User's Manual

uPD780078, 780078Y Subseries

8-Bit Single-Chip Microcontrollers

1PD780076
LPD780078
LPD78F0078
LPD780076Y
LPD780078Y
LPD78F0078Y

Document No. U14260EJ2V0OUDO0O (2nd edition)
Date Published June 2003 N CP(K)

© NEC Electronics Corporation 2000, 2003
Printed in Japan



[MEMO]

2 User's Manual U14260EJ2VOUD



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 Vobo or GND with a resistor, if it is considered to have a possibility of
being an output pin. All handling related to the unused pins must be judged device by device and
related specifications governing the devices.

® STATUS BEFORE INITIALIZATION OF MOS DEVICES

Note:

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

FIP and IEBus are trademarks of NEC Electronics Corporation.

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

PC/AT is a trademark of IBM Corporation.

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

SPARCstation is a trademark of SPARC International, Inc.

Solaris and SunOS are trademarks of Sun Microsystems, Inc.

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 I12C Patent Rights to use these
components in an 12C system, provided that the system conforms to the I12C Standard Specification as defined by Philips.

User’'s Manual U14260EJ2V0UD




The information in this document is current as of December, 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.

[GLOBAL SUPPORT]
http://www.necel.com/en/support/support.html

NEC Electronics America, Inc. (U.S.) NEC Electronics (Europe) GmbH NEC Electronics Hong Kong Ltd.

Santa Clara, California Duesseldorf, Germany Hong Kong
Tel: 408-588-6000 Tel: 0211-65 03 01 Tel: 2886-9318
800-366-9782
« Sucursal en Espana NEC Electronics Hong Kong Ltd.
Madrid, Spain Seoul Branch
Tel: 091-504 27 87 Seoul, Korea

Tel: 02-558-3737
- Succursale Francaise
Veélizy-Villacoublay, France NEC Electronics Shanghai, Ltd.
Tel: 01-30-6758 00 Shanghai, P.R. China
. . Tel: 021-6841-1138
- Filiale Italiana

Milano, ltaly NEC EI . .
ectronics Taiwan Ltd.
Tel: 02-66 75 41 Taipei, Taiwan

« Branch The Netherlands Tel:02-2719-2377
Eindhoven, The Netherlands

Tel: 040-244 5845 NEC Electronics Singapore Pte. Ltd.

Novena Square, Singapore
- Tyskland Filial Tel: 6253-8311

Taeby, Sweden

Tel: 08-63 80 820

 United Kingdom Branch
Milton Keynes, UK
Tel: 01908-691-133

J03.4
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Major Revisions in this Edition (1/4)

Page Description

Throughout Addition of the following package.
¢ 64-pin plastic LQFP (GC-8BS type)
Addition of expanded-specification products to the uPD780078 Subseries

p.32 Addition of 1.1 Expanded-Specification Products and Conventional Products

pp.40, 49 Modification of voltage operation range of A/D converter in 1.8 Outline of Functions and
2.7 Outline of Functions

pp.58, 71 Addition of description about pin processing in 3.2.17 Vep (flash memory version only)
and 4.2.17 Vrr (flash memory version only)

p.60 Modification of 1/O circuit types of P32 and P33 in Table 3-1 Pin I/O Circuit Types

p.80 Addition of description about programming area 5.1.2 (1) Internal high-speed RAM and
(2) Internal expansion RAM

pp.86, 87 Modification of Figure 5-10 Data to Be Saved to Stack Memory and Figure 5-11 Data
to Be Restored from Stack Memory

p.100 Modification of [Description example] in 5.4.4 Short direct addressing

pp.-103 to 105

Addition of [lllustration] in 5.4.7 Based addressing, 5.4.8 Based indexed addressing,
and 5.4.9 Stack addressing

pp.110 to 129

Modification of port block diagrams (Figure 6-2 Block Diagram of P00 to P03 to Figure
6-21 Block Diagram of P80)

pp.132, 133 Addition of Table 6-6 Port Mode Registers and Output Latch Setting When Alternate
Function Is Used
pp.140, 143 Addition of description of internal feedback resistor and oscillation stabilization time select

register (OSTS) in 7.3 Clock Generator Control Registers

p.171 of previous

Deletion of 8.5.6 One-shot pulse output operation in the previous edition

edition

pp.154, 155 Modification of Figure 8-1 Block Diagram of 16-Bit Timer/Event Counter 00 and Figure
8-2 Block Diagram of 16-Bit Timer/Event Counter 01

pp.156, 157 Change of Table 8-2 TIOOn Pin Valid Edge and CR00n, CR01n Capture Trigger and
Table 8-3 TI01n Pin Valid Edge and CR0On Capture Trigger in the previous edition to
Table 8-2 CR0OOn Capture Trigger and Valid Edges of TIOOn and TI01n Pins and Table
8-3 CR0O1n Capture Trigger and Valid Edge of TIOOn Pin (CRC02n = 1)

p.168 Change of explanation order of each function in 8.4 Operation of 16-Bit Timer/Event
Counters 00, 01

p.182 Addition of Figure 8-31 PPG Output Configuration Diagram and Figure 8-32 PPG
Output Operation Timing

p.183 Addition of 8.5 Program List

pp-190, 193 Modification of 8.6 (3) Capture register data retention timing
Addition of (11) STOP mode or main system clock stop mode setting

p.195 Modification of Figure 9-1 Block Diagram of 8-Bit Timer/Event Counter 50 and Figure 9-
2 Block Diagram of 8-Bit Timer/Event Counter 51

pp.-199, 200 Deletion of Caution in Figure 9-5 Format of 8-Bit Timer Mode Control Register 50 (TMC50)

and Figure 9-6 Format of 8-Bit Timer Mode Control Register 51 (TMC51)
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Major Revisions in this Edition (2/4)

Page Description
p.206 Addition of [Setting] in 9.4.2 External event counter operation
p.207 Addition of description about frequency to [Setting] in 9.4.3 Square-wave output (8-bit
resolution) operation
p.208 Addition of descriptions about frequency and duty ratio to [Setting] in 9.4.4 8-bit PWM
output operation
p.213 Addition of 9.5 Program List

p.197 of previous

edition

Deletion of 9.6 (2) Operation after compare register transition during timer count
operation in the previous edition

p.207 of previous

Deletion of Oscillation stabilization time select register (OSTS) from 11.4 Registers to

edition Control Watchdog Timer in the previous edition

p.227 Modification of Figure 12-1 Block Diagram of Clock Output/Buzzer Output Controller

p.233 Addition of Figure 13-2 Format of A/D Conversion Result Register 0 (ADCRO)

pp.-233, 234 Modification of description in 13.2 (3) Sample & hold circuit and (4) Voltage
comparator, and addition of (9) ADTRG pin

p.237 Addition of Table 13-2 ADCS0 and ADCEO Settings and Figure 13-4 Timing Chart
When Boost Reference Voltage Generator Is Used

p.240 Addition of Table 13-3 Sampling Time and A/D Conversion Start Delay Time of A/D
Converter

pp.248, 252 Deletion of 13.6 (4) Noise countermeasures (those deleted are added to Figure 13-20
Example of Connecting Capacitor to AVrer Pin and Figure 13-22 Example of
Connection When Signal Source Impedance Is High)
Addition of (13) Input impedance of ANIO to ANI7 pins

p.254 Modification of Figure 14-1 Block Diagram of Serial Interface UARTO

p.255 Shift of description about asynchronous serial interface status register 0 (ASIS0O) from
14.3 Registers to Control Serial Interface UARTO to 14.2 Configuration of Serial
Interface UARTO

p.267 Addition of Caution in Figure 14-7 Error Tolerance (When k = 0), Including Sampling
Errors

p.271 Modification of Caution in Figure 14-10 Timing of Asynchronous Serial Interface
Receive Completion Interrupt Request

pp.-273, 278 Addition of (1) Registers to be used and (3) Relationship between main system clock
and baud rate in 14.4.3 Infrared data transfer mode

p-280 Addition of Table 14-6 Register Settings

p.282 Modification of Figure 15-1 Block Diagram of Serial Interface UART2

pp.284, 285 Shift of descriptions about asynchronous serial interface status register 2 (ASIS2) and
asynchronous serial interface transmit status register 2 (ASIF2) from 15.3 Registers to
Control Serial Interface UART2 to 15.2 Configuration of Serial Interface UART2

p.285 Modification of Caution 1 and addition of Cautions 2 and 3 in Figure 15-4 Format of
Asynchronous Serial Interface Transmit Status Register 2 (ASIF2)

p-291 Addition of Notes 7 and 8 in Figure 15-8 Format of Transfer Mode Specification

Register 2 (TRMCZ2)
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Major Revisions in this Edition (3/4)

Page Description

p.300 Modification of error values in Table 15-2 Relationship Between Main System Clock
and Baud Rate

p.302 Addition of Caution in Table 15-3 Maximum Permissible Baud Rate Error and
Minimum Permissible Baud Rate Error

p.306 Modification of the INTST2 timing in (ii) and (iii) of Figure 15-12 Timing of
Asynchronous Serial Interface Transmit Completion Interrupt Request

p.307 Division of Table 15-6 Transmission Status and Writing to TXB2 in the previous edition
into Table 15-4 Writing to TXBF and TXB2 (When Successive Transmission Is
Started) and Table 15-5 Writing to TXSF and TXB2 (When Successive Transmission
Is in Progress)

p.309 Modification of Figure 15-14 Timing of Starting Successive Transmission

p.310 Modification of Figure 15-15 Timing of Completing Successive Transmission

p.312 Modification of Figure 15-17 Receive Error Timing

pp.340, 341 Addition of Table 15-10 Register Settings

p.342 Modification of Figure 16-1 Block Diagram of Serial Interface SIO3

p.344 Addition of Notes 3 and 4 in Figure 16-2 Format of Serial Operation Mode Register 3
(CSIM3)

p.350 Addition of Table 16-2 Register Settings

p.352 Modification of Figure 17-1 Block Diagram of Serial Interface CSI1

p.360 Addition of description about SS1 pin in 17.4.2 (2) Communication operation

pp.361, 362 Modification of Figure 17-6 Timing of 3-Wire Serial /0 Mode

p.364 Modification of Figure 17-8 Output Operation of First Bit

p.365 Modification of Figure 17-9 Output Value of SO1 Pin (Last Bit)

p.347 of previous | Deletion of 17.4.2 (6) SCK1 pin and (7) SO1 pin in the previous edition

edition

p.366 Addition of Table 17-2 Register Settings

p.368 Modification of Figure 18-1 Block Diagram of Serial Interface 1ICO

p.370 Incorporation of 18.3 (4) IIC shift register 0 (IIC0) and (5) Slave address register 0
(SVADO) in the previous edition into 18.2 (1) IIC shift register 0 (11IC0) and (2) Slave
address register 0 (SVAO0), respectively

pp.387, 388 Addition of description to “Transfer Lines” in Figure 18-16 Wait Signal

p.389 Addition of descriptions to Notes 1 and 2 in Table 18-2 INTIICO Timing and Wait Control

pp.396, 397 Modification of Figure 18-21 Master Operation Flowchart and Figure 18-22 Slave
Operation Flowchart

p.408 Modification of 18.5.16 (3) (d) (ii) When WTIMO = 1 (after restart, does not match with
address (= not extension code))

pp.417, 418 Modification of (1) Start condition ~ address and (2) Data in Figure 18-23 Example of

Master to Slave Communication (When 9-Clock Wait Is Selected for Both Master
and Slave)
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Major Revisions in this Edition (4/4)

Page

Description

pp.420 to 422

Modification of Figure 18-24 Example of Slave to Master Communication (When 9-
Clock Wait Is Selected for Both Master and Slave)

p.427 Modification of (E) Software interrupt in Figure 19-1 Basic Configuration of Interrupt
Function

p.429 Addition of Cautions 3 and 4 in Figure 19-2 Format of Interrupt Request Flag Register
(IFOL, IFOH, IF1L)

p.432 Addition of Caution in Figure 19-5 Format of External Interrupt Rising Edge Enable
Register (EGP), External Interrupt Falling Edge Enable Register (EGN)

p.434 Addition of description and Remark in 19.4.1 Non-maskable interrupt request
acknowledgment operation

p.437 Addition of description in 19.4.2 Maskable interrupt acknowledgment operation

p.440 Addition of item to Table 19-4 Interrupt Requests Enabled for Multiple Interrupt
Servicing

p.444 Addition of description about when using expanded-specification products in CHAPTER
20 EXTERNAL DEVICE EXPANSION FUNCTION

p.456 Addition of clock output and buzzer output to Table 21-1 HALT Mode Operating
Statuses

p.459 Correction of clock output in Table 21-3 STOP Mode Operating Statuses

p.466 Modification of CHAPTER 23 uPD78F0078, 78F0078Y

p.495 Addition of CHAPTER 25 ELECTRICAL SPECIFICATIONS

p.548 Addition of CHAPTER 26 PACKAGE DRAWINGS

p.551 Addition of CHAPTER 27 RECOMMENDED SOLDERING CONDITIONS

pp.554, 555 Addition of Table A-2 Major Differences Between uPD780018F, 780024A, 780034A,
and 780078 Subseries (Software)

p.556 Modification of APPENDIX B DEVELOPMENT TOOLS

p.569 Modification of APPENDIX C NOTES ON TARGET SYSTEM DESIGN

p.580 Modification of APPENDIX E REVISION HISTORY

10

The mark * shows major revised points.
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Readers

Purpose

Organization

How To Read This Manual

INTRODUCTION

This manual is intended for user engineers who wish to understand the functions of the
uPD780078, 780078Y Subseries and design and develop application systems and
programs for these devices.

uPD780078 Subseries:  uPD780076, 780078, 78F0078
1PD780078Y Subseries: uPD780076Y, 780078Y, 78F0078Y

This manual is intended to give users an understanding of the functions described in the
Organization below.

The uPD780078, 780078Y Subseries manual is separated into two parts: this manual
and the instructions edition (common to the 78K/0 Series).

uPD780078, 780078Y 78K/0 Series
Subseries User’s Manual User’s Manual
(This Manual) Instructions
» Pin functions » CPU functions
« Internal block functions * Instruction set
* Interrupts » Explanation of each instruction

» Other on-chip peripheral functions
« Electrical specifications

It is assumed that the reader of this manual have general knowledge of electrical
engineering, logic circuits, and microcontrollers.

» To gain a general understanding of functions:
Read this manual in the order of the contents.
* How to interpret the register format:
— For a bit number enclosed in a square, the bit name is defined as a reserved word
in the RA78KO0, and is defined in the header file sfrbit.h in the CC78KO0.
» To check the details of a register when you know the register name:
— Refer to APPENDIX D REGISTER INDEX.
» To know the details of the 78K/0 Series instruction functions:
— Refer to the 78K/0 Series Instruction User’s Manual (U12326E).
» To know the electrical specifications of the uPD780078, 780078Y Subseries:
— Refer to the CHAPTER 25 ELECTRICAL SPECIFICATIONS.
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Differences Between uPD780078 and 780078Y Subseries
The configuration of the serial interface differs in yPD780078 and 780078Y Subseries products.

Subseries uPD780078 Subseries uPD780078Y Subseries
ltem
Configuration of UARTO 1ch 1ch
serial interface UART2/SIO3 1ch 1ch
CSi 1ch 1ch
lICo None 1ch

Chapter Organization This manual divides the descriptions for the subseries into different chapters as shown
below. Read only the chapters related to the device you are using.

Chapter uPD780078 Subseries uPD780078Y Subseries

Chapter 1 QOutline (uPD780078 Subseries) @] —

O

Chapter 2 Outline (uPD780078Y Subseries) —

Chapter 3  Pin Functions (uPD780078 Subseries) O

Chapter 4  Pin Functions (uPD780078Y Subseries)

Chapter 5 CPU Architecture

Chapter 6  Port Functions

Chapter 7 Clock Generator

Chapter 8  16-Bit Timer/Event Counters 00, 01

Chapter 9  8-Bit Timer/Event Counters 50, 51

Chapter 10 Watch Timer

Chapter 11 Watchdog Timer

Chapter 12 Clock Output/Buzzer Output Controller

Chapter 13 A/D Converter

Chapter 14 Serial Interface UARTO

Chapter 15 Serial Interface UART2

Chapter 16 Serial Interface SIO3

OlO|O0|O|O|O|O|O|O|O|0O|0O|0O

Chapter 17 Serial Interface CSI1

Chapter 18 Serial Interface 11C0 (uPD780078Y Subseries only)

Chapter 19 Interrupt Functions

Chapter 20 External Device Expansion Function

Chapter 21  Standby Function

Chapter 22 Reset Function

Chapter 23 uPD78F0078, 78F0078Y

Chapter 24 Instruction Set

Chapter 25 Electrical Specifications

Chapter 26 Package Drawings

OlO|O0O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|0O|0O|0O|0O

O|O|O0|O|O|O|0O|0O|O

Chapter 27 Recommended Soldering Conditions
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Conventions Data significance:

Higher digits on the left and lower digits on the right
Active low representations: Xxx (overscore over pin or signal name)

Note: Footnote for item marked with Note in the text.
Caution: Information requiring particular attention
Remark: Supplementary information
Numerical representation: Binary 0 XXXX OF XXXXB

Decimal s XXXX

Hexadecimal -+ xxxxH

Related Documents

Documents Related to Devices

The related documents indicated in this publication may include preliminary versions.
However, preliminary versions are not marked as such.

Document Name

Document No.

uPD780078, 780078Y Subseries User's Manual This manual
78K/0 Series Instructions User's Manual U12326E
78K/0 Series Basics (l) Application Note U12704E

Documents Related to Development Tools (Software) (User’s Manuals)

Document Name

Document No.

RA78K0 Assembler Package Operation U14445E
Language U14446E
Structured Assembly Language U11789E
CC78K0 C Compiler Operation U14297E
Language U14298E
SM78K Series System Simulator Ver.2.30 or Operation (Windows™ Based) U15373E
Later External Part User Open Interface Specifications U15802E
ID78K Series Integrated Debugger Ver.2.30 or Later | Operation (Windows Based) U15185E
RX78K0 Real-Time OS Fundamentals U11537E
Installation U11536E
Project Manager Ver.3.12 or Later (Windows Based) U14610E

Documents Related Development Tools (Hardware) (User’s Manuals)

Document Name

Document No.

IE-78K0-NS In-Circuit Emulator

U13731E

IE-78K0-NS-A In-Circuit Emulator

U14889E

|IE-78K0-NS-PA Performance Board

To be prepared

IE-780078-NS-EM1 Emulation Board

U16226E

IE-78001-R-A In-Circuit Emulator

U14142E

IE-78K0-R-EX1 In-Circuit Emulator

To be prepared

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

version of each document for designing.
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*x Documents Related to Flash Memory Programming

Document Name Document No.
PG-FP3 Flash Memory Programmer User’'s Manual U13502E
PG-FP4 Flash Memory Programmer User’s Manual U15260E

* Other Documents

Document Name Document No.
SEMICONDUCTOR SELECTION GUIDE Product and 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 "Semiconductor Device Mount Manual" website (http://www.necel.com/pkg/en/mount/index.html)

Caution The above documents are subject to change without prior notice. Be sure to use the latest
version of each document for designing.
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CHAPTER 1 OUTLINE (uPD780078 SUBSERIES)

* 1.1 Expanded-Specification Products and Conventional Products

The expanded-specification products and conventional products refer to the following products.

Expanded-specification products:

Conventional products:

Products with a rankM°* other than K
Mask ROM and flash memory versions for which orders were received on or
after February 1, 2002

Products with rankN°'® K
Products other than the above expanded specification products.

Note The rank is indicated by the 5th digit from the left in the lot number marked on the package.

Lot number 00 00 & X XXX
%/—J

W_J W_J

Year Week NEC Electronics

code code control code
Rank

Expanded-specification products and conventional products differ in the power supply voltage range and

operating frequency ratings. Table 1-1 shows the differences between these products.

32

Table 1-1. Differences Between Expanded-Specification Products and Conventional Products

Power Supply Voltage (Vo) Guaranteed Operating Speed (Operating Frequency)
Conventional Products Expanded-Specification Products
45t055V 8.38 MHz (0.238 pus) 12 MHz (0.166 us)
40t055V 8.38 MHz (0.238 us) 8.38 MHz (0.238 us)
3.0to 55V 5 MHz (0.4 us) 8.38 MHz (0.238 us)
27t055V 5 MHz (0.4 us) 5 MHz (0.4 us)
1.8t05.5V 1.25 MHz (1.6 us) 1.25 MHz (1.6 us)

Remark The parenthesized values indicate the minimum instruction execution time.

Caution The uPD780078Y Subseries (uPD780076Y,780078Y, 78F0078Y) is available only as conventional

products.
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1.2 Features

* Internal memory

Type Program Memory Data Memory
Part Number (Mask ROM/Flash Memory) High-Speed RAM Expansion RAM
uPD780076 48 KB 1024 bytes 1024 bytes
uPD780078 60 KB
uPD78F0078 60 KBNote

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

* External memory expansion Space: 64 KB

* Minimum instruction execution time changeable from high speed (expanded-specification products 0.166 us:
@ 12 MHz operation with main system clock, conventional products 0.238 us: @ 8.38 MHz operation with main
system clock) to ultra-low speed (122 us: @ 32.768 kHz operation with subsystem clock)

* Instruction set suited to system control
+ Bit manipulation possible in all address spaces
» Multiply and divide instructions

* 52 1/0 ports: (Four N-ch open-drain ports)

* 10-bit resolution A/D converter: 8 channels

* Serial interface: 3 channels
» 3-wire serial I/0 mode: 1 channel
+ UART mode: 1 channel

» 3-wire serial I/O/UART mode selectable: 1 channel
* Timer: Six channels
» 16-bit timer/event counter: 2 channels
» 8-bit timer/event counter: 2 channels
« Waitch timer: 1 channel
» Watchdog timer: 1 channel
* Vectored interrupts: 25
* Two types of on-chip clock oscillators (main system clock and subsystem clock)
* Power supply voltage: Voo =1.8t0 5.5V
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1.3 Applications
Personal computers, air conditioners, dashboards, air bags, audio, etc.

1.4 Ordering Information

Part Number Package Internal ROM
1PD780076GC-xxx-8BS 64-pin plastic LQFP (14 x 14) Mask ROM
1PD780076GC-xxx-AB8 64-pin plastic QFP (14 x 14) Mask ROM
UPD780076GK-xxx-9ET 64-pin plastic TQFP (12 x 12) Mask ROM
1PD780078GC-xxx-8BS 64-pin plastic LQFP (14 x 14) Mask ROM
1PD780078GC-xxx-AB8 64-pin plastic QFP (14 x 14) Mask ROM
UPD780078GK-xxx-9ET 64-pin plastic TQFP (12 x 12) Mask ROM
uPD78F0078GC-8BS 64-pin plastic LQFP (14 x 14) Flash memory
uPD78F0078GC-ABS8 64-pin plastic QFP (14 x 14) Flash memory
uPD78F0078GK-9ET 64-pin plastic TQFP (12 x 12) Flash memory

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

« 64-pin plastic LQFP (14 x 14)
- 64-pin plastic QFP (14 x 14)
« 64-pin plastic TQFP (12 x 12)

=
(@]
=
S -5 8
3 33838
m = = I~
58838858b3ge 3358
O O T - - R S
N O O < O N~ O NN O 0 I OO OO AN
< O T T O O © © O~~~
i T o e T o T o O o T O o T o T T o T o O o e N
64 63 62 61 60 59 58 57 56 55 54 53 52 51 50 49
P50/A8 O=—1 48 f=—=O P71/TI1010

P51/A9 O=—— 47 |=—=0O P70/T1000/TO00
P52/A10 O=—" 46 [=—0O PO3/INTP3/ADTRG
P53/A11 O=—" 45 [=—0O P02/INTP2

2
3
4
P54/A12 O=—5 44 [«=—O PO1/INTP1
6
7
8
9

O

P55/A13 O——= 43 (~—O PO0/INTPO
P56/A14 O=—r 42 —O Vsst

P57/A15 O=— 4 —0X1
Vsso O—— 40—O X2
Vooo O——10 39[=—COIC (Vrp)
P30 O=——1 11 38 [~—O XT1
P31 O=—=112 37—O XT2
P32 O=—13 36 [~——ORESET
P33 O=—14 35 O P80/SS1

P34/S13/TxD2 O=——=
P35/SO3/RxD2 O=——

-
[é)]

34 |+=—O AVrer
33 |=—O P10/ANIO

-
(e
-
~
-
©
-
©

P20/SI11 O=—+
P21/SO1 O=—
P22/SCK1 O—»X
P23/RxD0 O=—+™
P24/TxD0 O=—+R
P25/ASCKO O=—+{&
Voor O——®
AVss O———
P17/ANI7 O——{S
P16/ANIE O———)
P15/ANI5 O—— &
P14/ANI4 O——{13
P13/ANI3 O——8

P12/ANI2 O——{ <
P11/ANHH O——{3

P36/SCK3/ASCK2 O=—

Cautions 1. Connect the IC (internally connected) pin directly to Vsso or Vssi.
2. Connect the AVss pin to Vsso.

Remarks 1. When these devices are used in applications that require the reduction of noise generated from an
on-chip microcontroller, the implementation of noise measures is recommended, such as supplying
Vopo and Vob1 independently, connecting Vsso and Vss1 independently to ground lines, and so on.

2. Pin connection in parentheses is intended for the uPD78F0078.
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36

A8 to A15:
ADO to AD7:
ADTRG:
ANIO to ANI7:

ASCKO, ASCK2:

ASTB:
AVREF:
AVss:
BUZ:
IC:

INTPO to INTP3:

P00 to P03:
P10 to P17:
P20 to P25:
P30 to P36:
P40 to P47:
P50 to P57:
P64 to P67:
P70 to P75:
P80:

Address bus
Address/data bus

AD trigger input

Analog input
Asynchronous serial clock
Address strobe

Analog reference voltage
Analog ground

Buzzer clock

Internally connected
External interrupt input
Port 0

Port 1

Port 2

Port 3

Port 4

Port 5

Port 6

Port 7

Port 8

PCL:

RD:

RESET:

RxDO0, RxD2:
SCK1, SCK3:

S, SI3:

SO1, SO3:

SSi:

TI000, TI010, TI0O1,
TI011, TI50, TI51:
TOO00, TO01, TO50,
TO51:

TxDO, TxD2:

Vbpo, Vbb1:

Vpp:

Vsso, Vssi:

WAIT:

WR:

X1, X2:

XT1, XT2:
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Programmable clock

Read strobe

Reset

Receive data

Serial clock

Serial input

Serial output

Serial interface chip select input

Timer input

Timer output

Transmit data

Power supply
Programming power supply
Ground

Wait

Write strobe

Crystal (main system clock)
Crystal (subsystem clock)



CHAPTER 1 OUTLINE (uPD780078 SUBSERIES)

1.6 78K/0 Series Lineup

The 78K/0 Series product lineup is illustrated below. Part numbers in the boxes indicate subseries names.

: Products in mass production _____________ .+ Products under development

Y subseries products are compatible with I2C bus.
Control

100-pin
100-pin / uPD78078 // uPD78078Y
100-pin / uPD78070A // uPD78070AY
100-pin
80-pin 4PD780058 // ,PD780058Y
80-pin / uPD78058F // uPD78058FY
go-pin / uPD78054 // ,PD78054Y
80-pin 4PD780065
64-pin uPD780078 // uPD780078Y
64-pin  /uPD780034A // uPD780034AY,
64-pin  /uPD780024A // ;PD780024AY,

EMI-noise reduced version of the uPD78078

uPD78054 with timer and enhanced external interface
ROMless version of the uPD78078

uPD78078Y with enhanced serial /0O and limited functions
uPD78054 with enhanced serial I/0

EMI-noise reduced version of the uPD78054

uPD78018F with UART and D/A converter, and enhanced 1/0
uPD780024A with expanded RAM

uPD780034A with timer and enhanced serial /0
uPD780024A with enhanced A/D converter

1 PD78018F with enhanced serial I/0

52-pin 52-pin version of the #PD780034A

52-pin 52-pin version of the uPD780024A

64-pin EMI-noise reduced version of the yPD78018F

64-pin 1PD78018FY / Basic subseries for control

42/44-pin f uPD78083 / On-chip UART, capable of operating at low voltage (1.8 V)

Inverter control
[~ 64-pin 1PD780988 On-chip inverter control circuit and UART. EMI-noise reduced.

VFD drive

B 100-pin 1PD78044F with enhanced I/0 and VFD C/D. Display output total: 53
80-pin For panel control. On-chip VFD C/D. Display output total: 53
'] 80-pin 11PD78044F with N-ch open-drain /0. Display output total: 34
B 80-pin Basic subseries for driving VFD. Display output total: 34
78K/0 a LCD drive
Series 100-pin  / 4PD780854 // uPD780354Y )é 4PD780344 with enhanced A/D converter
100-pin / 1PD780344 ﬂ uPD780344Y / uPD780308 with enhanced display function and timer. Segment signal output: 40 pins max.
120-pin 1PD780338 1PD780308 with enhanced display function and timer. Segment signal output: 40 pins max.
120-pin uPD780328 1PD780308 with enhanced display function and timer. Segment signal output: 32 pins max.
120-pin 1PD780308 with enhanced display function and timer. Segment signal output: 24 pins max.
100-pin 1PD780308 uPD780308Y 1PD78064 with enhanced SIO, and expanded ROM and RAM

100-pin uPD78064B EMI-noise reduced version of the uPD78064
L 100-pin uPD78064  // uPD78064Y ; Basic subseries for driving LCDs, on-chip UART
Bus interface supported

[ 100-pin uPD780948 On-chip CAN controller

80-pin uPD78098B 1PD78054 with IEBus™ controller
80-pin On-chip IEBus controller
80-pin 1PD780703AY L, On-chip CAN controller
80-pin uPD780833Y /' On-chip controller compliant with J1850 (Class 2)

| 64-pin Specialized for CAN controller function

-~ Meter control
100-pin For industrial meter control

= 80-pin On-chip automobile meter controller/driver

80-pin For automobile meter driver. On-chip CAN controller

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.
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The major functional differences between the subseries are shown below.

« Subseries without the suffix Y

Function ROM Timer 8-Bit [10-Bit| 8-Bit Serial Interface 110 l\\/I/IDI\[lJ. External
Subseries Name Capacity | 8-Bit |16-Bit\Watch| WDT | A/D | A/D | D/A Value|Expansion
Control | uPD78075B|32KBt040KB [ 4ch |1ch |[1ch|[1ch|8ch| — |[2ch|3ch (UART:1ch) 88 |1.8V| Yes
uPD78078 | 48KBto 60 KB
uPD78070A - 61 2.7V
uPD780058|24KBto60KB | 2 ch 3 ch (time-division UART: 1 ch)| 68 [1.8V
uPD78058F | 48 KB to 60 KB 3 ch (UART: 1 ch) 69 (2.7V
uPD78054 | 16KBto 60 KB 20V
uPD780065 | 40KB 1o 48 KB — |4 ch (UART: 1 ch) 60 |27V
uPD780078 | 48 KB to 60 KB 2 ch - (8ch 3 ch (UART: 2 ch) 52 (1.8V
uPD780034A|8KBto32KB 1ch 3 ch (UART: 1 ch) 51
uPD780024A 8ch| -
uPD780034AS - |4ch 39 -
uPD780024AS 4 ch -
uPD78014H 8 ch 2 ch 53 Yes
uPD78018F|8KBto60 KB
uPD78083 |8KBto16KB - - 1 ch (UART: 1 ch) 33 -
Inverter | uPD780988| 16KBto60KB | 3 ch |Note| — [1ch| — [8ch| — |[3ch (UART:2ch) 47 |4.0V| Yes
control
VFD uPD780208|32KBto60KB | 2ch [1ch|1ch|1ch|[8ch| - - |2ch 74 2.7V -
drive | pD780232|16KB10 24K | 3ch | — | — 4 ch 40 |45V
uPD78044H|32KBto48KB | 2ch |1 ch [ 1ch 8 ch 1ch 68 |2.7V
uPD78044F | 16 KB to 40 KB 2ch
LCD uPD780354 | 24KBto60KB [ 4ch |[1ch|1ch|[1ch| — |8ch| — |3ch (UART:1ch) 66 [1.8V| -
drive | pD780344 8ch| —
uPD780338|48KBto60KB | 3 ch | 2 ch — [10ch| 1ch [2ch (UART: 1 ch) 54
uPD780328 62
uPD780318 70
uPD780308|48KBto60KB | 2 ch | 1 ch 8ch| - — | 3ch (time-division UART: 1 ch)| 57 [2.0V
uPD78064B| 32 KB 2 ch (UART: 1 ch)
uPD78064 |16KBto 32 KB
Bus uPD780948| 60 KB 2ch|2ch|1ch|1ch|8ch]| - — [3ch (UART: 1 ch) 79 |4.0V| Yes
interface| uPD78098B| 40 KB to 60 KB 1ch 2ch 69 |2.7V| -
supported | uPD780816 | 32 KB to 60 KB 2 ch 12 ch — |2 ch (UART: 1 ch) 46 [4.0V
Meter control| uPD780958 | 48KBt060KB | 4 ch |2ch | — |[1ch| - - — |2ch (UART: 1 ch) 69 |22V| -
Dashboard | uPD780852|32KBt040KB [ 3ch |1ch |[1ch|[1ch|5ch| - — |3 ch (UART: 1 ch) 56 |40V| -
control uPD780828B | 32 KB to 60 KB 59
Note 16-bit timer: 2 channels
10-bit timer: 1 channel

38

User’'s Manual U14260EJ2VOUD




CHAPTER 1

OUTLINE (uPD780078 SUBSERIES)

1.7 Block Diagram

TIO00/TO00/P70 ~—
TIO10/P71 ——

16-bit timer/
event counter 00

TIO01/TO01/P75 ~—»
TIO11/P74 ——

16-bit timer/
event counter 01

TI50/TO50/P72 ~—

8-bit timer/
event counter 50

TI51/TO51/P73 ~—|

8-bit timer/
event counter 51

RxD0/P23 ——
TxD0/P24 ~—]
ASCKO0/P25 —=

RxD2/P35 ——
TxD2/P34 —<—
ASCK2/P36 ——

SI3/P34 ——
SO3/P35 -—
SCK3/P36 ——

78K/0 ROM
CPU < flash >
Watch timer eore emer
Watchdog timer @ @
UARTO @ @
Internal Internal
high-speed || expansion
RAM RAM
UART2 1024 bytes || 1024 bytes
Serial

interface SIO3

SI1/P20 ——=
SO1/P21 -——
SCK1/P22 =—=
SS1/P80 ——=

Serial
interface CSI

g 0 ¢ 8800 ¢ ¢ 4 8

ANIO/P10 to
ANI7/P17 “
ADTRG/P03 ——

AVRer
AVss

A/D converter

g

INTPO/P0O0 to
INTP3/P03

Interrupt
control

{

Vooo Vobi Vsso Vsst IC
(Vep)

g8 g uyg g gy y

{

Port 0 K2 >P00 to P03
Port 1 8 P10to P17
Port 2 K6 >P20to P25
Port 3 K,7_>P30to P36
Port 4 K8 >P40to P47
Port 5 K8 >P50to P57
Port 6 4" >Pe4 to P67
Port 7 K6 >P701t0 P75
Port 8 -~ P80
g, ADOP40 0
AD7/P47
g AB/P50 to
External ﬂS/P57
access RD/P64
—WR/P65
WAIT/P66
= ASTB/P67
Clock/buzzer PCLP74
output control I~ BUZ/P75
~——RESET
X1
System X2
control
XT1
XT2

Remarks 1. The internal ROM capacities differ depending on the product.

2. Pin connection in parentheses is intended for the uPD78F0078.
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1.8 Outline of Functions

Part Number uPD780076 uPD780078 uPD78F0078
ltem
Internal memory ROM 48 KB 60 KB 60 KBNote 1
(Mask ROM) (Mask ROM) (Flash memory)
High-speed RAM 1024 bytes
Expansion RAM 1024 bytes
Memory space 64 KB

General-purpose registers

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

Minimum instruction

Minimum instruction execution time selection function

execution time

When main system
clock selected

* 0.166 us/0.333 us/0.666 us/1.33 us/2.66 us

(12 MHz with main system clock, expanded-specification products only)
* 0.238 us/0.477 1us/0.954 us/1.90 us/3.81 us

(8.38 MHz with main system clock)

When subsystem
clock selected

122 us (@ 32.768 kHz operation)

Instruction set

* 16-bit operation

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

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

1/O ports

Total: 52
* CMOS input: 8
* CMOS I/0: 40
* N-ch open-drain /0O 5 V tolerant: 4

A/D converter

e 10-bit resolution x 8 channels
* Low-voltage operation: AVrer =2.2t0 5.5V

Serial interface

e 3-wire serial I/O mode: 1 channel
¢ UART mode: 1 channel
o 3-wire serial I/O/UART mode selectableNote 2; { channel

Timer

¢ 16-bit timer/event counter: 2 channels

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

Timer output

4 outputs: (8-bit PWM output enabled: 2)

Clock output

e 93.7 kHz, 187 kHz, 375 kHz, 750 kHz, 1.5 MHz, 3 MHz, 6 MHz, 12 MHz
(12 MHz with main system clock, expanded-specification products only)

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

e 32.768 kHz (with 32.768 kHz subsystem clock)

Buzzer output

* 1.46 kHz, 2.92 kHz, 5.85 kHz, 11.7 kHz
(12 MHz with main system clock, expanded-specification products only)
¢ 1.02 kHz, 2.05 kHz, 4.10 kHz, 8.19 kHz (with 8.38 MHz main system clock)

Vectored interrupts

Maskable

Internal: 18, External: 5

Non-maskable

Internal: 1

Software

1

Power supply voltage

Voo =1.8t0 5.5V

Operating ambient temperature

Ta = —40 to +85°C

Package

* 64-pin plastic LQFP (14 x 14)
* 64-pin plastic QFP (14 x 14)
* 64-pin plastic TQFP (12 x 12)

Notes 1. The capacity of the internal flash memory can be changed by means of the memory size switching register

(IMS).

2. Select either of the functions of these alternate-function pins.
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The following table outlines the timers/event counters (for details, refer to CHAPTER 8 16-BIT TIMER/EVENT
COUNTERS 00, 01, CHAPTER 9 8-BIT TIMER/EVENT COUNTERS 50, 51, CHAPTER 10 WATCH TIMER, and

CHAPTER 11 WATCHDOG TIMER).

16-Bit Timer/Event
Counters 00, 01

8-Bit Timer/Event
Counters 50, 51

Watch Timer

Watchdog Timer

Operation | Interval timer 2 channels 2 channels 1 channelNote 1 1 channelNote 2
mode External event counter O O - -
Function Timer output O O - -
PPG output O - - -
PWM output - O - -
Pulse width measurement O - - -
Square wave output O O - -
Interrupt request O O O O
Notes 1. The watch timer can be used both as a watch timer and an interval timer at the same time.

2. The watchdog timer can be used as either a watchdog timer or interval timer. Select one of the functions.

1.9 Mask Options

The mask ROM versions (uPD780076 and 780078) provide pull-up resistor mask options which allow users to
specify whether to connect a pull-up resistor to a specific port pin when the user places an order for device production.

Using the mask option when pull-up resistors are required reduces the number of components to add to the device,
resulting in board space saving.
The mask options provided in the uPD780078 Subseries are shown in Table 1-2.

Table 1-2. Mask Options of Mask ROM Versions

Pin Name

Mask Option

P30 to P33

Pull-up resistor connection can be specified in 1-bit units.

User's Manual U14260EJ2V0OUD
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2.1 Features

* Internal memory

CHAPTER 2 OUTLINE (uPD780078Y SUBSERIES)

Expansion RAM

Type Program Memory Data Memory
Part Number (Mask ROM/Flash Memory) High-Speed RAM
uPD780076Y 48 KB 1024 bytes 1024
uPD780078Y 60 KB
uPD78F0078Y 60 KBNote

bytes

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

* External memory expansion space: 64 KB

* Minimum instruction execution time changeable from high speed (0.238 us: @ 8.38 MHz operation with main

system clock) to ultra-low speed (122 us: @ 32.768 kHz operation with subsystem clock)
* Instruction set suited to system control

+ Bit manipulation possible in all address spaces
* Multiply and divide instructions
® 52 1/0 ports: (Four N-ch open-drain ports)

® 10-bit resolution A/D converter:

® Serial interface:
* 3-wire serial mode:
« UART mode:

8 channels
4 channels
1 channel
1 channel

« 3-wire serial I/O/UART mode selectable: 1 channel

+ 12C mode:

* Timer: 6 channels

1 channel

* 16-bit timer/event counter: 2 channels

« 8-bit timer/event counter:

+ Watch timer:
» Watchdog timer:

* Vectored interrupts: 26

2 channels
1 channel
1 channel

* Two types of on-chip clock oscillators (main system clock and subsystem clock)

Power supply voltage: Voo =1.8t0 5.5V

Caution The uPD780078Y Subseries is available only with the specifications of conventional products
(for conventional products, refer to 1.1 Expanded-specification Products and Conventional

Products).
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CHAPTER 2 OUTLINE (uPD780078Y SUBSERIES)

2.2 Applications
Personal computers, air conditioners, dashboards, air bags, car audio, etc.

2.3 Ordering Information

Part Number Package Internal ROM
uPD780076YGC-xxx-8BS 64-pin plastic LQFP (14 x 14) Mask ROM
uPD780076YGC-xxx-AB8 64-pin plastic QFP (14 x 14) Mask ROM
uPD780076YGK-xxx-9ET 64-pin plastic TQFP (12 x 12) Mask ROM
uPD780078YGC-xxx-8BS 64-pin plastic LQFP (14 x 14) Mask ROM
uPD780078YGC-xxx-AB8 64-pin plastic QFP (14 x 14) Mask ROM
uPD780078YGK-xxx-9ET 64-pin plastic TQFP (12 x 12) Mask ROM
uPD78F0078YGC-8BS 64-pin plastic LQFP (14 x 14) Flash memory
uPD78F0078YGC-ABS8 64-pin plastic QFP (14 x 14) Flash memory
uPD78F0078YGK-9ET 64-pin plastic TQFP (12 x 12) Flash memory

Remark xxx indicates ROM code suffix.

User’'s Manual U14260EJ2V0UD



CHAPTER 2 OUTLINE (uPD780078Y SUBSERIES)

2.4 Pin Configuration (Top View)

64-pin plastic LQFP (14 x 14)

64-pin plastic QFP (14 x 14)

64-pin plastic TQFP (12 x 12)

S
0
£
- - +~ O
o ~— [Te) 7o)
2 2 O O
m |- | I~
5883885855k 33563
< £ T << CEERR T EE
N~ o e} <t [s2] (qV] — o N~ © L < Lo <t (e2] [QV)
< < < < < < < < O © (o] [(e} N~ ~ N~ N~
o o [ I o IR o I o I o I 0 Y o o o o o o o o
64 63 62 61 60 59 58 57 56 55 54 53 52 51 50 49
P50/A8 O=—n 1 48 |«~—=O P71/TI010
P51/A9 O =1 2 O 47 |« P70/TI000/TO00
P52/A10 O=—+| 3 46 |~ PO3/INTP3/ADTRG
P53/A11 O=— =] 4 45 |« =) PO2/INTP2
P54/A12 Oe—=| 5 44 |«—=() PO1/INTP1
P55/A13 O=— =] 6 43 |« POO/INTPO
P56/A14 ==l 7 42 | ) Vssi
P57/A15 Q=+ 8 4 e OX1
Vsso O—— 9 40 ——O X2
Vooo O———— 10 39 |=—O IC(Vep)
P30 O] 11 38 [«~—O XT1
P31 O=—] 12 37 ——OXT2
P32/SDA0 O~——~| 13 36 |~——O RESET
P33/SCLO O=—~{ 14 35 —— P80/SS1
P34/SI3/TxD2 O=—={ 15 34 |« AVrer
P35/SO3/RxD2 O=~——+| 16 33 |« P10/ANIO
17 18 19 21 23 24 25 26 27 29 30 31 32

44

Cautions 1.

P36/SCK3/ASCK2

P20/S11 Oe—r]
P21/SO1 Q="
P22/SCK1 O
P23/RXD0 Q=+
P24/TxD0 O=— N

P25/ASCKO O=e—>

Vob1

AVss O———
P17/ANI7 O——
P16/ANI6 O——

P15/ANI5 O— 8
P14/ANI4 O—
P13/ANI3 O——+
P12/ANI2 O—
P11/ANH O——~

Connect the IC (internally connected) pin directly to Vsso or Vssi.
2. Connect AVss pin to Vsso.

Remarks 1. When these devices are used in applications that require the reduction of noise generated from an

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

Vopo and Vob1 independently, connecting Vsso and Vss1 independently to ground lines, and so on.

2. Pin connection in parentheses is intended for the uPD78F0078Y.
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CHAPTER 2 OUTLINE (uPD780078Y SUBSERIES)

A8 to A15:
ADO to AD7:
ADTRG:
ANIO to ANI7:

ASCKO, ASCK2:

ASTB:
AVREF:
AVss:
BUZ:
IC:

INTPO to INTP3:

P00 to P03:
P10 to P17:
P20 to P25:
P30 to P36:
P40 to P47:
P50 to P57:
P64 to P67:
P70 to P75:
P80:

Address bus
Address/data bus

AD trigger input

Analog input
Asynchronous serial clock
Address strobe

Analog reference voltage
Analog ground

Buzzer clock

Internally connected
External interrupt input
Port 0

Port 1

Port 2

Port 3

Port 4

Port 5

Port 6

Port 7

Port 8

PCL:

RD:

RESET:

RxDO0, RxD2:
SCK1, SCK3, SCLO:
SDAO:

SH, SI3:

SO1, SO3:

SSi:

TI000, TIO10, TIOO1,
TIO11, TI50, TI51:
TOO00, TO01, TO50,
TO51:

TxDO, TxD2:

Vbpo, Vbb1:

Vpp:

Vsso, Vssi:

WAIT:

WR:

X1, X2:

XT1, XT2:

User’'s Manual U14260EJ2V0UD

Programmable clock

Read strobe

Reset

Receive data

Serial clock

Serial data

Serial input

Serial output

Serial interface chip select input

Timer input

Timer output

Transmit data

Power supply

Programming power supply
Ground

Wait

Write strobe

Crystal (main system clock)
Crystal (subsystem clock)
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* 2.5 78K/0 Series Lineup
The 78K/0 Series product lineup is illustrated below. Part numbers in the boxes indicate subseries names.

46

78K/0
Series

[ 80-pin

: Products in mass production

. .+ Products under development

Y subseries products are compatible with I12C bus.
Control

uPD78075B

100-pin EMI-noise reduced version of the uPD78078

100-pin 1PD78078 1PD78078Y / A timer added to the uPD78054 and external interface enhanced.
100-pin / #PD78070A //uPD78070AY / ROMIess version of the xPD78078

100-pin uPD780018AY/. Serial I/0 of the uPD78078Y enhanced and the function limited.
80-pin uPD780058 yPD780058Y Serial 1/0 of the uPD78054 enhanced.

EMI-noise reduced version of the uPD78054

UART and D/A converter enhanced to the xPD78018F and I/O enhanced.
RAM capacity of the uPD780024A increased.

A timer added to the uPD780034A and serial /0 enhanced.

A/D converter of the uPD780024A enhanced.

Serial 1/0 of the uPD78018F enhanced.

80-pin  / uPD78058F /JuPD78058FY
80-pin  / uPD78054 /] uPD78054Y
1PD780065
64-pin 1PD780078 // uPD780078Y
64-pin  /uPD780034A //uPD780034AY,
64-pin  /uPD780024A /JuPD780024AY,

52-pin 52-pin version of uPD780034A

52-pin 52-pin version of uPD780024A

64-pin uPD78014H EMI-noise reduced version of the uPD78018F
64-pin Basic subseries for control

42/44-pin Z uPD78083 / On-chip UART, capable of operating at low voltage (1.8 V)

Inverter control

— 64-pin 1PD780988 On-chip inverter control circuit and UART. EMI-noise reduced.

VFD drive

100-pin The 1/0 and VFD C/D of the uPD78044F enhanced. Display output total: 53
80-pin For panel control. On-chip VFD and C/D. Display output total: 53
80-pin An N-ch open drain I/O added to the uPD78044F. Display output total: 34

| 80-pin Basic subseries for driving VFD. Display output total: 34

B LCD drive
100-pin  / uPD780354 // WPD780354Y é A/D converter of the 4PD780344 enhanced.
100-pin  / uPD780344 // .PD780344Y

1PD780338

1PD780328

Version of PD780308 with enhanced display function and timer. Segment signal output: 40 pins max.

120-pin
120-pin

Version of xPD780308 with enhanced display function and timer. Segment signal output: 40 pins max.
Version of xPD780308 with enhanced display function and timer. Segment signal output: 32 pins max.
120-pin Version of xPD780308 with enhanced display function and timer. Segment signal output: 24 pins max.
100-pin 1PD780308 // uPD780308Y / The SIO of the uPD78064 enhanced, and ROM, RAM capacity increased.

100-pin uPD78064B EMI-noise reduced version of the uPD78064
100-pin uPD78064 // uPD78064Y ; Basic subseries for driving LCDs, on-chip UART
Bus interface supported

7100—pin 1PD780948 On-chip CAN controller

80-pin 1PD78098B IEBus controller added to the uPD78054. EMI-noise reduced.

80-pin uPD780702Y / On-chip D-CAN/IEBus controller
80-pin uPD780703AY / On-chip CAN controller

80-pin #PD780833Y / On-chip controller compliant with J1850 (Class 2)

64-pin uPD780816 CAN controller function specialized

Meter control

7100—pin 1PD780958 For industrial meter control
80-pin 1PD780852 On-chip automobile meter controller/driver
| 80-pin 1uPD780828B For automobile meter driver. On-chip CAN controller
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CHAPTER 2 OUTLINE (uPD780078Y SUBSERIES)

The major functional differences between the subseries are shown below.

« Subseries with the suffix Y

Function ROM Timer 8-Bit |10-Bit| 8-Bit | Serial Interface I/O| Voo | External
Subseries Name Capacity | 8-Bit |16-Bit|Watch|WDT | A/D | A/D | D/A MIN. Value| Expansion
Control | uPD78078Y 48KBto60KB [4ch|1ch|[1ch|[1ch|8ch| — [2ch|3ch(UART:1ch, |88 |18V | Yes
LPD78070AY — I2C: 1 ch) 61|27V
uPD780018AY |48 KB to 60 KB — |3c¢h (12C: 1 ch) 88
uPD780058Y |24KBto60KB | 2 ch 2 ch |3 ch (time division |68 | 1.8 V
UART: 1 ch, I2C: 1 ch)
uPD78058FY |48 KB to 60 KB 3ch (UART:1ch, [69 |27V
UPD78054Y |16 KB 1o 60 KB 12C: 1 ch) 2.0V
uPD780078Y |48 KB to 60 KB 2 ch — |8ch| — |4ch (UART:2ch, [52 |18V
12C: 1 ch)
uPD780034AY |8 KB to 32 KB 1 ch 3 ch (UART: 1 ch, |51
LPD780024AY 8ch| — I2C: 1 ch)
uPD78018FY |8 KB to 60 KB 2 ch (I2C: 1 ch) 53
LCD uPD780354Y |24KBt032KB [4ch [1ch|1ch|1ch| — |8ch| — |4ch (UART:1ch, |66 |18V | —
drive uPD780344Y 8ch| — 12C: 1 ¢ch)
uPD780308Y |48KB1to60KB | 2 ch 3 ch (time division | 57 | 2.0V
UART: 1 ch, I2C: 1 ch)
uPD78064Y 16 KB to 32 KB 2 ch (UART: 1 ch,
12C: 1 ch)
For bus | uPD780702Y |60 KB 3ch|2ch|1ch|1ch|16ch| — — |4 ch (UART:1ch, |67 | 35V —
interface| ,pp780703AY [59.5 KB 12C: 1 ch)
uPD780833Y |60 KB 65|45V

Remark The functions of the subseries without the suffix Y and the subseries with the suffix Y are the same, except

for the serial interface (if a subseries without the suffix Y is available).
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CHAPTER 2 OUTLINE (uPD780078Y SUBSERIES)

2.6 Block Diagram

TI0O00/TO00/P70 ~—
TIO10/P71 ——

16-bit timer/
event counter 00

TIO01/TO01/P75 ~—»
TIO11/P74 ——

16-bit timer/
event counter 01

TI50/TO50/P72 ~—

8-bit timer/
event counter 50

TI51/TO51/P73 ~—

8-bit timer/
event counter 51

RxD0/P23 —
TxD0/P24 ~—
ASCKO0/P25 —

RxD2/P35 ——=
TxD2/P34 <—
ASCK2/P36 —

SI3/P34 ——
SO3/P35 =—
SCK3/P36 —=—

78K/0
CPU
core

ROM

< flash >
memory

{

{

Internal
expansion
RAM
1024 bytes

Watch timer
Watchdog timer @
UARTO @
Internal

high-speed
RAM

UART2 1024 bytes

Serial

interface SIO3

SI1/P20 ——=
SO1/P21 ~—]
SCK1/P22 =—=
SS1/P80 —

Serial
interface CSI1

SDAO0/P32 =—
SCLO/P33 =

12C bus

ANIO/P10 to
ANI7/P17 “
ADTRG/P03 ——~

AVReF ——»

AVss

A/D converter

INTP0/P0O0 to
INTP3/P03

Interrupt
control

g g ¢ v ¢ g 888 g gy

Remarks 1. The internal ROM capacities differ depending on the product.

L) Vooo Vobi Vsso Vsst IC

(Vep)

g L8888 LYY

g

{

Port 0 K 4 >P00 to P03
Port 1 8 |P10to P17
Port 2 6 >P20to P25
Port 3 K 7 >P30to P36
Port 4 KT8 )P40 to P47
Port 5 K8 >P50to P57
Port 6 K4 >pe4to P67
Port 7 K6 >P70t0 P75
Port 8 -~ P80
g ADOP40 0
AD7/P47
g, AB/PS0 to
External ﬂS/P57
access RD/P64
WR/P65
WAIT/P66
-~ ASTB/P67
Clock/buzzer PCLPT4
output control I~ BUZ/P75
~——RESET
X1
System X2
control XT1
XT2

2. Pin connection in parentheses is intended for the uPD78F0078Y.
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CHAPTER 2 OUTLINE (uPD780078Y SUBSERIES)

2.7 Outline of Functions
Part Number uPD780076Y uPD780078Y uPD78F0078Y
ltem
Internal memory ROM 48 KB 60 KB 60 KBNote 1
(Mask ROM) (Mask ROM) (Flash memory)

High-speed RAM 1024 bytes

Expansion RAM 1024 bytes
Memory space 64 KB

General-purpose registers

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

Minimum instruction

Minimum instruction execution time selection function

execution time

When main system
clock selected

0.238 us/0.477 us/0.954 us/1.90 us/3.81 us (@ 8.38 MHz operation)

When subsystem
clock selected

122 us (@ 32.768 kHz operation)

Instruction set

» 16-bit operation

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

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

1/0 ports

Total: 52
* CMOS input: 8
+ CMOS 1/0: 40
* N-ch open-drain I/0 5 V tolerant: 4

A/D converter

* 10-bit resolution x 8 channels
» Low-voltage operation: AVrer =2.21t0 5.5V

Serial interface

» 3-wire serial I/O mode: 1 channel
* UART mode: 1 channel
« 3-wire serial I/O/UART mode selectableNote 2: 1 channel
+ 12C bus mode: 1 channel

Timer

* 16-bit timer/event counter: 2 channels

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

Timer output

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

Clock output

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

Buzzer output

1.02 kHz, 2.05 kHz, 4.10 kHz, 8.19 kHz (with 8.38 MHz main system clock)

Vectored interrupts

Maskable interrupt

Internal: 19, External: 5

Non-maskable interrupt

Internal: 1

Software interrupt

1

Power supply voltage

Voo =1.8t0 5.5V

Operating ambient temperature

Ta = —40 to +85°C

Package

* 64-pin plastic LQFP (14 x 14)
* 64-pin plastic QFP (14 x 14)
* 64-pin plastic TQFP (12 x 12)

Notes 1. The capacity of the internal flash memory can be changed by means of the memory size switching register

(IMS).

2. Select either of the functions of these alternate-function pins.

User’'s Manual U14260EJ2V0UD

49



CHAPTER 2 OUTLINE (uPD780078Y SUBSERIES)

The following table outlines the timers/event counters (for details, refer to CHAPTER 8 16-BIT TIMER/EVENT
COUNTERS 00, 01, CHAPTER 9 8-BIT TIMER/EVENT COUNTERS 50, 51, CHAPTER 10 WATCH TIMER, and

CHAPTER 11 WATCHDOG TIMER).

16-Bit Timer/Event
Counters 00, 01

8-Bit Timer/Event
Counters 50, 51

Watch Timer

Watchdog Timer

Operation | Interval timer 2 channels 2 channels 1 channelNote 1 1 channelNote 2
mode External event counter O O - -
Function Timer output O O - -
PPG output O - - -
PWM output - O - -
Pulse width measurement O - - -
Square wave output O O - -
Interrupt request O O O O
Notes 1. The watch timer can be used both as a watch timer and an interval timer at the same time.

2. The watchdog timer can be used as either a watchdog timer or interval timer. Select one of the functions.

2.8 Mask Options

The mask ROM versions (uPD780076Y and 780078Y) provide pull-up resistor mask options which allow users
to specify whether to connect a pull-up resistor to a specific port pin when the user places an order for device
production. Using this mask option when pull-up resistors are required reduces the number of components to add
to the device, resulting in board space saving.

The mask options provided in the uPD780078Y Subseries are shown in Table 2-1.

50

Table 2-1. Mask Options of Mask ROM Versions

Pin Name

Mask Option

P30 and P31

Pull-up resistor connection can be specified in 1-bit units.
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CHAPTER 3 PIN FUNCTIONS (uPD780078 SUBSERIES)

(1) Port pins (1/2)

Alternate
Pin Name 110 Function After Reset .
Function
P00 1/0 Port 0 Input INTPO
PO1 4-bit 1/0 port INTP1
Input/output mode can be specified in 1-bit units.
P02 An on-chip pull-up resistor can be used by setting software. INTP2
P03 INTP3/ADTRG
P10 to P17 Input Port 1 Input ANIO to ANI7
8-bit input only port.
P20 I/0 Port 2 Input Si
P21 6-bit 1/0 port S01
Input/output mode can be specified in 1-bit units.
P22 An on-chip pull-up resistor can be used by setting software. SCKi1
P23 RxDO
P24 TxDO
P25 ASCKO
P30 I/0 Port 3 N-ch open-drain 1/O port Input —
P31 7-bit 1/0 An on-chip pull-up resistor can be
port specified by a mask option.
P32 Input/output mode | (Mask ROM version only)
P33 can be specified in | LEDs can be driven directly.
P34 1-bit units. An on-chip pull-up resistor can be SI13/TxD2
P35 used by setting software. SO3/RxD2
P36 SCK3/ASCK2
P40 to P47 I/0 Port 4 Input ADO to AD7
8-bit 1/0 port
Input/output mode can be specified in 1-bit units.
An on-chip pull-up resistor can be used by setting software.
Interrupt request flag (KRIF) is set to 1 by falling edge
detection.
P50 to P57 1/0 Port 5 Input A8 to A15
8-bit 1/0 port
LEDs can be driven directly.
Input/output mode can be specified in 1-bit units.
An on-chip pull-up resistor can be used by setting software.
P64 o) Port 6 Input RD
P65 4-bit 1/0 port WR
Input/output mode can be specified in 1-bit units. —
Pe6 An on-chip pull-up resistor can be used by setting software. WAIT
P67 ASTB
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(1) Port pins (2/2)

Alternate
Pin Name 1/0 Function After Reset )
Function
P70 I/0 Port 7 Input TI1000/TO00
P71 6-bit 1/0 port TI010
Input/output mode can be specified in 1-bit units.
P72 An on-chip pull-up resistor can be used by setting software. T150/T050
P73 TI51/TO51
P74 TI011/PCL
P75 TI001/TO01/BUZ
P80 Port 8 SS1
1-bit 1/0 port
Input/output mode can be specified in 1-bit units.
An on-chip pull-up resistor can be used by setting software.
(2) Non-port pins (1/2)
Alt t
Pin Name I/0 Function After Reset ernfa ©
Function
INTPO Input External interrupt request input with specifiable valid edges Input P00
INTP1 (rising edge, falling edge, both rising and falling edges) P01
INTP2 P02
INTP3 PO3/ADTRG
S Input Serial interface serial data input Input P20
SI3 P34/TxD2
SO1 Output Serial interface serial data output Input P21
SO3 P35/RxD2
SCKA1 1/0 Serial interface serial clock input/output Input P22
SCK3 P36/ASCK2
SS1 Input Serial interface chip select input Input P80
RxDO Input Asynchronous serial interface serial data input Input P23
RxD2 P35/S03
TxDO Output Asynchronous serial interface serial data output Input P24
TxD2 P34/SI3
ASCKO Input Asynchronous serial interface serial clock input Input P25
SCK2 P36/SCK3
TI000 Input External count clock input to 16-bit timer/event counter 00. Input P70/TO00
Capture trigger input to capture registers (CR000, CR010)
of 16-bit timer/event counter 00
TIO10 Capture trigger input to capture register (CR000) of 16-bit P71
timer/event counter 00
TI001 External count clock input to 16-bit timer/event counter 01. P75/TO01/BUZ

Capture trigger input to capture registers (CR001, CR011)
of 16-bit timer/event counter 01
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CHAPTER 3 PIN FUNCTIONS (uPD780078 SUBSERIES)

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

Pin Name I/0 Function After Reset lélljirc:;t:
TIO11 Input Capture trigger input to capture register (CR001) of 16-bit Input P74/PCL
timer/event counter 01
TI50 External count clock input to 8-bit timer/event counter 50 P72/TO50
TI51 External count clock input to 8-bit timer/event counter 51 P73/TO51
TOO00 Output 16-bit timer/event counter 00 output Input P70/TI000
TOO1 16-bit timer/event counter 01 output P75/T1001/BUZ
TO50 8-bit timer/event counter 50 output Input P72/TI50
TO51 8-bit timer/event counter 51 output P73/T151
PCL Output Clock output (for main system clock and subsystem clock Input P74/TI011
trimming)
BUZ Output Buzzer output Input P75/T1001/TO01
ADO to AD7 I/0 Lower address/data bus when expanding external memory Input P40 to P47
A8 to A15 Output Higher address bus when expanding external memory Input P50 to P57
RD Output Strobe signal output for read operation from external memory Input P64
WR Strobe signal output for write operation from external memory P65
WAIT Input Wait insertion when accessing external memory Input P66
ASTB Output Strobe output externally latching address information Input P67
output to ports 4, 5 to access external memory
ANIO to ANI7 Input A/D converter analog input Input P10 to P17
ADTRG Input A/D converter trigger signal input Input PO3/INTP3
AVRer Input A/D converter reference voltage input and analog power supply — —
AVss — A/D converter ground potential. Connect to Vsso or Vssi. — —
RESET Input System reset input Input —
X1 Input Crystal/ceramic connection for main system clock oscillation — —
X2 — — —
XT1 Input Crystal connection for subsystem clock oscillation — —
XT2 — — —
Voo — Positive power supply — —
Vb1 — Positive power supply other than port — —
Vsso — Ground potential — —
Vsst — Ground potential other than port — —
IC — Internally connected. Connect directly to Vssoor Vssi. — —
Vep — High-voltage application for program write/verify — —
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CHAPTER 3 PIN FUNCTIONS (uPD780078 SUBSERIES)

3.2 Description of Pin Functions

3.2.1 P00 to P03 (Port 0)

P00 to P03 function as a 4-bit I/0 port. Besides serving as an I/O port, they also function as external interrupt
inputs, and an A/D converter external trigger input.

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

(1) Port mode
These pins function as a 4-bit 1/0O port.
P00 to P03 can be specified as input or output in 1-bit units using port mode register 0 (PMO0). On-chip pull-up
resistors can be connected by setting pull-up resistor option register 0 (PUO).

(2) Control mode
In this mode, these pins function as external interrupt request inputs, and an A/D converter external trigger input.

(a) INTPO to INTP3
INTPO to INTP3 are external interrupt request input pins for which the valid edge can be specified (rising
edge, falling edge, or both rising and falling edges).

(b) ADTRG
A/D converter external trigger input.

Caution When P03 is used as an A/D converter external trigger input, specify the valid edge by
using bits 1 and 2 (EGA00, EGA01) of the A/D converter mode register (ADMO0) and set the
interrupt mask flag (PMK3) to 1.

3.2.2 P10 to P17 (Port 1)

P10to P17 function as an 8-bit input-only port. Besides serving as an input port, they also function as A/D converter
analog inputs.

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

(1) Port mode
These pins function as an 8-bit input-only port.

(2) Control mode
These pins function as A/D converter analog input pins (ANIO to ANI7).

3.2.3 P20 to P25 (Port 2)

P20 to P25 function as a 6-bit /0 port. Besides serving as an I/O port, they function as data I/O for the serial interface
and clock I/0O.

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

(1) Port mode

These pins function as a 6-bit I/O port. They can be specified as input or output in 1-bit units using port mode
register 2 (PM2). On-chip pull-up resistors can be connected by setting pull-up resistor option register 2 (PU2).
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(2) Control mode
These pins function as serial interface data I/O and clock 1/O.

(a) SI1 and SO1
Serial interface serial data 1/0 pins.

(b) SCK1
Serial interface serial clock 1/O pin.

(c) RxDO, TxDO
Asynchronous serial interface serial data 1/O pins.

(d) ASCKO
Asynchronous serial interface serial clock input pin.

3.2.4 P30 to P36 (Port 3)

P30 to P36 function as a 7-bit I/O port. Beside serving as an I/O port, they also function as serial interface data
I/0 and clock 1/0.

P30 to P33 can drive LEDs directly.

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

(1) Port mode
These pins function as a 7-bit I/O port. They can be specified as input or output in 1-bit units using port mode
register 3 (PM3). P30 to P33 are N-ch open drain 1/0 pins. On-chip pull-up resistors can be connected via a
mask option (mask ROM version only). On-chip pull-up resistor pins can be connected to P34 to P36 by setting
pull-up resistor option register 3 (PU3).

(2) Control mode
These pins function as serial interface data I/O and clock 1/O.

(a) SI3 and SO3
Serial interface serial data 1/0 pins.

(b) SCK3
Serial interface serial clock 1/O pin.

(c) RxD2 and TxD2
Asynchronous serial interface serial data 1/O pins.

(d) ASCK2
Asynchronous serial interface serial clock input pin.

User’'s Manual U14260EJ2VOUD 55



CHAPTER 3 PIN FUNCTIONS (uPD780078 SUBSERIES)

3.2.5 P40 to P47 (Port 4)

P40 to P47 function as an 8-bit I/0 port. Besides serving as an 1/O port, they also function as an address/data
bus.

The interrupt request flag (KRIF) can be set to 1 by detecting a falling edge.

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

Caution When using the falling edge detection interrupt (INTKR), be sure to set the memory expansion
mode register (MEM) to 01H.

(1) Port mode
These pins function as an 8-bit I/0 port. They can be specified as input or output in 1-bit units by using port mode
register 4 (PM4). On-chip pull-up resistors can be connected by setting pull-up resistor option register 4 (PU4).

(2) Control mode
These ports function as the lower address/data bus pins (ADO to AD7) in external memory expansion mode.

3.2.6 P50 to P57 (Port 5)
P50 to P57 function as an 8-bit /0O port. Besides serving as an I/O port, they also function as an address bus.
Port 5 can drive LEDs directly.
The following operating modes can be specified in 1-bit units.

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

(2) Control mode
These ports function as the higher address bus pins (A8 to A15) in external memory expansion mode.

3.2.7 P64 to P67 (Port 6)
P64 to P67 function as a 4-bit I/0 port. Besides serving as an I/O port, they are also used for control in external
memory expansion mode.
The following operating modes can be specified in 1-bit units.

(1) Port mode
These pins function as a 4-bit I/O port. They can be specified as input or output in 1-bit units using port mode
register 6 (PM6).
On-chip pull-up resistors can be connected by setting pull-up resistor option register 6 (PUS6).

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

Caution  When external wait is not used in external memory expansion mode, P66 can be used as an
1/0 port.
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3.2.8 P70 to P75 (Port 7)

P70 to P75 function as a 6-bit I/O port. Besides serving as an I/O port, they also function as timer I/O, clock output,
and buzzer output.

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

(1) Port mode
These pins function as a 6-bit I/O port. They can be specified as input or output using port mode register 7 (PM7).
On-chip pull-up resistors can be connected by setting pull-up resistor option register 7 (PU7). P70 and P71 are
also 16-bit timer/event counter capture trigger signal input pins with a valid edge input.

(2) Control mode
Port 7 functions as timer 1/O, clock output and buzzer output.

(a) TIO00
External count clock input pin to 16-bit timer/event counter 00 and capture trigger signal input pin to the 16-
bit timer/event counter 00 capture registers (CR000, CR010).

(b) TIOO1
External count clock input pin to 16-bit timer/event counter 01 and capture trigger signal input pin to the 16-
bit timer/event counter 01 capture registers (CR001, CR011).

(c) TIo10
Capture trigger signal input pin to the 16-bit timer/event counter 00 capture register (CR000).

(d) TIo11
Capture trigger signal input pin to the 16-bit timer/event counter 01 capture register (CR001).

(e) TI50 and TI51
8-bit timer/event counter 50, 51 external count clock input pins.

(f) TOO00, TOO1, TO50, and TO51
Timer output pins.

(g) PCL
Clock output pin.

(h) BUZ
Buzzer output pin.
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3.2.9 P80 (Port 8)
P80is a 1-bit I/O port. Besides serving as an I/O port, it also functions as the chip select input of the serial interface.
The following operating modes can be specified in 1-bit units.

(1) Port mode
This pin functions as a 1-bit I/0 port. It can be specified as input or output in 1-bit units using port mode register
8 (PM8).
An on-chip pull-up resistor can be connected by setting pull-up resistor option register 8 (PU8).

(2) Control mode
This pin functions as the chip select input pin (S@) of the serial interface.

*x 3.2.10 AVReF
This is the A/D converter reference voltage input pin. This pin is also used for the analog power supply. When
using the A/D converter, supply power to this pin.
When the A/D converter is not used, directly connect this pin to Vsso or Vsst.

3.2.11 AVss
This is the ground voltage pin of the A/D converter. Use the same voltage as that of the Vsso pin or Vss1 pin even
when not using the A/D converter.

3.2.12 RESET
This is an active-low system reset input pin.

3.2.13 X1 and X2
Crystal/ceramic resonator connection pins for main system clock oscillation. For an external clock supply, input
the clock signal to X1 and its inverted signal to X2.

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

3.2.15 Vpopo and Vbb1
Vooo is the positive power supply pin for the ports.
Vob1 is the positive power supply pin for other than the ports.

3.2.16 Vsso and Vss1
Vsso is the ground potential pin for the ports.
Vss1 is the ground potential pin for other than the ports.

3.2.17 Vep (flash memory versions only)
High-voltage application pin for flash memory programming mode setting and program write/verify.
*x  Handle in either of the following ways.

* Independently connect a 10 kQ pull-down resistor.

+ Set the jumper on the board so that this pin is connected directly to the dedicated flash programmer in
programming mode and directly to Vsso or Vss1 in normal operation mode.
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When there is a voltage difference between the Vprp pin and Vsso pin or Vsst pin because the wiring between the
two pins is too long or external noise is input to the Vep pin, the user program may not operate normally.

3.2.18 IC (mask ROM version only)

The IC (internally connected) pin is provided to set the test mode to check the uPD780078 Subseries at delivery.
Connect it directly to Vsso or Vsst with the shortest possible wiring in the normal operating mode.

When there is a voltage difference between the IC pin and Vsso pin or Vssi1 pin because the wiring between the
two pins is too long or external noise is input to the IC pin, the user program may not operate normally.

« Connect IC pin to Vsso or Vss1 pin directly.

VssoorVsst IC
.
\

As short as possible
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3.3 Pin I/0 Circuits and Recommended Connection of Unused Pins

Table 3-1 shows the types of pin I/O circuits and the recommended connections of unused pins.
Refer to Figure 3-1 for the configuration of the 1/O circuit of each type.

Table 3-1. Pin I/O Circuit Types (1/2)

Pin Name I/0O Circuit Type 1/0 Recommended Connection of Unused Pins
POO/INTPO to PO2/INTP2 8-C 1/0 Input:  Independently connect to Vsso or Vss1 via a resistor.
PO3/INTP3/ADTRG Output: Leave open.

P10/ANIO to P17/ANI7 25 Input | Connect directly to Vooo, Voo1, Vsso, or Vss1.

P20/SI1 8-C 1/0 Input:  Independently connect to Vooo, Vob1, Vsso, or Vssi
P21/SO1 5-H via a resistor.

P22/SCKA 8.C Output: Leave open.

P23/RxD0

P24/TxD0 5-H

P25/ASCKO0 8-C

P30, P31 13-Q Input:  Connect directly to Vsso or Vsst.

(for mask ROM version) Output: Leave open at low level output with the output latch
P30, P31 13-p of the port set to 0.

(for flash memory version)

P32, P33 13-S

(for mask ROM version)

P32, P33 13-R

(for flash memory version)

P34/S13/TxD2 8-C Input:  Independently connect to Vooo, Vo1, Vsso, or Vssi
P35/SO3/RxD2 via a resistor.

P36/SCK3/ASCK2 Output: Leave open.

P40/ADO to P47/AD7 5-H Input:  Independently connect to Vooo or Voor via a resistor.

Output: Leave open.
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Table 3-1. Pin I/O Circuit Types (2/2)

Pin Name 1/0 Circuit Type 110 Recommended Connection of Unused Pins
P50/A8 to P57/A15 5-H 1/0 Input: Independently connect to Vooo, Vo1, Vsso, or
P64/RD Vssi1 via a resistor.

PGSR Output: Leave open.

P66/WAIT

P67/ASTB

P70/T1000/TO00 8-C

P71/TI010

P72/TI150/TO50

P73/TI51/TO51

P74/TI011/PCL

P75/T1001/TO01/BUZ

P80/SS1 Input: Connect to Vsso or Vssi1 via a resistor.
Output: Leave open

RESET 2 Input —

XT1 16 Connect directly to Vooo or Voos.

XT2 — Leave open.

AVRrer — Connect directly to Vsso or Vsst.

AVss

IC (for mask ROM versions)

Vep

(for flash memory versions)

Independently connect a 10 kQ pull-down resistor or
connect directly to Vsso or Vssi.
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Figure 3-1. Pin I/O Circuits (1/2)
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Figure 3-1. Pin I/O Circuits (2/2)
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CHAPTER 4 PIN FUNCTIONS (uPD780078Y SUBSERIES)

(1) Port pins (1/2)

Alternate
Pin Name 110 Function After Reset .
Function
P00 1/0 Port 0 Input INTPO
PO1 4-bit 1/0 port INTP1
Input/output mode can be specified in 1-bit units.
Po2 An on-chip pull-up resistor can be used by setting software. INTP2
P03 INTP3/ADTRG
P10 to P17 Input Port 1 Input ANIO to ANI7
8-bit input only port.
P20 I/0 Port 2 Input Si
P21 6-bit 1/0 port SO1
Input/output mode can be specified in 1-bit units.
P22 An on-chip pull-up resistor can be used by setting software. SCKi1
P23 RxDO
P24 TxDO
P25 ASCKO
P30 1/0 Port 3 N-ch open-drain 1/O port Input —
P31 7-bit 1/0 port On-chip pull-up resistor can be
Input/output specified by mask option.
P32 mode can be (P30 and P31 are mask ROM version only.) SDAD
P33 specified in 1-bit LEDs can be driven directly. SCLO
P34 units. An on-chip pull-up resistor can be SI3/TxD2
P35 used by setting software. SO3/RxD2
P36 SCK3/ASCK2
P40 to P47 1/0 Port 4 Input ADO to AD7
8-bit 1/0 port
Input/output mode can be specified in 1-bit units.
An on-chip pull-up resistor can be used by setting software.
Interrupt request flag (KRIF) is set to 1 by falling edge
detection.
P50 to P57 1/0 Port 5 Input A8 to A15
8-bit 1/0 port
LEDs can be driven directly.
Input/output mode can be specified in 1-bit units.
An on-chip pull-up resistor can be used by setting software.
P64 110 Port 6 Input RD
P65 4-bit 1/0 port WR
Input/output mode can be specified in 1-bit units.
P66 An on-chip pull-up resistor can be used by setting software. WAIT
P67 ASTB
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(1) Port pins (2/2)

Alternate
Pin Name 1/0 Function After Reset )
Function
P70 I/0 Port 7 Input TI1000/TO00
P71 6-bit 1/0 port TI010
Input/output mode can be specified in 1-bit units.
p72 An on-chip pull-up resistor can be used by setting software. TI50/TO50
P73 TI51/TO51
P74 TI011/PCL
P75 TI001/TO01/BUZ
P80 Port 8 Ss1
1-bit 1/0 port
Input/output mode can be specified in 1-bit units.
An on-chip pull-up resistor can be used by setting software.
(2) Non-port pins (1/2)
Alt t
Pin Name I/0 Function After Reset erng ©
Function
INTPO Input External interrupt request input with specifiable valid edges Input P00
INTP1 (rising edge, falling edge, both rising and falling edges) PO1
INTP2 P02
INTP3 PO3/ADTRG
S Input Serial interface serial data input Input P20
SO1 Output Serial interface serial data output Input P21
SDAO 1/0 Serial interface serial data input/output Input P32
SCKA1 1/0 Serial interface serial clock input/output Input P22
SCK3 P30/ASCK2
SCLO P33
Ss1 Input Serial interface chip select input Input P80
RxDO Input Asynchronous serial interface serial data input Input P23
RxD2 P35/S03
TxDO Output Asynchronous serial interface serial data output Input P24
TxD2 P34/SI3
ASCKO Input Asynchronous serial interface serial clock input Input P25
ASCK2 P36/SCK3
TI000 Input External count clock input to 16-bit timer/event counter 00. Input P70/TO00
Capture trigger input to capture registers (CR000, CR010) of
16-bit timer/event counter 00
TIO10 Capture trigger input to capture register (CR000) of 16-bit P71
timer/event counter 00
TI001 External count clock input to 16-bit timer/event counter 01. P75/TO01/BUZ
Capture trigger input to capture registers (CR001, CR011)
of 16-bit timer/event counter 01
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(2) Non-port pins (2/2)

Pin Name I/0 Function After Reset ﬁ:i::;::
TIO11 Input Capture trigger input to capture register (CR001) of 16-bit Input P74/PCL
timer/event counter 01
TI50 External count clock input to 8-bit timer/event counter 50 P72/TO50
TI51 External count clock input to 8-bit timer/event counter 51 P73/TO51
TOO00 Output 16-bit timer/event counter 00 output Input P70/TI00
TOO1 16-bit timer/event counter 01 output P75/T1001/BUZ
TO50 8-bit timer/event counter 50 output Input P72/TI50
TO51 8-bit timer/event counter 51 output P73/TI51
PCL Output Clock output (for main system clock and subsystem clock Input P74/TI011
trimming)
BUZ Output Buzzer output Input P75/T1001/TO01
ADO to AD7 1/0 Lower address/data bus when expanding external memory Input P40 to P47
A8 to A15 Output Higher address bus when expanding external memory Input P50 to P57
RD Output Strobe signal output for read operation from external memory Input P64
WR Strobe signal output for write operation from external memory P65
WAIT Input Wait insertion when accessing external memory Input P66
ASTB Output Strobe output externally latching address information Input P67
output to ports 4, 5 to access external memory
ANIO to ANI7 Input A/D converter analog input Input P10 to P17
ADTRG Input A/D converter trigger signal input Input PO3/INTP3
AVRer Input A/D converter reference voltage input and analog power supply — —
AVss — A/D converter ground potential. Connect to Vsso or Vssi. — —
RESET Input System reset input Input —
X1 Input Crystal/ceramic connection for main system clock oscillation — —
X2 — — —
XT1 Input Crystal connection for subsystem clock oscillation — —
XT2 — — —
Voo — Positive power supply — —
Vo1 — Positive power supply other than port — —
Vsso — Ground potential — —
Vsst — Ground potential other than port — —
IC — Internally connected. Connect directly to Vssoor Vssi. — —
Vep — High-voltage application for program write/verify — —
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4.2 Description of Pin Functions

4.2.1 P00 to P03 (Port 0)

These are 4-bit input/output ports. Besides serving as I/O ports, they function as an external interrupt input, and
A/D converter external trigger input pins.

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

(1) Port mode
In this mode, these ports function as 4-bit /O ports.
P00 to P03 can be specified for input or output ports in 1-bit units using port mode register 0 (PM0). On-chip
pull-up resistors can be used for them by setting pull-up resistor option register 0 (PUO).

(2) Control mode
In this mode, these ports function as an external interrupt request input, and A/D converter external trigger input
pins.

(a) INTPO to INTP3
INTPO to INTP3 are external interrupt request input pins which can specify valid edges (rising edge, falling
edge, and both rising and falling edges).

(b) ADTRG
A/D converter external trigger input pin.

Caution When P03 is used as an A/D converter external trigger input, specify the valid edge by
bits 1,2 (EGA00, EGA01) of A/D converter mode register 0 (ADMO) and set interrupt mask
flag (PMK3) to 1.

4.2.2 P10 to P17 (Port 1)
These are 8-bit input only ports. Besides serving as input ports, they function as an A/D converter analog input.
The following operating modes can be specified in 1-bit units.

(1) Port mode
These ports function as 8-bit input only ports.

(2) Control mode
These ports function as A/D converter analog input pins (ANIO to ANI7).

4.2.3 P20 to P25 (Port 2)

These are 6-bit I/O ports. Besides serving as I/O ports, they function as data I/O to/from the serial interface and
clock I/0O functions.

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

(1) Port mode
These ports function as 6-bit I/O ports. They can be specified in 1-bit units as input or output ports with port
mode register 2 (PM2). On-chip pull-up resistors can be used for them by setting pull-up resistor option register
2 (PU2).
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(2) Control mode
These ports function as serial interface data I/O and clock 1/O.

(a) SI1 and SO1
Serial interface serial data 1/0 pins.

(b) SCK1
Serial interface serial clock 1/O pin.

(c) RxDO, TxDO
Asynchronous serial interface serial data 1/O pins.

(d) ASCKO
Asynchronous serial interface serial clock input pin.

4.2.4 P30 to P36 (Port 3)
These are 7-bit I/O ports. Beside serving as /O ports, they function as serial interface data 1/0 and clock I/O.
P30 to P33 (Port 3) can drive LEDs directly.
The following operating modes can be specified in 1-bit units.

(1) Port mode
These ports function as 7-bit 1/0 ports. They can be specified in 1-bit units as input or output ports with port
mode register 3 (PM3). P30 to P33 are N-ch open drain output. Mask ROM version can contain pull-up resistors
in P30 and P31 with the mask option. On-chip pull-up resistors of P34 to P36 can be used by defining the pull-
up resistor option register 3 (PU3).

(2) Control mode
These ports function as serial interface serial data 1/0 and clock 1/0.

(a) SI3, SO3, and SDAO
Serial interface serial data 1/O pins.

(b) SCK3 and SCLO
Serial interface serial clock I/O pins.

(c) RxD2 and TxD2
Asynchronous serial interface serial data I/O pins.

(d) ASCK2
Asynchronous serial interface serial clock input pin.
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4.2.5 P40 to P47 (Port 4)
These are 8-bit I/O ports. Besides serving as I/O ports, they function as an address/data bus.
The interrupt request flag (KRIF) can be set to 1 by detecting a falling edge.
The following operating mode can be specified in 1-bit units.

Caution When using the falling edge detection interrupt (INTKR), be sure to set the memory expansion
mode register (MEM) to 01H.

(1) Port mode
These ports function as 8-bit 1/0 ports. They can be specified in 1-bit units for input or output ports by using
port mode register 4 (PM4). On-chip pull-up resistors can be used by setting pull-up resistor option register 4
(PU4).

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

4.2.6 P50 to P57 (Port 5)
These are 8-bit I/O ports. Besides serving as 1/O ports, they function as an address bus.
Port 5 can drive LEDs directly.
The following operating modes can be specified in 1-bit units.

(1) Port mode
These ports function as 8-bit I/O ports. They can be specified in 1-bit units as 1/0 ports with port mode register
5 (PM5). On-chip pull-up resistors can be used by setting pull-up resistor option register 5 (PU5).

(2) Control mode
These ports function as higher address bus pins (A8 to A15) in external memory expansion mode.

4.2.7 P64 to P67 (Port 6)

These are 4-bit I/O ports. Besides serving as I/O ports, they are used for control in external memory expansion
mode.

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

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

(2) Control mode
These ports function as control signal output pins (_D,_R, AIT, ASTB) in external memory expansion mode.

Caution  When external wait is not used in external memory expansion mode, P66 can be used as an
1/0 port.
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4.2.8 P70 to P75 (Port 7)
These are 6-bit /0 ports. Besides serving as I/0O ports, they function as a timer I/O, clock output, and buzzer output.
The following operating modes can be specified in 1-bit units.

(1) Port mode
Port 7 functions as a 6-bit I/O port. Bit-wise specification as an input port or output port is possible by means
of port mode register 7 (PM7). On-chip pull-up resistors can be used by setting pull-up resistor option register
7 (PU7). P70 and P71 also become a 16-bit timer/event counter capture trigger signal input pin with a valid edge
input.

(2) Control mode
Port 7 functions as timer 1/O, clock output and buzzer output.

(a) TIO00
External count clock input pin to 16-bit timer/event counter 00 and capture trigger signal input pin to the 16-
bit timer/event counter 00 capture registers (CR000, CR010).

(b) TIOO1
External count clock input pin to 16-bit timer/event counter 01 and capture trigger signal input pin to the 16-
bit timer/event counter 01 capture registers (CR001, CR011).

(c) TIo10
Capture trigger signal input pin to the 16-bit timer/event counter 00 capture register (CR000).

(d) TIO11
Capture trigger signal input pin to the 16-bit timer/event counter 01 capture register (CR001).

(e) TI50, TI51
8-bit timer/event counter 50, 51 external count clock input pins.

(f) TOO00, TOO1, TO50, TO51
Timer output pins.

(g) PCL
Clock output pin.

(h) BUZ
Buzzer output pin.
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4.2.9 P80 (Port 8)
Thisis a 1-bit /0 port. Besides serving as I/0O ports, it functions as chip select input of serial interface. The following
operating modes can be specified in 1-bit units.

(1) Port mode
This port functions as a 1-bit I/O port. It can be specified in 1-bit units as input or output port with port mode
register 8 (PM8).
On-chip pull-up resistors can be used by setting pull-up resistor option register 8 (PU8).

(2) Control mode
This port functions as chip select input pin (SS1) of serial interface.

4.2.10 AVreF

This is an A/D converter reference voltage input pin. This pin is alternately used for analog power supply function.
When using the A/D converter, supply power to this pin.

When no A/D converter is used, connect this pin directly to Vsso or Vsst.

4.2.11 AVss
This is a ground voltage pin of A/D converter. Use the same voltage as that of the Vsso pin or Vss1 pin even when
no A/D converter is used.

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

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

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

4.2.15 Voboo and Vbp1
Vooo is a positive power supply pin.
Vop1 is a positive power supply pin other than port pin.

4.2.16 Vsso and Vss1
Vsso is a ground potential port pin.
Vsst1 is a ground potential pin other than port pin.

4.2.17 Vrp (flash memory versions only)

High-voltage apply pin for flash memory programming mode setting and program write/verify. Connect directly
to Vsso or Vssi1in normal operating mode.

Perform either pin processing below.

* Independently connect a 10 kQ pull-down resistor.

« Set the jumper on the board so that this pin is connected directly to the dedicated flash programmer during
programming mode and directly to Vsso or Vsst during normal operation mode.
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When a voltage difference is produced between the Vep pin and Vsso pin or Vsst pin, because the wiring between
those two pins is too long or an external noise is input to the Vpp pin, the user’s program may not operate normally.

4.2.18 IC (mask ROM version only)

The IC (internally connected) pin is provided to set the test mode to check the uPD780078Y Subseries at delivery.
Connect it directly to the Vsso or Vsst1 with the shortest possible wire in the normal operating mode.

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

« Connect IC pins to Vsso pins or Vssi1 pins directly.

VssoorVss1 IC

As short as possible
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4.3 Pin Input/output Circuits and Recommended Connection of Unused Pins

Table 4-1 shows the types of pin input/output circuit and the recommended connections of unused pins.
Refer to Figure 4-1 for the configuration of the 1/O circuit of each type.

Table 4-1. Pin I/O Circuit Types (1/2)

Pin Name I/0O Circuit Type 1/0 Recommended Connection of Unused Pins
POO/INTPO to PO2/INTP2 8-C 1/0 Input:  Independently connect to Vsso or Vss1via a resistor.
PO3/INTP3/ADTRG Output: Leave open.

P10/ANIO to P17/ANI7 25 Input | Connect directly to Vooo, Voo1, Vsso, or Vss1.

P20/SI1 8-C 1/0 Input:  Independently connect to Vooo, Vob1, Vsso, or Vsst
P21/SO1 5-H via a resistor.

P22/SCKA 8.C Output: Leave open.

P23/RxD0

P24/TxD0 5-H

P25/ASCKO0 8-C

P30, P31 13-Q Input:  Connect directly to Vsso or Vss1.

(for mask ROM version) Output: Leave open at low level output with the output
P30, P31 13-P latch of the port set to 0.

(for flash memory version)

P32/SDAO 13-R

P33/SCLO

P34/S13/TxD2 8-C Input:  Independently connect to Vooo, Vob1, Vsso, or Vsst
P35/SO3/RxD2 via a resistor.

P36/5CK3/ASCK2 Output: Leave open.

P40/ADO to P47/AD7 5-H Input:  Independently connect to Vooo or Voo1 via a resistor.

Output: Leave open.
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Table 4-1. Pin I/O Circuit Types (2/2)

IC (for mask ROM versions)

Vep

(for flash memory versions)

Pin Name 1/0 Circuit Type 110 Recommended Connection of Unused Pins

P50/A8 to P57/A15 5-H /O | Input:  Independently connect to Vooo, Voo1, Vsso, or Vsst

P64/RD via a resistor.

PE5WR Output: Leave open.

P66/WAIT

P67/ASTB

P70/T1000/TO00 8-C

P71/TI010

P72/TI150/TO50

P73/TI51/TO51

P74/TI011/PCL

P75/T1001/TO01/BUZ

P80/SS1 Input:  Connect to Vsso or Vssi1 via a resistor.
Output: Leave open.

RESET 2 Input —

XT1 16 Connect directly to Vooo or Voos.

XT2 — Leave open.

AVRrer — Connect directly to Vsso or Vsst.

AVss

Independently connect a 10 kQ pull-down resistor or
connect directly to Vsso or Vssi.
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Figure 4-1. Pin I/O Circuits

Type 2
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5.1 Memory Spaces

Products in the uPD780078, 780078Y Subseries can each access a 64 KB memory space.
Figures 5-1 to 5-3 show the memory maps.

Caution The initial value of the memory size switching register (IMS) and internal expansion RAM size

switching register (IXS) of all products (uPD780078, 780078Y Subseries) is fixed (IMS = CFH,
IXS = 0CH). Therefore, set the value corresponding to each product as indicated below.

Value of IMS Value of IXS

nPD780076, 780076Y CCH 0AH

©PD780078, 780078Y CFH

uPD78F0078, 78F0078Y Value corresponding to mask ROM version

Figure 5-1. Memory Map (uPD780076, 780076Y)

A FFFFH
Special function
registers (SFRs)
256 x 8 bits
FFOOH
FEFFH| General-purpose
registers
FEEOH 32 x 8 bits
FEDFH
_L_ Internal high-speed RAM _|
T 1024 x 8 bits T
FBOOH
FAFFH
Reserved
F800H
F7EEH BFFFH
Data memory - Intern$| gzpansti)gn RAM L T Program area T
space 024 8 bits 1000H
F400H OFFFH
] F3FFH
1 External memory 1 - CALLF entry area -
T 13312 x 8 bits T
0800H
CO00H 07FFH
BFFFH
-~ Program area -~
Program 0080H
memory 007FH
space
L Internal ROM L CALLT table area
B 49152 x 8 bits B
0040H
003FH
Vector table area
Y Y 0000H 0000H
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Figure 5-2. Memory Map (uPD780078, 780078Y)

Data memory

space

FFFFH
Special function
registers (SFRs)
256 x 8 bits
FFOOH
FEFFH| General-purpose
registers
FEEOH 32 x 8 bits
FEDFH
_| Internal high-speed RAM _|
T 1024 x 8 bits 0T
FBOOH
FAFFH
Reserved
F800H
F7FFH
L Internal expansion RAM L
] 1024 x 8 bits T
F400H
[ F3FFH
A External memory L
T 1024 x 8 bits T
FOOOH
EFFFH
Program
memory
space
€ Internal ROM A
T 61440 x 8 bits T
¥ 0000H

EFFFH

1000H
OFFFH

0800H
07FFH

0080H
007FH

0040H
003FH

0000H

Program area

CALLF entry area

Program area

CALLT table area
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Figure 5-3. Memory Map (uPD78F0078, 78F0078Y)

A FFFFH
Special function
registers (SFRs)
256 x 8 bits
FFOOH
FEFFH| General-purpose
registers
FEEOH 32 x 8 bits
FEDFH
_L Internal high-speed RAM _|
T 1024 x 8 bits T
FBOOH
FAFFH
Reserved
F800H
F7EFH EFFFH
Data memory - Intern1a| gzpansti)qn RAM L T Program area
space 024 » 8 bits 1000H
F400H OFFFH
] F3FFH
1 External memory 1 -~ CALLF entry area
T 1024 x 8 bits T
0800H
FO0OH 07FFH
EFFFH
=~ Program area
Program 0080H
memory 007FH
space
L Flash memory L CALLT table area
B 61440 x 8 bits B
0040H
003FH
Vector table area
Y Y 0000H 0000H
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5.1.1 Internal program memory space
The internal program memory space contains the program and table data. Normally, it is addressed with the

program counter (PC).

The uPD780078, 780078Y Subseries incorporate on-chip ROM (or flash memory), as listed below.

Table 5-1. Internal ROM Capacity

nPD780078, 780078Y

Internal ROM
Part Number Type Capacity
uPD780076, 780076Y Mask ROM 49152 x 8 bits (0000H to BFFFH)

61440 x 8 bits (0000H to EFFFH)

nPD78F0078, 78F0078Y

Flash memory

61440 x 8 bits (0000H to EFFFH)

The internal program memory space is divided into the following three areas.

(1) Vector table area

The 64-byte area 0000H to 003FH is reserved as a vector table area. The program start addresses for branch

upon RESET input or interrupt request generation are stored in the vector table area. Of the 16-bit address, the

lower 8 bits are stored at even addresses and the higher 8 bits are stored at odd addresses.

Table 5-2. Vector Table

Vector Table Address Interrupt Source Vector Table Address Interrupt Source
0000H RESET input 001CH INTTMO00
0004H INTWDT 001EH INTTMO10
0006H INTPO 0020H INTTM50
0008H INTP1 0022H INTTM51
000AH INTP2 0024H INTADO
000CH INTP3 0026H INTWT
000EH INTSERO 0028H INTKR
0010H INTSRO 002AH INTSER2
0012H INTSTO 002CH INTSR2
0014H INTCSH 002EH INTST2
0016H INTCSI3 0030H INTTMOO1
0018H INTIICQNote 0032H INTTMO11
001AH INTWTI 003EH BRK

Note pPD780078Y Subseries only

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

(3) CALLF instruction entry area

The area 0800H to OFFFH can perform a direct subroutine call with a 2-byte call instruction (CALLF).
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5.1.2 Internal data memory space
The uPD780078, 780078Y Subseries incorporate the following on-chip high-speed RAMs.

(1) Internal high-speed RAM
The 1024-byte area FBOOH to FEFFH is allocated to the internal high-speed RAM. The 32-byte area FEEOH to
FEFFH is allocated to four general-purpose register banks composed of eight 8-bit registers.
This area cannot be used as a program area in which instructions are written for execution.
The internal high-speed RAM can also be used as a stack memory.

(2) Internal expansion RAM
The 1024-byte area F400H to F7FFH is allocated to the internal expansion RAM.
Like the internal high-speed RAM, the internal expansion RAM can be used as a normal data area, but it can
also be used as a program area in which instructions are written for execution.
The internal expansion RAM cannot be used as a stack memory.

5.1.3 Special function register (SFR) area

On-chip peripheral hardware special function registers (SFR) are allocated in the area FFOOH to FFFFH. (Refer
to 5.2.3 Special function registers (SFR) and Table 5-3. Special Function Register List.)

Caution Do not access addresses where an SFR is not assigned.
5.1.4 External memory space

The external memory space is accessible using the memory expansion mode register. External memory space
can store program, table data, etc., and allocate peripheral devices.
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5.1.5 Data memory addressing

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

Several addressing modes are provided for addressing the memory relevant to the execution of instructions for
the uPD780078, 780078Y Subseries, based on operability and other considerations. For areas containing data
memory in particular, special addressing methods designed for the functions of special function registers (SFR) and
general-purpose registers are available for use. Figures 5-4 to 5-6 show the correspondence between data memory
and addressing. For details of each addressing mode, see 5.4 Operand Address Addressing.

Figure 5-4. Correspondence Between Data Memory and Addressing (uPD780076, 780076Y)

FFFFH , _ A
Special function
registers (SFRs) SFR addressing
256 x 8 bits
FF2OH|___
FF1FH
FFOOH
FEFFH General-purpose registers RegiAster addressing
FEEOH 32 x 8 bits ) Short direct
FEDFH addressing
T Internal high-speed RAM T
1024 x 8 bits
FE2OH ]
FE1FH
FBOOH
FAFFH
Reserved
F800H Direct addressing
F7FFH
Register indirect
A Internal expansion RAM A addressing
T 1024 x 8 bits i
Based addressing
F400H
F3FFH Based indexed
addressing
A External memory L
T 13312 x 8 bits T
COO00H
BFFFH
A Internal ROM AL
T 49152 x 8 bits T
0000H /
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Figure 5-5. Correspondence Between Data Memory and Addressing (uPD780078, 780078Y)
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FE1FH
FBOOH
FAFFH
Reserved
F800H
F7FFH
A Internal expansion RAM L
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F400H
F3FFH
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T 1024 x 8 bits T
FOOOH
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0000H
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Figure 5-6. Correspondence Between Data Memory and Addressing (uPD78F0078, 78F0078Y)

FFFFH , , A
Special function
registers (SFRs) SFR addressing
256 x 8 bits

FF2OHY(_
FF1FH
FFOOH
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FEDFH addressing
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1024 x 8 bits
FE2OH| ]
FE1FH
FBOOH
FAFFH
Reserved
F800H Direct addressing
F7FFH
Register indirect
A Internal expansion RAM L addressing
1024 8 bits Based addressing
F400H
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L External memory L

T 1024 x 8 bits T
FOOOH
EFFFH
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T 61440 x 8 bits T
0000H
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5.2 Processor Registers

The uPD780078, 780078Y Subseries incorporate the following processor registers.

5.2.1 Control registers

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

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

(1) Program counter (PC)

(2

84

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

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

Figure 5-7. Program Counter Format

15 0
Pc [Pc1s|Pci4] Pcis| Pei2|Pci1| Peto] Peo | Pes | Pe7 | Pes| Pes| pea | Pea| P2 | pet] Peo |

Program status word (PSW)
The program status word is an 8-bit register consisting of various flags to be set/reset by instruction execution.
Program status word contents are automatically stacked upon interrupt request generation or PUSH PSW instruction

execution and are automatically reset upon execution of the RETB, RETI and POP PSW instructions.
RESET input sets the PSW to 02H.

Figure 5-8. Program Status Word Format

7 0
PSW |IE \ z ‘RBS1‘ AC‘RBSO‘ 0 \ ISP‘ CY|
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3

(a)

(b)

(c)

(d)

(e)

()

Interrupt enable flag (IE)

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

When [E is 0 the interrupt disabled (Dl) state is set, and only non-maskable interrupt requests become
acknowledgeable. Other interrupt requests are all disabled.

When IE is 1 the interrupt enabled (El) state is set and interrupt request acknowledgment enable is controlled
by the in-service priority flag (ISP), the interrupt mask flag corresponding to each interrupt source and the
priority specification flag.

IE is reset (0) upon Dl instruction execution or interrupt acknowledgment and is set (1) upon El instruction
execution.

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

Register bank select flags (RBS0 and RBS1)

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

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

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

In-service priority flag (ISP)
This flag manages the priority of acknowledgeable maskable vectored interrupts. When this flag is 0, low-
level vectored interrupt requests specified by the priority specification flag register (PROL, PROH, PR1L)
(refer to 19.3 (3) Priority specification flag registers (PROL, PROH, PR1L)) are disabled for acknowledg-
ment. When it is 1, all interrupts are acknowledgeable. Actual request acknowledgement is controlled by
the interrupt enable flag (IE).

Carry flag (CY)

This flag stores an overflow or underflow upon add/subtract instruction execution. It stores the shift-out value
upon rotate instruction execution and functions as a bit accumulator during bit manipulation instruction
execution.

Stack pointer (SP)
This is a 16-bit register used to hold the start address of the memory stack area. Only the internal high-speed
RAM area (FBOOH to FEFFH) can be set as the stack area.
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15

Figure 5-9. Stack Pointer Format

0

SP [sP15|sP14|sP13|sP12|SP11]SP10| SP9 | SP8 | SP7 | SP6 | SP5 | sP4| sP3| sP2| sP1 | spo |

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

the stack memory.

Each stack operation saves/resets data as shown in Figures 5-10 and 5-11.

Caution

the stack memory.

SP

SP

(b) CALL, CALLF, CALL instructions (when SP is FEEOH)

SP

SP

SP

SP

Figure 5-10. Data to Be Saved to Stack Memory

(a) PUSH rp instruction (when SP is FEEOH)

FEEOH -~ FEEOH
é FEDFH
FEDEH -~ FEDEH

FEEOH -~ FEEOH
: FEDFH
1

FEDEH FEDEH

(¢) Interrupt, BRK instruction (when SP is FEEOH)

FEEOH -~ FEEOH
5 FEDFH
: FEDEH
Y

FEDDH .~ FEDDH

Register pair upper

Register pair lower

PC15to PC8

PC7 to PCO

PSW

PC15to PC8

PC7 to PCO
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Figure 5-11. Data to Be Restored from Stack Memory

(a) POP rp instruction (when SP is FEDEH)

SP FEEOH ~—FEEOH

FEDFH Register pair upper

SP FEDEH — FEDEH Register pair lower

(b) RET instruction (when SP is FEDEH)

SP FEEOH ~—— FEEOH

4

E FEDFH PC15 to PC8
SP FEDEH — FEDEH PC7 to PCO

(c) RETI, RETB instructions (when SP is FEDDH)

SP FEEOH ~— FEEOH

? FEDFH PSW

i FEDEH PC15to PC8
SP FEDDH — FEDDH PC7 to PCO

5.2.2 General-purpose registers

General-purpose registers are mapped at particular addresses (FEEOH to FEFFH) of the data memory. They
consist of 4 banks, each bank consisting of eight 8-bit registers (X, A, C, B, E, D, L, and H).

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

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

Register banks to be used for instruction execution are set by the CPU control instruction (SEL RBn). Because
of the 4-register bank configuration, an efficient program can be created by switching between a register for normal
processing and a register for interrupts for each bank.
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88

FEFFH

FEF8H

FEFOH

FEE8H

FEEOH

FEFFH

FEF8H

FEFOH

FEE8H

FEEOH

Figure 5-12. General-Purpose Register Configuration

(a) Absolute name

16-bit processing

8-bit processing

R7
BANKO RP3

R6

R5
BANK1 RP2

R4

R3
BANK2 RP1

R2

R1
BANK3 RPO

RO

15 0
(b) Function name
16-bit processing 8-bit processing

H
BANKO HL

L

D
BANK1 DE

E

B
BANK2 BC

C

A
BANK3 AX

X

15 0
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5.2.3 Special function registers (SFR)
Unlike a general-purpose register, each special function register has a special function.
They are allocated in the area FFOOH to FFFFH.
The special function registers can be manipulated like the general-purpose registers, with operation, transfer and
bit manipulation instructions. The manipulatable bit units, 1, 8, and 16, depend on the special function register type.
Each manipulation bit unit can be specified as follows.

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

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

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

Table 5-3 gives a list of the special function registers. The meanings of items in the table are as follows.

» Symbol
Symbol indicating the address of a special function register. It is a reserved word in the RA78K0, and is defined
in the header file “sfrbit.h” in the CC78K0. When using the RA78K0, ID78K0-NS, ID78K0, or SM78K0, symbols
can be written as an instruction operand.
« RIW
Indicates whether the corresponding special function register can be read or written.
R/W: Read/write
R:  Read only
W:  Write only
* Manipulatable bit units

“_»

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

Indicates each register status upon RESET input.
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Table 5-3. Special Function Register List (1/3)

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

FFOOH Port 0 PO RW | v — 00H

FFO1H Port 1 P1 R v v —

FFO2H Port 2 P2 RW | v —

FFO3H Port 3 P3 v v —

FFO4H Port 4 P4 v v —

FFOSH Port 5 P5 N N _

FFO6H Port 6 P6 N N _

FFO7H Port 7 P7 N N _

FFO8H Port 8 P8 N N _

FFOAH 16-bit timer capture/compare register 000 CRO000 — — R Undefined

FFOBH

FFOCH 16-bit timer capture/compare register 010 CRoO10 — — R

FFODH

FFOEH 16-bit timer counter 00 TMO00 R — — J 0000H

FFOFH

FF10H 8-bit timer compare register 50 CR50 R/W — R — Undefined

FF11H 8-bit timer compare register 51 CR51 — \ —

FF12H 8-bit timer counter 50 TM5 | TM50| R — x/ x/ 00H

FF13H 8-bit timer counter 51 TM51 — \

FF14H Transmit buffer register 2 TXB2 R/W — \ — FFH

FF15H Receive buffer register 2 RXB2 R — \ — FFH

FF16H A/D conversion result register 0 ADCRO — — \ 0000H

FF17H — —

FF18H Transmit shift register 0 TXS0 w — R — FFH
Receive buffer registero | R8O | R | — | v | — |

FF19H Transmit buffer register 1 SOTBH1 R/W — \ — Undefined

FF1AH Serial 1/0 shift register 1 SI01 R — R —

FF1BH Serial 1/0 shift register 3 SI03 R/W — R —

FF1FH IIC shift register oNote lco — \ — 00H

FF20H Port mode register 0 PMO R R — FFH

FF22H Port mode register 2 PM2 \ \ —

FF23H Port mode register 3 PM3 \ \ —

FF24H Port mode register 4 PM4 R R —

FF25H Port mode register 5 PM5 R R —

FF26H Port mode register 6 PM6 \ \ —

FF27H Port mode register 7 PM7 \ \ —

FF28H Port mode register 8 PM8 R R —

Note u©PD780078Y Subseries only

90
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Table 5-3. Special Function Register List (2/3)

Manipulatable Bit Unit

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

FF30H Pull-up resistor option register 0 PUO R/W v v — O0H

FF32H Pull-up resistor option register 2 PU2 \ \ —

FF33H Pull-up resistor option register 3 PU3 RN RN —

FF34H Pull-up resistor option register 4 PU4 R R —

FF35H Pull-up resistor option register 5 PU5 \ \ —

FF36H Pull-up resistor option register 6 PUB RN RN —

FF37H Pull-up resistor option register 7 PU7 R R —

FF38H Pull-up resistor option register 8 PU8 \ \ —

FF40H Clock output select register CKS RN RN —

FF41H Watch timer operation mode control register WTM R R —

FF42H Watchdog timer clock select register WDCS — \ —

FF47H Memory expansion mode register MEM \ \ —

FF48H External interrupt rising edge enable register EGP R R —

FF49H External interrupt falling edge enable register EGN \ \ —

FF60H 16-bit timer mode control register 00 TMC00 J J —

FF61H Prescaler mode register 00 PRMO0OO — R —

FF62H Capture/compare control register 00 CRCO00 \ \ —

FF63H 16-bit timer output control register 00 TOCO00 R R —

FF64H 16-bit timer mode control register 01 TMCO1 R R —

FF65H Prescaler mode register 01 PRMO1 — \ —

FF66H Capture/compare control register 01 CRCO1 R R —

FF67H 16-bit timer output control register 01 TOCO1 R R —

FF68H 16-bit timer capture/compare register 001 CRO001 — — \ Undefined

FF69H

FF6AH 16-bit timer capture/compare register 011 CRO11 — — R

FF6BH

FF6CH 16-bit timer counter 01 TMO1 R — — \ 0000H

FF6DH

FF70H 8-bit timer mode control register 50 TMC50 R/W \ \ — 00H

FF71H Timer clock select register 50 TCL50 — R —

FF78H 8-bit timer mode control register 51 TMC51 R R —

FF79H Timer clock select register 51 TCL51 — \ —

FF80H A/D converter mode register 0 ADMO R R —

FF81H Analog input channel specification register 0 ADSO — R —

FF90H Asynchronous serial interface mode register 2 ASIM2 \ \ —

FF91H Transfer mode specification register 2 TRMC2 R R — 02H

FF92H Clock select register 2 CKSEL2 — R — OOH

FF93H Baud rate generator control register 2 BRGC2 — \ —
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Table 5-3. Special Function Register List (3/3)

Address Special Function Register (SFR) Name Symbol R/W Manipulatable Bit Unit After Reset
1 Bit | 8 Bits |16 Bits
FF94H Asynchronous serial interface status register 2 ASIS2 R — v — 00H
FF95H Asynchronous serial interface transmit status register 2 | ASIF2 — \ —
FFAOH Asynchronous serial interface mode register 0 ASIMO R/W RN RN —
FFA1H Asynchronous serial interface status register 0 ASISO R — \ —
FFA2H Baud rate generator control register 0 BRGCO R/W — \ —
FFA8H IIC control register oNote 1 lcco RN RN —
FFA9H IIC status register oNote 1 11Cso R R R —
FFAAH IIC transfer clock select register oNote 1 liccLo R/W \ \ —
FFABH Slave address register oNote 1 SVAO — RN —
FFBOH Serial operation mode register 1 CSIM1 R R —
FFB1H Serial clock select register 1 csic1 \ \ — 10H
FFB8H Serial operation mode register 3 CSIM3 R R — O0H
FFEOH Interrupt request flag register OL IFO IFOL R R R
FFE1H Interrupt request flag register OH IFOH \ \
FFE2H Interrupt request flag register 1L IF1L R R —
FFE4H Interrupt mask flag register OL MKO | MKOL \ \ \ FFH
FFE5H Interrupt mask flag register OH MKOH \ \
FFEGH Interrupt mask flag register 1L MK1L R R —
FFESH Priority level specification flag register OL PRO | PROL R R R
FFE9H Priority level specification flag register OH PROH \ \
FFEAH Priority level specification flag register 1L PRI1L \ \ —
FFFOH Memory size switching register IMS — R — | CFHNote 2
FFF4H Internal expansion RAM size switching register IXS — \ — | OCHNote 3
FFF8H Memory expansion wait setting register MM R R — 10H
FFFOH Watchdog timer mode register WDTM R R — OOH
FFFAH Oscillation stabilization time select register OSTS — \ — 04H
FFFBH Processor clock control register PCC R R —
Notes 1. puPD780078Y Subseries only
2. Although the default value of this register is CFH, set the value corresponding to each product as

indicated below.

uPD780076, 780076Y: CCH

uPD780078, 780078Y: CFH

uPD78F0078, 78F0078Y: Value for mask ROM version

3. Although the default value of this register is 0CH, initialize this register to 0AH.
92 User's Manual U14260EJ2V0UD




CHAPTER 5 CPU ARCHITECTURE

5.3 Instruction Address Addressing

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

5.3.1 Relative addressing

[Function]
The value obtained by adding 8-bit immediate data (displacement value: jdisp8) of an instruction code to the
start address of the following instruction is transferred to the program counter (PC) and branched. The
displacement value is treated as signed two’s complement data (—128 to +127) and bit 7 becomes a sign bit.
In other words, relative addressing consists of relative branching from the start address of the following instruction
to the =128 to +127 range.
This function is carried out when the BR $addr16 instruction or a conditional branch instruction is executed.

[lustration]

15 0
__ PCindicates the start address

PC of the instruction after the BR instruction.

+
15 8 7 6 0

o S
jdisp8
15 0
PC

When S = 0, all bits of ¢ are 0.
When S =1, all bits of « are 1.
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5.3.2 Immediate addressing

[Function]
Immediate data in the instruction word is transferred to the program counter (PC) and branched.
This function is carried out when the CALL !addr16 or BR laddr16 or CALLF laddr11 instruction is executed.
CALL laddr16 and BR !addr16 instructions can be branched to the entire memory space. The CALLF laddr11
instruction is branched to the 0800H to OFFFH area.

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

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

PC

In the case of CALLF !addr11 instruction

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

PC| 0O O O O 1

94 User's Manual U14260EJ2V0UD



CHAPTER 5 CPU ARCHITECTURE

5.3.3 Table indirect addressing

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

[llustration]

7 6 5 1 0

Operation code 1 1 tas—o 1
15 8 7 6 5 i 10

Effective address 0O 0 0 0 0O 0O 0O 0|0 1 0
7 Memory (Table) 0
Low Addr.
Effective address + 1 High Addr. T

15 l 8 7 0

PC
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5.3.4 Register addressing

[Function]
Register pair (AX) contents to be specified with an instruction word are transferred to the program counter (PC)
and branched.
This function is carried out when the BR AX instruction is executed.

[llustration]

rp A X

15 8 7 0

PC
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5.4 Operand Address Addressing

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

5.4.1 Implied addressing

[Function]
The register which functions as an accumulator (A, AX) in the general-purpose register area is automatically
(implicitly) addressed.
Of the uPD780078, 780078Y Subseries instruction words, the following instructions employ implied addressing.

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

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

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

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

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

[Function]

The general-purpose register to be specified is accessed as an operand with the register specify code (Rn and
RPn) of an instruction word in the registered bank specified by the register bank select flags (RBS0 and RBSH1).
Register addressing is carried out when an instruction with the following operand format is executed. When an
8-bit register is specified, one of the eight registers is specified with 3 bits in the operation code.

[Operand format]

Identifier Description
r X,A,C, B ED,LH
p AX, BC, DE, HL

‘r and ‘rp’ can be described by absolute names (RO to R7 and RPO0 to RP3) as well as function names (X, A,
C, B, E, D, L, H, AX, BC, DE, and HL).

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

Operation code 0110001 0|
LI

L Register specify code

INCW DE; when selecting DE register pair as rp

Operation code 1000010 0|

LL Register specify code
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5.4.3 Direct addressing

[Function]

The memory to be manipulated is addressed with immediate data in an instruction word becoming an operand

address.

[Operand format]

Identifier

Description

addr16

Label or 16-bit immediate data

[Description example]

MOV A, I0FEOOH; when setting !laddr16 to FEOOH

Operation code

[llustration]

[1too001110]

[00000000]

[11 11

1110 |

Opcode

addr16 (lower)

addr16 (higher)

Memory
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5.4.4 Short direct addressing

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

[Operand format]

Identifier Description

saddr Label or immediate data indicating FE20H to FF1FH

saddrp Label or immediate data indicating FE20H to FF1FH (even address only)

x  [Description example]

MOV 0FE30H, A; when transferring the value in register A to saddr (FE30H)

Operation code | 1111001 0| Opcode
[00110000)] 30H (saddr-offset)
[lustration]
7 0
Opcode
saddr-offset ﬁ

Short direct memory
15 8 7 0

Effective Address 11 1 1 1 1 1 |a

When 8-bit immediate data is 20H to FFH, oc= 0
When 8-bit immediate data is O0H to 1FH, o = 1
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5.4.5 Special function register (SFR) addressing

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

[Operand format]

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

[Description example]

MOV PMO, A; when selecting PMO0 (FF20H) as sfr

Operation code |1 1110110 | Opcode
[00100000 | 20H (sfr-offset)
[llustration]
7 0
Opcode
sfr-offset
SFR
15 8 7 0

Effective address T 1 1 1 1 1 1 A1
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5.4.6 Register indirect addressing

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

[Operand format]

Identifier Description

— [DE], [HL]

[Description example]

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

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

[Function]

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

[Operand format]

Identifier Description

— [HL + byte]

[Description example]

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

Operation code |1 0101110 |

0001000 0|

[llustration]

16 87 0
HL H L
+10
7 Memory 0
The contents of the
addressed memory

is transferred.
7 0
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5.4.8 Based indexed addressing

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

[Operand format]

Identifier Description

— [HL + B], [HL + C]

[Description example]

In the case of MOV A, [HL + B] (selecting the B register)

Operation code | 10101011
[llustration]
16 87 0
HL H L
+
7 0
B
7 Memory 0
The contents of the /
addressed memory

is transferred.
7 0
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5.4.9 Stack addressing

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

[Description example]

In the case of PUSH DE (saving the DE register)

Operation code | 10110101
[lllustration]
7 Memory 0
SP FEEOH — FEEOH
E FEDFH D
SP FEDEH FEDEH E
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6.1 Port Functions
The uPD780078, 780078Y Subseries incorporate eight input ports and 44 1/O ports. Figure 6-1 shows the port
configuration. Every port is capable of 1-bit and 8-bit manipulations and can carry out considerably varied control

operations. Besides port functions, the ports can also serve as on-chip hardware 1/O pins.

Figure 6-1. Port Types

~— 1 P50 P00 [¢———
P . Port 0
Port 5 PO3
- P10 j+—m
- P57 R
-« PB4 . Port 1
Port 6 -
-~ P67 P17 f=—
-~ P70 P20 f+——
Port 7 Port 2
~— P75 P25 f«——
Port8 —~— P80 P30 f=— ;
D Port 3
P36 [«—7
P40 f+——
Port 4
P47 j+——»
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Table 6-1. Port Functions (uPD780078 Subseries)

Alternate
Pin Name Function .
Function
P00 Port 0 INTPO
PO1 4-bit 1/0O port. INTP1
P02 Input/output mode can be specified in 1-bit units. INTP2
An on-chip pull-up resistor can be used by setting software.
P03 INTP3/ADTRG
P10 to P17 Port 1 ANIO to ANI7
8-bit input only port.
P20 Port 2 Si
P21 6-bit 1/0 port. SO1
| ified in 1-bit units.
Poo nput/output mode can be specified in 1-bit units SCK1
An on-chip pull-up resistor can be used by setting software.
P23 RxDO
P24 TxDO
P25 ASCKO
P30 Port 3 N-ch open-drain I/O port. —
P31 7-bit 1/0 port. An on-chip pull-up resistor can be specified by a
P32 Input/output mode can be specified| mask option (mask ROM version only).
o33 in 1-bit units. LEDs can be driven directly.
P34 An on-chip pull-up resistor can be specified by SI3/TxD2
P35 setting software. SO3/RxD?2
P36 SCK3/ASCK2
P40 to P47 Port 4 ADO to AD7
8-bit I/0 port.
Input/output mode can be specified in 1-bit units.
An on-chip pull-up resistor can be specified by setting software.
Interrupt request flag (KRIF) is set to 1 by falling edge detection.
P50 to P57 Port 5 A8 to A15
8-bit I/0 port.
LEDs can be driven directly.
Input/output mode can be specified in 1-bit units.
An on-chip pull-up resistor can be used by setting software.
P64 Port 6 RD
P65 4-bit 1/0 port. WR
P66 Input/outPut mode can. be specified in 1-bit unitls. WAIT
An on-chip pull-up resistor can be used by setting software.
P67 ASTB
P70 Port 7 TI000/TO00
P71 6-bit 1/0 port. TIO10
P72 Input/outPut mode can. be specified in 1-bit unitls. T150/TO50
An on-chip pull-up resistor can be used by setting software.
P73 TI51/TO51
P74 TI0O11/PCL
P75 TI001/TO01/BUZ
P80 Port 8 Ssi
1-bit 1/0 port.
Input/output mode can be specified in 1-bit units.
An on-chip pull-up resistor can be used by setting software.
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Table 6-2. Port Functions (uPD780078Y Subseries)

Alt t
Pin Name Function ernfa ©
Function
P00 Port 0 INTPO
PO1 4-bit 1/0 port. INTP1
P02 Input/output mode can be specified in 1-bit units. INTP2
An on-chip pull-up resistor can be used by setting software.
0P3 INTP3/ADTRG
P10 to P17 Port 1 ANIO to ANI7
8-bit input only port.
P20 Port 2 Si
P21 6-bit 1/0 port SO1
Poo Input/output mode can be specified in 1-bit units. SCK1
An on-chip pull-up resistor can be used by setting software.
P23 RxDO
P24 TxDO
P25 ASCKO
P30 Port 3 N-ch open-drain I/O port. —
P31 7-bit 1/0 port. An on-chip pull-up resistor can be specified by a
P32 Input/output mode can be specified | mask option (P30 and P31 are mask ROM version SDAO
in 1-bit units. only). LEDs can be driven directly.
P33 in 1-bit units SCLO
P34 An on-chip pull-up resistor can be used by setting SI3/TxD2
P35 software. SO3/RxD2
P36 SCK3/ASCK2
P40 to P47 Port 4 ADO to AD7
8-bit I/0 port.
Input/output mode can be specified in 1-bit units.
An on-chip pull-up resistor can be used by setting software.
Interrupt request flag (KRIF) is set to 1 by falling edge detection.
P50 to P57 Port 5 A8 to A15
8-bit 1/0 port.
LEDs can be driven directly.
Input/output mode can be specified in 1-bit units.
An on-chip pull-up resistor can be used by setting software.
P64 Port 6 RD
P65 4-bit 1/0 port. WR
P66 Input/outPut mode can. be specified in 1-bit unnls. WAIT
An on-chip pull-up resistor can be used by setting software.
P67 ASTB
P70 Port 7 TI000/TO00
P71 6-bit 1/0 port. TI010
P72 Input/outPut mode can. be specified in 1-bit units. . T150/TO50
An on-chip pull-up resistor can be connected by setting software.
P73 TI51/TO51
P74 TI0O11/PCL
P75 TI001/TO01/BUZ
P80 Port 8 SS1
1-bit 1/0 port.
Input/output mode can be specified in 1-bit units.
An on-chip pull-up resistor can be used by setting software.
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6.2 Port Configuration
A port consists of the following hardware.

Table 6-3. Port Configuration

ltem Configuration

Control registers Port mode register (PMm: m = 0, 2 to 8)
Pull-up resistor option register (PUm,: m =0, 2 to 8)

Ports Total: 52 ports (8 inputs, 44 1/0)

Pull-up resistor * Mask ROM version
Total: 44 (software specifiable: 40, mask option: 4Note)
» Flash memory version Total: 40

Note Two for the uPD780078Y Subseries.

6.2.1 Port0

Port 0 is a 4-bit /0 port with an output latch. Port 0 can be set to the input or output mode in 1-bit units using
port mode register 0 (PMO0). An on-chip pull-up resistor can be connected to P00 to P03 in 1-bit units using pull-up
resistor option register 0 (PUO).

This port can also be used for external interrupt request input and A/D converter external trigger input.

RESET input sets port 0 to input mode.

Figure 6-2 shows a block diagram of port 0.

Cautions 1. Because port 0 also serves as an external interrupt request input, when the port function
output mode is specified and the output level is changed, the interrupt request flag is set.
Thus, when the output mode is used, set the interrupt mask flag to 1.

2. When the external interrupt request function is switched to the port function, edge detection
may be performed. Therefore, set bit n (EGPn) of the external interrupt rising edge enable
register (EGP) and bit n (EGNn) of the external interrupt falling edge enable register (EGN)
to 0 before selecting the port mode.

3. Whenusing PO3/INTP3/ADTRG as an A/D converter external trigger input, specify valid edges
by setting bits 1 and 2 (EGA00 and EGAO01) of A/D converter mode register 0 (ADMO) and set
the interrupt mask flag (PMK3) to 1.

Remark n=01to3
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Internal bus

110

WReu

Figure 6-2. Block Diagram of P00 to P03

RD
l

PUOO to PUO3

Vobo

>

Alternate
function

WRProRrT

Selector

®

WRem

Output latch
(P00 to P03)

<Jg

I P-ch

POO/INTPO

®

PMO0O to PM03

\
) PO2/INTP2,
PO3/INTP3/ADTRG

PU: Pull-up resistor option register
PM: Port mode register
RD: Port 0 read signal
WR: Port 0 write signal
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6.2.2 Port 1
Port 1 is an 8-bit input-only port.
This port can also be used for A/D converter analog input.
Figure 6-3 shows a block diagram of port 1.

Figure 6-3. Block Diagram of P10 to P17

RD

<

Internal bus

© P10/ANIO to P17/ANI7

A/D converter

U

RD: Port 1 read signal
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6.2.3 Port 2

Port 2 is a 6-bit I/0 port with an output latch. Port 2 can be set to the input or output mode in 1-bit units using
port mode register 2 (PM2). An on-chip pull-up resistor can be connected to P20 to P25 in 1-bit units using pull-up
resistor option register 2 (PU2).

This port can also be used for serial interface data I/O and clock 1/O.

RESET input sets port 2 to input mode.

Figures 6-4 to 6-7 show block diagrams of port 2.

Caution When using P20/SI1, P21/SO1, or P22/SCK1 as a general-purpose port, do not write to serial
clock select register 1 (CSIC1).

Figure 6-4. Block Diagram of P20, P23, P25

T\ Vbbo
WRPru
l PU20, PU23, |
S PU25 {>C I Fon
Alternate
function

RD
2 J N o<]—o@]7
3 =]
© =4 | 8
c | 3
5 %))
£

WRrorT
P20/SI1
A Output latch O 7
& ©) P23/RxDO0,
(P20, P23, P25) P25/ASCKO
WRpPm
L PM20, PM23,
~ PM25
~_/

PU: Pull-up resistor option register
PM: Port mode register
RD: Port 2 read signal
WR: Port 2 write signal
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Internal bus

Figure 6-5. Block Diagram of P21

WRru
l PU21 {>O
RD
S
& | 8 |
| ©
)
WRrorT
A Output latch
~ (P21)
WRpm
&S PM21
Alternate
function

ss1

PU: Pull-up resistor option register
PM: Port mode register
RD: Port 2 read signal
WR: Port 2 write signal
SS1: 3-wire SIO chip select signal

Caution

Voo

——O P21/S01

P21/SO1 has a function to forcibly turn off the output buffer via SS1 (3-wire SIO chip

select signal).
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Figure 6-6. Block Diagram of P22

Internal bus

Vbpo
WRepru
l PU22 {>C I P-ch
Alternate
function
RD
I 8 i] i] |
o 3
| ©
»n
WRPpoRT
A Output latch
=4 (P22) ——O P22/SCK1
WRem
&S PM22
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 6-7. Block Diagram of P24

Vbbo

© P24/TxD0O
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M-  WRru
l PU24 {>c
RD
Pany | % L
[0
@ [09]
- WReProRrT
©
c
5}
£ A Output latch
~ (P24)
WRem
O PM24
Alternate
function
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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6.2.4 Port 3 (uPD780078 1/O Subseries)
Port 2 is a 7-bit /0 port with an output latch. Port 3 can be set to the input or output mode in 1-bit units using

port mode register 3 (PM3).
This port has the following functions related to pull-up resistors. These functions differ depending on the port's

higher 3 bits/lower 4 bits, and whether the product is a mask ROM version or a flash memory version.

Table 6-4. Pull-Up Resistor of Port 3 (uPD780078 Subseries)

Higher 3 Bits (P34 to P36) Lower 4 Bits (P30 to P33)
Mask ROM version An on-chip pull-up resistor can be An on-chip pull-up resistor can be specified
connected in 1-bit units by PU3 in 1-bit units by a mask option
Flash memory version An on-chip pull-up resistor is not provided

PU3: Pull-up resistor option register 3

The P30 to P33 pins can drive LEDs directly.

The P34 to P36 pins can also be used for serial interface data 1/O and clock 1/O.
RESET input sets port 3 to input mode.

Figures 6-8 to 6-10 show block diagrams of port 3.

* Figure 6-8. Block Diagram of P30, P31 (uPD780078 Subseries)
RD Voo
M\ 1T
Mask option resistor
Mask ROM version only
No pull-up resistor for
N —C flash memory version
I 2
@
| ©
n
© P30, P31
2 WReroRT O
el
®©
c
2 ‘ Output latch
k= © (P30, P31) D@_{ -~ N-ch
WRem 7T
= PM30, PM31
N

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

Figure 6-9. Block Diagram of P32, P33 (uPD780078 Subseries)

Selector

Voo

——

Mask option resistor

Mask ROM version only

; No pull-up resistor for
‘4 ‘ﬂ flash memory version

© P32, P33

-—— N-ch

= >

RD
WReoRT
Output latch
~ (P32, P33)
WRem
O PM32, PM33

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

Figure 6-10. Block Diagram of P34 to P36 (uPD780078 Subseries)

Vbbo
WRepu
i PU34 to PU36 {>c I P-ch
Alternate
function
RD
| 5 o<]—o@]7
& 3
| ©
%]
WReProrT
A Output latch P34/S13/TxD2,
< (P34 to P36) ﬁ)_/\ © P35/SO3/RxD2,
P36/SCK3/ASCK2
WRem
- PM34 to PM36

Alternate
function

PU: Pull-up resistor option register
PM: Port mode register
RD: Port 3 read signal
WR: Port 3 write signal
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6.2.5 Port 3 (uPD780078Y Subseries)
Port 3 is a 7-bit /0 port with an output latch. Port 3 can be set to the input or output mode in 1-bit units using

port mode register 3 (PM3).
This port has the following functions related to pull-up resistors.
These functions differ depending on the bit location and whether the product is a mask ROM version or a flash

memory version.

Table 6-5. Pull-Up Resistor of Port 3 (uPD780078Y Subseries)

P34 to P36 Pins P30, P31 Pins

Mask ROM version A pull-up resistor can be An on-chip pull-up resistor can be specified
connected in 1-bit units by PU3 | in 1-bit units by mask option

Flash memory version An on-chip pull-up resistor is not provided

PUS3: Pull-up resistor option register 3

Caution The P32 and P33 pins have no pull-up resistor.

The P30 to P33 pins can drive LEDs directly.
The P32 to P36 pins can also be used for serial interface data I/O and clock /0.

RESET input sets port 3 to input mode.
Figures 6-11 to 6-13 show block diagrams of port 3.

Figure 6-11. Block Diagram of P30 and P31 (uPD780078Y Subseries)

RD Voo
M\ T
Mask option resistor
Mask ROM version only
No pull-up resistor for
N —C flash memory version
I 2
S Q@
| ©
n
O P30, P31
[ WReProRrT O
el
®
c
2 ‘ Output latch
= ~ (P30, P31) ) <« N-ch
WRpm 77
PM30, PM31
N

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

User's Manual U14260EJ2V0UD 119



CHAPTER 6 PORT FUNCTIONS

120

Figure 6-12. Block Diagram of P32 and P33 (uPD780078Y Subseries)

Selector

<<

P32/SDAO,
o P33/SCLO

-—— N-ch

M\
RD
\L I
2]
2 WRProRT
©
£
[0]
= Output latch
(P32, P33)
WRpm
PM32, PM33
—~_J Alternate
function

PM: Port mode register
RD: Port 3 read signal
WR: Port 3 write signal
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Figure 6-13. Block Diagram of P34 to P36 (uPD780078Y Subseries)
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Voo
M\
WReu
l PU34 to PU36 {>c H P-ch
Alternate
function
RD
| | g ol
(6]
w N 9
3 | 3
I
£
o WRporT
IS
A Output latch P34/S13/TxD2,
~ (P34 to P36) 7)_/\ © P35/SO3/RxD2,
P36/SCK3/ASCK2
WRpm
S PM34 to PM36
Alternate
function
%
PU: Pull-up resistor option register
PM: Port mode register
RD: Port 3 read signal
WR: Port 3 write signal
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6.2.6 Port 4

Port 4 is an 8-bit I/O port with an output latch. Port 4 can be set to the input or output mode in 1-bit units using
port mode register 4 (PM4). When the P40 to P47 pins are used as input ports, a pull-up resistor can be connected
to them in 1-bit units using pull-up resistor option register 4 (PU4).

The interrupt request flag (KRIF) can be set to 1 by detecting falling edges.

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

RESET input sets port 4 to input mode.

Figures 6-14 and 6-15 show a block diagram of port 4 and a block diagram of the falling edge detector, respectively.

Cautions 1. Theinternal pull-up resistoris notdisconnected even if the external memory expansion mode
is set when PU4n =1 (n = 0-7).
2. Whenusing the falling edge detection interrupt (INTKR), be sure to set the memory expansion
mode register (MEM) to 01H.

Figure 6-14. Block Diagram of P40 to P47

Vbbo
WReu
N\
PU40 to PU47 {>©—| P-ch
Alternate -
RD function
I Selector \
[%2]
>3
3 -
< | WRProRT
c
()
£ Output latch | P40/ADO
(P40 to P47) Selector O 1t
P47/AD7
Alternate T
function Memory expansion
WRew mode register (MEM)
PM40 to PM47
/_\_/

PU: Pull-up resistor option register
PM: Port mode register
RD: Port 4 read signal
WR: Port 4 write signal
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Figure 6-15. Block Diagram of Falling Edge Detector

P40

P41 O——
P42 ©—L
P43 @—\;
VNG S —

}}

P45 @J

P46 O
P47

Falling edge detector

— INTKR

:

1 when MEM = 01H
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6.2.7 Port5

Port 5 is an 8-bit I/O port with an output latch. Port 5 can be set to the input or output mode in 1-bit units using
port mode register 5 (PM5). An on-chip pull-up resistor can be connected to P50 to P57 in 1-bit units using pull-up
resistor option register 5 (PU5).

Port 5 can drive LEDs directly.

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

RESET input sets port 5 to input mode.

Figure 6-16 shows a block diagram of port 5.

Caution The internal pull-up resistor is not disconnected even if the external memory expansion mode
is set when PU5n =1 (n = 0-7).

Figure 6-16. Block Diagram of P50 to P57

Voo
WRru
(N ‘
PU50 to PU57 I >O—| P-ch
RD
‘ ]
J Selector A—C_
w
3
3 t
© WRPpoRT
c
2
i< ‘ Output latch I P50/A8
(P50 to P57) Selector O to
P57/A15
Alternate T
function Memory expansion
WRem mode register (MEM)
‘ PM50 to PM57
R,

PU: Pull-up resistor option register
PM: Port mode register
RD: Port 5 read signal
WR: Port 5 write signal
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6.2.8 Port 6

Port 6 is a 4-bit /0 port with an output latch. Port 6 can be set to the input or output mode in 1-bit units using
port mode register 6 (PM6).

An on-chip p
(PUB).

ull-up resistor can be connected to P64 to P67 in 1-bit units using pull-up resistor option register 6

This port can also be used for control signal output in external memory expansion mode.
RESET input sets port 6 to input mode.

Figures 6-17 and 6-18 show block diagrams of port 6.
Cautions 1. Theinternal pull-up resistoris notdisconnected even if the external memory expansion mode
is set when PU6n =1 (n = 4-7).
2. When external wait is not used in external memory expansion mode, P66 can be used as an
1/0 port.
Figure 6-17. Block Diagram of P64, P65, P67
Voo
WRPru
N\
PUB4, PUB5, PUT {><>—| P-ch
RD
:—J
Selector
]
3
& b
< | WRPporT
c
5]
E ‘ Output latch I P64/RD,
(P64, P65, P67) Selector : © P65/WR,
P67/ASTB
Alternate T
function Memory expansion
WReu mode register (MEM)
‘ PMé4, PM65, PM67
/_\_/

PU: Pull-up resistor option register

PM: Port mode register

RD: Port 6 read signal
WR: Port 6 write signal
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Figure 6-18. Block Diagram of P66

Vooo
WReu
(N
PUB6 {>©—| P-ch
Alternate
RD function
I Selector K
(2]
3
2 L
®
c WRpoRT
2
= Output latch | AT
P66/WAIT
(P66) Selector © Peé/
Memory expansion
WRew mode register (MEM)
PM66
/_\_/

PU: Pull-up resistor option register
PM: Port mode register
RD: Port 6 read signal
WR: Port 6 write signal
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6.2.9 Port7

Port 7 is a 6-bit /0 port with an output latch. Port 7 can be set to the input or output mode in 1-bit units using
port mode register 7 (PM7). An on-chip pull-up resistor can be connected to P70 to P75 in 1-bit units using pull-up
resistor option register 7 (PU7).

This port can also be used for timer 1/O, clock output, and buzzer output.

RESET input sets port 7 to input mode.

Figures 6-19 and 6-20 show block diagrams of port 7.

Figure 6-19. Block Diagram of P70, P72, P75

Vbbo
M\
WReu
l/ PU70, PU72 to PU75 {>c I P-ch
Alternate
function
RD
l I 2 ; <] - <] |
(6]
) ~ | 2
& o
©
£
] WRporT
E
P70/T1000/TO00,
Output latch P72/TI50/TO50,
~ (P70, 72 to P75) 7)_/\ © P73/TI51/TO51,
P74/T1011/PCL,
WRem P75/T1001/TO01/BUZ
<) PM70, PM72 to PM75
Alternate
function
~_/

PU: Pull-up resistor option register
PM: Port mode register
RD: Port 7 read signal
WR: Port 7 write signal
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Figure 6-20. Block Diagram of P71

Voo

>

Selector

Fot|

H P-ch

© P71/TI010

M\
WReu
l PU71
Alternate
function
RD
3 J\
=}
o \w
®
c
2
£ WRPoRT
A Output latch
~ (P71)
WRpm
S PM71
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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6.2.10 Port 8
Port 8 is an 8-bit I/O port with an output latch. Port 8 can be set to the input or output mode in 1-bit units using

port mode register 8 (PM8). An on-chip pull-up resistor can be connected to P80 in 1-bit units using pull-up resistor
option register 8 (PU8).

This port can also be used for serial interface chip select input.

RESET input sets port 8 to input mode.

Figure 6-21 shows a block diagram of port 8.

Figure 6-21. Block Diagram of P80

™ Vobo
WReu
CL PU80 {>c H P_ch
Alternate
function
RD
2 l I g - <] - <] |
> [&]
= | 3
g »
i
£ WRPpoRT
Output latch co
< (P80) © P80/SS1
WRpm
S PM80
N\

PU: Pull-up resistor option register
PM: Port mode register
RD: Port 8 read signal
WR: Port 8 write signal
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6.3 Port Function Control Registers

The following two types of registers control the ports.
» Port mode registers (PM0, PM2 to PM8)
» Pull-up resistor option registers (PUO, PU2 to PU8)

(1) Port mode registers (PM0, PM2 to PM8)
These registers are used to set port input/output in 1-bit units.
PMO and PM2 to PM8 are independently set by a 1-bit or 8-bit memory manipulation instruction.
RESET input sets the values of PM0, PM2 to PM8 to FFH.
When using a port pin as its alternate-function pin, set the port mode registers and output latches as shown Table
6-6.

Cautions 1. Pins P10 and P17 are input-only pins.
2. As port 0 has an alternate function as an external interrupt input, when the port function
output mode is specified and the output level is changed, the interrupt request flag is set.
When the output mode is used, therefore, the interrupt mask flag should be set to 1
beforehand.
3. Ifaport has an alternate function pin and it is used as an alternate output function, set the
corresponding output latches (PO and P2 through P8) to 0.
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Address:

Symbol
PMO

Address:

Symbol
PM2

Address:

Symbol
PM3

Address:

Symbol
PM4

Address:

Symbol
PM5

Address:

Symbol
PM6

Address:

Symbol
PM7

Address:

Symbol
PM8

Figure 6-22. Format of Port Mode Register (PM0, PM2 to PM8)

FF20H After reset: FFH R/W

7 6 5 4 3 2 1 0
1 1 1 1 PMO03 PMO02 PMO1 PMO00
FF22H After reset: FFH R/W
7 6 5 4 3 2 1 0
1 1 PM25 PM24 PM23 PM22 PM21 PM20
FF23H After reset: FFH R/W
7 6 5 4 3 2 1 0
1 PM36 PM35 PM34 PM33 PM32 PM31 PM30
FF24H After reset: FFH R/W
7 6 5 4 3 2 1 0
PM47 PM46 PM45 PM44 PM43 PM42 PM41 PM40
FF25H After reset: FFH R/W
7 6 5 4 3 2 1 0
PM57 PM56 PM55 PM54 PM53 PM52 PM51 PM50
FF26H After reset: FFH R/W
7 6 5 4 3 2 1 0
PM67 PM66 PM65 PM64 1 1 1 1
FF27H After reset: FFH R/W
7 6 5 4 3 2 1 0
1 1 PM75 PM74 PM73 PM72 PM71 PM70
FF28H After reset: FFH R/W
7 6 5 4 3 2 1 0
1 1 1 1 1 1 1 PM80
PMmn Pmn pin I/0 mode selection (m=0,21t0 8:n=0to 7)
0 Output mode (output buffer on)
1 Input mode (output buffer off)
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* Table 6-6. Port Mode Registers and Output Latch Settings When Alternate Function Is Used (1/2)

Pin Name Alternate Function PMxx Pxx
Name /0
P00 to P02 INTPO to INTP2 Input 1 X
P03 INTP3 Input 1 X
ADTRG Input 1 X
P10to P17 ANIO to ANI7 Input 1 (fix) X
P20 Si Input 1 X
P21 SO1 Output 0 0
P22 SCK1 Input 1 X
Output 0 0
P23 RxDO Input 1 X
P24 TxDO Output 0 0
P25 ASCKO Input 1 X
P32 SDAQNete ! ] 0 0
P33 ScLoNete /0 0 0
P34 SI3 Input 1 X
TxD2 Output 0 0
P35 SO3 Output 0 0
RxD2 Input 1 X
P36 SCK3 Input 1 X
Output 0 0
ASCK2 Input 1 X
P40 to P47 ADO to AD7 /0 xNote 2
P50 to P57 A8to A15 Output xNote 2
P64 RD Output xNote 2
P65 WR Output xNote 2
P66 WAIT Input xNote 2
P67 ASTB Output xNote 2

Notes 1. puPD780078Y Subseries only

2. When using the P40 to P47, P50 to P57, and P64 to P67 pins as alternate-function pins, set the function

using the memory expansion mode register (MEM).

Remark x:

Don’t care

PMxx: Port mode register

Pxx:
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Port output latch
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Table 6-6. Port Mode Registers and Output Latch Settings When Alternate Function Is Used (2/2)

Pin Name Alternate Function PMxx Pxx
Name /0
P70 TI000 Input 1 x
TOO00 Output 0 0
P71 Tlo10 Input 1 x
P72 TI50 Input 1 X
TO50 Output 0 0
P73 TI51 Input 1 X
TO51 Output 0 0
P74 TIO11 Input 1 X
PCL Output 0 0
P75 TI001 Input 1 X
TOO1 Output 0 0
BUZ Output 0 0
P80 SS1 Input 1 X
Remark x: Don’t care

PMxx: Port mode register

Pxx:

Port output latch
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(2

134

Pull-up resistor option registers (PUO, PU2 to PU8)

These registers are used to set whether to use an internal pull-up resistor at each port or not. By setting PUO
and PU2 through PU8, the on-chip pull-up resistors of the port pins corresponding to the bits in PUO and PU2
through PU8 can be used.

PUO and PU2 to PU8 are set with a 1-bit or 8-bit memory manipulation instruction.

RESET input sets the values of PUO, PU2 to PU8 to 00H.

Cautions 1. The P10 and P17 pins do not incorporate a pull-up resistor.
2. Pins P30 to P33 (in the uPD780078Y Subseries, P30 and P31 pins) can be connected to a
pull-up resistor via a mask option only for mask ROM versions.
3. WhenPUmissetto1,the on-chip pull-up resistor is connected irrespective of the input/
output mode. When using in output mode, therefore, set the bit of PUmto 0 (m =0,
2 to 8).
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Address:

Symbol
PUO

Address:

Symbol
PU2

Address:

Symbol
PU3

Address:

Symbol
PU4

Address:

Symbol
PU5

Address:

Symbol
PU6

Address:

Symbol
PU7

Address:

Symbol
PU8

Figure 6-23. Format of Pull-Up Resistor Option Register (PUO, PU2 to PU8)

FF30H After reset: 00H R/W
7 6 5 4 3 2 1 0
0 0 0 0 PUO3 PU02 PUO1 PUOO
FF32H After reset: 00H R/W
7 6 5 4 3 2 1 0
0 0 PU25 PU24 PU23 PU22 PU21 PU20
FF33H After reset: 00H R/W
7 6 5 4 3 2 1 0
0 PU36 PU35 PU34 0 0 0 0
FF34H After reset: 00H R/W
7 6 5 4 3 2 1 0
PU47 PU46 PU45 PU44 PU43 PU42 PU41 PU40
FF35H After reset: 00H R/W
7 6 5 4 3 2 1 0
PU57 PU56 PU55 PU54 PU53 PU52 PU51 PU50
FF36H After reset: 00H R/W
7 6 5 4 3 2 1 0
PU67 PU66 PU65 PU64 0 0 0 0
FF37H After reset: OOH R/W
7 6 5 4 3 2 1 0
0 0 PU75 PU74 PU73 PU72 PU71 PU70
FF38H After reset: 00H R/W
7 6 5 4 3 2 1 0
0 0 0 0 0 0 0 PU80
PUmn Pmn pin internal pull-up resistor selection (m=0,21t0 8: n=0to 7)
0 On-chip pull-up resistor not used
1 On-chip pull-up resistor used
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6.4 Port Function Operations
Port operations differ depending on whether the input or output mode is set, as shown below.
6.4.1 Writing to 1/0O 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.
When a reset is input, the data in the output latch is cleared.

(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.

6.4.2 Reading from /O 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.

6.4.3 Operations on I/O 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.
When a reset is input, the data in the output latch is cleared.

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

Caution Inthe case of 1-bit memory manipulation instruction, although a single bit is manipulated, the
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, even for bits other than
the manipulated bit.
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6.5 Selection of Mask Option
The following mask option is provided in the mask ROM versions. The flash memory versions have no mask options.

Table 6-7. Comparison Between Mask ROM Version and Flash Memory Version

Pin Name Mask ROM Version Flash Memory Version
Mask option for pins P30 to P33Note | On-chip pull-up resistors specifiable in 1-bit Cannot specify an on-chip pull-up
units resistor

Note For uPD780078Y Subseries products, only the P30 and P31 pins can incorporate a pull-up resistor.
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7.1 Clock Generator Functions

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

(1) Main system clock oscillator
This circuit oscillates a clock with the following frequencies.

* 1 to 8.38 MHz: Conventional product of uPD780078 Subseries and uPD780078Y Subseries
*1to 12 MHz: Expanded-specification product of uPD780078 Subseries

Oscillation can be stopped by executing the STOP instruction or setting the processor clock control register
(PCC).

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

7.2 Clock Generator Configuration

The clock generator consists of the following hardware.

Table 7-1. Clock Generator Configuration

ltem Configuration

Control registers | Processor clock control register (PCC)

Oscillation stabilization time select register (OSTS)

Oscillators Main system clock oscillator
Subsystem clock oscillator

Controllers Prescaler
Standby controller

Wait controller
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Figure 7-1. Block Diagram of Clock Generator

Internal bus

Oscillation stabilization
time select register (OSTS)

FRC
j 0STS2|0STS1|0STS0
XT1@—{ Subsystem | ¢ . \;,_‘
clock
XT2@——— oscillator
Prescaler
1/2
X1©—={ Main system
clock Prescaler fxr
X2@——/ oscillator fx 2
LSS I S 3
2 22| 23| 24 -
£ || Standby Wait | _
% controller controller
n
HALT
3
STOP PCCO

MCC | FRC | CLS | CSS |PCC2|PCCH

Processor clock control register
(PCC)

Internal bus
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clock output
function

Clock to
peripheral
hardware

CPU clock
(fcpu)
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7.3 Clock Generator Control Registers
The clock generator is controlled by the following two registers.

* Processor clock control register (PCC)
+ Oscillation stabilization time select register (OSTS)

(1) Processor clock control register (PCC)
PCC selects the CPU clock and the division ratio, sets main system clock oscillator operation/stop and sets
whether to use the subsystem clock oscillator internal feedback resistorNete,
PCC is set by a 1-bit or 8-bit memory manipulation instruction.
RESET input sets the value of PCC to 04H.

*x Note The feedback register is required to control the bias point of the oscillation waveform so that the bias point
is in the middle of the power supply voltage.
When the subsystem clock is not used, the power consumption in the STOP mode can be reduced by setting
bit 6 (FRC) of PCC to 1 (refer to Figure 7-7. Subsystem Clock Feedback Register).
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Figure 7-2. Format of Processor Clock Control Register (PCC)

Address: FFFBH After reset: 04H  R/wNote 1

Symbol (6] 3 2 1 0
pcc | mcc | FRc | cs | css | o PCC2 PCCH PCCO
MCC Main system clock oscillation control Nete 2
0 Oscillation possible
1 Oscillation stopped
FRC Subsystem clock feedback resistor selection
0 Internal feedback resistor used
1 Internal feedback resistor not used Note 3
CLS CPU clock status
0 Main system clock
1 Subsystem clock
CSS PCC2 PCC1 PCCO CPU clock (fcpu) selection
0 0 0 0 fx
0 0 1 fx/2
0 1 0 fx/22
0 1 1 fx/23
1 0 0 fx/24
1 0 0 0 fxr/2
0 0 1
0 1 0
0 1 1
1 0 0
Other than above Setting prohibited

Notes 1. Bit 5 is read only.
2. Whenthe CPU is operating on the subsystem clock, MCC should be used to stop the main system clock
oscillation. The STOP instruction should not be used.
3. This bit can be set to 1 only when the subsystem clock is not used.

Cautions 1. Be sure to set bit 3 to 0.
2. When the external clock is input, MCC should not be set.

This is because the X2 pin is connected to Vop1 via a pull-up resistor.

Remarks 1. fx: Main system clock oscillation frequency
2. fx1: Subsystem clock oscillation frequency
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The fastest instructions of the uPD780078 and 780078Y Subseries are carried out in two CPU clocks. The
relationship between the CPU clock (fcpu) and minimum instruction execution time is shown in Table 7-2.

Table 7-2. Relationship Between CPU Clock and Min. Instruction Execution Time

142

CPU Clock (fcru) Min. Instruction Execution Time: 2/fcru
fx = 8.38 MHz fx = 12 MHzNote | fxr = 32.768 kHz

fx 0.238 us 0.166 us -
fx/2 0.477 us 0.333 us -
fx/22 0.954 us 0.666 us -
fx/23 1.90 us 1.33 us -
fx/24 3.81 us 2.66 us -
fxr/2 - - 122 us

Note Expanded-specification products of uyPD780078 Subseries only

Remark fx:

Main system clock oscillation frequency

fxT: Subsystem clock oscillation frequency
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(2) Oscillation stabilization time select register (OSTS)
This register is used to select the oscillation stabilization time from when reset is effected or STOP mode is
released to when oscillation is stabilized.
OSTS is set by an 8-bit memory manipulation instruction.
RESET input sets OSTS to 04H. Thus, when releasing the STOP mode by RESET input, the time required to
release is 2'7/fx.

Figure 7-3. Format of Oscillation Stabilization Time Select Register (OSTS)

Address: FFFAH After reset: 04H R/W

Symbol 7 6 5 4 3 2 1 0
OSTS 0 0 0 0 0 OSTS2 OSTS1 OSTS0
OSTS2 OSTSH OSTSO0 Selection of oscillation stabilization time
fx = 8.38 MHz fx = 12 MHzNote
0 0 0 212/fx 488 us 341 us
0 0 1 214/ix 1.95 ms 1.36 ms
0 1 0 215/fx 3.91 ms 2.73 ms
0 1 1 216/fx 7.82 ms 5.46 ms
1 0 0 217 /tx 15.6 ms 10.9 ms
Other than the above Setting prohibited

Note Expanded-specification products of uyPD780078 Subseries only.

Caution The wait time when STOP mode is released does not include the time ("a" in the figure below)
from when STOP mode is released until the clock starts oscillation.
This also applies when RESET is input and an interrupt request is generated.

STOP mode is released

Voltage waveform — | a |le——
of X1 pin

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

7.4.1 Main system clock oscillator

The main system clock oscillator oscillates with a crystal resonator or a ceramic resonator (8.38 MHz TYP.)
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 inversed-phase clock signal to the X2 pin.

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

Figure 7-4. External Circuit of Main System Clock Oscillator

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

‘ IC

e -
o

Vssi L—Ili X1 External

”””””” clock

X1

Crystal resonator or
ceramic resonator

Caution Do not execute the STOP instruction and do not set MCC (bit 7 of processor clock control
register (PCC)) to 1 if an external clock is input. This is because when the STOP instruction is
executed or MCC is set to 1, the main system clock operation stops and the X2 pin is connected
to Voo1 via a pull-up resistor.
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7.4.2 Subsystem clock oscillator

The subsystem clock oscillator oscillates with a crystal resonator (32.768 kHz TYP.) connected to the XT1 and

XT2 pins.

External clocks can be input to the subsystem clock oscillator. In this case, input a clock signal to the XT1 pin

and an inversed-phase clock signal to the XT2 pin.
Figure 7-5 shows an external circuit of the subsystem clock oscillator.

Figure 7-5. External Circuit of Subsystem Clock Oscillator

(a) Crystal oscillation (b) External clock

,,,,,,,,,,,,,,,

IC External XT1

|

! ._l T XT1 clock
: 32.768

* =0

J; ! | kHz XT2
|

Vssi ‘ I XT2

,,,,,,,,,,,,,,,

Cautions are listed on the next page.
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Caution 1. When using the main system clock oscillator and subsystem clock oscillator, wire as follows
in the area enclosed by broken lines in Figures 7-4 and 7-5 to avoid an adverse effect from
wiring capacitance.

« Keep the wiring length as short as possible.

« Do not cross the wiring with other signal lines. Do not route the wiring near a signal line
through which a high fluctuating current flows.

- Always make the ground point of the oscillator capacitor the same potential as Vssi. Do
not ground the capacitor to a ground pattern through which a high current flows.

- Do not fetch signals from the oscillator.

Note that the subsystem clock oscillator is designed as a low-amplitude circuit for reducing
power consumption.

Figure 7-6 shows examples of incorrect oscillator connection.

Figure 7-6. Examples of Incorrect Oscillator Connection (1/2)

(a) Too long wiring (b) Crossed signal line
PORTn
(n=01t08)

IC X2 X1 IC X2 X1

i I

777 Vsst 777 Vsst

Remark When using the subsystem clock, replace X1 and X2 with XT1 and XT2, respectively. Further, insert
resistors in series on the side of XT2.
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Figure 7-6. Examples of Incorrect Oscillator Connection (2/2)
(c) Wiring near high fluctuating current (d) Current flowing through ground line of

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

Vbpo

Pmn
X1

X1

o .
L i
T, _
A ]

High current

r e o
i High current
777 Vsst Vesi 777

(e) Signals are fetched

777 Vsst

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

Caution 2. When X2 and XT1 are wired in parallel, the cross-talk noise of X2 may increase with XT1,
resulting in malfunction.

To prevent that from occurring, it is recommended to wire X2 and XT1 so that they are not
in parallel, and to connect the IC pin between X2 and XT1 directly to Vssi.
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7.4.3 When subsystem clock is not used
If it is not necessary to use the subsystem clock for low power consumption operations and watch operations,

connect the XT1 and XT2 pins as follows.

*  XT1: Connect to Vooo or Vob1 directly

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, the above internal feedback resistor can be removed
by setting bit 6 (FRC) of the processor clock control register (PCC). In this case also, connect the XT1 and XT2 pins
as described above.

Figure 7-7. Subsystem Clock Feedback Resistor

FRC

P-cﬂ_

Feedback resistor m

>

>

O O
XT1 XT2

x Remark The feedback register is required to control the bias point of the oscillation waveform so that the bias
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point is in the middle of the power supply voltage.
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7.5 Clock Generator Operations

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

standby mode.

* Main system clock  fx

* Subsystem clock fxr

+ CPUclock fcru

» Clock to peripheral hardware

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

(PCC).

(a)

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

pin.

With the main system clock selected, one of the five levels of minimum instruction execution time (0.166 us, 0.333
us, 0.666 us, 1.33 us, 2.66 us: @ 12 MHz operationN°te, 0.238 us. 0.476 us, 0.954 us, 1.90 us, 3.81 us: @ 8.38
MHz operation) can be selected by setting PCC.

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

PCC can be used to select the subsystem clock and to operate the system with low power consumption (122
us @ 32.768 kHz operation).

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

The main system clock is divided and supplied to the peripheral hardware. The subsystem clock is supplied to
the watch timer and clock output functions only. Thus the watch function and the clock output function can also
be continued in the standby state. However, since all other peripheral hardware operate with the main system
clock, the peripheral hardware also stops if the main system clock is stopped. (Except external input clock
operation.)

Note Expanded-specification products of uPD780078 Subseries only
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7.5.1 Main system clock operations
When operating with the main system clock (with bit 5 (CLS) of the processor clock control register (PCC) set to
0), the following operations are carried out by PCC setting.

(a) Because the operation-guaranteed instruction execution speed depends on the power supply voltage, the
minimum instruction execution time can be changed by bits 0 to 2 (PCCO0 to PCC2) of PCC.

* (b) When bit 4 (CSS) of PCC is set to 1 when operating with the main system clock, if bit 7 (MCC) of PCC is set
to 1 after the operation has been switched to the subsystem clock (CLS = 1), the main system clock oscillation
stops (see Figure 7-8 (1)).
(c) If bit 7 (MCC) of PCC is set to 1 when operating with the main system clock, the main system clock oscillation
does not stop. When bit 4 (CSS) of PCC is set to 1 and the operation is switched to the subsystem clock (CLS
= 1) after that, the main system clock oscillation stops (see Figure 7-8 (2)).

Figure 7-8. Main System Clock Stop Function

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

MCC

CSS

CLS

Main system clock oscillation

Subsystem clock oscillation

CPU clock ||||||||||||§|||||

* (2) Operation when CSS is set after setting MCC with main system clock operation
MCC \
CSS

cLS / j)

Oscillation does not stop

Main system clock oscillation

Subsystem clock oscillation J

CPU clock ||||||||||||§|@|||||
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7.5.2 Subsystem clock operations
When operating with the subsystem clock (with bit 5 (CLS) of the processor clock control register (PCC) set to
1), the following operations are carried out.

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

(b) Watchdog timer counting stops.

Caution

7.6 Changing System Clock and CPU Clock Settings

7.6.1 Time required for switchover between system clock and CPU clock
The system clock and CPU clock can be switched over by means of bits 0 to 2 (PCCO0 to PCC2) and bit 4 (CSS)
of the processor clock control register (PCC).
The actual switchover operation is not performed directly after writing to the PCC; operation continues on the pre-

switchover clock for several instructions (see Table 7-3).

Do not execute the STOP instruction while the subsystem clock is in operation.

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

Table 7-3. Maximum Time Required for CPU Clock Switchover

Se;:/vitjr?os::ore Set Value After Switchover
CSS |PCC2|PCC1|PCCO| CSS |PCC2|PCC1{PCCO| CSS [PCC2|PCC1{PCCO| CSS [PCC2|PCC1|PCCO| CSS |PCC2| PCC1|PCCO| CSS [PCC2|PCC1{PCCO| CSS [PCC2(PCC1|PCCO
ojo|ojofjojojoOoftfofoOof|lt1|O|O]|JO| 1|1t ]|]O|1T]|]O]O|1|x]|x]|x
ojo0o|jo0]|oO 16 instructions 16 instructions 16 instructions 16 instructions | fx/2fxt instruction
0|0 |1 8 instructions 8 instructions 8 instructions 8 instructions fx/4fxT instruction
0] 1 0 4 instructions 4 instructions 4 instructions 4 instructions fx/8fxt instruction
0] 1 1 2 instructions 2 instructions 2 instructions 2 instructions | fx/16fxt instruction
1 0|0 1 instruction 1 instruction 1 instruction 1 instruction fx/32fxt instruction
1| x| x| x 1 instruction 1 instruction 1 instruction 1 instruction 1 instruction

Remark One instruction is the minimum instruction execution time with the pre-switchover CPU clock.

Caution

Selection of the CPU clock cycle division ratio (PCCO to PCC2) and switchover from the main

system clock to the subsystem clock (changing CSS from 0 to 1) should not be set simulta-

neously.

Simultaneous setting is possible, however, for selection of the CPU clock cycle division ratio
(PCCO0 to PCC2) and switch over from the subsystem clock to the main system clock (changing
CSS from 1 to 0).
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7.6.2 System clock and CPU clock switching procedure
This section describes procedure for switching between the system clock and CPU clock.

Interrupt request signal

<1>

<2>

<3>

<4>

Figure 7-9. System Clock and CPU Clock Switching

RESET I_I

e

System clock ‘ ‘ ‘ fx ‘ fx fxr fx
CPU clock ‘ ‘ ‘ Lowest- ‘ Highest- Subsystem High-speed
speed speed clock operation
operation operation operation

Wait (15.6 ms: @8.38 MHz operation)

Internal reset operation

The CPU is reset by setting the RESET signal to low level after power-on. After that, when reset is released
by setting the RESET signal to high level, the main system clock starts oscillation. At this time, the oscillation
stabilization time (2'7/fx) is secured automatically.

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

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

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

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

Caution When the main system clock is stopped and the device is operating on the subsystem clock,
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wait until the oscillation stabilization time has been secured by the program before switching
back to the main system clock.
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8.1 Functions of 16-Bit Timer/Event Counters 00, 01

(M

(2

3

4

(5

16-bit timer/event counters 00, 01 have the following functions.

Interval timer
16-bit timer/event counters 00, 01 generate interrupt requests at the preset time interval.
* Number of counts: 2 to 65536

External event counter
16-bit timer/event counters 00, 01 can measure the number of pulses with a high-/low-level width of a signal input
externally.

« Valid level pulse width: 16/fx or more

Pulse width measurement
16-bit timer/event counters 00, 01 can measure the pulse width of an externally input signal.
+ Valid level pulse width: 2/fx or more

Square-wave output
16-bit timer/event counters 00, 01 can output a square wave with any selected frequency.
* Cycle: (2 x 2 to 65536 x 2) x count clock cycle

PPG output

16-bit timer/event counters 00, 01 can output a square wave that have arbitrary cycle and pulse width.
* 2 < Pulse width < Cycle < (FFFF + 1) H
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8.2 Configuration of 16-Bit Timer/Event Counters 00, 01
16-bit timer/event counters 00, 01 consist of the following hardware.

Table 8-1. Configuration of 16-Bit Timer/Event Counters 00, 01

ltem Configuration
Timer counter 16-bit timer counter On (TMOn)
Register 16-bit timer capture/compare registers: 00n, 01n (CR00On, CR01n)
Timer input TIOON, TIO1n
Timer output TOON

Control registers | 16-bit timer mode control register On (TMCOn)
Capture/compare control register On (CRCOn)
16-bit timer output control register On (TOCOn)
Prescaler mode register On (PRMON)

Port mode register 7 (PM7)

Port 7 (P7)

Remark n=0,1
Figures 8-1 and 8-2 show block diagrams of these counters.

* Figure 8-1. Block Diagram of 16-Bit Timer/Event Counter 00

¢ Internal bus S

Capture/compare control S
register 00 (CRCO00)

CGRC020{CRCO10|CRC000

INTTMO00

Noise
TI010/P71 ©——={ elimi-

16-bit timer capture/compare
register 000 (CR000)

Selector

nator
u Match
=N I
fx/22 —l 2 —
16-bit timer counter 00
fx/26 — o2 ‘ Clear
$J (TMoo Output
[ L controller
Noise Match
/22— elimi- | 12 Output latch [Pm70]

nator (P70)

Noise 16-bit timer capture/compare
TI000TO00/P70™ © ! elimi- [+ . P P
nator register 010 (CR010)
] INTTMO10
CRC020 |
PRMO10 [PRM000 [TMcoos|TMco02] ovFoo | [rocoso] Lvsoo | LvRoo [Toco1d ToEao|
Prescaler mode 16-bit }imer mode 16-bit timer output
h control register 00 control register 00
register 00 (PRMO00) (TMCO0) 9 (TOCO00) 9
q Internal bus

Note TIO00 input and TO0O output cannot be used at the same time.
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Figure 8-2. Block Diagram of 16-Bit Timer/Event Counter 01

{

Internal bus §

Capture/compare control
register 01 (CRCO01)

TI011/PCL/P74 ©——

fx/2 —=
x/2% ——=

Noise
elimi-
nator

Selector

16-bit timer capture/compare
register 001 (CR001)

|Selector|

INTTMOO1

1L e
I

 Selector |

Output
controller

QOutput latch
(P75)

INTTMO11

[ 1

f/2° (1 1§I;Ab(|)t1“mer counter 01 Clear
[ —
Noise U Match
fx/23 —= glimi- | 12
nator
TI001/TO01/ l ’:I(i)riT?ie 16-bit timer capture/compare
Note - :
BUZ/P75 nator register 011 (CRO11)
| i
CRCO021 % ‘
PRIO! 1 [PRMOO! TMCO13[TMCO12

Prescaler mode
register 01 (PRMO01)

I

\
[rocoa1] Lvsot | LvRot [Tocot1| TOE01 |

16-bit timer mode
control register 01
(TMCO01)

(TOCO1)

16-bit timer output
control register 01

§

Internal bus

Note TIOO01 input and TOO01 output cannot be used at the same time.
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(M

(2
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16-bit timer counter On (TMOn)

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

The counter is incremented in synchronization with the rising edge of the count clock. If the count value is read
during operation, input of the count clock is temporarily stopped, and the count value at that point is read. The
count value is reset to 0000H in the following cases.

<1> At RESET input

<2> If TMCOn3 and TMCOn2 are cleared

<3> If the valid edge of TIOOn is input in the clear & start mode entered by inputting the valid edge of TIOOn
<4> If TMOn and CROONn match in the clear & start mode entered on a match between TMOn and CR0OOn

16-bit timer capture/compare register 00n (CR00n)

CRO0ON is a 16-bit register which has the functions of both a capture register and a compare register. Whether
it is used as a capture register or as a compare register is set by bit On (CRC00n) of capture/compare control
register 0 (CRCOnN).

+« When CROON is used as a compare register
The value set in CROON is constantly compared with the 16-bit timer/counter On (TMOn) count value, and an
interrupt request (INTTMOON) is generated if they match. It can also be used as the register that holds the
interval time then TMOn is set to interval timer operation.

« When CROOn is used as a capture register
Itis possible to select the valid edge of the TIOOn pin or the TI01n pin as the capture trigger. Setting of the TIO0Nn
or TI0O1n valid edge is performed by means of prescaler mode register On (PRMOn) (refer to Table 8-2).

Table 8-2. CROOn Capture Trigger and Valid Edges of TIOOn and TI01n Pins

(1) TIOON pin valid edge selected as capture trigger (CRC01n = 1, CRCOOn = 1)

CROON Capture Trigger TI0OOn Pin Valid Edge

ESO1n ESO00n
Falling edge Rising edge 0 1
Rising edge Falling edge 0 0
No capture operation Both rising and falling edges 1 1

(2) TIO1n pin valid edge selected as capture trigger (CRC01n = 0, CRCOOn = 1)

CROON Capture Trigger

TI01n Pin Valid Edge

ES11n ES10n
Falling edge Falling edge 0 0
Rising edge Rising edge 0 1
Both rising and falling edges Both rising and falling edges 1 1

Remarks 1. Setting ESO1n, ES00n = 1, 0 and ES11n, ES10n = 1, 0 is prohibited.
2. ESO1n, ESOON:
ES11n, ES10n: Bits 7 and 6 of prescaler mode register On (PRMOn)
CRCO01n, CRCOON: Bits 1 and 0 of capture/compare control register On (CRCOn)
3. n=0,1

Bits 5 and 4 of prescaler mode register On (PRMOn)
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CROOnN is set by a 16-bit memory manipulation instruction.
RESET input makes the value of CROOn undefined.

Cautions 1.

Set CR0OOnN to a value other than 0000H in the clear & start mode entered on a match between
TMOn and CROONn. However, in the free-running mode and in the clear mode using the valid
edge of TIOONn, if CROON is set to 0000H, an interrupt request (INTTMOON) is generated when
CRO00ONn changes from 0000H to 0001H following overflow (FFFFH).

If the new value of CROON is less than the value of 16-bit timer counter n (TMOn), TMOn
continues counting, overflows, and then starts counting from 0 again. If the new value of
CROOn is less than the old value, therefore, the timer must be reset to be restarted after the
value of CR0OOn is changed.

When P70 is used as the input pin for the valid edge of TI000, it cannot be used as a timer
output (TO00). Moreover, when P70 is used as TO0O, it cannot be used as the input pin for
the valid edge of TI000.

When P75 is used as the input pin for the valid edge of TI001, it cannot be used as a timer
output (TO01). Moreover, when P75 is used as TOO1, it cannot be used as the input pin for
the valid edge of TI0O1.

(3) 16-bit capture/compare register 01n (CR01n)

CRO01n is a 16-bit register which has the functions of both a capture register and a compare register. Whether it
is used as a capture register or a compare register is set by bit 2 (CRC02n) of capture/compare control register On

(CRCOn).

+ When CRO1n is used as a compare register
The value set in CRO1n is constantly compared with the 16-bit timer counter On (TMOn) count value, and an

interrupt request (INTTMO1n) is generated if they match.

+ When CRO1n is used as a capture register
It is possible to select the valid edge of the TIOOn pin as the capture trigger. The TIOOn valid edge is set by
means of prescaler mode register On (PRMOn) (refer to Table 8-3).

Table 8-3. CR01n Capture Trigger and Valid Edge of TIOOn Pin (CRC02n = 1)

CRO1n Capture Trigger TI0OOn Pin Valid Edge
ESO1n ES00n
Falling edge Falling edge 0 0
Rising edge Rising edge 0 1
Both rising and falling edges Both rising and falling edges 1 1

Remarks 1. Setting ES01n, ES00n = 1, 0 is prohibited.

2. ES01n, ESOONn: Bits 5 and 4 of prescaler mode register On (PRMOn)
CRCO02n: Bit 2 of capture/compare control register On (CRCOn)
3. n=0,1
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8.3

CRO01n is set by a 16-bit memory manipulation instruction.
RESET input makes the value of CRO1n undefined.

Caution Set CR01n to other than 0000H in the clear & start mode entered on a match between TMOn
and CROOn. However, in the free-running mode and in the clear mode using the valid edge
of TI0On, if CRO1n is set to 0000H, an interrupt request (INTTMO1n) is generated when CR01n
changes from 0000H to 0001H following overflow (FFFFH).

Remark n=0,1

Registers to Control 16-Bit Timer/Event Counters 00, 01

The following six types of registers are used to control 16-bit timer/event counters 00, 01.

(M

158

16-bit timer mode control register On (TMCOn)
Capture/compare control register On (CRCOn)
16-bit timer output control register On (TOCOnN)
Prescaler mode register On (PRMOn)

Port mode register 7 (PM7)

Port 7 (P7)

Remark n=0, 1

16-bit timer mode control register On (TMCOn: n =0, 1)

This register sets the 16-bit timer operating mode, the 16-bit timer counter On (TMOn) clear mode, and output
timing, and detects an overflow.

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

RESET input sets the value of TMCOn to 00H.

Caution  16-bit timer counter On (TMOnN) starts operation at the moment TMCOn2 and TMCOn3 (operation

stop mode) are set to a value other than 0, 0, respectively. Set TMCOn2 and TMCOn3 to 0, 0
to stop the operation.
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Figure 8-3. Format of 16-Bit Timer Mode Control Register 00 (TMCO00)

Address FF60H  After reset: 00H R/W

Symbol 7 6 5 4 1 [0]
TMCO00 0 0 0 0 TMCO003 | TMC002 0 OVF00
TMCO003| TMC002 Operating mode . TOO0O0 output timing selection Interrupt request generation
and clear mode selection
0 0 Operation stop No change Not generated
(TMOO cleared to 0)
0 1 Free-running mode Match between TMOO and Generated on match
CRO00 or match between between TM0O and CRO0O,
TMO00 and CR010 or match between TM00 and
1 0 Clear & start on TI1000 valid — CRO10
edgeNote 1
1 1 Clear & start on match between| Match between TM0O and
TMOO and CROOQNote 2 CRO000 or match between
TMO0O0 and CR0O10
OVF00 Overflow detection of 16-bit timer counter 00 (TM0O0)
0 Overflow not detected
1 Overflow detected

Notes 1. Set the valid edge of the TI000/TO00/P70 pin with prescaler mode register 00 (PRMO00).
2. If the clear & start mode entered on a match between TM0O and CROOQO is selected, when the set
value of CR000 is FFFFH and the TMOO value changes from FFFFH to 0000H, the OVFO0O0 flag is set
to 1.

Cautions 1. To write different data to TMCO0O0, stop the timer operation before writing.

2. The timer operation must be stopped before writing to bits other than the OVF00 flag.
Remarks 1. TOO0O: 16-bit timer/event counter 00 output pin
2. TIO00: 16-bit timer/event counter 00 input pin
3. TMO0O: 16-bit timer counter 00
4. CRO0O00: 16-bit timer capture/compare register 000
5. CRO010: 16-bit timer capture/compare register 010
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Figure 8-4. Format of 16-Bit Timer Mode Control Register 01 (TMCO01)

Address FF64H  After reset: 00H R/W

Symbol 7 6 5 4 1 [0]
TMCO1 0 0 0 0 TMCO013 | TMCO012 0 OVFO1
TMCO013 | TMCO012 Operating mode ) TOO01 output timing selection Interrupt request generation
and clear mode selection
0 0 Operation stop No change Not generated
(TMOT1 cleared to 0)
0 1 Free-running mode Match between TM01 and Generated on match
CROO01 or match between between TMO1 and CR0O1,
TMO1 and CRO11 or match between TM01 and
1 0 Clear & start on TI001 valid — CRo11
edgeNote 1
1 1 Clear & start on match between| Match between TM01 and
TMO1 and CROO1N°te 2 CRO001 or match between
TMO1 and CRO11
OVFO01 Overflow detection of 16-bit timer counter 01 (TM01)
0 Overflow not detected
1 Overflow detected

160

Notes 1.

Set the valid edge of the TI001/TO01/BUZ/P75 pin with prescaler mode register 01 (PRMO01).

2. If the clear & start mode entered on a match between TM01 and CR0O01 is selected, when the set
value of CR001 is FFFFH and the TMO1 value changes from FFFFH to 0000H, the OVFO01 flag is set
to 1.

Cautions 1. To write different data to TMCO1, stop the timer operation before writing.
2. The timer operation must be stopped before writing to bits other than the OVF01 flag.

Remarks 1.
2.

3
4.
5

TOO1:
TIOO1:

. TMO1:

CRO0O01:

. CRO11:

16-bit timer/event counter 01 output pin

16-bit timer/event counter 01 input pin

16-bit timer counter 01

16-bit timer capture/compare register 001

16-bit timer capture/compare register 011
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(2) Capture/compare control register On (CRCOn: n =0, 1)
This register controls the operation of the 16-bit capture/compare registers (CR00n, CR01n).
CRCOn is set by a 1-bit or 8-bit memory manipulation instruction.
RESET input sets the value of CRCO to 00H.

Figure 8-5. Format of Capture/Compare Control Register 00 (CRC00)

Address: FF62H  After reset: O0H R/W

Symbol
CRCO00

Note

7 6 5 4 3 2 1 0
0 0 0 0 0 CRCO020 CRCO010 CRCO000
CRCO020 CRO010 operating mode selection
0 Operate as compare register
1 Operate as capture register
CRCO010 CROO00 capture trigger selection
0 Capture on valid edge of TI010
1 Capture on valid edge of TIO0O0 by reverse phaseNote
CRCO000 CRO000 operating mode selection
0 Operate as compare register
1 Operate as capture register

If both the rising and falling edges have been selected as the valid edges of TI000, capture is not performed.

Cautions 1. The timer operation must be stopped before setting CRC00.

2. When the clear & start mode entered on a match between TM00 and CRO00O is selected by
16-bit timer mode control register 00 (TMC00), CR000 should not be specified as a capture
register.

3. Toensurethe reliability of the capture operation, the capture trigger requires a pulse longer
than two cycles of the count clock selected by prescaler mode register 00 (PRM0O) (refer
to Figure 8-36).
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Figure 8-6. Format of Capture/Compare Control Register 01 (CRCO01)

Address: FF66H  After reset: 00H R/W

Symbol 7 6 5 4 3 2 1 0
CRCO1 0 0 0 0 0 CRCO021 CRCO11 CRCO001
CRCo021 CRO11 operating mode selection
0 Operate as compare register
1 Operate as capture register
CRCO011 CRO001 capture trigger selection
0 Capture on valid edge of TI011
1 Capture on valid edge of TIOO1 by reverse phaseNote
CRCO001 CRO0O01 operating mode selection
0 Operates as compare register
1 Operates as capture register

Note Ifboththerising andfalling edges have been selected as the valid edges of TI001, capture is not performed.

Cautions 1. The timer operation must be stopped before setting CRC01.

2. When the clear & start mode entered on a match between TM01 and CRO001 is selected by
16-bit timer mode control register 01 (TMCO01), CR001 should not be specified as a capture
register.

3. Toensure the reliability of the capture operation, the capture trigger requires a pulse longer
than two cycles of the count clock selected by prescaler mode register 01 (PRMO01) (refer

to Figure 8-36).
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(3) 16-bit timer output control register On (TOCOn: n =0, 1)
This register controls the operation of the 16-bit timer/event counter output controller. It sets R-S type flip-flop (LVOn)
set/reset, output inversion enable/disable, and 16-bit timer/event counter timer output enable/disable.
TOCOn is set by a 1-bit or 8-bit memory manipulation instruction.
RESET input sets the value of TOCO to 00H.

Figure 8-7. Format of 16-Bit Timer Output Control Register 00 (TOCO00)

Address: FF63H  After reset: 00H R/W

Symbol 7 6 5 4 1 (o]
TOC00 0 0 0 TOC040 | Lvsoo | LvRoo | TOCO10 | TOE0O |
TOCO040 Timer output F/F control by match of CR010 and TM0O
0 Inversion operation disabled
1 Inversion operation enabled
LVSO00 LVROO 16-bit timer/event counter 00 timer output F/F status setting
0 0 No change
0 1 Timer output F/F reset (0)
1 0 Timer output F/F set (1)
1 1 Setting prohibited
TOCO010 Timer output F/F control by match of CR000 and TMOO
0 Inversion operation disabled
1 Inversion operation enabled
TOEO0 16-bit timer/event counter 00 output control
0 Output disabled (output set to level 0)
1 Output enabled

Cautions 1. The timer operation must be stopped before setting TOCO00.
2. If LVS00 and LVROO are read after data is set, they will be 0.
3. Bits 5 to 7 of TOC00 must be set to 0.
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Figure 8-8. Format of 16-Bit Timer Output Control Register 01 (TOCO01)

Address: FF67H  After reset: 00H R/W

Symbol 7 6 5 4 1 [0]
TOCO1 0 0 0 TOCO41 | LVso1 | LvRot | TOCO11 | TOE01 |
TOCO041 Timer output F/F control by match of CR011 and TMO1
0 Inversion operation disabled
1 Inversion operation enabled
LVSO01 LVRO1 16-bit timer/event counter 01 timer output F/F status setting
0 0 No change
0 1 Timer output F/F reset (0)
1 0 Timer output F/F set (1)
1 1 Setting prohibited
TOCO011 Timer output F/F control by match of CR001 and TMO1
0 Inversion operation disabled
1 Inversion operation enabled
TOEO1 16-bit timer/event counter 01 output control
0 Output disabled (Output set to level 0)
1 Output enabled

Cautions 1. The timer operation must be stopped before setting TOCO1.
2. If LVS01 and LVRO1 are read after data is set, they will be 0.
3. Bits 5 to 7 of TOCO1 must be set to 0.
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(4) Prescaler mode register On (PRMOn: n =0, 1)

This register is used to set the 16-bit timer counter On (TMOn) count clock and TIOOn, T101n input valid edges.
PRMOn is set by an 8-bit memory manipulation instruction.
RESET input sets the value of PRMO to 00H.

Figure 8-9. Format of Prescaler Mode Register 00 (PRMO0O0)

Address: FF61H  After reset: 00H R/W
Symbol 7 6 5 4 3 2 1 0
PRMO00O ES110 ES100 ES010 ES000 0 0 PRMO010 PRMO000
ES110 ES100 TI010 valid edge selection
0 0 Falling edge
0 1 Rising edge
1 0 Setting prohibited
1 1 Both falling and rising edges
ES010 ES000 TI000 valid edge selection
0 0 Falling edge
0 1 Rising edge
1 0 Setting prohibited
1 1 Both falling and rising edges
PRMO010 PRMO000 Count clock selection
fx = 8.38 MHz fx = 12 MHzNote 1
0 0 fx 8.38 MHz 12 MHz
0 1 fx/22 2.09 MHz 3 MHz
1 0 fx/26 130 kHz 187 kHz
1 1 TI000 valid edgeNotes 2,3
Notes 1. Expanded-specification products of uPD780078 Subseries only.

2. The external clock requires a pulse longer than two cycles of the internal count clock (fx/23).

3. When the valid edge of TI00O0 is selected, the main system clock is used as the sampling clock for
noise elimination. The valid edge of TI000 can be used only when the main system clock is operating.
Cautions 1. Always set data to PRM0O0 after stopping the timer operation.
2. Ifthe valid edge of TIOO0O is to be set as the count clock, do not set the clear/start mode and
the capture trigger at the valid edge of TI000.
Moreover, do not use the P70/TI000/TO00 pin as a timer output (TO00).
3. If the TI000 or TIO10 pin is high level immediately after system reset, the rising edge is
immediately detected after the rising edge or both the rising and falling edges are set as
the valid edge(s) of the TI000 pin or TI010 pin to enable the operation of 16-bit timer counter
00 (TMO0O). Be careful when pulling up the TI000 pin or the TI010 pin. However, when re-
enabling operation after the operation has been stopped once, the rising edge is not
detected.
Remarks 1. fx: Main system clock oscillation frequency
2. TI0O0O0, TIO10: 16-bit timer/event counter 00 input pin
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Figure 8-10. Format of Prescaler Mode Register 01 (PRMO01)

Address: FF65H  After reset: 00H R/W

Symbol 7 6 5 4 3 2 1 0
PRMO1 ES111 ES101 ES011 ES001 0 0 PRMO11 PRMO001
ES111 ES101 TI011 valid edge selection
0 0 Falling edge
0 1 Rising edge
1 0 Setting prohibited
1 1 Both falling and rising edges
ES011 ES001 TI001 valid edge selection
0 0 Falling edge
0 1 Rising edge
1 0 Setting prohibited
1 1 Both falling and rising edges
PRMO11 PRMO001 Count clock selection
fx = 8.38 MHz fx = 12 MHzNote 1
0 0 fx/2 4.19 MHz 6 MHz
0 1 fx/23 1.04 MHz 1.5 MHz
1 0 fx/29 16.36 kHz 23.43 kHz
1 1 TI001 valid edgeNotes 2, 3

Notes 1. Expanded-specification products of uPD780078 Subseries only.
2. The external clock requires a pulse two times longer than internal count clock (fx/23).
3. When the valid edge of TI001 is selected, the main system clock is used as the sampling clock for
noise elimination. The valid edge of TI001 can be used only when the main system clock is operating.

Cautions 1. Always set data to PRM01 after stopping the timer operation.

2. Ifthe valid edge of TI0O1 is to be set as the count clock, do not set the clear/start mode and
the capture trigger at the valid edge of TI0O01.

Moreover, do not use the P75/TI001/TO01/BUZ pin as a timer output (TOO01).

3. If the TI001 or TIO11 pin is high level immediately after system reset, the rising edge is
immediately detected after the rising edge or both the rising and falling edge are set as the
valid edge(s) of the TI001 pin or TI011 pin to enable the operation of 16-bit timer counter
01 (TMO1). Be careful when pulling up the TI001 pin or the TI011 pin. However, when re-
enabling operation after the operation has been stopped once, the rising edge is not
detected.

Remarks 1. fx: Main system clock oscillation frequency
2. TIOO01, TIO11: 16-bit timer/event counter 01 input pin
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(5) Port mode register 7 (PM7)

This register sets port 7 input/output in 1-bit units.

When using the P70/TO00/T1000 or P75/TO01/T1001/BUZ pin for timer output, set PM70 or PM75 and the output

latch of P70 or P75 to 0.

When using the P70/TO00/T1000 and P75/TO01/T1001/BUZ pins as a timer input, set PM70 and PM75 to 1.
At this time, the output latches of P70 and P75 can be either 0 or 1.

PM?7 is set by a 1-bit or 8-bit memory manipulation instruction.

RESET input sets the value of PM7 to FFH.

Figure 8-11. Format of Port Mode Register 7 (PM7)

Address: FF27H  After reset: FFH R/W

Symbol 7 6 5 4 3 2 1 0
PM7| 1 1 |PM75|PM74|PM73|PM72|PM71|PM70
PM7n| P7n Pin I/0O mode selection (n = 0 to 5)
0 Output mode (output buffer on)
1 Input mode (output buffer off)
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8.4 Operation of 16-Bit Timer/Event Counters 00, 01

8.4.1 Interval timer operation

Setting 16-bit timer mode control register On (TMCOn) and capture/compare control register On (CRCOn) as shown
in Figure 8-12 allows operation as an interval timer. Interrupt requests are generated repeatedly using the count value
set in 16-bit timer capture/compare register 00n (CR0O0N) beforehand as the interval.

When the count value of 16-bit timer counter On (TMOn) matches the value set to CR00N, counting continues with
the TMOn value cleared to 0 and the interrupt request signal (INTTMOON) is generated.

The count clock of the 16-bit timer/event counter can be selected using bits 0 and 1 (PRM00n, PRMO01n) of prescaler
mode register On (PRMOn).

Figure 8-12. Control Register Settings for Interval Timer Operation

(a) 16-bit timer mode control register On (TMCOn)

TMCOn3 TMCOn2 OVFno

TMCOn| O 0 0 0 1 1 0 0

\_'_1

Clears and starts on match between TMOn and CR0OON.

(b) Capture/compare control register On (CRCOn)

CRC02n CRCO1n CRCOON

CRCOn| O 0 0 0 0 01 0N 0

L CROON used as compare register

Remark n=0, 1
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Figure 8-13. Interval Timer Configuration Diagram

16-bit timer capture/compare
register 00n

fx (fx/2) ‘ ‘
fx/22 (fx/23)
fx/28 (fx/2°)

TIO00/TO00/P70 Noise | _|
(TI001/TO01/BUZ/P75)®

INTTMOON

Selector

16-bit timer counter On OVFQnNete

eliminator

Clear
circuit

fx/2®

Note OVFOn is 1 only when 16-bit timer capture/compare register 00n is set to FFFFH.

Remark The values outside parentheses apply to 16-bit timer/event counter 00, and the values in parentheses
apply to 16-bit timer/event counter 01.

Figure 8-14. Timing of Interval Timer Operation

t

—
|

|
|
|

TMOn count value 0000H XooorrX | XN XOOOOHX0001HX XN XOOOOHX0001HX X NX
— X A A

\Count start Clear Clear ,
CROON N \\ N )\ N \ N

((
)]

el 4

| ' | ! |
terrupt acknowledged Interrupt acknowledged

|
|
INTTMOON |_| |_| " |_
‘ i A )
: :
| ()() |
| | I
| |

Interval time 1 Interval time | Interval time |

((
))

TOOn |

Remarks 1. Interval time = (N + 1) x t
N = 0001H to FFFFH
2. n=0,1
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170

When the compare register is changed during timer count operation, if the value after 16-bit timer capture/
compare register 00n (CR0OON) is changed is smaller than that of 16-bit timer counter On (TMOn), TMOn continues
counting, overflows and then restarts counting from 0. Thus, if the value (M) after the CR0On change is smaller
than that (N) before the change, it is necessary to restart the timer after changing CR0On.

Figure 8-15. Timing After Change of Compare Register During Timer Count Operation

Count clock j \ / \ / \—’?—/ \_/ \_/_\_/_\_

CROON N X /™

\\
\
TMoncountvaie X X-1_ X X X /D( FFFFH X 0000H X 0001H X 0002H

Remark N> X>M
n=0,1
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8.4.2 External event counter operation

The external event counter counts the number of external clock pulses to be input to the TIOOn pin with using 16-
bit timer counter On (TMON).

TMOn is incremented each time the valid edge specified by prescaler mode register On (PRMOn) is input.

When the TMOn count value matches the 16-bit timer capture/compare register 00n (CR0O0n) value, TMOniis cleared
to 0 and the interrupt request signal (INTTMOON) is generated.

Input a value other than 0000H to CROON. (A count operation with a pulse cannot be carried out.)

The rising edge, the falling edge, or both edges can be selected using bits 4 and 5 (ES00n and ES01n) of prescaler
mode register On (PRMOn).

Because an operation is carried out only when the valid edge of the TIOOn pin is detected twice after sampling
with the internal clock (fx/23), noise with a short pulse width can be removed.

Caution When used as an external event counter, the P70/T1000/TO00 or P75/T1001/TO01/BUZ pin cannot
be used as a timer output (TO00, TO01).

Figure 8-16. Control Register Settings in External Event Counter Mode

(a) 16-bit timer mode control register On (TMCOn)

TMCOn3 TMCOn2 OVFOn

TMCOn| O 0 0 0 1 1 0 0

\_’_1

(b) Capture/compare control register On (CRCOn)

Clears and starts on match between TMOn and CROON.

CRC02n CRCO1n GRCOON

CRCOn| 0 0 0 0 0 01 | on 0

L CROON used as compare register

Remark n=0, 1
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* Figure 8-17. External Event Counter Configuration Diagram
[ Internal bus !
16-bit timer capture/compare
register 00n
iL Match
INTTMOON
ﬁ Clear
fx/2° ——=INoise eliminator 16-bit timer counter On (TMOn) OVFonMete
Valid edge of TIOOnh ———
Note OVFOn is 1 only when 16-bit timer capture/compare register 00n is set to FFFFH.
Figure 8-18. External Event Counter Operation Timing (with Rising Edge Specified)
TIOOnpininputIlIlIlI||||||| ||||||||||||||
TMOn count value  §0000HX 0001H X 0002H { 0003H { 0004H { 0005H X |\ X N—1 X N YooooH)0001HX0002H X0003H
CROON N )\
1T !
INTTMOON B [
)
Caution When reading the external event counter count value, TMOn should be read.
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8.4.3 Pulse width measurement operations

It is possible to measure the pulse width of the signals input to the TI0OOn pin and TIO1n pin using
16-bit timer counter On (TMOn).

There are two measurement methods: measuring with TMOn used in free-running mode, and measuring by
restarting the timer in synchronization with the edge of the signal input to the TI00n pin.

(1) Pulse width measurement with free-running counter and one capture register
When 16-bit timer counter On (TMOn) is operated in free-running mode (see register settings in Figure 8-19),
and the edge specified by prescaler mode register On (PRMOn) is input to the TI0ONn pin, the value of TMOn is
takeninto 16-bittimer capture/compare register 01n (CR01n) and an externalinterrupt request signal (INTTMO1n)
is set.
Any of three edges can be selected—rising, falling, or both edges—specified by bits 4 and 5 (ES00n and ES01n)
of PRMOn.
Sampling is performed with the count clock selected by PRMOn, and a capture operation is only performed when
a valid level of the TI0On pin is detected twice, thus eliminating noise with a short pulse width.

Figure 8-19. Control Register Settings for Pulse Width Measurement with Free-Running Counter
and One Capture Register

(a) 16-bit timer mode control register On (TMCOn)

TMCONn3 TMCONn2 OVFOn

TMCOn| O 0 0 0 0 1 0 0

\_'_1

(b) Capture/compare control register On (CRCOn)

Free running mode

CRC02n CRCO1n CRCOON

CRCOn| © 0 0 0 0 1 01 0

L CROON used as compare register

CRO1n used as capture register

Remark n=0,1
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Figure 8-20. Configuration Diagram for Pulse Width Measurement by Free-Running Counter

fx (fv/2) ——=
2 3 :O:
t2® (ix/2°) ] 16-bit timer/counter On OVFOn
[
fx/28 (fx/29) — @ ‘ ‘
TI000/TO00/P70 o 16-bit timer capture/compare
(TI001/TO01/BUZ/P75) register 01n
@ INTTMO1n
{ Internal bus ¢

Remark Values outside parentheses apply to 16-bit timer/event counter 00, and values in parentheses apply to
16-bit timer/event counter 01.

Figure 8-21. Timing of Pulse Width Measurement Operation by Free-Running Counter
and One Capture Register (with Both Edges Specified)

1 t 1

-

TMOnN count value

TIOON pin input

YooooHooorH 1\ X Do Yoo 1} |1 X |;31 Xot+ 1Y |\ Xerrrr)ooooHY

D5 ) €

CRO1n capture value

» Yo |

INTTMO1n

B >

[] |

I SR

OVFOn

((
))

Ty TL

[ [ |
D )]

(D1 —DO) xt (10000H — D1 + D2) x t

Note OVFOn must be cleared by software.

Remark n=0,1
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(2) Measurement of two pulse widths with free-running counter
When the 16-bit timer counter On (TMOn) is operated in free-running mode (see register settings in Figure 8-
22), it is possible to simultaneously measure the pulse widths of the two signals input to the TIOOn pin and the
TI01n pin.
When the edge specified by bits 4 and 5 (ES00n and ES01n) of prescaler mode register On (PRMOn) is input
to the TIOOn pin, the value of TMOn is taken into 16-bit timer capture/compare register 01n (CR01n) and an
interrupt request signal (INTTMO01n) is set.
Also, when the edge specified by bits 6 and 7 (ES10n and ES11n) of PRMOn is input to the TI01n pin, the value
of TMOn is taken into 16-bit timer capture/compare register 00n (CR00N) and an external interrupt request signal
(INTTMOON) is set.
Any of three edges can be selected—rising, falling, or both edges—as the valid edges for the TI00n pin and the
TIO1n pin specified by bits 4 and 5 (ES00n and ES01n) and bits 6 and 7 (ES10n and ES11n) of PRMOn,
respectively.
Sampling is performed at the interval selected by prescaler mode register On (PRMOn), and a capture operation
is only performed when a valid level of the TI00n pin or TI01n pin is detected twice, thus eliminating noise with
a short pulse width.

Figure 8-22. Control Register Settings for Measurement of Two Pulse Widths with Free-Running Counter

(a) 16-bit timer mode control register On (TMCOn)

TMCOn3 TMCONn2 OVFOn

TMCOn| O 0 0 0 0 1 0 0

\_’_1

(b) Capture/compare control register On (CRCOn)

Free-running mode

CRC02n CRCO1n CRCOON

CRCOn| 0 0| o 0 0 1 0 1
L

CRO0ON used as capture register

Captures valid edge of TI01n pin to CR0ON

CRO1n used as capture register

Remark n=0,1
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Figure 8-23. Timing of Pulse Width Measurement Operation with Free-Running Counter
(with Both Edges Specified)

t

TMon count value  JoooooootH | X DO Xoo X |1 X |?1 Xor+ X\ Jerrerfoooory 1 X |:32 XD?+1XD2+2X \\X E:>3

TIOON pin input J—E_”-I E J i E ”.I_é_

| I
CRO1n capture value \\ X DO \\ X D1 \\

INTTMO1n . '|_| . ! . . -|_| ) .
I )] | )] A : D
TI01n pin input y : (J E ) 1) El: « |
)] | ) ! ,
CROON capture value \\ \\ X D1 \\ \\ X D2 + 1 \\
1

INTTMOON : : | | | 1x |
( ( (( ((
] | ) \ )] L L ! 1
OVFon ! ! N \|Note !
{5 {5 ) | ! ! f——

" (D1 —DO)xt | (10000H — D1 + D2) x t : | (D3 —D2) x t
1

(10000H — D1 + (D2 + 1)) x t

Note OVFOn must be cleared by software.

Remark n=0,1
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3

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

When 16-bit timer counter On (TMOn) is operated in free-running mode (see register settings in Figure 8-24),
it is possible to measure the pulse width of the signal input to the TI00n pin.

When the edge specified by bits 4 and 5 (ES00n and ES01n) of prescaler mode register On (PRMOn) is input
to the TI0OOn pin, the value of TMOn is taken into 16-bit timer capture/compare register 01n (CR01n) and an
interrupt request signal (INTTMO1n) is set.

Also, when the inverse edge to that of the capture operation to CR01n is input, the value of TMOn is taken into
16-bit timer capture/compare register 00n (CR0OON).

Either of two edges can be selected—rising or falling—as the valid edges for the TI00n pin specified by bits 4
and 5 (ES00n and ESO1n) of prescaler mode register On (PRMOn).

Sampling is performed at the interval selected by prescaler mode register On (PRMOn), and a capture operation
is only performed when a valid level of the TI00n pin is detected twice, thus eliminating noise with a short pulse
width.

Caution If the valid edge of TIOOn is specified to be both the rising and falling edges, 16-bit timer
capture/compare register 00n (CR00n) cannot perform the capture operation.

Figure 8-24. Control Register Settings for Pulse Width Measurement with Free-Running Counter and
Two Capture Registers

(a) 16-bit timer mode control register On (TMCOn)

TMCOn3 TMCOn2 OVFOn

TMCOn| O 0 0 0 0 1 0 0

\_’_1

(b) Capture/compare control register On (CRCOn)

Free-running mode

CRCO02n CRCO1n CRCOON

CRCOn| O 0 0 0 0 1 1 1

L CROON used as capture register

Captures to CROON at edge reverse
to valid edge of TI0ON.

CRO1n used as capture register

Remark n=0,1
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Figure 8-25. Timing of Pulse Width Measurement Operation by Free-Running Counter
and Two Capture Registers (with Rising Edge Specified)

1 t 1

-

TMon count value  YooooHfoootHK || X Do Yoo 1} |\ X D1 Xor+ X ) Yerrerfoooodk || X D2 Yoz 1} 11X |?3X

CRO1n capture value \

CRO0ON capture value \

TI00n pin input J_:—s:] \
CXo ]

1 1 1 | | 1
INTTMO1n (J(J 1 |_| 1 (J 1 ()(‘ 1

((
))

OVFOn

1
1
1
A [
" )
I
1

(D1 — DO) x t

-
1

Note OVFOn must be cleared by software.

4

178

Pulse width measurement by means of restart

When input of a valid edge to the TI00n pin is detected, the count value of 16-bit timer/counter On (TMOn) is taken
into 16-bit timer capture/compare register 01n (CR01n), and then the pulse width of the signal input to the TIOOn
pin is measured by clearing TMOn and restarting the count (see register settings in Figure 8-27).

The edge specification can be selected from two types, rising or falling edges, by bits 4 and 5 (ES00n and ES01n)
of prescaler mode register On (PRMOn)

Sampling is performed at the interval selected by prescaler mode register On (PRMOn) and a capture operation
is only performed when a valid level of the TIOOn pin is detected twice, thus eliminating noise with a short pulse
width.

Caution If the valid edge of TIOOn is specified to be both the rising and falling edges, 16-bit timer
capture/compare register 00n (CR00n) cannot perform the capture operation.

Remark n =0, 1
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Figure 8-26. Control Register Settings for Pulse Width Measurement by Means of Restart

(a) 16-bit timer mode control register On (TMCOn)

TMCOn3 TMCOn2 OVFOn

TMCOn| O 0 0 0 1 0 0 0

\_’_1

(b) Capture/compare control register On (CRCOn)

Clears and starts at valid edge of TI0On pin.

CRC02n CRCO1n CRCOON

CRCOn| O 0 0 0 0 1 1 1

L CRO0ON used as capture register

CRO1n used as capture register

Figure 8-27. Timing of Pulse Width Measurement Operation by Means of Restart
(with Rising Edge Specified)

1 t 1

P

Count clock |||||||I|||||I|||I||||||
T™on count value  JooooroootHY || X Do YoooorYooors D1 X 1} X D2 YooooH)ooo1H)

TIOON pin input (l X | X | X |
) ! !

CRO1n capture value

CROON capture value

1 1 1
INTTMO1n ()() 1 |_| 1 1 |_|

Remark n=0, 1
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8.4.4 Square-wave output operation

A square wave with any selected frequency can be output at intervals determined by the count value preset to
16-bit timer capture/compare register 00n (CR0OON).

The TOON pin output status is reversed at intervals determined by the count value preset to CR0OOnN by setting bit
0 (TOEON) and bit 1 (TOCO1n) of 16-bit timer output control register On (TOCON) to 1. This enables a square wave
with any selected frequency to be output.

Remark n=0, 1
Figure 8-28. Control Register Settings in Square-Wave Output Mode

(a) 16-bit timer mode control register On (TMCOn)

TMCOn3 TMCOn2 OVFOn

TMCOn| O 0 0 0 1 1 0 0

\_’_1

(b) Capture/compare control register On (CRCOn)

Clears and starts on match between TMOn and CROON.

CRC02n CRCO1n GRCOON

CRCOn| 0 0 0 0 0 01 | on 0

L CROON used as compare register
(c) 16-bit timer output control register On (TOCOn)

TOC04n LVSOn LVROn TOCO1n TOEON

TOCOn| 0 0| o 0o | o1 |on| 1 1
L

L Enables TOON output.

— Reverses output on match between TMOn and CROON.

Specifies initial value of TOOn output F/F.

Does not reverse output on match between TMOn and CRO1n.

Figure 8-29. Square-Wave Output Operation Timing

Countclockllllllll ||||I||||||| Illllll

/\ IN-1 X N XOOOOHXOOO1HX0002HX \
\ \

|
INTTMOOn | [

N

AN-1 ) N XOOOOH

TMOn count value  }0000HX 0001H)0002H
|

| |
| |

CROON N

TOON pin output J

Remark n=0, 1
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8.4.5 PPG output operation

Setting the 16-bit timer mode control register On (TMCOn) and capture/compare control register On (CRCOn) as
shown in Figure 8-30 allows operation as PPG (Programmable Pulse Generator) output.

In the PPG output operation, square waves are output from the TOOn pin with the pulse width and the cycle that
correspond to the count values set beforehand in 16-bit timer capture/compare register 01n (CR01n) and in 16-bit
timer capture/compare register 00n (CR0OON), respectively.

Figure 8-30. Control Register Settings for PPG Output Operation

(a) 16-bit timer mode control register On (TMCOn)

TMCOn3 TMCOn2 OVFOn

TMCOn| O 0 0 0 1 1 0 0

\_’_1

Clears and starts on match between TMOn and CROON.

(b) Capture/compare control register On (CRCOn)

CRC02n CRCO1n CRCOON

CRCOn| © 0 0 0 0 0 X 0

L CROON used as compare register

CRO1n used as compare register
(c) 16-bit timer output control register On (TOCOn)

TOC04n LVSOn LVROn TOCO1n TOEON

TOCOn| O 0 0 1 0/1 on 1 1
L] L Enables TOON output

Reverses output on match between TMOn and CR0OON

Specifies initial value of TOOn output F/F

Reverse output on match between TMOn and CR0O1n

Cautions 1. CR00n and CR0O1n values in the following range should be set to:
0000H < CRO1n < CR0OON < FFFFH
2. The cycle of the pulse generated via PPG output (CR00ONn setting value + 1) has a duty of
(CRO1n setting value + 1)/(CR0ON setting value + 1).

Remarks 1. x: Don't care
2. n=0,1

User's Manual U14260EJ2VOUD 181



CHAPTER 8 16-BIT TIMER/EVENT COUNTERS 00, 01

Figure 8-31. PPG Output Configuration Diagram

16-bit timer capture/
compare register 00n

fx (f/2) ———

16-bit timer capture/compare
register 01n

S
2 3 © o Clear
fx/22 (fx/2°) L 16-bit timer counter On circuit
fx/28 (fx/2%) ——— @ 5
| :
S TO00/TI000/P70
- (TOO1/TI001/P75)
2
=)
o

Remark Values outside parentheses apply to 16-bit timer/event counter 00, and values in the parentheses apply
to 16-bit timer/event counter 01.

Figure 8-32. PPG Output Operation Timing

1 t 1
1
1 1 1
I 1 1

Countclock||||||||||||||||||||||

TMOn count value IX0000|-|X0001|-|X N X XN X 2(0000HX0001|—|X

Count start E Clear
croon I |
orotn S '
TOON : " i—$ ‘

: i

1
Pulse width: (M+1) xt
1

One cycle: (N+1) x t

Remark 0000H <M < N < FFFFH
n=0,1
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8.5 Program List

Caution The following sample program is shown as an example to describe the operation of
semiconductor products and their applications. Therefore, when applying the following

information to your devices, design the devices after performing evaluation under your own
responsibility.
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8.5.1 Interval timer

/*******************************************************************************/

/* */
/* Setting example of timer 00 interval timer mode */
/* Cycle set to 130 as intervalTM00 (at 8.38 MHz for 1 ms) */
/* Variable ppgdata prepared as rewrite data area */
/* : Cycle (if 0000, no change) */
/* ppgdata to be checked at every INTTM000, and changed if required. */
/* Therefore, if change is required, set the change data in ppgdata. */
/* When changed, ppgdata cleared to 0000. x/
/* */

/*******************************************************************************/

#pragma sfr

#pragma EI

#pragma DI

#define intervalTM00O 130

/*

#pragma interrupt INTTMO00O intervalint rb2

unsigned int ppgdata;

void main (void)

{
PCC = 0x0;
ppgdata = 0;

P7 = 0b11111110;
PM7.0 = 0;
TMMKOOO = 0;

PRMOO = 0b00000010;
CRCO0 = 0b00000000;

CRO00 = intervalTMOO;
TOCOO = 0b00000111;
TMCOO = 0b00001100;
EI();

while (1) ;

}

/* Timer 00 interrupt function */
void intervalint ()

{

unsigned int work;

/*

/*

/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*

/*

Cycle data to be set to CR0O00 */

Data area to be set to timer 00 */

Set high-speed operation mode */

Set port */

Set the following to output */

Clear P70 */

Set P70 as output */

Set interrupt */

Cancel INTTMOOO interrupt mask */

Set timer 00 */

Count clock is fx/2%6 */

Set CR000 and CR010 to compare register */

Set cycle initial value to CRO00 */

Invert on match with CR000, initial value L */
Clear & start on match between TMOO and CR0O00 */

Loop as dummy here */

/***************************************************/

/* */
/* Define variables required for interrupt here */
/* */

/***************************************************/

work = ppgdata;

if (work != 0)

{
CR0O00 = work;
ppgdata = 0;
if (work == Oxffff)

{

TMCO00 = 0b00000000; /* Stop timer */

}

/***********************************************************/

/* */
/* Describe processing required for interrupt below */
/* */

/***********************************************************/

}
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8.5.2 Pulse width measurement by free-running counter and one capture register

/******************************************************************************/

/* */
/* Timer 00 operation sample */
/* Pulse width measurement example by free-running and CR010 */
/* Measurement results to be up to 16 bits and not checked for errors */
/* data[0]: End flag */
/* data[l] : Measurement results (pulse width) */
/* data[2] : Previous read value */
/* */
/******************************************************************************/
#pragma sfr

#pragma EI

#pragma DI

#pragma interrupt INTTM010 intervalint rb2

unsigned i

void main (void)
unsigned int 1lengt

nt datal3];

/* Data area */

Set high-speed operation mode

PCC = 0x
datal[0] =
datal[l] =
data[2] =
PM7.0 =
TMMKO010 =
/
PRMO0O = 0b00110010;
CRC0O0 = 0b00000100;
TMCO0O0 0b00000100;
EI();
while (1) {
while (data[0] == 0);
DI();
length = datal[1l];
data[0] = 0;
EI();

}

/* Timer 00 interrupt function */
void intervalint ()
unsigned int wor

/*
/*
/*
/*

/*
/*
/*
/*
/*
/*

I
’

7

/*
/*
/*

/*
/*
/*
/*
/*

Set port

Set P70 as input

Set interrupt

Cancel INTTMO10 interrupt mask
Set timer 00

Both rising and falling edges for TI000 */
Count clock is fx/276 */

Set CR010 to capture register */

Start in free-run mode */

Dummy loop */

Wait for measurement completion */

Prohibit interrupt for exclusive operation */
Read measurement results */

Clear end flag */

Exclusive operation completed */

/****************************************************

Read capture value
Calculate and update interval
Update read value

//*
/ /* Define variables required for interrupt here
/I
/ /****************************************************
work = CRO1
data[l] = work - datal2
data[2] = wor
data[0] = Oxfff

I

/*

Set measurement completion flag

/**********************************************************

/*
/*

NN NS
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/* Describe processing required for interrupt below

/**********************************************************
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8.5.3 Two pulse widths measurement by free-running counter

/******************************************************************************/

/* */
/* Timer 00 operation sample */
/* Two-pulse-width measurement sample by free-running */
/* Measurement results to be up to 16 bits and not checked for errors */
/* Result area at TIO00 side */
/* data[0]: End flag */
/* data[l] : Measurement results (pulse width) */
/* data[2]: Previous read value */
/* Result area at TI010 side */
/* data[3]: End flag */
/* datal[4]: Measurement results (pulse width) */
/* data[5] : Previous read value */
/* */

/******************************************************************************/
#pragma sfr
#pragma EI
#pragma DI
#pragma interrupt INTTMO0O intervalint rb2
#pragma interrupt INTTMO010 intervalint2 rb2
unsigned int datalé]; /* Data area */

void main (void)
unsigned int length, length
PCC = 0x ; /* Set high-speed operation mode
datal[0] = ; /* Clear data area
datal[l] =
data[2] =
data[3] =
datal[4] =
data[5] =

/* Set port

PM7.0 = ; /* Set P70 as input
PM7.1 = ; /* Set P71 as input
/* Set interrupt
TMMKO10 = ; /* Cancel INTTM010 interrupt mask
TMMKOOO = ; /* Cancel INTTMOOO interrupt mask
/* Set timer 00
/
PRMOO = 0b11110010; /* Both rising and falling edges */
/* Count clock is fx/276 */
CRCO0 = 0b00000101; /* Set CR0O00 and CR010 to capture register */
TMCOO0 = 0b00000100; /* Start in free-run mode */
EI();
while (1) { /* Dummy loop */
if (data[0] != 0) /* TI0O00 measurement completion check */
{
TMMKO010 = 1; /* INTTMO1l0 interrupt prohibited for
exclusive operation */
length = datalll]; /* Read measurement results */
data[0] = 0; /* Clear end flag */
TMMKO010 = 0; /* Exclusive operation completed */
}
if (datal[3] != 0) /* TI010 measurement completion check */
{
TMMKOOO = 1; /* INTTMOOO interrupt prohibited for
exclusive operation */
length2 = datal4]; /* Read measurement results */
datal[3] = 0; /* Clear end flag */
TMMKOOO = 0; /* Exclusive operation completed */
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/* INTTMOOO interrupt function */
void intervalint ()

unsigned int work;
/******************************************************/

/* */
/* Define variables required for interrupt here */
/* */
/******************************************************/
work = CROO0O; /* Read capture value */
data[4] = work - datal5]; /* Calculate and update interval */
data[5] = work; /* Update read value */
data[3] = Oxffff; /* Set measurement completion flag*/

/********************************************************/

/* */
/* Define variables required for interrupt below */
/* */

/********************************************************/
} /* INTTMO10 interrupt function

/ void intervalint2

)

unsigned int wor
/*****************************************************

!/ /*
/ /* Define variables required for interrupt here
!/ /*
/ /*****************************************************
work = CRO1 /* Read capture value
data[l] = work - datal[2 ; /* Calculate and update interval
data[2] = wor /* Update read value
data[0] = Oxfff ; /* Set measurement completion flag
/*******************************************************
!/ /*
/ /* Define variables required for interrupt below
!/ /*
/ /*******************************************************
/
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8.5.4 Pulse width measurement by restart

/**************************************************************************/

/* */
/* Timer 00 operation sample */

/* Pulse width measurement example by restart x/
/* Measurement results up to 16 bits, not to be checked for errors */
/* data[0]: End flag */
/* data[l] : Measurement results (pulse width) */
/* data[2] : Previous read value */
/* */

/**************************************************************************/

#pragma sfr

#pragma EI
#pragma DI
#pragma interrupt INTTMO010 intervalint rb2
unsigned int datal3]; /* Data area */

void main(void)
unsigned int lengt

PCC = 0x ; /* Set high-speed operation mode
data[0] =
datal[l] =
datal[2]
/* Set port
PM7.0 = ; /* Set P70 as input
/* Set interrupt
TMMKO10 = ; /* Cancel INTTMO010 interrupt mask
/* Set timer 00
PRMOO = 0b0011001 ; /* Both rising and falling edges
/* Count clock is fx/2"6
CRCOO0 = 0b0000010 ; /* Set CRO10 to capture register
TMCO00 = 0b0000100 ; /* Clear & start at TI000 valid edge
ETI (
while (1 { /* Dummy loop
if (data[0] != ) /* Wait for TI000 measurement completion
TMMKO10 = /* Prohibit INTTM010 for exclusi
operation
length = datal[l]l+datal2 ; /* Cycle calculation based
measurement results
data[0] = /* Clear end flag
TMMKO010 = /* Exclusive operation completed

/* Timer00 interrupt function
void intervalint

/*****************************************************
/*
/* Define variables required for interrupt here
*
;*****************************************************
datal[2] datal[l ; /* Update old data
datal[1] CRO1 /* Update read value
data[0] Oxfff ; /* Set measurement completion flag

N N S e — S

/*******************************************************
/*

/* Define variables required for interrupt below

/*

/****************)\'**************************************

NN NN

188 User’'s Manual U14260EJ2VOUD



CHAPTER 8 16-BIT TIMER/EVENT COUNTERS 00, 01

8.5.5 PPG output

/******************************************************************************/

/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*

Timer 00 PPG mode setting example
Cycle set to 130 as intervalTMO0O
Active period set to 65 as active_time

Array ppgdata prepared as data area for rewriting

[0] : Active period

[1]:

Therefore,

(0000:

Cycle (0000:

no change,
no change)
ppgdata to be checked at every INTTMOO,
if change is required,

oxffff: stop)

and changed if required.
set the change data in ppgdata.

When changed, ppgdata cleared to 0000.

*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/

/******************************************************************************/

#pragma
#pragma
#pragma
#define
#define
#pragma

sfr
ET
DI

intervalTM0OO 130
active time 65
interrupt INTTMOOO ppgint rb2

unsigned int ppgdatal[2];

void main (void)

/*

/* Cycle data to be set to CR000 */
/* Initial value data of CR010 */

/* Data area to be set to timer 00 */

PCC = 0x ; /* Set high-speed operation mode
ppgdata[0] =
ppgdatal[l] =
/* Set port
P7 = 0bl111111 ; /* Clear P70
PM7.0 = ; /* Set P70 to output
/* Set interrupt
TMMKOOO = ; /* Cancel INTTMOOO interrupt mask
/* Set timer 00
PRMOO = 0b0000001 ; /* Count clock is fx/2%6
CRCO0O = 0b000000O ; /* Set CR0O00 and CR010 to compare register
CR0O00 = intervalTMO ; /* Set initial value of cycle
CR010 = active tim ; /* Set initial value of active period
TOC00 = 0b0001011 ; /* Inverted on match between CR000 and CRO1
initial value L
TMCO0 = 0b0000110 ; /* Clear start on match between TMOO and CR000
EI (
while (1
Timer 00 interrupt function

/ void ppgint

)

unsigned int wor

work = ppgdatal0
if (work !=

CR010 = wor

ppgdata[0] =

if (work == Oxfff

TMCOO = 0b000000O0

work = ppgdatall
if (work !=

CRO00 = wor

ppgdata[l] =

; /* Stop timer
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8.6 Cautions Related to 16-Bit Timer/Event Counters 00, 01
(1) Timer start errors
An error of up to one clock may occur in the time required for a match signal to be generated after timer start.

This is because 16-bit timer counter On (TMOn) is started asynchronously to the count clock.

Figure 8-33. Start Timing of 16-Bit Timer Counter On (TMOn)

Count clock j \ / \ / \_/_\_/_\_

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

Timer start

(2) 16-Bit timer capture/compare register setting (clear & start mode entered on match between TMOn and
CROON)
Set 16-bit timer capture/compare registers 00n, 01n (CR00n, CRO1n) to other than 0000H . This means a 1-pulse
count operation cannot be performed.

x (3) Capture register data retention timing
If the valid edge of the TIOOn pin is input during 16-bit timer capture/compare register 01n (CR01n) read, CR0O1n
performs a capture operation but, the read value at this time is not guaranteed. The interrupt request signal
(INTTMO1n) is generated upon detection of the valid edge.

Figure 8-34. Capture Register Data Retention Timing

Count clock J | | | | | | |_§SJ |_| |_| |_
TMoncount X N X N+1 X N+2 X {0 X M X M+t XM42

Edge input | |
INTTMO1n [ ]
Capture read signal | |

[ (
))
CRO1n capture value X :X: \\ N+ 1 'X: M +1

= T a L -
Capture Read value not guaranteed

though capture operation performed

(4) Valid edge setting
Set the valid edge of the TI00n pin after setting bits 2 and 3 (TMCOn2 and TMCO0n3) of 16-bit timer mode control
register On (TMCOn) to 0, 0, respectively, and then stopping the timer operation. The valid edge is set by bits
4 and 5 (ES00n and ES01n) of prescaler mode register On (PRMOn).

Remark n=0, 1
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(5) Operation of OVFOn flag
<1> The OVFOn flag is also set to 1 in the following case.

Either of the clear & start mode entered on a match between TMOn and CROOn, clear & start at the valid
edge of TI0ON, or free-running mode is selected.
\2
CROOnN is set to FFFFH.
\2
When TMOn is counted up from FFFFH to 0000H.

Figure 8-35. Operation Timing of OVFOn Flag

Count clock _l | | | | | | | | I_

CROONn FFFFH

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

OVFOn [
1
|

INTTMOON [ ]

<2> Even if the OVFOnN flag is cleared before the next count clock is counted (before TMOn becomes 0001H)
after the occurrence of a TMOn overflow, the OVFO flag is reset newly and clear is disabled.

(6) Conflicting operations
When the 16-bit timer capture/compare register (CR00n/CR01n) is used as a compare register, if the write period
and the match timing of 16-bit timer counter On (TMOn) conflict, match determination is not successfully done.
Do not perform a write operation of CROOn/CR01n near the match timing.

(7) Timer operation
<1> Even if 16-bit timer counter On (TMOn) is read, the value is not captured by 16-bit timer capture/compare
register 01n (CRO1n).
<2> Regardless of the CPU’s operation mode, when the timer stops, the signals input to pins TIOOn/T101n are

not acknowledged.

Remark n=0,1
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(8) Capture operation

<1> [fTIOOnis specified as the valid edge of the count clock, a capture operation by the capture register specified
as the trigger for TI0On is not possible.

<2> |If both the rising and falling edges are selected as the valid edges of TI0On, capture is not performed.

<3> Toensure the reliability of the capture operation, the capture trigger requires a pulse longer than two cycles
of the count clock selected by prescaler mode register On (PRMOn).

Figure 8-36. CRO1n Capture Operation with Rising Edge Specified

Count clock _| | | | | |

|
™on f N—3 f N—2 [ N—1 X N X N+t )
TIoOn [ A A A
Rising edge detection |_3_|
|
CRO1n X

|
|
N
|
INTTMO1n | |

<4> The capture operation is performed at the fall of the count clock. A interrupt request input (INTTMOnn),
however, occurs at the rise of the next count clock.

(9) Compare operation

<1> When the 16-bit timer capture/compare register (CROOn/CR01n) is overwritten during timer operation,
match interrupt may be generated or the clear operation may not be performed normally if that value is
close to or large than the timer value.

<2> The capture operation may not be performed for CROOn/CR0O1n set in compare mode even if a capture
trigger is input.

(10) Edge detection

<1> If the TIOONn pin or the TI0O1n pin is high level immediately after system reset and the rising edge or both
the rising and falling edges are specified as the valid edge for the TIOOn pin or TI01n pin to enable 16-bit
timer counter On (TMOn) operation, a rising edge is detected immediately. Be careful when pulling up the
T100n pin or the TI01n pin. However, the rising edge is not detected at restart after the operation has been
stopped once.

<2> The sampling clock used to remove noise differs when a TI00n valid edge is used as the count clock and
when it is used as a capture trigger. In the former case, the count clock is fx/23, and in the latter case the
count clock is selected by prescaler mode register On (PRMOn). The capture operation is not performed
until the valid edge is sampled and the valid level is detected twice, thus eliminating, noise with a short
pulse width.

Remark n=0,1
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(11) STOP mode or main system clock stop mode setting
Except when TI00n, TI0O1n input is selected, stop the timer operation before setting STOP mode or main system
clock stop mode; otherwise the timer may malfunction when the main system clock starts.

Remark n=0,1
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CHAPTER 9 8-BIT TIMER/EVENT COUNTERS 50, 51

8-Bit Timer/Event Counter Functions

8-bit timer/event counters 50, 51 (TM50, TM51) have the following two modes.

(M

(2

194

Mode using 8-bit timer/event counters 50, 51 alone (discrete mode)
The timer operates as 8-bit timer/event counter 50 or 51.
It has the following functions.

<1> Interval timer
Interrupt requests are generated at the preset interval.

*  Number of counts: 1 to 256

<2> External event counter

The number of pulses with high/low level widths of the signal input externally can be measured.

<3> Square-wave output
A square wave with an arbitrary frequency can be output.
* Cycle: (1 x 2 to 256 x 2) x Cycles of count clock

<4> PWM output
A pulse with an arbitrary duty ratio can be output.
+ Cycle: Count clock x 256
» Duty ratio: Set value of compare register/256

Mode using cascade connection (16-bit resolution: cascade connection mode)

The timer operates as a 16-bit timer/event counter by combining two 8-bit timer/event counters.
It has the following functions.

* Interval timer with 16-bit resolution

+ External event counter with 16-bit resolution

» Square-wave output with 16-bit resolution

Figures 9-1 and 9-2 show diagrams of 8-bit timer/event counters 50 and 51 block.
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Figure 9-1. Block Diagram of 8-Bit Timer/Event Counter 50

2 Internal bus 2

U

8-bit timer compare
regtr 50(CR0) | | 5 —_@4 INTTMS50
TIS0TOS0P72'% o Match | S
2t —= 3 — T Q ]
f/26 — = @ |, |8bittimer OVF }INV 5] TO50/TI50/
fj20 —=| @[] counter 50 (TW50) R 3 L) T >0 [0
fx/210 —
Clear Note 3
S
3 Invert
R level Out(pPu7t2I;itch |pM72|
Selector.I
[t ‘
[reLsozlTeisorTeLs00 [TCE50 [TMC506 [TMC504] LVS50LVR50|TMC501| TOES0]
Timer clock selection 8-bit timer mode control
reg|ster50 (TCL50) register 50 (TMC50)
Internal bus 2

Figure 9-2. Block Diagram of 8-Bit Timer/Event Counter 51

2 Internal bus 2
8-bit timer
compare register =
(&:{51) 3 —:iS_eTTﬂ"INTTMm
TI51/TO51/P73Nete 1 ©—» Match _fc’

2 —={ _ 8 [ _iNote2

fx/2§ — % = S .

/2 @ 8-bit timer | S

b2l = 3 |+ counters1 [OF D 1 T> D> ~oTosms

ff7’2"31 TM51) R 3 2O poonote

X —]

Clear W
S
3 Invert
R level Out(pu%?tch |pM73|
Selector,I

e |
[reLst2freLstilreisiol | TCE51|TMC516 [TMC514] LVS51] LVR51| TMC511 [TOE51]
Timer clock selection 8-bit timer mode control
reg|ster 51 (TCL51) register 51 (TMC51)

Internal bus

Notes 1. The respective combinations, TI50 input and TO50 output, and T151 input and TO51 output, cannot be
used at the same time.
2. Timer output F/F
3. PWM output F/F
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9.2

Configuration of 8-Bit Timer/Event Counters 50, 51

8-bit timer/event counters 50, 51 consist of the following hardware.

(M

(2

196

Table 9-1. Configuration of 8-Bit Timer/Event Counters 50, 51

ltem Configuration
Timer counter 8-bit timer counter 5n (TM5n)
Register 8-bit timer compare register 5n (CR5n)
Timer input TI5n
Timer output TO5n

Control registers | Timer clock select register 5n (TCL5n)

8-bit timer mode control register 5n (TMC5n)
Port mode register 7 (PM7)

Port 7 (P7)

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

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

The counter is incremented in synchronization with the rising edge of the count clock.

When TM50 and TM51 can be connected in cascade and used as a 16-bit timer, they can be read by a 16-bit
memory manipulation instruction. However, since they are connected by an internal 8-bit bus, TM50 and TM51
are read separately twice in that order. Thus, take reading during the count change into consideration and
compare them by reading twice. When the count value is read during operation, the count clock input is
temporarily stopped°te, and then the count value is read. In the following situations, count value is set to 00H.
<1> RESET input

<2> When TCE5n is cleared

<3> When TM5n and CR5n match in the clear & start mode entered on a match between TM5n and CR5n.

Note An error may occur in the count. Select a count clock that has a high/low level longer than two cycles
of the CPU clock.

Caution Incascade connection mode, the count value is reset to 0000H when TCE50 of the lowest timer
is cleared.

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

When CR5n is used as a compare register in other than PWM mode, the value setin CR5n is constantly compared
with the 8-bit timer counter (TM5n) count value, and an interrupt request (INTTM5n) is generated if they match.
In PWM mode, the TO5n pin goes to the active level by the overflow of TM5n. When the values of TM5n and
CR5n match, the TO5n pin goes to the inactive level.

It is possible to rewrite the value of CR5n within O0H to FFH during a count operation.

When TM50 and TM51 can be connected in cascade and used as a 16-bit timer, CR50 and CR51 operate as
a 16-bit compare register. This register compares the count value with the register value, and if the values match,
aninterrupt request (INTTM50) is generated. The INTTM51 interrupt request is also generated at this time. Thus,
mask the INTTM51 interrupt request. Set CR5n using an 8-bit memory manipulation instruction. CR5n is
undefined when RESET is input.

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

Remark n =0, 1

User’'s Manual U14260EJ2VOUD



CHAPTER 9 8-BIT TIMER/EVENT COUNTERS 50, 51

9.3 Registers to Control 8-Bit Timer/Event Counters 50, 51
The following four types of registers are used to control 8-bit timer/event counters 50, 51.
» Timer clock select register 5n (TCL5n)
+ 8-bit timer mode control register 5n (TMC5n)
» Port mode register 7 (PM7)
+ Port 7 (P7)
Remark n=0, 1
(1) Timer clock select register 5n (TCL5n: n =0, 1)
This register sets the count clock of 8-bit timer/event counter 5n and the valid edge of TI50, TI51 input.
TCL5n is set by an 8-bit memory manipulation instruction.
RESET input sets the value of TCL5n to 00H.

Figure 9-3. Format of Timer Clock Select Register 50 (TCL50)

Address: FF71H After reset: O0H R/W

Symbol 7 6 5 4 3 2 1 0
TCL50 0 0 0 0 0 TCL502 TCL501 TCL500
TCL502 TCL501 TCL500 Count clock selection
fx = 8.38 MHz | fx = 12 MHzNote

0 0 0 TI50 falling edge - -

0 0 1 TI50 rising edge - -

0 1 0 fx 8.38 MHz 12 MHz

0 1 1 fx/22 2.09 MHz 3 MHz

1 0 0 fx/24 523 kHz 750 kHz

1 0 1 fx/26 131 kHz 187 kHz

1 1 0 fx/28 32.7 kHz 46.8 kHz

1 1 1 fx/210 8.18 kHz 11.7 kHz

Note Expanded-specification products of uyPD780078 Subseries only.

Cautions 1. When rewriting TCL50 to other data, stop the timer operation beforehand.
2. Be sure to set bits 3 through 7 to 0.

Remarks 1. When cascade connection is used, only TCL50 is valid for count clock setting.
2. fx: Main system clock oscillation frequency
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Figure 9-4. Format of Timer Clock Select Register 51 (TCL51)

Address: FF79H  After reset: 00H R/W
Symbol 7 6 5 4 3 2 1 0
TCL51 0 0 0 0 0 TCL512 TCL511 TCL510
TCL512 TCL511 TCL510 Count clock selection
fx = 8.38 MHz | fx = 12 MHzNote

0 0 0 T151 falling edge - -

0 0 1 TI51 rising edge - -

0 1 0 fx/2 4.19 MHz 6 MHz

0 1 1 fx/23 1.04 MHz 1.5 MHz

1 0 0 fx/25 261 kHz 375 kHz

1 0 1 fx/27 65.4 kHz 93.7 kHz

1 1 0 fx/29 16.3 kHz 23.4 kHz

1 1 1 fx/211 4.09 kHz 5.85 kHz

Note Expanded-specification products of uyPD780078 Subseries only.

Cautions 1. When rewriting TCL51 to other data, stop the timer operation beforehand.
2. Be sure to set bits 3 through 7 to 0.

Remarks 1. When cascade connection is used, only TCL50 is valid for count clock setting.
2. fx: Main system clock oscillation frequency

(2) 8-bit timer mode control register 5n (TMC5n: n =0, 1)
TMC5n is a register that makes the following six settings.

198

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

<2> 8-bit timer counter 5n (TM5n) operating mode selection
<3> Discrete mode/cascade connection mode selection (TMC51 only)
<4> Timer output F/F (flip flop) status setting
<5> Active level selection in timer F/F control or PWM (free-running) mode.

<6> Timer output control

TMC5n is set by a 1-bit or 8-bit memory manipulation instruction.

RESET input sets TMC5n to 00H.
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Figure 9-5. Format of 8-Bit Timer Mode Control Register 50 (TMC50)

Address: FF70H  After reset: 00H R/W

Symbol 6 5 4 1 (0]
TMC50 | TCES0 | TMCS506 0 o | Lvsso | LvRso | TMcso1 | TOEs0 |
TCES50 TM50 count operation control
0 After clearing to 0, count operation disabled (prescaler disabled)
1 Count operation start
TMC506 TM50 operating mode selection
0 Clear and start mode by match between TM50 and CR50
1 PWM (free-running) mode
LVS50 LVR50 Timer output F/F status setting
0 0 No change
0 1 Timer output F/F reset (0)
1 0 Timer output F/F set (1)
1 1 Setting prohibited
In other modes (TMC506 = 0) In PWM mode (TMC506 = 1)
TMC501
Timer F/F control Active level selection
0 Inversion operation disabled Active high
1 Inversion operation enabled Active low
TOE50 Timer output control
0 Output disabled (port mode)
1 Output enabled

Remarks 1. In PWM mode, PWM output will be inactive because TCE50 = 0.
2. If LVS50 and LVR50 are read after data is set, 0 is read.
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Address: FF78H

Symbol
TMC51

Figure 9-6. Format of 8-Bit Timer Mode Control Register 51 (TMC51)

After reset: 0OH R/W
6 5 4 1 [0]
| TcEst | Tmcste 0 TMC514 | LVSst | LVRst | TMC511 | TOES1 |
TCES5T TM51 count operation control
0 After clearing to 0, count operation disabled (prescaler disabled)
1 Count operation start
TMC516 TM51 operating mode selection
0 Clear and start mode by match between TM51 and CR51
1 PWM (free-running) mode
TMC514 Discrete mode/cascade connection mode selection
0 Discrete mode
1 Cascade connection mode (TM50: Lower timer, TM51: Higher timer)
LVS51 LVR51 Timer output F/F status setting
0 0 No change
0 1 Timer output F/F reset (0)
1 0 Timer output F/F set (1)
1 1 Setting prohibited
In other modes (TMC516 = 0) In PWM mode (TMC516 = 1)
TMC511
Timer F/F control Active level selection
0 Inversion operation disabled Active high
1 Inversion operation enabled Active low
TOES51 Timer output control
0 Output disabled (port mode)
1 Output enabled

Remarks 1. In PWM mode, PWM output will be inactive because TCE51 = 0.

200

2.

If LVS51 and LVR51 are read after data is set, 0 is read.
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(3) Port mode register 7 (PM7)
This register sets port 7 input/output in 1-bit units.
When using the P72/TO50/TI50 and P73/T151/TO51 pins for timer output, set PM72, PM73, and the output latches
of P72 and P73 to 0.
When using the P72/TO50/TI50 and P73/T151/TO51 pins as timer input, set PM72 and PM73 to 1. At this time,
the output latches of P72 and P73 may be either 0 or 1.
PM?7 is set by a 1-bit or 8-bit memory manipulation instruction.
RESET input sets the value of PM7 to FFH.

Figure 9-7. Format of Port Mode Register 7 (PM7)

Address: FF27H  After reset: FFH  R/W

Symbol 7 6 5 4 3 2 1 0
Pz | 1 | 1 | Pwmrs [ Pwra [ Pmra | Pmz2 | PM71 | Pm7o |
PM7n P7n Pin I/O Mode Selection (n = 0 to 5)
0 Output mode (output buffer on)
1 Input mode (output buffer off)
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9.4 Operation of 8-Bit Timer/Event Counters 50, 51

9.4.1 8-bit interval timer operation
The 8-bit timer/event counters operate as interval timers that generate interrupt requests repeatedly at intervals

of the count value preset to 8-bit timer compare register 5n (CR5n).

When the count value of 8-bit timer counter 5n (TM5n) matches the value set to CR5n, counting continues with
the TM5n value cleared to 0 and an interrupt request signal (INTTM5n) is generated.

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

[Setting]

<1>

<2>

<3>

<4>

Set the registers.
+ TCL5n: Select count clock.
+ CR5n: Compare value
+ TMC5n: Count operation stop, clear & start mode on match between TM5n and CR5n.
(TMC5n = 0000xxx0B x = don’t care)
After TCE5n = 1 is set, count operation starts.
If the values of TM5n and CR5n match, the timer output flip-flop inverts. Also, INTTM5n is generated and
TM5n is cleared to O0H.
INTTMb5n is generated repeatedly at the same interval.
Set TCE5n to 0 to stop the count operation.

Remark n=0,1
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Figure 9-8. Interval Timer Operation Timing (1/3)
(a) Basic operation

ot

TM5n countvalue __ 00H Xo1HX X N XooHXotHX X N XooHXotHX X N X
A~ A A '
Start count Cllear Cllear E
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Interrupt acknowledged Interrupt acknowledged X
1

| |
1 1
1 1
X - X
TO5n | | N
| |
| \

Interval time

Interval time

Remarks 1. Interval time = (N + 1) x t
N = O0OH to FFH
2. n=0,1
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Figure 9-8. Interval Timer Operation Timing (2/3)

(b) When CR5n = 00H
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Remark n =0, 1
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Figure 9-8. Interval Timer Operation Timing (3/3)

(d) Operated by CR5n transition (M < N)
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Remark n=0,1
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9.4.2 External event counter operation

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

TM5n is incremented each time the valid edge specified by timer clock select register 5n (TCL5n) is input. Either
the rising or falling edge can be selected.

When the TM5n count value matches the value of 8-bit timer compare register 5n (CR5n), TM5n is cleared to 0
and an interrupt request signal (INTTM5n) is generated.

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

*x  [Setting]
<1> Set each register
+ TCL5n: Edge selection of TI5n input
Rising edge of TI5n — TCL5n = O0H
Falling edge of TI5n — TCL5n = 01H
+ CR5n: Compare value
» TMC5n: Count operation stop, clear & start mode on match between TM5n and CR5n, timer F/F inverted
operation disable, timer output disable
(TMC5n = 0000 xx00B, x = don’t care)
<2> When TCE5n = 1 is set, the number of pulses input from Tl5n is counted.
<3> When the values of TM5n and CR5n match, INTTM5n is generated (TM5n is cleared to 00H).
<4> Each time the values of TM5n and CR5n match, INTTM5n is generated.

Figure 9-9. External Event Counter Operation Timing (with Rising Edge Specified)

e _[ LML T L

1
TMSn count value __ X 00H X 01HX 02H X 03H X 04HX 05HX X N—X_N_XooH X o1H X 02H X 03H X
1

CR5n N

INTTM5n [

Remarks 1. N = 00H to FFH
2. n=0,1
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9.4.3 Square-wave output (8-bit resolution) operation

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

The TO5n pin output status is reversed at intervals determined by the count value preset to CR5n by setting bit
0 (TOESN) of 8-bit timer mode control register 5n (TMC5n) to 1. This enables a square wave with any selected
frequency to be output (duty = 50%).

[Setting]
<1> Set each register
+ Set port latches (P72, P73)N°t¢ and port mode registers (PM72, PM73)Nete to 0.
+ TCL5n: Select count clock
+ CR5n: Compare value
» TMC5n: Count operation stop, clear & start mode on match between TM5n and CR5n

LVS5n | LVR5n Timer Output F/F Status Setting
1 0 High-level output
0 1 Low-level output

Timer output F/F reverse enable
Timer output enable — TOE5n = 1
(TMC5n = 00001011B or 00000111B)

<2> After TCE5n = 1 is set, the count operation starts.
<3> Timer output F/F is reversed by match between TM5n and CR5n. After INTTM5n is generated, TM5n is
cleared to 00H.
<4> Timer output F/F is reversed at the same interval and a square wave is output from TO5n.
The frequency is as follows.
» Frequency = fen1/2 (N + 1)
(N = O0H to FFH, fcnt: Count clock)

Note 8-bit timer/event counter 50: P72, PM72
8-bit timer/event counter 51: P73, PM73

User's Manual U14260EJ2VOUD 207



CHAPTER 9 8-BIT TIMER/EVENT COUNTERS 50, 51

Figure 9-10. Square-Wave Output Operation Timing

countcock [ 1 LT L. LI LT

T™ncountvalue _ 00H J otH Y o2H X KN X N Jood No Yoeh X TNt N Y oo

JAN
Count start

CR5n N ————

TOBnNote | |

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

Remarks 1. N = 00H to FFH
2. n=0,1

9.4.4 8-bit PWM output operation
The 8-bit timer/event counter operates as PWM output when bit 6 (TMC5n6) of 8-bit timer mode control register

5n (TMC5n) is set to 1.
The duty ratio pulse is determined by the value set to 8-bit timer compare register 5n (CR5n).
Setthe active level width of the PWM pulse to CR5n. The active level can be selected with bit 1 of TMC5n (TMC5n1).
The count clock can be selected with bits 0 to 2 (TCL5n0 to TCL5n2) of timer clock select register 5n (TCL5n).

PWM output enable/disable can be selected with bit 0 of TMC5n (TOES5n).

* Frequency = Count clock x 256

Set value of compare register
256

* Duty ratio =

Caution CR5n can be rewritten in PWM mode only once per cycle.

Remark n=0, 1

208 User's Manual U14260EJ2V0UD



CHAPTER 9 8-BIT TIMER/EVENT COUNTERS 50, 51

(1) PWM output basic operation

[Setting]
<1> Set each register.
» Set port latches (P72, P73)N°®, port mode registers (PM72, PM73)Net to 0.
+ TCL5n: Count clock selection
* CR5n: Compare value
* TMC5n: Count operation stop, PWM mode selection, timer output F/F not changed

TMC5n1 Active Level Selection
0 Active high
1 Active low

Timer output enabled
(TMC5n = 01000001B or 01000011B)

<2> When TCE5N = 1 is set, the count operation is started.
To stop the count operation, set TCE5n to 0.

Note 8-bit timer/event counter 50: P72, PM72
8-bit timer/event counter 51: P73, PM73

[PWM output operation]

<1> PWM output (output from TO5n) outputs an inactive level after the count operation starts until an overflow
occurs.

<2> When an overflow occurs, the active level is output.
The active level is output until CR5n matches the count value of 8-bit timer counter 5n (TM5n).

<3> After CR5n matches the count value, PWM output outputs the inactive level again until an overflow occurs.

<4> Operations <2> and <3> are repeated until the count operation stops.

<5> When the count operation is stopped by setting TCE5n = 0, PWM output becomes the inactive level.

Remark n=0,1
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210

Figure 9-11.

(a) Basic operation (active level =

H)

PWM Output Operation Timing
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INTTM5n : . i_l : . : - : - :
| | | \ \ |
TOSN __ L i o R R
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(b) CR5n =0

Countclock ML LML . ML L TLLTLLL. J_LJ_LI_L

TMb5n OOH 101H] |FFH|00H|01H|02H| | N |N+1|N+2| |FFH|00H|01H|02H| : |M|00H
|
! - - - - |
CR5n ‘ 00H . . . . ‘
| ! |
TCE5Sn __| o ! . . "_|_
| |
| ! |
INTTM5n __ .. [ . - M —
TO5n L . 1 - - ———
4 {
Inactive level Inactive level

(c) CR5n = FFH

Countelock [T M M. M. e L. J_LJ_LI_L

TM5n 00H Jo1H] |FFH|00H|01H|02H| CININeAINe2 |FFH|00H|O1H|02H| |M|00H

CR5n FFH . . . .
| | | | | |
TCE5n __| o | | . o | | o _|_
| | | | | |
INTTM5n | I B . L o
| | | | | |
TO5n . i | o o L] R
} ) ) b
Inactive level Active level Active level Inactive level
Inactive level

Remark n =0, 1

User’'s Manual U14260EJ2VOUD



CHAPTER 9 8-BIT TIMER/EVENT COUNTERS 50, 51

(2) Operated by CR5n transition
Figure 9-12. Timing of Operation by Change of CR5n

(a) CR5n value is changed from N to M when TM5n > CR5n

Countclock|||||||||_||_||_||_||—||—||j|—||—||—||—|n|—||—||—|l—||—||—||—||—|l—||—|
| | | | | | | |
TM5n_T N [N N2l ~~~ “TFFHTooHToiHT 0T ~- _T M Mei]Me2l —~ " —TFFA]00HTofHT0oHT -~ T M TWf[Ms2]
|
| | | | | | |

CRSn N_ X —M ‘ ‘ ‘ ‘
TCE5n™ H | | | | | | | |
INTTM5n 1 ! M 1 1 M 1 1
ToSN ] f i f |‘

|
l
{
CR5n transition (N — M)

(b) CR5n value is changed from N to M when TM5n < CR5n

Countclock [yt

5 B 511172 O 80 O 511731122 B 1851
oRsn m  —— j o j
TCESN T — 3 — 3
INTTM5n 1 [ 1 1 1 [ 1 1
| | | | | | |
rosn ™1 — | o |

CRb5n transition (N — M)

Remark n=0,1
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9.4.5 Interval timer (16-bit) operations

When bit 4 (TMC514) of 8-bit timer mode control register 51 (TMC51) is set to 1, the 16-bit resolution timer/counter
mode is entered.

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

[Setting]
<1> Set each register
TCL50: Select count clock for TM50.
Cascade-connected TM51 need not be selected.
CR50, CR51: Compare value (each value can be set to 00H to FFH)
TMC50, TMC51: Select the clear & start mode entered on a match between TM50 and CR50 (TM51 and
CR51).
TM50 — TMC50 = 0000xxx0B x: don’t care
TM51 — TMC51 = 0001xxx0B x: don’t care
<2> When TMC51 is set to TCE51 = 1 and then TCES5O0 is set to TCE50 = 1, the count operation starts.
<3> When the values of TM50 and CR50 of the cascade-connected timer match, INTTM50 of TM50 is generated
(TM50 and TM51 are cleared to 00H).
<4> INTTM5n is generated repeatedly at the same interval.

Cautions 1. Stop the timer operation without fail before setting the compare registers (CR50, CR51).
2. INTTM51 of TM51 is generated when the TM51 count value matches CR51, even if cascade
connection is used. Be sure to mask TM51 to disable interrupts.
3. Set TCE50 and TCE51 in order of TM51 then TM50.
4. Count restart/stop can only be controlled by setting TCE50 of TM50 to 1/0.

Figure 9-13 shows an example of 16-bit resolution cascade connection mode timing.

Figure 9-13. 16-Bit Resolution Cascade Connection Mode

Count clock MM
TMso_m_mm_:::m:::m:::m:::m:::m::m

|
T™51 I i 022 51 ) 0 N=3 1
|

CR50 ] N ‘
CR51 M
TCES0 | L
TCES1 I | L
INTTM50 1 M 1
TO50 : Interval time I :
| | |
Operation enable Interrupt request Operation
Count start generation stop

Level reverse
Counter clear
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9.5 Program List

Caution Thefollowing sample programis shown as an example to describe the operation of semiconductor
products and their applications. Therefore, when applying the following information to your
devices, design the devices after performing evaluation under your own responsibility.

9.5.1 Interval timer (8-bit)

/*************************************************************************************/

/*
/*

/*
/*
/*

Timer 50 operation sample
/* Interval timer setting example (frequency change by interrupt processing)
(value changed when other than 00)

datal[0] :

data[l]: Set data

Data set flag

*/
*/
*/
*/
*/
*/

/*************************************************************************************/

#pragma
#pragma
#pragma
#pragma

unsign

void ma

{

}

sfr
ET
DI

interrupt INTTM50 intervalint rb2

ed char datal2];
in (void)
PCC = 0x0;

datal[0] = 0;
datal[l] = 0;

P7 = 0b11111011;
PM7.2 = 0;

TMMK50 = 0;

TMC50 = 0b00000111;
CL50 = 0b00000101;
CR50 = 131;

TCE50 = 1;

EI();

while (1) ;

/*

/*
/*

/*
/*
/*

/*
/*
/*
/*
/*
/*
/*
/*

/*

/* INTTM50 interrupt function */

void in

{

tervalint ()
if (data[0] != 0)

CR50 =

datal[l]; /*
datal[0] = 0;

/*

Data area */

Set high-speed operation mode */
Clear data area */

Set port */
When using TO50 */
Set P72 to output */

Set interrupt */
Clear INTTM50 interrupt mask */
Set timer 50 */
Clear & start mode, initial value L */

Both rising and falling edges */

Count clock is fx/2%6 */

Set interval to 1 ms as initial value */
Timer start */

Dummy loop */

Set new set value */
Clear request flag */
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9.5.2 External event counter

/**************************************************************
/*

/* Timer 50 operation sample

/* Event counter setting example

/* data: Count up flag

/*

/**************************************************************

#pragma sfr

#pragma EI
#pragma DI
#pragma interrupt INTTM50 intervalint rb2
unsigned char data; /* Data area */

void main (void)

{

PCC = 0x0; /* Set high-speed operation mode
data = 0; /* Clear data area */
/* Set port */
PM7.2 = 1; /* Set P72 to input */
/* Set interrupt
TMMK50 = O; /* Clear INTTM50 interrupt mask
/* Set timer 50
TMC50 = 0b00000000; /* Clear & start mode
TCL50 = 0b00000001; /* Specify rising edge of TI5O
CR50 = 0x10; /* Set N = 16 as initial value
TCE50 = 1; /* Timer start
EI();
/*************************************************************/
/* */
/* Describe the processing to be executed */
/* */
/*************************************************************/
while (data == 0); /* Wait for count up */
/*************************************************************/
/* */
/* Describe the processing after count up below */
/* */
/*************************************************************/
/* INTTM50 interrupt function */
void intervalint ()
data = Oxff; /* Set count up flag */
TCE50 = 0; /* Timer stop */
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9.5.3 Interval timer (16-bit)

/***************************************************************/

/* */
/* Timer 5 operation sample x/
/* Cascade connection setting example *x/
/* */

/***************************************************************/

#pragma sfr

#pragma EI
#pragma DI
#define intervalTM5 130 /* Cycle data to be set to CR */
#pragma interrupt INTTM50 ppgint rb2
unsigned char ppgdatal2]; /* Data area to be set to timer 5 */

void main (void)

{

int interval;

interval = intervalTM5;
PCC = 0x0; /* Select high-speed operation mode */
ppgdatal0] = 0; /* Clear CR50 data */
ppgdata[l]l = 0; /* Clear CR51 data */
/* Set port */
P7 = 0b11111011; /* Clear P72 */
PM7.2 = 0; /* Set P72 to output */
/* Set interrupt */
TMMK50 = 0; /* Clear INTTM50 interrupt mask */
TMMK51 = 1; /* Set INTTM51 interrupt mask */
/* Set timer 5 */
TCL50 = 0b00000101; /* Count clock is fx/2%6 */
CR50 = interval & Oxff; /* Set lower compare register to CR50 */
CR51 = interval >> 8; /* Set higher compare register to CR51 */
TMC50 = 0b00000111; /* Inverted on match, initial value L */
TMC51 = 0b00010000; /* Cascade mode */
TCE51 = 1;
TCE50 = 1; /* Timer starts */
EI();
while (1) ;

}

/* Timer 5 interrupt function */
void ppgint ()

unsigned int work;
work = ppgdatal[0]+ppgdata[l] *0x100;
if (work != 0)
{
TCE50 =0;
CR51 = work >> 8;
CR50 = work & Oxff;
ppgdata[0] = 0;
ppgdatal[l] = 0;

if (work != Oxffff)

{
}

TCE50 = 1; /* Timer resumes */
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9.6 8-Bit Timer/Event Counters 50, 51 Cautions
(1) Timer start errors
An error of up to one clock may occur in the time required for a match signal to be generated after timer start.

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

Figure 9-14. Start Timing of 8-Bit Timer/Counter 5n (TM5n)

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

TM5n count 00H X otH X 02H X 03H X 04H

Timer start

(2) Setting STOP mode or main system clock stop mode
Except when TI5n input is selected, always set TCE5Sn = 0 before setting the STOP mode or main system clock
stop mode.
The timer may malfunction when the main system clock starts oscillating.

(83) TM5n (n = 0, 1) reading during timer operation
When reading TM5n during operation, the count clock stops temporarily, so select a count clock with a high/low-
level waveform longer than two cycles of the CPU clock. For example, in the case where the CPU clock (fcru)

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

Remark n=0,1
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10.1 Watch Timer Functions
The watch timer has the following functions.
(1) Watch timer
When the main system clock or subsystem clock is used, interrupt requests (INTWT) are generated at 2'4/fw
second or 25/fw second intervals.
(2) Interval timer
Interrupt requests (INTWTI) are generated at the preset time interval.

For the interval time, refer to Table 10-2.

The watch timer and the interval timer can be used simultaneously.
Figure 10-1 shows the watch timer block diagram.

Figure 10-1. Watch Timer Block Diagram

S
8 5-bit counter INTWT
Clear 3
fx/27 5 9-bit prescaler Clear
S | fw
2 fw] fw| fw] fw] fw] | L
fxr —= » 24| 05| 96| 27| o8 29
g
3 INTWTI
[}
»
[wrm7|wrme | wrms| wrma| wrms| wTmt | wTmo
Watch timer operation
mode register (WTM) H
( Internal bus )

Remark fw: Watch timer clock frequency (fx/27 or fxt)
fx:  Main system clock oscillation frequency
fx1: Subsystem clock oscillation frequency

User's Manual U14260EJ2VOUD 217



CHAPTER 10 WATCH TIMER

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

Table 10-1. Watch Timer Configuration

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

Control register Watch timer operation mode register (WTM)

10.3 Register to Control Watch Timer
The watch timer is controlled by the watch timer operation mode register (WTM).

- Watch timer operation mode register (WTM)
This register sets the watch timer count clock, enables/disables operation, sets the prescaler interval time,
controls the 5-bit counter operation, and sets the watch timer interrupt request time.
WTM is set by a 1-bit or 8-bit memory manipulation instruction.
RESET input sets the value of WTM to 00H.
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Figure 10-2. Format of Watch Timer Operation Mode Register (WTM)

Address: FF41H  After reset: 00H R/W
Symbol 7 6 5 4 3 2 [o]
WTM WTM7 | WTMB | WTM5 | WTM4 | WTM3 o | wimt | wimo |
WTM7 Watch timer count clock selection
0 fx/27 (65.4 kHz: fx = 8.38 MHz, 93.7 kHz: fx = 12 MHzNote)
1 fxt (32.768 kHz: fxr = 32.768 kHz)
WTM6 WTM5 WTM4 Prescaler interval time selection
0 0 0 24/fw
0 0 1 25/fw
0 1 0 26/fw
0 1 1 27/fw
1 0 0 28/fw
1 0 1 29w
Other than above Setting prohibited
WTM3 Interrupt request time of watch timer
0 214/fw
1 25/fw
WTM1 5-bit counter operation control
0 Clear after operation stop
1 Start
WTMO Watch timer operation enable
0 Operation stopped (both prescaler and timer cleared)

Operation enabled

Note Expanded-specification products of uyPD780078 Subseries only.

Caution Do not change the count clock, interval time, and interrupt request time (by using bits 3 to 7

(WTM3 to WTM7) of WTM) while the watch timer is operating.

Remarks 1.
2.
3.
4.

fw: Watch timer clock frequency (fx/27 or fxT)
fx:  Main system clock oscillation frequency
fx1: Subsystem clock oscillation frequency

Figures in parentheses apply to operation with fx = 8.38 MHz, fxt = 32.768 kHz.
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10.4 Watch Timer Operations

10.4.1 Watch timer operation

The watch timer generates an interrupt request (INTWT) at specific time intervals (214/fw seconds or 25 /fw seconds)
by using the main system clock or subsystem clock. The interrupt request is generated at the following time intervals
(where WTM3 = 0):

e |If main system clock (8.38 MHz) is selected: 0.25 seconds

* If subsystem clock (32.768 kHz) is selected: 0.5 seconds

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

When the interval timer is simultaneously operated, a zero-second start can be achieved for the watch timer by
setting WTM1 to 1 after clearing it to 0. In this case, however, the 9-bit prescaler is not cleared. Therefore, an error
up to 2%fw seconds occurs in the first overflow (INTWT) after the zero-second start.

Remark fw: Watch timer clock frequency (fx/27 or fxt)

10.4.2 Interval timer operation

The watch timer operates as interval timer that generates interrupt requests (INTWTI) repeatedly at an interval
of the preset count value.

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

Table 10-2. Interval Timer Interval Time

wiwis | wrws | wri | et | i on iz | e arone | e anros e
0 0 0 2%4/fw 170 us 244 us 488 us 488 us
0 0 1 25 /fw 341 us 488 us 977 us 976 us
0 1 0 26 /fw 682 us 977 us 1.95 ms 1.95 ms
0 1 1 27/fw 1.36 ms 1.95 ms 3.91 ms 3.90 ms
1 0 0 28/fw 2.73 ms 3.91 ms 7.82 ms 7.81 ms
1 0 1 29w 5.46 ms 7.82 ms 15.6 ms 15.6 ms
Other than above Setting prohibited

Note Extended-specification products of uPD780078 Subseries only.
Remark fw: Watch timer clock frequency (fx/27 or fxt)

fx: Main system clock oscillation frequency
fx1: Subsystem clock oscillation frequency
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Figure 10-3. Operation Timing of Watch Timer/Interval Timer

5-bit counter

OH
Overflow Overflow
Start | :
| |
Count clock B eipigipipipipgligigingiNpigigin
| | |
Watch timer | | ‘
interrupt INTWT ‘ - !_I === !_I
l Interrupt time of watch timer | Interrupt time of watch timer |
|
Interval timer ! (2"/fw or 2°/fw sec.) i—| (2'%/fw or 2°/fw sec.)
interrupt INTWTI } I L. | L R
| | | |
| Interval time ! l T } l
l ) l |
: nxT : nxT ‘

Caution If the watch timer and 5-bit counter are enabled by the watch timer mode control register (WTM)
(by setting bits 0 (WTMO) and 1 (WTM1) of WTM to 1), the time from this setting to the occurrence
of the first interrupt request (INTWT) is not exactly the value set by bit 3 (WTM3) of WTM. This
is because the 5-bit counter is late by one output cycle of the 9-bit prescaler in starting counting.
The second INTWT signal and those that follow are generated exactly at the set time.

Remark fw: Watch timer clock frequency (fx/27 or fxr)
n: The number of interval timer operations

User's Manual U14260EJ2VOUD 221



CHAPTER 11 WATCHDOG TIMER

11.1 Watchdog Timer Functions
The watchdog timer has the following functions.
(1) Watchdog timer
The watchdog timer detects a program loop. Upon detection of a program loop, a non-maskable interrupt request
or RESET can be generated.
For the loop detection time, refer to Table 11-2.
(2) Interval timer
Interrupt requests are generated at the preset time intervals.

For the interval time, refer to Table 11-3.

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

Figure 11-1 shows a block diagram of the watchdog timer.

Figure 11-1. Watchdog Timer Block Diagram

fx

Clock - Divided
) Divider INTWDT
fx/28 ——= mptit | circuit clock Output
controller selector controller
T RESET
RUN Division mode
selector 3
| WDT mode signal
I —
[wpcs2lwbes1wpesol [ RUN [wDTM4WDTM3]
Watchdog timer clock Watchdog timer mode
select register (WDCS) register (WDTM)
Internal bus
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11.2 Watchdog Timer Configuration
The watchdog timer consists of the following hardware.

Table 11-1. Watchdog Timer Configuration

ltem Configuration

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

11.3 Registers to Control Watchdog Timer
The following two registers are used to control the watchdog timer.

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

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

Figure 11-2. Format of Watchdog Timer Clock Select Register (WDCS)

Address: FF42H  After reset: 00H R/W

Symbol 7 6 5 4 3 2 1 0
WDCS 0 0 0 0 0 WDCS2 WDCS1 WDCSO0
WDCS2 WDCS1 WDCSO0 Overflow time of watchdog timer/interval timer
fx = 8.38 MHz fx = 12 MHzNote

0 0 0 212/fx 488 us 341 us

0 0 1 213/fx 977 us 682 us

0 1 0 214/t 1.95 ms 1.36 ms

0 1 1 215/fx 3.91 ms 2.73 ms

1 0 0 216/fx 7.82 ms 5.46 ms

1 0 1 217/tx 15.6 ms 10.9 ms

1 1 0 218/t 31.2ms 21.8 ms

1 1 1 220/fx 125 ms 87.3 ms

Note Extended-specification products of uyPD780078 Subseries only.

Remark fx: Main system clock oscillation frequency
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(2) Watchdog timer mode register (WDTM)
This register sets the watchdog timer operating mode and enables/disables counting.
WDTM is set by a 1-bit or 8-bit memory manipulation instruction.
RESET input sets the value of WDTM to 00H.

Figure 11-3. Format of Watchdog Timer Mode Register (WDTM)

Address: FFF9H  After reset: 00H R/W

Symbol 6 5 4 3 2 1 0

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

(Maskable interrupt request occurs upon generation of overflow)

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

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

Notes 1. Once set to 1, RUN cannot be cleared to 0 by software.
Thus, once counting starts, it can only be stopped by RESET input.
2. Once set to 1, WDTM3 and WDTM4 cannot be cleared to 0 by software.
3. The watchdog timer starts operation as an interval timer when RUN is set to 1.

Caution When RUN is set to 1 so that the watchdog timer is cleared, the actual overflow time is up to
28/fx seconds shorter than the time set by the watchdog timer clock select register (WDCS).

Remark x: Don’t care
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11.4 Watchdog Timer Operations

11.4.1 Watchdog timer operation

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

The loop detection time interval is selected with bits 0 to 2 (WDCSO0 to WDCS2) of the watchdog timer clock select
register (WDCS). The watchdog timer starts by setting bit 7 (RUN) of WDTM to 1. After the watchdog timer is started,
set RUN to 1 within the set loop time interval. The watchdog timer can be cleared and counting started by setting
RUN to 1.

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

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

Cautions 1. The actual loop detection time may be shorter than the set time by up to 2%/fx seconds.
2. When the subsystem clock is selected for the CPU clock, the watchdog timer count operation

is stopped.

Table 11-2. Watchdog Timer Loop Detection Time

Loop Detection Time When Operated at When Operated at
fx = 8.38 MHz fx = 12 MHzNote
212/fx 488 us 341 us
213/fx 977 us 682 us
214/fx 1.95 ms 1.36 ms
215/fx 3.91 ms 2.73 ms
216/fx 7.82 ms 5.46 ms
217/ix 15.6 ms 10.9 ms
218/fx 31.2ms 21.8 ms
220/fx 125 ms 87.3 ms

Note Extended-specification products of uyPD780078 Subseries only.

Remark fx: Main system clock oscillation frequency
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11.4.2 Interval timer operation

The watchdog timer operates as an interval timer that generates interrupt requests repeatedly at an interval of
the preset count value when bit 4 (WDTM4) of the watchdog timer mode register (WDTM) is set to 0.

The interval time of the interval timer is selected with bits 0 to 2 (WDCSO0 to WDCS2) of the watchdog timer clock
select register (WDCS). When bit 7 (RUN) of WDTM is set to 1, the watchdog timer operates as an interval timer.

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

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

Cautions 1.

Once bit 4 (WDTM4) of WDTM is set to 1 (this selects the watchdog timer mode), the interval
timer mode is not set unless RESET is input.

The interval time just after setting WDTM may be shorter than the set time by up to 28/fx
seconds.

When the subsystem clock is selected for the CPU clock, the watchdog timer count operation
is stopped.

Table 11-3. Interval Timer Interval Time

Interval Time When Operated at When Operated at
fx = 8.38 MHz fx = 12 MHzNote
212/fx 488 us 341 us
213/fx 977 us 682 us
214/fx 1.95 ms 1.36 ms
215/fx 3.91 ms 2.73 ms
216/fx 7.82 ms 5.46 ms
217/ix 15.6 ms 10.9 ms
218/fx 31.2ms 21.8 ms
220/fx 125 ms 87.3 ms

Note Extended-specification products of uyPD780078 Subseries only.

Remarks fx: Main system clock oscillation frequency
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CHAPTER 12 CLOCK OUTPUT/BUZZER OUTPUT CONTROLLER

12.1 Clock Output/Buzzer Output Controller Functions

Clock output is used for carrier output during remote controlled transmission and clock output for supply to

peripheral ICs. The clock selected by the clock output selection register (CKS) is output.
In addition, buzzer output is used for square-wave output of the buzzer frequency selected by CKS.
Figure 12-1 shows the block diagram of the clock output/buzzer output controller.

Figure 12-1. Block Diagram of Clock Output/Buzzer Output Controller
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2 "1 controller ’ > © PCLTION/
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I I CLOE
T r T T Output latch
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BZOE | BCS1 | BCSO | CLOE | CCS3 | CCS2 | CCS1 | CCSO

Clock output select register (CKS)

g Internal bus g
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CHAPTER 12 CLOCK OUTPUT/BUZZER OUTPUT CONTROLLER

12.2 Configuration of Clock Output/Buzzer Output Controller
The clock output/buzzer output controller consists of the following hardware.

Table 12-1. Configuration of Clock Output/Buzzer Output Controller

ltem Configuration
Control registers Clock output select register (CKS)
Port mode register (PM7)
Port 7 (P7)

12.3 Register to Control Clock Output/Buzzer Output Controller

The following three registers are used to control the clock output/buzzer output controller.
» Clock output select register (CKS)

+ Port mode register (PM7)

+ Port 7 (P7)

(1) Clock output select register (CKS)
This register sets output enable/disable for clock output (PCL) and for the buzzer frequency output (BUZ), and
sets the output clock.
CKS is set by a 1-bit or 8-bit memory manipulation instruction.
RESET input sets the value of CKS to 00H.
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Figure 12-2. Format of Clock Output Select Register (CKS)

Address: FF40H After reset: 00H R/W

Symbol 6 5 3 2 1 0

cks | BzoE | Bost | Boso | cloE | coss | cos2 | ccst | ceso
BZOE BUZ output enable/disable specification
0 Stop clock divider operation. BUZ fixed to low level.
1 Enable clock divider operation. BUZ output enabled.
BCS1 BCSO BUZ output clock selection
fx = 8.38 MHz fx = 12 MHzNote
0 0 fx/210 8.18 kHz 11.7 kHz
0 1 fx/211 4.09 kHz 5.85 kHz
1 0 fx/212 2.04 kHz 2.92 kHz
1 1 fx/213 1.02 kHz 1.46 kHz
CLOE PCL output enable/disable specification
0 Stop clock divider operation. PCL fixed to low level.
1 Enable clock divider operation. PCL output enabled.
CCS3 CCS2 CCS1 CCS0 PCL output clock selection
fx = 8.38 MHz | fx = 12 MHzNote
0 0 0 0 fx 8.38 MHz 12 MHz
0 0 0 1 fx/2 4.19 MHz 6 MHz
0 0 1 0 fx/22 2.09 MHz 3 MHz
0 0 1 1 fx/23 1.04 MHz 1.5 MHz
0 1 0 0 fx/24 523 kHz 750 kHz
0 1 0 1 fx/2° 261 kHz 375 kHz
0 1 1 0 fx/28 130 kHz 187 kHz
0 1 1 1 fx/27 65.4 kHz 93.7 kHz
1 0 0 0 fxr (32.768 kHz)
Other than above Setting prohibited

Note Extended-specification products of uyPD780078 Subseries only.
Remarks 1. fx: Main system clock oscillation frequency

2. fx7: Subsystem clock oscillation frequency
3. Figures in parentheses are for operation with fxt = 32.768 kHz.
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(2) Port mode register (PM7)
This register sets port 7 input/output in 1-bit units.
When using the P74/PCL/TI011 pin for clock output and the P75/BUZ/TI001/TO01 pin for buzzer output, set
PM74, PM75 and the output latch of P74, P75 to 0.
PM7 is set by a 1-bit or 8-bit memory manipulation instruction.
RESET input sets the value of PM7 to FFH.

Figure 12-3. Format of Port Mode Register 7 (PM7)

Address: FF27H  After reset: FFH R/W

Symbol 7 6 5 4 3 2 1 0
PM7 | 1 | 1 | PM75 | PM74 | PM73 | PM72 | PM71 | PM70 |
PM7n P7n pin input/output mode selection (n = 0 to 5)
0 Output mode (output buffer on)
1 Input mode (output buffer off)
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12.4 Operation of Clock Output/Buzzer Output Controller

12.4.1 Operation as clock output
The clock pulse is output using the following procedure.

<1> Select the clock pulse output frequency using bits 0 to 3 (CCS0 to CCS3) of the clock output select register
(CKS) (clock pulse output in disabled state).
<2> Set bit 4 (CLOE) of CKS to 1, and enable clock output.

Remark The clock output controller is designed not to output pulses with a small width during output enable/
disable switching of the clock output. As shown in Figure 12-4, be sure to start output from the low period
of the clock (marked with * in the figure). When stopping output, do so after securing the high level of
the clock.

Figure 12-4. Remote Control Output Application Example

12.4.2 Operation as buzzer output
The buzzer frequency is output using the following procedure.

<1> Selectthe buzzer output frequency using bits 5 and 6 (BCS0, BCS1) of the clock output select register (CKS)

(buzzer output in disabled state).
<2> Set bit 7 (BZOE) of CKS to 1 to enable buzzer output.
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CHAPTER 13 A/D CONVERTER

13.1 A/D Converter Functions

The A/D converter is a 10-bit resolution converter that converts analog inputs into digital signals. It can control
up to 8 analog input channels (ANIO to ANI7).

(1) Hardware start
Conversion is started by trigger input (ADTRG: rising edge, falling edge, or both rising and falling edges can
be specified).

(2) Software start
Conversion is started by setting A/D converter mode register 0 (ADMO).

Select one channel for analog input from ANIO to ANI7 to start A/D conversion. In the case of hardware start, the
A/D converter stops when A/D conversion is completed, and an interrupt request (INTADO) is generated. In the case
of software start, A/D conversion is repeated. Each time an A/D conversion operation ends, an interrupt request

(INTADOQ) is generated.

Figure 13-1. Block Diagram of 10-Bit A/D Converter

1

ANIO/P10 @ o :

ANI1/P11 0 Sample & hold ciroutt :

ANI2/P12 O—] ' '
, \O . Voltage comparator

ANI4/P14 6~ O 1T

ANI5/P15 ©—=] : :

ANI6/P16 O—= : ; :

1 1

ANI7/P17 ©O——=

AVRer
(Multiplexed
with analog
power supply)

ANI3/P13 ©——

Selector

,-----------
>
<
@

Successive
approximation
register (SAR)
Edge
ADTRG/INTP3/P03
© detector } Controller |— INTADO
— [ INTP3
3 _| Edge .
detector A/D conversion result
: register 0 (ADCRO)
Note
. S— Trigger enable —*—
ADS02 ADS01{ADS00| |ADCS0 [TRGO| FR0O2| FRO1| FROO|EGA01| EGA00 |ADCEQ
Analog input channel A/D converter
specification register 0 (ADSO0) mode register 0 (ADMO)

Internal Bus S

Note The valid edge of an external interrupt is specified by bit 3 of the EGP and EGN registers. (See Figure 19-
5 Format of External Interrupt Rising Edge Enable Register (EGP), External Interrupt Falling Edge
Enable Register (EGN) .)
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13.2 A/D Converter Configuration

The A/D converter consists of the following hardware.

(M

(2

3

Table 13-1. A/D Converter Configuration

ltem Configuration
Analog input 8 channels (ANIO to ANI7)
Hardware trigger 1 (ADTRG)
input
Registers Successive approximation register (SAR)
A/D conversion result register 0 (ADCRO0)
Control registers A/D converter mode register 0 (ADMO)

Analog input channel specification register 0 (ADSO0)

Successive approximation register (SAR)

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

When up to the least significant bit (LSB) is held (end of A/D conversion), the SAR contents are transferred to
A/D conversion result register 0 (ADCRO).

A/D conversion result register 0 (ADCRO)

This is a 16-bit register that stores the A/D conversion results. The lower 6-bits are fixed to 0. Each time A/D
conversion ends, the conversion result is loaded from the successive approximation register (SAR) and held by
this register. The most significant bit (MSB) is stored in ADCRO first. The higher 8 bits of the converson results
are stored in FF17H. The lower 2 bits of the conversion results are stored in FF16H.

ADCRO is read by a 16-bit memory manipulation instruction.

RESET input sets ADCRO to 0000H.

Figure 13-2. Format of A/D Conversion Result Register 0 (ADCRO)

Address: FF16H, FF17H After reset: 0000H R

FF17H FF16H
Symbol - A ~ A N

ADCRO 0 0 0 0 0 0

Caution When A/D converter mode register 0 (ADMO) and analog input channel specification register
0 (ADSO0) are written, the contents of ADCRO may become undefined. Read the conversion
result following conversion completion before writing to ADM0 and ADSO0. Using a timing other
than the above may cause an incorrect conversion result to be read.

Sample & hold circuit

The sample & hold circuit samples the input signal of the analog input pin selected by the selector when A/D
conversion is started and holds the sampled analog input voltage value during A/D conversion.
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(4) Voltage comparator
The voltage comparator compares the sampled analog input voltage to the series resistor string output voltage.

*

(5

(6)

0]

(8)

* (9)

234

Series resistor string
The series resistor string is connected between AVrer and AVss, and generates the voltage to be compared to
the analog input.

ANIO to ANI7 pins
These are eight analog input pins used to input analog signals to undergo A/D conversion to the A/D converter.
ANIO to ANI7 are alternate-function pins that can also be used for digital input.

Cautions 1. Use ANIO to ANI7 input voltages within the specification range. If a voltage higher than or

AVREF pin

equal to AVrer or lower than or equal to AVssis applied (even if within the absolute maximum
rating range), the conversion value of that or equal to channel will be undefined and the
conversion values of other channels may also be affected.

. Analog input (ANIO to ANI7) pins are alternate-function pins that can also be used as input

port pins (P10 to P17). When A/D conversion is performed by selecting any one of ANIO
through ANI7, do not access port 1 during conversion, as this may cause a lower
conversion resolution.

. When a digital pulse is applied to a pin adjacent to the pin in the process of A/D conversion,

A/D conversion values may not be obtained as expected due to coupling noise. Thus, do
not apply a pulse to a pin adjacent to the pin in the process of A/D conversion.

This is the A/D converter reference voltage pin and also the analog power supply pin.
It converts signals input to ANIO to ANI7 into digital signals according to the voltage applied between AVrer and

AVss.

Caution

AVss pin

A series resistor string is connected between the AVRrer and AVss pins. Therefore, when the
output impedance of the reference voltage is too high, it seems as if the AVger pin and the
series resistor string are connected in series. This may cause a greater reference voltage
error.

This is the GND potential pin of the A/D converter. Always keep it at the same potential as the Vsso or Vss1 pin
when not using the A/D converter.

ADTRG pin

This pin is a pin used to start the A/D converter by hardware.
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13.3 Registers to Control A/D Converter
The following two registers are used to control the A/D converter.

« A/D converter mode register 0 (ADMO)
» Analog input channel specification register 0 (ADS0)

(1) A/D converter mode register 0 (ADMO)
This register sets the conversion time for the analog input to be A/D converted, conversion start/stop, and the

external trigger.
ADMO is set by a 1-bit or 8-bit memory manipulation instruction.
RESET input sets the value of ADMO to O0H.
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Figure 13-3. Format of A/D Converter Mode Register 0 (ADMO0)

Address: FF80H After reset: 00H R/W

Symbol (6] 5 4 3 2 1 (0]
ADMO | ADCS0 | TRGO | FRO2 FRO1 FROO EGAO1 EGA00 | ADCEO |

ADCSO0 A/D conversion operation control
0 Stop conversion operation.
1 Enable conversion operation.

TRGO Software start/hardware start selection
0 Software start
1 Hardware start

FR02 FRO1 FROO Conversion time selectionNote 1

fx = 8.38 MHz fx = 12 MHzNote 2
0 0 0 144/fx 17.1 us 12.0 us
0 0 1 120/fx 14.3 us 10.0 usNote 4
0 1 0 96/fx 11.4 psNote 3 8.0 usNote 4
1 0 0 72/fx 8.5 usNote 3 6.0 usNote 4
1 0 1 60/fx 7.1 usNote 3 5.0 usNote 4
1 1 0 48/fx 5.7 usNote 3 4.0 usNote 4
Other than above Setting prohibited

EGAO1 EGA00 Edge specification of external trigger signal
0 0 No edge detection
0 1 Falling edge detection
1 0 Rising edge detection
1 1 Both falling and rising edge detection

ADCEOQ Voltage booster for A/D converter circuit controlNote 5
0 Stop operation.
1 Enable operation.

Notes 1. Set the A/D conversion time as follows.

* When operated at fx = 12 MHz (Voo = 4.51t0 5.5 V): 12 us or more

* When operated at fx = 8.38 MHz (Vob = 4.0 to 5.5 V): 14 us or more

Extended-specification products of uPD780078 Subseries only.

. Setting is prohibited because the A/D conversion time is less than 14 us.

. Setting is prohibited because the A/D conversion time is less than 12 us.

The on-chip booster is provided to realize low-voltage operation. The circuit that generates the
reference voltage for boosting is controlled by ADCEO and it takes 14 us for operation to stabilize after
it is started. Therefore, by waiting for at least 14 us to elapse before setting ADCSO0 to 1 after ADCEQ
has been set to 1, the conversion results are valid from the first result.

ooR e

Remark fx: Main system clock oscillation frequency
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Table 13-2. ADCSO0 and ADCEOQ Settings

ADCSO0 ADCEOQ A/D Conversion Operation
0 0 Stop (DC power consumption path does not exist)
0 1 Conversion wait mode (only the reference voltage generator consumes power)
1 0 Conversion mode (the reference voltage generator stops operationNote)
1 1 Conversion mode (the reference voltage generator operates)

Note The first data immediately after A/D conversion has started must not be used.

Figure 13-4. Timing Chart When Booster Reference Voltage Generator Is Used

~— Booster reference voltage generator: Operates —
, ,

1 Conversion _._Conversion _._Conversion _:_ Conversion
: stop

Booster reference '
voltage [ N

operation wait " operation

ADCSO0

Note A time of 14 us or longer is required for stabilizing the reference voltage.

Cautions 1. When rewriting FR0O0 to FR02 to other than the same data, stop A/D conversion once

beforehand.
2. Before clearing ADCEO, clear ADCSO.

(2) Analog input channel specification register 0 (ADSO0)
This register specifies the analog voltage input port for A/D conversion.
ADSO is set by an 8-bit memory manipulation instruction.
'RESET input sets the value of ADSO to 00H.

Figure 13-5. Format of Analog Input Channel Specification Register 0 (ADSO0)

Address: FF81H After reset: 00H R/W

Symbol 7 6 5 4 3 2 1 0
ADSO 0 0 0 0 0 ADS02 ADSO01 ADS00
ADS02 ADSO01 ADS00 Analog input channel specification

0 0 0 ANIO

0 0 1 ANI1

0 1 0 ANI2

0 1 1 ANI3

1 0 0 ANI4

1 0 1 ANI5

1 1 0 ANI6

1 1 1 ANI7
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13.4 A/D Converter Operation

13.4.1 Basic operations of A/D converter

<1>

<2>

<3>

<4>

<5>

<6>

<7>

<8>

<9>

Select one channel for A/D conversion using analog input channel specification register 0 (ADSO0).

Set bit 0 (ADCEOQ) of A/D converter mode register 0 (ADMO) to 1 to enable operation of the voltage booster
for the A/D converter circuit.

Secure at least 14 us wait time by software, and set bit 7 (ADCSO0) of the ADMO register to 1 to enable the
A/D conversion operation.

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

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

Bit 9 of the successive approximation register (SAR) is set. The series resistor string voltage tap is set to
(1/2) AVRerF by the tap selector.

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

Next, bit 6 of SAR is automatically set, and the operation proceeds to the next comparison. The series resistor
string voltage tap is selected according to the preset value of bit 9, as described below.

+ Bit9 =1:(3/4) AVRrer

+ Bit9 = 0: (1/4) AVRrer

The voltage tap and analog input voltage are compared and bit 8 of SAR is manipulated as follows.

« Analog input voltage > Voltage tap: Bit 8 =1

* Analog input voltage < Voltage tap: Bit8 =0

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

<10> Upon completion of the comparison of 10 bits, an effective digital result value remains in SAR, and the result

value is transferred to and latched in A/D conversion result register 0 (ADCRO).
At the same time, the A/D conversion end interrupt request (INTADO) can also be generated.

Cautions 1. If bit 7 (ADCSO0) of A/D converter mode register 0 (ADMO) is set to 1 without setting bit 0

238

(ADCEOQ) to 1, the first A/D conversion value immediately after A/D conversion has been
started may not satisfy the rated value. Take measures such as polling the A/D conversion
end interrupt request (INTADO) and removing the first conversion results.
The same may apply if ADCSO0 is set to 1 without the lapse of a wait time of 14 us (MIN.) after
ADCEDQO has been set to 1. Make sure that the specified wait time elapses.

2. The A/D converter stops operation in standby mode.
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Figure 13-6. Basic Operation of A/D Converter

Setting ADCSO0 to 1, external trigger,
or overwriting ADSO

— A/D conversion start delay time

Conversion time

Sampling time

A/D converter

i Sampling A/D conversion
operation

» =00000000O0E

ADCRO Conversion
result

INTADO | |

ADCSO0

A/D conversion operations are performed continuously until bit 7 (ADCSO0) of A/D converter mode register 0 (ADMQ)
is reset (0) by software.

RESET input sets A/D conversion result register 0 (ADCRO0) to 00H.

Confirm the conversion results by referring to the A/D conversion end interrupt request flag (ADIFO0).

The sampling time of the A/D converter varies depending on the values setin A/D converter mode register 0 (ADMO).

There is a delay time from when the A/D converter is enabled for operation until sampling is actually performed.
For the sets in which a strict A/D conversion time is required, note the contents described in Table 13-3.
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Table 13-3. Sampling Time and A/D Conversion Start Delay Time of A/D Converter

FRO2 FRO1 FROO |Conversion TimeNote 1 Sampling Time A/D Conversion Start Delay Time
MIN. MAX.
0 0 0 144/fx 20/fx 0.5/fcpu + 6/fx 0.5/fcpu + 8/fx
0 0 1 120/fx 16/fx
0 1 0 96/fx 12/fx
1 0 0 72/fx 10/fx 0.5/fcpu + 3/fx 0.5/fcpu + 4/fx
1 0 1 60/fx 8/fx
1 1 0 48/fx 6/fx
Other than above Setting prohibited - - -
Notes 1. Set the A/D conversion time as follows.
+ When operated at fx = 12 MHzNote 2 (Vpp = 4.5 t0 5.5 V): 12 us or more
* When operated at fx = 8.38 MHz (Vob = 4.0 to 5.5 V): 14 us or more
2. Extended-specification products of uyPD780078 Subseries only.
Remark fx: Main system clock oscillation frequency
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fcpu: CPU clock frequency
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13.4.2 Input voltage and conversion results

The relationship between the analog input voltage input to the analog input pins (ANIO to ANI7) and the logical
A/D conversion result (stored in A/D conversion result register 0 (ADCRO)) is shown by the following expression.

ADCRO = INT (2™ & 1024 + 0.5)

AVREF
or

AVREF _ \/an < (ADCRO + 0.5) x A EF
4 1024

(ADCRO - 0.5) x

where, INT(): Function that returns integer part of value in parentheses
VAIN: Analog input voltage
AVRer:  AVRerF pin voltage
ADCRO: A/D conversion result register 0 (ADCRO) value

Figure 13-7 shows the relationship between the analog input voltage and the A/D conversion result.

Figure 13-7. Relationship Between Analog Input Voltage and A/D Conversion Result

1023 11 1 | [ [~~~

1022 —F—F—F—F—F—F----

1021 -

|
A/D conversion result |
(ADCRO) !

2048 1024204810242048 1024 2048 1024 2048 1024 2048

Input voltage/AVrer
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13.4.3 A/D converter operation mode

Select one analog input channel from among ANIO to ANI7 using analog input channel specification register 0
(ADSO) to start A/D conversion.
A/D conversion can be started in either of the following two ways.

Hardware start: Conversion is started by trigger input (rising edge, falling edge, or both rising and falling edges
enabled).
Software start: Conversion is started by setting A/D converter mode register 0 (ADMO).

*x  When A/D conversion is complete, the interrupt request signal (INTADO) is generated.

(M
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A/D conversion by hardware start

When bit 6 (TRGO) and bit 7 (ADCSO0) of A/D converter mode register 0 (ADMO) are set to 1 after bit 0 (ADCEO)
is set to 1, the A/D conversion standby state is set. When the external trigger signal (ADTRG) is input, A/D
conversion of the voltage applied to the analog input pin specified by analog input channel specification register
0 (ADSO) starts.

Upon the end of A/D conversion, the conversion result is stored in A/D conversion result register 0 (ADCRO),
and the interrupt request signal (INTADO) is generated. After one A/D conversion operation is started and
finished, the next conversion operation is not started until a new external trigger signal is input.

If ADSO is rewritten during A/D conversion, the converter suspends A/D conversion and waits for a new external
trigger signal to be input. When the external trigger input signal is reinput, A/D conversion is carried out from
the beginning. If ADSO is rewritten during A/D conversion standby, A/D conversion starts when the following
external trigger input signal is input.

If 1 is written to ADCSO0 again during A/D conversion, the A/D conversion in progress is discontinued and a new
A/D conversion is started when the next external trigger input signal is input.

If 0 is written to ADCSO0 during A/D conversion, the A/D conversion operation stops immediately.

Caution When P0O3/INTP3/ADTRG is used as the external trigger input (ADTRG), specify the valid edge

using bits 1,2 (EGA00, EGAO01) of A/D converter mode register 0 (ADMO0) and set the interrupt
mask flag (PMK3) to 1.
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Figure 13-8. A/D Conversion by Hardware Start (When Falling Edge Is Specified)

J U U

ADMO set .
ADCEO = 1, ADCSO0 = 1, TRGO = 1 ADSO rewrite
A/D conversion Standoy statel ANIn | ANIn |52 ANIn | Standby state | ANIm | ANIm | ANIm
ADCRO ANin ANIn ANIn ANIm X ANIm
INTADO —I —I —I —I —I
Remarks 1. n=0,1, ...... , 7
2. m=0,1, .. , 7
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(2
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A/D conversion by software start

When bit 6 (TRGO) and bit 7 (ADCSO0) of A/D converter mode register 0 (ADMO) are set to 0 and 1, respectively,
after bit 0 (ADCEDQ) is set to 1, A/D conversion of the voltage applied to the analog input pin specified by analog
input channel specification register 0 (ADSO) starts.

Upon the end of A/D conversion, the conversion result is stored in A/D conversion result register 0 (ADCRO),
and the interrupt request signal (INTADO) is generated. After one A/D conversion operation is started and
finished, the next conversion operation is immediately started. A/D conversion operations are repeated until new
data is written to ADSO.

If ADSO is rewritten during A/D conversion, the converter suspends A/D conversion and A/D conversion of the
newly selected analog input channel starts.

If 1 is written to ADCSO0 again during A/D conversion, the A/D conversion in progress is discontinued and a new
A/D conversion is started.

If 0 is written to ADCSO0 during A/D conversion, the A/D conversion operation stops immediately.

Figure 13-9. A/D Conversion by Software Start

ADMO set .
ADCEO = 1, ADCS0 =1, TRGO=0  ADSO rewrite ADCSO0 = 0
A/D conversion ANIn ANIn ANIn ANIm ANIm
Conversion suspended;
Conversion results are not stored Stop
ADCRO ANIn ANIn ANIm
INTADO —| —| —|
Remarks 1. n=0,1, ...... , 7
2. m=0,1, ... , 7
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13

(M

(2

3

.5 How to Read A/D Converter Characteristics Table

Here, special terms unique to the A/D converters are explained.

Resolution

This is the minimum analog input voltage that can be identified. Thatis, the percentage of the analog input voltage
per 1 bit of digital output is called 1 LSB (Least Significant Bit). The percentage of 1 LSB with respect to the
full scale is expressed by %FSR (Full Scale Range).

When the resolution is 10 bits,

1 LSB= 1/210 = 1/1024
= 0.098%FSR

Accuracy has no relation to resolution, but is determined by overall error.

Overall error

This shows the maximum error value between the actual measured value and the theoretical value.
Zero-scale error, full-scale error, integral linearity error, differential linearity error and errors that are combinations
of these express the overall error.

Note that the quantization error is not included in the overall error in the characteristics table.

Quantization error

When analog values are converted to digital values, a +1/2 LSB error naturally occurs. In an A/D converter, an
analog input voltage in a range of £1/2 LSB is converted to the same digital code, so a quantization error cannot
be avoided.

Note that the quantization error is not included in the overall error, zero-scale error, full-scale error, integral
linearity error, and differential linearity error in the characteristics table.

Figure 13-10. Overall Error Figure 13-11. Quantization Error

1. 1 L T 1
Ideal line
5 =]
a o
5 5 L’
gt o -
g Overall g I’/’—\
a error 8 [eLse—=" Quantization error
: :4—1/2 LSB
0-.--- 0 0 [0 0 )
0 AVrer 0 AVRer

Analog input
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(4) Zero-scale error
This shows the difference between the actual measured value of the analog input voltage and the theoretical
value (1/2 LSB) when the digital output changes from 0...... 000 to O...... 001. If the actual measured value is
greater than the theoretical value, it shows the difference between the actual measured value of the analog input
voltage and the theoretical value (3/2 LSB) when the digital output changes from O...... 001 to O...... 010.

(5) Full-scale error
This shows the difference between the actual measured value of the analog input voltage and the theoretical
value (full scale —3/2 LSB) when the digital output changes from 1...... 110to 1...... 111.

(6) Integral linearity error
This shows the degree to which the conversion characteristics deviate from the ideal linear relationship. It
expresses the maximum value of the difference between the actual measured value and the ideal straight line
when the zero-scale error and full-scale error are 0.

(7) Differential linearity error
Although the ideal output width for a given code is 1 LSB, this value shows the difference between the actual
measured value and the ideal value of the width when outputting a particular code.

Figure 13-12. Zero-Scale Error Figure 13-13. Full-Scale Error
1]
<« T . ) Full-scale error
5 Ideal line - 2 \
Q : & 111 R —
2 ot R E 5 KA*s s
= ; EIRRT:] SRS A N R
S o010 poooe 3 5 : :
o - : = ; : :
8 i % : = 101F  If- |7'— Ideal line
§’ 001 __: e g L -+ '
o ™ Zero-scale error = :
—L - OOOT_H 1 1 1 '
000 , L , " 0 AVrer-3 AVrer—2 AVRer—1  AVRer
10
0 1 2 3 AVRer Analog input (LSB)
Analog input (LSB)
Figure 13-14. Integral Linearity Error Figure 13-15. Differential Linearity Error
Juneeen 1
1. 1 ”L
Ideal line Ideal width of 1 LSB
5 2 ~—~\ ‘
o 5 i )
5 o
o 5 ‘ s
< =) ~
= ° L —
a | \
e | Differential
Integral T linearity error
linearity
0...... error Q-0
t e 0 Aveer
Analog input Analog input

246 User's Manual U14260EJ2V0UD



CHAPTER 13 A/D CONVERTER

(8) Conversion time
This expresses the time from when sampling is started to the time when the digital output is obtained.
The sampling time is included in the conversion time in the characteristics table.

(9) Sampling time
This is the time the analog switch is turned on for the analog voltage to be sampled by the sample & hold circuit.

. Sampling ___ |
time

Conversion timg —
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13.6 A/D Converter Cautions

(M

(2

3

4

248

Power consumption in standby mode

The A/D converter stops operating in the standby mode. At this time, current consumption can be reduced by
setting bit 7 (ADCSO0) of A/D converter mode register 0 (ADMO) to 0.

Figure 13-16 shows the circuit configuration diagram of a series register string.

Figure 13-16. Circuit Configuration Diagram of Series Resistor String

AVRer

P-ch I 0<} ADCS0

Series resistor string

AVss

Input range of ANIO to ANI7

The input voltages of ANIO to ANI7 should be within the rated range. In particular, if a voltage of AVRrer or higher
or AVss or lower is input (even if within the absolute maximum rating range), the conversion value of that channel
will be undefined and the conversion values of other channels may also be affected.

Conflicting operations

<1> Conflict between A/D conversion result register 0 (ADCRO0) write and ADCRO read by instruction upon the
end of conversion
ADCRO read is given priority. After the read operation, the new conversion result is written to ADCRO.

<2> Conflict between ADCRO write and external trigger signal input upon the end of conversion
The external trigger signal is not acknowledged during A/D conversion. Therefore, the external trigger
signal is not acknowledged during ADCRO write.

<3> Conflict between ADCRO write and A/D converter mode register 0 (ADMO) write or analog input channel
specification register 0 (ADSO0) write
ADMO or ADSO write is given priority. ADCRO write is not performed, nor is the conversion end interrupt
request signal (INTADO) generated.

ANIO/P10 to ANI7/P17

<1> The analog input pins (ANIO to ANI7) also function as input port pins (P10 to P17).
When A/D conversion is performed with any of pins ANIO to ANI7 selected, do not access port 1 while
conversion is in progress, as this may reduce the conversion resolution.

<2> |If digital pulses are applied to the pin adjacent to a pin in the process of A/D conversion, the expected
A/D conversion value may not be obtainable due to coupling noise. Therefore, avoid applying pulses to
the pin adjacent to a pin undergoing A/D conversion.
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(5) AVEEr pin input impedance
A series resistor string is connected between the AVRer pin and the AVss pin.
Therefore, when the output impedance of the reference voltage is too high, it seems as if the AVrer pin and the
series resistor string are connected in series. This may cause a greater reference voltage error.

(6) Interrupt request flag (ADIFO0)
The interrupt request flag (ADIFO0) is not cleared even if analog input channel specification register 0 (ADSO) is
changed.
Therefore, if an analog input pin is changed during A/D conversion, the A/D conversion result and conversion
end interrupt request flag for the pre-change analog input may be set just before the ADSO rewrite. Caution is
therefore required since, at this time, when ADIFO is read immediately just after the ADSO rewrite, ADIFO is set
despite the fact that the A/D conversion for the post-change analog input has not finished.
When A/D conversion is restarted after it is stopped, clear ADIFO before restart.

Figure 13-17. A/D Conversion End Interrupt Request Generation Timing

ADMO rewrite ADSO rewrite ADIF is set but ANIm
(start of ANIn conversion) (start of ANIn conversiok conversion has not finished.
A/D conversion ANIn ANIn ANIm ANIm

ADCRO >< ANIn ><

ANIn >< ANIm >< ANIm

INTADO
Remarks 1. n=0,1, ..... , 7
2. m=0,1, ... , 7

(7) Conversion results just after A/D conversion start
If bit 7 (ADCSO0) of A/D converter mode register 0 (ADMO) is set to 1 without setting bit 0 (ADCEQ) to 1, the
A/D conversion value immediately after A/D conversion has been started may not satisfy the rated value. Take
measures such as polling the A/D conversion end interrupt request (INTADO) and removing the first conversion
results.
The same may apply if ADCSO is set to 1 without a lapse of a wait time of 14 us (MIN.) after ADCEO has been
set to 1. Make sure that the specified wait time elapses.

(8) A/D conversion result register 0 (ADCRO0) read operation
When A/D converter mode register 0 (ADMO0) and analog input channel specification register 0 (ADSO0) are written,
the contents of ADCRO may become undefined. Read the conversion result following conversion completion
before writing to ADMO and ADSO0. Using a timing other than the above may cause an incorrect conversion result
to be read.
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(9) Timing at which A/D conversion result is undefined
The A/D conversion value may be undefined if the timing of completion of A/D conversion and the timing of
stopping the A/D conversion conflict. Therefore, read the A/D conversion result during the A/D conversion
operation. To read the conversion result after stopping the A/D conversion operation, be sure to stop the A/D
conversion before the next conversion ends.
Figures 13-18 and 13-19 show the timing of reading the conversion result.

Figure 13-18. Timing of Reading Conversion Result (When Conversion Result Is Undefined)

A/D conversion complete A/D conversion complete
ADCRO >< Normal conversion result >< Undefined value
INTADO
ADCSO0
Normal conversion result is read. A/D conversion  Undefined value
is stopped. is read.

Figure 13-19. Timing of Reading Conversion Result (When Conversion Result Is Normal)

A/D conversion complete

l

ADCRO >< Normal conversion result
INTADO
ADCSO0

A/D conversion is stopped. Normal conversion

result is read.

(10) Notes on board design
Locate analog circuits as far away from digital circuits as possible on the board because the analog circuits may
be affected by the noise of the digital circuits. In particular, do not cross an analog signal line with a digital signal
line, or wire an analog signal line in the vicinity of a digital signal line. Otherwise, the A/D conversion
characteristics may be affected by the noise of the digital line.
Connect AVsso and Vsso at one location on the board where the voltages are stable.
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(11) AVRer pin
Connect a capacitor to the AVRer pin to minimize conversion errors due to noise. If an A/D conversion operation
has been stopped and is then started, the voltage applied to the AVrer pin becomes unstable, causing the
accuracy of the A/D conversion to drop. To prevent this, also connect a capacitor to the AVRer pin.
Figure 13-20 shows an example of connecting a capacitor.

Figure 13-20. Example of Connecting Capacitor to AVrer Pin

Clamp using a diode with a low
VF (0.3 V or lower).

O ’ '/ Vobo

O ‘ AVRer
Ci C. T

O ‘ . AVss

Remark C1: 4.7 uF to 10 uF (reference value)
C2: 0.01 uF to 0.1 uF (reference value)
Connect C2 as close to the pin as possible.

(12) Internal equivalent circuit of ANIO to ANI7 pins and permissible signal source impedance
To complete sampling within the sampling time with sufficient A/D conversion accuracy, the impedance of the
signal source such as a sensor must be sufficiently low. Figure 13-21 shows the internal equivalent circuit of
the ANIO to ANI7 pins.
If the impedance of the signal source is high, connect capacitors with a high capacitance to the ANIO to ANI7
pins. An example of this is shown in Figure 13-22. In this case, however, the microcontroller cannot follow an
analog signal with a high differential coefficient because a lowpass filter is created.
To convert a high-speed analog signal or to convert an analog signal in the scan mode, insert a low-impedance
buffer.
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Figure 13-21. Internal Equivalent Circuit of Pins ANIO to ANI7

R1 R2
ANIn

C1 c2 C3

I I I

Table 13-4. Resistances and Capacitances of Equivalent Circuit (Reference Values)

AVRer R1 R2 C1 Cc2 C3
27V 12 kQ 8 kQ 8 pF 3 pF 2 pF
45V 4KQ 2.7 kQ 8 pF 1.4 pF 2 pF

Caution The resistances and capacitances in Table 13-4 are not guaranteed values.

Figure 13-22. Example of Connection When Signal Source Impedance Is High

If a noise of AVRer or higher or AVss or lower
may be generated, clamp using a diode with
a low Vr (0.3 V or lower).

Reference
voltage input

Output impedancg/’/ R1 R2

of sensor /

'\ col
\ C0§0.1,uF7—7[ /'
\ Lowpass filter /

\_is created. /
N

C1 c2 C3

. -
~ -

Input impedance of ANIO to ANI7 pins

This A/D converter executes sampling by charging the internal sampling capacitor for approximately 1/10 of the
conversion time.

Therefore, only the leakage current flows during other than sampling, and the current for charging the capacitor
flows during sampling. The input impedance therefore varies and has no meaning.

To achieve sufficient sampling, it is recommended that the output impedance of the analog input source be 10
kQ or less, or attach a capacitor of around 100 pF to the ANIO to ANI7 pins (see Figure 13-22).

Remark n=0to7
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14.1 Functions of Serial Interface UARTO
Serial interface UARTO has the following three modes.

(1) Operation stop mode
This mode is used when serial transfers are not performed to reduce power consumption.
For details, see 14.4.1 Operation stop mode.

(2) Asynchronous serial interface (UART) mode (fixed to LSB first)
This mode enables full-duplex operation wherein one byte of data after the start bit is transmitted and received.
The on-chip baud rate generator dedicated to UART enables communications using a wide range of selectable
baud rates. The communication range is between 1.2 kbps and 131 kbps (when operated at fx = 8.38 MHz).
In addition, a baud rate (39 kbps max. (when operated at fx = 1.25 MHz)) can also be defined by dividing the
clock input to the ASCKO pin.
The UART baud rate generator can also be used to generate a MIDI-standard baud rate (31.25 kbps).
For details, see 14.4.2 Asynchronous serial interface (UART) mode.

(3) Infrared data transfer mode
For details, see 14.4.3 Infrared data transfer mode.

Figure 14-1 shows a block diagram of serial interface UARTO.
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Figure 14-1. Block Diagram of Serial Interface UARTO

S Internal bus S

A Asynchronous serial interface
mode register 0 (ASIMO)
E‘uef‘]fgr“’e |TXEO ‘ RXEO ‘ PSO1 ‘ PS00 ‘ cLo ‘ SLo ‘ ISRMO ‘ IHDAMOl
register 0 ‘
(RXBO)
Asynchronous serial
interface status v
oo register 0 (ASIS0) Tmnsmit
i shift
RxD0/P23 © »fggitstero |PEO‘FEO‘OVEO| —register 0
RX0) (TXS0)
TxDO/P24 © 4 ‘
e,
Receive \
L] E:ontllioller D INTSERO
PM24 Output latch parity 1"
|—| 8324) check) INTSRO Transrlvlﬂt
controller;
(parity [~ INTSTO
addition)

Baud rate <O ASKO0/P25
generator™®®® [« /2 to fx/27

Note For the configuration of the baud rate generator, refer to Figure 14-2.

* Figure 14-2. Block Diagram of Baud Rate Generator
Start bit
TXEO sampling clock
5 [=—© ASCKo/P25
5-bit counter o §
[0
< } Match » fx/2 to fx/27
Transmit clock 1/2
Encoder
Match
Receive clock 1/2 X ate
5-bit counter
3 4
RXEOQ TPS02|TPS01| TPS00 [MDL0O3|MDL02|MDL01|MDL00
Start bit detection
Baud rate generator
control register 0 (BRGCO)
g Internal bus g

Remark TXEO: Bit 7 of asynchronous serial interface mode register 0 (ASIMO)
RXEO: Bit 6 of asynchronous serial interface mode register 0 (ASIMO)
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14.2 Configuration of Serial Interface UARTO

Serial interface UARTO includes the following hardware.

Table 14-1. Configuration of Serial Interface UARTO

ltem Configuration

Registers Transmit shift register 0 (TXSO0)

Receive shift register 0 (RX0)

Receive buffer register 0 (RXBO0)

Asynchronous serial interface status register 0 (ASIS0)

Control registers Asynchronous serial interface mode register 0 (ASIMO0)
Baud rate generator control register 0 (BRGCO)

Port mode register 2 (PM2)

Port 2 (P2)

(1) Transmit shift register 0 (TXS0)

(2

3

This is a register for setting transmit data. Data written to TXSO0 is transmitted as serial data.

When the data length is set as 7 bits, bits 0 to 6 of the data written to TXSO0 are transferred as transmit data.
Writing data to TXSO starts the transmit operation.

TXSO0 can be written by an 8-bit memory manipulation instruction. It cannot be read.

RESET input sets the value of TXSO0 to FFH.

Caution Do not write to TXS0 during a transmit operation.
The same address is assigned to TXS0 and receive buffer register 0 (RXB0), so aread operation
reads values from RXBO.

Receive shift register 0 (RX0)

This register converts serial data input via the RxDO pin to parallel data. When one byte of data is received at
this register, the receive data is transferred to receive buffer register 0 (RXBO0).

RXO0 cannot be manipulated directly by a program.

Receive buffer register 0 (RXBO0)

This register is used to hold receive data. When one byte of data is received, one byte of new receive data is
transferred from the receive shift register (RX0).

When the data length is set as 7 bits, receive data is sent to bits 0 to 6 of RXBO. In this case, the MSB of RXB0
is always 0.

RXBO can be read by an 8-bit memory manipulation instruction. It cannot be written.

RESET input sets the value of RXBO to FFH.

Caution The same address is assigned to RXB0 and transmit shift register 0 (TXS0), so during a write
operation, values are written to TXSO0.
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Asynchronous serial interface status register 0 (ASIS0)

When a receive error occurs in UART mode, this register indicates the type of error.
ASIS0 can be read by an 8-bit memory manipulation instruction.

RESET input sets ASISO0 to 00H.

Figure 14-3. Format of Asynchronous Serial Interface Status Register 0 (ASIS0)

Address: FFA1H After reset: 00H R

Symbol 7 6 5 4 3 2 1 0
ASISO 0 0 0 0 0 PEO FEO OVEO
PEO Parity error flag
0 No parity error
0 Parity error

(Incorrect parity bit detected)

FEO Framing error flag
0 No framing error
1 Framing errorNote 1

(Stop bit not detected)

OVEO Overrun error flag
0 No overrun error
1 Overrun errorNote 2
(Next receive operation was completed before data was read from receive buffer register
0 (RXB0))

Notes 1. Evenif the stop bitlength is set to two bits by setting bit 2 (SL0) of asynchronous serial interface mode
register 0 (ASIMO), stop bit detection during a receive operation only applies to a stop bit length of
1 bit.
2. When an overrun error has occurred, further overrun errors will continue to occur until the contents
of receive buffer register 0 (RXBO0) are read, .

Transmission controller

The transmission controller controls transmit operations, such as adding a start bit, parity bit, and stop bit to data
that is written to transmit shift register 0 (TXS0), based on the values set to asynchronous serial interface mode
register 0 (ASIMO).

Reception controller

The reception controller controls receive operations based on the values set to asynchronous serial interface
mode register 0 (ASIMO0). During a receive operation, it performs error checking, such as for parity errors, and
sets various values to asynchronous serial interface status register 0 (ASIS0) according to the type of error that
is detected.
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14.3 Registers to Control Serial Interface UARTO
Serial interface UARTO uses the following four registers for control functions.

» Asynchronous serial interface mode register 0 (ASIMO)
+ Baud rate generator control register 0 (BRGCO0)

» Port mode register 2 (PM2)

+ Port 2 (P2)

(1) Asynchronous serial interface mode register 0 ASIMO
This is an 8-bit register that controls serial interface UARTO’s serial transfer operations.
ASIMO is set by a 1-bit or 8-bit memory manipulation instruction.
RESET input sets ASIMO to 00H.
Figure 14-4 shows the format of ASIMO.
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Symbol
ASIMO

Figure 14-4. Format of Asynchronous Serial Interface Mode Register 0 (ASIMO)

Address: FFAOH After reset: 00H R/W
(6] 5 4 3 2 1 0
| TXEO | RXEO | PSO01 PS00 CLO SLO ISRMO IRDAMO
TXEO RXEO Operation mode RxD0/P23 pin function | TxD0/P24 pin function
0 0 Operation stop Port function (P23) Port function (P24)
0 1 UART mode Serial function (RxDO0)
(receive only)
1 0 UART mode Port function (P23) Serial function (TxDO0)
(transmit only)
1 1 UART mode Serial function (RxD0)
(transmit and receive)
PS01 PS00 Parity bit specification
0 0 No parity
0 1 Zero parity always added during transmission
No parity detection during reception (parity errors do not occur)
1 0 Odd parity
1 1 Even parity
CLo Character length specification
0 7 bits
1 8 bits
SLO Stop bit length specification for transmit data
0 1 bit
1 2 bits
ISRMO Receive completion interrupt control when error occurs
0 Receive completion interrupt request is issued when an error occurs
1 Receive completion interrupt request is not issued when an error occurs
IRDAMO Operation specified for infrared data transfer modeNote 1
0 UART (transmit/receive) mode
1 Infrared data transfer (transmit/receive) modeNote 2

Notes 1. The UART/infrared data transfer mode specification is controlled by TXEO and RXEO.

2. Whenusinginfrared data transfer mode, be sure to set baud rate generator control register 0 (BRGCO)

Caution

to “10H".

Before writing different data to ASIMO, stop operation.
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(2) Baud rate generator control register 0 (BRGCO)
This register sets the serial clock for the serial interface.
BRGCO is set by an 8-bit memory manipulation instruction.
RESET input sets the value of BRGCO to 00H.
Figure 14-5 shows the format of BRGCO.

User's Manual U14260EJ2VOUD 259



CHAPTER 14 SERIAL INTERFACE UARTO

Figure 14-5. Format of Baud Rate Generator Control Register 0 (BRGCO)

Address: FFA2H After reset: 00H R/W

Symbol 7 6 5 4 3 2 1 0

BRGCO 0 TPS02 TPSO1 TPS00 MDLO3 MDL02 MDLO1 MDLOO

(fx = 8.38 MHz)
TPS02 TPSO01 TPSO00 Source clock selection for 5-bit counter n
0 0 0 External clock input to ASCKO 0
0 0 1 fx/2 1
0 1 0 fx/22 2
0 1 1 fx/23 3
1 0 0 fx/24 4
1 0 1 fx/2° 5
1 1 0 fx/28 6
1 1 1 fx/27 7
MDLO3 MDLO02 MDLO1 MDLOO Output clock selection for baud rate generator k

0 0 0 0 fscko/16 0
0 0 0 1 fscko/17 1
0 0 1 0 fscko/18 2
0 0 1 1 fscko/19 3
0 1 0 0 fscko/20 4
0 1 0 1 fscko/21 5
0 1 1 0 fscko/22 6
0 1 1 1 fscko/23 7
1 0 0 0 fscko/24 8
1 0 0 1 fscko/25 9
1 0 1 0 fscko/26 10
1 0 1 1 fscko/27 11
1 1 0 0 fscko/28 12
1 1 0 1 fscko/29 13
1 1 1 0 fscko/30 14
1 1 1 1 Setting prohibited —

Cautions 1. Writing to BRGCO during a communication operation may cause abnormal output from the

baud rate generator and disable further communication operations. Therefore, do not write
to BRGCO during a communication operation.
2. Set BRGCO to 10H when using in infrared data transfer mode.

Remarks 1. fx:  Main system clock oscillation frequency
2. fscko: Source clock for 5-bit counter
3. n:  Value set via TPS00 to TPS02 (0 < n <7)
4. k: Value set via MDL0OO to MDLO3 (0 £ k < 14)
5. The equation for the baud rate is as follows.

fx

[Baud rate] =————
2k + 16)

(Hz]
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(3) Port mode register 2 (PM2)
Port mode register 2 is used to set input/output of port 2 in 1-bit units.

To use the P24/TxD0 pin as a serial data output, set PM24 and the output latch of P24 to 0.

To use the P23/RxDO0 pin as a serial data input, and the P25/ASCKO pin as a clock input, set PM23 and PM25
to 1. At this time, the output latches of P23 and P25 can be either 0 or 1.
PM2 is set by a 1-bit or 8-bit memory manipulation instruction.

RESET input sets the value of PM2 to FFH.

Figure 14-6. Format of Port Mode Register 2 (PM2)

Address: FF22H After reset: FFH R/W

Symbol 7 6 5 4 3 2 1 0
PM2 1 1 PM25 PM24 PM23 PM22 PM21 PM20
PM2n I/O mode selection of P2n pin (n = 0 to 5)
0 Output mode (output buffer on)

Input mode (output buffer off)
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14.4 Operation of Serial Interface UARTO
This section explains the three modes of serial interface UARTO.

14.4.1 Operation stop mode
Because serial transfer is not performed in this mode, the power consumption can be reduced.

In addition, pins can be used as ordinary ports.

(1) Register to be used
Operation stop mode is set by asynchronous serial interface mode register 0 (ASIMO).
ASIMO is set by a 1-bit or 8-bit memory manipulation instruction.
RESET input sets the value of ASIMO to 00H.

Address: FFAOH After reset: 00H R/W

Symbol (6] 5 4 3 2 1 0
asmo | Txeo | Rxeo | Pso PS00 cLo SLO ISRMO | IRDAMO
TXEO RXEO Operation mode RxDO0/P23 pin function TxDO0/P24 pin function

0 0 Operation stop Port function (P23) Port function (P24)

14.4.2 Asynchronous serial interface (UART) mode
This mode enables full-duplex operation wherein one byte of data after the start bit is transmitted or received.
The on-chip baud rate generator dedicated to UART enables communications using a wide range of selectable
* baud rates. The communication range is between 1.2 kbps and 131 kbps (when operated at fx = 8.38 MHz). The
baud rate (39 kbps max. (when operated of fx = 1.25 MHz)) can be defined by dividing the input clock to the ASCKO0

pin.
The UART baud rate generator can also be used to generate a MIDI-standard baud rate (31.25 kbps).

(1) Registers to be used
» Asynchronous serial interface mode register 0 (ASIMO)
» Asynchronous serial interface status register 0 (ASIS0)
» Baud rate generator control register 0 (BRGCO)
» Port mode register 2 (PM2)
* Port 2 (P2)

(a) Asynchronous serial interface mode register 0 (ASIMO)

ASIMO is set by a 1-bit or 8-bit memory manipulation instruction.
RESET input sets the value of ASIMO to 00H.
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Address: FFAOH After reset: 00H R/W
Symbol (6] 5 4 3 2 1 0
ASIMO | TXEO | RXEOQ | PSO01 PS00 CLo SLO ISRMO IRDAMO
TXEO RXEO Operation mode RxD0/P23 pin function TxDO0/P24 pin function
0 0 Operation stop Port function (P23) Port function (P24)
0 1 UART mode Serial function (RxDO0)
(receive only)
1 0 UART mode Port function (P23) Serial function (TxDO0)
(transmit only)
1 1 UART mode Serial function (RxDO0)
(transmit and receive)
PSO01 PS00 Parity bit specification
0 0 No parity
0 1 Zero parity always added during transmission
No parity detection during reception (parity errors do not occur)
1 0 Odd parity
1 1 Even parity
CLo Character length specification
0 7 bits
0 8 bits
SLO Stop bit length specification for transmit data
0 1 bit
1 2 bits
ISRMO Receive completion interrupt control when error occurs
0 Receive completion interrupt request is issued when an error occurs
1 Receive completion interrupt request is not issued when an error occurs
IRDAMO Operation specified for infrared data transfer modeNote 1
0 UART (transmit/receive) mode
1 Infrared data transfer (transmit/receive) modeNote 2

Notes 1. The UART/infrared data transfer mode specification is controlled by TXEO and RXEO.
2. When using infrared data transfer mode, be sure to set baud rate generator control register 0

(BRGCO) to 10H.

Caution

Before writing different data to ASIMO, stop operation.
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(b) Asynchronous serial interface status register 0 (ASISO0)
ASIS0 can be read by an 8-bit memory manipulation instruction.
RESET input sets the value of ASISO to 00H.

Address: FFA1H After reset: 00H R

Symbol 7 6 5 4 3 2 1 0
ASISO 0 0 0 0 0 PEO FEO OVEO
PEO Parity error flag
0 No parity error
1 Parity error

(Incorrect parity bit detected)

FEO Framing error flag
0 No framing error
1 Framing errorNote 1

(Stop bit not detected)

OVEO Overrun error flag
0 No overrun error
1 Overrun errorNote 2
(Next receive operation was completed before data was read from receive buffer register
0 (RXB0))

Notes 1. Even if the stop bit length is set to two bits by setting bit 2 (SL0O) of asynchronous serial interface
mode register 0 (ASIMO), stop bit detection during a receive operation only applies to a stop bit
length of 1 bit.

2. Whenanoverrun error has occurred, further overrun errors will continue to occur until the contents
of receive buffer register 0 (RXBO0) are read.
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(c) Baud rate generator control register 0 (BRGCO)

BRGCO is set by an 8-bit memory manipulation instruction.
RESET input sets the value of BRGCO to 00H.

Address: FFA2H After reset: 00H R/W

Symbol 7 6 5 4 3 2 1 0
BRGCO 0 TPS02 TPSO01 TPS00 MDLO3 MDLO02 MDLO1 MDLO0O
(fx = 8.38 MHz)

TPSO02 TPSO1 TPSO00 Source clock selection for 5-bit counter n
0 0 0 External clock input to ASCKO 0

0 0 1 fx/2 1

0 1 0 fx/22 2

0 1 1 fx/23 3

1 0 0 fx/24 4

1 0 1 fx/2° 5

1 1 0 fx/28 6

1 1 1 fx/27 7
MDLO3 MDLO02 MDLO1 MDLOO Output clock selection for baud rate generator k
0 0 0 0 fscko/16 0

0 0 0 1 fscko/17 1

0 0 1 0 fscko/18 2

0 0 1 1 fscko/19 3

0 1 0 0 fscko/20 4

0 1 0 1 fscko/21 5

0 1 1 0 fscko/22 6

0 1 1 1 fscko/23 7

1 0 0 0 fscko/24 8

1 0 0 1 fscko/25 9
1 0 1 0 fscko/26 10

1 0 1 1 fscko/27 11
1 1 0 0 fscko/28 12
1 1 0 1 fscko/29 13
1 1 1 0 fscko/30 14
1 1 1 1 Setting prohibited —

Caution  Writing to BRGCO during a communication operation may cause abnormal output from
the baud rate generator and disable further communication operations. Therefore, do not
write to BRGCO during a communication operation.

Remarks 1. fx: Main system clock oscillation frequency
2. fscko: Source clock for 5-bit counter
3. n: Value set via TPS00 to TPS02 (0 <n<7)
4. k: Value set via MDLOO to MDLO3 (0 < k < 14)
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The transmit/receive clock that is used to generate the baud rate is obtained by dividing the main system

clock.

Transmit/receive clock generation for baud rate by using main system clock
The main system clock is divided to generate the transmit/receive clock. The baud rate generated from
the main system clock is determined according to the following formula.

[Baud rate] = -k [Hz]

2v1(k + 16)

fx: Oscillation frequency of main system clock
When ASCKO is selected as the source clock of the 5-bit counter, substitute the input clock frequency
to the ASCKO pin for fx in the above expression.

n: Value set via TPS00 to TPS02 (0<n<7)
Value set via MDLOO to MDLO3 (0 < k < 14)

Table 14-2. Relationship Between Main System Clock and Baud Rate Error

Baud Rate | fx = 8.3886 MHz fx = 8.000 MHz fx = 7.3728 MHz fx = 5.000 MHz fx = 4.1943 MHz
(bps) BRGCO | ERR (%)| BRGCO | ERR (%) | BRGCO | ERR (%) | BRGCO | ERR (%) | BRGCO | ERR (%)

600 - - - - - - - - 7BH 1.14
1200 7BH 1.10 7AH 0.16 78H 0 70H 1.73 6BH 1.14
2400 6BH 1.10 6AH 0.16 68H 0 60H 1.73 5BH 1.14
4800 5BH 1.10 5AH 0.16 58H 0 50H 1.73 4BH 1.14
9600 4BH 1.10 4AH 0.16 48H 0 40H 1.73 3BH 1.14
19200 3BH 1.10 3AH 0.16 38H 0 30H 1.73 2BH 1.14
31250 31H -1.3 30H 0 2DH 1.70 24H 0 21H -1.3
38400 2BH 1.10 2AH 0.16 28H 0 20H 1.73 1BH 1.14
76800 1BH 1.10 1AH 0.16 18H 0 10H 1.73 - -
115200 12H 1.10 11H 2.12 10H 0 - - - -

Remark fx: Main system clock oscillation frequency

266

Error tolerance range for baud rate

The error for the baud rate depends on the number of bits per frame and the 5-bit counter’s division ratio
[1/(16 + K)].

Figure 14-7 shows an example of the baud rate error tolerance range.
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Figure 14-7. Error Tolerance (When k = 0), Including Sampling Errors

Ideal
sampling
point
32T 64T  256T 288T { 320T 352T
304T 336T
Basic timing \ 4 v
\ START o | ?CX o7 \ P sToP
‘15.5T
High-speed limit timing
\ START DO x j D7 P STOP
4 A / X Z Sampling error
30.45T 60.9T 304.5T ||~ 0.5T
15.5T
Low-speed limit timin
P g \ sTART [ Do Xj/ Y o7 Y P sToP
A A A A
33.55T 67.1T 301.95T 335.5T

+15.5

Baud rate error tolerance (when k = 0) = x 100 = 4.8438 (%)

Caution The above error tolerance value is the value calculated based on the ideal sample point.
In the actual design, allow margins that include errors of timing for detecting a start bit.

Remark T: 5-bit counter’s source clock cycle

(d) Port mode register 2 (PM2)
Port mode register 2 is used to set input/output of port 2 in 1-bit units.

To use the P24/TxDO0 pin as a serial data output, set PM24 and the output latch of P24 to 0.
To use the P23/RxD0 pin as a serial data input, and the P25/ASCKO pin as a clock input, set PM23 and PM25

to 1. At this time, the output latches of P23 and P25 can be either 0 or 1.
PM2 is set by a 1-bit or 8-bit memory manipulation instruction.
RESET input sets the value of PM2 to FFH.

Address: FF22H After reset: FFH R/W

Symbol 7 6 5 4 3 2 1 0
PM2 1 1 PM25 PM24 PM23 PM22 PM21 PM20
PM2n I/O mode selection of P2n pin (n = 0 to 5)
0 Output mode (output buffer on)
1 Input mode (output buffer off)
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(2) Communication operations

(a) Data format
Figure 14-8 shows the format of the transmit/receive data.

Figure 14-8. Example of Transmit/Receive Data Format in Asynchronous Serial Interface

‘ 1 data frame

;‘ta” po | D1 | D2 | D3| ps| D5 | pe | D7 Ei"t‘"”y Stop bit

} Character bits }

1 data frame consists of the following bits.

« Start bit ............. 1 bit

» Character bits ... 7 bits or 8 bits (LSB first)

» Parity bit ........... Even parity, odd parity, zero parity, or no parity
+ Stop bit(s) ......... 1 bit or 2 bits

Asynchronous serial interface mode register 0 (ASIMO) is used to set the character bit length, parity selection,
and stop bit length within each data frame.

When “7 bits” is selected as the number of character bits, only the lower 7 bits (bits 0 to 6) are valid, so that
during a transmission the highest bit (bit 7) is ignored and during reception the highest bit (bit 7) must be
set to 0.

Baud rate generator control register 0 (BRGCO) is used to set the serial transfer rate.

If a receive error occurs, information about the receive error can be ascertained by reading asynchronous
serial interface status register 0 (ASISO0).
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(b) Parity types and operations
The parity bit is used to detect bit errors in transfer data. Usually, the same type of parity bit is used by the

transmitting and receiving sides. When odd parity or even parity is set, errors in the parity bit (the odd-number
bit) can be detected. When zero parity or no parity is set, errors are not detected.

(i) Even parity

.

During transmission
The number of bits in transmit data that includes a parity bit is controlled so that there are an even
number of character bits whose value is 1. The value of the parity bit is as follows.

If the transmit data contains an odd number of character bits whose value is 1: the parity bit is “1”
If the transmit data contains an even number of character bits whose value is 1: the parity bit is “0”

During reception
The number of character bits whose value is 1 is counted in the transfer data that includes a parity
bit, and a parity error occurs when the counted result is an odd number.

(ii) Odd parity

During transmission
The number of bits in transmit data that includes a parity bitis controlled so that there is an odd number
of character bits whose value is 1. The value of the parity bit is as follows.

If the transmit data contains an odd number of character bits whose value is 1: the parity bit is “0”
If the transmit data contains an even number of character bits whose value is 1: the parity bit is “1”

During reception
The number of character bits whose value is 1 is counted in the transfer data that includes a parity
bit, and a parity error occurs when the counted result is an even number.

(iii) Zero parity
During transmission, the parity bit is set to “0” regardless of the transmit data.

During reception, the parity bit is not checked. Therefore, no parity errors will occur regardless of

whether the parity bit is a “0” or a “1”.

(iv) No parity
No parity bit is added to the transmit data.

During reception, receive data is regarded as having no parity bit. Since there is no parity bit, no parity

errors will occur.
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(c) Transmission

270

The transmit operation is enabled if bit 7 (TXEO) of asynchronous serial interface mode register 0 (ASIMO0)
issetto 1, and the transmit operation is started when transmit data is written to transmit shift register 0 (TXSO0).
A start bit, parity bit, and stop bit(s) are automatically added to the data.

Starting the transmit operation shifts out the data in TXSO0, thereby emptying TXS0, after which a transmit
completion interrupt request (INTSTO) is issued.

The timing of the transmit completion interrupt request is shown in Figure 14-9.

Figure 14-9. Timing of Asynchronous Serial Interface Transmit Completion Interrupt Request
(i) Stop bit length: 1 bit

wootenn \erf o0 (o Yo ) [Y(om ) Y o

1
1
INTSTO |_|

(ii) Stop bit length: 2 bits

TxDO (output) \START/ DO X D1 X D2 X?gx D6 X D7 XParity / STbP l

INTSTO []

Caution Do not rewrite asynchronous serial interface mode register 0 (ASIMO0) during a transmit
operation. Rewriting the ASIMO register during a transmit operation may disable further
transmit operations (in such cases, enter a RESET to restore normal operation).
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(d) Reception
The receive operation performs level detection.
The receive operation is enabled when “1” is set to bit 6 (RXEQ) of asynchronous serial interface mode
register 0 (ASIMO), and the input via the RxDO pin is sampled.
The serial clock specified by baud rate generator control register 0 (BRGCO) is used to sample the RxD0
pin.
When the RxDO pin goes low, the 5-bit counter of the baud rate generator begins counting and the start timing
signal for data sampling is output when half of the specified baud rate time has elapsed. If sampling the
RxDO pin input at this start timing signal yields a low-level result, a start bit is recognized, after which the
5-bit counter is initialized and starts counting and data sampling begins. After the start bit is recognized,
the character data, parity bit, and one-bit stop bit are detected, at which point reception of one data frame
is completed.
Once reception of one data frame is completed, the receive data in the shift register is transferred to receive
buffer register 0 (RXB0) and INTSRO (receive completion interrupt request) occurs.
If the RXEQ bit is reset (to 0) during a receive operation, the receive operation is stopped immediately. At
this time, the contents of RXB0O and ASIS0 do not change, nor does INTSRO or INTSERO (receive error
interrupt request) occur.
Figure 14-10 shows the timing of the asynchronous serial interface receive completion interrupt request.

Figure 14-10. Timing of Asynchronous Serial Interface Receive Completion Interrupt Request

RxDO (input) \START/ DO X D1 X D2 X?gx D6 X D7 XParity STOP
INTSRO |_|

Caution If the receive operation is enabled with the RxDO0 pin input at the low level, the receive
operation is immediately started. Make sure the RxDO0 pin input is at the high level before
enabling the receive operation.
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(e) Receive errors

Three types of errors can occur during a receive operation: a parity error, framing error, or overrun error.

If, as the result of data reception, an error flag is set in asynchronous serial interface status register 0 (ASIS0),

areceive errorinterrupt request (INTSERO) will occur. Receive error interrupts requests are generated before

the receive completion interrupt request (INTSR0). Table 14-3 lists the causes behind receive errors.

As partof receive errorinterrupt request (INTSERO) servicing, the contents of ASISO can be read to determine

which type of error occurred during the receive operation (see Table 14-3 and Figure 14-11).
The contents of ASISO are reset (to 0) when receive buffer register 0 (RXB0) is read or when the next data
is received (if the next data contains an error, its error flag will be set).

Table 14-3. Causes of Receive Errors

Receive Error Cause ASISO Value

Parity error Parity specified does not match parity of receive data 04H

Framing error | Stop bit was not detected 02H

Overrun error | Reception of the next data was completed before data was read from 01H
receive buffer register 0 (RXBO)

RxDO (input) \START/ DO X D1 X D2 X?gx D6 X D7 Parity [|STOP

INTSROQ Nete ”

(When framing/overrun error occurs)

INTSERO |_|
(When parity error occurs)

Figure 14-11. Receive Error Timing

INTSERO ”

Note Even if a receive error occurs when the ISRMO bit has been set (1), INTSRO does not occur.

Cautions 1.

272

The contents of asynchronous serial interface status register 0 (ASIS0) are reset (to
0) when receive buffer register 0 (RXBO0) is read or when the next data is received. To
obtain information about the error, be sure to read the contents of ASIS0 before reading
RXBO.

Be sure to read the contents of receive buffer register 0 (RXBO0) after the receive
completion interrupt request has occurred even when a receive error has occurred. If
RXBO is not read after the receive completion interrupt request has occurred, overrun
errors will occur during the next data receive operations and the receive error status
will remain until the contents of RXBO0 are read.
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14.4.3 Infrared data transfer mode
In infrared data transfer mode, pulses can be output and received in the data format shown in (2).

(1) Registers to be used
» Asynchronous serial interface mode register 0 (ASIMO0)
» Asynchronous serial interface status register 0 (ASIS0)
» Baud rate generator control register 0 (BRGCO)
» Port mode register 2 (PM2)
» Port 2 (P2)

(a) Asynchronous serial interface mode register 0 (ASIMO)
ASIMO is set by a 1-bit or 8-bit memory manipulation instruction.
RESET input sets the value of ASIMO to 00H.
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Address: FFAOH After reset: 00H R/W

Symbol (6] 5 4 3 2 1 0
AsSMo | TXEo | RxEo | Psof PS00 cLo SLO ISRMO | IRDAMO
TXEO RXEO Operation mode RxDO0/P23 pin function | TxD0/P24 pin function
0 0 Operation stop Port function (P23) Port function (P24)
0 1 UART mode Serial function (RxDO0)
(receive only)
1 0 UART mode Port function (P23) Serial function (TxDO0)
(transmit only)
1 1 UART mode Serial function (RxDO0)
(transmit and receive)
PSO01 PS00 Parity bit specification
0 0 No parity
0 1 Zero parity always added during transmission
No parity detection during reception (parity errors do not occur)
1 0 Odd parity
1 1 Even parity
CLO Character length specification
0 7 bits
1 8 bits
SLO Stop bit length specification for transmit data
0 1 bit
1 2 bits
ISRMO Receive completion interrupt control when error occurs
0 Receive completion interrupt request is issued when an error occurs
1 Receive completion interrupt request is not issued when an error occurs
IRDAMO Operation specified for infrared data transfer modeNote 1
0 UART (transmit/receive) mode
1 Infrared data transfer (transmit/receive) modeNote 2

Notes 1. The UART/infrared data transfer mode specification is controlled by TXEO and RXEO.
2. Whenusinginfrared data transfer mode, be sure to set baud rate generator control register 0 (BRGCO)
to “10H".

* Caution Before writing different data to ASIMO, stop operation.
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(b) Asynchronous serial interface status register 0 (ASISO0)
ASIS0 can be read by an 8-bit memory manipulation instruction.
RESET input sets the value of ASISO to O0H.

Address: FFA1H After reset: 00H R

Symbol 7 6 5 4 3 2 1 0
ASISO 0 0 0 0 0 PEO FEO OVEO
PEO Parity error flag
0 No parity error
1 Parity error
(Incorrect parity bit detected)
FEO Framing error flag
0 No framing error
1 Framing errorNote 1
(Stop bit not detected)
OVEO Overrun error flag
0 No overrun error
1 Overrun errorNote 2
(Next receive operation was completed before data was read from receive buffer register
0 (RXB0))

Notes 1. Even if the stop bit length is set to two bits by setting bit 2 (SL0) of asynchronous serial interface
mode register 0 (ASIMO), stop bit detection during a receive operation only applies to a stop bit
length of 1 bit.

2. Whenanoverrun error has occurred, further overrun errors will continue to occur until the contents

of receive buffer register 0 (RXBO0) are read.
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(c) Baud rate generator control register 0 (BRGCO)
BRGCO is set by an 8-bit memory manipulation instruction.
RESET input sets the value of BRGCO to 00H.

Address: FFA2H After reset: 00H R/W

Symbol 7 6 5 4 3 2 1 0
BRGCO 0 TPS02 TPSO01 TPS00 MDLO3 MDLO2 MDLO1 MDLOO
(fx = 8.38 MHz)

TPSO02 TPSO1 TPSO00 Source clock selection for 5-bit counter n
0 0 0 External clock input to ASCKO 0

0 0 1 fx/2 1

0 1 0 fx/22 2

0 1 1 fx/23 3

1 0 0 fx/24 4

1 0 1 fx/2° 5

1 1 0 fx/28 6

1 1 1 fx/27 7
MDLO3 MDLO02 MDLO1 MDLOO Output clock selection for baud rate generator k
0 0 0 0 fscko/16 0

0 0 0 1 fscko/17 1

0 0 1 0 fscko/18 2

0 0 1 1 fscko/19 3

0 1 0 0 fscko/20 4

0 1 0 1 fscko/21 5

0 1 1 0 fscko/22 6

0 1 1 1 fscko/23 7

1 0 0 0 fscko/24 8

1 0 0 1 fscko/25 9
1 0 1 0 fscko/26 10

1 0 1 1 fscko/27 11
1 1 0 0 fscko/28 12
1 1 0 1 fscko/29 13
1 1 1 0 fscko/30 14
1 1 1 1 Setting prohibited —

Cautions 1. Writing to BRGCO during a communication operation may cause abnormal output from
the baud rate generator and disable further communication operations. Therefore, do
not write to BRGCO during a communication operation.

2. Set BRGCO to 10H when using in infrared data transfer mode.

Remarks 1. fx:  Main system clock oscillation frequency
2. fscko: Source clock for 5-bit counter
3. n:  Value set via TPS00 to TPS02 (0 <n<7)
4. k: Value set via MDLOO to MDLO03 (0 < k < 14)
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(d) Port mode register 2 (PM2)
Port mode register 2 is used to set input/output of port 2 in 1-bit units.
To use the P24/TxD0 pin as a serial data output, set PM24 and the output latch of P24 to 0.
To use the P23/RxD0 pin as a serial data input, and the P25/ASCKO pin as a clock input, set PM23 and PM25
to 1. At this time, the output latches of P23 and P25 can be either 0 or 1.
PM2 is set by a 1-bit or 8-bit memory manipulation instruction.
RESET input sets the value of PM2 to FFH.

Address: FF22H After reset: FFH R/W

Symbol 7 6 5 4 3 2 1 0
PM2 1 1 PM25 PM24 PM23 PM22 PM21 PM20
PM2n I/O mode selection of P2n pin (n = 0 to 5)
0 Output mode (output buffer on)

Input mode (output buffer off)

(2) Data format

Figure 14-12 compares the data format used in UART mode with that used in infrared data transfer mode.

The IR (infrared) frame corresponds to the bit string of the UART frame, which consists of pulses that include
a start bit, eight data bits, and a stop bit.
The length of the electrical pulses that are used to transmit and receive in an IR frame is 3/16 the length of the
cycle time for one bit (i.e., the “bit time”). This pulse (whose width is 3/16 the length of one bit time) rises from
the middle of the bit time (see the figure below).

Bit time

‘ ‘

Pulse width = 3/16 bit time
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Figure 14-12. Data Format Comparison Between Infrared Data Transfer Mode and UART Mode

UART frame
Data bits
_— e T~ B | L
0 1 0 1 0 | 0 1 | 1 0 1 |
Startbit [ DO D1 D2 D3 | D4 D5 ! D6 D7 | Stop bit |
| | |
| | |
IR frame
Start bit | Data bits i Stop bit
f 777777 T T T 77 I | T T T I | | |
0 ! 1 | 0 | 1 | 0 | 0 | 1 | 1 | 0 | 1
|
! | | | | | | | !
| | | | | | | | |
| | | | | | | | |
! l l l l l l l !
| | | | | | | | }
Bit time Pulse width =

3/16 bit time

* (3) Relationship between main system clock and baud rate
Table 14-4 shows the relationship between the main system clock and the baud rate.

Table 14-4. Relationship Between Main System Clock and Baud Rate

fx = 8.3886 MHz fx = 8.000 MHz fx = 7.3728 MHz fx = 5.000 MHz fx = 4.1943 MHz

Baud rate 131031 bps 125000 bps 115200 bps 78125 bps 65536 bps

(4) Bit rate and pulse width
Table 14-5 lists the bit rate, bit rate error tolerance, and pulse width values.

Table 14-5. Bit Rate and Pulse Width Values

3/16 Pulse Width

Bit Rate Bit Rate Error Tolerance | Pulse Width Minimum Value . Maximum Pulse Width
] Note 2 <Nominal Value>
(kbps) (% of Bit Rate) (us) Note (115) (us)
115.2 Note 1 +/— 0.87 1.41 1.63 2.71

Notes 1. Operation with fx = 7.3728 MHz
2. When a digital noise eliminator is used in a microcontroller operating at 1.41 MHz or above.

Caution When using baud rate generator control register 0 (BRGCO) in infrared data transfer mode,
set it to 10H.

Remark fx: Main system clock oscillation frequency
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(5) Input data and internal signals

« Transmit operation timing

UART ) .
output data —\m Stop bit

UART
(Inverted data)

Infrared data transfer
enable signal

(N

TxDO pin
output signal

» Receive operation timing

Data reception is delayed for one-half of the specified baud rate.

UART .
transfer data w

RxDO input —|

1

~A

/ Stop bit

Edge detection —|
Sampling clock |_
............ NS
. \Y)
Receive rate !

Conversion data \ /

A

Sampling timing
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(1) Operation stop mode

% Table 14-6. Register Settings

ASIMO BRGCO PM23 | P23 | PM24 | P24 Pin Function Operation
TXEO | RXEO | PSO1 | PS00 | CLO SLO | ISRMO |IRDAMO| TPS02 | TPS01 | TPS00 | MDLO3 | MDLO2 | MDLO1 | MDL0OO P23/RxD0 | P24/TxD0 Mode
0 0 X X X X X X X X X X X X X X X X X P23 P24 Stop
Other than above Setting prohibited
(2) Asynchronous serial interface (UART) mode
ASIMO BRGCO PM23 | P23 | PM24 | P24 Pin Function Operation
TXEO | RXEO | PSO1 | PS00 | CLO SLO | ISRMO |IRDAMO| TPS02 | TPS01 | TPS00 | MDLO3 | MDLO2 | MDLO1 | MDL0OO P23/RxD0 | P24/TxD0 Mode
0 1 on 0/1 0/1 X 0/1 0 on 01 0/1 0/1 0/1 on on 1 X X X RxD0O P24 Receive
1 0 01 01 0/1 0/1 X 0 01 0/1 0/1 01 0/ (V4 01 X X 0 0 P23 TxDO Transmit
1 1 0N 01 01 o1 0/1 0 on 0/1 01 or1 01 0 on 1 x 0 0 RxDO TxDo | |ransmit
Other than above Setting prohibited
(3) Infrared data transfer mode
ASIMO BRGCO PM23 | P23 | PM24 | P24 Pin Function Operation
TXEO | RXEO | PSO1 | PS00 | CLO SLO | ISRMO |IRDAMO| TPS02 | TPS01 | TPS00 | MDLO3 | MDLO2 | MDLO1 | MDL0OO P23/RxD0 | P24/TxD0 Mode
0 1 on 01 0/1 X 0/1 1 0 0 1 0 0 0 0 1 X X X RxD0O P24 Receive
1 0 0/1 01 01 0/1 x 1 0 0 1 0 0 0 0 X X 0 P23 TxDO Transmit
1 1 o1 | o1 | o1 | o1 | O/ 1 0 0 1 0 0 0 0 1 x 0 0 RxDO TxDO | jransmit
Other than above Setting prohibited
Caution  When using the infrared data transfer mode, set the BRGCO register to 10H.

Remark x: Don’t care, ASIMO: Asynchronous serial interface mode register 0
BRGCO: Baud rate generator control register 0, PMxx: Port mode register, Pxx: Output latch of port
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CHAPTER 15 SERIAL INTERFACE UART2

Serial interface UART2/S103 can be used in asynchronous serial interface (UART) mode or 3-wire serial I/O mode.

Caution Do not enable UART2 and SIO3 at the same time.

1 Functions of Serial Interface UART2

Serial interface UART2 has the following four modes.

Operation stop mode
This mode is used when serial transfers are not performed to reduce power consumption.
For details, see 15.4.1 Operation stop mode.

Asynchronous serial interface (UART) mode (fixed to LSB first)

This mode enables full-duplex operation wherein one byte of data after the start bit is transmitted and received.
The on-chip baud rate generator dedicated to UART enables communications using a wide range of selectable
baud rates. In addition, a baud rate can also be defined by dividing the clock input to the ASCKO pin.

The UART baud rate generator can also be used to generate a MIDI-standard baud rate (31.25 kbps).

For details, see 15.4.2 Asynchronous serial interface (UART) mode.

Multi-processor transfer mode (fixed to LSB first)
In this mode data can be transferred to or received from two or more processors. For details, refer to 15.4.3
Multi-processor transfer mode.

Infrared data transfer (IrDA) mode (fixed to LSB first)
In this mode, pulses can be output or received in the data format of IrDA specification. This mode can be used
to transfer data with another digital device such as a personal computer.

For details, see 15.4.4 Infrared data transfer (IrDA) mode.

Figure 15-1 shows a block diagram of serial interface UART2.
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Figure 15-1. Block Diagram of Serial Interface UART2

S Internal bus S
/\ Asynchronous serial
interface mode
register 2 (ASIM2)
Receive Transmit
RXB2 |buffer TXB2 |buffer |POWER2‘TXE2‘RXE2‘PS21 ‘PS20‘ CL2 ‘ SL2 ‘ISEMZl
register 2 register 2
Asynchronous serial
interface status
- register 2 (ASIS2) v
I\ RX2 Rﬁ;:telve TXS2 Trzaf?smlt
shi shi
RxD2/SO3/P35 © > |vere|Pe2|Fe2 oves| St

Transmit

1
TxD2/513/P34 0~< | (ngrtirt(y’”er+lNTST2
addition)

Receive
|PM34| Output latchf '—=1controller DINTSERZ

(PM34) arit
E:%eclz) — INTSR2

Baud rate ~—© ASCK2/SCK3/P36
generator™™® |« 2 to fy/27

Note For the configuration of the baud rate generator, refer to Figure 15-2.

Figure 15-2. Block Diagram of Baud Rate Generator

Start bit
TXE2 sampling clock
5 [=—© ASCK2/SCK3/P36
8-bit counter : %
« fx/2 to /27
Match
Transmit clock 1/2 <}
Encoder
Match
Receive clock 1/2 ' X ate
8-bit counter
8
RXE2 MDL27|{MDL26 | MDL25|MDL24 |MDL23 |MDL22 |MDL21|{MDL20
Start bit detection
Baud rate generator
control register 2 (BRGC2)
g Internal bus g

Remark TXE2: Bit 7 of asynchronous serial interface mode register 2 (ASIM2)
RXEZ2: Bit 6 of asynchronous serial interface mode register 2 (ASIM2)
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.2 Configuration of Serial Interface UART2
Serial interface UART2 includes the following hardware.

Table 15-1. Configuration of Serial Interface UART2

ltem Configuration

Registers Transmit shift register 2 (TXS2)

Receive shift register 2 (RX2)

Transmit buffer register 2 (TXB2)

Receive buffer register 2 (RXB2)

Asynchronous serial interface status register 2 (ASIS2)
Asynchronous serial interface transmit status register 2 (ASIF2)

Control registers Asynchronous serial interface mode register 2 (ASIM2)
Baud rate generator control register 2 (BRGC2)

Clock select register 2 (CKSEL2)

Transfer mode specification register 2 (TRMC2)

Port mode register 3 (PM3)

Port 3 (P3)

Transmit shift register 2 (TXS2)

This register transmits the data transferred from transmit buffer register 2 (TXB2), as serial data from the TXD2
pin.

The value of this register is set to FFH if bits 7 and 6 (TXE2) of asynchronous serial interface mode register 2
(ASIM2) are cleared to 0. TXS2 cannot be directly manipulated by software.

Receive shift register 2 (RX2)

This register converts serial data input via the RxD2 pin to parallel data. When one byte of data is received at
this register, the receive data is transferred to receive buffer register 2 (RXB2).

RX2 cannot be manipulated directly by a program.

Transmit buffer register 2 (TXB2)

This register sets data to be transmitted. The data written to TXB2 is transferred to transmit shift register 2 (RX2)
and transmitted from the TXD2 pin as serial data.

No data can be written to TXB2 if bit 1 (TXBF) of transmit status register 2 (ASIF2) is 1.

TXB2 is manipulated by using an 8-bit memory manipulation instruction.

RESET input sets the value of TXB2 to FFH.

Receive buffer register 2 (RXB2)

This register holds receive data. When one byte of data is received, one byte of new receive data is transferred
from the receive shift register (RX2).

When the data length is set as 7 bits, receive data is sent to bits 0 to 6 of RXB2. In this case, the MSB of RXB2
is always 0.

If an overrun (OVE2) occurs, however, the receive data is not transferred to RXB2 but is discarded.

RXB2 can be read by an 8-bit memory manipulation instruction. It cannot be written.

The value of this register is also initialized to FFH at reset or by clearing bit 7 (POWER2) of asynchronous serial
interface mode register 2 (ASIM2) to 0.
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Asynchronous serial interface status register 2 (ASIS2)

ASIS2 is a register used to display the error type when a reception error occurs in UART mode.
ASIS2 is read by an 8-bit memory manipulation instruction.

RESET input sets the value of ASIS2 to 00H.

Figure 15-3. Format of Asynchronous Serial Interface Status Register 2 (ASIS2)

Address: FF94H After reset: 00H R

Symbol 7 6 5 4 3 2 1 0
ASIS2 0 0 0 0 MPR2Note 1| pgoNote 1 | FpoNote 1 | Oy EpoNote 1
MPR2 ID reception status flag (during reception in multi-processor transfer mode)Note 2
0 Multi-processor appended bit “1” is not received.
1 Multi-processor appended bit “1” is received.
PE2 Parity error flag
0 No parity error
1 Parity error

(Parity of transmit data does not matchNote 3)

FE2 Framing error flag
0 No framing error
1 Framing errorNote 4

(Stop bit not detected)

OVE2 Overrun error flag
0 No overrun error
1 Overrun errorNote 5
(Next receive operation was completed before data was read from receive buffer register
2 (RXB2))

Notes 1. These bits are reset to 0 if bit 7 (POWER2) of asynchronous serial interface mode register 2 (ASIM2)

is reset to 0.

2. Thisflagis affected only if the multi-processor transfer mode is selected by using bits 6 and 7 (TRM02
and TRM12) of transfer mode specification register 2 (TRMC2).

3. The operation of the parity error flag is affected by the set values of bits 3 and 4 (PS20 and PS21)
of ASIM2.

4. Even if the stop bit length is set to two bits by setting bit 2 (SL2) of ASIM2, stop bit detection during
a receive operation only applies to a stop bit length of 1 bit.

5. Be sure to read the contents of receive buffer register 2 (RXB2) when an overrun error has occurred.
Until the contents of RXB2 are read, further overrun errors will occur when receiving data. The next
receive data is not written to receive buffer register 2 (RXB2) and is discarded.
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(6) Asynchronous serial interface transmit status register 2 (ASIF2)
This register indicates the status of transmission.

It can be set by an 8-bit memory manipulation instruction.
RESET input sets the value of ASIF2 to 00H.

Figure 15-4. Format of Asynchronous Serial Interface Transmit Status Register 2 (ASIF2)

Address: FF95H After reset: 00H R

Symbol 7 6 5 4 3 2 1 0
ASIF2 0 0 0 0 0 0 TXBF TXSF
TXBF Transmit buffer data flag
0 « If bit 7 (POWER2) or bit 6 (TXE2) of asynchronous serial interface mode register 2
(ASIM2) is cleared to 0
« If data is transferred to transmit shift register 2 (TXS2)
1 If data is written to transmit buffer register 2 (TXB2) (if data exists in TXB2)
TXSF Transmit shift register data flag
0 « If bit 7 (POWER2) or bit 6 (TXE2) of asynchronous serial interface mode register 2
(ASIM2) is cleared to 0
» If no more data is transferred from transmit buffer register 2 (TXB2) after completion
of transfer.
1 If data is transferred from transmit buffer register 2 (TXB2) (during transmission)

Cautions 1. To start successive transmission, be sure to check that TXBF is 0 after the first byte of data
has been written to transmit buffer register 2 (TXB2), then write the second byte of data to

TXB2.
2. When successive transmission is in progress, the processing of writing to TXB2 can be

confirmed by checking the value of TXSF after the transmit completion interrupt.
« TXSF = 1: Successive transmission in progress. One-byte data can be written.
« TXSF = 0: Successive transmission is complete. Two-byte data can be written.

3. To initialize (to set TXE2 to 0 or POWER2 to 0) during successive transmission, make sure

When writing, note Caution 1 above.

that TXSF is 0 after the transmit completion interrupt, then initialize.

(7) Transmission controller

8

The transmission controller controls transmit operations, such as adding a start bit, parity bit, and stop bit to data
that is written to transmit shift register 2 (TXS2), based on the values set to asynchronous serial interface mode
register 2 (ASIM2).

Reception controller

The reception controller controls receive operations based on the values set to asynchronous serial interface
mode register 2 (ASIM2). During a receive operation, it performs error checking, such as for parity errors, and
sets various values to asynchronous serial interface status register 2 (ASIS2) according to the type of error that

is detected.
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15.3 Registers to Control Serial Interface UART2
Serial interface UART2 uses the following six registers for control functions.

« Asynchronous serial interface mode register 2 (ASIM2)
« Baud rate generator control register 2 (BRGC2)

» Clock select register 2 (CKSEL2)

» Transfer mode specification register 2 (TRMC2)

» Port mode register 3 (PM3)

+ Port3

(1) Asynchronous serial interface mode register 2 (ASIM2)
This is an 8-bit register that controls serial interface UART2’s serial transfer operations.
ASIM2 is set by a 1-bit or 8-bit memory manipulation instruction.
RESET input sets ASIM2 to 00H.

Figure 15-5. Format of Asynchronous Serial Interface Mode Register 2 (ASIM2) (1/2)

Address: FF90H After reset: 00H R/W

Symbol (6] 4 3 2 1 0
asM2 | Powemrz | Txe2 | Rmxe2 | Pso PS20 cL2 sL2 ISEM?
POWER2 Clock operation enable/stop
0 Stop clock operation. Power consumption decreases and latch in UART2 is
asynchronously reset (TxD2 pin is low).
1 Enable clock operation (TxD2 pin is high).Note 1
TXE2Note 2 Transmission enable/stop
0 Stop transmission (transmission circuit is synchronously reset).
1 Enable transmission.
RXE2Note 3 Stops/Enables Reception enable/stop
0 Stop reception (reception circuit is synchronously reset).
1 Enable reception.
* Notes 1. In the infrared data transfer (IrDA) mode, the TxD2 pin is at the low level.

2. To transmit data with UART?2, first specify the clock operation (set POWER2 to 1 and then TXE2 to
1), wait for the duration of 2 clocksNote 4 and then write the transmit data to transmit buffer register
2 (TXB2). To stop transmission by UART2, specify stopping transmission (TXE2 = 0), wait for the
duration of 2 clocksNote 4 and then stop the clock operation (POWER2 = 0).

3. To receive data with UART?2, first specify the clock operation (set POWER2 to 1 and then RXE2 to
1), wait for the duration of 2 clocksNote4 and then start reception. To stop reception by UART2, specify
stopping reception (RXE2 = 0), wait for the duration of 2 clocksN°t¢ 4 and then stop the clock operation
(POWER2 = 0).

4. The clock is the output clock of the 8-bit counter or the output clock of the baud rate generator.

286 User's Manual U14260EJ2V0UD



CHAPTER 15 SERIAL INTERFACE UART2

Figure 15-5. Format of Asynchronous Serial Interface Mode Register 2 (ASIM2) (2/2)

Notes 1.

pPS21Note 1| pgpgNote 1 Parity bit specification
Transmission Reception

0 0 Do not output parity bit. Reception without parity
0 1 Output 0 parity. Reception as 0 parityNote 2
1 0 Output odd parity. Identified as odd parity.
1 1 Output even parity. Identified as even parity.

CL2Note 3 Data character length specification
0 7 bits
1 8 bits

SL2Note 4 Specification of number of stop bits for transmission
0 1 bit
1 2 bits

ISEM2Note 5 Reception error interrupt signal control

0 INTSR2 is generated

1

INTSER2 is generated

To specify a parity bit, stop transmission and reception (TXE2 = 0 and RXE2 = 0) before rewriting
PS21 and PS20.
The parity is not identified with this setting. Therefore, bit 2 (PE2) of asynchronous serial interface
status register 2 (ASIS2) is not set and the error interrupt does not occur.
To specify a data character length, stop transmission and reception (TXE2 = 0 and RXE2 = 0) before
rewriting CL2.
To specify the number of stop bits, stop transmission (TXE2 = 0) before rewriting SL2. Reception
is always performed on the assumption that the number of stop bits is 1.
To specify an interrupt that occurs in case of an error, stop reception (RXE2 = 0) before rewriting

ISEM2.
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Baud rate generator control register 2 (BRGC2)

This register sets the serial clock for the serial interface.
BRGC2 is set by an 8-bit memory manipulation instruction.
RESET input sets the value of BRGC2 to 00H.

Figure 15-6. Format of Baud Rate Generator Control Register 2 (BRGC2)

Address: FFO3H After reset: 00H  R/W
Symbol 7 6 5 4 3 2 1 0
BRGC2 | MDL27 | MDL26 | MDL25 | MDL24 | MDL23 | MDL22 | MDL21 | MDL20 |

Output clock
MDL27 | MDL26 | MDL25 | MDL24 | MDL23 | MDL22 | MDL21 | MDL20 | selection for baud k
rate generator
0 0 0 0 0 X X X Setting prohibited| —
0 0 0 0 1 0 0 0 fscka/8 8
0 0 0 0 1 0 0 1 fscka/9 9
0 0 0 0 1 0 1 0 fscke/10 10
0 0 0 0 1 0 1 1 fscka/11 11
0 0 0 0 1 1 0 0 fscka/12 12
0 0 0 0 1 1 0 1 fscke/13 13
0 0 0 0 1 1 1 0 fscke/14 14
0 0 0 0 1 1 1 1 fscka/15 15
0 0 0 1 0 0 0 0 fscke/16 16
1 1 1 1 1 1 1 1 fscke/255 255

Caution  Writing to BRGC2 during a communication operation may cause abnormal output from the
baud rate generator and disable further communication operations. Therefore, do not write
to BRGC2 during a communication operation.

Before rewriting BRGC2, clear bits 5 and 6 (RXE2 and TXE2) of asynchronous serial interface
mode register 2 (ASIM2) to 0.

Remarks 1. fscka: Source clock for 8-bit counter
Set by bits 4 to 6 (TPS20 to TPS22) of clock select register 2 (CKSEL2)
2. k: Value set via MDL27 to MDL20 (8 < k < 255)
3. n: Value set via TPS22 to TPS20 (0 <n<7)
4. The equation for the baud rate is as follows.

f—xk [Hz]

[Baud rate] =
2n+1 X
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(38) Clock select register 2 (CKSEL2)

This 8-bit register is used to select the input clock for the baud rate of UART2 and the transmit pulse width of

IrDA.

This register is set by an 8-bit memory manipulation instruction.
RESET input sets the value of this register to 00H.

Figure 15-7. Format of Clock Select Register 2 (CKSELZ2)

Address: FF92H After reset: 00H R/W
Symbol 7 6 5 4 3 2 1 0
CKSEL2 0 TPS22Note | Tpg2qNote | TpgpgNote | Tpwy23 TPW22 TPW21 TPW20
TPS22 TPS21 TPS20 Source clock of 8-bit counter n
0 0 0 External clock input to ASCK2 0
0 0 1 fx/2 1
0 1 0 fx/22 2
0 1 1 fx/23 3
1 0 0 fx/24 4
1 0 1 fx/2° 5
1 1 0 fx/28 6
1 1 1 fx/27 7
TPW23 TPW22 TPW21 TPW20 |[Selection of IrDA transmit pulse width of 1-bit data
0 0 1 0 Width of two fscka clocks
0 0 1 1 Width of three fsckz clocks
0 1 0 0 Width of four fsck2 clocks
0 1 0 1 Width of five fscka clocks
0 1 1 0 Width of six fsckz clocks
0 1 1 1 Width of seven fscka clocks
1 0 0 0 Width of eight fscka clocks
1 0 0 1 Width of nine fscka clocks
1 0 1 0 Width of ten fsckz clocks
1 0 1 1 Width of 11 fsckz clocks
1 1 0 0 Width of 12 fsckz clocks
1 1 0 1 Width of 13 fsckz clocks
1 1 1 0 Width of 14 fsckz clocks
1 1 1 1 Width of 15 fsckz clocks
0 0 0 0 Width of 16 fsckz clocks
Other than above Setting prohibited

Note To rewrite TPS20 to TPS22, clear bit 7 (POWER2) of asynchronous serial interface mode register 2

(ASIM2) to 0.
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Cautions 1.

Remarks fx:

If data is written to CKSEL2 during a communication operation, the output of the baud rate
generator is disturbed and the communication cannot be performed correctly. Therefore,
do not rewrite CKSEL2 during communication.

To transfer data in the infrared data transfer (IrDA) mode, the following conditions must be
satisfied when the transmit pulse width is specified:

(Condition)
141 us < Transmit pulse width < Transfer rate

Set values of bits 0 to 3 Set values of bits 0 to 7

(TPW20 to TPW23) of CKSEL2 (MDL20 to MDL27) of BRGC2
Example If the transmit pulse width is set to the width of three fsckz clocks (TPW23 to TPW20

=0,0,1,1)

~—————— 1-bitcycle ——————=

TxD2 pin ! :

! ' '

' ' ' '
' '
! '

1 3-clock width '

~— Pulse output starts from
the center of the 1-bit cycle.

Main system clock oscillation frequency

fscka: Source clock of 8-bit counter
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(4) Transfer mode specification register 2 (TRMC2)
This 8-bit register is used to specify the transfer mode, switch the interrupt source of INTST2, enable or disable
occurrence of the receive completion interrupt in the multi-processor transfer mode, and specify the multi-
processor transfer appended bit.
This register can be set by a 1-bit or 8-bit memory manipulation instruction.
RESET input sets the value of TRMC2 to 02H.

Figure 15-8. Format of Transfer Mode Specification Register 2 (TRMC2)

Address: FF91H After reset: 02H R/W

Symbol 7 6 5 4 3 2 [0]
TRMC2  [TRM12Nete 1/TRMoNete 1] g 0 ISMD2 0 | MPIEN2 |MPs2Note2|
TRM12 TRMO02 Transfer mode
0 0 UART transfer modeNote 3
0 1 Multi-processor transfer modeNote 3
1 0 Infrared data transfer (IrDA) modeNote 3
1 1
MPIEN2 Receive completion interrupt enable/disable in multi-processor transfer modeNote 4
Condition INTSR2 enable/disable Note 5
oNotes 6,7 | |f “0” is written to this bit Disabled
1 « If bit 7 (POWER2) or bit 6 (TXE2) of Enabled
asynchronous serial interface mode
register 2 (ASIM2) is cleared to 0
« If bit data has been received with multi-
processor appended bit of “1”
ISMD2Note 8 Switching interrupt source of INTST2
0 INTST2 occurs when transmission completed
1 INTST2 occurs when data transfer completed
MPS2 Setting of multi-processor transmission appended bitNote 4
0 Appends “0” as and transmits multi-processor appended bit (during data transmission).
1 Appends “1” as and transmits multi-processor appended bit (during ID transmission).

Notes 1. Beforerewriting TRM12and TRMO02, clear bits 6 (TXE2) and 5 (RXE2) of asynchronous serial interface

mode register 2 (ASIM2) to 0.

2. Before setting a value to MPS2, confirm that bit 1 (TXBF) of asynchronous serial interface transmit
status register 2 (ASIF2) is cleared to 0. Before writing transmit data to transmit buffer register 2
(TXB2), specify whether “0” or “1” is appended as the multi-processor appended bit.

3. Thesettingofbits 0to 4 (ISEM2, SL2, CL2, PS20, and PS21) of ASIM2 s valid in all the transfer modes.

4. The specification by MPIEN2 and MPS2 is valid only when bit 7 (TRM12) is cleared to 0 and bit 6
(TRMO02) is set to 1 (i.e., when the multi-processor transfer mode is set).
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Notes 5.

Remark

Enabling or disabling the occurrence of the receive completion interrupt (INTSR2) in the case of an
error is affected by the setting of bit 0 (ISEM2) of ASIM2.

Even if MPIEN is cleared to O, reception is started when the start bit is detected, in order to detect
address (ID) reception. At this time, an error in the receive data is not detected if the multi-processor
appended bit is “0”. If data “1” is received by mistake, due to bit slip or other cause, when the multi-
processor appended bit is detected, however, ID reception is detected. Consequently, the error in
the receive data is identified, and the error interrupt signal may be generated and the error flag set.

. When bit 7 (POWER2) and bit 5 (RXE2) of ASIM2 have not been set to 1, MPIEN2 cannot be cleared

to 0 (remain 1) even if 0 is written to it.
Before setting ISMD2, clear bit 6 (TXE2) of asynchronous serial interface mode register 2 (ASIM2)
to 0.

When receiving data in the multi-processor transfer mode, the receive completion interrupt (INTSR2)
occurs, regardless of the value of MPIEN2, if data with the multi-processor appended bit set to “1” is
received. Usually, this receive data is an address (ID) that indicates the other party of communication.
The subsequent receive data can be ignored and the occurrence of an unnecessary receive completion
interrupt (INTSR2) can be disabled by comparing this received ID with the ID of the microcontroller
(for which software processing is necessary) and clearing MPIEN2 if the two IDs do not match.

Port mode register 3 (PM3)

PM3 is a register that sets the input/output of port 3 in 1-bit units.

To use the P34/TxD2/SI3 pin as a serial data output, set PM34 and the output latch of P34 to 0.
To use the P35/RxD2/SO3 pin as a serial data input, and the P36/ASCK2/SCKS3 pin as a clock input, set PM35

and PM36 to 1. At this time, the output latches of P35 and P36 can be either 0 or 1.
PM3 is set by a 1-bit or 8-bit memory manipulation instruction.
RESET input sets the value of PM3 to FFH.

Symbol
PM3

Figure 15-9. Format of Port Mode Register 3 (PM3)

Address: FF23H After reset: FFH R/W

7 6 5 4 3 2 1 0

1 PM36 PM35 PM34 PM33 PM32 PM31 PM30
PM3n I/O mode selection of P3n pin (n = 0 to 6)

0 Output mode (output buffer on)

1 Input mode (output buffer off)
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15.4 Operation of Serial Interface UART2
This section explains the four modes of serial interface UART2.

15.4.1 Operation stop mode
Because serial transfer is not performed in this mode, the power consumption can be reduced.
In addition, pins can be used as ordinary ports.

(1) Register to be used
Operation stop mode is set by asynchronous serial interface mode register 2 (ASIM2).
ASIM2 is set by a 1-bit or 8-bit memory manipulation instruction.
RESET input sets the value of ASIM2 to 00H.

Address: FF90H After reset: 00H R/W

Symbol (6] 4 3 2 1 0
asM2 | Powemrz | Txe2 | Rxe2 | Pso PS20 cL2 sL2 ISEM?
POWER2 Clock operation enable/stop
0 Stop clock operation. Power consumption decreases and latch in UART2 is

asynchronously reset (TxD2 pin is low).

TXE2Note 1 Transmission enable/stop

0 Stop transmission (transmission circuit is synchronously reset).
RXE2Note 1 Reception enable/stop

0 Stop reception (reception circuit is synchronously reset).

Notes 1. To stop serial transmission/reception, wait for the duration of 2 clocksN°te2 after specifying stopping
the transmission/reception (TXE2 = 0 or RXE2 = 0), and then stop the clock operation (POWER2
=0).

2. The clock is the output clock of the 8-bit counter or the output clock of the baud rate generator.
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15.4.2 Asynchronous serial interface (UART) mode
This mode enables full-duplex operation wherein one byte of data after the start bit is transmitted or received.
The on-chip baud rate generator dedicated to UART enables communications using a wide range of selectable
baud rates.
The UART baud rate generator can also be used to generate a MIDI-standard baud rate (31.25 kbps).

(1) Registers to be used
» Asynchronous serial interface mode register 2 (ASIM2)
» Asynchronous serial interface status register 2 (ASIS2)
» Baud rate generator control register 2 (BRGC2)
» Asynchronous serial interface transmit status register 2 (ASIF2)
* Clock select register 2 (CKSEL2)
» Transfer mode specification register 2 (TRMC2)
» Port mode register 3 (PM3)
* Port 3 (P3)

(a) Asynchronous serial interface mode register 2 (ASIM2)
ASIM2 is set by a 1-bit or 8-bit memory manipulation instruction.

RESET input sets the value of ASIM2 to 00H.

Address: FFOOH After reset: 00H R/W

Symbol (6] 4 3 2 1 0
ASIM2 | POWER2 | TXE2 | RXE2 | PS21 PS20 CL2 SL2 ISEM2
POWER2 Clock operation enable/stop
0 Stop clock operation. Power consumption decreases and latch in UART2 is
asynchronously reset (TxD2 pin is low).
1 Enable clock operation (TxD2 pin is high).
TXE2Note 1 Transmission enable/stop
0 Stop transmission (transmission circuit is synchronously reset).
1 Enable transmission.
RXE2Note 2 Reception enable/stop
0 Stop reception (reception circuit is synchronously reset).
1 Enable reception.

Notes 1. To transmit data with UART2, first specify the clock operation (set POWER2 to 1 and then TXE2
to 1), wait for the duration of 2 clocksNote 3 and then write the transmit data to transmit buffer
register 2 (TXB2). To stop transmission by UART2, specify stopping transmission (TXE2 = 0),
wait for the duration of 2 clocksNete 3| and then stop the clock operation (POWER2 = 0).

2. To receive data with UART?2, first specify the clock operation (set POWER2 to 1 and then RXE2
to 1), wait for the duration of 2 clocksNote 3, and then start reception. To stop reception by UART2,
specify stopping reception (RXE2 = 0), wait for the duration of 2 clocksNote 3, and then stop the
clock operation (POWER2 = 0).

3. The clock is the output clock of the 8-bit counter or the output clock of the baud rate generator.
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pPS21Note 1 | pgpgNote 1 Parity bit specification
Transmission Reception
0 0 Do not output parity bit. Reception without parity
0 1 Output 0 parity. Reception as 0 parityNote 2
1 0 Output odd parity. Identified odd parity.
1 1 Output even parity. Identified even parity.
CL2Note 3 Data character length specification
0 7 bits
1 8 bits
SL2oNote 4 Specification of number of stop bits for transmission
0 1 bit
1 2 bits
ISEM2Note 5 Reception error interrupt signal control
0 INTSR2 is generated
1 INTSER2 is generated

Notes 1. To specify a parity bit, stop transmission and reception (TXE2 = 0 and RXE2 = 0) before rewriting

PS21 and PS20.

2. The parity is notidentified with this setting. Therefore, bit 2 (PE2) of asynchronous serial interface
status register 2 (ASIS2) is not set and the error interrupt does not occur.

3. To specify a data character length, stop transmission and reception (TXE2 = 0 and RXE2 = 0)
before rewriting CL2.

4. To specify the number of stop bits, stop transmission (TXE2 = 0) before rewriting SL2. Reception
is always performed on the assumption that the number of stop bits is 1.

5. To specify the interrupt that occurs in the case of an error, stop reception (RXE2 = 0) before
rewriting ISEM2.
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(b) Asynchronous serial interface status register 2 (ASIS2)
When a receive error occurs in UART mode, this register indicates the type of error.

ASIS2 can be read by an 8-bit memory manipulation instruction.
RESET input sets the value of ASIS2 to 00H.

Address: FF94H After reset: 00H R

Symbol 7 6 5 4 3 2 1 0
ASIS2 0 0 0 0 MPR2Note 1| pppNote 1 | pppNote 1 | gyEoNote 1
PE2 Parity error flag
0 No parity error
1 Parity error
(Incorrect parity bit detectedNote 2)
FE2 Framing error flag
0 No framing error
1 Framing errorNote 3
(Stop bit not detected)
OVE2 Overrun error flag
0 No overrun error
1 Overrun errorNote 4
(Next receive operation was completed before data was read from receive buffer register
2 (RXB2))
Notes 1. These bits are reset to 0 if bit 7 (POWER2) of asynchronous serial interface mode register 2

(ASIM2) is reset to 0.

The operation of the parity error flag is affected by the set values of bits 3 and 4 (PS20 and PS21)

of ASIM2.

Evenif the stop bit length is set to two bits by setting bit 2 (SL2) in ASIM2, stop bit detection during

a receive operation only applies to a stop bit length of 1 bit.

Be sure to read the contents of receive buffer register 2 (RXB2) when an overrun error has

occurred.

Until the contents of RXB2 are read, further overrun errors will occur when receiving data. The

next receive data is not written to receive buffer register 2 (RXB2) and is discarded.
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(c) Baud rate generator control register 2 (BRGC2)

BRGC2 is set by an 8-bit memory manipulation instruction.

RESET input sets the value of BRGC2 to 00H.

Address: FF93H After reset:

Symbol 7

6

00H R/W

5

4

3

2

1

0

BRGC2 | MDL27 | MDL26 | MDL25 | MDL24 | MDL23 | MDL22 | MDL21 | MDL20 |

Output clock
MDL27 | MDL26 | MDL25 | MDL24 | MDL23 | MDL22 | MDL21 | MDL20 | selection for baud k
rate generator
0 0 0 0 0 X X X Setting prohibited| —
0 0 0 0 1 0 0 0 fscka/8 8
0 0 0 0 1 0 0 1 fscka/9 9
0 0 0 0 1 0 1 0 fscke/10 10
0 0 0 0 1 0 1 1 fscka/11 11
0 0 0 0 1 1 0 0 fscka/12 12
0 0 0 0 1 1 0 1 fscke/13 13
0 0 0 0 1 1 1 0 fscke/14 14
0 0 0 0 1 1 1 1 fscka/15 15
0 0 0 1 0 0 0 0 fscke/16 16
1 1 1 1 1 1 1 1 fscke/255 255

Caution  Writing to BRGC2 during a communication operation may cause abnormal output from
the baud rate generator and disable further communication operations. Therefore, do not
write to BRGC2 during a communication operation. Before rewriting BRGC2, clear bits
5 and 6 (RXE2 and TXE2) of asynchronous serial interface mode register 2 (ASIM2) to 0.

Remarks 1.

2.

fscke:

Source clock for 8-bit counter
Set by bits 4 to 6 (TPS20 to TPS22) of clock select register 2 (CKSEL2)

Value set via MDL27 to MDL20 (8 < k < 255)
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(d) Asynchronous serial interface transmit status register 2 (ASIF2)
This register can be set by an 8-bit memory manipulation instruction.
RESET input sets the value of ASIF2 to 00H.

Address: FF95H After reset: 00H R

Symbol 7 6 5 4 3 2 1 0
ASIF2 0 0 0 0 0 0 TXBF TXSF
TXBF Transmit buffer data flag
0 « If bit 7 (POWER2) or bit 6 (TXE2) of asynchronous serial interface mode register 2

(ASIM2) is cleared to 0
If data is transferred to transmit shift register 2 (TXS2)

.

1 If data is written to transmit buffer register 2 (TXB2) (if data exists in TXB2)
TXSF Transmit shift register data flag
0 « If bit 7 (POWER2) or bit 6 (TXE2) of asynchronous serial interface mode register 2

(ASIM2) is cleared to 0
» If no more data is transferred from transmit buffer register 2 (TXB2) after completion
of transfer.

1 If data is transferred from transmit buffer register 2 (TXB2) (during transmission)

Cautions 1. To transmit data successively, be sure to check that TXBF is 0 after the first byte of
data has been written to transmit buffer register 2 (TXB2), then write the second byte
of data to TXB2.

2. When successive transmission is in progress, the processing of writing to TXB2 can
be confirmed by checking the value of TXSF after the transmit completion interrupt.
« TXSF = 1: Successive transmission in progress. One-byte data can be written.
« TXSF = 0: Successive transmission is complete. Two-byte data can be written.
When writing, note Caution 1 above.
3. To initialize (to set TXE2 to 0 or POWER2 to 0) during successive transmission, make
sure that TXSF is 0 after the transmit completion interrupt, then initialize.
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(e) Clock select register 2 (CKSEL2)
This register is set by an 8-bit memory manipulation instruction.
RESET input sets the value of CKSEL2 to 00H.

Address: FF92H After reset: 00H R/W

Symbol 7 6 5 4 3 2 1 0
CKSEL2 0 TPS22Note | Tpg21Note | TpgpgNote | TPW23 TPW22 TPW21 TPW20
TPS22 TPS21 TPS20 Source clock of 8-bit counter n
0 0 0 External clock input to ASCK2 0
0 0 1 fx/2 1
0 1 0 fx/22 2
0 1 1 fx/23 3
1 0 0 fx/24 4
1 0 1 fx/2° 5
1 1 0 fx/28 6
1 1 1 fx/27 7

Note To rewrite TPS20 to TPS22, clear bit 7 (POWERZ2) of asynchronous serial interface mode register

2 (ASIM2) to 0.

Caution If data is written to CKSEL2 during a communication operation, the output of the baud
rate generator is disturbed and the communication cannot be performed correctly.

Therefore, do not rewrite CKSEL2 during communication.
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The transmit/receive clock that is used to generate the baud rate is obtained by dividing the main system
clock.

» Transmit/receive clock generation for baud rate by using main system clock
The main system clock is divided to generate the transmit/receive clock. The baud rate generated from
the main system clock is determined according to the following formula.
fx

Baud rate] = ——— [Hz
[ I= o

fx: Oscillation frequency of main system clock
When ASCK?2 is selected as the source clock of the 8-bit counter, substitute the input clock frequency
to ASCK2 pin for fx in the above expression.
n: Value set via TPS20 to TPS22 (0 <n <7)
For details, see (e) Clock select register (CKSEL2).
k: Value set via MDL27 to MDL20 (8 < k < 255)
For details, see (c) Baud rate generator control register 2 (BRGC2).

+ Baud rate error
The baud rate error can be calculated by the following expression:

Baud rate [bps]
[Baud rate error] = x 100 — 100 [%]

Targeted baud rate [bps]

Table 15-2 shows an example of the relationship between the main system clock and a baud rate.

Table 15-2. Relationship Between Main System Clock and Baud Rate

Baud Rate [bps] fx = 7.37 MHz fx = 5.0 MHz fx = 4.19 MHz
n k | Error (%) n k | Error (%) n k | Error (%)

300 7 96 —-0.04 7 65 0.16 6 109 0.11
600 7 48 —-0.04 6 65 0.16 5 109 0.11
1200 7 24 -0.04 5 65 0.16 4 109 0.11
2400 6 24 —-0.04 4 65 0.16 3 109 0.11
4800 5 24 —-0.04 3 65 0.16 2 109 0.11
9600 4 24 —-0.04 2 65 0.16 1 109 0.11
19200 3 24 —-0.04 1 65 0.16 - - -
31250 1 59 —-0.07 1 40 0 - - -
38400 2 24 -0.04 - - - - - _
76800 1 24 -0.04 - - - - - -

Remarks fx: Main system clock oscillation frequency
n: Value set by TPS20 to TPS22 (0 <n<7)
k: Value set by MDL27 to MDL20 (8 < k < 255)
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» Permissible baud rate range for reception

Figure 15-10. Minimum Permissible Data Frame Length and Maximum Permissible Data Frame Length

Latch timing

VoV VAR VARV
Efa&fé%rfge length _\START /< DO X D1 X // D7 X P >/STIP\

FL
l 1 data frame (11 x FL)

AR RS

Minimum permissible \
data frame length \START/< Do X D1 X / P >/STOP;\

l FLmin l

Maximum permissible !
data frame length START/< Do X D1 X / D7 X P >/ESTOP\

‘ FLmax ‘

As shown in the timing chart in Figure 15-10, the latch timing of the receive data is determined by the
counter set by using baud rate generator control register 2 (BRGC?2) after the stop bit has been detected.
If the last data (stop bit) is received within this latch timing, the data can be correctly received.

This latch timing has a margin of two clocks.

Take reception of 11-bit data as an example:

1 bit data length of UART2: FL = (Brate)™

-2
Minimum permissible data frame length: FLmin = 11 x FL — o x FL
21k + 2
=——xFL
2k

Therefore, the maximum receivable baud rate of the transmission destination is as follows:

22k
BRmax = (FImin/11)"' = ——— Brate
21k + 2
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Similarly, the maximum permissible data frame length is as follows:

10 k+2
— FLmax = 11 xFL - x FL
11 2k

21k -2

= — xFL
2k
21k - 2
FLmax = —— x FL x 11
20k

Therefore, the maximum receivable baud rate of the transmission destination is as follows:

BRmin = (FLmax/11)" = Brate

0
21k -2
Remark Brate: Baud rate of UART2

k: Value set by MDL27 to MDL20 (8 < k < 255)
FL: 1 bit data length

From the above expressions for the maximum and minimum baud rates, the permissible error of the baud
rate between UART2 and the transmission destination can be calculated as follows:

Table 15-3. Maximum Permissible Baud Rate Error and Minimum Permissible Baud Rate Error

k Maximum Permissible Baud Rate Error (%) | Minimum Permissible Baud Rate Error (%)
8 +3.53 -3.61

20 +4.26 -4.31

50 +4.56 -4.58

100 +4.66 -4.67

255 +4.72 -4.73

Caution The above error tolerance value is the value calculated based on the ideal sample point.
In the actual design, allow margins that include errors of timing for detecting a start
bit.

Remark k: Value set by MDL27 to MDL20 (8 < k < 255)
The accuracy of reception is dependent upon the number of bits in one frame, input clock frequency, and

division ratio k (the higher the input clock frequency and the higher the division ratio k, the higher the
accuracy).
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(f) Transfer mode specification register 2 (TRMC2)
This register can be set by a 1-bit or 8-bit memory manipulation instruction.
RESET input sets the value of TRMC2 to 02H.

Address: FF91H After reset: 02H R/W

Symbol 7 6 5 4 3 2 [0]
TRMC2  [TRM12Note tfTRMmozNote 1] o 0 ISMD2 0 | MPEN2 | wmps2
TRM12 TRMO02 Transfer mode
0 0 UART transfer modeNote 2
ISMD2Note 3 Switching interrupt source of INTST2
0 INTST2 occurs when transmission is completed
1 INTST2 occurs when data transfer is completed

Notes 1. Before rewriting TRM12 and TRMO02, clear bits 6 (TXE2) and 5 (RXE2) of asynchronous serial
interface mode register 2 (ASIM2) to 0.

2. The setting of bits 0 to 4 (ISEM2, SL2, CL2, PS20, and PS21) of ASIM2 is valid.

3. Before setting ISMD2, clear bit 6 (TXE2) of asynchronous serial interface mode register 2 (ASIM2)

to 0.

(g) Port mode register 3 (PM3)
PM3 is a register that sets the input/output of port 3 in 1-bit units.

To use the P34/TxD2/SI3 pin as a serial data output, set PM34 and the output latch of P34 to 0.

To use the P35/RxD2/SOS3 pin as a serial data input, and the P36/ASCK2/SCKS3 pin as a clock input, set
PM35 and PM36 to 1. At this time, the output latches of P35 and P36 can be either 0 or 1.
PM3 is set by a 1-bit or 8-bit memory manipulation instruction.

RESET input sets the value of PM3 to FFH.

Address: FF23H After reset: FFH R/W

Symbol 7 6 5 4 3 2 1 0
PM3 1 PM36 PM35 PM34 PM33 PM32 PM31 PM30
PM3n I/O mode selection of P3n pin (n = 0 to 6)
0 Output mode (output buffer on)

Input mode (output buffer off)
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(2) Communication operations

(a) Data format
Figure 15-11 shows the format of the transmit/receive data.

Figure 15-11. Example of Transmit/Receive Data Format in Asynchronous Serial Interface

} 1 data frame ‘

;‘ta” po | D1 | D2 | D3| ps| D5 | pe | D7 Ei"t‘"”y Stop bit

} Character bits }

1 data frame consists of the following bits.

« Start bit ............. 1 bit

» Character bits ... 7 bits or 8 bits (first LSB)

» Parity bit ........... Even parity, odd parity, zero parity, or no parity
+ Stop bit(s) ......... 1 bit or 2 bits

Asynchronous serial interface mode register 2 (ASIM2) is used to set the character bit length, parity selection,
and stop bit length within each data frame.

When “7 bits” is selected as the number of character bits, only the lower 7 bits (bits 0 to 6) are valid, so that
during a transmission the highest bit (bit 7) is ignored and during reception the highest bit (bit 7) must be
set to 0.

Baud rate generator control register 2 (BRGC2) and clock select register 2 (CKSEL2) are used to set the
serial transfer rate.

If a receive error occurs, information about the receive error can be ascertained by reading asynchronous
serial interface status register 2 (ASIS2).
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(b) Parity types and operations
The parity bit is used to detect bit errors in transfer data. Usually, the same type of parity bit is used by the
transmitting and receiving sides. When odd parity or even parity is set, errors in the parity bit (the odd-number
bit) can be detected. When zero parity or no parity is set, errors are not detected.

(i) Even parity

.

During transmission
The number of character bits in transmit data that includes a parity bit is controlled so that there are
an even number of bits whose value is 1. The value of the parity bit is as follows.

If the transmit data contains an odd number of character bits whose value is 1: the parity bit is “1”
If the transmit data contains an even number of character bits whose value is 1: the parity bit is “0”

During reception
The number of character bits whose value is 1 is counted in the transfer data that includes a parity
bit, and a parity error occurs when the counted result is an odd number.

(ii) Odd parity

During transmission
The number of character bits in transmit data that includes a parity bit is controlled so that there is
an odd number of bits whose value is 1. The value of the parity bit is as follows.

If the transmit data contains an odd number of character bits whose value is 1: the parity bit is “0”
If the transmit data contains an even number of character bits whose value is 1: the parity bit is “1”

During reception
The number of character bits whose value is 1 is counted in the transfer data that includes a parity
bit, and a parity error occurs when the counted result is an even number.

(iii) Zero parity
During transmission, the parity bit is set to “0” regardless of the transmit data.

During reception, the parity bit is not checked. Therefore, no parity errors will occur regardless of

whether the parity bit is a “0” or a “1”.

(iv) No parity
No parity bit is added to the transmit data.

During reception, receive data is regarded as having no parity bit. Since there is no parity bit, no parity

errors will occur.
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(c) Transmission
If the UART transfer mode is selected by using transfer mode specification register 2 (TRMC2) and bit 7
(POWER?2) of asynchronous serial interface mode register 2 (ASIM2) is set to 1, the TxD2 pin outputs a high
level. If bit 6 (TxE2) of ASIM2 is set to 1 next, transmission is enabled. Transmission can be started by
writing transmit data to transmit buffer register 2 (TXB2). The start bit, parity bit, and stop bit are automatically
appended to the transmit data.
When transmission has been started, the data in TXB2 is transferred to transmit shift register 2 (TXS2) and
is sequentially output to the TxD2 pin, starting from the LSB. If the data to be transmitted next has been
written to TXB2 by the time transmission is complete, transmitting the next data is started. If no more data
has been written to TXB2, transmission is stopped until the next data is written.
Figure 15-12 illustrates the timing of the transmit interrupt.

Figure 15-12. Timing of Asynchronous Serial Interface Transmit Completion Interrupt Request

(i) Stop bit length: 1 bit, TRMC2: ISMD2 = 0

TxD2 (output) \START/ DO X D1 X D2 X?gx D6 X D7 XParity/STOPI
|

|
|
1
INTST2 |_|

(ii) Stop bit length: 2 bits, TRMC2: ISMD2 = 0

TxD2 (output) \START/ Do X D1 X D2 B D6 X D7 XParity STOP |
INTST2 —|

(iii) Successive transmission. Stop bit length: 2 bits, TRMC2: ISMD2 = 1

If next transmit data is
written to TXB2

TxD2 (output) \sTART/ D0 ) D1 p7 Y Party/ sTOP )\START/ Dox
INTST2 —I

Remark TRMC2: Transfer mode specification register 2
ISMD2: Bit 3 of TRMC2
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(d)

Caution Do not rewrite asynchronous serial interface mode register 2 (ASIM2) during a transmit
operation. Rewriting the ASIM2 register during a transmit operation may disable further
transmit operations (in such cases, input a RESET to restore normal operation).

Successive transmission

The next transmit data can be written to transmit buffer register 2 (TXB2) as soon as transmit shift register
2 (TXB2) has started its shift operation. Consequently, even while an interrupt is being serviced after one
data frame has been transmitted, data can be successively transmitted.

To successively transmit data, be sure to check, by using asynchronous serial interface transmit status
register 2 (ASIF2), the transmission status and whether writing to TXB2 is enabled or disabled, and then
write the data to TXB2.

The following table shows the relationship between the transmission status and writing to TXB2.

Table 15-4. Writing to TXBF and TXB2 (When Successive Transmission Is Started)

TXBF Writing to TXB2 When Successive Transmission Is Started
0 Enabled
1 Disable

Caution When starting successive transmission, write the first byte of data to transmit buffer
register 2 (TXB2), and then make sure to write data to TXB2 again.

Remark TXBF: Bit 1 of ASIF2

Table 15-5. Writing to TXSF and TXB2 (When Successive Transmission Is in Progress)

TXBF Writing to TXB2 When Successive Transmission Is in Progress
0 Two-byte writing or transmit completion processing enabled
1 One-byte writing enabled

Cautions 1. When successive transmission in progress, the processing of writing to TXB2 can be
confirmed by checking the value of TXSF after the transmit completion interrupt.
« TXSF = 1: Successive transmission in progress. One-byte data can be written.
« TXSF = 0: Successive transmission is complete. Two-byte data can be written.
When writing, note the Caution in Table 15-4.
2. Toinitialize (to set TXE2 to 0 or POWER2 to 0) during successive transmission, make
sure that TXSF is 0 after the transmit completion interrupt, then initialize.
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Figure 15-13 shows the processing flow of successive transmission.

Figure 15-13. Processing Flow of Successive Transmission

o )

Read various registers

Write data to TXB2
Read ASIF2
No
Yes

( Interrupt occurred )

No Required number

of writes performed?
Read ASIF2 Read ASIF2
No No
Yes Yes

. Completion of

Write data to TXB2 ( transmission processing )

Wait for occurrence
of interrupt
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The following figures and tables show the timing of starting and completing successive transmission.

Figure 15-14. Timing of Starting Successive Transmission

TxD2 (output) | Start:  Data (1) iParity Stop | Start : Data (1) iParity Start | Start
<1>  <2> <3> <4> <5>
INTST2 —| —|
TXB2 FF x Data (1) Data (2) Data (3) ><
Data transfer L Data transferi L Data transferi L
TXS2 FF Data (1) X‘ Data (2) >< Data (3)
|
e _/ \_/ \_/
TXSF /

Table 15-6. Timing of Starting Successive Transmission

Read ASIF2 (to confirm TXBF = 0)
and write data (3).

Transmission Procedure Internal Operation TXBF TXSF
Set transmission mode. <1> Starts transmission unit. 0 0
Write data (1). 1 0
<2> Generates start bit and starts 0 1
transmitting data (1).
Read ASIF2 (to confirm TXBF = 0) 1 1
and write data (2).
(during transmission)
<3> Interrupt (INTST2) occurs. 0 1
Read ASIF2 (to confirm TXBF = 0) 1 1
and write data (3).
<4> Generates start bit and starts
transmitting data (2).
(during transmission)
<5> Interrupt (INTST2) occurs. 0 1

Remarks 1. <1> to <5> in this table correspond to <1> to <5> in Figure 15-14.

2. TXBF: Bit1 (transmitbuffer data flag) of asynchronous serial interface transmit status register

2 (ASIF2)

TXSF: Bit 0 of ASIF2 (transmit shift register data flag)

User's Manual U14260EJ2V0OUD

309



CHAPTER 15 SERIAL INTERFACE UART2

Figure 15-15. Timing of Completing Successive Transmission

TxD2 (Output)  :Parity| Stop [Start: Data (n — 1) :Parity|Stop | Start: Data (n — 1) Parity|  Stop
<1> <2> <3> <4> <5> <6>
~ POWER2 or
TXE2 is cleared.
INTST2 —| —| —|
TXB2 Data(n-1) X Data (n) \
Data iL Data iL
transfer transfer
TXS2 X‘ Data (n — 1) X | Data (n) FF

'
TXBF \_/ \
TXSF \/

Table 15-7. Timing of Completing Successive Transmission

Transmission Procedure Internal Operation TXBF TXSF
<1> Data (n-2) is transmitted. 1 1
T <2> Interrupt (INTST2) occurs. | 0 | 1 |
[ Read ASIF2 (to confirm TXBF =0) | | 1 | 1]

and write data (n).

<3> Generates start bit and starts
transmitting data (n—1).

Read ASIF2 (to confirm TXBF = 0). 1 1
No data to be written.

<5> Generates start bit and starts
transmitting data (n).

Read ASIF2 (to confirm TXBF = 0) Initializes internal circuit.
and clear POWER2 or TXE2.

Remarks 1. <1> to <6> in this table correspond to <1> to <6> in Figure 15-15.
2. TXBF: Bit 1 (transmit buffer data flag) of asynchronous serial interface transmission status
register 2 (ASIF2)
TXSF: Bit 0 of ASIF2 (transmit shift register data flag)
POWER2: Bit 7 of asynchronous serial interface mode register 2 (ASIM2)
TXE2: Bit 6 of ASIM2
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(d) Reception

The interface enters the reception wait status if the UART transfer mode is specified by using transfer mode
specification register 2 (TRMC2) and bit 5 (RXE2) of asynchronous serial interface mode register 2 (ASIM2)
is set to 1 after bit 7 (POWER2) has been set to 1. In this status, the RxD2 pin is monitored to detect the
start bit. When the start bit is detected, reception is started, and serial data is sequentially stored in receive
shift register 2 (RX2) at the specified baud rate.

When the stop bit is received, a receive completion interrupt (INTSR2) occurs and, at the same time, the
data in RX2 is written to receive buffer register 2 (RXB2). If an overrun error (OVE2) occurs, however, the
receive data is not written to RXB2 but discarded. Even if a parity error (PE2) or framing error (FE2) occurs
during reception, reception continues up to the position at which the stop bitis received, and an error interrupt
(INTSR2/INTSER2) occurs after completion of reception.

Figure 15-16. Timing of Asynchronous Serial Interface Receive Completion Interrupt Request

RxD2 (input) \START/ DO X D1 X D2 X?gx D6 X D7 XParity STOP
INTSR2 {]

RXB2 X

Caution During reception, the number of stop bits is always 1. A second stop bit is ignored.
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312

(e) Receive errors

Three types of errors can occur during a receive operation: a parity error, framing error, or overrun error.
If, as the result of data reception, an error flag is set in asynchronous serial interface status register 2 (ASIS2),
a receive error interrupt request (INTSR2/INTSER2) will occur. Table 15-8 lists the causes behind receive

errors.

As part of receive error interrupt request (INTSR2/INTSER2) servicing, the contents of ASIS2 can be read
to determine which type of error occurred during the receive operation (see Table 15-8 and Figure 15-17).
The contents of ASIS2 are reset (to 0) when receive buffer register 2 (RXB2) is read or when the next data

is received (if the next data contains an error, its error flag will be set).

Table 15-8. Causes of Receive Errors

receive buffer register 2 (RXB2)

Receive Error Cause ASIS2 Value
Parity error Specified parity does not match parity of receive data 04H
Framing error | Stop bit was not detected 02H
Overrun error | Reception of the next data was completed before data was read from 01H

Caution Even if data is written to TXB2 when data remains in transmit buffer register 2 (TXB2), an

overrun error will not occur.

RxDO (input) \START/ DO X D1 X D2 X?gx D6 X D7 XParity

Figure 15-17. Receive Error Timing

INTSR2 or INTSER2Nete

Cautions 1. The contents of asynchronous serial interface status register 2 (ASIS2) are reset (to
0) when receive buffer register 2 (RXB2) is read or when the next data is received. To
obtain information about the error, be sure to read the contents of ASIS2 before reading

Note The interrupts can be divided into INTSR2 and INTSER2 by setting bit 0 (ISEM2) of asynchronous

STOP

|

RXB2.

Be sure to read the contents of receive buffer register 2 (RXB2) even when a receive
error has occurred. Overrun errors will occur during the next data receive operations

and the receive error status will remain until the contents of RXB2 are read.

serial interface mode register 2 (ASIM2) to 1.
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Figure 15-18. INTSR2 and INTSER2

(1) If ISEM2 is cleared to 0 (error interrupt is included in INTSR2)

(a) No error at reception (b) Error at reception
INTSR2 | | INTSR2 | |
INTSER2 INTSER2

(2) If ISEM2 is set to 1 (to separate INTSR2 and INTSER2)
(a) No error at reception (b) Error at reception

INTSR2 | | INTSR2

INTSER2 INTSER2 | |
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15.4.3 Multi-processor transfer mode
In this mode, data can be transferred to or received from two or more processors.

(1) Registers to be used
+ Asynchronous serial interface mode register 2 (ASIM2)
» Asynchronous serial interface status register 2 (ASIS2)
» Baud rate generator control register 2 (BRGC2)
« Asynchronous serial interface transmit status register 2 (ASIF2)
« Clock select register 2 (CKSEL2)
» Transfer mode specification register 2 (TRMC2)
» Port mode register 3 (PM3)
* Port 3 (P3)

(a) Asynchronous serial interface mode register 2 (ASIM2)
ASIM2 can be set by a 1-bit or 8-bit memory manipulation instruction.
RESET input sets the value of ASIM2 to O0H.

Address: FFOOH After reset: 00H R/W

Symbol (6] 4 3 2 1 0
ASIM2 | POWER2 | TXE2 | RXE2 | PS21 PS20 CL2 SL2 ISEM2
POWER2 Clock operation enable/stop
0 Stop clock operation. Power consumption decreases and latch in UART2 is
asynchronously reset (TxD2 pin is low).
1 Enable clock operation (TxD2 pin is high).
TXE2Note 1 Transmission enable/stop
0 Stop transmission (transmission circuit is synchronously reset).
1 Enable transmission.
RXE2Note 2 Reception enable/stop
0 Stop reception (reception circuit is synchronously reset).
1 Enable reception.

Notes 1. To transmit data with UART2, first specify the clock operation (set POWER2 to 1 and then TXE2
to 1), wait for the duration of 2 clocksNote 3| and then write the transmit data to transmit buffer
register 2 (TXB2). To stop transmission by UART2, specify stopping transmission (TXE2 = 0),
wait for the duration of 2 clocksNete 3, and then stop the clock operation (POWER2 = 0).

2. To receive data with UART?2, first specify the clock operation (set POWER2 to 1 and then RXE2
to 1), wait for the duration of 2 clocksNote 3, and then start reception. To stop reception by UART2,
specify stopping reception (RXE2 = 0), wait for the duration of 2 clocksNote 3, and then stop the
clock operation (POWER2 = 0).

3. The clock is the output clock of the 8-bit counter or the output clock of the baud rate generator.
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pPS21Note 1| pgpgNote 1 Parity bit specification
Transmission Reception
0 0 Do not output parity bit. Reception without parity
0 1 Output 0 parity. Reception as 0 parityNote 2
1 0 Output odd parity. Identified as odd parity.
1 1 Output even parity. Identified as even parity.
CL2Note 3 Data character length specification
0 7 bits
1 8 bits
SL2oNote 4 Specification of number of stop bits for transmission
0 1 bit
1 2 bits
ISEM2Note 5 Reception error interrupt signal control
0 INTSR2 is generated
1 INTSER2 is generated

Notes 1. To specify a parity bit, stop transmission and reception (TXE2 = 0 and RXE2 = 0) before rewriting
PS21 and PS20.

2. The parity is notidentified with this setting. Therefore, bit 2 (PE2) of asynchronous serial interface

status register 2 (ASIS2) is not set and the error interrupt does not occur.

3. To specify a data character length, stop transmission and reception (TXE2 = 0 and RXE2 = 0)

before rewriting CL2.

4. To specify the number of stop bits, stop transmission (TXE2 = 0) before rewriting SL2. Reception

is always performed on the assumption that the number of stop bits is 1.

5. To specify the interrupt that occurs in the case of an error, stop reception (RXE2 = 0) before
rewriting ISEM2.
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(b) Asynchronous serial interface status register 2 (ASIS2)
ASIS2 is a register used to display the error type when a reception error occurs in UART mode.
ASIS2 is read by an 8-bit memory manipulation instruction.
RESET input sets the value of ASIS2 to O0H.

Address: FF94H After reset: 00H R

Symbol 7 6 5 4 3 2 1 0
ASIS2 0 0 0 0 MPR2Note 1| pgpNote 1 | pEpNote 1 | gy EpNote 1
MPR2 ID reception status flag (during reception in multi-processor transfer mode)Note 2
0 Multi-processor appended bit “1” is not received.
1 Multi-processor appended bit “1” is received.
PE2 Parity error flag
0 No parity error
1 Parity error

(Parity of transmit data does not matchNote 3)

FE2 Framing error flag
0 No framing error
1 Framing errorNote 4

(Stop bit not detected)

OVE2 Overrun error flag
0 No overrun error
1 Overrun errorNote 5

(Next receive operation was completed before data was read from receive buffer register
2 (RXB2))

Notes 1. These bits are reset to 0 if bit 7 (POWER2) of asynchronous serial interface mode register 2

(ASIM2) is reset to 0.

2. This flag is affected only if the multi-processor transfer mode is selected by using bits 6 and 7
(TRMO02 and TRM12) of transfer mode specification register 2 (TRMC2).

3. The operation of the parity error flag is affected by the set values of bits 3 and 4 (PS20 and PS21)
of ASIM2.

4. Evenifthe stop bitlength is set to two bits by setting bit 2 (SL2) in ASIM2, stop bit detection during
a receive operation only applies to a stop bit length of 1 bit.

5. Be sure to read the contents of the receive buffer register 2 (RXB2) when an overrun error has
occurred. Until the contents of RXB2 are read, further overrun errors will occur when receiving
data. The next receive data is not written to receive buffer register 2 (RXB2) and is discarded.
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(c) Baud rate generator control register 2 (BRGC2)

BRGC2 is set by an 8-bit memory manipulation instruction.

RESET input sets the value of BRGC2 to 00H.

Address: FF93H After reset: 00H

Symbol 7

6

5

R/W

4

3

2

1

0

BRGC2 | MDL27 | MDL26 | MDL25 | MDL24 | MDL23 | MDL22 | MDL21 | MDL20 |

Output clock
MDL27 | MDL26 | MDL25 | MDL24 | MDL23 | MDL22 | MDL21 | MDL20 | selection for baud k
rate generator
0 0 0 0 0 X X X Setting prohibited| —
0 0 0 0 1 0 0 0 fscka/8 8
0 0 0 0 1 0 0 1 fscka/9 9
0 0 0 0 1 0 1 0 fscke/10 10
0 0 0 0 1 0 1 1 fscka/11 11
0 0 0 0 1 1 0 0 fscka/12 12
0 0 0 0 1 1 0 1 fscke/13 13
0 0 0 0 1 1 1 0 fscke/14 14
0 0 0 0 1 1 1 1 fscka/15 15
0 0 0 1 0 0 0 0 fscke/16 16
1 1 1 1 1 1 1 1 fscke/255 255

Caution  Writing to BRGCO during a communication operation may cause abnormal output from
the baud rate generator and disable further communication operations. Therefore, do not

write to BRGCO during a communication operation.

Before rewriting BRGC2, clear bits 5 and 6 (RXE2 and TXE2) of asynchronous serial
interface mode register 2 (ASIM2) to 0.

Remarks 1.

fsck2: Source clock for 8-bit counter

Set by bits 4 to 6 (TPS20 to TPS22) of clock select register 2 (CKSEL2)

. ke Value set via MDL27 to MDL20 (8 < k < 255)
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(d) Asynchronous serial interface transmit status register 2 (ASIF2)
This register indicates the status of transmission.
It can be set by an 8-bit memory manipulation instruction.
RESET input sets the value of ASIF2 to 00H.

Address: FF95H After reset: 00H R

Symbol 7 6 5 4 3 2 1 0
ASIF2 0 0 0 0 0 0 TXBF TXSF
TXBF Transmit buffer data flag
0 « If bit 7 (POWER2) or bit 6 (TXE2) of asynchronous serial interface mode register 2
(ASIM2) is cleared to 0
« If data is transferred to transmit shift register 2 (TXS2)
1 If data is written to transmit buffer register 2 (TXB2) (if data exists in TXB2)
TXSF Transmit shift register data flag
0  If bit 7 (POWERZ2) or bit 6 (TXE2) of asynchronous serial interface mode register 2
(ASIM2) is cleared to 0
» If no more data is transferred from transmit buffer register 2 (TXB2) after completion
of transfer.
1 If data is transferred from transmit buffer register 2 (TXB2) (during transmission)

Cautions 1. To start successive transmission, be sure to check that TXBF is 0 after the first byte
of data has been written to transmit buffer register 2 (TXB2), then write the second byte

of data to TXB2.

2. When successive transmission is in progress, the processing of writing to TXB2 can
be confirmed by checking the value of TXSF after the transmit completion interrupt.
« TXSF = 1: Successive transmission in progress. One-byte data can be written.
« TXSF = 0: Successive transmission is complete. Two-byte data can be written.

When writing, note Caution 1 above.

3. To initialize (to set TXE2 to 0 or POWER2 to 0) during successive transmission, make

sure that TXSF is 0 after the transmit completion interrupt, then initialize.
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(e) Clock select register 2 (CKSEL2)
This register is set by an 8-bit memory manipulation instruction.
RESET input sets the value of CKSEL2 to 00H.

Address: FF92H After reset: 00H R/W

Symbol 7 6 5 4 3 2 1 0
CKSEL2 0 TPS22Note | TpgpNote | TpgpgNote | TPW23 TPW22 TPW21 TPW20
TPS22 TPS21 TPS20 Source clock of 8-bit counter n
0 0 0 External clock input to ASCK2 0
0 0 1 fx/2 1
0 1 0 fx/22 2
0 1 1 fx/23 3
1 0 0 fx/24 4
1 0 1 fx/2° 5
1 1 0 fx/28 6
1 1 1 fx/27 7

Note To rewrite TPS20 to TPS22, clear bit 7 (POWERZ2) of asynchronous serial interface mode register

2 (ASIM2) to 0.

Caution If data is written to CKSEL2 during a communication operation, the output of the baud
rate generator is disturbed and the communication cannot be performed correctly.

Therefore, do not rewrite CKSEL2 during communication.
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(f) Transfer mode specification register 2 (TRMC2)

This register can be set by a 1-bit or 8-bit memory manipulation instruction.

RESET input sets the value of TRMC2 to 02H.

Address: FF91H After reset: 02H R/W

Symbol 7 6 5 4 3 2 [0]
TRMC2  [TRM12Nete f[TRMo2Note 1] o 0 ISMD2 0 | MPIEN2 |mPs2Note2|
TRM12 TRMO02 Transfer mode
0 1 Multi-processor transfer modeNote 3
ISMD2Note 8 Switching interrupt source of INTST2
0 INTST2 occurs when transmission completed
1 INTST2 occurs when data transfer completed
MPIEN2 Reception completion interrupt enable/disable in multi-processor transfer modeNote 4
Condition INTSR2 enable/disableNote 5
oNotes 6,7 [ | “0” js written to this bit Disabled
1 « If bit 7 (POWER2) or bit 6 (TXE2) of Enabled
asynchronous serial interface mode
register 2 (ASIM2) is cleared to 0
« If bit data has been received with multi-
processor appended data of “1”
MPS2 Setting of multi-processor transmission appended bitNote 4
0 Appends “0” as and transmits multi-processor appended bit (during data transmission).
1 Appends “1” as and transmits multi-processor appended bit (during ID transmission).
Notes 1. Before rewriting TRM12 and TRMO02, clear bits 6 (TXE2) and 5 (RXE2) of asynchronous serial

interface mode register 2 (ASIM2) to 0.

Before setting a value to MPS2, confirm that bit 1 (TXBF) of asynchronous serial interface transmit
status register 2 (ASIF2) is cleared to 0. Before writing transmit data to transmit buffer register
2 (TXB2), specify whether “0” or “1” is appended as the multi-processor appended bit.

The setting of bits 0 to 4 (ISEM2, SL2, CL2, PS20, and PS21) of ASIM2 is valid.

The specification by MPIEN2 and MPS2 is valid only when bit 7 (TRM12) is cleared to 0 and bit
6 (TRMO02) is set to 1 (i.e., when the multi-processor transfer mode is set).

Enabling or disabling the occurrence of the receive completion interrupt (INTSR2) in the case
of an error is affected by the setting of bit 0 (ISEM2) of ASIM2.

Even if MPIEN is cleared to 0, reception is started when the start bit is detected, in order to detect
address (ID) reception. At this time, an error in the receive data is not detected if the multi-
processor appended bit is “0”. If data “1” is received by mistake, due to bit slip or other cause,
when the multi-processor appended bit is detected, however, ID reception is detected. Conse-
quently, the error in the receive data is identified, and the error interrupt signal may be generated
and the error flag set.

When bit 7 (POWER2) and bit 5 (RXE2) of ASIM2 have not been set to 1, MPIEN2 cannot be
cleared to 0 (remain 1) even if 0 is written to it.

Before setting ISMD2, clear bit 6 (TXE2) of asynchronous serial interface mode register 2 (ASIM2)
to 0.
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Remark When receiving data in the multi-processor transfer mode, the receive completion interrupt

(INTSR2) occurs, regardless of the value of MPIENZ, if data with the multi-processor appended

bit setto “1”is received. Usually, this receive data is an address (ID) that indicates the other party

of communication.

The subsequent receive data can be ignored and the occurrence of an

unnecessary receive completion interrupt (INTSR2) can be disabled by comparing this received

ID with the ID of the microcontroller (for which software processing is necessary) and clearing
MPIEN2 if the two IDs do not match.

(g) Port mode register 3 (PM3)
PM3 is a register that sets the input/output of port 3 in 1-bit units.

To use the P34/TxD2/SI3 pin as a serial data output, set PM34 and the output latch of P34 to 0.

To use the P35/RxD2/SO3 pin as a serial data input, and the P36/ASCK2/SCK3 pin as a clock input, set
PM35 and PM36 to 1. At this time, the output latches of P35 and P36 can be either 0 or 1.
PM3 is set by a 1-bit or 8-bit memory manipulation instruction.
RESET input sets the value of PM3 to FFH.

Address: FF23H After reset: FFH R/W

Symbol 7 6 5 4 3 2 1 0
PM3 1 PM36 PM35 PM34 PM33 PM32 PM31 PM30
PM3n I/O mode selection of P3n pin (n = 0 to 6)
0 Output mode (output buffer on)

Input mode (output buffer off)
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For an explanation how to generate the transmit/receive clock for the baud rate and details of the permissible error
range of the baud rate, refer to 15.4.2 Asynchronous serial interface (UART) mode.

(2) Communication

(a) Data format
Figure 15-19 shows the format of the transmit/receive data.

Figure 15-19. Example of Transmit/Receive Data Format in Multi-Processor Transfer Mode
(1) ID transfer (multi-processor appended bit = 1) format

Character bit: 8 bits, No parity, Stop bit: 1 bit
Transfer data: 55H

1 data frame ‘

bit bit v bit

Sart | py | py | p2 | D3 | D4 | D5 | Ds | D7 |Aepended; Stop

Character bit

(2) Data transfer (multi-processor appended bit = 0) format
Character bit: 8 bits, Parity bit: odd bit
Stop bit: 1 bit, Transfer data: 55H

1 data frame ‘

....... e

Appended Parityi Stop E
bit bit § bit

[ ———]

Character bit

Caution If parity is specified, the parity bit is output after the multi-processor appended bit.
In this case, the multi-processor appended bit is subject to parity calculation during
both transmission and reception.
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One data frame consists of the following bits:

o Start bit oo, 1 bit

» Character bit......ccocveveiiiiiiie 7/8 bits (LSB first)
* Multi-processor appended bit ........ 1 bit (setto 1 or 0)
o Parity Dit..ooe Even/odd/0/none

o Stop bit .o, 1/2 bits

The character bit length, parity, and stop bit length in one data frame are selected by asynchronous interface
mode register 2 (ASIM2). Data is transferred starting from the LSB.

The multi-processor appended bit of transmit data is specified by transfer mode specification register 2
(TRMC2).

The serial transfer rate is selected by baud rate generator control register 2 (BRGC2) and clock select register
2 (CKSEL2).

If an error occurs when receiving serial data, the error can be determined by reading the status of
asynchronous serial interface status register 2 (ASIS2).
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(b) Transmission
If the multi-processor transfer mode is set by using transfer mode specification register 2 (TRMC2) and bit
7 (POWER2) of asynchronous serial interface mode register 2 (ASIM2) is set to 1, the TxD2 pin outputs a
high level. If bit 6 (TXE2) of ASIM2 is set to 1 next, transmission is enabled. Transmission (ID transmission)
can be started by setting bit 0 (MPS2) of TRMC2 to 1 and writing transmit data to transmit buffer register
2 (TXB2).
Next, confirm that bit 1 (TXBF) of asynchronous serial interface transmit status register 2 (ASIF2) is 0. Then
clear MPS and write transmit data to TXB2 (data transmission). The start bit, multi-processor transfer
appended bit, parity bit, and stop bit are automatically appended to the data.
When transmission is started, the data in TXB2 is transferred to transmit shift register 2 (TXS2) and
sequentially output to the TxD2 pin, starting from the LSB. If the data to be transmitted next has been written
to TXB2 by the time transmission is complete, transmitting the next data is started. If no more data has been
written to TXB2, transmission is stopped until new transmit data is written.
Figure 15-20 shows the timing of a transmit interrupt.

Figure 15-20. Timing of Transmit Completion Interrupt in Multi-Processor Transfer Mode

|~—— ID transmit frame ——}«—— Data transmit frame ——=]

TxD2 (output) Start: DO :--i D7 [MPS2: Stop [Start: DO i D7 [MPS2: Stop | Start :
INTST2 |_|

TXB2 FF X | Data 1 (ID) X i Data 2 (data) X | Data 3 (data)

/ iLData transfer / iLData transfer/

[ |

TXS2 FF / X Data 1 (II? data) Djata 2 (data)

T T T
CPU X MPS2 1X dz;Bf (B)XMPSZ - oX TXB2 « data 2 (data) X TXB2 « data 3 (data)

\

MPS2

Caution Before writing transmit data to TXB2, confirm that TXBF = 0 and set or clear the MPS bit.
If the MPS bit is set or cleared with TXBF = 1, the set data of the MPS bit may be appended
to the transmit data currently in TXB2 and transferred.
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(c) Reception
The interface enters the reception wait status if the multi-processor transfer mode is specified by using
transfer mode specification register 2 (TRMC2) and bit 7 (POWER2) of asynchronous serial interface mode
register 2 (ASIM2) is set to 1 and then bit 5 (RXE2) is set to 1. In this status, the RxD2 pin is monitored
to detect the start bit. When the start bit is detected, reception is started, and serial data is sequentially
stored in receive shift register 2 (RX2) at the specified baud rate.
If data with the multi-processor appended bit set to “1” is received (ID reception), a receive completion
interrupt (INTSR) occurs after the stop bit has been detected and, at the same time, the data in RX2 is written
to receive buffer register 2 (RXB2). At this time, bit 3 (MPR2) of asynchronous serial interface register 2
(ASIS2) is set to 1. After it has been confirmed that MPR2 is 1, the ID of the receive data and the ID of
the microprocessor are compared (for which software processing is necessary). If the two IDs match, the
interface prepares for the next reception and waits for the next receive completion interrupt (INTSR2). If
the IDs do not match, clear bit 1 (MPIEN2) of transfer mode specification register 2 (TRMC2) to 0. This makes
receive data other than ID invalid and prevents occurrence of an unwanted receive completion interrupt
(INTSR2).

Figure 15-21. Timing of Receive Completion Interrupt Request in Multi-Processor Transfer Mode (1/2)

(1) If receive data matches ID

|~—— ID receive frame ———}~—— Data receive frame —=]

RxD2 (input) Start: DO i--i D7 [MPR2: Stop [Start: DO :--: D7 |MPR2: Stop | Start: DO
INTSR2 |_| |_|
RXB2 FF \ X Data 1 (ID) X Data 2 (data)
1 \
MPIEN2 \
MPR2 RXB2
CPU \ X 1 X RXB2 — data 1 (ID) XdataZ(d:ta)

IDs match. Prepares for reception and
waits for INTSR2.

MPR2
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Figure 15-21. Timing of Reception Completion Interrupt Request in Multi-Processor Transfer Mode (2/2)

(2) If receive data does not match ID

RxD2 (input)

INTSR2

RXB2

MPIEN2

CPU

MPR2

326

|~—— ID receive frame ——}«—— Data receive frame ——»]

Start! DO :--: D7 |MPR2:Stop | Start: DO it D7 |MPR2: Stop [ Start: DO
0 s Stop. e nne s Stop sty 2
FF \ X Data 1 (ID)

\ XMEE\Z RXB2 — data 1 (ID) X\/CIears MPIEN2
x ?/ IDs do not match
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15.4.4 Infrared data transfer (IrDA) mode
In this mode, pulses can be output, transmitted, or received in the data format of the IrDA specifications. This
mode can be used to transmit or receive data to or from a digital device such as a personal computer.

(1) Registers to be used
» Asynchronous serial interface mode register 2 (ASIM2)
» Asynchronous serial interface status register 2 (ASIS2)
+ Baud rate generator control register 2 (BRGC2)
« Asynchronous serial interface transmit status register 2 (ASIF2)
* Clock select register 2 (CKSEL2)
 Transfer mode specification register 2 (TRMC2)
» Port mode register 3 (PM3)
* Port 3 (P3)

(a) Asynchronous serial interface mode register 2 (ASIM2)
ASIM2 can be set by a 1-bit or 8-bit memory manipulation instruction.

RESET input sets the value of ASIM2 to 00H.

Address: FF90H After reset: 00H R/W

Symbol (6] 4 3 2 1 0
asM2 | Powemrz | Txe2 | Rmxe2 | Pso PS20 cL2 sL2 ISEM?
POWER2 Clock operation enable/stop
0 Stop clock operation. Power consumption decreases and latch in UART2 is
asynchronously reset (TxD2 pin is low).
1 Enable clock operation (TxD2 pin is high).Note 1
TXE2Note 2 Transmission enable/stop
0 Stop transmission (transmission circuit is synchronously reset).
1 Enable transmission.
RXE2Note 3 Reception enable/stop
0 Stop reception (reception circuit is synchronously reset).
1 Enable reception.

Notes 1. In the infrared data transfer (IrDA) mode, the TxD2 pin is at the low level.

2. Totransmit data with UART?2, first specify the clock operation (set POWER2 to 1 and then TXE2
to 1), wait for the duration of 2 clocksNote 4 and then write the transmit data to transmit buffer
register 2 (TXB2). To stop transmission by UART2, specify stopping transmission (TXE2 = 0),
wait for the duration of 2 clocksNote 4, and then stop the clock operation (POWER2 = 0).

3. To receive data with UART?2, first specify the clock operation (set POWER2 to 1 and then RXE2
to 1), wait for the duration of 2 clocksNote 4 and then start reception. To stop reception by UART2,
specify stopping reception (RXE2 = 0), wait for the duration of 2 clocksNote 4 and then stop the
clock operation (POWER2 = 0).

4. The clock is the output clock of the 8-bit counter or the output clock of the baud rate generator.
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pS21Note 1 | pgpgNote 1 Parity bit specification
Transmission Reception
0 0 Do not output parity bit. Reception without parity
0 1 Output 0 parity. Reception as 0 parityNote 2
1 0 Output odd parity. Identified as odd parity.
1 1 Output even parity. Identified as even parity.
CL2Note 3 Data character length specification
0 7 bits
1 8 bits
SL2oNote 4 Specification of number of stop bits for transmission
0 1 bit
1 2 bits
ISEM2Note 5 Reception error interrupt signal control
0 INTSR2 is generated

1

INTSER2 is generated

Notes 1.

PS21 and PS20.

2. The parity is notidentified with this setting. Therefore, bit 2 (PE2) of asynchronous serial interface

To specify a parity bit, stop transmission and reception (TXE2 = 0 and RXE2 = 0) before rewriting

status register 2 (ASIS2) is not set and the error interrupt does not occur.

3. To specify a data character length, stop transmission and reception (TXE2 = 0 and RXE2 = 0)

before rewriting CL2.

4. To specify the number of stop bits, stop transmission (TXE2 = 0) before rewriting SL2. Reception

is always performed on the assumption that the number of stop bits is 1.

5. To specify an interrupt that occurs in case of an error, stop reception (RXE2 = 0) before rewriting

ISEM2.
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(b) Asynchronous serial interface status register 2 (ASIS2)

ASIS2 is a register used to display the error type when a reception error occurs in UART mode.
ASIS2 is read by an 8-bit memory manipulation instruction.
RESET input sets the value of ASIS2 to O0H.

Address: FF94H After reset: 00H R

Symbol 7 6 5 4 3 2 1 0
ASIS2 0 0 0 0 MPR2Note 1| pgoNote 1 | FppNote 1 | gygpoNote 1
PE2 Parity error flag
0 No parity error
1 Parity error

(Parity of transmit data does not matchNote 2)

FE2 Framing error flag
0 No framing occurred
1 Framing errorNote 3

(Stop bit not detected)

OVE2 Overrun error flag
0 No overrun error
1 Overrun errorNote 4

(Next receive operation was completed before data was read from receive buffer register
2 (RXB2))

Notes 1. These bits are reset to 0 if bit 7 (POWER2) of asynchronous serial interface mode register 2

(ASIM2) is reset to 0.

2. The operation of the parity error flag is affected by the set values of bits 3 and 4 (PS20 and PS21)
of ASIM2.

3. Evenifthe stop bitlength is set to two bits by setting bit 2 (SL2) of ASIM2, stop bit detection during
a receive operation only applies to a stop bit length of 1 bit.

4. Be sure to read the contents of receive buffer register 2 (RXB2) when an overrun error has
occurred. Until the contents of RXB2 are read, further overrun errors will occur when receiving
data. The next receive data is not written to receive buffer register 2 (RXB2) and is discarded.
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(c) Baud rate generator control register 2 (BRGC2)

BRGC2 is set by an 8-bit memory manipulation instruction.

RESET input sets the value of BRGC2 to 00H.

Address: FF93H After reset:

Symbol 7

6

00H R/W

5

4

3

2

1

0

BRGC2 | MDL27 | MDL26 | MDL25 | MDL24 | MDL23 | MDL22 | MDL21 | MDL20 |

Output clock
MDL27 | MDL26 | MDL25 | MDL24 | MDL23 | MDL22 | MDL21 | MDL20 | selection for baud k
rate generator
0 0 0 0 0 X X X Setting prohibited| —
0 0 0 0 1 0 0 0 fscka/8 8
0 0 0 0 1 0 0 1 fscka/9 9
0 0 0 0 1 0 1 0 fscke/10 10
0 0 0 0 1 0 1 1 fscka/11 11
0 0 0 0 1 1 0 0 fscka/12 12
0 0 0 0 1 1 0 1 fscke/13 13
0 0 0 0 1 1 1 0 fscke/14 14
0 0 0 0 1 1 1 1 fscka/15 15
0 0 0 1 0 0 0 0 fscke/16 16
1 1 1 1 1 1 1 1 fscke/255 255

Caution  Writing to BRGC2 during a communication operation may cause abnormal output from
the baud rate generator and disable further communication operations. Therefore, do not
write to BRGC2 during a communication operation.

Before rewriting BRGC2, clear bits 5 and 6 (RXE2 and TXE2) of asynchronous serial

interface mode register 2 (ASIM2) to 0.

Remarks 1.

fsck2: Source clock for 8-bit counter
Set by bits 4 to 6 (TPS20 to TPS22) of clock select register 2 (CKSEL2)
. ke Value set via MDL27 to MDL20 (8 < k < 255)
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(d) Asynchronous serial interface transmit status register 2 (ASIF2)
ASIF2 is set by an 8-bit memory manipulation instruction.
RESET input sets the value of ASIF2 to 00H.

Address: FF95H After reset: 00H R

Symbol 7 6 5 4 3 2 1 0
ASIF2 0 0 0 0 0 0 TXBF TXSF
TXBF Transmit buffer data flag
0  If bit 7 (POWER2) or bit 6 (TXE2) of asynchronous serial interface mode register 2
(ASIM2) is cleared to 0
¢ If data is transferred to transmit shift register 2 (TXS2)
1 If data is written to transmit buffer register 2 (TXB2) (if data exists in TXB2)
TXSF Transmit shift register data flag
0  If bit 7 (POWERZ2) or bit 6 (TXE2) of asynchronous serial interface mode register 2
(ASIM2) is cleared to 0
* If no more data is transferred from transmit buffer register 2 (TXB2) after completion
of transfer.
1 If data is transferred from transmit buffer register 2 (TXB2) (during transmission)

Cautions 1. To start successive transmission, be sure to check that TXBF is 0 after the first byte of data
has been written to transmit buffer register 2 (TXB2), then write the second byte of data to
TXB2.
2. When successive transmission is in progress, the processing of writing to TXB2 can be
confirmed by checking the value of TXSF after the transmit completion interrupt.
* TXSF = 1: Successive transmission in progress. One-byte data can be written.
* TXSF = 0: Successive transmission is complete. Two-byte data can be written. When
writing, note Caution 1 above.
3. To initialize (to set TXE2 to 0 or POWER2 to 0) during successive transmission, make sure
that TXSF is 0 after the transmit completion interrupt, then initialize.
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(e) Clock select register 2 (CKSEL2)
This register can be set by an 8-bit memory manipulation instruction.
RESET input sets the value of CKSEL2 to 00H.

Address: FF92H After reset: 00H R/W

Symbol 7 6 5 4 3 2 1 0
CKSEL2 0 TPS22Note | Tpg21Note | TpgoNote | TPW23 TPW22 TPW21 TPW20
TPS22 TPS21 TPS20 Source clock of 8-Bit counter n
0 0 0 External clock input to ASCK2 0
0 0 1 fx/2 1
0 1 0 fx/22 2
0 1 1 fx/23 3
1 0 0 fx/24 4
1 0 1 fx/2° 5
1 1 0 fx/28 6
1 1 1 fx/27 7
TPW23 TPW22 TPW21 TPW20 |Selection of IrDA transmit pulse width of 1-bit data
0 0 1 0 Width of two fscka clocks
0 0 1 1 Width of three fsckz clocks
0 1 0 0 Width of four fscka clocks
0 1 0 1 Width of five fscka clocks
0 1 1 0 Width of six fsck2 clocks
0 1 1 1 Width of seven fscka clocks
1 0 0 0 Width of eight fsckz clocks
1 0 0 1 Width of nine fsck2 clocks
1 0 1 0 Width of ten fsckz clocks
1 0 1 1 Width of 11 fsckz clocks
1 1 0 0 Width of 12 fsckz clocks
1 1 0 1 Width of 13 fscka clocks
1 1 1 0 Width of 14 fsckz clocks
1 1 1 1 Width of 15 fsckz clocks
0 0 0 0 Width of 16 fsckz clocks
Other than above Setting prohibited

Note To rewrite TPS20 to TPS22, clear bit 7 (POWERZ2) of asynchronous serial interface mode register
2 (ASIM2) to 0.
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Cautions 1. If data is written to CKSEL2 during a communication operation, the output of the baud
rate generator is disturbed and the communication cannot be performed correctly.
Therefore, do not rewrite CKSEL2 during communication.
2. Totransferdatain the infrared data transfer (IrDA) mode, the following conditions must
be satisfied when the transmit pulse width is specified:

(Condition)
1.41 us < Transmit pulse width < Transfer rate

Set values of bits 0 to 3 Set values of bits 0 to 7
(TPW20 to TPW23) of CKSEL2 (MDL20 to MDL27) of BRGC2

Example If the transmit pulse width is set to three fscka clocks (TPW23 to TPW20 = 0, 0,
1, 1)

~——————— 1-bitcycle ————=

TxD2 pin ! :

! ' '

' h h '
' « - '
! '

13-clock width '

~— Pulse output starts from
the center of the 1-bit cycle.

Remarks fx:  Main system clock oscillation frequency
fsck2: Source clock of 8-bit counter
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(f) Transfer mode specification register 2 (TRMC2)
This register can be set by a 1-bit or 8-bit memory manipulation instruction.
RESET input sets the value of TRMC2 to 02H.

Address: FF91H After reset: 02H R/W

Symbol 7 6 5 4 3 2 [0]
TRMC2  [TRM12Note 1[TRMo2Note 1] g 0 ISMD2 o | mpEN2 | wmps2 |
TRM12 TRMO02 Transfer mode
1 0 Infrared data transfer (IrDA) modeNote 2
1 1
ISMD2Note 3 Switching interrupt source of INTST2
0 INTST2 occurs when transmission is completed
1 INTST2 occurs when data transfer is completed

Notes 1. Before rewriting TRM12 and TRMO02, clear bits 6 (TXE2) and 5 (RXE2) of asynchronous serial
interface mode register 2 (ASIM2) to 0.
2. The setting of bits 0 to 4 (ISEM2, SL2, CL2, PS20, and PS21) of ASIM2 is valid.
3. Before setting ISMD2, clear bit 6 (TXE2) of asynchronous serial interface mode register 2 (ASIM2)
to 0.

(g) Port mode register 3 (PM3)
PM3 is a register that sets the input/output of port 3 in 1-bit units.
To use the P34/TxD2/SI3 pin as a serial data output, set PM34 and the output latch of P34 to 0.
To use the P35/RxD2/SOS3 pin as a serial data input, and the P36/ASCK2/SCKS3 pin as a clock input, set
PM35 and PM36 to 1. At this time, the output latches of P35 and P36 can be either 0 or 1.
PM3 is set by a 1-bit or 8-bit memory manipulation instruction.
RESET input sets the value of PM3 to FFH.

Address: FF23H After reset: FFH R/W

Symbol 7 6 5 4 3 2 1 0
PM3 1 PM36 PM35 PM34 PM33 PM32 PM31 PM30
PM3n I/O mode selection of P3n pin (n = 0 to 6)
0 Output mode (output buffer on)
1 Input mode (output buffer off)
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(2) Communication operation

(a) Data format
Figure 15-22 shows the format of transmit/receive data.

Figure 15-22. Example of Transmit/Receive Data Format in Infrared Data Transfer (IrDA) Mode

(1) IrDA standard format
(Character bit: 8 bits, Parity bit: None, Stop bit: 1 bit, Transfer data: 55H)

1 data frame
l Character bit J‘
Start 1--c-5-- TP e PR T P4 TTPE T TR o . Stop
blt E_..QO.._:.._DJ_.JI_..QZ..:...D.S_.JI_..D_4.'._:.._D5_.JI_.D_G.._:.._D?_.JI blt

Bit time Pulse width

(2) Other format
(Character bit: 7 bits, Parity bit: Even parity, Stop bit: 2 bits, Transfer data: 55H)

1 data frame
l Character bit J
S g DI i D2 D3 i D4 D5 i D6 Pary Stop
bit i ] : ] h ] h \ bit
Bit time Pulse width

User's Manual U14260EJ2V0OUD

335



CHAPTER 15 SERIAL INTERFACE UART2

336

One data frame consists of the following bits:

« Start bit ..o 1 bit

* Character bit...... 7/8 bits (LSB first)
» Parity bit............. Odd/even/0/None
+ Stop bit .............. 1/2 bits

The character bit length, parity, and stop bit length in one data frame are specified by using asynchronous
serial interface mode register 2 (ASIM2). Data is transferred starting from the LSB.

The length of the electric pulse transmitted or received in one data frame can be specified by using bits 0
to 3 (TPW20 to TPW23) of clock select register 2 (CKSEL2). Usually, the pulse length is 1.41 us (rated
minimum pulse width) to lower the power consumption. The pulse bit rises at the center of a bit cycle.
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(b) Transmission
If the infrared data transfer (IrDA) mode is set by using transfer mode specification register 2 (TRMC2) and
bit 7 (POWERZ2) of asynchronous serial interface mode register 2 (ASIM2) is set to 1, clock operation is
enabled, and the TxD2 pin outputs a low level. If bit 6 (TXE2) of ASIM2 is set to 1 next, transmission is
enabled. Transmission can be started by writing transmit data to transmit buffer register 2 (TXB2). The start
bit, parity bit, and stop bit are automatically appended to the data.
When transmission is started, the data in TXB2 is transferred to transmit shift register 2 (TXS2) and
sequentially output to the TxD2 pin, starting from the LSB. If the data to be transmitted next has been written
to TXB2 by the time transmission is complete, transmitting the next data is started. If no more data has been
written to TXB2, transmission is stopped until new transmit data is written.
Figure 15-23 shows the timing of a transmit interrupt.

Figure 15-23. Timing of Transmit Completion Interrupt in Infrared Data (IrDA) Transfer Mode

(1) Character bit: 8 bits, Parity bit: Odd, Stop bit: 1 bit, Transfer data: 7DH, TRMC2: ISMD2 = 0

TxD2 (output) ! |‘| E

INTST2 | |

(2) Character bit: 8 bits, Parity bit: Even, Stop bit: 2 bits, Transfer data: 9BH, TRMC2: ISMD2 = 0

TxD2 (output)

INTST2 | |

Remark TRMC2: Transfer mode specification register 2
ISMD2: Bit 3 of TRMC2
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(c) Reception

The interface enters the reception wait status if the infrared data (IrDA) transfer mode is specified by using
transfer mode specification register 2 (TRMC2) and bit 7 (POWER2) of asynchronous serial interface mode
register 2 (ASIM2) is set to 1 and then bit 5 (RXE2) is set to 1. In this status, the RxD2 pin is monitored
to detect the start bit. When the start bit is detected, reception is started, and serial data is sequentially
stored in receive shift register 2 (RX2) at the specified baud rate.

When the stop bit is received, the data in RX2 is written to receive buffer register 2 (RXB2). If an overrun
error (OVE2) occurs, however, the receive data is not written to RXB2 but discarded. Even if a parity error
(PE2) or framing error (FE2) occurs during reception, reception continues up to the position at which the
stop bit is received, and an error interrupt (INTSR2/INTSER2) occurs after completion of reception.

*x  Figure 15-24. Timing of Receive Completion Interrupt Request in Infrared Data (IrDA) Transfer Mode

RxD2 (input) |‘|

INTSR2 |_|

RXB2 X 76H

Cautions 1. Be sure to read receive buffer register 2 (RXB2) even if a reception error has occurred.
Otherwise, an overrun error will occur when the next datais received, and the reception
error status will persist.

2. The number of stop bits is always 1 during reception. A second stop bit is ignored.

338 User's Manual U14260EJ2V0UD



CHAPTER 15 SERIAL INTERFACE UART2

(d) Bit rate and pulse width
Table 15-9 shows the bit rate and pulse width in the infrared data transfer (IrDA) mode.
The rated minimum pulse width is 1.41 us, and the maximum pulse width is the sum of 3/16 of the bit rate

and 2.5% of the bit cycle or 1.08 us, whichever is greater.

Table 15-9. Bit Rate and Pulse Width

Bit Rate (bps) Allowable Bit Rate Error | Minimum Pulse Width Nominal Value of Maximum Pulse Width
(% of Bit Rate) (us) 3/16 of Pulse Width (us)
(us)
2400 +/-0.87 1.41 78.13 88.55
9600 19.53 22.13
19200 9.77 11.07
38400 4.88 5.96
57600 3.26 4.34
115200 1.63 2.71
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(1) Operation stop mode

* Table 15-10. Register Settings (1/2)

CSIM3 ASIM2 TRMC2 PM34 | P34 | PM35 | P35 Pin Function Operation
CSIE3 |POWER2| TXE2 | RXE2 | PS21 | PS20 | CL2 SL2 | ISEM2 | TRM12| TRMO02 | ISMD2 |MPIEN2| MPS2 P34/S13/TxD2 | P35/SO3/RxD2 Mode
QNete 0 0 0 x X x X X X x X X X X x X x P34 P35 Stop

Other than above Setting prohibited

(2) Asynchronous serial interface (UART) mode

CSIM3 ASIM2 TRMC2 PM34 | P34 | PM35 | P35 Pin Function Operation
CSIE3 |POWER2| TXE2 | RXE2 | PS21 | PS20 | CL2 SL2 | ISEM2 | TRM12| TRMO02 | ISMD2 |MPIEN2| MPS2 P34/S13/TxD2 | P35/SO3/RxD2 Mode
QNete 1 0 1 0/1 01 0/1 X 01 0 0 X X X X X 1 X P34 RxD2 Receive
QNote 1 1 0 0/1 01 0/1 01 X 0 0 01 X X 0 X X TxD2 P35 Transmit
(QNote 1 1 1 0/1 on 0/1 on 0/1 0 0 on X X 0 0 1 X TxD2 RxD2 Transmit/receive|

Other than above

Setting prohibited

Note When using UART2, stop the SIO3 operation.

Remark x: Don’t care, CSIM3: Serial operation mode register 3, ASIM2: Asynchronous serial interface mode register 2,

TRMC2: Transfer mode specification register 2, PMxx: Port mode register, Pxx: Output latch of port
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(3) Multi-processor transfer mode

% Table 15-10. Register Settings (2/2)

CSIM3 ASIM2 TRMC2 PM34 | P34 | PM35 P35 Pin Function Operation
CSIE3 |POWER2| TXE2 | RXE2 | PS21 | PS20 | CL2 | SL2 |ISEM2 |TRM12|TRMO2| ISMD2 MPIEN2| MPS2 P34/SI3/TxD2 | P35/SO3/RxD2| Mode
oNote 1 0 1 0/1 0/1 0/1 x 0/1 0 1 x o1 0/1 X x 1 X P34 RxD2 Receive
QMote 1 1 0 0/1 0/1 0/1 0/1 x 0 1 01 01 0/1 0 0 x x TxD2 P35 Transmit
QMote 1 1 1 0/1 0/1 0/1 01 0/1 0 1 01 01 0/1 0 0 1 x TxD2 RxD2 |Transmitreceive
Other than above Setting prohibited
(4) Infrared data transfer (IrDA) mode
CSIM3 ASIM2 TRMC2 PM34 | P34 | PM35 | P35 Pin Function Operation
CSIE3 |POWER2| TXE2 | RXE2 | PS21 | PS20 | CL2 SL2 | ISEM2 | TRM12 | TRMO02 | ISMD2 |MPIEN2| MPS2 P34/S13/TxD2 | P35/SO3/RxD2 Mode
QNote 1 0 1 0/1 0N 0N X 0/1 1 X X X X X X 1 X P34 RxD2 Receive
QNete 1 1 0 0/1 0N 0N 0/1 X 1 X 0/1 X X 0 0 x X TxD2 P35 Transmit
QNote 1 1 1 0/1 on on 0/1 0/1 1 X 0/1 X X 0 0 1 X TxD2 RxD2 Transmit/receive)
Other than above Setting prohibited

Note When using UART2, stop the SIO3 operation.

Caution

Remark x:

When transferring in infrared data transfer (IrdA) mode, the following conditional expression must be satisfied for specification of the transmit
pulse width.

(Conditional expression) 1.41 us < Transmission pulse width (set values of TPW20 to TPW23 in CKSEL2 register) < Transfer rate (set values
of MDL20 to MDL27 in BRGC2 register)

Don’t care, CSIM3: Serial operation mode register 3, ASIM2: Asynchronous serial interface mode register 2,

TRMC2: Transfer mode specification register 2, CKSEL2: Clock select register 2, BRGC2: Baud rate generator control register 2,

P

Mxx:  Port mode register, Pxx: Output latch of port
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CHAPTER 16 SERIAL INTERFACE SIO3

Serial interface UART2/SIO3 can be used in the asynchronous serial interface (UART) mode or 3-wire serial 1/0
mode.

Caution Do not enable UART2 and SIO3 at the same time.

16.1

Functions of Serial Interface SIO3

The serial interface SIO3 has the following two modes.

(M

(2

Operation stop mode
This mode is used when serial transfers are not performed. For details, see 16.4.1 Operation stop mode.

3-wire serial /0 mode (fixed as MSB first)

This is an 8-bit data transfer mode using three lines: a serial clock line (M}, serial output line (SO3), and
serial input line (SI3).

Since simultaneous transmit and receive operations are enabled in 3-wire serial /O mode, the processing time
for data transfers is reduced.

The first bit of the serially transferred 8-bit data is fixed as the MSB.

3-wire serial 1/0 mode is useful for connection to an IC incorporating a clocked serial interface, or a display
controller, etc. For details see 16.4.2 3-wire serial I/O mode.

Figure 16-1 shows a block diagram of serial interface SIO3.

Figure 16-1. Block Diagram of Serial Interface SIO3

2 Internal bus 2

O

| Serial 1/O shift register
SI3/TxD2/P34 O Iﬂ 3 (SI03)
SO8/RxD2/P35 O I Output latch
: Interruption
SCK3/ASCK2/P36 O b Serial clock request signal INTCSI3
[ counter generator

Serial clock fx/22

| controller Selector ;igs

342
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16.2 Configuration of Serial Interface SIO3
Serial interface SIO3 includes the following hardware.

Table 16-1. Configuration of Serial Interface SIO3

ltem Configuration
Register Serial 1/0 shift register 3 (SIO3)
Control registers Serial operation mode register 3 (CSIM3)
Port mode register 3 (PM3)
Port 3

(1) Serial I/0 shift register 3 (SI03)
This is an 8-bit register that performs parallel-serial conversion and serial transmit/receive (shift operations)
synchronized with the serial clock.
When bit 7 (CSIE3) of serial operation mode register 3 (CSIM3) is set to 1, a serial operation can be started by
writing data to or reading data from SI03.
When transmitting, data written to SIO3 is output to the serial output (SO3).
When receiving, data is read from the serial input (SI3) and written to SIO3.
SIO3 is set by an 8-bit memory manipulation instruction.
RESET input makes SIO3 undefined.

Caution Do not access SIO3 during a transmit operation unless the access is triggered by a transfer
start. (Read operations are disabled when MODES3 = 0 and write operations are disabled when
MODE3 = 1.)

16.3 Registers to Control Serial Interface SIO3
Serial interface SIO3 is controlled by the following three registers.
+ Serial operation mode register 3 (CSIM3)
» Port mode register 3 (PM3)
+ Port3
(1) Serial operation mode register 3 (CSIM3)
This register is used to set SIO3’s serial clock and operation modes, and to enable/disable operation of SIO3.

CSIM3 is set by a 1-bit or 8-bit memory manipulation instruction.
RESET input sets the value of CSIM3 to 00H.
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Symbol
CSIM3

Figure 16-2. Format of Serial Operation Mode Register 3 (CSIM3)

Address: FFB8H After reset: 00H R/W
6 5 4 3 2 1 0
[ cses | o 0 0 0 MODE3 | SCL31 SCL30
Enable/disable specification for SIO3
CSIE3
Shift register operation Serial counter Port
0 Operation stopped Clear Port functionNote 1
1 Operation enabled Count operation enable Serial function + port functionNote 2
MODE3 Transfer operation modes and flags
Operation mode Transfer start trigger SO3/P35/RxD2 pin function
0 Transmit/transmit and receive mode | Write to SIO3 SO3
1 Receive-only mode Read from SI0O3 p3s5Note 3
SCL31 SCL30 Clock selection
fx = 8.38 MHz | fx = 12 MHzNote 4
0 0 External clock input to SCK3 - -
0 1 fx/23 1.04 MHz 1.50 MHz
1 0 fx/24 523 kHz 750 kHz
1 1 fx/25 261 kHz 375 kHz

Notes 1.

Caution

Remark

When CSIE3 =0 (SI03 operation stopped status), the SI3, SO3, and SCK3 pins can be used as UART2

or for port functions.

When CSIE3 = 1 (SIO3 operation enabled state), the SI3 pin can be used as a port pin if only the
transmit function is used, and the SO3 pin can be used as a port pin if only the receive-only mode

is used.

Expanded-specification products of uPD780078 Subseries only.

Do not rewrite the value of CSIM3 during transfer. However, CSIE3 can be rewritten using a

1-bit memory manipulation instruction.

fx: Main system clock oscillation frequency
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(2) Port mode register 3 (PM3)
PMS3 is a register that sets the input/output of port 3 in 1-bit units.
To use the P35/SO3/RxD2 pin as a serial data output, set PM35 and the output latch of P35 to 0.
To use the P34/SI3/RxD2 pin as a serial data input, and the P36/ASCK2/SCK3 pin as a clock input, set PM34

to 1.

At this time, the output latches of P34 and P36 can be either 0 or 1.
PM3 is set by a 1-bit or 8-bit memory manipulation instruction.
RESET input sets the value of PM3 to FFH.

Figure 16-3. Format of Port Mode Register 3 (PM3)

Address: FF23H After reset: FFH R/W

Symbol 7 6 5 4 3 2 1 0
PM3 1 PM36 PM35 PM34 PM33 PM32 PM31 PM30
PM3n I/O mode selection of P3n pin (n = 0 to 6)
0 Output mode (output buffer on)

Input mode (output buffer off)
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16.4 Operation of Serial Interface SIO3

This section explains the two modes of serial interface SIO3.

16.4.1 Operation stop mode

Because serial transfer is not performed during this mode, the power consumption can be reduced.
In addition, pins can be used as normal |/O ports.

(1) Registers to be used

Operation stop mode is set by serial operation mode register 3 (CSIM3).
CSIM3 is set by a 1-bit or 8-bit memory manipulation instruction.
RESET input sets the value of CSIM3 to 00H.

Address: FFB8H After reset: 00H R/W

Symbol 6 5 4 3 2 1 0
CSIM3 | CSIE3 | 0 0 0 0 MODES3 SCL31 SCL30
SIO3 operation enable/disable specification
CSIE3
Shift register operation Serial counter Port
0 Operation stop Clear Port functionNote

Note When CSIE3 = 0 (SIO3 operation stopped status), the SI3, SO3, and SCKS pins can be used as UART2
or for port functions.
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16.4.2 3-wire serial /0 mode

The 3-wire serial I/O mode can be used when connecting a peripheral IC incorporating a clocked serial interface,
a display controller, etc.

This mode executes data transfers via three lines: a serial clock line (Wm), serial output line (SO3), and serial
input line (SI3).

(1) Registers to be used
+ Serial operation mode register 3 (CSIM3)
» Port mode register 3 (PM3)
» Port 3 (P3)

(a) Serial operation mode register 3 (CSIM3)
CSIM3 is set by a 1-bit or 8-bit memory manipulation instructions.

RESET input sets the value of CSIM3 to 00H.

Address: FFB8H After reset: 00H R/W

Symbol 6 5 4 3 2 1 0
csiM3 | CsiE3 | o0 0 0 0 MODE3 | SCL31 | SCL30
Enable/disable specification for SIO3
CSIE3
Shift register operation Serial counter Port
0 Operation stopped Clear Port functionNote 1
1 Operation enabled Count operation enable Serial function + port functionNote 2
Transfer operation modes and flags
MODES3
Operation mode Transfer start trigger SO03/P35/RxD2 pin function
0 Transmit/transmit and receive mode | Write to SIO3 SO3
1 Receive-only mode Read from SI0O3 p3s5Note 3
SCL31 SCL30 Clock selection
fx = 8.38 MHz | fx = 12 MHzNote 4
0 0 External clock input to SCK3 - -
0 1 fx/23 1.04 MHz 1.50 MHz
1 0 fx/24 523 kHz 750 kHz
1 1 fx/2° 261 kHz 375 kHz

Notes 1. When CSIE3 =0 (SIO3 operation stopped status), the SI3, SO3, and SCK3 pins can be used as UART2
or for port functions.

2. When CSIE3 = 1 (SIO3 operation enabled state), the SI3 pin can be used as a port pin if only the
transmit function is used, and the SO3 pin can be used as a port pin if only the receive-only mode
is used.

3. When MODES3 = 1 (receive-only mode), the SO3 pin can be used for port functions.

4. Expanded-specification products of uPD780078 Subseries only.

User's Manual U14260EJ2VOUD 347



*

*

CHAPTER 16 SERIAL INTERFACE SIO3

Caution Do not rewrite the value of CSIM3 during transfer. However, CSIE3 can be rewritten using a
1-bit memory manipulation instruction.

Remark fx: Main system clock oscillation frequency

(b) Port mode register 3 (PM3)
PM3 is a register that sets the input/output of port 3 in 1-bit units.
To use the P35/SO3/RxD2 pin as a serial data output, set PM35 and the output latch of P35 to 0.
To use the P34/SI3/RxD2 pin as a serial data input, and the P36/ASCK2/SCK3 pin as a clock input, set PM34
to 1.
At this time, the output latches of P34 and P36 can be either 0 or 1.
PM3 is set by a 1-bit or 8-bit memory manipulation instruction.
RESET input sets the value of PM3 to FFH.

Address: FF23H After reset: FFH R/W

Symbol 7 6 5 4 3 2 1 0
PM3 1 PM36 PM35 PM34 PM33 PM32 PM31 PM30
PM3n I/O mode selection of P3n pin (n = 0 to 6)
0 Output mode (output buffer on)
1 Input mode (output buffer off)
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(2) Transfer start
A serial transfer starts when the following two conditions have been satisfied and transfer data has been set (or
read) to serial I/O shift register 3 (S103).

<Transfer start conditions>
» The SIO3 operation control bit (CSIE3) = 1
« After an 8-bit serial transfer, either the internal serial clock is stopped or SCK3 is set to high level.
<Transfer start timing>
» Transmit/transmit and receive mode (MODE3 = 0)
Transfer starts when writing to SIO3.
» Receive-only mode
Transfer starts when reading from SI103.

Caution After data has been written to SIO3, transfer will not start even if the CSIE3 bit value is set
to 1.

(3) Communication operations
In the 3-wire serial I/O mode, data is transmitted and received in 8-bit units. Each bit of data is sent or received
in synchronization with the serial clock.
Serial I/0 shift register 3 (SIO3) is shifted in synchronization with the falling edge of the serial clock. Transmission
datais heldinthe SO3 latch and is output from the SO3 pin. Datathatis received via the SI3 pinin synchronization
with the rising edge of the serial clock is latched to SIO3.

Figure 16-4. Timing of 3-Wire Serial /0 Mode

Latched to SIO3 at the SCK3 rising

SCK3
| | |
SI3 X DI7 { DI6 Y DI5 X D14 X DI3 X DI2 X DI1 X DIo
1 1
S03 X D07 { D06 } DO5 § DO4 { DO3 { DO2 f DO1 § DOO
CSIIF3 | i—
T Transfer completion

Transfer starts in synchronization with the SCK3 falling edge
(4) Transfer complete

Completion of an 8-bit transfer automatically stops the serial transfer operation and the interrupt request flag
(CSIIF3) is set.
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*x Table 16-2. Register Settings

(1) Operation stop mode

ASIM2 CSIM3 PM34 P34 PM35 P35 PM36 P36 Pin Function Operation
POWER2 | CSIE3 MODE3 SCL31 SCL30 P34/SI3/TxD2 |P35/SO3/RxD2| P36/SCK3/ASCK2
QNetet 0 X X X x x X X x x P34 P35 P36 Stop
Other than above Setting prohibited
(2) 3-wire serial /O mode
ASIM2 CSIM3 PM34 P34 PM35 P35 PM36 P36 Pin Function Operation
POWER2 | CSIE3 MODE3 SCL31 SCL30 P34/SI3/TxD2 |P35/SO3/RxD2| P36/SCK3/ASCK2
QNete? 1 1 0 0 1 x x X 1 x SI3 P35 SCK3 input Slave receive
QNotet 1 0 0 0 1 X 0 0 1 X SIgNete 2 S03 SCK3 input  |Slave transmittransmit and receive,
QNete 1 1 Other than above 1 X X X SI3 P35 SCK3 output Master receive
QNetet 1 0 1 X 0 0 S|3Nete2 S03 SCK3 output | Master ransmitfransmit and receive
Other than above Setting prohibited
Note 1. When using SIOS, stop the UART2 operation.

2. When using for transmission only, it can be used as P34.

Remark x: Don’t care, ASIM2: Asynchronous serial interface mode register 2, CSIM3: Serial operation mode register 3,

PMxx: Port mode register, Pxx: Output latch of port
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17.1 Functions of Serial Interface CSI1

Serial interface CSI1 has the following two modes.

(1) Operation stop mode
This mode is used when serial transfer is not performed. In this mode, the power consumption can be reduced.

(2) 3-wire serial /0 mode (MSB/LSB-first selectable)
This mode is used to transfer 8-bit data by using three lines: a serial clock line (SCK1) and two serial data lines

(S1 and SO1).

The processing time of data transfer can be shortened in the 3-wire serial /O mode because transmission and
reception can be simultaneously executed. In addition, whether 8-bit data is transferred with the MSB or LSB
first can be specified, so this interface can be connected to any device.
The 3-wire serial I/0 mode can be used when connecting ICs and display controllers having a clocked serial
interface. For details, refer to 17.4.2 3-wire serial I/0O mode.

17.2 Configuration of Serial Interface CSI1

Serial interface CSI1 includes the following hardware.

Table 17-1. Configuration of Serial Interface CSI1

ltem

Configuration

Registers

Transmit buffer register 1 (SOTB1)
Serial 1/0 shift register 1 (SIO1)

Control registers

Serial operation mode register 1 (CSIM1)
Serial clock select register 1 (CSIC1)
Port mode register 2 (PM2)

Port 2 (P2)
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CHAPTER 17 SERIAL INTERFACE CSI1

Figure 17-1. Block Diagram of Serial Interface CSI1

2 Internal bus 8

SH/P20 ® | H Serial /O shift /? Transmit buffer Output
|-U B register 1 (SIO1) \,7 register 1 (SOTB1) selector SO1/P21
E Transmit data Output latch :
:.99??91'?[ .................................................. Output latch
f (P21)
Transmit controller
i SS1
fx/2-fx/27 > Clock start/stop controller &
SCK1/P22 ©— Selector clock phase controller INTCSI PM21
(1) Transmit buffer register 1 (SOTB1)

This register sets transmit data.

Transmission is started by writing data to SOTB1 when bit 7 (CSIE1) and bit 6 (TRMD1) of serial operation mode
register 1 (CSIM1) are 1.

The data written to SOTB1 is converted from parallel data into serial data by serial I/O shift register 1, and output
to the serial output (SO1) pin.

SOTB1 can be written or read by an 8-bit memory manipulation instruction.

RESET input makes the value of this register undefined.

Caution Do not access SOTB1 when CSOT1 = 1 (during serial communication).

(2) Serial I/0 shift register 1 (SIO1)

This is an 8-bit register that converts data from parallel into serial or vice versa.

The reception status is entered by reading data from SIO1 if bit 7 (CSIE1) of serial operation mode register 1
(CSIM1) is 1.

During reception, data is read from the serial input pin (SI1) to SIO1.

This register can be read by an 8-bit memory manipulation instruction.

RESET input makes the value of this register undefined.

Caution Do not access SIO1 when CSOT1 = 1 (during serial communication).

17.3 Registers to Control Serial Interface CSI1

Serial interface CSI1 is controlled by the following four registers.

352

Serial operation mode register 1 (CSIM1)
Serial clock select register 1 (CSIC1)
Port mode register 2 (PM2)

Port 2 (P2)
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(1) Serial operation mode register 1 (CSIM1)
This register is used to select the operation mode and enable or disable operation.

This register can be set by a 1-bit or 8-bit memory manipulation instruction.

RESET input sets the value of CSIM1 to 00H.

Figure 17-2. Format of Serial Operation Mode Register 1 (CSIM1)

Address: FFBOH After reset: 00H R/wNote1

Symbol 6 5 4 3 2 1 0
csmt [ csEr | TRMDI SSET DIRT 0 0 0 CSOT1
CSIE1 Control of operation in 3-wire serial I/O mode
0 Stop operation (SI1/P20, SO1/P21, and SCK1/P22 pins can be used as general-purpose port
pinSNote 2)'
1 Enable operation (S11/P20, SO1/P21, and SCK1/P22 pins can be used in 3-wire serial /O mode).
TRMD1Note 3 Selection of transmit/receive mode
QNote 3 Receive-only mode (transmission disabled).
1 Transmit/receive mode
SSE {Notes 5,6 Specification of whether SS1 pin is used
0 Do not use SS1 pin.
1 Use SS1 pin.
DIR1Note 5 Specification of first bit
0 MSB
1 LSB
CSQT{Note7 Operation mode flag
0 Communication is stopped.
1 Communication is in progress.
Notes 1. Bit 0 is a read-only bit.

2. When using these pins as general-purpose port pins, refer to Caution 1 of Figure 17-3.
3. Do not rewrite TRMD1 when CSOT1 = 1 (during serial communication).

4. The SO1 o
from SIO1.

utput is fixed to the low level when TRMD1 is 0. Reception is started when data is read

5. Do not rewrite these bits when CSOT1 = 1 (during serial communication).
6. Before setting this bit to 1, fix the input level of the SS1 pin to 0 or 1.
7. CSOT1 is cleared if CSIE1 is cleared to 0 (operation stops).

User's Manual U14260EJ2V0UD 353



CHAPTER 17 SERIAL INTERFACE CSI1

(2) Serial clock select register 1 (CSIC1)
This register is used to select the phase of the data clock and a transfer clock.
This register is set by using a 1-bit or 8-bit memory manipulation instruction.
RESET input sets the value of CSIC1 to 10H.

Figure 17-3. Format of Serial Clock Select Register 1 (CSIC1)

Address: FFB1H After reset: 10H R/W

Symbol 7 6 5 4 3 2 1 0
CsSIC1 0 0 0 CKP1 DAP1 CKS12 CKS11 CKS10
CKP1 DAP1 Data clock phase selection Type
0 0 1

SO1 __XD7XD6XD5XD4XD3XD2XD1XD0O
SI1 input timing | | | | | | | |

SO1 XD7XD6XD5XD4XD3XD2XD1XDO
SI1 input timing | | | | | | | |

SO1 __XD7XD6XD5XD4XD3XD2XD1XD0
SI1 input timing | | | | | | | |

sckt _ [T LML L
SO1 XD7XD6XD5XD4XD3XD2XD1XD0
SHinputtiming _ || | | | | | |

CKS12 CKS11 CKS10 Transfer clock CSI1 selection
fx = 8.38 MHz fx = 12 MHzNote
0 0 0 fx/2 4.19 MHz 6 MHz
0 0 1 fx/22 2.09 MHz 3 MHz
0 1 0 fx/28 1.04 MHz 1.5 MHz
0 1 1 fx/24 523.75 kHz 750 kHz
1 0 0 fx/25 261.87 kHz 375 kHz
1 0 1 fx/26 130.94 kHz 187.5 kHz
1 1 0 fx/27 65.47 kHz 93.75 kHz
1 1 1 External clock

Note Expanded-specification products of uPD780078 Subseries only.
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Cautions 1. Do not write CSIC1 when CSIE1 = 1 (operation enabled) or P20/SI1, P21/SO1, and P22/SCK1
are used as general-purpose port pins.
2. The phase type of the data clock is type 3 after reset.

Remark fx: Main system clock oscillation frequency

(3) Port mode registers 2, 8 (PM2, PM8)

PM2 and PM8 are registers that set input/output of ports 2 and 8 in 1-bit units.
When using the P21/SO1 pin as a serial data output, set PM21 and the output latch of P21 to 0.
When using the P20/SI1 pin as a serial data input, the P22/SCK1 pin as a clock input, and the P80/SS1 pin as
a chip select input, set PM20, PM22, and PM80 to 1.

At this time, the output latches of P20, P22, and P80 can be either 0 or 1.
PM2 and PM8 are set by a 1-bit or 8-bit memory manipulation instruction.
RESET input sets the values of PM2 and PM8 to FFH.

Figure 17-4. Format of Port Mode Register 2 (PM2)

Address: FF22H After reset: FFH R/W

Symbol 7 6 5 4 3 2 1 0
PM2 1 1 PM25 PM24 PM23 PM22 PM21 PM20
PM2n I/O mode selection of P2n pin (n = 0 to 5)
0 Output mode (output buffer on)
1 Input mode (output buffer off)
Figure 17-5. Format of Port Mode Register 8 (PM8)
Address: FF28H After reset: FFH R/W
Symbol 7 6 5 4 3 2 1 0
PM8 1 1 1 1 1 1 1 PM80
PM80 I/O mode selection of P80 pin
0 Output mode (output buffer on)

Input mode (output buffer off)
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17.4 Operation of Serial Interface CSI1
The following describes the two modes of serial interface CSI1.
17.4.1 Operation stop mode
Serial transfer is not executed in this mode, so the power consumption can be reduced.

In addition, the P20/SI1, P21/SO1, P22/SCK1, and P80/SS1 pins can be used as ordinary I/O port pins in this mode.

(1) Registers to be used
The operation stop mode is set by serial operation mode register 1 (CSIM1).

(a) Serial operation mode register 1 (CSIM1)
This register is set by using a 1-bit or 8-bit memory manipulation instruction.

RESET input sets the value of CSIM1 to 00H.

Address: FFBOH After reset: 00H R/W

Symbol 6 5 4 3 2 1 0
csimt | CSE1 | TRMDI SSE1 DIR 0 0 0 CSOTH
CSIE1 Control of operation in 3-wire serial /O mode
0 Stop operation (SI1/P20, SO1/P21, and SCK1/P22 pins can be used as general-purpose port
pins).

17.4.2 3-wire serial /O mode

The 3-wire serial I/O mode can be used when connecting ICs and display controllers having a conventional clocked
serial interface.

In this mode, communication is executed by using three lines: serial clock (SCK1), serial output (SO1), and serial
input (SI1) lines.

(1) Registers to be used
» Serial operation mode register 1 (CSIM1)
» Serial clock select register 1 (CSIC1)
+ Port mode register (PM2)
+ Port 2 (P2)
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(a) Serial operation mode register 1 (CSIM1)
This register can be set by a 1-bit or 8-bit memory manipulation instruction.
RESET input sets the value of CSIM1 to 00H.

Address: FFBOH After reset: 00H R/wNote1

Symbol 6 5 4 3 2 0
csmi | CSEr | TRMDI SSET DIRT 0 0 CSOT1
CSIE1 Control of operation in 3-wire serial I/O mode
0 Stop operation (SI1/P20, SO1/P21, and SCK1/P22 pins can be used as general-purpose port
pinSNote 2)'
1 Enable operation (S11/P20, SO1/P21, and SCK1/P22 pins can be used in 3-wire serial I/O mode).
TRMD1Note 3 Selection of transmit/receive mode
QNote 4 Receive-only mode (transmission disabled).
1 Transmit/receive mode
SSE1Notes 5,6 Specification of whether SS1 pin is used
0 Do not use SS1 pin.
1 Use SS1 pin.
DIR1Note 5 Specification of first bit
0 MSB
1 LSB
CSQT{Note7 Operation mode flag
0 Communication is stopped.
1 Communication is in progress.

Notes 1. Bit 0 is a read-only bit.

2. When using these pins as general-purpose port pins, refer to Caution 1 of (b) Serial clock select

register 1 (CSIC1).
3. Do not rewrite TRMD1 when CSOT1 = 1 (during serial communication).

4. The SO1 output is fixed to the low level when TRMD1 is 0. Reception is started when data is read

from SIO1.
5. Do not rewrite these bits when CSOT1 = 1 (during serial communication).
6. Before setting this bit to 1, fix the input level of the SS1 pin to 0 or 1.
7. CSOT1 is cleared if CSIE1 is cleared to 0 (operation stops).
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(b) Serial clock select register 1 (CSIC1)
This register is set by a 1-bit or 8-bit memory manipulation instruction.
RESET input sets the value of CSIC1 to 10H.

Address: FFB1H After reset: 10H R/W

Symbol 7 6 5 4 3 2 1 0
CsIC1 0 0 0 CKP1 DAP1 CKS12 CKS11 CKS10
CKP1 DAP1 Data clock phase selection Type
0 0 1

sckt — L L L LML L
SO1 (D7 X D6 X D5 X D4 X D3 X D2 X D1 X DO
SI1 input timing I I I I O I

SO1 XD7XD6XD5XD4XD3XD2XD1XDO
SI1 input timing | | | | | | | |

SO1 _XD7XD6XD5XD4XD3XD2XD1XD0
SI1 input timing | | | | | | | |

1 1 S guipipigipipigigigh )
SO1 XD7XD6XD5XD4XD3XD2XD1XD0O
Siinputtiming _ | | | | | | | |
CKS12 CKS11 CKS10 Transfer clock CSI1 selection
fx = 8.38 MHz fx = 12 MHzNote
0 0 0 fx/2 4.19 MHz 6 MHz
0 0 1 fx/22 2.09 MHz 3 MHz
0 1 0 fx/23 1.04 MHz 1.5 MHz
0 1 1 fx/24 523.75 kHz 750 kHz
1 0 0 fx/25 261.87 kHz 375 kHz
1 0 1 fx/26 130.94 kHz 187.5 kHz
1 1 0 fx/27 65.47 kHz 93.75 kHz
1 1 1 External clock

Note Expanded-specification products of uPD780078 Subseries only.
Cautions 1. Do not write CSIC1 when CSIE1 = 1 (operation enabled) or P20/SI1, P21/SO1, and P22/SCK1
are used as general-purpose port pins.

2. The phase type of the data clock is type 3 after reset.

Remark fx: Main system clock oscillation frequency
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(c) Port mode registers 2, 8 (PM2, PM8)
PM2 and PM8 are registers that set input/output of ports 2 and 8 in 1-bit units.
When using the P21/SO1 pin as a serial data output, set PM21 and the output latch of P21 to 0.
When using the P20/SI1 pin as a serial data input, the P22/SCK1 pin as a clock input, and the P80/SS1 pin
as a chip select input, set PM20, PM22, and PM80 to 1.
At this time, the output latches of P20, P22, and P80 can be either 0 or 1.
PM2 and PM8 are set by a 1-bit or 8-bit memory manipulation instruction.
RESET input sets the values of PM2 and PM8 to FFH.

Address: FF22H After reset: FFH R/W

Symbol 7 6 5 4 3 2 1 0
PM2 1 1 PM25 PM24 PM23 PM22 PM21 PM20
PM2n I/O mode selection of P2n pin (n = 0 to 5)
0 Output mode (output buffer on)
1 Input mode (output buffer off)

Address: FF28H After reset: FFH R/W

Symbol 7 6 5 4 3 2 1 0
PM8 1 1 1 1 1 1 1 PM80
PM80 I/O mode selection of P80 pin
0 Output mode (output buffer on)
1 Input mode (output buffer off)
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Communication operation

In the 3-wire serial /0 mode, data is transmitted or received in 8-bit units. Each bit of data is transmitted or
received in synchronization with the serial clock.

Data can be transmitted or received if bit 6 (TRMD1) of serial operation mode register 1 (CSIM1) is 1.
Transmission/reception is started when a value is written to transmit buffer register 1 (SOTB1). Data can be
received when bit 6 (TRMD1) of serial operation mode register 1 (CSIM1) is 0. Reception is started when data
is read from serial I/O shift register 1 (SIO1).

However, if bit 5 (SSE1) of CSIM1 is set to 1 in slave mode, the operation is as follows.

<1> Low level input to the SS1 pin
— Transmission/reception is started when SOTBH1 is written, or reception is started when SIO1 is read.
<2> High level input to the SS1 pin
— Transmission/reception or reception is held, therefore, even if SOTB1 is written or SIO1 is read,
transmission/reception or reception will not be started.
<3> Data is written to SOTB1 or data is read from SIO1 while a high level is input to the SS1 pin, then a low
level is input to the SS1 pin
— Transmission/reception or reception is started.
<4> A high level is input to the SS1 pin during transmission/reception or reception
— Transmission/reception or reception is suspended.

After communication has been started, bit 0 (CSOT1) of CSIM1 is set to 1. When communication of 8-bit data
has been completed, a communication completion interrupt request flag (CSIIF1) is set, and CSOT1 is cleared
to 0. Then the next communication is enabled.

Cautions 1. Do not access the control register and data register when CSOT1 = 1 (during serial
communication).
2. When bit 5 (SSE1) of CSIM1 is set to 1 in slave mode, input a low level to the SS1 pin one
clock or more before the clock operation starts.
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Figure 17-6. Timing of 3-Wire Serial /0 Mode (1/2)

(1) Transmission/reception timing (Type 1; TRMD1 = 1, DIR1 = 0, CKP1 = 0, DAP1 = 0)

SCK1

Read/write trigger

55H (communication d:ata) I

:X A:BH Y 56H X ADH X 5:AH X B:5H X 6:AH X D:5H :XAAH

SIO1

CSOT1

CSIIF1

T o)
<
< %]
[}
o
=
@
o
@
%)

55H is written to SOTB1.
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Figure 17-6. Timing of 3-Wire Serial /0 Mode (2/2)

(2) Transmission/reception timing (Type 2; TRMD1 = 1, DIR1 = 0, CKP1 = 0, DAP1 = 1)

SCK1

Read/write trigger

I 55H (communication d:ata) I

AH

:X A:BH Y 56H X ADH X 5:AH X B:SH X 6:/-\H X D:5H :XA

SIO1

CSIIF1

SI1 (receives AAH)

SO1

55H is written to SOTB1.
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Figure 17-7. Timing of Clock/Data Phase

(a) Type 1; CKP1 =0, DAP1 =0

SCK1
SI1 capture

SO1

Writing to SOTBH1 or
reading from SI1O1
CSIIF1

CSOT1

5 ' R
5 X D7 X D6 X D5 X D4 X D3 X D2 X D1 X D0
N !

— .

(b) Type 2; CKP1 =0, DAP1 =1

SCK1
SI1 capture

SO1

Writing to SOTB1 or
reading from SIO1
CSIIF1

CSOTH1

: | | | | | | | [

X D7 X(D6 X(D5 X D4 X D3 X D2 X D1 X Do X

N :
= —

(c) Type 3; CKP1 =1, DAP1=0

SCK1
SI1 capture

SO1

Writing to SOTBH1 or
reading from SIO1
CSIIF1

CSOT1

: I I [ 1 I I I I
5 X D7 X D6 X D5 X D4 X D3 X D2 X D1 X Do
N !

— .

(d) Type 4; CKP =1, DAP1 = 1

SCK1
SI1 capture

SO1

Writing to SOTB1 or
reading from SIO1
CSIIF1

CSOT1

: | | | | | | | [ .
X D7 X(D6 Y05 X D4 X D3 X D2 X D1 X Do X
1l :

—
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Timing of output to SO1 pin (first bit)
When communication is started, the value of transmit buffer register 1 (SOTB1) is output from the SO1 pin. The
following describes the output operation of the first bit at this time.

Figure 17-8. Output Operation of First Bit

(1) CKP1 =0, DAP1 =0 (or CKP1 = 1, DAP1 = 0)

SCK1
AR ] 5

SOTBH X \
siof ; ; X X
Output latch \. X \

sof l X Fistbt X 2ndbit

The first bit is directly latched to the output latch from the SOTB1 register at the falling (or rising) edge of SCK1,
passed through the output selector and output from the SO1 pin. The value of the SOTB1 register is transferred
to the SIO1 register at the next rising (or falling) edge of SCK1 and the data shifts by one bit. Simultaneously,
the first bit of the received data is passed through the SI1 pin and stored in the SIO1 register.

The second and subsequent bits are latched to the output latch at the next falling (or rising) edge of SCK1 and
the respective data is output from the SO1 pin.

(2) CKP1 =0, DAP1 =1 (or CKP1 =1, DAP1 =1)

SCK1
ST .
SOTB1 X : : : :
SIOf : X N X :
Output latch ' ' X \' X

so1 X Firs‘tjbit A 2ndbit X 3rd bit

The first bit is output from the SO1 pin directly from the SOTB1 register through the output selector at the falling
edge of the write signal of SOTB1 or the read signal of the SIO1 register. The value of the SOTB1 register is
transferred to the SIO1 register at the next falling (or rising) edge of SCK1 and shifts by one bit. Simultaneously,
the first bit of the received data is stored in the SIO1 register through the SI1 pin.

The second and subsequent bits are latched to the output latch from SIO1 at the next rising (or falling) edge of
SCK1 and the data is output from the SO1 pin.
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(4) Output value of SO1 pin (last bit)

After communication has been completed, the SO1 pin holds the output value of the last bit.

Figure 17-9. Output Value of SO1 Pin (Last Bit)

(1) Type 1; CKP1 =0 and DAP1 = 0 (or CKP1 =1, DAP1 = 0)

SCK1

Writing to SOTBH1 or
reading from SIO1

SOTB1

SI01

SO1

Output latch

| (< Next request is issued.)

A

Last bit

(2) Type 2;

SCK1

Writing to SOTB1 or
reading from SIO1

SOTB1

SIO1

SO1

Output latch

| ( < Next request is issued.)
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(1) Operation stop mode

x Table 17-2. Register Settings

CSIM1 CSIC1 PM20 P20 PM21 P21 PM22 P22 Pin Function Operation
CSIE1 | TRMD1 | SSEf1 DIR1 CKP1 | DAP1 | CKS12 | CKS11 | CKS10 P20/SI11 P21/SO1 | P22/SCK1
0 0 X X 1 0 0 0 0 X X X X X X P20 P21 P22 Stop
Other than above Setting prohibited
(2) 3-wire serial I/O mode
CSIM1 CSIC1 PM20 P20 PM21 P21 PM22 P22 Pin Function Operation
CSIE1 | TRMD1 | SSEf1 DIR1 CKP1 | DAP1 | CKS12 | CKS11 | CKS10 P20/SI11 P21/SO1 | P22/SCK1
1 0 X 0/1 01 01 1 1 1 1 X X X 1 X S P21 SCK1 input | Slave receive
1 1 X 01 (VA 0/ 1 1 1 X X 0 0 1 X P20 SO1 SCK1 input | Slave transmit
1 1 x 01 0/1 01 1 1 1 1 X 0 0 1 X S SO1 SCK1 input |Slave transmitireceive
1 0 X 01 0/1 01 Other than above 1 X X X 0 0 S P21 SCK1 output|Master receive
1 1 X 0/1 0/1 0/1 X X 0 0 0 0 P20 SOt SCK1 output|Master transmit
1 1 X 01 011 01 1 X 0 0 0 0 S SO1 SCK1 output [Master transmitireceive

Other than above

Setting prohibited

Remark x: Don’t care, CSIM1: Serial operation mode register 1, CSIC1: Serial clock select register 1,

PMxx: Port mode register, Pxx: Output latch of port
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18.1 Functions of Serial Interface 11CO
Serial interface IICO has the following two modes.

(1) Operation stop mode
This mode is used when serial transfers are not performed. It can therefore be used to reduce power consumption.

(2) 12C bus mode (multimaster supported)
This mode is used for 8-bit data transfers with several devices via two lines: a serial clock (SCLO) line and a
serial data bus (SDAO) line.
The transfer rate is as follows.
* 97.5 kHz (standard mode) or 350 kHz (high-speed mode): When operated at fx = 8.38 MHz
This mode complies with the I2C bus format and can output “start condition”, “data”, and “stop condition” data
segments when transmitting viathe serial databus. These data segments are automatically detected by hardware
during reception.
Since SCLO and SDAOQ are open-drain outputs, the [ICO requires pull-up resistors for the serial clock line (SCLQ)
and the serial data bus line (SDAO).

Figure 18-1 shows a block diagram of serial interface 11CO.
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« Figure 18-1. Block Diagram of Serial Interface 11C0
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CHAPTER 18 SERIAL INTERFACE IICO (uPD780078Y SUBSERIES ONLY)

Figure 18-2 shows a serial bus configuration example.

Master CPU1
Slave CPU1
Address 0

SDAO

SCLO

+Vbpo +VbDo

Serial data bus

Figure 18-2. Serial Bus Configuration Example Using I°C Bus

Serial clock

SDAO

SCLO

SDAO

SCLO

SDAO

SCLO
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SDAO

SCLO

Master CPU2
Slave CPU2

Address 1

Slave CPU3

Address 2

Slave IC

Address 3

Slave IC

Address N
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18.2 Configuration of Serial Interface 1ICO
Serial interface 1ICO includes the following hardware.

Table 18-1. Configuration of Serial Interface 11C0

ltem Configuration

Registers IIC shift register 0 (11C0)
Slave address register 0 (SVAQ)

Control registers IIC control register 0 (11ICCO0)

IIC status register 0 (IICS0)

IIC transfer clock select register 0 (1ICCLO)
Port mode register 3 (PM3)

Port 3

(1) 1IC shift register 0 (1IC0)
IICO is used to convert 8-bit serial data to 8-bit parallel data and vice versa in synchronization with the serial clock.
IICO can be used for both transmission and reception.
Write and read operations to 1IC0O are used to control the actual transmit and receive operations.
IICO is set by an 8-bit memory manipulation instruction.
RESET input sets the value of 11IC0O to 00H.

Figure 18-3. Format of IIC Shift Register 0 (1IC0)

Address: FF1FH After reset: O0H R/W
Symbol 7 6 5 4 3 2 1 0

IICO

Caution Do not write data to IICO during data transfer.

(2) Slave address register 0 (SVAO)
This register sets local addresses when in slave mode.
SVAQ is set by an 8-bit memory manipulation instruction.
RESET input sets the value of SVAO to 00H.

Figure 18-4. Format of Slave Address Register 0 (SVAO0)

Address: FFABH After reset: 00H R/W

Symbol 7 6 5 4 3 2 1 0
ONole

SVAO

Note Bit 0 is fixed to 0.
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(3) SO0 latch
The SOO latch is used to retain the SDAO pin’s output level.

(4) Wake-up controller
This circuit generates an interrupt request when the address received by this register matches the address value
set to slave address register 0 (SVAOQ) or when an extension code is received.

(5) Prescaler
This selects the sampling clock to be used.

(6) Serial clock counter
This counter counts the serial clocks that are output or input during transmit/receive operations and is used to
verify that 8-bit data was sent or received.

(7) Interrupt request signal generator
This circuit controls the generation of interrupt request signals (INTIICO).

An I2C interrupt request is generated following either of two triggers.

« Falling of eighth or ninth clock of the serial clock (set by WTIMO bit) Note
« Interrupt request generated when a stop condition is detected (set by SPIEQ bit) Note

Note WTIMO bit: Bit 3 of the IIC control register 0 (IICCO0)
SPIEO bit: Bit 4 of the 1IC control register 0 (IICCO0)

(8) Serial clock controller
In master mode, this circuit generates the clock output via the SCLO pin from a sampling clock.

(9) Serial clock wait controller
This circuit controls the wait timing.

(10) ACK output circuit, stop condition detector, start condition detector, and ACK detector
These circuits are used to output and detect various control signals.

(11) Data hold time correction circuit
This circuit generates the hold time for data corresponding to the falling edge of the serial clock.
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18.3 Registers to Control Serial Interface 11ICO
Serial interface IICO is controlled by the following five registers.

+ 1IC control register 0 (IICCO0)

+ 1IC status register 0 (11ICS0)

» 1IC transfer clock select register 0 (IICCLO)
» Port mode register 3 (PM3)

+ Port 3 (P3)

(1) 1IC control register 0 (11ICCO0)
This register is used to enable/stop 12C operations, set wait timing, and set other 12C operations.
IICCO is set by a 1-bit or 8-bit memory manipulation instruction.
RESET input sets the value of 1ICCO to 00H.
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Figure 18-5. Format of IIC Control Register 0 (IICCO0) (1/4)

Address: FFA8H After reset: 00H R/W

Symbol (6] [0]

IICCO | IICEO | LRELO | WRELO | SPIEO | WTIMO | ACKEO | STTO | SPTO |
IICEO I2C operation enable
0 Stop operation. Reset IIC status register 0 (IICS0). Stop internal operation.
1 Enable operation.
Condition for clearing (IICEO = 0) Condition for setting (IICEQ = 1)
. CIeareMstruction » Set by instruction
* When RESET is input

LRELO Exit from communications
0 Normal operation
1 This exits from the current communications operation and sets standby mode. This setting is

automatically cleared after being executed. Its uses include cases in which a locally irrelevant
extension code has been received.

The SCLO and SDAO lines go into the high impedance state.

The following flags of 1IC status register 0 (1ICS0) and IIC control register 0 (IICC0) are cleared.
+STDO -+ ACKDO +TRCO +COI0 «EXCO +«MSTSO «STTO -« SPTO

The standby mode following exit from communications remains in effect until the following communications entry
conditions are met.

» After a stop condition is detected, restart is in master mode.

* An address match or extension code reception occurs after the start condition.

Condition for clearing (LRELO = 0) Note Condition for setting (LRELO = 1)

» Automatically cleared after execution + Set by instruction
» When RESET is input

WRELO Cancel wait
0 Do not cancel wait
1 Cancel wait. This setting is automatically cleared after wait is canceled.

When WRELDO is set (wait canceled) during the wait period at the ninth clock pulse in the transmission status
(TRCO = 1), the SDAO line goes into the high impedance state (TRCO = 0).

Condition for clearing (WRELOQ = 0) Note Condition for setting (WRELO = 1)

» Automatically cleared after execution » Set by instruction
* When RESET is input

SPIEO Enable/disable generation of interrupt request when stop condition is detected
0 Disable
1 Enable
Condition for clearing (SPIEO = 0) Note Condition for setting (SPIEO = 1)
» Cleared by instruction » Set by instruction
* When RESET is input

Note This flag’s signal is invalid when IICEO = 0.
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Figure 18-5. Format of IIC Control Register 0 (IICCO0) (2/4)

WTIMO

Control of wait and interrupt request generation

Interrupt request is generated at the eighth clock’s falling edge.
Master mode: After output of eight clocks, clock output is set to low level and wait is set.
Slave mode:  After input of eight clocks, the clock is set to low level and wait is set for master device.

Interrupt request is generated at the ninth clock’s falling edge.
Master mode: After output of nine clocks, clock output is set to low level and wait is set.
Slave mode:  After input of nine clocks, the clock is set to low level and wait is set for master device.

This bit’s setting is invalid during an address transfer and is valid after the transfer is completed. When in master
mode, a wait is inserted at the falling edge of the ninth clock during address transfers. For a slave device that
has received a local address, a wait is inserted at the falling edge of the ninth clock after an ACK signal is issued.
When the slave device has received an extension code, a wait is inserted at the falling edge of the eighth clock.

Condition for clearing (WTIMO = 0) Note Condition for setting (WTIMO = 1)

» Cleared by instruction » Set by instruction
* When RESET is input

ACKEO Acknowledgment control
0 Disable acknowledgment.
1 Enable acknowledgment. During the ninth clock period, the SDAO line is set to low level. However,
the ACK is invalid during address transfers and is valid when EXCO = 1.
Condition for clearing (ACKEQ = 0) Note Condition for setting (ACKEO = 1)
+ Cleared by instruction + Set by instruction
» When RESET is input

Note This flag’s signal is invalid when IICEO = 0.
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Figure 18-5. Format of IIC Control Register 0 (IICCO0) (3/4)

STTO

Start condition trigger

Do not generate a start condition.

When bus is released (during STOP mode):

Generate a start condition (for starting as master). The SDAO line is changed from high level to low
level and then the start condition is generated. Next, after the rated amount of time has elapsed,
SCLO is changed to low level.

When bus is not used:

This trigger functions as a start condition reservation flag. When set, it releases the bus and then
automatically generates a start condition.

Wait status (during master mode):

Generate a restart condition after wait is released.

Cautions concerning set timing
» For master reception: Cannot be set during transfer. Can be set only in the waiting period when ACKEO

» For master transmission: A start condition may not be generated normally during the ACK period.

» Cannot be set at the same time as SPT0

has been set to 0 and slave has been notified of final reception.

Therefore, set it during the waiting period.

Condition for clearing (STTO = 0) Note Condition for setting (STTO = 1)
» Cleared by loss in arbitration » Set by instruction
» Cleared after start condition is generated by master

device

Cleared when by setting LRELO to 1
(exit from communications)

When IICEO = 0 (operation stop)
When RESET is input

Remark Bit 1 (STTO0) is 0 when read after data has been set.
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Figure 18-5. Format of IIC Control Register 0 (IICCO0) (4/4)

SPTO

Stop condition trigger

Stop condition is not generated.

Stop condition is generated (termination of master device’s transfer).

After the SDAO line goes to low level, either set the SCLO line to high level or wait until it goes to
high level. Next, after the rated amount of time has elapsed, the SDAO line changes from low level
to high level and a stop condition is generated.

Cautions concerning set timing
» For master reception: Cannot be set during transfer.

» For master transmission: A stop condition cannot be generated normally during the ACKO period. Therefore,

« Cannot be set at the same time as STTO.

« SPTO can be set only when in master mode. Note

» When WTIMO has been set to 0, if SPTO is set during the wait period that follows output of eight clocks, note
that a stop condition will be generated during the high level period of the ninth clock.
When a ninth clock must be output, WTIMO should be changed from 0 to 1 during the wait period following
output of eight clocks, and SPTO should be set during the wait period that follows output of the ninth clock.

Can be set only in the waiting period when ACKEO has been set to 0 and slave has
been notified of final reception.

set it during the waiting period.

Condition for clearing (SPTO = 0) Condition for setting (SPTO = 1)

» Cleared by loss in arbitration » Set by instruction
» Automatically cleared after stop condition is detected
» Cleared when by setting LRELO to 1

(exit from communications)
» When IICEO = 0 (operation stop)
» When RESET is input

Note Set SPTO only in master mode. However, SPTO must be set and a stop condition generated before the
first stop condition is detected following the switch to the operation enabled status. For details, see 18.5.14

Other cautions.

Caution  When bit 3 (TRCO) of lIC status register 0 (IICS0) is setto 1, WRELO is set during the ninth clock
and wait is canceled, after which TRCO is cleared and the SDAO line is set to high impedance.

Remark Bit 0 (SPT0) becomes 0 when it is read after data setting.
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(2) IIC status register 0 (IICS0)
This register indicates the status of 12C.
IICS0 is read by a 1-bit or 8-bit memory manipulation instruction.
RESET input sets the value of 1ICS0 to O0H.

Figure 18-6. Format of IIC Status Register 0 (IICS0) (1/3)

Address: FFA9H After reset: 00H R

Symbol (6] [o]

IICSO | MSTSO0 | ALDO | EXCO | COolo | TRCO | ACKDO | STDO | SPDO |
MSTSO0 Master device status
0 Slave device status or communication standby status
1 Master device communication status
Condition for clearing (MSTSO = 0) Condition for setting (MSTSO = 1)
» When a stop condition is detected » When a start condition is generated

* When ALDO = 1 (arbitration loss)

» Cleared by LRELO = 1 (exit from communications)
» When IICEO changes from 1 to 0 (operation stop)
» When RESET is input

ALDO Detection of arbitration loss

0 This status means either that there was no arbitration or that the arbitration result was a “win”.

1 This status indicates the arbitration result was a “loss”. MSTSO is cleared.

Condition for clearing (ALDO = 0) Condition for setting (ALDO = 1)

- Automatically cleared after 1ICS0 is read Note * When the arbitration result is a “loss”.
* When IICEO changes from 1 to O (operation stop)
* When RESET is input

EXCO Detection of extension code reception
0 Extension code was not received.
1 Extension code was received.
Condition for clearing (EXCO = 0) Condition for setting (EXCO = 1)
* When a start condition is detected » When the higher 4 bits of the received
» When a stop condition is detected address data are either “0000” or “1111”
» Cleared by LRELO = 1 (exit from communications) (set at the rising edge of the eighth clock).
* When IICEO changes from 1 to O (operation stop)
* When RESET is input

Note This register is also cleared when a bit manipulation instruction is executed for bits other than 1ICSO0.

Remark LRELO: Bit 6 of IIC control register 0 (IICCO0)
IICEOQ: Bit 7 of IIC control register 0 (IICCOQ)
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Figure 18-6. Format of IIC Status Register 0 (IICS0) (2/3)

Ccaolo Detection of matching addresses
0 Addresses do not match.
1 Addresses match.

Condition for clearing (COIO = 0)

Condition for setting (COI0 = 1)

» When a start condition is detected

» When a stop condition is detected

» Cleared by LRELO = 1 (exit from communications)
* When IICEO changes from 1 to 0 (operation stop)
« When RESET is input

* When the received address matches the local
address (slave address register 0 (SVAQ))
(set at the rising edge of the eighth clock).

TRCO Detection of transmit/receive status
0 Receive status (other than transmit status). The SDAO line is set to high impedance.
1 Transmit status. The value in the SOO latch is enabled for output to the SDAO line (valid starting at
the rising edge of the first byte’s ninth clock).

Condition for clearing (TRCO = 0)

Condition for setting (TRCO = 1)

<Both master and slave>
» When a stop condition is detected
» Cleared by LRELO = 1 (exit from communications)
* When IICEO changes from 1 to O (operation stop)
« Cleared by WRELO = 1Note (waijt cancel)
* When ALDO changes from 0 to 1 (arbitration loss)
* When RESET is input
<Master>
* When “1” is output to the first byte’s LSB
(transfer direction specification bit)
<Slave>
* When a start condition is detected
» When “0” is input to the first byte’s LSB
(transfer direction specification bit)
<When not used for communication>

Master

» When a start condition is generated

Slave

* When “1” is input to the first byte’s LSB
(transfer direction specification bit)

Note

If the wait status is cleared by setting bit 5 (WRELDO) of IIC control register 0 (IICCO0) to 1 at the ninth clock
when bit 3 (TRCO) of IIC status register 0 (1ICS0) is 1, TRCO is cleared, and the SDAO line goes into a

high-impedance state.

Remark LRELO: Bit 6 of IIC control register 0 (IICCO0)

IICEOQ: Bit 7 of IIC control register 0 (IICCOQ)
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Figure 18-6. Format of IIC Status Register 0 (IICS0) (3/3)

ACKDO Detection of ACK
0 ACK was not detected.
1 ACK was detected.
Condition for clearing (ACKDO = 0) Condition for setting (ACKDO = 1)
» When a stop condition is detected » After the SDAO line is set to low level at the
» At the rising edge of the next byte’s first clock rising edge of the SCLO’s ninth clock

» Cleared by LRELO = 1 (exit from communications)
* When IICEO changes from 1 to 0 (operation stop)
* When RESET is input

STDO Detection of start condition
0 Start condition was not detected.
1 Start condition was detected. This indicates that the address transfer period is in effect
Condition for clearing (STDO = 0) Condition for setting (STDO = 1)
» When a stop condition is detected * When a start condition is detected

» At the rising edge of the next byte’s first clock
following address transfer

» Cleared by LRELO = 1 (exit from communications)

* When IICEO changes from 1 to O (operation stop)

* When RESET is input

SPDO Detection of stop condition

0 Stop condition was not detected.

1 Stop condition was detected. The master device’s communication was terminated and the bus was
released.

Condition for clearing (SPDO = 0) Condition for setting (SPDO = 1)

» At the rising edge of the address transfer byte’s » When a stop condition is detected
first clock following setting of this bit and
detection of a start condition

» When IICEO changes from 1 to 0 (operation stop)

+ When RESET is input

Remark LRELO: Bit 6 of IIC control register 0 (IICCO0)
IICEOQ: Bit 7 of IIC control register 0 (IICCOQ)
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(3) IIC transfer clock select register 0 (IICCLO)

This register is used to set the transfer clock for the 12C bus.
IICCLO is set by a 1-bit or 8-bit memory manipulation instruction.

RESET input sets the value of IICCLO to 00H.

Figure 18-7. Format of IIC Transfer Clock Select Register 0 (IICCLO) (1/2)

Address: FFAAH After reset: 00H  R/W Note
Symbol 7 6 3 2 1 0
ICCLO 0 o | cbo | pAbo | swmco DFCO 0 CLOO
CLDO Detection of SCLO line level (valid only when IICEQ = 1)
0 SCLO line was detected at low level.
1 SCLO line was detected at high level.

Condition for clearing (CLDO = 0)

Condition for setting (CLDO = 1)

» When the SCLO line is at low level
» When IICEO = 0 (operation stop)
» When RESET is input

» When the SCLO line is at high level

DADO Detection of SDAO line level (valid only when IICEQ = 1)
0 SDAO line was detected at low level.
1 SDAO line was detected at high level.

Condition for clearing (DADO = 0)

Condition for setting (DADO = 1)

* When the SDAO line is at low level
* When IICEO = 0 (operation stop)
* When RESET is input

» When the SDAO line is at high level

SMCO Operation mode switching
0 Operation in standard mode
1 Operation in high-speed mode

Condition for clearing (SMCO = 0)

Condition for setting (SMCO = 1)

» Cleared by instruction
* When RESET is input

» Set by instruction

Note Bits 4 and 5 are read-only bits.

Remark

IICEQ: Bit 7 of IIC control register 0 (11CC0)
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Figure 18-7. Format of IIC Transfer Clock Select Register 0 (IICCLO) (2/2)

DFCO Control of digital filter operation Note 1
0 Digital filter OFF
1 Digital filter ON

Selection of transfer rate

CLOO
Standard mode High-speed mode
fx = 8.38 MHz fx = 8.38 MHz
0 fx/44 190.4 kHzNote 2 fx/24 350 kHz
1 x/86 97.5 kHz

Notes 1. The digital filter can be used when in high-speed mode. The response time is slower when the digital
filter is used.
2. The transfer rate in standard mode must not be set when fx is more than 100 kHz.

Caution Stop serial transfer once before rewriting CL0O to other than the same value.

Remarks 1. fx: Main system clock oscillation frequency
2. The transfer clock does not change in the high-speed mode even if DFCO is turned on and off.

Port mode register 3 (PM3)

PM3 is a register that set the input/output of port 3 in 1-bit units.

To use the P32/SDAO pin as serial data I/O and the P33/SCLO pin as clock 1/0O, set PM32, PM33, and the output
latches of P32 and P33 to 0.

PM3 is set by a 1-bit or 8-bit memory manipulation instruction.

RESET input sets the value of PM3 to FFH.

Figure 18-8. Format of Port Mode Register 3 (PM3)

Address: FF23FH After reset: FFH R/W

Symbol 7 6 5 4 3 2 1 0
PM3 1 PM36 PM35 PM34 PM33 PM32 PM31 PM30
PM3n I/0O Mode selection of P3n pin (n = 0 to 6)
0 Output mode (output buffer on)
1 Input mode (output buffer off)
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18.4 12C Bus Mode Functions
18.4.1 Pin configuration
The serial clock pin (SCLO) and serial data bus pin (SDAOQ) are configured as follows.
(1) SCLQ --+-eeeee This pin is used for serial clock input and output.
This pin is an N-ch open-drain output for both master and slave devices. Inputis Schmitt input.
(2) SDAQ -------- This pin is used for serial data input and output.

This pin is an N-ch open-drain output for both master and slave devices. Inputis Schmitt input.

Since outputs from the serial clock line and the serial data bus line are N-ch open drain outputs, an external pull-
up resistor is required.

Figure 18-9. Pin Configuration Diagram

Voo Slave device
Master device |
SCLO SCLO
Clock output —>| —» |—— (Clock output)
Vsso Vooo Vsso
(Clock input) <—<]— —[}—» Clock input
SDAO SDAO
Data output —>| — — |-— Data output
Vsso Vsso
Data input <—<]— 4[>—> Data input
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18.5 12C Bus Definitions and Control Methods
The following section describes the I2C bus’s serial data communication format and the signals used by the 12C
bus. Figure 18-10 shows the transfer timing for the “start condition”, “data”, and “stop condition” output via the 12C

bus’s serial data bus.

Figure 18-10. I1°C Bus Serial Data Transfer Timing

Start Address R/W
condition condition

The master device outputs the start condition, slave address, and stop condition.

The acknowledge signal (AC_K) can be output by either the master or slave device (normally, it is output by the
device that receives 8-bit data).

The serial clock (SCLO) is continuously output by the master device. However, in the slave device, the SCLO’s

low level period can be extended and a wait can be inserted.

18.5.1 Start conditions

A start condition is met when the SCLO pin is at high level and the SDAO pin changes from high level to low level.
The start conditions for the SCLO pin and SDAO pin are signals that the master device outputs to the slave device
when starting a serial transfer. When the device is used as a slave, start conditions can be detected.

Figure 18-11. Start Conditions

SCLO

SDAO

A start condition is output when bit 1 (STTO) of IIC control register 0 (IICCO) is set (to 1) after a stop condition has
been detected (SPDO: Bit 0 = 1 in |IC status register 0 (IICS0)). When a start condition is detected, bit 1 (STDO) of
IICSO0 is set (to 1).
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18.5.2 Addresses

The address is defined by the 7 bits of data that follow the start condition.

An address is a 7-bit data segment that is output in order to select one of the slave devices that are connected
to the master device via the bus lines. Therefore, each slave device connected via the bus lines must have a unique
address.

The slave devices include hardware that detects the start condition and checks whether or not the 7-bit address
data matches the data values stored in slave address register 0 (SVAQ). If the address data matches the SVAO values,
the slave device is selected and communicates with the master device until the master device transmits a start
condition or stop condition.

Figure 18-12. Address

SCLO 1 2 3 4 5 6 7 8 9
SDAO \ /AGXASXA4XA3XA2><A1XAOXR/WX
Address Note
INTIICO

Note INTIICO is not issued if data other than a local address or extension code is received during slave device
operation.

The slave address and the eighth bit, which specifies the transfer direction as described in 18.5.3 Transfer
direction specification below, are together written to IIC shift register 0 (1IC0) and are then output. Received
addresses are written to 11CO.

The slave address is assigned to the higher 7 bits of 11CO.

18.5.3 Transfer direction specification

In addition to the 7-bit address data, the master device sends 1 bit that specifies the transfer direction. When this
transfer direction specification bit has a value of “0”, it indicates that the master device is transmitting data to a slave
device. When the transfer direction specification bit has a value of “1”, it indicates that the master device is receiving
data from a slave device.

Figure 18-13. Transfer Direction Specification

SCLO 1| 2| [3]| 4| |5| |e| [7] [8] |9

SDAO_\ /A6XA5XA4XA3XA2XA1XAOX3/{V_-VIX

Transfer direction specification
Note

INTIICO

Note INTIICO is not issued if data other than a local address or extension code is received during slave device
operation.
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18.5.4 Acknowledge (ACK) signal

The acknowledge (ACK) signal is used by the transmitting and receiving devices to confirm serial data reception.

The receiving device returns one ACK signal for each 8 bits of data it receives. The transmitting device normally
receives an ACK signal after transmitting 8 bits of data. However, when the master device is the receiving device,
itdoes not output anACK signal after receiving the final data to be transmitted. The transmitting device detects whether
or not an ACK signal is returned after it transmits 8 bits of data. When an ACK signal is returned, the reception is
judged as normal and processing continues. If the slave device does not return an ACK signal, the master device
outputs either a stop condition or a restart condition and then stops the current transmission. Failure to return an

ACK signal may be caused by the following two factors.

(a) Reception was not performed normally.
(b) The final data was received.

When the receiving device sets the SDAO line to low level during the ninth clock, the ACK signal becomes active
(normal receive response).

When bit 2 (ACKEO) of IIC control register 0 (IICCO) is set to 1, automatic ACK signal generation is enabled.

Transmission of the eighth bit following the 7 address data bits causes bit 3 (TRCO) of IIC status register 0 (IICS0)
to be set. When this TRCO bit’s value is “0”, it indicates receive mode. Therefore, ACKEO should be set to 1.

When the slave device is receiving (when TRCO = 0), if the slave devices does not need to receive any more data
after receiving several bytes, setting ACKEO to 0 will prevent the master device from starting transmission of the
subsequent data.

Similarly, when the master device is receiving (when TRCO = 0) and the subsequent data is not needed and when
either a restart condition or a stop condition should therefore be output, setting ACKEO to 0 will prevent the ACK signal
from being returned. This prevents the MSB data from being output via the SDAO line (i.e., stops transmission) during
transmission from the slave device.

Figure 18-14. ACK Signal

SCLO 11 |2 3] |4 |5 [s6] |7| |8] |9

SDAO _\ /A6XA5XA4XA3XA2XA1XAOXR/V_V\W(F

When the local address is received, an ACK signal is automatically output in sync with the falling edge of the SCLO’s
eighth clock regardless of the ACKEO value. No ACK signal is output if the received address is not a local address.
The ACK signal output method during data reception is based on the wait timing setting, as described below.

* When 8-clock wait is selected: ACK signal is output when ACKEQO is set to 1 before wait cancellation.

(WTIMO = 0)
* When 9-clock wait is selected: ACK signalis automatically output at the falling edge of the SCLO’s eighth clock
(WTIMO = 1) if ACKEO has already been set to 1.
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18.5.5 Stop condition
When the SCLO pin is at high level, changing the SDAO pin from low level to high level generates a stop condition.
A stop condition is a signal that the master device outputs to the slave device when serial transfer has been
completed. When the device is used as a slave, stop conditions can be detected.

Figure 18-15. Stop Condition

SCLO

SDAO

A stop condition is generated when bit 0 (SPTO0) of 1IC control register 0 (1ICCOQ) is set (to 1). When the stop condition
is detected, bit 0 (SPDO) of IIC status register 0 (1ICS0) is set (to 1) and INTIICO is generated when bit 4 (SPIEQ)
of IICCO is set (to 1).
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18.5.6  Wait signal (WAIT)

The wait signal (W) is used to notify the communication partner that a device (master or slave) is preparing
to transmit or receive data (i.e., is in a wait state).

Setting the SCLO pin to low level notifies the communication partner of the wait status. When wait status has been

canceled for both the master and slave devices, the next data transfer can begin.
Figure 18-16. Wait Signal (1/2)

(1) When master device has a nine-clock wait and slave device has an eight-clock wait
(master transmits, slave receives, and ACKEO = 1)

Master
Master returns to high
impedance but slave Wait after output
is in wait state (low level). of ninth clock
| IICO data write (cancel wait)
lICO I
SCLO 6 7 8 9 1 2 3
Slave
Wait after output
of eighth clock
FFH is written to IICO or WRELO is set to 1
liCo }
SCLO
ACKEO H

Transfer lines| Wait signal Wait signal
from slave from master
oo LR/ R/ TR

SDAO D2 A Dt Do CK / D7 A D6 A D5
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Figure 18-16. Wait Signal (2/2)

(2) When master and slave devices both have a nine-clock wait
(master device transmits, slave receives, and ACKEO = 1)

Master Master and slave both wait
after output of ninth clock

Transfer lines|

S iniiginvasyanininh

W—/ o Ve

Output according to previously set ACKEOQ value

| 1ICO data write (cancel wait)
1ICO |
SCLO 6 7 8 9 1 2 3
Slave
5 i | FFH is written to 11CO or WRELO is set to 1
lICO : T
SCLO :
ACKEO  H 5
Wait signal from Wait signal
master and slavei from slave

Remarks ACKEQ: Bit 2 of IIC control register (11ICCO0)
WRELO: Bit 5 of IIC control register (IICCO0)

A wait may be automatically generated depending on the setting of bit 3 (WTIMO) of I1IC control register 0 (11CCO0).

Normally, the receiving side cancels the wait status when bit 5 (WRELO) is set to 1 or when FFH is written to 1IC
shift register 0 (IIC0), and the transmitting side cancels the wait status when data is written to [ICO.

The master device can also cancel the wait status via either of the following methods.

» By setting bit 1 (STTO0) of 1ICCO to 1

» By setting bit 0 (SPTO) of [ICCO to 1
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18.5.7 Interrupt request (INTIICO) generation timing and wait control
The setting of bit 3 (WTIMO) of IIC control register 0 (IICCO0) determines the timing by which INTIICO is generated
and the corresponding wait control, as shown in Table 18-2.

Table 18-2. INTIICO Timing and Wait Control

During Slave Device Operation During Master Device Operation
WTIMO Address Data Reception |Data Transmission Address Data Reception |Data Transmission
0 g Notes 1,2 g Note 2 g Note 2 9 8 8
g Notes 1,2 9 Note 2 9 Note 2 9 9 9

Notes 1. The slave device’s INTIICO signal and wait period occurs at the falling edge of the ninth clock only when
there is a match with the address set to slave address register 0 (SVAOQ).
At this point, ACK is output regardless of the value set to IICCO’s bit 2 (ACKEO). For a slave device
that has received an extension code, INTIICO occurs at the falling edge of the eighth clock.
However, if the address does not match after restart, INTIICO is generated at the falling of the 9th clock,
but wait does not occur.

2. If the received address does not match the contents of slave address register 0 (SVAQ) and extension

code is not received, neither INTIICO nor a wait occurs.

Remark The numbers in the table indicate the number of the serial clock’s clock signals. Interrupt requests and
wait control are both synchronized with the falling edge of these clock signals.

(1) During address transmission/reception

Interrupt and wait timing are determined depending on the conditions described in

Notes 1 and 2 above, regardless of the WTIMO bit.

» Master device operation: Interrupt and wait timing occur at the falling edge of the ninth clock regardless of
the WTIMO bit.

» Slave device operation:

(2) During data reception
+ Master/slave device operation: Interrupt and wait timing are determined according to the WTIMO bit.

(3) During data transmission
+ Master/slave device operation: Interrupt and wait timing are determined according to the WTIMO bit.

(4) Wait cancellation method
The four wait cancellation methods are as follows.

» By setting bit 5 (WRELO) of 1IC control register 0 (IICCO0) to 1

+ By writing to the 1IC shift register 0 (IIC0)

« By setting a start condition (setting bit 1 (STTO0) of IICCO to 1)Nete
« By setting a stop condition (setting bit 0 (SPTO0) of ICCO to 1)Nete

Note Master only.

When an 8-clock wait has been selected (WTIMO = 0), the output level of ACK must be determined prior to wait
cancellation.
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(5) Stop condition detection
INTIICO is generated when a stop condition is detected.

18.5.8 Address match detection method

In I12C bus mode, the master device can select a particular slave device by transmitting the corresponding slave
address.

Address match can be detected automatically by hardware. An interrupt request (INTIICO) occurs when a local
address has been set to slave address register 0 (SVAQ) and when the address setto SVAQ matches the slave address
sent by the master device, or when an extension code has been received.

18.5.9 Error detection

In 12C bus mode, the status of the serial data bus (SDAOQ) during data transmission is captured by |IC shift register
0 (1IC0) of the transmitting device, so the IICO data prior to transmission can be compared with the transmitted 11CO
data to enable detection of transmission errors. Atransmission error is judged as having occurred when the compared
data values do not match.

18.5.10 Extension code

(1) When the higher 4 bits of the receive address are either “0000” or “1111”, the extension code flag (EXCO)
is set for extension code reception and an interrupt request (INTIICO) is issued at the falling edge of the eighth
clock. The local address stored in slave address register 0 (SVAQ) is not affected.

(2) 1f“111110xx”is setto SVAO by a 10-bit address transfer and “111110xx” is transferred from the master device,
the results are as follows. Note that INTIICO occurs at the falling edge of the eighth clock.

« Higher four bits of data match: EXCO = 1 Note
« Seven bits of data match: COI0 = 1 Note

Note EXCO: Bit 5 of IIC status register 0 (1ICS0)
COI0: Bit 4 of IIC status register 0 (IICS0)

(3) Since the processing after the interrupt request occurs differs according to the data that follows the extension
code, such processing is performed by software.
For example, after the extension code is received, if you do not wish to operate the target device as a slave
device, you can set bit 6 (LRELO) of 1IC control register 0 (IICCO0) to 1 to set the standby mode for the next
communication operation.

Table 18-3. Extension Code Bit Definitions

Slave Address R/W Bit Description
0000 000 0 General call address
0000 000 1 Start byte
0000 001 X CBUS address
0000 010 X Address that is reserved for different bus format
1111 Oxx X 10-bit slave address specification
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18.5.11 Arbitration

When several master devices simultaneously output a start condition (when STTO is set to 1 before STDO is set
to 1Note) communication among the master devices is performed as the number of clocks are adjusted until the data
differs. This kind of operation is called arbitration.

When one of the master devices loses in arbitration, an arbitration loss flag (ALDO) in IIC status register 0 (IICS0)
is set (1) via the timing by which the arbitration loss occurred, and the SCLO and SDAQO lines are both set to high
impedance, which releases the bus.

The arbitration loss is detected based on the timing of the next interrupt request (the eighth or ninth clock, when
a stop condition is detected, etc.) and the ALDO = 1 setting that has been made by software.

For details of interrupt request timing, see 18.5.16 Timing of I12C interrupt request (INTIICO) occurrence.

Note STDO: Bit 1 of IIC status register 0 (11ICS0)
STTO: Bit 1 of IIC control register 0 (IICCO0)

Figure 18-17. Arbitration Timing Example

Master 1

SCLO

SDAO

Master 2

SCLO

SDAO

Transfer lines|
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Table 18-4. Status During Arbitration and Interrupt Request Generation Timing

Status During Arbitration Interrupt Request Generation Timing

During address transmission At falling edge of eighth or ninth clock following byte transfer Note 1

Read/write data after address transmission

During extension code transmission

Read/write data after extension code transmission

During data transmission

During ACK signal transfer period after data transmission

When restart condition is detected during data transfer

When stop condition is detected during data transfer When stop condition is output (when SPIEQ = 1) Note 2

When data is at low level while attempting to output a At falling edge of eighth or ninth clock following byte transfer Note 1
restart condition

When stop condition is detected while attempting to When stop condition is output (when SPIEQ = 1) Note 2
output a restart condition

When data is at low level while attempting to output a At falling edge of eighth or ninth clock following byte transfer Note 1
stop condition

When SCLO is at low level while attempting to output a
restart condition

Notes 1. When WTIMO (bit 3 of [IC control register 0 (IICCO0)) = 1, an interrupt request occurs at the falling edge
of the ninth clock. When WTIMO = 0 and the extension code’s slave address is received, an interrupt
request occurs at the falling edge of the eighth clock.

2. When there is a chance that arbitration will occur, set SPIEO = 1 for master device operation.

Remark SPIEOQ: Bit 4 of IIC control register 0 (IICCO0)

18.5.12 Wake-up function

The I12C bus slave function is a function that generates an interrupt request (INTIICO) when a local address and
extension code have been received.

This function makes processing more efficient by preventing unnecessary interrupt requests from occurring when
addresses do not match.

When a start condition is detected, wake-up standby mode is set. This wake-up standby mode is in effect while
addresses are transmitted due to the possibility that an arbitration loss may change the master device (which has
output a start condition) to a slave device.

However, when a stop condition is detected, bit 4 (SPIEQ) of I1IC control register 0 (IICCOQ) is set regardless of the
wake-up function, and this determines whether interrupt requests are enabled or disabled.
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18.5.13 Communication reservation

To start master device communications when not currently using a bus, a communication reservation can be made
to enable transmission of a start condition when the bus is released. There are two modes under which the bus is
not used.

* When arbitration results in neither master nor slave operation
* When an extension code is received and slave operation is disabled (ACK is not returned and the bus was
released when bit 6 (LRELO) of IIC control register 0 (IICCO0) was set to 1).

If bit 1 (STTO) of IICCO is set (1) while the bus is not used (after a stop condition is detected), a start condition
is automatically generated and wait status is set. Whenthe bus release is detected (when a stop condition is detected),
writing to 1IC shift register 0 (11IC0O) causes the master address transfer to start. At this point, bit 4 (SPIEO) of ICCO
should be set (1).

When STTO has been set (1), the operation mode (as start condition or as communication reservation) is determined
according to the bus status.

+ If the bus has been released ...........cccoeiiiiiiiiiiiiiine, a start condition is generated
« If the bus has not been released (standby mode) .......... communication reservation

Check whether the communication reservation operates or not by using MSTSO (bit 7 of 1IC status register 0 (11CS0))
after SSTO is set and the wait time elapses.

The wait periods, which should be set via software, are listed in Table 18-5. These wait periods can be set via
the settings for bits 3 and 0 (SMCO and CLO00) in IIC transfer clock select register 0 (IICCLO).

Table 18-5. Wait Periods

SMCO CLoo Wait Period
0 0 26 clocks
0 1 46 clocks
1 0 16 clocks
1 1

Figure 18-18 shows the communication reservation timing.
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Figure 18-18. Communication Reservation Timing

Program processing ?;I-TO :’I\gge to
Hardware processing |Cmmericaton :ﬁ; ISI?IIOCO g%o
SCLO 4 2| |3]| |4]| |5 6 71 8] |9 1 2| |3]| |4]| |5 6

SD’“’LXXXXXXXXXJ\T\WXXXK

Output by master with bus mastership

Remark 1ICO: IIC shift register O
STTO: Bit 1 of IIC control register 0 (IICCO0)
STDO: Bit 1 of IIC status register 0 (11ICS0)
SPDO: Bit 0 of IIC status register 0 (11CS0)

Communication reservations are accepted via the following timing. Afterbit 1 (STDO) of IIC status register 0 (IICS0)
is set to 1, a communication reservation can be made by setting bit 1 (STTO0) of 1IC control register 0 (IICCO0) to 1
before a stop condition is detected.

Figure 18-19. Timing for Accepting Communication Reservations

solo J
/ \ ) L4

STDO \

SPDO

~
~

~
~

~
~

Standby mode

Figure 18-20 shows the communication reservation protocol.
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Figure 18-20. Communication Reservation Protocol

DI
|
SET1 STTO Sets STTO flag (communication reservation)
|
Define communication Defines that communication reservation is in effect
reservation (defines and sets user flag to any part of RAM)
|
Wait Secures wait period set by software (see Table 18-5).

(Communication reservation)°'®

v Confirmation of communication reservation
es

No
(Generate start condition)

Cancel communication
; Clear user flag
reservation
MOV I1ICO, #xxH IICO write operation
|
1
El

Note Thecommunicationreservation operation executes a write to lIC shift register 0 (11C0) when a stop condition
interrupt request occurs.

Remark STTO0: Bit 1 of lIC control register 0 (1ICCO0)
MSTSO: Bit 7 of IIC status register 0 (11ICS0)
11CO: IIC shift register 0

18.5.14 Other cautions

After a reset, when changing from a mode in which no stop condition has been detected (the bus has not been
released) to a master device communication mode, first generate a stop condition to release the bus, then perform
master device communication.

When using multiple masters, it is not possible to perform master device communication when the bus has not
been released (when a stop condition has not been detected).

Use the following sequence for generating a stop condition.

(a) Set IIC transfer clock select register 0 (IICCLO).

(b) Set (1) bit 7 (IICEOQ) of IIC control register 0 (1ICCOQ).
(c) Set (1) bit 0 (SPTO) of IICCO.
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18.5.15 Communication operations

(M

396

Master operations

The following is a flowchart of the master operations.

Figure 18-21. Master Operation Flowchart

( STA‘RT )

IICCLO « xxH
Select transfer clock

IICCLO « xxH
IICEO = SPIEO = WTIMO = 1
STTO =1

\
No
Yes

Start 1ICO write transfer

No (receive)

TRCO =17

Yes (transmit) |

Start 1ICO write transfer

No
Yes

Data processing

Yes
ACKDO = 1?

No

Generate restart condition
or stop condition

IICCO « xxH
WTIMO =0
ACKEQ = 1

; Stop condition detection

; Address transfer completion

WRELO=1
Start reception

Yes

Data processing

ACKEO =0
WRELO = WTIMO = 1

Yes
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(2) Slave operation
An example of slave operation is shown below.

Figure 18-22. Slave Operation Flowchart

( START )

1ICCO « xxH
IICEO = 1

INTIICO =17

EXC0=17?

’

Communicate?

LRELO =1

Yes

No
TRCO =17
Yes ‘

WTIMO=1
Start [ICO write transfer

Yes

Data processing

No

WRELO = 1
Cancel wait

Yes

1ICCO « xxH
WTIMO =0
ACKEO = 1

WRELO=1
Start reception

Yes

No

Data processing

Transfer completed?

No

L or stop condition

N
Detect restart condition

ACKEO =0
WRELO = 1
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18.5.16 Timing of 12C interrupt request (INTIICO) occurrence

The INTIICO interrupt request timing and the 11C status register 0 (IICS0) settings corresponding to that timing are
described below.
(1) Master device operation

(a) Start ~ Address ~ Data ~ Data ~ Stop (nhormal transmission/reception)

() When WTIMO = 0

SPTO =1
{

| ST | AD6-ADO | RW | AK | D7-DO | AK | D7-DO | AK | SP |

A1 A2 A3 A4 A5

A1: 1ICSO = 1000x110B

A2 : 1ICSO = 1000x000B

A3 : 1ICSO = 1000x000B (Sets WTIMO)
A4 : 1ICSO = 1000xx00B (Sets SPTO)
A5 : 1ICSO = 00000001B

Remark A : Always generated
A Generated only when SPIEO = 1
x : Don’t care

(i) When WTIMO = 1

SPTO =1

| ST | ADB-ADO | RW| AK | D7-DO | AK | D7-D0 | AK | SP

A1 A2 A3 A4

A1: 1ICSO = 1000x110B
A2 : 1ICSO = 1000x100B
A3 : 1ICSO = 1000xx00B (Sets SPTO)
A4 1ICSO = 00000001B

Remark 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 (restart)

() When WTIMO = 0

STTO = 1 SPTO =1
{ {

[ st | Ape-apo | RW | Ak | D7-D0 | Ak | sT | Ape-apo | RW | Ak | D7-D0 [ Ak | sp |

A1 A2 A3 A4 A5 A6 A7

A1: 1ICSO = 1000x110B

A2 : 1ICSO = 1000x000B (Sets WTIMO)

A3 : 1ICSO = 1000xx00B (Clears WTIMO, sets STTO)
A4 : 1ICSO = 1000x110B

A5 : 1ICSO = 1000x000B (Sets WTIMO)

A6 : 1ICSO = 1000xx00B (Sets SPTO)

A7 : 1ICSO = 00000001B

Remark A : Always generated
A Generated only when SPIEOQ = 1
x : Don’t care

(i) When WTIMO = 1

STTO = 1 SPT0 = 1
| |

[ s7 | Ap6-aDo | Rw | Ak | D7-D0 | Ak | sT | ADe-AD0 | RW | Ak | D7-D0 | Ak | sP |

A1 A2 A3 A4 A5

A1: |ICSO = 1000x110B
A2 : |ICSO = 1000xx00B (Sets STTO0)
A3 : |ICSO = 1000x110B
A4 : |ICSO = 1000xx00B (Sets SPT0)
A5 : 1ICS0 = 00000001B

Remark A : Always generated
A : Generated only when SPIEO = 1
x : Don’t care

User's Manual U14260EJ2VOUD 399




CHAPTER 18 SERIAL INTERFACE IICO (uPD780078Y SUBSERIES ONLY)

(c) Start ~ Code ~ Data ~ Data ~ Stop (extension code transmission)

() When WTIMO = 0

SPTO =1
{

[ st | Aps-apo | RW | Ak | D7-D0 | Ak | D7-D0 | Ak | sP |

A1 A2 A3 A4 A5

A1: [ICSO = 1010x110B

A2 : [ICSO = 1010x000B

A3 : 1ICSO = 1010x000B (Sets WTIMO)
A4 : [ICSO = 1010xx00B (Sets SPTO0)
A5 : 1ICSO = 00000001B

Remark A : Always generated
A Generated only when SPIEOQ = 1
x : Don’t care

(i) When WTIMO = 1

SPTO =1
l

| st | Ape-apo | Rw| Ak | D700 | Ak | D7-D0 | AK | sP |

A1 A2 A3 A4

A1: [ICSO=1010x110B
A2: |ICSO =1010x100B
A3 : |ICSO = 1010xx00B (Sets SPT0)
A4 : 1ICS0 = 00001001B

Remark A : Always generated
A : Generated only when SPIEO = 1
x : Don’t care
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(2) Slave device operation (slave address data reception time (matches with SVAO0))
(a) Start ~ Address ~ Data ~ Data ~ Stop

() When WTIMO = 0

| ST | AD6-ADO | RW| AK | D7-DO | AK | D7-DO | AK | SP |

A1 A2 A3 A4

A1: IICSO =0001x110B
A2 : |ICSO = 0001x000B
A3 : |ICSO = 0001x000B
A4 : 1ICS0 = 00000001B

Remark A : Always generated
A : Generated only when SPIEO = 1
x : Don’t care

(i) When WTIMO = 1

[ st | Ape-ADo | RW| Ak | D7-D0 | Ak | D7-D0 | AK | sP |

A1 A2 A3 A4

A1: lICSO =0001x110B
A2 : [ICSO = 0001x100B
A3 : 1ICSO = 0001xx00B
A4 : 1ICS0 = 00000001B

Remark A : Always generated
A Generated only when SPIEQ = 1
x : Don’t care
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(b) Start ~ Address ~ Data ~ Start ~ Address ~ Data ~ Stop

(i) When WTIMO = 0 (after restart, matches with SVA0)

[ st | Ape-apo | Rw | Ak | D700 | Ak | sT | Ape-apo | Rw | Ak | D7-p0 | Ak | sP |

A1 A2 A3 A4 A5

A1: IICSO =0001x110B
A2 : |ICSO = 0001x000B
A3 : IICS0O = 0001x110B
A4 : ]ICSO = 0001x000B
A5 : [ICS0 = 00000001B

Remark A : Always generated
A Generated only when SPIEQ = 1
x : Don’t care

(ii) When WTIMO = 1 (after restart, matches with SVA0)

| ST | AD6-ADO | RW| AK | D7-DO | AK | ST | AD6-ADO | RW| AK | D7-DO | AK | SP |

A1 A2 A3 A4 A5

A1: lICSO =0001x110B
A2 : |ICSO = 0001xx00B
A3 : lICSO = 0001x110B
A4 : 1ICSO = 0001xx00B
A5 : 1ICS0 = 00000001B

Remark A : Always generated
A Generated only when SPIEQ = 1
x : Don’t care
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(c) Start ~ Address ~ Data ~ Start ~ Code ~ Data ~ Stop

(i) When WTIMO = 0 (after restart, extension code reception)

[ sT | Aps-apo | Rw | Ak | D700 | Ak | sT | ADe-aDo | RW | Ak | D7-p0 | Ak | sP |

A1

: 1ICS0 = 0001x110B
A2
A3:
A4
A5

IICS0 = 0001x000B
IICS0 = 0010x010B
IICSO = 0010x000B
[ICS0 = 00000001B

A1 A2

Remark A : Always generated
A Generated only when SPIEOQ = 1
x : Don’t care

A4

A5

(i) When WTIMO = 1 (after restart, extension code reception)

| ST | AD6-ADO | RW| AK | D7-D0O | AK | ST | AD6-ADO | RW | AK | D7-DO | AK | SP |

A1l
A2
A3 :
A4
A5 :
AB

IICS0 = 0001x110B
[ICS0O = 0001xx00B
IICS0 = 0010x010B
IICS0 = 0010x110B
[ICS0O = 0010xx00B
[ICS0 = 00000001B

A1 A2

Remark A : Always generated
A Generated only when SPIEOQ = 1
x : Don’t care

A5 A6
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(d) Start ~ Address ~ Data ~ Start ~ Address ~ Data ~ Stop

(i) When WTIMO = 0 (after restart, does not match with address (= not extension code))

[ 57| Aps-apo | RW | Ak | b7-D0 | Ak | sT | ADs-abo | RW | Ak | D7-D0 | Ak | sP |

A1 A2 A3 A4

A1: IICSO =0001x110B
A2 : |ICSO = 0001x000B
A3 : |ICS0O = 00000x10B
A4 : 1ICS0 = 00000001B

Remark A : Always generated
A Generated only when SPIEQ = 1
x : Don’t care

(ii) When WTIMO = 1 (after restart, does not match with address (= not extension code))

[ s7 | Ap6-aDo | Rw | Ak | D7-D0 | Ak | sT | ADe-AD0 | RW | Ak | D7-D0 | Ak | sP |

A1 A2 A3 A4

A1: lICSO =0001x110B
A2 : |ICSO = 0001xx00B
A3 : [ICSO = 00000x10B
A4 : 1ICS0O = 00000001B

Remark A : Always generated
A Generated only when SPIEOQ = 1
x : Don’t care
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(3) Slave device operation (when receiving extension code)
(a) Start ~ Code ~ Data ~ Data ~ Stop

() When WTIMO = 0

| ST | AD6-ADO | RW| AK | D7-DO | AK | D7-DO | AK | SP |

A1 A2 A3 A4

A1: IICSO =0010x010B
A2 : |ICSO = 0010x000B
A3 : |ICSO = 0010x000B
A4 : 1ICS0 = 00000001B

Remark A : Always generated
A : Generated only when SPIEO = 1
x : Don’t care

(i) When WTIMO = 1

[ s7 | ADs-aDo | Rw | Ak | D70 | AK [ D7D0 | AK | sP |

Al A2 A3 A4 A5

A1: lICSO =0010x010B
A2 : [ICSO =0010x110B
A3 : lICSO = 0010x100B
A4 : 1ICSO = 0010xx00B
A5 : 1ICS0 = 00000001B

Remark 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

(i) When WTIMO = 0 (after restart, matches with SVAOn)

| ST | AD6-ADO | RW| AK | D7-D0O | AK | ST | AD6-ADO | RW| AK | D7-DO | AK | SP |

A1 A2 A3 A4 A5

A1: IICSO =0010x010B
A2 : |ICSO = 0010x000B
A3 : IICS0O = 0001x110B
A4 : ]ICSO = 0001x000B
A5 : [ICS0 = 00000001B

Remark A : Always generated
A Generated only when SPIEQ = 1
x : Don’t care

(ii) When WTIMO = 1 (after restart, matches with SVA0)

| ST| AD6—ADO| RW| AK| D7-DO | AK| ST| AD6—ADO| RW| AK| D7-DO | AK| SP|

A1l A2 A3 A4 A5 A6

A1 : |ICSO =0010x010B
A2 : |ICSO =0010x110B
A3 : [ICS0O = 0010xx00B
A4 : 1ICSO = 0001x110B
A5 : 1ICS0O = 0001xx00B
A6 : [ICS0 = 00000001B

Remark A : Always generated
A Generated only when SPIEOQ = 1
x : Don’t care
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CHAPTER 18 SERIAL INTERFACE IICO (uPD780078Y SUBSERIES ONLY)

(c) Start ~ Code ~ Data ~ Start ~ Code ~ Data ~ Stop

(i) When WTIMO = 0 (after restart, extension code reception)

| ST | AD6-ADO | RW| AK | D7-DO | AK | ST | AD6-ADO | RW | AK | D7-DO | AK | SP |

A1

A1

: 1ICS0 = 0010x010B
A2
A3:
A4
A5

IICS0 = 0010x000B
IICS0 = 0010x010B
IICSO = 0010x000B
[ICS0 = 00000001B

A2

Remark A : Always generated
A Generated only when SPIEOQ = 1
x : Don’t care

A4

A5

(i) When WTIMO = 1 (after restart, extension code reception)

[ sT | ADs-aDo | RW | Ak | D7D0 | Ak | sT | ADe-ADo |RW | AK | D7-D0 | Ak | sP |

A1

A1

: 1ICS0 = 0010x010B
A2
A3 :
A4
A5
AG:
VAVA

IICS0 = 0010x110B
[ICS0O = 0010xx00B
IICS0 = 0010x010B
IICS0 = 0010x110B
[ICS0O = 0010xx00B
[ICSO = 00000001B

A2 A3

Remark A : Always generated
A : Generated only when SPIEO = 1
x : Don’t care

A6 A7
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(d) Start ~ Code ~ Data ~ Start ~ Address ~ Data ~ Stop

(i) When WTIMO = 0 (after restart, does not match with address (= not extension code))

| ST | AD6-ADO | RW| AK | D7-D0O | AK | ST | AD6-ADO | RW| AK | D7-DO | AK | SP |

A1 A2 A3 A4

A1: IICSO =0010x010B
A2 : |ICSO = 0010x000B
A3 : |ICS0O = 00000x10B
A4 : 1ICS0 = 00000001B

Remark A : Always generated
A Generated only when SPIEQ = 1
x : Don’t care

(ii) When WTIMO = 1 (after restart, does not match with address (= not extension code))

| ST | ADB-ADO | RW| AK | D7-DO | AK | ST | ADB-ADO | RW | AK | D7-DO | AK | SP |

A1l A2 A3 A4

A1: lICSO =0010x010B
A2 : |ICSO =0010x110B
A3 : 1ICSO = 0010xx00B
A4 : 1ICS0O = 00000001B

Remark A : Always generated
A Generated only when SPIEOQ = 1
x : Don’t care

(4) Operation without communication

(a) Start ~ Code ~ Data ~ Data ~ Stop

[ s7 | Aps-apo | RW | Ak | b7-D0 | Ak | D7-D0 | Ak | sP |

AA
A1 : 1ICS0 = 00000001B

Remark A: Generated only when SPIEQ = 1
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(5) Arbitration loss operation (operation as slave after arbitration loss)
(a) When arbitration loss occurs during transmission of slave address data

() When WTIMO = 0

[ s7 | Aps-apo | RW | Ak | p7p0 | Ak | D7D0 | Ak | sp |

A1 A2 A3 A4

A1: 1ICSO =0101x110B (Example When ALDO is read during interrupt servicing)

A2 : |ICSO = 0001x000B
A3 : |ICSO = 0001x000B
A4 : 1ICS0 = 00000001B

Remark A : Always generated
A : Generated only when SPIEO = 1
x : Don’t care

(i) When WTIMO = 1

[ s | Aps-apo [ Rw | ak | D700 | Ak | b7Do | Ak | sp |

A1 A2 A3 A4

A1: 1ICSO =0101x110B (Example When ALDO is read during interrupt servicing)

A2 : |ICSO =0001x100B
A3 : |ICSO = 0001xx00B
A4 : 1ICS0 = 00000001B

Remark A : Always generated
A Generated only when SPIEQ = 1
x : Don’t care
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(b) When arbitration loss occurs during transmission of extension code

() When WTIMO = 0

[ st | ADs-aDo | RW | Ak | D7-D0 | Ak | D7-D0 | AK | sP |

A1 A2 A3 A4

A1: 1ICSO =0110x010B (Example When ALDO is read during interrupt servicing)
A2 : [ICSO = 0010x000B
A3 : [ICSO = 0010x000B
A4 : 1ICS0 = 00000001B

Remark A : Always generated
A Generated only when SPIEQ = 1
x : Don’t care

(i) When WTIMO = 1

| st | Ape-apo | Rw | Ak | D700 | Ak | D7-D0 | Ak | sP |

Al A2 A3 A4 A5

A1 : [ICS0 =0110x010B (Example When ALDO is read during interrupt servicing)
A2 : |ICSO =0010x110B
A3 : [ICSO =0010x100B
A4 : [ICSO = 0010xx00B
A5 : 1ICS0 = 00000001B

Remark A : Always generated
A : Generated only when SPIEO = 1
x . Don’t care
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(6) Operation when arbitration loss occurs (no communication after arbitration loss)

(a) When arbitration loss occurs during transmission of slave address data (when WTIMO = 1)

[ s7 | Aps-apo | RW | Ak | b7-D0 | Ak | D7-D0 | Ak | sp |

A1 A2

A1 : |ICS0O =01000110B (Example When ALDO is read during interrupt servicing)
A2 : 1ICS0 = 00000001B

Remark A : Always generated
A Generated only when SPIEOQ = 1

(b) When arbitration loss occurs during transmission of extension data

[ sT | Aps-abo | RW | ak | p7po | Ak | D7po | Ak | sp |

A1 A2

A1 : [ICS0 =0110x010B (Example When ALDO is read during interrupt servicing)
LRELO is set to “1” by software
A2 : 1ICS0 = 00000001B

Remark A : Always generated
A Generated only when SPIEQ = 1
x : Don’t care
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(c) When arbitration loss occurs during transmission of data

() When WTIMO = 0

[ 57 | Ape-Apo [Rw | Ak | D7-D0 | Ak | p7-D0 | Ak | sP |

A1 A2 A3

A1: IICSO=10001110B

A2 : |ICS0O = 01000000B (Example When ALDO is read during interrupt servicing)
A3 : IICS0 = 00000001B

Remark A : Always generated
A : Generated only when SPIEO = 1

(i) When WTIMO = 1

[ st | ADs-apo | RW| Ak | D7-D0 | Ak | D7-D0 | AK | sP |

A1 A2 A3

A1: IICSO=10001110B

A2 : |ICS0 =01000100B (Example When ALDO is read during interrupt servicing)
A3 : 1ICS0 = 00000001B

Remark A : Always generated
A Generated only when SPIEOQ = 1
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(d) When loss occurs due to restart condition during data transfer

(i) Not extension code (Example: unmatches with SVA0, WTIMO = 1)

[ st | ADs-aDo | Rw | Ak | D7-Dn | sT | ADe-ADO [RW | AK | D7-D0 | Ak | sP |
AT A2 A3

A1: [ICSO =1000x110B
A2 : |[ICS0 =01000110B (Example When ALDO is read during interrupt servicing)

A3 : 1ICS0 = 00000001B

Remark A : Always generated
A : Generated only when SPIEO = 1
x : Don’t care
n=6-0

(ii) Extension code

[ s7 | Aps-apo | RW | Ak | b7-Dn | sT [ ADe-AD0 | RW | Ak | D7-D0 | Ak | sP |
AT A2 A3

A1: lICSO = 1000x110B

A2 : |ICSO = 0110x010B (Example When ALDO is read during interrupt servicing)
Sets LRELO = 1 by software

A3 : 1ICS0 = 00000001B

Remark A : Always generated
A Generated only when SPIEOQ = 1
x : Don’t care
n=6-0

User’'s Manual U14260EJ2V0UD

413



CHAPTER 18 SERIAL INTERFACE IICO (uPD780078Y SUBSERIES ONLY)

(e) When loss occurs due to stop condition during data transfer

[ s7 | Ape-AD0 [RW | Ak | D7-Dn | sp |

A1 A2

A1: |ICSO = 1000x110B
A2 : 1ICS0 = 01000001B

Remark A : Always generated
A : Generated only when SPIEO = 1
x : Don’t care
n=6-0

(f) When arbitration loss occurs due to low-level data when attempting to generate a restart condition

() When WTIMO = 1

STTO =1
\

[ s7 | Ape-apo | Rw | Ak | D7-D0 | Ak | D700 | Ak | D7D0 | AK | sP |

A1 A2 A3 A4

A1: [ICSO =1000x110B

A2 : |ICSO = 1000x100B (Sets STTO)

A3 : |ICS0 =01000100B (Example When ALDO is read during interrupt servicing)
A4 : 1ICS0 = 00000001B

Remark A : Always generated
A : Generated only when SPIEO = 1
x : Don’t care

(g) When arbitration loss occurs due to a stop condition when attempting to generate a restart condition

() When WTIMO = 1

STTO =1
|

| st | Aps-ano | rRw| Ak | D7po | Ak | sp |

A1 A2 A3

A1: |ICSO = 1000x110B
A2 : |ICSO = 1000xx00B (Sets STTO)
A3 : 1ICS0 = 01000001B

Remark A : Always generated
A : Generated only when SPIEO = 1
x : Don’t care
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(h) When arbitration loss occurs due to low-level data when attempting to generate a stop condition

() When WTIMO = 1

SPTO =1
l

| 57| Aps-apo | RW | Ak | b7-D0 | Ak | D7p0 [ Ak | D7-p0 | Ak | sP |

A1 A2 A3 A4

A1: IICSO = 1000x110B
A2 : [ICSO = 1000xx00B (Sets SPT0)

A3 : |ICS0O = 01000000B (Example When ALDO is read during interrupt servicing)
A4 : 1ICS0 = 00000001B

Remark A : Always generated
A : Generated only when SPIEO = 1
x : Don’t care
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18.6 Timing Charts

When using the 12C bus mode, the master device outputs an address via the serial bus to select one of several
slave devices as its communication partner.

After outputting the slave address, the master device transmits the TRCO bit (bit 3 of IIC status register 0 (11CS0)),
which specifies the data transfer direction, and then starts serial communication with the slave device.

Figures 18-23 and 18-24 show timing charts of the data communication.

IIC shift register 0 (IIC0O)’s shift operation is synchronized with the falling edge of the serial clock (SCL0). The
transmit data is transferred to the SO0 latch and is output (MSB first) via the SDAO pin.

Data input via the SDAO pin is captured into 1ICO at the rising edge of SCLO.
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Figure 18-23. Example of Master to Slave Communication
(When 9-Clock Wait Is Selected for Both Master and Slave) (1/3)

(1) Start condition ~ address

| Processing by master device|

1ICO [ [ICO « address ( [ICO « data
ACKDO \ \
stoo | \
spp0 || )
WTIMO  H /

ACKEO  H } /
MsTso |
T /
sPT0 _|IL ( /

3 ]
- ]

TRCO H

Transfer lines

SCLO

Transmit

SDAO

Start condition

| Processing by slave device |

1ICO
ACKDO / | / |
sTD0 | |
spD0 | / /

WTIMO  H / /
ACKEOQ H / /
MSTSO L

STTO L / /

— -

WRELO \ \ []Note
INTIICO

(When EXCO = 1)
TRCO L Receive

Note To cancel slave wait, write “FFH” to [ICO or set WRELDO.
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Figure 18-23. Example of Master to Slave Communication
(When 9-Clock Wait Is Selected for Both Master and Slave) (2/3)

(2) Data
| Processing by master device|
IICO | lICO « data | ICO « data
\

ACKDO

STDO L

SPDO L
WTIMO H
ACKEO  H }
MSTS0 H

STTO L

SPTO _ L / /
WRELO L / /
INTIICO 7zl_/_] (/

TRCO H

Transfer lines

SCLo 8

SDA0 DO

D €

| Processing by slave device |

1ICO |/ 11IC0 « FFH Note |/11C0 « FFH Note
I

ACKDO ﬁ /|/ _
sTDO L /

oo | /

WTIMO  H / //
ACKEO H
MSTSO L
STT0O L / \
SPTO L \
WRELO |_| Note \ |_| Note

INTIICO \l—l—

TRCO L Receive

Note To cancel slave wait, write “FFH” to IICO or set WRELDO.
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Figure 18-23. Example of Master to Slave Communication
(When 9-Clock Wait Is Selected for Both Master and Slave) (3/3)

(3) Stop condition

| Processing by master device|

1ICO | 1ICO « data | IICO < address
I

ACKDO | [ ]

STDO

|
SPDO 1
L]

WTIMO H

ACKEO H

MSTSO0

STTO

SPTO

- N

INTIICO H_\ \ |_| \ \
TRCO H Transmit (

Transfer lines

SCLO
SDAO | 1 A6 X A5
Stop Start
- - condition condition
| Processing by slave device |
lIco | 1ICO « FFH Note | 1IC0 « FFH Note
I I

ACKDO

STDO

SPDO /
WTIMO  H /
ACKEO H
MSTS0 L

STTO L (

SPTO L \
WRELO [INote \ [Note

INTIICO \‘!—] [

(When SPIEO = 1)

TRCO L Receive

Note To cancel slave wait, write “FFH” to [ICO or set WRELDO.
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Figure 18-24. Example of Slave to Master Communication
(When 9-Clock Wait Is Selected for Both Master and Slave) (1/3)

(1) Start condition ~ address

| Processing by master device|

11CO | 1ICO « address | IICO « FFH Note
I

ACKDO |—|\

stDo | | \
spD0 ] /

WTIMO  H /

ACKEO H /

MSTSO |

STTO

SPTO L

WRELO \

INTIICO

TRCO

Transfer lines

SCLO

SDAO
Start condition

| Processing by slave device |

1ICo ‘
ACKDO / ’#—\
STDO | :
sepp0 | /
WTIMO  H / /
ACKEO  H
MSTSO _ L
STT0 L
SPTO L
WRELO L \

INTIICO \ \|_|

TRCO

Note To cancel master wait, write “FFH” to [ICO or set WRELDO.
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Figure 18-24. Example of Slave to Master Communication
(When 9-Clock Wait Is Selected for Both Master and Slave) (2/3)

(2) Data
|Processing by master device|
lico | [ICO « FFH Note | 1ICO « FFH Note

ackoo [ | .

STDO L \

SPDO L )
WTIMO  H /]
ACKEO  H / /
MSTSO  H

STTO L

SPTO L / /
WRELO / |_| Note / |_| Note
INTIICO ] ( A1

Transfer lines

sCLo 8

\

SDA0 DO \ACK

| Processing by slave device |

1ICO | 1ICO « data } 1ICO « data
ACKDO | _
sTDO L
SPDO L / /
WTIMO  H // /l
ACKEO  H
MSTSO L

oo/ |
_— |

WRELO L k {

INTIICO \‘!—I K~|_|

TRCO H Transmit

Note To cancel master wait, write “FFH” to [ICO or set WRELDO.
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Figure 18-24. Example of Slave to Master Communication
(When 9-Clock Wait Is Selected for Both Master and Slave) (3/3)

(3) Stop condition

|Processing by master device|

lIcCo | IICO « FFH Note | ICO < address

I I
ACKDO
STDO
SPDO

WTIMO H

ACKEO
MSTSO0
11

STTO

SPTO /

WRELO [ ] Note \

INTIICO \

A1
N

Transfer lines

SCLO

* SDAO A6

A5

Stop Start
condition condition

| Processing by slave device |

lico |ICO ¢ data
ACkDO | )
STDO / r
SPDO / [ ]
WTIMO  H /
ACKEO  H
MSTSO L /
STT0 L /
SPTO L (
WRELO [ ]
INTIICO \»l_\ [
(When SPIEO = 1)
TRCO |

* Note To cancel master wait, write “FFH” to 11IC0O or set WRELDO.
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19.1 Interrupt Function Types
The following three types of interrupt functions are used.

(1) Non-maskable interrupts
A non-maskable interruptis acknowledged even when interrupts are disabled. 1t does not undergo priority control
and is giventop priority over all other interruptrequests. However, itis held pending during non-maskable interrupt
servicing.
A non-maskable interrupt generates a standby release signal and releases the HALT mode during main system
clock operation.
The only non-maskable interrupt in the uPD780078 Subseries is the interrupt from the watchdog timer.

(2) Maskable interrupts
These interrupts undergo mask control. Maskable interrupts can be divided into a high interrupt priority group
and a low interrupt priority group by setting the priority specification flag registers (PROL, PROH, PR1L).
High priority interrupts can be serviced preferentially to low priority interrupts (multiple interrupt servicing). If two
or more interrupts with the same priority are generated simultaneously, eachinterrupt has a predetermined priority
(see Table 19-1).
A standby release signal is generated and the STOP mode and HALT mode are released.
Five external interrupt requests and 18 internal interrupt requests (19 internal interrupt requests for the
uPD780078Y Subseries) are incorporated as maskable interrupts.

(3) Software interrupts
A software interrupt is a vectored interrupt that is generated by executing the BRK instruction. Itis acknowledged
even when interrupts are disabled. A software interrupt does not undergo interrupt priority control.

19.2 Interrupt Sources and Configuration

A total of 25 interrupt sources (26 interrupt sources for the yPD780078Y Subseries) exist among non-maskabile,
maskable, and software interrupts (see Table 19-1).

Remark Anon-maskable interrupt or maskable interrupt (internal) can be selected as the watchdog timer interrupt
source (INTWDT).
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Table 19-1. Interrupt Source List (1/2)

Type of Default Interrupt Source Internal/ | Vector Table Basic
Configuration
Interrupt | PriorityNote 1 Name Trigger External Address TypeNote 2
Non- — INTWDT Watchdog timer overflow (non-maskable Internal | 0004H (A)
maskable interrupt selected)
Maskable 0 INTWDT Watchdog timer overflow (interval timer mode (B)
selected)
1 INTPO Pin input edge detection External | 0006H (C)
2 INTP1 0008H
3 INTP2 000AH
4 INTP3 000CH
5 INTSERO | Generation of UARTO reception error Internal | 000EH (B)
6 INTSRO End of UARTO reception 0010H
7 INTSTO End of UARTO transmission 0012H
8 INTCSHH End of CSI1 transfer 0014H
9 INTCSI3 End of SIO3 transfer 0016H
10 INTIICONete 3| End of serial interface 11CO transfer 0018H
11 INTWTI Reference time interval signal from watch timer 001AH
12 INTTMO0O | Match of TM0OO and CR000 001CH
(when compare register is specified)
Detection of valid edge of TI010
(when capture register is specified)
13 INTTMO010 | Match of TM0OO and CR010 001EH
(when compare register is specified)
Detection of valid edge of TI000
(when capture register is specified)
14 INTTM50 | Match of TM50 and CR50 0020H
15 INTTM51 Match of TM51 and CR51 0022H
16 INTADO End of conversion by A/D converter 0024H
17 INTWT Watch timer overflow 0026H
18 INTKR Falling edge detection of port 4 External | 0028H (D)

Notes 1. The default priority is the priority order when two or more maskable interrupt requests are generated
simultaneously. 0 is the highest and 23 is the lowest.
2. Basic configuration types (A) to (E) correspond to (A) to (E) in Figure 19-1.
3. uPD780078Y Subseries only.
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Table 19-1. Interrupt Source List (2/2)

Type of Default Interrupt Source Internal/ | Vector Table Basic
Configuration
Interrupt | PriorityNote 1 Name Trigger External Address TypeNote 2
Maskable 19 INTSER2 | Generation of UART2 reception error Internal | 002AH (B)
20 INTSR2 End of UART2 reception 002CH
21 INTST2Note 3 End of UART2 transmissionNote 4/data transferNote 5 002EH
22 INTTMOO01 | Match of TMO1 and CROO1 0030H
(when compare register is specified)
Detection of TIO11 valid edge
(when capture register is specified)
23 INTTMO11 | Match of TMO1 and CRO11 0032H
(when compare register is specified)
Detection of TIOO1 valid edge
(when capture register is specified)
Software — BRK BRK instruction execution — 003EH (E)
Notes 1. The default priority is the priority order when two or more maskable interrupt requests are generated
simultaneously. 0 is the highest and 23 is the lowest.
2. Basic configuration types (A) to (E) correspond to (A) to (E) in Figure 19-1.
3. Interrupt sources can be selected by the transmit interrupt signal select flag (ISMD2).
4. Aninterrupt request signal is generated when all the data in transmit buffer register 2 (TXB2) has been
transmitted.
5. Aninterrupt request signal is generated when data transfer is completed from TXB2 to the transmit shift

register (TXS2).
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Figure 19-1. Basic Configuration of Interrupt Function (1/2)

(A) Internal non-maskable interrupt

Interrupt
request

S Internal bus S

Vector table
address generator

Priority controller

Standby release signal

(B) Internal maskable interrupt

S Internal bus S
MK IE PR ISP
. | Priority Vector table
Interrupt ;CDf
request IF controller address generator
Standby release signal
(C) External maskable interrupt (INTPO to INTP3)
S Internal bus S
External interrupt edge
enable register MK IE PR ISP
(EGP, EGN)
Priority | .| Vector table
Interrupt | Edge IF :D controller address generator
request detector

426

Standby release signal
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Figure 19-1. Basic Configuration of Interrupt Function (2/2)

(D) External maskable interrupt (INTKR)

Internal bus

IE

R ISP

Interrupt Falling

request edge IF
detector

1 when MEM = 01H

(E) Software interrupt

g’

JJ

Priority
controller

Vector table
address generator

Internal bus

Interrupt
request

IF: Interrupt request flag

IE: Interrupt enable flag

ISP: In-service priority flag

MK: Interrupt mask flag

PR:  Priority specification flag

MEM: Memory expansion mode register

B ——

Vector table

address generator
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19.3 Interrupt Function Control Registers

The following 6 types of registers are used to control the interrupt functions.

» Interrupt request flag register (IFOL, IFOH, IF1L)
+ Interrupt mask flag register (MKOL, MKOH, MK1L)

» Priority specification flag register (PROL, PROH, PR1L)

« External interrupt rising edge enable flag (EGP)
« External interrupt falling edge enable flag (EGN)

» Program status word (PSW)

Table 19-2 gives a list of interrupt request flags, interrupt mask flags, and priority specification flags corresponding

to interrupt request sources.

Table 19-2. Flags Corresponding to Interrupt Request Sources

Interrupt Request Flag Interrupt Mask Flag Priority Specification Flag
Interrupt Request
Register Register Register

INTWDT WDT|FNote 1 IFOL WDTMKNote 1 MKOL WDTPRNote 1 PROL
INTPO PIFO PMKO PPRO
INTP1 PIF1 PMK1 PPR1
INTP2 PIF2 PMK2 PPR2
INTP3 PIF3 PMK3 PPR3
INTSERO SERIFO SERMKO SERPRO
INTSRO SRIF0 SRMKO SRPRO
INTSTO STIFO STMKO STPRO
INTCSHH CSIIF1 IFOH CSIMK1 MKOH CSIPR1 PROH
INTCSI3 CSIIF3 CSIMK3 CSIPR3
INTIICQNote 2 [ICIFQNote 2 [ICMKQNote 2 [ICPRQNote 2
INTWTI WTIIFO WTIMKO WTIPRO
INTTMO00 TMIF000 TMMKO000 TMPRO000
INTTMO10 TMIF010 TMMKO010 TMPRO010
INTTM50 TMIF50 TMMK50 TMPR50
INTTM51 TMIF51 TMMK51 TMPR51
INTADO ADIFO IF1L ADMKO MK1L ADPRO PR1L
INTWT WTIF WTMK WTPR
INTKR KRIF KRMK KRPR
INTSER2 SERIF2 SERMK2 SERPR2
INTSR2 SRIF2 SRMK2 SRPR2
INTST2 STIF2 STMK2 STPR2
INTTMOO1 TMIF001 TMMKO0O01 TMPROO1
INTTMO11 TMIFO11 TMMKO11 TMPRO11

Notes 1. Interrupt control flag when watchdog timer is used as interval timer

2. uPD780078Y Subseries only

428

User’'s Manual U14260EJ2VOUD



CHAPTER 19 INTERRUPT FUNCTIONS

(1) Interrupt request flag registers (IFOL, IFOH, IF1L)
An interrupt request flag is set to 1 when the corresponding interrupt request is generated or an instruction is
executed. ltis clearedto 0 when aninstruction is executed upon acknowledgment of an interrupt request or upon
RESET input.
IFOL, IFOH, and IF1L are set by a 1-bit or 8-bit memory manipulation instruction. When IFOL and IFOH are
combined to form 16-bit register IF0, they are read with a 16-bit memory manipulation instruction.
RESET input sets the values of IFOL, IFOH, and IF1L to 00H.

Figure 19-2. Format of Interrupt Request Flag Register (IFOL, IFOH, IF1L)

Address: FFEOH After reset: 00H R/W

Symbol [6] [o]

IFOL | stiro | smiFo | semiFo | PFs | PF2 | PRt | PIFo | woTF |

Address: FFE1H After reset: 00H R/W

Symbol 6] [0]

IFOH [ T™™IFs1 | TMIFso | TMIFoto | TMIFooo | wTiiFo | iiciFoNete | csiFs | csiF1 |

Address: FFE2H After reset: 00H R/W

Symbol 6] [o]

IF1L | TmiFo11 | TmiFoor | sTiF2 | smirz | semiF2 | kRIF | wrF | ADIFo |
XXIFX Interrupt request flag
0 No interrupt request signal is generated
1 Interrupt request is generated, interrupt request status

Note Incorporated only in the uPD780078Y Subseries. Be sure to set 0 for the uPD780078 Subseries.

Cautions 1. The WDTIF flag is R/W enabled only when the watchdog timer is used as an interval timer.

If watchdog timer mode 1 is used, set the WDTIF flag to 0.

2. When operating a timer, serial interface, or A/D converter after standby release, operate it
after clearing the interrupt request flag, because interrupt request flags may be set by noise.

3. When aninterrupt is acknowledged, the interrupt request flag is automatically cleared, and
then the interrupt routine is executed.

4. When the interrupt request flag register is being manipulated (including 1-bit memory
manipulation), if an interrupt request corresponding to other flags in the same register is
dgenerated, the flag corresponding to the interrupt request may not be set (1).
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(2) Interrupt mask flag registers (MKOL, MKOH, MK1L)
The interrupt mask flags are used to enable/disable the corresponding maskable interrupt servicing and to set
standby clear enable/disable.
MKOL, MKOH, and MK1L are set by a 1-bit or 8-bit memory manipulation instruction. When MKOL and MKOH
are combined to form 16-bit register MKO, they are set with a 16-bit memory manipulation instruction.
RESET input sets the values of MKOL, MKOH, and MK1L to FFH.

Figure 19-3. Format of Interrupt Mask Flag Register (MKOL, MKOH, MK1L)

Address: FFE4H After reset: FFH R/W

Symbol [6] [o]

MKoL | STMKo | SRMKo | SERMKo | PMK3 | Pmk2 | PMk1 | PMmKo | woTwmk |

Address: FFE5H After reset: FFH R/W

Symbol 6] [o]

MKOH | TMMK51 | TMMK50 | TMMKO10 | TMMKO0O | WTIMKO |liCMKoNote| CSIMK3 | CSIMK1 |

Address: FFE6H After reset: FFH R/W

Symbol (6] [0]

MKIL | TMMKO11 | TMMK0O1 | STMK2 | SRMK2 | SERMK2 | KRMK | WTMK | ADMKo |
XXMKX Interrupt servicing control
0 Interrupt servicing enabled
1 Interrupt servicing disabled

Note Incorporated only in the uPD780078Y Subseries. Be sure to set 1 for the uyPD780078 Subseries.

Cautions 1. If the watchdog timer is used in watchdog timer mode 1, the contents of the WDTMK flag
become undefined when read.

2. Because port 0 pins have an alternate function as external interrupt request inputs, when
the output level is changed by specifying the output mode of the port function, an interrupt
request flag is set. Therefore, the interrupt mask flag should be set to 1 before using the
output mode.

430 User's Manual U14260EJ2V0UD



CHAPTER 19 INTERRUPT FUNCTIONS

(3) Priority specification flag registers (PROL, PROH, PR1L)
The priority specification flag registers are used to set the corresponding maskable interrupt priority order.
PROL, PROH, and PR1L are set by a 1-bit or 8-bit memory manipulation instruction. If PROL and PROH are
combined to form 16-bit register PRO, they are set with a 16-bit memory manipulation instruction.
RESET input sets the values of PROL, PROH, and PR1L to FFH.

Figure 19-4. Format of Priority Specification Flag Register (PROL, PROH, PR1L)

Address: FFE8H After reset: FFH R/W

Symbol [e] [o]

PROL | STPRO | SRPRO |SERPRO| PPR3 | PPR2 | PPR1 | PPRO | WDTPR |

Address: FFEQH After reset: FFH R/W

Symbol (6] [o]

PROH | TMPR51 | TMPRsO | TMPRo10 | TMPROOO | WTIPRo |licPRoNete | CSIPR3 | CSIPR1 |

Address: FFEAH After reset: FFH R/W

Symbol (6] [o]

PRIL |TMPR011 |TMPR001| STPR2 | SRPR2 |SERPR2 | KRPR | WTPR | ADPRO |
XXPRX Priority level selection
0 High priority level
1 Low priority level

Note Incorporated only in the uPD780078Y Subseries. Be sure to set 1 for the uyPD780078 Subseries.

Caution When the watchdog timer is used in watchdog timer mode 1, set the WDTPR flag to 1.
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(4) External interrupt rising edge enable register (EGP), external interrupt falling edge enable register (EGN)
These registers specify the valid edge for INTPO to INTP3.
EGP and EGN are set by a 1-bit or 8-bit memory manipulation instruction.
RESET input sets the values of these registers to 00H.

Figure 19-5. Format of External Interrupt Rising Edge Enable Register (EGP),
External Interrupt Falling Edge Enable Register (EGN)

Address: FF48H After reset: 00H R/W
Symbol 7 6 5 4 3 2 1 0
EGP 0 0 0 0 EGP3 EGP2 EGP1 EGPO

Address: FF49H After reset: 00H R/W

Symbol 7 6 5 4 3 2 1 0
EGN 0 0 0 0 EGN3 EGN2 EGN1 EGNO
EGPn EGNn INTPn pin valid edge selection (n = 0 to 3)
0 0 Interrupt disable
0 1 Falling edge
1 0 Rising edge
1 1 Both rising and falling edges
* Caution When the function is switched from external interrupt request to port, edge detection may be

performed. Therefore, clear EGPn and EGNn to 0 before switching to the port mode.
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(5) Program status word (PSW)
The program status word is a register used to hold the instruction execution results and the current status for
an interrupt request. An IE flag to set maskable interrupt enable/disable and an ISP flag to control nesting
processing are mapped to the PSW.
Besides 8-bit read/write, this register can be operated by bit manipulation and dedicated (El and DlI) instructions.
When a vectored interrupt request is acknowledged, if the BRK instruction is executed, the contents of the PSW
are automatically saved into a stack and the IE flag is reset to 0. If a maskable interrupt request is acknowledged,
the contents of the priority specification flag of the acknowledged interrupt are transferred to the ISP flag. The
PSW contents are also saved into the stack with the PUSH PSW instruction. They are reset from the stack with
the RETI, RETB, and POP PSW instructions.
RESET input sets the value of the PSW to 02H.

Figure 19-6. Format of Program Status Word

7 6 5 4 3 2 1 0 After reset

PSW| IE Z |RBS1| AC |RBSO| 0 ISP | CY 02H

» Used when normal instruction is executed

ISP Priority of interrupt currently being serviced

0 | High-priority interrupt servicing (low-priority
interrupts disabled)

1 Interrupt request not acknowledged, or low-
priority interrupt servicing (all maskable
interrupts enabled)

IE | Interrupt request acknowledgment enable/disable

0 Disable

1 Enable
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19.4 Interrupt Servicing Operations

19.4.1 Non-maskable interrupt request acknowledgment operation

A non-maskable interrupt request is unconditionally acknowledged even in an interrupt acknowledgment disabled
state. It does not undergo interrupt priority control and has the highest priority of all interrupts.

If a non-maskable interrupt request is acknowledged, the contents are saved into the stacks in the order of PSW,
then PC, the IE flag and ISP flag are reset (0), and the contents of the vector table are loaded into the PC and branched.

* At this time, the NMIS flag is set (1) to disable acknowledgment of multiple interrupts.

A new non-maskable interrupt request generated during execution of a non-maskable interrupt servicing program
is acknowledged after the current non-maskable interrupt servicing program is terminated (following RETI instruction
execution) and one main routine instruction has been executed. However, if a new non-maskable interrupt request
is generated twice or more during non-maskable interrupt servicing program execution, only one non-maskable
interrupt request is acknowledged after termination of the non-maskable interrupt servicing program. Figures 19-7,
19-8, and 19-9 show the flowchart of non-maskable interrupt request generation through acknowledgment, the
acknowledgment timing of a non-maskable interrupt request, and the acknowledgment operation when multiple non-
maskable interrupt requests are generated, respectively.

*x Remark When a non-maskable interrupt is acknowledged, the NMIS flag is set (1). Itis cleared (0) by the RET

or RETlinstruction. When a non-maskable interrupt is generated, execute the RET instruction to restore
processing from the interrupt.
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Figure 19-7. Flowchart of Non-Maskable Interrupt Request Generation to Acknowledgment

WDTM4 = 1
(with watchdog timer
mode selected)?

No

Interval timer

Overflow in WDT?

WDTM3 =0

(with non-maskable No
interrupt selected)?
Reset processing
Interrupt request generation
WDT interrupt No

servicing?

( Interrupt request held pending )

Interrupt
control register not
accessed?

(Start of interrupt servicing )

WDTM: Watchdog timer mode register
WDT: Watchdog timer

Figure 19-8. Non-Maskable Interrupt Request Acknowledgment Timing

PSW, PC save, jump | Interrupt service

CPU processing Instruction Instruction to interrupt servicing program

WDTIF RN EEENEREEN

Interrupt request generated during this interval is acknowledged at f.

WDTIF: Watchdog timer interrupt request flag
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Figure 19-9. Non-Maskable Interrupt Request Acknowledgment Operation

(a) If a non-maskable interrupt request is generated during non-maskable interrupt servicing program
execution

Main routine )

NMI request <1> — V ~—— Execution of NMI request <1>

NMI request <2> held pending

NMI request <2> —

\ ~—— Servicing of pending NMI request <2>

(b) If two non-maskable interrupt requests are generated during non-maskable interrupt servicing program
execution

Execution of 1 instruction ——

Main routine )

NMI request <1> ——» V —-—— Execution of NMI request <1>

NMI request <2> — NMI request <2> held pending
NMI request <3> held pending

NMI request <3> —

Execution of 1 instruction —

-<—— Servicing of pending NMI request <2>

NMI request <3> not acknowledged
(Although two or more NMI requests have been generated,
only one request is acknowledged.)
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19.4.2 Maskable interrupt acknowledgment operation

A maskable interrupt becomes acknowledgeable when an interrupt request flag is set to 1 and the mask (MK) flag
corresponding to that interrupt request is cleared to 0. A vectored interrupt request is acknowledged if interrupts are
enabled (when the IE flag is setto 1). However, a low-priority interrupt request is not acknowledged during servicing
of a higher priority interrupt request (when the ISP flag is reset to 0).

Moreover, even if the El instruction is executed during execution of a non-maskable interrupt servicing program
(NMIS = 1), neither non-maskable interrupt requests nor maskable interrupt requests are acknowledged.

The times from generation of a maskable interrupt request until interrupt servicing is performed are listed in Table
19-3 below.

For the interrupt request acknowledgment timing, see Figures 19-11 and 19-12.

Table 19-3. Times from Generation of Maskable Interrupt Until Servicing

Minimum Time Maximum TimeNote
When xxPR = 0 7 clocks 32 clocks
When xxPR = 1 8 clocks 33 clocks

Note If an interrupt request is generated just before a divide instruction, the wait time becomes longer.
Remark 1 clock: 1/fcru (fcpu: CPU clock)

If two or more interrupt requests are generated simultaneously, the request with a higher priority level specified
by the priority specification flag is acknowledged first. If two or more interrupt requests have the same priority level,
the request with the highest default priority is acknowledged first.

An interrupt request that is held pending is acknowledged when it becomes acknowledgeable.

Figure 19-10 shows the interrupt request acknowledgment algorithm.

If a maskable interrupt request is acknowledged, the contents are saved into the stacks in the order of PSW, then
PC, the IE flag is reset (0), and the contents of the priority specification flag corresponding to the acknowledged
interrupt are transferred to the ISP flag. Further, the vector table data determined for each interrupt request is loaded
into the PC and branched.

Return from an interrupt is possible using the RETI instruction.
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Figure 19-10. Interrupt Request Acknowledgment Processing Algorithm

Yes (Interrupt request generation)

No

(lnterrupt request held pending)

Yes (High priority)

No (Low priority)

Any high-priority
/interrupt request among Yes
those simultaneously generated
with xxPR = 02

Any high-priority
interrupt request among those
simultaneously generated
with xxPR = 0?

Yes

(lnterrupt request held pending)

No

(lnterrupt request held pending)

Any high-priority Y
Tterrupt request among es
hose simultaneously
generated?

(Interrupt request held pending)

No (Interrupt request held pending)

No
( Vectored interrupt servicing )

Y

es (lnterrupt request held pending)

No

Yes

(Interrupt request held pending)

( Vectored interrupt servicing )

xxIF:  Interrupt request flag

xxMK: Interrupt mask flag

xxPR: Priority specification flag

IE: Flag that controls acknowledgment of maskable interrupt requests (1 = Enable, 0 = Disable)

ISP: Flag that indicates the priority level of the interrupt currently being serviced (0 = High-priority interrupt

servicing, 1 = No interrupt request received, or low-priority interrupt servicing)
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CPU processing

Figure 19-11. Interrupt Request Acknowledgment Timing (Minimum Time)

6 clocks

Instruction

Instruction

PSW and PC save,
jump to interrupt
servicing

Interrupt servicing
program

o [TTTTTI 1] L,
|
| 8 clocks
o0 [TTTTIIT] L,

Remark 1 clock: 1/fcru (fcpu: CPU clock)

25 clocks

7 clocks

Figure 19-12. Interrupt Request Acknowledgment Timing (Maximum Time)

6 clocks

PSW and PC save,

Interrupt servicing

CPU processing Instruction Divide instruction Jsuer?\ﬁ Cti?]énterrupt program
AR
o EENEEEN/IEE L,
| |
| 33 clocks \
A
ooxPR20) EEN//EEEEEE L,
| |
\ 32 clocks !

Remark 1 clock: 1/fcru (fcpu: CPU clock)

19.4.3 Software interrupt request acknowledgment operation

A software interrupt is acknowledged by BRK instruction execution. Software interrupts cannot be disabled.

If a software interrupt request is acknowledged, the contents are saved into the stacks in the order of the program
status word (PSW), then program counter (PC), the IE flag is reset (0), and the contents of the vector table (003EH,
003FH) are loaded into the PC and branched.

Return from a software interrupt is possible with the RETB instruction.

Caution Do not use the RETI instruction for returning from a software interrupt.
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19.4.4 Multiple interrupt servicing

Multiple interrupt servicing occurs when an interrupt request is acknowledged during execution of another interrupt.

Multiple interrupt servicing does not occur unless the interrupt request acknowledgment enable state is selected
(IE=1) (except non-maskable interrupts). Also, when aninterruptrequestisreceived, interrupt request acknowledgment
becomes disabled (IE = 0). Therefore, to enable multiple interrupt servicing, it is necessary to set (1) the IE flag with
the El instruction during interrupt servicing to enable interrupt acknowledgment.

Moreover, even if interrupts are enabled, multiple interrupt servicing may not be enabled, this being subject to
interrupt priority control. Two types of priority control are available: default priority control and programmable priority
control. Programmable priority control is used for multiple interrupt servicing.

In the interrupt enabled state, if an interrupt request with a priority equal to or higher than that of the interrupt
currently being serviced is generated, it is acknowledged for multiple interrupt servicing. If an interrupt with a priority
lower than that of the interrupt currently being serviced is generated during interrupt servicing, it is not acknowledged
for multiple interrupt servicing. Interrupt requests that are not enabled because of the interrupt disabled state or they
have a lower priority are held pending. When servicing of the current interrupt ends, the pending interrupt request
is acknowledged following execution of at least one main processing instruction.

Multiple interrupt servicing is not possible during non-maskable interrupt servicing.

Table 19-4 shows interrupt requests enabled for multiple interrupt servicing and Figure 19-13 shows multiple
interrupt servicing examples.

Table 19-4. Interrupt Requests Enabled for Multiple Interrupt Servicing

Multiole Interrunt Maskable Interrupt Request
P P Non-Maskable Software
Request PR=0 PR =1 Interrupt
Interrupt Request Request
Interrupt Being Serviced IE=1 IE=0 IE =1 IE=0
Non-maskable interrupt X X X X X O
Maskable interrupt SP=0 O O X X X O
ISP =1 O O X O X O
Software interrupt O O x O x O

Remarks 1. O: Multiple interrupt servicing enabled

2. x: Multiple interrupt servicing disabled

3. ISP and IE are flags contained in the PSW.
ISP = 0: An interrupt with higher priority is being serviced.
ISP = 1: No interrupt request has been acknowledged, or an interrupt with a lower priority is being

serviced.

IE = 0: Interrupt request acknowledgment is disabled.
IE = 1: Interrupt request acknowledgment is enabled.

4. PR is a flag contained in PROL, PROH, and PR1L.
PR = 0: Higher priority level
PR = 1: Lower priority level
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Figure 19-13. Examples of Multiple Interrupt Servicing (1/2)

Example 1. Multiple interrupt servicing occurs twice

Main processing INTxx servicing INTyy servicing INTzz servicing

E;Zl IE=0 E IE=0

INTxx — INTyy ——
(PR=1) (PR=0)

IE=1 IE=1

During servicing of interrupt INTxx, two interrupt requests, INTyy and INTzz, are acknowledged, and multiple
interrupt servicing takes place. Before each interrupt request is acknowledged, the El instruction must always be
issued to enable interrupt request acknowledgment.

Example 2. Nesting does not occur due to priority control

Main processing INTxx servicing INTyy servicing

|_EI—| IE=0
=]

INTXX —= INTyy —=

(PR=0) £ (PR=1) RETI

|1 instruction executionl

Interrupt request INTyy issued during servicing of interrupt INTxx is not acknowledged because its priority is lower
than that of INTxx, and multiple interrupt servicing does not take place. The INTyy interrupt request is held pending,
and is acknowledged following execution of one main processing instruction.

PR = 0: Higher priority level

PR =1: Lower priority level
IE =0: Interrupt request acknowledgment disabled
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Figure 19-13. Examples of Multiple Interrupt Servicing (2/2)

Example 3. Multiple interrupt servicing does not occur because interrupts are not enabled

Main processing INTxx servicing INTyy servicing

INTXX —»= (PR=0)
(PR =0) RETI

IE=1

1 instruction execution

Interrupts are not enabled during servicing of interrupt INTxx (El instructionis notissued), so interrupt request INTyy
is not acknowledged and multiple interrupt servicing does not take place. The INTyy interrupt request is held pending,
and is acknowledged following execution of one main processing instruction.

PR = 0: Higher priority level
IE = 0: Interrupt request acknowledgment disabled

442 User's Manual U14260EJ2VOUD



CHAPTER 19 INTERRUPT FUNCTIONS

19.4.5 Interrupt request hold

There are instructions where, even if an interrupt request is issued for them while another instruction is being
executed, request acknowledgment is held pending until the end of execution of the next instruction. These
instructions (interrupt request hold instructions) are listed below.

+ MOV PSW, #byte

- MOV A, PSW

- MOV PSW, A

« MOV1 PSW. bit, CY
« MOV1 CY, PSW. bit
« AND1 CY, PSW. bit
« OR1 CY, PSW. bit

« XOR1 CY, PSW. bit
« SET1 PSW. bit

« CLR1 PSW. bit

- RETB
- RETI

- PUSH PSW
- POP PSW

- BT PSW. bit, $addr16

- BF PSW. bit, $addr16

+ BTCLR PSW. bit, $addr16

- El

- DI

» Manipulation instructions for the IFOL, IFOH, IF1L, MKOL, MKOH, MK1L, PROL, PROH, and PR1L registers.

Caution The BRKinstruction is not one of the above-listed interrupt request hold instructions. However,
the software interrupt activated by executing the BRK instruction causes the IE flag to be
cleared. Therefore, even if a maskable interrupt requests is generated during execution of the
BRKnstruction, the interrupt request is notacknowledged. However, a non-maskable interrupt
request is acknowledged.

Figure 19-14 shows the timing at which interrupt requests are held pending.

Figure 19-14. Interrupt Request Hold

Save PSW and PC, jump Interrupt servicing
to interrupt servicing program

xxIF J \

CPU processing Instruction N Instruction M

Remarks 1. Instruction N: Interrupt request hold instruction
2. Instruction M: Instruction other than interrupt request hold instruction
3. The xxPR (priority level) values do not affect the operation of xxIF (instruction request)
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*x  Use the expanded-specification products of the uPD780076, 780078, and 78F0078, under the conventional-
specification conditions (fx = 8.38 MHz: Voo = 4.0t0 5.5 V, fx =5 MHz: Voo = 2.7t0 5.5 V, fx = 1.25 MHz: Voo = 1.8
to 5.5 V).

The external device expansion function cannot be used under the expanded-specification conditions (high-speed
operation).

20.1 External Device Expansion Function
The external device expansion function connects external devices to areas other than the internal ROM, RAM,
and SFR. Connection of external devices uses ports 4 to 6. Ports 4 to 6 control address/data, read/write strobe,

wait, address strobe, etc.

Table 20-1. Pin Functions in External Memory Expansion Mode

Pin Function When External Device Is Connected
Alternate Function
Name Function
ADO to AD7 Multiplexed address/data bus P40 to P47
A8 to A15 Address bus P50 to P57
RD Read strobe signal P64
WR Write strobe signal P65
WAIT Wait signal P66
ASTB Address strobe signal P67

Table 20-2. State of Port 4 to 6 Pins in External Memory Expansion Mode

Port Port 4 Port 5 Port 6
External Expansion Mode o _O ;7_ - __0_ 1_ 2_ g _4 _5_6_7_ 4_ - 5_ - 6_ _7_
Single-chip mode Port Port Port
256-byte expansion mode Address/data Port RD, WR, WAIT, ASTB
4 KB expansion mode Address/data Address | Port RD, WR, WAIT, ASTB
16 KB expansion mode Address/data Address | Port RD, WR, WAIT, ASTB
Full-address mode Address/data Address RD, WR, WAIT, ASTB

Caution When the external wait function is not used, the WAIT pin can be used as a port in all modes.
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The memory maps when the external device expansion function is used are as follows.

Figure 20-1. Memory Map When Using External Device Expansion Function

(a) Memory map of uPD780076, 780076Y, and of (b) Memory map of uPD780078, 780078Y and of
uPD78F0078, 78F0078Y when flash memory size uPD78F0078, 78F0078Y when flash memory size

is 48 KB is 60 KB
FFFFH FFFFH
SFR SFR

FFOOH FFOOH
FEFFH FEFFH

Internal high-speed RAM Internal high-speed RAM
FBOOH FBOOH
FAFFH FAFFH

Reserved Reserved

F800H F800H
F7FFH F7FFH

Internal expansion RAM Internal expansion RAM
F400H F400H
F3FFH F3FFH

DOOOH|
CFFFH
4 KB expansion mode IE(;ICZ)I(-'): ’’’’’’’’’’’’’’’’’’’’’’’’’’’
(when MM2 to MMO = 100) 256-byte expansion mode
hen MM2 to MMO = 011
CioOH | FOOOH (when ° )
COFFH 256-byte expansion mode EFFFH
COO0OH (when MM2 to MMO = 011)
BFFFH Single-chip mode
Single-chip mode
0000H 0000H

Full-address mode
(when MM2 to MMO = 111)
or
16 KB expansion mode
(when MM2 to MMO = 101)
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20.2 External Device Expansion Function Control Registers
The external device expansion function is controlled by the following two registers.

* Memory expansion mode register (MEM)
+ Memory expansion wait setting register (MM)

(1) Memory expansion mode register (MEM)
MEM sets the external expansion area.
MEM is set by a 1-bit or 8-bit memory manipulation instruction.
RESET input sets the value of MEM to 00H.

Figure 20-2. Format of Memory Expansion Mode Register (MEM)

Address: FF47H After reset: 00H R/W

Symbol 7 6 5 4 3 2 1 0
MEM [ o | o | o | o | o | mm2 | wmr | mmo |
ingle-Chio/M P40 to P47, P50 to P57, P64 to P67 Pin State
MM2 MM1 MMO S|nge9 ip/Memory .
Expansion Mode Selection | P49 to P47| P50 to P53| P54, P55 | P56, P57 | P64 to P67
0 0 0 Single-chip mode Port mode
0 0 1 Port 4 falling edge
detection mode
0 1 1 Memory |256-byte | ADO to AD7| Port mode P64 = RD
expansion| mode P65 = WR
1 0 o [modeNete Tl g A8 to A1 Port mode P86 =WAIT
mode P67 = ASTB
1 0 1 16 KB A12, A13 | Port mode
mode
1 1 1 Full-address A14, A15
modeNote 2
Other than above Setting prohibited

Notes 1. When the memory expansion mode is set, if an area other than the external expansion area
is accessed, the read value is undefined.
2. The full-address mode allows external expansion to the entire 64 KB address space except
for the internal ROM, RAM, and SFR areas, and the reserved areas.

Caution When using the falling edge detection function of port 4, be sure to set MEM to 01H.
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(2) Memory expansion wait setting register (MM)
MM sets the number of waits.
MM is set by a 1-bit or 8-bit memory manipulation instruction.
RESET input sets the value of MM to 10H.

Figure 20-3. Format of Memory Expansion Wait Setting Register (MM)

Address: FFF8H After reset: 10H R/W

Symbol 7 6 5 4 3 2 1 0
MM 0 0 PWH1 PWO 0 0 0 0
PWA1 PWO Wait control
0 0 No wait
0 1 Wait (one wait state inserted)
1 0 Setting prohibited
1 1 Wait control by external wait pin

Cautions 1.  To control wait by the external wait pin, be sure set the WAIT/P66 pin to input
mode (set bit 6 (PM66) of port mode register 6 (PM6) to 1).
2.  When wait is not controlled by the external wait pin, the WAIT/P66 pin can be
used as an I/O port pin.
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20.3 External Device Expansion Function Timing

The timing control signal output pins in the external memory expansion mode are as follows.

(M

RD pin (Alternate function: P64)

Read strobe output pin. The read strobe output pin is output when data is read and instructions are fetched from
external memory.
During internal memory access, the read strobe signal is not output (maintains high level).

(2) WR pin (Alternate function: P65)

3

4

®)

Write strobe signal output pin. The write strobe signal is output when data is written to external memory.
During internal memory access, the write strobe signal is not output (maintains high level)

WAIT pin (Alternate function: P66)

External wait signal input pin.
When the external wait is not used, the WAIT pin can be used as an 1/O port pin.
During internal memory access, the external wait signal is ignored.

ASTB pin (Alternate function: P67)
Address strobe signal output pin. The address strobe signal is output regardless of data access and instruction
fetch from external memory. During internal memory access, the address strobe signal is not output.

ADO to AD7, A8 to A15 pins (Alternate function: P40 to P47, P50 to P57)

Address/data signal output pins. A valid signal is output or input during data accesses and instruction fetches
from external memory.

These signals change even during internal memory access (output values are undefined).

The timing charts are shown in Figures 20-4 to 20-7.
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Figure 20-4. Instruction Fetch from External Memory

(a) No wait (PW1, PWO = 0, 0) setting

ASTB / \
RD \ /

ADO to AD7 XLower addressXInstruction codeX

A8 to A15 X Higher address X

(b) Wait (PW1, PWO = 0, 1) setting

ASTB I\
RD \ /

ADO to AD7 XLower addressX Instruction code X
A8 to A15 X Higher address X
Internal wait signal "~~~ ~"""""TTTTTTTTTRTTTmmT ' poTTTTTTTTT T m s
(1-clock wait) | '

(c) External wait (PW1, PWO = 1, 1) setting

ASTB / \ .
RD N /

ADO to AD7 XLower addressX Instruction code X

A8 to A15 X  Higher address X

wn .
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450

RD

ADO to AD7

A8 to A15

ASTB

RD

ADO to AD7

A8 to A15

Internal wait signal
(1-clock wait)

ASTB / \

RD

ADO to AD7

A8 to A15

WAIT

Figure 20-5. External Memory Read Timing

(a) No wait (PW1, PWO0 = 0, 0) setting

ASTB / \

\

XLower addressX

Read data

X

Higher address

(b) Wait (PW1, PWO = 0, 1) setting

[\

\

X Lower address X

Read data

Higher address

(c) External wait (PW1, PWO = 1, 1) setting

\

XLower addressX

Read data

al

X

Higher address
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CHAPTER 20 EXTERNAL DEVICE EXPANSION FUNCTION

Figure 20-6. External Memory Write Timing

(a) No wait (PW1, PWO = 0, 0) setting

astB [\
- \ —

ADO to AD7 XLower address)- ----- Mg ... -< Write data X

M

A8 to A15 X Higher address

(b) Wait (PW1, PWO = 0, 1) setting

ASTB [\
e \ T
ADO to AD7 ) @) TILLE HeZ e ( Write data X
A8 to A15 X Higher address X

Internal wait signal ' '
(1-clock wait) [ '

(c¢) External wait (PW1, PWO0 = 1, 1) setting

ASTB / \ "
ADO to AD7 X Lower N L7 R {7 witedata X
A8 to A15 X Higher address X

WAIT ./

WA \
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Figure 20-7. External Memory Read-Modify-Write Timing

(a) No wait (PW1, PWO0 = 0, 0) setting

ASTB /_\
 — /
" \ —

ADO to AD7 X ",;gg'gss X Read data >- --- -< Write data X
A8 to A15 X Higher address X

(b) Wait (PW1, PWO = 0, 1) setting

ASTB / \

ADO to AD7 X Lower X Read data >- - -< Write data X
A8 to A15 X Higher address X

Internal wait signal ' , . |
(1-clock wait) (EEEEE ' Veeoon '

(c) External wait (PW1, PWO = 1, 1) setting

ASTB / \ . .

)T )T

I

RO (- / "
,( /

)T

n Hi-Z "

ADO to AD7 X L: °Wrerii X Read data >- - -< Write data X

I [

A8 to A15 X Higher address X

WAT ./ | W

*x Remark The read-modify-write timing is the operation when a bit manipulation instruction is executed.
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CHAPTER 20 EXTERNAL DEVICE EXPANSION FUNCTION

20.4 Example of Connection with Memory
This section provides an example of connecting the uPD780078 with the external memory (SRAM) in Figure 20-
8. In addition, the external device expansion function is used in the full-address mode, the addresses from 0000H

to EFFFH (60 KB) are allocated to internal ROM, and the addresses after FOOOH are allocated to SRAM.

Figure 20-8. Connection Example of uPD780078 and Memory

Vbbo
uPD780078 g _ uPD43256B _
_ # &8
RD : OE
WR WE Data bus
1/01 to 1/08
Address bus
A8 to A14 A0 to A14
74HC573
ASTB LE
é Q0 to Q7
ADO to AD7 DO to D7
OE

7;_ L
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CHAPTER 21 STANDBY FUNCTION

21.1 Standby Function and Configuration

21.1.1 Standby function
The standby function is designed to decrease power consumption of the system. The following two modes are
available.

(1) HALT mode
HALT instruction execution sets the HALT mode. The HALT mode stops the CPU operation clock. The system
clock oscillator continues oscillating. In this mode, power consumption is not decreased as much as in the STOP
mode. However, the HALT mode is effective to restart operation immediately upon an interrupt request and to
carry out intermittent operations.

(2) STOP mode
STOP instruction execution sets the STOP mode. In the STOP mode, the main system clock oscillator stops,
stopping the whole system, thereby considerably reducing the CPU power consumption.
Data memory low-voltage hold (down to Vob = 1.6 V) is possible. Thus, the STOP mode is effective to hold data
memory contents with ultra-low power consumption. Because this mode can be released upon an interrupt
request, it enables intermittent operations to be carried out.
However, because a wait time is required to stabilize oscillation after the STOP mode is released, selectthe HALT
mode if it is necessary to start processing immediately upon an interrupt request.

In either of these two modes, all the contents of registers, flags and data memory just before the standby mode
is set are held. The I/O port output latches and output buffer statuses are also held.

Cautions 1. The STOP mode can be used only when the system operates with the main system clock
(subsystem clock oscillation cannot be stopped). The HALT mode can be used with either
the main system clock or the subsystem clock.

2. When operation is transferred to the STOP mode, be sure to stop operation of the peripheral
hardware operating with the main system clock before executing the STOP instruction.

3. The following sequence is recommended for reducing the power consumption of the A/D
converter when the standby function is used: First clear bit 7 (ADCSO0) of A/D converter mode
register 0 (ADMO) to 0 to stop the A/D conversion operation, and then execute the HALT or
STOP instruction.
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CHAPTER 21 STANDBY FUNCTION

21.1.2 Standby function control register

The wait time after the STOP mode is released upon an interrupt request is controlled by the oscillation stabilization
time select register (OSTS).

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

RESET input sets the value of OSTS to 04H. Therefore, when the STOP mode is released by inputting RESET,
it takes 217/fx until release.

Figure 21-1. Format of Oscillation Stabilization Time Select Register (OSTS)

Address: FFFAH After reset: 04H R/W

Symbol 7 6 5 4 3 2 1 0
OSTS 0 0 0 0 0 OSTS2 OSTS1 OSTS0
OSTS2 OSTSH OSTSO0 Selection of Oscillation Stabilization Time
fx = 8.38 MHz | fx = 12 MHzNote

0 0 0 212ty 488 us 341 us

0 0 1 214/fx 1.95 ms 1.36 ms

0 1 0 215/fx 3.91 ms 2.73 ms

0 1 1 216/fx 7.81 ms 5.46 ms

1 0 0 217/t 15.6 ms 10.9 ms

Other than above Setting prohibited

Note Expanded-specification products of uPD780078 Subseries only.
Caution The wait time after the STOP mode is released does not include the time (see "a" in the illustration

below) from STOP mode release to clock oscillation start. This applies regardless of whether
STOP mode is released by RESET input or by interrupt request generation.

STOP mode release

X1 pin voltage -------
waveform

Remark fx: Main system clock oscillation frequency
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21.2 Standby Function Operations

21.2.1 HALT mode

(1) HALT mode setting and operating statuses
The HALT mode is set by executing the HALT instruction. It can be set with the main system clock or the
subsystem clock.

The operating statuses in the HALT mode are described below.

Table 21-1. HALT Mode Operating Statuses

HALT Mode HALT Instruction Execution when HALT Instruction Execution when
Setting Using Main System Clock Using Subsystem Clock
Without subsystem With subsystem With main system With main system
Item clockNote 1 clockNote 2 clock oscillation clock oscillation
stopped
Clock generator Both main system clock and subsystem clock can be oscillated. Clock supply to CPU stops.
CPU Operation stops.

Ports (output latches)| Status before HALT mode setting is held.

16-bit timer/event Operable Stop
counters 00, 01
8-bit timer/event Operable Operable when TI50,
counters 50, 51 TI51 are selected as
count clock.
Watch timer Operable when fx/27 is | Operable Operable when fxt is
selected as count clock selected as count clock.
Watchdog timer Operable Operation stops.
* | Clock output Operable when fx-fx/27 is| Operable Operable when fxt is
selected as output clock selected as count clock.
* | Buzzer output Operable BUZ is at low level.
A/D converter Stop
Serial interface Operable Operable during
external clock input.

External interrupt Operable

Bus line | ADOto AD7| High impedance

during A8 to A15| Status before HALT mode setting is held.

external ASTB Low level

expansion ————
WR, RD | High level

WAIT High impedance

Notes 1. Including case when external clock is not supplied.
2. Including case when external clock is supplied.
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(2) HALT mode release
The HALT mode can be released by the following three sources.

(a)

(b)

Release by unmasked interrupt request

When an unmasked interrupt request is generated, the HALT mode is released. If interrupt acknowledgment
is enabled, vectored interrupt servicing is carried out. If interrupt acknowledgment is disabled, the instruction
at the next address is executed.

Figure 21-2. HALT Mode Release by Interrupt Request Generation

Interrupt request
HALT instruction

Standby release
signal

Operation mode HALT mode Wait ‘ Operation mode

Oscillation
Clock

Remarks 1. The broken lines indicate the case when the interrupt request that released the standby mode
is acknowledged.
2. The wait times are as follows:
» When vectored interrupt servicing is carried out: 8 or 9 clocks
* When vectored interrupt servicing is not carried out: 2 or 3 clocks

Release by non-maskable interrupt request

When a non-maskable interrupt request is generated, the HALT mode is released and vectored interrupt
servicing is carried out whether interrupt acknowledgment is enabled or disabled.

However, a non-maskable interrupt request is not generated during operation with the subsystem clock.
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(c) Release by RESET input
When the RESET signal is input, HALT mode is released. And, as in the case with normal reset operation,
the program is executed after branch to the reset vector address.

Figure 21-3. HALT Mode Release by RESET Input

Wait
HALT instruction (27/fx: 15.6 ms) ‘
D)
RESET h
signal
Reset Oscillation stabilization
Operating mode HALT mode period | wait status ‘ Operating mode
Oscillation ‘
Oscillation Oscillation
Clock stop

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

Table 21-2. Operation After HALT Mode Release

Release Source MKxx PRxx IE ISP Operation

Maskable interrupt request 0 0 0 X Next address instruction execution
0 0 1 X Interrupt servicing execution
0 1 0 1 Next address instruction execution
0 1 X 0
0 1 1 1 Interrupt servicing execution
1 X X X HALT mode hold

Non-maskable interrupt request — — X X Interrupt servicing execution

RESET input — — X X Reset processing

x: Don’t care
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21.2.2 STOP mode

(1) STOP mode setting and operating status
The STOP mode is set by executing the STOP instruction. It can be set only with the main system clock.

Cautions 1. When the STOP mode is set, the X2 pin is internally connected to Voo1 via a pull-up resistor
to minimize the leakage current at the crystal oscillator. Thus, do not use the STOP mode
in a system where an external clock is used for the main system clock.

2. Because the interrupt request signal is used to clear the standby mode, if there is an
interrupt source with the interrupt request flag set and the interrupt mask flag reset, the
standby mode is immediately cleared if set. Thus,the STOP mode is reset to the HALT mode
immediately after execution of the STOP instruction. The operating mode is set after the
wait set using the oscillation stabilization time select register (OSTS).

The operating statues in the STOP mode are described in Table 21-3 below.

Table 21-3. STOP Mode Operating Statuses

STOP Mode Setting

tem With Subsystem Clock Without Subsystem Clock

Clock generator Only main system clock oscillation is stopped.

CPU Operation stops.

Ports (output latches) Status before STOP mode setting is held.

16-bit timer/event counters 00, 01 Operation stops.

8-bit timer/event counters 50, 51 Operable only when TI50, TI51 are selected as count clock.

Watch timer Operable when fxr is selected as Operation stops.
counter clock.

Watchdog timer Operation stops.

Clock output Operable when fxr is selected as PCL is at low level.
output clock.

Buzzer output BUZ is at low level.

A/D converter Operation stops

Serial interface | Other than UARTO, 2 | Operable only when externally supplied clock is specified as the serial clock.

UARTO, 2 Operation stops. (Transmit shift register 0, 2 (TXS0, TXS2), receive shift register

0, 2 (RX0, RX2), receive buffer register 0, 2 (RXB0, RXB2) and transmit buffer
register 2 (TXB2) hold the value just before the clock stopped.)

External interrupt Operable

Bus line during ADO to AD7 High impedance

external expansion | ag to A15 Status before STOP mode setting is held.
ASTB Low level
WR, RD High level
‘WAIT High impedance
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STANDBY FUNCTION

(2) STOP mode release

The STOP mode can be released by the following two sources.

(a) Release by unmasked interrupt request
When an unmasked interrupt request is generated, the STOP mode is released. If interrupt acknowledgment
is enabled after the lapse of oscillation stabilization time, vectored interrupt service is carried out. If interrupt

acknowledgment is disabled, the instruction at the next address is executed.

Figure 21-4. STOP Mode Release by Interrupt Request Generation

Standby release
signal

Interrupt Wait

request (Time set by OSTS) |

STOP instruction ‘
)

T( T

Oscillation stabilization
Operating mode STOP mode wait status ‘ Operating mode

Oscillation Oscillation stop Oscillation

Clock

Remark The broken lines indicate the case when the interrupt request that released the standby status

is acknowledged.
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CHAPTER 21 STANDBY FUNCTION

(b) Release by RESET input
The STOP mode is released when the RESET signal is input, and the reset operation is carried out after
the lapse of oscillation stabilization time.

Figure 21-5. STOP Mode Release by RESET Input

Wait
STOP instruction (2"7/fx: 15.6 ms) ‘
) )
RESET h
signal
Reset Oscillation stabilization
Operating mode STOP mode period | wait status ‘ Operating mode
Oscillation illati Oscillation
Clock Oscillation stop

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

Table 21-4. Operation After STOP Mode Release

Release Source MKxx PRxx IE ISP Operation

Maskable interrupt request 0 0 0 X Next address instruction execution
0 0 1 X Interrupt servicing execution
0 1 0 1 Next address instruction execution
0 1 X 0
0 1 1 1 Interrupt servicing execution
1 X X X STOP mode hold

RESET input — — X X Reset processing

x: Don’t care
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22.1 Reset Function
The following two operations are available to generate the reset signal.

(1) External reset input via RESET pin
(2) Internal reset by watchdog timer program loop time detection

External reset and internal reset have no functional differences. In both cases, program execution starts at the
address at 0000H and 0001H by RESET input. When a low level is input to the RESET pin or the watchdog timer
overflows, a reset is applied and each hardware is set to the status shown in Table 22-1. Each pin is high impedance
during reset input or during the oscillation stabilization time just after reset release.

When a high level is input to the RESET pin, the reset is released and program execution starts after the lapse
of oscillation stabilization time (2'7/fx). The reset applied by watchdog timer overflow is automatically released after
the reset and program execution starts after the lapse of oscillation stabilization time (217/fx) (see Figures 22-2 to
22-4).

Cautions 1. For an external reset, input a low level for 10 us or more to the RESET pin.
2. During reset input, main system clock oscillation remains stopped but subsystem clock
oscillation continues.
3. When the STOP mode is released by reset, the STOP mode contents are held during reset
input. However, the port pins become high impedance.

Figure 22-1. Reset Function Block Diagram

RESET |
© |ﬂ Reset controller Reset signal
Overflo .
Count clock Watchdog timer VeTow Interrupt function
Stop
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Figure 22-2. Timing of Reset by RESET Input

SAVAWAWA IVAVAWAY

Oscillation :
stabilization Normal operation

(Oscillation stop) time wait (Reset processing)

! Reset period

Normal operation

RESET \ | / |
Internal ! 1\ ; / 1
reset signal ! ‘ !

Delay Delay

Port pin >- ................... Mz s

Figure 22-3. Timing of Reset Due to Watchdog Timer Overflow

SVAWAWAWA VY AVAWAN

Oscillation

Reset period ! stabilization Normal operation

(Oscillation stop) time wait (Reset processing)

Watchdog :
timer / \
overflow | ;

Normal operation

Internal 1\ /
reset signal :

Port pin >. ................... M ..

Figure 22-4. Timing of Reset in STOP Mode by RESET Input

SVAVAWA WIWAWAWAY

STOP instruction execution

) Oscillation N | ti
. Stop status Reset period ! o ormal opera |9n
Normal operation (Oscillation stop) ! (Oscillation stop) ﬁtrﬁgll\:faai?on (Reset processing)

RESET :\ /

Internal 1
reset signal ! |

Port pin >.------------.I_|.".Z ...........................
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Table 22-1. Hardware Statuses After Reset (1/2)

Hardware Status After Reset
Program counter (PC)Note 1 Contents of reset vector table
(0000H, 0001H) are set.
Stack pointer (SP) Undefined
Program status word (PSW) 02H
RAM Data memory UndefinedNote 2
General-purpose registers UndefinedNote 2
Ports (output latches) 00H
Port mode registers 0, 2 to 8 (PM0, PM2 to PM8) FFH
Pull-up resistor option registers 0, 2 to 8 (PUO, PU2 to PU8) 00H
Processor clock control register (PCC) 04H
Memory size switching register (IMS) CFHNote 3
Internal RAM size switching register (IXS) OCHNote 4
Memory expansion mode register (MEM) 00H
Memory expansion wait setting register (MM) 10H
Oscillation stabilization time select register (OSTS) 04H
16-bit timer/event counters | Timer counters 00, 01 (TM0O, TMO1) 0000H
00, 01 Capture/compare registers 000, 001, 010, 011 Undefined
(CR000, CR001, CRO10, CRO11)
Prescaler mode registers 00, 01 (PRM00, PRMO01) 00H
Capture/compare control registers 00, 01 (CRC00, CRC01) 00H
Mode control registers 00, 01 (TMCO00, TMCO1) 00H
Output control registers 00, 01 (TOC00, TOCO01) 00H
8-bit timer/event counters | Timer counters 50, 51 (TM50, TM51) 00H
50, 51 Compare registers 50, 51 (CR50, CR51) Undefined
Clock select registers 50, 51 (TCL50, TCL51) 00H
Mode control register 50, 51 (TMC50, TMC51) 00H
Watch timer Operation mode register (WTM) 00H
Watchdog timer Clock select register (WDCS) 00H
Mode register (WDTM) 00H

Notes 1. During reset input or oscillation stabilization time wait, only the PC contents among the hardware

statuses become undefined. All other hardware statuses remain unchanged after reset.

2. When a reset is executed in the standby mode, the pre-reset status is held even after reset.

3. Although the initial value is CFH, set the following value for each version.
uPD780076, 780076Y:  CCH
uPD780078, 780078Y:  CFH
uPD78F0078, 78F0078Y: Value for mask ROM versions

4. Although the default value of this register is OCH, initialize this register to 0AH.
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Table 22-1. Hardware Statuses After Reset (2/2)

Hardware Status After Reset
Clock output/buzzer output controller | Clock output select register (CKS) 00H
A/D converter Conversion result register 0 (ADCRO) 00H
Mode register 0 (ADMO) 00H
Analog input channel specification register 0 (ADSO0) 00H
Serial interface UARTO Asynchronous serial interface mode register 0 (ASIMO) 00H
Asynchronous serial interface status register 0 (ASIS0) 00H
Baud rate generator control register 0 (BRGCO) 00H
Transmit shift register 0 (TXSO0) FFH
| Receive buffer register 0 (RXBO) |
Serial interface UART2 Asynchronous serial interface mode register 2 (ASIM2) 00H
Transfer mode specification register 2 (TRMC2) 02H
Clock select register 2 (CKSEL2) 00H
Baud rate generator control register 2 (BRGC2) 00H
Asynchronous serial interface status register 2 (ASIS2) 00H
Asynchronous serial interface transmit status register 2 (ASIF2) 00H
Transmit buffer register 2 (TXB2) FFH
Receive buffer register 2 (RXB2) FFH
Serial interface SIO3 Shift register 3 (SIO3) Undefined
Operation mode register 3 (CSIM3) 00H
Serial interface CSI1 Transmit buffer register 1 (SOTB1) Undefined
Shift register 1(S101) Undefined
Operation mode register 1 (CSIM1) 00H
Clock select register 1 (CSIC1) 10H
Serial interface 1ICONote Transfer clock select register 0 (IICCLO) 00H
Shift register 0 (IIC0) 00H
Control register 0 (1ICCO0) 00H
Status register 0 (11CS0) 00H
Slave address register 0 (SVAQ) 00H
Interrupt Request flag registers (IFOL, IFOH, IF1L) 00H
Mask flag registers (MKOL, MKOH, MK1L) FFH
Priority specification flag registers (PROL, PROH, PR1L) FFH
External interrupt rising edge enable register (EGP) 00H
External interrupt falling edge enable register (EGN) 00H

Note Provided only in the uPD780078Y Subseries.
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The puPD78F0078 and 78F0078Y are provided as the flash memory versions of the uPD780078, 780078Y
Subseries.
The uPD78F0078 and 78F0078Y are products that incorporate flash memory in which the program can be written,
erased, and rewritten while it is mounted on the board.
Writing to flash memory can be performed with the memory mounted on the target system (on board). A dedicated
flash programmer is connected to the target system to perform writing.
x  The following can be considered as the development environment and the applications using flash memory.

* Software can be altered after the uyPD78F0078 and 78F0078Y are solder-mounted on the target system.
* Small scale production of various models is made easier by differentiating software.
¢ Data adjustment in starting mass production is made easier.

Table 23-1 shows the differences between the uPD78F0078 and 78F0078Y and the mask ROM versions.

Table 23-1. Differences Between uPD78F0078 and Mask ROM Versions

Item uPD78F0078 uPD780076 | uPD780078
Internal ROM configuration Flash memory Mask ROM
Internal ROM capacity 60 KBNote 1 48 KB | 60 KB
Mask option to specify on-chip Not possible Possible
pull-up resistors of pins P30 to
p33Note 2
IC pin None Available
Vpp pin Available None
Electrical specifications Refer to CHAPTER 25 ELECTRICAL SPECIFICATIONS

Notes 1. The same capacity as the mask ROM versions can be specified by means of the memory size switching
register (IMS).
2. The P30 and P31 pins are provided only in the uPD780078Y Subseries.

Caution Flash memory versions and mask ROM versions differ in their noise immunity and noise
radiation. If replacing flash memory versions with mask ROM versions when changing from
trial production to mass production, be sure to perform sufficient evaluation with the CS
versions (not ES versions) of mask ROM versions.
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23.1 Memory Size Switching Register

The uPD78F0078 and 78F0078Y allow users to select the internal memory capacity using the memory size
switching register (IMS) so that the same memory map as that of mask ROM versions with a different internal memory
capacity can be achieved.

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

RESET input sets the value of this register to CFH.

Caution Be sure to set the values of the target mask ROM version as the initial setting of the program.
Resetinputinitializes IMS to CFH. Also be sure to set the values of the target mask ROM version

after reset.

Figure 23-1. Format of Memory Size Switching Register (IMS)

Address: FFFOH After reset: CFH R/W

Symbol 7 6 5 4 3 2 1 0
IMS RAM2 RAMA1 RAMO 0 ROM3 ROM2 ROM!1 ROMO
RAM2 RAM1 RAMO Internal high-speed RAM capacity selection
1 1 0 1024 bytes
Other than above Setting prohibited
ROM3 ROM2 ROM1 ROMO Internal ROM capacity selection
1 1 0 0 48 KB
1 1 1 1 60 KB
Other than above Setting prohibited

The IMS settings to obtain the same memory map as mask ROM versions are shown in Table 23-2.

Table 23-2. Memory Size Switching Register Settings

Target Mask ROM Versions IMS Setting
uPD780076, 780076Y CCH
uPD780078, 780078Y CFH

Caution When using the mask ROM versions, be sure to set IMS to the value indicated in Table 23-2.
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23.2 Internal Expansion RAM Size Switching Register

The internal expansion RAM size switching register (IXS) is used to set the internal expansion RAM capacity.
IXS is set by an 8-bit memory manipulation instruction.
RESET input sets the value of this register to OCH.

Caution Be sure to set IXS to 0AH as the initial setting of the program. Reset input initializes IXS to 0CH,
so be sure to set IXS to 0AH after reset. Set the mask ROM versions in the same manner.

Figure 23-2. Format of Internal Expansion RAM Size Switching Register (IXS)

Address: FFF4H After reset: OCH R/W
Symbol 7 6

[6,]

4 3 2 1 0
IXS 0 0 0 IXRAM4 IXRAM3 IXRAM2 IXRAM1 IXRAMO

IXRAM4 IXRAM3 IXRAM2 IXRAMA1 IXRAMO | Internal expansion RAM capacity selection
0 1 0 1 0 1024 bytes

Other than above Setting prohibited
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23.3 Flash Memory Characteristics

Flash memory programming is performed by connecting a dedicated flash programmer (Flashpro Il (part no.
FLPR3, PG-FP3)/Flashpro IV (part no. FL-PR4, PG-FP4)) to the target system with the flash memory mounted on
the target system (on-board). A flash memory writing adapter (program adapter), which is a target board used
exclusively for programming, is also provided.

Remark FL-PR3, FL-PR4, and the program adapter are products made by Naito Densei Machida Mfg. Co., Ltd.
(TEL +81-45-475-4191).

Programming using flash memory has the following advantages.

* Software can be modified after the microcontroller is solder-mounted on the target system.
* Distinguishing software facilities low-quantity, varied model production
* Easy data adjustment when starting mass production

23.3.1 Programming environment

The following shows the environment required for uyPD78F0078, 78F0078Y flash memory programming.

When Flashpro Il or Flashpro 1V is used as a dedicated flash programmer, a host machine is required to control
the dedicated flash programmer. Communication between the host machine and flash programmer is performed via
RS-232C/USB (Rev. 1.1).

For details, refer to the manuals of Flashpro lll/Flashpro IV.

Remark USB is supported by Flashpro IV only.

Figure 23-3. Environment for Writing Program to Flash Memory

Vep
RS-232C Voo
USB ——
RESET
Dedicated flash programmer g|0/UART/IICNete u#PD78F0078,

1 PD78F0078Y

Host machine

Note |IC is supported by the uPD78F0078Y only.
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23.3.2 Communication mode

Use the communication mode shown in Table 23-3 to perform communication between the dedicated flash
programmer and the uPD78F0078, 78F0078Y.

Table 23-3. Communication Mode List

Communication Standard (TYPE) SettingNote 1 Pins Used |[Number of
Mode Port Speed On Target | Frequency | Multiplication Vep Pulses
(COMM PORT) (SIO CLOCK) (CPU CLOCK)|(Flashpro Clock) Rate
(Multiple Rate)
3-wire serial I/O | SIO-ch0 2.4 kHz to 625 kHzNote 2 | Optional 110 10 MHzNoe 2| 1 0 SI3/P34 0
(S103) (S10 ch-0) (100 Hz to 1.25 MHz)Note 2 S03/P35
SCK3/P36
3-wire serial /0 SIO-H/S SI3/P34 3
(S103) (SIO ¢ch-3 + S03/P35
with handshake | handshake) SCK3/P36
P31 (HS)
[2C busNote 3 lIC-ch0 10 k to 100 k BaudNete 2| Optional 110 10 MHzNo® 2| 1.0 SDA0/P32 4
(11C0) (12C ch-0) (50 kHz) SCLO/P33
UART UART-ch0O 4800 to 76800 BaudNetes 24| Optional 110 10 MHZNote 2| 1 0 RxD0/P23 8
(UARTO) (UART ch-0) | (4800 to 76800 bps)Notes 2,4 TxDO/P24
Notes 1. Selection items for Standard settings on Flashpro IV (TYPE settings on Flashpro lll).
2. The possible setting range differs depending on the voltage. For details, refer to CHAPTER 25
ELECTRICAL SPECIFICATIONS.
3. uPD78F0078Y only
4. Because factors other than the baud rate error, such as the signal waveform slew, also affect UART
communication, thoroughly evaluate the slew as well as the baud rate error.
Remark Items enclosed in parentheses in the setting item column are the set value and set item when they differ

from those of Flashpro IV.
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Figure 23-4. Communication Mode Selection Format
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CHAPTER 23 uPD78F0078, 78F0078Y

Figure 23-5. Example of Connection with Dedicated Flash Programmer (1/2)

(a) 3-wire serial 1/0 (S103)

Dedicated flash programmer

u#PD78F0078, 78F0078Y

Vep Vep
Voo Vopo, Voo1, AVRerNote
/RESET RESET
SCK SCK3
SO/TxD SI3
SI/RxD SO3
CLKp--------------~ | X {Note
GND Vsso, Vsst1, AVss

(b) 3-wire serial I/0 (SI03) with handshake

Dedicated flash programmer

uPD78F0078, 78F0078Y

Vep Vep
Vop Vopo, Vop1, AVrerNote
/RESET RESET
SCK SCK3
SO/TxD SI3
SI/RxD SO3
H/S P31 (HS)
CLK}-------------- -»| X1 Note
GND Vsso, Vssi, AVss

(c) UART (UARTO)

Dedicated flash programmer

w1 PD78F0078, 78F0078Y

Vep Vep
Vbp Vopo, Voo1, AVRerNote
/RESET RESET
SO/TxD RxDO
SI/RxD TxDO
CLKp--------------~ | X {Note
GND Vsso, Vssi, AVss

Note The Vbpo, Vob1, AVRer, and X1 pins can be supplied on board. In this case, these pins do not need to be
connected to the dedicated flash programmer, but Vop voltage must be supplied to these pins (except the
X1 pin) before programming is started.
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Figure 23-5. Example of Connection with Dedicated Flash Programmer (2/2)

(d) IC bus (1IC0)

1 PD78F0078, 78F0078Y

Dedicated flash programmer
Vep Vep
Vob
/RESET RESET
SCK SCLO
SI/RxD SDAO
CLKp--------------~ »| X {Note
GND

Vooo, Vop1, AVrerNote

Vsso, Vsst1, AVss

Note The Vbpo, Vob1, AVRer, and X1 pins can be supplied on board. In this case, these pins do not need to be

connected to the dedicated flash programmer, but Vop voltage must be supplied to these pins (except the
X1 pin) before programming is started.

If Flashpro lll/Flashpro IV is used as the dedicated flash programmer, the following signals are generated for the
uPD78F0078, 78F0078Y. For details, refer to the manual of Flashpro Ill/Flashpro IV.

Table 23-4. Pin Connection List

Signal Name 1/0 Pin Function Pin Name SI03  |SIO3 (HS)| UARTO | IllCoNote 1
Vep Output Write voltage Vep (@) @) @) @)
Vop 1/0 ;/;Dn;;zlrtiige generation/voltage | Vooo, Vob1, AVrer oNote2| Note2| Note2 | Note2
GND - Ground Vsso, Vsst1, AVss O O O O
CLK Output Clock output X1 O O O O
/RESET Output Reset signal RESET O @) @) O
SI/RxD Input Reception signal SO3/TxD0/SDAQNote 1 O @) @) O
SO/TxD Output Transmission signal SI3/RxD0 O O © X
SCK Output Transfer clock SCK3/SCLQNote 1 @) @) X O
H/S Input Handshake clock P31 (HS) X O X X

Notes 1. uPD78F0078Y only

2. Vob voltage must be supplied before programming is started.

Remark ©O: Pin must be connected.
O: If the signal is supplied on the target board, pin does not need to be connected.
X : Pin does not need to be connected.
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23.3.3 On-board pin processing

When performing programming on the target system, provide a connector on the target system to connect the
dedicated flash programmer.

An on-board function that allows switching between normal operation mode and flash memory programming mode
may be required in some cases.

<Vpp pin>
In normal operation mode, input 0 V to the Vrp pin. In flash memory programming mode, a write voltage of 10.0
V (TYP.) is supplied to the Vrp pin, so perform the following.

(1) Connect a pull-down resistor (RVep = 10 kQ) to the Vrp pin.
(2) Use the jumper on the board to switch the Vrp pin input to either the programmer or directly to GND.

A Vpp pin connection example is shown below.

Figure 23-6. Vep Pin Connection Example

#PD78F0078, 78F0078Y

-] Connection pin of dedicated
flash programmer

Vep O

Pull-down resistor (RVep)

<Serial interface pin>
The following shows the pins used by the serial interface.

Serial Interface Pins Used
3-wire serial 1/0 (SIO3) SI3, SO3, SCK3
3-wire serial /0 (SIO3) SI3, SO3, SCK3,
with handshake P31 (HS)

UART (UARTO) RxDO0, TxDO
I2C bus (llCo)Note SDAO, SCLO

Note uPD78F0078Y only

When connecting the dedicated flash programmer to a serial interface pin that is connected to another device
on-board, signal conflict or abnormal operation of the other device may occur. Care must therefore be taken with
such connections.
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(1) Signal conflict

If the dedicated flash programmer (output) is connected to a serial interface pin (input) that is connected to

another device (output), a signal conflict occurs. To prevent this, isolate the connection with the other device
or set the other device to the output high impedance status.

Figure 23-7. Signal Conflict (Input Pin of Serial Interface)

#PD78F0078, 78F0078Y

Connection pin of dedicated

Signal conflict flash programmer
Input pin

Other device

. T Output pin

In the flash memory programming mode, the signal output by another
device and the signal sent by the dedicated flash programmer conflict,
therefore, isolate the signal of the other device.

(2) Abnormal operation of other device

If the dedicated flash programmer (output or input) is connected to a serial interface pin (input or output) that
is connected to another device (input), a signal is output to the device, which may cause an abnormal operation.

To prevent this abnormal operation, isolate the connection with the other device or set so that the input signals
to the other device are ignored.

Figure 23-8. Abnormal Operation of Other Device

uPD78F0078, 78F0078Y

Connection pin of dedicated
flash programmer
Pin
Other device
1 Output pin

If the signal output by the (PD78F0078, 78F0078Y affects another device
in the flash memory programming mode, isolate the signals of the other
device.

uPD78F0078, 78F0078Y

Connection pin of dedicated
flash programmer
Pin O

Other device

| T Output pin

If the signal output by the dedicated flash programmer affects another

device in the flash memory programming mode, isolate the signals of the
other device.
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<RESET pin>
If the reset signal of the dedicated flash programmer is connected to the RESET pin connected to the reset signal
generator on-board, a signal conflict occurs. To prevent this, isolate the connection with the reset signal generator.
If the reset signal is input from the user system in the flash memory programming mode, a normal programming
operation cannot be performed. Therefore, do not input reset signals from other than the dedicated flash
programmer.

Figure 23-9. Signal Conflict (RESET Pin)

u#PD78F0078, 78F0078Y

Connection pin of dedicated
Signal conflict flash programmer
RESET O

Set signal generator

. T Output pin

The signal output by the reset signal generator and the signal output from
the dedicated flash programmer conflict in the flash memory programming
mode, so isolate the signal of the reset signal generator.

<Port pins>
When the uPD78F0078 and 78F0078Y enter the flash memory programming mode, all the pins other than those
that communicate in flash memory programming are in the same status as immediately after reset.
If the external device does not recognize initial statuses such as the output high impedance status, therefore,
connect the external device to Vppo or Vsso via a resistor.

<Oscillator>
When using the on-board clock, connect X1, X2, XT1, and XT2 as required in the normal operation mode.
When using the clock output of the flash programmer, connect it directly to X1, disconnecting the main oscillator
on-board, and leave the X2 pin open. The subsystem clock conforms to the normal operation mode.

<Power supply>
To use the power output from the flash programmer, connect the Vboo and Vop1 pins to Vop of the flash
programmer, and the Vsso and Vssi1 pins to GND of the flash programmer.
To use the on-board power supply, make connections that accord with the normal operation mode. However,
because the voltage is monitored by the flash programmer, be sure to connect Voo of the flash programmer.
Supply the same power as in the normal operation mode to the other power supply pins (AVrer and AVss).
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23.3.4 Connection of adapter for flash writing
The following shows the recommended connection example when the adapter for flash writing is used.

476

Figure 23-10. Wiring Example for Adapter for Flash Writing with 3-Wire Serial 1/0 (SI03)

——©O VDD (2.7105.5 V)

—O anp
LVDD (VPP2)
VDD o)
GND o)
64 63 62 61 60 59 58 57 56 55 54 53 52 51 50 49
1 48
2 47
3 O 46
4 45
5 44
6 43
7 420
ol 5 4PD78F0078, i
PD78F0078Y
o 10 # 39
11 38
12 37
13 36
14 35
15 34O
16 33
17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32
O

©

Sl

© © o o0 0 0

SO SCK CLKOUT RESET VPP RESERVE/HS

WRITER INTERFACE
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Figure 23-11. Wiring Example for Adapter for Flash Writing with 3-Wire Serial 1/0 (SI03) with Handshake

—— O VDD (2.7105.5 V)

—O aenp
LVDD (VPP2)
VDD o
GND o
64 63 62 61 60 59 58 57 56 55 54 53 52 51 50 49
1 48
2 47
3 O 46
4 45
5 44
6 43
7 421-0
ol 5 4PD78F0078, i
PD78F0078Y
o 10 # 39
11 38
12 37
13 36
14 35
15 3410
16 33
17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32
@

© o O 0 o 0

SISO SCK CLKOUT RESET VPP RESERVE/HS

WRITER INTERFACE
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Figure 23-12. Wiring Example for Adapter for Flash Writing with UART (UARTO)

——© VDD (2.7105.5 V)

—O© &ND
LVDD(VPP2)
VDD o
GND o
64 63 62 61 60 59 58 57 56 55 54 53 52 51 50 49
1 48
2 47
3 O 46
4 45
5 44
6 43
7 42O
o g 4PD78F0078, jfg)
PD78F0078Y
o 10 # 39
11 38
12 37
13 36
14 35
15 340
16 33
17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32
o)
©O © © 0O © ©O @)
SISO SCK CLKOUT RESET VPP RESERVE/HS

WRITER INTERFACE
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Figure 23-13. Wiring Example for Adapter for Flash Writing with 12C Bus (1IC0) (uPD78F0078Y Only)

——© VDD (2.7105.5 V)
—© anp

LVDD (VPP2)

VDD O

GND O

O©CoOo~NOOGLhwWN =

64 63 62 61 60 59 58 57 56 55 54 53 52 51 50 49

1718 19 20 21 22 23 24 25 26 27 28 29 30 31 32

O

4PD78F0078Y 41

o

o

© ©O

SI

SO SCK CLKOUT RESET VPP RESERVE/HS

© © o0 o0 0

WRITER INTERFACE
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CHAPTER 24 INSTRUCTION SET

This chapter lists each instruction set of the uPD780078, 780078Y Subseries in table form. For details of the
operation and operation code of each instruction, refer to the separate document 78K/0 Series Instructions User’s
Manual (U12326E).
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24.1 Legend Used in Operation List

24.1.1 Operand identifiers and specification methods

Operands are written in the “Operand” column of each instruction in accordance with the specification method of
the instruction operand identifier (refer to the assembler specifications for details). When there are two or more
methods, select one of them. Uppercase letters and the symbols #, |, $ and [ ] are keywords and must be written
as they are. Each symbol has the following meaning.

» #: Immediate data specification
» I:  Absolute address specification
« $: Relative address specification
* []: Indirect address specification

In the case of immediate data, describe an appropriate numeric value or a label. When using a label, be sure to
write the #, |, $, and [ ] symbols.

For operand register identifiers, r and rp, either function names (X, A, C, etc.) or absolute names (names in
parentheses in the table below, RO, R1, R2, etc.) can be used for specification.

Table 24-1. Operand Identifiers and Specification Methods

Identifier Specification Method
r X (R0), A (R1), C (R2), B (R3), E (R4), D (R5), L (R6), H (R7),
rp AX (RP0), BC (RP1), DE (RP2), HL (RP3)
sfr Special function register symbolNote
sfrp Special function register symbol (16-bit manipulatable register, even addresses only)Note
saddr FE20H to FF1FH Immediate data or labels
saddrp FE20H to FF1FH Immediate data or labels (even address only)
addr16 0000H to FFFFH Immediate data or labels

(Only even addresses for 16-bit data transfer instructions)
addri1 0800H to OFFFH Immediate data or labels
addr5 0040H to 007FH Immediate data or labels (even address only)
word 16-bit immediate data or label
byte 8-bit immediate data or label
bit 3-bit immediate data or label
RBn RBO to RB3

Note Addresses from FFDOH to FFDFH cannot be accessed with these operands.

Remark For special function register symbols, refer to Table 5-3 Special Function Register List.
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24.1.2 Description of “operation” column

A: A register; 8-bit accumulator
X X register
B B register
C C register
D: D register
E E register
H H regqister
L L register

AX: AX register pair; 16-bit accumulator
BC: BC register pair

DE: DE register pair

HL: HL register pair

PC: Program counter

SP: Stack pointer

PSW: Program status word

CY: Carry flag

AC: Auxiliary carry flag

Z: Zero flag

RBS: Register bank select flag

IE: Interrupt request enable flag

NMIS: Non-maskable interrupt servicing flag

(): Memory contents indicated by address or register contents in parentheses
XH, Xc: Higher 8 bits and lower 8 bits of 16-bit register

Al Logical product (AND)

VS Logical sum (OR)

R Exclusive logical sum (exclusive OR)

——: Inverted data
addr16: 16-bit immediate data or label
jdisp8: Signed 8-bit data (displacement value)

24.1.3 Description of “flag operation” column
(Blank): Not affected

Cleared to 0

Setto 1

Set/cleared according to the result

I x > e

Previously saved value is restored
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24.2 Operation List
Insc;?éitéon Mnemonic Operands Bytes Nme?loc:‘iez Operation 5 FAla:)gCY
8-bit data | MOV r, #byte 2 4 - r < byte
transfer saddr, #byte 3 6 7 (saddr) « byte
sfr, #byte 3 - 7 sfr « byte
Ar Note 3| 4 2 - Acer
r A Note3| 1 2 - |reA
A, saddr 2 4 5 A « (saddr)
saddr, A 2 4 5 (saddr) « A
A, sfr 2 - 5 A « sfr
sfr, A 2 - 5 sfr— A
A, laddr16 3 8 9+n |[A« (addri6)
laddr16, A 3 8 9+m |[(addr16) « A
PSW, #byte 3 - 7 PSW « byte X X X
A, PSW 2 - 5 A « PSW
PSW, A 2 - 5 PSW « A X X X
A, [DE] 1 4 | 5+n |A« (DE)
[DE], A 1 4 5+m |[(DE)« A
A, [HL] 1 4 | 5+n |A« (HL)
[HL], A 1 4 5+m [(HL) « A
A, [HL + byte] 2 8 | 9+n |A« (HL + byte)
[HL + byte], A 2 8 9+m |[(HL + byte) « A
A, [HL + B] 1 6 | 7+n |A« (HL+B)
[HL + B], A 1 6 7+m [(HL+B) « A
A, [HL + C] 1 6 | 7+n |Ae« (HL+C)
[HL +C], A 1 6 7+m [(HL+C) « A
XCH Ar Note3| 1 2 - |Aor
A, saddr 2 4 6 A < (saddr)
A, sfr 2 - 6 A & (sfr)
A, laddr16 3 8 |10+n+m|A < (addri6)
A, [DE] 1 4 |6+n+m |A o (DE)
A, [HL] 1 4 |6+n+m |A < (HL)
A, [HL + byte] 2 8 [10+n+m|A & (HL + byte)
A, [HL + B] 2 8 [10+n+m|A « (HL + B)
A, [HL + C] 2 8 [10+n+m|A o (HL + C)

Notes 1. When the internal high-speed RAM area is accessed or an instruction with no data access is executed.
2. When an area except the internal high-speed RAM area is accessed.
3. Except “r=A"

Remarks 1.

2.
3.
4.

One instruction clock cycle is one cycle of the CPU clock (fcpu) selected by the processor clock control
register (PCC).

The number of clocks applies when there is a program in the internal ROM.

n is the number of waits when external memory expansion area is read from.

m is the number of waits when external memory expansion area is written to.
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Insc;:léitéon Mnemonic Operands Bytes Notefloc:je ) Operation = A;:\?
16-bit MOvw rp, #word 3 6 - rp <« word
data saddrp, #word 4 8 10 | (saddrp) « word
transfer sfrp, #word 4 - 10 sfrp « word
AX, saddrp 2 6 8 AX « (saddrp)
saddrp, AX 2 6 8 (saddrp) « AX
AX, sfrp 2 - 8 AX « sfrp
sfrp, AX 2 - 8 sfrp « AX
AX, rp Note 3| 4 4 - AX < 1p
rp, AX Note3 | 1 4 - |mp e AX
AX, laddr16 3 10 [12 + 2n | AX « (addr16)
laddr16, AX 3 10 [12 + 2m | (addr16) « AX
XCHW AX, rp Note 3| 4 4 - AX & 1p
8-bit ADD A, #byte 2 4 - A, CY « A + byte X X X
operation saddr, #byte 3 6 8 (saddr), CY « (saddr) + byte X X X
Ar Note4| 2 4 - |ACY«A+rx X X X
r, A 2 4 - nLCY«r+A X X X
A, saddr 2 4 5 A, CY « A + (saddr) X X X
A, laddr16 3 8 9+n [A CY « A+ (addri16) X X X
A, [HL] 1 4 | 54n |[A CY« A+ (HL) X X X
A, [HL + byte] 2 8 | 9+n |A CY« A+ (HL + byte) X X X
A, [HL + B] 2 8 | 9+4n |A,CY«— A+ (HL+B) X X X
A, [HL + C] 2 8 | 9+n [A CY<« A+ (HL+C) X X X
ADDC A, #byte 2 4 - A, CY « A + byte + CY X X X
saddr, #byte 3 6 8 (saddr), CY « (saddr) + byte + CY X X X
Ar Note4| 2 4 - |ACY«A+r+CY X X X
r, A 2 4 - nCY«r+A+CY X X X
A, saddr 2 4 5 A, CY « A + (saddr) + CY X X X
A, laddr16 3 8 9+n [A CY « A+ (addri6) + CY X X X
A, [HL] 1 4 | 5+4n [A CY <A+ (HL) +CY X X X
A, [HL + byte] 2 8 | 9+n [A CY« A+ (HL + byte) + CY X X X
A, [HL + B] 2 8 | 9+4n [A,CY«— A+ (HL+B)+CY X X X
A, [HL + C] 2 8 | 9+n |A CY< A+ (HL+C)+CY X X X
Notes 1. When the internal high-speed RAM area is accessed or an instruction with no data access is executed.
2. When an area except the internal high-speed RAM area is accessed
3. Only when rp = BC, DE or HL
4. Except “r=A"

Remarks 1. Oneinstruction clock cycle is one cycle of the CPU clock (fcpu) selected by the processor clock control
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register (PCC).

2. The number of clocks applies when there is a program in the internal ROM.
3. nis the number of waits when external memory expansion area is read from.
4. m is the number of waits when external memory expansion area is written to.
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INSTRUCTION SET

Insc;:léitéon Mnemonic Operands Bytes Notefloc:‘ie ) Operation 5 A;Sﬁ
8-bit SUB A, #byte 2 4 - A, CY « A —byte X X X
operation saddr, #byte 3 6 8 (saddr), CY « (saddr) — byte X X X
Ar Note3| 2 4 - |ACY«A-r X X X
r, A 2 4 - rCY «r-A X X X
A, saddr 2 4 5 A, CY « A — (saddr) X X X
A, laddr16 3 8 9+n [A CY « A-(addr16) X X X
A, [HL] 1 4 | 5+n [A CY«A-(HL) X X X
A, [HL + byte] 2 8 9+n |A CY « A-(HL + byte) X X X
A, [HL + B] 2 8 | 9+n |A CY« A—(HL+B) X X X
A, [HL + C] 2 8 9+n |A/CY«A-(HL+C) X X X
SuUBC A, #byte 2 4 - A, CY « A —byte - CY X X X
saddr, #byte 3 6 8 (saddr), CY « (saddr) — byte — CY X X X
Ar Note3| 2 4 - |ACY«A-r-cCY X X X
r, A 2 4 - r,CY «<r-A-CY X X X
A, saddr 2 4 5 A, CY « A — (saddr) - CY X X X
A, laddr16 3 8 9+n |A CY « A-(addri6) — CY X X X
A, [HL] 1 4 | 5+n |A CY« A—(HL) -CY X X X
A, [HL + byte] 2 8 9+n |A CY« A—(HL + byte) — CY X X X
A, [HL + B] 2 8 | 9+n |A CY <« A—(HL+B)-CY X X X
A, [HL + C] 2 8 9+n |A/CY«A-(HL+C)-CY X X X
AND A, #byte 2 4 - A « AAbyte X
saddr, #byte 3 6 8 (saddr) « (saddr) Abyte X
Ar Note3| 2 4 - |AeAAT x
r, A 2 4 - r—rAA X
A, saddr 2 4 5 A « AA(saddr) X
A, laddr16 3 8 9+n |A« AA(addri6) X
A, [HL] 1 4 | 5+n |Ae AA[HL] x
A, [HL + byte] 2 8 9+n |A« AAJHL + byte] X
A, [HL + B] 2 8 | 9+n |A« AA[HL +B] x
A, [HL + C] 2 8 9+n |A« AA[HL +C] X

Notes 1. When the internal high-speed RAM area is accessed or an instruction with no data access is executed.

2. When an area except the internal high-speed RAM area is accessed

3. Except “

Remarks 1.

r=A"

register (PCC).

2. The number of clocks applies when there is a program in the internal ROM.
3. nis the number of waits when external memory expansion area is read from.
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Insc;:léitéon Mnemonic Operands Bytes Notefloc:je ) Operation = A;:\?
8-bit OR A, #byte 2 4 - A « AVbyte X
operation saddr, #byte 3 | 6 8 |(saddr) « (saddr)Vbyte x
Ar Note3| 2 4 -  |A<Avr x
r, A 2 4 - r<rvA X
A, saddr 2 4 5 A « AV(saddr) X
A, laddr16 3 8 9+n [A« AV(addri16) X
A, [HL] 1 4 5+n |A« AV(HL) X
A, [HL + byte] 2 8 9+n |A« AV(HL + byte) X
A, [HL + B] 2 8 | 9+4n |[A«— AV(HL+B) x
A, [HL + C] 2 8 9+n |A«AVHL+C) X
XOR A, #byte 2 4 - A « A*byte x
saddr, #byte 3 6 8 (saddr) « (saddr) v byte X
Ar Note3| 2 4 - A< Avr x
r, A 2 4 - rrvA X
A, saddr 2 4 5 A « A~ (saddr) X
A, laddr16 3 8 9+n |A« AV (addr16) X
A, [HL] 1 4 | 5+4n |A« Av(HL) x
A, [HL + byte] 2 8 9+n |A« AV (HL + byte) X
A, [HL + B] 2 8 | 9+n |A«— A¥(HL+B) x
A, [HL + C] 2 8 9+n |A« AV (HL +C) X
CMP A, #byte 2 4 - A — byte X X X
saddr, #byte 3 6 8 (saddr) — byte X X X
Ar Note3| 2 4 - |A-r X X X
r, A 2 4 - r—A X X X
A, saddr 2 4 5 A — (saddr) X X X
A, laddr16 3 8 9+n |A-(addri6) X X X
A, [HL] 1 4 | 5+n [A-(HL) X X X
A, [HL + byte] 2 8 9+n |A-(HL + byte) X X X
A, [HL + B] 2 8 | 9+4n |A—(HL+B) X X X
A, [HL + C] 2 8 9+n |A-(HL +C) X X X
Notes 1. When the internal high-speed RAM area is accessed or an instruction with no data access is executed.

2. When an area except the internal high-speed RAM area is accessed
3. Except‘r=A"

Remarks 1. Oneinstruction clock cycle is one cycle of the CPU clock (fcpu) selected by the processor clock control
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register (PCC).
2. The number of clocks applies when there is a program in the internal ROM.
3. nis the number of waits when external memory expansion area is read from.
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Insc;:léitéon Mnemonic Operands Bytes Notefloc:‘ie ) Operation 5 A:;i
16-bit ADDW AX, #word 3 6 - AX, CY « AX + word X X X
operation | gypw AX, #word 3 | 6 - |AX, CY « AX — word X X X
CMPW AX, #word 3 6 - AX — word X X X
Multiply/  |MULU X 2 16 - AX « A x X
divide DIVUW |[C 2 | 25 - | AX (Quotient), C (Remainder) « AX + C
Increment/ | INC r 1 2 - rer+1 X X
decrement saddr 2 | 4 6 |(saddr) « (saddr) + 1 X x
DEC r 1 2 - rer—1 X X
saddr 2 4 6 (saddr) « (saddr) — 1 X X
INCW rp 1 4 - rp«rp+1
DECW rp 1 4 - p«rp—1
Rotate ROR A1 1 2 - (CY, A7 < Ao, Am-1 < Am) x 1 time X
ROL A1l 1 2 - (CY, Ao < A7, Am+1 < Am) x 1 time X
RORC A1 1 2 - (CY « Ao, A7 < CY, Am-1 < Am) x 1 time X
ROLC A1l 1 2 - (CY « A7, Ao « CY, Am+1 < Am) x 1 time X
ROR4 [HL] 2 10 [12+n+m|As-0« (HL)s-o, (HL)7-4 < As-o,
(HL)3-0 « (HL)7-4
ROL4 [HL] 2 10 [12+n+m|As-0 « (HL)7-4, (HL)3-0 < As-o,
(HL)7-4 « (HL)s-0
BCD ADJBA 2 4 - Decimal Adjust Accumulator after X X X
adjust Addition
ADJBS 2 4 - Decimal Adjust Accumulator after X X X
Subtract
Bit MOV1 CY, saddr.bit 3 6 7 CY « (saddr.bit) X
manipu- CY, sfr.bit 3 | - 7 |CY « sfrbit x
late CY, Abit 2 | 4| - [cveabi x
CY, PSW.bit 3 - 7 CY « PSW.bit X
CY, [HL].bit 2 6 7 +n |CY « (HL).bit X
saddr.bit, CY 3 6 (saddr.bit) « CY
sfr.bit, CY 3 - 8 sfr.bit « CY
A.bit, CY 2 4 - A.bit « CY
PSW.bit, CY 3 - 8 PSW.bit « CY X X
[HL].bit, CY 2 6 8+n+m | (HL).bit « CY

Notes 1. When the internal high-speed RAM area is accessed or an instruction with no data access is executed.

Remarks 1.

2. When an area except the internal high-speed RAM area is accessed

register (PCC).
2. The number of clocks applies when there is a program in the internal ROM.
3. nis the number of waits when external memory expansion area is read from.

4. m is the number of waits when external memory expansion area is written to.
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Insc;:léitéon Mnemonic Operands Bytes Notefloc:je ) Operation = A;:\?
Bit AND1 CY, saddr.bit 3 6 7 CY « CY A(saddr.bit) X
manipu- CY, sfr.bit 3 | - 7 |CY « CYAsfr.bit x
late CY, A.bit 2 4 - CY « CYAA.bit X
CY, PSW.bit 3 - 7 CY « CY APSW.bit X
CY, [HL].bit 2 6 | 7+n [CY« CYA(HL).bit X
OR1 CY, saddr.bit 3 6 7 CY « CYV(saddr.bit) X
CY, sfr.bit 3 - 7 CY « CYVsfr.bit X
CY, A.bit 2 4 - CY « CYVA.bit X
CY, PSW.bit 3 - 7 CY « CYVPSW.bit X
CY, [HL].bit 2 6 7+n |CY « CYV(HL).bit X
XOR1 CY, saddr.bit 3 6 7 CY « CY *+(saddr.bit) X
CY, sfr.bit 3 - 7 CY « CY sfr.bit X
CY, A.bit 2 4 - CY « CYA.bit X
CY, PSW. bit 3 - 7 CY « CY *PSW.bit X
CY, [HL].bit 2 6 | 7+n |CY« CYM(HL).bit x
SET1 saddr.bit 2 4 6 (saddr.bit) « 1
sfr.bit 3 - 8 sfr.bit « 1
A.bit 2 4 - A.bit « 1
PSW.bit 2 - 6 PSW.bit « 1 X X X
[HL].bit 2 6 |8+n+m [(HL).bit « 1
CLR1 saddr.bit 2 4 6 (saddr.bit) « 0
sfr.bit 3 - 8 sfr.bit < 0
A.bit 2 4 - A.bit < 0
PSW.bit 2 - 6 PSW.bit « 0 X X X
[HL].bit 2 6 |8+n+m |(HL).bit 0
SET1 CcY 1 2 - CY « 1 1
CLR1 CcY 1 2 - CY« 0 0
NOT1 cY 1] 2 - |cyecy x

Notes 1. When the internal high-speed RAM area is accessed or an instruction with no data access is executed.
2. When an area except the internal high-speed RAM area is accessed

Remarks 1.
2.
3.
4.
488

One instruction clock cycle is one cycle of the CPU clock (fcpu) selected by the processor clock control
register (PCC).

The number of clocks applies when there is a program in the internal ROM.

n is the number of waits when external memory expansion area is read from.

m is the number of waits when external memory expansion area is written to.
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Instruction Clocks Flag
Mnemonic Operands Bytes Operation
Group P Y ote 1] Note 2 P Z ACCY
Call/return | CALL laddr16 3 7 - (SP = 1) « (PC + 3)4, (SP = 2) « (PC + 3)L,
PC « addr16, SP « SP -2
CALLF |laddrii 2 5 - |(SP=1) « (PC +2)n, (SP - 2) « (PC + 2.,
PC1s5-11 < 00001, PC10-0 « addrifi,
SP« SP-2
CALLT [addr5] 1 6 - (8P = 1) « (PC + 1)1, (SP = 2) « (PC + 1)1,
PCH « (00000000, addr5 + 1),
PCL « (00000000, addr5),
SP« SP-2
BRK 1 6 - (SP — 1) « PSW, (SP —2) « (PC + 1)n,
(SP = 3) « (PC + 1)L, PCH « (003FH),
PCL « (003EH), SP « SP -3, IE« 0
RET 1 6 - PCh « (SP + 1), PCL « (SP),
SP« SP+2
RETI 1 6 - PCH « (SP + 1), PCL « (SP), R R R
PSW « (SP + 2), SP « SP + 3,
NMIS « 0
RETB 1 6 - PCH « (SP + 1), PCL « (SP), R R R
PSW « (SP +2), SP « SP + 3
Stack PUSH PSW 1 - (SP — 1) « PSW, SP « SP — 1
manipu- P 1 4 - [(SP=1) < rpn, (SP—2) « rp,
late SP« SP-2
POP PSW 1 2 - PSW « (SP), SP « SP + 1 R R R
rp 1 4 - rpH < (SP + 1), rpL « (SP),
SP« SP+2
MOvVw SP, #word 4 - 10 SP « word
SP, AX 2 - 8 SP « AX
AX, SP 2 - 8 AX « SP
Uncondi- |BR laddr16 3 6 - PC « addr16
tional $addr16 2 | 6 —  |PC < PC + 2 + jdisps
branch
AX 2 8 - PCh « A, PCL « X
Conditional| BC $addr16 2 6 - PC « PC + 2 + jdisp8 if CY = 1
branch | gNC $addr16 2 | 6 —  |PC« PC+2+jdisp8if CY = 0
BZ $addr16 2 6 - PC « PC + 2 + jdisp8 if Z = 1
BNZ $addr16 2 6 - PC « PC +2 +jdisp8ifZ=0

Notes 1. When the internal high-speed RAM area is accessed or an instruction with no data access is executed.
2. When an area except the internal high-speed RAM area is accessed

Remarks 1. Oneinstruction clock cycle is one cycle of the CPU clock (fcru) selected by the processor clock control
register (PCC).
2. The number of clocks applies when there is a program in the internal ROM.
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Instruction Clocks Flag
Mnemonic Operands Bytes Operation
Group Note 1| Note 2 Z ACCY
Condi- BT saddr.bit, $addr16 3 8 9 PC « PC + 3 + jdisp8 if(saddr.bit) = 1
tional sfr.bit, $addr16 4 | - 11 |PC « PC + 4 + disp8 if sfr.bit = 1
b h
ranc A.bit, $addr16 3 | 8 —  |PC < PC + 3 +jdisp8 if A.bit = 1
PSW.bit, $addr16 3 - 9 PC « PC + 3 + jdisp8 if PSW.bit = 1
[HL].bit, $addr16 3 10 | 11 +n |PC « PC + 3 + jdisp8 if (HL).bit = 1
BF saddr.bit, $addr16 4 10 11 PC « PC + 4 + jdisp8 if(saddr.bit) = 0
sfr.bit, $addr16 4 - 11 PC « PC + 4 + jdisp8 if sfr.bit = 0
A.bit, $addr16 3 8 - PC « PC + 3 + jdisp8 if A.bit = 0
PSW.bit, $addr16 4 - 11 PC « PC + 4 + jdisp8 if PSW. bit = 0
[HL].bit, $addr16 3 10 | 11 +n |PC « PC + 3 + jdisp8 if (HL).bit =0
BTCLR saddr.bit, $addr16 4 10 12 PC « PC + 4 + jdisp8
if(saddr.bit) = 1
then reset(saddr.bit)
sfr.bit, $addr16 4 - 12 PC « PC + 4 + jdisp8 if sfr.bit = 1
then reset sfr.bit
A.bit, $addr16 3 8 - PC « PC + 3 + jdisp8 if A.bit = 1
then reset A.bit
PSW.bit, $addr16 4 - 12 PC « PC + 4 + jdisp8 if PSW.bit = 1 X X X
then reset PSW.bit
[HL].bit, $addr16 3 10 [12+n+m|PC « PC + 3 + jdisp8 if (HL).bit = 1
then reset (HL).bit
DBNZ B, $addr16 2 6 - B « B -1, then
PC « PC + 2 + jdisp8if B# 0
C, $addri6 2 6 - C « C -1, then
PC « PC + 2 + jdisp8if C= 0
saddr. $addr16 3 8 10 (saddr) « (saddr) — 1, then
PC « PC + 3 + jdisp8 if(saddr) # 0
CPU SEL RBn 2 4 - RBS1,0 «n
control NOP 1 2 — | No Operation
El 2 - 6 IE « 1(Enable Interrupt)
DI 2 - 6 |IE « O(Disable Interrupt)
HALT 2 6 - Set HALT Mode
STOP 2 6 - Set STOP Mode

Notes 1. When the internal high-speed RAM area is accessed or an instruction with no data access is executed.

Remarks 1.
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register (PCC).
2. The number of clocks applies when there is a program in the internal ROM.
3. nis the number of waits when external memory expansion area is read from.
4. m is the number of waits when external memory expansion area is written to.

2. When an area except the internal high-speed RAM area is accessed
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CHAPTER 24 INSTRUCTION SET

24.3 Instructions Listed by Addressing Type
(1) 8-bit instructions

MOV, XCH, ADD, ADDC, SUB, SUBC, AND, OR, XOR, CMP, MULU, DIVUW, INC, DEC, ROR, ROL, RORC,
ROLC, ROR4, ROL4, PUSH, POP, DBNZ
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Second Operand [HL + byte]
—_ #byte A rNote sfr | saddr |laddr16| PSW | [DE] | [HL] |[HL + B] |$addri6| 1 None
First Operand [HL + C]
A ADD MOV |MOV |MOV [MOV |MOV |MOV |[MOV |MOV ROR
ADDC XCH |[XCH |XCH |XCH XCH |XCH |XCH ROL
SuB ADD ADD |ADD ADD |ADD RORC
SUBC ADDC ADDC |ADDC ADDC |ADDC ROLC
AND SUB SUB |SuB SUB |SuB
OR SUBC SUBC |SUBC SUBC |SUBC
XOR AND AND |AND AND |AND
CMP OR OR OR OR OR
XOR XOR [XOR XOR [XOR
CMP CMP |CMP CMP |CMP
r MOV | MOV INC
ADD DEC
ADDC
SuB
SUBC
AND
OR
XOR
CMP
B, C DBNZ
sfr MOV | MOV
saddr MOV | MOV DBNZ INC
ADD DEC
ADDC
SuB
SUBC
AND
OR
XOR
CMP
laddr16 MOV
PSW MOV | MOV PUSH
POP
[DE] MOV
[HL] MOV ROR4
ROL4
[HL + byte] MOV
[HL + B]
[HL + C]
X MULU
Cc DIVUW

Note Exceptr=A

492
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(2) 16-bit instructions
MOVW, XCHW, ADDW, SUBW, CMPW, PUSH, POP, INCW, DECW

Second Operand

#word AX rpNote sfrp saddrp laddr16 SP None
First Operand
AX ADDW MOVW MOVW MOVW MOVW MOVW
SUBW XCHW
CMPW
0 MOVW MOV wNote INCW
DECW
PUSH
POP
sfrp MOVW MOVW
saddrp MOVW MOVW
laddr16 MOVW
SP MOVW MOVW
Note Only when rp = BC, DE, HL
(3) Bit manipulation instructions
MOV1, AND1, OR1, XOR1, SET1, CLR1, NOT1, BT, BF, BTCLR
Second Operand
A.bit sfr.bit saddr.bit PSW.bit [HL].bit cY $addr16 None
First Operand
A.bit MOVA1 BT SET1
BF CLR1
BTCLR
sfr.bit MOV1 BT SET1
BF CLR1
BTCLR
saddr.bit MOVA1 BT SET1
BF CLR1
BTCLR
PSW.bit MOVA1 BT SET1
BF CLR1
BTCLR
[HL].bit MOV1 BT SET1
BF CLR1
BTCLR
CcY MOV1 MOV1 MOV1 MOV1 MOV1 SET1
AND1 AND1 AND1 AND1 AND1 CLR1
OR1 OR1 OR1 OR1 OR1 NOT1
XOR1 XOR1 XOR1 XOR1 XOR1
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(4) Call instructions/branch instructions
CALL, CALLF, CALLT, BR, BC, BNC, BZ, BNZ, BT, BF, BTCLR, DBNZ

Second Operand

First Operand

AX

laddr16

laddr11

[addr5]

$addr16

Basic instruction

BR

CALL
BR

CALLF

CALLT

BR
BC
BNC
BZ
BNZ

Compound
instruction

BT

BF
BTCLR
DBNZ

(5) Other instructions

ADJBA, ADJBS, BRK, RET, RETI, RETB, SEL, NOP, El, DI, HALT, STOP

494
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CHAPTER 25 ELECTRICAL SPECIFICATIONS

25.1 Expanded-Specification Products of uPD780076, 780078, 78F0078

Absolute Maximum Ratings (Ta = 25°C)

Parameter Symbol Conditions Ratings Unit
Supply voltage | Voo -0.3to +6.5 \
Vep uPD78F0078 only, Note 2 -0.5t0 +10.5 \"
AVrer -0.3 to Voo + 0.3Note 1 %
AVss -0.3t0 +0.3 v
Input voltage | Vi P00 to P03, P10 to P17, P20 to P25, -0.3 to Voo + 0.3Note 1 \
P34 to P36, P40 to P47, P50 to P57,
P64 to P67, P70 to P75, P80, X1, X2, XT1,
XT2, RESET
Vi2 P30 to P33 | N-ch open- | Pull-up resistor -0.3to +6.5 \"
drain No pull-up resistor -0.3 to Voo + 0.3Note 1 \"
Output voltage | Vo -0.3 to Voo + 0.3Note 1 v
Analog input | Van P10 to P17 Analog input pin AVss — 0.3 to AVrer + 0.3Note 1 \
voltage and —0.3 to Voo + 0.3Note 1
Output loH 1 pin -10 mA
current, high Total for POO to P03, P40 to P47, -15 mA
P50 to P57, P64 to P67, P70 to P75, P80
Total for P20 to P25, P30 to P36 -15 mA
Output lo Per pin for P00 to P03, P20 to P25, 20 mA
current, low P34 to P36, P40 to P47, P64 to P67,
P70 to P75, P80
Per pin for P30 to P33, P50 to P57 30 mA
Total for POO to P03, P40 to P47, 50 mA
P64 to P67, P70 to P75, P80
Total for P20 to P25 20 mA
Total for P30 to P36 100 mA
Total for P50 to P57 100 mA
Operating ambient | Ta During normal operation -40 to +85 °C
temperature During flash memory programming +10 to +40 °C
Storage Tstg uPD780076, 780078 —-65 to +150 °C
temperature uPD78F0078 -40 to +125 °C

Note 1. 6.5V or less
(Note 2 is explained on the next page.)

Caution Product quality may suffer if the absolute maximum rating is exceeded even momentarily for any
parameter. That is, the absolute maximum ratings are rated values at which the product is on the
verge of suffering physical damage, and therefore the product must be used under conditions that

ensure that the absolute maximum ratings are not exceeded.

Remark Unless otherwise specified, the characteristics of alternate-function pins are the same as those of port pins.
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Note 2. Make sure that the following conditions of the Vrp voltage application timing are satisfied when the flash

memory is written.

« When supply voltage rises
Vep must exceed Vopo 10 us or more after Vopo has reached the lower-limit value (2.7 V) of the
operating voltage range (see a in the figure below).

« When supply voltage drops
Vop must be lowered 10 us or more after Vep falls below the lower-limit value (2.7 V) of the
operating voltage range of Vop (see b in the figure below).

oV

Capacitance (Ta = 25°C, Voo = Vss = 0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Input Cin f=1MHz 15 pF
capacitance Unmeasured pins returned to 0 V.

I/0 Cio f=1MHz P00 to P03, P20 to P25, 15 pF
capacitance Unmeasured pins P34 to P36, P40 to P47,
returned to 0 V. P50 to P57, P64 to P67,
P70 to P75, P80
P30 to P33 20 pF

Remark Unless otherwise specified, the characteristics of alternate-function pins are the same as those of port pins.
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Main System Clock Oscillator Characteristics (Ta = —40 to +85°C, Voo = 1.8 to 5.5 V)

Resonator Rec"c’}}?jrded Parameter Conditions MIN. | TYP. | MAX. | Unit
Ceramic Oscillation 45V<Vop<55V 1.0 12.0 MHz
resonator | IC X2 X1 frequency (fx)Note 1 3.0V<Vop<45V 1.0 8.38
RIZ o 1.8V <Von<3.0V 1.0 5.0
i | Cc2s CiT Oscillation After Voo reaches 4 ms
Y SR stabilization timeN°t® 2 | oscillation voltage range
" MIN.
Crystal Oscillation 45V<Vop<55V 1.0 12.0 MHz
resonator frequency (fx)Note 1 3.0V<Vop<45V 1.0 8.38
1.8V<Vop<3.0V 1.0 5.0
Oscillation 40V<Vop<55V 10 ms
stabilization timeN°¢2 | 1.8 V< Vop<4.0V 30
External X1 input 45V<Vob<55V 1.0 12.0 MHz
clock frequency (fx)Note 1 3.0V<Vop<45V 1.0 8.38
1.8V <Vop<3.0V 1.0 5.0
X1 input 45V <Vop<55V 38 500 ns
Z} high-/low-level width 3.0V<Vop<45V 50 500
(txH, txv) 1.8V<Vop<3.0V 85 500

Notes 1. Indicates only oscillator characteristics. Refer to AC Characteristics for instruction execution time.

2. Time required to stabilize oscillation after reset or STOP mode release.

Cautions 1.

When using the main system clock oscillator, wire as follows in the area enclosed by the broken

lines in the above figures to avoid an adverse effect from wiring capacitance.

- Keep the wiring length as short as possible.
« Do not cross the wiring with the other signal lines.
- Do not route the wiring near a signal line through which a high fluctuating current flows.

- Always make the ground point of the oscillator capacitor the same potential as Vssi.

- Do not ground the capacitor to a ground pattern through which a high current flows.
- Do not fetch signals from the oscillator.

When the main system clock is stopped and the system is operating on the subsystem clock,
wait until the oscillation stabilization time has been secured by the program before switching
back to the main system clock.
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Subsystem Clock Oscillator Characteristics (Ta = —40 to +85°C, Voo = 1.8 to 5.5 V)

Resonator | Recommended Circuit Parameter Conditions MIN. TYP. MAX. Unit
Crystal |XT2 XT1 IC| Oscillation 32 32.768 35 kHz
resonator ' 2Rd frequency (fxr)Note 1

30
T4 T Oscillation 40V < Voo <55V 12 2 s
: ! Hioatian timaeNote 2
K stabilization time 18V < Vop <40V 10
External XT1 input 32 38.5 kHz
clock XT2  XTt frequency (fxr)Note 1
XT1 input 12 15 us

high-/low-level width

(txtH, txTL)

Notes 1. Indicates only oscillator characteristics. Refer to AC Characteristics for instruction execution time.
2. Time required to stabilize oscillation after Voo reaches oscillation voltage range MIN.

Cautions 1. When using the subsystem clock oscillator, wire as follows in the area enclosed by the broken
lines in the above figures to avoid an adverse effect from wiring capacitance.

- Keep the wiring length as short as possible.

« Do not cross the wiring with the other signal lines.

- Do not route the wiring near a signal line through which a high fluctuating current flows.
- Always make the ground point of the oscillator capacitor the same potential as Vssi.

- Do not ground the capacitor to a ground pattern through which a high current flows.

- Do not fetch signals from the oscillator.

2. The subsystem clock oscillator is designed as a low-amplitude circuit for reducing power
consumption, and is more prone to malfunction due to noise than the main system clock
oscillator. Particular care is therefore required with the wiring method when the subsystem
clock is used.
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Recommended Oscillator Constant

(1) Expanded-specification products of yPD780076, 780078

(a) Main system clock: Ceramic resonator (Ta = —40 to +85°C)

Manufacturer Part Number Frequency Recommended Circuit Constant Oscillation Voltage Range
(MHz) C1 (pF) C2 (pF) R1 (kQ) MIN. (V) MAX. (V)
Murata Mfg. | CSBFB1M00J58 1.00 150 150 0 1.8 5.5
Co., Ltd. CSBLATM00J58 1.00 150 150 0 1.8 55
CSTCC2M00G56 2.00 On-chip On-chip 0 1.8 5.5
CSTLS2M00G56 2.00 On-chip On-chip 0 1.8 55
CSTCC3M58G53 3.58 On-chip On-chip 0 1.8 5.5
CSTLS3M58G53 3.58 On-chip On-chip 0 1.8 55
CSTCR4M00G53 4.00 On-chip On-chip 0 1.8 5.5
CSTLS4M00G53 4.00 On-chip On-chip 0 1.8 55
CSTCR4M19G53 419 On-chip On-chip 0 1.8 55
CSTLS4M19G53 4.19 On-chip On-chip 0 1.8 5.5
CSTCR4M91G53 4.91 On-chip On-chip 0 1.8 5.5
CSTLS4M91G53 4.91 On-chip On-chip 0 1.8 5.5
CSTCR5M00G53 5.00 On-chip On-chip 0 2.7 5.5
CSTLS5M00G53 5.00 On-chip On-chip 0 2.7 5.5
CSTCE8M00G52 8.00 On-chip On-chip 0 3.0 5.5
CSTLS8M00G53 8.00 On-chip On-chip 0 3.0 55
CSTCE8M38G52 8.38 On-chip On-chip 0 3.0 55
CSTLS8M38G53 8.38 On-chip On-chip 0 3.0 55
CSTCE10M0G52 10.00 On-chip On-chip 0 4.5 55
CSTLS10MO0G53 10.00 On-chip On-chip 0 4.5 55
CSTCE12M0G52 12.00 On-chip On-chip 0 4.5 55
CSTLA12MOT55 12.00 On-chip On-chip 0 4.5 5.5
TDK CCR3.5MC5 3.58 On-chip On-chip 0 1.8 5.5
CCR4.0MC5 4.00 On-chip On-chip 0 1.8 5.5
CCR4.19MC5 4.19 On-chip On-chip 0 1.8 55
CCR5.0MC5 5.00 On-chip On-chip 0 2.7 5.5
CCR6.0MC5 6.00 On-chip On-chip 0 2.7 5.5
CCR8.0MC5 8.00 On-chip On-chip 0 3.0 5.5
CCR8.38MC5 8.38 On-chip On-chip 0 3.0 55
CCR10.0MC5 10.00 On-chip On-chip 0 4.5 5.5
CCR12.0MC5 12.00 On-chip On-chip 0 4.5 5.5

Caution The oscillator constant is a reference value based on evaluation in specific environments by the
resonator manufacturer. If the oscillator characteristics need to be optimized in the actual
application, request the resonator manufacturer for evaluation on the implementation circuit.
Note that the oscillation voltage and oscillation frequency merely indicate the characteristics of
the oscillator. Use the internal operation conditions of the uPD780078 Subseries within the
specifications of the DC and AC characteristics.
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(1) Expanded-specification products of yPD780076, 780078

(b) Main system clock: Crystal oscillator (Ta = —10 to +70°C)

Manufacturer Part Number Frequency Recommended Circuit Constant Oscillation Voltage Range
(MHz) C1 (pF) C2 (pF) Rd (kQ) MIN. (V) | MAX. (V)
KINSEKI, Ltd. HC-49/U-S 4.19 18 18 4.7 1.9 5.5
8.38 27 27 0 3.0 5.5

(c) Subsystem clock: Crystal oscillator (Ta = —40 to +85°C)

Manufacturer Part Number Frequency Recommended Circuit Constant Oscillation Voltage Range
(MHz) C1 (pF) C2 (pF) Rd (kQ) MIN. (V) MAX. (V)
Seiko Epson C-022RX 32.768 15 15 330 1.8 5.5
Corporation MC-206 32.768 15 15 330 18 55
MC-306 32.768 15 15 330 1.8 5.5

Caution The oscillator constant is a reference value based on evaluation in specific environments by the
resonator manufacturer. If the oscillator characteristics need to be optimized in the actual
application, request the resonator manufacturer for evaluation on the implementation circuit.
Note that the oscillation voltage and oscillation frequency merely indicate the characteristics of
the oscillator. Use the internal operation conditions of the uPD780078 Subseries within the
specifications of the DC and AC characteristics.
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CHAPTER 25 ELECTRICAL SPECIFICATIONS

(2) Expanded-specification products of uyPD78F0078

Main system clock: Ceramic resonator (Ta = —40 to +85°C)

Manufacturer Part Number Frequency Recommended Circuit Constant Oscillation Voltage Range
(MHz) C1 (pF) C2 (pF) R1 (kQ) MIN. (V) MAX. (V)

Murata Mfg. | CSBFB1M00J58 1.00 100 100 3.3 1.8 5.5

Co., Ld. CSBLATM00J58 1.00 100 100 3.3 1.8 55
CSTCC2M00G56 2.00 On-chip On-chip 0 1.8 5.5
CSTLS2M00G56 2.00 On-chip On-chip 0 1.8 55
CSTCC3M58G53 3.58 On-chip On-chip 0 1.8 5.5
CSTLS3M58G53 3.58 On-chip On-chip 0 1.8 55
CSTCR4M00G53 4.00 On-chip On-chip 0 1.8 5.5
CSTLS4M00G53 4.00 On-chip On-chip 0 1.8 55
CSTCR4M19G53 4.19 On-chip On-chip 0 1.8 5.5
CSTLS4M19G53 4.19 On-chip On-chip 0 1.8 5.5
CSTCR4M91G53 4.91 On-chip On-chip 0 1.8 5.5
CSTLS4M91G53 4.91 On-chip On-chip 0 1.8 5.5
CSTCR5M00G53 5.00 On-chip On-chip 0 2.7 5.5
CSTLS5M00G53 5.00 On-chip On-chip 0 2.7 55
CSTCE8MO00G52 8.00 On-chip On-chip 0 3.0 55
CSTLS8M00G53 8.00 On-chip On-chip 0 3.0 55
CSTCE8M38G52 8.38 On-chip On-chip 0 3.0 55
CSTLS8M38G53 8.38 On-chip On-chip 0 3.0 55
CSTCE10M0G52 10.00 On-chip On-chip 0 4.5 55
CSTLS10M0G53 10.00 On-chip On-chip 0 4.5 55
CSTLS10M0G55093 10.00 On-chip On-chip 0 4.5 5.5
CSTCE12M0G52 12.00 On-chip On-chip 0 45 55
CSTLA12MOQT55 12.00 On-chip On-chip 0 4.5 5.5

Caution The oscillator constant is a reference value based on evaluation in specific environments by the

resonator manufacturer.

If the oscillator characteristics need to be optimized in the actual

application, request the resonator manufacturer for evaluation on the implementation circuit.
Note that the oscillation voltage and oscillation frequency merely indicate the characteristics of

the oscillator.

specifications of the DC and AC characteristics.

Use the internal operation conditions of the yPD780078 Subseries within the

Remark For the resonator selection and oscillator constant, users are requested to either evaluate the oscillation

themselves or apply to the resonator manufacturer for evaluation.
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CHAPTER 25 ELECTRICAL SPECIFICATIONS

DC Characteristics (Ta = —40 to +85°C, Voo = 1.8 to 5.5 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Output current, lon Per pin —1 mA
high All pins -15 mA
Output current, loL Per pin for P00 to P03, P20 to P25, P34 to P36, 10 mA
low P40 to P47, P64 to P67, P70 to P75, P80

Per pin for P30 to P33, P50 to P57 15 mA
Total for P00 to P03, P40 to P47, P64 to P67, P70 to P75, P80 20 mA
Total for P20 to P25 10 mA
Total for P30 to P36 70 mA
Total for P50 to P57 70 mA
Input voltage, ViH1 P10 to P17, P21, P24, 27V<Vob<55V 0.7Voo Voo \Y
high P40 to P47, PSO0 to P57, 1.8V<Voo<27V | 0.8Voo Voo | V
P64 to P67
Vinz P00 to P03, P20, P22, P23, P25, 27V<Vop<55V 0.8Vop Voo \Y
P34 to P36, P70 to P75, P80, RESET| 1 g v <Vpp < 2.7 V 0.85Voo Vb v
ViHz P30 to P33 27V<Vop<55V 0.7Voo 5.5 \
(N-ch open-drain) 1.8V<Vop<27V 0.8Vop 5.5 \
ViHa X1, X2 27V<Vop<55V Voo —-0.5 Vob \
1.8V<Vop<27V Voo —-0.2 Vob \'
ViHs XT1, XT2 40V<Vop<h5V 0.8Vop Voo \Y
1.8V<Vop<4.0V 0.9Voo Voo \
Input voltage, ViLt P10 to P17, P21, P24, 27V<Vop<55V 0 0.3Voo \
low P40 to P47, P50 to P57, 18V <Von <27V 0 0.2Voo | V
P64 to P67
Vi P00 to P03, P20, P22, P23, P25, 27V<Vop<55V 0 0.2Voo \
P34 to P36, P70 to P75, P80, RESET| 1.8 V < Voo < 2.7 V 0 0.15Voo| V
Vis P30 to P33 40V<Vop<55V 0 0.3Vop \Y
(N-ch open-drain) 27V<Vob<40V 0 0.2Voo \"
1.8V<Vop<27V 0 0.1Vop \Y
ViLa X1, X2 27V<Vob<55V 0 0.4 V
1.8V<Vop<27V 0 0.2 \
Vis XT1, XT2 40V<Vop<h5V 0 0.2Vop \Y
1.8V<Vop<4.0V 0 0.1Voo \
Output voltage, VoH1 40V <Vop <55V, lon=—-1mA Voo —-1.0 Vob \Y
high 1.8V <Vop<4.0V, lon=-100 pA Vob—-0.5 Vob \
Output voltage, VoLt P30 to P33 40V <Vop<55V, 2.0 \
low loL =15 mA
Vor2 P50 to P57 40V<Vop<55YV, 0.4 2.0 \
lo. =15 mA
Vois P00 to P03, P20 to P25, P34 to P36, 40V<Vop<55YV, 0.4 \
P40 to P47, P64 to P67, P70 to P75, P80 | loL = 1.6 mA
VoLs4 loL = 400 pA 0.5 Vv

Remark Unless otherwise specified, the characteristics of alternate-function pins are the same as those of port pins.
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CHAPTER 25 ELECTRICAL SPECIFICATIONS

DC Characteristics (Ta = —40 to +85°C, Voo = 1.8 to 5.5 V)

Parameter Symbol Conditions MIN. | TYP. | MAX. | Unit
Input leakage ILim Vin = Vbp P00 to P03, P10 to P17, P20 to P25, 3 uA
current, high P34 to P36, P40 to P47, P50 to P57,

P64 to P67, P70 to P75, P80,
RESET
ILiH2 X1, X2, XT1, XT2 20 HA
ILive Vin=55V P30 to P33 3 UA
Input leakage It Vn=0V P00 to P03, P10 to P17, P20 to P25, -3 UA
current, low P34 to P36, P40 to P47, P50 to P57,
P64 to P67, P70 to P75, P80,
RESET
I X1, X2, XT1, XT2 -20 UA
ILis P30 to P33 -3 LA
Output leakage ILom Vour = Vop 3 UA
current, high
Output leakage IoL Vour=0V -3 UA
current, low
Mask option R1 Vn=0V, 15 30 90 kQ
pull-up resistance P30, P31, P32, P33
(mask ROM
version only)
Software pull- R2 Vn=0V, 15 30 90 kQ
up resistance P00 to P03, P20 to P25, P34 to P36, P40 to P47,
P50 to P57, P64 to P67, P70 to P75, P80
Vee (IC) Vpp1 During normal operation 0 0.2 Voo| V
power supply
voltage

Remark Unless otherwise specified, the characteristics of alternate-function pins are the same as those of port pins.
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CHAPTER 25 ELECTRICAL SPECIFICATIONS

DC Characteristics (Ta = —40 to +85°C, Voo = 1.8 to 5.5 V)

(1) Expanded-specification products of uPD780076, 780078

Parameter Symbol Conditions MIN. | TYP. | MAX. Unit
Power supply | looiNete2|12.0 MHz Voo =5.0 V£10%N°te3 | When A/D converter is 9.0 18.0 mA
currentNote 1 crystal oscillation stopped

operating mode When A/D converter is 10.0 20.0 mA
operating
8.38 MHz Vop =5.0 V£10%N€3 | When A/D converter is 55 11.0 mA
crystal oscillation stopped
operating mode When A/D converter is 6.5 13.0 mA
operating
Vop = 3.0V + 10%Netes 3.6/ When A/D converter is 3.5 7.0 mA
stopped
When A/D converter is 4.5 9.0 mA
operating
5.00 MHz Voo =3.0 V£10%N€3 | When A/D converter is 2.0 4.0 mA
crystal oscillation stopped
operating mode When A/D converter is 3.0 6.0 mA
operating
Voo =2.0 V£10%N°te4 | When A/D converter is 0.4 1.5 mA
stopped
When A/D converter is 1.4 4.2 mA
operating
lop2  |[12.0 MHz Voo =5.0 V£10%N°te3 | When peripheral functions 2.5 5.0 mA
crystal oscillation are stopped
HALT mode When peripheral functions 11.5 mA
are operating
8.38 MHz Voo = 5.0 V£10%N°te3 | When peripheral functions 1.1 2.2 mA
crystal oscillation are stopped
HALT mode When peripheral functions 4.7 mA
are operating
Voo = 3.0 V + 10%Ntes 3.6 | When peripheral functions 0.7 1.4 mA
are stopped
When peripheral functions 4.5 mA
are operating
5.00 MHz Voo = 3.0 V £10%N°te3 | When peripheral functions 0.35 0.7 mA
crystal oscillation are stopped
HALT mode When peripheral functions 1.7 mA
are operating
Vop =2.0 V+10%Ne4 | When peripheral functions 0.15 0.4 mA
are stopped
When peripheral functions 1.1 mA
are operating
Iobs | 32.768 kHz crystal oscillation Voo =5.0V£10% 40 80 UA
operating modeNete 5 Voo = 3.0 V£10% 20 40 UA
Voo =2.0 V £10% 10 20 UA
loos | 32.768 kHz crystal oscillation Voo = 5.0V £10% 30 60 UA
HALT modeNete 5 Voo = 3.0 V £10% 18 UA
Voo =2.0 V £10% 10 UA
Iobs | STOP modeNete 7 Voo = 5.0V £10% 0.1 30 UA
Voo = 3.0 V £10% 0.05 10 UA
Voo =2.0 V £10% 0.05 10 UA
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CHAPTER 25 ELECTRICAL SPECIFICATIONS

Notes 1. Total current through the internal power supply (Vooo, Vobi).
2. lop1 includes the peripheral operating current (except the current through the pull-up resistors of ports).
. When the processor clock control register (PCC) is set to 00H.
. When PCC is set to 02H.
. When main system clock operation is stopped.
The values show the specifications when Vop = 3.0 to 3.3 V. The value in the TYP. column shows the
specifications when Vop = 3.0 V.
7. When the main system clock and subsystem clock are stopped.

<IN I N X
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CHAPTER 25 ELECTRICAL SPECIFICATIONS

DC Characteristics (Ta = —40 to +85°C, Voo = 1.8 to 5.5 V)

(2) Expanded-specification products of uPD78F0078

Parameter Symbol Conditions MIN. | TYP. | MAX. Unit
Power supply | looiNete2|12.0 MHz Voo = 5.0 V £10%Nete3 | When A/D converter is 17.0 34.0 mA
currentNote 1 crystal oscillation stopped

operating mode When A/D converter is 18.0 36.0 mA
operating
8.38 MHz Voo = 5.0 V£10%Nee3 | When A/D converter is 105 | 21.0 mA
crystal oscillation stopped
operating mode When A/D converter is 11.5 23.0 mA
operating
Voo = 3.0 V + 10%Netes 3,61 When A/D converter is 7.0 14.0 mA
stopped
When A/D converter is 8.0 16.0 mA
operating
5.00 MHz Voo = 3.0 V £10%Nee3 | When A/D converter is 45 9.0 mA
crystal oscillation stopped
operating mode When A/D converter is 55 11.0 mA
operating
Voo = 2.0 V £10%Ne4 | When A/D converter is 1.0 2.0 mA
stopped
When A/D converter is 2.0 6.0 mA
operating
ooz | 12.0 MHz Vop = 5.0 V £10%Ne3 | When peripheral functions 25 5.0 mA
crystal oscillation are stopped
HALT mode When peripheral functions 11.5 mA
are operating
8.38 MHz Voo = 5.0 V £10%Ne3 | When peripheral functions 1.2 2.4 mA
crystal oscillation are stopped
HALT mode When peripheral functions 5.0 mA
are operating
Voo = 3.0 V + 10%Netes 3.6 | When peripheral functions 0.7 1.4 mA
are stopped
When peripheral functions 4.5 mA
are operating
5.00 MHz Voo = 3.0 V£10%Ne3 | When peripheral functions 0.4 0.8 mA
crystal oscillation are stopped
HALT mode When peripheral functions 1.7 mA
are operating
Vop = 2.0 V £10%Nte4 | When peripheral functions 0.2 0.4 mA
are stopped
When peripheral functions 1.1 mA
are operating
Iops | 32.768 kHz crystal oscillation Voo = 5.0 V £10% 115 230 UA
operating modeNete 5 Vop = 3.0 V £10% 95 190 UA
Vob = 2.0 V £10% 75 150 HA
Iopsa | 32.768 kHz crystal oscillation Voo = 5.0 V £10% 30 60 UA
HALT modeNete 5 Voo = 3.0 V £10% 18 UA
Vob = 2.0 V £10% 10 HA
lops | STOP modeNete? Vob = 5.0 V £10% 0.1 30 HA
Voo = 3.0 V £10% 0.05 10 UA
Voo = 2.0 V £10% 0.05 10 UA
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Notes 1. Total current through the internal power supply (Vooo, Vobi).
2. lop1 includes the peripheral operating current (except the current through the pull-up resistors of ports).
. When the processor clock control register (PCC) is set to 00H.
. When PCC is set to 02H.
. When main system clock operation is stopped.
The values show the specifications when Vop = 3.0 to 3.3 V. The value in the TYP. column shows the
specifications when Vop = 3.0 V.
7. When the main system clock and subsystem clock are stopped.

<IN I N X
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AC Characteristics

(1) Basic operation (Ta = —40 to +85°C, Vobo = 1.8 to 5.5 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Cycle time Tey Operating with 45V<Vop<55V 0.166 16 us
(Min. instruction main system clock | 3.0 V< Vop< 4.5V 0.238 16 us
execution time) 27V <Voo<3.0V 0.4 16 s

1.8V<Vop<27V 1.6 16 us

Operating with subsystem clock 103.9Note 1 122 125 us
TI00O, TI010, TIO01, | triHo, tro | 3.0 V < Vob < 5.5 V 2/fsam+0.1Note 2 us
TIO11 input high-/low- 27V<Vop<3.0V 2/fsam+0.2Note 2 us
level width 1.8V < V<27V 2/fsam+0.5Note 2 us
TI50, TI51 input | fris 27V<Vop<55V 0 4 MHz
frequency 1.8V <Vop<2.7V 0 275 kHz
TI50, TI51 input | trHs, ttis | 2.7 V< Voo <55V 100 ns
high-/low-level 1.8V<Vop<27V 1.8 us
width
Interrupt request | tinth, tinte | INTPO to INTP3, 27V<Vop<55V 1 us
input high-/low- P40 to P47 1.8V<Voo<27V 2 us
level width
‘RESET tRsL 27V<Vop<55V 10 us
low-level width 1.8V<Voo<27V 20 us

Notes 1. Value when the external clock is used. When a crystal resonator is used, it is 114 us (MIN.).

2. Selection of fsam = fx, fx/4, fx/64 is possible using bits 0 and 1 (PRM000, PRM001) of prescaler mode
register 00 (PRMO00). Selection of fsam = fx/2, fx/8, fx/512 is possible using bits 0 and 1 (PRM001, PRM011)
of prescaler mode register 01 (PRMO01). However, if the TI000, TI010, TI001, or TIO11 valid edge is
selected as the count clock, the value becomes fsam = fx/8.
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Cycle time Tey [1S]

Tcy vs. Vop (main system clock operation)
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CHAPTER 25 ELECTRICAL SPECIFICATIONS

(2) Read/write operation (Ta = —40 to +85°C, Voo = 4.0 to 5.5 V)

(1/3)
Parameter Symbol Conditions MIN. MAX. Unit
ASTB high-level width tasTH 0.3tcy ns
Address setup time tabs 20 ns
Address hold time tabH 6 ns
Data input time from address tabD1 (2 + 2n)tey — 54 ns
tabp2 (3 + 2n)tcy — 60 ns
Address output time from RD! trRDAD 0 100 ns
Data input time from RDL trRDD1 (2 + 2n)tcy — 87 ns
troD2 (8 + 2n)tey — 93 ns
Read data hold time tROH 0 ns
RD low-level width troLt (1.5 + 2n)tey — 33 ns
troL2 (2.5 + 2n)tcy — 33 ns
Input time from RD4 to WAITL tROWT toy — 43 ns
tROWT2 tcy — 43 ns
Input time from WR1{ to WAIT twrwT tey — 25 ns
WAIT low-level width twrL (0.5 + n)tey + 10 (2 + 2n)tey ns
Write data setup time twos 60 ns
Write data hold time twoH 6 ns
WR low-level width twRL1 (1.5 + 2n)tecy — 15 ns
Delay time from ASTBJ to RD{ tasTrD 6 ns
Delay time from ASTBJ to WR{ tasTwr 2tcy — 15 ns
Delay time from tRDAST 0.8tcy — 15 1.2tcy ns
RDT to ASTBT at external fetch
Address hold time from tRDADH 0.8tcy — 15 1.2tcy + 30 ns
RDT at external fetch
Write data output time from RDT trRowp 40 ns
Write data output time from WRL twrwD 10 60 ns
Address hold time from WRT twRADH 0.8tcy — 15 1.2tov + 30 ns
Delay time from WAITT to RDT twTRD 0.8tcy 2.5tcy + 25 ns
Delay time from WAITT to WRT twrwr 0.8tcy 2.5ty + 25 ns
Caution Tcy can only be used when the MIN. value is 0.238 us.
Remarks 1. tcy =Tcv/4
2. nindicates the number of waits.
3. CL =100 pF (CL indicates the load capacitance of the ADO to AD7, A8 to A15, RD, WR, WAIT, and

ASTB pins.)
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(2) Read/write operation (Ta = —40 to +85°C, Voo = 2.7 to 4.0 V)

(2/3)
Parameter Symbol Conditions MIN. MAX. Unit
ASTB high-level width tasTH 0.3tcy ns
Address setup time tabs 30 ns
Address hold time tabH 10 ns
Input time from address to data taDD1 (2 + 2n)tcy — 108 ns
tabp2 (3 + 2n)tecy — 120 ns
Output time from RD{ to address trRDAD 0 200 ns
Input time from RDJ to data trRDD1 (2 + 2n)tcy — 148 ns
troD2 (3 + 2n)tcy — 162 ns
Read data hold time tRDH 0 ns
RD low-level width tRDL1 (1.5 + 2n)tcy — 40 ns
trRDL2 (2.5 + 2n)tcy — 40 ns
Input time from RD{ to WAIT{ tROWT tey — 75 ns
tROWT2 tcy — 60 ns
Input time from WRJ to WAIT{ twrwT tey — 50 ns
'WAIT low-level width twrL (0.5 + 2n)tey + 10 (2 + 2n)tey ns
Write data setup time twos 60 ns
Write data hold time twoH 10 ns
WR low-level width twRL1 (1.5 + 2n)tcy — 30 ns
Delay time from ASTBJ to RD{ tasTRD 10 ns
Delay time from ASTBJ to WR{ tAsTWR 2tcy — 30 ns
Delay time from tRDAST 0.8tcy — 30 1.2tcy ns
RDT to ASTBT at external fetch
Hold time from tRDADH 0.8tcy — 30 1.2tcy + 60 ns
RDT to address at external fetch
Write data output time from RDT trRowp 40 ns
Write data output time from WR{ twrwD 20 120 ns
Hold time from WRT to address twRADH 0.8tcy — 30 1.2tcv + 60 ns
Delay time from WAITT to RDT twTRD 0.5tcy 2.5tcy + 50 ns
Delay time from WAITT to WRT twrwa 0.5ty 2.5tcy + 50 ns

Caution

Remarks 1. tcy = Tcv/4

2. nindicates the number of waits.
3. CL =100 pF (CL indicates the load capacitance of the ADO to AD7, AD8 to AD15, RD, WR, WAIT,

and ASTB pins.)

Tcy can only be used when the MIN. value is 0.4 us.
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(2) Read/write operation (Ta = —40 to +85°C, Voo = 1.8 to 2.7 V)

(3/3)
Parameter Symbol Conditions MIN. MAX. Unit
ASTB high-level width tasTH 0.3tcy ns
Address setup time tabs 120 ns
Address hold time tabH 20 ns
Input time from address to data taDD1 (2 + 2n)tecy — 233 ns
tabp2 (3 + 2n)tcy — 240 ns
Output time from RD! to address trRDAD 0 400 ns
Input time from RD{ to data trRDD1 (2 + 2n)tey — 325 ns
troD2 (3 + 2n)tcy — 332 ns
Read data hold time tRDH 0 ns
RD low-level width tRDL1 (1.5 + 2n)tcy — 92 ns
trRDL2 (2.5 + 2n)tcy — 92 ns
Input time from RDY to WAIT{ tRowTH tey — 350 ns
tROWT2 tey — 132 ns
Input time from WR{ to WAITL twawT toy — 100 ns
'WAIT low-level width twrL (0.5 + 2n)tey + 10 (2 + 2n)tey ns
Write data setup time twos 60 ns
Write data hold time twoH 20 ns
WR low-level width twRL1 (1.5 + 2n)tcy — 60 ns
Delay time from ASTB{ to RDL tasTRD 20 ns
Delay time from ASTBJ to WR{ tAsTWR 2tcy — 60 ns
Delay time from tRDAST 0.8tcy — 60 1.2tcy ns
RDT to ASTBT at external fetch
Hold time from tRDADH 0.8tcy — 60 1.2tcy + 120 ns
RDT to address at external fetch
Write data output time from RDT trRowp 40 ns
Write data output time from WR{ twrwD 40 240 ns
Hold time from WRT to address twRADH 0.8tcy — 60 1.2tcy + 120 ns
Delay time from WAITT to RDT twTRD 0.5tcy 2.5tcy + 100 ns
Delay time from WAITT to WRT twTwr 0.5tcy 2.5tcy + 100 ns

Caution

Remarks 1. tcy = Tcv/4

2. nindicates the number of waits.
3. CL =100 pF (CL indicates the load capacitance of the ADO to AD7, AD8 to AD15, RD, WR, WAIT,

and ASTB pins.)
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(3) Serial interface (Ta = —40 to +85°C, Voo = 1.8 to 5.5 V)

(a) SIO3 3-wire serial I/0 mode (SCK3... Internal clock output)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
SCK3 tkovs 45V <Vop <55V 666 ns
cycle time 3.0V<Vop<45V 954 ns

27V<Vop<3.0V 1600 ns
1.8V<Vop<27V 3200 ns
SCK3 high-/ tkH1, tkLt 3.0V<Vop<55V tkey1/2 — 50 ns
low-level width 1.8V<Vop<3.0V tkey1/2 — 100 ns
SI3n setup time tsik1 3.0V<Vop<55V 100 ns
(to SCK3T™) 2.7V<Vop<3.0V 150 ns
1.8V<Vop<27V 300 ns
SI3n hold time tksi 45V<Vop<55V 300 ns
(from SCK3T) 1.8V<Voo<45V 400 ns
Delay time from tksor C=100pFN°® |45V <Von<55V 200 ns
SCK3! to SO3 1.8V < Voo <4.5V 300 ns
output
Note C is the load capacitance of the SCK3 and SO3n output lines.
(b) 3-wire serial I/O mode (SCK3... External clock input)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
SCK3 tkove 45V <Voo <55V 666 ns
cycle time 3.0V<Vop<45V 800 ns

27V<Vop<3.0V 1600 ns
1.8V<Vmp<27V 3200 ns
SCK3 high-/ tkrz, tkie | 45V < Voo <55V 333 ns
low-level width 3.0V<Vop<45V 400 ns
27V<Vop<3.0V 800 ns
1.8V<Vop<27V 1600 ns
SI3 setup time tsik2 100 ns
(to SCK3T)
SI3n hold time tksiz 45V <V <55V 300 ns
(from SCK3™) 1.8V <Vop<45V 400 ns
Delay time from tkso2 C =100 pFNote 45V<Vop<55V 200 ns
SCK3l to SO3n 1.8V <Voo<45V 300 ns
output

Note C is the load capacitance of the SO3n output line.
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(c) CSI1 3-wire serial I/0 mode (SCK1 ... Internal clock output)

Parameter Symbol Conditions MIN. TYP. MAX. Unit

SCK1 cycle time tkeys 40V<Vop<55V 200 ns
27V<Vop<4.0V 500 ns
1.8V<Vm<27V 1 us

SCK1 high-/low-level tkHa 40V<Vop<55V tkeva/2-5 ns

width this 2.7V <Voo<4.0V tkovs/2—20 ns
1.8V<Vm<27V tkeys/2-30 ns

S setup time tsiks 25 ns

(to SCK1T)

SI1 hold time tksis 110 ns

(to SCK17T)

Delay time from SCK1{ | tksos C = 100 pFNote 150 ns

to SO1 output

Note C is the load capacitance of the SCK1 and SO1 output lines.

(d) CSI1 3-wire serial /0 mode (SCK1 ... External clock input)

Parameter Symbol Conditions MIN. TYP. MAX. Unit

SCK1 cycle time tkeya 40V<Vop<55V 200 ns
27V<Vopb<4.0V 500 ns
1.8V<Vm<27V 1 us

SCK1 high-/low-level tkH4 40V<Vop<55V 100 ns

width s 2.7V <Vop<4.0V 250 ns
1.8V<Vmm<27V 500 ns

SI1 setup time tsika 25 ns

(to SCK1T)

SI1 hold time tisia 110 ns

(to SCK1T)

Delay time from SCK1{ | tksos C = 100 pFNote 150 ns

to SO1 output

Note C is the load capacitance of the SO1 output line.

(e) UARTO mode (dedicated baud rate generator output)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Transfer rate 45V <Vop<55V 187500 bps
30V<Vopb<45V 131031 bps

27V<Vopb<3.0V 78125 bps

1.8V<Vmm<27V 39063 bps
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(f) UARTO mode (external clock input)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
ASCKO cycle time tkeys 40V<Vop<55V 800 ns
27V<Vob<4.0V 1600 ns
1.8V<Vop<27V 3200 ns
ASCKO high-/low-level tkHs 40V<Vop<55V 400 ns
width ths 2.7V<Voo<4.0V 800 ns
1.8V<Vop<27V 1600 ns
Transfer rate 40V<Vop<55V 39063 bps
27V<Vob<4.0V 19531 bps
1.8V<Vop<27V 9766 bps
(9) UARTO mode (infrared data transfer mode)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Transfer rate 40V<Vop<55V 131031 bps
Bit rate tolerance 40V<Vop<55V +0.87 %
Output pulse width 40V<Vop<55V 1.2 0.24/fprNote us
Input pulse width 40V<Vop<55V 4/fx us

Note fbr: Specified baud rate
(h) UART2 (dedicated baud rate generator output)

Parameter Symbol Conditions MIN. TYP. MAX. Unit

Transfer rate 40V<Vop<55V 262062 bps
27V<Vop<4.0V 156250 bps
1.8V<Vmm<27V 62500 bps

(i) UART2 (external clock input)

Parameter Symbol Conditions MIN. TYP. MAX. Unit

ASCK?2 cycle time tkeve 40V<Vop<55V 800 ns
27V<Vob<4.0V 1600 ns
1.8V<Vmm<27V 3200 ns
ASCK2 high-/low-level tkHe 40V<Vop<55V 400 ns
width tkie 2.7V <Voo<4.0V 800 ns
1.8V<Vmm<27V 1600 ns
Transfer rate 40V<Vop<55V 78125 bps
27V<Vob<4.0V 39063 bps
1.8V<Vmp<27V 19531 bps
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(i) UART2 (infrared data transfer mode)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Transfer rate 40V <Vop<55V 262062 bps
Bit rate tolerance 40V<Vop<55V +0.87 %
Output pulse width 40V<Vop<55V 1.2 0.24/flprNote us
Input pulse width 40V<Vop<55V 4/fx us

Note fbr: Specified baud rate

A/D Converter Characteristics (Ta = —40 to +85°C, 2.2 V < AVrer < Vop < 5.5 V, AVss = Vss = 0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Resolution 10 10 10 bit
Overall errorNote 40V <AVrEr<55V +0.2 +0.4 %FSR

27V<AVrRer<4.0V +0.3 +0.6 %FSR
22V <AVrReF< 2.7V +0.6 +1.2 %FSR
Conversion time tconv 45V <AVrer <55V 12 96 us
40V <AVrer <45V 14 96 us
27V <AVreF< 4.0V 17 96 us
22V <AVrReF< 2.7V 28 96 us
Zero-scale errorNete 4.0V <AVrer <55V +0.4 | %FSR
27V <AVreF< 4.0V +0.6 %FSR
22V <AVrReF< 2.7V +1.2 %FSR
Full-scale errorNete 4.0V <AVrer <55V +0.4 | %FSR
27V <AVreF< 4.0V +0.6 %FSR
22V <AVrRer< 2.7V +1.2 %FSR
Integral linear error 40V <AVrRer <55V +2.5 LSB
27V <AVreF< 4.0V 4.5 LSB
22V <AVrRer< 2.7V +8.5 LSB
Differential linear error 40V <AVRer<55V 1.5 LSB
27V <AVreF< 4.0V +2.0 LSB
22V <AVrRer< 2.7V +3.5 LSB
Analog input impedance During sampling 100 kQ
Other than during sampling 10 MQ
Analog input voltage Vain 0 AVRrer \
AVrer resistance Rrer During A/D conversion 20 40 kQ

Note Overall error excluding quantization error (£1/2 LSB). This value is indicated as a ratio to the full-scale value.

Remark FSR: Full-scale range
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Data Memory STOP Mode Low Supply Voltage Data Retention Characteristics (Ta = —40 to +85°C)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Data retention power VoobR 1.6 5.5 Vv
supply voltage
Data retention power IoooR Subsystem clock stop (XT1 = Voo) and 0.1 30 UA
supply current feed-back resistor disconnected
Release signal set time tsReL 0 us
Oscillation stabilization twarr Release by RESET 217/fx s
time Release by interrupt request Note s

Note Selection of 2'%/fx and 2'%/fx to 217/fx is possible using bits 0 to 2 (OSTSO0 to OSTS2) of the oscillation
stabilization time select register (OSTS).

Flash Memory Programming Characteristics (Ta = +10 to +40°C, Vob = 2.7 t0 5.5 V, Vss = AVss = 0 V)

(1) Write erase characteristics

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Operating frequency fx 45V <Vopb<55V 1.0 10.0 MHz
3.0V<Vop<45V 1.0 8.38 MHz
27V<Vop <30V 1.0 5.00 MHz
Vep supply voltage Vep2 During flash memory programming 9.7 10.0 10.3 \
Vop supply current Iop When fx = 10.0 MHz | Voo = 5.0 V+10% 29 mA
Ve = Vee2| fy = 8.38 MHz | Voo = 5.0 V+10% 24 mA
Voo = 3.0 V+10% 17 mA
Vep supply current Ipp When Vep = Vpp2 29 mA
Step erase time " Ter 0.99 1.0 1.01 s
Overall erase time per area"™*? Tera When step erase time =1s 20 s/area
Step write time Twr 50 100 us
Overall write time per word"**®? Turw When step write time = 100 us 1000 us
Number of rewrites per area*** Cerwb 1 erase + 1 write after erase = 1 rewrite 20 Times/area

Notes 1. The recommended setting value of the step erase time is 1 s.
2. The prewrite time before erasure and the erase verify time (writeback time) are not included.
3. The actual write time per word is 100 us longer. The internal verify time during or after a write is not
included.
4. When a product is first written after shipment, "erase — write" and "write only" are both taken as one
rewrite.
Example: P: Write, E: Erase
Shipped product —-P—-E—P—E—P: 3 rewrites
Shipped product > E—-P—E—-P—E—P: 3 rewrites
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(2) Serial write operation characteristics

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Set time from VooT to VerT top 10 us
Release time from VerT to RESETT | ter 1.0 us
Vep pulse input start time from trp 1.0 us
RESETT
Vep pulse high-/low-level width trw 8.0 us
Vep pulse input end time from tRPE 20 ms
RESETT
Vep pulse low-level input voltage VerL 0.8Voo Voo 1.2Vop
Vep pulse high-level input voltage VpPPH 9.7 10.0 10.3
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25.2 Conventional Products of uPD780076, 780078, 78F0078, and uPD780076Y,780078Y, 78F0078Y

Absolute Maximum Ratings (Ta = 25°C)

Parameter Symbol Conditions Ratings Unit
Supply voltage Voo -0.3to +6.5 \
Vep uPD78F0078, 78F0078Y only, Note 2 -0.5t0 +10.5 \
AVRer —0.3 to Voo + 0.3Note 1 \
AVss —0.3t0 +0.3 v
Input voltage Vit P00 to P03, P10 to P17, P20 to P25, P34 to P36, P40 to P47, | —0.3 to Vop + 0.3Note 1 \
P50 to P57, P64 to P67, P70 to P75, P80, X1, X2, XT1, XT2,
RESET
Viz P30 to P33 | N-ch open-drain | Without pull-up resistor —-0.3t0 +6.5 Vv
With pull-up resistor —0.3 to Vop + 0.3Note 1 Vv
Output voltage Vo —0.3 to Vop + 0.3Note 1 v
Analog input voltage | Van P10 to P17 Analog input pin AVss — 0.3 to AVrero + 0.3Note ! v
and —0.3 to Vop + 0.3Note !
Output current, low Per pin -10 mA
high Total for P00 to P03, P40 to P47, P50 to P57, P64 to P67, P70 to P75, P80 -15 mA
Total for P20 to P25, P30 to P36 -15 mA
Output current, loL Per pin for P00 to P03, P20 to P25, P34 to P36, P40 to 20 mA
low P47, P64 to P67, P70 to P75, P80
Per pin for P30 to P33, P50 to P57 30 mA
Total for P00 to P03, P40 to P47, P64 to P67, P70 to P75, P80 50 mA
Total for P20 to P25 20 mA
Total for P30 to P36 100 mA
Total for P50 to P57 100 mA
Operating ambient | Ta During normal operation —40 to +85 °C
temperature During flash memory programming +10 to +40 °C
Storage Tstg uPD780076, 780078, 780076Y, 780078Y —65 to +150 °C
temperature uPD78F0078, 78F0078Y —40 to +125 °C
Note 1. 6.5V or below

(Note 2 is explained on the next page.)

Caution

Product quality may suffer if the absolute maximum rating is exceeded even momentarily for any

parameter. That is, the absolute maximum ratings are rated values at which the product is on the
verge of suffering physical damage, and therefore the product must be used under conditions that
ensure that the absolute maximum ratings are not exceeded.

Remark
pins.
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Note 2. Make sure that the following conditions of the Vrp voltage application timing are satisfied when the flash
memory is written.

+  When supply voltage rises
Vep must exceed Voo 10 us or more after Voo has reached the lower-limit value (2.7 V) of the

operating voltage range (see a in the figure below).

+  When supply voltage drops
Vop must be lowered 10 us or more after Vep falls below the lower-limit value (2.7 V) of the

operating voltage range of Vop (see b in the figure below).

Capacitance (Ta = 25°C, Voo = Vss = 0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Input Cin f=1MHz 15 pF
capacitance Unmeasured pins returned to 0 V.

I/0 Cio f=1MHz P00 to P03, P20 to P25, 15 pF
capacitance Unmeasured pins P34 to P36, P40 to P47,
returned to 0 V. P50 to P57, P64 to P67,
P70 to P75, P80
P30 to P33 20 pF

Remark Unless otherwise specified, the characteristics of alternate-function pins are the same as those of port pins.
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Main System Clock Oscillator Characteristics (Ta = —40 to +85°C, Voo = 1.8 to 5.5 V)

Resonator Rec"c’}}?jrded Parameter Conditions MIN. | TYP. | MAX. | Unit
Ceramic Oscillation 40V<Vop<55V 1.0 8.38 MHz
resonator | IC X2 X1 | frequency (fx)Note 1
" Raz 1.8V<Vop<4.0V 1.0 5.0
b0 —
i | co= o1= Oscillation After Vob reaches 4 ms
. stabilization timeNete 2 | oscillation voltage range
T MIN.
Crystal | Oscillation 40V<Vop<55V 1.0 8.38 MHz
T Note 1
resonator frequency (fx) 18V <Vop<doV 10 50
Oscillation 40V<Vop<55V 10 ms
stabilization timeNo'*2 | 4 o\, - \ou c 40V 30
External X1 input 40V<Vopb<55V 1.0 8.38 MHz
clock frequency (fx)Nete 1
1.8V<Vop<4.0V 1.0 5.0
X1 input 40V<Vop<55V 50 500 ns
high-/low-level width
(b, 1) 1.8V <Voo<4.0V 85 500

Notes 1. Indicates only oscillator characteristics. Refer to AC Characteristics for instruction execution time.

2. Time required to stabilize oscillation after reset or STOP mode release.

Cautions 1.

When using the main system clock oscillator, wire as follows in the area enclosed by the broken
lines in the above figures to avoid an adverse effect from wiring capacitance.

- Keep the wiring length as short as possible.

« Do not cross the wiring with the other signal lines.

- Do not route the wiring near a signal line through which a high fluctuating current flows.
- Always make the ground point of the oscillator capacitor the same potential as Vssi.

- Do not ground the capacitor to a ground pattern through which a high current flows.

- Do not fetch signals from the oscillator.

When the main system clock is stopped and the system is operating on the subsystem clock,

wait until the oscillation stabilization time has been secured by the program before switching
back to the main system clock.
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Subsystem Clock Oscillator Characteristics (Ta = —40 to +85°C, Voo = 1.8 to 5.5 V)

Resonator | Recommended Circuit Parameter Conditions MIN. TYP. MAX. Unit
Crystal |XT2 XT1 IC| Oscillation 32 32.768 35 kHz
resonator ' 2Rd frequency (fxr)Note 1

30
T4 T Oscillation 40V < Voo <55V 12 2 s
: ! Hioatian timaeNote 2
K stabilization time 18V < Vop <40V 10
External XT1 input 32 38.5 kHz
clock XT2  XTt frequency (fxr)Note 1
XT1 input 12 15 us

high-/low-level width

(txtH, txTL)

Notes 1. Indicates only oscillator characteristics. Refer to AC Characteristics for instruction execution time.
2. Time required to stabilize oscillation after Voo reaches oscillation voltage range MIN.

Cautions 1. When using the subsystem clock oscillator, wire as follows in the area enclosed by the broken
lines in the above figures to avoid an adverse effect from wiring capacitance.

- Keep the wiring length as short as possible.

« Do not cross the wiring with the other signal lines.

- Do not route the wiring near a signal line through which a high fluctuating current flows.
- Always make the ground point of the oscillator capacitor the same potential as Vssi.

- Do not ground the capacitor to a ground pattern through which a high current flows.

- Do not fetch signals from the oscillator.

2. The subsystem clock oscillator is designed as a low-amplitude circuit for reducing power
consumption, and is more prone to malfunction due to noise than the main system clock
oscillator. Particular care is therefore required with the wiring method when the subsystem
clock is used.
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Recommended Oscillator Constant

(1) Conventional products of uPD780076, 780078, and uPD780076Y, 780078Y

(a) Main system clock: Ceramic resonator (Ta = —40 to +85°C)

Manufacturer Part Number Frequency Recommended Circuit Constant Oscillation Voltage Range
(MHz) C1 (pF) C2 (pF) R1 (kQ) MIN. (V) MAX. (V)
Murata Mfg. | CSBFB1M00J58 1.00 150 150 0 1.8 5.5
Co., Ltd. CSBLA1MO0J58 1.00 150 150 0 1.8 55
CSTCC2M00G56 2.00 On-chip On-chip 0 1.8 5.5
CSTLS2M00G56 2.00 On-chip On-chip 0 1.8 5.5
CSTCC3M58G53 3.58 On-chip On-chip 0 1.8 5.5
CSTLS3M58G53 3.58 On-chip On-chip 0 1.8 5.5
CSTCR4M00G53 4.00 On-chip On-chip 0 1.8 5.5
CSTLS4M00G53 4.00 On-chip On-chip 0 1.8 55
CSTCR4M19G53 419 On-chip On-chip 0 1.8 5.5
CSTLS4M19G53 419 On-chip On-chip 0 1.8 55
CSTCR4M91G53 4.91 On-chip On-chip 0 1.8 5.5
CSTLS4M91G53 4.91 On-chip On-chip 0 1.8 55
CSTCR5M00G53 5.00 On-chip On-chip 0 2.7 5.5
CSTLS5M00G53 5.00 On-chip On-chip 0 2.7 5.5
CSTCE8M00G52 8.00 On-chip On-chip 0 3.0 5.5
CSTLS8MO00G53 8.00 On-chip On-chip 0 3.0 5.5
CSTCE8M38G52 8.38 On-chip On-chip 0 3.0 5.5
CSTLS8M38G53 8.38 On-chip On-chip 0 3.0 5.5
TDK CCR3.5MC5 3.58 On-chip On-chip 0 1.8 5.5
CCR4.0MC5 4.00 On-chip On-chip 0 1.8 55
CCR4.19MC5 419 On-chip On-chip 0 1.8 55
CCR5.0MC5 5.00 On-chip On-chip 0 2.7 55
CCR6.0MC5 6.00 On-chip On-chip 0 2.7 55
CCR8.0MC5 8.00 On-chip On-chip 0 3.0 55
CCR8.38MC5 8.38 On-chip On-chip 0 3.0 55
Caution The oscillator constant is a reference value based on evaluation in specific environments by the

resonator manufacturer.

If the oscillator characteristics need to be optimized in the actual

application, request the resonator manufacturer for evaluation on the implementation circuit.

Note that the oscillation voltage and oscillation frequency merely indicate the characteristics of
the oscillator. Use the internal operation conditions of the uyPD780078, 780078Y Subseries within
the specifications of the DC and AC characteristics.
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(2) Conventional products of uPD780076, 780078, and uPD780076Y, 780078Y

(b) Main system clock: Crystal oscillator (Ta = —10 to +70°C)

Manufacturer Part Number Frequency Recommended Circuit Constant Oscillation Voltage Range
(MHz) C1 (pF) C2 (pF) Rd (kQ) MIN. (V) | MAX. (V)
KINSEKI, Ltd. HC-49/U-S 4.19 18 18 4.7 1.9 5.5
8.38 27 27 0 3.0 5.5

(c) Subsystem clock: Crystal oscillator (Ta = —40 to +85°C)

Manufacturer Part Number Frequency Recommended Circuit Constant Oscillation Voltage Range
(MHz) C1 (pF) C2 (pF) Rd (kQ) MIN. (V) | MAX. (V)
Seiko Epson C-022RX 32.768 15 15 330 1.8 5.5
Corporation MC-206 32.768 15 15 330 1.8 5.5
MC-306 32.768 15 15 330 1.8 5.5

Caution The oscillator constant is a reference value based on evaluation in specific environments by the
resonator manufacturer. If the oscillator characteristics need to be optimized in the actual
application, request the resonator manufacturer for evaluation on the implementation circuit.
Note that the oscillation voltage and oscillation frequency merely indicate the characteristics of
the oscillator. Use the internal operation conditions of the uPD780078, 780078Y Subseries within
the specifications of the DC and AC characteristics.
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(2) Conventional products of yPD78F0078 and uPD78F0078Y

Main system clock: Ceramic resonator (Ta = —40 to +85°C)

Manufacturer Part Number Frequency Recommended Circuit Constant Oscillation Voltage Range
(MHz) C1 (pF) C2 (pF) R1 (kQ) MIN. (V) MAX. (V)

Murata Mfg. | CSBFB1M00J58 1.00 100 100 3.3 1.8 5.5

Co., Ltd. CSBLA1M00J58 1.00 100 100 3.3 1.8 55
CSTCC2M00G56 2.00 On-chip On-chip 0 1.8 55
CSTLS2M00G56 2.00 On-chip On-chip 0 1.8 55
CSTCC3M58G53 3.58 On-chip On-chip 0 1.8 55
CSTLS3M58G53 3.58 On-chip On-chip 0 1.8 55
CSTCR4M00G53 4.00 On-chip On-chip 0 1.8 55
CSTLS4M00G53 4.00 On-chip On-chip 0 1.8 55
CSTCR4M19G53 4.19 On-chip On-chip 0 1.8 5.5
CSTLS4M19G53 4.19 On-chip On-chip 0 1.8 5.5
CSTCR4M91G53 4.91 On-chip On-chip 0 1.8 5.5
CSTLS4M91G53 4.91 On-chip On-chip 0 1.8 5.5
CSTCR5M00G53 5.00 On-chip On-chip 0 2.7 55
CSTLS5M00G53 5.00 On-chip On-chip 0 2.7 55
CSTCE8MO00G52 8.00 On-chip On-chip 0 3.0 55
CSTLS8M00G53 8.00 On-chip On-chip 0 3.0 55
CSTCE8M38G52 8.38 On-chip On-chip 0 3.0 55
CSTLS8M38G53 8.38 On-chip On-chip 0 3.0 55

Caution The oscillator constant is a reference value based on evaluation in specific environments by the

resonator manufacturer.

If the oscillator characteristics need to be optimized in the actual

application, request the resonator manufacturer for evaluation on the implementation circuit.

Note that the oscillation voltage and oscillation frequency merely indicate the characteristics of
the oscillator. Use the internal operation conditions of the uPD780078, 780078Y Subseries within
the specifications of the DC and AC characteristics.

Remark For the resonator selection and oscillator constant, users are requested to either evaluate the oscillation

themselves or apply to the resonator manufacturer for evaluation.
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DC Characteristics (Ta = —40 to +85°C, Voo = 1.8 to 5.5 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Output current, lon Per pin —1 mA
high All pins -15 mA
Output current, loL Per pin for P00 to P03, P20 to P25, P34 to P36, 10 mA
low P40 to P47, P64 to P67, P70 to P75, P80

Per pin for P30 to P33, P50 to P57 15 mA
Total for P00 to P03, P40 to P47, P64 to P67, P70 to P75, P80 20 mA
Total for P20 to P25 10 mA
Total for P30 to P36 70 mA
Total for P50 to P57 70 mA
Input voltage, ViH1 P10 to P17, P21, P24, 27V<Vob<55V 0.7Voo Voo \Y
high P40 to P47, PSO0 to P57, 1.8V<Voo<27V | 0.8Voo Voo | V
P64 to P67
Vinz P00 to P03, P20, P22, P23, P25, 27V<Vop<55V 0.8Vop Voo \Y
P34 to P36, P70 to P75, P80, RESET| 1 g v <Vpp < 2.7 V 0.85Voo Vb v
ViHz P30 to P33 27V<Vop<55V 0.7Voo 5.5 \
(N-ch open-drain) 1.8V<Vop<27V 0.8Vop 5.5 \
ViHa X1, X2 27V<Vop<55V Voo —-0.5 Vob \
1.8V<Vop<27V Voo —-0.2 Vob \'
ViHs XT1, XT2 40V<Vop<h5V 0.8Vop Voo \Y
1.8V<Vop<4.0V 0.9Voo Voo \
Input voltage, ViLt P10 to P17, P21, P24, 27V<Vop<55V 0 0.3Voo \
low P40 to P47, P50 to P57, 18V <Von <27V 0 0.2Voo | V
P64 to P67
Vi P00 to P03, P20, P22, P23, P25, 27V<Vop<55V 0 0.2Voo \
P34 to P36, P70 to P75, P80, RESET| 1.8 V < Voo < 2.7 V 0 0.15Voo| V
Vis P30 to P33 40V<Vop<55V 0 0.3Vop \Y
(N-ch open-drain) 27V<Vob<40V 0 0.2Voo \"
1.8V<Vop<27V 0 0.1Vop \Y
ViLa X1, X2 27V<Vob<55V 0 0.4 V
1.8V<Vop<27V 0 0.2 \
Vis XT1, XT2 40V<Vop<h5V 0 0.2Vop \Y
1.8V<Vop<4.0V 0 0.1Voo \
Output voltage, VoH1 40V <Vop <55V, lon=—-1mA Voo —-1.0 Vob \Y
high 1.8V <Vop<4.0V, lon=-100 pA Vob—-0.5 Vob \
Output voltage, VoLt P30 to P33 40V <Vop<55V, 2.0 \
low loL =15 mA
Vor2 P50 to P57 40V<Vop<55YV, 0.4 2.0 \
lo. =15 mA
Vois P00 to P03, P20 to P25, P34 to P36, 40V<Vop<55YV, 0.4 \
P40 to P47, P64 to P67, P70 to P75, P80 | loL = 1.6 mA
VoLs4 loL = 400 pA 0.5 Vv

Remark Unless otherwise specified, the characteristics of alternate-function pins are the same as those of port pins.
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DC Characteristics (Ta = —40 to +85°C, Voo = 1.8 to 5.5 V)

Parameter Symbol Conditions MIN. | TYP. | MAX. | Unit
Input leakage ILim Vin = Vbp P00 to P03, P10 to P17, P20 to P25, 3 uA
current, high P34 to P36, P40 to P47, P50 to P57,

P64 to P67, P70 to P75, P80,
RESET
ILiH2 X1, X2, XT1, XT2 20 HA
ILive Vin=55V P30 to P33 3 UA
Input leakage It Vn=0V P00 to P03, P10 to P17, P20 to P25, -3 UA
current, low P34 to P36, P40 to P47, P50 to P57,
P64 to P67, P70 to P75, P80,
RESET
I X1, X2, XT1, XT2 -20 UA
ILis P30 to P33 -3 LA
Output leakage ILom Vour = Vop 3 UA
current, high
Output leakage IoL Vour=0V -3 UA
current, low
Mask option R1 Vn=0V, 15 30 90 kQ
pull-up resistance P30, P31, P32Note p33Note
(mask ROM
version only)
Software pull- R2 Vn=0V, 15 30 90 kQ
up resistance P00 to P03, P20 to P25, P34 to P36, P40 to P47,
P50 to P57, P64 to P67, P70 to P75, P80
Vee (IC) Vpp1 During normal operation 0 0.2Vop| V
power supply
voltage

Note uPD780076, 780078 only

Remark Unless otherwise specified, the characteristics of alternate-function pins are the same as those of port pins.
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CHAPTER 25 ELECTRICAL SPECIFICATIONS

DC Characteristics (Ta = —40 to +85°C, Voo = 1.8 to 5.5 V)

(1) Conventional products of uPD780076, 780078, and uPD780076Y, 780078Y

Parameter Symbol Conditions MIN. | TYP. | MAX. Unit
Power supply IoptNete 2| 8 38 MHz Voo =50 V£10%"¢3 | When A/D converter is 55 11.0 mA
currentNote 1 crystal oscillation stopped

operating mode When A/D converter is 6.5 13.0 mA
operating
5.00 MHz Voo =3.0 V £10%"3 | When A/D converter is 2.0 4.0 mA
crystal oscillation stopped
operating mode When A/D converter is 3.0 6.0 mA
operating
Voo = 2.0V £10%"4 | When A/D converter is 0.4 1.5 mA
stopped
When A/D converter is 1.4 4.2 mA
operating
Ipp2 8.38 MHz Voo = 5.0 V £10%"¢% | When peripheral functions 1.1 2.2 mA
crystal oscillation are stopped
HALT mode When peripheral functions 4.7 mA
are operating
5.00 MHz Voo = 3.0 V £10%"® | When peripheral functions 0.35 0.7 mA
crystal oscillation are stopped
HALT mode When peripheral functions 1.7 mA
are operating
Voo = 2.0 V £10%"4 | When peripheral functions 0.15 0.4 mA
are stopped
When peripheral functions 1.1 mA
are operating
Ibp3 32.768 kHz crystal oscillation Vob =5.0 V £10% 40 80 UA
operating modeNete 5 Voo = 3.0 V £10% 20 40 HA
Voo = 2.0 V £10% 10 20 UA
Ibp4 32.768 kHz crystal oscillation Vob = 5.0 V £10% 30 60 UA
HALT modeNote 5 Voo = 3.0 V £10% 6 18 HA
Voo = 2.0 V £10% 2 10 HA
Iobs STOP modeNete 6 Voo = 5.0 V £10% 0.1 30 HA
Voo = 3.0 V £10% 0.05 10 HA
Voo = 2.0 V £10% 0.05 10 HA

Notes 1. Total current through the internal power supply (Vooo, Vobi).
2. Iop1 includes the peripheral operating current (except the current through the pull-up resistors of ports).

ook w
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When the processor clock control register (PCC) is set to 00H.
When PCC is set to 02H.
When main system clock operation is stopped.
When the main system clock and subsystem clock are stopped.
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CHAPTER 25 ELECTRICAL SPECIFICATIONS

DC Characteristics (Ta = —40 to +85°C, Voo = 1.8 to 5.5 V)

(2) Conventional products of yPD78F0078 and uPD78F0078Y

Parameter |Symbol Conditions MIN. [ TYP.|MAX.| Unit
Power IopiNete 2| 8.38 MHz crystal VoD = 5.0 V+10%Nete3 [ When A/D converter stopped 10.5|21.0 | mA
supply oscillation operation
currentNote 1 mode When A/D converter is operating 11.5|23.0 | mA
5.0 MHz crystal VoD = 3.0 V+10%Nete3 [ When A/D converter stopped 45 | 9.0 | mA
oscillation operation When A/D converter is operating 55 | 11.0 | mA
mode VoD = 2.0 V +10%Nete4 | When A/D converter stopped 1.0 | 2.0 | mA
When A/D converter is operating 20 | 6.0 | mA
Ipp2 8.38 MHz crystal VoD = 5.0 V +10%Nete3 | When peripheral function stopped 1.2 | 24 | mA
oscillation HALT mode When peripheral function is operating 50 | mA
5.0 MHz crystal VoD = 3.0 V +10%Nete 3 | When peripheral function stopped 0.4 | 0.8 | mA
oscillation HALT When peripheral function is operating 1.7 | mA
mode Voo = 2.0 V £10%N4 | When peripheral function stopped 0.2 | 0.4 | mA
When peripheral function is operating 1.1 mA
Iops 32.768 kHz crystal oscillation operation Voo = 5.0 V£10% 115 | 230 | pA
modetete s Voo = 3.0 V +10% 95 | 190 | uA
Voo =2.0 V+10% 75 | 150 | pA
Ibp4 32.768 kHz crystal oscillation HALT Voo = 5.0 V£10% 30 60 | uA
modeiete 8 Voo = 3.0 V £10% 6 | 18 | uA
Voo =2.0 V+10% 2 10 LA
Iops STOP modeNote & Voo = 5.0 V£10% 0.1 30 | uA
Voo = 3.0 V+10% 0.05| 10 UA
Voo =2.0 V +10% 0.05| 10 UA
Notes 1. Total current flowing in the internal power supply (Vbbo, Vobi).

O O A WN
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. loo1 includes the peripheral operating current (except the current through the pull-up resistors of ports).
. When the processor clock control register (PCC) is set to 00H.
. When PCC is set to 02H.
. When the main system clock is stopped.
. When the main system clock and subsystem clock are stopped.
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AC Characteristics

(1) Basic operation (Ta = —40 to +85°C, Voo = 1.8 to 5.5 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Cycle time Tev Operating with 40V<Vop<55V 0.238 16 us
(Min. instruction main system clock | 2.7 V < Voo < 4.0 V 0.4 16 Hs
execution time) 1.8V <Vop<27V 1.6 16 us

Operating with subsystem clock 103.9Note 1 122 125 us
TI00O, TI010, TIOO, | triHo, tro | 3.5V < Voo < 5.5V 2/fsam+0.1Note 2 us
TIO11 input high-/low- 27V<Vop<35V 2/fsam+0.2Note 2 us
level width 1.8V <Voo<27V 2/fsam+0.5Note 2 us
TI50, TI51 input | fris 27V<Vop<55V 0 4 MHz
frequency 18V <Vop<27V 0 275 kHz
TI50, TI51 input | trmHs, ttis | 2.7 V< Voo <55V 100 ns
high-/low-level
width 1.8V<Von<27V 1.8 us
Interrupt request | tinth, tinte | INTPO to INTP3, 27V<Vop<h5V 1 us
:25:: \:Iiz;;”ow_ Pa0to P47 1.8V < Voo <27V 2 us
RESET trst 27V<Voo<55V 10 us
low-level width 1.8V<Voo<27V 20 us

Notes 1. Value when the external clock is used. When a crystal resonator is used, it is 114 us (MIN.).
2. Selection of fsam = fx, fx/4, fx/64 is possible using bits 0 and 1 (PRM000, PRM001) of prescaler mode register
00 (PRMO00). Selection of fsam = fx/2, fx/8, fx/512 is possible using bits 0 and 1 (PRM001, PRM011) of
prescaler mode register 01 (PRMO01). However, if the TIO00, TI010, TI001, or TI011 valid edge is selected
as the count clock, the value becomes fsam = fx/8.
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Cycle time Tcy [uS]

Tcy vs. Vop (main system clock operation)
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(2) Read/write operation (Ta = —40 to +85°C, Voo = 4.0 to 5.5 V)

(1/3)
Parameter Symbol Conditions MIN. MAX. Unit
ASTB high-level width tasTH 0.3tcy ns
Address setup time tabs 20 ns
Address hold time tabH 6 ns
Data input time from address tabD1 (2 + 2n)tey — 54 ns
tabp2 (3 + 2n)tcy — 60 ns
Address output time from RDL trRDAD 0 100 ns
Data input time from RDJ trRDD1 (2 + 2n)tcy — 87 ns
troD2 (8 + 2n)tey — 93 ns
Read data hold time tROH 0 ns
RD low-level width troLt (1.5 + 2n)tey — 33 ns
troL2 (2.5 + 2n)tcy — 33 ns
Input time from RD{ to WAIT. tROWT toy — 43 ns
tROWT2 tcy — 43 ns
Input time from WRJ to WAIT. twrwT tey — 25 ns
WAIT low-level width twrL (0.5 + n)tey + 10 (2 + 2n)tey ns
Write data setup time twos 60 ns
Write data hold time twoH 6 ns
WR low-level width twRL1 (1.5 + 2n)tecy — 15 ns
Delay time from ASTB! to RD tasTRD 6 ns
Delay time from ASTB! to WR{ tasTwr 2tey — 15 ns
Delay time from tRDAST 0.8tcy — 15 1.2tcy ns
RDT to ASTBT at external fetch
Address hold time from tRDADH 0.8tcy — 15 1.2tcy + 30 ns
RDT at external fetch
Write data output time from RDT trRowp 40 ns
Write data output time from WRL twrwD 10 60 ns
Address hold time from WRT twRADH 0.8tcy — 15 1.2tcy + 30 ns
Delay time from WAITT to RDT twTRD 0.8tcy 2.5tcy + 25 ns
Delay time from WAITT to WRT twrwr 0.8tcy 2.5ty + 25 ns

Remarks 1. tcy =Tcv/4

2. nindicates the number of waits.
3. CL=100 pF (Ct indicates the load capacitance of the ADO to AD7, A8 to A15, RD, WR, WAIT, and

ASTB pins.)
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(2) Read/write operation (Ta = —40 to +85°C, Vobo = 2.7 to 4.0 V)

(2/3)
Parameter Symbol Conditions MIN. MAX. Unit
ASTB high-level width tasTH 0.3tcy ns
Address setup time tabs 30 ns
Address hold time tabH 10 ns
Input time from address to data taDD1 (2 + 2n)tcy — 108 ns
tabp2 (3 + 2n)tecy — 120 ns
Output time from RDJ to address trRDAD 0 200 ns
Input time from RDJ to data trRDD1 (2 + 2n)tcy — 148 ns
troD2 (3 + 2n)tey — 162 ns
Read data hold time tRDH 0 ns
RD low-level width tRDL1 (1.5 + 2n)tcy — 40 ns
trRDL2 (2.5 + 2n)tcy — 40 ns
Input time from RD{ to WAIT. trRowT1 toy — 75 ns
tROWT2 tcy — 60 ns
Input time from WR{ to WAIT twawT tey — 50 ns
'WAIT low-level width twrL (0.5 + 2n)tey + 10 (2 + 2n)tey ns
Write data setup time twos 60 ns
Write data hold time twoH 10 ns
WR low-level width twRL1 (1.5 + 2n)tcy — 30 ns
Delay time from ASTB! to RD tasTRD 10 ns
Delay time from ASTB! to WR{ tAsTWR 2tcy — 30 ns
Delay time from tRDAST 0.8tcy — 30 1.2tcy ns
RDT to ASTBT at external fetch
Hold time from tRDADH 0.8tcy — 30 1.2tcy + 60 ns
RDT to address at external fetch
Write data output time from RD?T trRowp 40 ns
Write data output time from WR{ twrwD 20 120 ns
Hold time from WRT to address twRADH 0.8tcy — 30 1.2tcv + 60 ns
Delay time from WAITT to RDT twTRD 0.5tcy 2.5tcy + 50 ns
Delay time from WAITT to WRT twTwr 0.5tcy 2.5tcy + 50 ns

Remarks 1. tcy = Tcv/4
2. nindicates the number of waits.
3. CL =100 pF (CL indicates the load capacitance of the ADO to AD7, AD8 to AD15, RD, WR, WAIT,
and ASTB pins.)
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(2) Read/write operation (Ta = —40 to +85°C, Vopo = 1.8 to 2.7 V)

(3/3)
Parameter Symbol Conditions MIN. MAX. Unit
ASTB high-level width tasTH 0.3tcy ns
Address setup time tabs 120 ns
Address hold time tabH 20 ns
Input time from address to data taDD1 (2 + 2n)tey — 233 ns
tabp2 (3 + 2n)tcy — 240 ns
Output time from RD! to address trRDAD 0 400 ns
Input time from RD! to data trRDD1 (2 + 2n)tey — 325 ns
troD2 (3 + 2n)tcy — 332 ns
Read data hold time tRDH 0 ns
RD low-level width tRDL1 (1.5 + 2n)tcy — 92 ns
trRDL2 (2.5 + 2n)tcy — 92 ns
Input time from RDJ{ to WAIT. trRowT1 tey — 350 ns
tROWT2 tey — 132 ns
Input time from WRJ to WAIT. twRwT tey — 100 ns
WAIT low-level width twrL (0.5 + 2n)tey + 10 (2 + 2n)tey ns
Write data setup time twos 60 ns
Write data hold time twoH 20 ns
WR low-level width twRL1 (1.5 + 2n)tcy — 60 ns
Delay time from ASTB! to RD{ tasTRD 20 ns
Delay time from ASTB! to WR{ tAsTWR 2tcy — 60 ns
Delay time from tRDAST 0.8tcy — 60 1.2tcy ns
RDT to ASTBT at external fetch
Hold time from tRDADH 0.8tcy — 60 1.2tcy + 120 ns
RDT to address at external fetch
Write data output time from RDT trRowp 40 ns
Write data output time from WR{ twrwD 40 240 ns
Hold time from WRT to address twRADH 0.8tcy — 60 1.2tcy + 120 ns
Delay time from WAITT to RDT twTRD 0.5tcy 2.5tcy + 100 ns
Delay time from WAITT to WRT twTwr 0.5tcy 2.5tcy + 100 ns

Remarks 1. tcy = Tcv/4
2. nindicates the number of waits.
3. CL =100 pF (CL indicates the load capacitance of the ADO to AD7, AD8 to AD15, RD, WR, WAIT,
and ASTB pins.)
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(3) Serial interface (Ta = —40 to +85°C, Voo = 1.8 to 5.5 V)

(a) SIO3 3-wire serial I/0 mode (SCKS... Internal clock output)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
'SCK3 ticys 40V<Von<55V 954 ns
cycle time 27V<Vopb<40V 1600 ns

1.8V<Vop<27V 3200 ns
SCK3 high-/ tkH1, tkLt 40V<Vob<h5V tkey1/2 — 50 ns
low-level width 1.8V<Vop<4.0V tkey1/2 — 100 ns
SI3 setup time tsik1 40V<Vop<55V 100 ns
(to SCK3T) 27V<Vop<4.0V 150 ns
1.8V<Vop<27V 300 ns
SI3 hold time tksi 400 ns
(from SCK3T)
Delay time from tksot C = 100 pFNote 300 ns
'SCK34 to SO3n
output
Note C is the load capacitance of the SCK3 and SO3n output lines.
(b) 3-wire serial /0 mode (SCK3... External clock input)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
SCK3 tkove 40V<Vop<55V 800 ns
cycle time 27V<Vopb<4.0V 1600 ns

1.8V<Vop<27V 3200 ns
SCK3 high-/ tkHz, tkL2 40V<Vop<55V 400 ns
low-level width 27V<Vop<4.0V 800 ns
1.8V<Vop<27V 1600 ns
SISitup time tsik2 100 ns
(to SCK3T)
SI3 hold time tksiz 400 ns
(from SCK3T)
Delay time from trsoz C = 100 pFN°te 300 ns

SCK3! to SO3n
output

Note C is the load capacitance of the SO3n output line.
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(c) CSI1 3-wire serial I/0 mode (SCK1 ... Internal clock output)

Parameter Symbol Conditions MIN. TYP. MAX. Unit

SCK1 cycle time tkeys 40V<Vop<55V 200 ns
27V<Vop<4.0V 500 ns
1.8V<Vop<27V 1 us

SCK1 high-/low-level tkH3 40V<Vop<55V tkeva/2-5 ns

width this 2.7V <Voo<4.0V tkovs/2—20 ns
1.8V<Vop<27V tkeva/2-30 ns

S setup time tsiks 25 ns

(to SCK1T)

SI1 hold time tksis 110 ns

(to SCK1T)

Delay time from SCK1{ | tksos C = 100 pFNote 150 ns

to SO1 output

Note C is the load capacitance of the SCK1 and SO1 output lines.

(d) CSI1 3-wire serial I/0 mode (SCK1 ... External clock input)

Parameter Symbol Conditions MIN. TYP. MAX. Unit

SCK1 cycle time tkeva 40V<Vop<55V 200 ns
27V<Vob<4.0V 500 ns
1.8V<Vop<27V 1 us

SCK1 high-/low-level tkH4 40V<Vop<55V 100 ns

width thLs 2.7V <Voo<4.0V 250 ns
1.8V<Vmm<27V 500 ns

S setup time tsika 25 ns

(to SCK1T)

SI1 hold time tsia 110 ns

(to SCK1T)

Delay time from SCK1{ | tksos C = 100 pFNote 150 ns

to SO1 output

Note C is the load capacitance of the SO1 output line.

(e) UARTO mode (dedicated baud rate generator output)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Transfer rate 40V <Vop<55V 131031 bps
27V<Vop<4.0V 78125 bps

1.8V<Vmm<27V 39063 bps
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(f) UARTO mode (external clock input)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
ASCKO cycle time tkeys 40V<Vop<55V 800 ns
27V<Vob<4.0V 1600 ns
1.8V<Vop<27V 3200 ns
ASCKO high-/low-level tkHs 40V<Vop<55V 400 ns
width ths 2.7V<Voo<4.0V 800 ns
1.8V<Vop<27V 1600 ns
Transfer rate 40V<Vop<55V 39063 bps
27V<Vob<4.0V 19531 bps
1.8V<Vop<27V 9766 bps
(9) UARTO mode (infrared data transfer mode)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Transfer rate 40V<Vop<55V 131031 bps
Bit rate tolerance 40V<Vop<55V +0.87 %
Output pulse width 40V<Vop<55V 1.2 0.24/fprNote us
Input pulse width 40V<Vop<55V 4/fx us

Note fbr: Specified baud rate
(h) UART2 (dedicated baud rate generator output)

Parameter Symbol Conditions MIN. TYP. MAX. Unit

Transfer rate 40V<Vop<55V 262062 bps
27V<Vop<4.0V 156250 bps
1.8V<Vmm<27V 62500 bps

(i) UART2 (external clock input)

Parameter Symbol Conditions MIN. TYP. MAX. Unit

ASCK?2 cycle time tkeve 40V<Vop<55V 800 ns
27V<Vob<4.0V 1600 ns
1.8V<Vmm<27V 3200 ns
ASCK2 high-/low-level tkHe 40V<Vop<55V 400 ns
width tkie 2.7V <Voo<4.0V 800 ns
1.8V<Vmm<27V 1600 ns
Transfer rate 40V<Vop<55V 78125 bps
27V<Vob<4.0V 39063 bps
1.8V<Vmp<27V 19531 bps
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(i) UART2 (infrared data transfer mode)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Transfer rate 40V <Vop<55V 262062 bps
Bit rate tolerance 40V<Vop<55V +0.87 %
Output pulse width 40V<Vop<55V 1.2 0.24/flprNote us
Input pulse width 40V<Vop<55V 4/fx us

Note fbr: Specified baud rate
(k) I1°C bus mode (uPD780076Y, 780078Y, 78F0078Y only)
Standard Mode High-Speed Mode
Parameter Symbol Unit
MIN. MAX. MIN. MAX.
SCLO clock frequency fscL 0 100 0 400 kHz
Bus free time tsur 4.7 — 1.3 — us
(between stop and start condition)
Hold timeNote 1 tHD:STA 4.0 — 0.6 — us
SCLO clock low-level width tLow 4.7 — 1.3 — us
SCLO clock high-level width tHIGH 4.0 — 0.6 — us
Start/restart condition setup time tsu:sTA 4.7 — 0.6 — us
Data hold time | CBUS compatible master tHD:DAT 5.0 — — — us
|ZC bus ONole 2 _ ONole 2 0_9Nole 3 us
Data setup time tsuDAT 250 — 10QNote 4 — ns
SDAO and SCLO signal rise time tr — 1000 20 + 0.1CbNote 5 300 ns
SDAO and SCLO signal fall time te — 300 20 + 0.1CbNote 5 300 ns
Stop condition setup time tsu:sto 4.0 — 0.6 — us
Capacitive load per each bus line Cb — 400 — 400 pF
Spike pulse width controlled by input filter tsp — — 0 50 ns

Notes 1. On a start condition, the first clock pulse is generated after the hold period.
2. To fill the undefined area of the SCLO falling edge, it is necessary for the device to internally provide an

SDAO signal (with ViHmin. of the SCLO signal) with at least 300 ns of hold time.

3. Ifthe device does not extend the SCLO signal low hold time (tLow), only the maximum data hold time tHp.pAT

needs to be fulfilled.

4. The high-speed mode I2C bus is available in a standard mode I2C bus system. At this time, the conditions
described below must be satisfied.

« If the device does not extend the SCLO signal low state hold time

tsu:paT = 250 ns

« If the device extends the SCLO signal low state hold time
Be sure to transmit the next data bit to the SDAO line before the SCLO line is released (tRmax. + tsu:DAT
= 1000 + 250 = 1250 ns by standard mode I2C bus specification).

5. Cb: Total capacitance per bus line (unit: pF)

538

User's Manual U14260EJ2V0OUD




CHAPTER 25 ELECTRICAL SPECIFICATIONS

A/D Converter Characteristics (Ta = —40 to +85°C, 2.2 V < AVrer < Vop < 5.5 V, AVss = Vss = 0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Resolution 10 10 10 bit
Overall errorNote 4.0V <AVrer <55V +0.2 +0.4 | %FSR

27V <AVreF< 4.0V +0.3 +0.6 %FSR
22V <AVrRer< 2.7V +0.6 +1.2 %FSR
Conversion time tconv 40V <AVrRer <55V 14 96 us
2.7 V<AVrer < 4.0V 19 96 us
22V <AVrer< 2.7V 28 96 us
Zero-scale errorNete 4.0V <AVrer <55V +0.4 | %FSR
27V <AVreF< 4.0V +0.6 %FSR
22V <AVrer< 2.7V +1.2 %FSR
Full-scale errorNete 4.0V <AVrer <55V +0.4 | %FSR
27V <AVreF< 4.0V +0.6 %FSR
22V <AVrRer< 2.7V +1.2 %FSR
Integral linear error 40V <AVrer <55V +2.5 LSB
27V <AVreF< 4.0V 4.5 LSB
22V <AVrRer< 2.7V +8.5 LSB
Differential linear error 40V <AVRer<55V 1.5 LSB
27V <AVreF< 4.0V +2.0 LSB
22V <AVrRer< 2.7V +3.5 LSB
Analog input impedance During sampling 100 kQ
Other than during sampling 10 MQ
Analog input voltage Vain 0 AVRrer \
AVrer resistance RRer During A/D conversion 20 40 kQ

Note Overall error excluding quantization error (+1/2 LSB). This value is indicated as a ratio to the full-scale value.

Remark FSR: Full-scale range

Data Memory STOP Mode Low Supply Voltage Data Retention Characteristics (Ta = —40 to +85°C)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Data retention power VbopR 1.6 55 \Y
supply voltage
Data retention power Iobor Subsystem clock stop (XT1 = Voo) and 0.1 30 LA
supply current feed-back resistor disconnected
Release signal set time tsReL 0 us
Oscillation stabilization twair Release by RESET 217/fx s
time Release by interrupt request Note s

Note Selection of 2'%/fx and 2'%/fx to 2'7/fx is possible using bits 0 to 2 (OSTS0 to OSTS2) of the oscillation
stabilization time select register (OSTS).
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Flash Memory Programming Characteristics (Ta = +10 to +40°C, Vob = 2.7 to 5.5 V, Vss = AVss = 0 V)

(1) Write erase characteristics

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Operating frequency fx 40V<Vopb<55V 1.0 8.38 MHz
27V<Vop<40V 1.0 5.00 MHz
Vep supply voltage Vpp2 During flash memory programming 9.7 10.0 10.3 \Y
Vob supply current loo When fx =8.88 MHz | Voo =5.0 V £10% 24 mA
Vep = Vpp2 | fx =5.00 MHz | Vobo = 3.0 V £10% 12 mA
Vep supply current lpp When Vpe = Vpe2 75 100 mA
Step erase time"°*" Ter 0.99 1.0 1.01 s
Overall erase time per Tera When step erase time =1s 20 s/area
area"™°?
Step write time Twr 50 100 us
Overall write time per Tww When step write time = 100 us 1000 us
word"*?
Number of rewrites per Cerwb 1 erase + 1 write after erase = 1 rewrite 20 Times/area
area"™*

Notes 1. The recommended setting value of the step erase time is 1 s.
2. The prewrite time before erasure and the erase verify time (writeback time) are not included.
3. Theactualwritetime perwordis 100 us longer. The internal verify time during or after a write is notincluded.
4. When aproductis first written after shipment, "erase — write" and "write only" are both taken as one rewrite.
Example: P: Write, E: Erase
Shipped product —->P—-E—-P—-E—P: 3 rewrites
Shipped product > E—->P—E—-P—E—P: 3 rewrites

(2) Serial write operation characteristics

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Set time from VooT to VeeT top 10 us
Release time from VeeT to RESETT | ter 1.0 us
Vep pulse input start time from trP 1.0 us
RESETT
Vee pulse high-/low-level width trw 8.0 us
Vep pulse input end time from tRPE 20 ms
RESETT
Vep pulse low-level input voltage VepL 0.8Voo Voo 1.2Vop
Vrp pulse high-level input voltage A 9.7 10.0 10.3 \Y
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25.3 Timing Chart

AC Timing Test Points (Excluding X1, XT1 Inputs)

0.8V 0.8V
>< O.ZVEE :>Pointof measurement<: 0.2\/52 ><

Clock Timing

X1 input

Vins (MIN.)
Viis (MAX.)

XT1 input \

Tl Timing
triLo [ triHo
TIO00, TI010, TIOO1, TIO11
1/fs
triLs triHs
TI50, TI51 \
\ A
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Interrupt Request Input Timing

|
tinTL tiNTH
INTPO to INTP3
RESET Input Timing
«—— tRSL——p>
RESET
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CHAPTER 25 ELECTRICAL SPECIFICATIONS

Read/Write Operation

External fetch (no wait):

4
A8to A15 >§\ Higher 8-bit address
tabp1
/ N Hi-Z a . Y
ADO to AD7 >< Lower 8-bit address [} ===========-~ { Instruction code ><
N /—; X A
tADS — troAD
taDH —=| troD1

trDADH ‘

tAsTH ‘
tRDAST
ASTB % \
¥

RD A
\ /
=—tASTRD trRDL1 | ™™ |troH
External fetch (wait insertion):
4
A8 to A15 L Higher 8-bit address
tabp1
4 N i- / "
ADO to AD7 >§ Lower 8-bit address [ -==-====-==--- HiZ e -< Instruction code ><
k 47 tRDAD S q
faog tabH tRDD1 tRDADH ‘
tash trRDAST |
ASTB % % h
N
RD X‘ %‘
= tASTRD tRDL1 | ™™ troH
WAIT
b
tRowT1 twrL tWTRD ——=|
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CHAPTER 25 ELECTRICAL SPECIFICATIONS

External data access (no wait):

A8 to A15

ADO to AD7

ASTB

A8 to A15

ADO to AD7

ASTB

WAIT

X

Higher 8-bit address

tapbD2 |
/ ) X, Hi- / Hi-Z
>§ Lower 8-bit adcress [y -2 Read Data Write data Dol -{
N —7 | tRoAD N
aog tADH —»=|-=-tRDD2-»
tAsTH tRDH|
/ k(
N trRowD |
~— tasTRD troL2 il twos twoH
~~—— tWRADH ——=|
\ twrwp
Y {
tasTWR twRL1 ‘
External data access (wait insertion):
4 . ] N
>§‘ Higher 8-bit address ,X
tADD2
/| -bit Hi-Z i . X Hi-Z
X Lover 80t L ------------------ {  Readdata ‘ Write data Pt <
— trDAD
taps tADH
troH
tasty trDD2 -
\
tasTRD
/s
\ /
\ 7 ltrowo
trRoL2 twos twDH |
twrwp
\ /
( 1
tAsTWR twRL1 ! tWRADH —=
| — —
tRowT2 ‘ twrL ‘ twTRD twri— |
twrwt twrwr
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CHAPTER 25 ELECTRICAL SPECIFICATIONS

Data Retention Timing (STOP Mode Release by RESET)

Internal reset operation

HALT mode

v
A
/

4—(’}— STOP mode

<—— Data retention mode ———»

- »«— Operating mode

Voo

VoooR

- {SREL —»|
STOP instruction execution

) )
- (( ¢
RESET /

- twAT —

Data Retention Timing (Standby Release Signal: STOP Mode Release by Interrupt Request Signal)

HALT mode

H() STOP mode

-«— Data retention mode ——— ™

\ ((
Voo T VbDDR

STOP Instruction execution

Y

- »|-«— Operating mode

-— SREL —m

Standby release signal d
(interrupt request) ))

t— tWAIT —
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CHAPTER 25 ELECTRICAL SPECIFICATIONS

Serial Transfer Timing

3-wire serial I/0 mode:

tkeyn

SCK1, SCK3 \

SI1, SI3n Input data

tkson

S03 Output data ><

Remark n=1to4

UART mode (external clock input):

tkeyn

tkLn | | tkHn

ASCKO0, ASCK2 \

Remark n=5,6

I2C bus mode (uPD780076AY, 780078AY, 78F0078Y only):

[ N/

tr Lo

tHiGH tsu:sTA : :

tsu:pAT |- i i

/L : :

) £

Stop Start Restart Stop
condition  condition condition condition
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CHAPTER 25 ELECTRICAL SPECIFICATIONS

Flash Write Mode Setting Timing

Vob
Vob

ov top trP tpw

VeeH —
Vep  VpeL

ov tew

tPR

trPE

Voo

RESET (input)
ov

Reset command

v\

SCKSNO‘E 1/SCLONO‘e 2
ov

S|3Note 1/RXDoNole 3

LLL E

Soste 1/TX DoNote S/SDAoNole 2
0

P31 (HS)Nete s
oV

Notes 1. 3-wire serial /0 (S103) type
2. 12C bus (IICO0) type (u78F0078Y only)
3. UART (UARTO) type
4. Handshake (when 3-wire serial 1/0 (SIO) type is used)
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CHAPTER 26 PACKAGE DRAWINGS

64-PIN PLASTIC LQFP (14x14)

A
B
48 33
—T— —T .
p— 49 32 — detail of lead end
—T— —T—
—T— —T —S
—T— —T
— — ~P
—T— —T
—T— T —— . )
—T —T T
—T— —T
—— —T 4 74 -
—T— —T I~
—T— —T— R A
—T— —T— L
f—ElE—GA'O 17— U
\ \1 L L 1 6\/
| | Il —Q
L
-

ITEM MILLIMETERS
A 17.2+£0.2

14.0£0.2

14.0+0.2

17.2+£0.2

1.0

1.0

+0.08
0.37_0_07

I |®OmMolo|m

0.20
0.8 (T.P.)
1.640.2
0.8

+0.03
0172506

0.10
1.4+0.1
0.127+0.075

o+4°
3° 30

1.7 MAX.
0.25
0.886+0.15
P64GC-80-8BS

NOTE

Each lead centerline is located within 0.20 mm of
its true position (T.P.) at maximum material condition.

cC|Hd|ln| T |O|T|Z| £ |r|X|«|—

Remark The external dimensions and materials of the ES version are the same as those of the mass-produced
version.
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CHAPTER 26 PACKAGE DRAWINGS

64-PIN PLASTIC QFP (14x14)

A
B
T rTr— detail of lead end
| — — 1 — |
| — — 1 — |
—T = — —S
| — — 1 — | x
—TT1 1 — |
—T1T 11 1 — |
] + = C D
—TT1 1 — | B - 7L
—TT1 1 — | *Q MR
—TT1 1 — |
—TT1 O 1 — |
— —T—
—TT1 1 — |
R == 6‘% 1617:::
! iy i
N il tELE
G~ -]
H
- P <*K
}
ol N S |_ »}7«
M |
NOTE ITEM MILLIMETERS
Each lead centerline is located within 0.15 mm of A 17.6+0.4
its true position (T.P.) at maximum material condition. B 14.0+0.2
¢ 14.040.2
D 17.6+0.4
F 1.0
G 1.0
0.08
H 0.37750%
| 0.15
J 0.8 (T.P.)
K 1.840.2
L 0.8+0.2
0.08
M 0.1775°05
N 0.10
P 2.55+0.1
Q 0.1+0.1
R 5°45°
S 2.85 MAX.

P64GC-80-AB8-5

Remark The external dimensions and materials of the ES version are the same as those of the mass-produced
version.
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CHAPTER 26 PACKAGE DRAWINGS

64-PIN PLASTIC TQFP (12x12)

ﬂHHHHHHHHHHHHHHQ,-g detail of lead end
% + % c o | A
= = it
—%64 O 17§ —Q ’
AN ‘ 16 /
R JHlﬂHHHxHHHHHHHH*
-

H ITEM MILLIMETERS

14.0£0.2
12.0+0.2
12.0£0.2
14.0+0.2
1.125
1.125

+0.06
0.3275'30

>

I | ®Omo|olw

Spuuliiiiiiihihnihnn

0.13

0.65 (T.P.)
1.0£0.2
0.5

+0.03
0.1725.07

NOTE

Each lead centerline is located within 0.13 mm of
its true position (T.P.) at maximum material condition.

0.10
1.0
0.1%0.05
3o+4e
1.120.1
0.25
0.6£0.15
P64GK-65-0ET-3

clH|»n| B |O|T|Z2| 2 |r|X||—

Remark The external dimensions and materials of the ES version are the same as those of the mass-produced
version.
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CHAPTER 27 RECOMMENDED SOLDERING CONDITIONS

The uPD780078, 780078Y Subseries should be soldered and mounted under the following recommended

conditions.

For soldering methods and conditions other than those recommended below, contact an NEC Electronics sales

representative.

For technical information, see the following website.

Semiconductor Device Mount Manual (http://www.necel.com/pkg/en/mount/index.html)

Table 27-1.

(1) uPD780076GC-xxx-8BS:

Surface Mounting Type Soldering Conditions (1/2)

64-pin plastic LQFP (14 x 14)

UPD780078GC-xxx-8BS:  64-pin plastic LQFP (14 x 14)
UPD780076YGC-xxx-8BS: 64-pin plastic LQFP (14 x 14)
uPD780078YGC-xxx-8BS: 64-pin plastic LQFP (14 x 14)
uPD78F0078GC-8BS: 64-pin plastic LQFP (14 x 14)
UPD78F0078YGC-8BS: 64-pin plastic LQFP (14 x 14)
uPD780076GC-xxx-AB8:  64-pin plastic QFP (14 x 14)
UPD780078GC-xxx-AB8: 64-pin plastic QFP (14 x 14)
UPD780076YGC-xxx-AB8: 64-pin plastic QFP (14 x 14)
uPD780078YGC-xxx-AB8: 64-pin plastic QFP (14 x 14)
uPD78F0078GC-AB8S: 64-pin plastic QFP (14 x 14)
uPD78F0078YGC-ABS: 64-pin plastic QFP (14 x 14)

Soldering Soldering Conditions Recommended Method
Condition Symbol
Infrared reflow Package peak temperature: 235°C, Time: 30 sec. max. (at 210°C or higher), IR35-00-2
Count: Two times or less
VPS Package peak temperature: 215°C, Time: 40 sec. max. (at 200°C or higher), VP15-00-2
Count: Two times or less
Wave soldering | Solder bath temperature: 260°C max., Time: 10 sec. max., Count: Once, WS60-00-1

Preheating temperature: 120°C max. (package surface temperature)

Partial heating

Pin temperature: 300°C max., Time: 3 sec. max. (per pin row)

Caution Do not use different soldering methods together (except for partial heating).
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CHAPTER 27 RECOMMENDED SOLDERING CONDITIONS

(2) uPD780076GK-xxx-9ET:
uPD780078GK-xxx-9ET:
1PD780076YGK-xxx-9ET:
uPD780078YGK-xxx-9ET:

Table 27-1. Surface Mounting Type Soldering Conditions (2/2)

64-pin plastic TQFP (12 x 12)
64-pin plastic TQFP (12 x 12)
64-pin plastic TQFP (12 x 12)
64-pin plastic TQFP (12 x 12)

Soldering Soldering Conditions Recommended Method
Condition Symbol
Infrared reflow Package peak temperature: 235°C, Time: 30 sec. max. (at 210°C or higher), IR35-107-2
Count: Two times or less, Exposure limit: 7 daysNete (after that, prebake at
125°C for 10 hours)
VPS Package peak temperature: 215°C, Time: 40 sec. max. (at 200°C or higher), VP15-107-2
Count: Two times or less, Exposure limit: 7 daysNete (after that, prebake at
125°C for 10 hours)
Wave soldering | Solder bath temperature: 260°C max., Time: 10 sec. max., Count: Once, WS60-107-1

Preheating temperature: 120°C max. (package surface temperature),
Exposure limit: 7 daysNete (after that, prebake at 125°C for 10 hours)

Partial heating

Pin temperature: 300°C max., Time: 3 sec. max. (per pin row)

Note After opening the dry pack, store it at 25°C or less and 65% RH or less for the allowable storage period.

Caution

(3) pPD78F0078GK-9ET:
pPD78F0078YGK-9ET:

64-pin plastic TQFP (12 x 12)
64-pin plastic TQFP (12 x 12)

Do not use different soldering methods together (except for partial heating).

Preheating temperature: 120°C max. (package surface temperature),
Exposure limit: 3 daysNete (after that, prebake at 125°C for 10 hours)

Soldering Soldering Conditions Recommended Method
Condition Symbol
Infrared reflow Package peak temperature: 235°C, Time: 30 sec. max. (at 210°C or higher), IR35-103-2
Count: Two times or less, Exposure limit: 3 daysNete (after that, prebake at
125°C for 10 hours)
VPS Package peak temperature: 215°C, Time: 40 sec. max. (at 200°C or higher), VP15-103-2
Count: Two times or less, Exposure limit: 3 daysNete (after that, prebake at
125°C for 10 hours)
Wave soldering | Solder bath temperature: 260°C max., Time: 10 sec. max., Count: Once, WS60-103-1

Partial heating

Pin temperature: 300°C max., Time: 3 sec. max. (per pin row)

Note After opening the dry pack, store it at 25°C or less and 65% RH or less for the allowable storage period.

Caution
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APPENDIX A DIFFERENCES BETWEEN pPD78018F, 780024A, 780034A, AND 780078 SUBSERIES

Tables A-1 and A-2 show the major differences between the uPD78018F, 780024A, 780034A, and 780078

Subseries.

Table A-1. Major Differences Between uPD78018F, 780024A, 780034A, and 780078 Subseries (Hardware)

Name

ltem

uPD78018F SubseriesNote

nPD780024A, 780034A

Subseries

uPD780078 Subseries

EMI noise reduction

Not provided

Provided

Internal 12C bus version Provided Provided (multi-task supported)

(Y subseries)

Flash memory version uPD78F018F uPD78F0034A, 78F0034B uPD78F0078
ROM 8 KB to 60 KB 8 KB to 32 KB 48 KB, 60 KB
Internal high-speed RAM 512, 1024 bytes 512, 1024 bytes 1024 bytes
Internal expansion RAM 512, 1024 bytes Not provided 1024 bytes

Minimum instruction execution
time

0.4 us (10 MHz)

0.24 us (8.38 MHz), 0.16 us

(12 MHz, expanded-specification products only)

Number of 1/O ports

53

51

52

Timer

16 bits: 1, 8 bits: 2,
Watch timer: 1,
Watchdog timer: 1

16 bits: 1, 8 bits: 2,
Watch timer: 1,
Watchdog timer: 1

16 bits: 2, 8 bits: 2,
Watch timer: 1,
Watchdog timer: 1

A/D converter

8 bits x 8

* 8 bits x 8
(uPD780024A Subseries)
» 10 bits x 8
(uPD780034A Subseries)

10 bits x 8

Subseries
without suffix Y

Serial
interface

3-wire/2-wire/SBI: 1,
3-wire (automatic
transmission/reception): 1

3-wire: 2, UART: 1

3-wire: 1, UART: 1,
3-wire/UART: 1

Subseries with
suffix Y

3-wire/2-wire/I2C: 1,
3-wire (automatic
transmission/reception): 1

3-wire: 2, UART: 1,
Multi-master 12C: 1

3-wire: 1, UART: 1,
3-wire/UART: 1,
Multi-master 12C: 1

Timer output

3 (14-bit PWM output possible: 2)

3 (8-bit PWM output possible: 2)

4 (8-bit PWM output possible: 2)

Package * 64-pin SDIP (19.05 mm (750))| « 64-pin SDIP (19.05 mm (750))| * 64-pin QFP (14 x 14)
* 64-pin QFP (14 x 14) * 64-pin QFP (14 x 14) * 64-pin TQFP (12 x 12)
* 64-pin LQFP (12 x 12) * 64-pin TQFP (12 x 12) * 64-pin LQFP (14 x 14)
* 64-pin LQFP (14 x 14)
* 64-pin LQFP (10 x 10)
* 73-pin FBGA (9 x 9)
Device file DF78014 DF780034 DF780078

Emulation board

IE-78014-R-EM-A,
IE-78018-NS-EM1

IE-780034-NS-EM1

IE-780078-NS-EM1

Electrical specifications
Recommended soldering
conditions

Refer to the data sheet or user’'s manual (with electrical specifications) of each product.

Note Maintenance product
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APPENDIX A DIFFERENCES BETWEEN uPD78018F, 780024A, 780034A, AND 780078 SUBSERIES

x Table A-2. Major differences Between uPD780018F, 780024A, 780034A, and 780078 Subseries (Software) (1/2)

Name

ltem

uPD78018F SubseriesNote 1

nPD780024A, 780034A

Subseries

uPD780078 Subseries

A/D converter

Take the appropriate measures for the first A/D conver-
sion result immediately after the A/D conversion operation

is started (ADCSO is set to 1)

because it may not satisfy the rating.

, such as discarding it,

However, if a wait time of
14 us (MIN.) has been
secured after ADCEO was
set to 1 before starting
operation (ADCSO is set to
1), the first data can be
used.

16-bit timer/event counter 1 ch 1ch 2 ch
___________________ - — — — —
T™MO TMO TMOO0 . TMO1
Interval timer @) O O
PWM output O — —
PPG output — O O
Pulse width measurement O O O
External event counter e} O O
Square wave output @) O O
T

Count clock fx/2, fx/22, fx/23, TI0 fx, fx/22, £x/26, TI00 fx, fx/22, 1 2, /28

fx/28, TI000 : fx/29, TI001
Control register TMCO TMCO TMCO00 : TMCO1
Output control register TOCO TOCO TOCO00 | TOCO1
Compare/capture register CRO00, CR0O1 (Capture only) | CR00, CRO1 CR000, CRO10 : CR001, CRO11
Prescaler mode register TCLQNote 2 PRMO PRMO00 | PRMO1
Capture/compare control — CRCO CRCO00 : CRCO01
register |

T

Interrupt INTTMO INTTMOO, INTTMO1 INTTMO000, | INTTMOO1,

INTTMO10 : INTTMO11

Notes 1. Maintenance product
2. TCLO: Timer clock select register 0
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APPENDIX A DIFFERENCES BETWEEN uPD78018F, 780024A, 780034A, AND 780078 SUBSERIES

Table A-2. Major differences Between uPD780018F, 780024A, 780034A, and 780078 Subseries (Software) (2/2)

Name | uPD78018F SubseriesNote uPD780024A, 780034A uPD780078 Subseries
ltem Subseries
8-bit timer/event counter 2ch 2ch

TM1 : T™M2 TM50 : TM51
Unit mode :
Interval timer @) O : O
External event counter e} O I O
Square wave output O O : O
PWM output — O I O
Cascade connection mode :
Interval timer O O : O
External event counter O O | @)
Square wave output O O l O
Count clock fx/22, fx/23, : fx/22, /23, | fx, t/22, fx/24, £x/28, £/28, 1 fx/2, fx/23, x/25, fx/27, fx/29,

2%, 5025, | 2%, 125, | 14210, TI50 | f2!! Tist

fx/28, tx/27, 1 fx/28, /27, !

28, /2%, ! /28, 22, :

fx/210,ix212, | fx/210, fx/212, [

T ' TI2 |
Control register TMCH TMC50 : TMC51
Output control register TOCH TMC50 | TMC51
Clock select register TCL1 TCL50 : TCL51
Interrupt INTTMA : INTTM2 INTTM50 : INTTM51

Note Maintenance product
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APPENDIX B DEVELOPMENT TOOLS

The following development tools are available for the development of systems that employ the uPD780078 and
780078Y Subseries.
Figure B-1 shows the development tool configuration.

e Support for PC98-NX series
Unless otherwise specified, products compatible with IBM PC/AT™ computers are compatible with PC98-NX
series computers. When using PC98-NX series computers, refer to the explanation for IBM PC/AT computers.

o Windows
Unless otherwise specified, “Windows” means the following OSs.
* Windows 3.1
* Windows 95
* Windows 98
* Windows 2000
+ Windows NT™ Ver.4.0
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APPENDIX B DEVELOPMENT TOOLS

Figure B-1. Development Tool Configuration (1/2)

(1) When using the in-circuit emulator IE-78K0-NS

Language processing software

* Assembler package

o C compiler package
o Device file

o C library source fileNete !

————————————————————————————————— Software package-=-------

» Software package

Debugging software

¢ System simulator

Control software

o Project manager
(Windows only)Nete 2

Flash memory
write environment

Flash programmer

Flash memory
write adapter

Flash memory

Host machine (PC or EWS)

Interface adapter,
PC card interface, etc.

1
1
1
1
1
1
1
1
1
:
e Integrated debugger :
1
1
1
1
1
1
1
1
1
1
1
1
1

Embedded software

o Real-time OS

Power supply unit

In-circuit emulator

Emulation board

Emulation probe

Conversion socket or
conversion adapter

Target system

Notes 1. The C library source file is not included in the software package.

The project manager is only used for Windows.

2. The project manager is included in the assembler package.
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APPENDIX B DEVELOPMENT TOOLS

Figure B-1. Development Tool Configuration (2/2)

(2) When using the in-circuit emulator IE-78001-R-A

Language processing software

* Assembler package

o C compiler package
* Device file

o C compiler source filgNete !

» Software package

Debugging software

————————————————————————————————— Software package====-=============--=-----------

o System simulator

Control software

* Project manager
(Windows only)Nete2

Flash memory
write environment

Flash programmer

Flash memory
write adapter

Flash memory

Host machine (PC or EWS)

Interface adapter,
PC card interface, etc.

1
1
1
1
1
1
1
1
1
:
« Integrated debugger :
1
1
]
1
1
1
1
1
1
1
1
1
1

Embedded software

o Real-time OS

In-circuit emulator

Emulation board

Emulation probe
conversion board

Emulation probe

Conversion socket or
conversion adapter

Target system

Notes 1. The C library source file is not included in the software package.
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2. The project manager is included in the assembler package.
The project manager is only used for Windows.

User’'s Manual U14260EJ2V0UD



APPENDIX B DEVELOPMENT TOOLS

B.1 Software Package

SP78K0 This package contains various software tools for 78K/0 Series development.
Software package The following tools are included.
RA78K0, CC78K0, ID78K0-NS, SM78K0, and various device files

Part Number: uSxxxxSP78K0

Remark xxxx in the part number differs depending on the OS used.

USxxxxSP78K0

XXXX Host Machine oS Supply Medium

AB17 PC-9800 series, Windows (Japanese version) CD-ROM
BB17 IBM PC/AT compatibles Windows (English version)

B.2 Language Processing Software

RA78KO0 This assembler converts programs written in mnemonics into object codes execut-
Assembler package able with a microcontroller.

Further, this assembler is provided with functions capable of automatically creating
symbol tables and branch instruction optimization.

This assembler should be used in combination with device file (DF780078) (sold
separately).

<Precaution when using RA78K0 in PC environment>

This assembler package is a DOS-based application. It can also be used in
Windows, however, by using the project manager (included in the assembler
package) on Windows.

Part Number: uSxxxxRA78K0

CC78K0 This compiler converts programs written in C language into object codes executable with
C compiler package a microcontroller.

This compiler should be used in combination with an assembler package and device file.
(both sold separately)

<Precaution when using CC78K0 in PC environment>

This C compiler package is a DOS-based application. It can also be used in Windows,
however, by using the project manager (included in the assembler package) on
Windows.

Part Number: uSxxxxCC78K0

DF780078Note 1 This file contains information peculiar to the device.

Device file This device file should be used in combination with tool (RA78K0, CC78K0, SM78KO0,
ID78K0-NS, and RX78KO0) (all sold sparately).

The corresponding OS and host machine differ depending on the tool used.

Part Number: uSxxxxDF780078

CC78K0-LNote 2 This is a source file of functions configuring the object library included in the C compiler
C library source file package.

This file is required to match the object library included in C compiler package to the
user’s specifications.

It does not depend on the operating environment because it is a source file.

Part Number: uSxxxxCC78K0-L

Notes 1. The DF780078 canbe usedin common with the RA78K0, CC78K0, SM78KO0, ID78K0-NS, and RX78KO0.
2. CC78KO0-L is not included in the software package (SP78K0).
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APPENDIX B DEVELOPMENT TOOLS

*x  Remark xxxx in the part number differs depending on the host machine and OS used.

USxxxxRA78K0
USxxxxCC78K0

XXXX Host Machine oS Supply Medium

AB13 PC-9800 series, Windows (Japanese version) 3.5-inch 2HD FD

BB13 IBM PC/AT compatibles Windows (English version)

AB17 Windows (Japanese version) CD-ROM
BB17 Windows (English version)

3P17 | HP9000 series 700™ HP-UX™ (Rel. 10.10)

3K17 | SPARCstation™ SunOS™ (Rel. 4.1.4),

Solaris™ (Rel. 2.5.1)

USxxxxDF780078
USxxxxCC78K0-L

XXXX Host Machine oS Supply Medium

AB13 PC-9800 series, Windows (Japanese version) 3.5-inch 2HD FD

BB13 IBM PC/AT compatibles Windows (English version)

3P16 HP9000 series 700 HP-UX (Rel. 10.10) DAT
3K13 SPARCstation SunOS (Rel. 4.1.4), 3.5-inch 2HD FD
3K15 Solaris (Rel. 2.5.1) 1/4-inch CGMT

B.3 Control Software

Project manager This is control software designed to enable efficient user program development in the
Windows environment. All operations used in development of a user program, such as
starting the editor, building, and starting the debugger, can be performed from the project
manager.

<Caution>

The project manager is included in the assembler package (RA78KO0).

It can only be used in Windows.

* B.4 Flash Memory Writing Tools

Flashpro llI Flash programmer dedicated to microcontrollers with on-chip flash memory.
(part number: FL-PR3, PG-FP3)
Flashpro IV

(part number: FL-PR4, PG-FP4)
Flash programmer

FA-64GC-8BS-A Flash memory writing adapter used connected to the Flashpro Ill and Flashpro IV.
FA-64GC » FA-64GC-8BS-A: 64-pin plastic LQFP (GC-8BS type)
FA-64GK + FA-64GC: 64-pin plastic QFP (GC-ABS8 type)
Flash memory writing adapter + FA-64GK: 64-pin plastic TQFP (GK-9ET type)
Remark FL-PR3, FL-PR4, FA-64GC-8BS-A, FA-64GC, and FA-64GK are products of Naito Densei Machida Mfg.
Co., Ltd.

Contact: +81-45-475-4191 Naito Densei Machida Mfg. Co., Ltd.

560 User's Manual U14260EJ2VOUD



APPENDIX B DEVELOPMENT TOOLS

B.5 Debugging Tools (Hardware)

B.5.1 When using the in-circuit emulator IE-78K0-NS

IE-78K0-NS
In-circuit emulator

The in-circuit emulator serves to debug hardware and software when developing
application systems using a 78K/0 Series product. It corresponds to the integrated
debugger (ID78K0-NS). This emulator should be used in combination with a power
supply unit, emulation probe, and interface adapter which is required to connect this
emulator to the host machine.

IE-78K0-NS-PA
Performance board

This board is connected to the IE-78K0-NS to expand its functions. Adding this
board adds a coverage function and enhances debugging functions such as tracer
and timer functions.

IE-78K0-NS-A
In-circuit emulator

A combination of the IE-78K0-NS and |IE-78K0-NS-PA.

IE-70000-MC-PS-B
Power supply unit

This adapter is used for supplying power from a receptacle of 100 V to 240 V AC.

IE-70000-98-IF-C
Interface adapter

This adapter is required when using a PC-9800 series computer (except notebook
type) as the host machine (C bus compatible).

IE-70000-CD-IF-A
PC card interface

This is PC card and interface cable required when using a notebook-type computer
as the host machine (PCMCIA socket compatible).

IE-70000-PC-IF-C
Interface adapter

This adapter is required when using an IBM PC compatible computer as the host
machine (ISA bus compatible).

IE-70000-PCI-IF-A
Interface adapter

This adapter is required when using a computer with a PCI bus as the host ma-
chine.

IE-780078-NS-EM1
Emulation board

This board emulates the operations of the peripheral hardware peculiar to a device.
It should be used in combination with an in-circuit emulator.

NP-64GC
Emulation probe

This probe is used to connect the in-circuit emulator to a target system and is
designed for use with a 64-pin plastic QFP (GC-AB8 type) and 64-pin plastic LQFP
(GC-8BS type).

EV-9200GC-64
Conversion socket
(See Figures B-2 and B-3)

This conversion socket connects the NP-64GC to a target system board designed
for a 64-pin plastic QFP (GC-AB8 type) and 64-pin plastic LQFP (GC-8BS type).

NP-64GC-TQ
NP-H64GC-TQ
Emulation probe

This probe is used to connect the in-circuit emulator to a target system and is
designed for use with a 64-pin plastic QFP (GC-AB8 type) and 64 pin plastic LQFP
(GC-8BS type).

TGC-064SAP
Conversion adapter

This conversion adapter connects the NP-64GC-TQ or NP-H64GK-TQ to a target
system board designed for a 64-pin plastic QFP (GC-AB8 type) and 64-pin plastic
LQFP (GC-8BS type).

NP-64GK This probe is used to connect the in-circuit emulator to a target system and is
NP-H64GK-TQ designed for use with a 64-pin plastic TQFP (GK-9ET type).
Emulation probe

TGK-064SBW This conversion socket connects the NP-64GK or NP-H64GK-TQ to a target system

Conversion adapter
(See Figure B-4)

board designed for a 64-pin plastic TQFP (GK-9ET type).

Remarks 1.

NP-64CW, NP-64GC, NP-64GC-TQ, NP-H64GC-TQ, NP-64GK, and NP-H64GK-TQ are products

of Naito Densei Machida Mfg. Co., Ltd.
Contact: +81-45-475-4191 Naito Densei Machida Mfg. Co., Ltd.

2. TGK-064SBW and TGC-064SAP are products of TOKYO ELETECH CORPORATION.
Contact: Daimaru Kogyo, Ltd. Phone: Tokyo +81-3-3820-7112 Electronics Dept.

Osaka +81-6-6244-6672 Electronics 2nd Dept.

3. EV-9200GC-64 is sold in five-unit sets.
4. TGK-064SBW and TGC-064SAP are sold in single units.
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B.5.2 When using the in-circuit emulator IE-78001-R-A

IE-78001-R-A
In-circuit emulator

The in-circuit emulator serves to debug hardware and software when developing
application systems using a 78K/0 Series product. It corresponds to the integrated
debugger (ID78K0). This emulator should be used in combination with an emulation
probe and interface adapter, which is required to connect this emulator to the host
machine.

IE-70000-98-IF-C
Interface adapter

This adapter is required when using a PC-9800 series computer (except notebook
type) as the host machine (C bus compatible).

IE-70000-PC-IF-C
Interface adapter

This adapter is required when using an IBM PC/AT compatible computer as the host
machine (ISA bus compatible).

IE-70000-PCI-IF-A
Interface adapter

This board is required when using a computer with a PCI bus as the host machine.

IE-780078-NS-EM1
Emulation board

This board emulates the operations of the peripheral hardware peculiar to a device.
It should be used in combination with an in-circuit emulator and emulation conver-
sion board.

|IE-78K0-R-EX1
Emulation probe
conversion board

This board is required when using the IE-780078-NS-EM1 on the IE-78001-R-A.

EP-78240GC-RNote
Emulation probe

This probe is used to connect the in-circuit emulator to a target system and is
designed for use with a 64-pin plastic QFP (GC-AB8 type) and 64-pin plastic LQFP
(GC-8BS type).

EV-9200GC-64
Conversion socket
(See Figures B-2 and B-3)

This conversion socket connects the EP-78240GC-R to a target system board
designed for a 64-pin plastic QFP (GC-AB8 type) and 64-pin plastic LQFP (GC-8BS
type).

EP-78012GK-R
Emulation probe

This probe is used to connect the in-circuit emulator to a target system and is
designed for use with a 64-pin plastic TQFP (GK-9ET type).

TGK-064SBW
Conversion adapter
(See Figure B-4)

This conversion socket connects the EP-78012GK-R to a target system board
designed for a 64-pin plastic TQFP (GK-9ET type).

Note Maintenance product

Remarks 1. TGK-064SBW is a product of TOKYO ELETECH CORPORATION.
Contact: Daimaru Kogyo, Ltd. Phone: Tokyo +81-3-3820-7112 Electronics Dept.

Osaka +81-6-6244-6672 Electronics 2nd Dept.

2. EV-9200GC-64 is sold in five-unit sets.
3. TGK-064SBW is sold in single units.
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B.6 Debugging Tools (Software)

SM78K0
System simulator

This is a system simulator for the 78K/0 Series. The SM78K0 is Windows-based
software.

Itis used to perform debugging at the C source level or assembler level while simulating
the operation of the target system on a host machine.

Use of the SM78KO0 allows the execution of application logical testing and performance
testing on an independent basis from hardware development, thereby providing higher
development efficiency and software quality.

The SM78KO0 should be used in combination with the device file (DF780078) (sold
separately).

Part Number: uSxxxxSM78K0

ID78K0-NS

Integrated debugger
(supporting in-circuit emulators
IE-78K0-NS and |IE-78K0-NS-A)

ID78K0
Integrated debugger
(supporting in-circuit emulator

IE-78001-R-A)

This debugger supports the in-circuit emulators for the 78K/0 Series. The
ID78K0-NS is Windows-based software.

It has improved C-compatible debugging functions and can display the results of
tracing with the source program using an integrating window function that associates
the source program, disassemble display, and memory display with the trace result.
It should be used in combination with the device file (sold separately).

Part Number: uSxxxxID78K0-NS, uSxxxxID78K0

Remark xxxx in the part number differs depending on the host machine and OS used.

USxxxxSM78K0
USxxxxID78K0-NS
USxxxxID78K0

XXXX Host Machine oS Supply Medium
AB13 IBM PC/AT compatibles Windows (Japanese version) 3.5-inch 2HD FD
BB13 Windows (English version)

AB17 Windows (Japanese version) CD-ROM

BB17 Windows (English version)
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B.7 Embedded Software

RX78K0
Real-time OS

RX78KO0 is a real-time OS conforming to the ulTRON specifications.

A tool (configurator) for generating the nucleus of RX78K0 and multiple information
tables is supplied.
It is used in combination with an assembler package (RA78K0) and device file
(DF780078) (both sold separately).
<Precaution when using RX78K0 in PC environment>

The real-time OS is a DOS-based application. It should be used from the DOS prompt
when using in Windows.

Part number: uSxxxxRX78013-AAAA

Caution When purchasing the RX78KaO, fill in the purchase application form in advance and sign the user

agreement.

Remark xxxx and AAAA in the part number differ depending on the host machine and OS used.

USxxxxRX78013-AAAA

AAAA

Product Outline

Maximum Number for Use in Mass Production

001 Evaluation object

Do not use for mass-produced product.

100K Mass-production object

0.1 million units

001M 1 million units
010M 10 million units
SO01 Source program Source program for mass-produced object

XXXX

Host Machine

(ON]

Supply Medium

AA13

PC-9800 series

Windows (Japanese version)

AB13

BB13

IBM PC/AT compatibles Windows (Jap

anese version)

Windows (English version)

3.5-inch 2HD FD
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B.8 System Upgrade from Former In-circuit Emulator for 78K/0 Series to IE-78001-R-A

If you already have a former in-circuit emulator for 78K/0 Series microcontrollers (IE-78000-R or IE-78000-R-A),
that in-circuit emulator can operate as an equivalent to the IE-78001-R-A by replacing its internal break board with

the IE-78001-R-BK.

Table B-1. System Upgrade Method from Former In-Circuit Emulator for 78K/0 Series to IE-78001-R-A

In-Circuit Emulator Owned

In-Circuit Emulator Cabinet UpgradeNote

Board to Be Purchased

IE-78000-R

Required

IE-78000-R-A

Not required

IE-78001-R-BK

Note For upgrading of a cabinet, send your in-circuit emulator to NEC Electronics.
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Conversion Socket (EV-9200GC-64) Package Drawing and Recommended Board Mounting Pattern

Figure B-2. EV-9200GC-64 Package Drawing (for Reference Only)

A M
E B A N o ©
I uuuuuuuuj\ m—g »
NEC| £
ol o + ,% — x| 4
Y@tnn|\1/|1Sr’|ﬁ°(ﬁnnn’nr‘inﬂg}/ —
No.1 pin index P
4:::‘: i I‘I i
\ G
H
|
EV-9200GC-64-GOE
ITEM|  MILLIMETERS INCHES
A 18.8 0.74
B 14.1 0.555
c 14.1 0.555
D 18.8 0.74
E 4-C 3.0 4-C 0.118
F 0.8 0.031
G 6.0 0.236
H 15.8 0.622
| 18.5 0.728
J 6.0 0.236
K 15.8 0.622
L 18.5 0.728
M 8.0 0.315
N 7.8 0.307
0 2.5 0.098
= 2.0 0.079
Q 1.35 0.053
R 0.350.1 0.014:35%¢
S $2.3 $0.091
T $1.5 $0.059
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Figure B-3. EV-9200GC-64 Recommended Board Mounting Pattern (for Reference Only)

EV-9200GC-64-P1E

ITEM MILLIMETERS INCHES
A 19.5 0.768
B 14.8 0.583
C 10.8-0.02 x 15=12.0—0.05 | 0.031% 0% 0.591=0.472%,
D |0.8-0.02 x 15=12.0-0.05 | 0.031*%52x 0.591=0.472:%55,
E 14.8 0.583
F 19.5 0.768
G 6.00—0.08 0.236*%565
H 6.00—0.08 0.236*%°505
| 0.5-0.02 0.197:%%%
J $2.36-0.03 $0.093:%%42
K $2.2-0.1 $0.087:%%5s
L $1.57-0.03 $0.062%%42

Caution Dimensions of mount pad for EV-9200 and that for
target device (QFP) may be different in some parts.
For the recommended mount pad dimensions for

QFP, refer to

"Semiconductor Device Mount

Manual" (http://www.necel.com/pkg/en/mount/index.

html).
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Conversion Adapter (TGK-064SBW) Package Drawing
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Note Product by TOKYO ELETECH CORPORATION.

Figure B-4. TGK-064SBW Package Drawing (for Reference Only) (Unit: mm)

ITEM MILLIMETERS INCHES ITEM MILLIMETERS INCHES
A 18.4 0.724 a $0.3 $0.012
B 0.65x15=9.75 0.026x0.591=0.384 b 1.85 0.073
C 0.65 0.026 c 3.5 0.138
D 7.75 0.305 d 2.0 0.079
E 10.15 0.400 e 3.9 0.154
F 12.55 0.494 f 1.325 0.052
G 14.95 0.589 g 1.325 0.052
H 0.65x15=9.75 0.026x0.591=0.384 h 5.9 0.232
| 11.85 0.467 i 0.8 0.031
J 18.4 0.724 j 2.4 0.094
K c2.0 C 0.079 k 2.7 0.106
L 12.45 0.490 TGK-064SBW-G1E
M 10.25 0.404
N 7.7 0.303
[0) 10.02 0.394
P 14.92 0.587
Q 11.1 0.437
R 1.45 0.057
S 1.45 0.057
T 4-¢1.3 4-¢0.051
U 1.8 0.071
\ 5.0 0.197
w ¢5.3 $0.209
X 4-C1.0 4-C 0.039
Y $3.55 $0.140
A ¢0.9 $0.035
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The following shows the conditions when connecting the emulation probe and conversion adapter. Consider the
shape of the components to be mounted on the target system and follow the configurations below when designing

the system.

Among the products described in this appendix, NP-64GC-TQ, NP-H64GC-TQ, NP-64GK, and NP-H64GK-TQ are
products of Naito Densei Machida Mfg. Co., Ltd. and TGC-064SAP and TGK-064SBW are products of TOKYO
ELETECH CORPORATION.

Table C-1. Distance

Between IE System and Conversion Adapter

Emulation Probe Conversion Adapter Distance Between IE System and Conversion Adapter
NP-64GC-TQ TGC-064SAP 170 mm
NP-H64GC-TQ 370 mm
NP-64GK TGK-064SBW 170 mm
NP-H64GK-TQ 370 mm
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Figure C-1. Distance Between In-Circuit Emulator and Conversion Adapter (64GC)

In-circuit emulator
|IE-78K0-NS or |IE-78K0-NS-A

Target system

Emulation board
IE-780078-NS-EM1

Note

170 mm

o |l=>

Emulation probe T
NP-64GC-TQ, NP-H64GC-TQ Conversion adapter: TGC-064SAP

Note The above distance shows when the NP-64GC-TQ is used. When the NP-H64GC-TQ is used, the distance
is 370 mm.

Figure C-2. Connection Conditions of Target System (NP-64GC-TQ)

Emulation board
IE-780078-NS-EM1

Emulation probe
NP-64GC-TQ

23 mm

_ Copversmn adapter
e i TGC-064SAP
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Figure C-3. Connection Conditions of Target System (NP-H64GC-TQ)

Emulation board
IE-780078-NS-EM1

Emulation probe
NP-H64GC-TQ

" Conversion adapter |
\

TGC-064SAP

T
iy

=

Lo e - o
1
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Figure C-4. Distance Between In-Circuit Emulator and Conversion Adapter (64GK)

In-circuit emulator
IE-78K0-NS or |IE-78K0-NS-A

Target system

Emulation board
IE-780078-NS-EM1

Note

170 mm
A
- D [ 1
1 1
1 1
° |:l'> I I
1 1
[ 1 I«
| 1
Emulation probe ]
NP-64GK, NP-H64GK-TQ Conversion adapter TGK-064SBW

Note The above distance shows when the NP-64GK is used. When the NP-H64GC-TQ is used, the distance is
370 mm.

Figure C-5. Connection Conditions of Target System (NP-64GK)

Emulation board
IE-780078-NS-EM1

Emulation probe
NP-64GK

21.95 mm

“Conversion adapter
TGK-064SBW
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Emulation
IE-780078

T~

21.95 mm

Figure C-6. Connection Conditions of Target System (NP-H64GK-TQ)

board
-NS-EM1
\ Emulation probe
NP-HB64GK-TQ

_,——';“Cb’n_version adapter
' TGK-064SBW

I.
CA
.- J ] M""I

Jj
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D.1 Register Index (In Alphabetical Order with Respect to Register Names)

[A]

A/D conversion result register 0 (ADCRO) ... 233

A/D converter mode register 0 (ADMO) ... 235

Analog input channel specification register 0 (ADSO) ... 237
Asynchronous serial interface mode register 0 (ASIMO) ... 257
Asynchronous serial interface mode register 2 (ASIM2) ... 286
Asynchronous serial interface status register 0 (ASIS0) ... 256
Asynchronous serial interface status register 2 (ASIS2) ... 284

Asynchronous serial interface transmit status register 2 (ASIF2) ... 285

[B]
Baud rate generator control register 0 (BRGCO) ... 259
Baud rate generator control register 2 (BRGC2) ... 288

[C]

Capture/compare control register 00 (CRCO00) ... 161
Capture/compare control register 01 (CRCO01) ... 161
Clock output select register (CKS) ... 228

Clock select register 2 (CKSEL2) ... 289

[E]

8-bit timer compare register 50 (CR50) ... 196

8-bit timer compare register 51 (CR51) ... 196

8-bit timer counter 50 (TM50) ... 196

8-bit timer counter 51 (TM51) ... 196

8-bit timer mode control register 50 (TMC50) ... 198

8-bit timer mode control register 51 (TMC51) ... 198
External interrupt falling edge enable register (EGN) ... 432
External interrupt rising edge enable register (EGP) ... 432

[

IIC transfer clock select register 0 (IICCLO) ... 380
IIC control register 0 (IICCO) ... 372

IIC shift register 0 (1ICO0) ... 370

IIC status register 0 (IICS0) ... 377

Internal expansion RAM size switching register (IXS) ... 468
Interrupt mask flag register OH (MKOH) ... 430
Interrupt mask flag register OL (MKOL) ... 430
Interrupt mask flag register 1L (MK1L) ... 430
Interrupt request flag register OH (IFOH) ... 429
Interrupt request flag register OL (IFOL) ... 429
Interrupt request flag register 1L (IF1L) ... 429
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[(M]

Memory expansion mode register (MEM) ... 446

Memory expansion wait setting register (MM) ... 447
Memory size switching register (IMS) ... 467

[O]

Oscillation stabilization time select register (OSTS) ... 143, 455

[P]

Port 0 (PO) ... 109
Port 1 (P1) ... 111

Port 2 (P2) ... 112
Port 3 (P3) ... 116, 119
Port 4 (P4) ... 122
Port 5 (P5) ... 124
Port 6 (P6) ... 125
Port 7 (P7) ... 127

Port 8 (P8) ... 129

Port mode register 0 (PMO) ...
Port mode register 2 (PM2) ...
Port mode register 3 (PM3) ...
Port mode register 4 (PM4) ...
Port mode register 5 (PM5) ...
Port mode register 6 (PM6) ...
Port mode register 7 (PM7) ...

Port mode register 8 (PM8)

130

130, 261, 355
130, 292, 345, 381

130
130
130

130, 167, 201, 230

130, 355

Prescaler mode register 00 (PRMO0O) ... 165
Prescaler mode register 01 (PRMO1) ... 165

Priority specification flag register OH (PROH) ... 431

Priority specification flag register OL (PROL) ... 431
Priority specification flag register 1L (PR1L) ... 431
Processor clock control register (PCC) ... 140

Program status word (PSW) ... 84, 433

Pull-up resistor option
Pull-up resistor option
Pull-up resistor option
Pull-up resistor option
Pull-up resistor option
Pull-up resistor option
Pull-up resistor option
Pull-up resistor option

[R]

Receive buffer register 0 (RXBO) ...
Receive buffer register 2 (RXB2) ...

register 0 (PUO) ...
register 2 (PU2) ...
register 3 (PU3) ...
register 4 (PU4) ...
register 5 (PU5) ...
register 6 (PU6) ...
register 7 (PU7) ...
register 8 (PU8) ...

255
283

134
134
134
134
134
134
134
134
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[S]

Serial clock select register 1 (CSIC1) ... 354
Serial 1/0O shift register 1 (SIO1) ... 352

Serial /0O shift register 3 (SIO3) ... 343

Serial operation mode register 1 (CSIM1) ... 353
Serial operation mode register 3 (CSIM3) ... 343

16-bit timer capture/compare register 000 (CR000) ... 156
16-bit timer capture/compare register 001 (CR001) ... 156
16-bit timer capture/compare register 011 (CR011) ... 157
16-bit timer capture/compare register 010 (CR010) ... 157

16-bit timer counter 00 (TMOO) ... 156

16-bit timer counter 01 (TMO1) ... 156

16-bit timer mode control register 00 (TMCOO0) ... 158
16-bit timer mode control register 01 (TMCO01) ... 158
16-bit timer output control register 00 (TOCOO0) ... 163
16-bit timer output control register 01 (TOCO01) ... 163
Slave address register 0 (SVAOQ) ... 370

[T]

Timer clock select register 50 (TCL50) ... 197

Timer clock select register 51 (TCL51) ... 197
Transfer mode specification register 2 (TRMC2) ... 291
Transmit buffer register 1 (SOTB1) ... 352

Transmit buffer register 2 (TXB2) ... 283

Transmit shift register 0 (TXSO0) ... 255

W]

Watch timer operation mode register (WTM) ... 218
Watchdog timer clock select register (WDCS) ... 223
Watchdog timer mode register (WDTM) ... 224
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D.2 Register Index (In Alphabetical Order with Respect to Register Symbol)

[A]
ADCRO:
ADMO:
ADSO:
ASIF2:
ASIMO:
ASIM2:
ASISO:
ASIS2:

[B]
BRGCO:
BRGC2:

[C]
CKS:
CKSEL2:
CRO000:
CRO001:
CRoO11:
CRO010:
CR50:
CR51:
CRCOO0:
CRCO1:
CSIC1:
CSIM1:
CSIM3:

[E]
EGN:
EGP:

L]
IFOH:
IFOL:
IF1L:
1ICO:
IICCO:
IICCLO:
IICSO0:
IMS:
IXS:

A/D conversion result register 0 ... 233
A/D converter mode register 0 ... 235
Analog input channel specification register 0 ... 237

Asynchronous serial interface transmit status register 2 ... 285

Asynchronous serial interface mode register 0 ... 257
Asynchronous serial interface mode status register 2 ... 286
Asynchronous serial interface status register 0 ... 256
Asynchronous serial interface status register 2 ... 284

Baud rate generator control register 0 ... 259
Baud rate generator control register 2 ... 288

Clock output select register ... 228

Clock select register 2 ... 289

16-bit timer capture/compare register 000 ... 156
16-bit timer capture/compare register 001 ... 156
16-bit timer capture/compare register 011 ... 157
16-bit timer capture/compare register 010 ... 157
8-bit timer compare register 50 ... 196

8-bit timer compare register 51 ... 196
Capture/compare control register 00 ... 161
Capture/compare control register 01 ... 161
Serial clock select register 1 ... 354

Serial operation mode register 1 ... 353

Serial operation mode register 3 ... 343

External interrupt falling edge enable register ... 432
External interrupt rising edge enable register ... 432

Interrupt request flag register OH ... 429

Interrupt request flag register OL ... 429

Interrupt request flag register 1L ... 429

IIC shift register 0 ... 370

IIC control register 0 ... 372

IIC transfer clock select register 0 ... 380

IIC status register 0 ... 377

Memory size switching register ... 467

Internal expansion RAM size switching register ... 468
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[M]

MEM: Memory expansion mode register ... 446
MKOH: Interrupt mask flag register OH ... 430

MKOL: Interrupt mask flag register OL ... 430

MK1L:  Interrupt mask flag register 1L ... 430

MM: Memory expansion wait setting register ... 447

[O]
OSTS: Oscillation stabilization time select register ... 143, 455

[P]

PO: Port 0 ... 109

P1: Port1 ... 111

P2: Port2 ... 112

P3: Port 3 ... 116, 119
P4: Port 4 ... 122

P5: Port5 ... 124

P6: Port 6 ... 125

P7: Port 7 ... 127

P8: Port 8 ... 129
PCC: Processor clock control register ... 140

PMO: Port mode register 0 ... 130

PM2: Port mode register 2 ... 130, 261, 355
PM3: Port mode register 3 ... 130, 292, 345, 381
PM4: Port mode register 4 ... 130

PM5: Port mode register 5 ... 130

PM6: Port mode register 6 ... 130

PM7: Port mode register 7 ... 130, 167, 201, 230
PM8: Port mode register 8 ... 130, 355

PROH:  Priority specification flag register OH ... 431
PROL: Priority specification flag register OL ... 431
PR1L: Priority specification flag register 1L ... 431
PRMO0O: Prescaler mode register 00 ... 165
PRMO01: Prescaler mode register 01 ... 165

PSW: Program status word ... 84, 433

PUO: Pull-up resistor option register 0 ... 134
PU2: Pull-up resistor option register 2 ... 134
PUS3: Pull-up resistor option register 3 ... 134
PU4: Pull-up resistor option register 4 ... 134
PUS5: Pull-up resistor option register 5 ... 134
PUG6: Pull-up resistor option register 6 ... 134
PU7: Pull-up resistor option register 7 ... 134
PUS8: Pull-up resistor option register 8 ... 134

[R]
RXBO0:  Receive buffer register 0 ... 255
RXB2: Receive buffer register 2 ... 283
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[S]
SI01:
SI103:
SOTBH1:
SVAO:

[T]
TCL50:
TCL51:
TMOO:
TMO1:
TM50:
TM51:
TMCO00:
TMCO1:
TMC50:
TMC51:
TOCO00:
TOCO1:
TRMC2:
TXB2:
TXSO0:

(W]
WDCS:
WDTM:
WTM:

Serial 1/0O shift register 1 ... 352
Serial 1/0O shift register 3 ... 343
Transmit buffer register 1 ... 352
Slave address register 0 ... 370

Timer clock select register 50 ... 197

Timer clock select register 51 ... 197

16-bit timer counter 00 ... 156

16-bit timer counter 01 ... 156

8-bit timer counter 50 ... 196

8-bit timer counter 51 ... 196

16-bit timer mode control register 00 ... 158
16-bit timer mode control register 01 ... 158
8-bit timer mode control register 50 ... 198
8-bit timer mode control register 51 ... 198
16-bit timer output control register 00 ... 163
16-bit timer output control register 01 ... 163
Transfer mode specification register 2 ... 291
Transmit buffer register 2 ... 283

Transmit shift register 0 ... 255

Watchdog timer clock select register ... 223
Watchdog timer mode register ... 224
Watch timer operation mode register ... 218
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APPENDIX E REVISION HISTORY

The history of revisions made up to this edition is shown below.

(1/4)

Edition

Contents

Applied to:

2nd

Addition of the following package.
e 64-pin plastic LQFP (GC-8BS type)

Addition of expanded-specification products to the uPD780078 Subseries

Throughout

Addition of 1.1 Expanded-Specification Products and Conventional Products

Modification of voltage operation range of A/D converter in 1.8 Outline of
Functions

CHAPTER 1 OUTLINE
(uPD780078 SUBSERIES)

Modification of voltage operation range of A/D converter in 2.7 Outline of
Functions

CHAPTER 2 OUTLINE
(uPD780078Y
SUBSERIES)

Addition of description about pin processing in 3.2.17 Vep (flash memory version
only)

Modification of 1/O circuit types of P32 and P33 in Table 3-1 Pin 1/0 Circuit
Types

CHAPTER 3 PIN FUNC-
TION (uPD780078
SUBSERIES)

Addition of description about pin processing in 4.2.17 Vep (flash memory version
only)

CHAPTER 4 PIN FUNC-
TION (uPD780078Y
SUBSERIES)

Addition of description about programming area in 5.1.2 (1) Internal high-speed
RAM and (2) Internal expansion RAM

Modification of Figure 5-10 Data to Be Saved to Stack Memory and Figure 5-11
Data to Be Restored from Stack Memory

Modification of [Description example] in 5.4.4 Short direct addressing

Addition of [lllustration] in 5.4.7 Based addressing, 5.4.8 Based indexed
addressing, and 5.4.9 Stack addressing

CHAPTER 5 CPU ARCHI-
TECTURE

Modification of port block diagrams (Figure 6-2 Block Diagram of P00 to P03 to
Figure 6-21 Block Diagram of P80 )

Addition of Table 6-6 Port Mode Registers and Output Latch Setting When
Alternate Function Is Used

CHAPTER 6 PORT
FUNCTIONS

Addition of description of internal feedback resistor and oscillation stabilization

CHAPTER 7 CLOCK

time select register (OSTS) in 7.3 Clock Generator Control Register GENERATOR
Deletion of 8.5.6 One-shot pulse output operation in the previous edition CHAPTER 8 16-BIT
TIMER/EVENT

Modification of Figure 8-1 Block Diagram of 16-Bit Timer/Event Counter 00
and Figure 8-2 Block Diagram of 16-Bit Timer/Event Counter 01

Change of Table 8-2 TI0On Pin Valid Edge and CR00On, CRO1n Capture Trigger
and Table 8-3 TI01n Pin Valid Edge and CR00n Capture Trigger in the
previous edition to Table 8-2 CR00On Capture Trigger and Valid Edges of TIOOn
and TI01n Pins and Table 8-3 CR01n Capture Trigger and Valid Edge of TIOOn
Pin (CRCO02n = 1)

Change of explanation order of each function in 8.4 Operation of 16-Bit Timer/
Event Counters 00, 01

Addition of Figure 8-31 PPG Output Configuration Diagram and Figure 8-32
PPG Output Operation Timing

COUNTERS 00, 01
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(2/4)

Edition

Contents

Applied to:

2nd

Addition of 8.5 Program List

Modification of 8.6 (3) Capture register data retention timing
Addition of (11) STOP mode or main system clock stop mode setting

CHAPTER 8 16-BIT
TIMER/EVENT
COUNTERS 00, 01

Modification of Figure 9-1 Block Diagram of 8-Bit Timer/Event Counter 50 and
Figure 9-2 Block Diagram of 8-Bit Timer/Event Counter 51

Deletion of Caution in Figure 9-5 Format of 8-Bit Timer Mode Control Register
50 (TMC50) and Figure 9-6 Format of 8-Bit Timer Mode Control Register 51
(TMC51)

Addition of [Setting] in 9.4.2 External event counter operation

Addition of description about frequency to [Setting] in 9.4.3 Square-wave output
(8-bit resolution) operation

Addition of descriptions about frequency and duty ratio to [Setting] in 9.4.4 8-bit
PWM output operation

Addition of 9.5 Program List

Deletion of 9.6 (2) Operation after compare register transition during timer
count operation in the previous edition

CHAPTER 9 8-BIT TIMER/
EVENT COUNTERS 50, 51

Deletion of Oscillation stabilization time select register (OSTS) from 11.4

CHAPTER 11 WATCH-

Registers to Control Watchdog Timer in the previous edition DOG TIMER

Modification of Figure 12-1 Block Diagram of Clock Output/Buzzer Output CHAPTER 12 CLOCK

Controller OUTPUT/BUZZER
OUTPUT CONTROL
CIRCUITS

Addition of Figure 13-2 Format of A/D Conversion Result Register 0 (ADCRO0)

Modification of description in 13.2 (3) Sample & hold circuit and (4) Voltage
comparator, and addition of (9) ADTRG pin

Addition of Table 13-2 ADCS0 and ADCEOQ Settings and Figure 13-4 Timing
Chart When Boost Reference Voltage Generator Is Used

Addition of Table 13-3 Sampling Time and A/D Conversion Start Delay Time
of A/D Converter

Deletion of 13.6 (4) Noise countermeasures (those deleted are added to Figure
13-20 Example of Connecting Capacitor to AVrer Pin and Figure 13-22
Example of Connection When Signal Source Impedance Is High)

Addition of (13) Input impedance of ANIO to ANI7 pins

CHAPTER 13 A/D CON-

VERTER

Modification of Figure 14-1 Block Diagram of Serial Interface UARTO

Shift of description about asynchronous serial interface status register 0 (ASIS0)
from 14.3 Registers to Control Serial Interface UARTO to 14.2 Configuration
of Serial Interface UARTO

Addition of Caution in Figure 14-7 Error Tolerance (When k = 0), Including
Sampling Errors

Modification of Caution in Figure 14-10 Timing of Asynchronous Serial
Interface Receive Completion Interrupt Request

Addition of (1) Registers to be used and (3) Relationship between main
system clock and baud rate in 14.4.3 Infrared data transfer mode

Addition of Table 14-6 Register Settings

CHAPTER 14 SERIAL
INTERFACE UARTO
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(3/4)

Edition

Contents

Applied to:

2nd

Modification of Figure 15-1 Block Diagram of Serial Interface UART2

Shift of descriptions about asynchronous serial interface status register 2 (ASIS2)
and asynchronous serial interface transmit status register 2 (ASIF2) from 15.3
Registers to Control Serial Interface UART2 to 15.2 Configuration of Serial
Interface UART2

Modification of Caution 1 and addition of Cautions 2 and 3 in Figure 15-4
Format of Asynchronous Serial Interface Transmit Status Register 2 (ASIF2)

Addition of Notes 7 and 8 in Figure 15-8 Format of Transfer Mode
Specification Register 2 (TRMC2)

Modification of error values in Table 15-2 Relationship Between Main System
Clock and Baud Rate

Addition of Caution in Table 15-3 Maximum Permissible Baud Rate Error and
Minimum Permissible Baud Rate Error

Modification of the INTST2 timing in (ii) and (iii) of Figure 15-12 Timing of
Asynchronous Serial Interface Transmit Completion Interrupt Request

Division of Table 15-6 Transmission Status and Writing to TXB2 in the
previous edition into Table 15-4 Writing to TXBF and TXB2 (When Successive
Transmission Is Started) and Table 15-5. Writing to TXSF and TXB2 (When
Successive Transmission Is in Progress)

Modification of Figure 15-14 Timing of Starting Successive Transmission

Modification of Figure 15-15 Timing of Completing Successive Transmission

Modification of Figure 15-17 Receive Error Timing

Addition of Table 15-10 Register Settings

CHAPTER 15 SERIAL
INTERFACE UART2

Modification of Figure 16-1 Block Diagram of Serial Interface SIO3

Addition of Notes 3 and 4 in Figure 16-2 Format of Serial Operation Mode
Register 3 (CSIM3)

Addition of Table 16-2 Register Settings

CHAPTER 16 SERIAL

INTERFACE SIO3

Modification of Figure 17-1 Block Diagram of Serial Interface CSI1

Addition of description about SS1 pin in 17.4.2 (2) Communication operation

Modification of Figure 17-6 Timing of 3-Wire Serial /0O Mode

Modification of Figure 17-8 Output Operation of First Bit

Modification of Figure 17-9 Output Value of SO1 Pin (Last Bit)

Deletion of 17.4.2 (6) SCK1 pin and (7) SO1 pin in the previous edition

Addition of Table 17-2 Register Settings

CHAPER 17 SERIAL

INTERFACE CSI1

Modification of Figure 18-1 Block Diagram of Serial Interface 11C0

Incorporation of 18.3 (4) IIC shift register 0 (IIC0) and (5) Slave address
register 0 (SVAO) in the previous edition into 18.2 (1) IIC shift register 0 (1IC0)
and (2) Slave address register 0 (SVAO), respectively

Addition of description to “Transfer Lines” in Figure 18-16 Wait Signal

Addition of descriptions to Notes 1 and 2 in Table 18-2 INTIICO Timing and Wait
Control

Modification of Figure 18-21 Master Operation Flowchart and Figure 18-22
Slave Operation Flowchart

CHAPTER 18 SERIAL

INTERFACE IICO

1PD780078Y SUBSERIES

ONLY)
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(4/4)

Edition

Contents

Applied to:

2nd

Modification of 18.5.16 (3) (d) (ii) When WTIMO = 1 (after restart, does not
match with address (= not extension code))

Modification of (1) Start condition ~ address and (2) Data in Figure 18-23
Example of Master to Slave Communication (When 9-Clock Wait Is Selected
for Both Master and Slave)

Modification of Figure 18-24 Example of Slave to Master Communication
(When 9-Clock Wait Is Selected for Both Master and Slave)

CHAPTER 18 SERIAL
INTERFACE 1ICO
(uPD780078Y SUBSERIES
ONLY)

Modification of (E) Software interrupt in Figure 19-1 Basic Configuration of
Interrupt Function

Addition of Cautions 3 and 4 in Figure 19-2 Format of Interrupt Request Flag
Register (IFOL, IFOH, IF1L)

Addition of Caution in Figure 19-5 Format of External Interrupt Rising Edge
Enable Register (EGP), External Interrupt Falling Edge Enable Register
(EGN)

Addition of description and Remark in 19.4.1 Non-maskable interrupt request
acknowledgment operation

Addition of description in 19.4.2 Maskable interrupt acknowledgment operation

Addition of item to Table 19-4 Interrupt Requests Enabled for Multiple
Interrupt Servicing

CHAPTER 19 INTERRUPT
FUNCTIONS

Addition of description about when using expanded-specification products

CHAPTER 20 EXTERNAL
DEVICE EXPANSION
FUNCTION

Addition of clock output and buzzer output in Table 21-1 HALT Mode Operating
Statuses

Modification of clock output in Table 21-3 STOP Mode Operating Statuses

CHAPTER 21 STANDBY
FUNCTION

Modification of chapter

CHAPTER 23
uPD78F0078, 78F0078Y

Addition of chapters

CHAPTER 25 ELECTRI-
CAL SPECIFICATIONS

CHAPTER 26 PACKAGE
DRAWINGS

CHAPTER 27 RECOM-
MENDED SOLDERING
CONDITIONS

Addition of Table A-2 Major Differences Between uPD780018F, 780024A,
780034A, and 780078 Subseries (Software)

APPENDIX A DIFFER-
ENCES BETWEEN
puPD78018F, 780024A,
780034A, AND 780078
SUBSERIES

Modification of chapter

APPENDIX B DEVELOP-
MENT TOOLS

Addition of chapters

APPENDIX C NOTES ON
TARGET SYSTEM
DESIGN

APPENDIX E REVISION
HISTORY
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