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NOTES FOR CMOS DEVICES

@ PRECAUTION AGAINST ESD FOR SEMICONDUCTORS

Note:

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

@ HANDLING OF UNUSED INPUT PINS FOR CMOS

Note:

No connection for CMOS device inputs can be cause of malfunction. If no connection is provided
to the input pins, itis possible that an internal input level may be generated due to noise, etc., hence
causing malfunction. CMOS devices behave differently than Bipolar or NMOS devices. Inputlevels
of CMOS devices must be fixed high or low by using a pull-up or pull-down circuitry. Each unused
pin should be connected to 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, 1/0 settings or contents of registers. Device is not initialized until the
reset signal is received. Reset operation must be executed immediately after power-on for devices
having reset function.

EEPROM, 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 International Business Machines Corporation.

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

SPARCstation is a trademark of SPARC International, Inc.

Solaris and SunOS are trademarks of Sun Microsystems, Inc.

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.
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Purchase of NEC Electronics [2C components conveys a license under the Philips 12C Patent Rights to use these
components in an I12C system, provided that the system conforms to the 12C Standard Specification as defined by
Philips.

e The information in this document is current as of March, 2003. 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.

e 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.

o 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.

e 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.

e 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 Espafa NEC Electronics Hong Kong Ltd.
Madrid, Spain Seoul Branch
Tel: 091-504 27 87 Seoul, Korea

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

Milano, Italy NEC Electronics Taiwan Ltd
Tel: 02-66 75 41 Taipei, Taiwan

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

Tel: 040-24458 45 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 (1/3)

Page Description
Throughout Addition of the following products
uPD780021AY(A), 780022AY(A), 780023AY(A), 780024AY (A),
uPD780031AY(A), 780032AY(A), 780033AY(A), 780034AY(A),
uPD78F0034B, 78F0034B(A), 78F0034BY, 78F0034BY(A)
Addition of the following packages
e 64-pin plastic LQFP (GC-8BS type)
e 73-pin plastic FBGA (F1-CN3 type)
Addition of expanded-specification products to uPD780024A, 780034A Subseries
p.34 Addition of 1.1 Expanded-Specification Products and Conventional Products
p.54 Addition of 1.10 Correspondence Between Mask ROM Versions and Flash Memory Versions
p.54 Modification of 1.11 Differences Between Standard Grade Products and Special Grade Products
p.55 Addition of 1.12 Correspondence Between Products and Packages
p.74 Addition of 2.9 Correspondence Between Mask ROM Versions and Flash Memory Versions
p.75 Modification of 2.10 Differences Between Standard Grade Products and Special Grade Products
p.75 Addition of 2.11 Correspondence Between Products and Packages
p.84 Addition of description of pin processing in 3.2.18 Ver (flash memory versions only)
p.85 Modification of Table 3-1 Pin I/O Circuit Types
p.96 Addition of description of pin processing in 4.2.18 Vep (flash memory versions only)
p.97 Modification of Table 4-1 Pin I/O Circuit Types
p.108 Addition of description of program area in 5.1.2 Internal data memory space
pp.116, 117 Modification of Figure 5-14 Data to Be Saved to Stack Memory and Figure 5-15 Data to Be Restored from
Stack Memory
p.130 Modification of [Description example] in 5.4.4 Short direct addressing

pp.133 to 135

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

pp.140 to 160

Modification of port block diagram (Figures 6-2 Block Diagram of P00 to P03 to 6-23 Block Diagram of P74
and P75)

p.163 Addition of Table 6-6 Port Mode Registers and Output Latch Settings When Alternate Function Is Used

pp.171, 174 Addition of description of internal feedback resistor and oscillation stabilization time select register (OSTS) in
7.3 Clock Generator Control Registers

p.185 Modification of Figure 8-1 Block Diagram of 16-Bit Timer/Event Counter 0

pp.186, 187 Modification of Tables 8-2 TI00/TO0/P70 Pin Valid Edge and CR00, CRO1 Capture Trigger and 8-3 TIO01/
P71 Pin Valid Edge and CR00 Capture Trigger in 2nd edition to Table 8-2 CR00 Capture Trigger and Valid
Edges of TI0OO and TI0O1 Pins and Table 8-3 CRO1 Capture Trigger and Valid Edge of TI0O0 Pin (CRC02
=1)

p.194 Modification of description procedure of each function in 8.4 Operation of 16-Bit Timer/Event Counter 0

p.208 Addition of Figure 8-26 PPG Output Configuration Diagram and Figure 8-27 PPG Output Operation Timing

p.209 Addition of 8.5 Program List

pp.216, 218 Modification of 8.6 (3) Capture register data retention timing and addition of (11) STOP mode or main

system clock stop mode setting
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Major Revisions in This Edition (2/3)

Page Description

p.220 Modification of Figures 9-1 Block Diagram of 8-Bit Timer/Event Counter 50 and 9-2 Block Diagram of 8-
Bit Timer/Event Counter 51

pp.224, 225 Deletion of Caution in Figures 9-5 Format of 8-Bit Timer Mode Control Register 50 (TMC50) and 9-6 Format
of 8-Bit Timer Mode Control Register 51 (TMC51)

p.231 Addition of [Setting] in 9.4.2 External event counter operation

p.232 Addition of description of frequency to [Setting] in 9.4.3 Square-wave output (8-bit resolution) operation

p.233 Addition of description of cycle and duty ratio to [Setting] in 9.4.4 8-bit PWM output operation

p.238 Addition of 9.5 Program List

p.200 in 2nd Deletion of 9.5 (2) Operation after compare register change during timer count operation in 2nd edition

edition

p.208 in 2nd Deletion of oscillation stabilization time select register (OSTS) from 11.3 Registers to Control Watchdog

edition Timer in 2nd edition

p.252 Modification of Figure 12-1 Block Diagram of Clock Output/Buzzer Output Controller

pp.259, 260 Modification of description in 13.2 (3) Sample & hold circuit, (4) Voltage comparator, and addition of (10)
ADTRG pin

p.266 Addition of Table 13-2 Sampling Time and A/D Conversion Start Delay Time of A/D Converter

pp.277, 278 Deletion of 13.6 (4) Noise countermeasures (contents of deletion are added to Figure 13-18 Example of
Connecting Capacitor to AVrer Pin and Figure 13-20 Example of Connection If Signal Source Impedance
Is High), and addition of (14) Input impedance of ANIO to ANI7 pins

p.278 Modification of Table 13-3 Resistances and Capacitances of Equivalent Circuit (Reference Values)

p.281 Addition of Figure 14-2 Format of A/D Conversion Result Register 0 (ADCRO)

pp.281, 282 Modification of description in 14.2 (3) Sample & hold circuit, (4) Voltage comparator, and addition of (10)
ADTRG pin

p.288 Addition of Table 14-2 Sampling Time and A/D Conversion Start Delay Time of A/D Converter

pp.298, 299 Deletion of 14.6 (4) Noise countermeasures (contents of deletion are added to Figure 14-19 Example of
Connecting Capacitor to AVrer Pin and Figure 14-21 Example of Connection If Signal Source Impedance
Is High), and addition of (14) Input impedance of ANIO to ANI7 pins

p.299 Modification of Table 14-3 Resistances and Capacitances of Equivalent Circuit (Reference Values)

p.302 Modification of Figure 16-1 Block Diagram of Serial Interface UARTO

p.304 Move of description of asynchronous serial interface status register 0 (ASIS0) in 16.3 Registers to Control
Serial Interface UARTO to 16.2 Configuration of Serial Interface UARTO

p.315 Addition of Caution in Figure 16-7 Error Tolerance (When k = 0 ), Including Sampling Errors

p.319 Modification of Caution in Figure 16-10 Timing of Asynchronous Serial Interface Receive Completion
Interrupt Request

pp.321, 326 Addition of (1) Registers to be used and (3) Relationship between main system clock and baud rate in
16.4.3 Infrared data transfer mode

p.328 Addition of Table 16-6 Register Settings

p.329 Modification of Figure 17-1 Block Diagram of Serial Interface SIO3n

pp.332, 333 Addition of Note 3 and Caution in Figures 17-2 Format of Serial Operation Mode Register 30 (CSIM30)
and 17-3 Format of Serial Operation Mode Register 31 (CSIM31)

p.339 Addition of Table 17-2 Register Settings

p.341 Modification of Figure 18-1 Block Diagram of Serial Interface 1ICO
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Major Revisions in This Edition (3/3)

Page Description

p.343 Unification of 18.2 (1) IIC shift register 0 (IIC0) and (4) IIC shift register 0 (11C0) in 2nd edition, and (2) Slave
address register 0 (SVA0) and (3) Slave address register 0 (SVAO0) in 2nd edition

p.360 Addition of description to “Transfer lines” in Figure 18-16 Wait Signal

p.362 Addition of description to Notes 1 and 2 in Table 18-2 INTIICO Timing and Wait Control

p.369 Modification of Figure 18-21 Master Operation Flowchart

p.374 Modification of 18.5.15 (2) Slave operation

p.396 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)

p.399 Modification of Figure 18-24 Example of Slave to Master Communication (When 9-Clock Wait Is Selected
for Both Master and Slave)

p.405 Modification of (E) Software interrupt in Figure 19-1 Basic Configuration of Interrupt Function

p.407 Addition of Caution 5 in Figure 19-2 Format of Interrupt Request Flag Registers (IFOL, IFOH, IF1L)

p.410 Addition of Caution in Figure 19-5 Format of External Interrupt Rising Edge Enable Register (EGP),
External Interrupt Falling Edge Enable Register (EGN)

p.412 Addition of description and Remark in 19.4.1 Non-maskable interrupt request acknowledgment operation

p.415 Addition of description in 19.4.2 Maskable interrupt request acknowledgment operation

p.418 Addition of an item in Table 19-4 Interrupt Requests Enabled for Nesting During Interrupt Servicing

p.422 Addition of description of using expanded-specification products in CHAPTER 20 EXTERNAL DEVICE
EXPANSION FUNCTION

p.435 Addition of clock output and buzzer output in Table 21-1 HALT Mode Operating Statuses

p.438 Modification of clock output in Table 21-3 STOP Mode Operating Statuses

p.445 Revision of CHAPTER 23 uPD78F0034A, 78F0034B, 78F0034AY, 78F0034BY

p.487 Addition of CHAPTER 25 ELECTRICAL SPECIFICATIONS (EXPANDED-SPECIFICATION PRODUCTS: fx
=1.0 TO 12 MHz)

p.518 Addition of CHAPTER 26 ELECTRICAL SPECIFICATIONS (CONVENTIONAL PRODUCTS: fx=1.0 TO 8.38
MHz)

p.550 Addition of CHAPTER 27 PACKAGE DRAWINGS

p.556 Addition of CHAPTER 28 RECOMMENDED SOLDERING CONDITIONS

p.561 Revision of APPENDIX A DIFFERENCES BETWEEN ©PD78018F, 780024A, 780034A, AND 780078
SUBSERIES

p.564 Revision of APPENDIX B DEVELOPMENT TOOLS

p.581 Addition of APPENDIX C NOTES ON TARGET SYSTEM DESIGN

The mark x shows major revised points.
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Readers

Purpose

Organization

10

INTRODUCTION

This manual has been prepared for user engineers who understand the functions of the
uPD780024A, 780034A, 780024AY, and 780034AY Subseries and wish to design and
develop application systems and programs for these devices.

e uPD780024A Subseries
uPD780021A, 780022A, 780023A, 780024A
uPD780021A(A), 780022A(A), 780023A(A), 780024A(A)
e uPD780034A Subseries
uPD780031A, 780032A, 780033A, 780034A, 78F0034A, 78F0034B
uPD780031A(A), 780032A(A), 780033A(A), 780034A(A), 78F0034B(A)
e uPD780024AY Subseries
uPD780021AY, 780022AY, 780023AY, 780024AY
uPD780021AY(A), 780022AY(A), 780023AY(A), 780024AY (A)
e uPD780034AY Subseries
uPD780031AY, 780032AY, 780033AY, 780034AY, 78F0034AY, 78F0034BY
uPD780031AY(A), 780032AY(A), 780033AY(A), 780034AY(A), 78F0034BY(A)

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

The uPD780024A, 780034A, 780024AY, and 780034AY Subseries manual is separated
into two parts: this manual and the instructions edition (common to the 78K/0 Series).

uPD780024A, 780034A, 780024AY, 780034AY 78K/0 Series
Subseries User’s Manual User’s Manual
(This Manual) Instructions
* Pin functions + CPU functions
 Internal block functions * Instruction set
* Interrupt « Explanation of each instruction

» Other on-chip peripheral functions
* Electrical specifications
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How To Read This Manual It is assumed that the reader of this manual has general knowledge in the fields of
electrical engineering, logic circuits, and microcontrollers.

» For readers who use this as an (A) product:

— Standard products differ from (A) products in their quality grade only. Re-read the

product name as indicated below if your product is an (A) product.

uPD780021A — uPD780021A(A
uPD780022A — uPD780022A(A
uPD780023A — uPD780023A(A

uPD780031A — uPD780031A(A
uPD780032A — uPD780032A(A

uPD780021AY — uPD780021AY (A
uPD780022AY — uPD780022AY (A
uPD780023AY — uPD780023AY (A
uPD780024AY — uPD780024AY (A
uPD780031AY — uPD780031AY
uPD780032AY — uPD780032AY (A

(

(

(
1PD780024A — uPD780024A(A

(

(

(

uPD780033A — uPD780033A(A
uPD780034A — uPD780034A(A
uPD78F0034B — uPD78F0034B(A)

uPD780033AY — uPD780033AY (A
uPD780034AY — uPD780034AY (A
uPD78F0034BY — uPD78F0034BY(A)

NN N N e N N )

(A)
(A)
(A)
(A)
(A)
(A)
(A)
(A)

(

* To gain a general understanding of functions:
— Read this manual in the order of the contents.
* How to interpret the register format:
— For the bit number enclosed in brackets, the bit name is defined as a reserved word
in RA78KO0, and in CC78KO0, already defined in the header file named sfrbit.h.
» To check the details of a register when you know the register name:
— See APPENDIX D REGISTER INDEX.
* To know the details of the 78K/0 Series instruction functions:
— Refer to the 78K/0 Series Instructions User’s Manual (U12326E).
» To know the electrical specifications of the uPD780024A, 780034A, 780024AY,
780034AY Subseries:
— See CHAPTER 25 ELECTRICAL SPECIFICATIONS (EXPANDED-SPECIFICATION
PRODUCTS: fx = 1.0 TO 12 MHz) and CHAPTER 26 ELECTRICAL
SPECIFICATIONS (CONVENTIONAL PRODUCTS: fx = 1.0 TO 8.38 MHz).

Caution Examples in this manual employ the “standard” quality grade for general
electronics. When using examples in this manual for the “special” quality
grade, review the quality grade of each part and/or circuit actually used.

Differences between uPD780024A, 780034A, 780024AY, and 780034AY Subseries
The configuration of the serial interface and the resolution of the A/D converter differ on uyPD780024A, 780034A,
780024AY, and 780034AY Subseries products.

Subseries uPD780024A uPD780034A uPD780024AY uPD780034AY
Iltem
Configuration of 3-wire serial I/O mode | 2ch (S1030, SIO31) 1ch (SIO30 only)
serial interface UART mode 1ch 1ch
I2C mode None 1ch
A/D converter 8-bit resolution 10-bit resolution | 8-bit resolution 10-bit resolution
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Chapter Organization

below. Read only the chapters related to the device you use.

This manual divides the descriptions for the subseries into different chapters as shown

Chapter

uPD780024A
Subseries

uPD780034A
Subseries

UPD780024AY
Subseries

uUPD780034AY]
Subseries

Chapter 1

Outline (uPD780024A, 780034A Subseries)

\/

\/

Chapter 2

Outline (uPD780024AY, 780034AY Subseries)

\/

\/

Chapter 3

Pin Function (uPD780024A, 780034A Subseries)

<

<

Chapter 4

Pin Function (uPD780024AY, 780034AY Subseries)

Chapter 5

CPU Architecture

Chapter 6

Port Functions

Chapter 7

Clock Generator

Chapter 8

16-Bit Timer/Event Counter 0

Chapter 9

8-Bit Timer/Event Counters 50, 51

Chapter 10

Watch Timer

Chapter 11

Watchdog Timer

Chapter 12

Clock Output/Buzzer Output Controller

2 |2 | 2| 2| 2|2 =<|<

2 |2 | 2| 2| 22| 2| 2|

Chapter 13

8-Bit A/D Converter
(uPD780024A, 780024AY Subseries)

P N = - i R I R

R N = - = R I R

Chapter 14

10-Bit A/D Converter
(uPD780034A, 780034AY Subseries)

Chapter 15

Serial Interface Outline

Chapter 16

Serial Interface UARTO

Chapter 17

Serial Interface SIO3

Chapter 18

Serial Interface [ICO
(uPD780024AY, 780034AY Subseries only)

2 | 2| 2| =<

2 | 2| 2| =<

Chapter 19

Interrupt Functions

Chapter 20

External Device Expansion Function

Chapter 21

Standby Function

Chapter 22

Reset Function

Chapter 23

uPD78F0034A, 78F0034B, 78F0034AY, 78F0034BY

Chapter 24

Instruction Set

Chapter 25

Electrical Specifications (Expanded-Specification
Products: fx = 1.0 to 12 MHz)

2 | 2| 2| 2| 2| 2| <

2 | 2| 2| 2| 2| 2| <

2 | 2| 2| 2| 2| 2| <

2 | 2| 2| 2| 2| 2| <

Chapter 26

Electrical Specifications (Conventional Products:
fx = 1.0 to 8.38 MHz)

Chapter 27

Package Drawings

Chapter 28

Recommended Soldering Conditions

Conventions Data significance:

12

Active low representation: XXX (overscore over pin or signal name)

Higher digits on the left and lower digits on the right

Note: Footnote for item marked with Note in the text

Caution: Information requiring particular attention

Remark: Supplementary information

Numerical representation: Binary
Decimal
Hexadecimal

s XXXX OF XxXxxB

User’'s Manual U14046EJ3VOUD
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Related Documents

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

Documents Related to Devices

However, preliminary

Document Name

Document No.

uPD780024A, 780034A, 780024AY, 780034AY Subseries User’s Manual This manual
78K/0 Series Instructions User's Manual U12326E
78K/0 Series Basic (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 to Development Tools (Hardware) (User’s Manuals)

Document Name

Document No.

IE-78K0-NS In-Circuit Emulator

U13731E

|E-78K0-NS-A In-Circuit Emulator

U14889E

|E-78K0-NS-PA Performance Board

To be prepared

IE-780034-NS-EM1 Emulation Board

U14642E

IE-78001-R-A In-Circuit Emulator

U14142E

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

To be prepared

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

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

latest version of each document for designing.
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* Other Documents

Document Name Document No.
SEMICONDUCTOR SELECTION GUIDE - Products 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 related documents listed above are subject to change without notice. Be sure to use the
latest version of each document for designing.
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CHAPTER 1 OUTLINE (uPD780024A, 780034A SUBSERIES)

x 1.1 Expanded-Specification Products and Conventional Products
The expanded-specification products and conventional products refer to the following products.

Expanded-specification products: uPD780021A, 780022A, 780023A, 780024A, 780031A, 780032A, 780033A,
780034A for which orders were received after December 1, 2001
(Products with a rankN°® other than K, E, P, X)
uPD78F0034B

Conventional products: Products other than the above expanded-specification products
(Products with rank™°* K, E, P, X)
uUPD78F0034A

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 X XX
Hf—/ Hf—/
Year Week 1
code code

Rank

Expanded-specification products and conventional products differ in the operating frequency ratings.

Power Supply Voltage (Vo) Guaranteed Operating Speed (Operating Frequency)
Conventional Products Expanded-Specification Products
45t055V 8.38 MHz (0.238 us) 12 MHz (0.166 us)
40t0o 55V 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)
271055V 5 MHz (0.4 us) 5 MHz (0.4 us)
1.8t055V 1.25 MHz (1.6 us) 1.25 MHz (1.6 us)

Remark The parenthesized values indicate the minimum instruction execution time.
Caution Only the conventional products are available in the uPD780024AY and 780034AY Subseries

(uPD780021AY, 780022AY, 780023AY, 780024AY, 780031AY, 780032AY, 780033AY, 780034AY,
78F0034AY, 78F0034BY).
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1.2 Features

Internal memory

Type Program Memory Data Memory
Part Number (ROM/Flash Memory) (High-Speed RAM)
uPD780021A, 780031A 8 KB 512 bytes
uPD780022A, 780032A 16 KB
uPD780023A, 780033A 24 KB 1024 bytes
uPD780024A, 780034A 32 KB
uPD78F0034A, 78F0034B | 32 KBNote 1024 bytesNote

Note The capacities of internal flash memory and internal high-speed RAM 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 product (0.166 us: @12
MHz operation with main system clock), conventional product (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

Fifty-one 1/O ports: (Four N-ch open-drain ports)

8-bit resolution A/D converter: 8 channels (uPD780024A Subseries only)

10-bit resolution A/D converter: 8 channels (uPD780034A Subseries only)

Serial interface: 3 channels
+ 3-wire serial /O mode: 2 channels
* UART mode:
Timer: Five channels

1 channel

» 16-bit timer/event counter: 1 channel
» 8-bit timer/event counter: 2 channels
« Watch timer: 1 channel
+ Watchdog timer: 1 channel

Vectored interrupt sources: 20

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

uPD780021A, 780022A, 780023A, 780024A

uPD780031A, 780032A, 780033A, 780034A, 78F0034A, 78F0034B
Home electric appliances, pagers, AV equipment, car audios, car electric equipment, office automation
equipment, etc.

1PD780021A(A), 780022A(A), 780023A(A), 780024A(A)

uPD780031A(A), 780032A(A), 780033A(A), 780034A(A), 78F0034B(A)
Control of transportation equipment, gas detection breakers, safety devices, etc.

36 User's Manual U14046EJ3VOUD



CHAPTER 1 OUTLINE (uPD780024A, 780034A SUBSERIES)

1.4 Ordering Information

(1) uPD780024A Subseries (1/2)

Part Number Package Internal ROM
uPD780021 ACW-xxx 64-pin plastic SDIP (19.05 mm (750)) Mask ROM
uPD780021AGC-xxx-AB8 64-pin plastic QFP (14 x 14) Mask ROM
uPD780021AGC-xxx-8BS 64-pin plastic LQFP (14 x 14) Mask ROM
uPD780021AGK-xxx-9ET 64-pin plastic TQFP (12 x 12) Mask ROM
uPD780021AGB-xxx-8EU 64-pin plastic LQFP (10 x 10) Mask ROM
uPD780021AF1-xxx-CN3 73-pin plastic FBGA (9 x 9) Mask ROM
uPD780022ACW-xxx 64-pin plastic SDIP (19.05 mm (750)) Mask ROM
uPD780022AGC-xxx-AB8 64-pin plastic QFP (14 x 14) Mask ROM
uPD780022AGC-xxx-8BS 64-pin plastic LQFP (14 x 14) Mask ROM
uPD780022AGK-xxx-9ET 64-pin plastic TQFP (12 x 12) Mask ROM
uPD780022AGB-xxx-8EU 64-pin plastic LQFP (10 x 10) Mask ROM
uPD780022AF 1-xxx-CN3 73-pin plastic FBGA (9 x 9) Mask ROM
uPD780023ACW-xxx 64-pin plastic SDIP (19.05 mm (750)) Mask ROM
uPD780023AGC-xxx-AB8 64-pin plastic QFP (14 x 14) Mask ROM
uPD780023AGC-xxx-8BS 64-pin plastic LQFP (14 x 14) Mask ROM
uPD780023AGK-xxx-9ET 64-pin plastic TQFP (12 x 12) Mask ROM
uPD780023AGB-xxx-8EU 64-pin plastic LQFP (10 x 10) Mask ROM
uPD780023AF 1-xxx-CN3 73-pin plastic FBGA (9 x 9) Mask ROM
uUPD780024ACW-xxx 64-pin plastic SDIP (19.05 mm (750)) Mask ROM
uPD780024AGC-xxx-AB8 64-pin plastic QFP (14 x 14) Mask ROM
uPD780024AGC-xxx-8BS 64-pin plastic LQFP (14 x 14) Mask ROM
uUPD780024AGK-xxx-9ET 64-pin plastic TQFP (12 x 12) Mask ROM
uPD780024AGB-xxx-8EU 64-pin plastic LQFP (10 x 10) Mask ROM
uUPD780024AF 1-xxx-CN3 73-pin plastic FBGA (9 x 9) Mask ROM

Remark xxx indicates ROM code suffix.
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(1) uPD780024A Subseries (2/2)

Part Number Package Internal ROM
1PD780021ACW(A)-xxx 64-pin plastic SDIP (19.05 mm (750)) Mask ROM
1PD780021AGC(A)-xxx-AB8 64-pin plastic QFP (14 x 14) Mask ROM
uPD780021AGC(A)-xxx-8BS 64-pin plastic LQFP (14 x 14) Mask ROM
1PD780021AGK(A)-xxx-9ET 64-pin plastic TQFP (12 x 12) Mask ROM
uPD780021AGB(A)-xxx-8EUNOte  64-pin plastic LQFP (10 x 10) Mask ROM
1PD780022ACW(A)-xxx 64-pin plastic SDIP (19.05 mm (750)) Mask ROM
1PD780022AGC(A)-xxx-AB8 64-pin plastic QFP (14 x 14) Mask ROM
1PD780022AGC(A)-xxx-8BS 64-pin plastic LQFP (14 x 14) Mask ROM
1PD780022AGK(A)-xxx-9ET 64-pin plastic TQFP (12 x 12) Mask ROM
uPD780022AGB(A)-xxx-8EUNote  64-pin plastic LQFP (10 x 10) Mask ROM
1PD780023ACW(A)-xxx 64-pin plastic SDIP (19.05 mm (750)) Mask ROM
1PD780023AGC(A)-xxx-AB8 64-pin plastic QFP (14 x 14) Mask ROM
1PD780023AGC(A)-xxx-8BS 64-pin plastic LQFP (14 x 14) Mask ROM
1PD780023AGK(A)-xxx-9ET 64-pin plastic TQFP (12 x 12) Mask ROM
uPD780023AGB(A)-xxx-8EUNote  64-pin plastic LQFP (10 x 10) Mask ROM
1PD780024ACW(A)-xxx 64-pin plastic SDIP (19.05 mm (750)) Mask ROM
1PD780024AGC(A)-xxx-AB8 64-pin plastic QFP (14 x 14) Mask ROM
1PD780024AGC(A)-xxx-8BS 64-pin plastic LQFP (14 x 14) Mask ROM
1PD780024AGK(A)-xxx-9ET 64-pin plastic TQFP (12 x 12) Mask ROM
uPD780024AGB(A)-xxx-8EUNOte  64-pin plastic LQFP (10 x 10) Mask ROM

Note Under development

Remark xxx indicates ROM code suffix.
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(2) uPD780034A Subseries (1/2)

Part Number Package Internal ROM
UPD780031ACW-xxx 64-pin plastic SDIP (19.05 mm (750)) Mask ROM
UPD780031AGC-xxx-AB8 64-pin plastic QFP (14 x 14) Mask ROM
uPD780031AGC-xxx-8BS 64-pin plastic LQFP (14 x 14) Mask ROM
UPD780031AGK-xxx-9ET 64-pin plastic TQFP (12 x 12) Mask ROM
uPD780031AGB-xxx-8EU 64-pin plastic LQFP (10 x 10) Mask ROM
UPD780031AF1-xxx-CN3 73-pin plastic FBGA (9 x 9) Mask ROM
UPD780032ACW-xxx 64-pin plastic SDIP (19.05 mm (750)) Mask ROM
UPD780032AGC-xxx-AB8 64-pin plastic QFP (14 x 14) Mask ROM
UPD780032AGC-xxx-8BS 64-pin plastic LQFP (14 x 14) Mask ROM
UPD780032AGK-xxx-9ET 64-pin plastic TQFP (12 x 12) Mask ROM
UPD780032AGB-xxx-8EU 64-pin plastic LQFP (10 x 10) Mask ROM
UPD780032AF 1-xxx-CN3 73-pin plastic FBGA (9 x 9) Mask ROM
uUPD780033ACW-xxx 64-pin plastic SDIP (19.05 mm (750)) Mask ROM
uPD780033AGC-xxx-AB8 64-pin plastic QFP (14 x 14) Mask ROM
uPD780033AGC-xxx-8BS 64-pin plastic LQFP (14 x 14) Mask ROM
uPD780033AGK-xxx-9ET 64-pin plastic TQFP (12 x 12) Mask ROM
uPD780033AGB-xxx-8EU 64-pin plastic LQFP (10 x 10) Mask ROM
uPD780033AF1-xxx-CN3 73-pin plastic FBGA (9 x 9) Mask ROM
UPD780034ACW-xxx 64-pin plastic SDIP (19.05 mm (750)) Mask ROM
UPD780034AGC-xxx-AB8 64-pin plastic QFP (14 x 14) Mask ROM
UPD780034AGC-xxx-8BS 64-pin plastic LQFP (14 x 14) Mask ROM
UPD780034AGK-xxx-9ET 64-pin plastic TQFP (12 x 12) Mask ROM
UPD780034AGB-xxx-8EU 64-pin plastic LQFP (10 x 10) Mask ROM
UPD780034AF1-xxx-CN3 73-pin plastic FBGA (9 x 9) Mask ROM

uPD78F0034ACW
uPD78F0034AGC-ABgNote
uPD78F0034AGC-8BS
uPD78F0034AGK-9ET
uPD78F0034AGB-8EU
uPD78F0034BGC-8BS
uPD78F0034BGK-9ET
uPD78F0034BGB-8EU
uPD78F0034BF1-CN3

Note Maintenance product

64-pin plastic SDIP (19.05 mm (750))
64-pin plastic QFP (14 x 14)
64-pin plastic LQFP (14 x 14
64-pin plastic TQFP (12 x 12
64-pin plastic LQFP (10 x 10
64-pin plastic LQFP (14 x 14
64-pin plastic TQFP (12 x 12
64-pin plastic LQFP (10 x 10
73-pin plastic FBGA (9 x 9)

)
)
)
)
)
)

o~~~ o~ o~ —~

Remark xxx indicates ROM code suffix.
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(2) uPD780034A Subseries (2/2)

Part Number Package Internal ROM
uPD780031ACW(A)-xxx 64-pin plastic SDIP (19.05 mm (750)) Mask ROM
uPD780031AGC(A)-xxx-AB8 64-pin plastic QFP (14 x 14) Mask ROM
uPD780031AGC(A)-xxx-8BS 64-pin plastic LQFP (14 x 14) Mask ROM
uPD780031AGK(A)-xxx-9ET 64-pin plastic TQFP (12 x 12) Mask ROM
UPD780031AGB(A)-xxx-8EUNOte  64_pin plastic LQFP (10 x 10) Mask ROM
uPD780032ACW(A)-xxx 64-pin plastic SDIP (19.05 mm (750)) Mask ROM
uPD780032AGC(A)-xxx-AB8 64-pin plastic QFP (14 x 14) Mask ROM
uPD780032AGC(A)-xxx-8BS 64-pin plastic LQFP (14 x 14) Mask ROM
uPD780032AGK(A)-xxx-9ET 64-pin plastic TQFP (12 x 12) Mask ROM
UPD780032AGB(A)-xxx-8EUNote  g4-pin plastic LQFP (10 x 10) Mask ROM
uPD780033ACW(A)-xxx 64-pin plastic SDIP (19.05 mm (750)) Mask ROM
uPD780033AGC(A)-xxx-AB8 64-pin plastic QFP (14 x 14) Mask ROM
uPD780033AGC(A)-xxx-8BS 64-pin plastic LQFP (14 x 14) Mask ROM
uUPD780033AGK(A)-xxx-9ET 64-pin plastic TQFP (12 x 12) Mask ROM
UPD780033AGB(A)-xxx-8EUNote  g4-pin plastic LQFP (10 x 10) Mask ROM
uUPD780034ACW(A)-xxx 64-pin plastic SDIP (19.05 mm (750)) Mask ROM
uPD780034AGC(A)-xxx-AB8 64-pin plastic QFP (14 x 14) Mask ROM
uPD780034AGC(A)-xxx-8BS 64-pin plastic LQFP (14 x 14 Mask ROM
uUPD780034AGK(A)-xxx-9ET 64-pin plastic TQFP (12 x 12 Mask ROM
UPD780034AGB(A)-xxx-8EUNOte  64_pin plastic LQFP (10 x 10 Mask ROM

1PD78F0034BGC(A)-8BS
1PD78F0034BGK(A)-9ET
1PD78F0034BGB(A)-8EU

Note Under development

64-pin plastic TQFP (12 x 12

)
)
)
)
)
64-pin plastic LQFP (10 x 10)

(
(
64-pin plastic LQFP (14 x 14
(
(

Remark xxx indicates ROM code suffix.
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1.5 Quality Grade

(1) uPD780024A Subseries (1/2)

Part Number Package Quality Grades
uPD780021 ACW-xxx 64-pin plastic SDIP (19.05 mm (750)) Standard
uPD780021AGC-xxx-AB8 64-pin plastic QFP (14 x 14) Standard
uPD780021AGC-xxx-8BS 64-pin plastic LQFP (14 x 14) Standard
uPD780021AGK-xxx-9ET 64-pin plastic TQFP (12 x 12) Standard
uPD780021AGB-xxx-8EU 64-pin plastic LQFP (10 x 10) Standard
uPD780021AF1-xxx-CN3 73-pin plastic FBGA (9 x 9) Standard
UPD780022ACW-xxx 64-pin plastic SDIP (19.05 mm (750)) Standard
uUPD780022AGC-xxx-AB8 64-pin plastic QFP (14 x 14) Standard
uUPD780022AGC-xxx-8BS 64-pin plastic LQFP (14 x 14) Standard
UPD780022AGK-xxx-9ET 64-pin plastic TQFP (12 x 12) Standard
uPD780022AGB-xxx-8EU 64-pin plastic LQFP (10 x 10) Standard
UPD780022AF 1-xxx-CN3 73-pin plastic FBGA (9 x 9) Standard
UPD780023ACW-xxx 64-pin plastic SDIP (19.05 mm (750)) Standard
UPD780023AGC-xxx-AB8 64-pin plastic QFP (14 x 14) Standard
uUPD780023AGC-xxx-8BS 64-pin plastic LQFP (14 x 14) Standard
UPD780023AGK-xxx-9ET 64-pin plastic TQFP (12 x 12) Standard
uPD780023AGB-xxx-8EU 64-pin plastic LQFP (10 x 10) Standard
UPD780023AF 1-xxx-CN3 73-pin plastic FBGA (9 x 9) Standard
UPD780024ACW-xxx 64-pin plastic SDIP (19.05 mm (750)) Standard
UPD780024AGC-xxx-AB8 64-pin plastic QFP (14 x 14) Standard
UPD780024AGC-xxx-8BS 64-pin plastic LQFP (14 x 14) Standard
UPD780024AGK-xxx-9ET 64-pin plastic TQFP (12 x 12) Standard
uPD780024AGB-xxx-8EU 64-pin plastic LQFP (10 x 10) Standard
UPD780024AF 1-xxx-CN3 73-pin plastic FBGA (9 x 9) Standard

Remark xxx indicates ROM code suffix.

Please refer to "Quality Grades on NEC Semiconductor Devices" (Document No. C11531E) published by

NEC Electronics Corporation to know the specification of the quality grade on the device and its
recommended applications.
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(1) uPD780024A Subseries (2/2)

Part Number

Package

Quality Grades

uPD780021ACW(A)-xxx
uPD780021AGC(A)-xxx-AB8
uPD780021AGC(A)-xxx-8BS
uPD780021AGK(A)-xxx-9ET
UPD780021AGB(A)-xxx-8EUNote
UPD780022ACW(A)-xxx
uPD780022AGC(A)-xxx-AB8
uPD780022AGC(A)-xxx-8BS
uPD780022AGK (A)-xxx-9ET
uPD780022AGB(A)-xxx-8EUNote
1UPD780023ACW(A)-xxx
uPD780023AGC(A)-xxx-AB8
uPD780023AGC(A)-xxx-8BS
uPD780023AGK(A)-xxx-9ET
UPD780023AGB(A)-xxx-8EUNote
UPD780024ACW(A)-xxx
uPD780024AGC(A)-xxx-AB8
uPD780024AGC(A)-xxx-8BS
uPD780024AGK(A)-xxx-9ET
UPD780024AGB(A)-xxx-8EUNote

Note Under development

64-pin plastic SDIP (19.05 mm (750))
64-pin plastic QFP (14 x 14)

64-pin plastic LQFP (14 x 14)

64-pin plastic TQFP (12 x 12)

64-pin plastic LQFP (10 x 10)

64-pin plastic SDIP (19.05 mm (750))
64-pin plastic QFP (14 x 14)

64-pin plastic LQFP (14 x 14)

64-pin plastic TQFP (12 x 12)

64-pin plastic LQFP (10 x 10)

64-pin plastic SDIP (19.05 mm (750))
64-pin plastic QFP (14 x 14)

64-pin plastic LQFP (14 x 14)

64-pin plastic TQFP (12 x 12)

64-pin plastic LQFP (10 x 10)

64-pin plastic SDIP (19.05 mm (750))
64-pin plastic QFP (14 x 14)

64-pin plastic LQFP (14 x 14)

64-pin plastic TQFP (12 x 12)

64-pin plastic LQFP (10 x 10)

Remark xxx indicates ROM code suffix.

Special
Special
Special
Special
Special
Special
Special
Special
Special
Special
Special
Special
Special
Special
Special
Special
Special
Special
Special
Special

Please refer to "Quality Grades on NEC Semiconductor Devices" (Document No. C11531E) published by

NEC Electronics Corporation to know the specification of the quality grade on the device and

recommended applications.
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(2) uPD780034A Subseries (1/2)

Part Number

Package

Quality Grades

uPD780031ACW-xxx
uPD780031AGC-xxx-AB8
uPD780031AGC-xxx-8BS
uPD780031AGK-xxx-9ET
uPD780031AGB-xxx-8EU
uPD780031AF1-xxx-CN3
uPD780032ACW-xxx
uPD780032AGC-xxx-AB8
uPD780032AGC-xxx-8BS
uPD780032AGK-xxx-9ET
uPD780032AGB-xxx-8EU
uPD780032AF 1-xxx-CN3
UPD780033ACW-xxx
uPD780033AGC-xxx-AB8
UPD780033AGC-xxx-8BS
uPD780033AGK-xxx-9ET
UPD780033AGB-xxx-8EU
UPD780033AF1-xxx-CN3
uUPD780034ACW-xxx
uPD780034AGC-xxx-AB8
uPD780034AGC-xxx-8BS
uUPD780034AGK-xxx-9ET
uPD780034AGB-xxx-8EU
uPD780034AF1-xxx-CN3
uPD78F0034ACW
uPD78F0034AGC-ABgNote
uPD78F0034AGC-8BS
uPD78F0034AGK-9ET
uPD78F0034AGB-8EU
uPD78F0034BGC-8BS
uPD78F0034BGK-9ET
uPD78F0034BGB-8EU
uPD78F0034BF1-CN3

Note Maintenance product

64-pin plastic SDIP (19.05 mm (750))
64-pin plastic QFP (14 x 14)

64-pin plastic LQFP (14 x 14)

64-pin plastic TQFP (12 x 12)

64-pin plastic LQFP (10 x 10)

73-pin plastic FBGA (9 x 9)

64-pin plastic SDIP (19.05 mm (750))
64-pin plastic QFP (14 x 14)

64-pin plastic LQFP (14 x 14)

64-pin plastic TQFP (12 x 12)

64-pin plastic LQFP (10 x 10)

73-pin plastic FBGA (9 x 9)

64-pin plastic SDIP (19.05 mm (750))
64-pin plastic QFP (14 x 14)

64-pin plastic LQFP (14 x 14)

64-pin plastic TQFP (12 x 12)

64-pin plastic LQFP (10 x 10)

73-pin plastic FBGA (9 x 9)

64-pin plastic SDIP (19.05 mm (750))
64-pin plastic QFP (14 x 14)

64-pin plastic LQFP (14 x 14)

64-pin plastic TQFP (12 x 12)

64-pin plastic LQFP (10 x 10)

73-pin plastic FBGA (9 x 9)

64-pin plastic SDIP (19.05 mm (750))
64-pin plastic QFP (14 x 14)
64-pin plastic LQFP (14 x 14
64-pin plastic TQFP (12 x 12
64-pin plastic LQFP (10 x 10
64-pin plastic LQFP (14 x 14
64-pin plastic TQFP (12 x 12
64-pin plastic LQFP (10 x 10
73-pin plastic FBGA (9 x 9)

)
)
)
)
)
)

o~~~ o~ o~ —~

Remark xxx indicates ROM code suffix.

Standard
Standard
Standard
Standard
Standard
Standard
Standard
Standard
Standard
Standard
Standard
Standard
Standard
Standard
Standard
Standard
Standard
Standard
Standard
Standard
Standard
Standard
Standard
Standard
Standard
Standard
Standard
Standard
Standard
Standard
Standard
Standard
Standard

Please refer to "Quality Grades on NEC Semiconductor Devices" (Document No. C11531E) published by

NEC Electronics Corporation to know the specification of the quality grade on the device and

recommended applications.
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(2) uPD780034A Subseries (2/2)

Part Number

Package

Quality Grades

uPD780031ACW(A)-xxx
uPD780031AGC(A)-xxx-AB8
uPD780031AGC(A)-xxx-8BS
uPD780031AGK(A)-xxx-9ET
UPD780031AGB(A)-xxx-8EUNote
UPD780032ACW(A)-xxx
uPD780032AGC(A)-xxx-AB8
uPD780032AGC(A)-xxx-8BS
uPD780032AGK(A)-xxx-9ET
UPD780032AGB(A)-xxx-8EUNote
UPD780033ACW(A)-xxx
uPD780033AGC(A)-xxx-AB8
uPD780033AGC(A)-xxx-8BS
uPD780033AGK(A)-xxx-9ET
UPD780033AGB(A)-xxx-8EUNote
UPD780034ACW(A)-xxx
uPD780034AGC(A)-xxx-AB8
uPD780034AGC(A)-xxx-8BS
uPD780034AGK(A)-xxx-9ET
UPD780034AGB(A)-xxx-8EUNote
uPD78F0034BGC(A)-8BS
uPD78F0034BGK(A)-9ET
uPD78F0034BGB(A)-8EU

-

-

Note Under development

64-pin plastic SDIP (19.05 mm (750))
64-pin plastic QFP (14 x 14)

64-pin plastic LQFP (14 x 14)

64-pin plastic TQFP (12 x 12)

64-pin plastic LQFP (10 x 10)

64-pin plastic SDIP (19.05 mm (750))
64-pin plastic QFP (14 x 14)

64-pin plastic LQFP (14 x 14)

64-pin plastic TQFP (12 x 12)

64-pin plastic LQFP (10 x 10)

64-pin plastic SDIP (19.05 mm (750))
64-pin plastic QFP (14 x 14)

64-pin plastic LQFP (14 x 14)

64-pin plastic TQFP (12 x 12)

64-pin plastic LQFP (10 x 10)

64-pin plastic SDIP (19.05 mm (750))
64-pin plastic QFP (14 x 14)
64-pin plastic LQFP (14 x 14
64-pin plastic TQFP (12 x 12
64-pin plastic LQFP (10 x 10
64-pin plastic LQFP (14 x 14
64-pin plastic TQFP (12 x 12
(

)
)
)
)
)
64-pin plastic LQFP (10 x 10)

Remark xxx indicates ROM code suffix.

Special
Special
Special
Special
Special
Special
Special
Special
Special
Special
Special
Special
Special
Special
Special
Special
Special
Special
Special
Special
Special
Special
Special

Please refer to "Quality Grades on NEC Semiconductor Devices" (Document No. C11531E) published by

NEC Electronics Corporation to know the specification of the quality grade on the device and

recommended applications.
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1.6 Pin Configuration (Top View)

64-pin plastic SDIP (19.05 mm (750))

P40/AD0 O=—»
P41/AD1 O=—
P42/AD2 O=—»
P43/AD3 O—=—
P44/AD4 O~
P45/AD5 O—=—
P46/AD6 O—=—
P47/AD7 O=—
P50/A8 O=—=
P51/A9 O=—»
P52/A10 O=—=
P53/A11 O=—
P54/A12 O—=—
P55/A13 O=—
P56/A14 O=—
P57/A15 O=—
Vsso O—

Voo O—

P30 O=—=

P31 O=—n

P32 O—=—

P33 O—=—
P34/S131 O=—
P35/SO31 O=—=
P36/SCK31 O=—=
P20/S130 O=—=
P21/SO30 O=—=
P22/SCK30 O~—=
P23/RxD0 O=—=
P24/TxD0 O=—=
P25/ASCKO O—=—=
Voot O—

0 N O~ WON =

©

10
1
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31

64
63
62
61
60
59
58
57
56
55
54
53
52
51
50
49
48
47
46
45
44
43
42
41
40
39
38
37
36
35
34
33

-—=O P67/ASTB
«—O P66/WAIT
«~—O P65/WR
~—O P64/RD
~—O P75/BUZ
~—O P74/PCL
~—=O P73/TI51/TO51
~—=O P72/TI150/TO50
[~—=O P71/TI01
~—O P70/T100/TO0
<~—O PO3/INTP3/ADTRG
~—O P02/INTP2
~—=O PO1/INTP1
~—=O POO/INTPO
—O Vsst

-—0 X1

—O X2

«—CO IC (Vrp)
~—CO XT1

—O XT2

-~—O RESET
——O AVop

<—0O AVRer

~—0O P10/ANIO
~—O P11/ANI1
~—O P12/ANI2
-—CO P13/ANI3
«—O P14/ANI4
~—CO P15/ANI5
~—CO P16/ANI6
~—O P17/ANI7
—O AVss

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

Remarks 1. When the uPD780024A, 780034A Subseries products are used in applications where the noise
generated inside the microcontroller needs to be reduced, the implementation of noise reduction

measures, such as supplying voltage to Vooo and Vop1 individually and connecting Vsso and Vss1 to

different ground lines, is recommended.

2. Pin connection in parentheses is intended for the uPD78F0034A.
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64-pin plastic QFP (14 x 14)

64-pin plastic LQFP (14 x 14)
64-pin plastic TQFP (12 x 12)
64-pin plastic LQFP (10 x 10)

~— o
[Te) Te)
O O
o = = g
58838358b3Ee Y358
T < < < << << < Rk ae &k
N~ O [Te} <t [s2] Al — o N~ © Te) < [Te) <t [e2] Al
< < < < < < < < [(e) © © © N~ N~ N~ N~
o o o o o o o o 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~ 1 48 [=—0O P71/TI01
P51/A9 O~—~{2 O 47 [=—0O P70/TI00/TO0
P52/A10 O=~—={3 46 |=—=0O PO3/INTP3/ADTRG
P53/A11 O~—=4 45 [=——=O P0O2/INTP2
P54/A12 O=—={5 44 |+—=0O PO1/INTP1
P55/A13 O~—={6 43 |=—=O POO/INTPO
P56/A14 O=—=7 42 ——O Vssi
P57/A15 O~—={8 41 |+—O X1
Vsso O——9 40FH—O X2
Vooo O——10 39[=—COIC (Vep)
P30 O=—+{ 11 38 |~—O XT1
P31 O=—=12 37—OXT2
P32 O=—={13 36 [~——O RESET
P33 O=~—~14 35—O AVmo
P34/SI31 O=~—] 15 34 |+——O AVrer
P35/S031 O~—~| 16 33|=~——O P10/ANIO
17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32
T 28 28188 8¢g 58 8¢ L=y
- a
R EEEEEEE
S E @ T £ £ £ < £ <
O 20 s 3 < e
g o g gy g 9 O o o oo o o
[a o o
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Cautions 1. Connect the IC (Internally Connected) pin directly to Vsso or Vssi.
2. Connect the AVss pin to Vsso.

Remarks 1. When the uPD780024A, 780034A Subseries products are used in applications where the noise
generated inside the microcontroller needs to be reduced, the implementation of noise reduction
measures, such as supplying voltage to Vooo and Vop1 individually and connecting Vsso and Vss1 to
different ground lines, is recommended.

2. Pin connection in parentheses is intended for the uPD78F0034A, 78F0034B.
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- 73-pin plastic FBGA (9 x 9)

Top View Bottom View

9 OO00000O000

8 O00000000

7 OO0000O0000

6 o]ele) o]ele;

5 000 (o]ele;

4 (0]0]0) 0000

3 O0O000O0000

2 00000000

1 OO00000000

x ABCDEFGHUJ JHGFEDTCIBA
Index mark

Pin No. Pin Name Pin No. Pin Name Pin No. Pin Name Pin No. Pin Name Pin No. Pin Name
Al NC C1 P52/A10 E1 P57/A15 G1 P33 J1 NC
A2 P46/AD6 c2 P53/A11 E2 Vbpo G2 P32 J2 P36/SCK31
A3 P44/AD4 C3 P45/AD5 E3 P54/A12 G3 P20/S130 J3 NC
A4 P41/AD1 C4 P42/AD2 E4 - G4 P21/SO30 J4 P25/ASCKO
A5 P67/ASTB C5 P64/RD E5 - G5 P24/TxDO0 J5 NC
A6 | P65/WR Cé6 | P73/TI51/TO51 | E6 - G6 | Vo J6 P17/ANI7
A7 P74/PCL Cc7 PO3/INTP3/ADTRG | E7 POO/INTPO G7 P16/ANI6 J7 P12/ANI2
A8 NC Cc8 PO1/INTP1 E8 XTH G8 AVob J8 P13/ANI3
A9 NC C9 Vsst E9 X2 G9 NC J9 NC
B1 P51/A9 D1 P55/A13 F1 P30 H1 P34/SI31
B2 P47/AD7 D2 P56/A14 F2 P31 H2 P35/S0O31
B3 P43/AD3 D3 P50/A8 F3 Vsso H3 P23/RxD0
B4 P40/ADO D4 NC F4 - H4 P22/SCK30
B5 P66/WAIT D5 - F5 - H5 AVss
B6 P75/BUZ D6 - F6 - H6 P15/ANI5
B7 P72/T150/TO51 | D7 PO2/INTP2 F7 P14/ANI|4 H7 P11/ANI1
B8 P71/TI01 D8 IC (Ver) F8 RESET H8 P10/ANIO
B9 P70/T100/TO0 D9 X1 F9 XT2 H9 AVRer

Cautions 1. Connect the IC (Internally Connected) pin directly to Vsso or Vssi.

Remarks 1. When the uPD780024A, 780034A Subseries products are used in applications where the noise
generated inside the microcontroller needs to be reduced, the implementation of noise reduction
measures, such as supplying voltage to Vooo and Vop1 individually and connecting Vsso and Vss1 to

2. Connect the AVss pin to Vsso.

different ground lines, is recommended.
2. Pin connection in parentheses is intended for the uPD78F0034B.
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48

A8 to A15:
ADO to AD7:
ADTRG:

ANIO to ANI7:

ASCKO:
ASTB:
AVpp:
AVREF:
AVss:
BUZ:
IC:

INTPO to INTP3:

NC:

P00 to P03:
P10 to P17:
P20 to P25:
P30 to P36:
P40 to P47:
P50 to P57:

Address bus
Address/data bus

AD trigger input

Analog input
Asynchronous serial clock
Address strobe

Analog power supply
Analog reference voltage
Analog ground

Buzzer clock

Internally connected
External interrupt input
Non-connection

Port 0

Port 1

Port 2

Port 3

Port 4

Port 5

P64 to P67:
P70 to P75:
PCL:

RD:
RESET:
RxDO:

SCK30, SCK31:

SI30, SI31:
S030, SO31:

TI0O, TIO1, TI50, TI51:
TOO, TO50, TO51:

TxDO:
Vbpo, Vbb1:
Vpp:

Vsso, Vssi:

WAIT:
WR:

X1, X2:
XT1, XT2:
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Port 6

Port 7

Programmable clock

Read strobe

Reset

Receive data

Serial clock

Serial input

Serial output

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 (uPD780024A, 780034A SUBSERIES)

1.7 78K/0 Series Lineup

The products in the 78K/0 Series are listed below. The names enclosed in boxes are subseries name.
: Products in mass production :"_ _____________ / Products under development

Y subseries products are compatible with I2C bus.

Control
B 100-pin EMI-noise reduced version of the uPD78078
100-pin uPD78078 uPD78078Y 1 PD78054 with timer and enhanced external interface
100-pin / uPD78070A // uPD78070AY / ROMIess version of the uPD78078
100-pin 1 PD78078Y with enhanced serial I/O and limited functions
80-pin 1 PD78054 with enhanced serial I/0

EMI-noise reduced version of the uPD78054
uPD78018F with UART and D/A converter, and enhanced 1/0

80-pin / uPD78058F // uPD78058FY
g8o-pin / uPD78054 // ,PD78054Y

80-pin HPD780024A with expanded RAM
M 64-pin 1PD780034A with timer and enhanced serial 1/0
64-pin 1 PD780024A with enhanced A/D converter
64-pin uPD78018F with enhanced serial I/O
52-pin 52-pin version of the uPD780034A
52-pin 52-pin version of the uPD780024A
64-pin 1PD78014H EMI-noise reduced version of the yPD78018F
64-pin uPD78018F // uPD78018FY / 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 uPD780988 On-chip inverter controller and UART. EMI-noise reduced.

VFD drive

B 100-pin uPD780208 1 PD78044F with enhanced 1/0 and VFD C/D. Display output total: 53
80-pin 1PD780232 For panel control. On-chip VFD C/D. Display output total: 53
80-pin 1PD78044H 1 PD78044F with N-ch open-drain I/O. Display output total: 34
B 80-pin 1PD78044F Basic subseries for driving VFD. Display output total: 34
78K/0 B LCD drive
Series 100-pin  / uPD780354 /) uPD780354Y / 11PD780344 with enhanced A/D converter
100-pin / HPD780344 ﬂ uPD780344Y 11PD780308 with enhanced display function and timer. Segment signal output: 40 pins max.
120-pin 1PD780338 11PD780308 with enhanced display function and timer. Segment signal output: 40 pins max.
120-pin 1PD780328 11PD780308 with enhanced display function and timer. Segment signal output: 32 pins max.
120-pin 1PD780318 1PD780308 with enhanced display function and timer. Segment signal output: 24 pins max.
100-pin UPD780308 uPD780308Y uPD78064 with enhanced SIO, and expanded ROM and RAM

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

100-pin 1PD780948 On-chip CAN controller

80-pin uPD78098B uPD78054 with IEBus™ controller
80-pin uPD780702Y

On-chip IEBus controller

80-pin 1PD780703AY L, On-chip CAN controller
80-pin uPD780833Y /' On-chip controller compliant with J1850 (Class 2)
L 64-pin uPD780816 Specialized for CAN controller function

Meter control

100-pin uPD780958 For industrial meter control
- 80-pin uPD780852 On-chip automobile meter controller/driver

80-pin 1PD780828B 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 1/0 l\\/I/I[;\[l). External
Subseries Name Capacity | g-git |16-Bit\Watch|wDT | A/D | AD | D/A Value|ExPansion
Control | uPD78075B|32KBt0o40KB | 4 ch |1ch |[1ch|[1ch|[8ch| — |[2ch|3ch (UART:1ch) 88 (1.8V| Yes
uPD78078 |48KBto60KB
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 |40 KB to 48 KB — |4 ch (UART: 1 ch) 60 (2.7V
uPD780078 |48 KB to 60 KB 2 ch — | 8ch 3 ch (UART: 2 ch) 52 (1.8V
uPD780034A|8KBto 32 KB 1ch 3 ch (UART: 1 ch) 51
uPD780024A 8ch| -
uPD780034AS - |4ch 39 -
uPD780024AS 4ch| -
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 |2KBto60KB | 2ch |1 ch|[1ch|[1ch|8ch| - - |2ch 74 2.7V -
drive | pD780232|16KB1024kB [ 3ch | — | - 4 ch 40 |45V
uPD78044H|32KBto48KB | 2ch |1 ch [ 1 ch 8 ch 1ch 68 2.7V
uPD78044F |16 KB to 40 KB 2 ch
LCD uPD780354 |24KBto32KB | 4ch [1ch|1ch|1ch| — |8ch| - |[3ch(UART:1ch) 66 (1.8V -
drive | pp780344 8ch| —
uPD780338 (48KBto60KB | 3 ch | 2 ch — |10 ch|1ch |2 ch (UART: 1 ch) 54
uPD780328 62
uPD780318 70
uPD780308 (48KBto60KB | 2 ch | 1 ch 8ch| - — | 3ch (time-division UART: 1 ch)| 57 (2.0 V
uPD78064B|32 KB 2 ch (UART: 1 ch)
uPD78064 |16KBto32KB
Bus uPD780948|60 KB 2ch|2ch|1ch|1ch|8ch| - — |3 ch (UART: 1 ch) 79 (40V| Yes
interface| uPD78098B| 40 KB to 60 KB 1ch 2 ch 69 (2.7V -
supported | uPD780816 | 32 KB to 60 KB 2 ch 12 ch — |2ch (UART: 1 ch) 46 (4.0V
Meter control| uPD780958 |48KBto60KB | 4 ch |2¢ch | — |[1ch| - - — |2ch (UART: 1 ch) 69 2.2V -
Dashboard | uPD780852|32KBt0o40KB | 3ch |1ch |[1ch|[1ch|[5ch| - — |3 ch (UART: 1 ch) 56 (4.0V -
control uPD780828B |32 KB to 60 kB 59

Note 16-bit timer: 2 channels
10-bit timer:

50

1 channel
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RxD0/P23 —=
TxD0/P24 =—

UARTO

RAM

ADO/P40 to

CHAPTER 1 OUTLINE (uPD780024A, 780034A SUBSERIES)
1.8 Block Diagram
TI00/TO0P70 16-bittimer/ |/ ¢ Poto (') PootoPo3
Tlo1/P71 —| event counter 0
8-bit timer/
TI50/TO50/P72 ovont counter 50 - Port 1 (8 1P10to P17
8-bit timer/
TIS1/TOS1/P73 event counter 51 - - Port2 (8, P20 to P25
Watchdog i
atchdog timer (> (¢ pots K7D P30to P36
Watch timer <Z>
78K/0 Ao (=  Pota (&) PaotoPa7
CPU core (flas
SI30/P20 — Serial <:> memory)
S030/P21 =—
Bt face S Port 5 P50 to P57
SCK30/P22 interface SI030 @ @ <i> <§>
SI31/P34 —~ o K1 Poteé  [(4)Pe4toPe7
S031/P35 =——| >¢"a - @
SCK31/P36 interface SI031
- Port 7 6 > P70 to P75

ASCKO0/P25 —=

ANIO/P10 to
ANI7/P17
AVop

AVss

AVRer —

A/D converter

i

INTPO/POO to
INTP3/P03

Interrupt control

i

BUZ/P75 =—

PCL/P74 -—

Clock/buzzer
output control

-

Vobo Vobr Vsso Vsst

IC
(Ver)

I

External access

AD7/P47
A8/P50 to
A15/P57
— RD/P64
—= WR/P65
~—— WAIT/P66
— ASTB/P67

System control

~— RESET
- X1
—— X2
=~ XT1
—— XT2

Remarks 1. The internal ROM and RAM capacities depend on the product.

2. Pin connection in parentheses is intended for the uPD78F0034A, 78F0034B.
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1.9 Outline of Function

Part Number | uPD780021A | uPD780022A | uPD780023A | uPD780024A |uPD78F0034A
Item uPD780031A | uPD780032A | uPD780033A | uPD780034A |uPD78F0034B
Internal memory ROM 8 KB 16 KB 24 KB 32 KB 32 KBNote
(Mask ROM) | (Mask ROM) | (Mask ROM) | (Mask ROM) | (Flash memory)
High-speed RAM 512 bytes 1024 bytes 1024 bytesNote
Memory space 64 KB

General-purpose register

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

Minimum instruction

Minimum instruction execution time changeable function

execution time

When main system
clock selected

e 0.166 us/0.333 us/0.666 us/1.33 us/2.66 us (@ 12 MHz operation,
expanded-specification product only)
e 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 manipulate (set, reset, test, and Boolean operation)
» BCD adjust, etc.

1/0 port

Total: 51
+ CMOS input: 8
+ CMOS 1/0: 39

* N-ch open-drain I/O (5 V breakdown): 4

A/D converter

+ 8-bit resolution x 8 channels (uPD780021A, 780022A, 780023A, 780024A)

» 10-bit resolution x 8 channels (uPD780031A, 780032A, 780033A, 780034A,
78F0034A, 78F0034B)

» Low-voltage operation: AVopo = 1.8t0 5.5V

Serial interface

Timer

» 3-wire serial /0 mode: 2 channels
* UART mode: 1 channel
» 16-bit timer/event counter: 1 channel
» 8-bit timer/event counter: 2 channels
» Watch timer: 1 channel
» Watchdog timer: 1 channel

Timer output

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

Clock output

» 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 product only)

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

» 32.768 kHz (32.768 kHz with subsystem clock)

Buzzer output

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

Vectored interrupt

Maskable

Internal: 13, External: 5

source

Non-maskable

Internal: 1

Software

1

Note The capacities of internal flash memory and internal high-speed RAM can be changed by means of the

memory size switching register (IMS).
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Part Number | uPD780021A | uPD780022A | uPD780023A | uPD780024A |uPD78F0034A

ltem uPD780031A | uPD780032A | uPD780033A | uPD780034A |uPD78F0034B
Power supply voltage Voo =1.8t05.5V

Operating ambient temperature Ta = —40 to +85°C

Package * 64-pin plastic SDIP (19.05 mm (750))

* 64-pin plastic QFP (14 x 14)

* 64-pin plastic LQFP (14 x 14)

* 64-pin plastic TQFP (12 x 12)

* 64-pin plastic LQFP (10 x 10)

» 73-pin plastic FBGA (9 x 9) (standard grade product only)

The outline of the timer/event counter is as follows (for details, see CHAPTER 8 16-BIT TIMER/EVENT COUNTER
0, CHAPTER 9 8-BIT TIMER/EVENT COUNTERS 50, 51, CHAPTER 10 WATCH TIMER, and CHAPTER 11
WATCHDOG TIMER).

16-Bit Timer/ 8-Bit Timer/ Watch Timer Watchdog Timer
Event Counter 0  |Event Counters 50, 51

Operation | Interval timer 1 channel 2 channels 1 channelNote 1 1 channelNote 2
Mode External event counter \ v - _
Function | Timer output Y v - _
PPG output v - - _
PWM output - N - _
Pulse width measurement Y - - _
Square-wave output \ v - _
Interrupt request Y N N

Notes 1. The watch timer can perform both watch timer and interval timer functions at the same time.
2. The watchdog timer can perform either the watchdog timer function or the interval timer function.
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* 1.10 Correspondence Between Mask ROM Versions and Flash Memory Versions

Table 1-1. Correspondence Between Mask ROM Versions and Flash Memory Versions

Mask ROM Version uPD780021A/2A/3A/4A UPD780021A(A)/2A(A)/3A(A)/4A(A)
uPD780031A/2A/3A/4A UPD780031A(A)/2A(A)/3A(A)/4A(A)
Conventional Expanded- Conventional Expanded-
Flash Memory Version Products Specification Products Products Specification Products
UPD78F0034A \ - - -
uPD78F0034B - N - -
UPD78F0034B(A) - _ /Note N

Note The uPD78F0034B(A) and the conventional products of the uPD780021A(A), 780022A(A), 780023A(A),
780024A(A), 780031A(A), 780032A(A), 780033A(A), and 780034A(A) differ in the operating frequency.
When replacing a flash memory version with a mask ROM version, note the supply voltage and operating

frequency.

Remarks 1.
2.

\: Supported, —: Not supported

The uPD780034A and uPD78F0034B, 78F0034B(A) differ in operating frequency ratings and the
communication mode of flash memory programming. See 23.1 Differences Between uPD78F0034A,
78F0034AY and yPD78F0034B, 78F0034BY.

Expanded-specification products and conventional products of the uPD780024A and 780034A
Subseries differ in operating frequency ratings. For details, sese CHAPTER 25 ELECTRICAL
SPECIFICATIONS (EXPANDED-SPECIFICATION PRODUCTS: fx=1.0TO 12 MHz) and CHAPTER
26 ELECTRICAL SPECIFICATIONS (CONVENTIONAL PRODUCTS: fx = 1.0 TO 8.38 MHz).

A special grade product of the uPD78F0034A is not available. Only a standard grade product is
available.

*x 1.11 Differences Between Standard Grade Products and Special Grade Products

The differences between standard grade products (uPD780021A, 780022A, 780023A, 780024A, 780031A,
780032A, 780033A, 780034A, 78F0034A, 78F0034B) and special grade products (uPD780021A(A), 780022A(A),
780023A(A), 780024A(A), 780031A(A), 780032A(A), 780033A(A), 780034A(A), 78F0034B(A)) are shown in Table

1-2.

Table 1-2. Differences Between Standard Grade Products and Special Grade Products

uPD780021A, 780022A, 780023A, 1PD780021A(A), 780022A(A),

780024A, 780031A, 780032A, 780033A,
780034A, 78F0034A, 78F0034B

780023A(A), 780024A(A), 780031A(A),
780032A(A), 780033A(A), 780034A(A),
78F0034B(A)

Quality grade

Standard

Special

Package

See 1.12 Correspondence Between Products and Packages

Other (functions, electrical
specifications, etc.)

Same
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1.12 Correspondence Between Products and Packages

The following table shows the correspondence between the products and packages.

Table 1-3. Correspondence Between Products and Packages

Mask ROM Version Flash Memory Version
uPD780021A/2A/3A/4A uPD78F0034A uPD78F0034B
uPD780031A/2A/3A/4A

Standard Special Standard Standard Special
64-pin SDIP (CW type) \/ \/ \/ - -
64-pin QFP (GC-ABS type) \ N /Note 1 _ B
64-pin LQFP (GC-8BS type) \ \ \ N N
64-pin TQFP (GK-9ET type) \ \ \ \ \
64-pin LQFP (GB-8EU type) \ /Note 2 \ \ \
73-pin FBGA (F1-CN3 type) \/ - - \/ -

Notes 1. Maintenance product

2. Under development

Remarks 1. V: Package available, —: Package not available
2. A special grade product of the uPD78F0034A is not available. Only a standard grade product is
available.

1.13 Mask Options

The mask ROM versions (uPD780021A, 780022A, 780023A, 780024A, 780031A, 780032A, 780033A, and
780034A) 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 uPD780024A and 780034A Subseries are shown in Table 1-4.

Table 1-4. Mask Options of Mask ROM Versions

Pin Names

Mask Option

P30 to P33 | Pull-up resistor connection can be specified in 1-bit units.
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2.1 Features

56

Internal memory

Type Program Memory Data Memory
Part Number (ROM/Flash Memory) (High-Speed RAM)
uPD780021AY, 780031AY 8 KB 512 bytes
uPD780022AY, 780032AY 16 KB
uPD780023AY, 780033AY 24 KB 1024 bytes
uPD780024AY, 780034AY 32 KB
uPD78F0034AY, 78F0034BY 32 KBNote 1024 bytesNote

Note The capacities of internal flash memory and internal high-speed RAM 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 (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

Fifty-one 1/O ports: (Four N-ch open-drain ports)

8-bit resolution A/D converter: 8 channels (uPD780024AY Subseries only)

10-bit resolution A/D converter: 8 channels (uPD780034AY Subseries only)

Serial interface: 3 channels
» 3-wire serial mode: 1 channel
+ UART mode: 1 channel
+ I2C mode: 1 channel

Timer: Five channels

» 16-bit timer/event counter: 1 channel

» 8-bit timer/event counter: 2 channels

« Watch timer: 1 channel

+ Watchdog timer: 1 channel

Vectored interrupt sources: 20

Two types of on-chip clock oscillators (main system clock and subsystem clock)
Power supply voltage: Voo =1.8t0 5.5V

Caution Only the conventional products are available in the yPD780024AY and 780034AY Subseries (for

details of conventional products, see 1.1 Expanded-Specification Products and Conventional
Products).
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2.2 Applications

uPD780021AY, 780022AY, 780023AY, 780024AY

uPD780031AY, 780032AY, 780033AY, 780034AY, 78F0034AY, 78F0034BY
Home electric appliances, pagers, AV equipment, car audios, car electric equipment, office automation
equipment, etc.

LPD780021AY(A), 780022AY/(A), 780023AY(A), 780024AY (A)

uPD780031AY(A), 780032AY(A), 780033AY(A), 780034AY(A), 78F0034BY(A)
Control of transportation equipment, gas detection breakers, safety devices, etc.
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*x 2.3 Ordering Information

(1) uPD780024AY Subseries (1/2)

Part Number Package Internal ROM
uPD780021AYCW-xxx 64-pin plastic SDIP (19.05 mm (750)) Mask ROM
uPD780021AYGC-xxx-AB8 64-pin plastic QFP (14 x 14) Mask ROM
uPD780021AYGC-xxx-8BS 64-pin plastic LQFP (14 x 14) Mask ROM
uPD780021AYGK-xxx-9ET 64-pin plastic TQFP (12 x 12) Mask ROM
uPD780021AYGB-xxx-8EU 64-pin plastic LQFP (10 x 10) Mask ROM
uPD780021AYF1-xxx-CN3 73-pin plastic FBGA (9 x 9) Mask ROM
uPD780022AY CW-xxx 64-pin plastic SDIP (19.05 mm (750)) Mask ROM
uPD780022AYGC-xxx-AB8 64-pin plastic QFP (14 x 14) Mask ROM
uPD780022AYGC-xxx-8BS 64-pin plastic LQFP (14 x 14) Mask ROM
uUPD780022AYGK-xxx-9ET 64-pin plastic TQFP (12 x 12) Mask ROM
uPD780022AYGB-xxx-8EU 64-pin plastic LQFP (10 x 10) Mask ROM
uUPD780022AYF1-xxx-CN3 73-pin plastic FBGA (9 x 9) Mask ROM
uPD780023AYCW-xxx 64-pin plastic SDIP (19.05 mm (750)) Mask ROM
uPD780023AYGC-xxx-AB8 64-pin plastic QFP (14 x 14) Mask ROM
uPD780023AYGC-xxx-8BS 64-pin plastic LQFP (14 x 14) Mask ROM
uUPD780023AYGK-xxx-9ET 64-pin plastic TQFP (12 x 12) Mask ROM
uPD780023AYGB-xxx-8EU 64-pin plastic LQFP (10 x 10) Mask ROM
uPD780023AYF1-xxx-CN3 73-pin plastic FBGA (9 x 9) Mask ROM
uUPD780024AY CW-xxx 64-pin plastic SDIP (19.05 mm (750)) Mask ROM
uPD780024AYGC-xxx-AB8 64-pin plastic QFP (14 x 14) Mask ROM
uPD780024AYGC-xxx-8BS 64-pin plastic LQFP (14 x 14) Mask ROM
uUPD780024AYGK-xxx-9ET 64-pin plastic TQFP (12 x 12) Mask ROM
uPD780024AYGB-xxx-8EU 64-pin plastic LQFP (10 x 10) Mask ROM
uUPD780024AYF1-xxx-CN3 73-pin plastic FBGA (9 x 9) Mask ROM

Remark xxx indicates ROM code suffix.
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(1) uPD780024AY Subseries (2/2)

Part Number Package Internal ROM
uPD780021AYCW/(A)-xxxNote 64-pin plastic SDIP (19.05 mm (750)) Mask ROM
uPD780021AYGC(A)-xxx-AB8Nete  64_pin plastic QFP (14 x 14) Mask ROM
uPD780021AYGC(A)-xxx-8BSNote  64-pin plastic LQFP (14 x 14) Mask ROM
uPD780021AYGK(A)-xxx-9ETNote  64-pin plastic TQFP (12 x 12) Mask ROM
uPD780021AYGB(A)-xxx-8EUNOt  64_pin plastic LQFP (10 x 10) Mask ROM
uPD780022AYCW/(A)-xxxNote 64-pin plastic SDIP (19.05 mm (750)) Mask ROM
1PD780022AYGC(A)-xxx-AB8 64-pin plastic QFP (14 x 14) Mask ROM
uPD780022AYGC(A)-xxx-8BSNete  64-pin plastic LQFP (14 x 14) Mask ROM
uPD780022AYGK(A)-xxx-9ETNote - 64-pin plastic TQFP (12 x 12) Mask ROM
uPD780022AYGB(A)-xxx-8EUNOte  64_pin plastic LQFP (10 x 10) Mask ROM
uPD780023AYCW/(A)-xxxNote 64-pin plastic SDIP (19.05 mm (750)) Mask ROM
uPD780023AYGC(A)-xxx-AB8Note  4-pin plastic QFP (14 x 14) Mask ROM
uPD780023AYGC(A)-xxx-8BSNote  64-pin plastic LQFP (14 x 14) Mask ROM
uPD780023AYGK(A)-xxx-9ETNete  64_pin plastic TQFP (12 x 12) Mask ROM
uPD780023AYGB(A)-xxx-8EUNOte  64_pin plastic LQFP (10 x 10) Mask ROM
uPD780024AYCW/(A)-xxxNote 64-pin plastic SDIP (19.05 mm (750)) Mask ROM
uPD780024AYGC(A)-xxx-AB8Nete  64_pin plastic QFP (14 x 14) Mask ROM
uPD780024AYGC(A)-xxx-8BSNote  64-pin plastic LQFP (14 x 14) Mask ROM
uPD780024AYGK(A)-xxx-9ETNote  64-pin plastic TQFP (12 x 12) Mask ROM
uPD780024AYGB(A)-xxx-8EUNOt®  64_pin plastic LQFP (10 x 10) Mask ROM

Note Under development

Remark xxx indicates ROM code suffix.
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(2) uPD780034AY Subseries (1/2)

Part Number Package Internal ROM
UPD780031AYCW-xxx 64-pin plastic SDIP (19.05 mm (750)) Mask ROM
uPD780031AYGC-xxx-AB8 64-pin plastic QFP (14 x 14) Mask ROM
uPD780031AYGC-xxx-8BS 64-pin plastic LQFP (14 x 14) Mask ROM
UPD780031AYGK-xxx-9ET 64-pin plastic TQFP (12 x 12) Mask ROM
uPD780031AYGB-xxx-8EU 64-pin plastic LQFP (10 x 10) Mask ROM
UPD780031AYF1-xxx-CN3 73-pin plastic FBGA (9 x 9) Mask ROM
UPD780032AYCW-xxx 64-pin plastic SDIP (19.05 mm (750)) Mask ROM
uPD780032AYGC-xxx-AB8 64-pin plastic QFP (14 x 14) Mask ROM
uPD780032AYGC-xxx-8BS 64-pin plastic LQFP (14 x 14) Mask ROM
UPD780032AYGK-xxx-9ET 64-pin plastic TQFP (12 x 12) Mask ROM
UPD780032AYGB-xxx-8EU 64-pin plastic LQFP (10 x 10) Mask ROM
UPD780032AYF1-xxx-CN3 73-pin plastic FBGA (9 x 9) Mask ROM
UPD780033AYCW-xxx 64-pin plastic SDIP (19.05 mm (750)) Mask ROM
UPD780033AYGC-xxx-AB8 64-pin plastic QFP (14 x 14) Mask ROM
UPD780033AYGC-xxx-8BS 64-pin plastic LQFP (14 x 14) Mask ROM
UPD780033AYGK-xxx-9ET 64-pin plastic TQFP (12 x 12) Mask ROM
UPD780033AYGB-xxx-8EU 64-pin plastic LQFP (10 x 10) Mask ROM
UPD780033AYF1-xxx-CN3 73-pin plastic FBGA (9 x 9) Mask ROM
UPD780034AYCW-xxx 64-pin plastic SDIP (19.05 mm (750)) Mask ROM
uPD780034AYGC-xxx-AB8 64-pin plastic QFP (14 x 14) Mask ROM
uPD780034AYGC-xxx-8BS 64-pin plastic LQFP (14 x 14) Mask ROM
UPD780034AYGK-xxx-9ET 64-pin plastic TQFP (12 x 12) Mask ROM
UPD780034AYGB-xxx-8EU 64-pin plastic LQFP (10 x 10) Mask ROM
UPD780034AYF1-xxx-CN3 73-pin plastic FBGA (9 x 9) Mask ROM

uPD78F0034AYCW

uPD78F0034AYGC-AB8
uPD78F0034AYGC-8BS
uPD78F0034AYGK-9ET
1PD78F0034AYGB-8EU
uPD78F0034BYGC-8BS
uPD78F0034BYGK-9ET
1PD78F0034BYGB-8EU
uPD78F0034BYF1-CN3

64-pin plastic SDIP (19.05 mm (750))
64-pin plastic QFP (14 x 14)
64-pin plastic LQFP (14 x 14
64-pin plastic TQFP (12 x 12
64-pin plastic LQFP (10 x 10
64-pin plastic LQFP (14 x 14
64-pin plastic TQFP (12 x 12
64-pin plastic LQFP (10 x 10
73-pin plastic FBGA (9 x 9)

)
)
)
)
)
)

Remark xxx indicates ROM code suffix.
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CHAPTER 2 OUTLINE (uPD780024AY, 780034AY SUBSERIES)

(2) uPD780034AY Subseries (2/2)

Part Number Package Internal ROM
uPD780031AYCW/(A)-xxxNote 64-pin plastic SDIP (19.05 mm (750)) Mask ROM
UPD780031AYGC(A)-xxx-AB8Note  64-pin plastic QFP (14 x 14) Mask ROM
UPD780031AYGC(A)-xxx-8BSNote  64-pin plastic LQFP (14 x 14) Mask ROM
UPD780031AYGK(A)-xxx-9ETNote  64-pin plastic TQFP (12 x 12) Mask ROM
UPD780031AYGB(A)-xxx-8EUNOte  64_pin plastic LQFP (10 x 10) Mask ROM
uPD780032AYCW/(A)-xxxNote 64-pin plastic SDIP (19.05 mm (750)) Mask ROM
UPD780032AYGC(A)-xxx-AB8Note 64 pin plastic QFP (14 x 14) Mask ROM
UPD780032AYGC(A)-xxx-8BSNote  64_pin plastic LQFP (14 x 14) Mask ROM
UPD780032AYGK(A)-xxx-9ETNote  64-pin plastic TQFP (12 x 12) Mask ROM
UPD780032AYGB(A)-xxx-8EUNote  64-pin plastic LQFP (10 x 10) Mask ROM
uPD780033AYCW/(A)-xxxNote 64-pin plastic SDIP (19.05 mm (750)) Mask ROM
UPD780033AYGC(A)-xxx-AB8Note 64 pin plastic QFP (14 x 14) Mask ROM
UPD780033AYGC(A)-xxx-8BSNote  64-pin plastic LQFP (14 x 14) Mask ROM
UPD780033AYGK(A)-xxx-9ETNOte  54-pin plastic TQFP (12 x 12) Mask ROM
UPD780033AYGB(A)-xxx-8EUNote  64-pin plastic LQFP (10 x 10) Mask ROM
uPD780034AYCW/(A)-xxxNote 64-pin plastic SDIP (19.05 mm (750)) Mask ROM
UPD780034AYGC(A)-xxx-AB8Note  64-pin plastic QFP (14 x 14) Mask ROM
UPD780034AYGC(A)-xxx-8BSNote  g4-pin plastic LQFP (14 x 14) Mask ROM
UPD780034AYGK(A)-xxx-9ETNote  64-pin plastic TQFP (12 x 12) Mask ROM
UPD780034AYGB(A)-xxx-8EUNOte  64_pin plastic LQFP (10 x 10) Mask ROM
uPD78F0034BYGC(A)-8BS 64-pin plastic LQFP (14 x 14) Mask ROM
uPD78F0034BYGK(A)-9ET 64-pin plastic TQFP (12 x 12) Mask ROM
uPD78F0034BYGB(A)-8EU 64-pin plastic LQFP (10 x 10) Mask ROM

Note Under development

Remark xxx indicates ROM code suffix.
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* 2.4 Quality Grade

(1) uPD780024AY Subseries (1/2)

Part Number Package Quality Grades
uUPD780021AYCW-xxx 64-pin plastic SDIP (19.05 mm (750)) Standard
uPD780021AYGC-xxx-AB8 64-pin plastic QFP (14 x 14) Standard
uPD780021AYGC-xxx-8BS 64-pin plastic LQFP (14 x 14) Standard
UPD780021AYGK-xxx-9ET 64-pin plastic TQFP (12 x 12) Standard
uPD780021AYGB-xxx-8EU 64-pin plastic LQFP (10 x 10) Standard
UPD780021AYF1-xxx-CN3 73-pin plastic FBGA (9 x 9) Standard
UPD780022AY CW-xxx 64-pin plastic SDIP (19.05 mm (750)) Standard
uUPD780022AYGC-xxx-AB8 64-pin plastic QFP (14 x 14) Standard
uUPD780022AYGC-xxx-8BS 64-pin plastic LQFP (14 x 14) Standard
UPD780022AYGK-xxx-9ET 64-pin plastic TQFP (12 x 12) Standard
uPD780022AYGB-xxx-8EU 64-pin plastic LQFP (10 x 10) Standard
UPD780022AYF1-xxx-CN3 73-pin plastic FBGA (9 x 9) Standard
UPD780023AYCW-xxx 64-pin plastic SDIP (19.05 mm (750)) Standard
uPD780023AYGC-xxx-AB8 64-pin plastic QFP (14 x 14) Standard
uUPD780023AYGC-xxx-8BS 64-pin plastic LQFP (14 x 14) Standard
UPD780023AYGK-xxx-9ET 64-pin plastic TQFP (12 x 12) Standard
uPD780023AYGB-xxx-8EU 64-pin plastic LQFP (10 x 10) Standard
UPD780023AYF1-xxx-CN3 73-pin plastic FBGA (9 x 9) Standard
UPD780024AY CW-xxx 64-pin plastic SDIP (19.05 mm (750)) Standard
uUPD780024AYGC-xxx-AB8 64-pin plastic QFP (14 x 14) Standard
UPD780024AYGC-xxx-8BS 64-pin plastic LQFP (14 x 14) Standard
UPD780024AYGK-xxx-9ET 64-pin plastic TQFP (12 x 12) Standard
uPD780024AYGB-xxx-8EU 64-pin plastic LQFP (10 x 10) Standard
UPD780024AYF1-xxx-CN3 73-pin plastic FBGA (9 x 9) Standard

Remark xxx indicates ROM code suffix.

Please refer to "Quality Grades on NEC Semiconductor Devices" (Document No. C11531E) published by

NEC Electronics Corporation to know the specification of the quality grade on the device and

recommended applications.
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CHAPTER 2 OUTLINE (uPD780024AY, 780034AY SUBSERIES)

(1) uPD780024AY Subseries (2/2)

Part Number

Package

Quality Grades

uPD780021AYCW/(A)-xxxNote
uPD780021AYGC(A)-xxx-ABgNote
UPD780021AYGC(A)-xxx-8BSNote
uPD780021AYGK(A)-xxx-9ETNote
uPD780021AYGB(A)-xxx-8EUNote
uPD780022AYCW (A)-xxxNote
uPD780022AYGC(A)-xxx-AB8
UPD780022AYGC(A)-xxx-8BSNote

(

(

uPD780022AYGK(A)-xxx-9ETNote
uPD780022AYGB(A)-xxx-8EUNote
uPD780023AYCW/(A)-xxxNote

UPD780023AYGC(A)-xxx-ABgNote
uPD780023AYGC(
(
(

uPD780023AYGK(A)-xxx-9ETNote
uPD780023AYGB(A)-xxx-8EUNote
uPD780024AYCW/(A)-xxxNote
uPD780024AYGC(A)-xxx-ABgNote
uPD780024AYGC(
uPD780024AYGK(A)-xxx-9ETNote
uPD780024AYGB(A)-xxx-8EUNote

Note Under development

64-pin plastic SDIP (19.05 mm (750))
64-pin plastic QFP (14 x 14)

64-pin plastic LQFP (14 x 14)

64-pin plastic TQFP (12 x 12)

64-pin plastic LQFP (10 x 10)

64-pin plastic SDIP (19.05 mm (750))
64-pin plastic QFP (14 x 14)

64-pin plastic LQFP (14 x 14)

64-pin plastic TQFP (12 x 12)

64-pin plastic LQFP (10 x 10)

64-pin plastic SDIP (19.05 mm (750))
64-pin plastic QFP (14 x 14)

64-pin plastic LQFP (14 x 14)

64-pin plastic TQFP (12 x 12)

64-pin plastic LQFP (10 x 10)

64-pin plastic SDIP (19.05 mm (750))
64-pin plastic QFP (14 x 14)

64-pin plastic LQFP (14 x 14)

64-pin plastic TQFP (12 x 12)

64-pin plastic LQFP (10 x 10)

Remark xxx indicates ROM code suffix.

Special
Special
Special
Special
Special
Special
Special
Special
Special
Special
Special
Special
Special
Special
Special
Special
Special
Special
Special
Special

Please refer to "Quality Grades on NEC Semiconductor Devices" (Document No. C11531E) published by

NEC Electronics Corporation to know the specification of the quality grade on the device and

recommended applications.
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(2) uPD780034AY Subseries (1/2)

Part Number

Package

Quality Grades

1PD780031AYCW-xxx
1PD780031AYGC-xxx-AB8
1PD780031AYGC-xxx-8BS
1PD780031AYGK-xxx-9ET
1PD780031AYGB-xxx-8EU
1PD780031AYF1-xxx-CN3
1PD780032AYCW-xxx
1PD780032AYGC-xxx-AB8
1PD780032AYGC-xxx-8BS
1PD780032AYGK-xxx-9ET
1PD780032AYGB-xxx-8EU
1PD780032AYF1-xxx-CN3
1PD780033AYCW-xxx
1PD780033AYGC-xxx-AB8
1PD780033AYGC-xxx-8BS
1PD780033AYGK-xxx-9ET
1PD780033AYGB-xxx-8EU
1PD780033AYF1-xxx-CN3
1PD780034AYCW-xxx
1PD780034AYGC-xxx-AB8
1PD780034AYGC-xxx-8BS
1PD780034AYGK-xxx-9ET
1PD780034AYGB-xxx-8EU
1PD780034AYF1-xxx-CN3
uPD78F0034AYCW
uPD78F0034AYGC-AB8
uPD78F0034AYGC-8BS
uPD78F0034AYGK-9ET
1PD78F0034AYGB-8EU
uPD78F0034BYGC-8BS
uPD78F0034BYGK-9ET
1PD78F0034BYGB-8EU
uPD78F0034BYF1-CN3

64-pin plastic SDIP (19.05 mm (750))
64-pin plastic QFP (14 x 14)

64-pin plastic LQFP (14 x 14)

64-pin plastic TQFP (12 x 12)

64-pin plastic LQFP (10 x 10)

73-pin plastic FBGA (9 x 9)

64-pin plastic SDIP (19.05 mm (750))
64-pin plastic QFP (14 x 14)

64-pin plastic LQFP (14 x 14)

64-pin plastic TQFP (12 x 12)

64-pin plastic LQFP (10 x 10)

73-pin plastic FBGA (9 x 9)

64-pin plastic SDIP (19.05 mm (750))
64-pin plastic QFP (14 x 14)

64-pin plastic LQFP (14 x 14)

64-pin plastic TQFP (12 x 12)

64-pin plastic LQFP (10 x 10)

73-pin plastic FBGA (9 x 9)

64-pin plastic SDIP (19.05 mm (750))
64-pin plastic QFP (14 x 14)

64-pin plastic LQFP (14 x 14)

64-pin plastic TQFP (12 x 12)

64-pin plastic LQFP (10 x 10)

73-pin plastic FBGA (9 x 9)

64-pin plastic SDIP (19.05 mm (750))
64-pin plastic QFP (14 x 14)
64-pin plastic LQFP (14 x 14
64-pin plastic TQFP (12 x 12
64-pin plastic LQFP (10 x 10
64-pin plastic LQFP (14 x 14
64-pin plastic TQFP (12 x 12
64-pin plastic LQFP (10 x 10
73-pin plastic FBGA (9 x 9)

)
)
)
)
)
)

Remark xxx indicates ROM code suffix.

Please refer to "Quality Grades on NEC Semiconductor Devices" (Document No. C11531E) published by
NEC Electronics Corporation to know the specification of the quality grade on the device and

recommended applications.
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CHAPTER 2 OUTLINE (uPD780024AY, 780034AY SUBSERIES)

(2) uPD780034AY Subseries (2/2)

Part Number

Package

Quality Grades

uPD780031AYCW(A)-xxxNote

UPD780031AYGC(A)-xxx-ABgNote
UPD780031AYGC(A)-xxx-8BSNote
uPD780031AYGK(A)-xxx-9ETNote
UPD780031AYGB(A)-xxx-8EUNote
uPD780032AYCW/(A)-xxxNote

UPD780032AYGC(A)-xxx-ABgNote
UPD780032AYGC(A)-xxx-8BSNote
uPD780032AYGK(A)-xxx-9ETNote
UPD780032AYGB(A)-xxx-8EUNote
uPD780033AYCW/(A)-xxxNote

UPD780033AYGC(A)-xxx-ABgNote
uPD780033AYGC(
(
(

- T Z

uPD780033AYGK(A)-xxx-9ETNote
uPD780033AYGB(A)-xxx-8EUNote
uPD780034AYCW(A)-xxxNote
UPD780034AYGC(A)-xxx-ABgNote
UPD780034AYGC(A)-xxx-8BSNote
UPD780034AYGK(A)-xxx-9ETNote
UPD780034AYGB(A)-xxx-8EUNote
uPD78F0034BYGC(A)-8BS
uPD78F0034BYGK(A)-9ET
uPD78F0034BYGB(A)-8EU

Note Under development

64-pin plastic SDIP (19.05 mm (750))
64-pin plastic QFP (14 x 14)

64-pin plastic LQFP (14 x 14)

64-pin plastic TQFP (12 x 12)

64-pin plastic LQFP (10 x 10)

64-pin plastic SDIP (19.05 mm (750))
64-pin plastic QFP (14 x 14)

64-pin plastic LQFP (14 x 14)

64-pin plastic TQFP (12 x 12)

64-pin plastic LQFP (10 x 10)

64-pin plastic SDIP (19.05 mm (750))
64-pin plastic QFP (14 x 14)

64-pin plastic LQFP (14 x 14)

64-pin plastic TQFP (12 x 12)

64-pin plastic LQFP (10 x 10)

64-pin plastic SDIP (19.05 mm (750))
64-pin plastic QFP (14 x 14)
64-pin plastic LQFP (14 x 14
64-pin plastic TQFP (12 x 12
64-pin plastic LQFP (10 x 10
64-pin plastic LQFP (14 x 14
64-pin plastic TQFP (12 x 12
(

)
)
)
)
)
64-pin plastic LQFP (10 x 10)

Remark xxx indicates ROM code suffix.

Special
Special
Special
Special
Special
Special
Special
Special
Special
Special
Special
Special
Special
Special
Special
Special
Special
Special
Special
Special
Special
Special
Special

Please refer to "Quality Grades on NEC Semiconductor Devices" (Document No. C11531E) published by

NEC Electronics Corporation to know the specification of the quality grade on the device and

recommended applications.
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CHAPTER 2 OUTLINE (uPD780024AY, 780034AY SUBSERIES)

2.5 Pin Configuration (Top View)

» 64-pin plastic SDIP (19.05 mm (750))

P40/ADO O] 1 \_/ 64 |«~—»0O P67/ASTB
P41/AD1 O=—»] 2 63 |=—=0O P66/WAIT
P42/AD2 0= 3 62 |0 P65/WR
P43/AD3 O=—] 4 61 [~—=0 P64/RD
P44/AD4 0=—| 5 60 [~—0 P75/BUZ
P45/AD5 0= 6 59 |«—=0O P74/PCL
P46/AD6 O~ 7 58 |«—=0 P73/TI51/TO51
P47/AD7 o=—| 8 57 |=—=0 P72/TI50/TO50
P50/A8 O~—{ 9 56 |«—=0O P71/TIO1
P51/A9 O=—»| 10 55 |«—=0O P70/TI00/TOO
P52/A10 O~—] 11 54 |0 PO3/INTP3/ADTRG
P53/A11 O=—n{ 12 53 |=—=O PO2/INTP2
P54/A12 O=—»{ 13 52 |=—=0O PO1/INTP1
P55/A13 C~—n] 14 51 |«—=0O POO/INTPO
P56/A14 O=—| 15 50 ——O Vsst
P57/A15 O=—| 16 49 [«—0 X1
Vsso O—— 17 48 ——0O X2
Voo O— 18 47 |=—0 IC (Vrp)
P30 O=—| 19 46 [«—0 XT1
P31 O=—n] 20 45 [——0O XT2
P32/SDA0 O=—»{ 21 44 |~—0O RESET
P33/SCLO O=—»] 22 43 [——0 AVoo
P34 O=—{ 23 42 |=—0 AVrer
P35 O=—»] 24 41 |~—o0 P10/ANIO
P36 O=—»] 25 40 [«—0 P11/ANI1
P20/SI30 0=—| 26 39 [0 P12/ANI2
P21/S030 O=—] 27 38 |~—O P13/ANI3
P22/SCK30 O=—| 28 37 |=—O P14/ANI4
P23/RxD0 O=—»{ 29 36 [~—O P15/ANI5
P24/TxD0 O=—»{ 30 35 |~——0O P16/ANI6
P25/ASCKO O~—={ 31 34 |~—O P17/ANI7
Voot O—1 32 33 |—0O AVss

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

Remarks 1. When the uyPD780024AY, 780034AY Subseries products are used in applications where the noise
generated inside the microcontroller needs to be reduced, the implementation of noise reduction
measures, such as supplying voltage to Vooo and Vop1 individually and connecting Vsso and Vss1 to
different ground lines, is recommended.

2. Pin connection in parentheses is intended for the yPD78F0034AY.
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CHAPTER 2 OUTLINE (uPD780024AY, 780034AY SUBSERIES)

64-pin plastic QFP (14 x 14)

64-pin plastic LQFP (14 x 14)
64-pin plastic TQFP (12 x 12)
64-pin plastic LQFP (10 x 10)

~—O P66/WAIT

WR

P43/AD3

~——O P42/AD2
& [0 P41/AD1
~—=O P65/
~—O P64/RD
-—O P75/BUZ
~—O P74/PCL

@ =—O P47/AD7

S =—O P46/AD6

Q =—O P45/AD5

@ l«—0O P44/AD4

9 [=—O P40/ADO

S =—O P67/ASTB

G f=—=O P73/TI51/TO51
& =——O P72/TI50/TO50

60 59 55 54 53 52 51
P50/A8 (| 1 48 |« P71/TIO1
P51/A9 Oe—={ 2 O 47 |=——=O P70/TI00/TO0
P52/A10 O=——{ 3 46 |=—() PO3/INTP3/ADTRG
P53/A11 Q== 4 45 |« =) PO2/INTP2
P54/A12 O=— =l 5 44 |+~ PO1/INTP1
P55/A13 O=— =] 6 43 |« POO/INTPO
P56/A14 O = 7 42— O Vsst
P57/A15 O=—| 8 4 O X1
Vsso O——— 9 40 —O X2
Voo O—— 10 39 |=— IC (Vep)
P30 Q== 11 38 [«—O XT1
P31 O=—-] 12 37 ——O XT2
P32/SDA0 O~—| 13 36 |~——O RESET
P33/SCLO O=——»] 14 35 O AVm
P34 O=—=| 15 34 |+ AVrer
P35 O=—=| 16 33 |=~———O P10/ANIO
17 18 19 21 23 24 25 26 27 28 29 30 31 32

AVss O———

P36
P17/ANI7

P20/SI30 O=—m
P21/S030 O=—n
P22/SCK30 O=~— N
P23/RxD0 O=——»
P24/TxD0 O=—+ N

P25/ASCKO O

Vob1

P16/ANI6 O——

P15/ANI5
P14/ANI4 O——~
P13/ANI3
P12/ANI2

P11/ANI1 O—~

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

Remarks 1. When the uyPD780024AY, 780034AY Subseries products are used in applications where the noise
generated inside the microcontroller needs to be reduced, the implementation of noise reduction
measures, such as supplying voltage to Vooo and Vop1 individually and connecting Vsso and Vss1 to
different ground lines, is recommended.

2. Pin connection in parentheses is intended for the uPD78F0034AY, 78F0034BY.
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CHAPTER 2 OUTLINE (uPD780024AY, 780034AY SUBSERIES)

* « 73-pin plastic FBGA (9 x 9)

Top View Bottom View
9 00000000
8 OO0O00O0000O0
7 OO00000000
6 o]0l (o]ele;
5 o]ele) o]ele;
4 000 o000
3 OO000O0000O0
2 000000000
1 00000000
SABCDEFGHJ JHGFEDTC CBA
Index mark
Pin No. Pin Name Pin No. Pin Name Pin No. Pin Name Pin No. Pin Name Pin No. Pin Name
A1 NC C1 P52/A10 E1 P57/A15 G1 P33/SCLO J1 NC
A2 P46/AD6 c2 P53/A11 E2 Vopo G2 P32/SDAO J2 P36
A3 P44/AD4 C3 P45/AD5 E3 P54/A12 G3 P20/SI30 J3 NC
A4 P41/AD1 C4 P42/AD2 E4 - G4 P21/SO30 J4 P25/ASCKO
A5 P67/ASTB C5 P64/RD E5 - G5 P24/TxDO0 J5 NC
A6 | P65/WR C6 | P73/TI51/TO51 | E6 - G6 | Voo J6 P17/ANI7
A7 P74/PCL Cc7 PO3/INTP3/ADTRG | E7 POO/INTPO G7 P16/ANI6 J7 P12/ANI2
A8 NC Cc8 PO1/INTP1 E8 XTH G8 AVop J8 P13/ANI3
A9 NC C9 Vsst E9 X2 G9 NC J9 NC
B1 P51/A9 D1 P55/A13 F1 P30 H1 P34
B2 P47/AD7 D2 P56/A14 F2 P31 H2 P35
B3 P43/AD3 D3 P50/A8 F3 Vsso H3 P23/RxD0
B4 P40/ADO D4 NC F4 - H4 P22/SCK30
B5 P66/WAIT D5 - F5 - H5 AVss
B6 P75/BUZ D6 - F6 - H6 P15/ANI5
B7 P72/TI50/TO51 | D7 P0O2/INTP2 F7 P14/ANI|4 H7 P11/ANI1
B8 P71/TIO1 D8 IC (Vep) F8 RESET H8 P10/ANIO
B9 P70/T100/TO0 D9 X1 F9 XT2 H9 AVRer

Cautions 1. Connect the IC (Internally Connected) pin directly to Vsso or Vssi.

2. Connect the AVss pin to Vsso.

Remarks 1. When the uyPD780024AY, 780034AY Subseries products are used in applications where the noise
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generated inside the microcontroller needs to be reduced, the implementation of noise reduction
measures, such as supplying voltage to Vooo and Vop1 individually and connecting Vsso and Vss1 to
different ground lines, is recommended.

2. Pin connection in parentheses is intended for the uPD78F0034BY.
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CHAPTER 2 OUTLINE (uPD780024AY, 780034AY SUBSERIES)

A8 to A15:
ADO to AD7:
ADTRG:

ANIO to ANI7:

ASCKO:
ASTB:
AVpp:
AVREF:
AVss:
BUZ:
IC:

INTPO to INTP3:

NC:

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

Address bus
Address/data bus

AD trigger input

Analog input
Asynchronous serial clock
Address strobe

Analog power supply
Analog reference voltage
Analog ground

Buzzer clock

Internally connected
External interrupt input
Non-connection

Port 0

Port 1

Port 2

Port 3

Port 4

Port 5

Port 6

P70 to P75:
PCL:

RD:
RESET:
RxDO:
SCK30:
SCLO:
SDAO:
SI30:

SO30:

TI0O, TIO1, TI50, TI151:

TOO, TO50, TO51:
TxDO:

Vbpo, Vbb1:

Vpp:

Vsso, Vssi:

‘WAIT:

‘WR:

X1, X2:
XT1, XT2:

User’'s Manual U14046EJ3VOUD

Port 7

Programmable clock

Read strobe

Reset

Receive data

Serial clock

Serial clock

Serial data

Serial input

Serial output

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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CHAPTER 2 OUTLINE (uPD780024AY, 780034AY SUBSERIES)

*x 2.6 78K/0 Series Lineup

The products in the 78K/0 Series are listed below. The names enclosed in boxes are subseries name.
: Products in mass production _ _____________ + Products under development

Y subseries products are compatible with I2C bus.

Control
B 100-pin EMI-noise reduced version of the uPD78078
100-pin uPD78078 1PD78078Y 1 PD78054 with timer and enhanced external interface
100-pin / uPD78070A // uPD78070AY / ROMIless version of the uPD78078
100-pin 1PD780018AY/ 1PD78078Y with enhanced serial I/O and limited functions
80-pin 1PD780058 // uPD780058Y / uPD78054 with enhanced serial /O

EMI-noise reduced version of the uPD78054
1 PD78018F with UART and D/A converter, and enhanced 1/0

80-pin / uPD78058F // uPD78058FY
80-pin / uPD78054 // ,PD78054Y

80-pin uPD780065 uPD780024A with expanded RAM
[ 64-pin 1PD780078 1PD780078Y 1PD780034A with timer and enhanced serial /0
64-pin / 1PD780034A ﬂ uPD780034AY/ 11PD780024A with enhanced A/D converter
64-pin 1 PD78018F with enhanced serial I/O
52-pin 52-pin version of the uPD780034A
52-pin 52-pin version of the uPD780024A
64-pin EMlI-noise reduced version of the yPD78018F
64-pin 1PD78018F 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 uPD780988 On-chip inverter controller and UART. EMI-noise reduced.

VFD drive

B 100-pin 1PD780208 1uPD78044F with enhanced I/0 and VFD C/D. Display output total: 53
80-pin uPD780232 For panel control. On-chip VFD C/D. Display output total: 53
80-pin uPD78044H 1 PD78044F with N-ch open-drain I/O. Display output total: 34
B 80-pin uPD78044F Basic subseries for driving VFD. Display output total: 34
78K/0 B LCD drive
Series 100-pin  / uPD780354 // uPD780354Y / 1PD780344 with enhanced A/D converter
100-pin / UPD780344 ﬂ uPD780344Y 1PD780308 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 uPD780318 1PD780308 with enhanced display function and timer. Segment signal output: 24 pins max.
100-pin 1PD780308 uPD780308Y uPD78064 with enhanced SIO, and expanded ROM and RAM

100-pin uPD78064B EMI-noise reduced version of the uPD78064
| 100-pin uPD78064 // 1PD78064Y 7 Basic subseries for driving LCDs, on-chip UART
Bus interface supported

100-pin uPD780948 On-chip CAN controller

80-pin 1PD78098B 1PD78054 with IEBus controller

80-pin 1PD780702Y [ On-chip IEBus controller
80-pin 1PD780703AY L, On-chip CAN controller

80-pin uPD780833Y /' On-chip controller compliant with J1850 (Class 2)
L 64-pin Specialized for CAN controller function
B 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 with the suffix Y

Function ROM Timer 8-Bit [10-Bit| 8-Bit Serial Interface /0| 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 | 1.8V Yes
20
PD78070AY - 1°C: 1 ch) 61|27V
1PD780018AY |48 KB to 60 KB ~ [3ch(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
20
1PD78054Y |16 KB to 60 KB 1°C: 1 ch) 20V
uPD780078Y |48 KB to 60 KB 2 ch — 8 ch - |4ch (UART:2ch, |52 | 1.8V
12C: 1 ch)
uPD780034AY |8 KB to 32 KB 1ch 3 ch (UART: 1 ch, |51
20
1PD780024AY 8ch| - 1C: 1 ch)
uPD78018FY |8KBto60KB 2 ch (|2C: 1 ch) 53
LCD uPD780354Y |24KBto32KB |4ch|1ch|1ch|1ch — 8 ch - |4ch (UART:1ch, |66 | 1.8V —
. o,
dive | pp780344Y 8ch| - 1C: 1 ch)
uPD780308Y |48KBto60KB | 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)
Bus uPD780702Y |60 KB 3ch|2ch|1ch|1ch|16ch| - - |4ch (UART:1ch, |67 |35V —
. o
interface| | pp780703AY |59.5 KB 1°C: 1 ch)
supported
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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2.7 Block Diagram

TIO0/TOO/P70 ~—

TIO1/P71 —=

16-bit timer/
event counter 0

TI50/TO50/P72 =—=

8-bit timer/
event counter 50

TI51/TO51/P73 =—»

8-bit timer/
event counter 51

Watchdog timer

y)

Watch timer () 78K/0 ROM
CPU core| | (flash
SI30/P20 — memor
S030/P21 - Serial -
SCK30/P22 = interface SIO30
RxD0/P23 —
TxDO/P24 ~— UARTO () @
ASCKO0/P25 —
SDAO0/P32 RAM
12C bus <:>
SCLO/P33 ~—=
ANIO/P10 to
ANI7/P17 [B)
AVop A/D converter <:Z>
AVss
AVRer —=
INTPO/PQO0 to
INTP3/P03 Interrupt control <:>
BUZ/P75 -—
Clock/buzzer
output control <:>
PCL/P74 = P Vooo Vob1 Vsso Vssi

IC
(Ver)

Port 0

2> P00 to P03

Port 1

81 P10to P17

Port 2

6 ) P20to P25

Port 3

7 P30 to P36

Port 4

P40 to P47

Port 5

P50 to P57

Port 6

4> P64 to P67

g8 000U Y

Port 7

K6 P7010 P75

]

External access

ADO/P40 to
(8) AD7/P47
A8/P50 to
A15/P57
-~ RD/P64
-~ WR/P65
-~ WAIT/P66
-~ ASTB/P67

8

System control

~—— RESET
-~ X1
—— X2
~—— XT1

—— XT2

Remarks 1. The internal ROM and RAM capacities depend on the product.
2. Pin connection in parentheses is intended for the uPD78F0034AY, 78F0034BY.
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2.8 Outline of Function

Part Number |uPD780021AY | uPD780022AY | uPD780023AY | uPD780024AY | uPD78F0034AY
Item uPD780031AY | uPD780032AY | uPD780033AY | uPD780034AY | uPD78F0034BY
Internal memory ROM 8 KB 16 KB 24 KB 32 KB 32 KBNote
(Mask ROM) | (Mask ROM) | (Mask ROM) | (Mask ROM) | (Flash memory)
High-speed RAM 512 bytes 1024 bytes 1024 bytesNote
Memory space 64 KB

General-purpose register

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

Minimum instruction

execution time

Minimum instruction execution time changeable function

When main system
clock selected

0.238 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 manipulate (set, reset, test, and Boolean operation)
» BCD adjust, etc.

1/0 port

Total: 51
+ CMOS input: 8
+ CMOS 1/0: 39

* N-ch open-drain 1/0 (5 V breakdown): 4

A/D converter

* 8-bit resolution x 8 channels
(uPD780021AY, 780022AY, 780023AY, 780024AY)

» 10-bit resolution x 8 channels (uPD780031AY, 780032AY, 780033AY,
780034AY, 78F0034AY, 78F0034BY)

» Low-voltage operation: AVop = 1.8t0 5.5V

Serial interface

» 3-wire serial 1/0 mode: 1 channel
* UART mode: 1 channel
* [’)C bus mode: 1 channel

Timer

» 16-bit timer/event counter: 1 channel

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

Timer output

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

Clock output

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

Buzzer output

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

Vectored interrupt
source

Maskable

Internal: 13, 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 SDIP (19.05 mm (750))

* 64-pin plastic QFP (14 x 14)

* 64-pin plastic LQFP (14 x 14)

* 64-pin plastic TQFP (12 x 12)

* 64-pin plastic LQFP (10 x 10)

» 73-pin plastic FBGA (9 x 9) (standard grade product only)

Note The capacities of internal flash memory and internal high-speed RAM can be changed by means of the

memory size switching register (IMS).
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The outline of the timer/event counter is as follows (for details, see CHAPTER 8 16-BIT TIMER/EVENT COUNTER
0, CHAPTER 9 8-BIT TIMER/EVENT COUNTERS 50, 51, CHAPTER 10 WATCH TIMER, and CHAPTER 11

WATCHDOG TIMER).

16-Bit Timer/ 8-Bit Timer/ Watch Timer Watchdog Timer
Event Counter 0  |Event Counters 50, 51

Operation | Interval timer 1 channel 2 channels 1 channelNote 1 1 channelNote 2
Mode External event counter \ \ - -
Function | Timer output \/ \ - _
PPG output \ - - _
PWM output - N - _
Pulse width measurement \ - - _
Square-wave output \ \ - _
Interrupt request \ \ \ N

Notes 1. The watch timer can perform both watch timer and interval timer functions at the same time.

2. The watchdog timer can perform either the watchdog timer function or the interval timer function.

x 2.9 Correspondence Between Mask ROM Versions and Flash Memory Versions

Table 2-1. Correspondence Between Mask ROM Versions and Flash Memory Versions

Mask ROM Version uPD780021AY/2AY/3AY/4AY uPD780021AY (A)/2AY (A)/3AY (A)/4AY (A)
uPD780031AY/2AY/3AY/4AY uPD780031AY/(A)/2AY (A)/3AY(A)/4AY (A)
Flash Memory Version
uPD78F0034AY \ -
uPD78F0034BY \ -
uPD78F0034BY(A) - \/

Remarks 1. V: Supported, —: Not supported
2. The uPD780034AY and uPD78F0034BY, 78F0034BY (A) differ in the communication mode of flash
memory programming. See 23.1 Differences Between yPD78F0034A,78F0034AY and uPD78F0034B,

78F0034BY.

3. Expanded-specification products of the uPD780024AY and 780034AY Subseries are not available.
Only conventional products are available.
4. A special grade product of the uPD78F0034AY is not available. Only a standard grade product is

available.
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2.10 Differences Between Standard Grade Products and Special Grade Products

The differences between standard grade products (uPD780021AY, 780022AY, 780023AY, 780024AY, 780031AY,
780032AY, 780033AY, 780034AY, 78F0034AY, 78F0034BY) and special grade products (uPD780021AY(A),
780022AY(A), 780023AY(A), 780024AY(A), 780031AY(A), 780032AY(A), 780033AY(A), 780034AY(A), 78F0034BY (A))
are shown in Table 2-2.

Table 2-2. Differences Between Standard Grade Products and Special Grade Products

LPD780021AY, 780022AY, 780023AY, 1PD780021AY(A), 780022AY(A),
780024AY, 780031AY, 780032AY,  |780023AY(A), 780024AY(A), 780031AY(A),
780033AY, 780034AY, 78F0034AY,  [780032AY(A), 780033AY (A), 780034AY (A),

78F0034BY 78F0034BY(A)

Quality grade Standard Special

Package See 2.11 Correspondence Between Products and Packages

Other (functions, electrical Same
specifications, etc.)

2.11 Correspondence Between Products and Packages
The following table shows the correspondence between the products and packages.

Table 2-3. Correspondence Between Products and Packages

Mask ROM Version Flash Memory Version
uPD780021AY/2AY/3AY/AAY uPD78F0034AY uPD78F0034BY
uPD780031AY/2AY/3AY/AAY

Standard Special Standard Standard Special
64-pin SDIP (CW type) N Note 1 N B ~
64-pin QFP (GC-ABS type) N /Note 2 N ~ B
64-pin LQFP (GC-8BS type) N Note 1 N J N
64-pin TQFP (GK-9ET type) N /Note 1 N J Ny
64-pin LQFP (GB-8EU type) N Note 1 N J Ny
73-pin FBGA (F1-CN83 type) J - - J _

Notes 1. Under development
2. Only the uPD780022AYGC(A)-AB8 is under mass production. The other models are still under
development.

Remarks 1. +: Package available, —: Package not available

2. A special grade product of the uPD78F0034AY is not available. Only a standard grade product is
available.
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2.12 Mask Options

The mask ROM versions (uPD780021AY, 780022AY, 780023AY, 780024AY, 780031AY, 780032AY, 780033AY,
780034AY) 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 uPD780024AY and 780034AY Subseries are shown in Table 2-4.

Table 2-4. Mask Options of Mask ROM Versions

Pin Names Mask Option

P30, P31 Pull-up resistor connection can be specified in 1-bit units.
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3.1 Pin Function List

(1) Port pins (1/2)

Pin Name 110 Function After Reset Alternate
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 software INTP2

P03 settings. INTP3/ADTRG

P10 to P17 Input Port 1 Input ANIO to ANI7
8-bit input-only port.

P20 1/0 Port 2 Input SI30

P21 6-bit 1/0 port S030
Input/output mode can be specified in 1-bit units. —

P22 An on-chip pull-up resistor can be used by software SCK30

P23 settings. 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 mode | specified by mask option

P32 can be specified in | (mask ROM version only).

P33 1-bit units. LEDs can be driven directly.

P34 An on-chip pull-up resistor can be SI31

P35 used by software settings. SO31

P36 SCK31

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 software settings.
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 software settings.

P64 1/0 Port 6 Input RD

P65 4-bit 1/0 port WB
Input/output mode can be specified in 1-bit units.

P66 An on-chip pull-up resistor can be used by software WAIT

P67 settings. ASTB
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(1) Port pins (2/2)

Pin Name 1/0 Function After Reset Alternate
Function
P70 110 Port 7 Input TI00/TOO0
P71 6-bit 1/0 port TIo1
Input/output mode can be specified in 1-bit units.
P72 An on-chip pull-up resistor can be used by software TIS0/TO50
P73 settings. TI51/TO51
P74 PCL
P75 BUZ
(2) Non-port pins (1/2)
Pin Name 1/0 Function After Reset Alternate
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
SI30 Input Serial interface serial data input Input P20
SI31 P34
SO30 Output Serial interface serial data output Input P21
SO31 P35
SCK30 1/0 Serial interface serial clock input/output Input P22
SCK31 P36
RxDO Input Asynchronous serial interface serial data input Input P23
TxDO Output Asynchronous serial interface serial data output Input P24
ASCKO Input Asynchronous serial interface serial clock input Input P25
TI00 Input External count clock input to 16-bit timer/event counter 0 Input P70/TO0
Capture trigger input to 16-bit timer/event counter 0 capture
register (CR00, CR0O1)
TIO1 Capture trigger input to 16-bit timer/event counter 0 P71
capture register (CR00)
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
TOO Output 16-bit timer/event counter 0 output Input P70/TI00
TO50 8-bit timer/event counter 50 output Input P72/TI50
(also used for 8-bit PWM output)
TO51 8-bit timer/event counter 51 output P73/T151
(also used for 8-bit PWM output)
PCL Output Clock output (for main system clock and subsystem clock Input P74
trimming)
BUZ Output Buzzer output Input P75
ADO to AD7 110 Lower address/data bus when expanding external memory Input P40 to P47
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(2) Non-port pins (2/2)

Pin Name 110 Function After Reset Alternate
Function
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 - -
AVbp - A/D converter analog power supply. Connect to Vooo or Vobi. - -
AVss - A/D converter ground potential. Connect to Vsso or Vsst. - -
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 - - -
Vbbo - Positive power supply for ports - -
Vo1 - Positive power supply other than ports - -
Vsso - Ground potential for ports - -
Vsst - Ground potential other than ports - -
IC - Internally connected. Connect directly to Vssoor Vssi. - -
NCNote - Not internally connected. Leave open. - -
Vep - High-voltage application for program write/verify. - -

Note The NC pin is available only for a 73-pin plastic FBGA.
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3.2 Description of Pin Functions

3.2.1 P00 to P03 (Port 0)

These are 4-bit 1/0 ports. Besides serving as I/O ports, they function as an external interrupt input, and A/D
converter external trigger input.

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

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

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

(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 (ADMO) and set interrupt mask
flag (PMK3) to 1.

3.2.2 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).
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3.2.3 P20 to P25 (Port 2)

These are 6-bit I/O ports. Besides serving as 1/O ports, they function as data I/O and clock I/O of serial interface
S1030 or UARTO.

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

(1) Port mode
These ports function as 6-bit I/0 ports. They can be specified as input or output ports in 1-bit units with port mode
register 2 (PM2). On-chip pull-up resistors can be used by setting pull-up resistor option register 2 (PU2).

(2) Control mode
These ports function as data I/O and clock I/O of serial interface SIO30 or UARTO.

(a) SI30 and SO30
Serial data I/O pins of serial interface SIO30.

(b) SCK30
Serial clock I/O pin of serial interface SIO30.

(c) RxDO and TxDO
Serial data I/O pins of serial interface UARTO.

(d) ASCKO
Serial clock input pin of serial interface UARTO.

3.2.4 P30 to P36 (Port 3)

These are 7-bit I/O ports. Besides serving as 1/O ports, they function as data I/O and clock I/O of serial interface
SIO31.

P30 to P33 can drive LEDs directly.

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

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

(2) Control mode
These ports function as data I/O and clock I/O of serial interface SIO31.

(a) SI31 and SO31
Serial data I/O pins of serial interface SIO31.

(b) SCK31
Serial clock 1/0 pin of serial interface SIO31.
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3.2.5 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 I/0 ports. They can be specified as input or output ports in 1-bit units with 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.

3.2.6 P50 to P57 (Port 5)
These are 8-bit I/O ports. Besides serving as I/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/0 ports. They can be specified as input or output ports in 1-bit units 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.

3.2.7 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/0 ports. They can be specified as input or output ports in 1-bit units 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 (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)
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/0 port. They can be specified as an input port or output port in 1-bit units with port

(2)

mode register 7 (PM7). On-chip pull-up resistors can be used by setting pull-up resistor option register 7 (PU7).

P70 and P71 are also 16-bit timer/event counter 0 capture trigger signal input pins with a valid edge input.

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

(a)

(b)

(c)

(d)

(e)

()

TioO
External count clock input pin to 16-bit timer/event counter 0 and capture trigger signal input pin to 16-bit
timer/event counter capture register (CR01).

TIO1
Capture trigger signal input pin to 16-bit timer/event counter 0 capture register (CR00).

TI50 and TI51
External count clock input pins to 8-bit timer/event counters 50 and 51.

TOO0, TO50, and TO51
Timer output pins.

PCL
Clock output pin.

BUZ
Buzzer output pin.

3.2.9 AVrreF
This is an A/D converter reference voltage input pin.

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

3.2.10 AVop
This is an analog power supply pin of A/D converter. Always use the same potential as that of the Vppo pin or Vob1

pin even when no A/D converter is used.

3.2.11 AVss
This is a ground potential pin of A/D converter. Always use the same potential as that of the Vsso pin or Vss1 pin

even when no A/D converter is used.
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3.2.12 RESET
This is a low-level active system reset input pin.

*x 3.2.13 NC
NC (Non-connection) pin is not internally connected. Leave this pin open.

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

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

3.2.16 Vpoo and Vbb1
Vopo is a positive power supply port pin.
Vop1 is a positive power supply pin other than port pin.

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

3.2.18 Vpp (flash memory versions only)
High-voltage apply pin for flash memory programming mode setting and program write/verify.
* 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 Vssi1 in normal operation mode.

When there is a potential difference between the Vrp pin and Vsso pin or Vss1 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.

3.2.19 IC (mask ROM version only)
The IC (Internally Connected) pin is provided to set the test mode to check the uPD780024A, 780034A Subseries
at delivery. Connect it directly to the Vssoor Vsst pin with the shortest possible wire in the normal operating mode.
When a potential difference is produced between the IC 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 IC pin, the user’s program may not operate normally.

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

VssoorVsst IC
J
\

As short as possible

e
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3.3 Pin I/0 Circuits and Recommended Connection of Unused Pins

Table 3-1 shows the types of pin 1/O circuit and the recommended connections of unused pins.
See 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 1/0O Circuit Type 1/0 Recommended Connection of Unused Pins
POO/INTPO to PO2/INTP2 8-C 1/0 Input:  Independently connect to Vsso or Vssi via a
PO3/INTP3/ADTRG resistor.

Output: Leave open.

P10/ANIO to P17/ANI7 25 Input Connect directly to Vooo, Vob1, Vsso, or Vsst.
P20/S130 8-C 110 Input:  Independently connect to Vooo, Vo1, Vsso,
P21/SO30 5-H or Vss1 via a resistor.

— Output: Leave open.
P22/SCK30 8-C
P23/RxD0
P24/TxD0 5-H
P25/ASCKO 8-C
P30, P31 13-Q Input:  Connect directly to Vsso or Vsst.
(for mask ROM version) Output: Set the output latch of the port to 0, and
P30. P31 13-P leave these pins open at low level.
(for flash memory version)
P32, P33 13-S
(for mask ROM version)
P32, P33 13-R
(for flash memory version)
P34/S131 8-C Input:  Independently connect to Vooo, Voo1, Vsso,
P35/SO31 5-H or Vss1 via a resistor.

—— Output: Leave open.
P36/SCK31 8-C
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 3-1. Pin I/O Circuit Types (2/2)

Pin Name 1/0 Circuit Type 1/0 Recommended Connection of Unused Pins
P50/A8 to P57/A15 5-H 1/0 Input:  Independently connect to Vooo, Voo1, Vsso,
P64/RD or Vss1 via a resistor.

— Output: Leave open.
P65/WR
P66/WAIT
P67/ASTB
P70/TI00/TOO 8-C
P71/T101
P72/T150/TO50
P73/TI51/TO51
P74/PCL 5-H
P75/BUZ
RESET 2 Input -
NCNote - - Leave open.
XT1 16 Input Connect directly to Vooo or Vooi.
XT2 - Leave open.
AVop - Connect directly to Vooo or Voo1.
AVrer Connect directly to Vssoor Vssi.
AVss
IC (for mask ROM version)
Vep Independently connect a 10 kQ pull-down resistor
(for flash memory version) to this pin, or connect directly to Vsso or Vssi.

Note The NC pin is available only for a 73-pin plastic FBGA.
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Figure 3-1. Pin I/O Circuit List (1/2)

Type 2 Type 13-P
——CO IN/OUT
Data
Output disaply 1 > [ N-en
Vsso
IN
Schmitt-triggered input with hysteresis characteristics nout ‘—CG_‘i
npu
enable
Type 5-H Vooo Type 13-Q Voo
Mask ‘
(opﬁon] §
Pullup I +——0 INJOUT
enable > P-ch
Vopo Data :Z>O_| N-ch
Output disable
Pata ) | e
° Vsso
IN/OUT
Output N-ch
disable
Vsso
Input <—OG—\7
Input <—OG—\7 enable
enable
Type 8-C Type 13-R
Voo
——CO IN/OUT
Pullup |
enable D> | [~ P-ch Data :DO—| N-ch
Vbpo Output disable
Data :D |
P-ch Vsso
IN/OUT
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Output N-ch
disable
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o@}
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Figure 3-1. Pin I/O Circuit List (2/2)
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CHAPTER 4 PIN FUNCTION (uPD780024AY, 780034AY SUBSERIES)

4.1 Pin Function List

(1) Port pins (1/2)

Pin Name 1/0 Function After Reset Alternate
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 software INTP2
P03 settings. INTP3/ADTRG
P10 to P17 Input Port 1 Input ANIO to ANI7
8-bit input-only port.
P20 1/0 Port 2 Input SI30
P21 6-bit 1/0 port 5030
Input/output mode can be specified in 1-bit units.
P22 An on-chip pull-up resistor can be used by software SCK30
P23 settings. 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). SDAO
P33 specified in 1-bit LEDs can be driven directly. SCLO
P34 units. An on-chip pull-up resistor can be -
P35 used by software settings.
P36
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 software settings.
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 software settings.
P64 1/0 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 software WAIT
P67 settings. ASTB
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(1) Port pins (2/2)

Pin Name 1/0 Function After Reset Alternate
Function
P70 110 Port 7 Input TI00/TOO0
P71 6-bit 1/0 port TI01
Input/output mode can be specified in 1-bit units.
p72 An on-chip pull-up resistor can be used by software TI50/TO50
P73 settings. TI51/TO51
P74 PCL
P75 BUZ
(2) Non-port pins (1/2)
Pin Name 1/0 Function After Reset Alternate
Function
INTPO Input External interrupt request input with specifiable valid edges Input P00
(rising edge, falling edge, both rising and falling edges)
INTP1 PO1
INTP2 P02
INTP3 PO3/ADTRG
SI30 Input Serial interface serial data input Input P20
SO30 Output Serial interface serial data output Input P21
SDAO 1/0 Serial interface serial data input/output Input P32
SCK30 1/0 Serial interface serial clock input/output Input P22
SCLO P33
RxDO Input Asynchronous serial interface serial data input Input P23
TxDO Output Asynchronous serial interface serial data output Input P24
ASCKO Input Asynchronous serial interface serial clock input Input P25
TI00 Input External count clock input to 16-bit timer/event counter 0 Input P70/TO0
Capture trigger input to 16-bit timer/event counter 0 capture
register (CR00, CR0O1)
TIO1 Capture trigger input to 16-bit timer/event counter 0 P71
capture register (CR00)
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
TOO Output 16-bit timer/event counter 0 output Input P70/TI00
TO50 8-bit timer/event counter 50 output Input P72/TI50
(also used for 8-bit PWM output)
TO51 8-bit timer/event counter 51 output P73/T151
(also used for 8-bit PWM output)
PCL Output Clock output (for main system clock and subsystem clock Input P74
trimming)
BUZ Output Buzzer output Input P75
ADO to AD7 110 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
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(2) Non-port pins (2/2)

Pin Name 110 Function After Reset Alternate
Function
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 - -
AVoo - A/D converter analog power supply. Connect to Vooo or Voor. - -
AVss - A/D converter ground potential. Connect to Vsso or Vssi. - -
RESET Input System reset input Input -
X1 Input Crystal connection for main system clock oscillation - -
X2 - - -
XT1 Input Crystal connection for subsystem clock oscillation - -
XT2 - - -
Vbbo - Positive power supply for ports - -
Vo1 - Positive power supply other than ports - -
Vsso - Ground potential for ports - -
Vsst - Ground potential other than ports - -
IC - Internally connected. Connect directly to Vssoor Vssi. - -
NCNote - Not internally connected. Leave open. - -
Vep - High-voltage application for program write/verify. - -

Note The NC pin is available only for a 73-pin plastic FBGA.
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4.2 Description of Pin Functions

4.2.1 P00 to P03 (Port 0)

These are 4-bit 1/0 ports. Besides serving as I/O ports, they function as an external interrupt input, and A/D
converter external trigger input.

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

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

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

(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 (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).
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4.2.3 P20 to P25 (Port 2)
These are 6-bit I/0 ports. Besides serving as I/O ports, they function as serial interface data 1/0 and clock I/O.
The following operating modes can be specified in 1-bit units.

(1)

(2)

Port mode
These ports function as 6-bit I/0 ports. They can be specified as input or output ports in 1-bit units with port mode
register 2 (PM2). On-chip pull-up resistors can be used by setting pull-up resistor option register 2 (PU2).

Control mode
These ports function as data I/O and clock I/O of serial interface SIO30 or UARTO.

(a) SI30 and SO30
Serial data I/O pins of serial interface SIO30.

(b) SCK30
Serial clock I/0 pin of serial interface SIO30.

(c) RxDO and TxDO
Serial data I/O pins of serial interface UARTO.

(d) ASCKO
Serial clock input pin of serial interface UARTO.

4.2.4 P30 to P36 (Port 3)
These are 7-bit I/O ports. Besides serving as 1/O ports, they function as data I/O and clock I/O of serial interface
11CO.

(1)

(2)

P30 to P33 can drive LEDs directly.
The following operating modes can be specified in 1-bit units.

Port mode

These ports function as 7-bit I/0 ports. They can be specified as input or output ports in 1-bit units with port mode
register 3 (PM3). P30 to P33 are N-ch open-drain 1/O port. 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 setting pull-up
resistor option register 3 (PU3).

Control mode
These ports function as data I/O and clock I/O of serial interface [ICO.

(a) SDAO
Serial data I/O pin of serial interface 11CO.

(b) SCLO
Serial clock 1/0 pin of serial interface 11CO.
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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 I/0 ports. They can be specified as input or output ports in 1-bit units with 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 I/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/0 ports. They can be specified as input or output ports in 1-bit units 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/0 ports. They can be specified as input or output ports in 1-bit units 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 (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.

94 User’'s Manual U14046EJ3VOUD



CHAPTER 4 PIN FUNCTION (uPD780024AY, 780034AY SUBSERIES)

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/0 port. They can be specified as an input port or output port in 1-bit units with 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 are also 16-bit timer/event counter 0 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) TIOO
External count clock input pin to 16-bit timer/event counter 0 and capture trigger signal input pin to 16-bit
timer/event counter capture register (CR01).

(b) TIO1
Capture trigger signal input pin to 16-bit timer/event counter 0 capture register (CR00).

(c) TI50 and TI51
External count clock input pins to 8-bit timer/event counters 50 and 51.

(d) TOO, TO50, and TO51
Timer output pins.

(e) PCL
Clock output pin.

(f) BUZ
Buzzer output pin.

4.2.9 AVRer
This is an A/D converter reference voltage input pin.
When no A/D converter is used, connect this pin directly to Vsso or Vssi.

4.2.10 AVop
This is an analog power supply pin of A/D converter. Always use the same potential as that of the Vppo pin or Vob1
pin even when no A/D converter is used.

4.2.11 AVss

This is a ground potential pin of A/D converter. Always use the same potential as that of the Vsso pin or Vss1 pin
even when no A/D converter is used.
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4.2.12 RESET
This is a low-level active system reset input pin.

*x 4.2.13 NC
NC (Non-connection) pin is not internally connected. Leave this pin open.

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

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

4.2.16 Vooo and Vbb1
Vopo is a positive power supply pin.
Vop1 is a positive power supply pin other than port pin.

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

4.2.18 Vpp (flash memory versions only)
High-voltage apply pin for flash memory programming mode setting and program write/verify.
* 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 Vssi1 in normal operation mode.

When there is a potential difference between the Vrp pin and Vsso pin or Vss1 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.

4.2.19 IC (mask ROM version only)
The IC (Internally Connected) pinis provided to set the test mode to check the uPD780024AY, 780034AY Subseries
at delivery. Connect it directly to the Vsso or Vsst pin with the shortest possible wire in the normal operating mode.
When a potential difference is produced between the IC 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 IC pin, the user’s program may not operate normally.

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

VssoorVss1 IC
J
\

As short as possible

a
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4.3 Pin I/0 Circuits and Recommended Connection of Unused Pins

Table 4-1 shows the types of pin 1/O circuit and the recommended connections of unused pins.

See 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 1/0O Circuit Type 1/0 Recommended Connection of Unused Pins
POO/INTPO to PO2/INTP2 8-C 1/0 Input:  Independently connect to Vsso or Vssi via a
PO3/INTP3/ADTRG resistor.

Output: Leave open.
P10/ANIO to P17/ANI7 25 Input Connect directly to Vooo, Vob1, Vsso, or Vsst.
P20/S130 8-C 1/0 Input:  Independently connect to Vooo, Vo1, Vsso,
P21/SO30 5-H or Vss1 via a resistor.
— Output: Leave open.
P22/SCK30 8-C
P23/RxD0
P24/TxD0 5-H
P25/ASCKO 8-C
P30, P31 13-Q Input:  Connect directly to Vsso or Vsst.
(for mask ROM version) Output: Set the output latch of the port to 0, and
P30. P31 13-P leave these pins open at low level.
(for flash memory version)
P32/SDAO 13-R
P33/SCLO
P34 8-C Input:  Independently connect to Vooo, Vo1, Vsso,
P35 5-H or Vss1 via a resistor.
Output: Leave open.
P36 8-C
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)

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

P50/A8 to P57/A15 5-H 1/0 Input:  Independently connect to Vooo, Voo1, Vsso,
P64/RD or Vss1 via a resistor.

— Output: Leave open.
P65/WR
P66/WAIT
P67/ASTB
P70/TI00/TOO 8-C
P71/T101
P72/T150/TO50
P73/TI51/TO51
P74/PCL 5-H
P75/BUZ
RESET 2 Input -
NCNote - - Leave open.
XT1 16 Input Connect directly to Vooo or Vooi.
XT2 - Leave open.
AVop - Connect directly to Vooo or Voo1.
AVrer Connect directly to Vssoor Vssi.
AVss
IC (for mask ROM version)
Vep Independently connect a 10 kQ pull-down resistor
(for flash memory version) to this pin, or connect directly to Vsso or Vssi.

Note The NC pin is available only for a 73-pin plastic FBGA.
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Figure 4-1. Pin I/O Circuit List (1/2)
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Figure 4-1. Pin I/O Circuit List (2/2)
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CHAPTER 5 CPU ARCHITECTURE

5.1 Memory Spaces

uPD780024A, 780034A, 780024AY, 780034AY Subseries can access 64 KB memory space respectively.
Figures 5-1 to 5-5 show memory maps.

Caution Incase of the internal memory capacity, the initial value of memory size switching register (IMS)
of all products (uPD780024A, 780034A, 780024AY, and 780034AY Subseries) is fixed (IMS =
CFH). Therefore, set the value corresponding to each product indicated below.

uPD780021A, 780031A, 780021AY, 780031AY: 42H
uPD780022A, 780032A, 780022AY, 780032AY: 44H
uPD780023A, 780033A, 780023AY, 780033AY: C6H
uPD780024A, 780034A, 780024AY, 780034AY: C8H

1PD78F0034A, 78F0034B, 78F0034AY, 78F0034BY: Value for mask ROM version

Figure 5-1. Memory Map (uPD780021A, 780031A, 780021AY, 780031AY)

A
FFFFH Special function
registers (SFRs)
FFOOH 256 x 8 bits
FEFFH| General-purpose
registers
FEEQOH 32 X 8 bits
FEDFH
Internal high-speed RAM
512 x 8 bits
FDOOH
FCFFH
1FFFH
Reserved a= Program area =
Data memory 1000H
space F800H OFFFH
F7FFH A A
¥ CALLF entry area *~
0800H
A External memory A 07FFH
[~ 55296 x 8 bits [
= Program area >~
Program
memory 0080H
space 007FH
2000H
1FFFH CALLT table area
y Internal ROM A gggg:
T 8192 x 8 bits T
Vector table area
\i Y 0000H 0000H
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Figure 5-2. Memory Map (uPD780022A, 780032A, 780022AY, 780032AY)

[(4

(4

[(4

A
FFFFH Special function
registers (SFRs)
FFOOH 256 x 8 bits
FEFFH| General-purpose
registers
FEEQOH 32 x 8 bits
FEDFH
Internal high-speed RAM
512 x 8 bits
FDOOH
FCFFH
3FFFH
Reserved = Program area
Data memory 1000H
space F800H OFFFH
F7FFH A
* CALLF entry area
0800H
A External memory ~ 07FFH
B 47104 x 8 bits [
= Program area A
Program
memory
0080H
space 007FH
4000H
SFFFH CALLT table area
iy Internal ROM A 8832:
T 16384 x 8 bits T
Vector table area
Y Y 0000H 0000H
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Figure 5-3. Memory Map (uPD780023A, 780033A, 780023AY, 780033AY)

Data memory

space

FFFFH Special function
registers (SFRs)
FEOOH 256 x 8 bits
FEFFH| General-purpose
registers
FEEOH 32 X 8 bits
FEDFH
Internal high-speed RAM
1024 x 8 bits
FBOOH
FAFFH
Reserved
F800H
F7FFH
A External memory
B 38912 x 8 bits
Program
memory
space
6000H
5FFFH
m Internal ROM
T 24576 x 8 bits
Y 0000H

5FFFH

1000H

Program area

)
[(¢

OFFFH

0800H

CALLF entry area

)
[{¢

07FFH

))
(

0080H

Program area

))
[(¢

007FH

0040H

CALLT table area

003FH

0000H

Vector table area
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Figure 5-4. Memory Map (uPD780024A, 780034A, 780024AY, 780034AY)

[(4

[(4

[(4

A
FFFFH Special function
registers (SFRs)
FEOOH 256 x 8 bits
FEFFH| General-purpose
registers
FEEQOH 32 X 8 bits
FEDFH
Internal high-speed RAM
1024 x 8 bits
FBOOH
FAFFH
7FFFH
Reserved = Program area 3
Data memory 1000H
space F800H OFFFH
F7FFH A A
* CALLF entry area s
0800H
A External memory A 07FFH
B 30720 x 8 bits [
= Program area
Program
memory
0080H
space 007FH
8000H
7FFFH CALLT table area
A Internal ROM A 8832:
T 32768 x 8 bits T
Vector table area
\i Y 0000H 0000H
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Figure 5-5. Memory Map (uPD78F0034A, 78F0034B, 78F0034AY, 78F0034BY)

Data memory

space

FFFFH Special function
registers (SFRs)
FEOOH 256 x 8 bits
FEFFH| General-purpose
registers
FEEOH 32 X 8 bits
FEDFH
Internal high-speed RAM
1024 x 8 bits
FBOOH
FAFFH
Reserved
F800H
F7FFH
e External memory
B 30720 x 8 bits
Program
memory
space
8000H
7FFFH
L Flash memory
T 32768 x 8 bits
Y 0000H

7FFFH

1000H

Program area

)
({4

OFFFH

0800H

CALLF entry area

)
[(¢

07FFH

))

0080H

Program area

)
[(¢

007FH

0040H

CALLT table area

003FH

0000H

Vector table area
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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 uPD780024A, 780034A, 780024AY, and 780034AY Subseries products incorporate an on-chip ROM (mask
ROM or flash memory), as listed below.

Table 5-1. Internal ROM Capacity

Part Number Type Capacity
uPD780021A, 780031A, 780021AY, 780031AY Mask ROM 8192 x 8 bits (0000H to 1FFFH)
uPD780022A, 780032A, 780022AY, 780032AY 16384 x 8 bits (0000H to 3FFFH)
uPD780023A, 780033A, 780023AY, 780033AY 24576 x 8 bits (0000H to 5FFFH)
uPD780024A, 780034A, 780024AY, 780034AY 32768 x 8 bits (0000H to 7FFFH)
uPD78F0034A, 78F0034B, 78F0034AY, 78F0034BY | Flash memory 32768 x 8 bits (0000H to 7FFFH)

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

106 User's Manual U14046EJ3VOUD



CHAPTER 5 CPU ARCHITECTURE

(1) Vector table area

The 64-byte area 0000H to 003FH is reserved as a vector table area. The RESET input and program start
addresses for branch upon generation of each interrupt request are stored in the vector table area. Of the 16-

bit address, lower 8 bits are stored at even addresses and higher 8 bits are stored at odd addresses.

Table 5-2. Vector Table

Vector Table Address Interrupt Source
0000H RESET input
0004H INTWDT
0006H INTPO
0008H INTP1
000AH INTP2
000CH INTP3
000EH INTSERO
0010H INTSRO
0012H INTSTO
0014H INTCSI30
0016H INTCSI31Note 1
0018H INTIICQNote 2
001AH INTWTI
001CH INTTMOO
001EH INTTMO1
0020H INTTM50
0022H INTTM51
0024H INTADO
0026H INTWT
0028H INTKR
003EH BRK

Notes 1. uPD780024A, 780034A Subseries only
2. uPD780024AY, 780034AY 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 uPD780024A, 780034A, 780024AY, and 780034AY Subseries products incorporate an internal high-speed
RAM, as listed below.

Table 5-3. Internal High-Speed RAM Capacity

Part Number Internal High-Speed RAM
uPD780021A, 780031A, 780021AY, 780031AY 512 x 8 bits (FDOOH to FEFFH)
uPD780022A, 780032A, 780022AY, 780032AY
uPD780023A, 780033A, 780023AY, 780033AY 1024 x 8 bits (FBOOH to FEFFH)

uPD780024A, 780034A, 780024AY, 780034AY
uPD78F0034A, 78F0034B, 78F0034AY, 78F0034BY

The 32-byte area FEEOH to FEFFH is allocated 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 and executed.
The internal high-speed RAM can also be used as a stack memory.

5.1.3 Special function register (SFR) area

An on-chip peripheral hardware special function register (SFR) is allocated in the area FFOOH to FFFFH (see 5.2.3
Special function register (SFR) Table 5-5 Special Function Register List).

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

The external memory space is accessible with memory expansion mode register (MEM). 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 uPD780024A, 780034A, 780024AY, and 780034AY 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. Correspondence between data memory
and addressing is illustrated in Figures 5-6 to 5-10. For the details of each addressing mode, see 5.4 Operand
Address Addressing.

Figure 5-6. Correspondence Between Data Memory and Addressing
(uPD780021A, 780031A, 780021AY, 780031AY)

FFFFH _ _ A
Special function
registers (SFRs) SFR addressing
256 x 8 bits
FF2OH|_
FF1FH
FFOOH
FEFFH General-purpose registers Register addressing
FEEOH 32 x 8 bits Short direct
FEDFH addressing
¥ Internal high-speed RAM T
512 x 8 bits
FE20H] ]
FE1FH
FDOOH
FCFFH
Direct addressing
Reserved . -
Register indirect
addressing
Based addressing
F800H
F7FFH Based indexed
addressing
L External memory L
T 55296 x 8 bits T
2000H
1FFFH
n Internal ROM A
T 8192 x 8 bits T
0000H '
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Figure 5-7. Correspondence Between Data Memory and Addressing
(uPD780022A, 780032A, 780022AY, 780032AY)

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
¥ Internal high-speed RAM T
512 x 8 bits
FE2OH|
FE1FH
FDOOH
FCFFH
Direct addressing
Reserved . -
Register indirect
addressing
Based addressing
F800H
F7FFH Based indexed
addressing
L External memory L
T 47104 x 8 bits T
4000H
3FFFH
A Internal ROM A
T 16384 x 8 bits T
0000H /
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Figure 5-8. Correspondence Between Data Memory and Addressing
(uPD780023A, 780033A, 780023AY, 780033AY)

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
¥ Internal high-speed RAM T
1024 x 8 bits
FE2OH|
FE1FH
FBOOH
FAFFH
Direct addressing
Reserved
Register indirect
addressing
Based addressing
F800H
F7FFH Based indexed
addressing
L External memory L
T 38912 x 8 bits T
6000H
5FFFH
L Internal ROM A
T 24576 x 8 bits T
0000H /
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Figure 5-9. Correspondence Between Data Memory and Addressing
(uPD780024A, 780034A, 780024AY, 780034AY)

FFFFH _ _ A
Special function
registers (SFRs) SFR addressing
256 x 8 bits
FF2OH___
FF1FH
FFOOH
FEFFH General-purpose registers RegiAster addressing
FEEQH 32 x 8 bits ¥ Short direct
FEDFH addressing
¥ Internal high-speed RAM T
1024 x 8 bits
FE2OH|
FE1FH
FBOOH
FAFFH
Direct addressing
Reserved Register indirect
addressing
Based addressing
F800H
F7FFH Based indexed
addressing
n External memory L
T 30720 x 8 bits T
8000H
7FFFH
L Internal ROM L
T 32768 x 8 bits T
0000H /
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Figure 5-10. Correspondence Between Data Memory and Addressing
(uPD78F0034A, 78F0034B, 78F0034AY, 78F0034BY)

FFFFH _ _ A
Special function
registers (SFRs) SFR addressing
256 x 8 bits
FF2OH|
FF1FH
FFOOH
FEFFH General-purpose registers Register addressing
FEEOH 32 x 8 bits ¥ Short direct
FEDFH addressing
¥ Internal high-speed RAM T
1024 x 8 bits
FE20H] ]
FE1FH
FBOOH
FAFFH
Direct addressing
R d
eserve Register indirect
addressing
Based addressing
F800H
F7FFH Based indexed
addressing
L External memory L
T 30720 x 8 bits T
8000H
7FFFH
n Flash memory A
T 32768 x 8 bits T
0000H i
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5.2

Processor Registers

The uPD780024A, 780034A, 780024AY, 780034AY Subseries products 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

(1)

(2)

114

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

Program counter (PC)

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

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

Figure 5-11. Program Counter Format

15 0
PC [Pc15|PC14] PC13| PC12|PC11] PC10| PC9 | PC8 | PC7 | PC6 | PC5 | PC4 | PC3| PC2 | PC1| PCO |

Program status word (PSW)

The program status word is an 8-bit register consisting of various flags to be set/reset by instruction execution.
Program status word contents are automatically stacked upon interrupt request generation or PUSH PSW instruction
execution and are automatically reset upon execution of the RETB, RETI and POP PSW instructions.

RESET input sets the PSW to 02H.

Figure 5-12. Program Status Word Format

7 0
psw [ 1E | z |mest| ac |meso| o | isp| cv |
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(3)

(a)

(b)

(c)

(d)

(e)

()

Interrupt enable flag (IE)

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

When 0, the IE is set to the disable interrupt (DI) state, and only non-maskable interrupt request becomes
acknowledgeable. Other interrupt requests are all disabled.

When 1, the IE is set to the enable interrupt (El) state and interrupt request acknowledge enable is controlled
with an in-service priority flag (ISP), an interrupt mask flag for various interrupt sources and a priority
specification flag.

The IEisreset (0) upon Dl instruction execution or interrupt acknowledgment andis set (1) upon Elinstruction
execution.

Zero flag (Z2)
When the operation result is zero, this flag is set (1). It is reset (0) in all other cases.

Register bank select flags (RBS0 and RBS1)

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

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

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

In-service priority flag (ISP)

This flag manages the priority of acknowledgeable maskable vectored interrupts. When this flag is 0, low-
level vectored interrupt requests specified with a priority specification flag register (PROL, PROH, PR1L) (see
19.3 (3) Priority specification flag registers (PROL, PROH, PR1L)) are disabled for acknowledgment.
When it is 1, all interrupts are acknowledgeable. Actual request acknowledgment is controlled with the
interrupt enable flag (IE).

Carry flag (CY)

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

Stack pointer (SP)
This is a 16-bit register to hold the start address of the memory stack area. Only the internal high-speed RAM
area can be set as the stack area. The internal high-speed RAM areas of each product are as follows.

Table 5-4. Internal High-Speed RAM Area

Part Number Internal High-Speed RAM Area
uPD780021A, 780031A, 780021AY, 780031AY FDOOH to FEFFH
uPD780022A, 780032A, 780022AY, 780032AY
uPD780023A, 780033A, 780023AY, 780033AY FBOOH to FEFFH

uPD780024A, 780034A, 780024AY, 780034AY
uPD78F0034A, 78F0034B, 78F0034AY, 78F0034BY
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Figure 5-13. Stack Pointer Format

15

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 (restore) from

the stack memory.

Each stack operation saves/restores data as shown in Figures 5-14 and 5-15.

Caution Since RESET input makes the SP contents undefined, be sure to initialize the SP before using

Register pair higher

the stack.
Figure 5-14. Data to Be Saved to Stack Memory
(a) PUSH rp instruction (when SP is FEEOH)
SP FEEOH — FEEOH
5 FEDFH
¥
SP FEDEH FEDEH

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

SP FEEOH -~ FEEOH
é FEDFH
SP FEDEH FEDEH

Register pair lower

PC15 to PC8

PC7 to PCO

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

sP FEEOH = FEEOH
5 FEDFH
: FEDEH
L]

sP FEDDH -~ FEDDH

116

PSW

PC15to PC8

PC7 to PCO
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Figure 5-15. Data to Be Restored from Stack Memory

SP

SP

SP

SP

SP

SP

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

FEEOH ~——— FEEOH
[}
5 FEDFH
FEDEH FEDEH

Register pair higher

Register pair lower

(b) RET instruction (when SP is FEDEH)

FEEOH ~— FEEOH
i
E FEDFH
FEDEH FEDEH

PC15to PC8

PC7 to PCO

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

FEEOH ~—— FEEOH
1
: FEDFH
5 FEDEH
FEDDH |~ FEDDH

PSW

PC15to PC8

PC7 to PCO
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5.2.2 General-purpose registers

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

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

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

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

Figure 5-16. General-Purpose Register Configuration

(a) Absolute name

16-bit processing 8-bit processing
FEFFH
R7
BANKO RP3
R6
FEF8H
R5
BANK1 RP2
R4
FEFOH
R3
BANK2 RP1
R2
FEE8H
R1
BANK3 RPO
RO
FEEOH
15 0 7 0
(b) Function name
16-bit processing 8-bit processing
FEFFH
H
BANKO HL
L
FEF8H
D
BANK1 DE
E
FEFOH
B
BANK2 BC
C
FEE8H
A
BANKS3 AX
X
FEEOH
15 0 7 0
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5.2.3 Special function register (SFR)
Unlike a general-purpose register, each special function register has special functions.
It is allocated in the FFOOH to FFFFH area.
The special function register can be manipulated like the general-purpose register, with the operation, transfer and
bit manipulation instructions. 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 with assembler for the 1-bit manipulation instruction operand (sfr.bit).
This manipulation can also be specified with an address.

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

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

Table 5-5 gives a list of special function registers. The meaning of items in the table is as follows.

* Symbol
Symbol indicating the address of a special function register. It is a reserved word in the RA78K0, and is defined
via 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 enable
R:  Read only
W:  Write only
* Manipulatable bit units

“_n

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 5-5. Special Function Register List (1/3)

Address Special Function Register (SFR) Name Symbol R/W | Manipulatable Bit Unit | After Reset
1 Bit | 8 Bits |16 Bits
FFOOH Port 0 PO R/W x/ x/ - 00H
FFO1H Port 1 P1 R x/ x/ -
FFO2H Port 2 P2 R/W x/ x/ -
FFO3H Port 3 P3 N N _
FFO4H Port 4 P4 N N _
FFO5H Port 5 P5 N N _
FFO6H Port 6 P6 N N _
FFO7H Port 7 p7 N N _
FFOAH 16-bit timer capture/compare register 00 CROO - - v Undefined
FFOBH
FFOCH 16-bit timer capture/compare register 01 CRO1 - - v
FFODH
FFOEH 16-bit timer counter 0 TMO R - - V 0000H
FFOFH
FF10H 8-bit timer compare register 50 CR50 R/W - v - Undefined
FF11H 8-bit timer compare register 51 CR51 - v -
FF12H 8-bit timer counter 50 TM5 | TM50| R - x/ x/ 00H
FF13H 8-bit timer counter 51 TM51 - Y
FF16H A/D conversion result register 0 ADCRO - — |V Note2
FF17H — |\ Note1
FF18H Transmit shift register 0 TXS0 w - v - FFH
Receive buffer register 0 | § R8O | R | - | v | - |
FF1AH Serial 1/0O shift register 30 SI030 R/W - v - Undefined
FF1BH Serial I/0O shift register 31Note 3 SI1031 - Y -
FF1FH IIC shift register QNote 4 11CO - v - 00H
Notes 1. uPD780024A, 780024AY Subseries only
2. uPD780034A, 780034AY Subseries only, 16-bit access possible
3. uPD780024A, 780034A Subseries only
4. uPD780024AY, 780034AY Subseries only
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Table 5-5. Special Function Register List (2/3)

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

FF20H Port mode register 0 PMO R/W RN RN - FFH
FF22H Port mode register 2 PM2 Y Y -

FF23H Port mode register 3 PM3 v v -

FF24H Port mode register 4 PM4 v v -

FF25H Port mode register 5 PM5 v v -

FF26H Port mode register 6 PM6 v v -

FF27H Port mode register 7 PM7 Y Y -

FF30H Pull-up resistor option register 0 PUO v v - 00H
FF32H Pull-up resistor option register 2 PU2 v v -

FF33H Pull-up resistor option register 3 PU3 v v -

FF34H Pull-up resistor option register 4 PU4 v v -

FF35H Pull-up resistor option register 5 PU5 v v -

FF36H Pull-up resistor option register 6 PU6 v v -

FF37H Pull-up resistor option register 7 PU7 v v -

FF40H Clock output select register CKS v v -

FF41H Watch timer operation mode register WTM v v -

FF42H Watchdog timer clock select register WDCS - v -

FF47H Memory expansion mode register MEM v v -

FF48H External interrupt rising edge enable register EGP v v -

FF49H External interrupt falling edge enable register EGN Y Y -

FF60H 16-bit timer mode control register 0 TMCO v v -

FF61H Prescaler mode register 0 PRMO - v -

FF62H Capture/compare control register 0 CRCO v v -

FF63H 16-bit timer output control register 0 TOCO v v -

FF70H 8-bit timer mode control register 50 TMC50 v v -

FF71H Timer clock select register 50 TCL50 - v -

FF78H 8-bit timer mode control register 51 TMC51 v v -

FF79H Timer clock select register 51 TCL51 - v -

FF80H A/D converter mode register 0 ADMO v v -

FF81H Analog input channel specification register 0 ADSO - Y -

FFAOH Asynchronous serial interface mode register 0 ASIMO v v -

FFATH Asynchronous serial interface status register 0 ASISO R - Y -

FFA2H Baud rate generator control register 0 BRGCO R/W - v -
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Table 5-5. 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
FFA8H IIC control register oNote 1 lcco R/W RN RN - 00H
FFA9H IIC status register oNote 1 11CS0 R N N -
FFAAH IIC transfer clock select register oNote 1 lICCLO R/W v v -
FFABH Slave address register oNote 1 SVAO - v -
FFBOH Serial operation mode register 30 CSIM30 v v -
FFB8H Serial operation mode register 31Note 2 CSIM31 v v -
FFEOH Interrupt request flag register OL IFO IFOL v v v
FFE1H Interrupt request flag register OH IFOH v v
FFE2H Interrupt request flag register 1L IF1L \ \ -
FFE4H Interrupt mask flag register OL MKO | MKOL Y Y Y FFH
FFE5H Interrupt mask flag register OH MKOH v v
FFE6H Interrupt mask flag register 1L MK1L v v -
FFESH Priority level specification flag register OL PRO | PROL v v v
FFE9H Priority level specification flag register OH PROH v v
FFEAH Priority level specification flag register 1L PR1L Y Y -
FFFOH Memory size switching register IMS - v - CFHNote 3
FFF8H Memory expansion wait setting register MM v v - 10H
FFFOH Watchdog timer mode register WDTM v v - 00H
FFFAH Oscillation stabilization time select register OSTS - v - 04H
FFFBH Processor clock control register PCC v v -
Notes 1. uPD780024AY, 780034AY Subseries only
2. uPD780024A, 780034A Subseries only
3. The default is CFH, but set the value corresponding to each respective product as indicated below.

uPD780021A, 780031A, 780021AY, 780031AY: 42H

uPD780022A, 780032A, 780022AY, 780032AY: 44H

uPD780023A, 780033A, 780023AY, 780033AY: Cé6H

uPD780024A, 780034A, 780024AY, 780034AY: C8H

uUPD78F0034A, 78F0034B, 78F0034AY, 78F0034BY: Value for mask ROM version
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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 Series 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 in relative branching from the start address of the following instruction
to the —128 to +127 range.
This function is carried out when the BR $addr16 instruction or a conditional branch instruction is executed.

[lllustration]

15 0
PC indicates 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 o 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 !addr11 instruction is executed.
CALL !addri16 and BR laddr16 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.
15 87 0

PC

In the case of CALLF laddr11 instruction

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

PC|oO 0 0 0 1
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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.

[lllustration]

Operation code 1 1 tas-o 1

©
~
o
o
-
o

15
Effective address 0O 0 0 0 0O OO0 OO0 1 0
7 Memory (Table) 0
Low Addr.
Effective address+1 High Addr.
15 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.

[lllustration]

15 8 7 0

PC
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5.4 Operand Address Addressing

The following various 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 and AX) in the general-purpose register is automatically
(implicitly) addressed.
Of the uPD780024A, 780034A, 780024AY, 780034AY Subseries instruction words, the following instructions
employ implied addressing.

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

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

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

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

[Description example]
In the case of MULU X
With an 8-bit x 8-bit multiply instruction, the product of A register and X register is stored in AX. In this example,
the A and AX registers are specified by implied addressing.
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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 with the register bank select flag (RBS0 and RBS1).
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 with absolute names (R0 to R7 and RP0O 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|
T

L Register specify code

INCW DE; when selecting DE register pair as rp

Operation code 10000100 |

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 'addr16 to FEOOH

Operation code | 1000111 0|

[llustration]

[00000000]

[11111110]

OP code

addr16 (lower)

addr16 (upper)

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 special function registers
(SFRs) 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 cleared to 0. When it is at 00H to
1FH, bit 8 is set to 1. See 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)

* [Description example]

MOV OFE30H, A; when transferring the value in register A to saddr (FE30H)

Operation code | 1111001 O| OP code
[o00110000)] 30H (saddr-offset)
[llustration]
7 0
OP code
saddr-offset ﬁv

Short direct memory
15 8 7 0

Effective address 11 1 1 1 1 1 | >

When 8-bit immediate data is 20H to FFH, ov= 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 SFR
mapped at FFOOH to FF1FH can be accessed with short direct addressing.

[Operand format]

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

[Description example]

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

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

Effective address i1 1 1 1 1 1 1 >
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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 with a register bank select flag (RBS0 and RBS1) serve as an operand address for addressing the
memory to be manipulated. This addressing can be carried out for all the memory spaces.

[Operand format]

Identifier Description

- [DE], [HL]

[Description example]

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

Operation code 1000010 1
[lllustration]
16 8 7 0
DE D E
The memory address
7 Memory 0 specified with the

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]

[Description example]

[llustration]

HL

Identifier Description
- [HL + byte]
MOV A, [HL + 10H]; when setting byte to 10H
Operation code | 10101110 |
[0o0010000]
16 87 0
H L
+10
7 Memory 0
The contents of the
memory addressed
are transferred.
7 0
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5.4.8 Based indexed addressing

[Function]

The B or C register contents specified in an instruction word are added to the contents of the base register, that
is, the HL register pair in 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 B or C register contents 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)

[llustration]

134

Operation code

[1010101 1

HL

16 87 0
H L
+
7 0
B
7 Memory 0
The contents of the
memory addressed
are 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 [101 10101
[lllustration]
7 Memory 0
SP FEEOH — FEEOH
E FEDFH D
SP FEDEH FEDEH E
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6.1 Port Functions

The uPD780024A, 780034A, 780024AY, and 780034AY Subseries products incorporate eight input ports and 43
I/0 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
I/O pins.

Figure 6-1. Port Types

-— 1 P50 P00 f+=——

Port 0
Port54 - | PO3 =
- P10 |
-~ P57 S

- | P64 . Port 1
Port6{ - | D
-~ P67 P17 o
- P70 P20 f=———

Port7{ - . T | Port2

-~ P75 P25 [+

P30 |~ |

<~ ( Port3

P36 [«—

P40 f+—~

Port 4

P47 o
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Table 6-1. Port Functions (uPD780024A, 780034A Subseries)

Pin Name Function Alternate
Function
P00 Port 0 INTPO
PO1 4-bit 1/O port. INTP1
P02 Input/output mode can be specified in 1-bit units. INTP2
An on-chip pull-up resistor can be used by software settings.
P03 INTP3/ADTRG
P10 to P17 Port 1 ANIO to ANI7
8-bit input-only port.
P20 Port 2 SI30
P21 6-bit 1/0 port. S030
Poo Input/output mode can be specified in 1-bit units. SCK30
An on-chip pull-up resistor can be used by software settings.
P23 RxDO
P24 TxDO
P25 ASCKO
P30 Port 3 N-ch open-drain 1/O port. -
P31 7-bit 1/0 port. On-chip pull-up resistor can be specified by mask
P32 Input/output mode can be specified | option (mask ROM version only).
in 1-bit units. LEDs can be driven directly.
P33
P34 An on-chip pull-up resistor can be specified by SI31
P35 software settings. SO31
P36 SCKaT
P40 to P47 Port 4 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 specified by software settings.
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 software settings.
P64 Port 6 RD
P65 4-bit 1/O port. WR
P66 Input/output mode can be specified in 1-bit units. WA
An on-chip pull-up resistor can be used by software settings.
P67 ASTB
P70 Port 7 TI00/TOO0
P71 6-bit 1/0 port. TIo1
Input/output mode can be specified in 1-bit units.
P72 An on-chip pull-up resistor can be used by software settings. TI50/TO50
P73 TI51/TO51
P74 PCL
P75 BUZ
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Table 6-2. Port Functions (uPD780024AY, 780034AY Subseries)

Pin Name Function Alternate
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 software settings.
P03 INTP3/ADTRG
P10 to P17 Port 1 ANIO to ANI7
8-bit input-only port.
P20 Port 2 SI30
P21 6-bit 1/0 port 3030
Poo Input/output mode can be specified in 1-bit units. SCK30
An on-chip pull-up resistor can be used by software settings.
P23 RxDO0
P24 TxDO
P25 ASCKO
P30 Port 3 N-ch open-drain 1/O port. -
P31 7-bit 1/0 port. On-chip pull-up resistor can be specified by mask
P32 Input/output mode can be specified | option (P30 and P31 are mask ROM version only). SDAO
in 1-bit units. LEDs can be driven directly.
P33 SCLO
P34 An on-chip pull-up resistor can be used by software -
P35 settings.
P36
P40 to P47 Port 4 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 software settings.
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 software settings.
P64 Port 6 RD
P65 4-bit 1/0 port. WR
P66 Input/output mode can be specified in 1-bit units. WA
An on-chip pull-up resistor can be used by software settings.
P67 ASTB
P70 Port 7 TI00/TOO0
P71 6-bit 1/0 port. TIo1
Input/output mode can be specified in 1-bit units.
P72 ) . ) TI50/TO50
An on-chip pull-up resistor can be used by software settings.
P73 TI51/TO51
P74 PCL
P75 BUZ
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6.2 Port Configuration
A port consists of the following hardware.

Table 6-3. Port Configuration

ltem Configuration

Control register Port mode register (PMm: m = 0, 2 to 7)
Pull-up resistor option register (PUm: m =0, 2 to 7)

Port Total: 51 ports (8 inputs, 43 inputs/outputs)

Pull-up resistor » Mask ROM version
Total: 43 (software control: 39, mask option: 4Note)
» Flash memory version Total: 39

Note Two mask options for the uPD780024AY and 780034AY Subseries.

6.2.1 Port0

Port 0 is a 4-bit I/O port with output latch. P00 to P03 pins can specify the input mode/output mode in 1-bit units
with port mode register 0 (PMO0). An on-chip pull-up resistor of P00 to P03 pins can be used for them in 1-bit units
with pull-up resistor option register 0 (PUO).

This port can also be used as an 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. Port 0 functions alternately as an external interrupt request input pin. If the output mode of
the port function is specified and the output level of the port is changed while interrupts are
not disabled by the external interrupt rising edge enable register (EGP) and external interrupt
falling edge enable register (EGN), 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, clear bit n (EGPn) of EGP and bit n (EGNn) of 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 (ADMO0) and set
the interrupt mask flag (PMK3) to 1.

Remark n=0to3
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Figure 6-2. Block Diagram of P00 to P03

M\ Voo
WRpru
l PUOO to PUO3 {>¢ H P-ch
Alternate
function
RD
3 l 5 o<]—o@]——
< 2
5 N 3
£
WReroRT
I\ POO/INTPO
A Output latch ®) \
N\~
(P00 to PO3) PO2/INTP2,
PO3/INTP3/ADTRG
WRpm
S PMO00 to PM03
~_/

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 as an 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
~_
3 © Q_C
3
el
©
c
8
£
A/D converter © P10/ANIO to P17/ANI7
—~_

RD: Port 1 read signal
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6.2.3 Port 2
Port 2 is a 6-bit I/O port with output latch. P20 to P25 pins can specify the input mode/output mode in 1-bit units

with port mode register 2 (PM2). An on-chip pull-up resistor of P20 to P25 pins can be used for them in 1-bit units
with pull-up resistor option register 2 (PU2).

This port has also alternate functions as serial interface data 1/0 and clock 1/O.

RESET input sets port 2 to input mode.

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

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

M\ Vbbo
WRepu
l PU20, PU23, |
= PU25 {>C I[P
Alternate
function
RD
2 l N o<]—o@]7
2 & pd g
T 2
£
WRPpoRT
P20/SI30
A Output latch I\ :
~ (P20, P23, P25) © Eggﬁiégio
WRpem
1 PM20, PM23,
~ PM25
N

PU: Pull-up resistor option register
PM: Port mode register
RD: Port 2 read signal
WR: Port 2 write signal
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Figure 6-5. Block Diagram of P21 and P24

Voo

WReu
l PU21, PU24 {>c H P-ch
RD
& A % NG
2 N &
2 WReoRrT
©
c
5
1S A Output latch P21/S0O30
e (P21, P24) O poarmxpo
WRem
S PM21, PM24
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 6-6. Block Diagram of P22

Vobo
™  WReru
l PU22 {>o H P-ch
Alternate
function
RD
1 g OQ OQ |
= 3
g ~ Z
o WRPpoRT
[
c
2
£ Output latch -
S (P22) ——© P22/SCK30
WRem
S PM22
Alternate
function
AN

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 (uPD780024A, 780034A Subseries)
Port 3 is a 7-bit I/O port with output latch. P30 to P36 pins can specify the input mode/output mode in 1-bit units

with port mode register 3 (PM3).

This port has the following functions for pull-up resistors. These functions differ depending on the port’s higher
3-bit/lower 4-bit, and whether the product is a mask ROM version or a flash memory version.

Table 6-4. Pull-Up Resistor of Port 3 (uPD780024A, 780034A Subseries)

Higher 3-Bit (P34 to P36 Pins)

Lower 4-Bit (P30 to P33 Pins)

Mask ROM version

Flash memory version

An on-chip pull-up resistor can be
connected in 1-bit units by PU3

An on-chip pull-up resistor can be specified
in 1-bit units by mask option

On-chip pull-up resistor is not provided

PUS3: 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 I/O and clock 1/O.
RESET input sets port 3 to input mode.

Figures 6-7 to 6-11 show block diagrams of port 3.

Figure 6-7. Block Diagram of P30 and P31 (uPD780024A, 780034A Subseries)

Vbbo

——

Mask option resistor

Mask ROM version only
No pull-up resistor for
flash memory version

RD
M\
pd 8 (
/ 5]
© <@
\I o
[92]
@ WRPpoRrT
o
©
£
o Output latch
= ~ (P30, P31)
WRpm
l PM30, PM31
N

PM: Port mode register
RD: Port 3 read signal
WR: Port 3 write signal
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Figure 6-8. Block Diagram of P32 and P33 (uPD780024A, 780034A Subseries)

Vobo
N\ —_—
Mask option resistor
RD Mask ROM version only
No pull-up resistor for
5 ‘4 ‘ﬂ flash memory version
A /I ©
< ()
| o
n
© P32, P33
2] WRporT
o]
©
£
ko) Output latch
= ~ (P32, P33) ) «— N-ch
WRem 7-/7-
O PM32, PM33
N\

PM: Port mode register
RD: Port 3 read signal
WR: Port 3 write signal
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Figure 6-9. Block Diagram of P34 (uPD780024A, 780034A Subseries)

Vbbo

I P-ch

>

Selector

/

<Ft|

© P34/S131

Y
WRepu
i PU34
Alternate
function
RD
el
: ~
IS
E WReProRT
A Output latch
~ (P34)
WRpm
S PM34
N
PU: Pull-up resistor option register
PM: Port mode register
RD: Port 3 read signal
WR: Port 3 write signal
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Figure 6-10. Block Diagram of P35 (uPD780024A, 780034A Subseries)

Voo

PU35 {>c H P-ch

M-  WRpu

®

—
(-

\
U
Selector

2]
3
= WRporT
c
2
c
= A Output latch
O (P35) ——O P35/S031
WRpm
S PM35
Alternate
function
N/

PU: Pull-up resistor option register
PM: Port mode register
RD: Port 3 read signal
WR: Port 3 write signal
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Figure 6-11. Block Diagram of P36 (uPD780024A, 780034A Subseries)
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Vobo
M\
WRpu
i PU36 {>o I P-ch
Alternate
function
RD
l pd E ° <] ° <] |
) S 3
i ~ 2
= %]
©
c
5 WRPporT
IS
A Output latch
~ (P36) j)_/\ ™ © P36/SCK31
WReM
S 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 (uPD780024AY, 780034AY Subseries)

Port 3 is a 7-bit I/O port with output latch. P30 to P36 pins can specify the input mode/output mode in 1-bit units
with port mode register 3 (PM3).

This port has the following functions for pull-up resistors. These functions differ depending on port’s bits location
and mask ROM version/flash memory version.

Table 6-5. Pull-Up Resistor of Port 3 (uPD780024AY, 780034AY Subseries)

P34 to P36 Pins P30 and P31 Pins

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

Flash memory version PU3 On-chip pull-up resistor is not provided

PU3: Pull-up resistor option register 3

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

The P30 to P33 pins can drive LEDs directly.

The P32 and P33 pins can also be used for serial interface data 1/0 and clock 1/0.
RESET input sets port 3 to input mode.

Figures 6-12 to 6-15 show block diagrams of port 3.
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Internal bus

Figure 6-12.

RD

—(_

&

WReoRT

Output latch

Selector

(P30, P31)

WRem

®

PM30, PM31

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

Block Diagram of P30 and P31 (uPD780024AY, 780034AY Subseries)

Voo

—

—

Mask option resistor

Mask ROM version only
No pull-up resistor for
flash memory version

© P30, P31

- >

N-ch

Figure 6-13. Block Diagram of P32 and P33 (uPD780024AY, 780034AY Subseries)

ns]
——o

Selector

w
3 WRPpoRrT
©
£
E Output latch
~ (P32, P33)
WRem
O PM32, PM33
~ Alternate
function

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

User’'s Manual U14046EJ3VOUD

<<

P32/SDAO,
) P33/SCLO

N-ch

151



CHAPTER 6 PORT FUNCTIONS
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Figure 6-14. Block Diagram of P34 and P36 (uPD780024AY, 780034AY Subseries)

Voo

>

G

Selector

/

H P-ch

© P34, P36

Y
WReu
l PU34, PU36
RD
w N
3 ~
®
=
o WRPpoRT
IS
A Output latch
~ (P34, P36)
WRpm
S PM34, PM36
%
PU: Pull-up resistor option register
PM: Port mode register
RD: Port 3 read signal
WR: Port 3 write signal
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Figure 6-15. Block Diagram of P35 (uPD780024AY, 780034AY Subseries)

Vobo

P-ch
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M-  WRru
(L PU35 {>c
RD
g 5 { J
0 -—
E O <I| ks
5 )
= WRProRrT
A Output latch I\
~ (P35)
WRem
S PM35
N
PU: Pull-up resistor option register
PM: Port mode register
RD: Port 3 read signal
WR: Port 3 write signal

© P35
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6.2.6 Port 4

Port 4 is an 8-bit I/O port with output latch. The P40 to P47 pins can specify the input mode/output mode in 1-
bit units with port mode register 4 (PM4). An on-chip pull-up resistor of P40 to P47 pins can be used for them in 1-
bit units with 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 6-16 and 6-17 show a block diagram of port 4 and block diagram of the falling edge detector, respectively.

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

Figure 6-16. Block Diagram of P40 to P47

Voo
WRru
(N
PU40 to PU47 {>©—| P-ch
Alternate .
RD function
Selector K
w
3
3 .
| WRPporT
c
[0
€ Output latch | P40/ADO
(P40 to P47) Selector O 1
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 6-17. Block Diagram of Falling Edge Detector

P40
P41 O—

P42 Q—‘

Pazo—
P44 O—m— | D@— Falling edge detector [ INTKR

P45 @J T

P46 O——
P47

6.2.7 Port5

“1” when MEM = 01H

Port 5 is an 8-bit I/O port with output latch. The P50 to P57 pins can specify the input mode/output mode in 1-
bit units with port mode register 5 (PM5). An on-chip pull-up resistor of P50 to P57 pins can be used for them in 1-
bit units with pull-up resistor option register 5 (PUS5).

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 6-18 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 to 7).

Figure 6-18. Block Diagram of P50 to P57

Voo

WRpru
(N
PUS0 to PU57 {>®—| P-ch
RD
]
Selector —C_
(2]
>3
3 .
© WRPporT
£
)]
€ Output latch | P50/A8
(P50 to P57) Selector O 1w
P57/A15
Alternate T
function Memory expansion
WRew mode register (MEM)
PM50 to PM57
I~

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 I/O port with output latch. The P64 to P67 pins can specify the input mode/output mode in 1-bit
units with port mode register 6 (PM6). An on-chip pull-up resistor of P64 to P67 pins can be used for them in 1-bit
units with pull-up resistor option register 6 (PU6).

This port can also be used as a control signal output in external memory expansion mode.

RESET input sets port 6 to input mode.

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

Cautions 1. Theinternal pull-upresistoris notdisconnected even if the external memory expansion mode

156

is set when PU6n =1 (n =4 to 7).
2. When external wait is not used in external memory expansion mode, P66 can be used as an

1/0 port.
Figure 6-19. Block Diagram of P64, P65, and P67
Vbbo
WReu
(N
PUB4, PUBS, PUB7 {>@—| P-ch
RD
]
Selector (
1
e L
T WRPporT
c
@
z ‘ Output latch | P64/RD,
(P64, P65, P67) Selector © P65/WR,
P67/ASTB
Alternate T
function Memory expansion
WRew mode register (MEM)
—J}—~ PM64, 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 6-20. Block Diagram of P66

Voo

{>®—| P-ch

[ © P66/WAIT

WRru
N\
PU66
Alternate
RD function
(] -

Selector \
w
3
s t
®
£ WRporT
2
= ‘ Output latch

(P66) Selector
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 I/O port with output latch. The P70 to P75 pins can specify the input mode/output mode in 1-bit

units with port mode register 7 (PM7). An on-chip pull-up resistor of P70 to P75 pins can be used for them in 1-bit
units with pull-up resistor option register 7 (PU7).

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

RESET input sets the input mode.

Figures 6-21 to 6-23 show block diagrams of port 7.

Figure 6-21. Block Diagram of P70, P72, and P73

Vobo
M\
WReu
l PU70, PU72, PU73 {>c H P-ch
Alternate
function
RD
l pd g <] <] |
[&]
O @
N s
g WRPpoRrT
_9
£
A Output latch P70/TI00/TOO,
S (P70, P72, P73) 7)_/\ I © P72/TI50/TO50,
P73/T151/TO51
WRem
S PM70, PM72, PM73
Alternate
function
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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Figure 6-22. Block Diagram of P71

M\ Vobo
WRpu
l PU71 {>G H P-ch
Alternate
function
RD
2 l pd g O<] ° <] |
2 ~ \I %
e n
)
£ WReroRT
& Output latch I\ © P71/TI01
(P71)
WRemM
S PM71
~_
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 6-23. Block Diagram of P74 and P75

Vobo
M-  WRpu
l PU74, PU75 {>O H P-ch
RD
S

Pan /I g L
0 N 3
3
Ke]
= WRporT
£
2
[
= A Output latch P74/PCL

& O ,

(P74, P75) P75/BUZ
WRpm
& PM74, 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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6.3 Port Function Control Registers
The following two types of registers control the ports.

» Port mode registers (PM0O, PM2 to PM7)
» Pull-up resistor option registers (PUO, PU2 to PU7)

(1) Port mode registers (PM0, PM2 to PM7)
These registers are used to set port input/output in 1-bit units.
PMO and PM2 to PM7 are independently set by a 1-bit or 8-bit memory manipulation instruction.
RESET input sets registers to FFH.
When using a port pin as its alternate-function pin, set the port mode registers and output latches as shown in
Table 6-6.

Cautions 1. Pins P10 to P17 are input-only pins.

2. Port 0 functions alternately as an external interrupt request input pin. If the output mode
of the port function is specified and the output level of the port is changed while interrupts
are not disabled by the external interrupt rising edge enable register (EGP) and external
interrupt falling edge enable register (EGN), the interrupt request flag is set. When the
output mode is used, therefore, the interrupt mask flag should be set to 1 beforehand.

3. If a port has an alternate function pin and it is used as an alternate output function, clear
the corresponding output latches (PO and P2 to P7) 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

Figure 6-24. Format of Port Mode Register (PM0, PM2 to PM7)

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
PMmn Pmn Pin I/O Mode Selection (m=0,2to 7;n=01t0 7)
0 Output mode (Output buffer on)

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 I/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 SI30 Input 1 X
P21 SO30 Output 0 0
P22 SCK30 Input 1 x
Output 0 0
P23 RxDO Input 1 X
P24 TxDO Output 0 0
P25 ASCKO Input 1 X
P32 SDAQNete 1 /0 0 0
P33 SCLQNete ! ] 0 0
P34 SI31 Input 1 X
P35 SO31 Output 0 0
P36 SCK31 Input 1 X
Output 0 0
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 1 Note 2 Note 2
P67 ASTB Output xNote 2

Notes 1. uPD780024AY, 780034AY 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:

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 I/0
P70 TI00 Input 1 X
TOO Output 0 0
P71 TIOA Input 1 X
P72 TI50 Input 1 X
TO50 Output 0 0
P73 TI51 Input 1 X
TO51 Output 0 0
P74 PCL Output 0 0
P75 BUZ Output 0 0
Remark x: Don’t care

PMxx: Port mode register
Pxx:  Port output latch
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(2) Pull-up resistor option registers (PUO, PU2 to PU7)
These registers are used to set whether to use an on-chip pull-up resistor at each port or not. By setting PUO
and PU2 to PU7, the on-chip pull-up resistors of the port pins corresponding to the bits in PUO and PU2 to PU7
can be used.
PUO and PU2 to PU7 are independently set by a 1-bit or 8-bit memory manipulation instruction.
RESET input clears registers to 00H.

Cautions 1. The P10 to P17 pins do not incorporate a pull-up resistor.
2. Pins P30 to P33 (in uPD780024AY and 780034AY Subseries, P30 and P31 pins) can be used
with pull-up resistor by mask option only for mask ROM version.
3. When PUm is set to 1, the on-chip pull-up resistor is connected irrespective of the input/
output mode. When using in output mode, clear the bit of PUm to 0 (m =0, 2 to 7).
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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

Figure 6-25. Format of Pull-Up Resistor Option Register (PUO, PU2 to PU7)

FF30H After Reset: 0O0H R/W
7 6 5 4 3 2 1 0
0 0 0 0 PUO3 PUO2 PUO1 PUOO
FF32H After Reset: OOH 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: 0O0OH R/W
7 6 5 4 3 2 1 0
PU47 PU46 PU45 PU44 PU43 PU42 PU41 PU40
FF35H After Reset: O0H R/W
7 6 5 4 3 2 1 0
PU57 PU56 PU55 PU54 PU53 PU52 PU51 PU50
FF36H After Reset: O0H R/W
7 6 5 4 3 2 1 0
PU67 PU66 PUB5 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
PUmn Pmn Pin On-Chip Pull-Up Resistor Selection (m=0,2to 7;n=01to0 7)
0 On-chip pull-up resistor not used

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.

Caution In the case of 1-bit memory manipulation instruction, although a single bit is manipulated, the
port is accessed as an 8-bit unit. Therefore, on a port with a mixture of input and output pins,
the output latch contents for pins specified as input are undefined, even for bits other than the
manipulated bit.

6.4.1 Writing to 1/0O port

(1)

(2)

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.

The output latch data is cleared by reset.

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)

(2)

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

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

6.4.3 Operations on I/O port

(1)

(2)

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.

The output latch data is cleared by reset.

Input mode
The output latch contents are undefined, but since the output buffer is off, the pin status does not change.
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6.5 Selection of Mask Option
The following mask option is provided in the mask ROM version. 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 can be specified in An on-chip pull-up resistor is not
1-bit units. provided.

Note For uPD780024AY and 780034AY 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
types of system clock oscillators are available.

(1) Main system clock oscillator

This circuit oscillates a clock with the following frequencies.
¢ 1.0 to 8.38 MHz: Conventional product of uPD780021A, 780022A, 780023A, 780024A, 780031A, 780032A,
780033A, 780034A and uPD780021AY, 780022AY, 780023AY, 780024AY, 780031AY,

780032AY, 780033AY, 780034AY, 78F0034A, 78F0034AY, 78F0034BY

e 1.0to 12 MHz: Expanded-specification product of uPD780021A, 780022A, 780023A, 780024A, 780031A,
780032A, 780033A, 780034A and uPD78F0034B
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 to reduce the 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

Iltem

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

U

Oscillation stabilization
time select register (OSTS)

FRC
‘ OSTS2|0STS1|0STS0
XT1 @—n Sukéfgcsliem fxr Watch timer,
. clock output
XT2@—— oscillator function
Prescaler
1/2
> Clock to
X1 ©@—| Main system peripheral
clock Prescaler fxr hardware
X2@——— oscillator fx 2
B ] ] B 3
2 22| 28| 24 —1
£ || Standby Wait [ _ CPU clock
2 controller controller (fcpu)
n
HALT
3
STOP McC | FRC | CLS | €SS |PCC2|PCC1|PCCO
Processor clock control register
(PCC)
g Internal bus g
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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)
This register 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.

Note The feedback resistor 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 (see Figure 7-7 Subsystem Clock Feedback Resistor).
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Figure 7-2. Format of Processor Clock Control Register (PCC)

Address: FFFBH After reset: 04H  R/whNote1

Symbol <7> <6> <5> <4> 3 2 1 0
PCC MCC FRC CLS CSs 0 PCC2 PCC1 PCCO
MCC Main system clock oscillation controlNete 2
0 Oscillation possible
1 Oscillation stopped
FRC Subsystem clock feedback resistor selection
0 Internal feedback resistor used
1 Internal feedback resistor not usedNot® ?
CLS CPU clock status
0 Main system clock
1 Subsystem clock
CSSs PCC2 PCCA1 PCCO CPU clock (fcru) 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 fxt/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 clear 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 Vo1 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 uPD780024A, 780034A, 780024AY, and 780034AY 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 Minimum Instruction Execution Time

CPU Clock (fcpu)

Minimum Instruction Execution Time: 2/fcpu

fx = 8.38 MHz | fx = 12 MHzZNote | fxr = 32.768 kHz
fx 0.238 us 0.166 us -
fx/2 0.477 s 0.333 us -
fx/22 0.954 uis 0.666 us -
fu/23 1.90 us 1.33 us -
fu/24 3.81 us 2.66 us -
fxr/2 - - 122 us

Note Expanded-specification products of uyPD780024A, 780034A Subseries only

Remark fx:

Main system clock oscillation frequency

fx1: Subsystem clock oscillation frequency
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(2)

*

174

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 212ty 488 us 341 us
0 0 1 214/tx 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 uPD780024A, 780034A 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
of X1 pin  mmmmes

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 inverted-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

E 4' IT’WW X2 X2
1
a I I X1 External

. Vsst 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
isexecuted or MCCis setto 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 inverted-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

i W XT2 XT2
1
1l 32.768
| (e
| | XT1 External XT1
I clock

Vssi

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=0t07)

X2 X1 Vsst X2 X1 Vsst

0 -0

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

Pnm

X2 Vssi

'—| D% 7 X2 X1
-- iy
TSN

Vssi

High current

T 71 =

a

(e) Signals are fetched

X2 X1 Vssi

%4%
LT

> 4

e

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 crosstalk 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 directly to Vooo or Vob1
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-ch
Feedback resistor D@

>

O ©)
XT1 XT2

Remark The feedback resistor 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.
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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  fxt

CPU clock  fcpu

Clock to peripheral hardware

The following clock generator functions and operations are determined by the processor clock control register
(PCC).

(@)

Upon generation of the RESET signal, the lowest speed mode of the main system clock (3.81 us @ 8.38 MHz
operation) 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 operationNete, 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 uPD780024A, 780034A 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) cleared
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) Ifbit 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

Set Value Before Set Value After Switchover
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|jojojojojojtjojojtjofofo|ft1t|1|O0O|1|O0O]|O0O]|1T]|x]|x]x
0|0]|O0]|O 16 instructions 16 instructions 16 instructions 16 instructions | fx/2fxr instruction
o0 |1 8 instructions 8 instructions 8 instructions 8 instructions fx/4fxt instruction
of1]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
11010 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

Caution

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

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 simultaneously.
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.

Figure 7-9. System Clock and CPU Clock Switching

RESET I_I

Interrupt request signal

2

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

<1> The CPU is reset by setting the RESET signal to low level after power-on. After that, when reset is released
by setting the RESET signal to high level, the main system clock starts 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).

<2> 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.

<3> 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).

<4> Upon detection of Voo 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,

wait until the oscillation stabilization time has been secured by the program before switching
back to the main system clock.
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CHAPTER 8 16-BIT TIMER/EVENT COUNTER 0

Functions of 16-Bit Timer/Event Counter 0

16-bit timer/event counter 0 has the following functions.

(1)

(2)

(3)

4)

(%)

184

Interval timer
16-bit timer/event counter 0 generates interrupt requests at the preset time interval.
* Number of counts: 2 to 65536

External event counter
16-bit timer/event counter 0 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 counter 0 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 counter 0 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 counter 0 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 Counter 0

16-bit timer/event counter 0 consists of the following hardware.

Table 8-1. Configuration of 16-Bit Timer/Event Counter 0

Iltem

Configuration

Timer counter

16-bit timer counter 0

(TMO)

Register 16-bit timer capture/compare registers: 00, 01 (CR00, CR01)
Timer input TI0O, TIO1
Timer output TOO

Control registers

16-bit timer mode control register 0 (TMCO)
Capture/compare control register 0 (CRCO)
16-bit timer output control register 0 (TOCO0)
Prescaler mode register 0 (PRMO)

Port mode register 7 (PM7)

Port 7 (P7)

Figure 8-1 shows block diagram of this counter.

Figure 8-1. Block Diagram of 16-Bit Timer/Event Counter 0

¢ Internal bus §

Capture/compare control
register 0 (CRCO)

CRC02 | CRCO1 | CRC00

Noise
TI01/P71 ©—— elimi-
nator

Selector

fx —

16-bit timer capture/compare

register 00 (CR00)

L
I

16-bit timer counter 0

(TMO)

<—Elear

L
Match

Output
controller

16-bit timer capture/compare

fx/22 ——= § W
fx/26 — |3 ‘
w
[
Noise
/28— elimi- | 12
nator
Noise
TI00/TO0/P70%" © l elimi- [
nator

register 01 (CR01)

INTTMOO

PRMO01 |PRM0O
Prescaler mode

register 0 (PRMO0)

CRCO02

1
16-bit timer mode
control register 0

(TMCO)

| Bdecor

—

|
|70c04] LvS0 | LVRO | TO

Output latch M
(P70)
INTTMO1
01| TOEO |

=

bit timer output

control register 0
(TOCO)

§

Internal bus

Note TIOO input and TOO output cannot be used at the same time.
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(1)

(2)

186

16-bit timer counter 0 (TMO)

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

The counter is incremented in synchronization with the rising edge of 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 TMCO03 and TMCO2 are cleared

<3> If the valid edge of TIOO is input in the clear & start mode entered by inputting the valid edge of TIO0
<4> If TMO and CROO0 match in the clear & start mode entered on a match between TM0O and CR00

16-bit timer capture/compare register 00 (CR00)

CRO0O0 is a 16-bit register which has the functions of both a capture register and a compare register. Whether
itis used as a capture register or as a compare register is set by bit 0 (CRC00) of capture/compare control register
0 (CRCO0).

« When CRO0O0 is used as a compare register
The value setin CR0O0 is constantly compared with the 16-bit timer counter 0 (TMO) count value, and an interrupt
request (INTTMOO) is generated if they match. It can also be used as the register that holds the interval time
then TMO is set to interval timer operation.

« When CRO0O0 is used as a capture register
It is possible to select the valid edge of the TI00 pin or the TIO1 pin as the capture trigger. Setting of the TI00
or TIO1 valid edge is performed by means of prescaler mode register 0 (PRMO) (see Table 8-2).

Table 8-2. CR00 Capture Trigger and Valid Edges of TI0OO and TIO1 Pins

(1) TIOO pin valid edge selected as capture trigger (CRC01 = 1, CRC00 = 1)

CROO0 Capture Trigger TIOO0 Pin Valid Edge
ESO1 ES00
Falling edge Rising edge 0 1
Rising edge Falling edge 0 0
No capture operation Both rising and falling edges 1 1

(2) TIO1 pin valid edge selected as capture trigger (CRC01 = 0, CRC00 = 1)

CROO Capture Trigger TI0O1 Pin Valid Edge
ES11 ES10
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 ES01, ES00 = 1, 0 and ES11, ES10 = 1, 0 is prohibited.
2. ESO01, ESO00: Bits 5 and 4 of prescaler mode register 0 (PRMO0)
ES11, ES10: Bits 7 and 6 of prescaler mode register 0 (PRMO)
CRCO01, CRCO00: Bits 1 and 0 of capture/compare control register 0 (CRCO)
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CRO0O0 is set by a 16-bit memory manipulation instruction.
RESET input makes CR0OO undefined.

Cautions 1. Set CR0O0 to a value other than 0000H in the clear & start mode entered on a match between
TMO and CR00. However, in the free-running mode and in the clear mode using the valid
edge of TI0O, if CROO is cleared to 0000H, an interrupt request (INTTMOO) is generated when

CRO00 changes from 0000H to 0001H following overflow (FFFFH).

2. Ifthe new value of CR0OO0 is less than the value of 16-bit timer counter 0 (TM0), TMO continues
counting, overflows, and then starts counting from 0 again. If the new value of CR00 is less
than the old value, therefore, the timer must be reset to be restarted after the value of CR00

is changed.

3. When P70 is used as the input pin for the valid edge of TI0O0, it cannot be used as a timer
output (TO0). Moreover, when P70 is used as TOO, it cannot be used as the input pin for

the valid edge of TI0O0.

(3) 16-bit timer capture/compare register 01 (CR01)

CRO1 is a 16-bit register which has the functions of both a capture register and a compare register. Whether it is

used as a capture register or acompare register is set by bit 2 (CRC02) of capture/compare control register 0 (CRCO).

+ When CRO1 is used as a compare register

The value setin CR01 is constantly compared with the 16-bit timer counter 0 (TMO) count value, and an interrupt

request (INTTMO1) is generated if they match.

+ When CRO1 is used as a capture register

Itis possible to select the valid edge of the TI00 pin as the capture trigger. The TI00 valid edge is set by means

of prescaler mode register 0 (PRMO) (see Table 8-3).

Table 8-3. CR0O1 Capture Trigger and Valid Edge of TI0OO Pin (CRC02 = 1)

CRO1 Capture Trigger TIOO0 Pin Valid Edge
ESO1 ES00
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 ES01, ES00 = 1, 0 is prohibited.
2. ES01, ES00: Bits 5 and 4 of prescaler mode register 0 (PRMQ)
CRCo02: Bit 2 of capture/compare control register 0 (CRCO)
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8.3

T

(1)

188

CRO1 is set by a 16-bit memory manipulation instruction.
RESET input makes CRO1 undefined.

Caution Set CRO1 to other than 0000H in the clear & start mode entered on a match between TMO and
CRO00. However, in the free-running mode and in the clear mode using the valid edge of TI00,
if CRO1 is cleared to 0000H, an interrupt request (INTTMO1) is generated when CR01 changes
from 0000H to 0001H following overflow (FFFFH).

Registers to Control 16-Bit Timer/Event Counter 0
he following six types of registers are used to control 16-bit timer/event counter 0.

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

Port mode register 7 (PM7)

Port 7 (P7)

16-bit timer mode control register 0 (TMCO)

This register sets the 16-bit timer operating mode, the 16-bit timer counter 0 (TMO) clear mode, and output timing,
and detects an overflow.

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

RESET input clears TMCO to 00H.

Caution  16-bit timer counter 0 (TMO) starts operation at the moment TMC02 and TMCO03 (operation stop

mode) are set to a value other than 0, 0, respectively. Clear TMC02 and TMCO03 to 0, 0 to stop
the operation.
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Figure 8-2. Format of 16-Bit Timer Mode Control Register 0 (TMCO)

Address: FF60H After reset: 00H R/W
Symbol 7 6 5 4 <3> <2> 1 <0>
™co[ o | o | o | o |mMcos[mmce2] o |ovrol

TMCO03 | TMCO02 Operating mode TOO output timing selection Interrupt request generation
and clear mode selection
0 0 Operation stop No change Not generated
(TMO cleared to 0)
0 1 Free-running mode Match between TMO and Generated on match
CROO0 or match between between TMO and CRO0O, or
TMO and CRO1 match between TMO and
1 0 | Clear & start on TI00 valid - CRoO1
edgeN°‘e 1
1 1 Clear & start on match between | Match between TMO and
TMO and CRoQNote 2 CRO00 or match between

TMO and CRO1

OVFO0 Overflow detection of 16-bit timer counter 0 (TMO)
0 Overflow not detected
1 Overflow detected

Notes 1. Set the valid edge of the TIO0/TO0/P70 pin with prescaler mode register 0 (PRMO).
2. Ifthe clear & start mode entered on a match between TMO and CROO is selected, when the set value
of CROO is FFFFH and the TMO value changes from FFFFH to 0000H, the OVFO flag is set to 1.

Cautions 1. To write different data to TMCO, stop the timer operation before writing.
2. The timer operation must be stopped before writing to bits other than the OVFO flag.

Remarks 1. TOO: 16-bit timer/event counter 0 output pin
2. TIOO: 16-bit timer/event counter O input pin

TMO: 16-bit timer counter O

CRO00: 16-bit timer capture/compare register 00

CRO01: 16-bit timer capture/compare register 01

o pw
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(2) Capture/compare control register 0 (CRCO0)

190

This register
CRCO is set

controls the operation of the 16-bit timer capture/compare registers (CR00, CRO1).
by a 1-bit or 8-bit memory manipulation instruction.

RESET input clears CRCO to 00H.

Address: FF6

Figure 8-3. Format of Capture/Compare Control Register 0 (CRCO0)

2H  After reset: O0H R/W

Symbol 7 6 5 4 3 2 1 0
CRCO 0 0 0 0 0 CRC02 CRCO1 CRCO00
CRCO02 CRO1 operating mode selection
0 Operate as compare register
1 Operate as capture register
CRCO1 CROO capture trigger selection
0 Capture on valid edge of TI0O1
1 Capture on valid edge of TI00 by reverse phaseNote
CRCO00 CROO0 operating mode selection
0 Operate as compare register
1 Operate as capture register

Note Ifboth the rising and falling edges have been selected as the valid edges of TI00, capture is not performed.

Cautions 1.
2.

The timer operation must be stopped before setting CRCO.

When the clear & start mode entered on a match between TMO0 and CRO0O is selected by 16-
bit timer mode control register 0 (TMCO0), CR00 should not be specified as a capture register.
To ensure 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 0 (PRMO) (see Figure
8-31).
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(3) 16-bit timer output control register 0 (TOCO)
This register controls the operation of the 16-bit timer/event counter output controller. It sets R-S type flip-flop (LVO0)
set/reset, output inversion enable/disable, and 16-bit timer/event counter timer output enable/disable.
TOCO is set by a 1-bit or 8-bit memory manipulation instruction.
RESET input clears TOCO to 00H.

Figure 8-4. Format of 16-Bit Timer Output Control Register 0 (TOCO)

Address: FF63H  After reset: 00H R/W

Symbol 7 6 5 4 <3> <2> 1 <0>
TOCO 0 0 0 TOCO04 LVSO LVRO TOCO1 TOEO
TOCO04 Timer output F/F control by match of CR01 and TMO

0 Inversion operation disabled
1 Inversion operation enabled
LVSO LVRO 16-bit timer/event counter 0 timer output F/F status setting
0 0 No change
0 1 Timer output F/F reset (0)
1 0 Timer output F/F set (1)
1 1 Setting prohibited
TOCO1 Timer output F/F control by match of CR00 and TMO
0 Inversion operation disabled
1 Inversion operation enabled
TOEO 16-bit timer/event counter 0 output control
0 Output disabled (output set to level 0)
1 Output enabled

Cautions 1. The timer operation must be stopped before setting TOCO.
2. If LVSO and LVRO are read after data is set, they will be 0.
3. Be sure to clear bits 5 to 7 of TOCO to 0.
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(4) Prescaler mode register 0 (PRMO)
This register is used to set the 16-bit timer counter 0 (TMO) count clock and TI0O, TIO1 input valid edges.
PRMO is set by an 8-bit memory manipulation instruction.
RESET input clears PRMO to 00H.

Figure 8-5. Format of Prescaler Mode Register 0 (PRMO)

Address: FF61H  After reset: O00H R/W

Symbol 7 6 5 4 3 2 1 0
PRMO ES11 ES10 ESO1 ES00 0 0 PRMO1 PRMO00
ES11 ES10 TI01 valid edge selection
0 0 Falling edge
0 1 Rising edge
1 0 Setting prohibited
1 1 Both falling and rising edges
ESO01 ES00 TIOO valid edge selection
0 0 Falling edge
0 1 Rising edge
1 0 Setting prohibited
1 1 Both falling and rising edges
PRMO1 PRMO00O 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 TIOO valid edgeNotes 2,3

Notes 1. Expanded-specification products of uyPD780024A, 780034A Subseries only.
2. The external clock requires a pulse longer than two cycles of the internal count clock (fx/23).
3. Whenthe valid edge of TI0O0 is selected, the main system clock is used as the sampling clock for noise
elimination. The valid edge of TI00 can be used only when the main system clock is operating.

Cautions 1. Always set data to PRMO after stopping the timer operation.

2. If the valid edge of TIOO is to be set as the count clock, do not set the clear & start mode
and the capture trigger at the valid edge of TI00.

Moreover, do not use the P70/TI00/TOO0 pin as a timer output (TOO0).

3. If the TIOO or TIO1 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 TI0O pin or TI0O1 pin to enable the operation of 16-bit timer counter
0 (TMO0). Be careful when pulling up the TI00 pin or the TI01 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. TI0O, TIO1: 16-bit timer/event counter 0 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/TOO0/TI00 pin for timer output, clear PM70 and the output latch of P70 to 0.

When using the P70/TOO0/TI00 pin for timer input, set PM70 to 1. At this time, the output latch of P70 can be

either 0 or 1.
PM7 is set by a 1-bit or 8-bit memory manipulation instruction.
RESET input sets PM7 to FFH.

Figure 8-6. 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/O 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 Counter 0

8.4.1 Interval timer operation

Setting 16-bit timer mode control register 0 (TMCO) and capture/compare control register 0 (CRCO0) as shown in
Figure 8-7 allows operation as an interval timer. Interrupt requests are generated repeatedly using the count value
set in 16-bit timer capture/compare register 00 (CR00) beforehand as the interval.

When the count value of 16-bit timer counter 0 (TM0) matches the value set to CR0O0, counting continues with the
TMO value cleared to 0 and the interrupt request signal (INTTMOO) is generated.

The count clock of the 16-bit timer/event counter can be selected using bits 0 and 1 (PRM00, PRMO01) of prescaler
mode register 0 (PRMO).

Figure 8-7. Control Register Settings for Interval Timer Operation

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

TMCO03 TMCO02 OVFo

T™MCO| © 0 0 0 1 1 0 0

\_'_1

Clears and starts on match between TMO and CROO.

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

CRC02 CRC01 CRCO0

CRCO| O 0 0 0 0 01 011 0

L CRO0O0 used as compare register
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Figure 8-8. Interval Timer Configuration Diagram

16-bit timer capture/compare
register 00

INTTMOO

fx
fx/22 g
@
fx/28 %
Noise
TI00/TOO/P700— gliminator [
fx/2°

16-bit timer counter 0

OVFQWoe

Clear
circuit

Note OVFO0 is 1 only when 16-bit timer capture/compare register 00 is set to FFFFH.

Figure 8-9. Timing of Interval Timer Operation
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1) ]
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196

When the compare register is changed during timer count operation, if the value after 16-bit timer capture/
compare register 00 (CR00) is changed is smaller than that of 16-bit timer counter 0 (TMO), TMO continues
counting, overflows and then restarts counting from 0. Thus, if the value (M) after the CR0O0 change is smaller
than that (N) before the change, it is necessary to restart the timer after changing CR00.

Figure 8-10. Timing After Change of Compare Register During Timer Count Operation

Countclock ~ / \ / \ / \_”J \ / \ / \ / \
CR0O N X \/\\/\ M
™ocountvawe X X-1_ X X X )D( FFFFH X 0000H X 0001H X 0002H

Remark N>X>M
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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 TI00 pin with using 16-
bit timer counter 0 (TMO).

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

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

Input a value other than 0000H to CR00. (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 (ES00 and ES01) of prescaler
mode register 0 (PRMO).

Because an operation is carried out only when the valid edge of the TI00 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/TI00/TOO0 pin cannot be used as a timer output
(TOO).

Figure 8-11. Control Register Settings in External Event Counter Mode
(a) 16-bit timer mode control register 0 (TMCO)

TMCO03  TMCO02 OVFO0

TMCO| O 0 0 0 1 1 0 0

Clears and starts on match between TM0 and CRO0O.
(b) Capture/compare control register 0 (CRCO0)

CRC02 CRCO1 CRC00

CRCO| © 0 0 0 0 01 | on 0

L CROO0 used as compare register
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Figure 8-12. External Event Counter Configuration Diagram

) Internal bus {

g

16-bit timer capture/compare
register 00

ii Match
INTTMO0

ﬁ Clear

fx/2° ——=|Noise eliminator 16-bit timer counter 0 (TMO) OVFgNete

Valid edge of TIO0O @——

Note OVFO0 is 1 only when 16-bit timer capture/compare register 00 is set to FFFFH.

Figure 8-13. External Event Counter Operation Timing (with Rising Edge Specified)

TIOOplnlnputI|||||||||||||((Illlllllllllll

TMO count value  §0000HX 0001H {0002+ X 0003H { 0004H { 0005H Vo IN—1) N f0000H) 0001H)0002H { 0003H

CR00 N |\
IR

INTTMOO " []
))

Caution When reading the external event counter count value, TMO 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 TIOO pin and TIO1 pin using
16-bit timer counter 0 (TMO).

There are two measurement methods: measuring with TMO used in free-running mode, and measuring by restarting
the timer in synchronization with the edge of the signal input to the TI00 pin.

(1) Pulse width measurement with free-running counter and one capture register
When 16-bit timer counter 0 (TMO) is operated in free-running mode (see register settings in Figure 8-14), and
the edge specified by prescaler mode register 0 (PRMO) is input to the TI00 pin, the value of TMO is taken into
16-bit timer capture/compare register 01 (CR01) and an external interrupt request signal (INTTMO1) is set.
Any of three edges can be selected—rising, falling, or both edges—specified by bits 4 and 5 (ES00 and ES01)
of PRMO.
Sampling is performed with the count clock selected by PRMO, and a capture operation is only performed when
a valid level of the TIOO pin is detected twice, thus eliminating noise with a short pulse width.

Figure 8-14. Control Register Settings for Pulse Width Measurement with Free-Running Counter
and One Capture Register

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

TMCO03  TMCO02 OVFO0

TMCO| O 0 0 0 0 1 0 0

\_'_1

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

Free-running mode

CRC02 CRCO1 CRCO0

CRCO| O 0 0 0 0 1 01 0

L CROO0 used as compare register

CRO1 used as capture register
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Figure 8-15. Configuration Diagram for Pulse Width Measurement with Free-Running Counter

fx ——
. S
f2 -l 3 16-bit timer counter 0 OVFo
]
fu/26 —=f @ ‘ ‘
16-bit timer capture/compare
TI00/TO0/P70 © register 01
@ INTTMO1
{ Internal bus ¢

Figure 8-16. Timing of Pulse Width Measurement Operation with Free-Running Counter
and One Capture Register (with Both Edges Specified)

1 t 1

-

TMo count value  YooooroootHY || X DO Xoo X 11 X D1 Xor+1X | Jerreroooor) || X [.)2X X |?3X

TI0O pin input ( | : q \ (l : :
) ! ) !

((
' )]
CRO1 capture value \\ X DO \\ X D1 \\ \\ X D2 \\ X D3
1 1 1 1
INTTMO1 . | |_| " | |_| . X | H> | | | |
1 1 [ L 1 1
OVFO . ' ' | 2 \|Note
| (D1 - DO) x t | (10000H - D1 + D2) x t | (D3 - D2) x t |

Note OVFO0 must be cleared by software.
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(2) Measurement of two pulse widths with free-running counter
When 16-bit timer counter 0 (TMO) is operated in free-running mode (see register settings in Figure 8-17), it is
possible to simultaneously measure the pulse widths of the two signals input to the TIO0 pin and the TI01 pin.
When the edge specified by bits 4 and 5 (ES00 and ES01) of prescaler mode register 0 (PRMO) is input to the
TIOO pin, the value of TMO is taken into 16-bit timer capture/compare register 01 (CR01) and an interrupt request
signal (INTTMO1) is set.
Also, when the edge specified by bits 6 and 7 (ES10 and ES11) of PRMO is input to the TI01 pin, the value of
TMO is taken into 16-bit timer capture/compare register 00 (CR00) and an interrupt request signal (INTTMO0O)
is set.
Any of three edges can be selected—rising, falling, or both edges—as the valid edges for the TI00 pin and the
TIO1 pin specified by bits 4 and 5 (ES00 and ES01) and bits 6 and 7 (ES10 and ES11) of PRMO, respectively.
Sampling is performed at the interval selected by prescaler mode register 0 (PRMO0), and a capture operation
is only performed when a valid level of the TIOO0 pin or TI01 pin is detected twice, thus eliminating noise with a
short pulse width.

Figure 8-17. Control Register Settings for Measurement of Two Pulse Widths with Free-Running Counter
(a) 16-bit timer mode control register 0 (TMCO)

TMCO03  TMCO02 OVFO0

TMCO| O 0 0 0 0 1 0 0

\_’_1

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

Free-running mode

CRC02 CRCO1 CRCO00

CRCO| © 0 0 0 0 1 0 1
L CROO used as capture register
Captures valid edge of TI01 pin to CR00

CRO1 used as capture register
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Figure 8-18. Timing of Pulse Width Measurement Operation with Free-Running Counter
(with Both Edges Specified)

T™o count value  YooooroootHY || X DO Yoo 1} |1 X IZ:)1 Xotr+ 1) ) XerrerXoooorY || X [:>2 XD?+1XD2+2X \\X [:>3

(
TI00 pin input ( | ! ”] J | ,
DI

CRO1 capture value \\ X Do \\ X D1 \)Q

L .
S LA
INTTMO [ ! |_| [ ! (( (( ! |—| (( I
b m— D ) ) — . )
TIO1 pin input ’ ' (J : ) ) : | - .
)) ) )
CROO capture value \\ I \\ X D1 \\ \\ I X D2 + 1 \\
|

INTTMOO | | |_|

(( X

1 1 | ;; il il n 1

OVFO | | : : \|Note |
{— {— 45 ! ! ——

1 1 1 1 1

1

1 1 1 1
' (D1-DO)xt (10000H — D1 + D2) x t : | (D3 - D2) x t
1 1

(10000H — D1 + (D2 + 1)) x t

Note OVFO0 must be cleared by software.
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(3) Pulse width measurement with free-running counter and two capture registers
When 16-bit timer counter 0 (TMO) is operated in free-running mode (see register settings in Figure 8-19), it is
possible to measure the pulse width of the signal input to the TI00 pin.
When the edge specified by bits 4 and 5 (ES00 and ES01) of prescaler mode register 0 (PRMO) is input to the
TIOO pin, the value of TMO is taken into 16-bit timer capture/compare register 01 (CR01) and an interrupt request
signal (INTTMO1) is set.
Also, when the inverse edge to that of the capture operation to CRO1 is input, the value of TMO is taken into 16-
bit timer capture/compare register 00 (CR00).
Either of two edges can be selected—rising or falling—as the valid edges for the T100 pin specified by bits 4 and
5 (ES00 and ES01) of prescaler mode register 0 (PRMO).
Sampling is performed at the interval selected by prescaler mode register 0 (PRMO0), and a capture operation
is only performed when a valid level of the TIOO0 pin is detected twice, thus eliminating noise with a short pulse
width.

Caution Ifthe valid edge of TI0O is specified to be both the rising and falling edges, 16-bit timer capture/
compare register 00 (CR00) cannot perform the capture operation.

Figure 8-19. Control Register Settings for Pulse Width Measurement with Free-Running Counter and
Two Capture Registers

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

TMCO03  TMCO02 OVFO0

TMCO| O 0 0 0 0 1 0 0

\_'_1

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

Free-running mode

CRC02 CRCO1 CRC00

CRCoO| © 0 0 0 0 1 1 1

L CROO0 used as capture register

Captures to CR0O at edge reverse
to valid edge of TI00.

CRO1 used as capture register
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Figure 8-20. Timing of Pulse Width Measurement Operation with Free-Running Counter
and Two Capture Registers (with Rising Edge Specified)

1 t 1

-

T™O count value  YoooorYoootHY || X Do Xoo X |1 X 1:31 Xor+ X || Xerrrroooor} || X D2 Yoz 1} 11X 1:33)(

TI00 pin input SJ—‘—R? | SJ Li
\

|
|

CRO1 capture value

CROO capture value \
1

1 1 1 1

INTTMO1 (. |_| (. (( (5 | |\ (.

)T )T )T ) )Y

OVFO | | ( | R

)

(
)

~ bl
' (D1-DO)xt (10000H — D1 + D2) x t
Note OVFO0 must be cleared by software.

(4) Pulse width measurement by means of restart

When input of a valid edge to the TIOO pin is detected, the count value of 16-bit timer counter 0 (TMO) is taken
into 16-bit timer capture/compare register 01 (CR01), and then the pulse width of the signal input to the TI0O0
pin is measured by clearing TMO and restarting the count (see register settings in Figure 8-22).

The edge specification can be selected from two types, rising or falling edges, by bits 4 and 5 (ES00 and ES01)
of prescaler mode register 0 (PRMO).

Sampling is performed at the interval selected by prescaler mode register 0 (PRMO0) and a capture operation is
only performed when a valid level of the TI00 pin is detected twice, thus eliminating noise with a short pulse width.

Caution Ifthe valid edge of TI0O is specified to be both the rising and falling edges, 16-bit timer capture/
compare register 00 (CR00) cannot perform the capture operation.
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Figure 8-21. Control Register Settings for Pulse Width Measurement by Means of Restart

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

TMCO03  TMCO02 OVFO0

T™MCO| O 0 0 0 1 0 0 0

\_’_1

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

Clears and starts at valid edge of TI0O pin.

CRC02 CRCO1 CRCO00

CRCO| © 0 0 0 0 1 1 1

L CROO0 used as capture register

CRO1 used as capture register

Figure 8-22. Timing of Pulse Width Measurement Operation by Means of Restart
(with Rising Edge Specified)

1 t 1
1 1
1 1

Count clock |||||||I|||||I|||I||||||
™o count value  NooooH§oootHY || X Do Yoooor)oootH 1 X | X' D2 JooookYoootk

TI0O pin input | : | | | | |

(
)

CRO1 capture value \\ XDO \\ X D2
)

CROO capture value

INTTMO1 | |_| | | |_|
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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 00 (CR00).

The TOO pin output status is reversed at intervals determined by the count value preset to CRO0 by setting bit 0
(TOEOQ) and bit 1 (TOCO01) of 16-bit timer output control register 0 (TOCO) to 1. This enables a square wave with
any selected frequency to be output.

Figure 8-23. Control Register Settings in Square-Wave Output Mode

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

TMCO03  TMCO02 OVF0

TMCO| O 0 0 0 1 1 0 0

\_'_1

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

Clears and starts on match between TM0 and CR0O.

CRC02 CRCO1 CRCO00

CRCO| O 0 0 0 0 01 0/ 0

L CROO0 used as compare register
(c) 16-bit timer output control register 0 (TOCO)

TOC04 LVSO LVRO TOCO1 TOEO

TOCO| © 0 0 | 0 | o1 | o1 | 1 1
L

L Enables TOO output.

— Reverses output on match between TM0 and CR00.

Specifies initial value of TOO output F/F.

Does not reverse output on match between TM0 and CRO1.

Figure 8-24. Square-Wave Output Operation Timing

Countclocklllllllls(||||I||||||| |||||||

| |
TMO count value  }0000HX 0001H)0002H } \\  XN—1X N YooooH}0001H)0002H | \\ AN—1)X N X ooooH

CRO0 N \\

|
|
INTTMOO | | (¢

TOO pin output J

Tl
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8.4.5 PPG output operation

Setting 16-bit timer mode control register 0 (TMCO) and capture/compare control register 0 (CRCO0) as shown in
Figure 8-25 allows operation as PPG (Programmable Pulse Generator) output.

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

Figure 8-25. Control Register Settings for PPG Output Operation

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

TMCO03  TMCO02 OVFO0

TMCO| O 0 0 0 1 1 0 0

\_’_1

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

Clears and starts on match between TM0 and CROO.

CRC02 CRCO1 CRCO00

CRCO| O 0 0 0 0 0 X 0

L CRO0O used as compare register

CRO1 used as compare register

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

TOC04 LVSO LVRO TOCO1 TOEO

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

Reverses output on match between TM0 and CR0O0

Specifies initial value of TOO output F/F

Reverse output on match between TM0 and CRO1

Cautions 1. CRO00 and CRO01 values in the following range should be set to:
0000H < CRO1 < CROO < FFFFH
2. The cycle of the pulse generated via PPG output (CR00 setting value + 1) has a duty of (CRO1
setting value + 1)/(CR0OO setting value + 1).

Remark x: Don’t care
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Figure 8-26. PPG Output Configuration Diagram

16-bit timer capture/
compare register 00

fx/22

Selector

fx/28 ——————

16-bit timer counter 0

Clear
circuit

16-bit timer capture/compare

register 01

Figure 8-27. PPG Output Operation Timing

-

Output controller

— TOO0/TI00/P70

Countclock||||||||||||||||||||||

TMO count value

CRO00

CRO1

TOO

IXOOOOHX0001 HK

N X O .AXOOOOHXOOMHX

Count start

1
X Clear
1

I |

)\

L]

Pulse width: (M + 1) x t

Onecycle: (N + 1) xt

Remark 0000H <M < N < FFFFH
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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 0 interval timer mode */
Cycle set to 130 as intervalTMO (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 INTTMO0O, and changed if required. */
Therefore, if change is required, set the change data in ppgdata. */
When changed, ppgdata cleared to 0000. */

*
/

/*******************************************************************************/

#pragma
#pragma
#pragma
#define
#pragma

sfr

EI

DI

intervalTMO 130 /*
interrupt INTTMOO intervalint rb2
unsigned int ppgdata; /*

void main (void)

{

}

PCC = 0x0; /*
ppgdata = 0;
/*
/*
P7 = 0b11111110; /*
PM7.0 = 0; /*
/*
TMMKOO = 0; /*
/*
PRMO = 0b00000010; /*
CRCO = 0b00000000; /*
CROO0 = intervalTMO; /*
TOCO = 0b00000111; /*
TMCO = 0b00001100; /*
EI();
while (1) ; /*

/* Timer 0 interrupt function */
void intervalint ()

{

unsigned int work;

Cycle data to be set to CR0O0O */

Data area to be set to timer 0 */

Set high-speed operation mode */

Set port */

Set the following to output */

Clear P70 */

Set P70 as output */

Set interrupt */

Cancel INTTMOO interrupt mask */

Set timer 0 */

Count clock is fx/2%6 */

Set CR00 and CR0O1l to compare register */

Set cycle initial value to CRO0O */

Invert on match with CR00, initial value L */
Clear & start on match between TMO and CR0O0 */

Loop as dummy here */

/***************************************************/

/* */
/* Define variables required for interrupt here */
/* */

/***************************************************/

work = ppgdata;

if (work != 0)

{
CR0O0 = work;
ppgdata = 0;
if (work == Oxffff)

{
}

TMCO = 0b00000000;

/* Stop timer */

/***********************************************************/

/* */
/* Describe processing required for interrupt below */
/* */

/***********************************************************/

}

210

User’'s Manual U14046EJ3VOUD



CHAPTER 8 16-BIT TIMER/EVENT COUNTER 0

8.5.2 Pulse width measurement by free-running counter and one capture register

/******************************************************************************/

/* */
/* Timer 0 operation sample x/
/* Pulse width measurement example by free-running and CRO1 */
/* 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
#ipragma interrupt INTTMO1l intervalint rb2
unsigned int datal3]; /* Data area */

void main (void)

{

unsigned int length;

PCC = 0x0; /* Set high-speed operation mode */
datal[0] = 0;
datal[l] = 0;
datal[2] = 0;
/* Set port */
PM7.0 = 1; /* Set P70 as input */
/* Set interrupt */
TMMKO1 = 0; /* Cancel INTTMO1l interrupt mask */
/* Set timer 0 */
PRMO = 0b00110010; /* Both rising and falling edges for TIO0O0 */
/* Count clock is fx/2"6 */
CRCO = 0b00000100; /* Set CRO1l to capture register */
TMCO = 0b00000100; /* Start in free-run mode */
EI();
while (1) { /* Dummy loop */
while (data[0] == 0); /* Wait for measurement completion */
DI(); /* Prohibit interrupt for exclusive operation */
length = datal1l]; /* Read measurement results */
data[0] = 0; /* Clear end flag */
EI(); /* Exclusive operation completed */

}

/* Timer 0 interrupt function */
void intervalint ()

unsigned int work;
/*****************************************************/

/* */
/* Define variables required for interrupt here */
/* */
/*****************************************************/
work = CRO1; /* Read capture value */
data[l] = work - datal2]; /* Calculate and update interval */
data[2] = work; /* Update read value */
data[0] = Oxffff; /* Set measurement completion flag */

/***********************************************************/

/* */
/* Describe processing required for interrupt below */
/* */

/***********************************************************/

}
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8.5.3 Two pulse widths measurement by free-running counter

/******************************************************************************/

/* */
/* Timer 0 operation sample x/
/* Two-pulse-width measurement sample by free-running */
/* Measurement results to be up to 16 bits and not checked for errors */
/* Result area at TIOO side */
/* data[0]: End flag */
/* data([l] : Measurement results (pulse width) */
/* data[2] : Previous read value */
/* Result area at TIO1l side */
/* datal[3]: End flag */
/* data([4] : Measurement results (pulse width) */
/* data[5] : Previous read value */
/* */

/******************************************************************************/
#pragma sfr
#pragma EI
#pragma DI
#ipragma interrupt INTTMOO intervalint rb2
#pragma interrupt INTTMOl intervalint2 rb2
unsigned int datalé]; /* Data area */

void main (void)

{

unsigned int length, length2;
PCC = 0x0; /* Set high-speed operation mode */

data[0] = 0; /* Clear data area */
datal[l] = 0;
datal[2] = 0;
datal[3] = 0;
datal[4] = 0;
datal[5] = 0;
/* Set port */
PM7.0 = 1; /* Set P70 as input */
PM7.1 = 1; /* Set P71 as input */
/* Set interrupt */
TMMKO1 = 0; /* Cancel INTTMO1l interrupt mask */
TMMKOO = 0; /* Cancel INTTMOO interrupt mask */
/* Set timer 0 */
PRMO = 0b11110010; /* Both rising and falling edges */
/* Count clock is fx/2"6 */
CRCO = 0b00000101; /* Set CRO0 and CRO1l to capture register */
TMCO = 0b00000100; /* Start in free-run mode */
EI();
while (1) { /* Dummy loop */
if (data[0] != 0) /* TI0OO measurement completion check */
{
TMMKO1 = 1; /* INTTMO1l interrupt prohibited for
exclusive operation */
length = datall]; /* Read measurement results */
data[0] = 0; /* Clear end flag */
TMMKO1l = 0; /* Exclusive operation completed */
if (datal[3] != 0) /* TI01l measurement completion check */
{
TMMKOO = 1; /* INTTMOO interrupt prohibited for
exclusive operation */
length2 = datal4]; /* Read measurement results */
datal[3] = 0; /* Clear end flag */
TMMKOO = 0; /* Exclusive operation completed */
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/* INTTMOO interrupt function */
void intervalint ()

unsigned int work;
/******************************************************/

/* */
/* Define variables required for interrupt here */
/* */
/******************************************************/
work = CROO; /* Read capture value */
data[4] = work - datal5]; /* Calculate and update interval */
data[5] = work; /* Update read value */
data[3] = Oxffff; /* Set measurement completion flag */

/********************************************************/

/* */
/* Describe processing required for interrupt below */
/* */

/********************************************************/

}

/* INTTMO1l interrupt function */
void intervalint2 ()

unsigned int work;
/******************************************************/

/* */
/* Define variables required for interrupt here */
/* */
/******************************************************/
work = CRO1; /* Read capture value */
data[l] = work - datal2]; /* Calculate and update interval */
data[2] = work; /* Update read value */
data[0] = Oxffff; /* Set measurement completion flag */

/********************************************************/

/* */
/* Describe processing required for interrupt below */
/* */

/********************************************************/

}

User’'s Manual U14046EJ3VOUD

213



CHAPTER 8 16-BIT TIMER/EVENT COUNTER 0

8.5.4 Pulse width measurement by restart

/**************************************************************************/

/* */
/* Timer 0 operation sample x/
/* Pulse width measurement example by restart */
/* 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
#ipragma interrupt INTTMO1l intervalint rb2
unsigned int datal3]; /* Data area */

void main (void)

{

unsigned int length;

PCC = 0x0; /* Set high-speed operation mode */
datal[0] = 0;
datal[l] = 0;
datal[2] = 0;
/* Set port */
PM7.0 = 1; /* Set P70 as input */
/* Set interrupt */
TMMKO1 = 0; /* Cancel INTTMO1l interrupt mask */
/* Set timer 0 */
PRMO = 0b00110010; /* Both rising and falling edges */
/* Count clock is fx/2"6 */
CRCO = 0b00000100; /* Set CRO1l to capture register */
TMCO = 0b00001000; /* Clear & start at TIOO valid edge */
EI();
while (1) { /* Dummy loop */
if (data[0] != 0) /* Wait for TIOO measurement completion */
{
TMMKO1l = 1; /* Prohibit INTTMO01l interrupt for
exclusive operation */
length = datal[l]l+datal(2]; /* Cycle calculation based on
measurement results */
data[0] = 0; /* Clear end flag */
TMMKO1l = 0; /* Exclusive operation completed */

}

/* Timer 0 interrupt function */
void intervalint ()

{

/******************************************************/

/* */
/* Define variables required for interrupt here */
/* */
/******************************************************/
data[2] = datall]; /* Update old data */
data[l] = CRO1; /* Update read value */
data[0] = Oxffff; /* Set measurement completion flag */

/********************************************************/

/* */
/* Describe processing required for interrupt below */
/* */

/********************************************************/

}
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8.5.5 PPG output

/******************************************************************************/

/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*

Timer 0 PPG mode setting example
Cycle set to 130 as intervalTMO
Active period set to 65 as active time

Array ppgdata prepared as data area for rewriting

[0] : Active period (0000:

[1]: Cycle (0000: no change)
ppgdata to be checked at every INTTMO0O, and changed if required.

Therefore, if change is required,

no change, Oxffff: stop)

set the change data in ppgdata.

When changed, ppgdata cleared to 0000.

*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/

/******************************************************************************/

#pragma
#pragma
#pragma
#define
#define
#pragma

sfr

ET

DI

intervalTMO 130
active_time 65

/* Cycle data to be set to CR00 */
/* Initial value data of CRO1 */

interrupt INTTMOO ppgint rb2

unsigned int ppgdatal2];

void main (void)

{

}

/* Timer 0 interrupt function */

PCC = 0x0;
ppgdata[0] = 0;
ppgdatal[l] = 0;

P7 = 0b11111110;
PM7.0 = 0;

TMMKOO = 0;

PRMO = 0b00000010;
CRCO = 0b00000000;
CROO0 = intervalTMO;
CRO01 = active_time;
TOCO = 0b00010111;

TMCO = 0b00001100;
EI();

while (1) ;

void ppgint ()

unsigned int work;
work = ppgdatal0];
if (work != 0)
{
CR01 = work;
ppgdata[0] = 0;

/* Data area to be set to timer 0 */

/* Set high-speed operation mode */

/* Set port */

/* Clear P70 */

/* Set P70 to output */

/* Set interrupt */

/* Cancel INTTMOO interrupt mask */
/* Set timer 0 */

/* Count clock is fx/2%6 */

/* Set CR0O0 and CRO1l to compare register */

/* Set initial value of cycle */

/* Set initial value of active period */

/* Inverted on match between CR0O0 and CRO1,
initial value L */
/* Clear & start on match between TMO and CR0O0 */

if (work == Oxffff)

{

TMCO = 0b00000000;

}
}
work = ppgdatall];
if (work != 0)

{

CR0O0 = work;
ppgdata[1]=0;

User’s Manual

/* Stop timer */
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8.6 Cautions Related to 16-Bit Timer/Event Counter 0

(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 0 (TMO) is started asynchronously to the count clock.

Figure 8-28. Start Timing of 16-Bit Timer Counter 0 (TMO)

Count clock j \ / \ / \ / \_/_\_

TMO 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 TM0 and
CRO00)
Set 16-bit timer capture/compare registers 00, 01 (CR00, CR01) 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 TI00 pin is input during 16-bit timer capture/compare register 01 (CR01) read, CRO1
performs a capture operation but, the read value at this time is not guaranteed. The interrupt request signal
(INTTMO1) is generated upon detection of the valid edge.

Figure 8-29. Capture Register Data Retention Timing

Count clock J | | | | | | |_“J |_| |_| |_
TMocount X N X N+1 X N+2 X )L X M XM+t XM+2

Edge input | (0 |
)]
INTTMO1 |_| ( |—|
)7

Capture read signal

((
)]
CRO1 capture value X -X. \\ N+ 1 :X: M+ 1

1
LT N v T
Capture Read value not guaranteed

though capture operation performed

(4) Valid edge setting
Set the valid edge of the TI00 pin after clearing bits 2 and 3 (TMC02 and TMCO03) of 16-bit timer mode control
register 0 (TMCQO) to 0, 0, respectively, and then stopping the timer operation. The valid edge is set by bits 4
and 5 (ES00 and ES01) of prescaler mode register 0 (PRMO).
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(5) Operation of OVFO flag
<1> The OVFO flag is also set to 1 in the following case.

Either of the clear & start mode entered on a match between TM0O and CROO, clear & start at the valid edge
of TI0O, or free-running mode is selected.
2
CRO0O0 is set to FFFFH.
2
When TMO is counted up from FFFFH to 0000H.

Figure 8-30. Operation Timing of OVF0 Flag

Countcock __ [ | | | | | [ [

CROO FFFFH

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

|

OVFO0 [

|

INTTMO0O [ ]

<2> Evenifthe OVFO flag is cleared before the next count clock is counted (before TMO becomes 0001H) after
the occurrence of a TMO overflow, the OVFO flag is reset newly and clear is disabled.

(6) Conflicting operations
When the 16-bit timer capture/compare register (CR00/CR01) is used as a compare register, if the write period
and the match timing of 16-bit timer counter 0 (TMO) conflict, match determination is not successfully done. Do
not perform a write operation of CR00/CRO01 near the match timing.

(7) Timer operation
<1> Even if 16-bit timer counter 0 (TMO) is read, the value is not captured by 16-bit timer capture/compare
register 01 (CRO1).

<2> Regardless of the CPU’s operation mode, when the timer stops, the signals input to pins TI00/TI01 are
not acknowledged.
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(8) Capture operation

<1>

<2>

<3>

<4>

If TIOO is specified as the valid edge of the count clock, a capture operation by the capture register specified
as the trigger for TI00 is not possible.

If both the rising and falling edges are selected as the valid edges of T100, capture is not performed.
To ensure 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 0 (PRMO).

Figure 8-31. CRO1 Capture Operation with Rising Edge Specified

Count clock _| | | | | | l | | | | |
|

™0 _] N-3 [ N-2 | N-1 | N | N+t J

TI0O [ A
Rising edge detection | |
|
|
CRO1 I N
|

INTTMO1 | |

The capture operation is performed at the fall of the count clock. An interrupt request input (INTTMOn),
however, occurs at the rise of the next count clock.

(9) Compare operation

<1>

<2>

When the 16-bit timer capture/compare register (CR00/CRO01) 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.
The capture operation may not be performed for CR00/CR01 setin compare mode even if a capture trigger

is input.

(10) Edge detection

<1>

<2>

If the TI00 pin or the TI01 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 TI00 pin or TIO1 pin to enable 16-bit timer
counter 0 (TMO) operation, a rising edge is detected immediately. Be careful when pulling up the TIO0 pin
or the TIO1 pin. However, the rising edge is not detected at restart after the operation has been stopped
once.

The sampling clock used to remove noise differs when a TI00 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 0 (PRMO0). 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.

* (11) STOP mode or main system clock stop mode setting
Except when TI00, TIO1 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.
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9.1 Functions of 8-Bit Timer/Event Counters 50, 51

8-bit timer/event counters 50, 51 (TM50, TM51) have the following two modes.

(1)

(2)

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 block diagrams of 8-bit timer/event counters 50 and 51.
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Figure 9-1. Block D

iagram of 8-Bit Timer/Event Counter 50

2 Internal bus 2
8-bit timer compare
regstr50 (GR50) | | 5 4@'— INTTMS50
TI50/TO50/P724% 1@~ Match | ©
fx o« %@ 'f«g . { Note 2
o g = e 5
fvos ol o | _[ebittmer OVF [ D)—nv 3 O80TS0
f28 — ] @ [ counter 50 (TM50) R © © p7oMote 1
X210 ——= n
Clear Note 3
3 S Invert Output latch | I
R level 8372) PM72
| Selector |
[t ‘
[reLso2[TeLsot[TeLsoq] [TCES50 [TMC506 [TMC504] LVS50 [LVR50[TMC501 | TOES0)
Timer clock select 8-bit timer mode control
reglster 50 (TCL50) register 50 (TMC50)
Internal bus
Figure 9-2. Block Diagram of 8-Bit Timer/Event Counter 51
( Internal bus {
8-bit timer
TI51/TO51/P73% 16— °
f/2 . Match T‘@ | JE— Note 2
fx/22 e = S a s
/2> —= 8-bit ti I 5
2! —= 3 | counterss [OVF [D—{nv 8 o TOSITI1/
fx/29 — n TM51) R D P73Note1
fx/2!1 — 2
Clear Note 3
3 S [ ver Output latch |pM73|
o R level (P73)
Selectorf

[rcLsi2]TeLs11iTeLs10]

Timer clock select
register 51 (TCL51)

| TCE51|TMC516 TMC514] LVS51|LVR51|TMC511 [TOE51|

8-bit timer mode control
register 51 (TMC51)

Internal bus 2

Notes 1. The respective combinations, TI50 input and TO50 output, and TI51 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

(1)

(2)

8-bit timer/event counters 50, 51 consist of the following hardware.

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)

TM5n 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™°¢, and then the count value is read. In the following situations, count value is cleared 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 Anerrormay occurinthe count. Selecta count clock with a high/low-level waveform 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 CR5nis used as a compare register in other than PWM mode, the value setin CR5n is constantly compared
with the 8-bit timer counter 5n (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 00H 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. CR5n is set by an 8-bit memory manipulation instruction. RESET input
makes CR5n undefined.

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

Remark n=0, 1
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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.

222

TCL5n is set by an 8-bit memory manipulation instruction.

RESET input clears TCL5n to 00H.

Figure 9-3. Format of Timer Clock Select Register 50 (TCL50)

Address: FF71H  After reset: 00H 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 uPD780024A, 780034A Subseries only.

Cautions 1. When rewriting TCL50 to other data, stop the timer operation beforehand.
2. Be sure to clear bits 3 to 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 TI51 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/2° 16.3 kHz 23.4 kHz

1 1 1 fx/211 4.09 kHz 5.85 kHz

Note Expanded-specification products of uPD780024A, 780034A Subseries only.

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

2. Be sure to clear bits 3 to 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.

<1>
<2>
<3>
<4> Timer output F/F (flip-flop) status setting
<5>

<6> Timer output control

TMC5n is set by a 1-bit or 8-bit memory manipulation instruction.

RESET input clears TMC5n to O0H.
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8-bit timer counter 5n (TM5n) count operation control
8-bit timer counter 5n (TM5n) operating mode selection

Discrete mode/cascade connection mode selection (TMC51 only)

Active level selection in timer F/F control or PWM (free-running) mode.
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Address: FF70H

Figure 9-5. Format of 8-Bit Timer Mode Control Register 50 (TMC50)

After reset: 00H R/W

Symbol <7> 6 5 4 <3> <2> 1 <0>
TMC50 TCES50 TMC506 0 0 LVS50 LVR50 TMC501 TOE50
TCE50 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
TMC501 In other modes (TMC506 = 0) In PWM mode (TMC506 = 1)
Timer F/F control Active level selection
0 Inversion operation disabled Active high
1 Inversion operation enabled Active low
TOES50 Timer output control
0 Output disabled (port mode)

224

Output enabled

Remarks 1. In PWM mode, PWM output will be inactive because TCE50 = 0.

2.
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Address: FF78H

Symbol
TMC51

Figure 9-6. Format of 8-Bit Timer Mode Control Register 51 (TMC51)

After reset: 00H R/W

<7> 6 5 4 <3> <2> 1 <0>
TCES51 TMC516 0 TMC514 LVS51 LVR51 TMC511 TOES51
TCES51 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
TMC511 In other modes (TMC516 = 0) In PWM mode (TMC516 = 1)
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.

2.

If LVS51 and LVR51 are read after data is set, 0 is read.

User’'s Manual U14046EJ3VOUD

225



CHAPTER 9 8-BIT TIMER/EVENT COUNTERS 50, 51

(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/TI51/TO51 pins for timer output, clear PM72, PM73, and the output

latches of P72 and P73 to 0.
When using the P72/TO50/T150 and P73/TI51/TO51 pins for timer input, set PM72 and PM73 to 1. At this time,

the output latches of P72 and P73 can be either 0 or 1.
PM7 is set by a 1-bit or 8-bit memory manipulation instruction.
RESET input sets 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 | Pwrs | Pmza | Pmzs | P72 | Pm71 | Pw7o |
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
(TCL5nN).

[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, INTTM5n is generated (TM5n is cleared to 00H).
INTTMb5n is generated repeatedly at the same interval. Clear 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

[N

TMsn countvalue __ 00H X01HX X N XooHXotHX X N XooHXotHX X N X
A A

A T
Start count Cllear Cllear E

CR5n N N N N

I I

1 Interrupt acknowledged X
I I
TO5n | o | N
I I
I I

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

ot !
-
| |

|
Count clock |‘|||||||||||||
|

00H ' 00H ! w ! !

TM5n 00H

00H

|
INTTM5n‘||||||||||||

| ! | | | |
| L ! i | i |
oss [ [ L[]
! l l l l

-
|

Interval time

(c) When CR5n = FFH

ot

[ e}
| |

Count clock |:|||||__||||||||||__||||||||||

[oH] = [ FEH ] FFH JooH |

TM5n

|
l
CR5n | FFH FFH| FFH |
|
|

TCE5n J

|

|

|

:

|
INTTM5n [ ]

A A
| Interrupt acknowledged | Interrupt
‘ ' acknowledged

TO5n

Interval time !

Remark n=0, 1

User's Manual U14046EJ3VOUD 229



CHAPTER 9 8-BIT TIMER/EVENT COUNTERS 50, 51

Figure 9-8. Interval Timer Operation Timing (3/3)

(d) Operated by CR5n transition (M < N)

Countclock|||||||||||||||||||||||

TM5n N[ 00H | | m | | | N | |FFHlOOH| |Mi00H|
| |
CR5n N X M
| |
- } } 3
INTTM5n _|_| |_|
TO5n _i 3 3 |‘
éRSn transition '*FMSn overflows since M < N

(e) Operated by CR5n transition (M > N)

CountclockIllllll'lllllllllllllll

|
T™5n  [N-1] N |ooH [ o1H | | N | [M—1] M | ooH | o1H |
| | |
CR5n N ! X M ;
| | |
TCE5n H | ! |
I | I
INTTMS5n 1 . []
| | |
TO5n | j [
4
CR5n transition

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.

[Setting]
<1> Set each register
» TCL5n: Edge selection of TI5n input
Falling edge of TI5n — TCL5n = 00H
Rising 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 = 0000xx00B, 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)

w_ [T T LT L L
1
TMSn count value X 00H X 01HX 02H X 03HX 04HX 0sHX _____ XN-1X _N_XooH X 01H X 02H X 03H X
1

CR5n N

INTTM5n []

Remarks 1. N = 00H to FFH
2. n=0,1

User's Manual U14046EJ3VOUD 231



CHAPTER 9 8-BIT TIMER/EVENT COUNTERS 50, 51

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 (TOE5nN) 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
» Clear port latches (P72, P73)N°te 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 = fent/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
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Figure 9-10. Square-Wave Output Operation Timing

countoosk [ 1L L LML L LI L

TMsn countvalue __ 0oH § otH § 024 {  JN—1{ N JooH X o YoeH X IN—1X N [ oon
A
Count start
CR5n N

TO5nNote L [ |_

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 (TMC5n1) of TMC5n.
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 (TOE5n) of TMC5n.

» Cycle = 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
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(1) PWM output basic operation

* [Setting]
<1> Set each register.
« Clear port latches (P72, P73)N* and 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, clear 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

234 User's Manual U14046EJ3VOUD



CHAPTER 9 8-BIT TIMER/EVENT COUNTERS 50, 51

Figure 9-11. PWM Output Operation Timing

(a) Basic operation (active level = H)
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Remark n=0, 1
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(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

Count clock |||||||||_||_||_||_||—||—||—||—||—||—||—||—||—||—||—||—||—||—|I—|I—ll—ll—l
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: | | | | | |

I

|
CRSn N_ A M ‘ ‘ ‘ ‘
| I | | I I I I
TCE5n™ H | | | | | | | |
INTTM5n 1 ! M 1 1 M 1 1
I I I I I
oSN ] f i f I‘

|
l
{
CR5n transition (N — M)

(b) CR5n value is changed from N to M when TM5n < CR5n

Countclock [T LML
| | | | | | | |
TM5n __N -~ - _TFrAToOHT OTHT 02HT08H - -- [N TN 1[N2] -~ ~ TFFHO0HTOTH [0PHT -~ T M W+ T[W+2]
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CR8n X S - ‘ X ‘
TCE5n ™ H | | | | | | | |
INTTM5n 1 M 1 1 1 M 1 1
TOsSn i * i ! f |‘

CR5n 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>

<2>

<3>

<4>

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
When TMC51 is set to TCE51 = 1 and then TMC50 is set to TCE50 = 1, the count operation starts.
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).
INTTM50 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

Countclock|||‘|||||||||||||||||||||||||||||||||||||||||||||||||||||||

TM50MZZZMZZZMZIMZM:M::IIIEE:

TM51 OOHE [0H 72 1 Y] [0 IR
CR50 ] N 1
CR51 M 1
TCES0 | L
TCES1 T | g
INTTMS50 h
TO50 1 Interval time I ;
| | !
Operation enable Interrupt request Operation
Count start generation stop

Level reverse
Counter clear
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*x 9.5 Program List

Caution Thefollowing sample programis shown as anexample 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)

/*************************************************************************************/

/* Interval timer setting example (cycle change by interrupt servicing)
(value changed when other than 00)

*/
*/
*/
*/
*/
*/

/**********************************************)\'***)\'*)\'********************************/

/*
/* Timer 50 operation sample
/* data[0] : Data set flag
/* data[l]: Set data
/*
#fpragma sfr
#pragma EI
#pragma DI
#pragma interrupt INTTM50 intervalint rb2
unsigned char datal[2]; /*
void main (void)
{
PCC = 0x0; /*
datal[0] = 0; /*
datal[l] = 0;
/*
P7 = 0bl11111011; /*
PM7.2 = 0; /*
/*
TMMK50 = 0; /*
/*
TMC50 = 0b00000111; /*
TCL50 = 0b00000101; /*
/*
CR50 = 131; /*
TCE50 = 1; /*
EI();
while (1) ; /*
}
/* INTTM50 interrupt function */
void intervalint ()
{
if (data[0] != 0)
{
CR50 = datall]; /*
data[0] = 0; /*

238

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 x/
PM7.2 = 1; /* Set P72 to input */
/* Set interrupt
TMMK50 = 0; /* Clear INTTM50 interrupt mask
/* Set timer 50
TMC50 = 0b00000000; /* Clear & start mode
TCL50 = 0b00000001; /* Specify rising edge of TI50
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 */
1%
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 */
Cascade connection setting example */
*/

/***************************************************************/

#pragma
#pragma
#pragma
#define
#pragma

sfr

EI

DI

intervalTM5 130

interrupt INTTM50 ppgint rb2

unsigned char ppgdatal2];

void main (void)

{

}

int interval;

interval = intervalTM5;
PCC = 0x0;

ppgdata[0] = 0;
ppgdata[l] = 0;

P7 = 0b11111011;
PM7.2 = 0;

TMMK50 = 0;

TMMK51 = 1;

TCL50 = 0b00000101;
CR50 = interval & Oxff;
CR51 = interval >> 8;
TMC50 = 0b00000111;
TMC51 = 0b00010000;
TCE51 = 1;

TCE50 = 1;

EI();

while (1) ;

/* Timer 5 interrupt function */
void ppgint ()

240

unsigned int work;

work = ppgdatal[0]+ppgdata[l] *0x100;

if (work != 0)

{
TCE50 =0;
CR51 = work >> 8;
CR50 = work & Oxff;
ppgdata[0] = 0;
ppgdata[1] 0;

if (work != Oxffff)

{
}

TCE50 = 1;

/*

/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*

/*

Cycle data to be set to CR */

Data area to be set to timer 5 */

Select high-speed operation mode */
Clear CR50 data */

Clear CR51 data */

Set port */

Clear P72 */

Set P72 to output */

Set interrupt */

Clear INTTM50 interrupt mask */

Set INTTM51 interrupt mask */

Set timer 5 */

Count clock is fx/2%6 */

Set lower compare register to CR50 */
Set higher compare register to CR51 */
Inverted on match, initial value L */
Cascade mode */

Timer starts */

/* Timer resumes */
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9.6 Cautions Related to 8-Bit Timer/Event Counters 50, 51
(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 O04H

Timer start

(2) Setting STOP mode or main system clock stop mode
Except when TI5n input is selected, always set TCESn = 0 before setting the STOP mode or main system clock
stop mode.

The timer may malfunction when the main system clock starts oscillating.

(3) 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 214/fw

second intervals.

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

For the interval time, see 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

Clear
fx/27 5[5 9-bit prescaler 5-bit counter INTWT
° W
[0}
< fw | fw | fw | fw | fw fw
frr —=| & 2| 5| | 27| B 2 Clear
S
3 INTWTI
[¢)]
»
[wrm7|wrme|wrms| wrma | wTm1 [ wTimol
Watch timer operation
mode register (WTM)
( Internal bus )

Remark fw: Watch timer clock frequency (fx/27 or fxr)
fx:  Main system clock oscillation frequency
fx1: Subsystem clock oscillation frequency
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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)

User's Manual U14046EJ3VOUD 243



CHAPTER 10 WATCH TIMER

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, and
controls the 5-bit counter operation.
WTM is set by a 1-bit or 8-bit memory manipulation instruction.
RESET input clears WTM to 00H.

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 <1> <0>
WTM WTM7 WTM6 WTM5 WTM4 0 0 WTMH1 WTMO
WTM7 Watch timer count clock selection
0 fx/27 (65.4 kHz: fx = 8.38 MHz, 93.7 kHz: fx = 12 MHzN°‘e)
1 fxr (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 29/fw
Other than above Setting prohibited
WTMH1 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)
1 Operation enabled

Note Expanded-specification products of uPD780024A, 780034A Subseries only.

Caution Do not change the count clock and interval time (by using bits 4 to 7 (WTM4 to WTM7) of WTM)
while the watch timer is operating.

Remarks 1. fw: Watch timer clock frequency (fx/27 or fxT)

2. fx:  Main system clock oscillation frequency
3. fx1: Subsystem clock oscillation frequency
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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 (2'4/fw seconds) by using the
main system clock or subsystem clock. The interrupt request is generated at the following time intervals:

« 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 cleared 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

WTM6 | WTM5 | WTM4 | Interval | When Operated at | When Operated at | When Operated at | When Operated at
Time fx = 12 MHzNote fx = 8.38 MHz fx = 4.19 MHz fxr = 32.768 kHz
0 0 0 24/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 ffw 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 29/fw 5.46 ms 7.82 ms 15.6 ms 15.6 ms
Other than above Setting prohibited

Note Expanded-specification products of uPD780024A, 780034A 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
< |
Start Overflow Ove:rflow

| |
Count clock s ainipinieipipipipini nEninl
Watch timer l ‘ ‘
interrupt INTWT ‘ === !_I -——— !—I

I Interrupt time of watch timer | Interrupt time of watch timer |
Interval timer | EO_E s) i—l (I_T- s) ‘
interrupt INTWTI } [ - | Mo — 1

! | [ |

| Interval time | | T ! |

1 ) 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 fxt)

n: The number of interval timer operations
Figures in parentheses are for operation with fw = 32.768 kHz.
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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, see Table 11-2.
(2) Interval timer
Interrupt requests are generated at the preset time intervals.

For the interval time, see 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 L Divided
) Divider INTWDT
fx/28 ——]input | circuit clock Output
controller selector controller
T RESET
RUN Division mode
selector 3
WDT mode signal
[t
[wpcs2lwbcs1wpeso| [ RUN [wDTM4WDTM3]

Watchdog timer clock Watchdog timer mode
select register (WDCS) register (WDTM)
2 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 clears 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 WDCSH WDCSO0 Overflow time of watchdog timer/interval timer
fx = 8.38 MHz fx = 12 MHzNote

0 0 0 212/t 488 us 341 us

0 0 1 213/t 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/fx 15.6 ms 10.9 ms

1 1 0 218/fx 31.2ms 21.8 ms

1 1 1 220/fx 125 ms 87.3 ms

Note Expanded-specification products of uPD780024A, 780034A 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 clears WDTM to 00H.

Figure 11-3. Format of Watchdog Timer Mode Register (WDTM)

Address: FFF9H  After reset: 00H R/W

Symbol <7> 6 5 4 3 2 1 0
WDTM RUN 0 0 WDTM4 WDTMS3 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 setto 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 is 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 (WDTMS3).

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
212ty 488 us 341 us
213/tx 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/fx 15.6 ms 10.9 ms
218/fx 31.2 ms 21.8 ms
220/t 125 ms 87.3 ms

Note Expanded-specification products of uPD780024A, 780034A 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 cleared 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.
2. The interval time just after setting WDTM may be shorter than the set time by up to 2%1fx

seconds.
3. 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/tx 1.95 ms 1.36 ms
215/fx 3.91 ms 2.73 ms
216/fx 7.82 ms 5.46 ms
217 /tx 15.6 ms 10.9 ms
218/fx 31.2ms 21.8 ms
220/fx 125 ms 87.3 ms

Note Expanded-specification products of uPD780024A, 780034A Subseries only.

Remark fx: Main system clock oscillation frequency
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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 select 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

X ——— Prescaler

3 A4 /21010 fx/2'

BUZ/P75

Selector

t t BCSO, BCS1

BZOE
Output latch PM75
(P75) |—|

Clock
controller ’ > © PCL/P74
X1 Q

f
I I CLOE
T T Ou(tpPLg‘If)tch | p|v|74|

BZOE | BCS1 | BCSO | CLOE | CCS3 | CCS2 | CCS1 | CCSO

fX to fx/27

Selector

Clock output select register (CKS)

g Internal bus g
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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

Iltem

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 clears 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 <7> 6 5 <4> 3 2 1 0
CKS BZOE BCS1 BCSO CLOE CCS3 CCSs2 CCSs1 CCS0
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 CCSs2 CCSH 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/25 261 kHz 375 kHz
0 1 1 0 fx/26 130 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 Expanded-specification products of uPD780024A, 780034A Subseries only.

Remarks 1. fx:
2. fx1: Subsystem clock oscillation frequency

Main system 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 pin for clock output and the P75/BUZ pin for buzzer output, clear PM74, PM75 and
the output latches of P74 and P75 to 0.
PM7 is set by a 1-bit or 8-bit memory manipulation instruction.
RESET input sets 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 I/O 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> Select the 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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13.1 A/D Converter Functions

A/D converter is an 8-bit resolution converter that converts analog inputs into digital values. It can control up to
8 analog input channels (ANIO to ANI7).

(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 perform A/D conversion. In the case of hardware start,
A/D conversion stops when an A/D conversion operation ends 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 (INTADO) is generated.

Caution Although the yPD78F0034A, 78F0034B, 78F0034AY, and 78F0034BY incorporate a 10-bit A/D

converter, this converter can be operated as an 8-bit A/D converter by using the device file
DF780024.
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Figure 13-1. 8-Bit A/D Converter Block Diagram

1
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ANI/P11 & Sample & hold cireuit Lo
ANI2/P12 ©—+~ & ' AV
ANI3/P13 O~ © ; O\O : Voltage comparator | | E e
ANI4/P14 ©—~ 3 ' 1 gt <
ANI5/P15 ©—= @ : ! 2! !
ANI6/P16 O : ; : o
ANI7/P17 ©—= 1 ' [
| 1

Successive :

approximation . .
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Edge
ADTRG/INTP3/P03
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detector A/D conversion result
r register 0 (ADCRO)
Note
e S— Trigger enable ]
ADS02 ADS01|ADS00] [ADSCO [TRGO| FR02| FRO1| FROO| EGA01| EGAQO
Analog input channel A/D converter
specification register 0 (ADSO0) mode register 0 (ADMO)

g Internal bus g

Note The valid edge of 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

(1)

(2)

(3)

4)

(%)

The A/D converter consists of the following hardware.

Table 13-1. A/D Converter Configuration

ltem Configuration

Analog input 8 channels (ANIO to ANI7)

Hardware trigger input | 1 (ADTRG)

Registers Successive approximation register (SAR)
A/D conversion result register 0 (ADCRO)

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 voltage) 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 (ADCRO0)

The ADCRO is an 8-bit register that stores the A/D conversion result. Each time A/D conversion ends, the
conversion result is loaded from the successive approximation register.

ADCRO is read by an 8-bit memory manipulation instruction.

RESET input clears ADCRO to 00H.

Caution  When writing is performed to A/D converter mode register 0 (ADMO0) and analog input channel
specification register 0 (ADSO0), the contents of ADCRO may become undefined. Read the
conversion result following conversion completion before writing to ADM0, ADS0. 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.

Voltage comparator
The voltage comparator compares the sampled analog input voltage to the series resistor string output voltage.

Series resistor string

The series resistor string is connected between AVrer and AVss, and generates a voltage to be compared to
the analog input.
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(6)

()

(8)

)

*x (10)

260

ANIO to ANI7 pins
These are eight analog input pins to input analog signals to undergo A/D conversion to the A/D converter. ANIO
to ANI7 are alternate-function pins that can also be used for digital input.

Cautions 1. Use ANIO to ANI7 input voltages within the specification range. If a voltage higher than
AVREer or lower than AVss is applied (even if within the absolute maximum rating range), the
conversion value of that channel will be undefined and the conversion values of other
channels may also be affected.

2. Analog input (ANIO to ANI7) pins are alternate function pins that can also be used as input
port (P10 to P17) pins. When A/D conversion is performed by selecting any one of ANIO
to ANI7, do not access port 1 during conversion. It may cause the lower conversion
resolution.

3. When adigital pulse is applied to a pin adjacent to the pin in the process of A/D conversion,
A/D conversion values may not be obtained as expected due to coupling noise. Thus, do
not apply any pulse to a pin adjacent to the pin in the process of A/D conversion.

AVREF pin

This pin inputs the A/D converter reference voltage.

It converts signals input to ANIO to ANI7 into digital signals according to the voltage applied between AVrer and
AVss.

Caution A series resistor string of several 10 kQ is connected between the AVrer pin and 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.

AVss pin
This is the ground potential pin of the A/D converter. Always keep it at the same potential as the Vsso or Vsst
pin even when not using the A/D converter.

AVop pin
This is the A/D converter analog power supply pin. Always keep it at the same potential as the Voo or Vo1 pin

even 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 2 types of registers are used to control the A/D converter.

» A/D converter mode register 0 (ADMO)
+ Analog input channel specification register 0 (ADSO0)

(1) A/D converter mode register 0 (ADMO)
This register sets the conversion time for analog input to be A/D converted, conversion start/stop, and external
trigger.
ADMO is set by a 1-bit or 8-bit memory manipulation instruction.
RESET input clears ADMO to O0H.
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Figure 13-2. Format of A/D Converter Mode Register 0 (ADMO)

Address: FF80H After reset: 00H R/W

Symbol <7> <6> 5 4 3 2 1
ADMO ADCSO0 TRGO FRO2 FRO1 FROO EGAO1 EGAO00

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

FRO2 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 72/8x 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 External trigger signal, edge specification
0 0 No edge detection
0 1 Falling edge detection
1 0 Rising edge detection
1 1 Both falling and rising edge detection

Notes 1. Set the A/D conversion time as follows.
» When operated at fx = 12 MHz (Vop = 4.5 t0 5.5 V):

2. Expanded-specification products of uyPD780024A Subseries only.

w

Caution
once prior to performing rewrite.

Remark fx: Main system clock oscillation frequency
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12 us or more
* When operated at fx = 8.38 MHz (Voo = 4.0 to 5.5 V): 14 us or more

. Setting is prohibited because the A/D conversion time is less than 14 us.
4. Setting is prohibited because the A/D conversion time is less than 12 us.

When rewriting FR0O0 to FR02 to other than the same data, stop A/D conversion operations




CHAPTER 13 8-BIT A/D CONVERTER (uPD780024A, 780024AY SUBSERIES)

(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 clears ADSO0 to 00H.

Figure 13-3. 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 ADSO1 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 Operations

13.4.1 Basic operations of A/D converter

<1>
<2>
<3>

<4>

<5>

<6>

<7>

<8>

Select one channel for A/D conversion with analog input channel specification register 0 (ADSO0).

The voltage input to the selected analog input channel is sampled by the sample & hold circuit.

When sampling has been done for a certain time, the sample & hold circuit is placed in the hold state and
the input analog voltage is held until the A/D conversion operation is ended.

Bit 7 of the successive approximation register (SAR) is set. The series resistor string voltage tap is set to
(1/2) AVrer by the tap selector.

The voltage difference between the series resistor string voltage tap and analog input is compared by the
voltage comparator. If the analog inputis 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 7, as described below.

e Bit7 =1:(3/4) AVRer

* Bit7 = 0: (1/4) AVRer

The voltage tap and analog input voltage are compared and bit 6 of SAR is manipulated as follows.

» Analog input voltage > Voltage tap: Bit 6 = 1

* Analog input voltage < Voltage tap: Bit6 =0

Comparison is continued in this way up to bit 0 of SAR.

Upon completion of the comparison of 8 bits, an effective digital result value remains in SAR, and the result
value is transferred to and latched in 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. The first A/D conversion value immediately after A/D conversion has been started may not
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satisfy the rated value. Take measures such as polling the A/D conversion end interrupt
request (INTADO) and removing the first conversion results.
2. The A/D converter stops operation in standby mode.
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Figure 13-4. Basic Operation of 8-Bit A/D Converter

Setting ADCSO to 1, external trigger,
or overwriting ADSO

—— A/D conversion start delay time
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A/D converter Sampling A/D conversion
operation
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SAR Undefined 80H 4%rH >< >< >< >< >< >< >< result

ADCRO Conversion
result
INTADO | |

ADCS0

A/D conversion operations are performed continuously until bit 7 (ADCSO0) of A/D converter mode register 0 (ADMO)
is reset (0) by software.

RESET input clears 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 13-2.
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Table 13-2. 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 MHzN°te2 (Vpp = 4.5 to 5.5 V): 12 us or more
* When operated at fx = 8.38 MHz (Vop = 4.0 to 5.5 V): 14 us or more
2. Expanded-specification products of uyPD780024A Subseries only.
Remark fx: Main system clock oscillation frequency
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fcru: CPU clock frequency

User’'s Manual U14046EJ3VOUD




CHAPTER 13 8-BIT A/D CONVERTER (uPD780024A, 780024AY SUBSERIES)

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 theoretical
A/D conversion result (stored in A/D conversion result register 0 (ADCRO)) is shown by the following expression.

VIN

AVREF

ADCRO = INT ( x 256 + 0.5)

or

(ADCRO — 0.5) x ~YFEF _ \/iy < (ADCRO + 0.5) x A VREF
256 256

where, INT(): Function which returns integer part of value in parentheses
VIN: Analog input voltage
AVRrer:  AVREF pin voltage
ADCRO: A/D conversion result register 0 (ADCRO) value

Figure 13-5 shows the relationship between the analog input voltage and the A/D conversion result.

Figure 13-5. Relationship Between Analog Input Voltage and A/D Conversion Result

55— 71— 1 1 [ T 1~~~
54— F—1—1+—F— -
253 s
| 1
A/D conversion result | :
(ADCRO) ! :
3 -1
2 ,,,,,
1 ,,,,,
0 ,,,,,
11 3 2 5 3 507 254 509 255 511 1
512 256 512 256 512 256 512 256 512 256 512
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).

* When A/D conversion is complete, the interrupt request signal (INTADOQ) is generated.

(1) 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, 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 PO3/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 13-6. A/D Conversion by Hardware Start (When Falling Edge Is Specified)

U U U I

ADMO set
ADCS0 =1, TRGO = 1 ADSO rewrite
. Standby Standby Standby
A/D conversion state ANIn ANIn state ANIn state ANIm ANIm ANIm
ADCRO ANIn ANIn ANIn Undefined ANIm ANIm
Remarks 1. n=0,1, ...... .7
2. m=0,1, ... , 7
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(2)

270

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,
A/D conversion of the voltage applied to the analog input pin specified by analog input channel specification
register 0 (ADSO0) starts.

Upon the end of the 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 ended,
the next conversion operation is immediately started. A/D conversion operations are repeated until new data
is written to ADSO.

If ADSO is rewritten during A/D conversion, the converter suspends A/D conversion and A/D conversion of the
newly selected analog input channel is started.

If 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 13-7. A/D Conversion by Software Start

ADMO set .
ADCS0 =1, TRG0O =0 ADSO rewrite ADCS0=0
A/D conversion ANIn ANIn ANIn ANIm ANIm
Conversion suspended;
Conversion results are not stored Stop
ADCRO ANIn ANIn Undefined ANIm
INTADO —| —| —|
Remarks 1. n=0,1, ...... , 7
2. m=0,1, ... , 7
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13.5 How to Read A/D Converter Characteristics Table

Here we will explain the special terms unique to A/D converters.

(1)

(2)

©)

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 1LSB (Least Significant Bit). The percentage of 1LSB with respect to the full
scale is expressed by %FSR (Full Scale Range).

When the resolution is 8 bits,

1LSB = 1/28 = 1/256
= 0.4%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 which are
combinations of these express overall error.

Furthermore, quantization error is not included in overall error in the characteristics table.

Quantization error

When analog values are converted to digital values, there naturally occurs a +1/2LSB error. In an A/D converter,
an analog input voltage in a range of +1/2LSB are converted to the same digital code, so a quantization error
cannot be avoided.

Furthermore, it 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 13-8. Overall Error Figure 13-9. Quantization Error

1o 1 Tevenn. 1
Ideal line -

2 2

8 L R4 ”0 ", 8 1 ’o

| Overall £ /_\

(<)) (=] A .

a error a [1/2LSB—=1 Quantization error

1 1+ 1/2LSB
[o PP 0 1 0...... 0 oy
0 Y AVeer 0 AVRerF

Analog input

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 (1/2LSB) 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 (3/2LSB) when the digital output changes from 0...... 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 —3/2LSB) 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 1LSB, this value shows the difference between the actual
measured value and the ideal value of the width when outputting a particular code.

Figure 13-10. Zero Scale Error Figure 13-11. Full Scale Error
"
z | o) Full scale error
] Ideal line g \
2 5 111} e -
g onf H : A» :
= 5 : ;Z -
> Qo 110} P — H
£ otof 3 : % :
o 2 ' ' '
2 = : . :
2 P : 5 101F 18 =" Idealline :
g 00t - Zero scale error 0 = V= :
4_’{:_ OOOL; 1 1 1 :
000 ) i ) ) 0 AVrer-3 AVrer—2 AVrer—1  AVrer
0 1 2 3 AVrer Analog input (LSB)
Analog input (LSB)
Figure 13-12. Integral Linearity Error Figure 13-13. Differential Linearity Error

Teeeen 1
oo b l
Ideal line Rt Ideal width of 1LSB
‘- .: ' - -5- \ ———
- g s = —
g ' ' 3 —
3 I ' .
I A 2 P \
=) d i
(] L '
X ; Differential
:- - Integral L_, linearity error
‘ linearity 00 4
0enn (error 0 Analog input AVrer

AVRrer
Analog input
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(8) Conversion time

This expresses the time from when the sampling was started to the time when the digital output was obtained.

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

User’

Conversion time¢ —

s Manual U14046EJ3VOUD
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13.6 A/D Converter Cautions

(1)

(2)

(3)

4)

274

Power consumption in standby mode

A/D converter stops operating in the standby mode. At this time, power consumption can be reduced by stopping
the conversion operation (by clearing bit 7 (ADCS0) of A/D converter mode register 0 (ADMO) to 0).

Figure 13-14 shows the circuit configuration of a series resistor string.

Figure 13-14. Circuit Configuration of Series Resistor String

AVRer

P-ch } 0<} ADCS0

Series resistor string

AVss

Input range of ANIO to ANI7

The input voltages of ANIO to ANI7 should be within the specification range. In particular, if a voltage higher
than AVRer or lower than AVss is input (even if within the absolute maximum rating range), the conversion value
of that channel will be undefined and the conversion values of other channels may also be affected.

Contending operations

<1> Contention 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> Contention between ADCRO write and external trigger signal input upon the end of conversion
The external trigger signal is not accepted during A/D conversion. Therefore, the external trigger signal
is not accepted during ADCRO write.

<3> Contention between ADCRO write and A/D converter mode register 0 (ADMO) write or analog input channel
specification register 0 (ADS0) write upon the end of conversion
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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)

(6)

(7

(8)

AVReF 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.

Interrupt request flag (ADIF0)

The interrupt request flag (ADIFO0) is not cleared even if analog input channel specification register 0 (ADSO0) 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, ADIFOQ 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 13-15. A/D Conversion End Interrupt Request Generation Timing

ADMO rewrite ADSO rewrite ADIF is set but ANIm
(start of ANIn conversion) (start of ANIm conversiok conversion has not finished.
A/D conversion ANIn ANIn ANIm ANIm

\
) |
Undefined >< ANIm >< ANIm

——
L
ADCRO >< ANIn '

INTADO
Remarks 1. n=0,1, ...... , 7
2. m=0,1, ... , 7

Conversion results just after A/D conversion start

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.

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 with each other. Therefore, read the A/D conversion result before stopping
the A/D conversion operation.
Figure 13-16 shows the timing of reading the conversion result.

Figure 13-16. Timing of Reading Conversion Result (When Conversion Result Is Undefined)

A/D conversion completes A/D conversion completes
ADCRO X Normal conversion result X Undefined value
INTADO
ADCSO0
Normal conversion result is read. A/D conversion  Undefined value
is stopped. 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.

(11) AVop pin
The AVop pin is the analog circuit power supply pin. It supplies power to the input circuits of the ANIO to ANI7
pins.
Therefore, be sure to apply the same potential as Voo to this pin even for applications designed to switch to
a backup battery for power supply.

Figure 13-17. AVop Pin Connection

’i AVRer

’H —L Vbbo
Main power supply —— Capacitor AVeo
T for backup
. Vsso
AVss
ez
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(12) AVrer pin
Connect a capacitor to the AVRrer pin to minimize conversion errors due to noise. If an A/D conversion operation
has been stopped and then is 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 13-18 shows an example of connecting a capacitor.

Figure 13-18. Example of Connecting Capacitor to AVrer Pin

Clamp using a diode with a low
VE (0.3 V or lower).

O ' / AVbp

O ’ AVRer
C+ C. =

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.

(13) 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 13-19 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 pins ANIO to ANI7.
An example of this is shown in Figure 13-20. 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.

Figure 13-19. Internal Equivalent Circuit of Pins ANIO to ANI7

R1 R2
ANIn

C1 c2 C3

Remark n=0to 7
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* Table 13-3. Resistances and Capacitances of Equivalent Circuit (Reference Values)
(TYP.)
AVRer R1 R2 C1 c2 C3
2.7V 12 kQ 8.0 kQ 3.0 pF 3.0 pF 2.0 pF
45V 4 kQ 2.7 kQ 3.0 pF 1.4 pF 2.0 pF
Caution The resistances and capacitances in Table 13-3 are not guaranteed values.
* Figure 13-20. Example of Connection If 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 VF (0.3 V or lower).

__________________________________________________________________________________

Reference
voltage input

Output impedance//
of sensor /

\ j
\ C0<0.1uF ;[CO/
\\‘ Lowpass filter /

\_ is created. /
\\

R1 R2

C1 Cc2 C3

~ -

Remark n=0to7

* (14) 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 13-20).
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14.1 A/D Converter Functions

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 (INTADOQ) is generated. In the case
of software start, A/D conversion is repeated. Each time as A/D conversion operation ends, an interrupt request
(INTADQ) is generated.

Caution  Although the uPD78F0034A, 78F0034B, 78F0034AY, and 78F0034BY incorporate a 10-bit A/D

converter, this converter can be operated as an 8-bit A/D converter by using the device file
DF780024.
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Figure 14-1. 10-Bit A/D Converter Block Diagram

AP ] Sample & hold ciruit
ANI2/P12 ©—]

1
1
1
1
1
= 1
ANI3/P13 O & : O\O o Voltage comparator 5 !
ANI4/P14 0—~ ' R Lo
ANI5/P15 @—~ @ ! ! 1o
ANI6/P16 O——~] : ; : Lo
ANI7/P17 ©@——= . . e
| 1
Successive E :
approximation v .
register (SAR) L- -'1 ---
Edge
ADTRG/INTP3/P03
© detector } Controller | INTADO
B r INTP3
3 | Edge -
detector A/D_ conversion result
: register 0 (ADCRO)
Note
R Trigger enable ]
ADS02ADS01/ADSO00| |ADCS0 [TRGO| FR02| FRO1| FROO | EGA01| EGAQO
Analog input channel A/D converter
specification register 0 (ADSO0) mode register 0 (ADMO)

g Internal bus g

Note The valid edge of 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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14.2 A/D Converter Configuration
The A/D converter consists of the following hardware.

Table 14-1. 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 (ADCRO)
Control registers A/D converter mode register 0 (ADMO)
Analog input channel specification register 0 (ADSO0)

(1) Successive approximation register (SAR)
This register compares the analog input voltage value to the voltage tap (compare voltage) 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).

(2) 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 conversion 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 clears ADCRO to 0000H.

Figure 14-2. Format of A/D Conversion Result Register 0 (ADCRO)

Address: FF16H, FF17H After reset: 0000H R

FF17H FF16H
Symbol - A A

ADCRO 0 0 0 0 0 0

Caution  When A/D converter mode register 0 (ADMO) and analog input channel specification register
0 (ADSO) are written, the contents of ADCR0O may become undefined. Read the conversion
result following conversion completion before writing to ADM0 and ADS0. Using a timing
other than the above may cause an incorrect conversion result to be read.

(3) 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)

)

(6)

7

(8)

©)

*x (10)

282

Voltage comparator
The voltage comparator compares the sampled analog input voltage to the series resistor string output voltage.

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
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.

2. 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 notaccess port 1 during conversion, as this may cause alower conversion
resolution.

3. When adigital 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.

AVREF pin

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 A series resistor string is connected between the AVrer and AVss pins. 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.

AVss pin
This is the ground potential pin of the A/D converter. Always keep it at the same potential as the Vsso or Vss1
pin even when not using the A/D converter.

AVop pin
This is the A/D converter analog power supply pin. Always keep it at the same potential as the Voo or Vo1 pin

even 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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14.3 Registers to Control A/D Converter
The following 2 types of registers are used to control the A/D converter.

» A/D converter mode register 0 (ADMO)
+ Analog input channel specification register 0 (ADSO0)

(1) A/D converter mode register 0 (ADMO)
This register sets the conversion time for analog input to be A/D converted, conversion start/stop, and external
trigger.
ADMO is set by a 1-bit or 8-bit memory manipulation instruction.
RESET input clears ADMO to 00H.
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Figure 14-3. Format of A/D Converter Mode Register 0 (ADMO)

Address: FF80H After reset: 00H R/W
Symbol <7> <6> 5 4 3 2 1 0
ADMO ADCSO0 TRGO FRO2 FRO1 FROO EGAO01 EGA00 0
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
FRO2 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 72/8x 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 External trigger signal, edge specification
0 0 No edge detection
0 1 Falling edge detection
1 0 Rising edge detection
1 1 Both falling and rising edge detection
Notes 1. Set the A/D conversion time as follows.
» When operated at fx = 12 MHz (Vop = 4.5t0 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. Expanded-specification products of uPD780034A Subseries only.
3. Setting is prohibited because the A/D conversion time is less than 14 us.
4. Setting is prohibited because the A/D conversion time is less than 12 us.
Caution  When rewriting FR00 to FR02 to other than the same data, stop A/D conversion operations

once prior to performing rewrite.

Remark fx: Main system clock oscillation frequency
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(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 clears ADSO to 00H.

Symbol
ADSO

Figure 14-4. Format of Analog Input Channel Specification Register 0 (ADSO0)

Address: FF81H After reset: 00H R/W
7 6 5 4 3 2 1 0
0 0 0 0 0 ADS02 ADSO1 ADSO00
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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14.4 A/D Converter Operation

14.4.1 Basic operations of A/D converter

<1>
<2>
<3>

<4>

<5>

<6>

<7>

<8>

Select one channel for A/D conversion with analog input channel specification register 0 (ADSO0).

The voltage input to the selected analog input channel is sampled by the sample & hold circuit.

When sampling has been done for a certain time, the sample & hold circuit is placed in the hold state and
the input analog voltage is held until the A/D conversion operation is ended.

Bit 9 of the successive approximation register (SAR) is set. The series resistor string voltage tap is set to
(1/2) AVrer by the tap selector.

The voltage difference between the series resistor string voltage tap and analog input is compared by the
voltage comparator. If the analog inputis 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 8 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) AVrer

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.

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. The first A/D conversion value immediately after A/D conversion has been started may not

286

satisfy the rated value. Take measures such as polling the A/D conversion end interrupt
request (INTADO) and removing the first conversion results.
2. The A/D converter stops operation in standby mode.
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Figure 14-5. Basic Operation of 10-Bit 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

. Sampling A/D conversion
operation

! 300H Conversion
200H
own trosms LeomnX X KA K KR KK K

ADCRO Conversion
result

INTADO | |

ADCSO0

A/D conversion operations are performed continuously until bit 7 (ADCSO0) of A/D converter mode register 0 (ADMO)
is reset (0) by software.

RESET input clears A/D conversion result register 0 (ADCRO) 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 14-2.
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Table 14-2. 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 MHzN°te2 (Vpp = 4.5 to 5.5 V): 12 us or more
* When operated at fx = 8.38 MHz (Vop = 4.0 to 5.5 V): 14 us or more
2. Expanded-specification products of uyPD780034A Subseries only.
Remark fx: Main system clock oscillation frequency
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fcru: CPU clock frequency
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14.4.2 Input voltage and conversion results
The relationship between the analog input voltage input to the analog input pins (ANIO to ANI7) and the theoretical
A/D conversion result (stored in A/D conversion result register 0 (ADCRO)) is shown by the following expression.

ViN

AVREF

ADCRO = INT ( x 1024 + 0.5)

or

AVREF AVREF

(ADCRO - 0.5) x < Vin < (ADCRO + 0.5) x
4 1024

where, INT(): Function which returns integer part of value in parentheses
VIN: Analog input voltage
AVRrer:  AVREF pin voltage
ADCRO: A/D conversion result register 0 (ADCRO) value

Figure 14-6 shows the relationship between the analog input voltage and the A/D conversion result.

Figure 14-6. Relationship Between Analog Input Voltage and A/D Conversion Result

102828 — 1 |~~~

1022 x 28—~~~

1021 x 2° --a--

A/D conversion result
(ADCRO)

3x28 --

2xb — -

1x 4 —p+FFF-----

2048 1024204810242048 1024 2048 1024 2048 1024 2048

Input voltage/AVrer
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14.4.3 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).

* When A/D conversion is complete, the interrupt request signal (INTADOQ) is generated.

(1) 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, 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 PO3/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.

* Figure 14-7. A/D Conversion by Hardware Start (When Falling Edge Is Specified)
ADMO set
ADCS0 =1, TRGO = 1 ADSO rewrite
A/D conversion Standdy | anm | AN 5| ANIn | Standbystate | ANIm | ANIm | ANIm

NI IR

ADCRO ANIn ANIn ANIn Undefined ANIm ANIm
INTADO —| —| —| —| —|
Remarks 1. n=0,1, ...... , 7
2. m=0,1, ... , 7
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(2) 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,
A/D conversion of the voltage applied to the analog input pin specified by analog input channel specification
register 0 (ADSO0) starts.
Upon the end of the 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 ended,
the next conversion operation is immediately started. A/D conversion operations are repeated until new data
is written to ADSO.
If ADSO is rewritten during A/D conversion, the converter suspends A/D conversion and A/D conversion of the
new selected analog input channel is started.
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 14-8. A/D Conversion by Software Start

ADMO set
ADCS0 =1, TRGO =0 ADSO rewrite ADCS0 =0
A/D conversion ANIn ANIn ANIn ANIm ANIm
Conversion suspended;
Conversion results are not stored Stop
ADCRO ANIn ANIn Undefined ANIm
INTADO —| —| —|
Remarks 1. n=0,1, ...... , 7
2. m=0,1, ... , 7
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14.5 How to Read A/D Converter Characteristics Table

Here we will explain the special terms unique to A/D converters.

(1)

(2)

©)

292

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 1LSB (Least Significant Bit). The percentage of 1LSB with respect to the full
scale is expressed by %FSR (Full Scale Range).

When the resolution is 10 bits,

1LSB = 1/2'° = 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 which are
combinations of these express overall error.

Furthermore, quantization error is not included in overall error in the characteristics table.

Quantization error

When analog values are converted to digital values, there naturally occurs a +1/2LSB error. In an A/D converter,
an analog input voltage in a range of +1/2LSB are converted to the same digital code, so a quantization error
cannot be avoided.

Furthermore, it 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 14-9. Overall Error Figure 14-10. Quantization Error

T 1 I 1
Ideal line -
g H
3l S 51 <
s Overall £ . /—_\
§’ error é” 1/2LSB =" Quantization error
) | 1o 1/2LSB
0::eer0 L 00 z
0 AVrer 0 ) AVRer
Analog input Analog input
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(4)

)

(6)

7

Zero scale error

This shows the difference between the actual measured value of the analog input voltage and the theoretical
value (1/2LSB) 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 (3/2LSB) when the digital output changes from 0...... 001 to O...... 010.

Full scale error
This shows the difference between the actual measured value of the analog input voltage and the theoretical
value (full scale —3/2LSB) when the digital output changes from 1...... 110to 1...... 111.

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.

Differential linearity error
Although the ideal output width for a given code is 1LSB, this value shows the difference between the actual
measured value and the ideal value of the width when outputting a particular code.

Figure 14-11. Zero Scale Error Figure 14-12. Full Scale Error
"
s [ g ) Full scale error
= . v o
-(9) Ideal line : ; o » "--/\/
5 : o i H AL
g ot 3 :<—>/< L
E EORRL T et AN S
*5010 3 5 % :
= = : . H
£ £ 101f ¢ ¢—--='  Ideal line |
& 001 a 1 =~ :
000| (f . | ] :
000 0 AVrer-3 AVrer—2 AVrer—1  AVrer

Analog input (LSB)
Analog input (LSB)

Figure 14-13. Integral Linearity Error Figure 14-14. Differential Linearity Error

Ideal line Ideal width of 1LSB
3 y Y 3 ; '
3 I S [
5 . g | = \
=) ) ;
D -t 1
. ; Differential
okt — linearity error
. Integral
: linearity 0-----0 .
0. (_error 0 Analog input AVrer
" AVRrer
Analog input
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(8) Conversion time
This expresses the time from when the sampling was started to the time when the digital output was obtained.
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 time —
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14.6 A/D Converter Cautions

(1) Power consumption in standby mode

A/D converter stops operating in the standby mode. At this time, power consumption can be reduced by stopping
the conversion operation (by clearing bit 7 (ADCS0) of A/D converter mode register 0 (ADMO) to 0).

Figure 14-15 shows the circuit configuration of a series resistor string.

Figure 14-15. Circuit Configuration of Series Resistor String

AVRer

P-ch } 0<} ADCS0

Series resistor string

AVss

(2) Input range of ANIO to ANI7

The input voltages of ANIO to ANI7 should be within the specification range. In particular, if a voltage higher
than AVRer or lower than AVss is input (even if within the absolute maximum rating range), the conversion value
of that channel will be undefined and the conversion values of other channels may also be affected.

(3)

4)

Contending operations

<1>

<2>

<3>

Contention 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.

Contention between ADCRO write and external trigger signal input upon the end of conversion
The external trigger signal is not accepted during A/D conversion. Therefore, the external trigger signal
is not accepted during ADCRO write.

Contention between ADCRO write and A/D converter mode register 0 (ADMO) write or analog input channel
specification register 0 (ADS0) write upon the end of conversion

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>

<2>

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.

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) AVrer 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, ADIFOQ 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 14-16. A/D Conversion End Interrupt Request Generation Timing

ADMO rewrite ADSO rewrite ADIF is set but ANIm
(start of ANIn conversion) (start of ANIm conversi% conversion has not finished.
A/D conversion ANIn ANIn ANIm ANIm

S —

ADCRO >< ANIn Undefined >< ANIm >< ANIm

INTADO
Remarks 1. n=0,1, ...... , 7
2. m=0,1, ... , 7

(7) Conversion results just after A/D conversion start
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.

(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 with each other. Therefore, read the A/D conversion result before stopping
the A/D conversion operation.
Figure 14-17 shows the timing of reading the conversion result.

Figure 14-17. Timing of Reading Conversion Result (When Conversion Result Is Undefined)

A/D conversion completes A/D conversion completes
ADCRO X Normal conversion result X Undefined value
INTADO
ADCSO0
Normal conversion result is read. A/D conversion  Undefined value
is stopped. 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.

(11) AVop pin
The AVop pin is the analog circuit power supply pin. It supplies power to the input circuits of the ANIO to ANI7
pins.
Therefore, be sure to apply the same potential as Voo to this pin even for applications designed to switch to
a backup battery for power supply.

Figure 14-18. AVop Pin Connection

’i AVRer

’H 1 Voo

Main power supply ~—_—_ J‘ Capacitor AVoo
T for backup

. Vsso

AVss
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(12) AVrer pin

Connect a capacitor to the AVRrer pin to minimize conversion errors due to noise. If an A/D conversion operation
has been stopped and then is 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 14-19 shows an example of connecting a capacitor.

Figure 14-19. Example of Connecting Capacitor to AVrer Pin

Clamp using a diode with a low
VF (0.3 V or lower).

O , / AVbp

O ’ AVRer
C1 C. =

O ‘ y 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.

(13) Internal equivalent circuit of ANIO to ANI7 pins and permissible signal source impedance

298

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 14-20 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 pins ANIO to ANI7.
An example of this is shown in Figure 14-21. 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.

Figure 14-20. Internal Equivalent Circuit of Pins ANIO to ANI7

R1 R2
ANIn

C1 c2 C3

Remark n=0to 7
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Table 14-3. Resistances and Capacitances of Equivalent Circuit (Reference Values)

(TYP.)
AVRer R1 R2 C1 c2 C3
2.7V 12 kQ 8.0 kQ 3.0 pF 3.0 pF 2.0 pF
45V 4 kQ 2.7 kQ 3.0 pF 1.4 pF 2.0 pF
Caution The resistances and capacitances in Table 14-3 are not guaranteed values.

Figure 14-21. Example of Connection If 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 VF (0.3 V or lower).

__________________________________________________________________________________

Reference
voltage input

—_ -

Output impedance, N R1 R2
of sensor / , N . : i
/ : \ : :

/ RO \ 5 |

----------- f\ ! | ci c2 c3 !
\ co | : :

\. Lowpass filter 7/

\. is created. / ! 1

N, i ! :

Remark n=0to7

(14) 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 14-21).
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The uPD780024A, 780034A Subseries and the uPD780024AY, 780034AY Subseries have differences in their
serial interfaces. These differences are listed in Table 15-1.

Table 15-1. Differences Between uPD780024A, 780034A Subseries and uPD780024AY, 780034AY Subseries

Item uPD780024A, 780034A | uPD780024AY, 780034AY Relevant Section
UARTO \/ \/ CHAPTER 16
Slo3 S1030 J x/ CHAPTER 17
SI031 v _
lco - \/ CHAPTER 18
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16.1 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 16.4.1 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 16.4.2 Asynchronous serial interface (UART) mode.

(3) Infrared data transfer mode
For details, see 16.4.3 Infrared data transfer mode.

Figure 16-1 shows a block diagram of serial interface UARTO.
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Figure 16-1. Block Diagram of Serial Interface UARTO

S Internal bus S

/X Asynchronous serial interface
mode register 0 (ASIMO)
E&?gﬁ"e |TXEO ‘ RXEO ‘ PSO1 ‘PSOO‘ cLo ‘ SLo ‘ISRMO‘IRDAMO'
register 0
(RXBO)
Asynchronous serial
interface status
: register 0 (ASIS0) \/
Receive Trﬁ'af?smn
i shi
RXDOP23 O S ol [PEO] FEO [00E0] register 0
(RX0) (TXS0)
TxDO/P24 O 4 ‘
O
Receive \
L] ?ont];oller DINTSERO
PM24 Output latch parity
I_I u(pF’u24§1lc check) [~ INTSRO Transrlrlﬂt
controller|
(parity [~ INTSTO
addition)

Baud rate <O ASCKO0/P25
generator"®® [« /2 to fx/27

Note For the configuration of the baud rate generator, see Figure 16-2.

Figure 16-2. Block Diagram of Baud Rate Generator

Start bit
TXEO sampling clock

~——O ASCKO0/P25

5-bit counter .

< } Match ~ |t2totw2’

Selector

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 8

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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16.2 Configuration of Serial Interface UARTO

(1)

(2)

(3)

Serial interface UARTO includes the following hardware.

Table 16-1. Configuration of Serial Interface UARTO

ltem Configuration

Registers Transmit shift register 0 (TXS0)

Receive shift register 0 (RX0)

Receive buffer register 0 (RXB0)

Asynchronous serial interface status register 0 (ASISO0)

Control registers Asynchronous serial interface mode register 0 (ASIMO)
Baud rate generator control register 0 (BRGCO)

Port mode register 2 (PM2)

Port 2 (P2)

Transmit shift register 0 (TXSO0)

This is a register for setting transmit data. Data written to TXSO 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 TXS0 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).

RX0 cannot be manipulated directly by a program.

Receive buffer register 0 (RXB0)

This register is used to hold receive data. When one byte of data is received, one byte of new receive data is
transferred from the receive shift register (RXO0).

When the data length is set as 7 bits, receive data is sent to bits 0 to 6 of RXBO. In this case, the MSB of RXB0
is always 0.

RXBO0 can be read by an 8-bit memory manipulation instruction. It cannot be written.

RESET input sets 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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*x (4) Asynchronous serial interface status register 0 (ASISO0)
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 clears ASISO to 00H.

Figure 16-3. 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
1 Parity error

(Transmit data parity not matched)

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 (RXBO0))

Notes 1. Evenifthe stop bit length is set to two bits by setting bit 2 (SLO) 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.

(5) 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).

(6) Reception controller
The reception controller controls receive operations based on the values set to asynchronous serial interface
mode register 0 (ASIM0). 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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16.3 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 (BRGCO)

» 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 clears ASIMO to 00H.
Figure 16-4 shows the format of ASIMO.
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Figure 16-4. Format of Asynchronous Serial Interface Mode Register 0 (ASIMO)

*

Address: FFAOH After reset: 00H R/W
Symbol <7> <6> 5 4 3 2 1 0
ASIMO TXEO RXEO PSO01 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)
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

306

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 clears BRGCO to 00H.
Figure 16-5 shows the format of BRGCO.
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Figure 16-5. Format of Baud Rate Generator Control Register 0 (BRGCO)

Address: FFA2H After reset: O0OH R/W

Symbol 7 6 5 4 3 2 1 0

BRGCO 0 TPS02 TPSO1 TPS00 MDLO3 MDLO2 MDLO1 MDLOO

(fx = 8.38 MHz)
TPS02 TPSO01 TPS00 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/25 5
1 1 0 fx/26 6
1 1 1 fx/27 7
MDLO03 MDLO02 MDLO1 MDLO0O 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

'(k + [zl

[Baud rate] =
2+ 16)
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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/TxDO pin as a serial data output, clear 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 PM2 to FFH.

Figure 16-6. 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 1/0 mode selection of P2n pin (n = 0 to 5)
0 Output mode (output buffer on)

Input mode (output buffer off)
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16.4 Operation of Serial Interface UARTO
This section explains the three modes of serial interface UARTO.

16.4.1 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 clears ASIMO to 00H.

Address: FFAOH After reset: 00H R/W

Symbol <7> <6> 5 4 3 2 1 0
ASIMO TXEO RXEO 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)

16.4.2 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 ASCKO

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 clears ASIMO to O0H.
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Address: FFAOH After reset: 00H R/W
Symbol <7> <6> 5 4 3 2 1 0
ASIMO TXEO RXEO PSO1 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
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. 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 clears 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

(Transmit data parity not matched)

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 (RXBO0))

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 clears BRGCO to 00H.

Address: FFA2H After reset: 00H R/W

Symbol 7 6 5 4 3 2 1 0
BRGCO 0 TPS02 TPSO1 TPS00 MDLO3 MDLO02 MDLO1 MDLO0
(fx = 8.38 MHz)

TPS02 TPSO01 TPS00 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/25 5

1 1 0 fx/26 6

1 1 1 fx/27 7
MDLO03 MDLO02 MDLO1 MDLO0O 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 MDL0OO 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] = L [Hz]

2™k + 16)

fx: Main system clock oscillation frequency
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 MDL0OO to MDLO3 (0 £ k < 14)

Table 16-2. Relationship Between Main System Clock and Baud Rate Error

Baud Rate | = 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

314

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 16-7 shows an example of the baud rate error tolerance range.

User’'s Manual U14046EJ3VOUD



CHAPTER 16 SERIAL INTERFACE UARTO

Figure 16-7. Error Tolerance (When k = 0), Including Sampling Errors

Ideal
sampling
point
32T 64T  256T 288T { 320T 352T
304T 336T
Basic timing h 4 v
\ START Do | ?CX bz f P SToP
15.5T
High-speed limit timing
\ START DO x ? D7 P STOP
4 A / X Z Sampling error
30.45T 60.9T 304.5T —=0.5T
15.5T
Low-speed limit timin
P 9 \ 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/TxD0 pin as a serial data output, clear 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 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 1/0 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 16-8 shows the format of the transmit/receive data.

Figure 16-8. Example of Transmit/Receive Data Format in Asynchronous Serial Interface

| 1 data frame

Si‘ta" po | b1 | p2| b3 | pafps| pe| D7 Eif”ty 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
cleared 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 communication 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 receive 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 receive 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

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 (TXS0).
A start bit, parity bit, and stop bit(s) are automatically added to the data.

Starting the transmit operation shifts out the data in TXSO0, thereby emptying TXSO0, after which a transmit
completion interrupt request (INTSTO) is issued.

The timing of the transmit completion interrupt request is shown in Figure 16-9.

Figure 16-9. Timing of Asynchronous Serial Interface Transmit Completion Interrupt Request

(i) Stop bit length: 1 bit

TxDO (output) \START/ DO X D1 X D2 X?gx D6 X D7 XParity/STOPl
|

|
|
l
INTSTO |_|

(ii) Stop bit length: 2 bits

TxDO (output) \START/ DO X D1 X D2 X?gx D6 X D7 XParity / STOP |
|

|

|

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).

User’'s Manual U14046EJ3VOUD



CHAPTER 16 SERIAL INTERFACE UARTO

(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 (ASIMOQ), and the input via the RxDO0 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 RXEOQ bit is reset (to 0) during a receive operation, the receive operation is stopped immediately. At
this time, the contents of RXBO and ASIS0 do not change, nor does INTSRO or INTSERO (receive error
interrupt request) occur.
Figure 16-10 shows the timing of the asynchronous serial interface receive completion interrupt request.

Figure 16-10. Timing of Asynchronous Serial Interface Receive Completion Interrupt Request

RxDO (input) \START/ DO X D1 X D2 Xzzx 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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(When framing/overrun error occurs)

320

(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 setin asynchronous serial interface status register 0 (ASIS0),
areceive errorinterrupt request (INTSERO) will occur. Receive error interrupt requests are generated before

the receive completion interrupt request (INTSR0). Table 16-3 lists the causes behind receive errors.

As partofreceive errorinterrupt request (INTSERO) servicing, the contents of ASISO can be read to determine

which type of error occurred during the receive operation (see Table 16-3 and Figure 16-11).

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 16-3. Causes of Receive Errors

RxDO (input) \START/ DO X D1 X D2 X?gx D6 X D7

INTSRO Note

(When parity error occurs)

Receive Error Cause ASISO0 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 (RXBO0)
Figure 16-11. Receive Error Timing
Parity [|STOP

INTSERO

INTSERO

|

Note Even if a receive error occurs when the ISRMO bit has been set (1), INTSRO does not occur.

Cautions 1. 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 RXBO are read.
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16.4.3 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 (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 clears ASIMO to O0H.
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Address: FFAOH After reset: 00H R/W

Symbol
ASIMO

<7> <6> 5 4 3 2 1 0
TXEO RXEO 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)
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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(b) Asynchronous serial interface status register 0 (ASISO0)
ASIS0 can be read by an 8-bit memory manipulation instruction.
RESET input clears 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
(Transmit data parity not matched)
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 clears BRGCO to 00H.

Address: FFA2H After reset: 00H R/W

Symbol 7 6 5 4 3 2 1 0
BRGCO 0 TPS02 TPSO1 TPSO00 MDLO3 MDLO2 MDLO1 MDLO0O
(fx = 8.38 MHz)

TPS02 TPSO01 TPS00 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/25 5

1 1 0 fx/26 6

1 1 1 fx/27 7
MDLO03 MDLO02 MDLO1 MDLO0O 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)
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(2)

(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, clear 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 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 1/0 mode selection of P2n pin (n = 0 to 5)
0 Output mode (output buffer on)
1 Input mode (output buffer off)

Data format
Figure 16-12 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 16-12. Data Format Comparison Between Infrared Data Transfer Mode and UART Mode

UART frame
Data bits
e e —_—
0 1 0 1 0 | 0 1 | 1 0 1 \
Start bit DO D1 D2 D3 | D4 D5 | De D7 Stop bit |
| | |
| | |
IR frame
Start bit i Data bits i Stop bit
T T T T T I | T T T I | r-T T A
0 ! 1 ! 0 ! 1 ! 0 ! 0 ! 1 ! 1 ! 0 ! 1
! | | | | | | | !
| | | | | | | | |
| | | | | | | | |
! ‘ ‘ 1 1 1 1 1 !
} 1 1 | | | | | 1
Bit time Pulse width =

3/16 bit time

* (3) Relationship between main system clock and baud rate
Table 16-4 shows the relationship between the main system clock and the baud rate.

Table 16-4. 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 16-5 lists the bit rate, bit rate error tolerance, and pulse width values.

Table 16-5. Bit Rate and Pulse Width Values

Bit Rate Bit Rate Error Tolerance | Pulse Width Minimum Value 3/16 Pulse Width Maximum Pulse Width
(kbps) (% of Bit Rate) (us)Note 2 <Nominal Value> (us)
(us)
115.2Note 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 Iy

TxDO pin
output signal

* Receive operation timing
Data reception is delayed for one-half of the specified baud rate.

UART .
wansfer data w
RxDO input —I _I L —|
-

] ] L]

, Stop bit

A

Sampling clock |_ |_ |_ |_ |_ |_
)) |
C
...................... e Al s (g
. \"I \ ‘,’ \ v, V /v /v \": \‘ ',
Receive rate 1 H 1 1 A )
H " [} " " [ "\ "\
____________ e e o W SN T (SpSUpRpE Ry ) Sy N,
ANIAN
Conversion data \ / \ / \ ,
Sampling timing A A A A A A
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X Table 16-6. Register Settings

(1) Operation stop mode

ASIMO BRGCO PM23 | P23 | PM24 | P24 Pin Function Operation

TXEO | RXEO | PSO1 | PS00 | CLO SLO | ISRMO |IRDAMO| TPS02 | TPSO1 | TPS00 | MDLO3 | MDL0O2 | MDLO1 | MDLOO P23/RxD0 | P24/TxDO0 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 | PS01 | PSO0 | CLO | SLO |ISRMO |IRDAMO| TPS02 | TPSO1 | TPS00 | MDLO3 | MDLO2 | MDLO1 | MDLOO P23/RxD0 | P24/TxD0 | Mode
0 1 o o o1 x o1 0 o o o o o1 o o 1 x x x RxDO P24 | Receive
1 0 01 01 01 01 x 0 01 Al Al 01 o 01 o x x 0 0 P23 TxDO | Transmit
1 1 01 01 01 01 01 0 01 01 01 01 01 01 o 1 x 0 0 RxDO TxDo | |ransmit
Other than above Setting prohibited

(3) Infrared data transfer mode

ANOAEr39Y0¥ N BNUBIN SJ8sn

ASIMO BRGCO PM23 | P23 | PM24 | P24 Pin Function Operation
TXEO | RXEO | PSO1 | PS00 | CLO | SLO |ISRMO |IRDAMO| TPS02 | TPSO1 | TPS00 | MDLO3 | MDLO2 | MDLO1 | MDLOO P23/RxD0 | P24/TxD0 | Mode
0 1 o1 | 01 | o/ x 0/ 1 0 0 1 0 0 0 0 1 x x x RxDO P24 |Receive
1 0 o1 | o1 | o1 | O x 1 0 0 1 0 0 0 0 x x 0 0 P23 TxDO | Transmit
1 1 o1 | ot | od | o1 | on 1 0 0 1 0 0 0 0 1 x 0 0 RxDO TxDO | jransmit
Other than above Setting prohibited

014dvN 3OV4H3LNI TVIHIS 91 H3ILdVHO

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




CHAPTER 17 SERIAL INTERFACES SIO30 AND SIO31

The uPD780024A, 780034A Subseries products have two 3-wire serial I/O mode channels (SI030, SIO31). The
uPD780024AY, 780034AY Subseries products have one 3-wire serial /O mode channel (SIO30).

17.1 Functions of Serial Interfaces SIO30 and SIO31
Serial interface SIO3n has the following two modes.

(1) Operation stop mode
This mode is used when serial transfers are not performed. For details, see 17.4.1 Operation stop mode.

(2) 3-wire serial /O mode (fixed as MSB first)
This is an 8-bit data transfer mode using three lines: a serial clock line (M), serial output line (SO3n), and
serial input line (SI3n).
Since simultaneous transmit and receive operations are enabled in 3-wire serial I/O mode, the processing time
for data transfers is reduced.
The first bit of the serial transferred 8-bit data is fixed as the MSB.
3-wire serial I/O mode is useful for connection to a peripheral IC incorporating a clocked serial interface, a display
controller, etc. For details, see 17.4.2 3-wire serial /0O mode.
Figure 17-1 shows a block diagram of serial interface SIO3n.

Remark n =0, 1: uPD780024A, 780034A Subseries
n=0: uPD780024AY, 780034AY Subseries

Figure 17-1. Block Diagram of Serial Interface SIO3n

8 Internal bus
Note | Serial I/O shift register
Sl O 1L 3n (SI03n)
SO3nMete O I I Output latch |~—
) Interrupt
SCKantete O Iﬂ Serial clock request signal [ INTCSI3n
counter
generator
Serial clock -~ fx/Qi
| controller Selector %35

Note SI30, SO30, and SCK30 pins are alternate with P20, P21, and P22 pins. SI31, SO31, and SCK31 pins are
alternate with P34, P35, and P36 pins.
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17.2 Configuration of Serial Interfaces SIO30 and SIO31

Serial interface SIO3n consists of the following hardware.

(1)

330

Table 17-1. Configuration of Serial Interface SIO3n

ltem Configuration
Register Serial 1/0 shift register 3n (SIO3n)
Control registers Serial operation mode register 3n (CSIM3n)

Port mode registers 2, 3 (PM2, PM3)
Ports 2, 3 (P2, P3)

Serial I/O shift register 3n (SIO3n)

This is an 8-bit register that performs parallel-serial conversion and serial transmit/receive (shift operations)
synchronized with the serial clock.

SIO3n is set by an 8-bit memory manipulation instruction.

When 1 is set to bit 7 (CSIE3n) of serial operation mode register 3n (CSIM3n), a serial operation can be started
by writing data to or reading data from SIO3n.

When transmitting, data written to SIO3n is output to the serial output (SO3n).

When receiving, data is read from the serial input (SI3n) and written to SIO3n.

RESET input makes SIO3n undefined.

Caution Do not access SIO3n during a transfer operation unless the access is triggered by a transfer
start (read operation is disabled when MODEn =0 and write operation is disabled when MODEn

= 1).

Remark n =0, 1: uPD780024A, 780034A Subseries
n=0: uPD780024AY, 780034AY Subseries
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17.3 Registers to Control Serial Interfaces SIO30 and SIO31
Serial interface SIO3n is controlled by the following three registers.

o Serial operation mode register 3n (CSIM3n)
e Port mode registers 2, 3 (PM2, PM3)
e Ports 2, 3 (P2, P3)

(1) Serial operation mode register 3n (CSIM3n)
This register is used to enable or disable SIO3n’s serial clock, operation modes, and specific operations.
CSIM3n is set by a 1-bit or 8-bit memory manipulation instruction.
RESET input clears CSIM3n to 00H.

Remark n =0, 1: uPD780024A, 780034A Subseries
n=0: uPD780024AY, 780034AY Subseries
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332

Figure 17-2. Format of Serial Operation Mode Register 30 (CSIM30)

Address: FFBOH After reset: 00H R/W
Symbol <7> 6 5 4 3 2 1 0
CSIM30 CSIE30 0 0 0 0 MODEO SCL301 SCL300
CSIE30 Enable/disable specification for SIO30
Shift register operation Serial counter Port
0 Operation stopped Clear Port functionNote 1
1 Operation enabled Count operation enable Serial function + port functionNote 2
MODEO Transfer operation modes and flags
Operation mode Transfer start trigger S0O30/P21 pin function
0 Transmit/transmit and receive mode | Write to SIO30 SO30
1 Receive-only mode Read from SIO30 p21Note 3
SCL301 SCL300 Clock selection
fx = 8.38 MHz | fx = 12 MHzNote 4
0 0 External clock input to 'SCK30 - -
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. When CSIE30 = 0 (SIO30 operation stopped status), the SI30, SO30, and SCK30 pins can be used

as port functions.

2. When CSIE30 = 1 (SIO30 operation enabled status), the SI30 pin can be used as a port pin if only
the transmit function is used, and the SO30 pin can be used as a port pin if only the receive-only mode

is used.

3. When MODEO = 1 (receive-only mode), the SO30 pin can be used for port functions.
4. Expanded-specification products of uPD780024A, 780034A Subseries only.

Caution

a 1-bit memory manipulation instruction.

Remark fx: Main system clock oscillation frequency
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Figure 17-3. Format of Serial Operation Mode Register 31 (CSIM31)

Address: FFB8H After reset: 00H R/W
Symbol <7> 6 5 4 3 2 1 0
CSIM31 CSIE31 0 0 0 0 MODEH1 SCL311 SCL310
CSIE31 Enable/disable specification for SIO31
Shift register operation Serial counter Port
0 Operation stopped Clear Port functionNote 1
1 Operation enabled Count operation enable Serial function + port functionNote 2
MODEH1 Transfer operation modes and flags
Operation mode Transfer start trigger S0O31/P35 pin function
0 Transmit/transmit and receive mode | Write to SIO31 SO31
1 Receive-only mode Read from SIO31 p35Note 3
SCL311 SCL310 Clock selection
fx = 8.38 MHz | fx = 12 MHzNote 4
0 0 External clock input to SCK31 - -
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. When CSIE31 = 0 (SIO31 operation stopped status), the SI31, SO31, and SCK31 pins can be used

as port functions.

2. When CSIE31 = 1 (SIO31 operation enabled status), the SI31 pin can be used as a port pin if only

the transmit function is used, and the SO31 pin can be used as a port pin if only the receive-only mode

is used.

3. When MODE1 = 1 (receive-only mode), the SO31 pin can be used for port functions.
4. Expanded-specification products of uPD780024A, 780034A Subseries only.

Caution

a 1-bit memory manipulation instruction.

Remark fx: Main system clock oscillation frequency
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* (2)

334

Port mode registers 2, 3 (PM2, PM3)

These registers set the input/output of ports 2 and 3 in 1-bit units.

To use the P21/SO30 and P35/SO31 pins as serial data output, and the P22/SCK30 and P36/SCK31 pins as
clock output, clear PM21, PM35, PM22, PM36, and the output latches of P21, P35, P22, and P36 to 0.

To use the P20/S130 and P34/SI31 pins as serial data input, and the P22/SCK30 and P36/SCK31 pins as clock
input, set PM20, PM34, PM22, and PM36 to 1.

At this time, the output latches of P20, P34, P22, and P36 can be either 0 or 1.

PM2 and PMS3 are set by a 1-bit or 8-bit memory manipulation instruction.

RESET input sets PM2 and PM3 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 1/0 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 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 1/0 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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17.4 Operations of Serial Interfaces SIO30 and SIO31
This section explains the two modes of serial interface SIO3n.

17.4.1 Operation stop mode
Because the serial transfer is not performed during this mode, the power consumption can be reduced.
In addition, pins can be used as normal I/O ports.

(1) Register settings
Operation stop mode is set by serial operation mode register 3n (CSIM3n).
CSIM3n is set by a 1-bit or 8-bit memory manipulation instruction.
RESET input clears CSIM3n to 00H.

Address: FFBOH (SIO30), FFB8H (SIO31) After reset: 00H R/W

Symbol <7> 6 5 4 3 2 1 0
CSIM3n CSIE3n 0 0 0 0 MODEnN SCL3n1 SCL3n0
CSIE3n Enable/disable specification for SIO3n
Shift register operation Serial counter Port
0 Operation disabled Clear Port functionNote

Note When CSIE3n = 0 (SIO3n operation stop status), the pins SI3n, SO3n, and SCK3n can be used for port
functions.

Remark n=0, 1
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17.4.2 3-wire serial /O 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 (SC—KSn), serial output line (SO3n), and serial
input line (SI3n).

(1) Registers to be used
+ Serial operation mode register 3n (CSIM3n)
» Port mode registers 2, 3 (PM2, PM3)
« Ports 2, 3 (P2, P3)

(a) Serial operation mode register 3n (CSIM3n)
CSIM3n is set by a 1-bit or 8-bit memory manipulation instruction.

RESET input clears CSIM3n to 00H.

Address: FFBOH (SIO30), FFB8H (SIO31) After reset: 00H R/W

Symbol <7> 6 5 4 3 2 1 0
CSIM3n CSIE3n 0 0 0 0 MODEn SCL3n1 SCL3n0
CSIE3n Enable/disable specification for SIO3n
Shift register operation Serial counter Port
0 Operation stopped Clear Port functionNote 1
1 Operation enabled Count operation enable Serial function + port functionNote 2
MODEnR Transfer operation modes and flags
Operation mode Transfer start trigger SO3n pin function
0 Transmit/transmit and receive mode | Write to SIO3n SO3n
1 Receive-only mode Read from SIO3n Port functionNote 3
* SCL3n1 SCL3n0 Clock selection
fx = 8.38 MHz | fx = 12 MHzNote 4
0 0 External clock input to SCK3n - -
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. When CSIE3n = 0 (SIO3n operation stopped status), the SI3n, SO3n, and SCK3n pins can be used
as port functions.

2. When CSIE3n = 1 (SIO3n operation enabled status), the SI3n pin can be used as a port pin if only
the transmit function is used, and the SO3n pin can be used as a port pin if only the receive-only mode
is used.

* 3. When MODEnRN = 1 (receive-only mode), the SO3n pin can be used for port functions.

4. Expanded-specification products of uPD780024A, 780034A Subseries only.
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Caution Do not rewrite the value of CSIM3n during transfer. However, CSIE3n can be rewritten using
a 1-bit memory manipulation instruction.

Remarks 1. fx: Main system clock oscillation frequency
2. n=0,1: uPD780024A, 780034A Subseries
n=0: uPD780024AY, 780034AY Subseries

(b) Port mode registers 2, 3 (PM2, PM3)
These registers set the input/output of ports 2 and 3 in 1-bit units.
To use the P21/S0O30 and P35/S0O31 pins as serial data output, and the P22/SCK30 and P36/SCK31 pins
as clock output, clear PM21, PM35, PM22, PM36, and the output latches of P21, P35, P22, and P36 to 0.
To use the P20/SI30 and P34/SI31 pins as serial data input, and the P22/SCK30 and P36/SCK31 pins as
clock input, set PM20, PM34, PM22, and PM36 to 1.
At this time, the output latches of P20, P34, P22, and P36 can be either 0 or 1.
PM2 and PMS3 are set by a 1-bit or 8-bit memory manipulation instruction.
RESET input sets PM2 and PM3 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 1/0 mode selection of P2n pin (n = 0 to 5)
0 Output mode (output buffer on)
1 Input mode (output buffer off)

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 1/0 mode selection of P3n pin (n = 0 to 6)
0 Output mode (output buffer on)
1 Input mode (output buffer off)

(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 3n (SIO3n).

<Transfer start conditions>
« SIO3n operation control bit (CSIE3n) = 1
« After an 8-bit serial transfer, either the internal serial clock is stopped or SCK3n is set to high level.
<Transfer start timing>
« Transmit/transmit and receive mode (MODEn = 0)
Transfer starts when writing to SIO3n.
* Receive-only mode (MODEn = 1)
Transfer starts when reading from SIO3n.

Caution After data has been written to SIO3n, transfer will not start even if the CSIE3n bit value is set
to 1.
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(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 transmitted or
received in synchronization with the serial clock.
Serial I/0 shift register 3n (S103n) is shifted in synchronization with the falling edge of the serial clock. Transmit
data is held in the SO3n latch and is output from the SO3n pin. Data that is received via the SI3n pin in
synchronization with the rising edge of the serial clock is latched to SIO3n.

Figure 17-6. Timing of 3-Wire Serial /0 Mode

Latched to SIO3n at the SCK3n rising edge

SCK3n
Sl3n X D:I7 X Di6 X DI5 X Di4 X DI3 X DI2 X DIt leo
SO3n 5( DO7 § DO6 X DO5 X DO4 J DO3 § DO2  DO1 X [1>oo
‘ :
CSIIF3n ‘ ‘|—
T Transfer completion

Transfer starts in synchronization with the SCK3n falling edge

(4) Transfer complete
Completion of an 8-bit transfer automatically stops the serial transfer operation and the interrupt request flag
(CSIIF3n) is set.

Remark n =0, 1: uPD780024A, 780034A Subseries
n=0: uPD780024AY, 780034AY Subseries
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(1) Operation stop mode
o Serial interface SIO30

* Table 17-2. Register Settings

CSIM30 PM20 P20 PM21 P21 PM22 P22 Pin Function Operation
CSIE30 | MODEO | SCL301 | SCL300 P20/S130 P21/S030 P22/SCK30
0 X X X X X X X X X P20 P21 P22 Stop
Other than above Setting prohibited
o Serial interface SIO31
CSIM31 PM34 P34 PM35 P35 PM36 P36 Pin Function Operation
CSIE31 | MODE1 | SCL311 | SCL310 P34/SI31 P35/SO31 | P36/SCK31
0 X X X X X X X X X P34 P35 P36 Stop
Other than above Setting prohibited
(2) 3-wire serial /0O mode
o Serial interface SIO30
CSIM30 PM20 P20 PM21 P21 PM22 P22 Pin Function Operation
CSIE30 | MODEO | SCL301 | SCL300 P20/S130 P21/S030 | P22/SCK30
1 1 0 0 1 X X X 1 X SI30 P21 SCK30 input Slave receive
1 0 0 0 1 X 0 0 1 X SI3QNete S030 SCKB0 input | Slave transmitftransmit and receive
1 1 Other than above 1 X X X 0 0 SI30 P21 SCKB30 output Master receive
1 0 1 X 0 0 0 0 SI30Nete SO30 SCK30 output | Master fransmitiransmit and receive
Other than above Setting prohibited
o Serial interface SIO31
CSIM31 PM34 P34 PM35 P35 PM36 P36 Pin Function Operation
CSIE31 | MODE1 | SCL311 | SCL310 P21/S131 P21/SO31 | P22/SCK31
1 1 0 0 1 x x x 1 x SI31 P35 SCK31 input Slave receive
1 0 0 0 1 X 0 0 1 X S|31Note SO31 SCK31 input | Slave transmitiransmit and receive
1 1 Other than above 1 X X X 0 0 SI31 P35 SCK31 output Master receive
1 0 1 X 0 0 0 0 S131Nete SO31 SCK31 output | Master ransmitftransmit and receive
Other than above Setting prohibited

Note When using for transmission only, it can be used as P20 or P34.

Remark x: Don’t care, CSIM30, CSIM31: Serial operation mode registers 30, 31, PMxx: Port mode register, Pxx: Output latch of port
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18.1

HAPTER 18 SERIAL INTERFACE IICO (uPD780024AY, 780034AY SUBSERIES ONLY)

Functions of Serial Interface IIC0O

Serial interface [ICO has the following two modes.

(1)

(2)

Fi

340

Operation stop mode
This mode is used when serial transfers are not performed. It can therefore be used to reduce power consumption.

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 12C bus format and can output “start condition”, “data”, and “stop condition” data
segments when transmitting via the serial data bus. These data segments are automatically detected by hardware
during reception.

Since SCLO and SDAO are open-drain outputs, the [ICO requires pull-up resistors for the serial clock line (SCLO)
and the serial data bus line (SDAO).

gure 18-1 shows a block diagram of serial interface 11CO.
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(84

x Figure 18-1. Block Diagram of Serial Interface 11CO
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1IC control register 0
(lceoy

IIC status register 0

(ICS0)

IsTsolaLDo|EXC0|colo TRCO|0KDASTDOISPDO|

Slave address
SDAO/P326 {b_‘ rogister 0(SVAD) | ICEQ|LRELO|WRELO[SPIEOWTiMo|ACKED STTO|SPTO|
Noleo Match signal CLEAR \
climinator SET
G shift SO0 latch
shi
register 0 (IIC0) DAQ
CL0O0
 Datahold ACK output
time correction circuit
circuit
N-ch open-
drain output r—|—‘
n outpu (| Wake-up
| PM32 | Output latch controller
(P32) I ACK detector I
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Figure 18-2 shows a serial bus configuration example.

Master CPU1
Slave CPUA1

Address 0

342

SDAO

SCLO

+Vooo +Vboo

Serial data bus

Serial clock

SDAO

SCLO

SDAO

SCLO

SDAO

SCLO
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Figure 18-2. Serial Bus Configuration Example Using I°C Bus

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 11CO
Serial interface ICO includes the following hardware.

Table 18-1. Configuration of Serial Interface 11CO

ltem Configuration

Registers I1IC shift register 0 (11C0)
Slave address register 0 (SVA0)

Control registers 1IC control register 0 (11ICCO0)

1IC status register 0 (IICS0)

IIC transfer clock select register 0 (IICCLO)
Port mode register 3 (PM3)

Port 3 (P3)

(1) INIC shift register 0 (1IC0)
[ICOis used to convert 8-bit serial data to 8-bit parallel data and vice versa in synchronization with the serial clock.
[ICO can be used for both transmission and reception.
Write and read operations to [ICO are used to control the actual transmit and receive operations.
IICO is set by an 8-bit memory manipulation instruction.
RESET input clears ICO to 00H.

Figure 18-3. Format of IIC Shift Register 0 (1IC0)

Address: FF1FH After reset: 00H R/W
Symbol 7 6 5 4 3 2 1 0
11CO

Caution Do not write data to IICO during data transfer.

(2) Slave address register 0 (SVAOQ)
This register sets local addresses when in slave mode.
SVAQ is set by an 8-bit memory manipulation instruction.
RESET input clears SVAO to 00H.

Figure 18-4. Format of Slave Address Register 0 (SVAOQ)

Address: FFABH After reset: 00H R/W
Symbol 7 6 5 4 3 2 1 0
SVAO0 oNote

Note Bit 0 is fixed to 0.
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3)

(4)

®)

(6)

(7

(8)

©)

(10)

(11)

344

SO0 latch
The SOO latch is used to retain the SDAO pin’s output level.

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 (SVAQ) or when an extension code is received.

Prescaler
This selects the sampling clock to be used.

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 transmitted or received.

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 bitNote)
« Interrupt request generated when a stop condition is detected (set by SPIEO bitNote)

Note WTIMO bit: Bit 3 of IIC control register 0 (IICCO0)
SPIEQ bit: Bit 4 of 1IC control register 0 (IICCO0)

Serial clock controller
In master mode, this circuit generates the clock output via the SCLO pin from a sampling clock.

Serial clock wait controller
This circuit controls the wait timing.

ACK output circuit, stop condition detector, start condition detector, and ACK detector
These circuits are used to output and detect various control signals.

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 1ICO
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 (1ICC0)
This register is used to enable/stop 12C operations, set wait timing, and set other I2C operations.
IICCO is set by a 1-bit or 8-bit memory manipulation instruction.
RESET input clears [ICCO 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 <7> <6> <5> <4> <3> <2> <1> <0>
1ICCO 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)
+ Cleared by instruction + 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 (IICS0) and IIC control register 0 (IICCO0) 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 = O)N°te 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 (WRELO = 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 (SPIEOQ = 1)
+ Cleared by instruction + Set by instruction
* When RESET is input

Note This flag’s signal is invalid when IICEO = 0.

346 User's Manual U14046EJ3VOUD



CHAPTER 18 SERIAL INTERFACE IICO (uPD780024AY, 780034AY SUBSERIES ONLY)

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)

SCLO is changed to low level.
When bus is not used:

automatically generates a start condition.
Wait status (during master mode):

STTO Start condition trigger
0 Do not generate a start condition.
1 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,

This trigger functions as a start condition reservation flag. When set, it releases the bus and then

Generate a restart condition after wait is released.

Cautions concerning set timing

» Cannot be set at the same time as SPT0

» For master reception: Cannot be set during transfer. Can be set only in the waiting period when ACKEOQ
has been set to 0 and slave has been notified of final reception.

« For master transmission: A start condition may not be generated normally during the ACK period.
Therefore, set it during the waiting period.

Condition for clearing (STTO = 0)

Condition for setting (STTO = 1)

» Cleared by loss in arbitration

» Cleared after start condition is generated by master
device

» Cleared by LRELO = 1 (exit from communications)

When IICEQ = 0 (operation stop)

« When RESET is input

» Set by instruction

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 by LRELO = 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 (1ICS0) 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 (1ICS0)
This register indicates the status of 12C.
IICS0 is read by a 1-bit or 8-bit memory manipulation instruction.
RESET input clears 11CS0 to 00H.

Figure 18-6. Format of IIC Status Register 0 (1ICS0) (1/3)

Address: FFA9H After reset: 00H R

Symbol <7> <6> <5> <4> <3> <2> <1> <0>
IICSO MSTSO ALDO EXCO colo 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 (MSTSO0 = 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”. MSTSO0 is cleared.

Condition for clearing (ALDO = 0) Condition for setting (ALDO = 1)

« Automatically cleared after 1ICSO0 is readNote » When the arbitration result is a “loss”.
* When IICEO changes from 1 to 0 (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 0 (operation stop)
* When RESET is input

Note This register is also cleared when a bit manipulation instruction is executed for bits other than 11CS0.

Remark LRELO: Bit 6 of IIC control register 0 (IICCO0)
IICEO: Bit 7 of IIC control register 0 (IICCOQ)
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Figure 18-6. Format of IIC Status Register 0 (1ICS0) (2/3)

caolo Detection of matching addresses

0 Addresses do not match.

1 Addresses match.
Condition for clearing (COIO0 = 0) Condition for setting (COI0 = 1)
» When a start condition is detected » When the received address matches the local
» When a stop condition is detected address (slave address register 0 (SVA0))
» Cleared by LRELO = 1 (exit from communications) (set at the rising edge of the eighth clock).
* When IICEO changes from 1 to 0 (operation stop)
* When RESET is input

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 SO0 latch is enabled for output to the SDAO line (valid starting at
the falling edge of the first byte’s ninth clock).

Condition for clearing (TRCO = 0) Condition for setting (TRCO = 1)

<Both master and slave> <Master>

* When a stop condition is detected » When a start condition is generated

» Cleared by LRELO = 1 (exit from communications) <Slave>

* When IICEO changes from 1 to 0 (operation stop) » When “1” is input to the first byte’s LSB
+ Cleared by WRELO = 1Note (waijt cancel) (transfer direction specification bit)

» 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>

Note |If the wait status is cleared by setting bit 5 (WRELO) of 1IC control register 0 (IICCO0) to 1 at the ninth clock
when bit 3 (TRCO) of 1IC status register 0 (1ICS0) is 1, TRCO is cleared, and the SDAOQ 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 (1ICS0) (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

+ At the rising edge of the next byte’s first clock

» Cleared by LRELO = 1 (exit from communications)
* When IICEO changes from 1 to 0 (operation stop)
* When RESET is input

+ After the SDAO line is set to low level at the
rising edge of the SCLO’s ninth clock

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

+ 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

» When a start condition is detected

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
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

» When a stop condition is detected

Remark LRELO: Bit 6 of IIC control register 0 (IICCO0)

[ICEO:

Bit 7 of 1IC control register 0 (IICCO0)
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(3) lIC transfer clock select register 0 (IICCLO0)
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 clears IICCLO to 00H.

Figure 18-7. Format of IIC Transfer Clock Select Register 0 (IICCLO0) (1/2)

Address: FFAAH After reset: 00H  R/wNote

Symbol 7 6 <5> <4> 3 2 1 0
lICCLO 0 0 CLDO DADO SMCO DFCO 0 CL0O
CLDO Detection of SCLO line level (valid only when [ICEQ = 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 SDAQ 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)
. CIeareMstruction + Set by instruction
* When RESET is input

Note Bits 4 and 5 are read-only bits.

Remark |ICEOQ: Bit 7 of IIC control register 0 (IICCO0)

User’'s Manual U14046EJ3VOUD

353



CHAPTER 18 SERIAL INTERFACE IICO (uPD780024AY, 780034AY SUBSERIES ONLY)

*x (4)

354

Figure 18-7. Format of IIC Transfer Clock Select Register 0 (IICCLO0) (2/2)

DFCO Control of digital filter operationNote 1
0 Digital filter off
1 Digital filter on
CLOoO Selection of transfer rate
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 fx/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 sets the input/output of port 3 in 1-bit units.

To use the P32/SDAO pin as serial data I/0 and the P33/SCLO pin as clock I/O, clear PM32, PM33, and the output
latches of P32 and P33 to 0.

PMS3 is set by a 1-bit or 8-bit memory manipulation instruction.

RESET input sets 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 1/0 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 I°C Bus Mode Functions
18.4.1 Pin configuration
The serial clock pin (SCLO) and serial data bus pin (SDAQ) are configured as follows.
(1) SCLO --------- 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
o b
Clock output ——l - — |—— (Clock output)
Vsso Vooo Vsso
(Clock input) <—<]— —[}—» Clock input
SDAO SDAO
Ve Y
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 I2C
bus’s serial data bus.

Figure 18-10. I2C Bus Serial Data Transfer Timing

Start Address R/W Data ACK Data ACK  Stop
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 IIC status register 0 (IICS0)). When a start condition is detected, bit 1 (STDO) of
IICSO 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 SVAOQ 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 \ /A6XA5XA4XA3XA2XA1XAOXR/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 1IC 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 _\‘ /AGXASXA4XA3XA2XA1XAOX@X

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 afterreceiving the final datato 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 1IC status register 0 (IICSQ0)
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 device 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 1 2 3 4 5 6 7 8 9

SDAO _\‘ /A6XA5XA4XA3XA2XA1XAOXR/V_V\WF

When the local address is received, an ACK signal is automatically output in sync with the falling edge of the SCLQ’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 SCLQ’s eighth clock
(WTIMO = 1) if ACKEO has already been set to 1.

358 User's Manual U14046EJ3VOUD



CHAPTER 18 SERIAL INTERFACE IICO (uPD780024AY, 780034AY SUBSERIES ONLY)

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 IIC control register 0 (1ICCOQ) is set (to 1). When the stop condition
is detected, bit 0 (SPDO0) of IIC status register 0 (IICS0) is set (to 1) and INTIICO is generated when bit 4 (SPIEQ)
of lICCO is set (to 1).
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18.5.6  Wait signal (WAIT)

The wait signal (WAIT) 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

Ico \ \ | 11CO data write (cancel wait)
! l |
SCLO |6| |7| |8| 9 1 2 3
Slave

Wait after output
of eighth clock
\ | FFH is written to 11CO or WRELO is set to 1

l I

IICO

SCLO

ACKEO

Transfer lines|

Wait signal Wait signal
from slave from master

o (AR / [/ [FT
SDAO XD2XD‘IXDOX ACK / D7 D6 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 transmits, slave receives, and ACKEO = 1)

Master and slave both wait
Master after output of ninth clock
| 1ICO data write (cancel wait)
1ICO l ]
SCLO 6 7 8 9 1 2 3
Slave
1Go ; ; | FFH is written to 11CO or WRELO is set to 1
' ’ |
SCLO :
Ackeo H 5
i Wait signal from : Wait signal
Transfer lines| master and slave: from slave
SCLO 6 7| 8] |9 l : J 1 2| |3

SDAO XmeXmXﬁd X D7 X%X%X
|

Output according to previously set ACKEO value

Remark ACKEOQ: Bit 2 of IIC control register 0 (1ICCQ0)
WRELO: Bit 5 of IIC control register 0 (11ICCQ0)

A wait may be automatically generated depending on the setting of bit 3 (WTIMOQ) of 1IC 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 I1IC
shift register 0 (1IC0), and the transmitting side cancels the wait status when data is written to IICO.

The master device can also cancel the wait status via either of the following methods.

» By setting bit 1 (STTO) of ICCO to 1

» By setting bit 0 (SPTO) of IICCO to 1

User's Manual U14046EJ3VOUD 361



CHAPTER 18 SERIAL INTERFACE IICO (uPD780024AY, 780034AY SUBSERIES ONLY)

18.5.7 Interrupt request (INTIICO) generation timing and wait control
The setting of bit 3 (WTIMO) of IIC control register 0 (1ICCO0) 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

WTIMO During Slave Device Operation During Master Device Operation
Address Data Reception |Data Transmission Address Data Reception |Data Transmission
0 gNotes 1,2 8Note 2 8Note 2 9 8 8
1 gNotes 1,2 gNote 2 gNote 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 ICCO’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.

. 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

+ Slave device operation:

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.

(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 IIC control register 0 (IICCO) to 1

+ By writing to the IIC shift register 0 (11C0)

+ By setting a start condition (setting bit 1 (STT0) of IICCO to 1)Note
« By setting a stop condition (setting bit 0 (SPT0) 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.

362

User’'s Manual U14046EJ3VOUD



CHAPTER 18 SERIAL INTERFACE IICO (uPD780024AY, 780034AY SUBSERIES ONLY)

(5) Stop condition detection
INTICO is generated when a stop condition is detected.

18.5.8 Address match detection method

In 12C 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 set to SVAQ matches the slave address
sent by the master device, or when an extension code has been received.

18.5.9 Error detection

In I2C bus mode, the status of the serial data bus (SDAO) during data transmission is captured by |IC shift register
0 (11C0) of the transmitting device, so the 1IC0 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 (EXCO0)
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 (SVAO) 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 = 1Note
« Seven bits of data match: COIQ = {Note

Note EXCO: Bit 5 of IIC status register 0 (11ICS0)
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 (1ICS0)
is set (1) via the timing by which the arbitration loss occurred, and the SCL0O and SDAO 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 (11CS0)
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|

SCLO
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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

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

At falling edge of eighth or ninth clock following byte transferNote 1

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
restart condition

At falling edge of eighth or ninth clock following byte transferNote 1

When stop condition is detected while attempting to
output a restart condition

When stop condition is output (when SPIEQ = 1)Note 2

When data is at low level while attempting to output a
stop condition

When SCLO is at low level while attempting to output a
restart condition

At falling edge of eighth or ninth clock following byte transferNote 1

Notes 1. When WTIMO (bit 3 of IIC 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 SPIEQ: Bit 4 of IIC control register 0 (IICCO0)

18.5.12 Wake-up function

The I2C 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 IIC control register 0 (IICCO0) 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 1ICCO 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. When the bus release is detected (when a stop condition is detected),
writing to IIC shift register 0 (11IC0) causes the master address transfer to start. At this point, bit 4 (SPIEO) of IICCO
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 ..........ccccoeiiiiiiiiiniiiine, 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 CLO0O0) 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

P ) STTO Write to
rogram processing | ~ | GO
Hardware processing |Cameicaton gﬁélsﬁﬁfco g?DO
SCLO 4 2| |3]| |4| |5 6 71 |8] |9 1 2| |3]| |4]| |5 6

<°'DA0LXXXXXXXXXJ\T B8 EE a1

Output by master with bus mastership

Remark 1ICO: IIC shift register 0
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. After bit 1 (STDO) of I1C status register 0 (IICS0)
is set to 1, a communication reservation can be made by setting bit 1 (STTO0) of IIC control register 0 (IICCO0) to 1
before a stop condition is detected.

Figure 18-19. Timing for Accepting Communication Reservations
SCLO /
/ \ )
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)

- . \Not
(Communication reservation) o'

v Confirmation of communication reservation
es

No
(Generate start condition)

Cancel communication Clear user fla
reservation 9
MOV 1ICO, #xxH 1ICO write operation
T
|
El

Note Thecommunication reservation operation executes a write to I1C shift register 0 (11C0) when a stop condition
interrupt request occurs.

Remark STTO: Bit 1 of IIC control register 0 (IICCO0)
MSTSO0: Bit 7 of IIC status register 0 (11ICS0)
[ICO: [IC 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 (IICCO0).
(c) Set (1) bit 0 (SPTO) of [ICCO.
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18.5.15 Communication operations
(1) Master operations
The procedure of controlling slave EEPROM™ using the uPD780024AY and 780034AY Subseries as the master

of the I12C bus is as follows.

Figure 18-21. Master Operation Flowchart (1/5)

( START ) First perform initialization to use I>C.

Set the port that functions alternately as the
pins to be used. First set the port in the input
mode, and clear the output latch to 0.

Set port (mode and data).
PM32, PM33 « 1, P32, P33« 0

Set transfer clock.
IICCLO «— xxH

Set IIC control register 0.

Specify the operation mode, turn on/off the
digital filter, and specify the transfer rate.

IICEO = WTIMO = 1 Set a 9-clock wait and enable operation.
Set port. Set the port in the output mode to enable
PM32, PM33 « 0 output of I°C.
Set interrupt. Clear the interrupt request of 1C.
IICIFO, IICMKO « 0 Clear the mask to enable the interrupt when

using the interrupt.

Issue stop condition.

Issue the stop condition before starting

SPT0 = 1 operation, and release the bus.
No Wait until the bus is released.
If the stop condition is detected, the bus is
released and can be used. Declare use of
Yes the bus by issuing the start condition.
If the stop condition cannot be detected, the
Issue start condition. chances are the connected pin is driving the
STTO =1 bus low.
In this case, refer to Remark.
A
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Figure 18-21. Master Operation Flowchart (2/5)

N .
STDO =17 ° Wait until the start condition is detected and
the bus is ready.
Yes

Transfer slave address Specify writing and transfer the address of
IICO « address, R/W (0) the slave (EEPROM).

INTIICO =17 Wait until transfer is completed.

Clear INTIICO to poll INTHIICO without using
an interrupt.

Clear INTIICO

No If ACK is not sent, it means that the
specified slave does not exist. End
processing.

Yes
C End (no slave) )
If a slave does exist, divide the address of

EEPROM (2 bytes) into two, and start

Transmit EEPROM higher address. transmitting the address from the higher
1ICO - EEPROM higher address byte.
Each time transmission is completed, check
ACK.
No
Yes
Clear INTIICO

No
ACKDO =17

Yes

CEnd (no acknowledgmenD

Transmit EEPROM lower address.
[IC0 « EEPROM lower address Transmit the lower address.
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Figure 18-21. Master Operation Flowchart (3/5)

B
INTIICO =17
Yes
Clear INTIICO.
No
ACKDO = 1?
Yes

Gnd (no acknowledgmentD

o No
Transmission?
Yes

Reception
Prepare write data.
Transmit write data.
IICO « Data
No
Yes
Clear INTIICO.

No

End

ACKDO =17

Transfer end?

Set error flag.
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When writing data to EEPROM, continue
writing data.

When reading data from EEPROM, start
reception processing.

Prepare data to be written to EEPROM, and
transmit it to EEPROM.

Each time data has been transmitted, the
slave returns ACK. If any error occurs
before transmission of the necessary data is
completed, ACK may not be returned. In
this case, end transfer.

In the case of an error, set the error flag as
shown on the left, and release the bus.
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Figure 18-21. Master Operation Flowchart (4/5)

C When transmission is completed, issue the
stop condition to notify the slave of
completion of transmission.

Issue stop condition.

SPT0 =1
No
SPDO =17
Yes

7 )

END )

For reception, the data transfer direction
must be changed. Issue the start condition
\ again and redo (restart) communication.

Reception

Issue start condition.
STTO=1

———————

No
Yes
Transfer slave address. Because the master receives data this time,
IICO « address, R/W (1) set the R/W bit to 1 and transmit an
address.
No
Yes
Clear INTIICO.
No

Yes
D Gnd (no acknowledgmenD

372 User's Manual U14046EJ3VOUD



CHAPTER 18 SERIAL INTERFACE IICO (uPD780024AY, 780034AY SUBSERIES ONLY)

Figure 18-21. Master Operation Flowchart (5/5)

Re-set IIC control register 0.
ACKEO = 1, WTIMO =0

Set so that ACK is automatically returned
after an 8-clock wait (set ACKEO so that
ACK is returned except when the last data
is received. Specify an 8-clock wait so that
automatic returning of ACK can be cleared
when the last data is received).

Start data reception. Write dummy data to 1ICO and start
11ICO « OFFH reception (reception can also be started
when WRELO = 1).
No
Reception is completed when INTIICO
occurs.
Yes
Clear INTIICO.
Save receive data. Save the received data to a buffer.
Remaining data?
Re-set IIC control register 0. When reception of data is completed,
ACKEQ = 0, WRELO = WTIMO = 1 disable automatic returning of ACK, set a 9-

clock wait, cancel wait in the ACK cycle,
and stop at the 9th clock. As a result, ACK
is not returned to the slave. This indicates
the completion of reception. Issue the stop
condition and end communication.

Issue stop condition.
SPTO =1

No

Remark While the slave is outputting a low level to the data line, the master cannot issue the stop condition. This

happens if EEPROM is not reset, even though the microcontroller is reset, because of supply voltage
fluctuation during communication (reading from EEPROM). In this case, the EEPROM continues
sending data, and may output a low level to the data line. Because the structure of I2C does not allow
the master to forcibly make the data line high, the master cannot issue the stop condition.

To avoid this phenomenon, it is possible to use a clock line as a port, output a dummy clock from the
port, continue reading data from EEPROM by inputting the dummy clock, and complete reading with
some EEPROMSs (because the data line goes high when reading is completed, the master can issue
the stop condition. After that, the status of EEPROM can be controlled). At this time, the port
corresponding to the data line must always be in the high-impedance state (high-level output).
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*x (2)

374

Slave operation

The processing procedure of the slave operation is as follows.

Basically, the slave operation is event-driven. Therefore, processing by the INTIICO interrupt (processing that
must substantially change the operation status such as detection of a stop condition during communication) is
necessary.

In the following explanation, it is assumed that the extension code is not supported for data communication. It
is also assumed that the INTIICO interrupt servicing only performs status transition processing, and that actual
data communication is performed by the main processing.

INTIICO Flag
Interrupt servicing
Setting
1ICO Main processing
Data
Setting

Therefore, data communication processing is performed by preparing the following three flags and passing them
to the main processing instead of INTIICO.

<1> Communication mode flag
This flag indicates the following two communication statuses.
e Clear mode: Status in which data communication is not performed
e Communication mode: Status in which data communication is performed (from valid address detection
to stop condition detection, no detection of ACK from master, address mismatch)

<2> Ready flag
This flag indicates that data communication is enabled. lIts function is the same as the INTIICO interrupt
for ordinary data communication. This flag is set by interrupt servicing and cleared by the main processing.
Clear this flag by interrupt servicing when communication is started. However, the ready flag is not set by
interrupt servicing when the first data is transmitted. Therefore, the first data is transmitted without the flag
being cleared (an address match is interpreted as a request for the next data).

<3> Communication direction flag
This flag indicates the direction of communication. lts value is the same as TRCO.
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The main processing of the slave operation is explained next.

Start serial interface [ICO and wait until communication is enabled. When communication is enabled, execute
communication by using the communication mode flag and ready flag (processing of the stop condition and start
condition is performed by an interrupt. Here, check the status by using the flags).

The transmission operation is repeated until the master no longer returns ACK. If ACK is not returned from the
master, communication is completed.

For reception, the necessary amount of data is received. When communication is completed, ACKis not returned
as the next data. After that, the master issues a stop condition or restart condition. Exit from the communication
status occurs in this way.

Figure 18-22. Slave Operation Flowchart (1/2)

o

IICCO « xxH
IICEOQ = 1

No _
Communication mode?

Communication No

direction flag = 1?

ACKEO = WTIMO = 1

WTIMO = 1 WRELO =1

Data processing Communication mode?

IICO « data

Communication mode?
Read data.

Clear ready flag.

Clear ready flag. Data processing

No Communication ends?
Yes
WRELO =1 ACKEO =0
Clear communication mode flag. WRELO =1
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An example of the processing procedure of the slave with the INTIICO interrupt is explained below (processing

is performed assuming that no extension code is used).

The INTIICO interrupt checks the status, and the following operations are performed.

<1> Communication is stopped if the stop condition is issued.

<2> If the start condition is issued, the address is checked and communication is completed if the address does
not match. If the address matches, the communication mode is set, wait is cancelled, and processing returns
from the interrupt (the ready flag is cleared).

<3> For data transmit/receive, only the ready flag is set. Processing returns from the interrupt with the 11C0 bus
remaining in the wait status.

Remark <1>to <3> above correspond to <1> to <3> in Figure 18-22 Slave Operation Flowchart (2/2).

Figure 18-22. Slave Operation Flowchart (2/2)

( Generate INTIICO )

Yes <1>

Yes <2>

No

Yes

Communication direction
flag < TRCO
Set ready flag Set communication mode flag
and clear ready flag.

(Complete interrupt servicing) (Complete interrupt servicingD

End processing

LRELO =1

Clear communication
mode flag.

(Complete interrupt servicing)
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18.5.16 Timing of I2C interrupt request (INTIICO) occurrence

The INTIICO interrupt request timing and |IC status register 0 (IICS0) settings corresponding to that timing are
described below.
(1) Master device operation

(a) Start ~ Address ~ Data ~ Data ~ Stop (normal transmission/reception)

() When WTIMO = 0

SPTO = 1
J

|ST |AD6toADO| RW | AK | D7 to DO | AK | D7 to DO | AK | SP |

A1 A2 A3 A4 A5

A1: [ICSO = 1000x110B

A2: [ICSO = 1000x000B

A3: [ICSO = 1000x000B (Sets WTIMO)
A4: 1ICSO = 1000xx00B (Sets SPTO)
A5: 1ICS0 = 00000001B

Remark 4A: Always generated
A: Generated only when SPIEQ = 1
x: Don’t care

(i) When WTIMO = 1

SPTO =1

| ST |AD6toADO| RW| AK | D7 to DO | AK | D7to DO | AK | SP

A1 A2 A3 A4

A1: [ICSO = 1000x110B
A2: [ICSO = 1000x100B
A3: 1ICSO = 1000xx00B (Sets SPTO)
A4: 1ICS0O = 00000001B

Remark 4A: Always generated
A: Generated only when SPIEQ = 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 |AD6 10 ADO| RW | Ak | D7toD0 | Ak | ST [AD6 1o ADO| RW | AK | D7to D0 | Ak | sP |

A1 A2 A3 A4 A5 A6 A7

A1: [ICSO = 1000x110B

A2: [ICSO = 1000x000B (Sets WTIMO)

A3: 1ICSO = 1000xx00B (Clears WTIMO, sets STTO)
A4: [ICSO = 1000x110B

A5: [ICSO = 1000x000B (Sets WTIMO)

AG: 1ICSO = 1000xx00B (Sets SPTO)

AT: 11ICS0 = 00000001B

Remark 4A: Always generated
A: Generated only when SPIEO = 1
x: Don’t care

(i) When WTIMO = 1

STTO =1 SPTO =1
\ \

| ST |AD6toADO| RW| AK | D7 to DO | AK | ST |AD6toADO| RW | AK | D7 to DO | AK | SP |

A1 A2 A3 A4 A5

A1: [ICSO = 1000x110B
A2: 1ICSO = 1000xx00B (Sets STTO)
A3: [ICSO = 1000x110B
A4: 1ICSO = 1000xx00B (Sets SPTO)
A5: 1ICS0 = 00000001B

Remark 4A: Always generated
A: Generated only when SPIEO = 1
x: Don’t care

378

User’'s Manual U14046EJ3VOUD




CHAPTER 18 SERIAL INTERFACE IICO (uPD780024AY, 780034AY SUBSERIES ONLY)

(c) Start ~ Code ~ Data ~ Data ~ Stop (extension code transmission)

() When WTIMO = 0

SPTO =1
l

| sT |AD6 to ADO| RW | AK | D7toD0 | AK | D7toD0 | AK | SP |

A1 A2 A3 A4 A5

A1: 1ICSO = 1010x110B

A2: 1ICSO = 1010x000B

A3: 1ICSO = 1010x000B (Sets WTIMO)
A4: 1ICSO = 1010xx00B (Sets SPTO0)
A5: 11CS0 = 00000001B

Remark A: Always generated
A: Generated only when SPIEO = 1
x: Don’t care

(i) When WTIMO = 1

SPTO =1
\

| s |AD6 to ADO| RW | Ak | D7toD0 | AK | D7toD0 | AK | sP |

A1 A2 A3 A4

A1: [ICSO = 1010x110B
A2: [ICSO = 1010x100B
A3: 1ICSO = 1010xx00B (Sets SPTO)
A4: 1ICS0O = 00001001B

Remark 4A: Always generated
A: Generated only when SPIEQ = 1
x: Don’t care
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(2) Slave device operation (slave address data reception time (matches with SVAOQ))
(a) Start ~ Address ~ Data ~ Data ~ Stop

() When WTIMO = 0

| ST |AD6toADO| RW| AK| D7 to DO | AK | D7 to DO | AK | SP |

A1 A2 A3 A4

A1: [ICSO = 0001x110B
A2: [ICSO = 0001x000B
A3: [ICSO = 0001x000B
A4: 1ICS0O = 00000001B

Remark 4A: Always generated
A: Generated only when SPIEO = 1
x: Don’t care

(i) When WTIMO = 1

[ st |AD6 1o ADO| RW | AK | D7toD0 | AK | D7toD0 | AK | sP |

A1 A2 A3 A4

A1: [ICSO = 0001x110B
A2: [ICSO = 0001x100B
A3: [ICSO = 0001xx00B
A4: 11ICS0O = 00000001B

Remark A: Always generated
A: Generated only when SPIEO = 1
x: Don’t care
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(b) Start ~ Address ~ Data ~ Start ~ Address ~ Data ~ Stop

(i) When WTIMO = 0 (after restart, matches with SVA0)

| s [AD6 to ADO| RW | Ak | D7toD0 | Ak | ST |AD6 to ADO| RW | Ak | D7toD0 | Ak | sP |

A1 A2 A3 A4 A5

A1: [ICSO = 0001x110B
A2: [ICSO = 0001x000B
A3: [ICSO = 0001x110B
A4: [ICSO = 0001x000B
A5: 1ICS0 = 00000001B

Remark A: Always generated
A: Generated only when SPIEO = 1
x: Don’t care

(ii) When WTIMO = 1 (after restart, matches with SVA0)

| ST |AD6toADO| RW| AK| D7 to DO | AK| ST |AD6toADO| RW| AK | D7 to DO | AK| SP|

A1 A2 A3 A4 A5

A1: [ICSO = 0001x110B
A2: [ICSO = 0001xx00B
A3: [ICSO = 0001x110B
A4: [ICSO = 0001xx00B
A5: 1ICS0O = 00000001B

Remark A: Always generated
A: Generated only when SPIEO = 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)

| s [AD6 to ADO| RW | Ak | D710 D0 | Ak | ST |AD6 to ADO| RW | Ak | D7toDO | A | sP |

A1l
A2:
A3:
A4
A5:

[ICS0O = 0001x110B
[ICSO = 0001x000B
[ICSO = 0010x010B
[ICSO = 0010x000B
[ICSO = 00000001B

A1 A2 A3 A4 A5

Remark A: Always generated
A: Generated only when SPIEOQ = 1
x: Don’t care

(ii) When WTIMO = 1 (after restart, extension code reception)

| ST |AD6toADO| RW| AK| D7 to DO | AK | ST |AD6toADO| RW | AK | D7 to DO | AK| SP|

A1l
A2:
A3:
A4
A5:
AB:

IICSO = 0001x110B
IICSO = 0001xx00B
IICS0 = 0010x010B
IICSO = 0010x110B
IICSO = 0010xx00B
IICS0 = 00000001B

A1 A2 A3 A4 A5 A6

Remark 4A: Always generated
A: Generated only when SPIEO = 1
x: Don’t care
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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))

[ 5T [AD6to ADO| RW | AK | D710D0 | Ak | ST |AD6 1o ADO| RW | AK | D710 D0 | AK | sP |

A1 A2 A3 A4

A1: [ICSO = 0001x110B
A2: [ICSO = 0001x000B
A3: [ICSO = 00000x10B
A4: 1ICS0O = 00000001B

Remark 4A: Always generated
A: Generated only when SPIEO = 1
x: Don’t care

(ii) When WTIMO = 1 (after restart, does not match with address (= not extension code))

| ST |AD6toADO| RW| AK | D7 to DO | AK | ST |AD6toADO| RW | AK | D7 to DO | AK | SP |

A1 A2 A3 A4

A1: [ICSO = 0001x110B
A2: [ICSO = 0001xx00B
A3: [ICSO = 00000x10B
A4: 11ICS0O = 00000001B

Remark 4A: Always generated
A: Generated only when SPIEOQ = 1
x: Don’t care

User's Manual U14046EJ3VOUD 383




CHAPTER 18 SERIAL INTERFACE IICO (uPD780024AY, 780034AY SUBSERIES ONLY)

(3) Slave device operation (when receiving extension code)
(a) Start ~ Code ~ Data ~ Data ~ Stop

() When WTIMO = 0

| ST |AD6toADO| RW| AK | D7 to DO | AK | D7 to DO | AK | SP |

A1 A2 A3 A4

A1: [ICSO = 0010x010B
A2: [ICSO = 0010x000B
A3: [ICSO = 0010x000B
A4: 1ICS0O = 00000001B

Remark 4A: Always generated
A: Generated only when SPIEO = 1
x: Don’t care

(i) When WTIMO = 1

[ sT |AD6 to ADO| RW | AK | D710 D0 | AK | D710 D0 | AK | SP |

A1 A2 A3 A4 A5

A1: [ICSO = 0010x010B
A2: [ICSO = 0010x110B
A3: [ICSO = 0010x100B
A4: [ICSO = 0010xx00B
A5: 1ICS0O = 00000001B

Remark 4A: Always generated
A: Generated only when SPIEO = 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 SVA0)

| ST |AD6toADO| RW| AK| D7 to DO | AK| ST |AD6toADO| RW| AK | D7 to DO | AK| SP|

A1 A2

A3 A4 A5
A1: IICSO = 0010x010B
A2: [ICSO = 0010x000B
A3: IICSO = 0001x110B
A4: |ICSO = 0001x000B
A5: 11ICS0 = 00000001B
Remark A: Always generated
A: Generated only when SPIEO = 1
x: Don’t care
(ii) When WTIMO = 1 (after restart, matches with SVA0)
| ST |AD6toADO| RW| AK | D7 to DO | AK | ST |AD6toADO| RW| AK | D7 to DO | AK | SP |
A1 A2 A3 A4 A5 N6

A1: [ICSO = 0010x010B
A2: [ICSO = 0010x110B
A3: [ICSO = 0010xx00B
A4: [ICSO = 0001x110B
A5: [ICSO = 0001xx00B
A6: 11ICS0O = 00000001B

Remark 4A: Always generated
A: Generated only when SPIEO = 1
x: Don’t care
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(c) Start ~ Code ~ Data ~ Start ~ Code ~ Data ~ Stop

(i) When WTIMO = 0 (after restart, extension code reception)

| ST |AD6toADO| RW| AK | D7 to DO | AK | ST |AD6toADO| RW | AK | D7 to DO | AK | SP |

A1l
A2:
A3:
A4
A5:

A1

[ICSO = 0010x010B
[ICSO = 0010x000B
[ICSO = 0010x010B
[ICSO = 0010x000B
[ICSO = 00000001B

A2

Remark A: Always generated
A: Generated only when SPIEOQ = 1
x: Don’t care

A4

A5

(ii) When WTIMO = 1 (after restart, extension code reception)

[ sT [AD6 to ADO| RW | AK | D710 D0 | AK | ST |AD6 to ADO| RW | AK | D7toD0 | AK | sP |

A1l
A2:
A3:
A4
A5:
AG:
NT:

A1

IICS0 = 0010x010B
IICSO = 0010x110B
IICSO = 0010xx00B
IICS0 = 0010x010B
IICSO = 0010x110B
IICSO = 0010xx00B
IICS0 = 00000001B

A2 A3

Remark 4A: 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 |AD6toADO| RW| AK| D7 to DO | AK| ST |AD6toADO| RW| AK | D7 to DO | AK| SP|

A1 A2 A3 A4

A1: [ICSO = 0010x010B
A2: [ICSO = 0010x000B
A3: [ICSO = 00000x10B
A4: 1ICS0O = 00000001B

Remark 4A: Always generated
A: Generated only when SPIEO = 1
x: Don’t care

(ii) When WTIMO = 1 (after restart, does not match with address (= not extension code))

| ST |AD6toADO| RW| AK | D7 to DO | AK | ST |AD6toADO| RW | AK | D7 to DO | AK | SP |

Al A2 A3 A4 A5

A1: [ICSO = 0010x010B
A2: [ICSO = 0010x110B
A3: [ICSO = 0010xx00B
A4: [ICSO = 00000x10B
A5: 1ICS0O = 00000001B

Remark A: Always generated
A: Generated only when SPIEO = 1
x: Don’t care

(4) Operation without communication

(a) Start ~ Code ~ Data ~ Data ~ Stop

| ST |AD6toADO| RW| AK | D7 to DO | AK | D7 to DO | AK | SP |

A1
A1: 1ICS0O = 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

| sT [AD6to ADO| RW | AK | D710D0 | AK | D7toD0 | Ak | sP |

A1 A2 A3 A4

A1: [ICSO =0101x110B (Example When ALDO is read during interrupt servicing)
A2: 1ICSO = 0001x000B
A3: 1ICSO = 0001x000B
A4: 11ICS0O = 00000001B

Remark 4A: Always generated
A: Generated only when SPIEO = 1
x: Don’t care

(i) When WTIMO = 1

[ s7 |AD6 10 ADO| AW | AK | D710 D0 | AK | D710 D0 | AK | sP |

A1 A2 A3 A4

A1: IICSO =0101x110B (Example When ALDO is read during interrupt servicing)
A2: 1ICSO = 0001x100B
A3: 1ICSO = 0001xx00B
A4: 11ICS0O = 00000001B

Remark A: Always generated
A: Generated only when SPIEO = 1
x: Don’t care

388

User’'s Manual U14046EJ3VOUD




CHAPTER 18 SERIAL INTERFACE IICO (uPD780024AY, 780034AY SUBSERIES ONLY)

(b) When arbitration loss occurs during transmission of extension code

() When WTIMO = 0

| st [AD6 10 ADO| RW | AK | D7t0D0 | AK | D7toD0 | AK | sP |

A1 A2 A3 A4

A1: [ICSO =0110x010B (Example When ALDO is read during interrupt servicing)
A2: 1ICSO = 0010x000B
A3: 1ICSO = 0010x000B
A4: 11ICS0O = 00000001B

Remark 4A: Always generated
A: Generated only when SPIEO = 1
x: Don’t care

(i) When WTIMO = 1

| s |AD6 to ADO| RW | Ak | D7toD0 | AK | D7toD0 | AK | sP |

Al A2 A3 A4 A5

A1: IICSO = 0110x010B (Example When ALDO is read during interrupt servicing)
A2: 1ICSO =0010x110B
A3: 1ICSO = 0010x100B
A4: 1ICSO = 0010xx00B
A5: 1ICS0O = 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)

| 5T [AD6to ADO| RW | AK | D710D0 | AK | D710 D0 | A | sP |

A1 A2

A1: [ICSO =01000110B (Example When ALDO is read during interrupt servicing)
A2: 11ICS0 = 00000001B

Remark A: Always generated
A: Generated only when SPIEOQ = 1

(b) When arbitration loss occurs during transmission of extension code

| sT [AD6 10 ADO| RW | AK | D710D0 | AK | D7t0D0 | Ak | sP |

A1 A2

A1: IICSO =0110x010B (Example When ALDO is read during interrupt servicing)
LRELO is set to “1” by software
A2: 11ICS0 = 00000001B

Remark A: Always generated
A: Generated only when SPIEO = 1
x: Don’t care
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(c) When arbitration loss occurs during transmission of data

() When WTIMO = 0

| 57 |AD6 10 ADO| RW | AK | D710 D0 | AK | D7to D0 | AK | sP |

A1 A2 A3

A1: [ICSO =10001110B

A2: |ICSO = 01000000B (Example When ALDO is read during interrupt servicing)
A3: 11ICS0 = 00000001B

Remark 4A: Always generated
A: Generated only when SPIEO = 1

(i) When WTIMO = 1

| sT |AD6 to ADO| RW | AK | D7toD0 | AK | D7toD0 | AK | SP |

A1 A2 A3

A1: [ICSO =10001110B

A2: |ICSO =01000100B (Example When ALDO is read during interrupt servicing)
A3: 11ICS0O = 00000001B

Remark 4A: 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 [AD6 10 ADO| RW | AK | D710 Dn | ST [AD6 to ADO| RW | AK | D710 DO | AK | sP |

A1 A2 A3

A1: 1ICSO = 1000x110B
A2: |ICSO =01000110B (Example When ALDO is read during interrupt servicing)
A3: 11ICS0O = 00000001B

Remark 4A: Always generated
A: Generated only when SPIEO = 1
x: Don’t care
n=6to0

(ii) Extension code

[ 57 [AD6to ADO| RW | AK | D7t0Dn | ST [AD6 10 ADO| RW | AK | D710 D0 | AK | sP |

A1 A2 A3

A1: 1ICSO = 1000x110B

A2: |ICSO =0110x010B (Example When ALDO is read during interrupt servicing)
Sets LRELO = 1 by software

A3: 11ICS0O = 00000001B

Remark 4A: Always generated
A: Generated only when SPIEO = 1
x: Don’t care
n=6t00
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(e) When loss occurs due to stop condition during data transfer

| ST |AD6toADO| RW | AK | D7 to Dn | SP |

A1 A2

A1: [ICSO = 1000x110B
A2: 1ICS0 = 01000001B

Remark A: Always generated
A: Generated only when SPIEOQ = 1
x: Don’t care
n=6to0

(f) When arbitration loss occurs due to low-level data when attempting to generate a restart condition

() When WTIMO = 1

STTO =1
\

| sT |AD6 to ADO| RW | AK | D7toD0 | AK | D7toD0 | AK | D7toD0 | AK | sP |

A1 A2 A3 A4

A1: 1ICSO = 1000x110B

A2: 1ICSO = 1000x100B (Sets STTO)

A3: [ICSO =01000100B (Example When ALDO is read during interrupt servicing)
A4: 11ICS0O = 00000001B

Remark 4A: Always generated
A: Generated only when SPIEOQ = 1
x: Don’t care

(g) When arbitration loss occurs due to a stop condition when attempting to generate a restart condition

(i) When WTIMO = 1

STTO =1
l

| s [ADs to ADO| RW | Ak | D7t0D0 | Ak | sp |

A1 A2 A3

A1: [ICSO = 1000x110B
A2: 1ICSO = 1000xx00B (Sets STTO)
A3: 1ICS0 = 01000001B

Remark 4A: Always generated
A: Generated only when SPIEQ = 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

SPTOQ =1
|

| sT [AD6to ADO| RW | AK | D710D0 | Ak | D7toD0 | AK | D7toD0 | AK | sP |

A1 A2 A3 A4

A1: [ICSO = 1000x110B
A2: |ICSO = 1000xx00B (Sets SPTO)

A3: [ICSO = 01000000B (Example When ALDO is read during interrupt servicing)
A4: 1ICS0O = 00000001B

Remark 4A: Always generated
A: Generated only when SPIEO = 1
x: Don’t care
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18.6 Timing Charts

When using the I2C 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 I1IC 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

11CO | ICO « address | ICO « data

ACKDO \ I ‘ \

STDO _| \ \

SPDO I

I

WTIMO H /

ACKEO H /

MSTSO __| /
STTO

. ]

WRELO L /

INTIICO \\\\ 11 /

TRCO H

Transfer lines

Transmit

Start condition

| Processing by slave device |
lIcCo

ACKDO y [

STDO _ | |

SPDO |

WTIMO H / /

ACKEO H /

MSTSO L

STTO L l

SPTO L

INTIICO

\
WRELO \ \ I'I Note
YT

When EXCO = 1
TRCO L Receive (When EXC0 =1)

Note To cancel slave wait, write “FFH” to 1IC0O or set WRELO.
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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

11CO | IICO « data | 1ICO « data
1 \

ACKDO | \l [ \ I

STDO L

SPDO L \

e ! |

ACKEO H / /
MSTSO H /
STTO L

SPTO _L /

INTIICO

WRELO | / /

TRCO H

[
SDAO DO\ _\ b7 X o6 X D5

| Processing by slave device |
lico /) ICO « FFHNot

ACKDO ﬁ I I
STDO L /

SPDO L /

WTIMO H /

ACKEO H
MSTSO L

STTO L / \

SPTO L / \

WRELO \ []Note \ [Note

INTIICO \1_| &1—;

TRCO L Receive

Note To cancel slave wait, write “FFH” to 1IC0O or set WRELO.
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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|

lIco | |ICO « data | ICO < address
\

AckDo | [ ]

STDO
SPDO

WTIMO H

ACKEO H

MSTSO0

o [\
wes b L

P A

( | (When SPIEO = 1)

TRCO H Transmit

Transfer lines

SCLO

SDAO A6 X A5

Stop Start
- - condition condition
| Processing by slave device |
l1Co |_1ICO « FFHNete | ICO « FFHNete
I I
ACKDO
STDO
SPDO /
WTIMO  H /
ACKEOQ H
MSTS0 L
STTO L (
SPTO L \
WRELO [INote \ []Note
INTIICO >~ [ ]
(When SPIEQ = 1)

TRCO L Receive

Note To cancel slave wait, write “FFH” to 1IC0O 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|

lIco | 1ICO « address | 1ICO « FFH"et
\ \

ACKDO I I

STDO

sppo0 | }

WTIMO  H /

L
|

ACKEO H /

MSTSO _|
STTO /
i) /
WRELO \

INTIICO \ 41 ‘

TRCO ] h & \

Transfer lines

SCLO

SDAO
Start condition

Processing by slave device |

IICo
ACKDO

STDO |

spD0 |
WTIMo H
ACKEO H
MSTSO _L

STT0 _L

sPTO _L
WRELO _L
INTIICO

TRCO

Note To cancel master wait, write “FFH” to 1IC0O 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 [IC0 « FFHNote | IICO « FFHMNete
Aackoo [}
STDO L \
SPDO L
WTIMO  H /
ACKEO  H / /
MSTSO  H
sTT0 L
SPTO L / /
WRELO / []Note / [ Note
INTIICO A / A {
TRCO _ L R% \ < \
\
scLo 8 1] 2] [s
* SDA0 DO \ACK D7 X D6 X D5
| Processing by slave device |
lico \ | ICO « data | ICO « data
ACKDO | -
STDO L
SPDO L / /
WTIMO  H // /I
ACKEO  H
MSTSO L

oo 1/ |
w0 o] |

WRELO L \ l

INTIICO \|_| K~|_|

TRCO H Transmit

* Note To cancel master wait, write “FFH” to 1IC0O or set WRELDO.
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CHAPTER 18 SERIAL INTERFACE IICO (uPD780024AY, 780034AY SUBSERIES ONLY)

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|

IICO } IICO < FFHNete } IICO « address
Ackbo ]
STDO [
SPDO [ ]
WTIMO  H
ACKEO |
MSTS0 |
STTO 'R
SPTO / A

(
e | NN

INTIICO \

A1
N

Transfer lines

SCLO

SDAO A6

A5

Stop Start
condition condition

| Processing by slave device |

lico 11IC0 ¢ 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 1IC0O or set WRELDO.
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CHAPTER 19 INTERRUPT FUNCTIONS

.1 Interrupt Function Types
The following three types of interrupt functions are used.

Non-maskable interrupt

This interrupt is acknowledged even in an interrupt disabled state. It does not undergo priority control and is
given top priority over all other interrupt requests. The other interrupt requests are held pending while the non-
maskable interrupt is serviced.

The non-maskable interrupt generates a standby release signal and releases the HALT mode during main system
clock operation.

The non-maskable interrupt has only interrupt request from the watchdog timer.

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).
Multiple high priority interrupts can be applied to low priority interrupts. If two or more interrupts with the same
priority are simultaneously generated, each interrupt has a predetermined priority (see Table 19-1).

The maskable interrupt generates a standby release signal and releases the STOP and HALT modes.

Five external interrupt requests and 13 internal interrupt requests are incorporated as maskable interrupts.

Software interrupt
This is a vectored interrupt to be generated by executing the BRK instruction. It is acknowledged even in an
interrupt disabled state. The software interrupt does not undergo interrupt priority control.

.2 Interrupt Sources and Configuration

A total of 20 interrupt sources exist among non-maskable, maskable, and software interrupts (see Table 19-1).

Remark A non-maskable interrupt or a maskable interrupt (internal) can be selected as the watchdog timer
interrupt (INTWDT).
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CHAPTER 19 INTERRUPT FUNCTIONS

Table 19-1. Interrupt Source List

Interrupt Default Interrupt Source Internal/ Vector Basic
Type | PriorityNote 1 External Table Configuration
Name Trigger Address TypeN°‘e 2
Non- - INTWDT Watchdog timer overflow Internal 0004H (A)
maskable (with watchdog timer mode 1 selected)
Maskable 0 INTWDT Watchdog timer overflow (B)
(with interval timer mode selected)
1 INTPO Pin input edge detection External | 0006H (C)
2 INTP1 0008H
3 INTP2 000AH
4 INTP3 000CH
5 INTSERO | Serial interface UARTO reception error Internal 000EH (B)
generation
6 INTSRO End of serial interface UARTO reception 0010H
7 INTSTO End of serial interface UARTO transmission 0012H
8 INTCSI30 | End of serial interface SIO30 transfer 0014H
9 INTCSI31 | End of serial interface SIO31 transfer 0016H
[only for uPD780024A, 780034A Subseries]
10 INTIICO End of serial interface IICO transfer 0018H
[only for uPD780024AY, 780034AY Subseries]
11 INTWTI Reference time interval signal from watch timer 001AH
12 INTTMOO | Match between TMO and CR00 001CH
(when CROO is specified as compare register)
Detection of TI01 valid edge
(when CROO is specified as capture register)
13 INTTMO1 Match between TMO and CRO1 001EH
(when CRO1 is specified as compare register)
Detection of TIO0 valid edge
(when CRO1 is specified as capture register)
14 INTTM50 | Match between TM50 and CR50 0020H
15 INTTM51 Match between TM51 and CR51 0022H
16 INTADO End of A/D converter conversion 0024H
17 INTWT Watch timer overflow 0026H
18 INTKR Port 4 falling edge detection External | 0028H (D)
Software - BRK BRK instruction execution - 003EH (E)

Notes 1. The default priority is the priority applicable when two or more maskable interrupts are generated

simultaneously. 0 is the highest priority, and 18 is the lowest.

2. Basic configuration types (A) to (E) correspond to (A) to (E) in Figure 19-1.
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CHAPTER 19 INTERRUPT FUNCTIONS

Figure 19-1. Basic Configuration of Interrupt Function (1/2)

(A) Internal non-maskable interrupt

S Internal bus S

Interrupt Priority controller Vector table
request y address generator

Standby release signal

(B) Internal maskable interrupt

S Internal bus S

MK IE PR ISP

o Vector table
Interrupt I Priority controller address generator

request

Standby release signal

(C) External maskable interrupt (INTPO to INTP3)

S Internal bus S
External interrupt edge
enable register MK IE PR ISP
(EGP, EGN)
Interrupt Edge IF | ) Priority controller [ Zgg:(e);;ag;erator
request detector

Standby release signal
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CHAPTER 19

INTERRUPT FUNCTIONS

Figure 19-1. Basic Configuration of Interrupt Function (2/2)

(D) External maskable interrupt (INTKR)

Internal bus

J

Interrupt Falling

request edge IF
detector

1 when MEM = 01H

(E) Software interrupt

MK IE PR ISP
Priority controller [— Vector table
y address generator
Standby release signal
S Internal bus S

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

_ =

Vector table
address generator
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CHAPTER 19 INTERRUPT FUNCTIONS

19.3 Interrupt Function Control Registers

The following 6 types of registers are used to control the interrupt functions.

« Interrupt request flag registers (IFOL, IFOH, IF1L)
» Interrupt mask flag registers (MKOL, MKOH, MK1L)

» Priority specification flag registers (PROL, PROH, PR1L)
» External interrupt rising edge enable register (EGP)

« External interrupt falling edge enable register (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 Source Interrupt Request Flag Interrupt Mask Flag Priority Specification Flag
Register Register Register
INTWDT WDT|FNote 1 IFOL WDTMK MKOL WDTPR PROL
INTPO PIFO PMKO PPRO
INTP1 PIF1 PMK1 PPR1
INTP2 PIF2 PMK2 PPR2
INTP3 PIF3 PMK3 PPR3
INTSERO SERIFO SERMKO SERPRO
INTSRO SRIFO0 SRMKO SRPRO
INTSTO STIFO STMKO STPRO
INTCSI30 CSIIF30 IFOH CSIMK30 MKOH CSIPR30 PROH
INTCSI31Note 2 CSIIF31Note 2 CSIMK31Note 2 CSIPR31Note 2
INTIICQNote 3 [ICIFQNote 3 [ICMKQNote 3 lICPRONote 3
INTWTI WTIIF WTIMK WTIPR
INTTMOO TMIF00 TMMKO00 TMPROO
INTTMO1 TMIFO1 TMMKO1 TMPRO1
INTTM50 TMIF50 TMMK50 TMPR50
INTTM51 TMIF51 TMMK51 TMPR51
INTADO ADIFO IF1L ADMKO MK1L ADPRO PR1L
INTWT WTIF WTMK WTPR
INTKR KRIF KRMK KRPR

Notes 1. Interrupt control flag when watchdog timer is used as interval timer
2. uPD780024A, 780034A Subseries only

3. uPD780024AY, 780034AY Subseries only
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CHAPTER 19 INTERRUPT FUNCTIONS

(1) Interrupt request flag registers (IFOL, IFOH, IF1L)
The interrupt request flags are set to 1 when the corresponding interrupt request is generated or an instruction
is executed. They are cleared to 0 when an instruction is executed upon acknowledgment of an interrupt request
or upon application of RESET input.
IFOL, IFOH, and IF1L are set by a 1-bit or 8-bit memory manipulation instruction. When IFOL and IFOH are
combined to form 16-bit register IFO, they are set by a 16-bit memory manipulation instruction.
RESET input clears these registers to 00H.

Figure 19-2. Format of Interrupt Request Flag Registers (IFOL, IFOH, IF1L)

Address: FFEOH After reset: 00H R/W

Symbol <7> <6> <5> <4> <3> <2> <1> <0>

IFOL STIFO SRIFO SERIFO PIF3 PIF2 PIF1 PIFO WDTIF

Address: FFE1H After reset: 00H R/W
Symbol <7> <6> <5> <4> <3> <2> <1> <0>

IFOH TMIF51 TMIF50 TMIFO1 TMIFO0 WTIIF lICIFQNote 1 |cg||F31Note 2 CSIF30

Address: FFE2H After reset: 00H R/W

Symbol 7 6 5 4 3 <2> <1> <0>
IF1L 0 0 0 0 0 KRIF WTIF ADIFO
XXIFX Interrupt request flag
0 No interrupt request signal is generated
1 Interrupt request signal is generated, interrupt request status

Notes 1. Incorporatedonlyinthe uPD780024AY, 780034AY Subseries. Be sureto clear 0 forthe uPD780024A,
780034A Subseries.
2. Incorporated only in the uPD780024A, 780034A Subseries. Be sure to clear 0 for the uPD780024AY,
780034AY Subseries.

Cautions 1. The WDTIF flag is R/W enabled only when the watchdog timer is used as the interval timer.

If watchdog timer mode 1 is used, set the WDTIF flag to 0.

2. Be sure to clear bits 3 to 7 of IF1L to 0.

3. When operating a timer, serial interface, or A/D converter after standby release, run it once
after clearing an interrupt request flag. An interrupt request flag may be set by noise.

4. When an interrupt is acknowledged, the interrupt request flag is automatically cleared, and
then processing of the interrupt routine is started.

5. 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
generated, the flag corresponding to the interrupt request may not be set (1).
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(2)

408

Interrupt mask flag registers (MKOL, MKOH, MK1L)

The interrupt mask flags are used to enable/disable the corresponding maskable interrupt service.

MKOL, MKOH, and MK1L are set by a 1-bit or 8-bit memory manipulation instruction. When MKOL and MKOH
are combined to form a 16-bit register MKO, they are set by a 16-bit memory manipulation instruction.
RESET input sets these registers to FFH.

Figure 19-3. Format of Interrupt Mask Flag Registers (MKOL, MKOH, MK1L)

Address: FFE4H After reset: FFH R/W

Symbol <7> <6> <5> <4> <3> <2> <1> <0>

MKOL STMKO SRMKO SERMKO PMK3 PMK2 PMK1 PMKO WDTMK

Address: FFES5H After reset: FFH R/W

Symbol <7> <6> <5> <4> <3> <2> <1> <0>

MKOH TMMK51 TMMK50 | TMMKO1 TMMKO0 WTIMK | IICMKQNete 1 |CSIMK31Note 2| CSIMK30

Address: FFE6H After reset: FFH R/W

Symbol 7 6 5 4 3 <2> <1> <0>
MK1L 1 1 1 1 1 KRMK WTMK ADMKO
XXMKX Interrupt servicing control
0 Interrupt servicing enabled
1 Interrupt servicing disabled

Notes 1. Incorporated only inthe uyPD780024AY, 780034AY Subseries. Be sure to set 1 for the uPD780024A,
780034A Subseries.
2. Incorporated only in the uPD780024A, 780034A Subseries. Be sure to set 1 for the uPD780024AY,
780034AY 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 input, when
the output level is changed by specifying the output mode of the port function, an interrupt
request flag is set. Therefore, 1 should be set in the interrupt mask flag before using the
output mode.

3. Be sure to set bits 3 to 7 of MK1L to 1.
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(3) Priority specification flag registers (PROL, PROH, PR1L)
The priority specification flags are used to set the corresponding maskable interrupt priority orders.
PROL, PROH, and PR1L are set by a 1-bit or 8-bit memory manipulation instruction. If PROL and PROH are
combined to form 16-bit register PRO, they are set by a 16-bit memory manipulation instruction.
RESET input sets these registers to FFH.

Figure 19-4. Format of Priority Specification Flag Registers (PROL, PROH, PR1L)

Address: FFE8H After reset: FFH R/W

Symbol <7> <6> <5> <4> <3> <2> <1> <0>

PROL STPRO SRPRO SERPRO PPR3 PPR2 PPR1 PPRO WDTPR

Address: FFE9H After reset: FFH R/W
Symbol <7> <6> <5> <4> <3> <2> <1> <0>

PROH TMPR51 TMPR50 TMPRO1 TMPROO WTIPR ICPRQNote T |CS|PR31Note 2| CSIPR30

Address: FFEAH After reset: FFH R/W

Symbol 7 6 5 4 3 <2> <1> <0>
PR1L 1 1 1 1 1 KRPR WTPR ADPRO
XXPRX Priority level selection
0 High priority level
1 Low priority level

Notes 1. Incorporated only inthe uyPD780024AY, 780034AY Subseries. Be sure to set 1 for the uPD780024A,
780034A Subseries.
2. Incorporated only in the uPD780024A, 780034A Subseries. Be sure to set 1 for the uPD780024AY,
780034AY Subseries.

Cautions 1. If the watchdog timer is used in watchdog timer mode 1, set the WDTPR flag to 1.
2. Be sure to set bits 3 to 7 of PR1L 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 clears 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 EGNS3 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 to hold the instruction execution result and the current status for an interrupt
request. The IE flag to set maskable interrupt enable/disable and the ISP flag to control nesting processing are
mapped.
Besides 8-bit read/write, this register can carry out operations with a bit manipulation instruction and dedicated
instructions (El and DI). When a vectored interrupt request is acknowledged, if the BRK instruction is executed,
the contents of PSW are automatically saved into a stack and the IE flag is reset to 0. If a maskable interrupt
request is acknowledged, the contents of the priority 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 restored from the stack with the RETI, RETB, and POP PSW instructions.
RESET input sets PSW to 02H.

Figure 19-6. Program Status Word Format

7 6 5 4 3 2 1 0 After reset

PSW| IE Z |RBS1| AC |RBSO| O ISP | CY 02H

» Used when normal instruction is executed

ISP Priority of interrupt currently being serviced

0 | High-priority interrupt servicing (Low-priority
interrupt disable)

1 Interrupt request not acknowledged, or low-
priority interrupt servicing (All maskable
interrupts enable)

IE Interrupt request acknowledge enable/disable
0 Disable
1 Enable
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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.

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 interruptis generated, execute the RETl instruction to restore
processing from the interrupt.
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Figure 19-7. Non-Maskable Interrupt Request Generation to Acknowledge Flowchart

WDTM4 = 1
(with watchdog timer
mode selected)?

No

Interval timer

Overflow in WDT?

WDTM3 =0
(with non-maskable
interrupt selected)?

No

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 Acknowledge Timing

PSW and PC save, jump

Instruction Instruction to interrupt servicing

CPU processing

Interrupt service
program

WDTIF

HEEEEEEREEEN

Interrupt request generated during this interval is acknowledged at .

WDTIF: Watchdog timer interrupt request flag
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Figure 19-9. Non-Maskable Interrupt Request Acknowledge Operation

(a) If a non-maskable interrupt request is generated during non-maskable interrupt servicing program

execution
C Main routine )

NMI request <1> ——

\

—-—— Execution of NMI request <1>

NMI request <2 NMI request <2> held pending

Execution of 1 instruction ——

——— Servicing of NMI request <2> that was pended

/l

(b) If two non-maskable interrupt requests are generated during non-maskable interrupt servicing program

execution
C Main routine )

NMI request <1> ——

\

—<—— 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 NMI request <2> that was pended

NMI request <3> not acknowledged
(Although two or more NMI requests have been generated,
only one request is acknowledged.)
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19.4.2 Maskable interrupt request acknowledgment operation

A maskable interrupt request 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 set to 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 (fcru: 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 Acknowledge Processing Algorithm

( Start )

Yes (Interrupt request generation)

No

(Interrupt request held pending)

Yes (High priority)

No (Low priority)

Any high-priority
/interrupt request among Yes
those simultaneously generated

Any high-priority
interrupt request among those
simultaneously generated
with xxPR = 07?

Yes

(Interrupt request held pending)

with xxPR = 0?2,

(Interrupt request held pending)

No

No

(Interrupt request held pending)

Any high-priority
interrupt request among Yes
hose simultaneously
generated?

xXIF:
xxXMK:
xxPR:
IE:
ISP:
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No (Interrupt request held pending)

: . No
( Vectored interrupt servicing )

Yes (Interrupt request held pending)

No

Y
es (Interrupt request held pending)

( Vectored interrupt servicing )

Interrupt request flag

Interrupt mask flag

Priority specification flag

Flag that controls acknowledge of maskable interrupt request (1 = enable, 0 = disable)

Flag that indicates the priority level of the interrupt currently being serviced (0 = high-priority interrupt
servicing, 1 = no interrupt request acknowledged, or low-priority interrupt servicing)
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Figure 19-11. Interrupt Request Acknowledge Timing (Minimum Time)

6 clocks

PSW and PC save,

CPU processing Instruction Instruction jump to interrupt

Interrupt servicing
program

—— [T L,
| |
| 8 clocks !

PR 2 0) RN INEEEEN L,
| |
! 7 clocks !

Remark 1 clock: 1/fcru (fcru: CPU clock)

Figure 19-12. Interrupt Request Acknowledge Timing (Maximum Time)

25 clocks 6 clocks

PSW and PC save,

Interrupt servicing

CPU processing Instruction Divide instruction jsuen:\?i Cticr>“iqnterrupt program
AR
boPR 1) [T /\/\// [/ L,
|
\ 33 clocks
AR
o [TTOTTTITIT
|
| 32 clocks
Remark 1 clock: 1/fcru (fcpu: CPU clock)

19.4.3 Software interrupt request acknowledgment operation

A software interrupt request is acknowledged by BRK instruction execution. Software interrupts cannot be disabled.
If a software interrupt request is acknowledged, the contents are saved into the stacks in the order of the program
status word (PSW), then program counter (PC), the IE flag is reset (0), and the contents of the vector table (003EH,

003FH) are loaded into PC and branched.
Return from a software interrupt is possible with the RETB instruction.

Caution Do not use the RETI instruction for returning from the software interrupt.
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19.4.4 Nesting interrupt servicing

Nesting occurs when another interrupt request is acknowledged during execution of an interrupt.

Nesting does not occur unless the interrupt request acknowledge enable state is selected (IE = 1) (except non-
maskable interrupts). Also, when an interrupt request is acknowledged, interrupt request acknowledge becomes
disabled (IE =0). Therefore, to enable nesting, itis necessary to set (1) the IE flag with the El instruction during interrupt
servicing to enable interrupt acknowledge.

Moreover, even if interrupts are enabled, nesting 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 nesting.

Inthe interrupt enable state, if an interrupt request with a priority equal to or higher than that of the interrupt currently
being serviced is generated, it is acknowledged for nesting. 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 nesting.

Interrupt requests that are not enabled because of the interrupt disable state or they have a lower priority are held
pending. When servicing of the current interrupt ends, the pended interrupt request is acknowledged following
execution of at least one main processing instruction execution.

Nesting is not possible during non-maskable interrupt servicing.

Table 19-4 shows interrupt requests enabled for nesting and Figure 19-13 shows nesting examples.

Table 19-4. Interrupt Requests Enabled for Nesting During Interrupt Servicing

Nesting Request Non-Maskable Maskable Interrupt Request Software

Interrupt Request PR =0 PR = 1 Interrupt

Request

Interrupt Being Serviced IE =1 IE=0 IE =1 IE=0

Non-maskable interrupt X X X X X O
Maskable interrupt ISP =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: Nesting enabled

2. x: Nesting 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. Nesting Examples (1/2)

Example 1. Nesting occurs twice

Main processing INTxx servicing INTyy servicing INTzz servicing

EZ' IE=0 ITl 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 nesting 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
| EZ' IE=0
| El |
INTXX —» INTyy —=
(PR=0) (PR=1)
RETI
IE =

|1 instruction execution |

Interrupt request INTyy issued during servicing of interrupt INTxx is not acknowledged because its priority is lower
than that of INTxx, and nesting does not take place. The INTyy interrupt requestis 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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CHAPTER 19 INTERRUPT FUNCTIONS

Figure 19-13. Nesting Examples (2/2)

Example 3. Nesting does not occur because interrupts are not enabled

Main processing INTxx servicing INTyy servicing

L& ]

INTyy —
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 nesting 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
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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 executed,
request acknowledge is held pending until the end of execution of the next instruction. These instructions (interrupt
request hold instructions) are listed below.

MOV PSW, #byte

« MOV A, PSW

« MOV PSW, A

+ MOV1 PSW.bit, CY

« 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

* Manipulate 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 to 0. Therefore, even if a maskable interrupt request is generated during execution of
the BRK instruction, the interrupt request is not acknowledged. However, a non-maskable
interrupt request is acknowledged.

Figure 19-14 shows the timing with 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 (interrupt request).
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CHAPTER 20 EXTERNAL DEVICE EXPANSION FUNCTION

Use the expanded-specification products of the uPD780024A and 780034A Subseries, under the conventional-
specification conditions (fx = 8.38 MHz: Vob = 4.0t0 5.5 V, fx =5 MHz: Voo = 2.7t0 5.5 V, fx = 1.25 MHz: Vop = 1.8
to 5.5V).

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 - _0 ';7_ B __O_ 1_ 2_ ? _4 _5 _6_7_ 4_ B 5_ B 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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CHAPTER 20 EXTERNAL DEVICE EXPANSION FUNCTION

The memory maps when the external device expansion function is used are as follows.

(a) Memory map of uPD780021A,780031A,780021AY,
780031AY and of uPD78F0034A,78F0034AY when
internal ROM (flash memory) size is 8 KB

FFFFH

FFOOH
FEFFH

FDOOH
FCFFH

F800H
F7FFH

6000H
5FFFH

3000H
2FFFH

2100H
20FFH

2000H
1FFFH

0000H

Figure 20-1. Memory Map When Using External Device Expansion Function (1/2)

SFR

FFFFH

FFOOH

Internal high-speed RAM

FEFFH

FDOOH

Reserved

FCFFH

F800H

Full-address mode
(when MM2 to MMO = 111)

16 KB expansion mode
(when MM2 to MMO = 101)

4 KB expansion mode

(when MM2 to MMO = 100)

256-byte expansion mode
(when MM2 to MMO = 011)

F7FFH

8000H
7FFFH

5000H
4FFFH

4100H
40FFH

4000H
3FFFH

Single-chip mode

0000H
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SFR

Internal high-speed RAM

Reserved

Full-address mode
(when MM2 to MMO = 111)

16 KB expansion mode
(when MM2 to MMO = 101)

4 KB expansion mode
(when MM2 to MMO = 100)

256-byte expansion mode
(when MM2 to MMO = 011)

Single-chip mode

(b) Memory map of uPD780022A,780032A,780022AY,
780032AY and of uPD78F0034A,78F0034AY when
internal ROM (flash memory) size is 16 KB
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CHAPTER 20 EXTERNAL DEVICE EXPANSION FUNCTION

(c) Memory map of uPD780023A,780033A,780023AY,
780033AY and of uPD78F0034A, 78F0034AY when
internal ROM (flash memory) size is 24 KB

FFFFH

FFOOH
FEFFH

FBOOH
FAFFH

F800H
F7FFH

AOOOH
9FFFH

7000H
6FFFH

6100H
60FFH

6000H
5FFFH

0000H
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Figure 20-1. Memory Map When Using External Device Expansion Function (2/2)

SFR

Internal high-speed RAM

Reserved

(when MM2 to MMO = 111)

16 KB expansion mode
(when MM2 to MMO = 101)

4 KB expansion mode
(when MM2 to MMO = 100)

256-byte expansion mode
(when MM2 to MMO = 011)

Full-address mode i

Single-chip mode

(d) Memory map of uPD780024A,780034A,780024AY,
780034AY and of uPD78F0034A,78F0034AY when
internal ROM (flash memory) size is 32 KB

FFFFH

FFOOH

SFR

FEFFH

FBOOH

Internal high-speed RAM

FAFFH

F800H

Reserved

F7FFH

))

CO00H
BFFFH

9000H
8FFFH

8100H
80FFH

8000H

(when MM2 to MMO = 111)

16 KB expansion mode
(when MM2 to MMO = 101)

4 KB expansion mode
(when MM2 to MMO = 100)

256-byte expansion mode
(when MM2 to MMO = 011)

= Full-address mode =

(

7FFFH

Single-chip mode

0000H
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CHAPTER 20 EXTERNAL DEVICE EXPANSION FUNCTION

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 clears 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 | 0 | 0 | 0 | 0 | 0 | MM2 | MM1 | MMO |
MM2 MMH1 MMO Single-chip/memory P40 to P47, P50 to P57, P64 to P67 pin state

expansion mode selection | pg 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
N =
1 0 o |modeNore T, kg A8 to A11| 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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CHAPTER 20 EXTERNAL DEVICE EXPANSION FUNCTION

(2) Memory expansion wait setting register (MM)
MM sets the number of waits.
MM is set by a 1-bit or 8-bit memory manipulation instruction.
RESET input sets MM to 10H.

Figure 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
PW1 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. When wait is controlled by the external wait pin, be sure to 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 /O port pin.
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CHAPTER 20 EXTERNAL DEVICE EXPANSION FUNCTION

20.3 External Device Expansion Function Timing
Timing control signal output pins in the external memory expansion mode are as follows.

(1) RD pin (Alternate function: P64)
Read strobe signal output pin. The read strobe signal is output in data read and instruction fetch from external
memory.
During internal memory read, the read strobe signal is not output (maintains high level).

(2) WR pin (Alternate function: P65)
Write strobe signal output pin. The write strobe signal is output in data write to external memory.
During internal memory write, the write strobe signal is not output (maintains high level).

(3) 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 I/O port.
During internal memory access, the external wait signal is ignored.

(4) ASTB pin (Alternate function: P67)
Address strobe signal output pin. The address strobe signal is output regardless of data access and instruction
fetch from external memory.
During internal memory access, the address strobe signal is output.

(5) ADO to AD7, A8 to A15 pins (Alternate function: P40 to P47, P50 to P57)
Address/data signal output pins. Valid signal is output or input during data accesses and instruction fetches from
external memory.

These signals change even during internal memory access (output values are undefined).

The timing charts are shown in Figures 20-4 to 20-7.

User's Manual U14046EJ3VOUD 427



CHAPTER 20 EXTERNAL DEVICE EXPANSION FUNCTION

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 10 A15 X Higher address X

(b) Wait (PW1, PWO = 0, 1) setting

asB [\
RD \ /

ADO to AD7 XLower addressX Instruction code X
A8 10 A15 X Higher address X
Internal wait signal "~~~ """"TTTTTTTTTTEmTOT ' poTTTTTTTTT T
(1-clock wait) Vemmmmmm '

(c) External wait (PW1, PWO0 = 1, 1) setting

ASTB 4/_\ .
RO N /

ADO to AD7 XLower addressX Instruction code X

A8 to A15 X Higher address X

war —
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CHAPTER 20 EXTERNAL DEVICE EXPANSION FUNCTION

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

X

Higher address

(b) Wait (PW1, PWO = 0, 1) setting

[\

\

XLower address X Read data
X Higher address
(c) External wait (PW1, PWO0 = 1, 1) setting
XLower addressX Read data ><
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 [\
WA \ T

ADO to AD7 XLower address)- ----- Mz ... -< Write data X

M

A8 to A15 X Higher address

(b) Wait (PW1, PWO = 0, 1) setting

ASTB [\
- \ —
ADO to AD7 ) @) TILILE TR { Write data X
A8 to A15 X Higher address X

Internal wait signal ' !
(1-clock wait) Ve '

(c) External wait (PW1, PWO = 1, 1) setting

ASTB / \ "

WA \

ADO to AD7 5T SRR oo {7 wiedata X

A8 to A15 X Higher address

WAIT ./

M
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Figure 20-7. External Memory Read Modify Write Timing

(a) No wait (PW1, PWO = 0, 0) setting

ASTB / \

o /

WA \ [

Hi-Z

ADO to AD7 X Lower X Readdata  »---X Writedata X

A8 to A15 X Higher address

M

(b) Wait (PW1, PWO = 0, 1) setting

ASTB / \

Cower Hi-Z :
ADO to AD7 X address X Read data >— - -< Write data X
A8 to A15 X Higher address X
Internal wait signal Y ST \ FooTTTTTITITTTTTIT
(1-clock wait) temmm- ! Yomme- !

(c) External wait (PW1, PWO0 = 1, 1) setting

ASTB / \ . .

), b

(\

RO (- / "

),

[

WR " (- /
Tomer {f Hi-Z 4 -
ADO to AD7 X address X . Read data >- - -< . Write data X
A8 to A15 X Higher address X

WAT ./ | W

Remark The read-modify-write timing is that of an 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 provide an example of connecting the uPD780024A with external memory (in this example, SRAM)
in Figure 20-8. In addition, the external device expansion function is used in the full-address mode, and the addresses

from 0000H to 7FFFH (32 KB) are allocated for internal ROM, and the addresses after 8000H for SRAM.

Figure 20-8. Connection Example of uPD780024A and Memory

Vbbo
uPD780024A g . 1PD43256B _
_ & &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;7_ L
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CHAPTER 21 STANDBY FUNCTION

.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)

(2)

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.

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 Vop = 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, select the 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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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 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 0 212/t 488 us 341 us

0 0 1 214/t 1.95 ms 1.36 ms

0 1 0 215/fx 3.91 ms 2.73 ms

0 1 1 216/t 7.82 ms 5.46 ms

1 0 0 217/fx 15.6 ms 10.9 ms

Other than above Setting prohibited

Note Expanded-specification products of uPD780024A, 780034A Subseries only.

Caution The waittime after the STOP mode is released does notinclude 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 l

waveform

Remark fx: Main system clock oscillation frequency
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CHAPTER 21 STANDBY FUNCTION

21.2 Standby Function Operations

21.2.1 HALT mode

(1) HALT mode setting and operating statuses

The HALT mode
subsystem clock.

is set by executing the HALT instruction. It can be set with the main system clock or the

The operating statuses in the HALT mode are described below.

Table 21-1. HALT Mode Operating Statuses

Iltem

ClockNote 1 ClockNote 2 Clock Oscillation

Clock Oscillation
Stopped

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

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.

counters 50, 51

16-bit timer/event Operable Stop
counter 0
8-bit timer/event Operable Operable when TI50,

TI51 are selected as

count clock.

Watch timer

Operable when fx/27 is | Operable
selected as count clock.

Operable when fxt is
selected as count clock.

Watchdog timer

Operable Operation stops.

Clock output

Operable when fx to fx/27| Operable

is selected as output clock|

Operable when fxt is

selected as output 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 ADO to 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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CHAPTER 21 STANDBY FUNCTION

(2) HALT mode release
The HALT mode can be released with the following three types of sources.

(a)

(b)

436

Release by unmasked interrupt request

When an unmasked interrupt request is generated, the HALT mode is released. If interrupt acknowledge
is enabled, vectored interrupt service is carried out. If interrupt acknowledge is disabled, the next address
instruction is executed.

Figure 21-2. HALT Mode Release by Interrupt Request Generation

Interrupt request
HALT instruction

Standby release
signal

Operating mode HALT mode Wait ‘ Operating mode

Oscillation
Clock

Remarks 1. The broken line indicates the case when the interrupt request which has released the standby
mode is acknowledged.
2. Wait times are as follows:
» When vectored interrupt service is carried out: 8 or 9 clocks
* When vectored interrupt service is not carried out: 2 or 3 clocks

Release by non-maskable interrupt request

When a non-maskable interrupt request is generated, the HALT mode is released and vectored interrupt
service is carried out whether interrupt acknowledge is enabled or disabled.

However, a non-maskable interrupt request is not generated during subsystem clock operation.
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(c) Release by RESET input

When RESET signal is input, HALT mode is released. And, as in the case with normal reset operation, a

program is executed after branch to the reset vector address.

Figure 21-3. HALT Mode Release by RESET Input

HALT instruction

Wait

(2"7/fx: 15.6 ms) ‘

D)
€

RESET
signal
Reset Oscillation stabilization
Operating mode HALT mode period | wait status ‘ Operating mode
Oscillation ‘
Oscillation stop Oscillation

Clock

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 service execution
0 1 0 1 Next address instruction execution
0 1 X 0
0 1 1 1 Interrupt service execution
1 X X X HALT mode hold

Non-maskable interrupt request - - X X Interrupt service execution

RESET input - - X X Reset processing

x: don’t care
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21.2.2 STOP mode

(1) STOP mode setting and operating statuses
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 Vo1 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 statuses in the STOP mode are described below.

Table 21-3. STOP Mode Operating Statuses

Iltem

STOP Mode Setting

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 counter 0

Operation stops.

8-bit timer/event counters 50, 51

Operable only when TI50, TI51 are selected as count clock.

Watch timer

Operable only when fxr is selected as
count clock.

Operation stops.

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

Operable only when externally supplied clock is specified as the serial clock.

UARTO Operation stops. (Transmit shift register 0 (TXSO0), receive shift register 0 (RX0),
and receive buffer register 0 (RXBO0) hold the value just before the clock stopped.)
External interrupt Operable
Bus line during ADO to AD7 High impedance

external expansion A8 to A15

Status before STOP mode setting is held.

ASTB Low level
WR, RD High level
WAIT High impedance
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(2) STOP mode release

The STOP mode can be released by the following two types of sources.

(a) Release by unmasked interrupt request

When an unmasked interrupt request is generated, the STOP mode is released. If interrupt acknowledge

is enabled after the lapse of oscillation stabilization time, vectored interrupt service is carried out. If interrupt

acknowledge is disabled, the next address instruction is executed.

Figure 21-4. STOP Mode Release by Interrupt Request Generation

Interrupt Wait
request (Time set by OSTS) |
STOP instruction ‘
)
Standby release o !
signal ...
Oscillation stabilization
Operating mode STOP mode wait status ‘ Operating mode
Oscillation Oscillation stop Oscillation
Clock

Remark The broken line indicates the case when the interrupt request which has released the standby

mode is acknowledged.
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(b) Release by RESET input
The STOP mode is released when RESET signal is input, and after the lapse of oscillation stabilization time,
reset operation is carried out.

Figure 21-5. STOP Mode Release by RESET Input

Wait
STOP instruction (2"7/fx: 15.6 ms) ‘
) )
RESET o
signal
Reset Oscillation stabilization
Operating mode STOP mode period | wait status ‘ Operating mode
Oscillation Oscillation sto Oscillation
Clock rat P

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 service execution
0 1 0 1 Next address instruction execution
0 1 X 0
0 1 1 1 Interrupt service execution
1 X X X STOP mode hold

RESET input - - X X Reset processing

x: don’t care
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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 has high impedance during reset input or during 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 (217/fx). The reset applied by watchdog timer overflow is automatically released after
a 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 pin becomes high impedance.

Figure 22-1. Reset Function Block Diagram

RESET
© Reset controller Reset signal
Overflow .
Count clock Watchdog timer Interrupt function
Stop
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CHAPTER 22 RESET FUNCTION

Figure 22-2. Timing of Reset by RESET Input
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Normal operation | ™ (Oscillation stop+) : stabilizat —f (Reset processing)
RESET \ | / |
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Figure 22-3. Timing of Reset Due to Watchdog Timer Overflow
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Figure 22-4. Timing of Reset in STOP Mode by RESET Input
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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
(O000H, 0001H) are set.
Stack pointer (SP) Undefined
Program status word (PSW) 02H
RAM Data memory UndefinedNote 2
General-purpose register UndefinedNote 2
Port (output latch) 00H
Port mode registers 0, 2 to 7 (PM0O, PM2 to PM7) FFH
Pull-up resistor option registers 0, 2 to 7 (PUO, PU2 to PU7) 00H
Processor clock control register (PCC) 04H
Memory size switching register (IMS) CFHNote 3
Memory expansion mode register (MEM) 00H
Memory expansion wait setting register (MM) 10H
Oscillation stabilization time select register (OSTS) 04H
16-bit timer/event counter 0 Timer counter 0 (TMO) 0000H
Capture/compare registers 00, 01 (CR00, CR01) Undefined
Prescaler mode register 0 (PRMO) 00H
Capture/compare control register 0 (CRCO) 00H
Mode control register 0 (TMCO) 00H
Output control register 0 (TOCO) 00H
8-bit timer/event counters 50, 51 Timer counters 50, 51 (TM50, TM51) 00H
Compare registers 50, 51 (CR50, CR51) Undefined
Clock select registers 50, 51 (TCL50, TCL51) 00H
Mode control registers 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, use the following value to be set for each version.

uPD780021A, 780021AY, 780031A, 780031AY: 42H

uPD780022A, 780022AY, 780032A, 780032AY:
uPD780023A, 780023AY, 780033A, 780033AY:
uPD780024A, 780024AY, 780034A, 780034AY:

44H
C6H
C8H

uPD78F0034A, 78F0034B, 78F0034AY, 78F0034BY: Value for mask ROM versions
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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 (ASISO0) 00H
Baud rate generator control register 0 (BRGCO) 00H
Transmit shift register 0 (TXS0) FFH
| Receive buffer register 0 (RXB0) |
Serial interfaces SI030, SI031Note 1| ghjft registers 30, 31 (SI030, SIO31) Undefined
Operation mode registers 30, 31 (CSIM30, CSIM31) 00H
Serial interface 1ICONote 2 Transfer clock select register 0 (IICCLO) 00H
Shift register 0 (11C0) 00H
Control register 0 (1ICCO0) 00H
Status register 0 (1ICS0) 00H
Slave address register 0 (SVAQ) 00H
Interrupt Request flag registers OL, OH, 1L (IFOL, IFOH, IF1L) 00H
Mask flag registers OL, OH, 1L (MKOL, MKOH, MK1L) FFH
Priority specification flag registers OL, OH, 1L (PROL, FFH
PROH, PR1L)
External interrupt rising edge enable register (EGP) 00H
External interrupt falling edge enable register (EGN) 00H

Notes 1. Serial interface SIO31 is provided only in the uPD780024A, 780034A Subseries.
2. Serial interface 11CO0 is provided only in the uPD780024AY, 780034AY Subseries.
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CHAPTER 23 uPD78F0034A, 78F0034B, 78F0034AY, 78F0034BY

The uPD78F0034A, 78F0034B, 78F0034AY, and 78F0034BY are provided as the flash memory versions of the
uPD780024A, 780034A, 780024AY, 780034AY Subseries.

The uPD78F0034A, 78F0034B, 78F0034AY, and 78F0034BY 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.

The following can be considered as the development environment and the applications using flash memory.

* Software can be altered after the uyPD78F0034A, 78F0034B, 78F0034AY, and 78F0034BY 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 correspondence between uPD78F0034A, 78F0034B, 78F0034AY, 78F0034BY and the
mask ROM versions.

Table 23-1. Correspondence Between uPD78F0034A, 78F0034B,
78F0034AY, 78F0034BY, and Mask ROM Versions

Mask ROM Version uPD780021A/22A/ uPD780021A(A)/ uPD780021AY/ uPD780021AY(A)/
23A/24A/31A/32A/ 22A(A)/23A(A)/24A(A)/ 22AY/23AY/24AY/ 22AY(A)/23AY(A)/
33A/34A 31A(A)/32A(A)/33A(A)/ 31AY/32AY/33AY/ 24AY(A)/31AY(A)/
34A(A) 34AY 32AY(A)/33AY(A)/
Conventional| Expanded- | Conventional| Expanded- S4AY(A)
Flash Memory Products | Specification| Products | Specification
Version Products Products
UPD78F0034A \ - - - _ _
uPD78F0034B - \/ - - - -
uPD78F0034B(A) - _ Note N B B
UPD78F0034AY - - - - \ -
uPD78F0034BY - - - - \/ -
uPD78F0034BY(A) - - - - - V

Note The uPD78F0034B(A) and the conventional products of the uPD780021A(A), 780022A(A), 780023A(A),
780024A(A), 780031A(A), 780032A(A), 780033A(A), and 780034A(A) differ in the operating frequency.
When replacing a flash memory version with a mask ROM version, note the supply voltage and operating
frequency.

Remarks 1. +: Supported, —: Not supported

2. Expanded-specification products and conventional products of the uPD780024A and 780034A
Subseries differ in operating frequency ratings. For details, refer to the description of electrical
specifications.

3. Expanded-specification products of the uPD780024AY, 780034AY Subseries are not available.
Only conventional products are available.

4. A special grade product of the uPD78F0034A, 78F0034AY is not available. Only a standard grade
product is available.
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23.1 Differences Between uPD78F0034A, 78F0034AY and uPD78F0034B, 78F0034BY

Table 23-2 shows the differences between the uPD78F0034A and uPD78F0034B, and Table 23-3 shows
differences between the uPD78F0034AY and uPD78F0034BY.

Table 23-2. Differences Between yPD78F0034A and uPD78F0034B

uPD78F0034A

uPD78F0034B

8.38 MHz (0.238 1)

12 MHz (0.166 us)

8.38 MHz (0.238 )

8.38 MHz (0.238 us)

5 MHz (0.4 us)

8.38 MHz (0.238 us)

5 MHz (0.4 us)

5 MHz (0.4 us)

ltem
Guaranteed operating speed 45t055V
(operating frequency) 401055V
3.0to 55V
27t055V
1.8t05.5V

1.25 MHz (1.6 ps)

1.25 MHz (1.6 us)

Minimum instruction execution time

Minimum instruction execution time variable function incorporated

When main system clock is selected

0.238 us/0.477 us/0.954 us/1.90 us/3.81 us
(@ 8.38 MHz operation, Voo = 4.0 to 5.5 V)

0.166 15/0.333 us/0.666 ps/1.33 us/2.66 us
(@ 12 MHz operation, Voo = 4.5 to 5.5 V)

When subsystem clock is selected

122 ps (32.768 kHz)

Clock output

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

+ 32.768 kHz (@ 32.768 kHz operation
with subsystem clock)

+ 93.7 kHz, 187 kHz, 375 kHz, 750 kHz,
1.5 MHz, 3 MHz, 6 MHz, 12 MHz (@ 12
MHz operation with main system clock)

+ 32.768 kHz (@ 32.768 kHz operation
with subsystem clock)

Buzzer output

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

1.46 kHz, 2.92 kHz, 5.85 kHz, 11.7 kHz
(@ 12 MHz operation with main system
clock)

Communication mode of flash memory
programming

« 3-wire serial I/0: 2 channels™®

* UART: 1 channel
« Pseudo 3-wire serial I/0: 1 channel

« 3-wire serial I/0: 2 channels"®

* UART: 1 channel
« Pseudo 3-wire serial I/0: 1 channel

Electrical specifications, recommended
soldering conditions

soldering conditions.

Refer to the description of electrical specifications and recommended

Note The uPD78F0034A cannot use a handshake mode.
The uPD78F0034B can use one channel (serial interface SI030) as a handshake mode.

Remark The operating frequency ratings of the uPD78F0034A and the conventional products of the mask ROM
versions of the uPD780024A, 780034A Subseries are the same. The operating frequency ratings of
the uPD78F0034B and the expanded-specification products of the mask ROM versions of the uPD780024A,
780034A Subseries are the same.
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Table 23-3. Differences Between uPD78F0034AY and uPD78F0034BY

uPD78F0034AY uPD78F0034BY

8.38 MHz (0.238 1)

8.38 MHz (0.238 1)

5 MHz (0.4 us)

5 MHz (0.4 us)

ltem
Guaranteed operating speed 45t055V
(operating frequency) 401055V
3.0to 55V
27t055V
1.8t05.5V

1.25 MHz (1.6 us)

Minimum instruction execution time

Minimum instruction execution time variable function incorporated

When main system clock is selected

0.238 us/0.477 us/0.954 us/1.90 us/3.81 us (@ 8.38 MHz operation, Voo =
4.0t055V)

When subsystem clock is selected

122 ps (32.768 kHz)

Clock output

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

Buzzer output

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

Communication mode of flash memory
programming

Note Note

« 3-wire serial I/0: 2 channels
* UART: 1 channel
+ Pseudo 3-wire serial I/0: 1 channel

« 3-wire serial I/0: 2 channels
* UART: 1 channel
+ Pseudo 3-wire serial I/0: 1 channel

Electrical specifications, recommended
soldering conditions

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

Note The uPD78F0034AY cannot use a handshake mode.
The uPD78F0034BY can use one channel (serial interface SI030) as a handshake mode.

Remark The operating frequency ratings of the uPD78F0034AY, 78F0034BY and the mask ROM versions of
the uPD780024AY, 780034AY Subseries are the same.

23.2 Differences Between uPD78F0034B, 78F0034BY and uPD78F0034B(A), 78F0034BY(A)

The uPD78F0034B(A) and 78F0034BY(A) are products to which a quality assurance program more stringent than
that used for the uPD78F0034B and 78F0034BY (standard products) is applied (NEC Electronics classifies these

products as “special” quality grade products).

The uPD78F0034B, 78F0034BY and uPD78F0034B(A), 78F0034BY(A) only differ in the quality grade; there are
no differences in functions and electrical specifications.

Table 23-4. Differences Between uPD78F0034B, 78F0034BY and uPD78F0034B(A), 78F0034BY(A)

Iltem

uPD78F0034B, 78F0034BY uPD78F0034B(A), 78F0034BY(A)

Quality grade

Standard

Special

Functions and electrical specifications

No differences.

This chapter explains the uPD78F0034B as the representative product of the uPD78F0034B and 78F0034B(A),
and the yPD78F0034BY as the representative product of the uPD78F0034BY and 78F0034BY(A).
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23.3 Differences Between yPD78F0034A, 78F0034B, 78F0034AY, 78F0034BY and Mask ROM

Versions

Tables 23-5 and 23-6 show the differences between the yPD78F0034A, 78F0034B, 78F0034AY, 78F0034BY and

the mask ROM versions.

Table 23-5. Differences Between uPD78F0034A, 78F0034B and Mask ROM Versions

Iltem

uPD78F0034A, 78F0034B

Mask ROM Versions

uPD780034A Subseries

uPD780024A SubseriesNote

Internal ROM structure

Flash memory

Mask ROM

Internal ROM capacity 32 KB uPD780031A: 8 KB uPD780021A: 8 KB
uPD780032A: 16 KB uPD780022A: 16 KB
uPD780033A: 24 KB uPD780023A: 24 KB
uPD780034A: 32 KB uPD780024A: 32 KB

Internal high-speed RAM capacity 1,024 bytes uPD780031A: 512 bytes uPD780021A: 512 bytes
uPD780032A: 512 bytes uPD780022A: 512 bytes
uPD780033A: 1,024 bytes | uPD780023A: 1,024 bytes
uPD780034A: 1,024 bytes | uPD780024A: 1,024 bytes

Minimum instruction execution time

Minimum instruction execution time variable function incorporated

When main system clock is selected

« 0.166 15/0.333 1s/0.666 us/1.33 1s/2.66 us (@ 12 MHz operation, uPD78F0034B

and expanded-specification products of the mask ROM versions only)
» 0.238 us/0.477 us/0.954 us/1.90 us/3.81 us (@ 8.38 MHz operation)

When subsystem clock is selected

122 us (@32.768 kHz operation)

Clock output

* 93.7 kHz, 187 kHz, 375 kHz, 750 kHz, 1.5 MHz, 3 MHz, 6 MHz, 12 MHz
(@ 12 MHz operation with main system clock, uPD78F0034B and expanded-
specification products of the mask ROM versions only)

* 65.5 kHz, 131 kHz, 262 kHz, 524 kHz, 1.05 MHz, 2.10 MHz, 4.19 MHz, 8.38 MHz

(@ 8.38 MHz operation with main system clock)
» 32.768 kHz (@ 32.768 kHz operation with subsystem clock)

Buzzer output

» 1.46 kHz, 2.92 kHz, 5.85 kHz, 11.7 kHz (@ 12 MHz operation with main system
clock, uPD78F0034B and expanded-specification products of the mask ROM

versions only)

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

A/D converter resolution 10 bits 8 bits
Mask option specification of on-chip | Not available Available

pull-up resistor for pins P30 to P33

IC pin Not provided Provided

Vpp pin Provided Not provided

Electrical specifications,
recommended soldering conditions

Refer to the description of electrical specifications and recommended soldering

conditions.

Note The uPD78F0034A and 78F0034B can be used as the flash memory version of the uPD780024A Subseries.

Caution There are differences in noise immunity and noise radiation between the flash memory and mask
ROM versions. When pre-producing an application set with the flash memory version and then mass
producing it with the mask ROM version, be sure to conduct sufficient evaluations on the
commercial samples (CS) (not engineering samples (ES)) of the mask ROM versions.
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Table 23-6. Differences Between yPD78F0034AY, 78F0034BY and Mask ROM Versions

Iltem

Mask ROM Versions
uPD780034AY Subseries | uPD780024AY SubseriesNote

uPD78F0034AY,
78F0034BY

Internal ROM structure

Flash memory Mask ROM

Internal ROM capacity 32 KB uPD780031AY: 8 KB uPD780021AY: 8 KB
uPD780032AY: 16 KB uPD780022AY: 16 KB
uPD780033AY: 24 KB uPD780023AY: 24 KB
uPD780034AY: 32 KB uPD780024AY: 32 KB

Internal high-speed RAM capacity 1,024 bytes uPD780031AY: 512 bytes | uPD780021AY: 512 bytes

uPD780032AY: 512 bytes
uPD780033AY: 1,024 bytes
uPD780034AY: 1,024 bytes

UPD780022AY: 512 bytes
1PD780023AY: 1,024 bytes
1PD780024AY: 1,024 bytes

Minimum instruction execution time

Minimum instruction execution time variable function incorporated

When main system clock is selected

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

When subsystem clock is selected

122 us (@32.768 kHz operation)

Clock output

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

Buzzer output

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

A/D converter resolution 10 bits 8 bits
Mask option specification of on-chip | Not available Available

pull-up resistor for pins P30 and P31

IC pin Not provided Provided

Vpp pin Provided Not provided

Electrical specifications,
recommended soldering conditions

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

Note The yuPD78F0034AY and 78F0034BY can be used as the flash memory version of the uPD780024AY

Subseries.

Caution There are differences in noise immunity and noise radiation between the flash memory and mask
ROM versions. When pre-producing an application set with the flash memory version and then mass
producing it with the mask ROM version, be sure to conduct sufficient evaluations on the
commercial samples (CS) (not engineering samples (ES)) of the mask ROM versions.
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23.4 Memory Size Switching Register

The uPD78F0034A, 78F0034B, 78F0034AY, and 78F0034BY allow users to select the internal memory capacity
using the memory size switching register (IMS) so that the same memory map as that of the mask ROM versions
with a different size of internal memory capacity can be achieved.

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

RESET input sets IMS to CFH.

Caution Be sure to set the value of the target mask ROM version to IMS as an initialization setting of
the program. IMS is set to CFH by reset, so be sure to set the value 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 RAM1 RAMO 0 ROM3 ROM2 ROM1 ROMO
RAM2 RAM1 RAMO Internal high-speed RAM capacity selection
0 1 0 512 bytes
1 1 0 1024 bytes
Other than above Setting prohibited
ROM3 ROM2 ROM1 ROMO Internal ROM capacity selection
0 0 1 0 8 KB
0 1 0 0 16 KB
0 1 1 0 24 KB
1 0 0 0 32 KB
1 1 1 1 60 KB (setting prohibited)
Other than above Setting prohibited

The IMS settings to obtain the same memory map as mask ROM versions are shown in Table 23-7.

Table 23-7. Memory Size Switching Register Settings

Target Mask ROM Versions IMS Setting
uPD780021A, 780031A, 780021AY, 780031AY 42H
uPD780022A, 780032A, 780022AY, 780032AY 44H
uPD780023A, 780033A, 780023AY, 780033AY CeéH
uPD780024A, 780034A, 780024AY, 780034AY C8H

Caution When using the mask ROM versions, be sure to set the value indicated in Table 23-7 to IMS.
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23.5 Flash Memory Characteristics

Flash memory programming is performed by connecting a dedicated flash programmer (Flashpro Il (part no. FL-
PR3, 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

23.5.1 Programming environment

The following shows the environment required for uPD78F0034A, 78F0034B, 78F0034AY, and 78F0034BY 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 Ill/Flashpro IV.

Remark USB is supported by Flashpro IV only.

Figure 23-2. Environment for Writing Program to Flash Memory

Vep
RS-232C Voo
USsB —
RESET
Dedicated flash - 510/UART/pseudo 3-wire/lICNete  1PD78F0034A,
programmer #PD78F0034B,
H#PD78F0034AY,
Host machine 4PD78F0034BY

Note IIC is supported by the uPD78F0034AY, 78F0034BY only.
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23.5.2 Communication mode
Use the communication mode shown in Table 23-8 to perform communication between the dedicated flash
programmer and the uPD78F0034A, 78F0034B, 78F0034AY, and 78F0034BY.
Table 23-8. Communication Mode List (1/2)

(1) ©PD78F0034A, 78F0034B

Communication Standard (TYPE) SettingNote 1 Pins Used | Number
Mode Port Speed On Target | Frequency Multiply of
(COMM PORT) (SIO CLOCK) (CPU (Flashpro Rate Vee
CLOCK) Clock) |(Multiple Rate) Pulses
3-wire serial /0 | SIO-ch0 2.4 kHz to 625 kHzNote 2 | Optional 110 10 MHzNo® 2| 1.0 S130/P20 0
(S1030) (SIO ch-0) | (100 Hz to 1.25 MHz)Note 2 S030/P21
'SCK30/P22
3-wire serial 1/0 S10-ch1 SI131/P34 1
(S1031) (SIO ch-1) S031/P35
SCK31/P36
3-wire serial 1/0 SIO-H/S SI130/P20 3
(S1030) (SIO ch-3 + S030/P21
with handshake handshake) SCK30/P22
Note 3 HS/P25
UART UART-chO 4800 to 76800 BaudNotes 2.4 RxD0/P23 8
(UARTO) (UART ch-0) | (4800 to 76800 bps)Notes 2,4 TxDO/P24
Pseudo 3-wire Port-ch0 100 Hz to 1500 HzNote 2 P70/T100/TO0 12
serial 1/0 (Port A) (100 Hz to 1.25 MHz)Note 2 (serial data
input)
P71/TI01
(serial data
output)
P72/T150/TO50
(serial clock
input)

Notes 1. Selection items for Standard settings on Flashpro IV (TYPE settings on Flashpro IIl).
2. The possible setting range differs depending on the voltage. For details, refer to the description of
electrical specifications.
3. uPD78F0034B 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 of Flashpro IlI
when they differ from those of Flashpro IV.
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Table 23-8. Communication Mode List (2/2)

(2) uPD78F0034AY, 78F0034BY

Communication Standard (TYPE) SettingNote 1 Pins Used | Number
Mode Port Speed On Target | Frequency Multiply of
(COMM PORT) (SIO CLOCK) (CPU (Flashpro Rate Vee
CLOCK) Clock) |(Multiple Rate) Pulses
3-wire serial /0 | SIO-ch0 2.4 kHz to 625 kHzNote 2| Optional 110 10 MHzNo® 2| 1.0 S130/P20 0
(S1030) (SIO ch-0) | (100 Hz to 1.25 MHz)Nete 2 S030/P21
SCK30/P22
3-wire serial 1/0 SIO-H/S SI130/P20 3
(SI1030) (SIO ch-3 + SO30/P21
with handshake handshake) SCK30/P22
Note 3 HS/P25
12C bus 1IC-ch0 10 k to 100 k BandNote 2 SDA0/P32 4
(1co) (12C ¢ch-0) (50 kHz)Note 2 SCLO/P33
UART UART-chO (4800 to 76800 Baudhotes 2,4 RxDO/P23 8
(UARTO) (UART ch-0) | (4800 to 76800 bps)Netes 2,4 TxDO/P24
Pseudo 3-wire Port-ch0 100 Hz to 1500 HzNote 2 P70/T100/TO0 12
serial 1/0 (Port A) (100 Hz to 1.25 MHz)Note 2 (serial data
input)
P71/TI01
(serial data
output)
P72/T150/TO50
(serial clock
input)
Notes 1. Selection items for Standard settings on Flashpro IV (TYPE settings on Flashpro Ill).

2. The possible setting range differs depending on the voltage. For details, refer to the description of

electrical specifications.
3. uPD78F0034BY 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

when they differ from those of Flashpro IV.

Figure 23-3. Communication Mode Selection Format

RESET

Vep Rulse

JEREpRaE N

((
)]

Flash memory write mode
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Notes 1.
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Figure 23-4. Example of Connection with Dedicated Flash Programmer (1/2)

(a) 3-wire serial 1/0 (SIO3nhete 1)

Dedicated flash programmer

Vep

Flash memory version

Vob

/RESET

SCK

SO/TxD
SI/RxD

CLK

GND

Vep

Vobo, Vop1, AVppNote 4
RESET

SCK3n

SI3n

SO3n

¥ { Note 4

Vsso, Vssi, AVss, AVRer

(b) 3-wire serial 1/0 (SI030) with handshake™°te 2

Dedicated flash programmer

Flash memory version

Vep Vep
Voo Voo, Vob1, AVppNote 4
/RESET RESET
SCK SCK30
SO/TxD SI3
SI/RxD SO3
H/S P25 (HS)
CLK ________________ -] X1 Note 4
GND Vsso, Vss1, AVss, AVRer

(c) 12C bus (IICO)Nete3

Dedicated flash programmer Flash memory version

Vep Vep
Vbp Vbbo, Vb1, AVppNote 4
/RESET RESET
SCK SCLO
SI/RxD SDAO
CLKp---cmoceee | xqNote s
GND Vsso, Vssi, AVss, AVrer

n=0,1: uPD78F0034A, 78F0034B

n=0: uPD78F0034AY, 78F0034BY

uPD78F0034B, 78F0034BY only

uPD78F0034AY, 78F0034BY only

The Vooo, Vop1, AVop, 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 Voo voltage must be supplied to these pins (except
the X1 pin) before programming is started.
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Figure 23-4. Example of Connection with Dedicated Flash Programmer (2/2)

(d) UART (UARTO)

Dedicated flash programmer

Vep

Vob
/RESET
SO/TxD
SI/RxD
CLK
GND

Flash memory version

Vep

Vobo, Voo1, AVopNote
RESET

RxDO

TxDO

X {Note

Vsso, Vss1, AVss, AVRer

(e) Pseudo 3-wire serial 1/0

Dedicated flash programmer

Vep

/RESET
SCK
SO/TxD
SI/RxD
CLK
GND

Flash memory version

Vep

Voo}b?m————

Vobo, Voo1, AVopNote

RESET

P72

P70

P71

X1 Note

Vsso, Vsst1, AVss, AVRer

Note The Vbpo, Vob1, AVop, 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 Ill/Flashpro 1V is used as the dedicated flash programmer, the following signals are generated for the

uPD78F0034A, 78F0034B, 78F0034AY, and 78F0034BY. For details, refer to the manual of Flashpro lll/Flashpro

V.
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Table 23-9. Pin Connection List

Signal Name 110 Pin Function Pin Name SI030(|SI031 | SIO30|UARTO| 1ICO |Pseudo
Note 1 | (HS) Note 3 | 3-wire
Note 2
Vep Output Write voltage Vep @) @) @) @) © @)
Voo 1/0 Voo voltage generation/voltage | Vooo, Voo, AVop Note 4 | Note 4 | Note 4 | Note 4 | Note 4 | Note 4
monitoring ) ) ©) ) ) ©)
GND - Ground Vsso, Vsst, AVss, AVrer | O O O (@) (@) O
CLK Output Clock output X1 O O O O O O
/RESET | Output Reset signal RESET O @) © @) @) ©
SI/RxD Input Reception signal S030/S031Note 1 © © @ O © @
TxD0/SDAQNote 3/p74
SO/TxD | Output Transmission signal SI30/SI31Nete 1/Rxpo/| O @) @) (©) X ©)
P70
SCK Output Transfer clock SCK30/SCK31Nete 1, | O O O X ©) ©
SCLONote 3/p72
H/S Input Handshake signal P25 (HS)Note 2 X X O X X X
Notes 1. uPD78F0034A, 78F0034B only
2. uPD78F0034B, 78F0034BY only
3. uPD78F0034AY, 78F0034BY only
4. Voo voltage must be supplied before programming is started.

Remark ©O: Pin must be connected.

456

O:

X : Pin does not need to be connected.
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23.5.3 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 Vep pin. In flash memory programming mode, a write voltage of 10.0
V (TYP.) is supplied to the Vrr pin, so perform the following.

(1) Connect a pull-down resistor (RVee = 10 kQ) to the Vre pin.
(2) Use the jumper on the board to switch the Vep pin input to either the programmer or directly to GND.

A Vpp pin connection example is shown below.
Figure 23-5. Vep Pin Connection Example

4 PD78F0034A, 78F0034B, 78F0034AY, 78F0034BY

- ] 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 I/0 (S1030) SI30/P20, SO30/P21, SCK30/P22

3-wire serial I/O (S1031)Note 1| 5|31/P34, SO31/P35, SCK31/P36

3-wire serial 1/0 (SIO30) SI30/P20, SO30/P21, SCK30/P22, HS/P25
with handshakeNote 2

12C bus (IICO)Note 3 SDA0/P32, SCLO/P33

UART (UARTO) RxD0/P23, TxD0/P24

Pseudo 3-wire serial I/O P70/TI00/TOO0 (serial data input),

P71/T101 (serial data output),
P72/T150/TO50 (serial clock input)

Notes 1. uPD78F0034A, 78F0034B only
2. yPD78F0034B, 78F0034BY only
3. uPD78F0034AY, 78F0034BY 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 23-6. Signal Conflict (Input Pin of Serial Interface)

Flash memory version

Connection pin of dedicated
Signal conflict flash programmer
Input pin O

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 23-7. Abnormal Operation of Other Device

Flash memory version

Connection pin of dedicated
flash programmer
Pin O

Other device

. 7 Input pin

If the signal output by the #PD78F0034A, 78F0034B, 78F0034AY,
78F0034BY affects another device in the flash memory programming
mode, isolate the signals of the other device.

Flash memory version

Connection pin of dedicated
flash programmer
Pin O

Other device

| T Input 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 WSETpin 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 23-8. Signal Conflict (RESET Pin)

Flash memory version

Connection pin of dedicated
Signal conflict flash programmer

RESET

Reset 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 uPD78F0034A, 78F0034B, 78F0034AY, and 78F0034BY 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 Vobpo 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 Vooo 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 (AVop, AVRer, and AVss).
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23.5.4 Connection on adapter for flash memory writing
Examples of the recommended connection when using the adapter for flash memory writing are shown below.

Figure 23-9. Example of Wiring Adapter for Flash Memory Writing in 3-Wire Serial 1/0 (S1030) Mode (1/2)

(1) 64-pin plastic SDIP (19.05 mm (750))

4@) VDD (2.7t0 5.5 V)
— © GND
o

o
1 64
2 63
3 62
4 61
5 ~ leo
6 59
7 58
8 57
9 56
10 55
11 54
12 53
13 52
14 51

15 50 fo
16 49
o 17 48
o+— 18 47
19 46
20 45
21 44

22 43 |—o

23 42 o
24 41
25 40
26 39
27 38
28 37
29 36
30 35
31 34

o+— 32 33 |o

GND
VDD
LVDD (VPP2)

WRITER 1O © O O o 0
INTERFACE | SI SO SCK CLKOUT RESET PP RESERVE/HS
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Figure 23-9. Example of Wiring Adapter for Flash Memory Writing in 3-Wire Serial 1/0 (S1030) Mode (2/2)

(2) 64-pin plastic QFP (14 x 14), 64-pin plastic LQFP (14 x 14), 64-pin plastic TQFP (12 x 12), 64-pin plastic

LQFP (10 x 10)

— O VDD (2.7105.5 V)
—O anp

LVDD (VPP2)

VDD O

GND O

O©COoONO O WN =

64 63 62 61 60 59 58 57 56 55 54 53 52 51 50 49

17181920 21 22 23 24 25 26 27 28 29 30 31 32

Q 46
45

o

®)

Sl

_|
@é@@@@@@

SO SCK CLKOUT RESET VPP RESERVE/HS

WRITER INTERFACE
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Figure 23-10. Example of Wiring Adapter for Flash Memory Writing in 3-Wire Serial 1/0 (SI0O31) Mode
(uPD78F0034A, 78F0034B only) (1/2)

(1) 64-pin plastic SDIP (19.05 mm (750))

462

— © VDD (271055 V)
—© GND
O

(@]
1 64
2 63
3 62
4 61
5 ~ 60
6 59
7 58
8 57
9 56
10 55
11 54
12 53
13 52
14 51

15 50 |o
16 49
o 17 48
o+— 18 47
19 46
20 45
21 44

22 43 |—o

23 42 Lo
24 41
25 40
26 39
27 38
28 37
29 36
30 35
31 34

o+— 32 33 |o

GND
VDD
LVDD (VPP)
WRITER © 0 © © (@) O (€]
INTERFACE | SI SO SCK CLKOUT RESET VPP RESERVE/HS

User’'s Manual U14046EJ3VOUD



CHAPTER 23 uPD78F0034A, 78F0034B, 78F0034AY, 78F0034BY

Figure 23-10. Example of Wiring Adapter for Flash Memory Writing in 3-Wire Serial 1/0 (SI0O31) Mode
(uPD78F0034A, 78F0034B only) (2/2)

(2) 64-pin plastic QFP (14 x 14), 64-pin plastic LQFP (14 x 14), 64-pin plastic TQFP (12 x 12), 64-pin plastic
LQFP (10 x 10)

—© 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 Q 46
4 45
5 44
6 43

7 a2lo
8 41
ol o 40
ot+—|{10 39
11 38
12 37
13 36

14 3sl—1o

15 34O

16 33
17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32
o

© o o 0 o 0

SISO SCK CLKOUT RESET VPP RESERVE/HS

WRITER INTERFACE
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Figure 23-11. Example of Wiring Adapter for Flash Memory Writing in 3-Wire Serial 1/0 (SIO30 + HS)
Mode (uPD78F0034B, 78F0034BY only) (1/2)

(1) 64-pin plastic SDIP (19.05 mm (750))

——© VDD (2.7t0 5.5 V)
—© GND
(]

(@]
1 64
2 63
3 62
4 61
5 ~ 60
6 59
7 58
8 57
9 56
10 55
11 54
12 53
13 52
14 51

15 50 |o
16 49
o 17 48
o+— 18 47
19 46
20 45
21 44

22 43 —o

23 42 o
24 41
25 40
26 39
27 38
28 37
29 36
30 35
31 34

o+— 32 33 o

GND
VDD
LVDD (VPP2)

WRITER ©O O O @} o O O
INTERFACE | SI SO SCK CLKOUT RESET VPP RESERVEHS
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Figure 23-11. Example of Wiring Adapter for Flash Memory Writing in 3-Wire Serial 1/0 (SIO30 + HS)
Mode (uPD78F0034B, 78F0034BY only) (2/2)

(2) 64-pin plastic QFP (14 x 14), 64-pin plastic LQFP (14 x 14), 64-pin plastic TQFP (12 x 12), 64-pin plastic

LQFP (10 x 10)

— O VDD (2.7105.5 V)

—O GND

LVDD (VPP2)

VDD

GND

O©CoONO O WN =

64 63 62 61 60 59 58 57 56 55 54 53 52 51 50 49

17181920 21 22 23 24 25 26 27 28 29 30 31 32

O

o

O

Sl

_|
@é@@@@@

SO SCK CLKOUT RESET VPP RESERVE/HS

WRITER INTERFACE
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Figure 23-12. Example of Wiring Adapter for Flash Memory Writing in I12C Bus (11IC0) Mode
(uPD78F0034AY, 78F0034BY only) (1/2)

(1) 64-pin plastic SDIP (19.05 mm (750))

—  ©VDD(27t055V)
— ©GND
O
O
1 64
2 63
3 62
4 61
5 ~ 6o
6 59
7 58
8 57
9 56
10 55
11 54
12 53
13 52
14 51
15 50 |o
16 49
o] 17 48
o+— 18 47
19 46
20 45
o1 44
22 43 |lo
23 42 lo
24 41
25 40
26 39
27 38
28 37
29 36
30 35
31 34
ol 32 33 |o
GND
VDD
VDD (VPP2)

WRITER O O ©O © O O
INTERFACE | SI SO SCK CLKOUT RESET VPP RESERVE/HS
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Figure 23-12. Example of Wiring Adapter for Flash Memory Writing in I12C Bus (11IC0) Mode
(uPD78F0034AY, 78F0034BY only) (2/2)

(2) 64-pin plastic QFP (14 x 14), 64-pin plastic LQFP (14 x 14), 64-pin plastic TQFP (12 x 12), 64-pin plastic
LQFP (10 x 10)

— O VDD (2.7105.5 V)

—O &nND
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 Q 46
4 45
5 44
6 43

7 a2lo
8 41
ol o 40
o+— 10 39
11 38
12 37
13 36

14 35—o

15 3410

16 33
17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32
o)

© o O 0 O 0

SISO SCK CLKOUT RESET VPP RESERVE/HS

WRITER INTERFACE
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Figure 23-13. Example of Wiring Adapter for Flash Memory Writing in UART (UARTO) Mode (1/2)

(1) 64-pin plastic SDIP (19.05 mm (750))

— © VDD (271055 V)
——© GND
[©]

(@]
1 64
2 63
3 62
4 61
5 ~ 60
6 59
7 58
8 57
9 56
10 55
11 54
12 53
13 52
14 51

15 50 |o
16 49
o] 17 48
o—| 18 47
19 46
20 45
21 44

22 43 o

23 42 |o
24 41
25 40
26 39
27 38
28 37
29 36
30 35
31 34

ol 32 33 fo

GND
VDD

LVDD (VPP2)

WRITER O O © (@) o O o
INTERFACE | SI SO SCK CLKOUT RESET VPP RESERVEHS
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Figure 23-13. Example of Wiring Adapter for Flash Memory Writing in UART (UARTO) Mode (2/2)

(2) 64-pin plastic QFP (14 x 14), 64-pin plastic LQFP (14 x 14), 64-pin plastic TQFP (12 x 12), 64-pin plastic

LQFP (10 x 10)

— O VDD (2.7105.5 V)
—O anp

LVDD (VPP2)

VDD O

GND O

O©CoONO O WN =

64 63 62 61 60 59 58 57 56 55 54 53 52 51 50 49

17181920 21 22 23 24 25 26 27 28 29 30 31 32

Q 46
45

o

O

©

Sl

© o o o0 o0 0

SO SCK CLKOUT RESET VPP RESERVE/HS

WRITER INTERFACE
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Figure 23-14. Example of Wiring Adapter for Flash Memory Writing in

Pseudo 3-Wire Serial 1/0 Mode (1/2)

(1) 64-pin plastic SDIP (19.05 mm (750))

470

—  © VDD (27t055V)
— © GND
O

o
1 64
2 63
3 62
4 61
5 ~ eo
6 59
7 58
8 57
9 56
10 55
11 54
12 53
13 52
14 51

15 50 fo
16 49
o 17 48
o+— 18 47
19 46
20 45
21 44

22 43 +—o

23 42 o
24 41
25 40
26 39
27 38
28 37
29 36
30 35
31 34

o+— 32 33 |o

GND
VDD
LVDD (VPP2)
[
WRITER [0 © © © © o o
INTERFACE | SI SO SCK CLKOUT RESET VPP RESERVE/HS
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Figure 23-14. Example of Wiring Adapter for Flash Memory Writing in

Pseudo 3-Wire Serial 1/0 Mode (2/2)

(2) 64-pin plastic QFP (14 x 14), 64-pin plastic LQFP (14 x 14), 64-pin plastic TQFP (12 x 12), 64-pin plastic

LQFP (10 x 10)

—©O VDD (2.7105.5 V)
—O anp

LVDD (VPP2)

VDD O

GND O

O©CoONOOhWN =

64 63 62 61 60 59 58 57 56 55 54 53 52 51 50 49

17181920 21 22 23 24 25 26 27 28 29 30 31 32

Q 46
45

o

o

©

Sl

© © o o0 0 0

SO SCK CLKOUT RESET VPP RESERVE/HS

WRITER INTERFACE
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CHAPTER 24 INSTRUCTION SET

This chapter lists each instruction set of the uyPD780024A, 780034A, 780024AY, 780034AY Subseries in table form.
For details of its operation and operation code, refer to the separate document 78K/0 Series Instructions User’s
Manual (U12326E).
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24.1 Conventions

24.1.1 Operand identifiers and specification methods
Operands are written in “Operand” column of each instruction in accordance with the specification method of the

instruction operand identifier (refer to the assembler specifications for detail). When there are two or more methods,

select one of them. Alphabetic letters in capitals and symbols, #, !, $, and [ ] are key words and must be written as

they are. Each symbol has the following meaning.

« #: Immediate data specification

I: Absolute address specification

« $: Relative address specification

[I: 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, see Table 5-5 Special Function Register List.

User’'s Manual U14046EJ3VOUD

473



CHAPTER 24 INSTRUCTION SET

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 register

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, XL: Higher 8 bits and lower 8 bits of 16-bit register

Al Logical product (AND)

VS Logical sum (OR)

o 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

0: Cleared to 0

1: Set to 1

X Set/cleared according to the result
R: Previously saved value is restored
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24.2 Operation List
Instruction | Mnemonic Operands Byte Clock Operation Flag
Group Note 1| Note 2 Z ACCY
8-bit data | MOV r, #byte 2 4 - r < byte
transfer saddr, #byte 3 | 6 7 |(saddr) < byte
sfr, #byte 3 - 7 sfr < byte
A r 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« (addr16)
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 |A« (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 < (addr16)
A, [DE] 1 4 |6+n+m |A o (DE)
A, [HL] 1 4 [6+n+m [A o (HL)
A, [HL + byte] 2 8 [10+n+m|A & (HL + byte)
A, [HL + B] 2 8 [10+n+m|A e (HL + B)
A, [HL + C] 2 8 [10+n+m|A e (HL + C)

Notes 1. When the internal high-speed RAM area is accessed or instruction with no data access
2. When an area except the internal high-speed RAM area is accessed
3. Exceptr=A

Remarks 1. Oneinstruction clock cycle is one cycle of the CPU clock (fcpu) selected by the processor clock control

register (PCC).

2. This clock cycle applies to internal ROM program.

3. nis the number of waits when external memory expansion area is read from.

4. m is the number of waits when external memory expansion area is written to.
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Instruction | Mnemonic Operands Byte Clock Operation Flag
Group Note 1| Note 2 Z ACCY
16-bit MOvw rp, #word 3 6 - rp < word
data saddrp, #word 4 8 10 | (saddrp) « word
transfer sfrp, #word 4 - 10 sfrp < word
AX, saddrp 2 6 8 AX « (saddrp)
saddrp, AX 2 6 8 (saddrp) <« AX
AX, sfrp 2 - 8 AX « sfrp
sfrp, AX 2 - 8 sfrp « AX
AX, rp Note3 | 14 4 - AX « 1p
rp, AX Note 3| 4 4 - o« 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 Noted | 5 4 - |ACY«Ax+r X X X
r, A 2 4 — CY«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
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 Noted | 5 4 - |ACY<A+r+CY X X X
r, A 2 4 — hCY«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+ (addr16) + 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+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 instruction with no data access
2. When an area except the internal high-speed RAM area is accessed
3. Only when rp = BC, DE or HL
4. Exceptr=A
Remarks 1. Oneinstruction clock cycleis one cycle of the CPU clock (fcpu) selected by the processor clock control
register (PCC).
2. This clock cycle applies to internal ROM program.
3. nis the number of waits when external memory expansion area is read from.
4. m is the number of waits when external memory expansion area is written to.
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Instruction | Mnemonic Operands Byte Clock Operation Flag
Group Note 1| Note 2 Z ACCY
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 — r,CY «<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
SUBC 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 [A«AA(HL) x
A, [HL + byte] 2 8 | 9+n [A« AA(HL + byte) x
A, [HL + B] 2 8 | 9+n |A« AA(HL+B) x
A, [HL + C] 2 8 | 9+4n |A« AA(HL +C) x

Notes 1. When the internal high-speed RAM area is accessed or instruction with no data access
2. When an area except the internal high-speed RAM area is accessed
3. Exceptr=A

Remarks 1. Oneinstruction clock cycle is one cycle of the CPU clock (fcpu) selected by the processor clock control
register (PCC).
2. This clock cycle applies to internal ROM program.
3. nis the number of waits when external memory expansion area is read from.

User's Manual U14046EJ3VOUD 477



CHAPTER 24 INSTRUCTION SET

Instruction | Mnemonic Operands Byte Clock Operation Flag
Group Note 1| Note 2 Z ACCY
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(addri6) 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+n |A« AV(HL+B) x
A, [HL + C] 2 8 | 9+n [A« AV(HL+C) x
XOR A, #byte 2 4 - A « A byte x
saddr, #byte 3 6 8 (saddr) « (saddr) *+ byte X
Ar Note3| 2 4 - |AeAvr x
r, A 2 4 - r—rvA X
A, saddr 2 4 5 A « A~ (saddr) X
A, laddr16 3 8 9+n |A« A (addri6) X
A, [HL] 1 4 | 5+n [AeAW(HL x
A, [HL + byte] 2 8 | 9+n |A« Aw(HL + byte) X
A, [HL + B] 2 8 | 9+n |[A« A¥(HL+B) x
A, [HL + C] 2 8 | 9+n |[A«A¥(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—(addr16) 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+n [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 instruction with no data access
2. When an area except the internal high-speed RAM area is accessed
3. Exceptr=A

Remarks 1. Oneinstruction clock cycle is one cycle of the CPU clock (fcpu) selected by the processor clock control
register (PCC).
2. This clock cycle applies to internal ROM program.
3. nis the number of waits when external memory expansion area is read from.
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Instruction | Mnemonic Operands Byte Clock Operation Flag
Group Note 1| Note 2 Z ACCY
16-bit ADDW AX, #word 3 6 - AX, CY « AX + word X X X
operation |gypw  |AX, #word 3 | s - |AX, CY « AX - word X X x
CMPW AX, #word 3 6 - AX — word X X X
Multiply/ | MULU X 2 16 - AX « 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 - p«rp+1
DECW rp 1 4 - p«rp—1
Rotate ROR A1l 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 A1l 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)3-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-o0
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 MOVA1 CY, saddr.bit 3 6 7 CY « (saddr.bit) X
manipu- CY, sfr.bit 3 | - 7 |CY « sfrbit x
late CY, A.bit 2 4 - CY « A.bit X
CY, PSW.bit 3 - 7 CY « PSW.bit X
CY, [HL].bit 2 6 | 7+n |CY« (HL).bit x
saddr.bit, CY 3 8 (saddr.bit) « CY
sfr.bit, CY 3 - 8 sfr.bit « CY
A.bit, CY 2 4 - A.bit « CY
PSW.bit, CY 3 - 8 PSW.bit « CY X X
[HL].bit, CY 2 6 |8+n+m |(HL).bit « CY

Notes 1. When the internal high-speed RAM area is accessed or instruction with no data access
2. When an area except the internal high-speed RAM area is accessed

Remarks 1. Oneinstruction clock cycle is one cycle of the CPU clock (fcpu) selected by the processor clock control
register (PCC).
2. This clock cycle applies to internal ROM program.
3. nis the number of waits when external memory expansion area is read from.
4. m is the number of waits when external memory expansion area is written to.
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Instruction | Mnemonic Operands Byte Clock Operation Flag
Group Note 1| Note 2 Z ACCY
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 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 v sfr.bit X
CY, A.bit 2 4 - CY « CY A.bit X
CY, PSW.bit 3 - 7 CY « CY  PSW.bit X
CY, [HL].bit 2 6 7 +n |CY « CY (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 instruction with no data access

2. When an area except the internal high-speed RAM area is accessed

Remarks 1. Oneinstruction clock cycle is one cycle of the CPU clock (fcpu) selected by the processor clock control
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register (PCC).
2. This clock cycle applies to internal ROM program.
3. nis the number of waits when external memory expansion area is read from.
4. m is the number of waits when external memory expansion area is written to.
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Instruction | Mnemonic Operands Byte Clock Operation Flag
Group Note 1| Note 2 Z ACCY
Call/return | CALL laddr16 3 7 - (SP = 1) « (PC + 3)4, (SP = 2) « (PC + 3)L,
PC « addr16, SP « SP -2
CALLF  |laddri1 2 5 - |(SP=1)« (PC +2)n, (SP - 2) « (PC + 2).,
PC15-11 < 00001, PC10-0 < addri1,
SP« SP-2
CALLT [addr5] 1 6 - (SP—=1) « (PC + 1)1, (SP = 2) « (PC + 1),
PCH « (00000000, addr5 + 1),
PCL « (00000000, addr5),
SP« SP-2
BRK 1 6 - (SP — 1) « PSW, (SP = 2) « (PC + 1),
(SP = 3) « (PC + 1)L, PCH « (003FH),
PCL « (003EH), SP «~ SP -3, I[E« 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 2 - (SP —1) « PSW, SP « SP — 1
manipu- p 1] 4 —  |(SP=1) < rpu, (SP = 2) « rpL,
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
MOvw SP, #word 4 - 10 SP « word
SP, AX 2 - 8 SP « AX
AX, SP 2 - 8 AX « SP
Uncondi- |BR laddr16 3 6 - PC « addr16
tional $addri6 2 | 6 -~ |PC < PC + 2 +jdisps
h
branc AX 2 8 - PCh « A, PCL « X
Conditional| BC $addr16 2 6 - PC « PC + 2 + jdisp8 if CY = 1
branch BNC $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 + jdisp8if Z=0

Notes 1. When the internal high-speed RAM area is accessed or instruction with no data access

2. When an area except the internal high-speed RAM area is accessed

Remarks 1. Oneinstruction clock cycle is one cycle of the CPU clock (fcpu) selected by the processor clock control
register (PCC).
2. This clock cycle applies to internal ROM program.
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Instruction | Mnemonic Operands Byte Clock Operation Flag
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 + jdisp8 if sfr.bit = 1
branch Abit, $addr16 3 | s — |[PC < PC + 3+ jdisp8 if Abit = 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 + jdisp8 if B =0
C, $addr16 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 «— 0 (Disable Interrupt)
HALT 2 6 - Set HALT Mode
STOP 2 6 - Set STOP Mode

Notes 1. When the internal high-speed RAM area is accessed or instruction with no data access

2. When an area except the internal high-speed RAM area is accessed

Remarks 1.
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One instruction clock cycle is one cycle of the CPU clock (fcpu) selected by the processor clock control
register (PCC).

This clock cycle applies to internal ROM program.

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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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 | #byte A rNote sfr | saddr |laddr16| PSW | [DE] | [HL] [HL+byte]$addri6| 1 None
[HL + B]
First Operand [HL + C]
A ADD MOV |MOV |MOV |MOV |MOV |[MOV |MOV |MOV ROR
ADDC XCH |XCH |[XCH |XCH XCH |XCH [XCH ROL
SuUB 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
SuUB
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]
y MULU
C DIVUW

Note Exceptr=A
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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
p 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 CcY $addr16 None
First Operand
A.bit MOVA1 BT SETH
BF CLR1
BTCLR
sfr.bit MOVA1 BT SET1
BF CLR1
BTCLR
saddr.bit MOVA1 BT SET1
BF CLR1
BTCLR
PSW.bit MOVA1 BT SETH
BF CLR1
BTCLR
[HL].bit MOVA1 BT SETH
BF CLR1
BTCLR
CcY MOVA1 MOVA1 MOVA1 MOVA1 MOVA1 SETH
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 AX laddr16 laddri1 [addr5] $addr16
First Operand
Basic instruction BR CALL CALLF CALLT BR
BR BC

BNC
Bz
BNZ

Compound BT

instruction BF
BTCLR
DBNZ

(5) Other instructions

ADJBA, ADJBS, BRK, RET, RETI, RETB, SEL, NOP, El, DI, HALT, STOP

486

User’'s Manual U14046EJ3VOUD




CHAPTER 25 ELECTRICAL SPECIFICATIONS
(EXPANDED-SPECIFICATION PRODUCTS: fx = 1.0 TO 12 MHz)

Target products

e uPD780021A, 780022A, 780023A, 780024A, 780031A, 780032A, 780033A, 780034A, 780021A(A), 780022A(A),
780023A(A), 780024A(A), 780031A(A), 780032A(A), 780033A(A), 780034A(A) for which orders were received
after December 1, 2001 (Products with a rankNete other than K, E, P, X)

e uPD78F0034B, 78F0034B(A)

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

Lotnumber O O O O A X X X X
H_/H_/
Year Week T
code code
Rank
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CHAPTER 25 ELECTRICAL SPECIFICATIONS (EXPANDED-SPECIFICATION PRODUCTS: fx = 1.0 TO 12 MHz)

Absolute Maximum Ratings (Ta = 25°C)

Parameter Symbol Conditions Ratings Unit
Supply voltage Vop -0.3to +6.5 \
Vep Flash memory version only, Note 2 -0.3to +10.5 \
AVop ~0.3 to Voo + 0.3Note 1 \%
AVrer ~0.3 to Voo + 0.3Note 1 \%
AVss -0.3t0 +0.3 \Y
Input voltage Vit P00 to P03, P10 to P17, P20 to P25, P34 to P36, -0.3 to Voo + 0.3Note 1 Vv
P40 to P47, P50 to P57, P64 to P67, P70 to P75,
X1, X2, XT1, XT2, RESET
Viz P30 to P33 N-ch open drain -0.3 to +6.5 \
On-chip pull-up resistor -0.3 to Voo + 0.3Note 1 \"
Output voltage Vo -0.3 to Voo + 0.3Note 1 v
Analog input voltage| Van P10 to P17 Analog input pin AVss — 0.3 to AVaer + 0.3Note 1|y
and —0.3 to Voo + 0.3Note 1
Output current, high| lon Per pin -10 mA
Total for POO to P03, P40 to P47, P50 to P57, -15 mA
P64 to P67, P70 to P75
Total for P20 to P25, P30 to P36 -15 mA
Output current, low | loL Per pin for P00 to P03, P20 to P25, P34 to P36, 20 mA
P40 to P47, P64 to P67, P70 to P75
Per pin for P30 to P33, P50 to P57 30 mA
Total for P00 to P03, P40 to P47, P64 to P67, 50 mA
P70 to P75
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 +80 °C
Storage Tstg Mask ROM version —65 to +150 °C
temperature Flash memory version -40 to +125 °C

Notes 1. 6.5V or below
(Note 2 is explained on the following 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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CHAPTER 25 ELECTRICAL SPECIFICATIONS (EXPANDED-SPECIFICATION PRODUCTS: fx = 1.0 TO 12 MHz)

Notes 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 Vop 10 us or more after Voo has reached the lower-limit value (1.8 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 (1.8 V) of the
operating voltage range of Voo (see b in the figure below).

Vep
1.8V

oV

Capacitance (Ta = 25°C, Vop = Vss = 0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Input CiN f=1MHz 15 pF
capacitance Unmeasured pins returned to 0 V.

1/0 Cio f=1MHz P00 to P03, P20 to P25, 15 pF
capacitance Unmeasured pins P34 to P36, P40 to P47,
returned to O V. P50 to P57, P64 to P67,
P70 to P75
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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CHAPTER 25 ELECTRICAL SPECIFICATIONS (EXPANDED-SPECIFICATION PRODUCTS: fx =

1.0 TO 12 MHz)

Main System Clock Oscillator Characteristics (Ta = —40 to +85°C, Vop = 1.8 to 5.5 V)

Resonator Recommended Parameter Conditions MIN. TYP. MAX. Unit
Circuit
Ceramic Oscillation 45V <Vop<55V 1.0 12.0 MHz
resonator | X2 X1 Vss1| frequency (fx)Note 1 30V <Voo<45V 1.0 8.38
?41[1% 1.8V <Vop<3.0V 1.0 5.0
TC2 TC1 Oscillation After Voo reaches 4 ms
/ stabilization timeNete 2 | oscillation voltage range
7 MIN.
Crystal | Oscillation 45V <Vop<55V 1.0 12.0 MHz
X2 X1 Vss1| Note 1
resonator T frequency (fX) ote 30V<Vob<45V 1.0 8.38
i SR1 2= : : :
?DP 1.8V <Vop<3.0V 1.0 5.0
i =C2 =C1 —
| Oscillation 4.0V <Voo <55V 10 ms
‘ 7 stabilization timeN°te2 | 1.8 V < Vop < 4.0V 30
External X1 input 45V<Vopb<55V 1.0 12.0 MHz
clock o “ frequency (fx)Note ! 3.0V<Vop<45V 1.0 8.38
1.8V<Vopb<3.0V 1.0 5.0
X1 input 45V <Vop<55V 38 500 ns
high-/low-level width 3.0V<Vopb<45V 50 500
(txH, txc) 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

490

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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CHAPTER 25 ELECTRICAL SPECIFICATIONS (EXPANDED-SPECIFICATION PRODUCTS: fx =

1.0 TO 12 MHz)

Subsystem Clock Oscillator Characteristics (Ta = -40 to +85°C, Vop = 1.8 to 5.5 V)

high-/low-level width
(txTh, txTL)

Resonator | Recommended Circuit Parameter Conditions MIN. TYP. MAX. Unit
Crystal |XT2 XT1 Vsswl Oscillation 32 32.768 35 kHz
resonator ; frequency (fxr)Note 1

Oscillation 40V<Vop<55V 1.2 2 §
i stabilization time™ote 1.8V < Voo <4.0V 10
External XT1 input 32 38.5 kHz
clock XT2 XT1 frequency (fxr)Note 1
XT1 input 12 15 us

Notes 1. Indicates only oscillator characteristics. Refer to AC Characteristics for instruction execution time.

2. Time required to stabilize oscillation after Vob 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 figure 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.

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.

Remark For the resonator selection and oscillator constant of the subsystem clock, customers are required to

either evaluate the oscillation themselves or apply to the resonator manufacturer for evaluation.
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CHAPTER 25 ELECTRICAL SPECIFICATIONS (EXPANDED-SPECIFICATION PRODUCTS: fx = 1.0 TO 12 MHz)

Recommended Oscillator Constant

To use the uPD78F0034B or 78F0034B(A), for the resonator selection and oscillator constant, customers are
required to either evaluate the oscillation themselves or apply to the resonator manufacturer for evaluation.

o Mask ROM versions of uPD780024A, 780034A Subseries (expanded-specification product)
Main system clock: Ceramic resonator (Ta = —-40 to +85°C)

Manufacturer Part Number Frequency Recommended Circuit Constant Oscillation Voltage Range
(MHz) Ci(pF) | C2(F) | R1(kQ) | MIN.(V) | MAX. (V)
Murata Mfg. | CSBFB1M00J58 1.00 100 100 2.2 1.8 5.5
Co., Ltd. CSBLATM00J58 1.00 100 100 2.2 1.8 55
CSTCC2M00G56 2.00 On-chip On-chip 0 1.8 55
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 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 1.8 55
CSTLS5M00G53 5.00 On-chip On-chip 0 1.8 55
CSTCE8M00G52 8.00 On-chip On-chip 0 2.7 55
CSTLS8MO00G53 8.00 On-chip On-chip 0 2.7 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 3.0 55
CSTLS10M0G53 10.00 On-chip On-chip 0 3.0 55
CSTCE12M0G52 12.00 On-chip On-chip 0 4.5 5.5
CSTLA12MOT55 12.00 On-chip On-chip 0 4.5 5.5
TDK CCR3.58MC3 3.58 On-chip On-chip 0 1.8 5.5
CCR4.19MC3 4.19 On-chip On-chip 0 1.8 55
CCR5.0MC3 5.00 On-chip On-chip 0 1.8 5.5
CCR8.0MC5 8.00 On-chip On-chip 0 2.7 5.5
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 yPD780024A, 780034A Subseries
within the specifications of the DC and AC characteristics.
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CHAPTER 25 ELECTRICAL SPECIFICATIONS (EXPANDED-SPECIFICATION PRODUCTS:

fx =

1.0 TO 12 MHz)

DC Characteristics (Ta =

—40 to +85°C, Vop = 1.8 to 5.5 V) (1/4)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Output current, lon Per pin —1 mA
high All pins -15 | mA
Output current, lou Per pin for P00 to P03, P20 to P25, P34 to P36, 10 mA
low P40 to P47, P64 to P67, P70 to P75

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 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, Vini P10 to P17, P21, P24, P35, 27V<Vop<55V 0.7Vop Vop Vv
high P40to P47, PS0 1o P57, 1.8V<Voo<27V | 0.8Voo Voo | V
P64 to P67, P74, P75
Vinz P00 to P03, P20, P22, P23, P25, | 2.7 V < Vop <5.5 V 0.8Vop Voo Vv
P34, P36, P70to P73, RESET | 18V <Vop<27V | 0.85Voo Voo Vv
Vins P30 to P33 27V<Vop<55V 0.7Vop 5.5 Y%
(N-ch open-drain) 1.8V<Voo<27V | 0.8Vop 55 v
Vira X1, X2 27V<Vop<55V [Voo-05 Voo Vv
1.8V<Vop<27V Voo —0.2 Voo \
ViHs XT1, XT2 40V<Vopb<55V 0.8Vop Vob V
1.8V<Vop<4.0V 0.9Vop Vop V
Input voltage, ViLs P10 to P17, P21, P24, P35, 27V<Vop<55V 0 0.3Von | V
low E;Z :Z Eg;: Ei:“;;:z 1.8V <Vop <27V 0 0.2Voo | V
Viee P00 to P03, P20, P22, P23, P25, | 2.7 V < Vop <5.5 V 0 0.2Von | V
P34, P36, P70 to P73, RESET | 1.8V <Vop<2.7 V 0 0.15Vop| V
Vits P30 to P33 40V<Vop<55V 0 0.3Von | V
27V<Vop<4.0V 0 0.2Von | V
1.8V <Vop <27V 0 0.1Von | V
Vit X1, X2 27V<Vop<55V 0 0.4 v
1.8V <Vop<27V 0 0.2 Y%
Viis XT1, XT2 40V<Vop<55V 0 0.2Von | V
1.8V < Voo <4.0V 0 0.1Voo | V
Output voltage, VoH1 40V <Vob <55V, lon=-1mA Voo —1.0 Vob \Y
high 1.8V < Voo < 4.0V, low = —100 uA Voo - 0.5 Voo | V
Output voltage, Vot P30 to P33 40V<Vop<55YV, 2.0 \"
low VoL P50 to P57 lo = 15 mA 0.4 2.0 v
VoLs P00 to P03, P20 to P25, P34 to P36,| 4.0 V< Voo < 5.5V, 0.4 Y%
P40 to P47, P64 to P67, P70 to P75 | loL = 1.6 mA
VoL loL = 400 uA 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 (EXPANDED-SPECIFICATION PRODUCTS: fx = 1.0 TO 12 MHz)

DC Characteristics (Ta = —40 to +85°C, Vob = 1.8 to 5.5 V) (2/4)

Parameter Symbol Conditions MIN. | TYP. | MAX. | Unit
Input leakage ILiH1 Vin = Vop 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,
RESET
ILinz X1, X2, XT1, XT2 20 uA
ILiHs Vin=55V P30 to P33 3 UA
Input leakage ILis Vin=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,
RESET
luie X1, X2, XT1, XT2 -20 uA
ILis P30 to P33 -3 UA
Output leakage ILom Vour = Vop 3 uA
current, high
Output leakage ILou Vour=0V -3 uA
current, low
Mask option pull-| R Vin=0V, 15 30 90 kQ
up resistance P30, P31, P32, P33
(mask ROM
version only)
Software pull- Rz 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

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 (EXPANDED-SPECIFICATION PRODUCTS: fx

= 1.0 TO 12 MHz)

DC Characteristics (Ta = —40 to +85°C, Vob = 1.8 to 5.5 V) (3/4)

(1) Mask ROM versions of uPD780024A, 780034A Subseries (expanded-specification product)

Parameter Symbol Conditions MIN. | TYP. | MAX. Unit
Power supply | lopiNete 2| 12.0 MHz Voo = 5.0 V£10%"3 | When A/D converter is 8.5 17 mA
currentNote 1 crystal oscillation stopped

operating mode When A/D converter is 9.5 19 mA
operatingNote 7
8.38 MHz Voo = 5.0 V £10%Nte3 | When A/D converter is 5.5 11 mA
crystal oscillation stopped
operating mode When A/D converter is 6.5 13 mA
operatingNote 7
Vop = 3.0V + 10%Netes 3.6/ When A/D converter is 3 6 mA
stopped
When A/D converter is 4 8 mA
operatingNete 7
5.00 MHz Voo = 3.0 V £10%Nte3 | When A/D converter is 2 4 mA
crystal oscillation stopped
operating mode When A/D converter is 3 6 mA
operatingNote 7
Voo = 2.0 V £10%Nete4 | When A/D converter is 0.4 1.5 mA
stopped
When A/D converter is 1.4 4.2 mA
operatingNete 7
Ibp2 12.0 MHz Voo = 5.0 V£10%"€3 | When peripheral functions 2 4 mA
crystal oscillation are stopped
HALT mode When peripheral functions 10 mA
are operating
8.38 MHz Voo = 5.0 V£10%"€3 | 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%Notes 3.6 | When peripheral functions 0.5 1 mA
are stopped
When peripheral functions 4 mA
are operating
5.00 MHz Voo = 3.0 V£10%"€3 | 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
IbD3 32.768 kHz crystal oscillation Voo =5.0 V£10% 40 80 uA
operating modeMete s Voo = 3.0 V £10% 20 40 LA
Vop = 2.0 V £10% 10 20 UA
lopa 32.768 kHz crystal oscillation Voo =5.0 V£10% 30 60 uA
HALT modetete s Voo = 3.0 V £10% 18 Iy
Vop = 2.0 V £10% 10 UA
lops XT1 = Voo, STOP mode Voo =5.0 V£10% 0.1 30 uA
When feedback resistor is not used Voo = 3.0 V +10% 0.05 10 LA
Vop = 2.0 V £10% 0.05 10 UA
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CHAPTER 25 ELECTRICAL SPECIFICATIONS (EXPANDED-SPECIFICATION PRODUCTS: fx = 1.0 TO 12 MHz)

Notes 1. Total current through the internal power supply (Vopo, Vob1) (except the current through pull-up resistors
of ports).

. Iob1 includes the peripheral operation current.

. When the processor clock control register (PCC) is cleared to 00H.

When PCC is set to 02H.

When main system clock operation is stopped.

The values show the specifications when Vob = 3.0 to 3.3 V. The value in the TYP. column show the

specifications when Vop = 3.0 V.

7. Includes the current through the AVop pin.

oo R wN
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CHAPTER 25 ELECTRICAL SPECIFICATIONS (EXPANDED-SPECIFICATION PRODUCTS: fx

= 1.0 TO 12 MHz)

DC Characteristics (Ta = —40 to +85°C, Vop = 1.8 to 5.5 V) (4/4)

(2) uPD78F0034B, 78F0034B(A)

Parameter Symbol Conditions MIN. | TYP. | MAX. Unit
Power supply | lopiNete 2| 12.0 MHz Voo = 5.0 V£10%"3 | When A/D converter is 16 32 mA
currentNote 1 crystal oscillation stopped

operating mode When A/D converter is 17 34 mA
operatingNote 7
8.38 MHz Voo = 5.0 V £10%N°te3 | When A/D converter is 10.5 21 mA
crystal oscillation stopped
operating mode When A/D converter is 11.5 23 mA
operatingNote 7
Vop = 3.0 V + 10%Netes 3.6| When A/D converter is 7 14 mA
stopped
When A/D converter is 8 16 mA
operatingNote 7
5.00 MHz Voo = 3.0 V £10%Nete3 | When A/D converter is 4.5 9 mA
crystal oscillation stopped
operating mode When A/D converter is 55 11 mA
operatingNote 7
Voo = 2.0 V £10%Nete4 | When A/D converter is 1 2 mA
stopped
When A/D converter is 2 6 mA
operatingNote 7
Ibp2 12.0 MHz Voo = 5.0 V£10%"€3 | When peripheral functions 2 4 mA
crystal oscillation are stopped
HALT mode When peripheral functions 8 mA
are operating
8.38 MHz Voo = 5.0 V£10%"€3 | When peripheral functions 1.2 2.4 mA
crystal oscillation are stopped
HALT mode When peripheral functions 5 mA
are operating
Vop = 3.0 V + 10%Netes 3.6| When peripheral functions 0.6 1.2 mA
are stopped
When peripheral functions 2.4 mA
are operating
5.00 MHz Voo = 3.0 V£10%"€3 | When peripheral functions 0.4 0.8 mA
crystal oscillation are stopped
HALT mode When peripheral functions 1.7 mA
are operating
Voo = 2.0 V £10%"€4 | When peripheral functions 0.2 0.4 mA
are stopped
When peripheral functions 1.1 mA
are operating
Ipp3 32.768 kHz crystal oscillation Voo =5.0 V£10% 115 230 uA
operating modeMte? Voo = 3.0 V +10% 95 | 190 | uA
Vop = 2.0 V £10% 75 150 UA
lopa 32.768 kHz crystal oscillation Voo =5.0 V£10% 30 60 uA
HALT modetete s Voo = 3.0 V £10% 18 Iy
Vop = 2.0 V £10% 10 UA
lops XT1 = Voo, STOP mode Voo =5.0 V£10% 0.1 30 uA
When feedback resistor is not used Voo = 3.0 V +10% 0.05 10 LA
Vop = 2.0 V £10% 0.05 10 UA
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CHAPTER 25 ELECTRICAL SPECIFICATIONS (EXPANDED-SPECIFICATION PRODUCTS: fx = 1.0 TO 12 MHz)

Notes 1. Total current through the internal power supply (Vopo, Vob1) (except the current through pull-up resistors
of ports).

. Iob1 includes the peripheral operation current.

. When the processor clock control register (PCC) is cleared to 00H.

. When PCC is set to 02H.

When main system clock operation is stopped.

The values show the specifications when Vob = 3.0 to 3.3 V. The value in the TYP. column show the

specifications when Vop = 3.0 V.

7. Includes the current through the AVop pin.

o0 s WM
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CHAPTER 25 ELECTRICAL SPECIFICATIONS (EXPANDED-SPECIFICATION PRODUCTS: fx

= 1.0 TO 12 MHz)

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 Tey Operating with 45V<Vop<55V 0.166 16 us
(Min. instruction main system clock | 3 9 v < Vpp< 4.5V 0.238 16 us
execution time) 2.7V <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
TIOO, TIO1 input | triHo, tro [ 3.0 V< Voo <55V 2/fsam + 0.1Note 2 us
high-/low-level 27V <Voo<3.0V 2/fsam + 0.2Note 2 us
width 1.8V <Vop<27V 2/fsam + 0.5Note 2 us
TI50, TI51 input | fris 27V<Vopb <55V 0 4 MHz
frequency 1.8V<Vmp <27V 0 275 kHz
TI50, TI51 input | trms, tres | 2.7 V< Vop £5.5V 100 ns
high-/low-level 1.8V <Vop<2.7V 1.8 us
width
Interrupt request | tintH, tinte | INTPO to INTP3, 27V<Vop<55V 1 us
input high-/low- P40 to P47 18V<Vopb<27V 2 us
level width
RESET thst 27V<Vop<55V 10 us
low-level width 1.8V<Vop<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 (PRM00, PRMO01) of prescaler mode
register 0 (PRMO0). However, if the TI00 valid edge is selected as the count clock, the value becomes
fsam = fx/8.
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CHAPTER 25 ELECTRICAL SPECIFICATIONS (EXPANDED-SPECIFICATION PRODUCTS: fx = 1.0 TO 12 MHz)

Tecy vs. Vop (main system clock operation)
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CHAPTER 25 ELECTRICAL SPECIFICATIONS (EXPANDED-SPECIFICATION PRODUCTS: fx = 1.0 TO 12 MHz)

(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 taps 20 ns
Address hold time taDH 6 ns
Data input time from address tabD1 (2 + 2n)tey — 54 ns
tabp2 (8 + 2n)tey — 60 ns
Address output time from RDI trDAD 0 100 ns
Data input time from RDJ trRDD1 (2 + 2n)tcy — 87 ns
troD2 (3 + 2n)tcy — 93 ns
Read data hold time tRDH 0 ns
RD low-level width trRoOL1 (1.5 + 2n)tey — 33 ns
trRoL2 (2.5 + 2n)tcy — 33 ns
Input time from RD{ to WAITL tROWT toy — 43 ns
trRowT2 tcy — 43 ns
Input time from WRJ{ to WAIT. twRwT tey — 25 ns
WAIT low-level width twre (0.5 + 2n)tey + 10 (2 + 2n)tev ns
Write data setup time twobs 60 ns
Write data hold time twoH 6 ns
WR low-level width twRL1 (1.5 + 2n)tey — 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 trowp 40 ns
Write data output time from WR{ twrwp 10 60 ns
Address hold time from WRT twRADH 0.8tcy — 15 1.2tcy + 30 ns
Delay time from WAITT to RDT twTRD 0.8tey 2.5tcy + 25 ns
Delay time from WAITT to WRT twrwa 0.8ty 2.5tcy + 25 ns

Caution Tcy can only be used when the MIN. value is 0.238 us.

Remarks 1. tcy = Tev/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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CHAPTER 25 ELECTRICAL SPECIFICATIONS (EXPANDED-SPECIFICATION PRODUCTS: fx = 1.0 TO 12 MHz)

(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 taps 30 ns
Address hold time tAbH 10 ns
Input time from address to data taDD1 (2 + 2n)tey — 108 ns
tapbD2 (3 + 2n)tey — 120 ns
Output time from RD{ to address | troap 0 200 ns
Input time from RDJ to data tRDD! (2 + 2n)tey — 148 ns
trDD2 (3 + 2n)tecy — 162 ns
Read data hold time tRDH 0 ns
RD low-level width tRDOL1 (1.5 + 2n)tey — 40 ns
trRDL2 (2.5 + 2n)tcy — 40 ns
Input time from RD{ to WAIT. tRowTt toy — 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)tey — 30 ns
Delay time from ASTB! to RD{ tasTRD 10 ns
Delay time from ASTBJ to WRL 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 trRowD 40 ns
Write data output time from WRJ{ twrwb 20 120 ns
Hold time from WRT to address | twraok 0.8tcv — 30 1.2tcy + 60 ns
Delay time from WAITT to RDT twTrD 0.5tey 2.5tcy + 50 ns
Delay time from WAITT to WRT twrwr 0.5tcy 2.5tcy + 50 ns

Caution Tcy can only be used when the MIN. value is 0.4 us.

Remarks 1. tcy = Tev/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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CHAPTER 25 ELECTRICAL SPECIFICATIONS (EXPANDED-SPECIFICATION PRODUCTS: fx = 1.0 TO 12 MHz)

(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 taps 120 ns
Address hold time tADH 20 ns
Input time from address to data tabD1 (2 + 2n)tey — 233 ns
tabp2 (3 + 2n)tcy — 240 ns
Output time from RD{ to address tRDAD 0 400 ns
Input time from RD{ to data troD1 (2 + 2n)tey — 325 ns
troD2 (3 + 2n)tey — 332 ns
Read data hold time tRDH 0 ns
RD low-level width trRoOL1 (1.5 + 2n)tey — 92 ns
troL2 (2.5 + 2n)tey — 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 twre (0.5 + 2n)tey + 10 (2 + 2n)tey ns
Write data setup time twobs 60 ns
Write data hold time twoH 20 ns
WR low-level width twRL1 (1.5 + 2n)tey — 60 ns
Delay time from ASTB! to RDJ 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 trowp 40 ns
Write data output time from WRJ{ twrwb 40 240 ns
Hold time from WRT to address twRADH 0.8tcy — 60 1.2tcy + 120 ns
Delay time from WAITT to RDT twrrD 0.5tcy 2.5tcy + 100 ns
Delay time from WAITT to WRT twTwr 0.5tey 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, A8 to A15, RD, WR, WAIT, and

ASTB pins.)

Tcy can only be used when the MIN. value is 1.6 us.
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CHAPTER 25 ELECTRICAL SPECIFICATIONS (EXPANDED-SPECIFICATION PRODUCTS: fx = 1.0 TO 12 MHz)

(3) Serial interface (Ta = —40 to +85°C, Voo = 1.8 to 5.5 V) (1/2)

(a) 3-wire serial /0 mode (SCK3n... Internal clock output)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
SCK3n tkevi 45V <Vop<55V 666 ns
cycle time 3.0V<Von<45V 954 ns

27V<Vop<3.0V 1600 ns

1.8V <Vop<27V 3200 ns
SCK3an high-/ tkH1, kLt 3.0V<Vomp<55V tkey1/2 — 50 ns
low-level width 1.8V <Vop<3.0V tkov1/2 — 100 ns
SI3n setup time tsik1 3.0V<Vopb<55V 100 ns
(to SCK3n™) 2.7V <Voo<3.0V 150 ns

1.8V <Vop<27V 300 ns
SI3n hold time tksit 45V <Vop<55V 300 ns
(from SCK3nT) 1.8V < Voo <45V 400 ns
Delay time from tksot C =100 pFN°® | 45V <V <55V 200 ns
SCKanl to SO3n 1.8V<Voo<45V 300 ns
output

Note C is the load capacitance of the SCK3n and SO3n output lines.

(b) 3-wire serial /0 mode (SCK3n... External clock input)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
SCK3n tkevz 45V <Vop<55V 666 ns
cycle time 3.0V<Von<45V 800 ns

27V<Vop<3.0V 1600 ns
1.8V <Vop<27V 3200 ns
'SCK3n high-/ tkrz, tkie | 4.5V < Voo < 5.5V 333 ns
low-level width 3.0V<Von<45V 400 ns
27V<Vop<3.0V 800 ns
1.8V <Vop<27V 1600 ns
SI3n setup time tsike 100 ns
(to SCK3nT)
SI3n hold time tksiz 45V <Vop<55V 300 ns
(from SCK3nT) 1.8V < Voo <45V 400 ns
Delay time from tksoz C =100 pFN°® |45V <Vop<55V 200 ns
SCK3n! to SO3n 1.8V<Voo<45V 300 ns
output

Note C is the load capacitance of the SO3n output line.

Remark n=0, 1
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CHAPTER 25 ELECTRICAL SPECIFICATIONS (EXPANDED-SPECIFICATION PRODUCTS: fx = 1.0 TO 12 MHz)

(3) Serial interface (Ta = —40 to +85°C, Voo = 1.8 to 5.5 V) (2/2)

(c) UART mode (dedicated baud-rate generator output)

Parameter Symbol Conditions MIN. TYP. MAX. Unit

Transfer rate 45V <V <55V 187500 bps
3.0V<Vopb<45V 131031 bps

27V<Vopb<3.0V 78125 bps

1.8V<Vop <27V 39063 bps

(d) UART mode (external clock input)

Parameter Symbol Conditions MIN. TYP. MAX. Unit

ASCKO cycle time tkeys 40V<Vop<55V 800 ns
27V<Vopb<4.0V 1600 ns

1.8V<Vop <27V 3200 ns

ASCKO high-/low-level width JCGER 40V<Vop<55V 400 ns
this 2.7V <Vop<4.0V 800 ns

1.8V<Vop <27V 1600 ns

Transfer rate 40V<Vop<55V 39063 bps
27V<Vop<4.0V 19531 bps

1.8V<Vop <27V 9766 bps

(e) UART mode (infrared data transfer mode)

Parameter Symbol Conditions MIN. MAX. Unit
Transfer rate 40V<Vop<55V 131031 bps
Allowable bit rate error 40V<Vop<55V +0.87 %
Output pulse width 40V<Vop<h5V 1.2 0.24/fbrNote us
Input pulse width 40V<Vopb<55V 4/fx us

Note fbr: Specified baud rate
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CHAPTER 25 ELECTRICAL SPECIFICATIONS (EXPANDED-SPECIFICATION PRODUCTS: fx = 1.0 TO 12 MHz)

A/D Converter Characteristics (Ta = —40 to +85°C, Vbop = AVbp = 1.8 t0 5.5 V, AVss = Vss =0 V) (1/2)

(1) 8-bit A/D converter: uPD780024A Subseries

Parameter Symbol Conditions MIN. TYP. MAX. Unit

Resolution 8 8 8 bit

Overall errorNote 4.0V <AVrer<55V +0.4 %FSR
2.7V <AVrer<4.0V +0.6 %FSR
1.8V <AVRer< 2.7V +1.2 %FSR

Conversion time tconv 45V <AVop<55V 12 96 us
40V <AVob<45V 14 96 us
27V<AVob<4.0V 17 96 us
1.8V<AVp <27V 28 96 us

Analog input voltage Vain 0 AVRer

Reference voltage AVRerF 1.8 AVoo

Resistance between AVrer and AVss | Rrer During A/D converter operation 20 40 kQ

Note Excludes quantization error (£1/2 LSB). This value is indicated as a ratio (%FSR) to the full-scale value.

Remark The impedance of the analog input pins is shown below.

[Equivalent circuit]

R1 R2

(n=0103)

7_7[ C1 7_7[ c2 7_7[ C3

[Parameter value]
(TYP.)

AVop R1 R2 C1 c2 C3
2.7V 12 kQ 8.0 kQ 3.0 pF 3.0 pF 2.0 pF
45V 4 kQ 2.7 kQ 3.0 pF 1.4 pF 2.0 pF
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CHAPTER 25 ELECTRICAL SPECIFICATIONS (EXPANDED-SPECIFICATION PRODUCTS: fx

1.0 TO 12 MHz)

A/D Converter Characteristics (Ta = —40 to +85°C, Vbob = AVpbp = 1.8 t0 5.5 V, AVss = Vss = 0 V) (2/2)

(2) 10-bit A/D converter: uPD780034A Subseries

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Resolution 10 10 10 bit
Overall errorNotes 1,2 4.0V <AVrer<55V +0.2 +0.4 %FSR
2.7V <AVrer<4.0V +0.3 +0.6 %FSR
1.8V <AVRer< 2.7V +0.6 +1.2 %FSR
Conversion time tconv 45V <AVop<55V 12 96 us
40V <AVob<45V 14 96 us
27V<AVob<4.0V 17 96 us
1.8V<AVp <27V 28 96 us
Zero-scale errorNotes 1,2 4.0V <AVrer<55YV +0.4 %FSR
2.7V <AVrer< 4.0V +0.6 %FSR
1.8V <AVRerF< 2.7V +1.2 %FSR
Full-scale errorNotes 1 2 4.0V <AVrer<55YV +0.4 %FSR
2.7V <AVrer< 4.0V +0.6 %FSR
1.8V <AVRer< 2.7V +1.2 %FSR
Integral linearity errorNote 1 4.0V <AVrer<55YV +2.5 LSB
2.7V <AVrer<4.0V +4.5 LSB
1.8V <AVRerF< 2.7V +8.5 LSB
Differential linearity error 40V <AVrREr<55V +1.5 LSB
2.7V <AVrer<4.0V +2.0 LSB
1.8V <AVRerF< 2.7V +3.5 LSB
Analog input voltage Vain 0 AVRer \
Reference voltage AVRerF 1.8 AVoo Vv
Resistance between AVrer and AVss | Rrer During A/D converter operation 20 40 kQ
Notes 1. Excludes quantization error (£1/2 LSB).
2. This value is indicated as a ratio to the full-scale value.
Remark The impedance of the analog input pins is shown below.
[Equivalent circuit]
R1 R2
ANIn
(n=01t03)
7_7[ C1 7_7[ c2 7_7[ C3
[Parameter value]
(TYP.)
AVop R1 R2 C1 c2 C3
2.7V 12 kQ 8.0 kQ 3.0 pF 3.0 pF 2.0 pF
45V 4 kQ 2.7 kQ 3.0 pF 1.4 pF 2.0 pF
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CHAPTER 25 ELECTRICAL SPECIFICATIONS (EXPANDED-SPECIFICATION PRODUCTS: fx

1.0 TO 12 MHz)

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 VoDDR 1.6 55 Vv
supply voltage
Data retention power IopoR Vooor = 1.6 V 0.1 30 UA
supply current (Subsystem clock unused (XT1 = Voo) and

feedback resistor disconnected)

Release signal set time tsREL 0 us
Oscillation stabilization twarr Release by RESET 217/fx s
wait time Release by interrupt request Note s

Note Selection of 2'2/fx and 2'%/fx to 2'7/fx is possible using bits 0 to 2 (OSTSO0 to OSTS2) of the oscillation
stabilization time select register (OSTS).

508

User’'s Manual U14046EJ3VOUD



CHAPTER 25 ELECTRICAL SPECIFICATIONS (EXPANDED-SPECIFICATION PRODUCTS: fx

1.0 TO 12 MHz)

Flash Memory Programming Characteristics (1/2)
(TA = +10 to +40°C, Vbbo = AVpp = 1.8t0 5.5V, Vss = AVss = 0 V)

o uPD78F0034B, 78F0034B(A)

(a) Write erase characteristics

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Operating frequency fx 45V<Vop<55V 1.0 10.0 MHz
3.0V<Vop<45V 1.0 8.38 MHz
27V<Vob<3.0V 1.0 5.00 MHz
1.8V<Vmp <27V 1.0 1.25 MHz
Vep supply voltage Vpp2 During flash memory programming 9.7 10.0 10.3 Vv
Voo supply current™*®" Ioo When 10 MHz crystal | Voo = 5.0 V+10% 30 mA
Vep = Vpp2 | oscillation
operating mode
8.38 MHz crystal | Voo = 5.0 V£10% 24 mA
oscillation Voo = 3.0 V£10% 17 mA
operating mode
Vep supply current lpp When Vep = Vrp2 100 mA
Step erase time"**? Ter 0.199 | 02 | 0.201 s
Overall erase time"**® Tera When step erase time = 0.2 s 20 s/chip
Writeback time"*®* Twb 49.4 50 50.6 ms
Number of writebacks per Cwb When writeback time = 50 ms 60 Times
writeback command"**®
Number of erases/writebacks Cerwb 16 Times
Step write time"°*®® Tur 48 50 52 Us
Overall write time per word"°*®” Turw When step write time = 50 us (1 word = 1 byte) | 48 520 us
Number of rewrites per chip"® Cerwr 1 erase + 1 write after erase = 1 rewrite 20  |[Times/area

Notes

1.
2
3.
4
5

°

AVop current and port current (current that flows through the internal pull-up resistor) are not included.

. The recommended setting value of the step erase time is 0.2 s.

The prewrite time before erasure and the erase verify time (writeback time) are not included.

. The recommended setting value of the writeback time is 50 ms.
. Writeback is executed once by the issuance of the writeback command. Therefore, the number of retries

must be the maximum value minus the number of commands issued.

The recommended setting value of the step write time is 50 us.

The actual write time per word is 100 us longer. The internal verify time during or after a write is not
included.

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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CHAPTER 25 ELECTRICAL SPECIFICATIONS (EXPANDED-SPECIFICATION PRODUCTS: fx = 1.0 TO 12 MHz)

Flash Memory Programming Characteristics (2/2)
(TA = +10 to +40°C, Vbbo = AVpp = 1.8t0 5.5V, Vss = AVss = 0 V)

o uPD78F0034B, 78F0034B(A)

(b) Serial write operation characteristics

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Set time from VooT to VerT top 10 us
Release time from VeeT to RESETT | tem 1.0 us
Mse 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 VppL 0.8Vop 1.2Voo
Vep pulse high-level input voltage VppH 9.7 10.0 10.3
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CHAPTER 25 ELECTRICAL SPECIFICATIONS (EXPANDED-SPECIFICATION PRODUCTS: fx = 1.0 TO 12 MHz)

Timing Charts

AC Timing Test Points (excluding X1, XT1 input)

0.8Vop 0.8Vop
T .
>< 02Vor o Testpoints =7 0.2Voo ><

Clock Timing

1/fx

txe ———m txH——

Vita (MIN.)

X1 input Vi (MAX.)

-]

- txIL——— IXTH——

Vins (MIN.)
Viis (MAX.

XT1 input \

)

Tl Timing

triLo tTiHo

TIOO, TIO1

1/frs

tris t1iHs

TI50, TI51 \
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CHAPTER 25 ELECTRICAL SPECIFICATIONS (EXPANDED-SPECIFICATION PRODUCTS: fx = 1.0 TO 12 MHz)

Interrupt Request Input Timing

tiNTL | tINTH
INTPO to INTP3 J J} \

RESET Input Timing

l——— tRSL —— |
RESET
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CHAPTER 25 ELECTRICAL SPECIFICATIONS (EXPANDED-SPECIFICATION PRODUCTS: fx = 1.0 TO 12 MHz)

Read/Write Operation

External fetch (no wait):

"4
A8 to A15 >§‘ Higher 8-bit address
tabp1
/ \ i- / \
ADO to AD7 >< Lower 8-bit address % ----- H 'Z< Instruction code ><
B / X /
TADS = tRDAD
tapH trOD1

tRDADH |

tAsTH ‘
tRDAST:
ASTB ]E % % \
N

X‘
|=—tASTRD [

tRDL1 ‘

tRDH

External fetch (wait insertion):

4
A8to A15 >§ Higher 8-bit address
N
tADD1
/ N i- / N
ADO to AD7 >§ Lower 8-bit address ?] -------------- AL { Instruction code }<
N 7 N 7
taDs - trRDAD
|
|

tAbH tRDD1 tRDADH
tAsTH tRDAST:

ASTB 7‘ k

\

RD \ 712‘

= tASTRD tROL1 | = ltron

WAIT NF
tROWT1 ‘ twrL twTRD ——
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CHAPTER 25 ELECTRICAL SPECIFICATIONS (EXPANDED-SPECIFICATION

PRODUCTS: fx =

1.0 TO 12 MHz)

External data access (no wait):

A8 to A15

ADO to AD7

ASTB

External

A8 to A15

ADO to AD7

ASTB

WAIT

514

X

Higher 8-bit address
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tabp2
Y/ ) NIRRT / Hi-Z
>§ Lower 8-bi address [y -1 Read data Write data Deee T -{
\ 7| tRDAD X 7
taps T
tADH RDD2-|
tAsTH tROH|
/ kk
/
N %tHDWD
-«—tAsTRD troL2 twos twoH
-«—— tWRADH —»|
twrwo
\ /
Y {
tasTWR twRL1 ‘
data access (wait insertion):
4 R i N
>§‘ Higher 8-bit address p
tabp2
i it Hi-Z i . X _Hi-Z
4%\%3; """""""""" 4 Read data Write data DS
— tRDAD
taps tabH
tROH
Ity tRDD2 -
i\
tASTRD
[
\ 7
\ 7 ltrowo
troL2 twobs twDH»
twrRwp
/s
‘ 1
tasTWR twRL1 | twWRADH —
/
tROWT2 M twrrD = twii—| |
twrRwt twrwr




CHAPTER 25 ELECTRICAL SPECIFICATIONS (EXPANDED-SPECIFICATION PRODUCTS: fx = 1.0 TO 12 MHz)

Serial Transfer Timing

3-wire serial 1/0 mode:

tkeym
tkim tkHm
‘-~
/
SCK3n
\
 tskm | tksim
/ \
SI3n ( Input data S
tksom

SO3n Output data ><

Remarks 1. m=1,2
2. n=0,1

UART mode (external clock input):

tkeys

tkis [ | tkhH3

ASCKO \ \
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CHAPTER 25 ELECTRICAL SPECIFICATIONS (EXPANDED-SPECIFICATION PRODUCTS: fx = 1.0 TO 12 MHz)

Data Retention Timing (STOP Mode Release by RESET)

H}— STOP mode

<—— Data retention mode ———*

Internal reset operation

HALT mode

Voo

STOP instruction execution

VoooR

A

-
%

»«— Operating mode

4 {SREL —p|

RESET

)
((

- tWAT —

Data Retention Timing (Standby Release Signal: STOP Mode Release by Interrupt Request Signal)

Vob ?

STOP instruction execution

Standby release signal
(interrupt request)

-«— Data retention mode ——— ™

\ VoDDR

STOP mode

HALT mode

-

Y

»|-«— Operating mode

-

- {sREL —m

/
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CHAPTER 25 ELECTRICAL SPECIFICATIONS (EXPANDED-SPECIFICATION PRODUCTS: fx = 1.0 TO 12 MHz)

Flash Memory Write Mode Set Timing

Vob
Voo
ov tor

trP

VepH

Vep VepL

oV

Vob
RESET (input) \

oV

tPR

tpw

trw

VAW,
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CHAPTER 26 ELECTRICAL SPECIFICATIONS
(CONVENTIONAL PRODUCTS: fx = 1.0 TO 8.38 MHz)

Target products

e PD780021A,780022A,780023A, 780024A, 780031A, 780032A, 780033A, 780034A, 780021A(A), 780022A(A),
780023A(A), 780024A(A), 780031A(A), 780032A(A), 780033A(A), 780034A(A) for which orders were received
before November 30, 2001 (Products with rankNete K, E, P, X)

e PD780021AY, 780022AY, 780023AY, 780024AY, 780031AY, 780032AY, 780033AY, 780034AY, 780021AY (A),
780022AY(A), 780023AY (A), 780024AY (A), 780031AY(A), 780032AY(A), 780033AY(A), 780034AY(A)

o uPD78F0034A, 78F0034AY, 78F0034BY, 78F0034BY (A)

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

Lotnumber O O O O A X X X X
H_/H_/
Year Week
code code
Rank

Caution The uPD780021AY(A), 780023AY(A), 780024AY(A), 780031AY(A), 780032AY(A), 780033AY(A),
and 780034AY(A) are under development.
The electrical specifications of the above products are target values (reference values only);
mass-produced products do not necessarily satisfy these ratings.
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CHAPTER 26 ELECTRICAL SPECIFICATIONS (CONVENTIONAL PRODUCTS: fx = 1.0 TO 8.38 MHz)

Absolute Maximum Ratings (Ta = 25°C) (1/2)

Parameter Symbol Conditions Ratings Unit
Supply voltage Vop -0.3to +6.5 \
Vep Flash memory version only, Note 2 -0.3to +10.5 \
AVop ~0.3 to Voo + 0.3Note 1 \%
AVrer ~0.3 to Voo + 0.3Note 1 \%
AVss -0.3t0 +0.3 \Y
Input voltage Vit P00 to P03, P10 to P17, P20 to P25, P34 to P36, -0.3 to Voo + 0.3Note 1 Vv

P40 to P47, P50 to P57, P64 to P67, P70 to P75,
X1, X2, XT1, XT2, RESET

Viz P30 to P33 N-ch open drain -0.3 to +6.5 \

On-chip pull-up resistor -0.3 to Voo + 0.3Note 1 \"

Output voltage Vo -0.3 to Voo + 0.3Note 1 v

Analog input voltage | Van P10 to P17 Analog input pin AVss — 0.3 to AVaer + 0.3Note 1|y
and —0.3 to Voo + 0.3Note 1

Notes 1. 6.5 V or below
2. Make sure that the following conditions of the Vre voltage application timing are satisfied when the flash

memory is written.

« When supply voltage rises
Vep must exceed Vop 10 us or more after Voo has reached the lower-limit value (1.8 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 (1.8 V) of the
operating voltage range of Voo (see b in the figure below).

ov

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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CHAPTER 26 ELECTRICAL SPECIFICATIONS (CONVENTIONAL PRODUCTS: fx

= 1.0 TO 8.38 MHz)

Absolute Maximum Ratings (Ta = 25°C) (2/2)

Parameter Symbol Conditions Ratings Unit
Output current, high| lon Per pin -10 mA
Total for POO to P03, P40 to P47, P50 to P57, -15 mA
P64 to P67, P70 to P75
Total for P20 to P25, P30 to P36 -15 mA
Output current, low | loL Per pin for P00 to P03, P20 to P25, P34 to P36, 20 mA
P40 to P47, P64 to P67, P70 to P75
Per pin for P30 to P33, P50 to P57 30 mA
Total for P00 to P03, P40 to P47, P64 to P67, 50 mA
P70 to P75
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 +80 °C
Storage Tstg Mask ROM version —65 to +150 °C
temperature Flash memory version —-40 to +125 °C

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.

520

User’'s Manual U14046EJ3VOUD




CHAPTER 26 ELECTRICAL SPECIFICATIONS (CONVENTIONAL PRODUCTS: fx = 1.0 TO 8.38 MHz)

Capacitance (Ta = 25°C, Vop = Vss = 0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Input CiN f=1MHz 15 pF
capacitance Unmeasured pins returned to 0 V.

1/0 Cio f=1MHz P00 to P03, P20 to P25, 15 pF
capacitance Unmeasured pins P34 to P36, P40 to P47,
returned to O V. P50 to P57, P64 to P67,
P70 to P75
P30 to P33 20 pF

Remark Unless otherwise specified, the characteristics of alternate-function pins are the same as those of port
pins.

Main System Clock Oscillator Characteristics (Ta = —40 to +85°C, Vop = 1.8 to 5.5 V)

Resonator Recommended Parameter Conditions MIN. TYP. MAX. Unit
Circuit
Ceramic Oscillation 40V<Vop<55V 1.0 8.38 MHz
resonator |‘X2 X1 Vsswl frequency (fx)No|e1 1.8V <Vop<4.0V 1.0 5.0
{ 2R1 — ; ’ ’
§ élzl o Oscillation After Voo reaches 4 ms
= stabilization timeN°te 2 | oscillation voltage range
” MIN.
Crystal | X1 Vss‘| Oscillation 40V<Vob<55V 1.0 8.38 MHz
resonator ?U_J‘ frequency (fx)No|e1 1.8V <Vop<4.0V 1.0 5.0
" < . . .
102 301 Oscillation 40V<Vop<55V 10 ms
i 7_;_ stabilization timeNote 2 1.8V <Vop<4.0V 30
External X1 input 40V<Vopb<b55V 1.0 8.38 MHz
clock X2 X1 frequency (fx)Note1 1.8V <Vop<4.0V 1.0 5.0
X1 input 40V<Vop<55V 50 500 ns
high—/low—level width 1.8V <Vop<4.0V 85 500
(txH, txc)

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.

2. 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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CHAPTER 26 ELECTRICAL SPECIFICATIONS (CONVENTIONAL PRODUCTS: fx = 1.0 TO 8.38 MHz)

Subsystem Clock Oscillator Characteristics (Ta = —40 to +85°C, Vop = 1.8 to 5.5 V)

Resonator | Recommended Circuit Parameter Conditions MIN. TYP. MAX. Unit
Crystal |xr2 x71 v Oscillation 32 |32.768| 35 kHz
resonator 2R 3 frequency (fxr)Note 1

I
ST Oscillation 40V < Voo <55V 12 2 s
""""""""""" ilizati imaNote 2
4 stabilization time 1.8V < Vop <40V 10
External XT1 input 32 38.5 kHz
clock XT2__ XT1 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 figure 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 desighed 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.

Remark For the resonator selection and oscillator constant of the subsystem clock, customers are required to
either evaluate the oscillation themselves or apply to the resonator manufacturer for evaluation.

522 User's Manual U14046EJ3VOUD



CHAPTER 26 ELECTRICAL SPECIFICATIONS (CONVENTIONAL PRODUCTS: fx

1.0 TO 8.38 MHz)

Recommended Oscillator Constant (1/2)

To use the uPD78F0034BY or 78F0034BY(A), for the resonator selection and oscillator constant, customers are
required to either evaluate the oscillation themselves or apply to the resonator manufacturer for evaluation.

(1) Mask ROM versions of uPD780024A, 780034A Subseries (conventional product) and uPD780024AY,
780034AY Subseries

Main system clock: Ceramic resonator (Ta = —40 to +85°C)

Manufacturer Part Number Frequency Recommended Circuit Constant Oscillation Voltage Range
(MHz) Ci(pF) | C2(F) | R1(kQ) | MIN.(V) | MAX. (V)
Murata Mfg. | CSBFB1M00J58 1.00 100 100 2.2 1.8 5.5
Co., Ltd. CSBLATM00J58 1.00 100 100 2.2 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 55
CSTCR4M00G53 4.00 On-chip On-chip 0 1.8 5.5
CSTLS4M00G53 4.00 On-chip On-chip 0 1.8 5.5
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 1.8 55
CSTLS5M00G53 5.00 On-chip On-chip 0 1.8 55
CSTCE8M00G52 8.00 On-chip On-chip 0 2.7 55
CSTLS8MO00G53 8.00 On-chip On-chip 0 2.7 55
CSTCE8M38G52 8.38 On-chip On-chip 0 4.0 5.5
CSTLS8M38G53 8.38 On-chip On-chip 0 4.0 55
TDK CCR3.58MC3 3.58 On-chip On-chip 0 1.8 5.5
CCR4.19MC3 4.19 On-chip On-chip 0 1.8 55
CCR5.0MC3 5.00 On-chip On-chip 0 1.8 5.5
CCR8.0MC5 8.00 On-chip On-chip 0 2.7 5.5
CCR8.38MC5 8.38 On-chip On-chip 0 4.0 55

Caution The oscillator constant is a reference value based on evaluation in specific environments by the
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 uPD780024A, 780024AY, 780034A,
780034AY Subseries within the specifications of the DC and AC characteristics.

resonator manufacturer.
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CHAPTER 26 ELECTRICAL SPECIFICATIONS (CONVENTIONAL PRODUCTS: fx

1.0 TO 8.38 MHz)

Recommended Oscillator Constant (2/2)

(2) uPD78F0034A, 78F0034AY

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 2.2 1.9 55
Co., Ltd. CSBLA1M00J58 1.00 100 100 2.2 1.9 5.5
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 5.5
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 1.8 5.5
CSTLS5M00G53 5.00 On-chip On-chip 0 1.8 5.5
CSTCE8M00G52 8.00 On-chip On-chip 0 2.7 5.5
CSTLS8M00G53 8.00 On-chip On-chip 0 2.7 5.5
CSTLS8MO00G53093 8.00 On-chip On-chip 0 2.7 5.5
CSTCE8M38G52 8.38 On-chip On-chip 0 4.0 5.5
CSTLS8M38G53 8.38 On-chip On-chip 0 4.0 5.5
CSTLS8M38G53093 8.38 On-chip On-chip 0 4.0 5.5
TDK CCR3.58MC3 3.58 On-chip On-chip 0 1.8 5.5
CCR4.19MC3 4.19 On-chip On-chip 0 1.8 5.5
CCR5.0MC3 5.00 On-chip On-chip 0 1.8 5.5
CCR8.0MC5 8.00 On-chip On-chip 0 2.7 5.5
CCR8.38MC5 8.38 On-chip On-chip 0 4.0 5.5

Caution The oscillator constant is a reference value based on evaluation in specific environments by the
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 uPD780024A, 780024AY, 780034A,
780034AY Subseries within the specifications of the DC and AC characteristics.

resonator manufacturer.

524

User’'s Manual U14046EJ3VOUD



CHAPTER 26 ELECTRICAL SPECIFICATIONS (CONVENTIONAL PRODUCTS: fx =

1.0 TO 8.38 MHz)

DC Characteristics (Ta =

-40 to +85°C, Vop = 1.8 to 5.5 V) (1/4)

Parameter Symbol Conditions MIN. TYP. MAX. | Unit
Output current, lon Per pin -1 mA
high Al pins -15 | mA
Output current, lo Per pin for P00 to P03, P20 to P25, P34 to P36, 10 mA
low P40 to P47, P64 to P67, P70 to P75

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 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, P35, 27V<Vop<55V 0.7Vop Voo \'
high P40 to P47, PS0 to P57, 1.8V <Vop<27V 0.8Vop Vop \Y
P64 to P67, P74, P75
ViH2 P00 to P03, P20, P22, P23, P25, | 2.7V <Vob <55V 0.8Vop Voo \'
P34, P36, P70 10 P73, RESET | 18V <Vop<27V |0.85Vop Voo v
Vins P30 to P33 27V<Vop <55V 0.7Vop 55 \Y
(N-ch open-drain) 1.8V<Voo<27V | 0.8Voo 5.5 Vv
ViHa X1, X2 27V<Vopb<55V Voo —-0.5 Voo \
1.8V<Vop<27V Vop—0.2 Voo \
ViHs XT1, XT2 40V<Vob<55V 0.8Vop Vobp \
1.8V<Vop<4.0V 0.9Vop Vop \Y
Input voltage, ViLt P10 to P17, P21, P24, P35, 27V<Vop<55V 0 0.3Vop \Y
low P40 to P47, P50 to P57,
P64 to P67, P74, P75 1.8V <Vop<27V 0 0.2Vop \Y
ViL2 P00 to P03, P20, P22, P23, P25, | 2.7 V< Vb <55V 0 0.2Vop \Y
P34, P36, P70 to P73, RESET | 18y <vp<27V 0 0.15Vop| V
ViLs P30 to P33 40V<Vop<55V 0 0.3Vop \Y
2.7V <Vop<4.0V 0 0.2Vop \Y
1.8V<Vop<27V 0 0.1Vop \Y
Via X1, X2 27V<Vop<55V 0 0.4 \Y
1.8V<Vop<27V 0 0.2 \Y
Vis XT1, XT2 40V<Vop<55V 0 0.2Vop \Y
1.8V <Vop<4.0V 0 0.1Vop \Y
Output voltage, Vot 40V<Vop<55V,lon=-1mA Voo —1.0 Voo Vv
high 1.8V < Voo < 4.0V, lon = —100 pA Voo—0.5 Voo | V
Output voltage, Vo1 P30 to P33 40V<Vop<55V, 2.0 \Y
low VoL P50 to P57 lo. = 15 mA 0.4 2.0 v
VoLs P00 to P03, P20 to P25, P34 to P36, 4.0 V<Vopb<5.5V, 0.4 \Y
P40 to P47, P64 to P67, P70 to P75 | lo. = 1.6 mA
VoLs4 loL = 400 pA 0.5 \Y

Remark Unless otherwise specified, the characteristics of alternate-function pins are the same as those of port pins.
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CHAPTER 26 ELECTRICAL SPECIFICATIONS (CONVENTIONAL PRODUCTS: fx = 1.0 TO 8.38 MHz)

DC Characteristics (Ta = —40 to +85°C, Vob = 1.8 to 5.5 V) (2/4)

Parameter Symbol Conditions MIN. | TYP. | MAX. | Unit
Input leakage ILiH1 Vin = Vop 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,
RESET
ILinz X1, X2, XT1, XT2 20 UA
ILiHs Vin=55V P30 to P33 3 UA
Input leakage ILis Vin=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,
RESET
luie X1, X2, XT1, XT2 -20 UA
ILis P30 to P33 -3 UA
Output leakage ILom Vour = Vop 3 uA
current, high
Output leakage ILou Vour=0V -3 uA
current, low
Mask option pull-| R Vin=0V, 15 30 90 kQ
up resistance P30, P31, P32Note, p33Note
(mask ROM
version only)
Software pull- R2 Vin=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

Note u©PD780024A, 780034A Subseries only

Remark Unless otherwise specified, the characteristics of alternate-function pins are the same as those of port
pins.
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CHAPTER 26 ELECTRICAL SPECIFICATIONS (CONVENTIONAL PRODUCTS: fx =

1.0 TO 8.38 MHz)

DC Characteristics (Ta = —40 to +85°C, Vob = 1.8 to 5.5 V) (3/4)

(1) Mask ROM versions of uPD780024A, 780034A Subseries (conventional product) and uPD780024AY,
780034AY Subseries

Parameter Symbol Conditions MIN. | TYP. | MAX. Unit
Power supply | lopiNete 2| 8. 38 MHz Voo = 5.0 V£10%"3 | When A/D converter is 5.5 11 mA
currentNote 1 crystal oscillation stopped

operating mode When A/D converter is 6.5 13 mA
operatingNote
5.00 MHz Voo = 3.0 V£10%"® | When A/D converter is 2 4 mA
crystal oscillation stopped
operating mode When A/D converter is 3 6 mA
operatingNote
Voo = 2.0 V£10%"€4 | When A/D converter is 0.4 1.5 mA
stopped
When A/D converter is 1.4 4.2 mA
operatingNote
Ibp2 8.38 MHz Voo = 5.0 V£10%"€3 | 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%"€3 | 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
IbD3 32.768 kHz crystal oscillation Voo =5.0 V£10% 40 80 uA
operating modetete s Voo = 3.0 V £10% 20 40 LA
Vop = 2.0 V £10% 10 20 UA
lopa 32.768 kHz crystal oscillation Voo =5.0 V£10% 30 60 uA
HALT modetote s Voo = 3.0 V £10% 18 LA
Vop = 2.0 V +10% 10 UA
lops XT1 = Voo, STOP mode Voo =5.0 V£10% 0.1 30 uA
When feedback resistor is not used Voo = 3.0 V +10% 0.05 10 LA
Vop = 2.0 V £10% 0.05 10 UA

Notes 1.

of ports).

A Ll A

Iop1 includes the peripheral operation current.
When the processor clock control register (PCC) is cleared to 00H.
When PCC is set to 02H.
When main system clock operation is stopped.
Includes the current through the AVoo pin.
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CHAPTER 26 ELECTRICAL SPECIFICATIONS (CONVENTIONAL PRODUCTS: fx = 1.0 TO 8.38 MHz)

DC Characteristics (Ta = —40 to +85°C, Vbp = 1.8 to 5.5 V) (4/4)

(2) uPD78F0034A, 78F0034AY, 78F0034BY, 78F0034BY(A)

Parameter Symbol Conditions MIN. | TYP. | MAX. Unit
Power supply | IbpiNote2 | 8.38 MHz Vop = 5.0 V £10%N°te 3| When A/D converter is 10.5 21 mA
currentNote 1 crystal oscillation stopped

operating mode When A/D converter is 11.5 23 mA
operatingNote
5.00 MHz Voo = 3.0 V +10%Nete 3| When A/D converter is 4.5 9 mA
crystal oscillation stopped
operating mode When A/D converter is 55 11 mA
operatingNote
Voo = 2.0 V +10%Nete 4| When A/D converter is 1 2 mA
stopped
When A/D converter is 2 6 mA
operatingNote
Ibp2 8.38 MHz Voo = 5.0 V +10%Nete 3| When peripheral functions 1.2 2.4 mA
crystal oscillation are stopped
HALT mode When peripheral functions 5 mA
are operating
5.00 MHz Voo = 3.0 V +10%Nete 3| When peripheral functions 0.4 0.8 mA
crystal oscillation are stopped
HALT mode When peripheral functions 1.7 mA
are operating
Voo = 2.0 V +10%Nete 4| When peripheral functions 0.2 0.4 mA
are stopped
When peripheral functions 1.1 mA
are operating
Ipp3 32.768 kHz crystal oscillation Vop = 5.0 V £10%Note 2 115 230 uA
operating modefiete ® Voo = 3.0 V £10%Note 2 95 | 190 | uA
Vop = 2.0 V £10%Note 3 75 150 UA
Iopa 32.768 kHz crystal oscillation Vop = 5.0 V £10%Note 2 30 60 uA
HALT modetete® Voo = 3.0 V +109%Note 2 6 18 | uA
Vop = 2.0 V £10%Note 3 2 10 UA
lops XT1 = Voo, STOP mode Voo = 5.0 V £10%Note 2 0.1 30 uA
When feedback resistor is not used Voo = 3.0 V +10%Note 2 0.05 10 UA
Vop = 2.0 V +10%Nete 3 0.05 10 UA

Notes 1. Total current through the internal power supply (Vobo, Vop1) (except the current through pull-up resistors
of ports).

Iop1 includes the peripheral operation current.

When the processor clock control register (PCC) is cleared to 00H.

When PCC is set to 02H.

When main system clock operation is stopped.

AU

Includes the current through the AVop pin.
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CHAPTER 26 ELECTRICAL SPECIFICATIONS (CONVENTIONAL PRODUCTS: fx

= 1.0 TO 8.38 MHz)

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 Tey Operating with 40V<Vop<55V 0.238 16 us
(Min. instruction main system clock | 5 7 v < Vpp < 4.0V 0.4 16 us
execution time) 1.8V <\Vop<27V 1.6 16 s

Operating with subsystem clock 103.9Note 1 122 125 us
TIOO, TIO1 input | triHo, tro [ 4.0 V< Voo <55V 2/fsam + 0.1Note 2 us
high-/low-level 27V <Voo<4.0V 2/fsam + 0.2Note 2 us
width 1.8V <Vop<27V 2/fsam + 0.5Note 2 us
TI50, TI51 input | fris 27V<Vopb <55V 0 4 MHz
frequency 1.8V<Vmp<27V 0 275 kHz
TI50, TI51 input | trms, tris | 2.7 V< Vop £5.5V 100 ns
high-/low-level 1.8V <Vop<2.7V 1.8 us
width
Interrupt request | tintH, tinte | INTPO to INTP3, 27V<Vop<55V 1 us
input high-/low- P40 to P47 18V<Vopb<27V 2 us
level width
RESET tRsL 27V<Vop <55V 10 us
low-level width 1.8V<Vop<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 (PRM00, PRMO01) of prescaler mode
register 0 (PRMO0). However, if the TI00 valid edge is selected as the count clock, the value becomes
fsam = fx/8.
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CHAPTER 26 ELECTRICAL SPECIFICATIONS (CONVENTIONAL PRODUCTS: fx = 1.0 TO 8.38 MHz)

Tecy vs. Vop (main system clock operation)
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CHAPTER 26 ELECTRICAL SPECIFICATIONS (CONVENTIONAL PRODUCTS: fx = 1.0 TO 8.38 MHz)

(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 taps 20 ns
Address hold time tabH 6 ns
Data input time from address tabD1 (2 + 2n)tey — 54 ns
tabp2 (8 + 2n)tey — 60 ns
Address output time from RDI trDAD 0 100 ns
Data input time from RDJ trRDD1 (2 + 2n)tcy — 87 ns
troD2 (3 + 2n)tcy — 93 ns
Read data hold time tRDH 0 ns
RD low-level width trRoL1 (1.5 + 2n)tey — 33 ns
trRoL2 (2.5 + 2n)tcy — 33 ns
Input time from RD{ to WAITL tROWT toy — 43 ns
trRowT2 tcy — 43 ns
Input time from WRJ{ to WAIT. twRwT tey — 25 ns
WAIT low-level width twre (0.5 + 2n)tey + 10 (2 + 2n)tey ns
Write data setup time twobs 60 ns
Write data hold time twoH 6 ns
WR low-level width twRL1 (1.5 + 2n)tey — 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 trowp 40 ns
Write data output time from WR{ twrwp 10 60 ns
Address hold time from WRT twRADH 0.8tcy — 15 1.2tcy + 30 ns
Delay time from WAITT to RDT twTRD 0.8tey 2.5tcy + 25 ns
Delay time from WAITT to WRT twrwa 0.8ty 2.5tcy + 25 ns

Remarks 1. tcy = Tev/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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CHAPTER 26 ELECTRICAL SPECIFICATIONS (CONVENTIONAL PRODUCTS: fx = 1.0 TO 8.38 MHz)

(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 taps 30 ns
Address hold time tAbH 10 ns
Input time from address to data taDD1 (2 + 2n)tey — 108 ns
tapbD2 (3 + 2n)tey — 120 ns
Output time from RD{ to address | troap 0 200 ns
Input time from RDJ to data tRDD! (2 + 2n)tcy — 148 ns
trDD2 (3 + 2n)tecy — 162 ns
Read data hold time tRDH 0 ns
RD low-level width tRDOL1 (1.5 + 2n)tey — 40 ns
trRDL2 (2.5 + 2n)tcy — 40 ns
Input time from RD{ to WAIT. tRowTt toy — 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)tey — 30 ns
Delay time from ASTB! to RD{ tasTRD 10 ns
Delay time from ASTBJ to WRL 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 trRowD 40 ns
Write data output time from WRJ{ twrwb 20 120 ns
Hold time from WRT to address twRADH 0.8tcy — 30 1.2tcy + 60 ns
Delay time from WAITT to RDT twTrD 0.5tey 2.5tcy + 50 ns
Delay time from WAITT to WRT twrwr 0.5tcy 2.5tcy + 50 ns

Remarks 1. tcy = Tev/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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CHAPTER 26 ELECTRICAL SPECIFICATIONS (CONVENTIONAL PRODUCTS: fx = 1.0 TO 8.38 MHz)

(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 taps 120 ns
Address hold time tADH 20 ns
Input time from address to data tabD1 (2 + 2n)tey — 233 ns
tabp2 (3 + 2n)tcy — 240 ns
Output time from RD{ to address tRDAD 0 400 ns
Input time from RD{ to data troD1 (2 + 2n)tey — 325 ns
troD2 (3 + 2n)tey — 332 ns
Read data hold time tRDH 0 ns
RD low-level width trRoOL1 (1.5 + 2n)tey — 92 ns
troL2 (2.5 + 2n)tey — 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 twre (0.5 + 2n)tey + 10 (2 + 2n)tey ns
Write data setup time twobs 60 ns
Write data hold time twoH 20 ns
WR low-level width twRL1 (1.5 + 2n)tey — 60 ns
Delay time from ASTB! to RDJ 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 trowp 40 ns
Write data output time from WRJ{ twrwb 40 240 ns
Hold time from WRT to address twraDH 0.8tcy — 60 1.2tcy + 120 ns
Delay time from WAITT to RDT twrrD 0.5tcy 2.5tcy + 100 ns
Delay time from WAITT to WRT twTwr 0.5tey 2.5tcy + 100 ns

Remarks 1. tcy = Tev/4
2. nindicates the number of waits.
3. CL=100 pF (C indicates the load capacitance of the ADO to AD7, A8 to A15, RD, WR, WAIT, and
ASTB pins.)
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CHAPTER 26 ELECTRICAL SPECIFICATIONS (CONVENTIONAL PRODUCTS: fx =

1.0 TO 8.38 MHz)

(3) Serial interface (Ta = -40 to +85°C, Voo = 1.8 to 5.5 V) (1/3)

(a) 3-wire serial /0 mode (SCK3n... Internal clock output)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
SCK3n tkevi 40V<Vop<55V 954 ns
cycle time 27V<Von<4.0V 1600 ns

1.8V<Vop<27V 3200 ns
SCK3n high-/ tkr, tket | 4.0V < Vop <55V tkev1/2 — 50 ns
low-level width 1.8V <Vop<4.0V tkov1/2 — 100 ns
SI3n setup time tsiki 40V<Vop<h5V 100 ns
(to SCK3n™) 2.7V < Voo <4.0V 150 ns
1.8V<Vop<27V 300 ns
SI3n hold time tksi 400 ns
(from SCK3nT)
Delay time from tksot C = 100 pFNote 300 ns
SCK3n!l to SO3n
output
Note C is the load capacitance of the SCK3n and SO3n output lines.
(b) 3-wire serial /0O mode (SCK3n... External clock input)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
SCK3n tkevz 40V<Vop<55V 800 ns
cycle time 27V<Von<4.0V 1600 ns

1.8V<Vop<27V 3200 ns
SCK3n high-/ tkrz, tkie | 4.0V < Voo <55V 400 ns
low-level width 27V<Von<4.0V 800 ns
1.8V<Vop<27V 1600 ns
SISLetup time tsike 100 ns
(to SCK3nT)
SI3n hold time tksi2 400 ns
(from SCK3nT)
mtime from tksoz C =100 pFNote 300 ns
SCK3n!l to SO3n
output

Note C is the load capacitance of the SO3n output line.

Remark pPD780024A, 780034A Subseries:

uPD780024AY, 780034AY Subseries: n =0
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CHAPTER 26 ELECTRICAL SPECIFICATIONS (CONVENTIONAL PRODUCTS: fx = 1.0 TO 8.38 MHz)

(3) Serial interface (Ta = -40 to +85°C, Voo = 1.8 to 5.5 V) (2/3)

(c) UART mode (dedicated baud-rate generator output)

Parameter Symbol Conditions MIN. TYP. MAX. Unit

Transfer rate 40V<Vop<55V 131031 bps
27V<Vopb<4.0V 78125 bps

1.8V<Vop <27V 39063 bps

(d) UART mode (external clock input)

Parameter Symbol Conditions MIN. TYP. MAX. Unit

ASCKO cycle time tkevs 40V<Vop<b55V 800 ns
27V<Vop<4.0V 1600 ns

1.8V<Vp<27V 3200 ns

ASCKO high-/low-level width tkHs, 40V<Vop<b55V 400 ns
this 27V<Voo<4.0V 800 ns

1.8V<Vp<27V 1600 ns

Transfer rate 40V<Vop<55V 39063 bps
27V<Vopb<4.0V 19531 bps

1.8V<Vop <27V 9766 bps

(e) UART mode (infrared data transfer mode)
Parameter Symbol Conditions MIN. MAX. Unit
Transfer rate 40V<Vop<55V 131031 bps
Allowable bit rate error 40V<Vop<55V +0.87 Y%
Output pulse width 40V<Vop<h5V 1.2 0.24/fbrNote us
Input pulse width 40V<Vopb<55V 4/fx us
Note fbr: Specified baud rate
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CHAPTER 26 ELECTRICAL SPECIFICATIONS (CONVENTIONAL PRODUCTS: fx = 1.0 TO 8.38 MHz)

(3) Serial interface (Ta = -40 to +85°C, Voo = 1.8 to 5.5 V) (3/3)
(f) 12C bus mode (uPD780024AY, 780034AY Subseries only)

Parameter Symbol Standard Mode High-Speed Mode Unit
MIN. MAX. MIN. MAX.
SCLO clock frequency foik 0 100 0 400 kHz
Bus free time tBUF 4.7 - 1.3 - us
(between stop and start conditions)
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 | twp:0at 5.0 - - - us
12C bus (QNote 2 _ (QNote 2 0.9Note 3 us
Data setup time tsu:pAT 250 - 1QQNote 4 - ns
SDAO and SCLO signal rise time tr - 1000 20 + 0.1CpNote 5 300 ns
SDAO and SCLO signal fall time tr - 300 20 + 0.1CpNote 5 300 ns
Stop condition setup time tsu:sto 4.0 - 0.6 - us
Spike pulse width controlled by input filter | tsp - - 0 50 ns
Capacitive load per bus line Cb - 400 - 400 pF

Notes 1. In the start condition, the first clock pulse is generated after this hold time.
2. Tofillin the undefined area of the SCLO falling edge, it is necessary for the device to internally provide
at least 300 ns of hold time for the SDAO signal (which is ViHmin. of the SCLO signal).
3. If the device does not extend the SCLO signal low hold time (t.ow), only the maximum data hold time
tHD:DAT needs to be fulfilled.
4. The high-speed mode [2C 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
tsupaT > 250 ns
« If the device extends the SCLO signal low state hold time
Be sure to transmit the next data bit to the SDAQ line before the SCLO line is released (tRmax. + tsu:pAT
= 1000 + 250 = 1250 ns by standard mode I°C bus specification).
5. Cb: Total capacitance per bus line (unit: pF)
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CHAPTER 26 ELECTRICAL SPECIFICATIONS (CONVENTIONAL PRODUCTS: fx = 1.0 TO 8.38 MHz)

A/D Converter Characteristics (Ta = —40 to +85°C, Vop = AVbp = 1.8 t0 5.5 V, AVss = Vss =0 V) (1/2)

(1) 8-bit A/D converter: uPD780024A, 780024AY Subseries

Parameter Symbol Conditions MIN. TYP. MAX. Unit

Resolution 8 8 8 bit

Overall errorNote 4.0V <AVrer<55V +0.4 %FSR
2.7V <AVrer<4.0V +0.6 %FSR
1.8V <AVRer< 2.7V +1.2 %FSR

Conversion time tconv 40V <AVop<55V 14 96 us
27V<AVob<4.0V 19 96 us
1.8V<AVb <27V 28 96 us

Analog input voltage Vain 0 AVRer

Reference voltage AVReF 1.8 AVoo

Resistance between AVrer and AVss | Rrer During A/D converter operation 20 40 kQ

Note Excludes quantization error (£1/2 LSB). This value is indicated as a ratio (%FSR) to the full-scale value.

Remark The impedance of the analog input pins is shown below.

[Equivalent circuit]

R1 R2
ANIn
(n=0103)
7_7[ C1 7_7[ c2 7_7[ C3
[Parameter value]
(TYP.)
AVop R1 R2 C1 c2 C3
2.7V 12 kQ 8.0 kQ 3.0 pF 3.0 pF 2.0 pF
45V 4 kQ 2.7 kQ 3.0 pF 1.4 pF 2.0 pF
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CHAPTER 26 ELECTRICAL SPECIFICATIONS (CONVENTIONAL PRODUCTS: fx = 1.0 TO 8.38 MHz)

A/D Converter Characteristics (Ta = —40 to +85°C, Vbob = AVpbp = 1.8 t0 5.5 V, AVss = Vss = 0 V) (2/2)

(2) 10-bit A/D converter: uPD780034A, 780034AY Subseries

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Resolution 10 10 10 bit
Overall errorNotes 1,2 4.0V <AVrer<55V +0.2 +0.4 %FSR
2.7V <AVrer<4.0V +0.3 +0.6 %FSR
1.8 V<AVRer< 2.7V +0.6 +1.2 %FSR
Conversion time tconv 40V <AVoD<55V 14 96 us
27V<AVopb<4.0V 19 96 us
1.8V<AVp <27V 28 96 us
Zero-scale errorNotes 1,2 4.0V <AVrer<55V +0.4 %FSR
2.7V <AVrer<4.0V +0.6 %FSR
1.8V <AVRer< 2.7V +1.2 %FSR
Full-scale errorNotes 1, 2 4.0V <AVrer<55YV +0.4 %FSR
2.7V <AVrer<4.0V +0.6 %FSR
1.8V <AVRer< 2.7V +1.2 %FSR
Integral linearity errorNote 1 4.0V <AVrer<55V +2.5 LSB
2.7V <AVrer<4.0V +4.5 LSB
1.8V <AVRer< 2.7V +8.5 LSB
Differential linearity error 40V <AVrReEr<55V +1.5 LSB
2.7V <AVrer<4.0V +2.0 LSB
1.8V <AVRer< 2.7V +3.5 LSB
Analog input voltage Vain 0 AVRer \
Reference voltage AVReF 1.8 AVoo Vv
Resistance between AVrer and AVss | Rrer During A/D converter operation 20 40 kQ

Notes 1. Excludes quantization error (£1/2 LSB).
2. This value is indicated as a ratio to the full-scale value.

Remark The impedance of the analog input pins is shown below.

[Equivalent circuit]

R1 R2
ANIn
(n=0to3)
7_7[ C1 7_7[ c2 7_7[ C3
[Parameter value]
(TYP.)

AVop R1 R2 C1 c2 C3
2.7V 12 kQ 8.0 kQ 3.0 pF 3.0 pF 2.0 pF
45V 4 kQ 2.7 kQ 3.0 pF 1.4 pF 2.0 pF
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CHAPTER 26 ELECTRICAL SPECIFICATIONS (CONVENTIONAL PRODUCTS: fx

= 1.0 TO 8.38 MHz)

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 VDR 1.6 55 Vv
supply voltage
Data retention power IopoR Vooor = 1.6 V 0.1 30 UA
supply current (Subsystem clock unused (XT1 = Vopo) and

feedback resistor disconnected)

Release signal set time tsREL 0 us
Oscillation stabilization twarr Release by RESET 217/fx s
wait time Release by interrupt request Note s

Note Selection of 2'2/fx and 2'%/fx to 2'7/fx is possible using bits 0 to 2 (OSTSO0 to OSTS2) of the oscillation
stabilization time select register (OSTS).
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CHAPTER 26 ELECTRICAL SPECIFICATIONS (CONVENTIONAL PRODUCTS: fx

= 1.0 TO 8.38 MHz)

Flash Memory Programming Characteristics (1/3)
(Ta = +10 to +40°C, Vob = AVpp = 2.7 t0 5.5 V, Vss = AVss = 0 V)

(1) uPD78F0034A, 78F0034AY

(a) Write erase characteristics

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Operating frequency fx 40V<Vop<55V 1.0 8.38 MHz
27V<Vopb<4.0V 1.0 5.0 MHz
Vpp supply voltage Vpp2 During flash memory 9.7 10.0 10.3 \
programmingNote 1
Voo supply currentNote 2 Ioo When 8.38 MHz crystal | Voo = 5.0 V+10% 24 mA
Vep = Vpp2 | oscillation
operating mode
5.0 MHz crystal | Voo = 3.0 V£10% 12 mA
oscillation
operating mode
Vep supply current Ipp When Vep = Vpp2 100 mA
Step erase timeNote 3 Ter 0.99 1.0 1.01 s
Overall erase timeNote 4 Tera When step erase time =1s 20 s/chip
Step write timeNote 5 Tur 50 100 us
Overall write time per wordNote 6 Twrw When step write time = 100 s (1 word = 1 byte) 1000 us
Number of rewrites per chipNote 7 Cerwr 1 erase + 1 write after erase = 1 rewrite 20Note 8 | Timgs/area

Notes 1.

o0RwDN

included.

Product rank “K, E, P” indicates 10.2 V (MIN.), 10.3 V (TYP.), and 10.4 V (MAX.).

AVop current and port current (current that flows through the internal pull-up resistor) are not included.
The recommended setting value of the step erase time is 1 s.
The prewrite time before erasure and the erase verify time are not included.
The recommended setting value of the step write time is 50 us.
The actual write time per word is 100 us longer. The internal verify time during or after a write is not

7. 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
Shipped product > E—->P—E—P—E—P: 3 rewrites
8. Product rank “K, E” indicates one time (MAX.).

—->P—E—>P—E—P: 3 rewrites

(b) Serial write operation characteristics

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Set time from Voo™ 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
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 VppL 0.8Vop Vop 1.2Voo
Vep pulse high-level input voltage VppH 9.7 10.0 10.3
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CHAPTER 26 ELECTRICAL SPECIFICATIONS (CONVENTIONAL PRODUCTS: fx = 1.0 TO 8.38 MHz)

Flash Memory Programming Characteristics (2/3)
(Ta = +10 to +40°C, Vobp = AVpp = 1.8 t0 5.5 V, Vss = AVss = 0 V)

(2) uPD78F0034BY, 78F0034BY(A)

(a) Write erase characteristics

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Operating frequency fx 40V<Vop<55V 1.0 8.38 MHz
27V<Vop<4.0V 1.0 5.0 MHz
1.8V<Vop <27V 1.0 1.25 MHz
Vep supply voltage Vpp2 During flash memory programming 9.7 10.0 10.3 Vv
Voo supply current™°*®" Ioo When 8.38 MHz crystal | Voo = 5.0 V£10% 24 mA
Vep = Vpp2 | oscillation
. Voo = 3.0 V£10% 17 mA
operating mode
Vrep supply current I3 When Vpp = Vepr2 100 mA
Step erase time"*'? Ter 0.199 0.2 0.201 s
Overall erase time"**? Tera When step erase time = 0.2 s 20 s/chip
Writeback time™**® * Tub 49.4 50 50.6 ms
Number of writebacks per Cwb When writeback time = 50 ms 60 Times
writeback command"**®
Number of erases/writebacks Cerwb 16 Times
Step write time"°*®® Tur 48 50 52 us
Overall write time per word"°*®” Turw When step write time = 50 us (1 word = 1 byte) | 48 520 us
Number of rewrites per chip"**®® Cerwr 1 erase + 1 write after erase = 1 rewrite 20  |[Times/area
Notes 1. AVop current and port current (current that flows through the internal pull-up resistor) are not included.
2. The recommended setting value of the step erase time is 0.2 s.
3. The prewrite time before erasure and the erase verify time (writeback time) are not included.
4. The recommended setting value of the writeback time is 50 ms.
5. Writebackis executed once by the issuance of the writeback command. Therefore, the number of retries
must be the maximum value minus the number of commands issued.
6. The recommended setting value of the step write time is 50 us.
7. The actual write time per word is 100 us longer. The internal verify time during or after a write is not
included.
8. 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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CHAPTER 26 ELECTRICAL SPECIFICATIONS (CONVENTIONAL PRODUCTS: fx

= 1.0 TO 8.38 MHz)

Flash Memory Programming Characteristics (3/3)

(TA = +10 to +40°C, Vbbo = AVpbp = 1.8 t0 5.5V, Vss = AVss =0 V)

(b) Serial write operation characteristics

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Set time from Voo™ to VeeT top 10 us
Release time from VeeT to RESETT | tem 1.0 us
Vee 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
Vee pulse low-level input voltage VppL 0.8Vop 1.2Voo \
Vep pulse high-level input voltage VppH 9.7 10.0 10.3
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CHAPTER 26 ELECTRICAL SPECIFICATIONS (CONVENTIONAL PRODUCTS: fx = 1.0 TO 8.38 MHz)

Timing Charts

AC Timing Test Points (excluding X1, XT1 input)

0.8Vop .
>< O-2VDD:> Test points

<: 0.8Vop ><
0.2Vop

Clock Timing

X1 input

XT1 input \

Tl Timing

trio [

Vis (MIN.)
Viis (MAX.

)

tTiHo

TIOO, TIO1

1/f1s

tris

t1iHs

TI50, TI51 \
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CHAPTER 26 ELECTRICAL SPECIFICATIONS (CONVENTIONAL PRODUCTS: fx = 1.0 TO 8.38 MHz)

Interrupt Request Input Timing

tiNTL | tiNTH
INTPO to INTP3 J J}

RESET Input Timing

l—— tRSL —— |
RESET

544 User's Manual U14046EJ3VOUD



CHAPTER 26 ELECTRICAL SPECIFICATIONS (CONVENTIONAL PRODUCTS: fx = 1.0 TO 8.38 MHz)

Read/Write Operation

External fetch (no wait):

"4
A8 to A15 >§‘ Higher 8-bit address
tabp1
a4 N Hi-Z & . N
ADO to AD7 >< Lower 8-bit address i ------------- { Instruction code ><
N / X /
TADS = tRDAD
tapH troD1

tRDADH |

tAsTH ‘
tRDAST:
ASTB % \
N

X‘
l=—tASTRD [

tRDL1 ‘

tRDH

External fetch (wait insertion):

4
A8to A15 >§ Higher 8-bit address
N
tADD1
/ N i- / N
ADO to AD7 >§ Lower 8-bit address ?] -------------- AL { Instruction code }<

N 7 N 7

tADs - trRDAD
|
7\

tAbH tRDD1 tRDADH
tAsTH tRDAST:

ASTB 7‘ k

\

RD \ 712‘

- tASTRD tROL1 | = ltron

WAIT NF
tROWT1 ‘ twrL twTRD ——
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CHAPTER 26 ELECTRICAL SPECIFICATIONS (CONVENTIONAL PRODUCTS: fx = 1.0 TO 8.38 MHz)

External data access (no wait):

4 N
A8 to A15 >< Higher 8-bit address )
L X

tabp2 |

/ N i / \ i-
ADO to AD7 >§‘Lower 8-bit address -2 Read data Write data }HIZ

taDs

N
—
o
o
>
S}
7
N\

—|
tADH tRDD2-=|

tAsTH tROH|
ASTB / k
S |8

2D /
N\ %tHDWD
-«—tAsTRD troL2 | twos twoH
. -«—— tWRADH —»|
WR \ 4
: /
tasTWR twRL1 ‘
External data access (wait insertion):
A8 to A15 X i i X
to g Higher 8-bit address p
tabp2
/ —\ i- / /s \ i
ADO to AD7 (o551 LH'Z ......... {  Readdat [ Write data DL
—— tRDAD
taps tabH
tROH
tasty trRoD2 Rl
ASTB
i\
tASTRD
f— /
RD \ 7
\ / ltrowo
troL2 twbs twDH»
twrRwp \
WR \( 7{
tAsTWR twRL1 | twWRADH —
- /
WAIT
trRowT2 twr ‘ twrrD - twri—| |
twRwt twrwr
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CHAPTER 26 ELECTRICAL SPECIFICATIONS (CONVENTIONAL PRODUCTS: fx = 1.0 TO 8.38 MHz)

Serial Transfer Timing

3-wire serial 1/0 mode:

tkcym
e
tkim tkHm
‘-~
/
SCK3n
\
 tskm | tksim
/ \
SI3n ( Input data >
tksom

SO3n Output data ><

Remarks 1. m=1,2
2. uPD780024A, 780034A Subseries: n=0, 1
uPD780024AY, 780034AY Subseries: n =0

UART mode (external clock input):

tkeys

tkis [ | tkhH3

ASCKO \

I2C bus mode (uPD780024AY, 780034AY Subseries only):

ngr 7/_‘§_/

tHiGH tsu:sTa

tsupaT -

_ tBuR

Stop Start Restart Stop
condition  condition condition condition
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CHAPTER 26 ELECTRICAL SPECIFICATIONS (CONVENTIONAL PRODUCTS: fx = 1.0 TO 8.38 MHz)

Data Retention Timing (STOP Mode Release by RESET)

Internal reset operation

HALT mode

H}— STOP mode

<—— Data retention mode ———*

A
y
i

- »«— Operating mode

Voo VbpoR

- {SREL —p|
STOP instruction execution

))
_ (( /
RESET Z

- tWAT —

Data Retention Timing (Standby Release Signal: STOP Mode Release by Interrupt Request Signal)

HALT mode
4—()() STOP mode L ‘ »|-«— Operating mode
-«— Data retention mode ——— ™
))
| ((
Voo T VbDDR
- {sREL —m
STOP instruction execution
Standby release signal 4
(interrupt request) )
((
- tWAIT —
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CHAPTER 26 ELECTRICAL SPECIFICATIONS (CONVENTIONAL PRODUCTS: fx

1.0 TO 8.38 MHz)

Flash Memory Write Mode Set Timing

Vob
Voo
ov tor

VepH

Vep VepL

oV

Vob
RESET (input) \

oV

tPR

tpw

trw

VAV,
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CHAPTER 27 PACKAGE DRAWINGS

64-PIN PLASTIC SDIP (19.05mm(750))

64 33
mininininininisisisisinisisisislisinisisinininininininisinininin

+

O/

NN NN N NN NN N NN S SN NN SN NN N NN
1 32

A

—J
— |
\
B 'I,I1I'I'I'I,I,I'I'I'I'I,I’I'I'I'I,I’I'I ]
F
D B
—H
—G
NOTES ITEM MILLIMETERS
1. Each lead centerline is located within 0.17 mm of A 58.0+0-68
its true position (T.P.) at maximum material condition. -0.20
2.1 "K" f lead hen f d llel B 1.78 MAX.
. ltem "K" to center of leads when formed parallel. c 1778 (T.P)
D 0.50£0.10
F 0.9 MIN.
G 3.240.3
H 0.51 MIN.
0.26
! 4.0579156
J 5.08 MAX.
K 19.05 (T.P.)
L 17.0£0.2
0.10
M 0.25%5 05
N 0.17
R 0~15°

P64C-70-750A,C-4

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 PACKAGE DRAWINGS

64-PIN PLASTIC QFP (14x14)

#4§8HHHHHHHBHHHHHHH3%ZE o
E%EP“ © 17% :
B it

L L~
=N T] "

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. 14.0+0.2

14.0£0.2

17.6+0.4

1.0

1.0

IT|®OMOoOO|lm

+0.08
0.37_0_07

0.15

0.8 (T.P.)

1.8+0.2

0.8+0.2

+0.08
0177507

0.10

2.55+0.1

0.1£0.1

5°+ 5°

DO |v|Z2| Z|r|X|—|—

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 27 PACKAGE DRAWINGS

64-PIN PLASTIC LQFP (14x14)

A
B
48 33
I:I:49 32::
] I —
| —— — 11
| —— — 11
| —— — 11
| — — — T 1
| — — — T 1
| — — — T 1
| — — + — T 1 Y D
| — — — T 1
| — — — T 1
| — — — T 1
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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 PACKAGE DRAWINGS

64-PIN PLASTIC TQFP (12x12)
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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 PACKAGE DRAWINGS

64-PIN PLASTIC LQFP (10x10)
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Remark The external dimensions and materials of the ES version are the same as those of the mass-produced
version.

554 User's Manual U14046EJ3VOUD



CHAPTER 27 PACKAGE DRAWINGS

73-PIN PLASTIC FBGA (9x9)
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Remark The external dimensions and materials of the ES version are the same as those of the mass-produced
version.

User's Manual U14046EJ3VOUD 555



CHAPTER 28 RECOMMENDED SOLDERING CONDITIONS

This product 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)

Caution Evaluation of the soldering conditions for the following products is incomplete because these
products are under development.
e 64-pin plastic LQFP (GB-8EU type) of uPD780021A(A), 780022A(A), 780023A(A), 780024A(A),
780031A(A), 780032A(A), 780033A(A), 780034A(A)
o 1PD780021AY(A), 780022AY(A) (except 64-pin plastic QFP (GC-AB8 type)), 780023AY(A),
780024AY(A), 780031AY(A), 780032AY(A), 780033AY(A), 780034AY(A)

Table 28-1. Surface Mounting Type Soldering Conditions (1/5)

(1) 64-pin plastic QFP (14 x 14)
1PD780021AGC-xxx-AB8, 780022AGC-xxx-AB8, 780023AGC-xxx-AB8,
1UPD780024AGC-xxx-AB8, 780021AYGC-xxx-AB8, 780022AYGC-xxx-AB8,
uPD780023AYGC-xxx-AB8, 780024AYGC-xxx-AB8, 780031AGC-xxx-AB8,
UPD780032AGC-xxx-AB8, 780033AGC-xxx-AB8, 780034AGC-xxx-AB8,
uPD780031AYGC-xxx-AB8, 780032AYGC-xxx-AB8, 780033AYGC-xxx-AB8,
uPD780034AYGC-xxx-AB8, 780021AGC(A)-xxx-AB8, 780022AGC(A)-xxx-AB8,
uPD780023AGC(A)-xxx-AB8, 780024AGC(A)-xxx-AB8, 780022AYGC(A)-xxx-AB8,
uPD780031AGC(A)-xxx-AB8, 780032AGC(A)-xxx-AB8, 780033AGC(A)-xxx-AB8,
uPD780034AGC(A)-xxx-AB8

Soldering Method Soldering Conditions Recommended
Condition Symbol
Infrared reflow Package peak temperature: 235°C, Time: 30 seconds max. IR35-00-3
(at 210°C or higher), Count: Three times or less
VPS Package peak temperature: 215°C, Time: 40 seconds max. VP15-00-3
(at 200°C or higher), Count: Three times or less
Wave soldering Solder bath temperature: 260°C max., Time: 10 seconds max., WS60-00-1
Count: Once, Preheating temperature: 120°C max. (package surface
temperature)
Partial heating Pin temperature: 300°C max., Time: 3 seconds max. (per pin row) -

Caution Do not use different soldering methods together (except for partial heating).
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CHAPTER 28 RECOMMENDED SOLDERING CONDITIONS

Table 28-1. Surface Mounting Type Soldering Conditions (2/5)

(2) 64-pin plastic LQFP (14 x 14)
uPD780021AGC-xxx-8BS, 780022AGC-xxx-8BS, 780023 AGC-xxx-8BS,
1PD780024AGC-xxx-8BS, 780021AYGC-xxx-8BS, 780022AYGC-xxx-8BS,
UPD780023AYGC-xxx-8BS, 780024AYGC-xxx-8BS, 780031 AGC-xxx-8BS,
UPD780032AGC-xxx-8BS, 780033AGC-xxx-8BS, 780034AGC-xxx-8BS,
uPD780031AYGC-xxx-8BS, 780032AYGC-xxx-8BS, 780033AYGC-xxx-8BS,
1PD780034AYGC-xxx-8BS, 780021AGC(A)-xxx-8BS, 780022AGC(A)-xxx-8BS,
1PD780023AGC(A)-xxx-8BS, 780024AGC(A)-xxx-8BS, 780031AGC(A)-xxx-8BS,
1PD780032AGC(A)-xxx-8BS, 780033AGC(A)-xxx-8BS, 780034AGC(A)-xxx-8BS,
uPD78F0034AGC-8BS, 78F0034AYGC-8BS, 78F0034BGC-8BS,
uPD78F0034BYGC-8BS, 78F0034BGC(A)-8BS, 78F0034BYGC(A)-8BS
64-pin plastic QFP (14 x 14)
1PD78F0034AGC-AB8N°te, 78F0034AYGC-AB8

Soldering Method Soldering Conditions Recommended
Condition Symbol
Infrared reflow Package peak temperature: 235°C, Time: 30 seconds max. IR35-00-2
(at 210°C or higher), Count: Two times or less
VPS Package peak temperature: 215°C, Time: 40 seconds max. VP15-00-2
(at 200°C or higher), Count: Two times or less
Wave soldering Solder bath temperature: 260°C max., Time: 10 seconds max., WS60-00-1
Count: Once, Preheating temperature: 120°C max. (package surface
temperature)
Partial heating Pin temperature: 300°C max., Time: 3 seconds max. (per pin row) -

Note Maintenance product

Caution Do not use different soldering methods together (except for partial heating).
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CHAPTER 28 RECOMMENDED SOLDERING CONDITIONS

Table 28-1. Surface Mounting Type Soldering Conditions (3/5)

(3) 64-pin plastic TQFP (12 x 12)
1PD780021AGK-xxx-9ET, 780022 AGK-xxx-9ET, 780023 AGK-xxx-9ET,
1PD780024AGK-xxx-9ET, 780021AYGK-xxx-9ET, 780022AYGK-xxx-9ET,
1PD780023AYGK-xxx-9ET, 780024AYGK-xxx-9ET, 780031 AGK-xxx-9ET,
1PD780032AGK-xxx-9ET, 780033AGK-xxx-9ET, 780034AGK-xxx-9ET,
uPD780031AYGK-xxx-9ET, 780032AYGK-xxx-9ET, 780033AYGK-xxx-9ET,
UPD780034AYGK-xxx-9ET, 780021 AGK(A)-xxx-9ET, 780022AGK(A)-xxx-9ET,
UPD780023AGK(A)-xxx-9ET, 780024AGK(A)-xxx-9ET, 780031AGK(A)-xxx-9ET,
1PD780032AGK(A)-xxx-9ET, 780033AGK(A)-xxx-9ET, 780034AGK(A)-xxx-9ET,
uPD78F0034AGK-9ET, 78F0034AYGK-9ET, 78F0034BGK-9ET, 78F0034BYGK-9ET,
uPD78F0034BGK(A)-9ET, 78F0034BYGK(A)-9ET

Soldering Method Soldering Conditions Recommended
Condition Symbol

Infrared reflow Package peak temperature: 235°C, Time: 30 seconds max. IR35-107-2
(at 210°C or higher), 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 seconds max. VP15-107-2
(at 200°C or higher), 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 seconds max., WS60-107-1
Count: Once, Preheating temperature: 120°C max. (package surface
temperature), Exposure limit: 7 dayshete (after that, prebake at 125°C
for 10 hours)

Partial heating Pin temperature: 300°C max., Time: 3 seconds 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 Do not use different soldering methods together (except for partial heating).
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CHAPTER 28 RECOMMENDED SOLDERING CONDITIONS

Table 28-1. Surface Mounting Type Soldering Conditions (4/5)

(4) 64-pin plastic LQFP (10 x 10)
uPD780021AGB-xxx-8EU, 780022AGB-xxx-8EU, 780023 AGB-xxx-8EU,
uPD780024AGB-xxx-8EU, 780021AYGB-xxx-8EU, 780022AYGB-xxx-8EU,
uPD780023AYGB-xxx-8EU, 780024AYGB-xxx-8EU, 780031AGB-xxx-8EU,
1uPD780032AGB-xxx-8EU, 780033AGB-xxx-8EU, 780034AGB-xxx-8EU,
uPD780031AYGB-xxx-8EU, 780032AYGB-xxx-8EU, 780033AYGB-xxx-8EU,
1uPD780034AYGB-xxx-8EU

Soldering Method Soldering Conditions Recommended
Condition Symbol
Infrared reflow Package peak temperature: 235°C, Time: 30 seconds max. IR35-00-2
(at 210°C or higher), Count: Two times or less
VPS Package peak temperature: 215°C, Time: 40 seconds max. VP15-00-2
(at 200°C or higher), Count: Two times or less
Partial heating Pin temperature: 300°C max., Time: 3 seconds max. (per pin row) -
Caution Do not use different soldering methods together (except for partial heating).
(5) 64-pin plastic LQFP (10 x 10)
uPD78F0034AGB-8EU, 78F0034AYGB-8EU, 78F0034BGB-8EU, 78F0034BYGB-8EU,
uPD78F0034BGB(A)-8EU, 78F0034BYGB(A)-8EU
Soldering Method Soldering Conditions Recommended
Condition Symbol
Infrared reflow Package peak temperature: 235°C, Time: 30 seconds max. IR35-107-2
(at 210°C or higher), Count: Two times or less,
Exposure limit: 7 daysNote (after that prebake at 125°C for 10 hours)
VPS Package peak temperature: 215°C, Time: 40 seconds max. VP15-107-2

(at 200°C or higher), Count: Two times or less,
Exposure limit: 7 daysNote (after that, prebake at 125°C for 10 hours)

Partial heating

Pin temperature: 300°C max., Time: 3 seconds 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 Do not use different soldering methods together (except for partial heating).
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CHAPTER 28 RECOMMENDED SOLDERING CONDITIONS

Table 28-1. Surface Mounting Type Soldering Conditions (5/5)

(6) 73-pin plastic FBGA (9 x 9)
uPD780021AF1-xxx-CN3, 780022AF1-xxx-CN3, 780023 AF1-xxx-CN3,
UPD780024AF1-xxx-CN3, 780021AYF1-xxx-CN3, 780022AYF1-xxx-CN3,
UPD780023AYF1-xxx-CN3, 780024AYF1-xxx-CN3, 780031AF1-xxx-CN3,
UPD780032AF1-xxx-CN3, 780033AF1-xxx-CN3, 780034AF1-xxx-CN3,
UPD780031AYF1-xxx-CN3, 780032AYF1-xxx-CN3, 780033AYF1-xxx-CN3,
uPD780034AF1-xxx-CN3, 78F0034BF1-CN3, 78F0034BYF1-CN3

Soldering Method Soldering Conditions Recommended
Condition Symbol

Infrared reflow Package peak temperature: 260°C, Time: 60 seconds max. IR60-203-3
(at 220°C or higher), Count: Three times or less, Exposure limit:
3 daysNete (after that, prebake at 125°C for 20 hours)
VPS Package peak temperature: 215°C, Time: 40 seconds max. VP15-203-3
(at 200°C or higher), Count: Three times or less, Exposure limit:
3 daysNete (after that, prebake at 125°C for 20 hours)

Note After opening the dry pack, store it at 25°C or less and 65% RH or less for the allowable storage period.
Caution Do not use different soldering methods together.
Table 28-2. Insertion Type Soldering Conditions

64-pin plastic SDIP (19.05 mm (750))
1PD780021ACW-xxx, 780022 ACW-xxx, 780023 ACW-xxx, 780024 ACW-xxX,
1PD780021AYCW-xxx, 780022AYCW-xxx, 780023AYCW-xxx, 780024AY CW-xxx,
1PD780031ACW-xxx, 780032ACW-xxx, 780033ACW-xxx, 780034 ACW-xxXx,
UPD780031AYCW-xxx, 780032AYCW-xxx, 780033AYCW-xxx, 780034AYCW-xxx,
1PD780021ACW(A)-xxx, 780022ACW(A)-xxx, 780023 ACW(A)-xxx, 780024 ACW(A)-xxx,
1PD780031ACW(A)-xxx, 780032ACW(A)-xxx, 780033ACW(A)-xxx, 780034 ACW(A)-xxx,
uPD78F0034ACW, 78F0034AYCW

Soldering Method Soldering Conditions
Wave soldering Solder bath temperature: 260°C max., Time: 10 seconds max.
(only for pins)
Partial heating Pin temperature: 300°C max., Time: 3 seconds max. (per pin row)

Caution Apply wave soldering only to the pins and be careful not to bring solder into direct contact with
the package.
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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

Iltem

uPD78018F SubseriesNote

uPD780024A, 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 pPD78018F, 780024A, 780034A, AND 780078 SUBSERIES

Table A-2. Major Differences Between yPD78018F, 780024A, 780034A, and 780078 Subseries (Software) (1/2)

Name

Iltem

uPD78018F SubseriesNote 1

uPD780024A, 780034A

Subseries

uPD780078 Subseries

A/D converter

Take the appropriate measures for the first A/D
conversion result immediately after the A/D conversion
operation is started (ADCSO is set to 1), such as
discarding it, because it may not satisfy the rating.

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 1ch 1ch 2 ch
___________________ - — — — —
T™MO T™MO TMO00 | TMO1

Interval timer v v v
PWM output v - -
PPG output - v v
Pulse width measurement v v v
External event counter v v v
Square wave output v v v

T
Count clock fx/2, fx/22, x/23, TI0 fx, fx/22, fx/26, T100 fx, fx/22, | /2, fx/28

fx/28, TI000 ' fx/29, TI001

Control register TMCO TMCO TMCO00 I TMCO1
Output control register TOCO TOCO TOCO00 : TOCO1
Compare/capture register CR00, CRO1 (Capture only) | CR00, CRO1 CR000, CR010 | CR001, CRO11
Prescaler mode register TCLoNote 2 PRMO PRMO00 ' PRMO1

I
Capture/compare control - CRCO CRCO00 , CRCO1
register |
Interrupt INTTMO INTTMOO, INTTMO1 INTTMOO0O, 1 INTTMOO1,

INTTMO10 : INTTMO11

Notes 1. Maintenance product
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2. TCLO: Timer clock select register 0
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APPENDIX A DIFFERENCES BETWEEN pPD78018F, 780024A, 780034A, AND 780078 SUBSERIES

Table A-2. Major Differences Between yPD78018F, 780024A, 780034A, and 780078 Subseries (Software) (2/2)

Name | uPD78018F SubseriesNote uPD780024A, 780034A uPD780078 Subseries
Item Subseries
8-bit timer/event counter 2 ch 2 ch
_______ e
T™M1 | T™M2 TM50 TM51

Unit mode

Interval timer v v v

External event counter v v v

Square wave output v v v

PWM output - v v

Cascade connection mode

Interval timer v v

External event counter v v

Square wave output v v

Count clock

fx/22, fx/28,
fx/24, x/25,
fx/28, x/27,
fx/28, x/29,

fx/22, fx/28,
fx/24, fx/25,
fx/28, fx/27,
fx/28, fx/29,

R

fx, fx/22, fx/24, x/28, £x/28,
fx/210, TI50

fx/2, fx/23, x/25, tx/27, £x/29,
fx/211, TI51

fx/210 fx212, fx/210, fx/212,

T TI2
Control register TMCH TMC50 TMC51
Output control register TOCH1 TMC50 TMC51
Clock select register TCL1 TCL50 TCL51

T
Interrupt INTTM1 | 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 uPD780024A,
780034A, 780024AY, and 780034AY Subseries.
Figure B-1 shows the development tool configuration.

e Support for PC98-NX series

564

Unless otherwise specified, products compatible with IBM PC/ATT™ computers are compatible with PC98-NX
series computers. When using PC98-NX series computers, refer to the explanation for IBM PC/AT computers.

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

(1) When using the in-circuit emulator IE-78K0-NS, IE-78K0-NS-A

Figure B-1. Development Tool Configuration (1/2)

Language processing software

I:l * Assembler package
o C compiler package

 Device file
o C library source fileNote

« Software package

Debugging software

« Integrated debugger

e 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)

Embedded software

¢ Real-time OS

Interface adapter,
PC card interface, etc.

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

D * Assembler package
o C compiler package

» Device file

o C library source fileNote

» Software package

Debugging software

o Integrated debugger
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.

Embedded software

¢ Real-time OS

In-circuit emulator

Emulation board

Emulation probe '
conversion board 1

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.
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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 | |BMPC/AT compatibles | windows (English version)

B.2 Language Processing Software

RA78K0 This assembler converts programs written in mnemonics into object codes
Assembler package executable with a microcontroller.

Further, this assembler is provided with functions capable of automatically creating
symbol tables and branch instruction optimization.

This assembler should be used in combination with device file (DF780024 or
DF780034) (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
C compiler package with 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

DF780024Note 1 This file contains information peculiar to the device.
DF780034Note 1 This device file should be used in combination with tool (RA78K0, CC78K0,
Device file SM78K0, ID78K0-NS, and RX78K0) (all sold separately). The corresponding OS

and host machine differ depending on the tool used.
e DF780024: uPD780024A, 780024AY, 780024AS Subseries
e DF780034: uPD780034A, 780034AY, 780034AS Subseries

Part Number: uSxxxxDF780024, uSxxxxDF780034

CC78K0-LNote 2 This is a source file of functions configuring the object library included in the C

C library source file compiler 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
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Notes 1. The DF780024 and DF780034 can be used in common with the RA78K0, CC78K0, SM78K0, ID78K0-
NS, and RX78KO0.

2. CC78KO0-L is not included in the software package (SP78K0).

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 | |BM 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)

USxxxxDF780024
USxxxxDF780034
uSxxxxCC78K0-L

XXXX Host Machine oS Supply Medium

AB13 PC-9800 series, Windows (Japanese version) 3.5-inch 2HD FD

BB13 | |BM 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.
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B.4 Flash Memory Writing Tools

Flashpro IlI

(part number: FL-PR3, PG-FP3)
Flashpro IV

(part number: FL-PR4, PG-FP4)
Flash programmer

Flash programmer dedicated to microcontrollers with on-chip flash memory.

FA-64CW

FA-64GC-8BS-A

FA-64GC

FA-64GK-9ET
FA-64GB-8EU-A
FA-73F1-CN3-A

Flash memory writing adapter

Flash memory writing adapter used connected to the Flashpro Il and Flashpro IV.

* FA-64CW: 64-pin plastic SDIP (CW type)
* FA-64GC-8BS-A: 64-pin plastic LQFP (GC-8BS type)
+ FA-64GC: 64-pin plastic QFP (GC-ABS type)

* FA-64GK-9ET: 64-pin plastic TQFP (GK-9ET type)
» FA-64GB-8EU-A: 64-pin plastic LQFP (GB-8EU type)
» FA-73F1-CN3-A: 73-pin plastic FBGA (F1-CN3 type)

—_

Remark FL-PR3, FL-PR4, FA-64CW, FA-64GC-8BS-A, FA-64GC, FA-64GK-9ET, FA-64GB-8EU-A, and FA-
73F1-CN3-A are products of Naito Densei Machida Mfg. Co., Ltd.
Contact: +81-45-475-4191 Naito Densei Machida Mfg. Co., Ltd.

B.5 Debugging Tools (Hardware)

B.5.1 When using the in-circuit emulator IE-78K0-NS, IE-78K0-NS-A

(1/2)

|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.

|E-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.

|E-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/AT 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
machine.

IE-780034-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-64CW
NP-H84CW

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 SDIP (CW type).
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(2/2)

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).

Conversion adapter
(see Figure B-4)

NP-64GC-TQ This probe is used to connect the in-circuit emulator to a target system and is
NP-H64GC-TQ designed for use with a 64-pin plastic QFP (GC-AB8 type) and 64-pin plastic LQFP
Emulation probe (GC-8BS type).

TGC-064SAP This conversion adapter connects the NP-64GC-TQ or NP-H64GC-TQ to a target

system board designed for a 64-pin plastic QFP (GC-AB8 type) and 64-pin plastic
LQFP (GC-8BS type).

Conversion adapter
(see Figure B-5)

NP-64GK This probe is used to connect the in-circuit emulator to a target system and is
NP-HB64GK-TQ designed for use with a 64-pin plastic TQFP (GK-9ET type).
Emulation probe

TGK-064SBW This conversion adapter connects the NP-64GK or NP-H64GK-TQ to a target

system board designed for a 64-pin plastic TQFP (GK-9ET type).

Conversion adapter
(see Figure B-6)

NP-H64GB-TQ This probe is used to connect the in-circuit emulator to a target system and is
Emulation probe designed for use with a 64-pin plastic LQFP (GB-8EU type).
TGB-064SDP This conversion adapter connects the NP-H64GB-TQ to a target system board

designed for a 64-pin plastic LQFP (GB-8EU type).

NP-73F1-CN3
Emulation probe

This probe is used to connect the in-circuit emulator to a target system and is
designed for use with a 73-pin plastic FBGA (F1-CN3 type).

CSICE73A0909N01,
LSPACK73A0909N01,
CSSOCKET73A0909NO01
Conversion socket

This conversion socket connects the NP-73F1-CN3 to a target system board
designed for a 73-pin plastic FBGA (F1-CN3 type).

e CSICE73A0909N01: YQSOCKET/LSPACK conversion adapter

o L SPACK73A0909N01: Socket for target connection

e CSSOCKET73A0909N01: Socket for emulator connection

Remarks 1.

NP-64CW, NP-H64CW, NP-64GC, NP-64GC-TQ, NP-H64GC-TQ, NP-64GK, NP-H64GK-TQ, NP-

H64GB-TQ, and NP-73F1-CN3 are products of Naito Densei Machida Mfg. Co., Ltd.
Contact: +81-45-475-4191 Naito Densei Machida Mfg. Co., Ltd.
2. TGC-064SAP, TGK-064SBW, TGB-064SDP, CSICE73A0909N01, LSPACK73A0909N01, and
CSSOCKET73A0909N01 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.

5. The emulation probe (NP-73F1-CN3) is supplied with a conversion socket (CSICE73A0909N01,
LSPACK73A0909N01, CSSOCKET73A0909N01).
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B.5.2 When using the in-circuit emulator IE-78001-R-A

IE-78001-R-A The in-circuit emulator serves to debug hardware and software when developing
In-circuit emulator 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-70000-98-1F-C This adapter is required when using a PC-9800 series computer (except notebook
Interface adapter type) as the host machine (C bus compatible).
IE-70000-PC-IF-C This adapter is required when using an IBM PC/AT compatible computer as the host
Interface adapter machine (ISA bus compatible).
IE-70000-PCI-IF-A This adapter is required when using a computer with a PCI bus as the host
Interface adapter machine.
IE-780034-NS-EM1 This board emulates the operations of the peripheral hardware peculiar to a device.
Emulation board It should be used in combination with an in-circuit emulator and emulation probe

conversion board.

|IE-78K0-R-EX1 This board is required when using the IE-780034-NS-EM1 on the IE-78001-R-A.
Emulation probe
conversion board

EP-78240CW-RNote This probe is used to connect the in-circuit emulator to a target system and is
Emulation probe designed for use with a 64-pin plastic SDIP (CW type).
EP-78240GC-RNote This probe is used to connect the in-circuit emulator to a target system and is
Emulation probe designed for use with a 64-pin plastic QFP (GC-AB8 type) and 64-pin plastic LQFP
(GC-8BS type).
EV-9200GC-64 This conversion socket connects the EP-78240GC-R to a target system board
Conversion socket designed for a 64-pin plastic QFP (GC-AB8 type) and 64-pin plastic LQFP (GC-8BS
(see Figures B-2 and B-3) | type).
EP-78012GK-R This probe is used to connect the in-circuit emulator to a target system and is
Emulation probe designed for use with a 64-pin plastic TQFP (GK-9ET type).
TGK-064SBW This conversion adapter connects the EP-78012GK-R to a target system board
Conversion adapter designed for a 64-pin plastic TQFP (GK-9ET type).

(see Figure B-5)

Note Maintenance product

Caution The IE-78001-R-A is not supported for the 64-pin plastic LQFP (GB-8EU type) and 73-pin plastic
FBGA (F1-CN3 type).

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.

User's Manual U14046EJ3VOUD 571



APPENDIX B DEVELOPMENT TOOLS

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 (DF780024 or DF780034)
(sold separately).

Part Number: uSxxxxSM78K0

ID78K0-NS

Integrated debugger
(supporting in-circuit emulators
IE-78K0-NS and |E-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
(DF780024 or DF780034) (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 RX78KO0, 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

0Ss

Supply Medium

AA13

PC-9800 series

Windows (Japanese version)

AB13

BB13

IBM PC/AT compatibles

Windows (Japanese version)

Windows (English version)

3.5-inch 2HD FD

User’'s Manual U14046EJ3VOUD

573



APPENDIX B DEVELOPMENT TOOLS

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 UpgradeN°te Board to Be Purchased
IE-78000-R Required IE-78001-R-BK
IE-78000-R-A Not required

Note For upgrading of a cabinet, send your in-circuit emulator to NEC Electronics.
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B.9 Package Drawings of Conversion Socket and Conversion Adapter

Figure B-2. EV-9200GC-64 Package Drawing (for Reference Only)

A M
E B A N 0 ©
uuuuuuuuuuuuuuuj\ | — o
NEC| |
al O %} % — | x|
L Y@1:1n|\1/f|5|’1ﬁ(ﬁ(ﬁnnn’m| i;/ —
No.1 pin index P
¢ |
H
|
EV-9200GC-64-GO
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
o) 2.5 0.098
P 2.0 0.079
Q 1.35 0.053
R 0.35%0.1 0.01473:3%%
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)

G
S 1 HI]I]][II]I]
= B
oo BB s
= Fany =
(5= VA — N
inooonaooonn || -
- c
B
A
EV-9200GC-64-P1E
ITEM MILLIMETERS INCHES
A 19.5 0.768
B 14.8 0.583
C ]0.8-0.02 x 15=12.0-0.05 | 0.031:%%%x 0.591=0.472:%%,
D |0.8-0.02x 15=12.0-0.05 | 0.031%05x 0.591=0.472:%55,
E 14.8 0.583
F 19.5 0.768
G 6.00-0.08 0.236:%%55s
H 6.00—0.08 0.236% 00
| 0.5-0.02 0.197:%%%2
J $2.36-0.03 $0.093:%%52
K $2.2-0.1 $0.087%00s
L $1.57-0.03 $0.062 %52

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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Figure B-4. TGC-064SAP Package Drawing (for Reference Only)
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JR A P
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d _
L -U- y
| | .
« | | RH
Z ' L1 v JHN ‘n‘l
YD HHHHHHH“ ITEM MILLIMETERS INCHES ITEM MILLIMETERS INCHES
i a HHMHH”HH A 14.12 0.556 a 1.85 0.073
B 0.8x15=12.0 0.031x0.591=0.472 b 3.5 0.138
elg f h C 0.8 0.031 c 2.0 0.079
; D 20.65 0.813 d 6.0 0.236
E 10.0 0.394 e 0.25 0.010
F 12.4 0.488 f 13.6 0.535
G 14.8 0.583 g 1.2 0.047
H 17.2 0.677 h 1.2 0.047
I C 2.0 C 0.079 i 2.4 0.094
J 9.05 0.356 j 2.7 0.106
K 5.0 0.197 TGC-064SAP-GOE
L 13.35 0.526
M 1.325 0.052
N 1.325 0.052
[¢] 16.0 0.630
P 20.65 0.813
Q 12.5 0.492
R 17.5 0.689
S 4-91.3 4-¢0.051
T 1.8 0.071
U $3.55 $0.140
\Y $0.9 $0.035
w $0.3 $0.012
X (19.65) (0.667)
Y 7.35 0.289
z 1.2 0.047

note: Product by TOKYO ELETECH CORPORATION.

User's Manual U14046EJ3VOUD 577



APPENDIX B DEVELOPMENT TOOLS

Figure B-5. TGK-064SBW Package Drawing (for Reference Only)
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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 C20 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
O 10.02 0.394
P 14.92 0.587
Q 111 0.437
R 1.45 0.057
S 1.45 0.057
T 4-¢1.3 4-¢0.051
U 1.8 0.071
Vv 5.0 0.197
W $5.3 $0.209
X 410 4-C 0.039
Y 9355 90.140
z 0.9 $¢0.035

note: Product by TOKYO ELETECH CORPORATION.
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Figure B-6. TGB-064SDP Package Drawing (for Reference Only) (1/2)

| ¢ ]
[——]
[ ——1

|
[——]
[ ——1

| ]
[———]
=]
[—=—]
xm:l
oo

===

o=l

Hoo

0] =

ﬂ%al

G

TGB-064SDP-G1E-1

User’s Manual U14046EJ3VOUD

= ==
NS N |
HGFE o o == ST
=\ =, % T/
== _ H H o = Protrusion height V =
BiE \Glimmm i
L Q o R
w P
a 1 L1
2|
% SUUMOOIIT:
X ‘UUUUUUUUUUUUUUUU* note : Product by TOKYO ELETECH CORPORATION
4 L.
b
ITEM MILLIMETERS INCHES ITEM MILLIMETERS INCHES
A 14.0 0.551 a 2.6 0.102
B 9.24 0.364 b 0.25 0.010
C 0.5x15=7.5 0.020%0.591=0.295 c 9.24 0.364
D 0.5 0.020 d 1.38 0.054
E 5.64 0.222 e 1.38 0.054
F 8.04 0.317
G 10.44 0.411
H 12.84 0.506
| 9.77 0.385
J  Ccio0 C 0.039
K 94.3 $0.169
L 4- 0.7 4-0.028
M 10.1 0.398
N 8.0 0.315
0 899 0.354
P 12.0 0.472
Q 1.505 0.059
R 1.505 0.059
s 675 0.266
T 129 0.508
U 50 0.197
\Y 1.8 0.071
w 0.25 0.010
X 1.85 0.073
Y 35 0.138
zZ 2.0 0.079
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Figure B-6. TGB-064SDP Package Drawing (for Reference Only) (2/2)
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A 16.0 0.630 a 1.4 $0.055
B 0.5x15=7.5 0.020%0.591=0.295
C 0.5 0.020
D 5.64 0.222
E 8.04 0.317
F 10.44 0.411
G 12.84 0.506
H 9.77 0.385
[ C2.0 C 0.079
J 5.9 0.232
K 2.7 0.106
L 2.4 0.094
M 0.8 0.031
N $3.5 $0.138
0 $0.3 $0.012
P $0.9 $0.035
Q 13.6 0.535
R 6.0 0.236
S 1.0 0.039
T 4.2 0.165
U 0.2 0.008
Y $4.0 $0.157
w 0.7 0.028
X $1.03 $0.041
Y 611 $0.043
z $0.7 $0.028



APPENDIX C NOTES ON TARGET SYSTEM DESIGN

The following shows a diagram of the connection conditions between the emulation probe and conversion adapter.
Design your system making allowances for conditions such as the shape of parts mounted on the target system, as
shown below.

Of the products described in this chapter, all the emulation probes are products of Naito Densei Machida Mfg. Co.,
Ltd., and all the conversion adapters 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-64CW - 170 mm
NP-H64CW 370 mm
NP-64GC-TQ TGC-064SAP 155 mm
NP-H64GC-TQ 355 mm
NP-64GK TGK-064SBW 155 mm
NP-H64GK-TQ 355 mm
NP-64GB-TQ TGB-064SDP 155 mm
NP-H64GB-TQ 355 mm
NP-73F1-CN3 CSICE73A0909N01, LSPACK73A0909N01, CSSOCKET73A0909N01 213 mm
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Figure C-1. Distance Between In-Circuit Emulator and Conversion Adapter (When Using 64CW)

In-circuit emulator
|E-78K0-NS or IE-78K0-NS-A

Target system

Emulation board
IE-780034-NS-EM1

170 mmNote
s I_l\ 77| «
L=

Emulation probe I—l

NP-64CW, NP-H64CW IC socket

CN5

Note Distance when using NP-64CW. This is 370 mm when using NP-H64CW.

Figure C-2. Connection Conditions of Target System (When Using NP-64CW)

Emulation board
IE-780034-NS-EM1

\

Emulation probe
NP-64CW

[

20 mm

14 mm

!

/
)
[

\
\ =\
\
\
1
1
1

"
o
’

v

\

\
v

\
R
v
\
\
\
\
\
\
\
\
Y [
1
1
\
»
\
\
\
\
\
——mao
\
\

Target system
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Figure C-3. Connection Conditions of Target System (When Using NP-H64CW)

Emulation board
IE-780034-NS-EMH1

Emulation probe
NP-H64CW

Target system
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Figure C-4. Distance Between In-Circuit Emulator and Conversion Adapter (When Using 64GC)

In-circuit emulator
IE-78K0-NS or IE-78K0-NS-A

Target system

Emulation board
IE-780034-NS-EM1

Note

155 mm

e /\
H N r_—————- ,
1 ! .
b ! 1
i 1

CN6 | i o :> X !
o 1
H = ! -
: Emulation probe .
) NP-64GC-TQ, NP-H64GC-TQ Conversion adapter: TGC-064SAP

Note Distance when using NP-64GC-TQ. This is 355 mm when using NP-H64GC-TQ.

Figure C-5. Connection Conditions of Target System (When Using NP-64GC-TQ)

Emulation board
IE-780034-NS-EM1

Emulation probe
\ NP-64GC-TQ

23 mm

-~
|

__,——"’Cbaversion adapter
TGC-064SAP ”

AP

QL)
LL - \ ’ -,

~~.. .- Pin1
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Figure C-6. Connection Conditions of Target System (When Using NP-H64GC-TQ)

Emulation board
IE-780034-NS-EM1

Emulation probe
NP-H64GC-TQ

|'~“|'|\|I|\ [
l"‘l‘!ﬂ]‘ih’

HHRE

Conrversmn adapter: \ SN
| TGC-0845AP ||”|||||||||\ ||||||||”|||I I
JJJWJII LLLWLLLL i __:jfi::—f\

“~. .-~ Pin1
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Figure C-7. Distance Between In-Circuit Emulator and Conversion Adapter (When Using 64GK)

In-circuit emulator
|IE-78K0-NS or IE-78K0-NS-A

Target system

Emulation board
|E-780034-NS-EM1

Note

155 mm
B A
E E K \ I_ —————— |
b 1 1
: H 1 1
CN6 | i ° |:l'> I I
: 1
o | :<
S ]
Emulation probe .
NP-64GK, NP-HB4GK-TQ Conversion adapter: TGK-064SBW

Note Distance when using NP-64GK. This is 355 mm when using NP-H64GK-TQ.

Figure C-8. Connection Conditions of Target System (When Using NP-64GK)

Emulation board
IE-780034-NS-EM1

Emulation probe
\ NP-64GK

21.95 mm

version adapter
TGK-064SBW ]
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Figure C-9. Connection Conditions of Target System (When Using NP-H64GK-TQ)

Emulation board
IE-780034-NS-EMH1

\ Emulation probe

NP-HB4GK-TQ

21.95 mm

Target system
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Figure C-10. Distance Between In-Circuit Emulator and Conversion Adapter (When Using 64GB)

In-circuit emulator
|IE-78K0-NS or IE-78K0-NS-A

Target system

Emulation board
|IE-780034-NS-EM1

Note

155 mm
. AL
o D FTTTT " 1
. ! 1
¥ ! !
CN6 | i o I::> | !
i 1
H * ' -
: Emulation probe )
- NP-64GB-TQ, NP-H64GB-TQ Conversion adapter: TGB-064SDP

Note Distance when using NP-64GB-TQ. This is 355 mm when using NP-H64GB-TQ.

Figure C-11. Connection Conditions of Target System (When Using NP-64GB-TQ)

Emulation board
IE-780034-NS-EM1

Emulation probe
\ NP-64GB-TQ

22 mm

Conversion adapter
TGB-064SDP
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Figure C-12. Connection Conditions of Target System (When Using NP-H64GB-TQ)

Emulation board
IE-780034-NS-EMA1

Emulation probe
NP-H64GB-TQ

21.4 mm

Conversion adapter

TGB-064SDP

|
T

]

' 11mm o

JJJ
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Figure C-13. Distance Between In-Circuit Emulator and Conversion Socket (When Using NP-73F1-CN3)

In-circuit emulator
|IE-78K0-NS or IE-78K0-NS-A

Target system

Emulation board
IE-780034-NS-EM1

213 mm
AL
¥ - N Fm————- \
H ! 1
H E I 1
CN6| i: o |::> ! 1
v ! 1
N 1
H ® . :4
Emulation probe .
NP-73F1-CN3 Conversion socket: CSICE73A0909NO01,
LSPACK73A0909N01,
CSSOCKET73A0909N01

Figure C-14. Connection Conditions of Target System (When Using NP-73F1-CN3)

Emulation board
IE-780034-NS-EMH1 Emulation probe

\ NP-73F1-CN3

Conversion socket 21 mm
CSICE73A0909N01,
LSPACK73A0909NOT,
CSSOCKET73A0909N01

Target system
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D.1 Register Name Index

[A]

A/D conversion result register 0 (ADCRO) .......ioiiiiiiiiieiee ettt bbbt et b et eneenne e 259, 281
A/D converter mode register O (ADMO) ....cooiiiiiiiie et 261, 283
Analog input channel specification register 0 (ADS0) ......oiiueiiieiiiie et 263, 285
Asynchronous serial interface mode register 0 (ASIMO) .......oooiiiiiiiiei e 305
Asynchronous serial interface status register 0 (ASIS0) ......coiuiiiiiiiiii e 304
[B]

Baud rate generator control register 0 (BRGICO) ....cc.eiiiiiiiiiiie ettt b 307
[C]

Capture/compare control register 0 (CRCO) ....ciuiiiiiiieeie ettt s b e sbe e sab e e sanesnee e 190
Clock output SEIECt reiSTEr (CKS) ...ttt ab e bt st e e be e st e s beeeaneennes 253
[E]

8-bit timer compare register 50 (CR50) ......iiiiiiiii ittt a e nee s 221
8-bit timer compare register 51 (CR5T) ..o ettt et e e nnee s 221
8-bit timer COUNTEr 50 (TIMB0) ....eiiiiieeiiiie ettt et st e bt e e s e s e e e et e e e e an e e e saneeeenn e e e ennneesnneenn 221
8-bit tiMer COUNTEI 51 (TIMBT) ittt e e s e e et e e e e s e e e e nne e e enreeenaneeenn 221
8-bit timer mode control register 50 (TMC50) ......oitiiiiiiiie ittt et e b e sab e e e e nane e 223
8-bit timer mode control re@ister 51 (TIMC5T) ..ot neenane e 223
External interrupt falling edge enable register (EGIN) ... 410
External interrupt rising edge enable register (EGP) ......coouiiiioiiii s 410
i

[IC cONLrol reQISTEr O (IICC0) ..eueeiiieiieie ittt a e et she e e bt e s h bt e bt e eab e e sbe e e st e sbe e ebeeenneennes 345
[IC Shift re@ISTEr O (I1C0) ...ttt b et a e e st shb e e bt e e h bt et e e eab e e ebe e e mbeenbe e ebeennneennes 343
(O3 = VTR =T 1) (=Y I (1 L0210 ) T TSSO RR ORI 350
[IC transfer clock select register 0 (IHCCLO) .....uiiiiiiiiiiie ettt ettt ettt be et enaeeeanes 353
Interrupt mask flag register OH (MKOH) ......oo et nr e 408
Interrupt mask flag register OL (IMKOL) .....cooo ittt e s e e e e b e e e s 408
Interrupt mask flag register TL (IMKTL) .. et e et e e s e e e 408
Interrupt request flag register OH (IFOH) ... e e e 407
Interrupt request flag re@isSter OL (IFOL) ... ..o it e e e e e e nree e 407
Interrupt request flag re@isSter TL (IFTL) .o e e e nr e 407
[M]

Memory expansion mode register (MEM) ... e e 425
Memory expansion wait setting register (MM) ... ..o e 426
Memory size SWItChiNG re@iSTEr (IMS) ... . ittt sttt beeean e e 450
[O]

Oscillation stabilization time select register (OSTS) .....oouiiiiiiieiii e e 174, 434
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[P]

[ SO 0 ) T USRI 139
[ O T {1 TP PP 141
[ B2 {2 T USRS 142
[ GRS () IO USSR OPPTRO 145, 150
[ (T U UR PP 154
[0 1 SRS T (2= IR 155
[0 G (<) I S PTRPRPR 156
[ 1 A i T R PUPOPRPR 158
Port mode regisSter O (PIMO) ......oeoiiie ettt e s e e et e e n e e e e e n e e e r e e annee s 161
Port mode register 2 (PIM2) ... ..ottt 161, 309, 334
Port mode register 3 (PIM3) ..ot 161, 334, 354
Port Mode regiSter 4 (PIM4) ... .ottt e e e et e e a et e n e e e arnee s 161
Port Mode regiSter 5 (PIM5) .. ..o oottt n e e arnee s 161
POort MOde regiSter B (PIMB) .......ooo ittt s e e e st e e e e e e e e b e e e r e e e anneeean 161
Port mode regiSter 7 (PM7) .o ettt e et e e e e e e e e e e nnneeaaeean 161, 193, 226, 255
Prescaler mode register 0 (PRMO) ...ttt s e e e e 192
Priority specification flag register OH (PROH) ......coo it 409
Priority specification flag register OL (PROL) .....coo ittt 409
Priority specification flag register TL (PRIL) ..o 409
Processor clock CONtrol re@iSTEr (PO C) ..ottt b ettt e bt saeeeans 171
Program status WOId (PSW) ...ttt ettt e b e et sae e e ne e nnnas 114, 411
Pull-up resistor option re@iSter O (PUOD) .......eoiiiiii ettt e e e e e nnne e 165
Pull-up resistor option re@iSter 2 (PU2) ...ttt e e 165
Pull-up resistor option re@iSter 3 (PUS3) ......eeoi ettt 165
Pull-up resistor option re@iSter 4 (PU4) ...t e e 165
Pull-up resistor option re@iSter 5 (PUS) ...t 165
Pull-up resistor option re@iSter 6 (PUB) ........ooiiiiiiei et 165
Pull-up resistor option reGiStEr 7 (PU7T) ..ottt et e e nne e 165
[R]

Receive buffer regisSter 0 (RXB0) ......oitiiiiiiiieiie ettt ettt a e b e s ae e et e sheeeab e e sae e e beeeae e e beeenneenes 303
Receive shift register O (RX0) ..ottt et e s e e e s et e s s n e e s ann e e e ane e e e 303
[S]

Serial 1/0 shift register 30 (SIOB0) ....iiuieiiiiiieii ettt b ettt e ebe et esae e e bt e saaeebeesab e e bt e sabeesreeanee e 330
Serial 1/0 Shift re@ister 31 (SIOBT) ...ttt eh et et e bt e s et be e s et e e beesabeesbeeanee e 330
Serial operation mode regisSter 30 (CSIMB0) ......eiiiiiieeiie ettt sttt b e ae et e ae e b e e saeeenee e 331
Serial operation mode regisSter 31 (CSIMBT) ..ttt b e ae e e e e 331
16-bit timer capture/compare register 00 (CROD) .....coiuiiiiiiiiiiie ettt see e neesaee s 186
16-bit timer capture/compare register 01 (CROT) ..ot n e n 187
16-bit timer COUNTEr O (TIMO) ...eiiiiie ettt et e e et e st e e ae e e e e b et e s nn e e e ssneeeenneeennes 186
16-bit timer mode control register 0 (TIMCO) ....ooiuiiiieeiie ittt ettt b et sbe et e e e enneas 188
16-bit timer output control register 0 (TOCO) ....ooiueiiiieiii ettt e b e b e be et e e e e nes 191
Slave address regiStEr O (SVAD) ...c...ii ittt ettt b et b et e rae e e bt e she e eabe e e be e e bt e eae e e beeeae e e be e saneenee e 343
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[T]

Timer clock select regisSter 50 (TCL50) ...oiuuiiiiiiiieiie ettt bbb e et e e b e e beeean e et e e eneennee s 222
Timer clock Select regisSter 51 (TCOLST) ..ottt ettt et e e et e e neennee s 222
Transmit Shift regiSter O (TXS0) ..uuei ettt b et e s he e b e e see et e e sebeebe e sabe e abeesabeesbeeenneennne s 303
[W]

Watch timer operation mode regisSter (WTIM) ... it 243
Watchdog timer clock select register (WDECS) ...ttt ettt ettt e sneenne e 248
Watchdog timer mode regiSter (WDTM) ... ittt e e e s neee s 249
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D.2 Register Symbol Index

[A]

ADCRO:

ADMO:
ADSO:

ASIMO:
ASISO:

[B]

BRGCO:

[C]
CKS:
CROO0:
CRO1:
CR50:
CR51:
CRCO:

CSIM30:
CSIM31:

[E]
EGN:
EGP:

[
IFOH:
IFOL:
IF1L:
11CO:
IICCO:
[ICCLO:
[ICSO0:
IMS:

[M]
MEM:
MKOH:
MKOL:
MK1L:
MM:

[O]
OSTS:

594

A/D conversion result regiSter O ... 259, 281
A/D converter Mode regiSTEr O ....ooooi e et e e e e et e e e e e e e e ennneeae s 261, 283
Analog input channel specification regisSter O ........cccoiiiiiiiiieiie e 263, 285
Asynchronous serial interface mode regiSter 0 ..o 305
Asynchronous serial interface status regiSter 0 .........ccii i 304
Baud rate generator Control register O ..o 307
ClOCK OULPUL SEIECTE FEGISTET ..ttt ettt 253
16-bit timer capture/compare regiSter 00 ...........oooiieiiiiiieieie e 186
16-bit timer capture/compare regiSter 07 ... s 187
8-bit timer compare regiSter 5O ..o e 221
8-bit timer compare regiSter 51 ... e e 221
Capture/compare CONrol FEGISIEr O .....oueiiiiiiiiiie ittt 190
Serial operation MOdE rEGISIEr 30 ......iiiiiiiiiiiie ittt ene e 331
Serial operation MOde regiStEr 3T ... e 331
External interrupt falling edge enable register ... 410
External interrupt rising edge enable regiSter ... 410
Interrupt request flag regisSter OH ... s 407
Interrupt request flag re@iSter OL ... 407
Interrupt request flag re@iSter TL ... s 407
[IC SNt FEGISTET 0 .t bbbttt b et e e ae e be e et e e nbe e enbe e aeeenneas 343
1 [OReTo] ol 1o I (Yo I3 (T GO USRS USRI 345
[IC transfer ClOCK SEIECE FEGISTET O ....iiueiiiiiiiieiie et 353
(O3 = VTR =T 1) £= OISO 350
Memory Size SWItChING FEGISTET ..o 450
Memory expansion MOAE FEGISTET .....cocuiii it 425
Interrupt mask flag regisSter OH ... e 408
Interrupt Mask flag re@iSter OL .........oo i 408
Interrupt Mask flag re@iSter TL ... e 408
Memory expansion wait SEttiNG regiSter ........ou i 426
Oscillation stabilization time SElEeCt reQISTEr .......ccuiiiiieeiie e 174, 434
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[P]
PO:
P1:
P2:
P3:
P4:
P5:
P6:
P7:
PCC:
PMO:
PM2:
PM3:
PM4:
PM5:
PM6:
PM7:
PROH:
PROL:
PR1L:
PRMO:
PSW:
PUO:
PU2:
PU3:
PU4:
PU5:
PUG6:
PU7:

[R]
RXO0:
RXBO:

[S]

SI1030:
SI1031:
SVAO:

[T]
TCL50:
TCL51:
TMO:
TM50:
TM51:
TMCO:
TMC50:
TMC51:

[0 o S TR PRSPPI 139
[0 o A T ST R PSP TRRP 141
[0 o TSP RP PSPPI 142
[ USSP PRRPR 145, 150
Lo 4 R TP RP PRSPPI 154
[0 4 B TP RP PP URRPI 155
[0 & B TP RP PRSPPI 156
[0 o TSP PR UPRTP 158
Processor CloCK CONIOl FEQISTEN .......iiiiiie i 171
POrt MOAE rEGISTEr O ...ttt e 161
POrt MOde regiSter 2 ... e 161, 309, 334
POrt Mode regiSter 3 . ..o 161, 334, 354
POrt MOAE rEQISTEr 4 ...ttt s et e e e n e e s 161
POrt MOAE rEQISTEr 5 ...ttt 161
POrt MOAE rEQISTEI B ...ttt e e e e b e s 161
Port Mode regiSter 7 ..o e 161, 193, 226, 255
Priority specification flag register OH ... 409
Priority specification flag regisSter OL ... 409
Priority specification flag regisSter TL ... 409
Prescaler mode re@iSter O ...ttt 192
Program Status WOId ............ooii e s 114, 411
Pull-up resistor option reGiStEr O .......cocuiiiiiiie e 165
Pull-up resistor option reQISEr 2 ..o 165
Pull-up resistor option regiSter 3 ... s 165
Pull-up resistor opltion reQISEr 4 ... e 165
Pull-up resistor option reQiSEr 5 ... s 165
Pull-up resistor option rEQISEr 6 ......coociiiiiieieie e e 165
Pull-up resistor Option rEQISTEr 7 ... 165
Receive Shift reISTEr O ...t 303
ReCEIVE DUFFEI FEGISTEN ..ttt ettt 303
Serial 1/0 Shift reGISTEr B0 ...ttt ene e 330
Serial /0 Shift reGISTEr ST ...ttt bt rb e e ene e 330
S YR To fo [T R =T 11 (=Y O PSPPSR PRSURTOPRRPRNN 343
Timer ClOCK SEIECT FEGISTEr B0 ... vt ne e e e 222
Timer ClOCK SEIECT reGISTEr 51 ... 222
16-Dit tIMEI COUNTEI O ..ottt e sne e e e e e e nneeas 186
8-Dit tIMEr COUNTEE B0 ...t e e e e e e e snr e e s nnee s 221
8-Dit tIMEr COUNTEE BT .. e e e snr e e s nnee s 221
16-bit timer mode CONtrol rEGISTEr O ....oei i 188
8-bit timer mode CoNtrol regiSTEr 50 .....ccuiii i 223
8-bit timer mode CoNtrol regiStEr 51 ... e 223
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TOCO:
TXSO0:

[W]

WDCS:
WDTM:

WTM:

596

16-bit timer output CONIrol FEGISTEN O ....eiiieeeeee e e 191
Transmit Shift FEGISTEr O ....oeiieiie e e e s e e an 303
Watchdog timer ClOCK SEIECT r@QISTEN .......eiiiiieieie e 248
Watchdog timer MOde rEQISTEY ......oii it e e sne e e e e 249
Watch timer operation Mode rEQISTEr ........eui it 243
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APPENDIX E REVISION HISTORY

The revision history for this manual is detailed below. “Chapter” indicates the chapter of each edition.  (1/5)

Edition Revision from Previous Edition Chapter
Second Deletion of the following products Throughout
edition » uPD780021AY(A), 780022AY(A), 780023AY(A), 780024AY(A),

780031AY(A), 780032AY(A), 780033AY(A), 780034AY(A)

Deletion of the following package
* 64-pin plastic LQFP (GK-8A8 type)

Addition of the following packages
* 64-pin plastic TQFP (GK-9ET type)
* 64-pin plastic LQFP (GB-8EU type)

Modification of recommended connection of unused pins in
Table 3-1 Pin I/0O Circuit Types

CHAPTER 3 PIN FUNCTION
(uPD780024A, 780034A SUBSERIES)

Modification of recommended connection of unused pins in
Table 4-1 Pin I/0O Circuit Types

CHAPTER 4 PIN FUNCTION
(uPD780024AY, 780034AY SUBSERIES)

Modification of Figure 6-2 P00 to P03 Block Diagram

Modification of Figure 6-4 P20, P22, P23, P25 Block Diagram

Modification of Figure 6-7 P34 and P36 Block Diagram
(uPD780024A, 780034A Subseries)

Modification of Figure 6-8 P35 Block Diagram
(uPD780024A, 780034A Subseries)

Modification of Figure 6-10 P32 and P33 Block Diagram
(uPD780024AY, 780034AY Subseries)

Modification of Figure 6-12 P40 to P47 Block Diagram

Modification of Figure 6-14 P50 to P57 Block Diagram

Modification of Figure 6-15 P64 to P67 Block Diagram

Modification of Figure 6-16 P70 to P73 Block Diagram

Modification of Figure 6-17 P74 and P75 Block Diagram

CHAPTER 6 PORT FUNCTIONS

Addition of note for feedback resistor in Figure 7-3 Processor
Clock Control Register (PCC) Format

CHAPTER 7 CLOCK GENERATOR

Deletion of one-shot pulse output function

CHAPTER 8 16-BIT TIMER/EVENT
COUNTER 0

Addition of caution for INTWT in Figure 10-3 Operation Timing of
Watch Timer/Interval Timer

CHAPTER 10 WATCH TIMER

Addition of 13.5 How to Read A/D Converter Characteristics Table

13.6 A/D Converter Cautions

Addition of (10) Timing at which A/D conversion result is undefined
Addition of (11) Notes on board design

Addition of (13) AVREF pin

Addition of (14) Internal equivalent circuit of ANIO to ANI7 pins and
permissible signal source impedance

CHAPTER 13 8-BIT A/D CONVERTER
(uPD780024A, 780024AY SUBSERIES)

Addition of 14.5 How to Read A/D Converter Characteristics Table

14.6 A/D Converter Cautions

Addition of (10) Timing at which A/D conversion result is undefined
Addition of (11) Notes on board design

Addition of (13) AVRer pin

Addition of (14) Internal equivalent circuit of ANIO to ANI7 pins and
permissible signal source impedance

CHAPTER 14 10-BIT A/D CONVERTER
(uPD780034A, 780034AY SUBSERIES)
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(2/5)
Edition Revision from Previous Edition Chapter
Second Modification of Figure 18-3 IIC Control Register 0 (IICC0) Format CHAPTER 18 SERIAL INTERFACE
edition (IC0) (uPD780024AY, 780034AY
SUBSERIES ONLY)
Deletion of Flashpro Il CHAPTER 23 uPD78F0034A,
78F0034AY

Revision of development tools APPENDIX B DEVELOPMENT TOOLS

Third Addition of the following products Throughout

edition uPD780021AY(A), 780022AY(A), 780023AY(A), 780024AY (A),
uPD780031AY(A), 780032AY(A), 780033AY(A), 780034AY(A),
uPD78F0034B, 78F0034B(A), 78F0034BY, 78F0034BY(A)
Addition of the following packages
e 64-pin plastic LQFP (GC-8BS type)
e 73-pin plastic FBGA (F1-CN3 type)
Addition of expanded-specification products to uPD780024A,
780034A Subseries
Addition of 1.1 Expanded-Specification Products and CHAPTER 1 OUTLINE (uPD780024A,
Conventional Products 780034A SUBSERIES)
Addition of 1.10 Correspondence Between Mask ROM Versions
and Flash Memory Versions
Modification of 1.11 Differences Between Standard Grade
Products and Special Grade Products
Addition of 1.12 Correspondence Between Products and
Packages
Addition of 2.9 Correspondence Between Mask ROM Versions CHAPTER 2 OUTLINE (uPD780024AY,
and Flash Memory Versions 780034AY SUBSERIES)
Modification of 2.10 Differences Between Standard Grade
Products and Special Grade Products
Addition of 2.11 Correspondence Between Products and
Packages
Addition of description of pin processing in 3.2.18 Vee (flash CHAPTER 3 PIN FUNCTION
memory versions only) (uPD780024A, 780034A SUBSERIES)
Modification of Table 3-1 Pin I/O Circuit Types
Addition of description of pin processing in 4.2.18 Ver (flash CHAPTER 4 PIN FUNCTION
memory versions only) (uPD780024AY, 780034AY SUBSERIES)
Modification of Table 4-1 Pin I/O Circuit Types
Addition of description of program area in 5.1.2 Internal data CHAPTER 5 CPU ARCHITECTURE
memory space
Modification of Figure 5-14 Data to Be Saved to Stack Memory
and Figure 5-15 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
Modification of port block diagram (Figures 6-2 Block Diagram of CHAPTER 6 PORT FUNCTIONS
P00 to P03 to 6-23 Block Diagram of P74 and P75)
Addition of Table 6-6 Port Mode Registers and Output Latch
Settings When Alternate Function Is Used
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(3/5)
Edition Revision from Previous Edition Chapter
Third Addition of description of internal feedback resistor and oscillation CHAPTER 7 CLOCK GENERATOR
edition stabilization time select register (OSTS) in 7.3 Clock Generator

Control Registers

Modification of Figure 8-1 Block Diagram of 16-Bit Timer/Event
Counter 0

Modification of Tables 8-2 TI00/TO0/P70 Pin Valid Edge and CRO0O,
CRO1 Capture Trigger and 8-3 TI01/P71 Pin Valid Edge and CR00
Capture Trigger in 2nd edition to Table 8-2 CRO00 Capture Trigger
and Valid Edges of TI00 and TI01 Pins and Table 8-3 CRO1
Capture Trigger and Valid Edge of TI0OO Pin (CRCO02 = 1)

Modification of description procedure of each function in 8.4
Operation of 16-Bit Timer/Event Counter 0

Addition of Figure 8-26 PPG Output Configuration Diagram and
Figure 8-27 PPG Output Operation Timing

Addition of 8.5 Program List

Modification of 8.6 (3) Capture register data retention timing and
addition of (11) STOP mode or main system clock stop mode
setting

CHAPTER 8 16-BIT TIMER/EVENT
COUNTER 0

Modification of Figures 9-1 Block Diagram of 8-Bit Timer/Event
Counter 50 and 9-2 Block Diagram of 8-Bit Timer/Event Counter
51

Deletion of Caution in Figures 9-5 Format of 8-Bit Timer Mode
Control Register 50 (TMC50) and 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 of frequency to [Setting] in 9.4.3 Square-
wave output (8-bit resolution) operation

Addition of description of cycle and duty ratio to [Setting] in 9.4.4
8-bit PWM output operation

Addition of 9.5 Program List

Deletion of 9.5 (2) Operation after compare register change
during timer count operation in 2nd edition

CHAPTER 9 8-BIT TIMER/EVENT
COUNTERS 50, 51

Deletion of oscillation stabilization time select register (OSTS) from
11.3 Registers to Control Watchdog Timer in 2nd edition

CHAPTER 11 WATCHDOG TIMER

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

CHAPTER 12 CLOCK OUTPUT/
BUZZER OUTPUT CONTROLLER

Modification of description in 13.2 (3) Sample & hold circuit, (4)
Voltage comparator, and addition of (10) ADTRG pin

Addition of Table 13-2 Sampling Time and A/D Conversion Start
Delay Time of A/D Converter

Deletion of 13.6 (4) Noise countermeasures (contents of deletion
are added to Figure 13-18 Example of Connecting Capacitor to
AVrer Pin and Figure 13-20 Example of Connection If Signal
Source Impedance Is High), and addition of (14) Input impedance
of ANIO to ANI7 pins

Modification of Table 13-3 Resistances and Capacitances of
Equivalent Circuit (Reference Values)

CHAPTER 13 8-BIT A/D CONVERTER
(uPD780024A, 780024AY SUBSERIES)
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APPENDIX E REVISION HISTORY

(4/5)

Edition

Revision from Previous Edition

Chapter

Third
edition

Addition of Figure 14-2 Format of A/D Conversion Result
Register 0 (ADCRO)

Modification of description in 14.2 (3) Sample & hold circuit, (4)
Voltage comparator, and addition of (10) ADTRG pin

Addition of Table 14-2 Sampling Time and A/D Conversion Start
Delay Time of A/D Converter

Deletion of 14.6 (4) Noise countermeasures (contents of deletion
are added to Figure 14-19 Example of Connecting Capacitor to
AVrer Pin and Figure 14-21 Example of Connection If Signal
Source Impedance Is High), and addition of (14) Input impedance
of ANIO to ANI7 pins

Modification of Table 14-3 Resistances and Capacitances of
Equivalent Circuit (Reference Values)

CHAPTER 14 10-BIT A/D CONVERTER
(uPD780034A, 780034AY SUBSERIES)

Modification of Figure 16-1 Block Diagram of Serial Interface
UARTO

Move of description of asynchronous serial interface status register
0 (ASIS0) in 16.3 Registers to Control Serial Interface UARTO to
16.2 Configuration of Serial Interface UARTO

Addition of Caution in Figure 16-7 Error Tolerance (When k =0 ),
Including Sampling Errors

Modification of Caution in Figure 16-10 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 16.4.3 Infrared data
transfer mode

Addition of Table 16-6 Register Settings

CHAPTER 16 SERIAL INTERFACE
UARTO

Modification of Figure 17-1 Block Diagram of Serial Interface
SI03n

Addition of Note 3 and Caution in Figures 17-2 Format of Serial
Operation Mode Register 30 (CSIM30) and 17-3 Format of Serial
Operation Mode Register 31 (CSIM31)

Addition of Table 17-2 Register Settings

CHAPTER 17 SERIAL INTERFACES
SI030 AND SIO31

Modification of Figure 18-1 Block Diagram of Serial Interface 11C0

Unification of 18.2 (1) IIC shift register 0 (1IC0) and (4) lIC shift
register 0 (IIC0) in 2nd edition, and (2) Slave address register 0
(SVAO0) and (3) Slave address register 0 (SVAO) in 2nd edition

Addition of description to “Transfer lines” in Figure 18-16 Wait
Signal

Addition of description to Notes 1 and 2 in Table 18-2 INTIICO
Timing and Wait Control

Modification of Figure 18-21 Master Operation Flowchart

Modification of 18.5.15 (2) Slave operation

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 IICO
(uPD780024AY, 780034AY SUBSERIES
ONLY)
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APPENDIX E REVISION HISTORY

(5/5)

Edition Revision from Previous Edition Chapter

Third Modification of (E) Software interrupt in Figure 19-1 Basic CHAPTER 19 INTERRUPT FUNCTIONS
edition Configuration of Interrupt Function

Addition of Caution 5 in Figure 19-2 Format of Interrupt Request
Flag Registers (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 request
acknowledgment operation

Addition of an item in Table 19-4 Interrupt Requests Enabled for
Nesting During Interrupt Servicing

Addition of description of using expanded-specification products CHAPTER 20 EXTERNAL DEVICE
EXPANSION FUNCTION

Addition of clock output and buzzer output in Table 21-1 HALT CHAPTER 21 STANDBY FUNCTION
Mode Operating Statuses

Modification of clock output in Table 21-3 STOP Mode Operating

Statuses

Revision of description CHAPTER 23 pPD78F0034A,
78F0034B, 78F0034AY, 78F0034BY

Addition of description CHAPTER 25 ELECTRICAL

SPECIFICATIONS (EXPANDED-
SPECIFICATION PRODUCTS: fx = 1.0
TO 12 MHz)

CHAPTER 26 ELECTRICAL
SPECIFICATIONS (CONVENTIONAL
PRODUCTS: fx = 1.0 TO 8.38 MHz)

CHAPTER 27 PACKAGE DRAWINGS

CHAPTER 28 RECOMMENDED
SOLDERING CONDITIONS

Revision of description APPENDIX A DIFFERENCES
BETWEEN pPD78018F, 780024A,
780034A, AND 780078 SUBSERIES

Revision of description APPENDIX B DEVELOPMENT TOOLS

Addition of description APPENDIX C NOTES ON TARGET
SYSTEM DESIGN
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