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@ PRECAUTION AGAINST ESD FOR SEMICONDUCTORS

NOTES FOR CMOS DEVICES

Note:

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

HANDLING OF UNUSED INPUT PINS FOR CMOS

Note:

No connection for CMOS device inputs can be cause of malfunction. If no connection is provided
to the input pins, itis possible that an internal input level may be generated due to noise, etc., hence
causing malfunction. CMOS devices behave differently than Bipolar or NMOS devices. Input
levels 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, I/O settings or contents of registers. Device is not initialized until
the reset signal is received. Reset operation must be executed immediately after power-on for
devices having reset function.

EEPROM, FIP, and IEBus are trademarks of NEC Electronics Corporation.

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

IBM DOS, PC/AT and PC DOS are trademarks of International Business Machines Corporation.
SPARCstation is a trademark of SPARC International, Inc.

Solaris and SunQOS are trademarks of Sun Microsystems, Inc.

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

Ethernet is a trademark of Xerox Corporation.

OSF/Motif is a trademark of Open Software Foundation, Inc.

TRON is an abbreviation of The Realtime Operating system Nucleus.

ITRON is an abbreviation of Industrial TRON.
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Purchase of NEC Electronics I?°C components conveys a license under the Philips I12C Patent Rights to use these
components in an 12C system, provided that the system conforms to the I12C Standard Specification as defined by
Philips.

These commodities, technology or software, must be exported in accordance
with the export administration regulations of the exporting country.
Diversion contrary to the law of that country is prohibited.

* The information in this document is current as of September, 2002. The information is subject to change
without notice. For actual design-in, refer to the latest publications of NEC Electronics data sheets or
data books, etc., for the most up-to-date specifications of NEC Electronics products. Not all
products and/or types are available in every country. Please check with an NEC Electronics sales
representative for availability and additional information.

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

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

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

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

* NEC Electronics products are classified into the following three quality grades: "Standard", "Special" and
"Specific".

The "Specific" quality grade applies only to NEC Electronics products developed based on a customer-
designated "quality assurance program" for a specific application. The recommended applications of an NEC

Electronics product depend on its quality grade, as indicated below. Customers must check the quality grade of

each NEC Electronics product before using it in a particular application.

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

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

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

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

(Note)

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

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

M8E 02.11-1
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Regional Information

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

« Device availability
+ Ordering information

» Product release schedule

Availability of related technical literature

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

+ Network requirements

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

from country to country.

NEC Electronics America, Inc. (U.S.) - Filiale Italiana
Santa Clara, California Milano, Italy
Tel: 408-588-6000 Tel: 02-66 75 41
800-366-9782 Fax: 02-66 75 42 99
Fax: 408-588-6130
800-729-9288 * Branch The Netherlands
Eindhoven, The Netherlands
Tel: 040-244 58 45

NEC Electronics (Europe) GmbH
Fax: 040-244 45 80

Duesseldorf, Germany
Tel: 0211-65 03 01

Fax: 0211-65 03 327 * Tyskland Filial

Taeby, Sweden
+ Sucursal en Espafia Tel: 08-63 80 820
Madrid, Spain Fax: 08-63 80 388
Tel: 091-504 27 87

Fax: 091-504 28 60 » United Kingdom Branch

Milton Keynes, UK
Tel: 01908-691-133

e Succursale Francaise
Fax: 01908-670-290

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

Tel: 2886-9318

Fax: 2886-9022/9044

NEC Electronics Hong Kong Ltd.
Seoul Branch

Seoul, Korea

Tel: 02-528-0303

Fax: 02-528-4411

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

Tel: 021-6841-1138

Fax: 021-6841-1137

NEC Electronics Taiwan Ltd.
Taipei, Taiwan

Tel: 02-2719-2377

Fax: 02-2719-5951

NEC Electronics Singapore Pte. Ltd.
Novena Square, Singapore

Tel: 6253-8311

Fax: 6250-3583
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Major Revisions in This Edition (1/2)

Page

Description

Throughout

Addition of the following special grade products to the target products

» UPD784031GC(A)-3B9, 784035GC(A)-xxx-3B9, 784036GC(A)-xxx-3B9

Deletion of the following packages

» uPD784031GC-3B9, 784031GK-BE9, 784035GC-xxx-3B9,
784035GK-xxx-BE9, 784036GC-xxx-3B9, 784036GK-xxx-BE9,
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CHAPTER 1 GENERAL
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p.41 + Addition and deletion of products in 1.2 ORDERING INFORMATION AND QUALITY
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p.53 * Addition of 1.7 DIFFERENCES BETWEEN STANDARD-GRADE PRODUCTS AND
SPECIAL-GRADE PRODUCTS
CHAPTER 8 TIMER/COUNTER 0
p.245 + Addition of caution on compare register CR00 match interrupt to 8.9 CAUTIONS
CHAPTER 9 TIMER/COUNTER 1
p.283 « Addition of caution on compare register CR10 match interrupt to 9.8 CAUTIONS
CHAPTER 10 TIMER/COUNTER 2
p.357 + Addition of caution on compare register CR20 match interrupt to 10.10 CAUTIONS
CHAPTER 14 A/D CONVERTER
p-390 Modification of description in Figure 14-3 A/D Converter Mode Register (ADM) Format
CHAPTER 17 ASYNCHRONOUS SERIAL INTERFACE/3-WIRE SERIAL I/O
p.445 « Addition of caution on successive reception in 3-wire serial /O mode to 17.5 CAUTIONS
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CHAPTER 18 3-WIRE/2-WIRE SERIAL I/O MODE
pp-452, 453 * Modification of Figure 18-6 3-Wire Serial I/O Mode Timing

+18.6 CAUTIONS

p.460 « Addition of caution on transmit data write in 3-wire serial /O mode

p.460 + Addition of caution on serial clock count operation in 3-wire serial I/O mode

p.461 « Addition of caution on serial clock output in 3-wire serial I/O mode

p.462 « Addition of caution on successive reception in 3-wire serial I/O mode
CHAPTER 21 EDGE DETECTION FUNCTION

p.498 Addition of description to 21.2 EDGE DETECTION FOR PINS P20, P25 AND P26
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The mark x shows major revised points.
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PREFACE

Intended Readership
This manual is intended for user engineers who understand the functions of the uPD784038, 784038Y Subseries and
wish to design application systems using these subseries.
% The following are the target products in the uPD784038, 784038Y Subseries.

- Standard grade: uPD784031, 784035, 784036, 784037, 784038, 78P4038, 784031Y, 784035Y, 784036Y,
784037Y, 784038Y, 78P4038Y
- Special grade:  LPD784031(A) ,784035(A), 784036(A)

Purpose
The purpose of this manual is to give users an understanding of the various hardware functions of the uPD784038,
784038Y Subseries.

Organization
The uPD784038, 784038Y Subseries user's manual is divided into two volumes — hardware (this manual) and
instruction.

Hardware Instruction
Pin functions CPU functions
Internal block functions Addressing
Interrupts Instruction set

Other on-chip peripheral functions
Electrical specifications

Certain operating precautions apply to these products.
These precautions are stated at the relevant points in the text of each chapter,
and are also summarized at the end of each chapter. Be sure to read them.
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How to Read This Manual
Readers are required to have a general knowledge of electrical and logic circuits and microcontrollers.

» Unless otherwise specified
The uPD784038 in the uPD784038 Subseries is treated as the representative model of the mask ROM models, the
uPD784031 is treated as the representative model of the ROM-less model, and the uPD78P4038 is treated as the
representative model of the PROM models.

« If there are functional differences
The function of each model is described individually.
Even in this case, the uPD784038 Subseries is treated as the representative model. If you use the uPD784038Y
Subseries, take the uPD784031, 784035, 784036, 784037, 784038, and 78P4038 as the uPD784031Y, 784035Y,
784036Y, 784037Y, 784038Y, and 78P4038Y, respectively.

The application examples presented in this manual are for the “standard” quality models in general-purpose
electronic systems. If you wish to use the applications presented in this manual for electronic systems that
require “special” quality models, thoroughly study the parts and circuits to be actually used, and their quality

grade.

¢ Vop and Vss pins
This product is highly immune to noise and its power supply pins are classified into Vop and Vss, as follows. If there
is no need to classify the power supply pins, Vob is used as the representative pin name.
* Positive power supply and GND of ports: Vbpo, Vsso
* Positive power supply and GND of function blocks other than ports: Vob1, Vss1

¢ For a general understanding of the functions:
- Read in accordance with the CONTENTS.

+ To find out about differences from the uPD784026 Subseries:
- See APPENDIX A DIFFERENCES WITH uPD784026 SUBSERIES.

+ If the device operates strangely after debugging:
- Cautions are summarized at the end of each chapter, so refer to the cautions for the relevant function.

<>

To check the details of a register when the register name is known:
- Use APPENDIX D REGISTER INDEX.

¢ For the details of the instruction functions:
- Refer to the separate 78K/IV Series Instruction User’'s Manual (U10905E).

+ To find out about the electrical characteristics:
- Referto CHAPTER 28 ELECTRICAL SPECIFICATIONS.

<>

To find out about application examples of each function:
- Refer to Application Note separately available.
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Differences between uPD784038 Subseries and yPD784038Y Subseries
The functions of the uPD784038 Subseries and yPD784038Y Subseries are the same except the clocked serial
interface.

— Caution
The clocked serial interface is described in the following two chapters:

+ CHAPTER 18 3-/2-WIRE SERIAL 1/0 MODE
« CHAPTER 19 I°C BUS MODE (uPD784038Y Subseries only)

Also refer to the general explanation on the serial interface in CHAPTER 16.

Legend
Significance in data notation : Higher digit on left, lower digit on right
Active-low notation : Xxx(Line above pin or signal name)
Note : Description of note in the text
Caution : ltem to be especially noted
Remark : Supplementary information
Numeric notations : Binary .o x x x xBorx x x x
Decimal .............. X X X X
Hexadecimal....... x x x xH
Register Notation
7 6 5 4 ©) 2 1 0 — Where the bit number is marked with a circle,
the bit name is reserved for NEC Electronics
EDC B 1 0 X A 1 0 x assembler and is defined as an sfr variable by

the #pragma sfr directive for C compiler.

Write Operation Read Operation

0 or 1 is written. The 0or1isread.
operation is not affected
by either value.

0 must be written 0 is read.

1 must be written 1 is read.

A value is written A value is read
according to the according to the
function to be used. operating status.

Code combinations marked “Setting prohibited” in the register notations in the text must not be written.

Easily confused characters : 0 (Zero), O (Letter O)
: 1 (One), | (Lower-case letter L), | (Upper-case letter I)
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Related Documents The related documentsin this publication may include preliminary versions. However, preliminary

versions are not marked as such.

Documents Related to Devices

Document Name

Document No.

uPD784038, 784038Y Subseries User's Manual - Hardware This manual
78K/IV Series Application Note - Software Fundamentals U10095E
78K/IV Series User's Manual - Instructions U10905E

Documents Related to Development Tools (User’s Manuals)

Document Name

Document No.

RA78K4 Assembler Package Operation U15254E
Language U15255E
Structured Assembler Preprocessor U11743E
CC78K4 C Compiler Operation U15557E
Language U15556E
SM78K Series Ver. 2.30 or Later System Simulator Operation (Windows® Based) U15373E
External Part User Open Interface Specification U15802E
ID78K Series Integrated Debugger Ver. 2.30 or Later Operation (Windows Based) U15185E
RX78K4 Real-time OS Fundamentals U10603E
Installation U10604E
Project Manager Ver 3.12 or Later (Windows Based) U14610E

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

version of each document for designing.
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Documents Related to Development Hardware Tools (User’'s Manuals)

Document Name

Document No.

|IE-78K4-NS In-Circuit Emulator U13356E
IE-784038-NS-EM1 Emulation Board U13760E
IE-784000-R In-Circuit Emulator U12903E
|IE-784038-R-EM1 Emulation Board U11383E

Documents Related to PROM Writing (User’s Manuals)

Document Name

Document No.

PG-1500 PROM Programmer U11940E
PG-1500 Controller PC-9800 Series (MS-DOS)-Based EEU-1291
IBM PC Series (PC DOS)-Based U10540E

Other Related Documents

Document Name

Document No.

SEMICONDUCTOR SELECTION GUIDE - Products & Packages - X13769E
Semiconductor Device Mounting Technology Manual C10535E
Quality Grades on NEC Semiconductor Devices C11531E
NEC Semiconductor Device Reliability/Quality Control System C10983E
Guide to Prevent Damage for Semiconductor Devices by Electrostatic Discharge (ESD) C11892E

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

version of each document for designing.
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CHAPTER 1 GENERAL

The uPD784038 Subseries comprises 78K/IV Series products that can perform input/output directly with analog signals. The
78K/IV Series comprises 16-bit single-chip microcontrollers equipped with a high-performance CPU that has a function such
as accessing a 1-Mbyte memory space. The puPD784038 Subseries is upward-compatible with the 78K/Il Series, and has pin
compatibility with uPD78234 Subseries of the 78K/Il Series.

The uPD784038 incorporates 128-Kbyte mask ROM and 4,352-byte RAM, plus high-performance timer/counters, an 8-bit
A/D converter, 8-bit D/A converter, PWM output function, two independent serial interface channels, etc.

The pPD784031 is a ROM-less model of the uPD784038 but is provided with RAM of 2,048 bytes.

The uPD784035 is based on the uPD784038 but is provided with 48 Kbytes of mask ROM and 2,048 bytes of RAM.

The uPD784036 is based on the uPD784038 but is provided with 64 Kbytes of mask ROM and 2,048 bytes of RAM.

The uPD784037 is based on the uPD784038 but is provided with 96 Kbytes of mask ROM and 3,584 bytes of RAM.

The uPD78P4038 replaces the mask ROM of the pPD784038 with PROM.

The uPD784038Y Subseries is based on the uPD784038 Subseries but is provided with an [?C bus control function.

The relation among these models is as shown below.

PROM models Mask ROM models ROM-less models

©PD78P4038Y ©PD784038Y 1PD784031Y J

uPD78P4038 uPD784038 uPD784031

PROM 128 K ROM 128 K ROM None
RAM 4,352 RAM 4,352 RAM 2,048

uPD784037Y

UPD784037

ROM 96 K
RAM 3,584

UPD784036Y

LPD784036

ROM 64 K
RAM 2,048

LPD784035Y J

1PD784035

ROM 48K
RAM 2,048

These models can be used in the following fields:

<uPD784038 Subseries> <uPD784038Y Subseries>
* LBP * Cellular phone
* Auto-focus camera + Cordless telephone
* PPC * Audio/visual systems
* Printer

« Electronic typewriter

« Air conditioner

« Electronic musical instruments
* Cellular phone
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CHAPTER 1 GENERAL

*  78K/IV Series Product Development Diagram

:l: Products in mass-production

2
Supports I°C bus Supports multimaster 1°C bus

uPD784038Y LPD784225Y
uPD784038 {IPD784225
Standard models Enhanced internal memory capacity 80-pin, ROM correction added
Pin-compatible with the uPD784026
uPD784026

Enhanced Supports multimaster 12C bus Supports multimaster 12C bus

A/D converter, HPD784216AY UPD784218AY

16-bit timer, and

power management /JPD78421 6A Lt HPD78421 8A
100-pin, enhanced I/O and Enhanced internal memory
internal memory capacity capacity, ROM correction added

HPD784054
uPD784046
ASSP models On-chip 10-bit A/D converter
UPD784956A
X HPD784938A
For DC inverter control
Enhanced functions of the
uPD784908, enhanced

HPD784908 internal memory capacity,

On-chip IEBus™ controller ROM correction added.

Supports multimaster I2C bus
uPD784928Y

| uPD7B4e28
LPD784915

Enhanced functions
Software servo control of the uPD784915
On-chip analog circuit for VCRs

Enhanced timer

UPD784976A

On-chip VFD controller/driver

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

11

40

FEATURES

78K/IV Series
Pin-compatible with uPD78234 Subseries and uPD784026 Subseries
Internal memory of uPD78234 Subseries and uPD784026 Subseries expanded
High-speed instruction execution
* Minimum instruction execution time (32-MHz operation): 125 ns
Instruction set suitable for control applications
Data memory extension function (1-Mbyte memory space: 2 bank specification pointers)
Interrupt controller (4-level priority system)
» Vectored interrupt service/macro service/context switching
Standby functions: HALT/STOP/IDLE modes
Internal memory: + ROM
Mask ROM : 128 Kbytes (uPD784038)
96 Kbytes (uPD784037)
64 Kbytes (uPD784036)
48 Kbytes (uPD784035)
Not provided (uPD784031)
PROM : 128 Kbytes (uPD78P4038)
« RAM : 4,352 bytes (uPD784038, 78P4038)
3,584 bytes (uPD784037)
2,048 bytes (uPD784031, 784035, 784036)
I/O pins
» uPD784035, 784036, 784037, 784038, 78P4038: 64
Software programmable pull-up : 54 inputs
Direct LED drive capability 1 24 outputs
Direct transistor drive capability : 8 outputs
» uPD784031: 46
Software programmable pull-up : 34 inputs
Direct LED drive capability : 8 outputs
Direct transistor drive capability : 8 outputs
Serial interface
* UART/IOE (3-wire serial I/O): 2 channels (with on-chip baud rate generator)
« CSI (3-wire serial I/O, 2-wire serial I/0, I°C bus N°t¢): 1 channel

Note uPD784038Y Subseries only

Real-time output ports (combination with timer/counter allows independent control of 2-system stepping motors)
A/D converter (8-bit resolution x 8 channels)

D/A converter (8-bit resolution x 2 channels)

PWM outputs (12-bit resolution x 2 channels)

High-performance timer/counter

« Timer/counter (16 bits) x 3 units

* Timer (16 bits) x 1 unit

Watchdog timer: 1 channel

Clock output function: fcLk, fcLk/2, fcLk/4, fcLk/8, fcLk/16 can be selected (other than uPD784031)
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CHAPTER 1 GENERAL

1.2 ORDERING INFORMATION AND QUALITY GRADES

1.2.1 Ordering Information

(1) pPD784038 Subseries

Part Number Package Internal ROM
uPD784031GC-8BT 80-pin plastic QFP (14 x 14, 1.4 mm thickness) None
uPD784031GK-9EU 80-pin plastic TQFP (fine pitch) (12 x 12) None
uPD784031GC(A)-3B9 80-pin plastic QFP (14 x 14, 2.7 mm thickness) None
UPD784035GC-xxx-8BT 80-pin plastic QFP (14 x 14, 1.4 mm thickness) Mask ROM
UPD784035GK-xxx-9EU 80-pin plastic TQFP (fine pitch) (12 x 12) Mask ROM
UPD784035GC(A)-xxx-3B9 80-pin plastic QFP (14 x 14, 2.7 mm thickness) Mask ROM
UPD784036GC-xxx-8BT 80-pin plastic QFP (14 x 14, 1.4 mm thickness) Mask ROM
UPD784036GK-xxx-9EU 80-pin plastic TQFP (fine pitch) (12 x 12) Mask ROM
UPD784036GC(A)-xxx-3B9 80-pin plastic QFP (14 x 14, 2.7 mm thickness) Mask ROM
UPD784037GC-xxx-8BT 80-pin plastic QFP (14 x 14, 1.4 mm thickness) Mask ROM
UPD784037GK-xxx-9EU 80-pin plastic TQFP (fine pitch) (12 x 12) Mask ROM
UPD784038GC-xxx-8BT 80-pin plastic QFP (14 x 14, 1.4 mm thickness) Mask ROM
UPD784038GK-xxx-9EU 80-pin plastic TQFP (fine pitch) (12 x 12) Mask ROM

HPD78P4038GC-8BT
HPD78P4038GK-9EU

80-pin plastic QFP (14 x 14, 1.4 mm thickness)
80-pin plastic TQFP (fine pitch) (12 x 12)

Remark xxxindicates ROM code suffix.
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(2) pPD784038Y Subseries

Part Number Package Internal ROM
uPD784031YGC-8BT 80-pin plastic QFP (14 x 14, 1.4 mm thickness) None
UPD784031YGK-9EU 80-pin plastic TQFP (fine pitch) (12 x 12) None
UPD784035YGC-xxx-8BT 80-pin plastic QFP (14 x 14, 1.4 mm thickness) Mask ROM
UPD784035YGK-xxx-9EU 80-pin plastic TQFP (fine pitch) (12 x 12) Mask ROM
uPD784036YGC-xxx-8BT 80-pin plastic QFP (14 x 14, 1.4 mm thickness) Mask ROM
UPD784036YGK-xxx-9EU 80-pin plastic TQFP (fine pitch) (12 x 12) Mask ROM
UPD784037YGC-xxx-8BT 80-pin plastic QFP (14 x 14, 1.4 mm thickness) Mask ROM
UPD784037YGK-xxx-9EU 80-pin plastic TQFP (fine pitch) (12 x 12) Mask ROM
UPD784038YGC-xxx-8BT 80-pin plastic QFP (14 x 14, 1.4 mm thickness) Mask ROM
UPD784038YGK-xxx-9EU 80-pin plastic TQFP (fine pitch) (12 x 12) Mask ROM

HPD78P4038YGC-8BT
HPD78P4038YGK-9EU

80-pin plastic QFP (14 x 14, 1.4 mm thickness)
80-pin plastic TQFP (fine pitch) (12 x 12)

Remark xxxindicates ROM code suffix.
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CHAPTER 1 GENERAL

1.2.2 Quality Grades

(1) pPD784038 Subseries

Part Number

Package

Quality Grades

uPD784031GC-8BT
uPD784031GK-9EU
uPD784031GC(A)-3B9
uPD784035GC-xxx-8BT
uUPD784035GK-xxx-9EU
UPD784035GC(A)-xxx-3B9
uPD784036GC-xxx-8BT
uUPD784036GK-xxx-9EU
UPD784036GC(A)-xxx-3B9
uPD784037GC-xxx-8BT
uPD784037GK-xxx-9EU
uPD784038GC-xxx-8BT
uUPD784038GK-xxx-9EU
uPD78P4038GC-8BT

HPD78P4038GK-9EU

80-pin plastic QFP (14 x 14, 1.4 mm thickness)
80-pin plastic TQFP (fine pitch) (12 x 12)
80-pin plastic QFP (14 x 14, 2.7 mm thickness)
80-pin plastic QFP (14 x 14, 1.4 mm thickness)
80-pin plastic TQFP (fine pitch) (12 x 12)
80-pin plastic QFP (14 x 14, 2.7 mm thickness)
80-pin plastic QFP (14 x 14, 1.4 mm thickness)
80-pin plastic TQFP (fine pitch) (12 x 12)
80-pin plastic QFP (14 x 14, 2.7 mm thickness)
80-pin plastic QFP (14 x 14, 1.4 mm thickness)
80-pin plastic TQFP (fine pitch) (12 x 12)
80-pin plastic QFP (14 x 14, 1.4 mm thickness)
80-pin plastic TQFP (fine pitch) (12 x 12)
80-pin plastic QFP (14 x 14, 1.4 mm thickness)
80-pin plastic TQFP (fine pitch) (12 x 12)

Standard
Standard
Special

Standard
Standard
Special

Standard
Standard
Special

Standard
Standard
Standard
Standard
Standard

Standard

Please refer to the document "Quality Grades on NEC Semiconductor Devices" (Document No. C11531E) published by NEC
Corporation for the specification of the quality grades of the devices and their recommended applications.

Remark xxxindicates ROM code suffix.
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(2) pPD784038Y Subseries

Part Number

Package

Quality Grades

uPD784031YGC-8BT
UPD784031YGK-9EU
UPD784035YGC-xxx-8BT
UPD784035YGK-xxx-9EU
HPD784036YGC-xxx-8BT
HPD784036YGK-xxx-9EU
UPD784037YGC-xxx-8BT
UPD784037YGK-xxx-9EU
UPD784038YGC-xxx-8BT
HPD784038YGK-xxx-9EU
uPD78P4038YGC-8BT

HPD78P4038YGK-9EU

80-pin plastic QFP (14 x 14, 1.4 mm thickness)
80-pin plastic TQFP (fine pitch) (12 x 12)
80-pin plastic QFP (14 x 14, 1.4 mm thickness)
80-pin plastic TQFP (fine pitch) (12 x 12)
80-pin plastic QFP (14 x 14, 1.4 mm thickness)
80-pin plastic TQFP (fine pitch) (12 x 12)
80-pin plastic QFP (14 x 14, 1.4 mm thickness)
80-pin plastic TQFP (fine pitch) (12 x 12)
80-pin plastic QFP (14 x 14, 1.4 mm thickness)
80-pin plastic TQFP (fine pitch) (12 x 12)
80-pin plastic QFP (14 x 14, 1.4 mm thickness)
80-pin plastic TQFP (fine pitch) (12 x 12)

Remark xxxindicates ROM code suffix.
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CHAPTER 1 GENERAL

1.3 PIN CONFIGURATION (TOP VIEW)

1.3.1 Normal Operating Mode

« 80-pin plastic QFP (14 x 14, 2.7 mm thickness)
UPD784031GC(A)-3B9, 784035GC(A)-xxx-3B9, 784036GC(A)-xxx-3B9

¢ 80-pin plastic QFP (14 x 14, 1.4 mm thickness)
UPD784031GC-8BT, 784035GC-xxx-8BT, 784036GC-xxx-8BT, 784037GC-xxx-8BT, 784038GC-xxx-8BT,
78P4038GC-8BT, 784031YGC-8BT, 784035YGC-xxx-8BT, 784036YGC-xxx-8BT, 784037YGC-xxx-8BT,
784038YGC-xxx-8BT, 78P4038YGC-8BT

¢ 80-pin plastic TQFP (fine pitch)(12 x 12)
UPD784031GK-9EU, 784035GK-xxx-9EU,784036GK-xxx-9EU,784037GK-xxx-9EU, 784038GK-xxx-9EU,
78P4038GK-9EU, 784031YGK-9EU, 784035YGK-xxx-9EU, 784036YGK-xxx-9EU, 784037YGK-xxx-9EU,
784038YGK-xxx-9EU, 78P4038YGK-9EU

User's Manual U11316EJ4V1UD
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P32/SCK0/SCL
P33/SO0/SDA
P34/TO0
P35/TO1
P36/TO2
P37/TO3
RESET

VbD1

X2

X1

Vssi

P00

PO1

P02

P03

P04

P05

P06

P07

P67/REFRQ/HLDAK

46

<
O
2
X
(@)
— 2} —
o= = ©Q
DD LWF oA r- o
58 foadoaao _ N~ © 0
xxgl—l—l—l—f—l— o z zZzZ
ECQELE222Z 889 , 5 ,<<<
T O NOBLTHNA-—orr00 3 roRo®d
DO ANNANANNNSSZZ2Z>>>SNNKN
oM W o Y W o Y W o MY W o MY M = = = < = < Gl s W o Y o
80797877767574737271 7069 68 67 66 65 64 63 62 61
1) 60
2 59
3 58
4 57
5 56
6 55
7 54
8 53
9 52
10 51
11 50
12 49
13 48
14 47
15 46
16 45
17 44
18 43
19 42
20 41
21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40
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Note Connect the TEST pin directly to Vsso.

P74/ANI4
P73/ANI3
P72/ANI2
P71/ANI1
P70/ANIO

Vbbo

P17

P16

P15
P14/TxD2/S0O2
P13/RxD2/SI2
P12/ASCK2/SCK2
P11/PWMA1
P10/PWMO
TEST Note

Vsso
ASTB/CLKOUT
P40/ADO
P41/AD1
P42/AD2

Caution With the uPD784031 and 784031Y, CLKOUT, P40 to P47, P50 to P57, P64, and P65 cannot be used.
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P00 to P07
P10 to P17
P20 to P27
P30 to P37
P40 to P47
P50 to P57
P60 to P67
P70 to P77
TOO to TO3

Cl

RxD, RxD2
TxD, TxD2
SCKO to SCK2
SCL

ASCK, ASCK2
SDA

SI0 to SI2
SO0 to SO2
PWMO, PWMH1
NMI

INTPO to INTP5

: Port0

: Port 1

: Port2

: Port3

: Port4

: Port5

: Port6

: Port7

: Timer Output

: Clock Input

: Receive Data

: Transmit Data

: Serial Clock

: Serial Clock

: Asynchronous Serial Clock
: Serial Data

: Serial Input

: Serial Output

: Pulse Width Modulation Output
: Non-maskable Interrupt

. Interrupt from Peripherals

ADO to AD7
A8 to A19
RD

WR

WAIT
HLDRQ
HLDAK
CLKOUT
ASTB
REFRQ
RESET

X1, X2

ANIO to ANI7
ANOO, ANO1
AVREF1 to AVREF3
AVbD

AVss

Vbpo, VDD1
Vsso, Vsst
TEST

User's Manual U11316EJ4V1UD

: Address/Data Bus
: Address Bus

: Read Strobe

: Write Strobe

: Wait

: Hold Request

: Hold Acknowledge
: Clock Out

: Address Strobe

: Refresh Request

: Reset

: Crystal

: Analog Input

: Analog Output

: Reference Voltage
: Analog Power Supply
: Analog Ground
: Power Supply
: Ground

: Test
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1.3.2 PROM Programming Mode (Vep 2+5 V/+12.5V, RESET =L)

¢ 80-pin plastic QFP (14 x 14, 1.4 mm thick)
uPD78P4038GC-8BT, 78P4038YGC-8BT

« 80-pin plastic TQFP (fine pitch) (12 x 12)
HPD78P4038GK-9EU, 78P4038YGK-9EU

48

@ 5
1] 2]

g & ¢, &
o Yo b e Vot Ve

O]

Open
Vss

807978777675747372717069 68 67 66 65 64 63 62 61
L Oo———1 O 60—oO
© o——2 59H—>0
Oo—]3 58— » Open
Open o———4 57F——oO
P Oo—15 56 —O
O—16 55— Vop
RESET o—|7 54[———o0 (L)
Voo O—— 8 53—0)
Open O—{9 52 —O
(L) o——10 51 f—0
Vss O———— 11 50 ——O » Open
DO O=——f12 49——->
D1 O=——{13 48—O
D2 O=—|14 47 ——0 |
D3 O=——15 46 —O Vi
D4 O=—— 16 45 [——O Vss
D5 O=——17 441——:-0O Open
D6 O=——18 43|+—0O A0
D7 O=——{19 42|~—0O A1
(L) o—20 410 A2
2122 23 24 2526 27 28 29 30 31 32 33 34 35 36 37 38 39 40
SWWw'-——wYToar-ro0ar~90nIQ
‘g\o\o - EEEE<<<<<<<<<
Caution L : Connect to Vss individually via a 10 kQ pull-down resistor.
Vss : Connect to ground.
Open : Do not make any connection.
RESET : Drive low.
Vep : Programming Power Supply PGM : Program
RESET  : Reset OE : Output Enable
A0 to A16 : Address Bus Vop : Power Supply
DO to D7 : Data Bus Vss : Ground
CE : Chip Enable
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1.4 APPLICATION SYSTEM CONFIGURATION EXAMPLE (PPC)

uPD784038
P11 oo i
Serial — R Paper Detection
Communication <D P15 «—— Paper Feed Detection
- Tx
P16 [~=——— Paper Out Detection
P17 =—— Document Base (Scanner)
Position Detection
SCK1
Paper Transpor‘t SH Control Panel
Detection INTPO SO1
P04 High-Voltage Drum, Toner
P06 Control Circuit Transfer Charge
Fixing Heater i
Po7 o= |— Fixing Roller
Fixing Heater ANIO Control Circuit
Temperature %
I = Lamp Document lllumination Lamp
66 Regulator Discharge Lamp
Lamp
Brightness W ANI1
I PWMO (DC, Stepping)
P00 to P03 @ Main Motor
Copy Density e
Adjustment T> ANI2
Lever [l Document Base (Scanner)
i P33 Stop Clutch
. Document Base (Scanner)
Copy Density P34 Driver [l Advance Clutch
Correction - I —= ANI3 !
Lever
T [I['sL ] Resist Shutter Clutch
P35
[l Manual Paper
Feed Clutch
P36
Cassette Paper
ircui RESET Feed Clutch
Circuit P37 .
Solenoids

User's Manual U11316EJ4V1UD
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1.5 BLOCK DIAGRAM

NMI
INTPO to INTP5 ——

Programmable
Interrupt
Controller

INTP3 Timer/Counter 0
TOO ;
TO1 (16 Bits)
Timer/Counter 1
INTPO
(16 Bits)
INTP1 ]
INTP2/CI Timer/Counter 2
T02 (16 Bits) 78K/IV
TO3 CPU Core ROM
Timer 3
(16 Bits) @ @
P00 to P03 <: Real-Time

§

RAM

P04 to P07 <—— Output Port
PWMO
PWM
PWMH1
ANOO
ANO1 D/A
AV rer2 Converter
AV Rers
ANIO to ANI7 —
AVop AD
AVrert Converter
AVss
INTP5

Notes

Watchdog
Timer

UART/IOE2

. RxD/SI
[— TxD/SO1

g

Baud-Rate
Generator

<— ASCK/SCK1

UART/IOE1

-—— RxD2/SI2

g

Baud-Rate
Generator

— TxD2/S02
~— ASCK2/SCK2

Clocked Note

~— SCKO0/SCL

K> Serial <~ SO0/SDA
Interface |« gJ0
Clock Output |—= ASTB/CLKOUT Mote2
K> ADO to AD7
——> A81t0 A15
> pusiE = %6 to A19
— WR_
~—— WAIT/HLDRQ
— REFRQ/HLDAK
4" P00 to P07
<> Pt K> ProwopP17

i
[

R

1. The uPD784038Y Subseries supports the 12C bus mode.

Port 2 P20 to P27
| Porta K> P30to P37
[ Pond | paoto a7
<-> P50 to P57 Nete2
m P70 to P77
. RESET
System e TEST
Control ~— X1
X2
— Vooo, Vob1
——— Vsso, Vsst

2. When the uPD784031, CLKOUT, P40 to P47, P50 to P57, P64, and P65 cannot be used.

Remark The capacities of the internal ROM and RAM differ depending on the model.
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1.6 LIST OF FUNCTIONS

(1/2)

Part Number uPD784031 uPD784035 uPD784036 uPD784037 uPD784038 uPD78P4038
ltem uPD784031Y | uPD784035Y | uPD784036Y | uPD784037Y | uPD784038Y | uPD78P4038Y
Number of basic instructions 113
(mnemonics)

General-purpose register 8 bits x 16 registers x 8 banks, or 16 bits x 8 registers x 8 banks (memory mapping)
Minimum instruction execution time | 125 ns (at 32 MHz operation)
Internal ROM None 48 Kbytes 64 Kbytes 96 Kbytes 128 Kbytes 128 Kbytes
memory (mask ROM) (mask ROM) (mask ROM) (mask ROM) | (one-time PROM)
RAM 2,048 bytes 3,584 bytes 4,352 bytes
Memory space 1 Mbyte with program and data memories combined
1/0 port Total 46 lines 64 lines
Input 8 lines
/0 34 lines 56 lines
Output 4 lines 0 line
Pins with | Pin with pull-up resistor | 32 pins 54 pins
ancillary | | Ep direct drive output | 8 pins 24 pins
functic,:“rl?e 1| Transistor direct drive | 8 pins

Real-time output port

4 bits x 2, or 8 bits x 1

Timer/counter

Timer/counter 0 (16 bits) : Timer register x 1
Capture register x 1

Compare register x 2

Pulse output
» Toggle output
+ PWM/PPG output
» One-shot pulse output

Timer/counter 1 (8/16 bits): Timer register x 1
Capture register x 1
Capture/compare register x 1
Compare register x 1

Pulse output
» Real-time output (4 bits x 2)

Timer/counter 2 (8/16 bits): Timer register x 1
Capture register x 1
Capture/compare register x 1
Compare register x 1

Pulse output
» Toggle output
* PWM/PPG output

Timer 3 (8/16 bits) : Timer register x 1

Compare register x 1

PWM output

12-bit resolution x 2 channels

Serial interface

UART/IOE (3-wire serial 1/0): 2 channels (with baud rate generator)

CSI (3-wire serial I/0, 2-wire serial I/O, 1°C bus N°t¢2): 1 channel

A/D converter

8-bit resolution x 8 channels

D/A converter

8-bit resolution x 2 channels

Notes

1. The pins with ancillary functions are included in the 1/O pins.

2. puPD784038Y Subseries only.
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(2/2)
Part Number | pPD784031 uPD784035 uPD784036 uPD784037 uPD784038 | pPD78P4038

Item uPD784031Y | uPD784035Y | uPD784036Y | uPD784037Y | uPD784038Y | uPD78P4038Y
Clock output — Selectable from fcik, foik/2, fowk/4, fok/8, fek/16 (also can be used as 1-bit output port)

Watchdog timer

1 channel

Standby

HALT/STOP/IDLE mode

Interrupt (UPD784038 Subseries)

Hardware causes

23 (Internal: 16, External: 7 (sampling clock variable input: 1))

Software

BRK instruction, BRKCS instruction, operand error

Non-maskable

Internal : 1, External : 1

Maskable

Internal: 15, External: 6

Interrupt (UPD784038Y Subseries)

* 4 levels of programmable priority
» 3 processing types: vector interrupt/macro service/context switching

Hardware causes

24 (Internal: 17, External: 7 (sampling clock variable input: 1))

Software

BRK instruction, BRKCS instruction, operand error

Non-maskable

Internal : 1, External : 1

Maskable Internal: 16, External: 6
* 4 levels of programmable priority
» 3 processing types: vector interrupt/macro service/context switching
Supply voltage Voo =2.71t055V

Package

80-pin plastic QFP (14 x 14, 2.7 mm thick)N°te
80-pin plastic QFP (14 x 14, 1.4 mm thick)
80-pin plastic TQFP (fine pitch) (12 x 12)

Note uPD784031(A), 784035(A), and 784036(A) only
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1.7 DIFFERENCES BETWEEN

STANDARD-GRADE PRODUCTS AND SPECIAL-GRADE PRODUCTS

Part Number
Item

uPD784031(A), uPD784035(A), uPD784036(A)

LPD78403

1, uPD784035, uPD784036

Quality grade

Special

Standard

Package

80-pin plastic QFP (14 x 14, 2.7 mm thick)

80-pin plastic T

80-pin plastic QFP (14 x 14, 1.4 mm thick)

QFP (fine pitch, 12 x 12)

1.8 MAJOR DIFFERENCES WITH pPD784026 SUBSERIES

Series Name

CSI x 1 channel
« 3-wire serial I/0
« 2-wire serial 1/10

CSl x 1 channel
« 3-wire serial I/O
« 2-wire serial I/0
* I2C bus

ltem uPD784038 Subseries uPD784038Y Subseries uPD784026 Subseries
Minimum instruction execution time 125 ns (32-MHz operation) 160 ns (25-MHz operation)
Serial interface UART/IOE (3-wire serial I/O) x 2 channels

CSI x 1 channel
« 3-wire serial I/0
« SBI

+ 80-pin plastic QFP (14 x 14, 1.4 mm thick)
* 80-pin plastic TQFP (fine-pitch) (12 x 12)

Interrupts 23 + BRK instruction 24 + BRK instruction 23 + BRK instruction
(Internal: 16, External: 7) (Internal: 17, External: 7) (Internal: 16, External: 7)
Packages + 80-pin plastic QFP (14 x 14, 2.7 mm thick)N°ote + 80-pin plastic QFP

(14 x 14, 2.7 mm thick)
* 80-pin plastic TQFP
(fine-pitch) (12 x 12):

LPD784021 only

Note uPD784031(A), 784035(A), and 784036(A) only
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2.1 PIN FUNCTION TABLES

2.1.1 Normal Operating Mode

(1) Port pins (1/2)

CHAPTER 2 PIN FUNCTIONS

Pin Name Input/Output Alternate Function Functions
P00 to P07 Input/output — Port 0 (P0):
» 8-bit input/output port
» Can be used as real-time output ports (4 bits x 2)
» Input/output specifiable bit-wise
» For input mode pins, on-chip pull-up resistor connection can be
specified at once by a software setting
» Transistor drive capability
P10 Input/output PWMO Port 1 (P1):
P11 PWM1 + 8-bit input/output port
+ Input/output specifiable bit-wise.
P12 ASCK2/SCK2 » For input mode pins, on-chip pull-up resistor connection can be
P13 RxD2/SI2 specified at once by a software setting
» LED drive capability
P14 TxD2/S02
P15to P17 —
P20 Input NMI Port 2 (P2):
P21 INTPO * 8-bit input/output port
» P20 cannot be used as a general-purpose port (non-maskable
P22 INTP1 interrupt). Input level can be confirmed in the interrupt routine.
p23 INTP2/CI » For P22 to P27, on-chip pull-up resistor connection can be specified
by a software setting in 6-bit units
P24 INTP3 - The P25/INTP4/ASCK/SCK1 pin operates as the SCK1 I/O pin in
P25 INTP4/ASCK/SCK1 accordance with the CSIM1 register specification
P26 INTP5
P27 SI0
P30 Input/output RxD/SI1 Port 3 (P3):
P31 TXD/SO1 + 8-bit input/output port
 Input/output specifiable bit-wise
P32 SCKo/SCL - For input mode pins, on-chip pull-up resistor connection can be
P33 SO0/SDA specified at once by a software setting
P34 to P37 TOO to TO3
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(1) Port pins (2/2)

Pin Name Input/Output Alternate Function Functions
P40 to P47Netel]  Input/output ADO to AD7 Port 4 (P4):
+ 8-bit input/output port
» Input/output specifiable bit-wise
» For input mode pins, on-chip pull-up resistor connection can be
specified at once by a software setting
» LEDs drive capability
P50 to P57 Netel|  Input/output A8to A15 Port 5 (P5):
+ 8-bit input/output port
 Input/output specifiable bit-wise
» For input mode pins, on-chip pull-up resistor connection can be
specified at once by a software setting
» LEDs drive capability
P60 to P63Nte2|  Input/output A16 to A19 Port 6 (P6):
PG4 Note 1 RD + 8-bit input/output port
Peg Note 1 Wa » Input/output specifiable bit-wise
— » For input mode pins, on-chip pull-up resistor connection can be
P66 WAIT/HLDRQ specified at once by a software setting
P67 REFRQ/HLDAK
P70 to P77 Input/output ANIO to ANI7 Port 7 (P7):
+ 8-bit input/output port
» Input/output specifiable bit-wise
Notes 1. With the uPD784031, P40 to P47, P50 to P57, P64, and P65 cannot be used as port pins.

2. These pins of the uPD784031 are output port pins.
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CHAPTER 2 PIN FUNCTIONS

(2) Non-port pins (1/2)

Pin Name Input/Output Alternate Function Functions

TOO0/TO3 Output P34 to P37 Timer output

Cl Input P23/INTP2 Count clock input to timer/counter 2

RxD Input P30/SI1 Serial data input (UARTO)

RxD2 P13/SI2 Serial data input (UART2)

TxD Output P31/SO1 Serial data output (UARTO)

TxD2 P14/S0O2 Serial data output (UART2)

ASCK Input P25/INTP4/SCK1 Baud rate clock input (UARTO)

ASCK2 P12/SCK2 Baud rate clock input (UART2)

SDA Input/output P33/S0O0 Serial data input/output (2-wire serial 1/O, I2C bus N°te)

SIo Input P27 Serial data input (3-wire serial 1/00)

Si P30/RxD Serial data input (3-wire serial 1/01)

SI2 P13/RxD2 Serial data input (3-wire serial 1/02)

SO0 Output P33/SDA Serial data output (3-wire serial 1/00)

SO1 P31/TxD Serial data output (3-wire serial 1/01)

SO2 P14/TxD2 Serial data output (3-wire serial 1/02)

SCKo Input/output P32/SCL Serial clock input/output (3-wire serial 1/00)

SCK1 P25/INTP4/ASCK Serial clock input/output (3-wire serial 1/01)

SCK2 P12/ASCK2 Serial clock input/output (3-wire serial 1/02)

SCL P32/SCKO Serial clock input/output (2-wire serial 1/0, 12C bus N°te)

NMI Input P20 External interrupt requests —

INTPO P21 » Count clock input to timer/counter 1
+ CR11 or CR12 capture trigger signal

INTP1 P22 » Count clock input to timer/counter 2
» CR22 capture trigger signal

INTP2 P23/Cl » Count clock input to timer/counter 2
» CR21 capture trigger signal

INTP3 P24 » Count clock input to timer/counter 0
» CRO2 capture trigger signal

INTP4 P25/ASCK/SCK1 —

INTP5 P26 A/D converter conversion start trigger input

ADO to AD7 Input/output P40 to P47 Time division address/data bus (external memory connection)

A8 to A15 Output P50 to P57 Upper address bus (external memory connection)

A16 to A19 Output P60 to P63 Upper address with address extension (external memory connection)

RD Output P64 External memory read strobe

WR Output P65 External memory write strobe

WAIT Input P66/HLDRQ Wait insertion

REFRQ Output P67/HLDAK External pseudo-static memory refresh pulse output

HLDRQ Input P66/WAIT Bus hold request input

HLDAK Output P67/REFRQ Bus hold response output

Note pPD784038Y Subseries only
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CHAPTER 2 PIN FUNCTIONS

(2) Non-port pins (2/2)

AVRer2, AVRers

Pin Name Input/Output Alternate Function Functions

ASTB Output CLKOUT Time division address (A0 to A7) latch timing output
(during external memory access)

CLKOUT Nete Output ASTB Clock output

RESET Input — Chip reset

X1 Input — System clock oscillation crystal connections

X2 _ (clock can also be input to X1)

ANIO to ANI7 Input P70 to P77 A/D conversion analog voltage inputs

ANOO, ANO1 Output — D/A conversion analog voltage outputs

AVREeF1 — — A/D converter reference voltage application

D/A converter reference voltage application

AVop A/D converter positive power supply
AVss A/D converter GND
Vppo Note 2 Positive power supply pin of ports
Vpp1 Note 2 Positive power supply pin of function blocks other than ports
Vsso Note 3 GND pin of ports
Vssi Note 3 GND pin of function blocks other than ports
TEST Connect directly to Vsso (IC test pin).
Notes 1. With the uPD784031, CLKOUT cannot be used.

2. Keep Vopo and Vob1 at the same potential.

3. Keep Vsso and Vss1 at the same potential.

2.1.2 PROM Programming Mode (uPD78P4038 Only: Vpe =2 +5 V/+12.5 V, RESET =L)

Pin Name Input/Output Functions

Vep Input PROM programming mode setting
High-voltage application pin in program write/verify

RESET PROM programming mode setting
A0 to A16 Address bus
D0 to D7 Input/output Data bus
CE Input PROM enable input/program pulse input
OE PROM read strobe input
PGM PROM program/program inhibit input
Vop — Positive power supply
Vss GND
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CHAPTER 2 PIN FUNCTIONS

2.2

2.2.

@

@

PIN FUNCTIONS

1 Normal Operating Mode

P00 to PO7 (Port 0) ... 3-state input/output

Port 0 is an 8-bitinput/output port with an output latch, and has direct transistor drive capability. Input/output can be specified
bit-wise by means of the port 0 mode register (PM0). Each pin incorporates a software programmable pull-up resistor.
P00 to P03 and P04 to P07 can output the port 0 buffer register (POL, POH) contents at any time interval as 4-bit or 8-bit
real-time output port. The real-time output port control register (RTPC) is used to select whether this portis used as anormal
output port or a real-time output port.

When RESET is input, port 0 is set as an input port (output high-impedance state), and the output latch contents are
undefined.

P10 to P17 (Port 1) ... 3-state input/output

Port 1 is an 8-bit input/output port with an output latch. Input/output can be specified bit-wise by means of the port 1 mode
register (PM1). Each pin incorporates a software programmable pull-up resistor. This port has direct LED drive capability.
Pins P10 and P11 are also made to function as PWM output pins by means of the PWM control register (PWMC), and pins
P12 to P14 can also be made to function as serial input/output pins by means of the port 1 mode control register (PMC1).
When RESET is input, port 1 is set as an input port (output high-impedance state), and the output latch contents are

undefined.
Table 2-1 Port 1 Operating Modes

Pin Name Port Mode Control Signal Input/Output Mode Operation to Operate as Control Pin
P10 Input/output port PWMO output Set (to 1) ENO bit of PWMC
P11 PWM1 output Set (to 1) EN1 bit of PWMC
P12 ASCK2/SCK2 input/output Set (to 1) PMC12 bit of PMC1
P13 RxD2/SI2 input Set (to 1) PMC13 bit of PMC1
P14 TxD2/SO2 output Set (to 1) PMC14 bit of PMC1
P15to P17 — —

58

(@) Port mode
P10 and P11 operate as port mode pins when the ENO and EN1 bits of the PWM control (PWMC) register are cleared
(to 0), and P12 to P14 do the same when the relevant bits of the port 1 mode control (PMC1) register are cleared (to
0), and P15 to P17 always operate as port mode pins. Input/output can be specified bit-wise by means of the port
1 mode register (PM1).

(b) Control signal input/output mode
P10 and P11 operate as PWM signal output pins when the ENO and EN1 bits, respectively, of the PWM control
(PWMC) register are set (to 1).
P12 to P14 can be set as control pins bit-wise by setting the port 1 mode control (PMC1) register.

(i) PWMO, PWM1
PWMO0 and PWM1 are PWM output pins.

(i) ASCK2/SCK2

ASCK2 is the asynchronous serial interface baud rate clock input pin.
SCK2 is the serial clock input/output pin (in 3-wire serial I/02 mode).
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CHAPTER 2 PIN FUNCTIONS

(iii) RxD2/SI2
RxD2 is the asynchronous serial interface serial data input pin.
SI2 is the serial data input pin (in 3-wire serial I/02 mode).

(iv) TxD2/SO2
TxD2 is the asynchronous serial interface serial data output pin.
SO02 is the serial data output pin (in 3-wire serial 1/02 mode).

(3) P20 to P27 (Port 2) ... Input
Port 2 is an 8-bit input-only port. P22 to P27 incorporate a software programmable pull-up resistor. As well as operating
as an input port, port 2 pins also operate as control signal input pins, such as external interrupt signal pins (see Table
2-2). All 8 pins are Schmitt-triggered inputs to prevent malfunction due to noise.
Also, pin P25 can also be made to function as a serial clock output pin by selecting the external clock as “serial operation
enabled” with the clocked serial interface mode register 1 (CSIM1).

Table 2-2 Port 2 Operating Modes

Port Functions

P20 Input port / NMI input Note

P21 Input port / INTPO input / CR11 capture trigger input /
timer/counter 1 count clock / real-time output port trigger signal

P22 Input port / INTP1 input / CR22 capture trigger input

P23 Input port / INTP2 input / Cl input

P24 Input port / INTP3 input / CR02 capture trigger
timer/input/counter 0 count clock

P25 Input port / INTP4 input / ASCK input / SCK1 input/output

P26 Input port / INTP5 input / A/D converter external trigger input

P27 Input port / SI0 input

Note NMI input is acknowledged regardless of whether interrupts are enabled or disabled.

(@) Function as port pins
The pin level can always be read or tested regardless of the dual-function pin operation.

(b) Functions as control signal input pins
(i) NMI (Non-maskable Interrupt)

The external non-maskable interrupt request input pin. Rising edge detection or falling edge
detection can be specified by means of the external interrupt mode register 0 (INTMO).
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(i) INTPO to INTP5 (Interrupt from Peripherals)
External interrupt request input pins. When the valid edge specified by the external interrupt mode register 0,
(INTMO/INTM1) is detected by pins INTPO to INTP5, an interrupt is generated (see CHAPTER 21 EDGE
DETECTION FUNCTION).
In addition, pins INTPO to INTP3 and INTP5 are also used as external trigger input pins with the various functions
shown below.
* INTPO ....... Timer/counter 1 capture trigger input pin
Timer/counter 1 external count clock input pin
Real-time output port trigger input pin
....... Timer/counter 2 capture trigger input pin to capture register (CR22)
* INTP2 ....... Timer/counter 2 external count clock input pin
Capture trigger input pin to capture/compare register (CR21)
....... Timer/counter 0 capture trigger input pin
Timer/counter 0 external count clock input pin

.
b
-
X

.
b4
—|
-
w

INTPS ....... A/D converter external trigger input pin

(iii) CI (Clock Input)
The timer/counter 2 external clock input pin.

(iv) ASCK (Asynchronous Serial Clock)
The external baud rate clock input pin.

(v) SCK1 (Serial Clock)
The serial clock input/output pin (in 3-wire serial /01 mode).

(vi) SIO (Serial Input 0)
The serial data input pin (in 3-wire serial I/O0 mode).

(4) P30to P37 (Port 3) ... 3-state input/output
Port 3 is an 8-bit input/output port with an output latch. Input/output can be specified bit-wise by means of the port 3 mode
register (PM3). Each pin incorporates a software programmable pull-up resistor.
In addition to its function as an input/output port, port 3 also has various alternate-function control signal pin functions.
The operating mode can be specified bit-wise by means of the port 3 mode control register (PMC3), as shown in
Table 2-3. The pin level of any pin can always be read or tested regardless of the alternate-function pin operation.
When RESET is input, port 3 is set as an input port (output high-impedance state), and the output latch contents are undefined.

Table 2-3 Port 3 Operating Modes (n =0to 7)

Mode Port Mode Control Signal Input/Output Mode
Setting Condition PMC3n =0 PMC3n =1
P30 Input/output port RxD input / SI1 input
P31 TxD output / SO1 output
P32 SCKO input/output / SCL input/output
P33 SO0 output / SDA input/output
P34 TOO output
P35 TO1 output
P36 TO2 output
P37 TO3 output
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®)

©)

(@) Port mode
Each port specified as port mode by the port 3 mode control (PMC3) register can be specified as input/output bit-wise
by means of the port 3 mode register (PM3).

(b) Control signal input/output mode
Pins can be set as control pins bit-wise by setting the port 3 mode control (PMC3) register.

(i) RxD (Receive Data)/SI1 (Serial Input 1)
RxD is the asynchronous serial interface serial data input pin.
Sl is the serial data input pin (in 3-wire serial I/O1 mode).

(ii) TxD (Transmit Data)/SO1 (Serial Output 1)
TxD is the asynchronous serial interface serial data output pin.
SO1 is the serial data output pin (in 3-wire serial I/O1 mode).

(iii) SCKO (Serial Clock 0)/SCL (Serial Clock)
SCKO is the clocked serial interface serial clock input/output pin (in 3-wire serial I/O 0 mode).
SCL is the synchronous serial interface serial clock input/output pin (in 2-wire serial I/O mode/I2C bus mode N°te),

Note uPD784038Y Subseries only

(iv) SO0 (Serial Output 0)/SDA (Serial Data)
SO0 is the serial data output pin (in 3-wire serial I/O 0 mode), and SDA is the serial data input/output pin (in 2-
wire serial /0 mode/I2C bus mode N°te).,

Note uPD784038Y Subseries only

(v) TOO0to TO3 (Timer Output)
The timer output pins.

P40 to P47 (Port 4) ... 3-state input/output

Port 4 is an 8-bit input/output port with an output latch. Input/output can be specified bit-wise by means of the port 4 mode
register (PM4). Each pin incorporates a software programmable pull-up resistor. This port has direct LED drive capability.
Port4 also functions as the time division address/data bus (AD0 to AD7) by the memory extension mode register (MM) when
external memory or I/Os are extended.

With the uPD784031, P40 to P47 cannot be used as port pins. These pins function only as the time division address/data
bus pins (ADO to AD7).

When RESET is input, port 4 is set as an input port (output high-impedance state), and the output latch contents are
undefined.

P50 to P57 (Port 5) ... 3-state input/output

Port 5 is an 8-bit input/output port with an output latch. Input/output can be specified bit-wise by means of the port 5 mode
register (PM5). Each pin incorporates a software programmable pull-up resistor. This port has direct LED drive capability.
In addition, P50 to P57 can be selected by means of the memory extension mode register (MM) in 2-bit units as pins that
function as the address bus (A8 to A15) when external memory or I/Os are extended.

With the uPD784031, P50 to P57 cannot be used as port pins. These pins function only as the address bus pins (A8 to
A15).

When RESET is input, port 5 is set as an input port (output high-impedance state), and the output latch contents are
undefined.
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(7) P60 to P67 (Port 6) ... 3-state input/output
* With uPD784031
P60 to P63 are output port pins and P66 and P67 are input/output port pins with output latch.
P64 to P67 incorporate a software programmable pull-up resistor.
In addition to the functions as port pins, these pins also have various alternate-function control signal pin functions, as
shown in Table 2-4. Operations as control pins are performed by the respective function operations.
P64 and P65 cannot be used as port pins and function only as RD and WR output pins.
When RESET is input, the level of the above pins are set as follows:
+ P60 to P63: Low
« P64, P65:  High
* P66, P67:  Input port (output high impedance)
The higher 4 bits of the contents are undefined, and the lower 4 bits are reset to OH.

With other than uPD784031

Port 6 is an 8-bit input/output port with an output latch. P60 to P67 incorporate a software programmable pull-up resistor.
In addition to its function as a port, port 6 also has various alternate-function control signal pin functions, as shownin Table
2-4. Operations as control pins are performed by the respective function operations.

When RESET is input, P60 to P67 are set as input port pins (output high-impedance state), and the output latch contents
are undefined.

Table 2-4 Port 6 Operating Modes

Pin Name Port Mode Control Signal Input/Output Mode Operation to Operate as Control Pin
P60 to NF?ée3l Input/output ports A16 to A19 output Specified in 2-bit units by bits MM3 to MMO of the MM
P64 Note2 RD output With the uPD784031, or when external memory extension
P65 Note 2 WR output mode is specified by bits MM3 to MMO of the MM
P66 WAIT input Specified by setting bits PWn1 & PWnO0 (n = 0 to 7) of the
PWC1 & PWC2 and P66 to input mode
HLDRQ input Bus hold enabled by the HLDE bit of the HLDM
P67 HLDAK output
REFRQ output Set (to 1) the RFEN bit of the RFM

Notes 1. These pins of the uPD784031 are output port pins only.
2. With the uPD784031, this pin cannot be used as a port pin.

Caution P60 to P63 of the uPD784031 are in the output high-impedance state while the RESET signal is input, but
output alow level after the RESET signal has been cleared. Therefore, design the external circuit so that

the low level may be output as the initial status.

Remark For details, refer to CHAPTER 23 LOCAL BUS INTERFACE FUNCTION.

(@) Port mode
« With uPD784031
Each port not specified as control mode, P66 and P67 serve as output port pins, and P66 and P67 can be specified
as input/output bit-wise by means of the port 6 mode register (PM6).

* With other than uPD784031
Each port not set in the control mode can be set in the input or output mode in 1-bit units by using the port 6 mode
register (PM6).
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(b) Control signal input/output mode

(i) Al1l6to Al9 (Address Bus)
Upper address bus output pins in case of external memory space extension (10000H to FFFFFH).
These pins operate in accordance with the memory extension mode register (MM).

(ii) RD (Read Strobe)
Pin that outputs the strobe signal for an external memory read operation.
Operates in accordance with the memory extension mode register (MM).
With the uPD784031, this pin always serves as an RD pin.

(i) WR (Write Strobe)
Pin that outputs the strobe signal for an external memory write operation.
Operates in accordance with the memory extension mode register (MM).
With the uPD784031, this pin always serves as a WR pin.

(iv) WAIT (Wait)
Wait signal input pin. Operates in accordance with the programmable wait control registers (PWC1, PWC2).

(v) HLDRQ (Hold Request)
External bus hold request signal input pin. Operates in accordance with the hold mode register
(HLDM).

(vi) HLDAK (Hold Acknowledge)
Bus hold acknowledge signal output pin. Operates in accordance with the hold mode register
(HLDM).

(vii) REFRQ (Refresh Request)
This pin outputs refresh pulses to pseudo-static memory when this memory is connected
externally. Operates in accordance with the refresh mode register (RFM).

(8) P70to P77 (Port 7) ... 3-state input/output
Port 7 is an 8-bit input/output port. In addition to operating as an input/output port, it also operates as the A/D converter
analog input pins (ANIO to ANI7).
Input/output can be specified bit-wise by means of the port 7 mode register (PM7).
The levels of these pins can always be read or tested, regardless of the operation of the multiplexed pins.
When RESET is input, port 7 is set as an input port (output high-impedance state), and the output latch contents are
undefined.

(9) ASTB (Address Strobe)/CLKOUT (Clock Output) ... Output
This pin outputs the timing signal that latches address information externally in order to access an external address. It also
operates as the pin that supplies the clock to an external device.
With the uPD784031, CLKOUT cannot be used.

(10) X1, X2 (Crystal)

Theinternal clock oscillation crystal connection pins. When the clock is supplied externally, itis input to the X1 pin. Usually
signal with the inverse phase of the X1 pin signal phase is input to the X2 pin (Refer to 4.3.1 Clock oscillation circuit).
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11

(12

(13)

(14)

(15)

(16)

7

(18)

(19)

(20)

(21)

(22)

RESET (Reset) ... Input
The active-low reset input.

ANOO, ANO1 ... Output
The D/A converter analog voltage output pins.

AVREF1
The A/D converter reference voltage input pin.

AVREF2
The D/A converter reference voltage input (+ side) pin.

AVREF3
The D/A converter reference voltage input (— side) pin.

AVbD
The A/D converter power supply pin. This should be made at the same potential as the Vop pin.

AVss
The A/D converter GND pin. This should be made at the same potential as the Vss pin.

VbDo

Positive power supply pins of the ports. These pins should be made at the same potential as the Vop1.

Vob1
Positive power supply pins of the function blocks other than ports. These pins should be made at the same potential as
the Vooo.

Vsso
GND potential pins of the ports. These pins should be made at the same potential as the Vss1.

Vss1
GND potential pins of the function blocks other than ports. These pins should be made at the same potential as the Vsso.

TEST
Pin used by NEC Electronics for IC testing. Must be directly connected to Vsso.

Caution In the yPD78233 and 78237, the TEST pin is the MODE pin and is fixed high. When changing over from

64

the uPD78233, 78237, the circuitry can be modified so that this pin is directly connected to Vsso.
Modification as shown below is needed if the uPD78234, 78238 was used with switching between the on-
chip ROM mode and ROM-less mode performed by MODE pin switching (the TEST pin must be directly
connected to Vsso).

Modification examples:

 Incorporate all programs in ROM.

+ Store all programs in external ROM.

» Change the location address of a program previously held in external ROM, shift the address to avoid
overlapping internal ROM, and execute this program from the program internal ROM.
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2.2.2 PROM Programming Mode (uPD78P4038)

@

@

©)

4

®)

)

™

®

©

Vep (Programming Power Supply) ... Input

Input pin that sets the uPD78P4038 to the PROM programming mode. When the input voltage of this pin is +5 V or more
and the RESET input is driven low, the uPD78P4038 switches to the PROM programming mode.

If CE = L is set when Vep = +12.5 V and OE = H, the program data on DO to D7 can be written in the internal PROM cell
selected by A0 to A16.

RESET (Reset) ... Input

Input pin that sets the uPD78P4038 to the PROM programming mode. When the input voltage of the Vrr pin reaches +5
V or more and the input of this pin is low, the uPD78P4038 switches to the PROM programming mode.

A0 to A16 (Address Bus) ... Input
The address bus. Selects an internal PROM address (00000H to 1FFFFH).

DO to D7 (Data Bus) ... Input/Output
The data bus. Internal PROM program reads and writes are performed via this bus.

‘CE (Chip Enable) ... Input

Inputs the internal PROM enable signal. When this signal is active, program writing/reading is enabled.

‘OE (Output Enable) ... Input

Inputs the internal PROM read strobe signal. When this signal is activated while CE = L, the program data (1 byte) in the
internal PROM cell selected by A0 to A16 can be read onto DO to D7.

PGM (Program) ... Input

The internal PROM operating mode control signal input pin.
When this signal is active, it is possible to write to internal PROM.
When this signal is inactive, it is possible to read from internal PROM.

Vobp
Positive power supply pins.

Vss
GND potential pins.
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CHAPTER 2 PIN FUNCTIONS

2.3 INPUT/OUTPUT CIRCUITS AND CONNECTION OF UNUSED PINS

Table 2-5 shows the input/output circuit types of the pins that have functions, and the connection method when that function
is not used.
Each input/output circuit type is shown in Figure 2-1.

Table 2-5 Pin Input/Output Circuit Types and Recommended Connection When Not Used (1/2)

Pin Name Input/putput Input/Output Recommended Connection
Circuit Type When Not Used

P00 to P07 5-H Input/output Input : Connect to Voo
Output: Leave open

P10/PWMO

P11/PWM1

P12/ASCK2/SCK2 8-C

P13/RxD2/SI2 5-H

P14/TxD2/SO2

P15 to P17

P20/NMI 2 Input Connect to Vooo or Vsso

P21/INTPO

P22/INTP1 2-C Connect to Vono

P23/INTP2/CI

P24/INTP3

P25/INTP4/ASCK/SCK1 8-C Input/output Input : Connect to Vooo

Output : Leave open

P26/INTP5 2-C Input Connect to Vooo

P27/S10

P30/RxD/SI1 5-H Input/output Input : Connect to Vooo

P31/TxD/SO1 Output: Leave open

P32/SCK0/SCL 10-B

P33/SO0/SDA

P34/TO0 to P37/TO3 5-H

P40/ADO to P47/AD7

P50/A8 to P57/A15

P60/A16 to ROM-less version 4-B Output Leave open

P63/A19 Mask ROM version 5-H Input/output Input  : Connect to Vooo

P64/RD Output : Leave open

P65/WR

P66/WAIT/HLDRQ

P67/REFRQ/HLDAK
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CHAPTER 2 PIN FUNCTIONS

Table 2-5 Pin Input/Output Circuit Types and Recommended Connection When Not Used (2/2)

Pin Name Input/Output Inout/Outout Recommended Connection
Circuit Type P P When Not Used
P70/ANIO to P77/ANI7 20-A Input/output Input : Connect to Vooo or Vsso
Output: Leave open
ANOO, ANO1 12 Output Leave open
ASTB/CLKOUT 4-B
RESET 2 Input —
TEST 1-A Directly connect to Vsso

AVrer1 to AVrers

AVss

AVop

Connect to Vsso

Connect to Voo

Caution If the input/output mode is undefined for an input/output alternate-function pin, it should be connected
to Vooo via aresistor of several tens of kQ (especially when the reset input pin goes to the low-level input
voltage or over upon powering on, and when input/output is switched by software.)

Remark The type numbers are standard for the 78K Series, and therefore are not necessarily serial numbers within each

product (there are non-incorporated circuits).
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CHAPTER 2 PIN FUNCTIONS

Figure 2-1 Pin Input/Output Circuits

Type 1-A

Voo
P
INO
-
Vsso

Type 2-C

Type 2

IN O b@

Voo

| 1 Pullup
P Enable

Schmitt-triggered input with hysteresis characteristics.

Schmitt-triggered input with hysteresis characteristics.
Type 5-H
Type 4-B v Vboo
DDO
Data Pullup o JEP
:D}4| P Enable
ouT Vooo
Outpur e Data——-[o—|f-p
Disable IN/OUT
Vsso Output N
Push-pull output allowing output to be set to high impedance Disable
(P-ch & N-ch both off). Vsso
Input %
Type 8-C Vomo Enable
Pullup Do =P
Enable
Vooo Type 12
Data
INJOUT p——
Output Analog Output Voltage ﬁ—o ouTt
Disable N T
Type 10-B Type 20-A
Voo Vopo
Pullup Do Data ] )O—| p
Enable P
—O IN/OUT
Output N
Disable
Data Vsso
Comparator L
Open IN/OUT P
o Drain T N
Dissble Alner 77 AVss
(Threshold Voltage)
Input
Enable

68 User's Manual U11316EJ4V1UD




CHAPTER 2 PIN FUNCTIONS

2.4

CAUTIONS

When connecting unused pins, if the input/output mode is undefined for an input/output alternate-function pin, it should be
connected to Vbbo with a resistor of several tens of kQ (especially when the reset input pin becomes the low-level input
voltage or over upon powering on, and when input/output is switched by software.)

P60 to P63 of the pPD784031 are in the output high-impedance state while the RESET signal is input, but output a low level
after the RESET signal has been cleared. Therefore, design the external circuit so that the low level may be output as the
initial status.

In the uPD78233 and 78237, the TEST pin is the MODE pin and is fixed high. When changing over from the uPD78233/
78237, the circuitry must be modified so that this pin is directly connected to Vsso.

Modification as shown below is needed if the uPD78234/78238 was used with switching between the on-chip ROM mode
and ROM-less mode performed by MODE pin switching (the TEST pin must be directly connected to Vsso).

Modifications examples:

* Incorporate all programs in ROM

+  Store all programs in external ROM

»  Change the location address of a program previously held in external ROM, shift the address to avoid overlapping on-
chip ROM, and execute this program from the program in on-chip ROM
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CHAPTER 3 CPU ARCHITECTURE

3.1 MEMORY SPACE

The uPD784038 can access a 1-Mbyte memory space. The mapping of the internal data area (special function registers and
internal RAM) depends on the LOCATION instruction. A LOCATION instruction must be executed after reset release, and can
only be used once.

The program after reset release must be as follows:

RSTVCT CSEG AT O

DW RSTSTRT
to
INITSEG CSEG BASE
RSTSTRT: LOCATION OH ; or LOCATION OFH

MOVG SP, #STKBGN
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CHAPTER 3 CPU ARCHITECTURE

(1) When LOCATION OH instruction is executed

Internal memory

The internal data area and internal ROM area are follows:

Parts Number Internal Data Area Internal ROM Area
uPD784031 OF700H to OFFFFH —
uPD784035 00000H to OBFFFH
uPD784036 00000H to OF6FFH
uPD784037 0F100H to OFFFFH 00000H to OFOFFH

10000H to 17FFFH
uPD784038 OEEOOH to OFFFFH 00000H to OEDFFH
uPD78P4038 10000H to 1FFFFH

Caution The following areas of the internal ROM that overlap the internal data area cannot be used when the
LOCATION OH instruction is executed.

Parts Number Area That Cannot Be Used
uPD784035 —
UPD784036 O0F700H to OFFFFH (2,304 Bytes)
uPD784037 OF100H to OFFFFH (3,840 Bytes)
uPD784038 OEEOOH to OFFFFH (4,608 Bytes)
uPD78P4038

External memory

The external memory is accessed in the external memory expansion mode.

(2) When LOCATION OFH instruction is executed

Internal memory

The internal data area and internal ROM area are follows:

Parts Number Internal Data Area Internal ROM Area
uPD784031 FF700H to FFFFFH —
uPD784035 00000H to 0BFFFH
HPD784036 00000H to OFFFFH
HPD784037 FF100H to FFFFFH 00000H to 17FFFH
uPD784038 FEEOOH to FFFFFH 00000H to 1FFFFH
uPD78P4038

External memory

The external memory is accessed in the external memory expansion mode.
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Figure 3-1 uPD784031 Memory Map

When LOCATION OH Instruction Is Executed When Location OFH Instruction Is Executed

aniAYragLeL LN lenuepn sJesn

FFFFFH FEE T T [ Soecal Function Registers (SFFs] ]
FFFDOH| - - - _________|
FFFOOH (256 bytes)
OFEFFH FFEFFH FFEFFH
General-Purpose
: Internal RAM
External Memory Registers (2,048 bytes)
(960 Kbytes) (128 bytes) ) Yy
OFE8OH FFEBOH FF700H
OFE7FH FFE7FH FF6FFH
Note 2
10000H OFE2FH MacroServiceControIN ) FRE2FH
OFFFFH - - - ote
OFFDF H _Special Function Registers (SFRs) | OFEO06 H Word Area (42 Kbytes) FFEOGH
OFFDOH B
8 E E g 2 n vies) Data Area (512 bytes)
OFDOOH | _ _ __ _ ______ _ OFDOOH FFDOO
OFCFFH 0OFCFFH FFCFFH E
xternal Memory
Internal RAM Program/Data Area (997,120 bytes)
(2,048 bytes) (1,536 bytes) )
OF700H 0F700H FF700H
OF6FFH
External ROM -
(63,232 bytes) g
,,,,,,,,,,,, __ 10000H
00FFFH 00FFFH OFFFFH
CALLF Entry Area 2
(2 Kbytes) 2
777777777777 L 00800H R I
007FFH
coosoM} ! 000Nl ___________ _
0007EHL GALLT Table Area
777777777777 o 00040H (64 bytes) I
0003FH
Vector Table Area
00000H 00000H (64 bytes) 00000H

Notes 1. Base area, reset or interrupt entry area, excluding internal RAM in the case of reset.
2. OFE31H (44 B) for the uPD784031Y.
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When LOCATION OH Instruction Is Executed

FFFFFH
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0Co00
0BFF
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00000H

Figure 3-2 pPD784035 Memory Map

When Location OFH Instruction Is Executed

FFFFFH
FFFDFH
FFFDOH

(256 bytes)

FFFOOH
FFEFFH

OFEFFH FFEFFH
General-Purpose
h Internal RAM
External Memory Netet Registers (2,048 bytes)
(960 Kbytes) (128 bytes) ’
OFEBOH FFE8OH FF700H
OFE7FH FFE7FH FF6FFH
Note 3
FE2FH - FFE2FH
OFE2 Macro Service Control
i i i Note 3
Nigefla‘fuﬂcll”lRﬁglﬁels (SFRs) | 0FE o6 H | WordArea (42 Kbytes) FFEOGH
e Data Area (512 bytes) Feboom
0FDOOH 00
Internal RAM OFCFFH FFCFFH External Memory Note
Program/Data Area
(2,048 bytes) (1,536 bytes) (997,120 bytes)
0F700H FF700H
O0BFFFH
2 Program/Data Area
External ROM™te* (48 bytes)
(14,080 bytes) 01000 H
00FFFH 10000H|_ _ _ _ _ _ ___ ___ ]
CALLF Entry Area OFFFFH ~
(2 Kbytes) 2
E
00800H 0CO000H
007FFH OBFFFH
00080H
0007FH
Internal ROM CALLT Table Area Internal ROM
(48 Kbytes) 00040H (64 bytes) (48 Kbytes)
0003FH
Vector Table Area
00000 | (64bytes) 00000H

Notes 1. Accessed in external memory extension mode.
2. Base area, reset or interrupt entry area, excluding internal RAM in the case of reset.
3. OFE31H (44 B) for the uPD784035Y.
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When LOCATION OH Instruction Is Executed

FFFFFH

Figure 3-3 uPD784036 Memory Map

When Location OFH Instruction Is Executed

FFFFFH v . -
FFFDF H ,Nsuggclﬁl Function Registers (SFRs) |
FFFDOH| Y _ _ _ ]
FFFOOH (256 bytes)
OFEFFH FFEFFH FFEFFH
General-Purpose Internal RAM
External Memory Motet Registers 2,048 bytes
(960 Kbytes) (128 bytes) (2,048 bytes)
OFE8OH FFE8OH FF700H
OFE7FH FFE7FH [FF6FFH
Note 5
OFE2FHI Macro Service Control FRE2FH
i i i Note 5
ﬁf‘%elclalfugcyorl Registers (SFRs) | o FE o6 1| Word Area (42 bytes) M FFEO6H
(256 bytee) Data Area (512 bytes)
OFDOOH FFDOOH
OFCFFH FFCFFH External Memory Nete !
|gtgr4n83|b|:(tAM Program/Data Area (980,736 bytes)
(2,048 bytes) (1,536 bytes)
0F700H FF700H
oo 2 OFFFFH
OF6FFH| 7
M Program/Data Area"°'¢*
01000H
Internal ROM 0O0FFFH
(63,232 bytes) CALLF Entry Area
(2 Kbytes)
00800H 10000H
007FFH OFFFFH
00080H
0007FHI CALLT Table Area Internal ROM | 3
00040 H|(64bytes) (64 Kbytes) 2
0003FH Vector Table Area
00000 | (B4 bytes) 00000H

10000H
OFFFFH
OFFDFH
OFFDOH
OFFOOH
OFEFFH
OF700H
OF6FFH
0000O0H
Notes 1.

2.

3.

4,

Accessed in external memory extension mode.

The 2,304 bytes of this area can be used as internal ROM only when the LOCATION OFH instruction is executed.
63,232 bytes when the LOCATION 0OH is executed, and 65,536 bytes when the LOCATION OFH instruction is executed.

Base area, reset or interrupt entry area, excluding internal RAM in the case of reset.
OFE31H (44B) for the uPD784036Y.
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G/,

Notes

Figure 3-4 uPD784037 Memory Map

When LOCATION OH Instruction Is Executed

When Location OFH Instruction Is Executed

FFFFFH FFFFFH - - -
FFEDFH %g%cigl Function Registers (SFRs) |
FFFDOH| - - _- - _ _ — _ _ _ _ _ _
EEFOOH (256 bytes)
OFEFFH FFEFFH FFEFFH
External Memory Note * General-Purpose Internal RAM
(928 Kbytes) Registers (3,584 bytes)
(128 bytes)
E8O0H FFE80 FF100H
H FFE7F FOFFH
18000H
17FFFH
Internal ROM Note 5
10000 H (32,768 bytes) 0 FE2F Hf Macro Service Control freern
g E i; E : ﬁs,ﬁge?*al Function Registers (SFRs) | 0FE o6 1| WordArea (42 bytes) Note 5 EFEoGH
OFFDOH| - - _ _ _ _ _____
9FEFooH (256 bytes) Data Area (512 bytes)
0FDOOH FFDOOH
Internal RAM OFCRFH Foren
nternal
Program/Data Area
(3584 bytes) (3,072 bytes) External Memory Note 1
0F100H 0F100H FF100H (946,432 bytes)
OFOFFH
17FFFH T 7FFFH
tooo0oH}y
Note 2
OFOFFA[ T T T T T T
1;' Program/Data Area Note 3
= 01000H
i
(61,696 bytes) CALLF Entry Area
00800 H|(@Kbytes) 18000H
007FFH T7FFFH
00080H
0007FHICAI|T Table Area Internal ROM M
00040 |64 Dbytes) (96 Kbytes) 2
0003FH
Vector Table Area
00000H 00000 1| (64 Dbytes) 00000H
1. Accessed in external memory extension mode.
2. The 3,840 bytes of this area can be used as internal ROM only when the LOCATION OFH instruction is executed.
3. 94,464 bytes when the LOCATION 0H is executed, and 98,304 bytes when the LOCATION OFH instruction is executed.
4. Base area, reset or interrupt entry area, excluding internal RAM in the case of reset.
5. OFE31H (44B) for the uPD784037Y.
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Figure 3-5 uPD784038 Memory Map

When LOCATION OH Instruction Is Executed When Location OFH Instruction Is Executed
FFFFFH FFFFFH - - -
FFEDFH %Lg‘%cl@l Function Registers (SFRs) |
FFFDOH|Ne |
FFFOOH (256 bytes)
OFEFFH FFEFFH FFEFFH
External Memory Nete! General-Purpose Internal RAM
(896 Kbytes) Registers (4,352 bytes)
(128 bytes)
OFEBOH FFEBOH FEEOOH
OFE7F FFE7FH EDFFH
20000H
TFFFFH
Internal ROM Note 5
10000 H (65,536 bytes) 0 FE2FH Macro Senvice Control freze
g E E l'; E : NS;pgcligl Function Registers (SFRs) | oFE o6 n| WordArea (42bytes)™e® | e e gy
OFFDOH| ML - _________]
9EEoQH (256 bytes) Data Area (512 bytes)
OFDOOH FFDOOH
OFCFFH FCFFH
Internal RAM Program/Data Area
(4,352 bytes) (8,840 bytes) External Memory Nete t
0EEOOH 0EEOOH FEEOOH (912,896 bytes)
0EDFFH
1TFFFFH { FFFFH
10000H| __ _ _ _ ________
Note 2
OEDFFH| ~—~~~ 77
. Program/Data AreaNote ?
2 01000H
EoozB ey |
(60,928 bytes) CALLF Entry Area
00800 H|(2Kbytes) 20000H
007FFH TFFFFH
00080H
0007FHIGALLT Table Area Internal ROM |
00040 n|(64bytes) (128 Kbytes) 2
0003FH
Vector Table Area
00000H 00000 1| (64 bytes) 00000H
Notes Accessed in external memory extension mode.

The 4,608 bytes of this area can be used as internal ROM only when the LOCATION OFH instruction is executed.
126,464 bytes when the LOCATION 0H is executed, and 131,072 bytes when the LOCATION OFH instruction is executed.
Base area, reset or interrupt entry area, excluding internal RAM in the case of reset.

OFE31H (44 B) for the uPD784038Y.

SAE I
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CHAPTER 3 CPU ARCHITECTURE

3.2 INTERNAL ROM AREA

The uPD784038 Subseries products shown below incorporate ROM which is used to store programs, table data, etc.
If the internal ROM area and internal data area overlap when the LOCATION OH instruction is executed, the internal data
area is accessed, and the overlapping part of the internal ROM area cannot be accessed.

Address Space
Product Name Internal ROM
LOCATION OH Instruction | LOCATION OFH Instruction
uPD784035 48 K x 8 bits 00000H to OBFFFH 00000H to OBFFFH
uPD784036 64 K x 8 bits 00000H to OF6FFH 00000H to OFFFFH
uPD784037 96 K x 8 bits 00000H to OFOFFH 00000H to 17FFFH
10000H to 17FFFH
uPD784038 128 K x 8 bits 00000H to OEDFFH 00000H to 1FFFFH
uPD78P4038 10000H to 1FFFFH

The internal ROM can be accessed at high speed. Normally, fetches are performed at the same speed as external ROM,
but if the IFCH bit of the memory extension mode register (MM) is set (to 1), the high-speed fetch function is used and internal
ROM fetches are performed at high speed (2-byte fetch performed in 2 system clocks).

When the instruction execution cycle equal to an external ROM fetch is selected, wait insertion is performed by the wait
function, but when high-speed fetches are used, wait insertion is not performed for internal ROM. However, do not set external
wait to the internal ROM area. Otherwise, the CPU may be in the deadlock status which can be cleared only by reset input.

RESET input sets the instruction execution cycle equal to the external ROM fetch cycle.

Remark This address space of the uPD784031 is in an external memory.
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CHAPTER 3 CPU ARCHITECTURE

3.3 BASE AREA
The space from 0 to FFFFH comprises the base area. The base area is the object for the following uses:

* Reset entry address

* Interrupt entry address

» CALLT instruction entry address

+ 16-bit immediate addressing mode (with instruction address addressing)
+ 16-bit direct addressing mode

» 16-bit register addressing mode (with instruction address addressing)

« 16-bit register indirect addressing mode

 Short direct 16-bit memory indirect addressing mode

The vector table area, CALLT instruction table area and CALLF instruction entry area are allocated to the base area.

When the LOCATION OH instruction is executed, the internal data area is located in the base area. Note that, in the internal
data area, program fetches cannot be performed from the internal high-speed RAM area or special function register (SFR) area.
Also, internal RAM area data should only be used after initialization has been performed.

3.3.1 Vector Table Area

The 64-byte area from 00000H to 0003FH is reserved as the vector table area. The vector table area stores the program
start addresses used when a branch is made as the result of RESET input or generation of an interrupt request. When context
switching is used by an interrupt, the number of the register bank to be switched to is stored here.

Any portion not used as the vector table can be used as program memory or data memory.

16-bit values can be written to the vector table. Therefore, branches can only be made within the base area.
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CHAPTER 3 CPU ARCHITECTURE

Table 3-1 Vector Table

Vector Table Address Interrupt Cause
0003CH Operand error
0003EH BRK
00000H Reset (RESET input)
00002H NMI
00004H WDT
00006H INTPO
00008H INTP1
0000AH INTP2
0000CH INTP3
0000EH INTCO0
00010H INTCO1
00012H INTC10
00014H INTC11
00016H INTC20
00018H INTC21
0001AH INTC30
0001CH INTP4
0001EH INTP5
00020H INTAD
00022H INTSERT1
00024H INTSR1/INTCSIH
00026H INTSTH
00028H INTCSI
0002AH INTSER2
0002CH INTSR2/INTCSI2
0002EH INTST2
00030H INTSPC Note

Note uPD784038Y Subseries only

3.3.2 CALLT Instruction Table Area

The 1-byte call instruction (CALLT) subroutine entry addresses can be stored in the 64-byte area from 00040H to 0007FH.

The CALLT instruction references this table, and branches to a base area address written in the table as a subroutine. As
the CALLT instruction is one byte in length, use of the CALLT instruction for subroutine calls written frequently throughout the
program enables the program object size to be reduced. The table can contain up to 32 subroutine entry addresses, and
therefore it is recommended that they be recorded in order of frequency.

If this area is not used as the CALLT instruction table, it can be used as ordinary program memory or data memory.

3.3.3 CALLF Instruction Entry Area

A subroutine call can be made directly to the area from 00800H to 00FFFH with the 2-byte call instruction (CALLF).

As the CALLF instruction is a two-byte call instruction, it enables the object size to be reduced compared with use of the direct
subroutine call CALL instruction (3 or 4 bytes).

Writing subroutines directly in this area is an effective means of exploiting the high-speed capability of the device.

If you wish to reduce the object size, writing an unconditional branch (BR) instruction in this area and locating the subroutine
itself outside this area will result in a reduced object size for subroutines that are called from five or more points. In this case,
only the 4 bytes of the BR instruction are occupied in the CALLF entry area, enabling the object size to be reduced with a large

number of subroutines.
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CHAPTER 3 CPU ARCHITECTURE

3.4 INTERNAL DATA AREA

The internal data area consists of the internal RAM area and special function register area (see Figures 3-1 to 3-5).

The final address of the internal data area can be specified by means of the LOCATION instruction as either OFFFFH (when
a LOCATION OH instruction is executed) or FFFFFH (when a LOCATION OFH instruction is executed). Selection of the
addresses of the internal data area by means of the LOCATION instruction must be executed once immediately after reset
release, and once the selection is made, it cannot be changed. The program after reset release must be as shown in the example
below. If the internal data area and another area are allocated to the same addresses, the internal data area is accessed and
the other area cannot be accessed.

Example  RSTVCT CSEG AT O

DW RSTSTRT
to
INITSEG CSEG BASE
RSTSTRT: LOCATION OH ; or LOCATION OFH

MOVG SP, #STKBGN

Caution When the LOCATION OH instruction is executed, it is necessary to ensure that the program after reset
release does not overlap the internal data area. Itis also necessary to make sure that the entry addresses
of the service routines for non-maskable interrupts such as NMI do not overlap the internal data area.
Also, initialization must be performed for maskableinterrupt entry areas, etc., beforetheinternal dataarea
is referenced.

3.4.1 Internal RAM Area
The uPD784038 incorporates general-purpose static RAM.
This area is configured as follows:
Peripheral RAM (PRAM)
Internal RAM area |:
Internal high-speed RAM (IRAM)

Table 3-2 Internal RAM Area

Internal RAM Internal RAM Area
Product Name Peripheral RAM: PRAM Internal High-Speed RAM: IRAM
HPD784031 2,048 bytes 1,536 bytes 512 bytes
HPD784035 (OF700H to OFEFFH) (OF700H to OFCFFH) (OFDOOH to OFEFFH)
uPD784036
HPD784037 3,584 bytes 3,072 bytes
(OF100H to OFEFFH) (OF100H to OFCFFH)
HPD784038 4,352 bytes 3,840 bytes
UPD78P4038 (OEEOOH to OFEFFH) (OEEOOH to OFCFFH)

Remark The addresses in the table are the values that apply when the LOCATION OH instruction is executed. When the
LOCATION OFH instruction is executed, O0FO000H should be added to the values shown above.
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CHAPTER 3 CPU ARCHITECTURE

The internal RAM memory map is shown in Figure 3-6.

Figure 3-6 Internal RAM Memory Map

O0OFEFFH
General-Purpose
Register Area
00FE80H
Short Direct Addressing 1
Permissible Range
O0FE2FH Note
Macro Service
Control Word Area
00FEO6H

O00FEOOH | Internal High-Speed RAM

0OFDFFH
Short Direct Addressing 2
Permissible Range
00FD20H
00FD1FH
00FDOOH
00FCFFH

Peripheral RAM

Differs depending on product N°¢ 2

Notes 1. O0FE31H for uPD784038Y Subseries.
2. uPD784031, 784035, 784036 : 00F700H
uPD784037 : 00F100H
uPD784038, 78P4038 : OOEEOQOH

Remark The addresses in the figure are the values that apply when the LOCATION OH instruction is executed. When the
LOCATION OFH instruction is executed, OFO000H should be added to the values shown above.
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(1) Internal high-speed RAM (IRAM)

The internal high-speed RAM (IRAM) allows high-speed accesses to be made. The short direct addressing mode for high-
speed accesses can be used on FD20H to FEFFH in this area. There are two kinds of short direct addressing mode, short
direct addressing 1 and short direct addressing 2, according to the target address. The function is the same in both of these
addressing modes. With some instructions, the word length is shorter with short direct addressing 2 than with short direct
addressing 1. See the 78K/IV Series User’s Manual Instruction Volume for details.

A program fetch cannot be performed from IRAM. If a program fetch is performed from an address onto which IRAM is
mapped, CPU inadvertent loop will result.

The following areas are reserved in IRAM.

» General-purpose register area : FE80H to FEFFH
» Macro service control word area: FEO6H to FE2FH (excluding OFE22H, OFE23H, OFE2AH, OFE2BH)
» Macro service channel area : FEOOH to FEFFH (the address is specified by the macro service control word)

If the reserved function is not used in these areas, they can be used as ordinary data memory.

Remark The addresses in this text are those that apply when the LOCATION OH instruction is executed. When the
LOCATION OFH instruction is executed, 0FO000H should be added to the values shown in the text.

(2) Peripheral RAM (PRAM)
The peripheral RAM (PRAM) is used as ordinary program memory or data memory. When used as program memory, the
program must be written to the peripheral RAM beforehand by a program.
Program fetches from peripheral RAM are fast, with a 2-byte fetch being executed in 2 clocks.

3.4.2 Special Function Register (SFR) Area

The on-chip peripheral hardware special function registers (SFRs) are mapped onto the area from OFFO0H to OFFFFH (see
Figures 3-1to 3-5).

The area from OFFDOH to OFFDFH is mapped as an external SFR area, and allows externally connected peripheral I/Os,
etc., to be accessed in external memory extension mode (specified by the memory extension mode register (MM)) by the ROM-
less product or on-chip ROM products.

Caution Addresses onto which SFRs are not mapped should not be accessed in this area. If such an address is
accessed by mistake, the CPU may become deadlocked. A deadlock can only be released by reset input.

Remark The addresses in this text are those that apply when the LOCATION OH instruction is executed. When the
LOCATION OFH instruction is executed, 0FO000H should be added to the values shown in the text.

3.4.3 External SFR Area

In uPD784038 Subseries products, the 16-byte area from OFFDOH to OFFDFH in the SFR area (when the LOCATION OH
is executed; OFFFDOH to OFFFDFH when the LOCATION OFH instruction is executed) is mapped as an external SFR area.
When the external memory extension mode is set in a ROM-less product or on-chip ROM product, externally connected
peripheral I/Os, etc., can be accessed using the address bus or address/data bus, etc.

Asthe external SFR area can be accessed by SFR addressing, peripheral I/O and similar operations can be performed easily,
the object size can be reduced, and macro service can be used.

Bus operations for accesses to the external SFR area are performed in the same way as for ordinary memory accesses.
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3.5 EXTERNAL MEMORY SPACE

The external memory space is amemory space that can be accessed in accordance with the setting of the memory extension
mode register (MM). It can store programs, table data, etc., and can have peripheral /O devices allocated to it.

3.6 uPD78P4038 MEMORY MAPPING

The uPD78P4038 incorporates 128-Kbyte internal ROM and 4,352-byte internal RAM. Therefore, the memory mapping of
the uPD78P4038 is slightly different from that of the pPD784035, 784036, and 784037. In order to mask this difference, the
uPD78P4038 has a function (the memory size switching function) which prevents part of the internal memory from being used
by software.

Memory size switching is performed by means of the internal memory size switching register (IMS). To make the memory
mapping of the uPD78P4038 the same as that of the uPD784035, 784036, and 784037, be sure to write this registerimmediately
after reset. Do not change the written value.

The IMS can be written to with an 8-bit manipulation instruction. The IMS format is shown in Figure 3-7.

'RESET input sets the IMS register to FFH.

Figure 3-7 Internal Memory Size Switching Register (IMS) Format

Address After Reset R/W
IMS IMS7 | IMS6 | IMS5 | IMS4 | IMS3 | IMS2 | IMS1 | IMSO OFFFCH FFH R/W

IMS0 to 7 Memory Size

FFH Same as uPD784038

EEH Same as yPD784037

DCH Same as uPD784036

CCH Same as yPD784035

IMS is not provided to the uPD784035, 784036, 784037, and 784038. However, the operation is not affected even if an
instruction to write IMS is executed with these models.

Caution Ifthe uPD78P4038is selected as the emulation CPU when the in-circuit emulator is used, the memory size

is always the same as the uyPD784038 even if a write instruction other than FFH (EEH, DCH, or CCH) is
executed to the IMS.
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3.7 CONTROL REGISTERS

Control registers consist of the program counter (PC), program status word (PSW), and stack pointer (SP).

3.7.1 Program Counter (PC)

This is a 20-bit binary counter that holds address information on the next program to be executed (see Figure 3-8).

Normally, the PC is incremented automatically by the number of bytes in the fetched instruction. When an instruction
associated with a branch is executed, the immediate data or register contents are set in the PC.

UpoanET input, the 16-bit data in address 0 and 1 is set in the low-order 16 bits, and 0000 in the high-order 4 bits of the
PC.

Figure 3-8 Program Counter (PC) Format
19 0

PC

3.7.2 Program Status Word (PSW)

The program status word (PSW) is a 16-bit register comprising various flags that are set or reset according to the result of
instruction execution.

Read accesses and write accesses are performed in high-order 8-bit (PSWH) and low-order 8-bit (PSWL) units. Individual
flags can be manipulated by bit-manipulation instructions.

The contents of the PSW are automatically saved to the stack when a vectored interrupt request is acknowledged or a BRK
instruction is executed, and automatically restored when an RETI or RETB instruction is executed. When context switching is
used, the contents are automatically saved in RP3, and automatically restored when an RETCS or RETCSB instruction is
executed.

RESET input resets (to 0) all bits.

“0” must always be written to the bits written as “0” in Figure 3-9. The contents of bits written as “-” are undefined when read.

Figure 3-9 Program Status Word (PSW) Format

Symbol 7 6 5 4 3 2 1 0

PSWH UF RBS2 RBS1 RBS0 - - - -
7 6 5 4 3 2 1 0

PSWL S VA RSS AC IE PV 0 CcYy

The flags are described below.

(1) Carry flag (CY)
The carry flag records a carry or borrow resulting from an operation.
This flag also records the shifted-out value when a shift/rotate instruction is executed, and functions as a bit accumulator
when a bit-manipulation instruction is executed.
The status of the CY flag can be tested with a conditional branch instruction.
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Parity/overflow flag (P/V)
The P/V flag performs the following two kinds of operation associated with execution of an operation instruction.
The status of the P/V flag can be tested with a conditional branch instruction.

 Parity flag operation
Set (to 1) when the number of bits set (to 1) as the result of execution of a logical operation instruction, shift/rotate
instruction, or a CHKL or CHKLA instruction is even, and reset (to 0) if odd. When a 16-bit shift instruction is executed,
however, only the low-order 8 bits of the operation result are valid for the parity flag.

» Overflow flag operation
Set (to 1) only when the numeric range expressed as a two’s complement is exceeded as the result of execution of a
arithmetic operation instruction, and reset (to 0) otherwise. More specifically, the value of this flag is the exclusive OR
of the carry into the MSB and the carry out of the MSB. For example, the two’s complement range in an 8-bit arithmetic
operation is 80H (—128) to 7FH (+127), and the flag is set (to 1) if the operation result is outside this range, and reset (to
0) if within this range.

Example The operation of the overflow flag when an 8-bit addition instruction is executed is shown below.

When the addition of 78H (+120) and 69H (+105) is performed, the operation resultis E1H (+225), and the two’s
complement limit is exceeded, with the result that the P/V flag is set (o 1). Expressed as atwo’s complement,

E1H is -31.
78H (+120) = 0,111 1,000
+) B69H (+105) = +) 0,110 1,001
0 1,110 0,001 = -31 PN =1
X
0%

When the following two negative numbers are added together, the operation result is within the two’s
complement range, and therefore the P/V flag is reset (to 0).

FBH (-5) = 1,111 1,011
+) FOH(-16) = +) 1,111 0,000
1 1,110 1,011 = —21 PN =0
,
cY

Interrupt request enable flag (IE)

This flag controls CPU interrupt request acknowledgment operations.

When “0”, interrupts are disabled, and only non-maskable interrupts and unmasked macro service can be acknowledged.
All other interrupts are disabled.

When “1”, the interrupt enabled state is set, and enabling of interrupt request acknowledgment is controlled by the interrupt
mask flags corresponding to the individual interrupt requests and the priority of the individual interrupts.

The IE flag is set (to 1) by execution of an El instruction, and reset (to 0) by execution of a Dl instruction or acknowledgment
of an interrupt.

Auxiliary carry flag (AC)
The AC flag is set (to 1) when there is a carry out of bit 3 or a borrow into bit 3 as the result of an operation, and reset (to
0) otherwise.
This flag is used when the ADJBA or ADJBS instruction is executed.
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Register set selection flag (RSS)

The RSS flag specifies the general-purpose registers that function as X, A, C, and B, and the general-purpose register pairs
(16-bit) that function as AX and BC.

This flag is provided to maintain compatibility with the 78K/Ill Series, and must be set to 0 except when using a 78K/Ill Series
program.

Zero flag (2)

The Z flag records the fact that the result of an operation is “0”.

It is set (to 1) when the result of an operation is “0”, and reset (to 0) otherwise. The status of the Z flag can be tested with
a conditional branch instruction.

Sign flag (S)

The S flag records the fact that the MSB is “1” as the result of an operation.

Itis set (to 1) when the MSB is “1” as the result of an operation, and reset (to 0) otherwise. The status of the S flag can be
tested with a conditional branch instruction.

Register bank selection flag (RBSO to RBS2)
This is a 3-bit flag used to select one of the 8 register banks (register bank 0 to register bank 7) (see Table 3-3).
It stores 3-bit information which indicates the register bank selected by execution of a SEL RBn instruction, etc.

Table 3-3 Register Bank Selection

RBS2 RBS1 RBS0O Specified Register Bank
0 0 0 Register bank 0
0 0 1 Register bank 1
0 1 0 Register bank 2
0 1 1 Register bank 3
1 0 0 Register bank 4
1 0 1 Register bank 5
1 1 0 Register bank 6
1 1 1 Register bank 7

User flag (UF)
This flag can be set and reset in the user program, and used for program control.
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3.7.3 Use of RSS Bit

Basically, the RSS bit should be fixed at 0 at all times.

The following explanation refers to the case where a 78K/Ill Series program is used, and the program used sets the RSS bit
to 1. This explanation can be skipped if the RSS bit is fixed at 0.

The RSSbitis provided to allow the functions of A (R1), X (R0), B (R3), C (R2), AX (RP0), and BC (RP1) to be used by registers
R4 to R7 (RP2, RP3) as well. Effective use of this bit enables efficient programs to be written in terms of program size and
program execution.

However, careless use can result in unforeseen problems. Therefore, the RSS bit should always be set to 0. The RSS bit
should only be set to 1 when a 78K/Ill Series program is used.

Use of the RSS bit set to 0 in all programs will improve programming and debugging efficiency.

Even when using a program in which the RSS bit setto 1 is used, itis recommended that the program be amended if possible
so that it does not set the RSS bit to 1.

(1) RSS bit specification

» Registers used by instructions for which the A, X, B, C, and AX registers are directly entered in the operand column of
the operation list (see 27.2.)

» Registers specified as implied by instructions that use the A, AX, B, and C registers by means of implied addressing

» Registers used in addressing by instructions that use the A, B, and C registers in indexed addressing and based indexed
addressing

The registers used in these cases are switched as follows according to the RSS bit.

- When RSS =0
A-R1, X-R0,B-R3, C-R2, AX-RPO, BC-RP1

- When RSS =1
A_-R5,X-R4,B-R7,C-R6, AX-RP2, BC- RP3
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Registers used other than those mentioned above are always the same irrespective of the value of the RSS bit. With the
NEC Electronics assembler (RA78K4), the register operation code generated when the A, X, B, C, AX, and BC registers are
described by those names is determined by the assembler RSS pseudo-instruction.

When the RSS bit is set or reset, an RSS pseudo-instruction must be written immediately before (or immediately after) the
relevant instruction (see example below).

<Program example>
* When RSSissetto 0

RSS 0 ; RSS pseudo-instruction
CLR1 PSWL.5
MOV B, A ; This description is equivalent to “MOV R3, R1".

 When RSS is set to 1

RSS 1 ; RSS pseudo-instruction
SET1 PSWL.5
MOV B, A ; This description is equivalent to “MOV R7, R5".

(2) Operation code generation method with RA78K4

» With RA78K4, if there is an instruction with the same function as an instruction for which A or AX is directly entered in
the operand column of the instruction operation list, the operation code for which A or AXiis directly entered in the operand
column is generated first.

Example The function is the same when B is used as rin a MOV A, rinstruction, and when A is used as r and B is used
asr’ina MOV r, r’ instruction, and the same description (MOV A, B) is used in the assembler source program.
In this case, RA78K4 generates code equivalent to the MOV A, r instruction.

« IfA, X, B, C, AX, or BC is written in an instruction for which r, r’, rp, and rp’ are specified in the operand column, the A,
X, B, C, AX, and BC instructions generate an operation code that specifies the following registers according to the
operand of the RA78K4 RSS pseudo-instruction.

Register RSS =0 RSS =1
A R1 R5
X RO R4
B R3 R7
C R2 R6
AX RPO RP2
BC RP1 RP3

+ |f RO to R7 or RPO to RP4 is written as r, ', rp or rp’ in the operand column, an operation code in accordance with that
specification is output (an operation code for which A or AX is directly entered in the operand column is not output.)

» Descriptions R1, R3, R2 or R5, R7, R6 cannot be used for registers A, B, and C used in indexed addressing and based
indexed addressing.
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(3) Operating precautions
Switching the RSS bit has the same effect as having two register sets. However, when writing a program, care must be
taken to ensure that the static program description and dynamic RSS bit changes at the time of program execution always
coincide.
Also, a program that sets RSS to 1 cannot be used by a program that uses the context switching function, and therefore
program usability is poor. Moreover, since different registers are used with the same name, program readability is poor and
debuggingis difficult. Therefore, ifitis necessary to set RSSto 1, these disadvantages must be fully taken into consideration
when writing a program.
A register not specified by the RSS bit can be accessed by writing its absolute name.

3.7.4  Stack Pointer (SP)

The stack pointer is a 24-bit register that holds the start address of the stack area (LIFO type: 00000H to FFFFFFH) (see
Figure 3-10). ltis used to address the stack area when subroutine processing or interrupt servicing is performed. Be sure to
write “0” in the high-order 4 bits.

The contents of the SP are decremented before a write to the stack area and incremented after a read from the stack area
(see Figures 3-11 and 3-12).

The SP is accessed by dedicated instructions.

The SP contents are undefined after RESET input, and therefore the SP must always be initialized by an initialization program
directly after reset release (before a subroutine call or interrupt acknowledgment).

Example SP initialization
MOVG SP, #OFEEOH; SP — OFEEOH (when used from FEDFH)

Figure 3-10 Stack Pointer (SP) Format
23 0

SP
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Figure 3-11 Data Saved to Stack Area

PUSH sfr Instruction

PUSH sfrp Instruction

)
B
w

[y s o OO
= s}
x R
n

Stack Stack
SP = SP »
! !
SP -1 SP -1 Upper Byte
!
SP ~ SP-1 SP-2 Lower Byte
SP - SP-2
PUSH PSW Instruction PUSH rg Instruction
Stack Stack
SP =» SP »
! !
sP -1 PSU. | Undefined sP -1 Upper Byte
SP-2 PSWL SP-2 Middle Byte
!
SP - SP-2 SP-3 Lower Byte
SP - SP-3
) PUSH post, PUSHU post Instruction
CALL, CALLF, CALLT Instruction Vectored Interrupt (In case of PUSH AX, RP2, RP3)
Stack Stack Stack
SP =» SP = SP =
! ! !
_ ' PC19 to _ 4 |PSWH7to| PC19to _
SllD 1 |Undefined PC16 Slf 1 PSWHs PC16 Slf 1 R7
SP-2 PC15to PC8 SP-2 PSWL SP-2 R6
! ! !
SP-3 PC7 to PCO SP-3 PC15 to PC8 SP-3 R5
! !
SP . SP-3 SP -4 PC7 to PCO SP -4 R4
!
SP - SP-4 SP-5 A
!
SP-6 X
SP - SP-6
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Figure 3-12 Data Restored from Stack Area

POP sfr Instruction POP sfrp Instruction
Stack Stack
SP ~ SP +1 SP - SP+2
SP +1 SP + 1 Upper Byte
1 1
SP » SP=» Lower Byte
POP PSW Instruction POP rg Instruction
Stack Stack
SP — SP+2 SP - SP+3
1
SPT+ 1 ngv\}v"ﬁzo —Note SPT+ 2 Upper Byte
Sp= PSWL SP +1 Middle Byte
1
SP= Lower Byte

POP post, POPU post Instruction

RET Instruction RETI, RETB Instruction (In case of POP AX, RP2, RP3)
Stack Stack Stack ’
SP ~ SP+3 SP — SP +4 SP - SP+6
_ Not PC19to PSWH?- to| PC19 to
SP+2 ™ | pcte SP+3| PSWH: | PC16 SP+5 R7 S RPs
SP + 1 PC15to PC8 SP+2 PSWL SP+4 R6 O
t 1 1
SPm PC7 to PCO SP + 1 PC15to PC8 SP4+3 R5 0
1 1 ORP2
SP= PC7 to PCO SP+2 R4 O
1
SP +1 A 0
1 OAX
SP = 0

Note This 4-bit data is ignored.

Cautions 1. With stack addressing, the entire 1-Mbyte space can be accessed but astack areacannot bereserved
in the SFR area or internal ROM area.

2. The stack pointer (SP) is undefined after RESET input. Moreover, non-maskable interrupts can still
be acknowledged when the SPis in an undefined state. An unanticipated operation may therefore be
performed if a non-maskable interrupt request is generated when the SP is in the undefined state
directly after reset release. To avoid this risk, the program after reset release must be written as

follows.
RSTVCT CSEG AT 0
DW RSTSTRT
to
INITSEG CSEG BASE
RSTSTRT: LOCATION OH ; or LOCATION OFH

MOVG SP, #STKBGN
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3.8 GENERAL REGISTERS

3.8.1 Configuration

There are sixteen 8-bit general-purpose registers, and two 8-bit general-purpose registers can be used together as a 16-bit
general-purpose register. In addition, four of the 16-bit general-purpose registers can be combined with an 8-bit register for

address extension, and used as 24-bit address specification registers.

General-purpose registers other than the V, U, T, and W registers for address extension are mapped onto internal RAM.
These register sets are provided in 8 banks, and can be switched by means of software or the context switching function.
Upon RESET input, register bank 0 is selected. The register bank used during program execution can be checked by reading

the register bank selection flag (RBS0, RBS1, RBS2) in the PSW.

Figure 3-13 General-Purpose Register Format

7 07 0
ARY) | X (RO)
AX (RPO)
B (R3) ' C(R2)
BC (RP1)
R5 ; R4
RP2
— R7 : R6
] RP3
v | R9 ; R8
! VP (RP4)
VVP (RG4)
U : R11 ! R10
| UP (RPS5)
UUP (RG5)
T . D(R13) '  E(R12
| DE (RP6)
TDE (RG6)
w . H(R15) ' L(R14)
| HL (RP7) —
WHL (RG7)
23 15 0

Remark Absolute names are shown in parentheses.
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Figure 3-14 General-Purpose Register Addresses

8-Bit Processing

16-Bit Processing

FEFFH Nete RBNKO H (R15) /1) | L (R14) €n HL (RP7) &n
RBNK1 D (R13) on) | E (R12) (cH) DE (RP6) (cH)
RBNK2 R11 &h) R10 (an) UP (RP5) (an)
RBNK3 R9 (9H) R8 (sH) VP (RP4) @H)
RBNK4 R7 7w R6 1) RP3 (1)
RBNK5 R5 (sH) R4 an) RP2 4n)
RBNK6 B (R3) @H) C (R2) 2n) BC (RP1) (1)

FE8QH Nete RBNK7 A (R1) (n) X (RO) (om) AX (RPO) ©on)

7 07 0 15

Note Whenthe LOCATION OH instructionis executed. Whenthe LOCATION OFH instructionis executed, 0FO0O00H should

be added to the address values shown above.

Caution R4, R5, R6, R7, RP2, and RP3 can be used as the X, A, C, B, AX, and BC registers respectively by setting
the RSS bit of the PSW to 1, but this function should only be used when using a 78K/Ill Series program.

Remark When the register bank is changed, and it is necessary to return to the original register bank, an SEL RBn
instruction should be executed after saving the PSW to the stack with a PUSH PSW instruction. When returning
to the original register bank, if the stack location does not change the POP PSW instruction should be used.
When the register bank is changed by a vectored interrupt service program, etc., the PSW is automatically saved
to the stack when an interrupt is acknowledged and restored by an RETI or RETB instruction, so that, if only one
register bank is used in the interrupt service routine, only an SEL RBn instruction needs be executed, and

execution of a PUSH PSW and POP PSW instruction is not necessary.

Example When register bank 2 is specified

PUSH PSW
SEL RB2

Operations in register bank 2

I

POP PSW

Operations in original register bank
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3.8.2 Functions

In addition to being manipulated in 8-bit units, the general-purpose registers can also be manipulated in 16-bit units by pairing
two 8-bitregisters. Also, four of the 16-bit registers can be combined with an 8-bit register for address extension and manipulated
in 24-bit units.

Each register can be used in a general-purpose way for temporary storage of an operation result and as the operand of an
inter-register operation instruction.

The area from OFE80H to OFEFFH (when the LOCATION OH instruction is executed; OFFE80H to OFFEFFH when the
LOCATION OFH instruction is executed) can be given an address specification and accessed as ordinary data memory
irrespective of whether or not it is used as the general-purpose register area.

As 8 register banks are provided in the 78K/IV Series, efficient programs can be written by using different register banks for
normal processing and processing in the event of an interrupt.

The registers have the following specific functions.

A (R1):
» Register mainly used for 8-bit data transfers and operation processing. Can be usedin combination with all addressing
modes for 8-bit data.
» Can also be used for bit data storage.
» Can be used as the register that stores the offset value in indexed addressing and based indexed addressing.

X (RO):
» Can be used for bit data storage.

AX (RPO):
» Register mainly used for 16-bit data transfers and operation processing. Can be used in combination with all
addressing modes for 16-bit data.

AXDE:
» Used for 32-bit data storage when a DIVUX, MACW, or MACSW instruction is executed.

B (R3):
» Has a loop counter function, and can be used by the DBNZ instruction.
» Can be used as the register that stores the offset value in indexed addressing and based indexed addressing.
* Used as the MACW and MACSW instruction data pointer.

C (R2):
» Has a loop counter function, and can be used by the DBNZ instruction.
» Can be used as the register that stores the offset value in based indexed addressing.
» Used as the counter in a string instruction and the SACW instruction.
» Used as the MACW and MACSW instruction data pointer.

RP2:
» Used to save the low-order 16 bits of the program counter (PC) when context switching is used.

RP3:

» Used to save the high-order 4 bits of the program counter (PC) and the program status word (PSW) (excluding bits
0 to 3 of PSWH) when context switching is used.
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VVP (RG4):
» Has a pointer function, and operates as the register that specifies the base address in register indirect addressing,
based addressing and based indexed addressing.

UUP (RG5):
» Has a user stack pointer function, and enables a stack separate from the system stack to be implemented by means
of the PUSHU and POPU instructions.
» Has apointer function, and operates as the register that specifies the base address in register indirect addressing and
based addressing.

DE (RPS6), HL (RP7):
» Operate as the registers that store the offset value in indexed addressing and based indexed addressing.

TDE (RG6):
» Has apointer function, and operates as the register that specifies the base address in register indirect addressing and
based addressing.
» Used as the pointer in a string instruction and the SACW instruction.

WHL (RG7):
» Register used mainly for 24-bit data transfers and operation processing.
» Has a pointer function, and operates as the register that specifies the base address in register indirect addressing and
based addressing.
» Used as the pointer in a string instruction and the SACW instruction.
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In addition to the function name that emphasizes the specific function of the register (X, A, C, B, E, D, L, H, AX, BC, VP, UP,
DE, HL, VVP,UUP, TDE, WHL), each register can also be described by its absolute name (R0 to R15, RP0to RP7, RG4 to RG7).
The correspondence between these names is shown in Table 3-4.

Table 3-4 Correspondence between Function Names and Absolute Names

(a) 8-bit registers (b) 16-bit registers
Absolute Name Function Name Absolute Name Function Name
RSS=0 RSS = 1 Note RSS=0 RSS = { Note

RO X RPO AX
R1 A RP1 BC
R2 C RP2 AX
R3 B RP3 BC
R4 X RP4 VP VP
RS A RP5 uP uP
R6 c RP6 DE DE
R7 B RP7 HL HL
R8
R9
R10 (c) 24-bit registers
R11 Absolute Name Function Name
R12 E E RG4 VVP
R13 D D RG5 UuP
R14 L L RG6 TDE
R15 H H RG7 WHL

Note RSS should only be set to 1 when a 78K/l Series program is used.

Remark R8to R11 have no function name.
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3.9 SPECIAL FUNCTION REGISTERS (SFRS)

These are registers to which a special function is assigned, such as on-chip peripheral hardware mode registers, control
registers, etc. They are mapped onto the 256-byte space from 0FFOOH to OFFFFH Note,

Note When the LOCATION 0OH instruction is executed. When the LOCATION OFH instruction is executed, the area is
FFFOOH to FFFFFH.

Caution Addresses onto which SFRs are not assigned should not be accessed in this area. If such an address is
as accessed by mistake, the uPD784038 may become deadlocked. A deadlock can only be released by
reset input.

A list of special function registers (SFRs) is given in Table 3-5. The meaning of the items in the table is as explained below.

+ Manipulable Bit Units .........

» After Reset

Symbol that indicates the incorporated SFR. This is a reserved word in the NEC Electronics
assembler (RA78K4). With the C compiler (CC78K4), this symbol can be used as an sfr
variable by means of a #pragma sfr command.
Indicates whether the corresponding SFR is read/write enabled.

R/W: Read/write enabled

R : Read-only

W : Write-only
Indicates the applicable manipulation bit units when the corresponding SFR is manipulated.
A 16-bit-manipulable SFR can be written in the operand “sfrp”, and when specified by an
address, an even address is specified.
A bit-manipulable SFR can be written in a bit manipulation instruction.
Indicates the status of the register after RESET input.
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Table 3-5 List of Special Function Registers (SFRs) (1/4)

Note 1 Manipulable Bit Units
Address Special Function Register (SFR) Name Symbol R/W 1Bit |8 Bits 116 Bits After Reset
OFFOOH | Port0 PO R/W v v — Undefined
OFFO1H | Port 1 P1 v v —
OFFO02H |Port 2 P2 R v v —
OFFO3H | Port 3 P3 R/W v v —
OFF04H | Port 4 Note2 P4 v v —
OFFO5H | Port 5Nete2 P5 v v —
OFFO06H | Port 6 P6 v v — 00H
OFFO7H | Port 7 P7 v v — Undefined
OFFOEH Port 0 buffer register POL v v —
OFFOFH | Port 0 buffer register H POH v v —
OFF10H | Compare register (timer/counter 0) CROO — — v
OFF12H | Capture/compare register (timer/counter 0) CRO1 — — v
OFF14H | Compare register L (timer/counter 1) CR10 | CR1OW — v v
OFF15H | Compare register H (timer/counter 1) — — —
OFF16H | Capture/compare register L (timer/counter 1) CR11 | CR11W — v v
OFF17H | Capture/compare register H (timer/counter 1) — — —
OFF18H | Compare register L (timer/counter 2) CR20 | CR20W — v v
OFF19H | Compare register H (timer/counter 2) — — —
OFF1AH | Capture/compare register L (timer/counter 2) CR21 | CR21W — v v
OFF1BH | Capture/compare register H (timer/counter 2) — — —
OFF1CH | Compare register L (timer 3) CR30 | CR30W — v v
OFF1DH | Compare register H (timer 3) — — —
OFF20H | Port 0 mode register PMO v v — FFH
OFF21H | Port 1 mode register PM1 v v —
OFF23H | Port 3 mode register PM3 v v —
OFF24H | Port 4 mode register Note 2 PM4 v v —
OFF25H | Port 5 mode register Nete 2 PM5 v v —
OFF26H | Port 6 mode register PM6 v v —
OFF27H | Port 7 mode register PM7 v v —
OFF2EH | Real-time output port control register RTPC v v — 00H
OFF30H | Capture/compare control register 0 CRCO — v — 10H
OFF31H | Timer output control register TOC v v — 00H
OFF32H | Capture/compare control register 1 CRC1 — v —
OFF33H | Capture/compare control register 2 CRC2 — v — 10H
Notes 1. Whenthe LOCATION OH instruction is executed. When the LOCATION OFH instruction is executed, “FOO00H”

98

should be added to the value shown.
2. Not provided to the uPD784031.
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Table 3-5 List of Special Function Registers (SFRs) (2/4)

Note 1 Manipulable Bit Units

Address Special Function Register (SFR) Name Symbol R/W 1Bit | 8 Bits 16 Bits After Reset
OFF36H | Capture register (timer/counter 0) CR02 R — — v 0000H
OFF38H | Capture register L (timer/counter 1) CR12 | CR12W — v v
OFF39H | Capture register H (timer/counter 1) — — —
OFF3AH | Capture register L (timer/counter 2) CR22 | CR22wW — v v
OFF3BH | Capture register H (timer/counter 2) — — —
OFF41H | Port 1 mode control register PMC1 R/W v v — 00H
OFF43H | Port 3 mode control register PMC3 v v —
OFF4EH | Pull-up resistor option register PUO v v —
OFF50H | Timer register 0 TMQ Note 3 R — — v 0000H
OFF51H — —
OFF52H | Timer register 1 TM1 Note3 | T{ W Note 3 — v v
OFF53H — — —
OFF54H | Timer register 2 TM2Note3 | TNV Note 3 — v v
OFF55H — — —
OFF56H | Timer register 3 TM3Note3 | TMW Note 3 — v v
OFF57H — — —
OFF5CH | Prescaler mode register 0 PRMO R/W — v — 11H
OFF5DH | Timer control register 0 TMCO v v — 00H
OFF5EH | Prescaler mode register 1 PRM1W — v — 11H
OFF5FH | Timer control register 1 TMC1 v v — 00H
OFF60H | D/A conversion value setting register 0 DACSO0 — v —
OFF61H | D/A conversion value setting register 1 DACSH1 — v —
OFF62H | D/A converter mode register DAM — v — 03H
OFF68H | A/D converter mode register ADM v v — 00H
OFF6AH | A/D conversion result register ADCR R — v — Undefined
OFF70H | PWM control register PWMC R/W v v — 05H
OFF71H | PWM prescaler register PWPR — v — 00H
0FF72H | PWM modulo register 0 PWMO — — v Undefined
0FF74H | PWM modulo register 1 PWMH1 — — v
OFF7DH | One-shot pulse output control register OSPC v — 00H
OFF80H | I2C bus control register lIcCC v —
OFF81H | Prescaler mode register for serial clock SPRM — v — 04H
OFF82H | Clocked serial interface mode register CSIM v v — 00H
OFF83H | Slave address register SVA RAW [ v notes v — 01H

Notes 1. Whenthe LOCATION OH instruction is executed. When the LOCATION OFH instruction is executed, “FO000H”

should be added to the value shown.

uPD784038Y Subseries only.

Bit 0 is read-only.
Only bit 0 can be manipulated.

ok wbd
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Use of TMO, TM1/TM1W, TM2/TM2W, and TM3/TM3W is limited. For details, refer to (7) in 3.10 CAUTIONS.
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Table 3-5 List of Special Function Registers (SFRs) (3/4)

Note 1 Manipulable Bit Units
Address Special Function Register (SFR) Name Symbol RW [ 51 T8 its 116 Bits After Reset
O0FF84H | Clocked serial interface mode register 1 CSIM1 R/W v v — 00H
OFF85H | Clocked serial interface mode register 2 CSIM2 v v —
OFF86H | Serial shift register SIO — v — Undefined
OFF88H | Asynchronous serial interface mode register ASIM v v — 00H
OFF89H | Asynchronous serial interface mode register 2 ASIM2 v v —
OFF8AH | Asynchronous serial interface status register ASIS R v v —
OFF8BH | Asynchronous serial interface status register 2 ASIS2 v v —
OFF8CH | Receive buffer: UARTO RXB — v — Undefined
Transmit shift register: UARTO TXS w — v —
Shift register: IOE1 SIO1 R/W — v —
OFF8DH | Receive buffer: UART2 RXB2 R — v — Undefined
Transmit shift register: UART2 TXS2 w — v —
Shift register: IOE2 SI02 R/W — v —
OFF90H | Baud rate generator control register BRGC — v — 00H
OFF91H | Baud rate generator control register 2 BRGC2 — v —
OFFAOQOH | External interrupt mode register 0 INTMO v —
OFFA1H | External interrupt mode register 1 INTM1 v v —
OFFA4H | Sampling clock selection register SCSO0 — v —
OFFA8H | In-service priority register ISPR R v v —
OFFAAH | Interrupt mode control register IMC R/W v v — 80H
OFFACH | Interrupt mask register OL MKOL MKO v v v FFFFH
OFFADH | Interrupt mask register OH MKOH v v
OFFAEH | Interrupt mask register 1L MK1L v v — FFH
OFFCOH | Standby control register STBC — | VN2 — 30H
OFFC2H | Watchdog timer mode register WDM — [ Note2| 00H
OFFC4H | Memory extension mode register MM v v — 20H
OFFC5H | Hold mode register HLDM v v — 00H
OFFC6H | Clock output mode register CLOM v v —
OFFC7H | Programmable wait control register 1 PWCA1 — v — AAH
OFFC8H | Programmable wait control register 2 PWC2 — — v AAAAH
OFFCCH | Refresh mode register RFM v v — 00H

Notes 1. Whenthe LOCATION OH instruction is executed. When the LOCATION OFH instruction is executed, “FO000H”
should be added to the value shown.
2. The write operation is possible by using the dedicated instruction “MOV STBC, #byte” or “MOV WDM, #byte”
only. Instructions other than these cannot perform the write operation.
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Table 3-5 List of Special Function Registers (SFRs) (4/4)

Note 1 Manipulable Bit Units
Address Special Function Register (SFR) Name Symbol R/W 1Bit | 8 Bits 116 Bits After Reset
OFFCDH | Refresh area specification register RFA R/W v v — 00H
OFFCEH | Oscillation stabilization time specification register OSTS — v —
OFFDOH to | External SFR area — v v — —
OFFDFH
OFFEOH | Interrupt control register (INTPO) PICO v v — 43H
OFFE1H | Interrupt control register (INTP1) PICA1 v v —
OFFE2H | Interrupt control register (INTP2) PIC2 v v —
OFFES3H | Interrupt control register (INTP3) PIC3 v v —
OFFE4H | Interrupt control register (INTCO00) CICo00 v v — 43H
OFFESH | Interrupt control register (INTCO1) Clico1 v v —
OFFE6H | Interrupt control register (INTC10) CIC10 v v —
OFFE7H | Interrupt control register (INTC11) CIC11 v v —
OFFES8H | Interrupt control register (INTC20) ClCc20 v v —
OFFE9H | Interrupt control register (INTC21) clc21 v v —
OFFEAH | Interrupt control register (INTC30) CIC30 v v —
OFFEBH | Interrupt control register (INTP4) PIC4 v v —
OFFECH | Interrupt control register (INTP5) PIC5 v v —
OFFEDH | Interrupt control register (INTAD) ADIC v v —
OFFEEH | Interrupt control register (INTSER) SERIC v v —
OFFEFH | Interrupt control register (INTSR) SRIC v v —
Interrupt control register (INTCSI1) CSIICH v v —
OFFFOH | Interrupt control register (INTST) STIC v v —
OFFF1H | Interrupt control register (INTCSI) CslIC v v —
OFFF2H | Interrupt control register (INTSER2) SERIC2 v v —
OFFF3H | Interrupt control register (INTSR2) SRIC2 v v —
Interrupt control register (INTCSI2) Cslic2 v v —
OFFF4H | Interrupt control register (INTST2) STIC2 v v —
OFFF5H | Interrupt control register (INTSPC) SPCIC V| oV =
OFFFCH | Internal memory size switching register ot 3 IMS — v — FFH

Notes 1. Whenthe LOCATION OH instruction is executed. When the LOCATION OFH instruction is executed, “FO000H”
should be added to the value shown.
2. pPD784038Y Subseries only.
3. Writing to this register is valid only when the uPD78P4038 is used.
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CHAPTER 3 CPU ARCHITECTURE

3.10 CAUTIONS

(1)

(@)

102

Program fetches cannot be performed from the internal high-speed RAM area (OFDOOH to OFEFFH when the LOCATION
OH instruction is executed; FFDOOH to FFEFFH when the LOCATION OFH instruction is executed).

Special function registers (SFRs)
Addresses onto which SFRs are not assigned should not be accessed in the area OFFOOH to OFFFFH Note, |f such an
address is accessed by mistake, the uPD784038 may become deadlocked. A deadlock can only be released by resetinput.

Note When the LOCATION OH instruction is executed; FFFOOH to FFFFFH when the LOCATION OFH instruction is
executed.

Stack pointer (SP) operation
With stack addressing, the entire 1-Mbyte space can be accessed, but a stack area cannot be reserved in the SFR area
or internal ROM area.

Stack pointer (SP) initialization

The SP is undefined after RESET input, while non-maskable interrupts can be acknowledged directly after reset release.
Therefore, an unforeseen operation may be performed if a non-maskable interrupt request is generated while the SP is in
the undefined state directly after reset release. To minimize this risk, the following program should be coded without fail
after reset release.

RSTVCT CSEG AT 0
DW RSTSTRT

to
INITSEG CSEG BASE
RSTSTRT : LOCATION OH ; or LOCATION OFH

MOVG SP, #STKBGN

The internal memory size switching register (IMS) that selects the internal memory size of the yPD78P4038 cannot be
completely emulated by the in-circuit emulator and has the following restrictions. To debug products other than the
uUPD784038, select a mask version that performs debugging as the emulation CPU.

For the selection of an emulation CPU to the uPD78P4038, even if a write instruction other than FFH (EEH, DCH, CCH)
to IMS is executed the memory size (FFH) is always identical to the uPD784038.

Do not set external wait to the internal ROM area. Otherwise, the CPU may be in the deadlock status which can be cleared
only by reset input.

If the value of the timer register is read under the condition indicated by “x” in Table 3-6, the read value may be illegal. Do
not read the timer register under condition “x”.
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Table 3-6 Limits of Reading Timer Register

(V: Can be read, x: Must not be read)

fork fxx/2 fxx/4 fxx/8 fxx/16
Timer Count Cloc
fxx/8 v v x x
fxx/16 v v v x
fxx/n v v v v

1. fxx: Oscillation frequency
2. fek: Internal system clock frequency
3. n=32, 64, 128, 256, 512, 1,024, 2,048
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CHAPTER 4 CLOCK GENERATOR

4.1 CONFIGURATION AND FUNCTION

The clock generator generates and controls the internal clock and internal system clock supplied to the CPU and on-chip
hardware. The clock generator block diagram is shown in Figure 4-1.

Figure 4-1 Clock Generator Block Diagram

g Internal Bus S
, { } 0STS é ; , STBC

IS8 (C
EXTC OSTS2|0STS1|0OSTSOp—— RESET | CK1 | CKO STP | HLT p—— RESET

88 K)Kj ‘

X1 fxx/2
Clock Oscillator L fxx/4
X2 o— Frgiciltilggrcy fod8 Selector| T _ nternal System Clock
(CPU, Watchdog Timer, Noise Elimination
fxx/16 Circuit, A/D, PWM, Interrupts, Local Bus Interface)
M2 Internal Clock

(UART/IOE, CSlI, Noise Elimination Circuit,
Timer/Counters, Oscillation Stabilization Timer)

Remark fxx : Crystal/ceramic oscillation frequency or internal clock frequency
fck : Internal system clock frequency

The clock oscillator oscillates by means of a crystal resonator/ceramic resonator connected to the X1 and X2 pins. When
standby mode (STOP) is set, oscillation stops (see CHAPTER 24 STANDBY FUNCTION).
Itis also possible to input an external clock. In this case, the clock signal is input to the X1 pin, and the inverse phase signal

to the X2 pin.
The frequency divider generates an internal system clock by 1/2, 1/4, 1/8, or 1/16 scaling of the clock oscillator output (fxx)

according to the setting of the standby control register (STBC).
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CHAPTER 4 CLOCK GENERATOR

Figure 4-2 Clock Oscillator External Circuitry

(@) Crystal/ceramic resonator oscillation

LPD784038
o Vss1
| |T X1
|
a

e

(b) External clock

EXTC bit of .OSTS =1 EXTC bit of . OSTS =0

uPD784038 uPD784038

X1 —]>o—xi

X2 Open — X2

Cautions 1. The oscillator should be as close as possible to the X1 and X2 pins.
2. No other signal lines should pass through the area enclosed by the dotted line.

Remark Differences between crystal resonator and ceramic resonator

Generally speaking, the oscillation frequency of a crystal resonator is extremely stable. |t is therefore ideal for

performing high-precision time management (in clocks, frequency meters, etc.).

A ceramic resonator is inferior to a crystal resonator in terms of oscillation frequency stability, but it has three
advantages: a fast oscillation start-up time, small size, and low price. Itis therefore suitable for general use (when
high-precision time management is not required). In addition, there are products with a built-in capacitor, etc.,

which enable the number of parts and mounting area to be reduced.
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CHAPTER 4 CLOCK GENERATOR

4.2 CONTROL REGISTERS

4.2.1 Standby Control Register (STBC)

STBC is aregister used to set the standby mode and select the internal system clock. See Chapter 24 Standby Function
for details of the standby modes.

To prevent erroneous entry into standby mode due to an inadvertent program loop, the STBC register can only be written
toby adedicated instruction. Thisinstructionisthe MOV STBC, #byte instruction, and has a special code configuration (4 bytes).
A write is only performed if the 3rd and 4th bytes of the op code are mutual complements. If the 3rd and 4th bytes of the op code
are not mutual complements, a write is not performed, and an op error interrupt is generated. In this case, the return address
saved in the stack area is the address of the instruction which is the source of the error. The error source address can thus be
found from the return address saved on the stack area.

An endless loop will result if restore from an operand error is simply performed with an RETB instruction.

Because the operand error interrupt occurs only when the program hangs up (only the correct dedicated instruction is
generated with the NEC Electronics assembler RA78K4 when MOV STBC, #byte is described), make sure that the operand error
interrupt processing program initializes the system.

Other write instructions (“MOV STBC, A”, “AND STBC, #byte”, “SET1 STBC.7”, etc.) are ignored, and no operation is
performed. That is, a write is not performed on the STBC, and an interrupt such as an operand error interrupt is not generated.
The STBC can be read at any time with a data transfer instruction.

STBC is set by an 8-bit memory manipulation instruction.

RESET input sets the STBC register contents to 30H.

The format of the STBC is shown in Figure 4-3.

Figure 4-3 Standby Control Register (STBC) Format

7 6 5 4 3 2 1 0 Address After Reset R/W

STBC 0 0 CK1 CKoO x 0 STP HLT | OFFCOH 30H R/wW

T T

STP | HLT Operating Mode
0 0 Normal mode

0 1 HALT mode

1 0 STOP mode

1 1 IDLE mode

CKA1 CKO | Intermal System Clock Selection

0 0 | fx/2 (16 MHz)
0 1| fov4 (8 MH2)
1 0 fxx/8 (4 MHz)
1 1 fxx/16 (2 MHz)

Caution If the STOP mode is used when external clock input is used, the EXTC bit of the oscillation stabilization
time specification register (OSTS) must be set (to 1) before setting the STOP mode. If the STOP mode
is used when the EXTC bit of the OSTS is in the cleared (to 0) state when external clock input is used, the
UPD784038 may be damaged or suffer reduced reliability.

When setting the EXTC bit to 1, be sure to input a clock in phase reverse to that of the clock input to the
X1 pin, to the X2 pin.
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4.2.2 Oscillation Stabilization Time Specification Register (OSTS)

OSTS is a register used to specify the operation of the oscillator. The EXTC bit of the OSTS specifies whether a crystal/
ceramic resonator or an external clock is used. The STOP mode can be set during use of external clock input, only when the

EXTC bit is set (to 1).
The OSTS can be written to only by an 8-bit transfer instruction.
RESET input clears the OSTS register contents to 00H.
The format of the OSTS is shown in Figure 4-4.

Figure 4-4 Oscillation Stabilization Time Specification Register (OSTS) Format

7 6 5 4 3 2 1 0 Address  After Reset R/W
OSTS | EXTC 0 0 0 0 OSTS2| OSTS1|OSTS0| OFFCFH 00H R/W
|

Oscillation Stabilization Time Selection
(See Figure 24-4 for details)

EXTC External Clock Selection

0 Crystal/ceramic oscillation used
External clock (drives X1 only)

1 External clock (drives X1 and X2)

Cautions 1. When using acrystal/ceramic oscillation, the EXTC bit must be cleared (to 0). If the EXTC bit is set (to

1), oscillation will stop.

2. Ifthe STOP mode is used with external clock input, the EXTC bit must be set (to 1) before setting the
STOP mode. Ifthe STOP modeis used when the EXTC bitis in the cleared (to 0) state, the pPD784038

may be damaged or suffer reduced reliability.

3. When setting the EXTC bit to 1 during external clock input, be sure to input a clock in phase reverse
to that of the clock input to the X1 pin, to the X2 pin. When the EXTC bit is set to 1, the uPD784038

operates on only the clock input to the X2 pin.
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CHAPTER 4 CLOCK GENERATOR

4.3 CLOCK GENERATOR OPERATION
4.3.1 Clock Oscillator

(1) When using crystal/ceramic oscillation
The clock oscillation circuit starts oscillating when the RESET signal is input, and stops oscillation when the STOP mode
is set by the standby control register (STBC). Oscillation is resumed when the STOP mode is released.

(2) When using external clock
The clock oscillation circuits supplies the clock input from the X1 pin to the internal circuitry when the RESET signal is input.
The oscillation circuit operates as follows when the EXTC bit of the oscillation stabilization time specification register (OSTS)
is setto 1.

» The clock oscillation circuit is set in the external clock input mode.

» The clock oscillation circuit supplies the clock input to the X2 pin to the internal circuitry.

» The necessary circuit stops operating during the crystal/ceramic oscillation of the clock oscillation circuit, to reduce the
power dissipation.

» The STOP mode can be used even when the external clock is input.

» The oscillation stabilization time is shortened when the system is released from the STOP mode.

Cautions 1. Whenusingacrystal/ceramic oscillation,the EXTCbit of the Oscillation stabilization time specification
register (OSTS) must be cleared (to 0). If the EXTC bit is set (to 1), oscillation will stop.

2. Ifthe STOP modeis used with external clock input, the EXTC bit of the OSTS must be set (to 1) before
setting the STOP mode. If the STOP mode is used when the EXTC bitis in the cleared (to 0) state, not
only will the clock generator consumption current not be reduced, but the uPD784038 may also be
damaged or suffer reduced reliability.

3. When setting the EXTC bit of OSTS to 1, be sure to input a clock in phase reverse to that of the clock
input to the X1 pin, to the X2 pin.

4.3.2 Divider

The divider performs 1/2, 1/4, 1/8, or 1/16 scaling of the clock oscillator output, and supplies the resulting clock to the CPU,
watchdog timer, noise elimination circuit, clocked serial interface (CSI), A/D converter, PWM, interrupt control circuit, and local
bus interface. The division ratio is specified by the CK0 and CK1 bits of the standby control register (STBC).

Controlling the division ratio to match the speed required by the CPU enables the overall power consumption to be reduced.
Also, the operating speed can be selected to match the supply voltage.

When RESET is input, the lowest speed (1/16) is selected.

If the division ratio of the divider circuit is changed, the maximum time shown in Table 4-1 is required to change the division
ratio, depending on the clock selected before change.

Instruction execution continues even while the division ratio is changed, and the clock is supplied with the previous division
ratio until the division ratio has been completely changed.

Table 4-1 Time Required to Change Division Ratio

Previous Division Ratio Maximum Time Required for Change
1/2 22/fxx
1/4 24/fxx
1/8 16/fxx
1/16 16/fxx
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4.4 CAUTIONS
The following cautions apply to the clock generator.

4.4.1 When an External Clock is Input

(1) If the STOP mode is used with external clock input, the EXTC bit of the oscillation stabilization time specification register
(OSTS) must be set (to 1). If the STOP mode is used when the EXTC bit is in the cleared (to 0) state, the uPD784038 may
be damaged or suffer reduced reliability.

(2) When setting the EXTC bit of the OSTS to 1, be sure to input a clock in phase reverse to that of the clock input to the X1
pin, to the X2 pin.

(3) Even when inputting the external clock by clearing the EXTC bit of the oscillation stabilization time specification register
(OSTS) to 0, input a signal in phase reverse to that of the signal input to the X1 pin, to the X2 pin, whenever possible.
Otherwise, more malfunctioning may occur due to noise.

(4) When an external clock is input, this should be performed with a HCMOS device, or a device with the equivalent drive
capability.

(5) Asignal should not be extracted from the X1 and X2 pins. If asignal is extracted, it should be extracted from point ain Figure
4-5.

Figure 4-5 Signal Extraction with External Clock Input

(PD784038
a
D@ X1

X2

(6) The wiring connecting the X1 pin to the X2 pin via an inverter, in particular, should be made as short as possible.
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4.4.2 When Crystal/Ceramic Oscillation is Used

(1) As the oscillator is a high-frequency analog circuit, considerable care is required.
The following points, in particular, require attention.

» The wiring should be kept as short as possible.
No other signal lines should be crossed.
Avoid lines carrying a high fluctuating current.

» The oscillator capacitor grounding point should always be at the same potential as the Vss1 pin. Do not ground
to a ground pattern carrying a high current.
A signal should not be taken from the oscillator.
If oscillation is not performed normally and stably, the microcontroller will not be able to operate normally and
stably, either. Also, if a high-precision oscillation frequency is required, consultation with the oscillator manufacturer

is recommended.

Figure 4-6 Cautions on Resonator Connection

LPD784038

X2 X1 Vsst

Cautions 1. The oscillator should be as close as possible to the X1 and X2 pins.
2. No other signal lines should pass through the area enclosed by the dotted line.
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Figure 4-7 Incorrect Example of Resonator Connection

(@) Wiring of connected circuits is too long (b) Crossed signal lines
uPD748038 uPD784038
Pnm
X2 1 Vssi 1 Vssi

D
S

7T 7T

(c) Wiring near high alternating current (d) Current flowing through ground line of
oscillation circuit
(Potentials at points A, B, and C fluctuate)
UPD784038

Vbbo

HPD78038
X2 X1 Vsst

_ Pnm
High D X2 X1 Vssi

Alternating
Current LJ L |:|

- AT BT .

High Current 7~

(e) Signal extracted

uPD784038

X X1 Vssi

Ll

L]
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CHAPTER 4 CLOCK GENERATOR

(2) Whenthe device is powered on, and when restoring from the STOP mode, sufficient time must be allowed for the oscillation
to stabilize. Generally speaking, the time required for oscillation stabilization is several milliseconds when a crystal
resonator is used, and several hundred microseconds when a ceramic resonator is used.

An adequate oscillation stabilization period should be secured by the following means:

<1>  When powering-on : RESET input (reset period)
<2> When returning from STOP mode :
(i) RESET input (reset period)
(i) Time of the oscillation stabilization timer that automatically starts at the valid edge of NMI, INTP4, or INTP5
signal N°te (set by the oscillation stabilization time specification register (OSTS))

Note For INTP4 and INTP5, when masking is released and macro service is disabled.

(3) The EXTC bit of the oscillation stabilization time specification register (OSTS) must be cleared (to 0). If the EXTC bit is set
(to 1), oscillation will stop.
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CHAPTER 5 PORT FUNCTIONS

5.1 DIGITAL INPUT/OUTPUT PORTS
The uPD784038 is provided with the ports shown in Figure 5-1, enabling various kinds of control to be performed. The function
of each port is shown in Table 5-1. For ports 0 to 6, use of an internal pull-up resistor can be specified by software when used

as input ports.

Figure 5-1 Port Configuration

POO|[-—

- . ¢POMto

PO7 [«—

P10 |~—~

< -~ rPort1

P17 [+——

P20 to P27 Port 2

P30 [+=——

Port 3

P37 |+=——

P40 |~

Port 4 Note

P47 | «———

PSO|=——

Port 5 Note

P57 [+—

P60 |+—

Port 6 ot

P67 [~———

P70 [=——

Port 7

WA

P77 |+——

Note Withthe uPD784031, P40 to P47 serve as address/data bus pins, P50 to P57, as address bus pins, P64, as RD pin,
and P65, as WR pin.
P60 to P63 serve as output port pins.
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Table 5-1 Port Functions

Port Name Pin Names Functions Software Pull-up Specification
Port 0 P00 to P07 » Input or output specifiable bit-wise. Input mode pins specified at once
» Can also operate as 4-bit real-time output ports
(P00 to P03, P04 to P07).
» Transistor drive capability.
Port 1 P10 to P17 + Input or output specifiable bit-wise.
» LED drive capability.
Port 2 P20 to P27 Input port 6-bit unit (P22 to P27)
Port 3 P30 to P37 Input or output specifiable bit-wise. Input mode pins specified at once
Port 4 P40 to P47 Note » Input or output specifiable bit-wise.
» LED drive capability.
Port 5 P50 to P57 Note + Input or output specifiable bit-wise.
» LED drive capability.
Port 6 P60 to P67 Note Input or output specifiable bit-wise.
Port 7 P70 to P77 Input or output specifiable bit-wise. —

Note With the uPD784031, P40 to P47 serve as address/data bus pins, P50 to P57, as address bus pins, P64, as RD pin,
and P65, as WR pin. These pins therefore cannot directly drive LEDs or be connected to a pull-up resistor by software.

P60 to P63 serve as output port pins.

Table 5-2 Number of Input/Output Ports

Input/Output Input Mode Output Mode
Ports Total Software Pull-up Resistor Direct LED Drive Direct Transistor Drive
Input ports 8 (8) 6 (6) — —
Input/output ports 56 (34) 48 (26) 24 (8) 0(0)
Output ports 0 (4) — 0 (0) 8 (8)
Total 64 (46) 54 (32) 24 (8) 8 (8)
Remark ( ): puPD784031
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CHAPTER 5 PORT FUNCTIONS

5.2 PORT O

Port 0 is an 8-bit input/output port with an output latch, and has direct transistor drive capability. Input/output can be specified
bit-wise by means of the port 0 mode register (PM0). Each pin incorporates a software programmable pull-up resistor.

P00 to P03 and P04 to P07 can output the buffer register (POL, POH) contents at any time interval as 4-bit real-time output
ports or one 8-bit real-time output port. The real-time output port control register (RTPC) is used to select whether this port is
used as a normal output port or a real-time output port.

When RESET isinput, port 0is set as aninput port (output high-impedance state), and the output latch contents are undefined.

5.2.1 Hardware Configuration
The port 0 hardware configuration is shown in Figure 5-2.

Figure 5-2 Port 0 Block Diagram
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—__ W;{\Puo p p g
O PUOO 4<DO |
|
WRRTPc  Real-Time Output Port Control Register
)\ POML
~ (POMH)
WRRrtPc
S
WRemo Port 0 Mode Register
)\ PMOn
V (PMOm)
RDpmo
S
Trigger
WRpoL Buffer Register ,L
POLn
Internal \J (POHm) ~
Bus RDpoL Output Latch
Selector POn I\L
O POn
A\
Wi (POm) L~ (POm)
n=0,1,2,3
O m=4,56,7
RDro
A\
b
/\_/
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5.2.2 1/0 Mode/Control Mode Setting
The port 0 input/output mode is set by means of the port 0 mode register (PMO0) as shown in Figure 5-3.

Figure 5-3 Port 0 Mode Register (PM0O) Format

7 6 5 4 3 2 1 0 Address After Reset R/W
PMO | PMO7 | PM06 | PM05 | PM04 | PMO3 | PM02 | PMO1 | PMOO | OFF20H FFH R/W
\ \ \ \ \ \ \ !
PMOn POn Pin Input/Output Mode

When port 0 is used as a real-time output port, the POML and POMH bits of the real-time output port control register (RTPC)

should be set (to 1).

When POML and POMH are set, the respective pin output buffer is turned on and the output latch contents are output to the

pin irrespective of the contents of PMO.

5.2.3 Operating Status

Port 0 is an input/output port

(1) When set as an output port

The output latch is enabled, and data transfers between the output latch and accumulator are performed by means of
transfer instructions. The output latch contents can be freely set by means of logical operation instructions. Once data has

Specification (n =0 to 7)

Output mode (output buffer on)

Input mode (output buffer off)

been written to the output latch, it is retained until data is next written to the output latch Note,

Writes cannot be performed to the output latch of a port specified as a real-time output port. However, the output latch

contents can be read even if it is set to the real-time output port mode.

Note Including the case where another bit of the same port is manipulated by a bit manipulation instruction.
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Figure 5-4 Port Specified as Output Port
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CHAPTER 5 PORT FUNCTIONS

(2) When set as an input port

The port pin level can be loaded into an accumulator by means of a transfer instruction, etc. In this case, too, writes can
be performed to the output latch, and data transferred from the accumulator by a transfer instruction, etc., is stored in all
output latches irrespective of the port input/output specification. However, since the output buffer of a bit specified as an
input port is high-impedance, the data is not output to the port pin (when a bit specified as input is switched to an output
port, the output latch contents are output to the port pin). Also, the contents of the output latch of a bit specified as an input

port cannot be loaded into an accumulator.

Figure 5-5 Port Specified as Input Port

—O POn
n=0to7

o o—
WRPpoRT
,L Output
N Latch
Internal
Bus
RDin
\

: @

-

Caution A bit manipulation instruction manipulates one bit as the result, but accesses the port in 8-bit units.
Therefore, if a bit manipulation instruction is used on a port with a mixture of input and output pins, the
contents of the output latch of pins specified as inputs will be undefined (excluding bits manipulated with
a SET1 or CLR1 instruction, etc.). Particular care is required when there are bits which are switched

between input and output.

Caution is also required when manipulating the port with other 8-bit manipulation instructions.
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CHAPTER 5 PORT FUNCTIONS

5.2.4 Internal Pull-Up Resistors

Port 0 incorporates pull-up resistors. Use of these internal resistors when pull-up is necessary enables the number of parts
and the mounting area to be reduced.

Whether or not an internal pull-up resistor is to be used can be specified for each pin by means of the PUOQO bit of the pull-
up resistor option register (PUO) and the port 0 mode register (PM0). When PUOQ is 1, the internal pull-up resistors of the pins
for which input is specified by PMO are enabled (PMOn =1, n =010 7).

Figure 5-6 Pull-Up Resistor Option Register (PUO) Format

7 6 5 4 3 2 1 0 Address After Reset R/W

PUO 0 PUO6 | PUO5 | PUO4 | PUOS3 | PUO2 | PUOT1 | PUOO | OFF4EH 00H R/W

— | PUOO Port 0 Pull-Up Resistor Specification

0 Not used in port 0

1 Used in port 0

Remark When STOP mode is entered, setting 00H in PUQ is effective in reducing the power consumption.

Figure 5-7 Pull-Up Resistor Specification (Port 0)

1
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5.2.5 Transistor Drive
In port 0, the output buffer high-level side drive capability has been increased, allowing active-high direct transistor drive.
An example of the connection is shown in Figure 5-8.

Figure 5-8 Example of Transistor Drive

AIAfVDm

Load

POn
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CHAPTER 5 PORT FUNCTIONS

5.3 PORT 1

Port 1 is an 8-bit input/output port with an output latch. Input/output can be specified bit-wise by means of the port 1 mode
register (PM1). Each pin incorporates a programmable pull-up resistor. This port has direct LED drive capability.

In addition to their input/output port function, P10 to P14 also have an alternate function as PWM output pins and serial
interface pins. The operating mode can be specified bit-wise by means of the PWM control register (PWMC) and the port 1 mode
control register (PMC1), as shown in Table 5-3. The level of any pin can be read and tested at any time irrespective of the
alternate-function pin operation.

WhenRESET s input, port 1 is setas aninput port (output high-impedance state), and the output latch contents are undefined.

Table 5-3 Port 1 Operating Modes

Pin Name Port Mode Control Signal I/0O Mode Operation to Operate Control Pin
P10 1/0 port PWMO output Setting of ENO bit of PWMC to 1
P11 PWM1 output Setting of EN1 bit of PWMC to 1
P12 ASCK2 I/0/SCK2 1/0 Setting PMC12 bit of PMC1 to 1
P13 RxD2 input/SI2 input Setting PMC13 bit of PMC1 to 1
P14 TxD2 output/SO2 output Setting PMC14 bit of PMC1 to 1
P15 to P17 — —

(@) Port mode
P10 and P11 operate as port mode pins when the ENO and EN1 bits of the PWM control (PWMC) register are cleared
(to 0), and P12 to P14 do the same when the relevant bits of the port 1 mode control (PMC1) register are cleared (to
0), and P15 to P17 always operate as port mode pins. Input/output can be specified bit-wise by means of the port 1
mode register (PM1).

(b) Control signal input/output mode
P10and P11 operate as PWM signal output pins when the ENO and EN1 bits, respectively, of the PWM control (PWMC)
register are set (to 1).
P12 to P14 can be set as control pins bit-wise by setting the port 1 mode control (PMC1) register.

(i) PWMO, PWM1
PWMO0 and PWM1 are PWM output pins.

(i) ASCK2/SCK2
ASCK2 is the asynchronous serial interface baud rate clock input pin.
SCK2 is the serial clock input/output pin (in 3-wire serial I/02 mode).

(iii) RxD2/SI12
RxD2 is the asynchronous serial interface serial data input pin.
SI2 is the serial data input pin (in 3-wire serial I/02 mode).

(iv) TXxD2/SO2

TxD2 is the asynchronous serial interface serial data output pin.
SO02 is the serial data output pin (in 3-wire serial /02 mode).
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5.3.1 Hardware Configuration
The port 1 hardware configuration is shown in Figures 5-9 to 5-13.

Figure 5-9 Block Diagram of P10 and P11 (Port 1)
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Figure 5-10 Block Diagram of P12 (Port 1)
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Figure 5-11 Block Diagram of P13 (Port 1)
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Figure 5-12 Block Diagram of P14 (Port 1)
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Figure 5-13 Block Diagram of P15 to P17 (Port 1)
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5.3.2 1/0O Mode/Control Mode Setting

The port 1 input/output mode is set for each pin by means of the port 1 mode register (PM1) as shown in Figure 5-14.

In addition to their input/output port function, P10 and P11 also have an alternate function as PWM signal output pins,
and the control mode is specified by means of the PWM control register (PWMC) as shown in Table 5-4.

In addition to their input/output port function, P12 to P14 also have an alternate function as serial interface pins, and the
control mode is specified by means of the port 1 mode control register (PMC1) as shown in Figure 5-15.

Figure 5-14 Port 1 Mode Register (PM1) Format

7 6 5 4 3 2 1 0 Address After Reset R/W
PM1 PM17 | PM16 | PM15 | PM14 | PM13 | PM12 | PM11 | PM10 | OFF21H FFH R/W
\ \ \ \ \ \ \ !
PMin P1n Pin Input/Output Mode

Specification (n =0 to 7)

0 Output mode (output buffer on)

1 Intput mode (output buffer off)

Table 5-4 Method of Setting P10 & P11 PWM Signal Output Function

Pin Name Function Method of Setting PWM Signal Output Function

P10 PWMO Set (to 1) ENO bit of PWMC
P11 PWM1 Set (to 1) EN1 bit of PWMC

Figure 5-15 Port 1 Mode Control Register (PMC1) Format

7 6 5 4 3 2 1 0 Address After Reset R/W

PMCA1 0 0 0 |[PMC14|PMC13|PMC12 0 0 OFF41H 00H R/W

PMC12 P12 Pin Control Mode Specification

0 Input/output port mode

1 ASCK2/SCK2 input/output mode

PMC13 P13 Pin Control Mode Specification

0 Input/output port mode

1 RxD2/SI2 input mode

PMC14 P14 Pin Control Mode Specification

0 Input/output port mode

1 TxD2/SO2 output mode
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5.3.3 Operating Status

Port 1 is an input/output port. Pins P10 and P11 have an alternate function as PWM signal output pins, and pins P12to P14
have an alternate function as serial interface pins.

(1) When set as an output port
The output latch is enabled, and data transfers between the output latch and accumulator are performed by means of

transfer instructions. The output latch contents can be freely set by means of logical operation instructions. Once data has
been written to the output latch, it is retained until data is next written to the output latch Note,

Note Including the case where another bit of the same port is manipulated by a bit manipulation instruction.

Figure 5-16 Port Specified as Output Port
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(2) When set as an input port
The port pin level can be loaded into an accumulator by means of a transfer instruction, etc. In this case, too, writes can
be performed to the output latch, and data transferred from the accumulator by a transfer instruction, etc., is stored in all
output latches irrespective of the port input/output specification. However, since the output buffer of a bit specified as an
input port is high-impedance, the data is not output to the port pin (when a bit specified as input is switched to an output

port, the output latch contents are output to the port pin). Also, the contents of the output latch of a bit specified as an input
port cannot be loaded into an accumulator.

Figure 5-17 Port Specified as Input Port

o — 4
WRPpoRT
O Output O Pin
Latch
n=0to7
Internal
Bus

RDin

: @

)
-

User's Manual U11316EJ4V1UD 127



CHAPTER 5 PORT FUNCTIONS

Caution A bit manipulation instruction manipulates one bit as the result, but accesses the port in 8-bit units.
Therefore, if abit manipulation instructionisused on aportthat has the /O mode or port mode and control
mode, the contents of the output latch of the pin setin the input mode or control mode become undefined
(excluding bits manipulated with a SET1 or CLR1 instruction, etc.). Particular careis required when there

®)

128

are bits which are switched between input and output.

Caution is also required when manipulating the port with other 8-bit manipulation instructions.

When specified as control signal input/output

P10 and P11 (by setting (to 1) the ENn bit (n = 0 or 1) of the PWM control register (PWMC)) and P12 to P14 (by setting (to
1) bits of the port 1 mode control register (PMC1)) can be used as control signal inputs or outputs bit-wise irrespective of
the setting of the port 1 mode register (PM1). When a pin is used as a control signal, the control signal status can be seen

by executing a port read instruction.

Figure 5-18 Control Specification

Control (Input) =—

Control N
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RD PM1n =1
Internal l\ fl\
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(@) When port is control signal output

Pin
n=0to4

When the port 1 mode register (PM1) is set (to 1), the control signal pin level can be read by executing a port read

instruction.

When PM1 isreset (to 0), the uPD784038 internal control signal status can be read by executing a port read instruction.

(b) When portis control signal input

When the port 1 mode register (PM1) is set (to 1), control signal pin level can be read by executing a port read

instruction.
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5.3.4 Internal Pull-Up Resistors

Port 1 incorporates pull-up resistors. Use of these internal resistors when pull-up is necessary enables the number of parts
and the mounting area to be reduced.

Whether or not an internal pull-up resistor is to be used can be specified for each pin by means of the PUO1 bit of the pull-
up resistor option register (PUO) and the port 1 mode register (PM1). When PUO1 is 1, the internal pull-up resistors of the pins
for which input is specified by PM1 are enabled (PM1n=1,n=0to0 7).

Also, the specification for use of the pull-up resistor is also valid for pins specified as control signal output pins (pull-up
resistors are also connected to pins that function as control signal output pins). Therefore, if you do not want to connect the pull-
up resistors with the control signal output pin, the contents of the corresponding bits of PM1 should be set to 0 (output mode).

Figure 5-19 Pull-Up Resistor Option Register (PUO) Format

7 6 5 4 3 2 1 0 Address After Reset R/W

PUO 0 PUO6 | PUO5 | PUO4 | PUOS3 | PUO2 | PUO1 | PUOO | OFF4EH 00H R/W

PUO1 Port 1 Pull-Up Resistor Specification

0 Not used in port 1

1 Used in port 1

Remark When STOP mode is entered, setting 00H in PUQ is effective in reducing the power consumption.

Figure 5-20 Pull-Up Resistor Specification (Port 1)
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5.3.5 Direct LED Drive
Inport 1, the output buffer low-level side drive capability has been reinforced allowing active-low direct LED drive. An example
of such use is shown in Figure 5-21.

Figure 5-21 Example of Direct LED Drive
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5.4 PORT 2

Port 2 is an 8-bit input-only port. P22 to P27 incorporate a software programmable pull-up resistor. As well as operating as
input ports, port 2 pins also operate as control signal input pins, such as external interrupt signal pins (see Table 5-5). All 8 pins
are Schmitt-triggered inputs to prevent malfunction due to noise.

Table 5-5 Port 2 Operating Modes

Port Name Function

P20 Input port/NMI input Nete

P21 Input port/INTPO input/CR11 capture trigger input
Timer/counter 1 count clock/real-time output port trigger signal

P22 Input port/INTP1 input/CR22 capture trigger input

P23 Input port/INTP2 input/Cl input

P24 Input port/INTP3 input/CR02 capture trigger input/
Timer/count 0 count clock

P25 Input port/INTP4 input/ASCK input/m input/output

P26 Input port/INTP5 input/A/D converter external trigger input

P27 Input port/SI0 input

Note NMI input is acknowledged regardless of whether interrupts are enabled or disabled.

(@) Function as port pins
The pin level can always be read or tested regardless of the alternate-function pin operation.

(b) Functions as control signal input pins

(i) NMI (Non-maskable Interrupt)
The external non-maskable interrupt request input pin. Rising edge detection or falling edge detection can be
specified by means of the external interrupt mode register 0 (INTMO).

(i) INTPO to INTP5 (Interrupt from Peripherals)
External interrupt request input pins. When the valid edge specified by the external interrupt mode registers 0,
1 (INTMO/INTM1) is detected an interrupt is generated (see CHAPTER 21 EDGE DETECTION FUNCTION).
In addition, pins INTPO to INTP3 and INTP5 are also used as external trigger input pins with the various functions
shown below.

« INTPO

...... Timer/counter 1 capture trigger input pin

External count clock input pin
Real-time output port trigger input pin

...... Timer/counter 2 capture register (CR22) capture trigger input pin
...... Timer/counter 2 external count clock input pin

Capture/compare register (CR21) capture trigger input pin

...... Timer/counter 0 capture trigger input pin

Timer/counter 0 external count clock input pin

...... A/D converter external trigger input pin
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(iii) ClI (Clock Input)
The timer/counter 2 external clock input pin.

(iv) ASCK (Asynchronous Serial Clock)
The external baud rate clock input pin.

(v) SCK1 (Serial Clock 1)
The serial clock input/output pin (in 3-wire serial I/O 1 mode).

(vi) SIO (Serial Input 0)
The serial data input pin (in 3-wire serial I/O 0 mode).

5.4.1 Hardware Configuration
The port 2 hardware configuration is shown in Figure 5-22.

Figure 5-22 Block Diagram of P20 to P24, P26 and P27 (Port 2)

A

SI0 Input

3-Wire Serial
1/0 Mode 0

Note P20 and P21 do not have the circuitry enclosed by the dotted line.
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CHAPTER 5 PORT FUNCTIONS

Figure 5-23 Block Diagram of P25 (Port 2)
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5.4.2 Input Mode/Control Mode Setting

Port 2 is an input-only port, and there is no register for setting the input mode.

Also, control signal input is always possible, and therefore the signal to be used is determined by the control registers for
individual on-chip hardware items.

5.4.3 Operating Status
Port 2 is an input-only port, and pin levels can always be read or tested.

Figure 5-24 Port Specified as Input Port
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5.4.4 Internal Pull-Up Resistors

P22 to P27 incorporate pull-up resistors. Use of these internal resistors when pull-up is necessary enables the number of
parts and the mounting area to be reduced.

Whether or not an internal pull-up resistor is to be used can be specified for all six pins, P22 to P27, together by means of
the PUO2 bit of the pull-up resistor option register (PUO) (bit-wise specification is not possible).

P20 and P21 do not incorporate a pull-up resistor.

Figure 5-25 Pull-Up Resistor Option Register (PUO) Format

7 6 5 4 3 2 1 0 Address  After Reset R/W

PUO 0 PUO6 | PUO5 | PUO4 | PUO3 | PUO2 | PUO1 | PUOO | OFF4EH 00H R/W

PUO2 Port 2 Pull-Up Resistor Specification

0 Not used in port 2

1 Used in pins P22 to P27

Remark When STOP mode is entered, setting 00H in PUO is effective in reducing the power consumption.
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Figure 5-26 Pull-Up Specification (Port 2)
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Pull-Up Resistor Option Register (PUO)
Caution As P22to P26 are not pulled up immediately after areset, an interrupt request flag may be set depending

on the function of the alternate-function pins (INTP1 to INTP5). Therefore, the interrupt request flags
should be cleared after specifying pull-up in the initialization routine.
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55 PORT 3

Port 3 is an 8-bit input/output port with an output latch. Input/output can be specified bit-wise by means of the port 3 mode
register (PM3). Each pin incorporates a software programmable pull-up resistor.

In addition to its function as an input/output port, port 3 also has various alternate-function control signal pin functions.

The operating mode can be specified bit-wise by means of the port 3 mode control register (PMC3), as shown in
Table 5-6. The pin level of all pins can always be read or tested regardless of the alternate-function pin operation.

When RESET s input, port 3 is setas an input port (output high impedance state), and the output latch contents are undefined.
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Table 5-6 Port 3 Operating Modes

(n=0to 7)
Mode Port Mode Control Signal Input/Output Mode
Setting Condition PMC3n =0 PMC3n =1
P30 Input/output port RxD input/SI1 input
P31 TxD output/SO1 output
P32 'SCKO input/output/SCL input/output
P33 SO0 output/SDA input/output
P34 TOO output
P35 TO1 output
P36 TO2 output
P37 TO3 output

Port mode
Each port specified as port mode by the port 3 mode control register (PMC3) can be specified as input/output bit-wise
by means of the port 3 mode register (PM3).

Control signal input/output mode
Pins can be set as control pins bit-wise by setting the port 3 mode control register (PMC3).

(i) RxD (Receive Data)/SI1 (Serial Input 1)
RxD is the asynchronous serial interface serial data input pin. Sl1 is the serial data input pin (in 3-wire serial
I/0 1 mode).

(i) TxD (Transmit Data)/SO1 (Serial Output 1)
TxD is the asynchronous serial interface serial data output pin. SO1 is the serial data output pin (in 3-wire serial

I/0 1 mode).

(iii) SCKO (Serial Clock 0)/SCL (Serial Clock)
SCKO is the clocked serial interface serial clock input/output pin (in 3-wire serial I/O 0 mode).

SCL is the serial clock I/0 pin of the clocked serial interface (in 2-wire serial /0 mode/I?C bus mode N°te),
Note pPD784038Y Subseries only

Remark Bit2 (P32) of port 3 is reserved for the NEC Electronics assembler package as “SCL". Itis also defined
as a bit type sfr variable by the #pragma sfr command of the C compiler.
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(iv) SO0 (Serial Output 0)/SDA (Serial Data)
SO0 is the serial data output pin (in 3-wire serial I/O 0 mode), and SDA is the serial data input/output pin (in 2-wire
serial /0 mode/I’C bus mode Note),

Note uPD784038Y Subseries only

(v) TOOto TO3 (Timer Output)
Timer output pins.

5.5.1 Hardware Configuration
The port 3 hardware configuration is shown in Figures 5-27 to 5-30.

Figure 5-27 Block Diagram of P30 (Port 3)
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Figure 5-28 Block Diagram of P31 and P34 to P37 (Port 3)
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Figure 5-29 Block Diagram of P32 (Port 3)
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Figure 5-30 Block Diagram of P33 (Port 3)
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5.5.2 1/0 Mode/Control Mode Setting

The port 3 input/output mode is set for each pin by means of the port 3 mode register (PM3) as shown in Figure 5-31.

In addition to their input/output port function, port 3 pins also have an alternate function as various control signal pins, and
the control mode is specified by means of the port 3 mode control register (PMC3) as shown in Figure 5-32.

Figure 5-31 Port 3 Mode Register (PM3) Format

7 6 5 4 3 2 1 0 Address After Reset R/W

PM3 | PM37 | PM36 | PM35 | PM34 | PM33 | PM32 | PM31 | PM30 | OFF23H FFH  RW

P3n Pin Input/Output Mode

PM3n Specification (n =0 to 7)

0 Output mode (output buffer on)

1 Intput mode (output buffer off)

Figure 5-32 Port 3 Mode Control Register (PMC3) Format

7 6 5 4 3 2 1 0 Address After Reset R/W

PMC3 |PMC37|PMC36/PMC35 |PMC34|PMC33|PMC32|PMC31| PMC30| OFF43H 00H R/W

_

PMC30 P30 Pin Control Mode Specification

0 Input/output port mode

1 RxD/SI1 input mode

PMC31 P31 Pin Control Mode Specification

0 Input/output port mode

1 TxD/SO1 output mode

PMC32 P32 Pin Control Mode Specification

0 Input/output port mode

1 SCKO/SCL Input/output mode

PMC33 P33 Pin Control Mode Specification

0 Input/output port mode

1 SOO0/SDA output mode

PMC3n P3n Pin Control Mode Specification
(n=4107)

0 Input/output port mode

1 TOm output mode (m =0 to 3)
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5.5.3 Operating Status

Port 3 is an input/output port, with an alternate function as various control pins.

1)

)

142

When set as an output port

The output latch is enabled, and data transfers between the output latch and accumulator are performed by means of
transfer instructions. The output latch contents can be freely set by means of logical operation instructions. Once data has
been written to the output latch, it is retained until data is next written to the output latch Note,

Note Including the case where another bit of the same port is manipulated by a bit manipulation instruction.

Figure 5-33 Port Specified as Output Port

When set as an input port

 ~—
WRPpoRT
,L Output
O Latch I > O P3n
Internal
Bus RDout
l\ P!
\w
o

n=0to7

The port pin level can be loaded into an accumulator by means of a transfer instruction. In this case, too, writes can be
performed to the output latch, and data transferred from the accumulator by a transfer instruction, etc., is stored in all output
latches irrespective of the port input/output specification. However, since the output buffer of a bit specified as an input port
is high impedance, the data is not output to the port pin (when a bit specified as input is switched to an output port, the output
latch contents are output to the port pin). Also, the contents of the output latch of a bit specified as an input port cannot be

loaded into an accumulator.

Figure 5-34 Port Specified as Input Port
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CHAPTER 5 PORT FUNCTIONS

Caution A bit manipulation instruction manipulates one bit as the result, but accesses the port in 8-bit units.
Therefore, if a bit manipulation instruction is used on a port with a mixture of input and output pins
or port mode and control mode, the contents of the output latch of pins specified as inputs and pins
specified as control mode will be undefined (excluding bits manipulated with a SET1 or CLR1
instruction, etc.). Particular care is required when there are bits which are switched between input
and output.

Caution is also required when manipulating the port with other 8-bit manipulation instructions.

(3) When specified as control signal input/output
By setting (to 1) bits of the port 3 mode control register (PMC3), port 3 can be used as control signal input or output bit-wise
irrespective of the setting of the port 3 mode register (PM3). When a pinis used as a control signal, the control signal status
can be seen by executing a port read instruction.

Figure 5-35 Control Specification

Control (Input) =——

Control ™ o P3n
(Output) L~ n=0to7
PM3n =0
RD ~ PM3n = 1
Internal Bus g g

(@) When port is control signal output
When the port 3 mode register (PM3) is set (to 1), the control signal pin level can be read by executing a port read
instruction.
When PM3is reset (to 0), the pPD784038 internal control signal status can be read by executing a port read instruction.

Remark For bit 2 (P32) of port 3, the name “SCL” is a reserved word in the NEC Electronics assembler package.
In the C compiler, it is defined as a bit-type sfr variable by the # pragma sfr directive.

(b) When port is control signal input
Only the port 3 mode register (PM3) is set (to 1), control signal pin levels can be read by executing a port read instruction.
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554

Internal Pull-Up Resistors
Port 3 incorporates pull-up resistors. Use of these internal resistors when pull-up is necessary enables the number of parts

and the mounting area to be reduced.

Whether or not an internal pull-up resistor is to be used can be specified for each pin by means of the PUOS3 bit of the pull-
up resistor option register (PUO) and the port 3 mode register (PM3). When PUOS is 1, the internal pull-up resistors of the pins

for which input is specified by PM3 (PM3n = 1, n = 0 to 7) are enabled.

Also, the specification for use of the pull-up resistor is also valid for pins specified as control mode pins (pull-up resistors are
also connected to pins that function as output pins in the control mode). Therefore, if you do not want to connect the pull-up

resistors in the control mode, the contents of the corresponding bits of PM3 should be set to 0 (output mode).

PUO

Figure 5-36 Pull-Up Resistor Option Register (PUO) Format

6 5 4 3 2 1 0 Address After Reset R/W
PUOS6 | PUO5 | PUO4 | PUOS3 | PUO2 | PUO1 | PUOO | OFF4EH 00H R/W
PUOS Port 3 Pull-Up Resistor Specification
0 Not used in port 3

Used in port 3

Remark When STOP mode is entered, setting 00H in PUQ is effective in reducing the power consumption.

144

Internal
Bus

Figure 5-37 Pull-Up Specification (Port 3)
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5.6 PORT 4

Port 4 is an 8-bit input/output port with an output latch. Input/output can be specified bit-wise by means of the port 4 mode
register (PM4). Each pin incorporates a software programmable pull-up resistor. This port has direct LED drive capability.

Port 4 also functions as the time division address/data bus (ADO to AD7) by the memory extension mode register (MM) when
external memory or I/Os are extended.

With the uPD784031, P40 to P47 cannot be used as port pins. These pins function only as address/data bus pins (ADO to
AD7).

When RESET s input, port4is setas aninput port (output high-impedance state), and the output latch contents are undefined.

Table 5-7 Port 4 Operating Modes

MM Bits Operating Mode
MM3 MM2 MM1 MMoO

0 0 0 0 Port

0 0 1 1 Address/data bus (ADO to AD7)
0 1 0 0

0 1 0 1

0 1 1 0

0 1 1 1

1 0 0 0

1 0 0 1

5.6.1 Hardware Configuration
The port 4 hardware configuration is shown in Figure 5-38.
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5.6.2 1/0 Mode/Control Mode Setting

The port 4 input/output mode is set for each pin by means of the port 4 mode register (PM4) as shown in Figure 5-39.

When port 4 is used as the address/data bus, it is set by means of the memory extension mode register (MM: See Figure

23-1) as shown in Table 5-8.
With the uPD784031, this port functions only as the address/data bus (ADO to AD7).

Figure 5-39 Port 4 Mode Register (PM4) Format

7 6 5 4 3 2 1 0 Address After Reset R/W
PM4 | PM47 | PM46 | PM45 | PM44 | PM43 | PM42 | PM41 | PM40 | OFF24H FFH R/W
\ \ \ \ \ \ \ !
PM4n P4n Pin Input/Output Mode

Specification (n =0 to 7)

0 Output mode (output buffer on)

1 Input mode (output buffer off)

Table 5-8 Port 4 Operating Modes

MM Bits Operating Mode
MM3 MM2 MM1 MMO

0 0 0 0 Port

0 0 1 1 Address/data bus (ADO to AD7)
0 1 0 0

0 1 0 1

0 1 1 0

0 1 1 1

1 0 0 0

1 0 0 1
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5.6.3 Operating Status

Port 4 is an input/output port, with an alternate function as the address/data bus (ADO to AD7).

(1) When set as an output port

148

The output latch is enabled, and data transfers between the output latch and accumulator are performed by means of
transfer instructions. The output latch contents can be freely set by means of logical operation instructions. Once data has
been written to the output latch, it is retained until data is next written to the output latch Note,

Note Including the case where another bit of the same port is manipulated by a bit manipulation instruction.

Figure 5-40 Port Specified as Output Port
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(2) When set as an input port

The port pin level can be loaded into an accumulator by means of a transfer instruction. In this case, too, writes can be
performed to the output latch, and data transferred from the accumulator by a transfer instruction, etc., is stored in all output
latches irrespective of the port input/output specification. However, since the output buffer of a bit specified as an input port
is high-impedance, the data is not output to the port pin (when a port specified as input is switched to an output port, the
output latch contents are output to the port pin). Also, when specified as an input port, the output latch contents cannot be

loaded into an accumulator.

Figure 5-41 Port Specified as Input Port
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Caution A bit manipulation instruction manipulates one bit as the result, but accesses the port in 8-bit units.
Therefore, if a bit manipulation instruction is used on a port with a mixture of input and output pins,
the contents of the output latch of pins specified as inputs will be undefined (excluding bits
manipulated with a SET1 or CLR1 instruction, etc.). Particular care is required when there are bits

which are switched between input and output.

Caution is also required when manipulating the port with other 8-bit manipulation instructions.

(3) When used as address/data bus (ADO to AD7)
Used automatically when an external access is performed.
Input/output instructions should not be executed on port 4.
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5.6.4 Internal Pull-Up Resistors

Port 4 incorporates pull-up resistors. Use of these internal resistors when pull-up is necessary enables the number of parts
and the mounting area to be reduced.

Whether or not an internal pull-up resistor is to be used can be specified for each pin by means of the PUO4 bit of the pull-
up resistor option register (PUO) and the port 4 mode register (PM4).

When PUO4 is 1, the internal pull-up resistors of the pins for which input is specified by the PM4 for port 4 (PM4n = 1,
n=0to 7) are enabled .

Figure 5-42 Pull-Up Resistor Option Register (PUO) Format

7 6 5 4 3 2 1 0 Address After Reset R/W

PUO 0 PUO6 | PUO5 | PUO4 | PUOS3 | PUO2 | PUO1 | PUOO | OFF4EH 00H R/W

PUO4 Port 4 Pull-Up Resistor Specification

0 Not used in port 4

1 Used in port 4

Caution When using the port 4 of the uPD784038 as an address/data bus pin, and with the uyPD784031, be sure to
clear PUO4 to 0 to disconnect the internal pull-up resistor.

Remark When STOP mode is entered, setting 00H in PUQ is effective in reducing the power consumption.

Figure 5-43 Pull-Up Specification (Port 4)
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5.6.5 Direct LED Drive
In port 4, the output buffer low-level side drive capability has been reinforced, allowing active-low direct LED drive. An
example of such use is shown in Figure 5-44.

Figure 5-44 Example of Direct LED Drive

Voo
uPD784038 \
P4n
(n=0t07)

57 PORT 5

Port 5 is an 8-bit input/output port with an output latch. Input/output can be specified bit-wise by means of the port 5 mode
register (PM5). Each pin incorporates a software programmable pull-up resistor. This port has direct LED drive capability.

In addition, P50 to P57 function as the address bus (A8 to A15) when external memory or I/Os are extended.

With the uPD784031, P50 to P57 cannot be used as port pins. These pins function only as address bus pins (A8 to A15).

When RESETis input, port5is setas aninput port (output high-impedance state), and the output latch contents are undefined.

Table 5-9 Port 5 Operating Modes

MM Bits Operating Mode
MM3 MM2 MM1 MMO P50 | P51 | P52 | P53 | P54 | P55 | P56 | P57
0 0 0 0 Port (P50 to P57)
0 0 1 1
0 1 0 0 A8 A9 Port
0 1 0 1 A8 A9 A10 A11 Port
0 1 1 0 A8 A9 A10 A1l A12 A13 Port
0 1 1 1 A8 A9 A10 A11 A12 A13 A4 A15
1 0 0 0
1 0 0 1

5.7.1 Hardware Configuration
The port 5 hardware configuration is shown in Figure 5-45.
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5.7.2 1/0 Mode/Control Mode Setting

The port 5 input/output mode is set for each pin by means of the port 5 mode register (PM5) as shown in Figure 5-46.
When port 5 pins can be used as port or address pins in 2-bit units, the setting is performed by means of the memory extension

mode register (MM: See Figure 23-1) as shown in Table 5-10.
With the pPD784031, this port functions only as the address bus (A8 to A15).

Figure 5-46 Port 5 Mode Register (PM5) Format

7 6 5 4 3 2 1 0 Address After Reset R/W
PM5 | PM57 | PM56 | PM55 | PM54 | PM53 | PM52 | PM51 | PM50 | OFF25H FFH R/W
\ \ \ \ \ \ \ !
PM5n P5n Pin Input/Output Mode

Specification (n =0to 7)

0 Output mode (output buffer on)

1 Input mode (output buffer off)

Table 5-10 Port 5 Operating Modes

MM Bits Operating Mode
MM3 | Mm2 | mmi | Mo Pso | Pst | pPs2 | Pss | pPsa | Pss | Pss | Po7
0 0 0 0 Port (P50 to P57)
0 0 1 1
0 1 0 0 A8 A9 Port
0 1 0 1 A8 A9 A10 A1 Port
0 1 1 0 A8 A9 A10 A1 A12 A13 Port
0 1 1 1 A8 A9 A10 A1 A12 A13 A4 A15
1 0 0 0
1 0 0 1
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5.7.3  Operating Status
Port 5 is an input/output port, with an alternate function as the address bus (A8 to A15).

(1) When set as an output port

The output latch is enabled, and data transfers between the output latch and accumulator are performed by means of
transfer instructions. The output latch contents can be freely set by means of logical operation instructions. Once data has
been written to the output latch, it is retained until data is next written to the output latch Note,

Note Including the case where another bit of the same port is manipulated by a bit manipulation instruction.

Figure 5-47 Port Specified as Output Port
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S

(2) When set as an input port

The port pin level can be loaded into an accumulator by means of a transfer instruction. In this case, too, writes can be
performed to the output latch, and data transferred from the accumulator by a transfer instruction, etc., is stored in all output

latches irrespective of the port input/output specification. However, since t

he output buffer of a bit specified as an input port

is high-impedance, the data is not output to the port pin (when a bit specified as input is switched to an output port, the output

latch contents are output to the port pin). Also, the contents of the output |
loaded into an accumulator.

atch of a bit specified as an input port cannot be

Figure 5-48 Port Specified as Input Port
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Caution A bit manipulation instruction manipulates one bit as the result, but accesses the port in 8-bit units.
Therefore, if a bit manipulation instruction is used on a port with a mixture of input and output pins,
the contents of the output latch of pins specified as inputs will be undefined (excluding bits
manipulated with a SET1 or CLR1 instruction, etc.). Particular care is required when there are bits

which are switched between input and output.

Caution is also required when manipulating the port with other 8-bit operation instructions.

(3) When used as address bus (A8 to A15)
Used automatically when an external address is accessed.
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5.7.4 Internal Pull-Up Resistors

Port 5 incorporates pull-up resistors. Use of these internal resistors when pull-up is necessary enables the number of parts
and the mounting area to be reduced.

Whether or not an internal pull-up resistor is to be used can be specified for each pin by means of the PUOS5 bit of the pull-
up resistor option register (PUO) and the port 5 mode register (PM5).

When PUOS5 is 1, the internal pull-up resistors of the pins for which input is specified by the PM5 for port 5 (PM5n =1, n =
0 to 7) are enabled .

Figure 5-49 Pull-Up Resistor Option Register (PUO) Format

7 6 5 4 3 2 1 0 Address  After Reset R/W

PUO 0 PUO6 | PUO5 | PUO4 | PUOS3 | PUO2 | PUO1 | PUOO | OFF4EH 00H R/W

PUO5 Port 5 Pull-Up Resistor Specification

0 Not used in port 5

1 Used in port 5

Caution Whenusingtheport5ofthe uPD784038 as an address bus, and with the uPD784031, be sure to clear PUO5
to 0 to disconnect the internal pull-up resistor.

Remark When STOP mode is entered, setting 00H in PUQ is effective in reducing the power consumption.

Figure 5-50 Pull-Up Specification (Port 5)
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5.7.5 Direct LED Drive
In port 5, the output buffer low-level side drive capability has been reinforced, allowing active-low direct LED drive. An
example of such use is shown in Figure 5-51.

Figure 5-51 Example of Direct LED Drive
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5.8 PORT 6

e With uPD784031
P60 to P63 are output port pins and P66 and P67 are input/output port pins with output latch.
P64 to P67 incorporate a software programmable pull-up resistor.
In addition to the functions as port pins, these pins also have various alternate-function control signal pin functions, as
shown in Table 5-11. Operations as control pins are performed by the respective function operations.
P64 and P65 cannot be used as port pins and function only as RD and WR output pins.
When RESET is input, the level of the above pins are set as follows:
* P60 to P63: Low
« P64, P65: High
* P66, P67:  Input port (output high impedance)
The higher 4 bits of the contents are undefined, and the lower 4 bits are reset to OH.

¢ With other than uPD784031
Port 6 is an 8-bit input/output port with an output latch. P60 to P67 incorporate a software programmable pull-up resistor.
In addition to its function as a port, port 6 also has various alternate-function control signal pin functions as shown in Table
5-11. Operations as control pins are performed by the respective function operations.
When RESET is input, P60 to P67 are set as input port pins (output high-impedance state), and the output latch contents
are undefined.

Table 5-11 Port 6 Operating Modes

Control Signal Input/
Pin Name Port Mode 9 pu Operation to Operate as Control Pins
Output Mode
P60 to P63 Input/output portsN°te | A16 to A19 outputs Specified by bits MM3 to MMO of the MM in 2-bit units
P64 RD output With the uPD784031, or when external memory extension
P65 WR output mode is specified by bits MM3 to MMO of the MM
P66 WAIT input Specified by bits PWn1 & PWnO (n = 0 to 7) of the PWC1 &
PWC2 or setting P66 in the input mode

HLDRQ input Bus hold enabled by the HLDE bit of the HLDM
P67 HLDAK output

REFRQ output Set (to 1) the RFEN bit of the RFM

Notes 1. These pins of the uPD784031 are output port pins.
2. With the uPD784031, this pin cannot be used as a port pin.

Caution P60to P63 of the uPD784031 are in the output high-impedance state while the RESET signal is input, but
output alow level after the RESET signal has been cleared. Therefore, design the external circuit so that

the low level may be output as the initial status.

Remark For details, refer to CHAPTER 23 LOCAL BUS INTERFACE FUNCTION.
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Table 5-12 P60 to P65 Control Pin Specification

MM Bits Operating Mode
MM3 MM2 MM1 MMO P60 P61 P62 P63 P64 P65
0 0 0 0 Port (P60 to P65)
0 0 1 1
0 1 0 0 Port (P60 to P63) RD WR
0 1 0 1
0 1 1 0
0 1 1 1
1 0 0 0 A16 A17 Port
1 0 0 1 A16 A17 A18 A19

(&) Port mode
« With uPD784031
Each port not specified as control mode, P66 and P67 serve as output port pins, and P66 and P67 can be specified
as input/output bit-wise by means of the port 6 mode register (PM6).

e With other than uPD784031
Each port not specified as in control mode can be specified as input/output bit-wise by means of the port 6 mode
register (PM6).

(b)

0]

(i)

(iii)

(iv)

(v)

(vi)

Control signal input/output mode

A16 to A19 (Address Bus)
Upper address bus output pins when the external memory space is expanded (10000H to FFFFFH).
These pins operate in accordance with the memory extension mode register (MM).

RD (Read Strobe)

The strobe signal for an external memory read operation. The operation of this pin is controlled by the memory
expansion mode register (MM).

With the uPD784031, this pin always serves as an RD pin.

WR (Write Strobe)

Pin that outputs the strobe signal for an external memory write operation. The operation of this pin is controlled
by the memory expansion mode register (MM).
With the uPD784031, this pin always serves as a WR pin.

WAIT (Wait)
Wait signal input pin. Operates in accordance with the programmable wait control registers (PWC1, PWC2).

HLDRQ (Hold Request)
External bus hold request signal input pin. Operates in accordance with the hold mode register (HLDM).

HLDAK (Hold Acknowledge)
Bus hold acknowledge signal output pin. Operates in accordance with the hold mode register (HLDM).
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(vii) REFRQ (Refresh Request)
This pin outputs refresh pulses to pseudo-static memory when this memory is connected to it externally. Operates
in accordance with the refresh mode register (RFM).

5.8.1 Hardware Configuration
The port 6 hardware configuration is shown in Figures 5-52 to 5-55.

Figure 5-52 Block Diagram of P60 to P63 (Port 6)
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Remark The pPD784031 does not have a function for input operation.
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Figure 5-53 Block Diagram of P64 and P65 (Port 6)
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Figure 5-54 Block Diagram of P66 (Port 6)
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Figure 5-55 Block Diagram of P67 (Port 6)
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5.8.2 1/0 Mode/Control Mode Setting
The port 6 input/output mode is set by means of the port 6 mode register (PM6) as shown in Figure 5-56.
Operations for operating port 6 as control pins are shown in Table 5-13.

With the uPD784031, P64 functions only as RD signal output pin, and P65, as WR signal output pin.

Table 5-13 Port 6 Operating Modes

Pin Name Control Signal I/0O Mode Port Mode Operation to Operate as Control Pins
P60 A16 Input/output port™*¢|  External memory extension mode specified by bits MM3 to MMO of
P61 A17 the MM (see Table 5-14)
P62 A18
P63 A19
P64 RD Input/output port With the uPD784031, external memory extension mode specified by
PG5 WR bits MM3 to MMO of the MM (see Table 5-14)
P66 WAIT External wait input is specified by setting bits
PWn1 and PWnO (n = 0 to 7) and P66 of the PWC1 and PWC2
HLDRQ Bus hold enabled by the HLDE bit of the HLDM
P67 HLDAK
REFRQ Set (to 1) the RFEN bit of the RFM
Note These pins of the uPD784031 are output port pins.

Table 5-14 P60 to P65 Control Pin Specification

MM Bits Operating Mode
MM3 MM2 MM1 MMO P60 P61 P62 P63 P64 P65
0 0 0 0 Port (P60 to P65)
0 0 1 1
0 1 0 0 Port (P60 to P63) RD WR
0 1 0 1
0 1 1 0
0 1 1 1
1 0 0 0 A16 A17 Port
1 0 0 1 A16 A17 A18 A19

164
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Figure 5-56 Port 6 Mode Register (PM6) Format

7 6 5 4 3 2 1 0 Address After Reset R/W
PM6 | PM67 | PM66 | PM65 | PM64 | PM63 | PM62 | PM61 | PM60 | OFF26H FFH R/W
\ \ \ \ \ \ \ !
PM6n P6én Pin Input/Output Mode

Specification (n =0 to 7)

0 Output mode (output buffer on)

1 Input mode (output buffer off)

Remark The lower 4 bits (P60 to P63) of the uPD784031 are output port pins.

5.8.3 Operating Status
Port 6 is an input/output port, with an alternate function as various control pins.

(1) When set as an output port

The output latch is enabled, and data transfers between the output latch and accumulator are performed by means of
transfer instructions. The output latch contents can be freely set by means of logical operation instructions. Once data has
been written to the output latch, it is retained until data is next written to the output latch Note,

Note Including the case where another bit of the same port is manipulated by a bit manipulation instruction.

Figure 5-57 Port Specified as Output Port
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User's Manual U11316EJ4V1UD 165



CHAPTER 5 PORT FUNCTIONS

(2) When set as an input port
The port pin level can be loaded into an accumulator by means of a transfer instruction. In this case, too, writes can be
performed to the output latch, and data transferred from the accumulator by a transfer instruction, etc., is stored in all output
latches irrespective of the port input/output specification. However, since the output buffer of a bit specified as an input port
is high-impedance, the data is not output to the port pin (when a bit specified as input is switched to an output port, the output

latch contents are output to the port pin). Also, the contents of the output latch of a bit specified as an input port cannot be
loaded into an accumulator.

Figure 5-58 Port Specified as Input Port
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Caution A bit manipulation instruction manipulates one bit as the result, but accesses the port in 8-bit units.
Therefore, if a bit manipulation instruction is used on a port with a mixture of input and output pins,
or port mode and control mode, the contents of the output latch of pins specified as inputs or pins
specified as in the control mode will be undefined (excluding bits manipulated with a SET1 or CLR1
instruction, etc.). Particular care is required when there are bits which are switched between input
and output.

Caution is also required when manipulating the port with other 8-bit manipulation instructions.

(3) When used as control pins
Cannot be manipulated or tested by software.
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5.8.4 Internal Pull-Up Resistors

P60 to P67 (P64 to P67 with the uPD784031) incorporate pull-up resistors. Use of these internal resistors when pull-up is
necessary enables the number of parts and the mounting area to be reduced.

Whether or not an internal pull-up resistor is to be used can be specified for each pin by means of the PUOS bit of the pull-
up resistor option register (PUO) and the port 6 mode register (PM6).

When PUOG is 1, the internal pull-up resistors of the pins for which input is specified by the PM6 (PM6n=1,n=01t0 7) are
enabled .

P60 to P63 of the uPD784031 are not connected to a pull-up resistor.

Figure 5-59 Pull-Up Resistor Option Register (PUO) Format

7 6 5 4 3 2 1 0 Address After Reset R/W

PUO 0 PUO6 | PUO5 | PUO4 | PUOS3 | PUO2 | PUO1 | PUOO | OFF4EH 00H R/W

PUO6 Port 6 Pull-Up Resistor Specification

0 Not used in port 6

1 Used in port 6

Remark When STOP mode is entered, setting 00H in PUQ is effective in reducing the power consumption.

Figure 5-60 Pull-Up Specification (Port 6)
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5.9 PORT 7

Port 7 is an 8-bit input/output port. In addition to operating as an input/output port, it also operates as the A/D converter analog
input pins (ANIO to ANI7).

Input/output can be specified bit-wise by means of the port 7 mode register (PM7).

Pin levels can be read or tested at any time irrespective of alternate-function pin operations.

When RESET isinput, port 7 is set as an input port (output high-impedance state), and the output latch contents are undefined.

5.9.1 Hardware Configuration
The port 7 hardware configuration is shown in Figure 5-61.

Figure 5-61 Port 7 Block Diagram
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5.9.2 1/0 Mode/Control Mode Setting
The port 7 input/output mode is set for each pin by means of the port 7 mode register (PM7) as shown in Figure 5-62.

In addition to the operation of port 7 as an input/output port, analog signal input can be performed at any time. Mode setting
is not necessary.

Specification of the A/D conversion operation is performed by ADM of the A/D converter (see Chapter 14 A/D Converter
for details).

Figure 5-62 Port 7 Mode Register (PM7) Format

7 6 5 4 3 2 1 0 Address After Reset R/W
PM7 | PM77 | PM76 | PM75 | PM74 | PM73 | PM72 | PM71 | PM70 | OFF27H FFH R/W
\ \ \ \ \ \ \ !
PM7n P7n Pin Input/Output Mode

Specification (n = 0 to 7)

0 Output mode (output buffer on)

1 Input mode (output buffer off)

5.9.3  Operating Status

Port 7 is an input/output port, with an alternate function as the A/D converter analog input pins (ANIO to ANI7).

(1) When set as an output port

The output latch is enabled, and data transfers between the output latch and accumulator are performed by means of
transfer instructions. The output latch contents can be freely set by means of logical operation instructions. Once data has
been written to the output latch, it is retained until data is next written to the output latch Note,

Note Including the case where another bit of the same port is manipulated by a bit manipulation instruction.

Figure 5-63 Port Specified as Output Port
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(2) When set as an input port
The port pin level can be loaded into an accumulator by means of a transfer instruction. In this case, too, writes can be
performed to the output latch, and data transferred from the accumulator by a transfer instruction, etc., is stored in all output
latches-irrespective of the port input/output specification. However, since the output buffer of a bit specified as an input port
is high-impedance, the data is not output to the port pin (when a bit specified as input is switched to an output port, the output

latch contents are output to the port pin). Also, the contents of the output latch of a bit specified as an input port cannot be
loaded into an accumulator.

Figure 5-64 Port Specified as Input Port
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Caution A bit manipulation instruction manipulates one bit as the result, but accesses the port in 8-bit units.
Therefore, if a bit manipulation instruction is used on a port with a mixture of input and output pins, the
contents of the output latch of pins specified as inputs will be undefined (excluding bits manipulated with

a SET1 or CLR1 instruction, etc.). Particular care is required when there are bits which are switched
between input and output.

Caution is also required when manipulating the port with other 8-bit operation instructions.

5.9.4 Internal Pull-Up Resistors
Port 7 does not incorporate pull-up resistors.

5.9.5 Caution

A voltage outside the range AVss to AVRer1 must not be applied to pins for which P70 to P77 are used as ANIO to AN17.
See 14.5 CAUTIONS in CHAPTER 14 “A/D CONVERTER” for details.
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5.10 PORT OUTPUT CHECK FUNCTION

The uPD784038 has a function for reading and testing output port pin levels in order to improve the reliability of application
systems. Itis therefore possible to check the output data and the actual pin status as required. Ifthere is a mismatch, appropriate
action can be taken, such as replacement with another system.

Special instructions, CHKL and CHKLA, are provided to check the port status. These instructions perform a comparison by
taking the exclusive OR of the pin status and the output latch contents (in port mode), or the pin status and the internal control
output signal level (in control mode).

Example An example is shown below of a program that checks the pin status and output latch contents using the CHKL
instruction and CHKLA instruction.

TEST : SET1 P0.3 ; Set bit 3 of port 0
CHKL PO ; Check port 0
BNE $ ERR1 ; Branch to error processing (ERR1) in case of mismatch with output

latch contents

ERR1 : CHKLA PO ; Faulty bit check

BT A7, $BITO7 ; Bit 77
BT A.6, $BIT06 ; Bit 6?
BT A.1, $BITO1 ; Bit1?
BR $BITOO ; If none of the bits, bit 0 is faulty

Cautions 1. If each port is set to input mode, a comparison of the pin status with the output latch contents (or
control output level) using the CHKL or CHKLA instruction will always show a match whether the
individual pins of the port are port pins or control pins.

Therefore, executing these instructions on a port set to input mode is actually ineffective.

2. If the output levels of a port in which control outputs and port outputs are mixed in a single port are
checked with the CHKL or CHKLA instruction, the input/output mode of control output pins should
be setto input mode before executing these instructions (as the output levels of control outputs vary
asynchronously, the output level cannot be checked with the CHKL or CHKLA instruction).

3. As port 2is an input-only port, a comparison of the pin status with the output latch contents using
the CHKL or CHKLA instruction will always show a match. Therefore, executing these instructions
on port 2 is actually ineffective.
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5.11 CAUTIONS

(1)

172

All port pins become high-impedance after RESET signal input (internal pull-up resistors are disconnected from the
pins).

If there is a problem with pins becoming high-impedance during RESET input, this should be handled with external
circuitry.

Bit 7 of the pull-up resistor option register (PUO) that sets the internal pull-up resistor connection is fixed at 0, but if “1”
is written to bit 7 of the PUQO in the in-circuit emulator, “1” will be read.

Output latch contents are not initialized byWSET input. When a port is used as an output port, the output latch must
be initialized without fail before turning on the output buffer. Ifthe outputlatchis notinitialized before turning on the output
buffer, unexpected data will be output to the output port.

Similarly, for pins used as control pins, internal peripheral hardware initialization must be performed before performing
the control pin specification.

As P22to P26 are not pulled up immediately after areset, an interrupt request flag may be set depending on the function
of the alternate-function pins (INTP1 to INTP5). Therefore, the interrupt request flags should be cleared after specifying
pull-up in the initialization routine.

When P40 to P47 and P50 to P57 are used as the address/data bus and address bus respectively in the pPD784038,
and with the uPD784038 bits PUO4 and PUOS5 of the pull-up resistor option register (PUO) must be set to “0” so that
internal pull-up resistor connection is not performed.

P60 to P63 of the uPD784031 are in the output high-impedance state while the RESET signal is input, but output a low
level after the RESET signal has been cleared. Therefore, design the external circuit so that the low level may be output

as the initial status.

A voltage outside the range AVss to AVrer1 must not be applied to pins for which P70 to P77 are used as ANIO to ANI7.
See 14.5 CAUTIONS in CHAPTER 14 A/D CONVERTER for details.

A bit manipulation instruction manipulates one bit as the result, but accesses the port in 8-bit units. Therefore, if a bit
manipulation instruction is used on a port with a mixture of input and output pins or port mode and control mode, the
contents of the output latch of pins specified as inputs or pins specified as in control mode will be undefined (excluding
bits manipulated with a SET1 or CLR1 instruction, etc.). Particular care is required when there are bits which are
switched between input and output.

Caution is also required when manipulating the port with other 8-bit operation instructions.

If each port is set to input mode, a comparison of the pin status with the output latch contents (or control output level)
using the CHKL or CHKLA instruction will always show a match whether the individual pins of the port are port pins or
control pins. Therefore, executing these instructions on a port set to input mode is actually ineffective.

If the output levels of a port in which control outputs and port outputs are mixed in a single port are checked with the
CHKL or CHKLA instruction, the input/output mode of control output pins should be set to input mode before executing
these instructions (as the output levels of control outputs vary asynchronously, the output level cannot be checked with
the CHKL or CHKLA instruction).

As port 2 is an input-only port, a comparison of the pin status with the output latch contents using the CHKL or CHKLA
instruction will always show a match. Therefore, executing these instructions on port 2 is actually ineffective.
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6.1 CONFIGURATION AND FUNCTION

The real-time output function is implemented by hardware, including primarily port 0 and the port 0 buffer registers (POH, POL),
shown in Figure 6-1.

The real-time output function refers to the transfer to the output latch by hardware of data prepared in the POH and POL
beforehand, simultaneously with the generation of an interrupt from timer/counter 1 or external interrupt, and its output off-chip.
The pins that output the data off-chip are called real-time output ports.

The following two kinds of real-time output data are handled:

* 4 bits x 2 channels

» 8 bits x 1 channel

By combining the real-time output function with the macro service function described later, the functions of a pattern generator
with programmable timing are implemented without software intermediation.

This is ideally suited to stepping motor control, for example.

Figure 6-1 shows the block diagram of the real-time output port.
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CHAPTER 6 REAL-TIME OUTPUT FUNCTION

6.2 REAL-TIME OUTPUT PORT CONTROL REGISTER (RTPC)

The RTPC is an 8-bit register that specifies the function of port 0.
RTPC can be read orwritten to by an 8-bit manipulation instruction or bit-manipulation instruction. Figure 6-2 shows the format

of RTPC.

RESET input clears the RTPC register to 00H.

Figure 6-2 Real-Time Output Port Control Register (RTPC) Format

RTPC

7 6 5 ) 3 2 1 (0  Address After Reset R/W
BYTE 0 0 POMH | EXTR 0 TRGPO| POML | OFF2EH 00H R/W
POML P00 to P03 Function Specification
0 Port mode
1 Real-time output port mode
Enabling of Data Transfer to Output
EXTR [TRGPO| | 4tch from POH, POL by INTPO
Not enabled
0 0 (data transfer by INTC10 only)
) Enabled
1 o | Transferby either| .pyTE _ 0
INTPO or INTC10 | po( only
transferred
Transfer b "BYTE-1:
1 1 y POL/POH
INTPO only transferred
0 1 Setting prohibited
POMH P04 to P07 Function Specification

0 Port mode

1 Real-time output port mode

BYTE | Real-Time Output Port Operating Mode

0 4-bit separate real-time output ports

1 8-bit real-time output port

Caution When POML and POMH bits are set (to 1), the corresponding port output buffer is turned on and the port
0 output latch contents are output irrespective of the contents of the port 0 mode register (PM0). The
output latch contents should therefore be initialized before making a real-time output port specification.

User's Manual U11316EJ4V1UD

175



CHAPTER 6 REAL-TIME OUTPUT FUNCTION

6.3 REAL-TIME OUTPUT PORT ACCESSES

The port 0 buffer registers (POH, POL) are mapped onto mutually independent addresses in the SFR area as shown in Figure
6-3.

When the 4-bit x 2-channel real-time output function is specified, data can be set in the POH, POL independently of each
other.

When the 8-bit x 1-channel real-time output function is specified, data can be setin POH and POL by writing 8-bit data to either
one of the POH or POL.

Table 6-1 shows the operations when port 0, the POH and POL are manipulated.

Figure 6-3 Port 0 Buffer Register (POH, POL) Configuration

High-Order 4 Bits Low-Order 4 Bits

OFFOEH

POL

OFFOFH

Table 6-1 Operations When Port 0 and Port 0 Buffer Registers (POH, POL) are Manipulated

Operating Mode Register Read Operation Write Operation
High-Order 4 Bits Low-Order 4 Bits High-Order 4 Bits Low-Order 4 Bits
8-bit port mode PO Output latch Output latch
POL Buffer register Nt — Buffer register
POH Buffer register Nt Buffer register —
8-bit real-time output PO Output latch
port mode PoOL Buffer register Buffer register
POH Buffer register Buffer register
4-bit separate real-time PO Output latch
output port mode POL Buffer register Note — Buffer register
POH Buffer register Nt Buffer register —
P00 to P03: Ports PO Output latch — Output latch
P04 to PO7: Real-time POL Buffer register Note — Buffer register
output port mode POH Buffer register Note Buffer register —
P00 to P03: Real-time PO Output latch Output latch —
output port mode POL Buffer register Nt — Buffer register
P04 to P07: Ports POH Buffer register Nt Buffer register —

Note The contents of POH are read from the high-order 4 bits, and the contents of POL from the low-order 4 bits.

Remark

176

— : The output latch and port 0 buffer registers are not affected.
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<Examples of setting data in port O buffer registers>

* 4-bit x 2-channel operation

MOV POL, #05H ; Sets 0101B in POL
MOV POH, #O0COH ; Sets 1100B in POH

+ 8-bit x 1-channel operation
MOV POL, #O0C5H ; Sets0101Bin POL and 1100B in POH
or
MOV POH, #0C5H

The timing for transfer to the output latch can be determined by the following three sources:

* Interrupt from timer/counter 1 (INTC10 or INTC11)

* INTPO external interrupt
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6.4 OPERATION

When the port 0 function is specified as the real-time output port, the port 0 buffer register (POH, POL) contents are fetched
into the output latch and output to the port 0 pins in synchronization with the generation of one of the trigger conditions shown
in Table 6-2.

For example, the timer/counter 1 timer register 1 (TM1) and compare register (CR10, CR11) match signal (INTC10, INTC11)
can be selected as the output trigger generation source. In this case, the port 0 pin output data can be changed to the POH and
POL values using the value setinthe CR10, CR11 beforehand as the timing interval. Combining this real-time output port function
with the macro service function enables the port 0 output pin output data to be changed sequentially at any interval time (see
22.8 Macro Service Function).

If the INTPO external interrupt pin is selected as the output trigger source, port 0 output can be obtained in synchronization
with an external event.

Table 6-2 Real-Time Output Port Output Triggers (When POMH = POML = 1)

RTPC
BYTE EXTR TRGPO Output Mode POH POL
0 0 0 4-bit real-time output INTC11 INTC10
0 1 0 INTC11 INTC10 or INTPO
0 1 1 INTC11 INTPO
1 0 0 8-bit real-time output INTC10
1 1 0 INTC10 or INTPO
1 1 1 INTPO
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Timer/Counter 1
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INTC11
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Port 0 Buffer Register
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Figure 6-4 Real-Time Output Port Operation Timing
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Figure 6-5 Real-Time Output Port Operation Timing (2-Channel Independent Control Example)
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6.5 EXAMPLE OF USE

The case in which P00 to P03 are used as a 4-bit real-time output port is shown here.

Each time the contents of timer/counter 1 timer register 1 (TM1) and compare register (CR10) match, the contents of port
0 buffer register (POL) are output to P00 to P03. At this time, the next data to be output and the timing at which the output is
to be changed next are set in the service routine for the simultaneously generated interrupt (see Figure 6-6).

See CHAPTER 9 TIMER/COUNTER 1 for the method of using timer/counter 1.

The control register settings are shown in Figure 6-7, the setting procedure in Figure 6-8, and the processing in the interrupt
service routine in Figure 6-9.

Figure 6-6 Real-Time Output Port Operation Timing

FFH

CR10

Timer/Counter 1

CR10

CR10 %

OH

INTC10
Interrupt Request

Port 0 Buffer Register
POL Do1 Do2 D03 Do4

Output Latches
POO to P03 D00 D01 D02 D03 S
Output Pins  Hi-Z
POO to P03 Doo D01 D02 D03 S

A POL and CR10 overwritten by INTC10 interrupt
A POL contents transferred to output latch on match of TM1 and CR10
A Timer Start

A Qutput buffer turned on

A Next data to be output is set in POL

A Initial output data is set in output latches P00 to P03
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Figure 6-7 Real-Time Output Function Control Register Settings

RTPC 0 0 0 0 0 0 0 0

P00 to P03 used as real-time output port

Data transfer to output latch from POL
by INTPO disabled

P04 to P07 used as normal output port

> 4-bit separate real-time output ports selected

Figure 6-8 Real-Time Output Function Setting Procedure

( Real-time output port )

Set initial value in PO
output latch

Set next value to be output
in POL

Set real-time output port
control register (RTPC)

Set timer/counter 1

Timer start

INTC10 Interrupt

=
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Figure 6-9 Interrupt Request Servicing when Real-Time Output Function is Used

( Timer interrupt )

Interval time setting

Set next value to be output
in POL

( Return )

6.6 CAUTIONS

(1) When POML and POMH bits are set (to 1), the corresponding port output buffer is turned on and the port 0 output latch
contents are output irrespective of the contents of the port 0 mode register (PM0). The output latch contents should
therefore be initialized before making a real-time output port specification.

(2) When the port is specified as a real-time output port, values cannot be directly written to the output latch by software.
Therefore, the initial value of the output latch must be set by software before specifying use as a real-time output port.
Also, if the need arises to forcibly set the output data to a fixed value while the port is being used as a real-time output
port, you should change the port to a normal output port by manipulating the real-time output port control register (RTPC),
then write the value to be output to the output latch.
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The uPD784038 incorporates three timer/counter units and one timer unit.
These timer/counter and timer units can be used as seven units of timer/counters because the uPD784038 supports seven
interrupt requests.

Table 7-1 Operations of Timer/Counters

ltem Name Timer/Counter 0 Timer/Counter 1 Timer/Counter 2 Timer 3
Count 8 bits — v v v
width 16 bits v v v v
Operation| Interval timer 2ch 2ch 2ch 1ch
mode External event counter v Vv v —

One-shot timer — — v —
Function | Timer output 2ch — 2ch —
Toggle output v — v —
PWM/PPG output v — v —
One-shot pulse output Note v — — —
Real-time output — v — —
Pulse width measurement 1 input 1 input 2 inputs —
Number of interrupt requests 2 2 2 1

Note In the one-shot pulse output function, the pulse output level activated by software and inactivated by hardware (an
interrupt request signal).
This function is different in nature from the one-shot timer function of timer/counter 2.
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Timer/Counter 0

fxx/8
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Timer/Counter 1
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Figure 7-1 Timer/Counter Block Diagram
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8.1 FUNCTIONS

Timer/counter 0 is a 16-bit timer/counter.
In addition to its basic functions of interval timer, programmable square-wave output, pulse width measurement and event
counter, timer/counter 0 can be used for the following functions.

+ PWM output
+ Cycle measurement

« Soft triggered one-shot pulse output

(1) Interval timer
Generates internal interrupts at preset intervals.

Table 8-1 Timer/Counter O Interval Time

Minimum Interval Time | Maximum Interval Time Resolution
8/fxx 216 x 8/fxx 8/fxx
(0.25 us) (16.40 ms) (0.25 ps)
16/fxx 216 x 16/fxx 16/fxx
(0.50 ps) (32.80 ms) (0.50 ps)
32/fxx 216 x 32/fxx 32/fxx
(1.00 ps) (65.50 ms) (1.00 ps)
64/fxx 216 x 64/fxx 64/fxx
(2.00 ps) (131 ms) (2.00 ps)
128/fxx 218 x 128/fxx 128/fxx
(4.00 us) (262 ms) (4.00 us)
256/fxx 216 x 256/fxx 256/fxx
(8.00 us) (524 ms) (8.00 us)
512/fxx 216 x 512/fxx 512/fxx
(16.00 us) (1.05s) (16.00 us)
1,024/fxx 216 x 1,024/fxx 1,024/fxx
(32.00 us) (2.10°s) (32.05 us)
2,048/fxx 216 x 2,048/fxx 2,048/fxx
(64.00 us) (4.19°s) (64.00 us)

( ): When fxx = 32 MHz
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(2) Programmable square-wave output

Outputs square waves independently to the timer output pins (TOO0, TO1).

Table 8-2 Timer/Counter 0 Programmable Square-Wave Output Setting Range

Minimum Pulse Width Maximum Pulse Width
8/fxx 216 x 8/fxx
(0.25 pus) (16.40 ms)
16/fxx 216 x 16/fxx
(0.50 us) (32.80 ms)
32/fxx 216 x 32/fxx
(1.00 us) (65.50 ms)
64/fxx 216 x 64/fxx
(2.00 us) (131 ms)
128/fxx 216 x 128/fxx
(4.00 us) (262 ms)
256/fxx 216 x 256/fxx
(8.00 us) (524 ms)
512/fxx 216 x 512/fxx
(16.00 ps) (1.05s)
1,024/fxx 216 x 1,024/fxx
(32.00 us) (2.10s)
2,048/fxx 216 x 2,048/fxx
(64.00 us) (4.19s)

( ): When fxx = 32 MHz
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(3) Pulse width measurement
Detects the pulse width of the signal input to the external interrupt request input pin (INTP3).

Table 8-3 Timer/Counter 0 Pulse Width Measurement Range

Measurable Pulse Width Note Resolution
8/fxx to 216 x 8/fxx 8/fxx
(0.25 us) (16.40 ms) (0.25 ps)
16/fxx  to 218 x 16/fxx 16/fxx
(0.50 us) (32.80 ms) (0.50 us)
32/fxx  to 216 x 32/fxx 32/fxx
(1.00 us) (65.50 ms) (1.00 us)
64/fxx to 216 x 64/fxx 64/fxx
(2.00 ps) (131 ms) (2.00 ps)
128/fxx to 216 x 128/fxx 128/fxx
(4.00 ps) (262 ms) (4.00 ps)
256/fxx to 2'8 x 256/fxx 256/fxx
(8.00 ps) (524 ms) (8.00 us)
512/fxx to 218 x 512/fxx 512/fxx
(16.00 us) (1.05s) (16.00 us)
1,024/fxx to 216 x 1,024/fxx 1,024/fxx
(32.00 us) (2.10s) (32.00 ps)
2,048/fxx to 216 x 2,048/fxx 2,048/fxx
(64.00 us) (4.19's) (64.00 us)

(): When fxx = 32 MHz

Note The minimum pulse width that can be measured differs depending on the selected value of fcik.
The minimum pulse width that can be measured is the value of 4/fcLk or the value in the above table, whichever is

greater.
(4) Software triggered one-shot pulse output
This is a one-shot pulse output function in which the pulse output level is activated by software and inactivated by hardware

(an interrupt request signal). Control can be performed for the timer output pins (TOO, TO1) independently.

Caution The software triggered one-shot pulse output function is different in nature from the one-shot timer
function of timer/counter 2.
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(5) External event counter
Counts the clock pulses input from the external interrupt request input pin (INTP3).
The clocks that can be input to timer/counter 0 are shown in Table 8-4.

Table 8-4 Timer/Counter 0 Pulse Width Measurement Time

When Counting One Edge When Counting Both Edges
Maximum frequency fck/8 (2.00 MHz) fck/8 (2.00 MHz)
Minimum pulse width 4/fck (0.25 ps) 4/fck (0.25 ps)
(High and low levels)

( ): When fcik = 16 MHz
8.2 CONFIGURATION
Timer/counter 0 consists of the following registers:
» Timer register (TMO x 1)
» Compare register (CR00, CR01) x 2

« Capture register (CR02) x 1

The block diagram of timer/counter 0 is shown in Figure 8-1.
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Timer register 0 (TMO)

TMO is a timer register that counts up using the count clock specified by the low-order 4 bits of prescaler mode register 0
(PRMO).

The count operation is stopped or enabled by means of timer control register 0 (TMCO).

TMO can be read only with a 16-bit manipulation instruction. When RESET is input, TMO is cleared to 0000H and the count
is stopped.
Caution If the value of the timer register is read under the condition indicated by “x” in Table 8-5, the read value
may be illegal. Do not read the timer register under condition “x”.

Table 8-5 Limits of Reading Timer Register

(V: Can be read, x: Must not be read)

foik fxx/2 fxx/4 fxx/8 fxx/16
Timer Count Clock
fxx/8 v v x x
fxx/16 v v v x
fxx/n v v v v

Remarks 1. fxx: Oscillation frequency
2. fewk: Internal system clock frequency
3. n=32,64,128, 256, 512, 1,024, 2,048

Compare registers (CRO0/CR01)

CRO00 and CRO1 are 16-bit registers that hold the values that determine the interval timer frequency.

If the CRO0/CRO1 contents match the contents of TMO, an interrupt request (INTCOO/INTCO01) and timer output control
signal are generated. Also, the count value can be cleared by a content match (CR01).

CRO00 and CRO1 can be read or written with a 16-bit manipulation instruction. The contents of these registers are undefined
after RESET input.

Capture register (CR02)

CRO02 is a 16-bit register that captures the contents of TMO.

The capture operation is synchronized with the input of a valid edge (capture trigger) on the external interrupt request input
pin (INTP3). The contents of the CR02 are retained until the next capture trigger is generated.

CRO2 can be read only with a 16-bit manipulation instruction. RESET input clears CR02 to 0000H.

Edge detection circuit

The edge detection circuit detects an external input valid edge.

When the valid edge set by external interrupt mode register 1 (INTM1) is detected in the INTP3 pin input, the external
interrupt request (INTP3), a capture trigger, and a external event count clock are generated (see Figure 21-2 for details
of the INTM1).
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Output control circuit

It is possible to invert the timer output when the compare register (CR00, CRO01) register contents and the contents of the
timer register (TMO) match. A square wave can be output from the timer output pins (TO0/TO1) in accordance with the
setting of the low-order 4 bits of the timer output control register (TOC). At this time, PWM output or PPG output can be
performed according to the specification of capture/compare control register 0 (CRCO).

In addition, one-shot pulse output can also be performed by means of a software trigger.

Timer output can be disabled/enabled by means of the TOC. When timer output is disabled, a fixed level is output to the
TOO0 and TO1 pins (the output level is set by the TOC).

Prescaler
The prescaler generates the count clock from the internal system clock. The clock generated by this prescaler is selected
by the selector, and is used as the count clock by the timer register 0 (TMO) to perform count operations.

Selector

The selector selects a signal resulting from dividing the internal clock or the edge detected by the edge detection circuit as
the count clock of timer register 0 (TMO).
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8.3 TIMER/COUNTER 0 CONTROL REGISTERS

(1) Timer control register 0 (TMCO)
The timer/counter 0 TMO count operation is controlled by the low-order 4 bits in the TMCO (the high-order 4 bits control the
count operation of the TM3/TM3W of the timer 3).
TMCO can be read or written to with an 8-bit manipulation instruction or bit manipulation instruction. The format of the TMCO
is shown in Figure 8-2.
RESET input clears TMCO to 00H.

Figure 8-2 Timer Control Register 0 (TMCOQ) Format

@ 6 5 4 ® @ 1 0  Address After Reset R/W
TMCO | CE3 0 0 BW3 | CEO | OVFO 0 0 OFF5DH 00H R/W
\ \ \ |
OVFO0 TMO Overflow Flag
0 No overflow

1 Overflow (count up from FFFFH to 0000H)

CEO TMO Count Operation Control
0 Count operation stopped with count
cleared
1 Count operation enabled

Controls count operation of the TM3/TM3W of the
timer 3 (see Figure 11-2).

Remark The OVFO bit is reset by software only.
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(2) Prescaler mode register 0 (PRMO)
The count clock of the timer/counter 0, TMO, is specified by the low-order 4 bits of the PRMO (the high-order 4 bits specify
the count clock of the timer 3, TM3/TM3W).
PRMO can be read/written with an 8-bit manipulation instruction. The format of the PRMO is shown in Figure 8-3.
RESET input sets PRMO to 11H.

Figure 8-3 Prescaler Mode Register 0 (PRMO0) Format

7 6 5 4 3 2 1 0 Address After Reset R/W
PRMO | PRS3 | PRS2 | PRS1 | PRSO |PRS03|PRS02 | PRS01|PRS00| OFF5CH 11H RW
\ \ \ | \ \ \ |
(fxx = 32 MHz)
Timer/Counter 0 TMO Count
PRS03|PRS02| PRS01| PRS00 Clack Specification
Count Clock [Hz] Resolution
Specification [us]
0 0 0 0 Setting prohibited -
0 0 0 1 fxx/8 0.25
0 0 1 0 fxx/16 0.50
0 0 1 1 fxx/32 1.00
0 1 0 0 fxx/64 2.00
0 1 0 1 fxx/128 4.00
0 1 1 0 fxx/256 8.00
0 1 1 1 fxx/512 16.00
1 0 0 0 fxx/1,024 32.00
1 0 0 1 fxx/2,048 64.00
1 1 1 1 External clock (INTP3) -
Other than the above Setting prohibited
Specifies count clock of the TM3/TM3W of the timer 3
(see Figure 11-3).

Remark fxx: X1 input frequency or oscillation frequency
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(3) Capture/compare control register 0 (CRCO)
The CRCO specifies the enabling conditions for the TMO clear operation by a match signal between the contents of the
compare register (CR01) and the timer register 0 (TMO) counter value, and the timer outputs (TO0/TO1) mode.
CRCO can be read/written with an 8-bit manipulation instruction. The format of the CRCO is shown in Figure 8-4.

RESET input sets CRCO to 10H.

CRCO

Figure 8-4 Capture/Compare Control Register 0 (CRCO0) Format

7 6 3 2 1 0 Address After Reset R/W
MOD1 | MODO CLRo1 0 0 0 OFF30H 10H R/W
\
Timer Output TMO Clear
MoD1 |MoDo | cLRo1 Mode Specification OF\)/?hritri\on
TOO TO1 TMO = CRO1
0 0 0 | Toggle output | Toggle output | Disabled
0 0 1| Toggle output | Toggle output |  Enabled
0 1 0 PWM output | Toggle output | Disabled
0 1 1 Setting prohibited
1 0 0 PWM output ‘ PWM output ‘ Disabled
1 0 1 Setting prohibited
1 1 0 | Setting prohibited
1 1 1 PPG output ‘ Toggle output ‘ Enabled
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(4) Timer output control register (TOC)
TOC is an 8-bit register that controls the active level of timer output and output enabling/disabling.
The operation of the timer output pins (TO0 and TO1) by the timer/counter 0 is controlled by the low-order 4 bits (the high-
order 4 bits control the operation of the timer output pins (TO2 and TO3 by the timer/counter 2).
TOC can be written to or read with an 8-bit manipulation instruction or bit manipulation instruction. The format of the TOC
is shown in Figure 8-5.
RESET input clears TOC to 00H.

Figure 8-5 Timer Output Control Register (TOC) Format

@ 6 (5 4 @® 2 @ 0  Address After Reset R/W

TOC |ENTOS3| ALV3 [ENTO2| ALV2 |ENTO1| ALV1 |ENTOO| ALVO | OFF31H 00H RW
\ \ \ !

TOO Pin Active Level

ALVO Toggle output PWM/PPG
specification or one-shot output
pulse output specification| specification

0 Low level High level
1 High level Low level
ENTOO TOO Pin Operation Specification

0 ALVO output

1 Pulse output enabled

TO1 Pin Active Level

ALVA Toggle output PWM/PPG
specification or one-shot output
pulse output specification| specification

0 Low level High level
1 High level Low level
ENTO1 TO1 Pin Operation Specification

0 ALV1 output

1 Pulse output enabled

Controls timer output pins (TO2, TO3) by timer/
counter 2 (see Figure 10-6).
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(5) One-shot pulse output control register (OSPC)
The OSPC is an 8-bit register that specifies enabling/disabling of one-shot pulse output by a software trigger and the output

level, etc.

OSPC can be read or written to with an 8-bit manipulation instruction or bit manipulation instruction.
The format of the OSPC is shown in Figure 8-6.
RESET input clears OSPC to 00H.

Figure 8-6 One-Shot Pulse Output Control Register (OSPC) Format

OSPC

@ (& 5 4 ® ©@ 1 0  Address After Reset R/W
ST1 RT1 0 OS1 STO RTO 0 OS0 | OFF7DH 00H R/W
L L
L—{ OSO0 TOO Pulse Output Type Selection
0 Toggle output/PWM output/PPG output
selectable

1 Software triggered one-shot pulse selectable

STO RTO TOO Output Control
0 0 Output not changed
0 1 Inactive level output to TOO
1 0 Active level output to TOO
1 1 Setting prohibited

0S1 TO1 Pulse Output Type Selection
0 Toggle output/PWM output/PPG output

selectable

1 Software triggered one-shot pulse output

ST1 RT1 TO1 Output Control
0 0 Output not changed
0 1 Inactive level output to TO1
1 0 Active level output to TO1
1 1 Setting prohibited

Remarks 1. The RTO, STO, RT1, and ST1 bits are write-only, and show a value of “0” if read.
2. Pinpulse outputdisabling/enabling and active level setting are performed by means of the timer output control

register (TOC).
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8.4 16-BIT TIMER REGISTER 0 (TMO) OPERATION

8.4.1 Basic Operation

In the timer/counter 0 count operation, an up-count is performed using the count clock specified by the low-order 4 bits of
prescaler mode register 0 (PRMO).

Count operation enabling/disabling is controlled by bit 3 (CEQ) of timer control register 0 (TMCO0). When the CEO bit is set
(to 1) by software, the contents of TMO are cleared to 0000H on the first count clock, and then the up-count operation is performed.

When the CEO bit is cleared (to 0), TMO becomes 0000H immediately, and capture operations and match signal generation
are stopped.

If the CEO bit is set (to 1) again when it is already set (to 1), TMO continues the count operation without being cleared.

If the count clock is input when TMO is FFFFH, TMO becomes 0000H. In this case, OVFO bit is set (to 1) and an overflow
signal is sent to the output control circuit. OVFO bit is cleared by software only. The count operation is continued.

When RESET is input, TMO is cleared to 0000H, and the count operation is stopped.
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Figure 8-7 Basic Operation of Timer Register 0 (TMO)
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8.4.2 Clear Operation

(1) Clear operation after a match with the compare register
The timer register 0 (TMO0) can be cleared automatically after a match with the compare register (CR01). When a clearance
source arises, TMO is cleared to 0000H on the next count clock. Therefore, even if a clearance source arises, the value

at the point at which the clearance source arose is retained until the next count clock arrives.

Figure 8-8 TMO Clearance by Match with Compare Register (CR01)

Count Clock |_| | | |_|
TMO n-1 n 0 X 1

Compare Register
(CRO1) n

A A
TMO and CRO1 Match  Cleared Here

(2) Clear operation by the CEO bit of the timer control register 0 (TMCO)
The timer register 0 (TMO) is also cleared when the CEO bit of TMCO is cleared (to 0) by software. The clear operation is
performed immediately after clearance (to 0) of the CEOQ bit.
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Figure 8-9 Clear Operation When CEO Bit is Cleared (0)

(a) Basic operation
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(b) Restart before count clock input after clearance
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If the CEO bit is set (to 1) before this count clock, the count starts from 0 on the count clock.

(c) Restart after count clock input after clearance
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If the CEOQ bit is set (to 1) from this count clock onward, the count starts from 0
on the count clock after the CEO bit is set (to 1).
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8.5 EXTERNAL EVENT COUNTER FUNCTION

The timer/counter 0 can count clock pulses input from the external interrupt request input pin (INTP3).

No special selection method is needed for the external event counter operating mode. When the timer register 0 (TMO) count
clock is specified as external clock input by the setting of the low-order 4 bits of prescaler mode register 0 (PRMO0), TMO operates
as an external event counter.

The maximum frequency of external clock pulses that can be counted by TMO as the external event counter is 2.00 MHz (fcik
= 16 MHz) irrespective of whether only one edge or both edges are counted on INTP3 input.

The pulse width of the INTP3 input must be at least 4 system clocks (0.25 us: fcik = 16 MHz) for both the high level and low
level. If the pulse width is shorter than this, the pulse may not be counted.

The timer/counter 0 external event counter timing is shown in Figure 8-10.

Figure 8-10 Timer/Counter 0 External Event Count Timing (1/2)

(1) Counting one edge (maximum frequency = fcLk/8)

4ffoik (MIN.) 4/fore (MINL)  8/fork (MIN.)

_ | N |

3to 4/\fcu<

S I 1
™o on >< o+ 1 >< o+ 2 >< on +3 ><

Remark ICI: INTP3 input signal after passing through edge detection circuit

INTP3
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Figure 8-10 Timer/Counter 0 External Event Count Timing (2/2)

(2) Counting both edges (maximum frequency = fcLk/8)

4ffek (MIN.) | 4/foix (MINL) 8/fcux (MIN.)

INTP3

3 to 4/fcik

ICI _|
TMO Dn >< Dn+1 >< Dn+2 >< Dn+3 >< Dn+4 ><

Remark ICI: INTP3 input signal after passing through edge detection circuit

Dn+5 X

The TMO count operation is controlled by the CEO bit of the timer control register 0 (TMCO) in the same way as with basic
operation.

When the CEO bitis set (to 1) by software, the contents of TMO are set to 0000H and the up-count is started on the initial count
clock.

Whenthe CEOQbitis cleared (to 0) by software during a TMO count operation, the contents of TMO are setto 0000H immediately
and the stopped state is entered. The TMO count operation is not affected if the CEO bit is set (to 1) by software again when
it is already set (to 1).

Caution When timer/counter O is used as an external event counter, it is not possible to distinguish between the
case where thereis no valid edge input at all and the case where there is a single valid edge input, using
the timer register 0 (TMO) alone (see Figure 8-11), since the contents of TMO are 0 in both cases. Ifitis
necessary to makethis distinction, the INTP3interrupt request flag should be used. An exampleis shown
in Figure 8-12.

Figure 8-11 Example of the Case Where the External Event Counter Does Not Distinguish Between One
Valid Edge Input and No Valid Edge Input

INTP3 ‘

T™MO 0

A
No Distinction Made

A
Count Start
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Figure 8-12 Methods of Enabling the External Event Counter to Distinguish No Valid Edge Input

(a) Processing when count is started

( Start count >

Clear INTP3 interrupt
request flag
PIF3 - 0

Start count ; Set CEO to 1
CEO 1

|
D

(b) Processing when count value is read

C Count value read )

; Clear PIF3to 0

Read TMO contents
AX —~ TMO
YES
=07
AX=07 ; Check TMO value
If 0, check interrupt
request flag
NO
YES PIF3=17?
; Check PIF3 contents
If 1, there is a valid
AX  AX +1 edge
C End ) ; Number of input valid edges is set in AX register

204 User's Manual U11316EJ4V1UD



CHAPTER 8 TIMER/COUNTER 0

8.6 COMPARE REGISTER AND CAPTURE REGISTER OPERATION

8.6.1 Compare Operations

Timer/counter 0 performs compare operations in which the value set in compare registers (CR00, CR01) are compared with
the timer register 0 (TMO) count value.

If the count value of TMO matches the preset CROn (n =0, 1) value as the result of the count operation, a match signal is sent
to the output control circuit, and at the same time an interrupt request (INTCO0/INTCO1) is generated.

After a match with the CRO1 value, the TMO count value can be cleared, and the timer functions as an interval timer that
repeatedly counts up to the value set in the CRO1.

Figure 8-13 Compare Operation

FEEFH FFFFH
T™MO
Count Value
Value CRO1 Value
CROO0 Value
OH ! *
N
Count Start ~ Match Match Match Match
CE0 -1
INTCO00
Interrupt Request
INTCO1
Interrupt Request
OVFO0

Cleared by Software

Remark CLRO1 =0
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Figure 8-14 TMO Clearance After Match Detection

CRO1 CRO1
TMO CRO00 CRO00
Count Value
OH
A A A
Count Start Clear Clear
CEOQ ~ 1

INTCO0
Interrupt Request

INTCO1
Interrupt Request

Remark CLRO1 =0
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8.6.2 Capture Operations

Timer/counter 0 performs capture operations in which the timer register 0 (TMO) count value is fetched into the capture register

in synchronization with an external trigger, and retained there.

Avalid edge detected from the input of the external interrupt request input pin (INTP3) is used as the external trigger (capture
trigger). The count value of TMO in the process of being counted is fetched into the capture register (CR02) in synchronization

with the capture trigger, and is retained there. The contents of the CR02 are retained until the next capture trigger is generated.
The capture trigger valid edge is set by means of external interrupt mode register 1 (INTM1). If both rising and falling edges
are set as capture triggers, the width of pulses input from off-chip can be measured. Also, if a capture trigger is generated by

a single edge, the input pulse cycle can be measured.

See Figure 21-2 in CHAPTER 21 EDGE DETECTION FUNCTION for details of the INTM1.

Figure 8-15 Capture Operation

TMO
Count Value

Do
OH %

FFFFH

7

D2

Count Start
CEO ~ 1

INTP3
Pin Input

INTP3
Interrupt Request

Capture Register

(CRO2) Do

D1

D2

OVFO0

Remark Dn: TMO countvalue (n=0, 1,2, ...)
CLRO1 =0
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8.7 BASIC OPERATION OF OUTPUT CONTROL CIRCUIT

The output control circuit controls the timer output pin (TO0/TO1) levels by means of overflow signals or match signals from
the compare registers (CR00, CR01). The operation of the output control circuit is determined by the timer output control register
(TOC), capture/compare control register 0 (CRCO0), and the one-shot pulse output control register (OSPC) (see Table 8-6).

When TOO, TO1 signals are output to a pin, the relevant pin must be in control mode in the port 3 mode register (PMC3).
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Table 8-6 Timer Output (TOO/TO1) Operations

TOC OSPC CRCO
TO1 TOO
ENTO1 | ALV1 | ENTOO | ALVO 0OSs1 0OS0 MOD1 | MODO | CLRO1
0 01 0 0/1 x X X X X High/low level fixed High/low level fixed
0 0/1 1 0/1 X 0 0 0 X High/low level fixed Toggle output (active-low/high)
0 0/1 1 01 x 0 0 1 0 High/low level fixed PWM output (active-high/low)
0 0/1 1 0/1 X 0 1 0 0 High/low level fixed PWM output (active-high/low)
0 01 1 01 X 0 1 1 1 High/low level fixed PPG output (active-high/low)
0 0/1 1 0/1 X 1 X x X High/low level fixed One-shot pulse output (active-low/high)
1 01 0 0/1 0 x 0 x X Toggle output (active-low/high) High/low level fixed
1 01 0 0/1 0 X 1 0 0 PWM output (active-high/low) High/low level fixed
1 0/1 0 01 0 x 1 1 x Toggle output (active-low/high) High/low level fixed
1 0/1 0 0/1 1 X X x x One-shot pulse output (active-low/high) High/low level fixed
1 0/1 1 0/1 0 0 0 0 X Toggle output (active-low/high) Toggle output (active-low/high)
1 0/1 1 0/1 0 0 0 1 0 Toggle output (active-low/high) PWM output (active-high/low)
1 01 1 01 0 0 1 0 0 PWM output (active-high/low) PWM output (active-high/low)
1 01 1 0/1 0 0 1 1 1 Toggle output (active-low/high) PPG output (active-high/low)
1 0/1 1 0/1 0 1 0 X X Toggle output (active-low/high) One-shot pulse output (active-low/high)
1 01 1 0/1 0 1 1 0 0 PWM output (active-high/low) One-shot pulse output (active-low/high)
1 0/1 1 0/1 0 1 1 1 1 Toggle output (active-low/high) One-shot pulse output (active-low/high)
1 01 1 01 1 0 0 0 X One-shot pulse output (active-low/high) Toggle output (active-low/high)
1 0/1 1 0/1 1 0 0 1 0 One-shot pulse output (active-low/high) PWM output (active-high/low)
1 01 1 01 1 0 1 0 0 One-shot pulse output (active-low/high) PWM output (active-high/low)
1 0/1 1 0/1 1 0 1 1 1 One-shot pulse output (active-low/high) PPG output (active-high/low)
1 0/1 1 01 1 1 X X X One-shot pulse output (active-low/high) One-shot pulse output (active-low/high)
Remarks 1. Inthe ALVn (n =0, 1) columns, the figures on the left and right of the slash (“/”) correspond to the items on the left and right of the slash in the TOn
(n=0, 1) columns.
2. The “x” mark indicates that the operation is the same for either 0 or 1, but some prohibited combinations are included (see Figure 8-4).

Use with combinations not shown in this table is prohibited.

0 d3LNNOD/F3NIL 8 HY3LdVHO



CHAPTER 8 TIMER/COUNTER 0

8.7.1 Basic Operation

Setting (to 1) the ENTOn (n = 0, 1) bit of the timer output control register (TOC) enables timer output (TOn: n =0, 1) to be
varied at a timing in accordance with the settings of MOD0O, MOD1, and CLRO01 bits of capture/compare control register 0 (CRCO0)
and the one-shot pulse output control register (OSPC).

Clearing (to 0) ENTOn sets the TOn to a fixed level. The fixed level is determined by the ALVn (n = 0, 1) bit of the TOC. The
level is high when ALVn is 0, and low when 1.

8.7.2 Toggle Output

Toggle output is an operating mode in which the output level is inverted each time the compare register (CR00/CR01) value
coincides with the timer register 0 (TMO) value. The output level of timer output (TOO) is inverted by a match between CR00
and TMO, and the output level of TO1 is inverted by a match between CR01 and TMO.

When timer/counter 0 is stopped by clearing (to 0) the CEOQ bit of the timer control register 0 (TMCO), the inactive level (m:
n =0, 1) is output.

Figure 8-16 Toggle Output Operation

FFFFH FFEFH FFFFH FFEFH FFEFH
TMO
Val
Count Value CRO1 Value CRO1 Value CRO1 Value CRO1 Value
CRO00 Value CRO00 Value CRO0O0 Value CRO0O0 Value
OH
ENTOO
A A A
Instruction Instruction Instruction
Execution Execution Execution
TOO Output
(ALVO = 1)
ENTO1
A
Instruction
Execution
TO1 Output
(ALV1 = 0)
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Table 8-7 TOO, TO1 Toggle Output (fxx = 32 MHz)

Count Clock Minimum Pulse Width Maximum Interval Time
8/fxx 0.25 us 16.40 ms
16/fxx 0.50 us 32.80 ms
32/fxx 1.00 us 65.50 ms
64/fxx 2.00 us 131 ms
128/fxx 4.00 us 262 ms
256/fxx 8.00 us 524 ms
512/fxx 16.00 us 1.05s
1,024/fxx 32.00 us 2.10s
2,048/fxx 64.00 us 419s

8.7.3 PWM Output

(1) Basic operation of PWM output

In this mode, a PWM signal with the period in which timer register 0 (TMO) reaches a full count used as one cycle is output.
The timer output (TOO) pulse width is determined by the value of compare register (CR00), and the timer output (TO1) pulse
width is determined by the value of compare register (CR01). When this function is used, the CLRO1 bit of capture/compare

control register 0 (CRCO0) must be set to 0.

The pulse cycle and pulse width are

* PWM cycle = 65,536 x x/fxx

as shown below.

« PWM pulse width = CROn x x/fxx N°t¢; x = 8, 16, 32, 64, 128, 256, 512, 1,024, 2,048

Note 0 cannot be set in the CRON.

PWM pulse width ~ CROn

* Duty =
PWM cycle 65

Remark n=0,1

Timer Count CROQ

Count Start
OH

Interrupt

,536

Figure 8-17 PWM Pulse Output

FFFFH FFFFH

A WS

FFFFH

cRroo ]

TOO

Remark ALVO=0

T Width ~
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Table 8-8 TOO, TO1 PWM Cycle (fxx = 32 MHz)

Count Clock Minimum Pulse Width [us] PWM Cycle [s] PWM Frequency [Hz]
fxx/8 0.25 0.02 61.0
fxx/16 0.50 0.03 30.5
fxx/32 1.00 0.07 15.3
fxx/64 2.00 0.13 7.6
fxx/128 4.00 0.26 3.8
fxx/256 8.00 0.52 1.9
fxx/512 16.00 1.05 0.8
fxx/1,024 32.00 2.10 0.5
fxx/2,048 64.00 4.19 0.2

Figure 8-18 shows an example of 2-channel PWM output, and Figure 8-19 shows the operation of the case where FFFFH

is set in the CROO.

FFFFH

TMO
Count Value

Figure 8-18 Example of PWM Output Using TMO

FFFFH

/ 4
CR0O

FFFFH

OH

INTCO0

INTCO1

TOO

TO1

Remark ALVO =0, ALV1=0
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Figure 8-19 Example of PWM Output When CR00 = FFFFH

FFFFH FFFFH FFFFH

N FFFEH FFFEH

Count Clock Cycle T
TMO
Count Value | 2 2
1 1
0 0 _IO
INTCOO0 N n ) n

€9 €S
OVF Flag ) )
€9 €S

Pulse Width

‘*T ] 65,535
65.536

Duty = x 100 = 99.998 (%)

~— Pulse Cycle = 65,536T

Remarks 1. ALV0O=0
2. T=x/fxx (x =8, 16, 32, 64, 128, 256, 512, 1,024, 2,048)
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(2) Rewriting compare registers (CR00, CR01)
The output level of the timer output (TOn: n =0, 1) does not change even if the CROn (n = 0, 1) value matches the timer
register 0 (TMO) value more than once during one PWM output cycle.

Figure 8-20 Example of Compare Register (CR00) Rewrite

FFFFH FFFFH

pd X
TMO /
T1 T1 T1

\

Count Value
OH
CROO T1 T2
TOO
A
CRO0O
Rewrite

A
CRO00 and TMO values match, but TOO does not change here.
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Ifavalue smallerthan that of the TMO is set as the CROn value, a 100% duty PWM signal will be output. CROn rewriting should
be performed by the interrupt due to a match between TMO and the CROn on which the rewrite is performed.

Figure 8-21 Example of 100% Duty With PWM Output

FFFFH FFFFH FFFFH FFFFH
ni /
ni
TMO
Count Value n3
n2 n2 n2
OH
CRO00 n1 n2
TOO
A

When value n2 which is smaller than the TMO value n3 is
written to CROO, the duty of this period will be 100%.

Remark ALV0O=0
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(3) Stopping PWM output
If timer/counter 0 is stopped by clearing (to 0) the CEO bit of the timer control register 0 (TMCO0) during PWM signal output,
the active level is output.

Figure 8-22 When Timer/Counter 0 is Stopped During PWM Signal Output

FFFFH FFFFH
I":
l' !
’ 1
CRO00 CROO;’* ,
T™MO ¢ :
Count Value :
:
1
1
1
OH
EREEE -
TOO '
1

Remark ALVO =1
Caution The output level of the TOn (n =0, 1) pin when timer output is disabled (ENTOn =0: n =0, 1) is the inverse

of thevalue setin ALVn (n =0, 1) bit. Caution is thereforerequired as the active level is output when timer
output is disabled when the PWM output function has been selected.
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8.7.4 PPG Output

(1) Basic Operation of PPG Output

This function outputs a square-wave with the time determined by compare register CR01 value as one cycle, and the time
determined by compare register CR0O0 value as the pulse width. The PWM cycle output by the PWM is made variable. This
signal can only be output from the timer output (TOO).

When this function is used, the CLRO1 bit of capture/compare control register 0 (CRCO) must be set to 1.

The pulse cycle and pulse width are as shown below.

« PPG cycle = (CRO1 + 1) x x/fxx; x = 8, 16, 32, 64, 128, 256, 512, 1,024, 2,048
+ PPG pulse width = CR0O x x/fxx
where 1 < CR00 < CRQ1 Note
PPG pulse width CRoQ  Note

e Duty = =
PPG cycle CRO1 + 1

Note Both CR00 and CRO1 cannot be cleared to “0”.

Figure 8-23 shows an example of PPG output using timer register 0 (TMO0), Figure 8-24 shows an example of the case where
CRO00 = CRoO1.

Figure 8-23 Example of PPG Output Using TMO

CRof CROf CRo1

™o /
Count Value —~"CR00 R0O ROO

Count SV
OH
INTCO00
INTCO1
TOO —) (
(PPG Output) Pulse
Width
TOH1
(Timer Output)

——Pulse Cycle—=

Remark ALVO=0,ALV1=0
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Table 8-9 TOO PPG Output (fxx = 32 MHz)

Count Clock Minimum Pulse Width PPG Cycle PPG Frequency
fxx/8 0.25 us 0.50 us to 16.40 ms 2,000 kHz to 61.0 Hz
fxx/16 0.50 us 1.00 us to 32.80 ms 1,000 kHz to 30.5 Hz
fxx/32 1.00 us 2.00 us to 65.50 ms 500 kHz to 15.3 Hz
fxx/64 2.00 us 4.00 usto 0.13 s 250 kHz to 7.6 Hz
fxx/128 4.00 us 8.00 usto 0.26 s 125 kHz to 3.3 Hz
fxx/256 8.00 us 16.00 ust0 0.52 s 62.5kHz to 1.9 Hz
fxx/512 16.00 us 32.00 usto 1.05 s 31.3 kHz to 1.0 Hz

fxx/1,024 32.00 us 64.00 usto 2.10 s 15.6 kHz t0 0.5 Hz
fxx/2,048 64.00 us 128.00 usto 4.19 s 7.8 kHzt0 0.2 Hz

N

TMO
Count Value

Figure 8-24 Example of PPG Output When CR00 = CRO1

Count Cycle T

INTCO0

2

n-1

e

INTCO1

TOO

Remark ALVO=0

<« Pulse Cycle=(n+1) T

Pulse Width = nT 44

T =x/fxx (x = 8, 16, 32, 64, 128, 256, 512, 1,024, 2,048)
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(2) Rewriting compare register (CR00)

The output level of the timer output (TO0) does not change even if the CR00 value matches the timer register 0 (TMO) value

more than once during one PPG output cycle.

Figure 8-25 Example of Compare Register (CR00) Rewrite

CRO1

d pd
T™O T1/

CRo1

e

Count Value T T
OH
CROO T T2
TOO | |

A
CRO0O
Rewrite

A

CRO0 and TMO values match, but TOO does not change here.

Remark ALVO =1
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If a value equal to or less than the TMO value is written to CR00 before the CR00 and TMO match, the duty of the PPG cycle
will be 100%. CROO rewriting should be performed by the interrupt due to a match between TMO and CROO.

TMO
Count Value

OH

Figure 8-26 Example of 100% Duty With PPG Output

CRO1

ni

CRO1

/

ni

n3

n2

CRO1

n2

n2

CRo00O

ni

n2

TOO

Remark ALV0O=0

A
When value n2 which is smaller than the TMO value n3
is written to CROO here, the duty of this period will be 100%.

Caution If the PPG cycle is extremely short as compared with the time required to acknowledge an interrupt, the

value of CR0O0 cannot berewritten by interrupt processing that is performed on coincidence between TMO

and CR00. Use another method (for example, to poll the interrupt request flags by software with all the

interrupts masked).
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(3) Rewriting compare register (CR01)

If the current value of the CRO1 is changed to a smaller value, and the CR0O1 value is made smaller than the timer register
0 (TMO) value, the PPG cycle at that time will be extended to the time equivalent to a full-count by TMO. If CRO1 is rewritten
after the compare register (CR00) and TMO match, the output level at this time will be the inactive level until TMO overflows
and becomes 0, and will then return to normal PPG output.

If CRO1 is rewritten before CR00 and TMO match, the active level will be output until CR00 and TM0 match. If CR00 and
TMO match before TMO overflows and becomes 0, the inactive level is output at that point. When TMO overflows and
becomes 0, the active level will be output, and normal PPG output will be restored. CR0O1 rewriting should be performed
by the interrupt due to a match between TMO and CRO1, etc.

Figure 8-27 Example of Extended PPG Output Cycle

Full Count Value _—

nl—— nl—— ni

e

>
n5_/
TMO n2 nN2——
Count Value /
n4—,
OH
CRO00 n3 (\ < n4
CRoO1 ni n2
TOO
A A
If CROO and TMO match, TOO enters
When value n2 which is smaller than the the inactive level. Otherwise, it
TMO value n5 is written to CRO1 here, remains at the active level.

the PPG cycle is extended.

Remark ALVO =1
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Caution If the PPG cycle is extremely short as compared with the time required to acknowledge an interrupt, the
value of CRO1 cannot be rewritten by interrupt processing that is performed on coincidence between the
timer register (TM0) and compare register (CR01). Use another method (for example, to poll the interrupt
request flags by software with all the interrupts masked).

(4) Stopping PPG output
If timer/counter 0 is stopped by clearing (to 0) the CEO bit of the timer control register 0 (TMCO) during PPG signal output,

the active level is output irrespective of the output level at the time it was stopped.

Figure 8-28 When Timer/Counter 0 is Stopped During PPG Signal Output

CROf CRoO

I":

l' !

Vs 1

CROO CROO;'* ,

TMO . :
Count Value !
:

1

1

1

OH '
H

TOO : :

1 1

Caution The output level of the TOn (n =0, 1) pin when timer output is disabled (ENTOn =0: n=0, 1) is the inverse
of thevalue setin ALVn (n =0, 1) bit. Caution is thereforerequired as the active level is output when timer
output is disabled when the PPG output function has been selected.
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8.7.5 Software Triggered One

In the software triggered one-shot pulse output mode, a one-shot pulse is output by software.

-Shot Pulse Output

When the STn (n = 0/1) bit of the one-shot pulse output control register (OSPC) is set (to 1), timer output pin (TOn: n =0,
1) is set to the active level. TOn then remains at the active level until the timer register 0 (TMO) value and the compare register
(CRON: n =0, 1) value match, at which point TOn changes to the inactive level. TOn then remains at the inactive level until the
STn bit is set again. TOn can also be set to the inactive level by setting (to 1) the RTn bit (n = 0/1), and in the same way, TOn

remains at the inactive level until

the STn bit is set again.

TOO and TO1 can be controlled independently.

An example of software triggered one-shot pulse output is shown in Figure 8-29.

When timer/counter 0 is stopped by clearing (to 0) the CEO bit of the TMCO, the level at the time was stopped is retained.

Figure 8-29 Example of Software Triggered One-Shot Pulse Output

Software Trigger

OH

Count Start

|

STO

— 1

INTCO0

= —

ALVO

S~ ]

wyo

|
)
)

TOO

Active Period

Caution “1” should not be written to STn and RTn simultaneously.

Inactive Level Output
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8.8 EXAMPLES OF USE

8.8.1 Operation as Interval Timer (1)

When timer register 0 (TMO0) is made free-running and a fixed value is added to the compare register (CROn: n =0, 1) in the
interrupt service routine, TMO operates as an interval timer with the added fixed value as the cycle (see Figure 8-30).

This interval timer can count within the range shown in Table 8-1 (internal system clock fxx = 32 MHz).

Since TMO has two compare registers, two interval timers with different cycles can be constructed.

The control register settings are shown in Figure 8-31, the setting procedure in Figure 8-32, and the processing in the interrupt
service routine in Figure 8-33.

Figure 8-30 Interval Timer Operation (1) Timing

FFFFH FFFFH
MOD (3n) /]
n
T™MO
Count Value
MOD (2n)
OH
A
Timer Start
Compare Register
(CR00) n X MOD (2n) X MOD (3n) X MOD (4n)
INTCO0 Rewritten by Rewritten by Rewritten by
Interrupt Request Interrupt Program Interrupt Program Interrupt Program
Interval Interval Interval

Remark Interval = n x 8/fxx, 1 <n < FFFFH
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Figure 8-31 Control Register Settings for Interval Timer Operation (1)

Capture/compare control register 0 (CRCO)

CRCO 0 0 0 1 0 0 0 0

TMO clearing disabled

TOO & TO1 both toggle outputs

Figure 8-32 Interval Timer Operation (1) Setting Procedure

C Interval timer (1) )
l

Set count value in CR0O0
CR0O0O —~ n

Set CRCO
CRCO —~ 10H

Start count ; Set 1in bit 3 of TMCO
CEO -1

=

Figure 8-33 Interval Timer Operation (1) Interrupt Request Servicing

( INTCOO interrupt )

Calculate timer value that will
generate next interrupt
CR0O0O ~ CROO +n

INTCOO Interrupt

Other interrupt service program
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8.8.2 Operation as Interval Timer (2)

TMO operates as an interval timer that generates interrupts repeatedly with the preset count time as the interval (see Figure
8-34).

This interval timer can count within the range shown in Table 8-1 (internal system clock fxx = 32 MHz).

The control register settings are shown in Figure 8-35, and the setting procedure in Figure 8-36.

Figure 8-34 Interval Timer Operation (2) Timing

TMO
Count Value

OH

Count Start Clear Clear

Compare Register
(CRO1) n

INTCO1
Interrupt Request

Interrupt Acknowledged Interrupt Acknowledged

Interval Interval

Remark Interval = (n + 1) x 8/fxx, 0 < n < FFFFH
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Figure 8-35 Control Register Settings for Interval Timer Operation (2)

Capture/compare control register 0 (CRCO)

CRCO 0 0 0 1 1 0 0 0

TMO cleared by match of CRO1 & TMO contents

TOO & TO1 both toggle outputs

Figure 8-36 Interval Timer Operation (2) Setting Procedure

( Interval timer (2) )
i

Set count value in CRO1
CRO1 < n

Set CRCO
CRCO ~ 18H

Start count ; Set 1 in bit 3 of TMCO
CEO - 1

=

INTCO1 Interrupt
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8.8.3 Pulse Width Measurement Operation

In pulse width measurement, the high-level or low-level width of external pulses input to the external interrupt request input

pin (INTP3) is measured.

Both the high-level and low-level widths of pulses input to the INTP3 pin must be at least 3 system clocks (0.19 us: fcLk
= 16 MHz); if shorter than this, the valid edge will not be detected and a capture operation will not be performed.

This pulse width measurement can be performed within the range shown in Table 8-3 (fc.k = 16 MHz).

As shown in Figure 8-37, the timer register 0 (TMO) value being counted is fetched into the capture register (CR02) in
synchronization with a valid edge (specified as both rising and falling edges) in the INTP3 pin input, and held there. The pulse
width is obtained from the product of the difference between the TMO count value (Dn) fetched into and held in the CR02 on
detection of the nth valid edge and the count value (Dn-1) fetched and held on detection of valid edge n - 1, and the number of

count clocks (x/fxx; x = 8, 16, 32, 64, 128, 256, 512, 1,024, 2,048).
The control register settings are shown in Figure 8-38, and the setting procedure in Figure 8-39.

TMO

Count Value

OH

INTP3
External Input Signal

INTP3
Interrupt Request

Capture Register
(CR02)

OVFO0

Figure 8-37 Pulse Width Measurement Timing

DO
|

FFF

D1

!

D2

|

FFFFH

/|

A Capture Cap
Count Start

ture

Capture

Cap

ture

~— (D1 to D0O) x 8/fxx —

|

|

-—(10,000H to—~|
D1 +D2)

x 8/fxx

|

|

(D3 to D2)
x 8/fxx

DO

D1

D2

D3

Remark Dn: TMO countvalue (n=0, 1,2, ...)
x =8, 16, 32, 64, 128, 256, 512, 1,024, 2,048
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Figure 8-38 Control Register Settings for Pulse Width Measurement

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

CRCO 0 0 0 1 0 0 0 0

TMO clearing disabled

TOO & TO1 both toggle outputs

(b) External interrupt mode register 1 (INTM1)

7 6 5 4 3 2 1 0

INTM1 0 0 X X X X 1 1

\_|_—l> Both rising & falling edges

specified as INTP3 input valid edges

x : Don'’t care

Figure 8-39 Pulse Width Measurement Setting Procedure

C Pulse width measurement)

Set CRCO
CRCO ~ 10H
; Specify both edges as
Set INTM1, ; )
Set MKOL INTP3 input valid edges,

release interrupt masking

Initialize capture value buffer memory
XO «— 0

Start count ; Set 1 in bit 3 of TMCO
CEO -1

Enable interrupt

=

INTP3 Interrupt
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Figure 8-40 Interrupt Request Servicing that Calculates Pulse Width

(

INTPS3 interrupt

)

i

Calculate pulse width

Yn=CR02 — Xa

Store capture value in memory

Xn+1~ CR0O2

(

8.8.4  Operation as PWM Output
In PWM output, pulses with the duty ratio determined by the value set in the compare register (CROn: n =0, 1) are output

(see Figure 8-41).

l

RETI

)

This PWM output duty ratio can be varied in the range 1/65,536 to 65,535/65,536 in 1/65,536 units.
Since timer register 0 (TMO) has two compare registers, two different PWM signals can be output.
The control register settings are shown in Figure 8-42, the setting procedure in Figure 8-43, and the procedure for varying

the duty in Figure 8-44.

Figure 8-41 Example of Timer/Counter 0 PWM Signal Output

TMO
Count Value

OH

TOO
(When Active-Low)

230

CRO00

FFFFH

7

CRO00

FFFFH

7

CRO00

FFFFH

7

A
Timer Start
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Figure 8-42 Control Register Settings for PWM Output Operation

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

CRCO 1 0 0 1 0 0 0 0

TMO clearing disabled
TOO & TO1 both PWM outputs

(b) Timer output control register (TOC)

7 6 5 4 3 2 1 0

TOC X X X X X X 1 1

L» TOO = active-low PWM signal output
TOO PWM output enabled

(c) Port 3 mode control register (PMC3)

PMC3 X X x 1 X X X X

P34 pin set as TOO output
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Figure 8-43 PWM Output Setting Procedure

( PWM output )

Set CRCO
CRCO —~ 90H

Set TOC

Set P34 pin to control mode
PMC3.4 ~ 1

Set initial value in CR00, CRO1

Start count
CEO ~ 1
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Figure 8-44 Changing PWM Output Duty

CDuty change preprocessing)

Clear INTCOO interrupt request flag
CIF00 - 0

Enable INTCOO interrupts
CMKO00 ~ 0

=

( Duty change processing )

Set duty value in CR00

Disable INTCOO interrupts
CMKO00 - 1

'
C =
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; Clear bit 7 of CIC00

; Clear bit 4 of MKOL

INTCOO Interrupt

; Set bit 4 of MKOL
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8.8.5  Operation as PPG Output

In PPG output, pulses with the cycle and duty ratio determined by the values set in the compare registers (CROn: n=0, 1)

are output (see Figure 8-45).

The control register settings are shown in Figure 8-46, the setting procedure in Figure 8-47, and the procedure for varying

the duty in Figure 8-48.

Figure 8-45 Example of Timer/Counter 0 PPG Signal Output

TMO
Count Value

OH

TOO
(When Active-Low)

234

CRO00

CRoO1

/ CRO00

CRO1

7

CRO00

A
Timer Start
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Figure 8-46 Control Register Settings for PPG Output Operation

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

CRCO 1 1 0 1 1 0 0 0

TMO cleared by match of TMO & CRO1
TOO = PPG output

(b) Timer output control register (TOC)

7 6 5 4 3 2 1 0

TOC x x X X X X 1 1

L» TOO = active-low PPG signal output

TOO PPG output enabled

(c) Port 3 mode control register (PMC3)

PMC3 X X X 1 X x X x

P34 pin set as TOO output

User's Manual U11316EJ4V1UD
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Figure 8-47 PPG Output Setting Procedure

( PPG output )

Set CRCO
CRCO ~ D8H

Set TOC

Set P34 pin to control mode
PMC3.4 ~ 1

Set cycle in CRO1

Set duty in CR0O0

Start count
CEO ~ 1
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Figure 8-48 Changing PPG Output Duty

CDuty change preprocessing)

Clear INTCOO interrupt request flag
CIFO0 ~ 0

Enable INTCOO interrupts
CMKO00 ~ 0

=

( Duty change processing )

l

Set duty value in CR00

Disable INTCOO interrupts
CMKO00 « 1

l
C =

User's Manual U11316EJ4V1UD

; Clear bit 7 of CIC00

; Clear bit 4 of MKOL

INTCOO Interrupt

; Set bit 4 of MKOL
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8.8.6 Example of Software Triggered One-Shot Pulse Output

In the software triggered one-shot pulse output mode, a one-shot pulse is output in response to a trigger activated by software
(see Figure 8-49).

The control register settings are shown in Figure 8-50, and the setting procedure in Figure 8-51.

Figure 8-49 Example of Timer/Counter 0 One-Shot Pulse Output

FFFFH FFFFH

TMO
Count Value
CROO
OH
A
Count Start
TOO
A
Set Trigger
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Figure 8-50 Control Register Settings for One-Shot Pulse Output

(@) One-shot pulse output control register (OSPC)

7 6 5 4 3 2 1 0

OSPC 0 0 0 X 0 0 0 1

L» TOO = one-shot pulse output

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

CRCO 0 0 0 1 0 0 0 0

TMO clearing disabled

TOO & TO1 both toggle outputs

(c) Timer output control register (TOC)

7 6 5 4 3 2 1 0

TOC X X X X X X 1 1

L» TOO = active-high one-shot pulse
signal output

TOO one-shot pulse output enabled

(d) Port 3 mode control register (PMC3)

PMC3 X X X 1 x x x x

P34 pin set as TOO output
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Figure 8-51 One-Shot Pulse Output Setting Procedure

( One-shot pulse output )

Set OSPC
0S0 ~ 1

Set CRCO
CRCO ~ 10H

Set P34 pin to control mode
PMC 34 ~ 1

Set pulse width in CR00

Start count
CEO ~ 1

One-shot pulse output
STO ~ 1

; Set to one-shot pulse output mode

; Set bit 3 of TMCO
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8.9 CAUTIONS

(1)

While timer/counter 0 is operating (while the CEOQ bit of the timer control register 0 (TMCO) is set), malfunctioning may occur
if the contents of the following registers are rewritten. This is because itis undefined which takes precedence in a contention
the change in the hardware functions due to rewriting the register, or the change in the status because of the function before
rewriting.

Therefore, be sure to stop the counter operation for the sake of safety before rewriting the contents of the following registers.

» Prescaler mode register 0 (PRMO)

» Capture/compare control register 0 (CRCO)

» Timer output control register (TOC)
If the contents of the compare register (CROn: n =0 or 1) coincide with those of TMO operation when an instruction that stops
timer register 0 (TMO) operation is executed, the counting operation of TMO stops, but an interrupt request is generated.
In order not to generate the interrupt when stopping the operation of TMO, mask the interrupt in advance by using the
interrupt mask register before stopping TMO.

Example

Program that may generate interrupt request ~ Program that does not generate interrupt request

CLR1 CEO OR MKOL, #30H

OR MKOL, #30H ~ Interrupt request CLR1 CEO ~ Disables interrupt
from timer/counter 0 CLR1 CIF00 from timer/counter 0

occurs between CLR1 CIFO1 ~ Clears interrupt request
these instructions : flag for timer/counter O
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(3)

(4)

242

Upto 1 countclock s required after an operation to starttimer/counter 0 (CEO — 1) has been performed before timer/counter
0 actually starts (refer to Figure 8-52).

For example, when using timer/counter 0 as an interval timer, the first interval time is delayed by up to 1 clock. The second
and those that follow are at the specified interval.

Figure 8-52 Operation When Counting is Started

nces [T LTI
RN €5 &8 £ &

CEO A
Timing to Start Actual Counting

Count Start Command (CEO — 1) by Software

While an instruction that writes data to the compare register (CROn: n = 0, 1) is executed, coincidence between CROn, to
which the data is to be written, and timer register 0 (TMO) is not detected. For example, if the contents of CROn do not change
before and after the writing, the interrupt request is not generated even if the value of TMO coincides with the value of CROn,
nor does the timer output (TOn: n = 0, 1) change.

Write data to CROn when timer/counter 0 is executing counting operation, in the timing that the contents of TMO do not
coincide with the value of CROn before and after writing (e.g., immediately after an interrupt request has been generated
because TM0 and CROn have coincided).

Coincidence between timer register 0 (TMO) and compare register (CROn: n = 0, 1) is detected only when TMO is
incremented. Therefore, the interrupt request is not generated even if the same value as TMO is written to CROn, and the
timer output (TOn: n = 0, 1) does not change.

If the PPG cycle is extremely short as compared with the time required to acknowledge an interrupt, the value of the CROn
cannot be rewritten by interrupt processing that is performed on coincidence between the timer register 0 (TMO0) and the
compare register (CROn: n =0, 1). Use another method (for example, to poll the interrupt request flags by software with
all the interrupts masked).
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(7) The output level of the TOn (n = 0, 1) when the timer output is disabled (ENTOn = 0: n = 0, 1) is the reverse value of the
value set to the ALVn (n =0, 1) bit. Note, therefore, that an active level is output when the timer output is disabled with the
PWM output function or PPG output function selected.

(8) If the value of the timer register is read under the condition indicated by “x” in Table 8-10, the read value may be illegal. Do
not read the timer register under condition “x”.

Table 8-10 Limits of Reading Timer Register

(V: Can be read, x: Must not be read)

fok fxx/2 fxx/4 fxx/8 fxx/16
Timer Count Clock
fxx/8 v v x x
fxx/16 v v v x
fxx/n v v v v

Remarks 1. fxx: Oscillation frequency
2. fewk: Internal system clock frequency
3. n=232,64, 128, 256, 512, 1,024, 2,048

(9) When timer/counter 0 is used as an external event counter, it is not possible to distinguish between the case where there
is no valid edge input at all and the case where there is a single valid edge input, using the timer register 0 (TMO) alone
(refer to Figure 8-53), since the contents of TMO are 0 in both cases. If it is necessary to make this distinction, the INTP3

interrupt request flag should be used. To make a distinction, use the interrupt request flag of INTP3, as shown in Figure
8-54.

Figure 8-53 Example of the Case Where the External Event Counter Does Not Distinguish
Between One Valid Edge Input and No Valid Edge Input

INTP3

w X G

Cannot be
Distinguished
A
Count Start
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Figure 8-54 To Distinguish Whether One or No Valid Edge Has Been Input with External Event Counter

(@) Processing on starting counting

Start count

Clear INTP3

interrupt request flag | ; Clear PIF3to 0
PIF3 —~ 0

Start count
CE3 . 1 ; Set CE3to 1

End

(b) Processing on reading count value

Count value
read

Read TMO contents
AX ~ TMO

; Check TMO value.
If 0, check interrupt
request flag.

; Check PIF3 contents.
If 1, valid edge is input.

End Number of input valid edges is set to AX register
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(10) If the count operation of TMO stops at the timing at which compare register (CR00) and timer register 0 (TM0) match, the

CRO00/TMO0 match interrupt may not be generated after timer/counter O is next started.

If the TMO count operation is stopped within 1.5 count clocks after a match between CR00 and TMO, the first match interrupt
after timer/counter 0 is next started will not be generated. The second and subsequent interrupts operate normally. Note
that the timer output is unaffected by this bug.

This bug occurs because the timer interrupt controller inadvertently masks interrupts if timer/counter 0 is stopped in the
period indicated by the shaded area in the figure below.

The interrupt controller is initialized by an overflow of timer/counter 0 or a match between CR01 and TMO.

s 1.5 count clocks
o

™0 Q-pX M X0 X o X X [ OXKu- X M XM+ 1
M . M

CRo00
CRO1 N . N
))
CEO | I 4
S Not generated
CR0O0/TM0 I_l
match interrupt 1 I

Remark M<N
Do not stop timer/counter 0 within 1.5 count clocks after a match between CR00 and TMO.

Disable all interrupt requests (including macro servicing), read the value of the timer to be stopped, and wait until at least
1.5 count clocks have elapsed after a match between CR00 and TMO before stopping timer/counter 0.
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9.1 FUNCTIONS

Timer/counter 1 is 16-bit or 8-bit timer/counter.
In addition to its basic functions of interval timer, pulse width measurement and event counter, timer/counter 1 can be used

as a real-time output port output trigger generation timer.

(1) Interval timer
Generates internal interrupts at preset intervals.

Table 9-1 Timer/Counter 1 Intervals

Minimum Interval Maximum Interval Resolution
8/fxx 216 x 8/fxx 8/fxx
(0.25 us) (16.40 ms) (0.25 us)
16/fxx 216 x 16/fxx 16/fxx
(0.50 us) (32.80 ms) (0.50 us)
32/fxx 216 x 32/fxx 32/fxx
(1.00 us) (65.50 ms) (1.00 us)
64/fxx 216 x 64/fxx 64/fxx
(2.00 ps) (131 ms) (2.00 us)
128/fxx 216 x 128/fxx 128/fxx
(4.00 ps) (262 ms) (4.00 us)
256/fxx 218 x 256/fxx 256/fxx
(8.00 us) (524 ms) (8.00 us)
512/fxx 216 x 512/fxx 512/fxx
(16.00 us) (1.05s) (16.00 us)
1,024/fxx 216 x 1,024/fxx 1,024/fxx
(32.00 us) (2.10s) (32.00 us)
2,048/fxx 216 x 2,048/fxx 2,048/fxx
(64.00 us) (4.19's) (64.00 us)

( ): When fxx = 32 MHz
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(2) Pulse width measurement

Detects the pulse width of the signal input to the external interrupt request input pin INTPO.

Table 9-2 Timer/Counter 1 Pulse Width Measurement Range

Measurable Pulse Width Note Resolution
8/fxx to 21 x 8/fxx 8/fxx
(0.25 pus) (16.40 ms) (0.25 us)
16/fxx  to 26 x 16/fxx 16/fxx
(0.50 us) (32.80 ms) (0.50 us)
32/fxx to 218 x 32/fxx 32/fxx
(1.00 us) (65.50 ms) (1.00 us)
64/fxx to 218 x 64/fxx 64/fxx
(2.00 ps) (131 ms) (2.00 ps)
128/fxx to 216 x 128/fxx 128/fxx
(4.00 ps) (262 ms) (4.00 ps)
256/fxx to 216 x 256/fxx 256/fxx
(8.00 us) (524 ms) (8.00 us)
512/fxx to 216 x 512/fxx 512/fxx
(16.00 us) (1.05s) (16.00 ps)
1,024/fxx to 2'¢ x 1,024/fxx 1,024/fxx
(32.00 us) (2.10s) (32.00 ps)
2,048/fxx to 216 x 2,048/fxx 2,048/fxx
(64.00 us) (4.19's) (64.00 ps)

( ): When fxx = 32 MHz

Note The minimum pulse width that can be measured changes depending on the sampling clock selected by the sampling
clock selectregister (SCS0). The minimum pulse width that can be measured is the value in the table below or above,

whichever is greater.

Sampling Clock

Minimum Pulse Width

fork

fork = fd/2 4/fck = 8/fxx (0.25 us)
fok = /4 4/fcik = 16/fxx (0.50 us)
fork = fd/8 4/fok = 32/fxx (1.00 us)

foik = /16

4/fcik = 64/fxx (2.00 us)

fxx/64

256/fxx (8.00 us)

fxx/28

512/fxx (16.00 ps)

fxx/256

1,024/fxx (32.00 ps)
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(3) External event counter

Counts the clock pulses input from the external interrupt request input pin (INTPO).
The clocks that can be input to timer/counter 1 are shown in Table 9-3.

Table 9-3 Timer/Counter 1 Pulse Width Measurement Time

(): When fcik = 16 MHz and fxx = 32 MHz

Sampling Clock Note When Counting One Edge When Counting Both Edges

foik Maximum frequency fcLk/8 (2.00 MHz) fcLk/8 (2.00 MHz)
Minimum pulse width 4/fck (0.25 ps) 4/fck (0.25 ps)
(High and low levels)

fxx/64 Maximum frequency fxx/512 (62.50 kHz) fxx/512 (62.50 kHz)
Minimum pulse width 256/fxx (8.00 us) 256/fxx (8.00 us)
(High and low levels)

fxx/128 Maximum frequency fxx/1,024 (31.30 kHz) fxx/1,024 (31.30 kHz)
Minimum pulse width 512/fxx (16.00 us) 512/fxx (16.00 us)
(High and low levels)

fxx/256 Maximum frequency fxx/2,048 (15.60 kHz) fxx/2,048 (15.60 kHz)
Minimum pulse width 1,024/fxx (32.00 us) 1,024/fxx (32.00 us)
(High and low levels)

Note Selected by means of the sampling clock selection register (SCS0)

9.2 CONFIGURATION

Timer/counter 1 consists of the following registers:

» Timer register (TM1/TM1W) x 1
» Compare register (CR10/CR10W) x 1

» Capture/compare register (CR11/CR11W) x 1

» Capture register (CR12/CR12W) x 1

The block diagram of timer/counter 1 is shown in Figure 9-1.

248
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Figure 9-1 Timer/Counter 1 Block Diagram

2 Internal Bus
1/8 8/16 8
External Interrupt Compare Register Capture/Compare
Mode Register 0 ESO1 | ES00 (CR10/CR10W) CLR11 CM CLR10| control Register 1 (CRC1)
(INTMO) — l
\—y—‘ 1
P21/INTPO DEdge : e 16 o
O—Detection
oL 8 Match | Selector INTC10
Circuit |N+TPO s
16
Capture/Compare Ci G;
Register ear Real-Time Output Port
(CR11/CR11W) RESET
8 16
Match
16
= fxx/1,024 — 8 ‘ Match Selector ™\ INTC11
[~ fxx/512
= fxx/2566 Capture Trigger 16
fxx —=Prescaler|= fxx/128 —~{Selector ‘
[ fxx/64  — CM
P32 Timer Register Overflow
[~ fxx/16 (TM1/TM1W)
[~ fxx8 Capture Trigger
[ \ : \ | "
Prescaler Timer Control
i ; CE1 |OVF1|BW1
Mode Register 1 [PRS13[PRS12|PRS11PRS10 C(ggg’gﬁoﬁégz'?}ve) Register 1 (TMC1)
(PRM1)
‘ 8 ‘ 816 |8/16

Internal Bus
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Timer register 1 (TM1/TM1W)

TM1//TM1W is a timer register that counts up using the count clock specified by the low-order 4 bits of prescaler mode
register 1 (PRM1).

The count operation can be specified to stop or enable, and an 8-bit operation mode (TM1)/16-bit operation mode (TM1W)
can be selected, by means of timer control register 1 (TMC1).

TM1/TM1W can be read only with an 8/16-bit manipulation instruction. When RESET is input, TM1/TM1W is cleared to
00H and the count is stopped.

Caution If the value of the timer register is read under the condition indicated by “x” in Table 9-4, the read value
may be illegal. Do not read the timer register under condition “x".

Table 9-4 Limits of Reading Timer Register

(V: Can be read, x: Must not be read)

\({ fxx/2 fxx/4 fxx/8 fxx/16
Timer Count Cloc

fxx/8 v v x x
fxx/16 v v v x
fxx/n v v v v

Remarks 1. fxx: Oscillation frequency
2. fcwk: Internal system clock frequency
3. n=232, 64, 128, 256, 512, 1,024, 2,048

Compare register (CR10/CR10W)

CR10/CR10W is an 8/16-bit register that holds the value that determines the interval timer operation cycle.

Ifthe contents of the CR10/CR10W match the values of TM1/TM1W, aninterruptrequest (INTC10) is generated. This match
signal is also a real-time output port trigger signal. Also, the count value can be cleared by a match.

This compare register operates as CR10 in the 8-bit operating mode, and CR10W in the 16-bit operating mode.
CR10/CR10W can be read or written to with an 8/16-bit manipulation instruction. The contents of this register are undefined
after RESET input.

Capture/compare register (CR11/CR11W)

CR11/CR11W s an 8/16-bit register that can be specified as a compare register for detecting a match with the TM1/TM1W
count value or a capture register for capturing the TM1/TM1W count value according to the setting of capture/compare
control register 1 (CRC1).

This capture/compare register operates as CR11 in the 8-bit operating mode, and CR11W in the 16-bit operating mode.
CR11/CR11W can be read or written to with an 8/16-bit manipulation instruction. The contents of this register are undefined
after RESET input.

(@) When specified as compare register
CR11/CR11W functions as an 8/16-bit register that holds the value that determines the interval timer operation cycle.
An interrupt request (INTC11) is generated by a match between the contents of the CR11/CR11W register and the
contents of TM1/TM1W.

Also, the count value can be cleared by a match. This match signal is also a real-time output port trigger signal.
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(b) When specified as capture register
CR11/CR11W functions as an 8/16-bit register that captures the contents of TM1/TM1W in synchronization with the
input of a valid edge (capture trigger) on the external interrupt request input pin (INTPO).
The contents of the CR11/CR11W are retained until the next capture trigger is generated. TM1/TM1W can be cleared
after a capture operation.

Capture register (CR12/CR12W)

CR12/CR12W is an 8/16-bit register that captures the contents of TM1/TM1W.

The capture operation is synchronized with the input of a valid edge (capture trigger) on the external interrupt request input
pin (INTP0). The contents of the CR12/CR12W are retained until the next capture trigger is generated.

This capture/compare register operates as CR12 in the 8-bit operating mode, and CR12W in the 16-bit operating mode.
CR12/CR12W can be read only with an 8/16-bit manipulation instruction. RESET input clears this register to 0000H.

Edge detection circuit

The edge detection circuit detects an external input valid edge.

When the valid edge set by external interrupt mode register 0 (INTMO) is detected in the INTPO pin input, the external
interrupt request (INTPO), a capture trigger and a count clock of the external event are generated (see Figure 21-1 for details
of the INTMO).

Prescaler
The prescaler generates the count clock from the internal system clock. The clock generated by this prescaler is selected
by the selector, and is used as the count clock by the timer register 1 (TM1/TM1W) to perform count operations.

Selector

The selector selects a signal resulting from dividing the internal clock or the edge detected by the edge detection circuit as
the count clock of timer register 1 (TM1/TM1W).
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9.3 TIMER/COUNTER 1 CONTROL REGISTERS

(1) Timer control register 1 (TMC1)
TMC1 controls the timer/counter 1, TM1/TM1W, count operation by the low-order 4 bits (the high-order 4 bits control the

count operation of timer/counter 2, TM2/TM2W).
TMC1 can be read or written to with an 8-bit manipulation instruction or bit manipulation instruction. The format of the TMC1

is shown in Figure 9-2.
RESET input clears TMC1 to O0H.

Figure 9-2 Timer Control Register 1 (TMC1) Format

@ 5 4 B® @ 1 0  Address After Reset R/W
OFF5FH 00H R/W

TMC1 | CE2 | OVF2 [CMD2 | BW2 | CE1 | OVF1 0 BWH1

BW1 Timer Counter 1 Bit Length Specification

0 8-bit operating mode

1 16-bit operating mode

OVF1 TM1/TM1W Overflow Flag
0 No overflow
1 Overflow Note

Note In 8-bit operating mode:
count up from FFH to 00H
In 16-bit operating mode:
count up from FFFFH to 0000H

CE1 TM1/TM1W Count Operation Control

0 | Count operation stopped with count cleared

1 Count operation enabled

Controls count operation of timer/counter 2
(TM2/TM2W) (see Figure 10-2).

Remark The OVF1 bit is reset by software only.
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(2) Prescaler mode register 1 (PRM1)

The count clock of PRM1 to timer/counter 1, TM1/TM1W, is specified by the low-order 4 bits (the high-order 4 bits specify
the count clock to timer/counter 2, TM2/TM2W).

PRM1 can be read or written to with an 8-bit manipulation instruction. The format of the PRM1 is shown in Figure 9-3.
RESET input sets PRM1 to 11H.

Figure 9-3 Prescaler Mode Register 1 (PRM1) Format

7 6 5 4 3 2 1 0 Address  After Reset R/W
PRM1 |PRS23| PRS22|PRS21 |PRS20 |PRS13|PRS12| PRS11| PRS10| OFF5EH 11H R/W
\ \ \ | \ \ \ |
(fxx = 32MHz)
16-Bit Timer/Counter 1 TM1/
PRs13lPRs 12l PRS11|PRS10 TM1W Count Clock Specification
Count Clock [Hz] Resolution
Specification [us]

0 0 0 0 Setting prohibited -

0 0 0 1 fxx/8 0.25

0 0 1 0 fxx/16 0.50

0 0 1 1 fxx/32 1.00

0 1 0 0 fxx/64 2.00

0 1 0 1 fxx/128 4.00

0 1 1 0 fxx/256 8.00

0 1 1 1 fxx/512 16.00

1 0 0 0 fxx/1,024 32.00

1 0 0 1 fxx/2,048 64.00

1 1 1 1 External clock (INTPO) -

Other than the above Setting prohibited
Specifies count clock to TM2/TM2W of timer/counter 2
(see Figure 10-3).

Remark fxx: X1 input frequency or oscillation frequency
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(3) Capture/compare control register 1 (CRC1)

254

The CRC1 specifies the operation of the capture/compare register (CR11/CR11W) and the enabling condition for a timer

register 1 (TM1/TM1W) clear operation.

CRC1 can be read or written to with an 8-bit manipulation instruction. The format of the CRC1 is shown in Figure 9-4.

RESET input clears CRC1 to O0H.

CRCH1

Figure 9-4 Capture/Compare Control Register 1 (CRC1) Format

7 6 5 4 3 2 1 0 Address After Reset R/W
0 0 0 0 CLR11| CM |CLR10| © OFF32H 00H R/W
L |
LR TM1 Clear Operation when TM1 = CR10
CLR10{ 1M1w Clear Operation when TM1W = CR10W
0 Disabled
1 Enabled
CR11/CR11W TM1/TM1W
CLR11| CM Operation Clearance
Specification Operation
0 0 Compare Disabled
1 o | operation Enabled (when
TM1 & CR11 or
TM1W &CR11W
contents match)
0 1 Capture Disabled
1 1 operation Enabled (when
TM1 contents
are captured in
CR11 or when
TM1W contents
are captured in
CR11W)

Caution Even if an attempt is made to clear the timer register by inputting the capture request signal when the

capture function of the timer is used, the timer register momentarily counts up immediately before it is
cleared. Consequently, if a value greater than the value of the timer register by 1 is set to the compare
register when the capture request signal is input, the values of the compare register and timer register
coincide, and an unnecessary interrupt will be generated (refer to Figure 9-5). Therefore, take the
following operation into consideration when creating a program.
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<Operation>

Because the timer register is cleared at the next count if the capture request signal is generated when the value of timer
registeris “N”whenthe value “N + 17 is setto the compare register, no interrupt request is generated by the compare register.
Actually, however, the timer register momentarily counts “N + 1” when the timer register is cleared. As aresult, the values
of the timer register and compare register coincide, and an interrupt request signal is generated by the compare register.

Figure 9-5 Example of Generation of Unnecessary Interrupt Request by Compare Register

Capture Request Signal ”

Clears timer register by input of capture
\request signal

Timer Register N-1 >< N . 0

Compare Register Value N+1

Issued as Result of Coincidence
Between Compare Register
and Timer Register T

Interrupt Request Signal |—|

This phenomenon
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9.4 TIMER REGISTER 1 (TM1) OPERATION

9.4.1 Basic Operation

8-bit operating mode/16-bit operating mode control can be performed for timer/counter 1 by means of bit 0 (BW1) of timer
control register 1 (TMC1). Note

In the timer/counter 1 count operation, an up-count is performed using the count clock specified by the low-order 4 bits of
prescaler mode register 1 (PRM1).

Count operation enabling/disabling is controlled by bit 3 (CE1) of TMC1 (timer/counter 1 operation control is performed by
the low-order 4 bits of the TMC1). When the CE1 bit is set (to 1) by software, the contents of TM1 are cleared to OH on the first
count clock, and then the up-count operation is performed.

When the CE1 bit is cleared (to 0), TM1 becomes OH immediately, and capture operations and match signal generation are
stopped.

If the CE1 bit is set (to 1) again when it is already set (to 1), TM1 continues the count operation without being cleared.

Ifthe count clock is input when TM1 is FFH in 8-bit operating mode and when TM1W is FFFFH in 16-bit operating mode, TM1/
TM1W becomes OH. In this case, OVF1 bit is set. OVF1 bit is cleared by software only. The count operation is continued.

When RESET is input, TM1 is cleared to OH, and the count operation is stopped.

Note Unless otherwise specified, the functions of timer register 1 in the 8-bit operating mode are described hereafter. In

the 16-bit operating mode, TM1, CR10, CR11, and CR12 operate as TM1W, CR10W, CR11W, and CR12W,
respectively.
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Figure 9-6 Basic Operation in 8-Bit Operating Mode (BW1 = 0)

(@) Count started - count disabled - count started

s 8 T O
i 000 & 0 0 S W O 6
ce J h

(¢

A A A
Count Started Count Stopped Count Started
CE1 1 CE1 -0 CE1 -1

(b) When “1” is written to the CE1 bit again after the count starts

s LI
™1 oH 1HX2HX3HX4HX5H
er | |

A A
Count Started Rewrite
CE1 - 1 CE1 -1

(c) Operation when TM1 = FFH

Count Clock |_| |_| |_| |_|
L ] L | ‘()8
m = EEE0C

OVF1

A
Cleared by Software
OVF1 ~ 0
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Figure 9-7 Basic Operation in 16-Bit Operating Mode (BW1 =1)

(@) Count started - count disabled - count started

== UL UL UL
0008 S5 s ST O G

)

CE1

D)
(¢

A A A
Count Started Count Stopped Count Started
CE1 - 1 CE1 -0 CE1 -1

(b) When “1” is written to the CE1 bit again after the count starts

S |
DA EEEEEEC
o | T

A A
Count Started Rewrite
CE1 - 1 CE1 -1

(c) Operation when TM1W = FFFFH

Count Clock | | | | | | | |
T™M1W FFFEHXFFFFHX OH x 1HSS ><

OVF1

A
Cleared by Software
OVF1 <~ 0
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9.4.2 Clear Operation

(1) Clear operation after match with compare register and after capture operation
Timer register 1 (TM1) can be cleared automatically after a match with the compare register (CR1n:n=0, 1) and a capture
operation. When a clearance source arises, TM1 is cleared to OH on the next count clock. Therefore, even if a clearance

source arises, the value at the point at which the clearance source arose is retained until the next count clock arrives.

Figure 9-8 TM1 Clearance by Match With Compare Register (CR10, CR11)

Count Clock ‘ \ ‘ \ ‘ \

™1 -1 0 0 X ]

Compare Register
(CR1n)

AN AN
TM1 and CR1n Match Cleared Here

Figure 9-9 TM1 Clearance after Capture Operation

RN | I I
wo oo W D

INTPO \

A
TM1 is captured

in CR11 here A
Cleared Here

(2) Clear operation by CE1 bit of timer control register 1 (TMC1)
Timer register 1 (TM1) is also cleared when the CE1 bit of TMC1 is cleared (to 0) by software. The clear operation is
performed immediately after the clearance (to 0) of the CE1 bit.
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Figure 9-10 Clear Operation When CEL1 Bit is Cleared (0)
(a) Basic operation

o L]
e N f :
/

CE1

(b) Restart before count clock is input after clearance

e L]
SREIN 0 3 I S

CEf

——————

If the CE1 bit is set (to 1) before this count clock, this count clock starts counting from 0.

(c) Restart after count clock is input after clearance

o L L]
SN 0 N N

CE1

——

If the CE1 bit is set (to 1) from this count clock onward, the count clock starts counting
from O after the CE1 bit is set (to 1).
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9.5 EXTERNAL EVENT COUNTER FUNCTION

Timer/counter 1 can count clock pulses input from the external interrupt request input pin (INTPO) pin.

No special selection method is needed for the external event counter operating mode. When the timer register 1 (TM1) count
clock is specified as external clock input by the setting of the low-order 4 bits of prescaler mode register 1 (PRM1), TM1 operates
as an external event counter.

The maximum frequency of the external clock pulse that can be counted by the external event counter is determined by the
sampling clock select register (SCS0) as shown in Table 9-5.

The maximum frequency is the same when both the edges of the INTPQO input are counted and when only one edge is counted.

The pulse width of the INTPO input must be three or more sampling clocks selected by SCSO0, regardless of whether the level
is high or low. If the width is shorter than this, the pulse may not be counted.

Figure 9-11 shows the timing of the external event count by timer/counter 1.

Table 9-5 Maximum Input Frequency and Minimum Input Pulse Width That Can be Counted as Events
(): fxx = 32 MHz, fcik = 16 MHz

Sampling Clock Selected by SCS0 Maximum Input Frequency Minimum Pulse Width
fok fck/8 (2.00 MHz) 4/fcik (0.25 us)
fok/64 fek/512 (31.30 kHz) 256/fxx (8.00 ps)
fok/128 fouk/1,024 (15.60 kHz) 512/fxx (16.00 us)
fow256 fok/2,048 (7.81 kHz) 1,024/fxx (32.00 us)

Figure 9-11 Timer/Counter 1 External Event Count Timing

(1) Counting one edge (maximum frequency = fcLk/8)

4/fsmp (MIN.)4/fsmp (MIN.) 8/fsmp (MIN.)

INTPO

3 to 4/fsmp

S S
w o X oo X we X wo X

Remarks 1. ICI: INTPO input signal after passing through edge detection circuit
2. fswmr is selected by the sampling clock selection register (SCS0).
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(2) Counting both edges (maximum frequency = fcLk/8)

4ffsup (MIN) | 4/fsmp (MIN.)

8/fsmp (MIN.)

INTPO

ICI

3 to 4/fsmp

TMA1 Dn >< Dn+1 >< Dn+2 >< Dn+3 >< Dn+4

Remarks 1. ICI: INTPO input signal after passing through edge detection circuit
2. fswmr is selected by the sampling clock selection register (SCS0).

The TM1 count operation is controlled by the CE1 bit of the timer control register 1 (TMC1) in the same way as with the basic

operation.

When the CE1 bit is set (to 1) by software, the contents of TM1 are set to OH and the up-count operation is started on the

initial count clock.

When the CE1 bit s cleared (to 0) by software during a TM1 count operation, the contents of TM1 are set to OH immediately
and the stopped state is entered. The TM1 count operation is not affected if the CE1 bit is set (to 1) by software again when

it is already set (to 1).

Caution When timer/counter 1is used as an external event counter, it is not possible to distinguish between the
case wherethereis no valid edge input at all and the case where there is a single valid edge input using
the timer register 1 (TM1) alone (see Figure 9-12), since the contents of TM1 are 0 in both cases. Ifitis
necessary to make this distinction, the INTPO interrupt request flag should be used. An example is

shown in Figure 9-13.

Figure 9-12 Example of the Case Where the External Event Counter Does Not Distinguish Between One

Valid Edge Input and No Valid Edge Input

INTPO |

TM1 0 X

S

No Distinction Made

A
Count Start
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Figure 9-13 Methods of Enabling the External Event Counter to Distinguish No Valid Edge Input

(a) Processing when count is started

C Start count )

Clear INTPO interrupt
request flag
PIFO <« 0

Start count ; Set CE1to 1
CE1 ~ 1

|
=

(b) Processing when count value is read

( Count value read )

Read TM1 contents

; Clear PIFOto 0

A - TM1
YES
=07
A=0" ; Check TM1 value
If 0, check interrupt
request flag
NO
YES PIFO =17
; Check PIFO contents
If 1, there is a valid edge
A-A+1
( End ) ; Number of input valid edges is set in A register

User's Manual U11316EJ4V1UD 263



CHAPTER 9 TIMER/COUNTER 1

9.6 COMPARE REGISTER, CAPTURE/COMPARE REGISTER, AND CAPTURE REGISTER OPERATION

9.6.1 Compare Operations

Timer/counter 1 performs compare operations in which the value setin a compare register (CR10), capture/compare register
(CR11), specified for compare operation is compared with the timer register 1 (TM1) count value.

If the count value of TM1 matches the preset value of the CR10, or the CR11 as the result of the count operation, an
interrupt request signal (INTC10 or INTC11) is generated.

After a match with the CR10 or CR11 value, the TM1 contents can be cleared, and the timer functions as an interval timer
that repeatedly counts up to the value set in the CR10 or CR11.

Figure 9-14 Compare Operation in 8-Bit Operating Mode

FFH

T™1
Count Value CR10 Value
CR11 Value
OH = ‘
Count Start Match Match
CE1 -1
INTC10
Interrupt Request

INTC11
Interrupt Request

OVF1

Remark CLR10=0,CLR11=0,CM=0,BW1=0
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Figure 9-15 Compare Operation in 16-Bit Operating Mode

FFEFH FFFFH
T™M1W
Count Value
CR11W Value CR11W Value
CR10W Value CR10W Value
OH
~ \ \
Count Start  Match Match Match Match
CE1 - 1
INTC10
Interrupt Request
INTC11
Interrupt Request
OVF1
Cleared by Software
Remark CLR10=0,CLR11=0,BW1 =1
Figure 9-16 TM1 Clearance after Match Detection
CR11
CR10 / CR10 CR10
T™1
Count Value
OH
A A A A A A
Count Start Clear ‘ Count Start Clear Clear
CE1 ~ 1 ) CE1 <0
CLR10 < 0 Count Disabled| ¢ R10 « 1
CLR11 — 1 CE1 -0 CLR11 < 0
INTC10
Interrupt Request
INTC11

Interrupt Request
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9.6.2  Capture Operations

Timer/counter 1 performs capture operations in which the timer register 1 (TM1) count value is fetched into the capture
register in synchronization with an external trigger, and retained there.

Avalid edge detected from the input of the external interrupt request input pin (INTPO) is used as the external trigger (capture
trigger). The count value of TM1 in the process of being counted is fetched into the capture register (CR12), or the capture/
compare register (CR11) when a capture operation is specified, in synchronization with the capture trigger, and is retained there.
The contents of the CR11 and CR12 are retained until the next capture trigger is generated.

The capture trigger valid edge is set by means of external interrupt mode register 0 (INTMO). If both rising and falling edges
are set as capture triggers, the width of pulses input from off-chip can be measured, and if a capture trigger is generated by a
single edge, the input pulse cycle can be measured.

See Figure 21-1 in CHAPTER 21 EDGE DETECTION FUNCTION for details of the INTMO format.

When CR11 is used as a capture register, TM1 can be cleared as soon as the contents of TM1 have been captured to CR11
by capture trigger.

Figure 9-17 Capture Operation in 8-Bit Operating Mode

FEH

/

T™1
Count Value

DO D2
OH <
Count Start

INTPO
Pin Input

INTPO
Interrupt Request

Capture/Compare
Register (CR11)

Do D1 D2

OVF1

Remark Dn: TM1 countvalue (n=0,1,2, ...)
CLR10=0,CLR11=0,CM=1,BW1 =0
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Figure 9-18 Capture Operation in 16-Bit Operating Mode

T™M1W
Count Value

\
Do
OH

FEFFH

e

D2

A
Count Start
CE1 - 1

INTPO
Pin Input

INTPO
Interrupt Request

Capture Register

(CR12W) Do

D1

D2

OVF1

Remark Dn: TM1W countvalue (n=0,1,2, ...)
CLR10=0,CLR11=0,CM =1, BW1 =1
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Figure 9-19 TM1 Clearance after Capture Operation

TMH1
Count Value b N3 N5

OH

Capture Capture Capture Capture Capture

INTPO
Pin Input

INTPO
Interrupt Request

Capture/Compare
Register (CR11) N1 N2 N3 N4

Remark NI: TM1 countvalue (n=0, 1,2, ...)
CLR10=0,CLR11=1,CM =1

Caution Even if an attempt is made to clear the timer register by inputting the capture request signal when the
capture function of the timer is used, the timer register momentarily counts up immediately before it is
cleared. Consequently, if a value greater than the value of the timer register by 1 is set to the compare
register when the capture request signal is input, the values of the compare register and timer register
coincide, and an unnecessary interrupt will be generated (refer to Figure 9-20). Therefore, take the
following operation into consideration when creating a program.
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<Operation>

Because the timer register is cleared at the next count if the capture request signal is generated when the value of timer
registeris “N”when the value “N + 17 is set to the compare register, no interrupt request is generated by the compare register.
Actually, however, the timer register momentarily counts “N + 1” when the timer register is cleared. As a result, the values
of the timer register and compare register coincide, and an interrupt request signal is generated by the compare register.

Figure 9-20 Example of Generation of Unnecessary Interrupt Request by Compare Register

Capture Request Signal ”
Clears timer register by input of capture
\request signal

Timer Register N-1 >< N . 0

Compare Register Value N+1

Issued as Result of Coincidence
Between Compare Register
and Timer Register T

Interrupt Request Signal |—|

This phenomenon
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9.7 EXAMPLES OF USE

9.7.1 Operation as Interval Timer (1)

When timer register 1 (TM1) is made free-running and a fixed value is added to the compare register (CR1n: n=0, 1) in the
interrupt service routine, TM1 operates as an interval timer with the added fixed value as the cycle (see Figure 9-21).

Since TM1 has two compare registers, two interval timers with different intervals can be constructed.

The control register settings are shown in Figure 9-22, the setting procedure in Figure 9-23, and the processing in the interrupt
service routine in Figure 9-24.

Figure 9-21 Interval Timer Operation (1) Timing

FFH FFH
MOD (3n) /]
n
T™M1
Count Value
MOD (2n)
OH
A
Timer Start
Compare Register
(CR10) n >< MOD (2n) >< MOD (3n) >< MOD (4n)
Interrupt Flg;? e132 Rewritten by Rewritten by Rewritten by
Interrupt Program Interrupt Program Interrupt Program
Interval Interval Interval

Remark Interval = n x x/fxx, 1 <n < FFH
x =8, 16, 32, 64, 128, 256, 512, 1,024, 2,048
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Figure 9-22 Control Register Settings for Interval Timer Operation (1)
(a) Prescaler mode register 1 (PRM1)

7 6 5 4 3 2 1 0

PRM1 X x x x  |PRS13|PRS12| PRS11|PRS10

Count clock specification
(x/fxx ; x = 8, 16, 32, 64, 128, 256,
512, 1,024, 2,048)

(b) Capture/compare control register 1 (CRC1)

CRCH1 0 0 0 0 0 0 0 0

——— TM1 clearing by match of CR10 & TM1
contents disabled

CR11 specified as compare register

TM1 clearing by match of CR11 & TM1
contents disabled
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Figure 9-23 Interval Timer Operation (1) Setting Procedure

C Interval timer (1) )
!

Set PRM1

Set count value in CR10
CR10 < n

Set CRC1
CRC1 ~ OOH

Start count
CE1 - 1

=

; Set 1in bit 3 of TMCH

INTC10 Interrupt

Figure 9-24 Interval Timer Operation (1) Interrupt Request Servicing

( INTC10 interrupt )

Calculate timer value that will
generate next interrupt
CR10 « CR10 +n

Other interrupt service program
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9.7.2  Operation as Interval Timer (2)

TM1 operates as an interval timer that generates interrupts repeatedly with the preset count time as the interval (see Figure

9-25).

The control register settings are shown in Figure 9-26, and the setting procedure in Figure 9-27.

Figure 9-25 Interval Timer Operation (2) Timing (When CR11 is Used as Compare Register)

TMA
Count Value

OH

Compare Register
(CR11)

INTC11
Interrupt Request

Count Start Clear Clear
n
Match Match
Interrupt Acknowledge Interrupt Acknowledge

Interval

Interval

Remark Interval = (n + 1) x x/fxx
0<n<FFH
x =8, 16, 32, 64, 128, 256, 512, 1,024, 2,048
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Figure 9-26 Control Register Settings for Interval Timer Operation (2)

(@) Prescaler mode register 1 (PRM1)

PRM1 x X X X PRS13|PRS12| PRS11| PRS10

Count clock specification
(x/fxx ; x = 8, 16, 32, 64, 128, 256,
512, 1,024, 2,048)

(b) Capture/compare control register 1 (CRC1)

CRC1 0 0 0 0 1 0 0 0

TM1 clearing by match of CR10 & TM1
contents disabled

CR11 specified as compare operation

TM1 clearing by match of CR11 & TM1
contents enabled

Figure 9-27 Interval Timer Operation (2) Setting Procedure

( Interval timer (2) )
i

Set PRM1

Set count value in CR11
CR11 <« n

Set CRC1
CRC1 — 08H

Start count ; Set 1 in bit 3 of TMC1
CE1 1

=

INTC11 Interrupt
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9.7.3 Pulse Width Measurement Operation

In pulse width measurement, the high-level or low-level width of external pulses input to the external interrupt request input
pin (INTPO) is measured.

Both the high-level and low-level widths of pulses input to the INTPO pin must be at least 3 sampling clocks selected by
SCSO; if shorter than this, the valid edge will not be detected and a capture operation will not be performed.

As shown in Figure 9-28, the timer register 1 (TM1) value being counted is fetched into the capture/compare register (CR11)
set as a capture register in synchronization with a valid edge (set as both rising and falling edges) in the INTPO pin input, and
held there. The pulse width is obtained from the product of the difference between the TM1 count value (Dn) fetched into and
held in the CR11 on detection of the nth valid edge and the count value (Dn-1) fetched and held on detection of valid edge n
- 1, and the number of count clocks (x/fxx; x = 8, 16, 32, 64, 128, 256, 512, 1,024, 2,048).

The control register settings are shown in Figure 9-29, and the setting procedure in Figure 9-30.

Figure 9-28 Pulse Width Measurement Timing (When CR11 is Used as Capture Register)

FEH FFH
T™M1
Count Value D1 D3
D2
DO
oH '
A Capture Capture Capture Capture
Count Start
CE1 1
INTPO
External Input Signal
~— (D1 to DO) x x/fxx —==—(100H to —=r=— (D3 to D2) x x/fxx —=
D1 + D2) x
INTPO _I —| Kb —| —|
Interrupt Request
Capture/Compare
Register (CR11) DO D1 D2 D3
OVF1

Cleared by Software

Remark Dn: TM1 countvalue (n=0, 1,2, ...)
X =8, 16, 32, 64, 128, 256, 512, 1,024, 2,048
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Figure 9-29 Control Register Settings for Pulse Width Measurement

(@) Prescaler mode register 1 (PRM1)

PRM1 x X X X PRS13|PRS12| PRS11| PRS10

Count clock specification
(x/fxx ; x = 8, 16, 32, 64, 128, 256,
512, 1,024, 2,048)

(b) Capture/compare control register 1 (CRC1)

CRCH1 0 0 0 0 0 1 0 0

TM1 clearing by match of TM1 & CR10
contents disabled

CR11 specified as capture
operation

TM1 clearing upon capture of CR11 in TM1
disabled

(c) External interrupt mode register 0 (INTMO)

INTMO X X X X 1 1 0 x

Both rising & falling edges
specified as INTPO input valid edges
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Figure 9-30 Pulse Width Measurement Setting Procedure

( Pulse width measurement )

Set PRM1
Set CRC1
CRC1 — 04H
Set INTMO ; Specify both edges as INTPO
Set MKOL input valid edges, release

interrupt masking

Initialize capture value buffer memory
Xo 0

Start count ; Set 1 in bit 3 of TMCA
CE1 - 1

Enable interrupts

=

INTPO Interrupt

Figure 9-31 Interrupt Request Servicing that Calculates Pulse Width

C INTPO interrupt )

Calculate pulse width
Yn=CR11 = Xn

Store capture value in memory
Xn+1 « CR11

i
o
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9.8

(1)

278

CAUTIONS

While timer/counter 1 is operating (while the CE1 bit of the timer control register 1 (TMC1) is set), malfunctioning may
occur if the contents of the following registers are rewritten. This is because it is undefined which takes precedence in
a contention, the change in the hardware functions due to rewriting the register, or the change in the status because of
the function before rewriting.

Therefore, be sure to stop the counter operation for the sake of safety before rewriting the contents of the following registers.

* Prescaler mode register 1 (PRM1)
» Capture/compare control register 1 (CRC1)
+ CMD2 bit of timer control register 1 (TMC1)

If the contents of the compare register (CR1n: n = 0 or 1) coincide with those of TM1 when an instruction that stops timer
register 1 (TM1) operation is executed, the counting operation of TM1 stops, but an interrupt request is generated.

In order not to generate the interrupt when stopping the operation of TM1, mask the interrupt in advance by using the
interrupt mask register before stopping TM1.

Example
Program that may generate interrupt request Program that does not generate interrupt request
CLR1 CEf ~ Interrupt request OR  MKOL #COH . Disables interrupt
OR MKOL, #COH from timer/counter 1 CLR1 CEt from timer/counter 1
: occurs between CLR1 CIF10 ~ Clears interrupt request
these instructions CLR1  CIF11 flag from timer/counter 1
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(3) Upto 1 countclockisrequired after an operation to start timer/counter 1 (CE1 — 1) has been performed before timer/counter
1 actually starts (refer to Figure 9-32).
For example, when using timer/counter 1 as an interval timer, the first interval time is delayed by up to 1 clock. The second
and those that follow are at the specified interval.

Figure 9-32 Operation When Counting is Started

noes 11T
"N €3 B £ &

CE1 A
Timing to Start Actual Counting

Count Start Command (CE1 ~ 1)
by Software

(4) While an instruction that writes data to the compare register (CR1n: n =0, 1) is executed, coincidence between CR1n, to
which the data is to be written, and timer register 1 (TM1) is not detected.
Write data to CR1n when timer/counter 1 is executing counting operation in the timing that the contents of TM1 do not
coincide with the value of CR1n before and after writing (e.g., immediately after an interrupt request has been generated
because TM1 and CR1n have coincided).

(5) Coincidence between timer register 1 (TM1) and compare register (CR1n: n = 0, 1) is detected only when TM1 is
incremented. Therefore, the interrupt request is not generated even if the same value as TM1 is written to CR1n.

(6) If the value of the timer register is read under the condition indicated by “x” in Table 9-6, the read value may be illegal. Do
not read the timer register under condition “x”.

Table 9-6 Limits of Reading Timer Register

(V: Can be read, x: Must not be read)

fork fxx/2 fxx/4 fxx/8 fxx/16
Timer Count Clock
fxx/8 v v x x
fxx/16 v v v x
fxx/n v v v v

Remarks 1. fxx: Oscillation frequency
2. fcwk: Internal system clock frequency
3. n=232, 64,128, 256, 512, 1,024, 2,048
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(7) When timer/counter 0 is used as an external event counter, it is not possible to distinguish between the case where there
is no valid edge input at all and the case where there is a single valid edge input, using the timer register 0 (TMO) alone
(refer to Figure 9-33), since the contents of TMO are 0 in both cases. Ifit is necessary to make this distinction, the INTP3
interrupt request flag should be used. To make a distinction, use the interrupt request flag of INTPO, as shown in Figure
9-34.

Figure 9-33 Example of the Case Where the External Event Counter Does Not Distinguish
Between One Valid Edge Input and No Valid Edge Input

INTPO

w X G

Cannot be
Distinguished

A
Count Start
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Figure 9-34 To Distinguish Whether One or No Valid Edge Has Been Input with External Event Counter

(a) Processing on starting counting

Start count

Clear INTPO

interrupt request flag | ; Clear PIFO to 0
PIFO -~ 0

Start count
CE1 « 1 ; Set CE1to 1

End
(b) Processing on reading count value

Count value
read

Read TM1 contents
A - TM1

; Check TM1 value.
If 0, check interrupt
request flag.

; Check PIFO contents.
If 1, valid edge is input.

End ; Number of input valid edges is set to A register
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(8) Even if an attempt is made to clear the timer register by inputting the capture request signal when the capture function of
the timer is used, the timer register momentarily counts up immediately before itis cleared. Consequently, if a value greater
than the value of the timer register by 1 is set to the compare register when the capture request signal is input, the values
of the compare register and timer register coincide, and an unnecessary interrupt will be generated (refer to Figure 9-35).
Therefore, take the following operation into consideration when creating a program.

<Operation>

Because the timer register is cleared at the next count if the capture request signal is generated when the value of timer
registeris “N”whenthe value “N + 1”is setto the compare register, no interrupt request is generated by the compare register.
Actually, however, the timer register momentarily counts “N + 1” when the timer register is cleared. As aresult, the values
of the timer register and compare register coincide, and an interrupt request signal is generated by the compare register.

Figure 9-35 Example of Generation of Unnecessary Interrupt Request by Compare Register

Capture Request Signal ”

\ Clears timer register by input of capture
\request signal

Timer Register N-1 >< N \ 0

Compare Register Value N+ 1

Issued as Result of Coincidence
Between Compare Register

Interrupt Request Signal |—|
and Timer Register T

This phenomenon
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(9) If the count operation of TM1 stops at the timing at which compare register (CR10) and timer register 1 (TM1) match, the

CR10/TM1 match interrupt may not be generated after timer/counter 1 is next started.
If the TM1 count operation is stopped within 1.5 count clocks after a match between CR10 and TM1, the first match interrupt
after timer/counter 1 is next started will not be generated. The second and subsequent interrupts operate normally. Note

that the timer output is unaffected by this bug.
This bug occurs because the timer interrupt controller inadvertently masks interrupts if timer/counter 1 is stopped in the

period indicated by the shaded area in the figure below.
The interrupt controller is initialized by an overflow of timer/counter 1 or a match between CR11 and TM1.

. 1.5 count clocks
o
Countclocks|||||||||||||||||||||
i DM X0 X o XX D<K < <

CR10 M /| M
CR11 N [/ N
)
CE1 | | i
P Not generated
CR10/TM1 I—l P
match interrupt 1) I

Remark M<N
Do not stop timer/counter 1 within 1.5 count clocks after a match between CR10 and TM1.

Disable all interrupt requests (including macro servicing), read the value of the timer to be stopped, and wait until at least
1.5 count clocks have elapsed after a match between CR10 and TM1 before stopping timer/counter 1.
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10.1 FUNCTIONS

Timer/counter 2 is 16-bit or 8-bit timer/counter, and has the following function which the other three timer/counters do

not have:
« One-shot timer Note

Note The one-shot timer function is a count operation of timer/counter 2 (TM2/TM2W), and is thus different in nature
from the one-shot pulse output function of timer/counter 0.

In this section, the following four basic functions are described in order:
* Interval timer
+ Programmable square-wave output
+ Pulse width measurement

« External event counter

(1) Interval timer
Generates internal interrupts at preset intervals.

Table 10-1 Timer/Counter 2 Intervals

Minimum Interval Maximum Interval Resolution
8/fxx 216 x 8/fxx 8/fxx
(0.25 ps) (16.40 ms) (0.25 ps)
16/fxx 216 x 16/fxx 16/fxx
(0.50 ps) (32.80 ms) (0.50 ps)
32/fxx 216 x 32/fxx 32/fxx
(1.60 us) (65.50 ms) (1.00 ps)
64/fxx 216 x 64/fxx 64/fxx
(2.00 ps) (131 ms) (2.00 ps)
128/fxx 216 x 128/fxx 128/fxx
(4.00 ps) (262 ms) (4.00 ps)
256/fxx 216 x 256/fxx 256/fxx
(8.00 us) (524 ms) (8.00 us)
512/fxx 216 x 512/fxx 512/fxx
(16.00 us) (1.05 s) (16.00 us)
1,024/fxx 216 x 1,024/fxx 1,024/fxx
(32.00 us) (2.10 s) (32.00 us)
2,048/fxx 216 x 2,048/fxx 2,048/fxx
(64.00 us) (419 s) (64.00 us)

( ): When fxx = 32 MHz
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(2) Programmable square-wave output

Outputs square waves independently to the timer output pins (TO2 and TO3).

Table 10-2 Timer/Counter 2 Programmable Square-Wave Output Setting Range

Minimum Pulse Width Maximum Pulse Width
8/fxx 216 x 8/fxx
(0.25 ps) (16.40 ms)
16/fxx 216 x 16/fxx
(0.50 ps) (32.80 ms)
32/fxx 216 x 32/fxx
(1.00 ps) (65.50 ms)
64/fxx 216 x 64/fxx
(2.00 ps) (131 ms)
128/fxx 216 x 128/fxx
(4.00 ps) (262 ms)
256/fxx 216 x 256/fxx
(8.00 us) (524 ms)
512/fxx 216 x 512/fxx
(16.00 us) (1.05 s)
1,024/fxx 216 x 1,024/fxx
(32.00 us) (2.10 s)
2,048/fxx 216 x 2,048/fxx
(64.00 us) (419 s)

( ): When fxx = 32 MHz

Caution The above table is applicable to use of an internal clock.
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(3) Pulse width measurement
Detects the pulse width of the signal input to an external interrupt request input pins (INTP1/INTP2).

Table 10-3 Timer/Counter 2 Pulse Width Measurement Range

Measurable Pulse Width Note Resolution
8/fxx to 216 x 8/fxx 8/fxx
(0.25 us) (16.40 ms) (0.25 us)
16/fxx to 216 x 16/fxx 16/fxx
(0.50 ps) (32.80 ms) (0.50 ps)
32/fxx to 216 x 32/fxx 32/fxx
(1.00 us) (65.50 ms) (1.00 us)
64/fxx to 216 x 64/fxx 64/fxx
(2.00 ps) (131 ms) (2.00 ps)
128/fxx to 216 x 128/fxx 128/fxx
(4.00 ps) (262 ms) (4.00 ps)
256/fxx to 216 x 256/fxx 256/fxx
(8.00 us) (524 ms) (8.00 us)
512/fxx to 216 x 512/fxx 512/fxx
(16.00 us) (1.05 s) (16.00 us)
1,024/fxx to 216 x 1,024/fxx 1,024/fxx
(32.00 ps) (2.10 ) (32.00 ps)
2,048/fxx to 216 x 2,048/fxx 2,048/fxx
(64.00 us) (4.19 s) (64.00 us)

( ): When fxx = 32 MHz

Note The minimum pulse width that can be measured differs depending on the selected value of fcik.
The minimum pulse width that can be measured is the value of 4/fcLk or the value in the above table, whichever
greater.

(4) External event counter
Counts the clock pulses input from the external interrupt request input pin (INTP2) (CI pin input pulses). The clocks

that can be input to timer/counter 2 are shown in Table 10-4.

Table 10-4 Clocks Enabled to be Input to Timer/Counter 2

When Counting One Edge When Counting Both Edges
Maximum frequency fck/8 (2.00 MHz) fck/8 (2.00 MHz)
Minimum pulse width 4/fck (0.25 ps) 4/fck (0.25 ps)
(High and low levels)

( ): When fcik = 16 MHz and fxx = 32 MHz
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10.2 CONFIGURATION
Timer/counter 2 consists of the following registers.
« Timer register (TM2/TM2W) x 1
» Compare register (CR20/CR20W) x 1
» Capture/compare register (CR21/CR21W) x 1

+ Capture register (CR22/CR22W) x 1

The block diagram of timer/counter 2 is shown in Figure 10-1.
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Figure 10-1 Timer/Counter 2 Block Diagram
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Timer register 2 (TM2/TM2W)

TM2/TM2W is a timer register that counts up the count clock specified by the high-order 4 bits of prescaler mode register
1 (PRM1). An internal clock or external clock can be selected as the count clock.

The count operation can be stopped or enabled by means of timer control register 1 (TMC1). The timer register can
select to operate in an 8-bit (TM2) or 16-bit (TM2W) mode. TM2/TM2W can be read only with an 8/16-bit manipulation
instruction.

When RESET is input, TM2/TM2W is cleared to 00H and the count is stopped.

Caution If the value of the timer register is read under the condition indicated by “x” in Table 10-5, the read
value may be illegal. Do not read the timer register under condition “x".

Table 10-5 Limits of Reading Timer Register

(V: Can be read, x: Must not be read)

fork fxx/2 fxx/4 fxx/8 fxx/16
Timer Count Clock
fxx/8 v v x x
fxx/16 v v v x
fxx/n v v v v

Remarks 1. fxx: Oscillation frequency
2. fck: Internal system clock frequency
3. n=32, 64, 128, 256, 512, 1,024, 2,048

Compare register (CR20/CR20W)

CR20/CR20W is an 8/16-bit register that holds the value that determines the interval timer operation cycle.

If the contents of the CR20/CR20W register match the contents of TM2/TM2W, an interrupt request (INTC20) and a
timer output control signal are generated. This compare register operates as CR20 in the 8-bit mode, and CR20W
in the 16-bit mode.

CR20/CR20W can be read or written to with an 8/16-bit manipulation instruction. The contents of this register are
undefined after RESET input.

Capture/compare register (CR21/CR21W)

CR21/CR21W is an 8/16-bit register that can be specified as a compare register for detecting a match with the TM2/
TM2W count value or a capture register for capturing the TM2/TM2W count value according to the setting of the capture/
compare control register 2 (CRC2).

This capture/compare register operates as CR21 in the 8-bit mode, and CR21W in the 16-bit mode.

CR21/CR21W can be read or written to with an 8/16-bit manipulation instruction.

The contents of this register are undefined after RESET input.

(a) When specified as compare register
CR21/CR21W functions as an 8/16-bit register that holds the value that determines the interval timer operation
cycle.
An interrupt request (INTC21) and a timer output control signal are generated by a match between the contents
of the CR21/CR21W register and the contents of TM2/TM2W.
Also, the count value can be cleared by a match of the contents.
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(b) When specified as capture register
CR21/CR21W functions as an 8/16-bit register that captures the contents of TM2/TM2W in synchronization with
the input of a valid edge on the external interrupt input pin (INTP2) (capture trigger).
The contents of the CR21/CR21W register are retained until the next capture trigger is generated.
Also, TM2/TM2W can be cleared after a capture operation.

Capture register (CR22/CR22W)

CR22/CR22W is an 8/16-bit register that captures the contents of TM2/TM2W.

The capture operation is synchronized with the input of a valid edge to the external interrupt request input pin (INTP1)
(capture trigger). The contents of the CR22/CR22W register are retained until the next capture trigger is generated.
Also, TM2/TM2W can be cleared after a capture operation.

This capture register operates as CR22 in the 8-bit mode, and CR22W in the 16-bit mode.

CR22/CR22W can be read only with an 8/16-bit manipulation instruction. RESET input clears this register to 0000H.

Edge detection circuit

The edge detection circuit detects an external input valid edge.

This circuit generates an external interrupt request (INTP1) and capture trigger by detecting the valid edge of the INTP1
pin input specified by the external interrupt mode register 0 (INTMO). It also generates a capture trigger, the count
clock of an external event, and external interrupt request (INTP2) by detecting the valid edge from an external interrupt
request input pin (INTP2).

Output control circuit

It is possible to invert the timer output when the CR20/CR21 register contents and the contents of TM2 match or the
CR20W/CR21W contents and the contents of TM2W match.

A square wave can be output from the timer output pins (TO2/TOS3) in accordance with the setting of the high-order
4 bits of the timer output control register (TOC). At this time, PWM output or PPG output can be performed according
to the specification of the capture/compare control register 2 (CRC2).

Timer output can be disabled/enabled by means of the TOC register. When timer output is disabled, a fixed level is
output to the TO2 and TO3 pins (the output level is set by the TOC register).

Prescaler
The prescaler generates the count clock from the internal system clock. The clock generated by the prescaler is selected
by the selector, and is used as the count clock by the timer register 2 (TM2/TM2W) to perform count operations.

Selector

The selector selects a signal resulting from dividing the internal clock or the edge detected by the edge detection circuit
as the count clock of timer register 2 (TM2/TM2W).
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10.3 TIMER/COUNTER 2 CONTROL REGISTERS

(1) Timer control register 1 (TMC1)
In TMC1 the timer/counter 2, TM2/TM2W, count operation is controlled by the high-order 4 bits (the low-order 4 bits
control the count operation of timer/counter 1, TM1/TM1W).
TMC1 can be read or written to with an 8-bit manipulation instruction or bit manipulation instruction. The format of the
TMC1 is shown in Figure 10-2.
RESET input clears TMC1 to 00H.

Figure 10-2 Timer Control Register 1 (TMC1) Format

@ 5 4 B® @ 1 0  Address After Reset R/W

TMC1 | CE2 | OVF2 |CMD2 | BW2 | CE1 |[OVF1| 0 | BW1 | OFF5FH 00H R/W
\ \ \ !

Controls count operation of timer/counter 1
(TM1/TM1W) (see Figure 9-2).

BW2 | Timer/Counter 2 Bit Length Specification

0 8-bit operating mode

1 16-bit operating mode

CMD2 | TM2/TM2W Operating Mode Specification

0 Normal mode
1 One-shot mode
OVF2 TM2/TM2W Overflow Flag
0 No overflow
1 Overflow Note

Note 8-bit operating mode:
count up from FFH to 00H
In 16-bit operating mode:
count up from FFFFH to 0000H

CE2 TM2/TM2W Count Operation Control

0 | Count operation stopped with count cleared

1 Count operation enabled

Remark The OVF2 bit is reset by software only.
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(2) Prescaler mode register 1 (PRM1)
In PRM1 the count clock to timer/counter 2, TM2/TM2W, is specified by the high-order 4 bits (the low-order 4 bits specify
the count clock to timer/counter 1, TM1/TM1W).
PRM1 can be read or written with an 8-bit manipulation instruction. The format of the PRM1 is shown in
Figure 10-3.
RESET input sets PRM1 to 11H.

Figure 10-3 Prescaler Mode Register 1 (PRM1) Format

7 6 5 4 3 2 1 0 Address  After Reset R/W

PRM1 | PRS23| PRS22|PRS21 | PR20 |PRS13|PRS12| PRS11|PRS10| OFF5EH 11H R/W
\ \ \ | \ \ \ |

Specifies count clock to timer/counter 1 (TM1/TM1W)
(see Figure 9-3).
(fxx = 32MHz)
Timer/Counter 2 (TM2/TM2W)
Count Clock Specification
PRS23 PRS22| PRS21| PRS20
Count Clock [Hz] Resolution
Specification [us]

0 0 0 0 Setting prohibited -

0 0 0 1 fxx/8 0.25

0 0 1 0 fxx/16 0.50

0 0 1 1 fxx/32 1.00

0 1 0 0 fxx/64 2.00

0 1 0 1 fxx/128 4.00

0 1 1 0 fxx/256 8.00

0 1 1 1 fxx/512 16.00

1 0 0 0 fxx/1,024 32.00

1 0 0 1 fxx/2,048 64.00

1 1 1 1 External clock (CI/INTP2) -

Other than the above Setting prohibited

Remark fxx: X1 input frequency or oscillation frequency
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(3) Capture/compare control register 2 (CRC2)

The CRC2 specifies the enabling condition for a timer register 2 (TM2/TM2W) clear operation by the capture/compare

register (CR21/CR21W) or the capture register (CR22/CR22W) and the timer output (TO2/TO3) mode.

CRC2 can be read or written with an 8-bit manipulation instruction. The format of the CRC2 is shown in Figure 10-

4.

RESET input sets CRC2 to 10H.

Figure 10-4 Capture/Compare Control Register 2 (CRC2) Format

CRC2

Remark The register names in the 8-bit operating mode are shown in this figure. In the 16-bit operating mode, the
register names TM2, CR20, CR21, and CR22 are TM2W, CR20W, CR21W, and CR22W, respectively.

Caution

6 5 4 3 2 1 0 Address After Reset R/W
MOD1 | MODO |CLR22| 1 CLR21| CM21 0 0 OFF33H 10H R/W
\ﬁ
O i St
MOD1 | MODO | CLR22| CLR21| CM21 SOperation ode =p ° TM2 Clear Operation
ecification
P TO2 T03
0 0 0 0 0 Compare Toggle output | Toggle output | Not cleared
operations .

0 0 0 1 0 Toggle output | Toggle output |Cleared if TM2 and
CR21 match

0 0 1 0 0 Toggle output | Toggle output | Cleared after TM2
contents are captured
in CR22 by INTP1

0 0 1 1 0 Toggle output | Toggle output | Cleared by match of
TM2 and CR21 or after
TM2 contents are
captured in CR22 by
INTP1

0 1 0 0 0 PWM output | Toggle output | Not cleared

1 0 0 0 0 PWM output | PWM output | Not cleared

1 1 0 1 0 PPG output | Toggle output |Cleared if TM2 and
CR21 match

0 0 0 0 1 Capture Toggle output Not cleared

operations
0 1 1 Toggle output Cleared after TM2

contents are captured
in CR21 by INTP2

0 1 0 0 1 PWM output Not cleared

Other than the above

Setting prohibited
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Even if an attempt is made to clear the timer register by inputting the capture request signal when the
capture function of the timer is used, the timer register momentarily counts up immediately before it
iscleared. Consequently, ifavalue greater than thevalue of thetimerregister by 1is setto thecompare
register when the capture request signal is input, the values of the compare register and timer register
coincide, and an unnecessary interrupt will be generated (refer to Figure 10-5). Therefore, take the
following operation into consideration when creating a program.
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<Operation>

Because the timer register is cleared at the next count if the capture request signal is generated when the value of timer
registeris “N”whenthe value “N + 17 is setto the compare register, no interrupt request is generated by the compare register.
Actually, however, the timer register momentarily counts “N + 1” when the timer register is cleared. As aresult, the values
of the timer register and compare register coincide, and an interrupt request signal is generated by the compare register.

Figure 10-5 Example of Generation of Unnecessary Interrupt Request by Compare Register

Capture Request Signal ”

\ Clears timer register by input of capture
\request signal

Timer Register N-1 >< N . 0

Compare Register Value N+ 1

Interrupt Request Signal
Issued as Result of Coincidence
Between Compare Register

and Timer Register
This phenomenon
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(4) Timer output control register (TOC)
TOC is an 8-bit register that controls output enabling/disabling of the active level of timer output.
The operation of the timer output pins (TO2 and TO3) by timer/counter 2 is controlled by the high-order 4 bits (the low-
order 4 bits control the operation of the timer output pins (TOO and TO1) by timer/counter 0).
TOC can be read or written with an 8-bit manipulation instruction or bit manipulation instruction. The format of the TOC
is shown in Figure 10-6.
RESET input clears TOC to 00H.

Figure 10-6 Timer Output Control Register (TOC) Format

@ 6 @ 4 @ 2 @ 0 Address After Reset R/W

TOC [ENTO3| ALV3 |ENTO2| ALV2 |ENTO1| ALV1 |[ENTOO| ALVO | OFF31H 0000H  R/W
\ \ \ !

Control operation of timer output pins (TO0 & TO1)
by timer/counter O (see Figure 8-5).

TO2 Pin Active Level

ALV2 Toggle output PWM/PPG
specification output specification
0 Low level High level
1 High level Low level
ENTO2 TO2 Pin Operation Specification

0 ALV2 output

1 Pulse output enabled

TOS3 Pin Active Level

ALV3 Toggle output PWM/PPG
specification output specification
0 Low level High level
1 High level Low level
ENTO3 TO3 Pin Operation Specification

0 ALV3 output

1 Pulse output enabled
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10.4 TIMER REGISTER 2 (TM2) OPERATION

10.4.1 Basic Operation

8-bit operating mode/16-bit operating mode control can be performed for timer/counter 2 by means of bit 0 (BW2) of
timer control register 2 (TMC2). Note

In the timer/counter 2 count operation, an up-count is performed using the count clock specified by the high-order 4 bits
of prescaler mode register 1 (PRM1).

Count operation enabling/disabling is controlled by bit 3 (CE2) of TMC2 (timer/counter 2 operation control is performed
by the high-order 4 bits of the timer control register 1 (TMC1). When the CE2 bit is set (to 1) by software, the contents
of TM2 are cleared to OH on the first count clock, and then the up-count operation is performed.

When the CE2 bit is cleared (to 0) by software, TM2 becomes OH immediately, and capture operations and match signal
generation are stopped.

If the CE2 bit is set (to 1) again when it is already set (to 1), the TM2 count operation is not affected (see Figure 10-
7 (b)).

TM2/TM2W is cleared to OH when the count clock is input while the value of TM2 is FFH in the 8-bit operating mode
or while the value of TM2W is FFFFH in the 16-bit operating mode. At this time, OVF2 bit is set and the overflow signal
is sent to the output control circuit. OVF2 bit is cleared by software only. The count operation is continued.

When RESET is input, TM2 is cleared to OH, and the count operation is stopped.

Note Unless otherwise specified, the functions of timer register 2 in the 8-bit operating mode are described hereafter.

In the 16-bit operating mode, TM2, CR20, CR21, and CR22 operate as TM2W, CR20W, CR21W, and CR22W,
respectively.
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Figure 10-7 Basic Operation in 8-Bit Operating Mode (BW2 = 0)

(a) Count started - count disabled - count started

e P 0 O O N
e DR e

)

CE2

D)

(¢

A A A
Count Started Count Stopped Count Started
CE2 1 CE2 - 0 CE2 -1

(b) When “1” is written to the CE2 bit again after the count starts

s [T
N EEEEEEEC
w |

™

\S)

A A
Count Started Rewrite
CE2 -1 CE2 -1

(c) Operation when TM2 = FFH

Count Clock
fox/8
()(

- DEEED

OVF2

A
Cleared by Software
OVF2 - 0
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Figure 10-8 Basic Operation in 16-Bit Operating Mode (BW2 = 1)

(a) Count started - count disabled - count started

= JUUUL UL UL
v BB CDEEN e

)

CE2

D)

A A A
Count Started Count Stopped Count Started
CE2 -1 CE2 -0 CE2 -1

(b) When “1” is written to the CE2 bit again after the count starts

e JUUUULUUL
00000008
- T

A A
Count Started Rewrite
CE2 ~ 1 CE2 1

(c) Operation when TM2W = FFFFH

Count Clock |_| |_| |_| |_|
foLk/8
D)
€9
TM2W  FFFEH X:FFFHX OH X 1H SS X

OVF2

A
Cleared by Software
OVF2 - 0
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10.4.2 Clear Operation

(1) Clear operation after match with compare register and capture operation
Timer register 2 (TM2) can be cleared automatically after a match with the compare register (CR2n: n=0, 1) and a
capture operation. When a clearance source arises, TM2 is cleared to OH on the next count clock. Therefore, even
if a clearance source arises, the value at the point at which the clearance source arose is retained until the next count
clock arrives.

Figure 10-9 TM2 Clearance by Match With Compare Register (CR20/CR21)

Count Clock | | | | | |
T™2 n-1 n 0 X 1

Compare Register n
(CR2n)

AN A
TM2 and CR2n Match  Cleared Here

Figure 10-10 TM2 Clearance after Capture Operation

wer [ L J1L )
SRETID SN S SRR
TP \

A
TM2 is captured
in CR22 here A

Cleared Here

(2) Clear operation by CE2 bit of timer control register 2 (TMC2)
Timer register 2 (TM2) is also cleared when the CE2 bit of the TMC1 is cleared (to 0) by software. The clear operation
is performed immediately after clearance (to 0) of the CE2 bit.
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300

Figure 10-11 Clear Operation When CE2 Bit is Cleared (to 0)

(a) Basic operation

Count Clock

T™2

CE2

(b) Restart before count clock is input after clearance

Count Clock

T™2

CE2

n-1 0 0 X 1 X 2

——————

If the CE2 bit is set (to 1) before this count clock, this count clock starts
counting from 0.

(c) Restart after count clock is input after clearance

Count Clock

CE2

| -

20 0 0 I I i

——

If the CE2 bit is set (to 1) from this count clock onward, the count starts
from 0 on the count clock after the CE2 bit is set (to 1).
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10.5 EXTERNAL EVENT COUNTER FUNCTION

Timer/counter 2 can count clock pulses input from external interrupt request input pin (INTP2/CI).

No special selection method is needed for the external event counter operating mode. When the timer register 2 (TM2)
count clock is specified as external clock input by the setting of the high-order 4 bits of prescaler mode register 1 (PRM1),
TM2 operates as an external event counter.

The maximum frequency of external clock pulses that can be counted by TM2 as the external event counter is 2.00 MHz
(fck = 16 MHz) irrespective of whether only one edge or both edges are counted on INTP2/CI input.

The pulse width of INTP2/Cl input must be at least 4 system clocks (0.25 us: fc.k = 16 MHz) for both the high level and
low level. If the pulse width is shorter than this, the pulse may not be counted.

The timer/counter 2 external event count timing is shown in Figure 10-12.

Figure 10-12 Timer/Counter 2 External Event Count Timing (1/2)

(1) Counting one edge (maximum frequency = fcLk/8)

4/fcik (MIN.) 4/fcik (MIN.)  8/fck (MIN.)

Cl

3 to 4/fcik

« 11T I
we o X o X oz X s X

Remark ICI: Cl input signal after passing through edge detection circuit
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Figure 10-12 Timer/Counter 2 External Event Count Timing (2/2)
(2) Counting both edges (maximum frequency = fcik/8)

4/fck (MIN.) | 4/fcuc (MIN.) 8/fcik (MIN.)

. ]

‘ 3to 4/f0|.K

IR
T D O D

Remark ICl: Cl input signal after passing through edge detection circuit

The TM2 count operation is controlled by the CE2 bit of the timer control register 1 (TMC1) in the same way as with
the basic operation.

When the CE2 bit is set (to 1) by software, the contents of TM2 are set to OH and the up-count operation is started on
the initial count clock.

Whenthe CE2 bitis cleared (to 0) by software during a TM2 count operation, the contents of TM2 are set to OH immediately
and the stopped state is entered. The TM2 count operation is not affected if the CE2 bit is set (to 1) by software again
when it is already set (to 1).

Caution When timer/counter 2 is used as an external event counter, it is not possible to distinguish between
the case where there is no valid edge input at all and the case where there is a single valid edge input
using timer register 2 (TM2) alone (see Figure 10-13), since the contents of TM2 are 0 in both cases.
If it is necessary to make this distinction, the INTP2 interrupt request flag should be used (the INTP2
pin and CI pin have a dual function, and both functions can be used at the same time). An example
is shown in Figure 10-14.

Figure 10-13 Example of the Case Where the External Event Counter Does Not Distinguish Between One
Valid Edge Input and No Valid Edge Input

INTP2/ClI ‘

A

No Distinction Made
A
Count Start
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Figure 10-14 Methods of Enabling the External Event Counter to Distinguish No Valid Edge Input

(a) Processing when count is started

( Start count )

Clear INTP2 interrupt
request flag
PIF2 - 0

Start count ; Set CE2 to 1
CE2 - 1

|
= O

(b) Processing when count value is read

( Count value read >

Read TM2 contents

; Clear PIF2to0 0

A - TM2
YES
A=07? : Check TM2 value
If 0, check interrupt
request flag
NO
YES PIF2 =17
; Check PIF2 contents
If 1, there is a valid edge
A-A+1
( End ) ; Number of input valid edges is set in A register
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10.6 ONE-SHOT TIMER FUNCTION

Timer/counter 2 has an operating mode in which it stops automatically when a full count value is reached (FFH/FFFFH)
as a result of counting by timer register 2 (TM2/TM2W).

Figure 10-15 One-Shot Timer Operation

FFH or FFFFH

TM2/TM2W
Count Value
CR21/CR21W Value
OH % o
Count Start Clear
CE2 -1 OVF2 -0

INTC21

Interrupt Request
OVF2

As shown in Figure 10-15, the respective one-shot interrupt is generated when the value (OH to FFH/FFFFH) set
beforehand in the CR20, CR21/CR21W or CR21W and the timer register 2 (TM2/TM2W) value match.

The one-shot timer operating mode is specified by setting (to 1) bit 5 (CMD2) of timer control register 1 (TMC1) by
software.

The TM2/TM2W count operation is controlled by the CE2 bit of the TMC1 as with the basic operation.

When the CE2 bit is set (to 1) by software, the contents of TM2/TM2W are set to OH and the up-count operation is started
on the initial count clock.

When the contents of TM2/TM2W reach FFH/FFFFH (full count) as a result of the up-count operation, bit 6 (OVF2) of
the TMC1 are set (to 1), and TM2/TM2W stops with the count at FFH/FFFFH.

The one-shot timer operation is started again from the count-stopped state by clearing (to 0) the OVF2 bit by software.
When the OVF2 bit is cleared (to 0), the contents of TM2/TM2W become OH and the up-count operation is restarted on
the next count clock.

If the CE2 bit is cleared (to 0) by software during a TM2/TM2W count operation, the contents of TM2/TM2W are set to
OH immediately and the stopped state is entered. The TM2/TM2W count operation is not affected if the CE2 bit is set (to
1) by software again when it is already set (to 1).
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10.7 COMPARE REGISTER, CAPTURE/COMPARE REGISTER, AND CAPTURE REGISTER OPERATION

10.7.1 Compare Operations

Timer/counter 2 performs compare operations in which the value set in the compare register (CR20) and the capture/
compare register (CR21) specified for compare operation is compared with the timer register 2 (TM2) count value.

If the count value of TM2 matches the preset value of the CR20, and CR21 when a compare operation is performed,
as the result of the count operation, a match signal is sent to the output control circuit, and an interrupt request signal (INTC20
or INTC21) is generated at the same time.

After a match with the CR20 or CR21 value, the TM2 contents can be cleared, and the timer functions as an interval
timer that repeatedly counts up to the value set in the CR20 or CR21.

Figure 10-16 Compare Operation in 8-Bit Operating Mode

FEH FEH

T™2
Count Value

Value CR21 Value

CR20 Value CR20 Value

| 1

A \ \
Count Start ~ Match Match Match Match

CE2 ~ 1

INTC20
Interrupt Request

OH

INTC21
Interrupt Request

TO2 Pin QOutput
<ENT02 =1 >
ALV2 = 1/ Inactive Level

TO3 Pin Output | o Loval
<ENT02 =1 > nactive Leve
ALV3 =0

OVF2

Cleared by Software

Remark CLR21 =0, CLR22 =0, BW2 =10
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Figure 10-17 Compare Operation in 16-Bit Operating Mode

FFFFH FFEFH

TM2W
Count Value

CR21W Value CR21W Value

CR20W Value CR20W Value

OH i 1

A \ \
Count Start  Match Match Match Match

CE2 -1

INTC20
Interrupt Request

INTC21
Interrupt Request

TO2 Pin QOutput

ENTO2 =1 ,
ALV2 = 1/ Inactive Level

TO3 Pin Output

<ENT02 _ 1> Inactive Level
ALV3 =0

OVF2

Cleared by Software

Remark CLR21 =0, CLR22 =0, BW2 =1
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Figure 10-18 TM2 Clearance after Match Detection

FFH
CR20 /
v CRa1/ CR1 CRa1
Count Value
OH
A ~ % e S
Count Start Count Disabled Count Start ~ Clear Clear
<CE2h1 > CE2 -0 <CE2h1 >
CLR21 -~ 0 CLR21 ~ 1
INTC20
Interrupt Request
INTC21
Interrupt Request
TO2 Pin Output
ENTO2 - 1 .
< ALV2 — 1> Inactive Level
TOS Pin Output —
ENTOS - 1 .
< ALV3 < 1 > Inactive Level
OVF2

Cleared by Software

Remark CLR22 =0

10.7.2 Capture Operations

Timer/counter 2 performs capture operations in which the timer register 2 (TM2) count value is fetched into the capture
register in synchronization with an external trigger, and retained there.

A valid edge detected from the input of the external interrupt request input pins (INTP1/INTP2) is used as the external
trigger (capture trigger). The count value of TM2 in the process of being counted in synchronization with the capture trigger
is fetched into the capture register (CR22) in synchronization with INTP1, or into the capture/compare register (CR21) when
a capture operation is specified in synchronization with INTP2, and is retained there.

The contents of CR21 and CR22 are retained until the next capture triggers corresponding to CR21 and CR22 are
generated.

The capture trigger valid edge is set by means of external interrupt mode register 0 (INTMO). If both rising and falling
edges are set as capture triggers, the width of pulses input from off-chip can be measured, and if a capture trigger is
generated by a single edge, the input pulse cycle can be measured.

See Figure 21-1 in CHAPTER 21 EDGE DETECTION FUNCTION for details of the INTMO format.

When CR21 is used as a capture register, TM2 can be cleared as soon as the contents of TM2 have been captured
by capture trigger to CR21 or CR22.
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Figure 10-19 Capture Operation in 8-Bit Operating Mode

™2
Count Value

Do

D2

D1

FFH

D6

OH —%

Count Starts
INTP2
Pin Input

INTP2
Interrupt Request

Capture Register
(CR21)

D1

D2

D4

D5

D7

INTP1
Pin Input

INTP1
Interrupt Request

Capture Register
(CR22)

DO

D3

D6

OVF2

Remark Dn: TM2 count value (n =0, 1, 2, ...)
CM21 =1, CLR21 =0, CLR22 =0, BW2 =0
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Figure 10-20 Capture Operation in 16-Bit Operating Mode

FFFFH

s

TM2W

D3
Count Value D2

D1
Do

OH

Deé

D7

A
Count Starts
CE -1

INTP2
Pin Input

INTP2
Interrupt Request

Capture Register
(CR21W) D1 D2 D4

D5

D7

INTP1
Pin Input

INTP1
Interrupt Request

Capture Register
(CR22W) Do D3

D6

OVF2

Remark Dn: TM2W count value (n =0, 1, 2, ...)
CM21 =1, CLR21 =0, CLR22 =0, BW2 =0
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Figure 10-21 TM2 Clearance after Capture Operation

/ N4
™2

Count Value b N3 N5

OH

Capture Capture Capture Capture Capture

INTP1
Pin Input

INTP1
Interrupt Request

Capture/Compare
Register (CR22)

N1 N2 N3 N4

Remark CLR21 =0, CLR22 =1

Caution Even if an attempt is made to clear the timer register by inputting the capture request signal when the
capture function of the timer is used, the timer register momentarily counts up immediately before it
iscleared. Consequently, ifavalue greater than thevalue of thetimerregister by 1is settothecompare
register when the capturerequest signal is input, the values of the compare register and timer register
coincide, and an unnecessary interrupt will be generated (refer to Figure 10-22). Therefore, take the
following operation into consideration when creating a program.
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<Operation>

Because the timer register is cleared at the next count if the capture request signal is generated when the value of timer
registeris “N”whenthe value “N + 17 is setto the compare register, no interrupt request is generated by the compare register.
Actually, however, the timer register momentarily counts “N + 1” when the timer register is cleared. As aresult, the values
of the timer register and compare register coincide, and an interrupt request signal is generated by the compare register.

Figure 10-22 Example of Generation of Unnecessary Interrupt Request by Compare Register

Capture Request Signal ”

Clears timer register by input of capture
'request signal

Timer Register N-1 >< N >< 0

Compare Register Value N+ 1

Interrupt Request Signal
Issued as Result of Coincidence |_|

Between Compare Register
This phenomenon

and Timer Register
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10.8 BASIC OPERATION OF OUTPUT CONTROL CIRCUIT

The output control circuit controls the timer output pins (TO2/TO3) level by means of match signals from the compare
register (CR22). The operation of the output control circuit is determined by the timer output control register (TOC) and
capture/compare control register 2 (CRC2) (see Table 10-6). When TO2/TO3 signal is output to a pin, the relevant pin
must be in control mode in the port 3 mode register (PMC3).
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Table 10-6 Timer Output (TO2/TO3) Operations

TOC CRC2 TMCH
TO3 TO2

ENTO3| ALV3 | ENTO2 | ALV2 | MOD1, | MOD1, | CLR22 | CLR21 | CMD2

0 0/1 0 0/1 x x x x X High/low level fixed High/low level fixed

0 01 1 01 0 0 x Note X x High/low level fixed Toggle output (active-low/high)

1 0/ 0 0N 0 0 x Note x x Toggle output (active-low/high) High/low level fixed

1 0/1 1 01 0 0 x Note X X Toggle output (active-low/high) Toggle output (active-low/high)

0 0/1 1 0/1 0 1 0 0 0 High/low level fixed PWM output (active-high/low)

1 01 0 01 0 1 0 0 0 Toggle output (active-low/high) High/low level fixed

1 0/1 1 0/1 0 1 0 0 0 Toggle output (active-low/high) PWM output (active-high/low)

0 0/1 1 0/1 1 0 0 0 0 High/low level fixed PWM output (active-high/low)

1 0/1 0 0/1 1 0 0 0 0 PWM output (active-high/low) High/low level fixed

1 01 1 0/ 1 0 0 0 0 PWM output (active-high/low) PWM output (active-high/low)

0 0/1 1 0/1 1 1 0 1 0 High/low level fixed PPG output (active-high/low)

1 0/1 0 01 1 1 0 1 0 Toggle output (active-low/high) High/low level fixed

1 01 1 0/1 1 1 0 1 0 Toggle output (active-low/high) PPG output (active-high/low)

Note CLR22 is normally set to 0 in this case.

Remarks 1.
2.
3.

0/1 in the ALVn (n = 2, 3) columns correspond to the items on the left and right of the slash (“/”) in the TOn (n = 2, 3) columns respectively.

“x” indicates 0 or 1.
Combinations not shown in this table are prohibited to use in that combination.
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10.8.1 Basic Operation

Setting (to 1) the ENTOnN (n = 2, 3) bit of the timer output control register (TOC) enables timer output (TOn: n =2, 3)
to be varied at a timing in accordance with the settings of MODO, MOD1, and CLR21 bits of capture/compare control register

2 (CRC2).

Clearing (to 0) ENTOn sets the TOn to a fixed level. The fixed level is determined by the ALVn (n = 2/3) bit of the TOC.

The level is high when ALVn is 0, and low when 1.

10.8.2 Toggle Output

Toggle output is an operating mode in which the output level is inverted each time the compare register (CR20/CR21)
value coincides with the timer register 2 (TM2) value. The output level of timer output (TO2) is inverted by a match between

CR20 and TM2, and the output level of timer output (TO3) is inverted by a match between CR21 and TM2.

When timer/counter 2 is stopped by clearing (to 0) the CE2 bit of the timer control register 1 (TMC1), the inactive level

(ALVn: n = 0, 1) is output.

T™M2
Count Value

OH

ENTOO

TO2 Output
(ALV2 = 1)

ENTO3

TO3 Output
(ALV3 = 0)

314

Figure 10-23 Toggle Output Operation

FFH FFH

/

CR21 Value

CR20 Value

FFH

CR21 Value

CR20 Value CR20 Value

FFH

CR21 Value

FFH

CR21 Value

CR20 Value

A
Instruction
Execution

A
Instruction Execution

A
Instruction Execution

A
Instruction Execution
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Table 10-7 TO2/TO3 Toggle Output (fxx = 32 MHz)

Count Clock Minimum Pulse Width Maximum Pulse Width
fxx/8 8/fxx 216 x 8/fxx
(0.25 us) (16.40 ms)
fxx/16 16/fxx 216 x 16/fxx
(0.50 ps) (32.80 ms)
fxx/32 32/fxx 216 x 32/fxx
(1.00 us) (65.50 ms)
fxx/64 64/fxx 216 x B4/fxx
(2.00 ps) (131 ms)
fxx/128 128/fxx 216 x 128/fxx
(4.00 us) (262 ms)
fxx/256 256/fxx 216 x 256/fxx
(8.00 us) (524 ms)
fxx/512 512/fxx 216 x 512/fxx
(16.00 us) (1.05 s)
fxx/1024 1,024 /fxx 216 x 1,024/fxx
(32.00 ps) (2.10s)
fxx/2048 2,048/fxx 216 x 2,048/fxx
(64.00 us) (4.19 s)
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10.8

@

316

.3 PWM Output

Basic operation of PWM output

In this mode, a PWM signal with the period in which timer register 2 (TM2) reaches a full count used as one cycle is
output. The timer output (TO2) pulse width is determined by the value of compare register (CR20), and the timer output
(TOS3) pulse width is determined by the value of compare register (CR21). When this function is used, the CLR21 bit
and CLR22 bit of capture/compare control register 2 (CRC2) and the CMD2 bit of timer control register 1 (TMC1) must
be set to 0.

The pulse cycle and pulse width are as shown below.

(@) BW2=0

+ PWM cycle = 256 x x/fxx
+ PWM pulse width = CR2n x x/fxx Note; x = 8, 16, 32, 64, 128, 256, 512, 1,024, 2,048

Note 0 cannot be set in the CR2n.

. Duty = PWM pulse width _ CR2n
PWM 256

(b) BW2 =1

+ PWM cycle = 65,536 x x/fxx
+ PWM pulse width = CR2n x x/fxx Note; x = 8,16, 32, 64, 128, 256, 512, 1,024, 2,048

Note 0 cannot be set in the CR2n.

PWM pulse width _ CR2n
PWM cycle 65,536

* Duty =
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T™2
Count Value

OH

Interrupt

TO2

Remark ALV2 =0

Figure 10-24 PWM Pulse Output (BW2 = 0)

FFH

Count Start

FFH

CR20 /
CR20

CR20

d

= Pulse Width =

t«—— Pulse Cycle —

l=— Pulse Width —

Table 10-8 TO2/TO3 PWM Cycle (fxx = 32 MHz, BW2 = 0)

«—— Pulse Cycle ——

Count Clock Minimum Pulse Width [us] PWM Cycle [ms] PWM Frequency [Hz]
fxx/8 0.25 0.06 15,625
fxx/16 0.50 0.13 7,813
fxx/32 1.00 0.26 3,906
fxx/64 2.00 0.51 1,953
fxx/128 4.00 1.02 977
fxx/256 8.00 2.05 488
fxx/512 16.00 4.10 244
fxx/1,024 32.00 8.19 122
fxx/2,048 64.00 16.40 61
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Figure 10-25 PWM Pulse Output (BW2 = 1)

FFEFH FFFFH FFFFH
cr20 ]
CR20
T™M2 CR20
Count Value
Count Start
OH
Interrupt H
TO2
= Pulse Width = r=— Pulse Width —
~——Pulse Cycle ——=~=——-Pulse Cycle —

Remark ALV2 =0

Table 10-9 TO2/TO3 PWM Cycle (fxx = 32 MHz, BW2 = 1)

Count Clock Minimum Pulse Width [us] PWM Cycle [s] PWM Frequency [Hz]
fxx/8 0.25 0.02 61.0
fxx/16 0.50 0.03 30.5
fxx/32 1.00 0.07 15.3
fxx/64 2.00 0.13 7.6
fxx/128 4.00 0.26 3.8
fxx/256 8.00 0.52 1.9
fxx/512 16.00 1.05 1.0
fxx/1,024 32.00 2.10 0.5
fxx/2,048 64.00 4.19 0.2

318

User’'s Manual U11316EJ4V1UD




CHAPTER 10 TIMER/COUNTER 2

Figure 10-26 shows an example of 2-channel PWM output, and Figure 10-27 shows the case where FFFFH is set in
the CR20W.

Figure 10-26 Example of PWM Output Using TM2W

FEFFH FEFFH FrFFH
/ / CR21W /
CR21W /
TM2W / o CR20W
Count Value CR20W
OH
INTC20
INTC21
TO2
TO3

Remark ALV2 =0, ALV3 =0

Figure 10-27 Example of PWM Output When CR20W = FFFFH

FFFFH FFFFH FFFFH
FFFEH FFFEH

TM2W

Count Value | 2 2

Count Clock Cycle T

INTC20 | | ) ))

4§ (¢

OVF2 )) |-| )) |-|

4§ (¢

D) D)

TO2 —|_ ¢ ¢ |_,7

-« Pulse Width

T

Duty =,

255 100 = 99.6 (%)
256

~-——— Pulse Cycle = 256T

Remarks 1. ALV2=0
2. T=x/fxx (x =8, 16, 32, 64, 128, 256, 512, 1,024, 2,048)
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(2) Rewriting compare registers (CR20, CR21)
The output level of the timer output (TOn + 2: n + 2 = 2, 3) is not inverted even if the CR2n (n = 0, 1) value matches
the timer register 2 (TM2) value more than once during one PWM output cycle.

Figure 10-28 Example of Compare Register (CR20W) Rewrite

FFFFH FFFFH

4 /
TM2W /
T T
1

Count Value
OH

CR20W T T2

TO2 |

CR2ow
Rewrite

A
CR20W and TM2W values match, but TO2 does not change here.

Remark ALV2 =1
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If a value smaller than that of the TM2 is set as the CR2n value, a 100% duty PWM signal will be output. CR2n rewriting
should be performed by the interrupt due to a match between TM2 and the CR2n on which the rewrite is performed.

Figure 10-29 Example of 100% Duty With PWM Output

FFH FFH FFH FFH
ni /
ni
™2
Count Value n3
n2 n2 n2
OH
CR20 ni n2
TO2
A

When value n2 which is smaller than the TM2 value n3 is
written to CR20 here, the duty of this period will be 100%.

Remark ALV2 =0
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(3) Stopping PWM output
If timer/counter 2 is stopped by clearing (to 0) the CE2 bit of the timer control register 1 (TMC1) during PWM signal
output, the active level is output.

Figure 10-30 When Timer/Counter 2 is Stopped During PWM Signal Output

FFFFH FFFFH

CR20W CR20W7’*
T™M2W 4
Count Value

AN

OH

TO2

Remark ALV2 =1
Caution The output level of the TOn (n = 2/3) pin when timer output is disabled (ENTOn = 0: n = 2/3) is the

inverse of the value set in ALVn (n = 2/3) bits. Caution is therefore required as the active level
is output when timer output is disabled when the PWM output function has been selected.
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10.8.4 PPG Output

(1) Basic operation of PPG output
This function outputs a square-wave with the time determined by compare register CR21 value as one cycle, and the
time determined by compare register CR20 value as the pulse width. The PWM output PWM cycle is made variable.
This signal can only be output from timer output (TO2).
When this function is used, it is necessary to set the CLR21 bit of capture/compare control register 2 (CRC2) to 1 and
the CLR22 bit to 0, and to set the CMD2 bit of timer control register 1 (TMC1) to 0.
The pulse cycle and pulse width are as shown below.

« PPG cycle = (CR21 + 1) x x/fxx; x = 8, 16, 32, 64, 128, 256, 512, 1,024, 2,048
+ PPG pulse width = CR20 x x/fxx where 1 < CR20 < CR21 Note

. Duty = PPG pulse width ~ CR20  \gte
PPG cycle CR21 + 1

Note Neither the CR20 nor the CR21 can be cleared to “0”.

Figure 10-31 shows an example of PPG output using timer register 2 (TM2), Figure 10-32 shows an example of the
case where CR20 = CR21.
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Figure 10-31 Example of PPG Output Using TM2

T™2

Count Value —r~ CR20
COUnW
OH

CR21

CR21

CR20

CR20

INTC20

INTC21

TO2
(PPG Output)

Pulse Width ‘

TO3
(Timer Output)

Remark ALV2 =0, ALV3 =0

-——— Pulse Cycle 4—‘

Table 10-10 TO2 PPG Output (fxx = 32 MHz)

Count Clock Minimum Pulse Width PPG Cycle PPG Frequency
fxx/8 0.25 us 0.50 us to 16.40 ms 2,000 kHz to 61.0 Hz
fxx/16 0.50 us 1.00 us to 32.80 ms 1,000 kHz to 30.5 Hz
fxx/32 1.00 ps 2.00 ps to 65.50 ms 500 kHz to 15.3 Hz
fxx/64 2.00 us 4.00 pus to 131 ms 250 kHz to 7.6 Hz
fxx/128 4.00 us 8.00 us to 262 ms 125 kHz to 3.8 Hz
fxx/256 8.00 us 16.00 us to 524 ms 62.5 kHz to 1.9 Hz
fxx/512 16.00 us 32.00 usto 1.05 s 31.3 kHz to 1.0 Hz

fxx/1,024 32.00 us 64.00 usto 2.10 s 15.6 kHz to 0.5 Hz
fxx/2,048 64.00 us 128.00 us to 4.19 s 7.8 kHz t0 0.2 Hz

324
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Figure 10-32 Example of PPG Output When CR20 = CR21

n n
| n-1 n-1
Count Cycle T
T™2 |_g
Count Value | 2 2
1 1
0 0 0 I
INTC20
| | |
INTC21 K f K fl
\\\ \\
T02 TN YN

-« Pulse Width = nT

Pulse Cycle = (n + 1)T

Remark ALV2 =0
T = x/fxx (x = 8, 16, 32, 64, 128, 256, 512, 1,024, 2,048)
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(2) Rewriting compare register (CR20)
The output level of the timer output (TO2) is not changed even if the CR20 value matches the timer register 2 (TM2)
value more than once during one PPG output cycle.

™2
Count Value

OH

CR21

rd

T

Figure 10-33 Example of Compare Register Rewrite

CR21

rd

T

CR20

T1

T2

o2 L]

Remark ALV2 =1

326

CR20
Rewrite

-
i

A

CR20 and TM2 values match, but TO2 does not change here.
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If a value equal to or less than the TM2 value is written to CR20 before the CR20 and TM2 match, the duty of that
PPG cycle will be 100%. CR20 rewriting should be performed by the interrupt due to a match between TM2 and CR20.

T™2
Count Value

OH

CR20

TO2

Remark

Caution

Figure 10-34 Example of 100% Duty With PPG Output

CR21

ni

CR21

/

ni

n3

n2

CR21

n2

n2

ni

n2

ALV2 =0

A

When value n2 which is smaller than the TM2 value n3 is
written to CR20 here, the duty of this period will be 100%.

Ifthe PPGcycleis extremely shortas compared withthetimerequired to acknowledge an interrupt,
the value of CR20 cannot be rewritten by interrupt processing that is performed on match between
TM2 and CR20. Use another method (for example, to poll the interrupt request flags by software
with all the interrupts masked).
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(3) Rewriting compare register (CR21)
If the current value of the CR21 is changed to a smaller value, and the CR21 value is made smaller than the register
2 (TM2) value, the PPG cycle at that time will be extended to the time equivalent to a full-count by TM2. If CR21 is
rewritten after the compare register (CR20) and TM2 match, the output level at this time will be the inactive level until
TM2 overflows and becomes 0, and will then return to normal PPG output.
If CR21 is rewritten before CR20 and TM2 match, the active level will be output until CR20 and TM2 match. If CR20
and TM2 match before TM2 overflows and becomes 0, the inactive level is output at that point. When TM2 overflows
and becomes 0, the active level will be output, and normal PPG output will be restored.
CR21 rewriting should be performed by the interrupt due to a match between TM2 and CR21, etc.

Figure 10-35 Example of Extended PPG Output Cycle

Full Count Value

ni

nl —— y
n3

n3
n5 /
™2 n2 n2 ——
Count Value /
n4
OH
’
CR20 n3 { n4
CR21 ni n2
TO2

A A
TO2 becomes inactive level when
When value n2 smaller than the TM2 J CR20 and TM2 match, otherwise

value n5 is _written to CR21 here, the it remains at the active level.
PPG cycle is extended.

Remark ALV2 =1

Caution If the PPG cycle is extremely short as compared with the time required to acknowledge an interrupt,
the value of CR2n cannot be rewritten by interrupt processing that is performed on match between
timer register 2 (TM2) and compare register (CR2n: n =0, 1). Use another method (for example, to
poll the interrupt request flags by software with all the interrupts masked).
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(4) Stopping PPG output
If timer/counter 2 is stopped by clearing (to 0) the CE2 bit of the timer control register 1 (TMC1) during PPG signal
output, the active level is output irrespective of the output level at the time timer/counter 2 was stopped.

Figure 10-36 When Timer/Counter 2 is Stopped During PPG Signal Output

CR2t CR21

I":

l' !

’ 1

CR20 CR207’* ,

T™2 ¢ :
Count Value !
:

1

1

1

OH '
H

TO2 : :

1 1

Caution Theoutputlevel of the TOn (n=2/3) pin when timer outputis disabled (ENTOn =0: n=2/3)istheinverse
value of the value set in ALVn (n = 2/3) bits. Caution is therefore required as the active level is output
when timer output is disabled when the PPG output function has been selected.
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10.9 EXAMPLES OF USE

10.9.1 Operation as Interval Timer (1)

When timer register 2 (TM2) is made free-running and a fixed value is added to the compare register (CR2n: n = 0,
1) in the interrupt service routine, TM2 operates as an interval timer with the added fixed value as the cycle (see Figure
10-37).

The control register settings are shown in Figure 10-38, the setting procedure in Figure 10-39, and the processing in
the interrupt service routine in Figure 10-40.

Figure 10-37 Interval Timer Operation (1) Timing

i il
MOD (3n) /1
n
T™2
Count Value
MOD (2n)
OH
A
Timer Start
Compare Register
(CR20) n >< MOD (2n) >< MOD (3n) >< MOD (4n)
INTC20 Rewritten by Rewritten by Rewritten by
Interrupt Request Interrupt Program Interrupt Program Interrupt Program
Interval Interval Interval

Remark

Interval = n x x/fxx

1<n<FFH, x =8, 16, 32, 64, 128, 256, 512, 1,024, 2,048
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Figure 10-38 Control Register Settings for Interval Timer Operation (1)
(a) Prescaler mode register 1 (PRM1)

7 6 5 4 3 2 1 0

PRM1 | PRS23| PRS22|PRS21 |PRS20 0 X x X

> Count clock specification
(x/fxx ; x = 8, 16, 32, 64, 128, 256, 512,
1,024, 2,048 or external clock)

(b) Capture/compare control register 2 (CRC2)

CRC2 0 0 0 1 0 0 0 0

» TM2 clearing disabled

Y

TO2 & TO3 both toggle outputs

(c) Timer control register 1 (TMC1)

TMC1 1 0 0 0 X X 0 0

» Normal mode

» Overflow flag

» Count operation enabled
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Figure 10-39 Interval Timer Operation (1) Setting Procedure

( Interval timer (1) )
l

Set PRM1

Set count value in CR20
CR20 « n

Set CRC2
CRC2 ~ 10H

Set TMCA
CE2 ~ 1
CMD2 -~ 0

=

Figure 10-40 Interval Timer Operation (1) Interrupt Request Servicing

( INTC20 interrupt )

Calculate timer value that will
generate next interrupt
CR20 ~ CR20 +n

; Set 1 in bit 7 of TMCA
Set normal mode (CMD2 = 0)

INTC20 Interrupt

Other interrupt service program
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10.9.2 Operation as Interval Timer (2)

TM2 operates as an interval timer that generates interrupts repeatedly with the preset count time as the interval (see

Figure 10-41).
The control register settings are shown in Figure 10-42, and the setting procedure in Figure 10-43.

Figure 10-41 Interval Timer Operation (2) Timing

TM2
Count Value
OH
Count Start Clear Clear

Compare Register

(CR21) n
INTC21

Interrupt Request \ \
Interrupt Acknowledged Interrupt Acknowledged
~— Interval Interval ————

Remark Interval = (n + 1) x x/fxx
0<n<FFH, x =8, 16, 32, 64, 128, 256, 512, 1,024, 2,048
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Figure 10-42 Control Register Settings for Interval Timer Operation (2)

(a) Prescaler mode register 1 (PRM1)

7 6 5 4 3 2 1 0

PRM1 |PRS23| PRS22|PRS21 |PRS20 0 X X X

> Count clock specification
(x/fxx ; x = 8, 16, 32, 64, 128, 256, 512,
1,024, 2,048 or external clock)

(b) Capture/compare control register 2 (CRC2)

CRC2 0 0 0 1 1 0 0 0

» TM2 clearing by match of CR21 & TM2
contents enabled

» TM2 clearing by capture operation disabled

» TO2 & TO3 both toggle outputs

(c) Timer control register 1 (TMC1)

TMC1 1 0 0 0 X X 0 0

» Normal mode

> Overflow flag

» Count operation enabled
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Figure 10-43 Interval Timer Operation (2) Setting Procedure

( Interval timer )

Set PRM1

Set count value in CR21
CR21 < n

Set CRC2
CRC2 -~ 18H

Set TMCH1
CE2 ~ 1
CMD2 - 0

; Set 1 in bit 7 of TMCA
Set normal mode (CMD2 = 0)

=

INTC21 Interrupt
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10.9.3 Pulse Width Measurement Operation

In pulse width measurement, the high-level or low-level width of external pulses input to the external interrupt request
input pin (INTP1) pin are measured.

Both the high-level and low-level widths of pulses input to the INTP1 pin must be at least 3 system clocks (0.19 pus: fcik
= 16 MHz); if shorter than this, the valid edge will not be detected and a capture operation will not be performed.

As shown in Figure 10-44, the timer register 2 (TM2) value being counted is fetched into the capture register (CR22)
in synchronization with a valid edge (specified as both rising and falling edges) in the INTP1 pin input, and held there. The
pulse width is obtained from the product of the difference value between the TM2 count value (Dn) fetched into and held
in the CR22 on detection of the nth valid edge and the count value (Dn-1) fetched and held on detection of n - 1th valid
edge, and the number of n - 1th count clocks (x/fxx; x = 8, 16, 32, 64, 128, 256, 512, 1,024, 2,048).

The control register settings are shown in Figure 10-45, and the setting procedure in Figure 10-46.

Figure 10-44 Pulse Width Measurement Timing

FFH FF

a d

T

™2
Count Value D1 D3

D2
Do
oH '
A Capture Capture Capture Capture

Count Start

INTP1
External Input Signal

= (D1 to DO) x X/fx ——==~— (100H to D1 —==— (D3 to D2) x x/f

+ D2) X X/fxx
INTP1
Interrupt Request

Capture i%gésztg; DO D1 D2 D3

OVF2

Cleared by Software

Remark Dn: TM2 count value (n=0, 1, 2, ..))
X = 8, 16, 32, 64, 128, 256, 512, 1,024, 2,048
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(a) Prescaler mode register 1 (PRM1)

6

PRM1 | PRS23

PRS22

PRS21

PRS20

(b) Capture/compare control register 2 (CRC2)

CRC2

Figure 10-45 Control Register Settings for Pulse Width Measurement

Count clock specification
(x/fxx ; x = 8, 16, 32, 64, 128, 256, 512,

1,024, 2,048 or external clock)

(c) Timer control register 1 (TMC1)

TMC1

» TM2 clearing disabled

» Normal mode

» Overflow flag

(d) External interrupt mode register 0 (INTMO)

INTMO X

User's Manual U11316EJ4V1UD

>

» Count operation enabled

Both rising and falling edges
specified as INTP1 input valid edges
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Figure 10-46 Pulse Width Measurement Setting Procedure

CPuIse width measurement>

Set CRC2
CRC2 ~ 10H

Set INTMO
Set MKOL

Initialize capture value buffer memory
X0 -0

Set TMCH
CE2 ~ 1
CMD2 - 0

Enable interrupts

; Specify both edges as INTP1 input
valid edges, release interrupt masking

; Set 1 in bit 7 of TMCH
Set normal mode (CMD2 = 0)

INTP1 Interrupt

=

Figure 10-47 Interrupt Request Servicing that Calculates Pulse Width

C INTP1 interrupt )

Store capture value in memory
Xn+1 « CR22

Calculate pulse width
Yn=Xn+1—Xn

RETI
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10.9.4 Operation as PWM Output

In PWM output, pulses with the duty ratio determined by the value set in the compare register (CR2n: n =0, 1) are output
(see Figure 10-48).

This PWM output duty ratio can be varied in the range 1/256 to 255/256 in 1/256 units.

The control register settings are shown in Figure 10-49, the setting procedure in Figure 10-50, and the procedure for
varying the duty in Figure 10-51.

Figure 10-48 Example of Timer/Counter 2 PWM Signal Output

FFH or FFFFH FFH or FFFFH FFH or FFFFH

T™2 / / /
Count Value /
OH

A
Timer Start

TO3
(When Active-High)
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Figure 10-49 Control Register Settings for PWM Output Operation

(a) Timer control register 1 (TMC1)

TMC1 1 0 0 0 x x 0 0

> Normal mode

> Overflow flag
» TM2 count enabled

(b) Prescaler mode register 1 (PRM1)

7 6 5 4 3 2 1 0

PRM1 | PRS23| PRS22|PRS21 |PRS20 X X X X

> Count clock specification
(x/fxx ; x = 8, 16, 32, 64, 128, 256, 512,

1,024, 2,048)
(c) Capture/compare control register 2 (CRC2)
7 6 5 4 3 2 1 0
CRC2 1 0 0 1 0 0 0 0
» TM2 clearing disabled

» TO2 & TO3 both PWM outputs

(d) Timer output control register (TOC)

TOC 1 0 x X X X X X

» TO3 = active-high PMW signal output
» TO3 PMW output enabled

(e) Port 3 mode control register (PMC3)

PMC3 1 X X X X X X X

» P37 pin set as TO3 output
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Figure 10-50 PWM Output Setting Procedure

( PWM output >

Set CRC2
CRC2 —~ 90H

Set TOC

Set P37 pin to control mode
PMC3.7 ~ 1

Set count clock in PRM1

Set initial value in CR21

Start count . .
CE2 . 1 ; Set bit 7 of TMCA
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Figure 10-51 Changing PWM Output Duty

(Duty change preprocessing>

Clear INTC21 interrupt request flag
CIF21 - 0

Enable INTC21 interrupts
CMK21 - 0

; Clear bit 7 of CIC21

; Clear bit 1 of MKOH

W INTC21 Interrupt

C Duty change processing >

!

Set duty value in CR21

Disable INTC21 interrupts
CMK21 ~ 1

=
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10.9.5 Operation as PPG Output

In PPG output, pulses with the cycle and duty ratio determined by the value set in the compare register (CR2n: n =0,
1) are output (see Figure 10-52).

The control register settings are shown in Figure 10-53, the setting procedure in Figure 10-54, and the procedure for
varying the duty in Figure 10-55.

Figure 10-52 Example of Timer/Counter 2 PPG Signal Output

CR21 CR21 CR21

™2 CR20 / CR20 / CR20 /
Count Value /

OH
A

Timer Start

TO2
(When Active-High)
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Figure 10-53 Control Register Settings for PPG Output Operation

(a) Timer control register 1 (TMC1)

7 6 5 4 3 2 1 0
TMCA 1 0 0 0 x x 0 0
> Normal mode
> Overflow flag
» TM2 count enabled
(b) Prescaler mode register 1 (PRM1)
7 6 5 4 3 2 1 0
PRM1 | PRS23| PRS22|PRS21 |PRS20 X X X X

> Count clock specification
(x/fxx ; x = 8, 16, 32, 64, 128, 256, 512,
1,024, 2,048)

(c) Capture/compare control register 2 (CRC2)

CRC2 1

» Cleared by match of TM2 & CR21

» Clearing when TM2 is captured in CR22
disabled

» TO2 = PPG output

(d) Timer output control register (TOC)

TOC X

» TO2 = active-high PPG signal output

» TO2 PPG output enabled

(e) Port 3 mode control register (PMC3)

PMC3

» P36 pin set as TO2 output
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Figure 10-54 PPG Output Setting Procedure

( PPG output >

Set CRC2
CRC2 ~ D8H

Set TOC

Set P36 pin to control mode
PMC3.6 ~ 1

Set count clock in PRM1

Set cycle in CR21

Set duty in CR21

Start count . .
CE2 . 1 ; Set bit 7 of TMCH1
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Figure 10-55 Changing PPG Output Duty

(Duty change preprocessing>

Clear INTC20 interrupt request flag
CIF20 - 0

Enable INTC20 interrupts
CMK20 —~ 0

; Clear bit 7 of CIC20

; Clear bit 0 of MKOH

W INTC20 Interrupt

( Duty change processing >

!

Set duty value in CR20

Disable INTC20 interrupts
CMK20 -~ 1

=
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10.9.6 Operation as External Event Counter

An external event counter counts clock pulses (Cl pin input pulses) input from off-chip.

As shown in Figure 10-56, the value of timer register 2 (TM2) is incremented in synchronization with a Cl pin input valid
edge (specified as rising edge only).

Figure 10-56 External Event Counter Operation (Single Edge)

Cl Pin Input

X X X
T™2 n n+1 n+2

Remark The TM2 value is one less than the number of input clock pulses.

The control register settings when TM2 operates as an external event counter are shown in Figure 10-57, and the setting
procedure in Figure 10-58.
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Figure 10-57 Control Register Settings for External Event Counter Operation

(a) Prescaler mode register 1 (PRM1)

7 6 5 4 3 2 0
PRMH1 1 1 1 1 0 X X X
| | | |
‘ > External clock input (C1) specified
(b) External interrupt mode register 0 (INTMO)
7 6 5 4 3 2 0
INTMO 0 1 x X x X x x
» Rising edge specified as Cl input
valid edge
(c) Timer control register 1 (TMC1)
7 6 5 4 3 1 0
TMCH 1 0 0 0 X 0 0

> Normal mode

> Overflow flag

» Count operation enabled

Figure 10-58 External Event Counter Operation Setting Procedure

C Event counter )

Specify Cl pin input valid edge

Set PRM1
PRM1 —~ OFxH

Start count
CE2 -~ 1

; Set 1in bit 7 of TMC1
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10.9.7 Operation as One-Shot Timer

After timer register 2 (TM2) is started, it operates as a one-shot pulse that generates a single interrupt after the preset
count time (see Figure 10-59).

The second and subsequent one-shot timer operations can be started by clearing the OVF2 bit of timer control register
1 (TMC1).

The control register settings are shown in Figure 10-60, the setting procedure in Figure 10-61, and the procedure for
starting the one-shot timer from the second time onward in Figure 10-62.

Figure 10-59 One-Shot Timer Operation

FFH or FFFFH

™2
Count Value
CR21 Value
OH
A A
Count Start Clear
CE2 1 OVF2 - 0
INTC21 —|

OVF2
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Figure 10-60 Control Register Settings for One-Shot Timer Operation

(a) Timer control register 1 (TMC1)

TMCA CE2 | OVF2 1 0 x X x x

‘ » One-shot timer mode

(b) Prescaler mode register 1 (PRM1)

7 6 5 4 3 2 1 0

PRM1 | PRS23| PRS22|PRS21 |PRS20 0 X x X

> Count clock specification
(x/fxx ; x = 8, 16, 32, 64, 128, 256, 512,
1,024, 2,048 or external clock)

(c) Capture/compare control register 2 (CRC2)

CRC2 0 0 0 1 0 0 0 0

» TM2 clearing disabled
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Figure 10-61 One-Shot Timer Operation Setting Procedure

C One-shot timer )

Set one-shot timer mode . R,
CMD2 - 1 ; Set 1in bit 5 of TMCH1

Set PRM1

Set count value in CR21
CR21 < n

Set CRC2
CRC2 —~ 10H

Start count
CE2 -1

; Set 1in bit 7 of TMC1

INTC21 Interrupt

=

Figure 10-62 One-Shot Timer Operation Start Procedure from Second Time Onward

( One-shot timer restart )

Set count value in CR21
CR21 « n

Restart count
OVF2 - 0

=

INTC21 Interrupt
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10.10 CAUTIONS

(1)

352

While timer/counter 2 is operating (while the CE2 bit of the timer control register 1 (TMC1) is set), malfunctioning may
occur if the contents of the following registers are rewritten. This is because it is undefined which takes precedence,
the change in the hardware functions due to rewriting the register, or the change in the status because of the function
before rewriting.

Therefore, be sure to stop the counter operation for the sake of safety before rewriting the contents of the following
registers.

» Prescaler mode register 1 (PRM1)

+ Capture/compare control register 2 (CRC2)
» Timer output control register (TOC)

+ CMD2 bit of timer control register 1 (TMC)

If the contents of the compare register (CR2n: n = 0, 1) match with those of TM2 when an instruction that stops timer
register 2 (TM2) operation is executed, the counting operation of TM2 stops, but an interrupt request is generated.
In order not to generate the interrupt when stopping the operation of TM2, mask the interrupt in advance by using the
interrupt mask register before stopping TM2.

Example
Program that may generate interrupt request Program that does not generate interrupt request
CLR1 CE2 « Interrupt request OR MKOH, #03H  Disables interrupt from timer/
OR  MKOH, #03H from timer/counter 2 CLR1 CE2 counter 2
. occurs between CLR1 CIF20 ~ Clearsinterruptrequestflag fortimer/

these instructions CLR1 CIF21 counter 2
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(3)

(4)

Up to 1 count clock is required after an operation to start timer/counter 2 (CE2 —~ 1) has been performed before timer/
counter 2 actually starts (refer to Figure 10-63).

For example, when using timer/counter 2 as an interval timer, the first interval time is delayed by up to 1 clock. The
second and those that follow are at the specified interval.

Figure 10-63 Operation When Counting is Started

nces [T LTI
SRR €5 &8 £ &

CE2 A ,
Timing to Start Actual Counting

Count Start Command (CE2 — 1) by Software

While an instruction that writes data to the compare register (CR2n: n=0 or 1) is executed, coincidence between CR2n,
to which the data is to be written, and timer register 2 (TM2) is not detected. For example, if the contents of CR2n
do not change before and after the writing, the interrupt request is not generated even if the value of TM2 coincides
with the value of CR2n, nor does the timer output (TOn + 2: n + 2 = 2, 3) change.

Write data to CR2n when timer/counter 2 is executing counting operation in the manner that the contents of TM2 do
not match the value of CR2n before and after writing (e.g., immediately after an interrupt request has been generated
because TM2 and CR2n have matched).

Match between timer register 2 (TM2) and compare register (CR2n: n=0, 1) is detected only when TM2 is incremented.

Therefore, the interrupt request is not generated and timer output (TOn + 2: n + 2 = 2, 3) does not change even if the
same value as TM2 is written to CR2n.
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(6) During PPG output, if the PPG cycle is extremely short as compared with the time required to acknowledge an interrupt,
the value of the compare register (CR2n: n = 0, 1) cannot be rewritten by interrupt processing that is performed on
match between timer register (TM2) and compare register (CR2n). Use another method (for example, to poll the
interrupt request flags by software with all the interrupts masked).

(7) The output level of the TOn (n = 2, 3) when the timer output is disabled (ENTOn = 0: n = 2, 3) is the reverse value
of the value set to the ALVn (n = 2, 3) bit. Note, therefore, that an active level is output when the timer output is disabled

with the PWM output function or PPG output function selected.

(8) If the value of the timer register is read under the condition indicated by “x” in Table 10-11, the read value may be illegal.

Do not read the timer register under condition “x”.

Table 10-11 Limits of Reading Timer Register

(V: Can be read, x: Must not be read)

foLk fxx/2 fxx/4 fxx/8 fxx/16
Timer Count Clock
fxx/8 v v x x
fxx/16 v v v x
fxx/n v v v v

Remarks 1. fxx: Oscillation frequency

2. fcwk: Internal system clock frequency
3. n=232, 64, 128, 256, 512, 1,024, 2,048

(9) Whenusingtimer/counter 2 as an external event counter, the status where no valid edge is input cannot be distinguished
from the status where only one valid edge has been input, by using timer register 2 (TM2) alone (refer to
Figure 10-64), because the contents of TM2 are 0 in both the cases. To make a distinction, use the interrupt request
flag of INTP2, as shown in Figure 10-65 (the INTP2 pin is multiplexed with the Cl pin and both the functions can be

used at the same time).

Figure 10-64 Example Where Whether One or No Valid Edge Has been Input Cannot Be Distinguished

with External Event Counter

X

Cl
TMO 0 X 0
Cannot be
distinguished
A
Count Start

354
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Figure 10-65 To Distinguish Whether One or No Valid Edge Has Been Input with External Event Counter

(a) Processing on starting counting

Start count

Clear INTP2
interrupt request flag | ; Clear PIF2to 0
PIF2 < 0

Start count
CE2 . 1 ; Set CE2to 1

End
(b) Processing on reading count value
Count value
read

Read TM2 contents
A - TM2

; Check TM2 value.
If 0, check interrupt
request flag.

; Check PIF2 contents.

Ac At If 1, valid edge is input.

End ; Number of input valid edges is set to A register
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(10)

Even if an attempt is mode to clear the timer register by inputting the capture request signal when the capture function
of the timer is used, the timer register momentarily counts up immediately before itis cleared. Consequently, if a value
greater than the value of the timer register by 1 is set to the compare register when the capture request signal is input,
the values of the compare register and timer register coincide, and an unnecessary interrupt will be generated (refer
to Figure 10-66). Therefore, take the following operation into consideration when creating a program.

<Operation>

Because the timer register is cleared at the next count if the capture request signal is generated when the value of timer
register is “N” when the value “N + 1” is set to the compare register, no interrupt request is generated by the compare
register. Actually, however, the timer register momentarily counts “N + 1” when the timer register is cleared. As a result,
the values of the timer register and compare register coincide, and an interrupt request signal is generated by the compare
register.

Figure 10-66 Example of Generation of Unnecessary Interrupt Request by Compare Register

Capture Request Signal ”

Clears timer register by input of capture
\request signal

Timer Register N-1 >< N >< 0

Compare Register Value N+ 1

Issued as Result of Coincidence

356

Interrupt Request Signal |—|

Between Compare Register
and Timer Register T

This phenomenon
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(11) If the count operation of TM2 stops at the timing at which compare register (CR20) and timer register 2 (TM2) match,

the CR20/TM2 match interrupt may not be generated after timer/counter 2 is next started.

If the TM2 count operation is stopped within 1.5 count clocks after a match between CR20 and TM2, the first match
interrupt after timer/counter 2 is next started will not be generated. The second and subsequent interrupts operate
normally. Note that the timer output is unaffected by this bug.

This bug occurs because the timer interrupt controller inadvertently masks interrupts if timer/counter 2 is stopped in
the period indicated by the shaded area in the figure below.

The interrupt controller is initialized by an overflow of timer/counter 2 or a match between CR21 and TM2.

. 1.5 count clocks
o

D ED- D Gl €D GBI B O e

CR20 M [ M
CR21 N [/ N
)
CE2 | | i
P Not generated
CR20/TM2 I—l P
match interrupt 1) I

Remark M <N
Do not stop timer/counter 2 within 1.5 count clocks after a match between CR20 and TM2.

Disable all interrupt requests (including macro servicing), read the value of the timer to be stopped, and wait until at
least 1.5 count clocks have elapsed after a match between CR20 and TM2 before stopping timer/counter 2.
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11.1 FUNCTION

Timer 3 is a 16- or 8-bit timer.
In addition to its function as aninterval timer, it can be used as a counter for clocked serial interface (CSI) clock generation.

The interval timer generates internal interrupts at pre-set intervals. The interval setting range is shown in Table 11.1.

Table 11-1 Timer 3 Intervals

Minimum Interval Maximum Interval Resolution
8/fxx 216 x 8/fxx 8/fxx
(0.25 ps) (16.40 ms) (0.25 ms)
16/fxx 216 x 16/fxx 16/fxx
(0.50 ps) (32.80 ms) (0.50 ms)
32/fxx 216 x 32/fxx 32/fxx
(1.00 us) (65.50 ms) (1.00 ms)
64/fxx 216 x B4/fxx 64/fxx
(2.00 ps) (131 ms) (2.00 ms)
128/fxx 216 x 128/fxx 128/fxx
(4.00 ps) (262 ms) (4.00 ms)
256/fxx 216 x 256/fxx 256/fxx
(8.00 us) (524 ms) (8.00 ms)
512/fxx 216 x 512/fxx 512/fxx
(16.00 us) (1.05 s) (16.00 ms)
1,024/fxx 216 x 1,024/fxx 1,024/fxx
(32.00 pus) (2.10's) (32.00 ms)
2,048/fxx 216 x 2,048/fxx 2,048/fxx
(64.00 us) (4.19 s) (64.00 ms)

( ): When fxx = 32 MHz
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11.2 CONFIGURATION
Timer 3 consists of the following registers:

+ Timer register (TM3/TM3W) x 1
+ Compare register (CR30/CR30W) x

The block diagram of timer 3 is shown in Figure 11-1.

Figure 11-1 Timer 3 Block Diagram

S Internal Bus S

N\
8/16

Compare Register

(CR30/CR30W)
18/ Match INTC30
Clocked Serial Interface
B ﬁc
XX ] __
@ +II:XX§S£1')% —l 5 RESET
©  [™1IXX — O
o [ o] @ L Timer Register 3
fxO—= g rixJiss = 2 (TM3/TM3W)
a -xx32 — @
—=fxx/16 —=
——fxx/8  —=
\ \ ' \ |
Prescaler Mode Timer Control
Register 0 (PRM0) |~ S8 | PRS2 | PRST | PRSO CE3 BW3|9~ Register 0 (TMCO)
8 1/8

S Internal Bus S
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Timer register 3 (TM3/TM3W)

TM3/TM3W are timer registers that count up using the count clock specified by the high-order 4 bits of prescaler mode
register 0 (PRMO).

The count operation is stopped or enabled by the timer control register 0 (TMCO0). In addition, an 8-bit mode (TM3)
or 16-bit mode (TM3W) can be selected.

TM3 can be read only with an 8/16-bit manipulation instruction.

When RESET is input, TM3 is cleared to 00H and the count is stopped.

Caution If the value of the timer register is read under the condition indicated by “x” in Table 11-2, the read
value may be illegal. Do not read the timer register under condition “x".

Table 11-2 Limits of Reading Timer Register

(V: Can be read, x: Must not be read)

foLk fxx/2 fxx/4 fxx/8 fxx/16
Timer Count Clock
fxx/8 v v x x
fxx/16 v v v x
fxx/n v v v v

Remarks 1. fxx: Oscillation frequency
2. fewk: Internal system clock frequency
3. n=32, 64, 128, 256, 512, 1,024, 2,048

Compare register (CR30/CR30W)

CR30/CR30W are 8/16-bit registers that hold the value that determines the interval timer frequency.

If the CR30/CR30W contents match the contents of TM3/TM3W, the contents of TM3/TM3W are cleared automatically
and an interrupt request (INTC30) is generated.

This compare register operates as CR30 in the 8-bit mode and CR30W in the 16-bit mode.

The CR30 register can be read or written to with an 8/16-bit manipulation instruction. The contents of CR30 are
undefined after RESET input.

Prescaler
The prescaler generates the count clock from the internal system clock. The clock generated by the prescaleris selected
by the selector, and is used as the count clock by the timer to perform count operations.

Selector

The selector selects a signal resulting from dividing the internal clock or the edge detected by the edge detection circuit
as the count clock of timer register 3 (TM3/TM3W).
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11.3 TIMER 3 CONTROL REGISTERS

(1) Timer control register 0 (TMCO)

TMCO controls the timer 3, TM3/TM3W, count operation by the high-order 4 bits (the low-order 4 bits control the count
operation of timer/counter 0, TMO).

TMCO can be read or written to with an 8-bit manipulation instruction. The format of the TMCO is shown in
Figure 11-2.

RESET input clears TMCO to O0H.

Figure 11-2 Timer Control Register 0 (TMCO) Format

Address After Reset R/W

TMCO | CES 0 0 BW3 | CEO | OVFO 0 0

OFF5DH 00H R/wW

Controls count operation of timer/counter 0, TMO
(see Figure 8-2).

BW3 Timer 3 Bit Length Specification

0 8-bit operating mode

1 16-bit operating mode

CE3 TM3/TM3W Count Operation Control

0 Count operation stopped with count
cleared

1 Count operation enabled
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(2) Prescaler mode register 0 (PRMO)
PRMO specifies the count clock to timer/counter 3 TM3/TM3W by the high-order 4 bits (the low-order 4 bits specify
the count clock to timer/counter 0, TMO).
PRMO can be read and written with an 8-bit manipulation instruction. The format of the PRMO is shown in
Figure 11-3.
RESET input clears PRMO to 11H.

Figure 11-3 Prescaler Mode Register 0 (PRMO) Format

7 6 5 4 3 2 1 0 Address After Reset R/W

PRMO | PRS3 | PRS2 | PRS1 | PRSO |PRS03|PRS02 | PRS01| PRS00| OFF5CH 11H RW
\ \ \ ! \ \ \ !

Specifies count clock to timer/counter 0 (TMO0), TMO
(see Figure 8-3).
(fxx = 32 MHz)
Timer 3 TM3/TM3W Count
Clock Specification
PRS3 | PRS2 | PRS1 | PRS0
Count Clock [Hz] Resolution
Specification [us]
0 0 0 0 Setting prohibited -
0 0 0 1 fxx/8 0.25
0 0 1 0 fxx/16 0.50
0 0 1 1 fxx/32 1.00
0 1 0 0 fxx/64 2.00
0 1 0 1 fxx/128 4.00
0 1 1 0 fxx/256 8.00
0 1 1 1 fxx/512 16.00
1 0 0 0 fxx/1,024 32.00
1 0 0 1 fxx/2,048 64.00
Other than the above Setting prohibited
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11.4 TIMER REGISTER 3 (TM3) OPERATION

11.4.1 Basic Operation

Timer 3 can operate in an 8-bit or 16-bit mode. These operation modes are selected by bit 4 (BW3) of timer control
register 0 (TMCO) Note,

In the timer 3 count operation, an up-count is performed using the count clock specified by the high-order 4 bits of
prescaler mode register 0 (PRMO).

When RESET is input, TM3 is cleared to 0000H, and the count operation is stopped.

Count operation enabling/disabling is controlled by bit 7 (CE3) of timer control register 0 (TMCO) (the high-order 4 bits
of TMCO control timer 3 operation). When the CE3 bit is set (to 1) by software, the contents of TM3 are immediately cleared
on the first count clock, and then the up-count operation is performed. When the CE3 bit is cleared (to 0), TM3 becomes
OH immediately, and match signal generation is stopped. If the CE3 bit is set (to 1) again when it is already set (to 1), TM3
continues the count operation without being cleared.

Note Unless there functional differences are found, the register names in the 8-bit mode are used. In the 16-bit mode,
the register names TM3 and CR30 are TM3W and CR30W, respectively.
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Figure 11-4 Basic Operation in 8-Bit Operating Mode (BW3 = 0)

(a) Count started - count stopped - count started

Count Clock || || || || || || || || || || || || ||

))

o
CE3 J

))
A A “ A
Count Started Count Stopped Count Started
CE3 1 CE3 -0 CE3 - 1

(b) When “1” is written to the CE3 bit again after the count starts

Count Clock || || || || || || || ||

CE3 J

A A
Count Started Rewrite
CE3 ~ 1 CE3 -~ 1
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Figure 11-5 Basic Operation in 16-Bit Operating Mode (BW3 = 1)

UL
e

(a) Count started - count stopped - count started

Count Clock

))

A t A
Count Started Count Stopped Count Started
CE3 ~ 1 CE3 -0 CE3 ~ 1

(b) When “1” is written to the CE3 bit again after the count starts

Count Clock || || || || || || || ||

CE3 J

A A
Count Started Rewrite
CE3 - 1 CE3 - 1
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11.4.2 Clear Operation

(1) Clear operation by match with compare register (CR30)
16-bit timer 3 (TM3) is cleared automatically after a match with the compare register (CR30). When a clearance source
arises, TM3 is cleared to OH on the next count clock. Therefore, even if a clearance source arises, the value at the

point at which the clearance source arose is retained until the next count clock arrives.

Figure 11-6 TM3 Clearance by Match with Compare Register (CR30)

Count Clock |_| |_| |_|
\
T™M3 n-1 n 0 X 1

Compare Register n
(CR30)

A A
TM3 and CR30 Match  Cleared Here

(2) Clear operation by CES3 bit of timer/control register 0 (TMCO)

Timer register 3 (TM3) is also cleared when the CES bit of TMCO is cleared (to 0) by software. The clear operation
is performed following clearance (to 0) of the CE3 bit in the same way.
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Figure 11-7 Clear Operation When CE3 Bit is Cleared (to 0)

(a) Basic operation

S | | I

w T Y o
[

(b) Restart before count clock is input after clearance

e LN
S0 00 BN BN &

CE3

CE3

If the CE3 bit is set (to 1) before this count clock, the count starts from 0 on
this count clock

(c) Restart when count clock is input after clearance

e LT
S 6 0 0 G0 &

CES3

If the CES bit is set (to 1) from this count clock onward, the count starts from 0
on the count clock after the CE3 bit is set (to 1).
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11.5 COMPARE REGISTER OPERATION

Timer 3 performs compare operations in which the value set in the compare register (CR30) is compared with the timer
register 3 (TM3) count value.

If the count value of TM3 matches the preset CR30 value as the result of the count operation, an interrupt request
(INTC30) is generated.

After a match, the TM3 contents are cleared automatically, and therefore TM3 functions as an interval timer that
repeatedly counts up to the value set in the CR30.

Figure 11-8 Compare Operation

CR30 CR30
T™M3
Count Value
OH
A A A

Count Start Clear Clear

CE - 1 (Match) (Match)
INTC30
Interrupt Request
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11.6 EXAMPLE OF USE

Operation as interval timer:

TM3 operates as an interval timer that generates interrupts repeatedly with the pre-set count time as the interval (see
Figure 11-9). TM3 can also be used for baud rate generation.
This interval timer can count up to a maximum of 16.40 ms at the minimum resolution of 0.25 us, and up to 4.19 s at
the maximum resolution of 64.00 us (internal system clock fxx = 32 MHz).
The control register settings are shown in Figure 11-10, and the setting procedure in Figure 11-11.

T™M3
Count Value

OH

Compare Register
(CR30)

INTC30
Interrupt Request

Figure 11-9 Interval Timer Operation Timing

n n
A A A
Count Start Clear Clear
|
I
n

X

| |

J

Interrupt Acknowledgment

Interval } Interval ———

Remark Interval = (n + 1) x x/fxx
0<n<FFH, x =8, 16, 32, 64, 128, 256, 512, 1,024, 2,048
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Figure 11-10 Control Register Settings for Interval Timer Operation

Prescaler mode register 0 (PRMO)

PRMO | PRS3 | PRS2 | PRS1 | PRSO 0 0 0 0

> Count clock specification
(x/fxx ; x = 8, 16, 32, 64, 128, 256, 512,
1,024, 2,048)

Figure 11-11 Interval Timer Operation Setting Procedure

C Interval timer )

Set PRMO

Set count value in CR30
CR30 « n

Start count ; Set 1 in bit 7 of TMCO
CE3 1

INTC30 Interrupt
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11.7 CAUTIONS

(1) There is a possibility of malfunction if the contents of prescaler mode register 0 (PRMO) are rewritten while the timer
3 is running (when the CES3 bit of the timer control register 0 (TMCO) is set). The malfunction occurs as there is no
defined order of priority in the event of contention between the timings at which the hardware function changes due
to a register rewrite and the status changes in the function prior to the rewrite.

When the contents of PRMO are rewritten, counter operations must be stopped first to ensure stability.

(2) Ifthe compare register (CR30) and TM3 contents match when an instruction that stops timer register 3 (TM3) operation
is executed, the TM3 count operation stops, but an interrupt request is generated.
If you do not want an interrupt to be generated when TM3 operation is stopped, interrupts should be masked by means
of interrupt the mask register before stopping the TM3.

Example

Program in which an interrupt request may be Program in which an interrupt request is not generated
generated

CLR1 CE3 SET1 CMK30

SET1 CMK30 CLR1 CE3 ~ Disables interrupts from timer 3

~ Interrupt request generated CLR1 CIF30

by timer 3 here
y ~ Clears timer 3 interrupt request flag

User's Manual U11316EJ4V1UD 371



CHAPTER 11 TIMER 3

(3) There is a delay of up to one count clock between the operation that starts a timer 3 (CE3 ~ 1) and the actual start
of the timer/counter (see Figure 11-23).
For example, if a timer/counter is used as an interval timer, the first interval will be extended by up to one clock. The
second and subsequent intervals will be as specified.

Figure 11-12 Operation When Count Starts

e 1L
SRR €3 £ €5 &

A
Timing at which count actually starts

CE3

Software count start directive (CE3 ~ 1)

(4) While an instruction that writes data to the compare register (CR30) is executed, match between CR30, to which the
data is to be written, and timer register 3 (TM3) is not detected.
Write data to CR30 when timer 3 is executing counting operation so that the contents of TM3 do not match the value
of CR30 before and after writing (e.g., immediately after an interrupt request has been generated because TM3 and
CR30 have matched).

(5) Match between timer register 3 (TM3) and compare register (CR30) is detected only when TM3 is incremented.
Therefore, the interrupt request is not generated even if the same value as TM3 is written to CR30.

(6) Ifthe value of the timer register is read under the condition indicated by “x” in Table 11-3, the read value may be illegal.
Do not read the timer register under condition “x”.

Table 11-3 Limits of Reading Timer Register

(V: Can be read, x: Must not be read)

foLk fxx/2 fxx/4 fxx/8 fxx/16
Timer Count Clock
fxx/8 v v x x
fxx/16 v v v x
fxx/n v v v v

Remarks 1. fxx: Oscillation frequency
2. fcwk: Internal system clock frequency
3. n=32, 64, 128, 256, 512, 1,024, 2,048
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The watchdog timer is a timer that detects inadvertent program loops.

Watchdog timer interrupts are used to detect system or program errors. For this purpose, instructions that clear the
watchdog timer (start the count) within a given period are inserted at various places in a program.

If an instruction that clears the watchdog timer is not executed within the set time and the watchdog timer overflows,
a watchdog timer interrupt (INTWDT) is generated and a program error is reported.

12.1 CONFIGURATION

The watchdog timer block diagram is shown in Figure 12-1.

Figure 12-1 Watchdog Timer Block Diagram

Selector

INTWDT

fook ——— Watchdog Timer
foLk/22!
fok/22°
fok/21®
fok/217
Clear Signal
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12.2 WATCHDOG TIMER MODE REGISTER (WDM)

The WDM is an 8-bit register that controls the watchdog timer operation.

To prevent erroneous clearing of the watchdog timer by an inadvertent program loop, writing can only be performed by
a dedicated instruction. This dedicated instruction, MOV WDM, #byte, has a special code configuration (4 bytes), and a
write is not performed unless the 3rd and 4th bytes of the operation code are mutual complements.

If the 3rd and 4th bytes of the operation code are not complements, a write is not performed and an operand error interrupt
is generated. In this case, the return address saved in the stack area is the address of the instruction that was the source
of the error, and thus the address that was the source of the error can be identified from the return address saved in the
stack area.

If recovery from an operand error is simply performed by means of an RETB instruction, an endless loop will result.

As an operand error interrupt is only generated in the event of an inadvertent program loop (with the NEC Electronics
assembler, RA78K4, only the correct dedicated instruction is generated when MOV WDM, #byte is written), system
initialization should be performed by the program.

Other write instructions (MOV WDM, A, AND WDM, #byte, SET1 WDM.7, etc.) are ignored and do not perform any
operation. Thatis, a write is not performed to the WDM, and an interrupt such as an operand error interrupt is not generated.

After a system reset (m input), once the watchdog timer has been started (by setting (to 1) the RUN bit), the WDM
contents cannot be changed. The watchdog timer can only be stopped by a reset, but can be cleared at any time with a
dedicated instruction.

The WDM can be read at any time by a data transfer instruction.

RESET input clears the WDM to 00H.

The WDM format is shown in Figure 12-2.

374 User's Manual U11316EJ4V1UD



CHAPTER 12 WATCHDOG TIMER FUNCTION

Figure 12-2 Watchdog Timer Mode Register (WDM) Format

7 6 5 4 3 2 1 0 Address  After Reset R/W
WDM | RUN 0 0 PRC 0 WDI2 | WD 0 FFC2H 00H R/W
L
woiz | woiz [ TR RO
0 0 2"7/fcik (8.19)
0 1 2'%fcik (32.77)
1 0 220/fcik (65.54)
1 1 221/foik (131.07)

Remark fcik: Internal System Clock Frequency

Watchdog Timer Interrupt Request Priority

FRC Specification
0 Watchdog timer interrupt request <
NMI pin input interrupt request
1 Watchdog timer interrupt request >

NMI pin input interrupt request

RUN Watchdog Timer Operation Specification

0 Watchdog timer stopped

1 Clear watchdog timer and start count

Cautions 1. Thewatchdogtimer mode register (WDM) can only be written to with a dedicated instruction (MOV
WDM, #byte).
2. The same value should be written each time in writes to the WDM to set (to 1) the RUN bit. The
contents written the first time cannot be changed even if a different value is written.
3. Once the RUN bit has been set (to 1), it cannot be reset (to 0) by software.
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12.3 OPERATION

12.3.1 Count Operation

The watchdog timer is cleared, and the count started, by setting (to 1) the RUN bit of the watchdog timer mode register
(WDM). When overflow time specified by the WDM2 and WDM1 bits of WDM has elapsed after the RUN bit has been set
(to 1), a non-maskable interrupt (INTWDT) is generated.

If the RUN bit is set (to 1) again before the overflow time elapses, the watchdog timer is cleared and the count operation
is started again.

12.3.2 Interrupt Priorities

The watchdog timer interrupt (INTWDT) is a non-maskable interrupt. Other non-maskable interrupts are interrupts from
the NMI pin (NMI). The order of acknowledgmentwhen an INTWDT interrupt and NMl interrupt are generated simultaneously
can be specified by the setting of bit 4 of the watchdog timer mode register (WDM).

Even if INTWDT is generated while the NMI processing program is executed when NMI acknowledgement is specified
to take precedence, INTWDT is not acknowledged until completion of execution of the NMI processing program.
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CHAPTER 12 WATCHDOG TIMER FUNCTION

12.4 CAUTIONS

12.4.1 General Cautions on Use of Watchdog Timer

(1) The watchdog timer is one means of detecting inadvertent program loops, but it cannot detect all inadvertent program

loops. Therefore, in equipment that requires a high level of reliability, you should not rely on the on-chip watchdog

timer alone, but should use external circuitry for early detection of inadvertent program loops, to enable processing

to be performed that will restore the normal state or establish a stable state and then stop the operation.

(2) The watchdog timer cannot detect inadvertent program loops in the following cases.

<1>
<2>

<3>

<4>

<5>

<6>

If watchdog timer clearance is performed in the timer interrupt service program

If cases where an interrupt request or macro service is held pending (see 22.9) occur consecutively

If the watchdog timer is cleared periodically when inadvertent program looping is due to an error in the program
logic (if each module of the program functions normally but the overall program does not)

If the watchdog timer is periodically cleared by a group of instructions executed when an inadvertent program
loop occurs

If the STOP mode, HALT mode, or IDLE mode is entered as the result of an inadvertent program loop

If watchdog timer runaway also occurs in the event of CPU runaway due to external noise

In cases <1>, <2> and <3> the program can be amended to allow detection to be performed.

In case <4>, the watchdog timer can only be cleared by a 4-byte dedicated instruction. Similarly, in case <5>, the STOP

mode, HALT mode, or IDLE mode cannot be set unless a 4-byte dedicated instruction is used. For state <2> to be

entered as the result of an inadvertent program loop, 3 or more consecutive bytes of data must comprise a specific

pattern (e.g. BT PSWL.bit, $$, etc.). Therefore, the establishment of state <2> as the result of <4>, <5> or aninadvertent

program loop is likely to be extremely rare.

12.4.2 Cautions on uPD784038 Subseries Watchdog Timer

(1) The watchdog timer mode register (WDM) can only be written to with a dedicated instruction (MOV WDM, #byte).

(2) The same value should be written each time in writes to the watchdog timer mode register (WDM) to set (to 1) the RUN

bit. The contents written the first time cannot be changed even if a different value is written.

(3) Once the RUN bit has been set (to 1), it cannot be reset (to 0) by software.
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CHAPTER 13 PWM OUTPUT UNIT

The uPD784038 incorporates two 12-bit resolution PWM (pulse width modulation) output circuit channels. The active
level of the PWM output pulses can be selected as high or low. The PWM output ports have a dual function as pins P10
and P11.

13.1 PWM OUTPUT UNIT CONFIGURATION

The PWM output unit configuration is shown in Figure 13-1.

Figure 13-1 PWM Output Unit Configuration

% Internal Bus %

8 8
PWMn
15\ | | | | | | 8|7 | | | 413 | | | 0
PWPR PWMC
Reload Reload
- - Reload Control
frwmc ] PWM Pulse
fouk —~1 Prescaler 8-Bit Down-Counter Generator Outpu_t antrol Pin/
777777777777 Circuit PWMn
1/256 4-Bit Counter

Remark n=0,1

(1) 8-bit down-counter
Generates the basic PWM signal timing.

(2) PWM pulse generator (including 4-bit counter)
Controls addition of extra pulses and generates the PWM pulses to be output.

(3) Reload control
Controls 8-bit down counter and 4-bit count modulo value reloading.

(4) Output control circuit
Controls the active level of the PWM signal.

(5) Prescaler
Scales fcik, and generates the reference clock.

378 User's Manual U11316EJ4V1UD



CHAPTER 13 PWM OUTPUT UNIT

13.2 PWM OUTPUT UNIT CONTROL REGISTERS

13.2.1 PWM Control Register (PWMC)

The PWMC is an 8-bit register that controls the operating status of the PWM output pins (PWMn: n =0, 1).

The PWMC can be read or written to with an 8-bit manipulation instruction or bit manipulation instruction. Its format

is shown in Figure 13-2.

When RESET is input, PWMC is setto 05H, the PWMn pin is set to port mode, and the input state (output high impedance)

is set.
Figure 13-2 PWM Control Register (PWMC) Format
7 6 5 4 @ 2 @ 0 Address  After Reset R/W
PWMC | SYN1 0 SYNO 0 EN1 | ALV1 | ENO | ALVO | OFF70H 05H R/W
L ] L ]
\
(n=0,1)
ALVn | PWMn Pin PWM Active Level Specification
0 Active-low
1 Active-high
ENn PWMn Pin PWM Output Control
Output disabled. The pin level is determined
0 by the contents of th PM1, P1 and PUO
(port mode).
1 PWM output enabled
SYNn PWM Pulse Wi.d‘th Rewrite Cycle
Specification
0 Rewritten every 16 PWM cycles (2'/frwmc)
1 Rewritten every PWM cycle (2°/fewwc)
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13.2.2 PWM Prescaler Register (PWPR)
The PWPR is an 8-bit register that selects the PWM output circuit operating clock (frwmc).
The PWPR can be read or written to with an 8-bit manipulation instruction. Its format is shown in Figure 13-3.
When RESET is input, PWPR is cleared to 00H, and fcik is selected as frwmc for both channels.

Figure 13-3 PWM Prescaler Register (PWPR) Format

7 6 5 4 3 2 1 0 Address After Reset R/W
PWPR 0 |PWP12|PWP11|PWP10| 0 |PWPO2/PWPO1/PWP00| OFF71H 00H R/W
I R I
(n=0,1)
Puer2 e puers| P Spr0 PY et
0 0 0 fok fcLk/256 (62.5 kHz)
0 0 1
0 1 0 fork/2 fok/512 (31.3 kHz)
0 1 1 fow/3 fek/768 (20.8 kHz)
1 0 0 fewk/4 fck/1,024 (15.6 kHz)

Other than the above | Setting prohibited

13.2.3 PWM Modulo Registers (PWMO0, PWM1)

The PWM modulo register 16-bit register (PWMn: n = 0, 1) is a 16-bit register that determines the PWM pulse width.
Reads/writes by a 16-bit manipulation instruction only are possible for data setting.

The contents of bits 4 to 15 of the PWMn determines the 12-bit PWM pulse width (12-bit resolution). Bits 3 to 0 have
no meaning, and PWM output is not affected whether 1 or 0 is written to these bits.

When RESET is input, the PWMn content are undefined, and therefore data must be set by the program before PWM
output is enabled.

Caution A value between 0000H and 00FFH should not be set in the PWM modulo registers (PWMn: n =0, 1).

A value between 0100H and FFFFH should be set in the PWMn registers. Outputtable PWM signal duty
values are 17/4,096 to 4,096/4,096.
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13.3 PWM OUTPUT UNIT OPERATION

13.3.1 Basic PWM Output Operation
The PWM pulse output duty is determined by the value set in bits 4 to 15 of the PWM modulo register (PWMn: n =0,
1) as shown below.

(Value of PWMn bits 4 to 15) Note 4 4
4,096

PWM pulse output duty =

Note 16 < (Value of PWMn bits 4 to 15) < 4,095

The PWM pulse output repetition frequency is the frequency obtained by division-by-256 of the PWM clock fcik/1 to
fcLk/4 set by the PWM prescaler register (PWPR) (= frwmc/256), and the minimum pulse width is 1/frwmc.

In PWM pulse output, 12-bit resolution is achieved by repeating output of a frwmc/256 repetition frequency 8-bit resolution
PWM signal 16 times.

The addition of extra pulses (1/frwmc) to the 8-bit resolution PWM pulses determined by bits 8 to 15 of the PWMn every
cycle is controlled in accordance with the value of bits 4 to 7 of the PWMn to implement a PWM pulse signal once every
16 cycles.

Figure 13-4 Basic PWM Output Operation

PWM Signal |

Note

- One 12-Bit PWM Signal Cycle >

Note  8-bit resolution per PWM pulse cycle
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13.3.2 PWM Pulse Output Enabling/Disabling

When PWM pulses are output, the ENn (n = 0, 1) bits of the PMC register are set (to 1) after data is set in the PWM
prescaler register (PWPR) and PWM modulo register (PWMn: n =0, 1). As a result, PWM pulses with the active level
specified by ALVn (n = 0, 1) bit of the PWM control register (PWMC) are output from the PWM output pin.

When the ENn bits of the PWMC are cleared (to 0), the PWM output unit immediately stops the PWM output operation
and the PWM output pins are set to the state specified by the PM1, P1 and PUO registers.

That is, when PM1n (n = 0, 1) in the port 1 mode register (PM1) is 0, the output state is set and the contents of P1n
(n=0, 1) are specified. When PM1n =1 (n =0, 1) the input state is set, when PUO1 in the pull-up resistor option register
(PUO) is 1 the high level is set by the on-chip pull-up resistor, and when PUO1 = 0 the output high-impedance state is set.

13.3.3 PWM Pulse Active Level Specification

The ALVn (n = 0, 1) bit of the PWM control register (PWMC) specify the active level of PWM pulses output from the
PWM output pins.

When ALVn bitis set (to 1), active-high level pulses are output, and when cleared (to 0), active-low level pulses are output.

When ALVn bit is rewritten, the PWM active level changes immediately. PWM output active level setting and pin states
are shown in Figure 13-5.

Figure 13-5 shows the case where ALVn bit is switched when the ENn (n = 0/1) bit of the PWMC is set (to 1) and PWM
output is enabled.

The pin state does not change if ALVn is rewritten when ENn bit is in the cleared (to 0) state.

Figure 13-5 PWM Output Active Level Setting

ALVn (Active-High) <)\ (Active-Low)

- UL

(ALVn Bit Rewrite)

Remark ENn=1(n=0,1)
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13.3.4 PWM Pulse Width Rewrite Cycle Specification

The start of PWM output and pulse width changes are performed in synchronization either with every 16 PWM pulse
cycles (212/frwmc) or with every PWM pulse cycle (28/frwmc). This PWM pulse width rewrite cycle specification is performed
by means of the SYNn bits of the PWM control register (PWMC).

When the SYNn bit is cleared (to 0), a pulse width change is performed every 16 PWM pulse cycles (212/frwmc). It
therefore takes a maximum of 212 clocks (256 us when frwmc = 16 MHz) until a pulse of a width corresponding to the data
written in the PWM modulo register (PWMn: n =0, 1) is output. An example of the PWM output timing at this time is shown
in Figure 13-6.

When the SYNn bit is set (to 1), on the other hand, a pulse width change is performed every PWM pulse cycle (28/fpwmc).
In this case, it takes a maximum of 28 clocks (16 us when frwmc = 16 MHz) until a pulse of a width corresponding to the
data written in the PWMn in is output.

However, caution is required since, if the PWM pulse rewrite cycle is specified as every 28/fpwmc, (if the SYNn bit is set
(to 1)), the obtained PWM pulse precision is between 8 bits and 12 bits, and is lower than when the PWM pulse rewrite
cycle is specified as 212/frwwmc.

An example of the PWM output timing when the rewrite timing is 28/frwmc is shown in Figure 13-7.

Figure 13-6 PWM Output Timing Example 1 (PWM Pulse Width Rewrite Cycle = 212/fpwmc)

16 PWM 16 PWM
Pulse Cycles Pulse Cycles

Gutput Pi e U U

PWMn n X m
Contents
A AN
PWM PWMn
Output Rewrite
Enabled
PWM Pulse Width PWM Pulse Width PWM Pulse Width
Switching Timing Switching Timing Switching Timing

Cautions 1. Pulse width rewriting is performed every PWM pulse cycle.
2. The PWM pulse precision is 12 bits.
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Figure 13-7 PWM Output Timing Example 2 (PWM Pulse Width Rewrite Cycle = 28/fpwmc)

1 PWM
Pulse Cycle

PWM
Output Pin
PWMn
Contents n X X m X n
AN AN A AN
PWM PWMn PWMn PWMn
(E)utpt))Llnd Rewrite Rewrite Rewrite PWM Pulse Width
naple Switching Timing

Cautions 1. Pulse width rewriting is performed every PWM pulse cycle.
2. The PWM pulse precision is between 8 and 12 bits.

Remark 1, m, and n mean the PWMn contents.

13.4 CAUTION

A value between 0000H and 00FFH should not be set in the PWM modulo registers (PWMn: n=0, 1). A value between
0100H and FFFFH should be set in the PWMn. Outputtable PWM signal duty values are 17/4096 to 4096/4096.
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CHAPTER 14 A/D CONVERTER

The uPD784038 incorporates an analog/digital (A/D) converter with 8 multiplexed analog inputs (ANIO to ANI7).

The successive approximation conversion method is used, and the conversion result is held in the 8-bit A/D conversion
result register (ADCR). This allows fast, high-precision conversion to be performed (conversion time of 7.5 us when fcik
= 16 MHz and high-speed conversion is used).

There are two modes for starting A/D conversion, as follows:

Hardware start: Conversion started by trigger input (INTP5).
« Software start : Conversion started in accordance with A/D converter mode register (ADM) bit setting.

After start-up, there are two operating modes, as follows:

+ Scan mode : Multiple analog inputs are selected in order, and conversion data is obtained from all pins.
» Select mode: One pin is used as the analog input, and conversion values are obtained in succession.

Stoppage of all the above modes and conversion operations is specified by the ADM register.
When the conversion result is transferred to the ADCR, an INTAD interrupt request is generated. This allows conversion
values to be transferred to memory in succession by means of macro service.

14.1 CONFIGURATION

The A/D converter configuration is shown in Figure 14-1.
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Figure 14-1 A/D Converter Block Diagram

Sample & Hold Circuit

Series Resistor String
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! | Voltage Comparator
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Trigger Enable

8
A/D Converter Mode | RESET A/D Conversion Result
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Cautions 1. A capacitor should be connected between the analog input pins (ANIO to ANI7) and AVss and
between the reference voltage input pin (AVrer) and AVss to prevent malfunction due to noise.
Be sure to connect the capacitor as closely to ANIO through ANI7 and AVrer1 as possible.

Figure 14-2 Example of Capacitor Connection on A/D Converter Pins

uPD784038
Analog
Input O ANIO to ANI7
100to L
500 pF
Reference AVrer:

Voltage Input

7J7 AVss

2. A voltage outside the range AVss to AVrer1 should not be applied to pins used as A/D converter
input pins. See 14.5 CAUTIONS for details.

Input circuit
The input circuit selects the analog input in accordance with the specification of the A/D converter mode register (ADM),
and sends the analog input to the sample & hold circuit according to the operating mode,

Sample & hold circuit
The sample & hold circuit samples the analog inputs arriving sequentially one by one and holds the analog input in
the process of A/D conversion.

Voltage comparator
The voltage comparator determines the voltage difference between the analog input and the series resistor string value
tap.

Series resistor string

The series resistor string is used to generate voltages that match the analog inputs.

The series resistor string is connected between the A/D converter reference voltage pin (AVrer1) and the A/D converter
GND pin (AVss). To provide 256 equal voltage steps between the two pins, it is made up of 255 equal resistors and
two resistors with half that resistance value.

The series resistor string voltage tap is selected by a tap selector controlled by the SAR successive approximation
register.
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™

SAR: Successive Approximation Register

The SAR is an 8-bit register in which the data for which the series resistor string voltage tap value matches the analog
input voltage value is set bit by bit starting from the most significant bit (MSB).

When data has been set up to the least significant bit (LSB) of the SAR (when A/D conversion is completed), the SAR
contents (conversion result) are stored in the A/D conversion result register (ADCR).

ADCR: A/D Conversion Result Register

The ADCR is an 8-bit register that holds the A/D conversion result. The conversion result is loaded into this register
from the successive approximation register (SAR) each time A/D conversion finishes.

The contents of this register approximation are undefined when RESET is input.

Edge detection circuit

The edge detection circuit detects a valid edge from the interrupt request input pin (INTP5) input, and generates an
external interrupt request signal (INTP5) and A/D conversion operation external trigger.

The INTP5 pin input valid edge is specified by external interrupt mode register 1 (INTM1) (see Figure 21-2). External
trigger enabling/disabling is set by means of the A/D converter mode register (ADM) (see 14.2 A/D Converter Mode
Register (ADM)).
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14.2 A/D CONVERTER MODE REGISTER (ADM)

ADM is an 8-bit register that controls A/D converter operations.

The ADM register can be read or written to with an 8-bit manipulation instruction or bit manipulation instruction. lts format
is shown in Figure 14-3.

Bit 0 (MS) controls the operating mode.

Bits 1, 2 and 3 (ANIO, 1, 2) select the analog inputs for A/D conversion.

Bit 5 (SCMD) controls the A/D conversion operation in scan mode.

Bit 6 (TRG) enables external synchronization of the A/D conversion operation. If the TRG bit is set (to 1) when the CS
bit is set (to 1), the conversion operation is initialized with each input of a valid edge as an external trigger to the INTP5
pin. When the TRG bit is cleared (to 0), the conversion operation is performed without regard to the INTP5 pin.

Bit 7 (CS) controls the A/D conversion operation. When the CS bit is set (to 1) the conversion operation is started, and
when cleared (to 0), all conversion operations are stopped even if conversion is in progress. In this case, the A/D conversion
result register (ADCR) is not updated and an INTAD interrupt request is not generated. Also, the power supply to the voltage
comparator is stopped, and the A/D converter power consumption is reduced.

RESET input clears the ADM register to 00H.

Caution When the STOP mode or IDLE mode is used, the power consumption should be reduced by clearing
(to 0) the CS bit before entering the STOP or IDLE mode. If the CS bit remains set (to 1), the conversion
operation will be stopped by entering the STOP or IDLE mode, but the power supply to the voltage
comparator will not be stopped, and therefore the A/D converter power consumption will not be
reduced.
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Figure 14-3 A/D Converter Mode Register (ADM) Format

@ 6 5 4 3 2 1 0 Address  After Reset R/W
ADM | CS | TRG |SCMD| FR |ANIS2|ANIS1 | ANISO| MS | OFF68H 00H R/W
‘ \ \ ‘ \ |
ANIS2 | ANIST | ANISO| MS AD Co,\r,‘,‘(’)zr:‘igzt?npgeraﬁ”g
0 0 0 0 Scan | ANIO input scanned
0 0 1 0 nzg/(ﬁ Input ANIO & ANI1 scanned
0 1 0 0 Input ANIO to ANI2 scanned
0 1 1 0 Input ANIO to ANI3 scanned
1 0 0 0 Input ANIO to ANI4 scanned
1 0 1 0 Input ANIO & ANI5 scanned
1 1 0 0 Input ANIO to ANI6 scanned
1 1 1 0 Input ANIO to ANI7 scanned
0 0 0 1 Select | ANIO input selected
0 0 1 1 mode ANI1 input selected
0 1 0 1 ANI2 input selected
0 1 1 1 ANI3 input selected
1 0 0 1 ANI4 input selected
1 0 1 1 ANI5 input selected
1 1 0 1 ANI6 input selected
1 1 1 1 ANI7 input selected
FR Conversion Speed Control (fcik = 16 MHz)
0 242/fck (15.125 us) Low-speed conversion
1 120/fcik (7.5 us) High-speed conversion
SCMD | MS Scan Mode Selection
0 0 Scan mode 0 (no delay control)
1 0 Scan mode 1 (delay control)
0 1 Select mode
1 1 Setting prohibited
TRG External Trigger Control
0 External trigger disabled
1 External trigger enabled
CS A/D Conversion Operation Control
0 Stop A/D conversion operation
1 Start A/D conversion operation
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Caution Oncethe A/D converter starts operating, conversion operations are performed repeatedly until the CS
bit of the A/D converter mode register (ADM) is cleared (to 0). Therefore, a superfluous interrupt may
be generated if ADM setting is performed after interrupt-related registers, etc., when A/D converter
mode conversion, etc., is performed. The result of this superfluous interrupt is that the conversion
result storage address appears to have been shifted when the scan modeis used. Also,when the select
mode is used, the first conversion result appears to have been an abnormal value, such as the
conversion result for the other channel. It is therefore recommended that A/D converter mode
conversion be carried out using the following procedure.

<1> Write to the ADM (CS bit must be set (to 1))
<2> Interrupt request flag (ADIF) clearance (to 0)
<3> Interrupt mask flag or interrupt service mode flag setting

Operations <1>to <3>should not be divided by an interrupt or macro service. When scan mode 0 (no
delay control) is used, in particular, you should ensure that the time between <1> and <2>is less than
the time taken by one A/D conversion operation.

Alternatively, the following procedure is recommended.
<1> Stop the A/D conversion operation by clearing (to 0) the CS bit of the ADM.
<2> Interrupt request flag (ADIF) clearance (to 0).

<3> Interrupt mask flag or interrupt service mode flag setting
<4> \Write to the ADM
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14.3 OPERATION

14.3.1 Basic A/D Converter Operation

@

392

A/D Conversion Operation procedure
A/D conversion is performed by means of the following procedure:

(a) Analog pin selection and operating mode specification are set with the A/D converter mode register (ADM).
(b) Bit 7 (CS) of the ADM is set (to 1), and A/D conversion is started.

(c) When conversion starts, the MSB (bit 7) of the successive approximation register (SAR) is set (to 1) automatically.
(d) When bit 7 of the SAR is set (to 1), the tap selector sets the series resistor string voltage tap to

225 AVRer1 (= 1/2 AVREeF1).

512
(e) The voltage difference between the series resistor string voltage tap and the analog input is determined by the
voltage comparator. If the analog input is greater than (1/2) AVrer1, the MSB of the SAR remains set (to 1), and
if it is less than (1/2) AVRer1, the MSB is cleared (to 0).
() Next, bit 6 of the SAR is set (to 1) automatically, and the next comparison is performed. Here, the series resistor
string voltage tap is selected according to the value of bit 7 for which the result has already been set, as shown

below.

e Bit7=1 ... 383 Aveerr = 2 AVrers
512 4

e Bit7=0........ 127 AVREF1 = a1 AVREF1
512 4

This voltage tap is compared with the analog input voltage, and bit 6 of the SAR is manipulated as follows according
to the result:

» Analog input voltage = voltage tap: Bit 6 = 1
» Analog input voltage < voltage tap: Bit 6 = 0

(g) The same kind of comparison is continued up to the LSB (bit 0) of the SAR (binary search method).
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(h) When comparison of the 8 bits is completed, a valid digital result is left in the SAR, and that value is transferred
to the A/D conversion result register (ADCR) and latched.

An A/D conversion operation end interrupt request (INTAD) can be generated at the same time.

Figure 14-4 Basic A/D Converter Operation

Conversion Time
Sampling Time
A/D Converter ) _
Operation Sampling A/D Conversion
COH .
SAR Undefined 80H or Conversion
40H Result
3
Conversion
e Result
INTAD

.

A/D conversion operations are performed successively until the CS bit is cleared (to 0) by software. If a write operation
is performed on the ADM during an A/D conversion operation, the conversion operation is initialized, and if the CS bit is
set (to 1), conversion will be started from the beginning.

The contents of the ADCR are undefined after RESET input.
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(2) Input voltage and conversion result
The relationship between the analog input voltage input to an analog input pin (ANIO to ANI7) and the A/D conversion
result (value stored in ADCR) is shown by the following expression:

ADCR = INT (—YN_ x 256 + 0.5)
REF1
or
(ADCR — 0.5) x AVFEF! v\ < (ADCR + 0.5) x AVREF!
2 256
Remark INT() : Function that returns the integer part of the value in ()
VIN : Analog input voltage
AVRrer1 : AVREer1 pin voltage
ADCR : ADCR value

Figure 14-5 shows the relationship between the analog input voltage and the A/D conversion result in graphic form.

Figure 14-5 Relationship Between Analog Input Voltage and A/D Conversion Result

255

254

A/D Conversion

2 - —
Result (ADCR) 2% [
S T T S - [ S S S S S
| | | | | | | | | | | | | |
3 | | | | | _J,,,‘ | | | | |
2 ,,,,,
1 ,,,,,
O ,,,,,
1 1 3 2 5 _3 507 254 509 255 511
512 256 512 256 512 256 512 256 512 256 512
Input Voltage/AV Rer+
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(3) A/D conversion time

4

The A/D conversion time is determined by the system clock frequency (fcik) and the FR bit of the A/D converter mode
register (ADM).

The A/D conversion time includes the entire time required for one A/D conversion operation, and the sampling time
is also included in the A/D conversion time.

These values are shown in Table 14-2.

Table 14-1 A/D Conversion Time

System Clock (fcik) Range FR Bit Conversion Time Sampling Time
0.25 MHz < fcik < 16 MHz 0 180/fcLk 36/fcik
(11.25 us to 90 us) (2.25 ps to 18 ps)
0.25 MHz < fcik < 16 MHz 1 120/fcik 24/fcik
(7.5 us to 60 us) (1.5 us to 12 ps)

A/D converter operating modes
There are two A/D converter operating modes, scan mode and select mode. These modes are selected according

to the setting of bit 0 (MS) of the A/D converter mode register (ADM). In addition, scan mode 0 or 1 can be selected
by bit 5 (SCMD) of the ADM.

Operation in either mode continues until the ADM is rewritten.
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14.3.2 Select Mode
One analog input is specified by bits 1 to 3 (ANISO to ANIS2) of the A/D converter mode register (ADM), and A/D

conversion of the specified analog input pin is started. The conversion result is stored in the A/D conversion result register
(ADCR). An A/D conversion end interrupt request (INTAD) is generated at the end of each conversion operation.

Figure 14-6 Select Mode Operation Timing

(@) TRG bit « 0

A/D Conversion ANI3 ANI3 ANI3 ANI3 ANI3 ANI3

A \
Conversion Start \ \

CS -1
MS ~ 1
ANIS2 to ANISO — 011
ADCR >< ANI3 >< ANI3 ANI3 >< ANI3 ><:
\

_/
_/

1 X<

A
M

(b) TRG bit « 1

INTP5 —| —| —|
Initialization Initialization Initialization
A/D Conversion ANIO ANIO ANIO ANIO ANIO ANIO ANIO
A A A A A A

Conversion Start \Conversion End Conversion End \Conversion End Conversion End  Conversion End
CS -1
MS - 1
ANIS2 to ANISO - 000 \ \ \

ADCR

i =X
INTAD [ ]

A
11
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CHAPTER 14 A/D CONVERTER

14.3.3 Scan Mode

Two scan modes, 1 and 0, are available. In scan mode 0, delay control that takes delay in reading the A/D conversion
result by the CPU into consideration can be performed. In scan mode 1, no delay control is performed but the A/D conversion
interval is fixed.

Generally, use of scan mode 1 is recommended.

(1) Scan mode 0 (bit 5 (SCMD) of A/D converter mode register (ADM) = 0)
Input from the analog input pins specified by bits 1 to 3 (ANISO to ANIS2) of the ADM is selected and converted in
order.
For example, if ANIS2 to ANISO of the ADM = 001, ANIO and ANI1 will be scanned repeatedly (ANIO — ANI1 - ANIO
- ANI1 - ..)). Inthe scan mode, at the end of the conversion operation for each input the conversion value is stored
in the A/D conversion result register (ADCR) and an A/D conversion end interrupt request (INTAD) is generated.

Figure 14-7 Scan Mode 0 Operation Timing

(@) TRG bit « 0

A/D Conversion ANIO AN ANIO AN ANIO ANI1
A A A A A A A
Conversion Start \Conversion End \ Conversion End \Conversion End \ Conversion End \ Gonversion End  Conversion End
CS ~ 1
MS - 0
ANIS2 to ANISO - 001 \ \ \ \

ADCR -========-- >< ANIO >< ANI1 >< ANIO >< ANI1 >< ANIO ><:
\

oo [T L JL

(b) TRG bit « 1

s 7] T

Initialization Initialization Initialization Initialization
A/D Conversion ANIO ANI1 ANI2| ANIO ANIO ANI1 ANIO
A A A A A
Conversion Start \Conversion End \ Conversion End Conversion End Conversion End

CS ~ 1
MS -0

ANIS2 to ANISO 010) \
>< ANI1
\

INTAD |_| |_|
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(2) Scan mode 1 (bit 5 (SCMD) of A/D converter mode register (ADM) = 1)
When bit 5 of the ADM is set (to 1), the analog input pins specified by bits 1 to 3 (ANIS0 to ANIS2) are selected, and
subjected to conversion, in order. If an A/D conversion result register (ADCR) read is not performed by the CPU by
the end of the next A/D conversion after A/D conversion end (INTAD) generation, conversion is restarted without
performing INTAD generation, ADCR updating or channel updating (see Figure 14-8).
If an ADCR read is performed by the CPU before the end of the next A/D conversion, the same operation as in scan
mode 0 is performed.

Figure 14-8 Scan Mode 1 Operation Timing

Channel Updating Disabled

<

A/D Conversion ANIO >< AN >< ANI2 >< ANI2 >< ANI3 >< ANIO

ADCR Updating Disabled
ADCR >< ANIO >< ANI1

: >< ANE2 >< ANES
o L] L]

Interrupt Generation Disabled
ADCR Read |_| |_| |_| |_|
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14.3.4 A/D Conversion Operation Start by Software

An A/D conversion operation start by software is performed by writing a value to the A/D converter mode register (ADM)
that sets the TRG bit of the ADM register to 0 and the CS bit to 1.

If a value is written to the ADM during an A/D conversion operation (CS bit = 1) such that the TRG bit is set to 0 and
the CSbitto 1 again, the A/D conversion operation being performed at that time is suspended, and A/D conversion is started
immediately in accordance with the written value.

Once A/D conversion operation is started, as soon as one A/D conversion operation ends the next A/D conversion
operation is started in accordance with the operating mode set by the ADM, and conversion operations continue repeatedly
until an instruction that writes to the ADM is executed.

When A/D conversion operation is started by software (TRG bit = 0), INTP5 pin (P26 pin) input does not affect the A/
D conversion operation.

(1) Select mode A/D conversion operation
An A/D conversion operation is started on the analog input pin set by the A/D converter mode register (ADM). As soon
as the A/D conversion operation ends, another A/D conversion operation is performed on the same analog input pin.
An A/D conversion end interrupt request (INTAD) is generated at the end of each A/D conversion operation.

Figure 14-9 Software Start Select Mode A/D Conversion Operation

A/D Conversion ANIn ANIn ANIn ANIm ANIm ANIm
A A
Conversion Start ADM Rewrite
CS <1, TRG - 0 CS <1, TRG - 0
[ 1 [ 1
ADCR ANIn ANIn ANIm ANIm
INTAD —| —| —| —|

Remark n=0,1,...,7
m=0,1,...,7
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(2) Scan mode A/D conversion operation

When conversion operation is started, an A/D conversion operation is started on the ANIO pin input. When the A/D
conversion operation ends, an A/D conversion operation is started on the next analog input pin. An A/D conversion

end interrupt request (INTAD) is generated at the end of each A/D conversion operation.

Figure 14-10 Software Start Scan Mode A/D Conversion Operation

A/D Conversion
(ANIO to ANI2 ANIO ANN ANI2 |ANIO| ANIO ANI1 ANI2 ANIO ANI1
Scanned) | | | | | | |
A A

Conversion Start ADM Rewrite

CS -1 CS -1

TRG ~ 0 TRG ~ 0

Y Y Y Y Y Y Y
ADCR ANIO ANI1 ANI2 ANIO ANI1 ANI2 ANIO
A

400

Interrupt Request
Acknowledgment
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CHAPTER 14 A/D CONVERTER

14.3.5 A/D Conversion Operation Start by Hardware

An A/D conversion operation start by hardware is made possible by setting both the TRG bit and the CS bit of the
A/D converter mode register (ADM) to 1. When the TRG bit and the CS bit of the ADM are both set to 1, external signals
are placed in the standby state, and an A/D conversion operation is started when a valid edge is input to the INTP5 pin
(P26 pin).

If another valid edge is input to the INTP5 pin after the A/D conversion operation has been started by a valid edge input
to the INTP5 pin, the A/D conversion operation being performed at that time is suspended, and A/D conversion is performed
from the beginning in accordance with the contents set in the ADM.

If a value is written to the ADM during an A/D conversion operation (CS bit = 1) such that the TRG bit and CS bit are
both set to 1 again, the A/D conversion operation being performed at that time is suspended (the standby state is also
suspended), and a standby state is entered in which the A/D converter waits for input of a valid edge to the INTP5 pin in
the A/D conversion operation mode in accordance with the written value, and a conversion operation is started when a valid
edge is input.

Use of this function allows A/D conversion operations to be synchronized with external signals. Once A/D conversion
operation is started, as soon as one A/D conversion operation ends the next A/D conversion operation is started in
accordance with the operating mode set by the ADM (the A/D converter does not wait for INTP5 pin input), and conversion
operations continue repeatedly until an instruction that writes to the ADM is executed, or a valid edge is input to the INTP5

pin.
Caution Approximately 10 us is required from the time a valid edge is input to the INTP5 pin until the A/D

conversion operation is actually started. This delay must be taken into account in the design stage.
See CHAPTER 21 EDGE DETECTION FUNCTION for details of the edge detection function.
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(1) Select mode A/D conversion operation
An A/D conversion operation is started on the analog input pin set by the A/D converter mode register (ADM). As soon
as the A/D conversion operation ends, another A/D conversion operation is performed on the same analog input pin.
An A/D conversion end interrupt request (INTAD) is generated at the end of each A/D conversion operation.
If a valid edge is input to the INTP5 pin during an A/D conversion operation, the A/D conversion operation being
performed at that time is suspended, and a new A/D conversion operation is started.

Figure 14-11 Hardware Start Select Mode A/D Conversion Operation

INTP5 Pin Input

(Rising Edge Valid)
A/D Conversion Standby State ANIn ANIn |ANIn| ANIn |ANI| Standby State] ANIm | ANIm
| | | | |
A A
ADM Rewrite ADM Rewrite
CS - 1,TRG - 1 CS - 1,TRG ~ 1
\ 1 \ \ \
ADCR ANIn ANIn ANIn ANIm
INTAD —I —I —I —I |
A
INTAD Acknowledgment

Remark n=0,1, ...,7
m=0,1,..,7

(2) Scan mode A/D conversion operation
When conversion operation is started, an A/D conversion operation is started on the ANIO pin input. When the A/D
conversion operation ends, an A/D conversion operation is started on the next analog input pin. An A/D conversion
end interrupt request (INTAD) is generated at the end of each A/D conversion operation.
If a valid edge is input to the INTP5 pin during an A/D conversion operation, the A/D conversion operation being
performed at that time is suspended, and a new A/D conversion operation is started on the ANIO pin input.
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A/D Conversion
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Scanned)

ADCR
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5

Figure 14-12 Hardware Start Scan Mode A/D Conversion Operation

L

Standby State| ANIO ANH ANI2 ANIO |ANIHf ANIO| ANIO ANI1  |ANR| Standby State ANIO ANI1 ANI2 ANIO
| | | | | | | | | |
A A
ADM Rewrite ADM Rewrite
CS <« 1,TRG ~ 1 CS « 1, TRG -1
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ANIO AN ANI2 ANIO ANIO AN ANIO AN ANI2
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INTAD Acknowledgment
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CHAPTER 14 A/D CONVERTER

14.4 EXTERNAL CIRCUIT OF A/D CONVERTER

The A/D converter is provided with a sample & hold circuit to stabilize its conversion operation. This sample & hold circuit
outputs sampling noise during sampling immediately after an A/D conversion channel has been changed.

To absorb this sampling noise, an external capacitor must be connected. If the impedance of the signal source is high,
an error may occur in the conversion result due to the sampling noise. Especially when the scan mode is used, the
impedance of the signal source must be kept low because the channel whose signal is to be converted changes one after
another.

One way to absorb the sampling noise is to increase the capacitance of the capacitor. However, if the capacitance is
increased too much, the sampling noise is accumulated. Therefore, the most effective way is to reduce the resistance
component.

14.5 CAUTIONS

(1) Range of voltages applied to analog input pins
The following must be noted concerning A/D converter analog input pins ANIO to ANI7 (P70 to P77).

+ A voltage outside the range AVss to AVrer1 should not be applied to pins subject to A/D conversion during an A/
D conversion operation.

If this restriction is not observed, the uPD784038 may be damaged.

(2) Hardware start A/D conversion
Approximately 10 us is required from the time a valid edge is input to the INTP5 pin until the A/D conversion operation
is actually started. This delay must be taken into account in the design stage. See CHAPTER 21 EDGE DETECTION
FUNCTION for details of the edge detection function.

(3) Connecting capacitor to analog input pins

A capacitor should be connected between the analog input pins (ANIO to ANI7) and AVSS and between the reference
voltage input pin (AVRer1) and AVss to prevent malfunction due to noise.
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CHAPTER 14 A/D CONVERTER

(4)

Figure 14-13 Example of Capacitor Connection on A/D Converter Pins

uPD784038
Analog 0O
Input ANIO to ANI7
100to L
500 pF T
Reference AV Rer1

Voltage Input

AT AVss

When the STOP mode or IDLE mode is used, the power consumption should be reduced by clearing (to 0) the CS
bit before entering the STOP or IDLE mode. If the CS bit remains set (to 1), the conversion operation will be stopped
by entering the STOP or IDLE mode, but the power supply to the voltage comparator will not be stopped, and therefore
the A/D converter power consumption will not be reduced.

Once the A/D converter starts operating, conversion operations are performed repeatedly until the CS bit of the A/D
convertermode (ADM) is cleared (to 0). Therefore, a superfluous interrupt may be generated if ADM setting is performed
after interrupt-related registers, etc., are set when A/D converter mode conversion, etc., is performed. The result of
this superfluous interrupt is that the conversion result storage address appears to have been shifted when the scan
mode is used. Also, when the select mode is used, the first conversion result appears to have been an abnormal value,
such as the conversion result for the other channel. Itis therefore recommended that A/D converter mode conversion
be carried out using the following procedure.

<1> Write to the ADM (CS bit must be set (to 1))
<2> Interrupt request flag (ADIF) clearance (to 0)
<3> Interrupt mask flag or interrupt service mode flag setting

Operations <1> to <3> should not be divided by an interrupt or macro service. When scan mode 0 (no delay control)
is used, in particular, you should ensure that the time between <1> and <2> is less than the time taken by one A/D
conversion operation.

Alternatively, the following procedure is recommended.
<1> Stop the A/D conversion operation by clearing (to 0) the CS bit of the ADM.
<2> |Interrupt request flag (ADIF) clearance (to 0).

<3> Interrupt mask flag or interrupt service mode flag setting
<4> Write to the ADM
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CHAPTER 15 D/A CONVERTER

The uPD784038 incorporates an 8-bit resolution voltage output type digital/analog (D/A) converter, which uses the R-

2R resistor ladder type.

15.1 CONFIGURATION

The D/A converter block diagram is shown in Figure 15-1.

Figure 15-1 D/A Converter Block Diagram

AVRerz O——

AVeers O———

Selector

X%—@ ANON

2R

R
2R |
2R
2R

R

R

DACSn

DACEn

Internal Bus 2

Remark n=0,1
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CHAPTER 15 D/A CONVERTER

» D/A conversion value setting registers (DACS0, DACS1)

These registers are used to set the voltage values to be output to the ANOn pins (n =0, 1). The voltage value output

to the ANOn pin is given by the following expression:

ANOR = w x DACSN + AVRers [V]

RESET input initializes these registers to 00H.

15.2 D/A CONVERTER MODE REGISTER (DAM)

DAM is an 8-bit register that controls D/A converter operations. The DAM register can be read or written to with an 8-
bit manipulation instruction or bit manipulation instruction. DMA format is shown in Figure 15-2. RESET input sets the

DAM register to 03H, enabling D/A conversion output for both channels.

Figure 15-2 D/A Converter Mode Register (DAM) Format

7 6 5 4 3 2 (1) (0) Address After Reset R/W
DAM 0 0 0 0 0 0 |DACE1|DACEO| OFF62H 03H R/W
[ ]

DACE1|DACEO D/A Converter Operation

Standby mode
0 0 ANOO & ANO1 pins both output
high impedance

0 1 ANOQO pin output enabled
ANO1 pin output high impedance

ANOO pin output high impedance
ANO1 pin output enabled

ANOO & ANO1 pins both output
enabled
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15.3 D/A CONVERTER OPERATION

15.3.1 Basic Operation

When the value to be output is written to the D/A conversion value setting register (DACSn, n = 0, 1) while the D/A
conversion enable bit (DACEn, n = 0, 1) of the D/A converter mode register (DAM) is set (to 1), an analog voltage
corresponding to the value written is output from the ANOn pin (n =0, 1). The output voltage is retained until the next value
is written to the DACSn.

The voltage output from the ANOnR pin is determined by the following expression:

ANOn = W x DACSN + AVrers [V]

While the RESET input is low, ANOn is in the output high impedance state, and the DACSn is initialized to 00H. After
RESET release, the same level as the AVREF3 pin is output from the ANOn pin.

Connect capacitors between the reference voltage input pins (AVrer2 and AVRers) and AVss to stabilize the operation
of the D/A converter.

Figure 15-3 Example of Connecting Capacitors to Reference Voltage Input Pins of D/A Converter

LPD784038

AV Rer2

AV RerFs

= Ct J‘ c2
AVss T '
"

C1=C2 =100 to 500 pF

15.3.2 D/A Converter Standby Operation

When the D/A conversion enable bit (DACEnN, n = 0, 1) of the D/A converter mode register (DAM) is cleared (to 0), the
ANOnN pin (n = 0, 1) is set to the output high impedance state.

When both DACER bits are cleared (to 0), the D/A converter enters standby mode, enabling the power consumption to
be reduced.

Clear both DACER bits (to 0) when it is especially required to reduce the power consumption such as in STOP mode.
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15.4 CAUTIONS

(1) As the D/A converter output impedance is high, a current cannot be taken from the ANOn pin (n = 0, 1). If the load
input impedance is low, a buffer amplifier should be inserted between the load and the ANOn pin. Also, the wiring
to the buffer amp and load should be kept as short as possible (since the output impedance is high). If the wiring is
long, measures such as enclosure with a ground pattern should be taken.

(2) Asthe D/A converter output voltage varies in steps, the signal output by the D/A converter should generally be passed
through a low-pass filter before use.

(8) The D/A converterincorporatedinthe pPD784038 is in the output high impedance state while RESET is low. The design
should therefore make provision for high impedance input in the load side circuitry.

Figure 15-4 Example of Buffer Amp Insertion

(a) Inverting amp

uPD784038 C
[
R2
R
ANON -
O
p +
« Buffer amplifier input impedance = R1
(b) Voltage follower
uPD784038
ANOnN +
——O

R
Ri1 c J—
« Buffer amplifier input impedance = R

« If R1 were omitted, the output would
be undefined when RESET is low.

(4) Since the D/A converter output is at the same level as the AVRers pin after reset release, the design should allow for
AVRrers pin level output after reset release.

User's Manual U11316EJ4V1UD 409



CHAPTER 16 OUTLINE OF SERIAL INTERFACE

The uPD784038 Subseries is provided with three independent serial interface channels. Therefore, communication with

an external system and local communication within the system can be simultaneously executed by using these three
channels.

« Asynchronous serial interface (UART)/3-wire serial /0 (IOE) x 2 channels
- Refer to CHAPTER 17.

+ Clocked serial interface (CSI) x 1 channel
3-wire serial I/0 mode (MSB/LSB first)
- Refer to CHAPTER 18.
2-wire serial I/0 mode (MSB first)
- Refer to CHAPTER 18.

I2C bus mode (MSB first) (uPD784038Y Subseries only)
- Refer to CHAPTER 19.
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CHAPTER 16 OUTLINE OF SERIAL INTERFACE

Figure 16-1 shows an example of the serial interface.

Figure 16-1 Example of Serial Interface

(1) UART + I°C

uPD784038Y (master)

(2) UART + 3-wire serial I/O + 2-wire serial I/O

[”C]

Voo -V
g DDg *® EEPROM™

SDA
SCL

SDA

SCL

Microcontroller

(slave)

SDA

SCL

uPD784038 (master)

[UART]
RxD
RS—?SZ—C TxD
driver/
receiver } Port
[UART]
RxD2
RS-?SZ-C TxD2
driver/
receiver } Port
[UART]
RS-232-C
driver/
receiver

RxD
TxD

Port

SO1
SH
SCK1
INTPm
Port

SDA
SCL
INTPn
Port

LCD

Microcontroller (slave)

[3-wire serial I/0]

Note

Sl
SO
SCK
Port
INT

Note

|

SBO
SCKO
Port
INT

Voo Voo
%f g Microcontroller (slave)

[2-wire serial 1/0]

Note Handshake line
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CHAPTER 17 ASYNCHRONOUS SERIAL INTERFACE/3-WIRE SERIAL 1/O

The uPD784038 incorporates two serial interface channels for which asynchronous serial interface (UART) mode or

3-wire serial 1/0 (IOE) mode can be selected.

The two UART/IOE channels have completely identical functions. In this chapter, therefore, unless stated otherwise,
UART/IOE1 will be described as representative of both UART/IOEs. When used as UART2/I0OE2, the UART/IOE1 register
names, bit names and pin names should be read as their UART2/IOE2 equivalents as shown in Table 17-1.

Table 17-1 Differences Between UART/IOE1 and UART2/IOE2 Names

ltem

UART/IOE1

UART2/IOE2

Pin names

P25/ASCK/SCK1, P30/RxD/SI1,
P31/TxD/SO1

P12/ASCK2/SCK2, P13/RxD2/SI2,
P14/TxD2/S02

Asynchronous serial interface mode register

ASIM

ASIM2

Asynchronous serial interface mode register bit names

TXE, RXE, PS1, PS0, CL, SL,
ISRM, SCK

TXE2, RXE2, PS21, PS20, CL2,
SL2, ISRM2, SCK2

Asynchronous serial interface status register ASIS ASIS2

Asynchronous serial interface status register bit names | PE, FE, OVE PE2, FE2, OVE2

Clocked serial interface mode register CSIM1 CSIM2

Clocked serial interface mode register bit names CTXE1, CRXE1, DIR1, CSCK1 CTXE2, CRXE2, DIR2, CSCK2
Baud rate generator control register BRGC BRGC2

Baud rate generator control register bit names

TPSO0 to TPS3, MDLO to MDL3

TPS20 to TPS23, MDL20 to MDL23

Interrupt request names

INTSR/ITCSI1, INTSER, INTST

INTSR2/INTCSI2, INTSER2,
INTST2

Interrupt control registers and bit names used in this
chapter

SRIC, CSIIC1, SERIC, STIC,
SRIF, CSIIF1, SERIF, STIF

SRIC2, CSIIC2, SERIC2, STIC2,
SRIF2, CSIIF2, SERIF2, STIF2
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CHAPTER 17 ASYNCHRONOUS SERIAL INTERFACE/3-WIRE SERIAL 1/0

17.1 SWITCHING BETWEEN ASYNCHRONOUS SERIAL INTERFACE MODE AND 3-WIRE SERIAL I/O MODE

The asynchronous serial interface mode and 3-wire serial /O mode cannot be used simultaneously. Switching between
these modes is performed in accordance with the settings of the asynchronous serial interface mode register (ASIM/ASIM2)
and the clocked serial interface mode register (CSIM1/CSIM2) as shown in Figure 17-1.

Figure 17-1 Switching Between Asynchronous Serial Interface Mode and 3-Wire Serial I/O Mode

@ 5 4 3 2 1 0  Address After Reset R/W
ASIM | TXE | RXE | PS1 PSO CL SL ISRM | SCK | OFF88H 00H R/W
ASIM2 | TXE2 | RXE2 | PS21 | PS20 | CL2 SL2 |ISRM2| SCK2 | OFF89H 00H R/W
Asynchronous serial interface mode operation
specification (see Figure 17-3)
TXE | RXE |CTXE1|CRXET1 )
Operating Mode
TXE2 | RXE2 |CTXE2|CRXE2
0 0 0 0 Operation-stopped
mode
0 0 0 1
3-wire serial
0 0 1 0 1/0 mode
0 0 1 1
0 1 0 0 Asynchronous
1 0 0 0 serial interface
mode
1 1 0 0
Other than the above Setting prohibited
[
@ & 5 4 3 2 1 0  Address After Reset R/W
CSIM1 [CTXE1|CRXE1| 0 0 0 DIR1 |CSCK1 0 OFF84H 00H R/W
CSIM2 [CTXE2|CRXE2] 0 0 0 DIR2 |[CSCK2| 0 OFF85H 00H R/W

3-wire serial /0 mode operation specification
(see Figure 17-11)
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CHAPTER 17 ASYNCHRONOUS SERIAL INTERFACE/3-WIRE SERIAL /0

17.2 ASYNCHRONOUS SERIAL INTERFACE MODE

A UART (Universal Asynchronous Receiver Transmitter) is incorporated as the asynchronous serial interface. With this
method, one byte of data is transmitted following a start bit, and full-duplex operation is possible.

A baud rate generator is incorporated, enabling communication to be performed at any of a wide range of baud rates.

Also, the baud rate can be defined by scaling the clock input to the ASCK pin.

17.2.1 Configuration in Asynchronous Serial Interface Mode

The block diagram of the asynchronous serial interface is described in Figure 17-2.
See 17.4 Baud Rate Generator for details of the baud rate generator.
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Receive buffer (RXB/RXB2)

This is the register that holds the receive data. Each time one byte of data is received, the receive data is transferred
from the shift register.

If a 7-bit data length is specified, receive data is transferred to bits 0 to 6 of RXB/RXB2, and the MSB of RXB/RXB2
is always “0”.

RXB/RXB2 can be read only with an 8-bit manipulation instruction. The contents of RXB/RXB2 are undefined after
RESET input.

Transmit shift register (TXS/TXS2)

This is the register in which the data to be transmitted is set. Data written to the TXS/TXS2 is transmitted as serial
data.

If a 7-bit data length is specified, bits 0 to 6 of the data written in the TXS/TXS2 are treated as transmit data. A transmit
operation starts when a write to the TXS/TXS2 is performed. The TXS/TXS2 cannot be written to during a transmit
operation.

TXS/TXS2 can be written to only with an 8-bit manipulation instruction. The contents of TXS/TXS2 are undefined after
RESET input.

Shift register

This is the shift register that converts the serial data input to the RxD pin to parallel data. When one byte of data is
received, the receive data is transferred to the receive buffer.

The shift register cannot be manipulated directly by the CPU.

Reception control parity check

Receive operations are controlled in accordance with the contents set in the asynchronous serial interface mode register
(ASIM/ASIM2). In addition, parity error and other error checks are performed during receive operations, and if an error
is detected, a value is set in the asynchronous serial interface status register (ASIS/ASIS2) according to the type of
error.

Transmission control parity addition

Transmission operation is controlled by appending a start bit, parity bit, and stop bit to the data written to the transmit
shift registers (TXS and TXS2) in accordance with the contents set to the asynchronous serial interface mode registers
(ASIM and ASIM2).

Selector
Selects the baud rate clock source.
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17.2.2 Asynchronous Serial Interface Control Registers

(1) Asynchronous serial interface mode register (ASIM), Asynchronous serial interface mode register 2 (ASIM2)
The ASIM and ASIM2 are 8-bit registers that specify the UART mode operation.

These registers can be read or written to with an 8-bit manipulation instruction or bit manipulation instruction. The format
of ASIM and ASIM is shown in Figure 17-3.

RESET input clears these registers to 00H.
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Figure 17-3 Format of Asynchronous Serial Interface Mode Register (ASIM) and Asynchronous Serial
Interface Mode Register 2 (ASIM2)

ASIM

ASIM2

418

@ (6 5 4 3 2 1 0  Address After Reset R/W
TXE | RXE | PSt PSO CL SL ISRM | SCK | OFF88H 00H R/W
TXE2 | RXE2 | PS21 | PS20 | CL2 | SL2 |ISRM2| SCK2 | OFF89H 00H R/W
] L]
SCK Specification of Input Clock to Baud Rate
SCK2 Generator
0 External clock input (ASCK, ASCK2)
1 Internal clock (fxx/2)
ISRM Specification of Enabling/Disabling of
Reception Completion Interrupt
ISRM2( " Generation in Case of Receive Error ot
0 Enabled
1 Disabled
SL Stop Bit Length Specification
SL2 (Transmission Only)
0 1 bit
1 2 bits
CL o
Data Character Length Specification
CL2
0 7 bits
1 8 bits
PS1 PSO o o
Parity Bit Specification
PS21 | PS20
0 0 No parity
Transmission = 0 parity addition
0 1 Reception = Parity error not
generated
1 0 Odd parity
1 1 Even parity
TXE | RXE ) ) i
Transmit/Receive Operation
TXE2 | RXE2
0 0 Transmission/reception disabled,
or 3-wire serial /O mode
0 1 Reception enabled
1 0 Transmission enabled
1 1 Transmission/reception enabled
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Note To disable the reception completion interrupt on occurrence of a reception error, insert wait cycles of two clocks
that serve as the reference of the baud rate clock after occurrence of the reception error and before the receive
buffers (RXB and RXB2) are read. Otherwise, the reception completion interrupt occurs even through the interrupt
is disabled. The time equivalent to the above two clocks can be calculated by the following expression;

n+3

fxx

Wait time =

Remark fxx: Oscillation frequency
n: Value of n when 12-bit prescaler is selected by baud rate generator control register (BRGC, BRGC2)
(n=0to 11).

Caution An asynchronous serial interface mode register (ASIM/ASIM2) rewrite should not be performed during
a transmit operation. If an ASIM/ASIM2 register rewrite is performed during a transmit operation,
subsequent transmit operations may not be possible (normal operation is restored by RESET input).
Software can determine whether transmission is in progress by using a transmission completion
interrupt (INTST/INTST2) or the interrupt request flag (STIF/STIF2) set by INTST/INTST2.
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(2) Asynchronous serial interface status register (ASIS) Asynchronous serial interface status register 2 (ASIS2)
The ASIS and ASIS2 contain flags that indicate the error contents when a receive error occurs. Flags are set (to 1)
when a receive error occurs, and cleared (to 0) when data is read from the receive buffer (RXB/RXB2). If the next
data is received before RXB/RXB2 is read, the overrun error flag (OVE/OVEZ2) is set (to 1), and the other error flags
are cleared (to 0) (if there is an error in the next data, the corresponding error flag is set (to 1)).

These registers can be read only with an 8-bit manipulation instruction or bit manipulation instruction. The format of
ASIS and ASIS2 is shown in Figure 17-4.
RESET input clears these registers to 00H.

Figure 17-4 Format of Asynchronous Serial Interface Status Register (ASIS) and Asynchronous Serial
Interface Status Register 2 (ASIS2)

7 6 5 4 3 @ @ @ Address  After Reset R/W
ASIS 0 0 0 0 0 PE FE OVE | OFF8AH 00H R
| | | | | | | |
ASIS2 0 0 0 0 0 PE2 FE2 | OVE2 | OFF8BH 00H R

L Overrun error flag

Next receive completed before data is
read from receive buffer

L Framing error flag

| 1 |Stop bit not detected

Parity error flag

Transmit data parity specification and
receive data parity do not match

Cautions 1. The receive buffer (RXB/RXB2) must be read even if there is a receive error. If RXB/RXB2 is not
read, an overrun error will occur when the next data is received, and the receive error state will
continue indefinitely.

2. Todisablethereception completioninterruptonoccurrence of areception error, insert waitcycles
of two clocks that serve as the reference of the baud rate clock after occurrence of the reception
error and beforethereceive buffers (RXB and RXB2) areread. Otherwise, thereception completion
interrupt occurs even through the interrupt is disabled. The time equivalent to the above two
clocks can be calculated by the following expression;

n+3

Wait time =
fxx

Remark fxx: Oscillation frequency
n: Value of n when 12-bit prescaler is selected by baud rate generator control register (BRGC, BRGC2)
(n=0to 11).
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17.2.3 Data Format

Serial data transmission/reception is performed in full-duplex asynchronous mode.

The transmit/receive data format is shown in Figure 17-5. One data frame is made up of a start bit, character bits, parity
bit, and stop bit(s).

Character bit length specification, parity selection and stop bit length specification for one data frame are performed by
means of the asynchronous serial interface mode register (ASIM).

Figure 17-5 Asynchronous Serial Interface Transmit/Receive Data Format

|- 1 Data Frame -

Stat! po | p1 | D2 | D3 | D4 | D5 | D6 | D7 |Parity| Stop

Bit Bit Bit(s)
o Start biteeceerereeeereeeeeeees 1 bit
» Character bits «+eeeeeeee 7 bits/8 bits
o Parity bit reoeeeeeeeeeeeeeeees Even parity/odd parity/0 parity/no parity
. StOp Dit g seererrerereerenennes 1 bit/2 bits

The serial transfer rate is selected in accordance with the asynchronous serial interface mode register and baud rate
generator settings. If a serial data receive error occurs, the nature of the receive error can be determined by reading the
asynchronous serial interface status register (ASIS) status.
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17.2.4 Parity Types and Operations

The parity bit is used to detect a bit error in the communication data. Normally, the same kind of parity bit is used on
the transmission side and the reception side. With even parity and odd parity, 1 bit (odd number) errors can be detected.
With 0 parity and no parity, errors cannot be detected.

422

Even parity

If the number of bits with a value of “1” in the transmit data is odd, the parity bit is set to “1”, and if the number of
“1” bits is even, the parity bit is set to “0”. Control is thus performed to make the number of “1” bits in the transmit
data plus the parity bit an even number. In reception, the number of “1” bits in the receive data plus the parity bit
is counted, and if this number is odd, a parity error is generated.

Odd parity

Conversely to the case of even parity, control is performed to make the number of “1“ bits in the transmit data plus
the parity bit an odd number.

In reception, a parity error is generated if the number of “1” bits in the receive data plus the parity bit is even.

0 parity

In transmission, the parity bit is set to “0” irrespective of the receive data.

In reception, parity bit detection is not performed. Therefore, no parity error is generated irrespective of whether the
parity bit is “0” or “1”.

No parity

In transmission, a parity bit is not added.

In reception, reception is performed on the assumption that there is no parity bit. Since there is no parity bit, no parity
error is generated.
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17.2.5 Transmission

The pPD784038’s asynchronous serial interface is set to the transmission enabled state when the TXE bit of the
asynchronous serial interface mode register (ASIM) is set (to 1). A transmit operation is started by writing transmit data
to the transmit shift register (TXS) when transmission is enabled. The start bit, parity bit and stop bit(s) are added
automatically.

When a transmit operation is started, the data in the TXS is shifted out, and a transmission completion interrupt (INTST)
is generated when the TXS is empty.

If no more data is written to the TXS, the transmit operation is discontinued.

If the TXE bit is cleared (to 0) during a transmit operation, the transmit operation is discontinued immediately.

Figure 17-6 Asynchronous Serial Interface Transmission Completion Interrupt Timing
(a) Stop bit length: 1

\ / >< >< >69< >< >< STOP I
TxD (Output) DO D1 D2 D6 D7 X Parity

START

INTST —|

(b) Stop bit length: 2

\ \
TxD (Output) / DO XD1 XDZ XB&X D6 X D7 Xpa,—ity/ STOP

START

INTST

Cautions 1. After RESET input the transmit shift register (TXS) is emptied but a transmission completion
interruptis not generated. Atransmit operation can be started by writing transmit datato the TXS.
2. An asynchronous serial interface mode register (ASIM) rewrite should not be performed during
a transmit operation. If an ASIM rewrite is performed during a transmit operation, subsequent
transmit operations may not be possible (normal operation is restored byﬁl’ input). Software
can determine whether transmission is in progress by using atransmission completion interrupt
(INTST) or the interrupt request flag (STIF) set by INTST.
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17.2.6 Reception

When the RXE bit of the asynchronous serial interface mode register (ASIM) is set (to 1), receive operations are enabled
and sampling of the RxD input pin is performed.

RxD input pin sampling is performed using the serial clock (divide-by-m counter input clock) specified by ASIM and band
rate generator control register (BRGC).

When the RxD pin input is driven low, the divide-by-m counter starts counting and a data sampling start timing signal
is output on the m'th count. If the RxD pin input is low when sampled again by this start timing signal, the input is recognized
as a start bit, the divide-by-m counter is initialized and the count is started, and data sampling is performed. When the
character data, parity bit and stop bit are detected following the start bit, reception of one data frame ends.

When reception of one data frame ends, the receive data in the shift register is transferred to the receive buffer, RXB,
and a reception completion interrupt (INTSR) is generated.

If an error occurs, the receive data in which the error occurred is still transferred to RXB. If bit 1 (ISRM) of the ASIM
was cleared (to 0) when the error occurred,

INTSR is generated. If the ISRM was set (to 1), INTSR is not generated.

If the RXE bit is cleared (to 0) during a receive operation, the receive operation is stopped immediately. In this case
the contents of RXB and ASIS are not changed, and no INTSR or INTSER interrupt is generated.

Figure 17-7 Asynchronous Serial Interface Reception Completion Interrupt Timing

WSO O
RxD (Input) Do X D1 X D2 D6 X D7 X Parity

START

INTSR |_|

Cautions 1. Thereceive buffer (RXB) mustberead evenifthereis areceiveerror. If RXB is notread, an overrun

error will occur when the next datais received, and thereceive error state will continue indefinitely.

2. Todisablethereception completioninterruptonoccurrence of areception error, insert wait cycles
of two clocks that serve as the reference of the baud rate clock after occurrence of the reception
error and beforethereceive buffers (RXB and RXB2)areread. Otherwise, thereception completion
interrupt occurs even through the interrupt is disabled. The time equivalent to the above two
clocks can be calculated by the following expression;

on+3

Wait time =
fxx

Remark fxx: Oscillation frequency
n: Value of n when 12-bit prescaler is selected by baud rate generator control register (BRGC, BRGC2)
(n=0to 11).
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17.2.7 Receive Errors

Three kinds of errors can occur in a receive operation: parity errors, framing errors and overrun errors. As the result

of data reception, an error flag is raised in the asynchronous serial interface status register (ASIS) and a receive error

interrupt (INTSER) is generated. Receive error causes are shown in Table 17-2.

It is possible to detect the occurrence of any of the above errors during reception by reading the contents of the ASIS

(see Figures 17-4 and 17-8).

The contents of the ASIS register are cleared (to 0) by reading the receive buffer (RXB) or by reception of the next data

(if there is an error in the next data, the corresponding error flag is set).

Table 17-2 Receive Error Causes

Receive Error

Cause

Parity error

Transmit data parity specification and receive data parity do not match

Framing error

Stop bit not detected

Overrun error

Reception of next data completed before data is read from receive buffer

\ STOP
RxD (Input) / DO XD1 XDZ XS&X D6 X D7 XParity

INTSR Mete

Figure 17-8 Receive Error Timing

START

INTSER

Note If a receive error occurs while the ISRM bit is set (to 1), INTSR is not generated.

Remark Inthe uPD784038, a break signal cannot be detected by hardware. As a break signal is a low-level signal

of two characters or more, a break signal may be judged to have been input if software detects the occurrence

of two consecutive framing errors in which the receive data was 00H. The chance occurrence of two

consecutive framing errors can be distinguished from a break signal by having the RxD pin level read by

software (confirmation is possible by setting “1” in bit 0 of the port 3 mode register (PM3) and reading port
3 (P3)) and confirming that it is “0”.
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Cautions 1. The contents of the asynchronous serial interface status register (ASIS) are cleared (to 0) by
reading the receive buffer (RXB) or by reception of the next data. If you want to find the details
of an error, therefore, ASIS must be read before reading RXB.

2. The RXB must be read even if there is a receive error. If RXB is not read, an overrun error will
occur when the next data is received, and the receive error state will continue indefinitely.

3. Todisablethereception completioninterruptonoccurrence of areception error,insert wait cycles
of two clocks that serve as the reference of the baud rate clock after occurrence of the reception
error and beforethereceive buffers (RXB and RXB2)areread. Otherwise, thereception completion
interrupt occurs even through the interrupt is disabled. The time equivalent to the above two
clocks can be calculated by the following expression;

n+3

Wait time =
fxx

Remark fxx: Oscillation frequency
n: Value of n when 12-bit prescaler is selected by baud rate generator control register (BRGC, BRGC2)
(n=0to 11).

426 User's Manual U11316EJ4V1UD



CHAPTER 17 ASYNCHRONOUS SERIAL INTERFACE/3-WIRE SERIAL 1/0

17.3 3-WIRE SERIAL /O MODE
The 3-wire serial I/O mode is used to communicate with devices that incorporate a conventional clocked serial interface.
Basically, communication is performed using three lines: the serial clock (SCK), serial data output (SO), and serial data
input (Sl). Generally, a handshake line is necessary for checking the communication status.

Figure 17-9 Example of 3-Wire Serial 1/0 System Configuration

3-wire serial /0 « 3-wire serial I/O

Master CPU Slave CPU
SCK SCK
SO Sl
Sl |- SO
Note
Port (Interrupt) |- Port
Port Interrupt (Port)

Note Handshaking lines

17.3.1 Configuration in 3-Wire Serial I/O Mode
The block diagram in the 3-wire serial I/O mode is shown in Figure 17-10.

User's Manual U11316EJ4V1UD 427



8¢y

aniAYragLeLLN lenuepn sJesn

Figure 17-10 3-Wire Serial 1/0 Mode Block Diagram

Internal Bus

0:

INTCSI1, INTCSI2

- CTXE1|CRXE1| DIR1 |CSCK1
RESET O Direction Control Circuit
CTXE2 |CRXE2| DIR2 |CSCK2
P30/SI1, . . SO Latch
P13/SI2 © vij Shift Register
P31/S01, @ L |
P14/S02 |
P25/SCK1, | . Interrupt Signal
P12/SCK2 O Iﬂ Serial Clock Counter Generator
Serial Clock Control Circuit Selector

-~——— Baud Rate Generator

CSCK1, CSCK2

CSCK1, CSCK2
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@

@

©)

4

®)

(6)

)

Shift register (SIO1/S102)

The SIO1 and SIO2 converts 8-bit serial data to 8-bit parallel data, and vice versa. SIO1/SIO2 is used for both
transmission and reception.

Actual transmit/receive operations are controlled by writing to/reading from SIO1/S102.

Reading/writing can be performed with an 8-bit manipulation instruction.

The contents of SIO1/SIO2 are undefined after RESET input.

SO latch
The SO latch holds the SO1/SO2 pin output level.

Serial clock selector
Selects the serial clock to be used.

Serial clock counter
Countsthe serial clocks output orinputin a transmit/receive operation, and checks that 8-bit data transmission/reception
has been performed.

Interrupt signal generator
Generates an interrupt request when 8 serial clocks have been counted by the serial clock counter.

Serial clock control circuit
Controls the supply of the serial clock to the shift register, and also controls the clock output to the SCK1/SCK2 pins

when the internal clock is used.

Direction control circuit
Switches between MSB-first and LSB-first modes.
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17.3.2 Clocked Serial Interface Mode Registers (CSIM1, CSIM2)

The CSIM1 and CSIM2 are 8-bit registers that specify operations in the 3-wire serial I/O mode.

These registers can be read or written to with an 8-bit manipulation instruction or bit manipulation instruction. The CSIM1
and CSIM2 format is shown in Figure 17-11.

RESET input clears these registers to 00H.

Figure 17-11 Format of Clocked Serial Interface Mode Register 1 (CSIM1) and Clocked Serial Interface
Mode Register 2 (CSIM2)

@ (6 5 4 3 2 1 0  Address After Reset R/W

CSIM1 |CTXE1|CRXEH1 0 0 0 DIR1 |CSCK1 0 OFF84H 00H R/W

CSIM2 |CTXE2|CRXE2| 0 0 0 DIR2 |CSCK2 0 OFF85H 00H R/W
L (n=1,2)

Serial Clock Selection Bit

CSCKn In case of SCKn
Source Clock | 1y Fn CRXEn = 1)
0 External input Input

clock to SCKn pin

Baud rate

generator output CMOS output

Operating Mode Specification

DIRn (Transfer Bit Order)
0 MSB-first
1 LSB-first
CTXEn|CRXEn Transmit/Receive Operation

Transmission /reception disabled,

0 0 or asynchronous serial interface
mode

0 1 Reception enabled

1 0 Transmission enabled

1 1 Transmission/reception enabled

Caution Specify whether data is transferred with MSB or LSB first before writing the SIO. Even if the
specification is made after writing the ISO, the byte order of the data already stored in the SIO cannot

be changed.
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17.3.3 Basic Operation Timing

In the 3-wire serial I/O mode, data transmission/reception is performed in 8-bit units. Data is transmitted/received bit
by bit in MSB-first or LSB-first order in synchronization with the serial clock.

MSB/LSB switching is specified by the DIRn bit of the clock serial interface mode register (CSIMn).

Transmit data is output in synchronization with the fall of SCKn, and receive data is sampled on the rise of SCKn.

An interrupt request (INTCSIn) is generated on the 8th rise of SCKn.

When the internal clock is used as SCKn, SCKn output is stopped on the 8th rise of SCKn and SCKn remains high until
the next data transmit or receive operation is started.

3-wire serial /0O mode timing is shown in Figure 17-12.

Figure 17-12 3-Wire Serial /0 Mode Timing (1/2)

(@) MSB-first

SCKnNO(Q

Sin (Input) DI7 DI6XDI5XDI4XDI3XDI2XDI1 XDIO
SOn (Output) DO7XD06XD05XDO4XDO3XD02XDO1XDOO

INTCSIn H

Transfer End
Interrupt Generation

T— Start of transfer synchronized with fall of SCKn Note Master CPU: Output
Slave CPU: Input

L————— Execution of instruction that writes to SIOn

Remark n=1or2
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Figure 17-12 3-Wire Serial I1/0 Mode Timing (2/2)

(b) LSB-first

SCKnND(E

Sin (Input) DIO) DI XDIZXDISXDI4XDI5XDI6XDI7
SOn (Output) DOOXDO1XDOZXDOSXDO4XD05XD06XDO7
INTCSIn H

Transfer End
Interrupt Generation

T— Start of transfer synchronized with fall of SCKn Note Master CPU: Output
Slave CPU: Input

Execution of instruction that writes to SIOn

Remark If the uPD784038 is connected to a 2-wire serial I/O device, a buffer should be connected to the SOn pin as
shown in Figure 17-13. In the example shown in Figure 17-13, the output level is inverted by the buffer, and
therefore the inverse of the data to be output should be written to SIOn (n = 1 or 2).
In addition, non-connection of the internal pull-up resistor should be specified for the P31/SO1 or P14/SO2

pin.

Figure 17-13 Example of Connection to 2-Wire Serial 1/0

uPD784038 2-Wire Serial /O
Device
SCKn SCK
Sin d SIo
SOn
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17.

3.4 Operation When Transmission Only is Enabled
A transmit operation is performed when the CTXEn bit of clocked serial interface mode register (CSIMn) is set (to 1).

The transmit operation starts when a write to the shift register (SI0On) is performed while the CTXEn bit is set (to 1).

@

@

17.

1).

When the CTXEn bit is cleared (to 0), the SOn pin is in the output high level.

When the internal clock is selected as the serial clock

When transmission starts, the serial clock is output from the SCKn pin and data is output in sequence from SIOn to
the SOn pin in synchronization with the fall of the serial clock, and Sin pin signals are shifted into SIOn in synchronization
with the rise of the serial clock.

There is a delay of up to one SCKn clock cycle between the start of transmission and the first fall of SCKn.

If transmission is disabled during the transmit operation (by clearing (to 0) the CTXEn bit), SCKn clock outputis stopped
and the transmit operation is discontinued on the next rise of SCKn. In this case an interrupt request (INTCSIn) is
not generated, and the SOn pin becomes output high level.

When an external clock is selected as the serial clock

When transmission starts, data is output in sequence from SIOn to the SOn pin in synchronization with the fall of the
serial clock input to the SCKn pin after the start of transmission, and SIn pin signals are shifted into SIOn in
synchronization with the rise of the SCKn pin input. If transmission has not started, shift operations are not performed
and the SOn pin output level does not change even if the serial clock is input to the SCKn pin.

If transmission is disabled during the transmit operation (by clearing (to 0) the CTXEn bit), the transmit operation is
discontinued and subsequent SCKn input is ignored. In this case an interrupt request (INTCSIn) is not generated, and
the SOn pin becomes output high level.

Remark n=1or2
3.5 Operation When Reception Only is Enabled

A receive operation is performed when the CRXEn bit of the clocked serial interface mode register (CSIMn) is set (to
The receive operation starts when the CRXEn changes from “0” to “1”, or when a read from shift register (SIOn) is

performed.

@

@

When the internal clock is selected as the serial clock

When reception starts, the serial clock is output from the SCKn pin and the Sin pin data is fetched in sequence into
shift register (SIOn) in synchronization with the rise of the serial clock.

There is a delay of up to one SCKn clock cycle between the start of reception and the first fall of SCKn.

If reception is disabled during the receive operation (by clearing (to 0) the CRXEn bit), SCKn clock output is stopped
and the receive operation is discontinued on the next rise of SCKn. In this case an interrupt request (INTCSIn) is not
generated, and the contents of the SIOn are undefined.

When an external clock is selected as the serial clock

When reception starts, the Sin pin data is fetched into shift register (SIOn) in synchronization with the rise of the serial
clock input to the SCKn pin after the start of reception. If reception has not started, shift operations are not performed
even if the serial clock is input to the SCKn pin.

If reception is disabled during the receive operation (by clearing (to 0) the CRXEn bit), the receive operation is
discontinued and subsequent SCKn input is ignored. In this case an interrupt request (INTCSIn) is not generated.

Remark n=1or2
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17.

3.6 Operation When Transmission/Reception is Enabled
When the CTXEn bit and CRXERn bit of the clocked serial interface mode register (CSIMn) register are both set (to 1),

a transmit operation and receive operation can be performed simultaneously (transmit/receive operation). The transmit/
receive operation is started when the CRXERn bit is changed from “0” to “1”, or by performing a write to shift register (SIOn).

When a transmit/receive operation is started for the first time, the CRXEn bit always changes from “0” to “1”, and there

is thus a possibility that the transmit/receive operation will start immediately, and undefined data will be output. The first
transmit data should therefore be written to SIOn beforehand when both transmission and reception are disabled (when
the CTXEn bit and CRXERn bit are both cleared (to 0)), before enabling transmission/reception. However, specify whether

data is transferred with MSB or LSB first before writing the SIOn. Even if the specification is made after writing the SIOn,
the byte order of the data already stored in the SIOn cannot be changed.

@

@

When transmission/reception is disabled (CTXEn = CRXEn = 0), the SOn pin is in the output high level.

When the internal clock is selected as the serial clock

When transmission/reception starts, the serial clock is output from the SCKn pin, data is output in sequence from shift
register (SIOn) to the (SON) pin in synchronization with the fall of the serial clock, and Sin pin data is shifted in order
into SIOn in synchronization with the rise of the serial clock.

There is a delay of up to one SCKn clock cycle between the start of transmission and the first fall of SCKn.

If either transmission or reception is disabled during the transmit/receive operation, only the disabled operation is
discontinued. If transmission only is disabled, the SOn pin becomes output high level. If reception only is disabled,
the contents of the SIOn will be undefined.

If transmission and reception are disabled simultaneously,m clock output is stopped and the transmit and receive
operations are discontinued on the next rise of SCKn. When transmission and reception are disabled simultaneously,
the contents of SIOn are undefined, an interrupt request (INTCSIn) is not generated, and the SOn pin becomes output
high level.

When an external clock is selected as the serial clock

When transmission/reception starts, data is output in sequence from shift register (SIOn) to the SOn pin in
synchronization with the fall of the serial clock input to the SCKn pin after the start of transmission/reception, and Sin
pin data is shifted in order into SIOn in synchronization with the rise of the serial clock. If transmission/reception has

not started, the SIOn shift operations are not performed and the SOn pin output level does not change even if the serial
clock is input to the SCKn pin.

If either transmission or reception is disabled during the transmit/receive operation, only the disabled operation is
discontinued. If transmission only is disabled, the SOn pin becomes output high level. If reception only is disabled,
the contents of the SIOn will be undefined.

If transmission and reception are disabled simultaneously, the transmit and receive operations are discontinued and
subsequent SCKn input is ignored. When transmission and reception are disabled simultaneously, the contents of
SIOn are undefined, an interrupt request (INTCSIn) is not generated, and the SOn pin becomes output high level.

Remark n=1or2
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17.3.7 Corrective Action in Case of Slippage of Serial Clock and Shift Operations

When an external clock is selected as the serial clock, there may be slippage between the number of serial clocks and
shift operations due to noise, etc. Inthis case, since the serial clock counter is initialized by disabling both transmit operations
and receive operations (by clearing (to 0) the CTXEn bit and CRXEn bit), synchronization of the shift operations and the
serial clock can be restored by using the first serial clock input after reception or transmission is next enabled as the first
clock.

Remark n=1or2
17.4 BAUD RATE GENERATOR

The baud rate generator is the circuit that generates the UART/IOE serial clock. Two independent circuits are
incorporated, one for each serial interface.

17.4.1 Baud Rate Generator Configuration
The baud rate generator block diagram is shown in Figure 17-14.
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(1) 5-bit counter
Counter that counts the clock (frrs) by which the output from the frequency divider is selected. Generates a signal
with the frequency selected by the low-order 4 bits of the baud rate generator control registers (BRGC/BRGC2).

(2) Frequency divider
Scales the internal clock (fxx/2) or, in asynchronous serial interface mode, a clock that is twice the external baud rate
input (ASCK/ASCK2), and selects fPRS with the next-stage selector.

(3) Both-edge detection circuit
Detects both edges of the ASCK/ASCK2 pin input signal and generates a signal with a frequency twice that of the ASCK/
ASCK2 input clock.

17.4.2 Baud Rate Generator Control Register (BRGC, BRGC?2)

The BRGC and BRGC2 are 8-bit registers that set the baud rate clock in asynchronous serial interface mode or the shift
clock in 3-wire serial /O mode.

These registers can be read/written with an 8-bit manipulation instruction. The BRGC and BRGC2 format is shown in
Figure 17-15.

RESET input clears the BRGC register to 00H.

Caution When a baud rate generator control register (BRGC, BRGC2) write instruction is executed, the 5-bit
counter and 1/2 frequency divider operations are reset. Consequently, if a write to the BRGC and
BRGC2 is performed during communication, the generated baud rate clock may be disrupted,
preventing normal communication from continuing. The BRGC and BRGC2 should therefore not be
written to during communication.
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BRGC

BRGC2

438

Figure 17-15 Baud Rate Generator Control Register (BRGC) Format and
Baud Rate Generator Control Register 2 (BRGC2) Format

7 6 5 4 3 2 1 0 Address  After Reset R/W
TPS3 | TPS2 | TPS1 | TPSO | MDL3 | MDL2 | MDL1 | MDLO | OFF90H 00H R/W
| | | | | | | |
TPS23| TPS22| TPS21 | TPS20 |MDL23 |MDL22 | MDL21| MDL20| OFF91H 00H R/W
\ \ \ |
fers: Prescaler output selection clock
MDL3 | MDL2 | MDL1 | MDLO " Baud Rate Generator Input
MDL23 | MDL22 | MDL21 | MDL20 Clock ™!
0 0 0 0 0| fers/16
0 0 0 1 1| fers/17
0 0 1 0 2 | frrs/18
0 0 1 1 3| fers/19
0 1 0 0 4 | frrs/20
0 1 0 1 5| fers/21
0 1 1 0 6 | frrs/22
0 1 1 1 7 | frrs/23
1 0 0 0 8 | frrs/24
1 0 0 1 9 | fers/25
1 0 1 0 10| fers/26
1 0 1 1 11| fers/27
1 1 0 0 12| frrs/28
1 1 0 1 13| fers/29
1 1 1 0 14| frrs/30
1 1 1 1 15| fprs Note2
Notes 1. Only frrs/16 can be selected when ASCK/ASCK2 input is used.
2. Can only be used in 3-wire serial I/O mode.
fxx: Oscillator frequency or external clock input
TPS3 | TPS2 | TPS1 | TPSO N 12-Bit Prescaler Tap
TPS23 | TPS22 | TPS21 | TPS20 Selection (fers)
0 0 0 0 0| fxx/4, fasck/2Note
0 0 0 1 1| fxx/8, fasck/4
0 0 1 0 2| fxx/16, fasck/8
0 0 1 1 3| fxx/32, fasck/16
0 1 0 0 4 | fxx/64, fasck/32
0 1 0 1 5| fxx/128,  fasck/64
0 1 1 0 6 | fxx/256,  fasck/128
0 1 1 1 7 | fxx/512, fasck/256
1 0 0 0 8 | fxx/1,024, fasck/512
1 0 0 1 9 | fxx/2,048, fasck/1,024
1 0 1 0 10| fxx/4,096, fasck/2,048
1 0 1 1 11| xx/8,192, fasck/4,096
Other than the above Setting prohibited

Note Can not be selected when the value set in bits MDL3 to MDLO or
MDL23 to MDL20, k = 15.
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17.4.3 Baud Rate Generator Operation
The baud rate generator only operates when UART/IOE transmit/receive operations are enabled. The generated baud

rate clock is a signal scaled from the internal clock (fxx/2) or a signal scaled from the clock input from the external baud
rate input (ASCK) pin.

Caution If awrite to the baud rate generator control register (BRGC) is performed during communication, the

generated baud rate clock may be disrupted, preventing normal communication from continuing. The
BRGC should therefore not be written to during communication.

(1) Baud rate clock generation in UART mode

@

(b)

Using internal clock (fxx/2)

This function is selected by setting (to 1) bit 0 (SCK) of the asynchronous serial interface mode register (ASIM).
The internal clock (fxx/2) is scaled by the frequency divider, this signal (frrs) is scaled by the 5-bit counter, and
the signal further divided by 2 is used as the baud rate. The baud rate is given by the following expression:

(Baud rate) = — XX
(k +16) 2n+3

fxx : Oscillator frequency or external clock input

k : Value set in bits MDL3 to MDLO of BRGC (k = 0 to 14)

n : Value set in bits TPS3 to TPS0O of BRGC (n =0 to 11)

Using external baud rate input

This function is selected by clearing (to 0) bit 0 (SCK) of the asynchronous serial interface mode register (ASIM).
When this function is used, bits MDL3 to MDLO of the baud rate generator control register (BRGC) must all be
cleared (to 0) (k = 0).

When this function is used with UARTZ2, it is necessary to set (to 1) bit 2 of the port 3 mode control register (PMC3)
and set the P12 pin to control mode.

The ASCK pin input clock is scaled by the frequency divider, and the signal obtained by dividing this signal by
32 (fers) (division by 16 and division by 2) is used as the baud rate. The baud rate is given by the following
expression:

fasck
(Baud rate) = Sni6

fasck : ASCK pin input clock frequency
n : Value set in bits TPS3 to TPSO of BRGC (n =0 to 11)

When this function is used, a number of baud rates can be generated by one external input clock.
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(2) Serial clock generation in 3-wire serial /O mode
Selected when the CSCK1 bit of the clocked serial interface mode register (CSIM1) is set (to 1) and SCK1 is output.

440

(@)

(b)

Normal mode
The internal clock (fxx/2) is scaled by the frequency divider, this signal (frrs) is scaled by the 5-bit counter, and
the signal further divided by 2 is used as the serial clock. The serial clock is given by the following expression:

(Serial clock) = — X
(k +16) 2n+3

fxx : Oscillator frequency or external clock input

k : Value set in bits MDL3 to MDLO of BRGC (k = 0 to 14)

n : Value set in bits TPS3 to TPSO of BRGC (n =0 to 11)

High-speed mode

When this function is used, bits MDL3 to MDLO of the baud rate generator control register (BRGC) are all set (1)
(k = 15).

The internal clock (fxx/2) is scaled by the frequency divider, and this signal (frrs) divided by 2 is used as the serial
clock. The serial clock is given by the following expression:

fxx
2n+3

(Serial clock) =

fxx : Oscillator frequency or external clock input
n : Value set in bits TPS3 to TPSO of BRGC (n =1 to 11)
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17.4.4 Baud Rate Setting in Asynchronous Serial Interface Mode
There are two methods of setting the baud rate, as shown in Table 17-3.

This table shows the range of baud rates that can be generated, the baud rate calculation

method for each case.

Table 17-3 Baud Rate Setting Methods

expression and selection

Baud Rate Clock Source

Selection Method

Baud Rate Calculation
Expression

Baud Rate Range

Baud rate generator

Internal system clock | SCK in ASIM = 1 fxx fxx _ fxx
(k +16) 2"*3 491,520 128

ASCK input SCK in ASIM = 0 fascK fasok fasok Note
on+6 131,072 64

Note Including fasck input range: (0 — fxx/256)

Remarks fxx

: Oscillator frequency or external clock input
k : Value set in bits MDL3 to MDLO of BRGC (k = 0 to 14; see Figure 17-15)
n : Value set in bits TPS3 to TPS0 of BRGC (n = 0 to 11; see Figure 17-15)

fasck : ASCK input clock frequency (0 — fxx/4)

(1) Examples of settings when baud rate generator is used

Examples of baud rate generator control register (BRGC) settings when the baud rate generator is used are shown

below.

When the baud rate generator is used, the SCK bit of the asynchronous serial interface mode register (ASIM) should

be set (to 1).
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Table 17-4 Examples of BRGC Settings When Baud Rate Generator is Used

Oscillator Frequency (fxx)

or External Clock (f) 32.0000 MHz 31.9488 MHz 25.0000 MHz 24.5760 MHz 12.0000 MHz 11.0592 MHz
Baud Rate BRGC Error BRGC Error BRGC Error BRGC Error BRGC Error BRGC Error
[bps] Value (%) Value (%) Value (%) Value (%) Value (%) Value (%)
75 BAH 0.16 BAH 0.00 B4H 1.73 B4H 0.00 A4H 2.34 A2H 0.00
110 B2H 1.36 B2H 1.52 ACH 0.92 ABH 1.01 9BH 1.36 99H 1.82
150 AAH 0.16 AAH 0.00 A4H 1.73 A4H 0.00 94H 2.34 92H 0.00
300 9AH 0.16 9AH 0.00 94H 1.73 94H 0.00 84H 2.34 82H 0.00
600 8AH 0.16 8AH 0.00 84H 1.73 84H 0.00 74H 2.34 72H 0.00
1,200 7AH 0.16 7AH 0.00 74H 1.73 74H 0.00 64H 2.34 62H 0.00
2,400 6AH 0.16 6AH 0.00 64H 1.73 64H 0.00 54H 2.34 52H 0.00
4,800 5AH 0.16 5AH 0.00 54H 1.73 54H 0.00 44H 2.34 42H 0.00
9,600 4AH 0.16 4AH 0.00 44H 1.73 44H 0.00 34H 2.34 32H 0.00
19,200 3AH 0.16 3AH 0.00 34H 1.73 34H 0.00 24H 2.34 22H 0.00
31,250 30H 0.00 30H 0.16 29H 0.00 29H 1.70 18H 0.00 16H 0.54
38,400 2AH 0.16 2AH 0.00 24H 1.73 24H 0.00 14H 2.34 12H 0.00
76,800 1AH 0.16 1AH 0.00 14H 1.73 14H 0.00 04H 2.34 02H 0.00
115,200 11H 212 11H 1.96 0BH 0.47 0BH 1.23 00H 18.62 00H 25.00
153,600 0AH 0.16 0AH 0.00 04H 1.73 04H 0.00 00H 38.96 00H 43.75
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(2) Examples of settings when external baud rate input (ASCK) is used
Table 17-5 shows an example of setting when external baud rate input (ASCK) is used. When using the ASCK input,
clear the SCK bit of the asynchronous serial interface mode register (ASIM) to 0, and set the corresponding pin in the

control mode by using PMC3 or PMC1.

Table 17-5 Examples of Settings When External Baud Rate Input (ASCK) is Used

fasck

(ASCK |npuiCFrequency) 153.6 kHz 4.9152 MHz
Baud Rate [bps] BRGC Value BRGC Value

& 50H AOH

150 40H 90H

300 30H 80H

600 20H 70H

1,200 10H 60H

2,400 00H 50H

4,800 _ 20

9,600 _ 301

19,200 _ 20H

38,400 — 10H

76,800 _ o0OH
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17.5 CAUTIONS

(1)

444

An asynchronous serial interface mode register (ASIM) rewrite should not be performed during a transmit operation.
Ifan ASIM rewrite is performed during a transmit operation, subsequent transmit operations may not be possible (normal
operation is restored by RESET input).

Software can determine whether transmission is in progress by using a transmission completion interrupt (INTST) or
the interrupt request flag (STIF) set by INTST.

After RESET input the transmit shift register (TXS) is emptied but a transmission completion interrupt is not generated.
A transmit operation can be started by writing transmit data to the TXS.

The receive buffer (RXB) must be read even if there is a receive error. |f RXB is not read, an overrun error will occur
when the next data is received, and the receive error state will continue indefinitely.

To disable the reception completion interrupt on occurrence of a reception error, insert wait cycles of two clocks that
serve as the reference of the baud rate clock after occurrence of the reception error and before the receive buffers
(RXB and RXB2) are read. Otherwise, the reception completion interrupt occurs even through the interrupt is disabled.
The time equivalent to the above two clocks can be calculated by the following expression;

n+3

Wait time =
fxx
Remark fxx: Oscillation frequency
n: Value of n when 12-bit prescaler is selected by baud rate generator control register (BRGC, BRGC2)
(n=0to 11).

The contents of the asynchronous serial interface status register (ASIS) are cleared (to 0) by reading the receive buffer
(RXB) or by reception of the next data. If you want to find the details of an error, therefore, ASIS must be read before
reading RXB.

The baud rate generator control register (BRGC) should not be written to during communication. If a write instruction
is executed, the 5-bit counter and 1/2 frequency divider operations will be reset, and the generated baud rate clock

may be disrupted, preventing normal communication from continuing.

Specify whether data is transferred with MSB or LSB first before writing the SIO. Even if the specification is made
after writing the SIO, the byte order of the data already stored in the SIO cannot be changed.
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% (8) Whendatais successively transmitted from the transmission side in 3-wire serial I/O mode, the second and subsequent
receive data may be undefined under the following conditions <1> and <2>.

<1> Read from the shift register (SIOn) is not completed in the period from reception completion (a in the figure
below) to the next fall of the serial clock (SCKn) (b in the figure below) (n = 1 or 2)

<2> The reception enable bit is cleared in the period from reception completion (a in the figure below) to the next
rise of the serial clock (SCKn) (c in the figure below), and the reception enable flag cannot be set after the
shift register (SIOn) is read (n = 1 or 2)

Sin ------- @@@@@@@@@@@@@@@

INTCSIn ﬂ [

b1y

abec

Implement the following workaround to prevent this bug.

» Read the shift register after reception completion (a in the figure above) by the next fall of the serial clock (b in
the figure above).

« Clear the reception enable bit after reception completion (a in the figure above) by the next rise of the serial clock
(c in the figure above), read the shift register, and set the reception enable flag.

Remark n=1or2
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18.1 FUNCTIONS

(1) 3-wire serial I/0 mode (MSB/LSB first)
In this mode, 8-bit data are transferred by using three lines, a serial clock line (SCK0) and two serial bus lines (SO0
and SI0). This mode is useful when connecting a peripheral I/O or display controller having the conventional clocked
serial interface.
Generally, a handshake line is necessary for checking the communication status.

(2) 2-wire serial I/0 mode (MSB first)
In this mode, 8-bit data are transferred by using two lines, a serial clock line (SCL) and a serial data bus line (SDA).
Generally, a handshake line is necessary for checking the communication status.

18.2 CONFIGURATION

Figure 18-1 shows the block diagram of the clocked serial interface (CSI) in the 3-wire/2-wire serial /0 mode.
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Figure 18-1 Block Diagram of Clocked Serial Interface (in 3-wire/2-wire serial mode)
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@

@
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4
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(6)
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Shift register (SIO)

The SIO converts 8-bit serial data to 8-bit parallel data, and vice versa. SIO is used for both transmission and reception.
Actual transmit/receive operations are controlled by writing to/reading from SIO. SIO can be read or written to with
an 8-bit manipulation instruction. The contents of SIO are undefined after RESET input.

SO latch
The SO latch holds the SO0/SDA pin output level. This latch can also be directly controlled by software.

Serial clock selector
Selects the serial clock to be used.

Serial clock counter
Countsthe serial clocks output orinputin a transmit/receive operation, and checks that 8-bit data transmission/reception
has been performed.

Interrupt signal generator
A interrupt request is generated when 8 serial clocks have been counted by the serial clock counter.

Serial clock control circuit
Controls the supply of the serial clock to the shift register (SIO), and also controls the clock output to the SCKO pin

when the internal clock is used.

Direction control circuit
Controls the transmit/receive data shift direction.
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18.3 CONTROL REGISTERS

18.3.1 Clocked Serial Interface Mode Register (CSIM)
The CSIM is an 8-bit register that specifies the serial interface operating mode, serial clock, etc.
This register can be read or written to with an 8-bit manipulation instruction or bit manipulation instruction. The CSIM

format is shown in Figure 18-2.

RESET input clears the CSIM register to 00H.

CSIM

Figure 18-2 Clocked Serial Interface Mode Register (CSIM) Format

@ ® 3 2 1 0  Address After Reset R/W
CTXE | CRXE MOD1 | MODO | CLS1 | CLSO | OFF82H 00H R/W
L
CLS1 | CLSO Serial Clock Specification SCKO, SCL
0 0 External clock | Slave Input
0 0 TM3/2
1 0 Internal clock | Master | SPRS | Output
1 1 fxx/16
Operating Mode Selection Bit
MOD1 | MODO
Operating Mode | Transfer Direction | Pins Used
0 0 3-w(;re serial 1/0 MSB-first
mode S00, S10,
3-wire serial 1/0 ) SCKO
0 1 mode LSB-first
1 o |Zwireserial O} yigp first SDA, SCL
1 1 Setting prohibited
CRXE Receive Operations
0 Disabled
1 Enabled
CTXE Transmit Operations
0 Disabled
1 Enabled
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Caution When changing from “CTXE =0, CRXE =1" to “CTXE =1, CRXE = 0", and when changing from “CTXE
=1, CRXE=0"to “CTXE =0, CRXE = 1", ensure that this is not done with a single instruction, as this
will result in malfunction of the serial clock counter, and the first communication after the change will
finish in fewer than 8 bits. Instead, two instructions should be used as shown below.

Example To change “CTXE = 1, CRXE = 0" to “CTXE = 0, CRXE = 1"
CLR1 CTXE
SET1 CRXE

18.3.2 Prescaler Mode Register for Serial Clock (SPRM)
SPRM is an 8-bit register that specifies the division ratio of the serial clock when SPRS is specified by setting the CLS1
bit of the clocked serial interface mode register (CSIM) to 1 and clearing the CLSO0 bit of CSIM to 0.
This register can be read or written to with an 8-bit manipulation instruction. Figure 18-3 shows the format of SPRM.
RESET input sets this register to 04H.
Rewrite the contents of SPRM only when transmission/reception is disabled (CTXE = CRXE = 0).

Figure 18-3 Format of Prescaler Mode Register (SPRM) for Serial Clock

7 6 5 4 3 2 1 0 Address After reset R/W
SPRM 0 0 0 0 |SPRS3|SPRS2[SPRS1|SPRS0O| OFF81H 04H R/W
\ \ \ |

L SPRS3|SPRS2|SPRS1|SPRS0 Specifies Serial Clock
0 0 0 0 fxx/16
0 0 0 1 fxx/24
0 0 1 0 fxx/32
0 0 1 1 fxx/48
0 1 0 0 fxx/64
0 1 0 1 fxx/96
0 1 1 0 fxx/128
0 1 1 1 fxx/192
1 0 0 0 fxx/256
1 0 0 1 fxx/384
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18.3.3 I2C Bus Control Register (IICC)

[ICC is an 8-bit register composed of bits which control the SO latch status.

IICC is read or written with 8-bit manipulation instructions and bit manipulation instructions. When a read is performed,
IICC isread as “00”. The format of the IICC register is shown in Figure 18-4. The IICC register must not be written to during
a transmit, receive, or transmit/receive operation.

RESET input clears SBIC to 00H.

Figure 18-4 Format of I2C Bus Control Register (IICC)

3 2 @ ©) Address After reset R/W
IICC 0 0 0 0 0 0 STT | SPT OFF80H 00H R/W

L SPT

0 Not affected

Operation

1 Sets SO latch (1)

STT Operation

0 Not affected

1 Clears SO latch (0)

18.4 3-WIRE SERIAL 1/0O MODE
The 3-wire serial I/O mode is used to communicate with devices that incorporate a conventional clocked serial interface.
Basically, communication is performed using three lines: the serial clock (SCKO), serial data output (SO0), and serial
data input (S10). Generally, a handshake line is necessary for checking the communication status.

Figure 18-5 Example of 3-Wire Serial 1/0 System Configuration

3-wire serial I/0 « 3-wire serial I/O

Master CPU Slave CPU
SCK = SCK
SO = Sl
Sl SO
Note
Port (Interrupt) Port
Port »| Interrupt (Port)

Note Handshaking lines
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18.4.1 Basic Operation Timing
In the 3-wire serial /0 mode, data transmission/ reception is performed in 8-bit units. Data is transmitted/received bit
by bit in MSB-first or LSB-first order in synchronization with the serial clock.
MSB first/LSB first switching is specified by the MOD 0 bit of the clocked serial interface mode register (CSIM).
Transmit data is output in synchronization with the fall of SCKO, and receive data is sampled on the rise of SCKO.
An interrupt request (INTCSI) is generated on the 8th rise of SCKO.

When the internal clock is used as SCKO0, SCKO output is stopped on the 8th rise of SCK0 and SCKO remains high until
the next data transmit or receive operation is started.

3-wire serial /0 mode timing is shown in Figure 18-6.

Figure 18-6 3-Wire Serial /0 Mode Timing (1/2)

(@) MSB-first

SCKO Note

SI0 (Input)

(@‘ﬂ DI5 X Di4 X DI3 X DI2 X DI X DIO
SO0 (Output) DO7 XDOGXDOSXDO4XDO3XDO2XDO1XDOO
INTCSI H

Transfer End
Interrupt Generation

Note Master CPU: Output
Slave CPU: Input

Transfer starts after execution of a write instruction to SIO
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Figure 18-6 3-Wire Serial 1/0 Mode Timing (2/2)

(b) LSB-first

m Note

SI0 (Input)

(@‘m DI2 X DIBX DI4 X DI5 XDIG X DI7
SO0 (Output) DOO XDO1XDOZXDOSXDO4XDOSXD06XDO7
INTCSI H

Transfer End
Interrupt Generation

Note Master CPU: Output
Slave CPU: Input

———————— Transfer starts after execution of a write instruction to SIO

In the 3-wire serial I/0 mode, the SO0 pin functions as a CMOS push-pull output.
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18.

4.2 Operation When Transmission Only is Enabled
A transmit operation is performed when the CTXE bit of the clocked serial interface mode register (CSIM) is set (to 1).

The transmit operation starts when a write to the shift register (S10) is performed while the CTXE1 bit is set (to 1).

@

@

18.

When the CTXE bit is cleared (to 0), the SO0 pin is in the output high impedance state.

When the internal clock is selected as the serial clock

When transmission starts, the serial clock is output from the SCKO pin and data is output in sequence from SIO to the
SO0 pin in synchronization with the fall of the serial clock, and SI0 pin signals are shifted into SIO in synchronization
with the rise of the serial clock.

There is a delay of up to one SCKO clock cycle between the start of transmission and the first fall of SCKO.

If transmission is disabled during the transmit operation (by clearing (to 0) the CTXE bit), SCKO clock output is stopped
and the transmit operation is discontinued on the next rise of SCKO. In this case an interrupt request (INTCSI) is not
generated, and the SO0 pin becomes output high impedance.

When an external clock is selected as the serial clock

When transmission starts, data is output in sequence from SIO to the SO0 pin in synchronization with the fall of the
serial clock input to the SCKO pin after the start of transmission, and SI0 pin signals are shifted into SIO in
synchronization with the rise of the SCKO pin input. If transmission has not started, shift operations are not performed
and the SO0 pin output level does not change even if the serial clock is input to the SCKO pin.

If transmission is disabled during the transmit operation (by clearing (to 0) the CTXE bit), the transmit operation is
discontinued and subsequentWKO input is ignored. In this case an interrupt request (INTCSI) is not generated, and
the SO0 pin becomes output high impedance.

4.3 Operation When Reception Only is Enabled
A receive operation is performed when the CRXE bit of the clocked serial interface mode register (CSIM) is set (to 1).

The receive operation starts when the CRXE changes from “0” to “1”, or when a read from shift register (S10) is performed.

@

@

When the internal clock is selected as the serial clock

When reception starts, the serial clock is output from the SCKO pin and the SI0 pin data is fetched in sequence into
shift register (SIO) in synchronization with the rise of the serial clock.

There is a delay of up to one SCKO clock cycle between the start of reception and the first fall of SCKO.

If reception is disabled during the receive operation (by clearing (to 0) the CRXE bit),m clock output is stopped
and the receive operation is discontinued on the next rise of SCKO. In this case an interrupt request (INTCSI) is not
generated, and the contents of the SIO register will be undefined.

When an external clock is selected as the serial clock

When reception starts, the SI0 pin data is fetched into shift register (SIO) in synchronization with the rise of the serial
clock input to the SCKO pin after the start of reception. If reception has not started, shift operations are not performed
even if the serial clock is input to the SCKO pin.

If reception is disabled during the receive operation (by clearing (to 0) the CRXE bit), the receive operation is
discontinued and subsequent SCKO input is ignored. In this case an interrupt request (INTCSI) is not generated.
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18.4.4 Operation When Transmission/Reception is Enabled

When the CTXE bit and CRXE bit of the clocked serial interface mode register (CSIM) are both set (to 1), a transmit
operation and receive operation can be performed simultaneously (transmit/receive operation). The transmit/receive
operation is started when the CRXE bit is changed from “0” to “1”, or by performing a write to shift register (SI10).

When a transmit operation is started for the first time, the CRXE bit always changes from “0” to “1”, and there is thus
a possibility that the transmit/receive operation will start immediately, and undefined data will be output. The first transmit
data should therefore be written to SIO beforehand when both transmission and reception are disabled (when the CTXE
bit and CRXE bit are both cleared (to 0)), before enabling transmission/reception.

When transmission/reception is disabled (CTXE = CRXE = 0), the SO0 pin is in the output high impedance state.

(1) When the internal clock is selected as the serial clock
When transmission/reception starts, the serial clock is output from the SCKO pin, data is output in sequence from shift
register (S10) to the SO0 pin in synchronization with the fall of the serial clock, and SIO0 pin data is shifted in order into
SIO in synchronization with the rise of the serial clock.
There is a delay of up to one SCKO clock cycle between the start of transmission and the first fall of SCKO.
If either transmission or reception is disabled during the transmit/receive operation, only the disabled operation is
discontinued. If transmission only is disabled, the SO0 pin becomes output high impedance. If reception only is
disabled, the contents of the SIO register will be undefined.
If transmission and reception are disabled simultaneously, SCKO clock output is stopped and the transmit and receive
operations are discontinued on the next rise of SCKO. When transmission and reception are disabled simultaneously,
the contents of SIO are undefined, an interrupt request (INTCSI) is not generated, and the SO0 pin becomes output
high impedance.

(2) When an external clock is selected as the serial clock

Whentransmission/reception starts, datais outputin sequence from shift register (SIO) to the SO0 pinin synchronization
with the fall of the serial clock input to the SCKO pin after the start of transmission/reception, and SI0 pin data is shifted
in order into SIO in synchronization with the rise of the serial clock. If transmission/reception has not started, shift
operations are not performed and the SO0 pin output level does not change even if the serial clock is input to the SCKO
pin.

If either transmission or reception is disabled during the transmit/receive operation, only the disabled operation is
discontinued. If transmission only is disabled, the SO0 pin becomes output high impedance. If reception only is
disabled, the contents of the SIO register will be undefined.

If transmission and reception are disabled simultaneously, the transmit and receive operations are discontinued and
subsequent SCKO input is ignored. When transmission and reception are disabled simultaneously, the contents of
SIO are undefined, an interrupt request (INTCSI) is not generated, and the SO0 pin becomes output high impedance.

18.4.5 Corrective Action in Case of Slippage of Serial Clock and Shift Operations

When an external clock is selected as the serial clock, there may be slippage between the number of serial clocks and
shift operations due to noise, etc. Inthis case, since the serial clock counteris initialized by disabling both transmit operations
and receive operations (by clearing (to 0) the CTXE bit and CRXE bit), synchronization of the shift operations and the serial
clock can be restored by using the first serial clock input after reception or transmission is next enabled as the first clock.
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18.5 2-WIRE SERIAL I/O MODE

The 2-wire serial I/0O mode an support any communication format depending on the program.

Basically, communication is performed by using two lines, a serial clock line (SCL) and a serial data input/output line
(SDA). Generally, a handshake line is necessary for checking the communication status.

In the 2-wire serial /0 mode, both the SCL and SDA pins serves as N-ch open-drain output pins in the output mode.
Therefore, connect external pull-up resistors to these pins.

Figure 18-7 Example of Configuration of 2-Wire Serial I/O System

Vob Vob
Master CPU g Slave CPU
SCL ‘ SCL
SDA SDA
Note
Port (Interrupt) Port
Port Vi Port (Interrupt)

Note Handshake line
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18.5.1 Basic Operation Timing

Inthe 2-wire serial /O mode, data are transferred/received in 8-bit units. Data are transferred/received in synchronization
with the serial clock in 1-bit units with the MSB first.

Transmit data is output at the falling edge of SCL. Receive data is sampled at the rising edge of SCL.

An interrupt request (INTCSI) is generated at the eighth rising edge of SCL.

When SCL is used as the internal clock, output of SCL is stopped at the eighth rising edge of SCL and SCL is kept high
until transfer or reception of the next data is started.

Figure 18-8 Timing in 2-Wire Serial I/O Mode

soL e AN G

SDA p7 X b6 X b5 X b4 X 03 X D2 X D1 >iDo

INTCSI

Transfer end interrupt occurs

Starts at falling edge of SCKO
Note Master CPU: output
Slave CPU: input

The pin specified as the serial data bus of the SDA pin serves as an N-ch open-drain 1/0 pin and must be externally
pulled up by resistor.

Because SDA outputs the status of the SO latch, the output status of the SDA pin can be manipulated by setting the
SPT and STT bits. However, do not set these bits during serial transfer.

When SCL is used as the internal clock (when used as the master CPU), the SCL pin serves as an N-ch open-drain
output pin and must be externally pulled up by resistor.
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18.5.2 Operation When Transmission Only is Enabled
A transmit operation is performed when the CTXE bit of the clocked serial interface mode register (CSIM) is set (to 1).
The transmit operation starts when a write to the shift register (S10) is performed while the CTXE1 bit is set (to 1).
When the CTXE bit is cleared (to 0), the SDA pin is in the output high impedance state.

(1) When the internal clock is selected as the serial clock
When transmission starts, the serial clock is output from the SCL pin and data is output in sequence from SIO to the
SDA pin in synchronization with the fall of the serial clock.
There is a delay of up to one SCL clock cycle between the start of transmission and the first fall of SCL.
If transmission is disabled during the transmit operation (by clearing (to 0) the CTXE bit), SCL clock output is stopped
and the transmit operation is discontinued on the next rise of SCL. In this case an interrupt request (INTCSI) is not
generated, and the SDA pin becomes output high impedance.

(2) When an external clock is selected as the serial clock
When transmission starts, data is output in sequence from SIO to the SDA pin in synchronization with the fall of the
serial clock input to the SCL pin after the start of transmission. If transmission has not started, shift operations are
not performed and the SDA pin output level does not change even if the serial clock is input to the SCL pin.
If transmission is disabled during the transmit operation (by clearing (to 0) the CTXE bit), the transmit operation is
discontinued and subsequent SCL input is ignored. In this case an interrupt request (INTCSI) is not generated, and
the SDA pin becomes output high impedance.

(3) Detecting transmit error
Because the status of the serial data (SDA) being transmitted is also input to the SIO of the device that is sending the
data in the 2-wire serial I/O mode, the data of the SIO before and after transmission can be compared and it can be
judged, if the two data are different, that a transmit error has occurred.

18.5.3 Operation When Reception Only is Enabled
A receive operation is performed when the CRXE bit of the clocked serial interface mode register (CSIM) is set (to 1).
The receive operation starts when the CRXE changes from “0” to “1”, or when a read from shift register (S10) is performed.

(1) When the internal clock is selected as the serial clock
When reception starts, the serial clock is output from the SCL pin and the SDA pin data is fetched in sequence into
shift register (SIO) in synchronization with the rise of the serial clock.
There is a delay of up to one SCL clock cycle between the start of reception and the first fall of SCL.
If reception is disabled during the receive operation (by clearing (to 0) the CRXE bit), SCL clock output is stopped and
the receive operation is discontinued on the next rise of SCL. In this case aninterrupt request (INTCSI) is not generated,
and the contents of the SIO register will be undefined.

(2) When an external clock is selected as the serial clock
When reception starts, the SDA pin data is fetched into shift register (SIO) in synchronization with the rise of the serial
clock input to the SCL pin after the start of reception. If reception has not started, shift operations are not performed
even if the serial clock is input to the SCL pin.
If reception is disabled during the receive operation (by clearing (to 0) the CRXE bit), the receive operation is
discontinued and subsequent SCL input is ignored. In this case an interrupt request (INTCSI) is not generated.
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18.5.4 Operation When Transmission/Reception is Enabled

When the CTXE bit and CRXE bit of the clocked serial interface mode register (CSIM) are both set (to 1), a transmit
operation and receive operation can be performed simultaneously (transmit/receive operation). The transmit/receive
operation is started when the CRXE bit is changed from “0” to “1”, or by performing a write to shift register (SI10).

When a transmit operation is started for the first time, the CRXE bit always changes from “0” to “1”, and there is thus
a possibility that the transmit/receive operation will start immediately, and undefined data will be output. The first transmit
data should therefore be written to SIO beforehand when both transmission and reception are disabled (when the CTXE
bit and CRXE bit are both cleared (to 0)), before enabling transmission/reception.

When transmission/reception is disabled (CTXE = CRXE = 0), the SDA pin is in the output high impedance state.

(1) When the internal clock is selected as the serial clock
When transmission/reception starts, the serial clock is output from the SCL pin, data is output in sequence from shift
register (S10) to the SDA pin in synchronization with the fall of the serial clock, and SDA pin data is shifted in order
into SIO in synchronization with the rise of the serial clock.
There is a delay of up to one SCL clock cycle between the start of transmission and the first fall of SCL.
If either transmission or reception is disabled during the transmit/receive operation, only the disabled operation is
discontinued. If transmission only is disabled, the SDA pin becomes output high impedance. If reception only is
disabled, the contents of the SIO register will be undefined.
If transmission and reception are disabled simultaneously, SCL clock output is stopped and the transmit and receive
operations are discontinued on the next rise of SCL. When transmission and reception are disabled simultaneously,
the contents of SIO are undefined, an interrupt request (INTCSI) is not generated, and the SDA pin becomes output
high impedance.

(2) When an external clock is selected as the serial clock
Whentransmission/reception starts, datais outputin sequence from shift register (S10) to the SDA pinin synchronization
with the fall of the serial clock input to the SCL pin after the start of transmission/reception, and SDA pin data is shifted
in order into SIO in synchronization with the rise of the serial clock. If transmission/reception has not started, shift
operations are not performed and the SDA pin output level does not change even if the serial clock is input to the SCL
pin.
If either transmission or reception is disabled during the transmit/receive operation, only the disabled operation is
discontinued. If transmission only is disabled, the SDA pin becomes output high impedance. If reception only is
disabled, the contents of the SIO register will be undefined.
If transmission and reception are disabled simultaneously, the transmit and receive operations are discontinued and
subsequent SCL input is ignored. When transmission and reception are disabled simultaneously, the contents of SIO
are undefined, an interrupt request (INTCSI) is not generated, and the SDA pin becomes output high impedance.

(3) Detecting transmit error
Because the status of the serial data (SDA) being transmitted is also input to the SIO of the device that is sending the
data in the 2-wire serial I/O mode, the data of the SIO before and after transmission can be compared and it can be
judged, if the two data are different, that a transmit error has occurred.

18.5.5 Corrective Action in Case of Slippage of Serial Clock and Shift Operations

When an external clock is selected as the serial clock, there may be slippage between the number of serial clocks and
shift operations due to noise, etc. Inthis case, since the serial clock counteris initialized by disabling both transmit operations
and receive operations (by clearing (to 0) the CTXE bit and CRXE bit), synchronization of the shift operations and the serial
clock can be restored by using the first serial clock input after reception or transmission is next enabled as the first clock.
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18.6 CAUTIONS

(1) When changing from “CTXE = 0, CRXE = 1” to “CTXE = 1, CRXE = 0”, and when changing from “CTXE = 1,
CRXE =0"t0 “CTXE =0, CRXE =17, ensure that this is not done with a single instruction, as this will result in malfunction
of the serial clock counter, and the first communication after the change will finish in fewer than 8 bits. Instead, two
instructions should be used as shown below.

Example To change “CTXE =1, CRXE = 0" to “CTXE = 0, CRXE = 1"
CLR1 CTXE
SET1 CRXE

(2) In the uPD784038, 784038Y Subseries, data is output when data is written to the shift register.

s 0L L] L L L L L
.

O —-
o—=----
—

a: Setting the transmission enable bit (CTXE ~ 1)
b: Data (55H) written to shift register (SIO —~ 55H)
c: Generation of transfer completion interrupt request

(3) Inthe uPD784038, 784038Y Subseries, the serial clock counter is incremented by one when the shift register is written
after transmission is enabled and if the SCKO pin is low level. Therefore, if transmission is started while the external
clock is selected as the serial clock and the SCKO pin is low level, a transmission completion interrupt request is
generated at the 7th rising of the serial clock.

s | L L OO

S00 [ | | | | | | | |
ntes | [

o p——
o—- -
— -

a: Setting the transmission enable bit (CTXE ~ 1)
b: Data (AAH) written to shift register (SIO — AAH)
c: Generation of transfer completion interrupt request
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(4) When master transmission and slave reception are executed alternately in 3-wire serial /O mode, an invalid serial clock
may be output from the SCKO pin. (Not applicable to 'SCK1 and SCK2 pins)
Set SCKO to high-level output port mode in the period in which the invalid clock (1 system clock max.) indicated in
attachment 2 may be generated when alternately executing master transmission and slave reception.

SCKO

CPU processing

/ Invalid clock

L]

<1> <2> <3> <4> <5> <6>

Transmission

<1> End of slave reception <2> SIO read
<3> Reception disabled (CRXE = 0) <4> Transmit clock selection
<5> Master transmission enabled (CTXE = 1)  <6> SIO write

* Preventive program example (when TM3/2 is selected as the internal clock)

SET1
CLR1
CLR1
SET1
SET1

SET1
MOV

P3.2
PMC3.
CRXE
CSIM.
CTXE

PMC3.
SIO,A

2

0

2

; P32 =1

; SCKO pin: I/O port mode

; Reception disabled

; Slave — Master

; Transmission enabled

; Wait for at least 1 serial clock
: SCKO pin: SCKO 1/0O mode

; Write to SIO register
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When data is successively transmitted from the transmission side in 3-wire serial I/O mode, the second and subsequent
receive data may be undefined under the following conditions <1> and <2>.

<1> Read from the shift register (SIO) is not completed in the period from reception completion (a in the figure below)
to the next fall of the serial clock (SCKO) (b in the figure below)

<2> The reception enable bit is cleared in the period from reception completion (a in the figure below) to the next

rise of the serial clock (SCKO) (c in the figure below), and the reception enable flag cannot be set after the shift
register (SIO) is read

sewo [T U UYWL UL

S @@@@@@@@@@@@@@
INTCSI i_l: : |_|_
i r

ab

Implement the following workaround to prevent this bug.

« Read the shift register after reception completion (a in the figure above) by the next fall of the serial clock (b in the
figure above).

¢ Clear the reception enable bit after reception completion (a in the figure above) by the next rise of the serial clock
(c in the figure above), read the shift register, and set the reception enable flag.
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19.1 OUTLINE OF FUNCTIONS

I12C (INTER IC) bus mode (MSB First)

The I2C bus mode is an interface for communicating with devices that conform with the 12C bus format. It allows 8-bit
data transfer to several devices using 2 lines: a serial clock line (SCL) and a serial data bus (SDA).

In the I2C bus mode, the master can output start conditions, data, and stop conditions to a slave on the serial data bus.
A slave automatically detects the data received by means of hardware. This function can simplify the I1°C bus control
part in application programs.

The conventional serial /0 method being limited to a data transfer function, a lot of ports and wiring are required in order
to discriminate chip select signals and command/data and recognize busy states when the serial bus is configured with
several devices connected. In addition, performing these controls with software places a considerable load on software.
In the I12C bus mode, the serial bus can be configured with two signal lines, a serial clock line (SCL) and a serial data
bus (SDA). Therefore, use of this mode is effective to reduce the number of microcontroller ports, wiring, and complicated
routing in the circuit board.

The I2C bus mode is used for performing single master and slave operations through the 12C bus.

For further information, refer to 19.4 I°C Bus Mode Functions

Figure 19-1 Example of Serial Bus Configuration Using I°C Bus

+Vop +Vop
—— —o—

Serial Data Bus
SDA > SDA Slave CPU
Master CPU Serial Clock
scL = SCL Address 1
SDA Slave CPU
SCL Address 2
SDA Slave IC
SCL Address 3
= SDA Slave IC
> SCL Address N
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CHAPTER 19 I°C BUS MODE (uPD784038Y SUBSERIES ONLY)

@

@

©)

4

®)

(6)

7

®

C)

Shift register (SIO)

The SIO register converts 8-bit serial data to 8-bit parallel data or vice versa. It is used both for transmission and
reception.

Actual transmission and reception is controlled by writing/reading to/from the SIO register.

Reading and writing is performed with 8-bit manipulation instructions. RESET input causes the contents of this register
to become undefined.

Slave address register (SVA)
The slave address register is used to set the address of this microcomputer when it is used as a slave.
This register can also be used to check the direction of transmission.

SO latch
The SO latch serves to retain the SDA pin output level.
It can be controlled by software.

Wake up control circuit

The wake up control circuit is used when the microcomputer is employed as a slave to control whether to always
generate an interrupt or generate an interrupt only when the address set to the slave address register (SVA) matches
the reception address.

Serial clock selector
The serial clock selector selects the serial clock to be used.

Serial clock counter
The serial clock counter counts the serial clocks output during transmission and reception to check whether
transmission or reception has been performed.

Interrupt signal generator

The interrupt signal generator controls the generation of interrupt request signal.

Interrupt requests are generated with the timing shown in Table 19-1 based on the setting of bit 7 (WTIM) in the 12C
bus control register (IICC) and bit 5 (WUP) in the clock synchronous serial interface mode register (CSIM).

Serial clock control circuit
This circuit controls the serial clock supplied to the shift register (SIO). In addition, it controls the clock output to the
SCL pin if the internal clock is used.

Serial clock wait control circuit
The serial clock wait control circuit controls wait timing.

(10) Acknowledge output circuit, Stop condition detection circuit, Start condition detection circuit, Acknowledge

detection circuit
These circuits output and detect various control signals.

(11) Data hold time correction circuit

This circuit generates the data hold time at the falling edge of the serial clock.
This circuit is controlled by setting the data hold time specification bit (DHTO0, DHT1) in the prescaler mode register
(SPRM) for serial clock with the external oscillation frequency.
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19.3 CONTROL REGISTER

19.3.1 Clocked Serial Interface Mode Register (CSIM)
CSIM is an 8-bit register used to specify the serial interface operation mode, serial clock, wakeup function, and so on.
It is read/written with 8-bit manipulation instructions. The format of the CSIM is shown in Figure 19-3.
RESET input clears the contents of this register to 00H.

Figure 19-3 Clocked Serial Interface Mode Register (CSIM) Format

@ 6 ® 4 3 2 1 0 Address After Reset R/W
CSIM|CTXE| O WUP 0 1 1 CLS1 | CLSO | OFF82H 00H R/W
[ CLS1 | CLSO | Serial Clock Specification |[SCKO0, SCL pins
0 0 External clock| Slave Input
1 0 Internal clock | Master| SPRS | Output

Other than above | Setting prohibited

WUP Wakeup Function Control

0 |Aninterrupt request is generated every time
address and data transfer is completed.

1 An interrupt request (INTCSI) is generated
upon reception of this microcontroller's
address, and then an interrupt request
(INTCSI) is generated every time data
transfer is completed.

CTXE Reception/Transmission
0 Disabled
1 Enabled

19.3.2 12C Bus Control Register (IICC)
IICC is an 8-bit register consisting of a bit that controls the serial bus status.
Reading and writing is performed with 8-bit manipulation instructions. During read operation, the write-only bit is “0”.
Figure 19-4 shows the format of ICC. Do not write datato IICC during transmission, reception, and transmission/reception.
RESET input clears the contents of this register to 00H.
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Figure 19-4 12C Bus Control Register (IICC) Format (1/2)

@ ® ® @ ® ® @ © Address After Reset R/W
IICC | WTIM | WREL | ACKD | ACKE | STD | SPD | STT | SPT OFF80H 00H R/W

Wait Timing Setting Bit (R/W)
This bit controls the interrupt generation timing and wait timing control during data reception. Rewrite this bit only when
transmission/reception is prohibited (CTXE = 0).

WTIM 0 8-clock wait: Interrupt request (INTCSI) is generated at eighth falling edge of SCL.
»  When used as master : After 8 clocks are output, changes SCL output to low level and waits.
+ When used as slave : After 8 clocks are input, changes SCL pin to low level and generates a wait request.

1 9-clock wait: Interrupt request (INTSCI) is generated at ninth falling edge of SCL.
+  When used as master : After 9 clocks are output, changes SCL output to low level and waits.
» When used as slave : After 9 clocks are input, changes SCL pin to low level and generates a wait request.

Wait Cancellation Trigger Bit (W)

WREL | Wait status is canceled (SCL is set to high level) when WREL = 1.

Acknowledge Detection Flag (R)

ACKD Clear Conditions (ACKD = 0) Set Conditions (ACKD = 1)
@ Upon detection of acknowledge signal (ACK), at wait | Upon detection of acknowledge signal (ACK) (When SDA is
cancellation (WREL = 1 or S10 write or SPT = 1) low level at ninth rising edge of SCL)
® CTXE=0

® At reset input

Acknowledge Output Enable (R/W)
This bit enables output of the acknowledge signal upon reception of data.

ACKE 0 Disables automatic output of acknowledge signal.

Used during transmission, or when 8-clock wait is selected. However, when WUP = 1 during address reception,

operation is as follows.

» Upon reception of microcontroller address : Automatically outputs acknowledge signal in synchro-
nization with ninth falling edge.

» Upon reception of other than microcontroller address : Does not automatically output acknowledge signal.

1 When 8-clock wait is selected : By making ACKE = 1 before performing wait control, an acknowledge signal is
output in synchronization with the eighth falling edge of SCL.

When 9-clock wait is selected : By making ACKE = 1 beforehand, an acknowledge signal is automatically
output in synchronization with the eighth falling edge of SCL.

However, when WUP = 1 during address reception, operation is as follows.

+ Upon reception of microcontroller address : Automatically outputs acknowledge signal.

» Upon reception of other than microcontroller address : Does not automatically output acknowledge signal.

Following the eighth falling edge when 8-clock wait is selected, if the ACKE bit is changed from 0 to 1, ACK is output
with the timing set in ACKE.
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Figure 19-4 12C Bus Control Register (IICC) Format (2/2)

@ ® ® @ ® ® @ © Address After Reset R/W
IICC | WTIM | WREL | ACKD | ACKE | STD | SPD | STT | SPT OFF80H 00H R/W

Start Condition Detection Flag (R)

STD

Clear Conditions (STD = 0) Set Conditions (STD = 1)
@ 1 Upon wait cancellation following detection of start *+ When WUP = 0 : Upon detection of start condition
condition (WREL = 1 or SIO write N°t¢ or SPT-1) +  When WUP = 1 : Upon detection of microcontroller
® CTXE=0 address

@ At reset input
Note Except during address write when microcontroller
is used as master.

Stop Condition Detection Flag (R)

SPD

Clear Conditions (SPD = 0) Set Conditions (SPD = 1)

@ 1 Upon detection of start condition Upon detection of stop condition
® CTXE=0
@ Atreset input

Start Condition Trigger Bit (W)

STT

By making STT = 1 when SCL and SDA are high level ¢! the SO latch is cleared (to 0). After the SO latch is cleared,
SCL becomes low level, and the STT bit is automatically cleared (to 0).
Notes 1. The level of SCL can be checked by using the P32/SCL pin as an input pin (PM32 = 1) and reading SCL Nt¢2,
The level of SDA can be checked by using the P33/SDA pin as an input pin (PM33 = 1) and reading SDA Note 2,
2. SCL and SDA are defined as reserved words when using an NEC Electronics assembler, and as sfr variables
using the #pragma sfr command in C compiler.

Cautions 1. Even when STT is set (to 1) when SCL and SDA are low level, the start condition is not output
(after STT is set to 1, SCL the start condition is not output even when SCL becomes high level.
2. After STT is set (to 1), be sure to write address to SIO after executing one or more instructions
with NOP or the like.

Stop Condition Trigger Bit (W)

SPT

By making SPT = 1, the SO latch is cleared (to 0), and the SCL becomes high level.
After SCL becomes high level, the SO latch is set (to 1). After the SO latch is set, the SPT bit is automatically cleared
(to 0).
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19.3.3 Prescaler Mode System for Serial Clock (SPRM)

SPRM is an 8-bit register used to specify the serial clock and duty when the data hold time in relation to the falling edge
of SCL and the serial clock are specified for the internal clock (CLS1 bit = 1, CLSO bit 0).

This register is read/written with 8-bit manipulation instructions. Figure 19-5 shows the format of SPRM.

RESET input sets the contents of this register to 04H.

Rewrite SPRM only when transmission/reception is disabled (CTXE = 0).

Figure 19-5 Prescaler Mode Register for Serial Clock (SPRM) Format

7 6 5 4 3 2 1 0 Address After Reset R/W
SPRM| SCD | DHT1 | DHTO 0 |SPRS3|SPRS2|SPRS1|SPRS0| OFF81H 04H R/W
L \ \ \ |
SPRS3|SPRS2|SPRS1|SPRS0O|  Serial Clock Specification
0 0 0 0 fxx/16
0 0 1 fxx/24
0 0 1 0 fxx/32
0 0 1 1 fxx/48
0 1 0 0 fxx/64
0 1 0 1 fxx/96
0 1 1 0 fxx/128
0 1 1 1 fxx/192
1 0 0 0 fxx/256
1 0 0 1 fxx/384
DHT1 | DHTO Data Hold Time Specification
0 0 16 MHz < fxx< 32 MHz | 10/fxx to 12/fxx
0 1 8 MHz < fxx< 16 MHz | 5/fxx to 7/fxx
1 x 4 MHz < fxx< 8 MHz 3/fxx to 5/fxx
SCD Serial Clock Duty Specification
0 For standard mode
1 For high-speed mode
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19.3.4 Slave Address Register (SVA)

SVA is an 8-bit register used to specify the microcomputer’'s address when it is used as a slave device.

Bit 0 of SVA (TRE bit) can be used to check whether transmission or reception is performed.

Bits 1 to 7 are read/written with an 8-bit manipulation instruction. Bit 0 can only be read, using an 8-bit manipulation
instruction and a bit manipulation instruction.

Figure 19-5 shows the format of SVA.

RESET input set the contents of this register to 01H.

Figure 19-6 Slave Address Register (SVA) Format

7 6 5 4 3 2 1 ) Address After Reset R/W
SVA | SVA6 | SVA5 | SVA4 | SVA3 | SVA2 | SVA1 | SVAO | TRE OFF83H 01H Note

\ \ \ \ \ | L
TRE Status Specification

0 Transmission mode

1 Reception mode

Set slave address

Note Bit 0: Only Read (R) is possible.
Bits 1 to 7: Read/Write (R/W) are possible.
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19.4 12C BUS MODE FUNCTION

19.4.1 Pin Configuration
The serial clock pin (SCL) and serial data bus pin (SDA) are configured as follows:

(1) SCL - Pin that inputs/outputs serial clock
» Master : N-ch open-drain output
+ Slave : Schmitt input

(2) SDA - Serial data input/output dual pin N-ch open-drain output and Schmitt input for both master and slave.

Because both the serial clock and serial data bus are N-ch open drain output, they must be connected to external pull-
up resistors.

Figure 19-7 Pin Configuration

Voo | Slave Device
Master Device |

SCL SCL

Clock Output ——Ii Voo =—— (Clock Output)

(Clock Input) <—@— —b—» Clock Input
SDA

Data Output —»I%L SDA fki Data Output

Data Input <—@— —b—» Data Input
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19.4.2 Functions
The following function is available in the I1°C bus mode of uPD784038Y.

)

@

©)

4

®)

472

Automatic identification of serial data
The “start condition”, “data” and “stop condition” on the serial data bus are automatically detected.

Chip select by address
The master can select specific slave device from those connected to the 12C bus by transmitting a slave address and
communicate with that slave.

Wake-up function

When a slave operates, it generates an interrupt only when the address it has received from the master coincides with
the value of the slave address register (SVA). Therefore the slave on the 12C bus other than the one selected by the
master can operate independently of the serial communication.

Acknowledge signal (ACK) control function
The acknowledge signal that is used to check whether serial communication has been correctly executed can be

controlled during the master and slave operations.

Wait signal (WAIT) control function
A slave device can control the wait signal that indicates the busy status of the slave.
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19.5 DEFINITION AND CONTROL METHOD OF THE I°C BUS

The following describes the serial data communication format of the 12C bus and the meanings of the signals used.
Figure 19-8 shows the transfer timing of the “start condition”, “data”, and “stop condition” output to the I2C serial data
bus.

Figure 19-8 Serial Data Transfer Timing on I?°C Bus

SCLi |3|1to7|33|8|33|9|} }|1to7| |8|§i|9|} |1to7| |8|33|9|3| :

Start Address R/W ACK Data ACK Data ACK Stop
Condition Condition

The start condition, slave address, and stop condition are output by the master.

The acknowledge signal (ACK) is output by either the master or slave (usually, this signal is output by the side that
receives 8-bit data).

The serial clock (SCL) is continuously output by the master. However, the slave can extend the SCL low level period,
thus a wait can be inserted.

19.5.1 Start Condition

The start condition is output to the serial data bus when SDA pin goes low while the SCL pin is high.

Therefore, the start condition of the SCL and SDA pins is a signal output by the master when the master starts serial
transfer to a slave.

Figure 19-9 Start Condition

,,,,,,,,,,,,,

,,,,,,,,,,,,,

The start condition is output by making STT = 1 when SCL is being high. When the start condition is executed, STD
is set (STD = 1).
After STT is set (to 1), be sure to write address to SIO after executing one or more instructions with NOP or the like.
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19.5.2 Addresses

The 7-bit data following the start condition is defined to be an address.

An address is 7 bit of data output by the master to select a specific slave from those connected to the bus line. Therefore,
all the slaves on the bus line must have a different address.

A slave detects the start condition by hardware and checks whether the 7-bit data output by the master coincides with
the value of the slave address register (SVA) of the slave. If the 7-bit data coincides with the value of the slave address
register of the slave, is selected. After that, communication takes place between the master and this slave, until the master

transmits a start or stop condition.

Figure 19-10 Address

SCL 1 2 3 4 5 6 7 8 9

SDA s / A6 X A5 X A4 X A3 X A2 X A1 X A0 XR/WX
Address Note
INTCSI

Note In slave, when WUP = 1, if an address other than own address is received, INTCSI does not occur.

The slave address and the transfer direction explained in section 19.5.3 Transfer Direction Specification are written
to ISO simultaneously, and then an address is output. The received address is also written into ISO with specification of

transfer direction.
Slave address, however, is assigned to the higher 7 bits of SIO.

After STT is set (to 1), be sure to write address to SIO after executing one or more instructions with NOP or the like
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19.5.3 Transfer Direction Specification
The master transmits the 1-bit data to specify the transfer direction following 7-bit address.
The transfer direction specification bit 0 indicates data transmission from the master to the slave.
On the other hand, the transfer specification bit 1 indicates data reception from the slave to the master.

Figure 19-11 Transfer Direction Specification

SCL 1 2 3 4 5 6 7 8 9
SDA \ /AGXASXA4XA3XA2XA1XAOXR/\NX
N
Transfer Direction ot
INTCSI Specification

Note INTCSI is not generated if other than own address is received during WUP = 1 in slave operation.

Transfer direction specification bit is output by writing into SIO with address simultaneously.

In addition, the received direction is written not only into SIO with address but also into TRE bit (bit 0) in the slave address
register (SVA) simultaneously.

The transfer direction is assigned to the lowest order bit in the SIO.

Afterthe STTis set (to 1), at least one instruction should be executed using NOP, etc. before writing the transfer direction
to the SIO.
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19.5.4 Acknowledge Signal (ACK)

The acknowledge signal is used to confirm that serial data has been received at transmission and reception sides.

The reception side returns the acknowledge signal each time it has received 8 bits of data. However, do not return ACK
on receiving the last data when a start condition or stop condition is to be issued while the master receives data (refer to
Figure 19-16). The transmission side checks whether the reception side has returned the acknowledge signal after it has
transmitted 8-bit data. When the acknowledge signal has been returned, itis assumed that the 8-bit data has been correctly
received, and the next processing is performed. If a slave does not return the acknowledge signal, it is not received the
data correctly. Consequently, the master outputs a stop condition to abort transmission.

Figure 19-12 Acknowledge Signal

SCL 1 2 3 4 5 6 7 8 9

o T\ Lo X X T Lo o oo\

Remark When 8 clock wait : The acknowledge signal is output synchronized with the falling edge of the eighth clock
of SCL by setting ACKE = 1 before the wait release.
When 9 clock wait : The acknowledge signal is output synchronized with the falling edge of the eighth clock
of SCL by setting ACKE = 1 beforehand.

The acknowledge signal is output synchronized with the falling edge of the 8th clock of SCL by setting ACKE (to 1). In
WUP =1, however, acknowledge is automatically output synchronized with the falling edge of the 8th clock of SCL regardless
of ACKE value when receiving own address and the acknowledged signal is not output when receiving other than own
address.

+ When 8-clock wait : The acknowledge signal is output synchronized with the falling edge of the 8th clock of SCL
by setting ACKE = 1 before the wait release.

+ When 9-clock wait : The acknowledge signal is output synchronized with the falling edge of the 8th clock of SCL
by setting ACKE = 1 beforehand.

The following operate when address reception in WUP = 1.

» Upon reception of relevant microcontroller address : Automatic output of acknowledge signal is per-
formed.

* Upon reception of other than relevant microcontroller address : Automatic output of acknowledge signal is not
performed.
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19.5.5 Stop Condition
The stop condition is set when the SDA pin goes high while the SCL pin is high.
The stop condition is output by the master to the slave when serial transfer has been completed.

Figure 19-13 Stop Condition

The Stop condition is generated by setting SPT (to 1).
And when detecting the stop condition, SPD is set (to 1) and INTSPC is generated.
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19.5.6 Wait Signal (WAIT)

The wait signal is output by a slave to the master to indicate that the slave is waiting to send/receive data (wait status).

The slave informs the master that it is the wait status by making SCL pin low. When the slave is released from the wait
status, the master can start the next transfer.

Figure 19-14 Wait Signal (1/2)

(1) When Eight Clocks Wait for Master and Slave
(master: transmission, Slave: reception, ACKE = 0)

Master
The master makes Hi-z and Waits after the 9th
the slave makes it wait clock has been
(low level). output
SIO < Data
SIO }
SCL 6 7 8 9 1 2 3
Slave
Waits after the 8th
clock has been output
IO - FFH
SIO 1 S10
SCL
ACKE
Transmission
Line
SCL 6 7 8 9 1 2 3
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Figure 19-14 Wait Signal (2/2)

(2) When nine clocks wait for master and slave
(Master: Transmission, Slave: reception, ACKE = 1)

Master

Both master and slave wait after
the 9th clock has been output.

SIO

, SIO — Data
!

SCL 6 7 8 9 1 2 3

Slave

SIO } SIO ~ FFH

SCL

ACKE H

Transmission
Lline

SCL 6 7 8 9 1 2 3

SDA XD2XD1XDO><‘ACK/ X D7 XDGXDSX

Output according to the value set to ACKE beforehand

The wait is automatically generated when values are set to both WUP and WTIM.
The wait, however, is released when WREL = 1 is made, and address is written to SIO, or CTXE is cleared (to 0).
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19.5.7 Interrupt Request (INTCSI) Generation Timing and Wait Control

The interrupt request is generated when the combination of the WUP bit of the clock synchronous serial interface (CSIM)
and the WTIM bit of the 12C bus control register (1ICC) are correspond with the timings shown in Figure 19-1 and also wait
is controlled by the same manner.

Table 19-1 INTCSI Generation Timing and Wait Control

Slave Operation Master Operation
wup WTIM Data Data Data Data
Address . . Address . .
Reception Transmission Reception Transmission
0 0 8 8 9 9 8 9
0 1 8 9 9 9 9 9
1 0 g Note 1, 2 8 Note 2 g Note 2 9 8 9
1 1 9 Note 1, 2 9 Note 2 9 Note 2 9 9 9

Notes 1. Only when the INTCSI signal and wait in slave operation in WUP = 1 and the address which has been set
in the slave address register (SVA) matched, an interrupt request or wait are generated at the falling edge
of the 9th clock. At this time, even if ACKE is set, ACK is output.

2. When WUP = 1, neither INTCSI nor wait in is generated if the SVA and received address have not matched.

Remark The numbers in the table refer to the number of serial clocks. Both the interrupt request and wait control
synchronize with the falling edge of the serial clock.

(1) When address transmission and reception
» At slave operation : The interrupt timing and wait timing are determined by the WUP regardless of WTIM bit.
» At master operation : The interrupt timing and wait timing are generated at the falling edge of the 9th clock
regardless of the WUP bit and WTIM bit.

(2) When data reception

+ At master/slave operation : The interrupt timing and wait timing are determined by the WTIM bit regardless of WUM
bit.

(3) When data transmission

+ At master/slave operation : The interrupt timing and wait timing are generated at the falling edge of the 9th clock
regardless of the WUP bit and WTIM bit.

(4) Wait release method
Three wait release methods are described as below.
+ WREL = 1 in the I2C bus control register (1ICC).

» Write operation of serial shift register (S10) CTXE = 0 in clock synchronous serial interface mode register
+ When 8 clock wait (WTIM = 0) is selected, ACK output level should be determined before wait release.
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19.5.8 Interrupt Request Generation Timing
INTSPC is generated at the detection of the stop condition.
Processing to wait the generation of the next start condition is required in the INTSPC interrupt routine.
This is applied when used as a slave or WUP = 0.

19.5.9 Detection Method of Address Match

Inthe I2C bus mode, the master transmits the slave address, as a consequence, the specific slave device can be selected.
The address match detection can be performed automatically with the hardware. If the self-addressed setting assigned
to the slave address register in the wake up function specification bit (WUP) = 1, INTCSI interrupt request is generated
only when the slave address transmitted from the master matches the address set to SVA. To identify the slave reception
data as the address, the value of the start bit condition bit (STD) should be verified.

Caution When WUP =0, the INTCSI interrupt request is generated, even though the self-addressed setting set
tothe slave address register (SVA) dose not match the data (address) received after the start condition.

19.5.10 Error Detection

In the 12C bus mode, the state of the serial bus (SDA) during transmission is transferred to the serial shift register of
the device during transmission.

Thus, the transmission error is detected by comparing the data before the transmission with the data after the
transmission. In this case, the transmission error occurred if the two data are different each other.

19.6 TIMING CHART

In the 12C bus mode, the master outputs the address to the serial bus, then, a target slave device is chosen among several
slave devices.

The master transmits the TRE bit, which indicates the data transmission direction next to the slave address, and then,
the transmission to the slave starts.

Figures 19-15 and 19-16 indicate the timing chart of the data transmission.

First, the shift operation of the shift register (SIO) is performed synchronizing with the falling edge of serial clock, next,
the transmission data are sent to SOO latch, finally, they are output from SDA pin as MSB first.

On the other hand, the data input to the SDA pin triggered by SCL rising edge are held into the SIO.
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Figure 19-15 Example of Communication from Master to Slave
(with 9-clock wait selected for both master and slave. Slave: WUP = 0) (1/3)

(1) Start condition = address

Processing in
Master Device

SIO
ACKD

STD

, SIO — Address ot , SIO — Data
! T

SPD

WUP

WTIM
ACKE
STT

SPT

WREL

INTCSI
INTSPC
TRE

Transfer Ling|

SCL

SDA

Processing in Condition
Slave Device

S0 / } SIO — FFH

ACKD | 1 -
STD |
SPD

WUP

WTIM H

ACKE H \
STT

SPT \
WREL \

INTCSI \i_l

INTSPC

TRE H Reception

Note Afterthe STTis set (to 1), atleast one instruction such as NOP etc., should be executed before writing the address
to the SIO.
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Figure 19-15 Example of Communication from Master to Slave
(with 9-clock wait both selected for master and slave. Slave: WUP = 0) (2/3)

(2) Data

Processing in
Master Device

S0 } SIO ~ Data } SIO — Data

ACKD I 1 I 1 \
STD

SPD \ J
WUuUP / /

. /
STT /
SPT / /
WREL / /

INTCSI 41 / J1 /

INTSPC [ /
TRE | Trangmission | [

SCL

SDA

Processing in
Slave Device

SIO
ACKD I/ ]
STD

SPD / /

WUP /

WTIM H /
ACKE H
STT /
SPT (
WREL \ \

INTCSI \|_| \1_|

INTSPC

TRE H  Reception
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Figure 19-15 Example of Communication from Master to Slave
(with 9-clock wait both selected for master and slave. Slave: WUP = 0) (3/3)

(3) Stop condition

Master Device
SIO
ACKD 1 | |

STD I
SPD 1
WUP

, SIO — Data , SIO — Address
! !

WTIM H
ACKE H
STT <I_I

SPT

WREL
INTCSI 1
INTSPC &

TRE Transmission

SCL

[ 1—]

1

SDA

Stop Start
Condition Condition

Processing in
Slave Device

S0 } SIO ~ FFH } SIO —~ FFH

ACKD 1
STD I

SPD / 1
WUP /

WTIM H /

ACKE H /
STT

SPT \
WREL \

INTCSI 1

INTSPC M

TRE H  Reception
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Figure 19-16 Example of Communication from Slave to Master
(When selecting the 9th clock wait both master and slave) (1/3)

(1) Start condition = address

Processing in
Master Device

SIO
ACKD | ]

ST __| ]
SPD )

, SIO — Address Nt , SIO ~ FFH
I I

WUP /

WTIM
ACKE
STT

T

T

SPT

WREL \\

INTCSI \ \ A1

INTSPC ‘ \ (
TRE ‘ \ \

D/

Condition

Processing in
Slave Device

SIO ‘
ACKD / Iﬁ_l

, SIO — Data

STD  __| / / ]
SPD

WUP /

WTIM H

ACKE H
STT

SPT

]
/
/
|
WREL \ L
INTCSI \ \l_l
INTSPC \

TRE 1

Note Afterthe STTisset(to 1), atleastone instruction such as NOP, etc., should be executed before writing the address
to the SIO.
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486

Figure 19-16 Example of Communication from Slave to Master

Processing in
Master Device

(When selecting the 9th clock wait both master and slave) (2/3)

(2) Data

SIO

ACKD __ Tk

STD

/SIO  FFH
1

)

SPD

/

WUP

WTIM

ACKE
STT

SPT

WREL

/

INTCSI

INTSPC

TRE

Transfer Line|

SCL
SDA

Processing in
Slave Device

SIO
ACKD

STD
SPD
WUP
WTIM

ACKE
STT

SPT
WREL
INTCSI
INTSPC

TRE

, SIO — Data

1213
D7

: SIO ~ Data

|
|
|

Transmission
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Figure 19-16 Example of Communication from Slave to Master
(When selecting the 9th clock wait both master and slave) (3/3)

(3) Stop Condition

Processing in
Master Device

SIo } SIO — FFH } SIO — Address

ACKD |
STD —
SPD 1

WUP

WTIM H
ACKE H
STT J1

SPT (
WREL ﬁ
INTCSI A1 /

|
INTSPC ( / \\ 1 \

SCL

SDA D7 XDEXDEX DX DX DX DX N Aok T 1 Y /R

Stop Start
Slave Device

Condition Condition
SIO

ACKD — 1
STD —
SPD 1

WUP /

112

, SIO — Data
!

WTIM H /

ACKE H /
STT

SPT \
WREL \ M

INTCSI 11

INTSPC M

TRE I
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19.7 SIGNAL AND FLAGS

Table 19-2 lists the relationship between kinds of signals and flags in 1°C bus mode.

Table 19-2 Relationship between Signals

and Flags

. Outputting L Conditions for . .
Signal . Definition . Effect to Flag Meaning of Signal
Device Outputting
Start condition Master At falling edge of SDA Sets STT. Sets STD, Clear | Transmitting the address
when SCL is in high level SPD. to next, and indicates start
of serial communication.
Stop condition Master At falling edge of SDA Sets SPT. Sets both SPD Indicates end of the serial
when SCL is in high level and SPCIF, communication.
Clears both ACKD
and STD.
Acknowledge Master/Slave | After the reception has ACKE = 1 Sets ACKD. Indicates 1 byte reception

(R/W)

with SCL after address is
output.

Data (D7 to DO)

Master/Slave

8-bit data synchronizing
with SCL which is not
immediately after entering
start condition

signal (AW) (receiver) been completed, the low has ended.
level signal of SDA output
when 9th clock of SCL is
staying in high level.
Wait (WAIT) Master/Slave | Low level signal output to | Depends on the Indicates that serial
SCL value of WTIM bit communication is in
disable state.
Serial clock Master Synchronous clock for Executes to write | Sets CSIIF.Nt2 | Synchronous signal of
various signals output data to SIO when serial communication
Address Master 7-bit data synchronizing CTXE.= 1 ) Indicates address value
(A6 to A0) with SCL after start (start instruction to specify slave on the
condition output of serial serial bus
transmission) Note 1
Transfer direction| Master 1-bit data synchronizing Perform either data

transmission or reception

Indicates actual data for
communicating

Notes 1. When it is wait state, serial transmission is started after the wait state has been released.

2. Forfurther details of timing for generation of a interrupt request, refer to Table 19-1 INTCSI Generation Timing
and Wait Control.

488 User's Manual U11316EJ4V1UD



CHAPTER 20 CLOCK OUTPUT FUNCTION

The uPD784038 has a clock function that outputs a signal scaled from the system clock.
The clock output function can output the system clock directly, or a 1/2, 1/4, 1/8 or 1/16 system clock signal. In addition,

it can be used as a 1-bit output port. The output pin has a dual function as the ASTB pin.

Caution This function cannot be used with the pPD784031, and when the external memory extension mode is

20.1 CONFIGURATION

The clock output function configuration is shown in Figure 20-1.

fork
fok/2
foik/4

fek/8
fok/16

used.

—

—

Figure 20-1 Clock Output Function Configuration

Selector 1

Clock Output Mode
Lv 0 0 CLE FS2 FS1 FSO Register (CLOM)
Y
Output =| Selector 2 ASTB/CLKOUT
Control
Address Latch Signal RESET

User's Manual U11316EJ4V1UD

489



CHAPTER 20 CLOCK OUTPUT FUNCTION

@

@

©)

4

®)
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Clock output mode register (CLOM)
Register that controls the operation of the clock output function.

Selector 1
Selector that selects the frequency of the clock to be output.

Output control
Controls the output signal in accordance with the contents of the clock output mode register (CLOM).

Selector 2
Selects either the ASTB signal or the CLKOUT signal as the signal to be output to the ASTB/CLKOUT pin.

ASTB/CLKOUT pin

Pin that outputs the signal selected by selector 2. While the RESET input is low, the ASTB/CLO pinis in the Hi-Z state,
and when the RESET input becomes high it outputs a low-level signal, and then outputs a signal according to the set
function.
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CHAPTER 20 CLOCK OUTPUT FUNCTION

20.2 CLOCK OUTPUT MODE REGISTER (CLOM)

The CLOM controls the clock output function.
CLOM can be read or written to with an 8-bit manipulation instruction or bit manipulation instruction.
The CLOM format is shown in Figure 20-2.

RESET input clears the CLOM register to 00H.

Figure 20-2 Clock Output Mode Register (CLOM) Format

@ 6 5 @ 3 2 1 0 Address  After Reset R/W
CLOM Lv 0 0 CLE 0 FS2 FS1 FSO | OFFC6H 00H R/W
FS2 FS1 FSO Frequency Selection
0 0 0 foLkNote
0 0 1 fewk/2
0 1 0 fek/4
0 1 1 foeLk/8
1 0 0 folk/16
Note  Outputs the system clock
Duty # 50 %
CLE Clock Output Control
0 Outputs LV bit contents
1 Outputs clock selected by bits FS2 to FSO
LV Output Level Control
0 Outputs low level
1 Outputs high level

Cautions 1.

With the uPD784031, and when the external memory extension mode is used, the clock output
mode register (CLOM) should be set to 00H (value after RESET release).

The other bits (FSO to FS2 and LV) must not be changed while the CLE bit is set (to 1).
The other bits (FSO to FS2 and LV) must not be changed at the same time when the CLE bit is

changed.
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CHAPTER 20 CLOCK OUTPUT FUNCTION

20.3 OPERATION

20.3.1 Clock Output

A signal with the clock output frequency selected by bits FSO to FS2 is selected by selector 1 and output.

The output signal has the same level as the LV bit when the CLE bit is cleared (to 0), and is output from the clock signal
immediately after the CLE bit is set (to 1).

When the CLE bit is cleared (to 0), the contents of the LV bit are output in synchronization with the clock signal, and
further output operations are stopped.

Figure 20-3 Clock Output Operation Timing

(@ LV=0

feik/n
(n=1,2,4,8,16)

CL

m

g AN

CLKOUT

(b) LV=1

ferk/n
(n=1,2,4,8,16)

CL

m

g N

CLKOUT

Setting of bits FS0 to FS2 and the LV bit should only be performed when CLE = 0 (bits FSO to FS2 and the LV bit should
not be changed within the same instruction that changes the CLE bit contents).

<Operation Example>
MOV CLOM, #82H ; CLKOUT pin: high level, clock output: fcLk/4
SET1 CLE ; Starts clock output

CLR1 CLE ; Stops clock output, CLKOUT pin: high level
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CHAPTER 20 CLOCK OUTPUT FUNCTION

20.3.2 One-Bit Output Port
When the CLE bit is cleared (to 0), the contents of the LV bit are output from the CLKOUT pin. The CLKOUT pin changes
as soon as the contents of the LV bit change.

Figure 20-4 One-Bit Output Port Operation

LV

CLKOUT

A A
SET1 LV Instruction Executed CLR1 LV Instruction Executed

20.3.3 Operation in Standby Mode

(1) HALT mode
The state prior to setting of the HALT mode is maintained. That is, if, during clock output, clock output has been
performed continuously, and clock output has been disabled, the LV bit contents set before the HALT mode setting
are output unchanged.

(2) STOP mode and IDLE mode
Clock output must be disabled before setting the STOP mode or IDLE mode (this must be done by software). The
CLKOUT pin level output is the level before the STOP mode or IDLE mode was set (the contents of the LV bit).

20.4 CAUTIONS

(1) This function cannot be used with the uPD784031, and when the external memory extension mode is used.

(2) With the uPD784031, and when the external memory extension mode is used, the clock output mode register (CLOM)
should be set to 00H (value after RESET release).

(3) The other bits (FSO to FS2 and LV) must not be changed while the CLE bit is set (to 1).

(4) The other bits (FSO to FS2 and LV) must not be changed at the same time when the CLE bit is changed.
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CHAPTER 21 EDGE DETECTION FUNCTION

P20 to P26 have an edge detection function that allows a rising edge/falling edge to be set programmably, and the
detected edge is sent to internal hardware. The relation between pins P20 to P26 and the use of the detected edge is shown
in Table 21-1.

Table 21-1 Pins P20 to P26 and Use of Detected Edge

Pin Use Detected Edge Specification Register

P20 | NMI, standby circuit control INTMO

P21 | INTPO, timer/counter 1 capture signal
timer/counter 1 count clock signal
Real-time output port trigger signal

P22 | INTP1, timer/counter 2 CR22 capture signal

P23 | INTP2, ClI (timer/counter 2 count clock signal),
timer/counter 2 CR21 capture signal

P24 | INTP3, timer/counter O capture signal INTM1
timer/counter 0 count clock signal

P25 | INTP4, standby circuit control

P26 | INTP5, A/D converter conversion start signal, standby circuit control

The edge detection function operates at all times except in STOP mode and IDLE mode (although the edge detection
function for pins P20, P25 and P26 also operates in STOP mode and IDLE mode).
For the P21/INTPO pin, the noise elimination time when edge detection is performed can be selected by software.

21.1 EDGE DETECTION FUNCTION CONTROL REGISTERS

21.1.1 External Interrupt Mode Registers (INTMO, INTM1)

The INTMn (n = 0, 1) specify the valid edge to be detected on pins P20 to P26. The INTMO specifies the valid edge
for pins P20 to P23, and the INTM1 specifies the valid edge for pins P24 to P26.

The INTMn can be read or written to with an 8-bit manipulation instruction or bit manipulation instruction. The format
of INTMO and INTM1 are shown in Figures 21-1 and 21-2 respectively.

RESET input clears these registers to 00H.
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CHAPTER 21 EDGE DETECTION FUNCTION

INTMO

Figure 21-1 External Interrupt Mode Register 0 (INTMOQ) Format

7 6 5 4 2 1 0 Address After Reset R/W
ES21 | ES20 | ES11 | ES10 | ESO1 | ES00 0 ESNMI| OFFAOH 00H R/W
L] | | |
ESNMI P20 (NMI) Féi;;gi;;lé;g)c?:lected Edge
0 Falling edge
1 Rising edge
P21. (INTPO, CR11/CR11W Capture
e s o B O S
Pin Input Detected Edge Specification
0 0 Falling edge
0 1 Rising edge
1 0 | Setting prohibited
1 1 Both falling & rising edges
P22 (INTP1, CR22/CR22W Capture
ES11| ES10| Trigger) Pin Input Detected Edge
Specification
0 0 Falling edge
0 1 Rising edge
1 0 | Setting prohibited
1 1 Both falling & rising edges
P23 (INTP2, CR21/CR21W Capture
ES21| ES20] Trigger, Cl) Pin Input Detected Edge
Specification
0 0 Falling edge
0 1 Rising edge
1 0 | Setting prohibited
1 1 Both falling & rising edges
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CHAPTER 21 EDGE DETECTION FUNCTION

Figure 21-2 External Interrupt Mode Register 1 (INTM1) Format

7 6 5 4 3 2 1 0 Address After Reset R/W

INTM1 0 0 ES51 | ES50 | ES41 | ES40 | ES31 | ES30 | OFFA1H 00H R/W

L L L

P24 (INTP3, CR02 Capture Trigger,
ES31| ES30 TMO Count Clock) Pin Input
Detected Edge Specification

0 0 Falling edge

0 1 Rising edge

1 0 | Setting prohibited

1 1 Both falling & rising edges

P25 (INTP4) Pin Input Detected
Edge Specification

0 0 | Falling edge

0 1 Rising edge

1 0 | Setting prohibited

1 1 Both falling & rising edges

P26 (INTP5, A/D Conversion Start
ES51| ES50| Signal) Pin Input Detected Edge
Specification

0 0 | Falling edge

0 1 Rising edge

1 0 | Setting prohibited

1 1 Both falling & rising edges

Caution Valid edge detection cannot be performed when the valid edge is changed by a write to the external
interrupt mode register (INTMn: n =0, 1). Also, if an edge is input during a change of the valid edge,
that edge may or may not be judged to be a valid edge.
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CHAPTER 21 EDGE DETECTION FUNCTION

21.1.2 Sampling Clock Selection Register (SCS0)

The SCSO0 specifies the sampling clock (fsmp) for digital noise elimination performed on pin P21.

The SCSO0 can be read or written to with an 8-bit manipulation instruction. The format of SCSO0 is shown in Figure 21-
3.

RESET input clears the SCSO register to 00H.

Figure 21-3 Sampling Clock Selection Register (SCS0) Format

7 6 5 4 3 2 1 0 Address  After Reset R/W
SCSo0 0 0 0 0 0 0 SCS01|SCS00| OFFA4H 00H R/W
Ofxx =32 MHz O
0 0
Ofck =16 MHz 0O
Pulse Minimum

Sampling ' !
SCS01|SCS00| Clock IW.ldth PuIseW|dth
(fswe) Eliminated | Recognized

as Noise | as Signal

3/fek 4/fok
(188 ns) (250 ns)

0 0 fork

192/fxx 256/fxx

fxx/64
O 1 1 [ ™ | gous) | Bops)

384/fxx 512/fxx
(12.0us) | (16.0us)

768/fxx 1,024/fxx
1 1 [ 20256 | oq40us) | (32.0u8)

1 0o | 128
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CHAPTER 21 EDGE DETECTION FUNCTION

21.2 EDGE DETECTION FOR PINS P20, P25 AND P26

On pins P20, P25 and P26, noise elimination is performed by means of analog delay before edge detection. Therefore,
an edge cannot be detected unless the pulse width is a given time (10 us) or longer.

The width of the pulse eliminated as noise varies depending on the characteristics and ambient temperature of the device
used. Itis recommended to input a pulse with a width of 10 us or more to prevent the pulse from being eliminated as noise.

Figure 21-4 Edge Detection for Pins P20, P25 and P26

10 us (MIN.)
P20/P25/P26 Input |_| J
10us [ o
- - (MAX.)
i 10 us
P20/P25/P26 Input Signal
after Noise Elimination (MAX.)

Rising Edge —l

Falling Edge —l
T ( Short pulse T

Short pulse eliminated as noise Falling edge detected since
eliminated as a noise Rising' edge'd'etectedl since pulse is sufficiently wide
pulse is sufficiently wide

Caution Since analog delay noise elimination is performed on pins P20, P25 and P26, an edge is detected up
to 10 us after it is actually input. Also, unlike pins P21 to P24, the delay before an edge is detected
is not a specific value, because of differences in the characteristics of various devices.
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CHAPTER 21 EDGE DETECTION FUNCTION

21.3 EDGE DETECTION FOR PIN P21

In P21 edge detection, digital noise elimination is performed using the clock (fsmp) specified by the sampling clock
selection register (SCS0). In digital noise elimination, input is sampled using the fsmp clock, and if the input level is not
the same at least four times in succession (if it is the same only three or fewer times in succession), it is eliminated as noise.
Therefore, the level must be maintained for at least 4 fswp clock cycles in order to be recognized as a valid edge.

Remark When the pulse width of a signal with a comparatively long pulse width and a lot of noise, such as an infrared
remote count reception signal, is measured, or when a signal is input in which oscillation occurs when an edge
occurs, as with switch input chattering, for instance, it is better to set the sampling clock to low speed with
the sampling clock selection register (SCSO0). If the sampling clock is high-speed, there will be a reaction to
the short-pulse noise components as well, and the program will frequently have to judge whether the input
is noise or a signal. However, by slowing down the sampling clock, reaction to short pulse width noise is
eliminated and thus the program does not have to make judgments so frequently, and can thus be simplified.

Figure 21-5 P21 Pin Edge Detection

P21 Input | | | | | |
fsmp || || || || || || || || || || || || || || || || || || || || || || || || || || || || ||

P21 Input Signal after |
Noise Elimination

Rising Edge ﬂ

Falling Edge I

A
Digital noise
elimination with fsme clock

Cautions 1. Sincedigital noise elimination is performed with the fsmp clock, thereis adelay of 3to 4 fsme clocks
between input of an edge to the pin and the point at which the edge is actually detected.
2. Iftheinput pulse width is 3 to 4 fsmp clocks, it is uncertain whether a valid edge will be detected.
Therefore, to ensure reliable operation, the level should be held for at least 4 clocks.
3. If noise input to the pin is synchronized with the fswp clock in the uPD784038, it may not be
recognized as noise. If thereis apossibility of such noise being input, noise should be eliminated
by adding a filter to the input pin.
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21.4 EDGE DETECTION FOR PINS P22 TO P24

Edge detection for pins P22 to P24 is performed after digital noise elimination by means of clock sampling. Unlike the
P21 pin, fck is used as the sampling clock.

In digital noise elimination, input is sampled using the fcik clock, and if the input level is not the same at least four times
in succession (if it is the same only three or fewer times in succession), it is eliminated as noise. Therefore, the level must
be maintained for at least 4 fcik clock cycles (0.25 us: fcik = 16 MHz, fcik = 1/2 fxx, fxx = 32 MHz) in order to be recognized

as a valid edge.

Figure 21-6 Edge Detection for Pins P22 to P24

P22 to P24 Input | | | | | |

P22 to P24 Input Signal |
after Noise Elimination

Rising Edge ﬂ

Falling Edge n

A

Digital noise elimination
with fewk clock

Cautions 1. Sincedigital noise elimination is performed with the fcLk clock, there is adelay of 3to 4 fcik clocks
between input of an edge to the pin and the point at which the edge is actually detected.
2. Iftheinput pulse width is 3 to 4 fcuk clocks, it is uncertain whether a valid edge will be detected.
Therefore, to ensure reliable operation, the level should be held for at least 4 clocks.
3. Ifnoiseinputtoapinissynchronized with thefck clock in the uPD784038, it may not berecognized
as noise. If thereis a possibility of such noise being input, noise should be eliminated by adding
a filter to the input pins.
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CHAPTER 21 EDGE DETECTION FUNCTION

21.5 CAUTIONS

(1)

Valid edge detection cannot be performed when the valid edge is changed by a write to the external interrupt mode
register (INTMn: n =0, 1). Also, if an edge is input during a change of the valid edge, that edge may or may not be
judged to be a valid edge.

Since analog delay noise elimination is performed on pins P20, P25 and P26, an edge is detected up to 10 us after
it is actually input. Also, unlike pins P21 to P24, the delay before an edge is detected is not a specific value, because

of differences in the characteristics of various devices.

Since digital noise elimination is performed on the P21 pin with the fsmp clock, there is a delay of 3 to 4 fsmp clocks
between input of an edge to the pin and the point at which the edge is actually detected.

Ifthe input pulse width on the P21 pinis 3to 4 fsmp clocks, itis uncertain whether a valid edge will be detected. Therefore,
to ensure reliable operation, the level should be held for at least 4 clocks.

If noise input of the P21 pin is synchronized with the fsmp clock in the uPD784038, it may not be recognized as noise.
If there is a possibility of such noise being input, noise should be eliminated by adding a filter to the input pins.

Since digital noise elimination is performed on pins P22 to P24 with the fcik clock, there is a delay of 3 to 4 fcLk clocks
between input of an edge to the pin and the point at which the edge is actually detected.

If the input pulse width on pins P22 to P24 is 3 to 4 fcik clocks, it is uncertain whether a valid edge will be detected.
Therefore, to ensure reliable operation, the level should be held for at least 4 clocks.

If noise input to pins P22 to P24 is synchronized with the fcik clock in the uPD784038, it may not be recognized as
noise. If there is a possibility of such noise being input, noise should be eliminated by adding a filter to the input pins.
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CHAPTER 22 INTERRUPT FUNCTIONS

The uPD784038 is provided with three interrupt request service modes (see Table 22-1). These three service modes
can be set as required in the program. However interrupt service by macro service can only be selected for interrupt request
sources provided with the macro service processing mode shown in Table 22-2. Context switching cannot be selected for
non-maskable interrupts or operand error interrupts.

Multiple-interrupt control using 4 priority levels can easily be performed for maskable vectored interrupts.

Table 22-1 Interrupt Request Service Modes

Interrupt Request

) Servicing Performed PC & PSW Contents Service
Service Mode
Vectored interrupts Software Saving to & restoration Executed by branching to service program at
from stack address Note gpecified by vector table
Context switching Saving to & restoration Executed by automatic switching to register
from fixed area in bank specified by vector table and branching
register bank to service program at address Not€ specified by

fixed area in register bank

Macro service Hardware Retained Execution of pre-set service such as data
(firmware) transfers between memory and I/O

Note The start addresses of all interrupt service programs must be in the base area. If the body of a service program
cannot be located in the base area, a branch instruction to the service program should be written in the base area.

22.1 INTERRUPT REQUEST SOURCES
The uPD784038 has the 25 interrupt request sources shown in Table 22-2, with a vector table allocated to each.

Table 22-2 Interrupt Request Sources (1/2)

Interrupt Macro
Type of Service Vector
Ininrupt Default Interrupt Request Generating | Control Context Macro Control Table
Priorit Generating Source Unit Register | Switchin Service
Request onty ng Sou ! Nglme witching v Word Address
Address
Software None BRK instruction execution — — Not Not — 3EH
possible | possible
BRKCS instruction execution — — Possible Not — —
Operand None Invalid operand in MOV STBC, — — Not Not — 3CH
error #byte instruction or MOV WDM, possible possible
#byte instruction, and LOCATION
instruction
Non- None NMI (pin input edge detection) Edge — Not Not — 2H
maskable detection possible possible
INTWDT (watchdog timer Watchdog — Not Not — 4H
overflow) timer possible possible
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INTERRUPT FUNCTIONS

Table 22-2 Interrupt Request Sources (2/2)

Interrupt Macro
Type of ) P Service Vector
Interrupt Default Interrupt Request Generating | Control Context Macro Control Table
Priorit Generating Source Unit Register | Switchin Service
Request y g Ngme g Word Address
Address
Maskable 0 INTPO (pin input edge detection) Edge PICO Possible Possible | OFEO6H 6H
1 INTP1 (pin input edge detection) detection | pjc4 OFE08H 8H
2 INTP2 (pin input edge detection) PIC2 OFEOAH 0AH
3 INTP3 (pin input edge detection) PIC3 OFEOCH 0CH
4 INTCO00 (TM0-CROO0 match signal Timer/ CIlcoo OFEOEH OEH
generation) counter 0
5 INTCO1 (TM0-CRO1 match signal Clco1 OFE10H 10H
generation)
6 INTC10 (TM1-CR10 or TM1W- Timer/ Cic10 OFE12H 12H
CR10W match signal generation) counter 1
7 INTC11 (TM1-CR11 or TM1W- CIC11 OFE14H 14H
CR11W match signal generation)
8 INTC20 (TM2-CR20 or TM2W- Timer/ Clc20 OFE16H 16H
CR20W match signal generation) counter 2
9 INTC21 (TM2-CR21 or TM2W- Clic21 OFE18H 18H
CR22W match signal generation)
10 INTC30 (TM3-CR30 or TM3W- Timer 3 CIC30 OFE1AH 1AH
CR30W match signal generation)
11 INTP4 (pin input edge detection) Edge PIC4 OFE1CH 1CH
12 INTP5 (pin input edge detection) detection PIC5 OFE1EH 1EH
13 INTAD (A/D conversion end) A/D ADIC OFE20H 20H
converter
14 INTSER (asynchronous serial Asynchro- | SERIC Not OFE22H 22H
interface receive error) nous possible
15 INTSR (asynchronous serial serial SRIC Possible | OFE24H 24H
interface reception end) interface/
INTCSI1 (clocked serial interface clocked CSIICH
transfer end) serial
16 INTST (asynchronous serial interface 1 | STIC OFE26H 26H
interface transmission end)
17 INTCSI (clocked serial interface Clocked CsSlIC OFE28H 28H
transfer end) serial
interface
18 INTSER2 (asynchronous serial Asynchro- | SERIC2 Not OFE2AH 2AH
interface 2 receive error) nous possible
19 INTSR2 (asynchronous serial serial SRIC2 Possible | OFE2CH 2CH
interface 2 reception end) interface 2/
INTCSI2 (clocked serial interface 2 clocked CSlic2
transfer end) serial
20 INTST2 (asynchronous serial interface 2 | STIC2 OFE2EH 2EH
interface 2 transmission end)
21 Note INTSPC (I2C bus stop condition Clocked SPCIC OFE30H 30H
interrupt) serial
interface

Note pPD784038Y Subseries only
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Remarks 1. The default priority is a fixed number. This indicates the order of priority when interrupt requests specified
as having the same priority are generated simultaneously,
2. The INTSR and INTCSI1 interrupts are generated by the same hardware (they cannot both be used
simultaneously). Therefore, although the same hardware is used for the interrupts, two names are
provided, for use in each of the two modes. The same applies to INTSR2 and INTCSI2.

22.1.1 Software Interrupts

Interrupts by software consist of the BRK instruction which generates a vectored interrupt and the BRKCS instruction
which performs context switching.

Software interrupts are acknowledged even in the interrupt disabled state, and are not subject to priority control.

22.1.2 Operand Error Interrupts

These interrupts are generated if there is an illegal operand in an MOV STBC, #byte instruction or MOV WDMC, #byte
instruction, and LOCATION instruction.

Operand error interrupts are acknowledged even in the interrupt disabled state, and are not subject to priority control.

22.1.3 Non-Maskable Interrupts

A non-maskable interrupt is generated by NMI pin input or the watchdog timer.

Non-maskable interrupts are acknowledged unconditionally N°t¢, even in the interrupt disabled state. They are not
subject to interrupt priority control, and are of higher priority that any other interrupt.

Note Exceptduring execution of the service program for the same non-maskable interrupt, and during execution of the
service program for a higher-priority non-maskable interrupt

22.1.4 Maskable Interrupts

A maskable interrupt is one subject to masking control according to the setting of an interrupt mask flag. In addition,
acknowledgment enabling/disabling can be specified for all maskable interrupts by means of the IE flag in the program status
word (PSW).

In addition to normal vectored interruption, maskable interrupts can be acknowledged by context switching and macro
service (though some interrupts cannot use macro service: see Table 22-2).

The priority order for maskable interrupt requests when interrupt requests of the same priority are generated
simultaneously is predetermined (default priority) as shown in Table 22-2. Also, multiprocessing control can be performed
with interrupt priorities divided into 4 levels. However, macro service requests are acknowledged without regard to priority
control or the |E flag.
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22.2 INTERRUPT SERVICE MODES

There are three uPD784038 interrupt service modes, as follows:

» Vectored interrupt service
+ Macro service
» Context switching

22.2.1 Vectored Interrupt Service

When an interrupt is acknowledged, the program counter (PC) and program status word (PSW) are automatically saved
to the stack, a branch is made to the address indicated by the data stored in the vector table, and the interrupt service routine
is executed.

22.2.2 Macro Service

When an interrupt is acknowledged, CPU execution is temporarily suspended and a data transfer is performed by
hardware. Since macro service is performed without the intermediation of the CPU, it is not necessary to save or restore
CPU statuses such as the program counter (PC) and program status word (PSW) contents. This is therefore very effective
in improving the CPU service time (See 22.8 Macro Service Function).

22.2.3 Context Switching

When an interrupt is acknowledged, the prescribed register bank is selected by hardware, a branch is made to a pre-
set vector address in the register bank, and at the same time the current program counter (PC) and program status word
(PSW) are saved in the register bank (see 22.4.2 BRKCS Instruction Software Interrupt (Software Context Switching)
Acknowledgment Operation and 22.7.2 Context Switching).

Remark “Context” refers to the CPU registers that can be accessed by a program while that program is being executed.

These registers include general registers, the program counter (PC), program status word (PSW), and stack
pointer (SP).
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22.3 INTERRUPT SERVICE CONTROL REGISTERS

uPD784038 interrupt service is controlled for each interrupt request by various control registers that perform interrupt
service specification. The interrupt control registers are listed in Table 22-3.

Table 22-3 Control Registers

Register Name Symbol Function

Interrupt control registers PICO Registers that perform each interrupt request generation recording, mask
PICA control, vectored interrupt service or macro service specification, context
PIC2 switching function enabling/disabling, and priority specification.

PIC3
CIC00
CICo1
CIC10
CIC11
ClC20
ClC21
CIC30
PIC4
PIC5
ADIC
SERIC
SRIC
CSIIC1
STIC
CsliC
SERIC2
SRIC2
Cslic2
STIC2
SPCIC Note

Interrupt mask registers MKO Maskable interrupt request mask control
MK1L Linked to mask control flags in interrupt control registers
Word accesses or byte accesses possible

In-service priority register ISPR Records priority of interrupt request currently being acknowledged

Interrupt mode control register IMC Controls nesting of maskable interrupts for which lowest priority level
(level 3) is specified

Watchdog timer mode register WDM Specifies priority of interrupts due to NMI pin input and interrupts due to
watchdog timer overflow

Program status word PSW Specifies enabling/disabling of maskable interrupt acknowledgment

Note pPD784038Y Subseries only
Aninterrupt control register is allocated to each interrupt source. The flags of each register perform control of the contents

corresponding to the relevant bit position in the register. The interrupt control register flag names corresponding to each
interrupt request signal are shown in Table 22-4.
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Table 22-4 Interrupt Control Register Flags Corresponding to Interrupt Sources

Default Interrupt Interrupt Control Registers
Priority Request Interrupt Interrupt Macro Service | Priority Speci- | Context Switching
Signal Request Flag Mask Flag Enable Flag fication Flag Enable Flag
0 INTPO PICO PIFO PMKO PISMO PPROO PCSEO
PPRO1
1 INTP1 PICA1 PIF1 PMK1 PISM1 PPR10 PCSE1
PPR11
2 INTP2 PIC2 PIF2 PMK2 PISM2 PPR20 PCSE2
PPR21
3 INTP3 PIC3 PIF3 PMK3 PISM3 PPR30 PCSE3
PPR31
4 INTCO0 CIC00 CIF00 CMKO00 CISM00 CPR000 CCSE00
CPRO001
5 INTCO1 CICo1 CIF01 CMKO1 CISMo1 CPRO10 CCSEO01
CPRO11
6 INTC10 CIC10 CIF10 CMK10 CISM10 CPR100 CCSE10
CPR101
7 INTC11 CIC11 CIF11 CMK11 CISM11 CPR110 CCSE11
CPR111
8 INTC20 CIC20 CIF20 CMK20 CISM20 CPR200 CCSE20
CPR201
9 INTC21 Clc21 CIF21 CMK21 CISM21 CPR210 CCSE21
CPR211
10 INTC30 CIC30 CIF30 CMK30 CISM30 CPR300 CCSE30
CPR301
11 INTP4 PIC4 PIF4 PMK4 PISM4 PPR40 PCSE4
PPR41
12 INTP5 PIC5 PIF5 PMK5 PISM5 PPR50 PCSE5
PPR51
13 INTAD ADIC ADIF ADMK ADISM ADPRO ADCSE
ADPR1
14 INTSER SERIC SERIF SERMK — SERPRO SERCSE
SERPRH1
15 INTSR SRIC SRIF SRMK SRISM SRPRO SRCSE
SRPR1
INTCSHH CslIc1 CSIIF1 CSIMK1 CSIISM1 CSIPR10 CSICSE1
CSIPR11
16 INTST STIC STIF STMK STISM STPRO STCSE
STPR1
17 INTCSI cslic CSIIF CSIMK CSIISM CSIPRO CSICSE
CSIPR1
18 INTSER2 SERIC2 SERIF2 SERMK2 — SERPR20 SERCSE2
SERPR21
19 INTSR2 SRIC2 SRIF2 SRMK2 SRISM2 SRPR20 SRCSE2
SRPR21
INTCSI2 cslic2 CSlIF2 CSIMK2 CSlIsM2 CSIPR20 CSICSE2
CSIPR21
20 INTST2 STIC2 STIF2 STMK2 STISM2 STPR20 STCSE2
SERPR21
21 Note INTSPC SPCIC SPCIF SPCMK SPCISM SPCPRO SPCCSE
SPCPR1

Note pPD784038Y Subseries only
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CHAPTER 22 INTERRUPT FUNCTIONS

22.

3.1 Interrupt Control Registers
An interrupt control register is allocated to each interrupt source, and performs priority control, mask control, etc. for

the corresponding interrupt request. The interrupt control register format is shown in Figure 22-1.

@

@

©)

4

®)

50

Priority specification flags (xxPR1/xxPRO0)

The priority specification flags specify the priority on an individual interrupt source basis for the 21 (22 types for the
uPD784038Y Subseries) maskable interrupts.

Up to 4 priority levels can be specified, and a number of interrupt sources can be specified at the same level. Among
maskable interrupt sources, level 0 is the highest priority.

If multiple interrupt requests are generated simultaneously among interrupt source of the same priority level, they are
acknowledged in default priority order.

These flags can be manipulated bit-wise by software.

RESET input sets all bits to “1”.

Context switching enable flag (xxCSE)

The context switching enable flag specifies that a maskable interrupt request is to be serviced by context switching.
In context switching, the register bank specified beforehand is selected by hardware, a branch is made to a vector
address stored beforehand in the register bank, and at the same time the current contents of the program counter (PC)
and program status word (PSW) are saved in the register bank.

Context switching is suitable for real-time processing, since execution of interrupt servicing can be started faster than
with normal vectored interrupt servicing.

This flag can be manipulated bit-wise by software.

RESET input sets all bits to “0”.

Macro service enable flag (xxISM)

The macro service enable flag specifies whether an interrupt request corresponding to that flag is to be handled by
vectored interruption or context switching, or by macro service.

When macro service processing is selected, at the end of the macro service (when the macro service counter reaches
0) the macro service enable flag is automatically cleared (to 0) by hardware (vectored interrupt service/context switching
service).

This flag can be manipulated bit-wise by software.

RESET input sets all bits to “0”.

Interrupt mask flag (xxMK)

An interrupt mask flag specifies enabling/disabling of vectored interrupt servicing and macro service processing for
the interrupt request corresponding to that flag.

The interrupt mask contents are not changed by the start of interrupt service, etc., and are the same as the interrupt
mask register contents (see 22.3.2 Interrupt Mask Registers (MKO/MK1L)).

Macro service processing requests are also subject to mask control, and macro service requests can also be masked
with this flag.

This flag can be manipulated by software.

RESET input sets all bits to “1”.

Interrupt request flag (xxIF)

An interrupt request flag is set (to 1) by generation of the interrupt request that corresponds to that flag. When the
interrupt is acknowledged, the flag is automatically cleared (to 0) by hardware.

This flag can be manipulated by software.

RESET input sets all bits to “0”.
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PICO

PIC1

PIC2

PIC3

CICo0

cico1

CIC10

CIC11

Figure 22-1 Interrupt Control Registers (xxICn) (1/3)

@ & 6 @ 3 2 1 0
PIFO PMKO | PISMO | PCSEO 0 0 PPR0O1 | PPROO
| | | | | | | |
PIF1 PMK1 | PISM1 | PCSE1 0 0 PPR11 | PPR10
| | | | | | | |
PIF2 | PMK2 | PISM2 | PCSE2 0 0 PPR21 | PPR20
| | | | | | | |
PIF3 PMK3 | PISM3 | PCSE3 0 0 PPR31 | PPR30
| | | | | | | |
CIFO0 | CMKO00 | CISM00|CCSEOQ0 0 0 CPR001 | CPR000
| | | | | | | |
CIFO1 | CMK01 | CISMO1 |CCSEO1 0 0 CPRO011 | CPR0O10
| | | | | | | |
CIF10 | CMK10 | CISM10 |CCSE10 0 0 CPR101 | CPR100
| | | | | | | |
CIF11 | CMK11 | CISM11 | CCSE11 0 0 CPR111 | CPR110

L
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Address After Reset R/W
OFFEOH 43H R/W
OFFE1H 43H R/W
OFFE2H 43H R/W
OFFE3H 43H R/W
OFFE4H 43H R/W
OFFES5H 43H R/W
OFFE6H 43H R/W
OFFE7H 43H R/W
xxPRn1 | xxPRnO Interrupt Request Priority
(Bit1) | (Bit0) Specification
0 0 Priority O (highest priority)
0 1 Priority 1
1 0 Priority 2
1 1 Priority 3
xxCSEn Context Switching Servicing
(Bit 4) Specification
0 Serviced by vectored interruption
1 Serviced by context switching
xxISMn . I
(Bit 5) Interrupt Service Mode Specification
0 Vectored interruption servicing/
context switching servicing
1 Macro servicing
xxMKn . . . .
(Bit 6) Interrupt Service Enabling/Disabling
0 Interrupt service enabled
1 Interrupt service disabled
xx|Fn Interrupt Request Generation
(Bit 7) Presence/Absence
No interrupt request
0 (interrupt signal not being generated)
Interrupt request state
1 (interrupt signal being generated)
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CIC20

cic21

CIC30

PIC4

PIC5

ADIC

SERIC

SRIC

510

Figure 22-1 Interrupt Control Registers (xxICn) (2/3)

@ ® 5 @ 3 2 1 0 Address  After Reset R/W
CIF20 | CMK20 | CISM20|CCSE20 0 0 CPR201 | CPR200| OFFE8H 43H R/W
CIF21 | CMK21 | CISM21|CCSE21 0 0 CPR211 | CPR210| OFFE9H 43H R/W
CIF30 | CMK30 | CISM30|CCSE30 0 0 CPR301 | CPR300| OFFEAH 43H R/W
PIF4 PMK4 | PISM4 | PCSE4 0 0 PPR41 | PPR40 | OFFEBH 43H R/W
PIF5 PMK5 | PISM5 | PCSE5 0 0 PPR51 | PPR50 | OFFECH 43H R/W
ADIF | ADMK | ADISM | ADCSE 0 0 ADPR1 | ADPRO | OFFEDH 43H R/W
SERIF | SERMK 0 |SERCSE 0 0 SERPR1|SERPRO| OFFEEH 43H R/W
SRIF | SRMK | SRISM | SRCSE 0 0 SRPR1 | SRPRO | OFFEFH 43H R/W
xxPRn1 | xxPRn0 Interrupt Request Priority
(Bit1) | (Bit0) Specification
0 0 Priority O (highest priority)
0 1 Priority 1
1 0 Priority 2
1 1 Priority 3
xxCSEn Context Switching Servicing
(Bit 4) Specification
0 Serviced by vectored interruption
1 Serviced by context switching
xxISMn . P
(Bit 5) Interrupt Service Mode Specification
0 Vectored interruption servicing/
context switching servicing
1 Macro servicing
xxMKn . . . .
(Bit 6) Interrupt Service Enabling/Disabling
0 Interrupt service enabled
1 Interrupt service disabled
xx|Fn Interrupt Request Generation
(Bit 7) Presence/Absence
0 No interrupt request
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(interrupt signal not being generated)

Interrupt request state
(interrupt signal being generated)
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CSIICt

STIC

cslic

SERIC2

SRIC2

CSlic2

STIC2

Note

SPCIC

Figure 22-1 Interrupt Control Registers (xxICn) (3/3)

@ ® 5 ) 3 2 1 0 Address  After Reset R/W
CSIIF1 | CSIMK1 | CSIISM1|CSICSE1 0 0 CSIPR11| CSIPR10| OFFEFH 43H R/W
STIF | STMK | STISM | STCSE 0 0 STPR1 | STPRO | OFFFOH 43H R/W
CSIIF | CSIMK | CSIISM | CSICSE 0 0 CSIPR1 | CSIPRO| OFFF1H 43H R/W
SERIF2 |SERMK2 0 |SERCSE2 0O 0 |SERPR21/SERPR20| OFFF2H 43H R/W
SRIF2 | SRMK2 | SRISM2|SRCSE2 0 0 SRPR21| SRPR20| OFFF3H 43H R/W
CSIIF2 | CSIMK2 | CSIISM2|CSICSE2 0 0 CSIPR21|CSIPR20| OFFF3H 43H R/W
STIF2 | STMK2 | STISM2 | STCSE2 0 0 STPR21 | STPR20| OFFF4H 43H R/W
SPCIF | SPCMK | SPCISM|SPCCSE 0 0 SPCPR1|SPCPRO| OFFF5H 43H R/W
xxPRn1 | xxPRn0 Interrupt Request Priority
(Bit1) | (Bit0) Specification
0 0 Priority 0 (highest priority)
0 1 Priority 1
1 0 Priority 2
1 1 Priority 3
xxCSEn Context Switching Servicing
(Bit 4) Specification
0 Serviced by vectored interruption
1 Serviced by context switching
xx|SMn . P
(Bit 5) Interrupt Service Mode Specification
0 Vectored interruption servicing/
context switching servicing
1 Macro servicing
xxMKn . . . .
(Bit 6) Interrupt Service Enabling/Disabling
0 Interrupt service enabled
1 Interrupt service disabled
xx|Fn Interrupt Request Generation
(Bit 7) Presence/Absence
No interrupt request
0 (interrupt signal not being generated)
Interrupt request state
1 (interrupt signal being generated)

Note pPD784038Y Subseries only
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22.3.2 Interrupt Mask Registers (MKO/MK1L)

The MKO and MK1L are composed of interrupt mask flags. MKO is a 16-bit register which can be manipulated as 8-
bit units, MKOL and MKOH, as well as being manipulated as a 16-bit unit.

MK1L is an 8-bit register that can be manipulated as an 8-bit unit. In addition, each bit of the MKO and MK1L can be
manipulated individually with a bit manipulation instruction. Each interrupt mask flag controls enabling/disabling of the
corresponding interrupt request.

When an interrupt mask flag is set (to 1), acknowledgment of the corresponding interrupt request is disabled.

When an interrupt mask flag is cleared (to 0), the corresponding interrupt request can be acknowledged as a vectored

interrupt or macro service request.
Each interrupt mask flag in the MKO and MK1L is the same flag as the interrupt mask flag in the interrupt control register.

The MKO and MK1L are provided for en bloc control of interrupt masking.
After RESET input, the MKO is set to FFFFH, the MK1L is set to FFH, and all maskable interrupts are disabled.

Figure 22-2 Interrupt Mask Register (MKO, MK1L) Format

(1) Byte Accesses

@ @ @ @ @ @ @ @ Address After Reset R/W

MKOL | CMK11 | CMK10 | CMKO01 | CMK0O | PMK3 | PMK2 | PMK1 | PMKO | OFFACH FFH R/W
MKOH | Gk | SERMK | ADMK | PMK5 | PMK4 | CMK30 | CMK21 | CMK20 | OFFADH  FFH RIW
Note CSIMK2
MK1L 1 1 1 STMK2 SRMK2 SERMK2| CSIMK | STMK | OFFAEH FFH R/W
Interrupt Request Enabling/Disabling

MK e

Specification

0 Interrupt service enabled

1 Interrupt service disabled

Note SPCMK when the uPD784038Y Subseries is used

(2) Word Accesses

(B (&) a2 an ©) Address After Reset R/W

MKo |GRmc! | SERMK | ADMK | PMKS | PMK4 | CMK30 | CMK21 | CMK20 | OFFACH  FFFFH  RMW

@ ® 6 ® 6 o o O

CMK11 | CMK10 | CMKO1 | CMK00 | PMK3 | PMK2 | PMK1 PMKO

Interrupt Request Enabling/Disabling
MK P
Specification
0 Interrupt service enabled
1 Interrupt service disabled
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22.3.3 In-Service Priority Register (ISPR)

The ISPR shows the priority level of the maskable interrupt currently being serviced and the non-maskable interrupt being
serviced. When a maskable interrupt request is acknowledged, the bit corresponding to the priority of that interrupt request
is set (to 1), and remains set until the service program ends. When a non-maskable interrupt is acknowledged, the bit
corresponding to the priority of that non-maskable interrupt is set (to 1), and remains set until the service program ends.

When an RETI instruction or RETCS instruction is executed, the bit, among those set (to 1) in the ISPR, that corresponds
to the highest-priority interrupt request is automatically cleared (to 0) by hardware.

The contents of the ISPR are not changed by execution of an RETB or RETCSB instruction.
RESET input clears the ISPR register to 00H.

Figure 22-3 In-Service Priority Register (ISPR) Format

7 6 5 4 3 2 1 0 Address  After Reset R/W
ISPR | NMIS | WDTS| 0 0 ISPR3 | ISPR2 | ISPR1 | ISPRO | OFFA8H 00H R
\ \ \ |
(n=01t03)
ISPRn Priority Level

o |Priority n interrupt not being acknowledged

1 Priority n interrupt being acknowledged

WDTS| Watchdog Timer Interrupt Service State

Watchdog timer interrupt not being
acknowledged

1 Watchdog timer interrupt being
acknowledged

NMIS NMI Service State

o |NMlinterrupt not being acknowledged

1 NMI interrupt being acknowledged

Caution In-service priority register (ISPR) is a read-only register. There is a risk of malfunction if a write is
performed on this register.
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22.3.4 Interrupt Mode Control Register (IMC)

The IMC contains the PRSL flag. The PRSL flag specifies enabling/disabling of nesting of maskable interrupts for which
the lowest priority level (level 3) is specified.

When the IMC is manipulated, the interrupt disabled state (DI state) should be set first to prevent malfunction.

The IMC can be read or written to with an 8-bit manipulation instruction or bit manipulation instruction.

RESET input sets the IMC register to 80H.

Figure 22-4 Interrupt Mode Control Register (IMC) Format

7 6 5 4 3 2 1 0 Address  After Reset R/W
IMC PRSL 0 0 0 0 0 0 0 OFFAAH 80H R/W
PRSL Control of Nesting Operations for

Maskable Interrupts (Lowest Level)

Nesting between interrupts set as level 3
(lowest level) enabled

1 Nesting between interrupts set as level 3
(lowest level) disabled
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22.3.5 Watchdog Timer Mode Register (WDM)

The PRC bit of the WDM specifies the priority of NMI pin input non-maskable interrupts and watchdog timer overflow
non-maskable interrupts.

The WDM can be written to only by a dedicated instruction. This dedicated instruction, MOV WDM, #byte, has a special
code configuration (4 bytes), and a write is not performed unless the 3rd and 4th bytes of the operation code are mutual
1’s complements.

If the 3rd and 4th bytes of the operation code are not 1’s complements, a write is not performed and an operand error
interrupt is generated. In this case, the return address saved in the stack area is the address of the instruction that was
the source of the error, and thus the address that was the source of the error can be identified from the return address saved
in the stack area.

If recovery from an operand error is simply performed by means of an RETB instruction, an endless loop will result.

As an operand error interrupt is only generated in the event of an inadvertent program loop (with the NEC Electronics
assembler, RA78K4, only the correct dedicated instruction is generated when MOV WDM, #byte is written), system
initialization should be performed by the program.

Other write instructions (“MOV WDM, A”, “AND WDM, #byte”, “SET1 WDM.7”, etc.) are ignored and do not perform any
operation. Thatis, a write is not performed to the WDM, and an interrupt such as an operand error interrupt is not generated.

The WDM can be read at any time by a data transfer instruction.

'RESET input clears the WDM register to 00H.

Figure 22-5 Watchdog Timer Mode Register (WDM) Format

7 6 5 4 3 2 1 0 Address After Reset R/W

WDM | RUN 0 0 PRC 0 WDI2 | WD 0 OFFC2H 00H R/W

See Figure 12-2 in CHAPTER 12 WATCHDOG
TIMER FUNCTION for details.

Watchdog Timer Interrupt Request Priority

PRC Specification

Watchdog timer interrupt request <
NMI pin input interrupt request

1 Watchdog timer interrupt request >
NMI pin input interrupt request

Caution The watchdog timer mode register (WDM) can only be written to with a dedicated instruction (MOV
WDM, #byte).
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22.3.6 Program Status Word (PSW)

The PSW is a register that holds the current status regarding instruction execution results and interrupt requests. The
IE flag that sets enabling/disabling of maskable interrupts is mapped in the low-order 8 bits of the PSW (PSWL).

PSWL can be read or written to with an 8-bit manipulation instruction, and can also be manipulated with a bit manipulation
instruction or dedicated instruction (EI/DI).

When a vectored interrupt is acknowledged or a BRK instruction is executed, PSWL is saved to the stack and the IE
flag is cleared (to 0). PSWL is also saved to the stack by the PUSH PSW instruction, and is restored from the stack by
the RETI, RETB and POP PSW instructions.

When context switching or a BRKCS instruction is executed, PSWL is saved to a fixed area in the register bank, and
the IE flag is cleared (to 0). PSWL is restored from the fixed area in the register bank by an RETCSI or RETCSB instruction.

RESET input clears PSWL to 00H.

Figure 22-6 Program Status Word (PSWL) Format

7 6 5 4 3 2 1 0 After Reset

PSWL S Z RSS AC IE PV 0 CcY 00H

Used in normal instruction execution

IE Interrupt Acknowledgment
Enabling/Disabling

0 Disabled

1 Enabled

22.4 SOFTWARE INTERRUPT ACKNOWLEDGMENT OPERATIONS

A software interrupt is acknowledged in response to execution of a BRK or BRKCS instruction. Software interrupts cannot
be disabled.

22.4.1 BRK Instruction Software Interrupt Acknowledgment Operation

When a BRK instruction is executed, the program status word (PSW), program counter (PC) are saved in that order to
the stack, the IE flag is cleared (to 0), the vector table (00BEH/003FH) contents are loaded into the low-order 16 bits of
the PC, and 0000B into the high-order 4 bits, and a branch is performed (the start of the service program must be in the
base area).

The RETB instruction must be used to return from a BRK instruction software interrupt.

Caution The RETI instruction must not be used to return from a BRK instruction software interrupt.
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22.4.2 BRKCS Instruction Software Interrupt (Software Context Switching) Acknowledgment Operation

The context switching function can be initiated by executing a BRKCS instruction.

The register bank to be used after context switching is specified by the BRKCS instruction operand.

When a BRKCS instruction is executed, the program branches to the start address of the interrupt service program (which
must be in the base area) stored beforehand in the specified register bank, and the contents of the program status word
(PSW) and program counter (PC) are saved in the register bank.

Figure 22-7 Context Switching Operation by Execution of a BRKCS Instruction

0000B Register Bank ||

@ . (0to 7) —
ransfer —
ansie Register Bank n (n =010 7) —

|PC19—16 | PCis0 | A X —

‘¥V B c
(® Exchange s ™
@ Save = -
(Bits 8 to 11 of 6
Temporary Register) ® Save VP

@ Register Bank Switching

\Y

|Temporary Registerl Y uP (RSB0-RSB2 — n)
T E @(RSS - o)
W IE <0

() Save /
| PSW |

The RETCSB instruction is used to return from a software interrupt due to a BRKCS instruction. The RETCSB instruction
must specify the start address of the interrupt service program for the next time context switching is performed by a BRKCS
instruction. This interrupt service program start address must be in the base area.

Caution The RETCS instruction must not be used to return from a BRKCS instruction software interrupt.
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Figure 22-8 Return from BRKCS Instruction Software Interrupt (RETCSB Instruction Operation)

Register Bank n (n =01to 7)

PCig-16 PCis0 A X

@ Restoratioﬁ\- B c
@) Restoration R5 R4 - RETCSB Instruction Operand

R6 @ Transfer

R7
\ VP
@ Restoration u upP
(To Original
Register Bank) T D E
PSW W H L

22.5 OPERAND ERROR INTERRUPT ACKNOWLEDGMENT OPERATION

An operand error interrupt is generated when the data obtained by inverting all the bits of the 3rd byte of the operand
of an MOV STBC, #byte instruction or LOCATION instruction or an MOV WDM,#byte instruction does not match the 4th
byte of the operand. Operand error interrupts cannot be disabled.

When an operand error interrupt is generated, the program status word (PSW) and the start address of the instruction
that caused the error are saved to the stack, the IE flag is cleared (to 0), the vector table value is loaded into the program
counter (PC), and a branch is performed (within the base area only).

As the address saved to the stack is the start address of the instruction in which the error occurred, simply writing an
RETB instruction at the end of the operand error interrupt service program will result in generation of another operand error
interrupt. You should therefore either process the address in the stack or initialize the program by referring to 22.12
RESTORING INTERRUPT FUNCTION TO INITIAL STATE.
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22.6 NON-MASKABLE INTERRUPT ACKNOWLEDGMENT OPERATION

Non-maskable interrupts are acknowledged even in the interrupt disabled state. Non-maskable interrupts can be
acknowledged at all times except during execution of the service program for an identical non-maskable interrupt or a non-
maskable interrupt of higher priority.

The relative priorities of non-maskable interrupts are set by the PRC bit of the watchdog timer mode register (WDM)
(see 22.3.5 Watchdog Timer Mode register (WDM)).

Except in the cases described in 22.9 WHEN INTERRUPT REQUESTS AND MACRO SERVICE ARE TEMPORARILY
HELD PENDING, a non-maskable interrupt request is acknowledged immediately. When a non-maskable interrupt request
is acknowledged, the program status word (PSW) and program counter (PC) are saved in that order to the stack, the IE
flag is cleared (to 0), the in-service priority register (ISPR) bit corresponding to the acknowledged non-maskable interrupt
is set (to 1), the vector table contents are loaded into the PC, and a branch is performed. The ISPR bit that is set (to 1)
is the NMIS bit in the case of a non-maskable interrupt due to edge input to the NMI pin, and the WDTS bit in the case
of watchdog timer overflow.

When the non-maskable interrupt service program is executed, non-maskable interrupt requests of the same priority
as the non-maskable interrupt currently being executed and non-maskable interrupts of lower priority than the non-maskable
interrupt currently being executed are held pending. A pending non-maskable interrupt is acknowledge after completion
of the non-maskable interrupt service program currently being executed (after execution of the RETl instruction). However,
even if the same non-maskable interrupt request is generated more than once during execution of the non-maskable
interrupt service program, only one non-maskable interrupt is acknowledged after completion of the non-maskable interrupt
service program.
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Figure 22-9 Non-Maskable Interrupt Request Acknowledgment Operations (1/2)

(@) When a new NMI request is generated during NMI service program execution

( Main Routine )

(NMIS = 1)

-

NMI Request NMI Request | NMI request held pending since NMIS = 1

Pending NMI request is serviced

i

(b) When awatchdog timer interrupt request is generated during NMI service program execution (when the
watchdog timer interrupt priority is higher (when PRC in the WDM = 1))

C Main Routine )

v Watchdog
Timer Interrupt
Request

NMI Request

!
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Figure 22-9 Non-Maskable Interrupt Request Acknowledgment Operations (2/2)

(c) When awatchdog timer interrupt request is generated during NMI service program execution (when the
NMI interrupt priority is higher (when PRC in the WDM = 0))

( Main Routine )

NMI Request

Watichdog | Watchdog timer interrupt is kept
Timer | pending because PRC =0

Interrupt

Request
Y
Pending watchdog timer interrupt is processed
J

(d) When an NMI request is generated twice during NMI service program execution

( Main Routine )

NMI Request

NMI | Held pending since NMI service
Request | program is being executed

IS

NMI Held pending since NMI service
Request| program is being executed

NMI request was generated more than
once, but is only acknowledged once

S
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Cautions 1.

522

Macro service requests are acknowledged and serviced even during execution of anon-maskable
interrupt service program. If you do not want macro service processing to be performed during
a non-maskable interrupt service program, you should manipulate the interrupt mask register in
the non-maskable interrupt service program to prevent macro service generation.

The RETlinstruction must be used to return from anon-maskable interrupt. Subsequentinterrupt
acknowledgment will not be performed normally if a different instruction is used. To resume
program execution from the initial state after the non-maskable interrupt has been acknowledged,
see 22.12 RESTORING INTERRUPT FUNCTION TO INITIAL STATE.

Non-maskableinterrupts are always acknowledged, except during non-maskable interrupt service
program execution (except when a high non-maskable interrupt request is generated during
execution of alow-priority non-maskable interrupt service program) and for a certain period after
execution of the special instructions shown in 22.9. Therefore, a non-maskable interrupt will be
acknowledged even when the stack pointer (SP) valueis undefined, in particular after resetrelease,
etc. In this case, depending on the value of the SP, it may happen that the program counter (PC)
and program status word (PSW) are written to the address of a write-inhibited special function
register (SFR) (see Table 3.5 in 3.9 Special Function Registers (SFR)), and the CPU becomes
deadlocked, or an unexpected signal is output from a pin, or the PC and PSW are written to an
address in which RAM is not mounted, with the result that the return from the non-maskable
interrupt service program is not performed normally and a software upsets occurs.

Therefore, the program following RESET release must be as shown below.

CSEG AT O
DW  STRT
CSEG BASE
STRT:
LOCATION OFH ; or LOCATION OH
MOVG SP, #imm24
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22.7 MASKABLE INTERRUPT ACKNOWLEDGMENT OPERATION

A maskable interrupt can be acknowledged when the interrupt request flag is set (to 1) and the mask flag for that interrupt
is cleared (to 0). When servicing is performed by macro service, the interruptis acknowledged and serviced by macro service
immediately. In the case of vectored interrupt and context switching, an interrupt is acknowledged in the interrupt enabled
state (when the IE flag is set (to 1)) if the priority of that interrupt is one for which acknowledgment is permitted.

If maskable interrupt requests are generated simultaneously, the interrupt for which the highest priority is specified by
the priority specification flag is acknowledged. If the interrupts have the same priority specified, they are acknowledged
in accordance with their default priorities.

A pending interrupt is acknowledged when a state in which it can be acknowledged is established.

The interrupt acknowledgment algorithm is shown in Figure 22-10.
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Figure 22-10 Interrupt Acknowledgment Processing Algorithm
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22.7.1 Vectored Interruption

When a vectored interruption maskable interrupt request is acknowledged, the program status word (PSW) and program
counter (PC) are saved in that order to the stack, the IE flag is cleared (to 0) (the interrupt disabled state is set), and the
in-service priority register (ISPR) bit corresponding to the priority of the acknowledged interrupt is set (to 1). Also, data
in the vector table predetermined for each interrupt request is loaded into the PC, and a branch is performed. The return
from a vectored interrupt is performed by means of the RETI instruction.

Caution When a maskable interrupt is acknowledged by vectored interruption, the RETI instruction must be
used to return from the interrupt. Subsequent interrupt acknowledgment will not be performed
normally if a different instruction is used.

22.7.2 Context Switching

Initiation of the context switching function is enabled by setting (to 1) the context switching enable flag of the interrupt
control register.

When aninterrupt request for which the context switching function is enabled is acknowledged, the register bank specified
by 3 bits of the lower address (even address) of the corresponding vector table address is selected.

The vector address stored beforehand in the selected register bank is transferred to the program counter (PC), and at
the same time the contents of the PC and program status word (PSW) up to that time are saved in the register bank and
a branch is made to the interrupt service program.

Figure 22-11 Context Switching Operation by Generation of an Interrupt Request

[
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The RETCS instruction is used to return from an interrupt that uses the context switching function. The RETCS instruction

must specify the start address of the interrupt service program to be executed when that interrupt is acknowledged next.
This interrupt service program start address must be in the base area.

Caution The RETCS instruction must be used to return from an interrupt serviced by context switching.
Subsequentinterrupt acknowledgment will not be performed normally if adifferentinstructionis used.

Figure 22-12 Return from Interrupt that Uses Context Switching by Means of RETCS Instruction
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22.7.3 Maskable Interrupt Priority Levels

The uPD784038 performs multiple interrupt servicing in which an interrupt is acknowledged during servicing of another
interrupt. Multiple interrupts can be controlled by priority levels.
There are two kinds of priority control, control by default priority and programmable priority control in accordance with
the setting of the priority specification flag. In priority control by means of default priority, interrupt service is performed

in accordance with the priority preassigned to each interrupt request (default priority) (see Table 22-2). In programmable
priority control, interrupt requests are divided into four levels according to the setting of the priority specification flag. Interrupt

requests for which multiple interruption is permitted are shown in Table 22-5.

Since the IE flag is cleared (to 0) automatically when an interrupt is acknowledged, when multiple interruption is used,
the IE flag should be set (to 1) to enable interrupts by executing an El instruction in the interrupt service program, etc.

Table 22-5 Multiple Interrupt Servicing

Priority of Interrupt Currentl PRSL in
y P Y| IsPR value | IE Flagin PSW ) Acknowledgeable Maskable Interrupts
Being Acknowledged IMC Register
No interrupt being 00000000 0 X » All macro service only
acknowledged 1 x » All maskable interrupts
3 00001000 0 X » All macro service only
1 0 » All maskable interrupts
1 1 » All macro service
+ Maskable interrupts specified as
priority 0/1/2
2 0000x%100 0 x » All macro service only
1 X » All macro service
+ Maskable interrupts specified as
priority 0/1
1 0000xx10 0 x » All macro service only
1 X » All macro service
+ Maskable interrupts specified as
priority O
0 0000xxx1 x X » All macro service only
Non-maskable interrupts 1000%xxx X X » All macro service only
0100xxxx
1100xxxx
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Figure 22-13 Examples of Servicing When Another Interrupt Request is Generated During Interrupt Service (1/3)

C Main routine )

a Servicing b Servicing
El ‘
El
Interrupt Request a
(Level 3) - Interrupt

R — -

(Eg\bjgls;)b Since interrupt request b has a higher
priority than interrupt request a, and
interrupts are enabled, interrupt
request b is acknowledged.

¢ Servicing
Interrupt Request ¢ Interrupt
(Level 3) — "~ Requestd The priority of interrupt request d is
(Level 2) higher than that of interrupt request c,
\ but since interrupts are disabled,
o interrupt request d is held pending.
d Servicing
e Servicing
El
Interrunt Request e Interrupt Although interrupts are enabled,
(If)evel g) — Request f interrupt request f is held pending
% since it has a lower priority than
N T— interrupt request e.
f Servicing
| 9 Servicing
Interrupt El Although interrupts_are enabled_,
Request h interrupt request h is held pending
Interrupt Request g (Level 1) —~ s ! [‘f‘j Tjsfame priority as
(Level 1) - ] ptrequest g.
h Servicing
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Figure 22-13 Examples of Servicing When Another Interrupt Request is Generated During Interrupt Service (2/3)

Main routine

il

Interrupt Request i
(Level 1)

Interrupt Request k
(Level 2)

Interrupt Request n
(Level 2)

E

—-

—-

Macro Service
Request |
Level 2) —

y

m

Interrupt
Request |
(Level 3) —
Interrupt
Request m
(Level 1)

i

Interrupt
Request o
(Level 3) —»|
Interrupt
Request p
Level 1)

L

User's Manual U11316EJ4V1UD

i Servicing

k Servicing

| Servicing

n Servicing

p Servicing

o Servicing

: j Macro Service

m Servicing

The macro service request is
serviced irrespective of interrupt
enabling/disabling and priority.

The interrupt request is held
pending since it has a lower
priority than interrupt request k.
Interrupt request m generated
after interrupt request | has a
higher priority, and is therefore
acknowledged first.

Since servicing of interrupt
request n performed in the
interrupt disabled state,

interrupt requests o and p

are held pending.

After interrupt request n
servicing, the pending interrupt
requests are acknowledged.
Although interrupt request o
was generated first, interrupt
request p has a higher priority
and is therefore acknowledged

first.
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Figure 22-13 Examples of Servicing When Another Interrupt Request is Generated During Interrupt Service (3/3)

q Servicing -
EIL /; | " Servicing 1 ¢ Servicing
El
Interrupt Request Intérrupt El .
pt Req a_. Request r—. 'merruptét t Servicing

RN e R
Level 1) Level 0)

Multiple acknowledgment of levels 3 to 0. If
the PRSL bit of the IMC register is set (to 1),
only macro service requests and non-
maskable interrupts generate nesting
beyond this.

If the PRSL bit of the IMC register is
cleared (to 0), level 3 interrupts can also be
nested during level 3 interrupt servicing
(see Figure 22-15).

u Servicing
El <1>: Interrupt request v (level 0)
<2>: Macro service request w (level 3)
Even though the interrupt enabled state is
Interrupt Request u <i> - set during servicing of level 0 interrupt

(Level 0) w Macro Service request u, the interrupt request is not
acknowledged but held pending even
though its priority is 0. However, the macro
service request is acknowledged and
v Servicing serviced irrespective of its level and even
though there is a pending interrupt with a
higher priority level.

x Servicing

<3>: Interrupt request y (level 2)
<4>: Interrupt request z (level 2)
Pending interrupt requests y and z are
. acknowledged after servicing of interrupt
z Servicing request x. As interrupt requests y and z
have the same priority level, interrupt
request z which has the higher default
y Servicing priority is acknowledged first, irrespective
of the order in which the interrupt requests
were generated.

Interrupt Request x __
(Level 1)

Notes 1. Low default priority
2. High default priority

Remarks 1. “a”to “z”in the figure are arbitrary names used to differentiate between the interrupt requests and macro

service requests.
2. High/low default priorities in the figure indicate the relative priority levels of the two interrupt requests.
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Figure 22-14 Examples of Servicing of Simultaneously Generated Interrupts

C Main Routine )

Interrupt Request a (Level 2)
Macro Service Request b (Level 3)
Macro Service Request ¢ (Level 1)

Interrupt Request d (Level 1)

Interrupt Request e (Level 1)
Macro Service Request f (Level 1)

Default Priority Order
a>b>c>d>e>f

Remark
requests.

2NN

Macro Service Request b Servicing
Macro Service Request ¢ Servicing

Macro Service Request f Servicing

Interrupt Request d Servicing

Interrupt Request e Servicing

Interrupt Request a Servicing
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- When requests are generated

simultaneously, they are
acknowledged in order starting
with macro service.

- Macro service requests are

acknowledged in default priority
order (b/c/f) (not dependent
upon the programmable priority
order).

- As interrupt requests are

acknowledged in high-to-low
priority level order, d and e are
acknowledged first.

- As d and e have the same

priority level, the interrupt
request with the higher default
priority, d, is acknowledged
first.

“a”to “f”in the figure are arbitrary names used to differentiate between the interrupt requests and macro service

531



CHAPTER 22

INTERRUPT FUNCTIONS

Figure 22-15 Differences in Level 3 Interrupt Acknowledgment According to IMC Register Setting
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Notes 1. Low default priority
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Remarks 1.
service requests.

Servicing
e Servicing

The PRSL bit of the IMC is set to 1, and
nesting between level 3 interrupts is
disabled.

Even though interrupts are enabled, interrupt
request b is held pending since it has the
same priority as interrupt request a.

The PRSL bit of the IMC is set to 0, so that a
level 3 interrupt is acknowledged even during
level 3 interrupt servicing (nesting is
possible).

Since level 3 interrupt request c is being
serviced in the interrupt enabled state and
PRSL = 0, interrupt request d, which is also
level 3, is acknowledged.

As interrupt request 3 and f are both of the
same level, the one with the higher default
priority, f, is acknowledged first.

When the interrupt enabled state is set
during servicing of interrupt request f,
pending interrupt request e is acknowledged
since PRSL = 0.

“a” to “f”in the figure are arbitrary names used to differentiate between the interrupt requests and macro

2. High/low default priorities in the figure indicate the relative priority levels of the two interrupt requests.
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22.8 MACRO SERVICE FUNCTION

22.8.1 Outline of Macro Service Function

Macro service is one method of servicing interrupts. With 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 into the PC, but with macro
service, different processing (mainly data transfers) is performed instead of this processing. This enables interrupt requests
to be responded to quickly, and moreover, since transfer processing is faster than processing by a program, the processing
time can also be reduced.

Also, since a vectored interrupt is generated after processing has been performed the specified number of times, another
advantage is that vectored interrupt programs can be simplified.

Figure 22-16 Differences between Vectored Interrupt and Macro Service Processing

Macro Service Main Routine Mgfggesszgxgex Main Routine
Context Switching™°¢*  Main Routine Note 2 ggﬁ,ﬁg% Note 3 >K Main Routine
Vectored Interrupt™*®!  Main Routine > Note 4 ggfvrlgg; PFESS;(ESVX Main Routine
Vectored Interrupt  Main Routine Note 4 Gseﬁ\é?al l(ggir?e!irzeﬁg> ér;tslzfg t X gzxrr:l X Restore Main Routine
Registers/ | \Register: 9 Registers PC & PSW

Interrupt Request Generation

Notes 1. When register bank switching is used, and an initial value has been set in the register beforehand
2. Register bank switching by context switching, saving of PC and PSW
3. Register bank, PC and PSW restoration by context switching
4. PC and PSW saved to the stack, vector address loaded into PC

22.8.2 Types of Macro Service
Macro service can be used with the 19 kinds Not€ of interrupt shown in Table 22-6. There are four kinds of operation,

which can be used to suit the application.

Note Twenty types with the uPD784038Y Subseries
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Table 22-6 Interrupts for Which Macro Service Can be Used

De.fafjlt Interrupt Request Generation Source Generating Unit Macro Service Control
Priority Word Address
0 INTPO (pin input edge detection) Edge detection OFEO6H
1 INTP1 (pin input edge detection) OFEO8H
2 INTP2 (pin input edge detection) OFEOAH
3 INTP3 (pin input edge detection) OFEOCH
4 INTCO00 (TM0-CRO0 match signal generation) Timer/counter 0 OFEOEH
5 INTCO1 (TMO-CRO1 match signal generation) OFE10H
6 INTC10 (TM1-CR10 or TM1W-CR10W match signal generation) Timer/counter 1 OFE12H
7 INTC11 (TM1-CR11 or TM1W-CR11W match signal generation) OFE14H
8 INTC20 (TM2-CR20 or TM2W-CR20W match signal generation) Timer/counter 2 OFE16H
9 INTC21 (TM2-CR21 or TM2W-CR21W match signal generation) OFE18H
10 INTC30 (TM3-CR30 or TM3W-CR30W match signal generation) Timer 3 OFE1AH
11 INTP4 (pin input edge detection) Edge detection OFE1CH
12 INTP5 (pin input edge detection) OFE1EH
13 INTAD (A/D conversion end) A/D converter OFE20H
14 INTSR (asynchronous serial interface reception end) Asynchronous OFE24H
INTCSI1 (clocked serial interface transfer end) serial interface/
15 INTST (asynchronous serial interface transmission end) icr:;):rl:zges:erial OFE26H
16 INTCSI (clocked serial interface transfer end) Clocked serial OFE28H
interface
17 INTSR2 (asynchronous serial interface 2 reception end) Asynchronous OFE2CH
INTCSI2 (clocked serial interface 2 transfer end) serial interface 2/
18 INTST2 (asynchronous serial interface 2 transmission end) icr:;):rl:zses:rial OFE2EH
19 Note INTSPC (IC bus stop condition interrupt) Clocked serial OFE30H
interface

Note uPD784038Y Subseries only

Remarks 1. The default priority is a fixed number. This indicates the order of priority when macro service requests
are generated simultaneously,
2. The INTSR and INTCSI1 interrupts are generated by the same hardware (they cannot both be used
simultaneously). Therefore, although the same hardware is used for the interrupts, two names are
provided, for use in each of the two modes. The same applies to INTSR2 and INTCSI2.
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There are four kinds of macro service, as shown below.

Type A

One byte or one word of data is transferred between a special function register (SFR) and memory each time an interrupt
request is generated, and a vectored interrupt request is generated when the specified number of transfers have been
performed.

Memory that can be used in the transfers is limited to internal RAM addresses OFEQOOH to OFEFFH when the LOCATION
OH instruction is executed, and addresses OFFEOOH to OFFEFFH when the LOCATION OFH instruction is executed.
The specification method is simple and is suitable for low-volume, high-speed data transfers.

Type B

As with type A, one byte or one word of data is transferred between a special function register (SFR) and memory each
time an interrupt request is generated, and a vectored interrupt request is generated when the specified number of
transfers have been performed.

The SFR and memory to be used in the transfers is specified by the macro service channel (the entire 1-Mbyte memory
space can be used).

This is a general version of type A, suitable for large volumes of transfer data.

Type C

Data is transferred from memory to two special function registers (SFR) each time an interrupt request is generated,
and a vectored interrupt request is generated when the specified number of transfers have been performed.

With type C macro service, not only are data transfers performed to two locations in response to a single interrupt
request, but it is also possible to add output data ring control and a function that automatically adds data to a compare
register. The entire 1-Mbyte memory space can be used.

Type C is mainly used with the INTC10 and INTC11 interrupts, and is used for stepping motor control, etc., by macro
service, with POL or POH and CR10, CR10W, CR11 and CR11W used as the SFRs to which data is transferred.

Counter mode

This mode is to decrement the macro service counter (MSC) when an interrupt occurs and is used to count the division
operation of an interrupt and interrupt generation circuit.

When MSC is 0, a vector interrupt can be generated.

To restart the macro service, MSC must be set again.

MSC is fixed to 16 bits and cannot be used as an 8-bit counter.
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22.8.3 Basic Macro Service Operation

Interrupt requests for which the macro service processing generated by the algorithm shown in Figure 22-10 can be
specified are basically serviced in the sequence shown in Figure 22-17.

Interrupt requests for which macro service processing can be specified are not affected by the status of the IE flag, but
are disabled by setting (to 1) an interrupt mask flag in the interrupt mask register (MK0). Macro service processing can
be executed in the interrupt disabled state and during execution of an interrupt service program.

Figure 22-17 Macro Service Processing Sequence

Generation of interrupt request for which
macro service processing can be specified

P

Macro service processing execution| ; Data Transfer, Real-Time Output Port Control

MSC — MSC -1 ; Decrement Macro Service Counter (MSC)

Yes

Interrupt service mode bit — 0

Interrupt request flag — 0

\/ \/

Interrupt Input Generation Execute Next Instruction

The macro service type and transfer direction are determined by the value set in the macro service control word mode
register. Transfer processing is then performed using the macro service channel specified by the channel pointer according

to the macro service type.
The macro service channel is memory which contains the macro service counter which records the number of transfers,

t