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Notice

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

owned subsidiaries.

(Note 2) “Renesas Electronics product(s)” means any product developed or manufactured by or for Renesas Electronics.
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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.

QTOP is a trademark of NEC Corporation.

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

PC/AT and PC DOS are trademarks of International Business Machines Corporation.
HP9000 series 700 and HP-UX are trademarks of Hewlett-Packard Company.
SPARCstation is a trademark of SPARC International, Inc.

SunOS is a trademark of Sun Microsystems, Inc.

NEWS and NEWS-OS are trademarks of Sony Corporation.

TRON is an abbreviation of The Realtime Operating system Nucleus.

ITRON is an abbreviation of Industrial TRON.




The export of this product from Japan is regulated by the Japanese government. To export this product may be prohibited
without governmental license, the need for which must be judged by the customer. The export or re-export of this product
from a country other than Japan may also be prohibited without a license from that country. Please call an NEC sales
representative.

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

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

NEC Corporation does notassume any liability for infringement of patents, copyrights or other intellectual property
rights of third parties by or arising from use of a device described herein or any other liability arising from use
of such device. No license, either express, implied or otherwise, is granted under any patents, copyrights or other
intellectual property rights of NEC Corporation or others.

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

NEC devices are classified into the following three quality grades:

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

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

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

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

Anti-radioactive design is not implemented in this product.
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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: 800-366-9782

Fax: 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.1.
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: 01-504-2787

Fax: 01-504-2860

NEC Electronics (Germany) GmbH
Scandinavia Office

Taeby, Sweden

Tel: 08-63 80 820

Fax: 08-63 80 388

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: 253-8311

Fax: 250-3583

NEC Electronics Taiwan Ltd.
Taipei, Taiwan

Tel: 02-719-2377

Fax: 02-719-5951

NEC do Brasil S.A.
Sao Paulo-SP, Brasil
Tel: 011-889-1680
Fax: 011-889-1689
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Major Revisions in this Edition

Page Description
Throughout Adds the uPD78361A to the target devices
p.195 CHAPTER 8 A/D CONVERTER
8.2 A/D Converter Mode Register (ADM)
Changes the conversion time by the FR bit setting.
p.264 CHAPTER 10 CLOCKED SERIAL INTERFACE

10.6.1 SBI Data Format

Adds Caution to the bus release signal and command signal.

The mark % shows major revised points.




PREFACE

Users This manual is intended for user engineers who understand the functions of the uPD78366A
Subseries and plan to design application systems using the uPD78366A Subseries.
This manual describes the following products in the uPD78366A SubseriesNote,

e UPD78361A, 78362A, 78P364A
Note Inaddition to the other products, the uPD78366A Subseries provides uPD78363A,
78365A, 78366A, 78368A, and 78P368A. For details on the uPD78363A, 78365A,

78366A and 78P368A, refertothe uPD78366A User's Manual Hardware (U10205E) .

Purpose The purpose of this manual is to help understand the hardware functions of the yPD78366A
Subseries as listed below.

Organization The uPD78366A Subseries manual is separated into two parts: Hardware (the present
manual) and Instructions.

Hardware | | Instructions
e Pin functions e CPU functions
* Internal hardware function e Addressing
* Interrupts  List of instruction set
« List of instruction set « Explanation of each instruction

Caution
Cautions on the use of the uPD78366A subseries are summarized in CHAPTER 19 CAUTIONS.
Read them before using the product.

For the up-to-the-minute information about this product, please contact an NEC representative.

How to read this Before using this manual, the user should have a general knowledge of the electronics,
manual logical circuit, and microcontroller fields.

e To use this manual as pPD78361A and 78P364A manual:
— Unless otherwise specified, the uPD78362A is treated as the representative model
throughout this manual. Whenyou use the uPD78361A and 78P364A, take uPD78362A
for each version.



Legend

To check the details of a register if you know the name of the register:
- Look it up in APPENDIX C REGISTER INDEX.

To know the detailed functions:
— Look it up in APPENDIX D FUNCTION INDEX.

To know the uPD78366A Subseries instruction function in detail:
- Refer to the uPD78356 User’'s Manual Instruction (U12117E).

To understand the general functions of the UPD78366A Subseries:
- Read the entire manual in the order of the table of contents.

Data weight : Higher digits on the left side

Lower digits on the right side

Active low : Xxxx (Pins and signal names are over-scored.)
Memory map address : Low-order address on the upper side

High-order address on the lower side

Note : Explanation of the indicated part of the text
Caution : Information requesting the user’s special attention
Remark : Supplementary information
Numeric value :Binary ..o XXXXB Or XXXxx

Decimal ............. XXXX



Register representation

7 6 5 4 (B 2
EDC |B‘1‘O‘X‘A

Register name

Encircled bit number indicates that the bit name
is defined as a reserved word in an NEC's
assembler (RA78K3) and as header file sfrbit.h
in C compiler (CC78K3).

Write

Read

Write O or 1. Operation is not
affected by either value.

Write 0.

O or1isread.

Write 1.

Write value according to

function to be used.

Value according to
operation status is read.

Never write the combination of codes marked “setting prohibited” in the register chart.

Confusing characters : 0 (zero), O (uppercase of 0)

: 1 (numeral), | (lowercase of L), | (uppercase of i)

Related documents

« Documents related to devices

Document name Document number
English Japanese
HUPD78362A Data Sheet U10098E U10098J
HUPD78P364A Data Sheet U10106E u10106J
HUPD78363A, 78365A, 78366A Data Sheet U11109E U11109J
HUPD78P368A Data Sheet U11373E U11373J
HUPD78362A User’'s Manual Hardware This manual U10745J
HUPD78366A User's Manual Hardware U10205E U10205J
HUPD78356 User's Manual Instructions U12117E U12117J
HUPD78362A Special Function Register Table - U10210J
HUPD78366A Special Function Register Table - u10107J
HPD78352A Instruction Set - U11955J

« Documents related to development tools

Document name Document number
English Japanese
IE-78350-R User’s Manual Hardware EEU-1366 EEU-754
Software EEU-1376 EEU-753
IE-78365-R-EM1 User’s Manual EEU-1454 EEU-924
EP-78327CW-R User’s Manual EEU-1496 EEU-969

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

latest documents when starting design.



78K/l Series Product Development

(for control applications
in automobile electronics equipment
fields)

uPD78366A subseries

TPD78361A
UPD78362A UPD78365A
UPD78P364A LPD78366A
UPD78363A  HPD78368A

UPD78372
Subseries

Reinforced timer,
A/D added

For inverter control
Pulse output function
Expanded ROM, RAM

(for inverter)

HPD78356
Subseries

A/D, DIA, relative (for camera, HDD)
instruction added

Expanded ROM, RAM

UPD78352A
Subseries

High-performance CPU
Sum-of-products
instruction added

HPD78334
Subseries

Reinforced timer, AID
Expanded ROM, RAM

(for control applications
in OA and FA fields)

For inverter control
Pulse output function

HPD78328
Subseries

uPD78322
Subseries

High-speed,
multi-function,
reinforced interrupt
10-bit A/D

(for control applications (for inverter)
in OA and FA fields)

HPD78312A
Subseries

(for control applications
in OA and FA fields)



Development Tool Configuration (when using IE controller)

Host machine

PC-9800 Series
IBM PC/AT™

EWS

RS-232-C

Software

L O

==

|

Relocatable C compiler  PG-1500
assembler controller

]

|IE controller

Product with on-chip PROM

UPD78P364ACW

-+

Programmer adapter

-

PA-78P364CW

—/

Note Use a commercially available socket.

Remarks 1.

IE-78350-R
In-circuit emulator

+
IE-78365-R-EM1
I/0O emulation board
(option)

RS-232-C

PG-1500

Emulation probe

EP-78327CW-R
—+

Socket for connecting emulation
probe and target systemNote

SDIP socket

= T =
= &7 7
I~ 5%

Target system

The host machine and the PG-1500 can also be connected directly using an RS-232-C cable.

2. This diagram assumes that software is provided through 3.5-inch floppy disks.



Development Tool Configuration (when using integrated debugger)

IE-70000-98-IF-B
IE-70000-98N-IF
IE-70000-PC-IF-B

Host machine
PC-9800 Series
IBM PC/AT

EWS

l\lllllmm% ? |E-784000-R

iy = in-circuit emulator

.ll\\l.i\i.i:.l.i.l‘\u K IE 7_:;350 R-EM-A
emulation board

§ (option)

Software |E-78365-R-EM1
U 0 0 I/O emulation board
‘ ‘ ‘ ‘ (option)
- . - RS-232-C
Relocatable C compiler  PG-1500
assembler controller
0 ] 0 ]
‘ ‘ ‘ ‘ PROM programmer
Integrated  Device PG-1500

debugger file

Product with on-chip PROM

o

UPD78P364ACW
+

Programmer adapter

-

PA-78P364CW

—/

Note Use a commercially available socket.

Remarks 1.

This diagram assumes that the host machine is a desktop PC.

Emulation probe

EP-78327CW-R
—+

Socket for connecting emulation
probe and target systemNote

=+
SDIP socket

s =—
=44
I

Target system

2. This diagram assumes that software is provided through 3.5-inch floppy disks.
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CHAPTER 1 GENERAL

The uPD78366A subseries is a series of NEC’s 78K/l Series 16-/8-bit single-chip microcontrollers equipped with
a high-speed, high-performance 16-bit CPU.

The uPD78366A Subseries provides the eight versions of uPD78361A, 78362A, 78P364A, 78363A, 78365A,
78366A, 78368A, and 78P368A. However, the manual describes the uPD78362A and 78P364A.

The uPD78362A has a PWM output function with a resolution higher than the existing pPD78328, so it can provide
substantially enhanced performance when used to control an inverter. In addition, the uPD78362A is provided with
sum-of-products instructions and can be used for a wide range of applications, as high-speed, high-performance
CPUs.

The uPD78361A is a version with an expanded internal ROM of the uPD78362A.

The uPD78P364A has a one-time PROM instead of the internal mask ROM of the yPD78362A with expanded
memory capacity. The one-time PROM can be written only once and is suitable for small-scale production of a small
quantity of application systems, or early start of production.
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1.1 Features

e Internal 16-bit architecture
e High-speed processing backed up by pipeline control and high-speed operation clock
Minimum instruction execution time: 125 ns (internal clock: 16 MHz, external clock: 8 MHz)
e PLL control circuit: External 8 MHz - Internal 16 MHz
e 115 instructions ideal for control applications (upward compatible with the uPD78328)
* 16-bit arithmetic operation instructions
» Multiplication/division instructions (16 bits x 16 bits (with sign/without sign), 32 bits + 16 bits)
» Sum-of-products instructions (16 bits x 16 bits + 32 hits)
 Relative operation instructions
« String instructions
« Bit manipulation instructions, etc.
e Real-time pulse unit suitable for inverter control
* Two timer output modes selectable (set/reset output/buffer output)
« Can output six phases of PWM signals
» Dead time timer
» Output driver off function when an error occurs outside of the microcontroller
« Up/down counter function
 16-bit resolution PWM signal output: 1 channel
¢ High-speed 10-bit resolution A/D converter: 8 channels
e 8-/9-/10-/12-bit resolution-variable PWM signal output function: 2 channels
¢ Two channels of independent serial interfaces
* UART
* Clocked serial interface/SBI
e High-speed interrupt controller
* 4 levels of priority selectable
» Three interrupt modes selectable
(vectored interrupt, macro service, context switching)
e Large current ports
e Port 0 (PO0-P0O7): loL = 10 mA (up to four pins can be turned on simultaneously)
* Port 8 (P80-P85): loL = 15 mA (up to three pins can be turned on simultaneously)
e Internal memory: ROM 24K bytes (UPD78362A)
32K bytes (uPD78361A)
PROM 48K bytes (uPD78P364A)
RAM 768 bytes (UPD78362A)
2K bytes (uPD78361A and 78P364A)
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1.2 Application Fields

o Inverter air conditioner

FA equipment such as robots and automatic machine tools

1.3 Ordering Information

Part Number

Package Internal ROM
UPD78361ACW-xxx 64-pin plastic shrink DIP (750 mil) Mask ROM
UPD78362ACW-xxx 64-pin plastic shrink DIP (750 mil) Mask ROM
UPD78P364ACW 64-pin plastic shrink DIP (750 mil) One-time PROM

Remark xxx indicates a ROM code suffix.
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1.4 Pin Configuration (Top View)
1.4.1 Normal operation mode

* 64-pin plastic shrink DIP (750 mil)
*  /PD78361ACW-xxx, 78362ACW-xxx, 78P364ACW

P57 O=—|1 U 64O P56
P90 O=——{2 63}~——O P55
P91 O=—{3 62 |[+——=0O P54
P92 O~ 4 61 |~—O P53
P80/TO00 O~—+{5 60 f«—O P52
P8L/TO0L O~———+|6 59 f«———0O P51
P82/TO02 O~ 7 58 f«———=O P50
P83/TO03 O~————~|8 57 f«———O P47
P84/TO04 O=——+{9 56 f~————O P46
P85/TO05 O=————+| 10 55«0 P45
Vss O———{ 11 54 |+ P44
POO/RTPO O=—{ 12 53f«——O P43
POL/RTP1 O=——»{13 52f«———=0O P42
PO2/RTP2 O~————»{ 14 51f«——=O P41
PO3/RTP3 O~————»{ 15 50 f«———O P40
Voo O——— 16 49— O Vss
Vss O—————{ 17 48 |——O Voo
X1O———=18 47— O AV
X2 O—— 19 46|+————O AVrer
RESET O———{20 45f«———0O P77/ANI7
PO4/PWMO O~ 21 44 |+——O P76/ANI6
PO5/PWML/TCUD O~ 22 43 |«— O P75/ANI5
PO6/TO40/TIUD O~ 23 42 |«——O PT74/ANI4
PO7/TCLRUD O=—~{ 24 41 |~—O P73/ANI3
P30/TXD O=~—+{ 25 40 =——O PT72/ANI2
P31/RXD O~———+{ 26 39«0 P71/ANI1
P32/SO/SB0 O=~—— 27 38}«————O P70/ANIO
P33/SI/SB1 O~ 28 37——0O AVss
P34/SCK O=—{ 29 36 [«———O P25/INTP4
MODE O———— {30 35 =0 P24/INTP3/TI
P20/NMI O———— {31 34 |«——O P23/INTP2
P21/INTPO O————{ 32 33}«———O P22/INTP1

Remark xxx indicates a ROM code suffix.
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ANIO-ANI7
AVbbp
AVREF
AVss
INTPO-INTP4
MODE
NMI
P0O0-PO7
P20-P25
P30-P34
P40-P47
P50-P57
P70-P77
P80-P85
P90-P92

PWMO, PWM1

- Analog Input

: Analog Vobp

: Analog Reference Voltage
: Analog Vss

. Interrupt from Peripherals
: Mode

: Nonmaskable Interrupt

: Port0

: Port2

: Port3

: Port4

: Port5

: Port7

: Port8

: Port9

. Pulse Width Modulation Output

RESET
RTPO-RTP3
RxD

SBO, SB1
SCK

Sl

SO
TCLRUD
TCUD

TI

TIUD

TxD
Vobp
Vss
X1, X2

. Reset

: Realtime Port

: Receive Data

: Serial Bus

: Serial Clock

: Serial Input

. Serial Output

: Timer Clear Up Down Counter

: Timer Control Up Down Counter
: Timer Input

: Timer Input Up Down Counter
TOO00-TOO05, TO40:

Timer Output

: Transmit Data
: Power Supply
: Ground
: Crystal
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1.4.2 PROM programming mode ( uPD78P364A only: MODE/V ep = H)

* 64-pin plastic shrink DIP (750 mil)
UPD78P364ACW

LoO——1 N— 64— O
OEO——+2 63F—O
CEQO——{3 62F—O

PGM O———+4 61—0O (L)
A0 O———5 60F———O
AllO———+|6 59——O
Al2O——| 7 58)———O
ALIBO——+8 57 f=———0O D7
AlAO——9 56 f«—O D6
A5 O—— 10 55— O D5
Vss O——— 11 54 j&«——O D4

AO O—— 12 53 j«——O D3
ALO——13 52f¢«——(0O D2
A20O0——14 51 f«——0O D1
ABO—— 15 50 f+=—0O DO
Voo O——— 16 99— 0O Vss
Vss O———— 17 48 |———O Vo
() O——18 47F——0O

(Open)O——— 19 46 f——O

(GQ)O—— 20 4sBs——O0
AL O—{21 M0
A5 O—= 22 BF————0
A6 O—— 23 2—0
ATO——24 41— O

A6 O————=25 W0F——O (G)
O——26 I9—O
Oo—27 F—0

© O———28 3 —0O
O——29 6F—0

MODE/Npp O———= 30 BpP——0
A O——31 #fprH—0
ABO——32 BH—0
Caution () :Processing of pins not used in PROM programming mode.
L . Individually connect these pins to V  ss via resistor.
G : Connect these pinsto V  ss.

Open : Connect nothing to these pins.
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A0-A16
CE
DO-D7
MODE
OE

: Address Bus

: Chip Enable

: Data Bus

: Programming Mode Set
: Output Enable

PGM
Vob
Vpp
Vss

: Programming Mode
: Power Supply

: Programming Power Supply
: Ground
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INTERRUPT
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TCUD —™
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TIMER/COUNTER UNIT

(REALTIME PULSE UNIT)

SCK

SO/SBO

SI/SB1 =—
TxD =—]

RxD ———

SERIAL
INTERFACE
(SBI)
(UART)

EXU ROM/RAM BCU
MAIN RAM
GENERAL
REGISTERS|
128 x 8
& ROM
DATA 24K x 8 Siviis
MEMORY 32K X 8 Py
128 %8 48K x 8 BUS
& CONTROL
PERIPHERAL &
RAM PREFETCH
VICRO 512 x 8 CONTROL
X
SEQUENCE 1792x8
CONTROL
| MICRO ROM |

X1

X2

~— RESET
MODE/VppNote

17 |AO-Al6
DO0-D7
PGM Note
CE
OE

{
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)

)

RTP <{_4

REALTIME OUTPUT
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Note

Remark
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CONVERTER TIMER
>5> > > g
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In PROM programming mode of uPD78P364A.

Internal ROM and RAM capacities depend on the product.
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1.6 Functional Outline

(1/2)

Item

Part No.

LPD78361A LPD78362A UPD78P364A

Min. instruction execution time

125 ns (internal clock: 16 MHz, external clock: 8 MHz)

Internal memory ROM 32 Kbytes 24 Kbytes -
PROM - - 48 Khytes
RAM 2 Kbytes 768 bytes 2 Kbytes

Memory space 64 Kbytes

General-purpose register 8 bits x 16 x 8 banks

Basic instructions 115

Instruction set

« 16-bit transfer/operation

» Multiplication/division (16 bits x 16 bits, 32 bits + 16 bits)
« Bit manipulation

* String

* Sum-of-products (16 bits x 16 bits + 32 bits)

* Relative operation

1/0 line

Input

14 (of which 8 are multiplexed with analog input)

I/0

38

Real-time pulse unit

* 16-bit timer x 1
10-bit dead time timer x 3
16-bit compare register x 4
Two output modes selectable
Mode 0: set/reset output (6 channels)

Mode 1: buffer output (6 channels)

¢ 16-bit timer x 1

16-bit compare register x 1

e 16-bit timer x 1
16-bit capture register x 1

16-bit capture/compare register x 1

* 16-bit timer x 1
16-bit capture register x 2

16-bit capture/compare register x 1

e 16-bit timer x 1
16-bit compare register x 2

16-bit resolution PWM output: 1 channel

Real-time output port

4 (4-bit unit buffer output)

PWM unit

8-/9-/10-/12-bit resolution variable PWM output: 2 channels

A/D converter

10-bit resolution: 8 channels
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(2/2)

Part No.

Item

UPD78361A UPD78362A uPD78P364A

Serial interface

With dedicated baud rate generator
UART: 1 channel

Clocked serial interface/SBI: 1 channel

Interrupt function

« External: 6, internal 14 (of which 2 are multiplexed with external sources)
« 4 priority levels selectable via software
« 3 interrupt processing modes selectable

(vectored interrupt, macro service, context switching)

Package

64-pin plastic shrink DIP (750 mil)

Others

« Watchdog timer
« Standby functions (HALT mode and STOP mode)

* PLL control circuit

10
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1.7 Differences among uPD78366A Subseries Products

Table 1-1. Differences among uPD78366A Subseries Products

Product Name | yPD78361A | uPD78362A | uPD78P364A| uPD78363A | uPD78365A | uPD78366A | pPD78368A | LPD78P368A
Parameter
Internal memory | ROM 32 Kbytes | 24 Kbytes - 24 Kbytes - 32 Kbytes | 48 Kbytes -
PROM - - 48 Kbytes - - - - 48 Kbytes
RAM 2 Kbytes | 768 bytes | 2 Kbytes | 768 bytes | 2 Kbytes
Input/output lines | Input 14 (8 lines also serve as analog input)
1/10 38 49 | 31 | 49
UART pin select function None Available
WDTO pin None Available
External device None Available
expansion function
ROM-less mode None Available |ROM-less | Available None
product
MODE setting Be sure to |+ Normal |+ Normal Be sure to |» Normal * Normal
set the operation | operation | setthe operation operation
following: mode mode following: mode mode
MODE =L | MODE =L| MODEO, 1| MODEO, 1| MODEQO, 1 MODEQ, 1 =
« Program- =LL = HH = LL LL
ming mode|e ROM-less * ROM-less * Programming
MODE = H| mode mode mode
MODEQ, 1 MODEQO, 1 MODEQ, 1 =
=HH =HH HL
Package With 64-pin plastic shrink 80-pin plastic QFP (14 x 20 mm)
no DIP (750 mil)
window
With - - 80-pin
window ceramic
WQFN

11
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1.8 Application Example

To control outdoor apparatus of inverter air conditioner

uPD78362A
: Realtime pulse unit :
1
; [ cmos | ;
1
1 1
! | Dead time setting register .
1 1
= - - 1
' |U/D|—| 16-bit timer | !
' '
' vU [ TOO00
1 L o
' | CM00 |7 10| Too1 %
' ' g
. £
1 1
' Pulsecgi;recr:ietranon : v | TOO2
1
A =V v | Toos
T
, 1
1
' W [ TOO04
1 T
| J—
I cMo2 ‘W | TOO05
, 1
1 1
1 1
(Analog signal) Y. !
. ANIO
AC power monitor ANIL _ ROM 24K bytes P40 T
External temperature — > 10-bit General- P41
Thermal exchanger temperature ANI3 A/D RAM 768 bytes purpose P42 4-way valve
Outlet temperature converter port 2-way valve
ANI4 P43 ;
Inlet temperature Outdoor fan
motor
be ) NMI P00
power monitor Programmable Realtime P01 Stepping motor
Compressor motor __ INTP1 interupt output port P02 (electronic
temperature monitor controller P03 expansion valve)
RxD
Indoor apparatus Serial
controller TxD interface

12



2.1 Pin Function List

2.1.1 Normal operation mode

(1) Port pins

CHAPTER 2 PIN FUNCTIONS

Table 2-1. Port Pin Functions

Pin Ife] Function Shared with:
P00-P0O3 1/0 Port 0. RTPO-RTP3
P04 8-bit 1/O port. PWMO
P05 Can be set in input or output mode in 1-bit units. PWM1/TCUD
P06 TO40/TIUD
PO7 TCLRUD
P20 Input Port 2. NMI
P21 6-bit input port. INTPO
P22 INTP1
P23 INTP2
P24 INTP3/TI
P25 INTP4
P30 110 Port 3. TxD
P31 5-bit 1/O port. RxD
P32 Can be set in input or output mode in 1-bit units. SO/SBO
P33 SI/sB1
P34 SCK
P40-P47 1/0 Port 4. -
8-bit 1/0 port.
Can be set in input or output mode in 8-bit units.

P50-P57 1/0 Port 5. -
8-bit 1/O port.
Can be set in input or output mode in 1-bit units.

P70-P77 Input Port 7. ANIO-ANI7
8-bit input port.

P80-P85 110 Port 8. TOO00-TO05
6-bit 1/O port.
Can be set in input or output mode in 1-bit units.

P90-P92 110 Port 9. -
3-bit 1/O port.
Can be set in input or output mode in 1-bit units.

13
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(2) Pins other than port pins

Table 2-2. Functions of Pins Other Than Port Pins (1/2)

Pin 110 Function Shared with:

RTPO-RTP3 Qutput Real-time output port that outputs pulse in synchronization | P00-P03
with trigger signal from real-time pulse unit.

NMI Input Non-maskable interrupt request input P20

INTPO External interrupt request input P21

INTP1 P22

INTP2 P23

INTP3 P24/TI

INTP4 P25

TI Input External count clock input to timer 1 P24/INTP3

TCUD Count operation select control signal input to up/down P0O5/PWM1
counter (timer 4)

TIUD External count clock input to up/down counter (timer 4) P06/TO40

TCLRUD Clear signal input to up/down counter (timer 4) P07

TOO00-TO05 Output Pulse output from real-time pulse unit P80-P85

TO40 P0O6/TIUD

ANIO-ANI7 Input Analog input to A/D converter P70-P77

TxD Output Serial data output of asynchronous serial interface P30

RxD Input Serial data input of asynchronous serial interface P31

SCK 1/0 Serial clock 1/O of clocked serial interface P34

Sl Input Serial data input of clocked serial interface in P33/SB1
three-wire mode

SO Output Serial data output of clocked serial interface in P32/SB0O
three-wire mode

SBO 110 Serial data I/0 of clocked serial interface in SBI mode P32/SO

SB1 P33/SI

PWMO Output PWM signal output P04

PWM1 PO5/TCUD
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Table 2-2. Functions of Pins Other Than Port Pins (2/2)

Pin 110 Function Shared with:
MODE Input Control signal input to set operation mode. -
Connect to Vss.
RESET Input System reset input -
X1 Input System clock oscillation crystal connecting pins. -
X2 - Input external clock to X1 pin. Leave X2 pin open. -
AVRrer Input A/D converter reference voltage input -
AVop - A/D converter analog power supply -
AVss - A/D converter GND -
Vob - Positive power supply -
Vss - GND -

2.1.2 PROM programming mode ( pPD78P364A only: MODE/V pp = H)

Table 2-3. Functions of Pins Used in PROM Programming Mode

Pin 110 Function
MODE/Vee Input PROM programming mode setting/writing power supply
A0-A16 Address bus
D0-D7 110 Data bus
PGM Input Program input
CE PROM enable input
OE Read strobe to PROM
Vob - Positive power supply
Vss GND

15
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2.2 Pin Functions

2.2.1 Normal operation mode

16

(1) PO00-POQ7 (Port 0) ... three-state 1/0
These pins form an 8-bit /0O port. They serve as not only a general-purpose 1/O port, but also a real-time output
port, control signal input pins of the real-time pulse unit, and PWM signal output pins.
Port 0 can be set in the following operation modes in 1-bit units by the port 0 mode control register (PMCO0)
(refer to 5.2 Port Functions ).

(a) Port mode
In this mode, port O functions as an 8-bit general-purpose 1/O port, and can be set in the input or output
mode in 1-bit units by the port 0 mode register (PMO).

(b) Control mode
In this mode, each bit of port 0 serve as a control signal input or output pin, as follows:

() RTPO-RTP3
These pins function as a real-time output port.

(i) PWMO and PWM1
These pins output the PWM signal.

(i) TO40
This pin serves as the timer output pin of timer 4 of the real-time pulse unit.

(iv) TIUD
This pin inputs an external count clock to timer 4 of the real-time pulse unit.

(v) TCUD
This pin inputs the count operation select control signal to timer 4 of the real-time pulse unit.

(vi) TCLRUD
This pin inputs a clear signal to timer 4 of the real-time pulse unit.

Caution Each pin is set in the input port mode when the RESET signal has been input (output
high impedance). At this time, the contents of the output latch become undefined.
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(2) P20-P25 (Port 2) ... input
These pins form a 6-bit input port. They also function as external interrupt signal and external count clock
input pins.

(a) Port mode
Port 2 is fixed in the control mode. However, the status of each pin can be read by executing a read

instruction to port 2.

(b) Control mode
The functions of P20-P25 as control signal pins are as follows:

(i) NMmI
Inputs an edge-detected external non-maskable interrupt request.

(i) INTPO-INTP4
Input an edge-detected, external interrupt request.

(i) TI
Inputs an external count clock to timer 1 of the real-time pulse unit.

17
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(3) P30-P34 (Port 3) ... three-state 1/0
These pins form a 5-bit I/O port. They also function as the 1/0 pins of the serial interface.
Port 3 can be set in the following operation modes in 1-bit units by the port 3 mode control register (PMC3)
(refer to 5.2 Port Functions ).

(a) Port mode
In this mode, port 3 functions as a 5-bit general-purpose 1/0 port, which can be set in the input or output
mode in 1-bit units by the port 3 mode register (PM3).

(b) Control mode
In this mode, each bit of port 3 functions as a control signal pin, as follows:

(i) RxD, TxD
Serial data 1/O pins of the asynchronous serial interface (UART).

(i) SO/sBO, Sl/sB1
Serial data 1/O pins of the clocked serial interface.

(i) SCK
Serial clock I/O pins of the clocked serial interface.

Caution Each pinissetinthe input port mode when the RESET signal has been input (output
high impedance). At this time, the contents of the output latch become undefined.

(4) P40-P47 (Port 4) ... three-state 1/10
Port 4 is an 8-bit 1/0 port. It functions as an 8-bit general-purpose 1/O port, which can be set in the input or
output mode in 8-bit units by the memory expansion mode register (MM).

Caution Each pin is set in the input port mode when the RESET signal has been input (output high
impedance). At this time, the contents of the output latch become undefined.
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®)

(6)

7

P50-P57 (Port 5) ... three-state 1/0
Port 5 is an 8-bit I/O port. It functions as a general-purpose I/O port, which can be set in the input or output
mode in 1-bit units by the port 5 mode register (PM5).

Caution Each pinis setin the input port mode when the RESET signal has been input (output high
impedance). At this time, the contents of the output latch become undefined.

P70-P77 (Port 7) ... input
These pins form an 8-bit input port. They also serve as the analog signal input pins of the A/D converter.

(a) Port mode
Port 7 is fixed in the control mode. The status of each pin can be read by executing a read instruction
to port 7.

(b) Control mode
In this mode, port 7 functions as the analog signal input pins of the A/D converter (ANIO-ANI7).

P80-P85 (Port 8) ... three-state 1/O

These pins form a 6-bit I/O port. They also serve as the timer output pins of the real-time pulse unit.
Port 8 can be set in the following operation modes in 1-bit units by the port 8 mode control register (PMC8)
(refer to 5.2 Port Functions ).

(a) Port mode
In this mode, port 8 serves as an 8-bit general-purpose I/O port, which can be set in the input or output
mode in 1-bit units by the port 8 mode register (PM8).

(b) Control mode
In this mode, the port 8 pins function as the timer output pins (TO00-TO05) of timer 0 of the real-time pulse

unit.

Caution Each pin is set in the input port mode when the RESET signal has been input (output
high impedance). At this time, the contents of the output latch become undefined.

19



CHAPTER 2 PIN FUNCTIONS

(8) P90-P92 (Port 9) ... three-state 1/10
Port 9 is a 3-bit I/O port. It functions as a general-purpose 1/O port, which can be set in the input or output
mode in 1-bit units by the port 9 mode register (PM9).

Caution Each pin is set in the input port mode when the RESET signal has been input (output high
impedance). At this time, the contents of the output latch become undefined.

(9) MODE (Mode) ... input
This pin inputs control signals that specify an operation mode. The setting of these pins differs as shown in
the table below for the uPD78361A, 78362A, and 78P364A. Note that the levels of the MODE pins must not
be changed during operation.

uPD78361A, 78362A HPD78P364A
Be sure to set as follows: » Normal operation mode
MODE =L MODE =L
* Programming mode
MODE =H

Cautions 1. Be sure to connect the MODE pin directly to V' pp or Vss.
2. The uPD78361A, 78362A, and 78P364A cannot be set in the
ROM-less mode.

(10) RESET (Reset) ... input
This pin inputs a low-active system reset signal.

(11) X1 and X2 (Crystal)
Connect a crystal resonator for system clock oscillation across these pins. To supply an external clock, input
the clock to the X1 pin and leave the X2 pin open.

(12) AVrer (Analog Reference Voltage) ... input
This pin inputs a reference voltage to the A/D converter.

(13) AVop (Analog V bb)
This pin is the power supply pin of the A/D converter.

(14) AVss (Analog V ss)
This pin is the GND pin of the A/D converter.

(15) Voo (Power Supply)
Positive power supply pin

(16) Vss (Ground)
Ground pin

20
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2.2.2 PROM programming mode ( uPD78P364A only)

)

)

3

4

®)

(6)

7

8

C)

MODE ... input
This input pin of the yPD78P364A sets the PROM programming mode, which is set when MODE = H.

AO0-A16 (Address Bus) ... input
These pins form an address bus which selects an address of the internal PROM (0000H-BFFFH).

D0O-D7 (Data Bus) ... /10
These pins form a data bus through which the program in the internal PROM is written or read.

PGM (Programming Mode) ... input

This pin inputs the operation mode control signal of the internal PROM.
When this signal is active, the internal PROM can be written.

When this signal is inactive, the internal PROM can be read.

CE (Chip Enable) ... input

This pin inputs an internal PROM enable signal.

When CE = OE = H, PGM = L, one page (4 bytes) of a program can be written in 1-byte units.
When CE = L, OE = H, PGM = L, 1 byte of program can be written at a time.

If OE is made low when CE = L, the contents of the PROM can be read.

OE (Output Enable) ... input

This pin inputs a read strobe signal to the internal PROM.

If this signal is made active when CE =L, the contents of PROM addressed by A0-A16 can be read to DO-
D7 in 1-byte units.

Vep (Programming Power Supply)

Power supply to write a program.

When OE = H and CE = L while Vep = 12.5 V, the program on DO-D7 can be written to the internal PROM
addressed by A0-A16.

Voo (Power Supply)
Positive power supply pin

Vss (Ground)
Ground pin

21
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2.3

Table 2-4 shows the I/O circuit type of a pin with a function, and the recommended connection of the pin when

I/0O Circuits and Connection of Unused Pins

the pin function is not used. Figure 2-1 shows the circuit of each 1/O type.

Table 2-4. 1/0O Circuit Type of Each Pin and Recommended Connection

Pin Name 1/0 Circuit Type Recommended Connection of Unused Pins
POO/RTPO-PO3/RTP3 5-A Input: Individually connect to Vop or Vss via resistor
P04/PWMO Output: Open
PO5/TCUD/PWM1
PO6/TIUD/TO40
PO7/TCLRUD
P20/NMI 2 Connect to Vss
P21/INTPO-P23/INTP2 2-A
P24/INTP3/TI
P25/INTP4
P30/TxD 5-A Input: Individually connect to Vop or Vss via resistor
P31/RxD Output: Open
P32/SO/SBO 8-A
P33/Sl/SB1
P34/SCK
P40-P47 5-A
P50-P57
P70/ANIO-P77/ANI7 9 Connect to Vss
P80/TO00-P85/TO05 5-A Input: Individually connect to Voo or or Vss via resistor
P90-P92 Output: Open
MODE 1 -

RESET 2
AVREF, AVss - Connect to Vss
AVop Connect to Voo
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Figure 2-1. 1/O Circuit of Each Pin

Type 1 Type 5-A
Vob
Vi Pullup D |
o enable P-ch

P-ch Data

Output i[}_{ N-ch
N-ch disable
Input ;

enable

IN/OUT

Type 2 Type 8-A
Vob
enable > |[=Pen
IN

Vob
Data—— P-ch
IN/OUT
Schmitt trigger input with hysteresis characteristics. Output i[}—{ N-ch

disable

Type 2-A Type 9

Vi
- b-ch — Comparator
-C
IN N-ch
: | q Pullup T
P-ch enable ;
Vret
(Threshold voltage)
IN
Schmitt trigger input with hysteresis characteristics. Input

enable
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CHAPTER 3 CPU ARCHITECTURE

3.1 Memory Space
The uPD78362A can access memory of up to 64K bytes. However, it cannot access external memory.

(1) uPD78361A (MODE =1)
Program memory is mapped into a 32768-byte area at addresses 0000H to 7FFFH in the internal ROM.
Data memory is mapped into a 2048-byte area at addresses F700H to FEFFH.

(2) puPD78362A (MODE = L)
Program memory is mapped into a 24576-byte area at addresses 0000H to 5FFFH in the internal ROM.
Data memory is mapped into a 768-byte area at addresses FCOOH to FEFFH in the internal RAM.

(3) pPD78P364A (MODE = 1)
Program memory is mapped into a 49152-byte area at addresses 0000H to BFFFH in the internal PROM.

Data memory is mapped into a 2048-byte area at F700H to FEFFH in the internal RAM.

Caution The uPD78361A, 78362A, and 78P364A cannot be set in the ROM-less mode.

25
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Figure 3-1. Memory Map ( uPD78361A)

MODE =L
FFFFH
Special function register (SFR)
(256x8) FEFFH )
general-purpose register
FFOOH (128x8)
FEFFH FE8OH
Main RAM -
(2I56x8) FE25H| Macro service control
FEO6H (32x8)
FEOOH
Data memory FDEFH
Peripheral RAM Da;tgsigea
(1792x8) (768x8)
F700H F700H
F6FFH
TFFFH
Memory space o
(64 Kx8) ) N - Program area
B Use prohibited 1000H
OFFFH ) )
L CALLF instruction entry area _|
T (2048x%8)
0800H
8000H 07TFF Hﬁ
TFFFH T Program area
0080H
007FH
CALLT instruction table area
(64x8)
Program memory _ Internal ROM
Data memory ] (32768x%8) 0040H
003FH
Vector table area
(64x8)
0000H 0000H

Caution When a word access to the main RAM area (FEOOH to FEFFH) (containing stack handling) is
executed, addresses specified in operands are limited to even addresses.
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Figure 3-2. Memory Map ( uPD78362A)

MODE =L
FFFFH
Special function register (SFR)
(256 x 8) FEFFH )
General-purpose register
FFOOH (128 x 8)
FEFFH FE80H
Main RAM -
(256 x 8) FE25H| Macro service control
FEO6H (32 x8)
FEOOH
Data memory EDFFH
. Data area
Peripheral RAM
(512 x 8) (768 x 8)
FCOOH FCOOH
FBFFH
5FFFHI_ ]_
Memory space = i~
(64K x 8) ) ' N | — Program area -
0 Setting prohibited = 1000H
OFFFH ] )
L CALLF instruction entry area _|_
T (2048 x 8) T
0800H
G000H O7FFHﬁ |
S5FFFH T Program area T
0080H
007FH
CALLT instruction table area
(64 x 8)
Program memory A Internal ROM A
Data memory T (24576 x 8) T 0040H
003FH
Vector table area
(64 x 8)
0000H 0000H

Caution When a word access to the main RAM area (FEOOH to FEFFH) (containing stack handling) is
executed, addresses specified in operands are limited to even addresses.
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Figure 3-3. Memory Map ( uPD78P364A)

MODE =L
FFFFH
Special function register (SFR)
(256 x 8) FEFFH )
General-purpose register
FFOOH (128 x 8)
FEFFH FESOH
Main RAM
(Zaéns x 8) FE25H| Macro service control
FEO6H (32 x8)
Data memory FFIEI(:)FQE
: Data area
Peripheral RAM
(1792 x 8) (2048 x 8)
F700H F700H
F6FFH
BFFFHI_ ]_
Memory space
(64K x 8) ] ) - ) T Program area =
0 Setting prohibited = 1000H
OFFFH ) )
I CALLF instruction entry area _|_
T (2048 x 8) T
0800H
07FFH
C000H ] |
BFFFH T Program area T
0080H
007FH

CALLT instruction table area

(64 x 8)
Program memory A1 Internal PROM g
Data memory T (49152 x 8) T 0040H
003FH
Vector table area
(64 x 8)
0000H 0000H

Caution When a word access to the main RAM area (FEOOH to FEFFH) (containing stack handling) is
executed, addresses specified in operands are limited to even addresses.
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3.1.1 Vector table area

Interrupt requests from peripheral hardware, reset inputs, external interrupt requests, and branch addresses
interrupted by a break instruction, are stored in the 64-byte area from 0000H to 003FH.

When an interrupt request is issued, the contents of each vector table are set to the program counter (PC) before
branching. The contents of the even addresses are set to low-order eight bits of the PC and the contents of the odd
addresses are set to the high-order eight bits.

Table 3-1. Vector Table Area

Interrupt Source
Interrupt Request Interrupt Source/Unit Vector Table Address
RESET RESET pin input 0000H
NMI NMI pin input 0002H
INTWDT Watchdog timer 0004H
INTOV3 Real-time pulse unit 0006H
INTPO/INTCC30 INTPO pin input/real-time pulse unit 0008H
INTP1 INTP1 pin input 000AH
INTP2 INTP2 pin input 000CH
INTP3/INTCC20 INTP3 pin input/real-time pulse unit 000EH
INTP4 INTP4 pin input 0010H
INTTMO Real-time pulse unit 0012H
INTCMO3 0014H
INTCM10 0016H
INTCM40 0018H
INTCM41 001AH
INTSER Asynchronous serial interface 001CH
INTSR 001EH
INTST 0020H
INTCSI Clocked serial interface 0022H
INTAD A/D converter 0024H
OP code trap - 003CH
BRK instruction - 003EH
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3.1.2 CALLT instruction table area
Thirty-two tables of the address called by a single-byte call instruction (CALLT) can be stored in the 64-byte area
from 0040H to 007FH. This area is the CALLT table area.

3.1.3 CALLF instruction entry area
A subroutine can be directly called from the area 0800H to OFFFH by using a double-byte call instruction (CALLF).

3.1.4 Internal RAM area
768-byte (2048-byte for uPD78P364A) RAM is built into the area FCOOH to FEFFH (F700H to FEFFH for
UPD78361A and 78P364A). This area consists of the following two components:

e Peripheral RAM : FCOOH to FDFFH (512 bytes) ............ UPD78362A
F700H to FDFFH (1792 bytes) .......... UPD78361A and 78P364A
¢ Main RAM : FEOOH to FEFFH (256 bytes)

High-speed access to the main RAM is possible. Macro service control words are mapped in the 32-byte area
from FEO6H to FE25H in the main RAM area. General-purpose registers are mapped in the 128-byte area from FE80H
to FEFFH in the main RAM area. The general-purpose registers consist of eight banks.

Cautions 1. When a word access to the main RAM area (FEOOH to FEFFH) (containing stack handling)
is executed, the access operation varies, depending on whether the reference address is
even or odd (See Table 3-2). Therefore, if an access to an even address and an access to
an odd address are mixed, an error is caused. Specify only even reference addresses (See
Examples 1 and 2). To execute a 16-bit data transfer instruction, specify even addresses in
operands. If odd addresses are specified, an error occurs in the assembler package
(RA78K3).

2. Donotmake aword access across the peripheral RAM area and main RAM area (See Example
3).

Table 3-2. Operation in Word Access in Internal RAM Area

Reference Address (n) | Even Odd

Access Area

Main RAM O x

Peripheral RAM O @)

Remark O: Access to addresses nand n + 1
x: Access to addresses nand n -1

Examples of word access in the internal RAM area are given in Examples 1-5.
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Examples 1. To write/read word data into/from an even address (FE20H) in the main RAM area
When word data is written into an even address (address n) in the main RAM area, the low-order
eight bits of the word data are written into the even address (address n) and the high-order eight
bits are written into the odd address (address n + 1).
When word data is read from an even address (address n) in the main RAM area, it is read from
addresses n and n + 1.

MOVW  AX, #1234H
MOVW  OFE20H, AX; Write word data into FE20H
MOVW  AX, OFE20H; Read word data from FE20H

15 8 7 0
AX 12H 34H
7 0

FE21H
(1) 12H
FE20H

34H

(n)

n : Reference address

2. To write/read word data into/from an odd address (FE21H) in the main RAM area
When word data is written into an odd address in the main RAM area, the high-order eight bits
of the word data are written into the odd address (address n) and the low-order eight bits are written
into the even address (address n — 1).
When word data is read from an odd address (address n) in the main RAM area, it is read from
addresses n and n — 1.

MOVW  AX, #1234H

MOVW  DE, #0FE21H

MOVW [DE], AX; Write word data into FE21H
MOVW  AX, [DE]; Read word data from FE21H

15 8 7 0
AX 12H 34H
7 0

FE22H

(n+1)

FE21H 12H

(n)
FE20H| g4y
(n-1) n : Reference address
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Example 3. To write/read word data across the peripheral RAM area and main RAM area
If word data is written across the peripheral RAM area and main RAM area, it is written into the 256-
byte apart address, causing an error to occur.
If word data is read from the end address of the peripheral RAM area (FDFFH), itis read from FEFEH
and FEFFH which are 256 bytes apart from FDFFH.

MOVW AX, #1234H
MOVW DE, #OFDFFH
MOVW [DE], AX; Write word data into peripheral RAM (FDFFH)

MOVW DE, #OFDFFH
MOVW AX, [DE]; Read word data from peripheral RAM (FDFFH)

(Write)
15 8 7 0
AX 12H 34H
7 0
FEFFH 12H
|
FEFEH 34H 1
|
Main RAM |
(256 x 8) ! ' |
|
FEOOH e
FDFFH 34H
Peripheral RAM
(Read)
15 8 7 0
AX 56H 78H
7 0
FEFFH 56H
|
FEFEH 78H :
! |
Main RAM ! :
(256 x 8) ! ' | |
w |
! |
FEOOH ! ;
|
FDFFH 34H L

Peripheral RAM
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Examples 4. To write/read word data into/from an even address (FDOOH) in the peripheral RAM area
When word data is written into an even address in the peripheral RAM area, the low-order eight
bits of the word data are written into the even address (address n) and the high-order eight bits
are written into the odd address (address n + 1).
When word data is read from an even address (address n) in the peripheral RAM area, it is read
from addresses n and n + 1.

MOVW  AX, #1234H

MOVW  DE, #0FDOOH

MOVW  [DE], AX; Write word data into FDOOH
MOVW  AX, [DE]; Read word data from FDOOH

15 8 7 0
AX 12H 34H
7 0
FDO1H
(n+1) 12H
FDOOH 34H
Q)

n : Reference address

5. To write/read word data into/from an odd address (FDO1H) in the peripheral RAM area
When word data is written into an odd address in the peripheral RAM area, the low-order eight
bits of the word data are written into the odd address (address n) and the high-order eight bits
are written into the even address (address n + 1).
When word data is read from an odd address (address n) in the peripheral RAM area, it is read
from addresses n and n + 1.

MOVW  AX, #1234H

MOVW  DE, #0FDO1H

MOVW  [DE], AX; Write word data into FDO1H
MOVW  AX, [DE]; Read word data from FDO1H

15 8 7 0
AX 12H 34H
7 0

FDO2H 12H
(n+1)

FDO1H 34H

(n)
n : Reference address
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3.1.5 Special function register area
Registers having special functions, such as mode and control registers for the peripheral hardware, are mapped
in the area from FFOOH to FFFFH.

Caution Unmapped addresses of the special function register should not be accessed.
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3.2 Processor Registers

There are three groups of registers: a control register group (consisting of three 16-bit registers), a general-purpose
register group (consisting of eight banks, each of which consists of sixteen 8-bit registers), and a special function
register group (consisting of registers having special functions such as I/0O mode registers for the peripheral hardware).

Figure 3-4. Register Configuration

Control register
15 0
PC

PSW

SP

General-purpose register

7 07 0
1 . | ‘
1 |
1 |
1 |
1 |
1 |

R1 RO
R3 R2
R5 R4
R7 R6
R9 R8
R11 R10
R13 R12 | H
R15 R14 [H

Special function register

7 07 0
SFR255 SFR254
SFR253 SFR252
SFR251 SFR250
SFR249 SFR248

SFR1

SFRO
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3.2.1 Control registers
The control register group controls the program sequence, status, and stack memory and modifies operand

addressing.
This group consists of three 16-bit registers.

(1) Program counter (PC)

36

The program counter (PC) is a 16-bit register which holds address information of the program to be executed
next.
The PC operates as follows:

¢ In normal operation
Automatically incremented according to the number of bytes of the instruction to be fetched.

e When a branch instruction is executed
The contents of the immediate data or register are set.

Input to the RESET pin sets the data in the reset vector table at 0000H and 0001H in the PC and makes a
branch.
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(2) Program status word (PSW)
The program status word (PSW) is a 16-bit register consisting of flags set or reset according to the result of
executing an instruction.
Read and write operations are performed by the high-order eight bits (PSWH) or low-order eight bits (PSWL).
Flags are operated by the bit manipulation instructions.
When an interrupt request is issued and when a BRK instruction is executed, the contents of the PSW is
automatically saved in the stack. When an RETI or RETB instruction is executed, the contents are
automatically restored.
Input to the RESET pin resets all bits to 0.

Figure 3-5. Format of Program Status Word

Symbol 7§ 5 4 3 2 1 0

PSWH | UF |RBS2|RBS1|RBSO| O 0 0 0

PSWL S Z |RSS | AC IE PIV 0 CcY

UF . User flag

RBS0-RBS2 : Register bank selection flags

S : Sign flag (MSB of operation result)
Z . Zero flag

RSS : Register set selection flag

AC . Auxiliary carry flag

IE . Interrupt request enable flag

PV . Parity/overflow flag

CcY : Carry flag

The flags are explained below.

(a) User flag (UF)
This flag controls the program. The flag is set or reset on the user program.

(b) Register bank selection flag (RBS0-RBS2)
This 3-bit flag selects one of eight register banks (register bank 0 to register bank 7).

(c) Sign flag (S)
The sign flag indicates that the most significant bit after an arithmetic/logical operation is 1.
This flag is set to 1 when the most significant bit after the operation is 1. Otherwise, this flag is reset to
0. This flag can be tested with a conditional branch instruction.
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(d)

(e)

Zero flag (2)

The zero flag indicates that the result of an arithmetic/logical operation is 0.
This flag is set to 1 when the result is 0. Otherwise, this flag is reset to 0.
This flag can be tested with a conditional branch instruction.

Register set selection flag (RSS)

This flag specifies general-purpose registers (8 bits each) functioning as X, A, C, and B and general-
purpose register pairs (16 bits each) functioning as AX and BC.

The RSS flag values correspond to function names and absolute names enclosed in parentheses as
follows (refer to Table 3-3 General-Purpose Register Configuration ).

« RSS=0
X (RO), A (R1), C (R2), B (R3), AX (RP0), and BC (RP1)

« RSS=1
X (R4), A (R5), C (R6), B (R7), AX (RP2), and BC (RP3)

To set or reset the RSS flag, be sure to specify an RSS pseudo-instruction just before or immediately
after the instruction for setting or resetting the RSS flag as shown in the example below:

<Program example>

* To reset the RSS flag (RSS = 0)

RSS O ; RSS pseudo-instruction
CLR1 PSWL.5
MOV B, A ; Corresponds to “MOV R3, R1".

e To set the RSS flag (RSS = 1)

RSS 1 ; RSS pseudo-instruction
SET1 PSWL.5
MOV B, A ; Corresponds to “MOV R7, R5".

Switching the RSS flag between the values has the same effect as using two register sets. Registers
and register pairs not specified by the RSS flag can be accessed by specifying the absolute names in
the program.
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()

C)

(h)

Auxiliary carry flag (AC)

The auxiliary carry flag is used for decimal adjustment and indicates that an underflow or overflow has
occurred for bit 3.

This flag is set to 1 when the result of executing an arithmetic/logical instruction generates a carry of bit
3 (overflow) or a borrow into bit 3 (underflow). Otherwise, this flag is reset to 0.

This flag can be tested with a conditional branch instruction.

Interrupt request enable flag (IE)

This flag enables or disables an interrupt request.

Executing an El instruction sets this flag to 1. Executing a DI instruction or receiving an interrupt resets
this flag to 0.

Parity/overflow flag (P/V)
When an arithmetic/logical instruction is executed, this flag operates as follows.
The P/V flag can be tested with a conditional branch instruction.

» Parity flag operation
This flag is set to 1 if the number of set bits (set to 1) as the result of executing a logical instruction
is an even number. Otherwise, this flag is reset to 0. The parity flag depends on only the low-order
eight bits of the logical operation result whether the logical operation is performed in units of 8 or 16
bits.

» Overflow flag operation
This flag is set to 1 if the result of executing an arithmetic instruction exceeds the two’s complement
range. Otherwise, the flag is reset to 0.
For example, the two’s complement range for 8-bit arithmetic operation is from 80H (-128) to 7FH
(+127). Theflag is setto 1 if the result exceeds the range. The flag is reset to 0 if the result is within
the range.
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Example The overflow flag operates as follows while executing an 8-bit add instruction.

When 78H (+120) is added to 69H (+105), the resultis E1H (+225). The P/V flag is then setto 1 because
the result exceeds the upper limit of the two’s complement range. E1H is represented as —31 in two’s
complement.

0111 1000
+) 0110 1001
0 1110 0001 =-31 PV =1
1
C

78H (+120)
+) 69H (+105)

When the following two negative numbers are added, the P/V flag is reset to 0 because the result is
within the two’s complement range.

1111 1011
+) 1111 0000
1 1110 1011 =-21 P/V=0
1
C

FBH (-5)
+) FOH_(~16)

(i) Carry flag (CY)
The carry flag indicates that an overflow or underflow has occurred in an arithmetic/logical operation.
Thisflagis setto 1 when an arithmetic/logical operation results in a carry (overflow) or a borrow (underflow)
for bit 7. In word operations, this flag is set to 1 when a carry (overflow) or borrow (underflow) occurs
for bit 15. Otherwise, this flag is reset to 0.
This flag can be tested with a conditional branch instruction. This flag also functions as a bit accumulator
when a bit manipulation instruction is executed.
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(3) Stack pointer (SP)
The stack pointer (SP) is a 16-bit register which holds the first address of the memory stack area (LIFO format).
The SP is manipulated by a dedicated instruction (Stack manipulation instruction).
The stack pointer is decremented before data is written (saved) into the stack memory, and is incremented
after data is read (restored) from the stack memory.
Asinputto the @pin causes the SP to become undefined, the SP must be set before calling a subroutine.

Caution When a word access to the main RAM area (FEOOH to FEFFH) is executed, addresses
specified in operands are limited to even addresses.
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3.2.2 General-purpose registers
The 128-byte general-purpose register group which consists of eight banks is mapped in the specific area (FES80H
to FEFFH) of the internal RAM space. Each bank consists of 16 8-bit general-purpose registers.

Figure 3-6. Manipulation Bits of General-Purpose Registers

8-bit manipulation 16-bit manipulation

FEFFH

RBNK 0 R15 R14 FHRP7EH)

RBNK 1 R13 R12 oHRP6(cH)

RBNK 2 R11 R10 8H)RP5(aH)

RBNK 3 R9 R8 (oH)RP4sH)

RBNK 4 R7 R6 @)RP36H)

RBNK 5 R5 R4 sHRP2(n)

RBNK 6 R3 R2 @HRPLin)

RBNK 7 R1 RO aH)RPOoH)
FE80OH

7 07 0 15 0

A pair of 8-bit registers can function as eight 16-bit register pairs (RP0-RP7).

A function name listed in Table 3-3, as well as an absolute name, is assigned to each 8-bit register (16 registers).
The X register functions as the low-order bits of a 16-bit accumulator. The A register functions as an 8-bit accumulator
or the high-order bits of a 16-bit accumulator. The B and C registers function as a counter. The DE, HL, VP, and
UP registers, in a pair, function as an address register. The VP register functions as a base register and the UP register
functions as a user stack pointer.

The value of the register set selection flag (RSS) in the program status word (PSW) changes the register having
a specific function, as shown in Table 3-3.

If the program has been coded with the function names, operating the RSS flag has the same effect as using two
sets of registers (X, A, B, C, AX, and BC). A register not specified by the RSS flag can be accessed by writing the
absolute name in a program. When the RSS flag is 0, for example, register R4 can be accessed by specifying the
absolute name, that is, R4 in the program.

The uPD78362A can implement two types of addressing: implied addressing and register addressing. Implied
addressing is performed as process data addressing by a function name which places much importance on the specific
function of each register. Register addressing is performed by an absolute name which aims to create a program
which is easy to describe and which performs less data transfer operations, enabling high-speed data processing.
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Table 3-3. General-Purpose Register Configuration

(a) Correspondence between absolute names and function names for 8-bit registers

Absolute Name Function Name
RSS =0 RSS =1

RO X

R1 A

R2 C

R3 B

R4 X

R5 A

R6 C

R7 B

R8 VPL VPL

R9 VPH VPH

R10 UPL UPL

R11 UPH UPH

R12 E E

R13 D D

R14 L L

R15 H H

(b) Correspondence between absolute names and function names for 16-bit register pairs

Absolute Name Function Name
RSS =0 RSS =1

RPO AX

RP1 BC

RP2 AX

RP3 BC

RP4 VP VP

RP5 UP UP

RP6 DE DE

RP7 HL HL
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3.2.3 Special function registers (SFR)

Unlike the general registers, the special function registers (SFRs) have special functions. The SFRs are assighed
to the memory space at addresses FFOOH to FFFFH, namely, a 256-byte special function register area.

Short direct addressing is available for a 32-byte area at addresses FFOOH to FF1FH. Data in the SFRs assigned
to this area can be processed in fewer clock cycles because the word length of the SFRs in the area is less than that
of the SFRs in other areas. These assigned SFRs consist of capture register, compare register, and port, and they
are frequently accessed.

The SFRs can be manipulated by arithmetic/logical instructions, transfer instructions, bit manipulation instructions,
or such like in the same way as general-purpose registers. The manipulatable bit units (1, 8, or 16 bit units) vary
according to the SFR (refer to Table 3-4).

The following describes the methods for specifying the SFRs corresponding to manipulatable bit units:

« Bit manipulation
Specify the abbreviation for the operand (sfr.bit) of a bit manipulation instruction. The SFR can also be addressed.

 8-bit manipulation
Specify the abbreviation for the operand (sfr) of an 8-bit manipulation instruction. The SFR can also be addressed.

 16-bit manipulation

Specify the abbreviation for the operand (sfrp) of a 16-bit manipulation instruction. A 16-bit SFR is assigned to a
two-byte area at consecutive even and odd addresses. Specify an even address when addressing the SFR.
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e Symbol ... A symbol indicating the address of a on-chip SFR. This can be specified in the
operand field of an instruction.
Reserved words in the NEC Assembler (RA78K3) are already defined.
They can be used as sfr variable by #pragma sfr instruction in the C compiler
(CC78K3).

CRIW L Indicates whether data can be read from the special function register and/or data can
be written into the register.

R/W : Can be read and written.

R : Can be readNote,
W : Can be written.
* Manipulatable bit unit...... Indicates the unit of bits (1, 8, or 16) when manipulating the special function register

(indicated by 0).
The SFR which can be manipulated in units of 16 bits can be specified in the sfrp
operand. An even address is specified for the address specification.
The SFR which can be manipulated bit by bit can be specified by a bit manipulation
instruction.

« When reset .........ccove.... Indicates the status of each register for the input to the RESET pin.

Note Read-only register. The bits of the register can be tested.

Cautions 1. Write 0 or 1 into any SFR bit correctly whenever it is predetermined to be so.

2. Do not write data into the register which is only used for data reading. Writing data into
such registers may result in an error.

3. The SFR area addresses (FFOOH to FFFFH) to which a special function register is not
assigned cannot be accessed. Accessing these addresses may result in an error.

4. When the read data is used as byte data, handle undefined bits before the data is used.

5. TOUT and TXS are write-only registers. Do not read from them.

6. Bits 0, 1 and 4 of SBIC are write-only bits. If these bits are read, the value read is 0.
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Table 3-4. Special Function Registers (1/5)

Address (S;Js;;a:\lzl;n:non Register Symbol W '\Ianlpmata:b Bit UZZ When Reset
FFOOH Port 0 PO RIW O O - Undefined
FFO2H Port 2 P2 R - O -

FFO3H Port 3 P3 RIW O O -

FFO4H Port 4 P4 O O -

FFO5H Port 5 P5 O O -

FFO7H Port 7 P7 R - O -

FFO8H Port 8 P8 RIW O O -

FFO9H Port 9 P9 O O -

FF10H Compare register 00 CMO00 - - O

FF11H

FF12H Compare register 01 CcMo1 - - O

FF13H

FF14H Compare register 02 CM02 - - O

FF15H

FF16H Compare register 03 CMO03 - - O

FF17H

FF18H Buffer register CM00 BFCMO0 - - O

FF19H

FF1AH Buffer register CM0O1 BFCMO1 - - O

FF1BH

FF1CH Buffer register CM02 BFCMO02 - - O

FF1DH

FF1EH Timer register 0 T™MO R - - O 0000H
FF1FH

FF20H Port 0 mode register PMO RIW O O - FFH
FF23H Port 3 mode register PM3 O O - xxx1 1111B
FF25H Port 5 mode register PM5 O O - FFH
FF28H Port 8 mode register PM8 O O - xx11 1111B
FF29H Port 9 mode register PM9 O O - xxxx x111B
FF2CH Reload register DTIME - - O Undefined
FF2DH

FF2EH Timer unit mode register 0 TUMO O O - 00H
FF2FH Timer unit mode register 1 TUM1 O O -

FF30H Compare register 10 CM10 - - O Undefined
FF31H

FF32H Timer register 1 ™1 R - - O 0000H
FF33H
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Table 3-4. Special Function Registers (2/5)

Address (S;Js;;a:\lzl;n:non Register Symbol W '\Ianlpmata:b Bit UZZ When Reset
FF34H Capture/compare register 20 CC20 R/W - - O Undefined
FF35H
FF36H Capture register 20 CT20 R - - O
FF37H
FF38H Timer register 2 T™2 - - O 0000H
FF39H
FF3AH Buffer register CM03 BFCMO03 R/W - - O Undefined
FF3BH
FF3CH External interrupt mode register 0 INTMO O O - OOH
FF3DH External interrupt mode register 1 INTM1 O O -

FF40H Port 0 mode control register PMCO O O -

FF43H Port 3 mode control register PMC3 O O - xxx0 0000B
FF44H Pull-up resistor option register L PUOL O O - OOH
FF45H Pull-up resistor option register H PUCH O O -

FF48H Port 8 mode control register PMC8 O O - xx00 0000B
FF4EH Sampling control register 0 SMPCO O O - 00H
FF4FH Sampling control register 1 SMPC1 O O -

FF50H Capture/compare register 30 CC30 - - O Undefined
FF51H

FF52H Capture register 30 CT30 R - - O

FF53H

FF54H Capture register 31 CT31 - - O

FF55H

FF56H Timer register 3 T™M3 - - O 0000H
FF57H

FF58H Compare register 40 CM40 R/W - - O Undefined
FF59H

FF5AH Compare register 41 CM41 - - O

FF5BH

FF5CH Timer register 4 T™4 R - - O 0000H
FF5DH

FF5EH Timer control register 4 TMC4 RIW O O - O0H
FF5FH Timer out register TOUT W - O - xx01 0101B
FF60H Real-time output port register RTP RIW O O - Undefined
FF61H Real-time output port mode register RTPM O O - 00H
FF62H Port read control register PRDC O O -

FF68H A/D converter mode register ADM O O -
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Table 3-4. Special Function Registers (3/5)

Address (S;Js;;a:\lzlrjnn:non Register Symbol W '\Ianlpmata:b Bit UZZ When Reset
FF70H Slave buffer register 0 SBUFO RIW O O - Undefined
FF71H Slave buffer register 1 SBUF1 O O -

FF72H Slave buffer register 2 SBUF2 O O -

FF73H Slave buffer register 3 SBUF3 O O -

FF74H Slave buffer register 4 SBUF4 O O -

FF75H Slave buffer register 5 SBUF5 O O -

FF76H Master buffer register 0 MBUFO O O -

FF77H Master buffer register 1 MBUF1 O O -

FF78H Master buffer register 2 MBUF2 O O -

FF79H Master buffer register 3 MBUF3 O O -

FF7AH Master buffer register 4 MBUF4 O O -

FF7BH Master buffer register 5 MBUF5 O O -

FF7CH Timer control register 0 TMCO O O - 00H

FF7DH Timer control register 1 TMC1 O O -

FF7EH Timer control register 2 TMC2 O O -

FF7FH Timer control register 3 TMC3 O O -

FF80H Clocked serial interface mode CSIM O O -
register

FF82H Serial bus interface control register SBIC |R/wNote | O O -

FF84H Baud rate generator control register BRGC RIW O O -

FF85H Baud rate generator compare BRG - O - Undefined
register

FF86H Serial 1/O shift register o) O O -

FF88H Asynchronous serial interface mode ASIM O O - 80H
register

FF8AH Asynchronous serial ASIS R - O - 00H
interface status register

FF8CH Serial receive buffer : UART RXB - O - Undefined

FF8EH Serial transmit shift register : UART TXS W - O -

FFAOH PWM control register 0 PWMCO RIW O O - 00H

FFA1H PWM control register 1 PWMC1 O O -

Note Bits 7 and 5 : read/write

Bits 6, 3, and 2 : read only
Bits 4, 1, and O : write only
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Table 3-4. Special Function Registers (4/5)

Special Function Register

Manipulatable Bit Unit

Address (SFR) Name Symbol RIW 1 . " When Reset
FFA2H PWM register OL PWMOL RIW O O - Undefined
FFA2H PWM register 0 PWMO - - O
FFA3H
FFA4H PWM register 1L PWM1L O O -

FFA4H PWM register 1 PWM1 . . O

FFA5H

FFA8H In-service priority register ISPR R O O - OOH
FFAAH Interrupt mode control register IMC RIW O O - 80H
FFACH Interrupt mask register OL MKOL O O - FFH
FFACH Interrupt mask register 0 MKO - - O FFFFH
FFADH

FFADH Interrupt mask register OH MKOH O O - FFH
FFBOH A/D conversion result register 0 ADCRO R - - O Undefined
FFB1H

FFB1H A/D conversion result register OH ADCROH - O -

FFB2H A/D conversion result register 1 ADCR1 - - O

FFB3H

FFB3H A/D conversion result register 1H ADCR1H - O -

FFB4H A/D conversion result register 2 ADCR2 - - O

FFB5H

FFB5H A/D conversion result register 2H ADCR2H - O -

FFB6H A/D conversion result register 3 ADCR3 - - O

FFB7H

FFB7H A/D conversion result register 3H ADCR3H - O -

FFB8H A/D conversion result register 4 ADCR4 - - O

FFB9H

FFB9H A/D conversion result register 4H ADCR4H - O -

FFBAH A/D conversion result register 5 ADCR5 - - O

FFBBH

FFBBH A/D conversion result register 5H ADCR5H - O -

FFBCH A/D conversion result register 6 ADCR6 - - O

FFBDH

FFBDH A/D conversion result register 6H ADCR6H - O -

FFBEH A/D conversion result register 7 ADCR7 - - O

FFBFH

FFBFH A/D conversion result register 7H ADCR7H - O -
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Table 3-4. Special Function Registers (5/5)

Address (Sspslgl)a:\lztr;n:tlon Register Symbol W '\Ianlpmata:b Bit Uzg When Reset
FFCOH Standby control register stecNote 1 | R/w - O - 0000 x000B
FFC2H Watchdog timer mode register WDMmNote 1 - O - 00H
FFC4H Memory expansion mode register MM O O - Note 2
FFC6H Programmable wait control register PWC - - O COAAH
FFCTH
FFEOH Interrupt control register (INTOV3) ovic3 O O - 43H
FFE1H Interrupt control register PICO O O -

(INTPO/INTCC30)
FFE2H Interrupt control register (INTP1) PIC1 O O -
FFE3H Interrupt control register (INTP2) PIC2 O O -
FFE4H Interrupt control register PIC3 O O -

(INTP3/INTCC20)
FFESH Interrupt control register (INTP4) PIC4 O O -
FFE6H Interrupt control register (INTTMO) TMICO O O -
FFE7H Interrupt control register (INTCMO03) CMICO03 O O -
FFESH Interrupt control register (INTCM10) CMIC10 O O -
FFE9H Interrupt control register (INTCM40) CMIC40 O O -
FFEAH Interrupt control register (INTCM41) CMIC41 O O -
FFEBH Interrupt control register (INTSER) SERIC O O -
FFECH Interrupt control register (INTSR) SRIC O O -
FFEDH Interrupt control register (INTST) STIC O O -
FFEEH Interrupt control register (INTCSI) cslic O O -
FFEFH Interrupt control register (INTAD) ADIC O O -

Notes 1. Can be written by a special instruction.
2. The state of the memory expansion mode register (MM) after a reset depends on the product.
UPD78361A...20H
UPD78362A...60H
UPD78P364A...00H
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3.3 Data Memo

ry Addressing

Various addressing modes are provided for the uPD78362A to improve memory operability or to enable the use
of a high-level language. Special addressing is applicable, in particular, to the data memory space according to each
function of the special function register (SFR) group and general-purpose register group.

e Data memory area ----- uPD78362A : FCOOH to FFFFH
UPD78361A and 78P364A: F700H to FFFFH
Figures 3-7 through 3-9 show the addressing space of data memory.

Figure 3-7. Data Memory Addressing ( uPD78361A)

Short direct
addressing

FFFFH . . .

Special function register SFR addressin
FF20d| (SFR) sind
FFLFH
FFOOH
FEFFH |

general-purpose Register addressing

addressing
FF8OH
FE7TFH
Main RAM
FE20H
FEL1FH
FEOOH
FDFFH
Peripheral RAM

F700H
F6FFH

))

8000H

— Use prohibited

)
C(

TFFFH

))

— Internal ROM

0000H

)
C(

Direct addressing

Register indirect addressing
Based addressing

Based indexed addressing
Based indexed addressing
(with displacement)

Caution When a word access to the main RAM area (FEOOH to FEFFH) (containing stack handling) is

executed, address specified in operands are limited to even addresses.
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Figure 3-8. Addressing Space of Data Memory (  uPD78362A)

FFFFH . .
Special function )
FF20H register (SFR) SFR addressing
FFAFH|
FFOOH
FEFFH G |
enera _-pturpose Register addressing Short direct
FESOH register addressing
FE7FH
Main RAM
FE20H
FE1FH
FEOOH
FDFFH Direct addressing
Peripheral RAM Register indirect addressing
Based addressing
ECOOH Based indexed addressing
EBFFH Based indexed addressing
(with displacement)
~ Use prohibited ~
6000H
5FFFH
= Internal ROM ~
0000H

Caution When a word access to the main RAM area (FEOOH to FEFFH) (containing stack handling) is
executed, addresses specified in operands are limited to even addresses.
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Figure 3-9. Addressing Space of Data Memory (  uPD78P364A)

FFFFH ) .
Special function .
FF20H register (SFR) SFR addressing
FFAPH[
FFOOH
FEFFH G |
enera _-pturpose Register addressing Short direct
FESOH register addressing
FE7FH
Main RAM
FE20H
FELFH
FEOOH
FDFFH Direct addressing
Peripheral RAM Register indirect addressing
Based addressing
E700H Based indexed addressing
E6EEH Based indexed addressing
(with displacement)
~ Use prohibited ~
COO0OH
BFFFH
~ Internal PROM ~
0000H

Caution When a word access to the main RAM area (FEOOH to FEFFH) (containing stack handling) is
executed, addresses specified in operands are limited to even addresses.

3.3.1 General-purpose register addressing

(1) Implied addressing
The instruction automatically addresses the register that functions as an accumulator (A or AX) or loop counter
(B or C) assigned to the general-register area.

Coding example MULU r
If the value stored in register B is used as a multiplier for a multiply instruction of 8 bits
by 8 bits, code the following. The instruction performs multiply operation between the
accumulator (register A) and register B and stores the result in the 16-bit accumulator
(register AX).

MULU B; AX « AxB
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(2) Register addressing
The instruction directly addresses the desired registers.

Coding example ADD, r
To specify registers D and E storing the target values for the 8-bit add instruction, code
the following:

ADDD,E; D~ D+E

3.3.2 Short direct addressing

This addressing is used for accessing the internal RAM area at addresses FE20H to FEFFH and the SFR area
at addresses FFOOH to FF1FH. Short direct addressing enables high-speed access to these areas by a short
instruction code.

Specify an even address when manipulating 16-bit data.

Coding example ADD A, saddr
If one target value of the 8-bit add instruction is already stored in the location at address FES80OH
in internal data memory, code the following:

ADD A, OFE8OH ; A ~ A + (FE80H)

3.3.3 Special function register (SFR) addressing
This addressing is used for manipulating SFRs mapped in the SFR area at addresses FFOOH to FFFFH.

Coding example MOV A, sfr
If a special function register is specified as a transfer source for port 0 in the SFR area, code

the following 8-bit transfer instruction:

MOV A, PO; A — PO
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3.4 Control Registers

3.4.1 Memory expansion mode register

The memory expansion mode register (MM) is an 8-bit register used for specifying the input/output mode for port
4 and the internal ROM and RAM capacities of the yPD78P364A.

The value of the MM register immediately after inputting RESET differs depending on the product as follows.

e UPD78361A .- 20H

e UPD78362A ----- 60H

e UPD78P364A ----- O0H
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Figure 3-10. Format of Memory Expansion Mode Register

Symbol 7 6 5 4 3 2 1 0 Address When reset R/W
MM | 0 ‘ MM6 ‘ MM5 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ MMO | FFC4H Note 1 R/W
MMO Specifies input/output mode of P40-P47
0 Input mode

1 Output mode

Only uPD78P364A
Specifies internal memory capacity of zPD78P364A"°?
MM6 | MM5
Internal ROM size Internal RAM size
0 0 48 Kbytes
2 Kbytes
0 1
32 Kbytes
1 0 1 Kbytes
1 1 24 Kbytes 768 bytes

Notes 1. The MM register differs in the value after reset depending on the versions.
uPD78361A ------ 20H
uPD78362A ------ 60H
UPD78P364A ----- 00OH

2. Functions for switching an internal memory capacity of the yPD78P364A.
The uPD78361A and 78362A are fixed to the status after reset.

Caution Be sure to write “0” to bits 1 and 2 of the MM register. If “1” is written, erroneous operation
may occur. Bits 3, 4 and 7 are fixed to “0” by hardware. Even if “1” is written to them, they
remain “0”.
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3.4.2 Programmable wait control register

The programmable wait control register (PWC) is a 16-bit register for programmable wait control to the bus cycle
(internal ROM access) generated by the uPD78362A.

The PWC register cannot be accessed in 8-bit mode. Use a 16-bit data manipulation instruction to access the
PWC register.

Figure 3-11 shows the format of the PWC register.

Cautions 1. The number of cycles shown in Figure 3-11 is when no address wait cycle is appended. If
an address wait cycle is appended, one cycle must be added.

2. Instruction fetch from and data access to the peripheral RAM area (FCOOH-FDFFH for
uPD78362A, F700H-FDFFH for yPD78361A and 78P364A) are enabled, but wait specification
by setting the PWC register is invalid. The peripheral RAM area operates with a 16-bit bus.
Instruction fetch becomes high-speed fetch.

3. Instructions cannot be fetched from the main RAM area (FEOOH-FEFFH). Wait specification
by setting the PWC register during data access is invalid. The main RAM area is accessed
in a 16-hit units (For bus cycles, special two bus cycles are started).

4. Tomake aword accesstothe main RAM area (containing stack handling), addresses specified
in operands are limited to even addresses.

5. Theinternal ROM area operates with 16-bit bus regardless how the PWC register is set. Wait
specification can be set in the PWC register.
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Figure 3-11. Format of Programmable Wait Control Register

Symbol 15 14 13 12 1110 9 8 7 6 5 4 3 2 1 O Address When reset R/W
PWC |Awifawo| 0 [ 0] o[ 0| 0| 0| x | x |[PWCHPWCAPWCIPWC2PWCLPWCO) FFC6H COAAH R/W
[ N B

Number of clocks specified for the
memory space (O000H-3FFFH)

PWC1PWCO[ wajt | Data access | Fetch Fetch
cycle | cycle cycle mode | cycle

0 0 3 3

o 1|1 4 Normal 4

0 2 5 5

11 ]o 3 High-speed | 5

Number of clocks specified for the

memory space (4000H-7FFFH)

PWC3PWC2[ wait | Data access | Fetch Fetch
cycle | cycle cycle mode | cycle

0 0 0 3 3

Normal

1 fetch 4

0 2 5 5

11 |o 3 High-speed | 5

Number of clocks specified for the

memory space (8000H-BFFFH)
PWCS5PWCA[ \wajt | Dataaccess | Fetch Fetch
cycle | cycle cycle mode | cycle
0 0 3 3
o 1] 1 4 Normal 4
0 2 5 5
111 |o 3 High-speed | 5

Address wait control
AWO (valid address : 0000H-7FFFH)

0 | Address wait is not added.

Address wait is added.

Address wait control
AW1 (valid address : 8000H-BFFFH)

0 | Address wait is not added.

1 | Address wait is added.

Cautions 1. To access the internal memory in the high-speed fetch mode, set “0” in the AW0 and AW1
bits of the PWC register.
2. Bits 8 to 13 of the PWC register are fixed to “0” by hardware. Even if “1” is written to them,
they remain “0".

Remark x: don't care
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4.1 Execution Unit

The execution unit (EXU) controls address calculation, arithmetic/logical operations, and data transfer by a
microprogram.
The EXU contains 256-byte main RAM. Eight register banks are addressed to the main RAM in the EXU.

4.2 Bus Control Unit

The bus control unit (BCU) activates a required bus cycle according to the physical address obtained from the
execution unit (EXU). When the EXU does not issue a bus cycle activation request, the BCU generates an address
required for prefetching an instruction. The prefetched instruction code is fetched into the instruction queue.

The number of bytes held in the instruction queue is 5 bytes.

4.3 Program Memory and Data Memory

The program memory and data memory capacities depend on the product.

The uPD78361A contains a 32-kbyte program memory (ROM) and a 2048-byte data memory consists of 256-byte
main RAM contained in the execution unit (EXU) and 1792-byte peripheral RAM.

The uPD78362A contains a 24-kbyte program memory (ROM) and a 768-byte data memory (RAM).

The 768-byte data memory consists of 256-byte main RAM contained in the execution unit (EXU) and 512-byte
peripheral RAM.

The uPD78P364A contains a 48-kbyte program memory (ROM) and a 2048-byte data memory (RAM).

The 2048-byte data memory consists of 256-byte main RAM contained in the execution unit (EXU) and 1792-byte
peripheral RAM.
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4.4 Ports

A port has a function as a general-purpose port and a function of control pins as shown in the following table.

Port Name 110 Compound Function

Port 0 8-bit 1/10 General- Real-time output port, RPU control signal input, PWM
purpose signal output

Port 2 6-bit input port External interrupt input, RPU count pulse input

Port 3 5-bit 1/0 Serial interface /O

Port 4 8-bit 1/0 -

Port 5 8-bit 1/0 -

Port 7 8-bit input A/D converter analog input

Port 8 6-bit 1/0 RPU timer output

Port 9 3-bit 1/0 -

Remark RPU: real-time pulse unit
4.5 Real-Time Pulse Unit

The real-time pulse unit (RPU) can output a programmable pulse and measure a pulse width and frequency.
It also controls the output timing of the real-time output port.
RPU consists of the following hardware.

e 16-bit timer x 5

» 16-bit compare register x 7

« 16-bit capture register x 3

» 16-bit capture/compare register x 2

4.6 Real-Time Output Port
This port controls the output timing of ports by using a signal sent from the RPU as a trigger, and can output data

in 4-bit units. It is multiplexed with port 0 (P00 to P03) and can output four real-time pulses.
In addition, the output of POO to P03 can be modulated for PWM.
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4.7 A/D Converter

This 10-bit A/D converter has eight analog input pins and is of successive approximation type with a high operating
speed and resolution.

4.8 Serial Interface

The following two channels of serial interfaces, each independent of the other, are provided. In addition, a baud
rate generator that can be commonly used with the two channels is also provided. The clocked serial interface can
operate in two operation modes.

¢ Asynchronous serial interface (UART)

e Clocked serial interface
« Serial bus interface mode (SBI mode)
» Three-wire serial /0 mode

4.9 PWM Output Unit

The uPD78362A has two PWM signal outputs of 8-/9-/10-/12-bit resolution. By externally connecting a low-pass
filter, a PWM output can be used as a digital-to-analog conversion output. The PWM outputs are most suitable, for
example, for a control signal for the actuator of a motor.

4.10 Watchdog Timer

The watchdog timer is a free-running timer with a nonmaskable interrupt function designed to prevent crashes
or deadlocks. A program error can be detected when a watchdog timer overflow interrupt (INTWDT) is generated.

4.11 Interrupt Controller
The interrupt controller processes various interrupt requests (NMI and INTPO to INTP4) issued from peripheral

hardware and external device with the vectored interrupt, macro service, or context switching. The interrupt controller
also allows programmable specification of the 4-level interrupt priority by software.
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CHAPTER 5 PORT FUNCTIONS

5.1 Hardware Configuration

As shown in Figure 5-1, three-state bidirectional ports are basically used for the ports of the uPD78362A (Ports
2 and 7 are used only for input).

A RESET input signal sets each bit of a port mode register to 1, specifying the port as an input port. All the port
lines go into a high-impedance state. The contents of the output latch become undefined by a RESET input signal.
When using the port as an output port, set data in the output latch before specifying the port as an output port.
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Figure 5-1. Basic I/0 Port Configuration

—
WRem
rL PMXnNote 1
~ latch
WRpPporT
Output .
0 i atch ©) Pxn pin
3 X=0,35,8,9
= Output n : Number of bits in a portNote 2
£ RDour buffer
[J)
§ l‘
~ |
RDin
T~

Notes 1. PMXn latch: Bit n in the port mode register PMX (X =0, 3, 5, 8, 9)
2. When X=0,4,5n=0to 7
When X=3,n=0to 4
When X=8,n=0to5
When X=9,n=0to 2

Remarks 1. Ports 2 and 7 are input ports.
2. Port 4 can be set in input or output mode by memory expansion mode register (MM).
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(1) When a port is specified as an output port
The output latch is enabled, and an transfer instruction can transfer data between the output latch and
accumulator.
The contents of the output latch can be set or reset bit by bit. Data once written to the output latch are held
until another instruction is executed to operate the port.
When a port specified as an output port is read using an instruction such as a transfer instruction, the contents
of the output latch are read.

Figure 5-2. Port Specified as Output Port

T N—
WRepoRT
Output |
e latch ©) pxn

%) I X=0,35,8,9

2 n : Number of bits in a portNote

g

5 RDout

: /‘L

= !

N

Note When X=0,4,5,n=0to7
When X=3,n=0to 4
When X=8,n=0to 5
When X=9,n=0to 2
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(2) When a port is specified as an input port

66

The levels of the port pins can be loaded into the accumulator with a transfer instruction. Even when the port
is specified as an input port, writing to the output latch is possible. Data transferred from the accumulator
with a transfer instruction are all stored in the output latch, regardless of whether the port is specified as an
input port or output port.

However, the data is not output to the port pins because the output buffer for the bits have become high-
impedance (When the bits specified as an input are switched to an output port, the contents of the output latch
are output to the port pins).

The contents of the output latch of the bits specified as an input port cannot be loaded into the accumulator
(refer to Figure 5-3).

Figure 5-3. Port Specified as Input Port

T —
WRPporT
Output
A latch O Pxn
X=0,2-5,7-9
m n : Number of bits in a portNote
a
©
c
e
= RDin
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Note When X=0,4,5,7,n=0to7
When X=2,8,n=0to5
When X=3,n=0to 4
When X=9,n=0to 2
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(3) When a port is specified as a control signal input or output
Ports 0, 3, and 8 can be used to input or output control signals on a bit-by-bit basis by setting the desired bit(s)
of the corresponding port mode control register (PMCO, PMC3, or PMC8) to 1. In this case, the setting of
the port mode register (PMO, PM3, or PM8) has no effect.
When a pin or pins are used for a control signal, the state of the control signal can be checked by executing
a port read instruction.

Figure 5-4. When Control Is Specified

Control (input)

Control | O
0O) PXn
(output) I X=0,3,8
n : Number of bits in a portNote
PMXn =0
é
RD PMXn =1

Internal /L /L

bus J J

Note When X=0,n=0to 7
When X=3,n=0to 4
When X=8,n=0t0o5

(@) When port outputs control signals
The pin state of a control signal can be read by executing a port read instruction when the desired bit
of the port mode register is set to 1.
The state of an internal control signal can be read by executing a port read instruction when the desired
bit of the port mode register is reset to 0.

(b) When port inputs control signals
The pin state of a control signal can be read by executing a port read instruction only when the
corresponding bit of the port mode register is set to 1.
When the desired bit of the port mode registerisresetto 0, if a port read instruction is executed, 0 is always
read.

Caution The pins functioning as input pins in the control mode may operate erroneously if the corre-
sponding bits of the port mode control register are rewritten during the operation. Therefore,
write into the port mode control register when the system is initialized, etc. Do not rewrite
dynamically during the operation.
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Table 5-1. Read Operation in Control Mode (1/2)

Pin Name Control Function (l/0) PMXn Read Operation
P00-P0O3 RTPO-RTP3 (O) 1 Pin state
0 Internal control signal
P04 PWMO (O) 1 Pin state
0 Internal control signal
P05 CMD =0 : PWM1 (O) 1 Pin state
0 Internal control signal
CMD =1:TCUD (I) 1 Pin state
0 Internal control signal (PWM1 signal)
P06 CMD =0: TO40 (O) 1 Pin state
0 Internal control signal
CMD =1: TIUD (l) 1 Pin state
0 Internal control signal (TO40 signal)
PO7 CMD =0 : “0” (O) 1 Pin state (“0” fixed)
0 Internal control signal (“0” fixed)
CMD =1: TCLRUD (l) 1 Pin state
0 Internal control signal (“0” fixed)
P30 TxD (O) 1 Pin state
0 Internal control signal
P31 RxD (1) 1 Pin state
0 Internal control signal (“0” fixed)
P32 MOD1 =1, MOD2 = 0 : SBO (I/0) 1 Pin state
0 Internal control signal
MOD1 = MOD2 =1 : “Hi-Z" 1 Pin state (high impedance)
0 Internal control signal
MOD1 = 0, MOD2 = X : SO (O) 1 Pin state
0 Internal control signal
Remarks 1. PMXn : Port mode register (X = 0, 3 n : number of bits in a port)
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3.

CMD : Bit 7 of TUML1 register

MODL1 : Bit 3 of CSIM register
MOD?2 : Bit 4 of CSIM register
X: don'’t care
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Table 5-1. Read Operation in Control Mode (2/2)

Pin Name Control Function (I/0) PMXn Read Operation
P33 MOD1 =1, MOD2 = 0 : “Hi-Z" 1 Pin state (high impedance)
0 Internal control signal
MOD1 = MOD2 =1 : SB1 (I/0O) 1 Pin state
0 Internal control signal
MOD1 =0, MOD2 = X : SI (I) 1 Pin state
0 Internal control signal
P34 SCK (1/0) 1 Pin state
0 Internal control signal
P80-P85 TOO00-TO05 (O) 1 Pin state
0 Internal control signal

Remarks 1. PMXn : Port mode register (X = 3, 8 n : number of bits in a port)
2. MOD1: Bit 3 of CSIM register
MOD?2 : Bit 4 of CSIM register
3. X: don't care
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(4) Port output data check function
The pyPD78362A has a function that enables pin state to be read in the port output mode so that application
system reliability can be improved (pin access mode). With this function, output data and actual pin state can
be checked as required. If a mismatch is found, an action such as replacement with another system can be
taken.
Before pin state can be read, bit 0 of the port read control register (PRDC) must be set to 1.
A ﬁinput signal sets register PRDC to 00H.

Figure 5-5. Format of Port Read Control Register

Symbol 7 6 5 4 3 2 1 0 Address When reset R/W
Proc | o | o | o[ o] o] o] o |proco|  Fre2n 00H RIW
PRDCO Operation mode

0 Normal mode

1 Pin access mode

Caution Bits 7 to 1 of the PRDC register are fixed to “0” by hardware. Even if “1” is written to them, they
remain “0”.

Example A sample program is given below which checks output data to port 0 (P0), port 4 (P4), and port 5 (P5)
by using the pin access mode.

TEST: DI ; Disables interrupt.
MOV  A#5AH  ; Test data = 5AH
MOV PO,A ; Sets 5AH in output latch.
MOV  P4,A
MOV  P5A
SET1 PRDC.0 ; Sets pin access mode (sets PRDC).
CMP A,PO ; Compares pin level with output latch contents.
BNE $ERRO ; Performs error processing if mismatch occurs.
CMP  AP4
BNE $ERR4
CMP  AP5

BNE $ERR5
CLR1 PRDC.0 ; Normal mode (resets PRDC)
El ; Enables interrupt.
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Cautions 1. In the pin access mode (PRDCO = 1), no bit manipulation instruction for a port operates

normally. After a port check is completed, be sure to reset the mode to the normal mode
(PRDCO = 0).

2. Ifaninterrupt occursin the pin access mode, a bit manipulation instruction may be executed
in the same mode. This will cause an error. Before starting a check, be sure to set the DI
state.
In addition, do not use macro services that manipulate ports.

3. Non-maskable interrupts are unavoidable. So, the following provisions should be made in
the program as required:

« Do not perform port manipulation in the non-maskable interrupt routine.
* The level of PRDC.0 is to be saved at the start of the non-maskable interrupt routine, then
is restored when control is returned.

4. Pin access mode is a function to access the pin state to the output port. When reading the
pin set to the input port mode (PMXn = 1) in the pin access mode (PRDCO = 1), “0” is always
read regardless of the input level.

When PRDC.0 is set to 1, the switch enclosed in dotted lines in the figure on the next page is connected to the
pin and the pin state is read. If a bit manipulation instruction is executed in this state, the pin state is read and a bit
operation is executed. This may adversely affect the contents of the output latch.

When PRDC.0 is reset to 0, the system enters the normal mode.

Figure 5-6. Control (output port specified)

WRpoRrT
-_— |
» (O PXn
- Output I
8 latch
o
g RDour
b S _PBDC.O =0
§ 1 1
1 1
: :
1 1
N .9

In addition, instructions (CHKL, CHKLA) dedicated to frequent port state checking are available. By EXCLUSIVE
ORing, these instructions compare the pin state with the contents of the output latch (in the port mode) or the pin
state with the level of the internal control output signal (in the control mode).
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Example A sample program is given below which checks pin state and the contents of an output latch using
instructions CHKL and CHKLA.

TEST: SET1 PO0.3 ; Sets bit 3 of port 0.
CHKL PO ; Checks port 0.
BNE $ERR1 ; Branches to error processing (ERR1)

if mismatch with output latch contents occurs.

ERR1: CHKLA PO : Checks incorrect bits.
BT A.7,$BITO7 ; Bit 7?
BT A.6,$BIT06 ; Bit 6?

BT A.1,$BITO1 ; Bit 1?
BR $BITOO : Bit 0 is incorrect if all above bits are correct.

Cautions 1. Use the CHKL and CHKLA instructions only when the PRDCO bit of the PRDC register is set
to 0 (normal mode).

2. In the case of those input/output port pins that are set in the input port mode, the results
of the CHKL or CHKLA instruction always match regardless of the setting of the port/control
mode. Inthe case of the dedicated input port, because it is not provided with an output latch,
the input pin level is read when the CHKL or CHKLA instruction is executed. Therefore, the
CHKL or CHKLA instruction is actually invalid for the dedicated input port and these
instructions should not be used.

3. If the CHKL or CHKLA instruction is executed with port 4 set to the input port mode, a
mismatch may be generated (a mismatch is generated if the pin level changes during
execution of the CHKL or CHKLA instruction). Therefore, while port 4 is set to the input port
mode, do not execute these instructions.

4. Set control output pins to the input mode before executing the CHKL or CHKLA instruction
to check the output level of the pin of a port where control and port output pins are used
together (The output level of a control pin cannot be checked with the CHKL or CHKLA
instruction because the output level varies asynchronously).
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5.2 Port Functions

The uPD78362A is provided with the ports shown in Figure 5-7 and can perform various control operations.

Figure 5-7. Port Configuration
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5.2.1 Functions and features of 1/0 ports
Table 5-2 lists the I/O ports. These ports function not only as I/O ports but also as I/O pins of the internal hardware.

Table 5-2. Functions and Features of Ports

Port Name Port Function Compound Function
Port 0 8-bit 1/O port. Inputs control signals of real- time output port (RTP) and real-
Can be set in input or output mode in 1-bit units time pulse unit (RPU), and outputs PWM signal in control
mode
Port 2 6-bit input port Inputs external interrupt and count pulse input to real-time

pulse unit (RPU)(fixed in control mode)

Port 3 5-bit 1/O port. 1/0 of serial interface (UART, CSI) in control mode

Can be set in input or output mode in 1-bit units

Port 4 8-bit 1/0 port. -

Can be set in input or output mode in 8-bit units

Port 5 8-bit 1/0 port. -

Can be set in input or output mode in 1-bit units

Port 7 8-bit input port Analog input of A/D converter (fixed in control mode)

Port 8 6-bit 1/0O port. Timer output of real-time pulse unit (RPU) in control mode

Can be set in input or output mode in 1-bit units

Port 9 3-bit I/O port. -

Can be set in input or output mode in 1-bit units
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5.2.2 1/0 mode setting

(1) Portn(n=0,3,5,8,9)

The I/O mode of each port is set bit by bit with a port mode register (PM) (refer to Figures 5-8 to 5-12). Each
pin of a port functions as an input or output port, depending on the setting of the corresponding bit in the PM

register. It is an input port when the bit is one, and an output port when the bit is zero.
The contents of each PM register are specified by an 8-bit manipulation instruction.

(2) Ports 2 and 7
Ports 2 and 7 function only as input ports. These ports have no port mode register.

(3) Port4

The 1/0 mode of port 4 only is set with memory expansion mode register (MM) in units of eight bits (refer to

Figure 5-13).
Register MM is set with a bit or 8-bit manipulation instruction.

Figures 5-8 to 5-12 show the format of each port mode register.

Figure 5-8. Format of Port 0 Mode Register

Symbol 7 6 5 4 3 2 1 0 Address When reset R/W
PMO |PM07 ‘ PMO06 ‘ PMO05 ‘ PM04 ‘ PMO03 ‘ PMO02 ‘ PMO1 ‘ PMO0O0 | FF20H FFH R/W
\ \ \ \ \ \ \ |
PMON I/0 mode of the POn pin (n=0to 7)

0 Output mode (output buffer on)

1 Input mode (output buffer off)

Figure 5-9. Format of Port 3 Mode Register

Symbol 7 6 5 4 3 2 1 0 Address When reset R/W
PM3 | x ‘ x ‘ X ‘ PM34 ‘ PM33 ‘ PM32 ‘ PM31 ‘ PM30 | FF23H xxx1 1111B R/W
\ \ \ |
PM3n 1/0 mode of P3n pin (n =0 to 4)

0 Output mode (output buffer on)

1 Input mode (output buffer off)

Remark x: don't care
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Figure 5-10. Format of Port 5 Mode Register

Symbol 7 6 5 4 3 2 1 0 Address When reset R/W
PM5 |PM57 ‘ PM56 ‘ PM55 ‘ PM54 ‘ PM53 ‘ PM52 ‘ PM51 ‘ PM50 | FF25H FFH R/W
\ \ \ \ \ \ \ |
PM5n I/O mode of the P5n pin (n=0to 7)

0 Output mode (output buffer on)

1 Input mode (output buffer off)

Figure 5-11. Format of Port 8 Mode Register

Symbol 7 6 5 4 3 2 1 0 Address When reset R/W
PM8 | x ‘ x ‘ PM85 ‘ PM84 ‘ PM83 ‘ PM82 ‘ PM81 ‘ PM80 | FF28H xx111111B R/W
\ \ \ \ \ |
PM8n 1/0 mode of the P8n pin (n = 0 to 5)

0 Output mode (output buffer on)

1 Input mode (output buffer off)

Remark x: don't care

Figure 5-12. Format of Port 9 Mode Register
Symbol 7 6 5 4 3 2 1 0 Address When reset R/W
PM9 | x ‘ x ‘ x ‘ x ‘ x ‘PMQZ ‘ PM91‘PM90| FF20H oo x111B RIW

PM9n 1/0 mode of the P9n pin (n = 0 to 2)

0 Output mode (output buffer on)

1 Input mode (output buffer off)

Remark x: don't care
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Figure 5-13. Format of Memory Expansion Mode Register

Symbol 7 6 5 4 3 2 1 0 Address When reset R/W
MM | 0 ‘ MM6 ‘ MM5 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ MMO | FFC4H Note 1 R/W
MMO Specifies input/output mode of P40-P47
0 Input mode

1 Output mode

Only uPD78P364A
Specifies internal memory capacity of PD78P364A""*2
MM6 | MM5 P 'y capacty of 4P
Internal ROM size Internal RAM size
0 0 48 Kbytes
2 Kbytes
0 1
32 Kbytes
1 0 1 Kbytes
1 1 24 Kbytes 768 bytes

Notes 1. The MM register differs in the value after reset depending on the versions.
UPD78361A .- 20H
UPD78362A ------ 60H
UPD78P364A ----- 00H

2. Functions for switching an internal memory capacity of the uPD78P364A.
The uPD78361A and 78362A are fixed to the status after reset.

Caution Be sure to write “0” to bits 1 and 2 of the MM register. If “1” is written, erroneous operation

may occur. Bits 3, 4 and 7 are fixed to “0” by hardware. Even if “1” is written to them, they
remain “0”.
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5.2.3 Control mode setting

(1) Portn(n=0, 3, 8)
The control mode of each port is set with the corresponding port mode control register (PMC) bit by bit (refer
to Figures 5-14 to 5-16).
Each pin of a port functions as a control pin when the corresponding bit of the PMC register is set to 1. In
this case, the previous states of the port and the set value in the PM register have no effect.
The PMC register is set with an 8-bit manipulation instruction.

(2) Ports 2 and 7
The pins of ports 2 and 7 are always set in the control mode. These ports has no port mode control register.
The pin state of each port can be read by executing a port read instruction.

Figure 5-14. Format of Port 0 Mode Control Register

Symbol 7 6 5 4 3 2 1 0 Address When reset R/W

PMCO |PMCO7‘PMCOG‘PMCOS‘PMCO4‘PMCO3‘PMC02‘PMC01‘PMCOO| FF40H 00H R/W
\ |

PMCOn Specifies control mode of POn pin (n = 0 to 3)

0 1/0 port mode

1 Real-time output port mode

PMCO04 Specifies control mode of P04 pin

0 1/0 port mode

1 PWMO output mode

PMCO05 Specifies control mode of P05 pin

0 1/0 port mode

1 PWM1 output mode/TCUD input mode

PMC06 Specifies control mode of P06 pin

0 1/0 port mode

1 TOA40 output mode/TIUD input mode

PMCO07 Specifies control mode of P07 pin

0 1/0 port mode

1 Output fixed to “ 0 "/TCLRUD input mode
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Figure 5-15. Format of Port 3 Mode Control Register

Symbol 7 6 5 4 3 2 1 0 Address When reset R/W
pPMc3 | x | x | x |pMmcs4/pMc3s|pmca2|pmcailpmMc3o]  FF43H  xxx00000B R
PMC30 Specifies control mode of P30 pin

0 I/O port mode

1 TxD output mode

PMC31 Specifies control mode of P31 pin

0 I/O port mode

1 RxD input mode

PMC32 Specifies control mode of P32 pin

0 I/O port mode
1 SBO I/0 mode/SO output mode

PMC33 Specifies control mode of P33 pin

0 I/O port mode
1 SB1 I/0 mode/Sl input mode

PMC34 Specifies control mode of P34 pin

0 I/O port mode
1 SCK I/0O mode

Remark x: don't care
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Figure 5-16. Format of Port 8 Mode Control Register

Symbol 7 6 5 4 3 2 1 0 Address When reset R/W

PMc8 | x | x [pmces|pwces|pucss|puce [pucat|puceo|  FrasH xxo00000B R
\ \ \ \ |

PMC8n Specifies control mode of P8n pin (n = 0to 5)

0 1/0O port mode

1 TOnN output mode

Remark x: don’t care
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5.2.4 Specifying pull-up resistor
The yPD78362A is provided with pull-up resistors that can be internally connected to each pin of ports 0, 2-5, 8,

and 9 through software (except P20 pin).

)

)

©)

4

®)

Ports 0, 3, and 8

Connection of the pull-up resistor to each pins can be specified by pull-up resistor option registers (PUOL and
PUOH), port mode register (PM), and port mode control register (PMC).

When the PMC register is “0” (port mode), set the PUOL and PUOH registers to “1” and the corresponding
PM register to “1” (input port mode). The pin set in the input port mode will be connected to an internal pull-
up resistor.

The pin setto “1” by the PMC register (control mode) is not connected to the internal pull-up resistor, regardless
of the specification of the PUOL, PUOH, and PM registers.

Port 2
When the PUO2 bit of the PUOL register is set to “1”, all the five pins of the port (P21-P25) are connected
to an internal pull-up resistor (Cannot be specified bit-wise).

Caution The P20/NMI pin does not contain a pull-up resistor on hardware. Therefore, even if PUO2
is set to 1, no internal pull-up resistor is set in the P20/NMI pin.

Port 4

If the PUOA4 bit of the PUOL register is set to “1” when port 4 is set in the input mode by the memory expansion
mode register (MM), all the eight pins of the port (P40-P47) are connected to an internal pull-up resistor (Cannot
be specified bit-wise).

Port 5
If the PUOS bit of the PUOL register is set to “1” when port 5 is set in the input mode by the port 5 mode register
(PM5), the internal pull-up resistor becomes valid.

Port 9

If the PUQO9 bit of the PUOH register is setto “1” when port 9 is set in the input mode by the port 9 mode register
(PM9), the internal pull-up resistor becomes valid.
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Caution When emulating the uPD78362A with the IE-78350-R, the internal pull-up resistors of ports 4, 5,
and 9 are invalid, even if the PUO4, PUO5, and PUO9 bits of the PUOL and PUOH registers are
set to “1”. To use the pull-up resistor, set the corresponding bit to “1” to share the software
between the IE-78350-R and pPD78362A, and connect an external pull-up resistor.

Figure 5-17. Format of Pull-Up Resistor Option Register L

Symbol 7 6 5 4 3 2 1 0 Address When reset R/W
PUOL | 0 ‘ 0 ‘PUOS ‘ PUO4 ‘ PUO3 ‘ PUOZ‘ x ‘PUOOl FF44H 00H R/W
\ \ \ \ |
PUON Pull-up resistor of port n (n =0, 2-5)

0 Not used with port n

1 Used with port n

Figure 5-18. Format of Pull-Up Resistor Option Register H

Symbol 7 6 5 4 3 2 1 0 Address When reset R/W
PuoH [ o [ o | o | o | o | o [puoopuos|  FrasH 00H RIW
PMOn Pull-up resistor of port n (n =8, 9)

0 Not used with port n

1 Used with port n

Caution Bits 7 and 6 of the PUOL register and bits 7 to 2 of the PUOH register are fixed to “0” by hardware.
Even if “1” is written to them, they remain “0”.

Remarks 1. To enter the STOP mode, 00H should be set in the PUOL/PUOH register to reduce consumption
current.

2. x; don't care
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The clock generator generates and controls an internal system clock (CLK) supplied to the CPU.

Aninternal system clock of the maximum frequency of 16 MHz (fcik) is generated when an 8-MHz crystal resonator
is connected across the X1 and X2 pins of the uPD78362A.

The clock generator is configured as shown in Figure 6-1.

Figure 6-1. Block Diagram of Clock Generator

Frequency Frequency
4| lT)q System divider oL divider
clock fxx fork Internal system
o = control — —
I j— oscillation | or fx 172 circuit 1/2 clock (CLK)
” X2 circuit

STOP mode

Remarks 1. fxx : Crystal oscillation frequency
2. fx  : External clock frequency
3. fck : Internal system clock frequency

The system clock oscillation circuit generates a clock signal with a crystal resonator. The system clock oscillation
circuit stops oscillation when it is set to the standby mode (STOP mode) (refer to CHAPTER 14 STANDBY
FUNCTION).

An external clock can be also applied. In this case, a clock signal is to be applied to the X1 pin. Leave the X2
pin open.

Caution To use the external clock, do not set the STOP mode.
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Figure 6-2. External Circuitry of System Clock Oscillation Circuit

(a) Crystal oscillation (b) External clock

LPD78362A LPD78362A

Vss External DO X1
| I X1 clock
| X2 Open | X2

Cautions 1. When using the system clock oscillation circuit, run wires in the areas of Figure 6-2 shown
by dotted lines, according to the following rules, to avoid effects such as stray capacitance:

e Minimize the wiring.

« Never cause the wires to cross other signal lines or run near a line carrying a large varying
current.

» Cause the grounding point of the capacitor of the oscillation circuit to have the same
potential as V ss. Never connect the capacitor to a ground pattern carrying a large current.

* Never extract a signal from the oscillation circuit.

2. Take tinto consideration that no capacitive load among wiring is applied to the X2 pin when
inputting an external clock.

Figure 6-3 shows examples of wrong resonator connection circuitry.
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Figure 6-3. Examples of Wrong Resonator Connection Circuitry

(a) Connection circuit wiring is too long. (b) There is another signal line crossing.

X2 X1 Vss X2 ss

o] Do
| I

i 7T

Y

(c) A high varying current flows near a signal line. (d) A current flows over the ground line of the
oscillation circuit.
(The potentials of points A, B, and C change).

Ss

X2 X1 V
- X2 X1 Vss
Large ”:“ .
current -[ ]— [l
I AT Bl C

- 7 R

(e) A signal is extracted.

X1 Vss

T
=

a
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CHAPTER 7 REAL-TIME PULSE UNIT

The real-time pulse unit (RPU) is used to measure pulse intervals or frequency, or to output programmable pulses

(six channels of PWM control signals).
The RPU consists of five 16-bit timers: timers 0 through 4. One of these timers is provided with a 10-bit dead
time timer and is suitable for inverter control application. In addition, a function to turn off output through software

or external interrupt is also provided.
Each timer has the following features:

e Timer O

Timer 1
Timers 2 & 3 ...

Timer 4

Controls the PWM cycle of TO0OO through TOO05 output pins. Also operates as a general-
purpose interval timer. The following five operating modes are available for timer 0.

e General-purpose interval timer mode

e PWM mode 0 (symmetric triangular wave)
« PWM mode 0 (asymmetric triangular wave)
« PWM mode 0 (toothed wave)

e PWM mode 1

.. Operates as a general-purpose interval timer.

Provided with a programmable input sampling circuit that rejects noise superimposed on the
input signal, and a capture function.

. Operates as a general-purpose timer or an up/down counter. When used as a general-purpose

timer, controls the PWM cycle of the TO40 output pin. The following two operating modes are
available for timer 4.

e General-purpose timer mode
e Up/down counter mode (UDC mode)
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7.1 RPU Configuration
Table 7-1 shows the configuration of the RPU.

Table 7-1. Configuration of RPU

Timer Register Register Compare Capture Timer Timer
Register Trigger Output Clear
Coincidence
Interrupt
16-bit timer (TMO) 16-bit compare register (CM00) - - 6 INTCMO03
Timer 16-bit compare register (CMO01) -
0 16-bit compare register (CM02) -
16-bit compare register (CM03) INTCMO3
TIMer| 1 6-bit timer (TM1) | 16-bit compare register (CM10) INTCM10 - - INTCM10
Timer| 16-bit timer (TM2) 16-bit capture/compare register (CC20) | INTCC20 INTP3 - INTCC20
2 16-bit capture register (CT20) -
16-bit timer (TM3) 16-bit capture/compare register (CC30) | INTCC30 INTPO - INTCC30
Ti
1mer 16-bit capture register (CT30) - INTP1
3 . .
16-bit capture register (CT31) - INTP4
Timer| 16-bit timer (TM4) 16-bit compare register (CM40) INTCM40 - 1 TCLRUD
4 16-bit compare register (CM41) INTCM41 INTCM40
7.2 Timer O

7.2.1 Configuration
Timer O consists of a 16-bit timer 0 (TMO) and four 16-bit compare registers (CM00-CMO03).
Figures 7-1 through 7-3 show the block diagrams of timer 0.
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Figure 7-1. Block Diagram of Timer 0 (PWM mode 0 ... symmetrical triangular wave,
asymmetrical triangular wave)

ALVTO

Output off function
by external interrupt
and software

[0 =| [0 =]

[0 =] [0 =]

[» | [0 =]

I_CD >o_| 'l:’ TOO00
(U phase)
_[:
I_CD >O_| 'l:\ o 1001
(U phase)
_[:
I_CD >0_‘ 'l:’ TOO02
(V phase)
_[:
|_<> >O_| L, Toos
(V phase)
_[:

/1 N o TO04
Di[»—‘ < (W phase)
Ja) N, TO0s

-/ v (W phase)

: Dead time timers

ALVTO : Bit 2 of TUMO register
: Bit 3 of TMCO register

BFCMO03 \I
CM03 [—— INTCMO03
16
fok  —
fok/2  —w
for/d —w] TMO [——> INTTMO
fok/8 —w _
feLk/16 — u/D UP=0
16 DOWN =1 foik—| DTIME
BFCMO0 \l 10
CMO00
BFCMO01 \I
CMO01
DTM1 U%ﬁ
BFCMO02 \I
CMO02
DTM2 Urfie:rﬂfﬁ
TMO : Timer register DTMO0-DTM2
CM00-CMO03 : Compare registers
BFCMO00-BFCMO03: Buffer registers u/iD
DTIME : Reload register

Remark fcik: internal system clock
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Figure 7-2. Block Diagram of Timer 0 (PWM mode 0 ... toothed wave)

[0 =| [0 =]

[0 =] [0 =]

BFCMO03 \I
CMO03 INTCMO3
Clear
16 |
fok  —»
fok/2 —
fok/d  —w TMO
fok/8 —
fer/16 —= fex—=| DTIME
16
—| 10
BFCMO0O0 .
CMO00
R ‘D_ o | Underflow
s| U= T
BFCMO1 \I
CM01
R ‘D_ g | Underflow
S 4 ——D_
BFCMO02 \I
CM02
R _::):>_ DTM2 Underflow
S 4 ——D_
TMO . Timer register
CM00-CMO03 : Compare registers
BFCMO00-BFCMO03: Buffer registers
DTIME : Reload register
DTMO0-DTM2 : Dead time timers
ALVTO : Bit 2 of TUMO register
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[0 =] [0 =]

:

ALVTO
Output off function
by external interrupt
and software
I_CD >O_[ 'l:’ o 1000
(U phase)
_[:
I_CD >OJ 'l:\ o _roo1i
(U phase)
_[
I_CD >0_[ l':’ o 1002
(V phase)
_[
|_<> Wl L & pnase)
V phase
_[

JER) N o 1004
I_KZ[»_[ g (W phase)
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v (W phase)
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Figure 7-3. Block Diagram of Timer 0 (PWM mode 1)

BFCMO03 \I
CMO03 INTCMO03
Clear
16
fok  —»
fok/2 —»
fo/4  —» TMO
fok/8 —»
for/ 16— fcuk — DTIME
16
10 6-bit buffer
6-bit buffer  register
——] register
BFCMO00 . Underflow g I MBUF1
CMO00 DTMO SBUF1 “]
MBUFO
SBUF0
MBUF3
SBUF3
—I MBUF2
BFCMOL- Underflow SBUF2 “]
CMO01 DTM1 MBUF5
SBUF5 “|
MBUF4
SBUF4 “|
BFCMO02 \I Underfl
CM02 DTM2 nderfow .
TOUT 6-bit write-only
register
«— Qutput off function
by external interrupt
and software
TO00 TO02 TOO04
(U phase) (V phase)(W phase)
TO01 TOO03 TOO05
(U phase) (V phase) (W phase)
TMO : Timer register MBUFO0-MBUF5 : Master buffer registers
CMO00-CMO03 : Compare registers SBUFO0-SBUF5 : Slave buffer registers
BFCMO00-BFCMO03: Buffer registers TOUT : Timer out register
DTIME : Reload register
DTMO-DTM2 : Dead time timers

Remark fcik: internal system clock
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(1) 16-bit timer 0 (TMO)
TMOis a 16-bit up/down timer and operates as an up timer. Its cycle is controlled by a compare register (CM03).
TMO can operate in the five operation modes as shown in Table 7-2. These operation modes can be selected
by timer unit mode register 0 (TUMO).

Table 7-2. Operation Modes of Timer 0 (TMO)

Operation Mode Count Operation Timer Clear BFCMOn - CMOn
Transfer Timing

General-purpose Up INTCMO3 -
interval timer
PWM mode 0 (symmetric | Up/down - INTTMO
triangular wave)
PWM mode 0 (asymmetric | Up/down - INTTMO
triangular wave) INTCMO3
PWM mode 0O (toothed Up INTCMO03 INTCMO3
wave)
PWM mode 1 Up INTCMO3 INTCMO3

Remark n =0-2

TMO can be cleared by an interrupt that occurs when the current value of the timer coincides (INTCMO03) with the
value of the compare register (CM03) (in the general-purpose interval timer mode, PWM mode 0 (toothed wave), and
PWM mode 1).

TMO is a register that can be read only by a 16-bit manipulation instruction.

All the bits of TMO are cleared to 0 by the RESET input.
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)

3

10-bit dead time timers 0-2 (DTM0-DTM2)

DTMO-DTM2 are 10-bit down timers that generate dead time suitable for inverter control application. These
timers operate as one-shot timers.

Counting by a dead time timer is enabled or disabled by the CED bit of timer control register 1 (TMC1), and
cannot be controlled (i.e., started or stopped) through software. The dead time timer starts and stops counting
hardware-wise.

The dead time timer starts counting down when the value of the reload register (DTIME) is reloaded to it in
synchronization with the compare coincidence timing of CM00 to CMO02.

When the value of a dead time timer changes from 000H to 3FFH, the dead time timer generates an underflow
signal, and the timer stops holding the value 3FFH.

If the value of a dead time timer coincides with the value of the corresponding compare register before the
underflow of the dead time timer takes place, the value of DTIME is reloaded to the dead time timer again,
and the timer starts down counting.

The count clock of the dead time timer is fixed to fcik, and the dead time width is (Set value of DTIME + 1)
x feik.

If TMO operates inthe PWM mode 0 with the dead time timer disabled from counting, a True Bar signal without
dead time is output to TO00 and TO01, TO02 and TOO03, and TO04 and TOOS5.

DTMO to DTM2 cannot be read/written (and cannot be controlled by software).

DTMO to DTM2 are initialized to 3FFH by the RESET input.

10-bit reload register (DTIME)

DTIME is a 10-bit register thatis commonly used to set the values of the three dead time timers (DTM0-DTM2).
However, a value is reloaded from DTIME to each dead time timer independently.

DTIME can be read/written by a 16-bit manipulation instruction. The low-order 10 bits of DTIME are valid data
and the high-order 6 bits are fixed to “0” by hardware.

RESET input makes DTIME undefined.
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(6)

7

16-bit compare registers 00-02 (CM00-CM02)

CMO00-CMO02 are 16-bit compare registers that always compare their own values with the value of TMO. If
the value of a compare register coincides with the value of TMO, the compare register outputs a trigger signal,
and changes the content of the flip-flop connected to the register.

Each of CM00-CMO02 is provided with a buffer register (BFCMO00-BFCMO02), so that the contents of the buffer
can be transferred to the corresponding compare register at any time.

CMOO to CMO02 can be read/written by a 16-bit manipulation instruction. RESET input makes them undefined.
Writing is performed as follows by setting the CMWE bit of timer control register 0 (TMCO).

« CMWE = 0: When a write instruction is executed, values of the buffer registers (BFCMO00 to BFCMO02)
corresponding to the respective compare registers are transferred to the compare registers.
« CMWE = 1: Data can be written directly to the compare registers by a write instruction.

For reading, data can be read directly irrespective of the TMCO register setting.

16-bit compare register 03 (CM03)

CMO03 is a 16-bit register and performs compare operations together with TMO. When a coincidence is
detected, it generates an interrupt signal (INTCMO03). CMO03 controls the count higher limit value of TMO, and
if the values coincides, it switches the up/down of TMO or clears the timers with the next count clock.
Furthermore, CMO03 is provided with a buffer register (BFCMO03) and transfers the buffer contents to CM03
with arbitrary timing. Transfer enable/disable is controlled by the B3TR bit of the TMCO register.

CMO3 can be read/written by a 16-bit manipulation instruction. RESET input makes it undefined.

16-bit buffer registers CM00-CM02 (BFCMO00-BFCMO02)

BFCMO00-BFCMO02 are 16-bit registers each of which transfers data to the corresponding compare register
(CM00-CM02) when an interrupt signal (INTCMO3/INTTMO) is generated.

BFCMO0O0 to BFCMO02 can be read/written by a 16-bit manipulation instruction. RESET input makes them
undefined.

16-bit buffer register CM03 (BFCMO03)
BFCMO03is a 16-bitregister and it transfers data to the compare registers with arbitrary timing. Transfer enable/
disable is controlled by the B3TR bit of the TMCO register.
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8

C)

(10)

6-bit master buffer registers 0-5 (MBUFO-MBUF5)

MBUFO to MBUF5 are 6-bit registers to which a value is set when an interrupt signal (INTCMO3) is generated.
Timing to transfer data from an MBUF to the corresponding SBUF is controlled by INTCMO3.

MBUFO to MBUF5 can be read/written by a bit manipulation instruction or 8-bit manipulation instruction. The
low-order 6 bits of MBUFO to MBUF5 are valid data and the high-order 2 bits are fixed to “0” by hardware.
RESET input makes them undefined.

This buffer register is used in PWM mode 1.

MBUFO is also used for the RTP output in the general-purpose interval timer mode.

6-bit slave buffer registers 0-5 (SBUF0-SBUF5)

SBUFO to SBUF5 are 6-bit registers that output data to the TOUT register in synchronization with the output
timing determined taking the dead time into consideration by coincidence of CM00-CM02 compare values.
The timing at which the contents of an MBUF are transferred to the corresponding SBUF is controlled by
INTCMO3.

SBUFO to SBUF5 can be read/written by a bit manipulation instruction or 8-bit manipulation instruction. The
low-order 6 bits of SBUFO0 to SBUF5 are valid data and the high-order 2 bits are fixed to “0” by hardware. RESET
input makes them undefined.

This buffer register is used in PWM mode 1.

SBUFO is also used for the RTP output in the general-purpose interval timer mode.

6-bit timer out register (TOUT)

TOUT is a 6-bit register that can be written by an 8-bit manipulation instruction. It is an output latch that can
be used only when TMO is in the following modes.

<1> General-purpose interval timer mode

<2> PWM mode 1

When TMO is in any mode other than the above, writing is disabled by hardware and it is not possible to write
to it even by executing a write instruction.

The TOUT data is output directly to port 8 (P80 to P85). Therefore, if port 8 is read with bits PM8.0 to PM8.5
of the port 8 mode register (PM8) set to “0” (output port), it is possible to read the output data of TOUT. If
port 8 is read with bits PM8.0 to PM8.5 set to “1” (input port), the pin statuses are read.

Since the high-order 2 bits of TOUT have no latch to retain data by hardware, they are undefined. When port
8 is read, the high-order 2 bits become undefined in the same way.

Caution The condition under which the TOUT data is output to port 8 is that port 8 is in control mode
(TOO0O0 to TOO5 outputs) and that TMO is in the general-purpose interval timer mode or PWM
mode 1. Otherwise, the TOUT data is not output to port 8 and therefore it is not possible to
read the TOUT contents.
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7.2.2 Control registers

(1) Timer unit mode register 0 (TUMO)
Timer unit mode register 0 (TUMO) is an 8-bit register that specifies the operation modes of TMO, and controls
the output of TO00 to TOO5.
TUMO can be read or written by a bit manipulation instruction or an 8-bit manipulation instruction.
This register is cleared to O0H by the RESET input.
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Figure 7-4. Format of Timer Unit Mode Register O

Symbol 7 6 5 4 3 2 1 0 Address When reset R/W
TUMO  [RMOD|TMODO02] TMODOL| TMODOO| ICME |ALVTO|TODISI[TODISO|  FF2EH 00H RIW
\ \
TODISO Controls output of TO00-TOO05 by NMI

0 Does not stop output

1 Stops output (TO00-TOO05 in high-impedance state)

TODIS1 Controls output of TO00-TOO05 via software

0 Does not stop output

1 Stops output (TO00-TOO05 in high-impedance state)

ALVTO| Specifies active level of TO00-TOO5 pin output

0 Low level

1 High level

Controls transfer of SBUFO contents to output

ICME | |atch by INTCMO3
0 Disables
Enables (simultaneous data transfer from MBUFO
to SBUFO0)
BFCMONn —»
Operation Count Timer | CMOn
RMOD | TMOD02| TMODO1 TMODOO mode operation| clear | transfer
timing
x 0 X X General-purpose Up INTCMO03 -
interval timer
PWM mode 0
0 1 0 0 (symmetric Up/down - INTTMO
triangular wave)
0 1 0 1 (Pavsv'\fnmg?rfco Up/down| — | INTTMO
Y INTCMO3

triangular wave)

0 1 1 X PWM mode 0 Up INTCMO3 | INTCMO03
(toothed wave)

1 1 X X PWM mode 1 Up INTCMO3 | INTCMO3
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Cautions 1. The specification of the ALVTO bit is valid only for the pins set to the control mode (TO00
to TOO05) by the PMC8 register when TMO is in PWM mode 0 (symmetrical triangular wave,
asymmetrical triangular wave, toothed wave).

2. The ICME bit is valid only when TMO is in the general-purpose interval timer mode (TMODO02
=0).

3. It is prohibited to change bits RMOD, TMODO02 through TMODOO and ALVTO during the
operation of TMO (CEO = 1) and DTMO to DTM2 (CED = 1).

Remarks 1. n=0-2
2. x: don’t care
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[Output driver off function]
When an external error occurs, the uPD78362A can turn off the output pin (TO00-TOO05) driver.
The function can be executed under the control of the TODISO, TODIS1 bit of the TUMO register, as described

below:

<1> External interrupt (NMI) (TODISO = 1)
When an interrupt valid edge specified at the NMI pin occurs, the TO00-TOO5 pin driver can be turned off.
The NMI pin valid edge can be specified in the external interrupt mode register 0 (INTMO).
Even if a NMI pin edge detection pulse goes off, the TO00-TOO5 pin driver remains off. To restore the
operation, change the TODISO bit from 1 to 0.

Caution After an NMI valid edge is generated, a valid edge generation signal is retained for about
20 system clocks. When the TODISO bit changes from “0” to “1” during this period, the
TOO0O0-TOO5 pin becomes off at the previously generated NMI.

It is recommended to manipulate the TODISO bit in the NMI routine except for system

initialization setting.

NMI
(when falling _l
edge is specified) ‘
i Analog
Valid edge "~ delay |
generation signal ‘ 953?2%20
clocks
TOO00-TOOS pin Output data X Off (high impedance)
}

Change TODISO bit from0to 1

Remark The main routine branches to the NMI routine after the valid edge generation signal changes from
1to 0.

<2> Software control (TODIS1 = 1)
The TO00-TOO5 pin driver can be turned off under software control regardless of the NMI pin.

Figure 7-5. Configuration of Output Driver Off Function

circuit

NMI©— Egtge?:tion N\
|

TODISO TODIS1

TOO00-TOO5 pin
output driver
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(2) Timer control register 0 (TMCO)
Timer control register 0 (TMCO) is an 8-bit register that controls the operation of TMO, CM0O to CMO03.
This register can be read or written by a bit manipulation instruction or an 8-bit manipulation instruction.
TMCO is cleared to 00H by the RESET input.

Figure 7-6. Format of Timer Control Register 0

Symbol @ 6 5 4 3 2 1 0 Address When reset R/W
TMCO | CEO ‘ 0 ‘B3TR ‘CMWE‘ u/D ‘PRMOZ‘PRMOl‘PRMOOl FF7CH OOH RN
PRMO02|PRMO01 |PRM00| Specifies count clock (Hz) to TMO
0 0 0 ferk
0 0 1 | fok/2
0 1 0 |fox/d
0 1 1 fek/8
1 0 0 |fcx/16
Others Setting prohibited
u/D Up/down flag

0 Indicates up-counting of TMO

1 Indicates down-counting of TMO

CMWE Specifies direct write to CM00-CMO02

0 Disabled (direct write by instruction impossible)

1 Enabled (direct write by instruction possible)

B3TR | Controls data transfer from BFCMO03 to CM03 by hardware

0 Transfer from BFCMO03 to CMO03 disabled

1 Transfer from BFCM03 to CM03 enabled

CEO Controls operation of TMO

0 Clears and stops TMO

1 TMO performs count operation

Note The U/D bit is a read-only bit.

Remark fcik: internal system clock
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Cautions 1. Bit 6 of the TMCO register is fixed to “0” by hardware. Even if “1” is written, it remains “0".
2. ltis prohibited to change bits B3TR and PRMO02 through PRMOO during the operation of TMO
(CE0 =1)
3. When CEO is set to 0 (TMO stop), the u/D flag is cleared to 0.

Table 7-3. Timing of Transfer from BFCMO03 to CM03

B3TR TMO Operating Mode Timing of Transfer from
BFCMO03 to CM03

0 All modes Not transferred

1 General-purpose interval timer Not transferred
PWM mode 0 (symmetric INTTMO
triangular wave)
PWM mode 0 (asymmetric INTTMO
triangular wave)
PWM mode 0 (toothed wave) INTCMO3
PWM mode 1 INTCMO3

Caution CMO03 can be read/written directly.
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(3) Timer control register 1 (TMC1)
Timer control register 1 (TMC1) is an 8-bit register that controls the operations of TM1 and DTMO-DTM2.
This register can be read or written by a bit manipulation instruction or an 8-bit manipulation instruction.
TMCL1 is cleared to 00H by the RESET input.

Figure 7-7. Format of Timer Control Register 1

Symbol @ 6 5 4 @ 2 1 0 Address When reset R/W

TMC1 |CED‘ 0 ‘ 0 ‘ 0 ‘CEl‘ 0 ‘PRMll‘PRMlOl FF7DH 00H RIW
\ \ |

L

Specifies count clock to TM1 and controls operation of
TM1 (refer to Figure 7-25).

CED Controls operation of DTMO-DTM2

0 Stops DTMO-DTM2

1 DTMO0-DTM2 perform count operation

Cautions 1. The CED bit controls the three dead time timers (DTM0-DTM2).
2. Bits 6 to 4 and 2 of the TMC1 register are fixed to “0” by hardware. Even if “1” is written,
they remain “0”".
3. It is prohibited to change the CED bit during the operation of TMO (CEO = 1).

When TMO is operated in PWM mode 0 with CED = 0 (dead time timer stopped), True Bar signals with no dead
time are output to TO00 and TOO01, TO02 and TOO03, and TO04 and TOO5.
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(4) External interrupt mode register (INTMO)
External interrupt mode register 0 (INTMO) is an 8-bit register for specifying the valid edge of NMI and INTPO

to INTP2.
The INTMO register can be read/written by a bit manipulation instruction or 8-bit manipulation instruction.

RESET input sets it to O0H.

Figure 7-8. Format of External Interrupt Mode Register 0

Address When reset R/W
R/W

Symbol 7 6 5 4 3 2 1 0
INTMO | ES21 ‘ ES20 ‘ ES11 ‘ ES10 ‘ ESO1 ‘ ES00 ‘ 0 ‘ESNOl FF3CH 00H
\ | \ | \ |

ESNO NMI valid edge specification

0 Falling edge

1 Rising edge

Specifies the valid edge of INTPO to INTP2
(see Figure 7-42).

Caution Bit 1 of the INTMO register is fixed to “0” by hardware. Even if “1” is written, it remains “0".
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7.2.3 Operation

(1) Basic operation
Timer 0 (TMO) is a 16-bit interval timer that operates as an up/down or up timer. The cycle is controlled by
a compare register (CM03).
All the bits of TMO are cleared to 0 by the RESET input and the timer stops counting.
Counting is enabled or disabled by the CEO bit of timer control register 0 (TMCO0). When the CEO bit is set
to 1 through software, the timer starts counting; when the bit is reset to 0, TMO is cleared and stops counting.
When the value set in advance to the compare register (CM03) coincides with the current count value of TMO,
a coincidence interrupt (INTCMO03) occurs, and TMO is cleared.
Five internal clocks can be selected by the TMCO register as the count clock to TMO.
When TMO is used as an up/down timer, and when TMO = 0000H as a result of the down-count operation,
an underflow interrupt (INTTMO) occurs.
TMO can operate in the following five operation modes which are selected by timer unit mode register (TUMO):

» General-purpose interval timer
* PWM mode 0 triangular wave modulation (symmetric triangular wave control)

—— triangular wave modulation (asymmetric triangular wave control)

L— toothed wave modulation control

* PWM mode 1
Table 7-4. Operation Modes of Timer 0 (TMO)
TUMO Register Operation Mode Count Operation Timer Clear BFCMOn - CMOn
RMOD [TMODO02|TMODO01|TMODO00 Transfer Timing

X 0 X X General-purpose Up INTCMO3 —
interval timer

0 1 0 0 PWM mode 0 Up/down - INTTMO
(symmetric triangular
wave)

0 1 0 1 PWM mode 0 Up/down - INTTMO
(asymmetric INTCMO3
triangular wave)

0 1 1 x PWM mode 0 Up INTCMO3 INTCMO3
(toothed wave)

1 1 x x PWM mode 1 Up INTCMO3 INTCMO3

Remarks 1. n=0-2
2. x: don’t care

Each operation mode of TMO is described on the following pages:
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(2) General-purpose interval timer mode
If TMO is set to the general-purpose interval timer mode, TMO and CMO03 always perform comparison
operations and whenever they detect a coincidence, they generate an interrupt signal (INTCMO03). The result
of a compare coincidence is retained by hardware and TMO is cleared (O000H) with the next count clock after
the coincidence. Furthermore, when the next count clock is input, TMO is counted up to 0001H.

Interval cycle = (value of CM03 +1) x TMO count clock rate

If TMO is set to this mode, it is possible to operate pins TOOO0 to TOO05 as a real-time output port (RTP).

[Setting procedure]

<1> Set pins P80 to P85 to the control mode (TOO00 to TOO05 outputs) (PMC80 to PMC85 = 1) by the
port 8 mode control register (PMCS8).

<2> Setthe TMODO2 bit of the TUMO register to “0” to set to the general-purpose interval timer mode.
Furthermore, put “1” in the ICME bit to enable the RTP output operation.
If it is desired to stop pins TOO0O to TOO05 output in the event of abnormality, also set bits TODIS1
and TODISO.

<3> Specify the TMO count clock by bits PRM02 to PRMO0O0 of the TMCO register.

<4> When the CEO bit of the TMCO register is set (1) TMO starts counting and data is output from pins
TOO0O to TOO5 as RTP.

[Operation]
The data placed in MBUFO by INTCMO3 is transferred to TOUT via SBUF0. The TOUT data is output

to pins TO0O to TOO5 unmodified. Therefore, the output pattern is set in MBUFO.

Figure 7-9. Block Diagram of RTP Output Function of TO00-TOO05 Pins

MBUFO
CMo3 INTCMO3 @
16
SBUFO0
TMO
Clear TOUT

Output off function by
external interrupt and software

TO00 TOO02 TO04
TOO01 TOO03 TO05

Caution Setting of CM03 = 0000H is prohibited.
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(3) PWM mode O ... Triangular wave modulation (symmetric waveform control)

[Setting procedure]
(a) SetpinsP80toP85tothe controlmode (TO00 to TOO05 outputs ) by the port 8 mode control register (PMC8)
(bits PMC80 to PMC85 = 1).

(b) Set PWM mode 0 (symmetric triangular wave) by bits RMOD and TMODOO to TMODO2 of the TUMO
register. Furthermore, set the active level of pins TO00 to TOO05 by the ALVTO bit of the TUMO register.

(c) Setthe count clock of TMO by bits PRM02 to PRMOO of the TMCO register, and set the manipulation for
writing to CM0O0 to CMO02 by the CMWE bit. Furthermore, set the transfer operation from BFCM03 to CM03
by the B3TR bit.

(d) Set the initial values.

(i) Put the half-cycle width of the 1st PWM cycle in CMO03.
* PWM cycle = CM03 value x 2 x TMO clock rate
(The clock rate of TMO is set by the TMCO register.)

(i) Put the half-cycle width of the 2nd PWM cycle in BFCMO03.
(Setting is not necessary because BFCMO3 is not used when B3TR of the TMCO register = 0)

(iii) Put the dead time width in DTIME.
* Dead time width = (DTIME + 1) x Tcik
Tcwk: System clock rate

(iv) Put the set/reset timing of the F/F used in the 1st cycle in CM00 to CM02.

 Direct writing of CMWE of the TMCO register = 0 to CM00 to CM02 is disabled.
If an instruction for writing to CM00 to CM02 is executed, data in BFCMO0O0 to BFCMO02 is transferred
to CM0O to CM02. Use the following procedure for setting.
<1> Write values of CM00 to CM02 used in the 1st cycle to BFCM0O to BFCMO02.
<2> If aninstruction for writing to CM0O0 to CMO02 is executed, the values of BFCM00 to BFCM02

set in <1> are transferred to CM0O to CMO02.
» Direct writing of CMWE of the TMCO register = 1 to CM00 to CM02 is enabled.

(v) Set the set/reset timing ot the F/F used in the 2nd cycle in BFCMO0O to BFCMO02.
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(e) Set (1) the CED bit of the TMCL1 register to enable operation of the dead time timer. If it is desired not

()

to take the dead time, set CED = 0.

Setting (1) the CEO bit of the TMCO register starts the counting of TMO, and a 6-channel PWM signal is
output from pins TO0O to TOO5.

If direct writing to CM0O to CMO02 is not performed by an instruction during the operation, reset (0) the

CMWE bit of the TMCO register before starting the timer.

Caution Setting of CM03 = 0000H is prohibited.
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[Operation]

In this mode, TMO executes up/down count operation, and if TMO = 0000H as a result of counting down, an
underflow interrupt (INTTMO) occurs.

Switching from up count to down count is performed by a coincidence between TMO and CM03 (INTCMO03),
while switching from down count to up count is performed by INTTMO.

The PWM cycle in this mode is (CM03 value x 2 x TMO clock rate). The data setting in CM03 varies as follows
depending on the setting of the B3TR bit of the TMCO register.

¢ B3TR =0: No transfer from BFCMO03 to CMO03 is performed. Execute operations by the software
processing started by INTTMO and directly place the cycle data in CM03.

¢ B3TR =1: The BFCMO03 data is automatically transferred by the hardware to CM03 by INTTMO. Then,
execute operations by the software processing started by INTTMO and put the data in the next
cycle in BFCMO03.

Data settings in CM0O to CMO02 that control the PWM duty width is explained below.

Concerning data settings in CM00 to CM02, when INTTMO occurs, the hardware automatically transfers the
values of BFCM00-BFCMO02 to CM00-CMO02. In addition, software processing is started and an arithmetic
operation is executed, and the set/reset timing of F/F used for the next cycle is set to BFCM00-BFCMO02.
When CMWE of the TMCO register = 0, direct writing to CM00 to CMO02 is not possible. If CMWE = 1, direct
writing is possible. However, data transfer from BFCMO0O0 through BFCMO02 to CM00 through CM02 by INTTMO
is performed irrespective of the setting of the CMWE bit.

The PWM cycle and PWM duty width are set in the above procedure.

The set/reset condition of the F/F that changes with a coincidence in CM00 to CMO02 is as follows.

e Set . Coincidence of TMO with CM00-CMO02 when TMO counts up
* Reset : Coincidence of TMO with CM00-CM02 when TMO counts down

In this mode, F/F is set and reset at the same timing (symmetric control).

The value of DTIME is loaded to the corresponding dead time timer (DTMO-DTM2) in synchronization with
the set/reset timing of F/F, and the dead time timer starts counting down. DTM0-DTM2 count down to 000H
and stop when they count down further to 3FFH.

DTMO-DTM2 can automatically generate a width (dead time) atwhich the active levels of the positive (TOO00,
TOO02, TO04) phase and negative phase (TO01, TO03, TO05) do not overlap.

In this way, the software processing is started by an interrupt (INTTMO) that occurs once during PWM cycle
(one cycle) after initial setting has been performed, and by setting PWM cycle and PWM duty width used for
the next cycle, the PWM waveform can be output to the TO00-TOO5 pins with a dead time width taken into
consideration.
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[Output waveform width in respect to set value]
« PWM cycle = CM03 x 2 x Ttmo
e Dead time width Totm = (DTIME + 1) x Tcik
e Active width of positive phase (TO00, TO02, TO04 pins)
= {(CM03 — CMOXup) + (CM03 — CMOXdown)} x Ttmo — TpT™
« Active width of negative phase (TO01, TO03, TOO5 pins)
= (CMOXdown + CMOXup) X Tt™o — ToTM™
e In this mode, CM0Xup = CMOXdown (however, in the same PWM cycle).
CMOXup and CMOXdown in the negative phase calculation expression is generated by another PWM cycle.
Therefore, CMOXup # CMOXdown.

Teik : system clock rate
TTmo : input clock rate of TMO
CMOXup : set values of CM00-CMO02 when TMO counts up

CMOXdown : set values of CM0O0-CM02 when TMO counts down

The TO00-TOO5 pins are set in the input port mode and go into a high-impedance state on reset.
When these pins are set in the control mode later, they output the following levels until TMO is started:

 TOO00, TO02, TOO4 ... High level when they are low active
Low level when they are high active

e« TOO01, TOO03, TOO5 ... Low level when they are low active
High level when they are high active

The active level is set by the ALVTO bit of the TUMO register. The default is low active.
Caution If values are set such that the active width of the positive phase or negative phase becomes

“0” or “minus” according to the above expressions, pins TO00 to TO05 output a waveform
with “0” active width and fixed at the inactive level.
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Figure 7-10. Operation Timing in PWM Mode 0 (symmetric triangular wave)

CMO03 (d) CMO03 (e)
T™MO
count value
Ay A A A
CMOx coincidence CMOxcomudence: CMOx coincidence - CMOx coincidence !
| | | |
! ! | |
BFCMOx ! b ! ‘\ X ! c! v X
L L ! |
I I : ; ; :
| L | 1 |
j j [ [
CMOx | a Xy b ><\ c
L L |
! ! } | | {
Interrupt request ‘ i INTTMO } } INTTMO
] ] | | | |
BFCMO03 | e | : >< ! f ‘r\
! ! : | | :
1 1 | : : |
! !
CM03 l d l X\ | e X\ f
| |
| |
| |

FIF

DT N\ N\ N\

Positive phase
(TO00, TOO02, TO04)

Negative phase
(TOO01, TOO03, TO05)

Remarks 1. The above figure is the timing chart when the transfer operation from BFCM03 to CM03 is enabled
with B3TR of the TMCO register =1. When B3TR =0, no transfer is performed and the up/down cycle
of TMO is set by directly writing to CMO03.

.x=0-2

. t: dead time = (DTIME + 1) x Tcik (Tcik: system clock rate)

. Not to take the dead time, clear the CED bit of the TMCL1 register to 0.

. The above figure shows an active low case.

a A 0N
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An example of operation timing related to the set values of CM00-CM02 (BFCMO00-BFCMO02) is shown next.

(@) When CMOx (BFCMOx) = CMO03 is set

Figure 7-11. Operation Timing in PWM Mode 0 (symmetric triangular wave, BFCMOx = CMO03)

CMo03 CMo03
T™MO
count value
| |
CMOx coincidence CMOx coincidence: |
I I
| | |
| |
BFCMOx BFCMOx=CMO03 | >< BFCMOx=CMO3 ) ><
| |
| |
| |
| |
| |

|
| |
| |
| |
| |
| |
| |
| |
| |

CMOx ! a ! ><\ BFCMOx=CM03 ><\

| |
| |
| |
| |
| |
| |

Interrupt request INTTMO INTTMO
FIF
_\ |
DTMx \ \
- !
| |
Positive phase | i
(TO00, TOO02, TO04) ; |
| | !
| |
Negative phase | }
(TO01, TO03, TOO5) ! |
— —

Remarks 1. x =0-2
2. t: dead time = (DTIME + 1) x Tcik (Tcwk: system clock rate)
3. The above figure shows an active low case.

If a value greater than that of CM03 is set to BFCMOX, the positive-phase pins (TO00, TO02, TO04) continue
outputting high level, and the negative-phase pins (TO01, TO03, TOO05) continue outputting low level. This feature
is effective for outputting a low-level or high-level width exceeding the PWM cycle in an application such as inverter
control. When CMOx = CMO03, coincidence between TMO and CMOx is detected when TMO counts down. Therefore,
F/F remains reset and is not set.

The above explanation applies to an active low case. In an active high case, the levels of positive and negative
phases are merely inverted and other operations remain the same.
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(b) When CMOx (BFCMOx) = 0000H is set

Figure 7-12. Operation Timing in PWM Mode 0 (symmetric triangular wave, BFCMOx = 0000H)

CMO03 CMO03
T™MO
count value
CMOx coincidence CMOx coincidence A |
\ 1CMOx coincidence |
T | [
BFCMOXx 0000H ‘\ >< 0000H \ ><
| |
|
|
|
|

CMOx a ><\ 0000H ><\

Interrupt request INTTMO INTTMO
|
FIF
| | |
DTMx \ \ \
o o
| |
| : : |
Positive phase ! Lo
(TO00, TO02, TOO04) | Lo
! : ! : : |
! I ! | I |
! | ! | | |
Negative phase | | 1
(TOO01, TO03, TOO5) ! | !
— i
| | | |
Tt t ———

Remarks 1. x = 0-2
2. t: dead time = (DTIME + 1) x Tcik (Tcwk: system clock rate)
3. The above figure shows an active low case.

Since coincidence of TMO = CMOx = 0000H is detected when TMO counts up, F/F is only set and is not reset. When

the value setting is 0000H, the F/F is also changed in the cycle in which data is transferred from BFCMOx to CMOx
in the same way as for value settings other than 0000H.
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(4) PWM mode 0 ... triangular wave modulation (asymmetric wave control)

[Setting procedure]

@)

(b)

(©)

(d)

Set pins P80 to P85 to the control mode (TO0O0 to TOOS5 outputs) by the port 8 mode control register (PMC8)
(bits PMC80 to PMC85 = 1).

Set PWM mode 0 (asymmetric triangular wave) by bits RMOD and TMODOO to TMODO2 of the TUMO
register. Furthermore, set the active level of pins TO00 to TOO05 by the ALVTO bit of the TUMO register.

Set the count clock of TMO by bits PRM02 to PRMO0O0 of the TMCO register, and set the manipulation for
writing to CM0O0 to CMO02 by the CMWE bit. Furthermore, set the transfer operation from BFCMO03 to CM03
by the B3TR bit.

Set the initial values.

(i) Put the half-cycle width of the 1st PWM cycle in CMO03.
« PWM cycle = CM03 value x 2 x TMO clock rate
(The clock rate of TMO is set by the TMCO register.)

(i) Put the half-cycle width of the 2nd PWM cycle in BFCMO03.
(Setting is not necessary because BFCMO03 is not used when B3TR of the TMCO register = 0)

(iii) Put the dead time width in DTIME.
* Dead time width = (DTIME + 1) x Tcik
Tcwk: System clock rate

(iv) Put the set timing of the F/F used in the 1st cycle in CM00 to CM02.

 Direct writing of CMWE of the TMCO register = 0 to CM00 to CM02 is disabled.
If an instruction for writing to CM00 to CM02 is executed, data in BFCMO00 to BFCMO02 is transferred
to CM0O to CM02. Use the following procedure for setting.
<1> Write the values of CM00 to CMO02 used in the 1st cycle to BFCMO0O0 to BFCMO02.
<2> If aninstruction for writing to CM0O0 to CMO02 is executed, the values of BFCM00 to BFCM02

set in <1> are transferred to CM0O to CMO02.
» Direct writing of CMWE of the TMCO register to CM00 to CMO02 is enabled.

(v) Put the reset timing of the F/F used in the 1st cycle in BFCMO00 to BFCMO02.
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(e) Set (1) the CED bit of the TMC1 register to enable the dead time timer operation. If it is desirable not
to take the dead time, set CED = 0.

(f) Setting (1) the CEO bit of the TMCO register starts the counting of TMO, and a 6-channel PWM signal is
output from pins TO0O to TOO5.
If direct writing to CM00 to CMO02 is not performed by an instruction during the operation, reset (0) the

CMWE bit of the TMCO register before starting the timer.

Caution Setting of CM03 = 0000H is prohibited.
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[Operation]

In this mode, TMO executes up/down count operation, and if TMO = 0000H as a result of counting down, an
underflow interrupt (INTTMO) occurs.

Switching from up count to down count is performed by a coincidence between TMO and CM03 (INTCMO03),
while switching from down count to up count is performed by INTTMO.

The PWM cycle in this mode is (CM03 value x 2 x TMO clock rate). Data setting in CMO03 varies as follows
depending on the setting of the B3TR bit of the TMCO register.

¢ B3TR =0: No transfer from BFCMO03 to CMO03 is performed. Execute operations by the software
processing started by INTTMO and directly set the cycle data in CM03.

¢ B3TR =1: The BFCMO03 data is automatically transferred by the hardware to CM03 by INTTMO. Then,
execute operations by the software processing started by INTTMO and put the data in the next
cycle in BFCMO03.

Data settings in CM0O to CM02, which control the PWM duty width, are explained below.

Concerning data settings in CM00 to CM02 when INTTMO and INTCMO3 (interrupt occurs when TMO and CM03
coincide) occur, the hardware automatically transfers the values of BFCM00-BFCMO02 to CM00-CMO02. In
addition, software processing is started and an arithmetic operation is executed, and the set/reset timing of
F/F used after half a cycle is set to BFCM00-BFCMO02.

When CMWE of the TMCO register = 0, direct writing to CM00 to CMO02 is not possible. If CMWE = 1, direct
writing is possible. However, data transfer from BFCMO0O0 through BFCM02 to CM0O0 through CM02 by INTTMO
and INTCMO3 is performed irrespective of the setting of the CMWE bit.

The PWM cycle and PWM duty width are set in the above procedure.

The set/reset condition of the F/F that changes with a coincidence in CM00 to CMO02 is as follows.

e Set : Coincidence of TMO with CM00-CM02 when TMO counts up
* Reset : Coincidence of TMO with CM00-CM02 when TMO counts down

The value of DTIME is loaded to the corresponding dead time timer (DTMO-DTM2) in synchronization with
the set/reset timing of F/F, and the dead time timer starts counting down. DTM0-DTM2 count down to 000H
and stop when they count down further to 3FFH.

DTMO0-DTM2 can automatically generate a width (dead time) at which the active levels of the positive (TOO0O0,
TOO02, TO04) phase and negative phase (TO01, TO03, TO05) do not overlap.

Inthis way, the software processing is started by two interrupts (INTTMO and INTCMO03) that occur during PWM
cycle (one cycle) after initial setting has been performed, and by setting PWM cycle and PWM duty width
used for half cycle later, the PWM waveform can be output to the TO00-TOO5 pins with a dead time width
taken into consideration.
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The difference between the symmetric wave control mode and this asymmetric wave control mode is that in
the symmetric wave control mode, INTTMO (occurs once in PWM cycle) is used as an interrupt that transfers
BFCMO00-BFCMO02 to CM00-CMO02 and starts the software, while INTTMO and INTCMO3 (occur two times in
PWM cycle = once during half a cycle) are used in this mode.

[Output waveform width in respect to set value]

e PWM cycle = CM03 x 2 x Ttmo

e Dead time width Totm = (DTIME + 1) x Tcik

» Active width of positive phase (TO00, TO02, TO04 pins)
= {(CM03 — CMOXup) + (CM03 — CMOXdown)} X Ttmo — Tot™m

» Active width of negative phase (TO01, TO03, TOO5 pins)
= (CMOXdown + CMOXup) X Ttmo — ToTM™

Teik : system clock rate

TT™mo . input clock rate of TMO

CMOXup . set values of CM00-CMO02 when TMO counts up
CMOXdown : set values of CM00-CM02 when TMO counts down

The TO00-TOO05 pins are set in the input port mode and go into a high-impedance state on reset.
When these pins are set in the control mode later, they output the following levels until TMO is started:

« TOO00, TO02, TOO4 ... High level when they are low active
Low level when they are high active

¢ TOO01, TOO03, TOOS5 ... Low level when they are low active
High level when they are high active

The active level is set by the ALVTO bit of the TUMO register. The default is low active.
Caution If values are set such that the active width of the positive phase or negative phase becomes

“0” or “minus” according to the above expressions, pins TO00 to TOO05 output a waveform
with “0” active width and fixed at the inactive level.
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Figure 7-13. Operation Timing in PWM Mode 0 (asymmetric triangular wave)

CMO3 (f) CMO3 (g)
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CMo03 f X \
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Positive phase
(TOO00, TO02, TO04)

Negative phase
(TOO01, TO03, TOO05)

Remarks 1. The above figure is the timing chart when the transfer operation from BFCM03 to CMO03 is enabled
with B3TR of the TMCO register =1. When B3TR =0, no transfer is performed and the up/down cycle
of TMO is set by directly writing to CMO03.

.x=0-2

. t: dead time = (DTIME + 1) x Tcik (Tcik: system clock rate)

. Not to take the dead time, clear the CED bit of the TMCL1 register to 0.

. The above figure shows an active low case.

a b~ 0N

117



CHAPTER 7 REAL-TIME PULSE UNIT

(@) When BFCMOx = CMO03 is set via software started by INTCM03

Figure 7-14. Operation Timing in PWM Mode 0 (asymmetric triangular wave, BFCMOx = CMO03)

T™MO
count value
| | |
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! | ! | |
| ! | !
BFCMOx b NX c | X c \X c \ X
|
|
|

e T O e

Interrupt request INTCMO03 INTTMO INTCMO3 INTTMO
FIF
DTMXx
DY ‘
o !
|
Positive phase ! |
(TO00, TO02, TO04) i |
. [
o |
Negative phase | ;
(TOO01, TOO03, TO05) : |
— |
: | o

Remarks 1. x = 0-2

2. ¢ =2 CMO03
3. t: dead time = (DTIME + 1) x Tcik (Tcwk: system clock rate)
4. The above figure shows an active low case.

If a value greater than that of CM03 is set to BFCMOX, the positive-phase pins (TO00, TO02, TO04) continue
outputting high level, and the negative-phase pins (TO01, TO03, TOO05) continue outputting low level. This feature
is effective for outputting a low-level or high-level width exceeding the PWM cycle in an application such as inverter
control.

When CMOx = CMO03, coincidence between TMO and CMOx is detected when TMO counts down. Therefore, F/
F remains reset and is not set.

The above explanation applies to an active low case. In an active high case, the levels of positive and negative
phases are merely inverted and other operations remain the same.
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(b) When BFCMO x > CMO03 is set via software processing started by INTTMO

Figure 7-15. Operation Timing in PWM Mode 0 (asymmetric triangular wave, BFCMO x > CM03)

TMO
count value

|
CMox coincidence !
|

woo N o N o o X o X

CMOx

Interrupt request INTCMO03 INTTMO INTCMO03 INTTMO
FIF
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b
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(TOO00, TO02, TO04) |
| |
Lo
Negative phase !
(TOO01, TOO03, TOO05) |
—
| |

Remarks 1. x = 0-2
2. b >CMO03
3. t: dead time = (DTIME + 1) x Tcik (Tcwk: system clock rate)
4. The above figure shows an active low case.

If a value greater than that of CMO03 is set to BFCMOx, the positive-phase pins (TO00, TO02, TO04) continue
outputting high level, and the negative-phase pins (TO01, TO03, TOO05) continue outputting low level. This feature
is effective for outputting a low-level or high-level width exceeding the PWM cycle in an application such as inverter
control.

The above explanation applies to an active low case. In an active high case, the levels of positive and negative
phases are merely inverted and other operations remain the same.
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(c) When BFCMOx = 0000H is set via software processing started by INTCM03

Figure 7-16. Operation Timing in PWM Mode 0 (asymmetric triangular wave, BFCMOx = 0000H) (1)

TMO
count value

BFCMOx

CMOx

Interrupt request

INTTMO INTCMO3 INTTMO
|

FIF

DTMx

Positive phase i
(TOO00, TO02, TOO04) |
|
|
|

Negative phase
(TOO01, TOO03, TOO05)

Remarks 1. x = 0-2
2. t: dead time = (DTIME + 1) x Tcik (Tcwk: system clock rate)
3. The above figure shows an active low case.

Since coincidence of TMO = CMOx = 0000H is detected when TMO counts up, F/F is only set and is not reset.

Furthermore, a coincidence is detected and the F/F is set in the cycle in which O000H is transferred to CMOx by
INTTMO.
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(d) When BFCMOx = 0000H is set via software processing started by INTTMO

Figure 7-17. Operation Timing in PWM Mode 0 (asymmetric triangular wave, BFCMOx = 0000H) (2)

TMO
count value

BFCMOx

CMOx

Interrupt request

FIF

DTMXx

|
Positive phase |
(TO00, TO02, TO04) !
|
|
|

Negative phase |
(TOO01, TO03, TOO5) !
|
|

Remarks 1. x =0-2
2. t: dead time = (DTIME + 1) x Tcik (Tcik: system clock rate)
3. The above figure shows an active low case.

Since coincidence of TMO = CMOx = 0000H is detected when TMO counts up, F/F is only set and is not reset.
Therefore, the positive-phase pins (TO00, TO02, TO04) output low level, and the negative-phase pins (TO01, TOO03,
TOO05) continue outputting high level.

The above explanation applies to an active low case. In an active high case, the levels of positive and negative
phases are merely inverted and other operations remain the same.
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(e) When BFCMOx = CMO03 is set via software processing started by INTTMO

Figure 7-18. Operation Timing in PWM Mode 0 (asymmetric triangular wave, BFCMOx = CM03)

TMO
count value

CMOx

\ \
O O O O

Interrupt request INTCMO03 INTTMO INTCMO03 INTTMO
|

FIF
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|
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(TO01, TOO03, TOO5)
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L
T T
Negative phase ! !
| |
| |
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Remarks 1. x = 0-2
2. b = CMO03
3. t: dead time = (DTIME + 1) x Tcik (Tcwk: system clock rate)
4. The above figure shows an active low case.

When BFCMO0Ox = CMO03, coincidence between TMO and CMOx is detected when TMO counts down. Therefore,
F/F remains reset and is not set. Consequently, the positive-phase pins (TO00, TO02, TO04) output high level, and
the negative-phase pins (TO01, TO03, TOO05) continue outputting low level. The coincidence with TMO when CMOx
= CMO03 is performed in the cycle in which data is transferred from BFCMOx to CMOx by INTCMO03.

The above explanation applies to an active low case. In an active high case, the levels of positive and negative
phases are merely inverted and other operations remain the same.
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(5) PWM mode 0 ... toothed wave modulation

[Setting procedure]

@)

(b)

(©)

(d)

Set pins P80 to P85 to the control mode (TO0O0 to TOOS5 outputs) by the port 8 mode control register (PMC8)
(bits PMC80 to PMC85 = 1).

Set PWM mode 0 (toothed wave) by bits RMOD and TMODOO to TMODO02 of the TUMO register.
Furthermore, set the active level of pins TO00 to TOO05 by the ALVTO bit of the TUMO register.

Set the count clock of TMO by bits PRM02 to PRMO0O0 of the TMCO register, and set the manipulation for
writing to CM0O0 to CMO02 by the CMWE bit. Furthermore, set the transfer operation from BFCMO03 to CM03
by the B3TR bit.

Set the initial values.
(i) Put the half-cycle width of the 1st PWM cycle in CM03.
* PWM cycle = CM03 value x 2 x TMO clock rate (The clock rate of TMO is set by the TMCO register.)
(i) Putthe half-cycle width of the 2nd PWM cycle in BFCMO03. (Setting is not necessary because BFCM03
is not used when B3TR of the TMCO register = 0)
(iii) Put the dead time width in DTIME.
* Dead time width = (DTIME + 1) x Tcik
Tcik: System clock rate
(iv) Put the set/reset timing of the F/F used in the 2nd cycle in BFCMO00 to BFCMO02.

Caution The status of F/F does not change during the first cycle even if CM0O0 to CMO02 coincide.

(e)

()

Therefore, the positive-phase pins (TO00, TO02, TO04) remain inactive level and the
negative-phase pins (TO01, TO03, TO05) remain active level. The PWM waveform can be
output from the second cycle. The active levelis set by the ALVTO bit of the TUMO register.

Set (1) the CED bit of the TMC1 register to enable operation of the dead time timer. If it is desirable not
to take the dead time, set CED = 0.

Setting (1) the CEO bit of the TMCO register starts the counting of TMO, and a 6-channel PWM signal is
also output from pins TO00 to TOO05.

If direct writing to CMO0O to CMO02 is not performed by an instruction during the operation, reset (0) the
CMWE bit of the TMCO register before starting the timer.

Caution Setting of CM03 = 0000H is prohibited.

123



CHAPTER 7 REAL-TIME PULSE UNIT

124

[Operation]

In this mode, TMO performs up count operation and if it coincides with CM03, it generates coincidence interrupt
INTCMO3 and clears TMO.

The PWM cycle in this mode is “(CM03 value + 1) x TMO clock rate”. Data setting in CM03 varies as follows
depending on the setting of the B3TR bit of the TMCO register.

e B3TR =0: No transfer from BFCMO03 to CMO03 is performed. Execute operations by the software
processing started by INTCMO03 and directly set the cycle data in CM03.

¢ B3TR = 1: The BFCMO03 data is automatically transferred by the hardware to CM03 by INTCMO03. Then,
execute operations by the software processing started by INTCMO03 and set the data in the next
cycle in BFCMO03.

Data settings in CM00 to CM02, which control the PWM duty width, are explained below.

Concerning data settings in CM00 to CM02, the values of BFCMO00 to BFCMO02 are automatically transferred
by the hardware to CM00 to CM02 by INTCMO03. Then, execute operations by the software processing started
by INTCMO03 and put the reset timing of the F/F in the next cycle in BFCM00 to BFCMO02.

When CMWE of the TMCO register = 0, direct writing to CM00 to CMO02 is not possible. If CMWE = 1, direct
writing is possible. However, data transfer from BFCMO00 through BFCM02 to CM0O through CMO02 by
INTCMO3 is performed irrespective of the setting of the CMWE bit.

The PWM cycle and PWM duty width are set in the above procedure.

The set/reset condition of the F/F that changes with a coincidence in CM00 to CM02 is as follows.

e Set . Detection of coincidence between TMO and CMO03
¢ Reset . Detection of coincidence between TMO and CMO00 to CM02

The value of DTIME is loaded to the corresponding dead time timer (DTM0O-DTM2) in synchronization with
the set/reset timing of F/F, and the dead time timer starts counting down. DTM0-DTM2 count down to 000H
and stop when they count down further to 3FFH. DTM0-DTM2 can automatically generate a width (dead time)
atwhich the active levels of the positive (TO00, TO02, TO04) phase and negative phase (TO01, TO03, TO05)
do not overlap.

In this way, the software processing is started by an interrupt (INTCMO03) that occurs once during PWM cycle
(one cycle) after initial setting has been performed, and by setting the PWM cycle and PWM duty width used
for the next cycle later to the PWM waveform can be output to the TO00-TOO5 pins with a dead time width
taken into consideration.
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[Output waveform width in respect to set value]

* PWM cycle = (CM03+1) x Ttmo

e Dead time width Totm = (DTIME + 1) x Tcik

« Active width of positive phase (TO00, TO02, TO04 pins) = (CMOX + 1) x Ttmo — Totm

» Active width of negative phase (TO01, TO03, TOO05 pins) = (CM03 — CMO0X) x Ttmo — Tptm

Tcik @ system clock rate
Ttmo  : input clock rate of TMO
CMOX : set values of CM00-CM02

The TO00-TOO5 pins are set in the input port mode and go into a high-impedance state on reset.
When these pins are set in the control mode later, they output the following levels until TMO is started:

 TOO00, TO02, TOO4 ... High level when they are low active
Low level when they are high active

e TOO01, TOO03, TOO5 ... Low level when they are low active
High level when they are high active

The active level is set by the ALVTO bit of the TUMO register. The default is low active.
Caution If values are set such that the active width of the positive phase or negative phase becomes

“0” or “minus” according to the above expressions, pins TO00 to TOO05 output a waveform
with “0” active width and fixed at the inactive level.
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Figure 7-19. Operation Timing in PWM Mode 0 (toothed wave)
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during first cycle

Remarks 1. x = 0-2
2. t: dead time = (DTIME + 1) x Tcik (Tcwk: system clock rate)
3. Not to take the dead time, clear the CED bit of the TMC1 register to 0.
4. The above figure shows an active low case.

Since F/F is reset when TMO coincides with CMOx, the output level does not change during the first cycle of TMO.
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(@) When BFCMOx > CMO03 is set

Figure 7-20. Operation Timing in PWM Mode 0 (toothed wave, BFCMOx > CM03)
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Remarks 1. x = 0-2
2. b > CMO03
3. t: dead time = (DTIME + 1) x Tcik (Tcwk: system clock rate)
4. The above figure shows an active low case.

If a value greater than that of CM03 is set to BFCMOX, the positive-phase pins (TO00, TO02, TO04) continue
outputting low level, and the negative-phase pins (TO01, TO03, TO05) continue outputting high level. Because TMO
and CMOx do not coincide, F/F is not reset. This feature is effective for outputting a low-level or high-level width
exceeding the PWM cycle in an application such as inverter control.

The above explanation applies to an active low case. In an active high case, the levels of positive and negative
phases are merely inverted and other operations remain the same.
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(b) When BFCMOx = CM03 is set

Figure 7-21. Operation Timing in PWM Mode 0 (toothed wave, BFCMOx = CM03)
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during first cycle t t

Remarks 1. x = 0-2
2. b>CM03
3. t: dead time = (DTIME + 1) x Tcik (Tcwk: system clock rate)
4. The above figure shows an active low case.

If INTCMO3, coincidence signal between TMO and CMO03, contends with coincidence between TM0 and CMOX,
resetting F/F takes precedence. Therefore, F/F is not set after CMOx (= CM03) has coincided with TMO.

128




CHAPTER 7 REAL-TIME PULSE UNIT

(c) When BFCMOx = 0000H is set

Figure 7-22. Operation Timing in PWM Mode 0 (toothed wave, BFCMOx = 0000H)
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Remarks 1. x =0to 2
2. The above figure shows an active low case.
3. W: Width from CMO0S3 coincidence to CMOx coincidence (timer count clock)

When CMOx = 0000H is set, the output waveform varies depending on the TMO count clock rate and the DTIME
set value. If the result of calculating both according to the expression for the active width is “0” or minus, the output
will be a waveform without the active width (on the positive phase side) as shown in the figure above. If the result
of the active width calculation is positive, the active width is output according to the result.
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(6) PWM mode 1 (buffer mode)

[Setting procedure]
(a) SetpinsP80to P85 tothe control mode (TO0O0 to TOO5 outputs) by the port 8 mode control register (PMC8)
(bits PMC80 to PMC85 = 1).

(b) Set PWM mode 1 by bits RMOD and TMODOO to TMODO?2 of the TUMO register. Furthermore, setting
of the active level by the ALVTO bit of the TUMO register is not necessary because this setting has no
effect in PWM mode 1.

(c) Setthe count clock of TMO by bits PRM02 to PRMOO of the TMCO register, and set the manipulation for
writing to CM0O0 to CMO02 by the CMWE bit. Furthermore, set the transfer operation from BFCM03 to CM03
by the B3TR bit.

(d) Set the initial values.

(i) Put the half-cycle width of the 1st PWM cycle in CM03.
« PWM cycle = CM03 value x 2 x TMO clock rate (The clock rate of TMO is set by the TMCO register.)
(i) Put the half-cycle width of the 2nd PWM cycle in BFCMO03.
(Setting is not necessary because BFCMO03 is not used when B3TR of the TMCO register = 0)
(iii) Put the dead time width in DTIME.
e Dead time width = (DTIME + 1) x TcLk
Tcik: System clock rate
(iv) Put the set timing of the F/F used in the 1st cycle in CM00 to CMO02.
» Direct writing of CMWE of the TMCO register = 0 to CM00 to CMO02 is disabled.
If an instruction for writing to CM00 to CMO02 is executed, datain BFCMO00 to BFCMO02 is transferred
to CMO0O to CM02. Use the following procedure for setting.
<1> Write the values of CM0O to CMO02 used in the 1st cycle to BFCMO00 to BFCMO02.
<2> If an instruction for writing to CM0O0 to CMO02 is executed, the values of BFCMO00 to BFCMO02
set in <1> are transferred to CM00 to CMO02.
« Direct writing of CMWE of the TMCO register = 1 to CM00 to CMO02 is enabled.

(v) Put the reset timing of the F/F used in the 2nd cycle in BFCM00 to BFCMO02.
(vi) Put the output data of pins TOOO to TOO05 used in the 1st cycle in SBUF0 to SBUF5.
(vii) Put the output data of pins TOOO0 to TOO5 used in the 2nd cycle in MBUFO to MBUF5.

130




CHAPTER 7 REAL-TIME PULSE UNIT

(e) Set (1) the CED bit of the TMCL1 register to enable the operation of dead time timer. If it is desired not
to take the dead time, set CED = 0.

(f) Setting (1) the CEO bit of the TMCO register starts the counting of TMO, and a 6-channel PWM signal is
output from pins TO0O to TOO5.
If direct writing to CM0O to CMO02 is not performed by an instruction during the operation, reset (0) the
CMWE bit of the TMCO register before starting the timer.

Cautions 1. Setting of CM03 = 0000H is prohibited.
2. SBUFO0 to SBUF5 and MBUFO to MBUF5 are 8-hit access registers. However, only the
lower 6 bits are output to TOOO to TO05. The higher 2 bits are ignored (fixed to “0” by
hardware).
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[Operation]

In this mode, TMO up counts and if it coincides with CMO03, it generates coincidence interrupt INTCMO03 and
clears TMO.

Data setting in CM03, which controls the TMO cycle, varies as follows depending on the setting of the B3TR
bit of the TMCO register.

e B3TR =0 : No transfer from BFCMO03 to CMO03 is performed. Execute operations by the software
processing started by INTCMO03 and directly set the cycle data in CM03.

¢ B3TR =1 : The BFCMO03 data is automatically transferred by the hardware to CM03 by INTCMO03. Then,
execute operations by the software processing started by INTCMO03 and set the data in the
next cycle in BFCMO03.

Setting of the PWM output timing (CM00 to CM02) and the output data (SBUFO to SBUF5) is explained below.
Concerning data settings in CM00 to CM02, the values of BFCMO00 to BFCMO02 are automatically transferred
by the hardware to CM00 to CM02 by INTCMO03 and the values of MBUF0 to MBUF5 are transferred to SBUFO
to SBUF5. Then, perform the software processing started by INTCMO3 to execute operations and set the set/
reset timing of the F/F in the next cycle in BFCMO00 to BFCMO02, and put the output data in the next cycle in
MBUFO to MBUF5.

When CMWE of the TMCO register = 0, direct writing to CM00 to CMO02 is not possible. If CMWE = 1, direct
writing is possible. However, data transfer from BFCMO00 through BFCM02 to CMO00 through CMO02 by
INTCMO3 is performed irrespective of the setting of the CMWE bit.

The PWM cycle, PWM output timing and output data are set in the above procedure.

The set/reset condition of the F/F is detection of a coincidence between TMO and CM00 to CM02.

The value of DTIME is loaded to the corresponding dead time timer (DTM0-DTM2) in synchronization with
the set/reset timing of F/F, and the dead time timer starts counting down. DTMO-DTM2 count down to 000H
and stop when they count down further to 3FFH. DTMO0-DTM2 can automatically generate a width (dead time)
at which the active levels of the positive (TO00, TO02, TO04) phase and negative phase (TO01, TO03, TO05)
do not overlap.

The data of SBUFO-SBUF5 are automatically transferred to the output register (TOUT) in synchronization with
the operations of DTMO-DTM2. Data in TOUT is output to TO00 to TOO05 pins as is.

 DTMO starts ... SBUFO is transferred to TOUT
e DTMO underflows ... SBUF1 is transferred to TOUT
¢ DTM1 starts ... SBUF2 is transferred to TOUT
e DTM1 underflows ... SBUF3 is transferred to TOUT
e DTM2 starts ... SBUF4 is transferred to TOUT

¢ DTM2 underflows ... SBUFS5 is transferred to TOUT

132



CHAPTER 7 REAL-TIME PULSE UNIT

Furthermore, TOUT is a write-only register and it is possible to directly write to it to change the output data.
In this way, the software processing is started by an interrupt (INTCMO03) that occurs once during PWM cycle
(one cycle) after initial setting has been performed, and by setting the TMO cycle to be used next, PWM output
timing, and output data, the PWM waveform can be output to the TO00-TOO5 pins with a dead time width taken
into consideration.

[Output waveform width in respect to set value]

To prevent contention among several data when the buffer contents are output and when coincidence is
detected simultaneously by two or more compare registers, the following priority is set by the hardware. If
data contention occurs, the data with the lower priority is invalid and not output.

SBUF1 > SBUF0 > SBUF3 > SBUF2 > SBUF5 > SBUF4

The TO00-TOO5 pins are set in the input port mode and go into a high-impedance state on reset.
When these pins are set in the control mode later, they output the following levels until TMO is started:

e TOO00, TO02, TOO04 ... high level
« TOO1, TOO03, TOO5 ... low level

Then if data is written in TOUT before starting TMO, the written data is output (TOUT can also be written during
the operation of TMO and can directly change the output data).

133



CHAPTER 7 REAL-TIME PULSE UNIT

Figure 7-23. Operation Timing in PWM Mode 1
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Remarks 1. A: SBUFO B: SBUF1 C: SBUF2

D: SBUF3 E: SBUF4 F: SBUF5
2. The above figure shows an active low case.
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7.3 Timer 1
7.3.1 Configuration

Timer 1 consists of a 16-bit timer 1 (TM1) and a 16-bit compare register (CM10).
Figure 7-24 shows the block diagram of timer 1.

Figure 7-24. Block Diagram of Timer 1

Clear

Timer register TM1

fok/4d ——

fok/8 —
fok/16 ——|

TI — 16

Compare register CM10 INTCM10

Remark fcik: internal system clock

(1) 16-bit timer 1 (TM1)
TM1 is a 16-bit interval timer and counts the internal clock and the external events input from the TI pin.
TM1 is cleared by the next count clock which coincides with the value of the compare register (CM10).
All the bits of TM1 are cleared to 0 by the RESET input.

(2) 16-bit compare register 10 (CM10)
CM10is a 16-bit register that always compares its value with the value of TM1. When the two values coincide,
CM10 generates aninterruptsignal (INTCM10). When the value of CM10 and the count value of TM1 coincide,
TM1 is cleared by the next count clock.
The value of CM10 becomes undefined when the RESET signal is input.
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7.3.2 Control registers

(1) Timer control register 1 (TMC1)
Timer control register 1 (TMC1) is an 8-bit register that controls the operations of TM1 and DTMO-DTM2.
This register can be read or written by a bit manipulation instruction or an 8-bit manipulation instruction.
TMCL1 is cleared to 00H by the RESET input.

Figure 7-25. Format of Timer Control Register 1

Symbol @ 6 5 4 @ 2 1 0 Address When reset R/W
TMC1 | CED ‘ 0 ‘ 0 ‘ 0 ‘ CE1l ‘ 0 ‘PRMll‘PRMlOl FF7DH 00H RIW
PRM11|PRM10 Specifies count clock (Hz) to TM1

0 0 fek/4

0 1 fouk/8

1 0 fck/16

1 1 External clock (Tl input)
CE1l Controls operation of TM1

0 Clears and stops TM1

1 TM1 performs counting

Controls counting operation of DTM2-DTMO
(refer to Figure 7-7).

Cautions 1. Bits 6 to 4 and 2 of the TMC1 register are fixed to “0” by hardware. Even if “1” is written,
they remain “0”".
2. ltis prohibited to change the PRM11 and PRM10 bits during the operation of TM1 (CE1 = 1).

Remark fcik: internal system clock
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7.3.3 Operation

)

)

Basic operation

Timer 1 (TM1) is a 16-bit interval timer/counter.

All the bits of TM1 are cleared to 0 by the RESET input and the timer stops counting.

Counting is enabled or disabled by the CE1 bit of timer control register 1 (TMC1). When the CEL1 bit is set
to 1 through software, the timer starts counting; when the bit is reset to 0, TM1 is cleared and stops counting.
When the value set in advance to the compare register (CM10) coincides with the current count value of TM1,
a coincidence interrupt (INTCM10) occurs, and TM1 is cleared.

Three internal clocks or external clock input (TI) can be selected by the TMC1 register as the count clock to
TM1.

Compare operation

A compare operation is performed that always compares the value of the compare register (CM10) with the
count value of timer 1 (TM1).

If the value set in advance to CM10 coincides with the count value of TM1, the interrupt signal INTCM10 is
generated, and TM1 is cleared to 0 by the next count clock input. With this feature, TM1 can be used as an
interval timer that counts the count clock cycle of the value set to CM10.

Figure 7-26. Example of Compare Operation (TM1, interval timer mode)

n n

TM1
count value

0

Count starts Clear Clear
CEl-1 | |

| |

| |

Interrupt request
(INTCM10) | | | |

Remark n: value of CM10 register

t : interval time = (n + 1) x count clock cycle
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7.4 Timer 2

7.4.1 Configuration

Timer 2 consists of a 16-bit timer 2 (TM2), a 16-bit capture /compare register (CC20), and a 16-bit capture register
(CT20).

Furthermore, a programmable input sampling circuit is added to the interrupt pin (INTP3) and it can eliminate
interrupt signal noise.

Figure 7-27 shows the block diagram of timer 2.

Figure 7-27. Block Diagram of Timer 2

Clear CLR2
fok/22 ——
fok/23  —
fok/24

fCLK/Z: — Timer register
ferk/26 —— T™M2

fok/28  ——
fok/29  ——
fok/210 —— 16

4-point sampling _ Capture/compare
INTP3 noise eliminator register CC20 INTP3/INTCC20

fok  ——]
folk/22 ——
fok/23 — o
feLk/24
fok/286 ——

folk/27 ——»
fok/28 — o

Capture register CT20

Remark fcik: internal system clock
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Figure 7-28. Block Diagram of INTP3/INTCC20 Generation

Clear ( ——CLR2

TM2
16
Coincidence
Ccc20 I CCM2=1

INTP3/INTCC20

INTP3 C 4-point sampling | _|Edge detection ' ccM2 =0

noise eliminator circuit | 0 e ----—-

Controlled by CCM2 bit of TMC2

Remark When CC20 is used as a compare register (CCM2 = 1), it is not possible to use INTP3 as an external

1)

&)

©)

interrupt pin.

16-bit timer 2 (TM2)

TM2 functions as a 16-bit free running timer or interval timer, and counts the internal clock.

When TM2 serves as an interval timer, TM2 is cleared when the capture/compare register (CC20) generates
an interrupt (INTP3/INTCC20) as a result of coincidence of its value with the value of the timer.

All the bits of TM2 are cleared to 0 by the RESET input.

16-bit capture/compare register 20 (CC20)

CC20 is a 16-bit register that latches the value of TM2 when it detects the valid edge of the corresponding
interrupt request signal (INTP3) (capture operation).

This register also operates as a compare register that always compares its value with the value of TM2
(compare operation). When the two values coincide, CC20 generates an interrupt (INTCC20), and TM2 is
cleared.

The value of CC20 becomes undefined when the ﬁsignal is input.

16-bit capture register 20 (CT20)

CT20 is a 16-bit register that latches the value of TM2 when it detects the valid edge of the corresponding
interrupt request signal (INTP3) (capture operation).

The value of CT20 becomes undefined when the RESET signal is input.
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7.4.2 Control registers

(1) Timer control register 2 (TMC2)
Timer control register 2 (TMC2) is an 8-bit timer that controls the operation of TM2 and CC20.
This register can be read or written by a bit manipulation instruction or an 8-bit manipulation instruction.
TMC2 is cleared to 00H by the RESET input.

140



CHAPTER 7 REAL-TIME PULSE UNIT

Figure 7-29. Format of Timer Control Register 2

Symbol @ 6 5 4 3 2 1 0 Address When reset R/W

TMC2 |CE2| 0 | 0 |CCM2|CLR2|PRM22|PRM21PRM20 FF7EH 00H RIW
\ ! \ !

PRM22|PRM21|PRM20| Specifies count clock (Hz) to TM2

0 0 0 feuk/2?

0 0 1 fok/23

0 1 0 fok/24

0 1 1 fouk/2°

0 feuk/28

0
1 0 1 fouk/28

1 1 0 fouk/2°

1 1 1 foLk /210

Mode of TM2 and CC20 cl ti
CCM2|CLR2 feT"’,‘\;Igpera fon
T™2 cco | °©
0 0 Free running | Capture Not cleared
Cleared by
0 1 Interval Capture capture
interrupt of CC20
1 0 Free running Not cleared
Cleared by
Compare | coincidence
L L Interval interrupt between
CC20 & TM2
CE2 Controls operation of TM2

0 Clears and stops TM2

1 TM2 performs counting

Cautions 1. INTP3 cannot be used as an external interrupt pin when CC20 is used as a compare register

(CCM2 =1).

2. On hardware, the CC20 incorporates the compare register and capture register separately.
Either of the two can be selected by setting the TMC2 register. Writing is only possible to
the compare register. Reading of contents is possible from the register which is selected.

3. Bits 6 and 5 of the TMC2 register are fixed to “0” by hardware. Even if “1” is written, they
remain “0".

4. 1t is prohibited to change the CCM2, CLR2 and PRM22 to PRM20 bits during the operation
of TM2 (CE2 = 1).

Remark fcik: internal system clock
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(2) External interrupt mode register 1 (INTM1)

External interrupt mode register 1 (INTM1) is an 8-bit register that specifies the valid edges of INTP3 and
INTP4, and the capture triggers of CC20 and CT20.

This register can be read or written by a bit manipulation instruction or an 8-bit manipulation instruction.
INTM1 is cleared to O0H by the RESET input.

Figure 7-30. Format of External Interrupt Mode Register 1

Symbol 7 6 5 4 3 2 1 0 Address When reset R/W

INTM1 0 0 0 0 | ES41| ES40| ES31|ES30 FF3DH O00H R/W

Specifies valid edge

ES31 | ES30| of INTP3 and capture | SPEcifies capture

trigger of CC20 trigger of CT20
0 0 Falling edge Rising edge
0 1 Rising edge Falling edge

1 0 Setting prohibited

1 1 Both rising and

falling edges Does not capture

Specifies valid edge of INTP4 (refer to Figure 7-43).

Caution Bits 7 to 4 of the INTM1 register are fixed to “0” by hardware. Even if “1” is written, they remain
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(3) Sampling control register 0 (SMPCO0)
Sampling control register 0 (SMPCO) is an 8-bit register that specifies the sampling clocks of INTPO, INTP1,
and INTP3.
The sampling circuit performs 4-point sampling with the specified sampling clock, and if the results at the 4
points are at the same level, that level is fetched.
This register can be read or written by a bit manipulation instruction or an 8-bit manipulation instruction.
SMPCO is cleared to 00H by the RESET input.

Figure 7-31. Format of Sampling Control Register 0

Symbol 7 6 5 4 3 2 1 0 Address When reset R/W
SMPCO [SMPC32 | SMPC31|SMPC30|SMPC20|SMPC11| SMPC10 | SMPCO01 |SMPC00 FF4EH O00H R/W
L \ \ \ |

Specifies sampling clocks of INTPO and INTP1

(refer to Figure 7-44).

SMPC20 Specifies sampling clock of INTP2
0 feik
1 felk/2?

SMPC32|SMPC31|SMPC30| Specifies sampling clock of INTP3

0 0 0 foik

0 0 1 feLk/2?

0 1 0 ferk/23

0 1 1 feLk/24

0 feLk/28

1 fek/2”

1 1 0 ferk/28

1 1 1 Setting prohibited

Remark fcik: internal system clock
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7.4.3 Operation

(1) Basic operation
Timer 2 (TM2) operates as a 16-bit free-running timer or interval timer.
Enable/disable of the count operation is controlled by the CE2 bit of timer control register 2 (TMC2). The count
clock for TM2 can be selected from among 8 kinds of internal clock by the TMC2 register.
After the CE2 bitis set (1), TM2 becomes 0000H — 0000H by the initial count clock input and becomes 0001H
by the 2nd count clock input.
Even if CE2 is set (1) again with CE2 = 1 during the operation of TM2, the count operation continues and the
timer is not cleared.
If CE2 = 0 is set, the count operation stops with TM2 = 0000H.
RESET input clears (0) all bits of TM2 and stops the count operation.

Figure 7-32. Basic Operation of Timer 2 (TM2)

— LN TN
4

)

:: 5

T™M2 0000H >QJOOOH>@001H>Q)OOZH DQ:BFFH>Q:COOH>@OOOH>Q)OOOH>QJ001H><

(

VAN VAN )

AN
Count start Count disabled Count start
CE2-~1 CE2-0 CE2-1
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(2) Interval operation
If TM2 is operated as an interval timer, set it by the CCM2 and CLR2 bits of the TMC2 register.
There are two triggers that clear TM2 as follows and they are differentiated by the setting of the CCM2 and
CLR2 bits.

@

(b)

INTCC20 (CCM2 =1, CLR2 = 1)

INTCC20 is an interrupt generated when CC20 is in the compare mode. TM2 and CC20 always perform
compare operations and if they detect a coincidence they generate interrupt signal INTCC20. The result
of a compare coincidence is retained by hardware and TM2 is cleared (0000H) with the next count clock
after the coincidence. Furthermore, when the next count clock is input TM2 is counted up to 0001H.

Interval cycle = (CC20 value + 1) x TM2 count clock rate

INTP3 (CCM2 =0, CLR2 = 1)

If TM2 is set to interval operation while CC20 is in the capture mode, TM2 is cleared (0000H) by the valid
edge of external interrupt pin INTP3.

The clear timing is the time when the valid edge of INTP3 is detected. TM2 counts up to 0001H with the
next count clock after the coincidence.

Caution INTCC20 and INTP3 share the interrupt vector table.

(3) Free-running operation (CCM2 = 0/1, CLR2 = 0)
TM2 performs a full count from 0000H to FFFFH. After overflow, TM2 is cleared (O000H) with the next count
clock and continues counting thereafter.

Free-running cycle = 65536 x TM2 count clock rate
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(4) Summary of capture/compare operation
Capture/compare operation is controlled by the CCM2 and CLR2 bits of the TMC2 register.

<1>CCM2 =0, CLR2 = 0 (TM2 ... free-running timer, CC20 ... capture)

Figure 7-33. Example of TM2 Capture Operation (free-running operation)

Count clock |_| |_| |_| |_| m |_| |_|

TM2 1000H X 1001H X 1002H X 1003H X

INTP3 J $\

Capture trigger
Capture
trigger
/ ('('
cc20 X 1001H | )
/ (’(’
CT20 X 1003H
))

Remark The INTP3 (CC20) valid edge is set as the rising edge.
<2>CCM2 =0, CLR2 =1 (TM2 ... interval timer, CC20 ... capture)

Figure 7-34. Example of TM2 Capture Operation (interval operation)

S NN I N o I O

™2 1000H X 1001 X 10024 X 1003+ X _1004H X 1005H)es_o001r X ooozH

INTP3
Capture trigger
Capture
trigger
cC20 X 1005H |
CT20 X 0001H

Note 0O0OOH

Remark The INTP3 (CC20) valid edge is set as the rising edge.
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<3>CCM2 =1, CLR2 = 0 (TM2 ... free-running timer, CC20 ... compare)

Figure 7-35. Example of TM2 Compare Operation (free-running operation)

Count clock |_| |_| |_| |_| (m |_| |_|
)
:::X FFFEH X FFFFH XOOOOH

TM2 1000H X 1001H X 1002H X 1003H X

INTP3
J\*I—l Capture trigger is %

(|
))
¢
)T

invalid.
Capture
trigger
(I(I
CC20 , 1002H \ «
INTCC20 |_| / o
/ ('('
CT20 X ) 1003H

Remark The INTP3 (CC20) valid edge is set as the rising edge.
<4>CCM2 =1, CLR2 = 1 (TM2 ... interval timer, CC20 ... compare)

Figure 7-36. Example of TM2 Compare Operation (interval operation)

e 1M N M N N0 N

TM2 1000H X 1001H X 1002H X 1003H X 1004H X 1005H X 0000H X 0001H

Clear
INTP3 (£ ?:
Capture trigger is
invalid.
Capture
trigger
cc20 1005H )

)

/

CT20 X ooooH

:|<i4

INTCC20

Remark The INTP3 (CC20) valid edge is set as the rising edge.
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(5) Operation of sampling circuit
The sampling circuit of the uPD78362A performs 4-point sampling with the timing specified by the SMPCO
register. If the results are at the same level four consecutive times, that level is fetched inside.
Figure 7-37. Block Diagram of Sampling Circuit (TM2)

A-point i Edge Interrupt/ —— INTP3
Tin © » -poin I_sar_nptmg detection capture signal
noise eliminator circuit generation

—— Capture trigger

fok  —
foLk/22 —=
foLk/28 —=
foLk/24 —

Sampling timing
selection circuit
(controlled by
SMPCO register)

foLk/286 —
foLk/27 —
foLk/28 —=

Remark fcwk: Internal system clock

Figure 7-38. Sampling Timing Chart (TM2)

L

Sampling
clock

INTP3 input
signal

INTP3 input
signal after

noise elimination K

Interrupt —l
request

(INTP3)

Eliminated as noise because of
short INTP3 pulse width
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Judgment of valid signals by the 4-point sampling is carried out with the following timing.

<1>Tin < (3 x Tsmp) ... Eliminated as noise
<2>(3 x Tsmp) < Tin < (4 x Tsmp) ... Eliminated as noise or passed as valid signals depending on the timing
<3>Tin = (4 x Tsmp) ... Passed as valid signals

Tin  : Input signal width of INTP3 pin

Tsmp : Sampling timing

Therefore, it is necessary to input a signal of 4 x Tsmp in width for the input signal to pass as a valid signal.
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7.5 Timer 3

7.5.1 Configuration

Timer 3 consists of a 16-bit timer 3 (TM3), a 16-bit capture/compare register (CC30), and two 16-bit capture
registers (CT30 and CT31).

Each interrupt pin (INTPO, INTP1 and INTP4) is provided with a programmable input sampling circuit, and
eliminates interrupt signal noise.

Figure 7-39 shows the block diagram of timer 3.

Figure 7-39. Block Diagram of Timer 3

Clear CLR3
fok/22 — |

fok/23 ———

feLk/24 ———= Timer register

ICLK;ZZ ™3 INTOV3
CLK/26 ———|

fok/28 ——— 16

4-point sampling Caputure/compare
INTPO noise eliminator register CC30 INTPO/INTCC30

fok  —

fok/22 —=
foLk/23 ——
fok/24 —

4-point sampling Capture register
INTPLO) ’ noise eliminator CT30 INTP1

fok  ——

fok/22 ——

fok/28 ——
fok/24 —

4-point sampling Capture register
INTP4©) ’ noise eliminator CT31 INTP4

fok — -
fok/22 — o
fok/28 ——»

foLk/24 ——|

Remark fcik: internal system clock
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Figure 7-40. Block Diagram of INTPO/INTCC30 Generation

Clear C

16

CLR3

T™M3

Coincidence !

CC30 | CCM3=1 ;

‘ 1
IN ; ~ INTPO/INTCC30

|

|

5 o : on] [ comsz
INTPO 4-point sampling | _|Edge detection ! CCM3=0

noise eliminator circut | 0 ----- T 777777

Controlled by CCM3 bit of TMC3

Remark When CC30 is used as a compare register (CCM3 = 1), it is not possible to use INTPO as an external

)

)

©)

interrupt pin.

16-bit timer 3 (TM3)

TM3 functions as a 16-bit free running timer or interval timer, and counts the internal clock.

When TM3 serves as an interval timer, TM3 is cleared when the capture/compare register (CC30) generates
an interrupt (INTPO/INTCC30) as a result of coincidence of its value with the value of the timer.

All the bits of TM3 are cleared to 0 by the RESET input.

16-bit capture/compare register 30 (CC30)

CC30 is a 16-hit register that latches the value of TM3 when it detects the valid edge of the corresponding
interrupt request signal (INTPO) (capture operation).

This register also operates as a compare register that always compares its value with the value of TM3
(compare operation). When the two values coincide, CC30 generates an interrupt (INTCC30), and TM3 is
cleared.

The value of CC30 becomes undefined when the RESET signal is input.

16-bit capture registers 30 and 31 (CT30 and CT31)

CT30 and CT31 are 16-hit registers that latch the value of TM3 when they detect the valid edge of the
corresponding interrupt request signal (INTP1, INTP4) (capture operation).

The values of CT30 and CT31 become undefined when the RESET signal is input.
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7.5.2 Control registers

(1) Timer control register 3 (TMC3)
Timer control register 3 (TMC3) is an 8-hit register that controls the operation of TM3 and CC30.
This register can be read or written by a bit manipulation instruction or an 8-bit manipulation instruction.
TMCS3 is cleared to 00H by the RESET input.
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Figure 7-41. Format of Timer Control Register 3

Symbol (@ 6 5 4 3 2 1 0 Address When reset  R/W

TMC3 [ CE3| 0 0 |CCM3| CLR3|PRM32 PRM31/PRM30 FF7FH 00H RIW
\ ! \ !

PRM32|PRM31|PRM30| Specifies count clock (Hz) to TM3

0 0 0 feik/2?

0 1 fewk/23

fewk/24

o|o| o
=
o

1 1 fewk/2°

1 0 0 feik/28

1 0 1 feik/28

1 1 0
Setting prohibited
1 1 1
Mode of TM3 and CC30 .
CCM3| CLR3 Clear operation
™3 ccao | of TM3
0 0 Free running | Capture Not cleared
Cleared by
0 1 Interval Capture capture
interrupt of CC30
1 0 Free running Not cleared
Cleared by
1 1 | Interval Compare | coincidence
interrupt between
CC30 & TM3
CE3 Controls operation of TM3

0 Clears and stops TM3

1 TM3 performs counting

Cautions 1. INTPO cannot be used as an external interrupt pin when CC30 is used as a compare register

(CCM3 =1).

2. On hardware, the CC30 incorporates the compare register and capture register separately.
Either of the two can be selected by setting the TMC3 register. Writing is only possible to
the compare register. Reading of contents is possible from the register which is selected.

3. Bits 6 and 5 of the TMC3 register are fixed to “0” by hardware. Even if “1” is written, they
remain “0”.

4. 1t is prohibited to change the CCM3, CLR3 and PRM32 to PRM30 bits during the operation
of TM3 (CE3 = 1).

Remark fcik: internal system clock
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(2) External interrupt mode registers (INTMO and INTM1)
External interrupt mode register 0 (INTMO) is an 8-bit register that specifies the valid edges of NMI and INTPO-
INTP2.
External interrupt mode register 1 (INTM1) is an 8-bit register that specifies the valid edges of INTP3 and
INTP4.
These registers can be read or written by a bit manipulation instruction or an 8-bit manipulation instruction.
When the RESET signal is input, INTMO and INTM1 are cleared to O0OH.

Figure 7-42. Format of External Interrupt Mode Register 0

Symbol 7 6 5 4 3 2 1 0 Address When reset R/W

INTMO | ES21| ES20| ES11| ES10| ESO1| ESO0| O |ESNO FF3CH O0H R/IW

\ | \ | L
‘ ESNO Specifies valid edge of NMI

0 Falling edge

1 Rising edge

ESnl1 | ESnO Specifies valid edge of INTPn (n=0-2)

0 0 Falling edge

0 1 Rising edge

1 0 Setting prohibited

1 1 Both rising and falling edges

Figure 7-43. Format of External Interrupt Mode Register 1

Symbol 7 6 5 4 3 2 1 0 Address When reset R/W

INTM1 0 0 0 0 | ES41| ES40| ES31|ES30 FF3DH O0H R/W

I ESnl | ESnO Specifies valid edge of INTPn (n=3, 4)

0 0 Falling edge

0 1 Rising edge

1 0 Setting prohibited

1 1 Both rising and falling edges

Caution Bit1 ofthe INTMO register and bits 7 to 4 of the INTM1 register are fixed to “0” by hardware. Even
if “1” is written, they remain “0".
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(3) Sampling control registers (SMPCO0 and SMPC1)
Sampling control register 0 (SMPCO) is an 8-bit register that specifies the sampling clocks of INTPO-INTP3.
Sampling control register 1 (SMPC1) is an 8-bit register that specifies the sampling clock of INTP4.
The sampling circuit performs 4-point sampling with the specified sampling clock and if the results are at the
same level four times, that level is fetched.
These registers can be read or written by a bit manipulation instruction or an 8-bit manipulation instruction.
SMPCO and SMPCL1 are cleared to O0H by the RESET input.

Figure 7-44. Format of Sampling Control Register 0

Symbol 7 6 5 4 3 2 1 0 Address When reset R/W

SMPCO [SMPC32| SMPC31| SMPC30| SMPC20| SMPC11| SMPC10| SMPC01| SMPCO0 FF4EH 00H R/IW

—— | =

I SMPCn1|SMPCn0| Specifies sampling clock of INTPn (n=0, 1)

0 0 ferk

0 1 feLk/2?

1 0 ferk/23

1 1 ferk/24

SMPC20 Specifies sampling clock of INTP2
0 foik
1 feLk/2?

Specifies sampling clock of INTP3 (refer to Figure 7-31).

Remark fcik: internal system clock
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Figure 7-45. Format of Sampling Control Register 1

Symbol 7 6 5 4 3 2 1 0 Address When reset R/W

SMPC1| O 0 0 0 0 0 | SMPCA4L|SMPC40 FF4FH 00H RIW

\—li SMPC41|SMPC40 Specifies sampling clock of INTP4

0 0 fok

0 1 fewk/2?

1 0 fewk/23

1 1 fewk/24

Caution Bits 7 to 2 of the SMPCL1 register are fixed to “0” by hardware. Even if “1” is written, they remain
“0”.

Remark fcik: internal system clock
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7.5.3 Operation

(1) Basic operation
Timer 3 (TM3) operates as a 16-bit free-running timer or interval timer.
Enable/disable of the count operation is controlled by the CE3 bit of timer control register 3 (TMC3). Sixinternal
clocks can be selected by the TMC3 register as the count clock to TM3.
After the CE3 bitis set (1), TM3 becomes 0000H — 0000H by the initial count clock input and becomes 0001H
by the second count clock input.
Even if CE3 is set (1) again with CE3 = 1 during the operation of TM3, the count operation continues and the
timer is not cleared.
If CE3 = 0 is set, the count operation stops with TM3 = 0000H.
RESET input clears (0) all bits of TM3 and stops the count operation.

Figure 7-46. Basic Operation of Timer 3 (TM3)

Count
clock (
)
:: 5
TM3  0000H >@000H>@001H>@002H DQBFFH>Q:COOH>Q)OOOH><E)OOOH><E)001H><
(
A A ’

N\
Count start Count disabled Count start
CE3-~1 CE3-~0 CE3~1
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(2) Interval operation

If TM3 is operated as an interval timer, set it by the CCM3 and CLR3 bits of the TMC3 register.

There are two triggers that clear TM3 as follows and they are differentiated by the setting of the CCM3 and
CLR3 bits.

@

(b)

INTCC30 (CCM3 =1, CLR3 = 1)

INTCC30 is an interrupt generated when CC30 is in the compare mode. TM3 and CC30 always perform
compare operations and if they detect a coincidence they generate interrupt signal INTCC30. The result
of a compare coincidence is retained by hardware and TM3 is cleared (0000H) with the next count clock
after the coincidence. Furthermore, when the next count clock is input TM3 is counted up to 0001H.

Interval cycle = (CC30 value + 1) x TM3 count clock rate

INTPO (CCM3 =0, CLR3 =1)

If TM3 is set to interval operation while CC30 is in the capture mode, TM3 is cleared (0000H) by the valid
edge of external interrupt pin INTPO.

The clear timing is the time when the valid edge of INTPO is detected. TM3 counts up to 0001H with the
next count clock after the coincidence.

Caution INTCC30 and INTPO share the interrupt vector table.

(3) Free-running operation (CCM3 = 0/1, CLR3 = 0)
TM3 performs a full count from 0000H to FFFFH, and generate an overflow interrupt INTOV3. After overflow,
TM3 is cleared (0000H) with the next count clock and continues counting thereafter.
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(4) Summary of capture/compare operation
Capture/compare operation is controlled by the CCM3 and CLR3 bits of the TMC3 register.

<1>CCM3 =0, CLR3 =0 (TM3 ... free-running timer, CC30 ... capture)

Figure 7-47. Example of TM3 Capture Operation (free-running operation)

Count clock |_| |_| |_| |_| %J_l |_| |_|
:’:X FFFEH X FFFFH X 0000H
’ f

| INTOV3 generation

TM3 1000H X 1001H X 1002H X 1003H X

INTPO

Capture trigger

INTP1 |

) Capture trigger

INTP4 |_

{C
/ \ : : Capture trigger
/ / {5
cc30 X 0H | . \
D)
“ g |
CT30 X 1002H 3 /
D)
g /
CcT31 B X FEFEH

Remark The INTPO, INTP1 and INTP4 valid edges are set as the rising edges.
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<2>CCM3 =0, CLR3 =1 (TM3 ... interval timer, CC30 ... capture)

Figure 7-48. Example of TM3 Capture Operation (interval operation)

comensc__[1 [T T Tl T T

M 1000H X_1001H X_ 10024 X_1003H X_1004H X 1005H )X oooiH o002+
Clear

INTPO |_

Capture trigger

INTP1

Capture trigger

INTP4

) Capture trigger /

cc30 / X 1005H

1001H

~ 4 | ]

CT30 X

S>>

CT31 1002H

Note 0O000H

Remark The INTPO, INTP1 and INTP4 valid edges are set as the rising edges.
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<3>CCM3 =1, CLR3 =0 (TM3 ... free-running timer, CC30 ... compare)

Figure 7-49. Example of TM3 Compare Operation (free-running operation)

Count clock |_| |_| |_| |_| %J_l |_| |_|
:’:X FFFEH X FFFFH X 0000H
’ {

INTPO I | INTOV3 generation
Capture trigger
|_| is invalid.

INTP1 |
Capture trigger

INTP4 |_

Capture trigger

TM3 1000H X 1001H X 1002H X 1003H X

cc3o 1003H : \
D)
7 S
CT30 X 1002H ‘« /
D)
g 4
cT31 B X FFFEH

INTCC30 | |

Remark The INTPO, INTP1 and INTP4 valid edges are set as the rising edges.
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<4>CCM3 =1, CLR3 =1 (TM3 ... interval timer, CC30 ... compare)
Figure 7-50. Example of TM3 Compare Operation (interval operation)

[ [ [] [] [
TM3 1000H X 1001H X 1002H X 1003H X 1004H X 1005H X 0000H X0001H
i

S

Count clock
INTPO | ,
Capture trigger
|_| is invalid.

/I
INTP1 ,
Capture trigger ;
1
INTP4 ;
Capture trigger ;

cc3o \ / 1005H
CT30 X | 10011 /
cT31 X 1002H |/

INTCC30 | |

Remark The INTPO, INTP1 and INTP4 valid edges are set as the rising edges.
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(5) Operation of sampling circuit
The sampling circuit of the uPD78362A performs 4-point sampling with the timing specified by the SMPCO
and SMPCL1 registers. If the results are at the same level four consecutive times, that level is fetched inside.
Figure 7-51. Block Diagram of Sampling Circuit (TM3)

Tin @ 4-point sampling Egt%?:tion ——— INTPn
noise eliminator circuit Interrupt/capture

signal generation .
——— Capture trigger

fok  ——f
fox/22—| Sampling timing
fox/23___.| selection circuit
fo/24___o| (controlled by
SMPCO0, SMPC1
register)

Remarks 1. fcik: Internal system clock
2. INTPn (n =0, 1, 4)

Figure 7-52. Sampling Timing Chart (TM3)

L

Sampling clock

INTPn input signal

INTPnR input signal
after noise elimination

Interrupt request —l
(INTPn)

Eliminated as noise because of
short INTPn pulse width

Remark INTPn (n=0, 1, 4)

163



CHAPTER 7 REAL-TIME PULSE UNIT

Judgment of valid signals by the 4-point sampling is carried out with the following timing.

<1>Tin < (3 x Tsmp) ... Eliminated as noise
<2>(3 x Tsmp) < Tin < (4 x Tsmp) ... Eliminated as noise or passed as valid signals depending on the timing
<3>Tin = (4 x Tsmp) ... Passed as valid signals

Tin  : Input signal width of INTPn pin (n =0, 1, 4)

Tsmp : Sampling timing

Therefore, it is necessary to input a signal of 4 x Tsmp in width for the input signal to pass as a valid signal.
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7.6 Timer 4
7.6.1 Configuration
Timer 4 consists of a 16-bit timer 4 (TM4) and two 16-bit compare registers (CM40 and CM41).

Figures 7-53 and 7-54 show the block diagrams of timer 4.

Figure 7-53. Block Diagram of Timer 4 (general-purpose timer mode)

Clear
fok  —
fok/2 —=
fo/4 — Timer register
fok/8 —=| ™4
fork/16 —= 16 s—— INTCM40
folk/32 — ALV40
Compare register S Q
CM40
R
Compare register INTCM41
CM41

Remark fcik: internal system clock

Figure 7-54. Block Diagram of Timer 4 (UDC mode)

C'eﬁﬂj TCLRUD
fek/4
fo/8 —— Timer register OVF
fok/16 —— T™M4 UDF
16
TIUD ~| Up/down
TCUD — .| detector
Compare register INTCM40
CM40
Compare register
cMaL INTCM41

Remark fcik: internal system clock
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(1) 16-bit timer 4 (TM4)
TM4 has the following two operation modes:

)

166

@)

(b)

General-purpose timer mode

In this mode, timer 4 operates as a 16-bit interval timer, free running timer, or PWM output timer, and
counts the internal clock.

When TM4 operates as an interval timer, TM4 is cleared on the next count clock after the coincidence
between the timer value and the value of a compare register (CM40).

All the bits of TM4 are cleared to 0 when the RESET signal is input.

Up/down counter mode (UDC mode)

In this mode, timer 4 operates as a 16-bit up/down counter, and counts the internal or external clock.
TM4 is cleared on the next count clock after the coincidence between the timer value and the value of
a compare register (CM40), or when an external clear signal (TCLRUD) is input.

All the bits of TM4 are cleared to 0 when the RESET signal is input.

16-bit compare registers (CM40 and CM41)

CM40 and CM41 are 16-bit registers that always compare their values with the value of TM4. When the value
of a compare register coincides with the value of TM4, a coincidence interrupt signal (INTCM40 or INTCM41)
is generated.

The values of CM40 and CM41 become undefined when the RESET signal is input.
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7.6.2 Control registers

(1) Timer unit mode register 1 (TUM1)

Timer unit mode register 1 (TUML1) is an 8-bit register that specifies the operation mode of TM4, controls the
functions of the P0O5-P07 pins when they are in the control mode, controls the operation of the timer output
pin (TO40), and controls the external triggers (TCLRUD and TIUD).

This register can be read or written by a bit manipulation instruction or an 8-bit manipulation instruction.
It is cleared to 00H when the RESET signal is input.
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Figure 7-55. Format of Timer Unit Mode Register 1

Symbol 7 6 5 4 3 2 1 0 Address When reset R/W

TUM1 | CMD |ECLRUD|CESUD1|CESUDO| TOE40 | ALV4O0 | TESUD1| TESUDO FF2FH 00H R/IW

T T
TESUD1|TESUDO Specifies valid edge of TIUD

0 0 Falling edge

0 1 Rising edge

1 0 Setting prohibited

1 1 Both rising and falling edges

ALV40 Specifies active level to TO40 pin

0 Low level

1 High level

TOE40 Specifies operation of TO40 pin

0 Disables timer output (outputs ALV40)

1 Enables timer output

CESUD1|CESUDO Specifies valid edge of TCLRUD

0 0 Falling edge

0 1 Rising edge

1 0 Setting prohibited

1 1 Both rising and falling edges

ECLRUD| Specifies clear operation of TM4 by TCLRUD

0 Disables clear operation

1 Clears TM4 by TCLRUD

Specifies control
cMD Specifies operation mode of P05-P07
mode of TM4

PO5 | P06 PO7

General-purpose timer

mode (up count) PWM1|TO40 | Fixed to 0

UDC mode

(up/down count) TCUD|TIUD | TCLRUD

Cautions 1. Bits 0, 1, and 4-6 are valid only when CMD = 1. Bits 2 and 3 are valid only when CMD = 0.
2. When TM4 is set in mode 4 (specified by TMC4 register), specification of the valid edge of
the TIUD pin (TESUDO and TESUD1 bits) is invalid.
3. Itis prohibited to change each bit of the TUM1 register during the operation of TM4 (CE4 =
1).
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(2) Timer control register 4 (TMC4)
Timer control register 4 (TMC4) is an 8-bit register that controls the operation of TM4.
This register can be read or written by a bit manipulation instruction or an 8-bit manipulation instruction.
TMC4 is cleared to 00H by the RESET input.
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Figure 7-56. Format of Timer Control Register 4

Symbol (@) 6 5 @ 3 2 1 0 Address When reset  R/W
TMC4 CE4 |ENMD| UDF | OVF | U/D | I/E |PRM41|PRM40 FF5EH 00H R/W
I
CMD=0 CMD=1
1/E |PRM41|PRM4
/ 0 Count Count Up/down
clock clock count
0 0 0 fek fek/4
0 0 1 fok/2 fok/8 .
Specified
0 1 0 | fox/d by U/D bit
fck/16
0 1 1 fok/8
1 0 0 fek/16 Mode 1
1 0 1 TIUD Mode 2
(external
1 1 0 fek/32 clock) Mode 3
1 1 1 Mode 4
u/b Specifies up/down count operation of TM4
0 Up count operation
1 Down count operation
OVF Overflow flag of TM4
0 Overflow does not occur
1 Overflow occurs
UDF Underflow flag of TM4
0 Underflow does not occur
1 Underflow occurs
Controls clear operation of TM4
ENMD
CMD =0 CMD =1
0 Disabled
1 Enabled Setting prohibited
CE4 Controls operation of TM4

0 TM4 is cleared and stopped

1 TM4 performs count operation

Cautions 1. The U/D bit is valid only when CMD = 1.
2. Itis prohibited to change any bit of ENMD, I/E, PRM41 and PRM40 during the operation of
TM4 (CE4 = 1).

Remark fcik: internal system clock
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Each bit of the TMC4 register is described below.

(a) CE4 hit (bit 7)
This bit controls the operation of TM4 as follows:

* When CE4 ~ 0: TM4 stops and does not operate.
e When CE4 ~ 1: TM4 performs count operation.

(b) ENMD bit (bit 6)
This bit controls the clear operation of TM4.

* When ENMD ~ O: Disabled
TM4 is not cleared.

When CMD = 0 and ENMD = 0, TM4 performs free running operation.

e When ENMD ~ 1: Enabled

In General-Purpose Timer Mode (CMD = 0) In UDC Mode (CMD = 1)

TM4 is cleared when TM4 coincides with Setting prohibited
CM40 (interval operation).

(c) UDF bit (bit 5)
This is the underflow flag of TM4, which is cleared on system reset or software reset.

¢ When UDF — 0: TM4 does not underflow.
e When UDF ~ 1: TM4 underflows.

(d) OVF bit (bit 4)
This is the overflow flag of TM4, which is cleared on system reset or software reset.

« When OVF — 0: TM4 does not overflow.
* When OVF ~ 1: TM4 overflows.
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(e) UID bit (bit 3)
This bit specifies the up or down operation of TM4 when TM4 counts the internal clock.
When TM4 counts the external clock, the up or down count operation of TM4 can be read through this
bit.
This bit is cleared by combination of system reset, resetting of the CE4 bit, software reset, and TIUD and
TCUD when the external clock is counted.

« When U/D < 0: TM4 counts up.
e When U/D — 1: TM4 counts down.

Cautions 1. When CMD =0,

~. The U/D bit is fixed to “0” by hardware. Even if “1” is written, it remains “0”. If
this bit is read, the value read is always “0".

When CMD = 1 and the internal clock is selected,

~ The U/D bitis write-enabled. If reading operation is applied to it, the written value
is read.

When CMD = 1 and the external clock is selected,

- Writing to the U/D bit is not possible by hardware. If reading operation is applied
to it, the up/down status of TM4 is read.

2. While TM4 is stopped (CE4 = 0), even if “1” is written to the U/D bit, it remains “0”
and it is not possible to rewrite it (see 7.6.3 (3) (b) Internal clock operation in UDC
mode).

(f) V/E bit (bit 2)
This bit specifies the count clock of TM4.

<1> In general-purpose timer mode (CMD = 0)
The count clock is fixed to the internal clock in this mode. The clock rate of TM4 is specified by
the I/E, PRM41, and PRM40 bits.

<2> In UDC mode (CMD = 1)

« When I/E — 0: internal clock
« When I/E — 1: external clock (TIUD)
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(g9) PRM41 and PRM40 bits (bits 1 and 0)
These bits specify the up or down count operation mode when the clock rate of the internal clock or the
external clock is input.

1/E PRM41 | PRM40 CMD =0 CMD =1
Count Clock | Count Clock Up/Down Count
0 0 0 ferk fck/4 Specified by
0 0 1| fewi2 feLk/8 U/D bit
0 1 0 fck/4 fck/16
0 1 1 fcLk/8
1 0 0 feLk/16 TIUD Mode 1
1 0 1| fewsa2 (external Mode 2
clock)
1 1 0 Mode 3
1 1 1 Mode 4

Operation modes of TM4 when external clock is input

Operation Mode Operation of TM4

Mode 1 Counts down when TCUD = H.
Counts up when TCUD = L.

Mode 2 Counts up when valid edge of TIUD input is detected.
Counts down when rising edge of TCUD input is detected.

Mode 3 Automatic selection of TCUD input level when valid edge of TIUD input is
detected.

Mode 4 Automatic selection when both edges of TIUD input and both edges of

TCUD input are detected.

Caution When TM4 is setin mode 4, specification of the valid edge of the TIUD pin (specified
by timer unit mode register 1 (TUM1)) is invalid.
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7.6.3 Operation

(1) Basic operation
Timer 4 (TM4) has the following two operation modes:

(a) General-purpose timer mode
In this mode, timer 4 operates as a 16-bit interval timer, free running timer, or PWM output timer.
Six internal clocks can be selected as the count clock to TM4 by TMC4 register.

(b) Up/down counter mode (UDC mode)
In this mode, timer 4 operates as a 16-bit up/down counter.
As the count clock to TM4, three internal clocks or external clock input (TIUD) can be selected by TMC4
register.
TM4 can be cleared by external clear input (TCLRUD).

After the CE4 bit is set (1), TM4 becomes 0000H — 00O0OH by the initial count clock input and becomes
0001H by the 2nd count clock input. If TM4 is started to down count (UDC mode only), TM4 becomes
0000H - 0000H by the 1st count clock input and FFFFH by the 2nd count clock input.

Even if CE4 is set (1) again with CE4 = 1 during the operation of TM4, the count operation continues and
the timer is not cleared.

If CE4 = 0 is set, the count operation stops with TM4 = 0000H.

RESET input clears (0) all bits of TM4 and stops the count operation.

Figure 7-57. Basic Operation of Timer 4 (TM4)

Count
clock (
)
: :: : 5
TM4  0000H ><0000H><0001H><0002H FBFFFXFCOOHXOOOOHXOOOOHXOOOlH><
4
VAN VAN )

VAN
Count start Count disabled Count start
CE4-1 CE4 -0 CE4-~1
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(2) General-purpose timer mode
If TM4 is to be operated in the general-purpose timer mode, set the CMD bit of the TUM1 register = 0. In
this mode, TM4 operates as a 16-bit interval timer, free-running timer and PWM output timer.
The count clock for TM4 can be selected from among 6 kinds of internal clock by the TMC4 register.

(a) Interval operation
TM4 and CC40 always perform compare operations and if they detect a coincidence they generate
interrupt signal INTCM40. The result of a compare coincidence is retained by the hardware and TM4 is
cleared (0O000H) with the next count clock after the coincidence. Furthermore, when the next count clock
is input TM4 counts up to 0001H.

Interval cycle = (CC40 value + 1) x TM4 count clock rate

(b) Free-running operation
TM4 performs a full count from 0000H to FFFFH. After TM4 sets an overflow flag (OVF) and clears the
timer, it continues counting.

Free-running cycle = 65536 x TM4 count clock rate
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(3) UDC mode

176

(a) Basic operation of UDC mode

[Setting procedure]

<1>

<2>

<3>

<4>

<5>

When TM4 is to be operated with an external clock (modes 1 to 4), set pins P05 to P07 to the control
mode by the port 0 mode control register (PMCO).

Also in the case of internal clock operation, if external clear (TCLRUD) is to be used, set only P07
to the control mode.

Set (1) the CMD bit of the TUM1 register to set TM4 to the UDC mode. With this setting, the control
pins specified in <1> become the function pins (TCUD, TIUD and TCLRUD) used in the UDC mode.

Specify the following using the TUML1 register.

« ECLRUD bhit : Enable/disable of TM4 clear by valid edge of TCLRUD pin
« CESUD1 and 0 bits : Specification of valid edge of TCLRUD pin

« TESUD1 and 0 bits : Specification of valid edge of TIUD pin

Specify the following using the TMC4 register.

* ENMD bit : Be sure to set 0.

« U/D bit . Specifies TM4 operation only when timer is operated with internal clockin UDC
mode.

« 1/E bit : Selects either internal or external count clock of TM4.

« PRM41, 40 bits : Specifies TM4 count clock and operating mode.

Finally, when the CE4 bit of the TMCA4 register is set (1), TM4 starts operating.
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[Operation by mode]
When TM4 is to be operated in the UDC mode, set CMD of the TUM1 register = 1.
UDC mode operations can be summarized as follows.

Table 7-5. List of UDC Mode Operations

TMC4 Register Operating TM4 Operation TM4 Clear Operation
TE PRM41 | PRM40 Mode CM40 TCLRUD
Coincidence
0 X X Internal clock | Up/down setting by U/D bit Enabled:
1 0 0 Mode 1 When TCUD = H, down count ECLRUD =1

When TCUD = L, up count

1 0 1 Mode 2 Up count by detection of valid Disabled: Disabled:
edge of TIUD input ENMD =0 ECLRUD =0
Down count by detection of TCUD

input rising edge

1 1 0 Mode 3 Automatic judgment by TCUD
input level when valid edge of
TIUD input is detected

1 1 1 Mode 4 Automatic judgment by detection
of both edges of TIUD input and
both edges of TCUD input

Caution ENMD = 1 cannot be set in the UDC mode.

Remarks 1. ENMD bit: Bit 6 of TMC4 register
2. ECLRUD bit: Bit 6 of TUM1 register
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[External clear (TCLRUD) operation]

The TCLRUD signal is a timer clear signal that is valid only when TM4 is in the UDC mode (with internal
clock and external clock). The valid edge of the TCLRUD pin is specified by the CESUD1 and CESUDO
bits of the TUM1 register, and when the valid edge is detected TM4 is cleared.

Figure 7-58. TM4 Clear Operation (during up count in UDC mode)

Count clock l_l l_l l_l l_l l_l l_l

TM4 0003H X 0004H X 0005H X0006HXHX 0001H X 0002H X 0003H

Clear

TCLRUD

Remark The valid edge of TCLRUD is set as the falling edge.

Figure 7-59. TM4 Clear Operation (during down count in UDC mode)

Count clock |_| |_| |_| |_| |_| |_|

TM4 0009H X 0008H X 0007H X0006HX FFFFH X FFFEH X FFFDH

Clear

TCLRUD

Remark The valid edge of TCLRUD is set as the falling edge.
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(b) Internal clock operation in UDC mode
When TM4 is to be operated with an internal clock, set it by theT/E, PRM41 and PRMA40 bits of the TMC4
register.

Table 7-6. Setting of TMC4 Register (during internal clock operation in UDC mode)

I/E |PRM41|PRM40| Count Clock
0 0 0 fck/4
0 0 1 fcLk/8
0 1 0 fck/16
0 1 1

If internal clock operation in the UDC mode is specified, up/down operation is specified by the U/D bit
of the TMC4 register. Resetting (0) the U/D bit starts up count and setting (1) it starts down count.

Caution While TM4 is stopped (CE4 = 0), even if “1” is written to the U/D bit, it remains “0” and
it is not possible to rewrite it. If it is desired to let TM4 perform a down operation from
the beginning, simultaneously set (1) the CE4 bit and U/D bit in the TMC4 register by the
MOV instruction.

<Example of correct program>
MOV TUML, #80H ; Sets TM4 to UDC mode.
MOV TMC4, #88H ; CE4=1,1/E=0,U/D =1

In the following program, TM4 performs an up operation from the beginning.

<Example of wrong program>

MOV TUML1, #80H ; Sets TM4 to UDC mode.

MOV TMC4, #08H ; I/E =0, U/D = 1 (TM4 performs down operation with an internal clock.) ~ <1>

SET1 TMC4.7 ; CE4 = 1 (TM4 start)  <2>

<1> Because CE4 = 0 at this time, U/D = 0 remains unchanged and can not be rewritten.
<2> With U/D = 0 TM4 starts an up operation.
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Figure 7-60. Internal Clock Operation in UDC Mode

Countclock||||||||||||||||||||

UD |

‘<7 Up count } Down count ———

™4 :><0000HX0000HX0001HX0002HX0003HX0002HX0001HXOOOOHXFFFFHX

CE4.-1 uUD-1

(c) External clock operation in UDC mode
When the external clock is used as the count clock to timer 4 (TM4), the up/down count operation of TM4
can be executed in a mode specified by an external count clock input pin (TIUD) and count operation
select signal input pin (TCUD). The following four modes can be selected by the PRM41 and PRM40
bits of timer control register 4 (TMC4):

Table 7-7. Up/Down Count Operation Modes

TMC4 Register Mode Operation of TM4

I/E  |PRM41|PRM40

1 0 0 1 Counts down when TCUD = H.
Counts up when TCUD = L.

1 0 1 2 Counts up when valid edge of TIUD input is
detected.
Counts down when rising edge of TCUD input is
detected.

1 1 0 3 Automatic selection of TCUD input level when valid

edge of TIUD input is detected.

1 1 1 4 Automatic selection when both edges of TIUD input
and both edges of TCUD input are detected.

Caution When TM4 is setin mode 4, specification of the valid edge of the TIUD pin (specified
by timer unit mode register 1 (TUM1)) is invalid.
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(i) Mode 1 (PRM41 = 0, PRM40 = 0)

In this mode, TM4 counts down the external count clock input (TIUD pin) while the TCUD pin is high,

and counts up while the TCUD pin is low.

When the rising edge of the TIUD pin is specified as the valid edge (by the TUM1 register), the

operation of TM4 is as shown in Figure 7-61.

Figure 7-61. Example of Operation in Mode 1 (when valid edge of TIUD pin is rising edge)

TIUDmput||||||||||||||||||||

TCUD input | |

T™M4 0008H><0007HX0006HX0005H><0004HXOOOSHXOOOGH><0007HX0008H><0009H><000AH

If TIUD and TCUD change simultaneously, the operation is as follows.

Down count ‘ Up count

Figure 7-62. Example of Operation in Mode 1 (when valid edge of TIUD pin is rising edge)

TIUD|nput||||||||||||||||||||

TCUD input

| |
| Down count i Up count
| |

| |

| |

|

T™4 0008HXOOO?HXOOOGH><0005H><0004AXOOOSHXOOOGHXOOO?HXOOOSHXOOOQHXOOOAH
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(i) Mode 2 (PRM41 = 0, PRM40 = 1)
Inmode 2, TM4 counts up the valid edge input to the TIUD pin (specified by the timer unit mode register
1 (TUM1)) and counts down the rising edge of the TCUD pin.

If the countclockis simultaneously inputto the TIUD and TCUD pins, TM4 does not perform counting,
but retains the value immediately before.

Figure 7-63 shows the operation of timer 4 (TM4) when the rising edge of the TIUD pin is specified
as the valid edge.

Figure 7-63. Example of Operation in Mode 2 (when valid edge of TIUD pin is rising edge)

TIUDinputl|l|l|l|l|l|

TCUD input | | | | | | | |

‘ Up count ‘ Retained ‘Down count‘ Retained

T™4 OOOOHXOOOOH><0001H><0002H><0003H><0003H><0003H><0002H><0001H
A

Count starts
CE4-1
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(iii) Mode 3 (PRM41 = 1, PRM40 = 0)
Mode 3 is the most effective when two signals 90 degrees out of phase, such as those output by the
shaft encoder of a servo motor, are input to the TIUD and TCUD pins as the count clocks.
Timer 4 (TM4) detects the relative leading or lagging between these two signals, and automatically
selects the up or down count operation.
When the two signals 90 degrees out of phase are input to the TIUD and TCUD pins, the level of
the TCUD pin is sampled when the valid edge is input to the TIUD pin.
If the TCUD pin level sampled at the valid edge input to the TIUD pin is low, TM4 counts down when
the valid edge is input to the TIUD pin.
If the TCUD pin level sampled at the valid edge input to the TIUD pin is high, TM4 counts up when
the valid edge is input to the TIUD pin.
Figure 7-64 shows the operation of TM4 when the rising edge of the TIUD pin is specified as the valid
edge.

Figure 7-64. Example of Operation in Mode 3 (when valid edge of TIUD pin is rising edge)

(1) Down count operation

TIUD input

TCUD input \

™4 X 0000H X FFFFHX FFFEH X FFFDH X FFFCH
|

Down count

(2) Up count operation

TIUD input

TCUD input |
T™4 X 0000H X 0001H X 0002H X 0003H X 0004H

| Up count
\

Yoy
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If TIUD and TCUD change simultaneously, the operation is as follows.
Figure 7-65. Example of Operation in Mode 3 (when valid edge of TIUD pin is rising edge)

(1) Down count operation

TIUD input

TCUD input

™4 X 0000H X FFFFH X FFFEH X FFFDH X FFFCH X

| Down count

(2) Up count operation

TIUD input

TCUD input

T™4 X 0000H X 0001H X 0002H X 0003H X 0004H

| Up count
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(iv) Mode 4 (PRM41 =1, PRM40 = 1)

Mode 4, like mode 3, is effective when two signals 90 degrees out of phase, such as those output
by the shaft encoder of a servo motor, are input to the TIUD and TCUD pins as the count clocks.
When the two signals 90 degrees out of phase are input to the TIUD and TCUD pins, TM4
automatically selects up or down operation in the timing as shown in Figure 7-66, and executes
counting.

In mode 4, counting is executed at both the rising and falling edges of the two signals input to the
TIUD and TCUD pins. Therefore, timer 4 (TM4) counts four times per cycle of an input signal (x4
count).

Cautions 1. When TM4 is set in mode 4, specification of the valid edge of the TIUD pin (specified by
timer unit mode register 1 (TUM1)) is invalid.
2. If the TIUD pin edge and TCUD pin edge are input simultaneously in mode 4, TM4
continues counting while keeping the same up/down operation immediately before the
input.

Figure 7-66. Example of Operation in Mode 4

‘ ki Down count ———

[ Up count

TIUD input

TCUD input

| | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | |

Remark The count value of TM4 is represented in decimal.
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(4) PWM output operation

186

The real-time pulse unit (RPU) is provided with a 16-bit cycle programmable PWM output function that can
change the duty factor of an active level in a specific cycle.

When TM4 is set in the general-purpose timer mode by timer unit mode register 1 (TUM1), the TO40 pin can
be used for the PWM output operation.

The resolution is 16 bits, and as many as six internal clocks can be selected as the count clock.

Figure 7-67 shows the block diagram of timer 4 when it performs the PWM output operation.

Figure 7-67. Block Diagram of Timer 4 (PWM output operation)

Clear
fok —
fok/2 —=
fewd/4 " Timer register
fok/8 — ™4
felk/16 —— 16 ¢ INTCM40
fok/32— ALVn
Compare register S Q
CM40
R
Compare register INTCM41
CM41
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(a) Setting procedure
The PWM output operation is executed in the following sequence:

<1> Set the P06 pin in the control mode by using the port 0 mode control register (PMCO0) (PMCO06 = 1).

<2> Clear the CMD bit of the TUM1 register to “0” (TM4 is set in the general-purpose timer mode, and
the P06 pin serves as the TO40 output pin).

<3> Set the TOE40 bit of the TUML1 register to 1 to enable the output operation of TO40. Also set the
active level of TO40 by using the ALV40 bit.

<4> Set the operation of TM4 by using the ENMD bit of the timer control register 4 (TMC4) (ENMD = 1),
and set the count clock of TM4 with the I/E, PRM41, and PRMA40 bits.

<5>When the CE4 bit of the TMCA4 register is set to 1, TM4 starts counting, and the PWM signal is output
from the TO40 pin.

(b) Operation
CM40 is a compare register that sets the cycle of TO40. If CM40 coincides with TM4, it generates interrupt
signal INTCM40. The result of the compare coincidence is retained by the hardware and TM4 is cleared
with the next count clock after the coincidence.
CM41 is a compare register that sets the duty factor of the TO40 output. Set the duty factor necessary
for each cycle.
When software processing is started by cycle interrupt INTCM40 or interrupt INTCM41 thatis generated
from CM41, and when the values of CM40 and CM41 are set through software, the PWM output waveform
can be efficiently generated from TO40.
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T™M4
count value

Coun‘t start Clgar
|
|
|
|
|
|
|

|
|
l
CM40 | al
|
|

CM41 bl

=

TO40 output
(ALV40 = 0)

| I |
| | ) !
| bl+l | b2+1 ‘ |
| I |
| I |

al+l a2+1 a3+l

Remark If CM40 = CMA41 is set, a reset takes precedence, and therefore TO40 outputs the inactive level.
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7.7 Real-Time Output Function

The real-time output function is used to output the contents of the real-time output port register (RTP) to PO0-P03
in units of 4 bits, in synchronization with the trigger signal from the real-time pulse unit (RPU). With this function,
pulses can be synchronously output from two or more channels.

In addition, the output of POO to P03 can be modulated for PWM.

7.7.1 Configuration
The real-time output port is multiplexed with port 0 (P0). To control the output status, the following two registers

are provided:

* Real-time output port mode register (RTPM)
» Real-time output port register (RTP)

The real-time outputis changed by the trigger signal specified by the RTRG1 and RTRGO bits of the RTPM register.
As the trigger signal, the signal output by RPU or a software trigger can be selected.

Figure 7-69. Block Diagram of Real-Time Output Port

2 Internal bus 2

RTP
INTCMO3 (from RPU) 4
INTCM10 (from RPU) Output trigger
INTPO/INTCC30 (from RPU) ——|  control circuit
Software trigger ———
RTPM
PWMO PWM signal Output latch |/
PWM1 control circuit (P03-P00) .

177y

P03 P02 P01 P00
Caution The RTP register is an 8-bit access register. When the RTP register is read, the data set in the

RTP register is placed in the lower 4 bits. The higher 4 bits are fixed to “0” by hardware, and
therefore “0” is read.
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7.7.2 Control registers

(1) Real-time output port mode register (RTPM)
This is an 8-bit register that specifies the operation mode of the real-time output port.
This register can be read or written by a bit manipulation instruction or an 8-bit manipulation instruction.
When the RESET signal is input, RTPM is cleared to OOH.

Figure 7-70. Format of Real-Time Output Port Mode Register

Symbol 7 6 5 4 3 2 1 0 Address When reset R/W
RTPM 0 0 |RTPM1|RTPMO| O 0 |RTRG1|RTRGO FF61H 00H RIW
L L

Specifies trigger signal of real-time

RTRG1|RTRGO output port

0 0 INTCMO3

0 1 INTCM10

1 0 INTPO/INTCC30

1 1 Software trigger

RTPM1 |RTPMO Specifies PWM modulation operation

0 0 Does not modulate

0 1 PWMO modulation

1 0 PWM1 modulation

1 1 Setting prohibited

Caution Bits 7, 6, 3 and 2 of the RTPM register are fixed to “0” by hardware. Evenif “1” is written to them,
they remain “0".
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(2) Real-time output port register (RTP)
This is an 8-bit register that stores the data output from the real-time output port.
The data written to this register is output to the pin connected to it according to the specification of the real-
time output port mode register (RTPM).
If the signal output by the real-time pulse unit (RPU) is specified as the output trigger of the real-time output
port, the data written to the RTP register is output to the pin in synchronization with a trigger signal. If the
software trigger is specified as the trigger signal, the data written to the RTP register is output to the pin as
is.
The RTP register can be read or written by a bit manipulation or 8-bit manipulation instruction.
The contents of this register become undefined when the RESET signal is input.

Caution The higher 4 bits of the RTP register have no latch circuit and are fixed to “0”. Therefore,
even if “1” is written to the higher 4 bits, they remain “0".

7.7.3 Operation

The value of the real-time output port register (RTP) is set by software. The trigger signal that is used to output
the contents of the RTP register to P0O0-P03 can be selected from three types of interrupts by the real-time output
port mode register (RTPM).

To change the pin level directly, write “1” to the RTRG1 and RTRGO bits of the RTPM register through software.
The contents of the RTP register will be directly output to PO0-P03.

When P00-PO03 are in the control mode (when the real-time output function is specified), the output pattern of each
pin can be modulated for PWM. When PWM modulation is performed, the signal transferred from the RTP register
to the output latch is ANDed with the PWM signal (PWMO or PWM1), and the result of this ANDing is output to the
P00-P03 pins.
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Figure 7-71. Example of Real-Time Output Function Operation (P00 pin)

(@) RTRG1 = RTRGO = 0 (trigger signal: INTCM03), RTPM1 = RTPMO = 0 (no PWM modulation)
e o X X o X X o X
wes (1 1 [ 1 [

POO pin

(b) RTRG1 = RTRGO = 1 (software trigger), RTPM1 = RTPMO = 0 (no PWM modulation)

v e X X e XX X
RTRGl,OJ

POO0 pin

(c) RTRG1 = RTRGO = 0 (trigger signal: INTCM03), RTPM1 = 0 RTPMO = 1 (PWMO modulation)

o o X X o X X X
wows 1 (1 1 [
oo _| U UL U

RTPO - P00

jigE )y

Remark All the PO0-P03 pins perform the same operation.
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The uPD78362A is provided with a high-speed, high-resolution 10-bit analog-to-digital (A/D) converter, which has
eightanalog input pins (ANI0-ANI7) through which analog signals are input, and a 10-bit A/D conversion result register
(ADCR) which stores the conversion results.

This A/D converter is a successive approximation type, and operates in the following three modes. The operation
modes are selected by using the A/D converter mode register (ADM) through software, so that A/D conversion suitable
for the application system can be carried out.

e Select mode
In this mode, the A/D converter converts data input from one analog input line.

e Scan mode
In this mode, two or more sets of analog input data are sequentially converted.

e Mixed mode
Processing in the select and scan modes is executed in combination.

In each mode, the conversion results are stored in the ADCR register each time A/D conversion is executed. When

conversion has been completed, an A/D conversion end interrupt (INTAD) occurs, which starts a macro service that
executes automatic data transfer, etc.
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8.1 Configuration
The configuration of the A/D converter is as shown in Figure 8-1.

Figure 8-1. Block Diagram of A/D Converter

ANIDO—= Sample & hold circuit ——OAVoo
1
ANI1O— 1 ! <) AVrer
: \O i Resistor
ANIZO = , © _L : string
=
ANIBO—~ £ ! E
1
ANI4O—~ 3 ' ; ' —OAVss
1
ANI5S O— = :.--_-_________' Comparator
ANIE O— 9 0
SAR (10)
ANI7 O—
w
9 0
ADCRO
ADCR1
INTCMO03—~ ADCR2
INTP2 — ADCR3
(Start trigger) t ADCR4
ADCR5
ADM (8)
ADCR6
ADCR7
8
{1%
S Internal bus S
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Cautions 1. Connect capacitors to the analog input pins (ANIO-ANI7) and reference voltage input pin

)

)

®3)

4

(AVrer) to prevent malfunctioning due to noise.

Figure 8-2. Example of Connecting Capacitor to A/D Converter Pin

Analog input O -‘L ANIO-ANI7
1000 to
2000 pF;
HPD78362A
Reference o
voltage input _L AVrer

1000 to

2000 pF;

2. Do not apply a voltage exceeding the range of AV  ss to AVop to the pin used as the A/D
converter input pin.

Input circuit
The input circuit selects an analog input line in accordance with an operation mode specified by the A/D
converter mode register (ADM) and sends the signal input from the selected analog line to the sample and
hold circuit.

Sample and hold circuit
The sample and hold circuit samples the analog input signals sent from the input circuit one by one, and sends
them to the comparator. If A/D conversion is in progress at this time, the analog input signal is retained.

Comparator
The comparator compares the voltage of the analog input signal with the output voltage of the D/A converter.

Resistor string

The resistor string generates a voltage that matches the voltage of the analog input signal.
The output voltage of the resistor string is controlled by the SAR register.
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®)

(6)

(7

8

C)

(10)
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SAR (Successive Approximation Register)

The SAR register is a 10-bit register that controls the output value of the resistor string to compare the voltage
of the analog input signal.

When A/D conversion has been completed, the contents of the SAR register at that time (conversion result)
are stored in the A/D conversion result register (ADCR). After specified A/D conversion has been completed,
an A/D conversion end interrupt (INTAD) occurs.

Controller
The controller selects an analog input signal in accordance with the mode specified by the ADM register,
generates the operation timing of the sample and hold circuit, and controls the conversion trigger.

ANIO-ANI7 pins
These pins are eight channels of analog input pins of the A/D converter which input analog signals to be
converted into digital signals.

Caution Do not apply a voltage exceeding that specified to the ANIO-ANI7 pins. If a voltage higher
than Voo or lower than V ss (even if the voltage is within the range of the absolute maximum
ratings) is input, the conversion value of that channel is undefined and may influence the
conversion values of other channels.

AVREer pin

This pin inputs a reference voltage to the A/D converter.

Based on the voltage applied across the AVrer and AVss pins, the signal input to ANIO-ANI7 is converted into
a digital signal.

AVss pin
This is the ground pin of the A/D converter. Input the Vss level to this pin.

AVop pin
Input the Voo level to this pin.
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8.2 A/D Converter Mode Register (ADM)

The A/D converter mode register (ADM) is an 8-bit register that controls the operation of the A/D converter.

This register can be read or written by a bit manipulation instruction or an 8-bit manipulation instruction. If data
is written to the ADM register while conversion is in progress, conversion is initialized and started from the beginning.

The ADM register is initialized to 00H when the RESET signal is input.

Figure 8-3 shows the format of the ADM register.
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Figure 8-3. Format of A/D Converter Mode Register

Symbol 7 6 5 4 3 2 1 0 Address When reset R/W
ADM AM2 | AM1| AMO | FR IS | ANIS2| ANIS1|ANISO FF68H 00H R/W
L ] L
Selection of analog input
ANIS2|ANIS1|ANISO
Select mode Scan mode
0 0 0 ANIO ANIO
0 0 1 ANI1 ANIO-ANI1
0 1 0 ANI2 ANIO-ANI2
0 1 1 ANI3 ANIO-ANI3
1 0 0 ANI4 ANIO-ANI4
1 0 1 ANI5 ANIO-ANI5
1 1 0 ANIB ANIO-ANI6
1 1 1 ANI7 ANIO-ANI7
IS Specifies interrupt signal in mixed mode
(interrupt input operation)
0 INTP2
1 INTCMO3
FR Selects conversion time
0 208 clocks (when fck > 12.5 MHz)
1 169 clocks (when fcik < 12.5 MHz)
AM2 | AM1 | AMO Specifies A/D conversion mode
0 0 0 Software 1-buffer mode
0 0 1 . trigger 4-buffer mode
Mixed
mode .
0 1 0 Interrupt 1-buffer mode
0 1 1 input 4-puffer mode
1 0 0 Scan mode
1 0 1 Setting prohibited
1 1 0 1-buffer mode
Select mode
1 1 1 4-pbuffer mode

Remarks 1. fcik: internal system clock
2. Software trigger is to start A/D conversion by using data written to the ADM register as a trigger.
3. In the select and scan modes, A/D conversion is started only by the software trigger.
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Each bit of the ADM register has the following function:

)

)

©)

ANIS2-ANISO bits (bits 2-0)
These bits select an analog input signal (ANIO-ANI7) to be converted into a digital signal.

IS bit (bit 3)

This bit selects an A/D conversion start trigger (INTP2 or INTCMO03) when the mixed mode (interrupt input
operation) is specified by the AM2-AMO bits.

The software trigger operation in the mixed mode, and the operation of the scan and select modes are not
influenced by the IS bit.

FR bit (bit 4)

This bit controls the A/D conversion time.

The FR bit is set (to 1) by an instruction when the internal system clock fc.k <12.5 MHz. The FR bit performs
control so that the A/D conversion time is not significantly changed even if the operating frequency of the
UPD78362A is changed.

The time required for one conversion, which is determined by the internal system clock (fck) and the FR bit,
is expressed as follows:

208

* When FR = 0, conversion time = (us)
fek

* When FR = 1, conversion time = 169 (us)
fek

Table 8-1. Example of Conversion Time Set by FR Bit

Internal system clock fecik (MHZz) 16 12.5

Oscillation frequency fxx, external clock fx (MHz) 8 6.25
FR bit 0 1

Conversion time (us) 13.0 13.5
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(4) AM2-AMO bits (bits 7-5)
These bits select an operation mode of the A/D converter.
The A/D converter of the uPD78362A can operate in three modes. In addition, the result of the A/D conversion
can be buffered in two modes: 1-buffer and 4-buffer modes. For details of the A/D conversion modes, refer
to 8.4 Operation .

Table 8-2. A/D Conversion Modes

Conversion Mode Buffer Mode Conversion Start Trigger

Mixed mode 1-buffer mode | Software trigger/interrupt input

4-puffer mode | (INTP2/INTCMO03)

Scan mode 1-buffer mode | Software trigger

Select mode 1-buffer mode

4-buffer mode

Caution The A/D converter ofthe uPD78362A cannot stop conversion. Therefore, when data has been
set to the ADM register, conversion operation continues in the set operation mode, until the
contents of the ADM register are rewritten.

Remark The start trigger of the A/D conversion is a signal that makes the operation mode set by the ADM

register valid, and starts A/D conversion.
For details, refer to 8.4 Operation .
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8.3 A/D Conversion Result Register (ADCR)

The uPD78362A is provided with eight 10-bit A/D conversion result registers (ADCRS) to store the results of A/
D conversion.

Each ADCR register can be read independently of the others by a 16-bit manipulation instruction or 8-bit
manipulation instruction.

The result of conversion can be read from an ADCR register in the following two ways:

(1) Word access (execution of 16-bit manipulation instruction)
The lower 10 bits of the read word data are valid.
The higher 6 bits are always “0” when they are read.
Figure 8-4 illustrates word access to an ADCR register.

Figure 8-4. Word Access to ADCR Register

Symbol

14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 RW

ADCRn | 0 0 0 0 0 0 | AD9| AD8| AD7 | AD6 | AD5| AD4| AD3| AD2| AD1| ADO| R
(n=0-7)

Symbol Address After Reset

ADCRO FFBOH Undefined

ADCR1 FFB2H

ADCR2 FFB4H

ADCR3 FFB6H

ADCR4 FFB8H

ADCR5 FFBAH

ADCR6 FFBCH

ADCR7 FFBEH

Remark ADO-AD9: A/D conversion result
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(2) Byte access (execution of 8-bit manipulation instruction)
The higher 8 bits of the A/D conversion result, which is 10-bit data, are read.
Figure 8-5 illustrates byte access to an ADCR register.

Figure 8-5. Byte Access to ADCR Register

Symbol

ADCRnH [ AD9 | AD8 |AD7 |AD6 |AD5 | AD4 |AD3 |AD2| R

(n=0-7)

Symbol Address After Reset
ADCROH FFB1H Undefined
ADCR1H FFB3H

ADCR2H FFB5H

ADCR3H FFB7H

ADCR4H FFB9H

ADCR5H FFBBH

ADCR6H FFBDH

ADCR7H FFBFH

Remark AD2-AD9: A/D conversion result (higher 8 bits of 10 bits)
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8.4 Operation

8.4.1 Basic operation of A/D converter
A/D conversion is carried out in the following sequence:

(1) Analoginput signal and operation mode are selected by the A/D converter mode register (ADM). If a software
trigger is specified and when data is written to the ADM register, A/D conversion is started.

(2) The voltage generated by the resistor string is compared with the analog input voltage by the comparator for
each 1 bit of the SAR register.

(3) When all 10 bits have been compared, the A/D conversion result remains in the SAR register. This result is
transferred to the A/D conversion result register (ADCR) and is latched.
At the same time, an A/D conversion end interrupt (INTAD) occurs (refer to Figure 8-6).

Caution Do not apply a voltage exceeding the range of AV ss to AVop to the pin used as the A/D
converter input pin.

Operation of the A/D converter is started by one of the three conversion start triggers (software trigger, INTP2,
or INTCMO03) (the conversion mode set by the ADM register is made valid).

(a) Software trigger
When data is written to the ADM register, A/D conversion is started. A/D conversion can be synchronized
by this trigger through software.
This trigger can be used in all the A/D conversion modes (select, scan, and mixed modes).

Figure 8-6. A/D Conversion Basic Operation (in select mode, with software trigger)

A/D ) ANIO ANIO ANIO ANIO
conversion
A. | | | |
Conversion start | | | |
ADM setting } } \ |
| | | |
‘ \ ‘ X ‘ \ ‘ \
ADCR ADCRO ADCRO ADCRO ADCRO
| | | |
| | | |
| | | |
INTAD | ZI\ | :I\ | il\ | jI\
I4 ’ 4 [4

Interrupt accepted
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(b) External trigger (INTP2, INTCMO03)
When the valid edge is input to external interrupt pin INTP2, or when INTCMO03 that indicates coincidence
between TMO and CMO3 of the real-time pulse unit (RPU) occurs, A/D conversion is started.
This trigger can only be used in the mixed mode.
Each time the valid edge is input to INTP2 or INTCMOS3 occurs, the SAR register is initialized, and A/D
conversion is started.
Which of INTP2 or INTCMO03 is to be made valid can be specified by the IS bit of the ADM register.

Figure 8-7. A/D Conversion Basic Operation (in mixed mode, with external trigger)

External trigger
signal INTP2

A/D conversion ANIO ANI1 ANIO ANI1 ANI2

ADCR ADCRO

gl gl

¥ [4
Interrupt accepted

ADCRO

)
ADCR1 >< ADCR2

>
>
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If data is written to the ADM register while A/D conversion is in progress, conversion is initialized and started from
the beginning.

Figure 8-8. Rewriting ADM during A/D Conversion (in scan mode, with software trigger)

When AM2-AMO = 100 and ANIS2-ANISO = 010 are set

A/D
conversion ANIO ANI1 ANI2 ANIO ANI1 ANI2 ANIO
A A
Conversion start ADM rewritten
ADM setting

) A A A A
ADCR >< ADCRO >< ADCR1 >< ADCRO >< ADCR1 ><ADCR2
INTAD | ; |

Interrupt accepted
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Caution When performing branch processing directly using the values resulting from the A/D conversion,
if a program is created that branches only when the conversion result reaches a specific value,
the conversion result may not reach that specific value due to the effect of a conversion error
and the program may not be able to branch to the prescribed routine. Therefore, create a program
that will branch when the conversion result is within the overall error range.

The following is an example of a program that performs specific processing when an analog input voltage input
to the ANIO pin is 1/2 AVREr.

<Bad example>

CMPW ADCRO, #01FFH
BNE $UNMATCH

<1> Processing when A/D conversion result is 1IFFH

UNMATCH:

<2> Processing when A/D conversion result is other than 1FFH

Program cannot branch to perform processing <1> if conversion result does not become 1FFH due to conversion
error.

<Good example>

CMPW ADCRO, #0201H

BGT $UNMATCH
CMPW ADCRO, #01FCH
BLT $UNMATCH
<1> Processing when A/D conversion result is 1IFCH-201H
UNMATCH:

<2> Processing when A/D conversion result is outside the above-mentioned
range

If the conversion result is within the range of 1FCH-201H, processing continues, assuming that an analog voltage
of 1/2 AVrer has been input.
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8.4.2 Operation mode of A/D converter

The following three modes can be selected as the operation modes of the A/D converter. They are selected by
the A/D converter mode register (ADM). A/D conversion is started when data is written to the ADM register (software
trigger), and continues until the contents of the ADM register are changed.

¢ Select mode
e Scan mode
¢ Mixed mode

(1) Select mode
In this mode, one analog input signal (ANIn: n = 0-7) specified by the ADM register is converted into a digital
signal. The result of the conversion is stored in the A/D conversion result register (ADCRn: n = 0-7)
corresponding to the analog input signal.
The following two buffer modes can be selected depending on how the conversion result is stored:

» 1-buffer mode
e 4-buffer mode

(@) 1-buffer mode
In this mode, one analog input signal is converted once into a digital signal, which is then stored in an
A/D conversion result register (refer to Table 8-3). The analog input signal and the A/D conversion result
register correspond to each other on a one-to-one basis.
An A/D conversion end interrupt (INTAD) occurs each time conversion has been completed, to indicate
the end of the conversion. In this mode, A/D conversion continues even after that.

Figure 8-9. A/D Conversion in Select Mode (1-buffer mode)

Analog input pins A/D conversion
result registers

ANIO O ADCRO

ANIL O ADCR1

|::> ANI2 ADCR2

ANI3 O ADCR3

ANI4 O AP ADCR4

ANI5 O ADCR5

ANle O ADCR6

ANI7 O ADCRY
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Table 8-3. Correspondence Between Analog Input and A/D Conversion Result Registers (ADCRS)
(select mode, 1-buffer mode)

Analog Input ADCR
ANIO ADCRO
ANI1 ADCR1
ANI2 ADCR2
ANI3 ADCRS3
ANI4 ADCR4
ANI5 ADCR5
ANI6 ADCRG6
ANI7 ADCR7

Figure 8-10. Example of Operation Timing in Select Mode (1-buffer mode)

Analog input pin

(A/D conversion) ANI2 ANI2 ANI2 ANI2 ANI5 ANI5 ANI5 ANI5
o~ L
Conversion start Analog input selected
(ADM  C2H) (ADM — C5H)

ADCR

N

<ADCR2>< ADCR2>< ADCR2 ADCR2><ADCR5><ADCR5>< ADCR5><:

INTAD

(b) 4-buffer mode
In this mode, one analog input signal is converted four times to a digital signal. The resultant four digital
signals are stored in four A/D conversion result registers (ADCR0O-ADCR3 or ADCR4-ADCRY7) (refer to
Table 8-4).
When the conversion has been executed four times, an A/D conversion end interrupt (INTAD) occurs,
to indicate the end of the conversion. In this mode, A/D conversion continues even after that.
This mode is suitable for applications where the average of the A/D conversion results needs to be
obtained.
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Figure 8-11. A/D Conversion in Select Mode (4-buffer mode)

Analog input pins A/D conversion
result registers
ANIO O ADCRO
ANIL O ADCR1
ANI2 O ADCR2
ANI3 O ADCR3
A/ID
ANI4 O ADCR4
ANIE O ADCR5
ADCR6
ANI6
ADCRY7
ANI7 O

Table 8-4. Correspondence Between Analog Input and A/D Conversion Result Registers (ADCRS)
(select mode, 4-buffer mode)

Analog Input ADCR
ANIO ADCRO
ANI1 to
ANI2 ADCRS3
ANI3
ANI4 ADCR4
ANI5 to
ANI6 ADCR7
ANI7

Figure 8-12. Example of Operation Timing in Select Mode (4-buffer mode)

Analog input pins

(AID conversion ANI6 ANI6 ANI6 ANI6 ANI6 ANI6 ANI6 ANI6
operation) A
Conversion start
(ADM ~ 76H)
ADCR ><ADCR4><ADCR5 ><ADCR6><ADCR7 ><ADCR4 ><ADCR5 ><ADCR6 ></SDCR7
INTAD
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(2) Scan mode

In this mode, two or more analog input signals specified by the ADM register are sequentially converted into
digital signals. Each digital signal is stored in an A/D conversion result register corresponding to the analog
input signal (refer to Table 8-5). Conversion is started when data is written to the ADM register (software
trigger). The end of the conversion can be detected by an A/D conversion end interrupt (INTAD) that occurs
when the specified analog input signals have been completely converted (i.e., scanned). In this mode, A/D
conversion is repeated by scan operation.

This mode is suitable for applications where two or more analog input signals always need to be monitored.

Figure 8-13. A/D Conversion in Scan Mode

Analog input pins A/D conversion
result registers
ANIO ADCRO
ANIL O ADCR1
ANI2 O ADCR2
ANI3 O ADCR3
ANI4 O AP ADCR4
ANI5 ADCR5
ANl O ADCR6
ANz O ADCR?

Table 8-5. Correspondence Between Analog Input and
A/D Conversion Result Registers (ADCRSs) (scan mode)

Analog Input ADCR
ANIO ADCRO
ANI1 ADCR1
ANI2 ADCR2
ANI3 ADCRS3
ANI4 ADCR4
ANI5 ADCR5
ANI6 ADCRG6
ANI7 ADCRY7
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Figure 8-14. Example of Operation Timing in Scan Mode

Analog input pins

(A/D conversion) ANIO ANI1 ANI2 ANI3 ANI4 ANI5 ANIO ANI1

VAN
Conversion statrs
(ADM « 85H)

N

<ADCRO><ADCR1>< ADCR2><ADCR3 ><ADCR4 ><ADCR5 ><ADCRO>

ADCR

N

INTAD

(3) Mixed mode
This mode is a combination of the select and scan modes.
A/D conversion in the mixed mode can be started by the following three triggers. These triggers are used
to start A/D conversion in the select mode (select processing). A/D conversion in the scan mode (scan
processing) is then executed.

» Software trigger : Writing data to ADM register
« External trigger : Input of valid edge to INTP2 pin (valid edge is specified by INTMO register)
* Interrupt trigger from RPU : Interrupt INTCMO3 that occurs when TMO and CMO03 coincide

To use the software trigger, select processing is first executed when data is written to the ADM register,
followed by scan processing.

When the external trigger or interrupt trigger is used, scan processing is executed first when data is written
to the ADM register, and select processing is executed when the external trigger or interrupt trigger is input.
When select processing is completed, scan processing is continued.

An A/D conversion end interrupt (INTAD) occurs when select processing has been completed. A/D conversion
by scan processing continues until a new trigger is input. If a new trigger is input, select processing is executed
again, and when it is completed, scan processing executed before the new trigger was input is resumed.
A/D conversion in the mixed mode can be executed in two buffer modes, depending on how the result of select
processing is stored: 1-buffer mode or 4-buffer mode.

The analog input signals to be scanned are determined by the buffer mode and the analog input signal selected
for processing.
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Table 8-6. Analog Input in Mixed Mode

Select Processing

Scan Processing

Buffer Mode

Selection of Analog Input

1-buffer mode

One of ANIO-ANI7 selected ANIO-ANI7 scanned

4-buffer mode

One of ANIO-ANI3 selected ANI4-ANI7 scanned

One of ANI4-ANI7 selected ANIO-ANI3 scanned

(a) Select processing in 1-buffer mode
In the select mode, one analog input signal is specified and converted. In the scan mode, all the analog

input signals are sequentially converted. After that, A/D conversion (scan processing) is repeatedly

executed.

The result of the conversion is stored in the A/D conversion result register corresponding to the analog

input signal, as shown in

Table 8-7.

Figure 8-15. A/D Conversion in Mixed Mode (select processing in 1-buffer mode)

Analog input pins

ANIO O
ANI1
ANI2
ANI3
ANI4
ANI5
ANI6
ANI7

OO0 O0OO0O0O0O0

A/D conversion
result registers

ADCRO

ADCR1

A/ID

ADCR2
ADCR3

ADCR4

ADCR5
ADCR6
ADCRY7

Table 8-7. Correspondence Between Analog Input and A/D

Conversion Result Registers (ADCRS)
(mixed mode: select processing in 1-buffer mode)

Analog Input ADCR
Select Mode Scan Mode
ANIO ADCRO Stores result of conversion of all
ANIL ADCR1 analoginputs (ANI0-ANI7)to ADCRO-
ADCR7

ANI2 ADCR2

ANI3 ADCRS3

ANI4 ADCR4

ANI5 ADCR5

ANI6 ADCRG6

ANI7 ADCRY7

212




CHAPTER 8 A/D CONVERTER

Figure 8-16. Example of Operation Timing in Mixed Mode (select
processing in 1-buffer mode) (software trigger)

Select Select
‘processing‘ Scan processing ‘processing‘ Scan processing
| [ il [
Analog input pin ANI2 ANIO ANI1 ANI2 ANI3 | ANI4 | ANIO ANI4
(A/D conversion)
A A
Conversion start ADM rewritten
(ADM —02H) (ADM —O0H)
ADCR ADCR2 ADCRO X ADCR1 ADCR2 ADCR3 ADCRO <
INTAD —l —l

Caution To execute select processing by software trigger and start scan processing again, the A/D
conversion executed before the software trigger was input is resumed.

Figure 8-17. Example of Operation Timing in Mixed Mode (select
processing in 1-buffer mode) (external trigger or interrupt trigger)

Select Select
Scan processing processing Scan processing processing Scan processing

(NTCMo3) [ [

Analog input pins ANIO ANI1 ANI5 ANI2 ANI3 ANI5 ANI4
(A/D conversion)
A
Conversion start
(ADM - 45H)
ADCR ADCRO X ADCR1 X ADCR5 X ADCR2 ADCR3 ADCRS5 X
INTAD _l _l

Caution To execute select processing by external trigger or interrupt trigger and to start scan processing
again, the A/D conversion executed before the external trigger or interrupt trigger was input is
resumed.
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(b) Select processing in 4-buffer mode

In the select mode, one analog input signal is specified and converted to a digital signal. The resultant
digital signal is stored in four A/D conversion result registers (ADCRs) corresponding to the analog input
signal. In the scan mode, four analog input signals excluding the analog signal processed in the select
mode (e.g., when ANI2 is selected for select processing, ANI4-ANI7 are processed in the scan mode)
are sequentially converted. After that, scan processing is repeated.

The conversion results are stored in the ADCR registers corresponding to the analog input signals, as
shown in Table 8-8.

Figure 8-18. A/D Conversion in Mixed Mode (select processing in 4-buffer mode)

A/D conversion

Analog input pins -
result registers

ANIO O ADCRO
ANI1 O ADCR1
:> ANI2 O Note 1 ADCR2
ANI3 O ADCR3
A/D
ANI4 O ADCR4
ANI5 O ADCR5
Note 2
ANl O ADCR6
ANI7 O ADCR7

Notes 1. Select processing (4-buffer mode)
2. Scan processing

Table 8-8. Correspondence Between Analog Input and A/D Conversion
Result Registers (ADCRs) (mixed mode: select
processing in 4-buffer mode)

Analog Input ADCR
Select Processing Scan Processing
ANIO Stores conversion result of | ANIn — ADCRn
ANIL specified analog input to | (n =4-7)
ADCRO-ADCR3
ANI2
ANI3
ANI4 Stores conversion result of | ANIn -~ ADCRn
ANI5 specified analog input to | (n = 0-3)
ADCR4-ADCR7
ANI6
ANI7
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Figure 8-19. Example of Operation Timing in Mixed Mode (select
processing in 4-buffer mode) (software trigger)

Select processing

Select processing (4-buffer mode) | Scan processing | (4-buffer mode)
I il [
Analog input pin ANIL ANI1 ANIL ANIL ANI4 | ANI5 | ANI3 ANI3
(A/D conversion)
A A
Conversion start ADM rewritten
(ADM ~21H) (ADM  23H)
ADCR ADCRO X ADCR1 X ADCR2 X ADCRS3 ADCR4 ADCRO X
INTAD —l

Caution To execute select processing by software trigger and start scan processing again, the A/D
conversion executed before the software trigger was input is resumed.

Figure 8-20. Example of Operation Timing in Mixed Mode (select
processing in 4-buffer mode) (external trigger or interrupt trigger)

Scan processing Select processing (4-buffer mode)

| |
\ \

INTP2 _l

(INTCMO3)
?R/aéognlgsgrts?gs ANI4 ANI5 ANI6 ANI1 ANI1 ANIL | ANIL ANI7
A
Conversion starts
(ADM —61H)
ADCR ADCR4 X ADCR5 ADCR6 ADCRO ADCR1 X ADCR2 <ADCR3
INTAD —l

Caution To execute select processing by external trigger or interrupt trigger and to start scan processing
again, the A/D conversion executed before the external trigger or interrupt trigger was input is
resumed.
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8.5 How to Read A/D Converter Characteristic Tables

This section describes the technical terms peculiar to the A/D converter.

216

)

)
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Resolution

Minimum analog input voltage that can be identified. The ratio of 1 digital output bitto an analog input voltage
is said to be 1LSB (Least Significant Bit). The ratio of the full scale to 1LSB is expressed in %FSR (Full
Scale Range).

Where the resolution is 10 bits,

1/210 = 1/1024
0.098%FSR

1LSB

The accuracy is independent of the resolution and is determined by the total error.

Total error

Maximum difference between actually measured and theoretical values.

Total error of a zero scale error, full scale error, non-linearity error, and combination of these errors.
Note that the total error set forth in the characteristic table does not include the quantized error.

Quantized error

An error of £1/2LSB that inevitably occurs when an analog value is converted into a digital value. Since
an A/D converter converts an analog voltage in the range of £1/2L SB into the same digital code, a quantized
error is unavoidable.

This error is not included in the total error, zero scale error, full scale error, and non-linearity error set forth
in the characteristic table.




CHAPTER 8 A/D CONVERTER

Figure 8-21. Total Error Figure 8-22. Quantized Error
Lo 1 Qoveres 1
Ideal straight :
line -
- 5
> [oR
o 5 ¢
5 v " . o | v
o= o ‘ .~ s 7T
[ =
S Total error a ,
[a) 1/2LSB = Quantized error
' i = 1/2LSB
Tkt
Q-eeee 0 Y (U 0 D¢
0 VRer 0 VRer

Analog input Analog input

(4) Zero scale error
This is the difference between the actually measured value of an analog input voltage and the theoretical value
(1/2LSB) when the digital output changes from 0....000 to 0....001. If the measured value is greater than the
theoretical value, it is the difference between the actually measured value of the analog input voltage and the
theoretical value (3/2LSB) when the digital output changes from 0....001 to 0....010.

(5) Full scale error

This is the difference between the actually measured value of an analog input voltage and the theoretical value
(full scale - 3/2LSB) when the digital output changes from 1....110 to 1....111.

(6) Non-linearity error
This is the degree to which the conversion characteristics shift from the ideal straight line. It indicates the

maximum difference between the measured value and the ideal straight line where the zero scale error and
full scale error are 0.
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Figure 8-23. Zero Scale Error

Figure 8-24. Full Scale Error

1

2

3 (WREF

1lll 7
’
T . Full scale error
0 Ideal straight line | 4 7
- ! a 111
@ el B -t = T T
e ! NS '
g 011} ' clg) 1 < ! !
d g 4
3 5 110} S ' I
£ o1 g : /: .
° 2 - : :
£ o} : : ;
8 001 a8 101 65 - 77 Ideal straight
B L . line '
)/\'r—\ Zero scale error X ~ '
/<_,: 000 ‘ ‘ | \ i
! ) -3 —2 1
000 | L | ( 0 VRer VRer VRer VREF

Analog input (LSB)
Analog input (LSB)

Figure 8-25. Non-Linearity Error

1 ...... 1
Ideal straight
line :
1
)
- - -1
=} 1
g8 = P
8 ’ 'l
s
=y ah
a
- Z _I
L
I_ -l
-t Non-linearity
error
Qeeeeee (
VRer
Analog input

(7) Conversion time
Time required from when an analog input voltage is given until the digital output is obtained.
The conversion time set forth in the characteristics table includes the sampling time.

(8) Sampling time
Time during which an analog switch is ON to load an analog voltage to the sample and hold circuit.

~— Sampling time 4

Conversion time
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The pyPD78362A is provided with a UART (Universal Asynchronous Receiver Transmitter) asynchronous serial
interface. This interface transmits or receives 1-byte serial data following a start bit and can perform full duplex
operation. A baud rate generator is also provided, so that communication can be established in a wide range of baud
rates.

The asynchronous serial interface is independent of the clocked serial interface.
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9.1 Asynchronous Serial Interface Configuration

The asynchronous serial interface is controlled by the asynchronous serial interface mode register (ASIM)
and asynchronous serial interface status register (ASIS). Receive data is stored in the receive buffer (RXB),
and transmit data is written to the transmit shift register (TXS).

The asynchronous serial interface is configured as shown in Figure 9-1.

(1) Asynchronous serial interface mode register (ASIM)
The ASIM register is an 8-hit register that specifies the operation of the asynchronous serial interface.
This register can be read or written by an 8-bit manipulation instruction or a bit manipulation instruction.
It is initialized to 80H when the RESET signal is input.

(2) Asynchronous serial interface status register (ASIS)
The ASIS register is a collection of flags that identify the nature of an error in case a reception error occurs.
Each flag is set to 1 when a reception error occurs, and is reset to 0 when data is read from the receive buffer
(RXB) or when a new, subsequent error is received (if an error occurs in the next data, the corresponding error
flag is set).
This register can only be read by an 8-bit manipulation instruction.
It is initialized to 00H when the RESET signal is input.

(3) Reception control parity checking unit
Reception is controlled in accordance with the contents written to the ASIM register. Whether an error, such
as a parity error, has occurred is also checked during reception. If an error is detected, a value corresponding
to the error is written to the ASIS register.

(4) Receive shift register
This register converts the serial data input to the RxD pin into parallel data. When 1 byte of data is received,
it is transferred to the receive buffer.
This register cannot be manipulated directly from the CPU.

(5) Receive buffer (RXB)
This register holds the receive data. Eachtime 1 byte of datais received, itis transferred from the shift register.
When the data length is set to 7 bits, the receive data is transferred to bits 0 to 6 of the RXB, and the MSB
of the RXB is always “0".
This register can only be read by an 8-bit manipulation instruction. Its contents are undefined when the RESET
signal is input.

(6) Transmit shift register (TXS)
This register sets the data to be transmitted. Data written to the TXS register is transmitted as serial data.
When the data length is set to 7 bits, bits 0 to 6 of the data written to the TXS register are treated as transmit
data. When data is written to the TXS register, transmission is started. Do not write to the TXS register while
transmission is in progress.
Data can only be written to this register by an 8-bit manipulation instruction. The contents of the TXS register
are undefined when the RESET signal is input.
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(7) Transmission control parity appending unit
Transmission is controlled by automatically appending a start bit, parity bit and stop bit to the data written to
the TXS register, in accordance with the contents written to the ASIM register.

Figure 9-1. Block Diagram of Asynchronous Serial Interface

% Internal bus S

) ASIM
Receive
RXB buffer RXE|PS1|PS0| CL | SL |SCK
| |
ASIS
Receive shift TXS P
RxD register PE | FE |OVE] 2;2?2:” shift
™ 0—<]
Reception Transmission
control control
parity D»lNTSER parity = INTST
checking appending
unit — INTSR unit
Transmit/receive baud
rate generator output

1 1
16 16 J

l<«— fck/8

Selector
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9.2 Setting Pins for Serial Communication

Since the RxD and TxD pins are multiplexed with general-purpose port pins, they must be set in the control
mode before communication is started.

(1) Setting pins for serial communication
The asynchronous serial interface uses the TxD pin for transmission and the RxD pin for reception. These
pins, however, are multiplexed with general-purpose port pins P30 and P31, respectively. Therefore, before
starting communication, each pin must be set in the control mode by using the port 3 mode control register

(PMC3).
Figure 9-2. Format of Port 3 Mode Control Register
Symbol 7 6 5 4 3 2 1 0 Address When reset R/W
PMc3 | x | x | x |pumcas|pmcas|pmcaz|pucst[Pucso|  FF43H  xxx0 00008 RAW

PMC30 Specifies control mode of P30 pin
0 1/0O port mode

1 TxD output mode

PMC31 Specifies control mode of P31 pin
0 I/O port mode

1 RxD input mode

PMC32 Specifies control mode of P32 pin
0 I/O port mode
1 SBO I/O mode/SO output mode

PMC33 Specifies control mode of P33 pin
0 I/O port mode
1 SB1 I/O mode/SI input mode

PMC34 Specifies control mode of P34 pin

0 I/O port mode
1 SCK I/0 mode

Remark x: don’t care
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(2) Reading pin level
When port 3 (P3) is set in the control mode by the port 3 mode control register (PMC3), the following statuses
can be read when an instruction that reads port 3 (P3) is executed:

(a) TxD/P30 pin
* When bit 0 of the port 3 mode register (PM3) is set to 1, the level of the TxD pin can be read.
e When bit 0 of the port 3 mode register (PM3) is reset to 0, the level of the internal transmit data can
be read.

(b) RxD/P31 pin
* When bit 1 of the port 3 mode register (PM3) is set to 1, the level of the RxD pin can be read.

By reading the pin level, contention of the TxD pin can be checked.
The levels of the TxD and RxD pins do not change even if data is written to port 3 (P3) (data is written to the

output buffer of port 3).

Figure 9-3. Format of Port 3 Mode Register

Symbol 7 6 5 4 3 2 1 0 Address When reset R/W
PM3 [ x | x | x |pv3a|Pm33|pm32|PMa1]PM30|  FF23H  xxx11111B  RW
PM3n Specifies 1/0 mode of P3n pin (n = 0-4)

0 Output mode (output buffer on)

1 Input mode (output buffer off)

Remark x: don’t care
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9.3 Data Format Setting

The character bit length, parity, and stop bitlength are specified by the asynchronous serial interface mode
register (ASIM).

(1) Setting data format
Figure 9-4 shows the format of the transmit/receive data. One data frame consists of a start bit, character

bits, parity bit, and stop bit(s).

The character bit length, parity, and stop bit length of one data frame are specified by the asynchronous serial
interface mode register (ASIM) (refer to Figure 9-5).

Figure 9-4. Format of Transmit/Receive Data of Asynchronous Serial Interface

1 data frame

Start DO D1

p2 | o3 | pa | ps | b | D7 |Paity

bit bit
e Start bit .. 1 bit
e Character bits ... 7/8 bits
 Parity bit .. even/odd/0/none
e Stop bit .. 1/2 bits

(2) 0 parity is effective for starting up system

224

Stop bit

The asynchronous serial interface of the uPD78362A is provided with a “0 parity” function as a special transmit/

receive data format.

When “0 parity” is selected, “0” is unconditionally appended to the transmit data when serial data is transmitted.
Serial datais received regardless of the status of the parity bit appended to it, and a parity error does not occur.

The “0 parity” function is useful for executing serial communication when the data format is not determined

such as when power is applied to the system.
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Figure 9-5. Setting of ASIM Register (data format)

Symbol 7 ®) 5 4 3 2 1 0 Address  When reset RIW
ASIM | 1 \ RXE \ PS1 \ PSO \ cL \ SL \ 0 \ ScK | FF88H 80H RIW
SCK Specifies serial clock

0 Internal baud rate generator output

1 Internal clock fcx/8

SL Specifies stop bit of transmit/receive data
0 |1hit

1 2 bits

CL Character length of transmit/receive data
0 7 bits

1 8 bits

PS1 | PSO | Specifies parity bit of transmit/receive data

0 0 | No parity

0 1 | Transmission = 0 parity appended
Reception = No parity error

1 0 | Odd parity

1 1 | Even parity

RXE Enables or disables reception

0 Disables reception

1 Enables reception

Caution Bit 7 of the ASIM register is fixed to “1” by hardware. Even if “0” is written, it remains “1”.
Also, bit 1 is fixed to “0” by hardware. Even if “1” is written, it remains “0”".

Remark fcik: internal system clock

225



CHAPTER 9 ASYNCHRONOUS SERIAL INTERFACE

9.4 Baud Rate Setting

The output of the baud rate generator or internal clock f cLk/8 can be selected as the serial clock. When
the baud rate generator output is selected, communication can be carried out at the specified baud rate,

regardless of the operating frequency.

)

)
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Baud rate = serial clock/16
The asynchronous serial interface samples the level of the RxD pin with the serial clock specified by the

asynchronous serial interface mode register (ASIM) divided by 16.

Selecting serial clock
The serial clock is selected by using the SCK bit of the asynchronous serial interface mode register (ASIM)

(refer to Figure 9-6).
When internal system clock fcix/8 is selected, the baud rate is fcik/128. Therefore, when the internal system

clock is 16 MHz, the baud rate is 125 Kbps.

Remark The baudrate generatoris shared with the clocked serial interface (referto 10.3 Baud Rate Setting ).
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Figure 9-6. Setting of ASIM Register (serial clock)

Symbol 7 ®) 5 4 3 2 1 0 Address  When reset RIW
asiv | 1 |Rxe|psi|pso|cL | st | o [sck|  FresH 80H RIW
SCK Specifies serial clock
0 Internal baud rate generator output
1 Internal clock fcx/8
SL Specifies stop bit of transmit/receive data
0 1 bit
1 2 bits
CL Character length of transmit/receive data
0 7 bits
1 8 bits

PS1 | PSO | Specifies parity bit of transmit/receive data

0 0 | No parity

0 1 | Transmission = 0 parity appended
Reception = No parity error

1 0 | Odd parity

1 1 | Even parity

RXE Enables or disables reception

0 Disables reception

1 Enables reception

Caution Bit 7 of the ASIM register is fixed to “1” by hardware. Even if “0” is written, it remains “1”.
Also, bit 1 is fixed to “0” by hardware. Even if “1” is written, it remains “0”".

Remark fcik: internal system clock
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9.4.1 Baud rate generator configuration

The baud rate generator is controlled by the baud rate generator control register (BRGC) and 8-bit compare
register (BRG).

The baud rate generator is configured as shown in Figure 9-7.

)

)

3

4
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Baud rate generator control register (BRGC)

This 8-bit register is used to select the count clock for the 8-bit timer (TMBRG) and control operation of the
baud rate generator.

It can be read or written by an 8-bit manipulation instruction or a bit manipulation instruction.

The contents of this register are initialized to 00H when the RESET signal is input.

The format of the BRGC register is shown in Figure 9-8.

Prescaler
The prescaler divides the internal clock (fcLk/2) according to the setting of the BRGC register and generates
count clocks.

8-bit timer (TMBRG)

This 8-bit timer counts the count clock generated by the prescaler.

When a coincidence signal is generated by the 8-bit compare register (BRG), the timer is cleared to 0 by the
next count clock.

This timer is started or stopped by the BRGC register.

TMBRG cannot be handled directly from the CPU.

8-bit baud rate generator compare register (BRG)

This register always compares its value with the contents of the 8-bit timer (TMBRG). When the value written
to the register coincides with the value of the timer, the register generates a coincidence signal, which clears
the timer to 0.

A signal obtained by dividing this coincidence signal by two is output by the baud rate generator.

This register can be read or written by an 8-bit manipulation instruction.

Its contents are undefined when the RESET signal is input.




CHAPTER 9 ASYNCHRONOUS SERIAL INTERFAC

Figure 9-7. Block Diagram of Baud Rate Generator
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Figure 9-8. Format of Baud Rate Generator Control Register

Symbol 7 6 5 4 (B 2 1 0 Address  When reset RIW
BRGC | 0 ‘ 0 ‘ 0 ‘ 0 ‘ CEBO ‘ 0 ‘PRMBl‘ PRMBOl FF84H O0H R/W
PRMB1|PRMBO Count clock to TMBRG
0 0 feLk/2 (n=0)
1 fok/4 (n=1)
1 0 | fox/8 (n=2)
1 1 ferk/16 (n=3)
CEBO Controls operation of baud rate generator
0 Clears and stops counting
1 Enables counting

Remarks 1. fcik: internal system clock
2. ninthe PRMB1 and PRMBO descriptions indicates the set values of bits 1 and 0 of the BRGC
register, which are used to calculate the baud rate.
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9.4.2 Specific baud rate setting

A specified serial clock can be generated by setting the baud rate generator control register (BRGC) and
8-bit compare register (BRG).

)

)

3
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Baud rate = serial clock/16
The asynchronous serial interface samples the level of the RxD pin with the serial clock specified by the
asynchronous serial interface mode register (ASIM) divided by 16.

Setting a desired baud rate

The baud rate can be calculated by the following expression. Set the value of the BRG register and the count
clock of the 8-bit timer (TMBRG) so that the desired baud rate can be obtained, and start operation of the baud
rate generator.

Calculating baud rate

fi 1 1 1 1
Baud rate (bps) = L T T x T ox T
2" (m+1) 2 2 16
where,
fck: internal system clock (external oscillation frequency fxx x 2)
m : set value of BRG register

n : value corresponding to set value of BRGC register, prescaler value
Table 9-1 shows some typical baud rate settings.

Baud rate error

The asynchronous serial interface samples the level of the RxD pin in synchronization with the start bit.
Therefore, if the baud rate error between transmission and reception is greater than the value calculated by
the following expression, data including the start and stop bits is shifted more than 0.5 bit, and communication
cannot be carried out normally.

0.5 bit B 0.5 bit
1 data frame length 12 bits max.

Maximum permissible error = =41%




T€C

Table 9-1. Typical Baud Rate Settings (asynchronous serial interface)

External Oscillation Frequency

fex (MH2) 8.000 6.250 6.144 5.000 4.9165
Internal System Clock
fewk (MH2) 16.000 12.500 12.288 10.000 9.833
Baud Rate BRGC | BRG Error | BRGC | BRG Error | BRGC | BRG Error | BRGC | BRG Error | BRGC | BRG Error
(bps) (n) (m) (%) (n) (m) (%) (n) (m) (%) (n) (m) (%) (n) (m) (%)
110 - - - 3 221 0.02 3 217 0.08 3 177 0.25 3 174 0.26
150 3 207 0.16 3 162 0.15 3 159 0 3 129 0.16 3 127 0
300 2 207 0.16 2 162 0.15 2 159 0 2 129 0.16 2 127 0
600 1 207 0.16 1 162 0.15 1 159 0 1 129 0.16 1 127 0
1200 0 207 0.16 0 162 0.15 0 159 0 0 129 0.16 0 127 0
2400 0 103 0.16 0 80 0.47 0 79 0 0 64 0.16 0 63 0
4800 0 51 0.16 0 40 0.76 0 39 0 0 32 1.36 0 31 0
9600 0 25 0.16 0 19 1.73 0 19 0 0 15 1.73 0 15 0
19200 0 12 0.16 0 9 1.73 0 9 0 0 7 1.73 0 7 0
38400 0 6 7.0Note 0 4 1.73 0 4 0 0 3 1.73 0 3 0

Note Must not be used because error is too much.

Remark BRGC: bits 0, 1 (PRMBO, PRMB1) of baud rate generator control register (BRGC)

BRG : set value of baud rate generator compare register (BRG)

FOV4d3LNI TVIHIS SNONOYHONASY 6 431dVHO
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9.5 Transmitting Data

Transmission is started when data is written to the transmit shift register (TXS). The next data is written
to the TXS register by the transmission end interrupt (INTST).

)

)
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Transmitting data

The asynchronous serial interface of the uPD78362A is always enabled to transmit, and transmission is started
when transmit data is written to the transmit shift register (TXS). Start, parity, and stop bits are automatically
appended to the transmit data.

When transmission is started, the data in the TXS register is shifted out. When the TXS register becomes
empty as a result, a transmission end interrupt (INTST) occurs.

Transmission is aborted unless the data to be transmitted next is written to the TXS register.

Writing transmit data to TXS register

When transmission has been completed once, the communication rate drops, unless the next transmit data
is immediately written to the TXS register.

To write transmit data to the TXS register, use of the block transfer mode (BLKTRS) of the macro service is
recommended, because the macro service is started as soon as the transmission end interrupt (INTST) occurs,
regardless of the priority, thus improving the communication rate.

Cautions 1. Usually, a transmission end interrupt (INTST) occurs when the transmit shift register
(TXS) becomes empty. However, a transmission end interrupt does not occur even if the
transmit shift register becomes empty because of RESET—input.

2. Data written to the TXS register while transmission is in progress and before INTST
occurs is invalid.
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Figure 9-9. Asynchronous Serial Interface Transmission End Interrupt Timing

(a) Stop bit length: 1

sTopP |
TxD (output) DO D1 D2 D6 D7 N\ Parity

START
INTST —|

(b) Stop bit length: 2

\ |
TxD (output) / DO X D1 X D2 X}gx DGX D7 XParity/ ST‘OP

START

INTST

Remark INTST ... vector table address: 0020H
macro service control word address: FE20H

Caution Usually, a transmission end interrupt (INTST) occurs when the transmit shift register (TXS)
becomes empty. However, a transmission end interrupt does not occur even if the transmit
shift register becomes empty because of RESET input.
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9.6 Receiving Data

When reception is enabled, sampling of the RxD pin is started. When a start bit is detected, data reception
begins. Each time one frame of data has been received, a reception end interrupt (INTSR) occurs. Usually,
this interrupt transfers the receive data from the receive buffer (RXB) to memory.

(1) Receiving data
Reception is enabled by setting the RXE bit of the asynchronous serial interface mode register (ASIM) to 1.
When reception is enabled, the RxD pin input is sampled with the serial clock specified by the ASIM register.
When the RxD pin goes low, the 1/16 counter starts counting. When it counts eight times, a start timing signal
for data sampling is output. If the RxD pin is found to be low as a result of sampling the pin again with this
starttiming signal, the low level is recognized as a start bit. The 1/16 counter is then initialized, counting started
and the data sampled. When character data, parity bit, and 1 stop bit are detected after the start bit, reception
of one frame of data is completed.
When one frame of data has been received, the data in the receive shift register is transferred to the receive
buffer (RXB), and the reception end interrupt (INTSR) occurs.
Even if an error occurs, the receive data that has caused the error is transferred to the receive buffer (RXB),
and the reception end interrupt (INTSR) and reception error interrupt (INTSER) occur simultaneously.
If the RXE bit is reset to 0 during reception, reception is stopped immediately. At this time, the contents of
the receive buffer (RXB) and the asynchronous serial interface status register (ASIS) remain unchanged, and
the reception end interrupt (INTSR) and reception error interrupt (INTSER) do not occur.

Figure 9-10. Asynchronous Serial Interface Reception End Interrupt Timing

\ STOP
RxD (input) / DO X D1 X D2 X}EX DGX D7 XParity

START

INTSR |_|

Remark INTSR ... vector table address: 001EH
macro service control word address: FE1EH
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Figure 9-11. Setting of ASIM Register (reception enabled)

Symbol 7 ® 5 4 3 2 1 0 Address When reset R/W
AsM | 1 |RXE|Pst|pPso| cL |[sL | o [sck|  FresH 80H RIW
SCK Specifies serial clock

0 Internal baud rate generator output

1 Internal clock fcix/8

SL Specifies stop bit of transmit/receive data
0 | 1hit
2 bits
CL Character length of transmit/receive data
0 7 bits
8 bits

PS1 | PSO | Specifies parity bit of transmit/receive data
0 0 | No parity

0 1 | Transmission = 0 parity appended
Reception = No parity error

1 0 | Odd parity
1 1 | Even parity

RXE Enables or disables reception

0 Disables reception

1 Enables reception

Caution Bit 7 of the ASIM register is fixed to “1” by hardware. Even if “0” is written, it remains “1”.
Also, bit 1 is fixed to “0” by hardware. Even if “1” is written, it remains “0”".

Remark fcik: internal system clock

(2) Transferring receive buffer (RXB) contents to memory
An overrun error occurs unless the contents of the receive buffer (RXB) are read before the next data is
received. To transfer the receive data to memory, use of the block transfer mode (BLKTRS) of the macro
service isrecommended, because the macro service is started as soon as the reception end interrupt (INTSR)
occurs, regardless of the priority, so that the contents of the receive buffer (RXB) can always be transferred

before the next data is received.

Caution Be sure to read the receive buffer (RXB) even if a reception error has occurred. Otherwise,
an overrun error occurs when the next data is received, and the reception error status

persists.
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9.7 Transmitting/Receiving Data Using Macro Service

When transmitting data using a macro service, a vectored interrupt request is issued twice. However,
during reception, a vectored interrupt request is issued only once.

« Transmitting/receiving data using a macro service
Data transmission is begun by writing data to the transmit shift register (TXS). If this is performed with a macro
service, data is written to TXS and transmitted only the specified number of times. After the end of transmission,
a transmission end interrupt (INTST) is issued, and the next data writing macro service is executed. When the
last data is written to TXS, the macro service terminates (MSC = 0), and a vectored interrupt request is issued
(see Figure 9-12, <1>).
Then, when data transmission is terminated (transmission of 1 frame is completed), INTST is newly issued and
a vectored interrupt request is issued again (see Figure 9-12, <2>).
Therefore, when activating a macro service with INTST as described above, a vectored interrupt may be issued
twice by the same vectored interrupt request (in this case, INTST).
On the other hand, during reception, a vectored interrupt request is never issued twice the way it is during
transmission. In the case of reception, the reception end interrupt (INTSR) issued when reception is terminated
causes execution of the macro service transferring the received data to memory, and therefore, a vectored
interrupt request is issued only once upon termination of the macro service.

236



CHAPTER 9 ASYNCHRONOUS SERIAL INTERFAC

Figure 9-12. UART Transmitting/Receiving Using Macro Service

(@) Transmitting

C Main routine )

El

Macro service request —=

(INTST)

Last macro service request
(INTST)

Transmission end
interrupt
(INTST)

(b) Receiving

—-

—-

—
‘\\\\\\\\\\\\\\\\

( Main routine )

Macro service request
(INTSR)

Last macro service request
(INTSR)

El

—-

—-

Macro service processing

Macro service processing

Vectored interrupt processing
following macro service
termination - <1>

Vectored interrupt processing
following UART transmission
completion --- <2>

Macro service processing

Macro service processing

Vectored interrupt processing
following macro service
termination

Following macro service termination
(MSC = 0), an interrupt request is
issued and acknowledged.

Following macro service termination
(MSC = 0), an interrupt request is
issued and acknowledged.
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9.8 If Reception Error Occurs

If a reception error occurs, the nature of the error can be identified by reading the asynchronous serial
interface status register (ASIS).

e There are three types of reception errors.
Three types of errors can occur during reception: parity error, framing error, and overrun error. If an error is
detected during reception, the error flag in the ASIS register is set. Atthe same time, the reception error interrupt
(INTSER) occurs. Table 9-2 lists the causes of the errors.
Which error has occurred during reception can be checked by reading the contents of the ASIS register during
reception error interrupt processing (INTSER) (refer to Figure 9-14).
The contents of the ASIS register are reset to 0 when the contents of the receive buffer (RXB) are read or when
the next data is received (if an error occurs in the next data, the corresponding error flag is set).

Table 9-2. Causes of Reception Errors

Reception Error Cause

Parity error Parity specified during transmission does not match parity of receive data
Framing error Stop bit is not detected

Overrun error Next data is received before data is read from receive buffer

Figure 9-13. Reception Error Timing

STOP
RxD (input) \ / DO X D1 X D2 X}ix DGX D7 XParity

START

INTSR

INTSER

Remarks 1. INTSR ..... vector table address: 001EH
macro service control word address: FE1EH

2. INTSER ... vector table address: 001CH
macro service control word address: FE1CH
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Figure 9-14. Format of Asynchronous Serial Interface Status Register

Symbol 7 6 5 4 3 @ @O O Address  When reset RIW
asis [ o[ o] o] o] o]re|rE|ove| Frean 00H R

Overrun error flag

1 Next reception is completed before data is read
from receive buffer

Framing error flag

4| 1 | Stop bit is not detected

Parity error flag

1 Parity specified for transmit data does not match
parity of receive data

Cautions 1. The contents of the ASIS register are reset (0) when the receive buffer (RXB) is read or
when the next data is received. To identify the nature of the error, be sure to read the
ASIS register before reading the receive buffer (RXB).
If the received data is transferred to memory using a macro service, the receive buffer
(RXB) is read during the reception of serial data, and therefore the ASIS register is reset
(0). Thus, it is not possible to know more than the fact that an error has occurred. Be
sure to check if there is no problem concerning this point before using the register.
An error can be detected when the reception error interrupt request flag (SERIF) is set
(1) or by acknowledgment of a reception error interrupt (INTSER).

2. Besuretoreadthereceive buffer (RXB) evenif areception error has occurred. Otherwise,
an overrun error occurs when the next data is received, and the reception error status

persists.

3. Bits 7 to 3 of the ASIS register are fixed to “0” by hardware. Even if “1” is written, they
remain “0”.
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CHAPTER 10 CLOCKED SERIAL INTERFACE

The uPD78362A is provided with two clocked serial interface operation mode: three-wire serial /O mode and serial
bus interface (SBI) mode. Therefore, the microcontroller can be flexibly used for various applications.
The clocked serial interface is independent of the asynchronous serial interface.
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10.1 Clocked Serial Interface Configuration

The clocked serial interface is controlled by the clocked serial interface mode register (CSIM) and serial
bus interface control register (SBIC). The transmit/receive data can be read from or written to the S10 register.

(1) Clocked serial interface mode register (CSIM)
The CSIM register is an 8-bit register that specifies the operation of the clocked serial interface.
This register can be read or written by an 8-bit manipulation instruction or a bit manipulation instruction.
It is initialized to 00H when the RESET signal is input.

(2) Serial bus interface control register (SBIC)
This is an 8-bit register consisting of bits that control the status of the serial bus, and bits that indicate the
various statuses of the data input from the serial bus. It can be used only in the SBI mode and cannot be
manipulated in the three-wire serial I/O mode.
To manipulate this register, an 8-bit manipulation or a bit manipulation instruction is used. Some bits of this
register can be read/written, and some are read-only or write-only bits. If a write-only bit is read, “0” is read.
The contents of the SBIC register are initialized to 00H when the RESET signal is input.
The detection flags ACKD, CMDD, and RELD are cleared when transmission/reception is disabled (by clearing
both the CTXE and CRXE bits of the CSIM register to 0).

(3) Shift register (SIO)
The shift register (SIO) is an 8-bit register that converts serial data to parallel data, or vice versa, and is used
for both transmission and reception.
Data is shifted in (during reception) or out (during transmission) from the MSB or LSB.
Actual transmission/reception is controlled by reading or writing data from or to the SIO register.
This register can be read or written by an 8-bit manipulation instruction.
Its contents are undefined when the RESET signal is input.

(4) SO latch
The SO latch holds the output level of the SO/SBO pin. It can be directly controlled by software in the serial

bus interface (SBI) mode.

(5) Serial clock selector
This selects the serial clock to be used.
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(6)

(7

8

C)

svsm@—-%

Serial clock control circuit
This circuit controls supply of the serial clock to the shift register. It also controls the clock to be output to

the SCK pin when the internal clock is used.

Serial clock counter
This counter counts the serial clock output or input during transmission/reception, and checks whether 8-bit

data has been transmitted or received.

Interrupt signal generation control circuit

This circuit controls whether an interrupt request is generated when eight serial clocks are counted by the serial
clock counter. The interruptrequestis generated in the three-wire serial /O mode when the serial clock counter
has counted eight clocks, and when a given condition is satisfied in the SBI mode.

Busy/acknowledge detection circuit and bus release/command/acknowledge detection circuit
These circuits output and detect various control signals in the SBI mode and do not operate in the three-wire

serial I/0 mode.

Figure 10-1. Block Diagram of Clocked Serial Interface

S Internal bus S

8

8

CSIM |CTXE ‘CRXE‘ WUP ‘MODZ MODl‘MODO‘ CLSt ‘ CLSOl

SBIC |BSYE‘ACKD‘ ACKE‘ ACKT‘CMDD‘ RELD‘CMDT‘ RELT|
v

SO latch
Shift register (SI0)

S0ISB0© Mi
s Busy/
% Q g(lzlksr)lloyvledge /\_l\
wn tect
vopr_TT e N/
MOD2 MOD1 I [}
Bus release/command/
acknowledge detection
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WUP
N Serial Interrupt signal
SCK ) clock generation — INTCSI
counter control circuit
5 Baud rate generator (BRG)
Serial clock *g fek/8
control circuit ° fewk/32
(%}
cLso—*
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10.2 Setting Pins for Serial Communication

Since the SO/SBO, SI/SB1, and SCK pins are multiplexed with general-purpose port pins, they must be set
in the control mode before communication is executed.

(1) Setting pins for serial communication
The clocked serial interface uses the SO/SBO, SI/SB1, and SCK pins. These pins, however, are multiplexed
with P32, P33, and P34 of a general-purpose port, respectively. Therefore, they must be set in the control
mode by using the port 3 mode control register (PMC3) before starting communication.

Figure 10-2. Format of Port 3 Mode Control Register

Symbol 7 6 5 4 3 2 1 0 Address When reset R/W
PMc3 [ x | x | x |pmc3s|pmcss|pmcaz|Pucat|Pucaol FF43H  xxx00000B  R/W
PMC30 Specifies control mode of P30 pin

0 1/0 port mode
1 TxD output mode

PMC31 Specifies control mode of P31 pin
0 1/0 port mode

1 RxD input mode

PMC32 Specifies control mode of P32 pin
0 1/0 port mode
1 SBO I/O mode/SO output mode

PMC33 Specifies control mode of P33 pin
0 1/0 port mode
1 SB1 I/O mode/SlI input mode

PMC34 Specifies control mode of P34 pin

0 1/0 port mode
1 SCK 1/0 mode

Remark x: don’t care
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(2) Reading pin level

When port 3 (P3) is set in the control mode by the port 3 mode control register (PMC3), the following statuses

can be read when an instruction that reads port 3 (P3) is executed:

(@) When the corresponding bit of the port 3 mode register (PM3) is set to 1
« Each pin level can be read.

(b) When the corresponding bit of the port 3 mode register (PM3) is reset to 0
e The level of an internal signal is read.

By reading the pin level, contention of the serial bus can be checked.

The level of each pin does not change even if data is written to port 3 (P3) (the data is written to the output

buffer of port 3).

Figure 10-3. Format of Port 3 Mode Register

Symbol 7 6 5 4 3 2 1 0 Address When reset R/W
PM3 | x | x | x |pmsa|pmaspmsz|pmailpmso|  FR2sH xxxa11118 RW
\ \ \
PM3n Specifies 1/0 mode of P3n pin (n = 0-4)

0 Output mode (output buffer on)

1 Input mode (output buffer off)

Remark x: don't care
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10.3 Baud Rate Setting

The output of the baud rate generator, internal clocks f cLk/8, and fcLk/32, or external clock can be selected
as the serial clock. When the baud rate generator output is selected, communication can be carried out at
a specified baud rate, regardless of the operating frequency.

)

)
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Baud rate = serial clock
The clocked serial interface samples the receive data at the rising edge of the serial clock. Therefore, the
serial clock serves as the baud rate as is.

Selecting serial clock

The serial clock is selected by the CLS1 and CLSO bits of the clocked serial interface mode register (CSIM).
When the external clock is selected, the SCK pin is used as an input pin, through which the serial clock is
input from the device with which the yPD78362A communicates.

If fck/8 is selected when the internal system clock is 16 MHz, the communication rate is 2 Mbps. When fcik/
32 is selected, the communication rate is 500 Kbps.

Remark The baud rate generator is shared with the asynchronous serial interface (refer to 9.4 Baud Rate
Setting ).
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Figure 10-4. Setting of CSIM Register (serial clock)

Symbol @ ® ® 4 3 2 1 0 Address  When reset RIW
CSIM |CTXE‘CRXE‘ WUP ‘MODZ‘MODl‘MODO‘ CLS1 ‘ CLSOl FF80H 00H R/W
\ | \ |
L CLS1|CLSO Specifies serial clock SCK pin
0 0 External clock Input
0 1 Baud rate
generator/2
Internal clock Output
1 0 fek/32
1 1 fouk/8
MOD1|MODO ggg;ation First bit | No. of pins| Pins used
0 0 |3-wire MSB SO/SBO,
serial 3 SI/SB1,
0 1 |/Omode | LSB SCK
SO/SBO,
1 0 |SBlImode| MSB 2 (or SI/SB1),
SCK
1 1 | Setting prohibited
MOD2| Specifies transmission/reception pin

0 | Transmission/reception through SO/SBO pin
(SI/SB1 pin is in high-impedance state)

1 Transmission/reception through SI/SB1 pin
(SO/SBO pin is in high-impedance state)

WUP Controls wakeup function

0 Generates interrupt request signal in all modes
each time serial transfer is executed

1 Generates interrupt request signal only when
address is received in SBI mode.
Serial output pin is in high-impedance state

CRXE Reception operation
0 Disabled (if serial clock is input, “ 0 " is input to shift
register)
1 Enabled
CTXE Transmission operation

0 Disabled (output buffer of SO/SB0 and SI/SB1 pins
is in high-impedance state)

1 Enabled

Remark fcik: internal system clock

Caution Selection of the serial clock is made asynchronously with the serial clock. Therefore, if the
serial clock is changed during communication, a serial clock with an undefined width may
be output. Do not change the serial clock during communication.
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10.3.1 Baud rate generator configuration

The baud rate generator is controlled by the baud rate generator control register (BRGC) and 8-bit compare
register (BRG).

The baud rate generator is configured as shown in Figure 10-5.

)

)

3

4
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Baud rate generator control register (BRGC)

This 8-bit register is used to select the count clock for the 8-bit timer (TMBRG) and control operation of the
baud rate generator.

It can be read or written by an 8-bit manipulation instruction or a bit manipulation instruction.

The contents of this register are initialized to 00H when the RESET signal is input.

The format of the BRGC register is shown in Figure 10-6.

Prescaler
The prescaler divides the internal clock (fcLk/2) according to the setting of the BRGC register and generates
count clocks.

8-bit timer (TMBRG)

This 8-bit timer counts the count clocks generated by the prescaler.

When a coincidence signal is generated by the 8-bit compare register (BRG), the timer is cleared to 0 by the
next count clock.

This timer is started or stopped by the BRGC register.

TMBRG cannot be handled directly from the CPU.

8-bit baud rate generator compare register (BRG)

This register always compares its value with the contents of the 8-bit timer (TMBRG). When the value written
to the register coincides with the value of the timer, the register generates a coincidence signal, which clears
the timer to 0.

A signal obtained by dividing this coincidence signal by two is output by the baud rate generator.

This register can be read or written by an 8-bit manipulation instruction.

Its contents are undefined when the RESET signal is input.
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Figure 10-5. Block Diagram of Baud Rate Generator
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10.3.2 Specific baud rate setting

A specified serial clock can be generated by setting the baud rate generator control register (BRGC) and
8-bit compare register (BRG).

(1) Baud rate = serial clock
The clocked serial interface samples the receive data at the rising edge of the serial clock. Therefore, the
serial clock serves as the baud rate as is.

(2) Setting a desired baud rate
The baud rate can be calculated by the following expression. Set the value of the BRG register and the count
clock of the 8-bit timer (TMBRG) so that the desired baud rate can be obtained, then start baud rate generator
operation.

Calculating baud rate

feik 1 1 1
—  x— = x— x—
2

Baud rate (bps) = X
(bps) 2n (m+1) 2

where,
fck: internal system clock (external oscillation frequency fxx x 2)
m : set value of BRG register
n : value corresponding to set value of BRGC register, prescaler value
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Figure 10-6. Format of Baud Rate Generator Control Register

Symbol 7 6 5 4 ® 2 1 0 Address When reset R/W
BRGC I 0 ‘ 0 ‘ 0 ‘ 0 ‘ CEBO ‘ 0 ‘ PRMBl‘ PRMBOl FF84H OOH R/W
PRMB1|PRMBO Count clock to TMBRG
0 0 | fewx/2 (n=0)
0 1 | fox/d (n=1)
1 0 | fex/8 (n=2)
1 1 |fckl6 (n=3)
CEBO Controls operation of baud rate generator
0 Clears and stops counting
1 Enables counting

Remarks 1. fcik: internal system clock
2. ninthe PRMB1 and PRMBO descriptions indicates the set values of bits 1 and 0 of the BRGC
register, which are used to calculate the baud rate.
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10.4 Two Operation Modes of Clocked Serial Interface

The three-wire serial /0 mode is effective for communicating with a device containing a conventional

clocked serial interface.
The SBI mode is NEC'’s original communication mode which enables the uPD78362A to communicate with

two or more devices by using two signal lines.

The clocked serial interface of the yPD78362A can operate in the following two modes:

(1) Three-wire serial I/O mode
In this mode, three signal lines are used to transfer 8-bit data: serial clock (ﬁ), serial input (SI), and serial
output (SO) lines. This mode is effective for communicating with devices containing a conventional clocked
serial interface, such as peripheral 1/0Os and display controllers.
To connect two or more devices, handshake lines are necessary.

Figure 10-7. Example of System Configuration in Three-Wire Serial 1/0 Mode

(Three-wire serial 1/0 Three-wire serial 1/0)

Master CPU Slave CPU
SCK SCK
SO Sl
SI SO
Port (Interrupt) Port
Port Interrupt (Port)
Handshake line
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(2) Serial bus interface mode (SBI mode)
In this mode, two signal lines, serial clock (ﬁ) and serial data bus (SBO or SB1), are used to communicate
with two or more devices.
This mode conforms to NEC’s serial bus format.
In the SBI mode, an “address” which is used to select the target device to communicate, a “command” which
gives a direction to the target device, and actual “data” can be output to the serial data bus.
Therefore, handshake lines, which are necessary for connecting two or more devices with the conventional
clocked serial interface, are not necessary. Consequently, the 1/0 ports can be effectively used and software
loads reduced.
In the SBI mode, the serial data bus pin (SB0O or SB1) serves as an open-drain output pin; therefore, the serial
data bus line is wired-ORed. For this reason, a pull-up resistor must be connected to the serial data bus line.

Figure 10-8. Example of System Configuration of Serial Bus Interface (SBI)

Master CPU gVDD Slave CPU1

SCK SCK
SBO SBO

Slave CPU2

+—1SCK
SBO

Slave CPUn

LSCK

SBO
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10.5 Three-Wire Serial 1/0 Mode Setting

The three-wire serial I/O mode is set by the clocked serial interface mode register (CSIM). Since the MSB
or LSB can be selected as the first bit for communication, communication can be established with various
devices.

(1) Setting three-wire serial I/0 mode
The three-wire serial /0O mode is set by using the MOD1 and MODO bits of the clocked serial interface mode
register (CSIM) (refer to Figure 10-10). Because the MSB or LSB can be selected as the first bit, the
UPD78362A can communicate with various devices in this mode.

(2) Operation timing in three-wire serial /0 mode
In the three-wire serial I/O mode, data is transmitted or received in 8-bit units. Each bit of data is transmitted
or received in synchronization with the serial clock, with the MSB or LSB first (specified by the CSIM register).
The transmit data is output in synchronization with the falling edge of SCK. The receive data is sampled at
the rising edge of SCK. In addition, interrupt request INTCSI occurs at the eighth rising edge of SCK.
When the internal clock is used as SCK, output of SCK is stopped at the eighth rising edge and SCK remains

high until transmission or reception of the next data is started.

Figure 10-9. Timing in Three-Wire Serial I/O Mode

SCK

Sl

SO

INTCSI

! Serial transmission/reception
| end interrupt occurs

l— Transfer starts in synchronization

with falling edge of SCK
Executes SIO write instruction
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Figure 10-10. Setting of CSIM Register (three-wire serial I/O mode)

Symbol @ ® (& 4 3 2 1 0 Address  When reset RIW
csim  [cTxe|crxe| wup [vopz2/mopimopo| cLsi [cLso|  FrsoH 00H RIW
\ | \ |
CLS1|CLSO Specifies serial clock SCK pin
0 0 External clock Input
0 1 Baud rate
generator/2
Internal clock Output
1 0 fek/32
1 1 fck/8
MOD1|MODO 333';‘“0" First bit | No. of pins | Pins used
0 0 |3-wire MSB SO/SBO,
serial 3 SI/SB1,
0 1 1/0 mode LSB SCK
SO/SBO,
1 0 SBI mode| MSB 2 (or SI/SB1),
SCK

1 1 |Setting prohibited

MOD2 Specifies transmission/reception pin

0 Transmission/reception through SO/SBO pin
(SI/SB1 pin is in high-impedance state)

1 | Transmission/reception through SI/SB1 pin
(SO/SBO pin is in high-impedance state)

WUP Controls wakeup function

0 Generates interrupt request signal in all modes
each time serial transfer is executed

1 Generates interrupt request signal only when
address is received in SBI mode.
Serial output pin is in high-impedance state

CRXE Reception operation
0 Disabled (if serial clock is input, “ 0 " is input to shift
register)
1 Enabled
CTXE Transmission operation

0 Disabled (output buffer of SO/SB0 and SI/SB1 pins
is in high-impedance state)

1 Enabled

Remarks 1. fcik: internal system clock
2. The setting of the MOD2 bit is valid only in the SBI mode. This setting is invalid in the 3-wire
serial 1/0 mode.
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10.5.1 Transmission in three-wire serial 1/O mode

When data is written to the SIO register after transmission is enabled by the clocked serial interface mode
register (CSIM), transmission is started.

(1) Starting transmission
To start transmission, set the CTXE bit of the clocked serial interface mode register (CSIM) (reset the CRXE
bit to “0”), and write the transmit data to the shift register (SIO). The block transfer mode (BLKTRS) of the
macro service is useful for writing the transmit data to the SIO register.
When the CTXE bit is reset to 0, the SO pin enters the output high-impedance state.

(2) Transmitting data in synchronization with serial clock

(@) When internal clock is selected as serial clock
When transmission is started, the serial clock is output from the SCK pin, and data is sequentially output
from SIO to the SO pin in synchronization with the falling edge of the serial clock.

(b) When external clock is selected as serial clock
When transmission is started, data is sequentially output from SIO to the SO pin in synchronization with
the falling edge of the serial clock input to the SCK pin immediately after transmission has been started.
When transmission is not started, shift operation is not performed even if the serial clock is input to the

SCK pin, and the output level of the SO pin remains unchanged.

Figure 10-11. Timing in Three-Wire Serial /0O Mode (transmission)
SCK
Sl

SO

! |
o
INTCSI L |_|
L
b
! |

Serial transmission/reception end
interrupt occurs

Transfer starts in synchronization

with falling edge of SCK
Executes SIO write instruction
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Figure 10-12. Setting of CSIM Register (transmission enabled)

Symbol @ ® (B 4 3 2 1 0 Address  When reset RIW
CSIM |CTXE‘CRXE‘ WUP ‘MODZ‘MODl‘MODO‘ CLS1 ‘ CLSO | FF80H 00H R/W
\ | \ |
CLS1|CLSO Specifies serial clock SCK pin
0 0 External clock Input
0 1 Baud rate
generator/2
Internal clock Output
1 0 fek/32
1 1 fouk/8
MOD1|MODO 323::‘“0” First bit | No. of pins| Pins used
0 0 |3-wire MSB SO/SBO,
serial 3 SI/SB1,
0 1 1/0 mode LSB SCK
SO/SBO,
1 0 |SBImode| MSB 2 (or SI/SB1),
SCK

1 1 |Setting prohibited

MOD2 Specifies transmission/reception pin

0 Transmission/reception through SO/SBO pin
(SI/SB1 pin is in high-impedance state)

1 | Transmission/reception through SI/SB1 pin
(SO/SBO pin is in high-impedance state)

WUP Controls wakeup function

0 Generates interrupt request signal in all modes
each time serial transfer is executed

1 Generates interrupt request signal only when
address is received in SBI mode.
Serial output pin is in high-impedance state

CRXE Reception operation
0 Disabled (if serial clock is input, “ 0 " is input to shift
register)
1 Enabled
CTXE Transmission operation

0 Disabled (output buffer of SO/SB0 and SI/SB1 pins
is in high-impedance state)

1 Enabled

Remark fcik: internal system clock
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10.5.2 Reception in three-wire serial /O mode

When reception is enabled by the clocked serial interface mode register (CSIM) (when CTXE = 0) or when
the contents of the SIO register are read with reception enabled, reception is started.

(1) Starting reception
Reception can be started in the following two ways:

<1> By changing the CRXE bit from 0 (reception disable state) to 1 (reception enable state) when the CTXE
bit of the CSIM register is 0; or

<2> Byreadingreceive data from the shift register (SIO) when the CRXE bit of the CSIM registeris 1 (reception
enable state).

The block transfer mode of the macro service (BLKTRS) is useful for reading receive data from the shift register
(S10). Reception is not started even when “1” is written to the CRXE bit of the CSIM register which has already
been set to 1. Reception is not started when CTXE bit is “1", even if the CRXE bit setting is set to 1 from
0.

(2) Receiving data in synchronization with serial clock

(&) When internal clock is selected as serial clock
When reception is started, the serial clock is output from the SCK pin, and the data of the SI pin is
sequentially loaded to SIO in synchronization with the rising edge of the serial clock.

(b) When external clock is selected as serial clock
When reception is started, the data of the Sl pin is sequentially loaded to SIO in synchronization with the
rising edge of the serial clock input to the SCK pin immediately after reception has been started. If
reception is not started, shift operation is not performed even if the serial clock is input to the SCK pin.

Figure 10-13. Timing in Three-Wire Serial I/O Mode (reception)

SCK
Sl

SO

! |

o

I

INTCSI L |_|

|

! |

! |

! |

Serial transmission/reception end

I interrupt occurs

Transfer starts in synchronization
with falling edge of SCK

Executes SIO read instruction
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Symbol @ ®& 6 4 3 2

|CTXE ‘CRXE‘ WUP ‘MODZ‘MODl‘MODO‘ cLs1 ‘ CLSO |

CSIM

Figure 10-14. Setting of CSIM Register (reception enabled)

1 0

Address When reset R/W

Remark fcik: internal system clock

FF80H 00H R/W
CLS1|CLSO Specifies serial clock SCK pin
0 0 | External clock Input
0 1 Baud rate
generator/2
Internal clock Output
1 0 fok/32
1 1 fouk/8
MOD1MODO| QPEraton | Eirst bt | No. of pins | Pins used
0 0 |3-wire MSB SO/SBO,
serial E— 3 SI/SB1,
0 1 |I/O mode LSB SCK
SO/SBO,
1 0 |SBImode| MSB 2 (or SI/SB1),
SCK
1 1 |Setting prohibited
MOD2 Specifies transmission/reception pin
0 Transmission/reception through SO/SBO pin
(SI/SB1 pin is in high-impedance state)
1 Transmission/reception through SI/SB1 pin
(SO/SBO pin is in high-impedance state)
WUP Controls wakeup function
0 | Generates interrupt request signal in all modes
each time serial transfer is executed
1 Generates interrupt request signal only when
address is received in SBI mode.
Serial output pin is in high-impedance state
CRXE Reception operation
0 Disabled (if serial clock is input, “ 0 " is input to shift
register)
1 Enabled
CTXE Transmission operation
0 Disabled (output buffer of SO/SB0 and SI/SB1 pins
is in high-impedance state)
1 Enabled
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10.5.3 Transmission/reception in three-wire serial /O mode

When both transmission and reception are enabled by the clocked serial interface mode register (CSIM),
transmission and reception can be performed simultaneously.

)

)

260

Starting transmission/reception

Transmission and reception can be performed simultaneously when both the CTXE and CRXE bits of the
clocked serial interface mode register (CSIM) are set to 1 (transmission/reception operation).
Transmission/reception can be started by writing transmit data to the shift register (SIO) when both the CTXE
and CRXE bits of the CSIM register are 1 (transmission/reception enabled).

Transmission/reception operation is not started even if “1” is written to the CRXE bit of the CSIM register which
has already been set to 1.

Transmitting/receiving data in synchronization with serial clock

(@) When internal clock is selected as serial clock
When transmission/reception is started, the serial clock is output from the SCK pin, and datais sequentially
output from SIO to the SO pin in synchronization with the falling edge of the serial clock. In addition, the
data of the Sl pin is sequentially loaded to SIO in synchronization with the rising edge of the serial clock.

(b) When external clock is selected as serial clock
When transmission/reception is started, data is sequentially output from SIO to the SO pin in synchro-
nization with the falling edge of the serial clock input to the SCK pin immediately after transmission/
reception has been started. The data of the Sl pin is sequentially loaded to SIO in synchronization with
the rising edge of the serial clock. When transmission/reception is not started, shift operation is not
performed even if the serial clock is input to the SCK pin, and the output level of the SO pin remains
unchanged.
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|
SCK }
| 1 2 3 4 5 6 7 8
1 1
I I
I A
I
Sl : '@@@@@m@ P
I ‘ ~
! |
! |
;
I

| |
[ |
1 1
[ |
INTCSI | ! |_|
| |
1
: 3 Serial transmission/reception end
| |

interrupt occurs

Transfer starts in synchronization
with falling edge of SCK

Executes SIO write instruction

Remark INTCSI ... vector table address: 0022H
macro service control word address: FE22H
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Figure 10-16. Setting of CSIM Register (transmission/reception enabled)

Symbol @ ® (% 4 3 2 1 0 Address  When reset RIW
csim  |cTxe|crxE| wup [MoD2/moD1|MoDo| cLs1|cLso|  FrsoH 00H RIW
CLS1|CLSO Specifies serial clock SCK pin
0 0 External clock Input
0 1 Baud rate
generator/2
Internal clock Output
1 0 fok/32
1 1 fck/8
MOD1|MODO S]gg'eaﬂon First bit | No. of pins | Pins used
0 0 |3-wire MSB SO/SBO,
serial 3 SI/SB1,
0 1 1/0 mode LSB SCK
SO/SBO,
1 0 |SBImode| MSB 2 (or SI/SB1),
SCK

1 1 | Setting prohibited

MOD2 Specifies transmission/reception pin

0 Transmission/reception through SO/SBO pin
(SI/SB1 pin is in high-impedance state)

1 Transmission/reception through SI/SB1 pin
(SO/SBO pin is in high-impedance state)

WUP Controls wakeup function

0 Generates interrupt request signal in all modes
each time serial transfer is executed

1 | Generates interrupt request signal only when
address is received in SBI mode.
Serial output pin is in high-impedance state

CRXE Reception operation
0 Disabled (if serial clock is input, “ 0 " is input to shift
register)
1 Enabled
CTXE Transmission operation

0 Disabled (output buffer of SO/SB0 and SI/SB1 pins
is in high-impedance state)

1 Enabled

Remark fcik: internal system clock
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10.5.4 Corrective action in case shift operation is not synchronized

If the shift operation is not synchronized with the serial clock, synchronization is restored by disabling
both transmission and reception.

» Corrective action if shift operation is not synchronized with serial clock
When the external clock is selected as the serial clock, the number of serial clocks may not correctly match the
shift operation due to noise. In this case, disable both transmission and reception (by resetting the CTXE and
CRXE bits to 0). This initializes the serial clock counter, so that when transmission or reception is enabled the
next time, the serial clock input firstis treated as the first clock, which is used to restore synchronization between
the shift operation and the serial clock.
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10.6 SBI Mode Setting

The SBI mode is effective for reducing the number of ports used and lowering software loads because a
serial bus can be configured with two signal lines, SCK and SBO (SB1).

e Setting SBI mode

The SBI mode is set by the MOD2, MOD1, and MODO bits of the clocked serial interface mode register (CSIM)
Since SBO or SB1 can be selected as a serial data 1/O pin, two serial buses can be configured.

Figure 10-17. Example of System Configuration of Serial Bus Interface (SBI)

Master CPU Voo Slave CPU1

SCK — SCK
SBO

SBO

Slave CPU2

+— SCK
SBO

Slave CPUn

—] SCK
SBO

Cautions 1. In the SBI mode, the serial data bus pin (SBO or SB1) serves as an open-drain output pin.
Therefore, the serial data bus line is wired-ORed. For this reason, a pull-up resistor must

be connected to the serial data bus line.

To exchange a master with a slave, switching between the input and output modes of SCK

is asynchronously performed by the master and slave. Therefore, a pull-up resistor must
also be connected to SCK.
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Figure 10-18. Setting of CSIM Register (SBI mode)

Symbol @ ® ® 4 3 2 1 0 Address  When reset RIW
CSIM |CTXE‘CRXE‘ WUP ‘MODZ‘MODl‘MODO‘ CLS1 ‘ CLSOl FF80H 00H R/W
CLS1|CLSO Specifies serial clock SCK pin
0 0 External clock Input
0 1 Baud rate
generator/2
Internal clock Output
1 0 fek/32
1 1 fouk/8
MOD1/MODO 3{;3?“0” First bit | No. of pins| Pins used
0 0 |3-wire MSB SO/SBO,
serial 3 SI/SB1,
0 1 |I/O mode LSB SCK
SO/SBO,
1 0 |[SBlImode| MSB 2 (or SI/SB1),
SCK

1 1 |Setting prohibited

MOD2 Specifies transmission/reception pin

0 Transmission/reception through SO/SBO pin
(SI/SB1 pin is in high-impedance state)

1 Transmission/reception through SI/SB1 pin
(SO/SBO pin is in high-impedance state)

WUP Controls wakeup function

0 | Generates interrupt request signal in all modes
each time serial transfer is executed

1 Generates interrupt request signal only when
address is received in SBI mode.
Serial output pin is in high-impedance state

CRXE Reception operation
0 Disabled (if serial clock is input, “ 0 " is input to shift
register)
1 Enabled
CTXE Transmission operation

0 Disabled (output buffer of SO/SB0 and SI/SB1 pins
is in high-impedance state)

1 Enabled

Remarks 1. fcik: internal system clock
2. The setting of the MOD2 bit is valid only in the SBI mode. This setting is invalid in the 3-wire
serial 1/0 mode.
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10.6.1 SBI data format

SBI defines various control signals by using a combination of two signal lines: serial clock SCK and serial
data bus SBO (or SB1).

(1) Control signals used with SBI
SBI defines the following eight signals by using a combination of two signal lines, SCK and SBO (or SB1):

<1> Bus release signal (REL)
This signal is output by the master to inform a slave that the master is to transmit an address to the slave.
The slave is provided with hardware that detects the bus release signal.

Figure 10-19. Bus Release Signal

When the SCK line is high and the SBO (or SB1) line changes from low to high, SBI recognizes the signal
as the bus release signal. Therefore, if the bus change timing becomes off due to the influence of the
board capacitance, etc., data signals during data transmission may incorrectly be interpreted as bus
release signals.

<2> Command signal (CMD)
This signal is output by the master to inform a slave that the master is to transmit an address or command.
The slave is provided with hardware that detects the command.

Figure 10-20. Command Signal
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<3> Address
This 8-bit data follows the bus release and command signals. It is output by the master to select a slave.
The slave compares the address it has received with its own address through software. If the two
addresses coincide, the slave performs processing necessary for establishing communication.

Figure 10-21. Address

SCK 1 2 3 4 5 6 7 8

sso | ko /a7 Xae X a5 X As X A3 X A2 AL A0

] Address
Bus release signal

Command signal
<4> Command
This 8-bit data is output by the master after the command signal. In this case, the bus release signal
is not output. How a command is used can be determined arbitrarily.

Figure 10-22. Command

SCK 1 2 3 4 5 6 7 8

SBO b /c7 Xce Xc5 Xca Xca Xcz2 Xc1 Xco

Command
Command signal

<5> Data
This 8-bit data is output by the master without the bus release and command signals.

Figure 10-23. Data

SCK i 12 13 14l 15[ 16 |7[ 18
SBO \ D7 X'06 X D5 X D4 X D3 X D2 X D1 X DO
Data
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<6> Acknowledge signal (ACK)
This signal is used to acknowledge reception of data transmitted between the transmission and reception
sides. The master is provided with hardware that detects the acknowledge signal. If the acknowledge
signal is not returned, reception is judged not to have been correctly carried out.
Figure 10-24. Acknowledge Signal

[Output in synchronization with the 11th SCK clock]

SCK 8 9 10| |11

pm-——

SBO ACKs

[Output in synchronization with the 9th SCK clock]

SCK ||||||||||||||8||9|||||||
sso X ) XXX

<7> Busy signal (BUSY)
This signal is output by a slave to indicate that the slave is preparing for data transmission or reception.

The master continues outputting the serial clock while the slave is outputting the busy signal, and cannot
start the next transmission.

<8> Ready signal (READY)
This signal is output by a slave to inform the master that the slave is now ready for transmitting or receiving

data.

Figure 10-25. Busy Signal and Ready Signal

SCK|8||9|||||||||
sB0O X \CK'  BUSY  [/Reapy
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(2) Configuration of one data frame of SBI
One data frame of the serial data of SBI is configured as follows:

(REL) + (CMD) + 8-bit data + ACK + (BUSY)

269



0.¢

Table 10-1. Signals in SBI Mode (1/2)

Signal Name Output Definition Timing Chart Output Influence on Meaning of Signal
Device Condition Flag
Bus release Master | Rising edge of SBO when e Setting of RELT | ¢ Sets RELD End of series of transfer
signal SCK =1 SCK “yr * Clears CMDD to selected slave
(REL)
SBO l
Command Master | Falling edge of SBO when e Setting of CMDT | « Sets CMDD i) Address is transmitted
signal SCK =1 SCK “H after output of REL
(CMD) if) REL not output.
SBO l Command is transmitted

Acknowledge | Slave Low-level signal output to * ACKE =1 » Sets ACKD End of reception
signal SBO during 1-clock period e Setting of ACKT
(ACK) of SCK after serial clock is (Sync busy output)

received
Busy signal Slave [Sync busy signal] 9 *BSYE=1 - Serial reception disabled
(BUSY) Low-level signal output to Lpﬁ \ m during processing

SBO following acknowledge | spo E\ ‘ ; ., READY

signal s — —((—

=~ ACK*m<+—BUSY—

Ready signal | Slave | High-level signal output to SBO T‘ \ ﬁ *BSYE=0 - Serial reception enabled
(READY) SBO before start or after » Execution of data

end of serial transfer

write instruction
to SIO (transfer
start command)
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Table 10-1. Signals in SBI Mode (2/2)

. Output _— . Output Influence on ] )
Signal Name } Definition Timing Chart L Meaning of Signal
Device Condition Flag

Serial clock Master | Sync clock to output ad- Execution of in- Setting of CSIIFNoe 1 | Timing of signal output to
(SC_K) dress, command, data, ACK, struction to write (rising edge of 8th | serial data bus

and sync BUSY. Address, SCK |l| |2| 7] |8 9t [L0 data to SIO when | clock)

command, or data is trans- CTXE =1 (serial Note 2

ferred when first eight clocks SBO :EX]W transfer start

are output. command)Note 3
Address Master | 8-bit data transferred in Note 2 | Address of slave device
(AO-A7) synchronization with SCK SCK —MM on serial bus

after output of REL and

CMD signals. SBO MDDU

REL CMD

Command Master | 8-bit data transferred in None Command message to
(D0-D7) synchronization with SCK SCK |1| |2| |7| |8| | slave device

after output of only CMD

signal. REL signal is not SBO DDD-

CMD

output.
Data Master/ | 8-bit data transferred in None Actual data processed by
(DO-D7) slave synchronization with SCK. SCK _MM slave or master

Both REL and CMD signals

are not output. SBO § x (DCX:

Notes 1. An interrupt request flag corresponding to serial transmission/reception interrupt (INTCSI).
2. CSIIF is always set at the rising edge of the eighth clock of SCK when WUP = 0.
CSIIF is set only when an address is received when WUP = 1.
3. In BUSY status, transfer is not started until READY status is set.

FOV4d3LNI TVIH3ES dIXO01D 0T 431dVHO
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10.6.2 Controlling and detecting status of serial bus

The status of the serial bus can be controlled and detected by using the serial bus interface control register
(SBIC).

« Controlling and detecting status of serial bus
SBI has a serial bus interface control register (SBIC) that detects and controls the status of the serial bus.
The SBIC register is an 8-bit register consisting of bits that control the status of the serial bus, and flags that
indicate various statuses of the data input from the serial bus.
This register can be read or written by an 8-bit manipulation instruction or a bit manipulation instruction. However,
some bits are read-only or write-only. If a write-only bit is read, “0” is read.
The contents of the SBIC register are initialized to 00H when the RESET signal is input.
Figure 10-26 shows the format of the SBIC register.
The operations of the respective bits are illustrated in Figures 10-27 through 10-31.
Note that, throughout this section, SBO is used as the serial data 1/0 pin. Operation is exactly the same even
when SB1 is selected.
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Figure 10-26. Format of Serial Bus Interface Control Register

Symbolk @ ® & @ ® @ @ © Address  When reset

SBIC  |BSYE|ACKD|ACKE |ACKT|CMDD|RELD|CMDT|RELT|  FF82H 00H

RELT . )
W Controls trigger output of bus release signal (REL)
0 Does not output
1 Outputs

CMDT . .
W Controls trigger output of command signal (CMD)
0 Does not output
1 Outputs

RELD

Detects bus release signal (REL)

0 Does not detect

1 Detects (serial bus goes high while SCK is high)

Detects command signal (CMD)

0 Does not detect

1 Detects (serial bus goes low while SCK is high)

ACKT ) . I
W Controls trigger output of acknowledge signal (ACK)
0 Does not output
1 Outputs

ACKE| controls automatic output of acknowledge signal
R/W [ (ACK)

Disables

Enables

ACKD

Detects acknowledge signal (ACK)

0 Does not detect
1 Detects

BSYE| controls automatic output of synchronization busy
R/W | signal (BUSY)

Disables

Enables

Remark R/W: read/write
R : read only
W : write only
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Figure 10-27. Operations of RELT, CMDT, RELD, and CMDD

Transfer start
command

SIO /X

SCK  *H”

SO latch \

([ / \

I iz \

\
RELD \ Y v

CMDD A\ N

Caution Do not manipulate the RELT and CMDT bits during transmission or reception.

Figure 10-28. Operation of ACKT
Set after end of transfer

SCK 6 7 8 9 ﬂ|q

(
seo X b2 X b1 X po / K ACK ACK signal is output during
1-clock period immediately
after ACKT is set.

ACKT %
))

When ACKT is set during this period.
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Figure 10-29. Operation of ACKE
a. When ACKE = 1 during transfer
SBO \ X D7 X D6 )QEX D1 X DO | ﬂ/_ﬁsignal is output

at 9th clock
ACKE i / T\

— When ACKE = 1 at this point

b. When ACKE is set immediately after end of transfer

mtptigtiptininixlnlis

))
SBO >< D2 X D1 X DO / " ACK ACK signal is output during
1-clock period immediately

//// \ after ACKE is set.

ACKE

When ACKE is set during this period and
ACKE =1 at falling edge of next SCK

c. When ACKE = 0 at end of transfer
s« Ll Ll LIl el e LT

sBo \ X b7 X ps )Q D1 X DO ACK signal is not output.

ACKE // \

L— When ACKE = 0 at this point

d. When period of ACKE = 1 is short

SBO :X X X / & ACK signal is not outpui.
ACKE /_\

When ACKE is set and cleared during
this period, and when ACKE =0
at falling edge of SCK
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Figure 10-30. Operation of ACKD

a. When ACK signal is output at 9th clock of SCK

r Transfer start command

SIO }é

| I

r Transfer start command

SIO /] X

SBO :X p2 X o1 X Do / g ACK
ACKD ; ﬁ

so

SCK 6 7 8 9
ss0 X o2 oL X 00/
ACKD

276




CHAPTER 10 CLOCKED SERIAL INTERFACE

Figure 10-31. Operation of BSYE

SCK 6 7 8 9

seo X XX/ g \ACK |\

BUSY

<

BSYE W /

When BSYE = 1 at this point J

N

When BSYE is reset during this period,
and when BSYE = 0 at rising edge of SCK
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10.6.3 Communicating with SBI

Transmit data is written to the shift register (SIO) and transmission/reception is performed after the serial
bus has been controlled by the serial bus interface control register (SBIC).

Although the SBO pin is used in the following description, operation is exactly the same even when the SB1 pin

is selected.

)

)

©)

278

Starting transmission

When the transmit data is written to the shift register (S1O) with the CTXE bit of the clocked serial interface
mode register (CSIM) set to 1, transmission is started.

The contents of the SIO register are shifted in synchronization with the falling edge of the serial clock (ﬁ),
and output from the SBO pin with the MSB first. After the transmit data has been transmitted, “0” is written
to the SIO register, and interrupt request INTCSI occurs.

Starting reception
Reception can be started in the following two ways:

<1> By setting the CRXE bit of the CSIM register from 0 to 1, thereby enabling reception when CTXE bit is
“Q”

<2> By reading the receive data from the SIO register when the CRXE bit of the CSIM register is set to 1
to enable reception

Reception is not started even if “1” is written to the CRXE bit of the CSIM register which has already been
set to “1”. Reception is not started when CTXE bit is “1”, even if the CRXE bit setting is set to 1 from 0.
The 8-bit data input to the SBO pin is latched to the SIO register with the MSB first, at the rising edge of the
serial clock (SCK), and interrupt request INTCSI occurs. When using the wakeup function, interrupt request
INTCSI is generated only when an address is received.

Starting transmission/reception

Transmission/reception is started when the transmit data is written to the SIO register with both the CTXE
and CRXE bits of the CSIM register set to “1”.

The data on the serial bus is input to the SIO register as is. By comparing the transmit data written to the
SIO register with the data input from the serial bus, bus contention can be checked.

Remark INTCSI ... vector table address: 0022H
macro service control word address: FE22H

Caution Be sure to specify a pin and serial clock before setting the CTXE and CRXE bits in the SBI
mode.
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Symbol

CSIM

Figure 10-32. Setting of CSIM Register (transmission/reception enabled)

@& ®& 6 4 3 2 1 0 Address  When reset RIW
|CTXE‘CRXE‘ WUP ‘MODZ‘MODl‘MODO‘ CLS1 ‘ CLSOl FF80H O0H R/W
\ | \
CLS1|CLSO Specifies serial clock SCK pin
0 0 External clock Input
0 1 Baud rate
generator/2
1 0 Internal clock fok/32 Output
1 1 fek/8
MOD1MODO| OPeration | girst it | No. of pins | Pins used
0 0 |3-wire MSB SO/SBO,
serial 3 SI/SB1,
0 1 |I/O mode LSB SCK
SO/SBO,
1 0 |[SBImode| MSB 2 (or SI/SB1),
SCK
1 1 | Setting prohibited
MOD2 Specifies transmission/reception pin
0 Transmission/reception through SO/SBO pin
(SI/SB1 pin is in high-impedance state)
1 Transmission/reception through SI/SB1 pin
(SO/SBO pin is in high-impedance state)
WUP Controls wakeup function
0 Generates interrupt request signal in all modes
each time serial transfer is executed
1 Generates interrupt request signal only when
address is received in SBI mode.
Serial output pin is in high-impedance state
CRXE Reception operation
0 Disabled (if serial clock is input, “ 0 " is input to shift
register)
1 Enabled
CTXE Transmission operation
0 Disabled (output buffer of SO/SB0 and SI/SB1 pins
is in high-impedance state)
1 Enabled

Remark fcik: internal system clock
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Figure 10-33. Address Transfer from Master Device to Slave Device

Master device processing (transmission side)

: SET |SET [SET |Write Interrupt processing
Program processing CMDT | RELT |CMDT |to SIO| (preparation for next serial transfer)
s
Y A B . - wres] T Sets | SCK |
Hardware operation Serial transmission oceurs ACKD stops

|
|
Transfer line |
|

= U

SBO pin

Address

Slave device processing (reception side) ‘

I [
Program processing 177717 S ol
N NN AN

. Sets |Clars[Sets | . . iNtesi] ~ T Tack [eusy Clears
Hardware operation ovoo |ouo|cwon| Serial reception oceurs | [ouputjoutput] JBusy|
Sets
RELD

Figure 10-34. Command Transfer from Master Device to Slave Device

Master device processing (transmission side) ‘

. SET  |Write Interrupt processing
Program processing cmDT |to SI0 (preparation for next serial transfer)
7
Lo TTTTTm T B _ __ o] Sets | ScK |
Hardware operaon L Serial transmission oews|] acko| stops |

|

|

. |

Transfer line w
|

UYWL W IUUUUIL

$--

ACK' BUSY READY

SCK pin

SBO pin

Slave device processing (reception side) ‘

\

) % Reads| anayze | Sets ClearsV %
Program processing SI0 o| ACKT BUSY
\ NS NN

_ Sets serial . INTCSI ack [usy[ ~ Tokears
Hardware operation CMDD erial reception 0ccurs output]output BUSY
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Figure 10-35. Data Transfer from Master Device to Slave Device

Master device processing (transmission side)

. Write Interrupt processing
Program processing 7 to SIO| (preparation for next serial transfer)
oTTTTEmm Ty ) . .. wres[ses | ScK |
Hardware operation Serial transmission occurs | ACKD stops

SCKpin \\|1| |2| |3| |4| |5| |6| |7| |8

y--
SBO pin N\p7 DOACK / BUSY READY
‘ Data I }
Slave device processing (reception side) ‘
Program processing Sets | Sets Reads| Receive data
ACKE | BSYE SI0 | processing
\ —{)
- . . INTCS] ACK Reses|
Hardware operation Serial reception |occurs outputl BUSY output s
A A

Figure 10-36. Data Transfer from Slave Device to Master Device

Master device processing (reception side)

Data reception
repeated by
b ) Reads Reads|Sets |Receive data READY signal
rogram processing SI0 SIO | ACKT|processing v/6
e rd ) — wtesi]” Tack]™ ™77 Serial
Hardware operation ;%pKS Serial transmission oceurs output recelzption
SCK pin
SBO pin
BUSY

Slave device processing (transmission side) ‘

f Writes Wies
Program processing 10510 Wi S

on e T ; e wresl ~ 7 Tses [susvlreses] T
Hardware operation _ABusy) . Serial transmission |Occurs  colomds]
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10.6.4 Operation only when address is received

The processing efficiency of the slave CPU can be enhanced by using the wake-up function that is effected
only when an address is received.

» Processing efficiency of slave CPU is enhanced by wake-up function
In the SBI mode, a wake-up function that generates interrupt request INTCSI only when an address has been
received can be used.
When the serial interface is configured as shown in Figure 10-37, and when data is transmitted/received with
a certain slave CPU, the other slave CPUs can operate independently of serial communication. If the wake-
up function is not used, the interrupt occurs each time data is received, and therefore, all the slave CPUs are
influenced each time serial communication is executed. The wake-up function can therefore be used to enhance
the efficiency of the slave CPUs.
When a slave CPU receives an address, it compares it with its own address during processing of the INTCSI
interrupt that has occurred. If the two addresses coincide, the wake-up function is cleared, and the next data
is received. If the addresses do not coincide, the wake-up status continues.

Remark INTCSI ... vector table address: 0022H
macro service control word address: FE22H

Figure 10-37. Example of System Configuration of Serial Bus Interface (SBI)

Master CPU g Voo Slave CPU1

SCK SCK
SBO SBO

Slave CPU2

—| SCK
SBO

Slave CPUn

— SCK
SBO
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Figure 10-38. Setting of CSIM Register (wake-up function)

Symbol @ ® & 4 3 2 1 0 Address  When reset RIW
CSIM |CTXE‘CRXE‘ WUP ‘MODZ‘MODl‘MODO‘ CLS1 ‘ CLSOl FF80H O0H R/W
\ | \
CLS1|CLSO Specifies serial clock SCK pin
0 0 External clock Input
0 1 Baud rate
generator/2
1 0 Internal clock fok/32 Output
1 1 fek/8
MOD1|MODO %ggg’“io” First bit | No. of pins | Pins used
0 0 |3-wire MSB SO/SBO,
serial 3 SI/SB1,
0 1 |1/O mode LSB SCK
SO/SBO,
1 0 |SBlmode| MSB 2 (or SI/SB1),
SCK

1 1 |Setting prohibited

MOD2 Specifies transmission/reception pin

0 | Transmission/reception through SO/SBO pin
(SI/SB1 pin is in high-impedance state)

1 | Transmission/reception through SI/SB1 pin
(SO/SBO pin is in high-impedance state)

WUP Controls wakeup function

0 Generates interrupt request signal in all modes
each time serial transfer is executed

1 Generates interrupt request signal only when
address is received in SBI mode.
Serial output pin is in high-impedance state

CRXE Reception operation
0 Disabled (if serial clock is input, “ 0 " is input to shift
register)
1 Enabled
CTXE Transmission operation

0 Disabled (output buffer of SO/SB0 and SI/SB1 pins
is in high-impedance state)

1 Enabled

Remark fcik: internal system clock
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11.1 Configuration

CHAPTER 11 PWM SIGNAL OUTPUT FUNCTION

The uPD78362A has two PWM signal outputs of variable resolution of 8-/9-/10-/12-bit and one 16-bit resolution

PWM signal output.

The 16-bit resolution PWM signal output, which is a multifunctional timer output (TO40), is described in CHAPTER
7 REAL-TIME PULSE UNIT. Chapter 11 describes PWM dedicated functions PWMO and PWM1.

By externally connecting a low-pass filter, a PWM output can be used as a digital-to-analog conversion output.
The PWM outputs are most suitable, for example, as a control signal for the actuator of a motor.

Figure 11-1 shows the block diagram of the PWM Unit. Table 11-1 lists PWM signal output repetition frequencies.

fok  ——

fok/2 —

Figure 11-1. Block Diagram of PWM Unit

1

Overflow

fe/4

fok/8 ——

11 ALVn

Counter (12)

fork/16 ——=

Remark n=0,1

(IDO
© |00 [~

b

Coincidence

0-11

Comparator (12)

Compare register
CMPn (12)

PWM buffer register
n (12)
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Table 11-1. PWM Signal Repetition Frequencies

Counter Repetition Frequency
Bit Length Count Clock fok = 12.5 MHz fcik = 16.0 MHz
8 bits ferk 48.83 kHz 20.48 us 62.50 kHz 16.0 us
fcLk/2 24.41 kHz 40.96 us 31.25 kHz 32.0 us
fck/4 12.21 kHz 81.92 us 15.63 kHz 64.0 us
fck/8 6.10 kHz 163.84 us 7.81 kHz 128.0 us
fcLk/16 3.05 kHz 327.68 us 3.91 kHz 256.0 us
9 bits ferk 24.41 kHz 40.96 us 31.25 kHz 32.0 us
fcLk/2 12.21 kHz 81.92 us 15.63 kHz 64.0 us
fck/4 6.10 kHz 163.84 us 7.81 kHz 128.0 us
fcLk/8 3.05 kHz 327.68 us 3.91 kHz 256.0 us
fcLk/16 1.53 kHz 655.36 us 1.95 kHz 512.0 us
10 bits ferk 12.21 kHz 81.92 us 15.63 kHz 64.0 us
fcLk/2 6.10 kHz 163.84 us 7.81 kHz 128.0 us
fck/4 3.05 kHz 327.68 us 3.91 kHz 256.0 us
fck/8 1.53 kHz 655.36 us 1.95 kHz 512.0 us
fcLk/16 763 Hz 1.31 ms 977 Hz 1.02 ms
12 bits ferk 3.05 kHz 327.68 us 3.91 kHz 256.0 us
fcLk/2 1.53 kHz 655.36 us 1.95 kHz 512.0 us
feLk/4 763 Hz 1.31 ms 977 Hz 1.02 ms
fck/8 381 Hz 2.62 ms 488 Hz 2.05 ms
fck/16 191 Hz 5.24 ms 244 Hz 4.1 ms

Remark fcik: internal system clock
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11.2 Control Register

11.2.1 PWM control registers (PWMCO, PWMC1)

The PWM control registers control PWM output. Figures 11-2 and 11-3 show the formats of the PWMCO and

PWMC1 registers.
When a RESET signal is input, the PWMCO and PWMCL1 registers are initialized to OOH.

Figure 11-2. Format of PWM Control Register 0

Symbol @ 6 5 4 (©) 2 1 0 Address  When reset R/W
PWMCO |PWMEL| ALV1 |PRM11|PRM10|PWMEO| ALVO [PRMOL|PRM00| FFAOH 00H R/W
L1 L1
PRMn1l/PRMnO Blt_length of counter and CMP register n
(n=0,1)
0 0 8 hits
0 1 9 bits
1 0 10 bits
1 1 12 bits

(n=0,1)

ALVN Specifies active level of PWMn signal output

0 Low level

1 High level

(n=0,1)

Controls operation of PWMn signal output

0 Stopped (PWM output becomes ALV and remains unchanged)

1 Enabled (PWM output changes)
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Figure 11-3. Format of PWM Control Register 1

Symbol 7 6 5 4 ©) 2 1 0 Address  When reset R/W

PWMC1| O 0 0 0 |CNTE|PRC2|PRC1|PRCO| FFA1H 00H R/IW
I

PRC2 | PRC1|PRCO | Specifies count clock (Hz)

0 0 0 fek

0 0 1 fok/2

0 1 0 fok/4

0 1 1 fek/8

1 0 0 fok/16

Others Setting prohibited

CNTE| Controls counter operation

0 Clears and stops counter

1 Counter counts

Cautions 1. To output PWM signal, be sure to set CNTE bit to 1.
2. The PWMCL register is a control register common to PWMO and PWML.
3. Bits 4to 7 of the PWMC1 register are fixed to “0” by hardware. Even if “1” is written to them,
they remain “0".

Remark fcik: Internal system clock

11.2.2 PWM buffer registers (PWMO, PWM1)

The PWMO and PWML1 registers are 12-bit registers that set the data for controlling the active signal width of PWM
output. Data can be read from or written into the registers in byte or word units by an instruction.

When an overflow occurs in the counter for PWM output control, the contents of the PWMO or PWM1 register are
sent to compare register CMPO or CMP1.

Comparison operation between the counter and the PWMO/PWML register is performed on bits 0-11 regardless
of how the PRM00, 01/PRM10, 11 bits are specified. Therefore, if the bit length of the counter, CMPO/CMP1 register
is specified as 10 bits or less, write “0” into the high-order bits.

When RESET is input, the PWM buffer register becomes undefined.

Cautions 1. A byte access/bit access can be made to the low-order part of the PWMO/PWML1 register, but
cannot be made to the high-order part.
2. Bits 12 to 15 of the PWMO/PWML1 registers are fixed to “0” by hardware. Even if “1” is written
to them, they remain “0".

11.2.3 Compare registers (CMP0Q, CMP1)

The CMPO and CMP1 compare registers are 12-bit registers used to detect coincidence between the values of
the register and counter for PWM output control.

The registers cannot be directly manipulated by an instruction.
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11.3 Operation
The PWM output function is used in the following procedure:

* The PWM output signal period is specified by bits PRM00, 01/PRM10, 11 of the PRMCO register and bits PRCO-
PRC2 of the PWMCL1 register.

* Next, setthe control data which has the same active width as that of the PWM output to the PWMO/PWM1 register.

e Next, set the CNTE bit of the PWMC1 register to 1.

e Finally, set the PWMEO/PWMEL1 bit of the PWMCO register to 1.

After these steps are completed, a PWM signal is output from port P04 or P05. The active signal width of PWM
output can be changed by rewriting the contents of the PWMO or PWM1 register.

The PWM output function sends the contents of the PWMO or PWM1 register to the CMPO or CMP1 register when
the counter for PWM output control overflows. The PWM output signal goes inactive when the contents of the CMPO
or CMP1 register coincide with the value of the counter for PWM output control. The PWM output signal goes active
when the counter for PWM output control overflows.

If PWMEO = O/PWMEL = 0 is set and the PWM operation is halted, the PWM output reaches the inactive level
immediately.

Figure 11-4. Operation of PWM Output Function (high-active setting) (1/2)

(1) Normal operation

PWM timer /l;l |_| |_|
overflow

PWMO/1 / n n+2

CMPO/1

CMP
coincidence

PWM output
0/1

n counts n + 1 counts
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Figure 11-4. Operation of PWM Output Function (high-active setting) (2/2)

(2) When PWMO/PWM1 = O0H

PWM output 0/1 "Lt

(3) When PWMO/PWM1 = OFH

PWM output 0/1

T T ?

Note Note Note

Note 1 count clock width of PWM counter
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12.1 Configuration

The watchdog timer prevents crashes or deadlocks.
If no watchdog timer interrupt occurs, the program or system is running normally. Each module of a program must

have an instruction to clear the watchdog timer and to start counting.
If the instruction to clear the watchdog timer is not executed within a specified time period, an overflow occurs in

the watchdog timer and a watchdog timer interrupt (INTWDT) is generated.
The watchdog timer can also be used to guarantee a time required for the oscillator to perform stable operation

when the STOP mode is released (refer to 14.3.2 STOP mode).
Figure 12-1 shows a block diagram of the watchdog timer.

Figure 12-1. Block Diagram of Watchdog Timer

fok/29 — = 5 vt
© Watchdog timer verflow
11 o
foud2 % (8-bit) INTWDT
foLk/213 N ]
Clear
Oscillation
WDT CLR s_tabilization
time control
(RSTOS) circuit
ese
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12.2 Watchdog Timer Mode Register (WDM)

The watchdog timer mode (WDM) register is an 8-bit register which controls the operation of the watchdog timer.

Data can be written into the WDM register only by a special instruction. This prevents the contents of the WDM
register from being rewritten accidentally if the program crashes. The specialized instruction is MOV WDM, #byte
instruction, consisting of special codes (4 bytes). Data is written only when the op-codes of bytes 3 and 4 complement
each other.

Unless the op-codes of bytes 3 and 4 complement each other, data is not written and an op-code trap interrupt
occurs. The address of the instruction causing the trap is saved in the stack area. When an RETB instruction is
executed, the program can be restarted from the address of the instruction causing the trap.

If the RETB instruction is executed before a hardware error or other cause of the op-code trap is eliminated, the
program enters an infinite loop.

If the watchdog timer is started after a system reset signal (@) is entered, the contents of the WDM register
cannot be rewritten. Only the system reset signal can stop the watchdog timer. The watchdog timer can be cleared
at any time by a special instruction.

The contents of the WDM register can be read at any time by a data transfer instruction.

When a ﬁsignal is input, the WDM register is initialized to O0H.

Figure 12-2 shows the format of the WDM register.
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Figure 12-2. Format of Watchdog Timer Mode Register

Symbol 7 6 5 4 3 2 1 0 Address When reset R/W
WDM | RUN 0 0 PRC 0 WDI2|WDI1| O FFC2H 00H R/W
L
woi2 lwort Count Overflow time (ms)
clock fek= 12,5 MHz | fex= 16.0 MHz
0 0 |fe2® 10.5 8.2
0 1| fox/2 41.9 32.8
1 0 |fow/2® 167.8 131.1
1 1 Setting prohibited
Remark fcik : internal system clock frequency

PRC | Specifies priority of watchdog timer interrupt request

0 Watchdog timer interrupt < NMI interrupt request

1 Watchdog timer interrupt > NMI interrupt request

RUN | Specifies operation of watchdog timer

0 Stops watchdog timer

1 Clears and starts watchdog timer

Cautions 1. Data can be written into the WDM register only by a dedicated instruction (MOV WDM, #byte).

2.

Set the priority of interrupt requests at the time of initialization of the application system such
as initialization of the stack pointer, and do not dynamically change it in execution of the
program.

Once it is set (1), the RUN bit cannot be reset to 0 by software.

The count clock is not reset even when the watchdog timer is cleared by setting the RUN bit
to 1.

If a watchdog timer interrupt and NMI interrupt are generated simultaneously when PRC =1
(INTWDT > NMI), execute the watchdog timer interrupt service routine after executing the first
1 instruction of the NMI interrupt service routine.

Therefore, when used with PRC = 1 setting, use an NOP instruction as the first instruction
of the NMI interrupt service routine.

. Bits 6, 5 and 0 of the WDM register are fixed to “0” by hardware. Even if “1” is written to them,

they remain “0".

. Be sure to write “0” to bit 3 of the WDM register.

293



CHAPTER 12 WATCHDOG TIMER

12.3 Application Example

At an early stage in program development, a program is designed without the watchdog timer. After rough
debugging is completed, the program is debugged with the watchdog timer.

The watchdog timer must be set in the mode of short overflow time if the response time after a system error is
critical.

When the watchdog timer is not required, it can be used for non-maskable time base interrupt.
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CHAPTER 13

INTERRUPT FUNCTION

The uPD78362A is provided with the following three modes for interrupt request processing (see Table 13-1).
These three processing modes can arbitrarily be set by a program. However, regarding selection of interrupt
processing by a macro service, selection is possible only for the interrupt request sources preparing the macro service
processing mode shown in Table 13-2. Furthermore, context switching cannot be selected in the case of non-

maskable interrupts and operation code trap interrupts.

Table 13-1. Interrupt Request Processing Modes

Interrupt Request
Processing Mode

Processing Source

Contents of
PC and PSW

Processing Mode

Vectored interrupt

Context switching

Software

Performs operation of
save/restore to stack.

Branches to address specified by vector
table and executes interrupt processing
routine.

Performs operation of
save/restore to fixed
area in register bank.

Automatically switches to register bank
specified by vector table, branches to
address specified by fixed area in regis-
ter bank, and executes interrupt service
routine.

Macro service

Hardware
(firmware)

Retained

Executes preset processing such as data
transfer from/to memory and 1/O.

Furthermore, for maskable vectored interrupts, it is possible to easily perform multiplexed processing control with

4 levels of priority.
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Table 13-2. Interrupt Sources

Interrupt Interrupt Source Macro Service

Request De-fa.ult Interrupt Interrupt Unit Requesting Mac‘ro Control Word | " Tale
Priority Source Service Address

Type Request Signal Request Flag Interrupt Address
Software - Op-code trap - Not - 003CH
Execution of BRK instruction provided 003EH

Non- NMI - Input to NMI pin External 0002H

maskable INTWDT - Watchdog timer overflow WDT 0004H

Maskable | 0 INTOV3 OVIF3 Timer 3 overflow RPU Provided | FEO6H 0006H
1 INTPO/INTCC30 PIFO INTPO pin input/CC30 coincidence signal | External/RPU FEO8H 0008H
2 INTP1 PIF1 INTP1 pin input External FEOAH 000AH
3 INTP2 PIF2 INTP2 pin input FEOCH 000CH
4 INTP3/INTCC20 PIF3 INTP3 pin input/CC20 coincidence signal | External/RPU FEOEH 000EH
5 INTP4 PIF4 INTP4 pin input External FE10H 0010H
6 INTTMO TMIFO Timer O underflow RPU FE12H 0012H
7 INTCMO3 CMIFO03 CMO03 coincidence signal FE14H 0014H
8 INTCM10 CMIF10 CM10 coincidence signal FE16H 0016H
9 INTCM40 CMIF40 CM40 coincidence signal FE18H 0018H
10 INTCM41 CMIF41 CM41 coincidence signal FE1AH 001AH
11 INTSER SERIF Serial reception error UART FE1CH 001CH
12 INTSR SRIF Serial reception end FE1EH 001EH
13 INTST STIF Serial transmission end FE20H 0020H
14 INTCSI CSIIF Serial transmission/reception end (o] FE22H 0022H
15 INTAD ADIF A/D conversion end A/D converter FE24H 0024H

Reset - RESET - RESET pin input - Not - 0000H

provided

Remark Default priority: priority fixed by hardware

€T 431dVHO
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CHAPTER 13 INTERRUPT FUNCTION

13.1 Interrupt Requests

Interrupt requests for the pPD78362A can be classified into the following four types.

* Non-maskable interrupt
* Maskable interrupt
» Software interrupt
Op-code trap interrupt

Details of each interrupt are given below.

13.1.1 Non-maskable interrupt

A non-maskable interrupt is generated by the NMI pin input or watchdog timer.

A non-maskable interrupt can be acknowledged unconditionallyNo® even in the interrupt disabled state. It is not
subject to priority control and is given the highest priority over all other interrupts.

Note Exceptwhen the non-maskable interrupt is being processed and when another non-maskable interrupt with
higher priority is being executed.

13.1.2 Maskable interrupt

A maskable interrupt is subject to mask control by interrupt mask flag setting. Furthermore, acknowledgment
enable/disable can be specified for all maskable interrupts by the IE flag of PSW.

A maskable interrupt can be acknowledged not only by a normal vectored interrupt but also by context switching
or a macro service (see Table 13-2).

For maskable interrupts, priority is given as shown in Table 13-2 when multiple interrupt requests with the same
priority are generated simultaneously (default priority). Furthermore, it is possible to classify interrupt priority into
a group of four levels to control multiplexed processing. However, macro services are acknowledged irrespective
of priority control or the IE flag.

13.1.3 Software interrupt

A software interrupt includes a BRK instruction that generates a vectored interrupt and a BRKCS instruction that
performs context switching.

A software interrupt can be acknowledged even in the interrupt disabled state. This interrupt is not subject to
interrupt priority control.
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13.1.4 Op-code trap interrupt

An op-code trap interrupt request is generated when the writing to the watchdog timer mode register (WDM) and
standby control register (STBC) has not been carried out normally (see 12.2 Watchdog Timer Mode Register (WDM)
and 14.2 Standby Control Register (STBC) ).

An op-code trap interrupt can also be acknowledged in the DI state. This is not subject to interrupt priority control.

13.2 Interrupt Processing Mode
The uPD78362A processes interrupts in the following three modes:

* Vectored interrupt processing
e Macro service
« Context switching

13.2.1 Vectored interrupt processing

When an interrupt is accepted, the contents of the program counter (PC) and program status word (PSW) are
automatically saved to the stack memory, and execution branches to an address indicated by the data stored in the
vector table, and an interrupt processing routine is executed.

To return from the interrupt processing routine, use the RETI instruction.

13.2.2 Macro service

When an interrupt is accepted, execution of the CPU is temporarily stopped, and data is transferred by hardware.
Because macro service is executed without the CPU, the CPU statuses such as PC and PSW need not to be saved
or restored. Therefore, the service time of the CPU can be substantially improved (refer to 13.8 Macro Service
Function ).

13.2.3 Context switching

When an interruptis accepted, a specific register bank is selected by hardware, and execution branches to a vector
address which has been set in advance in a register bank. At the same time, the current contents of the PC and
PSW are saved to the register bank (refer to 13.5.2 Context switching and 13.6.2 Software interrupt (context
switching) acknowledgment operation by BRKCS instruction ).

Remark Context means the registers of the CPU that can be accessed from a program that is executed. These
registers include the general registers, PC, PSW, and SP (stack pointer).
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13.3 Control Registers

Responses to interrupts in the uPD78362A are controlled according to the interrupt requests. Table 13-3 lists the
control registers.

Table 13-3. Control Registers

Register Name Symbol Function
Interrupt control registers | OVIC3 Registers that record occurrence of each interrupt request, control
PICO mask, specify vectored interrupt processing or macro service
PIC1 processing, enable/disable context switching function, and specify
PIC2 priority
PIC3
PIC4
TMICO
CMICO03
CMIC10
CMIC40
CMIC41
SERIC
SRIC
STIC
CsliC
ADIC
Interrupt mask flag MKO Control masking of maskable interrupt request. Associated with
register mask control flag of interrupt control registers. Can be accessed in
byte or word units.
In-service priority register | ISPR Records priority of interrupt request currently accepted.
Interrupt mode control IMC Controls nesting of maskable interrupt specified to have lowest priority
register level (level 3).

A control register is assigned to each interrupt source. The flags of each register are used to specify various types
of controls which are determined by the bit positions in the register.
Table 13-4 lists the flags in the interrupt control registers for the interrupt request signals.
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Table 13-4. Interrupt Control Register Flags for Interrupt Request Signals

Interrupt Control Register

Default Interrupt - — o
Priority Request Signal Interrupt Interrupt Macro Service I.D.rlorllty Spec- [Context Switching
Request Flag Mask Flag Enable Flag | ification Flag Enable Flag

0 INTOV3 OVIF3 OVMK3 OVISM3 OVPR30 OVCSES
OVPR31

1 INTPO/INTCC30 | PIFO PMKO PISMO PPROO PCSEO
PPRO1

2 INTP1 PIF1 PMK1 PISM1 PPR10 PCSE1
PPR11

3 INTP2 PIF2 PMK2 PISM2 PPR20 PCSE2
PPR21

4 INTP3/INTCC20 | PIF3 PMK3 PISM3 PPR30 PCSE3
PPR31

5 INTP4 PIF4 PMK4 PISM4 PPR40 PCSE4
PPR41

6 INTTMO TMIFO TMMKO TMISMO TMPROO TMCSEO
TMPRO1

7 INTCMO3 CMIFO3 CMMKO03 CMISMO03 CMPRO030 CMCSEO03
CMPRO031

8 INTCM10 CMIF10 CMMK10 CMISM10 CMPR100 CMCSE10
CMPR101

9 INTCM40 CMIF40 CMMK40 CMISM40 CMPR400 CMCSE40
CMPR401

10 INTCM41 CMIF41 CMMK41 CMISM41 CMPR410 CMCSE41
CMPR411

11 INTSER SERIF SERMK SERISM SERPRO SERCSE
SERPR1

12 INTSR SRIF SRMK SRISM SRPRO SRCSE
SRPR1

13 INTST STIF STMK STISM STPRO STCSE
STPR1

14 INTCSI CSIIF CSIMK CSIISM CSIPRO CSICSE
CSIPR1

15 INTAD ADIF ADMK ADISM ADPRO ADCSE
ADPR1
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13.3.1 Interrupt control registers
The interrupt control registers are assigned to different interrupt sources. Each register is used to control priority

and masking for its associated interrupt source. Figure 13-1 shows the format of the interrupt control registers.

)

)

©)

Priority specification flags ( xxPR1, xxPRO)

The priority specification flags specify the priority of the associated interrupt source for the 16 maskable
interrupts.

Four priority levels can be specified. More than one interrupt source can have the same priority level. Maskable
interrupt sources with level 0 have the highest priority.

If more than one interrupt request is generated and the interrupt sources have the same priority level, the
requests are accepted according to the default priority.

The flags are set or reset bit by bit by software.

RESET input sets all bits to 1.

Context switching enable flag ( xXCSE)

The context switching enable flag specifies whether to respond to a maskable interrupt request with context
switching.

The context switching function selects the previously specified register bank on a hardware basis, makes a
branch to the vector address stored in the register bank, and also saves the contents of the current program
counter (PC) and program status word (PSW) in the register bank.

Context switching can startinterrupt service at a higher speed than normal vectored interrupt handling. Context
switching is therefore appropriate for real-time processing.

The flag is set or reset bit by bit by software.

RESET input sets all bits to 0.

Macro service enable flag ( xxISM)

The macro service enable flag specifies whether to respond to the associated interrupt request with vectored
interrupt handling or macro service processing.

If macro service processing is selected, when macro service terminates (when the macro service counter
overflows) and a vectored interrupt is generated, the flag is automatically reset to 0 by hardware (vectored
interrupt handling).

The flag can be set or reset bit by bit by software.

RESET input sets all bits to O.
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(4) Interrupt mask flag ( xxMK)

®)

302

The interrupt mask flag enables or disables vectored interrupt handling or macro service processing for the
associated interrupt request.

The interrupt mask flag is not changed by the activation of interrupt handling. The contents of the interrupt
mask flag and the contents of the interrupt mask flag register are the same (refer to 13.3.2 Interrupt mask
flag registers (MKO) ).

As the macro service request is subject to mask control, the macro service request can also be masked by
this flag.

This flag can be set or reset by software.

RESET input sets all bits to 1.

Selected interrupt service mode is determined by setting the interrupt mask flag (xxMK) and macro service
enable flag (xxISM) in combination.

xxMK | xxISM Interrupt Service Mode
0 0 Vectored interrupt
0 1 Vectored interrupt after macro service processing
1 X Maskable interrupt request is not acknowledged

Interrupt request flag ( xxIF)

The interrupt request flag is set to 1 when the associated interrupt request is generated. When the interrupt
is accepted, the flag is automatically reset to 0 by hardware.

This flag can be set or reset by software.

RESET input sets all bits to 0.
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Figure 13-1. Format of Interrupt Control Registers (1/2)

Symbol @ @ ® ® @ 3 2 (@) © Address  When reset R/W
oVvIC3 | OVIF3 |OVMK3 |OVISM3 |OVCSE3| 0 | 0 |OVPR31|OVPR30| FFEOH 43H R/W
PICO | PIFO | PMKO | PISMO | PCSEO| 0 | 0 | PPRO1 | PPROOl FFE1H 43H R/W
PIC1 | PIF1 | PMK1 | PISM1 | PCSE1| 0 | 0 | PPR11 | PPRlOl FFE2H 43H R/W
PIC2 | PIF2 | PMK2 | PISM2 |PCSE2| 0 | 0 | PPR21 | PPR20| FFE3H 43H R/W
PIC3 | PIF3 | PMK3 | PISM3 |PCSE3| 0 | 0 | PPR31 | PPR30| FFE4H 43H R/W
PIC4 | PIF4 | PMK4 | PISM4 |PCSE4| 0 | 0 | PPR41 | PPR40| FFE5H 43H R/W
TMICO | TMIFO |TMMKO |TMISMO |TMCSEO| 0 | 0 |TMPR01|TMPROO| FFEGH 43H R/W
CMICO03 |CMIF03 |CMMK03 |CMISM03 |CMCSE03| 0 | 0 |CMPRO31|CMPR030| FFE7H 43H R/W
L]
xxPR1|xxPRO| Specifies priority

0 0 Priority O (highest)

0 1 Priority 1

1 0 Priority 2

1 1 Priority 3

xxCSE| Context switching enable flag

0 Processed by vectored interrupt

1 Processed by context switching

xx|SM| Macro service enable flag

0 Processed by vectored interrupt

1 Processed by macro service

xxMK | Enables/disables interrupt request

0 Enables interrupt processing

1 Disables interrupt processing

xx|F | Interrupt request flag

0 No interrupt request. Interrupt request signal is not generated.

1 Interrupt request signal is generated and interrupt is requested.

Caution Bits 3 and 2 of the interrupt control register are fixed to “0” by hardware. Even if “1” is written
to them, they remain “0".
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Figure 13-1. Format of Interrupt Control Registers (2/2)

Sympoh @ ® ©® @ 3 2 @ @
cmcro [owr [P [CHSTOHESET o | o ] cpee] oen
cmicao [oura P OB OB o | o | o] o
cwces o T T e o | o [ [
seric.[seur [ femsueresd o | o ewndieend
s[5 [soue [swsnswese] o | o [swaalswm]
smc (st [ [srou[sese] o [ o sl
csic oo [oom comosese] o | o [csratloomn]
sorc ot [som [wsn[ocse] o | o Jrornelsor]

Address When reset R/W

FFE8H 43H R/W
FFE9H 43H R/W
FFEAH 43H R/W
FFEBH 43H R/W
FFECH 43H R/W
FFEDH 43H R/W
FFEEH 43H R/W
FFEFH 43H R/W

xxPR1

xxPRO| Specifies priority

0 0 Priority O (highest)
0 1 Priority 1
1 0 Priority 2
1 1 Priority 3

xxCSE| Context switching enable flag
0 Processed by vectored interrupt
1 Processed by context switching

xx|SM| Macro service enable flag
0 Processed by vectored interrupt
1 Processed by macro service

xxMK | Enables/disables interrupt request
0 Enables interrupt processing
1 Disables interrupt processing

xx|F | Interrupt request flag

0 No interrupt request. Interrupt request signal is not generated.
1 Interrupt request signal is generated and interrupt is requested.

Caution Bits 3 and 2 of the interrupt control register are fixed to “0” by hardware. Even if “1” is written

to them, they remain “0".
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13.3.2 Interrupt mask flag registers (MKO)

The interrupt mask flag register (MKO) is comprised of interrupt mask flags corresponding to 16 types of maskable

interrupt requests.

The MKO register is a 16-bit register and can be manipulated not only in 16-bit units but also in 8-bit units as MKOL
and MKOH. In addition, each bit of the MKO register can be manipulated in 1-bit units by a bit manipulation instruction.

Each interrupt mask flag controls enable/disable of the corresponding interrupt request.

When an interrupt mask flag is set (1), acknowledgment of the corresponding interrupt request is disabled.
When an interrupt mask flag is reset (0), acknowledgment of the corresponding interrupt request is enabled as

a vectored interrupt or macro service.

Each interrupt mask flag in the MKO register is the same as the interrupt mask flag in the interrupt control register.

The MKO register is provided to perform mask-related control for all interrupts at a time.
RESET input sets each interrupt mask flag to “1” disabling all maskable interrupts.
The interrupt mask flag register format is shown in Figure 13-2.

Figure 13-2. Format of Interrupt Mask Flag Register (1/2)

(Byte access)

Symbol 7 6 5 4 3 2 1 0 Address When reset R/W
MKOL |CMMK03|TMMKO| PMK4 | PMK3 | PMK2 | PMK1| PMKO |OVMK3| FFACH FFH R/W

MKOH |ADMK |CSIMK | STMK | SRMK |SERMK|CMMK41|CMMK40|CMMK10| FFADH FFH R/W
\ \ \ \ \ \ |

xxMK | Enables/disables interrupt request

0 Enables interrupt

1 Disables interrupt
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Figure 13-2. Format of Interrupt Mask Flag Register (2/2)

(Word access)

Symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 Address When reset R/W

MKO  [ADMK |csimK] STk |rik seru| UMK CHMKICMKICMMKITMK oy s  paakz | ik | priko K| FracH FFFFH RIW
\ \ \ \ \ \ \ \ \ \ \ \ \ \ \

xxMK | Enables/disables interrupt request

0 Enables interrupt

1 Disables interrupt

Relations between each bit and interrupt request source

Bit Position Bit Name Interrupt Request Source

Bit O OVMK3 Overflow of timer 3 (INTOV3)

Bit 1 PMKO INTPO pin input/CC30 capture signal (INTPO)
Coincidence of CC30 (INTCC30)

Bit 2 PMK1 INTP1 pin input/CT30 capture signal (INTP1)

Bit 3 PMK2 INTP2 pin input (INTP2)

Bit 4 PMK3 INTP3 pin input/CC20 capture signal (INTP3)
Coincidence of CC20 (INTCC20)

Bit 5 PMK4 INTP4 pin input/CT31 capture signal (INTP4)

Bit 6 TMMKO Underflow of timer 0 (INTTMO)

Bit 7 CMMKO03 Coincidence of CM03 (INTCMO03)

Bit 8 CMMK10 Coincidence of CM10 (INTCM10)

Bit 9 CMMK40 Coincidence of CM40 (INTCM40)

Bit 10 CMMK41 Coincidence of CM41 (INTCM41)

Bit 11 SERMK Serial error interrupt (INTSER)

Bit 12 SRMK Serial reception end interrupt (INTSR)

Bit 13 STMK Serial transmission end interrupt (INTST)

Bit 14 CSIMK Serial transmission/reception end interrupt (INTCSI)

Bit 15 ADMK A/D conversion end interrupt (INTAD)
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13.3.3 Interrupt mode control register (IMC)

The interrupt mode control register (IMC) has a PRSL flag. The PRSL flag enables or disables nesting of maskable
interrupts for which the lowest priority (level 3) is specified.

Interrupts having the same level ifthe level is 0, 1, or 2 cannot be nested regardless of the setting of the IMC register.

To manipulate the IMC register, enter the interrupt disable status (DI status) to prevent an error.

The register can be set or reset by software.

RESET input sets the PRSL flag to 1.

Figure 13-3 shows the format of the IMC register.

Figure 13-3. Format of Interrupt Mode Control Register

Symbol @ 6 5 4 3 2 1 0 Address When reset R/W

IMC |PRSL| O 0 0 0 0 0 0 FFAAH 80H R/IW

PRSL | Nesting control

0 Enables nesting between interrupts for which level
3 (lowest level) is set.

Disables nesting between interrupts for which level
3 (lowest level) is set.

Caution Bits 6 to 0 of the IMC register are fixed to “0” by hardware. Even if “1” is written to them, they
remain “0”.
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13.3.4 In-service priority register (ISPR)

The in-service priority register (ISPR) holds the priority level of the interrupt request being serviced. When the
interrupt request is accepted, the bit corresponding to the priority level for the request is set to 1, and the level is held
during service.

When the RETI or RETCS instruction is executed, the bit for an interrupt request with the highest priority among
the bits that are set to 1 in the ISPR register is reset to 0 automatically by hardware.

The ISPR register contents are not changed by the execution of the RETB or RETCSB instruction.

RESET input sets the register to O0OH.

Figure 13-4 shows the format of the ISPR register.

Figure 13-4. Format of In-service Priority Register

Symbol 7 6 5 4 3 2 1 0 Address When reset R/W

ISPR | 0 | © 0 0 |ISPR3|ISPR2[ISPR1|ISPRO| FFA8H 00H R
\ \ \ !

ISPRnN| Priority level

0 Interrupt request with priority n is not accepted.

1 Interrupt request with priority n is accepted.

Remark n=0-3

Cautions 1. The ISPR register can be accessed for read only. Writing to the register may cause an error.
2. Bits 7 to 4 of the ISPR register are fixed to “0” by hardware. Even if “1” is written to them,

they remain “0".

308



CHAPTER 13 INTERRUPT FUNCTION

13.3.5 Program status word (PSW)

PSW is a register to retain the execution result of an instruction and the current state of interrupt requests. The
IE flag that sets enable/disable of a maskable interrupt is mapped onto the lower 8 bits of PSW (PSWL).

PSWL can not only be read/written in 8-bit units but also can be manipulated by a bit manipulation instruction or
a dedicated instruction (El, DI).

When a vectored interrupt is acknowledged or the BRK instruction is executed, it is saved to the stack and the
IE flag is reset (0). Itis also saved to the stack by the PUSH PSW instruction. It is restored from the stack by the
RETI, RETB or POP PSW instruction.

When the context switching or BRKCS instruction is executed, it is saved to a fixed area of the register bank and
the IE flag is reset (0). Itis restored from the fixed area in the register bank by the RETCS or RETCSB instruction.

A request for a non-maskable interrupt or macro service is acknowledged irrespective of the IE flag. In the case
of a macro service, the IE flag contents are unchanged.

RESET input sets PSWL to 00H.

Figure 13-5. Format of Program Status Word (PSWL)

Symbol 7 6 5 4 3 2 1 0 When reset

PSWL S z RSS | AC IE PV 0 CY O00H

\ . . . .
| | Used in normal execution of instructions

IE | Enables/disables interrupt acknowledgment

0 Disabled

1 Enabled

309



CHAPTER 13 INTERRUPT FUNCTION

13.4 Non-Maskable Interrupt Acknowledgment Operation

A non-maskable interrupt is acknowledged even in the interrupt disable state. A non-maskable interrupt is always
acknowledged except when the same non-maskable interrupt or a non-maskable interrupt with higher priority is being
processed.

The priority among non-maskable interrupts is set by the PRC bit of the watchdog timer mode register (WDM) (see
12.2 Watchdog Timer Mode Register (WDM) ).

A non-maskable interrupt request is acknowledged immediately except for the states described in 13.9 Cases
where Interrupt Request and Macro Service are Temporarily Held Pending . After a non-maskable interrupt
request is acknowledged, PSW and PC are saved to the stack in that order, the |IE flag of PSW is reset (0), the vector
table contents are loaded to PC, and a branch is made.

When a non-maskable interrupt is being processed, a request for the same non-maskable interrupt as that being
processed or a request for a non-maskable interrupt with priority lower than that being processed is held pending.
The pending non-maskable interrupt is acknowledged after the processing of the non-maskable interrupt is completed
(after execution of the RETI instruction). However, if the same non-maskable interrupt request is generated twice
or more while a non-maskable interrupt is being processed, only one non-maskable interrupt is acknowledged after
completion of the non-maskable interrupt processing.
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Figure 13-6. Non-Maskable Interrupt Request Acknowledgment Operation (1/2)

(@) When a new NMI request is generated while NMI interrupt is being processed

( Main routine )

NMI request NMI request NMI request is held pending

Pending NMI request is processed

(b) When watchdog timer interrupt request is generated while NMI interrupt is being processed (when
watchdog timer interrupt has higher priority (PRC bit of WDM register = 1))

( Main routine )

NMI INTWDT
processing processing

Watchdog timer

interrupt request \

NMI request
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Figure 13-6. Non-Maskable Interrupt Request Acknowledgment Operation (2/2)

(c) When watchdog timer interrupt request is generated while NMI interrupt is being processed (when NMI
interrupt has higher priority (PRC bit of WDM register = 0))

( Main routine )

NMI processing

3

Watchdog

timer interrupt| Watchdog timer interrupt request is held pending
request

NMI request

Pending watchdog timer interrupt request is
processed

)

(d) When two additional NMI requests are generated while NMI interrupt is being processed

( Main routine )

NMI Held pending because NMI interrupt is being processed
request

NMI request
request | Held pending because NMI interrupt is being processed

Two or more NMI requests have been generated, but only one is
acknowledged.

v
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Cautions 1. A macro service request is acknowledged and processed even in a non-maskable interrupt
processing routine. If it is desirable not to process a macro service in the non-maskable
interrupt processing routine, manipulate the interrupt mask flag register during the non-
maskable interrupt processing routine to prevent any macro service from being generated.

2. Besuretousethe RETIinstruction for restoring fromthe non-maskable interrupt. Acknowledgment
of subsequent interrupts otherwise would not be carried out normally by other instructions.

3. A non-maskable interrupt is always acknowledged except when another non-maskable
interrupt is being processed (unless a non-maskable interrupt request with higher priority is
generated while a non-maskable interrupt with lower priority is being processed) and except
for a certain period after execution of a specific instruction shown in 13.9. Therefore, a non-
maskable interruptis also acknowledged when the stack pointer value is undefined, especially
after release of a reset, etc. In this case, depending on the stack pointer value, the program
counter (PC) or program status word (PSW) may be written to the address where writing to
the special function register is disabled (see Table 3-4 in 3.2.3 Special function registers
(SFR)). This will cause the CPU to deadlock, or an unexpected signal to be output from the
pin or PC or PSW to be written to the address where no RAM is mounted, in which case the
program cannot return normally from the non-maskable interrupt processing routine to the
main routine and it goes into an inadvertent loop.
Therefore, be sure to program as follows after release of RESET.

CSEG AT O
DW STRT
STRT:
MOVW SP, #imm16
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13.5 Maskable Interrupt Acknowledgment Operation

Acknowledgment of a maskable interrupt is enabled when the interrupt request flag is set (1) and the mask flag
for the interruptis reset (0). When processing is carried out by a macro service, a maskable interrupt is acknowledged
immediately and processed by the macro service. In the case of a vectored interrupt or context switching, a maskable
interrupt is acknowledged if interrupts are enabled (when the IE flag is set (1)) and if the interrupt priority is
acknowledgeable-priority.

If multiple maskable interrupt requests are generated simultaneously, the one with high priority specified by the
priority specification flag is acknowledged first, followed by others in the order of priority. Ifthe same priority is specified
to multiple maskable interrupts, acknowledgment of interrupt requests accords to the default priority.

The pending interrupts are acknowledged when acknowledgment capability is enabled.

The interrupt acknowledgment algorithm is shown in Figure 13-7.
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Figure 13-7. Interrupt Acknowledgment Processing Algorithm

Is there an interrupt request?

No

Is interrupt masking released?

Yes

default priority highest
among the macro service
requests?

Yes

Execution of macro
service processing

Interrupt request
pending

xX|SM =1 ) ]
Is it macro service?

No

Is interrupt enabled?

Is its
priority higher
than the priority of the
interrupt being
processed?

No

Yes

Is its

priority higher No
than other interrupt
requests?

Yes

Is the

default priority
highest among interrupt
requests with same
priority?

Yes Interrupt request
( pending )

Yes

xxCSE =1

Is it context switching?

Generation of
context switching

No

Generation of
vectored interrupt
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13.5.1 Vectored interrupt

If a maskable interrupt request by a vectored interrupt is acknowledged, PSW and PC are saved to the stack in
that order, the IE flag is reset (0) (interrupt disabled state), and the bit of the ISPR register corresponding to the priority
of the acknowledged interrupt is set (1). Furthermore, data in the vector table specified for each interrupt request
isloadedto PC and a branchis made. The restoration from the vectored interruptis carried out by the RETI instruction.

Caution If a maskable interrupt is acknowledged by a vectored interrupt, be sure to restore the program
by the RETI instruction. Operation of subsequent interrupts otherwise would not be carried out
normally by other instructions.

13.5.2 Context switching

Setting (1) the context switching enable flag of the interrupt control register (see Table 13-4 and Figure 13-1)
enables the context switching function to start.

If an interrupt request that is not masked in the El state and whose context switching function is enabled is
generated, aregister bank specified by the lower 3 bits of the lower address (even address) among the corresponding
vector table addresses is selected.

The vector address that has been stored beforehand in the selected register bank is transferred to PC and
simultaneously the contents of PC and PSW at that time are saved to the register bank and a branch is made to the
interrupt processing routine.

Figure 13-8. Context Switching Operation by Generation of Interrupt Request

Register banks

(0to 7) —
Register bank n (n=0to 7) -
PC A X B
B C
<5> Replacement :
R5 ' R4
1
<4> Save R7 : R6
VP
Temporary register upP
D E <2> Register bank switching
<1> Save (RSBO to RSB2<—n)
H L <3> [RSS=—0
IE =—0
PSW
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Restoration from an interrupt using the context switching function is performed by executing the RETCS instruction

or RETCSB instruction.

By executing the RETCS instruction the contents of the R4 and R5 registers and the contents of the R6 and R7
registers in the selected register bank are transferred to PC and PSW, respectively at this time. And at the same
time, the 16-bit immediate data specified by the 2nd and 3rd op-codes of the RETCS instruction is stored in the R4
and RS5 registers in the register bank.

Therefore, if the same register bank is selected again by the context switching function, the 16-bit immediate data
specified by the 2nd and 3rd op-codes of the RETCS instruction becomes the branch address.

Figure 13-9. Format of RETCS Instruction

1st op-code 00101001
2nd op-code Lower 8-bit immediate data
3rd op-code Higher 8-bit immediate data

When returning from the branch processing by executing the RETCS instruction, the bit set (1) in the in-service
priority register (ISPR) which corresponds to the highest priority is reset (0).

Caution Be sure to use the RETCS instruction for returning from the interrupt by context switching.
Operation of subsequent interrupts otherwise would not be carried out normally by other

instructions.

Figure 13-10. Restoration Operation from Interrupt Using Context Switching Function by
RETCS Instruction

Register bank n (n=01to 7)

PC A X

<1> Restoration¥ B C
R5 . R4 RETCS instruction operand

! <2> Transfer

R7 ! R6

VP

<3> Restoration up
(to original register bank) b £
PSW H L
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13.5.3 Maskable interrupt priority

The yPD78362A handles multiplexed interrupt processing by acknowledging an interrupt while processing another
interrupt. Multiplexed interrupt can be controlled by priority.

Priority control includes control by the default priority as well as programmable priority control by setting the priority
specification flag. In priority control by the default priority, if multiple interrupts are generated simultaneously,
interrupts are processed according to the priority assigned to each interrupt request beforehand (default priority) (see
Table 13-2). In programmable priority control, interrupt requests are classified into four levels by setting the priority
specification flag. The interrupt requests to which multiplexed interrupt processing is applicable are shown in Table
13-5.

When an interrupt is acknowledged, the IE flag is automatically reset (0). Therefore, when using multiplexed
interrupt processing, execute the El instruction in the interrupt processing routine, etc., to set (1) the IE flag so as
to set the interrupt enabled state.

Table 13-5. Multiplexed Interrupt Servicing

Priority of Interrupt PRSL Flag of Acknowledgeable Maskable
. ISPR Value IE Flag of PSW .
being Acknowledged IMC Register Interrupt
No interrupt being [ 00000000 0 X e All macro services only
acknowledged 1 X « All maskable interrupts
3 00001000 0 X « All macro services only
1 0 » All maskable interrupts
1 1 » All macro services

e Maskable interrupts with
priority specified to 0, 1 and 2

2 0000x100 0 X < All macro services only

1 x  All macro services
e Maskable interrupts with
priority specified to 0 and 1

1 0000xx10 0 X e All macro services only

1 X * All macro services
* Maskable interrupts with
priority specified to O

0 0000xxx1 X X e All macro services only
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INTERRUPT FUNCTION

Figure 13-11. Examples of Processing an Interrupt Request Generated while
Another Interrupt is being Processed (1/3)

C Main routine )

Interrupt request a
(level 3)

Interrupt request ¢
(level 3)

Interrupt request e
(level 2)

Interrupt request g
(level 1)

El

—-

—-

El

Interrupt
request b —
(level 2)

Interrupt
request d
(level 2) —™

N2

)

El

Interrupt
request f

\

Interrupt El
request h
(level 1) —

B
e —

Processing a

Processing ¢

Processing d

Processing e

Processing f

Processing g

Processing h

Processing b

Since interrupt request b has higher priority than
interrupt request a and interrupts are enabled,
interrupt request b is acknowledged.

Although interrupt request d has higher priority than
interrupt request c, since interrupts are disabled
interrupt request d is held pending.

Since interrupt request f has lower priority than
interrupt request e, even if interrupts are enabled
interrupt request f is held pending.

Even if interrupts are enabled, since interrupt
requests g and h have the same priority, interrupt
request h is held pending.
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Figure 13-11. Examples of Processing an Interrupt Request Generated while
Another Interrupt is being Processed (2/3)

Processing i
El
Interrupt request i Macro

— 4 Macro servicing of j
(level 1) service : :‘ gt

™ requestj Macro service request is processed
(level 2) irrespective of interrupt enable/disable
or priority of interrupts.

Processing k

Processing m

Interrupt El
request |
Interrupt request k (level 3) —™ Interrupt request | with lower priority than
(level 2) 7 Interrupt interrupt request k is held pending.
Qrequest m— Interrupt request m, which is generated
(level 1) after |, is acknowledged first because it
has higher priority.
Processing |
Processing n
Interrupt
requesto _,| . . ) ]
(level 3) $|nce |nter_rupt request nis processed in the
Interrupt request n Interrupt —- interrupt disabled state, interrupt requests o
(level 2) = and p are held pending.

~_ request p§ After processing of interrupt request n, pending
(level 1) Processing p interrupt requests are acknowledged. In this
case, although interrupt request o has been
generated first, interrupt request p with higher
priority is acknowledged first .

Processing o
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Figure 13-11. Examples of Processing an Interrupt Request Generated while
Another Interrupt is being Processed (3/3)

-
Processing Processing
r

| ‘ q | ‘Processing
T/E\/E' B ,
Interrupt requestq __ Interrupt ‘ Processing t
(level 3) request r — Interrupt
(level 2) ‘gg\‘,‘:ﬂf 'r’;‘(;*l:feusfitl” El When multiple interrupts with priority levels 3
(level 0) to 0 are acknowledged.
If the PRSL bit of the IMC register is set (1),
only a macro service request and non-maskable
interrupt will generate further nesting.
If the PRSL bit of the IMC register is cleared (0),
the level 3 interrupt can also be nested while
the level 3 interrupt is being processed
(see Figure 13-13).
| Processing u
El
Interrupt
request v
Interr(t:g\tg:ag;lest u_. Mac(r'j‘s';l?c)e: Macro servicing of w Even if the interrupt enabled state is set while
RrequeS‘W level O interrupt request u is being processed an
(level 3) interrupt request whose priority level is 0 is not

acknowledged but held pending. However, a
Processing v macro service is acknowledged and processed
irrespective of the level or even if there is a
pending interrupt request with higher priority.

|merrupt/ Processing X
request yNtet

(levei 2) Pending interrupt requests y and z are
Interrupt request x -5 Interrupt —o acknowledged after interrupt request x is
(level 1) 'eq(“.eevséf;{"ez processed. In this case, since interrupt
™ Processing z requests y and z have the same priority

level, interrupt request z with a higher default
priority is acknowledged first irrespective of
the order in which the interrupt requests are

Processing y generated.

Notes 1. Lower default priority
2. Higher default priority

Remarks 1. atozinthe figures are fictitious names to distinguish interrupt requests and macro service requests.

2. Higher/lower default priority levels in the figures represent relative priority levels between two
interrupt requests.
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Figure 13-12. Example of Processing Interrupt Requests Generated Simultaneously

C Main routine )

] ) If multiple requests are generated
Processing macro service b simultaneously, in the order of priority
macro services are acknowledged first.
Macro services are acknowledged in the
order of default priority (b, c, f) (independent
of programmable priority).

Since interrupt requests are acknowledged
in the order of priority, d and e are
acknowledged first.

Since d and e have the same priority, d with
a higher default priority is acknowledged first.

Interrupt request a (level 2)
Macro service request b (level 3)

Macro service request c (level 1) Processing macro service ¢

Interrupt request d (level 1)

Interrupt request e (level 1)
Macro service request f (level 1)

Processing macro service f

Processing interrupt request d

Processing interrupt request e

2N

o Processing interrupt request a
Default priority

a>b>c>d>e>f

Remark a to f in the figure are fictitious names to distinguish interrupt requests and macro service requests.
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Figure 13-13. Differences in Level 3 Interrupt Acknowledgment Operation by Setting IMC Register

PRSL of IMC register is set to 1 to disable nesting between level 3

IMC=—80H interrupts.
El

El
Interrupt request a
(level 3)
Interrupt request b
(level 3)  —*| Since a and b have the same priority, interrupt request b is held
\ pending even if interrupts are enabled.
Processing b
IMC <— 00H PRSL of IMC register is set to 0 so that level 3 interrupt can be
El acknowledged (nesting enabled) even when level 3 interrupt is
‘ Processing ¢ being processed.
El Processing d
Interrupt requestc M Since level 3 interrupt request c is being serviced in the interrupt
(level 3) Interrupt request d enabled state and PRSL = 0, interrupt request d with the same
level 3 is acknowledged.
IMC-<—00H
Note 1 Since interrupt requests e and f have the same priority level,
Interrupt request e — interrupt request f with higher default priority is acknowledged first.
(level 3) _ If the interrupt enabled state is set when interrupt request f is being
Interrupt request "2 — Processing fp . processed, pending interrupt request e is acknowledged because
(level 3) El rocessing PRSL = 0.
El

Notes 1. Lower default priority
2. Higher default priority

Remarks 1. ato fin the figure are fictitious names to distinguish interrupt requests.

2. Higher/lower default priority levels in the figure represent relative priority levels between two interrupt
requests.
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13.6 Software Interrupt Acknowledgment Operation

Software interrupts are acknowledged by executing the BRK and BRKCS instructions. Software interrupts cannot
be disabled.

13.6.1 Software interrupt acknowledgment operation by BRK instruction

When the BRK instruction is executed, PSW and PC are saved to the stack in that order, the IE flag is reset (0),
the contents of the vector table (003EH, 003FH) are loaded to PC, and a branch is made.

To return from a software interrupt by the BRK instruction, the RETB instruction is used.

Caution Do not use the RETI instruction to return from a software interrupt executed by the BRK
instruction.

13.6.2 Software interrupt (context switching) acknowledgment operation by BRKCS instruction

Executing the BRKCS instruction can activate the context switching function.

The register bank following context switching is specified by the lower 3 bits of immediate data (N2 to No) of the
2nd op-code of the BRKCS instruction.

When the BRKCS instruction is executed, the program branches to the vector address stored beforehand in this
register bank and saves the contents of PC and PSW at that time to the register bank.
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Figure 13-14. Context Switching Operation by Executing BRKCS Instruction

1st op-code

(BRKCS instruction)

2nd op-code ‘Nz Nz | No

Register bank specification
000 — register bank 0

111 —» register bank 7

Register banks

(0to 7)
Register bank n (n =0 to 7) -
PC A X B
B C
<5> Replacement :
R5 1 R4
1
<4> Save R7 : R6
VP
Temporary register uP
D E <2> Register bank switching
<1> Save (RSB0 to RSB2 =—n)
H L <3> [RSS=—0
IE —=—0
PSW
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Restoration from the software interrupt executed by the BRKCS instruction is performed by executing the RETCSB
instruction.

By executing the RETCSB instruction, the contents of the R4 and R5 registers and those of the R6 and R7 registers
in the register bank selected at this time are transferred to PC and PSW, respectively. At the same time, the 16-
bit immediate data specified by the 3rd and 4th op-codes of the RETCSB instruction are stored in the R4 and R5
registers in the register bank.

Therefore, if the same register bank is selected again by the context switching function, the 16-bit immediate data
specified by the 3rd and 4th op-codes of the RETCSB instruction become the branch address.

Figure 13-15. Format of RETCSB Instruction

1st op-code 00001001

2nd op-code 11100000

3rd op-code Lower 8-bit immediate data
4th op-code Higher 8-bit immediate data

Caution If the context switching function is activated by executing the BRKCS instruction, resetting (0)

the ISPR register bits by execution of the RETCS instruction may destroy the interrupt nesting
control.

Be sure to use the RETCSB instruction to restore from the processing activated by the BRKCS
instruction.
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Figure 13-16. Restoration Operation from Software Interrupt by BRKCS Instruction
(Operation of RETCSB Instruction)

Register bank n (n =0 to 7)

PC A X
<1> Restoration¥ B C
R e o RETCSE
R7 ! R6 <2> Transfer
VP
UpP
<3> Restoration
(to original register bank) D E
PSwW H L

13.7 Op-Code Trap Interrupt Acknowledgment Operation

An op-code trap interrupt is generated when the data obtained by inverting all bits of the 3rd byte of the operands
of MOV STBC, #byte instruction, and MOV WDM, #byte instruction, does not match with the 4th byte of the operands.
An op-code trap interrupt cannot be disabled.

When an op-code trap interrupt is generated, PSW and the start address of the instruction in which the error
occurred are saved to the stack, the IE flag is reset (0), the value of the vector table is loaded to PC, and a branch
is made.

Since the address saved to the stack is the start address of the instruction in which the error occurred, simply
executing the RETB instruction at the end of the op-code trap interrupt processing routine may not prevent the
generation of another op-code trap interrupt.
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13.8 Macro Service Function

13.8.1 Outline of macro service

Macro service is an interrupt processing method. In a normal interrupt, the program counter (PC) and program
status word (PSW) are saved and the start address of the interrupt service program is loaded to PC. A macro service
performs processing (mainly data transfer) differing from this processing. Therefore, it can respond to interrupt
requests faster. Furthermore, it can perform transfer processing faster than a program, thus shortening the processing
time.

Also, since it generates a vectored interrupt after executing processing a specified number of times, vectored
interrupt also can be simplified.

Figure 13-17. Differences between Vectored Interrupt and Macro Service Processing

In case of macro service Main routine Processmg.of Main routine
macro service
Interrupt . .
P Note 3 Main routine
processing

Interrupt Restoring ) .
processing ><’CandPSV>< Main routine

Restorin . .
PC and psg\XMam routine

Context switchingNote 1 Main routine Note 2

Vectored interruptNote 1 Main routine Note 4

Saving
general-
purpose
register

nitializing Restoring
general- Interrupt

- general-
processing

Vectored interrupt  Main routine Note 4 purpose

¥ purpose
register

register

Generation of interrupt request

Notes 1. When register bank switching is used and the initial value has been preset in the register
2. Switching register bank and saving PC and PSW by context switching
3. Restoring register bank, PC and PSW by context switching
4. Saving PC and PSW to stack, loading vector address to PC
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Table 13-6. Interrupts for which Macro Service Is Available

Default Priority

Interrupt Request

Interrupt Generation Source

Generation Unit

Macro Service
Control Word

Address
0 INTOV3 Timer 3 overflow RPU FEO6H
1 INTPO/INTCC30 INTPO pin input/CC30 match signal External/RPU FEO8H
2 INTP1 INTP1 pin input External FEOAH
3 INTP2 INTP2 pin input FEOCH
4 INTP3/INTCC20 INTP3 pin input/CC20 match signal External/RPU FEOEH
5 INTP4 INTP4 pin input External FE10H
6 INTTMO Timer O underflow RPU FE12H
7 INTCMO3 CMO03 match signal FE14H
8 INTCM10 CM10 match signal FE16H
9 INTCMA40 CM40 match signal FE18H
10 INTCM41 CM41 match signal FE1AH
11 INTSER Generation of serial reception error Asynchronous FE1CH
12 INTSR Serial reception end serial interface | ppiey
13 INTST Serial transmission end FE20H
14 INTCSI Serial transmission/reception end Clocked serial FE22H
interface
15 INTAD A/D conversion end A/D converter FE24H

Remark The default priority is a fixed value.

generated simultaneously.

It indicates priority when multiple macro service requests are
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The macro service operation includes the following five modes.

)

)

©)

4

®)

330

Counter mode: EVTCNT

Every time an interrupt request is generated, the macro service counter (MSC) is incremented (+1) or
decremented (—1) and a vectored interrupt request is generated as MSC becomes O0OH.

This mode can be used to scale the number of interrupt request occurrences, etc.

Block transfer mode: BLKTRS

Every time an interrupt request is generated, 1-byte or 1-word data is transferred between the special function
register (SFR) specified by the SFR pointer (SFRP) and the buffer, and when the specified number of data
transfers is performed, a vectored interrupt request is generated.

The buffer for the transfer is limited to the main RAM of FEOOH to FEFFH.

As this mode has a simple specification method, it is used for small-capacity, high-speed data transfer.

Block transfer mode (with memory pointer): BLKTRS-P

As is the case with the block transfer mode, every time an interrupt request is generated, 1-byte or 1-word
data is transferred between the SFR specified by SFRP and the buffer, and when the specified number of
data transfers is performed, a vectored interrupt request is generated.

The buffer for the transfer is specified by the memory pointer (MEM.PTR) (memory is an entire space of 64K
bytes).

This is a general-purpose type of block transfer mode, and is used for large-volume transfers.

Data difference mode: DTADIF

Every time an interrupt request is generated, the difference between the current value of SFR specified by
SFRP and the “previous value” stored in memory is written to the buffer, and this current value is set as the
“previous value”.

When the specified number of data transfers is performed, a vectored interrupt request is generated.

The buffer for the transfer is limited to the main RAM of FEOOH to FEFFH.

This mode is used to measure the cycle and the pulse width of input pulses by the capture register.

Data difference mode (with memory pointer): DTADIF-P

As is the case with the data difference mode, every time an interrupt request is generated, the difference
between the current value of SFR specified by SFRP and the “previous value” stored in memory is written
to the buffer and this current value is set as the “previous value”.

When the specified number of data transfers is performed, a vectored interrupt request is generated.

The buffer for the transfer is specified by the memory pointer (MEM.PTR) (memory is an entire space of 64K
bytes).

This is a general-purpose type of data difference mode and is used for large-volume data.
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13.8.2 Basic function of macro service

The macro service function is used to transfer data on a hardware basis between the special function register area
and memory space in response to an interrupt request.

When a macro service request is generated, the CPU temporarily stops program execution, and one- or two-byte
data is transferred automatically between special function registers (SFRs) and memory. When data transfer ends,
the interrupt request flag is reset to 0, then the CPU restarts program execution. After data transfer is performed
as many times as the value set in the macro service counter (MSC), a vectored interrupt request is generated.

Figure 13-18. Sequence Example of Macro Service Processing

Generation of an interrupt
request for macro service

Perform macro service ; Transfer data and control output
ports in real time.

MSC =— MSC-1 ; Decrement a macro service counter
(MSC) by one.

YES NO
MSC =0?
Macro service -0 Interrupt request
enable flag flag =— 0
Vectored interrupt Next instruction
request generated execution
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Unlike other interrupt processing that is accompanied by the activation of an interrupt service program, macro
service is performed automatically. This means that macro service does not require a series of the operations of
making a branch to an interrupt service routine, saving and restoring register contents, and returning from the interrupt
service routine. lItis therefore possible to improve the CPU service time and to reduce the number of program steps.

During macro service processing, the general-purpose registers and instruction queue in the CPU hold the data
present immediately before macro service processing is activated.

Interrupt requests for which macro service processing is specified are not influenced by the status of the IE flag
in the program status word (PSW). Macro service can be performed even in the interrupt disable status or while the
interrupt service program is being executed. Macro service is disabled only when the corresponding bit of the interrupt
mask flag register (MKO) is set to 1.

If more than one macro service requestis present, the service order is determined by the default priority. Instruction
execution is suspended until all of these macro service requests are processed.

The uPD78362A supports macro service for all included interrupt requests.

Macro service performs the following two basic operations:

» Data transfer from memory to a special function register (SFR)

» Data transfer from a special function register (SFR) to memory
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13.8.3 Operation at completion of macro service

A macro service performs processing the number of times specified during execution of other programs. When
processing is performed the specified number of times (when the macro service counter (MSC) becomes 0), the macro
service is completed.

Figure 13-19. Operation at Completion of Macro Service

( Main routine >

\
El

Macro service request —

Processing of macro service

Last macro service request —

Processing of macro service

After completion of macro service
Interrupt request servicing by (MSC = 0), an interrupt request is
macro service completion generated and acknowledged

( Main routine >

/ Processing of another interrupt
El
Another interrupt request — Lastmacro ——

) Processing of
service request

macro service When an interrupt by completion of

macro servicing is not acknowledged,
such as when another interrupt is being
processed, the last macro service is
carried out and the interrupt is held
Interrupt request servicing by pending until its request is acknowledged.

macro service completion

Caution When data is transmitted with UART using a macro service, a vectored interrupt requestis issued
twice (see 9.7 Transmitting/Receiving Data Using Macro Service).
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13.8.4 Macro service control register

)

334

Macro service control word

A macro service control word is made up of a macro service mode register which controls the macro service
function and a macro service channel pointer. These control words are located in addresses FEO6H to FE25H
in the main RAM area (refer to Figure 13-21).

Figure 13-20 shows the basic structure of a macro service control word.

Figure 13-20. Basic Configuration of Macro Service Control Word

Address MSB LSB
FExxH Macro service mode register
(FExx+1)H Macro service channel pointer

The macro service mode register sets the macro service processing mode, and the macro service channel
pointer specifies the address of a macro service channel.

Before macro service processing can be performed, values must be loaded into the macro service mode
register and channel pointer corresponding to the interrupt request for which macro service processing can
be specified.
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Figure 13-21. Format of Macro Service Control Word

Address Source
FEO6H Mode register
FEOTH |« Channel pointer | } INTOVS
FEO8H Mode register
) Chamneipoiner | } wromrecao
FEOAH Mode register
FEOBH|  Channelpointer | } INTPL
FEOCH | Mode register
e } e
FEOEH Mode register
FEOFH |  Channelpointer | } INTP3/INTCC20
FE10H Mode register
FEIZH |  Channelpointer | } INTP4
FE12H Mode register
FEI3H|  Channelpointer | } INTTMO
FE14H Mode register
FEISH|  Channelpointer | } INTCMO3
FE16H Mode register
Fewi | Chamelpoimer | } wrewno
FE18H | Mode register
e oo s~ } wrcwao
FE1AH Mode register
FEIBH |  Channelpointer | } INTCM41
FE1CH Mode register
FEIDH|  Channelpointer | } INTSER
FE1EH Mode register
FEIFH|  Channelpointer | } INTSR
FE20H | Mode register
oo | cramepomer | } st
FE22H |  Mode register
- Grametpointer | } wres
FE24H | _________Moderegister
FE25H Channel pointer N } INTAD

(2) Macro service mode register
The macro service mode registers are 8-bit registers that specify macro service operation. They are mapped
as part of the macro service control words in the main RAM area (refer to Figure 13-20).
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13.8.5 Macro service mode

Operation of the macro service is specified by setting a macro service mode register. The macro service mode
is determined by the low-order six bits of the macro service mode register. The modes are classified into two groups:
Group 0 and group 1.

e Group 0: Control word only; no channel provided
e Group 1: Control word and channel

The high-order two bits of the macro service mode register function as a subcommand (refer to Table 13-7).

13.8.6 Macro service operation
There are five modes of macro service operation.

Table 13-7. Classification of Macro Service Modes

Group Macro Service Mode Register Function
Group 0 CC000001 Counter mode EVTCNT
Group 1 CC010011 Block transfer mode BLKTRS
CCo010100 Block transfer mode (with memory pointer) BLKTRS-P
10011001 Data difference mode DTADIF
10011010 Data difference mode (with memory pointer) DTADIF-P

C in the most significant bit (MSB) of a macro service mode register indicates the length of the data to be operated
on except for EVTCNT.

 C=0: Byte data
e C=1: Word data

For BLKTRS and BLKTRS-P, byte buffer representation is always used. If word specification is made, byte buffers
must be replaced by word buffers.

Caution Word buffers must be placed at even addresses.
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(1) Counter mode: EVTCNT

[Macro service control word]

MSB

LSB

Lower address

CC000001

Higher address

MSC

[Operation]

Every time the macro service is generated, the macro service counter (MSC) isincremented or decremented
by one. When the MSC reaches O0H (overflow), a vectored interrupt request is generated.

Table 13-8. Counter Mode Operation Specification

CcC Operation

00 | Increment

01 | Decrement

11

10 | Setting prohibited

In the counter mode, the macro service function operates as a counter to divide the number of interrupt

requests.

Example Dividing the number of INTOV3 interrupt requests by five using macro service

FEOGH 01000001

FEO7H O05H

S EN

[Application]

Event counter, or measurement of the number of capture times
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(2) Block transfer mode: BLKTRS

[Macro service control word]

Lower address MSB LSB
CCo010011
— CH. PTR
Buffer 1 MSC =N
Buffer 2 MSC=N-1
| . | .
| |
1 . L.
Buffer N MSC=1
| — A
MSC -1
* \_/
Higher address SFRP

[Operation]
The channel pointer (CH.PTR) specifies the SFR pointer (SFRP). A buffer is addressed by the channel
pointer (CH.PTR) and macro service counter (MSC).
Data is transferred between the SFR pointed to by the SFRP and buffers. Data transfer starts from buffer
1.
Every time transfer terminates, the MSC is decremented by one. When the MSC reaches 0, a vectored
interrupt request is generated.

Table 13-9. Specification of Block Transfer Mode Operation

CcC Operation Transferred Data Buffer Address

00 | Buffer —« SFR | Byte (CH.PTR content) — (MSC content) — 1

01 | SFR ~ buffer

10 | Buffer « SFR | Word (CH.PTR content) — (MSC content x 2) — 1

11 | SFR ~ buffer
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Example Transferring the contents of port 2 (FFO2H) to buffers in response to the INTPO interrupt request

FEO8H 00010011
FEO9H 51H

! ‘

| |

‘ ‘

| |

| |
FE4DH Buffer 1
FE4EH Buffer 2
FE4FH Buffer 3

| —  a

FE50H 03H R
FE51H 02H

[Application]
This mode can be used to transmit/receive data with serial interface.

Caution Word buffers must be placed at even addresses.
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(3) Block transfer mode (with a memory pointer): BLKTRS-P

[Macro service control word]

Lower address MSB LSB
) CC010100
7 CH. PTR
Buffer 1 MSC =N
L wemptR | |
Buffer 2 MSC=N-1
MSC | . o
| * | *
{ L SFRP ! . : .
Higher address Buffer N MSC=1

[Operation]
The channel pointer (CH.PTR) specifies the SFR pointer (SFRP). Data is transferred between the SFR
pointed to by the SFRP and the buffer addressed by MEM.PTR. Data transfer starts from buffer 1.
When byte data transfer terminates, the MEM.PTR is incremented by one. When word data transfer
terminates, the MEM.PTR is incremented by two.
Every time transfer terminates, the macro service counter (MSC) is decremented by one. When the MSC
reaches 0, a vectored interrupt request is generated.

Table 13-10. Specification of Block Transfer Mode (with a memory pointer) Operation

CcC Operation Transferred Data

00 | Buffer —« SFR | Byte

01 | SFR — buffer | Byte

10 | Buffer « SFR | Word

11 | SFR «~ buffer | Word
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Example Transferring the contents of serial receive buffer RXB (FF8CH) to buffer in response to INTSR
interrupt request

FE1EH 00010100
FE1FH 51H

I I

I I

I I

I I

I I

I I

I I

I I

I I

I I

I I

I I

I I

| |
FE4EH 80H FC80H Buffer 1 1st time

FCH Y+ FC81H Buffer 2 2nd time | RXB register
>~
/N .

FE50H 03H L -1 FC82H Buffer 3 3rd time
FE51H 8CH

[Application]
This mode can be used to transmit/receive data with serial interface.

Cautions 1. Word buffers must be placed at even addresses.
2. MEM.PTR must be placed at an even address.
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(4) Data difference mode: DTADIF

[Macro service control word]

MSB LSB
10011001

Lower address

t

- CH. PTR

- - - - Bufferl ----| MSC=N

- --- Buffeor2 ---| MSC=N-1

- - - - BufferN ----] MSC=1

__ Previous |
value

V MSC -1

Higher address —= SFRP

[Operation]
The channel pointer (CH.PTR) specifies the SFR pointer (SFRP). A buffer is addressed by the channel
pointer (CH.PTR) and macro service counter (MSC).
The difference between the current value of the SFR (especially capture register) pointed to by the SFRP
and the “previous value” is written to the buffer. The current value of the SFR is then regarded as the new
“previous value.” Data write starts from buffer 1.
Every time data is written, the MSC is decremented by one. When the MSC reaches 0, a vectored interrupt

request is generated.
The buffer address is obtained as follows:

(Buffer address) = (value of CH.PTR) — (value of MSC x 2) — 3
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Example The difference between the current value and previous value of capture/compare register CC30
(FF50H) is written into a buffer with the INTPO input signal used as the trigger signal. The period
of the INTPO input signal is then measured using the difference by the vectored interrupt service

routine.

FEO8H 10011001
FEOQ9H 61H
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
FE58H
---- Bufferl ---
FE5AH
---- Buffer2 ---
FE5CH
---- Buffer3 ---
FE5EH O00H
O00H
FE60OH 03H -1
FE61H 50H

[Application]
This mode can be used to measure periods or pulse widths using a capture register.

Cautions 1. Don’t set OOH in the MSC.
2. Buffers must be placed at even addresses.
3. The “previous value” must be initialized to dummy data in advance.
4. The SFRP can specify 16-bit SFRs only.
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(5) Data difference mode (with a memory pointer): DTADIF-P

[Macro service control word]

Lower address MSE LSB
* 10011010
— CH. PTR
-~ -MEM. PTR - - - -~ Bufferl ----[ MSC=N
| Previous - - Buffer2 ----| MSC=N-1
value urrer -
| MSC | . | .
| . | .
Higher address — SFRP | ° | °
---- BufferN ---| MSC=1

[Operation]
The channel pointer (CH.PTR) specifies the SFR pointer (SFRP). A buffer is addressed by the MEM.PTR
and macro service counter (MSC).
The difference between the current value of the SFR (especially capture register) specified by the SFRP
and the “previous value” is written to the buffer. The current value of the SFR is then regarded as the new
“previous value.” Data write starts from buffer 1.
Every time data is written, the MSC is decremented by one. When the MSC reaches 0, a vectored interrupt
request is generated.
The MEM.PTR remains unchanged.
The buffer address is obtained as follows:

(Buffer address) = (value of MEM.PTR) — (value of MSC x 2) + 2
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[Application]
This mode is used to measure periods and pulse widths using a capture register.

Cautions 1. Don’t set O0OH in the MSC.

Buffers must be placed at even addresses.

The MEM.PTR must be placed at an even address.

The “previous value” must be initialized to dummy data in advance.
The SFRP can specify 16-bit SFRs only.

gk wbd
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13.9 Cases where Interrupt Request and Macro Service are Temporarily Held Pending

(1) Instructions that do not acknowledge interrupt requests

When the following instructions are executed, acknowledgment of interrupts and processing of macro services

are temporarily held pending. However, software interrupts are not held pending.

MOV1
MOV1
SET1
CLR1
NOT1
BFSET
BFSET
BTCLR
BTCLR
BRK
BRKCS

PSWL.bit, CY
PSWH.bit, CY
PSWL.bit
PSWL.bit
PSWL.bit
PSWL.bit, $addr16
PSWH.bit, $addr16
PSWL.bit, $addr16
PSWH.bit, $addr16

RBnN

RETB
RETI
RETCS
RETCSB
POP
POPU

El

DI

laddr16
laddr16
PSW
post

(2) Instructions that sometimes do not acknowledge interrupt requests
The instructions shown in Table 13-11 are mainly instructions that perform writing to various control registers
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(INTCreg) for interrupt processing. When these instructions are executed, acknowledgment of interrupts and

processing of macro services may be temporarily held pending depending on the CPU condition.

Remark INTCreg: Registers MKOH, MKOL, ISPR, IMC and interrupt control registers (OVIC3, PICO to PIC4,
TMICO, CMIC03, CMIC10, CMIC40, CMIC41, SERIC, SRIC, STIC, CSIIC, ADIC)
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Table 13-11. List of Instructions that Sometimes do not Acknowledge Interrupt Requests

Instruction Group | Mnemonic Operand Condition
8-bit data transfer | MOV INTCreg, #byte
INTCreg, A
mem, A When mem is set to INTCreg address
[saddrp], A When saddrp is set to INTCreg address
laddrl6, A When addrl6 is set to INTCreg address
PSWL, #byte
PSWH, #byte
PSWL, A
PSWH, A
XCH A, mem When mem is set to INTCreg address
A, [saddrp] When saddrp is set to INTCreg address
16-bit data transfer | MOVW INTCreg, #word
INTCreg, AX
IINTCreg, rpl
mem, AX When mem is set to INTCreg address
XCHW AX, INTCreg
AX, mem When mem is set to INTCreg address
8-bit operation ALU INTCreg, #byte ALU: ADD, ADDC, SUB, SUBC, AND, OR, XOR
mem, A When mem is set to INTCreg address
ALU: ADD, ADDC, SUB, SUBC, AND, OR, XOR
16-bit operation ALUW INTCreg, #word ALUW: ADDW, SUBW
Bit manipulation MOV1 INTCreg. bit, CY
BIT INTCreg. bit BIT: SET1, CLR1, NOT1
Stack manipulation | POP INTCreg
Conditional branch | BTCLR INTCreg. bit, $addrl6
BFSET INTCreg. bit, $addr16
String STRING | [DE+], A When INTCreg address is set to destination (DE
[DE-], A register)
[DE+], [HL+] STRING: MOVM, MOVBK, XCHM, XCHBK, CMPME,
[DE-], [HL—] CMPBKE, CMPMNE, CMPBKNE, CMPMC,

CMPBKC, CMPMNC, CMPBKNC

Caution 1. When executing polling to the interrupt-related registers by using the BTCLR instruction, etc.,

ensure that the branch destination of the BTCLR instruction, etc. is not the instruction itself.

If a program that branches to the instruction itself is written, all interrupts and macro services

will be held pending until a condition is established under which the program does not branch

by that instruction.
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Bad example

LOOP: BTCLR PIC0.7,$LOOP Allinterrupts and macro services are held pending until PIC0.7
becomes 1.
XXX ~ Interrupts and macro services are processed first after execution
of the instruction following BTCLR instruction.

Good example (1)

LOOP: NOP
BTCLR PIC0.7,$LOOP ~ Interrupts and macro services are processed after execution
of NOP instruction, and thus interrupts are not held pending
for a long time.

Good example (2)

LOOP: BTCLR PICO0.7,$NEXT
BR $LOOP ~ Interrupts and macro services are processed after execution
of BR instruction, and thus interrupts are not held pending for
a long time.
NEXT:

Caution 2. When a group of the above-mentioned instructions is consecutively used for the same reason
and when interrupts and macro services should not be held pending for a long time, insert an
NOP instruction, etc. in the interim to create timing for interrupts or macro services to be
acknowledged.

13.10 Instructions whose Execution Is Temporarily Suspended by Interrupts and Macro Services

Execution of the following instructions is temporarily suspended by an acknowledgeable interrupt request or macro
service request in order to acknowledge the interrupt or macro service. The suspended instructions are restarted
after completion of the interrupt processing or processing of the macro service.

<Instructions suspended temporarily>
MOVM, XCHM, MOVBK, XCHBK
CMPME, CMPMNE, CMPMC, CMPMNC
CMPBKE, CMPBKNE, CMPBKC, CMPBKNC
SACW

348



CHAPTER 14 STANDBY FUNCTION

14.1 Function Overview

The uPD78362A has a standby function to reduce power consumption of the system. With the standby function,
two modes are available:

 HALT mode: In this mode, the CPU operation clock is stopped. Intermittent operation, when combined with
the normal operation mode, can reduce overall system power consumption.

e STOP mode: Inthis mode, the oscillator is stopped to stop the entire system. Since only leakage currents may
flow in this mode, system power consumption can be minimized.

Each mode is set by software.
Figure 14-1 is the transition diagram of the standby modes (STOP and HALT modes).

Figure 14-1. Transition Diagram of Standby Modes
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14.2 Standby Control Register (STBC)

The standby control register (STBC) is an 8-bit register which controls the standby mode.
As the contents of the STBC register can only be changed by a dedicated instruction, it will not be changed by
a program crash. The dedicated instruction MOV STBC, #byte is shown below.

Figure 14-2. STBC Register Write Instruction

Bl B2 B3 B4

MOV STBC, #byte 09H COH data0 datal

This instruction has a data check function to prevent the application system stopping unintentionally by a program
crash. Data can be written in the STBC register only when the last two bytes of the instruction are the complement
of each other, i.e., when data0 = datal.

If they are not complementary, the STBC register is not written to and an op-code trap interrupt occurs. In this
case, the address of the instruction which causes the trap is saved in the stack area as return address. Therefore,
the program can be restarted from the return address by checking the trap address or executing the RETB instruction
(refer to 13.1.4 Op-code trap interrupt , 13.7 Op-Code Trap Interrupt Acknowledgment Operation ).

However, if the cause of an op-code trap cannot be removed due to a hardware error, the RETB instruction may
cause an infinite loop.

The SBF bit of the STBC register is a standby flag. It is used to determine whether to release the STOP mode
by the ﬁinput. This bit is reset to 0 only when the supply voltage (Vob) is supplied (power-on reset). It cannot
be reset by software. It is not affected simply by supplying the RESET signal.

The contents of the STBC register can be read by the data transfer instruction at any time.

RESET input sets the STBC register to 0000x000B.

Figure 14-3 shows the format of the STBC register.

Caution Afterthe SBFflagisread, setitto 1. Software can then discriminate a power-on reset from release
of the STOP or HALT mode.
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Figure 14-3. Format of Standby Control Register

Symbol 7 6 5 4 3 2 1 0 Address When reset R/W

STBC 0 0 0 0 SBF 0 STP | HLT FFCOH 0000x000B R/W

_

Note

HALT mode specification bit

When this bit is set to 1, the system enters the HALT
mode.

When the HALT mode is released, this bit is automatically
reset to 0.

STOP mode specification bit

When this bit is set to 1, the system enters the STOP
mode.

When the STOP mode is released, this bit is automatically
reset to 0.

This flag is reset to 0 only when power supply voltage (Voo)
is supplied being increased from 0 V.

Note If the HALT mode is released by macro service activation, this bit is reset to 0 when a vectored interrupt
request is issued at the end of the macro service.

Caution Do not set the STP bit of the standby control register (STBC) to 1 when using the external clock.
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14.3 Operation
14.3.1 HALT mode

(1) Setting the HALT mode and operation states in the HALT mode
In the HALT mode, the CPU clock is stopped.
The total power consumption of the system can be reduced by setting the system to the HALT mode during
CPU dead time. The system is put in the HALT state by setting the HLT bit in the STBC register to 1.
In the HALT mode, the CPU clock and program execution are stopped. Nevertheless, the contents of all
registers and internal RAM immediately before the HALT mode is set are retained. On-chip peripheral
hardware can operate. Hardware functions enter the states shown in Table 14-1.

Caution If the interrupt request flag ( xxIF) is set to 1 and the interrupt is not masked (  xxMK = 0), the
system does not enter the HALT mode. When macro service processing ( xx|SM = 1) is

performed, the system enters the HALT mode after the macro service terminates.

Table 14-1. Operation States in HALT Mode

Function Operation State

Clock generator Operating

Internal system clock

CPU Stopped

I/O line Retained

On-chip peripheral hardware Operating

Internal data Internal data such as the CPU status, data, and contents

of the internal RAM is retained as it was before setting
the HALT mode.
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(2) Releasing the HALT mode
The HALT mode can be released by a non-maskable interrupt request, non-masked maskable interrupt
request, non-masked macro service request, or RESET input.

(a) Releasing the HALT mode by an interrupt request
The HALT mode is released by a non-maskable interrupt request, a maskable interrupt request which
is not masked, or macro service request, regardless of the priority of the request. If the HALT mode is
set by the interrupt service routine, however, the following operation takes place (refer to Table 14-2).

(i) When an interrupt request, having higher priority than the interrupt request being handled, is issued,
the HALT mode is released, and this new interrupt request is accepted. Such interrupt requests
include a non-maskable interrupt request. When the PRSL bit of an interrupt mode control register
(IMC) is set to 0, however, the system only accepts multiple interrupt requests having the lowest
priority.

(i) Whenaninterruptrequest, having the same priority as or lower priority than the interrupt request being
handled, is issued, the HALT mode is only released. In this case, the new interrupt request is not

accepted, and the next instruction is executed. The interrupt request is retained.

Table 14-2. Acceptance of Interrupts Generated during Interrupt Servicing

Priority of Interrupt Service Priority and State of Generated Interrupts
Routines in HALT Mode Accepted Retained
0 - 0-3
1 0 1-3
2 0,1 2,3
3 0-2, 3 (PRSL = 0) 3 (PRSL =1)
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Table 14-3. Operations after HALT Mode Is Released by an Interrupt Request

Releasing Request El State DI State

Non-maskable interrupt | Branches to the vector address.

Maskable interrupt Branches to the vector | Executes the next
address or executes instruction.
the next instruction.

Table 14-4. Releasing HALT Mode by a Macro Service Request

Conditions for Vectored Operations after Releasing HALT Mode
HALT Mode
Interrupt at End of Macro Service El State DI State
Satisfied Released Branches to the vector Executes the next
address or executes the instruction.
next instruction.Note
Not satisfied System returns to -
HALT mode.

Note If the HALT mode is set by an interrupt service routine then an interrupt request which is not masked and
has higher priority is generated, processing branches to the vector address.

(b) Releasing the HALT mode by RESET input

Same as the normal reset operation except that data in the internal RAM before setting the HALT mode

is retained.
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14.3.2 STOP mode

(1) Setting the STOP mode and operation states in the STOP mode
In the STOP mode, the oscillator is stopped.
Power consumption can be substantially reduced when the entire application system stops. The system is
placed in the STOP state by setting the STP bit in the STBC register to 1.
Inthe STOP mode, generation of the internal clock is stopped when the oscillator stops operating. Atthe same
time, the watchdog timer for reserving the oscillation stabilization time is automatically cleared by the hardware.
Although program execution is stopped, the contents of all registers and internal RAM immediately before the
STOP mode is set are retained. Hardware functions enter the states shown in Table 14-5.

Table 14-5. Operation States in STOP Mode

Function Operation State

Clock generator Stopped

Internal system clock

CPU

I/O line Retained when Vob is within the operable range
On-chip peripheral hardware Stopped

Internal data Internal data such as the CPU status, data, and contents

of the internal RAM is retained as it was before setting the
STOP mode when Voo is within the operating rangeNote,

Note Only the contents of internal RAM are retained by keeping the data retention voltage when Voo is lower than
the minimum operable voltage.
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(2) Releasing the STOP mode
The STOP mode can be released by NMI or RESET input.
The operation after release of the STOP mode depends on the source of the STOP mode release and the
condition under which the STOP mode was set.

(a) Releasing the STOP mode by NMI input
The oscillator restarts when a valid edge is applied to the NMI input. While the NMI input is active, the
watchdog timer remains cleared and does not start counting. When the NMI input level returns to the
inactive level, the watchdog timer starts counting. When the watchdog timer overflows, generation of the
internal system clock is started.
Therefore, the uPD78362A is in the wait state during the following period:

(Active level duration after detecting a valid edge in NMI input)
+

(Watchdog timer overflow time)

The overflow time for the watchdog timer is specified using the WDM register.

The operation after release of the STOP mode depends on the condition under which the STOP mode
was set and the priority of watchdog timer interrupt requests and NMI interrupt requests.

Priority is specified for a watchdog timer interrupt request or NMI interrupt request using the WDM register
(refer to Figure 14-4).
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Symbol

WDM

Figure 14-4. Format of Watchdog Timer Mode Register

7 6 5 4 3 2 1 0 Address When reset R/W
RUN| O 0 |PRC| O |wDI2|wDI1| 0 FFC2H 00H RIW
L]
Overflow Time (ms)
WDI2 | WDIL (C:?(;’C”kt
foik =12.5 MHz | fok = 16.0 MHz
0 0 | faw2® 105 8.2
0 1| fe/2™ 41.9 32.8
1 0 | fow/2® 167.8 131.1
1 1 Setting prohibited
Remark fcik : internal system clock frequency
PRC | Specifies priority of watchdog timer interrupt request
0 Watchdog timer interrupt < NMI interrupt request
1 Watchdog timer interrupt > NMI interrupt request
RUN [ Specifies operation of watchdog timer
0 Stops watchdog timer
1 Clears and starts watchdog timer
Cautions 1. Data can be written into the WDM register only by a dedicated instruction (MOV WDM,
#byte).

2. The priority of interrupt requests should be set at initialization of the application system
such as initialization of the stack pointer, and should not be dynamically changed during
execution of the program.

3. Once itis set to 1, the RUN bit cannot be reset to 0 by software.

4. The countclock is not reset even when the watchdog timer is cleared by setting the RUN
bit to 1.

5. If a watchdog timer interrupt and NMI interrupt are generated simultaneously with PRC
=1 (INTWDT > NMI), after the first 1 instruction of the NMI interrupt service routine is
executed, the watchdog timer interrupt service routine is executed.

Therefore, when used with PRC = 1 setting, the firstinstruction of the NMl interrupt service
routine should be an NOP instruction.

6. Bits 6, 5 and 0 of the WDM register are fixed to “0” by hardware. Even if “1” is written
to them, they remain “0".

7. Be sure to write “0” to bit 3 of the WDM register.
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(i) When set to STOP mode in watchdog timer interrupt processing routine

<1> When priority is watchdog timer interrupt request > NMl interrupt request (PRC bit of WDM
register = 1)
After the STOP mode is released by NMI input, the program starts execution of the instruction
following the instruction by which the STOP mode was set (NMI interrupt request is held
pending).
When the RETI instruction is executed during the watchdog timer interrupt service routine, the
program restores from the watchdog timer interrupt processing routine. Then, if one instruction
is executed, the program branches to the NMI interrupt processing routine.

Figure 14-5. Operation after Release of STOP Mode (1)

( Main routine )

INTWDT processing

MOV STBC, #byte (STOP mode setting)

—~— NMI input (STOP mode release)

NMI request is held pending

INTWDT —

Execution of
one instruction

NMI processing

Processing of pending NMI request
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<2> When priority is watchdog timer interrupt request < NMl interrupt request (PRC bit of WDM
register = 0)
After the STOP mode is released by NMI input, the program branches to the NMI interrupt
processing routine immediately.
In the NMI interrupt processing routine, if the RETI instruction is executed, the program returns
to the instruction immediately following that by which the STOP mode was set in the watchdog
timer interrupt processing routine.
Then, ifthe RETI instruction is executed, the program restores from the watchdog timer interrupt
processing routine.

Figure 14-6. Operation after Release of STOP Mode (2)

( Main routine )

INTWDT processing

MOV STBC, #byte (STOP mode setting)

—— NMI input (STOP mode release)

NMI processing

INTWDT — \J
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(i) When set to STOP mode in NMI interrupt processing routine

After the STOP mode is released by NMI input, the program starts execution of the instruction
following that by which the STOP mode was set.

When the RETI instruction is executed during the NMI interrupt processing routine, the program
restores from the NMI interrupt service routine.

Then, if one instruction is executed, the program branches to the NMI interrupt service routine again.

Figure 14-7. Operation after Release of STOP Mode (3)

( Main routine )

NMI processing

MOV STBC, #byte (STOP mode setting)

—— NMI input (STOP mode release)

NM| —

Execution of
one instruction

NMI processing
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(iii) When set to STOP mode other than during non-maskable interrupt processing routine

Afterthe STOP modeisreleased by NMl input, the program immediately branches to the NMl interrupt
processing routine.

When the RETI instruction is executed during the NMI interrupt processing routine, the program
restores to the instruction following that by which the STOP mode was set.

Figure 14-8. Operation after Release of STOP Mode (4)
( Main routine )

MOV STBC, #byte
(STOP mode setting)

NMI input (STOP mode release) —=

NMI processing
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Table 14-6. Release of STOP Mode and Operation after Release

Condition when STOP

Release Source Mode was Set PRCNote Operation after Release

RESET input - X Starts operation from reset address.

NMI input INTWDT routine 1 Starts execution of instruction following MOV STBC,
#byte instruction (NMl interruptrequestis held pending).
After completion of watchdog timer interrupt processing
that set STOP mode, NMI interrupt request is
acknowledged (see Figure 14-5).

0 Acknowledges NMl interrupt request (see Figure 14-6 ).

NMI routine x Starts execution of instruction following MOV STBC,
#byte instruction (NMl interruptrequestis held pending).
After completion of NMI interrupt processing that set
STOP mode, NMI interrupt request is acknowledged
again (see Figure 14-7).

Other than non-maskable X Acknowledges NMl interrupt request (see Figure 14-8).
interrupt routine

Note Priority specification flag in watchdog timer mode register (WDM)
PRC = 1 ... Watchdog timer interrupt request > NMI interrupt request
PRC = 0 ... Watchdog timer interrupt request < NMI interrupt request
PRC = x ... don't care

Figure 14-9. Releasing STOP Mode by NMI Input

Set STOP mode

l {C
Oscillator I | I | | i

fCLKHIlIlI” "

|
|
1
|
|
|
|
| 1T . | I | I | I | I |
|
! !
|
STOP state “Set” I T
“Release” /‘ 55
|
|
|
|
|
|
|

System clock “Stop” T
“Supply” I

|

|

|

NMI input |
p : | ! |

1

(with the
rising edge | ‘
specified) The oscillator The period counted
stops by the timer for
stabilizing oscillation

(b) Releasing by RESET input
The oscillator restarts at the same time RESET input level is changed from high to low to put the system
in the reset state.
Apply the RESET active period for the oscillation stabilization time. When RESET goes high, operation
starts from the address stored in the reset vector.
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When the signal applied to the RESET pin is low, the system is reset, and each hardware component is placed
in the status indicated in Table 15-1.

When the signal applied to the RESET input port goes high, the reset status is released, and program execution
starts. The contents of registers must be initialized in the program as required. In particular, the number of cycles
specified in the programmable wait control register (PWC) must be changed as required. After resetting, the initial
setting in the PWC register is effective: Three wait cycles are added to the bus cycle, and the fetch cycle mode is
normal (refer to Figure 3-11 Format of Programmable Wait Control Register ).

The RESET pin contains a noise eliminator based on analog delays to prevent abnormal operation due to noise.

Caution When RESET is active, all pins except AV  rer, AVbp, AVss, Vob, Vss, X1, and X2 go into the high-
impedance state.

Figure 15-1. Acceptance of Reset Signal

RESET input

Analog Analog Analog

delay delay delay

Removed A A

as noise Accepts Releases
reset reset
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In reset operation at power-on, a time for stabilized operation between power-on and reset acceptance is required
as shown in Figure 15-2.

Figure 15-2. Reset Operation at Power-On

I
I
I
I
:
RESET |
I
I
I
I
I
[}
I

-~— Oscillation

s_tabilization Analog
time delay
A
Releases
reset
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Table 15-1. Hardware Statuses after Reset (1/2)

Hardware

Status after Reset

Control register

Program counter (PC)

Contents of reset
vector table
(O000H, 0001H)
are set

Stack pointer (SP)

UndefinedNote 1

Program status word (PSW)

0000H

Internal RAM Data memory UndefinedNote 1
General-purpose register (R0O-R15)
Port Output latch (PO, P3-P5, P8, P9) Undefined
Mode register | (PMO, PM5) FFH
(PM3) xxx1 1111B
(PM8) xx11 1111B
(PM9) xxxx x111B
Mode control register | (PMCO) OOH
(PMC3) xxx0 0000B
(PMCS8) xx00 0000B
Pull-up resistor option register (PUOL, PUOH) OOH
Port read control register (PRDC)
Memory expansion mode register (MM)Note 2 Note 3
Real-time output | Real-time output port register (RTP) Undefined
port (RTP) Real-time output port mode register (RTPM) OOH
Real-time pulse Timer register (TM0-TM4) O0H
unit (RPU) Timer unit mode register (TUMO, TUM1)
Timer control register (TMCO-TMCA4)
Compare register (CM00-CM03, CM10, CM40, CM41) Undefined
Capture register (CT20, CT30, CT31)
Capture/compare register (CC20, CC30)
Reload register (DTIME)
Buffer register (BFCMO00-BFCMO03, SBUF0-SBUF5, MBUFO-MBUF5)
Timer out register (TOUT) xx01 0101B
Sampling control register (SMPC0O, SMPC1) OOH
Notes 1. When STOP mode is released by RESET input, the value immediately before the STOP mode is set

is retained.
2. Input/output mode setting register for port 4.
3. The status after reset of the MM register varies according to the product.
UPD78361A --- 20H
UPD78362A --- 60H
UPD78P364A --- 00H
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Table 15-1. Hardware Statuses after Reset (2/2)

Hardware Status after Reset

A/D converter A/D converter mode register (ADM) OOH

A/D conversion result register (ADCR0-ADCR7, ADCROH-ADCR7H) Undefined
Serial interface Asynchronous serial interface mode register (ASIM) 80H

Asynchronous serial interface status register (ASIS) OOH

Clocked serial interface mode register (CSIM)

Serial bus interface control register (SBIC)

Serial I/O shift register (S10) Undefined

Serial receive buffer (RXB)

Serial transmit shift register (TXS)

Baud rate generator compare register (BRG)

Baud rate generator control register (BRGC) O0H
PWM output PWM control register (PWMCO, PWMC1) OOH
function PWM buffer register (PWMO, PWMOL, PWM1, PWM1L) Undefined
Watchdog timer Watchdog timer mode register (WDM) O0H
Interrupt function | External interrupt mode register (INTMO, INTM1) OOH

Interrupt mode control register (IMC) 80H

Interrupt mask flag register | (MKOL, MKOH) FFH

(MKO) FFFFH
Interrupt control register (OVIC3, PIC0-PIC4, TMICO, CMICO03, 43H
CMIC10, CMIC40, CMIC41, SERIC, SRIC,
STIC, CSIIC, ADIC)

In-service priority register (ISPR) OOH
Bus cycle control | Programmable wait control register (PWC) COAAH
function
CPU control Standby control register (STBC) 0000 x000B

366




CHAPTER 16 PROGRAMMING FOR uPD78P364A

The uPD78P364A contains an electrically writable PROM of 49152 x 8 bits.
Use the MODE/Vrr pinto setthe uPD78P364A to the PROM programming mode when programming on the PROM.
The uPD78P364A provides programming characteristics which are compatible with the uPD27C1001A.

Table 16-1. Pin Functions in Programming Mode

Function Normal Operating Mode Programming Mode
Address input P00-PO7, P21, P20, P80-P85, P30 | AO-Al6
Data input P40-P47 DO-D7
Program pulse P92 PGM
Chip enable Po1 CE
Output enable P90 OE
Program voltage MODE/Vpp
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16.1 Operating Mode

When the MODE/Vep pinis setto H, the uPD78P364A enters the programming write/verify mode. This mode varies
to each operating mode shown in Table 16-2 according to how to set the CE, OE, and PGM pins.

Setting the yPD78P364A to the read mode enables it to read the contents of PROM.

Process the unused pins by referring to 1.4 Pin Configuration (Top View)

Table 16-2. Operating Modes for PROM Programming

Mode CE OE PGM | MODENee | Voo DO-D7
Page data latch H L H +12.5V +6.5V | Data input
Page program H H L High impedance
Byte program L H L Data input
Program verify L L H Data output
Program inhibit X L L High impedance
x H H

Read L L H +5V +5V Data output
Output disable L H X High impedance
Standby H X X High impedance

Remark x indicates L or H.
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16.2 Procedure for Writing on PROM (Page Program Mode)

The following is a procedure for writing on PROM (refer to Figure 16-1).

In the page program mode, data is written in units of pages (four bytes). When write data completes midway of

a page, latch FFH after the data so that the data fits into pages.

)

&)
©)
4
®)

(6)
(7
8

C)
(10)
(11)

Always set pin as follows: MODE/Vep = H. Process unused pins by referring to 1.4 Pin Configuration (Top

View).

Apply +6.5 V to the Vobo pin and +12.5 V to the MODE/Vrp pin.

Input an initial address to the A0 to A16 pins.

Clear the page counter.

Data latch mode. Input write data to the DO to D7 pins and input an active-low pulse to the Epin. Increment

the address and the page counter.

Repeat step (5) for a page (four bytes).

Input a 0.1 ms program pulse (active low) to the PGM pin.

Verify mode. Checks if data has been written in PROM.

Apply a low level to the CE pin, input an active-low pulse to the OE pin, and then read the write data from

the DO to D7 pins. Repeat this for a page (four bytes). When verification completes, apply a high level to

the CE pin.

 If data has been written, go to step (10).

 If not, repeat steps (7) and (8). If no data is written yet after the steps have been repeated 10 times, go
to step (9).

Assume the device to be defective and stop write operation.

Increment the address.

Repeat steps (4) to (10) until the address exceeds the last address.

Figure 16-2 is a timing chart of these steps (2) to (9).
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Figure 16-1. Flowchart of Procedure for Writing (page program mode)

Q) ( Start writing >

l

Apply power supply
@ voltage

3) Set an initial address
(4) Clear the counter to 0
(5) Write data latch™'®

!

Increment the address
and counter

(6)

<4 bytes Counter

= 4 bytes

@ Input a program pulse

Write failure
(Up to 9 times)

Write failure (10th time)

Verify mode

Write succeed

(10) Increment the address

< Last address
Last address

> Last address

9)
( Write completes ) ( Defective device )

Note When write data completes midway of a page, latch FFH after the data so that the data fits into pages.
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Figure 16-2. Timing Chart of PROM Write and Verify Operation (page program mode)

Page
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16.3 Procedure for Writing on PROM (Byte Program Mode)

The procedure for writing data into PROM is as follows (refer to Figure 16-3).

)

)
©)
4
®)
(6)

(7
8
9

Always set pin as follows: MODE/Vree = H. Connect unused pins by referring to 1.4 Pin Configuration (Top
View).

Apply +6.5 V to the Voo pin and +12.5 V to the MODE/Vep pin. Input a low level to the CE pin.

Input an initial address to the A0 to A16 pins.

Input write data to the DO to D7 pins.

Input a program pulse (active low) which has a period of 0.1 ms to the PGM pin.

Verify mode. Check that data has been written in PROM.

Input an active-low pulse to the OE pin and read the written data from the DO to D7 pins.

« When data has been written, go to step (8).

« If not, repeat steps (4) to (6). If no data is written after the steps are repeated ten times, go to step (7).
Assume the device to be defective and stop write operation.

Increment the address.

Repeat steps (4) to (8) until the address exceeds the last address.

Figure 16-4 is a timing chart of steps (2) to (7) above.
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Figure 16-3. Flowchart of Procedure for Writing (byte program mode)

Q) ( Start writing )

2) Apply power supply voltage
3) Set an initial address
4) Input write data
(5) Input a program pulse
Write failure (6)
(Up to 9 times) ) Write failure (10th time)
Verify mode

Write succeed

(8) Increment the address

9)

< Last address

Last address

> Last address @)
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Figure 16-4. Timing Chart of PROM Write and Verify Operation (byte program mode)

Program Program verify

|

\
AO0-A16 >< Address input ><
DO-D7 - -H-"-Z-< Data input >— B < Data output >— Hz

CE (input)

PGM (input) \ /
OE (input) \ /
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16.4 Procedure for Reading from PROM
The contents of PROM can be read out to the external data bus (DO to D7) in the following steps:
(1) Always set the MODE/Vrp pin to H. Handle other unused pins by referring to 1.4 Pin Configuration (Top
View).
(2) Apply +5 V to the Voo and MODE/Vrp pins.
(3) Input the address of data to be read into the A0 to A16 pins.
(4) Read mode (CE =L, OE = L)
(5) Output the data on the DO to D7 pins.

Figure 16-5 is a timing chart of these steps (2) to (5).

Figure 16-5. PROM Read Timing Chart

A0-A16 >< Address input ><
CE (input) \ /
OE (input) \ /

DO-D7------- R -< Data output >- Y -
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16.5 Screening of One-Time PROM Version

The one-time PROM version (UPD78P364ACW) cannot be completely tested by NEC for shipment because of
its structure. It is therefore recommended that screening is conducted by verifying the PROM after the PROM has
been stored under the following conditions:

Storage Temperature Storage Time

125°C 24 hours
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CHAPTER 17 INSTRUCTION SET

This chapter describes each instruction operation of the uPD78362A.
For details of the operation, the operation code and clock cycles, refer to the uPD78356 User’'s Manual Instruction
(U12117E).

17.1 Operand ldentifier and Description

Operands are coded in the operand field of each instruction as listed in the description column of Table 17-1. For
details of the operand format, refer to the relevant assembler specifications. When several coding forms are
presented, any one of them is selected. Uppercase letters and the symbols, +, —, #, $, !, and [ ], are keywords and
must be written as they are.

For immediate data, an appropriate numeric or label must be written. The symbols #, $, |, and [ ] must not be
omitted when describing labels.
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Table 17-1. Operand Identifier and Description

Identifier Description
r RO, R1, R2, R3, R4, R5, R6, R7, R8, R9, R10, R11, R12, R13, R14, R15
rl RO, R1, R2, R3, R4, R5, R6, R7
r2 C,B
p RPO, RP1, RP2, RP3, RP4, RP5, RP6, RP7
rpl RPO, RP1, RP2, RP3, RP4, RP5, RP6, RP7
rp2 DE, HL, VP, UP
sfr Special function register name (refer to Table 3-4)
sfrp Special function register name (16-bit manipulation register; refer to Table 3-4)
post RPO, RP1, RP2, RP3, RP4, RP5/PSW, RP6, RP7
(Can be coded more than once. However, RP5 can only be used in a PUSH or POP instruction and
PSW can only be used in a PUSHU or POPU instruction.)
mem [DE], [HL], [DE+], [HL+], [DE-], [HL], [VP], [UP]: Register indirect mode
[DE + A], [HL + A], [DE + B], [HL + B], [VP + DE], [VP + HL]: Based indexed mode
[DE + byte], [HL + byte], [VP + byte], [UP + byte], [SP + byte]: Based mode
word [A], word [B], word [DE], word [HL]: Indexed mode
saddr FE20H-FF1FH Immediate data or label
saddrp FE20H-FF1EH Immediate data (bit O = 0) or label (for 16-bit manipulation)
$addrl6 | O000H-FDFFH Immediate data or label: Relative addressing
laddr16 0000H-FDFFH Immediate data or label: Immediate addressing (Data at an address up to
FFFFH can be codedinan MOV instruction. Data atan address from FEOOH to FEFFH
can be coded in an MOVTBLW instruction.)
addrll 800H-FFFH Immediate data or label
addr5 40H-7EH Immediate data (bit 0 = 0)N°t® or label
word 16-bit immediate data or label
byte 8-bit immediate data or label
bit 3-bit immediate data or label
n 3-bit immediate data (0 to 7)

Note Do not attempt to access word data at an odd-numbered address (bit 0 = 1).

Remarks 1. The same register name can be specified in rp and rpl, but different codes are generated.
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The 8-bit registers (r, r1) and 16-bit register pairs (rp, rpl, post) can be represented by either absolute names (RO-
R15, RP0O-RP7) or function names. Table 17-2 and Table 17-3 list the absolute names and corresponding function
names.

Table 17-2. Absolute Names and Their Corresponding Function Names of 8-bit Register

Function Name Function Name

Absolute Name Absolute Name
RSS=0 | RSS=1 RSS=0 | RSS=1

RO X R8 VPL VPL
R1 A R9 VPH VPH
R2 C R10 UPL UPL
R3 B R11 UPH UPH
R4 X R12 E E
R5 A R13 D D
R6 C R14 L L
R7 B R15 H H

Table 17-3. Absolute Names and Their Corresponding Function Names of 16-bit Register Pair

Function Name

Absolute Name
RSS=0 | RSS=1

RPO AX
RP1 BC
RP2 AX
RP3 BC
RP4 VP VP
RP5 UpP upP
RP6 DE DE
RP7 HL HL

RSS stands for the register set selection flag (bit 5 of PSW). Setting or resetting RSS switches function names
for correspondence with an absolute name.
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17.2 Legend
A . A register; 8-bit accumulator
X . Xregister
B B register
C . C register
D D register
E E register
H H register
L . L register
RO-R15 : Register 0 to register 15 (absolute name)
AX . Register pair (AX); 16-bit accumulator
BC . Register pair (BC)
DE . Register pair (DE)
HL . Register pair (HL)
RPO-RP7 : Register pair O to register pair 7 (absolute name)
PC . Program counter
SP . Stack pointer
UP . User stack pointer
PSW . Program status word
CcY . Carry flag
AC . Auxiliary carry flag
z 1 Zero flag
PV . Parity/overflow flag
S : Sign flag
TPF . Table position flag
RBS . Register bank selecting flag
RSS . Register set selecting flag
IE . Interrupt request enable flag
STBC . Standby control register
WDM . Watchdog timer mode register
jdisp8 . Signed 8-bit data (displacement value: —128 to +127)
() : Memory contents at an address enclosed in parentheses or at an address indicated in a register

indicated in parentheses. ( +) and ( —) indicate that an address or the contents of a register indicated
in parentheses are incremented and decremented by one after execution of the instruction, respec-

tively.

()] . Memory contents at an address indicated by the memory contents at an address indicated in
parentheses (( )).

xxH . Hexadecimal number

XH, XL . High-order 8 bits and low-order 8 bits of 16-bit register
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17.3 Notational Symbols in Flag Operation Field

Table 17-4. Notational Symbols in Flag Operation Field

Symbol Explanation
(Blank) | No change
0 Cleared to zero.
1 Set to 1.
X Set or clear according to the result.
P P/V flag operates as a parity flag.
\% P/V flag operates as an overflow flag.
R Saved values are restored.

17.4 Differences between pPD78362A and puPD78328 in Instruction Set

The instruction set of the uPD78362A has the following four additional instructions which are not provided to the
uPD78328. The other instructions are the same as those of the yPD78328.

e Sum-of-products instruction

* Sum-of-products instruction with saturation function
» Relative operation instruction

e Table shift instruction
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17.5 Operations of Basic Instructions

(1) 8-bit data transfer instructions: MOV, XCH

Mnemonic Operand Byte Operation Flag
S Z ACP/NCY
MOV rl, #byte 2 rl — byte
saddr, #byte 3 (saddr) — byte
sfrNote | #hyte 3 | sfr — byte
r,rl 2 r—rl
A rl 1 A-rl
A, saddr 2 A ~ (saddr)
saddr, A 2 (saddr) « A
saddr, saddr 3 (saddr) ~ (saddr)
A, sfr 2 A — sfr
sfr, A 2 sfr « A
A, mem 1-4 | A « (mem)
mem, A 1-4 | (mem) - A
A, [saddrp] 2 A « ((saddrp))
[saddrp], A 2 ((saddrp)) « A
A, laddrl6 4 A ~ (addrl6)
laddrl6, A 4 (addrl6) « A
PSWL, #byte 3 PSWL ~ byte X X X X X
PSWH, #byte 3 PSWH ~ byte
PSWL, A 2 PSWL -« A X X X X X
PSWH, A 2 PSWH ~ A
A, PSWL 2 A — PSWL
A, PSWH 2 A — PSWH
XCH A rl 1 Aorl
r,rl 2 rerl
A, mem 2-4 | A & (mem)
A, saddr 2 A o (saddr)
A, sfr 3 A o sfr
A, [saddrp] 2 A o ((saddrp))
saddr, saddr 3 (saddr) « (saddr)

Note If STBC or WDM is coded in sfr, a different instruction having the different byte count is generated.
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(2) 16-bit data transfer instructions: MOVW, XCHW

Mnemonic Operand Byte Operation Flag
S Z ACP/NCY

MOVW rpl, #word 3 rpl — word

saddrp, #word 4 (saddrp) — word

sfrp, #word 4 sfrp — word

rp, rpl 2 p « rpl

AX, saddrp 2 AX ~ (saddrp)

saddrp, AX 2 (saddrp) — AX

saddrp, saddrp 3 (saddrp) — (saddrp)

AX, sfrp 2 AX ~ sfrp

sfrp, AX 2 sfrp « AX

rpl, laddrl6 4 rpl — (addrl6)

laddr16, rpl 4 (addrl6)  rpl

AX, mem 2-4 | AX < (mem)

mem, AX 2-4 | (mem) ~ AX
XCHW AX, saddrp 2 AX o (saddrp)

AX, sfrp 3 AX o sfrp

saddrp, saddrp 3 (saddrp) ~ (saddrp)

rp, rpl 2 p - rpl

AX, mem 2-4 | AX « (mem)

383




CHAPTER 17 INSTRUCTION SET

(3) 8-hit arithmetic/logical instructions: ADD, ADDC, SUB, SUBC, AND, OR, XOR, CMP (1/2)
Flag
Mnemonic Operand Byte Operation
S Z ACP/NCY
ADD A, #byte 2 A, CY « A+ byte x x x V x
saddr, #byte 3 (saddr), CY  (saddr) + byte x x x V x
sfr, #byte 4 sfr, CY ~ sfr + byte x x x V x
r,rl 2 r,CY « r+rl x x x V x
A, saddr 2 A, CY — A + (saddr) x x x V x
A, sfr 3 A, CY — A+ sfr x x x V x
saddr, saddr 3 (saddr), CY ~ (saddr) + (saddr) x x x V x
A, mem 2-4 | A, CY « A+ (mem) x x x V x
mem, A 2-4 | (mem), CY « (mem) + A X x x V x
ADDC A, #byte 2 A, CY « A+ byte + CY x x x V x
saddr, #byte 3 (saddr), CY « (saddr) + byte + CY x x x V x
sfr, #byte 4 sfr, CY ~ sfr + byte + CY x x x V x
r,rl 2 rhCY « r+rl+CY x x x V x
A, saddr 2 A, CY « A+ (saddr) + CY x x x V x
A, sfr 3 A, CY - A+sfr+CY x x x V x
saddr, saddr 3 (saddr), CY « (saddr) + (saddr) + CY x x x V x
A, mem 2-4 | A,CY « A+ (mem) + CY x x x V x
mem, A 2-4 | (mem), CY — (mem) + A+ CY x x x V x
SUB A, #byte 2 A, CY — A —byte x x x V x
saddr, #byte 3 (saddr), CY « (saddr) — byte x x x V x
sfr, #byte 4 sfr, CY ~ sfr — byte x x x V x
r,rl 2 rnCY «r—rl x x x V x
A, saddr 2 A, CY — A — (saddr) x x x V x
A, sfr 3 A, CY — A—sfr x x x V x
saddr, saddr 3 (saddr), CY « (saddr) — (saddr) x x x V x
A, mem 2-4 | A,CY « A—(mem) x x x V x
mem, A 2-4 | (mem), CY ~ (mem) - A x x x V x
SUBC A, #byte 2 A, CY « A —byte - CY x x x V x
saddr, #byte 3 (saddr), CY « (saddr) — byte — CY x x x V x
sfr, #byte 4 sfr, CY ~ sfr — byte — CY x x x V x
r,rl 2 rCY « r=r1-CY x x x V x
A, saddr 2 A, CY — A —(saddr) - CY x x x V x
A, sfr 3 A, CY -« A-sfr-CY x x x V x
saddr, saddr 3 (saddr), CY  (saddr) — (saddr) — CY x x x V x
A, mem 2-4 | A,CY « A—(mem)-CY x x x V x
mem, A 2-4 | (mem), CY —~ (mem) - A —-CY x x x V x
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(212)
Flag
Mnemonic Operand Byte Operation
AC P/V CY
AND A, #byte 2 A — A A byte P
saddr, #byte 3 (saddr) — (saddr) A byte
sfr, #byte 4 sfr — sfr A byte
r,rl 2 r—rArl
A, saddr 2 A « A A (saddr)
A, sfr 3 A~ AN sfr
saddr, saddr 3 (saddr) « (saddr) A (saddr)

p
p
p
p
p
p
A, mem 2-4 | A « AN (mem) P
mem, A 2-4 | (mem) « (mem) A A P
OR A, #byte 2 A — AV byte P
saddr, #byte 3 (saddr) « (saddr) V byte P
sfr, #byte 4 sfr — sfr v byte P
r,rl 2 r—rvrl P
A, saddr 2 A < AV (saddr) P
A, sfr 3 A~ AV sfr P
saddr, saddr 3 (saddr) — (saddr) V (saddr) P
A, mem 2-4 | A « AV (mem) P
mem, A 2-4 | (mem) —~ (mem) VvV A P
XOR A, #byte 2 A — A v byte P
saddr, #byte 3 (saddr) — (saddr)  byte P
sfr, #byte 4 sfr — sfr & byte P
r,rl 2 r—r»rl P
A, saddr 2 A — A * (saddr) P
A, sfr 3 A — A sfr P
saddr, saddr 3 (saddr) ~ (saddr)  (saddr) P
A, mem 2-4 | A - A (mem) P
mem, A 2-4 | (mem) —~ (mem) » A P
CMP A, #byte 2 A — byte x V x
saddr, #byte 3 (saddr) — byte x V x
sfr, #byte 4 sfr — byte x V x
r,rl 2 r—rl x V x
A, saddr 2 A — (saddr) x V x
A, sfr 3 A — sfr x V x
saddr, saddr 3 (saddr) — (saddr) x V x
A, mem 2-4 | A— (mem) x V x
mem, A 2-4 | (mem) - A x V x
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(4) 16-bit arithmetic/logical instructions: ADDW, SUBW, CMPW

Mnemonic Operand Byte Operation Flag
AC P/V CY
ADDW AX, #word 3 AX, CY —~ AX + word x x
saddrp, #word 4 (saddrp), CY « (saddrp) + word X X
sfrp, #word 5 sfrp, CY ~ sfrp + word x V x
rp, rpl 2 p, CY — rp+rpl x V x
AX, saddrp 2 AX, CY ~ AX + (saddrp) x V. x
AX, sfrp 3 AX, CY —~ AX + sfrp x V x
saddrp, saddrp 3 (saddrp), CY ~ (saddrp) + (saddrp) x V x
SUBW AX, #word 3 AX, CY ~ AX —word x V. x
saddrp, #word 4 (saddrp), CY ~ (saddrp) — word x V x
sfrp, #word 5 sfrp, CY « sfrp — word x V x
rp, rpl 2 p, CY « rp—rpl x V x
AX, saddrp 2 AX, CY ~ AX — (saddrp) x V x
AX, sfrp 3 AX, CY — AX —sfrp x V x
saddrp, saddrp 3 (saddrp), CY « (saddrp) — (saddrp) x V x
CMPW AX, #word 3 AX — word x V x
saddrp, #word 4 (saddrp) — word x V x
sfrp, #word 5 sfrp — word x V x
rp, rpl 2 rp—rpl x V x
AX, saddrp 2 AX — (saddrp) x V x
AX, sfrp 3 AX — sfrp x V x
saddrp, saddrp 3 (saddrp) — (saddrp) x V x
(5) Multiply/divide instructions: MULU, DIVUW, MULUW, DIVUX
Flag
Mnemonic Operand Byte Operation
AC P/V CY
MULU rl 2 AX « Axrl
DIVUW rl 2 AX (quotient), rl (remainder) — AX +rl
MULUW rpl 2 AX (high-order 16 bits), rpl (low-order 16 bits) — AX x rpl
DIVUX rpl 2 AXDE (quotient), rpl (remainder) — AXDE + rpl
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(6) Signed multiply instruction: MULW

Flag

Mnemonic Operand Byte Operation
S Z ACP/VCY

MULW rpl 2 AX (high-order 16 bits), rpl (low-order 16 bits) —~ AX x rpl

(7) Sum-of-products instruction: MACW

Flag
Mnemonic Operand Byte Operation
S Z ACP/VCY
MACW n 3 AXDE ~ (B) x (C) + AXDE x x x V x

B-B+2,C-C+2,nen-1
Endifn=0orP/V=1

(8) Sum-of-products instruction with saturation function: MACSW

Flag
Mnemonic Operand Byte Operation
S Z ACP/VCY
MACSW n 3 AXDE ~ (B) x (C) + AXDE x x x V x

B-B+2,C-C+2,nn-1
if overflow (P/V = 1) then

AXDE ~ 7FFFFFFFH
if underflow (P/V = 1) then

AXDE ~ 80000000H
endifn=0o0rP/V=1

(9) Relative operation instruction: SACW

Flag
Mnemonic Operand Byte Operation
S Z ACP/VCY
SACW [DE+], [HL+] 4 AX — AX + | (DE) — (HL) | x x x V x

DE « DE+2,HL « HL+2,C - C-1
endifC=0o0orCY =1

(10) Table shift instruction: MOVTBLW

Flag

Mnemonic Operand Byte Operation
S Z ACP/VCY

MOVTBLW | !addrl6, n 4 (addrl6 + 2) ~ (addrl6),n « n—1
addrl6 — addrl6 -2, Endifn=0

Remark The addressing range of the table shift instruction is FEOOH to FEFFH.
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(11) Increment/decrement instructions: INC, DEC, INCW, DECW

Mnemonic Operand Byte Operation Flag
S Z ACP/NCY

INC ri 1 1 —rl+1 x x x V

saddr 2 (saddr) « (saddr) + 1 x x x V
DEC rl 1 1 —rl-1 x x x V

saddr 2 (saddr) ~ (saddr) —1 x x x V
INCW rp2 1 p2 — rp2 +1

saddrp 3 (saddrp) — (saddrp) + 1
DECW rp2 1 p2 — rp2 -1

saddrp 3 (saddr) « (saddrp) — 1

(12) Shift/rotate instructions: ROR, ROL, RORC, ROLC, SHR, SHL, SHRW, SHLW, ROR4, ROL4

Mnemonic Operand Byte Operation Flag
S Z ACP/NCY

ROR rl, n 2 (CY, rl7 « rlo, rlm-1 « rlm) X n times n=0-7 P x
ROL rl, n 2 (CY, rlo « rl7, rlm+1 « rlm) x n times n=0-7 P x
RORC rl, n 2 (CY < rlo, rl7 « CY, rlm-1 « rlm) x n times n=0-7 P x
ROLC rl, n 2 (CY < rl7,rlo « CY, rlm+1 « rlm) X n times n=0-7 P x
SHR rl, n 2 (CY < rlo, rl7 « 0, rlm-1 « rlm) X n times n=07|x x 0 P x
SHL rl, n 2 (CY < rl7,rlo « O, rlm+1 « rlm) X n times n=0-7|x x 0 P x
SHRW rpl, n 2 (CY < rplo, rplis « O, rplm-1 « rplm) X n times n=07|x x 0 P x
SHLW rpl, n 2 (CY « rplis, rplo « O, rplm+1 « rplm) X n times n=07|x x 0 P x
ROR4 [rp1] 2 Aszo « (rpl)s-o, (rpl)7-4 « As-o,

(rpl)s-o « (rpl)7-4
ROL4 [rp1] 2 As-o « (rpl)7-4, (rpl)s-o « As-o,

(rpl)7-4 « (rpl)s-o

Remark n indicates the number of shifts or rotations.
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(13) BCD adjustment instructions: ADJBA, ADJBS

Flag
Mnemonic Operand Byte Operation
S Z ACP/VCY
ADJBA 2 Decimal Adjust Accumulator x x x P x
ADJBS

(14) Data conversion instruction: CVTBW

Flag

Mnemonic Operand Byte Operation
S Z ACP/VCY

CVTBW 1 When A7 =0, X « A, A « O0H
When Az=1, X « A, A - FFH
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(15) Bit manipulation instructions: MOV1, AND1, OR1, XOR1, SET1, CLR1, NOT1 (1/2)
Flag
Mnemonic Operand Byte Operation
S Z ACPIVCY

MOV1 CY, saddr.bit 3 CY < (saddr.bit) X
CY, sfr.bit 3 CY < sfr.bit x
CY, A.bit 2 | CY < Aubit x
CY, X.hit 2 | CY < X.bit x
CY, PSWH.hit 2 | CY < PSWh.hit x
CY, PSWL.bit 2 | CY « PSWLbit x
saddr.bit, CY 3 (saddr.bit) - CY
sfr.bit, CY 3 sfr.bit « CY
A.bit, CY 2 | Abit « CY
X.hit, CY 2 | X.hit « CY
PSWH.bit, CY 2 | PSWh.bit — CY
PSWL.hit, CY 2 | PSWLbit « CY

AND1 CY, saddr.bit 3 CY « CY A (saddr.bit) x
CY, /saddr.bit 3 | CY < CY A (saddr.bit) x
CY, sfr.bit 3 CY « CY A sfr.bit X
CY, Isfr.bit 3 | CY « CY A sfr.bit x
CY, A.bit 2 | CY < CY A Abit x
CY, /A.bit 2 | cy « cy A Abit x
CY, X.hit 2 | CY < CY A X.bit x
CY, IX.bit 2 | CY —« CY A Xbit x
CY, PSWH.hit 2 | CY < CY A PSWh.hit x
CY, IPSWH.bit 2 [ cYy < cY A PSWi.bit x
CY, PSWL.bit 2 | CY < CY A PSWLhit x
CY, /PSWL.bit 2 | cY — cY A PSWLbit x

OR1 CY, saddr.bit 3 CY ~ CY V (saddr.bit) X
CY, /saddr.bit 3 | CY < CY V (saddr.bit) x
CY, sfr.bit 3 CY « CY V sfr.bit X
CY, Isfr.bit 3 | cY < cy V sfrbit x
CY, A.bit 2 | CY < CY V Abit x
CY, /A.bit 2 [ cy < cyvADbit x
CY, X.hit 2 | CY < CY V X.bit x
CY, IX.bit 2 | CY < CY v Xbit x
CY, PSWH.hit 2 | CY < CY V PSWh.hit x
CY, IPSWH.bit 2 | cYy < cY v PSWu.bit x
CY, PSWL.bit 2 | CY < CY V PSWLbit x
CY, /PSWL.bit 2 | cYy « cY v PSWLbit x
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(212)
Flag
Mnemonic Operand Byte Operation
S Z ACP/NCY

XOR1 CY, saddr.bit 3 CY ~ CY -+ (saddr.bit) X

CY, sfr.bit 3 CY « CY - sfr.bit X

CY, A.bit 2 CY « CY » A.bit x

CY, X.bit 2 CY « CY & X.hit X

CY, PSWH.bit 2 CY < CY % PSWh.hit X

CY, PSWL.bit 2 CY « CY * PSW.L.bit x
SET1 saddr.bit 2 (saddr.bit) « 1

sfr.bit 3 sfr.bit « 1

A.bit 2 A.bit « 1

X.bit 2 X.bit « 1

PSWH.bit 2 PSWh.bit « 1

PSWL.bit 2 PSWL.bit « 1 X X X x X

CY 1 CY ~ 1 1
CLR1 saddr.bit 2 (saddr.bit) —~ 0

sfr.bit 3 sfr.bit - 0

A.bit 2 | Abit - 0

X.bit 2 X.bit — O

PSWH.bit 2 PSWh.bit « 0

PSWL.bit 2 PSWL.bit « 0 X X X x X

CY 1 CY -0 0
NOT1 saddr.bit 3 | (saddr.bit) — (saddr.bit)

sfr.bit 3 | sfr.bit — sfr.bit

A.bit 2 | Abit  Abit

X.bit 2 | X.bit < X.bit

PSWH.bit 2 | PSWh.bit — PSWh.bit

PSWL.bit 2 PSWLbit — PSWLbit X X x X X

(% 1 |cyccy x
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(16) Call/return instructions: CALL, CALLF, CALLT, BRK, RET, RETB, RETI

Flag

Mnemonic Operand Byte Operation
S Z ACP/VCY

CALL laddrl6 3 | (SP-1) « (PC + 3, (SP—2) — (PC + 3).,
PC — addrl6, SP — SP -2

rpl 2 (SP-1) « (PC+ 2)H, (SP-2) « (PC + 2),
PCH « rplu, PCL « rpl, SP « SP -2

[rp1] 2 | (SP-1) « (PC+ 2)n, (SP—2) — (PC +2).,
PCH « (rpl + 1), PCL < (rp1), SP « SP -2

CALLF laddrll 2 | (SP-1) « (PC+ 2)n, (SP—2) — (PC +2).,
PCis11 — 00001, PCioo — addrll, SP — SP — 2

CALLT [addr5] 1 | (SP=1) < (PC + 1), (SP = 2) « (PC + 1),
PCwx — (TPF, 00000000, addr5 + 1),
PCL < (TPF, 00000000, addr5), SP — SP — 2

BRK 1 | (SP-1) — PSWh, (SP - 2) « PSWL,

(SP =3) « (PC + 1)n, (SP — 4) — (PC + 1)1,
PCL  (003EH), PCh « (003FH),

SP —SP—4,IE « 0

RET 1 | PCL — (SP), PCh — (SP +1),SP — SP +2

RETB 1 | PCL « (SP), PCh « (SP + 1), PSWL — (SP + 2), R R R RR
PSWi — (SP-3),SP — SP +4

RETI 1 | PCL « (SP), PCh « (SP + 1), PSWL — (SP + 2), R R R R R
PSWH < (SP + 3), SP — SP + 4, ISPRn  ONote

Note Whenusingthe RETI instruction, reset (0) the interrupt request corresponding bit that has the highest priority
among the bits (n = 0 to 3) set (1) in the ISPR register.
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(17) Stack manipulation instructions:

PUSH, PUSHU, POP, POPU, MOVW, INCW, DECW

Mnemonic Operand Byte Operation Flag
S Z ACP/NCY

PUSH sfrp 3 (SP —1) « sfru, (SP —=2) « sfr, SP « SP -2

post 2 {(SP — 1) « postn, (SP —2) ~ post, SP « SP — 2} x n times

PSW 1 | (SP-1) « PSWh, (SP—-2) —« PSW,, SP — SP-2
PUSHU post 2 {(UP - 1) « postn, (UP —2) « post,, UP — UP — 2} x n times
POP sfrp 3 sfrt « (SP), sfrv « (SP + 1), SP « SP+2

post 2 {postL — (SP), postn « (SP + 1), SP —~ SP + 2} x n times

PSW 1 | PSWL < (SP), PSWH « (SP +1),SP — SP +2 R R R R R
POPU post 2 {post. « (UP), posth « (UP + 1), UP « UP + 2} x n times
MOVW SP, #word 4 SP ~ word

SP, AX 2 SP « AX

AX, SP 2 AX ~ SP
INCW SP 2 SP - SP+1
DECW SP 2 SP - SP-1

Remark n indicates the number of registers specified in post.

(18) Special instructions: CHKL, CHKLA

Flag
Mnemonic Operand Byte Operation
S Z ACP/NCY
CHKL sfr 3 (Pin level) ~ (Signal level before output buffer) x % P
CHKLA sfr 3 A — {(Pin level) ~ (Signal level before output buffer)} X % P
(19) Unconditional branch instruction: BR
Flag
Mnemonic Operand Byte Operation
S Z ACP/NCY
BR laddr16 3 PC ~ addri6
rpl 2 PCH « rplh, PCL < rplc
[rp1] 2 PCh « (rpl + 1), PCL « (rpl)
$addrl6 2 PC —~ PC + 2 + jdisp8
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(20) Conditional branch instructions: BC, BL, BNC, BNL, BZ, BE, BNZ, BNE, BV, BPE, BNV, BPO, BN,
BP, BGT, BGE, BLT, BLE, BH, BNH, BT, BF, BTCLR, BFSET,

DBNZ (2/2)
Flag
Mnemonic Operand Byte Operation
S Z ACP/VCY
BC $addrl6 2 PC -~ PC + 2 +jdisp8ifCY =1
BL
BNC $addrl6 2 PC — PC + 2 + jdisp8if CY =0
BNL
BZ $addr16 2 | PC - PC+2+jdisp8ifz=1
BE
BNZ $addrl6 2 PC -« PC+2 +jdisp8ifZ=0
BNE
BV $addrl6 2 PC — PC + 2 + jdisp8if P/V =1
BPE
BNV $addrl6 2 PC ~ PC + 2 + jdisp8 if P/V =0
BPO
BN $addrl6 2 PC - PC+ 2 +jdisp8ifS=1
BP $addr16 2 | PC « PC+2+jdisp8ifS=0
BGT $addrl6 3 PC « PC + 3 +jdisp8if (PIV + S) vV Z=0
BGE $addrl6 3 PC « PC + 3 +jdisp8 if PIV &%+ S=0
BLT $addrl6 3 PC - PC+3 +jdisp8ifPIV v S=1
BLE $addrl6 3 PC « PC+ 3 +jdisp8if (PIV » S) vV Z=1
BH $addrl6 3 PC -« PC+ 3 +jdisp8ifZVvV CY=0
BNH $addrl6 3 PC -« PC+3+jdisp8ifZzv CY=1
BT saddr.bit, $addr16 3 PC ~ PC + 3 + jdisp8 if (saddr.bit) = 1
sfr.bit, $addr16 4 PC « PC + 4 + jdisp8 if sfr.bit =1
A.bit, $addr16 3 PC ~ PC + 3 +jdisp8 if A.bit =1
X.bit, $addr16 3 PC « PC + 3 + jdisp8 if X.bit =1
PSWH.bit, $addr16 3 PC « PC + 3 + jdisp8 if PSWh.bit = 1
PSWL.bit, $addr16 3 PC —~ PC + 3 + jdisp8 if PSWL.bit =1
BF saddr.bit, $addr16 4 PC ~ PC + 4 + jdisp8 if (saddr.bit) = 0
sfr.bit, $addr16 4 PC « PC + 4 + jdisp8 if sfr.bit=0
A.bit, $addr16 3 PC ~ PC + 3 + jdisp8 if A.bit=0
X.bit, $addr16 3 PC ~ PC + 3 + jdisp8 if X.bit =0
PSWH.bit, $addr16| 3 PC —~ PC + 3 + jdisp8 if PSWh.bit = 0
PSWL.bit, $addri6| 3 PC —~ PC + 3 + jdisp8 if PSWL.bit =0
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(2/2)

Mnemonic

Operand

Byte

Operation

Flag

S Z ACP/VCY

BTCLR

saddr.bit, $addr16

PC —~ PC + 4 + jdisp8 if (saddr.bit) = 1
then reset (saddr.bit)

sfr.bit, $addrl6 4 PC —~ PC + 4 + jdisp8 if sfr.bit = 1
then reset sfr.bit
A.bit, $addr16 3 | PC - PC + 3 +jdisp8 if A.bit = 1
then reset A.bit
X.bit, $addr16 3 PC ~ PC + 3 + jdisp8 if X.bit =1
then reset X.bit
PSWH.bit, $addr16 3 PC ~ PC + 3 + jdisp8 if PSWh.bit = 1
then reset PSWh.bit
PSWL.bit, $addr16 3 PC —~ PC + 3 + jdisp8 if PSWL.bit =1 X X X X X
then reset PSW..bit
BFSET saddr.bit, $addr16 4 PC —~ PC + 4 + jdisp8 if (saddr.bit) = 0
then set (saddr.bit)
sfr.bit, $addrl6 4 PC —~ PC + 4 + jdisp8 if sfr.bit =0
then set sfr.bit
A.bit, $addr16 3 | PC - PC + 3+ jdisp8 if A.bit =0
then set A.bit
X.bit, $addr16 3 PC ~ PC + 3 + jdisp8 if X.bit =0
then set X.bit
PSWH.bit, $addr16 3 PC —~ PC + 3 + jdisp8 if PSWh.bit = 0
then set PSWh.bit
PSWL.bit, $addr16 3 PC —~ PC + 3 + jdisp8 if PSWL.bit =0 X X X X X
then set PSWL.bit
DBNZ r2, $addrl6 2 r2 « r2—1,then PC « PC + 2 +jdisp8ifr2 #0
saddr, $addr16 3 (saddr) « (saddr) —1

then PC « PC + 3 + jdisp8 if (saddr) # 0
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(21) Context switching instructions: BRKCS, RETCS, RETCSB

Flag
Mnemonic Operand Byte Operation
S Z ACP/VCY

BRKCS RBn 2 RBS2 -0 « n, PCh » R5, PCL « R4, R7 — PSWh,

R6 —~ PSW,, RSS -~ 0, IE -~ 0O
RETCS laddrl6 3 PCh « R5, PCL ~ R4, R R R R R

R5 ~ addrl6n, R4 ~ addrl6w,

PSWH « R7, PSWL — R6
RETCSB laddr16 4 PCh « R5, PCL ~ R4, R R R R R

R5 ~ addrl6n, R4 — addrl6.,
PSWH ~ R7, PSWL « R6

(22) String instructions: MOVM, MOVBK, XCHM, XCHBK, CMPME, CMPBKE, CMPMNE, CMPBKNE,CMPMC,

CMPBKC, CMPMNC, CMPBKNC

Mnemonic Operand Byte Operation Flag
S Z ACP/NCY
MOVM [DE+], A 2 | (DE+) « A/C < C-1,EndifC=0
[DE-], A 2 | DE-) «A,C-C-1EndifC=0
MOVBK [DE+], [HL+] 2 | (DE+) — (HL+),C < C-1,EndifC=0
[DE-], [HL-] 2 (DE-) « (HL-),C -« C-1,EndifC=0
XCHM [DE+], A 2 | DE+) « A,C - C-1,EndifC=0
[DE-], A 2 | DE-) o AAC-C-1,EndifC=0
XCHBK [DE+], [HL+] 2 | (DE+) & (HL+),C < C—1,EndifC=0
[DE-], [HL-] 2 | (DE-) o (HL-),C - C-1,EndifC=0
CMPME [DE+], A 2 (DE+)-A,C -« C-1,EndifC=00rz=0 x x x V x
[DE-], A 2 (DE-)-A,C -« C-1,EndifC=00rZ=0 x x x V x
CMPBKE | [DE+], [HL+] 2 (DE+) — (HL+),C « C-1,EndifC=00rz=0 x x x V x
[DE-], [HL-] 2 | DE-)=(HL-),C <« C-1,EndifC=00rZ=0 x x x V x
CMPMNE | [DE+], A 2 | (DE®)-A,C - C-1,EndifC=00rz=1 x x x V x
[DE-], A 2 (DE-)-A,C -« C-1,EndifC=00rz=1 x x x V x
CMPBKNE | [DE+], [HL+] 2 (DE+) = (HL+),C « C-1,EndifC=00rz=1 x x x V x
[DE-], [HL-] 2 | (DE5)=(HL-),C <« C-1,EndifC=00rz=1 x x x V x
CMPMC [DE+], A 2 (DE+)-A,C -« C-1,EndifC=00rCY =0 x x x V x
[DE-], A 2 (DE-)-A,C -« C-1,EndifC=00rCY =0 x x x V x
CMPBKC | [DE+], [HL+] 2 (DE+) — (HL+),C « C—-1,EndifC=00rCY =0 x x x V x
[DE-], [HL-] 2 (DE-) = (HL-),C « C-1,EndifC=00rCY =0 x x x V x
CMPMNC | [DE+], A 2 (DE+)-A,C -« C-1,EndifC=00rCY =1 x x x V x
[DE-], A 2 | (DE-)-A,C - C-1,EndifC=00rCY=1 x x x V x
CMPBKNC | [DE+], [HL+] 2 (DE+) — (HL+),C « C-1,EndifC=00rCY =1 x x x V x
[DE-], [HL-] 2 (DE-) - (HL-),C « C-1,EndifC=00rCY =1 x x x V x
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(23) CPU control instructions: MOV, SWRS, SEL, NOP, El, DI

Mnemonic Operand Byte Operation Flag
S Z ACP/NCY

MOV STBC, #byte 4 | STBC - byteNote

WDM, #byte 4 | WDM ~ byteNote
SWRS 1 | RSS « RSS
SEL RBnN 2 RBS2-0 -« n,RSS -~ 0

RBn, ALT 2 RBS2 -0 « n,RSS ~ 1
NOP 1 No operation
El 1 IE ~ 1 (Enable interrupt)
DI 1 IE ~ O (Disable interrupt)

Note An op-code trap interrupt occurs if an invalid op-code is specified in an STBC or WDM register manipulation
instruction.
Trap operation: (SP — 1) « PSWH, (SP —2) - PSW.,
(SP -3) « (PC—4)H, (SP-4) - (PC - 4),
PCL ~ (003CH), PCH ~ (003DH),
SP - SP-4,IE - 0
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CHAPTER 18 INSTRUCTION EXECUTION RATE

18.1 Memory Space and Access Speed
18.1.1 Main RAM and peripheral RAM

The internal RAMNO 1 of the uPD78362A is divided into two large groups, main RAM and peripheral RAM,
according to the access speed.

Main RAM is in the execution unit (EXU) and allows access at the highest speed.

e Main RAM (FEOOH to FEFFH): 1 clock per word
« Peripheral RAMNote 2 . 3+ nclocks per word (When a word access to even addresses is executed.)

Notes 1. uPD78362A: FCOOH-FEFFH (768 bytes), uPD78361A and 78P364A: F700H-FEFFH (2048 bytes)
2. uPD78362A: FCOOH-FDFFH, uPD78361A and 78P364A: F700H-FDFFH

Caution When a word access to the main RAM area (FEOOH to FEFFH) (containing stack handling) is
executed, addresses specified in operands are limited to even addresses.

Remark n is the number of wait cycles set by the programmable wait control register (PWC).
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18.1.2 Memory access
(1) Op-code fetch

(a) Access range
The uPD78361A, 78362A, and 78P364A allow op-code fetch in the area between 0000H and FDFFH.
However, the areas 8000H through FOFHH of uPD78361A, 6000H through FBFFH of the uPD78362A,
and COO0OH through F6FFH of the yPD78P364A cannot be used, and therefore op-code fetch is not
allowed in them (refer to Figure 18-1). Also, op-code fetch is not allowed in the area between FEOOH
and FFFFH.

(b) Number of clocks required for access
The number of clocks required for op-code fetch can be specified by the PWC register in units of 16K

bytes. The number of clocks depends on the area to be accessed.

Table 18-1. Number of Clocks Required for Op-Code Fetch

Area to Be Accessed Access Cycle

Peripheral RAM Normal fetch 3 + n clocks per word

High-speed fetch 2 clocks per word

Internal ROM Normal fetch 3 + n clocks per word

High-speed fetch 2 clocks per word

Remark n is the wait count specified by the PWC register.

Caution The whole space of the PWC register is set in the normal fetch cycle mode after reset.
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Figure 18-1. Concept of Memory Access in Op-Code Fetch (1/2)

(1) pPD78362A

Internal memory Access cycle
FFFFHE The access cycle is determined by the mode specified
| SFRarea ! by the PWC register in 16 Kbytes
FFOOH !
FEFFH! !
1 Main RAM
FEOOH! | FDFFH-—T
FDFFH
Peripheral * High-speed fetch cycle mode: 2 clocks per word
» Normal fetch cycle mode: 3 + n clocks per word
RAM
F700H oo FOFFHL
3 Use |
1 prohibited |
TFFFH S - B000H-
Internal « High-speed fetch cycle mode: 2 clocks per word
ROM * Normal fetch cycle mode: 3 + n clocks per byte
0000H 0000H—
(2) uPD78362A
Internal memory Access cycle
FEFFH The access cycle is determined
! SFRarea | by the mode specified by the
FFOOH' . PWC register in 16 Kbytes.
FEFFH ! !
. Main RAM |
FEOOH ; | FDFFH |
FDFFH * High-speed fetch cycle mode :
Peripheral 2 clocks per word
RAM » Normal fetch cycle mode :
3 + n clocks per word
FCOOHL | ___
| ' FBFFH
3 Use |
' prohibited |
SEFFH [ ' 6000H _|
* High-speed fetch cycle mode :
Internal 2 clocks per word
ROM + Normal fetch cycle mode :
0000H 0000H | 3 + n clocks per byte

Remark n is the wait count specified by the PWC register.
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Figure 18-1. Concept of Memory Access in Op-Code Fetch (2/2)

(3) HPD78P364A

Internal memory Access cycle
FFFFH ;’ T ’: The access cycle is determined
' SFRarea ' by the mode specified by the
FFOOH' | PWC register in 16 Kbytes.
FEFFH ! !
! Main RAM
FEOOH ! | T
FDFFH FDFFH * High-speed fetch cycle mode :
Perioheral 2 clocks per word
ReArll\/rIJ era « Normal fetch cycle mode :
3 + n clocks per word
F700H TUTTTTTTTTTTTTOFeFRH |
3 Use |
! prohibited |
BEFFH————T - + CO00H _L
» High-speed fetch cycle mode :
Internal 2 clocks per word
PROM * Normal fetch cycle mode :
0000H 0000H | 3 + n clocks per word

Remark n is the wait count specified by the PWC register.
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(2) Data access
While instructions such as MOV A,[HL] and SUB [DE+],A are being executed, data is read from or written into
memory.

(a) Access range
The uPD78361A, 78362A, and 78P364A allow data access to the whole 64K-byte range. However, the
areas 8000H through F6FFH of uPD78361A 6000H through FBFFH of the uPD78362A, and CO00H
through F6FFH of the uPD78P364A cannot be used, and therefore data access to them is not allowed
(refer to Figure 18-2).

(b) Number of clocks required for access
The number of clocks required for data access depends on the area to be accessed.

Table 18-2. Number of Clocks Required for Data Access

Area to Be Accessed

Address

Read Access

Write Access

Main RAM FEOOH-FEFFH 1 clock per word 1 clock per word
SFR FFOOH-FFFFH 4 clocks per word 4 clocks per word
Internal ROM 0000H-7FFFH (uPD78361A) 3 + n clocks per word -

0000H-5FFFH (LPD78362A)
0000H-BFFFH (LPD78P364A)

Peripheral RAM FCOOH-FDFFH (uPD78362A) 1 clock per wordNote
F700H-FDFFH (uPD78361 and

78P364A)

Remark n is the wait count specified by the PWC register.

Note One clock is required to execute data write access to peripheral RAM, in which only the address and
data are passed to the bus control unit (BCU). However, the bus is occupied for the same time period
as in data read access (3 + n clocks). When data access to this area is executed continuously after
data write access, more clocks than indicated in the table may be required.

Write access Read access

Write access Instruction | Instruction Read access Instruction| Instruction
B A B

instruction instruction
| | |
| | |
Address | Address | | Data
and data | |
| | |
BCU BCU
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Figure 18-2. Concept of Memory Access in Data Access (1/2)

(1) pPD78362A

Internal memory Access cycle
FFFFH T
SFR Data read and data write access: 4 clocks per word
FFEOH L €
| Use | FFDFH
| prohibited FEDOH
FFCFH[ [ 1
FEOOH SFR Data read and data write access: 4 clocks per word
FEFFH | _
Main RAM Data read and data write access: 1 clock per word
FEOOH
FDFFH Peripheral Data write access: 1 clock per word
F700H RAM | _| Dataread access: 3 + n clocks per word
} ' F6FFH
| Use !
. prohibited |
R R ' 8000H |
TFFFH
Internal .
ROM Data read access: 3 + n clocks per byte
0000H 0000H _|
(2) pPD78362A
Internal memory Access cycle
FFFFH T )
SFR Data read and data write access :
4 clocks per word
FFPEOH L | ______________ 4
' Use ' FFDFH
FECEH ____1 prohibited  FFpoH
Data read and data write access :
FFOOH SFR 4 clocks per word
FEFFH Main Data read and data write access :
FEOOH RAM 1 clock per word
-~ Data write access : 1 clock per
FDFFH Peripheral word P
RAM Data read access : 3 + n clocks
FCOOH i ey ' FBEEH |~ Perword
| Use |
i prohibited |
SEFEH SR R © 6000H |
Internal Data read access : 3 + n clocks
ROM per byte
0000H 0000H |

Remark n is the wait count specified by the PWC register.
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Figure 18-2. Concept of Memory Access in Data Access (2/2)

(3) HPD78P364A

Internal memory Access cycle
FFFFH T i
SER Data read and data write access :
4 clocks per word
FFEOH L+ 4
| Use | FFDFH
| prohibited |
FFCFH—17 pronbrec. FFDOH __
Data read and data write access :
FEOOH SFR 4 clocks per word
FEFFH Main Data read and data write access :
EEOOH RAM 1 clock per word
T~ Data write access : 1 clock per
FDFFH Peripheral word P
F700H RAM Data read access : 3 + n clocks
D ' F6FFH | PEr word
3 Use l
' prohibited |
BFFFH EEEEEEEEEEEEEE ' CO00H -
Internal Data read access : 3 + n clocks
PROM per word
0000H 1

Remark n is the wait count specified by the PWC register.
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18.2 Interrupt Execution Rate

The following tables list interrupt execution rates. The time required to determine the priority isignored in the tables.
The priority is determined every two clocks. The time required to determine the priority ranges from zero to two clocks,
depending on when the interrupt occurs.

n is the wait count specified by the PWC register.

(1) Vectored interrupt processing

Stack Number of Clocks
Main RAM (FEOOH-FEFFH) 21 +2n
Peripheral RAMNote 1 25 + 2n/33 + 2nNote 2

Notes 1. uPD78362A: FCOOH-FDFFH, uPD78361A and 78P364A: F700H-FDFFH
2. Even address/odd address

(2) Context switching processing

Number of clocks: 17 + 2n clocks

(3) Macro service processing

Number of Clocks
Macro Service
Byte Operation | Word Operation

EVTCNT 12
BLKTRS mem - SFR 18 19
BLKTRS SFR - mem 17 18
BLKTRS-P mem - SFR (IRAM) 20 21

(PRAM) 22 23/27Note

(EMEM) 22 +n 27 + 2n
BLKTRS-P SFR - mem (IRAM) 20 21

(PRAM) 22 23/27Note

(EMEM) 22 +n 27 + 2n
DTADIF - 22
DTADIF-P (IRAM) - 26

(PRAM) 28/32Note

(EMEM) 32+ 2n

Note Even address/odd address
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18.3 Calculating Number of Execution Clocks
This section describes the procedure for calculating the number of instruction execution clocks.
(1) Calculating number of basic clocks

(@) In high-speed fetch mode
- The total number of clocks is the number of basic clocks.

(b) In normal fetch mode
- The larger value of the following two is taken as the number of basic clocks:
e Total number of clocks
¢ Total number of bytes of executed instruction x (3 + n)
n is the wait count specified by the PWC register.

Example of calculation  uPD78362A (Internal clock of 16 MHz, wait 0, main RAM specified by [HL])

Number of bytes Number of clocks
MOV A, [HL] 1 6
ADD A B 2 3
MOV [HL], A 1 5
4 14

The time to execute this program is calculated as follows:

(@) In high-speed fetch mode
Number of execution clocks: 14
14 x 0.0625 us = 0.875 s

(b) In normal fetch mode
Number of execution clocks: 4 x 3 =12 < 14

Taking the number of execution clocks as 14, the calculation shown in (a) above is performed.

calculated execution time is 0.875 pus.

The

407



CHAPTER 18 INSTRUCTION EXECUTION RATE

(2) Adding a correction factor to the number of basic clocks

(a) Accessing the SFR area (FFOOH to FF1FH) by an instruction having saddr or saddrp as an operand
— Each time an access is made four clocks are added.

Table 18-3. Number of saddr Accesses by Instruction (1/2)

Instruction Number of Accesses

MOV saddr, #byte 1

A, saddr

saddr, A

saddr, saddr 1/2Note 2

A, [saddrp] 1

[saddrp], A
XCH A, saddr 2

A, [saddrp] 1

saddr, saddr 2/4Note 2
MOVW saddrp, #word 1

AX, saddrp

saddrp, AX

saddrp, saddrp 1/2Note 2
XCHW AX, saddrp 2

saddrp, saddrp 2/4Note 2
ALUNote 1 saddr, #byte 2

A, saddr 1

saddr-D, saddr-S 1/2/3Note 3
CMP saddr, #byte 1

A, saddr

saddr, saddr 1/2Note 2

Notes 1. ALU: ADD, ADDC, SUB, SUBC, AND, OR, XOR
2. When either or both are in the SFR area
3. When only the source (saddr-S), only the destination (saddr-D), or both are in the SFR area
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Table 18-3. Number of saddr Accesses by Instruction (2/2)

Instruction Number of Accesses

ADDW, SUBW saddrp, #word 2

AX, saddrp 1

saddrp-D, saddrp-S 1/2/3Note 1
CMPW saddrp, #word 1

AX, saddrp

saddrp-D, saddrp-S 1/2Note 2
INC, DEC saddr 2
INCW, DECW saddrp 2
MOV1 CY, saddr.bit 1

saddr.bit, CY 2
AND1, OR1 CY, saddr.bit 1

CY, /saddr.bit
XOR1 CY, saddr.bit 1
SET1, CLR1, NOT1 saddr.bit 2
BT, BF saddr.bit, $addr16 1
BTCLR, BFSET saddr.bit, $addr16 2
DBNZ saddr.bit, $addr16 2

Notes 1. When only the source (saddr-S), only the destination (saddr-D), or both are in the SFR area

2. When either or both are in the SFR area

(b) To access the following SFR area by an instruction having operand sfr or sfrp

Correction value = number of clocks increased per access x access count

Accessed SFR

No. of Clocks Increased per Access

At Read

At Write

MM

n/oNote

PWC

0/1Note

Note At normal fetch/high-speed fetch

Remark n is the wait count specified by the PWC register.
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(c) Branch instruction and CALL instruction
A branch or CALL instruction clears the instruction queue. Before the instruction following the branch
instruction is executed, the additional clocks shown below are required:

In the high-speed fetch mode: 7 to 8 clocks
In the normal fetch mode . 7to 10 + n clocks

The number of clocks to be added depends on when op-code fetch is executed and varies in the range
shown above.
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CHAPTER 19 CAUTIONS

This chapter collects the cautions described in each chapter. Read this chapter before developing application

products. The number enclosed in parentheses represents the page on which the caution is initially described.

19.1 Cautions for CHAPTER 2 PIN FUNCTIONS

)

&)

3

When the RESET signal is input, pins P00-P07 (Port 0), P30-P34 (Port 3), P40-P47 (Port 4), P50-P57 (Port
5), P80-P85 (Port 8), and P90-92 (Port 9) are set in the input port mode (output high impedance). At this time,
the contents of the output latch become undefined. (p.16, 18-20)

Be sure to connect the MODE pin directly to Vob or Vss. (p.20)

The uPD78361A, 78362A, and 78P364A cannot be set in the ROM-less mode. (p.20)

19.2 Cautions for CHAPTER 3 CPU ARCHITECTURE

)
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®)

(6)
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The uPD78361A, 78362A, and 78P364A cannot be set in the ROM-less mode. (p.25)

When a word access to the main RAM area (FEOOH to FEFFH) (containing stack handling) is executed,
addresses specified in operands are limited to even addresses. (p.26, 27, 28, 41, 51, 52, 53)

When a word access to the main RAM area (FEOOH to FEFFH) (containing stack handling) is executed, the
access operation varies, depending on whether the reference address is even or odd. Therefore, if an access
toaneven address and an accessto an odd address are mixed, an error is caused. Specify only evenreference
addresses. To execute a 16-bitdatatransferinstruction, specify even addresses in operands. If odd addresses
are specified, an error occurs in the assembler package (RA78K3). (p.30)

Do not make a word access across the peripheral RAM area and main RAM area. (p.30)

Unmapped addresses of the special function register should not be accessed. (p.34)

Write 0 or 1 into any bit of the special function register (SFR) correctly whenever it is predetermined to be
so. (p.45)

Do not write data into the register which is only used for data reading. Writing data into such registers may
result in an error. (p.45)

The SFR area addresses (FFOOH to FFFFH) to which a special function register is not assigned cannot be
accessed. Accessing these addresses may result in an error. (p.45)

When the read data is used as byte data, handle undefined bits before the data is used. (p.45)

The timer out register (TOUT) and serial transmission shift register (TXS) are write-only registers. Do notread
from them. (p.45)
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(11)

(12)

(13)

(14)

(15)

(16)

(17)

(18)

(19)

Bits 0, 1 and 4 of the serial bus interface control register (SBIC) are write-only bits. If these bits are read,
the value read is 0. (p.45)

Be sure to set bits 1 and 2 of the memory expansion mode register (MM) to 0. If they are set to 1, malfunctions
may occur. Bits 3, 4, and 7 are fixed to 0 on the hardware. Even if they are set to 1, their value remains 0.
(P.56)

The number of cycles shown in Figure 3-11 is when no address wait cycle is appended. If an address wait
cycle is appended, one cycle must be added. (p.57)

Instruction fetch from and data access to the peripheral RAM area (FCOOH-FDFFH for uPD78362A,
F700H-FDFFH for uPD78361A and 78P364A) are enabled, but wait specification by setting the programmable
wait control register (PWC) is invalid. The peripheral RAM area operates with a 16-bit bus. Instruction fetch
becomes high-speed fetch. (p.57)

Instructions cannot be fetched from the main RAM area (FEOOH-FEFFH). Wait specification by setting the
PWC register during data access is invalid. The main RAM area is accessed in a 16-bit units (For bus cycles,
special two bus cycles are started). (p.57)

To make a word access to the main RAM area (containing stack handling), addresses specified in operands
are limited to even addresses. (p.57)

The internal ROM area operates with 16-bit bus regardless how the PWC register is set. Wait specification
can be set in the PWC register. (p.57)

To access the internal memory in the high-speed fetch mode, set “0” in the AW0 and AW1 bits of the PWC
register. (p.58)

Bits 8 to 13 of the PWC register are fixed to “0” by hardware. Even if “1” is written to them, they remain “0”.
(p.58)

19.3 Cautions for CHAPTER 5 PORT FUNCTIONS

)
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©)
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The pins functioning as input pins in the control mode may operate erroneously if the corresponding bits of
the port mode control register are rewritten during the operation. Therefore, write into the port mode control
register when the system is initialized, etc. Do not rewrite dynamically during the operation. (p.67)

Bits 7 to 1 of the port read control register (PRDC) are fixed to “0” by hardware. Even if “1” is written to them,
they remain “0”. (p.70)

If the PRDC register is in the pin access mode (PRDCO = 1), no bit manipulation instruction for a port operates
normally. After a port check is completed, be sure to reset the mode to the normal mode (PRDCO =0). (p.71)
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If an interrupt occurs when the PRDC register is in the pin access mode, a bit manipulation instruction may
be executed in the same mode. This will cause an error. Before starting a check, be sure to set the DI state.
In addition, do not use macro services that manipulate ports. (p.71)

Non-maskable interrupts are unavoidable if the PRDC register is in the pin access mode. So, the following

provisions should be made in the program as required: (p.71)

» Do not perform port manipulation in the non-maskable interrupt routine.

* The level of PRDC.0 is to be saved at the start of the non-maskable interrupt routine, then is restored when
control is returned.

Pin access mode is a function to access the pin state to the output port. When reading the pin set to the input
port mode (PMXn = 1) in the pin access mode (PRDCO = 1), “0” is always read regardless of the input level.

(p.72)

Use the CHKL and CHKLA instructions only when the PRDCO bit of the PRDC register is setto 0 (normal mode).
(p.72)

In the case of those input/output port pins that are set to the input port mode, the results of the CHKL or CHKLA
instruction always match regardless of the setting of the port/control mode. In the case of the dedicated input
port, because it is not provided with an output latch, the input pin level is read when the CHKL or CHKLA
instruction is executed. Therefore, the CHKL or CHKLA instruction is actually invalid for the dedicated input
port and these instructions should not be used. (p.72)

If the CHKL or CHKLA instruction is executed with port 4 set to the input port mode, a mismatch may be
generated (a mismatch is generated if the pin level changes during execution of the CHKL or CHKLA
instruction). Therefore, while port 4 is set to the input port mode, do not execute these instructions. (p.72)

Set control output pins to the input mode before executing the CHKL or CHKLA instruction to check the output
level of the pin of a port where control and port output pins are used together (The output level of a control
pin cannot be checked with the CHKL or CHKLA instruction because the output level varies asynchronously).

(p-72)

Be sure to set bits 1 and 2 of the memory expansion mode register (MM) to 0. If they are set to 1, malfunctions
may occur. Bits 3, 4, and 7 are fixed to 0 on the hardware. Even if they are set to 1, their value remains 0.
(P.56)

The P20/NMI pin does not contain a pull-up resistor on hardware. Therefore, even if PUO2 is set to 1, no
internal pull-up resistor is set in the P20/NMI pin. (p.81)

When emulating the uPD78362A with the IE-78350-R, the internal pull-up resistors of ports 4, 5, and 9 are
invalid, even if the PUO4, PUO5, and PUQ9 bits of the pull-up resistor option registers (PUOL, PUOH) are
setto “1”. To use the pull-up resistor, set the corresponding bit to “1” to share the software between the IE-
78350-R and uPD78362A, and connect an external pull-up resistor. (p.82)

Bits 7 and 6 of the PUOL register and bits 7 to 2 of the PUOH register are fixed to “0” by hardware. Even
if “1” is written to them, they remain “0”. (p.82)
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19.4 Cautions for CHAPTER 6 CLOCK GENERATOR
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To use the external clock, do not set the STOP mode. (p.83)

When using the system clock oscillation circuit, run wires according to the following rules to avoid effects such

as stray capacitance: (p.84)

e Minimize the wiring.

* Never cause the wires to cross other signal lines or run near a line carrying a large varying current.

» Cause the grounding point of the capacitor of the oscillation circuit to have the same potential as Vss. Never
connect the capacitor to a ground pattern carrying a large current.

* Never extract a signal from the oscillation circuit.

Take it into consideration that no capacitive load among wiring is applied to the X2 pin when inputting an
external clock. (p.84)

19.5 Cautions for CHAPTER 7 REAL-TIME PULSE UNIT
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The condition under which the timer out register (TOUT) data is output to port 8 is that port 8 is in control mode
(TOO0O0 to TOO5 outputs) and that TMO is in the general-purpose interval timer mode or PWM mode 1.
Otherwise, the TOUT data is not output to port 8 and therefore it is not possible to read the TOUT contents.

(p-95)

The specification of the ALVTO bit of timer unit mode register 0 (TUMO) is valid only for the pins set to the
control mode (TOO0O0 to TOO5) by the port 8 mode control register (PMC8) when TMO is in PWM mode 0
(symmetrical triangular wave, asymmetrical triangular wave, toothed wave). (p.98)

The ICME bit of the TUMO register is valid only when TMO is in the general-purpose interval timer mode
(TMODO2 = 0). (p.98)

It is prohibited to change bits RMOD, TMODO02 through TMODOO and ALVTO of the TUMO register during the
operation of TMO (CEO = 1) and DTMO to DTM2 (CED = 1). (p.98)

After an NMI valid edge is generated, a valid edge generation signal is retained for about 20 system clocks.
When the TODISO bit changes from “0” to “1” during this period, the TO00-TOO05 pin becomes off at the
previously generated NMI.

It is recommended to manipulate the TODISO bit in the NMI routine except for system initialization setting.

(p-99)

Bit 6 of the timer control register 0 (TMCO) is fixed to “0” by hardware. Even if “1” is written, it remains “0”.
(p.101)

It is prohibited to change bits B3TR and PRMO02 through PRMOO of the TMCO register during the operation
of TMO (CEO = 1). (p.101)

When CEO is set to 0 (TMO stop), the u/D flag is cleared to 0. (p.101)

The CED bit of the timer control register 1 (TMC1) controls the three dead time timers (DTM0-DTM2). (p.102)
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Bits 6 to 4 and 2 of the TMCL1 register are fixed to “0” by hardware. Even if “1” is written, they remain “0".
(p.102, 136)

It is prohibited to change the CED bit of the TMC1 register during the operation of TMO (CEO = 1). (p.102)
Bit 1 of the INTMO register is fixed to “0” by hardware. Even if “1” is written, it remains “0”. (p.103, 154)
Setting of CM03 = 0000H is prohibited. (p.105, 107, 114, 123, 131)

If values are set such that the active width of the positive phase or negative phase becomes “0” or “minus”
according to the above expressions, pins TO00 to TOO05 output a waveform with “0” active width and fixed
at the inactive level. (p.109, 116, 125)

When timer 0 is in PWM mode 0 (toothed modulation), the status of F/F does not change during the first cycle
even if CM0O0 to CMO02 coincide. Therefore, the positive-phase pins (TO00, TO02, TO04) of the output remain
inactive level and the negative-phase pins (TO01, TO03, TO05) remain active level. The PWM waveform can

be output from the second cycle. The active level is set by the ALVTO bit of the TUMO register. (p.123)

SBUFO to SBUF5 and MBUFO to MBUF5 are 8-bit access registers. However, only the lower 6 bits are output
to TOOO to TOO5. The higher 2 bits are ignored (fixed to “0” by hardware). (p.131)

It is prohibited to change the PRM11 and PRM10 bits of the TMCL1 register during the operation of TM1 (CE1
=1). (p.136)

INTP3 cannot be used as an external interrupt pin when CC20 is used as a compare register (CCM2 = 1).
(p.141)

On hardware, the CC20 incorporates the compare register and capture register separately. Either of the two
can be selected by setting the timer control register 2 (TMC2). Writing is only possible to the compare register.
Reading of contents is possible from the register which is selected. (p.141)

Bits 6 and 5 of the TMC2 register are fixed to “0” by hardware. Even if “1” is written, they remain “0”. (p.141)

Itis prohibited to change the CCM2, CLR2 and PRM22 to PRM20 bits of the TMC2 register during the operation
of TM2 (CE2 = 1). (p.141)

Bits 7 to 4 of the INTM1 register are fixed to “0” by hardware. Even if “1” is written, they remain “0”. (p.142,
154)

INTCC20 and INTP3 share the interrupt vector table. (p.145)

INTPO cannot be used as an external interrupt pin when CC30 is used as a compare register (CCM3 = 1).
(p.153)

On hardware, the CC30 incorporates the compare register and capture register separately. Either of the two

can be selected by setting the timer control register 3 (TMC3). Writing is only possible to the compare register.
Reading of contents is possible from the register which is selected. (p.153)
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Bits 6 and 5 of the TMC3 register are fixed to “0” by hardware. Even if “1” is written, they remain “0”. (p.153)

Itis prohibited to change the CCM3, CLR3 and PRM32 to PRM30 bits of the TMC3 register during the operation
of TM3 (CE3 = 1). (p.153)

Bits 7 to 2 of the SMPCL1 register are fixed to “0” by hardware. Even if “1” is written, they remain “0”. (p.156)
INTCC30 and INTPO share the interrupt vector table. (p.158)

Bits 0, 1, and 4-6 of the timer unit mode register 1 (TUM1) are valid only when CMD = 1. Bits 2 and 3 are
valid only when CMD = 0. (p.168)

When TM4 is set in mode 4 (specified by TMC4 register), specification of the valid edge of the TIUD pin
(specified by TUML1 register) is invalid. (p.168, 173, 180, 185)

It is prohibited to change each bit of the TUML1 register during the operation of TM4 (CE4 = 1). (p.168)
The U/D bit of timer control register 4 (TMC4) is valid only when CMD = 1. (p.170)

It is prohibited to change the ENMD, 1/E, PRM41 and PRM40 bits of timer control register 4 (TMC4) during
the operation of TM4 (CE4 = 1). (p.170)

The TMC4 register’'s manipulation of the U/D bit varies depending on the setting of the CMD bit of the TUM1
register as follows. (p.172)
When CMD = 0,
~ The U/D bit is fixed to “0” by hardware. Even if “1” is written, it remains “0”. If this bit is read, the
value read is always “0”.
When CMD = 1 and the internal clock is selected,
~ The U/D bit is write-enabled. If reading operation is applied to it, the written value is read.
When CMD = 1 and the external clock is selected,
— Writing to the U/D bit is not possible by hardware. If reading operation is applied to it, the up/down
status of TM4 is read.

While TM4 is stopped (CE4 = 0), even if “1” is written to the U/D bit, it remains “0” and it is not possible to
rewrite it. If it is desired to let TM4 perform a down operation from the beginning, simultaneously set (1) the
CE4 bit and U/D bit of the TMC4 register by the MOV instruction. (p.172, 179)

ENMD = 1 cannot be set in the UDC mode. (p.177)

If the TIUD pin edge and TCUD pin edge are input simultaneously in mode 4 of TM4, TM4 continues counting
while keeping the same up/down operation immediately before the input. (p.185)

The real-time output port register (RTP) is an 8-bit access register. When the RTP register is read, the data
setinthe RTP register is placed in the lower 4 bits. The higher 4 bits are fixed to “0” by hardware, and therefore
“0” is read. (p.189)

Bits 7, 6, 3 and 2 of the real-time output port mode register (RTPM) are fixed to “0” by hardware. Even if “1”
is written to them, they remain “0”. (p.190)
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(41)

The higher 4 bits of the RTP register have no latch circuit and are fixed to “0”. Therefore, even if “1” is written
to the higher 4 bits, they remain “0”. (p.191)

19.6 Cautions for CHAPTER 8 A/D CONVERTER
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Connect capacitors to the analog input pins (ANIO-ANI7) and reference voltage input pin (AVRer) to prevent
malfunctioning due to noise. (p.195)

Do not apply a voltage exceeding the range of AVss to AVop to the pin used as the A/D converter input pin.
(p.195, 203)

Do not apply a voltage exceeding that specified to the ANIO-ANI7 pins. If a voltage higher than Voo or lower
than Vss (even if the voltage is within the range of the absolute maximum ratings) is input, the conversion value
of that channel is undefined and may influence the conversion values of other channels. (p.196)

The A/D converter of the uPD78362A cannot stop conversion. Therefore, when data has been set to the ADM
register, conversion operation continues in the set operation mode, until the contents of the ADM register are
rewritten. (p.200)

When performing branch processing directly using the values resulting from the A/D conversion, if a program
is created that branches only when the conversion result reaches a specific value, the conversion result may
not reach that specific value due to the effect of a conversion error and the program may not be able to branch
to the prescribed routine. Therefore, create a program that will branch when the conversion result is within
the overall error range. (p.206)

To execute select processing by software trigger and start scan processing again, the A/D conversion executed
before the software trigger was input is resumed. (p.213, 215)

To execute select processing by external trigger or interrupt trigger and to start scan processing again, the
A/D conversion executed before the external trigger or interrupt trigger was input is resumed. (p.213, 215)

19.7 Cautions for CHAPTER 9 ASYNCHRONOUS SERIAL INTERFACE
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Bit 7 of the asynchronous serial interface mode register (ASIM) is fixed to “1” by hardware. Evenif“0”is written,
it remains “1”. Also, bit 1 is fixed to “0” by hardware. Even if “1” is written, it remains “0”. (p.225, 227, 235)

Usually, a transmission end interrupt (INTST) occurs when the transmit shift register (TXS) becomes empty.
However, a transmission end interrupt does not occur even if the transmit shift register becomes empty
because of RESET input. (p.232, 233)

Data written to the TXS register while transmission is in progress and before INTST occurs is invalid. (p.232)

Be sure to read the receive buffer (RXB) even if a reception error has occurred. Otherwise, an overrun error
occurs when the next data is received, and the reception error status persists. (p.235, 239)
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The contents of the asynchronous serial interface status register (ASIS) are reset (0) when the receive buffer
(RXB) is read or when the next data is received. To identify the nature of the error, be sure to read the ASIS
register before reading the receive buffer (RXB).

If the received data is transferred to memory using a macro service, the receive buffer (RXB) is read during
the reception of serial data, and therefore the ASIS register is reset (0). Thus, itis not possible to know more
than the fact that an error has occurred. Be sure to check if there is no problem concerning this point before
using the register.

Anerror can be detected when the reception error interrupt request flag (SERIF) is set (1) or by acknowledgment
of a reception error interrupt (INTSER). (p.239)

Bits 7 to 3 of the ASIS register are fixed to “0” by hardware. Even if “1” is written, they remain “0”. (p.239)

19.8 Cautions for CHAPTER 10 CLOCKED SERIAL INTERFACE
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Selection of the serial clock is made asynchronously with the serial clock. Therefore, if the serial clock is
changed during communication, a serial clock with an undefined width may be output. Do not change the
serial clock during communication. (p.247)

In the SBI mode, the serial data bus pin (SBO or SB1) serves as an open-drain output pin. Therefore, the
serial data bus line is wired-ORed. For this reason, a pull-up resistor must be connected to the serial data
bus line. (p.264)

To exchange a master with a slave in the SBI mode, switching between the input mode and output mode of
SCK is asynchronously performed by the master and slave. Therefore, a pull-up resistor must also be
connected to SCK. (p.264)

When the SCK line is high and the SBO (or SB1) line changes from low to high, SBI recognizes the signal
as the bus release signal. Therefore, if the bus change timing becomes off due to the influence of the board

capacitance, etc., data signals during data transmission may incorrectly be interpreted as bus release signals.

Do not manipulate the RELT and CMDT bits of the serial bus interface control register (SBIC) during
transmission or reception. (p.274)

Be sure to specify a pin and serial clock before setting the CTXE and CRXE bits in the SBI mode. (p.278)

19.9 Cautions for CHAPTER 11 PWM SIGNAL OUTPUT FUNCTION
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To output PWM signal, be sure to set CNTE bit of PWM control register 1 (PWMC1) to 1. (p.288)

The PWMC1 register is a control register common to PWMO and PWM1. (p.288)

Bits 4 to 7 of the PWMCL register are fixed to “0” by hardware. Even if “1” is written to them, they remain
“0”. (p.288)

A byte access/bit access can be made to the low-order part of the PWMO/PWML1 register, but cannot be made
to the high-order part. (p.288)

Bits 12 to 15 of the PWMO/PWM1 registers are fixed to “0” by hardware. Even if “1” is written to them, they
remain “0”. (p.288)
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Cautions for CHAPTER 12 WATCHDOG TIMER

Data can be written into the watchdog timer mode register (WDM) only by a dedicated instruction (MOV WDM,
#byte). (p.293)

Set the priority of interrupt requests by the WDM register at the time of initialization of the application system
such as initialization of the stack pointer, and do not dynamically change it in execution of the program. (p.293)

Once it is set (1), the RUN bit of the WDM register cannot be reset to 0 by software. (p.293)

The countclock is not reset even when the watchdog timer is cleared by setting the RUN bit of the WDM register
to 1. (p.293)

If a watchdog timer interrupt and NMI interrupt are generated simultaneously when PRC =1 (INTWDT > NMI),
execute the watchdog timer interrupt service routine after executing the first 1 instruction of the NMI interrupt
service routine. Therefore, when used with the PRC = 1 setting, use an NOP instruction as the first instruction
of the NMI interrupt service routine. (p.293)

Bits 6, 5 and 0 of the WDM register are fixed to “0” by hardware. Even if “1” is written to them, they remain
“0". (p.293)

Be sure to write “0” to bit 3 of the WDM register. (p.293)

Cautions for CHAPTER 13 INTERRUPT FUNCTION

Bits 3 and 2 of the interrupt control register are fixed to “0” by hardware. Even if “1” is written to them, they
remain “0”. (p.303, 304)

Bits 6 to 0 of the interrupt mode control register (IMC) are fixed to “0” by hardware. Even if “1” is written to
them, they remain “0”. (p.307)

The in-service priority register (ISPR) can be accessed for read only. Writing to the register may cause an
error. (p.308)

Bits 7 to 4 of the ISPR register are fixed to “0” by hardware. Even if “1” is written to them, they remain “0”.
(p.308)

A macro service requestis acknowledged and processed even in a non-maskable interrupt processing routine.
If it is desirable not to process a macro service in the non-maskable interrupt processing routine, manipulate
the interrupt mask flag register during the non-maskable interrupt processing routine to prevent any macro
service from being generated. (p.313)

Be sure to use the RETI instruction for restoring from the non-maskable interrupt. Acknowledgment of
subsequent interrupts otherwise would not be carried out normally by other instructions. (p.313)

419



CHAPTER 19 CAUTIONS

)

®

C)

(10)

(11)

(12)

(13)

(14)

(15)

(16)

(17)

(18)

(19)

420

A non-maskable interrupt is always acknowledged except when another non-maskable interrupt is being
processed (unless a non-maskable interrupt request with higher priority is generated while a non-maskable
interrupt with lower priority is being processed) and except for a certain period after execution of a specific
instruction shown in 13.9. Therefore, a non-maskable interrupt is also acknowledged when the stack pointer
value is undefined, especially after release of a reset, etc. In this case, depending on the stack pointer value,
the program counter (PC) or program status word (PSW) may be written to the address where writing to the
special function register is disabled (see Table 3-4 in 3.2.3 Special function registers (SFR) ). Thiswill cause
the CPU to deadlock, or an unexpected signal to be output from the pin or PC or PSW to be written to the
address where no RAM is mounted, in which case the program cannot return normally from the non-maskable
interrupt processing routine to the main routine and it goes into an inadvertent loop.

Therefore, be sure to program as follows after release of RESET. (p-313)

CSEG ATO

DW STRT
STRT:

MOVW SP, #imm16
If a maskable interrupt is acknowledged by a vectored interrupt, be sure to restore the program by the RETI
instruction. Operation of subsequent interrupts otherwise would not be carried out normally by other

instructions. (p.316)

Be sure to use the RETCS instruction for returning from the interrupt by context switching. Operation of
subsequent interrupts otherwise would not be carried out normally by other instructions. (p.317)

Do not use the RETI instruction to return from a software interrupt executed by the BRK instruction. (p.324)
If the context switching function is activated by executing the BRKCS instruction, resetting (0) the ISPR register
bits by execution of the RETCS instruction may destroy the interrupt nesting control.

Be sure to use the RETCSB instruction to restore from the processing activated by the BRKCS instruction.
(p-326)

When datais transmitted with UART using a macro service, avectored interrupt requestisissued twice. (p.333)
Word buffers must be placed at even addresses in the block transfer mode. (p.339)

Word buffers must be placed at even addresses in the block transfer mode (with a memory pointer). (p.341)
MEM.PTR must be placed at an even address in the block transfer mode (with a memory pointer). (p.341)
Don’t set 00H in the MSC in the data difference mode. (p.343)

Buffers must be placed at even addresses in the data difference mode. (p.343)

The “previous value” must be initialized to dummy data in advance in the data difference mode. (p.343)

The SFRP can specify 16-bit SFRs only in the data difference mode. (p.343)
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(20) Don’t set 00H in the MSC in the data difference mode (with a memory pointer). (p.345)

(21) Buffers must be placed at even addresses in the data difference mode (with a memory pointer). (p.345)

(22) The MEM.PTR mustbe placed at an even address in the data difference mode (with a memory pointer). (p.345)

(23) The “previous value” must be initialized to dummy data in advance in the data difference mode (with a memory

pointer). (p.345)

(24) The SFRP can specify 16-bit SFRs only in the data difference mode (with a memory pointer). (p.345)

(25) When executing polling to the interrupt-related registers by using the BTCLR instruction, etc., ensure that the
branch destination of the BTCLR instruction, etc. is not the instruction itself. If a program that branches to
the instruction itself is written, all interrupts and macro services will be held pending until a condition is

established under which the program does not branch by that instruction. (p.347)

Bad example

LOOP: BTCLR PICO0.7, $LOOP

XXX

Good example (1)

LOOP: NOP
BTCLR PICO0.7, $LOOP

Good example (2)

LOOP: BTCLR PICO.7, SNEXT
BR $LOOP

NEXT:

«—

All interrupts and macro services are held pending until PIC0.7
becomes 1.

Interrupts and macro services are processed first after execution
of the instruction following the BTCLR instruction.

Interrupts and macro services are processed after execution of
NOP instruction, and thus interrupts are not held pending for a
long time.

Interrupts and macro services are processed after execution of
BR instruction, and thus interrupts are not held pending for a long
time.

(26) When a group of the above-mentioned instructions is consecutively used for the same reason as (25) and

when interrupts and macro services should not be held pending for a long time, insert an NOP instruction,
etc. in the interim to create timing for interrupts or macro services to be acknowledged. (p.348)
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19.13

Cautions for CHAPTER 14 STANDBY FUNCTION

After the SBF flag in the standby control register (STBC) is read, set it to 1. Software can then discriminate
a power-on reset from release of the STOP or HALT mode. (p.350)

Do not set the STP bit of the standby control register (STBC) to 1 when using the external clock. (p.351)
If the interrupt request flag (xxIF) is set to 1 and the interrupt is not masked (xxMK = 0), the system does not
enter the HALT mode. When macro service processing (xxISM = 1) is performed, the system enters the HALT

mode after the macro service terminates. (p.352)

Data can be written into the watchdog timer mode register (WDM) only by a dedicated instruction (MOV WDM,
#byte). (p.357)

The priority of interrupt requests should be set by the WDM register at initialization of the application system
such as initialization of the stack pointer, and should not be dynamically changed during execution of the
program. (p.357)

Once it is set to 1, the RUN bit of the WDM register cannot be reset to 0 by software. (p.357)

The countclock is not reset even when the watchdog timer is cleared by setting the RUN bit of the WDM register
to 1. (p.357)

If a watchdog timer interrupt and NMI interrupt are generated simultaneously with PRC =1 (INTWDT > NMI),
after the first 1 instruction of the NMl interrupt service routine is executed, the watchdog timer interrupt service
routine is executed. Therefore, when used with PRC = 1 setting, the firstinstruction of the NMl interrupt service

routine should be an NOP instruction. (p.357)

Bits 6, 5 and O of the WDM register are fixed to “0” by hardware. Even if “1” is written to them, they remain
“0". (p.357)

Be sure to write “0” to bit 3 of the WDM register. (p.357)

Cautions for CHAPTER 15 RESET FUNCTION

When RESET is active, all pins except AVrer, AVbp, AVss, Vb, Vss, X1, and X2 go into the high-impedance state.

(p.363)

422




CHAPTER 19 CAUTIONS

19.14 Cautions for CHAPTER 18 INSTRUCTION EXECUTION RATE

(1) When a word access to the main RAM area (FEOOH to FEFFH) (containing stack handling) is executed,
addresses specified in operands are limited to even addresses. (p.399)

(2) The whole space of the PWC register is set in the normal fetch cycle mode after reset. (p.400)
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APPENDIX A DIFFERENCE BETWEEN pPD78362A AND uPD78328

The following table shows the differences between the uPD78366A Subseries (UPD78361A, 78362A, 78P364A)
and the yPD78328 Subseries (uPD78327, 78328, 78P328):
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Function List (1/2)

Part Number
uPD78361A UPD78362A UPD78P364A
Parameter
Minimum instruction execution time 125 ns (internal clock: 16 MHz, external clock: 8 MHz)
Internal memory ROM 32 Kbytes 24 Kbytes -
PROM - - 48 Kbytes
RAM 2 Kbytes 768 bytes 2 Kbytes

Memory space

64 Kbytes (not externally expandable, single-chip mode only)

General-purpose registers

8-bit x 16 x 8 banks

Basic instructions

115

Instruction set

* 16-bit transfer/operation

* Multiplication/division (16 bits x 16 bits, 32 bits + 16 bits)
* Bit manipulation

e String

* Sume-of-products operation (16 bits x 16 bits + 32 bits)

* Relative operation

1/0 line Input

14 (8 multiplexed with analog inputs)

110

38

Real-time pulse unit

* 16-bit timer x 5

» 16-bit compare register x 7

16-bit capture register x 3

16-bit capture/compare register x 2

* Two output modes selectable
Mode O set/reset output: 6 channels
Mode 1 buffer output: 6 channels

* 16-bit resolution PWM output: 1 channel

Real-time output port

4 (buffer output in 4-bit units)

PWM unit

8-/9-/10-/12-bit resolution variable PWM output: 2 channels

A/D converter

10-bit resolution, 8 channels

Serial interface

With dedicated baud rate generator
UART: 1 channel
Clock-synchronized serial interface/SBI: 1 channel

Interrupt function

e External: 6, internal: 14 (2 multiplexed with external sources)
» Four priority levels selectable via software
» Three interrupt processing modes selectable

(vectored interrupt/macro service/context switching)

Test None
ROM-less mode None
External expansion function None

PLL control circuit

Available (External 8 MHz - Internal 16 MHz)

Package without 64-pin plastic shrink DIP (750 mil)
window
with window None

Others * Watchdog timer incorporated

» Standby function (HALT mode, STOP mode)
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Function List (2/2)

Part Number
uPD78327 uPD78328 uPD78P328
Parameter
Minimum instruction execution time 250 ns (internal clock: 8 MHz, external clock: 16 MHz)
Internal memory ROM - 16 Kbytes -
PROM - - 16 Kbytes
RAM 512 bytes

Memory space

64 Kbytes (externally expandable)

General-purpose registers

8-bit x 16 x 8 banks

Basic instructions

111

Instruction set

» 16-bit transfer/operation

* Multiplication/division (16 bits x 16 bits, 32 bits + 16 bits)
* Bit manipulation

e String

1/0 line Input

11 (8 multiplexed with analog inputs)

110

23 41

Real-time pulse unit

e 16-bit timer x 3

» 16-bit compare register x 14

» 16-bit capture/compare register x 1

* Two output modes selectable
Mode O set/reset output: 6 channels, toggle output: 1 channel
Mode 1 buffer output: 8 channels

Real-time output port

4/8 (buffer output in 4-/8-bit units)

PWM unit

8-bit resolution PWM output: 1 channel

A/D converter

10-bit resolution, 8 channels

Serial interface

With dedicated baud rate generator
UART: 1 channel

Clocked serial interface/SBI: 1 channel

Interrupt function

» External: 4, internal: 17

» Three priority levels selectable via software

» Three interrupt processing modes selectable
(vectored interrupt/macro service/context switching)

Test Internal: 1
ROM-less mode ROM-less version Available
External expansion function Available
PLL control circuit None
Package without e 64-pin plastic shrink DIP (750 mil)

window e 64-pin plastic QFP (14 x 20 mm)

with window None 64-pin ceramic shrink

DIP with window (750 mil)

Others * Watchdog timer incorporated

» Standby function (HALT mode, STOP mode)
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APPENDIX B TOOLS

B.1 Development Tools
The following tools are provided for developing a system that uses the uPD78362A:

Language Processor

78K/l series relocatable
assembler (RA78K3)

Relocatable assembler that can be commonly used with 78K/IIl series. Provided with macro
function, this assembler enhances development efficiency. Structured assembler that

explicitly describes program control structure is also supplied to improve program productivity

and maintainability.

Host machine Part number
(Product name)
(O] Distributed media

PC-9800 series MS-DOS™ 3.5"2HD LS5A13RA78K3

5"2HD LS5A10RA78K3
IBM PC/AT and its | PC DOS™ 3.5"2HC LS7B13RA78K3
compatibles 5"2HC LSTB1ORA78K3
HP9000 series 700™ | HP-UX™ DAT LUS3P16RA78K3
SPARCstation™ SunOS™ Cartridge tape LUS3K15RA78K3
NEWS™ NEWS-0S™ (QIC-24) LUS3R15RA78K3

78K/IIl series C compiler
(CC78K3)

C compiler that can be commonly used with 78K/Ill series, and that converts program written
in C language into object code that can be executed by microcontroller. When using this

compiler, 78K/IIl series relocatable assembler (RA78K3) is necessary.

Host machine Part number
(Product name)
0os Distributed media

PC-9800 series MS-DOS 3.5"2HD US5A13CC78K3

5"2HD HUS5A10CC78K3
IBM PC/AT and its PC DOS 3.5"2HC uS7B13CC78K3
compatibles 5"2HC LSTB10CC78K3
HP9000 series 700 | HP-UX DAT HS3P16CC78K3
SPARCSstation SunOS Cartridge tape US3K15CC78K3
NEWS NEWS-0S (QIC-24) US3R15CC78K3

Remark The operation of the relocatable assembler and C compiler is guaranteed with the above host machines
and operating systems only.
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PROM Writing Tools

Hardware

PG-1500

PROM programmer that can program single-chip microcontroller with PROM in standalone
mode or under control of host machine when connected with supplied accessory board and
optional programmer adapter. It can also program representative PROMs including 256K-
bit models and 4M-bit models.

PA-78P364CW

PROM programmer adapter to write program to uPD78P364A on general-purpose PROM

programmer such as PG-1500.
PA-78P364CW ... for uPD78P364ACW

Software

PG-1500 controller

Connects PG-1500 to host machine with serial and parallel interfaces and controls PG-1500

on host machine.

Host machine Part number
os Distributed media (Product name)

PC-9800 series MS-DOS 3.5"2HD HS5A13PG1500

5"2HD US5A10PG1500

IBM PC/AT and its | PC DOS 3.5"2HD uS7B13PG1500

compatibles 5"2HC uS7B10PG1500

Debugging Tools (When using IE controller)

Hardware | IE-78350-R In-circuit emulator connected to host machine to develop and debug application system.
|IE-78365-R-EM1 I/0 emulation board to emulate peripheral functions of uPD78362A such as I/O ports.
EP-78327CW-R Emulation probe that connects IE-78350-R to target system.

Software IE-78350-R Program that controls IE-78350-R on host machine. Can execute commands

control program
(IE controller)

automatically, to enhance debugging efficiency.

Host machine Part number
oS Distributed media (Product name)
PC-9800 series MS-DOS 3.5"2HD HUS5A13IE78365A
5"2HD HUS5A10IE78365A
IBM PC/AT and its PC DOS 3.5"2HC HUS7B13IE78365A
compatibles 5"2HC LUS7B10IE78365A

Remark The operation of PG-1500 controller and IE controller is guaranteed with the above host machines and
operating systems only.

430




APPENDIX B TOOLS

Development Tool Configuration (when using IE controller)

Host machine
PC-9800 Series
IBM PC/AT
EWS

IE-78350-R

In-circuit emulator
-+ Emulation probe
IE-78365-R-EM1
1/0O emulation board
(option)
Software
RS-232-C d
D] D] D] p
‘ ‘ ‘ ‘ J ‘ PROM programmer EP-78327CW-R
Relocatable C compiler PG-1500 = +
assembler controller 4 ] )
GElD Socket for connecting emulation probe
and target systemNote
|E controller SDIP socket

Product with on-chip PROM

{{PD78P364ACW g
T — = 5=

Programmer adapter Target system

-

PA-78P364CW

-/

Note Use a commercially available socket.

Remarks 1. The host machine and the PG-1500 can also be connected directly using an RS-232-C cable.
2. This diagram assumes that software is provided through 3.5-inch floppy disks.
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Debugging Tools (When using integrated debugger)

(ID78K3)

Hardware | IE-784000-R In-circuit emulator that can be used for development and debugging of the application
system. It performs debugging with host machine connected to it.
|IE-78350-R-EM-A Emulation board to perform emulation of peripheral functions such as target device input/
output ports
|E-78365-R-EM1 1/0 emulation board to perform emulation of peripheral functions such as target device input/
output ports
EP-78327CW-R Emulation probe to connect IE-784000-R to target system
IE-70000-98-IF-B Interface adapter used when PC-9800 series (except notebook personal computer) is used
as host machine
IE-70000-98N-IF Interface adapter and cable used when PC-9800 series notebook personal computer is used
as host machine
IE-70000-PC-IF-B Interface adapter used when IBM PC/AT is used as host machine
IE-78000-R-SV3 Interface adapter and cable used when EWS is used as host machine
Software Integrated debugger | Program to control 78K/Ill series in-circuit emulator. Used in combination with device file

(DF78365).

It can perform source-program level debugging for programs written in C language,
structured assembly language, and assembly language. With its capability of displaying
various types of information simultaneously by dividing the host machine screen, efficient
debugging is possible.

Host machine Part number

os Distributed media (Product name)

PC-9800 series MS-DOS+Windows™| 3.5"2HD HUSAA13ID78K3

5"2HD USAA10ID78K3
IBM PC/AT and its | pc pos+windows | 3.5"2HC LSAB13ID78K3
compatibles (Japa-
nese Windows) 5"2HC USAB10ID78K3
IBM PC/AT and its 3.5"2HC LSBB13ID78K3
compatibles (English
Windows) 5"2HC HSBB10ID78K3

Device file
(DF78365)

File that contains device-specificinformation. Used in combination with assembler (RA78K3),
C compiler (CC78K3) and integrated debugger (ID78K3).

Host machine Part number

os Distributed media (Product name)

PC-9800 series MS-DOS 3.5"2HD HUS5A13DF78365
5"2HD US5A10DF78365

IBM PC/AT and its | PC DOS 3.5"2HC uS7B13DF78365
compatibles 5"2HC USTB1ODF78365

Remark The operation of the integrated debugger and device file is guaranteed with the above host machines
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Development Tool Configuration (when using integrated debugger)

IE-70000-98-IF-B
IE-70000-98N-IF
IE-70000-PC-IF-B

Host machine
PC-9800 Series
IBM PC/AT

EWS

\\l\\l\u.n.u\um% ?
l
i\\i\l.il:.\.\‘\ %

IE-784000-R
in-circuit emulator

IE-78350-R-EM-A
emulation board
(option)

+

Software IE-78365-R-EM1
U 0 0 I/0 emulation board
(option)
- - - - RS-232-C
Relocatable C compiler  PG-1500
assembler controller
0 ] 0 ]
! b ! PROM programmer
Integrated  Device PG-1500

debugger file

Product with on-chip PROM

o

uPD78P364ACW
+

Programmer adapter

-

PA-78P364CW

-/

Note Use a commercially available socket.

Remarks 1.

This diagram assumes that the host machine is a desktop PC.

Emulation probe

EP-78327CW-R
+

Socket for connecting emulation
probe and target systemNote

SDIP socket

z= =
g =

<,
[~ 55

Target system

2. This diagram assumes that software is provided through 3.5-inch floppy disks.
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B.2 Embedded Software

The following embedded software is provided for efficient program development and maintenance.

Real-time Operation System

Real-time OS (RX78K/Ill)Note

The RX78K/IIl is intended to provide a multitask environment for a control field where real-
time operation is required. The CPU idle time can be assigned to other processing for
performance improvement of the entire system.
The RX78K/IIl provides system call conforming to the uITRON specifications.

The RX78K/IIl package provides a tool (configurator) to create information tables and

RX78K/Ill nucleus.

Host machine

Part number
(Product name)

(O Distributed media
PC-9800 series MS-DOS 3.5"2HD Undetermined
5"2HD Undetermined
IBM PC/AT and its PC DOS 3.5"2HC Undetermined
compatibles 5"2HC Undetermined

Note Under development

Caution To purchase the real-time operation system, enter on purchase application form

written agreement for use before purchasing it.

and make a

Remark The RA78K3 assembler package (option) is required to use the RX78K/IIl Real-time operation system.
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Fuzzy Inference Development Support System

Fuzzy knowledge data
preparation tool

A program which supports editing and simulation of fuzzy knowledge data (fuzzy rules

and membership functions).

Host machine

Part number

(Product name)

0os Distributed media
PC-9800 series MS-DOS 3.5"2HD US5A13FE9000
5"2HD US5A10FE9000
IBM PC/AT and its | PC DOS+Windows | 3.5"2HC US7B13FE9200
compatibles 5"2HC LSTB10FE9200

Translator (FT78K3)Note

A program which converts fuzzy knowledge data prepared with the

data preparation tool into an assembler source program for RA78K3.

fuzzy knowledge

Host machine

Part number

(Product name)

(O] Distributed media
PC-9800 series MS-DOS 3.5"2HD US5AL3FT78K3
5"2HD US5AL0FT78K3
IBM PC/AT and its | PC DOS 3.5"2HC USTB13FT78K3
compatibles 5"2HC LSTBLOFT78K3

Fuzzy inference module
(F178K/111)Note

A program which executes fuzzy inference.

It is linked with the fu

converted by the translator, thereby executing fuzzy inference.

zzy knowledge data

Host machine

Part number

(Product name)

oS Distributed media
PC-9800 series MS-DOS 3.5"2HD LUS5A13FI78K3
5"2HD LUS5A10FI78K3
IBM PC/AT and its | pC DOS 3.5"2HC LUS7B13FI78K3
compatibles 5"2HC LSTB10FI78K3

Fuzzy inference debugger
(FD78K/IIN)

Support software for evaluating or adjusting fuzzy knowledge data at the hardware level

with in-circuit emulator.

Host machine

Part number

0s Distributed media (Product name)
PC-9800 series MS-DOS 3.5"2HD HUS5A13FD78K3
5"2HD US5A10FD78K3
IBM PC/AT and its | pc pOS 3.5"2HC US7B13FD78K3
compatibles 5"2HC US7B10FD78K3

Note Under development
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C.1 Register Index (In Alphabetical Order with Respect to Register Name)
[A]

A/D conversion result register: ADCR ... 201

A/D converter mode register: ADM ... 197

Asynchronous serial interface mode register: ASIM ... 220
Asynchronous serial interface status register: ASIS ... 220

(B]

Baud rate generator compare register: BRG ... 228, 248
Baud rate generator control register: BRGC ... 228, 248
Buffer register CM00-CM03: BFCMO00-BFCMO03 ... 94

[C]

Capture register 20: CT20 ... 139

Capture register 30: CT30 ... 151

Capture register 31: CT31 ... 151
Capture/compare register 20: CC20 ... 139
Capture/compare register 30: CC30 ... 151
Clocked serial interface mode register: CSIM ... 242
Compare register 00: CMO0O ... 94
Compare register 01: CMO01 ... 94
Compare register 02: CM02 ... 94
Compare register 03: CM03 ... 94
Compare register 10: CM10 ... 135
Compare register 40: CM40 ... 160
Compare register 41: CM41 ... 160

(E]

External interrupt mode register 0: INTMO ... 103, 154
External interrupt mode register 1: INTM1 ... 142, 154

U

In-service priority register: ISPR ... 299, 308

Interrupt control register ... 299, 301

Interrupt mask flag register: MKOL, MKOH ... 299, 305
Interrupt mode control register: IMC ... 299, 307
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M]

Master buffer register: MBUFO-MBUF5 ... 95
Memory expansion mode register: MM ... 55, 77

[P]

Port 0: PO ... 74

Port 0 mode control register: PMCO ... 78
Port 0 mode register: PMO ... 75

Port 2: P2 ..74

Port 3: P3...74

Port 3 mode control register: PMC3 ... 79, 222, 244
Port 3 mode register: PM3 ... 75, 223, 245
Port4: P4 ..74

Port5: P5... 74

Port 5 mode register: PM5 ... 76

Port 7: P7..74

Port 8: P8 ... 74

Port 8 mode control register: PMCS8 ... 80
Port 8 mode register: PM8 ... 76

Port 9: P9 ... 74

Port 9 mode register: PM9 ... 76

Port read control register: PRDC ... 70
Programmable wait control register: PWC ... 57
Pull-up resistor option register H: PUOH ... 82
Pull-up resistor option register L: PUOL ... 82
PWM buffer register: PWMO0, PWML1 ... 288
PWM control register 0: PWMCO ... 287
PWM control register 1: PWMCL ... 288

(R]
Real-time output port mode register: RTPM ... 190
Real-time output port register: RTP ... 191

Receive buffer: RXB ... 220
Reload register: DTIME ... 93
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(S]

Sampling control register 0: SMPCO ... 143, 155
Sampling control register 1: SMPC1 ... 156
Serial bus interface control register: SBIC ... 242
Shift register: SIO ... 242

Slave buffer register: SBUF0-SBUF5S ... 95
Standby control register: STBC ... 350

[T]

Timer 0: TMO ... 92

Timer 1: TM1 ... 135

Timer 2: TM2 ... 139

Timer 3: TM3 ... 151

Timer 4: TM4 ... 166

Timer control register 0: TMCO ... 100
Timer control register 1: TMC1 ... 102, 136
Timer control register 2: TMC2 ... 140
Timer control register 3: TMC3 ... 152
Timer control register 4: TMC4 ... 169
Timer out register: TOUT ... 95

Timer unit mode register 0: TUMO ... 96
Timer unit mode register 1: TUM1 ... 167
Transmit shift register: TXS ... 220

W]

Watchdog timer mode register: WDM ... 292, 357
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C.2 Register Index (In Alphabetical Order with Respect to Register Symbol)

[A]

ADCRO
ADCR1
ADCR2
ADCRS3
ADCR4
ADCR5
ADCRG6
ADCR7

ADCROH :
ADCRI1H :
ADCR2H :
ADCRS3H :
ADCRA4H :
ADCRS5H :
ADCRG6H :
ADCRT7H :

ADIC
ADM

ASIM
ASIS

(B]

BFCMOO :
BFCMO1 :
BFCMO02 :
BFCMO03 :

BRG
BRGC

[C]

CC20
CC30
CMO00
CMO01
CMO02
CMO03
CM10
CM40
CM41
CMICO03
CMIC10
CMIC40
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A/D conversion
A/D conversion
A/D conversion
A/D conversion
A/D conversion
A/D conversion
A/D conversion
A/D conversion
A/D conversion
A/D conversion
A/D conversion
A/D conversion
A/D conversion
A/D conversion
A/D conversion
A/D conversion

Interrupt control register (INTAD) ...

result register O ...
result register 1 ...
result register 2 ...
result register 3 ...
result register 4 ...
result register 5 ...
result register 6 ...
result register 7 ...
result register OH ...
result register 1H ...
result register 2H ...
result register 3H ...
result register 4H ...
result register 5H ...
result register 6H ...
result register 7H ...

201
201
201
201
201
201
201
201
202
202
202
202
202
202
202
202
299, 304

A/D converter mode register ... 197

Asynchronous serial interface mode register ... 220
Asynchronous serial interface status register ... 220

Buffer register CMO0O ... 94
Buffer register CMO1 ... 94
Buffer register CM02 ... 94
Buffer register CM03 ... 94

Baud rate generator compare register ... 228, 248

Baud rate generator control register ... 228, 248

Capture/compare register 20 ... 139
Capture/compare register 30 ... 151

Compare register 00 ... 94
Compare register 01 ... 94
Compare register 02 ... 94

Compare register 03 ... 94

Compare register 10 ... 135
Compare register 40 ... 166
Compare register 41 ... 166

Interrupt control register (INTCMO03) ... 299, 303
Interrupt control register (INTCM10) ... 299, 304
Interrupt control register (INTCM40) ... 299, 304
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(O]

U

CMIC41
CSlIC
CSIM
CT20
CT30
CT31

DTIME

IMC
INTMO
INTM1
ISPR

M]

MBUFO
MBUF1
MBUF2
MBUF3
MBUF4
MBUF5
MKOH
MKOL
MM

(O]

[P]

OVIC3

PICO
PIC1
PIC2
PIC3
PIC4
PMO
PM3
PM5
PM8
PM9
PMCO
PMC3

Interrupt control register (INTCM41) ... 299, 304
Interrupt control register (INTCSI) ... 299, 304
Clocked serial interface mode register ... 242
Capture register 20 ... 139

Capture register 30 ... 151

Capture register 31 ... 151

Reload register ... 93

Interrupt mode control register ... 299, 307
External interrupt mode register O ... 103, 154
External interrupt mode register 1 ... 142, 154
In-service priority register ... 299, 308

Master buffer register 0 ... 95

Master buffer register 1 ... 95

Master buffer register 2 ... 95

Master buffer register 3 ... 95

Master buffer register 4 ... 95

Master buffer register 5 ... 95

Interrupt mask flag register ... 299, 305
Interrupt mask flag register ... 299, 305
Memory expansion mode register ... 55, 77

Interrupt control register (INTOV3) ... 299, 303

Interrupt control register (INTPO/INTCC30) ... 299, 303
Interrupt control register (INTP1) ... 299, 303

Interrupt control register (INTP2) ... 299, 303

Interrupt control register (INTP3/INTCC20) ... 299, 303
Interrupt control register (INTP4) ... 299, 303

Port 0 mode register ... 75

Port 3 mode register ... 75, 223, 245

Port 5 mode register ... 76

Port 8 mode register ... 76

Port 9 mode register ... 76

Port 0 mode control register ... 78

Port 3 mode control register ... 79, 222, 244
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PMC8 . Port 8 mode control register ... 80
PRDC . Port read control register ... 70

PUOH : Pull-up resistor option register H ... 82
PUOL . Pull-up resistor option register L ... 82
PWC . Programmable wait control register ... 57
PWMO : PWM buffer register O ... 288

PWM1 : PWM buffer register 1 ... 288

PWMCO : PWM control register 0 ... 287
PWMC1 : PWM control register 1 ... 288

(R]
RTP . Real-time output port register ... 191
RTPM . Real-time output port mode register ... 190
RXB : Receive buffer ... 220

[S]
SBIC . Serial bus interface control register ... 242
SBUFO : Slave buffer register 0 ... 95
SBUF1 : Slave buffer register 1 ... 95
SBUF2 : Slave buffer register 2 ... 95
SBUF3 : Slave buffer register 3 ... 95
SBUF4 : Slave buffer register 4 ... 95
SBUF5 : Slave buffer register 5 ... 95
SERIC : |Interrupt control register (INTSER) . 299, 304
SIO . Shift register ... 242

SMPCO : Sampling control register O ... 143, 155
SMPC1 : Sampling control register 1 ... 156

SRIC :Interrupt control register (INTSR) ... 299, 304

STBC . Standby control register ... 350

STIC . Interrupt control register (INTST) ... 299, 304
[T]

TMO : Timer 0 ... 92

™1 : Timer1...135

T™M2 : Timer 2 ... 139

T™3 : Timer 3...151

™4 : Timer 4 ... 166

TMCO : Timer control register 0 ... 100

TMC1 . Timer control register 1 ... 102, 136

TMC2 . Timer control register 2 ... 140

TMC3 : Timer control register 3 ... 152

TMC4 . Timer control register 4 ... 169

TMICO : Interrupt control register (INTTMO) . 299, 303

TOUT . Timer out register ... 95

TUMO : Timer unit mode register 0 ... 96
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TUM1 . Timer unit mode register 1 ... 167
TXS : Transmit shift register ... 220
(W]
WDM : Watchdog timer mode register ... 292, 357
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[A]

Acknowledgement of interrupt
Maskable interrupt ... 314
Non-maskable interrupt ... 310
Op-code trap interrupt ... 327
Software interrupt ... 324

Address wait control ... 58

Addressing
Based addressing ... 52, 53
Based indexed addressing ... 52, 53
Direct addressing ... 52, 53
Implied addressing ... 43, 53
Register addressing ... 43, 52, 53, 54
Register indirect addressing ... 52, 53
Short direct addressing ... 45, 52, 53, 54
Special function register (SFR) addressing ... 52, 53, 54

(B]
Basic operation of A/D converter ... 203

Baud rate setting
Asynchronous serial interface ... 226, 230
Clocked serial interface ... 246, 250

Bus cycle wait control ... 58

[C]

Calculating the number of instruction execution clocks ... 405

Capture operation
Timer 2 (TM2) ... 146
Timer 3 (TM3) ... 159

Clear operation control
Timer 0 (TMO) ... 97
Timer 2 (TM2) ... 141
Timer 3 (TM3) ... 153
Timer 4 (TM4) ... 170
Timer 4 (TM4) (Clear operation by TCLRUD) ... 168
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Compare operation
Timer 1 (TM1) ... 137
Timer 2 (TM2) ... 146
Timer 3 (TM3) ... 159
Timer 4 (TM4) ... 166

Connection of unused pins ... 24
Context switching
Activates ... 316, 324
Returns from ... 317, 326
Specifies ____ handling ... 301
Controlling and detecting status of serial bus ... 272

(D]

Data access ... 402
Data transfer control from BFCMO03 to CMO03 ... 100

[F]

Free running operation
Timer 2 (TM2) ... 145
Timer 3 (TM3) ... 158
Timer 4 (TM4) ... 175

(H]
HALT mode
Releasing ... 353
Setting ___ ... 352
1
Interrupt

Holding the priority level ... 308

Multiplexed interrupt processing ... 318

Nesting control ... 307

Returning from non-maskable interrupt ... 313

Specifying interrupt request enable/disable ... 302, 305, 306
Specifying priority of maskable interrupt ... 301, 318
Specifying priority of non-maskable interrupt ... 293, 310, 357
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Interval operation
Timer 0 (TMO) ... 105
Timer 1 (TM1) ... 137
Timer 2 (TM2) ... 145
Timer 3 (TM3) ... 158
Timer 4 (TM4) ... 175

M]

Macro service
Counter mode operation specification ... 337
Mode setting ... 334
Specification of block transfer mode operation ... 338
Specification of block transfer mode (with a memory pointer) operation ... 340
Specification of processing ... 301
Specifying channel address ... 334
Terminating operation ... 333

UPD78362A Operation mode setting ... 13, 22
(O]

Operation control
Baud rate generator (BRG) ... 229, 251
Counter for PWM output control ... 288
Dead time timers (DTM0-DTM2) ... 102
PWM modulation ... 190
PWM output ... 287
Timer 0 (TMO) ... 100
Timer 1 (TM1) ... 136
Timer 2 (TM2) ... 141
Timer 3 (TM3) ... 153
Timer 4 (TM4) ... 170
Watchdog timer (WDT) ... 293, 357

Operation of sampling circuit
Timer 2 (TM2) ... 148
Timer 3 (TM3) ... 163

Op-code fetch ... 400
Output driver off function ... 99

NMI control ... 97
Software control ... 97
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[P]
Port output data checking ... 70

PROM
Procedure for reading ... 375
Procedure for writing (Byte program mode) ... 372
Procedure for writing (Page program mode) ... 369
Specification of operation mode for programming ... 23, 368
Specification of programming mode ... 23, 367

PWM output operation
PWMO, PWML1 ... 289
Timer 4 (TM4) ... 186
[R]
Reading of A/D conversion result ... 201, 202
Real-time output ... 189
Reception
Asynchronous serial interface ... 234
Detect error ... 238
SBI mode ... 278
Three-wire serial /0 mode ... 258
Reset
Release ___ ... 362
System reset ... 362
[S]
Selecting A/D conversion time ... 198
Selecting serial clock
Asynchronous serial interface ... 226
Clocked serial interface ... 246
Selection of analog input ... 198
Setting pins for serial communication
Asynchronous serial interface ... 222

Clocked serial interface ... 244

Setting serial data format ... 224
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Specification of counter bits for PWM output control ... 287

Specifying active level of output pin
PWMO and PWML1 pins ... 287
TOO00-TOO5 pins ... 97
TOA40 pin ... 168

Specifying capture trigger
Capture/compare register 20 (CC20) ... 142
Capture register 20 (CT20) ... 142

Specifying control mode pins
P00-PO7 pins ... 78
P05-P07 pins ... 168
P30-P34 pins ... 79, 222, 244
P80-P85 pins ... 80

Specifying count clock

PWM output control counter ... 288
Timer 0 (TMO) ... 100

Timer 1 (TM1) ... 136

Timer 2 (TM2) ... 141

Timer 3 (TM3) ... 153

Timer 4 (TM4) ... 170

TMBRG ... 229, 251

Watchdog timer (WDT) ... 293, 357

Specifying general-purpose register ... 39, 43

Specifying internal memory capacity ... 56

Specifying I/O mode of pin
P00-POQ7 pins ... 75
P30-P34 pins ... 75, 223, 245
P40-P47 pins ... 56, 77
P50-P57 pins ... 76
P80-P85 pins ... 76
P90-P93 pins ... 76

Specifying operation mode
A/D converter ... 198
Capture/compare register 20 (CC20) ... 141
Capture/compare register 30 (CC30) ... 153
Clocked serial interface ... 254
SBI mode ... 264
Timer 0 (TMO) ... 97
Timer 2 (TM2) ... 141
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Timer 3 (TM3) ... 153
Timer 4 (TM4) ... 168

Specifying operation of output pin
TO40 pin ... 168

Specifying pull-up resistor ... 81

Specifying sampling clock
Timer 2 (TM2) ... 143
Timer 3 (TM3) ... 155, 156

Specifying trigger signal
A/D converter (mixed mode) ... 198
Real-time output port ... 190

Specifying up/down count operation ... 170

Specifying valid edge of external signal
INTPO-INTP2 ... 154
INTP3 ... 142, 154
INTP4 ... 154
NMI ... 103, 154
TCLRUD ... 168
TIUD ... 168

Stack pointer (SP) ... 42

STOP mode
STOP mode releasing ... 356
STOP mode setting ... 355

[T]

Timer O (TMO) operation
General-purpose interval timer mode (RTP output) ... 105
PWM mode 0 (asymmetric triangular wave modulation) ... 113
PWM mode 0 (symmetric triangular wave modulation) ... 106
PWM mode 0 (toothed wave modulation) ... 123
PWM mode 1 (buffer output) ... 130

Timer 4 (TM4) operation
General-purpose timer mode ... 175
UDC mode (external clock operation) ... 180
UDC mode (internal clock operation) ... 179
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Timer basic operation
Timer 0 (TMO) ... 104
Timer 1 (TM1) ... 137
Timer 2 (TM2) ... 144
Timer 3 (TM3) ... 157
Timer 4 (TM4) ... 174

Transmission
Asynchronous serial interface ... 232
SBI mode ... 278
Three-wire serial /0 mode ... 256

Transmission/reception
SBI mode ... 278
Three-wire serial /0 mode ... 260
(vl
Vectored interrupt
Returning from the interrupt processing ... 298, 316
Specifying interrupt processing ... 301, 302
(W]
Wake-up function ... 282
Write by dedicated instruction
Standby control register (STBC) ... 350

Watchdog timer mode register (WDM) ... 292

Write specification to CM00 to CM02 ... 100
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APPENDIX E REVISION HISTORY

The history of revisions made up to now is shown in the following table. The Location column shows in which chapter
these revisions were made.

Edition No. Major Revision Descriptions Location
2nd edition The following products are changed from Throughout the manual
“under development” to “development completed”
HPD78362A, 78P364A
3.2.3 Special function registers (SFR) CHAPTER 3
Table 3-4 Special Function Registers CPU ARCHITECTURE
P2, P7, and ASIS changed from
“bit manipulation instruction enabled” to “bit manipulation
instruction disabled” in Manipulatable Bit Unit column
5.1 Hardware Configuration CHAPTER 5
Table 5-1 Read Operation in Control Mode was added PORT FUNCTIONS
Preset operation is changed to “setting prohibited” because CHAPTER 7
when TM4 underflow contends with CM40 rewrite or timer clear| REAL-TIME PULSE UNIT
operation by TCLRUD in the preset operation mode, a
malfunction occurs.
3rd edition Adds the yPD78361A to the target device Throughout
8.2 A/D Converter Mode Register (ADM) CHAPTER 8
Changes the conversion time by the FR bit setting A/D CONVERTER
10.6.1 SBI Data Format CHAPTER 10
Adds Caution to the bus release signal and command signal. CLOCKED SERIAL
INTERFACE
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