto 60 K 20V
UPD780065 | 40 K to 48 K — |4ch (UART: 1ch) | 60 | 2.7V
UPD780078 | 48 K to 60 K 2 ch — [ 8ch 3 ch (UART: 2 ch) 52 1.8V
UPD780034A 8 Kto 32 K 1ch 3 ch (UART: 1 ch, 51
LPD780024A sch| — time-division 3-wire: 1 ch)
©PD78014H 2 ch 53
UPD78018F | 8 Kto 60 K
UPD78083 | 8Kto 16K — — 1 ch (UART: 1 ch) 33 —
Inverter | uPD780988 | 16 Kto60K| 3 ch| Note| — |[1ch| — |8ch| — |3 ch (UART: 2ch) 47 40V v
control
FIP uPD780208 [ 32Kto60K| 2ch| 1ch|1lch|1lch|8ch| — — [2ch 74 2.7V —
drive | pp780228 | 48Kt 60K| 3¢ch| — | — 1ch 72 | 45V
UPD780232 | 16 Kto 24 K 4 ch 2 ch 40
UPD78044H | 32Kt048K| 2ch| 1ch| 1ch 8 ch 1ch 68 2.7V
UPD78044F | 16 Kto 40 K 2 ch
LCD UPD780308 | 48Kto60K|2ch| 1ch|1lch|l1ch|8ch| — — | 3 ch (time-division 57 20V —
drive UART: 1 ch)
UPD78064B | 32 K 2 ch (UART: 1 ch)
UPD78064 |16 Kto32K
Call ID |puPD780841 | 24Kto32K{2ch| — |1ch|1lch|2ch| — — |2 ch (UART: 1 ch) 58 2.7V —
supported
Bus UPD780948 | 60 K 2ch|2ch|1lch|l1ch|8ch| — — |3 ¢ch (UART: 1 ch) 79 4.0V v
interface
supported UPD78098B | 40 K to 60 K 1ch 2 ch 69 2.7V —
Meter |uPD780958 | 48Kto60K| 4ch| 2ch| — |[1ch| — — — |2 ch (UART: 1 ch) 69 22V —
control | pp780973 | 24Kt 32K| 3¢ch| 1 ch | 1 ch 5ch 56 | 45V
UPD780955 | 40 K 6 ch — 1ch 2 ch (UART: 2 ch) 50 4.2V
Note 16-bit timer: 2 channels
10-bit timer: 1 channel
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CHAPTER 1 OUTLINE

1.6 Block Diagram

TI0OO/TOO/P20 ~—
TI01/P21 —

16-bit TIMER/
EVENT COUNTER

TI50/TO50/P22 ~—

8-bit TIMER/
EVENT COUNTER 50

TI51/TO51/P23 ~—

8-hit TIMER/
EVENT COUNTER 51

WATCHDOG TIMER

WATCH TIMER

SI1/P84 —=
SO1/P83 —
SCK1/P82 =—=
BUSY/P81 —~
STB/P80 =—

SERIAL
INTERFACE 1

g 3888 Y

SDIO30/P75 ~=—=
SCK30/P74 =—»]

SERIAL
INTERFACE 30

i

SI31/P92 —=
SO31/P91 =—
SCK31/P90 ~—=

SERIAL
INTERFACE 31

i

RxDO/P73 —
TxDO/P72 =—]
ASCKO/P71 —

UARTO

ANIO to ANI7 )

AVss

AVReF —

A/D CONVERTER

-

INTPO/POO to
INTP3/P03

INTERRUPT
CONTROL

-

PCL/P70 =—

CLOCK OUTPUT
CONTROL

-

78KI0
CPU CORE

g U

ROM

g

RAM

Vooo Vop1 Vsso Vss1 IC
(Ver)

Remarks 1. The internal ROM capacity depends on the product.

2. Pin connection in parentheses is intended for the uPD78F0066.

g 888088 3g Y

il

PORTO K> P00 to PO7
PORT2 K> P20to P27
PORT3 K> P30toP37
PORT4 K> P40to P47
PORT5 K> P50to P57
PORT6 K> P64toP67
PORT7 K> P70t0P77
PORT8 (> P80to P84
PORT9 K> P90 to P92
ADO/P40 to
AD7/P47
A8/P50 to
EXTERNAL AL5/P5T
ACCESS — RD/P64
—~ WR/P65
~— WAIT/P66
-~ ASTB/P67
~— RESET
- X1
SYSTEM
CONTROL X2
~— XT1
—— XT2
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CHAPTER 1 OUTLINE

1.7 Outline of Function

Part Number

ltem HuPD780065 HPD78F0066
Internal memory ROM 40 Kbytes (Mask ROM) 48 Kbytes Note (Flash memory)
High-speed RAM 1024 bytes
Expansion RAM 4096 bytes
Buffer RAM 32 bytes
Memory space 64 Kbytes

General register

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

Minimum instruction execution time

Minimum instruction execution time changeable function

When main system
clock selected

0.24 us/0.48 us/0.95 us/1.91 us/3.81 us (@ 8.38-MHz operation)

When subsystem
clock selected

122 us (@ 32.768-kHz operation)

Instruction set

* 16-bit operation

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

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

1/0 port

CMOS I/0: 60

A/D converter

» 8-bit resolution x 8 channels
* Low-voltage operation: AVopo = 2.7t05.5V

Serial interface

* 3-wire serial /0O mode: 1 channel
» 3-wire serial /0O mode

(provided with automatic transmit/receive function): 1 channel
» 2-wire serial /0 mode: 1 channel

¢« UART mode: 1 channel

Timer

¢ 16-bit timer/event counter: 1 channel

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

Timer output

Three outputs: (8-bit PWM output enable: 2)

Clock output

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

Vectored interrupt

Maskable Internal: 14, External: 4
Non-maskable Internal: 1
Software 1

Power supply voltage

Vob = 2.7t0 5.5V

Operating ambient temperature

Ta = -40 to +85°C

Package

80-pin plastic QFP (14 x 14 mm)

Note The capacity of internal flash memory can be changed by means of the memory size switching register (IMS).
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2.1 Pin Functions

(1) Port Pins (1/2)

CHAPTER 2 PIN FUNCTION

Pin Name Input/Output Function After Reset Alterngte
Function
P00 to P03 Input/Output Port 0 Input INTPO to INTP3
8-bit input/output port
Input/output mode can be specified in 1-bit units.
An on-chip pull-up resistor can be specified by means of
P04 to PO7 software. _
P20 Input/Output | Port 2 Input TIOO/TC10
P21 8-bit input/output port Tio1
Input/output mode can be specified in 1-bit units.
P22 An on-chip pull-up resistor can be specified by means of TIS0/TOS0
P23 software. TI51/TO51
P24 to P27 —
P30 to P37 Input/Output | Port 3 Input —
8-bit input/output port
Input/output mode can be specified in 1-bit units.
An on-chip pull-up resistor can be specified by means of
software.
P40 to P47 Input/Output Port 4 Input ADO to AD7
8-bit input/output port
Input/output mode can be specified in 1-bit units.
An on-chip pull-up resistor can be specified by means of
software.
P50 to P57 Input/Output Port 5 Input A8 to A15
8-bit input/output port
Input/output mode can be specified in 1-bit units.
An on-chip pull-up resistor can be specified by means of
software.
P64 Input/Output | Port 6 Input RD
P65 4-bit input/output port WR
Input/output mode can be specified in 1-bit units.
P66 An on-chip pull-up resistor can be specified by means of WAIT
P67 software. ASTB

Preliminary User’'s Manual U13420EJ2VOUMOO
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CHAPTER 2 PIN FUNCTION

(1) Port Pins (2/2)

Pin Name Input/Output Function After Reset Alterngte
Function
P70 Input/Output Port 7 Input PCL
P71 8-bit input/output port ASCKO
Input/output mode can be specified in 1-bit units.
P72 . . . TxDO
An on-chip pull-up resistor can be specified by means of
P73 software. RxDO
P74 SCK30
P75 SDIO30
P76, P77 —
P80 Input/Output Port 8 Input STB
P81 5-bit input/output port BUSY
Input/output mode can be specified in 1-bit units.
P82 ) ) . SCK1
An on-chip pull-up resistor can be specified by means of
P83 software. SO1
P84 Si1
P90 Input/Output Port 9 Input SCK31
P91 3-bit input/output port sSO31
Input/output mode can be specified in 1-bit units.
P92 An on-chip pull-up resistor can be specified by means of Sis1
software.
(2) Non-port Pins (1/2)
Pin Name Input/Output Function After Reset Alterngte
Function
INTPO to Input External interrupt request input with specifiable valid edges Input P00 to P03
INTP3 (rising edge, falling edge, both rising and falling edges)
Si1 Input Serial interface serial data input Input P84
SI31 P92
SO1 Qutput Serial interface serial data output Input P83
S031 P91
SDIO30 Input/Output | Serial interface serial data input/output Input P75
SCK1 Input/Output | Serial interface serial clock input/output Input P82
SCK30 P74
SCK31 P90
STB Output Strobe output for serial interface automatic transmission/ Input P80
reception
BUSY Input Busy input for serial interface automatic transmission/ Input P81
reception
RxDO0O Input Asynchronous serial interface serial data input Input P73
TxDO Qutput Asynchronous serial interface serial data output Input P72
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CHAPTER 2 PIN FUNCTION

(2) Non-port Pins (2/2)

Connect directly to Vsso or Vss1 in normal operating mode.

Pin Name Input/Output Function After Reset Iéﬁircr:i%tr?
ASCKO Input Asynchronous serial interface serial clock input Input P71
TI00 Input External count clock input to 16-bit timer (TMO) Input P20/TO0
Capture trigger input to TMO capture registers (CR00, CR01)
TIO1 Capture trigger input to TMO capture register (CR00) P21
TI50 External count clock input to 8-bit timer (TM50) P22/TO50
TI51 External count clock input to 8-bit timer (TM51) P23/TO51
TOO Qutput 16-bit timer TMO output Input P20/T100
TO50 8-bit timer (TM50) output (also used for 8-bit PWM output) Input P22/T150
TO51 8-bit timer (TM51) output (also used for 8-bit PWM output) P23/T151
PCL Output Clock output (for main system clock and subsystem clock Input P70
trimming)
ADO to AD7 Input/Output | Lower-order address/data bus when expanding external memory Input P40 to P47
A8 to A15 Qutput High-order address bus when expanding external memory Input P50 to P57
RD Output Strobe signal output for read operation from external memory Input P64
WR Strobe signal output for write operation from external memory P65
WAIT Input Wait insertion when accessing external memory Input P66
ASTB Output Strobe output externally latching address information Input P67
output to ports 4, 5 to access external memory
ANIO to ANI7 Input A/D converter analog input Input —
AVRer Input A/D converter reference voltage input (also used for analog — —
power supply)
AVss — A/D converter ground potential. Connect to Vsso or Vss1 — —
RESET Input System reset input — —
X1 Input Crystal connection for main system clock oscillation — —
X2 — — —
XT1 Input Crystal connection for subsystem clock oscillation — —
XT2 — — —
Vbpo — Positive power supply — —
Vsso — Ground potential — —
Vob1 — Positive power supply other than port — —
Vss1 — Ground potential other than port — —
IC — Internally connected. Connect directly to Vssoor Vss1 — —
Vep — High-voltage application for program write/verify — —

Preliminary User’'s Manual U13420EJ2VOUMOO
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CHAPTER 2 PIN FUNCTION

2.2 Description of Pin Functions

2.2.1 PO0O to P07 (Port 0)

This is an 8-bit input/output port. Besides serving as an input/output port, these pins function as external interrupt
request inputs.

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

(1) Port mode
These pins function as an 8-bit input/output port.
These pins can be specified for input or output in 1-bit units with port mode register 0 (PM0). On-chip pull-up
resistors can be specified by defining pull-up resistor option register 0 (PUO).

(2) Control mode
In this mode, these pins function as external interrupt request inputs (INTPO to INTP3).
INTPO to INTP3 are external interrupt request input pins for which valid edges (rising edge, falling edge, and
both rising and falling edges) can be specified.

2.2.2 P20 to P27 (Port 2)
This is an 8-bit input/output port. Besides serving as an input/output port, these pins function as timer input/outputs.
The following operating modes can be specified in 1-bit units.

(1) Port mode
These pins function as an 8-bit input/output port. They can be specified in 1-bit units as input or output ports
with port mode register 2 (PM2). On-chip pull-up resistors can be specified by defining pull-up resistor option
register 2 (PU2). P20 and P21 also function as 16-bit timer/event counter capture trigger signal input pins through
a valid edge input.

(2) Control mode
These pins function as timer input/outputs.

(a) TIOO
A 16-bit timer/event counter external count clock input pin and 16-bit timer/event counter capture trigger

signal input pin for the capture register (CRO1).

(b) TIO1
A 16-bit timer/event counter capture trigger signal input pin for the capture register (CR00).

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

(d) TOO, TO50, TO51
Timer output pins.
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CHAPTER 2 PIN FUNCTION

2.2.3 P30 to P37 (Port 3)
This is an 8-bit input/output port. These pins can be specified in 1-bit units as input or output ports with port mode
register 3 (PM3). On-chip pull-up resistors can be specified by defining pull-up resistor option register 3 (PU3).

2.2.4 P40 to P47 (Port 4)

This is an 8-bit input/output port. Besides serving as input/output ports, these pins function as an address/data
bus.

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

(1) Port mode
These pins function as an 8-bit input/output port. They can be specified in 1-bit units as input or output ports
with port mode register 4 (PM4). On-chip pull-up resistors can be specified by defining pull-up resistor option
register 4 (PU4).

(2) Control mode
These pins function as low-order address/data bus pins (ADO to AD7) in external memory expansion mode.

2.2.5 P50 to P57 (Port 5)
This is an 8-bit input/output port. Besides serving as input/output ports, these pins function as an address bus.
The following operating modes can be specified in 1-bit units.

(1) Port mode
These pins function as an 8-bit input/output port. They can be specified in 1-bit units as input/output ports with
port mode register 5 (PM5). On-chip pull-up resistors can be specified by defining pull-up resistor option register
5 (PU5).

(2) Control mode
These pins function as high-order address bus pins (A8 to A15) in external memory expansion mode.

2.2.6 P64 to P67 (Port 6)

This is an 4-bit input/output port. Besides serving as input/output ports, these pins are used for control in external
memory expansion mode.

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

(1) Port mode
These pins function as a 4-bit input/output port. They can be specified in 1-bit units as input or output ports with
port mode register 6 (PM6). On-chip pull-up resistors can be specified by defining pull-up resistor option register
6 (PU6).

(2) Control mode
These pins function as control signal output pins (RD, WR, WAIT, ASTB) in external memory expansion mode.

Caution  When external wait is not used in external memory expansion mode, P66 can be used as an
input/output port.
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CHAPTER 2 PIN FUNCTION

2.2.7 P70to P77 (Port 7)

This is an 8-bit input/output port. Besides serving as input/output ports, these pins function as the serial data input/
output, serial clock input/output, and clock output of the serial interface.

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

(1) Port mode
These pins function as an 8-bit input/output port. They can be specified in 1-bit units as input or output ports
with port mode register 7 (PM7). On-chip pull-up resistors can be specified by defining pull-up resistor option
register 7 (PU7).

(2) Control mode
These pins function as serial data input/output, serial clock input/output, and clock output of the serial interface.

(a) SDIO30
The serial interface serial data input/output pin.

(b) SCK30
The serial interface serial clock input/output pin.

(c) RxDO, TxDO
The asynchronous serial interface serial data input/output pin.

(d) ASCKO
The asynchronous serial interface serial clock input pin.

(e) PCL
The clock output pin.
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2.2.8 P80 to P84 (Port 8)

This is a 5-bit input/output port. Besides serving as input/output ports, these pins function as the data input/output,
clock input/output, automatic transmission/reception busy input, and strobe output of serial interface.

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

(1) Port mode
These pins function as a 5-bit input/output port. They can be specified in 1-bit units as an input or output ports
with port mode register 8 (PM8). On-chip pull-up resistors can be specified by defining pull-up resistor option
register 8 (PU8).

(2) Control mode
These pins function as the serial interface data input/output, clock input/output, busy input for automatic
transmission/reception, and strobe output.

(@) SI1, so1
The serial interface serial data input/output pins.

(b) SCK1
The serial interface serial clock input/output pin.

(c) BUSY
The serial interface automatic transmission/reception busy input pin.

(d) STB
The serial interface automatic transmission/reception strobe output pin.

2.2.9 P90 to P92 (Port 9)

This is a 3-bit input/output port. Besides serving as serial interface input/output ports, these pins function as the
data input/output and clock input/output.

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

(1) Port mode
These pins function as a 3-bit input/output port. They can be specified in 1-bit units as an input or output ports
with port mode register 9 (PM9). On-chip pull-up resistors can be specified by defining pull-up resistor option
register 9 (PU9).

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

(a) SI31, SO31
The serial interface serial data input/output pins.

(b) SCK31
The serial interface serial clock input/output pin.

2.2.10 ANIO to ANI7
The analog input pin of the A/D converter.
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2.2.11 AVReF
This is an A/D converter reference voltage input pin. This pin is also used for analog power supply.
When no A/D converter is used, connect this pin to Vsso.

2.2.12 AVss
This is a ground voltage pin of A/D converter. Always use the same voltage as that of the Vsso pin even when
no A/D converter is used.

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

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

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

2.2.16 Vooo and Vb1
Vboo is a positive power supply port pin.
Vob1 is a positive power supply pin other than port pin.

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

2.2.18 Vep (flash memory version only)
High-voltage apply pin for flash memory programming mode setting and program write/verify.
Connect directly to Vsso or Vss1 in the normal operating mode.

2.2.19 IC (mask ROM version only)

The IC (Internally Connected) pin is provided to set the test mode to check the pPD780065 Subseries at delivery.
Connect it directly to the Vsso or Vss1 with the shortest possible wire in the normal operating mode.

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

e Connect IC pin to V sso pin or V ss1 pin directly.

VssoorVss1 IC

]

As short as possible
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CHAPTER 2 PIN FUNCTION

2.3 Pin I/O Circuits and Recommended Connections of Unused Pins

The input/output circuit type of each pin and recommended connections of unused pins are shown in Table 2-1.
For the input/output circuit configuration of each type, refer to Figure 2-1.

Table 2-1. Connections of Unused Pins

IC (for mask ROM version)

Vee (for flash memory version)

Pin Name Input/Output Input/Output Recommended Connections of Unused Pins
Circuit Type
POO/INTPO to PO3/INTP3 8-C Input/output Independently connect to Vsso via a resistor.
P04 to PO7
P20/T100/TO0 Independently connect to Vooo or Vsso via a resistor.
P21/T101
P22/T150/TO50
P23/T151/TO51
P24 to P27
P30 to P37
P40/ADO to P47/AD7 5-H Independently connect to Vooo via a resistor.
P50/A8 to P57/A15 Independently connect to Vooo or Vsso via a resistor.
P64/RD
P65/WR
P66/WAIT
P67/ASTB
P70/PCL
P71/ASCKO 8-C
P72/TxD0O 5-H
P73/RxD0O 8-C
P74/SCK30
P75/SDIO30 5-H
P76, P77 8-C
P80/STB 5-H
P81/BUSY 8-C
P82/SCK1
P83/S0O1 5-H
P84/sI1 8-C
P90/SCK31
P91/S0O31 5-H
P92/SI31 8-C
ANIO to ANI7 7-B Input Independently connect to Vooo or Vsso via a resistor.
XT1 16 Connect to Vooo.
XT2 — Leave open.
RESET 2 Input —
AVRer — — Connect to Vsso.
AVss

Directly connect to Vsso or Vssi.
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Figure 2-1. Pin Input/Output Circuits

Type 2

Schmitt-triggered input with hysteresis characteristics

Type 8-C
pullup
enable DO

Vbbo

data mm D | T

output N-ch
disable

Vsso

o@}

Vobo

IN/OUT

Type 5-H

Type 16
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3.1 Memory Space

CHAPTER 3 CPU ARCHITECTURE

uPD780065 Subseries can access 64-Kbyte memory space respectively.
Figures 3-1 and 3-2 show memory maps.

Caution

expansion RAM size switching register (1XS) as follows. Setting the initial value of IMS and IXS

As the initial setting of the program, set the memory size switching register (IMS) and internal

is prohibited.
Memory Size Switching Register (IMS) Internal RAM Size Switching Register (1XS)
HPD780065 CAH 04H
uPD78F0066 CCH or the value corresponding to
mask ROM version
Figure 3-1. Memory Map ( uPD780065)
FFFFH
Special function
registers (SFRs)
256 x 8 bits
FFOOH
FEFFH
General registers
32 x 8 bits
FEEOH
FEDFH
L Internal high-speed RAM _{_
T 1024 x 8 bits T
9FFFH
FBOOH
FAFFH a >~
Reserved 3 Program area x
FAEOH
Data memory FADFH Internal buffer RAM égg?:lr_'
space FACOH 32 x 8 bits
FABFH = =3
Reserved A CALLF entry area x
F800H
F7FFH:_ Internal expansion RAM ggggHH
ES800H [~ 4096 x 8 bits
J E7FFH A Program area >
External memory 0080H
T 18432 x 8 bits 007FH
;’eorg]roarr; AQOOH CALLT table area
9FFFH
space 0040H
003FH
L Internal ROM L
40960 x 8 bits Vector table area
Y 0000H 0000H
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Figure 3-2. Memory Map ( uPD78F0066)

Data memory

space

FFFFH
Special function
registers (SFRs)
256 x 8 hits
FFOOH
FEFFH
General registers
32 x 8 bits
FEEOH
FEDFH
A Internal high-speed RAM |
T 1024 x 8 bits 7
FBOOH
FAFFH
Reserved
FAEOH
FADFH Internal buffer RAM
FACOH 32 x 8 bits
FABFH
Reserved
F800H
FYFFH:_ Internal expansion RAM
ES00H B 4096 x 8 bits
E7FFH
External memory
T 10240 x 8 bits
Z“;’r%ﬁr; COO0O0H
space BFFFH
L Flash memory ,_
T 49152 x 8 bits 7
0000H

Program area

[(4

CALLF entry area

[(4

0080H

Program area

))
({4

007FH

0040H

CALLT table area

003FH

0000H

Vector table area
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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 uPD780065 Subseries products incorporate an internal ROM (or flash memory), as listed below.

Table 3-1. Internal ROM Capacity

Internal ROM
Part Number -
Type Capacity
uPD780065 Mask ROM 40960 x 8 bits (0000H to 9FFFH)
uPD78F0066 Flash Memory | 49152 x 8 bits (0000H to BFFFH)

The internal program memory space is divided into the following three areas.
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(1) Vector table area
The 64-byte area 0000H to 003FH is reserved as a vector table area. The RESET input and program start
addresses for branch upon generation of each interrupt request are stored in the vector table area. Of the 16-
bit address, low-order 8 bits are stored at even addresses and high-order 8 bits are stored at odd addresses.

Table 3-2. Vector Table

Vector Table Address Interrupt Source
0000H RESET input
0004H INTWDT
0006H INTPO
0008H INTP1
000AH INTP2
000CH INTP3
00OEH INTSERO
0010H INTSRO
0012H INTSTO
0014H INTCSI30
0016H INTCSI31
0018H INTCSI1
001AH INTTMOO
001CH INTTMO1
001EH INTTM50
0020H INTTM51
0022H INTWTI
0024H INTWT
0026H INTADO
003EH BRK

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

(3) CALLF instruction entry area
The area 0800H to OFFFH can perform a direct subroutine call with a 2-byte call instruction (CALLF).
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3.1.2 Internal data memory space
The uPD780065 Subseries incorporates the following RAM.

(1) Internal high-speed RAM
The internal high-speed RAM has an 1024 x 8-bit (FBOOH to FEFFH) configuration. Four general-purpose register
banks composed of eight 8-bit registers are allocated to the 32-byte area of FEEOH to FEFFH.
The internal high-speed RAM can also be used as a stack memory.

(2) Internal buffer RAM
An internal buffer RAM is allocated to the 32-byte area of FACOH to FADFH. The internal buffer RAM is used
for storing transmitted/received data to/from the serial interface (S101) (a 3-wire serial /O mode with automatic
transmission/reception function). When the internal buffer RAM is not used in the 3-wire serial I/O mode with
automatic transmission/reception function, it is used as a conventional RAM.

3.1.3 Special Function Register (SFR) area

An on-chip peripheral hardware special-function register (SFR) is allocated to the area FFOOH to FFFFH. (Refer
to 3.2.3 Special Function Register (SFR) Table 3-3. Special Function Register List )

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

The external memory space is accessible via the memory expansion mode register (MEM). The external memory
space can store programs, table data, etc., and allocate peripheral devices.
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3.1.5 Data memory addressing

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

The address of an instruction to be executed next is addressed by the program counter (PC) (for details, see 3.3
Instruction Address Addressing ).

Several addressing modes are provided for addressing the memory relevant to the execution of instructions for
the uPD780065 Subseries, based on operability and other considerations. For areas containing data memory in
particular, special addressing methods designed for the functions of special function registers (SFR) and general-
purpose registers are available for use. Data memory addressing is illustrated in Figures 3-3 and 3-4. For the details
of each addressing mode, see 3.4 Operand Address Addressing

Figure 3-3. Data Memory Addressing ( pPD780065)

FFFFH [}
Special function
registers (SFRs) SFR addressing
256 x 8 bits
FF20H|
FF1FH
FFOOH
FEFFH _ 4
General registers Register addressing .
32 x 8 bits ‘ Short direct

FEEQOH v addressing
FEDFH

L Internal high-speed RAM A

T 1024 x 8 bits T
FE20H{ ]
FELFH
FBOOH Direct addressing
FAFFH

Reserved Register indirect

FAEOH addressing
FADFH Internal buffer RAM Based addressin
FACOH 32 x 8 bits 9
FABFH Reserved Based indexed
FSO0H addressing
F7FFH,.__ Internal expansion RAM L
ES800H B 4096 x 8 bits B
E7FFH

L External memory L

T 18432 x 8 bits i
AOOOH
9FFFH

L Internal ROM A

T 40960 x 8 bits T
0000H
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Figure 3-4. Data Memory Addressing ( pPD78F0066)

FFFFH ]
Special function
registers (SFRs) SFR addressing
256 x 8 bits
FF20H)
FF1FH
FFOOH
FEFFH _ f
General registers Register addressing _
32 x 8 bits # Short direct

FEEQOH v addressing
FEDFH

A Internal high-speed RAM A

T 1024 x 8 bits T
FE20H} ]
FE1FH
FBOOH Direct addressing
FAFFH

Reserved Register indirect

FAEOH addressing
FADFH Internal buffer RAM Based addressin
EACOH 32 x 8 bits g
FABFH Reserved Based indexed
F800H addressing
F7FFH,.__ Internal expansion RAM L
ESOOH [~ 4096 x 8 bits B
E7FFH

L External memory L

B 10240 x 8 bits i

COOOH
BFFFH

L Flash memory A

T 49152 x 8 bits T
0000H Y
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3.2 Processor Registers

The uPD780065 Subseries products incorporate the following processor registers.

3.2.1 Control registers

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

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

)

)

50

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 3-5. Program Counter Format

15 0
PC |Pc15\ PC14\ Pc13\ PC12 \ Pcn\ Pc1o\ PC9 \ PC8 \ PC7 \ Pce\ Pcs\ PC4 \ Pc3\ PC2 \ PCl‘ 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 the PSW to 02H.

Figure 3-6. Program Status Word Format

7 0
PSW |IE ‘ z ‘RBSI‘ AC ‘RBSO‘ 0 ‘ ISP‘ CY|

Preliminary User’'s Manual U13420EJ2VOUMO0O



CHAPTER 3 CPU ARCHITECTURE

©)

@

(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 the disable interrupt (DI) state, and only nhon-maskable interrupt request becomes
acknowledgeable. Other interrupt requests are all disabled.

When 1, the IE is set to the enable interrupt (El) state 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
specification flag.

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

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

Register bank select flags (RBS0 and RBS1)

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

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

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

In-service priority flag (ISP)

This flag manages the priority of acknowledgeable maskable vectored interrupts. When this flag is 0, low-
level vectored interrupts request specified with a priority specify flag register (PROL, PROH, PR1L) (refer
to 17.3 (3) Priority Specify Flag Register (PROL, PROH, PR1L) ) are disabled for acknowledgement. When
itis 1, all interrupts are acknowledgeable. Actual request 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.

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 FBOOH to FEFFH can be set as the stack area.

Figure 3-7. Stack Pointer Format

15 0
SP | sp15|sP14] sp13| sP12|spP11|sP10| sPo | sps | sP7 | sPe | sPs| sP4| sP3| sp2| sp1| spo |

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

the stack memory.
Each stack operation saves/resets data as shown in Figures 3-8 and 3-9.
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Caution  Since RESET input makes SP contents undefined, be sure to initialize the SP before instruction
execution.

Figure 3-8. Data to be Saved to Stack Memory

Interrupt and
PUSH rp Instruction CALL, CALLF, and BRK Instructions
CALLT Instructions

SP <SP -3
SP <SP -2 SP <SP -2 SP ?— 3 PC7 to PCO
SP-2 Register pair lower SP-2 PC7 to PCO SP ?— 2 PC15 to PC8
SP t 1 Register pair upper SP t 1 PC15to PC8 SP?— 1 pPSW
STD - JP - S?P -

Figure 3-9. Data to be Restored from Stack Memory

RETI and RETB

POP rp Instruction RET Instruction Instructions
SP = | Register pair lower Sp = PC7 to PCO SPp = PC7 to PCO
SP+1 | Register pair upper SP+1 PC15 to PC8 SP+1 PC15 to PC8
SP=SP +2 SP=SP+2 SP+2 PSW
SP=SP+3

Preliminary User’'s Manual U13420EJ2VOUMO0O




CHAPTER 3 CPU ARCHITECTURE

3.2.2 General registers

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

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

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

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

Figure 3-10. 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
BANKS3 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
Cc
FEE8H
A
BANKS3 AX
X
FEEOH
15 0 7 0
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3.2.3 Special Function Register (SFR)

Unlike a general register, each special-function register has special functions.

It is allocated in the FFOOH to FFFFH area.

The special-function register can be manipulated like the general register, with the operation, transfer and bit

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

54

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. It is a reserved word in the RA78K/0, and is defined
via the header file “sfrbit.h” in the CC78K/0. When using the RA78K/0, ID78K0-NS, ID78K0, or SM78K0,
symbols can be written as an instruction operand.

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)

Manipulatable Bit Unit

Address Special-Function Register (SFR) Name Symbol R/IW 1 bit 8 bits 16 bits After Reset
FFOOH Port0 PO R/W v v — OOH
FFO2H Port2 P2 v v —
FFO3H Port3 P3 v v —
FFO4H Port4 P4 v v — Undefined
FFO5H Port5 P5 v v —
FFO6H Port6 P6 v v —
FFO7H Port7 P7 v v — 00OH
FFO8H Port8 P8 v v —
FFO9H Port9 P9 v v —
FFOAH Capture/compare register 00 CROO — — v Undefined
FFOBH
FFOCH Capture/compare register 01 CRO1 — — v
FFODH
FFOEH 16-bit timer/counter O T™MO R — — v 0000H
FFOFH
FF10H 8-bit compare register 50 CR50 R/W — v — Undefined
FF11H 8-bit compare register 51 CR51 — v —
FF12H 8-bit counter 50 TM5 | TM50 R — v v 00H
FF13H 8-bit counter 51 TM51 — v
FF15H A/D conversion result register ADCRO — v —
FF17H Serial 1/0O shift register 1 SI01 R/W — v — Undefined
FF18H Serial 1/O shift register 30 S1030 — v —
FF19H Serial 1/0O shift register 31 SI031 — v —
FF1AH Transmit shift register TXS0 w — v — FFH

| Receive buffer register | F R0 | R | — | v | — ]
FF20H Port mode register 0 PMO R/W v v —
FF22H Port mode register 2 PM2 v v —
FF23H Port mode register 3 PM3 v v —
FF24H Port mode register 4 PM4 v v —
FF25H Port mode register 5 PM5 v v —
FF26H Port mode register 6 PM6 v v —
FF27H Port mode register 7 PM7 v v —
FF28H Port mode register 8 PM8 v v —
FF29H Port mode register 9 PM9 v v —
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Table 3-3. Special-Function Register List (2/3)

Manipulatable Bit Unit

Address Special-Function Register (SFR) Name Symbol R/W 1 bit 8 bits | 16 bits After Reset
FF30H Pull-up resistor option register 0 PUO R/W v v — 00H
FF32H Pull-up resistor option register 2 PU2 v v —

FF33H Pull-up resistor option register 3 PU3 v v —
FF34H Pull-up resistor option register 4 PU4 v v —
FF35H Pull-up resistor option register 5 PU5S v v —
FF36H Pull-up resistor option register 6 PU6 v v —
FF37H Pull-up resistor option register 7 PU7 v v —
FF38H Pull-up resistor option register 8 PU8S v v —
FF39H Pull-up resistor option register 9 PU9 v v —
FF40H Clock output selection register CKS v v —
FF41H Watch timer mode control register WTM v v —
FF42H Watchdog timer clock selection register WDCS — v —
FF47H Memory expansion mode register MEM v v —
FF48H External interrupt rising edge enable register EGP v v —
FF49H External interrupt falling edge enable register EGN v v —
FF60H 16-bit timer mode control register TMCO v v —
FF61H Prescaler mode register PRMO — v —
FF62H Capture/compare control register 0 CRCO v v —
FF63H 16-bit timer output control register 0 TOCO v v —
FF68H Serial operation mode register 1 CSIM1 v v —
FF69H Automatic data transmission/reception ADTCO v v —
control register
FF6AH Automatic data transmission/reception ADTPO — v —
address pointer
FF6BH Automatic data transmission/reception ADTIO v v —
interval specification register
FF70H 8-bit timer mode control register 50 TMC50 v v — 04H
FF71H Timer clock selection register 50 TCL50 — v — 00OH
FF74H 8-bit timer mode control register 51 TMC51 v v — 04H
FF75H Timer clock selection register 51 TCL51 — v — 00OH
FF80H A/D converter mode register ADMO v v —
FF81H Analog input channel specification register ADSO — v —
FFAOH Asynchronous serial interface mode register ASIMO v v —
FFA1H Asynchronous serial interface status register ASISO R — v —
FFA2H Baud rate generator control register BRGCO R/W — v —
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Table 3-3. Special-Function Register List (3/3)

Manipulatable Bit Unit

Address Special-Function Register (SFR) Name Symbol R/W 1 bit 8 bits | 16 bits After Reset
FFBOH Serial operation mode register 30 CSIM30 RIW v v — 00H
FFB1H Serial operation mode register 31 CSIM31 v v —

FFDOH External access areaNote 1 v Vv — Undefined
!

FFDFH

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

FFE1H Interrupt request flag register OH IFOH v v

FFE2H Interrupt request flag register 1L IF1L v v —

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

FFESH Interrupt mask flag register OH MKOH v v

FFE6H Interrupt mask flag register 1L MK1L v v —

FFE8H Priority level specification flag register OL PRO | PROL v v v

FFE9H Priority level specification flag register OH PROH v v

FFEAH Priority level specification flag register 1L PR1L v v —

FFFOH Memory size switching register IMS — v — CFHNote 2

FFF4H Internal expansion RAM size switching IXS v v — OCHNote 3

register

FFF8H Memory expansion wait setting register MM v — 10H

FFFOH Watchdog timer mode register WDTM v — 00OH

FFFAH Oscillation stabilization time selection register| OSTS — v — 04H

FFFBH Processor clock control register PCC v v —

Notes 1. The external access area cannot be accessed by SFR addressing. Access it with the direct addressing

method.

The default is CFH, but be sure to set the value corresponding to each respective product as indicated

below.
uPD780065:

CAH

uPD78F0066: CCH or value for mask ROM version

3. The default is OCH, but always set 04H.
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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 $addrl16 instruction or a conditional branch instruction is executed.

[Nustration]

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 !addr16 or BR 'addrl6 or CALLF !addrl1l instruction is executed.
CALL 'addrl6 and BR !addr16 instructions can be branched to the entire memory space. The CALLF laddrll

instruction is branched to the 0800H to OFFFH area.

[Nustration]
In the case of CALL !addrl6 and BR !addr16 instructions

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

PC

In the case of CALLF !addrl11 instruction

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

PC|]0O O O O 1

Preliminary User’'s Manual U13420EJ2VOUMO0O

59



CHAPTER 3 CPU ARCHITECTURE

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.

[Nustration]

7 6 5 1 0
Operation code 1 1 tas-o 1
15 8 7 6 5 i 10
Effective address 0 0 0 OO OO 0|0 1 0
7 Memory (Table) 0
Low Addr.
Effective address+1 High Addr. T
15 8 7 0
PC
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3.3.4 Register addressing

[Function]
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.

[Nustration]

15 8 7 0

PC
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3.4 Operand Address Addressing

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

3.4.1 Implied addressing

[Function]
The register which functions as an accumulator (A and AX) in the general register is automatically (implicitly)
addressed.
Of the uPD780065 Subseries instruction words, the following instructions employ implied addressing.

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

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

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

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

[Description example]
In the case of MULU X
With an 8-bit x 8-bit 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)
of an instruction word in the registered bank specified with the register bank select flag (RBSO to RBS1).
Register addressing is carried out when an instruction with the following operand format is executed. When
an 8-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

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

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

Operation code 0110001 O|

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 0|

[Nustration]

[0000000 0|

[11111110]

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 RAM and a special-function
register (SFR) are mapped at FE20H to FEFFH and FFOOH to FF1FH, respectively.
Ifthe 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 setto 0. When it is at 00H to 1FH,
bit 8 is set to 1. Refer to the [lllustration] on the next page.

[Operand format]

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

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

Operation code | 0001000 1| OP code
[00110000] 30H (saddr-offset)
[01010000] 50H (immediate data)
[Nustration]
7 0
OP code
saddr-offset ﬁ

Short Direct Memory

Effective Address 11 1 1 1 1 1 |a -

When 8-bit immediate data is 20H to FFH, a =0
When 8-bit immediate data is OOH 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 | 1111011 0| OP code
[00100000] 20H (sfr-offset)
[Nustration]

7 0

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

[Operand format]

Identifier Description

— [DE], [HL]

[Description example]

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

Operation code 10000101
[Nustration]
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.
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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 flag (RBSO and RBS1) and
the sumis 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 |

[0o0o010000]|
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3.4.8 Based indexed addressing

[Function]
The B or C register contents specified in an instruction are added to the contents of the base register, that is,
the HL register pair in an instruction word of the register bank specified with the register bank select flag (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 + B], [HL + C]

[Description example]

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

Operation code 10101011

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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CHAPTER 4 PORT FUNCTIONS

The uPD780065 Subseries products incorporate sixty input/output ports. Figure 4-1 shows the port configuration.
Every portis capable of 1-bit and 8-bit manipulations and can carry out considerably varied control operations. Besides
port functions, the ports can also serve as on-chip hardware input/output pins.

Port 6

Port 7

Port 8

Port 9

Figure 4-1. Port Types
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Table 4-1. Port Functions

Pin Name Function Alterngte
Function
P00 to P03 Port 0 INTPO to INTP3
8-bit input/output port.
Input/output mode can be specified in 1-bit units.
P04 to PO7 An on-chip pull-up resistor can be specified by means of software. —
P20 Port 2 TI00/TOO
P21 8-bit input/output port. TI01
p22 Input/output mode can be specified in 1-bit units. T150/TO50
P23 An on-chip pull-up resistor can be specified by means of software. TI51/TO51
P24 to P27 —
P30 to P37 Port 3 —
8-bit input/output port.
Input/output mode can be specified in 1-bit units.
An on-chip pull-up resistor can be specified by means of software.
P40 to P47 Port 4 ADO to AD7
8-bit input/output port.
Input/output mode can be specified in 1-bit units.
An on-chip pull-up resistor can be specified by means of software.
P50 to P57 Port 5 A8 to A15
8-bit input/output port.
Input/output mode can be specified in 1-bit units.
An on-chip pull-up resistor can be specified by means of software.
P64 Port 6 RD
P65 4-bit input/output port. WR
P66 Input/output mode can‘ be specified in J..-F)it units. WAIT
An on-chip pull-up resistor can be specified by means of software.
P67 ASTB
P70 Port 7 PCL
P71 8-bit input/output port. ASCKO
P72 Input/output mode can be specified in 1-bit units. TXDO
An on-chip pull-up resistor can be specified by means of software.
P73 RxDO
P74 SCK30
P75 SDIO30
P76, P77 —
P80 Port 8 STB
P81 5-bit input/output port. BUSY
P82 Input/output mode can‘ be specified in J..-F)it units. SCKRL
An on-chip pull-up resistor can be specified by means of software.
P83 SO1
P84 Si1
P90 Port 9 SCK31
P91 3-bit input/output port. SO31
Po2 Input/output mode can be specified in 1-bit units. SI31
An on-chip pull-up resistor can be specified by means of software.
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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, 2 to 9)
Pull-up resistor option register (PUm: m =0, 2 to 9)

Port Input/output: 60

Pull-up resistor Software control: 60

4.2.1 Port0

Port 0 is an 8-bit input/output port with output latch. Input mode/output mode can be specified for pins P00 to P07
in 1-bit units with port mode register 0 (PMO0). For pins P00 to P07, an on-chip pull-up resistor can be specified in
6-bit units with pull-up resistor option register 0 (PUO).

This port can also be used as an external interrupt request input.

RESET input sets port 0 to input mode.

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

Caution Because port 0 also serves as an external interrupt request input, when the port function output

mode is specified and the output level is changed, the interrupt request flag is set. Thus, when
the output mode is used, set the interrupt mask flag to 1.
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Figure 4-2. Block Diagram of P00 to P07

POO/INTPO to

Vobo
WRpu
M\
PUOO to PUO7 {>o P-ch
R
O<{ Selector

WRPpoRT
(2]
>
o)
= Output latch
£ (POO to P0O7)
=

WRem

PMO0O to PMO7
N\

PU: Pull-up resistor option register

PM: Port mode register

RD: Port O read signal

WR: Port 0 write signal
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4.2.2 Port 2

Port 2 is an 8-bit input/output port with output latch. Input mode/output mode can be specified for pins P20 to P27

in 1-bit units with port mode register 2 (PM2). For pins P20 to P27, an on-chip pull-up resistor can be specified in

1-bit units with pull-up resistor option register 2 (PU2).
This port can also be used as the timer input/output.

RESET input sets port 2 to input mode.

Figure 4-3 shows a block diagram of port 2.

Figure 4-3.

PU20 to PU27

Block Diagram of P20 to P27

(]

Selector

>

Output latch

(P20 to P27)

WRpu
Y,
RD
»
S
2 | WReporT
®©
£
1.
E
WRpm
Y,

PM20 to PM27

Alternate functions

PU: Pull-up resistor option register

PM: Port mode register
RD: Port 2 read signal
WR: Port 2 write signal
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4.2.3 Port 3

Port 3 is an 8-bit input/output port with output latch. Input mode/output mode can be specified for pins P30 to P37

in 1-bit units with port mode register 3 (PM3). For pins P30 to P37, an on-chip pull-up resistor can be specified in
1-bit units with pull-up resistor option register 3 (PU3).
RESET input sets port 3 to input mode.

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

Figure 4-4. Block Diagram of P30 to P37

PU30 to PU37 {>o

Vobo

P-ch

|
{ Selector

Output latch

(P30 to P37)

PM30 to PM37

WRpu
N\
RD
0
a WRPpoRT
©
=
9]
=
WRpm
N\

PU: Pull-up resistor option register
PM: Port mode register
RD: Port 3 read signal
WR: Port 3 write signal
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4.2.4 Port 4
Port 4 is an 8-bit input/output port with output latch. Input mode/output mode can be specified for pins P40 to P47

in 1-bit units with port mode register 4 (PM4). For pins P40 to P47, a pull-up resistor can be specified in 1-bit units
with pull-up resistor option register 4 (PU4).

This port can also be used as an address/data bus in external memory expansion mode.

RESET input sets port 4 to input mode.

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

Figure 4-5. Block Diagram of P40 to P47

Vooo

WRpu
N\
PU40 to PU47 {>o I P-ch
RD
O<{ Selector
(2]
2 | WReorT
g
5 Output latch o P40/ADO to
£ (P40 to P47) P47/AD7
WRem
PM40 to PM47
N\

PUO: Pull-up resistor option register
PM: Port mode register
RD: Port 4 read signal
WR: Port 4 write signal
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4.2.5 Port5

Port 5 is an 8-bit input/output port with output latch. Input mode/output mode can be specified for pins P50 to P57
in 1-bit units with port mode register 5 (PM5). For pins P50 to P57, an on-chip pull-up resistor can be specified in
1-bit units with pull-up resistor option register 5 (PU5).

This port can also be used as an address bus in external memory expansion mode.

RESET input sets port 5 to input mode.

Figure 4-6 shows a block diagram of port 5.

Figure 4-6. Block Diagram of P50 to P57

Vobo

WRpu
T\
PUS0 to PU57 {>@ I P-ch
RD
O<{ Selector
1)
3
= WRporT
S
L ‘ Output latch o P50/A8 to
= (P50 to P57) P57/A15
WRem
‘ PM50 to PM57
oV

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

Port 6 is a 4-bit input/output port with output latch. Input mode/output mode can be specified for pins P64 to P67

in 1-bit units with port mode register 6 (PM6). For pins P64 to P67, an on-chip pull-up resistor can be specified in

1-bit units with pull-up resistor option register 6 (PU6).
This port can also be used as a control signal output in external memory expansion mode.
RESET input sets port 6 to input mode.
Figure 4-7 shows a block diagram of port 6.

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

Figure 4-7. Block Diagram of P64 to P67

Vobo

WRpu
M\
PU64 to PU67 {>o I P-ch
RD
O<{ Selector
1)
>
2 WRpoRT -
g P64/RD,
Q Output latch o P65/WR,
= (P64 to P67) P66/WAIT,
P67/ASTB
WRem
PM64 to PM67
N\

PU: Pull-up resistor option register
PM: Port mode register
RD: Port 6 read signal
WR: Port 6 write signal

Preliminary User’'s Manual U13420EJ2VOUMO0O

79



CHAPTER 4 PORT FUNCTIONS

4.2.7 Port7

This is an 8-bit input/output port with output latch. Input mode/output mode can be specified for pins P70 to P77
in 1-bit units by means of port mode register 7 (PM7). For pins P70to P77, an on-chip pull-up resistor can be specified
in 1-bit units with pull-up resistor option register 7 (PU7).

This port can also be used as the serial interface serial data input/output, serial clock input/output, and clock output.

RESET input sets the input mode.

Figures 4-8 and 4-9 show block diagrams of port 7.

Figure 4-8. Block Diagram of P70 to P75

Vbbo

WReru
N\
PU70 to PU75 {>@ I P-ch
RD
%) O<—CC Selector
=) |-
o)
© WRpoRT
EE.» P70/PCL,
E ‘ Output latch g;%\s&m
P70 to P75 © xDO,
( ) P73/RxDO,
P74/SCK30,
P75/SDIO30
WRemM
‘ PM70 to PM75
r\‘
Alternate functions

PU: Pull-up resistor option register
PM: Port mode register
RD: Port 7 read signal
WR: Port 7 write signal
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Figure 4-9. Block Diagram of P76 and P77

PU76, PU77 {>Q

]

Vbbo

PU:

PM:

RD:

WR:

WRpu
Y,
RD
1]
=
£ | WRporT
]
£
2 ‘ Output latch
= (P76, P77)
WRpm

—J}—* PM76, PM77

Pull-up resistor option register

Port mode register

Port 7 read si

gnal

Port 7 write signal
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4.2.8 Port 8

This is a 5-bit input/output port with output latch. Input mode/output mode can be specified for pins P80 to P84
in 1-bit units with port mode register 8 (PM8). For pins P80 to P84, an on-chip pull-up resistor can be specified in
1-bit units by means of pull-up resistor option register 8 (PU8).

This port can also be used as the serial interface serial data input/output, serial clock input/output, automatic
transmission/reception busy input, and strobe output.

RESET input sets the input mode.
Figure 4-10 shows a block diagram of port 8.

Figure 4-10. Block Diagram of P80 to P84

Vobo

WRruo
M\
PUSO to PU84 {>Q I P-ch
RD
. O<{ Selector .
=)
o
§ WRproRT
@ P80/STB,
E Output latch P81/BUSY,
(P80 to P84) O P82/SCK1,
P83/S01,
P84/SI1
WRemM
PM80 to PM84
N\
Alternate functions

PU: Pull-up resistor option register
PM: Port mode register
RD: Port 8 read signal
WR: Port 8 write signal
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4.29 Port9

This is a 3-bit input/output port with output latches. Input mode/output mode can be specified for pins P90 to P92
in 1-bit units with port mode register 9 (PM9). For pins P90 to P92, an on-chip pull-up resistor can be specified in
1-bit units with pull-up resistor option register 9 (PU9).

This port can also be used as the serial interface serial data input/output, and serial clock input/output.

RESET input sets the input mode.
Figure 4-11 shows a block diagram of port 9.

Figure 4-11. Block Diagram of P90 to P92

Vbbo
WReru
N\
PU9O to PU92 {>@ I P-ch
RD
- O<—CC Selector
S [~
o)
© WRpoRT
£
L _
= Output latch P90/SCK31,
(P90 to P92) + ——© P91/S031,
P92/SI31
WRemM
PM90 to PM92
N\
Alternate functions

PU: Pull-up resistor option register
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 PM9)
¢ Pull-up resistor option register (PUO, PU2 to PU9)

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

Caution  Asport0 has an alternate function as an external interrupt input, when the port function output
mode is specified and the output level is changed, the interrupt request flag is set. When the
output mode is used, therefore, the interrupt mask flag should be set to 1 beforehand.
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Address:

Symbol
PMO

Address:

Symbol
PM2

Address:

Symbol
PM3

Address:

Symbol
PM4

Address:

Symbol
PM5

Address:

Symbol
PM6

Address:

Symbol
PM7

Address:

Symbol
PM8

Address:

Symbol
PM9

Figure 4-12. Format of Port Mode Registers (PMO, PM2 to PM9)

FF20H After Reset: FFH R/W

7 6 5 4 3 2 1 0
PMO7 PMO06 PMO5 PMO04 PMO3 PMO02 PMO1 PMOO
FF22H After Reset: FFH R/W
7 6 5 4 3 2 1 0
PM27 PM26 PM25 PM24 PM23 PM22 PM21 PM20
FF23H After Reset: FFH R/W
7 6 5 4 3 2 1 0
PM37 PM36 PM35 PM34 PM33 PM32 PM31 PM30
FF24H After Reset: FFH R/W
7 6 5 4 3 2 1 0
PM47 PM46 PM45 PM44 PM43 PM42 PM41 PM40
FF25H After Reset: FFH R/W
7 6 5 4 3 2 1 0
PM57 PM56 PM55 PM54 PM53 PM52 PM51 PM50
FF26H After Reset: FFH R/W
7 6 5 4 3 2 1 0
PM67 PM66 PM65 PM64 1 1 1 1
FF27H After Reset: FFH R/W
7 6 5 4 3 2 1 0
PM77 PM76 PM75 PM74 PM73 PM72 PM71 PM70
FF28H After Reset: FFH R/W
7 6 5 4 3 2 1 0
1 1 1 PM84 PM83 PM82 PM81 PM80
FF29H After Reset: FFH R/W
7 6 5 4 3 2 1 0
1 1 1 1 1 PM92 PM91 PM90
PMmn Pmn pin input/output mode select (m=0,2t09:n=01t0 7)
0 Output Mode (Output buffer on)
1 Input Mode (Output buffer off)
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* (2) Pull-up resistor option registers (PUO, PU2 to PU9)
This register is used to set whether to use an internal pull-up resistor at each port or not. An on-chip pull-up
resistor for each port pin can be specified by setting PUO, and PU2 to PU9.
PUO and PU2 to PU9 are set with a 1-bit or 8-bit memory manipulation instruction.
RESET input sets this register to 00H.

Caution  When an on-chip pull-up resistor is used, even if output mode is set, the pull-up resistor will

not be cut off.
To use in output mode, set the corresponding pull-up resistor option registers to 0.
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Figure 4-13. Format of Pull-Up Resistor Option Registers (PUO, PU2 to PU9)

Address: FF30H After Reset: 00H R/W
Symbol 7 6 5 4 3 2 1 0

PUO PUO7 PUO6 PUO5 PU0O4 PUO3 PUO2 PUO1 PUOO

Address: FF32H After Reset: 00H R/W
Symbol 7 6 5 4 3 2 1 0

PU2 PU27 PU26 PU25 PU24 PU23 PU22 PU21 PU20

Address: FF33H After Reset: 00H R/W
Symbol 7 6 5 4 3 2 1 0

PU3 PU37 PU36 PU35 PU34 PU33 PU32 PU31 PU30

Address: FF34H After Reset: 00H R/W
Symbol 7 6 5 4 3 2 1 0

PU4 PU47 PU46 PU45 PU44 PU43 PU42 PU41 PU40

Address: FF35H After Reset: 00H R/W
Symbol 7 6 5 4 3 2 1 0

PUS PU57 PU56 PU55 PU54 PU53 PU52 PU51 PUS50

Address: FF36H After Reset: 00H R/W
Symbol 7 6 5 4 3 2 1 0

PU6 PUG7 PUG6 PUG5 PUG4 0 0 0 0

Address: FF37H After Reset: 00H R/W
Symbol 7 6 5 4 3 2 1 0

PU7 PU77 PU76 PU75 PU74 PU73 PU72 PU71 PU70

Address: FF38H After Reset: 00H R/W
Symbol 7 6 5 4 3 2 1 0

PU8 0 0 0 PU84 PUB3 PU82 PU81 PUBO

Address: FF39H After Reset: 00H R/W

Symbol 7 6 5 4 3 2 1 0
PU9 0 0 0 0 0 PU92 PU91 PU90
PUmn Pmn pin internal pull-up resistor select(m=0,2t09:n=0to 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

)

)

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.

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
port is accessed as an 8-bit unit. Therefore, on a port with a mixture of input and output pins,
the output latch contents for pins specified as input are undefined except for the manipulated
bit.

4.4.2 Reading from input/output port

)

)

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

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

@

)

88

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.

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
port is accessed as an 8-bit unit. Therefore, on a port with a mixture of input and output pins,
the output latch contents for pins specified as input are undefined, even for bits other than
the manipulated bit.
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5.1 Clock Generator Functions

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

(1) Main system clock oscillator
This circuit oscillates at frequencies of 1 to 8.38 MHz. Oscillation can be stopped by executing the STOP
instruction or setting the processor clock control register (PCC).

(2) Subsystem clock oscillator
The circuit oscillates ata frequency of 32.768 kHz. Oscillation cannot be stopped. If the subsystem clock oscillator
is not used, the internal feedback resistor can be disabled by the processor clock control register (PCC). This
enables to reduce the power dissipation in the STOP mode.

5.2 Clock Generator Configuration

The clock generator consists of the following hardware.

Table 5-1. Clock Generator Configuration

Iltem Configuration

Control register Processor clock control register (PCC)

Oscillator Main system clock oscillator
Subsystem clock oscillator
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Figure 5-1. Clock Generator Block Diagram

FRC
XT1@———| Subsystem | ¢, Watch timer
clock
XT2©@——— oscillator gluot(r:alfn
Prescaler function
1/2
Clock to
X1©@——={ Main system peripheral
clock Prescaler fa hardware
X2@—— oscillator fx 2
2 22| 23| 2 -
§ Standby Wait
® | control |- control #CfPU clock
] circuit l circuit (feru)
To INTPO
sampling
clock
3
STOP MCC | FRC | CLS | CSS |PCC2|PCC1|PCCO
Processor clock control register
(PCC)
Internal bus S
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5.3 Clock Generator Control Register

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

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

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

RESET input sets the PCC to 04H.

Figure 5-2. Subsystem Clock Feedback Resistor

FRC

P-ch
Feedback resistor m D@

>

XT1 XT2
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Figure 5-3. Format of Processor Clock Control Register (PCC)

Address: FFFBH After Reset: 04H  R/wNotel

Symbol (6] 3 2 1 0
PCC | MCC | FRC | CLS | CSs | 0 PCC2 PCC1 PCCO
MCC Main system clock oscillation control Nete 2
0 Oscillation possible
1 Oscillation stopped
FRC Subsystem clock feedback resistor select
0 Internal feedback resistor used
1 Internal feedback resistor not used
CLS CPU clock status
0 Main system clock
1 Subsystem clock
CSsS PCC2 PCC1 PCCO CPU clock (fcru) select
0 0 0 0 fx
0 0 1 fx/2
0 1 0 fx/22
0 1 1 fx/23
1 0 0 fxi24
1 0 0 0 fxr/2
0 0 1
0 1 0
0 1 1
1 0 0
Other than above Setting prohibited

Notes 1. Bit5 is Read Only.
2. Whenthe CPU is operating on the subsystem clock, MCC should be used to stop the main system clock
oscillation. A STOP instruction should not be used.

Cautions 1. Bit 3 must be set to 0.
2. When the external clock is input, MCC should not be set.

This is because the X2 pin is connected to V  bp1 via a pull-up resistor.

Remarks 1. fx: Main system clock oscillation frequency
2. fxt: Subsystem clock oscillation frequency
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The fastest instructions of yPD780065 Subseries are carried out in 2 CPU clocks. The relationship of CPU clock
(fcpu) and minimum instruction execution time is shown in Table 5-2.

Table 5-2. Relationship of CPU Clock and Min. Instruction Execution Time

CPU Clock (fcru) Min. Instruction Execution Time: 2/(fcpu)
fx 0.24 us
fx2 0.48 us
x22 0.95 us
fx23 1.91 us
fx24 3.81 us
fxr2 122 us

fx = 8.38 MHz, fxt = 32.768 kHz
fx:  Main system clock oscillation frequency
fxt: Subsystem clock oscillation frequency

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-phase 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

IC External

|
1—| IT X1 clock X1
|
|
e
|
Vssi 1 —] |—L X2 UPD74HCU04

[ER X2

Crystal resonator or
ceramic resonator

Caution Do not execute the STOP instruction and do not set MCC [bit 7 of processor clock control
register (PCC)] to 1 if an external clock is input. This is because when the STOP instruction or
MCC is set to 1, the main system clock operation stops and the X2 pin is connected to V pD1 Via
a pull-up resistor.
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5.4.2 Subsystem clock oscillator

The subsystem clock oscillator oscillates with a crystal resonator (standard: 32.768 kHz) connected to the XT1
and XT2 pins.

External clocks can be input to the main system clock oscillator. In this case, input a clock signal to the XT1 pin
and an inverted-phase clock signal to the XT2 pin.

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

Figure 5-5. External Circuit of Subsystem Clock Oscillator

(a) Crystal oscillation (b) External clock
T External
| Il XT1 clock XT1
J 32.768
F < Kz PD74HCUO04

! u

Vst | +—] |>ng XT2
L

Cautions are listed on the next page.
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Cautions 1. When using the main system clock oscillator and a subsystem clock oscillator, carry out

Remark

wiring in the broken line area in Figures 5-4 and 5-5 to prevent any effects from wiring

capacitance.

* Minimize the wiring length.

« Do not allow wiring to intersect with other signal lines. Do not route the wiring in the
vicinity of a line through which a high-fluctuating current flows.

« Always keep the ground of the capacitor of the oscillation circuit at the same potential as
Vssi. Do not ground a capacitor to a ground pattern where high-current flows.

« Do not fetch signals from the oscillator.

Take special note of the fact that the subsystem clock oscillator is a circuit with low-level
amplification so that current consumption is maintained at low levels.

Figure 5-6 shows examples of incorrect oscillator connection.

Figure 5-6. Examples of Incorrect Oscillator Connection (1/2)

(@) Too long wiring (b) Crossed signal line
PORTN
(n=0,2t09)

IC X1 X2 IC X1 X2

10 Sl

))
U

777 Vss1 777 V\ss1

When using a subsystem clock, replace X1 and X2 with XT1 and XT2, respectively. Further, insert

resistors in series on the side of XT2.
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Figure 5-6. Examples of Incorrect Oscillator Connection (2/2)
(c) Wiring near high alternating current (d) Current flowing through ground line of

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

Vbbo

Pmn
X2

X2

W A
T .5 ]

r A s c
T Veas Vs 7-7-£ High current

High current

(e) Signals are fetched

777 Vssi

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

Cautions 2. When X2 and XT1 are wired in parallel, the cross-talk noise of X2 may increase with XT1,
resulting in malfunctioning.
To prevent that from occurring, it is recommended to wire X2 and XT1 so that they are not
in parallel, and to connect the IC pin between X2 and XT1 directly to V ssi.
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5.4.3 Scaler
The scaler divides the main system clock oscillator output (fx) and generates various clocks.

5.4.4 When no subsystem clocks are used
Ifitis not necessary to use subsystem clocks for low power consumption operations and clock operations, connect
the XT1 and XT2 pins as follows.

XT1: Connect to Vbbo
XT2: Open

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

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

the standby mode.

Main system clock  fx
Subsystem clock  fxr

CPU clock  fcpu

Clock to peripheral hardware

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

(PCC).

@)

(b)

(©)

(d)

(e)

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

pin.

With the main system clock selected, one of the five CPU clock types (0.24 us. 0.48 us, 0.95 us, 1.91 us, 3.81
Us, @ 8.38-MHz operation) can be selected by setting the PCC.

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

The PCC can be used to select the subsystem clock and to operate the system with low-current consumption
(122 pus @ 32.768-kHz operation).

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

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

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

(b) Ifbit7 (MCC) of the PCC is set to 1 when operated with the main system clock, the main system clock oscillation
does not stop. When bit4 (CSS) of the PCC is set to 1 and the operation is switched to subsystem clock operation
(CLS = 1) after that, the main system clock oscillation stops (see Figure 5-7).

Figure 5-7. Main System Clock Stop Function (1/2)

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

MCC

CSS

CLS

Main system clock oscillation

Subsystem clock oscillation J | | | | | | | | | | |

CPU clock |||||||||||iﬂ>|||||

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

MCC

CSS L

CLS L

Oscillation does not stop.
Main system clock oscillation

Subsystem clock oscillation J | | | | | | | | | | |

CPU clock ||||||||||||||||||||||||
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Figure 5-7. Main System Clock Stop Function (2/2)

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

MCC | \

CSS

CLS

Main system clock oscillation

Subsystem clock oscillation

CPU clock |||||||||||iﬂ>|||||

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

(@) The minimum instruction execution time remains constant (122 us @ 32.768-kHz operation) irrespective of bits
0 to 2 (PCCO to PCC2) of the PCC.

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

5.6.1 Time required for switchover between system clock and CPU clock

The system clock and CPU clock can be switched over by means of bits 0 to 2 (PCCO0 to PCC2) and bit 4 (CSS)
of the processor clock control register (PCC).

The actual switchover operation is not performed directly after writing to the PCC, but operation continues on the
pre-switchover clock for several instructions (see Table 5-3).

Determination as to whether the system is operating on the main system clock or the subsystem clock is performed
by bit 5 (CLS) of the PCC register.

100 Preliminary User’s Manual U13420EJ2VOUMO0



CHAPTER 5 CLOCK GENERATOR

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

Set Value before

Set Value after Switchover

Switchover

CSS |PCC2|PCC1|PCCO| CSS [PCC2(PCCL|PCCO| CSS[PCC2|PCC1PCCO| CSS |PCC2|PCC1|PCCO| CSS |PCC2| PCCL{PCCO| CSS [PCC2|PCCL{PCCO| CSS |PCC2|PCCL|PCCO)

ofofofjo|jO|O]j]Oj]1T]|]O]|]O]|]1T|O|O|O|21|2]|O0]|2|0]|0]|1]|x]|x]|x

0 0 0 0 16 instructions 16 instructions 16 instructions 16 instructions fx/2fxt instruction

(77 instructions)

0 0 1 8 instructions 8 instructions 8 instructions 8 instructions fx/4fxt instruction

(39 instructions)

o110 4 instructions 4 instructions 4 instructions 4 instructions fx/8fxt instruction

(20 instructions)
0 1 1 2 instructions 2 instructions 2 instructions 2 instructions fx/16fxT instruction

(10 instructions)
1 0 0 1 instruction 1 instruction 1 instruction 1 instruction fx/32fxt instruction

(5 instructions)

1| x X X 1 instruction 1 instruction 1 instruction 1 instruction 1 instruction

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

Caution

Selection of the CPU clock cycle scaling factor (PCCO to PCC2) and switchover from the main
system clock to the subsystem clock (changing CSS from 0 to 1) should notbe set simultaneously.
Simultaneous setting is possible, however, for selection of the CPU clock cycle scaling factor
(PCCO0 to PCC2) and switch over from the subsystem clock to the main system clock (changing
CSS from 1 to 0).
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5.6.2 System clock and CPU clock switching procedure
This section describes switching procedure between the system clock and CPU clock.

Interrupt request signal

<1>

<2>

<3>

<4>

Figure 5-8. System Clock and CPU Clock Switching

RESET I_I

e

System clock ‘ ‘ fx ‘ fx fxt fx

CPU clock ‘ ‘ ‘ Lowest- ‘ Highest- Subsystem High-speed
speed speed clock operation
operation operation operation

Wait (15.6 ms: @8.38-MHz operation)

Internal reset operation

The CPU is reset by setting the RESET signal to low level after power-on. After that, when reset is released

by setting the RESET signal to high level, main system clock starts oscillation. At this time, oscillation
stabilization time (2'7/fx) is secured automatically.

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

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

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

Upon detection of Vob voltage reset due to an interrupt, 0 is set to the MCC and oscillation of the main system
clock is started. After the lapse of time required for stabilization of oscillation, the PCC is rewritten and the
maximum-speed operation is resumed.

Caution  When subsystem clock is being operated while the main system clock is stopped, if switching

102

to the main system clock is done again, be sure to switch after securing oscillation stabilization
time by software.
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6.1 Outline of Timer Integrated in uPD780065 Subseries

In this chapter, the 16-bit timer/event counter is described. The timers integrated in the pPD780065 Subseries are
outlined below.

(1) 16-bit timer/event counter (TMO)
The TMO can be used as an interval timer, pulse widths measurement (infrared ray remote control receive
function), external event counter, PPG output, square wave output of any frequency, or one-shot pulse output.

(2) 8-hit timer/event counter (TM5)
The TM5 can be used to serve as an interval timer, an external event counter, to output square wave output with
any selected frequency, and PWM output. Two 8-bit timer/event counters can be used as one 16-bit timer/event
counter (See CHAPTER 7 8-BIT TIMER/EVENT COUNTER).

(3) Watch timer (WT)
This timer can set a flag every 0.5 sec. or 0.25 sec. and simultaneously generate an interrupt request at the preset
time intervals (See CHAPTER 8 WATCH TIMER).

(4) Watchdog timer (WDT)
The watchdog timer can also be used to generate a non-maskable interrupt request, maskable interrupt request,
or RESET signal at the preset time intervals (See CHAPTER 9 WATCHDOG TIMER).

(5) Clock output control circuit (CKU)

The clock output circuit supplies other devices with the divided main system clock and the subsystem clock (See
CHAPTER 10 CLOCK OUTPUT CONTROL CIRCUITS).
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Table 6-1. Timer/Event Counter Operations

16-bit Timer/ 8-bit Timer/ . .
Event Counter Event Counter Watch Timer Watchdog Timer
Operation | Interval timer 1 channel 2 channels 1 channe|Notel 1 channelNote2
Mode External event counter v v — —
Function Timer output v v — —
PPG output v — — —
PWM output — v — —
Pulse width measurement v — — —
Square-wave output v v — —
One-shot pulse output v — — —
Interrupt request v v v v

Notes 1. The watch timer can perform both watch timer and interval timer functions at the same time.
2. WDTM can perform either the watchdog timer function or the interval timer function.

6.2 16-Bit Timer/Event Counter Functions

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

e Interval timer

* PPG output

¢ Pulse width measurement
e External event counter

e Square-wave output

« One-shot pulse output

Figure 6-1 shows 16-bit timer/event counter block diagram.

104
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Figure 6-1. 16-Bit Timer/Event Counter Block Diagram

S Internal bus S

Capture/compare control
register 0 (CRCO)

S
. | | I—||§| INTTMOO
’g‘l?rlnsf % 16-bit timer capture/ 2
TI01/P21 ©——— ation é compare register 00 (CR00)
circuit ‘ ‘
Coincidence
fx —=
fx/22 —={ 8 —L
£x/26 2 16-bit timer/counter O Clear
3| (TMO) ~[Clear Output TOO/TIOO0!
— control  |—©
[ — ontrol P20
gll?rlnsie Coincidence circult
3_ .| -
2 nation| |2
circuit
J Nose 16-bit i ture/
elimi- -bit timer capture,
TI00/TO0/P20 @ nation compare register 01 (CR01)
circuit 5
‘ ‘ 5 INTTMO1
©
[%2]
CRC02
PRM01PRMOQ [rmcosTmcozTmcol ovro| [ospT [osPE [Toco4| Lvso | Lvro [Tocol] TOEO|
Prescaler mode %gn?rlg}lge[srtg?%e 16-bit timer output control
register 0 (PRMO) (TMCO) ! register 0 (TOCO)
q Internal bus

(1) Interval timer
TMO generates interrupt request at the preset time interval.

(2) PPG output
TMO can output a square wave whose frequency and output pulse can be set freely.

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

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

(5) Square-wave output
TMO can output a square wave with any selected frequency.

(6) One-shot pulse output
TMO is able to output one-shot pulse which can set any width of output pulse.
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6.3 16-Bit Timer/Event Counter Configuration
16-bit timer/event counter consists of the following hardware.

Table 6-2. 16-Bit Timer/Event Counter Configuration

Item Configuration

Timer register 16 bits x 1 (TMO)

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

Timer output 1 (TOO0)

Control register 16-bit timer mode control register 0 (TMCO)
Capture/compare control register 0 (CRCO0)
16-bit timer output control register 0 (TOCO)
Prescaler mode register 0 (PRMO)

Port mode register 2 (PM2)Note

Note See Block Diagram of Figure 4-3 P20 to P27.

(1) 16-hit timer/counter 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, input of the count clock is temporarily stopped, and the count value at that point is read.
The count value is reset to 0000H in the following cases:

<1> At RESET input

<2> If TMCO03 and TMCO2 are cleared

<3> If valid edge of TIOO is input in the clear & start mode by inputting valid edge of TI00

<4> |f TMO and CROO coincide with each other in the clear & start mode on coincidence between TM0 and CRO0
<5> OSPT is set in the one-shot pulse output mode

106 Preliminary User’s Manual U13420EJ2VOUMO0



CHAPTER 6 16-BIT TIMER/EVENT COUNTER

(2) 16-hit timer capture/compare register 00 (CR00)

CROO is a 16-bit register which has the functions of both a capture register and a compare register. Whether
itis used as a capture register or as a compare register is set by bit 0 (CRCO00) of capture/compare control register

0 (CRCO).

When C

The value set in the CROO is constantly compared with the 16-bit timer/counter 0 (TMO) count value, and an
interrupt request (INTTMOO) is generated if they match. It can also be used as the register which holds the
interval time then TMO is set to interval timer operation, and as the register which sets the pulse width in the

ROO is used as a compare register

PWM operating mode.

When C

Itis possible to select the valid edge of the TI00/TOO0/P20 pin or the TI01/P21 pin as the capture trigger. Setting

ROO is used as a capture register

of the TI0O or TI01 valid edge is performed by means of prescaler mode register 0 (PRMO).

If CROO is specified as a capture register and capture trigger is specified to be the valid edge of the TIO0O/TO0/
P20 pin, the situation is as shown in Table 6-3. On the other hand, when capture trigger is specified to be

the valid edge of the TI01/P21 pin, the situation is as shown in Table 6-4.

Table 6-3. TI00/TO0/P20 Pin Valid Edge and Capture/Compare Register Capture Trigger

ESO1 ESO00 TI00/TO0/P20 Pin Valid Edge CROO0 Capture Trigger CRO1 Capture Trigger
0 0 Falling edge Rising edge Rising edge
0 1 Rising edge Falling edge Falling edge
1 0 Setting prohibited Setting prohibited Setting prohibited
1 1 Both rising and falling edges No capture operation Both rising and falling edges
Table 6-4. TI01/P21 Pin Valid Edge and Capture/Compare Register Capture Trigger
ES11 ES10 TI01/P21 Pin Valid Edge CROO0 Capture Trigger
0 0 Falling edge Falling edge
0 1 Rising edge Rising edge
1 0 Setting prohibited Setting prohibited
1 1 Both rising and falling edges Both rising and falling edges

CROO is set by a 16-bit memory manipulation instruction.
After RESET input, the value of CROO is undefined.

Cautions 1. Set a value other than 0000H in CR00. This means 1-pulse count operation cannot be

performed when CROO is used as an event counter. However, in the free-running mode and
in the clear mode using the valid edge of TI00, if 0000H is set to CR0O, an interrupt request
(INTTMOO) is generated following overflow (FFFFH).

2. When P20 is used as the valid edge of TI0O0, it cannot be used as timer output (TOO).
Moreover, when P20 is used as TOO, it cannot be used as the valid edge of TI00.
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(3) 16-bit timer capture/compare register 01 (CRO1)
CRO01 is a 16-bit register which has the functions of both a capture register and a compare register. Whether it is
used as a capture register or acompare register is set by bit 2 (CRC02) of capture/compare control register 0 (CRCO).

¢ When CROL1 is used as a compare register
The value set in the CRO1 is constantly compared with the 16-bit timer/counter 0 (TMO) count value, and an
interrupt request (INTTMOL1) is generated if they match.

< When CROL1 is used as a capture register
It is possible to select the valid edge of the TIO0O/TO0/P20 pin as the capture trigger (refer to Table 6-3). The
TI00/TOO0/P20 valid edge is set by means of prescaler mode register 0 (PRMO).

CROL1 is set with a 16-bit memory manipulation instruction.
After RESET input, the value of CRO1 is undefined.

Caution  Setotherthan 0000H to CR0O1. This means 1-pulse count operation cannot be performed when
CRO1 is used as the event counter. However, in the free-running mode and in the clear mode
using the valid edge of TIOO, if 0000H is set to CRO1, an interrupt request (INTTMO1) is
generated following overflow (FFFFH).

6.4 Registers to Control 16-Bit Timer/Event Counter
The following five types of registers are used to control the 16-bit timer/event counter.

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

« Port mode register 2 (PM2)

(1) 16-bit timer mode control register 0 (TMCDO)
This register sets the 16-bit timer operating mode, the 16-bit timer/counter 0 (TMO) clear mode, and output timing,
and detects an overflow.
TMCO is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input sets TMCO value to 00H.

Caution  The 16-bit timer/counter 0 (TMO) starts operation at the moment a value other than 0, O

(operation stop mode) is set in TMCO02 to TMCO03, respectively. Set 0, 0 in TMCO02 to TMCO03
to stop the operation.
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Figure 6-2. Format of 16-Bit Timer Mode Control Register 0 (TMCO0)

Address FF60H  After reset: O0OH R/W

Symbol 7 6 5 4 1 [0
TMCO| O 0 0 0 |TMC03|TMC02|TMCO01|OVFO
TMCO03 | TMCO02 | TMCO01 Operating mode ) TOO output timing selection Interrupt request generation
and clear mode selection

0 0 0 Operation stop No change Not generated

0 0 1 (TMO cleared to 0)

0 1 0 Free running mode Match between TMO and Generated on match
CROO or match between TMO | between TMO and CROO, or
and CRO1 match between TMO and

0 1 1 Match between TMO and CRO1
CRO00, match between TMO
and CRO1 or TIOO valid edge

1 0 0 Clear & start on TI100 valid —

1 0 1 edge

1 1 0 Clear & start on match Match between TMO and

between TMO and CR0OO CROO0 or match between TMO
and CRO1

1 1 1 Match between TMO and
CRO00, match between TMO
and CRO1 or TIOO valid edge

OVFO0 TMO overflow detection

0 Overflow not detected

Overflow detected

Cautions 1. Timer operation must be stopped before writing to bits other than the OVFO flag.
2. Set the valid edge of the TI00/TOO0/P20 pin with prescaler mode register 0 (PRMO).

3.

Remarks 1.

o s w

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

TOO:
TIOO:
TMO:
CROO:
CRO1:

16-bit timer/event counter output pin

16-bit timer/event counter input pin

16-bit timer/counter O
Compare register 00
Compare register 01
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(2) Capture/compare control register 0 (CRCO0)
This register controls the operation of the capture/compare registers (CR00, CR01).
CRCO is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input sets CRCO value to O0H.

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

Address: FF62H After reset: O0H R/W

Symbol 7 6 5 4 3 2 1 0
CRCO 0 0 0 0 0 CRCO02 CRCO1 CRCO00
CRCO02 CRO1 operating mode selection
0 Operates as compare register
1 Operates as capture register
CRCO1 CROO capture trigger selection
0 Captures on valid edge of TI01
1 Captures on valid edge of TI00 by reverse phase
CRCO00 CROON operating mode selection
0 Operates as compare register
1 Operates as capture register

Cautions 1. Timer operation must be stopped before setting CRCO.
2. When clear & start mode on a match between TM0 and CROO is selected with the 16-bit timer
mode control register 0 (TMCO0), CR00 should not be specified as a capture register.
3. If both the rising and falling edges have been selected as the valid edges of TI00, capture
is not performed.
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(3) 16-hit timer output control register 0 (TOCO)

This register controls the operation of the 16-bit timer/event counter output control circuit. It sets R-S type flip-
flop (LVO) setting/resetting, output inversion enabling/disabling, 16-bit timer/event counter timer output enabling/
disabling, one-shot pulse output operation enabling/disabling, and output trigger for a one-shot pulse by software.

TOCO is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input sets TOCO value to O0H.
Figure 6-4 shows the TOCO format.

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

Address: FF63H After reset: OOH R/W

Symbol 7 (6] 4 1 (o]
TOCO o | ospt | ospe | Toco4 | Lvso | Lvro | Tocor | TOEO |

OSPT Control of one-shot pulse output trigger by software
0 One-shot pulse trigger not used
1 One-shot pulse trigger used

OSPE One-shot pulse output control
0 Continuous pulse output
1 One-shot pulse outputNote

TOCO04 Timer output F/F control by match of CRO1 and TMO
0 Inversion operation disabled
1 Inversion operation enabled

LVSO LVRO 16-bit timer/event counter timer output F/F status setting
0 0 No change
0 1 Timer output F/F reset (0)
1 0 Timer output F/F set (1)
1 1 Setting prohibited

TOCO1 Timer output F/F control by match of CR0O0 and TMO
0 Inversion operation disabled
1 Inversion operation enabled

TOEO 16-bit timer/event counter output control
0 Output disabled (Output set to level 0)
1 Output enabled

Note One-shot pulse output operates normally only in the free-running mode.

Cautions 1. Timer operation must be stopped before setting TOCO.
2. If LVSO and LVRO are read after data is set, they will be 0.

3. OSPT is cleared automatically after data setting, and will therefore be 0 if read.

4. Be sure not to set (1) OSPT other than in one-shot pulse output mode.
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(4) Prescaler mode register 0 (PRMO)
This register is used to set 16-bit timer/counter 0 (TMO) count clock and T100, TI01 input valid edges.
PRMO is set with an 8-bit memory manipulation instruction.
RESET input sets PRMO value to 00H.

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

Address: FF61H After reset: O0H R/W

Symbol 7 6 5 4 3 2 1 0
PRMO ES11 ES10 ESO1 ESO00 0 0 PRMO1 PRMOO
ES11 ES10 TI01 valid edge selection
0 0 Falling edge
0 1 Rising edge
1 0 Setting prohibited
1 1 Both falling and rising edges

ESO1 ESO00 TI00 valid edge selection
0 0 Falling edge
0 1 Rising edge
1 0 Setting prohibited
1 1 Both falling and rising edges

PRMO1 PRMO0O Count clock selection
0 0 fx (8.38 MHz)
0 1 fx/22 (2.09 MHz)
1 0 fx/26 (131 kHz)
1 1 TI00 valid edgeNote

* Note The external clock needs a pulse more than twice the length of the internal clock (fx/23).

Cautions 1. If the valid edge of TIOO is to be set to the count clock, do not set the clear/start mode and
the capture trigger at the valid edge of TI0O0.
Moreover, do not use the P20/TI00/TOO pins as timer outputs (TOO).
2. Always set data to PRMO after stopping the timer operation.

* 3. To secure capture of the capture trigger, a pulse more than twice the length of the count
clock to be selected is required. When TI00 is high level just after system reset, the falling
edge is detected just after the TMO operation is permitted. Be aware of this if using a pull-
up resistor.

Remarks 1. fx: Main system clock oscillation frequency

2. TIOO, TIO1: 16-bit timer/event counter input pin
3. Figures in parentheses are for operation with fx = 8.38 MHz.
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(5) Port mode register 2 (PM2)
This register sets port 2 input/output in 1-bit units.

When using the P20/TOO0/TI00 pin for timer output, set PM20 and the output latch of P20 to 0.

PM2 is set with a 1-bit or 8-bit memory manipulation instruction.

RESET input sets PM7 value to FFH.

Figure 6-6. Format of Port Mode Register 2 (PM2)

Address: FF22H  After reset: FFH R/W

Symbol 7 6 5

4

3 2 1 0

PM2 |PM27 |PM26 | PM25 | PM24

PM23 (PM22|PM21 | PM20

PM2n P2n pin input/output mode selection (n=0to0 7)

0 Output mode (output buffer ON)

1 Input mode (output buffer OFF)
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6.5 16-Bit Timer/Event Counter Operations

6.5.1 Interval timer operations

Setting 16-bit timer mode control register 0 (TMCO) and capture/compare control register 0 (CRCO0) as shown in
Figure 6-7 allows operation as an interval timer. Interrupt request is generated repeatedly using the count value set
in 16-bit timer capture/compare register 00 (CR00) beforehand as the interval.

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

Count clock of the 16-bit timer/event counter can be selected with bits 0 to 1 (PRMO00, PRMO01) of prescaler mode
register 0 (PRMO).

See 6.6 16-Bit Timer/Event Counter Operating Precautions (2) 16-bit Compare-Register Setting about the
operation when the compare register value is changed during timer count operation.

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

TMC03 TMC02 TMCO01 OVFO

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

\_’_1

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

Clears and starts on coincidence between TM0 and CRO0O.

CRC02 CRCO01 CRCO0

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

L CROO as compare register

Remark 0/1: Setting 0 or 1 allows another function to be used simultaneously with the interval timer. See Figures
6-2 and 6-3.
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Figure 6-8. Interval Timer Configuration Diagram

16-bit timer capture/compare
register 00 (CR0O0)

fx —— ‘ ‘

INTTMOO

fx/22 —
/26—

16-bit timer/counter 0

(TMO) OVFO

Selector

Tioo/Too/P200—| Noise |

elimination
circuit

Clear
circuit

fx/28
Figure 6-9. Timing of Interval Timer Operation

t

|
\<—>
|
|
|

cOuntclockIIIIII JUuUL. Iy L. T
TMO count value OOOOH Xooo1HX :: X N XOOOOHXOOOIHX :: X N XOOOOHXOOOlHX :: X N X
~

\ |
iCount start C‘Iear C]ear !

CROO N N N N
: | | |
INTTMOO |_| |_| l_
! . A A |
! ! Interrupt request ! Interrupt request !
| i acknowledged i acknowledged |
|
TOO ! __ | | - |_
| | | |
| Interval time | Interval time | Interval time |

Remark Interval time = (N + 1) x t: N = 00H to FFH
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6.5.2 PPG output operations

Setting 16-bit timer mode control register 0 (TMCO) and capture/compare control register 0 (CRCO) as shown in
Figure 6-10 allows operation as PPG (Programmable Pulse Generator) output.

In the PPG output operation, square waves are output from the TOO0/TI00/P20 pin with the pulse width and the
cycle that corresponds to the count values set beforehand in 16-bit timer capture/compare register 01 (CR01) and
in 16-bit timer capture/compare register 00 (CR00), respectively.

Figure 6-10. Control Register Settings for PPG Output Operation

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

TMC03 TMC02 TMCO01 OVFO

TMCO| O 0 0 0 1 1 0 0

—r

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

Clears and starts on coincidence between TMO and CRO0O.

CRC02 CRCO01 CRC00

CRCO| O 0 0 0 0 0 x 0

L CRO0O0 as compare register

CRO1 as compare register

(c) 16-bit timer output control register 0 (TOCO)

OSPT OSPE TOC04 LVSO LVRO TOCO1 TOEO

TOCO| O 0 0 1 0/1 | 01 1 1
L L L Enables TOO output

Reverses output on coincidence between TM0 and CR0O0

Specifies initial value of TOO output F/F

Reverse output on coincidence between TMO and CR0O1

Disables one-shot pulse output

Cautions 1. Values in the following range should be set in CR00 and CRO1:
0000H < CRO1 < CROO0 < FFFFH
2. The cycle of the pulse generated through PPG output (CROO setting value + 1) has a duty of
(CRO1 setting value + 1)/(CRO0O setting value + 1).

Remark x: don’t care
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6.5.3 Pulse width measurement operations

It is possible to measure the pulse width of the signals input to the TI00/TO0/P20 pin and TI01/P21 pin using
16-bit timer/counter 0 (TMO).

There are two measurement methods: measuring with TMO used in free-running mode, and measuring by restarting
the timer in synchronization with the edge of the signal input to the TIOO/TO0/P20 pin.

(1) Pulse width measurement with free-running counter and one capture register
When 16-bit timer/counter 0 (TMO) is operated in free-running mode (see register settings in Figure 6-11), and
the edge specified by prescaler mode register 0 (PRMO) is input to the TI00/TOO0/P20 pin, the value of TMO is
taken into 16-bit timer capture/compare register 01 (CR01) and an external interrupt request signal (INTTMO01)
is set.
Any of three edges can be selected—rising, falling, or both edges—specified by means of bits 6 and 7 (ES10
and ES11) of PRMO.
For 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 6-11. Control Register Settings for Pulse Width Measurement with Free-Running Counter
and One Capture Register

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

TMCO03 TMCO02 TMCO01 OVFO

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

—r

Free running mode

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

CRC02 CRCO1 CRCO0

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

L CROO0 as compare register

—— CRO1 as capture register

Remark 0/1: Setting 0 or 1 allows another function to be used simultaneously with pulse width measurement.
See Figures 6-2 and 6-3.
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Figure 6-12. Configuration Diagram for Pulse Width Measurement by Free-Running Counter

fx/22 ——

Selector

/26 ——

16-bit timer/counter 0

(TMO)

16-bit timer capture/compare

TIOO/TO0/P20 ©

register 01 (CRO1)

{}

OVFO

y:

Internal bus

INTTMO1

Figure 6-13. Timing of Pulse Width Measurement Operation by Free-Running Counter
and One Capture Register (with Both Edges Specified)

TMO count value

TIOO pin input

XOOOOHXOOOlHX \\ X I?O XDO+ 1X \ X D1 XDl + 1X \\ XFFFFHXOOOOHX \\ X F)Z X

D

CRO1 capture value \\

hE
— L

INTTMO1

j
al

OVFO \

‘ |
|
. ((

((
T )]
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(D1-DO) xt

(10000H — D1 + D2) x t
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(2) Measurement of two pulse widths with free-running counter
When 16-bit timer/counter 0 (TMO) is operated in free-running mode (see register settings in Figure 6-14), it is
possible to simultaneously measure the pulse widths of the two signals input to the TI00/TO0/P20 pin and the
TI01/P21 pin.
When the edge specified by bits 4 and 5 (ES00 and ES01) of prescaler mode register 0 (PRMO) is input to the
TI00/TOO0/P20 pin, the value of TMO is taken into 16-bit capture/compare register 01 (CR01) and an external
interrupt request signal (INTTMO1) is set.
Also, when the edge specified by bits 6 and 7 (ES10 and ES11) of PRMO is input to the TI01/P21 pin, the value
of TMOis takeninto 16-bit capture/compare register 00 (CR00) and an external interrupt request signal (INTTMOO)
is set.
Any of three edges can be selected—rising, falling, or both edges—as the valid edges for the TIOO/TO0/P20 pin
and the T101/P21 pin specified by means of bits 4 and 5 (ES00 and ES01) and bits 6 and 7 (ES10 and ES11)
of INTMO, respectively.
For TI00/TOO0/P20 pin valid edges detection, sampling is performed at the interval selected by means of the
prescaler mode register 0 (PRMO0), and a capture operation is only performed when a valid level is detected twice,
thus eliminating noise with a short pulse width.

Figure 6-14. Control Register Settings for Measurement of Two Pulse Widths with Free-Running Counter

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

TMCO03 TMCO02 TMCO01 OVFO

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

—r

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

Free-running mode

CRCO02 CRCO01 CRC00

CRCO| © 0 0 0 0 1 0 1

L CROO as capture register

—— Captures valid edge of TI01/P21 pin to CR0O0

—— CROL1 as capture register

Remark 0/1: When these bits are reset to 0 or set to 1, the other functions can be used along with the pulse
width measurement function. For details, see Figures 6-2 and 6-3.
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e Capture operation (Free-Running mode)
Capture register operation in capture trigger input is shown.

Figure 6-15. Capture Operation with Rising Edge Specified

Count clock _| | | | | |

|
T™MO X n-3 X n-2 X n-1 X I"l X n+1 X

TIOO [ A |
Rising edge detection l ! |
l !
CRO1 I n

INTTMO1 | |

Figure 6-16. Timing of Pulse Width Measurement Operation with Free-Running Counter
(with Both Edges Specified)

Count clock |||||||I|||||I||||S(|||||||I|I||||5J_I—
TMO countvalue  J0000H0oo1HY \\XF)O Xoo+ 1 \\Xm Xor+1X || Yerrerfoooo \\XDz XD:2+1XD2+2X \\X D3

TI00 pin input SJ——W " J 3 3 (ﬁl_i_
(T T

.

CRO1 capture value

INTTMO1

B >
Q
)

e

TIO1 pin input |

CROO capture value \J; \\ X D1 \\ \\ X D2+1 \\/

INTTMOO |

OVFO I (0 I (0
)7 )]

|
|
|
(D1-DO) xt | (10000H — D1 + D2) x t
l
|
|
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3

Pulse width measurement with free-running counter and two capture registers

When 16-bit timer/counter 0 (TMO) is operated in free-running mode (see register settings in Figure 6-17), itis
possible to measure the pulse width of the signal input to the TI00//TO0/P20 pin.

When the edge specified by bits 4 and 5 (ES00 and ES01) of prescaler mode register 0 (PRMO) is input to the
TI00/TOO0/P20 pin, the value of TMO is taken into 16-bit timer capture/compare register 01 (CR01) and an external
interrupt request signal (INTTMO1) is set.

Also, on the inverse edge input of that of the capture operation into CRO1, the value of TMO is taken into 16-
bit timer capture/compare register 00 (CR00).

Either of two edges can be selected—rising or falling—as the valid edges for the TIO0O/TOO0/P20 pin specified
by means of hits 4 and 5 (ES00 and ES01) of prescaler mode register 0 (PRMO).

For TIOO/TOO/P20 pin valid edge detection, sampling is performed at the interval selected by means of the
prescaler mode register (PRMO0), and a capture operation is only performed when a valid level is detected twice,
thus eliminating noise with a short pulse width.

Caution If the valid edge of TIOO/TOO0/P20 is specified to be both rising and falling edge,
capture/compare register 00 (CR00) cannot perform the capture operation.

Figure 6-17. Control Register Settings for Pulse Width Measurement with Free-Running Counter and
Two Capture Registers

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

TMCO03 TMCO02 TMCO1 OVFO

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

—r—

Free running mode

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

CRC02 CRCO1 CRCO00

CRCO| O 0 0 0 0 1 1 1

L CROO as capture register

— Captures to CROO at edge reverse
to valid edge of TI00/TO0/P20.

—— CRO01 as capture register

Remark 0/1: Setting 0 or 1 allows another function to be used simultaneously with pulse width measurement.
See the description of the respective control registers for details.
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Figure 6-18. Timing of Pulse Width Measurement Operation by Free-Running Counter
and Two Capture Registers (with Rising Edge Specified)

T™O count value  YoooorfooosHY || X Do Yoo 2} ) X D1 Xor+2f || Keerrroooorf || X D2 Xoz+ 1} 11X st

TI00 pin input ()J_—”'l 3 S J——gq
CRO1 capture value '\ X oo \
\ )

=
| e

INTTMO1 | | | | | | | |
(( ( (( (
)) ) )]

OVFO0 R

CROO capture value

(D3-D2) xt

(4) Pulse width measurement by means of restart

When input of a valid edge to the TIO0O/TO0/P20 pin is detected, the count value of 16-bit timer/counter 0 (TMO)
is taken into 16-bit timer capture/compare register 01 (CR01), and then the pulse width of the signal input to the
TI00/TOO0/P20 pin is measured by clearing TMO and restarting the count (see register settings in Figure 6-19).
The edge specification can be selected from two types, rising and falling edges by bits 4 and 5 (ES00 and ES01)
of the prescaler mode resister 0 (PRMO).

In avalid edge detection, the sampling is performed by a cycle selected by the prescaler mode resistor 0 (PRMO)
and a capture operation is only performed when a valid level is detected twice, thus eliminating noise with a short
pulse width.

Caution If the valid edge of TIOO/TOO/P20 pin is specified to be both rising and falling edges, 16-bit
capture/compare register 00 (CR00) cannot perform the capture operation.
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Figure 6-19. Control Register Settings for Pulse Width Measurement by Means of Restart

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

TMCO03 TMCO02 TMCO1 OVFO

T™MCO| O 0 0 0 1 0 0/1 0

\—‘—1— Clears and starts at valid edge of TIO0/TO0/P20 pin.

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

CRC02 CRCO01 CRCO00

CRCO| O 0 0 0 0 1 1 1

L CROO as capture register

Captures to CROO at edge reverse to valid edge of TI00/TO0/P20.

CROL1 as capture register

Remark 0/1: Setting 0 or 1 allows another function to be used simultaneously with pulse width measurement.
See Figures 6-2 and 6-3.

Figure 6-20. Timing of Pulse Width Measurement Operation by Means of Restart
(with Rising Edge Specified)

Countclock|||||||I|||||I|||I||||||
™o count value  JooooHooorHY || X Do YoooorYooorr b1 X || X D2 Yoooorooozry

|
TI0O pin input | | | | | | |
| |

(
)

CRO1 capture value \\ XDO \\ X D2
\

CRO0O capture value

INTTMO1 ( | | | | B | | |
) )]
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6.5.4 External event counter operation

The external event counter counts the number of external clock pulses to be input to the TIOO/TOO0/P20 pin with
16-bit timer/counter 0 (TMO).

TMO is incremented each time the valid edge specified with the prescaler mode register 0 (PRMO) is input.

When the TMO counted value matches 16-bit timer capture/compare register 00 (CR00) value, TMO is cleared to
0 and the interrupt request signal (INTTMOO) is generated.

Input the value except 0000H to CR00. (Count operation with a pulse cannot be carried out.)

The rising edge, the falling edge, or both edges can be selected with bits 4 and 5 (ES00 and ES01) of prescaler
mode register 0 (PRMO).

Because operation is carried out only after the valid edge is detected twice by sampling at internal clock (fx/23),
noise with short pulse widths can be removed.

Caution  When used as an external event counter, the P20/TI00/TOO pin cannot be used as timer output
(TOO).

Figure 6-21. Control Register Settings in External Event Counter Mode

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

TMC03 TMC02 TMCO1 OVFO

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

\—‘—1— Clears and starts on coincidence between TM0 and CRO0O.

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

CRC02 CRCO1 CRCO00

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

L CROO0 as compare register

Remark 0/1: Setting 0 or 1 allows another function to be used simultaneously with the external event counter.
See Figures 6-2 and 6-3.
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Figure 6-22. External Event Counter Configuration Diagram

16-bit timer capture/compare
register (CR00)

iLCoincidence
INTTMOO
fx — Clear
fx/22 —— 5
/26 % 16-bit timer/counter O (TMO) OVFO
’—. )
£/23 Noise elimination L}
. cireuit T 16-bit timer capture/compare
Valid edge of TIO0O © . register (CRO1)
] Internal bus 2

Figure 6-23. External Event Counter Operation Timings (with Rising Edge Specified)

moopinimpue [ L L L LT LI L. LI L LT LI LIL

|
TMO count value _} 0000 JooorY o002+ 0003 Joooan Jooos] " Tn-2 [ N Yoooor} ooo1rfoooz Jooosn )

CR00 N
|

INTTMOO R I—l

Caution  When reading the external event counter count value, TMO should be read.

6.5.5 Square-wave output operation
A square wave with any selected frequency to be output at intervals of the count value preset to 16-bit timer capture/

compare register 00 (CR00) operates.
The TOO pin output status is reversed at intervals of the count value preset to CR0O0 by setting bit 0 (TOEO) and

bit 1 (TOCO01) of the 16-bit timer output control register 0 (TOCO) to 1. This enables a square wave with any selected

frequency to be output.
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Figure 6-24. Control Register Settings in Square-Wave Output Mode

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

TMCO03 TMCO02 TMCO01 OVF0

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

—t—

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

Clears and starts on coincidence between TMO and CROO.

CRC02 CRCO1 CRC00

CRCO| O 0 0 0 0 o0/1 | 0/1 0

L CRO0O0 as compare register

(c) 16-bit timer output control register 0 (TOCO)

OSPT OSPE TOC04 LVSO LVRO TOCO01 TOEO

TOCO| O 0 0 0 0/1 | 01 1 1
L] L L Enables TOO output.

Reverses output on coincidence between TM0 and CROO.

Specifies initial value of TOO output F/F.

Does not reverse output on coincidence between TMO and CRO1.

Disables one-shot pulse output.

Remark 0/1: Setting 0 or 1 allows another function to be used simultaneously with square-wave output. See
Figures 6-2, 6-3, and 6-4.
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Figure 6-25. Square-Wave Output Operation Timing

coutaock [ LI L. LML LML LI

| |
TMO count value _{ooooHfo00tHfooo2H X1 f N foooonfooosHKooooH  Y'n-1 k' N ) 0000H

CROO N

|
INTTMOO [
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6.5.6 One-shot pulse output operation

It is possible to output one-shot pulses by software trigger.

If 16-bit timer mode control register 0 (TMCO), capture/compare control register 0 (CRCO0), and 16-bit timer output
control register 0 (TOCO) are set as shown in Figure 6-26, and 1 is set in bit 6 (OSPT) of TOCO by software, a one-
shot pulse is output from the TOO/TI00/P20 pin.

By setting 1in OSPT, 16-bit timer/counter 0 (TMO) is cleared and started, and output is activated by the count value
set beforehand in 16-bit timer capture/compare register 01 (CR01). Thereafter, output is inactivated by the count
value set beforehand in 16-bit timer capture/compare register 00 (CR0O0).

TMO continues to operate after one-shot pulse is output. To stop TMO, 00H must be set to TMCO.

Caution  When outputting one-shot pulse, do not set 1 in OSPT. When outputting one-shot pulse again,
do so after the INTTMOO, or interrupt match signal with CRO0O, is generated.
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Figure 6-26. Control Register Settings for One-Shot Pulse Output Operation Using Software Trigger

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

TMC03 TMC02 TMCO1 OVF0

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

\—‘—1— Free-running mode

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

CRC02 CRC01 CRCO00

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

L CRO00 as compare register

CRO1 as compare register

(c) 16-bit timer output control register 0 (TOCO)

OSPT OSPE TOC04 LVSO LVRO TOCO01 TOEO

TOCO| O 0 1 1 0/1 | 01 1 1
L L Enables TOO output.

Reverses output on coincidence between TM0 and CRO0O.

Specifies initial value of TOO output F/F.

Reverses output on coincidence between TMO and CRO1.

Sets one-shot pulse output mode.

Set to 1 for output.

Caution  Values in the following range should be set in CR00 and CROL1.
0000H < CRO1 < CROO < FFFFH

Remark 0/1: Setting 0 or 1 allows another function to be used simultaneously with one-shot pulse output. See
Figures 6-2, 6-3, and 6-4.
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Figure 6-27. Timing of One-Shot Pulse Output Operation Using Software Trigger

Sets OCH to TMCO
(TMO count starts)
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TMO count value _ 00004 XoootHX_ X N >(N+1XX0000HX XX N S(  XwX ™ >(M+1XM+2X

CRO1 set value N N N

|
N
l
CROO set value M M M M
|
|
|

| |
OSPT | [ |

INTTMO1 ] .. |

|
|

INTTMOO 1 ]
|

TOO pin output . L. '_"- I

Caution  The 16-bittimer/counter 0 (TMO) starts operation at the moment a value other than 0, O (operation
stop mode) is set to TMC02 and TMCO3, respectively.
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6.6 16-Bit Timer/Event Counter Operating Precautions
(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 16-bit timer/counter 0 (TMO) is started asynchronously with the count pulse.

Figure 6-28. 16-Bit Timer/Counter 0 (TMQ) Start Timing

Count pulse j \ / \ / \_/_\_/_\_

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

|

Timer start

(2) 16-Bit Compare Register Setting
Set other than 0000H to 16-bit timer capture/compare registers 00, 01 (CR00, CRO01). This means 1-pulse count
operation cannot be performed when it is used as the event counter.

(3) Operation after compare register change during timer count operation
If the value after 16-bit timer capture/compare register 00 (CRO00) is changed is smaller than that of 16-bit timer/
counter 0 (TMO), TMO continues counting, overflows and then restarts counting from 0. Thus, if the value (M)

after CROO change is smaller than that (N) before change, itis necessary to restart the timer after changing CR0O.

Figure 6-29. Timings after Change of Compare Register during Timer Count Operation

comsore /N L
CROO N X \/\/\ M
TMO count value :X -1 X x X \/t)( FFFFH X 0000H X 0001H X 0002H

Remark N>X>M
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(4) Capture register data retention timings
If the valid edge of the TI00/TOO0/P20 pin is input during 16-bit timer capture/compare register 01 (CR01) read,
CRO1 holds data without carrying out capture operation. However, the interrupt request flag (TMIF01) is set upon
detection of the valid edge.

Figure 6-30. Capture Register Data Retention Timing

compuse || | | | L L. L L1 L
TMocount X N X N+1 X N+2 X :: X M X mea Xme2
Edgeinput | [

Interrupt request flag [] [ ]

Capture read signal - [ 1

|
CRO1 interrupt value X X N+1 : X

Capture

(5) Valid edge setting
Set the valid edge of the TIO0/TO0/P20 pin after setting bits 2 and 3 (TMC02 and TMCO03) of 16-bit timer mode
control register 0 (TMCO) to 0, 0, respectively, and then stopping timer operation. Valid edge is set with bits 4
and 5 (ES00 and ESO01) of the prescaler mode register 0 (PRMO).

(6) Re-trigger of one-shot pulse

When outputting one-shot pulse, do not set 1 in OSPT. When outputting one-shot pulse again, output it after
the INTTMOO, or interrupt request match signal with CROO, is generated.
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(7) Operation of OVFO flag

<1> OFVO flag is set to 1 in the following case.

The clear & start mode on match between TMO and CROO is selected.
!
CROO is set to FFFFH.
!
When TMO is counted up from FFFFH to 0000H.

Figure 6-31. Operation Timing of OVFO Flag

Count pulse _l | | | | | | | | I_

CR00 FFFFH

|
T™MO  FFFEH X FFFFH X 0000H X 0001H X

OVFO0

|

|

1

|
INTTMOO [

<2> Even if the OVFO flag is cleared before the next count clock (before TMO becomes 0001H) after the

occurrence of TMO overflow, the OVFO flag is reset newly and clear is disabled.

Contending Operations

<1> The contending operation between the read time of 16-bit timer capture/compare register (CR00/

CRO1) and capture trigger input (CRO0/CRO01 used as capture/register)
Capture/trigger input is prior to the other. The data read from CR0O0/CROL1 is not defined.

The coincidence timing of contending operation between the write period of 16-bit timer capture/
compare register (CRO0/CR01) and 16-bit timer/counter 0 (TMO0) (CRO0/CRO01 used as a compare
register)

The coincidence discriminant is not performed normally. Do not write any data to CRO0/CRO1 near the
coincidence timing.

(9) Timer operation

<1> Even if 16-bit timer/counter 0 (TMO) is read, the value is not captured by 16-bit timer capture/compare

register 01 (CRO1).

Regardless of the CPU’s operation mode, when the timer stops, the external interrupt request input noise
is not eliminated.

One-shot pulse output operates normally only the free-running mode. In the clear & start mode by TMO
and CROO match , no overflow occurs, and therefore one-shot pulse output is not possible.
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(10) Capture operation
If TIOO is specified as the valid edge of the count clock, capture operation by the capture register specified as
the trigger for TI0O is not possible.

(11) Compare operation

<1> When 16-bit timer capture/compare register (CR0O0/CRO01) is overwritten during timer operation, match
interrupt may be generated or clear operation may not be performed normally if that value is close to the
timer value and larger than the timer value.

<2> Capture operation may not be performed for CROO/CRO1 set in compare mode even if a capture trigger
has been input.

(12) Edge detection

<1> Tosecure capture of the capture trigger, a pulse more than twice the length of the count clock to be selected
is required. When TIQO0 is high level just after system reset, the falling edge is detected just after the TMO
operation is permitted. Be aware of this if using pull-up resistors.

<2> The sampling clock for noise elimination differs according to whether the TIO0 valid edge is used as a count
clock or as a capture trigger. Sampling is performed by the count clock selected with fx/23 for the former,
or with prescaler mode register 0 (PRMO) for the latter. Because this counter does not operate until the
valid level is detected twice by sampling the valid edge, short-pulse width noise can be eliminated.
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7.1 8-Bit Timer/Event Counter Functions

)

)

8-bit timer/event counter (TM50, TM51) has the following two modes.

Mode using 8-bit timer/event counters alone (individual mode)
Mode using the cascade connection (16-bit resolution: cascade connection mode)

These two modes are described next.

Mode using 8-bit timer/event counters alone (individual mode)
The timer operates as an 8-bit timer/event counter.
It has the following functions.

« Interval timer

e External event counter
e Square wave output

* PWM output

Mode using the cascade connection (16-bit resolution: cascade connection mode)
The timer operates as a 16-bit timer/event counter by connecting in cascade.

It has the following functions.

¢ Interval timer with 16-bit resolution

« External event counter with 16-bit resolution

¢ Square wave output with 16-bit resolution

Figures 7-1 and 7-2 show 8-bit timer/event counter block diagrams.
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Figure 7-1. 8-Bit Timer/Event Counter 50 Block Diagram
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Figure 7-2. 8-Bit Timer/Event Counter 51 Block Diagram
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7.2 8-Bit Timer/Event Counter Configurations

@

)

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

Table 7-1. 8-Bit Timer/Event Counter Configurations

Item Configuration
Timer register 8-bit counter 5n (TM5n)
Register 8-bit compare register 5n (CR5n)
Timer output 2 (TO5n)

Control register Timer clock select register 5n (TCL5n)
8-bit timer mode control register 5n (TMC5n)

Port mode register 2 (PM2)Note

Note See Block Diagram of Figure 4-3 P20 to P27.

Remark n=0,1

8-bit counter 5n (TM5n: n = 0,1)

TMb5n is an 8-bit read-only register which counts the count pulses.

When count clock starts, a counter is incremented. TM50 and TM51 can be connected in cascade and used
as a 16-bit timer.

When TM50 and TM51 can be connected in cascade and used as a 16-bit timer, they can be read by a 16-bit
memory operation instruction. However, since they are connected by an internal 8-bit bus, TM50 and TM51 are
read separately in two times. Thus, take read during count change into consideration and compare them in two
times reading. When count value is read during operation, count clock input is temporary stopped, and then the
count value is read. In the following situations, count value is set to O0H.

<1> RESET input

<2> When TCEb5n is cleared

<3> When TM5n and CR5n match in clear & start mode if this mode was entered upon match of TM5n and CR5n

values.

Caution In cascade connection mode, the count value is reset to 00OH when the lowest timer TCE5n
is cleared.

Remark n=0,1

8-bit compare register 5n (CR5n: n = 0, 1)

When CR5n is used as a compare resistor, the value set in CR5n is constantly compared with the 8-bit counter
(TM5n) count value, and an interrupt request (INTTM5n) is generated if they match. (Except PWM mode).

It is possible to rewrite the value of CR5n within 00H to FFH during count operation.

When TM50 and TM51 can be connected in cascade and used as a 16-bit timer, CR50 and CR51 operate as
the 16-bit compare register. It compares count value with register value, and if the values are matched, interrupt
request (INTTM50) are generated. INTTM51 interrupt request is also generated at this time. Thus, when TM50
and TM51 are used as cascade connection, mask INTTM51 interrupt request.

Caution  In cascade connection mode, stop the timer operation before setting the data.

Remark n=0,1
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7.3 Registers to Control 8-Bit Timer/Event Counter
The following three types of registers are used to control 8-bit timer/event counters.

« Timer clock select register 5n (TCL5n)
« 8-bit timer mode control register 5n (TMC5n)
« Port mode register 2 (PM2)

n=0,1

(1) Timer clock select register 5n (TCL5n: n = 0, 1)
This register sets count clocks of 8-bit timer/event counter 5n and the valid edge of T150, TI51 input.
TCL5n is set with an 8-bit memory manipulation instruction.
RESET input sets to 00H.

Figure 7-3. Format of Timer Clock Select Register 50 (TCL50)

Address: FF71H  After reset: O0H R/IW

Symbol 7 6 5 4 3 2 1 0
TCL50 0 0 0 0 0 TCL502 TCL501 TCL500
TCL502 TCL501 TCL500 Count clock selection

0 0 0 TI50 Falling edge

0 0 1 TI50 Rising edge

0 1 0 fx (8.38 MHz)

0 1 1 fx/22 (2.09 MHz)

1 0 0 fx/24 (523 kHz)

1 0 1 fx/26 (131 kHz)

1 1 0 fx/28 (32.7 kHz)

1 1 1 fx/210 (8.18 kHz)

Cautions 1. When rewriting TCL50 to other data, stop the timer operation beforehand.
2. Set bits 3to 7 to O.

Remarks 1. When cascade connection is used, the settings of TCL5n0 to TCL5n2 (n =0, 1) are valid only for
the lowermost timer.
2. fx: Main system clock oscillation frequency
3. Figures in parentheses are for operation with fx = 8.38 MHz
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Figure 7-4. Format of Timer Clock Select Register 51 (TCL51)

Address: FF75H  After reset: O0H R/IW

Symbol 7 6 5 4 3 2 1 0
TCL51 0 0 0 0 0 TCL512 TCL511 TCL510
TCL512 TCL511 TCL510 Count clock selection

0 0 0 TI51 Falling edge

0 0 1 TI51 Rising edge

0 1 0 fx/2 (4.19 MHz)

0 1 1 x/23 (1.04 MHz)

1 0 0 fx/25 (261 kHz)

1 0 1 fx/27 (65.4 kHz)

1 1 0 x/29 (16.3 kHz)

1 1 1 fx/211 (4.09 kHz)

Cautions 1. When rewriting TCL51 to other data, stop the timer operation beforehand.
2. Setbit3to7to0.

Remarks 1. When cascade connection is used, the settings of TCL5n0 to TCL5n2 (n =0, 1) are valid only for
the lowermost timer.
2. fx: Main system clock oscillation frequency
3. Figures in parentheses are for operation with fx = 8.38 MHz

(2) 8-bit Timer Mode Control Register 5n (TMC5n: n =0, 1)
TMCb5n is a register which sets up the following six types.

<1> 8-bit counter 5n (TM5n) count operation control

<2> 8-bit counter 5n (TM5n) operating mode selection

<3> Single mode/cascade connection mode selection

<4> Timer output F/F (flip flop) status setting

<5> Active level selection in timer F/F control or PWM (free-running) mode.
<6> Timer output control

TMCb5n is set by a 1-bit memory manipulation instruction or 8-bit memory manipulation instruction.

RESET input sets to 04H.
Figure 7-5 shows the TMC5n format.
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Figure 7-5. Format of 8-Bit Timer Mode Control Register 5n (TMC5n)

Address: FF70H (TMC50) FF74H (TMC51)  After reset: 04H R/W

Symbol 6 5 4 1 0]
TMC5n | TCE5n | TMC5n6 0 TMC5n4 | LVS5n | LVR5n | TMC5n1 | TOE5Nn |

TCE5n TM5n count operation control
0 After cleaning to 0, count operation disabled (prescaler disabled)
1 Count operation start

TMC5n6 TM5n operating mode selection
0 Clear and start mode by matching between TM5n and CR5n
1 PWM (Free-running) mode

TMC5n4 Single mode/cascade connection mode selection
0 Single mode (use the lowest timer)
1 Cascade connection mode (connect to lower timer)

LVS5n LVR5n Timer output F/F status setting
0 0 No change
0 1 Timer output F/F reset (0)
1 0 Timer output F/F set (1)
1 1 Setting prohibited
In other modes (TMC5n6 = 0) In PWM mode (TMC5n6 = 1)
TMC5n1
Timer F/F control Active level selection

0 Inversion operation disabled Active high
1 Inversion operation enabled Active low

TOES5N Timer output control
0 Output disabled (Port mode)
1 Output enabled

Remarks 1. In PWM mode, PWM output will be inactive because of TCE5n = 0.
2. If LVS5n and LVR5n are read after data is set, 0 is read.
3.n=0,1
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(3) Port mode register 2 (PM2)
This register sets port 2 input/output in 1-bit units.
When using the P22/TO50/T150 and P23/T151/TO51 pins for timer output, set PM22, PM23, and output latches

of P22 and P23 to 0.
PM2 is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input sets PM2 to FFH.

Figure 7-6. Format of Port Mode Register 2 (PM2)

Address: FF22H  After reset: FFH R/W

Symbol 7 6 5 4 3 2 1 0
PM2 | PM27 | PM26 | PM25 | PM24 | PM23 | PM22 | PM21 | PM20 |
PM2n P2n pin input/output mode selection (n =0 to 7)
0 Output mode (output buffer ON)
1 Input mode (output buffer OFF)
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7.4 8-Bit Timer/Event Counter Operations

7.4.1 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 5n (CR5n).

When the count values of 8-bit counter 5n (TM5n) match the values set to CR5n, counting continues with the TM5n
values cleared to 0 and the interrupt request signals (INTTM5n) are generated.

The count clock of TM5n can be selected with bits 0 to 2 (TCL5n0 to TCL5n2) of timer clock select register 5n
(TCL5n).

See 7.5 8-bit Timer/Event Counter Caution (2) Operation after compare register change during timer count
operation about the operation when the compare register value is changed during timer count operation.

[Setting]
<1> Set the registers.
e« TCL5n: Select count clock.
¢ CR5n: Compare value
¢ TMC5n: Clear and Start mode by match of TM5n and CR5n.
(TMC5n = 0000xxx0B x = don’t care)
<2> After TCE5n = 1 is set, count operation starts.
<3> |If the values of TM5n and CR5n match, the timer output flip-flop inverts. Also, INTTM5n is generated and
TMb5n is cleared to 00H.
<4> INTTM5n generates repeatedly at the same interval.
Set TCE5n to 0 to stop count operation.

Remark n=0,1
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Figure 7-7. Interval Timer Operation Timings (1/3)

(a) Basic operation

ot
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Remarks 1. Interval time = (N + 1) xt: N = 00H to FFH

2. n=0,1
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Figure 7-7. Interval Timer Operation Timings (2/3)
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Figure 7-7. Interval Timer Operation Timings (3/3)

(d) Operated by CR5n transition (M < N)
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7.4.2 External event counter operation

The external event counter counts the number of external clock pulses to be inputto TI5n by 8-bit counter 5n (TM5n).

TMb5n is incremented each time the valid edge specified with timer clock select register 5n (TCL5n) is input. Either
the rising or falling edge can be selected.

When TM5n counted values match the values of 8-bit compare register 5n (CR5n), TM5n is cleared to 0 and the
interrupt request signal (INTTM5n) are generated.

Whenever the TM5n counted value matches the value of CR5n, INTTM5n is generated.

Remark n=0,1

Figure 7-8. External Event Counter Operation Timings (with Rising Edge Specified)
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n=0,1
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7.4.3. Square-wave output (8-bit resolution) operation

A square wave with any selected frequency is output at intervals of the value preset to the 8-bit compare register
5n (CR5n).

TO5nN pin output status is reversed at intervals of the count value preset to CR5n by setting bit 0 (TOE5n) of 8-
bit timer mode control register 5n (TMC5n) 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 0.
e TCL5n: Select count clock
¢ CRb5n: Compared value
¢ TMC5n: Clear and Start mode by match of TM5n and CR5n

LVS5n | LVR5n Timer output F/F status setting
1 0 High-level output
0 1 Low-level output

Timer output F/F reverse enable
Timer output enable -~ TOE5n =1

<2> After TCE5n = 1 is set, count operation starts

<3> Timer output F/F is reversed by match of TM5n and CR5n. After INTTM5n is generated, TM5n is cleared
to OOH

<4> Timer output F/F is reversed at the same interval and square wave is output from TO5n

Remark n=0,1

Figure 7-9. Square-Wave Output Operation Timing

coutcock [ L LI L T LML L

TMncountvalue _ 0oH J ot { o# Y AN-1X N Joon o Non X Yna N Y ood
JAN
Count start
CR5n N

TO5NNote [ [

Note TO5n output initial value can be set by bits 2 and 3 (LVR5n, LVS5n) of the 8-bit timer mode control register
5n (TMC5n)

Remark n=0,1
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7.4.4 8-bit PWM output operation
The 8-bit timer/event counter operates as PWM output when bit 6 (TMC5n6) of 8-bit timer mode control register
5n (TMCb5n) is set to 1.
The duty rate pulse determined by the value set to 8-bit compare register 5n (CR5n).
Setthe active level width of PWM pulse to CR5n, and the active level can be selected with bit 1 of TMC5n (TMC5n1).
Count clock can be selected with bit 0 to 2 (TCL5n0 to TCL5n2) of timer clock select register 5n (TCL5n).
Enable/disable for PWM output can be selected with bit 0 of TMC5n (TOE5N).

Caution Rewrite of CR5n in PWM mode is allowed only once in a cycle.

Remark n=0,1

(1) PWM output basic operation

[Setting]

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

Set port latch (P72, 73) and port mode register 7 (PM72, PM73) to 0.
Set active level width with 8-bit compare register (CR5n).

Select count clock with timer clock select register 5n (TCL5n).

Set active level with bit 1 of TMC5n (TMC5n1).

Count operation starts when bit 7 of TMCb5n is set to 1.

Set TCE5n to O to stop count operation.

[PWM output operation]

<1>

<2>

<3>

<4>
<5>

PWM output (output from TO5n) 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 CR5n matches the count value of 8-bit counter 5n (TM5n).

After the CR5n matches the count value, PWM output outputs the inactive level again until overflow is
generated.

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

When the count operation is stopped with TCE5n = 0, PWM output comes to inactive level.

Remark n=0,1
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Figure 7-10. PWM Output Operation Timing

(a) Basic operation (active level = H)
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(2) Operated by CR5n transition
Figure 7-11. Timing of Operation by Change of CR5n

(a) CRb5n value transits from N to M before overflow of TM5n
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(b) CR5n value transits from N to M after overflow of TM5n
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(c) CRb5n value transits from N to M between two clocks (O0OH and 01H) after overflow of TM5n
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7.4.5 Interval timer (16-bit) operations

When bit 4 (TMC514) of 8-bit timer mode control register 51 (TM51) is set to 1, the 16-bit resolution timer/counter
mode is entered.

The 8-bit timer/event counter operates as an interval timer which generates interrupt requests repeatedly at
intervals of the count value preset to the 8-bit compare registers (CR50, CR51).

[Setting]
<1> Set each register

TCL50: Select count clock in TM50.

Cascade-connected TM51 need not be selected.
CR50, CR51: Compared value (each value can be set at 00H through FFH)
TMC50, TMC51: Select the clear & start mode by match of TM50 and CR50 (TM51 and CR51).
TM50 - TMC50 = 0000xxx0B x: don’t care
[TMSl - TMC51 = 0001xxx0B x: don’t care]

<2> When TMC51 is set to TCE51 = 1 and then, TCES5O0 is set to TCE50 = 1, count operation starts.
<3> When the values of TM50 and CR50 of cascade-connected timer match, INTTM50 of TM50 is generated.

(TM50 and TM51 are cleared to 00H)
<4> INTTM50 generates repeatedly at the same interval.

Cautions 1. Stop timer operation without fail before setting compare register (CR50, CR51).
2. INTTM51 of TM51 is generated when TM51 count value matches CR51, even if cascade
connection is used. Ensure to mask TM51 to prohibit interrupt.
3. Set TCE50 and TCES51 in a sequential order of TM51 and TM50.
4. Count restart/stop can only be controlled by setting TCE50 of TM50 to 1/0.

Figure 7-12 shows an example of 16-bit resolution cascade connection mode timing.
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Figure 7-12. 16-Bit Resolution Cascade Connection Mode

Count clock MM MMM MMM L L UL LU L LU
LB 13 ) W0 5 O 12 O 2 OO 22 7 03 MO 171 | O W 3

TM51 OOHE 1014 TOHT .. _M1IM 1004 ...1B lQQH
CRS50 | N 1 |
CR51 | M 1 :

TCES0 | | L

TCE51 __| : : g
INTTM50 1 !‘I 1
TO50 | Interval ime i :
| 4 |

Operation permit Interrupt request Operation

Count start generation stop

Level reverse
Counter clear

7.5 8-Bit Timer/Event Counter Cautions
(1) Timer start errors
An error with the maximum of one clock may occur concerning the time required for amatch signal to be generated

after timer start. This is because 8-bit counter 5n (TM5n) is started asynchronously with the count pulse.

Figure 7-13. 8-Bit Counter Start Timing

countpuse __ [ [ [ | [ || [ |

TMS5n count 00H X omH X o02H X 03H X 04H
Timer start

n=0,1
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(2) Operation after compare register transition during timer count operation

3

If the value after 8-bit compare register 5n (CR5n) is transmitted is smaller than the value of 8-bit counter 5n
(TM5n), TM5n continues counting, overflows and then restarts counting from 0. Thus, if the value (M) after CR5n
is smaller than value (N) before transition, it is necessary to restart the timer after transiting CR5n.

Figure 7-14. Timing after Compare Register Transition during Timer Count Operation

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

CR5n N X M

TM5countvalue X x-1 X Xx X X e X oon X _oin_ X ozH

Caution  Except when the TI5n input is selected, always set TCE5n = 0 before setting the stop state.

Remarks 1. N>X>M
2. n=0,1

TM5n (n = 0, 1) reading during timer operation
When reading TM5n during operation, select count clock having high/low level wave form longer than two cycles
of CPU clock because count clock stops temporary. For example, in the case where CPU clock (fcru) is fx, when

the selected count clock is fx/4 or below, it can be read.

Remark n=0,1
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CHAPTER 8 WATCH TIMER

8.1 Watch Timer Functions

The watch timer has the following functions.

« Watch timer
¢ |nterval timer

The watch timer and the interval timer can be used simultaneously.
Figure 8-1 shows the watch timer block diagram.

Figure 8-1. Watch Timer Block Diagram

Clear

fx/27

fw

9-bit prescaler

fw | fw | fw
24| 25| 26

Selector

fxr —

fw | fw
27| 28

5-bit counter

Clear

Selector

[wrmz|wrme| wrms| wrma| wrmz wmo|

Watch timer mode
control register (WTM)

Internal bus
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CHAPTER 8 WATCH TIMER

(1) Watch timer
When the main system clock or subsystem clock is used, interrupt requests (INTWT) are generated at 0.5 second
or 0.25 second intervals.

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

Table 8-1. Interval Timer Interval Time

interval Time When Operated at When Operated at When Operated at
fx = 8.38 MHz fx = 4.19 MHz fxr = 32.768 kHz

211 x 1/fx 24 x 1/fxr | 244 us 489 us 488 us

212 x 1/fx 25 x 1/fxr | 489 us 978 us 977 us

213 x 1/fx 26 x 1/fxr | 978 us 1.96 ms 1.95 ms
214 x 1/ix 27 x 1fxr | 1.96 ms 3.91 ms 3.91 ms
215 x 1/ix 28 x 1fxr | 3.91 ms 7.82 ms 7.81 ms
216 % 1/fx 29 % 1fixr | 7.82 ms 15.6 ms 15.6 ms

Remark fx: Main system clock oscillation frequency
fxt: Subsystem clock oscillation frequency

8.2 Watch Timer Configuration
The watch timer consists of the following hardware.

Table 8-2. 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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8.3 Register to Control Watch Timer
Watch timer mode control register (WTM) is a register to control watch timer.
* Watch timer mode control register (WTM)
This register sets the watch timer count clock, enables/disables operation, prescaler interval time, and 5-bit

counter operation control. WTM is set with an 8-bit memory manipulation instruction.
RESET input sets WTM to O0OH.

Figure 8-2. Format of Watch Timer Mode Control Register (WTM)

Address: FF41H  After reset: O0H R/W

Symbol 7 6 5 4 3 2 [o]
WTM WTM7 WTM6 WTM5 WTM4 0 o | wimi | wimo |
WTM7 Watch timer count clock selection
0 fx/27 (65.4 kHz)
1 fxr (32.768 kHz)
WTM6 WTM5 WTM4 Prescaler interval time selection
0 0 0 2%/fw
0 0 1 25/fw
0 1 0 26/fw
0 1 1 27Ifw
1 0 0 28/fw
1 0 1 29w
Other than above Setting prohibited
WTM1 5-bit counter operation control
0 Clear after operation stop
1 Start
WTMO Watch timer enables operation
0 Operation stop (clear both prescaler and timer)
1 Operation enable

Remarks 1. fw: Watch timer clock frequency (fx/27 or fxt)
2. fx: Main system clock oscillation frequency
3. fxr: Subsystem clock oscillation frequency
4. Figures in parentheses apply to operation with fx = 8.38 MHz, fxr = 32.768 kHz.
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8.4 Watch Timer Operations

8.4.1 Watch timer operation

When the 32.768-kHz subsystem clock or 8.38-MHz main system clock is used, the timer operates as a watch

timer with a 0.5-second or 0.25-second interval.

The watch timer generates an interrupt request (INTWT) at the constant time interval.

When bit 0 (WTMO) and bit 1 (WTM1) of the watch timer mode control register (WTM) is set to 1, the 5-bit counter

is cleared and the count operation stops.

While the interval timer is simultaneously operating, zero-second start only for the watch timer can be achieved

by setting WTM1 to 0. In that case, however, 9-bit prescaler is not cleared, so that an error of 29 x 1/fw at maximum
may occur in the first overflow (INTWT) after the zero-second start of watch timer.

8.4.2 Interval timer operation

The watch timer operates as interval timer which generates interrupt requests (INTWTI) 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 8-3. Interval Timer Interval Time
wims | wims | wma Interval Time When Operated at When Operated at When Operated at
fx = 8.38 MHz fx = 4.19 MHz fxr = 32.768 kHz
0 0 0 24 x 1/fw 244 us 489 us 488 us
0 0 1 25 x 1/fw 489 us 978 us 977 us
0 1 0 26 x 1/fw 978 us 1.96 ms 1.95 ms
0 1 1 27 x 1/fw 1.96 ms 3.91 ms 3.91 ms
1 0 0 28 x 1/fw 3.91 ms 7.82 ms 7.81 ms
1 0 1 29 x 1/fw 7.82 ms 15.6 ms 15.6 ms
Other than above Setting prohibited

Remark fx: Main system clock oscillation frequency
fxt: Subsystem clock oscillation frequency

fw: Watch timer clock frequency
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Figure 8-3. Operation Timing of Watch Timer/Interval Timer

5-bit counter

OH
Overflow Overflow
Start | ;
| |
Count clock M L e
fw/2° ! i ! -T- ‘
Watch timer | '—l h

interrupt INTWT --- ! - ‘

I

| Interrupt time of watch timer (0.5 s)l Interrupt time of watch timer (0.5 s) :

I I
Interval timer |
interrupt INTWTI } !—L--- [ I—L---J_
|

| Interval time
! (T)
|

nxT
Remark fw: Watch timer clock frequency

n: The number of times of interval timer operations
Figures in parentheses are for operation with fw = 32.768 kHz
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CHAPTER 9 WATCHDOG TIMER

9.1 Watchdog Timer Functions
The watchdog timer has the following functions.
* Watchdog timer
* Interval timer

* Oscillation stabilization time selection

Caution Select the watchdog timer mode or the interval timer mode with the watchdog timer mode
register (WDTM). (The watchdog timer and the interval timer cannot be used simultaneously.)

Figure 9-1 shows a block diagram of the watchdog timer.

Figure 9-1. Watchdog Timer Block Diagram

Clock o Divided
fu/28 = inpUt Division clock INTWDT
circuit circuit selection Output
control circuit controller
T —— RESET
RUN Devision mode

selection circuit 3

WDT mode signal

i

[osTs2] 0sTs1]osTso| [wocszlwpeswoeso] | Run [woTma woTm3)

Oscillation stabilization Watchdog timer Watchdog timer
time select register clock select mode register
(OSTS) register (WDCS) (WDTM)
2 Internal bus (

Preliminary User’'s Manual U13420EJ2VOUMO0O

161



CHAPTER 9 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 9-1. Watchdog Timer Runaway Detection Times

Runaway Detection Times

212 x 1/fx (489 us)

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 are for operation with fx = 8.38 MHz

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

Table 9-2. Interval Times

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 are for operation with fx = 8.38 MHz
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9.2 Watchdog Timer Configuration
The watchdog timer consists of the following hardware.

Table 9-3. Watchdog Timer Configuration

Item Configuration

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

Oscillation stabilization time select register (OSTS)

9.3 Registers to Control the Watchdog Timer
The following three types of registers are used to control the watchdog timer.
* Watchdog timer clock select register (WDCS)

* Watchdog timer mode register (WDTM)
¢ Oscillation stabilization time select register (OSTS)
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(1) Watchdog timer clock select register (WDCS)
This register sets overflow time of the watchdog timer and the interval timer.
WDCS is set by an 8-bit memory manipulation instruction.
RESET input sets WDCS to 00H.

Figure 9-2. Format of Watchdog Timer Clock Select Register (WDCS)

Address: FF42H After reset: OOH 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 0 212/fx (489 us)

0 0 1 213/tx (978 pus)

0 1 0 214/tx (1.96 ms)

0 1 1 215/fx (3.91 ms)

1 0 0 216/tx (7.82 ms)

1 0 1 217/tx (15.6 ms)

1 1 0 218/fx (31.3 ms)

1 1 1 220/fx (125 ms)

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

164 Preliminary User’s Manual U13420EJ2VOUMO0



CHAPTER 9 WATCHDOG TIMER

(2) Watchdog timer mode register (WDTM)
This register sets the watchdog timer operating mode and enables/disables counting.
WDTM is set by a 1-bit or 8-bit memory manipulation instruction.
RESET input sets WDTM to OOH.

Figure 9-3. Format of Watchdog Timer Mode Register (WDTM)

Address: FFF9H After reset: O0H R/W

Symbol
WDTM

Notes 1.

Caution

Remark

6 5 4 3 2 1 0

RUN | 0 0 WDTM4 | WDTM3 0 0 0
RUN Watchdog timer operation mode selectionNote 1
0 Count stop
1 Counter is cleared and counting starts
WDTM4 WDTM3 Watchdog timer operation mode selectionNote 2
0 x Interval timer modeNote 3

(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)

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

. Once setto 1, WDTM3 and WDTM4 cannot be cleared to 0 by software.
. The watchdog timer starts operations as the interval timer when 1 is set to RUN.

When 1 is set to RUN so that the watchdog timer is cleared, the actual overflow time is up to
0.5% shorter than the time set by Watchdog Timer Clock Select Register (WDCS).

x: don't care
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Oscillation Stabilization Time Select Register (OSTS)

A register to select oscillation stabilization time from reset time or STOP mode released time to the time when
oscillation is stabilized.

OSTS is set by an 8-bit memory operation instruction.

By RESET input, it is turned into 04H. Thus, when releasing the STOP mode by RESET input, the time required
to release is 2%7/fx.

Figure 9-4. Format of Oscillation Stabilization Time Select Register (OSTS)

Address: FFFAH After reset: 04H R/W

Symbol 7 6 5 4 3 2 1 0
OSTS 0 0 0 0 0 OSTS2 OSTS1 OSTSO0
OSTS2 OSTS1 OSTSO Selection of oscillation stabilization time

0 0 0 212/fx (488 us)

0 0 1 214/tx (1.95 ms)

0 1 0 215/fx (3.91 ms)

0 1 1 216/fx (7.81 ms)

1 0 0 217/tx (15.6 ms)

Other than above Setting prohibited

Remarks 1. fx: Main system clock oscillation frequency
2. Figures in parentheses are for operation with fx = 8.38 MHz
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9.4 Watchdog Timer Operations

9.4.1 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 runaway.

The runaway detection time interval is selected with bits 0 to 2 (WDCSO0 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 by setting RUN to 1. If
RUN is not set to 1 and the runaway detection time is exceeded, system reset or a non-maskable interrupt request
is generated according to WDTM bit 3 (WDTM3) value.

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.

Cautions 1. The actual runaway detection time may be shorter than the set time by a maximum of
0.5%.
2. When the subsystem clock is selected for CPU clock, watchdog timer count operation is
stopped.

Table 9-4. Watchdog Timer Runaway Detection Time

Runaway Detection Time

212 x 1/fx (489 us)

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 are for operation with fx = 8.38 MHz.
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9.4.2 Interval timer operation

The watchdog timer operates as an interval timer which generates interrupt requests 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.

The interval time of interval timer is selected with bits 0 to 2 (WDCSO0 to WDCS2) of the watchdog timer clock select
register (WDCS). When 1 is set to bit 7 (RUN) of WDTM, the watchdog timer operates as the interval timer.

When the watchdog timer operated as the 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,
INTWDT has the highest priority at default.

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

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

2. The interval time just after setting by WDTM may be shorter than the set time by a maximum
of 0.5%.

3. When the subsystem clock is selected for CPU clock, watchdog timer count operation is
stopped.

Table 9-5. Interval Timer Interval Time

Interval Time

212 x 1/fx (489 us)

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 are for operation with fx = 8.38 MHz.
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10.1 Clock Output Control Circuit Functions

The clock output control circuit is intended for carrier output during remote controlled transmission and clock output

for supply to peripheral LSIs. The clock selected with the clock output selection register (CKS) is output.

Figure 10-1 shows the block diagram of clock output control circuits.

fxt

Figure 10-1. Clock Output Control Circuit Block Diagram

fx ——— = Prescaler
8
fx to fx/27

5 Clock
2 [ control |———O PCL/P70
Q@ circuit
[
0

T CLOE

CLOE | CCS3 | CCSs2 | CCs1 | €Cso

1E Clock output selection register (CKS)

Internal bus

)
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10.2 Clock Output Control Circuit Configuration
The clock output control circuits consists of the following hardware.

Table 10-1. Configuration of Clock Output Control Circuits

Item Configuration

Control register Clock output select register (CKS)
Port mode register (PM7)Note

Note See Block Diagram of Figure 4-8. P70 to P73, P75
10.3 Register to Control Clock Output Control Circuit

The following two types of registers are used to control the clock output control circuits.
¢ Clock output select register (CKS)
« Port mode register (PM7)

(1) Clock output select register (CKS)
This register sets output enable/disable for clock output (PCL) and sets the output clock.
CKS is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input sets CKS to 00H.
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Figure 10-2. Format of Clock Output Select Register (CKS)

Address: FF40H After reset: 00H R/W

Symbol 7 6 5 3 2 1 0
CKS 0 0 0 | CLOE | CCS3 CCS2 CCSs1 CCSO0
CLOE PCL output enable/disable setting
0 Stop clock division circuit operation. PCL fixed to low level
1 Enable clock division circuit operation. PCL output enabled.
CCS3 CCS2 CCs1 CCSO0 PCL output clock selection
0 0 0 0 fx (8.38 MHz)
0 0 0 1 fx/2 (4.19 MHz)
0 0 1 0 x/22 (2.09 MHz)
0 0 1 1 fx/23 (1.04 MHz)
0 1 0 0 fx/24 (524 kHz)
0 1 0 1 x/25 (262 kHz)
0 1 1 0 fx/26 (131 kHz)
0 1 1 1 fx/27 (65.5 kHz)
1 0 0 0 fxr (32.768 kHz)
Other than above Setting prohibited

Remarks 1. fx: main system clock oscillation frequency
2. fxr: Subsystem clock oscillation frequency
3. Figures in parentheses are for operation with fx = 8.38 MHz or fxr = 32.768 kHz.

(2) Port mode register (PM7)
This register sets port 7 input/output in 1-bit units.
When using the P70/PCL pin for clock output, set PM70 and the output latch of P70 to O.
PM7 is set by a 1-bit or 8-bit memory manipulation instruction.
RESET input sets PM7 to FFH.

Figure 10-3. Format of Port Mode Register 7 (PM7)

Address: FF27H After reset: FFH R/W

Symbol 7 6 5 4 3 2 1 0
PM7 | PM77 | PM76 | PM75 | PM74 | PM73 | PM72 | PM71 | PM70 |
PM7n P7n pin input/output mode selection (n =0 to 7)
0 Output mode (output buffer ON)
1 Input mode (output buffer OFF)

Preliminary User's Manual U13420EJ2VOUMO00 171



CHAPTER 10 CLOCK OUTPUT CONTROL CIRCUITS

10.4 Clock Output Control Circuit Operations
The clock pulse is output as the following procedure.

<1> Selectthe clock pulse output frequency with bits 0 to 3 (CCSO0 to CCS3) of the clock output selection register
(CKS) (clock pulse output in disabled status).
<2> Set bhit 4 (CLOE) of CKS to 1, and enable clock output.

Remark The clock output control circuit is designed not to output pulses with a small width during output enable/
disable switching of the clock output. As shown in Figure 10-4, be sure to start output from the low period
of the clock (marked with * in the figure). When stopping output, do so after securing high level of the
clock.

Figure 10-4. Remote Control Output Application Example
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11.1 A/D Converter Functions

CHAPTER 11 A/D CONVERTER

A/D converter is an 8-bit resolution converter that converts analog inputs into digital values. It can control up to
8 analog input channels (ANIO to ANI7).
A/D conversion operation is started by setting the A/D converter mode register (ADMO).

Select one channel for analog input from ANIO to ANI7 to perform A/D conversion. A/D conversion operation is
repeated. Each time an A/D conversion operation ends, an interrupt request (INTADOQ) is generated.

Figure 11-1. A/D Converter Block Diagram
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11.2 A/D Converter Configuration

)

&)

©)

4

®)
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The A/D converter consists of the following hardware.

Table 11-1. A/D Converter Configuration

Item Configuration
Analog input 8 channels (ANIO to ANI7)
Registers Successive approximation register (SAR)

A/D conversion result register (ADCRO)

Control register A/D converter mode register (ADMO)
Analog input channel specification register (ADSO)

Successive approximation register (SAR)

This register compares the analog input voltage value to the voltage tap (compare value) 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 held (end of A/D conversion), the SAR contents are transferred to
the A/D conversion result register (ADCRO).

A/D conversion result register (ADCRO)

The ADCRO is an 8-bit register that stores the A/D conversion result. Each time A/D conversion ends, the
conversion result is loaded from the successive approximation register.

ADCRO is read by an 8-bit memory manipulation instruction.

RESET input sets ADCRO to 00H.

Caution  When writing is performed to the A/D converter mode register (ADMO) and analog input
channel specification register (ADSO0), the contents of ADCRO may become undefined. Read
the conversion result following conversion completion before writing to ADMO, ADSO0. Using
a timing other than the above may cause an incorrect conversion result to be read.

Sample & hold circuit
The sample & hold circuit samples each analog input signal 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 connected between AVrer and AVss, and generates a voltage to be compared to
the analog input.
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(6)

7

C)

ANIO to ANI7 pins
These are eight analog input pins to input analog signals to undergo A/D conversion to the A/D converter. ANIO
to ANI7 are alternate-function pins that can also be used for digital input.

Cautions 1. Use ANIO to ANI7 input voltages within the specification range. If a voltage higher than
AVrer or lower than AV ss is applied (even if within the absolute maximum rating range), the
conversion value of that channel will be undefined and the conversion values of other
channels may also be affected.

2. When a digital pulse is applied to a pin adjacent to the pin in the process of A/D conversion,
A/D conversion values may not be obtained as expected due to coupling noise. Thus, do
not apply any pulse to a pin adjacent to the pin in the process of A/D conversion.

AVREer pin

This pin inputs the A/D converter reference voltage. It can also be used as analog power supply.

It converts signals input to ANIO to ANI7 into digital signals according to the voltage applied between AVrer and
AVss.

Caution A series resistor string of approx. 10 k  Q is connected between the AV rer pin and AV ss pin.
Therefore, when the output impedance of the reference voltage is too high, it seems as if the
AVrer pin and the series resistor string are connected in parallel. This may cause a greater
reference voltage error.

AVss pin

This is the GND potential pin of the A/D converter. Always keep it at the same potential as the Vsso pin even
when not using the A/D converter.
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11.3 Registers to Control A/D Converter
The following 2 types of registers are used to control the A/D converter.

« A/D converter mode register (ADMO)
« Analog input channel specification register (ADSO0)

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

Figure 11-2. Format of A/D Converter Mode Register (ADMO0)

Address: FF80H After reset: 00H R/W

Symbol 6 5 4 3 2 1 0
aomMo | ADcso | 0 FRO2 FROL FROO 0 0 0
ADCSO0 A/D conversion operation control
0 Stop conversion operation
1 Enable conversion operation
FRO2 FRO1 FROO Conversion time selectionNote 1

0 0 0 144/fx (17.1 ps)

0 0 1 120/fx (14.3 ps)

0 1 0 96/fx (Setting prohibitedNote 2)

1 0 0 72/fx (Setting prohibitedNote 2)

1 0 1 60/fx (Setting prohibitedNote 2)

1 1 0 48/fx (Setting prohibitedNote 2)

Other than above Setting prohibited

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

Caution  When rewriting FR0O to FR0O2 to other than the same data, stop A/D conversion operations
once prior to performing rewrite.

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

176 Preliminary User's Manual U13420EJ2VOUMO0



CHAPTER 11 A/D CONVERTER

(2) Analog input channel specification register (ADS0)
This register specifies the analog voltage input port for A/D conversion.

ADSO is set by an 8-bit memory manipulation.

RESET input sets ADSO0 to 00H.

Figure 11-3. Format of Analog Input Channel Specification Register (ADSO0)

Address: FF81H After reset: 00H R/W

Symbol 7 6 5 4 3 2 1 0
ADSO 0 0 0 0 0 ADS02 ADSO1 ADSO00
ADS02 ADSO01 ADSO00 Analog input channel specification

0 0 0 ANIO

0 0 1 ANI1

0 1 0 ANI2

0 1 1 ANI3

1 0 0 ANI4

1 0 1 ANIS

1 1 0 ANI6

1 1 1 ANI7
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11.4 A/D Converter Operations

11.4.1 Basic operations of A/D converter

<1>
<2>
<3>

<4>

<5>

<6>

<7>
<8>

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

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.

Bit 7 of the successive approximation register (SAR) is set. The series resistor string voltage tap is set to
(1/2) AVrer by the tap selector.

The voltage difference between the series resistor string voltage tap and analog input is compared by the
voltage comparator. Ifthe analoginputis greater than (1/2) AVrer, the MSB of SAR remains set. Ifthe 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 Bit7 = 1: (3/4) AVrer

e Bit7 =0: (1/4) AFrer

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

« Analog input voltage = Voltage tap: Bit6 =1

¢ Analog input voltage < Voltage tap: Bit6 =0

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 (ADCRO).

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

Caution  The first A/D conversion value just after A/D conversion operations start may not fall within the

178
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A/D converter
operation

SAR

ADCRO

INTADO

Sampling time

Figure 11-4. Basic Operation of A/D Converter

Conversion time

Sampling A/D conversion
COH Conversion
Undefined 80H or result
40H
Conversion
result

|

A/D conversion operations are performed continuously until bit 7 (ADCSO0) of the A/D converter mode register

(ADMO) is reset (0) by software.

If a write operation is performed to the ADMO or the analog input channel specification register (ADSO0) during an
A/D conversion operation, the conversion operation is initialized, and if the ADCSO bit is set (1), conversion starts

again from the beginning.

RESET input sets the A/D conversion result register (ADCRO) to 00H.
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11.4.2 Input voltage and conversion results
The relationship between the analog input voltage input to the analog input pins (ANIO to ANI7) and the A/D
conversion result (stored in the A/D conversion result register (ADCRO0)) is shown by the following expression.

VIN

ADCRO = INT (
VREF

x 256 + 0.5)

or

(ADCRO — 0.5) x ~YREF v/ < (ADCRO + 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
ADCRO: A/D conversion result register (ADCRO) value

Figure 11-5 shows the relationship between the analog input voltage and the A/D conversion result.

Figure 11-5. Relationship between Analog Input Voltage and A/D Conversion Result

255 — 1717 T 1 [ [~ ~~~~

254 -

I
A/ID conversion result |
(ADCRO) |

512 256 512 256 512 256 512 256 512 256 512

Input voltage/AVRrer
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11.4.3 A/D converter operation mode

One analog input channel is selected from among ANIO to ANI7 by the analog input channel specification register
(ADSO0) and start A/D conversion.

When bit 7 (ADCSO0) of the A/D converter mode register (ADMO) is set to 1, A/D conversion of the voltage applied
to the analog input pin specified by the analog input channel specification register (ADSO0) starts.

Upon the end of the A/D conversion, the conversion result is stored in the A/D conversion result register (ADCRO),
and the interrupt request signal (INTADO) 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 ADSO.

If ADSO is rewritten during A/D conversion, the converter suspends A/D conversion and A/D conversion of the
newly selected analog input channel is started.

If data with ADCSO0 set to 0 is written to ADMO during A/D conversion operation, the A/D conversion operation stops

immediately.
Figure 11-6. A/D Conversion
ADMO set .
ADCS0 =1 ADSO rewrite ADCS0=0
A/D conversion ANIn ANIn ANIn ANIm ANIm
—
Conversion suspended;
Conversion results are not stored Stop
ADCRO ANIn ANIn ANIm
INTADO —| —| —|
Remarks 1. n=0,1, ..... .7
2. m=0,1, ... .7
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11.5 A/D Converter Cautions

(1) Current consumption in standby mode
A/D converter stops operating in the standby mode. At thistime, current consumption can be reduced by stopping
the conversion operation (by setting bit 7 (ADCSO0) of the A/D converter mode register (ADMO) to 0).
Figure 11-7 shows how to reduce the current consumption in the standby mode.

Figure 11-7. Example of Method of Reducing Current Consumption in Standby Mode

AVRer

P-ch | o<} ADCS0

Series resistor string

AVss

(2) Input range of ANIO to ANI7
The input voltages of ANIO to ANI7 should be within the specification range. In particular, if a voltage higher
than AVrer or lower than AVss is input (even if within the absolute maximum rating range), the conversion value
of that channel will be undefined and the conversion values of other channels may also be affected.

(3) Contending operations

<1> Contention between A/D conversion result register (ADCRO0) write and ADCRO read by instruction
upon the end of conversion
ADCRO read is given priority. After the read operation, the new conversion result is written to ADCRO.

<2> Contention between ADCRO write and A/D converter mode register (ADMO) write or analog input
channel specification register (ADSQ) write
ADMO or ADSO write is given priority. ADCRO write is not performed, nor is the conversion end interrupt
request signal (INTADO) generated.

182 Preliminary User's Manual U13420EJ2VOUMO00



CHAPTER 11 A/D CONVERTER

4

®)

(6)

Noise countermeasures

To maintain the 8-bit resolution, attention must be paid to noise input to pin AVrer and pins ANIO to ANI7. 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 11-8 to reduce noise.

Figure 11-8. 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 ANI7

C =100 to 1000 pF

’—+

Vobo

AVss

J; Vsso
ANIO to ANI7

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.

AVRer pin input impedance

A series resistor string of approx. 10 kQ is connected between the AVrer pin and the AVss pin.

Therefore, when the output impedance of the reference voltage is too high, it seems as if the AVrer pin and the
series resistor string are connected in parallel. This may cause a greater reference voltage error.
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7

®

C)

Interrupt request flag (ADIFO)

The interrupt request flag (ADIFO) is not cleared even if the analog input channel specification register (ADS0)
is changed.

Therefore, if an analog input pin is changed during A/D conversion, the A/D conversion result and conversion
end interrupt request flag for the pre-change analog input may be set just before the ADSO rewrite. Caution is
therefore required since, at this time, when ADIFO is read immediately just after the ADSO rewrite, ADIFO is 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 ADIFO before the A/D conversion operation is

resumed.
Figure 11-9. A/D Conversion End Interrupt Request Generation Timing
ADMO rewrite ADSO 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
t ‘ ‘ t t
|
|
|
| ?
) | l i
|
1
|
ADCRO ANIn : ANIn ANIm ANIm
|
|
|
1
INTADO
Remarks 1. n=0,1, ...... L7

Conversion results just after A/D conversion start
The first A/D conversion value just after A/D conversion operations start may not fall within the rating. Polling
A/D conversion end interrupt request (INTADO) and take measures such as removing the first conversion results.

A/D conversion result register (ADCRO) read operation

When writing is performed to the A/D converter mode register (ADMQ) and analog input channel specification
register (ADSO0), the contents of ADCRO may become undefined. Read the conversion result following conversion
completion before writing to ADMO, ADSO0. Using a timing other than the above may cause an incorrect conversion
result to be read.
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The uPD780065 Subseries is equipped with four channels of on-chip serial interfaces. The outline of the serial
interfaces are listed in Table 12-1. For details, refer to the respective chapter.

Table 12-1. Outline of On-Chip Serial Interface of the  uPD780065 Subseries

Channel Serial Transfer Mode
UARTO UART (Asynchronous serial interface)
SI01 3-wire serial I/O (Automatic transmission/reception function)

MSB/LSB first switchable

S1030 2-wire serial 1/0
Fixed to MSB first

S1031 3-wire serial I/O
Fixed to MSB first
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CHAPTER 13 SERIAL INTERFACE (UARTO)

13.1 Serial Interface (UARTO) Functions

The serial interface (UARTO) has the following three modes.

)

)

3

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 .

Asynchronous serial interface (UART) mode

This mode enables full-duplex operation wherein one byte of data after the start bit is transmitted and received.
The on-chip baud rate generator dedicated to UART enables communications using a wide range of selectable
baud rates. In addition, a baud rate can also be defined by dividing clocks input to the ASCKO pin.

The UART baud rate generator can also be used to generate a MIDI-standard baud rate (31.25 kbps).

For details, see 13.4.2 Asynchronous serial interface (UART) mode

Infrared data transfer mode
For details, see 13.4.3 Infrared data transfer mode

Figure 13-1 shows a block diagram of the serial interface (UARTO) macro.

Figure 13-1. Serial Interface (UARTO) Block Diagram

S Internal bus S

T T 2\ Asynchronous serial interface

mode register (ASIMO)

El‘f#g:"e TXEO | RXEO | PSO1 | PS00 | CLO | SLO | ISRMO | IRDAMO

register ‘
(RXBO)

/ \ r Asynchronous

serial interface
status register

(ASIS0) \ /
Receive 'srrr%?smit
RXDO/P73 O—{>—1—~ fggfster PEO | FEO | OVED ] register
(RX0) (TXS0)
TxDO/P72©—JI
Receive \
|_.|controller ] INTSERO
(parity
check) [ INTSRO Transmit
controller
(parity [ INTSTO
addition)

Baud rate =+ ASCKO/P71
generator = fx/2 to fx/27
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13.2 Serial Interface (UARTO) Configuration

)

)

©)

4

188

The serial interface (UARTO) includes the following hardware.

Table 13-1. Serial Interface (UARTO) Configuration

Item Configuration

Registers Transmit shift register (TXS0)
Receive shift register (RX0)
Receive buffer register (RXB0)

Control registers Asynchronous serial interface mode register (ASIMO)
Asynchronous serial interface status register (ASIS0)
Baud rate generator control register (BRGCO)

Transmit shift register (TXSO0)

This is the register for setting transmit data. Data written to TXSO0 is transmitted as serial data.

When the data length is set as 7 bits, bits 0 to 6 of the data written to TXSO0 are transferred as transmit data.
Writing data to TXSO starts the transmit operation.

TXSO0 can be written by an 8-bit memory manipulation instruction. It cannot be read.

RESET input sets TXSO0 to FFH.

Caution Do not write to TXSO0 during a transmit operation.
The same address is assigned to TXS0 and the receive buffer register (RXB0). Aread operation
reads values from RXBO.

Receive shift register (RX0)

This register converts serial data input via the RxDO pin to parallel data. When one byte of data is received at
this register, the receive data is transferred to the receive buffer register (RXBO).

RX0 cannot be manipulated directly by a program.

Receive buffer register (RXBO0)

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 (RXO0).

When the data length is set as 7 bits, receive data is sent to bits 0 to 6 of RXBO. In this case, the MSB of RXB0
always becomes 0.

RXBO can be read by an 8-bit memory manipulation instruction. It cannot be written to.

RESET input sets RXBO to FFH.

Caution  The same address is assigned to RXBO and the transmit shift register (TXS0). During a write
operation, values are written to TXSO0.

Transmission control circuit

The transmission control circuit controls transmit operations, such as adding a start bit, parity bit, and stop bit
to data that is written to the transmit shift register (TXSO0), based on the values set to the asynchronous serial
interface mode register (ASIMO).
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(5) Reception control circuit
The reception control circuit controls receive operations based on the values set to the asynchronous serial
interface mode register (ASIMO0). During a receive operation, it performs error checking, such as for parity errors,

and sets various values to the asynchronous serial interface status register (AS1S0) according to the type of error
that is detected.

13.3 Registers to Control Serial Interface (UARTO)
The serial interface (UARTO) uses the following three types of registers for control functions.

« Asynchronous serial interface mode register (ASIMO)
« Asynchronous serial interface status register (ASIS0)
« Baud rate generator control register (BRGCO0)

(1) Asynchronous serial interface mode register (ASIMO)
This is an 8-bit register that controls serial interface (UARTO)’s serial transfer operations.
ASIMO can be set by a 1-bit or 8-bit memory manipulation instruction.
RESET input sets ASIMO to 00H.
Figure 13-2 shows the format of ASIMO.

Caution  InUART mode, set the port mode register (PMXX) as follows. In each case, set the output latch
to 0.
« During receive operation
Set P73 (RxDO0) to input mode (PM73 = 1)
« During transmit operation
Set P72 (TxDO0) to output mode (PM72 = 0)
¢ During transmit/receive operation
Set P73 (RxDO0) to input mode, and P72 to output mode
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190

Symbol
ASIMO

Figure 13-2. Format of Asynchronous Serial Interface Mode Register (ASIMO)

Address: FFAOH After reset: 00H R/W
(6] 5 4 3 2 1 0
| TXEO | RXEO | PS01 PS00 CLO SLO ISRMO IRDAMO
TXEO RXEO Operation mode RxDO0/P73 pin function | TxDO/P72 pin function
0 0 Operation stop Port function (P73) Port function (P72)
0 1 UART mode Serial function (RxDO)
(receive only)
1 0 UART mode Port function (P73) Serial function (TxDO)
(transmit only)
1 1 UART mode Serial function (RxDO)
(transmit and receive)
PSO1 PS00 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
CLO Character length specification
0 7 bits
1 8 bits
SLO Stop bit length specification for transmit data
0 1 bit
1 2 bits
ISRMO Receive completion interrupt control when error occurs
0 Receive completion interrupt request is issued when an error occurs
1 Receive completion interrupt request is not issued when an error occurs
IRDAMO Operation specified for infrared data transfer modeNote 1
0 UART (transmit/receive) mode
1 Infrared data transfer (transmit/receive) modeNote 2

Notes 1.

Caution

The UART/infrared data transfer mode specification is controlled by TXEO and RXEQ.

. Whenusing infrared data transfer mode, be sure to set“10H" to the baud rate generator control register

(BRGCO).

Do not switch the operation mode until the current serial transmit/receive operation has
stopped.
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(2) Asynchronous serial interface status register (ASISO0)
When a receive error occurs during UART mode, this register indicates the type of error.

©)

ASISO can be read by an 8-bit memory manipulation instruction.
RESET input sets ASISO to O0H.

Figure 13-3. Format of Asynchronous Serial Interface Status Register (ASISO0)

Address: FFA1H After reset: 00H R

Symbol 7 6 5 4 3 2 1 0
ASISO 0 0 0 0 0 PEO FEO OVEO
PEO Parity error flag
0 No parity error
0 Parity error
(Incorrect parity bit detected)
FEO Framing error flag
0 No framing error
1 Framing errorNote 1
(Stop bit not detected)
OVEO Overrun error flag
0 No overrun error
1 Overrun errorNote 2
(Next receive operation was completed before data was read from receive buffer register)

Notes 1. Even if a stop bit length is set to two bits by setting bit 2 (SLO) in the asynchronous serial interface
mode register (ASIMO), stop bit detection during a receive operation only applies to a stop bit length

of 1 bit.

2. Besuretoread the contents of the receive buffer register (RXB0) when an overrun error has occurred.

Until the contents of RXBO are read, further overrun errors will occur when receiving data.

Baud rate generator control register (BRGCO)

This register sets the serial clock for serial interface.

BRGCO can be set by an 8-bit memory manipulation instruction.
RESET input sets BRGCO to 00H.

Figure 13-4 shows the format of BRGCO.
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Figure 13-4. Format of Baud Rate Generator Control Register (BRGCO0)

Address: FFA2H After reset: 00H R/W
Symbol 7 6 5 4 3 2 1 0

BRGCO 0 TPS02 TPSO1 TPS00 MDLO3 MDLO2 MDLO1 MDLO0
(fx = 8.38 MHz)

TPS02 TPSO1 TPSO00 Source clock selection for 5-bit counter n
0 0 0 P71/ASCKO 0
0 0 1 fx/2 1
0 1 0 fx/22 2
0 1 1 fx/23 3
1 0 0 fx/i24 4
1 0 1 fx/25 5
1 1 0 fx/28 6
1 1 1 fx/2? 7

MDLO3 MDLO02 MDLO1 MDLOO 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 prohibit —

Cautions 1. Writing to BRGCO during a communication operation may cause abnormal output from the
baud rate generator and disable further communication operations. Therefore, do not write
to BRGCO during a communication operation.

2. Set 10H to BRGCO when using in infrared data transfer mode.

Remarks 1. fsck: Source clock for 5-bit counter

2. n: Value setvia TPS00to TPS02 (0<n<7)
3. ki Value set via MDLOO to MDLO3 (0 < k < 14)
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13.4 Serial Interface (UARTO) Operations
This section explains the three modes of the serial interface (UARTO).

13.4.1 Operation stop mode
Because serial transfer is not performed during this mode, the power consumption can be reduced.
In addition, pins can be used as ordinary ports.

(1) Register settings
Operation stop mode are set by the asynchronous serial interface mode register (ASIMO).
ASIMO can be set by a 1-bit or 8-bit memory manipulation instruction.
RESET input sets ASIMO to 00H.

Address: FFAOH After reset: 00H R/W

Symbol (6] 5 4 3 2 1 0
ASMO | TXEO | RxEO | Pso1 PS00 cLo sLo ISRMO | IRDAMO
TXEO RXEO Operation mode RxDO0/P73 pin function | TxDO/P72 pin function
0 0 Operation stop Port function (P73) Port function (P72)
0 1 UART mode Serial function (RxDO0)
(receive only)
1 0 UART mode Port function (P73) Serial function (TxDO)
(transmit only)
1 1 UART mode Serial function (RxDO)
(transmit and receive)

Caution Do not switch the operation mode until the current serial transmit/receive operation has

stopped.
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13.4.2 Asynchronous serial interface (UART) mode
This mode enables full-duplex operation wherein one byte of data after the start bit is transmitted or received.

The on-chip baud rate generator dedicated to UART enables communications using a wide range of selectable
baud rates.

The UART baud rate generator can also be used to generate a MIDI-standard baud rate (31.25 kbps).

)

194

Register settings
UART mode is set by the asynchronous serial interface mode register (ASIMO0), asynchronous serial interface
status register (ASIS0), and the baud rate generator control register (BRGCO).

(a) Asynchronous serial interface mode register (ASIMO)
ASIMO can be set by a 1-bit or 8-bit memory manipulation instruction.
RESET input sets ASIMO to 00H.

Caution  InUART mode, setthe port mode register (PMXX) as follows. In each case, the output latch
to O.
« During receive operation
Set P73 (RxDO0) to input mode (PM73 = 1)
¢ During transmit operation
Set P72 (TxDO0) to output mode (PM72 = 0)
« During transmit/receive operation
Set P73 (RxDO0) to input mode, and P72 to output mode
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Address: FFAOH After reset: 00H R/W
Symbol (6] 5 4 3 2 1 0
ASIMO | TXEO | RXEO | PSO01 PS00 CLO SLO ISRMO IRDAMO
TXEO RXEO Operation mode RxDO0/P73 pin function | TxDO/P72 pin function
0 0 Operation stop Port function (P73) Port function (P72)
0 1 UART mode Serial function (RxDO)
(receive only)
1 0 UART mode Port function (P73) Serial function (TxDO)
(transmit only)
1 1 UART mode Serial function (RxDO0)
(transmit and receive)
PSO1 PS00 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
CLO Character length specification
0 7 bits
0 8 bits
SLO Stop bit length specification for transmit data
0 1 bit
1 2 bits
ISRMO Receive completion interrupt control when error occurs
0 Receive completion interrupt request is issued when an error occurs
1 Receive completion interrupt request is not issued when an error occurs
IRDAMO Operation specified for infrared data transfer modeNote 1
0 UART (transmit/receive) mode
1 Infrared data transfer (transmit/receive) modeNote 2
Notes 1. The UART/infrared data transfer mode specification is controlled by TXEO and RXEO.
2. When using infrared data transfer mode, be sure to set the baud rate generator control register
(BRGCO) to 10H.
Caution Do not switch the operation mode until the current serial transmit/receive operation has

stopped.
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(b) Asynchronous serial interface status register (ASIS0)
ASISO0 can be read by an 8-bit memory manipulation instruction.
RESET input sets ASISO to O0H.

Address: FFA1H After reset: 00H R

Symbol 7 6 5 4 3 2 1 0
ASISO 0 0 0 0 0 PEO FEO OVEO
PEO Parity error flag
0 No parity error
1 Parity error

(Incorrect parity bit detected)

FEO Framing error flag
0 No framing error
1 Framing errorNote 1

(Stop bit not detected)

OVEO Overrun error flag
0 No overrun error
1 Overrun errorNote 2

(Next receive operation was completed before data was read from receive buffer register

Notes 1. Even ifa stop bitlength is set to two bits by setting bit 2 (SLO) in the asynchronous serial interface
mode register (ASIMO), 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 (RXB0) when an overrun error has
occurred.
Until the contents of RXBO are read, further overrun errors will occur when receiving data.
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(c) Baud rate generator control register (BRGCO)

BRGCO can be set by an 8-bit memory manipulation instruction.
RESET input sets BRGCO to 00H.

Address: FFA2H After reset: 00H R/W

Symbol 7 6 5 4 3 2 1 0
BRGCO 0 TPS02 TPSO01 TPS00 MDLO3 MDLO2 MDLO1 MDLOO
(fx = 8.38 MHz)
TPS02 TPSO1 TPS00 Source clock selection for 5-bit counter n
0 0 0 P71/ASCKO 0
0 0 1 fx/2 1
0 1 0 fx/22 2
0 1 1 fx/23 3
1 0 0 fx/24 4
1 0 1 fx/25 5
1 1 0 fx/28 6
1 1 1 fx/2? 7
MDLO03 MDLO02 MDLO1 MDLOO 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 prohibit —

Cautions 1. Writing to BRGCO during a communication operation may cause abnormal output from
the baud rate generator and disable further communication operations. Therefore, do
not write to BRGCO during a communication operation.

2. Set 10H to BRGCO when using infrared data transfer mode.

Remarks 1. fsck: Source clock for 5-bit counter

2. n: Value set via TPS00 to TPS02 (0<n<7)
3. ki Value set via MDLOO to MDLO3 (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.

« Transmit/receive clock generation for baud rate by using main system clock
The main system clock is divided to generate the transmit/receive clock. The baud rate generated from
the main system clock is determined according to the following formula.

[Baud rate] = K [Hz]

21k + 16)

fx: Main system clock oscillation frequency

n: Value set via TPS00 to TPS02 (0 <n<7)
For details, see Table 13-2.

k: Value set via MDLOO to MDLO3 (0 < k < 14)

Table 13-2 shows the relationship between the 5-bit counter’s source clock assigned to bits 4 to 6 (TPS00
to TPS02) of BRGCO and the “n” value in the above formula.

Table 13-2. Relationship between 5-Bit Counter’s Source Clock and “n” Value

TPS02 TPS01 TPS00 5-Bit Counter’s Source Clock Selected

=}

0 0 0 P71/ASCKO

fx/2

fx/22

fx/23

fx/24

fx/25

fx/26

R|lr|lkRr|r|lo|lo]|o
N~N|lo|lo|sa|lw v |

0
1
1
0
0
1
1

Rrlo|lr|Oo|rRr|O]|r

fx/27

Remark fx: Main system clock oscillation frequency
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« 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 relationship 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. Relationship between Main System Clock and Baud Rate (1/2)

Baud Rate fx = 8.386 MHz fx = 8.000 MHz fx = 7.3728 MHz fx = 5.000 MHz fx = 4.1943 MHz
(bps) BRGCO | ERR (%) | BRGCO | ERR (%) | BRGCO | ERR (%) | BRGCO | ERR (%) | BRGCO | ERR (%)
600 - - — — — — — — 7BH 1.14
1200 7BH 1.10 7AH 0.16 78H 0 70H 1.73 6BH 1.14
2400 6BH 1.10 6AH 0.16 68H 0 60H 1.73 5BH 1.14
4800 5BH 1.10 5AH 0.16 58H 0 50H 1.73 4BH 1.14
9600 4BH 1.10 4AH 0.16 48H 0 40H 1.73 3BH 1.14
19200 3BH 1.10 3AH 0.16 38H 0 30H 1.73 2BH 1.14
31250 31H -1.3 30H 0 2DH 1.70 24H 0 21H -1.3
38400 2BH 1.10 2AH 0.16 28H 0 20H 1.73 1BH 1.14
76800 1BH 1.10 1AH 0.16 18H 0 10H 1.73 — —
115200 12H 1.10 11H 2.12 10H 0 — — — —
Infrared 131031 bps 125000 bps 115200 bps 78125 bps 65536 bps
data
transfer
modeNote

Note The UART/infrared data transfer mode specification is controlled by TXEO and RXEO.
When using the infrared data transfer mode, be sure to set the baud rate generator control register
(BRGCO) as follows.
¢ k=0 (MDLO to MDL3 = 0000)
e n=1(TPS00 to TPSO02 = 001)

Remark fx: Main system clock oscillation frequency

n: Value set via TPS00 to TPS02 (0<n<7)
k: Value set via MDLOO to MDLO3 (0 < k < 14)
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Table 13-3. Relationship between Main System Clock and Baud Rate (2/2)

Baud Rate f = 2.000 MHz fx = 1.000 MHz
(bps) BRGCO | ERR (%) | BRGCO | ERR (%)
75 9AH 0.16 8AH 0.16
100 92H 1.36 82H 1.36
150 8AH 0.16 7AH 0.16
300 7AH 0.16 6AH 0.16
600 6AH 0.16 5AH 0.16
1200 5AH 0.16 4AH 0.16
2400 4AH 0.16 3AH 0.16
4800 3AH 0.16 2AH 0.16
9600 2AH 0.16 1AH 0.16
19200 1AH 0.16 - -
312500 10H 0 - -

Remark fx: Main system clock oscillation frequency

Figure 13-5. Error Tolerance (when k = 0), Including Sampling Errors

Basic timing
(clock cycle T)

High-speed clock
(clock cycle T')
enabling normal
reception

Low-speed clock
(clock cycle T”)
enabling normal
reception

Ideal
sampling
point
32T 64T 256T 288T | 3207 352T
304T 336T
A 4 A 4
\ START DO XjCX o7 \ P sToP
15.5T
\ start [0\ /o7 Y P Ysrop ,
7y - A Sampling error
30.45T 60.9T 304.5T ~|l=-05T
15.5T
\ starT [ DO Xj/ Y o7 Y p sTop
A A A A
33.55T 67.1T 301.95T  3355T

Remark T: 5-bit counter’s source clock cycle

Baud rate error tolerance (when k = 0) =

200

155 100 = 4.8438 (%)
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(2) Communication operations

(a) Data format

Figure 13-6 shows the format of the transmit/receive data.

Figure 13-6. Format of Transmit/Receive Data in Asynchronous Serial Interface

1 data frame

Start
bit

DO

D1

D2

D3

D4

D5

D6

D7

Parity
bit

1 data frame consists of the following bits.

e Start bit

¢ Character bits ... 7 bits or 8 bits

¢ Parity bit

e Stop bit(s) ......

Character bits

Even parity, odd parity, zero parity, or no parity
1 bit or 2 bits

Stop bit

The asynchronous serial interface mode register (ASIMO) 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 low-order 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 ASIMO and the baud rate generator control register (BRGCO) 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 (ASISO0).
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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 bits whose value is 1. The value of the parity bit is as follows.

If the transmit data contains an odd number of bits whose value is 1: the parity bit is “1”
If the transmit data contains an even number of bits whose value is 1: the parity bit is “0”

» During reception
The number of bits whose value is 1 is counted among the transfer data that include a parity bit, and
a parity error occurs when the counted result is an odd number.

(i) Odd parity

» During transmission
The number of bits in transmit data thatincludes a parity bitis controlled so that there is an odd number
of bits whose value is 1. The value of the parity bit is as follows.

If the transmit data contains an odd number of bits whose value is 1: the parity bit is “0”
If the transmit data contains an even number of bits whose value is 1: the parity bit is “1”

« During reception
The number of bits whose value is 1 is counted among the transfer data that include a parity bit, and
a parity error occurs when the counted 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 (TXS0). A start
bit, parity bit, and stop bit(s) are automatically added to the data.

Starting the transmit operation shifts out the data in TXSO0, thereby emptying TXSO0, after which a transmit
completion interrupt request (INTSTO) is issued.

The timing of the transmit completion interrupt request is shown in Figure 13-7.

Figure 13-7. Timing of Asynchronous Serial Interface Transmit Completion Interrupt Request
(i) Stop bit length: 1 bit

TxDO (output) \START/ DO X D1 X D2 gx D6 X D7 XParity/STOPI
|

INTSTO |_|
(i) Stop bit length: 2 bits

TxDO (output) \START/ DO X D1 X D2 X?gx D6 X D7 XParity / Spr |

INTSTO |_|

Caution Do not rewrite to the asynchronous serial interface mode register (ASIMO) during a
transmit operation. Rewriting ASIMO register during a transmit operation may disable
further transmit operations (in such cases, enter a RESET to restore normal operation).
Whether or not a transmit operation is in progress can be determined via software using

the transmit completion interrupt request (INTSTO) or the interrupt request flag (STIFO0)
that is set by INTSTO.
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204

(d) Reception

The receive operation is enabled when “1” is set to bit 6 (RXEQ) of the asynchronous serial interface mode
register (ASIMO), and input via the RxDO pin is sampled.

The serial clock specified by ASIMO is used to sample the RxDO pin.

When the RxDO 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
RxDO 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 (RXB0) and a receive completion interrupt request (INTSRO) occurs.

Even if an error has occurred, the receive data in which the error occurred is still transferred to RXBO. When
ASIMO bit 1 (ISRMO) is cleared (0) upon occurrence of an error, INTSRO occurs (see Figure 13-9). When
ISRMO bit is set (1), INTSRO does not occur.

If the RXEO bit is reset (to “0”) during a receive operation, the receive operation is stopped immediately. At
this time, the contents of RXB0O and ASISO do not change, nor does INTSRO or INTSERO occur.

Figure 13-8 shows the timing of the asynchronous serial interface receive completion interrupt request.

Figure 13-8. Timing of Asynchronous Serial Interface Receive Completion Interrupt Request

RXDO (input) \START/ DO X D1 X D2 X?gx D6 X D7 XParity STOP
INTSRO {]

Caution  Be sure to read the contents of the receive buffer register (RXB0) 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 RXBO 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 (ASIS0),
areceive errorinterruptrequest (INTSERO) will occur. Receive error interrupts requests are generated before
receiving completion interrupts request (INTSRO0). Table 13-4 lists the causes behind receive errors.
As partofreceive errorinterrupt request (INTSERO) servicing, the contents of ASISO 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 ASISO are reset (to “0”) when the receive buffer register (RXBO0) is read or when the next
data is received (if the next data contains an error, its error flag will be set).

Table 13-4. Causes of Receive Errors

Receive Error Cause ASISO 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

RXDO (input) \START/ DO X D1 X D2 X?gx D6 X D7 ) Parity /|STOP

INTSRO Note ”

INTSERO ”
(When framing/overrun error occurs)

INTSERO |_|
(When parity error occurs)

Note If a receive error occurs when ISRMO bit has been set (1), INTSRO does not occur.

Cautions 1. The contents of ASISO are reset (to “0”) when the receive buffer register (RXBO0) is read
or when the next data is received. To obtain information about the error, be sure to
read the contents of ASISO before reading RXBO.

2. Be sure to read the contents of the receive buffer register (RXB0) 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 RXBO are read.
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13.4.3 Infrared data transfer mode

In infrared data transfer mode, the following data format pulse output and pulse receiving are enabled. The
relationship between the main system clock and baud rate is shown in Table 13-3.

(1) Data format
Figure 13-10 compares the data format used in UART mode with that used in infrared data transfer mode.
The IR (infrared) frame corresponds to the bit string of the UART frame, which consists of pulses — a start bit,
eight data bits, and a stop bit.
The length of the electrical pulses that are used to transmit and receive in an IR frame is 3/16 the length of the
cycle time for one bit (i.e., the “bit time”). This pulse (whose width is 3/16 the length of one bit time) rises from
the middle of the bit time (see the figure below).

Bit time

‘ ‘

Pulse width = 3/16 bit time

Figure 13-10. Data Format Comparison between Infrared Data Transfer Mode and UART Mode

UART frame
Data bits
************ T ————— T T —
0 1 0 1 o | o 11 0 1
Start bit DO D1 D2 D3 | D4 D5 | D6 D7 Stop bit |
| | |
| | |
IR frame
Start bit i Data bits i Stop bit
T T T T aT T -0 | L I [ r--———7 |
0 ! 1 ! 0 ! 1 ! 0 ! 0 ! 1 ! 1 ! 0 | 1
|
! | | | | | | | !
| | | | | | | | |
| | | | | | | | |
! j j j j j j j !
} I I I I I I I }
Bit time Pulse width =

3/16 bit time
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(2) Bit rate and pulse width
Table 13-5 lists bit rates, bit rate error tolerances, and pulse width values.

Table 13-5. Bit Rate and Pulse Width Values

3/16 Pulse Width

Bit Rate Bit Rate Error Tolerance | Pulse Width Minimum Value . Maximum Pulse Width
. . <Nominal Value>
(Kbits/s) (% of bit rate) (us) Note 2 (1s)
(us)

115.2 Note 1 +/-0.87 1.41 1.63 2.71

Notes 1. At the operation time with fx = 7.3728 MHz

2. When a digital noise elimination circuit is used in a microcontroller operating at 1.41 MHz or above.
Caution  When using the baud rate generator control register (BRGCO) in infrared data transfer mode,
set 10H to it.
Remark fx: main system clock oscillation frequency
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(3) Input data and internal signals
¢ Transmit operation timing

UART
output data

UART
(Inverted data)

Start bit Stop bit

(U
|

Infrared data transfer [ [ [ [
enable signal .
—
TxDO pin
output signal iy
¢

¢ Receive operation timing
Data reception is delayed for one-half of the specified baud rate.

UART )
transfer data Start bit

1 | L]
1 ] [

’ Stop bit

Sampling clock |_ |_ |_ |_ |_ |_
)) |
[99
----------- ERLE N e e ---------\----\ \rl-------- R
. \" \ ‘v' ‘\l’ (X /‘/ ‘v' ‘\,’
Receive rate v 1 H [ RO )
........... .“-.--------_"\----. ----.:“.-------__"\_______--Jl‘---\\ l\-'-"._...._.l"_._.._..
AN
Conversion data \ / _\_/ \ /
Sampllng timing A A A A A A
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CHAPTER 14 SERIAL INTERFACE (SI01)

Serial Interface (S101) Functions

The serial interface (SIO1) employs the following three modes.

)

)

3

Operation stop mode
3-wire serial /0 mode
3-wire serial I/0O mode with automatic transmit/receive function

Operation stop mode
This mode is used when serial transfer is not carried out.

3-wire serial /0O mode (MSB/LSB first switchable)

This mode is used for 8-bit data transfer using three lines, each for serial clock (m), serial output (SO1)
and serial input (SI1).

The 3-wire serial I/O mode enables simultaneous transmission/reception and so decreases the data transfer
processing time.

Since the start bit of the 8-bit data that undergoes serial transfer is switchable between MSB and LSB,
connection is enabled with either start bit device.

The 3-wire serial /0 mode is valid for connection of peripheral 1/O units and display controllers which
incorporate a conventional synchronous serial interface.

3-wire serial /O mode with automatic transmit/receive function

This mode has an automatic transmit/receive function in addition to the functions in (2) above.

The automatic transmit/receive function is used to transmit/receive data with a maximum of 32 bytes. This
function enables the hardware to transmit/receive data independently of the CPU, to/from the OSD (On Screen
Display) device and a device with a built-in display controller/driver, thus lightning the software load can be
alleviated.
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14.2 Serial Interface (S101) Configuration

Serial interface (S101) consists of the following hardware.

210

Table 14-1. Configuration of Serial Interface (SI01)

Item

Configuration

Register

Serial 1/0O shift register 1 (SI01)
Automatic data transmit/receive address pointer (ADTPO)

Control register

Serial operating mode register 1 (CSIM1)
Automatic data transmit/receive control register (ADTCO)
Automatic data transmit/receive interval specification register (ADTIO)
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)

)

3

212

Serial I/O shift register 1 (SIO1)

Thisis an 8-bit register used to carry out parallel/serial conversion and to carry out serial transmission/reception
(shift operation) in synchronization with the serial clock.

SIO1 is set with an 8-bit memory manipulation instruction.

When the value in bit 7 (CSIE10) of serial operating mode register 1 (CSIM1) is 1, writing data to SIO1 starts
the serial operation.

In transmission, data written to SIO1 is output to the serial output (SO1). In reception, data is read from the
serial input (SI1) to SIO1.

RESET input makes S101 undefined.

Caution Do not write data to SIO1 while the automatic transmit/receive function is activated.

Automatic data transmit/receive address pointer (ADTPO)

This register stores the value of (transmit data byte —1) while the automatic transmit/receive function is
activated. As data is transferred/received, it is automatically decremented.

ADTPO is set with an 8-bit memory manipulation instruction. The high-order 3 bits must be set to 0.
RESET input sets ADTP to O0OH.

Caution Do not write data to ADTPO while the automatic transmit/receive function is activated.
Serial clock counter

This counter counts the serial clocks to be output and input during transmission/reception to check whether
8-bit data has been transmitted/received.
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14.3 Serial Interface (S101) Control Registers
The following three types of registers are used to control serial interface (S101).

e Serial operation mode register 1 (CSIM1)
e Automatic data transmit/receive control register (ADTCO)
« Automatic data transmit/receive interval specification register (ADTIO)

(1) Serial operation mode register 1 (CSIM1)
This register sets the serial interface (S101) serial clock, operation mode, operation enable/stop and automatic
transmit/receive operation enable/stop.
CSIM1 is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input sets CSIM1 to O0H.

Caution Inserial /O mode, setthe port mode register (PMXX) as follows. In each case, set the output
latch to O respectively.
« During serial clock output (master transmission or master reception)
Set P82 (SCK1) to output mode (PM82 = 0).
« During serial clock input (slave transmission or slave reception)
Set P82 to input mode (PM82 = 1).
 During transmission/transmission and reception mode
Set P83 (SO1) to output mode (PM83 = 0).
 During reception mode
Set P84 (SI1) to input mode (PM84 = 1).
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Figure 14-2. Format of Serial Operation Mode Register 1 (CSIM1)

Address: FF68H After reset: 00H R/W

symbol [7] [6] [s] [a] 3 2 [1] [o]

CSIM1 |CSIE1I0 DIR10| ATEO |LCSK10] O 0 |SCL101|SCL100

CSIE10 Enables/disables operation of serial interface (SIO1)
Shift register operation Serial counter PortNote 1
0 Stops operation Cleared Port function
1 Enables operation Enables count operation Serial function + port function
DIR10 Specifies first bit of serial transfer data
0 MSB
1 LSB
ATEO Selects operating mode of serial interface (SI01)
0 3-wire serial /O mode
1 3-wire serial I/O mode with automatic transmit/receive function
LCSK10 Chip enable control of SCK1 pin

0 SCK1 is used as a port (P82) when CSIE10 = 0.
SCK1 is used for clock output when CSIE10 = 1.

1 SCK1 is fixed to high level output when CSIE10 = 0.
SCK1 is used for clock output when CSIE10 = 1.

SCL101|SCL100 Selects serial clock of serial interface (S101)
0 0 External clock input to SCK1 pinNote 2
1 fx/23 (1.05 MHz)
1 0 fx/24 (524 kHz)
1 1 fx/25 (262 kHz)

Notes 1. When CSIE10 = 0 (SIO1 operation stop status), P84/Sl1, P83/SO1, P82/SCK1, P81/BUSY, and
P80/STB pins can be used as port pins.

2. When external clock input is selected by clearing SCL101 and SCL100to 0, O, clear bits 2 (STRBO)
and 1 (BUSY10) of the automatic data transmit/receive control register (ADTCO) to 0, 0.

Caution Be sure to set bits 2 and 3 to 0.

Remarks 1. fx: Main system clock oscillation frequency
2. (): fx= 8.38 MHz
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(2) Automatic data transmit/receive control register (ADTCO)
This register sets the automatic receive enable/disable, operating mode, strobe output enable/disable, busy
input enable/disable and displays the automatic transmit/receive execution.
ADTCO is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input sets ADTC to 00H.

Figure 14-3. Format of Automatic Data Transmit/Receive Control Register (ADTCO)

Address: FF69H After reset: 00H  R/wNote 1

symbol  [7] [6] [5] [4] [3] [2] [1] [of

ADTCO REO |ARLDO|ERCEO|ERRO | TRFO | STRBO|BUSY10BUSY(0O)
L
R/W -
BUSY10 BUSY00 Busy input control
0 x Not using busy inputN°te 2
1 0 Busy input enable (active high)
1 1 Busy input enable (active low)
R/W
STRBO Strobe output control
0 Strobe output disableN°t 3
1 Strobe output enable
R
TRFO Status of automatic transmit/receive functionNote 4
Detection of termination of automatic transmission/
0 reception (This bit is set to 0 upon suspension of
automatic transmission/reception or when ARLDO = 0.)
1 During automatic transmission/reception
(This bit is set to 1 when data is written to SIO1.)
R - - - -
ERRO | Error detection of automatic transmit/receive
function
0 No error
(This bit is set to 0 when data is written to SIO1)
1 Error occurred
R/W - -
ERCEQ| Error check control of automatic transmit/
receive function
0 Error check disable
Error check enable (only when BUSY10 = 1)
R/W - - - -
ARLDO| Operating mode selection of automatic transmit/
receive function
0 Single operating mode
1 Repetitive operating mode
REO | Receive control of automatic transmit/receive
function
Receive disableN°t®
Receive enable
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Notes 1.

2.

Caution

Remark

Bits 3 and 4 (TRFO and ERRO) are read-only bits.

When BUSY10 is reset to 0, P81 (CMOS 1/0O) is used even when bit 7 (CSIE10) of the serial
operating mode register 1 (CSIM1) is set to 1.

When STRBO is reset to 0, P80 (CMOS 1/0) is used even when bit 7 (CSIE10) of CSIML1 is set to
1.

When an interrupt is acknowledged, interrupt request flag CSIIF1is cleared. Therefore, use TRFO,
instead of CSIIF1 to identify the completion of automatic transmission/reception.

When REQ is reset to 0, P84 (CMOS I/O) is used even when bit 7 (CSIE10) of CSIM1 is set to 1.

When an external clock input is selected with bits 0 and 1 (SCL101 and SCL100) of CSIM1
set to O, set bits 2 and 1 (STRBO and BUSY10) of ADTCO to 0, 0.

x: don't care
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(3) Automatic data transmit/receive interval specification register (ADTIO)

This register sets the automatic data transmit/receive function data transfer interval.

ADTIO is set by a 1-bit or 8-bit memory manipulation instruction.
RESET input sets ADTI to O0H.

Figure 14-4. Format of Automatic Data Transmit/Receive Interval Specification Register (ADTIO) (1/2)

Symbol

ADTIO

Address: FF6BH After reset: 00H R/W
6 5 4 3 2 1 0

IADTIO7| O 0 |ADTIO4 |ADTIO3|ADTIO2 |ADTIO1 |ADTIOO

ADTIO?| Data transfer interval control
0 No control of interval by ADTIQ Note 1
1 Control of interval by ADTIO (ADTIOO0 to ADTI04)

ADTI04|ADTIO3| ADTIO2| ADTIO1{ ADTIOO) Data transfer interval specification (fx = 8.38 MHz, fsck = 1.05 MHz)Note 2
0 0 0 0 0 1.90 ps + 0.5/fsck
0 0 0 0 1
0 0 0 1 0 2.86 us + 0.5/fscx
0 0 0 1 1 3.81 s + 0.5/fsck
0 0 1 0 0 4.76 us + 0.5/fsck
0 0 1 0 1 5.71 s + 0.5/fsck
0 0 1 1 0 6.67 us + 0.5/fsck
0 0 1 1 1 7.62 us + 0.5/fsck
0 1 0 0 0 8.57 s + 0.5/fscx
0 1 0 0 1 9.52 us + 0.5/fscx
0 1 0 1 0 10.5 us + 0.5/fsck
0 1 0 1 1 11.4 pus + 0.5/fsck
0 1 1 0 0 12.4 us + 0.5/fsck
0 1 1 0 1 13.3 us + 0.5/fscx
0 1 1 1 0 14.3 pus + 0.5/fsck
0 1 1 1 1 15.2 us + 0.5/fsck
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Notes 1. The interval time is 2/sck.

2. The data transfer interval time is calculated from the following expressions (n: Value setto ADTI00

to ADTIOA4).
<1>n=0
. 2 0.5
Interval time = +
fsck fsck
<2>n=1to 31
. n+1 0.5
Interval time = +
fsck fsck

Cautions 1. Do not write ADTIO during operation of automatic data transmit/receive function.
2. Be sure to set bits 5 and 6 to 0.

3. When controlling the interval time of automatic transmit/receive data transfer by using
ADTIO, busy control is invalid. (Refer to 14.4.3 (4) (a) Busy control option.)

Remark fx: Main system clock oscillation frequency
fsck: Serial clock frequency
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Figure 14-4. Format of Automatic Data Transmit/Receive Interval Specification Register (ADTIO) (2/2)

Address: FF6BH After reset: O0H R/W

Symbol 6 5 4 3 2 1 0

ADTIO |ADTIO7| O 0 |ADTIO4 |ADTIO3|ADTIOZ |ADTIO1 |ADTIOO

ADTIO4 |ADTOI3 |ADTIO2 |ADTIO1 |ADTIOO Data transfer interval specification (fx = 8.38 MHz, fsck = 1.05 MHz)Note
1 0 0 0 0 16.2 us + 0.5/fsck
1 0 0 0 1 17.1 us + 0.5/fsck
1 0 0 1 0 18.1 us + 0.5/fsck
1 0 0 1 1 19.0 us + 0.5/fsck
1 0 1 0 0 20.0 ps + 0.5/fsck
1 0 1 0 1 21.0 ps + 0.5/fsck

1 0 1 1 0 21.9 ps + 0.5/fsck

1 0 1 1 1 | 22.9 us+ 0.5/fscx
1 1 0 0 0 | 23.8 us+0.5/fsck
1 1 0 0 1 | 24.8 us+ 0.5/fsck
1 1 0 1 0 | 25.7 us+0.5/fsck
1 1 0 1 1 | 26.7 us+ 0.5/fscx

1 1 1 0 0 27.6 us + 0.5/fsck

1 1 1 0 1 28.6 us + 0.5/fsck

1 1 1 1 0 29.5 us + 0.5/fsck

1 1 1 1 1 30.5 us + 0.5/fsck

Note The data transfer interval time is calculated from the following expressions (n: Value set to ADTIOO0

to ADTIO4).
<1> n=0
Interval time = 2 + 0.5
fsck fsck
<2> n=1to 31
+ .
Interval time = n+l + ﬂ
fsck fsck

Cautions 1. Do not write ADTIO during operation of automatic data transmit/receive function.
2. Be sure to set bits 5 and 6 to 0.
3. When controlling the interval time of automatic transmit/receive data transfer by using
ADTIO, busy control is invalid. (Refer to 14.4.3 (4) (a) Busy control option.)

Remark fx: Main system clock oscillation frequency
fsck: Serial clock frequency
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14.4 Serial Interface (S101) Operations
The following three operating modes are available to the serial interface (SIO1).

¢ Operation stop mode
¢ 3-wire serial I/0 mode
« 3-wire serial I/O mode with automatic transmit/receive function

14.4.1 Operation stop mode

Serial transfer is not carried out in the operation stop mode. The serial I/O shift register 1 (SIO1) does not carry
out shift operation either, and thus it can be used as an ordinary 8-bit register.

In the operation stop mode, the P84/SI1, P83/SO1, P82/SCK1, P81/BUSY and P80/STB pins can be used as

ordinary input/output ports.

(1) Register setting
The operation stop mode is set with the serial operating mode register 1 (CSIM1).
CSIM1 is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input sets CSIM1 to 00H.

Address: FF68H After reset: 00H R/W

Symbol El 3 2 @

CSIM1 |CSIE10 DIR10| ATEO |LCSK10] O 0 |SCL101|{SCL100]

CSIE10 Enables/disables operation of serial interface (SIO1)
Shift register operation Serial counter PortNote 1
0 Stops operation Cleared Port function
1 Enables operation Enables count operation Serial function + port function

Note When CSIE10 = 0 (SIO1 operation stop status), P84/SI1, P83/SO1, P82/SCK1, P81/BUSY, and P80/
STB pins can be used as port pins.

Caution Be sure to set bits 2 and 3 to 0.
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14.4.2 3-wire serial I/O mode
The 3-wire serial I/O mode is valid for connection of peripheral 1/0 units and display controllers which incorporate

a conventional synchronous serial interface.
Communication is carried out with three lines of serial clock (SCK1), serial output (SO1) and serial input (SI1).

(1) Register setting

The 3-wire serial /0O mode is set with serial operating mode register 1 (CSIM1).

CSIM1 is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input sets CSIM1 to O0OH.

Caution

In serial I/O mode, setthe port mode register (PMXX) as follows. In each case, set the output
latch to 0.
« During serial clock output (master transmission or master reception)
Set P82 (SCK1) to output mode (PM82 = 0).
 During serial clock input (slave transmission or slave reception)
Set P82 to input mode (PM82 = 1).
 During transmission/transmission and reception mode
Set P83 (SO1) to output mode (PM83 = 0).
« During reception mode
Set P84 (SI1) to input mode (PM84 = 1).

Address: FF68H After reset: 00H R/W

symbol [7] [6] [5] [4] 3 2 [i] [o]

CSIM1 |CSIEI0|DIR10| ATEO |LCSK10] O 0 |SCL101|SCL100]
CSIE10 Enables/disables operation of serial interface (SIO1)
Shift register operation Serial counter PortNote 1
0 Stops operation Cleared Port function
1 Enables operation Enables count operation Serial function + port function
DIR10 Start bit
0 MSB
1 LSB
ATEO Selects operating mode of serial interface (SI01)
0 3-wire serial /O mode
1 3-wire serial I/0 mode with automatic transmit/receive function
LCSK10 Chip enable control of SCK1 pin
0 SCK1 is used as port (P82) when CSIE10 = 0.
SCK1 is used for clock output when CSIE10 = 1.
1 SCK1 is fixed to high level when CSIE10 = 0.
SCK1 is used for clock output when CSIE10 = 1.
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SCL101| SCL100 Selects serial clock of serial interface (S101)
0 0 External clock input to SCK1 pinNote 2
1 fx/23 (1.05 MHz)
1 0 fx/24 (524 kHz)
1 1 fx/25 (262 kHz)

Notes 1. When CSIE10 = 0 (SIO1 operation stop status), P84/SI1, P83/SO1, PSZIﬁl, P81/BUSY, and
P80/STB pins can be used as port pins.
2. When external clock input is selected by clearing SCL101 and SCL100to0 0, O, clear bits 2 (STRBO)
and 1 (BUSY10) of the automatic data transmit/receive control register (ADTCO) to 0,0.

Caution  Be sure to set bits 2 and 3 to 0.

(2) Communication operation
The 3-wire serial I/O mode is used for data transmission/reception in 8-bit units. 1-bit unit data transmission/
reception is carried out in synchronization with the serial clock.
Shift operation of the serial I/O shift register 1 (SI01) is carried out at the falling edge of the serial clock (WKl).
The transit data is held in the SOL1 latch and is output from the SO1 pin. The receive data input to the SI1
pin is latched into SIO1 at the rising edge of SCKI1.
Upon termination of 8-bit transfer, the SIO1 operation stops automatically and the interrupt request flag
(CSIIF1) is set.

Figure 14-5. 3-Wire Serial /0O Mode Timings

SCK1 1

N
w
n
o
o
~
©

Si1 ( XKI?I? X DI6 X DI5 X Dl4 X DI3 X Di2 X Di1 X DIO/

CSIIF1

|
|
|
|
}
|
SO1 \ ! DO7 X DO6 X DO5 X DO4 X DO3 X DO2 X DO1 X/DOO
|
|
|
|
|
|
|
|
L

L _ End of transfer
Transfer start at the falling edge of SCK1

SI01 Write

Caution  SIO1 pin becomes low level by SIO1 write.
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3

4

MSB/LSB switching as the start bit

The 3-wire serial I/O mode has a function that enables it to select the transfer to start from either MSB or LSB.
Figure 14-6 shows the configuration of the serial I/O shift register 1 (SI01) and internal bus. As shown in the
figure, MSB/LSB can be read/written in reverse form.

MSB/LSB switching as the start bit can be specified with bit 6 (DIR10) of the serial operating mode register
1 (CSIM1).

Figure 14-6. Switching Circuit in Transfer Bit Order

Internal Bus  -—-—-----------—+ Bt Bk il ettty [ A R By

LSB-first L
MSB-first ——— Read/write gate | | Read/write gate

SO1 Latch

st ———|  shiftregister 1 (sio1)  [——{D QW

A U ) O D

SO1

SCK1

Start bit switching is realized by switching the bit order for data write to SIO1. The SIO1 shift order remains
unchanged.
Thus, MSB/LSB start bit must be switched before writing data to the shift register.

Transfer start

Serial transfer is started by setting transfer data to the serial 1/0 shift register 1 (SI01) when the following two

conditions are satisfied.

« Serial interface (SIO1) operation control bit (bit 7 (CSIE10) of the serial operating mode register 1 (CSIM1))
=1

« Internal serial clock is stopped or SCK1 is at high level after 8-bit serial transfer.

Caution If CSIE10 is set to 1 after data write to SIO1, transfer does not start.

Upon termination of 8-bit transfer, serial transfer automatically stops and the interrupt request flag (CSIIF1)
is set.
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14.4.3 3-wire serial I/O mode with automatic transmit/receive function

This 3-wire serial 1/0 mode is used for transmission/reception of a maximum 32-byte data without the use of
software. Once transfer is started, the data prestored in the RAM can be transmitted by the set number of bytes,
and data can be received and stored in the RAM by the set number of bytes.

Handshake signals (STB and BUSY) are supported by hardware to transmit/receive data continuously. OSD (On
Screen Display) LSI and peripheral LSIs including an LCD controller/driver can be connected without difficulty.

(1) Register setting
The 3-wire serial I/O mode with automatic transmit/receive function is set with the serial operation mode
register 1 (CSIM1), the automatic data transmit/receive control register (ADTCO0) and the automatic data
transmit/receive interval specification register (ADTIO0).

(a) Serial operation mode register 1 (CSIM1)
CSIM1 is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input sets CSIM1 to 00H.

Caution In serial I/O mode, set the port mode register (PMXX) as follows. In each case, set the
output latch to 0.
« During serial clock output (master transmission or master reception)
Set P82 (SCK1) to output mode (PM82 = 0).
 During serial clock input (slave transmission or slave reception)
Set P82 to input mode (PM82 = 1).
» During transmission/transmission and reception mode
Set P83 (SO01) to output mode (PM83 = 0).
¢ During reception mode
Set P84 (SI1) to input mode (PM84 = 1).
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Address: FF68H After reset: 00H R/W

Symbol El 3 2 @

CSIM1

CSIE10 DIR10| ATEO |LCSK10] O 0 |SCL101|SCL100
CSIE10 Enables/disables operation of serial interface (SIO1)
Shift register operation Serial counter PortNote 1
0 Stops operation Cleared Port function
1 Enables operation Enables count operation Serial function + port function
DIR10 Start bit
0 MSB
1 LSB
ATEO Selects operation mode of serial interface (SI101)

0 3-wire serial /O mode

1 3-wire serial I/0 mode with automatic transmit/receive function
LCSK10 Chip enable control of SCK1 pin

0 SCK1 is used as port (P82) when CSIE10 = 0.

SCK1 is used for clock output when CSIE10 = 1.
1 SCK1 is fixed to high level output when CSIE10 = 0.
SCK1 is used for clock output when CSIE10 = 1.

SCL101|SCL100 Selects serial clock of serial interface (S101)

0 0 External clock input to SCK1 pinNote 2

0 1 fx/23 (1.05 MHz)

1 0 fx/24 (524 kHz)

1 1 fx/25 (262 kHz)
Notes 1. When CSIE10 = 0 (SIO1 operation stop status), P84/Sl1, P83/SO1, P82/SCK1, P81/BUSY, and

P80/STB pins can be used as port pins.
2. When external clock inputis selected by clearing SCL101 and SCL100to0 0, O, clear bits 2 (STRBO)
and 1 (BUSY10) of the automatic data transmit/receive control register (ADTCO) to 0, O.

Caution  Be sure to set bits 2 and 3 to 0.
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(b) Automatic data transmit/receive control register (ADTCO)
ADTCO is set with a 1-bit or 8-bit memory manipulation instruction.

RESET input sets ADTCO to O0H.

Address: FF69H After reset: 00H  R/wNotel

symbol  [7] [6] [5] [4] [38] [2] [a] [o]

ADTCO | REO |ARLDO|ERCEO ERRO | TRFO |STRBOBUSY10BUSY(OQ
L1
R/W -
BUSY10BUSY0Q Busy input control
0 x Not using busy input™°te 2
1 Busy input enable (active high)
1 Busy input enable (active low)
R/W
STRBO Strobe output control
0 Strobe output disableN°t 3
1 Strobe output enable
R : - - -
TRFO Status of automatic transmit/receive functionNote 4
Detection of termination of automatic transmission/
0 reception (This bit is set to 0 upon suspension of
automatic transmission/reception or when ARLDO = 0.)
1 During automatic transmission/reception
(This bit is set to 1 when data is written to SIO1.)
R - - - -
ERRO | Error detection of automatic transmit/receive
function
0 No error
(This bit is set to 0 when data is written to SIO1)
1 Error occurred
R/W - - -
ERCEQOQ| Error check control of automatic transmit/receive
function
0 Error check disable
1 Error check enable (only when BUSY10 = 1)
R/W - - - -
ARLDO| Operation mode selection of automatic transmit/
receive function
0 Single operating mode
Repetitive operating mode
R/W - - - -
REO | Receive control of automatic transmit/receive
function
0 Receive disableN°t®
1 Receive enable
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Notes 1. Bits 3 and 4 (TRFO and ERRQO) are read-only bits.

2. When BUSY10 is reset to 0, P81 (CMOS I/0) is used even when bit 7 (CSIE10) of the serial
operating mode register 1 (CSIM1) is set to 1.

3. When STRBO is reset to 0, P80 (CMOS 1/0) is used even when bit 7 (CSIE10) of CSIM1 is
set to 1.

4. When an interrupt is acknowledged, interrupt request flag CSIIF1 is cleared. Therefore, use
TRFO, instead of CSIIF1, to identify the completion of automatic transmission/reception.

5. When REO is reset to 0, P84 (CMOS 1/0) is used even when bit 7 (CSIE10) of CSIM1 is set
to 1.

Caution  When an external clock input is selected with CSIM1 bits 1, 0 (SCL101, SCL100) are set
to 0, set ADTCO bits 2, 1 (STRBO, BUSY10) to 0, 0. (when an external clock is input, the

hand-shake control cannot be performed).

Remark x: don’t care
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(c) Automatic data transmit/receive interval specification register (ADTIO)
This register sets the automatic data transmit/receive function data transfer interval.
ADTIO is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input sets ADTI to 00H.

Address: FF6BH After reset: 00H R/W

Symbol 6 5 4 3 2 1 0

ADTIO JADTIO7| O 0 |ADTIO4|ADTIO3|ADTIO2 |ADTIO1 |ADTIOO

ADTIO?7 Data transfer interval control

0 No control of interval by ADTIQ Note1
1 Control of interval by ADTIO (ADTIO0 to ADTI04)

ADTIO4{ADTIO3| ADTI02 ADTIO1| ADTIOO Data transfer interval specification (fx = 8.38 MHz, fsck = 1.05 MHz)Note 2
0 0 0 0 0 1.90 ps + 0.5/fsck

2.86 us + 0.5/fsck
3.81 us + 0.5/fsck
4.76 us + 0.5/fsck
5.71 us + 0.5/fscx
6.67 us + 0.5/fsck
7.62 us + 0.5/fsck
8.57 us + 0.5/fsck
9.52 us + 0.5/fsck
10.5 s + 0.5/fsck
11.4 ps + 0.5/fsck
12.4 us + 0.5/fsck
13.3 pus + 0.5/fsck
14.3 us + 0.5/fsck
15.2 pus + 0.5/fsck

o|lo|lo|o|o|o|o|lo|lo|o|lo|o|o|o|o
RrlkRr|kr|r|Rr|kPr|Pr|lr|lo|lOo|lo|lo|o|o|o
Rrlkr|lkr|r|lo|lo|lo|lOo|lR|kR|rR|R|o|oO|O
Rr|lkr|lo|lOo|lr|kr|O|lO|lR|r|lOo|O|kr|r|O
r|lo|lr|Oo|lr|lOo|r|lO|lRr|O|lRr|O|R|O|R

Notes 1. The interval time is 2/fsck.
2. The data transfer interval time is calculated from the following expressions (n: Value set to
ADTIOO to ADTI04).

<1> n=0
. 2 0.5
Interval time = +
fsck fsck
<2> n=1to 31
. n+1 0.5
Interval time = +
fsck fsck

Cautions 1. Do not write ADTIO during operation of automatic data transmit/receive function.
2. Be sure to set bits 5 and 6 to 0.
3. When controlling the interval time of automatic transmit/receive data transfer by
using ADTIO, busy control is invalid. (Refer to 14.4.3 (4) (a) Busy control option.)

Remark fx: Main system clock oscillation frequency
fsck: Serial clock frequency
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Address: FF6BH After reset: 00H R/W

Symbol

ADTIO

6 5 4 3 2 1 0
IADTIO7| O 0 |ADTIO4|ADTIO3|ADTIO2 ADTIO1 |ADTIOO
[ADTIO4 |ADTIO3 |ADTIO2 /ADTIO1 ADTIOO Data transfer interval specification (fx = 8.38 MHz, fsck = 1.05 MHz)Note

1 0 0 0 0 16.2 us + 0.5/fsck
1 0 0 0 1 17.1 pus + 0.5/fsck
1 0 0 1 0 18.1 us + 0.5/fsck
1 0 0 1 1 19.0 ps + 0.5/fsck
1 0 1 0 0 20.0 us + 0.5/fsck
1 0 1 0 1 21.0 ps + 0.5/fscx
1 0 1 1 0 21.9 us + 0.5/fsck
1 0 1 1 1 22.9 us + 0.5/fsck
1 1 0 0 0 | 23.8 us + 0.5/scx
1 1 0 0 1 24.8 us + 0.5/fsck
1 1 0 1 0 25.7 ps + 0.5/fsck
1 1 0 1 1 26.7 ps + 0.5/fsck
1 1 1 0 0 27.6 us + 0.5/fsck
1 1 1 0 1 28.6 s + 0.5/fsck
1 1 1 1 0 29.5 us + 0.5/fsck
1 1 1 1 1 | 305 us+0.5/fsck

Note The data transferinterval time is calculated from the following expressions (n: Value setto ADTIOO0

to ADTIOA4).
<1> n=0
. 2 0.5
Interval time = +
fsck fsck
<2> n=1to 31
. n+1 0.5
Interval time = +
fsck fsck

Cautions 1.

2.
3.

Remark fx:

fsck:

Do not write ADTIO during operation of automatic data transmit/receive function.
Be sure to set bits 5 and 6 to 0.

When controlling the interval time of automatic transmit/receive data transfer by
using ADTIO, busy control is invalid. (Refer to 14.4.3 (4) (a) Busy control option.)

Main system clock oscillation frequency
Serial clock frequency
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(2) Automatic transmit/receive data setting

230

(a) Transmit data setting

<1>

<2>

Write transmit data from the least significant address FACOH of buffer RAM (up to FADFH at
maximum). The transmit data should be in the order from high-order address to low-order address.
Set to the automatic data transmit/receive address pointer (ADTPO) the value obtained by
subtracting 1 from the number of transmit data bytes.

(b) Automatic transmit/receive mode setting

<1>
<2>
<3>

<4>

Set bit 7 (CSIE10) and bit 5 (ATEO) of the serial operating mode register 1 (CSIM1) to 1.

Set bit 7 (REQ) of the automatic data transmit/receive control register (ADTCO) to 1.

Set a data transmit/receive interval in the automatic data transmit/receive interval specification
register (ADTIO).

Write any value to the serial I/O shift register 1 (SIO1) (transfer start trigger).

Caution  Writing any value to SIO1 orders the start of automatic transmit/receive operation and

the written value has no meaning.

The following operations are automatically carried out when (a) and (b) are carried out.

« After the buffer RAM data specified with ADTPO is transferred to SIO1, transmission is carried out (start

of automatic transmission/reception).

« The received data is written to the buffer RAM address specified with ADTPO.

« ADTPO is decremented and the next data transmission/reception is carried out. Data transmission/
reception continues until the ADTPO decremental output becomes 00H and address FACOH data is
output (end of automatic transmission/reception).

* When automatic transmission/reception is terminated, bit 3 (TRFO0) of ADTCO is cleared to 0.
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(3) Communication operation

@

SCK1

SO

=

S

=

CSlIF1

TRFO

Basic transmit/receive mode

This transmit/receive mode is the same as the 3-wire serial I/O mode in which a specified number of data
are transmitted/received in 8-bit units.

Serial transfer is started when any data is written to the serial I/O shift register 1 (SIO1) while bit 7 (CSIE10)
of the serial operating mode register 1 (CSIM1) is set to 1.

Upon completion of transmission of the last byte, the interrupt request flag (CSIIF1) is set. The termination
of automatic transmission/reception should be checked by using bit 3 (TRFO) of the automatic data
transmit/receive control register (ADTCO), not by CSIIF1 because CSIIF1 of the interrupt request flag is
cleared if an interrupt is accepted.

If busy control and strobe control are not executed, the P80/STB and P81/BUSY pins can be used as
normal input/output ports.

Figure 14-7 shows the basic transmit/receive mode operation timings, and Figure 14-8 shows the
operation flowchart.

Figure 14-9 shows buffer RAM operation at 6-byte transmission.

Figure 14-7. Basic Transmit/Receive Mode Operation Timings

‘ Interval ‘

XD?XDGXDSXD4XD3XD2XD1XDO XD7XD6XD5XD4XD3XD2XD1XDO /j /\

XD7XD6XD5XD4XD3XD2XD1XDO XD7XD6XD5XD4XD3XD2XD1XDO/ (

Cautions 1. Because, inthe basictransmit/receive mode, the automatic transmit/receive function
writes/reads data to/from the buffer RAM after 1-byte transmission/reception, an
interval is inserted till the next transmission/reception. As the buffer RAM write/
read is performed at the same time as CPU processing, the maximum interval is
dependent upon CPU processing and the value of the automatic data transmit/
receive interval specification register (ADTIO) (refer to 14.4.3 (6) Automatic data
transmit/receive interval).

2. When TRFO is cleared, the SO1 pin becomes low level.

Remark CSIIF1: Interrupt request flag
TRFO: Bit 3 of automatic data transmit/receive control register (ADTCO)
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Figure 14-8. Basic Transmit/Receive Mode Flowchart

( Start )

Write transmit data
in buffer RAM

Set ADTPO to the value (pointer
value) obtained by subtracting 1
from the number of transmit
data bytes

Set the transmit/receive
operation interval time in ADTIO

Write any data to SIO1
(Start trigger)

Software execution

Write transmit data from
buffer RAM to SIO1

Transmission/reception
operation

Decrement pointer value

Hardware execution

Write receive data from
SI01 to buffer RAM

No

Pointer value = 0

No

Software execution

Yes

( End )

ADTPO: Automatic data transmit/receive address pointer

ADTIO: Automatic data transmit/receive interval specification register
SIO1: Serial I/O shift register 1

TRFO: Bit 3 of automatic data transmit/receive control register (ADTCO)
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In 6-byte transmission/reception (bit 6 (ARLDO) and bit 7 (REO) of the automatic data transmit/receive
control register (ADTCO) = 0, and 1, respectively) in basic transmit/receive mode, buffer RAM operates
as follows.

(i) Before transmission/reception (refer to Figure 14-9 (a))
After any data has been written to SIO1 (start trigger: this data is not transferred), transmit data 1
(T1) is transferred from the buffer RAM to SIO1. When transmission of the first byte is completed,
the receive data 1 (R1) is transferred from SIO1 to the buffer RAM, and automatic data transmit/
receive address pointer (ADTPO) is decremented. Then transmit data 2 (T2) is transferred from the
buffer RAM to SIO1.

(i) 4th byte transmit/receive point (refer to Figure 14-9 (b))
Transmission/reception of the third byte is completed, and transmit data 4 (T4) is transferred from
the buffer RAM to SIO1. When transmission of the fourth byte is completed, the receive data 4 (R4)
is transferred from SI101 to the buffer RAM, and ADTPO is decremented.

(iiiy Completion of transmission/reception (refer to Figure 14-9 (c))
When transmission of the sixth byte is completed, receive data 6 (R6) is transferred from SIO1 to

the buffer RAM, and the interrupt request flag (CSIIF1) is set (INTCSI1 generation).

Figure 14-9. Buffer RAM Operation in 6-Byte Transmission/Reception
(in Basic Transmit/Receive Mode) (1/2)

(a) Before transmission/reception

FADFH
FAC5H Transmit data 1 (T1) ————=>] Receivedatal(R1)| SIO1
Transmit data 2 (T2) (,,/—//::::/:,/;
Transmit data 3 (T3) [*~ s
T C 5 ADTPO
Transmitdata 4 (T4) -~ .- ]
Transmit data 5 (T5) P ///
FACOH Transmit data 6 (T6) < 0 CSIIF1
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Figure 14-9. Buffer RAM Operation in 6-Byte Transmission/Reception

FADFH

FAC5H

FACOH

FADFH

FAC5H

FACOH

(in Basic Transmit/Receive Mode) (2/2)

(b) 4th byte transmission/reception

Receive data 1 (R1)

Receive data 2 (R2)

Receive data 3 (R3)

Transmit data 4 (T4)

Transmit data 5 (T5)

Transmit data 6 (T6)

Receive data 4 (R4)

(c) Completion of transmission/reception

Receive data 1 (R1)

Receive data 2 (R2)

Receive data 3 (R3)

Receive data 4 (R4)

Receive data 5 (R5)

Receive data 6 (R6)
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(b) Basic transmit mode
In this mode, the specified number of 8-bit unit data are transmitted.
Serial transfer is started when any data is written to the serial I/O shift register 1 (SIO1) while bit 7 (CSIE10)
of the serial operating mode register 1 (CSIM1) is set to 1, and bit 7 (REO) of the automatic data transmit/
receive control register (ADTCO) is set to 0.
Upon completion of transmission of the last byte, the interrupt request flag (CSIIF1) is set. The termination
of automatic transmission/reception should be checked by using bit 3 (TRFO0) of the automatic data
transmit/receive control register (ADTCO), not by CSIIF1.
If receive operation, busy control and strobe control are not executed, the P84/SI1, P81/BUSY, and P80/
STB pins can be used as normal input ports.
Figure 14-10 shows the basic transmit mode operation timings, and Figure 14-11 shows the operation
flowchart.
Figure 14-12 shows buffer RAM operation in 6-byte repeat transmission.

Figure 14-10. Basic Transmit Mode Operation Timings

‘ Interval ‘

e

SCK1

so1 Yo7)ps)ps)p4fpsfp2) 1Yo Jo7)ps)psfpafps)p2)p1)po | (/\

CSIlIF1

TRFO

Cautions 1. Because, inthe basic transmit mode, the automatic transmit/receive function reads
data from the buffer RAM after 1-byte transmission, an interval is inserted till the
next transmission. As the buffer RAM read is performed at the same time as CPU
processing, the maximum interval is dependent upon CPU processing and the
value of the automatic data transmit/receive interval specification register (ADTI0)
(refer to 14.4.3 (6) Automatic data transmit/receive interval).

2. When TRFO is cleared, the SO1 pin becomes low level.

Remark CSIIF1: Interrupt request flag
TRFO: Bit 3 of automatic data transmit/receive control register (ADTCO)
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Figure 14-11. Basic Transmit Mode Flowchart

( Start )

Write transmit data
in buffer RAM
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Set the transmit/receive
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(Start trigger)

Write transmit data from D . |
buffer RAM to SIO1 ecrement pointer value

Transmission operation

Hardware execution

No

Pointer value =0

No

Software execution

( )

ADTPO: Automatic data transmit/receive address pointer

ADTIO: Automatic data transmit/receive interval specification register
SIO1: Serial I/O shift register 1

TRFO: Bit 3 of automatic data transmit/receive control register (ADTCO)
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In 6-byte transmission (bit 6 (ARLDO) and bit 7 (REOQ) of the automatic data transmit/receive control register

(ADTCO) are 0) in basic transmit mode, buffer RAM operates as follows.

(i) Before transmission (refer to Figure 14-12 (a))
After any data has been written to SIO1 (start trigger: this data is not transferred), transmit data 1

(T1) is transferred from the buffer RAM to SIO1. When transmission of the first byte is completed,
ADTPO is decremented. Then transmit data 2 (T2) is transferred from the buffer RAM to SIO1.

(i) 4th byte transmission point (refer to Figure 14-12 (b))
Transmission of the third byte is completed, and transmit data 4 (T4) is transferred from the buffer

RAM to SIO1. When transmission of the fourth byte is completed, ADTPO is decremented.

(iiiy Completion of transmission/reception (refer to Figure 14-12 (c))

When transmission of the sixth byte is completed, the interrupt request flag (CSIIF1) is set (INTCSI1

generation).

Figure 14-12. Buffer RAM Operation in 6-Byte Transmission (in Basic Transmit Mode) (1/2)

FADFH

FAC5H

FACOH

(a) Before transmission

Transmit data 1 (T1)

Transmit data 2 (T2)

Transmit data 3 (T3)

Transmit data 4 (T4)

Transmit data 5 (T5)

Transmit data 6 (T6)
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Figure 14-12. Buffer RAM Operation in 6-Byte Transmission (in Basic Transmit Mode) (2/2)

FADFH

FACS5H

FACOH

FADFH

FACSH

FACOH

(b) 4th byte transmission point

Transmit data 1 (T1)

Transmit data 2 (T2)

Transmit data 3 (T3)

Transmit data 4 (T4)

Transmit data 5 (T5)

Transmit data 6 (T6)

(c) Completion of transmission/reception

Transmit data 1 (T1)

Transmit data 2 (T2)

Transmit data 3 (T3)

Transmit data 4 (T4)

Transmit data 5 (T5)

Transmit data 6 (T6)
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(c) Repeat transmit mode
In this mode, data stored in the buffer RAM is transmitted repeatedly.
Serial transfer is started by writing any data to serial /O shift register 1 (SIO1) when bit 7 (CSIE10) of

the serial operating mode register 1 (CSIM1) is set to 1, and bit 7 (REO) of the automatic data transmit/
receive control register (ADTCO) is set to 0.

Unlike the basic transmission mode, after the last byte (data in address FACOH) has been transmitted,
the interrupt request flag (CSIIF1) is not set, the value at the time when the transmission was started is

set in the automatic data transmit/receive address pointer (ADTPO) again, and the buffer RAM contents
are transmitted again.

When a reception operation, busy control and strobe control are not performed, the P84/S11, P81/BUSY,
and P80/STB pins can be used as ordinary input/output ports.

The repeat transmit mode operation timing is shown in Figure 14-13, and the operation flowchart in Figure
14-14.

Figure 14-13. Repeat Transmit Mode Operation Timing

‘ Interval ‘ ‘ Interval ‘

so1  XD7XD6XD5XD4)XD3XD2XD1XDO XD7XD6XD5XD4XD3XD2)YD1)Y DO XD7XD6XD5

Caution  Since, in the repeat transmit mode, a read is performed on the buffer RAM after the
transmission of one byte, the interval is included in the period up to the next
transmission. As the buffer RAM read is performed at the same time as CPU
processing, the maximum interval is dependent upon the CPU operation and the value
of the automatic data transmit/receive interval specification register (ADTIO) (refer to
14.4.3 (6) Automatic data transmit/receive interval).
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Figure 14-14. Repeat Transmit Mode Flowchart
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In 6-byte transmission (bit 6 (ARLDO) and bit 7 (REOQ) of the automatic data transmit/receive control register
(ADTCO) are 1 and 0, respectively) in repeat transmit mode, buffer RAM operates as follows.

(i) Before transmission (refer to Figure 14-15 (a))
After any data has been written to SIO1 (start trigger: this data is not transferred), transmit data 1
(T1) is transferred from the buffer RAM to SIO1. When transmission of the first byte is completed,
ADTPO is decremented. Then transmit data 2 (T2) is transferred from the buffer RAM to SIO1.

(i) Upon completion of transmission of 6 bytes (refer to Figure 14-15 (b))
When transmission of the sixth byte is completed, the interrupt request flag (CSIIF1) is not set. The
previous pointer value is assigned to the ADTPO.

(iii) 7th byte transmission point (refer to Figure 14-15 (c))
Transmit data 1 (T1) is transferred from the buffer RAM to SIO1 again. When transmission of the
first byte is completed, ADTPO is decremented. Then transmit data 2 (T2) is transferred from the
buffer RAM to SIO1.

Figure 14-15. Buffer RAM Operation in 6-Byte Transmission (in Repeat Transmit Mode) (1/2)

(a) Before transmission

FADFH
FAC5H Transmit data 1 (T1) =% S|01
Transmit data 2 (T2) ""’/://:Z::/:’f/
Transmitdata 3 (T3) [~ .-~ .-~
@ 5 ADTPO
Transmit data 4 (T4) L 1
Transmit data 5 (T5) L
FACOH Transmit data 6 (T6) | 0 CSIIF1
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Figure 14-15. Buffer RAM Operation in 6-Byte Transmission (in Repeat Transmit Mode) (2/2)

(b) Upon completion of transmission of 6 bytes

FADFH
FAC5H Transmitdatal (T1) -~~~ 2 SIo1
Transmitdata 2 (T2) [
Transmit data 3 (T3)
e 0 ADTPO
Transmit data 4 (T4) 7
Transmit data 5 (T5) .
FACOH Transmit data 6 (T6) 0 CSlIF1
(c) 7th byte transmission point
FADFH
FAC5H Transmit data 1 (T1) =2 SIo1
Transmit data 2 (T2) ""/‘//:/,:,’/:’///
Transmit data 3 (T3) - I
@ 5 ADTPO
Transmit data 4 (T4) e 1
Transmit data 5 (T5) . ///
FACOH Transmit data 6 (T6) ’ 0 CSlIF1
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(d) Automatic transmission/reception suspension and restart
Automatic transmission/reception can be temporarily suspended by setting bit 7 (CSIE10) of the serial
operating mode register 1 (CSIM1) to 0.
If, during 8-bit data transfer, the transmission/reception is not suspended, itis suspended upon completion
of 8-bit data transfer.
When suspended, bit 3 (TRFO) of the automatic data transmit/receive control register (ADTCO) is set to
0 after transfer of the 8th bit, and all the port pins used with the serial interface pins for dual function (P84/
Sl1, P83/S0O1, P82/SCK1, P81/BUSY, and P80/STB) are set to the port mode.
During restart of transmission/reception, remaining data can be transferred by setting CSIE10 to 1 and
writing any data to the serial 1/0 shift register 1 (SI101).

Cautions 1. If the HALT instruction is executed during automatic transmission/reception,
transfer is suspended and the HALT mode is set even if 8-bit data transfer is in
progress.

2. When suspending automatic transmission/reception, do not change the operating
mode to 3-wire serial I/O mode while TRFO = 1.

Figure 14-16. Automatic Transmission/Reception Suspension and Restart

CSIE10 = 0 (Suspended command) Suspend

— Restart command
(« CSIE10 = 1, Write to SIO1
SCK1 HH R ]
|__| I_ 1 1 _I I__I I_

Yo7)ps)psfp4)psfp2)p1fpo \\ Yo7} ps)psfp4)ps)p2)p1 Yo \
Yp7)ps)psfp4)psfp2)p1fpo % o7} ps)psfp4)ps)p2)p1 Yo

SO

=

S

=

CSIE10: Bit 7 of serial operating mode register 1 (CSIM1)
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(4) Synchronization control
Busy control and strobe control are functions to synchronize transmission/reception between the master
device and a slave device.
By using these functions, a shift in bits being transmitted or received can be detected.

(a) Busy control option
Busy control is a function to keep the serial transmission/reception by the master device waiting while
the busy signal output by a slave device to the master is active.

When using this busy control option, the following conditions must be satisfied.

« Bit 5 (ATEO) of the serial operating mode register 1 (CSIM1) is set to 1.
e Bit 1 (BUSY10) of the automatic data transmit/receive control register (ADTCO) is set to 1.

Figure 14-17 shows the system configuration of the master device and a slave device when the busy
control option is used.

Figure 14-17. System Configuration When Busy Control Option Is Used

Master device

(UPD780065 Subseries) Slave device
SCK1 SCK1
SO1 Si1
Si1 SOo1
BUSY

The master device inputs the busy signal output by the slave device to the BUSY/P81 pin. The master
device samples the input busy signal in synchronization with the falling of the serial clock. Even if the
busy signal becomes active while 8-bit data is being transmitted or received, transmission/reception by
the master is not kept waiting. If 2 clocks after completion of transmission/reception of the 8-bit data,
the busy signal is active at the rising edge of the serial clock , the busy input becomes valid. Following
this, the master transmission/reception is kept waiting while the busy signal is active.

The active level of the busy signal is set by bit 0 (BUSY00) of ADTCO.

BUSYO0O0 = 0: Active high
BUSYO0O0 = 1: Active low

244 Preliminary User's Manual U13420EJ2VOUMO00



CHAPTER 14 SERIAL INTERFACE (SIO1)

SCK1

SO1

S

=

BUSY

CSIlIF1

TRFO

When using the busy control option, select the internal clock as the serial clock. Control with the busy
signal cannot be implemented with the external clock.
Figure 14-18 shows the operation timing when the busy control option is used.

Caution  The busy control cannot be used simultaneously with the interval time control function
of the automatic data transmit/receive interval specification register (ADTIO). If used,
the busy control is invalid.

Figure 14-18. Operation Timing When Busy Control Option Is Used (when BUSY0O = 0)

Xp7XD6XDsXp4XD3XD2)D1)XDO0

Xo7Xps)D5Xp4XD3XD2)D1XDO

fffff Clears busy input

e Busy input is valid

Caution If the TRFO is cleared, the SO1 pin becomes low level.

Remark CSIIF1: Interrupt request flag
TRFO: Bit 3 of automatic data transmit/receive control register (ADTCO)

When the busy signal becomes inactive, waiting is released. If the sampled busy signal is inactive,
transmission/reception of the next 8-bit data is started at the falling edge of the next clock.

Because the busy signal is asynchronous with the serial clock, it takes up to 1 clock until the busy signal
is sampled, even if made inactive by the slave. It takes 0.5 clock until data transfer is started after the
busy signal is sampled.

To accurately release waiting, the slave must keep the busy signal inactive at least for the duration of
1.5 clocks.

Figure 14-19 shows the timing of the busy signal and wait release. This figure shows an example where
the busy signal is active as soon as transmission/reception is started.
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Figure 14-19. Busy Signal and Wait Release (when BUSY0O0 = 0)

so1  Xp7Xpe)XD5XD4XD3XD2XD1XDO
Xp7)XD6XDsXp4XD3XD2)D1)D0
BUSY |

(active high) If made inactive
immediately after
sampled

S

=

fffff Busy input released

fffffffffffff Busy input valid

(b) Strobe control option

Strobe control is a function for synchronizing data transmission/reception between the master and slave
devices. The master device outputs the strobe signal from the STB/P80 pin when 8-bit transmission/
reception has been completed. By this signal, the slave device can determine the timing of the end of
data transmission. Therefore, synchronization is established even if a bit shift occurs because noise is

superimposed on the serial clock, and transmission of the next byte is not affected by the bit shift.
To use the strobe control option, the following conditions must be satisfied:

« Bit 5 (ATEO) of the serial operating mode register 1 (CSIM1) is set to 1.
« Bit 2 (STRBO) of the automatic data transmit/receive control register (ADTCO) is set to 1.

A strobe signal is output from the STB/P80 pin for the duration of 1 clock in synchronization with the falling

of the ninth serial clock.
Figure 14-20 shows the operation timing when the strobe control option is used.

Figure 14-20. Operation Timing When Strobe Control Option Is Used

ScKi
so1 _) p7) pe) D5) D4 D3) D2) D1) DO! \\ Yo7l ps) ps) pa) b3} p2){ D1) DO\ \
on Tzl ool el oal oaloal oalos ' TorT oel el pal sek ol oallos
L Tl
CSlIF1 Strobe signal Or)u()tput Strobe signal output Y
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(c) Busy & strobe control option
Usually, the busy control and strobe control options are simultaneously used as handshake signals. In
this case, the strobe signal is output from the STB/P80 pin, and the BUSY/P81 pin is sampled, and
transmission/reception can be kept waiting while the busy signal is input.
When the strobe control option is not used, the P80/STB pin can be used as a normal 1/O port pin.
To use the busy & strobe control option, the following conditions must be satisfied.

e Bit 5 (ATEO) of the serial operating mode register 1 (CSIM1) is set to 1.
« Bit 2 (STRBO0) and bit 1 (BUSY10) of the automatic data transmit/receive control register (ADTCO) are
set to 1.

The active level of the busy signal is set by bit 0 (BUSY00) of ADTCO.

BUSYO0O0 = 0: Active high
BUSYO00 = 1: Active low

Figure 14-21 shows the operation timing when the busy & strobe control options are used.
When the strobe control option is used, the interrupt request flag (CSIIF1) that is set on completion of
transmission/reception is set after the strobe signal is output.
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Figure 14-21. Operation Timing When Busy & Strobe Control Options Are Used (when BUSYO00 = 0)

e UL UL UL
so1 ~ YorXoeXosYoaYozYoeXo1Xoo
s YorYosYosYoaXoaXozXorXoo
ste ]

BUSY ]

CSlIF1

H
- -t
|
‘
‘
‘
|

. Xp7XpeXpsXpaXpaXp2Xpifoo | A
Xp7XpeXpsXp4Xp3Xp2Xp1fpo | |

(R Busy input released

ffffffffffffff Busy input valid

TRFO

Caution  When TRFO is cleared, the SO1 pin becomes low level.

Remark CSIIF1: Interrupt request flag
TRFO: Bit 3 of automatic data transmit/receive control register (ADTCO)
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(d)

Bit shift detection by busy signal

During automatic transmission/reception, a bit shift of the serial clock of the slave device may occur
because noise is superimposed on the serial clock signal output by the master device. Unless the strobe
control option is used at this time, the bit shift affects transmission of the next byte. In this case, the master
can detect the bit shift by checking the busy signal during transmission by using the busy control option.
A bit shift is detected by using the busy signal as follows.

The slave outputs the busy signal after the rising edge of the eighth serial clock during data transmission/
reception (in order not to keep transmission/reception waiting by the busy signal at this time, make the
busy signal inactive within 2 clocks).

The master samples the busy signal in synchronization of the falling of the leading side of the serial clock.
If a bit shift does not occur, all the eight serial clocks that have been sampled are inactive. If the sampled
serial clocks are active, it is assumed that a bit shift has occurred, and error processing is executed (by
setting bit 4 (ERRO) of the automatic transmit/receive control register (ADTCO) to 1).

Figure 14-22 shows the operation timing of the bit shift detection function by the busy signal.

Figure 14-22. Operation Timing of Bit Shift Detection Function by Busy Signal (when BUSYO00 = 1)

SCK1
(master)

SCK1
(slave)

SO1

SI1

BUSY

CSIIF1

CSIE10

ERRO

Bit shift due to noise
I Hl"l‘i”l"l‘ll‘”‘ll\[
..... !

Xp7XD6XD5)XD4XD3XD2)XD1)XDO XD7X\/\/ D7XD6XD5XD4XD3XD2XD1?( DO //
XD7XD6XD5)XD4XD3XD2)XD1)XDO0 XD?X\/\/ D7XD6XD5XD4XD3XD2XD1>( DO /

))
T(

))
T(

fffff Busy not detected ---Error interrupt request

generated
fffff Error detected
CSIIF1: Interrupt request flag
CSIE10: Bit 7 of serial operating mode register 1 (CSIM1)
ERRO: Bit 4 of automatic data transmit/receive control register (ADTCO)
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Timing of interrupt request signal generation
The interrupt request signal is generated in synchronization with the timing shown in Table 14-2.

Table 14-2. Timing of Interrupt Request Signal Generation

Operating Mode Timing of Interrupt Request Signal

Single mode Master mode 10th serial clock at end of transfer

Slave mode 8th serial clock at end of transfer

Repetitive transmit mode Not generated

If bit shift occurs during transmission/reception 8th serial clock

Interval time of automatic transmission/reception

Because read/write to/from the buffer RAM using the automatic transmit/receive function is performed
asynchronously with CPU processing, the interval time is dependent on the CPU processing of the timing of
the eighth rising of the serial clock and the set value of the automatic data transmit/receive interval specification
register (ADTIO). Whether the interval time is dependent on ADTIO is selected by setting of the bit 7 (ADTI07)
of ADTIO. If ADTIO7 is reset to O, the interval time is 2/fsck. If ADTIO7 is set to 1, the interval time determined
by the set contents of ADTIO or interval time (2/fsck) according to CPU processing is selected, whichever is
is greater.

Figure 14-23 shows the interval time of automatic transmission/reception

Remark fsck: Serial clock frequency
Figure 14-23. Interval Time of Automatic Transmission/Reception
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e TR ]
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Xp7XD6XDsXp4)D3XD2)D1)XDO Xp7XD6XDsXp4)XD3XD2XD1)XDO0]

=

S

CSIIF1

The following expression must be satisfied to access the buffer RAM.

1 transfer cycle + interval time = Read access + Write access + CPU buffer RAM access (time)

In the case of a “high-speed CPU & low-speed SCKNO®" the interval time is not necessary. In the case of
a “low-speed CPU & high-speed SCKNO€” the interval time is necessary.

In this case, make sure that a sufficient interval time elapses by using the automatic data transmit/receive

interval specification register (ADTI0), so that the above expression is satisfied.

Note The speeds of the CPU clock and SCK differ depending on the type of CPU core.
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15.1 Serial Interface (SIO30) Functions
The serial interface (SIO30) 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) 2-wire serial /0 mode (fixed as MSB first)
This is an 8-bit data transfer mode using two lines: a serial clock line (SCK30) and serial data input/output |

(SDIO30).
The first bit of the serial transferred 8-bit data is fixed as the MSB.

ine

2-wire serial 1/0O mode is useful for connection to a peripheral 1/0O incorporating a clock-synchronous serial

interface, or a display controller, etc. For details see 15.4.2 2-wire serial I/O mode .
Figure 15-1 shows a block diagram of the serial interface (SI030).

Figure 15-1. Serial Interface (SI030) Block Diagram

2 Internal bus 2
I8t
| Serial I/O shift register
SDIO30/P75 O rﬁ 30 (S1030)

t

I
|
SCK30/P74 I Serial clock Interrupt
SCK30/P74 O Iﬂ counter request signal [ INTCSI30
generator
Serial clock [« fx/2°
| control circuit Selector |+~ bi2°
| N — fx/2
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15.2 Serial Interface (SIO30) Configuration

The serial interface (SIO30) includes the following hardware.

Table 15-1. Serial Interface (SI030) Configuration

Item

Configuration

Registers

Serial 1/0O shift register 30 (SIO30)

Control registers

Serial operation mode register 30 (CSIM30)

(1) Serial I/O shift register 30 (SIO30)
This is an 8-bit register that performs parallel-serial conversion and serial transmit/receive (shift operations)

252

synchronized with the serial clock.

SIO30 is set by an 8-bit memory manipulation instruction.

When “1” is set to bit 7 (CSIE30) of the serial operation mode register 30 (CSIM30), a serial operation can be
started by writing data to or reading data from SIO30.

When transmitting, data written to SIO30 is output to the serial output (SO30).

When receiving, data is read from the serial input (S130) and written to SIO30.

RESET input resets SI030 to 00H.

Caution Do not access SIO30 during a transmit operation unless the access is triggered by a transfer
start. (Read operation is disabled when MODEO = 0 and write operation is disabled when

MODEQ = 1.)
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15.3 Register to Control Serial Interface (SIO30)

The serial interface (SIO30) uses the following type of register to control functions.

¢ Serial operation mode register 30 (CSIM30)

(1) Serial operation mode register 30 (CSIM30)
This register is used to enable or disable SIO30’s serial clock, operation modes, and specific operations.

CSIM30 can be set by a 1-bit or 8-bit memory manipulation instruction.
RESET input sets CSIM30 to 00H.

Caution In 2-wire serial I/O mode, set the port mode register (PMXX) as follows. In each case, set the output

latch to 0.

« During serial clock output (master transmission or master reception)
Set P74 (M) to output mode (PM74 = 0)
¢ During serial clock input (slave transmission or slave reception)
Set P74 to input mode (PM74 = 1)
¢ During transmit mode
Set P75 (SDIO30) to output mode (PM75 = 0)
« During receive mode
Set P75 (SDIO30) to input mode (PM75 = 1)

Figure 15-2. Format of Serial Operation Mode Register 30 (CSIM30)

Address: FFBOH After reset: 00H R/W

Symbol 6 5 4 3 2 1 0
CSIM30 | CSIE30 | 0 0 0 0 MODEO SCL301 SCL300
Enable/disable specification for SIO30
CSIE30
Shift register operation Serial counter Port
0 Operation stop Clear Port functionNote
1 Operation enable Count operation enable Serial function
Transfer operation modes and flags
MODEO
Operation mode Transfer start trigger
0 Transmit mode Write to SIO30
1 Receive mode Read from SI030
SCL301 SCL300 Clock selection
0 0 External clock input to SCK30
0 1 fx/25 (262 kHz)
1 0 fx/28 (131 kHz)
1 1 fx/27 (65.5 kHz)
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Note When CSIE30 =0 (SI030 operation stop status), pins SDIO30 and SCK30 can be used as port functions.

Remarks 1. fx: main system clock oscillation frequency
2. Figures in parentheses are for operation with fx = 8.38 MHz.

15.4 Serial Interface (SIO30) Operations
This section explains the two modes of serial interface SIO30.
15.4.1 Operation stop mode
Because serial transfer is not performed in this mode, power consumption can be reduced.
In addition, pins can be used as normal 1/O ports.
(1) Register settings
Operation stop mode is set by serial operation mode register 30 (CSIM30).

CSIM30 can be set by a 1-bit or 8-bit memory manipulation instruction.
RESET input sets CSIMO to 00H.

Address: FFBOH After reset: 00H R/W

Symbol 6 5 4 3 2 1 0
CSIM30 | CSIE30 | 0 0 0 0 MODEO SCL301 SCL300
SI030 operation enable/disable specification
CSIE30
Shift register operation Serial counter Port
0 Operation stop Clear Port functionNote
1 Operation enable Count operation enable Serial function

Note When CSIE30 =0 (SIO30 operation stop status), pins SDIO30 and SCK30 can be used as port functions.
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15.4.2 2-wire serial /0O mode

The 2-wire serial I/0 mode is useful for connection to a peripheral /0O incorporating a clock-synchronous serial
interface, a display controller, etc.

This mode executes data transfers via two lines: a serial clock line (m)) and serial data input/output line
(SDI030).

(1) Register settings
2-wire serial I/O mode is set by serial operation mode register 30 (CSIM30).
CSIM30 can be set by an 1-bit or 8-bit memory manipulation instruction.
RESET input sets CSIM30 to O0H .

Caution In 2-wire serial I/O mode, set the port mode register (PMXX) as follows. In each case, set the output
latch to 0.
« During serial clock output (master transmission or master reception)
Set P74 (SCW)) to output mode (PM74 = 0)
« During serial clock input (slave transmission or slave reception)
Set P74 to input mode (PM74 = 1)
« During transmit mode
Set P75 (SDIO30) to output mode (PM75 = 0)
« During receive mode
Set P75 (SDIO30) to input mode (PM75 = 1)

Address: FFBOH After reset: 00H R/W

Symbol 6 5 4 3 2 1 0
CSIM30 | CSIE30 | 0 0 0 0 MODEO SCL301 SCL300
Enable/disable specification for SIO30
CSIE30
Shift register operation Serial counter Port
0 Operation stop Clear Port functionNote
1 Operation enable Count operation enable Serial function
Transfer operation modes and flags
MODEO
Operation mode Transfer start trigger
0 Transmit mode Write to SIO30
1 Receive mode Read from SI1030
SCL301 SCL300 Clock selection
0 0 External clock input to SCK30
0 1 fx/25 (262 kHz)
1 0 fx/28 (131 kHz)
1 1 fx/27 (65.5 kHz)

Note When CSIE30 =0 (SIO30 operation stop status), pins SDIO30 and SCK30 can be used as port functions.

Remarks 1. fx: main system clock oscillation frequency
2. Figures in parentheses are for operation with fx = 8.38 MHz.

Preliminary User’s Manual U13420EJ2VOUMO0 255



CHAPTER 15 SERIAL INTERFACE (SIO30)

)

3

256

Communication operations

In 2-wire serial /0O mode, data is transmitted and received in 8-bit units. Each bit of data is sent or received in
synchronization with the serial clock.

Serial 1/0 shift register 30 (S1030) is shifted in synchronization with the falling edge of the serial clock.
Transmission data is held in the SDIO30 latch and is output from the SDIO30 pin. Data that is received via the
SDIO30 pin in synchronization with the rising edge of the serial clock is latched to SIO30.

Completion of an 8-bit transfer automatically stops operation of SIO30 and sets interrupt request flag (CSIIF30).

Figure 15-3. Timing of 2-Wire Serial /0O Mode

SCK30 uf 2 3] |4l |s] [ef [7] |8
| | |
SDIO30 X b7 f b6 Y D5 Y D4 X D3 X D2 f D1 Do
1 !
CSIIF30 ! '—
l
T Transfer completion

Transfer starts in synchronization with the SCK30 falling edge

Transfer start
Serial transfer starts when the following two conditions have been satisfied and transfer data has been set (or
read) to serial I/O shift register 30 (SIO030).

¢ SI030 operation control bit (CSIE30) = 1
« After an 8-bit serial transfer, either the internal serial clock is stopped or SCK30 is set to high level.
¢ Transmit mode
When CSIE30 = 1 and MODEO = 0, transfer starts when writing to SIO30.
¢ Receive mode
When CSIE30 = 1 and MODEO = 1, transfer starts when reading from SIO30.

Caution  After data has been written to SIO30, transfer will not start even if the CSIE30 bit value is set
to “1”.

Completion of an 8-bit transfer automatically stops the serial transfer operation and interrupt request flag
(CSIIF30) is set.
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16.1 Serial Interface (SI031) Functions
The serial interface (SIO31) has the following two modes.

(1) Operation stop mode
This mode is used when serial transfers are not performed. For details, see 16.4.1 Operation stop mode .

(2) 3-wire serial /0 mode (fixed as MSB first)
This is an 8-bit data transfer mode using three lines: a serial clock line (m), serial output line (SO31), and
serial input line (SI31).
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 of the serial transferred 8-bit data is fixed as the MSB.
3-wire serial 1/0O mode is useful for connection to a peripheral 1/0O incorporating a clock-synchronous serial
interface, or a display controller, etc. For details see 16.4.2 3-wire serial I/O mode .
Figure 16-1 shows a block diagram of the serial interface (SI031).

Figure 16-1. Serial Interface (S1031) Block Diagram

2 Internal bus 2
I8 ¢C

SI31/P92 O Iﬂ gfrgllgg)shm register

f

S031/P91 O |
SCK31/P90 I Serial clock Interrupt
SCK31/P90 O Iﬂ counter request signal [ INTCSI31
generator
Serial clock -~ fx/Zj
| control circuit Selector  f=——— KgS
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16.2 Serial Interface (SIO31) Configuration

The serial interface (SIO31) includes the following hardware.

Table 16-1. Serial Interface (SI031) Configuration

Item

Configuration

Registers

Serial 1/O shift register 31 (SIO31)

Control registers

Serial operation mode register 31 (CSIM31)

(1) Serial I/O shift register 31 (SIO31)
This is an 8-bit register that performs parallel-serial conversion and serial transmit/receive (shift operations)
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synchronized with the serial clock.

SIO31 is set by an 8-bit memory manipulation instruction.

When “1” is set to bit 7 (CSIE31) of the serial operation mode register 31 (CSIM31), a serial operation can be
started by writing data to or reading data from SIO31.

When transmitting, data written to SIO31 is output to the serial output (SO31).

When receiving, data is read from the serial input (S131) and written to SIO31.

RESET input resets SI031 to 00H.

Caution Do not access SIO31 during a transmit operation unless the access is triggered by a transfer
start. (Read operation is disabled when MODEO = 0 and write operation is disabled when
MODEO = 1.)
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16.3 Register to Control Serial Interface (SIO31)

The serial interface (SIO31) uses the following type of register to control functions.

« Serial operation mode register 31 (CSIM31)

(1) Serial operation mode register 31 (CSIM31)
This register is used to enable or disable SIO31’s serial clock, operation modes, and specific operations.

CSIM31 can be set by a 1-bit or 8-bit memory manipulation instruction.
RESET input sets CSIM31 to 00H.

Caution

In 3-wire serial I/O mode, set the port mode register (PMXX) as follows. In each case, set the output
latch to 0.

« During serial clock output (master transmission or master reception)
Set P90 (SCK31) to output mode (PM90 = 0)
¢ During serial clock input (slave transmission or slave reception)

Set P90 to input mode (PM90 = 1)

¢ During transmit/transmit and receive mode
Set P91 (SO31) to output mode (PM91 = 0)

« During receive mode
Set P92 (SI31) to input mode (PM92 = 1)

Figure 16-2. Format of Serial Operation Mode Register 31 (CSIM31)

Address: FFB1H After reset: 00H R/W
Symbol 6 5 4 3 2 1 0
CSIM31 | CSIE31 | 0 0 0 0 MODE1 SCL311 SCL310
Enable/disable specification for SIO31
CSIE31
Shift register operation Serial counter Port
0 Operation stop Clear Port functionNote 1
1 Operation enable Count operation enable Serial function + port functionNote 2
Transfer operation modes and flags
MODE1
Operation mode Transfer start trigger S0O31 output
0 Transmit/transmit and receive mode | Write to SIO31 Normal output
1 Receive-only mode Read from S1031 Fixed at low level
SCL311 SCL310 Clock selection
0 0 External clock input to SCK31
0 1 fx/23 (1.05 MHz)
1 0 fx/24 (524 kHz)
1 1 fx/25 (262 kHz)
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Notes 1. When CSIE31 = 0 (SIO31 operation stop status), the pins SI31, SO31, and SCK31 can be used for
port functions.

2. When CSIE31 =1 (SIO31 operation enabled state), the SI31 pin can be used as a port pin if only the

send function is used, and the SO31 pin can be used as a port pin if only the receive-only mode is
used.

Remarks 1. fx: main system clock oscillation frequency
2. Figures in parentheses are for operation with fx = 8.38 MHz.

16.4 Serial Interface (SIO31) Operations
This section explains on two modes of serial interface SIO31.

16.4.1 Operation stop mode

Because the serial transfer is not performed during this mode, the power consumption can be reduced.
In addition, pins can be used as normal 1/O ports.

(1) Register settings
Operation stop mode are set by the serial operation mode register 31 (CSIM31).

CSIM31 can be set by a 1-bit or 8-bit memory manipulation instruction.
RESET input sets CSIMO to 00H.

Address: FFB1H After reset: 00H R/W

Symbol 6 5 4 3 2 1 0
CSIM31 | CSIE31 | 0 0 0 0 MODE1 SCL311 SCL310
S1031 operation enable/disable specification
CSIE31
Shift register operation Serial counter Port
0 Operation stop Clear Port functionNote 1
1 Operation enable Count operation enable Serial function + port functionNote 2

Notes 1. When CSIE31 = 0 (S1031 operation stop status), the pins SI31, SO31, and SCK31 can be used for
port functions.

2. When CSIE31 =1 (SIO31 operation enabled state), the SI31 pin can be used as a port pin if only the

send function is used, and the SO31 pin can be used as a port pin if only the receive-only mode is
used.
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16.4.2 3-wire serial /0O mode

The 3-wire serial I/O mode is useful for connection to a peripheral /0O incorporating a clock-synchronous serial

interface, a display controller, etc.

This mode executes data transfers via three lines: a serial clock line (SCK31), serial output line (SO31), and serial

input line (S131).

(1) Register settings

3-wire serial I/O mode is set by the serial operation mode register 31 (CSIM31).

CSIM31 can be set by a 1-bit or 8-bit memory manipulation instructions.

RESET input sets CSIM31 to 00H .

Caution
latch to 0.

In 3-wire serial /O mode, set the port mode register (PMXX) as follows. In each case, set he output

« During serial clock output (master transmission or master reception)
Set P90 (SCK31) to output mode (PM90 = 0)
« During serial clock input (slave transmission or slave reception)

Set P90 to input mode (PM90 = 1)

« During transmit/transmit and receive mode
Set P91 (SO31) to output mode (PM91 = 0)

« During receive mode

Set P92 (SI31) to input mode (PM92 = 1)

Address: FFB1H After reset: 0O0H R/W
Symbol 6 5 4 3 2 1 0
csimM31 | csiEsL | o0 0 0 0 MODE1 | SCL311 | SCL310
Enable/disable specification for SIO31
CSIE31
Shift register operation Serial counter Port
0 Operation stop Clear Port functionNote 1
1 Operation enable Count operation enable Serial function + port functionNote 2
Transfer operation modes and flags
MODE1
Operation mode Transfer start trigger SO031 output
0 Transmit/transmit and receive mode | Write to SIO31 Normal output
1 Receive-only mode Read from S1031 Fixed at low level
SCL311 SCL310 Clock selection
0 0 External clock input to SCK31
0 1 fx/23 (1.05 MHz)
1 0 fx/24 (524 kHz)
1 1 fx/25 (262 kHz)
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Notes 1. When CSIE31 = 0 (SIO31 operation stop status), the pins SI31, SO31, and SCK31 can be used for
port functions.
2. When CSIE31 =1 (SIO31 operation enabled state), the SI31 pin can be used as a port pin if only the
send function is used, and the SO31 pin can be used as a port pin if only the receive-only mode is
used.

Remarks 1. fx: main system clock oscillation frequency
2. Figures in parentheses are for operation with fx = 8.38 MHz.

Communication operations

In the three-wire serial I/O mode, datais transmitted and received in 8-bit units. Each bit of datais sent or received
in synchronization with the serial clock.

The serial 1/0 shift register 31 (S1031) is shifted in synchronization with the falling edge of the serial clock.
Transmission data is held in the SO31 latch and is output from the SO31 pin. Data that is received via the SI31
pin in synchronization with the rising edge of the serial clock is latched to SIO31.

Completion of an 8-bit transfer automatically stops operation of SIO31 and sets interrupt request flag (CSIIF31).

Figure 16-3. Timing of 3-Wire Serial /0O Mode

SCK31 1| 2] 3] 4] |s] |ef |7 |8
SI31 X Djl7 X pi6 { D15 X D14 X DI3 X DI2 ) DI1 ) |j)|0
S031 :X D107 X Do6 J Dos f DO4 § DO3 ) DO2 ) DO1 D:OO
‘ :
CslIF31 i i—
T Transfer completion

Transfer starts in synchronization with the SCK31 falling edge

Transfer start
A serial transfer starts when the following two conditions have been satisfied and transfer data has been set (or
read) to serial I/O shift register 31 (SIO31).

e The SIO31 operation control bit (CSIE31) = 1
« After an 8-bit serial transfer, either the internal serial clock is stopped or SCK31 is set to high level.
e Transmit/transmit and receive mode
When CSIE31 = 1 and MODEL1 = 0, transfer starts when writing to SIO31.
¢ Receive-only mode
When CSIE31 = 1 and MODEL1 = 1, transfer starts when reading from SIO31.

Caution  After data has been written to SIO31, transfer will not start even if the CSIE31 bit value is set
to “1”.

Completion of an 8-bit transfer automatically stops the serial transfer operation and interrupt request flag
(CSIIF31) is set.
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17.1 Interrupt Function Types

)

)

©)

The following three types of interrupt functions are used.

Non-maskable interrupt

This interrupt is acknowledged unconditionally. It does not undergo priority control and is given top priority over
all other interrupt requests.

It generates a standby release signal.

One interrupt from the watchdog timer is incorporated as a non-maskable interrupt.

Maskable interrupts

These interrupts undergo mask control. Maskable interrupts can be divided into a high interrupt priority group
and a low interrupt priority group by setting the priority specify flag registers (PROL, PROH, PR1L).

Multiple high priority interrupts can be applied to low priority interrupts. If two or more interrupts with the same
priority are simultaneously generated, each interrupt has a predetermined priority (see Table 17-1).

A standby release signal is generated.

Four external interrupt requests and fourteen internal interrupt requests are incorporated as maskable interrupts.

Software interrupt
This is a vectored interrupt to be generated by executing the BRK instruction. It is acknowledged even in a
disabled stated. The software interrupt does not undergo interrupt priority control.

17.2 Interrupt Sources and Configuration

1).

A total of twenty interrupt sources exist among non-maskable, maskable, and software interrupts (see Table 17-
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Table 17-1. Interrupt Source List

Vector Basic
Interrupt | Default Interrupt Source Internal/ ) .
o Note 1 Ext | Table Configuration
Type Priority Name Trigger xternal Address | TypeNote 2
Non- — INTWDT Watchdog timer overflow Internal 0004H (A)
maskable (with watchdog timer mode 1 selected)
Maskable 0 INTWDT Watchdog timer overflow (B)
(with interval timer mode selected)
1 INTPO Pin input edge detection External | 0006H ©)
2 INTP1 0008H
3 INTP2 000AH
4 INTP3 000CH
5 INTSERO | Serial interface UARTO reception error Internal 000EH (B)
generation
6 INTSRO End of serial interface UARTO reception 0010H
7 INTSTO End of serial interface UARTO transmission 0012H
8 INTCSI30 | End of serial interface SIO30 transfer 0014H
9 INTCSI31 | End of serial interface SIO31 transfer 0016H
10 INTCSI1 End of serial interface SIO1 transfer 0018H
11 INTTMOO | Match of 16-bit timer/counter O and 001AH
capture/compare register 00 (CR00)
(with CROO specified to compare register)
TI00 valid edge detection
(with CRO1 specified to capture register)
12 INTTMO1 | Match of 16-bit timer/counter O and 001CH
capture/compare register 01 (CR01)
(with CRO1 specified to compare register)
TI01 valid edge detection
(with CROO specified to capture register)
13 INTTM50 | Match of 8-bit counter 50 and 8-bit compare 001EH
register 50
14 INTTM51 | Match of 8-bit counter 51 and 8-bit compare 0020H
register 51
15 INTWTI Reference time interval signal from watch timer 0022H
16 INTWT Watch timer overflow 0024H
17 INTADO End of A/D converter conversion 0026H
Software — BRK BRK instruction execution — 003EH (D)

Notes 1. The default priority is the priority applicable when two or more maskable interrupt are generated
simultaneously. 0 is the highest priority, and 17 is the lowest.
2. Basic configuration types (A) to (D) correspond to (A) to (D) in Figure 17-1.
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Figure 17-1. Basic Configuration of Interrupt Function (1/2)

(A) Internal non-maskable interrupt

S Internal Bus S
Interrupt Priority Control Vector Table
request Circuit Address Generator

Standby release signal

(B) Internal maskable interrupt

S Internal Bus S
MK IE PR ISP
Interrupt ;CD Priority Control Vector Table
ermupt 1 |k Circuit Address Generator
request

Standby release signal

(C) External maskable interrupt (INTPO to INTP3)

S Internal Bus S
External Interrupt Edge
Enable Register MK IE PR ISP
(EGP, EGN)
Interrunt Edae ;CD Priority Control | _| Vector Table
E— 9 IF Circuit Address Generator
request Detector

Standby release signal
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Figure 17-1. Basic Configuration of Interrupt Function (2/2)

(D) Software interrupt

S Internal Bus S
Interrupt Priority Control Vector Table
request Circuit Address Generator
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INTERRUPT FUNCTIONS

17.3 Interrupt Function Control Registers

The following 6 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 flag (EGP)
« External interrupt falling edge enable flag (EGN)

¢ Program status word (PSW)

Table 17-2 gives a list of interrupt request flags, interrupt mask flags, and priority specify flags corresponding to

interrupt request sources.

Table 17-2. Flags Corresponding to Interrupt Request Sources

Interrupt Request Flag Interrupt Mask Flag Priority Specify Flag
Interrupt Request
Register Register Register
INTWDT WDTIF IFOL WDTMK MKOL WDTPR PROL
INTPO PIFO PMKO PPRO
INTP1 PIF1 PMK1 PPR1
INTP2 PIF2 PMK2 PPR2
INTP3 PIF3 PMK3 PPR3
INTSERO SERIFO SERMKO SERPRO
INTSRO SRIFO SRMKO SRPRO
INTSTO STIFO STMKO STPRO
INTCSI30 CSIIF30 IFOH CSIMK30 MKOH CSIPR30 PROH
INTCSI31 CSIIF31 CSIMK31 CSIPR31
INTCSI1 CSlIF1 CSIMK1 CSIPR1
INTTMOO TMIFO0 TMMKOO TMPROO
INTTMO1 TMIFO1 TMMKO1 TMPRO1
INTTM50 TMIF50 TMMK50 TMPR50
INTTM51 TMIF51 TMMK51 TMPR51
INTWTI WTIIF WTIMK WTIPR
INTWT WTIF IF1L WTMK MK1L WTPRO PR1L
INTADO ADIFO ADMKO ADPRO
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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 by a 1-bit or 8-bit memory manipulation instruction. When IFOL and IFOH are
combined to form 16-bit register IFO, they are read with a 16-bit memory manipulation instruction.

RESET input sets these registers to 00H.

Figure 17-2. Format of Interrupt Request Flag Registers (IFOL, IFOH, IF1L)

Address: FFEOH After reset: 00H R/W

Symbol [6] [o]

IFOL | STIFO | SRIFO | SERIFO | PIF3 | PIF2 | PIF1 | PIFO | WDTIF |

Address: FFE1H After reset: 00H R/W

Symbol 6] [0]

IFOH [ wrie | tmirsz | Twirso | TwiFor | TmiFoo | csiFi | csiFsi | csiFso |

Address: FFE2H After reset: 00H R/W

Symbol 7 6 5 4 3 2 [0]
IF1L 0 0 0 0 0 0 | ADIFO | WTIF |
XXIFX Interrupt request flag
0 No interrupt request signal is generated
1 Interrupt request is generated, interrupt request status

Cautions 1. The WDTIF flag is 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. Be sure to set 0 to IF1L bits 2 through 7.
3. When operating atimer, serial interface, or A/D converter after stand-by release, run it once
after clearing an interrupt request flag. An interrupt request flag may be set by noise.
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(2) Interrupt mask flag registers (MKOL, MKOH, MK1L)
The interrupt mask flags are used to enable/disable the corresponding maskable interrupt service and to set
standby clear enable/disable.
MKOL, MKOH, and MK1L are set by a 1-bit or 8-bit memory manipulation instruction. When MKOL and MKOH
are combined to form a 16-bit register, they are set with a 16-bit memory manipulation instruction.
RESET input sets these registers to FFH.

Figure 17-3. Format of Interrupt Mask Flag Registers (MKOL, MKOH, MK1L)

Address: FFE4H After reset: FFH R/W

Symbol [6] [o]

MKOL | STMKO | SRMKO |SERMKO| PMK3 | PMK2 | PMK1 | PMKO | WDTMKl

Address: FFE5H After reset: FFH R/W

Symbol 6] [o]

MKOH | WTIMK | TMMK51 | TMMK50 | TMMKO1 | TMMKOO0 | CSIMK1 | CSIMK31 | CSIMK30 |

Address: FFE6H After reset: FFH R/W

Symbol 7 6 5 4 3 2 [0]
MK1L 1 1 1 1 1 1 | Apmko | wrmK |
XXMKX Interrupt servicing control
0 Interrupt servicing enabled
1 Interrupt servicing disabled

Cautions 1. If the 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. Always set MK1L bits 2 through 7 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 by 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 17-4. Format of Priority Specify Flag Registers (PROL, PROH, PR1L)

Address: FFE8H After reset: FFH R/W

Symbol [e] [o]

PROL | STPRO | SRPRO | SERPRO | PPR3 | PPR2 | PPR1 | PPRO | WDTPR |

Address: FFE9H After reset: FFH R/W

Symbol (6] [o]

PROH | WTIPR | TMPR51 | TMPR50 | TMPRO1 | TMPROO | CSIPR1 |CSIPR31 |CSIPR30 |

Address: FFEAH After reset: FFH R/W

Symbol 7 6 5 4 3 2 [0]
PRIL 1 1 1 1 1 1| appro | wrpRo |
XXPRX Priority level selection
0 High priority level
1 Low priority level

Cautions 1. When the watchdog timer is used in the watchdog timer 1 mode, set 1 in the WDTPR flag.
2. Always set PRI1L bits 2 through 7 to 1.
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(4) External interruptrising edge enable register (EGP), External interrupt falling edge enable register (EGN)
These registers specify the valid edge for INTPO to INTP3.
EGP and EGN are set by a 1-bit or 8-bit memory manipulation instruction.
RESET input sets these registers to 00H.

Figure 17-5. Format of External Interrupt Rising Edge Enable Register (EGP),
External Interrupt Falling Edge Enable Register (EGN)

Address: FF48H After reset: 00H R/W
Symbol 7 6 5 4 3 2 1 0

o

EGP 0 0 0 EGP3 EGP2 EGP1 EGPO

Address: FF49H After reset: 00H R/W

Symbol 7 6 5 4 3 2 1 0
EGN 0 0 0 0 EGN3 EGN2 EGN1 EGNO
EGPn EGNn INTPn pin valid edge selection (n = 0 to 3)

0 0 Interrupt disable

0 1 Falling edge

1 0 Rising edge

1 1 Both rising and falling edges
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(5) 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 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 17-6. 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 disable)

1 | Interrupt request not acknowledged, or low-
priority interrupt servicing (All maskable
interrupts enable)

IE Interrupt request acknowledge enable/disable
0 | Disable
1 Enable
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17.4 Interrupt Servicing Operations

17.4.1 Non-maskable interrupt request acknowledge operation

A non-maskable interrupt request is unconditionally acknowledged even if in an interrupt 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 (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 17-7,17-8, and 17-9 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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INTERRUPT FUNCTIONS

Figure 17-7. Non-Maskable Interrupt Request Generation to Acknowledge Flowchart

CPU processing

WDTIF

274

WDTM4 =1

(with watchdog timer No

mode selected)?

Overflow in WDT?

WDTM3 =0

(with non-maskable No

Interval timer

interrupt selected)?

Interrupt request generation

WDT interrupt No

servicing?

Interrupt
control register not
accessed?

(Start of interrupt servicing )

WDTM: Watchdog timer mode register

WDT:

Watchdog timer

( Interrupt request held pending )

Figure 17-8. Non-Maskable Interrupt Request Acknowledge Timing

Instruction

Instruction

PSW, PC Save, Jump
to interrupt servicing

Interrupt Service
progam

[T

/! \

Interrupt request generated during this interval is acknowledged at ',

WDTIF: Watchdog timer interrupt request flag
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Figure 17-9. Non-Maskable Interrupt Request Acknowledge Operation

(@) If a non-maskable interrupt request is generated during non-maskable interrupt servicing program

Main routine )

NMI request <1> —

execution

!

—~—— Execution of NMI request <1>

<2> i
NMI request <2> NMI request <2> held pending

Execution of 1 instruction ——

—~—— Servicing of NMI request <2> that was pended

/I

(b) If two non-maskable interrupt requests are generated during non-maskable interrupt servicing program
execution

Main routine

!

—-—— Execution of NMI request <1>
NMI request <2> ——= NMI request <2> held pending
NMI request <3> held pending

NMI request <1> —

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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17.4.2 Maskable interrupt acknowledge operation

A maskable interrupt becomes acknowledgeable when an interrupt request flag is set to 1 and the mask (MK) flag
corresponding to that interrupt request is cleared to 0. A vectored interrupt request is acknowledged if in the interrupt
enable state (when IE flag is setto 1). However, a low-priority interrupt request is not acknowledged during servicing
of a higher priority interrupt request (when the ISP flag is resetto 0). The times from generation of a maskable interrupt
request until interrupt servicing is performed are listed in Table 17-3 below.

For the interrupt request acknowledge timing, see Figures 17-11 and 17-12.

Table 17-3. Times from Generation of Maskable Interrupt until Servicing

Minimum Time Maximum TimeNote
When xxPR = 0 7 clocks 32 clocks
When xxPR =1 8 clocks 33 clocks

Note If an interrupt request is generated just before a divide instruction, the wait time becomes longer.

Remark 1 clock: 1/fcpu (fcru: CPU clock)

If two or more 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 17-10 shows the interrupt request acknowledge algorithm.

If a maskable interrupt request is acknowledged, the contents are saved into the stacks in the order of PSW, then
PC, the IE flag is reset (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 17-10. Interrupt Request Acknowledge Processing Algorithm

( Start )

Yes (Interrupt request generation)

No

(Interrupt request held pending)

Yes (High priority)

No (Low priority)

Any high-priority

Yes interrupt request among those - Any high-priority
simultaneously generated interrupt request among Yes
with xxPR = 0? those simultaneously generated
with xxPR = 02

(Interrupt request held pending)

(Interrupt request held pending)

(Interrupt request held pending)

Any high-priority Yes
interrupt request among
%e simultaneously
generated?

xx|F:
xxMK:
xxPR:

ISP:

(Interrupt request held pending)

(Vectored interrupt servicing )

es (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, 0 = Disable)

Flag that indicates the priority level of the interrupt currently being serviced (0 = high-priority interrupt
servicing, 1 = No interrupt request received, or low-priority interrupt servicing)
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Figure 17-11. Interrupt Request Acknowledge Timing (Minimum Time)

6 clocks

; PSWand PC Save, | |nterrupt servicin
CPU processing Instruction Instruction Jump to interrupt p 9

. [TTTTTTIT] L,
| |
! 8 clocks !

" [TIPITITITT
| |
! 7 clocks !

Remark 1 clock: 1/fcpu (fcru: CPU clock)

Figure 17-12. Interrupt Request Acknowledge Timing (Maximum Time)

25 clocks 6 clocks
CPU processing Instruction Divide instruction Egsrr\xl\é chijn?ecr:rl?&ve’ g‘rtoe;:‘r’; servicing
(o< (TTTITTI7 P
! 33 clocks
(o< TTTTTITTT \
! 32 clocks !

Remark 1 clock: 1/fcpu (fcru: CPU clock)

17.4.3 Software interrupt request acknowledge operation

A software interrupt acknowledge is 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 (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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17.4.4 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 (1) the IE flag 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 pendent interrupt request is
acknowledged following execution of one main processing instruction execution.

Multiple interrupt servicing is not possible during non-maskable interrupt servicing.

Table 17-4 shows interrupt requests enabled for multiple interrupt servicing, and Figure 17-13 shows multiple

interrupt examples.

Table 17-4. Interrupt Request Enabled for Multiple Interrupt during Interrupt Servicing

Multiple Interrupt Request Maskable Interrupt Request
Non-Maskable Interrupt Request PR=0 PR=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 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. PR is a flag contained in PROL, PROH, and PR1L.
PR = 0: Higher priority level
PR = 1: Lower priority level
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Figure 17-13. Multiple Interrupt Examples (1/2)

Example 1. Multiple interrupts occur twice

Main processing INTxx servicing INTyy servicing INTzz servicing

I:EZI E=0 IE IE=0 |_E_|_| E=0

INTXX —= INTyy —= INTzz —
(PR=1) (PR=0) (PR=0)

=

Fen] [

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

ERE

INTXX —= INTyy —

(PR=0) (PR=1) E'yfil

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 17-13. 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 disabled
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17.4.5 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 listed below.

¢ MOV PSW, #byte

¢ MOV A, PSW

¢ MOV PSW, A

¢ MOV1 PSW. bit, CY

¢ MOV1CY, PSW. bit

« ANDL1 CY, PSW. bit

¢ OR1 CY, PSW. bit

¢ XOR1 CY, PSW. bit

e SET1 PSW. bit

e CLR1 PSW. hit

¢ RETB

e RETI

e PUSH PSW

¢ POP PSW

e« BT PSW. bit, $addr16

« BF PSW. bit, $addr16

¢ BTCLR PSW. bit, $addr16

e EI

e DI

« Manipulate instructions for the IFOL, IFOH, IF1L, MKOL, MKOH, MK1L, PROL, PROH, PR1L, EGP, and EGN
registers.

Caution  The BRKinstruction is not one of the above-listed interrupt request hold instructions. However,
the software interrupt activated by executing the BRK instruction causes the IE flag to be
cleared. Therefore, even if a maskable interrupt requests is generated during execution of the
BRK instruction, the interrupt requestis not acknowledged. However, a non-maskable interrupt
request is acknowledged.

Figure 17-14 shows the timing with which interrupt requests are held pending.

Figure 17-14. Interrupt Request Hold

Save PSW and PC, Jump | Interrupt servicing
to interrupt servicing program

odf [ \

CPU processing Instruction N Instruction M

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 (instruction request)
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18.1 External Device Expansion Function

The external device expansion function connects external devices to areas other than the internal ROM, RAM,
and SFR. Connection of external devices uses ports 4 to 6. Ports 4 to 6 control address/data, read/write strobe,

wait, address strobe, etc.

Table 18-1. Pin Functions in External Memory Expansion Mode

Pin Function at External Device Connection
- Alternate Function
Name Function
ADO to AD7 Multiplexed address/data bus P40 to P47
A8 to A15 Address bus P50 to P57
RD Read strobe signal P64
WR Write strobe signal P65
‘WAIT Wait signal P66
ASTB Address strobe signal P67

Table 18-2. State

of Port 4 to 6 Pins in External Memory Expansion Mode

Port Port 4 Port 5 Port 6
External expansion mode - _0 ;7_ ] 0_ T _2 _3 _4_5_ 6_ 7 _0_1_ 2_ ? _4 _5 _6_7_
Single-chip mode Port Port Port
256-byte expansion mode Address/data Port Port RD, WR, WAIT, ASTB
4-Kbyte expansion mode Address/data Address | Port Port EMWT ASTB
16-Kbyte expansion mode Address/data Address | Port Port ﬁmw ASTB
Full-address mode Address/data Address Port RD, WR, WAIT, ASTB

Caution
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The memory maps when using the external device expansion function are as follows.

Figure 18-1. Memory Map When Using External Device Function

(@) Memorymapof pPD780065and uPD78F0066 when (b) Memory map of pUPD78F0066
internal ROM (flash memory) size is 40 Kbytes

FFFFH FFFFH
SFR SFR
FFOOH FFOOH
FEFFH FEFFH
Internal high-speed RAM Internal high-speed RAM
FBOOH FBOOH
FAFFH FAFFH
Reserved Reserved
FAEOH FAEOH
FADFH FADFH
Internal buffer RAM Internal buffer RAM
FACOH FACOH
FABFH FABFH
Reserved Reserved
F800H F800H
F7FFH F7FFH
Internal expansion RAM Internal expansion RAM
F800H E800H
F7FFH E7FFH

Full-address mode

(when MM2 - MMO = 111) Full-address mode

EOOOH | _____ © . . (when MM2 - MMO = 111)
DFFFH or
16-Kbyte expansion mode

16-Kbyte expansion mode (when MMZ2 - MMO = 101)

(when MM2 - MMO = 101) DOOOH | .
CFFFH
BOOOH 4-Kbyte expansion mode
AFEEH| T (when MM2 - MMO = 100)
C100H

4-Kbyte expansion mode
(when MM2 - MMO = 100) COFFH 256-byte expansion mode

A100H COOOH (when MM2 - MMO = 011)

AOFFH
256-byte expansion mode BFFFH

AQOOH (when MM2 - MMO = 011)

9FFFH

Single-chip mode
Single-chip mode

0000H 0000H
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18.2 External Device Expansion Function Control Register
The external device expansion function is controlled by the following two types of registers.

*« Memory expansion mode register (MEM)
« Memory expansion wait setting register (MM)

(1) Memory expansion mode register (MEM)
MEM sets the external expansion area.
MEM is set by a 1-bit or 8-bit memory manipulation instruction.
RESET input sets MEM to O0H.

Figure 18-2. Format of Memory Expansion Mode Register (MEM)

Address: FF47H After reset: 00H R/W

Symbol 7 6 5 4 3 2 1 0
MEM | 0 | 0 | 0 | 0 | 0 | MM2 | MM1 | MMO |
Sing|e.chip/memory P40 to P47, P50 to P57, P64 to P67 pln state
MM2 MM1 MMO ) )
expansion mode selection | p4g to P47| P50 to P53| P54, P55 | P56, P57 | P64 to P67
0 0 0 Single-chip mode Port mode
0 0 1
0 1 1 Memory |256-byte |ADO to AD7| Port mode P64 = RD
expansion | mode P65 = WR
1 0 0 mode 4-Kbyte A8 to A1l | Port mode P66 =WAIT
mode P67 = ASTB
1 0 1 16-Kbyte Al12, A13 | Port mode
mode
1 1 1 Full-address Al4, A15
modeNote
Other than above Setting prohibited

Note The full-address mode allows external expansionto the entire 64-Kbyte address space except for the internal
ROM, RAM, SFR areas and the reserved areas.
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(2) Memory expansion wait setting register (MM)
MM sets the number of waits.
MM is set by a 1-bit or 8-bit memory manipulation instruction.
RESET input sets MM to 10H.

Figure 18-3. Format of Memory Expansion Wait Setting Register (MM)

Address: FFF8H After reset: 10H R/W

Symbol 7 6 5 4 3 2 1
MM 0 0 PW1 PWO 0 0 0
PwW1 PWO Wait control
0 0 No wait
0 1 Wait (one wait state inserted)
1 0 Setting prohibited
1 1 Wait control by external wait pin
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18.3 External Device Expansion Function Timing
Timing control signal output pins in the external memory expansion mode are as follows.

(1) RD pin (Alternate function: P64)
Read strobe output pin. The read strobe output pin is outputin data accesses and instruction fetches from external
memory.
During internal memory access, the read strobe signal is not output (maintains high level).

(2) WR pin (Alternate function: P65)
Write strobe signal output pin. The write strobe signal is output in data access to external memory.
During internal memory access, the write strobe signal is not output (maintains high level)

3) Wpin (Alternate function: P66)
External wait signal input pin.
When the external wait is not used, the WAIT pin can be used as an input/output port.
During internal memory access, the external wait signal is ignored.

(4) ASTB pin (Alternate function: P67)
Address strobe signal output pin. The address strobe signal is output regardless of data access and instruction
fetch from external memory. During internal memory access, the address strobe signal is not output.

(5) ADO to AD7, A8 to Al5 pins (Alternate function: P40 to P47, P50 to P57)
Address/data signal output pins. Valid signal is output or input during data accesses and instruction fetches from
external memory.

These signals change even during internal memory access (output values are undefined).

The timing charts are shown in Figures 18-4 to 18-7.
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Figure 18-4. Instruction Fetch from External Memory

(@) No wait (PW1, PWO0 = 0, 0) setting

ASTB / \
RD \ /

ADO to AD7 XLower addressXInstruction codeX

A8 to A15 X Higher address X

(b) Wait (PW1, PWO = 0, 1) setting

ASTB 4/_\
RD \ /

ADO to AD7 XLower addressX Instruction code X
A8 to Al5 X Higher address X
Internal wait signal "~ ~""""TTTTTTT T T TS ' poTTTTTTTTT T m s
(1-clock wait) |, '

(c) External wait (PW1, PWO = 1, 1) setting

ASTB / \ .
RD N /

ADO to AD7 XLower addressX Instruction code X

A8 to A15 X Higher address X

wan N
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Figure 18-5. External Memory Read Timing

(a) No wait (PW1, PWO = 0, 0) setting

ASTB / \

RD \ [

ADO to AD7 XLower addressX Read data X

A8 to A15 X Higher address

(b) Wait (PW1, PWO0 = 0, 1) setting

ASTB / \

ro \

ADO to AD7 XLower address X Read data
A8 to Al5 X Higher address
Internal wait signal ~~ """ "TTTTTTTTT T T TR R ST TTTTTETEmEmEEET
(1-clock wait) s J

(c) External wait (PW1, PWO0 = 1, 1) setting

ASTB / \ .

RD (N

ADO to AD7 XLower addressX ’ Read data

ol

A8 to A15 X Higher address
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Figure 18-6. External Memory Write Timing

(@) No wait (PW1, PWO0 = 0, 0) setting

ASTB / \

ADO to AD7 XLower address)- ----- Mz ... -< Write data X

A8 to A15 X Higher address

M

(b) Wait (PW1, PWO = 0, 1) setting

ASTB / \

ADO to AD7 X Lower  H»e------ = R 4 Write data X
A8 to Al15 X Higher address X
Internal wait signal ~~"""TTTTTTTTTTTTTTmmms s oo mmmsm s m T ' JTTTTTTTTTETETAmTETETT
(1-clock wait) Yemem- '

ASTB / \ .
ADO to AD7 X Lover N = R (  Witedata X
A8 to A15 X Higher address X

WAIT ./
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Figure 18-7. External Memory Read Modify Write Timing

(@) No wait (PW1, PWO0 = 0, 0) setting

ASTB /_\
R /
WR \ [

Hi-Z
ADO to AD7 X ;8‘3’&5 X Read data >- --- -< Write data X
A8 to A15 X Higher address X

(b) Wait (PW1, PWO = 0, 1) setting

ASTB / \

ADO to AD7 X Lgwer X Read data »-X Wiite data X
A8 to A15 X Higher address ><

Internal wait signal \ ' v '
(1-clock wait)

(c) External wait (PW1, PWO =1, 1) setting

ASTB / \ . .

b b

(\

b

WR ) \

ADO to AD7 X Liogwgr e:rﬁ X  Read data >- - -<  Write data X

A8 to A15 X ) Higher address )

VAT ./ | W—

M
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18.4 Example of Connection with Memory
This section provide an example of connecting the uPD780065 with external memory (in this example, SRAM) in
Figure 18-8. In addition, the external device expansion function is used in the full-address mode, and the addresses

from OO0OH to 9FFFH (40 Kbytes) are allocated for internal ROM, and the addresses after AOOOH from SRAM.

Figure 18-8. Connection Example of uPD780065 and Memory

Vbbo
UPD780065 g . uPD43256B .
£ [
RD ‘ OE
e WE Data bus
1/01 to 1/08
Address bus
A8 to Al4 AO to Al4
uPD74HCS573
ASTB LE
7% Q0 to Q7
ADO to AD7 DO to D7
OE

7;_ LJ
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CHAPTER 19 STANDBY FUNCTION

19.1 Standby Function and Configuration

19.1.1 Standby function

The standby function is designed to decrease power consumption of the system. The following two modes are

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 applications.

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 power consumption.

Data memory low-voltage hold (down to Voo = 1.6 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 statuses are also held.

Cautions 1. The STOP mode can be used only when the system operates with the main system clock

(subsystem clock oscillation cannot be stopped). The HALT mode can be used with either
the main system clock or the subsystem clock.

2. When operation is transferred to the STOP mode, be sure to stop the peripheral hardware
operation and execute the STOP instruction.

3. The following sequence is recommended for power consumption reduction of the A/D
converter when the standby function is used: First clear bit 7 (ADCSO0) of the A/D converter
mode register (ADMO) to O to stop the A/D conversion operation, and then execute the HALT
or STOP instruction.
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CHAPTER 19 STANDBY FUNCTION

19.1.2 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 by an 8-bit memory manipulation instruction.

RESET input sets OSTS to 04H.

Figure 19-1. Format of Oscillation Stabilization Time Select Register (OSTS)

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 OSTS0 Selection of oscillation stabilization time

0 0 0 212/fx (488 us)

0 0 1 214/tx (1.95 ms)

0 1 0 215/tx (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 wait time 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. The time is notincluded either 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. Values in parentheses are for operation with fx = 8.38 MHz.
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CHAPTER 19 STANDBY FUNCTION

19.2 Standby Function Operations

19.2.1 HALT mode

(1) HALT mode setting and operating statuses

The HALT mode is set by executing the HALT instruction.

subsystem clock.

The operating statuses in the HALT mode are described below.

Table 19-1.

HALT Mode Operating Statuses

It can be set with the main system clock or the

HALT Mode
Setting

During HALT Instruction Execution
Using Main System Clock

During HALT Instruction Execution
Using Subsystem Clock

Item

Without Subsystem
ClockNote 1

With Subsystem
ClockNote 2

With Main System
Clock Oscillation

With Main System
Clock Oscillation Stopped

Clock generator

Both main system clock and subsystem clock can be oscillated. Clock supply to CPU stops.

CPU

Operation stops.

Port (Output latch)

Status before HALT mode setting is held.

selected as count clock

16-bit timer/event Operable Operable when TI00

counter is selected.

8-bit timer/event Operable Operable when TI50,

counter TI51 are selected as
count clock.

Watch timer Operable when fx/27 is | Operable Operable when fxr is

selected as count clock.

Watchdog timer Operable Operation stops.
A/D converter Stop
Serial interface Operable Operable during
external SCK.
External interrupt Operable
Bus line | ADOto AD7| High impedance
during A8 to Al5| Status before HALT mode setting is held.
external
) ASTB Low level

expansion ————

WR, RD | High level

WAIT High impedance

Notes 1. Including case when external clock is not supplied.

2. Including case when external clock is supplied.
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CHAPTER 19 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
When an unmasked interrupt request is generated, the HALT mode is cleared. If interrupt acknowledge is
enabled, vectored interrupt service is carried out. If interrupt acknowledge is disabled, the next address
instruction is executed.

Figure 19-2. HALT Mode Clear Upon Interrupt Request Generation

Interrupt request
HALT instruction

Wait
Standby release '
signal e
Operation mode HALT mode Wait ‘ Operation mode
\
Oscillation
Clock

Remarks 1. The broken line indicates 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 or 9 clocks
« When vectored interrupt service is not carried out: 2 or 3 clocks

(b) Clear upon non-maskable interrupt request

When an non-maskable interrupt request is generated, the HALT mode is cleared and vectored interrupt
service is carried out whether interrupt acknowledge is enabled or disabled.
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CHAPTER 19 STANDBY FUNCTION

(c) Clear upon RESET input

When RESET signal is input, HALT mode is released. And, as in the case with normal reset operation, a

program is executed after branch to the reset vector address.

Figure 19-3.

HALT instruction

RESET
signal

Wait

HALT Mode Release by RESET Input

(2Y/fx: 15.6 ms) ‘

Reset Oscillation stabilization
Operating mode HALT mode period | wait status ‘ Operating mode
Oscillation ‘
Oscillation Oscillation
Clock stop
Remarks 1. fx: Main system clock oscillation frequency

2. Values in parentheses are for operation with fx = 8.38 MHz.

Table 19-2. Operation after HALT Mode Release

Release Source MKxx PRxx IE ISP Operation

Maskable interrupt request 0 0 0 X Next address instruction execution
0 0 1 X Interrupt 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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CHAPTER 19 STANDBY FUNCTION

19.2.2 STOP mode

(1) STOP mode setting and operating status
The STOP mode is set by executing the STOP instruction. It can be set only with the main system clock.

Cautions 1. When the STOP mode is set, the X2 pin is internally connected to V pp1 via a 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 isimmediately cleared if set. Thus, the STOP mode isresettothe HALT mode
immediately after execution of the STOP instruction. After the wait set using the oscillation
stabilization time select register (OSTS), the operating mode is set.

The operating status in the STOP mode is described in Table 19-3 below.

Table 19-3. STOP Mode Operating Status

STOP Mode Setting
tem With Subsystem Clock Without Subsystem 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/event counter Operation stops.
8-bit timer/event counter Operable only when TI50, TI51 are selected as count clock.
Watch timer Operable when fxr is selected as Operation stops.
counter clock.

Watchdog timer Operation stops.
Clock output PCL at low level.
A/D converter Operation stops
Serial interface Other than UART | Operable only when externally supplied clock is specified as the serial clock.

UART Operation stops. (transmit shift register (TXSO0), receive shift register (RX0), and

receive buffer register (RXBO) hold the value just before the clock stop.)

External interrupt Operable
Bus line during ADO to AD7 High impedance
external expansion | ag g A15 Status before STOP mode setting is held.

ASTB Low level

m, RD High level

WAIT High impedance
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CHAPTER 19 STANDBY FUNCTION

(2) STOP mode release

The STOP mode can be released by the following two types of sources.

(a) Release by unmasked interrupt request
When an unmasked interrupt request is generated, the STOP mode is released. 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 19-4. STOP Mode Release by Interrupt Request Generation

Standby release
signal

Interrupt Wait
request (Time set by OSTS) ‘
STOP instruction ‘
) )
T( .
)
)
oo
Oscillation stabilization
Operating mode STOP mode wait status ‘ Operating mode
Oscillation Oscillation stop Oscillation

Clock

Remark The brokenline indicates the case when the interrupt request which has cleared the standby status

is acknowledged.
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CHAPTER 19 STANDBY FUNCTION

(b) Release by RESET input
The STOP mode is cleared when RESET signal is input, and after the lapse of oscillation stabilization time,
reset operation is carried out.

Figure 19-5. STOP Mode Release by RESET Input

Wait
STOP instruction (2Yfix: 15.6 ms) ‘
D)
RESET h
signal
Reset Oscillation stabilization
Operating mode STOP mode period | wait status ‘ Operating mode
Oscillation Oscillation sto Oscillation
Clock P

Remarks 1. fx: Main system clock oscillation frequency
2. Values in parentheses are for operation with fx = 8.38 MHz.

Table 19-4. Operation after STOP Mode Release

Release Source MKxx PRxx IE ISP Operation

Maskable interrupt request 0 0 0 X Next address instruction execution
0 0 1 X Interrupt 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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CHAPTER 20 RESET FUNCTION

20.1 Reset Function

The following two operations are available to generate the reset function.

(1) External reset input via RESET pin
(2) Internal reset by watchdog timer runaway 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, aresetis applied and each hardware is set to the status shown in Table 20-1. 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 20-2 to 20-4).

Cautions 1. For an external reset, input a low level for 10 s or more to the RESET pin.
2. During reset input, main system clock oscillation remains stopped 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 20-1. Reset Function Block Diagram

RESET ©) - ;
Reset Control Circuit Reset signal
Overflow .
Count clock Watchdog Timer Interrupt function
Stop
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CHAPTER 20 RESET FUNCTION

Figure 20-2. Timing of Reset by RESET Input

SAVAVAWA VY AVAWAN

. Oscillation ;
Re_set penod ! stabilization Normal operathn
(Oscillation stop) time wait (Reset processing)

Normal operation

RESET \

Internal l \——/
reset signal ;
. Hi-Z
Port pin >— -------------------- o

Figure 20-3. Timing of Reset due to Watchdog Timer Overflow

S AVAWAWA NWIWAVAWAS

’ Oscillation ;
: ' Reset period froapn Normal operation
Normal operation o stabilization 4% -
P (Oscillation stop) time wait (Reset processing)

Internal \ /
reset signal !

Port pin >. ................... Ml ..

Figure 20-4. Timing of Reset in STOP Mode by RESET Input

SVAVAWA IWAWAWAY

STOP instruction execution Oscillati
) scillation i
Stop status __'_ Reset period Normal operation

(Oscillation stop) ' (Oscillation stop) stabilization (Reset processing)

RESET \ /
Internal : 1
reset signal !

Port pin >.------------.'-|.|_.Z ...........................

Watchdog : :
timer / 1 \ l
overflow ! .

Normal operation > !
time wait
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CHAPTER 20 RESET FUNCTION

Table 20-1. Hardware Statuses 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 UndefinedNote 2

General register UndefinedNote 2
Port (Output latch) Ports 1 to 3, 7 to 9 (P1 to P3, P7 to P9) 00H

Ports 4 to 6 (P4 to P6) Undefined
Port mode registers (PM0O, PM2 to PM9) FFH
Pull-up resistor option registers (PUO, PU2 to PU9) O0OH
Processor clock control register (PCC) 04H
Memory size switching register (IMS) CFHNote 3
Internal expansion RAM size switching register (IXS) OCHNote 4
Memory expansion mode register (MEM) 00H
Memory expansion wait setting register (MM) 10H
Oscillation stabilization time selection register (OSTS) 04H
16-bit timer/event Timer register (TMO) 0000H
counter Capture/compare register (CR00, CR01) Undefined

Prescaler mode register (PRMO) 00H

Mode control register (TMCO) 00H

Qutput control register (TOCO) 00H
8-bit timer/event counter | Timer counters (TM50, TM51) 00H

Compare registers (CR50, CR51) Undefined

Clock selection registers (TCL50, TCL51) 00H

Mode control register (TMC50, TMC51) 04H
Watch timer Mode control register (WTM) 00H
Watchdog timer Clock selection register (WDCS) 00H

Mode register (WDTM) 00H

Notes 1. During reset input or oscillation stabilization time wait, only the PC contents among the hardware
statuses becomes undefined. All other hardware statuses remain unchanged after reset.
2. When a reset is executed in the standby mode, the pre-reset status is held even after reset.
3. Although the initial value is CFH, use the following value to be set for each version.
uPD780065: CAH
uPD78F0066: CCH or value for mask ROM versions
4. Although the initial value is OCH, always set 04H.
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CHAPTER 20 RESET FUNCTION

Table 20-1. Hardware Statuses after Reset (2/2)

Hardware Status After Reset

Clock output controller Clock output selection register (CKS) 00H

A/D converter Conversion result registers (ADCRO0) 00H
Mode register (ADMO) 00H
Analog input channel specification register (ADSO0) 00H

Serial interface (UARTO) | Asynchronous serial interface mode register (ASIMO) O00H
Asynchronous serial interface status register (ASIS0O) 00H
Baud rate generator control register (BRGCO0) 00H
Transmit shift register (TXS0) FFH

| Receive buffer register RX80) |

Serial interface (S101) Shift register (S101) Undefined
Automatic data transmission/reception address pointer (ADTPO) 00H
Operating mode register (CSIM1) 00H
Automatic data transmission/reception control register (ADTCO) 00H
Automatic data transmission/reception interval specification 00H
register (ADTIO)

Serial interface (S103) Shift registers (SI030, SIO31) Undefined
Operating mode registers (CSIM30, CSIM31) 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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CHAPTER 21 pPD78F0066

The uPD78F0066 is provided as the flash memory version of the uPD780065 Subseries.
The yPD78F0066 replaces the internal mask ROM of the uPD780065 with flash memory to which a program can
be written, deleted and overwritten while mounted on the substrate. Table 21-1 lists the differences between the
UPD78F0066 and the mask ROM version.

Table 21-1. Differences between pPD78F0066 and Mask ROM Version

Item uPD78F0066 Mask ROM Version (uPD780065)
Internal ROM configuration Flash memory Mask ROM
Internal ROM capacity 48 Kbytes 40 Kbytes
IC pin None Available
Vep pin Available None

Electrical specifications

Refer to data sheet of each product.

Caution

Flash memory versions

and mask ROM versions differ in their noise immunity and noise
radiation. If replacing flash memory versions with mask ROM versions when changing from

test production to mass production, be sure to perform sufficient evaluation with CS versions
(not ES versions) of mask ROM versions.
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CHAPTER 21 uPD78F0066

21.1 Memory Size Switching Register

The yPD78F0066 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 uPD780065 with a different size of internal memory capacity can
be achieved.

IMS is set by using an 8-bit memory manipulation instruction.

RESET input sets IMS to CFH.

*  Caution The initial value of IMS is CFH (setting prohibited). As the initial program setting, be sure to
set the following values.
uPD780065: CAH
UPD78F0066: CCH or a value supporting the Mask ROM version

Figure 21-1. Format of Memory Size Switching Register (IMS)

* 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 1024 bytes
Other than above Setting prohibited
ROM3 ROM2 ROM1 ROMO Internal ROM capacity selection
1 0 1 0 40 Kbytes
1 1 0 0 48 Kbytes
Other than above Setting prohibited
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21.2 Internal Expansion RAM Size Switching Register

The internal expansion RAM size switching register (1XS) is a register used to set internal expansion RAM capacity.
IXS is set by using 8-bit memory manipulation instruction.
RESET input sets IXS to OCH.

Caution Set IXS to 04H as the initial value of the program. The initial value of IXS is OCH (setting
prohibited).

Figure 21-2. Format of Internal Expansion RAM Size Switching Register (IXS)

Address: FFF4H After reset: OCH R/W

Symbol 7 6 5 4 3 2 1 0

IXS 0 0 0 IXRAM4 IXRAM3 IXRAM2 IXRAM1 IXRAMO

IXRAM4 IXRAM3 IXRAM2 IXRAM1 IXRAMO |Internal expansion RAM capacity selection

0 0 1 0 0 4096 bytes

Other than above Setting prohibited
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CHAPTER 21 uPD78F0066

* 21.3 Flash Memory Programming

On-board writing of flash memory (with device mounted on target system) is supported.

On-board writing is done after connecting a dedicated flash programmer (Flashpro Il (type FL-PR2), Flashpro IlI
(type 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 Il or Flashpro lll.

Remark FL-PR2 and FL-PR3 are products of NAITO DENSEI MACHIDA MFG. CO., LTD.

21.3.1 Selection of transmission method

Writing to flash memory is performed using Flashpro Il or Flashpro Ill and serial communication. Select the
transmission method for writing from Table 21-2. For the selection of the transmission method, a format like the one
shown in Figure 21-3 is used. The transmission methods are selected with the Vep pulse numbers shown in Table
21-2.

Table 21-2. Transmission Method List

Transmission Method Number of Channels Pin Used Number of Ver Pulses

3-wire serial 1/0 2 SI31/P92 0
S031/P91
SCK31/P90

Si1/P84 1
S01/P83
SCK1/P82

UART 1 RxDO/P73 8
TxDO/P72

Cautions 1. Be sure to selectthe numberofV  pp pulses shown in Table 21-2 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 3 MHz or higher.

Figure 21-3. Format of Transmission Method Selection

Vee pulses
10V T
Vpp Vob m
Vss
Vob {J{J
RESET Ves Flash memory write mode
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CHAPTER 21 uPD78F0066

21.3.2 Flash memory programming function
Flash memory writing is performed through command and data transmit/receive operations using the selected

transmission method. The main functions are listed in Table 21-3.

Table 21-3. Main Functions of Flash Memory Programming

Function

Description

Reset

Used to detect 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.

21.3.3 Connection of Flashpro Il or Flashpro Il
Connection of the Flashpro Il or Flashpro Il and the uPD78F0066 differs depending on communication method
(3-wire serial 1/0 or UART). Each type of connection is shown in Figures 21-4 and 21-5.

Figure 21-4. Connection of Flashpro Il or Flashpro Ill Using 3-Wire Serial I/O Method

Flashpro Il or Flashpro IlI UPD78F0066
Vrp Vep
Vob Vob
RESET RESET

SCK SCKn

SO Sin
Sl SOn
GND Vss

n=1,31
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Figure 21-5. Connection of Flashpro Il or Flashpro Il Using UART Method

Flashpro Il or Flashpro IlI uUPD78F0066
Vep Vep
Vop Vop
RESET RESET
SO RxDO
SI TxDO
GND Vss
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CHAPTER 22 INSTRUCTION SET

This chapter lists each instruction set of the uPD780065 Subseries in table form. For details of its operation and
operation code, refer to the separate document 78K/0 Series User’'s Manual—Instructions (U12326E)
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CHAPTER 22 INSTRUCTION SET

22.1 Symbols Used in Operation List

22.1.1 Operand identifiers and description methods

Operands are described in “Operand” column of each instruction in accordance with the description method of the
instruction operand identifier (refer to the assembler specifications for detail). When there are two or more description
methods, select one of them. Alphabetic letters in capitals and symbols, #, !, $ and [ ] are key words and must be
described as they are. Each symbol has the following meaning.

« #: Immediate data specification
e 1. Absolute address specification
* $: Relative address specification
e []: Indirect address specification

In the case of immediate data, describe an appropriate numeric value or a label. When using a label, be sure to
describe the #, !, $, and [ ] symbols.

For 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 22-1. Operand Identifiers and Description Methods

Identifier Description Method
r X (RO), A (R1), C (R2), B (R3), E (R4), D (R5), L (R6), H (R7),
rp AX (RP0), BC (RP1), DE (RP2), HL (RP3)
sfr Special-function register symbolNote
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 address only)
addr1l6 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 address only)
word 16-bit immediate data or label
byte 8-bit immediate data or label
bit 3-bit immediate data or label
RBnN RBO to RB3

Note Addresses from FFDOH to FFDFH cannot be accessed with these operands.

Remark For special-function register symbols, refer to Table 3-3. Special-Function Register List
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22.1.2 Description of “operation” column
A: A register; 8-bit accumulator
X register
B register
C register
D register
E register
H register

TITmMmoowxXx

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
XH, Xv: Higher 8 bits and lower 8 bits of 16-bit register

[ Logical product (AND)

5 Logical sum (OR)

=3 Exclusive logical sum (exclusive OR)

. Inverted data
addrl6: 16-bit immediate data or label
jdisp8: Signed 8-bit data (displacement value)

22.1.3 Description of “flag operation” column
(Blank): Not affected

0: Cleared to 0

1: Setto 1l

X: Set/cleared according to the result
R: Previously saved value is restored
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22.2 Operation List

Ins(;rrL(;cL:JtFi)on Mnemonic Operands Byte - 1CIo'c\:‘I;e ; Operation S ':I\ZQCY
8-bit data | MOV r, #byte 2 4 - r — byte
transfer saddr, #byte 3 6 7 (saddr) — byte
sfr, #byte 3 - 7 sfr — byte
A r Note3 | 1 2 - |Acr
r, A Notes | 7 2 - reA
A, saddr 2 4 5 A ~ (saddr)
saddr, A 2 4 5 (saddr) — A
A, sfr 2 - 5 A < sfr
sfr, A 2 - 5 sfr « A
A, 'addrl6 3 8 9+n |A « (addrl6)
laddrl6, A 3 8 9+m |(addrl6) — A
PSW, #byte 3 - 7 PSW « byte X X X
A, PSW 2 - 5 A « PSW
PSW, A 2 - 5 PSW - A X X X
A, [DE] 1 4 | 5+n |A < (DE)
[DE], A 1 4 | 5+m [(DE) « A
A, [HL] 1 4 | 5+n |A < (HD
[HL], A 1 4 | 5+m [(HL) < A
A, [HL + byte] 2 8 9+n |A ~ (HL + byte)
[HL + byte], A 2 8 9+ m |(HL + byte) « A
A, [HL + B] 1 6 7+n |A - (HL+B)
[HL + B], A 1 6 7+m |(HL+B) « A
A, [HL + C] 1 6 7+n |A - (HL+C)
[HL + C], A 1 6 7+m |(HL+C) « A
XCH 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+n+m|A o (addrl6)
A, [DE] 1 4 |[6+n+m|A o (DE)
A, [HL] 1 4 |6+n+m|A o (HL)
A, [HL + byte] 2 8 [10+n+m|A o (HL + byte)
A, [HL + B] 2 8 [10+n+m|A o (HL +B)
A, [HL + C] 2 8 [10+n+m|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”

Remarks 1. Oneinstruction clock cycle is one cycle of the CPU clock (fcru) selected by the processor clock control
register (PCC).
2. This clock cycle applies to internal ROM program.
3. nis the number of waits when external memory expansion area is read from.
m is the number of waits when external memory expansion area is written to.
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Ins(;rrgﬁtpi)on Mnemonic Operands Byte N Clock Operation Flag
ote 1| Note 2 Z ACCY
16-bit MOVW rp, #word 3 6 - rp — word
data saddrp, #word 4 8 10 |(saddrp) — word
transfer sfrp, #word 4 - 10 sfrp — word
AX, saddrp 2 6 8 AX < (saddrp)
saddrp, AX 2 6 8 (saddrp) ~ AX
AX, sfrp 2 - 8 AX < sfrp
sfrp, AX 2 - 8 sfrp « AX
AX, rp Note 3| 7 4 - AX < 1p
rp, AX Note 3| 7 - p < AX
AX, laddrl6 3 10 |12 + 2n |AX < (addrl6)
laddrl6, AX 3 10 |12 + 2m | (addrl6) — AX
XCHW AX, rp Note 3| 7 4 - AX o Ip
8-bit ADD A, #byte 2 4 - A, CY < A + byte X X X
operation saddr, #byte 3 6 8 (saddr), CY ~ (saddr) + byte X X X
Ar Note 4| 2 4 - |ACY cA+r X X x
r, A 2 4 - nCY « r+A X X X
A, saddr 2 4 5 A, CY « A + (saddr) X X X
A, 'addrl6 3 8 9+n |A CY « A+ (addrl6) X X X
A, [HL] 1 4 | 5+n |A CY < A+ (HL) x x x
A, [HL + byte] 2 8 9+n [A CY « A+ (HL + byte) X X X
A, [HL + B] 2 8 9+n |A CY « A+ (HL +B) X x x
A, [HL + C] 2 8 9+n [A,CY « A+(HL+C) X X X
ADDC A, #byte 2 4 - A, CY « A + byte + CY X X X
saddr, #byte 3 6 8 (saddr), CY « (saddr) + byte + CY X X X
Ar Note 4| 2 4 - |ACY c A+r+CY X X x
r, A 2 4 - CY « r+A+CY X X X
A, saddr 2 4 5 A, CY « A + (saddr) + CY X X X
A, 'addrl6 3 8 9+n |A CY « A+ (addrl6) + CY X X X
A, [HL] 1 4 | 5+n [A CY « A+ (HL) +CY x x x
A, [HL + byte] 2 8 9+n [A CY « A+ (HL + byte) + CY X X X
A, [HL + B] 2 8 9+n |A CY « A+ (HL +B) + CY x x x
A, [HL + C] 2 8 9+n [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”

Remarks 1. Oneinstruction clock cycle is one cycle of the CPU clock (fcpu) selected by the processor clock control

register (PCC).
2. This clock cycle applies to internal ROM program.
3. nis the number of waits when external memory expansion area is read from.
4. m is the number of waits when external memory expansion area is written to.
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Ins(;rrgﬁtpi)on Mnemonic Operands Byte . Clock Operation Flag
ote 1| Note 2 ACCY
8-hit SuB A, #byte 2 4 - |A CY « A-byte x x
operation 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
A, 'addrl6 3 8 9+n [A CY « A-(addrl6) X X
A, [HL] 1 4 | 5+n |A CY « A—(HL) X x
A, [HL + byte] 2 8 9+n |A CY « A—(HL + byte) X X
A, [HL + B] 2 8 9+n |A CY « A—(HL + B) X x
A, [HL +C] 2 8 9+n |A CY « A—(HL+C) x  x
SUBC A, #byte 2 4 - A, CY « A—-byte - CY X X
saddr, #byte 3 6 8 (saddr), CY ~ (saddr) — byte — CY X X
Ar Notes | 2 4 - |ACY cA-r-cCY x X
r, A 2 4 - rCY «r-A-CY X X
A, saddr 2 4 5 A, CY « A —(saddr) - CY X X
A, 'addrl6 3 8 9+n |A CY « A-(addrl6) - CY X X
A, [HL] 1 4 | 5+n |A,CY « A—(HL) -CY X x
A, [HL + byte] 2 8 9+n |A CY « A—(HL + byte) - CY X X
A, [HL + B] 2 8 9+n |A CY « A—(HL +B)-CY X x
A, [HL +C] 2 8 9+n [A,CY « A—(HL+C)-CY x  x
AND A, #byte 2 4 - A ~ A Obyte
saddr, #byte 3 6 8 (saddr) — (saddr) O byte
Ar Note s | 2 4 - |A-ADr
r, A 2 4 - r—rQdA
A, saddr 2 4 5 A —~ A [ (saddr)
A, 'addrl6 3 8 9+n |A « A(addrl6)
A, [HL] 1 4 | 5+n |A < AD[HL
A, [HL + byte] 2 8 9+n |A < AO[HL + byte]
A, [HL + B] 2 8 9+n |A -~ AO[HL+B]
A, [HL + C] 2 8 9+n |A < AO[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”

Remarks 1.

register (PCC).
2. This clock cycle applies to internal ROM program.
3. nis the number of waits when external memory expansion area is read from.
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Ins(;rrL(;cL:JtFi)on Mnemonic Operands Byte . Clock Operation Flag
ote 1| Note 2 ACCY
8-bit OR A, #byte 2 4 - A « A Obyte
operation saddr, #byte 3 6 8 (saddr) — (saddr) O byte
Ar Notes | 2 4 - |A-ADr
r, A 2 4 - r—rQdA
A, saddr 2 4 5 A ~ A [ (saddr)
A, 'addrl6 3 8 9+n |A « A(addrl6)
A, [HL] 1 4 | 5+n |A < AO(HL)
A, [HL + byte] 2 8 9+n [A « AO(HL + byte)
A, [HL + B] 2 8 9+n |A - AO(HL+B)
A, [HL + C] 2 8 9+n |A < AO(HL+C)
XOR A, #byte 2 4 - A ~ A Hbyte
saddr, #byte 3 6 8 (saddr) — (saddr) & byte
Ar Notes | 2 4 - |A-ABT
r, A 2 4 - r—r8A
A, saddr 2 4 5 A ~ A H(saddr)
A, 'addrl6 3 8 9+n |A ~ AH(addrl6)
A, [HL] 1 4 | 5+n |A < AH(HL)
A, [HL + byte] 2 8 9+n [A « AH(HL + byte)
A, [HL + B] 2 8 9+n |A - AH(HL+B)
A, [HL + C] 2 8 9+n |A < AH(HL+C)
CMP A, #byte 2 4 - A — byte X X
saddr, #byte 3 6 8 (saddr) — byte X X
Ar Notes | 2 4 - |A-Tr X x
r, A 2 4 - r—A X X
A, saddr 2 4 5 A — (saddr) X X
A, 'addrl6 3 8 9+n |A- (addrl6) X X
A, [HL] 1 4 | 5+n |A=(HL) X x
A, [HL + byte] 2 8 9+n [A-(HL + byte) X X
A, [HL + B] 2 8 9+n |A—(HL+B) X x
A, [HL +C] 2 8 9+n |A—(HL+C) 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”

Remarks 1.

register (PCC).
2. This clock cycle applies to internal ROM program.

3. nis the number of waits when external memory expansion area is read from.
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Ins(;rrgﬁtpl)on Mnemonic Operands Byte . Clock Operation Flag
ote 1| Note 2 Z ACCY
16-bit ADDW AX, #word 3 6 - AX, CY « AX + word X X X
operation |sygw  |AX, #word 3 | s - |AX cY — AX - word x x x
CMPW AX, #word 3 6 - AX — word X X X
Multiply/ | MULU X 2 | 16 - |AX < AxX
divide DIVUW  |C 2 | 25 — | AX (Quotient), C (Remainder) — AX = C
Increment/ | INC r 1 2 - r—r+1 X X
decrement saddr 2 4 6 (saddr) — (saddr) + 1 x  x
DEC r 1 2 - r—r—1 X X
saddr 2 4 6 (saddr) — (saddr) — 1 X X
INCW p 1 4 — m—rmp+1l
DECW p 1 4 - m—rmp-1
Rotate ROR Al 1 2 - (CY, A7 « Ao, Am-1 « Am) x 1 time X
ROL Al 1 2 - (CY, Ao « A7, Am+1 « Am) x 1 time x
RORC A 1 1 2 - (CY « Ao, A7 « CY, Am-1 « Am) x 1 time x
ROLC Al 1 2 - (CY « A7, Ao « CY, Am+1 « Am) x 1 time x
ROR4 [HL] 2 10 |12+n+m|As-o0 « (HL)3-o, (HL)7-4 « As-o,
(HL)3s-0 « (HL)7-4
ROL4 [HL] 2 10 |12+n+m|As-0 « (HL)7-4, (HL)3-0 « As-o,
(HL)7-4 « (HL)3-0
BCD ADJBA 2 4 - Decimal Adjust Accumulator after X X X
adjust Addition
ADJBS 2 4 - Decimal Adjust Accumulator after X X X
Subtract
Bit MOV1 CY, saddr.bit 3 6 7 CY ~ (saddr.bit) X
manipulate CY, sfr.bit 3 | - 7 |cy o sfrbit x
CY, A.bit 2 4 — CY « A.bit X
CY, PSW.bit 3 - 7 CY ~ PSW.bit X
CY, [HL].bit 2 6 7+n |CY « (HL).bit x
saddr.bit, CY 3 6 8 (saddr.bit) -« CY
sfr.bit, CY 3 - 8 sfr.bit « CY
A.bit, CY 2 4 - A.bit « CY
PSW.bit, CY 3 - 8 PSW.bit —~ CY x X
[HL].bit, CY 2 6 8+n+m [(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

Remarks 1. Oneinstruction clock cycleis one cycle of the CPU clock (fcpu) selected by the processor clock control
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register (PCC).

2. This clock cycle applies to internal ROM program.

3. nis the number of waits when external memory expansion area is read from.
m is the number of waits when external memory expansion area is written to.
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Ins(;rrgﬁtpi)on Mnemonic Operands Byte o 1CI0;I;e ; Operation = ':I\ZQCY
Bit AND1 CY, saddr.bit 3 6 7 CY ~ CY 0O (saddr.bit) X
manipulate CY, sfr.bit 3 | - 7 |CY < CY Osfr.bit x
CY, A.bit 2 4 - CY « CY OA.bit X
CY, PSW.bit 3 — 7 CY « CY OPSW.hit X
CY, [HL].bit 2 6 7+n |CY < CY O(HL).bit x
OR1 CY, saddr.bit 3 6 7 CY < CY U (saddr.bit) X
CY, sfr.bit 3 - 7 CY ~ CY Osfr.bit X
CY, A.bit 2 4 — CY « CY OA.bit X
CY, PSW.bit 3 - 7 CY ~ CY OPSW.bit X
CY, [HL].bit 2 6 7+n |CY « CY O(HL).bit x
XOR1 CY, saddr.bit 3 6 7 CY — CY H (saddr.bit) X
CY, sfr.bit 3 - 7 CY ~ CY Hsfr.bit x
CY, A.bit 2 4 - CY ~ CY HA.bit X
CY, PSW. bit 3 — 7 CY « CY 2 PSW.bit X
CY, [HL].bit 2 6 7+n |CY < CY B(HL).bit x
SET1 saddr.bit 2 4 6 (saddr.bit) « 1
sfr.bit 3 - 8 sfr.bit « 1
A.bit 2 4 - Abit « 1
PSW.bit 2 - 6 PSW.bit « 1 X X X
[HL].bit 2 6 [8+n+m [(HL).bit « 1
CLR1 saddr.bit 2 4 6 (saddr.bit) « 0
sfr.bit 3 - 8 sfr.bit — 0
A.bit 2 4 - A.bit < 0
PSW.bit 2 - 6 PSW.bit —~ 0 X X X%
[HL].bit 2 6 |[8+n+m |(HL).bit - O
SET1 CcYy 1 2 — CY -1 1
CLR1 CcYy 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

Remarks 1. Oneinstruction clock cycle is one cycle of the CPU clock (fcpu) selected by the processor clock control
register (PCC).
2. This clock cycle applies to internal ROM program.
3. nis the number of waits when external memory expansion area is read from.
m is the number of waits when external memory expansion area is written to.
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Instructi ] Clock ] Flag
nzruc on Mnemonic Operands Byte Operation
roup Note 1| Note 2 Z ACCY
Call/return | CALL laddrl6 3 7 - (SP-1) « (PC + 3)n, (SP - 2) « (PC + 3),
PC « addrl6, SP — SP -2
CALLF laddr11 2 5 - (SP-1) « (PC+ 2)n, (SP-2) « (PC + 2),
PCis-11 « 00001, PCi0-0 « addrll,
SP - SP-2
CALLT [addr5] 1 6 - (SP-1) « (PC+ 14, (SP-2) « (PC + 1),

PCh « (00000000, addr5 + 1),
PCL « (00000000, addr5),
SP - SP-2

BRK 1 6 —  |(SP=1) < PSW, (SP - 2) — (PC + 1)u,
(SP —3) « (PC + 1), PCx — (003FH),
PCL « (003EH), SP « SP—3,IE < 0

RET 1|6 —  |PCH « (SP+1), PCL « (SP),
SP . SP+2
RETI 1|6 —  |PCu < (SP +1), PCL — (SP), R R R
PSW « (SP +2), SP « SP +3,
NMIS « 0
RETB 1|6 —  |PCu < (SP+1), PCL — (SP), R R R
PSW < (SP +2), SP « SP +3
Stack PUSH  |PSw 1] 2 - |(SP-1) - PSW,SP - SP-1
manipulate p 1| 4 —  [(SP=1) < 1p, (SP-2) « rpy,
SP « SP-2
POP PSW 1] 2 - |PSW « (SP),SP — SP+1 R R R
p 1 4 - rpH « (SP + 1), rp. — (SP),

SP - SP+2

MOVW SP, #word 4 - 10 SP ~ word
SP, AX 2 — 8 SP -~ AX
AX, SP 2 - 8 AX ~ SP
Uncondi- |BR laddr16 3 6 - PC ~ addrl6
tional $addr16 2 | 6 —  |PC < PC + 2 + jdisp8
branch AX 2 8 — PCH « A, PCL « X
Conditional| BC $addrl6 2 6 - PC « PC+2 +jdisp8ifCY =1
branch BNC $addr16 2 | 6 — |PC < PC+2 +jdisp8if CY = 0
BZ $addrl6 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

Remarks 1. Oneinstruction clock cycle is one cycle of the CPU clock (fcpu) selected by the processor clock control

register (PCC).
2. This clock cycle applies to internal ROM program.
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Ins(;rrgﬁtri)on Mnemonic Operands Byte o 1CI0;I;e ; Operation = ':I\ZQCY
Conditional | BT saddr.bit, $addr16 3 8 9 PC ~ PC + 3 + disp8 if(saddr.bit) = 1
branch sfr.bit, $addr16 4 | - 11 |PC « PC + 4 + jdisp8 if sfr.bit = 1
A.bit, $addr16 3 8 - PC — PC + 3 + jdisp8 if A.bit = 1
PSW.bit, $addr16 3 - 9 PC —~ PC + 3 + jdisp8 if PSW.bit = 1
[HL].bit, $addr16 3 10 | 11 +n |PC « PC + 3 + jdisp8 if (HL).bit = 1
BF saddr.bit, $addr16 4 10 11 PC ~ PC + 4 + jdisp8 if(saddr.bit) = 0
sfr.bit, $addr16 4 - 11 PC —~ PC + 4 + jdisp8 if sfr.bit =0
A.bit, $addr16 3 8 - PC — PC + 3 +jdisp8 if A.bit=0
PSW.bit, $addr16 4 - 11 PC —~ PC + 4 + jdisp8 if PSW. bit =0
[HL].bit, $addr16 3 10 | 11 +n |PC « PC + 3 + jdisp8 if (HL).bit =0
BTCLR saddr.bit, $addr16 4 10 12 PC « PC + 4 + jdisp8

if(saddr.bit) = 1
then reset(saddr.bit)

sfr.bit, $addrl6 4 - 12 PC ~ PC + 4 + jdisp8 if sfr.bit = 1
then reset sfr.bit
A.bit, $addr16 3 8 - PC - PC + 3 +jdisp8if Abit=1
then reset A.bit
PSW.bit, $addr16 4 - 12 PC « PC + 4 + disp8 if PSW.bit =1 X X X%
then reset PSW.hit
[HL].bit, $addr16 3 10 [12+n+m|PC « PC + 3 + jdisp8 if (HL).bit = 1
then reset (HL).bit
DBNZ B, $addrl6 2 6 - B -~ B -1, then
PC « PC+2 +disp8ifB#0
C, $addrlé 2 6 - C - C-1, then
PC — PC+ 2 +jdisp8ifC#0
saddr. $addr16 3 8 10 (saddr) « (saddr) — 1, then
PC ~ PC + 3 + jdisp8 if(saddr) # 0
CPU SEL RBnN 2 4 - RBS1,0 <« n
control NOP 1 2 - No Operation
El 2 - 6 IE « 1(Enable Interrupt)
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

Remarks 1. Oneinstruction clock cycle is one cycle of the CPU clock (fcru) selected by the processor clock control
register (PCC).
2. This clock cycle applies to internal ROM program.
3. nis the number of waits when external memory expansion area is read from.
4. m is the number of waits when external memory expansion area is written to.
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22.3 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 rNote sfr saddr [laddrl6| PSW | [DE] [HL] |[HL +B] [$addr16| 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 ROR4
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 rpNote sfrp saddrp laddr16 SP None
First Operand
AX ADDW MOVW MOVW MOVW MOVW MOVW
SUBW XCHW
CMPW
p MOVW MOVwNote INCW
DECW
PUSH
POP
sfrp MOVW MOVW
saddrp MOVW MOVW
laddr16 MOVW
SP MOVW MOVW
Note Only when rp = BC, DE, HL
(3) Bit manipulation instructions
MOV1, AND1, OR1, XOR1, SET1, CLR1, NOT1, BT, BF, BTCLR
Second Operand
A.bit sfr.bit saddr.bit PSW.bit [HL].bit CY $addrlé 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.bit MOV1 BT SET1
BF CLR1
BTCLR
[HL].bit MOV1 BT SET1
BF CLR1
BTCLR
CYy 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 instructions/branch instructions
CALL, CALLF, CALLT, BR, BC, BNC, BZ, BNZ, BT, BF, BTCLR, DBNZ

Second Operand

First Operand

AX

laddr16

laddrll

[addr5]

$addr16

Basic instruction

BR

CALL
BR

CALLF

CALLT

BR
BC
BNC
Bz
BNZ

Compound
instruction

BT

BF
BTCLR
DBNZ

(5) Other instructions

ADJBA, ADJBS, BRK, RET, RETI, RETB, SEL, NOP, El, DI, HALT, STOP
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APPENDIX A DEVELOPMENT TOOLS

The following shows development tools necessary for the development of systems that employ the uPD780065
Subseries.

e Support for PC98-NX series
Unless otherwise specified, products supported by IBM PC/AT™ and compatibles can be used for the PC98-
NX series. When using the PC98-NX series, refer to the explanations of IBM PC/AT and compatibles.

* Windows
Unless otherwise specified, “Windows” indicates following OSs.
e Windows 3.1
¢ Windows95
e WindowsNT™ Ver. 4.0
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Figure A-1. Development Tool Configuration (1/2)

(1) When using the in-circuit emulator IE-78K0-NS

Language Processing Software

« Assembler package
» C compiler package
« C library source file
« Device file

Debugging Tool

« System simulator
« Integrated debugger
« Device file

Embedded Software

* Real-time OS
*0S

Host Machine (PC)

Interface adapter,
PC card interface, etc.

Flash Memory
Write Environment In-circuit Emulator
1

Flash programmer Emulation board |

Flash memory
write adapter

On-chip flash
memory version

Power supply unit

Emulation probe

Conversion socket or
conversion adapter

Target system

Remark Items in broken-line boxes differ according to the development environment. Refer to A.3.1. Hardware .
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Figure A-1. Development Tool Configuration (2/2)

(2) When using the in-circuit emulator IE-78001-R-A

Language Processing Software

» Assembler package
« C compiler package
« C library source file
* Device file

Debugging Tool

« System simulator
« Integrated debugger

« Device file

Flash Memory
Write Environment
1

Host Machine (PC or EWS)

Embedded Software

* Real-time OS
«0S

Interface board

Flash programmer

Flash memory
write adapter

On-chip flash
memory version

In-circuit Emulator

Interface adapter

Remark Items in broken-line boxes differ according to the development environment. Refer to A.3.1. Hardware .

Emulation probe

Conversion socket or
conversion adapter

Target system
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A.1 Language Processing Software

RA78K/0
Assembler Package

This assembler converts programs written in mnemonics into an object codes executable
with a microcontroller.

Further, this assembler is provided with functions capable of automatically creating
symbol tables and branch instruction optimization.

This assembler should be used in combination with an optical device file (DF780066).
<Precaution when using RA78K/0 in PC environment>

This assembler package is a DOS-based application. It can also be used in Windows,
however, by using the Project Manager (included in assembler package) on Windows.

Part Number: uSxxxxRA78K0

CC78KI/0
C Compiler Package

This compiler converts programs written in C language into object codes executable with
a microcontroller.

This compiler should be used in combination with an optical assembler package and
device file.

<Precaution when using RA78K/0 in PC environment>

This C compiler package is a DOS-based application. It can also be used in Windows,
however, by using the Project Manager (included in assembler package) on Windows.

Part Number: uSxxxxCC78K0

C Library Source File

DF780066Note This file contains information peculiar to the device.

Device File This device file should be used in combination with an optical tool (RA78K/0, CC78K/
0, SM78KO0, ID78K0-NS, and ID78KO0).
Corresponding OS and host machine differ depending on the tool to be used with.
Part Number: puSxxxxDF780066

CC78K/0-L This is a source file of functions configuring the object library included in the C compiler

package (CC78K/0).
This file is required to match the object library included in C compiler package to the
customer’s specifications.

Part Number: pSxxxxCC78K0-L

Note The DF780066 can be used in common with the RA78K/0, CC78K/0, SM78K0, ID78K0-NS, and ID78KO0.
The DF780066 is under development.
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Remark

USxxxxRA78KO0
USxxxxCC78K0
USxxxxDF780066
USxxxxCC78KO0-L

xxxx in the part number differs depending on the host machine and OS used.

XXXX

Host Machine

(O

Supply Medium

AA13

PC-9800 series

Windows (Japanese version) Note

3.5-inch 2HD FD

AB13

BB13

IBM PC/AT™ and compatibles

Windows (Japanese version) Note

Windows (English version) Note

3.5-inch 2HC FD

3P16

HP9000 series 700™

HP-UX™ (Rel. 10.10)

DAT (DDS)

3K13

3K15

SPARCstation™

SunOS™ (Rel. 4.1.4),
Solaris (Rel. 2.5.1)

3.5-inch 2HC FD

1/4-inch CGMT

3R13

NEWS™ (RISC)

NEWS-0OS™ (Rel. 6.1)

3.5-inch 2HC FD

Note Can also be operated in DOS environment.

A.2 Flash Memory Writing Tools

Flashpro Il (type FL-PR2)

Flash programmer

Flashpro Il (type FL-PR3, PG-FP3)

Flash programmer dedicated to microcontrollers with on-chip flash memory.

FA-80GCNote

Flash memory writing adapter

Flash memory writing adapter used connected to the Flashpro Il or Flashpro IIl.
80-pin plastic QFP (GC-8BT type)

Note Under development

Remark FL-PR2, FL-PR3 and FA-80GC are products of NAITO DENSEI MACHIDA MFG. CO., LTD.
(TEL: +81-44-822-3813)
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A.3 Debugging

Tools

A.3.1 Hardware (1/2)

(1) When using the in-circuit emulator IE-78K0-NS

IE-78K0-NS
In-circuit emulator

The in-circuit emulator serves to debug hardware and software when developing
application systems using a 78K/0 Series product. It corresponds to integrated debugger
(ID78K0-NS). This emulator should be used in combination with power supply unit,
emulation probe, and interface adapter which is required to connect this emulator to the
host machine.

* | |E-78K0-NS-PANote

Performance boar

d

This board is used for extending the IE-78K0-NS functions, and is used connected to
the IE-78K0-NS. With the addition of this board, the addition of a coverage function,
enhancementoftracer and timer functions, and other such debugging function enhancements
are possible.

Power supply unit

IE-70000-MC-PS-B

This adapter is used for supplying power from a receptacle of 100-V to 240-V AC.

IE-70000-98-IF-C
Interface adapter

This adapter is required when using the PC-9800 series PC (except notebook type) as
the IE-78K0-NS host machine (C bus supported).

IE-70000-CD-IF-A
PC card interface

This is PC card and interface cable required when using notebook PC as the IE-78K0-
NS host machine (PCMCIA socket supported).

IE-70000-PC-IF-C
Interface adapter

This adapter is required when using the IBM PC and compatibles as the IE-78K0-NS
host machine (ISA bus supported).

% | IE-70000-PCI-IF
Interface adapter

This adapter is required when using the PC with an on-chip PCI bus as the IE-78K0-
NS host machine.

Emulation board

IE-780066-NS EM4Note

This board emulates the operations of the peripheral hardware peculiar to a device. It
should be used in combination with an in-circuit emulator and 1/O board.

|IE-78K0-NS-P0O1
1/0 board

A board mounted with FPGA.

NP-80GC
Emulation probe

This probe is used to connect the in-circuit emulator to the target system and is designed
for 80-pin plastic QFP (GC-8BT type).

EV-9200GC-80
Conversion socket
(Refer to Figures
A-2 and A-3)

This conversion socket connects the NP-80GC to the target system board designed to
mount a 80-pin plastic QFP (GC-8BT type).

Note Under development

Remarks 1. NP-80GC is a product of NAITO DENSEI MACHIDA MFG. CO., LTD.
(TEL: +81-44-822-3813)
2. EV-9200GC-80 is sold in five units.
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A.3.1 Hardware (2/2)

(2) When using the in-circuit emulator IE-78001-R-A

IE-78001-R-A
In-circuit emulator

The in-circuit emulator serves to debug hardware and software when developing
application systems using a 78K/0 Series product. It corresponds to integrated debugger
(ID78K0). This emulator should be used in combination with emulation probe and
interface adapter, which is required to connect this emulator to the host machine.

IE-7000-98-IF-C
Interface adapter

This adapter is required when using the PC-9800 series computer (except notebook
type) as the IE-78001-R-A host machine (C bus supported).

IE-70000-PC-IF-C
Interface adapter

This adapter is required when using the IBM PC/AT and compatibles as the IE-78001-
R-A host machine (ISA bus supported).

IE-70000-PCI-IF
Interface adapter

This adapter is required when using the PC with an on-chip PCI bus as the IE-78001-
R-A host machine.

IE-78000-R-SV3
Interface adapter

This is adapter and cable required when using an EWS computer as the IE-78001-R-
A host machine, and is used connected to the board in the IE-78000-R-A.

IE-780066-NS-EM4Note
Emulation board

This board emulates the operations of the peripheral hardware peculiar to a device. It
should be used in combination with an in-circuit emulator, 1/0 board, and emulation probe
conversion board.

|E-78K0-NS-P0O1
1/0 board

A board mounted with FPGA

|E-78K0-R-EX1
Emulation probe
conversion board

This board is required when using the IE-780066-NS-EM4 + IE-78K0-NS-P01 on the IE-
78001-R-A.

EP-78230GC-R
Emulation probe

This probe is used to connect the in-circuit emulator to the target system and is designed
for 80-pin plastic QFP (GC-8BT type).

EV-9200GC-80
conversion socket
(Refer to Figures
A-2 and A-3)

This conversion socket connects the EP-78230GC-R to the target system board
designed to mount a 80-pin plastic QFP (GC-8BT type).

Note Under development

Remark EV-9200GC-64 is sold in five units.
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A.3.2 Software (1/2)

SM78K0 This system simulator is used to perform debugging at C source level or assembler
System Simulator level while simulating the operation of the target system on a host machine.
This simulator runs on Windows.

Use of the SM78K0 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 SM78K0 should be used in combination with the optical device file (DF780066).

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) 3.5-inch 2HD FD
AB13 IBM PC/AT and compatibles| Windows (Japanese version) 3.5-inch 2HC FD
BB13 Windows (English version)
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A.3.2 Software (2/2)

ID78K0-NS
Integrated Debugger

IE-78KO-NS)

(supporting in-circuit emulator

ID78K0
Integrated Debugger

IE-78001-R-A)

(supporting in-circuit emulator

This debugger is a control program to debug 78K/0 Series microcontrollers.
It adopts a graphical user interface, which is equivalent visually and operationally to
Windows or OSF/Motif™. It also has an enhanced debugging function for C language
programs, and thus trace results can be displayed on screen in C-language level by using
the windows integration function which links a trace result with its source program,
disassembled display, and memory display. In addition, by incorporating function
modules such as task debugger and system performance analyzer, the efficiency of
debugging programs, which run on real-time OSs can be improved.

It should be used in combination with the optional device file (DF7800066).

Part Number: uSxxxxID78K0-NS, uSxxxx|D78K0

Remark

USxxxxID78K0-NS

xxxx in the part number differs depending on the host machine and OS used.

XXXX

Host Machine

oS

Supply Medium

AA13

PC-9800 series

Windows (Japanese version)

3.5-inch 2HD FD

AB13

BB13

IBM PC/AT and compatibles

Windows (Japanese version)

3.5-inch 2HC FD

Windows (English version)

uSxxxx|D78K0

XXXX

Host Machine

(O

Supply Medium

AA13

PC-9800 series

Windows (Japanese version)

3.5-inch 2HD FD

AB13

BB13

IBM PC/AT and its compatibles

Windows (Japanese version)

Windows (English version)

3.5-inch 2HC FD

3P16

HP9000 series 700

HP-UX (Rel. 10.10)

DAT (DDS)

3K13

3K15

SPARCSstation

SunOS (Rel. 4.1.4),
Solaris (Rel. 2.5.1)

3.5-inch 2HC FD

1/4-inch CGMT

3R13

NEWS™ (RISC)

NEWS-0S (Rel. 6.1)

3.5-inch 2HC FD
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A.4 System Upgrade from Former In-circuit Emulator for 78K/0 Series to IE-78001-R-A
If you already have a former in-circuit emulator for 78K/0 Series microcontrollers (IE-78000-R or IE-78000-R-A),
that in-circuit emulator can operate as an equivalent to the IE-78001-R-A by replacing its internal break board with

the IE-78001-R-BK.

Table A-1. System-up Method from Former In-circuit Emulator for 78K/0 Series to the IE-78001-R-A

In-circuit Emulator Owned In-circuit Emulator Cabinet System-upNote Board to be Purchased
IE-78000-R Required IE-78001-R-BK
IE-78000-R-A Not required

Note For system-up of a cabinet, send your in-circuit emulator to NEC.
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Conversion Socket Drawing (EV-9200GC-80) and Footprints

Based on EV-9200GC-80
(1) Package drawing (in mm)

TTOOT OO

g NEC

/m

- + [

EV—SZOO@

100000000000000001

N e TN

\((’T J000000000000000008

No.1

in index

Figure A-2. EV-9200GC-80 Drawing (for reference only)

EV-9200GC-80-G1E

ITEM| MILLIMETERS INCHES

A 18.0 0.709

B 14.4 0.567

c 14.4 0.567

D 18.0 0.709

E 4-C 2.0 4-C 0.079

F 0.8 0.031

G 6.0 0.236

H 16.0 0.63

| 18.7 0.736

J 6.0 0.236

K 16.0 0.63

L 18.7 0.736

M 8.2 0.323

N 8.0 0.315

o) 2.5 0.098

P 2.0 0.079

Q 0.35 0.014

R 92.3 $0.091

S »1.5 $0.059
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Figure A-3. EV-9200GC-80 Footprints (for reference only)

Based on EV-9200GC-80
(2) Pad drawing (in mm)

G
. A O
= oLt E
Jul o B G = -
= =
onona0a0noonon
C
B
A
EV-9200GC-80-P1E
ITEM MILLIMETERS INCHES
A 19.7 0.776
B 15.0 0.591
C 10.65%0.02 x 19=12.35+0.05| 0.02675:39 x 0.748=0.486"5393
D |0.65+0.02 x 19=12.35+0.05| 0.026*3:59 x 0.748=0.48633%3
E 15.0 0.591
F 19.7 0.776
G 6.0%0.05 0.236%0.503
H 6.0%0.05 0.236%9.003
| 0.35+0.02 0.0147530]
J 92.36+0.03 90.0933%}
K ©2.3 ©0.091
L ®1.57+0.03 ©0.06253%

Caution Dimensions of mount pad for EV-9200 and that for target
device (QFP) may be different in some parts. For the
recommended mount pad dimensions for QFP, refer to
"SEMICONDUCTOR DEVICE MOUNTING TECHNOLOGY
MANUAL" (C10535E).
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For efficient development and maintenance of the uPD780065 Subseries, the following embedded products are
available.
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Real-Time OS (1/2)

RX78K/0 RX 78K/0 is a real-time OS conforming to the uITRON specifications.

Real-time OS Tool (configurator) for generating nucleus of RX78K/0 and plural information tables is
supplied.
Used in combination with an optional assembler package (RA78/0) and device file
(DF780066).

<Precaution when using RX78K/0 in PC environment>
The real-time OS is a DOS-based application. It should be used in the DOS Prompt
when using in Windows.

Part number: pSxxxxRX78013-AAAA

Caution  When purchasing the RX78K/0, fillin the purchase application form in advance and sign the user
agreement.

Remark xxxx and AAAA in the part number differ depending on the host machine and OS used.

USXxxXRX78013-AAAA

AAAA Product Outline Maximum Number for Use in Mass Production

001 Evaluation object Do not use for mass-produced product.

100K Mass-production object 0.1 million units

001M 1 million units

010M 10 million units

S01 Source program Source program for mass-produced object
XXXX Host Machine oS Supply Medium
AA13 PC-9800 series Windows (Japanese version)N°t¢| 3.5-inch 2HD FD

AB13 IBM PC/AT and compatibles Windows (Japanese version)No®€ | 3.5.inch 2HC FD

BB13 Windows (English version)Note

3P16 | HP9000 series 700 HP-UX (Rel. 10.10) 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 Can also be operated in DOS environment.
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Real-Time OS (2/2)

MX78K0 MX78K/0 is an OS for ulITRON specification subsets. A nucleus for the MX78K/0 is
OS also included as a companion product.
This manages tasks, events, and time. In the task management, determining the task
execution order and switching from task to the next task are performed.
<Precaution when using MX78K/0 in PC environment>
The MX78K/0 is a DOS-based application. It should be used in the DOS Prompt when
using in Windows.
Part number: pSxxxxMX78K0-AAA

Remark xxxx and AAA in the part number differ depending on the host machine and OS used.

USXxxxXMX78K0-AAA

AAA Product Outline

Maximum Number for Use in Mass Production

001 Evaluation object

Use in preproduction stages.

XX Mass-production object

Use in mass production stages.

S01 Source program

Only the users who purchased mass-production
objects are allowed to purchase this program.

XXXX Host Machine oS Supply Medium
AA13 PC-9800 series Windows (Japanese version)No® | 3.5-inch 2HD FD
AB13 IBM PC/AT and compatibles Windows (Japanese version)No® | 3.5-inch 2HC FD
BB13 Windows (English version)Note
3P16 HP9000 series 700 HP-UX (Rel. 10.10) 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-OS (Rel. 6.1) 3.5-inch 2HC FD

Note Can also be operated in DOS environment.
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C.1 Register Index (In Alphabetical Order with Respect to Register Names)

(Al

A/D conversion result register (ADCRO) ... 174

A/D converter mode register (ADMO) ... 176

Analog input channel specification register (ADSO) ... 177

Asynchronous serial interface mode register (ASIMO) ... 189, 194

Asynchronous serial interface status register (ASISO) ... 191, 196

Automatic data transmit/receive address pointer (ADTPO) ... 212

Automatic data transmit/receive control register (ADTCO) ... 215, 226

Automatic data transmit/receive interval specification register (ADTIO) ... 217, 228

(B]
Baud rate generator control register (BRGCO) ... 191, 197

[C]
Capture/compare control register (CRCO) ... 110
Clock output select register (CKS) ... 170

(E]

8-bit compare register 50 (CR50) ... 137

8-bit compare register 51 (CR51) ... 137

8-bit counter 50 (TM50) ... 137

8-bit counter 51 (TM51) ... 137

8-bit timer mode control register 50 (TMC50) ... 139

8-bit timer mode control register 51 (TMC51) ... 139
External interrupt falling edge enable register (EGN) ... 271
External interrupt rising edge enable register (EGP) ... 271

(1]

Internal expansion RAM size switching register (IXS) ... 307
Interrupt mask flag register OH (MKOH) ... 269

Interrupt mask flag register OL (MKOL) ... 269

Interrupt mask flag register 1L (MK1L) ... 269

Interrupt request flag register OH (IFOH) ... 268

Interrupt request flag register OL (IFOL) ... 268

Interrupt request flag register 1L (IF1L) ... 268

M]

Memory expansion wait setting register (MM) ... 286
Memory size switching register (IMS) ... 306
Memory expansion mode register (MEM) ... 285

[O]
Oscillation stabilization time select register (OSTS) ... 166, 294

Preliminary User's Manual U13420EJ2VOUMO0 343



APPENDIX C REGISTER INDEX

[P]

Port 0 (PO) ... 73

Port 2 (P2) ... 75

Port 3 (P3) ... 76

Port 4 (P4) ... 77

Port 5 (P5) ... 78

Port 6 (P6) ... 79

Port 7 (P7) ... 80

Port 8 (P8) ... 82

Port 9 (P9) ... 83

Port mode register 0 (PMO) ... 85

Port mode register 2 (PM2) ... 85, 113, 141
Port mode register 3 (PM3) ... 85

Port mode register 4 (PM4) ... 85

Port mode register 5 (PM5) ... 85

Port mode register 6 (PM6) ... 85

Port mode register 7 (PM7) ... 85, 171

Port mode register 8 (PM8) ... 85

Port mode register 9 (PM9) ... 85

Prescaler mode register 0 (PRMO) ... 112
Priority specify flag register OH (PROH) ... 270
Priority specify flag register OL (PROL) ... 270
Priority specify flag register 1L (PR1L) ... 270
Processor clock control register (PCC) ... 92
Program status word (PSW) ... 50, 272
Pull-up resistor option register 0 (PUO) ... 87
Pull-up resistor option register 2 (PU2) ... 87
Pull-up resistor option register 3 (PU3) ... 87
Pull-up resistor option register 4 (PU4) ... 87
Pull-up resistor option register 5 (PU5) ... 87
Pull-up resistor option register 6 (PU6) ... 87
Pull-up resistor option register 7 (PU7) ... 87
Pull-up resistor option register 8 (PU8) ... 87
Pull-up resistor option register 9 (PU9) ... 87

[R]
Receive buffer register (RXBO) ... 188
Receive shift register (RX0) ... 188

[S]

Serial 1/O shift register 1 (SIO1) ... 212

Serial 1/0 shift register 30 (SIO30) ... 252

Serial I/O shift register 31 (SIO31) ... 258

Serial operation mode register 1 (CSIM1) ... 213, 224

Serial operation mode register 30 (CSIM30) ... 253, 254, 255
Serial operation mode register 31 (CSIM31) ... 259, 260, 261
16-bit timer capture/compare register 00 (CRO0O) ... 107
16-bit timer capture/compare register 01 (CR01) ... 108
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16-bit timer/counter 0 (TMO) ... 106
16-bit timer mode control register 0 (TMCO) ... 108
16-bit timer output control register 0 (TOCO) ... 111

(7]

Timer clock select register 50 (TCL50) ... 138
Timer clock select register 51 (TCL51) ... 139
Transmit shift register (TXSO0) ... 188

(W]

Watch timer mode control register (WTM) ... 157
Watchdog timer clock select register (WDCS) ... 164
Watchdog timer mode register (WDTM) ... 165
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C.2 Register Index (In Alphabetical Order with Respect to Register Symbol)

(Al

ADCRO: A/D conversion result register ... 174

ADMO:  A/D converter mode register ... 176

ADSO:  Analog input channel specification register ... 177

ADTCO: Automatic data transmit/receive control register ... 215, 226

ADTIO: Automatic data transmit/receive interval specification register ... 217, 228
ADTPO: Automatic data transmit/receive address pointer ... 212

ASIMO:  Asynchronous serial interface mode register ... 189, 194

ASIS0:  Asynchronous serial interface status register ... 191, 196

(B]

BRGCO: Baud rate generator control register ... 191, 197

[C]

CKS: Clock output select register ... 170

CRCO:  16-bit capture/compare control register ... 110
CROO0: 16-bit capture/compare register 00 ... 107

CRO1: 16-bit capture/compare register 01 ... 108

CR50: 8-bit compare register 50 ... 137

CR51: 8-bit compare register 51 ... 137

CSIM1: Serial operation mode register 1 ... 213, 224
CSIM30: Serial operation mode register 30 ... 253, 254, 255
CSIM31: Serial operation mode register 31 ... 259, 260, 261

(E]

EGN: External interrupt falling edge enable register ... 271

EGP: External interrupt rising edge enable register ... 271
(1]

IFOH: Interrupt request flag register OH ... 268

IFOL: Interrupt request flag register OL ... 268

IF1L: Interrupt request flag register 1L ... 268

IMS: Memory size switching register ... 306

IXS: Internal expansion RAM size switching register ... 307
M]

MEM: Memory expansion mode register ... 285

MKOH:  Interrupt mask flag register OH ... 269
MKOL: Interrupt mask flag register OL ... 269
MKZ1L: Interrupt mask flag register 1L ... 269
MM: Memory expansion wait setting register ... 286

(O]
OSTS: Oscillation stabilization time select register ... 166, 294
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[P]
PO:
P2:
P3:
P4:
P5:
P6:
P7:
P8:
P9:
PCC:
PMO:
PM2:
PM3:
PM4:
PMS5:
PM6:
PM7:
PM8:
PM9:
PROH:
PROL:
PR1L:
PRMO:
PSW:
PUO:
PU2:
PU3:
PUA4:
PUS:
PUG6:
PUT:
pPUS8:
PU9:

[R]
RXO0:
RXBO:

[S]
sio1:
S1030:
SI031:

Port 0 ... 73
Port2 ... 75
Port3 ... 76
Port4 ... 77
Port5 ... 78
Port6 ... 79
Port 7 ... 80
Port 8 ... 82
Port9 ... 83

Processor clock control register ... 92
Port mode register 0 ... 85

Port mode register 2 ... 85, 113, 141
Port mode register 3 ... 85

Port mode register 4 ... 85

Port mode register 5 ... 85

Port mode register 6 ... 85

Port mode register 7 ... 85, 171

Port mode register 8 ... 85

Port mode register 9 ... 85

Priority specify flag register OH ... 270
Priority specify flag register OL ... 270
Priority specify flag register 1L ... 270
Prescaler mode register 0 ... 112
Program status word ... 50, 272
Pull-up resistor option register O ... 87
Pull-up resistor option register 2 ... 87
Pull-up resistor option register 3 ... 87
Pull-up resistor option register 4 ... 87
Pull-up resistor option register 5 ... 87
Pull-up resistor option register 6 ... 87
Pull-up resistor option register 7 ... 87
Pull-up resistor option register 8 ... 87
Pull-up resistor option register 9 ... 87

Receive shift register ... 188
Receive buffer register ... 188

Serial I/O shift register 1 ... 212
Serial I/O shift register 30 ... 252
Serial I/O shift register 31 ... 258
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(7]

TCL50: Timer clock select register 50 ... 138
TCL51: Timer clock select register 51 ... 139
TMO: 16-bit timer/counter O ... 106

TM50: 8-bit counter 50 ... 137

TM51: 8-bit counter 51 ... 137

TMCO:  16-bit timer mode control register 0 ... 108
TMC50: 8-bit timer mode control register 50 ... 139
TMC51: 8-bit timer mode control register 51 ... 139
TOCO:  16-hit timer output control register 0 ... 111
TXSO: Transmit shift register ... 188

(W]

WDCS: Watchdog timer clock select register ... 164
WDTM: Watchdog timer mode register ... 165
WTM: Watch timer mode control register ... 157
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APPENDIX D REVISION HISTORY

The following shows major revisions up to now.

Edition Major Revisions from Previous Edition Revised Chapters
2nd Modification of description of on-chip pull-up resistor specification CHAPTER 2 PIN
Modification of description of TI00 pin FUNCTION
Addition of input/output circuit type of each pin and pin input/output circuit figures
Modification of caution on register initial setting for memory space CHAPTER 3 CPU

Modification of register symbols ARCHITECTURE

ADTC - ADTCO, ADTP - ADTPO, ADTI - ADTIO

Modification of setting of on-chip pull-up resistor to not depend on input/output CHAPTER 4 PORT
mode FUNCTION

Addition of PPG output column and modification of number of interval timers CHAPTER 6 16-BIT
Addition of clear by OSPT bit in block diagram of TMO TIMER/EVENT COUNTER

Addition of CRO1 column in table of pin valid edges and capture triggers

Addition of OSPT bit caution

Addition and modification of cautions on external clock and capture trigger
(addition of description of sampling clock for noise elimination)

Modification of input buffer to schmitt triggered input in block diagram of UART CHAPTER 13 SERIAL
INTERFACE (UARTO)
Modification of register symbols and bit names CHAPTER 14 SERIAL
» Automatic data transmit/receive address pointer (ADTPO) INTERFACE (SI101)

» Automatic data transmit/receive control register (ADTCO)
» Automatic data transmit/receive interval register (ADTIO)
« Bit name of serial operation mode register 1 (CSM1)

Deletion of direction control circuit in block diagrams of SI030, SI0O31 CHAPTER 15 SERIAL
INTERFACE (S1030)
CHAPTER 16 SERIAL
INTERFACE (S1031)

Addition of description of capture register specification to INTTMOO, INTTTMO01 CHAPTER 17
triggers INTERRUPT FUNCTIONS

Modification of interrupt flag name (WTPR - WTPRO)

Addition of a caution on initial setting of memory size switching register (IMS) CHAPTER 21
UPD78F0066

Addition of Flashpro Il as a flash writing tool

Addition of description of Windows for supporting PC98-NX series, modification of | APPENDIX A
supported OS version, addition of Solaris to OSs, addition of performance board DEVELOPMENT TOOLS
IE-78K0-NS-PA, and interface adapter IE-70000-PCI-IF
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