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NOTES FOR CMOS DEVICES

@ PRECAUTION AGAINST ESD FOR SEMICONDUCTORS

Note:

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

@ HANDLING OF UNUSED INPUT PINS FOR CMOS

Note:

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

@ STATUS BEFORE INITIALIZATION OF MOS DEVICES

Note:

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

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

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

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

SPARCstation is a trademark of SPARC International, Inc. in the USA.

Solaris and SunOS are trademarks of Sun Microsystems, Inc. in the USA.

HP9000 Series 700 and HP-UX are trademarks of Hewlett-Packard Company in the USA.

Ethernet is a trademark of Xerox Corporation in the USA.

TRON is an abbreviation of The Realtime Operating system Nucleus.

ITRON is an abbreviation of Industrial TRON.
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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.

Purchase of NEC Electronics 12C components conveys a license under the Philips 12C Patent Rights to use these
components in an 12C system, provided that the system conforms to the 12C Standard Specification as defined by
Philips.

* The information in this document is current as of November, 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

NEC Electronics (Europe) GmbH Tel: 040-244 58 45
Duesseldorf, Germany Fax: 040-244 45 80
Tel: 0211-65 03 01

Fax; 0211-65 03 327 * Tyskland Filial

Taeby, Sweden
Tel: 08-63 80 820

» Sucursal en Espafia
Fax: 08-63 80 388

Madrid, Spain
Tel: 091-504 27 87

Fax: 091-504 28 60 * United Kingdom Branch

Milton Keynes, UK
Tel: 01908-691-133

» 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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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

Page Description
CHAPTER 1 GENERAL
p.33 » Update of 78K/IV PRODUCT LINEUP
CHAPTER 4 CLOCK GENERATOR
p.108 » Modification of Figure 4-4 Clock Status Register (PCS) Format
CHAPTER 23 INTERRUPT FUNCTIONS
p.406 » Modification of TMIC0O0 bit name in Figure 23-1 Interrupt Control Register (xxICn)
CHAPTER 25 STANDBY FUNCTION
p.515 * Modification of Figure 25-1 Standby Function State Transitions
p.533 * Modification of Table 25-5 Operating States in STOP Mode
p.539 » Modification of description in 25.4.2 (3) Releasing the STOP mode by RESET input
p.546 » Modification of description in 25.5.2 (3) Releasing the IDLE mode by RESET input
p.549 * Modification of description in 25.6 (5) A/D converter
p.554 » Modification of description in 25.7.3 (1) (b) (iii) Releasing the HALT mode by RESET input
p.555 » Modification of description in 25.7.3 (2) (a) Setting the IDLE mode and the operating states
p.556 » Modification of description in 25.7.3 (2) (b) (iii) Releasing the IDLE mode by RESET input
p.606 Addition of CHAPTER 30 ELECTRICAL SPECIFICATIONS (uPD784214A, 784215A, 784216A, 784217A,
784218A, 784214AY, 784215AY, 784216AY, 784217AY, 784218AY)
p.630 Addition of CHAPTER 31 ELECTRICAL SPECIFICATIONS (uPD78F4216A, 78F4218A, 78F4216AY,
78F4218AY)
p.657 Addition of CHAPTER 32 PACKAGE DRAWINGS
p.659 Addition of CHAPTER 33 RECOMMENDED SOLDERING CONDITIONS
Modification of description in APPENDIX B DEVELOPMENT TOOLS
pp.665, 666 » Addition of SP78K4 to B.1 Language Processing Software, modification of description in Remark
p.667 » Addition and modification of description in B.3.1 Hardware
p.669 » Modification of description in Remark in B.3.2 Software
p.670 » Addition of B.4 Cautions on Designing Target System
p.676 Modification of description in APPENDIX C EMBEDDED SOFTWARE

The mark * shows major revised points.
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INTRODUCTION

Readers This manual is intended for user engineers who wish to understand the functions of the
UPD784216A, 784218A, 784216AY, and 784218AY Subseries and design its application
systems.

Purpose This manual is intended to help users understand the hardware functions of the

UPD784216A, 784218A, 784216AY, and 784218AY Subseries.

Organization The uPD784216A, 784218A, 784216AY, and 784218AY Subseries User's Manuals
consist of 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

There are cautions associated with using this product.

Be sure to read the cautions in the text of each chapter and the summary at the
end of each chapter.

How to read this manual Reading this manual requires general knowledge about electronics, logic circuits, and

microcontrollers.

If there are no particular differences in functions

The uPD784218A Subseries is described as the representative subseries.

The uPD784218A of the uPD784218A Subseries is described as the representative
mask ROM product, and the uPD78F4218A is described as the representative flash
memory product.

If there are differences in functions

Each product name is presented and described individually.

Since uPD784216A, 784218A Subseries products are described as the representative
products even in this case, for information on the operation of uPD784216AY,
784218AY Subseries products, read the uPD784214A, 784215A, 784216A, 784217A,
784218A, and 78F4218A as the uPD784214AY, 784215AY, 784216AY, 784217AY,
784218AY, and 78F4218AY.

To understand the overall functions
- Read this manual in the order of the CONTENTS.

For unusual operations when debugging
- See the applicable cautions listed at the end of each chapter.
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Differences between the
UPD784218AY Subseries

e To check the details of a register whose name is known
- See APPENDIX D REGISTER INDEX.

* To learn details of the instruction functions
- Refer to the 78K/IV Series User’s Manual — Instruction (U10905E).

e To find out about the electrical specifications

- Refer to the chapter of electrical specifications

e For application examples of the functions

- Refer to the application notes (published separately).

UPD784216A Subseries, uPD784218A Subseries, uPD784216AY Subseries, and

The only functional differences between the four subseries are the clocked serial
interface, ROM correction, and external access status functions. The four subseries
otherwise share the same functions.

Caution

The clocked serial interface is described in the following two chapters.

* CHAPTER 18 3-WIRE SERIAL I/O MODE
« CHAPTER 19 1°C BUS MODE (uPD784216AY, 784218AY SUBSERIES ONLY)

For an overview of the serial interface, read CHAPTER 16 altogether.

Legend

Data significance:

Active low notation:
Note:

Caution:

Remark:

Numerical notations:

The left side is the most significant digit. The right side is the least
significant digit.

XxXx (overbar on pin or signal name)

Description of Note in the text

Information requiring particular attention

Supplemental description of the text

Binary numbers .............. XXXXB Oor xXxXx

Decimal numbers ........... XXX X

Hexadecimal numbers ... xxxxH
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Register notation

7 6

5

4

<3>

2

1

0

EDC|B|1|0|><|A|1|O|X

A bit number enclosed with angle brackets
indicates bits whose name is defined as a

reserved word in the NEC Electronics assembler

and as an sfr variable on #pragma sfr directive

in the C compiler

When writing When reading
Write 0 or 1. The Read O or 1.
operation is not affected
by either value.
Must write 0. 0 is read.
Must write 1. 1lis read.

Write the value for the
function intended to be
used.

Read the value that
conforms to the operating
state.

register description in this manual.

Never write a combination of codes that have “ Setting prohibited” written in the

Characters that are easily confused: 0 (zero), O (capital 0)

1 (one), | (letter 1), | (capital i)
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Related Documents The related documents in this publication may include preliminary versions. However, prelimi-
nary versions are not marked as such.

Documents Related to Devices

Document Name Document No.
UPD784216A, 784218A, 784216AY, 784218AY Subseries Hardware User's Manual This manual
78K/IV Series Software Fundamentals Application Note U10095E
78K/IV Series Instructions User's Manual 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-784225-NS-EM1 Emulation Board U13742E
IE-784000-R In-Circuit Emulator U12903E
|IE-784218-R-EM1 Emulation Board U12155E

Documents Related to Flash Memory Writing

Document Name

Document No.

PG-FP3 Flash Memory Programmer User's Manual

U13502E

Other Related Documents

Document Name

Document No.

SEMICONDUCTOR SELECTION GUIDE - Products & Packages - X13769X
Semiconductor Device Mount Manual Note

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

Note See the following website.
Semiconductor Device Mount Manual (http://www.necel.com/pkg/en/mount/index.html)

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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TN O B O 11 ] 4 o o £ PP PP TP
CHAPTER 4 CLOCK GENERATOR ...ttt ettt e e e e e e e e e aaeeeas
o R U | o o (o] 1S PPRUTR TP
A O Y o1 o [T = 1o o SRS
R N O] ¢ | 4 fo ]l 2 {=To [ 1] =] £ TP ETTT TR
4.4 System ClOCK OSCIHIALON .....uueiiiiiiiieiee e e e e e e e e e
4.4.1  Main System ClOCK OSCIIALON .........cvviiiieiiciiiee e e e e e e e e e e saar e e e e e snees
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4.4.4  When no subsystem ClOCKS are USEA ...........oooiiiiiiiiiiiiiiiii ettt e e e e e
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CHAPTER 1 OVERVIEW

The uPD784218A Subseries is a member of the 78K/IV Series and consists of 100-pin products intended for
general-purpose applications. The 78K/IV Series has 16-bit single-chip microcontrollers and provides a high-
performance CPU with functions such as access to a 1 MB memory space.

The uPD784218A has a 256 KB mask ROM and a 12,800-byte RAM on chip. In addition, it incorporates a high-
performance timer/counter, an 8-bit A/D converter, an 8-bit D/A converter, and an independent 2-channel serial
interface.

The uPD784217A is a product with the mask ROM capacity of the uPD784218A changed to 192 KB.

The uPD784216A is based on the uPD784218A with 128 KB of mask ROM and 8,192 bytes of RAM.

The uPD784215A is based on the yuPD784218A with 128 KB of mask ROM and 5,120 bytes of RAM.

The uPD784214A is based on the uPD784218A with 128 KB of mask ROM and 3,584 bytes of RAM.

The pyPD78F4216A and 78F4218A are products with the mask ROM of the uPD784216A and 784218A replaced
by a flash memory.

The uPD784216AY and 784218AY Subseries adds an I>C bus control function to the uPD784216A and 784218A
Subseries.

The relationships among these products are shown below.
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CHAPTER 1 OVERVIEW

These products can be applied in the following areas.

32

On-chip flash memory product

Mask ROM product

UPD78F4218AY UPD784218AY
UPD78F4218A HPD784218A
Flash memory 256 K ROM 256 K
RAM 12,800 RAM 12,800
UPD784217AY
UPD784217A
ROM 192K
RAM 12,800
UPD78F4216AY UPD784216AY
UPD78F4216A HUPD784216A
Flash memory 128 K ROM 128K
RAM 8,192 RAM 8,192
UPD784215AY
UPD784215A
ROM 128K
RAM 5,120
UPD784214AY
UPD784214A
ROM 96K
RAM 3,584

e Cellular phones, PHS, cordless phones, CD-ROMs, AV equipment, etc.
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CHAPTER 1 OVERVIEW

* 78K/IV Series Product Development Diagram

I:l : In mass production

I2C bus compatible

Multi-master 1°C bus compatible

LUPD784038Y
HuPD784225Y
uPD784038
Standard Product Development UPD784225
Internal memory capacity enhanced -
Pin-compatible with the uPD784026 80 pins
HPD784026 ROM correction added

o Multi-master 12C bus compatible Multi-master I12C bus compatible
A/D, 16-bit timer, and

power management enhanced UPD784216AY uPD784218AY
UPD784216A UPD784218A
100 pins Internal memory capacity enhanced
1/0 and internal memory ROM correction added
capacity enhanced
uPD784054
uUPD784046

On-chip 10-bit A/D

ASSP Development

UPD784956A

For DC inverter control

/ UPD784938A

Function of the uPD784908 enhanced
. Internal memory capacity enhanced
On-chip IEBus™ controller
P u ROM correction added

uPD784908

Multi-master I12C bus compatible

| uPD784928Y

|| wpBaozs

Function of the yPD784915 enhanced

UPD784915

Software servo control
On-chip analog circuit for VCR
Timer enhanced

UPD784976A

On-chip VFD controller/driver

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

User’s Manual U13570EJ3VOUD 33



CHAPTER 1 OVERVIEW

1.1 Features

On-chip ROM correction (UPD784218A, 784218AY Subseries only)
Inherits the peripheral functions of the uPD78078 Subseries
Minimum instruction execution time
¢ 160 ns (main system clock: fxx = 12.5 MHz operation)
e 61 us (subsystem clock: fxr = 32.768 kHz operation)
Instruction set suited for control applications
Interrupt controller (4-level priority)
« Vectored interrupt servicing, macro service, and context switching
Standby function
« HALT, STOP, and IDLE modes
« In the low power consumption mode: HALT and IDLE modes (subsystem clock operation)
On-chip memory: Mask ROM 256 KB (uPD784218A, 784218AY)
192 KB (uPD784217A, 784217AY)
128 KB (uPD784215A, 784216A, 784215AY, 784216AY)
96 KB (UPD784214A, 784214AY)
Flash memory 256 KB (uPD78F4218A, 78F4218AY)
128 KB (uPD78F4216A, 78F4216AY)
RAM 12,800 bytes (uPD784217A, 784218A, 784217AY, 784218AY, 78F4218A,
78F4218AY)
8,192 bytes (uPD784216A, 784216AY, 78F4216A, 78F4216AY)
5,120 bytes (uPD784215A, 784215AY)
3,584 bytes (uPD784214A, 784214AY)

I/0 pins: 86

» Software programmable pull-up resistors: 70 inputs
« LED direct drive possible: 22 outputs
e Transistor direct drive possible: 6 outputs

Timer/counter: 16-bit timer/counter x 1 unit

8-bit timer/counter x 6 units
Watch timer: 1 channel
Watchdog timer: 1 channel
Serial interfaces
« UART/IOE (3-wire serial 1/0): 2 channels (on-chip baud rate generator)
« CSI (3-wire serial I/0, multimaster compatible 12C busN°t€): 1 channel
A/D converter: 8-bit resolution x 8 channels
D/A converter: 8-bit resolution x 2 channels
Real-time output port (by combining with the timer/counter, two stepping motors can be independently controlled)
Clock frequency function
Clock output function: Select from fxx, fxx/2, fxx/22, fxx/23, fxx/2%, fxx/2°, fxx/28, fxx/27, and fxt
Buzzer output function: Select from fxx/210, fxx/211, fxx/212, and fxx/213
Power supply voltage: Vob = 1.8 to 5.5 V (mask ROM version)

Vob = 1.9 to 5.5 V (flash memory version)

Note Only in the yPD784216AY, 784218AY Subseries
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1.2 Ordering Information

(1) uPD784216A, 784218A Subseries

)

Part Number

Package

On-chip ROM

UPD784214AGC-xxx-8EU
UPD784214AGF-xxx-3BA
UPD784215AGC-xxx-8EU
UPD784215AGF-xxx-3BA
UPD784216AGC-xxx-8EU
UPD784216AGF-xxx-3BA
UPD784217AGC-xxx-8EU
UPD784217AGF-xxx-3BA
UPD784218AGC-xxx-8EU
UPD784218AGF-xxx-3BA
UPD78F4216AGC-8EU

UPD78F4216AGF-3BA

UPD78F4218AGC-8EU

UPD78F4218AGF-3BA

100-pin plastic LQFP (fine pitch) (14 x 14)
100-pin plastic QFP (14 x 20)
100-pin plastic LQFP (fine pitch) (14 x 14)
100-pin plastic QFP (14 x 20)
100-pin plastic LQFP (fine pitch) (14 x 14)
100-pin plastic QFP (14 x 20)
100-pin plastic LQFP (fine pitch) (14 x 14)
100-pin plastic QFP (14 x 20)
100-pin plastic LQFP (fine pitch) (14 x 14)
100-pin plastic QFP (14 x 20)
100-pin plastic LQFP (fine pitch) (14 x 14)
100-pin plastic QFP (14 x 20)
100-pin plastic LQFP (fine pitch) (14 x 14)
100-pin plastic QFP (14 x 20)

Remark xxxindicates ROM code suffix.

UPD784216AY, 784218AY Subseries

Part Number

Package

Mask ROM
Mask ROM
Mask ROM
Mask ROM
Mask ROM
Mask ROM
Mask ROM
Mask ROM
Mask ROM
Mask ROM
Flash memory
Flash memory
Flash memory
Flash memory

On-chip ROM

UPD784214AYGC-xxx-8EU
UPD784214AYGF-xxx-3BA
UPD784215AYGC-xxx-8EU
UPD784215AYGF-xxx-3BA
UPD784216AYGC-xxx-8EU
UPD784216AYGF-xxx-3BA
UPD784217AYGC-xxx-8EU
UPD784217AYGF-xxx-3BA
UPD784218AYGC-xxx-8EU
UPD784218AYGF-xxx-3BA
UPD78F4216AYGC-8EU

UPD78F4216AYGF-3BA

UPD78F4218AYGC-8EU

UPD78F4218AYGF-3BA

100-pin plastic LQFP (fine pitch) (14 x 14)
100-pin plastic QFP (14 x 20)
100-pin plastic LQFP (fine pitch) (14 x 14)
100-pin plastic QFP (14 x 20)
100-pin plastic LQFP (fine pitch) (14 x 14)
100-pin plastic QFP (14 x 20)
100-pin plastic LQFP (fine pitch) (14 x 14)
100-pin plastic QFP (14 x 20)
100-pin plastic LQFP (fine pitch) (14 x 14)
100-pin plastic QFP (14 x 20)
100-pin plastic LQFP (fine pitch) (14 x 14)
100-pin plastic QFP (14 x 20)
100-pin plastic LQFP (fine pitch) (14 x 14)
100-pin plastic QFP (14 x 20)

Remark xxxindicates ROM code suffix.
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1.3 Pin Configuration (Top View)

¢ 100-pin plastic LQFP (fine pitch) (14 x 14)
UPD784214AGC-xxx-8EU, 784215AGC-xxx-8EU, 784216AGC-xxx-8EU, 78F4216AGC-8EU,
UPD784214AYGC-xxx-8EU, 784215AYGC-xxx-8EU, 784216AYGC-xxx-8EU, 78F4216AYGC-8EU,
UPD784217AGC-xxx-8EU, 784218AGC-xxx-8EU, 78F4218AGC-8EU,
UPD784217AYGC-xxx-8EU, 784218AYGC-xxx-8EU, 78F4218AYGC-8EU
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P120/RTPO O=—| 1 75 [+—=O P62/A18
P121/RTP1 O=~— 2 O 74 |+=—0O P61/AL7
P122/RTP2 O=~—~ 3 73 |=—0O P60/A16
P123/RTP3 O=~—= 4 72— Vss
P124/RTP4 O=~— 5 71 |=—0O P57/A15
P125/RTP5 O~—] 6 70 |=—0O P56/A14
P126/RTP6 O~—7 69 [=—0O P55/A13
P127/RTP7 O=— 8 68 [=—=0O P54/A12
Voo O—— 9 67 [«—=O P53/A11
X2 O— 10 66 [=—=O P52/A10
X1 O—= 11 65 [=—=0O P51/A9
Vss O— 12 64 |«——=0O P50/A8
XT2 O— 13 63 |«——O P47/AD7
XT1 O— 14 62 [«—(O P46/AD6
RESET O— 15 61 f=—=O P45/AD5
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POO/INTPO O=—=]
POL/INTPL O=—]
PO2/INTP2/NMI O
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PO4/INTP4 O=—
PO5/INTP5 O=—]
PO6/INTP6 O=—"]

60 [=——=0O P44/AD4
59 |=——=0O P43/AD3
58 |=——=0O P42/AD2
57 [=—O P41/AD1
56 [~——=O P40/ADO
55 [«—=O P87/A7
54 |+—=(O P86/A6
AVop O—— 53 [«——O P85/A5
AVrero O—— 52 f«—=( P84/A4
P10/ANI0 O— 25 51 «—=( P83/A3

e
o ~

N NN NN
A W N PP O O

26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50
J)J)J)££J)J)J)OOJ)OOOOOOOOOOOOOO
:'EQSEQDZ’;BSEESQ:'SQ'GBIQ8:222

o 2 2
E%E%%E%zzzggm‘ogm‘o&méw%B:N
\\\\\\\ < < U2 S0 F2E S © 0
AN M TN ONR S sS <A 5 Q = I J0 0 a0

A d A A oA S o Xx0d X0 dJdYNF AN QO

[ I R I o B o MY a R o Y M M ¥ X ¥ F X X 0 o D.w

o o S EO0OZXEO [ @

oo Sanan =] e

<oy < o S

oI =N 5 Q

(%]

~ N N @9

o o [N R

o

Notes 1. The SDAO and SCLO pins are provided only for the uPD784216AY, 784218AY Subseries.
2. The Vep pin is provided only for the uPD78F4216A, 78F4218A, 78F4216AY, and 78F4218AY.
3. The EXA pin is provided only for the uPD784218A, 784218AY Subseries.
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e 100-pin plastic QFP (14 x 20)
UPD784214AGF-xxx-3BA, 784215AGF-xx%x-3BA, 784216AGF-xxx-3BA, 78F4216AGF-3BA,
UPD784214AYGF-xxx-3BA, 784215AYGF-xxx-3BA, 784216AYGF-xxx-3BA, 78F4216AYGF-3BA,
UPD784217AGF-xxx-3BA, 784218AGF-xxx-3BA, 78F4218AGF-3BA,
UPD784217AYGF-xxx-3BA, 784218AYGF-xxx-3BA, 78F4218AYGF-3BA
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~——~(O P43/AD3
=0 P42/AD2
O P41/AD1
-« P40/ADO
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[~—=O P54

P60/A16 O=— 1 80 |=——+O p84/a4

P61/A17 O=~—=2 O 79 |=—=0O P83/A3

P62/A18 O=—3 78 |[=—O P82/A2

P63/A19 O=~— 4 77 |=—0 P81/A1

P64/RD O=—| 5 76 |=—=O P80/AD

P65/WR O~—>6 75 |=——=O P27/SCKO/SCLONte 1
P66/WAIT O 7 74 |+=—=0O P26/S00
P67/IASTB O 8 73 |+——=0 P25/SI0/SDAQ"ete 1

Voo O—19 72 |=—=0 P24/BUZ

=
o

P100/TI5/TO5 O
P101/TI6/TO6 O
P102/T17/TO07 O
P103/TI8/TO8 O

71 |=—0O P23/PCL

70 |=——=0O P22/ASCK1/SCK1
69 [=—=0O P21/TxD1/SO1
68 [«~—=(O P20/RxD1/SI1

[
[N

[y
N

[y
w

P30/T00 O 14 67 [=—=O P72/ASCK2/SCK2
P31/TO1 O 15 66 [=—=O P71/TxD2/SO2
P32/T02 O 16 65 [«—=(O P70/RxD2/SI2

[
3

P33/TI1 O=—
P34/TI2 O=—
P35/TI00 O=~—
P36/TI01 O~—
P37/EXANe? O=—nl
TEST/Vpetete2 O—

64 ——0O AVrer

63 f«—=(O P131/ANO1
62 f«—=( P130/ANOO
61 —C0O AVss

60 f«——O P17/ANI7
59 [=——O P16/ANI6
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P90 O=—=| 23 58 [=——(O P15/ANI5
P91 QO=—-»| 24 57 =—O P14/ANI4
P92 O=—=|25 56 [~——O P13/ANI3
P93 O=—= 26 55 [«——O P12/ANI2
P94 O=—»l 27 54 f«——() P11/ANI1
P95 O=~—»28 53 |=——O P10/ANIO
P120/RTPO O~=~—= 29 52— AVrero
P121/RTP1 O=~—={ 30 51 —0O AVoo
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Notes 1. The SDAO and SCLO pins are provided only for the uPD784216AY, 784218AY Subseries.
2. The Vrp pin is provided only for the yPD78F4216A, 78F4218A, 78F4216AY, and 78F4218AY.
3. The EXA pin is provided only for the uPD784218A, 784218AY Subseries.
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Cautions 1. Connect the TEST pin directly to Vss or pull down. For the pull-down connection, use of a

Remark

resistor with a resistance between 470 Q and 10 kQ is recommended.

2. Connect the Vre pin directly to Vss or pull down during normal operation. When using a
system in which on-chip flash memory is rewritten on board, connect the Vep pin via a pull-
down resistor.

For the pull-down connection, use of a resistor with a resistance between 470 Q and 10 kQ
is recommended.

3. Connect the AVop pin to Vob.

4. Connect the AVss pin to Vss.

If the device is used in an application where noise generated from the microcontroller must be reduced,
it is recommended to suppress noise by supplying power separately to Voo positive power supply for
ports and Voo for pins other than ports, and by separately connecting Vss (ground) for ports potential
Vss for pins other than ports. Make sure that Voo for ports and Voo for pins other than ports are the same
potential. In addition, Vss for ports and Vss for pins other than ports must be also the same potential.

Inthe uPD784214AGC, 784215AGC, 784216AGC, 784217AGC, 784218AGC, 78F4216AGC, 78F4218AGC,
784214AYGC, 784215AYGC, 784216AYGC, 784217AYGC, 784218AYGC, 78F4216AYGC, and
78F4218AYGC

Positive power Voo for ports: Pin 81
Positive power Voo for pins other than ports: Pin 9
Ground potential Vss for ports: Pin 72

Ground potential Vss for pins other than ports: Pin 12

Inthe uPD784214AGF, 784215AGF, 784216AGF, 784217AGF, 784218AGF, 78F4216AGF, 78F4218AGF,
784214AYGF, 784215AYGF, 784216AYGF, 784217AYGF, 784218AYGF, 78F4216AYGF, and
78F4218AYGF

Positive power Voo for ports: Pin 9
Positive power Voo for pins other than ports:  Pin 37
Ground potential Vss for ports: Pin 100

Ground potential Vss for pins other than ports: Pin 40
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AO to A19:
ADO to AD7:
ANIO to ANI7:
ANOO, ANO1:

ASCK1, ASCK2:

ASTB:

AVop:

AVREF0, AVREF1:
AVss:

BUZ:

EXxANote 3.

INTPO to INTP6:

NMI:

POO to PO6:
P10 to P17:
P20 to P27:
P30 to P37:
P40 to P47:
P50 to P57:
P60 to P67:
P70 to P72:
P80 to P87:
P90 to P95:
P100 to P103:

Notes 1. The SDAO and SCLO pins are provided only for the uPD784216AY, 784218AY Subseries.
2. The Vep pin is provided only for the uPD78F4216A, 78F4218A, 78F4216AY, and 78F4218AY.

Address bus
Address/data bus

Analog input

Analog output
Asynchronous serial clock
Address strobe

Analog power supply
Analog reference voltage
Analog ground

Buzzer clock

External access status output
Interrupt from peripherals
Non-maskable interrupt
Port O

Port 1

Port 2

Port 3

Port 4

Port 5

Port 6

Port 7

Port 8

Port 9

Port 10

P120 to P127:
P130, P131:
PCL:

RD:

RESET:

RTPO to RTP7:

RxD1, RxD2:

SCKO to SCK2:

scLoNote 1:
SDAQNote 1:
SI0 to Sl2:
SO0 to SO2:
TEST:

TI00, TIO1,

TI1, TI2, TI5 to TI8:
TOO to TO2, TO5 to TOS:

TxD1, TxD2:
Vbb:
vppNote 2.
Vss:

WAIT:

WR:

X1, X2:
XT1, XT2:

Port 12

Port 13
Programmable clock
Read strobe

Reset

Real-time output port
Receive data

Serial clock

Serial clock

Serial data

Serial input

Serial output

Test

Timer input
Timer output
Transmit data
Power supply

Programming power supply

Ground
Wait
Write strobe

Crystal (Main system clock)

Crystal (Subsystem clock)

3. The EXA pin is provided only for the uPD784218A, 784218AY Subseries.
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1.4 Block Diagram

INTP2/NMI

INTPO, INTP1,
INTP3 to INTP6

TIOO
TIO1
TOO

TI1
TO1

TI2
TO2

TI5/TO5

TI6/TO6

TI7ITO7

TI8/TO8

RTPO to RTP7

E——

—

Programmable
interrupt
controller

Timer/counter
(16 bits)

E—

B

Timer/counter 1
(8 bits)

—

Timer/counter 2
(8 bits)

Timer/counter 5
(8 bits)

Timer/counter 6
(8 hits)

Timer/counter 7
(8 bits)

78K/IV
CPU core

ROM

]

]

UART/IOE1

l~—— RxD1/SI1
— TxD1/SO1

Baud-rate
generator

+~—= ASCK1/SCK1

UART/IOE2

[~—— RxD2/SI2

Baud-rate
generator

— TxD2/S02
[+~— ASCK2/SCK2

Clocked
serial interface

(Y

-—= S|0/SDAQM"!
— SO0
| -——= SCKO/SCLOM !

{1

Bus I/F

> ADO to AD7
> AOto A7
> A8t0 ALS
> Al610 A19

— RD
- =~ WR
~—— WAIT
— ASTB

EX ANme 3

Port 0

Port 1

I

POO to P06

P10 to P17

Timer/counter 8
(8 bits)

Watch timer

Watchdog timer

Real-time

U N N O O VA VA A VA VA

NMUIINTP2 ——={Output port
ANOO =—
ANO1 =—— D/A
AVrerr — converter
AVss —
ANIO to ANI7 )
AVrero —| A/D
AVop —
AV converter
P03 —
Clock output
PCL control
BUZ Buzzer output

|

{

RAM

Port 2

Port 3

Port 4

I

Port 5

Port 6

|

Port 7

Port 8

|

Port 9

Port 10

i

Port 12

Port 13

i

ii

i

P20 to P27

P30 to P37

P40 to P47

P50 to P57

P60 to P67

P70 to P72

P80 to P87

T
©
S
3
0
©
o

P100 to P103
P120 to P127

P130, P131

System control

~—— RESET
-—— x1
—— X2
~—— XT1
—— XT2

Vobp
Vss
TEST/Vee"'¢2

Notes 1. The SDAO and SCLO pins are provided only for the uPD784216AY, 784218AY Subseries.
2. The Vrp pin is provided only for the yPD78F4216A, 78F4218A, 78F4216AY, and 78F4218AY.
3. The EXA pin is provided only for the uPD784218A, 784218AY Subseries.

Remark The on-chip ROM capacity differs depending on the product.

40
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1.5 Function List

(1/2)

Product Name LPD784214A | PD784215A | 1iPD784216A | LPD78F4216A | LPD78F4217A | PD784218A | (iPD78F4218A

Item LPD784214AY | LIPD784215AY | LiPD784216AY | PD78F4216AY | LPD78F4217AY | iPD784218AY | LiPD78F4218AY
Number of basic instructions (mnemonics) 113

General-purpose registers

8 bits x 16 registers x 8 banks or 16 bits x 8 registers x 8 banks (memory mapping)

Minimum instruction execution time

¢ 160 ns (12.5 MHz operation with main system clock)
¢ 61 us (32.768 kHz operation with subsystem clock)

Internal memory ROM 96 KB 128 KB 128 KB 192 KB 256 KB 256 KB
(mask ROM)| (mask ROM) (flash memory) | (mask ROM) | (mask ROM) | (flash memory)
RAM 3,584 bytes | 5,120 bytes | 8,192 bytes 12,800 bytes
Memory space 1 MB of combined program and data
1/0 ports Total 86
CMOS inputs 8
CMOS I/0 72
N-ch open-drain 1/O 6
Pins with added Pins with pull-up 70
functionsNote resistors
LED direct drive outputs | 22
Medium voltage pins | 6

Real-time output ports

4 bits x 2 or 8 bits x 1

Timer/event counters

Timer/event counter: Timer counter x 1

(16 bits)

Pulse output available
Capture/compare register x 2 « PPG output

* Square wave output

¢ One-shot pulse output

Timer/event counter 1: Timer counter x 1
(8 bits) Compare register x 1

Pulse output available
* PWM output
» Square wave output

Timer/event counter 2: Timer counter x 1
(8 bits) Compare register x 1

Pulse output available
* PWM output
» Square wave output

Timer/event counter 5;: Timer counter x 1
(8 hits) Compare register x 1

Pulse output available
* PWM output
» Square wave output

Timer/event counter 6: Timer counter x 1
(8 hits) Compare register x 1

Pulse output available
* PWM output
» Square wave output

Timer/event counter 7: Timer counter x 1
(8 bits) Compare register x 1

Pulse output available
* PWM output
» Square wave output

Timer/event counter 8: Timer counter x 1
(8 hits) Compare register x 1

Pulse output available
* PWM output
» Square wave output

Note The pins with added functions are included in the I/O pins.
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(2/2)

Item

Product Name

[iPD784214A | 1iPD784215A | uPD784216A | LiPD78F4216A | UPD78F4217A | PD784218A | LPD78F4218A
[iPD784214AY | LiPD784215AY | 1PD784216AY | LiPDT8F4216AY | UPDT8F4217AY | PD784218AY | uPD78F4218AY

Serial interfaces

¢ UART/IOE (3-wire serial I/0): 2 channels (on-chip baud rate generator)
« CSlI (3-wire serial /0, multimaster compatible 12C busN°t€): 1 channel

A/D converter

8-bit resolution x 8 channels

D/A converter

8-bit resolution x 2 channels

Clock output

Select from fxx, fxx/2, fxx/22, fxx/23, fxxI24, fxx/25, fxx/28, fxx/27, and fxt

Buzzer output

Select from fxx/210, fxx/211, fxx/212, and fxx/213

Watch timer

1 channel

Watchdog timer

1 channel

Standby e HALT, STOP, and IDLE modes
* In the low power consumption mode
(CPU operation with subsystem clock): HALT and IDLE modes
Interrupts Hardware source 29 (internal: 20, external: 9)

Software source

BRK instruction, BRKCS instruction, and operand error

Non-maskable

Internal: 1, external: 1

Maskable

Internal: 19, external: 8

* 4-level programmable priority
» Three processing formats: Vectored interrupt, macro service, and context switching

Power supply voltage

Voo =1.8t0 5.5V Voo =19 | Voo =1.8t0 55V Voo = 1.9
to55V to55V

Package

* 100-pin plastic LQFP (fine pitch) (14 x 14)
* 100-pin plastic QFP (14 x 20)

Note Only in the yPD784216AY, 784218AY Subseries
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1.6 Differences Between Models in uPD784216A, 784216AY/784218A, 784218AY Subseries

The only difference between the uPD784214A, 784215A, 784216A, 784217A, and 784218A line is the internal

memory capacity.

The uPD784214AY, 784215AY, 784216AY, 784217AY, and 784218AY are models with the addition of an 12C bus

control function.

The uPD78F4216A, 78F4216AY, 78F4218A, and 78F4218AY are provided with a 128 KB/256 KB flash memory
instead of the mask ROM of the above models. These differences are summarized in Table 1-1.

Table 1-1. Differences Between Models in uPD784216A, 784216AY/784218A, 784218AY Subseries

art Number

HPD784214A, | uPD784215A, | uPD784216A, | uPD784217A, | uPD784218A, | uPD78F4216A, | uPD78F4218A,
Item UPD784214AY | pPD784215AY | uPD784216AY | uPD784217AY | uPD784218AY | uPD78F4216AY | uPD78F4218AY
Internal ROM 96 KB 128 KB (mask ROM) 192 KB 256 KB 128 KB 256 KB

(mask (mask (mask (flash (flash

ROM) ROM) ROM) memory) memory)
Internal RAM 3,584 bytes | 5,120 bytes | 8,192 bytes | 12,800 bytes 8,192 bytes | 12,800 bytes

Internal memory

size switching
register (IMS)

Not provided

ProvidedNote

ROM correction | Not provided Provided Not Provided
provided

External access | Not provided Provided Not Provided

status function provided

Supply voltage

Voo =1.8t0 5.5V

Voo =19to 55V

Electrical
specifications

Refer to the chapters of electrical specifications and recommended soldering conditions.

Recommended

soldering

conditions

EXA pin Not provided Provided Not Provided
provided

TEST pin Provided Not provided

Vep pin Not provided Provided

Note The internal flash memory capacity and internal RAM capacity can be changed using the internal memory
size switching register (IMS).

Caution

There are differences in noiseimmunity and noise radiation between the flash memory and mask

ROM versions. When pre-producing an application set with the flash memory version and then

mass-producing it with the mask ROM version, be sure to conduct sufficient evaluations on the

commercial samples (not engineering samples) of the mask ROM version.
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2.1 Pin Function List

(1) Port pins (1/3)

CHAPTER 2 PIN FUNCTIONS

Pin Symbol 110 Alternate Function Function

P00 110 INTPO Port 0 (PO):
P02 INTP2/NMI * Input/output can be specified in 1-bit units

¢ Regardless of whether the input or output mode is specified, on-chip
P03 INTP3 pull-up resistor connection can be specified by the setting of software
P04 INTP4 in 1-bit units
P05 INTP5
P06 INTP6
P10 to P17 Input ANIO to ANI7 Port 1 (P1):

« 8-bit dedicated input port
P20 110 RxD1/SI1 Port 2 (P2):
P21 TXD1/SO1 * 8-bit /O port

— * Input/output can be specified in 1-bit units

P22 ASCK1/SCK1

* Regardless of whether the input or output mode is specified, on-chip
P23 PCL pull-up resistor connection can be specified by the setting of software
P24 BUZ in 1-bit units
P25 Slo/spAoNote 1
P26 SO0
P27 SCKo/scLoNote 1
P30 110 TOO Port 3 (P3):
P31 TO1 e 8-bit /0 port
P32 102 * Input/output can be specified in 1-bit units

* Regardless of whether the input or output mode is specified, on-chip
ps3 m pull-up resistor connection can be specified by the setting of software
P34 TI2 in 1-bit units
P35 TI00
P36 TIO1
P37 EXANote 2
P40 to P47 110 ADO to AD7 Port 4 (P4):

* 8-bit /0 port

* Input/output can be specified in 1-bit units

* For input mode pins, on-chip pull-up resistor connection can be

specified for all bits at once by the setting of software
e LED can be driven directly

Notes 1. The SDAO and SCLO pins are provided only for the uPD784216AY, 784218AY Subseries.
2. The EXA pin is provided only for the uPD784218A, 784218AY Subseries.
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(1) Port Pins (2/3)

Pin Symbol 110 Alternate Function Function
P50 to P57 110 A8 to A15 Port 5 (P5):
¢ 8-bit I/O port
« Input/output can be specified in 1-bit units
« For input mode pins, on-chip pull-up resistor connection can be
specified for all bits at once by the setting of software
¢ LED can be driven directly
P60 110 Al16 Port 6 (P6):
P62 ALS ¢ Input/output can be specified in 1-bit units
¢ For input mode pins, on-chip pull-up resistor connection can be
P63 AL9 specified for all bits at once by the setting of software
P64 RD
P65 WR
P66 WAIT
P67 ASTB
P70 110 RxD2/S12 Port 7 (P7):
¢ 3-bit I/O port
P71 TxD2/SO2 « Input/output can be specified in 1-bit units
* Regardless of whether the input or output mode is specified, on-chip
p— pull-up resistor connection can be specified by the setting of software
P72 ASCK2/SCK2 . . .
in 1-bit units
P80 to P87 1/0 A0 to A7 Port 8 (P8):
¢ 8-bit I/O port
¢ Input/output can be specified in 1-bit units
* Regardless of whether the input or output mode is specified, on-chip
pull-up resistor connection can be specified by the setting of software
in 1-bit units
¢ Interrupt control flag (KRIF) is set to 1 by detecting the falling edge
P90 to P95 110 — Port 9 (P9):
¢ N-channel open drain medium voltage 1/0 port
¢ 6-bit I/O port
¢ Input/output can be specified in 1-bit units
¢ LED can be driven directly
P100 110 TI5/TO5 Port 10 (P10):
P101 TI6/TO6 * 4-bit I/O port
« Input/output can be specified in 1-bit units
P102 TI7/TO7
« Regardless of whether the input or output mode is specified, on-chip
P103 TI8/TO8

pull-up resistor connection can be specified by the setting of software
in 1-bit units

User's Manual U13570EJ3VOUD 45



CHAPTER 2 PIN FUNCTIONS

(1) Port Pins (3/3)

Pin Symbol 110 Alternate Function Function
P120 to P127 110 RTPO to RTP7 Port 12 (P12):
¢ 8-bit I/O port
« Input/output can be specified in 1-bit units
« Regardless of whether the input or output mode is specified, on-chip
pull-up resistor connection can be specified by the setting of software
in 1-bit units
P130, P131 I{e] ANOO, ANO1 Port 13 (P13):

¢ 2-bit I/O port
¢ Input/output can be specified in 1-bit units
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(2) Non-port pins (1/2)

Pin Symbol 110 Alternate Function Function
TI00 Input P35 External count clock input to 16-bit timer counter
TIO1 P36 Capture trigger signal input to capture/compare register 00
TI1 P33 External count clock input to 8-bit timer counter 1
TI2 P34 External count clock input to 8-bit timer counter 2
TI5 P100/TO5 External count clock input to 8-bit timer counter 5
TI6 P101/TO6 External count clock input to 8-bit timer counter 6
TI7 P102/TO7 External count clock input to 8-bit timer counter 7
TI8 P103/TO8 External count clock input to 8-bit timer counter 8
TOO Output P30 16-bit timer output (shared with 14-bit PWM output)
TO1 P31 8-bit timer output (shared with 8-bit PWM output)
TO2 P32
TOS5 P100/TI5
TO6 P101/TI6
TO7 P102/TI7
TOS8 P103/TI8

RxD1 Input P20/sI1 Serial data input (UART1)

RxD2 P70/SI12 Serial data input (UART2)
TxD1 Output P21/SO1 Serial data output (UART1)
TxD2 P71/S0O2 Serial data output (UART2)
ASCK1 Input P22/SCK1 Baud rate clock input (UART1)
ASCK2 P72/SCK2 Baud rate clock input (UART2)

SI0 Input P25/SDAQNote Serial data input (3-wire serial 1/00)

Si1 P20/RxD1 Serial data input (3-wire serial 1/01)

SI2 P70/RxD2 Serial data input (3-wire serial 1/02)

SO0 Output P26 Serial data output (3-wire serial 1/00)

SO1 P21/TxD1 Serial data output (3-wire serial 1/01)

S02 P71/TxD2 Serial data output (3-wire serial 1/02)

SDAQNote 110 P25/S10 Serial data 1/0 (12C bus)
SCKO P27/SCLONote Serial clock 1/O (3-wire serial 1/00)
SCK1 P22/ASCK1 Serial clock 1/0 (3-wire serial 1/01)
SCK2 P72/ASCK2 Serial clock 1/0 (3-wire serial 1/02)

SCLQNote P27/SCKO Serial clock 1/0 (12C bus)

Note The SDAO and SCLO pins are provided only for the yPD784216AY, 784218AY Subseries.
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(2) Non-port pins (2/2)

Pin Symbol 110 Alternate Function Function

NMI Input PO2/INTP2 Non-maskable interrupt request input

INTPO P00 External interrupt request input

INTP1 PO1

INTP2 PO2/NMI

INTP3 P03

INTP4 P04

INTPS P05

INTP6 P06

PCL Output P23 Clock output (for trimming main system clock and subsystem clock)

BUZ P24 Buzzer output

RTPO to RTP7 P120 to P127 Real-time output port that outputs data synchronized with the trigger

ADO to AD7 110 P40 to P47 Low-order address/data bus when the memory is externally expanded

AO to A7 Output P80 to P87 Low-order address bus when the memory is externally expanded

A8 to A15 P50 to P57 Middle-order address bus when the memory is externally expanded

Al6 to A19 P60 to P63 High-order address bus when the memory is externally expanded

RD P64 Strobe signal output for external memory read operation

WR P65 Strobe signal output for external memory write operation

W Input P66 Wait insertion during external memory access

ASTB Output P67 Strobe output that externally latches the address information that is
output to ports 4 to 6, and port 8 in order to access external memory

ExANote 1 P37 Status signal output during external memory access

RESET Input — System reset input

X1 — Crystal connection for main system clock oscillation

X2 —

XT1 Input — Crystal connection for subsystem clock oscillation

XT2 —

ANIO to ANI7 Input P10 to P17 Analog voltage input to A/D converter

ANOO, ANO1 Output P130, P131 Analog voltage output to D/A converter

AVREFo — — Reference voltage applied to A/D converter

AVReF1 Reference voltage applied to D/A converter

AVop Positive power supply to A/D converter. Connect to Voo.

AVss Ground for A/D converter and D/A converter. Connect to Vss.

Voo Positive power supply

Vss GND

TEST VppNote 2 Connect directly to Vss or via a pull-down resistor. For the pull-down
connection, use of a resistor with a resistance between 470 Q and 10 kQ
is recommended.

VepNote 2 TEST Flash memory programming mode setting

High voltage application pin during program write/verify

Notes 1. The EXA pin is provided only for the uPD784218A, 784218AY Subseries.
2. The Vee pin is provided only for the uPD78F4216A, 784218A, 78F4216AY, and 78F4218AY.
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2.2 Pin Function Description

(1) POO to P06 (Port 0)
This portis a 7-bit /0 port. In additionto being an I/O port, this port has an external interrupt request input function.
The following operating modes are selectable in 1-bit units.

(a) Port mode
This port functions as a 7-bit I/O port. It can be specified as input port or output port in 1-bit units using the
port 0 mode register. Regardless of whether input or output mode is specified, pull-up resistors can be
connected in 1-bit units using pull-up resistor option register 0.

(b) Control mode
The port functions as an external interrupt request input.

(i) INTPO to INTP6
INTPOto INTP6 are external interrupt requestinput pins that can select the valid edge (rising edge, falling
edge, or both rising and falling edges). The valid edge can be specified by the external interrupt rising
edge enable register and the external interrupt falling edge enable register. INTP2 also becomes the
external trigger signal input pin of the real-time output port by the valid edge input.

(i) NMI

This is the external non-maskable interrupt request input pin. The valid edge can be specified by the
external interrupt rising edge enable register and the external interrupt falling edge enable register.
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(2) P10to P17 (Port 1)
This port is an 8-bit dedicated input port. In addition to being a general-purpose input port, this port functions
as the analog input for the A/D converter.
It does not have on-chip pull-up resistors.

(a) Port mode
The port functions as an 8-bit dedicated input port.

(b) Control mode
The port functions as the analog input pins (ANIO to ANI7) of the A/D converter. The values are undefined
when the pins specified for analog input are read.

(3) P20 to P27 (Port 2)
This portis an 8-bit I/O port. In addition to being an I/O port, this port has the data I/O function, clock 1/O function,
clock output function, and output buzzer function of the serial interface.
The following operating modes are selectable in 1-bit units.

(a) Port mode
This port functions as an 8-bit I/O port. It can be specified as input port or output port in 1-bit units using
the port 2 mode register. Regardless of whether input or output mode is specified, pull-up resistors can be
connected in 1-bit units using pull-up resistor option register 2.

(b) Control mode
This port functions as the data I/O pins, clock I/O pins, clock output pins, and buzzer output pins of the serial
interface.
Pins P25 and P27 can be specified in the N-channel open drain by the port function control register (PF2)
(only in the uPD784216AY, 784218AY Subseries).

(i) Slo, SI1, SO0, SO1, SDAO
These pins are the I/O pins for serial data in the serial interface.
The SDAO pin is provided only for the uPD784216AY, 784218AY Subseries.

(ii) SCKO, SCK1, SCLO

These pins are the I/O pins for the serial clock of the serial interface.
The SCLO pin is provided only for the uPD784216AY, 784218AY Subseries.

(iif) RxD1, TxD1
These pins are the I/O pins for serial data in the asynchronous serial interface.

(iv) ASCK1
This is the 1/0O pin for the baud rate clock of the asynchronous serial interface.

(v) PCL
This is the clock output pin.

(vi) BUZ
This is the buzzer output pin.
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(4) P30 to P37 (Port 3)
This port is an 8-bit I/O port. In addition to being an 1/O port, this port has the timer I/O function and the external

access status output function.

The following operating modes are selectable in 1-bit units.

@

(b)

Port mode

The port functions as an 8-bit I/0O port. It can be specified as input port or output port in 1-bit units using
the port 3 mode register. Regardless of whether input or output mode is specified, pull-up resistors can be
connected in 1-bit units using pull-up resistor option register 3.

Control mode
The port functions as timer I/O and external access status output.

(i) TIoO
This is the external clock input pin to the 16-bit timer/counter.

(i) TIO1
This is the capture trigger signal input pin to capture/compare register 00.

(iii) TI1, TI2
These are the external clock input pins to the 8-bit timer/counter.

(iv) TOO to TO2
These are timer output pins.

(v) EXA
This is the external access status output pin.
The EXA pin is provided only for the uPD784218A, 784218AY Subseries.

(5) P40 to P47 (Port 4)
This is an 8-bit I/0 port. In addition to being an 1/0 port, this port has the address/data bus function. LED can
be driven directly.
The following operating modes are selectable in 1-bit units.

@

(b)

Port mode

This port functions as an 8-bit I/O port. It can be specified as input port or output port in 1-bit units using
the port 4 mode register. When used as an input port, pull-up resistors can be connected in 8-bit units with
bit 4 of the pull-up resistor option register (PUO4).

Control mode

The port functions as the low-order address/data bus pins (ADO to AD7) when in the external memory
expansion mode. If PUO4 = 1, pull-up resistors can be connected.

User's Manual U13570EJ3VOUD 51



CHAPTER 2 PIN FUNCTIONS

(6) P50 to P57 (Port 5)
This port is an 8-bit I/O port. In addition to being an I/O port, it has the address bus function. LED can be driven
directly.

7

52

The following operating modes are selectable in 1-bit units.

@

(b)

Port mode

The port functions as an 8-bit I/0O port. It can be specified as input port or output port in 1-bit units using
the port 5 mode register. When used as an input port, pull-up resistors can be connected in 8-bit units with
bit 5 of the pull-up resistor option register (PUO5).

Control mode
The port functions as the middle-order address bus pins (A8 to A15) when in the external memory expansion
mode. If PUOS = 1, pull-up resistors can be connected.

P60 to P67 (Port 6)
This port is an 8-bit I/O port. In addition to being an I/O port, this port has the address bus function and control
function when in the external memory expansion mode.

The following operating modes are selectable in 1-bit units.

@

(b)

Port mode

The port functions as an 8-bit 1/O port. It can be specified as input port or output port in 1-bit units using
the port 6 mode register. When used as an input port, pull-up resistors can be connected in 8-bit units with
bit 6 of the pull-up resistor option register (PUOB).

Control mode

P60 to P63 function as the high-order address bus pins (A16 to A19) in the external memory expansion mode.
P64 to P67 function as the control signal output pins (@, m, WAIT, ASTB) in the external memory
expansion mode. If PUO6 = 1 in the external memory expansion mode, the pull-up resistors can be
connected.

Caution  When external waits are not used during the external memory expansion mode, P66
can be used as an /O port.
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(8) P70to P72 (Port 7)
This is a 3-bit I/O port. In addition to being an I/O port, this port has the data 1/0 and clock 1/O functions of the

serial interface.
The following operating modes are selectable in 1-bit units.

(a) Port mode
The port functions as a 3-bit I/0 port. It can be specified as input port or output port in 1-bit units using the
port 7 mode register. Regardless of whether input or output mode is specified, pull-up resistors can be
connected in 1-bit units using pull-up resistor option register 7.

(b) Control mode
The port functions as data I/O and clock 1/O of the serial interface.

(i) SI2, so2
These are the 1/O pins for serial data of the serial interface.

(i) SCK2
This is the 1/0O pin for the serial clock in the serial interface.

(iif) RxD2, TxD2
These are the serial data 1/0 pins of the asynchronous serial interface.

(iv) ASCK2
This is baud rate clock input pin of the asynchronous serial interface.

(9) P80 to P87 (Port 8)
This port is an 8-bit 1/0 port. In addition to being an 1/O port, this port has the address bus function.

By detecting the falling edge, the interrupt control flag (KRIF) can be set to 1.
The following operating modes are selectable in 1-bit units.

(a) Port mode
The port functions as an 8-bit 1/O port. It can be specified as input port or output port in 1-bit units using
the port 8 mode register. Regardless of whether input or output mode is specified, pull-up resistors can be
connected in 1-bit units using pull-up resistor option register 8.

(b) Control mode

The port functions as the low-order address bus pins (A0 to A7) when in the external memory expansion
mode. If PU8n =1 (n = 0 to 7), pull-up resistors can be connected.
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(10) P90 to P95 (Port 9)
This port is a 6-bit 1/0 port.
LED can be driven directly.
It can be specified as input port or output port in 1-bit units using the port 9 mode register.
This is the N-channel open drain medium voltage 1/O port.
It does not have on-chip pull-up resistors.

(11) P100 to P103 (Port 10)
This port is a 4-bit 1/0 port. In addition to being an 1/O port, this port has the timer 1/O function.
The following operating modes are selectable in 1-bit units.

(a) Port mode
The port functions as a 4-bit I/O port. It can be specified as input port or output port in 1-bit units. Regardless
of whether input or output mode is specified, pull-up resistors can be connected in 1-bit units using pull-up
resistor option register 10.

(b) Control mode
The port functions as the timer 1/O port.

(i) TI5to TI8
These are the external clock input pins for the 8-bit timer/counter.

(i) TO5to TO8
These are the timer output pins.

(12) P120 to P127 (Port 12)
This port is an 8-bit 1/0 port. In addition to being an 1/O port, this port has the real-time output port function.
The following operating modes are selectable in 1-bit units.

(a) Port mode
The port functions as an 8-bit I/0O port. It can be specified as input port or output port in 1-bit units using
the port 12 mode register. Regardless of whether input or output mode is specified, pull-up resistors can
be connected in 1-bit units using pull-up resistor option register 12.

(b) Control mode

The port functions as a real-time output port (RTPO to RTP7) that outputs data synchronized with a trigger.
The pins specified as the real-time output port are read as 0.
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(13) P130, P131 (Port 13)
This port is a 2-bit I/O port. In addition to being an 1/0O port, this port has the analog output function for the D/A
converter.
The following operating modes can be specified in 2-bit units.

(a) Port mode
The port functions as a 2-bit I/0 port. It can be specified as input port or output port in 1-bit units using the
port 13 mode register.
It does not have on-chip pull-up resistors.

(b) Control mode
The port functions as the analog outputs (ANOO, ANOZ1) for the D/A converter. The values are undefined
when the pins specified as analog output are read.

Caution If only one channel is used to the D/A converter when AVrer1 < Vop, either of the
following should be implemented for the pins that are not used as the analog output.
¢ Set 1 (input mode) for the port mode register (PM13x) and connect to Vss.
¢ Set 0 (output mode) for the port mode register (PM13x). Set the output latch to 0 and

output a low level.

(14) AVRero
This is the reference voltage input pin for the A/D converter.
If the A/D converter is not used, connect to Vss.

(15) AVRer1
This is the reference voltage input pin for the D/A converter.
If the D/A converter is not used, connect to Vob.

(16) AVop
This is the analog voltage supply pin for the A/D converter. Even if the A/D converter is not used, always use
this pin at the same potential as Voo pin.

(17) AVss
This is the ground potential pin for the A/D converter. Even if the A/D converter is not used, always use this pin
at the same potential as Vss pin.

(18) RESET
This is the active low system reset input pin.

(19) X1, X2
These are the crystal oscillator connection pins for main system clock oscillation.
When an external clock is supplied, input this clock signal to X1, and its inverted signal to X2.

(20) XT1, XT2

These are the crystal oscillator connection pins for subsystem clock oscillation.
When an external clock is supplied, input this clock signal to XT1, and its inverted signal to XT2.
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(21) Voo
This is the positive voltage supply pin.

(22) Vss
This is the ground potential pin.

(23) Vep (UPD78F4216A, 78F4218A, 78F4216AY, 78F4218AY only)

This is the high-voltage application pin when setting the flash memory programming mode and writing or verifying
the program.

In the normal operating mode, connect directly to Vss or via a pull-down resistor. Connect a pull-down resistor
to the Vpp pin in a system where the internal flash memory is rewritten on board. For the pull-down connection,
use of a resistor with a resistance between 470 Q and 10 kQ is recommended.

(24) TEST

Connectdirectly to Vss or via a pull-down resistor. For the pull-down connection, use of a resistor with aresistance
between 470 Q and 10 kQ is recommended.
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2.3 Pin I/O Circuit and Handling of Unused Pins

Table 2-1 shows the 1/O circuit type for the pins and how to handle unused pins.
See Figure 2-1 for each type of 1/O circuit.

Table 2-1. 1/O Circuit Type for Each Pin and Handling Unused Pins (1/2)

Pin Symbol 1/0 Circuit Type 110 Recommended Connection When Unused
POO/INTPO 8-N 110 Input:  Connect to Vss individually via a resistor.
POL/INTP1 Output: Leave open.

PO2/INTP2/NMI

PO3/INTP3 to PO6/INTP6

P10/ANIO to P17/ANI7 | 9 Input Connect to Vss or Vop.

P20/RxD1/SI1 10-K 110 Input:  Connect to Vss individually via a resistor.
P21/TxD1/SO1 10-L Output: Leave open.

P22/ASCK1/SCK1 10-K

P23/PCL 10-L

P24/BUZ

P25/SDAQONOte/S|0 10-K

P26/SO0 10-L

P27/SCLONote/SCKO 10-K

P30/TOO0 to P32/TO2 12-E

P33/TI1, P34/TI2 8-N
P35/TI00, P36/TI01 10-M
P37/EXA 12-E

P40/ADO to P47/AD7 5-A

P50/A8 to P57/A15

P60/A16 to P63/A19

P64/RD

P64/WR

P66/WAIT

P67/ASTB

P70/RXD2/SI2 8-N
P71/TxD2/SO2 10-M
P72/ASCK2/SCK2 8-N
P8O/AO to P87/A7 12-E
P90 to P95 13-D

Note The SDAO and SCLO pins are provided only for the uPD784216AY, 784218AY Subseries.
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Table 2-1. 1/O Circuit Type for Each Pin and Handling Unused Pins (2/2)

Pin Symbol 1/0 Circuit Type 110 Recommended Connection When Unused
P100/TI5/TO5 8-N 110 Input:  Connect to Vss individually via a resistor.
P101/TI6/TO6 Output: Leave open.

P102/TI7/TO7

P103/TI8/TO8

P120/RTPO to P127/RTP7 | 12-E

P130/ANOO, P131/ANO1| 12-F

RESET 12-G Input —
XT1 16 Connect to Vss.

XT2 — Leave open.

AVRerFo — Connect to Vss.

AVReF1 Connect to Vop.

AVbp

AVss Connect to Vss.

TEST/VepNote Connect directly to Vss or via a pull-down resistor. For the pull-

down connection, use of a resistor with a resistance between
470 Q and 10 kQ is recommended.

Note The Vrp pin is provided only for the yPD78F4216A, 78F4218A, 78F4216AY, and 78F4218AY.

Remark The type numbers are unified among the 78K Series, so they are not always serial within each product

(there are some circuits that are not incorporated).
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Figure 2-1. Pin I/O Circuit (1/2)

Type 2-G Type 10-K Voo
Pullup D . |
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Voo
Data :D_| Data —] )3_| P-ch
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Data :E)o—| P-ch Data 7:D3—| P-ch
IN/OUT IN/OUT
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Figure 2-1. Pin I/O Circuit (2/2)

Type 12-F Type 16
Voo Feedback
Data :D_l p_ch cut-off
INOUT P'ChJ_
Output N-ch —M/v—m
disable
Input :I DO
enable P-ch 2
Analog output
g oulp N-ch O O
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Type 13-D
——CO IN/OUT
Data
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ﬁ—l P-ch

<]

Middle-voltage input buffer
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CHAPTER 3 CPU ARCHITECTURE

3.1 Memory Space

The uPD784218A can access a 1 MB space. The mapping of the internal data area (special function register and
internal RAM) differs depending on the LOCATION instruction. The LOCATION instruction must always be executed
after releasing a reset and cannot be used more than once.

The program after releasing a reset must be as follows.

RSTVCT CSEG ATO

DW  RSTSTRT

INITSEG CSEG BASE
RSTSTRT: LOCATION OH; or LOCATION OFH
MOVG SP, #STKBGN
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(1) When LOCATION OH instruction is executed

e Internal memory

The internal data area and internal ROM area are mapped as follows.

Caution

Part Number

Internal Data Area

Internal ROM Area

HUPD784214A,
uPD784214AY

OF100H to OFFFFH

0O000H to OFOFFH
10000H to 17FFFH

HUPD784215A,
uPD784215AY

OEBOOH to OFFFFH

00000H to OEAFFH
10000H to 1FFFFH

UPD784216A,
UPD784216AY

ODFOOH to OFFFFH

00000H to ODEFFH
10000H to 1FFFFH

uUPD784217A,
uPD784217AY

HUPD784218A,
uPD784218AY

0CDOOH to OFFFFH

00000H to OCCFFH
10000H to 2FFFFH

0O000H to OCCFFH
10000H to 3FFFFH

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

Part Number

Internal Data Area

HUPD784214A,
uPD784214AY

OF100H to OFFFFH (3,840 bytes)

uUPD784215A,
uPD784215AY

OEBOOH to OFFFFH (5,376 bytes)

HUPD784216A,
HUPD784216AY

ODFOOH to OFFFFH (8,448 bytes)

HUPD784217A,
uPD784217AY

UPD784218A,
UPD784218AY

0CDOOH to OFFFFH (13,056 bytes)

e External memory

The external memory is accessed in external memory expansion mode.
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(2) When LOCATION OFH instruction is executed

e Internal memory
The internal data area and internal ROM area are mapped as follows.

Part Number Internal Data Area Internal ROM Area
HPD784214A, FF100H to FFFFFH 00000H to 17FFFH
HPD784214AY
HPD784215A, FEBOOH to FFFFFH 00000H to 1FFFFH
HPD784215AY
HPD784216A, FDFOOH to FFFFFH 00000H to 1FFFFH
HPD784216AY
HPD784217A, FCDOOH to FFFFFH 00000H to 2FFFFH
HPD784217AY
HPD784218A, 00000H to 3FFFFH
HPD784218AY

e External memory
The external memory is accessed in external memory expansion mode.
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Figure 3-1. uPD784214A Memory Map

LOCATION OH instruction execution LOCATION OFH instruction execution
FRFFFH FFFFFH[Special function register (SFR)
FFFDFH|\ 2, — -~~~ 7 -7
FFFDOH Note ]
FFFOOH (256 bytes)
OFEFFH FFEFFH FFEFFH
External memory°t¢ !
(928 KB) General-purpose Internal RAM
registers (128 bytes) (3,584 bytes)
OFE80H FFE8OH FF100H
18000H OFE7FH FFE7FH FFOFFH
17FFFH
Internal ROM
10000H (32,768 bytes) OFE3BH Macro service control FRE3BH
OFFFFH T : :
OFFDFH *Spefc@ljgngpn [eglsite;r iS*F*R)* OFEO6H word area (54 bytes) FFEOG6H
A AT N
OFFOOH
OFEFFH Data area (512 bytes)
OFDOOH FFDOOH
OFC
Internal RAM o Program/data area e
(3,584 bytes) g Note 1
(3,072 bytes) External memory
OF100H OF100H FF100H (980,736 bytes)
OFOFFH
17FFFH 17FFFH
i10000Hy _ _ _ _ _ __________/1
Note 2
OFOFFHiiiiiiiiiiii;\‘iiaii
Note 4 Program/data area’"°'®
01000H
O00FFFH
Internal ROM CALLF entry
(61,696 bytes) area (2 KB)
00800H 18000H
007FFH 17FFFH
00080H
0007FH
CALLT table Internal ROM Note 4
ooo4on| @rea (64 bytes) (96 KB)
0003FH
Vector table area
00000H 00000H (G4bytes) 00000H

Notes 1. Access in the external memory expansion mode.
2. The 3,840 bytes in this area can be used as the internal ROM only when the LOCATION OFH instruction
is executed.
3. LOCATION OH instruction execution: 94,464 bytes, LOCATION OFH instruction execution: 98,304 bytes
4. Thisisthe base area and the entry area on resets or interrupts. However, the internal RAM is excluded
on reset.
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Figure 3-2. uPD784215A Memory Map

LOCATION OH instruction execution LOCATION OFH instruction execution
FRRFFH FFEFFFH|Special function register (SFR)
FFFDFH\ .o -~~~ =~~~ 7 -
FEEponfNoter . _ |
FFFOOH (256 bytes)
OFEFFH FFEFFH FFEFFH
External memory™°*® !
(896 KB) General-purpose Internal RAM
registers (128 bytes) (5,120 bytes)
OFE80H FFE8OH FEBOOH
20000H OFE7FH FFE7FH FEAFFH
1FFFFH
Internal ROM
32222: (65,536 bytes) OFE3BHl Macro service control FFESBH
oF FpFufoPecial function register (SFR) | oreoen| Word area (54 bytes) FrEOGH
orFponjNotel _ (555 bytes) ~ " ]
ggégg: Data area (512 bytes)
OFDOOH FFDOOH
Internal RAM OFCFFH FFCFFH
(5,120 bytes) Program/data area
(4,608 bytes) External memory™°*® !
oEARPH 0EBO0H FEBOOH (912,128 bytes)
1FFFFH 1FFFFH
io00oH| ]
Note 2
0EAFFH777777777777;\‘7[7377
Note 4 Program/data area’ '
01000H
O00FFFH
Internal ROM CALLF entry
(60,160 bytes) area (2 KB)
00800H 20000H
007FFH 1FFFFH
00080H
0007FH
CALLT table Internal ROM Note 4
0oo4on| @rea (64 bytes) (128 KB)
0003FH
Vector table area
00000H 0000on| (64 bytes) 00000H

Notes 1. Access in the external memory expansion mode.
2. The 5,376 bytesin this area can be used as the internal ROM only when the LOCATION OFH instruction
is executed.
3. LOCATION OH instruction execution: 125,696 bytes, LOCATION OFH instruction execution: 131,072
bytes
4. Thisisthe base area and the entry area on resets or interrupts. However, the internal RAM is excluded
on reset.
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Figure 3-3. uPD784216A Memory Map

LOCATION OH instruction execution LOCATION OFH instruction execution
FFFFFH FFFFFH[Special function register (SFR)
FFFDFH| -+  ~ -~ ~-~ > ~-=—=-—77
FEFponfNotet |
FFFOOH (256 bytes)
OFEFFH FFEFFH FFEFFH
External memory™°' !
(896 KB) General-purpose Internal RAM
registers (128 bytes) (8,192 bytes)
OFE80H FFE8OH FDFOOH
20000H OFE7FH FFE7FH FDEFFH
1FFFFH
Internal ROM
- FFE3BH
32222: (65,536 bytes) OFESBHI Macro service control
oFFor|oPecial function register (SFR) orcoen| Word area (54 bytes) FFEOG6H
A0 R N
SEERRH = Data area (512 bytes)
0FDOOH FFDOOH
Internal RAM OFCFFH FFCFFH
(8,192 bytes) Program/data area
or00 (7,680 bytes) External memory"°®?
ODFOOH DFOOH FDFOOH
ODEFFH (909,056 bytes)
1FFFFH 1FFFFH
10000H| _ ______________]
Note 2
0DEFFH7777777777777’\‘17377
Note 4 Program/data area’ °'®
01000H
00FFFH
Internal ROM CALLF entry
(57,088 bytes) area (2 KB)
00800H 20000H
007FFH 1FFFFH
00080H
0007FH
CALLT table Internal ROM Note 4
oooaon| @rea (64 bytes) (128 KB)
0003FH
Vector table area
00000H 00ooon| (64 bytes) 00000H

Notes 1. Access in the external memory expansion mode.
2. The 8,448 bytes in this area can be used as the internal ROM only when the LOCATION OFH instruction
is executed.
3. LOCATION OH instruction execution: 122,624 bytes, LOCATION OFH instruction execution: 131,072
bytes
4. Thisisthe base area and the entry area on resets or interrupts. However, the internal RAM is excluded
on reset.
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Figure 3-4. uPD784217A Memory Map

LOCATION OH instruction execution LOCATION OFH instruction execution
FFFFFH FFFFPH I'Special function register (SFR)
FFFDFH | o — = D e A
FFFDOH | Notel _ _ _________ |
FFFOOH (256 bytes)
OFEFFH FFEFFH FFEFFH
External memoryNote 1 General-purpose
Y ; purp Internal RAM
(832 KB) registers 12,800 b
(128 bytes) @z, ytes)
OFE8OH FFESOH FCDOOH
30000H OFE7FH FFE7FH FCCFFH
2FFFFH
Internal ROM
10000H (131,072 bytes) OFE3BH | Macro service control FFE3BH
OFFFER [Special function register (SFR)] oreosH | word area (54 bytes) FFEOGH
oFFDoH Ol _ 55 bytes) ]
OFFOOH Data area (512 bytes)
OFEFFH
OFDOOH FFDOOH
Internal RAM OFCFFH FFCFFH
(12,800 bytes) Program/data area
(12,288 bytes) External memoryNote 1
0CDOOH
0cD00H 0CDOOH FCDOOH (838,912 bytes)
2FFFFH 2FFFFH
Note 4 oo0oH |
Note 2
OCCRRH Program/data area
01000H Note 3
00FFFH
Internal ROM CALLF entry area
(52,480 bytes) (2KB) 30000H
00800H 2FFFFH
007FFH
00080H
0007FH Note 4
CALLT table area Internal ROM
oooson | (64 bytes) (192 KB)
0003FH
Vector table area
00000H 00000H (64 bytes) 00000H

Notes 1. Access in the external memory expansion mode.
2. The 13,056 bytes inthis area can be used as the internal ROM only when the LOCATION OFH instruction
is executed.
3. LOCATION OH instruction execution: 183,552 bytes; LOCATION OFH instruction execution: 196,608
bytes
4. Thisisthe base area and the entry area upon reset or interrupt. However, the internal RAM is excluded
for reset.
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Figure 3-5. uPD784218A Memory Map

LOCATION OH instruction execution LOCATION OFH instruction execution
FFFFFH FFFFPH I'Special function register (SFR)
FFFDFH |~ == — = === 222 3=
FFFDOH | Notel _ _ _ _ _ _ _ __ _ _ |
FFFOOH (256 bytes)
OFEFFH FFEFFH FFEFFH
Note 1 N
External memory General-purpose Internal RAM
(768 KB) registers (12,800 bytes)
(128 bytes) !
OFE8OH FFE80H FCDOOH
40000H OFE7FH FFE7FH FCCFFH
3FFFFH
Internal ROM
10000H (196,608 bytes) OFE3BH | Macro service control FFE3BH
OFFFEn | Special function register (SFR) oreosH | word area (54 bytes) FFEO6H
AT R o
OFFOOH Data area (512 bytes)
OFEFFH
OFDOOH FFDOOH
Internal RAM OFCFFH FFCFFH
(12,800 bytes) Program/data area
(12,288 bytes) External memoryNote 1
0CDOOH 0CDOOH FCDOOH (773,376 bytes)
OCCFFH
3FFFFH 3FFFFH
Note 4 1o000H} __________ 1
Note 2
OCCRFH Program/data area
01000H Note 3
00FFFH
Internal ROM CALLF entry area
(52,480 bytes) (2KB) 40000H
00800H 3FFFFH
007FFH
00080H
0007FH Note 4
CALLT table area Internal ROM
oooson | (64 bytes) (256 KB)
0003FH
Vectored-table area
00000H ooooon | (64 bytes) 00000H

Notes 1. Access in the external memory expansion mode.
2. The 13,056 bytesinthis area can be used as the internal ROM only when the LOCATION OFH instruction

is executed.

3. LOCATION OH instruction execution: 249,088 bytes; LOCATION OFH instruction execution: 262,144
bytes

4. Thisisthe base area and the entry area upon reset or interrupt. However, the internal RAM is excluded
for reset.
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3.2 Internal ROM Area

The following versions in the uPD784218A Subseries have on-chip ROMs that can store the programs and table
data.

Ifthe internal ROM area and internal data area overlap when the LOCATION OH instruction is executed, the internal
data area becomes the access target, and the overlapped part of the internal ROM area cannot be accessed.

Part Name Internal ROM Address Space
LOCATION OH Instruction LOCATION OFH Instruction

HUPD784214A 96 K x 8 bits 00000H to OFOFFH 00000H to 17FFFH
10000H to 17FFFH

HPD784215A 128 K x 8 bhits 00000H to OEAFFH 00000H to 1FFFFH
10000H to 1FFFFH

HPD784216A 00000H to ODEFFH

HPD78F4216A 10000H to 1FFFFH

HUPD784217A 192 K x 8 hits 00000H to OCCFFH 00000H to 2FFFFH
10000H to 2FFFFH

HPD784218A 256 K x 8 bits 00000H to OCCFFH 00000H to 3FFFFH

HUPD78F4218A 10000H to 3FFFFH

The internal ROM can be accessed at high speed. Usually, a fetch is at the same speed as an external ROM fetch.
By setting (to 1) the IFCH bit of the memory expansion mode register (MM), the high-speed fetch function is used.
An internal ROM is fetched at high-speed fetch (fetch in two system clocks in 2-byte units).

If the instruction execution cycle similar to the external ROM fetch is selected, waits are inserted by the wait function.
However, when a high-speed fetch is used, waits cannot be inserted for the internal ROM. However, do not set external
waits for the internal ROM area. If an external wait is set for the internal ROM area, the CPU enters the deadlock
state. The deadlock state is only released by a reset input.

RESET input causes an instruction execution cycle similar to the external ROM fetch cycle.
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3.3 Base Area

The area from 0 to FFFFH becomes the base area. The base area is the target in the following uses.

¢ Reset entry address

« Interrupt entry address

e Entry address for CALLT instruction

¢ 16-bit immediate addressing mode (instruction address addressing)
¢ 16-bit direct addressing mode

« 16-bit register addressing mode (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 in the base
area.

When the LOCATION OH instruction is executed, the internal data area is placed in the base area. Be aware that
the program cannot be fetched from the internal high-speed RAM area and special function register (SFR) area in
the internal data area. Also, use the data in the internal RAM area after initialization.
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3.3.1 Vector table area

The 64-byte area from 00000H to 0003FH is reserved as the vector table area. The program start addresses for

branching by interrupt requests and RESET input are stored in the vector table area. If context switching is used

by each interrupt, the register bank number of the switch destination is stored.

The portion that is not used as the vector table can be used as program memory or data memory.

The values that can be written in the vector table are a 16-bit values. Therefore, branching can only be to the base

area.

Table 3-1. Vector Table Address

Interrupt Source Vector Table Address Interrupt Source Vector Table Address
BRK instruction 003EH INTST1 001CH
TRAPO (operand error) 003CH INTSER2 001EH
NMI 0002H INSR2 0020H
INTWDT (non-maskable) 0004H INTCSI2
INTWDT (maskable) 0006H INTST2 0022H
INTPO 0008H INTTM3 0024H
INTP1 000AH INTTMOO 0026H
INTP2 000CH INTTMO1 0028H
INTP3 000EH INTTM1 002AH
INTP4 0010H INTTM2 002CH
INTP5 0012H INTAD 002EH
INTP6 0014H INTTM5 0030H
INTIICONote 0016H INTTM6 0032H
INTCSIO INTTM7 0034H
INTSER1 0018H INTTM8 0036H
INTSR1 001AH INTWT 0038H
INTCSI1 INTKR 003AH

Note Only in uPD784216AY, 784218AY Subseries
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3.3.2 CALLT instruction table area

The 64 KB area from 00040H to 0007FH can store the subroutine entry addresses for the 1-byte call instruction
(CALLT).

In a CALLT instruction, this table is referenced and the base area address written in the table is branched to as
the subroutine. Since a CALLT instruction is a 1-byte instruction, many subroutine call descriptions in the program
can be CALLT instructions, so the object size of the program can be reduced. Since a maximum of 32 subroutine
entry addresses can be described in the table, they should be registered in order from the most frequently described.

When not used as the CALLT instruction table, the area can be used as normal program memory or data memory.

3.3.3 CALLF instruction entry area

The area from 00800H to O0FFFH can be called directly by subroutine via the 2-byte call instruction (CALLF).

Since a CALLF instruction is a 2-byte call instruction, compared to using the CALL instruction (3-byte or 4-byte)
of a subroutine call directly, the object size can be reduced.

When higher speed is required, describing subroutines directly in this area is effective.

If decreasing the object size is required, this can be done by describing an unconditional branch (BR) in this area
and placing the actual subroutine outside this area. When a subroutine is called from five or more locations, reducing
the object size is attempted. In this case, since only a 4-byte location for the BR instruction is occupied in the CALLF
entry area, the object size of many subroutines can be reduced.
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3.4 Internal Data Area

The internal data area consists of the internal RAM area and the special function register area (see Figures 3-
1 and 3-2).

For the final address of the internal data area, either OFFFFH (when executing the LOCATION OH instruction) or
FFFFFH (when executing the LOCATION OFH instruction) can be selected by the LOCATION instruction. The address
selection of the internal data area by this LOCATION OH must be executed once immediately after a reset is released.
Once either of them is selected, the other cannot be selected. The program after aresetis released must be as shown
in the example. If the internal data area and another area are allocated to the same address, the internal data area
becomes the access target, and the other area cannot be accessed.

Example RSTVCT CSEG ATO
DW RSTSTRT

INITSEG CSEG BASE
RSTSTRT: LOCATION OH ; or LOCATION OFH
MOVG SP, #STKBGN

Caution  When the LOCATION OH instruction is executed, the program after releasing the reset must not
overlap the internal data area. In addition, make sure the entry address of the servicing routine
for a non-maskable interrupt such as NMI does not overlap the internal data area. The entry
area for a maskable interrupt must be initialized before referencing the internal data area.
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3.4.1 Internal RAM area
The uPD784218A has an on-chip general-purpose static RAM.
This area has the following configuration.

Peripheral RAM (PRAM)
Internal RAM area

Internal high-speed RAM (IRAM)

Table 3-2. Internal RAM Area List

Internal RAM Internal RAM Area

Product Name Peripheral RAM: PRAM | Internal High-speed RAM: IRAM
uPD784214A 3,584 bytes 3,072 bytes 512 bytes
(OF100H to OFEFFH) | (OF100H to OFCFFH) (OFDOOH to OFEFFH)
uPD784215A 5,120 bytes 4,608 bytes
(OEBOOH to OFEFFH) | (OEBOOH to OFCFFH)
uPD784216A 8,192 bytes 7,680 bytes
LPD78F4216A (ODFOOH to OFEFFH) | (ODFOOH to OFCFFH)
HUPD784217A 12,800 bytes 12,288 bytes
HPD784218A (OCDOOH to OFEFFH) (OCDOOH to OFCFFH)
HPD78F4218A

Remark The addresses in the table are the values when the LOCATION OH instruction is executed. When the
LOCATION OFH instruction is executed, OFOO00H is added to the above values.
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Figure 3-6 is the internal RAM memory map.

Figure 3-6. Internal RAM Memory Map

00FEFFH
General-purpose
register area
00FE8OH
Available range for
short direct addressing 1
00FE3BH
Macro service
control word area
00FEO6H
Internal high-speed RAM
00FEOOH |~ T T T L) A
00FDFFH
Available range for
short direct addressing 2
00FD20H | ]
00FD1FH
00FDOOH
00FCFFH
Peripheral RAM
00CDOOH

Remark The addresses in the figure are the values when the LOCATION OH instruction is executed. When the
LOCATION OFH instruction is executed, OFOO00H is added to the above values.
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Internal high-speed RAM (IRAM)

The internal high-speed RAM can be accessed at high speed. The short direct addressing mode can be used
for high-speed access to FD20H to FEFFH. The two short direct addressing modes, short direct addressing 1
and short direct addressing 2, are available depending on the address of the target. Both addressing modes
have the same function. In some instructions, short direct addressing 2 has a shorter word length than short
direct addressing 1. For details, refer to 78K/IV Series User’s Manual — Instruction (U10905E).

A program cannot be fetched from IRAM. If a program is fetched from an address that is mapped for IRAM, CPU
runaway occurs.

The following areas are reserved for IRAM.

* General-purpose register area: FE8OH to FEFFH
* Macro service control word area: FEO6H to FE3BH
« Macro service channel area: FEOOH to FEFFH (The address is set by a macro service control word.)

When these areas do not use the reserved functions, they can be used as normal data memory.

Remark The addresses inthistextarethe addresses whenthe LOCATION OH instruction is executed. When
the LOCATION OFH instruction is executed, OFO0O00H is added to the values in this text.

Peripheral RAM (PRAM)

The peripheral RAM (PRAM) is used as normal program memory or data memory. When used as the program
memory, the program must be written beforehand in the peripheral RAM by a program.

A program fetch from the peripheral RAM is high speed because it can be executed in two clocks in 2-byte units.
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3.4.2 Special function register (SFR) area

The special function register (SFR) of the on-chip peripheral hardware is mapped to the area from OFFOOH to
OFFFFH (Refer to Figures 3-1 and 3-2).

The area from OFFDOH to OFFDFH is mapped as the external SFR area. Peripheral I/O externally connected can
be accessed in the external memory expansion mode (set by the memory expansion mode register (MM)).

Caution In this area, do not access an address that is not mapped in SFR. If such an address is
mistakenly accessed, the CPU may enter the deadlock state. The deadlock state is released
only by reset input.

Remark The addresses in this text are the addresses only when the LOCATION OH instruction is executed. If
the LOCATION OFH instruction is executed, OFOO00H is added to the values in the text.

3.4.3 External SFR area

In the products of the pPD784218A Subseries, the 16-byte area from OFFDOH to OFFDFH (during LOCATION OH
instruction execution, or from OFFFDOH to OFFFDFH during LOCATION OFH instruction execution) in the SFR area
is mapped as the external SFR area. In the external memory expansion mode, the externally attached peripheral
I/0 can be accessed by using the address bus and address/data bus.

Since the external SFR area can be accessed by SFR addressing, the features are that peripheral 1/0 operations
can be simplified; the object size can be reduced; and macro service can be used.

The bus operation when accessing an external SFR area is the same as a normal memory access.

3.5 External Memory Space

The external memory space is the memory space that can be accessed by setting the memory expansion mode
register (MM). The program and table data can be stored and peripheral /O devices can be assigned.
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3.6 Memory Mapping of uPD78F4216A and 78F4218A

By setting this register, the internal memory can be mapped identically to that of a mask ROM version with a different

IMS is a register that is set by software and is used to specify a part of the internal memory that is not to be used.

internal memory (ROM and RAM) capacity.

IMS is set with an 8-bit memory manipulation instruction.
RESET input sets IMS to FFH.

(1) uPD78F4216A, 78F4216AY

78

Figure 3-7. Internal Memory Size Switching Register (IMS) Format (1/2)

Address: OFFFCH After reset: FFH w

Symbol 7 6 5 4 3 2 1 0
IMS 1 1 ROM1 ROMO 1 1 RAM1 RAMO
ROM1 ROMO Internal ROM capacity selections
0 0 48 KB
0 1 64 KB
1 0 96 KB
1 1 128 KB
RAM1 RAMO Peripheral RAM capacity selections
0 0 3,072 bytes
0 1 4,608 bytes
1 0 6,114 bytes
1 1 7,680 bytes
Cautions 1. IMSis not provided in the mask ROM versions (UPD784214A, 784215A, 784216A, 784214AY,

784215AY, and 784216AY). Even if a write instruction is executed to IMS in a mask ROM

version, the instruction will be invalid.

2. Ifthe uPD78F4216A or 78F4216AY is selected as the emulation CPU for anin-circuit emulator,
the memory sizeis always the same as that of the uPD784216A, “FFH", even if an instruction

that writes an address of IMS other than FFH is executed.

Table 3-3 shows the IMS setting values to make the memory mapping the same as that of the mask ROM versions.

Table 3-3. Setting Value of Internal Memory Size Switching Register (IMS)

Target Mask ROM Version IMS Setting Value
HUPD784214A, 784214AY ECH
UPD78425A, 784215AY FDH
UPD78426A, 784216AY FFH
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(2) uPD78F4218A, 78F4218AY

Figure 3-7. Internal Memory Size Switching Register (IMS) Format (2/2)

Address: OFFFCH After reset: FFH W

Symbol 7 6 5 4 3 2 1 0
IMS 1 1 ROM1 ROMO 1 1 RAM1 RAMO
ROM1 ROMO Internal ROM capacity selections
0 0 64 KB
0 1 128 KB
1 0 192 KB
1 1 256 KB
RAM1 RAMO Peripheral RAM capacity selections
0 0 3,072 bytes
0 1 6,656 bytes
1 0 7,168 bytes
1 1 12,288 bytes

Cautions 1. IMS is not provided in the mask ROM versions (uPD784217A, 784218A, 784217AY, and
784218AY). Even if a write instruction is executed to IMS in a mask ROM version, the
instruction will be invalid.

2. Ifthe uPD78F4218A or 78F4218AY is selected as the emulation CPU for anin-circuit emulator,
the memory sizeis always the same as that of the uPD784218A, “FFH", even if an instruction
that writes an address of IMS other than FFH is executed.

Table 3-4 shows the IMS setting values to make the memory mapping the same as that of the mask ROM versions.

Table 3-4. Setting Value of Internal Memory Size Switching Register (IMS)

Target Mask ROM Version IMS Setting Value
UPD784217A, 784217AY EFH
uPD784218A, 784218AY FFH
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3.7 Control Registers
The control registers are the program counter (PC), program status word (PSW), and stack pointer (SP).

3.7.1 Program counter (PC)

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

Usually, this counter is automatically incremented based on the number of bytes of the instruction to be fetched.
When the instruction with branching is executed, the immediate data or register contents are set.

RESET input sets the 16-bit data at addresses 0 and 1 to the lower 16 bits of the PC, and 0000 to the higher four
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 that consists of various flags that are set and reset based on
the result of the instruction execution.

A read or write access is performed in higher 8-bit (PSWH) and the lower 8-bit (PSWL) units. In addition, bit
manipulation instructions can manipulate each flag.

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

RESET input resets all of the bits to 0.

Be sure to write 0 in the bits indicated as “0” in Figure 3-9. The contents of bits indicated as “—" are undefined
when read.
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Figure 3-9. Program Status Word (PSW) Format

Symbol 7 6 5 4 3 2 1 0

pswh | ur | mes2 | mest | meso | — | — | — | — |
7 6 5 4 3 2 1 0

pswe | s | z | mss | ac | e | ev | o | cor |

Each flag is described below.

Carry flag (CY)

This is the flag that stores the carry or borrow of an operation result.

When a shift rotate instruction is executed, the value shifted out is stored. When a bit manipulation instruction
is executed, this flag functions as the bit accumulator.

The state of the CY flag can be tested by a conditional branch instruction.

Parity/overflow flag (P/V)
The P/V flag has the following two actions in accordance with the execution of the operation instruction.
The state of the P/V flag can be tested by a conditional branch instruction.

« Parity flag action
If the results of executing the logical instructions, shift rotate instructions, and CHKL and CHKLA instructions
set the even number of bits to 1, the flag is set to 1. If the number of bits set to 1 is odd, the flag is reset to
0. However, for 16-bit shift instructions, only the lower 8 bits of the operation result are valid for the parity
flag.

¢ Overflow flag action
The result of executing an arithmetic operation instruction sets the flag to 1 only if the result exceeds the
numerical range expressed in two’s complement. Otherwise, the flag is reset to 0. Specifically, the result
of the exclusive OR of the carry from the MSB and the carry to the MSB becomes the flag contents. For
example, in 8-bit arithmetic operations, the two’s complement range is from 80H (-128) to 7FH (+127). If the
operation result is out of this range, the flag is set to 1. If within this range, it is reset to 0.
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Example The action of the overflow flag when an 8-bit addition instruction is executed is described next.

When 78H (+120) and 69H (+105) are added, the operation result becomes E1H (+225). Since the
upper limit of two’s complementis exceeded, the P/V flagis setto 1. Inatwo’s complement expression,
E1H becomes -31.

78H (+120) = 0111 1000
+) 69H (+105) = +) 0110 1001
0 1110 0001 =-31 PN =1
1
cy

Next, since the operation result of the addition of the following two negative numbers falls within the
two’s complement range, the P/V flag is reset to 0.

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

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

Interrupt request enable flag (IE)

This flag controls the CPU interrupt request acceptance.

If IE is O, interrupts are disabled, and only non-maskable interrupts and unmasked macro services can be
accepted. Otherwise, everything is disabled.

If IE is 1, the interrupt enable state is entered. Enabling the acceptance of interrupt requests is controlled by
the interrupt mask flags that correspond to each interrupt request and the priority of each interrupt.

This flag is set to 1 by executing the El instruction and is reset to 0 by executing the DI instruction or accepting
an interrupt.

Auxiliary carry flag (AC)

If the operation result has a carry from bit 3 or a borrow to bit 3, this flag is set to 1. Otherwise, the flag is reset
to 0.

This flag is used when the ADJBA and ADJBS instructions are executing.
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®)

(6)

(7

®

C)

Register set selection flag (RSS)

This flag sets the general-purpose registers that function as X, A, C, and B and the general-purpose register pairs
(16 bits) that function as AX and BC.

This flag is used to maintain compatibility with the 78K/Ill Series. Always set this flag to 0 except when using
a 78K/lll Series program.

Zero flag (2)

This flag indicates that the operation result is O.

If the operation result is 0, this flag is set to 1. Otherwise, it is reset to 0. The state of the Z flag can be tested
by conditional branch instructions.

Sign flag (S)

This flag indicates that the MSB in the operation result is 1.

The flag is set to 1 when the MSB of the operation result is 1. If 0, the flag is reset to 0. The S flag state can
be tested by the conditional branch instructions.

Register bank selection flags (RBSO to RBS2)
This is the 3-bit flag that selects one of the eight register banks (register banks 0 to 7). (Refer to Table 3-5.)

Three bit information that indicates the register bank selected by executing the SEL RBn instruction is stored.

Table 3-5. Register Bank Selection

RBS2 RBS1 RBSO0 Set Register Bank

0 0 0 Register bank 0

Register bank 1

Register bank 2

Register bank 3

Register bank 4

Register bank 5

Register bank 6

R|lr|lRr|r|o|lo]|o

0
1
1
0
0
1
1

Rrlo|lrRr|Oo|rRr|O]|r

Register bank 7

User flag (UF)
This flag is set and reset by a user program and can be used in program control.
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3.7.3 Using RSS bit

Basically, always use with the RSS bit fixed at 0.

The following descriptions discuss using a 78K/Ill Series program and a program that sets the RSS bitto 1. Reading
is not necessary if the RSS bit is fixed at 0.

The RSS bit enables the functions in A (R1), X (RO), B (R3), C (R2), AX (RP0), and BC (RP1) to also be used
in registers R4 to R7 (RP2, RP3). When this bit is effectively used, efficient programs in terms of program size and
program execution can be written.

Sometimes, however, unexpected problems arise if used carelessly. Consequently, always set the RSS bit to 0.
Use with the RSS bit set to 1 only when 78K/Ill Series programs will be used.

By setting the RSS hit to 0 in all programs, writing and debugging programs become more efficient.

Even if a program where the RSS bit is set to 1 is used, when possible, it is recommended to use the program
after modifying the program so that the RSS bit is not set to 1.

(1) Using the RSS bit
* Registers used in instructions where the A, X, B, C, and AX registers are directly described in the operand
column of the operation list (see 29.2)

« Registersthat are implicitly specified in instructions that use the A, AX, B, and C registers by implied addressing

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

The registers used in these cases are switched in the following ways by the RSS bit.

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

¢« WhenRSS =1
A-R5, X5R4, B R7, C-oR6, AX-RP2, BC - RP3
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The registers used in other cases always become the same registers regardless of the contents of the RSS bit.
For registers A, X, B, C, AX, and BC in NEC Electronics assembler RA78K4, instruction code is generated for
any register described by name or for registers set by an RSS pseudo instruction in the assembler.

When the RSS bit is set or reset, always specify an RSS pseudo instruction immediately before (or immediately
after) that instruction (see the following examples).

<Program examples>

¢« When RSS =0

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

¢« When RSS =1

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

(2) Generation of instruction code in the RA78K4

« In the RA78K4, when an instruction with the same function as an instruction that directly specifies A or AX
in the operand column in the operation list of the instruction is used, the instruction code that directly describes
A or AX in the operand column is given priority and generated.

Example The MOV A, r instruction where r is B has the same function as the MOV r, r’ instruction where r

is A and r' is B. In addition, they have the same (MOV A, B) description in the assembler source
program. In this case, RA78K4 generates code that corresponds to the MOV A, r instruction.
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« IfA, X, B, C, AX, or BC is described in an instruction that specifies r, r’, rp, or rp’ in the operand column, the
A, X, B, C, AX, or BCinstruction code generates the instruction code that specifies the following registers based
on the operand of the RSS pseudo instruction in RA78K4.

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

« If RO to R7 and RPO to RP4 are specified inr, r’, rp, and rp’ in the operand column, an instruction code that
conforms to the specification is output (Instruction code that directly describes A or AX in the operand column
is not output).

e« The A, B, and C registers that are used in indexed addressing and based indexed addressing cannot be
described as R1, R3, R2, or R5, R7, R6.

Usage Cautions

Switching the RSS bit obtains the same effect as holding two register sets. However, be careful and write the
program so that implicit descriptions in the program and dynamically changing the RSS bit during program
execution always agree.

Also, since a program with RSS = 1 cannot be used in a program that uses context switching, the portability of
the program becomes poor. Furthermore, since different registers having the same name are used, the readability
of the program worsens, and debugging becomes difficult. Therefore, when RSS = 1 must be used, write the
program while taking these problems into consideration.

A register that does not have the RSS bit set can be accessed by specifying the absolute name.
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3.7.4 Stack pointer (SP)

The 24-bit register saves the starting address of the stack (LIFO: 00000H to FFFFFFH) (refer to Figure 3-10). The
stack is used for addressing during subroutine processing or interrupt servicing. Always set the most-significant four
bits to zero.

The contents of the SP are decremented before writing to the stack area and incremented after reading from the
stack (refer to Figures 3-11 and 3-12).

SP is accessed by special instructions.

Since the SP contents become undefined when RESET is input, always initialize the SP from the initialization
program immediately after clearing the reset (before accepting a subroutine call or interrupt).

Example Initializing SP
MOVG SP, #OFEEOH ; SP — OFEEOH (when used from FEDFH)
Figure 3-10. Stack Pointer (SP) Format

23 0

SP
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SP =
SP-1
SP-2
SP-3
SP ~ SP-3

PUSH sfr instruction

SP =

Figure 3-11. Data Saved to Stack

Stack

SP-1

PUSH sfrp instruction

SP  SP-1

PUSH PSW instruction

Stack
SP =
!
SP-1 High byte
!
SP-2 Low byte
SP ~ SP-2

PUSH rg instruction

RP3

RP2

AX

Stack Stack
SP = SP =
! !
SLP—l ngnzto Undefined Slf—l High byte
SP-2 PSWL SP-2 Middle byte
!
SP ~ SP-2 SP-3 Low byte
SP — SP-3
CALL, CALLF, CALLT Vectored interrupt PUSH post, PUSHU post instructions
instructions Stack (For PUSH AX, RP2, RP3)
Stack Stack
SP =) SP =
! !
Undefined [PC19 to PC16 sp-1 |PSWH710/50194pets sP-1 R7
f PSWH4 \
PC15to PC8 SP-2 PSWL SP-2 R6
! !
PC7 to PCO SP-3 PC15to PC8 SP-3 R5
! !
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

POP sfr instruction

POP sfrp instruction

Stack Stack
SP - SP+1 SP —SP+2
SP+1 SP+1 High byte
1 1
SP = Sp = Low byte
POP PSW instruction POP rg instruction
Stack Stack
SP ~ SP+2 SP ~SP+3
1
PSWH?~to Note ]
STP+1 PSWHa - S$+2 High byte
SP = PSWL SP+1 Middle byte
1
SP = Low byte
RET instruction RETI, RETB instructions POP post, POPU post instructions
Stack Stack (For POP AX, RP2, RP3)
Stack
SP -~ SP+3 SP - SP+4 SP —SP+6
sp+2 | Nt lpcigtopcis sP+3 [PSWH0 o019 pe1s SP+5 R7
: : PSWHa4 ° RP3
SP+1 PC15 to PC8 SP+2 PSWL SP+4 R6
1 1 1
SP = PC7 to PCO SP+1 PC15 to PC8 SP+3 R5
R 1 RP2
Sp = PC7 to PCO SP+2 R4
1
SP+1 A
1 AX
Sp = X

Note This 4-bit data is ignored.
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In stack addressing, the entire 1 MB space can be accessed, but the stack cannot be
guaranteed in the SFR area and internal ROM area.

The stack pointer (SP) becomes undefined when RESET is input. In addition, even when SP
is in the undefined state, non-maskable interrupts can be accepted. Therefore, when the SP
is in the undefined state immediately after the reset is cleared and a request for a non-
maskableinterruptis generated, unexpected actions sometimes occur. To avoid this danger,
always specify the following in the program after clearing a reset.

RSTVCT CSEG ATO

DW  RSTSTRT

INITSEG CSEG BASE
RSTSTRT: LOCATION OH; or LOCATION OFH
MOVG SP, #STKBGN
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3.8 General-Purpose Registers

3.8.1 Configuration

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

with an 8-bit register for address expansion and used as a 24-bit address specification register.

The general-purpose registers except for the V, U, T, and W registers for address expansion are mapped to the

internal RAM.

These register sets provide eight banks and can be switched by the software or context switching.
RESET input selects register bank 0. In addition, the register banks that are used in an executing program can

be verified by reading the register bank selection flags (RBS0, RBS1, RBS2) in the PSW.

Figure 3-13. General-Purpose Register Format

23

7 07 0
ARL) |  X(RO)
AX(RPO)
BRY |  C(R2)
BC (RP1)
RS ! R4
RP2
— R7 R6
— ] RP3
| RO ! R8
| VP (RP4)
VVP (RG4)
| R11 | R10
| UP (RP5)
UUP (RG5)
| D(RI13) | E(RI2)
1 DE (RP6)
TDE (RG6)
. H(R15) | L(R14)
1 HL (RP7) |
WHL (RG7)
15 0

Remark The parentheses enclose the absolute names.
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Figure 3-14. General-Purpose Register Addresses

8-bit processing 16-bit processing

FEEFHNote RBNKO H (R15) 1| L (R14) & HL (RP7) &n

RBNK1 D (R13) (ow)| E (R12) e DE (RPS6) (cH)

RBNK2 R11 @H) R10 an) UP (RP5) (aH)

RBNK3 R9 (9H) R8 @H) VP (RP4) (sh)

RBNK4 R7 an) R6 (1) RP3 @H)

RBNK5 R5 (sH) R4 (4h) RP2 (n)

RBNK6 B (R3) @ | C(R2) 2w BC (RP1) 2
EE8OHNote RBNK7 A (R1) @ | X (RO) on) AX (RPO) or)

7 07 0 15 0

Note These are the addresses when the LOCATION OH instruction is executed. The addresses when the

LOCATION OFH instruction is executed are the sum of the above values and OFO000H.

Caution R4, R5, R6, R7, RP2, and RP3 can be used as the X, A, C, B, AX, and BC registers when the RSS
bitinthe PSWis setto 1. However, use this function only when using a 78K/IIl Series program.

Remark When changing the register bank and when returning to the original register bank is necessary, execute

the SEL RBn instruction after using the PUSH PSW instruction to save the PSW to the stack.

If the stack

position is not changed when returning to the original state, the POP PSW instruction is used to return.
When the register banks in the vectored interrupt processing program are updated, PSW is automatically
saved on the stack when an interrupt is accepted and returned by the RETI and RETB instructions.
Therefore, when one register bank is used in an interrupt servicing routine, only the SEL RBn instruction

is executed, and the PUSH PSW or POP PSW instruction does not have to be executed.

Example When register bank 2 is specified

PUSH PSW
SEL RB2

O
E Operation in register bank 2

O

POP PSW [

Operation in original register bank
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3.8.2 Functions

In addition to being manipulatable in 8-bit units, general-purpose registers can be a pair of two 8-bit registers and
be manipulated in 16-bit units. Also four of the 16-bit registers can be combined with the 8-bit register for address
expansion and manipulated in 24-bit units.

Eachregister can generally be used as the temporary storage for the operation result or the operand of the operation
instruction between registers.

The area from OFE80H to OFEFFH (during LOCATION OH instruction execution, or the OFFE80H to OFFEFFH
during LOCATION OFH instruction execution) can be accessed by specifying an address as normal data memory
whether or not it is used as the general-purpose register area.

Since there are eight register banks in the 78K/IV Series, efficient programs can be written by suitably using the
register banks in normal processing or interrupt processing.

Each register has the unique functions shown below.

A (R1):

« This register is primarily for 8-bit data transfers and operation processing. It can be combined with all of the
addressing modes for 8-bit data.

« This register can be used to store bit data.

« Thisregister can be used as a register that stores the offset value during indexed addressing or based indexed
addressing.

X (RO):
e This register can store bit data.

AX (RPO0):
e This register is primarily for 16-bit data transfers and operation results. It can be combined with all of the
addressing modes for 16-bit data.

AXDE:
* When a DIVUX, MACW, or MACSW instruction is executed, this register can be used to store 32-bit data.

B (R3):

« This register functions as a loop counter and can be used by the DBNZ instruction.

« This register can store the offset in indexed addressing and based indexed addressing.
e This register is used as the data pointer in a MACW or MACSW instruction.

C (R2):

< This register functions as a loop counter and can be used by the DBNZ instruction.
e This register can store the offset in based indexed addressing.

« This register is used as the counter in string and SACW instructions.

e This register is used as the data pointer in a MACW or MACSW instruction.

RP2:
« When context switching is used, this register saves the low-order 16 bits of the program counter (PC).

RP3:

« When context switching is used, this register saves the most significant 4 bits of the program counter (PC) and
the program status word (PSW) (except bits 0 to 3 in PSWH).
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VVP (RG4):
« This register functions as a pointer and specifies the base address in register indirect addressing, based
addressing, and based indexed addressing.

UUP (RG5):

« This register functions as a user stack pointer and implements another stack separate from the system stack
by the PUSHU and POPU instructions.

« This register functions as a pointer and specifies the base address in register indirect addressing and based
addressing.

DE (RP6), HL (RP7):
« This register stores the offset during indexed addressing and based indexed addressing.

TDE (RG6):

« This register functions as a pointer and specifies the base address in register indirect addressing and based
addressing.

« This register functions as a pointer in string and SACW instructions.

WHL (RG7):

« This register primarily performs 24-bit data transfers and operation processing.

« This register functions as a pointer and specifies the base address in register indirect addressing and based
addressing.

« This functions as a pointer in string and SACW instructions.
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In addition to its function name (X, A, C, B, E, D, L, H, AX, BC, VP, UP, DE, HL, VVP, UUP, TDE, WHL) that
emphasizes its unique function, each register can be described by its absolute name (RO to R15, RP0 to RP7, RG4
to RG7). For the correspondence, refer to Table 3-6.

Table 3-6. 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 = 1Note RSS =0 RSS = 1Note

RO X RPO AX
R1 A RP1 BC
R2 C RP2 AX
R3 B RP3 BC
R4 X RP4 VP VP
R5 A RP5 UP UP
R6 C RP6 DE DE
R7 B RP7 HL HL
R8
R9 (c) 24-bit registers
R10
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 Use RSS =1 only when a 78K/Ill Series program is used.

Remark R8 to R11 do not have function names.
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These registers are assigned special functions such as the mode register and control register of the on-chip
peripheral hardware and are mapped to the 256-byte area from OFFOOH to OFFFFHNote,

Note These are the addresses when the LOCATION OH instruction is executed. They are FFFOOH to FFFFFH
when the LOCATION OFH instruction is executed.

Caution In this area, do not access an address that is not allocated by an SFR. If erroneously accessed,
the uPD784218A enters the deadlock state. The deadlock state is released only by reset input.

Table 3-7 shows the list of special function registers (SFRs). The meanings of the items are described next.

e Symbol

* RIW

« Bit manipulation unit ---

* After reset

-+ This symbol indicates the on-chip SFR. In NEC Electronics assembler RA78K4, this

is a reserved word. In C compiler CC78K4, it can be used as an sfr variable by a
#pragma sfr directive.

-- Indicates whether the corresponding SFR can be read or written.

R/W: Can read/write

R: Read only

W: Write only

When the corresponding SFR is manipulated, the appropriate bit manipulation unit is
indicated. An SFR that can manipulate 16 bits can be described in the sfrp operand.
If specified by an address, an even address is described.

An SFR that can manipulate one bit can be described in bit manipulation instructions.

-- Indicates the state of each register when RESET is input.
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Table 3-7. Special Function Register (SFR) List (1/5)

Address Name of Special Function Register (SFR) Symbol R/W | Bit Manipulation Unit | After Reset
note d 1Bit | 8 Bits |16 Bits
OFFOOH | Port 0 PO RwW| O O — | ogHNote 2
OFFO1H | Port1 P1 R ©) ©) —
OFFO02H Port 2 P2 R/W O O —
OFFO3H | Port 3 P3 O O —
OFF04H Port 4 P4 O O —
OFFO5H Port 5 P5 O O —
OFFO6H Port 6 P6 O O —
OFFO7H Port 7 P7 O O —
OFFO8H | Port 8 P8 O O —
OFFO9H Port 9 P9 O O —
OFFOAH | Port 10 P10 O O —
OFFOCH | Port 12 P12 O O —
OFFODH | Port 13 P13 O O —
OFF10H | 16-bit timer counter T™MO R — — O 0000H
OFF11H
OFF12H | 16-bit capture/compare register 00 CROO R/W — — O
OFF13H | (16-bit timer/event counter)
OFF14H | 16-bit capture/compare register 01 CRO1 — — O
OFF15H | (16-bit timer/event counter)
OFF16H | Capture/compare control register 0 CRCO O O — 00H
OFF18H | 16-bit timer mode control register TMCO O O —
OFF1AH | 16-bit timer output control register TOCO O O —
OFF1CH | Prescaler mode register O PRMO O O —
OFF20H | Port 0 mode register PMO O O — FFH
OFF22H | Port 2 mode register PM2 O O —
OFF23H | Port 3 mode register PM3 O O —
OFF24H | Port 4 mode register PM4 O O —
OFF25H | Port 5 mode register PM5 O O —
OFF26H | Port 6 mode register PM6 O O —
OFF27H | Port 7 mode register PM7 O O —
OFF28H | Port 8 mode register PM8 O O —
OFF29H | Port 9 mode register PM9 O O —
OFF2AH | Port 10 mode register PM10 O O —
Notes These values are when the LOCATION OH instruction is executed. When the LOCATION OFH

instruction is executed, FOOOOH is added to these values.

Since each port is initialized in the input mode by a reset, in fact, 00OH is not read out. The output latch

is initialized to 0.
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Table 3-7. Special Function Register (SFR) List (2/5)

Address Name of Special Function Register (SFR) Symbol R/W | Bit Manipulation Unit | After Reset
note d 1Bit | 8 Bits |16 Bits
OFF2CH | Port 12 mode register PM12 RW | O O — FFH
OFF2DH | Port 13 mode register PM13 O O —
OFF30H | Pull-up resistor option register 0 PUO O O — 00H
OFF32H | Pull-up resistor option register 2 PU2 O O —
OFF33H | Pull-up resistor option register 3 PU3 O O —
OFF37H | Pull-up resistor option register 7 PU7 O O —
OFF38H | Pull-up resistor option register 8 PU8S O O —
OFF3AH | Pull-up resistor option register 10 PU10 O O —
OFF3CH | Pull-up resistor option register 12 PU12 O O —
OFF40H | Clock output control register CKS O O —
OFF42H | Port function control registerNote 2 PF2 @) @) —
OFF4EH | Pull-up resistor option register PUO O O —
OFF50H | 8-bit timer counter 1 T™M1 TW1W R — O O 0000H
OFF51H | 8-bit timer counter 2 T™M2 — O

OFF52H | Compare register 10 (8-bit timer/event counter 1) | CR10 | CR1W RIW | — O O

OFF53H | Compare register 20 (8-bit timer/event counter 2) | CR20 — O

OFF54H | 8-bit timer mode control register 1 TMC1 | TMC1w O O O
OFF55H | 8-bit timer mode control register 2 TMC2 O O

OFF56H | Prescaler mode register 1 PRM1 | PRM1W O O O
OFF57H | Prescaler mode register 2 PRM2 O O

OFF60H | 8-bit timer counter 5 T™M5 TM5W R — O O

OFF61H | 8-bit timer counter 6 T™M6 — O

OFF62H | 8-bit timer counter 7 ™7 TM7W — O O

OFF63H | 8-bit timer counter 8 T™8 — O

OFF64H | Compare register 50 (8-bit timer/event counter 5) | CR50 | CR5W RW | — O O

OFF65H | Compare register 60 (8-bit timer/event counter 6) | CR60 — O

OFF66H | Compare register 70 (8-bit timer/event counter 7) | CR70 | CR7W — O O

OFF67H | Compare register 80 (8-bit timer/event counter 8) | CR80 — O

OFF68H | 8-bit timer mode control register 5 TMC5 | TMC5W O O O
OFF69H | 8-bit timer mode control register 6 TMC6 O O

OFFB6AH | 8-bit timer mode control register 7 TMC7 | TMC7W O O O
OFF6BH | 8-bit timer mode control register 8 TMC8 O O

OFF6CH | Prescaler mode register 5 PRM5 | PRM5W O O O
OFF6DH | Prescaler mode register 6 PRM6 O O

Notes 1. These values are when the LOCATION OH instruction is executed. When the LOCATION OFH
instruction is executed, FOOOOH is added to these values.
2. Only in the yPD784216AY, 784218AY Subseries
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Table 3-7. Special Function Register (SFR) List (3/5)

Address Name of Special Function Register (SFR) Symbol R/W | Bit Manipulation Unit | After Reset
note d 1Bit |8 Bits |16 Bits
OFF6EH | Prescaler mode register 7 PRM7 | PRM7W RW | O O O 0000H
OFF6FH | Prescaler mode register 8 PRM8 O O
OFF70H | Asynchronous serial interface mode register 1 | ASIM1 O O — 00H
OFF71H | Asynchronous serial interface mode register 2 | ASIM2 O O —
OFF72H | Asynchronous serial interface status register 1 | ASIS1 R O O —
OFF73H | Asynchronous serial interface status register 2 | ASIS2 O O —
OFF74H | Transmission shift register 1 TXS1 W — O — FFH
Reception buffer register 1 RXB1 R — O —
OFF75H | Transmission shift register 2 TXS2 W — O —
Reception buffer register 2 RXB2 R — O —
OFF76H | Baud rate generator control register 1 BRGC1 RW | O O — 00H
OFF77H | Baud rate generator control register 2 BRGC?2 O O —
OFF7AH | Oscillation mode selection register cc O O —
OFF80H | A/D converter mode register ADM O O —
OFF81H | A/D converter input selection register ADIS O O —
OFF83H | A/D conversion result register ADCR R — O — Undefined
OFF84H | D/A conversion value setting register 0 DACSO0 RW| O O — 00H
OFF85H | D/A conversion value setting register 1 DACS1 O O —
OFF86H | D/A converter mode register 0 DAMO O O —
OFF87H | D/A converter mode register 1 DAM1 O O —
OFF88H | ROM correction control register CORC O O —
OFF89H | ROM correction address pointer H CORAH — O —
OFF8AH | ROM correction address pointer L CORAL — — O 0000H
OFF8BH
OFF8CH | External bus type selection register EBTS O O — 00H
OFF8DH | External access status enable register EXAE O O —
OFF90H | Serial operating mode register 0 CSIMO O O —
OFF91H | Serial operating mode register 1 CSIM1 O O —
OFF92H | Serial operating mode register 2 CSIM2 O O —
OFF94H | Serial I/0 shift register 0 SI00 — O —
OFF95H | Serial I/O shift register 1 Sio1 — O —
OFF96H | Serial I/0 shift register 2 S102 — O —
OFF98H | Real-time output buffer register L RTBL — O —
OFF99H | Real-time output buffer register H RTBH — O —

Note These values are when the LOCATION OH instruction is executed. When the LOCATION OFH instruction
is executed, FOOOOH is added to these values.
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Table 3-7. Special Function Register (SFR) List (4/5)

Address Name of Special Function Register (SFR) Symbol R/W | Bit Manipulation Unit | After Reset
note d 1Bit | 8 Bits |16 Bits
OFF9AH | Real-time output port mode register RTPM RW| O O — 00H
OFF9BH | Real-time output port control register RTPC O O —

OFF9CH | Watch timer mode control register WTM O O —

OFFAQH | External interrupt rising edge enable register | EGPO O O —

OFFA2H | External interrupt falling edge enable register| EGNO O O —

OFFA8H | In-service priority register ISPR R O O —

OFFA9H | Interrupt selection control register SNMI RW| O O —

OFFAAH | Interrupt mode control register IMC O O — 80H
OFFACH | Interrupt mask flag register OL MKOL | MKO O O O FFFFH
OFFADH | Interrupt mask flag register OH MKOH O O

OFFAEH | Interrupt mask flag register 1L MK1L | MK1 O O O

OFFAFH | Interrupt mask flag register 1H MK1H O O

OFFBOH | 12C bus control registerNote 2 1ICCO O O — | OOH
OFFB2H | Serial clock prescaler mode registerNote 2 SPRMO O O —

OFFB4H | Slave address registerNote 2 SVAO — O —

OFFB6H | 12C bus status registerNote 2 11ICS0 R O O —

OFFB8H | Serial shift registerNote 2 11CO RIW| O e) —

OFFCOH | Standby control register STBC — O — 30H
OFFC2H | Watchdog timer mode register WDM — O — 00H
OFFC4H | Memory expansion mode register MM O O — 20H
OFFC7H | Programmable wait control register 1 PWC1 O O — AAH
OFFC8H | Programmable wait control register 2 PWC2 W — — O AAAAH
OFFCEH | Clock status register PCS R O O — 32H
OFFCFH | Oscillation stabilization time specification register| OSTS R/W O O — 00H
OFFDOH to | External SFR area — O O — —
OFFDFH

OFFEOH | Interrupt control register INTWDTM) WDTIC O O — 43H
OFFE1H | Interrupt control register (INTPO) PICO O O —

OFFE2H | Interrupt control register (INTP1) PIC1 O O —

OFFE3H | Interrupt control register (INTP2) PIC2 O O —

OFFE4H | Interrupt control register (INTP3) PIC3 O O —

OFFES5H | Interrupt control register (INTP4) PIC4 O O —

OFFEGH | Interrupt control register (INTP5) PIC5 O O —

OFFE7H | Interrupt control register (INTP6) PIC6 O O —

OFFE8H | Interrupt control register (INTIICONOte 2/INTCSI0) | CSIICO @) @) —

Notes 1. These values are when the LOCATION OH instruction is executed. When the LOCATION OFH
instruction is executed, FOOOOH is added to these values.
2. Only in the uPD784216AY, 784218AY Subseries
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Table 3-7. Special Function Register (SFR) List (5/5)

Address Name of Special Function Register (SFR) Symbol R/W | Bit Manipulation Unit | After Reset
note d 1Bit | 8 Bits |16 Bits
OFFE9H | Interrupt control register (INTSER1) SERIC1 RW| O O — 43H
OFFEAH | Interrupt control register (INTSR1/INTCSI1) | SRIC1 O O —
OFFEBH | Interrupt control register (INTST1) STIC1 O O —
OFFECH | Interrupt control register (INTSER2) SERIC2 O O —
OFFEDH | Interrupt control register (INTSR2/INTCSI2) | SRIC2 O O —
OFFEEH | Interrupt control register (INTST2) STIC2 O O —
OFFEFH | Interrupt control register (INTTM3) TMIC3 O O —
OFFFOH | Interrupt control register (INTTMOO) TMICO00 O O —
OFFF1H | Interrupt control register (INTTMO1) TMICO1 O O —
OFFF2H | Interrupt control register (INTTM1) TMIC1 O O —
OFFF3H | Interrupt control register (INTTM2) TMIC2 O O —
OFFF4H | Interrupt control register (INTAD) ADIC O O —
OFFF5H | Interrupt control register (INTTM5) TMIC5 O O —
OFFF6H | Interrupt control register (INTTM®6) TMIC6 O O —
OFFF7H | Interrupt control register (INTTM7) TMIC7 O O —
OFFF8H | Interrupt control register (INTTM8) TMIC8 O O —
OFFF9H | Interrupt control register (INTWT) WTIC O O —
OFFFAH | Interrupt control register (INTKR) KRIC O O —
OFFFCH | Internal memory size switching registerNote 2 IMS W — O — FFH
Notes 1. These values are when the LOCATION OH instruction is executed. When the LOCATION OFH

instruction is executed, FOOOOH is added to these values.

2. Only in the uPD78F4216A, 78F4218A, 78F4216AY, and 78F4218AY
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3.10 Cautions

)

)

3

4

102

Program fetches are not possible from the internal high-speed RAM area (when executing the LOCATION OH
instruction: OFDOOH to OFEFFH, when executing the LOCATION OFH instruction: FFDOOH to FFEFFH)

Special function register (SFR)
Do not access an address that is allocated to an SFR in the area from OFFOOH to OFFFFHNOte | mistakenly
accessed, the uPD784218A enters the deadlock state. The deadlock state is released only by RESET input.

Note These addresses are when the LOCATION OH instruction is executed. They are FFFOOH to FFFFFH
when the LOCATION OFH instruction is executed.

Stack pointer (SP) operation
Although the entire 1 MB space can be accessed by stack addressing, the stack cannot be guaranteed in the
SFR area and the internal ROM area.

Stack pointer (SP) initialization

The SP becomes undefined when RESET is input. Even after a reset is cleared, non-maskable interrupts can
be accepted. Therefore, the SP enters an undefined state immediately after clearing the reset. When a non-
maskable interrupt request is generated, unexpected operations sometimes occur. To minimize these dangers,
always describe the following in the program immediately after clearing a reset.

RSTVCT CSEG ATO

DW  RSTSTRT

INITSEG CSEG BASE
RSTSTRT: LOCATION OH; or LOCATION OFH
MOVG SP, #STKBGN
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CHAPTER 4 CLOCK GENERATOR

4.1 Functions

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

(1) Main system clock oscillator
This circuit oscillates at a frequency of 2 to 12.5 MHz. Oscillation can be stopped by setting the standby control
register (STBC) to STOP mode (bit 1 (STP) = 1, bit 0 (HLT) = 0) or by stopping the main system clock (bit 2 of
STBC (MCK) = 1) after switching to the subsystem clock.

(2) Subsystem clock oscillator
This circuit oscillates at the frequency of 32.768 kHz. Oscillation cannot be stopped. If the subsystem clock
oscillator is not used, not using the internal feedback resistance can be set by STBC. This enables the power
consumption to be decreased in the STOP mode.

4.2 Configuration

The clock generator consists of the following hardware.

Table 4-1. Clock Generator Configuration

Iltem Configuration

Control register Standby control register (STBC)

Oscillation mode selection register (CC)

Clock status register (PCS)

Oscillation stabilization time specification register (OSTS)

Oscillator Main system clock oscillator
Subsystem clock oscillator
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Figure 4-1. Block Diagram of Clock Generator

XT10 Subsystem Watch timer,
clock ba clock output
XT2 O—] oscillator function
Prescaler
O—» Main
x system IDLE |fx S Clock to
clock controller ] fox Prescaler peripheral
X20 oscillator 3 hardware
Divider [—=
fx fxx | fxx | fxx
2 2| 22| 28 L o]
STOP and bit 2 (MCK) of
STBC = 1 when the subsystem 5 STOP
clock is selected as CPU clock S | .| IDLE HALT | ?PU clock
2 controlle controller] ~ (fcru)
n Note

Internal system
clock (fewk)

Note The oscillation stabilization time is secured after STOP mode is released.

104 User’s Manual U13570EJ3VOUD



CHAPTER 4 CLOCK GENERATOR

4.3 Control Registers

(1) Standby control register (STBC)
This register is used to set the standby mode and select internal system clock. For the details of the standby
mode, refer to CHAPTER 25 STANDBY FUNCTION.
The write operation can be performed only using dedicated instructions to avoid entering into the standby mode
due to an inadvertent program loop. This dedicated instruction, MOV STBC, #byte, has a special code structure
(4 bytes). The write operation is performed only when the OP code of the 3rd byte and 4th byte are mutual 1's
complements. When the 3rd byte and 4th byte are not mutual 1's complements, the write operation is not
performed and an operand error interrupt is generated. In this case, the return address saved in the stack area
indicates the address of the instruction that caused an error. Therefore, the address that caused an error can
be determined from the return address that is saved in the stack area.
If a return from an operand error is performed simply with the RETB instruction, an infinite loop will be caused.
Because the operand error interrupt occurs only in the case of an inadvertent program loop (if MOV STBC, #byte
is described, only the correct dedicated instruction is generated in NEC Electronics RA78K4 assembler), initialize
the system for the program that processes an operand error interrupt.
Other write instructions such as MOV STBC, A; AND STBC, #byte; and SET1 STBC.7 are ignored and no
operation is performed. In other words, neither is a write operation to STBC performed nor is an interrupt such
as an operand error interrupt generated. STBC can be read out any time by means of a data transfer instruction.
RESET input sets STBC to 30H.
Figure 4-2 shows the format of STBC.
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106

Figure 4-2. Standby Control Register (STBC) Format

Address: OFFCOH After reset: 30H R/W

Symbol
STBC

7 6 5 4 3 2 1 0
SBK CK2 CK1 CKO 0 MCK STP HLT
SBK Subsystem clock oscillation control
0 Use oscillator (Internal feedback resistor is used.)
1 Stop oscillator (Internal feedback resistor is not used.)
CK2 CK1 CKO CPU clock selection
0 0 0 fxx
0 0 1 fxx/2
0 1 0 fxxl4
0 1 1 fxx/8
1 1 1 fxr (recommended)
1 x X fxr
MCK Main system clock oscillation control
0 Use oscillator (Internal feedback resistor is used.)
1 Stop oscillator (Internal feedback resistor is not used.)
STP HLT Operation specification flag
0 0 Normal operation mode
0 1 HALT mode (Automatically cleared upon cancellation of
HALT mode)
1 0 STOP mode (Automatically cleared upon cancellation of
STOP mode)
1 1 IDLE mode (Automatically cleared upon cancellation of
IDLE mode)

Cautions 1. When using the STOP mode during external clock input, make sure to setto 1 the EXTC

bit of the oscillation stabilization time specification register (OSTS) before setting the
STOP mode. If the STOP mode is used during external clock input when the EXTC bit
of OSTS has been cleared, the uPD784218A may be damaged or its reliability may be
impaired.

When setting to 1 the EXTC bit of OSTS, the clock with the opposite phase of the clock
input to the X1 pin must be input to the X2 pin.

Perform the NOP instruction three times after a standby instruction (after standby
release). Otherwise if contention arises between a standby instruction execution and
an interrupt request, the standby instruction is not performed and the interrupt request
is accepted after the execution of several instructions. Theinstructions executed before
the interrupt request is accepted are instructions whose execution is started within 6
clocks maximum following execution of the standby instruction.
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Example MOV STBC, #byte
NOP
NOP
NOP

3. When CK2 =0, the oscillation of the main system clock does not stop even if MCK is set
to 1 (refer to 4.5.1 Main system clock operations).

Remarks 1. fxx: Main system clock frequency (fx or fx/2)
fx:  Main system clock oscillation frequency
fxt:  Subsystem clock oscillation frequency

2. x:don't care

(2) Oscillation mode selection register (CC)
This register specifies whether clock output from the main system clock oscillator with the same frequency as
the external clock is used to operate the internal circuit (through rate clock mode), or whether clock output that
is half of the original frequency is used to operate the internal circuit.
CC is set by a 1-bit or 8-bit memory manipulation instruction.
RESET input sets CC to 00H.

Figure 4-3. Oscillation Mode Selection Register (CC) Format

Address: OFF7AH After reset: 00H R/W

Symbol 7 6 5 4 3 2 1 0
CcC ENMP 0 0 0 0 0 0 0
ENMP Main system clock selection
0 Half of original oscillation frequency
1 Through rate clock mode

Cautions 1. If the subsystem clock is selected viathe standby control register (STBC), the ENMP bit

specification becomes invalid.
2. The ENMP bit cannot bereset by software. This bitis reset performing the system reset.

User’s Manual U13570EJ3VOUD 107



CHAPTER 4 CLOCK GENERATOR

(3) Clock status register (PCS)
This register is a read-only 8-bit register that indicates the CPU clock operation status. By reading bit 2 and bits
4 to 7 of PCS, the relevant bit of the standby control register (STBC) can be read.
PCS is set by a 1-bit or 8-bit memory manipulation instruction.
RESET input sets PCS to 32H.

Figure 4-4. Clock Status Register (PCS) Format

Address: OFFCEH After reset: 32H R

Symbol 7 6 5 4 3 2 1 0
PCS SBK CK2 CK1 CKO 0 MCK 1 csT
SBK Feedback resistor status of subsystem clock
0 Internal feedback resistor is used.
1 Internal feedback resistor is not used.
CK2 CK1 CKO CPU clock operating frequency
0 0 0 fxx
0 0 1 fxx/2
0 1 0 fxxl4
0 1 1 fxx/8
1 1 1 fxr (recommended)
1 x X fxr
MCK Oscillation status of main system clock
0 Use oscillator
1 Stop oscillator
CST CPU clock status
0 Main system clock operation
1 Subsystem clock operation

Caution [Timing at which bit 0 (CST) changes]
The CPU clock does not switch from the main system clock to the subsystem clock
immediately after the standby control register (STBC) is set, but switches after synchroni-
zation of both clocks (main and subsystem) has been detected. Consequently, CST changes
after synchronization detection. This is the same as when switching from the subsystem
clock to the main system clock.

Remarks 1. fxx: Main system clock frequency

fxr: Subsystem clock oscillation frequency
2. x: don't care
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(4) Oscillation stabilization time specification register (OSTS)
This register specifies the operation of the oscillator. Either a crystal/ceramic resonator or external clock is set
to the EXTC bit in OSTS as the clock used. The STOP mode can be set even during external clock input only
when the EXTC bit is set 1.
OSTS is set by a 1-bit or 8-bit transfer instruction.
RESET input sets OSTS to 00H.

Figure 4-5. Oscillation Stabilization Time Specification Register (OSTS) Format

Address: OFFCFH After reset: O0H R/W

Symbol 7 6 5 4 3 2 1 0
OSTS EXTC 0 0 0 0 OSTS2 OSTS1 OSTSO0
EXTC External clock selection
0 Crystal/ceramic resonator is used
1 External clock is used
EXTC OSTS2 OSTS1 OSTSO | Oscillation stabilization time selection
0 0 0 0 219/fxx (42.0 ms)
0 0 0 1 2%/fxx (21.0 ms)
0 0 1 0 2%/fxx (10.5 ms)
0 0 1 1 2%%/fxx (5.3 ms)
0 1 0 0 2%/fxx (2.6 ms)
0 1 0 1 2%/fxx (1.3 ms)
0 1 1 0 2%%ffxx (0.7 ms)
0 1 1 1 2%%[fxx (0.4 ms)
1 X X X 512/fxx (41.0 us)

Cautions 1. When a crystal/ceramic resonator is used, make sure to clear the EXTC bit to 0. If the
EXTC bit is set to 1, oscillation stops.

2. When using the STOP mode during external clock input, make sure to set the EXTC bit
to 1 before setting the STOP mode. If the STOP mode is used during external clock input
when the EXTC bit of OSTS has been cleared, the yPD784218A may be damaged or its
reliability may be impaired.

3. If the EXTC bit is set to 1 during external clock input, the opposite phase of the clock
inputto the X1 pin must be input to the X2 pin. If the EXTC bitis setto 1,the uPD784218A
operates only with the clock input to the X2 pin.

Remarks 1. Figures in parentheses apply to operation with fxx = 12.5 MHz.
2. x: don't care
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4.4 System Clock Oscillator

4.4.1 Main system clock oscillator

The main system clock oscillator oscillates with a crystal resonator or a ceramic resonator (standard: 12.5 MHz)
connected to the X1 and X2 pins.

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

Figure 4-6 shows an external circuit of the main system clock oscillator.

Figure 4-6. External Circuit of Main System Clock Oscillator

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

(i "
ﬂ External X1
—] X1 clock

Crystal
or
Ceramic resonator

4.4.2 Subsystem clock oscillator

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

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

Figure 4-7 shows an external circuit of the subsystem clock oscillator.

Figure 4-7. External Circuit of Subsystem Clock Oscillator

(a) Crystal oscillation (b) External clock
ittt —— Vss
—] XT2 XT2
! 32.768
f = kHz
[ External
XT1
T {xm clock
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Cautions 1. Whenusing amain system clock oscillator and asubsystem clock oscillator, carry out wiring
in the broken line area in Figures 4-6 and 4-7 to prevent any effects from wiring capacities.

¢ Minimize the wiring length.

« Do notallow wiring to intersect with other signal conductors. Do not allow wiring to come
near changing high current.

« Set the potential of the grounding position of the oscillator capacitor to that of Vss. Do
not ground to any ground pattern where high current is present.

« Do not fetch signals from the oscillator.

Take special note of the fact that the subsystem clock oscillator is a circuit with low-level
amplification so that current consumption is maintained at low levels.
Figure 4-8 shows examples of oscillators that are connected incorrectly.

Figure 4-8. Examples of Oscillator Connected Incorrectly (1/2)

(@) Wiring of connection (b) Signal conductors intersect
circuits is too long each other

PORTN
(n=0to 10, 12, 13)

D

L

i

))

((
|
1
|
1

-

Remark When using a subsystem clock, replace X1 and X2 with XT1 and XT2, respectively. Also, insert resistors
in series on the XT2 side.
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Figure 4-8. Examples of Oscillator Connected Incorrectly (2/2)
(c) Changing high current is too near a (d) Current flows through the ground line

signal conductor of the oscillator (potential at points A, B,
and C fluctuate)

gVDD
AMA——/ Pnm
X2 X1
] |:| X2 X1 V
High ) [l
current J
I
7 —thl,
current
>

SS

@

(e) Signals are fetched

X2 X1 Vss

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

Cautions 2. When XT2 and X1 are wired in parallel, the cross-talk noise of X1 may increase with XT2,

resulting in malfunctioning. To prevent this from occurring, it is recommended not to wire
X1 and XT2 in parallel.
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4.4.3 Frequency divider
The frequency divider divides the main system clock oscillator output (fxx) and generates various clocks.

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

XT1: Connect to Vss
XT2: Leave open

In this state, however, some current may leak via the internal feedback resistor of the subsystem clock oscillator

when the main system clock stops. To minimize leakage current, set bit 7 (SBK) of the standby control register (STBC)
to 1. In this case also, connect the XT1 and XT2 pins as described above.
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4.5 Clock Generator Operations

Th

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

the standby mode.

Main system clock (fxx)
Subsystem clock (fxr)

CPU clock (fcpu)

Clock to peripheral hardware

The following clock generator functions and operations are determined with the standby control register (STBC)

and the oscillation mode selection register (CC).

@

(b)

(©)

(d)

(e)

()
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Upon generation of the RESET signal, the lowest speed mode of the main system clock (1,280 ns when
operated at 12.5 MHz) is selected (STBC = 30H, CC = 00H). Main system clock oscillation stops while low
level is
applied to the RESET pin.

With the main system clock selected, one of the five CPU clock types (80 ns, 160 ns, 320 ns, 640 ns, 1,280
ns when operated at 12.5 MHz) can be selected by setting the STBC and CC.

With the main system clock selected, two standby modes, the STOP mode and the HALT mode, are available.
To decrease current consumption in the STOP mode, the subsystem clock feedback resistor can be
disconnected to stop the subsystem clock with bit 7 (SBK) of STBC, when the system does not use a subsystem
clock.

STBC can be used to select the subsystem clock and to operate the system with low current consumption
(30.5 us when operated at 32.768 kHz).

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

The main system clock is divided and supplied to the peripheral hardware. The subsystem clock is supplied
to the 16-bit timer/counter, the watch timer, and clock output functions only. Thus, the 16-bit timer/counter
(when watch timer output is selected for count clock during operation with a subsystem clock), the watch
function, and the clock output function can also be continued in the standby state. However, since all other
peripheral hardware operate with the main system clock, the peripheral hardware (except external input clock
operation) also stops if the main system clock is stopped.
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4.5.1 Main system clock operations
During operation with the main system clock (with bit 6 (CK2) of the standby control register (STBC) set to 0), the
following operations are carried out.

(a) Because the operation guarantee instruction execution speed depends on the power supply voltage, the
instruction execution time can be changed by setting bits 4 to 6 (CKO to CK2) of the STBC.

(b) If bit 2 (MCK) of the STBC is set to 1 when operated with the main system clock, the main system clock
oscillation does not stop. When bit 6 (CK2) of the STBC is setto 1 and the operation is switched to subsystem
clock operation (CST = 1) after that, the main system clock oscillation stops (refer to Figure 4-9).

Figure 4-9. Main System Clock Stop Function (1/2)

(a) Operation when MCK is set after setting CK2 during main system clock operation

MCK

CK2

CST

Main system clock
oscillation

Subsystem clock
oscillation

CPU clock

(b) Operation when MCK is set during main system clock operation

MCK 5
CK2 L
CST / L
Oscillation does not stop.
Main system clock
oscillation

R I Ty Y O I

CPU clock ||||||||||||||||||||||||
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Figure 4-9. Main System Clock Stop Function (2/2)

(c) Operation when CK2 is set after setting MCK during main system clock operation

MCK | \

CK2

CST

Main system clock
oscillation

Subsystem clock
oscillation

CPU clock

4.5.2 Subsystem clock operations
When operated with the subsystem clock (with bit 6 (CK2) of the standby control register (STBC) set to 1), the
following operations are carried out.

(@) The instruction execution time remains constant (minimum instruction execution time: 61 us when operated
at 32.768 kHz) irrespective of the setting of bits 4 and 5 (CKO and CK1) of the STBC.

(b) Watchdog timer continues opeating.

Caution Do not set the STOP mode while the subsystem clock is operating.
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4.6 Changing System Clock and CPU Clock Settings

The system clock and CPU clock can be switched by means of bits 4 to 6 (CKO to CK2) of the standby control
register (STBC).

Whether the system is operating on the main system clock or the subsystem clock can be determined by the value
of bit 0 (CST) of the clock status register (PCS).

This section describes the switching procedure between the system clock and the CPU clock.

Figure 4-10. System Clock and CPU Clock Switching

Vob
RESET | |
Interrupt \
request
signal
System clock fxx fxx fxr fxx
CPU clock . . :
Minimum | Maximum speed Subsystem clock Maximum speed
speed operation operation operation
operation

Wait (@84.0-ms : 12.5-MHz operation)

Internal reset operation

(1) The CPU is reset by setting the RESET signal to low level after power-on. After that, when reset is released
by setting the RESET signal to high level, the main system clock starts oscillating. At this time, the oscillation
stabilization time (229%fx) is secured automatically.

After that, the CPU starts executing the instruction at the minimum speed of the main system clock (1,280 ns
when operated at 12.5 MHz).

(2) After the lapse of a sufficient time for the Vob voltage to increase to enable operation at maximum speed, the
STBC and CC are rewritten and maximum-speed operation is carried out.

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

(4) Upon detection of Vop voltage reset due to an interrupt, 0 is set to STBC bit 2 (MCK) and oscillation of the
main system clock is started. After the lapse of time required for stabilization of oscillation, STBC is rewritten
and maximum-speed operation is resumed.

Caution When asubsystem clock is being operated while the main system clock is stopped, if switching
back to the main system clock, be sure to switch after securing the oscillation stabilization time

by program.
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5.1 Digital Input/Output Ports
The ports shown in Figure 5-1, which enable a variety of controls, are provided. The function of each port is
described in Table 5-1. On-chip pull-up resistors can be specified for ports 0, 2 to 8, 10, and 12 by software during

input.

Figure 5-1. Port Configuration
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CHAPTER 5 PORT FUNCTIONS

Table 5-1. Port Functions

Port Pin Name Function Specification of Software Pull-Up Resistor

Port 0 P00 to P06 » Can be specified for input or output in 1-bit units | Specifiable in 1-bit units

Port 1 P10 to P17 * Input port —

Port 2 P20 to P27 « Can be specified for input or output in 1-bit units | Specifiable in 1-bit units

Port 3 P30 to P37 » Can be specified for input or output in 1-bit units | Specifiable in 1-bit units

Port 4 P40 to P47 « Can be specified for input or output in 1-bit units | Specifiable individually for each port
e Can drive LED directly

Port 5 P50 to P57 * Can be specified for input or output in 1-bit units | Specifiable individually for each port
*Can drive LED directly

Port 6 P60 to P67 « Can be specified for input or output in 1-bit units | Specifiable individually for each port

Port 7 P70 to P72 » Can be specified for input or output in 1-bit units | Specifiable in 1-bit units

Port 8 P80 to P87 « Can be specified for input or output in 1-bit units | Specifiable in 1-bit units

Port 9 P90 to P95 *N-ch open drain 1/O port —
» Can be specified for input or output in 1-bit units
*Can drive LED directly

Port 10 P100 to P103| « Can be specified for input or output in 1-bit units | Specifiable in 1-bit units

Port 12 P120 to P127| « Can be specified for input or output in 1-bit units | Specifiable in 1-bit units

Port 13 P130, P131 | «Can be specified for input or output in 1-bit units —

User’'s Manual U13570EJ3VOUD
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CHAPTER 5 PORT FUNCTIONS

5.2 Port Configuration
Ports consist of the following hardware:

Table 5-2. Port Configuration

Iltem Configuration

Control register Port mode register (PMm: m = 0, 2 to 10, 12, 13)
Pull-up resistor option register
(PUO, PUm: m =0, 2, 3,7, 8, 10, 12)

Port Total: 86 ports (8 inputs, 78 inputs/outputs)
Pull-up resistor Total: 70 (software control)
5.2.1 Port0

Port 0 is a 7-bit input/output port with output latch. The P00 to P06 pins can specify the input mode/output mode
in 1-bit units with the port 0 mode register. A pull-up resistor can be connected to the P00 to P06 pins via pull-up
resistor option register 0, regardless of whether the input mode or output mode is specified.

Port 0 also supports external interrupt request input as an alternate function.

RESET input sets port 0 to the input mode.

Figure 5-2 shows the block diagram of port 0.

Caution Even though port 0 is also used as an external interrupt input, when port 0 is not used as an
interrupt input pin, be sure to set interrupt disabled by using the external interrupt rising edge
enable register (EGPO) and external interrupt falling edge enable register (EGNO) or setting the
interrupt enable flag (PMKn: n =0 to 5) to 1. Otherwise, the interrupt request flag is set and
unintentional interrupt servicing may be executed when specifying portsin output mode and thus
changing the output level.
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Figure 5-2. Block Diagram of P00 to P06

Vob
WRpru 3
1
o = PU0O to PU0B {>o I P-ch
RD Alternate
J function
o
~ O<{ Selector
o A
o WRepoRT
©
c
5 .| Output latch
= ~ (POO to P06)
WRem
*$—> PMO0O0 to PM06 *®

PU: Pull-up resistor option register
PM: Port mode register
RD: Port 0 read signal
WR: Port O write signal
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POO/INTPO,
PO1/INTP1,

PO2/INTP2/NMI to

PO6/INTP6

121



CHAPTER 5 PORT FUNCTIONS

5.2.2 Port 1
This is an 8-bit input-only port with no on-chip pull-up resistor.
Port 1 supports A/D converter analog input as an alternate function.
Figure 5-3 shows a block diagram of port 1.

Figure 5-3. Block Diagram of P10 to P17

[\
Altern_ate
RD function
(2]
=)
o)
]
c ||
g -0 o<]—oC PLO/ANIO to
e O
= o P17/ANI7
o

RD: Port 1 read signal
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5.2.3 Port 2

Port 2 is an 8-bit input/output port with output latch. P20 to P27 pins can specify the input mode/output mode in
1-bit units with the port 2 mode register. A pull-up resistor can be connected to the P20 to P27 pins via pull-up resistor
option register 2, regardless of whether the input mode or output mode is specified.

The P25 and P27 pins can be specified as N-ch open-drain with a port function control register (only uPD784216AY,
784218AY Subseries).

Port 2 supports serial interface data input/output, clock input/output, clock output, and buzzer output as alternate
functions.

RESET input sets port 2 to the input mode.

Figures 5-4 to 5-7 show block diagrams of port 2.

Figure 5-4. Block Diagram of P20 and P22

WRpu
[N\
O ~| PU20, PU22 {>c I P-ch
RD Alternate
J function
Fan) -t
Y <| :( Selector
3 WRpPporT
E
@ Output latch P20/SI11/RxD1,
Q m @
£ ~ (P20, P22) P22/SCK1/ASCK1
WRpM
(J_‘; »| PM20, PM22 °
N/

PU: Pull-up resistor option register
PM: Port mode register
RD: Port 2 read signal
WR: Port 2 write signal
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Figure 5-5. Block Diagram of P21, P23, P24, and P26

Vobp
WRpu
N\
£ | Pu21, PU23 |
- i P-ch
~ PU24, PU26 {>O [
RD
Y
© O<{ Selector
%]
a WRPpoRrT
©
g - Output latch Egﬁgﬂ-“—ml'
IS ~ (P21, P23, P24, P26) O hoa/BU.
P26/SO0
WRpm
J\ PM21, PM23,
~ PM24, PM26
N
Alternate function

PU: Pull-up resistor option register
PM: Port mode register
RD: Port 2 read signal
WR: Port 2 write signal
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Figure 5-6. Block Diagram of P25

Voo

l P-ch

Vob

WRpru
N\
S - PU25 >o
RD Alternate
J function
o
~ O<{ Selector
: e
a WRepr
©
£
£ < - PF25 {>O
WReproRT
& Output latch \ N\
(P25) ]
WRem
J‘/ PM25 o
N

Note The SDAO pin applies only to the uPD784216AY, 784218AY Subseries.

PU:
PF:

PM:

RD:

WR:

Pull-up resistor option register
Port function control register
Port mode register

Port 2 read signal

Port 2 write signal
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Figure 5-7. Block Diagram of P27

Alternate function

Note The SCLO pin applies only to the uPD784216AY, 784218AY Subseries.
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Alternate function

PU:
PF:

PM:
RD:
WR:

Pull-up resistor option register
Port function control register
Port mode register

Port 2 read signal

Port 2 write signal

WRepu
[\
S - PU27 {>o
RD
Fan J -
~ O<{ Selector
1
4 WRPpF
o)
Ei
= & - PF27 {>0
E
WRporT
A Output latch AN
¥ (P27) —
WRem
S PM27 .
N\
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5.2.4 Port 3

Port 3 is an 8-bit input/output port with output latch. The P30 to P37 pins can specify the input mode/output mode

in 1-bit units with the port 3 mode register. A pull-up resistor can be connected to the P30 to P37 pins via pull-up
resistor option register 3, regardless of whether the input mode or output mode is specified.
Port 3 supports timer input/output and external access status output as alternate functions.

RESET input sets port 3 to the input mode.
Figures 5-8 and 5-9 show block diagrams of port 3.

Figure 5-8. Block Diagram of P30 to P32 and P37

PU30 to PU32,

PU37

|
oo

o

Selector

"1 (P30 to P32, P37)

Output latch

A

PM30 to PM32,

WRpu
N\
n
N
RD
A
4
a WRPpoRT
©
c
Q Pany
= N
WRpm
£
—~
PU:
PM:
RD:
WR:

PM37

Alternate function

Pull-up resistor option register

Port mode register
Port 3 read signal
Port 3 write signal
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Figure 5-9. Block Diagram of P33 to P36

Vob
WRpu
N\
S »| PU33 to PU36 DO l P-ch
RD Alternate
J function
VanY
~ Selector
3
o WRPporT
‘_g P33/TI1,
5 .| Output latch © P34/TI2,
IS ~ (P33 to P36) P35/T100,
P36/TI01
WRpm
J‘; PM33 to PM36
L/

PU: Pull-up resistor option register
PM: Port mode register
RD: Port 3 read signal
WR: Port 3 write signal

128 User's Manual U13570EJ3VOUD



CHAPTER 5 PORT FUNCTIONS

5.2.5 Port 4

Port 4 is an 8-bit input/output port with output latch. The P40 to P47 pins can specify the input mode/output mode
in 1-bit units with the port 4 mode register. When the P40 to P47 pins are used as input ports, a pull-up resistor can
be connected to them in 8-bit units with bit 4 (PUO4) of the pull-up resistor option register.

Port 4 can drive LED directly.

Port 4 supports the address/data bus function in the external memory expansion mode as an alternate function.

RESET input sets port 4 to the input mode.

Figure 5-10 shows a block diagram of port 4.

Figure 5-10. Block Diagram of P40 to P47

i Voo
MMO to MM3
iy U

\% PM40 to P47

2]
3 WReu P40/ADO
g to P47/AD7
3 Output latch _
T ~ (P40 to P47)
= RDra A
[
€
- q
3
IS
1S
o
o
Q
T =
~ External access data
/'\/

2 Internal address bus 2

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

Port 5 is an 8-bit input/output port with output latch. The P50 to P57 pins can specify the input mode/output mode
in 1-bit units with the port 5 mode register. When the P50 to P57 pins are used as input ports, a pull-up resistor can
be connected to them in 8-bit units with bit 5 (PUOS5) of the pull-up resistor option register.

Port 5 can drive LEDs directly.

Port 5 supports the address bus function in the external memory expansion mode as an alternate function.

RESET input sets port 5 to the input mode.

Figure 5-11 shows a block diagram of port 5.

Figure 5-11. Block Diagram of P50 to P57

WRpuo

i PUO5
o D

RDruo

Vooo

MMO to MM3

U

WRpwms

O PM50 to PM75

RDepwms 4'

WRes

P50/A8 to
P57/A15

Output latch

~ (P50 to P57)
RDes A

Internal data bus

1/0 controller

Internal address bus

.

PUO: Pull-up resistor option register

PM:  Port mode register

RD: Port 5 read signal

WR: Port 5 write signal

MMO to MM3: Bits 0 to 3 of the memory expansion mode register (MM)
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5.2.7 Port 6

Port 6 is an 8-bit input/output port with output latch. The P60 to P67 pins can specify the input mode/output mode
in 1-bit units with the port 6 mode register.
When pins P60 to P67 are used as input ports, a pull-up resistor can be connected to them in 8-bit units with bit

6 (PUOG6) of the pull-up resistor option register.

Port 6 supports the address bus function and the control signal output function in external memory expansion mode

as alternate functions.

RESET input sets port 6 to the input mode.
Figures 5-12 to 5-14 show block diagrams of port 6.

Internal data bus

WRpuo

Figure 5-12.

PUO6

Block Diagram of P60 to P63

RDpuo

WRepwme

RDewme

PM60 to PM63

Y

B

MMO to MM3

U

WRes

Output latch

RDprs

(P60 to P63)

1/0 controller

PUO:
PM:
RD:
WR:
MMO to MM3:

Internal address bus

.

Port mode register

Port 5 read signal

Port 5 write signal

Bits 0 to 3 of the memory expansion mode register (MM)
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Vop
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Figure 5-13. Block Diagram of P64, P65, and P67

/—\_/ Wipuo
> > PUOG6
RDruo
$
WRepwme E— ) Voo
}. PM64, PM65,
~ PM67
RDrwms
A\
External expansion mode —cj—\
3 Y 4
Tg Timing signal for o
5 WRrs external expansion S P64/RD,
- |5} NATr~
=S 8 P65/WR,
}. Output latch & P67/ASTB
~ (P64, P65, P67)
RDrs
L »
© OQ
| |
S <
N\
/_\_/
PUO: Pull-up resistor option register
PM:  Port mode register
RD: Port 6 read signal
WR: Port 6 write signal
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Internal bus

WRPpuo

Figure 5-14. Block Diagram of P66

PUOG6

RDruo

A

WRepve

PM66 r

O
RDewms

WRps

External wait mode H’D

_| Output latch

RDrs

(P66)

N4

v

Wait input <-—

PUO:
PM:
RD:
WR:

<

Pull-up resistor option register
Port mode register
Port 6 read signal
Port 6 write signal
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5.2.8 Port 7

This is a 3-bit input/output port with output latch. Input mode/output mode can be specified in 1-bit units with the
port 7 mode register. A pull-up resistor can be connected to the P70 to P72 pins via pull-up resistor option register
7, regardless of whether the input mode or output mode is specified.

Port 7 supports serial interface data input/output and clock input/output as alternate functions.

RESET input sets port 7 to the input mode.

Figures 5-15 to 5-17 show block diagrams of port 7.

Figure 5-15. Block Diagram of P70

WReru
N\
< - PU70 {>0 I P-ch
RD .
Alternate function
Far} <
~ O<{ Selector D
a A
° WRPpoRT
]
c
2 Output latch »——© PT70/SI2/RxD2
= ~ (P70) g
WRem
£ PM70
L/

PU: Pull-up resistor option register
PM: Port mode register
RD: Port 7 read signal
WR: Port 7 write signal
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Internal bus

Figure 5-16. Block Diagram of P71

WRpu
S PU71
RD

WRpoRT

o

P-ch

Selector

Output latch

A

(P71)
WRpm
4‘; > PM71

PU:

PM:

RD:

WR:

Alternate function

Pull-up resistor option register

Port mode register

Port 7 read signal

Port 7 write signal
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Figure 5-17. Block Diagram of P72

WReru
[\
o - PU72 {>Q l p-ch
RD Alternate
J function
o -
~ Selector
2 A
Ie) WRpoRT
= -
3] Output latch P72/SCK2/
< ~ o (P72) g O asckz
WRem
4\/ > PM72
N\

PU: Pull-up resistor option register
PM: Port mode register
RD: Port 7 read signal
WR: Port 7 write signal
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5.2.9 Port 8
This is an 8-bit input/output port with output latch. The P80 to P87 pins can be specified to input mode/output

mode in 1-bit units with the port 8 mode register. A pull-up resistor can be connected to the P80 to P87 pins via pull-
up resistor option register 8, regardless of whether the input mode or output mode is specified.
Interrupt control flag (KRIF) can be set to 1 with falling edge detection (key return interrupt).

Port 8 supports the address bus function in external memory expansion mode as an alternate function.
RESET input sets port 8 to the input mode.
Figure 5-18 shows a block diagram of port 8.

Figure 5-18. Block Diagram of P80 to P87

Vob

> KRIF set signal

WRpu
[N\
O = PUS8O0 to PU8T7 {>0 I P-ch
RD
Ll !
~ OQ—OC Selector
[92]
=}
2 WRpoRT
g
g A Output latch © P80/A0 to
£ ~ (P80 to P87) P87/A7
WRem
\JJ = PM80 to PM87
N/
PU: Pull-up resistor option register
PM: Port mode register
RD: Port 8 read signal
WR: Port 8 write signal
Figure 5-19. Block Diagram of Falling Edge Detection Circuit
P80
P81 O—
P82 ©—L
P83 © J\ Falling edge

P84
P85
P86
P87

—

detector

© ’77

o——r

KRMK 403—’ Standby release
signal
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5.2.10 Port 9

This is a 6-bit input/output port with output latch. The input/output mode can be specified for the P90 to P95 pins
in 1-bit units with the port 9 mode register.

Port 9 is a N-ch open drain medium-voltage I/O port.

Port 9 does not include a pull-up resistor.

Port 9 can drive LEDs directly.

RESET input sets port 9 to the input mode.

Figure 5-20 shows a block diagram of port 9.

Figure 5-20. Block Diagram of P90 to P95

Y
RD
- Fan)
D OQ—OC Selector
9 )
2 WRpoRT
©
£
i) | Output latch
= ~ (P90 to P95) »———————© P90 to P95
WRem
J‘; »| PM90 to PM95
S

PM: Port mode register
RD: Port 9 read signal
WR: Port 9 write signal
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5.2.11 Port 10
This is a 4-bit input/output port with output latch. The input mode/output mode can be specified in 1-bit units for
the P100 to P103 pins with the port 10 mode register. A pull-up resistor can be connected to the P100 to P103 pins
via pull-up resistor option register 10, regardless of whether the input mode or output mode is specified.
Port 10 supports timer input/output as an alternate function.

RESET input sets port 10 to the input mode.
Figure 5-21 shows a block diagram of port 10.

Internal bus

WRepu

Figure 5-21. Block Diagram of P100 to P103

®

Y

PU100 to PU103

WRpoRrT

©

>

Selector

{J

Output latch

A

WRem

™| (P100 to P103)

PU:

PM:
RD:
WR:

Y

PM100 to PM103

Alternate function

Pull-up resistor option register
Port mode register
Port 10 read signal

Port 10 write signal
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5.2.12 Port 12

This is an 8-bit input/output port with output latch. Input mode/output mode can be specified in 1-bit units with
the port 12 mode register. A pull-up resistor can be connected to the P120 to P127 pins via pull-up resistor option
register 12, regardless of whether the input mode or output mode is specified.

Port 12 supports the real-time output function as an alternate function.

RESET input sets port 12 to the input mode.

Figure 5-22 shows a block diagram of port 12.

Figure 5-22. Block Diagram of P120 to P127

Voo
WRepu
M\
PU120 to PU127 {>@ H P-ch
RD
Q<{ Selector
n WRpoRrT
]
o]
§ Output latch
utpu
@ P120/RTPO to
E (P120 to P127) O p127RTP7
WRem
PM120 to PM127
%
Alternate function [—

PU: Pull-up resistor option register
PM: Port mode register
RD: Port 12 read signal
WR: Port 12 write signal
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5.2.13 Port 13

This is a 2-bit input/output port with output latch. The input mode/output mode can be specified in 1-bit units with
the port 13 mode register. Port 13 does not include a pull-up resistor.
Port 13 supports D/A converter analog output as an alternate function.
RESET input sets port 13 to the input mode.
Figure 5-23 shows a block diagram of port 13.

Caution  When only either one of the D/A converter channels is used with AVrer1 < Vop, the other pins

that are not used as analog outputs must be set as follows:

e Set the port mode register (PM13x) to 1 (input mode) and connect the pin to Vss.
* Setthe port mode register (PM13x) to O (output mode) and the output latch to 0 to output low

level from the pin.

Figure 5-23. Block Diagram of P130 and P131

Selector

A

Y
RD
2]
>
2 WRPpoRT
[
c
Q .| Output latch
= ~ (P130 and P131)
WRpm
JQ PM130, PM131
N\

PM: Port mode register
RD: Port 13 read signal
WR: Port 13 write signal

Alternate function

© P130/ANOO,
P131/ANO1
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5.3

Control Registers

The following three types of registers control the ports.

Port mode registers (PMO, PM2 to PM10, PM12, PM13)
Pull-up resistor option registers (PUO, PU2, PU3, PU7, PU8, PU10, PU12, PUO)
Port function control register (PF2)Note

Note Applies only to the uPD784216AY, 784218AY Subseries.

)

142

Port mode registers (PM0O, PM2 to PM10, PM12, PM13)
These registers are used to set port input/output in 1-bit units.
PMO, PM2 to PM10, PM12, and PM13 are set with a 1-bit or 8-bit memory manipulation instruction, respectively.

RESET input sets port mode registers to FFH.

When port pins are used as alternate function pins, set the port mode registers and output latches according
to Table 5-3.

Caution  Even though port Ois also used as an external interrupt input, when port 0 is not used as an
interruptinput pin, be sureto setinterrupt disabled by using the external interruptrising edge
enable register (EGPO) and external interrupt falling edge enable register (EGNO) or setting
the interrupt enable flag (PMKn: n =0to 5)to 1. Otherwise, the interrupt request flag is set
and unintentional interrupt servicing may be executed when specifying ports in output mode
and thus changing the output level.
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Table 5-3. Port Mode Register and Output Latch Settings When Using Alternate Functions

Pin Name Alternate Function PMxx Pxx Pin Name Alternate Function PMxx Pxx
Name 110 Name 110

P00, PO1 INTPO, INTP1| Input 1 x P35, P36 TI0O, TIO1 Input 1 x

P02 INTP2/NMI Input 1 X P37 EXA Output 0 0
P03 to P06 INTP3 to INTP6| Input 1 X P40 to P47 ADO to AD7 110 x Note 2
P10 to P17Note 1] ANIO to ANI7 | Input - P50 to P57 A8 to Al5 Output x Note 2
P20 RxD1/SI1 Input 1 X P60 to P63 Al6 to A19 Output x Note 2
P21 TxD1/SO1 Output | 0 0 P64 RD Output x Note 2
P22 ASCK1 Input 1 X P65 WR Output x Note 2
SCK1 Input 1 x P66 WAIT Input x Note 2
Output 0 0 P67 ASTB Output x Note 2

P23 PCL Output 0 0 P70 RxD2/S12 Input 1 X

P24 BUZ Output 0 0 P71 TxD2/S02 Output 0 0

P25 SI0 Input 1 X P72 ASCK2 Input 1 X

spAagNote 4 110 0 0 SCK2 Input 1 x

P26 SO0 Output 0 0 Output 0 0
P27 SCKO Input 1 x P8O to P87 AO to A7 Output x Note 3

Output 0 0 P100 to P103 TI5 to TI8 Input 1 x

SCLQNote 4 110 0 0 TOS5 to TO8 | Output 0 0

P30 to 32 TOO to TO2 Output 0 0 P120 to P127 RTPO to RTP7| Output 0 0

P33, P34 TI1, TI2 Input 1 x P130, P131Note 1| ANOO, ANO1 | Output 1 x

Notes 1.

Cautions

Remark

If these ports are read out when these pins are used in the alternate function mode, undefined
values are read.

When the P40 to P47 pins, P50 to P57 pins, and P60 to P67 pins are used for an alternate function,
set the function with the memory expansion mode register.

When the P80 to P87 pins are used for an alternate function, set the function with the external bus
type selection register.

The SDAO and SCLO pins are provided only for the uPD784216AY, 784218AY Subseries.

When not using external wait in the external memory expansion mode, the P66 pin can
be used as an 1/O port.

When using the I12C bus mode, specify N-ch open-drain for the SCL0O/P27 and SDA0/P25
pins by setting the port function control register (PF2).

X: don’t care (not necessary to set)
- Not available for the port mode register and output latch

PMxx: Port mode register
Pxx:  Port output latch
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Address:

Symbol
PMO

PM2

PM3

PM4

PM5

PM6

PM7

PM8

PM9

PM10

PM12

PM13
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Figure 5-24. Port Mode Register Format

OFF20H, OFF22H to OFF2AH, OFF2CH, OFF2DH After reset: FFH  R/W
7 6 5 4 3 2 1 0
| 1 PMO06 | PMO5 | PMO04 | PMO3 | PMO02 | PMO1 | PMO0
[ Pm27 PM26 | PM2s | Pm24 | Pm23 | Pm22 | Pm21 | PM20
[ P37 PM36 | PM35 | PM34 | PM33 | PM32 | PM31L | PM30
[ Pmaz PMa6 | Pm4s | Pm4s | Pma3 | Pma2 | Pwmar | Pm40
| PM57 PM56 | PM55 | PM54 | PM53 | PM52 | PM51 | PM50
| PM67 PM66 | PM65 | PM64 | PM63 | PM62 | PM61 | PM60
| 1 1 | 1 | 1 | 1 | PM72 | PM71 | PM70
[ pwvs7 PM86 | PM85s | PMs4 | PM83 | PM82 | PM8L | PM8O
| 1 1 | PM95 | PM94 | PM93 | PM92 | PM91 | PM90
| 1 1 | 1 | 1 | PM103 | PM102 | PM101 | PM100
| PM127 PM126 | PM125 | PM124 | PM123 | PM122 | PM121 | PM120
| 1 1 | 1 | 1 | 1 | 1 | PM131 | PM130
PMxn Pxn pin 1/0O mode specification

x=0:n=0to6

X=2106,8,12:n=0to 7

Xx=7:n=0to 2

Xx=9:n=0to5

x=10:n=0to 3

x=13:n=0,1

0 Output mode (output buffer ON)
1 Input mode (output buffer OFF)
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CHAPTER 5 PORT FUNCTIONS

(2) Pull-up resistor option registers (PUO, PU2, PU3, PU7, PU8, PU10, PU12, PUO)
These registers are used to set whether to use an internal pull-up resistor at each port or not in 1-bit or 8-bit units.
PUn (n=0, 2, 3, 7, 8, 10, 12) can specify the pull-up resistor connection of each port pin. PUO can specify the
pull-upresistor connection of ports 4,5, and 6. Pull-up resistors are connected irrespective of whether an alternate
function is used.

These registers are set by a 1-bit or 8-bit memory manipulation instruction.
RESET input sets these registers to 00H.

Cautions 1. Ports 1, 9, and 13 do not incorporate a pull-up resistor.
2. Ports 4, 5, 6, and 8 can connect a pull-up resistor during external memory expansion
mode.
3. Thepull-up resistor of ports 0, 2,3,7,8,10,and 12is notdisconnected even if these ports
are set in the output mode. To use these ports in the output mode, it is recommended
to clear the corresponding pull-up resistor option register to 0.
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Figure 5-25. Pull-Up Resistor Option Register Format

Address: OFF30H, OFF32H, OFF33H, OFF37H, OFF38H, OFF3AH, OFF3CH After reset: O0H R/W

Symbol <7> <6> <5> <4> <3> <2> <1> <0>
PUO | 0 PUO06 | PUO5 | PU0O4 | PUO3 PUO2 | PUO1 | PUOO
PU2 | PU27 PU26 | PU25 | PU24 | PU23 PU22 | PU21 | PU20
PU3 | PU37 PU36 | PU35 | PU34 | PU33 PU32 | PU31 | PU30
PuU7 | 0 0 | 0 | 0 | 0 PU72 | PU71 | PU70
PU8 | PU87 PUB6 | PUB5 | PUB4 | PUB3 PU82 | PUB1 | PUBO
PU10 | 0 0 | 0 | 0 | PU103 PU102 | PU101 | PU100
PU12 | pPuU127 | PU126 | PU125 | PU124 | PU123 PU122 | PU121 | PU120
PUxn Pxn pin pull-up resistor specification
x=0:n=0to 6
x=2,38,122n=0to 7
x=7:n=0to 2
x=10:n=0to0 3
0 No pull-up resistor connection
1 Pull-up resistor connection
Address: OFF4EH After reset: 00H R/W
Symbol 7 <6> <5> <4> 3 2 1 0
PUO 0 PUO6 PUOS5 PUO4 0 0 0 0
PUON Port n pull-up resistor specification (n = 4 to 6)
0 No pull-up resistor connection
1 Pull-up resistor connection
Caution

Connecting pull-up resistors unnecessarily may increase the current consumption or latch
up other devices, so specify a mode whereby pull-up resistors are only connected to the
required parts. If required and not-required parts exist together, externally connect pull-
up resistors to the required parts and set to the mode that specifies not to connect on-chip

pull-up resistors.
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CHAPTER 5 PORT FUNCTIONS

(3) Port function control register (PF2)
This register specifies N-ch open-drain for pins P25 and P27.

PF2 is set by a 1-bit or 8-bit memory manipulation instruction.

RESET input sets PF2 to 00H.

Caution  Only the uPD784216AY, 784218AY Subseries incorporates PF2. When using the 12C bus
mode (serial interface), make sure to specify N-ch open-drain for the P25 and P27 pins.

Figure 5-26. Port Function Control Register (PF2) Format

Address: OFF42H After reset: OOH R/W
Symbol 7 6 5 4 3 2 1
PF2 PF27 0 PF25 0 0 0 0
PF2n P2n pin N-ch open-drain specification (n = 5, 7)
0 Don'’t set N-ch open-drain
1 Set N-ch open-drain
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CHAPTER 5 PORT FUNCTIONS

5.4 Operations
Port operations differ depending on whether the input or output mode is set, as shown below.
5.4.1 Writing to input/output port

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

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

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

Caution In the case of 1-bit memory manipulation instructions, although a single bit is manipulated,
the port is accessed in 8-bit units. Therefore, on a port with a mixture of input and output
pins, the output latch contents for pins specified as input are undefined except for the
manipulated bit.

5.4.2 Reading from input/output port

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

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

5.4.3 Operations on input/output port

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

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

Caution Inthe case of 1-bit memory manipulation instructions, although a single bit is manipulated,
the port is accessed in 8-bit units. Therefore, on a port with a mixture of input and output
pins, the output latch contents for pins specified as input are undefined, except for the
manipulated bit.
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CHAPTER 6 REAL-TIME OUTPUT FUNCTIONS

6.1 Functions

The real-time output function transfers preset data in the real-time output buffer register to the output latch by
hardware synchronized to the generation of a timer interrupt or an external interrupt and outputs it off the chip. Also,
the pins for output off the chip are called the real-time output port.

Since jitter-free signals can be output by using the real-time output port, the operation is optimized for the control

of stepping motors, for example.

The port mode or real-time output mode is bit selectable.

6.2 Configuration

The real-time output port consists of the following hardware.

Table 6-1. Real-Time Output Port Configuration

Item

Configuration

Register

Real-time output buffer registers (RTBL, RTBH)

Control register

Real-time output port mode register (RTPM)
Real-time output port control register (RTPC)
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CHAPTER 6 REAL-TIME OUTPUT FUNCTIONS

Figure 6-1. Block Diagram of Real-Time Output Port

Internal bus

RTPOE | BYTE EXTR

|

Real-time output port
control register (RTPC)

INTP2 ——

Higher 4 bits of real-

INTTM1 — | Outputtrigger
control circuit

INTTM2 ——=

time output buffer
register (RTBH)

Lower 4 bits of real-
time output buffer
register (RTBL)

Port 12 output latch

Real-time output port output latch

Real-time output
port mode register
(RTPM)

RTPOE bit

P12n/RTPn pin output (n =0to 7)
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CHAPTER 6 REAL-TIME OUTPUT FUNCTIONS

Real-time output buffer registers (RTBL, RTBH)

These 4-bit registers save the output data beforehand. RTBL and RTBH are mapped to independent addresses
in the special function register (SFR) as shown in Figure 6-2.

When the 4 bits x 2 channels operating mode is specified, RTBL and RTBH can be independently set with data.
In addition, if the address of either RTBL or RTBH is specified, the data in both registers can be read in a batch.
When the 8 bits x 1 channel operating mode is specified, writing 8-bit data to either RTBL or RTBH can set data
in each register. In addition, if the address of either RTBL or RTBH is specified, the data in both registers can
be read in a batch.

Table 6-2 lists the operations for manipulating RTBL and RTBH.

Figure 6-2. Real-Time Output Buffer Register Configuration

Higher 4 bits Lower 4 bits

OFF98H RTBL

OFF99H RTBH

Table 6-2. Operations for Manipulating Real-Time Output Buffer Registers

Operating Mode | Manipulated Register ReadingNote 1 WritingNote 2
Higher 4 bits Lower 4 bits Higher 4 bits Lower 4 bits
4 bits x 2 channels| RTBL RTBH RTBL Invalid RTBL
RTBH RTBH RTBL RTBH Invalid
8 bits x 1 channel | RTBL RTBH RTBL RTBH RTBL
RTBH RTBH RTBL RTBH RTBL

Notes 1. Only the bits specified in the real-time output port mode can be read. When the bits set in the port mode
are read, zeros are read.
2. After setting the real-time output port, set the output data in RTBL and RTBH until the real-time output
trigger is generated.
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6.3 Control Registers

The real-time output port is controlled by the following two registers.

¢ Real-time output port mode register (RTPM)
¢ Real-time output port control register (RTPC)

(1) Real-time output port mode register (RTPM)

This register sets the real-time output port mode and port mode selections in 1-bit units.
RTPM is set by a 1-bit or 8-bit memory manipulation instruction.
RESET input sets RTPM to 00H.

Figure 6-3. Real-Time Output Port Mode Register (RTPM) Format

Address: OFF9AH After reset: 00H R/W

Symbol 7 6 5 4 3 2 1 0
RTPM RTPM7 RTPM6 RTPM5 RTPM4 RTPM3 RTPM2 RTPM1 RTPMO
RTPMm Real-time output port selection (m =0 to 7)
0 Port mode
1 Real-time output port mode

Caution  When used as areal-time output port, set the port for real-time output in the output mode.
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(2) Real-time output port control register (RTPC)

This register sets the operating mode and output trigger of the real-time output port.

Table 6-3 shows the relationships between the operating modes and output triggers of the real-time output port.

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

Figure 6-4. Real-Time Output Port Control Register (RTPC) Format

Address: OFF9BH After reset: 00H R/W

Symbol <7> 6 <5> <4> 3 2 1
RTPC RTPOE 0 BYTE EXTR 0 0 0
RTPOE Real-time output port operation control
0 Operation disabled
1 Operation enabledNote
BYTE Real-time output port operating mode
0 4 bits x 2 channels
1 8 bits x 1 channel
EXTR Real-time output control by INTP2
0 INTP2 is not the real-time output trigger.
1 INTP2 is the real-time output trigger.

Note When real-time output operation is enabled (RTPOE = 1), the values of the real-time output buffer

registers (RTBH and RTBL) are transferred into the output latch of the real-time output port.

Caution  When INTP2 is specified as an output trigger, specify the valid edge using the external
interrupt rising edge enable register (EGP0) and external interrupt falling edge enable

register (EGNO).

Table 6-3. Operating Modes and Output Triggers of Real-Time Output Port

BYTE EXTR Operating Mode RTBH - Port Output | RTBL - Port Output
0 0 4 bits x 2 channels INTTM2 INTTM1
0 1 INTTM1 INTP2
1 0 8 bits x 1 channel INTTM1
1 1 INTP2
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6.4 Operation

When real-time output is enabled by bit 7 (RTPOE) = 1 in the real-time output port control register (RTPC), data
in the real-time output buffer registers (RTBH, RTBL) are transferred to the output latch synchronized to the generation
of the selected transfer trigger (set by EXTR and BYTENOt€), Based on the setting of the real-time output port mode
register (RTPM), only the transferred data for the bits specified in the real-time output port are output from bits RTPO

to RTP7. A port set in the port mode by RTPM can be used as a general-purpose 1/0O port.

Note EXTR: Bit 4 of the real-time output port control register (RTPC)
BYTE: Bit 5 of the real-time output port control register (RTPC)

Figure 6-5. Example of Operation Timing of Real-Time Output Port (EXTR =0, BYTE = 0)

INTTM2 _l H H H
INTTM1 y |_ |_ |_
CPU operation \ A { B A B A B A B
RTBH D01 X \ D02 X D03 X D04 X
\
RTBL ) D11 X D12 X D13 X D14 X:

Output latch J X X X

P127 to P124 D01 D02 D03 D04
Output latch X X X

P123 to P120 D11 D12 D13 D14

A: Software processing by INTTM2 (RTBH write)
B: Software processing by INTTM1 (RTBL write)
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6.5 Usage

(1) Disabling the real-time output operation
Set bit 7 (RTPOE) = 0 in the real-time output port control register (RTPC).

(2) Initial settings

Set the output latch to 0.

The value that is output by real-time output operation is the result of ORing the output latches of the port and
the real-time output port (refer to Figure 6-1 Block Diagram of Real-Time Output Port). Therefore, after
the real-time output operation is enabled, set the port output latch to 0 until the transfer trigger is generated.
Set the port in output mode.

Set the real-time output buffer registers (RTBH, RTBL) to the initial value.

(3) Enable real-time output operation.
RTPOE =1
After the real-time output operation is enabled, the values of RTBH and RTBL are latched to the real-time output

port output latch.

(4) When the selected transfer trigger is generated, the values of RTBH and RTBL are latched to the pin, and the
next output is set to RTBH and RTBL by the interrupt processing corresponding to the trigger.

(5) Hereatfter, the nextreal-time output values are sequentially setin the RTBH and RTBL by the interrupt processing

corresponding to the selected trigger.

6.6 Cautions

For the initial setting, set bit 7 (RTPOE) in the real-time output port control register (RTPC) to O to disable the real-
time output operation.
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CHAPTER 7 TIMER OVERVIEW

There are one on-chip 16-bit timer/event counter and six on-chip 8-bit timer/event counters.

Since a total of eight interrupt requests is supported, these timer/counters can function as eight timer/counters.

Table 7-1. Timer/Counter Operation

Name | 16-Bit Timer/ | 8-Bit Timer/ | 8-Bit Timer/ | 8-Bit Timer/ | 8-Bit Timer/ | 8-Bit Timer/ | 8-Bit Timer/
Item Event Counter | Event Counter 1| Event Counter 2| Event Counter 5| Event Counter 6] Event Counter 7| Event Counter 8
Count 8 bits — @] O O O O O
width | 16 bits o o o o
Operating| Interval timer 1ch 1ch 1ch 1ch 1ch 1ch 1ch
mode External event counter @] @] @] O O O O
Function | Timer output 1ch 1ch 1ch 1ch 1ch 1ch 1ch
PPG output O — — — — — —
PWM output — O O O O ©) ©)
Square wave output O O O O O @] @]
One-shot pulse output O — — — — — —
Pulse width measurement | 2 inputs — — — — — —
No. of interrupt requests 2 1 1 1 1 1 1
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Figure 7-1. Timer/Counter Block Diagram (1/2)

16-bit timer/event counter

TI1 O—l

TI2 O—l

fxxl4d ——— Clear
fxx/16 S
ko 16-bit timer counter 0 (TMO)
INTTM3 2
16
Edge detector I S - INTTMOO [—
°© 16-bit capture/compare J _
S register 00 (CROO) 3
N o
<
16 8 [0 T00
H
| 16-bit wuref J INTTMO1 =]
-bit capture/compare (e}
Edge detector | register 01 (CRO1)
8-bit timer/event counter 1
fx/22 ———
fx/28 ——— Clear
fxxf2t ——— o
g o OVF
fxx/2° o] 8-bit timer counter 1 (TM1)
[ Output controller —O TO1
fxx/2! ———= @ P
8
fx/20 ———
Edge detector |—> S
8-bit compare register 10 (CR10) § INTTM1
&
INTTM2 )
8-bit timer/event counter 2
™1 —
fxx/22 ——= Clear
fx/28 ———
. 5 OVF
fxx/2% ———— g 8-bit timer counter 2 (TM2)
Fx/25 g Output controller —O TO2
8
fx/27 —— {}
fx/20 ———
8-bit compare register 20 (CR20 INTTM2
Edge detector |—> P 9 ( )
Remark OVF: Overflow flag
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Figure 7-1. Timer/Counter Block Diagram (2/2)

8-bit timer/event counters 5 and 7

fxx/2?
fxx/2® Clear
fxx/24 =
k=) OVF
fxx/2° 3 8-bit timer counter n (TMn)
2 Output controller —O TOn

fxx/2”
8
fxx/2° {}

TIn O—l Edge detector |—>
— 8-bit compare register n0 (CRn0)

S
ks INTTMn
[]
.
INTTMn + 1 [ )
Remark n=5o0r7
8-bit timer/event counters 6 and 8
TMn-1 |—>
fxx/22 Clear
fxx/23
" 5 OVF
2 5 8-bit timer counter n (TMn)
. ® Output controller[—O TOn
fxx/2 3
8
fxx/27
fxx/2°
" ) R
TIn | Edge detector | 8-bit compare register n0 (CRn0) INTTMn

Remark n=6o0r8
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CHAPTER 8 16-BIT TIMER/EVENT COUNTER

8.1 Function

)

)

©)

4

®)

(6)

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

¢ Interval timer

* PPG output

¢ Pulse width measurement
e External event counter

¢ Square wave output

« One-shot pulse output

Interval timer
When the 16-bittimer/event counter is used as an interval timer, it generates aninterrupt request at predetermined
time intervals.

PPG output
The 16-bit timer/event counter can output a square wave whose frequency and output pulse width can be freely
set.

Pulse width measurement
The 16-bit timer/event counter can be used to measure the pulse width of a signal input from an external source.

External event counter
The 16-bit timer/event counter can be used to measure the number of pulses of a signal input from an external

source.

Square wave output
The 16-bit timer/event counter can output a square wave with any frequency.

One-shot pulse output
The 16-bit timer/event counter can output a one-shot pulse with any output pulse width.
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8.2 Configuration
The 16-bit timer/event counter consists of the following hardware:

Table 8-1. 16-Bit Timer/Event Counter Configuration

Item Configuration

Timer counter 16 bits x 1 (TMO)

Register 16-bit capture/compare register: 16 bits x 2 (CR00, CR01)

Timer output 1 (TOO0)

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

Figure 8-1. Block Diagram of 16-Bit Timer/Event Counter

( Internal bus !

Capture/compare
control register 0
(CRCO)

|creoz|creor/creoo]

| 3 INTTMOO
5 : &
Tio1 Noise 3 16-p|t capture/compare
© ™ eliminator E register 00 (CROO0)
‘ ‘ Match
bod4 ] 16-bit timer counter 0 (TMO)<—|_
16 5 Clearl Output
XX "1 controller O0TO0
()
INTTM3— g ‘ ‘ L
Match
’—>
Noise
fxx—=] .
eliminator 2
Noise 16-bit capture/compare
TI00 é o
© eliminator register 01 (CRO1) _
S
— B INTTMO1
()
[ |
CRCO02 —
PRMO1/PRMO0 [mco3[mcoz2[Tmco1] ovro| [ospPT/ospPE[Toco4] LvSo|LVRO Toco TOEO|
Prescaler mode Timer mode 16-bit timer output
register 0 (PRMO) control register (TMCO) control register (TOCO)
2 Internal bus 2
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(1) 16-bit timer counter 0 (TMO)
TMO is a 16-bit read-only register that counts count pulses.
The counter is incremented in synchronization with the rising edge of an input clock. If the count value is read
during operation, input of the count clock is temporarily stopped, and the count value at that point is read. The
count value is reset to 0000H in the following cases:

<1> RESET is input .

<2> TMCO03 and TMCO2 are cleared.

<3> Valid edge of TI0O0 is input in the clear & start mode by inputting valid edge of TI0O0.

<4> TMO and CROO match in the clear & start mode on match between TMO and CROO.

<5> Bit 6 of TOCO (OSPT) is set or if the valid edge of TI0O0 is input in the one-shot pulse output mode.
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)

16-bit capture/compare register 00 (CR00)

CROO is a 16-bit register that functions as a capture register and as a compare register. Whether this register
functions as a capture or compare register is specified by using bit 0 (CRCO00) of capture/compare control register
0 (CRCO).

*« When using CRO0 as compare register
The value set to CROO is always compared with the count value of 16-bit timer counter 0 (TM0). When the
values of the two match, an interrupt request (INTTMOO) is generated. When TMO is used as an interval timer,
CROO0 can also be used as a register that holds the interval time.

*« When using CROO as capture register
The valid edge of the TIOO or TI01 pin can be selected as a capture trigger. The valid edge of TIO0 and TI01
is set via prescaler mode register 0 (PRMO).
Tables 8-2 and 8-3 show the conditions that apply when the capture trigger is specified as the valid edge of
the TIOO pin and the valid edge of the TIO1 pin, respectively.

Table 8-2. Valid Edge of TIOO Pin and Capture Trigger of CR0O0

ESO1 ESO00 Valid Edge of TI00 Pin Capture Trigger of CR0O0
0 0 Falling edge Rising edge
0 1 Rising edge Falling edge
1 0 Setting prohibited Setting prohibited
1 1 Both rising and falling edges No capture operation

Table 8-3. Valid Edge of TIO1 Pin and Capture Trigger of CR0O0

ESO1 ESO00 Valid Edge of TI01 Pin Capture Trigger of CR0O0
0 0 Falling edge Falling edge
0 1 Rising edge Rising edge
1 0 Setting prohibited Setting prohibited
1 1 Both rising and falling edges Both rising and falling edges

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

RESET input sets CR00 to 0000H.

Caution  Set CRO0O to the value other than 0000H. When using the register as an event counter, a count
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for one-pulse cannot be operated.
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(3) 16-bit capture/compare register 01 (CR01)
This is a 16-bit register that can be used as a capture register and a compare register. Whether it is used as

a capture register or compare register is specified by bit 2 (CRC02) of capture/compare control register 0 (CRCO).
p g p g p y p p g

*« When using CRO1 as compare register

The value set to CRO1 is always compared with the count value of 16-bit timer counter 0 (TM0). When the

values of the two match, an interrupt request (INTTMO1) is generated.

« When using CRO1 as capture register
The valid edge of the TI00 pin can be selected as a capture trigger. The valid edge of TIOO0 is specified by
using prescaler mode register 0 (PRMO).

Table 8-4 shows the conditions that apply when the capture trigger is specified as the valid edge of the TI00

pin.

Table 8-4. Valid Edge of TIOO Pin and Capture Trigger of CRO1

ESO1 ESO00 Valid Edge of TI00 Pin Capture Trigger of CR0O1
0 0 Falling edge Falling edge
0 1 Rising edge Rising edge
1 0 Setting prohibited Setting prohibited
1 1 Both rising and falling edges Both rising and falling edges

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

RESET input sets CR01 to 0000H.

Caution  Set CRO1to thevalue other than 0000H. When using an event counter, a count for one-pulse

cannot be operated.
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8.3 Control Registers

The following four types of registers control the 16-bit timer/event counter.

e 16-bit timer mode control register (TMCO)

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

(1) 16-bit timer mode control register (TMCO)
This register specifies the operation mode of the 16-bit timer; and the clear mode, output timing, and overflow
detection of the 16-bit timer register.
TMCO is set by a 1-bit or 8-bit memory manipulation instruction.
RESET input sets TMCO to 00H.

Caution  The16-bittimer register starts operating when avalue other than 0, 0 (operation stop mode)
is set to TMCO02 and TMCO03. To stop the operation, set 0, 0 to TMC02 and TMCO03.
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Figure 8-2. Format of 16-Bit Timer Mode Control Register (TMCO)

Address: OFF18H After reset: OOH R/W

Symbol
TMCO

3

2 1

<0>

TMCO03

TMCO02

TMCO1

OVFO

TMCO03

TMCO02

TMCO1

Selection of
operating mode
and clear mode

Selection of TOO
output timing

Generation of
interrupt

Operation stop
(TMO is cleared

to 0).

Not affected

Does not
generate.

Free-running
mode

Match between
TMO and CR0OO
or match
between TMO
and CRO1

Match between
TMO and CROO,
match between
TMO and CRO1,
or valid edge of
TI00

Clears and
starts at valid
edge of TI00.

Match between
TMO and CROO
or match
between TMO
and CRO1

Match between
TMO and CROO,
match between
TMO and CRO1,
or valid edge of
TI00

Clears and
starts on match
between TMO
and CRO0O.

Match between
TMO and CROO
or match
between TMO
and CRO1

Match between
TMO and CROO0,
match between
TMO and CRO1,
or valid edge of
TI00

Generates on
match between
TMO and CR0OO
or match
between TMO
and CRO1.

OVFO

Detection of overflow of 16-bit timer register

Overflows.

Does not overflow.
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Cautions 1. Before changing the clear mode and TOO output timing, be sure to stop the timer

operation (reset TMCO02 and TMCO3 to 0, 0).
The valid edge of the TIOO pin is selected by using prescaler mode register 0 (PRMO).

2. Whenamodeinwhichthetimeris cleared and started on amatch between TMO and CROO,
the OVFO flag is set to 1 when the count value of TMO changes from FFFFH to 0000H with
CROO set to FFFFH.

3. The software trigger (bit 6 (OSPT) of 16-bit timer output control register 0 (TOCO) = 1)
and the external trigger (T100 input) are always valid in one-shot pulse output mode.
If the software trigger is used in one-shot pulse output mode, the TI00 pin cannot be used
as ageneral-purpose port pin. Therefore, fix the TIO0 pin to either high level or low level.

Remark TOO: Output pin of 16-bit timer counter (TMO)
TI00: Input pin of 16-bit timer counter (TMO)
TMO:  16-bit timer register
CRO00: Compare register 00
CRO1: Compare register 01
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(2) Capture/compare control register 0 (CRCO)
This register controls the operation of the capture/compare registers (CR00 and CRO01).
CRCO is set by a 1-bit or 8-bit memory manipulation instruction.
RESET input sets CRCO to 00H.

Figure 8-3. Format of Capture/Compare Control Register 0 (CRCO)

Address: OFF16H After reset: OOH R/W

Symbol 7 6 5 4 3 2 1 0
CRCO 0 0 0 0 0 CRCO2 CRCO1 CRCO00
CRCO02 Selection of operation mode of CR0O1
0 Operates as compare register.
1 Operates as capture register.
CRCO1 Selection of capture trigger of CR00
0 Captured at valid edge of TIO1.
1 Captured in reverse phase of valid edge of TI00.
CRCO00 Selection of operation mode of CR00
0 Operates as compare register.
1 Operates as capture register.

Cautions 1. Before setting CRCO, be sure to stop the timer operation.
2. When the mode in which the timer is cleared and started on a match between TMO and
CROO is selected by the 16-bit timer mode control register (TMCO0), do not specify CR00
as a capture register.

(3) 16-bit timer output control register (TOCO)
This register controls the operation of the 16-bit timer/event counter output controller by setting or resetting the
R-S flip-flop (LVO), enabling or disabling reverse output, enabling or disabling output of the 16-bit timer/event
counter, enabling or disabling one-shot pulse output operation, and selecting an output trigger for a one-shot
pulse by software.
TOCO is set by a 1-bit or 8-bit memory manipulation instruction.
RESET input sets TOCO to OOH.
Figure 8-4 shows the format of TOCO.
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Figure 8-4. Format of 16-Bit Timer Output Control Register (TOCO)

Address: OFF1AH After reset: O0OH R/W

Symbol

168

TOCO

7 <6> <5> 4 <3> <2> 1 <0>
0 OSPT OSPE TOC04 LVSO LVRO TOCO01 TOEO

OSPT Output trigger control of one-shot pulse by software
0 No one-shot pulse trigger
1 Uses one-shot pulse trigger.

OSPE Controls of one-shot pulse output operation
0 Successive pulse output
1 One-shot pulse output

TOC04 Timer output control on match between CR0O1 and TMO
0 Disables reverse timer output F/F.
1 Enables reverse timer output F/F.

LVSO LVRO Timer output control by software
0 0 Not affected
0 1 Resets (0).
1 0 Sets (1).
1 1 Setting prohibited

TOCO01 Timer output control on match between CR00 and TMO and

valid edge of TI00

0 Disables reverse timer output F/F.
1 Enables reverse timer output F/F.

TOEO Output control of 16-bit timer/event counter
0 Disables output (output is fixed to 0 level).
1 Enables output.

Cautions 1. Before setting TOCO, be sure to stop the timer operation.

2. LVSO and LVRO are 0 when read after data have been set to them.
3. OSPT is 0 when read because it is automatically cleared after data has been set.
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(4) Prescaler mode register 0 (PRMO)

This register selects a count clock of the 16-bit timer counter (TMO) and the valid edge of the T100, TIO1 input.

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

Figure 8-5. Format of Prescaler Mode Register 0 (PRMO)

Address: OFF1CH  After reset: O0H R/W

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

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

PRMO1 PRMO0O Selection of count clock
0 0 fxx/4 (3.13 MHz)
0 1 fxx/16 (781 kHz)
1 0 INTTM3 (Timer output for clock)
1 1 Valid edge of TI00

Caution  When selecting the valid edge of TI0O0 as the count clock, do not specify the valid edge of
TI0O to clear and start the timer and as a capture trigger. Set the count clock to be fxx/4

or below.

Remark Figures in parentheses apply to operation with fxx = 12.5 MHz
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8.4 Operation

8.4.1 Operation as interval timer (16-bit operation)

The 16-bit timer/event counter operates as an interval timer when the 16-bit timer mode control register (TMCO)
and capture/compare control register 0 (CRCO0) are set as shown in Figure 8-6.

In this case, the 16-bit timer/event counter repeatedly generates an interrupt at the time interval specified by the
count value set in advance to 16-bit capture/compare register 00 (CR00).

When the count value of the 16-bit timer counter (TMO) matches the set value of CR0O, the value of TMO is cleared
to 0, and the timer continues counting. At the same time, an interrupt request signal (INTTMOO) is generated.

The count clock of the 16-bit timer/event counter can be selected by bits 0 and 1 (PRMO00 and PRMO01) of prescaler
mode register 0 (PRMO).

Figure 8-6. Control Register Settings During Interval Timer Operation

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

TMC03 TMC02 TMCO01 OVFO

TMCO 0 0 0 0 1 1 0/1 0

\_'_1

Clears and starts on
match between
TMO and CROO.

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

CRC02 CRC01 CRCO0

CRCO 0 0 0 0 0 01 | 01 0

L CROO0 as compare
register

Remark 0/1: When these bits are reset to 0 or set to 1, the other functions can be used along with the interval
timer function. For details, refer to Figures 8-2 and 8-3.
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Figure 8-7. Configuration of Interval Timer

16-bit capture/compare
register 00 (CROO0)

fxxld ——= INTTMOO
/16 —= &
(8]
o
INTTM3 A 16-bit timer counter (TMO) OVFO
TIOO/P35 ©—»
Clear circuit
Figure 8-8. Timing of Interval Timer Operation

t

‘ |
‘ i
| i
1 i
! ‘ )

TMO countvalue 0000 X 0001 X /\/\ X ~ XooooXooor /X N XooooX oooi) /\/\ X~ X
A A A W

; \0 \T !
3C0unt starts Clear Clear |
| | | 1\ 1 ) ‘
CROO N / N / N /N
‘ \T ; 1\ ; \ ;
INTTMOO | ] ] B
1 it ! & ! it !
! LA LA |
| ' Interrupt acknowledged 1 Interrupt acknowledged
| | )) | |
1 (
TOO : ) ) |_
‘ 1 ‘ | T i
3 Interval time ; Interval time ; Interval time ;

Remark Interval time = (N + 1) x t: N = 0001H to FFFFH
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8.4.2 Operation as PPG output
The 16-bit timer/event counter can be used for PPG (Programmable Pulse Generator) output by setting the 16-
bit timer mode control register (TMCO) and capture/compare control register 0 (CRCO) as shown in Figure 8-9.
The PPG output function outputs a rectangular wave with a cycle specified by the count value set in advance to
16-bit capture/compare register 00 (CR00) and a pulse width specified by the count value set in advance to 16-bit
capture/compare register 01 (CR01).

Figure 8-9. Control Register Settings During PPG Output Operation

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

TMC03 TMC02 TMCO1 OVFO

TMCO 0 0 0 0 1 1 0 0

—r

Clears and starts on
match between
TMO and CROO.

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

CRC02 CRC01 CRC00

CRCO 0 0 0 0 0 0 X 0

L CROO0 as compare register

CRO1 as compare register

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

OSPT OSPE TOC04 LVSO LVRO TOCO01 TOEO

TOCO| © 0 0 1 0/1 | 0/1 1 1
L L L Enables TOO output.

Reverses output on match
between TMO and CROO.

Specifies initial value of
TOO output F/F.

Reverses output on match
between TMO and CRO1.

Disables one-shot pulse output.

Remark x: don’t care

Caution  Set a value in the following range to CR00 and CRO1.
0000H < CRO01 < CROO < FFFFH
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8.4.3 Operation as pulse width measurement
The 16-bit timer counter (TMO) can be used to measure the pulse widths of the signals input to the TI00/P35 and

TI01/P36 pins.

Measurement can be carried out with TMO used as a free-running counter or by restarting the timer in
synchronization with the edge of the signal input to the TI00/P35 pin.

(1) Pulse width measurement with free-running counter and one capture register

If the edge specified by prescaler mode register 0 (PRMO) is input to the TIO0/P35 pin when the 16-bittimer counter
(TMO) is used as a free-running counter (refer to Figure 8-10), the value of TMO is loaded to 16-bit capture/
compare register 01 (CR01), and an external interrupt request signal (INTTMO1) is set.

The edge is specified by using bits 4 and 5 (ES00 and ESO01) of prescaler mode register 0 (PRMO0). The rising
edge, falling edge, or both the rising and falling edges can be selected.

The valid edge is detected through sampling at a count clock cycle selected by prescaler mode register 0 (PRMO0),
and the capture operation is not performed until the valid level is detected two times. Therefore, noise with a

short pulse width can be eliminated.

Figure 8-10. Control Register Settings During Pulse Width Measurement with
Free-Running Counter and One Capture Register

TMCO

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

TMC03 TMC02 TMCO1 OVFO

0 0 0 0 0 1 0/1

0

\—‘—1— Free-running mode

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

CRCO02 CRCO01 CRCO00

CRCO

0 0 0 0 1 0/1 0

L CROO0 as compare register

CROL1 as capture register

Remark 0/1: When these bits are resetto 0 or set to 1, the other functions can be used along with the pulse
width measurement function. For details, refer to Figures 8-2 and 8-3.
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Figure 8-11. Configuration of Pulse Width Measurement with Free-Running Counter

fxx/d —=

S
fxx/16 % 16-bit timer counter (TMO) OVFO
0
INTTM3  —
TIOO/P35 © 16-bit capture/compare register 01
(CRO1)

‘ ‘ INTTMO1

S Internal bus %

Figure 8-12. Timing of Pulse Width Measurement with Free-Running Counter
and One Capture Register (with Both Edges Specified)

t

"

TMO countvalue X 0000 0001 X \/\\/\ X po X \/\\/\ X b1 X \/\\/\ XrrrrX 0000 X \/\\/\ X o2 X \/\\/\ X b3 X

TIOO pin input \ | é_l )) \'x_l L
{ T T( T (

\
Value loaded /
to CRO1

INTTMO1 l | l | | l | l |
) ) )) ! ) )
{ { ( ; ( {

OVFO

Caution  For simplication purposes, delay due to noise elimination is not taken into consideration in the
capture operation by TI0O pin input and in the interrupt request generation timing in the above
figure. For a more accurate picture, refer to Figure 8-14 CR01 Capture Operation with Rising
Edge Specified.
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(2) Measurement of two pulse widths with free-running counter
The pulse widths of the two signals respectively input to the TI00/P35 and TI01/P36 pins can be measured when
the 16-bit timer counter (TMO) is used as a free-running counter (refer to Figure 8-13).
When the edge specified by bits 4 and 5 (ES00 and ES01) of prescaler mode register 0 (PRMO) is input to the
TI00/P35 pin, the value of the TMO is loaded to 16-bit capture/compare register 01 (CR01) and an external
interrupt request signal (INTTMO1) is set.
When the edge specified by bits 6 and 7 (ES10 and ES11) of prescaler mode register 0 (PRMO) is input to the
T101/P36 pin, the value of TMO is loaded to 16-bit capture/compare register 00 (CR00), and an external interrupt
request signal (INTTMOO) is set.
The edges of the TI00/P35 and TI01/P36 pins are specified by bits 4 and 5 (ES00 and ES01) and bits 6 and 7
(ES10 and ES11) of PRMO, respectively. The rising, falling, or both rising and falling edges can be specified.
The valid edge of the TIOO/P35 pin and TI01/P36 pin is detected through sampling at a count clock cycle selected
by prescaler mode register 0 (PRMO), and the capture operation is not performed until the valid level is detected
two times. Therefore, noise with a short pulse width can be eliminated.

Figure 8-13. Control Register Settings During Measurement of Two Pulse Widths with Free-Running Counter

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

TMC03 TMC02 TMCO1 OVFO

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

—t—

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

Free-running mode

CRC02 CRCO1 CRCO00

CRCO| O 0 0 0 0 1 0 1

L CROO as capture register

—— Captures valid edge of TI01/P36 pin to CR0O.

——— CRO01 as capture register

Remark 0/1: When these bits are resetto 0 or set to 1, the other functions can be used along with the pulse
width measurement function. For details, refer to Figures 8-2 and 8-3.
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¢ Capture operation (free-running mode)
The following figure illustrates the operation of the capture register when the capture trigger is input.

Figure 8-14. CRO1 Capture Operation with Rising Edge Specified

Countclock_l I I I I I I l I I I I_
™0 _J n-3 X n-2 Y n-1 J n Y n+1 J
o o

TIOO I A
A
Rising edge detection l | |

CRO1 I
INTTMO1 | |

Figure 8-15. Timing of Pulse Width Measurement with Free-Running Counter
(with Both Edges Specified)

Lt

|
[ —
| |
| |
| |
| |

!
! !
ARY !

TMO countvalue X000 0001 \/\/ X oo X \/\\\ X o1 X // XFFFFXOOOOX \/\\/\ X p2 X \/\\/ X o3 X

\\ j

TI0O pin input | ﬂ ) p | L_
= : f (: :
Value loaded to ) ) ) )
e Yo ] I T8

INTTMO1
{ { it

TIO01 pin input 0 )J N
y t ! H (

W W - )

Value loaded to // ! / X D1 // // | XN'O' e
CROO T T \¥ T .\
INTTMOO )) 3 ) | | )) ) : | | ) :
L { i 19 ( ; j 1y ;
3 3 " Y
| | ( j ; 0 :
OVFO N N . | ! ! !
0 j 0 j 0 | : :
'(DL-DO)xt!  (10000H—D1+D2)xt  '(D3—D2)xt

‘ "~ (10000H — D1 + (D2 + 1)) x t ‘
Note D2 +1

Caution  For simplication purposes, delay due to noise elimination is not taken into consideration
in the capture operation by TI0OO0 pin input and in the interrupt request generation timing
in the above figure. For a more accurate picture, refer to Figure 8-14 CR01 Capture
Operation with Rising Edge Specified.
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(3) Pulse width measurement with free-running counter and two capture registers
When the 16-bit timer counter (TMO) is used as a free-running counter (refer to Figure 8-16), the pulse width
of the signal input to the TIOO/P35 pin can be measured.
When the edge specified by bits 4 and 5 (ES00 and ES01) of prescaler mode register 0 (PRMO) is input to the
TI00/P35 pin, the value of TMO is loaded to 16-bit capture/compare register 01 (CR01), and an external interrupt
request signal (INTTMO01) is set.
The value of TMO is also loaded to 16-bit capture/compare register 00 (CR00) when an edge reverse to the one
that triggers capturing to CRO1 is input.
The edge of the TI00/P35 pin is specified by bits 4 and 5 (ES00 and ES01) of prescaler mode register 0 (PRMO).
The rising or falling edge can be specified.
The valid edge of the TIO0/P35 pin is detected through sampling at a count clock cycle selected by prescaler
mode register 0 (PRMO), and the capture operation is not performed until the valid level is detected two times.
Therefore, noise with a short pulse width can be eliminated.

Caution If the valid edge of the TIOO/P35 pin is specified to be both the rising and falling edges, 16-
bit capture/compare register 00 (CR00) cannot perform its capture operation.

Figure 8-16. Control Register Settings During Pulse Width Measurement
with Free-Running Counter and Two Capture Registers

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

TMC03 TMC02 TMCO01 OVFO

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

—t—

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

Free-running mode

CRCO02 CRCO1 CRCO00

CRCO| O 0 0 0 0 1 1 1

L CROO as capture register

Captures to CROO at edge reverse to valid
edge of TIO0/P35 pin.

————— CROL1 as capture register

Remark 0/1: When these bits are resetto 0 or set to 1, the other functions can be used along with the pulse
width measurement function. For details, refer to Figures 8-2 and 8-3.
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Figure 8-17. Timing of Pulse Width Measurement with Free-Running Counter and
Two Capture Registers (with Rising Edge Specified)

é’

‘
‘
|

N : N
‘
|

TMO countvalue X 00000001 X \// X po X \/\\/\ X o1 X // XFFFF)(OOOOX \/\\/\ X p2 X \/\\/\ X D3 X

o 1\

1

TIOO pin input , | Fl; N ;
T T T( T ! !
i\ 1 1) . .
Value loaded to // X DO // // // X DZ//
CRO1 T T \C ! A W
W . 1) 1 W W
Value loaded to // / X D1 // // // X D3
CRO00 \B \C ! \C \C
INTTMO1 Ha_l_l )l )) 3 )J_l ))
( 0 ( : { (
| ) )

OVF0 }

(10000H —D1+D2) xt  (D3—D2) xt

Caution  For simplication purposes, delay due to noise elimination is not taken into consideration in
the capture operation by TIOO pin input and in the interrupt request generation timing in the
above figure. For a more accurate picture, refer to Figure 8-14 CR0O1 Capture Operation with
Rising Edge Specified.
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(4) Pulse width measurement by restarting
When the valid edge of the TI00/P35 pin is detected, the pulse width of the signal input to the TI00/P35 pin can
be measured by clearing the 16-bit timer counter (TMO) once and then resuming counting after loading the count
value of TMO to 16-bit capture/compare register 01 (CR01) (refer to Figure 8-18).
The edge of the TI00/P35 pin is specified by bits 4 and 5 (ES00 and ES01) of prescaler mode register 0 (PRMO).
The rising or falling edge can be specified.
The valid edge is detected through sampling at a count clock cycle selected by prescaler mode register 0 (PRMO0),
and the capture operation is not performed until the valid level is detected two times. Therefore, noise with a
short pulse width can be eliminated.

Caution If the valid edge of the TIOO/P35 pin is specified to be both the rising and falling edges, 16-
bit capture/compare register 00 (CR00) cannot perform its capture operation.

Figure 8-18. Control Register Settings During Pulse Width Measurement by Restarting

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

TMC03 TMC02 TMCO01 OVFO

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

\—‘—1— Clears and starts at valid edge of TIO0/P35 pin.

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

CRC02 CRC01 CRC00

CRCO| O 0 0 0 0 1 1 1
L CRO0O0 as capture register

Captures to CR0O at edge reverse to
valid edge of TI00/P35 pin.

CRO1 as capture register

Remark 0/1: When these bits are reset to O or set to 1, the other functions can be used along with the pulse
width measurement function. For details, refer to Figures 8-2 and 8-3.
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Figure 8-19. Timing of Pulse Width Measurement by Restarting (with Rising Edge Specified)
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Caution  For simplication purposes, delay due to noise elimination is not taken into consideration in the
capture operation by TIOO pin input and in the interrupt request generation timing in the above
figure. For a more accurate picture, refer to Figure 8-14 CRO1 Capture Operation with Rising
Edge Specified.

8.4.4 Operation as external event counter

The 16-bit timer/counter can be used as an external event counter which counts the number of clock pulses input
to the TI00/P35 pin from an external source by using the 16-bit timer counter (TMO).

Each time the valid edge specified by prescaler mode register 0 (PRMO0) has been input to the TIOO/P35 pin, TMO
is incremented.

To perform a count operation using the TI00/P35 pin input clock, specify the TI00 valid edge using bits 0 and 1
of PRMO (PRMO00O, PRMO1).

Set CROO to a value other than 0000H (a 1-pulse counter can not be operated).

The edge of the TI00/P35 pin is specified by bits 4 and 5 (ES00 and ES01) of prescaler mode register 0 (PRMO).
The rising, falling, or both the rising and falling edges can be specified.

When using the TI100 pin input as the count clock, sampling for valid edge detection is locked by the main system
clock (fxx) and the capture operation is not performed until the valid level is detected two times. Therefore, noise
with a short pulse width can be eliminated.
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Figure 8-20. Control Register Settings During External Event Counter Mode

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

TMCO03 TMCO02 TMCO1 OVFO

T™MCO| O 0 0 0 1 1 0/1 0

—r

Clears and starts on match
between TMO and CROO.

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

CRC02 CRC01 CRC00

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

L CRO0O0 as compare register

Remark 0/1: When these bits are reset to 0 or set to 1, the other functions can be used along with the external
event counter function. For details, refer to Figures 8-2 and 8-3.

Figure 8-21. Configuration of External Event Counter

16-bit capture/compare
register 00 (CROO0)

INTTMOO
Clear

Valid edge of TIO0 16-bit timer counter (TMO) OVFO

16-bit capture/compare
register 01 (CRO1)

S Internal bus %
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Figure 8-22. Timing of External Event Counter Operation (with Rising Edge Specified)

TIOOplnlnput||||||||||||||||||||||||||||

A\
TMO count value X 0000 X 0001 X 0002) 0003 X 0004 {0005 X // XN-1X N Xo0o0X 0001 X 0002)0003X

\\

\
CROO N (
\

INTTMOO N I_l
[

Caution Read TMO when reading the count value of the external event counter.

8.4.5 Operation as square wave output

The 16-bit timer/event counter can be used to output a square wave with any frequency at an interval specified
by the count value set in advance to 16-bit capture/compare register 00 (CR0O).

By setting bits 0 (TOEO) and 1 (TOCO01) of 16-bit timer output control register (TOCO) to 1, the output status of
the TOO/P30 pin is reversed at an interval specified by the count value set in advance to CR0OO. In this way, a square
wave of any frequency can be output.

182 User’s Manual U13570EJ3VOUD



CHAPTER 8 16-BIT TIMER/EVENT COUNTER

Figure 8-23. Control Register Settings During Square Wave Output Mode

(@) 16-bit timer mode control register (TMCO)

TMC03 TMC02 TMCO01 OVFO

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

—t—

Clears and starts on match
between TMO and CROO.

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

CRC02 CRCO1 CRCO00

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

L CROO as compare register

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

OSPT OSPE TOC04 LVSO LVRO TOCO1 TOEO

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

Reverses output on match
between TMO and CRO0O.

Specifies initial value of TOO
output.

Does not reverse output on match
between TMO and CRO1.

Disables one-shot pulse output.

Remark 0/1: When these bits are reset to 0 or set to 1, the other functions can be used along with the square
wave output function. For details, refer to Figures 8-2, 8-3, and 8-4.

Figure 8-24. Timing of Square Wave Output Operation

CountclockI|||||||||||I|||||||||||I||

A\ 1\

TMO count value §(0000X0001X0002X JXn=1X N j)(0000X0001X0002)( S CER A 0000

\\ \\

CRO00

AN} 1

| !

INTTMOO

)L |_|

s ;

)L | |
TOO pin output J ! | l
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8.4.6 Operation as one-shot pulse output

The 16-bittimer/event counter can output a one-shot pulse in synchronization with a software trigger and an external
trigger (T100/P35 pin input).

)

184

One-shot pulse output with software trigger

A one-shot pulse can be output from the TOO/P30 pin by setting the 16-bit timer mode control register (TMCO),
capture/compare control register 0 (CRCO0), and 16-bit timer output control register (TOCO) as shown in Figure
8-25, and by setting bit 6 (OSPT) of TOCO by software.

By setting OSPT to 1, the 16-bit timer/event counter is cleared and started, and its output is asserted active at
the count value set in advance to 16-bit capture/compare register 01 (CR01). After that, the output is deasserted
inactive at the count value set in advance to 16-bit capture/compare register 00 (CRO00).

Even after the one-shot pulse has been output, TMO continues its operation. To stop TMO, TMCO must be reset
to OOH.

Cautions 1. Do not set OSPT to 1 while the one-shot pulse is being output. To output the one-shot
pulse again, wait until INTTMO0O, which occurs on a match between TMO and CROO,
occurs.

2. The software trigger (bit 6 (OSPT) of 16-bit timer output control register 0 (TOCO) = 1)
and the external trigger (TI00 input) are always valid in one-shot pulse output mode. If
the software trigger is used in one-shot pulse output mode, the TI0O0 pin cannot be used
as a general-purpose port pin. Therefore, fix the P35/TI00 pin to either high level or low
level.
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Figure 8-25. Control Register Settings During One-Shot Pulse Output with Software Trigger

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

TMC03 TMC02 TMCO01 OVFO

TMCO| O 0 0 0 o0/1 | 0/1 0/1 0

\—‘—1— Clears and starts, or free-running

by the valid edge of TI00/P35 pin.

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

CRCO02 CRCO01 CRCO00

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

L CRO0O0 as compare register

CRO1 as compare register

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

OSPT OSPE TOC04 LVSO LVRO TOCO01 TOEO

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

Reverses output on match
between TMO and CROO.

Specifies initial value of TOO output.

Reverses output on match
between TMO and CRO1.

Sets one-shot pulse output mode.

Set to 1 for output.

Remark 0/1: When these bits are reset to 0 or set to 1, the other functions can be used along with the one-
shot pulse output function. For details, refer to Figures 8-2, 8-3, and 8-4.

Caution  Set a value in the following range to CR00 and CRO1.
0000H < CRO1 < CR0O < FFFFH
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Figure 8-26. Timing of One-Shot Pulse Output Operation with Software Trigger

Sets OCH to TMCO
(TMO count starts)

A\ A\ A\

T™O countvalue 0000 Y0001} /) X N XN + 1Y ¥oooo{ \//\XN—1X N X/ Xm-1 m Xmer X me2Xmes

\ \ \\

A\ A\ . A

CRO1 set value N / N / N /| N
\ \\

CROO set value M // M /\/\ M // M

OSPT ) ; |_| ) ;
INTTMO1 |_| " | | .
O( | (

INTTMOO }

1

TOO pin output |

Cautions 1. The 16-bit timer register starts operating as soon as a value other than 0, 0 (operation
stop mode) has been set to TMC02 and TMCO03.

2. The software trigger (bit 6 (OSPT) of 16-bit timer output control register 0 (TOCO) = 1)
and the external trigger (TI00 input) are always valid in one-shot pulse output mode. If
the software trigger is used in one-shot pulse output mode, the TIOO0 pin cannot be used
as a general-purpose port pin. Therefore, fix the P35/TI00 pin to either high level or low
level.

(2) One-shot pulse output with external trigger
A one-shot pulse can be output from the TOO/P30 pin by setting the 16-bit timer mode control register (TMCO0),
capture/compare control register 0 (CRCO0), and 16-bit timer output control register (TOCO) as shown in Figure
8-27, and by using the valid edge of the TI00/P35 pin as an external trigger.
The valid edge of the TI0O0/P35 pin is specified by bits 4 and 5 (ES00 and ES01) of prescaler mode register 0
(PRMO). The rising, falling, or both the rising and falling edges can be specified.
When the valid edge of the TI00/P35 pin is detected, the 16-bit timer/event counter is cleared and started, and
the output is asserted active at the count value set in advance to 16-bit capture/compare register 01 (CR01).
After that, the output is deasserted inactive at the count value set in advance to 16-hit capture/compare register
00 (CRO0).
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Cautions 1. If the external trigger is generated while the one-shot pulse is output, the counter is
cleared and started, and the one-shot pulse is output again.

2. The software trigger (bit 6 (OSPT) of 16-bit timer output control register 0 (TOCO) = 1)
and the external trigger (TIOO0 input) are always valid in one-shot pulse output mode. If
the software trigger is used in one-shot pulse output mode, the TI00 pin cannot be used
as ageneral-purpose port pin. Therefore, fix the P35/TI00 pin to either high level or low
level.

Figure 8-27. Control Register Settings During One-Shot Pulse Output with External Trigger

(@) 16-bit timer mode control register (TMCO)

TMCO03 TMCO02 TMCO1 OVFO

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

—r

Clears and starts, or free-running at
valid edge of TI00/P35 pin.

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

CRCO02 CRCO1 CRCO0

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

L CROO0 as compare register

CRO1 as compare register

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

OSPT OSPE TOC04 LVSO LVRO TOC01 TOEO

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

Reverses output on match between
TMO and CROO.

Specifies initial value of TOO output.

Reverses output on match between
TMO and CRO1.

Sets one-shot pulse output mode.

Remark 0/1: When these bits are reset to 0 or set to 1, the other functions can be used along with the one-
shot pulse output function. For details, refer to Figures 8-2, 8-3, and 8-4.

Caution  Set a value in the following range to CR00 and CRO1.
0000H < CRO1 < CR0OO < FFFFH
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Figure 8-28. Timing of One-Shot Pulse Output Operation with External Trigger
(with Rising Edge Specified)

Sets 08H to TMCO
(TMO count starts)

Count lock MMMM

A\ 2\ 2\

TMO count value 0000 X 0001 X \/\/ XXoooX /X N Xn+iXn+2 /) Xm-2Xm—1 ™ Xm+1Xm+2Xm+3

\\ \\

CROL1 set value N /\/ N // N // N
\\

CROO set value M // M // M // M
TIOO pin input ) | | . : )
{ ( ; 0
INTTMO1 N |_| )
f 1 (
INTTMOO )) ) 3 ) |_|
(( 0 ; (

TOO pin output |

Cautions 1. The 16-bit timer register starts operating as soon as a value other than 0, O (operation
stop mode) has been set to TMC02 and TMCO03.

2. The software trigger (bit 6 (OSPT) of 16-bit timer output control register 0 (TOCO) = 1)
and the external trigger (TI00 input) are always valid in one-shot pulse output mode. If
the software trigger is used in one-shot pulse output mode, the TIOO0 pin cannot be used
as a general-purpose port pin. Therefore, fix the P35/TI00 pin to either high level or low
level.
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8.5 Cautions

(1) Error on starting timer
An error of up to 1 clock occurs before the match signal is generated after the timer has been started. This is
because the 16-bit timer counter (TMO) is started asynchronously in respect to the count pulse.

Figure 8-29. Start Timing of 16-Bit Timer Register

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

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

Timer starts

(2) Setting 16-bit compare register
Set 16-bit capture/compare register 00, 01 (CR00, CRO01) to a value other than 0000H. When using this register
as an event counter, a count for one-pulse cannot be operated.

(3) Setting compare register during timer count operation
If the value to which the current value of 16-bit capture/compare register 00 (CR00) has been changed is less

than the value of the 16-bit timer counter (TMO), TMO continues counting, overflows, and starts counting again
from 0. If the new value of CROO (M) is less than the old value (N), the timer must be restarted after the value

of CR0OO has been changed.

Figure 8-30. Timing After Changing Value of Compare Register During Timer Count Operation

Count pulse j \ / \ / \_“_/ \_/_\_/_\_/_\_
CR00 N X /\/\ M

\

)
TMO count value :X x-1 X x X /U FFFFH X 0000H X 0001H X 0002H

\

Remark N>X>M
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(4) Data hold timing of capture register
If the valid edge is input to the TI00/P35 pin while 16-bit capture/compare register 01 (CR01) is read, CR01 does
not perform the capture operation, and holds the data. However, the interrupt request flag (INTTMO1) is set as
a result of detection of the valid edge.

Figure 8-31. Data Hold Timing of Capture Register

compise /—\_ /T \_/ \_/ ../ ./ \_/ \_

TMO count value N X N+1 X N+2 X / M X M+1 X M+2
Edge input \ )) /
0
Interrupt request flag | | | |
1t
Capture read signal /—\—
)
O(
1) —
Value loaded to CRO1 X X // N+1 >

,
jo
—_—

Capture operation ignored

(5) Setting valid edge
Before setting the valid edge of the TIOO/P35 pin, stop the timer operation by resetting bits 2 and 3 (TMCO02 and
TMCO03) of the 16-bit timer mode control register (TMCO) to 0, 0. Set the valid edge by using bits 4 and 5 (ES00
and ESO01) of prescaler mode register 0 (PRMO).

(6) Cautions on edge detection

<1> When the TIOO/TI01 pin is high level immediately after system reset, it may be detected as a rising edge
after the first 16-bit timer/event counter operation is enabled. Bear this in mind when pulling up, etc.

<2> Regardless of whether interrupt acknowledgement is disabled (DI) or enabled (El), the edge of the external
input signal is detected at the second clock after the signal is changed.

TIOO/TI01 pin input /

Interrupt acknow-
Interrupts enabled (EI)

ledgement status Interrupts disabled (DI)

Countclock||||||||||||||||||||||||||||

Edge detection
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(7) Trigger for one-shot pulse
The software trigger (bit 6 (OSPT) of 16-bit timer output control register 0 (TOCO) = 1) and the external trigger
(T100 input) are always valid in one-shot pulse output mode.
If the software trigger is used in one-shot pulse output mode, the P35/TI00 pin cannot be used as a general-
purpose port pin. Therefore, fix the P35/TI00 pin to either high level or low level.

(8) Re-triggering one-shot pulse

@

(b)

One-shot pulse output by software
When a one-shot pulse is output, do not set OSPT to 1. Do not output the one-shot pulse again until INTTMOO,
which occurs on a match between TMO and CRO0O, occurs.

One-shot pulse output with external trigger
If the external trigger occurs while a one-shot pulse is output, the counter is cleared and started, and the
one-shot pulse is output again.

(9) Operation of OVFO flag
The OVFO flag is set to 1 in the following case:

Select mode in which the 16-bit timer/event counter is cleared and started on a match between TMO and CR0OO

!
Set CROO to FFFFH
!
When TMO counts up from FFFFH to 0000H

Figure 8-32. Operation Timing of OVFO Flag

Count pulse

CRO0O FFFFH /

X 0000H X 0001H X

T™O FFFEH X FFFFH

/
\
\

INTTMOO

]

(10) Contention operation

<1>

<2>

Contention between the read period of 16-bit capture/compare registers (CR00 and CR01) and the
capture trigger input (CR0O0 and CRO1 are used as capture registers)
The capture trigger input has priority. The read data of CR00 and CRO1 is undefined.

Match timing contention between the write period of 16-bit capture/compare registers (CR00 and
CRO1) and 16-bit timer counter (TMO) (CR0O0 and CRO1 are used as compare registers)

Match detection is not normally performed. Do not perform the write operation of CR00 and CR01 around
the match timing.
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9.1 Functions
8-bit timer/event counter 1, 2 (TM1, TM2) have the following two modes.

* Mode using 8-bit timer/event counter 1, 2 (TM1, TM2) alone (individual mode)
* Mode using the cascade connection (16-bit resolution: cascade connection mode)

These two modes are described next.

(1) Mode using 8-bit timer/event counter 1, 2 alone (individual mode)
The timer operates as an 8-bit timer/event counter.
It can have the following functions.

¢ Interval timer

e External event counter
e Square wave output

* PWM output

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

¢ Interval timer with 16-bit resolution

« External event counter with 16-bit resolution
¢ Square wave output with 16-bit resolution
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9.2 Configuration

8-bit timer/event counter 1, 2 consist of the following hardware.

Table 9-1. 8-Bit Timer/Event Counter 1, 2 Configuration

Item

Configuration

Timer counter

8 bits x 2 (TM1, TM2)

Register

8 bits x 2 (CR10, CR20)

Timer outp

ut 2 (TO1, TO2)

Control register

8-bit timer mode control register 1 (TMC1)
8-bit timer mode control register 2 (TMC2)
Prescaler mode register 1 (PRM1)
Prescaler mode register 2 (PRM2)

Figure 9-1. Block Diagram of 8-Bit Timer/Event Counter 1, 2 (1/2)

(1) 8-bit timer/event counter 1

Internal bus

TM2 compare match

TI1 O—

Edge detector

fxx/22 —
fxx/23 —
fxx/24 —1
fxx/25 —1
fxx/27 —

fxx/2% ——=

Clear |NTTM2
SelectorI

[ T ]

{
8-bit compare
register 10 (CR10)

{} Match
ﬂ

8-bit timer

Mask circuit

Selector

Selector

counter 1 (TM1)

INTTM1

to TM2

Output
controller

—O TO1

[ TcLi2 | ToLi | TeLio|

[ToE1 |TMci6| o | Lvsi|LvR1| TMCl | TOE1 |

Prescaler mode

register 1 (PRM1)

8-bit timer mode
control register 1 (TMC1)

Internal bus
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Figure 9-1. Block Diagram of 8-Bit Timer/Event Counter 1, 2 (2/2)

(2) 8-bit timer/event counter 2

S Internal bus S

T

TI2 O—— Edge detector 8-bit compare Selector INTTM2
22— register 20 (CR20) 5
[&]
fxx/23 —1 )
5 Match x
fxx/2* — g @
fxx/25 — ﬁ ﬁ =
fxx/27 ——=
! o 8-bit timer T
fiod/2 counter 2 (TM2)
™1 overflow—»_ Clear
SelectorI
Output
controller O TO2
[ TcLz2 | TeLar | TeLao| [ ToE2 [TmMc26|TMC24] Lvs2 | LVR2 | TMC2 | TOE2 |
Prescaler mode 8-bit timer mode
register 2 (PRM2) control register 2 (TMC2)

Internal bus
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)

)

8-bit timer counter 1, 2 (TM1, TM2)

TM1 and TM2 are 8-bit read-only registers that count the count pulses.

The counter is incremented in synchronization with the rising edge of the count clock. When the count is read
out during operation, the count clock input temporarily stops and the count is read at that time. In the following
cases, the count becomes 00H.

<1> RESET is input.
<2> TCEn is cleared.
<3> TMn and CRn0O match in the clear and start mode.

Caution Inacascade connection, the count becomes 00H by clearing both bit 7 (TCE1) of 8-bit timer
mode control register 1 (TMC1) and bit 7 (TCE2) of 8-bit timer mode control register 2
(TMC2).

Remark n=1,2

8-bit compare register (CR10, CR20)

The value setin CR10 and CR20 are compared to the count in 8-bit timer counter 1 (TM1) and 8-bit timer counter
2 (TM2), respectively. If the two values match, interrupt requests (INTTM1, INTTM2) is generated (except in
the PWM mode).

The values of CR10 and CR20 can be set in the range of O0OH to FFH, and can be written during counting.

Caution Whilethetimers are connected in cascade, always set data after stopping the timer. To stop
timer operation, clear both bit 7 of TMC1 (TCE1) and bit 7 of TMC2 (TCE2).
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9.3 Control Registers
The following four registers control 8-bit timer/event counter 1, 2.

« 8-bit timer mode control register 1, 2 (TMC1, TMC2)
« Prescaler mode register 1, 2 (PRM1, PRM2)

(1) 8-bit timer mode control register 1, 2 (TMC1, TMC2)
The TMC1 and TMC2 registers make the following six settings.

<1> Controls the counting for 8-bit timer counter 1, 2 (TM1, TM2).

<2> Selects the operating mode of 8-bit timer counter 1, 2 (TM1, TM2).

<3> Selects the individual mode or cascade mode.

<4> Sets the state of the timer output.

<5> Controls the timer output or selects the active level during the PWM (free-running) mode.
<6> Controls timer output.

TMC1 and TMC2 are set by a 1-bit or 8-bit memory manipulation instruction.

RESET input sets TMC1 and TMC2 to 00H.
Figures 9-2 and 9-3 show the TMC1 format and TMC2 format respectively.

196 User's Manual U13570EJ3VOUD



CHAPTER 9 8-BIT TIMER/EVENT COUNTER 1, 2

Figure 9-2. Format of 8-Bit Timer Mode Control Register 1 (TMC1)

Address: OFF54H After reset: 0O0H R/W
Symbol <7> 6 5 4 <3> <2> 1 <0>
TMC1 TCE1 TMC16 0 0 LVS1 LVR1 TMC11 TOE1

TCE1 TM1 count control
0 Counting is disabled (prescaler disabled) after the counter is cleared to 0.
1 Start counting

TMC16 TM1 operating mode selection
0 Clear and start mode when TM1 and CR10 match.
1 PWM (free-running) mode

LVS1 LVR1 Timer output control by software
0 0 No change
0 1 Reset (to 0).
1 0 Set (to 1).
1 1 Setting prohibited

TMC11 Other than PWM mode (TMC16 = 0) PWM mode (TMC16 = 1)

Timer output control Active level selection

0 Disable inversion operation Active high
1 Enable inversion operation Active low

TOE1 Timer output control
0 Disable output (port mode)
1 Enable output

Caution When selecting the TM1 operation mode using TMC16, stop the timer operation in advance.

Remarks 1. In the PWM mode, the PWM output is set to the inactive level by TCE1 = 0.
2. If LVS1 and LVR1 are read after setting data, O is read.
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Figure 9-3. Format of 8-Bit Timer Mode Control Register 2 (TMC2)

Address: OFF55H After reset: OOH R/W

6 5 4 <3> <2> 1 <0>
TMC26 0 TMC24 LVS2 LVR2 TMC21 TOE2
TCE2 TM2 count control

0 Counting is disabled (prescaler disabled) after the counter is cleared to 0.

1 Start counting
TMC26 TM2 operating mode selection

0 Clear and start mode when TM2 and CR20 match

1 PWM (free-running) mode
TMC24 Individual mode or cascade connection mode selection

0 Individual mode

1 Cascade connection mode (connection with TM1)

LVS2 LVR2 Timer output control by software

0 0 No change

0 1 Reset (to 0).

1 0 Set (to 1).

1 1 Setting prohibited
TMC21 Other than PWM mode (TMC26 = 0) PWM mode (TMC26 = 1)

Timer output control Active level selection

0 Disable inversion operation Active high

1 Enable inversion operation Active low
TOE2 Timer output control

0 Disable output (port mode)

1 Enable output

Caution When selecting the TM2 operation mode using TMC26 or selecting discrete/cascade connec-
tion mode using TMC24, stop timer operation in advance. To stop the timer operation during
cascade connection, clear both bit 7 (TCEL1) of 8-bit timer mode control register 1 (TMC1) and

bit 7 (TCE2) of TMC2.

Remarks 1. In the PWM mode, the PWM output is set to the inactive level by TCE2 = 0.

2. If LVS2 and LVR2 are read after setting data, O is read.
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(2) Prescaler mode register 1, 2 (PRM1, PRM2)
This register sets the count clock of 8-bit timer counter 1, 2 (TM1, TM2) and the valid edge of TI1, TI2
inputs.
PRM1 and PRM2 are set by a 1-bit or 8-bit memory manipulation instruction.
RESET input sets PRM1 and PRM2 to O0H.

Figure 9-4. Format of Prescaler Mode Register 1 (PRM1)

Address: OFF56H After reset: OOH R/W

Symbol 7 6 5 4 3 2 1 0
PRM1 0 0 0 0 0 TCL12 TCL11 TCL10
TCL12 TCL11 TCL10 Count clock selection
0 0 0 Falling edge of TI1
0 0 1 Rising edge of TI1
0 1 0 fxx/4 (3.13 MHz)
0 1 1 fxx/8 (1.56 MHz)
1 0 0 fxx/16 (781 kHz)
1 0 1 fxx/32 (391 kHz)
1 1 0 fxx/128 (97.6 kHz)
1 1 1 fxx/512 (24.4 kHz)

Cautions 1. If writing data different than that of PRM1, stop the timer beforehand.
2. Be sure to set bits 3 to 7 of PRM1 to 0.
3. When specifying the valid edge of TI1 for the count clock, set the count clock to fxx/4 or
below.

Remark Figures in parentheses apply to operation with fxx = 12.5 MHz.
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Figure 9-5. Format of Prescaler Mode Register 2 (PRM2)

Address: OFF57H After reset: OOH R/W

Symbol 7 6 5 4 3 2 1 0
PRM2 0 0 0 0 0 TCL22 TCL21 TCL20
TCL22 TCL21 TCL20 Count clock selection
0 0 0 Falling edge of TI2
0 0 1 Rising edge of TI2
0 1 0 fxx/4 (3.13 MHz)
0 1 1 fxx/8 (1.56 MHz)
1 0 0 fxx/16 (781 kHz)
1 0 1 fxx/32 (391 kHz)
1 1 0 fxx/128 (97.6 kHz)
1 1 1 fxx/512 (24.4 kHz)

Cautions 1. If writing data different than that of PRM2, stop the timer beforehand.
2. Be sure to set bits 3 to 7 of PRM2 to 0.
3. When specifying the valid edge of TI2 for the count clock, set the count clock to fxx/4 or
below.

Remark Figures in parentheses apply to operation with fxx = 12.5 MHz.
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9.4 Operation

9.4.1 Operation as interval timer (8-bit operation)

The timer operates as an interval timer that repeatedly generates interrupt requests at the interval of the preset
count in 8-bit compare register 10, 20 (CR10, CR20).

If the count in 8-bit timer register 1, 2 (TM1, TM2) matches the value set in CR10, CR20, simultaneous to clearing
the value of TM1, TM2 to 0 and continuing the count, the interrupt request signal (INTTM1, INTTM2) is generated.

The TM1 and TM2 count clocks can be selected with bits 0 to 2 (TCLnO to TCLn2) in prescaler mode register 1,
2 (PRM1, PRM2).

<Setting method>

<1>

<2>
<3>

<4>

Set each register.
« PRMn: Selects the count clock.
¢ CRnO: Compare value
e TMCn: Selects the clear and start mode when TMn and CRn0O match.
(TMCn = 0000xxx0B, x is don't care)
When TCEn = 1 is set, counting starts.
When the values of TMn and CRn0 match, INTTMn is generated (TMn is cleared to 00H).
Then, INTTMn is repeatedly generated during the same interval. When counting stops, set TCEn = 0.

Remark n=1,2
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Figure 9-6. Timing of Interval Timer Operation (1/3)

(a) Basic operation

bt

TMncount  ooH X 01H X /\/\ X~ Xoon X o1n X /\/\ X~ Xoon X o1 X /\/\ X~ X
A A \\ A \\

'Start count Clear Clear

. AN !

CRNO N / N \/\\/\ N /N

] \

! D)

TCEn _J !

INTTMn i | | | | |_
1 1! ! 1} ! 1! !
! LA LA |
1 ! Interrupt request received | Interrupt request received
| ‘ 2 | ‘
TOn | |_
! ) )
‘ ¢ ‘ ‘ ¢ |
3 Interval time ; Interval time ; Interval time ;

Remarks 1. Interval time = (N + 1) xt: N = 00H to FFH
2. n=1,2
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Figure 9-6. Timing of Interval Timer Operation (2/3)

(b) When CRnO = 00H

ot !
-—
| I

|
Count clock |‘|||||||||||||
[ —

TMn O00H' 1 0OH ' OOH ! w w w

|
INTTMn‘IlllllllIlll

! ! | | | |
| L | L | L |
|
ron [ L L]
R
Interval time
(c) When CRnO = FFH
| t |
]
| |
Count clock l\l l | I | ) I | I | I | l | I | )) I | I | I | l | I |
|
| | |
T™Mn w JotH | /] [ FEH | FFH | o0H | // [ FEH | FFH | 00H |
| I |
L L L
CRNO ! FFH /! FFH' /] FFH |
|
| ()() 1 ()() |
TCEn ‘ ‘
— : :
! | |
INTTMn ) |_| )) |_|
1( ! T( !
. A A
i Interrupt request acknowledged i Interrupt
! N ' request
TON " T( acknowledged
T( -
i 1
I Interval time !

Remark n=1,2
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Figure 9-6. Timing of Interval Timer Operation (3/3)

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

Countclock|||||||||||||||||||||||

| |
T™n N/| ooH | [ ™ | [ N | [ FEH [ ooH | [ M | ooH|
| | | |
CRNO | N X Y |
| | | |
reen T i i i
| |
| |

INTTMn l | !
| |

[
Ton_| 4 *‘ |

CRnO transition TMn overflows since M < N.

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

Countclock||||||||||||||||||I||||

|
T™n [N-1] N ]ooH | 01H | [ N ] [M-1] ™M | ooH| o1H |

| ; |

CRNO N X M ;
| | |

L L

TCEn H ! |
| |
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|
|
|
|
|
1
|
:
4
CRnNO transition

Remark n=1,2
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9.4.2 Operation as external event counter

The external event counter counts the number of external clock pulses that are input to the TI11/P33 and TI2/P34
pins with 8-bit timer counter 1, 2 (TM1, TM2).

Each time a valid edge specified in prescaler mode register 1, 2 (PRM1, PRM2) is input, TM1 and TM2 are
incremented. The edge setting is selected to be either a rising edge or falling edge.

If the counting of TM1 and TM2 matches with the values of 8-bit compare register 10, 20 (CR10, CR20), the TM1
and TM2 are cleared to 0 and the interrupt request signal (INTTM1, INTTM2) is generated.

INTTM1 and INTTM2 are generated each time when the value of the TM1 and TM2 matches the value of CR10
and CR20.

Figure 9-7. Timing of External Event Counter Operation (with Rising Edge Specified)

Tlnplnlnput||||||||||||||||||||||||||||

TMncount X ooH X o1+ X 02+ X 03H X 04H X 05H X /\/\ Xn-1X N X ooH X o1r X 02H X 03H X

\

\
CRNO N (
\

INTTMn |_|

Remark N = 00H to FFH
n=1,2

User's Manual U13570EJ3VOUD 205



CHAPTER 9 8-BIT TIMER/EVENT COUNTER 1, 2

9.4.3 Operation as square wave output (8-bit resolution)
A square wave having any frequency is output at the interval preset in 8-bit compare register 10, 20 (CR10, CR20).
By setting bit 0 (TOE1, TOE2) of 8-bit timer mode control register 1, 2 (TMC1, TMC2) to 1, the output state of TO1,
TO2 is inverted with the count preset in CR10, CR20 as the interval. Therefore, a square wave output having any
frequency (duty cycle = 50 %) is possible.

<Setting method>

<1>

<2>

<3>

<4>

Set the registers.

¢ Set the port latch, which also functions as a timer output pin and the port mode register, to 0.
e PRMn: Select the count clock.

¢ CRnO: Compare value

e TMCn: Clear and start mode when TMn and CRnO match.

LVSn LVRn Timer Output Control by Software
1 0 High level output
0 1 Low level output

Inversion of timer output enabled
Timer output enabled -~ TOEn =1

When TCEn = 1 is set, the counter starts operating.

If the values of TMn and CRnO match, the timer output inverts. Also, INTTMn is generated and TMn is cleared
to OOH.

Then, the timer output is inverted for the same interval to output a square wave from TOn.

Remark n=1,2
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9.4.4 Operation as 8-bit PWM output

By setting bit 6 (TMC16, TMC26) of 8-bit timer mode control register 1, 2 (TMC1, TMC2) to 1, the timer operates
as a PWM output.

Pulses with the duty cycle determined by the value set in 8-bit compare register 10, 20 (CR10, CR20) is output
from TO1, TO2.

Set the width of the active level of the PWM pulse in CR10, CR20. The active level can be selected by bit 1 (TMC11,
TMC12) in TMC1, TMC2.

The count clock can be selected by bits 0 to 2 (TCLnO to TCLn2) of prescaler mode register 1, 2 (PRM1, PRM2).

The PWM output can be enabled and disabled by bit 0 (TOE1, TOE2) of TMC1, TMC2.

(1) Basic operation of the PWM output

<Setting method>

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

<6>

Set the port latch, which also functions as a timer output pin and the port mode register, to 0.
Set the active level width in 8-bit compare register (CRnO0).

Select the count clock in prescaler mode register n (PRMn).

Set the active level in bit 1 (TMCn1) of TMCn.

Set bit 0 of TMCn (TOER) to 1 to enable timer output.

If bit 7 (TCEN) of TMCn is set to 1, counting starts. When counting stops, set TCEn to 0.

<PWM output operation>

<1>

<2>

<3>
<4>
<5>

When counting starts, the PWM output (output from TOnN) outputs the inactive level until an overflow occurs.
When the overflow occurs, the active level is output. The active level is output until CRnO and the count
of 8-bit timer counter n (TMn) match.

The PWM output after CRn and the count match is the inactive level until an overflow occurs again.
Steps <2> and <3> repeat until counting stops.

If counting is stopped by TCEn = 0, the PWM output goes to the inactive level.

Remark n=1,2
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Figure 9-8. Timing of PWM Output

(a) Basic operation (active level = H)

Count clock mwmwm

T™Mn_00H Jo1Hl  // [FFHIooH[o1H[o2H]  // T N IN+d // TFFHIooH[o1H]o2H] /) IM] ooH
I | | | | I I

CRNO___ M (¢ X N (¢ — X N (¢

CRNO ‘ ‘ ! L
read value — N (C ‘ N ‘ (( ‘ I ‘ N ‘ (L ‘
TCE ! )) ! ! )) | )) | | ) |
n _l‘ (( : : (( : (( : : (( l
| | | | | |
INTTMn : )) |_I : )) : )) |_I : )) :
: C( : : € : C( : : € :

))
Ton 1 T« J i
3 ! L—
f t t f f
Reload Active level Inactive level Reload Active level

(b) When CRn0 =0

Count clock _[TL ML Lo, ML LT L L T T LT LT L T

T™Mn _00H JoiH] )/ [FEHJooH]o1H[o2H] /) T N IN+1IN+2] // [FEH[ooH[o1H[o2H] /) IM| ooH

CRN0O M )l X 00H U (L X 00H (L i
CRNO . . | |
read value ——00H (¢ . ooH (L (! ' 00H (! !
‘ 5) ‘ )3 N \ N |
TCEn T( T( T( T(
— | | L

| | | |
INTTMn » [ » 2 M —t
o —i 2 — —
t } f f

Inactive level Reload Reload Inactive level

(c) When CRnO = FFH

| | | | | | |
T™Mn_00H JoiH] — // IFFH[ooH]oiH[o2H] /T N IN+aN+2[// JFFH[ooH[o1H[o2H] /) IM]| OOH
|

CRNO ™ W i ‘ FEH i i —FrH R
1 1 1 1 1 1 1
CRnO | | | | | | |
read value — FEH (C ‘ FEH ‘ (C (C ‘ F'TH ‘ (C ‘
TCEn | s : : s s — 7
"] | | T I—
| | | | | |
INTTMn : )) |_I : )) )) |_I : : D)) :
! C( [ ! C( C( [ ! ! C( [
| | | Yy vy | | | vy |
Ton ! ‘ 1€ (¢ L L A
. (\(\ . | f
* f * Reload * f
Inactive level Reload Active level ﬁ Active level Inactive level
Inactive level

Remark n=1,2
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Figure 9-9. Timing of Operation Based on CRnO Transitions
(@) When the CRnO value from N to M before TMn overflows

%?é’Qimmmmmmmmm

T™Mn |N|N+1IN+2I /! |FFH|00H|01H|02HI (T MM +1|M+2| ! |FFH|00H|01H|02H| /! IMIM+1IM+2I
‘ ‘ ‘

| \ \
CRnNO N_ ‘ (! X M {(l ‘ (! X M I ‘
CRnO | I | | | | | |
read value N ‘ ?( /! ‘ M ‘ /{ ‘ /! ‘ M /{ ‘ ]
TeEnTH T — :
INTTMn l iy 1 1 1 ) M l l
| S | | C | C( | 1 C 1
| I | | | | | |
Ton_l | (8 | | (¢ ] 88 | | (¢ |
4 4 4
CRnNO transition  Reload Reload
(N> M

(b) When the CRnO value changes from N to M after TMn overflows

Count
cIockmwmww
N|N+1|N+2| I |FFH|00H|01H|02H|03H|(/ININ+1IN+2I /! IFFH!OOHIOlH!OZHI /L IMIM+1!M+2I

CRnO N X B — ‘ X W R ‘
CR 0 | | | } | | | |
read value N ‘ N X! M R Y R ‘
| )y | | I 5y | 5y | | 5y |
TCEn H | C | | ; C | C | | 49 |
INTTMn : 5) I_I : L : ) I_I : )) :
| C | | | C | C | | ( |
i f b)) | i D) |
TonT 1 , | | e | ) | | ¢ |
( * * T( *
Reload CRnNO transition Reload
(N - M)

(c) Whenthe CRnOvalue changes from Nto Mduring two clocks (00H, 01H) immediately after TMn overflows

TMn |N|N+1|N+2I /L |FFH|00H|01H!02HI |//|N|N+1!N+2I I IFFH!OOH|01H!02HI /( IMIMMQI
|
|

|
CRn0 N X N ‘ ! X M/ ‘
CRnO | | | | | | |
read value N ( X M (¢ M. ( : M ( :
! )) ! ! y) ! )) ! ! )) !
TCEn H ; ( ; ; ( ; C ; ; C ;
INTTMn ‘ )) M ‘ )) ‘ )) |l ‘ )) ‘
( | ( C | C
D) D)
TOn | (\(\ : I ¢ I \)\) : I (« |
4 4
Reload & CRnNO transition Reload
(N - M)

Remarks 1. n=1, 2
2. CRnO (M): Master side, CRnO (S): Slave side
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9.4.5 Operation as interval timer (16-bit operation)

Cascade connection (16-bit timer) mode

By setting bit 4 (TMC24) of 8-bit timer mode control register 2 (TMC2) to 1, the timer enters the timer/counter
mode with 16-bit resolution.

With the count preset in 8-bit compare register 10, 20 (CR10, CR20) as the interval, the timer operates as an
interval timer by repeatedly generating interrupt requests.

<Setting method>

<1>

<2>
<3>

<4>

Set each register.
« PRM1: TM1 selects the count clock. TM2 connected in cascade are not used in setting.
e CRnO: Compare values (each compare value can be set from 00H to FFH).
¢ TMCn: Select the clear and start mode when TMn and CRnO match.

[TMl - TMC1 = 0000xxx0B, x: don’t care

TM2 - TMC2 = 0001xxx0B, x: don’t care }

Setting TCE2 = 1 for TMC2 and finally setting TCE1 = 1 in TMC1 starts the count operation.
If the values of TMn of all timers connected in cascade and CRn0O match, the INTTM1 of TM1 is generated.
(TM1 and TM2 are cleared to 00H.)
INTTM1 are repeatedly generated at the same interval.

Cautions 1. Always set the compare register (CR10, CR20) after stopping timer operation.
2. If TM2 count matches CR20 even when used in a cascade connection, INTTM2 of TM2
is generated. Always mask TM2 in order to disable interrupts.
3. The TCE1, TCE2 setting begins at TM2. Set the TM1 last.
4. Restarting and stopping the count is possible by setting 1 or 0 only in TCE1 of TMCL1.
Note, however, that bit 7 (TCE1) of TMC1 and bit 7 (TCE2) of TMC2 must be cleared when
setting the compare register (CR10, CR20).

Figure 9-10 shows a timing example of the cascade connection mode with 16-bit resolution.
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Figure 9-10. Cascade Connection Mode with 16-Bit Resolution

Court Mmoo

ook - LT S UL LU UL UL LU

TM1 __00H, J0iH| JOIN N+ 22 TFFHIOOHT  // [FFHI00HI 2@ 1FEHI00H]01HI (g 1 N [00H]01H] (g |A|00H
|

TM2 __Q00H, /L /L 10tH )/ 12Hf )/ M-11M L 100H /
‘ D | I TeTo
CR10 ‘ ((N (L /L (L (L j (L ‘
1 ‘ ‘
CR20 ‘ /(M /L i /L /L ‘ /L ‘
TCE1 ,‘ & & 2! & N '
|
! D) ) )) ) )) ‘ ) ‘
TCE2 __ [ q q (s q T ‘ T 1
| | |
INTTM1 ! N ) ) 3 ) M 3 l
; (( (( (( (( ¢ \ (( [
TO1 | N Y Interval time M) )) | 22 !
! T( T( (( T( T( } 1
Enable Interrupt Operation
operation request stopped
Starting count generated

Level inverted
Counter cleared

9.5. Cautions
(1) Error when the timer starts
The time until the match signal is generated after the timer starts has a maximum error of one clock. The reason

is the starting of 8-bit timer counter 1, 2 (TM1, TM2) is asynchronous with respect to the count pulse.

Figure 9-11. Start Timing of 8-Bit Timer Counter

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

TM1, TM2 count 00H X omH X o2 X o03H X 04H

Timer starts
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(2) Operation after the compare register is changed while the timer is counting
If the value after 8-bit compare register 10, 20 (CR10, CR20) changes is less than the value of the 8-bit timer
counter (TM1, TM2), counting continues, overflows, and counting starts again from 0. Consequently, when the
value (M) after CR10, CR20 changes is less than the value (N) before the change, the timer must restart after
CR10, CR20 changes.

Figure 9-12. Timing After Compare Register Changes During Timer Counting

coampase [\ /T \_/ ./ ./ ./ \_

CR10, CR20 N X / M

)

TM1, TM2 count :X x-1 X x X /gx FFFFH X 0000H X 0001H X 0002H

Caution  Except when the TI1, TI2 input is selected, always set TCE1 = 0, TCE2 = 0 before setting
the STOP mode.

Remark N >X>M

(3) TM1, TM2 read out during timer operation
Since the count clock stops temporarily when TM1 and TM2 are read during operation, select for the count clock
a waveform with a high and low level that exceed 2 cycles of the CPU clock.
When reading TM1 and TM2 during cascade connection, to avoid reading while the count is changing, take
measures such as obtaining a count match by reading twice using software.
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10.1 Functions
8-bit timer/event counter 5, 6 (TM5, TM6) have the following two modes.

* Mode using 8-bit timer/event counter 5, 6 (TM5, TM6) alone (individual mode)
* Mode using the cascade connection (16-bit resolution: cascade connection mode)

These two modes are described next.

(1) Mode using 8-bit timer/event counter 5, 6 alone (individual mode)
The timer operates as an 8-bit timer/event counter.
It can have the following functions.

¢ Interval timer

« External event counter
e Square wave output

* PWM output

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

¢ Interval timer with 16-bit resolution

« External event counter with 16-bit resolution
¢ Square wave output with 16-bit resolution
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10.2 Configuration
8-bit timer/event counter 5, 6 consist of the following hardware.

Table 10-1. 8-Bit Timer/Event Counter 5, 6 Configuration

Item Configuration

Timer counter 8 bits x 2 (TM5, TM6)
Register 8 bits x 2 (CR50, CR60)

Timer outputs 2 (TO5, TO6)

Control registers | 8-bit timer mode control register 5 (TMC5)
8-bit timer mode control register 6 (TMC6)
Prescaler mode register 5 (PRM5)
Prescaler mode register 6 (PRM6)

Figure 10-1. Block Diagram of 8-Bit Timer/Event Counter 5, 6 (1/2)

(1) 8-bit timer/event counter 5

S Internal bus S

if;

TM6 compare match {}
TI5 O Edge detector 8-bit compare Selector INTTM5

fxx/22 —=1 register 50 (CR50) §

3, =
fx/2 5 @ Match g

4
fxx/2* —= 5 ﬁ @
fxx/2% —= § =
fxx/27 — 8-bit timer |
fr/29 — counter 5 (TM5) = To TM6

Clear INTTM6
Selector =
Output
controller TO5
[ Tcus2 | Teust | Tewso | [TcEs [TMcs6] 0 | Lvss | LVRs [TMcs1| TOES |

Prescaler mode 8-bit timer mode
register 5 (PRM5) control register 5 (TMCS5)

S Internal bus S
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Figure 10-1. Block Diagram of 8-Bit Timer/Event Counter 5, 6 (2/2)

(2) 8-bit timer/event counter 6

S Internal bus S

i

TI6 O Edge detector ] 8-bit compare
; Selector INTTM6
register 60 (CR60)

fxx/22 ——=

CRE—
fxx/2 @ Match

fxx/24 ——= ﬁ

fxx/2% —=
8-bit timer

fxx/27 ——=
fro/2° counter 6 (TM6)

Mask circuit

Selector

TM5 overflow —= Clear
1 Selector
! Circuit
controller © TO6
[ TcLe2 | TcLen | TeLeo | [ TcE6 |TMCe6|TMCE4 | LVS6 | LVR6 [TMC61] TOES |
Prescaler mode 8-bit timer mode
register 6 (PRM6) control register 6 (TMC6)
Internal bus
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)

)

216

8-bit timer counter 5, 6 (TM5, TM6)

TM5 and TM6 are 8-bit read-only registers that count the count pulses.

The counter is incremented in synchronization with the rising edge of the count clock. When the count is read
out during operation, the count clock input temporarily stops and the count is read at that time. In the following
cases, the count becomes 00H.

<1> RESET is input.
<2> TCEn is cleared.
<3> TMn and CRnO match in the clear and start mode.

Caution Inacascadeconnection,thecountbecomes 00H by clearing bit 7 (TCES) of 8-bittimer mode
control register 5 (TMC5) and bit 7 (TCEG6) of 8-bit timer mode control register 6 (TMCS6).

Remark n=5,6

8-bit compare register (CR50, CR60)

The value setin CR50 and CR60 are compared to the count in 8-bit timer counter 5 (TM5) and 8-bit timer counter
6 (TM®6), respectively. If the two values match, interrupt requests (INTTM5, INTTM®6) is generated (except in
the PWM mode).

The values of CR50 and CR60 can be set in the range of O0OH to FFH, and can be written during counting.

Caution Be sure to stop the timer operation before setting data in cascade connection mode. To
stop the timer operation, clear both bit 7 (TCE5) of TMC5 and bit 7 (TCE6) of TMC6.
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10.3 Control Registers
The following four registers control 8-bit timer/event counter 5, 6.

« 8-bit timer mode control register 5, 6 (TMC5, TMC6)
« Prescaler mode register 5, 6 (PRM5, PRM®6)

(1) 8-bit timer mode control register 5, 6 (TMC5, TMC6)
The TMC5 and TMCE6 registers make the following six settings.

<1> Controls the counting for 8-bit timer counter 5, 6 (TM5, TM6).

<2> Selects the operating mode of 8-bit timer counter 5, 6 (TM5, TM6).

<3> Selects the individual mode or cascade mode.

<4> Sets the state of the timer output.

<5> Controls the timer output or selects the active level during the PWM (free-running) mode.
<6> Controls timer output.

TMC5 and TMC6 are set by a 1-bit or 8-bit memory manipulation instruction.

RESET input sets TMC5 and TMC6 to 00H.
Figures 10-2 and 10-3 show the TMC5 format and TMC6 format respectively.
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Figure 10-2. Format of 8-Bit Timer Mode Control Register 5 (TMC5)

Address: OFF68H After reset: OOH R/W

Symbol <7> 6 5 4 <3> <2> 1 <0>
TMC5 TCE5 TMC56 0 0 LVS5 LVR5 TMC51 TOES
TCE5 TM5 count control
0 Counting is disabled (prescaler disabled) after the counter is cleared to 0.
1 Start counting

TMC56 TM5 operating mode selection
0 Clear and start mode when TM5 and CR50 match.
1 PWM (free-running) mode

LVS5 LVR5 Timer output control by software
0 0 No change
0 1 Reset (to 0).
1 0 Set (to 1).
1 1 Setting prohibited

TMC51 Other than PWM mode (TMC56 = 0) PWM mode (TMC56 = 1)

Timer output control Active level selection

0 Disable inversion operation Active high
1 Enable inversion operation Active low

TOES5 Timer output control
0 Disable output (port mode)
1 Enable output

Caution  When selecting the TM5 operation mode using TMC56, stop the timer operation in advance.

Remarks 1. In the PWM mode, the PWM output is set to the inactive level by TCE5 = 0.
2. If LVS5 and LVRS are read after setting data, O is read.
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Figure 10-3. Format of 8-Bit Timer Mode Control Register 6 (TMC6)

Address: OFF69H After reset: OOH R/W

Symbol <7> 6 5 4 <3> <2> 1 <0>
TMC6 TCE6 TMC66 0 TMC64 LVS6 LVR6 TMC61 TOEG6

TCE6 TM6 count control
0 Counting is disabled (prescaler disabled) after the counter is cleared to 0.
1 Start counting

TMC66 TM6 operating mode selection
0 Clear and start mode when TM6 and CR60 match
1 PWM (free-running) mode

TMC64 Individual mode or cascade connection mode selection
0 Individual mode
1 Cascade connection mode (connection with TM5)

LVS6 LVR6 Timer output control by software
0 0 No change
0 1 Reset (to 0).
1 0 Set (to 1).
1 1 Setting prohibited

TMC61 Other than PWM mode (TMC66 = 0) PWM mode (TMC66 = 1)

Timer output control Active level selection

0 Disable inversion operation Active high
1 Enable inversion operation Active low

TOE6 Timer output control
0 Disable output (port mode)
1 Enable output

Caution  When selecting the TM6 operation mode using TMC66 or selecting discrete/cascade
connection mode using TMC64, stop the timer operation in advance. To stop the timer
operation during cascade connection, clear both bit 7 (TCES5) of 8-bit timer mode control

register 5 (TMC5) and bit 7 (TCE6) of TMC6.

Remarks 1. In the PWM mode, the PWM output is set to the inactive level by TCE6 = 0.
2. If LVS6 and LVRG6 are read after setting data, O is read.
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(2) Prescaler mode register 5, 6 (PRM5, PRM6)
This register sets the count clock of 8-bit timer counter 5, 6 (TM5, TM6) and the valid edge of TI5, TI6
inputs.
PRM5 and PRM6 are set by a 1-bit or 8-bit memory manipulation instruction.
RESET input sets PRM5 and PRM6 to 00H.

Figure 10-4. Format of Prescaler Mode Register 5 (PRM5)

Address: OFF6CH After reset: O0OH R/W

Symbol 7 6 5 4 3 2 1 0
PRM5 0 0 0 0 0 TCL52 TCL51 TCL50
TCL52 TCL51 TCL50 Count clock selection
0 0 0 Falling edge of TI5
0 0 1 Rising edge of TI5
0 1 0 fxx/4 (3.13 MHz)
0 1 1 fxx/8 (1.56 MHz)
1 0 0 fxx/16 (781 kHz)
1 0 1 fxx/32 (391 kHz)
1 1 0 fxx/128 (97.6 kHz)
1 1 1 fxx/512 (24.4 kHz)

Cautions 1. If writing data different than that of PRM5, stop the timer beforehand.
2. Be sure to set bits 3 to 7 of PRM5 to 0.
3. When specifying the valid edge of TI5 for the count clock, set the count clock to fxx/4 or
below.

Remark Figures in parentheses apply to operation with fxx = 12.5 MHz.
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Figure 10-5. Format of Prescaler Mode Register 6 (PRM®6)

Address: OFF6DH After reset: OOH R/W

Symbol 7 6 5 4 3 2 1 0
PRM6 0 0 0 0 0 TCL62 TCL61 TCL60
TCL62 TCL61 TCL60 Count clock selection
0 0 0 Falling edge of TI6
0 0 1 Rising edge of TI6
0 1 0 fxx/4 (3.13 MHz)
0 1 1 fxx/8 (1.56 MHz)
1 0 0 fxx/16 (781 kHz)
1 0 1 fxx/32 (391 kHz)
1 1 0 fxx/128 (97.6 kHz)
1 1 1 fxx/512 (24.4 kHz)

Cautions 1. If writing data different than that of PRM6, stop the timer beforehand.
2. Be sure to set bits 3 to 7 of PRM6 to 0.
3. When specifying the valid edge of TI6 for the count clock, set the count clock to fxx/4 or
below.

Remark Figures in parentheses apply to operation with fxx = 12.5 MHz.
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10.4 Operation

10.4.1 Operation as interval timer (8-bit operation)

The timer operates as an interval timer that repeatedly generates interrupt requests at the interval of the preset
count in 8-bit compare register 50, 60 (CR50, CR60).

If the count in 8-bit timer counter 5, 6 (TM5, TM6) matches the value set in CR50, CR60, the value of TM5, TM6
is cleared to 0, counting continues, and the interrupt request signals (INTTM5, INTTM®6) are generated.

The TM5 and TM6 count clocks can be selected with bits 0 to 2 (TCLnO to TCLn2) in prescaler mode register 5,
6 (PRM5, PRM6).

<Setting method>

<1> Set each register.

* PRMn: Selects the count clock.

¢ CRnNO: Compare value

e TMCn: Selects the clear and start mode when TMn and CRn0O match.

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

<2> When TCEn = 1 is set, counting starts.
<3> When the values of TMn and CRn0O match, INTTMn is generated (TMn is cleared to O0H).
<4> Then, INTTMn is repeatedly generated during the same interval. When counting stops, set TCEn = 0.

Remark n=5,6
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Figure 10-6. Timing of Interval Timer Operation (1/3)

(a) Basic operation

Count clock | | | | | | | | | | | | | | | | | | | | | | | | |
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1 0
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3 Interval time ; Interval time ; Interval time ;

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

2. n=5,6
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Figure 10-6. Timing of Interval Timer Operation (2/3)

(b) When CRnO = 00H
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Remark n=5,6
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Figure 10-6. Timing of Interval Timer Operation (3/3)

(d) Operated by CRnO transition (M < N)
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Remark n=5,6
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10.4.2 Operation as external event counter

The external event counter counts the number of external clock pulses that are input to TI5/P100 and TI6/P101
pins with 8-bit timer counter 5, 6 (TM5, TM6).

Each time a valid edge specified in prescaler mode register 5, 6 (PRM5, PRM®6) is input, TM5 and TM6 are
incremented. The edge setting is selected to be either a rising edge or falling edge.

If the counting of TM5 and TM6 matches the values of 8-bit compare register 50, 60 (CR50, CR60), the TM5 and
TM6 are cleared to 0 and the interrupt request signal (INTTM5, INTTM®6) is generated.

INTTM5 and INTTM6 are generated each time when the value of the TM5 and TM6 matches with the value of CR50
and CR60.

Figure 10-7. Timing of External Event Counter Operation (with Rising Edge Specified)

Tlnplnlnput||||||||||||||||||||||||||||

TMncount X ooH X o1+ X 02+ X 03H X 04H X 05H X /\/\ Xn-1X N X ooH X o1r X 02H X 03H X

\

\
CRNO N /
\

INTTMn |_|

Remark N = 00H to FFH
n=5,6
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10.4.3 Operation as square wave output (8-bit resolution)
A square wave having any frequency is output at the interval preset in 8-bit compare register 50, 60 (CR50, CR60).
By setting bit 0 (TOES5, TOES) of 8-bit timer mode control register 5, 6 (TMC5, TMCB6) to 1, the output state of TO5,
TOG is inverted with the count preset in CR50, CR60 as the interval. Therefore, a square wave output having any
frequency (duty cycle = 50 %) is possible.

<Setting method>

<1>

<2>

<3>

<4>

Set the registers.

« Set the port latch, which also functions as a timer output pin and the port mode register, to 0.
e PRMn: Select the count clock.

¢ CRnNO: Compare value

e TMCn: Clear and start mode when TMn and CRnO match.

LVSn LVRn Timer Output Control by Software
1 0 High level output
0 1 Low level output

Inversion of timer output enabled
Timer output enabled -~ TOEn =1

When TCEn = 1 is set, the counter starts operating.

If the values of TMn and CRnO match, the timer output inverts. Also, INTTMn is generated and TMn is cleared
to OOH.

Then, the timer output is inverted for the same interval to output a square wave from TOn.

Remark n=5,6
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10.4.4 Operation as 8-bit PWM output

By setting bit 6 (TMC56, TMC66) of 8-bit timer mode control register 5, 6 (TMC5, TMCS6) to 1, the timer operates
as a PWM output.

Pulses with the duty cycle determined by the value set in 8-bit compare register 50, 60 (CR50, CR60) is output
from TO5, TOG6.

Set the width of the active level of the PWM pulse in CR50, CR60. The active level can be selected by bit 1 (TMC51,
TMC61) in TMC5, TMCS6.

The count clock can be selected by bits 0 to 2 (TCLnO to TCLn2) of prescaler mode register 5, 6 (PRM5, PRM®6).

The PWM output can be enabled and disabled by bit 0 (TOE5, TOE6) of TMC5, TMC6.

(1) Basic operation of the PWM output

<Setting method>

<1> Set the port latch, which also functions as a timer output pin and the port mode register, to O.
<2> Set the active level width in the 8-bit compare register (CRn0).

<3> Select the count clock in prescaler mode register n (PRMn).

<4> Set the active level in bit 1 (TMCn1) of TMCn.

<5> Set bit 0 of TMCn (TOER) to 1 to enable timer output.

<6> If bit 7 (TCEn) of TMCn is set to 1, counting starts. When counting stops, set TCEn to 0.

<PWM output operation>

<1> When counting starts, the PWM output (output from TOn) outputs the inactive level until an overflow occurs.

<2> When the overflow occurs, the active level is output. The active level is output until CRnO and the count of 8-
bit timer counter n (TMn) match.

<3> The PWM output after CRn and the count match is the inactive level until an overflow occurs again.

<4> Steps <2> and <3> repeat until counting stops.

<5> |If counting is stopped by TCEn = 0, the PWM output goes to the inactive level.

Remark n=5,6
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Figure 10-8. Timing of PWM Output

(a) Basic operation (active level = H)
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Remark n=5,6
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Figure 10-9. Timing of Operation Based on CRnO Transitions
(@) When the CRnO value changes from N to M before TMn overflows
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(b) When the CRnO value changes from N to M after TMn overflows
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(c) When the CRnO value changes from N to M during two clocks (00OH, 01H) immediately after TMn
overflows
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Remarks 1. n=1, 2
2. CRnO(M): Master side, CRn0O(S): Slave side
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10.4.5 Operation as interval timer (16-bit operation)

Cascade connection (16-bit timer) mode
By setting bit 4 (TMCG64) of 8-bit timer mode control register 6 (TMCS6) to 1, the timer enters the timer/counter
mode with 16-bit resolution.

With the count preset in 8-bit compare register 50, 60 (CR50, CR60) as the interval, the timer operates as an

interval timer by repeatedly generating interrupt requests.

<Setting method>

<1>

<2>
<3>

<4>

Set each register.
« PRMb5: TM5 selects the count clock. TM6 connected in cascade are not used in setting.
e CRn0O: Compare values (Each compare value can be set from 00H to FFH.)
¢ TMCn: Select the clear and start mode when TMn and CRnO match.
TM5 - TMC5 = 0000xxx0B, x: don't care

[TM6 - TMC6 = 0001xxx0B, x: don't care }
Setting TCE6 = 1 for TMC6 and finally setting TCE5 = 1 in TMC5 starts the count operation.
If the values of TMn of all timers connected in cascade and CRn0O match, the INTTM5 of TM5 is generated.
(TM5 and TM6 are cleared to 00H.)
INTTMS5 are repeatedly generated at the same interval.

Cautions 1. Always set the compare register (CR50, CR60) after stopping timer operation.

2. If TM6 count matches CR60 even when used in a cascade connection, INTTM6 of TM6 is
generated. Always mask TM6 in order to disable interrupts.

3. The TCES5, TCEG6 setting begins at TM6. Set the TM5 last.

4. Restarting and stopping the count is possible by setting 1 or 0 only in TCE5 of TMC5. Note,
however, that bit 7 (TCE5) of TMC5 and bit 7 (TCE6) of TMC6 must be cleared when setting
compare registers CR50 and CR60.

Figure 10-10 shows a timing example of the cascade connection mode with 16-bit resolution.
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Figure 10-10. Cascade Connection Mode with 16-Bit Resolution
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10.5 Cautions
(1) Error when the timer starts
The time until the match signal is generated after the timer starts has a maximum error of one clock. The reason

is the starting of 8-bit timer counter 5, 6 (TM5, TM6) is asynchronous with respect to the count pulse.

Figure 10-11. Start Timing of 8-Bit Timer Counter

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

TMS5, TM6 count 00H X omH X o2 X 03H X 04

Timer starts
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(2) Operation after the compare register is changed while the timer is counting
If the value after 8-bit compare register 50, 60 (CR50, CR60) changes is less than the value of the 8-bit timer
counter (TM5, TM6), counting continues, overflows, and counting starts again from 0. Consequently, when the
value (M) after CR50, CR60 changes is less than the value (N) before the change, the timer must restart after
CR50, CR60 changes.

Figure 10-12. Timing After Compare Register Changes During Timer Counting

campuse [~ N\ /TN /N /[ \_

CR50, CR60 N X / M

)

TMS5, TM6 count :X x-1 X x X /gx FFFFH X 0000H X 0001H X 0002H

Caution  Except when the TI5, TI6 input is selected, always set TCE5 = 0, TCE6 = 0 before setting
the STOP mode.

Remark N>X>M

(3) TM5, TM6 read out during timer operation
Since the count clock stops temporarily when TM5 and TM6 are read during operation, select for the count clock
a waveform with a high and low level that exceed 2 cycles of the CPU clock.
When reading TM5 and TM6 in cascade connection mode, to avoid reading while the count is changing, take
measures such as obtaining a count match by reading twice using software.
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11.1 Functions

8-bit timer/event counter 7, 8 (TM7, TM8) have the following two modes.

* Mode using 8-bit timer/event counter 7, 8 (TM7, TM8) alone (individual mode)
* Mode using the cascade connection (16-bit resolution: cascade connection mode)

These two modes are described next.

(1) Mode using 8-bit timer/event counter 7, 8 alone (individual mode)
The timer operates as an 8-bit timer/event counter.
It can have the following functions.

¢ Interval timer

e External event counter
e Square wave output

* PWM output

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

¢ Interval timer with 16-bit resolution

« External event counter with 16-bit resolution
¢ Square wave output with 16-bit resolution
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11.2 Configuration

8-bit timer/event counter 7, 8 are constructed from the following hardware.

Table 11-1. 8-Bit Timer/Event Counter 7, 8 Configuration

Item

Configuration

Timer counter

8 bits x 2 (TM7, TM8)

Register

8 bits x 2 (CR70, CR80)

Timer output

2 (TO7, TO8)

Control register

8-bit timer mode control register 7 (TMC7)
8-bit timer mode control register 8 (TMC8)
Prescaler mode register 7 (PRM7)
Prescaler mode register 8 (PRM8)

Figure 11-1. Block Diagram of 8-Bit Timer/Event Counter 7, 8 (1/2)

(1) 8-bit timer/event counter 7

Internal bus

TM8 compare match

TI7 O—

Edge detector

fxx/2% —=
frx/23 —
fx/24 —=
fxx/2% —=

fxx/27 ——=
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J
8-bit compare
register 70 (CR70)

{} Match
1t 5

8-bit timer

Mask circuit

fxx/2° ——=

Selector

counter 7 (TM7)

Clear |NTTM8
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INTTM7

To TM8

Output
controller

—O TO7

[TcL72 | oLzt | TeLro|

[ToE7[TMC78] 0 | Lvs7 | LVR7 | TMCT | TOET7 |

Prescaler mode
register 7 (PRM7)

8-bit timer mode
control register 7 (TMC7)

Internal bus
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Figure 11-1. Block Diagram of 8-Bit Timer/Event Counter 7, 8 (2/2)

(1) 8-bit timer/event counter 8

S Internal bus S

I

TI8 O—— Edge detector 8-bit compare Selector INTTM8
frod 22— register 80 (CR80) 5
o
fxx/2% — 'S
5 Match ~
fxx/2* —= 5 @
fxx/25 —— § ﬁ =
fxx/27 —= L ||
XX o 8-bit timer
frod/2 ’ counter 8 (TM8)
T™7 overﬂow——_ Cloar
SelectorI
Output
controller O TO8
[ TcLs2 | TcLs1 | TeLso| [ ToE8 |TMC86|TMC84] LVS8 | LVRS | TMC8 | TOES |
Prescaler mode 8-bit timer mode
register 8 (PRM8) control register 8 (TMCS8)

Internal bus
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(1) 8-bit timer counter 7, 8 (TM7, TM8)
TM7 and TM8 are 8-bit read-only registers that count the count pulses.
The counter is incremented synchronous to the rising edge of the count clock. When the count is read out during
operation, the count clock input temporarily stops and the count is read at that time. In the following cases, the
count becomes 00H.

<1> RESET is input.
<2> TCEn is cleared.
<3> TMn and CRn0O match in the clear and start mode.

Caution Inacascadeconnection,thecountbecomes 00H by clearing bit 7 (TCE7) of 8-bittimer mode
control register 7 (TMC7) and bit 7 (TCES8) of 8-bit timer mode control register 8 (TMCS8).

Remark n=7,8

(2) 8-bit compare register (CR70, CR80)
The value setin CR70 and CR80 are compared to the count in 8-bit timer counter 7 (TM7) and 8-bit timer counter
8 (TMB8), respectively. If the two values match, interrupt requests (INTTM7, INTTMS8) is generated (except in
the PWM mode).
The values of CR70 and CR80 can be set in the range of OOH to FFH, and can be written during counting.

Caution  While the timers are connected in cascade, always set data after stopping the timer. To
stop timer operation, clear both bit 7 of TMC7 (TCE7) and bit 7 of TMC8 (TCES).
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11.3 Control Registers
The following four registers control 8-bit timer/event counter 7, 8.

« 8-bit timer mode control register 7, 8 (TMC7, TMCS8)
« Prescaler mode register 7, 8 (PRM7, PRMS8)

(1) 8-bit timer mode control register 7, 8 (TMC7, TMCS8)
The TMC7 and TMCS registers make the following six settings.

<1> Controls the counting for 8-bit timer counter 7, 8 (TM7, TM8)

<2> Selects the operating mode of 8-bit timer counter 7, 8 (TM7, TM8)

<3> Selects the individual mode or cascade mode

<4> Sets the state of the timer output

<5> Controls the timer output or selects the active level during the PWM (free-running) mode
<6> Controls timer output

TMC7 and TMCS8 are set by a 1-bit or 8-bit memory manipulation instruction.

RESET input sets TMC7 and TMC8 to 00H.
Figures 11-2 and 11-3 show the TMC7 format and TMC8 format respectively.
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Figure 11-2. Format of 8-Bit Timer Mode Control Register 7 (TMC7)

Address: OFF6AH After reset: 00H R/W

Symbol <7> 6 5 4 <3> <2> 1 <0>
TMC7 TCE7 TMC76 0 0 LVS7 LVR7 TMC71 TOE7
TCE7 TM7 count control
0 Counting is disabled (prescaler disabled) after the counter is cleared to 0.
1 Start counting

TMC76 TM7 operating mode selection
0 Clear and start mode when TM7 and CR70 match.
1 PWM (free-running) mode

LVS7 LVR7 Timer output control by software
0 0 No change
0 1 Reset (to 0).
1 0 Set (to 1).
1 1 Setting prohibited

TMC71 Other than PWM mode (TMC76 = 0) PWM mode (TMC76 = 1)

Timer output control Active level selection

0 Disable inversion operation Active high
1 Enable inversion operation Active low

TOE7 Timer output control
0 Disable output (port mode)
1 Enable output

Caution  When selecting the TM7 operation mode using TMC76, stop the timer operation in advance.

Remarks 1. In the PWM mode, the PWM output is set to the inactive level by TCE7 = 0.
2. If LVS7 and LVRY7 are read after setting data, O is read.
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Figure 11-3. Format of 8-Bit Timer Mode Control Register 8 (TMCS8)

Address: OFF6BH After reset: 00H R/W

240

Symbol <7> 6 5 4 <3> <2> 1 <0>
TMC8 TCE8 TMC86 0 TMC84 LVS8 LVR8 TMC81 TOES8
TCES8 TM8 count control
0 Counting is disabled (prescaler disabled) after the counter is cleared to 0.
1 Start counting
TMC86 TM8 operating mode selection
0 Clear and start mode when TM8 and CR80 match
1 PWM (free-running) mode
TMC84 Individual mode or cascade connection mode selection
0 Individual mode
1 Cascade connection mode (connection with TM7)
LVS8 LVR8 Timer output control by software
0 0 No change
0 1 Reset (to 0)
1 0 Set (to 1)
1 1 Setting prohibited
TMC81 Other than PWM mode (TMC86 = 0) PWM mode (TMC86 = 1)
Timer output control Active level selection
0 Disable inversion operation Active high
1 Enable inversion operation Active low
TOES8 Timer output control
0 Disable output (port mode)
1 Enable output
Caution  When selecting the TM8 operation mode using TMC86 or selecting the discrete/cascade
connection mode using TMC84, stop the timer operation in advance. To stop the timer
operation during cascade connection, clear both bit 7 (TCE7) of 8-bit timer mode control
register 7 (TMC7) and bit 7 (TCES8) of TMCS.
Remarks 1. In the PWM mode, the PWM output is set to the inactive level by TCE8 = 0.
2. If LVS8 and LVRS are read after setting data, O is read.
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(2) Prescaler mode register 7, 8 (PRM7, PRM8)
This register sets the count clock of 8-bit timer counter 7, 8 (TM7, TM8) and the valid edge of Tl7, TI8
inputs.
PRM7 and PRM8 are set by a 1-bit or 8-bit memory manipulation instruction.
RESET input sets PRM7 and PRM8 to O0H.

Figure 11-4. Format of Prescaler Mode Register 7 (PRM7)

Address: OFF6EH After reset: 00H R/W

Symbol 7 6 5 4 3 2 1 0
PRM?7 0 0 0 0 0 TCL72 TCL71 TCL70
TCL72 TCL71 TCL70 Count clock selection
0 0 0 Falling edge of TI7
0 0 1 Rising edge of TI7
0 1 0 fxx/4 (3.13 MHz)
0 1 1 fxx/8 (1.56 MHz)
1 0 0 fxx/16 (781 kHz)
1 0 1 fxx/32 (391 kHz)
1 1 0 fxx/128 (97.6 kHz)
1 1 1 fxx/512 (24.4 kHz)

Cautions 1. If writing data different than that of PRM7 is written, stop the timer beforehand.
2. Be sure to set bits 3 to 7 of PRM7 to 0.
3. When specifying the valid edge of TI7 for the count clock, set the count clock to fxx/4 or
below.

Remark Figures in parentheses apply to operation with fxx = 12.5 MHz.
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Figure 11-5. Format of Prescaler Mode Register 8 (PRM8)

Address: OFF6FH After reset: 00H R/W

Symbol 7 6 5 4 3 2 1 0
PRM8 0 0 0 0 0 TCL82 TCL81 TCL80
TCL82 TCL81 TCL80 Count clock selection
0 0 0 Falling edge of TI8
0 0 1 Rising edge of TI8
0 1 0 fxx/4 (3.13 MHz)
0 1 1 fxx/8 (1.56 MHz)
1 0 0 fxx/16 (781 kHz)
1 0 1 fxx/32 (391 kHz)
1 1 0 fxx/128 (97.6 kHz)
1 1 1 fxx/512 (24.4 kHz)

Cautions 1. If writing data different than that of PRM8 is written, stop the timer beforehand.
2. Be sure to set bits 3 to 7 of PRM8 to 0.
3. When specifying the valid edge of TI8 for the count clock, set the count clock to fxx/4 or
below.

Remark Figures in parentheses apply to operation with fxx = 12.5 MHz.
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11.4 Operation

11.4.1 Operation as interval timer (8-bit operation)

The timer operates as an interval timer that repeatedly generates interrupt requests at the interval of the preset
count in 8-bit compare register 70, 80 (CR70, CR80).

If the count in 8-bit timer counter 7, 8 (TM7, TM8) matches the value set in CR70, CR80, simultaneous to clearing
the value of TM7, TM8 to 0 and continuing the count, the interrupt request signal (INTTM7, INTTM8) is generated.

The TM7 and TM8 count clocks can be selected with bits 0 to 2 (TCLnO to TCLn2) in prescaler mode register 7,
8 (PRM7, PRMS).

<Setting method>

<1> Set each register.

* PRMn: Selects the count clock.

¢ CRnNO: Compare value

e TMCn: Selects the clear and start mode when TMn and CRnO match.

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

<2> When TCEn = 1 is set, counting starts.
<3> When the values of TMn and CRnO match, INTTMn is generated (TMn is cleared to O0H).
<4> Then, INTTMn is repeatedly generated during the same interval. When counting stops, set TCEn = 0.

Remark n=7,8
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Figure 11-6. Timing of Interval Timer Operation (1/3)

(a) Basic operation

bt

TMncount  ooH X 01H X /\/\ X~ Xoon X o1n X /\/\ X~ Xoon X o1 X /\/\ X~ X
A A \\ A \\

'Start count Clear Clear
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CRNO N / N \/\\/\ N /N

] \

! D)

TCEn _J !

INTTMn i | | | | |_
1 1! ! 1} ! 1! !
! LA LA |
1 ! Interrupt request received | Interrupt request received
| ‘ 2 | ‘
TOn | |_
! ) )
‘ ¢ ‘ ‘ ¢ |
3 Interval time ; Interval time ; Interval time ;

Remarks 1. Interval time = (N + 1) x t; N = O0H to FFH
2.n=7,8
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Figure 11-6. Timing of Interval Timer Operation (2/3)

(b) When CRnO = OOH
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Remark n=7,8
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Figure 11-6. Timing of Interval Timer Operation (3/3)

(d) Operated by CRnO transition (M < N)
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(e) Operated by CRnO transition (M > N)
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Remark n=7,8
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11.4.2 Operation as external event counter

The external event counter counts the number of external clock pulses that are input to TI7/P102 and TI8/P103
pins with 8-bit timer counter 7, 8 (TM7, TM8).

Each time a valid edge specified in prescaler mode register 7, 8 (PRM7, PRM8) is input, TM7 and TM8 are
incremented. The edge setting is selected to be either a rising edge or falling edge.

If the counting of TM7 and TM8 matches with the values of 8-bit compare register 70, 80 (CR70, CR80), the TM7
and TM8 are cleared to 0 and the interrupt request signal (INTTM7, INTTM8) is generated.

INTTM7 and INTTM8 are generated each time when the value of the TM7 and TM8 matches with the value of CR70
and CR80.

Figure 11-7. Timing of External Event Counter Operation (with Rising Edge Specified)

TInplnlnput||||||||||||||||||||||||||||

TMncount X ooH X o1H X 02H X 03+ X 04H X 0sH X /\/\ Xn-1X ~N X ooH X o1H X 02H X 03H X

\\

\

)
CRNO N /
\

INTTMn |_|

Remark N = 00H to FFH
n=7,8
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11.4.3 Operation as square wave output (8-bit resolution)
A square wave having any frequency is output at the interval preset in 8-bit compare register 70, 80 (CR70, CR80).
By setting bit 0 (TOE7, TOES8) of 8-bit timer mode control register 7, 8 (TMC7, TMCS8) to 1, the output state of TO7,
TO8 is inverted with the count preset in CR70, CR80 as the interval. Therefore, a square wave output having any
frequency (duty cycle = 50 %) is possible.

<Setting method>

<1>

<2>

<3>

<4>

Set the registers.

« Set the port latch, which also functions as a timer output pin and the port mode register, to 0.
e PRMn: Select the count clock.

¢ CRnNO: Compare value

e TMCn: Clear and start mode when TMn and CRnO match.

LVSn LVRn Timer Output Control by Software
1 0 High level output
0 1 Low level output

Inversion of timer output enabled
Timer output enabled -~ TOEn =1

When TCEn = 1 is set, the counter starts operating.

If the values of TMn and CRnO match, the timer output inverts. Also, INTTMn is generated and TMn is cleared
to OOH.

Then, the timer output is inverted for the same interval to output a square wave from TOn.

Remark n=7,8
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11.4.4 Operation as 8-bit PWM output

By setting bit 6 (TMC76, TMC86) of 8-bit timer mode control register 7, 8 (TMC7, TMCS8) to 1, the timer operates
as a PWM output.

Pulses with the duty cycle determined by the value set in 8-bit compare register 70, 80 (CR70, CR80) is output
from TO7, TOS8.

Set the width of the active level of the PWM pulse in CR70, CR80. The active level can be selected by bit 1 (TMC71,
TMC81) in TMC7, TMCS.

The count clock can be selected by bits 0 to 2 (TCLnO to TCLn2) of prescaler mode register 7, 8 (PRM7, PRM8).

The PWM output can be enabled and disabled by bit 0 (TOE7, TOES8) of TMC7, TMCS.

(1) Basic operation of the PWM output

<Setting method>

<1> Set the port latch, which also functions as a timer output pin and the port mode register, to 0.
<2> Set the active level width in the 8-bit compare register (CRn0).

<3> Select the count clock in prescaler mode register n (PRMn).

<4> Set the active level in bit 1 (TMCn1) of TMCn.

<5> Set bit 0 of TMCn (TOER) to 1 to enable timer output.

<6> |If bit 7 (TCEn) of TMCn is set to 1, counting starts. When counting stops, set TCEn to 0.

<PWM output operation>

<1> When counting starts, the PWM output (output from TOn) outputs the inactive level until an overflow occurs.

<2> When the overflow occurs, the active level is output. The active level is output until CRnO and the count of 8-
bit timer counter n (TMn) match.

<3> The PWM output after CRn0 and the count match is the inactive level until an overflow occurs again.

<4> Steps <2> and <3> repeat until counting stops.

<5> |If counting is stopped by TCEn = 0, the PWM output goes to the inactive level.

Remark n=7,8
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Figure 11-8. Timing of PWM Output

(a) Basic operation (active level = H)
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Remark n=7,8
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Figure 11-9. Timing of Operation Based on CRnO Transitions

(@) When the CRnO value changes from N to M before TMn overflows
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(b) When the CRnO value changes from N to M after TMn overflows
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Remarks 1. n=7,8

2. CRnO (M): Master side, CRnO (S): Slave side
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11.4.5 Operation as interval timer (16-bit operation)

Cascade connection (16-bit timer) mode
By setting bit 4 (TMC84) of 8-bit timer mode control register 8 (TMC8) to 1, the timer enters the timer/counter
mode with 16-bit resolution.

With the count preset in 8-bit compare register 70, 80 (CR70, CR80) as the interval, the timer operates as an

interval timer by repeatedly generating interrupt requests.

<Setting method>

<1>

<2>
<3>

<4>

Set each register.
« PRM7: TMZ7 selects the count clock. TM8 connected in cascade are not used in setting.
e CRn0O: Compare values (Each compare value can be set from 00H to FFH.)
¢ TMCn: Select the clear and start mode when TMn and CRnO match.

[TM? - TMC7 = 0000xxx0B, x: don’t care

TM8 — TMCB8 = 0001xxx0B, x: don’t care}

Setting TCE8 = 1 for TMCS8 and finally setting TCE7 = 1 in TMC?7 starts the count operation.
If the values of TMn of all timers connected in cascade and CRn0O match, the INTTM7 of TM7 is generated.
(TM7 and TM8 are cleared to 00H.)
INTTM7 are repeatedly generated at the same interval.

Cautions 1. Always set the compare register (CR70, CR80) after stopping timer operation.

2. If TM8 count matches CR80 even when used in a cascade connection, INTTM8 of TM8 is
generated. Always mask TM8 in order to disable interrupts.

3. The TCE7, TCES8 setting begins at TM8. Set the TM7 last.

4. Restarting and stopping the count is possible by setting 1 or 0 only in TCE7 of TMC7. Note,
however, that bit 7 (TCE7) of TMC7 and bit 7 (TCE8) of TMC8 must be cleared when setting
compare registers CR70 and CR80.

Figure 11-10 shows a timing example of the cascade connection mode with 16-bit resolution.

252

User’'s Manual U13570EJ3VOUD



CHAPTER 11 8-BIT TIMER/EVENT COUNTER 7, 8

Figure 11-10. Cascade Connection Mode with 16-Bit Resolution
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|

TM8 __00H, /L /L 101H )/ looHl )/ M-1]M /L 100H (1B 00H
| | |
CR70 \ ((N L /L (L (L j (L ‘
| | |
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T( U( U( T( U( i 1
Enable Interrupt Operation
operation request stopped
Starting count generated

Level inverted
Counter cleared

11.5 Cautions
(1) Error when the timer starts
The time until the match signal is generated after the timer starts has a maximum error of one clock. The reason

is the starting of 8-bit timer counter 7, 8 (TM7, TM8) is asynchronous with respect to the count pulse.

Figure 11-11. Start Timing of 8-Bit Timer Counter Register

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

TM7, TM8 count 00H X omH X o2 X 03H X 04

Timer starts
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(2) Operation after the compare register is changed while the timer is counting
If the value after 8-bit compare register 70, 80 (CR70, CR80) changes is less than the value of the 8-bit timer
counter (TM7, TM8), counting continues, overflows, and counting starts again from 0. Consequently, when the

value (M) after CR70, CR80 changes is less than the value (N) before the change, the timer must restart after
CR70, CR80 changes.

Figure 11-12. Timing After Compare Register Changes During Timer Counting

Count pulse _/_\_/ \_/ \_”_/ \ / \ / \ / \_

CR70, CR80 N X / M
\\

)

TM7,TM8count:X x-1 X x X /U FFFFH X 0000H X 0001H X 0002H

Caution  Except when the TI7, TI8 input is selected, always set TCE7 = 0, TCE8 = 0 before setting
the STOP mode.

Remark N>X>M

(3) TM7, TM8 read out during timer operation
Since the count clock stops temporarily when TM7 and TM8 are read during operation, select for the count clock
a waveform with a high and low level that exceed 2 cycles of the CPU clock.

When reading TM7 and TM8 in cascade connection mode, to avoid reading while the count is changing, take
measures such as obtaining a count match by reading twice using software.
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12.1 Function
The watch timer has the following functions:

* Watch timer
¢ |nterval timer

The watch timer and interval timer functions can be used at the same time.
(1) Watch timer
The watch timer generates an interrupt request (INTWT) at time intervals of 0.5 seconds by using the main system

clock of 4.19 MHz or subsystem clock of 32.768 kHz.

Caution  Thetime interval of 0.5 seconds cannot be created with the 12.5 MHz main system clock.
Use the 32.768 kHz subsystem clock to create the 0.5-second time interval.

(2) Interval timer
The watch timer generates an interrupt request (INTTM3) at time intervals specified in advance.

Table 12-1. Interval Time of Interval Timer

Interval Time fxx = 12.5 MHz fxx = 4.19 MHz fxr = 32.768 kHz
211 x 1/fxx 164 us 488 us 488 us
212 x 1/fxx 328 us 977 us 977 us
213 x 1/fxx 655 s 1.95 ms 1.95 ms
214 x 1/fxx 1.31 ms 3.91 ms 3.91 ms
215 x 1/fxx 2.62 ms 7.81 ms 7.81 ms
216 x 1/fxx 5.24 ms 15.6 ms 15.6 ms

Remark fxx: Main system clock frequency
fxt: Subsystem clock oscillation frequency
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12.2 Configuration

The watch timer consists of the following hardware.

Table 12-2. Configuration of Watch Timer
Item Configuration
Counter 5 bits x 1
Prescaler 9 bits x 1
Control register Watch timer mode control register (WTM)

fxx/27

Figure 12-1. Block Diagram of Watch Timer

Clear

5-bit counter

fxr ——=

Selector

fw

9-bit prescaler

24

fw | fw| fw

25| 128| 127) 28| /29

fw fw

Clear

Selector ( Selector

|WTM7 |WTM6|WTM5| WTM4|WTM3|WTM1 |WTMO|

Watch timer mode
control register (WTM)

Internal bus

Remark fxx: Main system clock frequency
fxt: Subsystem clock oscillation frequency
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12.3 Control Register

¢ Watch timer mode control register (WTM)

This register enables or disables the count clock and operation of the watch timer, sets the interval time of the
prescaler, controls the operation of the 5-bit counter, and sets the set time of the watch flag.

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

RESET input sets WTM to OOH.
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Figure 12-2. Format of Watch Timer Mode Control Register (WTM)

Address: OFFO9CH  After reset: OOH R/W

Symbol 7 6 5 4 3 2 <1> <0>
WTM WTM7 WTM6 WTM5 WTM4 WTM3 0 WTM1 WTMO
WTM7 Selects count clock of watch timer
0 Main system clock (fxx/27)
1 Subsystem clock (fxr)
WTM6 WTM5 WTM4 Selects interval time of prescaler
0 0 0 24/fw (488 ps)
0 0 1 25/fw (977 us)
0 1 0 28/fw (1.95 ms)
0 1 1 27/fw (3.91 ms)
1 0 0 28/fw (7.81 ms)
1 0 1 29%fw (15.6 ms)
Other than above Setting prohibited
WTM3 Selects set time of watch flag
0 214/fw (0.5 s)
1 25/fw (977 us)
WTM1 Controls operation of 5-bit counter
0 Clear after operation stop
1 Start
WTMO Enables operation of watch timer
0 Operation stop (clear both prescaler and timer)
1 Operation enable
Cautions 1. Stop the timer operation before overwriting WTM.

2. Do not overwrite WTM when both the watch timer and interval timer are being used. If the
timer is stopped to overwrite WTM, both the prescaler and timer are cleared, causing an error
to occur in the watch timer interrupt (INTWT).

Remarks 1. fw: Watch timer clock frequency (fxx/27 or fxr)
fxx: Main system clock frequency
fxt: Subsystem clock oscillation frequency
2. Figures in parentheses apply to operation with fw = 32.768 kHz.
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12.4 Operation

12.4.1 Operation as watch timer

The watch timer operates with time intervals of 0.5 seconds with the main system clock (4.19 MHz) or subsystem
clock (32.768 kHz).

The watch timer generates an interrupt request (INTWT) at fixed time intervals.

The count operation of the watch timer is started when bits 0 (WTMO0) and 1 (WTM1) of the watch timer mode control
register (WTM) are setto 1. When these bits are cleared to 0, the 5-bit counter is cleared, and the watch timer stops
the count operation.

Only the watch timer can be started from zero seconds by clearing WTML1 to 0 when the interval timer operates
at the same time. In this case, however, the 9-bit prescaler is not cleared. Therefore, an error of up to 1/fw or 29
x 1/fw occurs at the first overflow (INTWT) after the watch timer has been started from zero seconds.

12.4.2 Operation as interval timer

The watch timer can also be used as an interval timer that repeatedly generates an interrupt request (INTTM3)
at intervals specified by a count value set in advance.

The interval time can be selected by bits 4 to 6 (WTM4 to WTMB6) of the watch timer mode control register (WTM).

Table 12-3. Interval Time of Interval Timer

WTM6 | WTM5 | WTM4 Interval time fxx = 12.5 MHz fxx = 4.19 MHz fxt = 32.768 kHz
0 0 0 24 x 1/fw 164 us 488 us 488 us
0 0 1 25 x 1/fw 328 us 977 us 977 us
0 1 0 26 x 1/fw 655 us 1.95 ms 1.95 ms
0 1 1 27 x 1/fw 1.31 ms 3.91 ms 3.91 ms
1 0 0 28 x 1/fw 2.62 ms 7.81 ms 7.81 ms
1 0 1 29 x 1/fw 5.24 ms 15.6 ms 15.6 ms
Other than above Setting prohibited

Cautions 1. Stop the timer operation before overwriting WTM.
2. Do not overwrite WTM when both the watch timer and interval timer are being used. If the
timer is stopped to overwrite WTM, both the prescaler and timer are cleared, causing an error
to occur in the watch timer interrupt (INTWT).

Remark fw: Watch timer clock frequency (fxx/27 or fxt)

fxx: Main system clock frequency
fxt: Subsystem clock oscillation frequency
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Figure 12-3. Operation Timing of Watch Timer/Interval Timer

Watch timer
OH
Ovérﬂow O\}erflow
Start i |
| | |
Countclock LML, ML LML, ML
| | |
Watch timer ! | |
interrupt INTWT 1 ? ? [ ? ? [

| |
Interrupt time of watch timer o Interrupt time of watch timer 1
| |

Interval timer

|
|
|
. |
interrupt INTTM3 3 |‘ | ? ? |—| !_l_? ? |—|
|
|
|
|

e
Interval time
|

M

e a
Interval time
|

M

nT | nT

Caution When enabling operation of the watch timer mode control register (WTM), watch timer, and 5-
bit counter, the time until the first watch timer interrupt request (INTWT) is generated is not
exactly the same time as set by bits 4 to 6 of WTM (WTM4 to WTM6). This is because the 5-bit
counter starts counting 1 cycle after 9-bit prescaler output. Following the first INTWT generation,
the INTWT signal is generated at the set interval time.

Remark n: Number of interval timer operations
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The watchdog timer detects runaway programs.
Program or system errors are detected by the generation of watchdog timer interrupts. Therefore, at each location

in the program, the instruction that clears the watchdog timer (starts the count) within a constant time is input.
If the watchdog timer overflows without executing the instruction that clears the watchdog timer within the set period,
a watchdog timer interrupt (INTWDT) is generated to signal a program error.

13.1 Configuration
Figure 13-1 shows a block diagram of the watchdog timer.

Figure 13-1. Watchdog Timer Block Diagram

fouk ———— Watchdog timer
foLk/22t
RUNY* feLk/220
HALT é
oTo 19 3 INTWDT
STOP Clear signal fe/2 2
feLk/217

Note  Write 1 to bit 7 (RUN) of the watchdog timer mode register (WDM).

Remark fcik: Internal system clock (fxx to fxx/8), and subsystem clock
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13.2 Control Register

* Watchdog timer mode register (WDM)
The WDM is the 8-hit register that controls watchdog timer operation.
To prevent the watchdog timer from erroneously clearing this register due to a runaway program, this register is
only written by a special instruction. This special instruction has a special code format (4 bytes) in the MOV WDM,
#byte instruction. Writing takes place only when the third and fourth op codes are mutual 1’'s complements.
If the third and fourth op codes are not mutual 1's complements and not written, the operand error interrupt is
generated. In this case, the return address saved in the stack is the address of the instruction that caused the
error. Therefore, the address that caused the error can be identified from the return address saved in the stack.
If returning by simply using the RETB instruction from the operand error, an infinite loop results.
Since an operand error interrupt is generated only when the program is running wild (the correct special instruction
is only generated when MOV WDM, #byte is described in the RA78K4 NEC Electronics assembler), make the
program initialize the system.
Other write instructions (MOV WDM, A; AND WDM, #byte; SET1 WDM.7, etc.) are ignored and nothing happens.
In other words, WDM is not written, and interrupts, such as operand error interrupts, are not generated.
After a system reset (ﬁ input), when the watchdog timer starts (when the RUN bit is set to 1), the WDM
contents cannot change. Only areset can stop the watchdog timer. The watchdog timer can be cleared by a special
instruction.
The WDM can be read by 8-bit data transfer instructions.
RESET input sets WDM to 00H.
Figure 13-2 shows the WDM format.
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Figure 13-2. Watchdog Timer Mode Register (WDM) Format

Address: OFFC2H After reset: 00OH R/W
Symbol 7 6 5 4 3 1 0
WDM RUN 0 0 WDT4 0 WDT2 WDT1 0
RUN Watchdog timer operation setting
0 Stops the watchdog timer.
1 Clears the watchdog timer and starts counting.
WDT4 Watchdog timer interrupt request priority
0 Watchdog timer interrupt request
< NMI pin input interrupt request
1 Watchdog timer interrupt request
> NMI pin input interrupt request
WDT2 WDT1 Count clock Overflow time [ms]
(fck = 12.5 MHz)
0 0 fowk/2t7 10.5
0 1 fok/219 41.9
1 0 feLk/220 83.9
1 1 fok/221 167.8

Cautions 1. Onlythespecialinstruction (MOV WDM, #byte) can write to the watchdog timer mode register

(WDM).

2. When writing to WDMto setthe RUN bitto 1, write the same value every time. Even if different

values are written, the contents written the first time cannot be updated.
3. When the RUN bit is set to 1, it cannot be reset to 0 by the software.

Remark fck: Internal system clock (fxx to fxx/8), and subsystem clock
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13.3 Operations

13.3.1 Count operation

The watchdog timer is cleared by setting the RUN bit of the watchdog timer mode register (WDM) to 1 to start
counting. After the RUN bit is set to 1, when the overflow time set by bits WDT2 and WDT1 in WDM has elapsed,
a non-maskable interrupt (INTWDT) is generated.

If the RUN bit is reset to 1 before the overflow time elapses, the watchdog timer is cleared, and counting restarts.

13.3.2 Interrupt priority order

The watchdog timer interrupt (INTWDT) can be specified as either maskable or non-maskable according to the
interrupt selection control register (SNMI) setting. When writing O to bit 1 (SDWT) of SNMI, the watchdog timer interrupt
can be used as a non-maskable interrupt. In addition to the INTWDT, the non-maskable interrupts include the interrupt
(NMI) from the NMI pin. By setting bit 4 of the watchdog timer mode register (WDM), the acceptance order when
INTWDT and NMI are simultaneously generated can be set.

If accepting NMI is given priority, even if INTWDT is generated in an NMI processing program that is executing,
INTWDT is not accepted, but is accepted after the NMI processing program ends.
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13.4 Cautions

13.4.1 General cautions when using watchdog timer

(1) The watchdog timer is one way to detect runaway operation, but all runaway operations cannot be detected.

)

Therefore, in a device that particularly demands reliability, the runaway operation must be detected early not only
by the on-chip watchdog timer but by an externally attached circuit; and when returning to the normal state or
while in the stable state, processing like stopping the operation must be possible.

The watchdog timer cannot detect runaway operation in the following cases.

<1>

<2>

<3>

<4>

<5>
<6>

When the watchdog timer is cleared in a timer interrupt servicing program

When there are successive temporary stores of interrupt requests and macro services (see 23.9 When
Interrupt Requests and Macro Service Are Temporarily Held Pending)

When runaway operation is caused by logical errors in the program (when each module in the program
operates normally, but the entire system does not operate properly), and when the watchdog timer is
periodically cleared

When the watchdog timer is periodically cleared by an instruction group that is executed during runaway
operation

When the STOP, HALT, or IDLE mode is the result of runaway operation

When the watchdog timer also runs wild when the CPU runs wild because of introduced noise

In cases <1>, <2>, and <3>, detection becomes possible by correcting the program.

In case <4>, the watchdog timer can be cleared only by the 4-byte special instruction. Similarly in <5>, if there
is no 4-byte special instruction, the STOP, HALT, or IDLE mode cannot be set. Since the result of the runaway
operation is to enter state <2>, three or more bytes of consecutive data must be a specific pattern (example,

BT PSWL.bit, $$). Therefore, the results of <4>, <5>, and the runaway operation are believed to very rarely enter

state <2>.

13.4.2 Cautions about uPD784218A Subseries watchdog timer

(1) Only the special instruction (MOV WDM, #byte) can write to the watchdog timer mode register (WDM).

)

3

If the RUN bit is set to 1 by writing to the watchdog timer mode register (WDM), write the same value every time.
Even when different values are written, the contents written the first time cannot be changed.

If the RUN bit is set to 1, it cannot be reset to 0 by the software.
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14.1 Functions

The A/D converter converts analog inputs to digital values, and is configured by eight 8-bit resolution channels
(ANIO to ANI7).

Successive approximation is used as the conversion method, and conversion results are saved in the 8-bit A/D
conversion result register (ADCR).

A/D conversion operation is activated by the following two methods.

(1) Hardware start
Conversion is started by trigger input (P03) (rising edge, falling edge, or both rising and falling edges can be

specified).

(2) Software start
Conversion is started by setting the A/D converter mode register (ADM).

A/D converter selects one channel for analog input from ANIO to ANI7 to perform A/D conversion. Atthe hardware
start time, A/D conversion stops after the A/D conversion operation is completed, and an interrupt request (INTAD)
is issued. At the software start time, the A/D conversion operation is repeated. Each time one A/D conversion is
completed, an interrupt request (INTAD) is issued.

14.2 Configuration

The A/D converter has the following hardware configuration.

Table 14-1. A/D Converter Configuration

Iltem Configuration
Analog input 8 channels (ANIO to ANI7)
Control registers A/D converter mode register (ADM)

A/D converter input selection register (ADIS)

Registers Successive approximation register (SAR)

A/D conversion result register (ADCR)
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Figure 14-1. A/D Converter Block Diagram

Series resistor string
ANI0O ©— i__T__-i
ANI1 ©— 3 le & hold circuit | : —© AVbop
ample & hold circui 15 |
ANIZ O o e 1| Voltage | § | © AVkero
ANI3 ©— 5 | O\O | comparator : 2 : :
ANI4 O—| 2 | . P2 T
ANI5 O—= : ! IS g
ANIE ©O— [ | Successive Lo © AVss
© approximation N
ANI7 register (SAR)
Edge
INTP3/P03 © detector ’iDi Controller | INTAD
Edge
8 detector INTP3
fNute
——— Trigger enable ;ﬁ
deil A/D conversion
ADIS2| ADIS1|ADISO ADCS TRG | FR2 | FR1 | FRO [EGA1|EGAQ|ADCE Ef\%i'cté‘)?g'ﬂef
A/D converter input A/D converter
selection register (ADIS) mode register (ADM)
§ Internal bus §

Note Valid edge specified with bit 3 of the EGPO, EGNOL registers (Refer to Figure 22-1 Format of External
Interrupt Rising Edge Enable Register (EGP0) and External Interrupt Falling Edge Enable Register
(EGNO)).
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)

)

3

4

®)

(6)

(7

®
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Successive approximation register (SAR)

Compares the voltage of the analog input with the voltage tap (comparison voltage) from the series resistor string,
and retains the result from the most significant bit (MSB).

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

A/D conversion result register (ADCR)

Retains A/D conversion results. At the end of each A/D conversion operation, the conversion result from the
successive approximation register is loaded.

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

RESET input makes its contents undefined.

Sample & hold circuit
Samples analog input signals one by one as they are sent from the input circuit, and sends them to the voltage
comparator. The sampled analog input voltages are saved during A/D conversion.

Voltage comparator
Compares the analog input voltage with the output voltage of the series resistor string.

Series resistor string
Connected between AVrero and AVss, generates the voltage that is compared with that of analog input.

ANIO to ANI7 pins
Eight analog input channels used for inputting analog data to the A/D converter for A/D conversion. Pins not
selected for analog input with the A/D converter input selection register (ADIS) can be used as input ports.

Cautions 1. Use ANIOto ANI7 input voltages within the rated voltage range. Inputting avoltage equal
to or greater than AVrero, or equal to or smaller than AVss (even if within the absolute
maximum rated range) will cause the channel’s conversion values to become undefined,
or may affect the conversion values of other channels.

2. Analog input (AN10 to AN17) pins alternate with input port (P10 to P17) pins. When
performing an A/D conversion with the selection of any one of inputs from AN10to AN17,
do not execute input instructions to port 1 during conversion. Conversion resolution
may decrease. When a digital pulse is applied to the pin which adjoins a pin in the A/
D conversion, an expected A/D conversion value may not beacquired due to the coupling
noise. Therefore do not apply a pulse to the pin which adjoins the pin in the A/D
conversion.

AVREero pin

Used to input the reference voltage of the A/D converter.

Based on the voltage applied between AVrero and AVss, signals input to ANIO to ANI7 are converted to digital
signals.

AVss pin

Ground pin of the A/D converter. Always use this pin at the same electric potential as the Vss pin, even when
not using the A/D converter.
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(9) AVop pin

Analog power supply pin of the A/D converter. Always use this pin at the same electric potential as the Voo pin,
even when not using the A/D converter.

14.3 Control Registers
The A/D converter controls the following two registers.

« A/D converter mode register (ADM)
« A/D converter input selection register (ADIS)

(1) A/D converter mode register (ADM)

Used to set the A/D conversion time of analog input to be converted, start/stop of conversion operation, and
external triggers.

ADM is set by a 1-bit or 8-bit memory manipulation instruction.
RESET input sets ADM to O0OH.
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Figure 14-2. A/D Converter Mode Register (ADM) Format

Address: OFF80H After reset: 00H R/W
Symbol <7> <6> <5> <4> <3> <2> <1> <0>
ADM ADCS TRG FR2 FR1 FRO EGAl EGAO ADCE
ADCS A/D conversion control
0 Conversion stop
1 Conversion enable
TRG Software start/hardware start selection
0 Software start
1 Hardware start
FR2 FR1 FRO A/D conversion time selection
Number of clocks | @fxx = 12.5 MHz | @fxx = 6.25 MHz
0 0 0 144/fxx Setting prohibited | 23.0 us
0 0 1 120/fxx Setting prohibited | 19.2 us
0 1 0 96/fxx Setting prohibited | 15.4 us
1 0 0 288/fxx 23.0 us 46.1 us
1 0 1 240/fxx 19.2 us 38.4 us
1 1 0 192/fxx 15.4 us 30.7 us
Other than above - Setting prohibited
EGA1 EGAO External trigger signal valid edge selection
0 0 No edge detection
0 1 Detection of falling edge
1 0 Detection of rising edge
1 1 Detection of both falling and rising edges
ADCE Reference voltage circuit control
0 Circuit stoppedNote
1 Circuit operating

Note The reference voltage circuit operates when ADCS is 1.
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Cautions 1. Set the A/D conversion time as follows:
When Vop = 2.7 Vto 5.5 V: 14 us or more
When Vop = 2.0 Vto 2.7 V: 28 us or more

When Voo = 1.9 Vto 2.0 V:
When Voo =1.8Vto 2.0V:

48 us or more (flash version only, such as yPD78F4218A)
48 ps or more (mask version only, such as uPD784218A)

2. When overwriting FRO to FR2 to different data, temporarily end the A/D conversion

operations before continuing.
3. If ADCS is set after ADCE is set and the following time has elapsed, the first A/D

conversion value can be used.

When Vop = 2.7 Vto 5.5 V: 14 us or more

When Vop = 2.0 Vto 2.7 V: 28 us or more

When Voo =1.9Vto 2.0V:
When Voo = 1.8 Vto 2.0 V:

Remark fxx: Main system clock frequency (fx or fx/2)

fx:  Main system clock oscillation frequency

(2) A/D converter input selection register (ADIS)
Used to specify the input ports for analog signals to be A/D converted.

ADIS can be set by a 1-bit or 8-bit memory manipulation instruction.
RESET input sets ADIS to 00H.

Figure 14-3. A/D Converter Input Selection Register (ADIS) Format

Address: OFF81H After reset: OOH R/W
Symbol 7 6 5 4 3 2 1
ADIS 0 0 0 0 0 ADIS2 ADIS1
ADIS2 ADIS1 ADISO Analog input channel setting
0 0 0 ANIO
0 0 1 ANI1
0 1 0 ANI2
0 1 1 ANI3
1 0 0 ANI4
1 0 1 ANIS
1 1 0 ANI6
1 1 1 ANI7
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48 us or more (mask version only, such as uPD784218A)
4. If ADCS is set when ADCE = 0, the first A/D conversion value is undefined.
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14.4 Operations

14.4.1 Basic operations of A/D converter

<1>
<2>
<3>

<4>

<5>

<6>

<7>

<8>

Select one channel for A/D conversion with the A/D converter input selection register (ADIS).

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

After sampling has been performed for a certain time, the sample & hold circuit enters the hold status, and the
input analog voltage is held until A/D conversion ends.

Bit 7 of the successive approximation register (SAR) is set, and the tap selector brings the series resistor string
voltage tap to half the AVrero level.

The series resistor string voltage tap and the analog input voltage difference are compared by the voltage
comparator. If the analog input is equal to or greater than half the AVrero level, it is set to the MSB of SAR.
If the analog input is equal to or smaller than one half the AVrero level, the MSB is reset.

Next, bit 6 of SAR is automatically set, and the next comparison is started. The series resistor string voltage
tap is selected as shown below according to bit 7 to which a result has already been set.

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

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

The voltage tap and analog input voltage are compared, and bit 6 of SAR is manipulated according to the result,
as follows.

« Analog input voltage > Voltage tap: Bit6 =1

« Analog input voltage < Voltage tap: Bit6 =0

Comparisons of this kind are repeated until bit 0 of SAR.

When comparison of all eight bits is completed, the valid digital result remains in SAR, and this value is
transferred to the A/D conversion result register (ADCR) and latched.

At the same time, it is possible to have an A/D conversion end interrupt request (INTAD) issued.

Caution  The value of the first A/D conversion is undefined if ADCS is set when bit 0 (ADCE) of the A/
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D converter mode register (ADM) is 0.
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Figure 14-4. Basic Operations of A/D Converter
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A/D conversion is performed continuously until ADM bit 7 (ADCS) is reset to 0 by software.

If a write operation to ADM or ADIS is performed during A/D conversion, the conversion operation is reset and
conversion restarts from the beginning if the ADCS bit is set to 1.

RESET input makes ADCR undefined.

If bit 0 (ADCE) of the A/D converter mode register is not set to 1, the value of the first A/D conversion is undefined

immediately after A/D conversion starts. Poll the A/D conversion end interrupt request (INTAD) and take measures
such as discarding the first A/D conversion result.
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14.4.2 Input voltage and conversion result
The relationship between the analog input voltage input to the analog input pins (ANIO to ANI7) and the A/D
conversion result (value saved in A/D conversion result register (ADCR)) is expressed by the following equation.

VIN

x 256 + 0.5)
AVREF0O

ADCR = INT (

or

(ADCR — 0.5) x AVREFO _\/\ < (ADCR + 0.5) x AVREFO
256 256
Remark INT( ): Function returning the integer portion of the value in parentheses
VIN: Analog input voltage
AVRrero: AVRero pin voltage
ADCR: A/D conversion result register (ADCR) value

Figure 14-5 shows the relationship between analog input voltage and the A/D conversion result.

Figure 14-5. Relationship Between Analog Input Voltage and A/D Conversion Result

255 |ttt -

254 |ttt -

A/D conversion 253 -

result : i
(ADCR) 3 i
3 | .
2 ,,,,,,,,
1 ,,,,,,,,
0 ,,,,,,,,
1 1 3 2 5 3 507 254 509 255 511
512 256 512 256 512 256 512 256 512 256 512
Input voltage/AVrero
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14.
One channel is selected from ANIO to ANI7 by the A/D converter input selection register (ADIS) and start the

4.3 Operation mode of A/D converter

A/D conversion.

A/D conversion can be started in the following two ways.

* Hardware start: Conversion start by trigger input (P03)
« Software start: Conversion start by setting ADM

The A/D conversion result is saved in the A/D conversion result register (ADCR), and an interrupt request signal

(INTAD) is issued at the same time.

)

A/D conversion operation by hardware start

The A/D conversion operation can be made to enter the standby status by setting “1” to bit 6 (TRG) and bit 7
(ADCS) of the A/D converter mode register (ADM). When an external trigger signal (P03) is input, conversion
of the voltage applied to the analog input pin set with ADIS begins.

When the A/D conversion ends, the conversion result is saved in the A/D conversion result register (ADCR), and
an interrupt request signal (INTAD) is issued. When the A/D conversion operation that was started completes
the first A/D conversion, no other A/D conversion operation is started unless an external trigger signal is input.
When ADCS is rewritten during the operation of A/D conversion, that operation is interrupted and waits until an
external trigger signal is input. When the external trigger signal is input again, the A/D conversion is performed
from the beginning. When ADCS is rewritten during the standby for A/D conversion, the operation of A/D
conversion starts at the time when the next external trigger input signal is input.

If, during A/D conversion, data that ADCS is 0 is written to ADM, A/D conversion is immediately stopped.

Caution  When PO3/INTP3 is used as the external trigger input (P03), specify a valid edge with bits
land 2 (EGAOand EGA1)ofthe A/D converter moderegister (ADM) and set 1 to theinterrupt
mask flag (PMK3).

Figure 14-6. A/D Conversion Operation by Hardware Start (with Falling Edge Specified)

dod dodo

ADM write ADM write
ADCS=1,TRG=1 ADCS=1,TRG=1
: Standby Standby Standby
A/D conversion Status ANIn ANIn Status ANIn Status ANIm ANIm ANIm

LU NN
PN PR

ADCR ANIn™°te ANIn ANIn ANIMM* X ANIm

T 11

Note If bit 0 (ADCE) of the A/D converter mode register is not set to 1, the value of the first A/D conversion
is undefined immediately after A/D conversion starts. Poll the A/D conversion end interrupt request
(INTAD) and take measures such as discarding the first A/D conversion result.
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(2) A/D conversion operation by software start
A/D conversion of the voltage applied to the analog input pin specified with ADIS is started by setting “0” to bit
6 (TRG) and “1” to bit 7 (ADCS) of the A/D converter mode register (ADM).
When A/D conversion ends, the conversion result is saved in the A/D conversion result register (ADCR), and
an interrupt request signal (INTAD) is issued. When an A/D conversion operation that was started completes
the first A/D conversion, the next A/D conversion starts immediately. A/D conversion operations are performed
continuously until new data is written to ADM.
If, during A/D conversion, ADCS is rewritten, the A/D conversion operation being performed at that time is
interrupted, and A/D conversion of the newly selected analog input channels starts.
If, during A/D conversion, data where ADCS is 0 is written to ADM, the A/D conversion operation is immediately
stopped.

Figure 14-7. A/D Conversion Operation by Software Start

Setting ADM

ADCS =1, TRG =0 ADIS rewrite ADCS =0

Y Y A

A/D conversion ANIn ANIn ANIn ANIm ANIm

%/—/ .
Conversion operation
interrupted and conver- L Stop
sion result not left over
ADCR >< ANIn"* >< ANIn >< ANIm™°®

INTAD

Note If bit 0 (ADCE) of the A/D converter mode register is not set to 1, the value of the first A/D conversion
is undefined immediately after A/D conversion starts. Poll the A/D conversion end interrupt request
(INTAD) and take measures such as discarding the first A/D conversion result.
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14.5 Cautions

)

)

3

Current consumption standby mode

The A/D converter operation is stopped during the standby mode. At this time, the current consumption can be
reduced by setting bit 7 (ADCS) of the A/D converter mode register (ADM) to O or by stopping the reference voltage
circuit (bit of ADM (ADCE) = 0).

The method to reduce the current consumption in the standby mode is shown in Figure 14-8.

Figure 14-8. Method to Reduce Current Consumption in Standby Mode

AVop ©

P-ch -]|—< I ADCS
Series resistor string 4@ ADCE

AVss ©

Reference voltage circuit

ANIO to ANI7 input range

Use ANIO to ANI7 input voltages within the rated voltage range. Inputting a voltage equal to or greater than AVrero,
or equal to or smaller than AVss (even if within the absolute maximum rated range) will cause the channel’'s
conversion values to become undefined, or may affect the conversion values of other channels.

Contention operation

<1> Contention with ADCR read due to contention between A/D conversion result register (ADCR) write
and instruction at conversion end
The read operation to ADCR is prioritized. After the read operation, a new conversion result is written to
ADCR.

<2> Contention between ADCR write and external trigger signal input at conversion end
External trigger signals cannot be received during A/D conversion. Therefore, external trigger signals
during ADCR write operation are not received.

<3> Contention between ADCR write and A/D converter mode register (ADM) write, or between A/D
converter input selection register (ADIS) write at conversion end
The write operation to ADM or ADIS is prioritized. Write to ADCR is not performed. Moreover, no interrupt
signal (INTAD) is issued at conversion end.
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4

®)

(6)

278

Anti-noise measures

Attention must be paid to noise fed to AVrero and ANIO to ANI7 to preserve the 8-bit resolution. The influence
of noise grows proportionally to the output impedance of the analog input source. Therefore, it is recommended
to connect C externally, as shown in Figure 14-9.

Figure 14-9. Handling of Analog Input Pin

If there is the possibility that noise equal to or greater than AVrero,
or equal to or smaller than AVss, may enter,
clamp with a diode having a small Vr (0.3 V or less).

Reference
voltage input  © ‘ / AVReFo
O ’ ANIO to ANI7
_L Vbbb
——
C =100 to 1,000 pF
Vob
AVop
AVss
Vss

ANIO/P10 to ANI7/P17

The analog input pins (ANIO to ANI7) can also be used as an input port pin (P10 to P17).

If any of ANIO to ANI7 is selected and A/D conversion is performed, do not execute input instructions to PORT1
during conversion. This would result in a lowered resolution.

Moreover, if a digital pulse is applied to pins adjacent to the pin for which A/D conversion is being performed,
the A/D conversion value will not be obtained as expected because of coupling noise. Therefore, do not apply
a pulse to pins adjacent to the pin for which A/D conversion is being performed.

Input impedance of AVRrero pin

A series resistor string of approximately 46 kQ is connected between the AVrero and AVss pins.

Therefore, if the output impedance of the reference voltage source is high, connecting in parallel a series resistor
string between the AVrero and AVss pins will result in a large reference voltage error.
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(7) Interrupt request flag (ADIF)
The interrupt request flag (ADIF) is not cleared even if the A/D converter input select register (ADIS) is changed.
Therefore, if the analog input pin is changed during A/D conversion, the A/D conversion result for the analog
inputimmediately preceding the write operation to ADIS, and ADIF may be set. Also, if ADIF is read immediately
after ADIS is written to, ADIF may be set even if A/D conversion for the analog input following the write operation
to ADIS is not completed. These facts should be kept in mind.
Moreover, if A/D conversion is stopped once and then resumed, clear ADIF before resuming conversion.

Figure 14-10. A/D Conversion End Interrupt Generation Timing

ADM write ADIS write ADIF is set, but ANIm
(ANIn conversion start) (ANIm conver?cm%conversion has not completed
A/D conversion ANIn ANIn ANIm ANIm

N W —
D W R

ADCR X ANIn"“*® X

INTAD

ANIn ANIm™°'® X ANIm

Note If bit 0 (ADCE) of the A/D converter mode register is not set to 1, the value of the first A/D conversion
is undefined immediately after A/D conversion starts. Poll the A/D conversion end interrupt request
(INTAD) and take measures such as discarding the first A/D conversion result.

Remark n=0,1, -, 7
m=0,1, -, 7

(8) Bit 0 (ADCE) of A/D converter mode register (ADM)

Setting ADCE to 1 allows the value of the first A/D conversion immediately after A/D conversion operation start
to be used.
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(9) Conversion results immediately after A/D conversion is started
If bit 7 (ADCSO) of the A/D converter mode register (ADM) is set to 1 without setting bit 0 (ADCE) to 1, the value
of the first A/D conversion is undefined immediately after the A/D conversion operation starts. Poll the A/D
conversion end interrupt request (INTAD) and take measures such as discarding the first conversion result.

Figure 14-11. Conversion Results Immediately After A/D Conversion Is Started

A/D conversion end A/D conversion end A/D conversion end

ADCR >< Undefined value ><Normal conversion result><

[ ] [ ]

ADCS J
T T T

A/D startup Dummy Reading of conversion result

(10) Reading A/D conversion result register (ADCR)
If the conversion result register (ADCR) is read after stopping the A/D conversion operation, the conversion result
may be undefined. Therefore, be sure to read ADCR before stopping operation of the A/D converter.

(11) Timing that makes the A/D conversion result undefined
If the timing of the end of A/D conversion and the timing of the stop of operation of the A/C converter conflict,
the A/D conversion value may be undefined. Because of this, be sure to read the A/D conversion result while
the A/D converter is in operation. Furthermore, when reading an A/D conversion result after the A/D converter
operation has stopped, be sure to have done so by the time the next conversion result is complete.
The conversion result read timing is shown in Figures 14-12 and 14-13 below.

Figure 14-12. Conversion Result Read Timing (When Conversion Result Is Undefined)

A/D conversion end A/D conversion end
ADCR >< Normal conversion result >< Undefined value
INTAD | |

ADCS

T T T

Normal conversion A/D operation Undefined
result read stopped value read
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Figure 14-13. Conversion Result Read Timing (When Conversion Result Is Normal)

A/D conversion end

'

ADCR >< Normal conversion result
INTAD |
ADCS

T T

A/D operation stopped Normal conversion
result read

(12) Cautions on board design
In order to avoid negative effects from digital circuit noise on the board, analog circuits must be placed as far
away as possible from digital circuits. It is particularly important to prevent analog and digital signal lines from
crossing or coming into close proximity, as A/D conversion characteristics are vulnerable to degradation from
the induction of noise or other such factors.

(13) AVop pin
The AVop pin is the power supply pin of the analog circuit, and also supplies power to the ANIO/P10 to ANI7/
P17 input circuits.
Therefore, be sure to apply the same electric potential level as Voo as shown in Figure 14-14, even in applications
that can be switched to a backup power supply.

Figure 14-14. Handling of AVop Pin

>= AVRero

>I ’ Vbb
AVbp

Main -
power — —— Backup capacitor
supply
AVss
Vss

e

(14) Internal equivalence circuit and allowable signal source impedance of ANIO to ANI7
In order to complete sampling within the sampling time and obtain a high enough A/D conversion accuracy, it
is necessary to sufficiently reduce the impedance of the sensor and other signal sources. Figure 14-15 shows
the internal equivalence circuit of the ANIO to ANI7 pins in the microcontroller.
If the impedance of the signal source is high, it can be made to seem smaller by connecting a large capacitance
to the ANIO to ANI7 pins. A circuit example is shown in Figure 14-16. In this case, because a low pass filter
is configured in the circuit, impedance will no longer be able to follow analog signals with large differential
coefficients.
When converting high-speed analog signals or performing conversion in scan mode, be sure to insert a low-
impedance buffer.
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Figure 14-15. Internal Equivalence Circuit of ANIO to ANI7 Pins

ANiIn

Remark n=0to7

R1

R2
Cc2 C3

Table 14-2. Resistance and Capacitance Values for Equivalent Circuits (Reference Values)

Vopo R1 R2 C1 c2 C3
1.8V 75 kQ 30 kQ 3 pF 4 pF 2 pF
27V 12 kQ 8 kQ 3 pF 3 pF 2 pF
45V 3kQ 2.7 kQ 3 pF 1.4 pF 2 pF
Caution The resistance and capacitance values in Table 14-2 cannot be guaranteed.

Figure 14-16. Example of Circuit When Signal Source Impedance Is High

<Sensor internal>

R1 R2

impedance

1
1
1
1
1
1
: Sensor output .
1
1
1
1
1
1

C1 c2 C3

C0<0.1uF

‘\\ Low pass filter .,
. configured L

(N

------
= = e e e e =

Remark n=0to7
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15.1 Function

The D/A converter converts the digital input into analog values and consists of two channels of voltage output D/
A converters with 8-bit resolution.

The conversion method is a R-2R resistor ladder.

Set DACEO of D/A converter mode register 0 (DAMO) and DACEL1 of D/A converter mode register 1 (DAM1) to

start the D/A conversion.
The D/A converter has the following two modes.

(1) Normal mode
After D/A conversion, the analog voltage is immediately output.

(2) Real-time output mode
After D/A conversion, the analog voltage is output synchronized to the output trigger.

Since a sine wave is created when this mode is used, MSK modems can be easily incorporated into cordless
phones.

Caution If only one channel of the D/A converter is used when AVrer1 < Vob, make either of the
following setting at pins that are not used for analog output.

« Set the port mode register (PM13x) to 1 (input mode) and connect to Vss.
e Set the port mode register (PM13x) to 0 (output mode) and the output latch to 0, and
output a low level.
15.2 Configuration

The D/A converter has the following hardware.

Table 15-1. D/A Converter Configuration

Item Configuration

Registers D/A conversion setting register 0 (DACSO0)
D/A conversion setting register 1 (DACS1)

Control registers D/A converter mode register 0 (DAMO)
D/A converter mode register 1 (DAM1)
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Figure 15-1. D/A Converter Block Diagram

S Internal bus S

DACS1 iE -
write D/A conversion setting
register 1 (DACS1)
INTTM2
vl?/ﬁt(; S0 D/A conversion setting
1 register 0 (DACSO0)
INTTM1 2R
© ANO1/P131
AVrerr O 2R % R
Selector
AVss © 2R SR
2R
2R ANOO0/P130
2R 2SR
Selector
2R SR
2R
)
[
DAM1| DACEL| | DAMO|DACEO
D/A converter D/A converter
mode register 1 mode register 0
(DAM1) (DAMO)

S Internal bus S

(1) DJ/A conversion setting registers 0, 1 (DACSO0, DACS1)
The DACSO and DACSI1 registers set the analog voltages that are output to the ANOO and ANOL1 pins,
respectively.
DACSO0 and DACSL1 are set by 8-bit memory manipulation instructions.
RESET input sets DACS0 and DACS1 to 00H.
The analog voltages output by the ANOO and ANOL1 pins are determined by the following equation.

ANOnN output voltage = AVRer1 x %C:n

n=0,1
Cautions 1. In the real-time output mode, when the data set in DACS0 and DACS1 are read before
the output trigger is generated, the set data is not read and the previous data is read.

2. In the real-time output mode, set the data of DACS0 and DACS1 until the next output
trigger is generated after the output trigger is generated.
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15.3 Control Registers

« DJ/A converter mode registers 0, 1 (DAMO, DAM1)

D/A converters are controlled by D/A converter mode registers 0, 1 (DAMO, DAM1). These registers enable or

stop the operation of the D/A converters.
DAMO and DAM1 are set by a 1-bit and 8-bit memory manipulation instruction.
RESET input sets DAMO and DAM1 to 00H.
Figure 15-2. D/A Converter Mode Registers 0, 1 (DAMO, DAM1) Formats

Address: OFF86H, OFF87H After reset: OOH R/W

Symbol 7 6 5 4 3 2 1 <0>
DAMnN 0 0 0 0 0 0 DAMnN DACEN
DAMnN D/A converter channel n operating mode
0 Normal mode
1 Real-time output mode
DACEN D/A converter channel n control
0 Stop conversion
1 Enable conversion

Cautions 1. Whenthe D/A converters are used, setthe shared port pins to theinput mode and disconnect

the pull-up resistors.
2. Always set bits 2'to 7 to 0.

3. The output when the D/A converter operation has stopped enters high impedance state.

4. The output triggers in the real-time output mode are INTTM1 in channel 0 and INTTM2 in

channel 1.

Remark n=0,1
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15.4 Operation

<1>

<2>

<3>

<4>

<5>

Select the operating mode in channel 0 in DAMO of D/A converter mode register 0 (DAMO) and the operating
mode of the channel 1 in DAM1 of D/A converter mode register 1 (DAML1).

Set the data that corresponds to the analog voltages that are output to pins ANOO0/P130 and ANO1/P131 of
D/A conversion setting registers 0 and 1 (DACS0, DACSL1).

Set DACEO of DAMO and DACE1 of DAM1 to start D/A conversion in channels 0 and 1.

After D/A conversion in the normal mode, the analog voltages at pins ANOO/P130 and ANO1/P131 are
immediately output. Inthe real-time output mode, the analog voltage is output synchronized to the output trigger.
In the normal mode, the output analog voltages are maintained until new data are set in DACSO0 and DACS1.
In the real-time output mode, after new data are set in DACSO0 and DACS1, they are held until the next output
trigger is generated.

Caution Set DACEO and DACE1 after data are set in DACSO0 and DACSI1.

15.5 Cautions

)

286

Output impedances of the D/A converters

Since the output impedances of the D/A converters are high, the current cannot be taken from the ANOn pin (n
=0,1). If the input impedance of the load is low, insert a buffer amp between the load and the ANOn pin. In
addition, use the shortest possible wire from the buffer amp or load (to increase the output impedance). If the
wire is long, surround it with a ground pattern.
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Figure 15-3. Buffer Amp Insertion Example

(@) Inverting Amp

C
HPD784218A I I
R2
R1
ANOnN -
o)
gt
» The input impedance of the buffer amp is R1.
(b) Voltage follower
uPD784218A
R
ANOnN 14 . +
J_
R1 C P

¢ The input impedance of the buffer amp is R1.
« If there is no R1 and RESET is low, the output is undefined.

(2) Output voltages of the D/A converters
Since the output voltages of the D/A converters change in stages, use the signals output from the D/A converters
after passing them through low-pass filters.

(3) AVrer1 pin
When AVrer1 < Voo and the D/A converter is used in only one channel, handle the pins that are not used for analog

output in either of the following ways.

¢ Set the port mode register (PM13x) to 1 (input mode) and connect to Vss.
« Set the port mode register (PM13x) to O (output mode), set the output latch to 0, and output a low level.
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CHAPTER 16 SERIAL INTERFACE OVERVIEW
The uPD784218A Subseries has a serial interface with three independent channels. Therefore, communication
outside and within the system can be simultaneous on the three channels.

® Asynchronous serial interface (UART)/3-wire serial I/O (IOE) x 2 channels
- See CHAPTER 17.

® Clock-synchronized serial interface (CSI) x 1 channel
» 3-wire serial I/O mode (MSB first)

- See CHAPTER 18.

+ 12C bus mode (multimaster compatible) (only in the uPD784216AY, 784218AY Subseries)
- See CHAPTER 19.

288 User’s Manual U13570EJ3VOUD



CHAPTER 16 SERIAL INTERFACE OVERVIEW

Figure 16-1. Serial Interface Example
(@) UART +12C

uPD784218AY (master)

Vob Vop
UPD4711A g g UPD78054Y (slave)
UART (1%C)
( ) RxD1 SDAO SDA
RS-232C TxD1 SCLo scL
driver/receiver o
o Port
U UPD78062Y (slave)
uPD4711A SDA Lo
(UART)
RxD2 SCL
RS-232C TxD2
driver/receiver o
o Port
0
(b) UART + 3-wire serial 1/0
uPD784218AY (master) LPD75108 (slave)
UPDA711A so1 [3-wire serial I/Q] s
(UART)
RXD2 scSI1 zg
K1 K
RS-232C TxD2 INTPM Note Port
driver/receiver o INT
0 Port Port
]

Note Handshake lines
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INTERFACE/3-WIRE SERIAL 1/0

The uPD784218A provides on-chip two serial interface channels for which the asynchronous serial interface
(UART) mode and the 3-wire serial I/O (IOE) mode can be selected.
These two serial interface channels have exactly the same functions.

Table 17-1. Designation Differences Between UART1/IOE1 and UART2/IOE2

Item UART1/IOE1 UART2/IOE2
Pin name P22/ASCK1/SCK1, P72/ASCK2/SCK2,
P20/RxD1/SI1, P70/RxD2/SI2,
P21/TxD1/SO2 P71/TxD2/SO2
Asynchronous serial interface mode register ASIM1 ASIM2

Name of bits inside asynchronous serial interface mode register

TXE1, RXE1, PS11,
PS10, CL1, SL1,
ISRM1, IRDAM1

TXE2, RXE2, PS21,
PS20, CL2, SL2,
ISRM2, IRDAM2

Asynchronous serial interface status register ASIS1 ASIS2

Name of bits inside asynchronous serial interface status register PE1, FE1, OVE1 PE2, FE2, OVE2

Serial operation mode register CSIM1 CSIM2

Name of bits inside serial operation mode register CSIE1, MODE1, CSIE2, MODEZ2,
SCL11, SCL10 SCL21, SCL20

Baud rate generator control register BRGC1 BRGC2

Name of bits inside baud rate generator control register

TPS10 to TPS12,
MDL10 to MDL13

TPS20 to TPS22,
MDL20 to MDL23

Interrupt request name

INTSR1/INTCSI1,
INTSER1, INTST1

INTSR2/INTCSI2,
INTSER2, INTST2

Interrupt control register and name of bits used in this chapter

SRIC1, SERIC1, STIC1,
SRIF1, SERIF1, STIF1

SRIC2, SERIC2, STIC2,
SRIF2, SERIF2, STIF2
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17.1 Switching Between Asynchronous Serial Interface Mode and 3-Wire Serial 1/0 Mode

The asynchronous serial interface mode and the 3-wire serial I/O mode cannot be used at the same time. Both
these modes can be switched by setting the asynchronous serial interface mode registers (ASIM1, ASIM2) and the
serial operation mode registers (CSIM1, CSIM2), as shown in Figure 17-1 below.

Figure 17-1. Switching Asynchronous Serial Interface Mode and 3-Wire Serial 1/0 Mode

After

<7> <6> 5 4 3 2 1 0 Address R/W

reset
ASIM1 | TXE1 |RXE1| PS11|PS10| CL1 | SL1 |ISRM1|IRDAM1 OFF70H O0H R/W
ASIM2 | TXE2 |RXE2| PS21 | PS20 | CL2 | SL2 |ISRM2|IRDAM2 OFF71H O0H R/W

Specification of operation in asynchronous serial
interface mode (see Figure 17-3).

TXE1 |[RXE1|CSIE1l Operation mode
TXE2 | RXE2 |CSIE2

0 0 0 | Operation stop mode

0 0 1 | 3-wire serial I/O mode

0 1 0 Asynchronous serial interface

mode
1 0 0
1 1 0

Other than above | Setting prohibited

—
<7> 6 5 4 3 2 1 0 Address ~ After RIW

reset
csivifcsiEll o | o | o | o |wopEilscLiiscLio]  oFF91H 00H RIW
csimzlcsieE2l o | o | o | o |mopezlscLeilscleol  oFF92H 00H RIW

Specification of operation in 3-wire serial /O mode
(see Figure 17-13).
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Table 17-2. Serial Interface Operation Mode Settings

(1) Operation stopped mode

ASIMn CSIMn PM20| P20 |PM21| P21 |PM22| P22 | First | Shift | P20/RxD1/SI1 | P21/TxD1/SO1 [P22/ASCK1/SCK1
TXEn |RXEn lcSiEnIscLntlscLno|PM70| P70 [PM71| P71 [PM72| P72 | Bit | Clock | P70/RxD2/SI2 | P71/TxD2/SO2 |P72/ASCK2/SCK2
Pin Function Pin Function Pin Function
0 0 0 x  |xNote 1{yNote 1|xNote 1|xNote 1{xNote 1|y Note 1 _ _ P20 P21 p22
P70 P71 P72
Other than above Setting prohibited
(2) Asynchronous serial interface mode
ASIMn CSIMn PM20| P20 |PM21| P21 [PM22| P22 | First | Shift | P20/RxD1/SI1 | P21/TxD1/SO1 |P22/ASCK1/SCK1
TXEn | RXEnl cSiEnlscLntlscLno| PM70| P70 |PM71| P71 |PM72| P72 | Bit | Clock | P70/RxD2/SI2 | P71/TxD2/SO2 |P72/ASCK2/SCK2
Pin Function Pin Function Pin Function
10| 0 x |xNotellxNoteljgNote2l o | 1 | x | LSB |External P20 TxDn ASCKn input
clock P70 (CMOS output)
xiNote 1) yNote 1 Internal P22
clock P72
0| 1 1 | x [xNoteljNotedl 9 | x External RxDn P21 ASCKn input
clock P71
xNote 1 xNote 1 Internal P22
clock P72
1|1 oote2l o | 1 | x External TxDn ASCKn input
clock (CMOS output)
xNote 1 xNote 1 Internal P22
clock P72
Other than above Setting prohibited
(3) 3-wire serial /0 mode
ASIMn CSIMn PM20| P20 |PM21| P21 [PM22| P22 | First | Shift | P20/RxD1/SI1 | P21/TxD1/SO1 |P22/ASCK1/SCK1
TXEn |RXEn [cSIEnIscLntlscLno|PM70| P70 [PM71| P71 [PM72| P72 | Bit | Clock | P70/RxD2/SI2 | P71/TxD2/SO2 |P72/ASCK2/SCK2
Pin Function Pin Function Pin Function
oo |1 0 |1Note3jxNote 3 0 | 1| x | MSB |External SinNote 3 SOn SCKn input
clock (CMOS output)
Note 4 | Note 4 0| o0 Internal SCKn output
clock
Other than above Setting prohibited
Notes 1. These pins can be used for port functions.
2. Refer to asynchronous serial interface mode (c) transmission.
3. When only transmission is used, these pins can be used as P20, P70 (CMOS input/output).
4. Refer to serial operation mode registers 1, 2 (CSIM1, CSIM2).
Remark x: don't care
n=1,2
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17.2 Asynchronous Serial Interface Mode

The asynchronous serial interface (UART: Universal Asynchronous Receiver Transmitter) offers the following three
modes.

(1) Operation stop mode
This mode is used when serial transfer is not performed to reduce the power consumption.

(2) Asynchronous serial interface (UART) mode
This mode is used to send and receive 1-byte data that follows the start bit, and supports full-duplex transmission.
A UART-dedicated baud rate generator is provided on-chip, enabling transmission at any baud rate within a broad
range. The baud rate can also be defined by dividing the input clock to the ASCK pin.
The MIDI specification baud rate (31.25 kbps) can be used by utilizing the UART-dedicated baud rate generator.

(3) Infrared data transfer mode
17.2.1 Configuration
The asynchronous serial interface has the following hardware configuration.

Figure 17-2 gives the block diagram of the asynchronous serial interface.

Table 17-3. Asynchronous Serial Interface Configuration

Item Configuration

Registers Transmit shift registers (TXS1, TXS2)
Receive shift registers (RX1, RX2)
Receive buffer registers (RXB1, RXB2)

Control registers Asynchronous serial interface mode registers (ASIM1, ASIM2)
Asynchronous serial interface status registers (ASIS1, ASIS2)
Baud rate generator control registers (BRGC1, BRGC2)
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Figure 17-2. Block Diagram in Asynchronous Serial Interface Mode

% Internal bus %
{8}

Receive buffer registers
1,2 (RXBL, RXB2) 8

o

Receive shift registers Transmit shift registers

1,2 (RXL, RX2) ’7 1,2 (TXS1, TXS2)

RxD1, RxD2 O Il>

TxD1, TxD2 O—<}
Receive control[ _ INTSR1, |Transmitcontrolf _ INTST1,

Baud rate generator parity check INTSR2 | parity addition INTST2

e i i ;

5
L 5-bit counter x 2 ::: fF(X)tlo fxx/2
transmission/reception Selector

clock generator N

ASCK1, AsCK2 O
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)

)

3

4

®)

Transmit shift registers (TXS1, TXS2)

These registers are used to set transmit data. Data written to TXS1 and TXS2 is sent as serial data.

If a data length of 7 bits is specified, bits O to 6 of the data written to TXS1 and TXS2 are transferred as transmit
data. Transmission is started by writing data to TXS1 and TXS2.

TXS1 and TXS2 can be written with an 8-bit memory manipulation instruction, but cannot be read.

RESET input sets TXS1 and TXS2 to FFH.

Caution Do not write to TXS1 and TXS2 during transmission.
TXS1, TXS2, and receive buffer registers (RXB1, RXB2) are allocated to the same address.
Therefore, attempting to read TXS1 and TXS2 will result in reading the values of RXB1 and
RXB2.

Receive shift registers (RX1, RX2)

These registers are used to convert serial data input to the RxD1 and RxD2 pins to parallel data. Receive data
is transferred to the receive buffer register (RXB1, RSB2) one byte at a time as it is received.

RX1 and RX2 cannot be directly manipulated by program.

Receive buffer registers (RXB1, RXB2)

These registers are used to hold receive data. Each time one byte of data is received, new receive data is
transferred from the receive shift registers (RX1, RX2).

If a data length of 7 bits is specified, receive data is transferred to bits 0 to 6 of RXB1 and RXB2, and the MSB
of RXB1 and RXB2 always becomes 0.

RXB1 and RXB2 can be read by an 8-bit memory manipulation instruction, but cannot be written.

RESET input sets RXB1 and RXB2 to FFH.

Caution RXB1, RXB2, and transmit shift registers (TXS1, TXS2) are allocated to the same address.
Therefore, attempting to write to RXB1 and RXB2 will result in writing the values to TXS1
and TXS2.

Transmission control circuit

This circuit controls transmit operations such as the addition of a start bit, parity bit, and stop bit(s) to data written
to the transmit shift registers (TXS1, TXS2), according to the contents set to the asynchronous serial interface
mode registers (ASIM1, ASIM2).

Reception control circuit

This circuit controls reception according to the contents set to the asynchronous serial interface mode registers
(ASIM1, ASIM2). It also performs error check for parity errors, etc., during reception. If it detects an error, it
sets a value corresponding to the nature of the error in the asynchronous serial interface status registers (ASIS1,
ASIS2).
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17.2.2 Control registers
The asynchronous serial interface controls the following six types of registers.

« Asynchronous serial interface mode registers 1, 2 (ASIM1, ASIM2)
« Asynchronous serial interface status registers 1, 2 (ASIS1, ASIS2)
« Baud rate generator control registers 1, 2 (BRGC1, BRGC?2)

(1) Asynchronous serial interface mode registers 1, 2 (ASIM1, ASIM2)
ASIM1 and ASIM2 are 8-bit registers that control serial transfer using the asynchronous serial interface.
ASIM1 and ASIM2 are set by a 1-bit or 8-bit memory manipulation instruction.
RESET input sets ASIM1 and ASIM2 to O0H.
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Figure 17-3. Asynchronous Serial Interface Mode Registers 1, 2 (ASIM1, ASIM2) Format

Address: OFF70H, OFF71H After reset: 0OOH R/W
Symbol <7> <6> 5 4 3 2 1 0
ASIMn TXEn RXEn PSn1 PSnO CLn SLn ISRMn IRDAMN
TXEn RXEn Operation mode | RxD1/P20, RxD2/P70 | TxD1/P21, TxD2/P71
pin function pin function
0 0 Operation stop Port function Port function
0 1 UART mode Serial function Port function
(Receive only)
1 0 UART mode Port function Serial function
(Transmit only)
1 1 UART mode Serial function Serial function
(Transmit/Receive)
PSnl PSno Parity bit specification
0 0 No parity
0 1 Always add 0 parity during transmission
Do not perform parity check during reception (parity error not generated)
1 0 Odd parity
1 1 Even parity
CLn Transmit data character length specification
0 7 bits
1 8 bits
SLn Transmit data stop bit length specification
0 1 bit
1 2 bits
ISRMn Receive completion interrupt control at error occurrence
0 Generate receive completion interrupt when error occurs
1 Do not generate receive completion interrupt when error occurs
IRDAMN Infrared data transfer mode operation specificationNote
0 UART (Transmit/Receive) mode
1 Infrared data transfer (Transmit/Receive) modeNote 2

Notes 1. Specification of the UART/infrared data transfer mode is controlled with TXEn and RXEn.
2. When the infrared data transfer mode is used, be sure to set “0000” (set clock to fsck/16) to bits
3 to 0 (MLDn3 to MLDnNO) of baud rate generator control register n (BRGCn).

Caution  Before switching the operation mode, stop serial transmission or reception.

Remark n=1,2

User's Manual U13570EJ3VOUD 297



CHAPTER 17 ASYNCHRONOUS SERIAL INTERFACE/3-WIRE SERIAL /O

(2) Asynchronous serial interface status registers 1, 2 (ASIS1, ASIS2)
ASIS1 and ASIS2 are registers used display the type of error when a receive error occurs.
ASIS1 and ASIS2 can be read with 1-bit and 8-bit memory manipulation instructions.
'RESET input sets ASIS1 and ASIS2 to 00H.

Figure 17-4. Asynchronous Serial Interface Status Registers 1, 2 (ASIS1, ASIS2) Format

Address: OFF72H, OFF73H After reset: OOH R/W

Symbol 7 6 5 4 3 <2> <1> <0>
ASISn 0 0 0 0 0 PEn FEn OVEn
PEnN Parity error flag
0 Parity error not generated
1 Parity error generated

(when parity of transmit data does not match)

FEn Framing error flag
0 Framing error not generated
1 Framing error generatedNote 1

(when stop bit(s) is not detected)

OVEnN Overrun error flag
0 Overrun error not generated
1 Overrun error generatedNote 2

(When next receive operation is completed before data from receive buffer

register is read)

Notes 1. Even if the stop bit length has been set to 2 bits with bit 2 (SLn) of asynchronous serial interface
mode register n (ASIMn), stop bit detection during reception is only 1 bit.
2. Be sure to read receive buffer register n (RXBn) when an overrun error occurs.
An overrun error is generated each time data is received until RXBn is read.

Remark n=1,2
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(3) Baud rate generator control registers 1, 2 (BRGC1, BRGC2)
BRGC1 and BRGC2 are registers used to set the serial clock of the asynchronous serial interface.
BRGC1 and BRGC2 are set by a 1-bit or 8-bit memory manipulation instruction.
RESET input sets BRGC1 and BRGC2 to O0H.

User's Manual U13570EJ3VOUD 299



CHAPTER 17 ASYNCHRONOUS SERIAL INTERFACE/3-WIRE SERIAL 1/O

Figure 17-5. Baud Rate Generator Control Registers 1, 2 (BRGC1, BRGC2) Format

Address: OFF76H, OFF77H After reset: 00H R/IW

Symbol 7 6 5 4 3 2 1 0
BRGCn 0 TPSn2 TPSn1 TPSnO MDLn3 MDLN2 MDLN1 MDLNO

TPSNn2 TPSNn1 TPSNnO 5-bit counter source clock selection m

0 0 0 External clock (ASCKn) 0

0 0 1 fxx (12.5 MHz) 0

0 1 0 fxx/2 (6.25 MHz) 1

0 1 1 fxx/4 (3.13 MHz) 2

1 0 0 fxx/8 (1.56 MHz) 3

1 0 1 fxx/16 (781 kHz) 4

1 1 0 fxx/32 (391 kHz) 5

1 1 1 TO1 (TM1 output) 0

MDLn3 MDLn2 MDLn1 MDLnO Baud rate generator k

input clock selection

0 0 0 0 fsck/16 0

0 0 0 1 fsck/17 1

0 0 1 0 fsck/18 2

0 0 1 1 fsck/19 3

0 1 0 0 fsck/20 4

0 1 0 1 fsck/21 5

0 1 1 0 fsck/22 6

0 1 1 1 fsck/23 7

1 0 0 0 fsck/24 8

1 0 0 1 fsck/25 9

1 0 1 0 fsck/26 10

1 0 1 1 fsck/27 11

1 1 0 0 fsck/28 12

1 1 0 1 fsck/29 13

1 1 1 0 fsck/30 14

1 1 1 1 Setting prohibited -

Cautions 1. If a write operation to BRGCn is performed during communication, the baud rate
generator output will become garbled and normal communication will not be achieved.
Therefore, do not perform write operations to BRGCn during communication.
2. Referto the data sheet for details of the high-/low-level width of ASCKn when selecting
the external clock (ASCKn) for the source clock of the 5-bit counter.

Remarks 1. n=1, 2
Data in parentheses is for when fxx = 12.5 MHz

w

fsck: Source clock of 5-bit counter
m: Value set in TPSn0 to TPSn2 (0 < m < 5)
k: Value set in MDLNnO to MDLn3 (0 < k < 14)
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17.3 Operation

The asynchronous serial interface has the following three types of operation modes.

« Operation stop mode

* Asynchronous serial interface (UART) mode

« Infrared data transfer mode

17.3.1 Operation stop mode

Serial transfer cannot be performed in the operation stop mode, resulting in reduced power consumption.

Moreover, in the operation stop mode, pins can be used as regular ports.

(1) Register setting

Setting of the operation stop mode is done with asynchronous serial interface mode registers 1 and 2 (ASIM1,

ASIM2).

ASIM1 and ASIM2 are set by a 1-bit or 8-bit memory manipulation instruction.

RESET input sets ASIM1 and ASIM2 to O0H.

Address: OFF70H, OFF71H After reset: 00H R/W
Symbol <7> <6> 5 4 3 2 1 0
ASIMn TXEn RXEn PSn1 PSn0 CLn SLn ISRMn IRDAMN
TXEn RXEn Operation mode | RxD1/P20, RxD2/P70 | TxD1/P21, TxD2/P71
pin function pin function
0 0 Operation stop Port function Port function
0 1 UART mode Serial function Port function
(Receive only)
1 0 UART mode Port function Serial function
(Transmit only)
1 1 UART mode Serial function Serial function
(Transmit/Receive)
Caution  Before switching the operation mode, stop serial transmission or reception.

Remark n=1,2
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17.3.2 Asynchronous serial interface (UART) mode
This mode is used to transmit and receive the 1-byte data following the start bit. It supports full-duplex operation.

A UART-dedicated baud rate generator is incorporated enabling communication using any baud rate within a large

range.
The MIDI standard’s baud rate (31.25 kbps) can be used utilizing the UART-dedicated baud rate generator.

(1) Register setting
The UART mode is set with asynchronous serial interface mode registers 1 and 2 (ASIM1, ASIM2), asynchronous

serial interface status registers 1 and 2 (ASIS1, ASIS2), and baud rate generator control registers 1 and 2

(BRGC1, BRGC2).

302 User’s Manual U13570EJ3VOUD



CHAPTER 17 ASYNCHRONOUS SERIAL INTERFACE/3-WIRE SERIAL 1/O

(@) Asynchronous serial interface mode registers 1, 2 (ASIM1, ASIM2)
ASIM1 and ASIM2 can be set by a 1-bit or 8-bit memory manipulation instruction.
RESET input sets ASIM1 and ASIM2 to O0H.

Address: OFF70H, OFF71H After reset: 00H R/W
Symbol <7> <6> 5 4 3 2 1 0
ASIMn TXEn RXEn PSnl PSn0 CLn SLn ISRMn IRDAMN
TXEn RXEn Operation mode | RxD1/P20, RxD2/P70 | TxD1/P21, TxD2/P71
pin function pin function
0 0 Operation stop Port function Port function
0 1 UART mode Serial function Port function
(Receive only)
1 0 UART mode Port function Serial function
(Transmit only)
1 1 UART mode Serial function Serial function
(Transmit/Receive)
PSn1 PSn0 Parity bit specification
0 0 No parity
0 1 Always add 0 parity during transmission
Do not perform parity check during reception (parity error not generated)
1 0 Odd parity
1 1 Even parity
CLn Transmit data character length specification
0 7 bits
1 8 bits
SLn Transmit data stop bit length specification
0 1 bit
1 2 bits
ISRMn Receive completion interrupt control at error occurrence
0 Generate receive completion interrupt when error occurs
1 Do not generate receive completion interrupt when error occurs
IRDAMN Infrared data transfer mode operation specificationNote
0 UART (Transmit/Receive) mode
1 Infrared data transfer (Transmit/Receive) modeNote 2

Notes 1. Specification of the UART or infrared data transfer mode is controlled with TXEn and RXEn.
2. When the infrared data transfer mode is used, be sure to set “0000” (set clock to fsck/16) to
bits 3 to 0 (MLDn3 to MLDnO) of baud rate generator control register n (BRGCn).

Caution Before switching the operation mode, stop serial transmission or reception.

Remark n=1,2
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(b) Asynchronous serial interface status registers 1, 2 (ASIS1, ASIS2)
ASIS1 and ASIS2 can be read by a 1-bit or 8-bit memory manipulation instruction.
RESET input sets ASIS1 and ASIS2 to O0H.

Address: OFF72H, OFF73H After reset: OOH R

Symbol 7 6 5 4 3 <2> <1> <0>
ASISn 0 0 0 0 0 PEn FEn OVEn
PEnN Parity error flag
0 Parity error not generated
1 Parity error generated

(when parity of transmit data does not match)

FEn Framing error flag
0 Framing error not generated
1 Framing error generatedNote 1

(when stop bit(s) is not detected)

OVEnN Overrun error flag
0 Overrun error not generated
1 Overrun error generatedNote 2

(When next receive operation is completed before data from receive buffer
register is read)

Notes 1. Evenifthe stop bitlength has been setto 2 bits with bit 2 (SLn) of asynchronous serial interface
mode register n (ASIMn), stop bit detection during reception is only 1 bit.
2. Be sure to read receive buffer register n (RXBn) when an overrun error occurs.
An overrun error is generated each time data is received until RXBn is read.

Remark n=1,2

304 User’s Manual U13570EJ3VOUD



CHAPTER 17 ASYNCHRONOUS SERIAL INTERFACE/3-WIRE SERIAL 1/O

(c) Baud rate generator control registers 1, 2 (BRGC1, BRGC2)

BRGC1 and BRGC2 are set by a 1-bit or 8-bit memory manipulation instruction.
RESET input sets BRGC1 and BRGC2 to O0H.

Address: OFF76H, OFF77H After reset: 00H R/W

Symbol 7 6 5 4 3 2 1 0
BRGCn 0 TPSNn2 TPSnl1 TPSNO MDLn3 MDLn2 MDLn1 MDLnO

TPSn2 TPSn1 TPSNO 5-bit counter source clock selection m

0 0 0 External clock (ASCKn) 0

0 0 1 fxx (12.5 MHz) 0

0 1 0 fxx/2 (6.25 MHz) 1

0 1 1 fxx/4 (3.13 MHz) 2

1 0 0 fxx/8 (1.56 MHz) 3

1 0 1 fxx/16 (781 kHz) 4

1 1 0 fxx/32 (391 kHz) 5

1 1 1 TO1 (TM1 output) 0

MDLn3 MDLn2 MDLn1 MDLnO Baud rate generator k

input clock selection

0 0 0 0 fsck/16 0

0 0 0 1 fsck/17 1

0 0 1 0 fsck/18 2

0 0 1 1 fsck/19 3

0 1 0 0 fsck/20 4

0 1 0 1 fsck/21 5

0 1 1 0 fsck/22 6

0 1 1 1 fsck/23 7

1 0 0 0 fsck/24 8

1 0 0 1 fsck/25 9

1 0 1 0 fsck/26 10

1 0 1 1 fsck/27 11

1 1 0 0 fsck/28 12

1 1 0 1 fsck/29 13

1 1 1 0 fsck/30 14

1 1 1 1 Setting prohibited -
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Cautions 1. If awrite operation to BRGC1 and BRGC2 is performed during communication, the
baud rate generator output will become garbled and normal communication will not
be achieved. Therefore, do not perform write operations to BRGC1 and BRGC2
during communication.

2. Refer to the data sheet for details of the high-/low-level width of ASCKn when
selecting the external clock (ASCKn) for the source clock of the 5-bit counter.

3. Set the 8-bit timer mode control register (TMC1) as follows when selecting TO1 for
the source clock of the 5-bit counter.
TMC16 =0,LVS1=0,LVR1=0, TMC11 =1
Moreover, set TOE1 to 0 when TO1 is not output externally and to 1 when TO1 is

output externally.

Remarks 1. n=1, 2
2. Figures in parentheses apply to operation at fxx = 12.5 MHz.
3. fsck: Source clock of 5-bit counter
4. m: Value set in TPSnO to TPSn2 (0 < m < 5)
5. k: Value set in MDLnO to MDLNn3 (0 < k < 14)

The transmit/receive clock for the baud rate to be generated is the signal obtained by dividing the 5-bit counter

source clock.

*« Generation of transmit/receive clock for baud rate
The baud rate is obtained from the following equation.

[Baud rate] = [Hz]

2M+1l x (k + 16)
T: 5-bit counter source clock
* When using a divided main system clock: Main system clock (fxx)
* When an external clock (ASCKn) is selected: Output frequency of ASCKn
* When the timer 1 output (TO1) is selected: Output frequency of TO1
m: Value set in TPSn0 to TPSn2 (0 < m <5)
k:  Value set in MDLNnO to MDLNn3 (0 < k < 14)

¢ Baud rate capacity error range
The baud rate capacity range depends on the number of bits per frame and the counter division

ratio [1/(16 + Kk)].
Table 17-4 shows the relation between the main system clock and the baud rate, Figure 17-6 shows

a baud rate capacity error example.
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Table 17-4. Relationship Between Main System Clock and Baud Rate

Baud rate fxx = 12.5 MHz fxx = 6.25 MHz fxx = 3.00 MHz
(bps) BRGC Value |Error (%)| BRGC Value |Error (%)| BRGC Value |Error (%)
2,400 — — — — 64H 2.34
4,800 — — 64H 1.73 54H 2.34
9,600 64H 1.73 54H 1.73 44H 2.34

19,200 54H 1.73 44H 1.73 34H 2.34
31,250 49H 0.00 39H 0.00 28H 0
38,400 44H 1.73 34H 1.73 24H 2.34
76,800 34H 1.73 24H 1.73 14H 2.34
150K 24H 1.73 14H 1.73 — —
300K 14H 1.73 — — — —

Remark When TM1 output is used, 150 to 38,400 bps is supported (during operation with fxx = 12.5
MHz)

Figure 17-6. Baud Rate Capacity Error Considering Sampling Errors (When k = 0)

Ideal
sampling

point
32T 64T  256T 288T 320T 352T

ATHTTTRTTTRTTATY

304T 336T
v v

STOP
Reference timing DO D7 P
(clock period T) START
15.5T)
L
High-speed clock for which STOP
normal reception is enabled DO D7 P
(clock period T7) START A R ) _.||l._ Sampling error

30.45T 60.9T 3045T | O°T
L
Low-speed clock for which STOP
normal reception is enabled DO D7 P
(clock period T") START
A A / A A
33.55T 67.1T 301.95T 335.5T

Remark T: 5-bit counter source clock period

+15.5
Baud rate capacity error (k = 0) 320 x 100 = 4.8438 (%)
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(2) Communication operation

308

(a) Data format

The transmission/reception data format consists of a start bit, character bits, parity bit, and stop bit(s) forming
character frames, as shown in Figure 17-7.

Specification of the character bit length inside data frames, selection of the parity, and selection of the stop
bit length, are performed with asynchronous serial interface mode register n (ASIMn).

Figure 17-7. Asynchronous Serial Interface Transmit/Receive Data Format

‘ 1-data frame |

Start) by | p1 [ p2 [ D3 | D4 | D5 | D6 | D7 [PATY

bit bit Stop bit(s)

Character bit ——

e Start bit....ccocviiienne 1 bit

e Character bits .............. 7 bits/8 bits

e Parity bit .........ccccceeie Even parity/Odd parity/O parity/No parity
e Stop bit(S) ..oovvvvreeeiiins 1 bit/2 bits

If 7 bits has been selected as the number of character bits, only the lower 7 bits (bits O to 6) are valid. In
the case of transmission, the highest bit (bit 7) is ignored. In the case of reception, the highest bit (bit 7)
always becomes “0".

The setting of the serial transfer rate is performed with asynchronous serial interface mode register n (ASIMn)
and baud rate generator control register n (BRGCn).

If a serial data reception error occurs, itis possible to determine the contents of the reception error by reading
the status of asynchronous serial interface status register n (ASISn).

Remark n=1,2
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(b) Parity types and operations
Parity bits serve to detect bit errors in transmit data. Normally, the parity bit used on the transmit side and
the receive side are of the same type. In the case of even parity and odd parity, it is possible to detect “1”
bit (odd number) errors. In the case of 0 parity and no parity, errors cannot be detected.

(i) Even parity
« During transmission
Makes the number of “1”s in transmit data that includes the parity bit even. The value of the parity
bit changes as follows.

If the number of “1” bits in transmit data is odd: 1
if the number of “1” bits in transmit data is even: 0

« During reception
The number of “1” bits in receive data that includes the parity bit is counted, and if it is odd, a parity
error occurs.

(ii) Odd parity
« During transmission
Odd parity is the reverse of even parity. It makes the number of “1"s in transmit data that includes
the parity bit odd. The value of the parity bit changes as follows.

If the number of “1” bits in transmit data is odd: 0
if the number of “1” bits in transmit data is even: 1

» During reception
The number of “1” bits in receive data that includes the parity bit is counted, and if it is even, a parity
error occurs.

(iii) O Parity
During transmission, makes the parity bit “0”, regardless of the transmit data.
Parity bit check is not performed during reception. Therefore, no parity error occurs, regardless of
whether the parity bit value is “0” or “1".

(iv) No parity
No parity is appended to transmit data.

Receive data is received assuming that it has no parity bit. No parity error can occur because there
is no parity bit.
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(c) Transmission
Transmission is begun by writing transmit data to transmit shift register n (TXSn). The start bit, parity bit,
and stop bit(s) are automatically added.
The contents of transmit shift register n (TXSn) are shifted out upon transmission start, and when transmit
shift register n (TXSn) becomes empty, a transmit completion interrupt (INTSTn) is generated.

Caution In the case of UART transmission, follow the procedure below when performing

transmission for the first time.

<1> Settheporttotheinputmode (PM21=1o0r PM71=1),and write Oto the port latch.

<2> Set bit 7 (TXEn) of asynchronous serial interface mode register n (ASIMn) to 1 to
enable UART transmission (output a high level from the TXDn pin).

<3> Set the port to the output mode (PM21 = 0 or PM71 = 0).

<4> Write transmit data to TXSn, and start transmission.
If the portis set to the output mode first, 0 will be output from the pins, which may
cause malfunction.

Remark n=1, 2

Figure 17-8. Asynchronous Serial Interface Transmit Completion Interrupt Timing

STOP |
TxDn (output) DO D1 D2 D6 D7 Parity

START

INTSTn —|

(a) Stop bit length: 1

TxDn (output) \ / DO >< D1 >< D2 ><}[>< D6 >< D7 ><Parity / ST‘OP |

START

INTSTn

(b) Stop bit length: 2

Caution  Donotwritetoasynchronous serial interface moderegister n (ASIMn)during transmission.
If you writeto the ASIMn register during transmission, further transmission operations
may become impossible (in this case, input RESET to return to normal).

Whether transmission is in progress or not can be judged by software, using the
transmit completion interrupt (INTSTn) or the interrupt request flag (STIFn) set by
INTSTn.

Remark n=1,2
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(d) Reception
When the RXEn bit of asynchronous serial interface mode register n (ASIMn) is setto 1, reception is enabled
and sampling of the RxDn pin input is performed.
Sampling of the RxDn pin input is performed by the serial clock set in baud rate generator control register
n (BRGCn).
When the RxDn pin input becomes low level, the 5-bit counter of the baud rate generator starts counting,
and outputs the data sampling start timing signal when half the time of the set baud rate has elapsed. If
the result of re-sampling the RxDn pin input with this start timing signal is low level, the RxDn pin input is
perceived as the start bit, the 5-bit counter is initialized and begins counting, and data sampling is performed.
When, following the start bit, character data, the parity bit, and one stop bit are detected, reception of one
frame of data is completed.
When reception of one frame of datais completed, the receive datain the shiftregisteris transferred to receive
buffer register n (RXBn), and a receive completion interrupt (INTSRn) is generated.
Moreover, even if an error occurs, the receive data for which the error occurred is transferred to RXBn. If
an error occurs, when bit 1 (ISRMn) of ASIMn is cleared (0), INTSRn is generated (refer to Figure 17-10).
When bit ISRMn is set (1), INTSRn is not generated.
When bit RXEn is reset to 0 during a receive operation, the receive operation is immediately stopped. At
this time, the contents of RXBn and ASISn remain unchanged, and INTSRn and INTSERnN are not generated.

Remark n=1, 2

Figure 17-9. Asynchronous Serial Interface Receive Completion Interrupt Timing

\ STOP
RxDn (input) / DO >< D1 >< D2 >GD< D6 >< D7 ><Parity

START

INTSRn []

Caution  Even when areceive error occurs, be sure to read the receive buffer register (RXBn).

If RXBn is not read, an overrun error will occur during reception of the next data, and
the reception error status will continue indefinitely.

Remark n=1, 2
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(e) Receive error
Errors that occur during reception are of three types: parity errors, framing errors, and overrun errors. As
the data reception result error flag is set inside asynchronous serial interface status register n (ASISn), the
receive error interrupt (INTSERN) is generated. A receive error interruption is generated before a receive
end interrupt (INTSRn). Receive error causes are shown in Table 17-5.
What type of error has occurred during reception can be detected by reading the contents of asynchronous
serial interface status register n (ASISn) during processing of the receive error interrupt (refer to Table 17-
5 and Figure 17-10).
The contents of ASISn are reset to 0 either when receive buffer register n (RXBn) is read or when the next
data is received (If the next data has an error, this error flag is set).

Remark n=1, 2

Table 17-5. Receive Error Causes

Receive Error Cause ASISn
Parity error Parity specified for transmission and parity of receive data don't match 04H
Framing error Stop bit was not detected 02H
Overrun error Next data reception was completed before data was read from the receive buffer register | 01H

Figure 17-10. Receive Error Timing

STOP
RxDn (input) DO D1 D2 D6 D7 Parity

INTSRnNote

INTSERN
(framing/overrrun
errors occur)

INTSERN
(when parity
errors occur)

Note If a receive error occurs, when bit ISRMn is set (1), INTSRn is not generated.

Cautions 1. The contents of the ASISn register are reset to 0 either when receive buffer register
n (RXBn) is read or when the next data is received. To find out the contents of the
error, be sure to read ASISn before reading RXBn.

2. Besureto read receive buffer register n (RXBn) even when a receive error occurs.
If RXBn is not read, an overrun error will occur at reception of the next data, and the
receive error status will continue indefinitely.

Remark n=1,2
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17.3.3 Infrared data transfer mode

Infrared data transfer mode enables pulse output and pulse reception in the following data format. However this
mode does not conform to the IrDA specifications.

(1) Data format
A comparison of the data format in the UART mode and the data format in the infrared data transfer mode is
shown in Figure 17-11.
IR frames correspond to the bit strings of UART frames made up of a start bit, eight data bits, and a stop bit.
The length of the electrical pulse transmitted/received with these IR frames is 3/16 of a 1-bit period. A pulse
of 3/16 of a 1-bit period rises from the center of the bit period (see figure below).

Bit time

Pulse width = 3/16 bit time

Figure 17-11. Comparison of Infrared Data Transfer Mode and UART Mode Data Formats

1
b UART frame

-
] =
1 1
1 1
1 1 1 1
.
' ~ Data bits - = H
1 1 1 1
: 0 1 1 :
-------- 2 il T ----- ;
Start | 4 0 1 0o ‘o 1 ' 0 1 '
bit DO D1 | D2 D3 ! D4 D5 !D6 |D7 |stop |
----------- L SEEEELEEEEE bit — m-----
1 1
~ IR frame >
1 Stop 1
iStart | Jbit
! bit ~ Data bits ™ H
1 1 1 1
1 1
! 0 imm==-- === Fe===- T===-- ik Fm-—-- F-===- T===-- a1 !
1 HE v 011 v 0 v 0 V1 V1 10 1
1 1
1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1
: 1 1 1 1 1 1 1 1 1 :
NI N
1 . . . . . . . . . 1
[«— —
Bit time Pulse width =

3/16 bit time
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(2) Bit rate and pulse width
The bit rates, bit rate capacity errors, and pulse widths are shown in Table 17-6.
Per specifications, the minimum pulse width can be either 3/16 of the bit period or the minimum pulse width of
a 115.2 kbps signal (1.63 us to 22 us capacity error), and thus is the same regardless of the bit rate.
The maximum pulse width is obtained by adding the greater of 2.5 % of the bit period or 1.08 us to 3/16 of the

bit time.
Table 17-6. Bit Rate and Pulse Width Values
Bit Rate Bit Rate Capacity Error Minimum Pulse Width Pulse Width 3/16 Rating | Pulse Width Maximum Value
(kbits/s) (% of bit rate) (us)Note 1 (us) (us)
2.4Note 2 +/- 0.87 1.41 78.13 88.55
9.gNote 2 +/- 0.87 1.41 19.53 22.13
19.2Note 2 +/- 0.87 1.41 9.77 11.07
38.4Note 2 +/- 0.87 1.41 4.88 5.96
57.6 +/- 0.87 1.41 3.26 4.34
115.2 +/- 0.87 1.41 1.63 2.71

Notes 1. The minimum value of the pulse width that can be received can be calculated as follows:

1

[Minimum value of receivable pulse width)] = ———— ——
16 x [Bit rate]

2. The minimum pulse width of 1.41 us cannot be detected unless the bit rate is 44.4 kbps or more.
An example of how to calculate the maximum pulse width when the bit rate is 2.4 kbps is shown below.

16
78.13 + (78.13 x — x0.025) = 88.55 [js3]
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3

I/0 data and internal signals
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* Reception timing
Reception of half data of set baud rate is delayed.
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Edge detection

Sampling
clock
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Conversion data \ / _\_
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|
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17.3.4 Standby mode operation

(1) HALT mode operation
Serial transfer operation is normally performed.

(2) STOP mode or IDLE mode operation

316

@

(b)

When internal clock is selected as serial clock

Asynchronous serial interface mode register n (ASIMn), transmit shift register n (TXSn), receive shift register
n (RXn), and receive buffer register n (RXBn) stop operation holding the value immediately before the clock
stops.

If the clock stops (STOP mode) during transmission, the TxDn pin output data immediately before the clock
stopped is held. If the clock stops during reception, receive data up to immediately before the clock stopped
is stored, and subsequent operation is stopped. When the clock is restarted, reception is resumed.

Remark n=1,2
When external clock is selected as serial clock
Serial transfer operation is performed normally. However, interrupt requests are pended without being

acknowledged. Interrupt requests are acknowledged after the STOP mode or IDLE mode has been released
through NMI input, INTPO to INTP6 input, watch timer interrupt or key return interrupt (P80 to P87).
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17.4 3-Wire Serial 1/0 Mode

This mode is used to perform 8-bit data transfer with the serial clock (ﬁ, @), serial output (SO1, SO2),
and serial input (SI1, SI2) lines.

The 3-wire serial /0O mode supports simultaneous transmit/receive operation, thereby reducing the data transfer
processing time.

The start bit of 8-bit data for serial transfer is fixed as the MSB.

The 3-wire serial /0 mode is effective when connecting a peripheral I/O with an on-chip clocked serial interface,

a display controller, etc.
17.4.1 Configuration
The 3-wire serial /O mode has the following hardware configuration.

Figure 17-12 shows the block diagram for the 3-wire serial I/0O mode.

Table 17-7. 3-Wire Serial 1/0 Configuration

Item Configuration
Register Serial 1/O shift registers 1, 2 (SIO1, SIO2)
Control register Serial operation mode registers 1, 2 (CSIM1, CSIM2)

User’s Manual U13570EJ3VOUD 317



CHAPTER 17 ASYNCHRONOUS SERIAL INTERFACE/3-WIRE SERIAL /O

Figure 17-12. Block Diagram in 3-Wire Serial 1/0 Mode

g Internal bus %

8
| Serial I/O shift registers 1,2 |
SiL, sz © |ﬂ (Sl01, SI102)
S01,S802 O I

Serial clock Interrupt INTCSI1

SCK1, SCK2 I p L . )
© |ﬂ counter generator INTCSI2

Serial e ;I'O/g
ni— PO
| clock Selector fod16

| controller T

« Serial I/O shift registers 1, 2 (SIO1, SIO2)
These are 8-bit registers that perform parallel-serial conversion, and serial transmission/reception (shift
operation) in synchronization with the serial clock.
SIOn is set with an 8-bit memory manipulation instruction.
When bit 7 (CSIEn) of the serial operation mode register (CSIMn) is 1, serial operation can be started by writing/
reading data to/from SIOn.
During transmission, data written to SIOn is output to the serial output pin (SOn).
During reception, data is read into SIOn from the serial input pin (Sin).
RESET input sets SIO1 and SIO2 to O0H.

Caution  During transfer operation, do not perform access to SIOn other than access acting as atransfer
start trigger (read and write are prohibited when MODEn = 0 and MODEnN = 1, respectively).

Remark n=1, 2
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17.4.2 Control registers

Serial operation mode registers 1, 2 (CSIM1, CSIM2)

CSIM1 and CSIM2 are used to set the serial clock, operation mode, and operation enable/disable during the

3-wire serial I/0 mode.

CSIM1 and CSIM2 can be set by a 1-bit or 8-bit memory manipulation instruction.
RESET input sets CSIM1 and CSIM2 to O0OH.

Figure 17-13. Serial Operation Mode Registers 1, 2 (CSIM1, CSIM2) Format

Address: OFF91H, OFF92H After reset: 00H R/W
Symbol <7> 6 5 4 3 2 1 0
CSIMn CSIEn 0 0 0 0 MODERN SCLn1 SCLnO
CSIEn SIOn operation enable/disable setting
Shift register operation Serial counter Port
0 Operation disable Clear Port functionNote
1 Operation enable Counter operation Serial function + port
enable function
MODEN Transfer operation mode flag
Operation mode Transfer start trigger SOn output
0 Transmit or transmit/receive mode| SIOnN write Normal output
1 Receive-only mode SIOn read Fix to low level
SCLn1l SCLnO Clock selection
0 0 External clock to SCKn
0 1 8-bit timer/counter 2 (TM2) output
1 0 fxx/8 (1.56 MHz)
1 1 fxx/16 (781 kHz)
Notes 1. When CSIEn = 0 (SIOn operation stop status), pins connected to Sin, SOn, and SCKn can be used

Remarks 1.

as ports.

2. Set the external clock and TO2 to fxx/8 or below when selecting the external clock (SCKn) and TM2
output (TO2) for the clock.

n=1,2

2. Figures in parentheses apply to operation with fxx = 12.5 MHz.
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17.4.3 Operation
The following two types of 3-wire serial I/O operation mode are available.

¢ Operation stop mode
¢ 3-wire serial /0O mode

(1) Operation stop mode
Serial transfer is not possible in the operation stop mode, which reduces power consumption.

Moreover, in operation stop mode, pins can normally be used a I/O ports.

(a) Register setting
The operation stop mode is set by serial operation registers 1 and 2 (CSIM1, CSIM2).
CSIM1 and CSIM2 can be set by a 1-bit or 8-bit memory manipulation instruction.
RESET input sets CSIM1 and CSIM2 to O0OH.

Figure 17-14. Serial Operation Mode Registers 1, 2 (CSIM1, CSIM2) Format

Address: OFF91H, OFF92H After reset: 00H R/IW

Symbol <7> 6 5 4 3 2 1 0
CSIMn CSIEn 0 0 0 0 MODEN SCLn1 SCLnO
CSIEn SIOn operation enable/disable setting
Shift register operation Serial counter Port
0 Operation disable Clear Port functionNote
1 Operation enable Counter operation Serial function + port
enable function

Note When CSIEn =0 (SIOn operation stop status), pins connected to Sin, SOn, and SCKn can be used
as ports.

Remark n=1, 2
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(2) 3-wire serial /0 mode

The 3-wire serial I/O mode is effective when connecting a peripheral I/O with an on-chip clocked serial interface,

a display controller, etc.

This mode is used to perform communication with the serial clock (SCK1, SCK2), serial output (SO1, SO2), and

serial input (SI1, SI2) lines.

(a) Register setting

The 3-wire serial /O mode is set by serial operation mode registers 1 and 2 (CSIM1, CSIM2).
CSIM1 and CSIM2 can be set by a 1-bit or 8-bit memory manipulation instruction.
RESET input sets CSIM1 and CSIM2 to O0OH.

Figure 17-15. Serial Operation Mode Registers 1, 2 (CSIM1, CSIM2) Format

Address: OFF91H, OFF92H After reset: 00H R/W
Symbol <7> 6 5 4 3 2 1 0
CSIMn CSIEn 0 0 0 0 MODERN SCLn1 SCLnO
CSIEn SIOn operation enable/disable setting
Shift register operation Serial counter Port
0 Operation disable Clear Port functionNote
1 Operation enable Counter operation Serial function + port
enable function
MODEN Transfer operation mode flag
Operation mode Transfer start trigger SOn output
0 Transmit or transmit/receive mode| SIOnN write Normal output
1 Receive-only mode SIOn read Fix to low level
SCLn1l SCLnO Clock selection
0 0 External clock to SCKn
0 1 8-bit timer/counter 2 (TM2) output
1 0 fxx/8 (1.56 MHz)
1 1 fxx/16 (781 kHz)
Notes 1. When CSIEn = 0 (SIOn operation stop status), pins connected to Sin, SOn, and SCKn can

be used as ports.
2. Setthe external clock and TO2 to fxx/8 or below when selecting the external clock (SCKn) and
TM2 output (TO2) for the clock.

Remarks 1. n=1, 2

2. Figures in parentheses apply to operation with fxx = 12.5 MHz.
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(b) Communication operation
The 3-wire serial /0 mode performs data transmission/reception in 8-bit units. Data is transmitted and
received one bit at a time in synchronization with the serial clock.
The shift operation of serial 1/0 shift register n (SIOn) is performed in synchronization with the falling edge
of the serial clock (m). Transmit data is held in the SOn latch, and is output from the SOn pin. Receive
data input to the Sin pin is latched to SIOn at the rising edge of the SCKn signal.
SIOn operation is automatically stopped when 8-bit transfer ends, and an interrupt request flag (SRIFn) is
set.

Remark n=1,2

Figure 17-16. 3-Wire Serial 1/0 Mode Timing

SCKn 1 2 3 4 5 6 7 8

Sin ( X&DW X DI6 X DI5 X Dl4 X DI3 X DI2 X DIl X DIO/

SRIFn

Transfer completion

\
SOn X DO7 X DO6 X DO5 X DO4 X DO3 X DO2 X DO1 X/DOO
C

Transfer start in synchronization with falling edge of SCKn
Remark n=1,2
(c) Transfer start

Serial transfer starts by setting (or reading) transfer data to serial I/O shift register n (S10On) when the following
two conditions are satisfied.
¢ SIOn operation control bit (CSIEn) = 1
* Following 8-bit serial transfer, the internal serial clock is stopped, or SCKn is high level
e Transmit or transmit/receive mode

When CSIEn = 1 and MODERN = 0, transfer is started with SIOn write
* Receive-only mode

When CSIEn = 1 and MODEnN = 1, transfer is started with SIOn read

Remark n=1, 2

Caution  After data is written to SIOn, transfer will not start even if CSIEn is set to “1”.

Serial transfer automatically stops at the end of 8-bit transfer, and the interrupt request flag (SRIFn) is set.
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18.1 Function

This mode transfers 8-bit data by using the three lines of the serial clock (SCKO0), the serial output (SO0), and the

serial input (SI0).

Since the 3-wire serial /O mode can perform simultaneous transmission and reception, the data transfer processing

time becomes shorter.

The starting bit of the 8-bit data to be serially transferred is fixed at the MSB.
The 3-wire serial /0 mode is valid when the peripheral I/O or display controller equipped with a clocked serial

interface is connected.

18.2 Configuration

The 3-wire serial /O mode consists of the following hardware.

Figure 18-1 is a block diagram of the clocked serial interface (CSI) in the 3-wire serial I/O mode.

Table 18-1. 3-Wire Serial I/0 Configuration

Item

Configuration

Register

Serial 1/O shift register 0 (SI00)

Control register

Serial operating mode register 0 (CSIMO)
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Figure 18-1. Block Diagram of Clocked Serial Interface (in 3-Wire Serial 1/O Mode)

g Internal bus g

8
[ Serial I/O shift
S0 O |ﬂ register 0 (SI00)
SO0 O I
87CKO o Iﬂ Serial clock Interrupt INTCSIO
| counter generator
Serial clock 1oz
~— fxx/8
I control circuit Selector L fxx/16

< Serial I/0O shift register 0 (S100)
This 8-bit shift register performs parallel to serial conversion and serially communication (shift operation)
synchronized to the serial clock.
SIOO0 is set by an 8-bit memory manipulation instruction.
When bit 7 (CSIEO) in serial operation mode register 0 (CSIMO) is 1, serial operation starts by writing data to or
reading it from SIOO0.
When transmitting, the data written to SIOO0 is output to the serial output (SOO0).
When receiving, data is read from the serial input (S10) to SIOO0.
RESET input sets SIO0 to 00H.

Caution Do not access SIO0 during atransfer except for an access that becomes atransfer start trigger.
(When MODEO = 0, reading is disabled; and when MODEO = 1, writing is disabled.)
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18.3 Control Registers

« Serial operation mode register 0 (CSIMO)
The CSIMO register sets the serial clock and operating mode to the 3-wire serial /O mode, and enables or stops
operation.
CSIMO is set by a 1-bit or 8-bit memory manipulation instruction.
'RESET input sets CSIMO to 00H.

Figure 18-2. Serial Operation Mode Register 0 (CSIMO0) Format

Address: OFF90H After reset: O0OH R/W

Symbol <7> 6 5 4 3 2 1 0
CsIMO0 CSIEO 0 0 0 0 MODEO SCLO1 SCLOO
CSIEO SI00 operation enable/disable setting
Shift Register Operation Serial Counter Port
0 Disable operation Clear Port functionNote
1 Enable operation Enable count operation Serial function + Port function
MODEO Transfer operation mode flag
Operation Mode Transfer Start Trigger SO0 Output
0 Transmit or transmit/receive | SIO0 write Normal output
mode
1 Receive-only mode SIOO0 read Fixed low
SCLO1 SCLO00 Clock selection
0 0 External clock to SCKO
0 1 8-bit timer/counter 2 (TM2) output
1 0 fxx/8 (1.56 MHz)
1 1 fxx/16 (781 kHz)

Note If CSIEO = 0 (SIOO0 operation stopped state), the pins connected to SI0, SO0 and SCKO can function as
ports.

Cautions 1. Set 8-bit timer mode control register 2 (TMC2) as follows when selecting 8-bit timer counter
2 (TM2) output as the clock.
TMC26 =0, TMC24 =0, LVS2 =0, LVR2=0, TMC21 =1
Moreover, set TOE2 to 0 when TO2 is not output externally and to 1 when TO2 is output
externally.
2. Set the external clock and TO2 to fxx/8 or below when selecting the external clock (m)
and TM2 output (TO2) for the clock.

Remark Figures in parentheses apply to operation with fxx = 12.5 MHz.
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Table 18-2. Serial Interface Operation Mode Settings

(1) Operation stopped mode

CSIMO PM25| P25 |PM26| P26 |PM27| P27 | First | Shift | P25/SI0/SDAO P26/SO0 P27/SCKO0/SCLO
CSIEO | SCLO1 | SCLOO Bit |Clock | Pin Function Pin Function Pin Function
0 x X xNote 1|xNote 1|«Note 1|xNote 1 |xNote 1|xNote 1| _ _ P25 P26 P27
Other than above Setting prohibited
(2) 3-wire serial I/0 mode
CSIMO PM25| P25 |PM26| P26 |PM27| P27 |First| Shift | P25/SI0/SDAO P26/S0O0 P27/SCKO0/SCLO
CSIEO | SCLO1 | SCL00 Bit | Clock | Pin Function Pin Function Pin Function
1 0 0 |1Note2|xNote2| 0 1 x |MSB |External| SlONote 2 SO0 SCKO input
clock (CMOS output)
Note 3 | Note 3 0 0 Internal SCKO output
clock
Other than above Setting prohibited

Notes 1. These pins can be used for port functions.

2. When only transmission is used, this pin can be used as P25 (CMOS input/output).

3. Refer to serial operation mode register 0 (CSIMO).

Remark x: don’t care
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18.4 Operation
3-wire serial 1/0 has the following two operating modes.

« Operation stop mode
« 3-wire serial /O mode

(1) Operation stop mode
Since serial transfers are not performed in the operation stop mode, power consumption can be decreased.
In the operation stop mode, the pin can be used as an ordinary 1/O port.

(a) Register settings
The operation stop mode is set in serial operation mode register 0 (CSIMO).

CSIMO is set by a 1-bit or 8-bit memory manipulation instruction.
RESET input sets CSIMO to O0H.

Figure 18-3. Serial Operation Mode Register 0 (CSIMO) Format

Address: OFF90H After reset: O0OH R/W

Symbol <7> 6 5 4 3 2 1 0
CsIMO0 CSIEO 0 0 0 0 MODEO SCLO1 SCLOO
CSIEO SI100 operating enable/disable setting
Shift register operation Serial counter Port
0 Disable operation Clear Port functionNote
1 Enable operation Enable count operation Serial function + Port function

Note If CSIEO =0 (SIO0 operation stopped state), the pins connected to SI0, SO0, and SCKO can function
as ports.
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(2) 3-wire serial I/O mode
The 3-wire serial I/0O mode is valid when connected to peripheral 1/0O or a display controller equipped with the
clocked serial interface.
Communication is over three lines, the serial clock (SCKO), serial output (SO0), and serial input (SI0).

(a) Register setting
The 3-wire serial /O mode is set in serial operation mode register 0 (CSIMO).
CSIMO is set by a 1-bit or 8-bit memory manipulation instruction.
RESET input sets CSIMO to 00H.

Figure 18-4. Serial Operation Mode Register 0 (CSIM0) Format

Address: OFF90H After reset: O0OH R/IW

Symbol <7> 6 5 4 3 2 1 0
CsIiM0 CSIEO 0 0 0 0 MODEO SCLO1 SCL0O
CSIEO SIO0 operation enable/disable setting
Shift Register Operation Serial Counter Port
0 Disable operation Clear Port functionNote
1 Enable operation Enable count operation Serial function + Port function
MODEO Transfer operation mode flag
Operation mode Transfer start trigger SO0 output
0 Transmit or transmit/receive | SIO0 write Normal output
mode
1 Receive-only mode SIOO0 read Low level fixed
SCLO1 SCLOO Clock selection
0 0 External clock to SCKO
0 1 8-bit timer/counter 2 (TM2) output
1 0 fxx/8 (1.56 MHZz)
1 1 fxx/16 (781 kHz)

Note If CSIEO = 0 (SIOO0 operation stopped state), the pins connected to SI0, SO0, and SCKO can function
as ports.

Cautions 1. Set 8-bit timer mode control register 2 (TMC2) as follows when selecting 8-bit timer
counter 2 (TM2) output as the clock.
TMC26 = 0, TMC24 =0, LVS2=0,LVR2=0, TMC21 =1
Moreover, set TOE2 to 0 when TO2 is not output externally and to 1 when TO2 is output
externally.
2. Setthe external clock and TO2 to fxx/8 or below when selecting the external clock (m)
and TM2 output (TO2) for the clock.

Remark Figures in parentheses apply to operation with fxx = 12.5 MHz.
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(b) Communication
The 3-wire serial I/O mode transmits and receives in 8-bit units. Data is transmitted and received with each
bit synchronized to the serial clock.
The shifting of serial I/O shift register 0 (S100) is synchronized to the falling edge of the serial clock (SCKO).
The transmitted data are held in the latch and output from the SOO pin. At the rising edge of SCKO, the
received data that was input at the SIO pin is latched to SIOOQ.
The end of the 8-bit transfer automatically stops SIO0 operation and sets the interrupt request flag (CSIIF0).

Figure 18-5. 3-Wire Serial 1/0 Mode Timing

SCKO 1 2 3 4 5 6 7 8

SI0 l X&DI? X DI6 X DI5 X D14 X DI3 X DI2 X DI1 XDIO/

SO0 X DO7 X DO6 X DOS5 X DO4 X DO3 X DO2 X DO1 X/DOO

CSIIFO

. . — End transfer
Start transfer synchronized to the falling edge of SCKO

(c) Start transfer
If the following two conditions are satisfied, the serial transfer starts when the transfer data is set in serial
1/0 shift register 0 (S100).

e Control bit (CSIEOQ) = 1 during SIO0 operation
« After an 8-bit serial transfer, the internal serial clock enters the stopped state or SCKO is high.
e Transmit or transmit/receive mode
When CSIEO = 1 and MODEQO = 0, the transfer starts with an SIO0 write.
« Receive-only mode
When CSIEO = 1 and MODEDO = 1, the transfer starts with an SIO0 read.

Caution  Even if CSIEOQ is set to 1 after the data is written to SIOO0, transfer does not start.

Serial transfer is automatically stopped by the end of the 8-bit transfer, and the interrupt request flag (CSIIFO0)
is set.
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19.1 Overview of Function

+ 12C (Inter IC) bus mode (multimaster compatible)
This interface communicates with devices that conform to the 12C bus format.
Eight bit data transfers with multiple devices are performed by the two lines of the serial clock (SCLO) and the serial
data bus (SDAO).
In the 12C bus mode, the master can output the start condition, data, and stop condition on the serial data bus
to the slaves.
The slaves automatically detect the received data by hardware. The I12C bus control portion of the application
program can be simplified by using this function.
Since SCLO and SDAO become open-drain outputs in the I2C bus mode, pull-up resistors are required on the serial
clock line and serial data bus line.

Cautions 1. Ifthepowertothe uPD784218AY is disconnected while uPD784218AY functions are notused,
the problem is I2C communication will no longer be possible. Even when not used, do not
disconnect the power to the uPD784218AY.

2. If the I2C bus mode is used, set the SCLO/P27 and SDA0/P25 pins to N-channel open-drains
by setting the port function control register (PF2).
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Figure 19-1. Serial Bus Configuration Example in 12C Bus Mode

Master CPU 1
Slave CPU 1

SDAO

SCLO

+Voo +Vob
—— —o—

Serial data bus

SDAO

Serial clock

19.2 Configuration

The clocked serial interface in the I2C bus mode consists of the following hardware.
Figure 19-2 is a block diagram of clocked serial interface (CSI) in the 12C bus mode.

SCLO

SDAO

SCLO

SDAO

SCLO

SDAO

SCLO

Table 19-1. 12C Bus Mode Configuration

Master CPU 2
Slave CPU 2

Address 1

Slave CPU 3

Address 2

Slave IC

Address 3

Slave IC

Address N

Item

Configuration

Registers

Serial shift register (11C0)

Slave address register (SVAOQ)

Control registers

I2C bus control register (IICCO0)

I2C bus status register (IICS0)

Prescaler mode register for serial clock (SPRMO)
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Figure 19-2. Block Diagram of Clocked Serial Interface (12C Bus Mode)
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I2C bus status I
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12C bus control
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Noise signal CL§2$ ‘
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Serial shift b 0 SO late
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Data hold Acknowledge
time correction detector
N-Ch open- circuit
drain output f_l—l‘ Wake-up
controller
Acknowledge
detector
Start condition
detector
Stop condition
SCLO® detector !
Noise | ¢ .| Serial clock Ir_1terrupt request | INTIICO
eliminator, counter signal generator
Serial clock Serial clock wait
controller T controller
Fx Prescaler
TM2 output

Prescaler mode register
CLDDADISMCIDFC|CL1|CLO for serial clock (SPRMO)
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)

)

3

4

®)

(6)

7

Serial shift register (11C0)

The IICO register converts 8-bit serial data into 8-bit parallel data and 8-bit parallel data into 8-bit serial data.
IICO is used in both transmission and reception.

The actual transmission and reception are controlled by writing and reading 11CO.

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

'RESET input sets 11CO to O0H.

Slave address register (SVAQ)
When used as a slave, this register sets a slave address.
SVAQOQ is set by an 8-bit memory manipulation instruction.

RESET input sets SVAO to 00H.

SO latch
The SO latch holds the output level of the SDAO pin.

Wake-up controller
This circuit generates an interrupt request when the address set in the slave address register (SVAO) and the
reception address matched, or when an extended code was received.

Clock selector
This selects the sampling clock that is used.

Serial clock counter
The serial clock that is output or input during transmission or reception is counted to check 8-bit data
communication.

Interrupt request signal generator
This circuit controls the generation of the interrupt request signal (INTIICO).

The I2C interrupt request is generated by the following two triggers.

« Eighth or ninth clock of the serial clock (set by the WTIMO bitNote)
« Interrupt request generated by detecting the stop condition (set by the SPIEO bitNote)

Note WTIMO bit: Bit 3 in the 12C bus control register (IICCO0)
SPIEO bit:  Bit 4 in the I2C bus control register (1ICCO)
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(8) Serial clock controller
In the master mode, the clock output to pin SCLO is generated by the sampling clock.

(9) Serial clock wait controller
This circuit controls the wait timing.

(10) Acknowledge output circuit, stop condition detector, start condition detector, acknowledge detector
These circuits output and detect the control signals.

(11) Data hold time correction circuit
This circuit generates the hold time of the data to the falling edge of the serial clock.

19.3 Control Registers
The I12C bus mode is controlled by the following three registers.

« 12C bus control register (11CCO)
« I2C bus status register (11CS0)
« Prescaler mode register for serial clock (SPRMO)

The following registers are also used.

¢ Serial shift register (11C0)
* Slave address register (SVAO)

(1) I2C bus control register (1ICCO)
The IICCO register enables and disables the 12C bus mode, sets the wait timing, and sets other 12C bus mode
operations.
IICCO is set by a 1-bit or 8-bit memory manipulation instruction.
RESET input sets 1ICCO to O0H.
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Address: OFFBOH

Figure 19-3. 12C Bus Control Register (IICC0) Format (1/4)

After reset: 00H R/W

Symbol <7> <6> <5> <4> <3> <2> <1> <0>
11ICCO IICEO LRELO WRELO SPIEO WTIMO ACKEO STTO SPTO
IICEQ 12C operation enabled
0 Disables operation. Preset the I2C bus status register (IICS0). Stops internal operation. SCLO and
SDAO lines output low level.
1 Enables operation.
Clear condition (IICEO = 0) Set condition (IICEOQ = 1)
. Clearem instruction e Set by an instruction
*  When RESET is input

LRELO Release communication
0 Normal operation
1 Releases microcontroller from the current communication and sets it in the wait state. Automatically

clears after execution.

The extended code that is unrelated to the base is used during reception.
The SCLO and SDAO lines are put in the high impedance state.

The following flags are cleared.

*STDO +«ACKDO «TRCO +COI0 +EXCO ¢ MSTSO «STTO e« SPTO

Until the following communication participation conditions are satisfied, the wait state that was released from
communication is entered.

« Start as the master after detecting the stop condition.

* Address match or extended code reception after the start condition

Clear condition (LRELO = Q)Note Set condition (LRELO = 1)

* Automatically cleared after execution. * Set by an instruction
*  When RESET is input

WRELO Wait release
0 The wait is not released.
1 The wait is released. After the wait is released, it is automatically cleared.
Clear condition (WRELO = Q)Note Set condition (WRELO = 1)
« Automatically cleared after execution. e Set by an instruction
*  When RESET is input

SPIEO Enable/disable generation of interrupt requests by stop condition detection
0 Disable
1 Enable
Clear condition (SPIEQ = Q)Note Set condition (SPIEO = 1)
e Cleared by an instruction e Set by an instruction
*  When RESET is input

Note IICEO = 0 makes this flag signal invalid.
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Figure 19-3. 12C Bus Control Register (IICC0) Format (2/4)

WTIMO Control of wait and interrupt request generation

0 Interrupt request generated at the falling edge of the eighth clock
For the master: After the eighth clock is output, wait with the clock output low.
For the slave:  After the eighth clock is input, the master waits with the clock low.

1 Interrupt request generated at the falling edge of the ninth clock
For the master: After the ninth clock is output, wait with the clock output low.
For the slave: After the ninth clock is input, the master waits with the clock low.

This bit setting becomes invalid during an address transfer, and becomes valid after the transfer ends. In the
master, a wait is inserted at the falling edge of the ninth clock in an address transfer. The slave that received the
base address inserts a wait at the falling edge of the ninth clock after the acknowledge is generated. The slave
that received the extended code inserts the waits at the falling edge of the eighth clock.

Clear condition (WTIMO = Q)Note Set condition (WTIMO = 1)

¢ Cleared by an instruction e Set by an instruction
*  When RESET is input

ACKEO Acknowledge control
0 Acknowledge is disabled.
1 Acknowledge is enabled. The SDAO line during the ninth clock period goes low. However, the control
is invalid during an address transfer. When EXCO = 1, the control is valid.

Clear condition (ACKEQ = 0)Note Set condition (ACKEO = 1)

¢ Cleared by an instruction Set by an instruction
*  When RESET is input

Note IICEO = 0 makes this flag signal invalid.
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Figure 19-3. 12C Bus Control Register (IICC0) Format (3/4)

STTO Start condition trigger
0 The start condition is not generated.
1 ¢ When the bus is released (stop condition):

The start condition is generated (started as the master). The SDAO line is changed from high to
low, and the start condition is generated. Then, the standard time is guaranteed, and SCLO goes
low.

* When not participating with the bus:
The trigger functions as the start condition reserved flag. When set, the start condition is
automatically generated after the bus is released.

* Wait status (when master)
The wait status is canceled and the restart condition is generated.

Set timing cautions

¢ When the master is receiving: Setting during a transfer is prohibited. When ACKEO = 0 is set, the end of
reception can be set only during the wait period after the transmission to the
slave.

¢ When the master is transmitting: During the ACKO acknowledge period, the start condition may not be
normally generated. Set STTO during the wait period.
e Setting synchronized to SPTO is prohibited.

* Resetting between setting STTO and the generation of the clear condition is prohibited.

Clear condition (STTO = 0)Note Set condition (STTO = 1)
* Cleared by an instruction * Set by an instruction
e IICE0O=0
e LRLO=1

*  When arbitration failed
» Clear after generating the start condition in the master
*  When RESET is input

Note IICEO = 0 makes this flag signal invalid.
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Figure 19-3. 12C Bus Control Register (IICC0) Format (4/4)

SPTO Stop condition trigger
0 The stop condition is not generated.
1 The stop condition is generated (ends the transfer as the master).

After the SDAO line goes low, the SCLO line goes high, or wait until SCLO goes high. Then, the
standard time is guaranteed; the SDAO line is changed from low to high; and the stop condition is
generated.

Set timing cautions
* When the master is receiving: Setting is prohibited during a transfer.
When ACKEO = 0, the end of reception can be set only during the wait
period after transmitting to the slave.
* When the master is transmitting:  During the ACKO period, the stop condition may not be normally generated.
Set SPTO during the wait period.
* Setting synchronized to STTO is prohibited.
* Resetting between setting SPTO and the generation of the clear condition is prohibited.
« Set SPTO only by the master.Note
*«  When WTIMO = 0 is set, be aware that if SPTO is set during the wait period after the eighth clock is output, the
stop condition is generated during the high level of the ninth clock after the wait is released.
When the ninth clock must be output, set WTIMO = 0 — 1 during the wait period after the eighth clock is output,
and set SPTO during the wait period after the ninth clock is output.

Clear condition (SPTO = 0) Set condition (SPTO = 1)
¢ Cleared by an instruction e Set by an instruction
« IICE0O=0

e« LRELO=0

* When arbitration failed
« Automatically clear after the stop condition is detected
*  When RESET is input

Note Set SPTO only by the master. However, SPTO must be set once, and the stop condition generated
while the master is operating until the first stop condition is detected after operation is enabled. For
details, refer to 19.5.15 Additional cautions.

Cautions 1. When bit 3 (TRCO) = 1 in the I12C bus status register (IICS0), after WRELO is set at the
ninth clock and the wait is released, TRCO is cleared, and the SDAO line has a high
impedance.

2. SPTO and STTO are 0 when read after data has been set.

Remark STDO: Bit 1 in the 12C bus status register (11CS0)
ACKDO: Bit 2 in the I2C bus status register (11CS0)
TRCO:  Bit 3 in the I2C bus status register (1ICS0)
Colo: Bit 4 in the 12C bus status register (11CS0)
EXCO: Bit 5 in the 12C bus status register (11CS0)
MSTSO: Bit 7 in the 12C bus status register (11CS0)
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(2) I2C bus status register (11ICS0)
The 1ICSO register displays the status of the 12C bus.
IICSO0 is set by a 1-bit or 8-bit memory manipulation instruction. 11CS0 can only be read.
‘RESET input sets 1ICSO0 to 00H.

Figure 19-4. 12C Bus Status Register (IICS0) Format (1/3)

Address: OFFB6H After reset: 00H R

Symbol <7> <6> <5> <4> <3> <2> <1> <0>
11CSO MSTSO ALDO EXCO (e{0]0] TRCO ACKDO STDO SPDO
MSTSO Master state
0 Slave state or communication wait state
1 Master communication state
Clear condition (MSTSO0 = 0) Set condition (MSTSO0 = 1)
* When the stop condition is detected * When start condition is generated

e When ALDO =1

¢ Cleared by LRELO =1
e WhenlICEO=1 -0
*  When RESET is input

ALDO Arbitration failed detection
0 No arbitration state or arbitration win state
1 Arbitration failed state. MSTSO is cleared.
Clear condition (ALDO = 0) Set condition (ALDO = 1)
« Automatically cleared after 1ICSO0 is read\°t® e When arbitration failed

e WhenlICEO=1 -0
*  When RESET is input

EXCO Extended code reception detection
0 The extended code is not received.
1 The extended code is received.
Clear condition (EXCO = 0) Set condition (EXCO = 1)
* When the start condition is detected * When the most significant four bits of the received
* When the stop condition is detected address data are 0000 or 1111 (set by the rising
¢ Cleared by LRELO =1 edge of the eighth clock)
* WhenlICEO=1 -~ 0
*  When RESET is input

Note This is cleared when a bit manipulation instruction is executed for a bit not in 1ICSO.
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Figure 19-4. 12C Bus Status Register (IICS0) Format (2/3)

Colo Address match detection

0 The address does not match.

1 The address matches.
Clear condition (COIO = 0) Set condition (COIO = 1)
* During start condition detection ¢ When the received address matches the base
« During stop condition detection address (SVAOQ) (set at the rising edge of the eighth
e Cleared by LRELO =1 clock)
e WhenlICEO=1 -0
*  When RESET is input

TRCO Transmission/reception state detection
0 Reception state (not the transmission state). The SDAO line has high impedance.
1 Transmission state. The value in the SO latch can be output to the SDAO line (valid after the falling
edge of the ninth clock of the first byte)

Clear condition (TRCO = 0) Set condition (TRCO = 1)

* When the stop condition is detected In the master

e Cleared by LRELO =1 * When the start condition is generated

* WhenlICEO=1 -0 In the slave

+ Cleared by WRELQ = 1Note e When 1 is input to the LSB of the first byte
e When ALDO=0 - 1 (transfer direction specification bit)

e When RESET is input

In the master

e When 1 is output to the LSB of the first byte
(transfer direction specification bit)

In the slave

*  When the start condition is detected

When not participating in the communication

ACKDO Acknowledge detection
0 The acknowledge is not detected.
1 The acknowledge is detected.
Clear condition (ACKDO = 0) Set condition (ACKDO = 1)
* When the stop condition is detected When the SDAO line is low at the rising edge of the

« At the rising edge of the first clock in the next byte ninth clock of SCLO
¢ Cleared by LRELO =1
* WhenlICEO=1 - 0

*  When RESET is input

Note If a wait is canceled by setting bit 5 (WRELO) of 12C bus control register 0 (IICCO) at the ninth clock
while bit 3 (TRCO) of I2C bus status register 0 (11ICS0) is 1, TRCO is cleared and the SDAO line becomes
high impedance.
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Figure 19-4. 12C Bus Status Register (IICS0) Format (3/3)

STDO Start condition detection
0 The start condition is not detected.
1 The start condition is detected. This indicates the address transfer period.

Clear condition (STDO = 0)

Set condition (STDO = 1)

* When the stop condition is detected

* At the rising edge of the first clock of the next byte
after transferring the address

e Cleared by LRELO =1

e WhenlICEO=1 -0

e When RESET is input

e When the start condition is detected

SPDO Stop condition detection
0 The stop condition is not detected.
1 The stop condition is detected. Communication is ended by the master, and the bus is released.

Clear condition (SPDO = 0)

Set condition (SPDO = 1)

* After the bit is set, at the rising edge of the first
clock in the address transfer byte after detecting the
start condition

* WhenlICEO=1 -~ 0

*  When RESET is input

* When the stop condition is detected

IICEO:

Remark LRELO: Bit 6 of the 12C bus control register (11CCO0)
Bit 7 of the 12C bus control register (IICCO)
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(3) Prescaler mode register for serial clock (SPRMO)
The SPRMO register sets the transfer clock of the 12C bus.
SPRMO is set by a 1-bit or 8-bit memory manipulation instruction.
'RESET input sets SPRMO to 00H.

Figure 19-5. Format of Prescaler Mode Register for Serial Clock (SPRMO) (1/2)

Address: OFFB2H After reset: 00H R/wNote

Symbol 7 6 <5> <4> 3 2 1 0
SPRMO 0 0 CLD DAD SMC DFC CL1 CLO
CLD SCLO line level detection (valid only when IICEO = 1)
0 Detects a low SCLO line.
1 Detects a high SCLO line.
Clear condition (CLD = 0) Set condition (CLD = 1)
e When the SCLO line is low * When the SCLO line is high

* When lICEO =0
*  When RESET is input

DAD SDAO line level detection (valid only when IICEQ = 1)
0 Detects a low SDAO line.
1 Detects a high SDAO line.
Clear condition (DAD = 0) Set condition (DAD = 1)
e When the SDAO line is low e When the SDAO line is high

* When lICEO =0
*  When RESET is input

Note Bits 4 and 5 are read only.
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Figure 19-5. Format of Prescaler Mode Register for Serial Clock (SPRMO) (2/2)

smcNote 1 | pEcNote 2 cL1 CLO Transfer clock fxx setting allowable range

0 1/0 0 0 fxx/44 210 4.19 MHz

0 1/0 0 1 fxx/86 4.19 to 8.38 MHz

0 1/0 1 0 fxx/172 8.38 to 12.5 MHz

0 1/0 1 1 TM2 output/66

1 1/0 0 1/0 fxx/24 4 to 8.38 MHz

1 1/0 1 0 fxx/48 8to 12.5 MHz

1 1/0 1 1 TM2 output/18

Notes 1. SMC: Bit to change operation mode

0: Operates in normal mode

1: Operates in high-speed mode
2. DFC: Bit to control digital filter operation
0: Digital filter off
1: Digital filter on

Cautions 1. Rewrite the SPRMO after clearing the IICEO.

2. Set the transfer clock as follows:

When SMC = 0: 100 kHz or below
When SMC = 1: 400 kHz or below

Remarks 1. IICEQ: Bit 7 of 12C bus control register 0 (11ICCO)
2. The transfer clock does not change due to the ON/OFF setting of bit 2 (DFC) in high-speed mode.
3. lIC clock: Clock frequency when fxx/N is selected

SCLn

f

NXT+1tr+tr

tr

N/2 xT

tr

N/2 xT

SCLn inverts

N

?

SCLn inverts

T

SCLn inverts

IIC clock frequency: fsc. = 1/(N X T + tr + tr)

T = 1/fxx, tr: SCLn rise time, tr: SCLn fall time
Example When fxx = 12.5 MHz, N = 172, tr = 200 ns, tr = 50 ns
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(4) Serial shift register (1IC0)
This register performs serial communication (shift operation) synchronized to the serial clock.
Although this register can be read and written in 1-bit and 8-bit units, do not write data to IIC0O during a data transfer.

Address: OFFB8H After reset: 00H R/W
Symbol 7 6 5 4 3 2 1 0

lico | |

(5) Slave address register (SVAOQ)
This register stores the slave address of the 12C bus.
It can be read and written in 8-bit units, but bit O is fixed at zero.

Address: OFFB4H After reset: 00H R/W
Symbol 7 6 5 4 3 2 1 0

SVAO 0

344 User’s Manual U13570EJ3VOUD



CHAPTER 19 I12C BUS MODE (uPD784216AY, 784218AY SUBSERIES ONLY)

19.4 12C Bus Mode Function

19.4.1 Pin Configuration
The serial clock pin (SCLO) and the serial data bus pin (SDAO) have the following configurations.

(1) SCLO ......... I/0 pin for the serial clock
The outputs to both the master and slave are N-channel open-drains. The inputis a Schmittinput.
(2) SDAO ......... Shared I/O pin for serial data

The outputs to both the master and slave are N-channel open-drains. The inputis a Schmittinput.

Since the outputs of the serial clock line and serial data bus line are N-channel open-drains, external pull-up
resistors are required.

Figure 19-6. Pin Configuration

Voo | Slave device
Master device |

SCLO SCLO

Clock output —ﬂi Voo :EI [=—(Clock output)

(Clock input) <—@— —b—» Clock input
SDAO

Data output —ﬂi SDAO f [~——Data output
Data input <—@— —b—» Data input
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19.5 12C Bus Definitions and Control Method

Next, the serial data communication formats of the 12C bus and the meanings of the signals used are described.
Figure 19-7 shows the transfer timing of the start condition, data, and stop condition that are output on the serial
data bus of the 12C bus.

Figure 19-7. Serial Data Transfer Timing of 12C Bus

SCLoi |3|1to7|33|8|33|9|} }|1to7| |8|§i|9|} 3|1to7| |8|33|9|3| :

SDAO | / :N: \ / \ x \ / \ N X \ /
Start Address R/W ACK Data ACK Data ACK Stop
condition condition

The master outputs the start condition, slave address, and stop condition.

The acknowledge signal (ﬁ) can be output by either the master or slave (Normally, this is output on side receiving
8-bit data).

The serial clock (SCLO) continues to the master output. However, the slave can extend the SCLO low-level period
and insert waits.

19.5.1 Start condition

When the SCLO pin is high, the start condition is the SDAO pin changing from high to low. The start conditions
for the SCLO and SDAO pins are the signals output when the master starts the serial transfer to the slave. The slave
has hardware that detects the start condition.

Figure 19-8. Start Condition

,,,,,,,,,,,,,

,,,,,,,,,,,,,

The start condition is output when bit 1 (STTO) of the 12C bus control register (IICCO0) is set to 1 in the stop condition
detection state (SPDO: when bit 0 in the 12C bus status register (11ICS0) = 1). In addition, when the start condition
is detected, bit 1 (STDO) in IICSO is set to 1.
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19.5.2 Address

The 7-bit data following the start condition defines the address.

The address is 7-bit data that is output so that the master selects a specific slave from the multiple slaves connected
to the bus line. Therefore, the slaves on the bus line must have different addresses.

The slave detects this condition by hardware, and determines whether the 7-bit data matches the slave address
register (SVAO). After the slave was selected when the 7-bit data matched the SVAO value, communication with the
master continues until the master sends a start or stop condition.

Figure 19-9. Address

SCLO 1 2 3 4 5 6 7 8 9
SDAO s / A6 X A5 X A4 X A3 X A2 X Al X A0 X R/W X

Address Note
INTIICO

Note When data other than base address or extended code was received during slave operation, INTIICO is not
generated.

The address is output by matching the slave address and the transfer direction described in 19.5.3 Transfer
direction specification to the serial shift register (IIC0) in 8 bits. In addition, the received address is written to 11CO.
The slave address is allocated to the most significant seven bits of 11CO.

19.5.3 Transfer direction specification
Since the master specifies the transfer direction after the 7-bit address, 1-bit data is transmitted.
A transfer direction specification bit of 0 indicates that the master transmits the data to the slave.
A transfer direction specification bit of 1 indicates that the master receives the data from the slave.

Figure 19-10. Transfer Direction Specification

SCLO 1 2 3 4 5 6 7 8 9
SDAO s / A6 X A5 X A4 X A3 X A2 X Al X A0 X RIW X
Noti
Transfer direction ote
INTIICO specification

Note When data other than base address or extended code is received during slave operation, INTIICO is not
generated.
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19.5.4 Acknowledge signal (ACK)

The acknowledge signal verifies the reception of the serial data on the transmitting and receiving sides.

The receiving side returns the acknowledge signal each time 8-bit data is received. Usually, after transmitting 8-
bit data, the transmitting side receives an acknowledge signal. However, if the master receives, the acknowledge
signal is not output when the last data is received. After an 8-bit transmission, the transmitting side detects whether
the receiving side returned an acknowledge signal. If an acknowledge signal is returned, the following processing
is performed assuming that reception was correctly performed. Since reception has not been performed correctly
if the acknowledge signal is not returned from the slave, the master outputs the stop condition to stop transmission.

If an acknowledge signal is not returned, the following two causes are considered.

(1) The reception is not correct.
(2) The last data has been received.

When the receiving side sets the SDAO line low at the ninth clock, the acknowledge signal becomes active (normal
reception response).

If bit 2 (ACKEQO) in the I12C bus control register (IICCO0) = 1, the enable automatic generation of the acknowledge
signal state is entered.

Bit 3 (TRCO) in the 12C bus status register (1ICS0) is set by the data in the eighth bit following the 7-bit address
information. However, set ACKEO = 1 in the reception state when TRCO bit is 0.

When the slave is receiving (TRCO = 0), the slave side receives multiple bytes and the next data is not required,
when ACKEO = 0, the master side cannot start the next transfer.

Similarly, the next data is not needed when the master is receiving (TRCO = 0), set ACKEO = 0 so that the ACK
signal is not generated when you want to output a restart or stop condition. This prevents the output of MSB data
in the data on the SDAO line when the slave is transmitting (transmission stopped).

Figure 19-11. Acknowledge Signal

SCLO 1 2 3 4 5 6 7 8 9

oo\ [0 Vo T Yo e [ oo Yo \ s [

When receiving the base address, the automatic output of the acknowledge is synchronized to the falling edge
of the eighth clock of SCLO regardless of the ACKEO value. Whenreceiving at an address other than the base address,
the acknowledge signal is not output.

The output method of the acknowledge signal when receiving data is as follows based on the wait timing.
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* When 8 clock waits are selected: The acknowledge signal is synchronized to the falling edge of the eighth
clock of SCL output by setting ACKEO = 1 before the wait is released.

* When 9 clock waits are selected: By setting ACKEO =1 beforehand, the acknowledge signal is synchronized
to the falling edge of the eighth clock of SCLO and is automatically output.

19.5.5 Stop condition

When the SCLO pin is high and the SDAO pin changes from low to high, the stop condition results.

The stop condition is the signal output by the master to the slave when serial transfer ends. The slave has hardware
that detects the stop condition.

Figure 19-12. Stop Condition

The stop condition is generated when bit 0 (SPT0) of the 12C bus control register (IICCO0) is set to 1. And when
the stop condition is detected, if bit 0 (SPDO) in the 12C bus status register (IICS0) is set to 1 and bit 4 (SPIEO) of
IICCO is also set to 1, INTIICO is generated.
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19.5.6 Wait signal (WAIT)
The wait signal notifies the other side that the master or slave is being prepared (wait state) for data communication.
The wait state is notified to the other side by setting the SCLO pin low. When both the master and the slave are
released from the wait state, the next transfer can start.

Figure 19-13. Wait Signal (1/2)

(1) The master has a 9 clock wait, and the slave has an 8 clock wait
(Master: transmitting, Slave: receiving, ACKEO = 1)

Master
The master returns to Hi-Z, Wait after the ninth
but the slave waits (low level). clock is output.
, 1ICO — data (wait release)
11CO T
SCLO 6 7 8 9 1 2 3
Slave
Wait after the eighth
clock is output.
IICO - FFH or WRELO ~ 1
IIco ; o
SCLO
ACKEO H

Transfer lines

SCLO 6 7 8 9 1 2 3

SDAO XDZXDlXDOX ACK / XD7XD6XD5
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Figure 19-13. Wait Signal (2/2)

(2) Both the master and slave have 9 clock waits
(Master: transmitting, Slave: receiving, ACKEO = 1)

Master

Both the master and slave wait
after nine clocks are output.

, 1ICO — data (wait release)
11CO T

SCLO 6 7 8 9 1 2 3

Slave

1ICO } IICO - FFH or WRELO ~ 1

SCLO

ACKEO H

Transfer lines

SCLO 6 7 8 9 1 2 3

SDAO XDZXDlXDOXﬁ/ X D7 XDGXDSX
|

Output in accordance with the preset ACKEO

Remark ACKEO: Bit 2 in the 12C bus control register (1ICCO)
WRELO: Bit 5 in the I2C bus control register (1ICCO0)

A wait is automatically generated by setting bit 3 (WTIMO) of the 12C bus control register (11CCO).

Normally, when bit 5 (WRELO) in IICCO = 1 or FFH is written to the serial shift register (11C0), the receiving side
releases the wait; when data is written to IICO, the transmitting side releases the wait.

In the master, the wait can be released by the following methods.

« 1ICCO bit 1 (STTO) = 1
« 1ICCO bit 0 (SPTO0) = 1
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19.5.7 12C interrupt request (INTIICO)
This section describes the values of the 12C bus status register (11CS0) at the INTIICO interrupt request generation
timing and the INTIICO interrupt request timing.

(1) Master operation
(a) Start - Address - Data - Data - Stop (normal communication)
<1> When WTIMO =0

SPTO=1

'

|ST‘AD6t0ADO‘RW‘AK‘ D7 to DO ‘AK‘ D7 to DO ‘AK‘SF"
Al A2 A3 A4 A5

Al: [ICSO = 10xxx110B
A2: |ICS0 = 10xxx000B
A3: [ICSO = 10xxx000B (WTIMO = 1)
A4: [ICSO = 10xxxx00B
AS5: 1ICS0 = 00000001B

Remarks a: Always generated.
A Generated only when SPIEO = 1
x: Don't care

<2> When WTIMO = 1

SPTO=1

|ST‘AD6tOADO‘RW‘AK‘ D7 to DO ‘AK‘ D7 to DO ‘AK‘SP'
Al A2 A3 A4

Al: 1ICSO = 10xxx110B
A2: [ICSO = 10xxx100B
A3: [ICSO = 10xxxx00B
A4: 11ICS0 = 00000001B

Remarks a: Always generated.

A: Generated only when SPIEO = 1
x: Don't care
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(b) Start - Address - Data - Start - Address - Data - Stop (Restart)

<1> When WTIMO =0

<2>

STT0=1 SPTO=1

l i

|ST‘AD6toADO‘RW‘AK‘ D7 to DO ‘AK‘ ST‘ADGtOADO‘RW‘AK‘ D7 to DO ‘AK‘ SP|
Al A2 A3 A4 A5 A6 A7

Al: [ICSO = 10xxx110B
A2 |ICS0O = 10xxx000B (WTIMO = 1)
A3: [ICSO = 10xxxx00B (WTIMO = 0)
A4 |ICSO = 10xxx110B (WTIMO = 0)
A5 |ICSO = 10xxx000B (WTIMO = 1)
AG: 1ICSO = 10xxxx00B
AT: 1ICS0 = 00000001B

Remarks A: Always generated.
A Generated only when SPIEO = 1
x: Don'’t care

When WTIMO = 1

STT0=1 SPTO=1

' |

|ST‘AD6t0ADO‘RW‘AK‘ D7 to DO ‘AK‘ST‘ADGIOADO‘RW‘AK‘ D7 to DO ‘AK‘SP'
Al A2 A3 A4 N5

Al: [ICSO = 10xxx110B
A2: 1ICSO = 10xxxx00B
A3: 1ICSO = 10xxx110B
A4: [ICSO = 10xxxx00B
A5: 1ICS0 = 00000001B

Remarks a: Always generated.

A: Generated only when SPIEO = 1
x: Don't care
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(c) Start - Code - Data - Data - Stop (Extended code transmission)

<1> When WTIMO =0

SPTO=1

|ST‘AD6tOADO‘RW‘AK‘ D7 to DO ‘AK‘ D7 to DO ‘AK‘SP'
Al A2 A3 A4 N5

Al: 1ICSO =1010x110B
A2: ]ICSO = 1010x000B
A3: 1ICSO = 1010%x000B (WTIMO = 1)
A4: 1ICSO = 1010xx00B
A5: 1ICS0O = 00000001B

Remarks a: Always generated.

A Generated only when SPIEOQ = 1
x: Don't care

<2> When WTIMO = 1

SPTO=1

|ST‘AD6t0ADO‘RW‘AK‘ D7 to DO ‘AK‘ D7 to DO ‘AK‘SP'
Al A2 A3 A4

Al: [ICSO =1010x110B
A2: [ICSO = 1010x100B
A3: 1ICSO = 1010xx00B
A4: 11ICSO = 00000001B

Remarks a: Always generated.

A: Generated only when SPIEO = 1
x: Don’t care

354 User’s Manual U13570EJ3VOUD



CHAPTER 19 I12C BUS MODE (uPD784216AY, 784218AY SUBSERIES ONLY)

(2) Slave operation (when receiving slave address data (SVAO match))

(a) Start - Address - Data - Data - Stop

<1>

<2>

When WTIMO =0

|ST‘AD6IOADO‘RW‘AK‘ D7 to DO ‘AK‘ D7 to DO ‘AK‘SP'
Al A2 A3 A

Al: 1ICSO = 0001x110B
A2: [ICSO = 0001x000B
A3: 1ICSO = 0001x000B
A4: 11CSO = 00000001B

Remarks a: Always generated.
A Generated only when SPIEOQ = 1

x: Don’t care

When WTIMO = 1

|ST‘AD6t0ADO‘RW‘AK‘ D7 to DO ‘AK‘ D7 to DO ‘AK‘SP'
Al A2 A3 A4

Al: 1ICSO = 0001x110B
A2: [ICSO = 0001x100B
A3: [ICSO = 0001xx00B
A4: 11CS0O = 00000001B

Remarks A: Always generated.

A Generated only when SPIEOQ = 1
x: Don't care
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(b) Start - Address - Data - Start - Address - Data - Stop

<1> When WTIMO = 0 (SVAO match after restart)

<2>

|ST‘AD6t0ADO‘RW‘AK‘ D7 to DO ‘AK‘ST‘AD6IOADO‘RW‘AK‘ D7 to DO ‘AK‘SP'
Al A2 A3 A4 A5

Al: [ICSO = 0001x110B
A2: ]ICSO = 0001x000B
A3: 1ICSO =0001x110B
A4: [ICSO = 0001x000B
A5: 1ICS0O = 00000001B

Remarks A: Always generated.
A Generated only when SPIEOQ = 1

x: Don't care

When WTIMO = 1 (SVAO match after restart)

| ST‘ADGtoADO ‘ RW‘ AK‘ D7 to DO ‘ AK‘ ST‘ADGtoADO ‘ RW‘ AK‘ D7 to DO ‘ AK‘ SP|
Al A2 A3 A4 A5

Al: [ICSO = 0001x110B
A2: 1ICSO = 0001xx00B
A3: [ICSO =0001x110B
A4: [ICSO = 0001xx00B
A5: 1ICS0O = 00000001B

Remarks A: Always generated.

A Generated only when SPIEOQ = 1
x: Don't care
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(c) Start - Address - Data - Start - Code - Data - Stop

<1> When WTIMO = 0 (extended code received after restart)

<2>

| ST ‘ AD6 to ADO ‘ RW‘ AK‘ D7 to DO ‘ AK‘ ST ‘ ADG6 to ADO ‘ RW‘ AK‘ D7 to DO ‘ AK‘ SPl
Al A2 A3 A4 A5

Al: [ICSO = 0001x110B
A2: ]ICSO = 0001x000B
A3: 1ICSO = 0010x010B
A4: [ICSO = 0010x000B
A5: 1ICS0O = 00000001B

Remarks A: Always generated.
A Generated only when SPIEOQ = 1

x: Don't care

When WTIMO = 1 (extended code received after restart)

|ST‘AD6t0ADO‘RW‘AK‘ D7 to DO ‘AK‘ST‘ADGtOADO‘RW‘AK‘ D7 to DO ‘AK‘SP'
Al A2 A3 A4 A5 A6

Al: [ICSO = 0001x110B
A2: ]ICSO = 0001xx00B
A3: 1ICSO = 0010x010B
A4: [ICSO = 0010x110B
A5: 1ICSO = 0010xx00B
A6: 11ICSO = 00000001B

Remarks a: Always generated.

A Generated only when SPIEOQ = 1
x: Don't care
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(d) Start - Address - Data - Start - Address - Data - Stop

<1> When WTIMO = 0 (no address match after restart (not extended code))

<2>

| ST‘ADGtoADO ‘ RW‘ AK‘ D7 to DO ‘AK‘ ST‘ADGtoADO ‘ RW‘ AK‘ D7 to DO ‘AK‘ SP|
Al A2 A3 A4

Al: [ICSO = 0001x110B
A2: [ICSO = 0001x000B
A3: 1ICSO = 0000xx10B
A4: 11ICSO = 00000001B

Remarks a: Always generated.
A: Generated only when SPIEO = 1

x: Don'’t care

When WTIMO = 1 (no address match after restart (not extended code))

| ST ‘ AD6 to ADO ‘ RW‘ AK‘ D7 to DO ‘ AK‘ ST ‘ AD6 to ADO ‘ RW‘ AK‘ D7 to DO ‘ AK‘ SP|
Al A2 A3 A4

Al: 1ICSO = 0001x110B
A2: [ICSO = 0001xx00B
A3: 1ICSO = 0000xx10B
A4: 11CS0O = 00000001B

Remarks a: Always generated.

A Generated only when SPIEOQ = 1
x: Don't care
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(3) Slave operation (when receiving the extended code)

(a) Start - Code - Data - Data - Stop

<1> When WTIMO =0

<2>

|ST‘AD6toADO‘RW‘AK‘ D7 to DO ‘AK‘ D7 to DO ‘AK‘SP'
Al A2 A3 A4

Al: 1ICSO = 0010x010B
A2: [ICSO = 0010x000B
A3: [ICSO = 0010x000B
A4: 11CS0O = 00000001B

Remarks A: Always generated.
A Generated only when SPIEOQ = 1

x: Don't care

When WTIMO = 1

|ST‘AD6tOADO‘RW‘AK‘ D7 to DO ‘AK‘ D7 to DO ‘AK‘SP'
Al 2 A3 A4 A5

Al: [ICSO = 0010x010B
A2: ]ICSO = 0010x110B
A3: [ICSO = 0010x100B
A4: [ICSO = 0010xx00B
A5: 1ICS0O = 00000001B

Remarks A: Always generated.

A Generated only when SPIEOQ = 1
x: Don't care
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(b) Start - Code - Data - Start - Address - Data - Stop

<1> When WTIMO = 0 (SVAO match after restart)

<2>

|ST‘AD6t0ADO‘RW‘AK‘ D7 to DO ‘AK‘ST‘ADGtOADO‘RW‘AK‘ D7 to DO ‘AK‘SP'

Al
A2:
A3:
A4
AB5:

Al

IICSO = 0010x010B
IICSO = 0010x000B
IICSO = 0001x110B
IICSO = 0001x000B
IICSO = 00000001B

A2 A3 A4 A5

Remarks A: Always generated.
A: Generated only when SPIEO = 1

x: Don't care

When WTIMO = 1 (SVAO match after restart)

|ST‘AD6IOADO‘RW‘AK‘ D7 to DO ‘AK‘ST‘AD6IOADO‘RW‘AK‘ D7 to DO ‘AK‘SP'

Al
A2:
A3:
A4
A5
AB:

Al A2

IICSO = 0010x010B
IICSO = 0010x110B
IICS0O = 0010xx00B
IICSO = 0001x110B
IICSO = 0001xx00B
IICS0O = 00000001B

A3 A4 A5 A6

Remarks A: Always generated.
A Generated only when SPIEOQ = 1

x: Don't care
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(c) Start - Code - Data - Start - Code - Data - Stop

<1> When WTIMO = 0 (extended code received after restart)

|ST‘AD6t0ADO‘RW‘AK‘ D7 to DO ‘AK‘ST‘ADGIOADO‘RW‘AK‘ D7 to DO ‘AK‘SP'

Al
A2:
A3:
A4
AS:

Al

IICSO = 0010x010B
IICSO = 0010x000B
IICSO = 0010x010B
IICSO = 0010x000B
IICS0O = 00000001B

A2

Remarks A: Always generated.
A Generated only when SPIEOQ = 1

<2> When WTIMO = 1 (extended code received after restart)

x: Don't care

A3 A4 A5

|ST‘AD6t0ADO‘RW‘AK‘ D7 to DO ‘AK‘ST‘ADGtOADO‘RW‘AK‘ D7 to DO ‘AK‘SP'

Al
A2:
A3:
A4
A5
AG:
AT:

Al A2

IICSO = 0010x010B
IICSO = 0010%x110B
IICSO = 0010xx00B
IICSO = 0010x010B
IICSO = 0010%x110B
IICSO = 0010xx00B
IICSO = 00000001B

A3

Remarks A: Always generated.
A: Generated only when SPIEQO = 1

x: Don't care
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(d) Start - Code - Data - Start - Address - Data - Stop

<1> When WTIMO = 0 (no address match after restart (not an extended code))

|ST‘AD6t0ADO‘RW‘AK‘ D7 to DO ‘AK‘ST‘ADGtOADO‘RW‘AK‘ D7 to DO ‘AK‘SP'
Al A2 A3 A4

Al: [ICSO = 0010x010B
A2: ]ICSO = 0010x000B
A3: 1ICSO = 00000x10B
A4: 11ICSO = 00000001B

Remarks A: Always generated.
A: Generated only when SPIEO = 1

x: Don't care

<2> When WTIMO = 1 (no address match after restart (not an extended code))

[ sT| AD6toAD0 | RW| AK | D7toD0 | Ak | sT | AD6t0ADO | RW| AK | D710D0 | AK | sP|
Al A2 A3 A4 A5

Al: 1ICSO = 0010x010B
A2: [ICSO = 0010x110B
A3: 1ICSO = 0010xx00B
A4: 1ICSO = 00000x10B
AS: 11ICSO = 00000001B

Remarks a: Always generated.
A: Generated only when SPIEO = 1
x: Don't care

(4) Not participating in communication

(a) Start - Code - Data - Data - Stop

|ST‘AD6tOADO‘RW‘AK‘ D7 to DO ‘AK‘ D7 to DO ‘AK‘SP'
yavs

Al: 11ICSO = 00000001B

Remarks A: Generated only when SPIEO =1
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(5) Arbitration failed operation (operates as the slave after arbitration fails)

(a) When arbitration failed while transmitting slave address data

<1> When WTIMO =0

|ST‘AD6toADO‘RW‘AK‘ D7 to DO ‘AK‘ D7 to DO ‘AK‘SP'
Al A2 A3 A4

Al: [ICSO =0101x110B (Example: Read ALDO during interrupt servicing.)
A2: 1ICSO = 0001x000B
A3: 1ICSO = 0001x000B
A4: 1ICS0 = 00000001B

Remarks A: Always generated.
A Generated only when SPIEOQ = 1

x: Don'’t care

<2> When WTIMO = 1

| ST‘ADGtoADO ‘ RW‘ AK‘ D7 to DO ‘ AK‘ D7 to DO ‘ AK‘ SP|
Al A2 A3 A4

Al: [ICSO =0101%x110B (Example: Read ALDO during interrupt servicing.)
A2: [ICSO = 0001x100B
A3: [ICS0O = 0001xx00B
A4: 1ICS0O = 00000001B

Remarks A: Always generated.

A: Generated only when SPIEO = 1
x: Don't care
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(b) When arbitration failed while transmitting an extended code

<1>

<2>

When WTIMO =0

|ST‘AD6t0ADO‘RW‘AK‘ D7 to DO ‘AK‘ D7 to DO ‘AK‘SP'
Al A2 A3 A4

Al: [ICSO =0110x010B (Example: Read ALDO during interrupt servicing.)
A2: [ICSO = 0010x000B
A3: [ICSO = 0010x000B
A4: 1ICS0O = 00000001B

Remarks a: Always generated.
A: Generated only when SPIEO = 1

x: Don'’t care

When WTIMO =1

|ST‘AD6tOADO‘RW‘AK‘ D7 to DO ‘AK‘ D7 to DO ‘AK‘SP'
Al A2 A3 A4 A5

Al: [ICSO =0110x010B (Example: Read ALDO during interrupt servicing.)
A2: 1ICSO =0010x110B
A3: 1ICSO = 0010x100B
A4: 1ICS0O = 0010xx00B
A5: 1ICS0 = 00000001B

Remarks a: Always generated.

A: Generated only when SPIEO = 1
x: Don’t care
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(6) Arbitration failed operation (no participation after arbitration failed)

(a) When arbitration failed while transmitting slave address data

|ST‘AD6t0ADO‘RW‘AK‘ D7 to DO ‘AK‘ D7 to DO ‘AK‘SP'
Al A2

Al: [ICSO =01000110B (Example: Read ALDO during interrupt servicing.)
A2: 1ICS0O = 00000001B

Remarks A: Always generated.
A: Generated only when SPIEO = 1

(b) When arbitration failed while transmitting an extended code

|ST‘AD6t0ADO‘RW‘AK‘ D7 to DO ‘AK‘ D7 to DO ‘AK‘SP'
Al A2

Al: [ICSO =0110x010B (Example: Read ALDO during interrupt servicing.)
Set LRELO = 1 from the software.
A2: 11ICS0 = 00000001B

Remarks A: Always generated.

A: Generated only when SPIEO = 1
x: Don't care
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(c) When arbitration failed during a data transfer

<1>

<2>

When WTIMO =0

|ST‘AD6t0ADO‘RW‘AK‘ D7 to DO ‘AK‘ D7 to DO ‘AK‘SP'
Al A2 A3

Al: [ICSO =10001110B
A2: [ICSO = 01000000B (Example: Read ALDO during interrupt servicing.)
A3: 1ICS0O = 00000001B

Remarks A: Always generated.
A Generated only when SPIEOQ = 1

When WTIMO =1

|ST‘AD6t0ADO‘RW‘AK‘ D7 to DO ‘AK‘ D7 to DO ‘AK‘SP'
Al A2 A3

Al: [ICSO =10001110B
A2: [ICSO = 01000100B (Example: Read ALDO during interrupt servicing.)
A3: 1ICS0O = 00000001B

Remarks A: Always generated.
A Generated only when SPIEQ = 1
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(d) When failed in the restart condition during a data transfer

<1>

<2>

Not an extended code (Example: SVAO match)

| ST‘ADGtOADO ‘ RW‘ AK‘ D7 to Dn ‘ ST‘ADGtOADO ‘ RW‘ AK‘ D7 to DO ‘ AK‘ SPl
Al A2 A3

Al: [ICSO =1000%x110B
A2: [ICSO =01000110B (Example: Read ALDO during interrupt servicing.)
A3: 1ICS0O = 00000001B

Remarks A: Always generated.
A Generated only when SPIEOQ = 1
x: Don't care
Dn = D6 to DO

Extended code

[ st | AD6toADO |RW| AK | D7toDn | sT | AD6t0ADO | RW| AK | D710D0 | AK | SP|
Al A2 A3

Al: [ICSO =1000x110B

A2: [ICSO = 0110x010B (Example: Read ALDO during interrupt servicing.)
IICCO:LRELO = 1 set by software.

A3: 1ICS0O = 00000001B

Remarks A: Always generated.
A Generated only when SPIEOQ = 1
x: Don't care
Dn = D6 to DO
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(e) When failed in the stop condition during a data transfer

| ST ‘ ADG to ADO ‘ RW‘ AK‘ D7 to Dn ‘ SP|
Al A2

Al: [ICSO = 1000x110B
A2: 11ICSO = 01000001B

Remarks A: Always generated.
A Generated only when SPIEOQ = 1
x: Don’t care
Dn = D6 to DO

(f) When arbitration failed at a low data level and the restart condition was about to be generated

When WTIMO = 1

STT0=1

l

|ST‘AD6tOADO‘RW‘AK‘ D7 to DO ‘AK‘ D7 to DO ‘AK‘ D7 to DO ‘AK‘SF"
Al A2 A3 A4

Al: IICSO =1000x110B
A2: 1ICSO = 1000xx00B
A3: [ICSO =01000100B (Example: Read ALDO during interrupt servicing.)

A4: 1ICS0O = 00000001B
Remarks a: Always generated.
A: Generated only when SPIEO = 1
x: Don'’t care
(g) When arbitration failed in a stop condition and the restart condition was about to be generated
When WTIMO = 1

STT0=1

|ST‘AD6IOADO‘RW‘ AK‘ D7 to DO AK | SP
Al A2 A3

Al: 1ICSO = 1000x110B
A2: [ICSO = 1000xx00B
A3: 11ICSO = 01000001B

Remarks A: Always generated.

A: Generated only when SPIEO = 1
x: Don't care
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(h) When arbitration failed in the low data level and the stop condition was about to be generated

When WTIMO = 1

SPTO=1

l

|ST‘AD6tOADO‘RW‘AK‘ D7 to DO ‘AK‘ D7 to DO ‘AK‘ D7 to DO ‘AK‘SP'

Al
A2:
A3:
A4

Al A2 A3

IICSO = 1000x110B
IICS0O = 1000xx00B
IICSO = 01000000B (Example: Read ALDO during interrupt servicing)
IICSO = 00000001B

Remarks A: Always generated.

A Generated only when SPIEOQ = 1
x: Don't care
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19.5.8 Interrupt request (INTIICO) generation timing and wait control
By setting the WTIMO bit in the 12C bus control register (IICCO), INTIICO is generated at the timing shown in Table
19-2 and wait control is performed.

Table 19-2. INTICO Generation Timing and Wait Control

WTIMO During Slave Operation During Master Operation
Address Data Reception | Data Transmission Address Data Reception | Data Transmission
0 gNotes 1, 2 gNote 2 gNote 2 9 8 8
1 gNotes 1, 2 gNote 2 gNote 2 9 9 9

Notes 1. The INTIICO signal and wait of the slave are generated on the falling edge of the ninth clock only when
the address set in the slave address register (SVAQ) matches.
In this case, ACK is output regardless of the ACKEQ setting. The slave that received the extended code
generates INTIICO at the falling edge of the eighth clock.
2. When the address that received SVAO does not match, INTIICO and wait are not generated.

Remark The numbers in the table indicate the number of clocks in the serial clock. In addition, the interrupt
request and wait control are both synchronized to the falling edge of the serial clock.

(1) When transmitting and receiving an address
* When the slave is operating: The interrupt and wait timing are determined regardless of the WTIMO bit.
* When the master is operating: The interrupt and wait timing are generated by the falling edge of the ninth
clock regardless of the WTIMO bit.
(2) When receiving data
* When the master and slave are operating: The interrupt and wait timing are set by the WTIMO bit.

(3) When transmitting data

* When the master and slave are operating: The interrupt and wait timing are set by the WTIMO bit.
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(4) Releasing a wait
The following four methods release a wait.

« WRELO = 1 in the I2C bus control register (IICC0)
« Writing to the serial shift register (11C0)

¢ Setting the start condition (STTO = 1 in 1ICCO0)

¢ Setting the stop condition (SPTO = 1 in IICCO0)

When eight clock waits are selected (WTIMO = 0), the output level of ACK must be determined before releasing
the wait.

(5) Stop condition detection
INTIICO is generated when the stop condition is detected.

19.5.9 Address match detection

In the 12C bus mode, the master can select a specific slave device by transmitting the slave address.

An address match is automatically detected by the hardware. When the base address is set in the slave address
register (SVAO), if the slave address transmitted from the master matches the address set in SVAQ, or if the extended
code is received, an INTIICO interrupt request occurs.

19.5.10 Error detection

In the 12C bus mode, since the state of the serial bus (SDAO) during transmission is introduced into the serial shift
register (11C0) of the transmitting device, transmission errors can be detected by comparing the IICO data before and
after the transmission. In this case, if two data differ, the decision is that a transmission error was generated.
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19.5.11 Extended codes

(1) If the most significant four bits of the receiving address are 0000 or 1111, an extended code is received and the
extended code received flag (EXCO) is set. The interrupt request (INTIICO) is generated at the falling edge of
the eighth clock. The base address stored in the slave address register (SVAO) is not affected.

(2) In 10-bit address transfers, the following occurs when 111110xx is set in SVAO and 111110xx0 is transferred
from the master. However, INTIICO is generated at the falling edge of the eighth clock.

» Most significant 4 bits of data match: EXCO0 = 1Note
« 7-bit data match: COIQ = 1Note

Note EXCO: Bit 5 of the I2C bus status register (I11CS0)
COI0: Bit 4 of the I12C bus status register (IICS0)

(3) Since the processing after an interrupt request is generated differs depending on the data that follows the
extended code, the software performs this processing.
For example, when operation as a slave is not desired after an extended code is received, enter the next
communication wait state by setting bit 6 (LRELO) of the 12C bus control register (1ICCO) to 1.

Table 19-3. Definitions of Extended Code Bits

Slave Address R/W Bit Description
0000 000 0 General call address
0000 000 1 Start byte
0000 o001 x CBUS address
0000 010 x Address reserved in the different bus format
1111  0Oxx X 10-bit slave address setting

19.5.12 Arbitration

When multiple masters simultaneously output start conditions (when STTO = 1 occurs before STDO = 1Not€) the
master communicates while the clock is adjusted until the data differ. This operation is called arbitration.

A master that failed arbitration sets the arbitration failed flag (ALDO) of the I2C bus status register (IICS0) at the
timing of the failed arbitration. The SCLO and SDAO lines enter the high impedance state, and the bus is released.

Failed arbitration is detected when ALDO = 1 by software at the timing of the interrupt request generated next (eighth
or ninth clock, stop condition detection, etc.).

At the timing for generating the interrupt request, refer to 19.5.7 12C interrupt request (INTIICO).

Note STDO: Bit 1 in the I2C bus status register (IICS0)
STTO: Bit 1 in the I2C bus control register (1ICC0)
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Figure 19-14. Example of Arbitration Timing
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Table 19-4. Arbitration Generation States and Interrupt Request Generation Timing

Arbitration Generation State Interrupt Request Generation Timing

During address transmission Falling edge of clock 8 or 9 after byte transferNote 1

Read/write information after address transmission

During extended code transmission

Read/write information after extended code transmission

During data transmission

During ACK transfer period after data transmission

Restart condition detection during data transfer

Stop condition detection during data transfer When stop condition is output (SPIEQ = 1)Note 2
Data is low when the restart condition is about to be Falling edge of clock 8 or 9 after byte transferNote 1
output.

The restart condition should be output, but the stop Stop condition is output (SPIEQ = 1)Note 2

condition is detected.

Data is low when the stop condition is about to be output. | Falling edge of clock 8 or 9 after byte transfer

Note 1

SCLO is low when the restart condition is about to be

output.

Notes 1. If WTIMO =1 (bit 3 = 1 in the I2C bus control register (IICC0)), an interrupt request is generated at the

timing of the falling edge of the ninth clock. If WTIMO =0 and the slave address of the extended code
is received, an interrupt request is generated at the timing of the falling edge of the eighth clock.
When arbitration is possible, use the master to set SPIEO = 1.

Remark SPIEO: Bit 5 in the I2C bus control register (IICCO)
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19.5.13 Wake-up function

This is a slave function of the 12C bus and generates the interrupt request (INTIICO) when the base address and
extended code were received.

When the address does not match, an unused interrupt request is not generated, and efficient processing is
possible.

When the start condition is detected, the wake-up standby function is entered. Since the master can become a
slave in an arbitration failure (when a start condition was output), the wake-up standby function is entered while the
address is transmitted.

However, when the stop condition is detected, the generation of interrupt requests is enabled or disabled based
on the setting of bit 5 (SPIEO) in the 12C bus control register (IICCO0) unrelated to the wake-up function.
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19.5.14 Communication reservation

When you want the master to communicate after being in the not participating state in the bus, the start condition
can be transmitted when a bus is released by reserving communication. The following two states are included when
the bus does not participate.

¢ When there was no arbitration in the master and the slave
« When the extended code is received and operation is not as a slave (bus released when ACK is not returned,
and bit 6 (LRELO) = 1 in the 12C bus control register (1ICC0))

When bit1 (STTO) of ICCO is setinthe not participating state in the bus, after the bus is released (after stop condition
detection), the start condition is automatically generated, and the wait state is entered. When the bus release is
detected (stop condition detection), the address transfer starts as the master by the write operation of the serial shift
register (11C0). In this case, set bit 4 (SPIEOQ) in 1ICCO.

When STTO is set, whether it operates as a start condition or for communication reservation is determined by the

bus state.
e When the bus is released -« Start condition generation
¢ When the bus is not released (standby state) -«--------- Communication reservation

To verify whether STTO operates as a communication reservation, set STTO and use MSTSO (bit 7 in the 12C bus
status register (IICS0)) after the wait time elapses.

Use the software to save the wait time which is a time listed in Table 19-5. The wait time can be set by bits 3,
1, and 0 (SMC, CL1, and CLO) in the prescaler mode register for the serial clock (SPRMO).

Table 19-5. Wait Times

SMC CL1 CLO Wait Time

0 0 0 26 clocks x 1/fxx

0 0 1 46 clocks x 1/fxx

0 1 0 92 clocks x 1/fxx

0 1 1 37 clocks x 1/TM2 output
1 0 0 16 clocks x 1/fxx

1 0 1

1 1 0 32 clocks x 1/fxx

1 1 1 13 clocks x 1/TM2 output
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Figure 19-15 shows the timing of communication reservation.

Figure 19-15. Timing of Communication Reservation

Program processing ST'I;O 11CO write
Communi- SPDO and
: cation STDO
Hardware processing | ccena- Ll:ylco setting
tion Ings
SCLO

SDAO

i

Output from the master
that possessed the bus

IICO:  Serial shift register

STTO: Bit 1 in the I2C bus control register (1ICC0)
STDO: Bit 1 in the I2C bus status register (11CS0)
SPDO: Bit 0 in the I2C bus status register (1ICS0)

The communication reservation is accepted at the following timing. After bit 1 (STDO) = 1 in the I2C bus status
register (IICS0), the communication is reserved by bit 1 (STT0) = 1 in the 12C bus control register (IICCO) until the
stop condition is detected.

Figure 19-16. Communication Reservation Acceptance Timing

scto J
/ X |

STDO

/o

SPDO

Wait state
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Figure 19-17 shows the communication reservation procedure.

Figure 19-17. Communication Reservation Procedure

DI

SET1 STTO ; Set the STTO flag (communication reservation).

Define communication ) s .
reservation ; Define that communication is being reserved.
: (Defines and sets the user flag to any RAM.)

Wait ; Save the wait time by the software
(see Table 19-5).

(Communication reservation)Nt
; Check communication reservation.

No
(Start condition generated)

Communication

L ; Clear the user flag.
reservation is released.

MOV IICO, #xxH ; 11CO write

El

Note When the communication is being reserved, the serial shift register (IIC0) is written by the stop condition
interrupt.

Remark STTO: Bit 1 in the 12C bus control register (IICCO)

MSTSO: Bit 7 in the I2C bus status register (1ICS0)
11CO: Serial shift register
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19.5.15 Additional cautions

After a reset, when the master is communicating from the state where the stop condition is not detected (bus is
not released), perform master communication after the stop condition is first generated and the bus is released.

The master cannot communicate in the state where the bus is not released (the stop condition is not detected)
in the multi-master.

The following procedure generates the stop condition.

<1> Set the prescaler mode register for the serial clock (SPRMO).

<2> Set hit 7 (IICEO) in the 12C bus control register (IICCO).
<3> Set bit 0 of 1ICCO.
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19.5.16 Communication operation

(1) Master operation
The following example shows the master operating procedure.

Figure 19-18. Master Operating Procedure

(s )

IICCLO ~ xxH
Select the transfer clock

IICCO — xxH
IICEO = SPIEO = WTIMO =1
STT0=1

No

Yes

Start IICO write transfer. ; Stop condition detection

ACKDO =172 \

Stop condition generation
(No slave with address
match)
No (reception)
‘ ; Address transfer ends
Yes (transmission) WTIMO =0
ACKEO =1
Start 11CO write transfer. }
WRELO =1
Start reception.
No
INTIICO = 1?

No

Data processing ¢
es

Yes Data processing
ACKDO = 1?

No Transfer ends?

Generate restart
condition or stop
condition.

ACKEO =0
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(2) Slave operation
The following example is the slave operating procedure.

Figure 19-19. Slave Operating Procedure

o=

IICCO ~ xxH
IICEO=1

Participate in
communication?

No
LRELO=1

!

Yes
No
TRCO =17

Yes WTIMO = 0
ACKEO = 1

WTIMO =1 \
Start [ICO write transfer ‘

WRELO =1
Start reception.
No
No

Data processing Yes

Data processing
Yes
ACKDO =17 ——

No Transfer ends?

Detect restart condition
or stop condition.

ACKEO =0
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19.6 Timing Charts

In the 12C bus mode, the master outputs an address on the serial bus and selects one of the slave devices from
multiple slave devices as the communication target.

The master transmits the TRCO bit, bit 3 of the 12C bus status register (11ICS0), that indicates the transfer direction
of the data after the slave address and starts serial communication with the slave.

Figures 19-20 and 19-21 are the timing charts for data communication.

Shifting of the shift register (11C0) is synchronized to the falling edge of the serial clock (SCLQ). The transmission
data is transferred to the SOO latch and output from the SDAO pin with the MSB first.

The data input at the SDAO pin is received by IICO at the rising edge of SCLO.
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Figure 19-20. Master - Slave Communication Example
(When Master and Slave Select 9 Clock Waits) (1/3)

(1) Start Condition - Address

Master device process ‘
IICo | 1ICO — Address | 1ICO — Data
1

ACKDO \ \ |

\
STDO _| |

SPDO

WTIMO H /

ACKEO H /

MSTSO0 _|

STTO

sero | /

WRELO L ( /
|

wrico ||

TRCO H

Transfer lines

Start condition

Slave device process ‘

lico

| ICO  FFHNote

ACKDO / [ /’ \‘|

S [
SPDO |

wTIMO H / /

ACKEO H

MSTSO L

oo L ||

SPTO L \ \
WRELO \ \ [T note

INTICO

(When EXCO = 1)
TRCO L Receive

Note Release the slave wait by either IICO —~ FFH or setting WRELO.
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Figure 19-20. Master —» Slave Communication Example
(When Master and Slave Select 9 Clock Waits) (2/3)

(2) Data

Master device process ‘

lico | lICO ~ Data | ICO ~ Data
1 1

ACKDO _| [ \ |

STDO |

SPDO L '

WTIMO H /

ACKEO H / /

MSTSO H

STTO

o | /

WRELO | / /

INTIICO /'l | /'l |—

TRCO H

Transfer lines

SDAO DO

Slave device process ‘

1Ico [ICO . FFHNote J/1ICO  FFHNote

ACKDO ;

STDO |

SPDO L /

WTIMO H

ACKEO H

MSTSO |

smo_u | |

sero_1_| |
|

WRELO |—| Note \ |—| Note

wrico [ s N

TRCO L Receive

Note Release the slave wait by either IICO —~ FFH or setting WRELO.
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Figure 19-20. Master - Slave Communication Example
(When Master and Slave Select 9 Clock Waits) (3/3)

(3) Stop Condition

Master device process ‘

1ICO ; ICO  Data ICO ~ Address
1 1

ACKDO | | |
STDO |
SPDO | |

WTIMO H

ACKEO H

MSTSO

L
STTO
SPTO W
WRELO | \ \
INTIICO J] \ \ [ \
TRCO H Send

Transfer lines

SCLO

SDAO

- Stop condition ~ Start condition
Slave device process ‘

| 1ICO — FFHNote

1co 1ICO — FEHNote
I I

ACKDO |
STDO |

SPDO | |

WTIMO  H //
ACKEO H
MSTSO |
STTO L \
SPTO L \

WRELO |‘| Note \ |‘| Note
INTIICO \|—| [

(When SPIEO = 1)

TRCO L Receive

Note Release the slave wait by either ICO — FFH or setting WRELO.
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Figure 19-21. Slave - Master Communication Example
(When Master and Slave Select 9 Clock Waits) (1/3)

(1) Start Condition - Address

Master device process ‘

1co {1ICO — Address | 1ICO — FFH Note
I I

ACKDO |

STDO | |\
sppo |

WTIMO H

ACKEO H /

MSTSO J

STTO

SPTO | /

WRELO \ \ { [ Note
INTIICO \ ]

|
TRCO |\

SCLO

SDAO

Start condition

Slave device process ‘
IICO | ICO ~ Data
1

ACKDO /
stDo _| / / [
spoo |

WTIMO H / /

-

ACKEO H
MSTSO |

STTO L { \
SPTO L \ \

WRELO L \ \

INTIICO \ \|_|

TRCO

Note Release the slave wait by either IICO —~ FFH or setting WRELO.
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Figure 19-21. Slave - Master Communication Example
(When Master and Slave Select 9 Clock Waits) (2/3)

(2) Data

Master device process ‘
1co [1ICO — FFH Note | ICO — FFH Note
1

ACKDO I l

STDO |

seoo L \ |

WTIMO H } /

ACKEO H /

MSTSO “j

STTO

SPTO | /

|
WRELO / |‘| Note ( |'| Note
\

wmco | I
TRCO L (Receive

Transfer lines

Slave device process ‘

1ICO | 1ICO — Data | 1ICO — Data
I ' I
ACKDO [ |
STDO |

st | /
WTIMO  H / /

ACKEO H

MSTSO |

STTO L /

SPTO L '

WRELO L \ \

TRCO H Send

Note Release the slave wait by either ICO —~ FFH or setting WRELO.
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Figure 19-21. Slave - Master Communication Example
(When Master and Slave Select 9 Clock Waits) (3/3)

(3) Stop Condition

Master device process ‘

Ico | 1ICO « FFH Mot | 1ICO — Address
1 1

ACKDO |
STDO I—
SPDO | |

WTIMO ~R

ACKEO ~j

MSTSO I_I
41

STTO

L

WRELO |'| Note
INTHCO /l_l / \l_l \ \

(When SPIEO = 1)
TRCO |

Transfer lines k

SCLO 1 2
SDAO A6 X A5
: Stop Start
‘ Slave device process ‘ condition condition

1co [ICO — Data
|

Ackpbo | /
STDO |
[ 1]

SPDO
WTIMO H /
ACKEO H
MSTSO |
STTO | l
SPTO L \

WRELO \ [

INTIICO \I_l |_|

(When SPIEO = 1)

TRCO

Note Release the slave wait by either ICO —~ FFH or setting WRELO.
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20.1 Functions

The clock output function is used to output the clock supplied to a peripheral LSI and carrier output during remote
transmission. The clock selected by means of the clock output control register (CKS) is output from the PCL/P23
pin.

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

<1> Select the output frequency of the clock pulse (while clock pulse output is disabled) with bits 0 to 3 (CCSO0 to
CCS3) of CKS.

<2> Set 0 in output latch P23.

<3> Set bit 3 (PM23) of the port 2 mode register (PM2) to O (to set the output mode).

<4> Set bit 4 (CLOE) of CKS to 1.

Caution If the output latch of P23 is set to 1, clock output cannot be used.

Remark The clock outputfunction is designed so that pulses with a narrow width are not output when clock output
enable/disable is switched (See “*” in Figure 20-1).

Figure 20-1. Remote Control Output Application Example
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20.2 Configuration
The clock output function consists of the following hardware.

Table 20-1. Clock Output Function Configuration

Iltem Configuration

Control register Clock output control register (CKS)
Port 2 mode register (PM2)

Figure 20-2. Clock Output Function Block Diagram

fxx ——
fxx/2 —
fxx/22 ——]
fxx/28 —]
fxx/24
fxx/25 —
fxx/26 —.]
fxx/27 —]

Synchronous
ireait PCL/P23

Selector

fxr ——]

|C|_0E|ccs3|ccsz|cc31|ccsol | P23 output latch | |PM23|

(} Clock output control register (CKS) I I Port 2 mode register (PM2)
Internal bus S

20.3 Control Registers

The following two types of registers are used to control the clock output function.

¢ Clock output control register (CKS)
« Port 2 mode register (PM2)

(1) Clock output control register (CKS)
This register sets the PCL output clock.
CKS is set by a 1-bit or 8-bit memory manipulation instruction.

RESET input sets CKS to 00H.

Remark CKS provides a function for setting the buzzer output clock besides setting the PCL output clock.
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390

Figure 20-3. Clock Output Control Register (CKS) Format

Address: OFF40H After reset: 00H R/IW

Symbol 7 6 5 4 3 2 1 0
CKS BZOE | BCS1 | BCSO CLOE CCS3 CCS2 CCS1 CCSO0 |
| BZOE | Buzzer Output Control (See Figure 21-2) |
| BCS1 | BCSO | Buzzer Output Frequency Selection (See Figure 21-2) |
CLOE Clock output control
0 Clock output stop
1 Clock output start
CCs3 CCS2 CCs1 CCSO0 Clock output frequency selection
0 0 0 0 fxx (12.5 MHz)
0 0 0 1 fxx/2 (6.25 MHz)
0 0 1 0 fxx/4 (3.13 MHz)
0 0 1 1 fxx/8 (1.56 MHz)
0 1 0 0 fxx/16 (781 kHz)
0 1 0 1 fxx/32 (391 kHz)
0 1 1 0 fxx/64 (195 kHz)
0 1 1 1 fxx/128 (97.7 kHz)
1 0 0 0 fxr (32.768 kHz)
Other than above Setting prohibited
Remarks 1. fxx: Main system clock frequency (fx or fx/2)
2. fx: Main system clock oscillation frequency
3. fxm: Subsystem clock oscillation frequency
4. Figures in parentheses apply to operation with fxx = 12.5 MHz or fxt = 32.768 kHz.
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(2) Port 2 mode register (PM2)
This register sets input/output for port 2 in 1-bit units.
When using the P23/PCL pin for clock output, set the output latches of PM23 and P23 to 0.
PM2 is set by a 1-bit or 8-bit memory manipulation instruction.
RESET input sets PM2 to FFH.

Figure 20-4. Port 2 Mode Register (PM2) Format

Address: OFF22H After reset: FFH R/W

Symbol 7 6 5 4 3 2 1 0
PM2 PM27 PM26 PM25 PM24 PM23 PM22 PM21 PM20
PM2n P2n pin input/output mode selection (n = 0 to 7)
0 Output mode (output buffer ON)
1 Input mode (output buffer OFF)
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21.1 Function

This function outputs a square wave at the frequencies of 1.5 kHz, 3.1 kHz, 6.1 kHz, and 12.2 kHz. The buzzer
frequency selected by the clock output control register (CKS) is output from the BUZ/P24 pin.
The following procedure outputs the buzzer frequency.

<1> Select the buzzer output frequency by using bits 5 to 7 (BCS0, BCS1, BZOE) of CKS.
<2> Set the P24 output latch to 0.
<3> Set bit 4 (PM24) of the port 2 mode register (PM2) to 0 (set the output mode).

Caution  When the output latch of P24 is set to 1, the buzzer output cannot be used.
21.2 Configuration

The buzzer output function consists of the following hardware.

Table 21-1. Buzzer Output Function Configuration

Item Configuration

Control register Clock output control register (CKS)
Port 2 mode register (PM2)

Figure 21-1. Buzzer Output Function Block Diagram

fxx/210 —— |

fxx/211

fxf212 —————*

Selector

! > ||/< © BUZ/P24

fxf213 ——— ™

T 1

BZOE|BCS1|BCSO P24 output latch PM24

Clock output control register (CKS) iﬁ Port 2 mode register (PM2)

Internal bus S
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21.3 Control Registers
The buzzer output function is controlled by the following two registers.

¢ Clock output control register (CKS)
« Port 2 mode register (PM2)

(1) Clock output control register (CKS)
This register sets the frequency of the buzzer output.
CKS is set by a 1-bit or 8-bit memory manipulation instruction.
RESET input sets CKS to 00H.

Remark CKS has the function of setting the clock for PCL output except for the buzzer output frequency
setting.

Figure 21-2. Clock Output Control Register (CKS) Format

Address: OFF40H After reset: 00H R/IW

Symbol 7 6 5 4 3 2 1 0
CKS BZOE BCS1 BCSO CLOE CCS3 CCS2 CCS1 CCSO0
BZOE Buzzer output control
0 Stop buzzer output
1 Start buzzer output
BCS1 BCSO Buzzer output frequency selection
0 0 fxx/210 (12.2 kHz)
0 1 fxx/211 (6.1 kHz)
1 0 fxx/212 (3.1 kHz)
1 1 fxx/213 (1.5 kHz)

CLOE Clock output control (refer to Figure 20-3)

CCS3 CCS2 CCs1 CCSO0 Clock output frequency selection
(refer to Figure 20-3)

Remarks 1. fxx: Main system clock frequency (fx or fx/2)
2. fx:  Main system clock oscillation frequency
3. Figures in parentheses apply to operation with fxx = 12.5 MHz.
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(2) Port 2 mode register (PM2)
This register sets port 2 1/0 in 1-bit units.
When the P24/BUZ pin is used as the buzzer output function, set the output latches of PM24 and P24 to 0.
PM2 is set by a 1-bit or 8-bit memory manipulation instruction.
RESET input sets PM2 to FFH.

Figure 21-3. Port 2 Mode Register (PM2) Format

Address: OFF22H After reset: FFH R/W

Symbol 7 6 5 4 3 2 1 0
PM2 PM27 PM26 PM25 PM24 PM23 PM22 PM21 PM20
PM2n P2n pin I/O mode selection (n =0 to 7)
0 Output mode (output buffer on)
1 Input mode (output buffer off)
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The P00 to P06 pins have an edge detection function that can be programmed to detect the rising edge or falling
edge and sends the detected edge to on-chip hardware components.
The edge detection function is always functioning, even in the STOP mode and IDLE mode.

22.1 Control Registers

« External interrupt rising edge enable register (EGPO0), external interrupt falling edge enable register
(EGNO)
The EGPO and EGNO registers specify the effective edge to be detected by the P00 to P06 pins.
They can read/write with an 8-bit manipulation instruction or a bit manipulation instruction.
RESET input sets the EGP0 and EGNO to 00H.

Figure 22-1. Format of External Interrupt Rising Edge Enable Register (EGP0) and External Interrupt
Falling Edge Enable Register (EGNO)

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

EGPO 0 EGP6 EGP5 EGP4 EGP3 EGP2 EGP1 EGPO

Address: OFFA2H After reset: O0H R/W

Symbol 7 6 5 4 3 2 1 0
EGNO 0 EGNG6 EGN5 EGN4 EGN3 EGN2 EGN1 EGNO
EGPn EGNn INTPnN pin effective edge (n = 0 to 6)
0 0 Interrupt disable
0 1 Falling edge
1 0 Rising edge
1 1 Both rising and falling edges
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22.2 Edge Detection of P00 to P06 Pins

The P00 to P06 pins do not incorporate an analog delay-based noise eliminator. Therefore, a valid edge is input
to the pins and edge detection is performed (acknowledged) immediately after passing through the hysteresis-type

input buffer.

P00 to P06 @—q

396

Figure 22-2. Block Diagram of P00 to P06 Pins

P00 to P06 input mode

(during input mode)

Edge detector

- =

P00 to P06 output mode
(during output mode)
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CHAPTER 23

INTERRUPT FUNCTIONS

The uPD784218A is provided with three interrupt request service modes; vectored interrupt, context switching,
and macro service (refer to Table 23-1). 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 23-2. 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 23-1. Interrupt Request Service Modes

Interrupt Request
Service Mode

Servicing Performed

PC & PSW Contents

Service

Vectored interrupts Software Saving to & restoration Executed by branching to service program
from stack at addressnote specified by vector table
Context switching Saving to & restoration Executed by automatic switching to register
from fixed area in bank specified by vector table and
register bank branching to service program at addressN°t®
specified by fixed area in register bank
Macro service Hardware Retained Execution of pre-set service such as data
(firmware) transfers between memory and 1/0O

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.
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23.1 Interrupt Request Sources

The uPD784218A has 32 interrupt request sources as shown in Table 23-2, with an interrupt vector table allocated

to each.
Table 23-2. Interrupt Request Sources (1/2)
Type of Default Interrupt Request Generating | Interrupt Context Macro Macro Vector
Interrupt Priority Generating Source Unit Control Switching Service Service Table
Request Register Control | Address
Name Word
Address
Software None BRK instruction execution — — Not Not — 003EH
possible possible
BRKCS instruction execution — — Possible Not — —
possible
Operand None Invalid operand in MOV STBC, — — Not Not — 003CH
error #byte instruction or MOV WDM, possible possible
(TRAPO) #byte instruction, and LOCATION
instruction
Non- None NMI (pin input edge detection) Edge — Not Not — 0002H
maskable detection possible possible
INTWDT (watchdog timer Watchdog — Not Not — 0004H
overflow) timer possible possible
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Table 23-2. Interrupt Request Sources (2/2)

Type of Default Interrupt Request Generating | Interrupt Context Macro Macro Vector
Interrupt Priority Generating Source Unit Control Switching | Service Service Table
Request Register Control | Address
Name Word
Address
Maskable | 0 INTWDTM (Watchdog timer overflow) | Watchdog | WDTIC Possible Possible | OFEO6H | 0006H
timer
1 INTPO (Pin input edge detection) Edge PICO OFEO8H | 0008H
2 INTP1 (Pin input edge detection) detection PIC1 OFEOAH | O00AH
3 INTP2 (Pin input edge detection) PIC2 OFEOCH | 000CH
4 INTP3 (Pin input edge detection) PIC3 OFEOEH | O0OEH
5 INTP4 (Pin input edge detection) PIC4 OFE10H | 0010H
6 INTP5 (Pin input edge detection) PIC5 OFE12H | 0012H
7 INTP6 (Pin input edge detection) PIC6 OFE14H | 0014H
8 INTIICO (CSIO I2C bus transfer end)Not¢ | Clocked CSlICo OFE16H | 0016H
INTCSIO (CSIO 3-wire transfer end) | serial
interface
9 INTSER1 (ASI1 UART reception error) | Asynchronous | SERIC1 OFE18H | 0018H
10 INTSR1 (ASI1 UART reception end) | serial interface/| SRIC1 OFE1AH | 001AH
INTCSI1 (CSI1 3-wire transfer end) | clocked
11 INTST1 (ASI1 UART transmission end) | serial interface 1| STIC1 OFE1CH | 001CH
12 INTSER2 (ASI2 UART reception error) | Asynchronous | SERIC2 OFE1EH | OO01EH
13 INTSR2 (ASI2 UART reception end) | serial interface/| SRIC2 OFE20H | 0020H
INTCSI2 (CSI2 3-wire transfer end) | clocked
14 INTST2 (ASI2 UART transmission end) | serial interface 2| STIC2 OFE22H | 0022H
15 INTTM3 (Reference time interval Watch TMIC3 OFE24H | 0024H
signal from watch timer) timer
16 INTTMOO (Match signal generation | Timer/ TMICO00 OFE26H | 0026H
of 16-bit timer register and capture/ | counter
compare register (CR00))
17 INTTMO1 (Match signal generation TMICO1 OFE28H | 0028H
of 16-bit timer register and capture/
compare register (CR01))
18 INTTM1 (Match signal generation Timer/ TMIC1 OFE2AH | 002AH
of 8-bit timer/counter 1) counter 1
19 INTTM2 (Match signal generation | Timer/ TMIC2 OFE2CH | 002CH
of 8-bit timer/counter 2) counter 2
20 INTAD (A/D converter conversion end) | A/D converter | ADIC OFE2EH | 002EH
21 INTTM5 (Match signal generation Timer/ TMICS OFE30H | 0030H
of 8-bit timer/counter 5) counter 5
22 INTTM6 (Match signal generation Timer/ TMIC6 OFE32H | 0032H
of 8-bit timer/counter 6) counter 6
23 INTTM7 (Match signal generation Timer/ TMIC7 OFE34H | 0034H
of 8-bit timer/counter 7) counter 7
24 INTTM8 (Match signal generation Timer/ TMIC8 OFE36H | 0036H
of 8-bit timer/counter 8) counter 8
25 INTWT (Watch timer overflow) Watch timer | WTIC OFE38H | 0038H
26 INTKR (Falling edge detection of port 8) | Edge detection | KRIC OFE3AH | 003AH
Note pPD784216AY, 784218AY Subseries only
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CHAPTER 23 INTERRUPT FUNCTIONS

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. ASI: Asynchronous serial interface
CSI: Clocked serial interface
3. The watchdog timer has two interrupt sources, a non-maskable interrupt (INTWDT) and a maskable
interrupt (INTWDTM), either (but not both) of which can be selected.

23.1.1 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.

23.1.2 Operand error interrupts

These interrupts are generated if there is an illegal operand in an MOV STBC, #byte instruction or MOV WDM,
#byte instruction, and LOCATION instruction.

Operand error interrupts are acknowledged even in the interrupt disabled state, and are not subject to priority
control.

23.1.3 Non-maskable interrupts

A non-maskable interrupt is generated by NMI pin input or the watchdog timer.

Non-maskable interrupts are acknowledged unconditionallyNot€, even in the interrupt disabled state. They are not
subject to interrupt priority control, and are of high