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Notice

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

owned subsidiaries.

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

VOLTAGE APPLICATION WAVEFORM AT INPUT PIN

Waveform distortion due to input noise or a reflected wave may cause malfunction. If the input of the
CMOS device stays in the area between Vi (MAX) and ViH (MIN) due to noise, etc., the device may
malfunction. Take care to prevent chattering noise from entering the device when the input level is fixed,
and also in the transition period when the input level passes through the area between Vi (MAX) and
ViH (MIN).

HANDLING OF UNUSED INPUT PINS

Unconnected CMOS device inputs can be cause of malfunction. If an input pin is unconnected, it is
possible that an internal input level may be generated due to noise, etc., causing malfunction. CMOS
devices behave differently than Bipolar or NMOS devices. Input levels of CMOS devices must be fixed
high or low by using pull-up or pull-down circuitry. Each unused pin should be connected to Voo or GND
via a resistor if there is a possibility that it will be an output pin. All handling related to unused pins must
be judged separately for each device and according to related specifications governing the device.

PRECAUTION AGAINST ESD

A 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 when it has occurred. Environmental control must be
adequate. When it is dry, a humidifier should be used. It is recommended to avoid using insulators that
easily build up 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
benches and floors should be grounded. The operator should be grounded using a wrist strap.
Semiconductor devices must not be touched with bare hands. Similar precautions need to be taken for
PW boards with mounted semiconductor devices.

STATUS BEFORE INITIALIZATION

Power-on does not necessarily define the initial status of a MOS device. Immediately after the power
source is turned ON, devices with reset functions have not yet been initialized. Hence, power-on does
not guarantee output pin levels, I/0 settings or contents of registers. A device is not initialized until the
reset signal is received. A reset operation must be executed immediately after power-on for devices
with reset functions.

POWER ON/OFF SEQUENCE

In the case of a device that uses different power supplies for the internal operation and external
interface, as a rule, switch on the external power supply after switching on the internal power supply.
When switching the power supply off, as a rule, switch off the external power supply and then the
internal power supply. Use of the reverse power on/off sequences may result in the application of an
overvoltage to the internal elements of the device, causing malfunction and degradation of internal
elements due to the passage of an abnormal current.

The correct power on/off sequence must be judged separately for each device and according to related
specifications governing the device.

INPUT OF SIGNAL DURING POWER OFF STATE

Do not input signals or an I/O pull-up power supply while the device is not powered. The current
injection that results from input of such a signal or 1/0 pull-up power supply may cause malfunction and
the abnormal current that passes in the device at this time may cause degradation of internal elements.
Input of signals during the power off state must be judged separately for each device and according to
related specifications governing the device.
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FIP and IEBus are trademarks of NEC Electronics Corporation.

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

IBM DOS, PC/AT, and PC DOS are trademarks of International Business Machines Corporation.

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 stands for 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.

e The information in this document is current as of March, 2005. 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.

e 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.

e 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.htmi

NEC Electronics Hong Kong Ltd.
Hong Kong
Tel: 2886-9318

NEC Electronics America, Inc. (U.S.) NEC Electronics (Europe) GmbH
Santa Clara, California Duesseldorf, Germany
Tel: 408-588-6000 Tel: 0211-65030

800-366-9782
NEC Electronics Hong Kong Ltd.

Seoul Branch
Seoul, Korea
Tel: 02-558-3737

* Sucursal en Espana
Madrid, Spain
Tel: 091-504 27 87

* Succursale Francaise

Vélizy-Villacoublay, France
Tel: 01-30-67 5800

o Filiale ltaliana
Milano, ltaly
Tel: 02-66 75 41

e Branch The Netherlands
Eindhoven, The Netherlands
Tel: 040-2654010

« Tyskland Filial
Taeby, Sweden
Tel: 08-63 87 200

* United Kingdom Branch
Milton Keynes, UK
Tel: 01908-691-133
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NEC Electronics Shanghai Ltd.
Shanghai, P.R. China
Tel: 021-5888-5400

NEC Electronics Taiwan Ltd.
Taipei, Taiwan
Tel: 02-2719-2377

NEC Electronics Singapore Pte. Ltd.

Novena Square, Singapore
Tel: 6253-8311
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Readers

Purpose

Organization

INTRODUCTION

This manual has been prepared for user engineers who wish to understand the functions of the

uPD780208 Subseries and design and develop its application systems and programs.

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

The uPD780208 Subseries manual consists of two parts: this manual and Instructions (common to
the 78K/0 Series)

uPD780208 Subseries 78K/0 Series
User’s Manual Instructions
(This manual) User’'s Manual
¢ Pin functions ¢ CPU functions
* Internal block functions ¢ |Instruction set
¢ Interrupts ¢ Explanation of each instruction

* Other on-chip peripheral functions
 Electrical specifications

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.

e To gain a general understanding of functions:

— Read this manual in the order of the CONTENTS. The mark x shows major revised points.

¢ How to interpret the register format:

— Forabit number enclosed in brackets, the bit name is defined as a reserved word in the RA78KO0,
and is defined as the sfr variable by #pragma sfr directive in the CC78KO0.

* To check the details of a register when you know the register name

— Refer to APPENDIX C REGISTER INDEX.

e To know the details of uPD780208 Subseries instruction functions:

— Refer to 78K/0 Series Instructions User’s Manual (U12326E).

* To know the electrical specifications of the uPD780208 Subseries:

— Refer to CHAPTER 21 ELECTRICAL SPECIFICATIONS.

* For application examples of the uPD780208 Subseries:

— Refer to the separate 78K/0 Series Basics (lI) Application Note (U10121E).
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Conventions Data significance: Higher digits on the left and lower digits on the right
Active low representation:  Xxx (overscore over pin or signal name)

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

Decimal cee XXXX

Hexadecimal ... xxxx

Differences between PD780204N°t¢, 780205"°** and uPD780204A, 780205A
The value of the memory size switching register (IMS) after reset differs between the uPD780204, 780205 and
uPD780204A, 780205A.

uPD780204 | uPD780204A | uPD780205 | uPD780205A
IMS C8H CFH CAH CFH

The initial value of the IMS register in the yPD780204A and 780205A is fixed to CFH regardless of the internal
memory capacity. Therefore, set the values shown below for each product before use.

uPD780204A: C8H

uPD780205A: CAH

Note Maintenance product
Related Documents
The related documents indicated in this publication may include preliminary versions. However, preliminary versions

are not marked as such.

Documents Related to Devices

Document Name Document No.
uPD780208 Subseries User's Manual This manual
78K/0 Series Instructions User's Manual U12326E
78K/0 Series Basic (ll) Application Note U10121E

Caution The related documents listed above are subject to change without notice. Be sure to use the
latest version of each document for designing.
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Documents Related to Software Development Tools (User’s Manuals)

Document Name

Document No.

RA78KO0 Ver. 3.80 Assembler Package Operation U17199E
Language U17198E
Structured Assembly Language U17197E
CC78K0 Ver. 3.70 C Compiler Operation U17201E
Language U17200E
SM78K Series Ver. 2.52 System Simulator Operation U16768E
ID78K Series Integrated Debugger Ver. 2.30 or Later Operation (Windows™ Based) U15185E
PM plus Ver. 6.00 U17178E

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

Document Name

Document No.

|IE-78K0-NS In-Circuit Emulator U13731E
|IE-78K0-NS-A In-Circuit Emulator U14889E
IE-780208-NS-EM1 Emulation Board U13691E
IE-78001-R-A In-Circuit Emulator U14142E
|E-780208-R-EM Emulation Board EEU-1501

Documents Related to PROM Writing (User’s Manuals)

Document Name

Document No.

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

Other Related Documents

Document Name

Document No.

SEMICONDUCTOR SELECTION GUIDE - Products 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
1.1 Features
O Internal high-capacity ROM and RAM
Item Program Memory Data Memory
Part ROM PROM Internal High- Buffer RAM VFD Display Internal
Number Speed RAM RAM Expansion RAM
uPD780204 32 KB — 1024 bytes 64 bytes 80 bytes None
UPD780204A
uPD780205 40 KB —
uPD780205A
1PD780206 48 KB — 1024 bytes
uPD780208 60 KB —
uPD78P0208 — 60 KBNote 1 1024 bytegNote 2

16

Notes 1. 32, 40, 48, or 60 KB can be selected by setting the memory size switching register (IMS).
2. 0 or 1024 bytes can be selected by setting the internal expansion RAM size switching register (1XS).

O Minimum instruction execution time can be changed from high speed (0.4 us: @ 5.0 MHz operation with main
system clock) to ultra-low speed (122 us: @ 32.768 kHz operation with subsystem clock)
O 74 1/0 ports
O VFD controller/driver: 53 display outputs in total
e Segments: 9 to 40
* Digits: 2to 16
O 8-bit resolution A/D converter: 8 channels
* Power supply voltage (AVop = 4.0 to 5.5 V)
O Serial interface: 2 channels
e 3-wire serial I/O/SBI/2-wire serial I/O mode: 1 channel
e 3-wire serial I/O mode (automatic transmit/receive function): 1 channel
O Timer: 5 channels
¢ 16-bit timer/event counter: 1 channel
* 8-bit timer/event counter: 2 channels
e Watch timer: 1 channel
* Watchdog timer: 1 channel
O 15 vectored interrupt sources
O One test input
O Two types of on-chip clock oscillators (for main and subsystem clocks)
O Power supply voltage: Vop = 2.7 t0 5.5V
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CHAPTER 1 OUTLINE

1.2 Applications

Compact home stereo sets, cassette decks, tuners, CD players, VCRs, etc.

1.3 Ordering Information

Part Number Package Internal ROM
pPD780204GF-xxx-3BANote  100-pin plastic QFP (14 x 20) Mask ROM
UPD780204GF-xxx-3BA-AN°te  100-pin plastic QFP (14 x 20) Mask ROM
uPD780204AGF-xxx-3BA 100-pin plastic QFP (14 x 20) Mask ROM
uPD780204AGF-xxx-3BA-A 100-pin plastic QFP (14 x 20) Mask ROM
uPD780205GF-xxx-3BANote  100-pin plastic QFP (14 x 20) Mask ROM
uPD780205GF-xxx-3BA-ANete  100-pin plastic QFP (14 x 20) Mask ROM
uPD780205AGF-xxx-3BA 100-pin plastic QFP (14 x 20) Mask ROM
uPD780205AGF-xxx-3BA-A  100-pin plastic QFP (14 x 20) Mask ROM
uPD780206GF-xxx-3BA 100-pin plastic QFP (14 x 20) Mask ROM
uPD780206GF-xxx-3BA-A 100-pin plastic QFP (14 x 20) Mask ROM
uPD780208GF-xxx-3BA 100-pin plastic QFP (14 x 20) Mask ROM
uPD780208GF-xxx-3BA-A 100-pin plastic QFP (14 x 20) Mask ROM

1PD78P0208GF-3BA

1PD78P0208GF-3BA-A

Note Maintenance product

100-pin plastic QFP (14 x 20)

100-pin plastic QFP (14 x 20)

Remark xxx indicates ROM code suffix.
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CHAPTER 1 OUTLINE

1.4 Pin Configuration (Top View)
(1) Normal operating mode

¢ 100-pin plastic QFP (14 x 20)
UPD780204GF-xxx-3BA, 780204GF-xxx-3BA-A, 780204AGF-xxx-3BA, 780204AGF-xxx-3BA-A,
uPD780205GF-xxx-3BA, 780205GF-xxx-3BA-A, 780205AGF-xxx-3BA, 780205AGF-xxx-3BA-A,
UPD780206GF-xxx-3BA, 780206GF-xxx-3BA-A, 780208GF-xxx-3BA, 780208GF-xxx-3BA-A,
uPD78P0208GF-3BA, 78P0208GF-3BA-A

P13
P14
P15
P16
P17
P18
P19

OCrAmMYIWONOD e - oLy
000000000000 Boddedde
[T I i W I TN I T I T I T I o M o Y o N o N o MY n MY 0 Y
Pr PP EEEFTEeeees
8885883335585 88338
Voo O—{1 ™ 80 [0 P87/FIP20
p37o=—l2 O 79 |——0 Viow
P36/BUZ O=~—|3 78 [—=0O P90/FIP21
P35/PCL O=—>] 4 77 |—0 P91/FIP22
P34/TI2 O=—=|5 76 |—=0 P92/FIP23
P33/TH O=—>|6 75 [—=0 P93/FIP24
P32/TO2 O=—»| 7 74 |—=0 P94/FIP25
P31/TO1 O=—=|8 73 |—=0 P95/FIP26
P30/TO0 O=—] 9 72 |—=0 P96/FIP27
RESET O—={ 10 71 |—=0 P97/FIP28
X2 O— 11 70 [=—=0 P100/FIP29
X1 O0—=| 12 69 [=—=0 P101/FIP30
IC (Ver) O— 13 68 [«—=0O P102/FIP31
XT20— 14 67 [=—=0O P103/FIP32
PO4/XT1 O—| 15 66 [«—=0O P104/FIP33
Voo O— 16 65 [=—=0O P105/FIP34
P27/SCKO O=—»{ 17 64 [«—=O P106/FIP35
P26/SO0/SB1 O=—=| 18 63 [«—=0O P107/FIP36
P25/S10/SB0 O=—] 19 62 [«=—=0 P110/FIP37
P24/BUSY O=—={ 20 61 [+=—=0O P111/FIP38
P23/STB O=—| 21 60 [«—=O P112/FIP39
P22/SCK1 O=—»{ 22 59 [«—=0 P113/FIP40
P21/SO1 O=—»{23 58 [«—=0O P114/FIP41
P20/SI1 O=~—=| 24 57 [«=—=0 P115/FIP42
AVss O— 25 56 [«—=0O P116/FIP43
P17/ANI7 O=—=| 26 55 [«—=0 P117/FIP44
P16/ANI6 O=—= 27 54 [«—=0O P120/FIP45
P15/ANI5 O=—»| 28 53 [«=—=0 P121/FIP46
P14/ANI4 O=—=| 29 52 [«—=0 P122/FIP47
P13/ANI3 O=—={ 30 51 [«—=0O P123/FIP48
T AMITOODOMNOVDIIOTANMTL ONOWOWOO O
N O MOOOOMOOMSTITIT T T T T T O
il bl bl
A0 HOA-TO IFTONUN—TO 3N =0
ZZz>LfEEEE>HaOREaE>ddaa
ST <xzzz2 TR TR TS
NZ2 SN=E N
oo o ooz NN NN
= oona
g

Cautions 1. Connect the IC (Internally Connected) pin directly to Vss.
2. Connect the AVob pin to Vob.
3. Connect the AVss pin to Vss.

Remark The pin connection in parentheses is intended for the uPD78P0208.
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ANIO to ANI7:
AVbb:

AVREF:

AVss:

BUSY:

BUZ:

FIPO to FIP52:
IC:

INTPO to INTP3:

P00 to P04:
P10 to P17:
P20 to P27:
P30 to P37:
P70 to P74:
P80 to P87:
P90 to P97:
P100 to P107:

Analog input

Analog power supply
Analog reference voltage
Analog ground

Busy

Buzzer clock
Fluorescent indicator panel
Internally connected
External interrupt input
Port O

Port 1

Port 2

Port 3

Port 7

Port 8

Port 9

Port 10

P110 to P117:
P120 to P127:

PCL:
RESET:
SBO, SB1:
SCKO, SCK1:
SI0, SIt:
SO0, SO1:
STB:

TIO to TI2:
TOO to TO2:
Vob:

VLioAp:

Vrpp:

Vss:

X1, X2:
XT1, XT2:

User's Manual U11302EJ5VOUD

Port 11

Port 12

Programmable clock

Reset

Serial bus

Serial clock

Serial input

Serial output

Strobe

Timer input

Timer output

Power supply

Negative power supply
Programming power supply
Ground

Crystal (main system clock)
Crystal (subsystem clock)
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(2) PROM programming mode
e 100-pin plastic QFP (14 x 20)
uPD78P0208GF-3BA, 78P0208GF-3BA-A
=)

100 —=oO
98 H—=oO
97H—=oO
96 —=O
95FH—=0O
94 —=0O
93 F—=oO
922H——=0
9I1—=o0
0—=oO
89—=O
88—=0O
870
86—0O
85—=0O
84—=O
83F—=O
821——>0
81—=O

O 9|—o

Voo O— 1 80—=O (L)
D7 O=—{2 79 F—O Vss
D6 O=—3 78 —O
D5 O=—4 77—O
(D) D4 O=—5 76 —O
D3 O=—6 75—O
D2 O=—7 74 —O
D1 O=—8 73——O
DO O=—9 72—0O
RESET O——10 71—O (L)
Open O— 11 70—O
(L) O—12 69 —O
Verp O—113 68 O
Open O—{ 14 67+H—O
(L) O—15 66 —O
Voo O— 16 65 —O
A7 O—=17 64 —O
A6 O—= 18 63 —O
A5 O—={19 62 |=—O A8
(D) A4 O—= 20 61|=—0O A16
A3 O—=f 21 60 |[=—O A10
A2 O—= 22 59 |=—O A1 (D)
A1 O—=23 58 |=—O A12
A0 O—=24 57=—0O A13
Vss O—25 56 |=—O A14
_\O0—27 54 —o0O
(D){(EQ—>28 53——0 WL
OE O—= 29 52—O
(L) ©—30 51—O

o—{31
o—{32
O0—33

Voo O—34
Vss O—35
(L) 0—36
(D) PGM O—=|37
(L) o—38
A9 O—|39
Vss O—40
Oo—41
oO—42
O0—43
O—44
O—45

Voo O——46
O—47
O—48
O—49
O—50

(L){
(L){
(L){

Cautions 1. (L): Connect independently to Vss via a pull-down resistor.
2. (D): Connect via a driver.
3. Vss: Connect to ground.
4. RESET: Set to low level.
5. Open: Do not connect to anything.
AO to A16: Address bus OE: Output enable Vop: Power supply
CE: Chip enable PGM: Program Vrp: Programming power supply
DO to D7: Data bus RESET: Reset Vss: Ground

20
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1.5 78K/0 Series Lineup

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

: Products in mass production S/ .+ Products under development

Y subseries products are compatible with I12C 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 /O and limited functions
80-pin uPD78054 with enhanced serial 1/0

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

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

80-pin uPD780024A with expanded RAM
M 64-pin 1PD780034A with timer and enhanced serial /0
64-pin 1 PD780024A with enhanced A/D converter
64-pin uPD78018F with enhanced serial /0
52-pin 52-pin version of the ©PD780034A
52-pin 52-pin version of the uPD780024A
64-pin uPD78014H EMI-noise reduced version of the yPD78018F
64-pin 1PD78018F 1PD78018FY / Basic subseries for control
42/44-pin { 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 1PD78044F with enhanced I/O 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 PD78044F Basic subseries for driving VFD. Display output total: 34
78K/0 B LCD drive
Series 100-pin / UPD780354 IuPD780354Y 1 PD780344 with enhanced A/D converter
100-pin / HUPD780344 ﬂ 1PD780344Y / 1PD780308 with enhanced display function and timer. Segment signal output: 40 pins max.
120-pin 1PD780338 1tPD780308 with enhanced display function and timer. Segment signal output: 40 pins max.
120-pin uPD780328 1tPD780308 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 1PD78064 with enhanced SIO, and expanded ROM and RAM

100-pin UPD78064B EMI-noise reduced version of the uPD78064
B 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 1PD78054 with IEBus™ controller
80-pin uPD780702Y [ On-chip IEBus controller
80-pin 1PD780703AY L On-chip CAN controller
80-pin #PD780833Y /' On-chip controller compliant with J1850 (Class 2)
L 64-pin Specialized for CAN controller function

Meter control

100-pin uPD780958 For industrial meter control
-| 80-pin 1PD780852 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 FIPT™ (Fluorescent Indicator Panel) in some
documents, but the functions of the two are the same.

User's Manual U11302EJ5V0UD 21



CHAPTER 1

OUTLINE

The following lists the main functional differences between subseries products.

¢ Non-Y subseries

Function ROM Timer 8-Bit |10-Bit| 8-Bit Serial Interface 1/0 l\\/I/I[:l). External
Subseries Namé Capacity | g.git [16-Bit Watch|wDT | A/D | AD | D/A Valye|FxPansion
Control | uPD78075B|32KBt%040KB |4ch |[1ch [1ch |[1ch [8ch | — [2ch |3ch(UART:1ch) 88 [1.8V| Yes
uPD78078 |48KBto60KB
uPD78070A - 61 |27V
uPD780058 |24KBto 60KB | 2 ch 3 ch (time-division UART: 1 ch)| 68 (1.8 V
uPD78058F |48 KB to 60 KB 3 ch (UART: 1 ch) 69 [2.7V
uPD78054 |16KBto 60 KB 20V
uPD780065 |40KB 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 4 ch -
uPD78014H 8 ch 2ch 53 Yes
uPD78018F | 8KBto 60 KB
uPD78083 |8KBto16KB - - 1 ch (UART: 1 ch) 33 -
Inverter | uPD780988 |16KBto60KB | 3 ch |Note | — ich| - |8ch| — |[3ch(UART:2ch) 47 |40V| Yes
control
VFD uPD780208 |32KBto60KB | 2ch [1ch [1ch|1ch |8ch | - - |2ch 74 (27V| -
drive | pD780232|16KB1024kB | 3ch | — | — 4ch 40 |45V
uPD78044H|32KBto48KB | 2ch |1 ch |1 ch 8 ch 1ch 68 |2.7V
uPD78044F |16 KB to 40 KB 2ch
LCD uPD780354 |24KBto32KB | 4ch [1ch [1ch|1ch| — |8ch| — [3ch(UART: 1ch) 66 (1.8V| -
dive | pp780344 8ch| -
uPD780338 [48KBto60KB | 3 ch |2 ch — |10ch|1ch |2ch (UART: 1 ch) 54
uPD780328 62
uPD780318 70
uPD780308 [48KBto60KB | 2 ch |1 ch 8ch| - — | 3ch (time-division UART: 1 ch)| 57 |2.0V
uPD78064B|32 KB 2 ch (UART: 1 ch)
uPD78064 |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 2ch 69 (27V| -
supported | uPD780816 | 32 KB to 60 kB 2ch 12 ch — |2 ch (UART: 1 ch) 46 [40V
Meter control| uPD780958 |48KBto60KB | 4 ch |2 ch | — 1ich| - - — |2 ch (UART: 1 ch) 69 [22V -
Dashboard | uPD780852|32KBt040KB [ 3ch [1ch |1ch [1ch [5¢ch | — — |3 ch (UART: 1 ch) 56 [40V| -
control 1PD780828B |32 KB to 60 KB 59

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

22
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1.6 Block Diagram

TOO0/P30
TIO/POO

TO1/P31
TI1/P33

TO2/P32
TI2/P34

SI10/SB0/P25
SO0/SB1/P26

SCKo/P27

SI1/P20
SO1/P21
SCK1/P22
STB/P23
BUSY/P24

ANIO/P10 to
ANI7/P17
AVop

AVss
AVrer

INTP0O/POO0 to
INTP3/P03

BUZ/P36

PCL/P35

16-bit timer/

event counter

E—

8-bit timer/
event counter 1

8-bit timer/

event counter 2

Watchdog timer
Watch timer

Serial

interface 0

Serial

interface 1

78K/0

CPU core ROM

I

A/D converter

Interrupt control

I S I

!

Buzzer output

Clock output

control

U

RAM

Vss IC
(Vep)

Voo

g 483 g8y YL

P00
Port 0 @ PO1 to P03
-~ P04
Port 1 <‘I:I>P1OtoP17
Port 2 <7L> P20 to P27
Port 3 @ P30 to P37
Port 7 <TL> P70 to P74
Port 8 ﬁ> P80 to P87
Port 9 ﬁ> P90 to P97
Port 10 @Pmom P107
Port 11 <‘IZI>P110toP117
Port 12 <‘I:I>P120to P127
VFD ﬁ> FIPO to FIP52
controller/
driver Vioan
«—— RESET
-~ X1
System X2
control
«—— XT1/P04
—— XT2

Remarks 1. The internal ROM and RAM capacities vary depending on the product.
2. Pin names in parentheses only apply to the uPD78P0208.
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1.7 Overview of Functions
Part Number | uPD780204 | uPD780205 | pPD780206 | uPD780208 | uPD78P0208
ltem uPD780204A | uPD780205A
Internal ROM Mask ROM One-time
memory PROM
32KBMe' | 40KBMe' | 48 KB 60 KB 60 KBNete 2

High-speed RAM 1024 bytes

Expansion RAM - | 1024 bytes 1024 bytesNete 3

Buffer RAM 64 bytes

VFD display RAM 80 bytes

General-purpose registers 8 bits x 8 x 4 banks

Minimum With main system 0.4 us/0.8 us/1.6 us/3.2 us/6.4 us (when operated at 5.0 MHz)
instruction clock selected
execution
t'X i With subsystem 122 us (when operated at 32.768 kHz)
ime
clock selected
Instruction set * 16-bit operation

* Multiply/divide (8 bits x 8 bits, 16 bits + 8 bits)
¢ Bit manipulation (set, reset, test, and Boolean operation)
* BCD adjust, and other related operations

1/0 ports (including VFD pins) Total: 74 pins

¢ CMOS input: 2 pins

¢ CMOS I/O: 27 pins

¢ N-ch open-drain I/O: 5 pins

¢ P-ch open-drain I/O: 24 pins

e P-ch open-drain output: 16 pins
VFD controller/driver Total of display output: 53 pins

e Segments: 9 to 40 pins

* Digits: 2 to 16 pins
A/D converter * 8-bit resolution x 8 channels

* Power supply voltage: AVopo =4.0to 5.5V

Serial interface e 3-wire serial 1/O/SBI/2-wire serial I/O mode selection

possible: 1 channel
e 3-wire serial I/O mode (maximum 64-byte on-chip automatic

transmit/receive function): 1 channel

Notes 1. The initial value of the memory size switching register (IMS) in the uPD780204A and 780205A is fixed
to CFH (60 KB), regardless of the internal memory capacity. Therefore, set the values shown below
for each product before use.
uPD780204A: C8H (32 KB)
uPD780205A: CAH (40 KB)

2. 32, 40, 48, or 60 KB can be selected by the memory size switching register (IMS).
3. 0 or 1024 bytes can be selected by the internal expansion RAM size switching register (IXS).
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Part Number [ uPD780204 | uPD780205 uPD780206 | wuPD780208 | uPD78P0208

ltem 1PD780204A | uPD780205A
Timer ¢ 16-bit timer/event counter: 1 channel
e 8-bit timer/event counter: 2 channels
e Watch timer: 1 channel
e Watchdog timer: 1 channel
Timer output 3 outputs (14-bit PWM generation possible from one output)
Clock output 19.5 kHz, 39.1 kHz, 78.1 kHz, 156 kHz, 313 kHz, 625 kHz

(@ 5.0 MHz operation with main system clock)
32.768 kHz (@ 32.768 kHz operation with subsystem clock)

Buzzer output 1.2 kHz, 2.4 kHz, 4.9 kHz
(@ 5.0 MHz operation with main system clock)

Vectored Maskable interrupts Internal: 9, external: 4
interrupt
sources Non-maskable interrupts Internal: 1
Software interrupts 1
Test input Internal: 1
Power supply voltage Vop=2.7t05.5V
Package 100-pin plastic QFP (14 x 20)

1.8 Mask Options

The mask ROM versions (uPD780204, uPD780204A, uPD780205, uPD780205A, uPD780206, and uPD780208)
have mask options. By specifying the mask options when ordering, the pull-up resistors and pull-down resistors listed
in Table 1-1 can be incorporated. When these resistors are necessary, the number of external components and
mounting space can be saved by utilizing the mask options.

Table 1-1 shows the mask options provided in the uPD780208 Subseries products.

Table 1-1. Mask Options in Mask ROM Versions

Pin Name Mask Option

P30/TOO0 to P32/TO2, P33/TI1, P34/TI2, On-chip pull-down resistor can be specified in 1-bit units.
P35/PCL, P36/BUZ, P37

P70 to P74 On-chip pull-up resistor can be specified in 1-bit units

FIPO to FIP12 On-chip pull-down resistor can be specified in 1-bit units.
The connect destination of a pull-down resistor can be specified for Vioap or
Vss in 4-bit units.

P80/FIP13 to P87/FIP20, P90/FIP21 to On-chip pull-down resistor can be specified in 1-bit units.

P97/FIP28, P100/FIP29 to P107/FIP36, The connect destination of a pull-down resistor can be specified for Vioap or
P110/FIP37 to P117/FIP44, Vss in 4-bit units from P80.

P120/FIP45 to P127/FIP52

Caution Adjust the number of pull-down resistors so that the total power dissipation (refer to 15.10
Calculating Total Power Dissipation) is not exceeded.
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2.1 Pin Function List

2.1.1 Normal operating mode pins

(1) Port pins (1/2)

] . After Alternate
Pin Name 110 Function .
Reset Function
P00 Input Port 0 Input only Input INTPO/TIO
PO1 e 5-bit I/O port. Input/output can be specified in 1-bit units. | |5t INTP1
If used as an input port, use of an on-chip
P02 . o INTP2
pull-up resistor can be specified by
P03 software settings. INTP3
Po4Note 1 Input Input only Input XT1
P10 to P17 1/0 Port 1 Input ANIO to ANI7
8-bit 1/0 port.
Input/output can be specified in 1-bit units.
If used as an input port, use of an on-chip pull-up resistor can be
specified by software settingsNote 2,
P20 1/0 Port 2 Input SH
P21 8-bit I/0O port. SO1
Input/output can be specified in 1-bit units.
p22 . . . SCK1
If used as an input port, use of an on-chip pull-up resistor can be
P23 specified by software settings. STB
P24 BUSY
P25 S10/SBO
P26 SO0/SB1
P27 SCKO
P30 1/10 Port 3 Input TOO
P31 8-bit 1/0 port. TO1
P32 Input/output can be specified in 1-bit units. T02
LEDs can be driven directly.
P33 If used as an input port, use of an on-chip pull-up resistor can be TH
P34 specified by software settings. T2
P3 In mask ROM versions, use of an on-chip pull-down resistor can be PoL
5 specified in 1-bit units with the mask option.
P36 BUZ
P37 —

Notes 1. When the P04/XT1 pin is used as an input port, set bit 6 (FRC) of the processor clock control register
(PCC) to 1 (do not use the feedback resistor contained in the subsystem clock oscillator).
2. When the P10/ANIO to P17/ANI7 pins are used as analog inputs of the A/D converter, set port 1 to
the input mode. In this case, its on-chip pull-up resistor will be automatically disabled.
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(1) Port pins (2/2)

Pin Name

/0

Function

After
Reset

Alternate
Function

P70 to P74

I/0

Port 7

N-ch open-drain 5-bit I/O port.

LEDs can be driven directly.

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

In mask ROM versions, use of an on-chip pull-up resistor can be
specified in 1-bit units with the mask option.

Input

P80 to P87

Output

Port 8

P-ch open-drain 8-bit high-withstanding-voltage output port.

LEDs can be driven directly.

In mask ROM versions, use of an on-chip pull-down resistor can be
specified in 1-bit units with the mask option (connection to Vioao or
Vss is specifiable in 4-bit units).

Output

FIP13 to FIP20

P90 to P97

Output

Port 9

P-ch open-drain 8-bit high-withstanding-voltage output port.

LEDs can be driven directly.

In mask ROM versions, use of an on-chip pull-down resistor can be
specified in 1-bit units with the mask option (connection to Vioao or
Vss is specifiable in 4-bit units).

Output

FIP21 to FIP28

P100 to P107

I/0

Port 10

P-ch open-drain 8-bit high-withstanding-voltage 1/O port.
Input/output can be specified in 1-bit units.

LEDs can be driven directly.

In mask ROM versions, use of an on-chip pull-down resistor can be
specified in 1-bit units with the mask option (connection to Vioao or
Vss is specifiable in 4-bit units).

Input

FIP29 to FIP36

P110 to P117

I/0

Port 11

P-ch open-drain 8-bit high-withstanding-voltage 1/0 port.
Input/output can be specified in 1-bit units.

LEDs can be driven directly.

In mask ROM versions, use of an on-chip pull-down resistor can be
specified in 1-bit units with the mask option (connection to Vioao or
Vss is specifiable in 4-bit units).

Input

FIP37 to FIP44

P120 to P127

I/0

Port 12

P-ch open-drain 8-bit high-withstanding-voltage 1/O port.
Input/output can be specified in 1-bit units.

LEDs can be driven directly.

In mask ROM versions, use of an on-chip pull-down resistor can be
specified in 1-bit units with the mask option (connection to Vioao or
Vss is specifiable in 4-bit units).

Input

FIP45 to FIP52
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(2) Non-port pins (1/2)

. . After Alternate
Pin Name 1/0 Function .
Reset Function
INTPO Input External interrupt request inputs for which the valid edges (rising Input POO/TIO
INTP1 edge, falling edge, or both rising and falling edges) can be PO1
specified.
INTP2 P02
INTP3 External interrupt request input with falling edge detection P03
Sio Input Serial interface serial data input Input P25/SB0
S P20
SO0 Qutput Serial interface serial data output Input P26/SB1
SO1 P21
SBO 110 Serial interface serial data input/output Input P25/SI10
SB1 P26/S0O0
SCKO 1/0 Serial interface serial clock input/output Input P27
SCKA1 P22
STB OQutput Serial interface automatic transmit/receive strobe output Input P23
BUSY Input Serial interface automatic transmit/receive busy input Input P24
TIO Input Input of external count clock to 16-bit timer (TMO) Input POO/INTPO
T Input of external count clock to 8-bit timer (TM1) P33
TI2 Input of external count clock to 8-bit timer (TM2) P34
TOO Qutput 16-bit timer (TMO) output (also used for 14-bit PWM output) Input P30
TOA 8-bit timer (TM1) output P31
TO2 8-bit timer (TM2) output P32
PCL Qutput Clock output (for trimming main system clock and subsystem clock) | Input P35
BUZ Output Buzzer output Input P36
FIPO to FIP12 | Output High withstanding voltage and high current output for VFD controller/| Output —
driver display output.
In mask ROM versions, use of an on-chip pull-down resistor can be
specified with the mask option.
The uPD78P0208 has on-chip pull-down resistors (connected to
VLoAD).
FIP13 to FIP20 | Output High withstanding voltage and high current output for VFD controller/ Output | P80 to P87
FIP21 to FIP28 driver display outpLt. P90 to P97
° In mask ROM versions, use of an on-chip pull-down resistor can be °
FIP29 to FIP36 Specified with the mask option. Input P100 to P107
FIP37 to FIP44 The uPD78P0208 has no on-chip pull-down resistors. P110 to P117
FIP45 to FIP52 P120 to P127
Vioap — Pull-down resistor connection for VFD controller/driver — —
ANIO to ANI7 Input A/D converter analog input Input P10 to P17
AVRer Input A/D converter reference voltage input — —
AVop — A/D converter analog power supply. Connect to Vop. — —
AVss — A/D converter ground potential. Connect to Vss. — —
RESET Input System reset input — —
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(2) Non-port pins (2/2)

) ) After Alternate
Pin Name 110 Function .
Reset Function
X1 Input Crystal resonator connection for main system clock oscillation — —
X2 — — —
XT1 Input Crystal resonator connection for subsystem clock oscillation Input P04
XT2 — — —
Voo — Positive power supply — —
Vep — High-voltage application for program write/verify. Connect — —
directly to Vss in normal operation mode.
Vss — Ground potential — —
IC — Internally connected. Connect directly to Vss. — —

2.1.2 PROM programming mode pins (uPD78P0208 only)

Pin Name 1/0 Function

RESET Input PROM programming mode setting.
When +5 V or +12.5 V is applied to the Ver pin or a low-level voltage is applied to the RESET
pin, the PROM programming mode is set.

Vep Input High-voltage application for PROM programming mode setting and program write/verify

A0 to A16 Input Address bus

DO to D7 I/0 Data bus

CE Input PROM enable input/program pulse input

OE Input Read strobe input to PROM

PGM Input Program/program inhibit input in PROM programming mode

Vop — Positive power supply

Vss — Ground potential

User's Manual U11302EJ5VOUD
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2.2 Description of Pin Functions

2.2.1 P00 to P04 (Port 0)

These pins constitute a 5-bit I/0 port. Besides serving as I/O port pins, they function as external interrupt request
inputs, an external count clock input to the timer, a capture trigger signal input, and crystal resonator connection for
subsystem clock oscillation.

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

(1) Port mode
P00 and P04 function as input-only port pins and P01 to P03 function as 1/O port pins.
P01 to P03 can be specified in input or output mode in 1-bit units using port mode register 0 (PM0). When they
are used as input port pins, an on-chip pull-up resistor can be used by setting the pull-up resistor option register
(PUO).

(2) Control mode
P00 to P04 function as external interrupt request inputs, an external count clock input to the timer, and crystal
connection for subsystem clock oscillation.

(a) INTPO to INTP3
INTPO to INTP2 are external interrupt request input pins for which valid edges can be specified (rising edge,
falling edge, and both rising and falling edges). INTPO becomes a 16-bit timer/event counter capture trigger
signal input pin with a valid edge input. INTP3 becomes a falling edge detection external interrupt request
input pin.

(b) TIO
TIO is a pin for inputting the external count clock to the 16-bit timer/event counter.

(c) XT1
Crystal connection pin for subsystem clock oscillation

2.2.2 P10 to P17 (Port 1)

These pins constitute an 8-bit I/0 port. Besides serving as I/O port pins, they function as A/D converter analog
inputs.

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

(1) Port mode
P10 to P17 function as an 8-bit I/O port. They can be specified in input or output mode in 1-bit units using port
mode register 1 (PM1). When they are used as input port pins, an on-chip pull-up resistor can be used by setting
the pull-up resistor option register (PUO).

(2) Control mode

P10 to P17 function as A/D converter analog input pins (ANIO to ANI7). The on-chip pull-up resistors are
automatically disabled when the pins are specified for analog input.
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2.2.3 P20 to P27 (Port 2)

These pins constitute an 8-bit I/O port. Besides serving as I/O port pins, they function as serial interface data I/
O, clock 1/0, automatic transmit/receive busy input, and strobe output pins.

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

(1) Port mode
P20 to P27 function as an 8-bit /0O port. They can be specified in input or output mode in 1-bit units using port
mode register 2 (PM2). When they are used as input port pins, an on-chip pull-up resistor can be used by setting
the pull-up resistor option register (PUO).

(2) Control mode
P20to P27 function as serial interface data I/O, clock I/0, automatic transmit/receive busy input, and strobe output
pins.

(a) Slo, SI1, SO0, SO1
Serial interface serial data 1/0 pins

(b) SCKO and SCK1
Serial interface serial clock I/O pins

(c) SBO and SB1
NEC Electronics standard serial bus interface I/O pins

(d) BUSY
Serial interface automatic transmit/receive busy input pin

(e) STB
Serial interface automatic transmit/receive strobe output pin

Caution If port 2 is used as serial interface pins, the I/0 and output latches must be set according
to the function. For the setting method, refer to Figure 13-3 Format of Serial Operating
Mode Register 0 and Figure 14-3 Format of Serial Operating Mode Register 1.

2.2.4 P30 to P37 (Port 3)

These pins constitute an 8-bit I/O port. Besides serving as I/O port pins, they function as timer 1/0, clock output,
and buzzer output pins.

In mask ROM versions, use of pull-down resistors can be specified with the mask option.

Port 3 can drive LEDs directly.

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

(1) Port mode
P30 to P37 function as an 8-bit I/0 port. They can be specified in input or output mode in 1-bit units using port
mode register 3 (PM3). When they are used as input port pins, an on-chip pull-up resistor can be used by setting
the pull-up resistor option register (PUO).
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(2) Control mode
P30 to P37 function as timer I/O, clock output, and buzzer output pins.

(@) THH and TI2
Pins for external count clock input to the 8-bit timer/event counter.

(b) TOO to TO2
Timer output pins

(c) PCL
Clock output pin

(d) BUZ
Buzzer output pin

2.2.5 P70 to P74 (Port 7)

These pins constitute a 5-bit I/O port. They can be specified in input or output mode in 1-bit units using port
mode register 7 (PM7).

Port 7 can drive LEDs directly.

P70 to P74 are N-ch open-drain outputs. In mask ROM versions, use of pull-up resistors can be specified with
the mask option.

2.2.6 P80 to P87 (Port 8)

These pins constitute an 8-bit output-only port. Besides serving as output port pins, they function as display outputs
for the VFD controller/driver.

Port 8 can drive LEDs directly.

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

(1) Port mode
P80 to P87 function as an 8-bit output-only port.
P80 to P87 are P-ch open-drain outputs. In mask ROM versions, use of pull-down resistors can be specified
with the mask option.

(2) Control mode
P80 to P87 function as the display output pins of the VFD controller/driver (FIP13 to FIP20).

2.2.7 P90 to P97 (Port 9)

These pins constitute an 8-bit output-only port. Besides serving as output port pins, they function as display outputs
for the VFD controller/driver.

Port 9 can drive LEDs directly.

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

(1) Port mode
P90 to P97 function as an 8-bit output-only port.
P90 to P97 are P-ch open-drain outputs. In mask ROM versions, use of pull-down resistors can be specified
with the mask option.

(2) Control mode
P90 to P97 function as the display output pins of the VFD controller/driver (FIP21 to FIP28).
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2.2.8 P100 to P107 (Port 10)

These pins constitute an 8-bit I/O port. Besides serving as 1/O port pins, they function as display outputs for the
VFD controller/driver.

Port 10 can drive LEDs directly.

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

(1) Port mode
P100 to P107 function as an 8-bit I/O port. They can be specified in input or output mode in 1-bit units using
port mode register 10 (PM10).
P100 to P107 are P-ch open-drain outputs. In mask ROM versions, use of pull-down resistors can be specified
with the mask option.

(2) Control mode
P100 to P107 function as display output pins for the VFD controller/driver (FIP29 to FIP36).

2.2.9 P110 to P117 (Port 11)

These pins constitute an 8-bit I/O port. Besides serving as 1/0O port pins, they function as display outputs for the
VFD controller/driver.

Port 11 can drive LEDs directly.

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

(1) Port mode
P110 to P117 function as an 8-bit I/O port. They can be specified in input or output mode in 1-bit units using
port mode register 11 (PM11).
P110 to P117 are P-ch open-drain outputs. In mask ROM versions, use of pull-down resistors can be specified
with the mask option.

(2) Control mode
P110 to P117 function as display output pins for the VFD controller/driver (FIP37 to FIP44).

2.2.10 P120 to P127 (Port 12)

These pins constitute an 8-bit I/0 port. Besides serving as 1/0O port pins, they function as display outputs for the
VFD controller/driver.

Port 12 can drive LEDs directly.

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

(1) Port mode
P120 to P127 function as an 8-bit I/O port. They can be specified in input or output mode in 1-bit units using
port mode register 12 (PM12).
P120 to P127 are P-ch open-drain outputs. In mask ROM versions, use of pull-down resistors can be specified
with the mask option.

(2) Control mode
P120 to P127 function as display output pins for the VFD controller/driver (FIP45 to FIP52).

2.2.11 FIPO to FIP12

These are display output pins for the VFD controller/driver.

FIPO to FIP12 are P-ch open-drain outputs. In mask ROM versions, use of pull-down resistors can be specified
with the mask option. The uPD78P0208 contains pull-down resistors at FIPO to FIP12 (connected to VLoap).
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2.2.12 Vvioap
This is the pull-down resistor connection pin of the VFD controller/driver.

2.2.13 AVRer
The A/D converter’s reference voltage should be input from this pin.

2.2.14 AVop
This pin supplies power for A/D converter operations.
Always make this pin the same potential as the Voo pin even if the A/D converter is not used.

2.2.15 AVss
This pin is the ground for the A/D converter.
Always make this pin the same potential as the Vss pin even if the A/D converter is not used.

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

2.2.17 X1 and X2
These are crystal resonator connection pins for main system clock oscillation.
For external clock supply, input the clock to X1 and its inverted signal to X2.

2.2.18 XT1 and XT2
These are crystal resonator connection pins for subsystem clock oscillation.
For external clock supply, input the clock to XT1 and its inverted signal to XT2.

2.2.19 Voo
This is the positive power supply pin.

2.2.20 Vss
This is the ground potential pin.

2.2.21 Vep (uPD78P0208 only)
A high-voltage should be applied to this pin during PROM programming mode setting and in program write/verify
mode. Connect directly to Vss in normal operation mode.

2.2.22 IC (mask ROM version only)

The IC (Internally Connected) pin sets a test mode in which the uPD780204, 780204A, 780205, 780205A, 780206,
and 780208 are tested before shipment. In normal operation mode, connect the IC pin directly to the Vss pin with
as short a wiring length as possible.

If there is a potential difference between the IC and Vss pins because the wiring length between the IC and Vss
pins is too long, or external noise is superimposed on the IC pin, the user program may not run correctly.

* Directly connect the IC pin to the Vss pin.

Vss IC
|
™

Keep the wiring length as short as possible.

e
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2.3 Pin I/O Circuits and Recommended Connection of Unused Pins

Table 2-1 shows the 1/O circuit types of pins and the recommended connections of unused pins.
Refer to Figure 2-1 for the configuration of the 1/O circuit of each type.

Table 2-1. Types of Pin I/O Circuits (1/2)

Pin Name 110 I/0 Recommended Connection of Unused Pins
Circuit Type
POO/INTPO/TIO 2 Input Connect to Vss.
PO1/INTP1 8-A 110 Input: Independently connect to Vss via a resistor.
PO2/INTP2 Output: Leave open.
PO3/INTP3
P04/XT1 16 Input Connect to Vob or Vss.
P10/ANIO to P17/ANI7 11 I/0 Input: Independently connect to Voo or Vss via a resistor.
P20/SI1 8-A Output: Leave open.
P21/SO1 5-A
P22/SCK1 8-A
P23/STB 5-A
P24/BUSY 8-A
P25/S10/SB0O 10-A
P26/SO0/SB1
P27/SCKO
Mask ROM version
P30/TO0 5-C 1/0 Input: Independently connect to Voo or Vss via a resistorNote,
P31/TO1 Output: Leave open.
P32/TO2
P33/Ti 8-B
P34/TI2
P35/PCL 5-C
P36/BUZ
P37

Note Leave open when an on-chip pull-down resistor is specified by the mask option.
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Table 2-1. Types of Pin I/O Circuits (2/2)
Pin Name 110 110 Recommended Connection of Unused Pins
Circuit Type
uPD78P0208
P30/TO0 5-A 1/10 Input: Independently connect to Vop or Vss via a resistor.
P31/TO1 Output: Leave open.
P32/TO2
P33/TH 8-A
P34/TI2
P35/PCL 5-A
P36/BUZ
P37
Mask ROM version
P70 to P74 13-B 110 Input: Independently connect to Vop or Vss via a resistorNote
Qutput: Leave open.
FIPO to FIP12 14-A Output Leave open.
P80/FIP13 to P87/FIP20
P90/FIP21 to P97/FIP28
P100/FIP29 to P107/FIP36 15-C 110 Input: Independently connect to Vob or Vss via a resistorNote,
P110/FIP37 to P117/FIP44 Output: Leave open.
P120/FIP45 to P127/FIP52
IC — — Connect directly to Vss.
uPD78P0208
P70 to P74 13-D /10 Input: Independently connect to Vob or Vss via a resistor.
Output: Leave open.
FIPO to FIP12 14 Output Leave open.
P80/FIP13 to P87/FIP20 14-B Output Leave open.
P90/FIP21 to P97/FIP28
P100/FIP29 to P107/FIP36 15-B 1/0 Input: Independently connect to Vop or Vss via a resistor.
P110/FIP37 to P117/FIP44 Output: Leave open.
P120/FIP45 to P127/FIP52
Vep — — Connect directly to Vss.
RESET 2 Input —
XT2 16 — Leave open.
AVRer — Connect directly to Vss.
AVop Connect directly to Vop.
AVss Connect directly to Vss.
Vioap

Note Leave open when an on-chip pull-up or pull-down resistor is specified by the mask option.

36

User’'s Manual U11302EJ5VOUD




CHAPTER 2 PIN FUNCTIONS

Figure 2-1. Pin I/O Circuits (1/3)
Type 2 Type 8-A Voo
Pull-up l,: | P-ch
enable
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Data — ) =5 | S
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Output N-ch
disable
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<]

Middle-voltage input buffer

Figure 2-1. Pin I/O Circuits (2/3)
Type 11 Vop Type 14
enabio P-oh
VDD Vop Vop
Data 44
+——OIN/OUT —l P-ch P-ch
Output
disable = Data — +——OO0uT
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Voo Data —¢ ‘ ouT
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|
b ———- -0 Vioap
| [Mask
| ;
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Figure 2-1. Pin

1/0 Circuits (3/3)
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3.1 Memory Space

Each product of the uPD780208 Subseries accesses a memory space of 64 KB. Figures 3-1 to 3-5 show memory
maps.

Caution The initial values of the memory size switching register (IMS) in the uPD780204A, 780205A, and
78P0208 are fixed to CFH, regardless of the internal memory capacity. Therefore, set the values
shown below for each product before use.
uPD780204A: C8H
uPD780205A: CAH
uPD78P0208: Value corresponding to mask ROM version

Figure 3-1. Memory Map (uPD780204 and ;PD780204A)

b FFFFH
Special function
registers (SFRs)
256 x 8 bits
FFOOH
FEFFH
General-purpose
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FEEOH 32 x 8 bits
FEDFH
Tinternal high-speed RAM |
1024 x 8 bits
EBOOH 7FFFH
FAFFH A 4
¥~ Program area ~
Buffer RAM
Data memory 64 x 8 bits
space FACOH ég?:?:':i
FABFH
Reserved F  CALLF entry area =
Choo
) 07FFH
VFD display RAM
80 x 8 bits = Program area -~
FA30H
FA2FH 0080H
= Reserved ot 007FH
8000H CALLT table area
T 7FFFH
0040H
Program 003FH
memory A Internal ROM A
space i 32768 x 8 bits § Vector table area
Y 0000H 0000H
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Figure 3-2. Memory Map (uPD780205 and uPD780205A)
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Data memory

space

Program

memory space

Figure 3-3. Memory Map (uPD780206)
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Figure 3-4. Memory Map (uPD780208)
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Figure 3-5. Memory Map (uPD78P0208)
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3.1.1 Internal program memory space

The internal program memory space stores programs and table data. Normally, this space is addressed using
the program counter (PC).

Each product in the uPD780208 Subseries contains internal ROM (or PROM) with the capacity shown below.

Table 3-1. Internal ROM Capacity

Internal ROM
Part Number
Configuration Capacity

uPD780204 Mask ROM 32768 x 8 bits
uPD780204A
uPD780205 Mask ROM 40960 x 8 bits
uPD780205A
uPD780206 Mask ROM 49152 x 8 bits
uPD780208 Mask ROM 61440 x 8 bits
uPD78P0208 PROM 61440 x 8 bits

The following areas are allocated to the internal program memory space.

(1) Vector table area
The 64-byte area 0000H to 003FH is reserved as vector table area. Program start addresses for branch upon
RESET input or interrupt request generation are stored in the vector table area. Of the 16-bit address, the lower
8 bits are stored at even addresses and the higher 8 bits are stored at odd addresses.

Table 3-2. Vector Table

Vector Table Address Interrupt Source Vector Table Address Interrupt Source

0000H RESET input 0010H INTCSIH
0004H INTWDT 0012H INTTM3
0006H INTPO 0014H INTTMO
0008H INTP1 0016H INTTM1
000AH INTP2 0018H INTTM2
000CH INTP3 001AH INTAD

000EH INTCSIO 001CH INTKS

003EH BRK instruction

(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).

(8) 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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3.1

(1)

()

)

(4)

3.1

.2 Internal data memory space

The uPD780208 Subseries units incorporate the following RAMs.

Internal high-speed RAM

Internal high-speed RAMis allocated to the 1024-byte area from FBOOH to FEFFH of the yPD780208 Subseries.
Four banks of general-purpose registers, each bank consisting of eight 8-bit registers are allocated in the 32-
byte area FEEOH to FEFFH.

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.

Internal expansion RAM

Internal expansion RAM is allocated to the 1024-byte area from F400H to F7FFH of the uPD780206, 780208,
and 78P0208.

This area can also be used as a normal data area similar to the internal high-speed RAM, as well as a program
area in which instructions can be written and executed.

The internal expansion RAM cannot be used as a stack memory.

Buffer RAM

Buffer RAM is allocated to the 64-byte area from FACOH to FAFFH. Buffer RAM is used for storing transmit/
receive data of serial interface channel 1 (3-wire serial /O mode with automatic transmit/receive function).
When not used in the 3-wire serial I/O mode with automatic transmit/receive function, buffer RAM can be used
as normal RAM.

VFD display RAM
VFD display RAM is allocated to the 80-byte area from FA30H to FA7FH. VFD display RAM can also be used
as normal RAM.

.3 Special function register (SFR) area
On-chip peripheral hardware special function registers (SFRs) are allocated to the area FFOOH to FFFFH (see

Table 3-3 Special Function Register List under 3.2.3 Special function registers (SFRs)).

46

Caution Do not access addresses where SFRs are not assigned.
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3.1.4 Data memory addressing

The method to specify the address of the instruction to be executed next or the address of a register or memory
area to be manipulated when an instruction is executed is called addressing.

The address of the instruction to be executed next is specified by the program counter (PC) (for details, refer
to 3.3 Instruction Address Addressing).

To address the memory area to be manipulated when an instruction is executed, the uPD780208 Subseries has
many addressing modes to improve the operability. Especially, in the areas to which the data memory is assigned
(addresses FBOOH to FFFFH), the special function registers (SFRs) and general-purpose registers can be
addressed in accordance with their function.

Data memory addressing is shown in Figures 3-6 to 3-10. For details of each addressing, refer to 3.4 Operand
Address Addressing.

Figure 3-6. Data Memory Addressing (uPD780204 and yPD780204A)
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Figure 3-7. Data Memory Addressing (uPD780205 and yPD780205A)
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Figure 3-8. Data Memory Addressing (uPD780206)
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49152 x 8 bits

Direct addressing
Register indirect addressing
Based addressing

Based indexed addressing
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Figure 3-9. Data Memory Addressing (uPD780208)

FFFFH
Special function registers (SFRs) .
256 X 8 bits SFR addressing
FF2OH |
FF1FH
FFOOH
FEFFH a | Ist
eneral-purpose registers . .
32 x 8 bits Register addressing Short direct
FEEOH - addressing
FEDFH
L Internal high-speed RAM ~L
|~ 1024 x 8 bits B
FE20H | ]
FE1FH
FBOOH
FAFFH Buffer RAM Direct addressing
64 x 8 bits
FACOH Register indirect addressing
FABFH
Reserved Based addressing
FA80H
FA7FH VED display RAM Based indexed addressing
FA30H 80 x 8 bits
FA2FH Reserved
F800H
F7FFH )
A Internal expansion RAM ~L
|~ 1024 x 8 bits B
F400H
F3FFH
= Reserved g
FOOOH
EFFFH
iy Internal ROM L
T 61440 x 8 bits T
0000H
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Figure 3-10. Data Memory Addressing (uPD78P0208)

FFFFH
Special function registers (SFRs)
256 x 8 bits SFR addressing
FF2OH} o
FF1FH
FFOOH
FEFFH
General-purpose registers Register addressing  Short direct
FEEOH 52 x8 bt | addressing
FEDFH
Internal high-speed RAM

¥ 1024 x 8 bits ¥
FE20H| ]
FE1FH
FBOOH
FAFFH Buffer RAM Direct addressing
FACOH 64 x 8 bits Register indirect addressing
FABFH Reserved Based addressing
FA80H Based indexed addressing
FA7FH VFD display RAM
FA30H 80 x 8 bits
FA2FH

Reserved

F800H
F7FFH .

A Internal expansion RAM |

T 1024 x 8 bits 8%
F400H
F3FFH

¥ Reserved
FOOOH
EFFFH

A Internal PROM A

T 61440 x 8 bits T
0000H
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3.2 Processor Registers

The uPD780208 Subseries units incorporate the following processor registers.

3.2.1 Control registers

The control registers control the program sequence, statuses, and stack memory. The program counter (PC),

program status word (PSW), and stack pointer (SP) are control registers.

M

()

52

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 3-11. 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 3-12. Program Status Word Format

PSW IE 4 RBS1 AC | RBSO 0 ISP CcY

(a) Interrupt enable flag (IE)
This flag controls interrupt request acknowledgment operations of the CPU.
When IE = 0, the IE flag is set to the interrupt disabled (DI) status. All interrupts except non-maskable
interrupts are disabled.
When IE = 1, the IE flag is set to the interrupt enabled (EI) status and interrupt request acknowledgment
is controlled by an in-service priority flag (ISP), an interrupt mask flag for each interrupt source, and a priority
specification flag.
This flag is reset to (0) upon DI instruction execution or interrupt request acknowledgment and is set to
(1) upon El instruction execution.

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

(c) Register bank select flags (RBS0 and RBS1)
These are 2-bit flags used 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.

User’'s Manual U11302EJ5VOUD



CHAPTER 3 CPU ARCHITECTURE

©))

(d)

(e)

()

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). It is reset (0) in all
other cases.

In-service priority flag (ISP)

This flag manages the priority of acknowledgeable maskable vectored interrupts. When ISP = 0,
acknowledgment of a vectored interrupt request specified as lower priority by the priority specification flag
registers (PROL and PROH) (refer to 16.3 (3) Priority specification flag registers (PROL, PROH)) is
disabled. Whether the interrupt requestis actually acknowledged or notis controlled by 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 used to hold the start address of the memory stack area. Only the internal high-speed
RAM area (FBOOH to FEFFH) can be set as the stack area.

SP

Figure 3-13. Stack Pointer Format

15 0

SP15 | SP14 | SP13|SP12|SP11 |SP10| SP9 | SP8 | SP7 | SP6 | SP5 | SP4 | SP3 | SP2 | SP1 | SPO

The SP is decremented ahead of write (save) to the stack memory and is incremented after read (reset) from
the stack memory.
Each stack operation saves/resets data as shown in Figures 3-14 and 3-15.

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

the stack.
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SP <SP -2

SP-2

SP—1

SP >

SP

SP +1

SP <SP +2

54

Figure 3-14. Data to Be Saved to Stack Memory

PUSH rp instruction

Lower
register pairs

Higher
register pairs

SP <SP -2

SP-2

SP—1

SP >

CALL, CALLF, and
CALLT instructions

PC7 to PCO

PC15 to PC8

SP=SP-3

SP -3

SP-2

SP -1

SP —»

Figure 3-15. Data to Be Reset from Stack Memory

POP rp instruction

Lower
register pairs

Higher
register pairs

SP

SP +1

SP <SP +2

RET instruction

PC7 to PCO

PC15 to PC8
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Interrupt and
BRK instruction

PC7 to PCO

PC15 to PC8

PSW
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PC15 to PC8

PSW
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3.2.2 General-purpose registers

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

Each register can be used as an 8-bit register, and two 8-bit registers can 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 using 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 3-16. 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
BANK3 AX
X
FEEOH
15 0 7 0
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3.2.3 Special function registers (SFRs)

Unlike a general-purpose register, each special function register has a special function. The special function

registers are allocated in the FFOOH to FFFFH area.

Special function registers can be manipulated, like general-purpose registers, with operation, transfer, and bit

manipulation instructions. The manipulatable bit units, 1, 8, and 16, depend on the special function register type.

56

Each manipulation bit unit can be specified as follows.

¢ 1-bit manipulation
Describe the symbol reserved in the 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 in the 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 in the assembler for the 16-bit manipulation instruction operand (sfrp).
When addressing an address, describe an even address.

Table 3-3 gives a list of special function registers. The meaning of items in the table is as follows.

e Symbol
Symbolindicating the address of a special function register. Itis a reserved word in the RA78K0, and is defined
as the sfrvariable by the #pragma sfr directive in the CC78K0. When using the RA78K0, ID78K0-NS, ID78KO0,
or SM78K0, symbols can be written as an instruction operand.

* R/W
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
v indicates manipulatable bit units (1, 8, and 16). — indicates unmanipulatable bit units.

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

Address Special Function Register (SFR) Name Symbol R/W Manipulatable After
Bit Unit Reset

Bit |8 Bits [16 Bits|

FFOOH | Port 0 PO RW | N | V| - 00H

FFO1H | Port 1 P1 N o[ V| -

FFO2H Port 2 P2 NN ] -

FFO3H | Port 3 P3 U IRV

FFO7H Port 7 P7 NN -

FFO8H | Port 8 P8 w o[V V] -

FFO9H | Port 9 P9 S RV

FFOAH Port 10 P10 R/W \ J -

FFOBH | Port 11 P11 NN -

FFOCH | Port 12 P12 U IRV

FF10H 16-bit compare register CROO - - \/ Undefined

FF11H

FF12H 16-bit capture register CRO1 R - - \/

FF13H

FF14H 16-bit timer register T™MO - - \/ 0000H

FF15H

FF16H 8-bit compare register 10 CR10 R/W - S - Undefined

FF17H 8-bit compare register 20 CR20 - v -

FF18H 8-bit timer register 1 TMS | TM1 R - S v 00H

FF19H 8-bit timer register 2 T™2 - v

FF1AH Serial I/O shift register 0 S100 R/W - S - Undefined

FF1BH | Serial I/O shift register 1 SIO1 - v | -

FF1FH A/D conversion result register ADCR R - S -

FF20H Port mode register 0 PMO RW | R 1FH

FF21H Port mode register 1 PM1 S \ - FFH

FF22H Port mode register 2 PM2 v \ -

FF23H Port mode register 3 PM3 S v |-

FF27H Port mode register 7 PM7 v \ - 1FH

FF2AH Port mode register 10 PM10 S \ - FFH

FF2BH Port mode register 11 PM11 v \ -

FF2CH Port mode register 12 PM12 S \ -

FF40H Timer clock select register 0 TCLO R/W . R - 00H

FF41H Timer clock select register 1 TCLA - S -

FF42H Timer clock select register 2 TCL2 - v -

FF43H Timer clock select register 3 TCL3 - S - 88H

FF47H Sampling clock select register SCS - . - 00H

FF48H 16-bit timer mode control register TMCO S \ -

FF49H 8-bit timer mode control register TMCAH v \ -

FF4AH Watch timer mode control register TMC2 S \ -

FF4EH 16-bit timer output control register TOCO v \ -

FF4FH 8-bit timer output control register TOC1 S \ -
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Table 3-3. Special Function Register List (2/3)

Address Special Function Register (SFR) Name Symbol R/W Manipulatable After
Bit Unit Reset
1 Bit |8 Bits [16 Bits
FF60H Serial operating mode register 0 CSIMO RW | R - O0H
FF61H Serial bus interface control register SBIC S \ -
FF62H Slave address register SVA - . - Undefined
FF63H Interrupt timing specification register SINT S \ - 00H
FF68H Serial operating mode register 1 CSIMA1 . R -
FF69H Automatic data transmit/receive control register ADTC S \ -
FF6AH Automatic data transmit/receive address pointer ADTP - . -
FF6BH Automatic data transmit/receive interval specification | ADTI \ \ -
register
FF80H A/D converter mode register ADM v \ - 01H
FF84H A/D converter input select register ADIS - S - 00H
FFAOH Display mode register 0 DSPMO ANote |/ -
FFA1H Display mode register 1 DSPMH1 - S -
FFA2H Display mode register 2 DSPM2 - v -
FFEOH Interrupt request flag register OL IFo | IFOL S \ \/
FFE1H Interrupt request flag register OH IFOH v \
FFE4H Interrupt mask flag register OL MKO | MKOL S \ v FFH
FFE5H Interrupt mask flag register OH MKOH v \
FFE8H Priority order specification flag register OL PRO | PROL \ J y
FFE9H Priority order specification flag register OH PROH v \
FFECH External interrupt mode register INTMO - N - 00H

Note Only bit 7 can be manipulated, and only as a read operation.
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Table 3-3. Special Function Register List (3/3)

Address Special Function Register (SFR) Name Symbol R/W Manipulatable After

Bit Unit Reset
1 Bit |8 Bits|16 Bits|

FFFOH Memory size switching register IMS R/W - v - Note

FFF4H Internal expansion RAM size switching register IXS W - \/ - Note

FFF7H Pull-up resistor option register PUO RW | \/ - 00H

FFF9H Watchdog timer mode register WDTM S v -

FFFAH Oscillation stabilization time select register OSTS - v - 04H

FFFBH Processor clock control register PCC S v -

Note The value after resetting the memory size switching register (IMS) and internal expansion RAM size
switching register (IXS) depends on the product.

uPD780204 | uPD780204A nPD780205 | uPD780205A nPD780206 uPD780208 nPD78P0208

IMS C8H CFH CAH CFH CCH CFH CFH

IXS None 0AH

When using the uPD780204, 780205, 780206, and 780208, do not set any value other than that of IMS
and IXS after reset.
When using the uPD780204A, 780205A, and 78P0208, the initial values of IMS are fixed to CFH,
regardless of the internal memory capacity. Therefore, set the values shown below for each product
before use.

uPD780204A: C8H

UPD780205A: CAH

uPD78P0208: Value corresponding to mask ROM version
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3.3 Instruction Address Addressing

An instruction address is determined by program counter (PC) contents. The PC contents are normally
incremented (+1 for each byte) automatically according to the number of bytes of the 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 the program is branched by the following addressing (for details of instructions, refer to the
78K/0 Series Instructions User’s Manual (U12326E)).

3.3.1 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,
the range of branch in relative addressing is between —128 and +127 of the start address of the following instruction.

This function is carried out when the BR $addr16 instruction or a conditional branch instruction is executed.

[lustration]

15 0
PC ...PC indicates the start address
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 v are 1.
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3.3.2 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 !addr16 or CALLF !addr11 instruction is executed.
CALL !addr16 and BR laddr16 instructions can branch to all the memory spaces. CALLF !addr11 instruction

branches to the area from 0800H to OFFFH.

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

7 0
CALL or BR
Low addr.
High addr. T
15 \ 87 0

PC

In the case of CALLF !addr11 instruction

7 6 4 3 0
CALLF

7‘ fato-s

far-o

15 11 10 87 0

PC]0O 0 0 O 1
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3.3.3 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.
Table indirect addressing is carried out when the CALLT [addr5] instruction is executed. This instruction can
refer to the address stored in the memory table 40H to 7FH and branch to all the memory spaces.

[lustration]

7 6 5 10
Operation code 1 1 tas-o 1

15 8 7 6 5 i 10

Effective address 0O 0 0O 0O0OOO O|0 1 0
7 Memory (table) 0

Low addr.
Effective address + 1 High addr. T

15 ‘ 8 7 0

PC
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3.3.4 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.

[lustration]

15 8 7 0

PC
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3.4 Operand Address Addressing

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

3.4.1 Implied addressing

[Function]

The register which functions as an accumulator (A and AX) in the general-purpose register area is automatically
(implicitly) addressed.

Of the uPD780208 Subseries instruction words, the following instructions employ implied addressing.

Instruction Register to Be Specified by Implied Addressing
MULU Register A for multiplicand and register AX for product storage
DIVUW Register AX for dividend and quotient storage
ADJBA/ADJBS Register A for storage of numeric values subject to decimal adjustment
ROR4/ROL4 Register A for storage of digit data which undergoes digit rotation

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

[Description example]

In the case of MULU X

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

[Function]
A general-purpose register is accessed as an operand. The general-purpose register to be accessed is specified

by register bank select flags (RBS0 and RBS1) and the register specification code (Rn, RPn) in the operation code.
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,BED,LH
rp AX, BC, DE, HL

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

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

Operation code o 1 1 0 0 0 1 O

Register specification code
INCW DE; when selecting DE register pair as rp

Operation code 1 0 0 001 0O

LH— Register specification code
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3.4.3 Direct addressing

[Function]

The memory indicated by immediate data in an instruction word is directly addressed.

[Operand format]

Identifier

Description

addr16 Label or 16-bit immediate data

[Description example]

MOV A, |0FEOOH; when setting !laddr16 to FEOOH

Operation code 1 0

0 Opcode

0 0 00 0 OO0 O 00H

0 FEH

[llustration]

Opcode

addr16 (lower)

addr16 (lower)

Memory
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3.4.4 Short direct addressing

[Function]

The memory to be manipulated in the fixed space is directly addressed with 8-bit data in an instruction word.

The fixed space to which this addressing is applied to is the 256-byte space from FE20H to FF1FH. An internal
high-speed RAM and special function registers (SFRs) are mapped at FE20H to FEFFH and FFOOH to FF1FH,
respectively.

The SFR area (FFOOH to FF1FH) where short direct addressing is applied is a part of the total SFR area. In
this area, 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 set to 0. When it is at 00H to 1FH,
bit 8 is set to 1. Refer to [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 OFES30H, #50H; when setting saddr to FE30H and immediate data to 50H

Operation code o 0 01 0 0 0 1 Opcode

0 0 1 1 0 0O O O] 30H(saddr-offset)

0 1 0 1 0 0 0 0] 50H( (immediate data)

[Mustration]

Opcode

saddr-offset

Short direct memory

Effectiveaddress |1 1 1 1 1 1 1 |«

When 8-bit immediate data is 20H to FFH, oo = 0
When 8-bit immediate data is 00H to 1FH, o0 = 1
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3.4.5 Special function register (SFR) addressing

[Function]

A 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

mapped at FFOOH to FF1FH can be accessed with short direct addressing.

[Operand format]

. However, the SFRs

Identifier

Description

sfr

Special function register name

sfrp

16-bit manipulatable special function register name (even address only)

[Description example]
MOV PMO, A; when sel

ecting PMO (FF20H) as sfr

Operation code 11 1 1 0 1 1 0| Opcode

[lustration]

0 0 1 0 O O O O] 20H (sfroffset)

Opcode

sfr-offset

SFR

Effective address | 1 1 1

68
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3.4.6 Register indirect addressing

[Function]

The memory is addressed with the contents of the register pair specified as an operand. The register pair to
be accessed is specified with the register bank select flag (RBS0 and RBS1) and the register pair specification code
in the instruction code. 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 1 0 0 0 01 0 1

[lustration]

15 87 0
DE D E
Memory address specified
7 Memory 0 by register pair DE
The contents of
addressed memory
are transferred
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3.4.7 Based addressing

[Function]

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

[Operand format]

Identifier Description

- [HL+byte]

[Description example]
MOV A, [HL+10H]; When setting byte to 10H

Operation code 1 01 0 1 1 1 0

0 0 01 0 0 0 O
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3.4.8 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, and the sum is used to address the memory. The HL, B, and C registers to be accessed
are registers in the register bank specified with the register bank select flag (RBS0 and RBS1).

Addition is performed by expanding the contents of the B or C register 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] (select B register)

Operation code i1 01 0 1 0 1 1

3.4.9 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 (save DE register)

Operation code i1 0 1 1 0 1 0 1
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4.1 Port Functions
The uPD780208 Subseries units incorporate two input ports, 16 output ports, and 56 I/O ports. Figure 4-1 shows
the port configuration. Every port is capable of 1-bit and 8-bit manipulations and can carry out various control

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

Figure 4-1. Port Types

r<~— P80 P00 f«—
- <~ Port 0
- |«

Port 8 P04 |= D

-] P10 f=—
 =—— P87 “ >
|—>

(= P90 Port 1
P E— |—>
- | | <— >

Port 9 P17 |= >
-]
- P20 j«— )

L <— P97 ) ’

[ = P100 Port 2
-

- ] e EEE—

- ] | —>
Port 10 P27 |« >

-

- > P30 [«— )

L <——> P107 ‘ >

B E—
(<—— P110 ~— "
Port 3
- ] B E—
- 3] |
Port 11 P37 f«——>
e e
- 5 P70 f«=— )
L <—> P117 <=
I —— Port 7
e EE—

(<— P120

- > P74

Port 12

L <—— P127
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Table 4-1. Port Functions (1/2)

Pin Name Function Alternate
Function
P00 Port 0. Input only. INTPO/TIO
PO1 5-bit 1/0 port. Input/output can be specified in 1-bit units. INTP1
PO2 Ifused as aninput port, on-chip pull-up resistors INTP2
can be used by software settings.
P03 INTP3
P04 Input only. XT1
P10 to P17 | Port 1. ANIO to ANI7
8-bit I/0 port.
Input/output can be specified in 1-bit units.
If used as an input port, on-chip pull-up resistors can be used by software settings.
P20 Port 2. S
P21 8-bit 1/0 port. SO1
Input/output can be specified in 1-bit units. —
P22 put/outpu ; pecifi |. it uni . . SCK1
If used as an input port, on-chip pull-up resistors can be used by software settings.
P23 STB
P24 BUSY
P25 S10/SB0O
P26 S00/SB1
P27 SCKO
P30 Port 3. TOO
P31 8-bit 1/0 port. TO1
P32 Input/output can be specified in 1-bit units. 102
LEDs can be driven directly.
P33 If used as an input port, on-chip pull-up resistors can be used by software settings. L
P34 In mask ROM versions, use of pull-down resistors can be specified in 1-bit units with TI2
P35 the mask option. PCL
P36 BUZ
P37 _
P70 to P74 | Port 7. -
N-ch open-drain 5-bit 1/0 port.
Input/output can be specified in 1-bit units.
LEDs can be driven directly.
In mask ROM versions, use of pull-up resistors can be specified in 1-bit units with the
mask option.
P80 to P87 | Port 8. FIP13 to FIP20
P-ch open-drain 8-bit high withstanding voltage output port.
LEDs can be driven directly.
In mask ROM versions, use of pull-down resistors can be specified in 1-bit units with
the mask option (can be specified as connected to Vioab or Vss in 4-bit units).
P90 to P97 | Port 9. FIP21 to FIP28

P-ch open-drain 8-bit high withstanding voltage output port.

LEDs can be driven directly.

In mask ROM versions, use of pull-down resistors can be specified in 1-bit units with
the mask option (can be specified as connected to Vioab or Vss in 4-bit units).
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Table 4-1. Port Functions (2/2)

Pin Name

Function

Alternate
Function

P100 to P107

Port 10.

P-ch open-drain 8-bit high withstanding voltage 1/0 port.

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

LEDs can be driven directly.

In mask ROM versions, use of pull-down resistors can be specified in 1-bit units with
the mask option (can be specified as connected to Vioab or Vss in 4-bit units).

FIP29 to FIP36

P110 to P117

Port 11.

P-ch open-drain 8-bit high withstanding voltage 1/O port.

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

LEDs can be driven directly.

In mask ROM versions, use of pull-down resistors can be specified in 1-bit units with
the mask option (can be specified as connected to Vioab or Vss in 4-bit units).

FIP37 to FIP44

P120 to P127

Port 12.

P-ch open-drain 8-bit high withstanding voltage 1/0 port.

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

LEDs can be driven directly.

In mask ROM versions, use of pull-down resistors can be specified in 1-bit units with
the mask option (can be specified as connected to Vioab or Vss in 4-bit units).

FIP45 to FIP52

74
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CHAPTER 4 PORT FUNCTIONS

4.2 Port Configuration
A port consists of the following hardware.

Table 4-2. Port Configuration

Item Configuration

Control registers Port mode register (PMm: m =0, 1, 2, 3, 7, 10, 11, 12)
Pull-up resistor option register (PUO)

Ports Total: 74 (2 input, 16 output, 56 1/O)

Pull-up resistors * Mask ROM versions
Total: 32 (software control: 27, mask option control: 5)
* uPD78P0208 ... Total: 27

Pull-down resistors | « Mask ROM versions ... Total: 48 (mask option control: 48)

4.2.1 Port0

Port 0 is a 5-bit I/0 port with an output latch. The P01 to P03 pins can be set to input mode/output mode in 1-
bit units using port mode register 0 (PM0). The P00 and P04 pins are input-only port pins. When the P01 to P03
pins are used as input port pins, on-chip pull-up resistors can be connected to them in 3-bit units using the pull-
up resistor option register (PUO).

Alternate functions include external interrupt request input, external count clock input to the timer, and crystal
connection for subsystem clock oscillation.

RESET input sets port 0 to input mode.

Figures 4-2 and 4-3 show block diagrams of port 0.

Caution Because port 0 can also be used for external interrupt request input, when the port function

output mode is specified and the output level is changed, the interrupt request flag is set. Thus,
when the output mode is used, set the interrupt mask flag to 1.
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76

Figure 4-2. Block Diagram of P00 and P04

RD

Internal bus
®

Q<]—OC4@ POO/INTPO/TIO,
PO4/XT1

Figure 4-3. Block Diagram of P01 to P03

Vop
WReruo
~—
o PUOO :>o—| P-ch
RD
VanY
< O<{ Selector
(2]
3 WRProRrT
©
g & Output latch »———© PO1/INTP1,
€ (P01 to PO3) PO2/INTP2,
PO3/INTP3
WRpm
(J_‘, PMO1 to PM03
I~

PUO: Pull-up resistor option register
PM: Port mode register
RD: Port 0 read signal
WR: Port 0 write signal
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4.2.2 Port 1
Port 1 is an 8-bit I/O port with an output latch. The P10 to P17 pins can be set to input mode/output mode in

1-bit units using port mode register 1 (PM1). When the P10 to P17 pins are used as input port pins, on-chip pull-
up resistors can be connected to them in 8-bit units using the pull-up resistor option register (PUO).

Alternate functions include A/D converter analog input.

RESET input sets port 1 to input mode.

Figure 4-4 shows a block diagram of port 1.

Caution A pull-up resistor cannot be connected to pins used for A/D converter analog input.

Figure 4-4. Block Diagram of P10 to P17

Vob
WReuo
N\
O PUO1 ): | P-ch
RD
= O<{ Selector
8
a WRpProrT
g P P10/ANIO
o utput latc O to
IS ~ (P10 to P17) P17/ANI7
WRem
£ PM10 to PM17
N\

PUO: Pull-up resistor option register
PM: Port mode register
RD: Port 1 read signal
WR: Port 1 write signal
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4.2.3 Port 2

Port 2 is an 8-bit I/O port with an output latch. The P20 to P27 pins can be set to input mode/output mode in
1-bit units using port mode register 2 (PM2). When the P20 to P27 pins are used as input port pins, on-chip pull-
up resistors can be connected to them in 8-bit units using the pull-up resistor option register (PUO).

Alternate functions include serial interface data I/O, clock 1/0, automatic transmit/receive busy input, and strobe
output.

RESET input sets port 2 to input mode.

Figures 4-5 and 4-6 show block diagrams of port 2.

Cautions 1. Ifused as serial interface pins, set the I/0 and output latch according to each function. Refer
to Figure 13-3 Format of Serial Operating Mode Register 0 and Figure 14-3 Format of Serial
Operating Mode Register 1 for the settings.
2. When reading the pin state in SBI mode, set the PM2n bit of PM2 to 1 (n = 5, 6) (refer to the
description of (10) Judging busy status of slave in 13.4.3 SBI mode operation).

Figure 4-5. Block Diagram of P20, P21, P23 to P26

Vob
WRPpuo
Y
S PUO2 ): | P-ch
RD
= O< C( Selector
3
o WRroRrT
T
5 Output latch
[0]
E © (P20, P21, P23 to P26)  © :Zg?gg%
P23/STB,
P24/BUSY,
P25/S10/SBO,
WRew P26/SO0/SB1
J. PM20, PM21,
~ PM23 to PM26
N/

Alternate function

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

Figure 4-6. Block Diagram of P22 and P27

Vop
WReruo
m
© PUO2 )C | P-ch
RD
VanY J
~ ( Selector
A
WRepoRT
Output latch AU
S P22/SCK1,
(P22, P27) | g O po7/5CK0
WRem
\J.\/ PM22, PM27

Alternate function

PUO: Pull-up resistor option register
PM: Port mode register
RD: Port 2 read signal
WR: Port 2 write signal
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4.2.4 Port3
Port 3 is an 8-bit I/O port with an output latch. The P30 to P37 pins can be set to input mode/output mode in

1-bit units using port mode register 3 (PM3). When the P30 to P37 pins are used as input port pins, on-chip pull-
up resistors can be connected to them in 8-bit units using the pull-up resistor option register (PUO).

In mask ROM versions, use of pull-down resistors can be specified in 1-bit units with the mask option. The
uPD78P0208 does not contain pull-down resistors.

Port 3 can drive LEDs directly.

Alternate functions include timer 1/O, clock output, and buzzer output.

RESET input sets port 3 to input mode.

Figure 4-7 shows a block diagram of port 3.

Figure 4-7. Block Diagram of P30 to P37

Vop
WRepuo
[N\
& PUOS3 )C | P-ch
RD
< VanY J
~ O<{ Selector

(2]
=
2 WRporT P30/TOO to P32/TO2,
s Output latch ﬁgi/q:;
€ ~ (P30 to P37) ————O P35/PCL
P36/BUZ,
P37
WRpm
J\ Mask option
~ PM30 to PM37 > | Only mask ROM versions.
The 4PD78P0208
T has no pull-down
resistors.
Alternate function

PUO: Pull-up resistor option register
PM: Port mode register
RD: Port 3 read signal
WR: Port 3 write signal
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4.25 Port7
Port 7 is a 5-bit I/0 port with an output latch. The P70 to P74 pins can be set to input mode/output mode in 1-

bit units using port mode register 7 (PM7). In mask ROM versions, use of pull-up resistors can be specified in 1-
bit units with the mask option. The uPD78P0208 does not contain pull-up resistors.

Port 7 can drive LEDs directly.

RESET input sets port 7 to input mode.

Figure 4-8 shows a block diagram of port 7.

Caution The low-level input leakage current flowing to the P70 to P74 pins varies depending on several
conditions. Referto CHAPTER 21 ELECTRICAL SPECIFICATIONS for details on the conditions.

Figure 4-8. Block Diagram of P70 to P74

[
Vob
——
RD
Mask option
J Only mask ROM
versions. The
Selector uPD78P0208 has
no pull-up resistors.
3 WReProRrT
o]
§ Qutput latch
IS utput latcl
£ (P70 to P74) © P70to P74
WRpem
PM70 to PM74
T

PM: Port mode register
RD: Port 7 read signal
WR: Port 7 write signal
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4.2.6 Port8
Port 8 is an 8-bit output-only port. In mask ROM versions, use of pull-down resistors can be specified in 1-bit

units with the mask option. Pull-down resistor connection to Vioap or Vss can be specified in 4-bit units. The
uPD78P0208 does not contain pull-down resistors.

Port 8 can drive LEDs directly.

Alternate functions include VFD controller/driver display output.

RESET input sets port 8 to output mode.

Figure 4-9 shows a block diagram of port 8.

Caution Adjust the number of pull-down resistors so that the total power dissipation (refer to 15.10
Calculating Total Power Dissipation) is not exceeded.

Figure 4-9. Block Diagram of P80 to P87

[
@ WRPpoRT
o]
g Output latch P-ch open-drain P8O/FIP13
g (P80 to P87) . © to
= P87/FIP20
Alternate function
O—=0 Viorp
T
Mask option

The pPD78P0208 has

Only mask ROM versions.
no pull-down resistors.

WR: Port 8 write signal
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4.2.7 Port9
Port 9 is an 8-bit output-only port. In mask ROM versions, use of pull-down resistors can be specified in 1-bit

units with the mask option. Pull-down resistor connection to Vioap or Vss can be specified in 4-bit units. The
uPD78P0208 does not contain pull-down resistors.

Port 9 can drive LEDs directly.

Alternate functions include VFD controller/driver display output.

RESET input sets port 9 to output mode.

Figure 4-10 shows a block diagram of port 9.

Caution Adjust the number of pull-down resistors so that the total power dissipation (refer to 15.10
Calculating Total Power Dissipation) is not exceeded.

Figure 4-10. Block Diagram of P90 to P97

—
2 WRepoRT
el
T . e
g Output latch P-ch open-drain POO/FIP21
€ (P90 to P97) ' © to
P97/FIP28
Alternate function Y
O O LOAD
B !

Mask option

Only mask ROM versions.
The puPD78P0208 has
no pull-down resistors.

WR: Port 9 write signal
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4.2.8 Port10
Port 10 is an 8-bit I/0 port with an output latch. The P100 to P107 pins can be set to input mode/output mode

in 1-bit units using port mode register 10 (PM10). In mask ROM versions, use of pull-down resistors can be specified
in 1-bit units with the mask option. Pull-down resistor connection to Vioap or Vss can be specified in 4-bit units.
The uPD78P0208 does not contain pull-down resistors.

Port 10 can drive LEDs directly.

Alternate functions include VFD controller/driver display output.

RESET input sets port 10 to input mode.

Figure 4-11 shows a block diagram of port 10.

Caution Adjust the number of pull-down resistors so that the total power dissipation (refer to 15.10
Calculating Total Power Dissipation) is not exceeded.

Figure 4-11. Block Diagram of P100 to P107

Nt
RD
j ( Selector
(2]
a WRPoRT
gl
5 Output latch P100/FIP29
€ (P100 to P107) ® to
P107/FIP36
WRem O—-0 Vwioap
&
PM100 to PM107 Oj,
Mask option
T ] Only mask ROM versions.
Alternate function The uPD78P0208 has no
pull-down resistors.

PM: Port mode register
RD: Port 10 read signal
WR: Port 10 write signal
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429 Port 11
Port 11 is an 8-bit I/O port with an output latch. The P110 to P117 pins can be set to input mode/output mode

in 1-bit units using port mode register 11 (PM11). In mask ROM versions, use of pull-down resistors can be specified
in 1-bit units with the mask option. Pull-down resistor connection to Vioap or Vss can be specified in 4-bit units.
The uPD78P0208 does not contain pull-down resistors.

Port 11 can drive LEDs directly.

Alternate functions include VFD controller/driver display output.

RESET input sets port 11 to input mode.

Figure 4-12 shows a block diagram of port 11.

Cautions 1. Adjust the number of pull-down resistors so that the total power dissipation (refer to 15.10
Calculating Total Power Dissipation) is not exceeded.

2. The high-level input leakage current flowing to the P110 to P117 pins varies depending on

several conditions. Refer to CHAPTER 21 ELECTRICAL SPECIFICATIONS for details on the

conditions.

Figure 4-12. Block Diagram of P110 to P117

[
RD
OQ—OC Selector

2 WReporT

fo)

©

5 Output lateh P110/FIP37

2 (P110to P117) ®) to

- P117/FIP44

Wieu O—=0 Viorp
PM110 to PM117
N Mask option
Alternate function \C/);Z:;SKTESM

uPD78P0208 has no
pull-down resistors.

PM: Port mode register

RD: Port 11 read signal
WR: Port 11 write signal
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4.2.10 Port 12

Port 12 is an 8-bit I/0 port with an output latch. The P120 to P127 pins can be set to input mode/output mode
in 1-bit units using port mode register 12 (PM12). In mask ROM versions, use of pull-down resistors can be specified
in 1-bit units with the mask option. Pull-down resistor connection to Vioap or Vss can be specified in 4-bit units.
The uPD78P0208 does not contain pull-down resistors.

Port 12 can drive LEDs directly.

Alternate functions include VFD controller/driver display output.

RESET input sets port 12 to input mode.

Figure 4-13 shows a block diagram of port 12.

Cautions 1. Adjust the number of pull-down resistors so that the total power dissipation (refer to 15.10
Calculating Total Power Dissipation) is not exceeded.
2. The high-level input leakage current flowing to the P120 to P127 pins varies depending on
several conditions. Refer to CHAPTER 21 ELECTRICAL SPECIFICATIONS for details on the
conditions.

Figure 4-13. Block Diagram of P120 to P127

[
RD
:] ( Selector
2
o WRPpoRT
©
£
2 Output latch P120/FIP45
= (P120 to P127) o o
P127/FIP52
WhRew O—O0 Vwioap
PM120 to PM127 Ogr
o Mask option
Alternate function OnIy_ mask ROM
versions.

The uPD78P0208
has no pull-down
resistors.

PM: Port mode register
RD: Port 12 read signal
WR: Port 12 write signal

86 User's Manual U11302EJ5V0UD



CHAPTER 4 PORT FUNCTIONS

4.3 Port Function Control Registers

The following two types of registers control the ports.
e Port mode registers (PMO, PM1, PM2, PM3, PM7, PM10, PM11, PM12)
* Pull-up resistor option register (PUO)

(1) Port mode registers (PM0O, PM1, PM2, PM3, PM7, PM10, PM11, PM12)
These registers are used to set port input/output in 1-bit units.
PMO, PM1, PM2, PM3, PM7, PM10, PM11, and PM12 are independently set with a 1-bit or 8-bit memory
manipulation instruction.
RESET input sets PMO and PM7 to 1FH, and the other registers to FFH.
When a port pin is used as an alternate-function pin, set the port mode register and the output latch according
to Table 4-3.

Cautions 1. Pins P00 and P04 are input-only pins.

2. Pins P80 to P87 and P90 to P97 are output-only pins.

3. As port 0 has an alternate function as external interrupt request input, when the port
function output mode is specified and the output level is changed, the interrupt request flag
is set. When the output mode is used, therefore, the interrupt mask flag should be set to
1 beforehand.

Table 4-3. Port Mode Register and Output Latch Setting When Alternate Function Is Used

Pin Name Alternate Function PMxx Pxx Pin Name Alternate Function PMxx Pxx
Function Name 1/0 Function Name 1/10
P00 INTPO Input |1 (fixed)| None P33, P34 TH, TI2 Input 1 X
TIO Input |1 (fixed)| None || P35 PCL Output 0 0
P01, P02 INTP1, INTP2 Input 1 X P36 BUZ Output 0 0
P03 INTP3 Input 1 X P100 to P107 | FIP29 to FIP36 | Output 0 QNote 2
Po4Note 1 XT1 Input |1 (fixed)| None || P110 to P117 | FIP37 to FIP44 | Output 0 QNote 2
P10 to P17¢'| ANIO to ANI7 | Input 1 X || P120 to P127 |FIP45 to FIP52 | Output | 0 | QNote2
P30 to P32 TOO to TO2 Output 0 0
Notes 1. If a read instruction is executed to these ports in the alternate-function mode, the read data will be

undefined.

2. Key scan data can be set while the VFD controller/driver is operating.

Caution

Remark

X:
PMxx: Port mode register

When port 2 is used as serial interface pins, I/0 and the output latch should be set according
to the function. For the settings, refer to Figure 13-3 Format of Serial Operating Mode Register
0 and Figure 14-3 Format of Serial Operating Mode Register 1.

Pxx:

don’t care

Port output latch
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Figure 4-14. Format of Port Mode Register

Symbol 7 6 5 4 3 2 1 0 Address After reset R/W
PMO 0 0 0 1 PMO03 | PM02 | PMO1 1 FF20H 1FH R/W
PM1 PM17 | PM16 | PM15 | PM14 | PM13 | PM12 | PM11 | PM10 FF21H FFH R/W
PM2 | PM27 | PM26 | PM25 | PM24 | PM23 | PM22 | PM21 | PM20 FF22H FFH R/W
PM3 | PM37 | PM36 | PM35 | PM34 | PM33 | PM32 | PM31 | PM30 FF23H FFH R/W
PM7 0 0 0 PM74 | PM73 | PM72 | PM71 | PM70 FF27H 1FH R/W
PM10 |PM107|PM106|PM105|PM104|PM103| PM102| PM101|PM100 FF2AH FFH R/W
PM11 |PM117 \PM116 |PM115 |PM114|PM113|PM112|PM111|PM110 FF2BH FFH R/W
PM12 |PM127 |PM126 |PM125|PM124 |PM123|PM122 |PM121|PM120 FF2CH FFH R/W

\ \ \ \ \ \ \ |
Pmn pin I/O mode selection
PMmn | 20,1,2,3,7,10, 11, 12: n =010 7)
0 Output mode (output buffer on)
1 Input mode (output buffer off)
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(2) Pull-up resistor option register (PUO)
The PUO register enables or disables the on-chip pull-up resistor for each port pin. To enable the on-chip pull-
up resistor of a port pin, the pin must be in the input mode and the corresponding bit in the PUO register must
be setto 1. For any pin specified as output mode or used as an analog input pin, the on-chip pull-up resistors
cannot be used, regardless of the PUO register setting.
PUO is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input sets this register to 00H.

Cautions 1. The P00 and P04 pins do not incorporate a pull-up resistor.
2. Whenport1isusedas analoginput for the A/D converter, an on-chip pull-up resistor cannot

be used even if 1 is set in PUO1.

Figure 4-15. Format of Pull-up Resistor Option Register

Symbol 7 6 5 4 <3  <2> <1>  <0> Address After reset R/W

PUO 0 0 0 0 PUO3 | PUO2 | PUO1 | PUOO FFF7H 00H R/W

Pm on-chip pull-up resistor selection
PUOM (m=0,1,2,3)

0 On-chip pull-up resistor not used

1 On-chip pull-up resistor used
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4.4 Port Function Operations
Port operations differ depending on whether the input or output mode is set, as shown below.
4.4.1 Writing to 1/0 port

(1) Output mode
A value is written to the output latch by a transfer instruction, and the output latch contents are output from
the pin.
Once data is written to the output latch, it is retained until data is written to the output latch again.

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

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

4.4.2 Reading from 1/O port

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

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

4.4.3 Operations on 1/O port

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

(2) Input mode
The output latch contents become undefined. However, the pin status does not change because the output
buffer is turned off.

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

The following mask option is provided in mask ROM versions. The uPD78P0208 has no mask option.

Table 4-4. Comparison Between Mask Option of Mask ROM Version and yPD78P0208

Pin Name

Mask Option of Mask ROM Version

nPD78P0208

P30/TO0 to P32/TO2, P33/
TI1, P34/TI2, P35/PCL, P36/
BUZ, P37

Can incorporate pull-down resistors in
1-bit units.

Does not incorporate pull-down resistors.

1-bit units.

The connect destination of a pull-down
resistor can be specified for Vioao or Vss in 4-
bit units.

P70 to P74 Can incorporate pull-up resistors in 1-bit Does not incorporate pull-up resistors.
units.
FIPO to FIP12 Can incorporate pull-down resistors in Incorporates pull-down resistors

(connected to Vioap).

P80/FIP13 to P87/FIP20,
P90/FIP21 to P97/FIP28,
P100/FIP29 to P107/FIP36,
P110/FIP37 to P117/FIP44,
P120/FIP45 to P127/FIP52

Can incorporate pull-down resistors in

1-bit units.
The pull-down resistors can be specified to
be connected to Vioap or Vss in 4-bit units

from P80.

Does not incorporate pull-down resistors.
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5.1 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 at frequencies of 1 to 5.0 MHz. Oscillation can be stopped by executing the STOP
instruction or setting the processor clock control register (PCC).

(2) Subsystem clock oscillator
The circuit oscillates at 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 decreases the power consumption in the STOP mode.
The noise eliminator operates automatically to reduce the effect of switching noise during VFD display.

5.2 Clock Generator Configuration

The clock generator includes the following hardware.

Table 5-1. Clock Generator Configuration

ltem Configuration

Control registers Processor clock control register (PCC)
Display mode register 0 (DSPMO)
Display mode register 1 (DSPM1)

Oscillator Main system clock oscillator
Subsystem clock oscillator
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Figure 5-1. Clock Generator Block Diagram

FRC
XT1/P04 ©—
Subsystem fxr ]
. ' ' Clock output function
clock oscillator
XT2 ©—
S
Noise 8 Watch timer
eliminator 3
fx8 — S
g !
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Note 2
T pspumogreet 2% E/El
fx Prescaler
— Watchdog timer Clock to
X1 ©O— )
Main system =T peripheral
clock oscillator |~ Prescaler o hardware
x2© b b | B | B | B
2 | 22| 2°| 2*
£ Standby CPU clock
2 | 7|controller (feru)
(7]
To INTPO
sampling
3 clock

sTop T [ T ]

MCC | FRC | CLS | CSS | PCC2| PCC1|PCCO

Processor clock control register
S Internal bus S

Notes 1. Bit 6 of display mode register 0 (DSPMO0)
2. Bits 4 to 7 of display mode register 1 (DSPM1)
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CHAPTER 5 CLOCK GENERATOR

5.3 Clock Generator Control Registers
The clock generator is controlled by the following three registers.

¢ Processor clock control register (PCC)
¢ Display mode register 0 (DSPMO)
* Display mode register 1 (DSPM1)

(1) Processor clock control register (PCC)
PCC sets CPU clock selection, the ratio of division, main system clock oscillator operation/stop, and subsystem
clock oscillator internal feedback resistor enable/disable.
PCC is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input sets PCC to 04H.

Figure 5-2. Feedback Resistor of Subsystem Clock

FRC

P-ch

>

@)
@)

XT1 XT2
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Figure 5-3. Format of Processor Clock Control Register

Symbol <7> <6> <5> <4> 3 2 1 0 Address After reset R/W
PCC [ MCC | FRC | CLS | CSS | 0 |PCC2|PCC1 |PCCO FFFBH 04H RNt
L
R/W
CSS | PCC2 | PCC1 | PCCO | CPU clock (fcru) selection
0 0 0 0 fx
0 1 fx/2
0 1 0 |2
0 1 1| 2
1 0 0 |2
1 0 0 0 fxt/2
0 0 1
0 1 0
0 1 1
1 0 0
Other than above Setting prohibited
R
CLS | CPU clock status
0 Main system clock
1 Subsystem clock
R/W
FRC | Subsystem clock feedback resistor selection
0 Internal feedback resistor used
1 Internal feedback resistor not usedN°te 2
R/W

MCC | Main system clock oscillation controlNote3

0 Oscillation possible

1 Oscillation stopped

Notes 1. Bit 5 is a read-only bit.
2. This bit can be set to 1 only when the subsystem clock is not used.
3. When the 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.

Cautions 1. Bit 3 must be set to 0.
2. Do not set MCC while an external clock is being input. This is because the X2 pin is pulled

up to Voo.

Remarks 1. fx: Main system clock oscillation frequency
2. fxm: Subsystem clock oscillation frequency
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The fastest instruction of the yPD780208 Subseries is executed in two CPU clocks. Therefore, the relationship
between the CPU clock (fcpu) and minimum instruction execution time is as shown in Table 5-2.

Table 5-2. Relationship Between CPU Clock and Minimum Instruction Execution Time

CPU Clock (fceu) Minimum Instruction Execution Time: 2/fceu
fx 0.4 us
fx/2 0.8 us
fx/22 1.6 us
fx/23 3.2 us
fx/24 6.4 us
fxt/2 122 us

fx = 5.0 MHz, fxt = 32.768 kHz
fx:  Main system clock oscillation frequency
fxt: Subsystem clock oscillation frequency

(2) Display mode register 0 (DSPMO)
This register sets the mode for the noise eliminator of the subsystem clock.
DSPMO is set with an 8-bit memory manipulation instruction.
Only bit 7 (KSF) can be read with a 1-bit memory manipulation instruction.
RESET input sets DSPMO to 00H.

Remark In addition to the function mentioned above, DSPMO can also set the number of display segments/
total number of display outputs, display mode, and display key scan timing.
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Symbol
DSPMO

R/W

Figure 5-4. Format of Display Mode Register 0 (1/2)

7 6 5 4 3 2 1 0 Address  After reset R/W
KSF |DSPM06|DSPM05|SEGS4|SEGS3|SEGS2|SEGS1|SEGSO0, FFAOH 00H R/W
SEGS4 |[SEGS3|SEGS2 [SEGS1|SEGS0| Display segment (display mode 1) Display output total (display mode 2)

0 0 0 0 0 9 9
0 0 0 0 1 10 10
0 0 0 1 0 11 11
0 0 0 1 1 12 12
0 0 1 0 0 13 13
0 0 1 0 1 14 14
0 0 1 1 0 15 15
0 0 1 1 1 16 16
0 1 0 0 0 17 17
0 1 0 0 1 18 18
0 1 0 1 0 19 19
0 1 0 1 1 20 20
0 1 1 0 0 21 21
0 1 1 0 1 22 22
0 1 1 1 0 23 23
0 1 1 1 1 24 24
1 0 0 0 0 25 25
1 0 0 0 1 26 26
1 0 0 1 0 27 27
1 0 0 1 1 28 28
1 0 1 0 0 29 29
1 0 1 0 1 30 30
1 0 1 1 0 31 31
1 0 1 1 1 32 32
1 1 0 0 0 33 33
1 1 0 0 1 34 34
1 1 0 1 0 35 35
1 1 0 1 1 36 36
1 1 1 0 0 37 37
1 1 1 0 1 3gNote 38
1 1 1 1 0 3gNote 39
1 1 1 1 1 4QNote 40

Note When the sum of digits and segments is over 53, specification of the number of digits has priority.
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Figure 5-4. Format of Display Mode Register 0 (2/2)

Symbol 7 6 5 4 3 2 1 0 Address  After reset R/W
DSPMO | KSF |DSPM06|DSPM05|SEGS4|SEGS3|SEGS2|SEGS1|SEGS0 FFAOH 00H R/wNote !

R/W |DSPM05| Display mode setting

0 Display mode 1 (segment/character type)

1 Display mode 2 (type in which a segment spans two or more grids)

R/W [DSPM06| Mode of noise eliminator for subsystem clockNote 2

0 2.5 MHz < fx < 5.0 MHz

1 1.25 MHz < fx < 2.5 MHzNote 3

R| KSF | Timing status

0 Display timing

1 Key scan timing

Notes 1. Bit 7 (KSF) is a read-only bit.
2. Set this bit according to the main system clock oscillation frequency (fx) selected. The noise
eliminator operates during VFD display.
3. When fx is used between 1.25 MHz and 2.5 MHz, set bit 6 (DSPMO06) to 1 prior to VFD display.

Caution When the main system clock frequency selected is below 1.25 MHz and the VFD controller/

driver is enabled, make sure to use the main system clock for watch timer counting by
setting TCL24 to 0.
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(3) Display mode register 1 (DSPM1)
Register to set display operation/stop.
DSPMT1 is set with an 8-bit memory manipulation instruction.
RESET input sets DSPM1 to 00H.

Remark In addition to setting display operation/stop, DSPM1 can also set the display digits/number of display
patterns, cut width of the VFD output, and display cycle.
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Figure 5-5. Format of Display Mode Register 1

Symbol 7 6 5 4 3 2 1 0 Address  After reset R/W
DSPM1 |DIGS3|DIGS2 |DIGS1 | DIGS0 | DIMS3| DIMS2 | DIMS1 | DIMSO FFA1H 00H R/W

DIMSO | Display mode cycle setting

0 1024/fx is 1 display cycle (1 display cycle = 204.8 us: @ 5.0 MHz operation)

1 2048/fx is 1 display cycle (1 display cycle = 409.6 us: @ 5.0 MHz operation)

DIMS3 | DIMS2 | DIMS1 | VFD output signal cut width

0 0 0 1/16
0 0 1 2/16
0 1 0 4/16
0 1 1 6/16
1 0 0 8/16
1 0 1 10/16
1 1 0 12/16
1 1 1 14/16

DIGS3 | DIGS2 | DIGS1 | DIGSO | Display digits (display mode 1) DSPMO05 = 0 Display patterns (display mode 2) DSPMO05 = 1
0 0 0 0 Display stopped (static display)Note Display stopped (static display)Note
0 0 0 1 2 digits 2 patterns
0 0 1 0 3 digits 3 patterns
0 0 1 1 4 digits 4 patterns
0 1 0 0 5 digits 5 patterns
0 1 0 1 6 digits 6 patterns
0 1 1 0 7 digits 7 patterns
0 1 1 1 8 digits 8 patterns
1 0 0 0 9 digits 9 patterns
1 0 0 1 10 digits 10 patterns
1 0 1 0 11 digits 11 patterns
1 0 1 1 12 digits 12 patterns
1 1 0 0 13 digits 13 patterns
1 1 0 1 14 digits 14 patterns
1 1 1 0 15 digits 15 patterns
1 1 1 1 16 digits 16 patterns

Note When setting display stopped, static display can be set by operating the port output latch.

Remarks 1. fx: Main system clock oscillation frequency
2. DSPMO05: Bit 5 of display mode register 0 (DSPMO)
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5.4 System Clock Oscillator

5.4.1 Main system clock oscillator

The main system clock oscillator oscillates with a crystal resonator or a ceramic resonator (standard: 5.0 MHz)
connected to the X1 and X2 pins.

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

Figure 5-6 shows an external circuit of the main system clock oscillator.

Figure 5-6. External Circuit of Main System Clock Oscillator

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

IC External

|

1t— |T X1 clock X
|

|

|

L Ii X2 X2

Crystal or
ceramic resonator

Caution Do not execute the STOP instruction or set bit 7 (MCC) of the processor clock control register
(PCC) to 1 while an external clock is being input. This is because the operation of the main
system clock is stopped and the X2 pin is pulled up to Voo if the STOP instruction is executed
or MCC is set to 1.
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5.4.2 Subsystem clock oscillator

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

External clocks can be input to the subsystem clock oscillator. In this case, input a clock signal to the XT1 pin
and its inverted signal to the XT2 pin.
Figure 5-7 shows an external circuit of the subsystem clock oscillator.

Figure 5-7. External Circuit of Subsystem Clock Oscillator

(a) Crystal oscillation (b) External clock

i External
—] IT XT1
i 32.768 clock XT1
|
|

Wru — kHz
A ILW XT2 XT2
|
|

Caution 1. When using the main system or subsystem clock oscillator, wire as follows in the area
enclosed by the broken lines in Figures 5-6 and 5-7 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 Vss. Do
not ground the capacitor to a ground pattern through which a high current flows.

¢ Do not fetch signals from the oscillator.

When using the subsystem clock oscillator, pay special attention because the subsystem

clock oscillator has low amplification to minimize power consumption.
Figure 5-8 shows examples of incorrect resonator connection.
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Figure 5-8. Examples of Incorrect Resonator Connection (1/2)

(a) Too long wiring of connected circuit (b) Crossed signal lines

PORTnN
(n=01t03,71t012)

IC X1 IC X1 X2

& |
TN\ “

>—22;

(d) Current flowing through ground line
of oscillator (potentials at points
A, B, and C change)

(c¢) High alternating current close to
signal lines

Pmn

IC X1

e
W current . 1.
'_ 7 ’mﬂt

Remark When using a subsystem clock, replace X1 and X2 with XT1 and XT2, respectively. Further, insert

resistors in series on the side of XT2.
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Figure 5-8. Examples of Incorrect Resonator Connection (2/2)

(e) Signal fetched

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

Caution 2. If XT2 and X1 are wired in parallel, malfunction may occur due to the crosstalk noise between

XT2 and X1.
To prevent this, connect the IC pin directly to the VSS pin located between the XT2 and X1

pins, and do not wire XT2 and X1 in parallel.
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5.4.3 Divider
The divider divides the main system clock oscillator output (fx) and generates various clocks.

5.4.4 When subsystem clock is not used
If it is not necessary to use the subsystem clock for low power consumption operations and clock operations,
connect the XT1 and XT2 pins as follows.

XT1: Connect to Vop or Vss
XT2: Leave open

In this state, however, some current may leak via the internal feedback resistor of the subsystem clock oscillator
when the main system clock stops. To prevent this from happening, set bit 6 (FRC) of the processor clock control
register (PCC) to disable use of the above internal feedback resistor. In this case also, connect the XT1 and XT2
pins as described above.
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5.5 Clock Generator Operations

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

including the standby mode.

as

(a)

e Main system clock fx

e Subsystem clock fxt

CPU clock fcru

* Clock to peripheral hardware

The function and operation of the clock generator are determined by the processor clock control register (PCC)
follows.

Upon generation of the RESET signal, the lowest speed mode of the main system clock (6.4 us when operated
at 5.0 MHz) 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 stages of minimum instruction execution time (0.4 us, 0.8
us, 1.6 us, 3.2 us, and 6.4 us: when operated at 5.0 MHz) can be selected by setting PCC.

With the main system clock selected, two standby modes, the STOP and HALT modes, are available. When
the system is not using the subsystem clock, the power consumption in the STOP mode can be decreased if
the internal feedback resistor is not used by setting bit 6 (FRC) of PCC.

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

With the subsystem clock selected, main system clock oscillation can be stopped using PCC. The HALT mode
can be used, but 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 stop if the main system clock is stopped (except during operation
using an externally input clock).
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5.5.1 Main system clock operations
During operation with the main system clock (when bit 5 (CLS) of the processor clock control register (PCC) is
set to 0), the following operations are carried out via PCC settings.

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

(b) If bit 7 (MCC) of PCC is set to 1 during operation 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 subsystem clock operation
(CLS = 1) after that, the main system clock oscillation stops (see Figure 5-9).

Figure 5-9. Main System Clock Stop Function (1/2)

(a) Operation when MCC is set after setting CSS during main system clock operation

MCC

CSSs

CLS

Main system clock oscillation

Subsystem clock oscillation J | | | | | | | | | | |

crucock [ LTTTLTLTULTLY LT LT 1

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

MCC

css N

N 7 .

Oscillation does not stop.
Main system clock oscillation

Subsystem clock oscillation J | | | | | | | | | | |

CPUcIock||||||||||||||||||||||||
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Figure 5-9. Main System Clock Stop Function (2/2)

(c) Operation when CSS is set after setting MCC during main system clock operation

MCC | \

CSs

cLS o

Main system clock oscillation

Subsystem clock oscillation J | | | | 1 ( | | | | | |

CPU clock [ [ | [ |

5.5.2 Subsystem clock operations
During operation with the subsystem clock (when bit 5 (CLS) of the processor clock control register (PCC) is set to
1), the following operations are carried out.

(a) The minimum instruction execution time remains constant (122 us during operation at 32.768 kHz) irrespective
of the setting of bits 0 to 2 (PCCO0 to PCC2) of PCC.

(b) Watchdog timer counting stops.

Caution Do not execute the STOP instruction while the subsystem clock is operating.
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5.6 Changing System Clock and CPU Clock Settings

5.6.1 Time required for switchover between system clock and CPU clock

The system clock and CPU clock can be switched over by using 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 5-3).
It can be judged by bit 5 (CLS) of PCC whether the system is operating on the main system clock or the subsystem

clock.

Table 5-3. Maximum Time Required for CPU Clock Switchover

Set Values
Before Switchover

Set Values After Switchover

CSS|PCC2 | PCC1|PCCO

CSS [PCC2| PCCt

PCCO

PCC2 [ PCC1(PCCO

PCC2 [ PCC1 [PCCO

CSS | PCC2| PCC1|PCCO

CSS | PCC2| PCC1| PCCO

CSS | PCC2|PCCt

PCCO

0 0 1 0

0 0 1 1

1 X X X

16 instructions

16 instructions

16 instructions

16 instructions

fx/2fxr
instructions
(64 instructions)

8 instructions

8 instructions

8 instructions

8 instructions

fx/4fxr
instructions
(32 instructions)

4 instructions

4 instructions

4 instructions

4 instructions

fx/8fxt
instructions
(16 instructions)

2 instructions

2 instructions

2 instructions

2 instructions

fx/16fxr
instructions
(8 instructions)

1 instruction

1 instruction

1 instruction

1 instruction

fx/32fxr
instructions
(4 instructions)

1 instruction

1 instruction

1 instruction

1 instruction

1 instruction

Caution Selection of the CPU clock cycle division ratio (PCCO0 to PCC2) and switchover from the main
system clock to the subsystem clock (changing CSS from 0 to 1) should not be specified
simultaneously.
Simultaneous setting is possible, however, for selection of the CPU clock cycle division ratio
(PCCO0 to PCC2) and switchover from the subsystem clock to the main system clock (changing

CSS from 1 to 0).

Remarks 1. One instruction is the minimum instruction execution time with the pre-switchover CPU clock.
2. Figures in parentheses apply to operation with fx = 5.0 MHz or fxT = 32.768 kHz.
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5.6.2 System clock and CPU clock switching procedure
This section describes the procedure for switching between the system clock and CPU clock.

Figure 5-10. System Clock and CPU Clock Switching

RESET I_I

Interrupt §
request
signal

fx fxr fx

fx

System clock

CPU clock T 1 Minimum | Maximum speed | Subsystem clock ‘ High-speed
speed operation operation operation
operation

Wait (26.2 ms: @5.0 MHz)
Internal reset operation

[11The CPU is reset by setting the RESET signal to low level after power-on. After that, when reset is released
by setting the RESET signal to high level, the main system clock starts oscillating. At this time, the oscillation
stabilization time (217/fx) is secured automatically.

After that, the CPU starts executing the instruction at the minimum speed of the main system clock (6.4 us when
operated at 5.0 MHz).

[2] After the lapse of a sufficient time for the Vop voltage to increase to enable operation at maximum speeds, the
processor clock control register (PCC) is rewritten and the maximum-speed operation is carried out.

[3]Upon detection of a decrease of the Voo 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 Vbbp voltage reset due to an interrupt request signal, bit 7 (MCC) of PCC is set to 0 and
oscillation of the main system clock is started. After the lapse of 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 subsystem clock is operating, switch to the
main system clock after securing the oscillation stabilization time by program.
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CHAPTER 6 16-BIT TIMER/EVENT COUNTER

6.1 Outline of Timers Incorporated in yPD780208 Subseries

This chapter explains the 16-bit timer/event counter. First of all, the timers incorporated in the uPD780208

Subseries and other related parts are outlined below.

(M

()

(3

4

®)

(6)

16-bit timer/event counter (TMO)
The TMO can be used for an interval timer, PWM output, pulse width measurement (infrared remote control
receive function), external event counter or square-wave output of any frequency.

8-bit timer/event counters (TM1 and TM2)

TM1 and TM2 can be used for an interval timer and an external event counter and to output square waves
with any selected frequency. Two 8-bit timer/event counters can be used as one 16-bit timer/event counter
(refer to CHAPTER 7 8-BIT TIMER/EVENT COUNTER).

Watch timer (TM3)
Thistimer can setaflag every 0.5 seconds and simultaneously generate interrupt requests at preset time intervals
(refer to CHAPTER 8 WATCH TIMER).

Watchdog timer (WDTM)
WDTM can perform a watchdog timer function or generate non-maskable interrupt requests, maskable interrupt
requests and RESET at preset time intervals (refer to CHAPTER 9 WATCHDOG TIMER).

Clock output controller
This circuit supplies other devices with the divided main system clock and the subsystem clock (referto CHAPTER
10 CLOCK OUTPUT CONTROLLER).

Buzzer output controller

This circuit outputs the buzzer frequency obtained by dividing the main system clock (refer to CHAPTER 11
BUZZER OUTPUT CONTROLLER).
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Table 6-1. Timer/Event Counter Operations

16-Bit Timer/ 8-Bit Timer/ Watch Watchdog
Event Counter | Event Counter Timer Timer
Operation | Interval timer 1 channel 2 channels 1 channe|Nete ! 1 channelNete 2
mode External event counter \ \ - -
Function | Timer output \ N - _
PWM output N - — _
Pulse width measurement \ - - _
Square-wave output N \/ — —
Interrupt request \ v - N
Test input - - 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.

6.2 16-Bit Timer/Event Counter Functions

The 16-bit timer/event counter (TMO) has the following functions.

Interval timer

* PWM output

¢ Pulse width measurement
e External event counter

e Square-wave output
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(1) Interval timer

TMO generates interrupt requests at the preset time interval.

Table 6-2. 16-Bit Timer/Event Counter Interval Time

Minimum Interval Time

Maximum Interval Time

Resolution

2 x TIO input cycle

216 x TI0 input cycle

TIO input edge cycle

2 x 1/fx (400 ns)

216 x 1/fx (13.1 ms)

1/fx (200 ns)

22 x 1/fx (800 ns)

217 x 1/fx (26.2 ms)

2 x 1/fx (400 ns)

23 x 1/fx (1.6 us)

218 x 1/fx (52.4 ms)

22 x 1/fx (800 ns)

24 x 1/fx (8.2 us)

219 x 1/fx (104.9 ms)

23 x 1/fx (1.6 us)

Remarks 1. fx: Main system clock oscillation frequency

2. Figures in parentheses apply to operation with fx = 5.0 MHz.

(2) PWM output

TMO can generate 14-bit resolution PWM output.

(3) Pulse width measurement
TMO can measure the pulse width of an externally input signal.

(4) External event counter
TMO can measure the number of pulses of an externally input signal.

(5) Square-wave output
TMO can output a square wave with any selected frequency.

Table 6-3. 16-Bit Timer/Event Counter Square-Wave Output Ranges

Minimum Pulse Width

Maximum Pulse Width

Resolution

2 x TIO input cycle

216 x TI0 input cycle

TIO input edge cycle

2 x 1/fx (400 ns)

216 x 1/fx (13.1 ms)

1/fx (200 ns)

22 x 1/fx (800 ns)

217 x 1/fx (26.2 ms)

2 x 1/fx (400 ns)

23 x 1/fx (1.6 us)

218 x 1/fx (52.4 ms)

22 x 1/fx (800 ns)

24 x 1/fx (8.2 us)

219 x 1/fx (104.9 ms)

23 x 1/fx (1.6 us)

Remarks 1. fx: Main system clock oscillation frequency
2. Figures in parentheses apply to operation with fx = 5.0 MHz.
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6.3 16-Bit Timer/Event Counter Configuration

The 16-bit timer/event counter includes the following hardware.

114

Table 6-4. 16-Bit Timer/Event Counter Configuration

Item

Configuration

Timer register

16 bits x 1 (TMO)

Registers 16-bit compare register: 1 (CR00)
16-bit capture register: 1 (CRO1)
Timer outputs 1 (TOO0)

Control registers

Timer clock select register 0 (TCLO)
16-bit timer mode control register (TMCO)
16-bit timer output control register (TOCO)
Port mode register 3 (PM3)

External interrupt mode register (INTMO)
Sampling clock select register (SCS)Note

Note Refer to Figure 16-1 Basic Configuration of Interrupt Function.
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Figure 6-1. Block Diagram of 16-Bit Timer/Event Counter (Timer Mode)

Internal bus

16-bit compare register (CR00)

Match Match
INTTMO
Note 2
16-bit timer/event
f counter output —O TO0/P30
X —_—
- - controller
fx/2 5 0 7 15
W2 = 3 16-bit timer 16-bit timer
2 —— & register lower register higher OVF 3 2
TI0/POO/INTPG @_lm 8 bits (TMOL) 8 bits (TMOH)
TCIear T Clear Selector
3
INTPO
[ T 1 0 15 [ T 1 [ 1
TCLOGTCLO5[TCLO4 16-bit capture register (CR01) TMCO3{TMCO02[TMCO01| OVFO LVS0|LVRO|TOCO1| TOEQ
Timer clock select register 0 16-bit timel_' mode 16-bit timel_' output
control register control register

)

Internal bus

Notes 1. Edge detector

2. For the configuration of the 16-bit timer/event counter output controller, refer to Figure 6-3.
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fx
fx/2
fx/2°
fx/2°

Figure 6-2. Block Diagram of 16-Bit Timer/Event Counter (PWM Mode)

S Internal bus

1

16-bit compare register (CR00)

‘ ‘

— |
[— ] |
E PWM pulse generator |
. |
|
j
16-bit timer register (TMO) i
8 1
1
16-bit capture register (CR01)
TCLO6|TCLO5({TCLO4
Timer clock
select register 0

Selector

TOCO1

TOEO

© TOO0/P30

16-bit timer output
control register
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Remark The circuitry enclosed by the dotted line is the output controller.
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Figure 6-3. Block Diagram of 16-Bit Timer/Event Counter Output Controller
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Notes 1. Bits 2 and 3 of the external interrupt mode register (INTMO)
2. Bit 0 of port mode register 3 (PM3)

Remark The circuitry enclosed by the dotted line is the output controller.
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16-bit compare register (CR00)

CRO0O0 is a 16-bit register whose value is constantly compared with the 16-bit timer register (TMO) count value,
and an interrupt request (INTTMO) is generated if they match.

It can also be used as the register that holds the interval time when TMO is set to interval timer operation, and
as the register that sets the pulse width when TMO is set to PWM output operation.

CRO0O is set with a 16-bit memory manipulation instruction. Values from 0001H to FFFFH can be set.
RESET input makes CROO undefined.

Cautions 1. The PWM data (14 bits) must be set in the higher 14 bits of CR00. The lower two bits must

be set to 00.

2. CROO should be set to a value other than 0000H. This means that when the timer is used
as an event counter, a 1-pulse count operation is not possible.

3. When the value after CR00 is changed is smaller than that of the 16-bit timer register (TMO),
TMO continues to count and overflows, then resumes counting from 0. Therefore, if the value
after CROO is changed is smaller than the value before CR00 is changed, the timer needs
to be restarted after CR00 is changed.

16-bit capture register (CR01)

CRO01 is a 16-bit register used to capture the contents of the 16-bit timer (TMO).

The capture trigger is the INTPO/TIO pin valid edge input. The INTPO valid edge is set by the external interrupt
mode register (INTMO).

CRO01 is read with a 16-bit memory manipulation instruction.

RESET input makes CRO1 undefined.

Caution If the valid edge for the TI0O/P0O pin is input during a read from CR01, CR01 does not perform
the capture operation and holds the previous data. In this case, however, the interrupt request
flag (PIFO) is set because a valid edge is detected.

16-bit timer register (TMO0)

TMO is a 16-bit register that counts the count pulse.

TMO is read with a 16-bit memory manipulation instruction.
RESET input sets TMO to 0000H.

Caution As reading of the value of TMO is performed via CR01, the previously set value of CRO1 is lost.
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6.4 16-Bit Timer/Event Counter Control Registers
The following six registers are used to control the 16-bit timer/event counter.

¢ Timer clock select register 0 (TCLO)

* 16-bit timer mode control register (TMCO)
* 16-bit timer output control register (TOCO)
¢ Port mode register 3 (PM3)

¢ External interrupt mode register (INTMO)
e Sampling clock select register (SCS)

(1) Timer clock select register 0 (TCLO)
This register is used to set the count clock of the 16-bit timer register.
TCLO is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input sets TCLO to 00H.

Remark TCLO has the function of setting the PCL output clock in addition to that of setting the count clock of
the 16-bit timer register.
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Figure 6-4. Format of Timer Clock Select Register 0

Symbol <7> 6 5 4 3 2 1 0 Address After reset R/W
TCLO | CLOE ‘TCL06‘TCLOS‘TCLO4‘TCL03‘TCL02‘TCLO1 ‘TCLool FF40H O0H R/W
| \ \ \ |
\—TCLOS TCLO2 | TCLO1 | TCLOO| PCL output clock selection
0 0 0 0 | fx (32.768 kHz)
0 1 1 1| fw/2® (625 kHz)
1 0 0 0 | fx2* (313 kHz)
1 0 0 1| #x/2° (156 kHz)
1 0 1 0 | fx/2°(78.1 kHz)
1 0 1 1 x/2” (39.1 kHz)
1 1 0 0 | fx/2®(19.5 kHz)
Other than above Setting prohibited
TcLos | TcLos | TeLoa ;g—:(i}tﬁgr:er register count clock
0 0 0 TIO (Valid edge specifiable)
0 0 1 | (5.0 MHz)
0 1 0 |2 (2.5MHz)
0 1 1 x/2% (1.25 MHz)
1 0 0 | fx/2° (625 kHz)
Other than above Setting prohibited
CLOE | PCL output control
0 Output disabled
1 Output enabled
Cautions 1. The TIO/INTPO pin valid edge is specified by the external interrupt mode register (INTMO), and
the sampling clock frequency is selected by the sampling clock select register (SCS).
2. When enabling PCL output, set TCL00 to TCL03, then set CLOE to 1 with a 1-bit memory
manipulation instruction.
3. Toread the countvalue when TIO has been specified as the TMO0 count clock, the value should
be read from TMO, not from the 16-bit capture register (CRO01).
4. If TCLO is to be rewritten with data other than identical data, the timer operation must be
stopped first.
Remarks 1. fx: Main system clock oscillation frequency
2. fx1: Subsystem clock oscillation frequency
3. TIO: 16-bit timer/event counter input pin
4. TMO: 16-bit timer register
5. Figures in parentheses apply to operation with fx = 5.0 MHz or fxt = 32.768 kHz.
6. Refer to CHAPTER 10 CLOCK OUTPUT CONTROLLER for PCL.
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(2) 16-bit timer mode control register (TMCO)

This register sets the 16-bit timer operating mode, the 16-bit timer register clear mode and output timing, and
detects an overflow.

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

Caution The 16-bit timer register starts operating when TMCO1 to TMCO3 are set to a value other than
0, 0, 0 (operation stop mode). To stop the timer operation, set TMC01 to TCMO03 to 0, 0, O.
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Figure 6-5. Format of 16-Bit Timer Mode Control Register

Symbol 7 6 5 4 3 2 1 <0> Address After reset R/W
TMCO 0 0 0 0 |TMCO03|TMC02|TMCO01| OVFO FF48H 00H R/W
OVFO | 16-bit timer register overflow detection
0 Overflow not detected
1 Overflow detected
ti | T tput timi Int t t
™co3| TmMcoz| TMco1 Operating mode .& clear 00 ou pu. iming nterrup rgques
mode selection selection generation
0 0 0 Operation stop No change Not generated
(TMO cleared to 0)
0 0 1 PWM mode PWM pulse output Generated on match
(free-running) between TMO and CR00
0 1 0 Free-running mode Match between TMO and
CRO00
0 1 1 Match between TMO and
CROO or TIO valid edge
1 0 0 Clear & start on TIO valid Match between TMO and
edge CRO00
1 0 1 Match between TMO and
CROO0 or TIO valid edge
Clear & start on match Match between TMO and
1 1 0
between TMO and CRO0 CRO0O
1 1 1 Match between TMO and
CROO or TIO valid edge
Cautions 1. Switch the clear mode and the TOO output timing after stopping the timer operation (by
setting TMCO1 to TMCO3 to 0, 0, 0).
2. The valid edge of the TIO/INTPO pin is specified by the external interrupt mode register
(INTMO) and the sampling clock frequency is selected by the sampling clock select register
(SCS).
3. When using the PWM mode, set the PWM mode and then set data to CR0O.
Remark TOO: 16-bit timer/event counter output pin
TIO: 16-bit timer/event counter input pin
TMO:  16-bit timer register
CRO00: Compare register 00
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(3) 16-bit timer output control register (TOCO)

This register controls the operation of the 16-bit timer/event counter output controller. It sets/resets the R-S type
flip-flop (LVO), sets the active levelin PWM mode, and enables/disables inversion in modes other than PWM mode

and data output mode.
TOCO is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input sets TOCO to 00H.

Figure 6-6. Format of 16-Bit Timer Output Control Register

Symbol 7 6 5 4 <3> <2> 1 <0> Address After reset R/W

TOCO| 0 ‘ 0 ‘ 0 ‘ 0 ‘LVSO‘ LVRO‘TOCO1‘ TOE0| FF4EH 00H R/W

TOEO | 16-bit timer/event counter output control

0 Output disabled (port mode)

1 Output enabled

-~ In F.’WM mode . In other modes
Active level selection | Timer output F/F control
0 | Active high Inversion operation disabled
1 Active low Inversion operation enabled
LvSo | LVRo ; gtl:&i; tisrg:taizzvent counter timer output F/F
0 0 No change
0 1 Timer output F/F reset (0)
1 0 Timer output F/F set (1)
1 1 Setting prohibited

Cautions 1. Timer operation must be stopped before setting TOCO.
2. If LVSO and LVRO are read after data is set, they will be 0.
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(4) Port mode register 3 (PM3)
This register sets port 3 input/output in 1-bit units.
When using the P30/TOO pin for timer output, set PM30 and the output latch of P30 to 0.
PM3 is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input sets PM3 to FFH.

Figure 6-7. Format of Port Mode Register 3

Symbol 7 6 5 4 3 2 1 0 Address After reset R/W
PM3 |PM37|PM36 [PM35 |PM34 |PM33 |PM32 |PM31 |PM30 FF23H FFH R/wW

PM3n | P3n pin I/O mode selection (n =0 to 7)

0 Output mode (output buffer on)

1 Input mode (output buffer off)
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(5) External interrupt mode register (INTMO)
This register is used to set the INTPO to INTP2 and TI0 valid edges.
INTMO is set with an 8-bit memory manipulation instruction.
RESET input sets INTMO to 00H.

Remarks 1. The INTPO pin is also used as TI0/P00.
2. The valid edge of INTP3 is fixed to the falling edge.

Figure 6-8. Format of External Interrupt Mode Register

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

INTMO | ES31 | ES30 | ES21 | ES20 | ES11| ES10| 0 0 FFECH 00H R/W

ES11|ES10| INTPO/TIO valid edge selection
0 0 Falling edge

0 1 Rising edge
1 0 Setting prohibited

1 1 Both falling and rising edges

ES21| ES20| INTP1 valid edge selection
0 0 Falling edge

0 1 Rising edge
1 0 Setting prohibited

1 1 Both falling and rising edges

ES31|ES30| INTP2 valid edge selection
0 0 Falling edge

0 1 Rising edge
1 0 Setting prohibited

1 1 Both falling and rising edges

Caution When using the INTPO/TIO/P00 pin as a timer input pin (TI0), stop the operation of the 16-bit
timer by clearing bits 1to 3 (TMCO01 to TMCO03) of the 16-bit timer mode control register (TMCO)
to 0,0, 0, before setting the valid edge of TI0. When using the INTPO/TI0/P00 pin as an external
interrupt input pin (INTPO), the valid edge of INTPO may be set while the 16-bit timer is
operating.
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(6) Sampling clock select register (SCS)
This register sets the clock to be used for sampling the valid edge input to INTPO. When remote controlled
reception is carried out using INTPO, digital noise is eliminated using the sampling clock.
SCS is set with an 8-bit memory manipulation instruction.
RESET input sets SCS to 00H.

Figure 6-9. Format of Sampling Clock Select Register

Symbol 7 6 5 4 3 2 1 0 Address After reset R/W
SCS 0 0 0 0 0 0 | SCS1|SCSs0 FF47H 00H R/W
L]

SCS1|SCS0| INTPO sampling clock selection
0 | 0 | fx2"™
0 1 Setting prohibited
1 0 | fx/2°(78.1 kHz)
1 1| /27 (39.1 kHz)

Caution fx/2N*1 is the clock supplied to the CPU, and fx/28 and fx/27 are clocks supplied to peripheral
hardware. fx/2N+1 is stopped in HALT mode.

Remarks 1. N: Value set in bits 0 to 2 (PCCO0 to PCC2) of the processor clock control register (PCC) (N =0
to 4)
2. fx: Main system clock oscillation frequency
3. Figures in parentheses apply to operation with fx = 5.0 MHz.
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6.5 16-Bit Timer/Event Counter Operations

6.5.1 Interval timer operations

By setting bits 2 and 3 (TMCO02 and TMCO03) of the 16-bit timer mode control register (TMCO) to 1, 1, the 16-bit
timer/event counter operates as an interval timer. Interrupt requests are generated repeatedly using the count value
set in the 16-bit compare register (CR00) beforehand as the interval.

When the count value of the 16-bit timer register (TM0) matches the value set to CRO0O, counting continues with
the TMO value cleared to 0 and the interrupt request signal (INTTMO) is generated. CROO should be set to a value

other than 0000H.

The count clock of the 16-bit timer/event counter can be selected using bits 4 to 6 (TCL04 to TCLO6) of timer clock

select register 0 (TCLO).

For the operation when the value of the compare register is changed during timer count operation, refer to 6.6 16-
Bit Timer/Event Counter Operating Precautions (3).

16-bit compare
register (CR0OO)

fx —

fx/2 —

fx/2? —=

fx/2% —=
TIO/POO/INTPO ©—

Selector

Figure 6-10. Interval Timer Configuration Diagram

16-bit timer register (TMO0)

OVFO0
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circuit

INTTMO
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Count clock

TMO count value

CRO00

INTTMO

TOO

Figure 6-11. Interval Timer Operation Timing

00000001 \/\/ X N ‘XooooXooo1X

Count start

Clear

Clear

N (

I

I

I

|_| )
A

Interrupt request acknowledgment

e

Interrupt request acknowledgment

Interval time Interval time Interval time
Remark Interval time = (N + 1) x t: N = 0001H to FFFFH
Table 6-5. 16-Bit Timer/Event Counter Interval Time
TCLO6 | TCLO5| TCLO4 Minimum Interval Time Maximum Interval Time Resolution
0 0 0 2 x TIO input cycle 216 x TI0 input cycle TI0 input edge cycle
0 0 1 2 x 1/ix (400 ns) 216 x 1/fx (13.1 ms) 1/fx (200 ns)
0 1 0 22 x 1/fx (800 ns) 217 x 1/fx (26.2 ms) 2 x 1/ix (400 ns)
0 1 1 23 x 1/fx (1.6 us) 218 x 1/fx (52.4 ms) 22 x 1/fx (800 ns)
1 0 0 24 x 1/fx (8.2 us) 219 x 1/fx (104.9 ms) 23 x 1/fx (1.6 us)

Other than above

Setting prohibited

Remarks 1. fx: Main system clock oscillation frequency
2. Figures in parentheses apply to operation with fx = 5.0 MHz.
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6.5.2 PWM output operations

By setting bits 1 to 3 (TMCO01 to TMCO03) of the 16-bit timer mode control register (TMCO) to 1, 0, 0, the 16-bit timer/
event counter operates as PWM output. Pulses with a duty determined by the value set in the 16-bit compare register
(CRO00) beforehand are output from the TO0/P30 pin.

Set the active level width of the PWM pulse to the higher 14 bits of CR00. Select the active level using bit 1 (TOCO01)
of the 16-bit timer output control register (TOCO).

This PWM pulse has a 14-bit resolution. The pulse can be converted to an analog voltage by integrating it with
an external low-pass filter (LPF). The PWM pulse has a combination of the basic cycle determined by 28/¢ and the
sub-cycle determined by 214/¢ so that the time constant of the external LPF can be shortened. Count clock ¢ can
be selected using bits 4 to 6 (TCL04 to TCLO06) of timer clock select register 0 (TCLO).

PWM output enable/disable can be selected using bit 0 (TOEQ) of TOCO.

Cautions 1. CRO00 should be set after selecting the PWM operation mode.
2. Be sure to write 0 to bits 0 and 1 of CRO00.
3. Do not select the PWM operation mode when an external clock is input from the TI0/P0O pin.

By integrating 14-bit resolution PWM pulses with an external low-pass filter, they can be converted to an analog
voltage and used for electronic tuning and D/A converter applications, etc.
The analog output voltage (Van) used for D/A conversion with the configuration shown in Figure 6-12 is as follows.

Compare register (CR00) value
VaN = VREF X

216
VRer: External switching circuit reference voltage

Figure 6-12. Example of D/A Converter Configuration with PWM Output

1PD780205A
VRer
PWM
signal i Analog output (Van)
TOO0/P30 Switching Low-pass filter

circuit
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Figure 6-13 shows an example in which PWM output is converted to an analog voltage and used in a voltage
synthesizer type TV tuner.

Figure 6-13. TV Tuner Application Circuit Example

+110V
uPD780205A
22 kQ
47 kQ 47 kQ 47 kQ
100 pF
TO0/P30 x 0.22 uF |0.22 uF ::0.22 uF Electronic
8.2 kQ tuner
8.2 kQ
Vss JT . . GND

6.5.3 Pulse width measurement operations
Itis possible to measure the pulse width of the signals input to the TIO/P0O0 pin using the 16-bit timer register (TMO).
There are two measurement methods: measuring with the 16-bit timer register (TMO0) used in free-running mode,
and measuring by restarting the timer in synchronization with the valid edge of the signal input to the TIO/P0O0 pin.

(1) Pulse width measurement in free-running mode
When the 16-bit timer register (TMO) is operated in free-running mode, if the edge specified by the external
interrupt mode register (INTMO) is input, the value of TMO is taken into the capture register (CR01) and an external
interrupt request signal (INTPO) is set.
Any of three edge specifications can be selected—rising, falling, or both edges—by using bits 2 and 3 (ES10
and ES11) of INTMO.
For valid edge detection, sampling is performed at the interval selected by the sampling clock select register
(SCS), and a capture operation is only performed when a valid level is detected twice, thus eliminating noise with
a short pulse width.
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Figure 6-14. Configuration Diagram for Pulse Width Measurement in Free-Running Mode

fx ——

fx2 — S
, 3 16-bit timer register (TMO) OVFO
fx/2° —— %
fx/2®
TI0/POO/INTPO © 16-bit capture
register (CRO1)

INTPO

S Internal bus S

Figure 6-15. Timing of Pulse Width Measurement Operation in Free-Running Mode
(with Both Edges Specified)

TMO count value X 0000 X 0001 X \/\/ ‘X Do X \/\/ ‘X D1 X \/\/ XFrreX 0000 X \/\/ X p2 X // 5( D3 X

| W
TIO pin input , | } J_l

CRO1 captured value /X Do //5( D1 // } //S( D2 )/ X D3

INTPO , ' | , ' | ”

OVF0 N
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(2) Pulse width measurement by means of restart
When input of a valid edge to the TI0/P0O pin is detected, the count value of the 16-bit timer register (TMO) is
taken into the 16-bit capture register (CR01), and then the pulse width of the signal input to the TIO/P0O pin is
measured by clearing TMO and restarting the count.
The edge specification can be selected from three types—rising, falling, and both edges—by using bits 2 and
3 (ES10 and ES11) of the external interrupt mode register (INTMO).
For valid edge detection, sampling is performed at the interval selected by the sampling clock select register
(SCS), and a capture operation is only performed when a valid level is detected twice, thus eliminating noise with
a short pulse width.

Figure 6-16. Timing of Pulse Width Measurement Operation by Means of Restart
(with Both Edges Specified)

Countclock'|'|||||||||||||||||||||||||
\ \

TMO count value ‘XooooXoomX \/\/ Do X0000 X 0001 \/\/X X X X o1 Xoooo)ooot X

a
/\\

)

TIO pin input

3

D1

:
:

INTPO

\
[

\

\

|

[

\

[

CRO1 captured value }
[

\

\

\

|

\

I

\

i
p » N

(DO +1)xt | (D1 + 1) xt

6.5.4 External event counter operation

The external event counter counts the number of external clock pulses input to the TI0/P00 pin using the 16-bit
timer register (TMO0).

TMO is incremented each time the valid edge specified by the external interrupt mode register (INTMO) is input.

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

Set CROO to a value other than 0000H (a 1-pulse count operation cannot be performed).

The rising edge, falling edge or both edges can be selected using bits 2 and 3 (ES10 and ES11) of INTMO.

For valid edge detection, sampling is performed at the interval selected by the sampling clock select register (SCS),
and a counter operation is only performed when a valid level is detected twice, thus eliminating noise with a short
pulse width.
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Figure 6-17. External Event Counter Configuration Diagram

16-bit compare
register (CR00)

INTTMO
Clear

TIO valid edge 16-bit timer register (TMO) OVFO0

INTPO

16-bit capture
register (CRO1)

S Internal bus S

Figure 6-18. External Event Counter Operation Timing (with Rising Edge Specified)
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6.5.5 Square-wave output operation

The 16-bit timer/event counter outputs a square-wave of any frequency with the value preset to the 16-bit compare
register (CR0OO0) as the interval.

The TOO/P30 pin output status is reversed at intervals of the count value preset to CR0O by setting bit 0 (TOEO)
and bit 1 (TOCO01) of the 16-bit timer output control register (TOCO) to 1. This enables a square wave with any selected
frequency to be output.

Table 6-6. 16-Bit Timer/Event Counter Square-Wave Output Ranges

TCLO6|TCLO5|TCLO4 Minimum Pulse Width Maximum Pulse Width Resolution
0 0 2 x TIO input cycle 216 x TIO input cycle TIO input edge cycle
0 0 2 x 1/fx (400 ns) 216 x 1/fx (13.1 ms) 1/fx (200 ns)
0 1 22 x 1/fx (800 ns) 217 x 1/fx (26.2 ms) 2 x 1/ix (400 ns)
0 1 23 x 1/fx (1.6 us) 218 x 1/ix (52.4 ms) 22 x 1/ix (800 ns)
1 0 24 x 1/x (8.2 us) 219 x 1/fx (104.9 ms) 23 x 1/fx (1.6 us)

Remarks 1. fx: Main system clock oscillation frequency
2. TCLO4 to TCLO6: Bits 4 to 6 of timer clock select register 0 (TCLO)
3. Figures in parentheses apply to operation with fx = 5.0 MHz.

Figure 6-19. Square-Wave Output Operation Timing

infinlipipialinininigigfinlinininl

0000X0001 X0002X // XN-1X N X0000X0001 X0002X / XN-1X N X0000 X
A \ \

Count start

0\ 0\
CRO00 N/ N/
\C \(

Count clock

TMO count value

)
Not (
TOoN N [

I

Note Initial value of TOO output can be set by bits 2 and 3 (LVRO and LVSO0) of the 16-bit timer output control
register (TOCO).
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6.6 16-Bit Timer/Event Counter Operating Precautions
(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 the 16-bit timer register (TMO) is started asynchronously to the count pulse.

Figure 6-20. 16-Bit Timer Register Start Timing

TMO count value 0000H X oootH X ooo2H X o000sH X 0004H

Timer start

(2) 16-bit compare register setting
Set the 16-bit compare register (CR00) to a value other than 0000H.
Thus, when using the 16-bit compare register as an event counter, a one-pulse count operation cannot be
carried out.

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

Figure 6-21. Timing After Compare Register Change During Timer Count Operation

CROO0 captured value N X // M

TMocountvave X x-1 X x X /D( FFFFH X 00ooH X 000tH X 0002H

Remark N> X>M
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(4) Capture register data retention timing
If the valid edge of the TI0/P0O pin is input during 16-bit capture register (CR01) read, CRO1 holds the data without
carrying out the capture operation. However, the interrupt request signal (INTTMO) is generated upon detection
of the valid edge.

Figure 6-22. Capture Register Data Retention Timing

counvos. X0 X X e XX X et X wez
Edge input \ ) /7
INTTMO |_| ) |—|
Capture
read signal ) /—\_
captured 328; X X // N +1 X

!

Capture operation
ignored

(5) Valid edge setting
When using the INTPO/TI0/P0O0 pin as a timer input pin (TI0), stop the operation of the 16-bit timer by clearing
bits 1 to 3 (TMCO01 to TMCO03) of the 16-bit timer mode control register (TMCO) to 0, 0, 0, before setting the valid
edge of TI0. When using the INTPO/TIO/P0O pin as an external interrupt input pin (INTPO), the valid edge of INTPO
may be set while the 16-bit timer is operating.
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7.1 8-Bit Timer/Event Counter Functions

The following two modes are available for the 8-bit timer/event counter incorporated in the uPD780208
Subseries.

e 8-bit timer/event counter mode: Two-channel 8-bittimer/event counter with each channel used separately
* 16-bit timer/event counter mode: Two-channel 8-bit timer/event counter used as 16-bit timer/event counter

7.1.1 8-bit timer/event counter mode
8-bit timer/event counters 1 and 2 (TM1 and TM2) have the following functions.

e [nterval timer

e External event counter
e Square-wave output
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(1) 8-bit interval timer

Interrupt requests are generated at the preset time intervals.

Table 7-1.

8-Bit Timer/Event Counter Interval Time

Minimum Interval Time

Maximum Interval Time

Resolution

2 x 1/fx (400 ns)

29 x 1/ix (102.4 us)

2 x 1/fx (400 ns)

22 x 1/fx (800 ns)

210 x 1/fx (204.8 us)

22 x 1/fx (800 ns)

23 x 1/fx (1.6 us)

211 x 1/fx (409.6 us)

23 x 1/fx (1.6 us)

24 x 1/fx (3.2 us)

212 x 1/fx (819.2 us)

24 x 1/fx (3.2 us)

25 X 1/fx (6.4 us)

213 x 1/fx (1.64 ms)

25 X 1/fx (6.4 us)

25 X 1/fx (12.8 us)

2 x 1/fx (3.28 ms)

25 x 1/fx (12.8 us)

27 x 1/fx (25.6 us)

2% x 1/fx (6.55 ms)

27 x 1/fx (25.6 us)

28 x 1/fx (51.2 us)

216 x 1/fx (13.1 ms)

28 x 1/fx (51.2 us)

29 x 1/fx (102.4 us)

217 x 1/fx (26.2 ms)

29 x 1/fx (102.4 us)

210 x 1/fx (204.8 ys)

218 x 1/fx (52.4 ms)

210 x 1/fx (204.8 us)

212 x 1/fx (819.2 us)

220 ¥ 1/fx (209.7 ms)

212 x 1/fx (819.2 us)

Remarks 1. fx: Main system clock oscillation frequency

2. Figures in parentheses apply to operation with fx = 5.0 MHz.

138

User's Manual U11302EJ5V0OUD




CHAPTER 7 8-BIT TIMER/EVENT COUNTER

(2) External event counter

The number of pulses of an externally input signal can be measured.

(3) Square-wave output

A square wave with any selected frequency can be output.

Table 7-2. 8-Bit Timer/Event Counter Square-Wave Output Ranges

Minimum Pulse Width

Maximum Pulse Width

Resolution

2 x 1/fx (400 ns)

29 x 1/ix (102.4 us)

2 x 1/fx (400 ns)

22 x 1/fx (800 ns)

210 x 1/fx (204.8 us)

22 x 1/fx (800 ns)

23 x 1/fx (1.6 us)

211 x 1/fx (409.6 us)

23 x 1/fx (1.6 us)

24 x 1/fx (3.2 us)

212 x 1/fx (819.2 us)

24 x 1/fx (3.2 us)

25 X 1/fx (6.4 us)

218 x 1/fx (1.64 ms)

25 X 1/fx (6.4 us)

25 X 1/fx (12.8 us)

2 x 1/fx (3.28 ms)

25 x 1/fx (12.8 us)

27 x 1/fx (25.6 us)

2'% x 1/fx (6.55 ms)

27 x 1/fx (25.6 us)

28 x 1/fx (51.2 us)

216 x 1/fx (13.1 ms)

28 x 1/fx (51.2 us)

29 x 1/fx (102.4 us)

217 x 1/fx (26.2 ms)

29 x 1/fx (102.4 us)

210 x 1/fx (204.8 ys)

218 x 1/fx (52.4 ms)

210 x 1/fx (204.8 us)

212 x 1/fx (819.2 us)

220 x 1/fx (209.7 ms)

212 x 1/fx (819.2 us)

Remarks 1. fx: Main system clock oscillation frequency

2. Figures in parentheses apply to operation with fx = 5.0 MHz.
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7.1.2 16-bit timer/event counter mode

(1) 16-bit interval timer

Interrupt requests can be generated at the preset time intervals.

Table 7-3. Interval Time When 8-Bit Timer/Event Counter Is Used as 16-Bit Timer/Event Counter

Minimum Interval Time

Maximum Interval Time

Resolution

2 x 1/fx (400 ns)

217 x 1/fx (26.2 ms)

2 x 1/fx (400 ns)

22 x 1/fx (800 ns)

218 x 1/fx (52.4 ms)

22 x 1/fx (800 ns)

23 x 1/fx (1.6 us)

219 x 1/fx (104.9 ms)

23 x 1/fx (1.6 us)

24 x 1/fx (3.2 us)

220 ¥ 1/fx (209.7 ms)

24 x 1/fx (3.2 us)

25 X 1/fx (6.4 us)

221 x 1/fx (419.4 ms)

25 X 1/fx (6.4 us)

25 X 1/fx (12.8 us)

222 x 1/fx (838.9 ms)

25 X 1/fx (12.8 us)

27 x 1/fx (25.6 us)

228 x 1/fx (1.7 s)

27 x 1/fx (25.6 us)

28 x 1/fx (51.2 us)

224 x 1/fx (3.4 s)

28 x 1/fx (51.2 us)

29 x 1/fx (102.4 us)

225 x 1/fx (6.7 S)

29 x 1/fx (102.4 us)

210 x 1/fx (204.8 ys)

226 x 1/fx (13.4 s)

210 x 1/fx (204.8 us)

212 x 1/fx (819.2 us)

228 x 1/fx (53.7 s)

212 x 1/fx (819.2 us)

Remarks 1. fx: Main system clock oscillation frequency

2. Figures in parentheses apply to operation with fx = 5.0 MHz.
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(2) External event counter
The number of pulses of an externally input signal can be measured.

(3) Square-wave output
A square wave with any selected frequency can be output.

Table 7-4. Square-Wave Output Ranges When 8-Bit Timer/Event Counter
Is Used as 16-Bit Timer/Event Counter

Minimum Pulse Width Maximum Pulse Width Resolution

2 x 1/fx (400 ns) 2'7 x 1/fx (26.2 ms) 2 x 1/fx (400 ns)

22 x 1/fx (800 ns) 28 x 1/fx (52.4 ms) 22 x 1/fx (800 ns)
23 x 1/fx (1.6 us) 2" x 1/fx (104.9 ms) 23 x 1/fx (1.6 us)

24 x 1/fx (8.2 us) 220 x 1/fx (209.7 ms) 24 x 1/fx (8.2 us)

25 x 1/fx (6.4 us) 22" x 1/fx (419.4 ms) 25 x 1/fx (6.4 us)

26 x 1/fx (12.8 us) 222 x 1/fx (838.9 ms) 26 x 1/fx (12.8 us)
27 x 1/fx (25.6 us) 22 x 1/fx (1.7 s) 27 x 1/fx (25.6 us)
28 x 1/fx (51.2 us) 224 x 1/fx (3.4 s) 28 x 1/fx (51.2 us)
2% x 1/fx (102.4 us) 225 x 1/fx (6.7 s) 2% x 1/fx (102.4 us)
21° x 1/fx (204.8 us) 226 x 1/fx (13.4 s) 21° x 1/fx (204.8 us)
212 x 1/fx (819.2 us) 228 x 1/fx (63.7 s) 212 x 1/fx (819.2 us)

Remarks 1. fx: Main system clock oscillation frequency
2. Figures in parentheses apply to operation with fx = 5.0 MHz.
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7.2 8-Bit Timer/Event Counter Configuration
The 8-bit timer/event counter includes the following hardware.

Table 7-5. 8-Bit Timer/Event Counter Configuration

Iltem Configuration

Timer register 8 bits x 2 (TM1, TM2)

Registers 8-bit compare register: 2 (CR10, CR20)

Timer outputs 2 (TO1, TO2)

Control registers Timer clock select register 1 (TCL1)
8-bit timer mode control register (TMC1)
8-bit timer output control register (TOC1)
Port mode register 3 (PM3)Nete

Note Refer to Figure 4-7 Block Diagram of P30 to P37.
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Figure 7-2. Block Diagram of 8-Bit Timer/Event Counter Output Controller 1
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Figure 7-3. Block Diagram of 8-Bit Timer/Event Counter Output Controller 2
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(1) 8-bit compare registers (CR10, CR20)
These are 8-bit registers used to compare the value set to CR10 with the 8-bit timer register 1 (TM1) count
value, and the value set to CR20 with the 8-bit timer register 2 (TM2) count value, and, if they match,
generate an interrupt request (INTTM1 and INTTM2, respectively).
CR10 and CR20 are set with an 8-bit memory manipulation instruction. They cannot be set with a 16-bit
memory manipulation instruction. When the compare register is used as an 8-bit timer/event counter,
values from O0H to FFH can be set. When the compare register is used as a 16-bit timer/event counter,
values from 0000H to FFFFH can be set.
RESET input makes CR10 and CR20 undefined.

Cautions 1. When using the compare register as a 16-bit timer/event counter, be sure to set data after
stopping timer operation.

2. Whenthevalues of CR10 and CR20 after changing are smaller than those of the 8-bit timer
registers (TM1, TM2), TM1 and TM2 continue to count. When they overflow, counting
starts again from 0. Therefore, it is necessary to restart the timer after changing the
values of CR10 and CR20 if the values of CR10 and CR20 are smaller than the values
before changing.

(2) 8-bit timer registers 1, 2 (TM1, TM2)
These are 8-bit registers used to count count pulses.
When TM1 and TM2 are used in the separate mode, they should be read with an 8-bit memory manipulation
instruction. When TM1 and TM2 are used in 16-bit timer mode, the 16-bit timer register (TMS) should be
read with a 16-bit memory manipulation instruction.
RESET input sets TM1 and TM2 to 00H.

7.3 8-Bit Timer/Event Counter Control Registers
The following four registers are used to control the 8-bit timer/event counter.

e Timer clock select register 1 (TCL1)

e 8-bit timer mode control register (TMC1)
e 8-bit timer output control register (TOC1)
¢ Port mode register 3 (PM3)

(1) Timer clock select register 1 (TCL1)
This register sets the count clock of 8-bit timer registers 1 and 2.
TCL1 is set with an 8-bit memory manipulation instruction.
RESET input sets TCL1 to OOH.
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Figure 7-4. Format of Timer Clock Select Register 1

Symbol 7 6 5 4 3 2 1 0 Address After reset R/W
TCL1 |TCL17 | TCL16|TCL15|TCL14 | TCL13|TCL12 |TCL11|TCL10 FF41H 00H R/W
| | | | | | | |
TCL13| TCL12 | TeL11 | TeL1o | S0n fimer fegister 1 count
0 0 0 TI1 falling edge
0 0 1 TI1 rising edge
0 1 0 1 | tv2 (2.5 MHz)
0 1 1 0 | 2% (1.25 MHz)
0 1 1 1| /2° (625 kHz)
1 0 0 0 | /2*(813kHz)
1 0 0 1 fx/2° (156 kHz)
1 0 1 0 | /2°(78.1 kHz)
1 0 1 1 fx/2” (39.1 kHz)
1 1 0 0 | fx2® (19.5 kHz)
1 1 0 1 fx/2° (9.8 kHz)
1 1 1 0 | 2" (4.9 kHz)
1 1 1 1 fx/2'% (1.2 kHz)
Other than above Setting prohibited
TCL17| TCL16 | TCL15 | TeL1a | 0N imer fegister 2 count
0 0 0 0 TI2 falling edge
0 0 1 TI2 rising edge
0 1 0 1 fx/2 (2.5 MHz)
0 1 1 0 | 2% (1.25 MHz)
0 1 1 1 fx/2° (625 kHz)
1 0 0 0 | 2*(813kHz)
1 0 0 1| #x/2° (156 kHz)
1 0 1 0 | /2°(78.1 kHz)
1 0 1 1 fx/2” (39.1 kHz)
1 1 0 0 | fx2® (19.5 kHz)
1 1 0 1| /2° (9.8 kHz)
1 1 1 0 | /2" (4.9kHz)
1 1 1 1| 2" (1.2 kHz)
Other than above Setting prohibited
Caution If TCL1 is to be rewritten with data other than identical data, the timer operation must be stopped
first.
Remarks 1. fx: Main system clock oscillation frequency
2. TI1: 8-bit timer register 1 input pin
3. TI2: 8-bit timer register 2 input pin
4. Figures in parentheses apply to operation with fx = 5.0 MHz.
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(2) 8-bit timer mode control register (TMC1)
This register enables/stops operation of 8-bit timer registers 1 and 2 and sets the operating mode of 8-
bit timer registers 1 and 2.
TMC1 is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input sets TMC1 to 00H.

Figure 7-5. Format of 8-Bit Timer Mode Control Register

Symbol 7 6 5 4 3 2 <1> <0> Address After reset R/W
TMCH1 0 0 0 0 0 |TMC12|TCE2 | TCE1 FF49H 00H R/W

L TCEA

0 Operation stopped (TM1 cleared to 0)

8-bit timer register 1 operation control

1 Operation enabled

TCE2 8-bit timer register 2 operation control

0 Operation stopped (TM2 cleared to 0)

1 Operation enabled

TMC12 Operating mode selection

0 8-bit timer register x 2-channel mode (TM1, TM2)

1 16-bit timer register x 1-channel mode (TMS)

Cautions 1. Switch the operating mode after stopping timer operation.
2. When used as 16-bit timer register (TMS), TCE1 should be used for operation enable/stop.
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(3) 8-bit timer output control register (TOC1)
This register controls operation of 8-bit timer/event counter output controllers 1 and 2.
It sets/resets the R-S flip-flops (LV1 and LV2) and enables/disables inversion and 8-bit timer output of 8-
bit timer registers 1 and 2.
TOCH1 is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input sets TOC1 to O0H.

Figure 7-6. Format of 8-Bit Timer Output Control Register

Symbol <7> <6> 5 <4> <3 <2> 1 <0> Address After reset R/W
TOC1 | LVS2|LVR2|TOC15|/TOE2| LVS1 | LVR1 [TOC11| TOE1 FF4FH 00H R/W
L] L L
TOE1 8-bit timer/event counter 1 output control

0 Output disabled (port mode)

1 Output enabled

TOC11| 8-bit timer/event counter 1 timer output F/F control

0 Inverted operation disabled

1 Inverted operation enabled

8-bit timer/event counter 1 timer output F/F
LVS1 | LVR1 status setting

0 0 Unchanged

0 1 Timer output F/F reset (0)
1 0 Timer output F/F set (1)
1 1 Setting prohibited
TOE2 8-bit timer/event counter 2 output control

0 Output disabled (port mode)

1 Qutput enabled

[TOC15| 8-bit timer/event counter 2 timer output F/F control

0 Inverted operation disabled

1 Inverted operation enabled

8-bit timer/event counter 2 timer output F/F
LVS2 | LVR2 status setting

0 0 Unchanged

0 1 Timer output F/F reset (0)

1 0 Timer output F/F set (1)

1 1 Setting prohibited

Cautions 1. Be sure to set TOC1 after stopping timer operation.
2. After data setting, 0 is read from LVS1, LVS2, LVR1, and LVR2.
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(4) Port mode register 3 (PM3)
This register sets port 3 input/output in 1-bit units.
When using the P31/TO1 and P32/TO2 pins for timer output, set PM31, PM32, and the output latches of
P31 and P32 to 0.
PM3 is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input sets PM3 to FFH.

Figure 7-7. Format of Port Mode Register 3

Symbol 7 6 5 4 3 2 1 0 Address After reset R/W
PM3 | PM37|PM36 | PM35 | PM34 | PM33 | PM32 [PM31 | PM30 FF23H FFH R/W
\ \ \ \ \ \ \ |
PM3n P3n pin I/O mode selection (n =0 to 7)

0 Output mode (output buffer on)

1 Input mode (output buffer off)
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7.4 8-Bit Timer/Event Counter Operations
7.4.1 8-bit timer/event counter mode

(1) Interval timer operations
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 compare registers (CR10 and CR20).
When the count values of 8-bit timer registers 1 and 2 (TM1 and TM2) match the values set to CR10 and
CR20, counting continues with the TM1 and TM2 values cleared to 0 and interrupt request signals (INTTM1
and INTTM2) are generated.
The count clock of TM1 can be selected using bits 0 to 3 (TCL10 to TCL13) of timer clock select register
1 (TCL1). The count clock of TM2 can be selected using bits 4 to 7 (TCL14 to TCL17) of timer clock select
register 1 (TCL1).
For the operation when the value of the compare register is changed during timer count operation, refer
to 7.5 8-Bit Timer/Event Counter Operating Precautions (3).

Figure 7-8. Interval Timer Operation Timing

oy

TM1 count value o0 X o1 X \/\/XNXOOXNX \/\/XNXO0X01X \/\/XNX
A A A !

Count start Clear Clear

R0 I A A B
N

INTTM1
\ \
I I A
| Interrupt request acknowledgment | Interrupt request acknowledgment
I I
TOA

Interval time Interval time Interval time

I
I
I
I
I
I
I
)) '_
)) )) |
I
|
I
I
I
I

Remark Interval time = (N + 1) x t: N = O0H to FFH
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Table 7-6. 8-Bit Timer/Event Counter 1 Interval Time

TCL13 | TCL12 | TCL11 | TCL10 Minimum Interval Time Maximum Interval Time Resolution
0 0 0 0 T input cycle 28 x T input cycle TH input edge cycle
0 0 0 1 T input cycle 28 x T input cycle TH input edge cycle
0 1 0 1 2 x 1/fx (400 ns) 2° x 1/fx (102.4 us) 2 x 1/fx (400 ns)
0 1 1 0 22 x 1/fx (800 ns) 210 x 1/fx (204.8 us) 22 x 1/fx (800 ns)
0 1 1 1 23 x 1/fx (1.6 us) 2'" x 1/fx (409.6 us) 23 x 1/fx (1.6 us)
1 0 0 0 24 x 1/fx (3.2 us) 212 x 1/fx (819.2 us) 24 x 1/fx (3.2 us)
1 0 0 1 25 x 1/fx (6.4 us) 23 x 1/fx (1.64 ms) 25 x 1/fx (6.4 us)
1 0 1 0 26 x 1/fx (12.8 us) 2™ x 1/fx (3.28 ms) 26 x 1/fx (12.8 us)
1 0 1 1 27 x 1/fx (25.6 us) 2% x 1/fx (6.55 ms) 27 x 1/fx (25.6 us)
1 1 0 0 28 x 1/fx (61.2 us) 2% x 1/fx (13.1 ms) 28 x 1/fx (51.2 us)
1 1 0 1 2° x 1/fx (102.4 us) 217 x 1/fx (26.2 ms) 2% x 1/fx (102.4 us)
1 1 1 0 219 x 1/fx (204.8 us) 218 x 1/fx (52.4 ms) 21° x 1/fx (204.8 us)

1

1

22 x 1/fx (819.2 us)

220 x 1/fx (209.7 ms)

212 x 1/fx (819.2 us)

Other than above

Setting prohibited

Remarks 1. fx: Main system clock oscillation frequency
2. Figures in parentheses apply to operation with fx= 5.0 MHz.

Table 7-7. 8-Bit Timer/Event Counter 2 Interval Time

TCL17 | TCL16 | TCL15 | TCL14 Minimum Interval Time Maximum Interval Time Resolution
0 0 0 0 TI2 input cycle 28 x TI2 input cycle TI2 input edge cycle
0 0 0 1 TI2 input cycle 28 x TI2 input cycle TI2 input edge cycle
0 1 0 1 2 x 1/fx (400 ns) 2° x 1/fx (102.4 us) 2 x 1/fx (400 ns)
0 1 1 0 22 x 1/fx (800 ns) 210 x 1/fx (204.8 us) 22 x 1/fx (800 ns)
0 1 1 1 23 x 1/fx (1.6 us) 2'" x 1/fx (409.6 us) 23 x 1/fx (1.6 us)
1 0 0 0 24 x 1/fx (3.2 us) 212 x 1/fx (819.2 us) 24 x 1/fx (3.2 us)
1 0 0 1 25 x 1/fx (6.4 us) 23 x 1/fx (1.64 ms) 25 x 1/fx (6.4 us)
1 0 1 0 26 x 1/fx (12.8 us) 2™ x 1/fx (3.28 ms) 26 x 1/fx (12.8 pus)
1 0 1 1 27 x 1/fx (25.6 us) 2% x 1/fx (6.55 ms) 27 x 1/fx (25.6 us)
1 1 0 0 28 x 1/fx (61.2 us) 2% x 1/fx (13.1 ms) 28 x 1/fx (51.2 us)
1 1 0 1 2% x 1/fx (102.4 us) 217 x 1/fx (26.2 ms) 2% x 1/fx (102.4 us)
1 1 1 0 219 x 1/fx (204.8 us) 218 x 1/fx (52.4 ms) 21° x 1/fx (204.8 us)

1

1

22 x 1/fx (819.2 us)

220 x 1/fx (209.7 ms)

212 x 1/fx (819.2 us)

Other than above

Setting prohibited

Remarks 1. fx: Main system clock oscillation frequency

2. Figures in parentheses apply to operation with fx = 5.0 MHz.
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(2) External event counter operation

The external event counter counts the number of external clock pulses input to the TI1/P33 and TI2/P34
pins using 8-bit timer registers 1 and 2 (TM1 and TM2).

TM1 and TM2 are incremented each time the valid edge specified by timer clock select register 1 (TCL1)
is input. Either the rising or falling edge can be selected.

When the TM1 and TM2 count values match the values of the 8-bit compare registers (CR10 and CR20),
TM1 and TM2 are cleared to 0 and interrupt request signals (INTTM1 and INTTM2) are generated.

Figure 7-9. External Event Counter Operation Timing (with Rising Edge Specified)

TI1p|n|nput||||||||||||||||||I|||||||||

TM1 countvalue X 00 X 01 X 02 X 03 X 04 X 05 /\/\XN—1X N 5( 00 X o1 X 02 X 03
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CR10 N /)
\

N

INTTM1

Remark N = 00H to FFH

User's Manual U11302EJ5V0OUD



CHAPTER 7 8-BIT TIMER/EVENT COUNTER

(3) Square-wave output operation

The 8-bit timer/event counter outputs a square wave of any frequency with the value preset to the 8-bit

compare register (CR10, CR20) as the interval.

The TO1/P31 or TO2/P32 pin output status is reversed at intervals of the count value preset to CR10 or

CR20 by setting bit 0 (TOE1) or bit 4 (TOE2) of the 8-bit timer output control register (TOC1) to 1.
This enables a square wave with any selected frequency to be output.

Table 7-8. 8-Bit Timer/Event Counter Square-Wave Output Ranges

TCL13 | TCL12 | TCL11 | TCL10 Minimum Pulse Width Maximum Pulse Width Resolution
0 1 0 1 2 x 1/fx (400 ns) 2° x 1/fx (102.4 us) 2 x 1/fx (400 ns)
0 1 1 0 22 x 1/fx (800 ns) 210 x 1/fx (204.8 us) 22 x 1/fx (800 ns)
0 1 1 1 2% x 1/fx (1.6 us) 211 x 1/fx (409.6 us) 23 x 1/fx (1.6 us)
1 0 0 0 24 x 1/fx (3.2 us) 212 x 1/fx (819.2 us) 24 x 1/fx (3.2 us)
1 0 0 1 25 x 1/fx (6.4 us) 213 x 1/fx (1.64 ms) 25 x 1/fx (6.4 us)
1 0 1 0 26 x 1/fx (12.8 us) 21 x 1/fx (3.28 ms) 28 x 1/fx (12.8 us)
1 0 1 1 27 x 1/fx (25.6 us) 21 x 1/fx (6.55 ms) 27 x 1/fx (25.6 us)
1 1 0 0 28 x 1/fx (51.2 us) 216 x 1/fx (13.1 ms) 28 x 1/fx (51.2 us)
1 1 0 1 29 x 1/fx (102.4 us) 217 x 1/fx (26.2 ms) 29 x 1/fx (102.4 pus)
1 1 1 0 210 x 1/fx (204.8 us) 218 x 1/fx (52.4 ms) 210 x 1/fx (204.8 us)
1 1 1 1 212 x 1/fx (819.2 us) 220 x 1/fx (209.7 ms) 212 x 1/fx (819.2 us)

Remarks 1. fx: Main system clock oscillation frequency
2. TCL10 to TCL13: Bits 0 to 3 of timer clock select register 1 (TCL1)

3. Figures in parentheses apply to operation with fx = 5.0 MHz.

Count clock

TM1 count value

CR10

Note

TO1 Note

Figure 7-10. Square-Wave Output Operation Timing
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Initial value of TO1 output can be set using bits 2 and 3 (LVR1 and LVS1) of the 8-bit timer output control
register (TOC1).
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7.4.2 16-bit timer/event counter mode

When bit 2 (TMC12) of the 8-bit timer mode control register (TMC1) is set to 1, the 16-bit timer/event counter mode
is set.

In this mode, the count clock is selected using bits 0to 3 (TCL10 to TCL13) of the timer clock select register (TCL1).
The overflow signal of 8-bit timer/event counter 1 (TM1) is used as the count clock of 8-bit timer/event counter 2 (TM2).

Count operation enable/disable in this mode is selected using bit 0 (TCE1) of TMC1.

(1) Interval timer operations

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 compare registers (CR10 and CR20). When setting a
count value, set the value of the higher 8 bits to CR20 and the value of the lower 8 bits to CR10. For the
count value (interval time) that can be set, refer to Table 7-9.

When the 8-bit timer register 1 (TM1) and CR10 values match and the 8-bit timer register 2 (TM2) and CR20
values match, counting continues with the TM1 and TM2 values cleared to 0 and the interrupt request signal
(INTTM2) is generated. For the operation timing of the interval timer, refer to Figure 7-11.

The count clock can be selected using bits 0 to 3 (TCL10 to TCL13) of the timer clock select register (TCL1).
The overflow signal of TM1 is used as the count clock of TM2.

Figure 7-11. Interval Timer Operation Timing
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Remark Interval time = (N + 1) x t: N = 0000H to FFFFH
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Caution Even if the 16-bit timer/event counter mode is used, when the TM1 count value matches the CR10
value, an interrupt request (INTTM1) is generated and the F/F of 8-bit timer/event counter output
controller 1 is inverted. Thus, when using the 8-bit timer/event counter as a 16-bit interval timer,
set the mask flag TMMK1 to 1 to disable INTTM1 acknowledgment.
When reading the 16-bit timer register (TMS) count value, use a 16-bit memory manipulation

instruction.
Table 7-9. Interval Time When 2-Channel 8-Bit Timer/Event Counter
(TM1 and TM2) Is Used as 16-Bit Timer/Event Counter
TCL13 | TCL12 | TCL11 | TCL10 Minimum Interval Time Maximum Interval Time Resolution
0 0 0 0 T input cycle 28 x T input cycle TH input edge cycle
0 0 0 1 T input cycle 28 x TI1 input cycle T input edge cycle
0 1 0 1 2 x 1/fx (400 ns) 217 x 1/fx (26.2 ms) 2 x 1/fx (400 ns)
0 1 1 0 22 x 1/fx (800 ns) 218 x 1/fx (52.4 ms) 22 x 1/fx (800 ns)
0 1 1 1 23 x 1/fx (1.6 us) 219 x 1/fx (104.9 ms) 23 x 1/fx (1.6 us)
1 0 0 0 24 x 1/fx (3.2 us) 220 x 1/fx (209.7 ms) 24 x 1/fx (3.2 us)
1 0 0 1 25 x 1/fx (6.4 us) 221 x 1/fx (419.4 ms) 25 x 1/fx (6.4 us)
1 0 1 0 26 x 1/fx (12.8 us) 222 x 1/fx (838.9 ms) 28 x 1/fx (12.8 us)
1 0 1 1 27 x 1/fx (25.6 us) 228 x 1/fx (1.7 s) 27 x 1/fx (25.6 us)
1 1 0 0 28 x 1/fx (51.2 us) 224 x 1/fx (3.4 s) 28 x 1/fx (51.2 us)
1 1 0 1 29 x 1/fx (102.4 us) 225 x 1/fx (6.7 s) 2° x 1/fx (102.4 us)
1 1 1 0 210 x 1/x (204.8 us) 226 x 1/fx (13.4 s) 210 x 1/fx (204.8 us)
1 1 1 1 212 x 1/fx (819.2 us) 228 x 1/fx (53.7 ) 212 x 1/fx (819.2 us)

Other than above

Setting prohibited

Remarks 1. fx:
2. Figures in parentheses apply to operation with fx = 5.0 MHz.

Main system clock oscillation frequency
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(2) External event counter operations

The external event counter counts the number of external clock pulses input to the TI11/P33 pin by using
the two channels of 8-bit timer registers 1 and 2 (TM1 and TM2).

TM1 is incremented each time the valid edge specified by timer clock select register 1 (TCL1) is input. If
TM1 overflows as a result, the overflow signal is used as the count clock, and TM2 is incremented. Either
the rising or falling edge can be selected.

When the count value of TM1 and TM2 matches the value of the 8-bit compare registers (CR10 and CR20),
both TM1 and TM2 are cleared to 0 and the interrupt request signal (INTTM2) is generated.

Figure 7-12. External Event Counter Operation Timing (with Rising Edge Specified)
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Caution Even in the 16-bit timer/event counter mode, an interrupt request (INTTM1) will be generated when

156

the TM1 count value matches the CR10 value, inverting the flip-flop of 8-bit timer/event counter
output controller 1. Thus, when using the 8-bit timer/event counters as a 16-bit interval timer, set
the mask flag TMMK1 to 1 to disable INTTM1 acknowledgment.

When reading the 16-bit timer register (TMS) count value, use a 16-bit memory manipulation
instruction.
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(3) Square-wave output operation
Square-wave signals can be generated at the user-specified frequency. The frequency or pulse interval
is determined by the value preset in the 8-bit compare registers (CR10 and CR20). To set a count value,
set the value of the higher 8 bits to CR20, and the value of the lower 8 bits to CR10.

The TO2/P32 pin output status is reversed at intervals of the count value preset to CR10 and CR20 by
setting bit 4 (TOE2) of the 8-bit timer output control register (TOC1) to 1. This enables a square wave with
any selected frequency to be output.

Table 7-10. Square-Wave Output Ranges When 2-Channel 8-Bit Timer/Event Counters
(TM1 and TM2) Are Used as 16-Bit Timer/Event Counter

TCL13 | TCL12 | TCL11 | TCL10 Minimum Pulse Width Maximum Pulse Width Resolution
0 1 0 1 2 x 1/fx (400 ns) 2'7 x 1/fx (26.2 ms) 2 x 1/fx (400 ns)
0 1 1 0 22 x 1/fx (800 ns) 28 x 1/fx (52.4 ms) 22 x 1/fx (800 ns)
0 1 1 1 23 x 1/fx (1.6 us) 2% x 1/fx (104.9 ms) 23 x 1/fx (1.6 us)
1 0 0 0 24 x 1/fx (3.2 us) 220 x 1/fx (209.7 ms) 24 x 1/fx (3.2 us)
1 0 0 1 25 x 1/fx (6.4 us) 22" x 1/fx (419.4 ms) 25 x 1/fx (6.4 us)
1 0 1 0 26 x 1/fx (12.8 us) 222 x 1/fx (838.9 ms) 26 x 1/fx (12.8 us)
1 0 1 1 27 x 1/fx (25.6 us) 223 x 1/fx (1.7 s) 27 x 1/fx (25.6 us)
1 1 0 0 28 x 1/fx (51.2 us) 224 x 1/fx (3.4 s) 28 x 1/fx (51.2 us)
1 1 0 1 2% x 1/fx (102.4 us) 225 x 1/fx (6.7 s) 2% x 1/fx (102.4 us)
1 1 1 0 21° x 1/fx (204.8 us) 226 x 1/fx (13.4 s) 210 x 1/fx (204.8 us)
1 1 1 1 212 x 1/fx (819.2 us) 228 x 1/fx (63.7 s) 212 x 1/fx (819.2 us)

Remarks 1. fx: Main system clock oscillation frequency

2. TCL10 to TCL13: Bits 0 to 3 of timer clock select register 1 (TCL1)
3. Figures in parentheses apply to operation with fx = 5.0 MHz.

Figure 7-13. Square-Wave Output Operation Timing
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7.5 8-Bit Timer/Event Counter Operating Precautions
(1) Timer start error
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 registers 1 and 2 (TM1 and TM2) are started asynchronously to the count

pulse.

Figure 7-14. 8-Bit Timer Register Start Timing

TM1, TM2 count value 00H X otH X o2H X o3H X 04

Timer start

(2) 8-bit compare registers 1 and 2 settings
The 8-bit compare registers (CR10 and CR20) can be set to 00H.
Thus, when an 8-bit compare register is used as an event counter, a one-pulse count operation can be
carried out.
When the 8-bit compare registers are used as a 16-bit timer/event counter, write data to CR10 and CR20
after setting bit 0 (TCE1) of the 8-bit timer mode control register (TMC1) to 0 and stopping timer operation.

Figure 7-15. External Event Counter Operation Timing

T, T2 Input _/_\_/_\_/_\_/_\_/_\_

CR10, CR20 00H

TM1, TM2 count value X 0OH X 0OH X 00H X 00H

TO1, TO2 /—\—/—\—
Interrupt request signal | | | | | | | |
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(3) Operation after compare register change during timer count operation
If the values after the 8-bit compare registers (CR10 and CR20) are changed are smaller than those of
the 8-bittimer registers (TM1 and TM2), TM1 and TM2 continue counting, overflow and then restart counting
from 0. Thus, if the value after CR10 and CR20 (M) change is smaller than that before the change (N),
it is necessary to restart the timer after changing CR10 and CR20.

Figure 7-16. Timing After Compare Register Change During Timer Count Operation

Count pulse mm

CR10, CR20 N X

)M
TMA1, TM2 count value :X x-1 X x X /D( FrH X ooH X ot X o2H

Remark N> X>M
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8.1 Watch Timer Functions
The watch timer has the following functions.

e Watch timer
¢ [nterval timer

The watch timer and the interval timer can be used simultaneously.

(1) Watch timer
When the 32.768 kHz subsystem clock is used, a flag (WTIF) is set at 0.5-second or 0.25-second intervals.
In addition, when the 4.19 MHz (standard: 4.194304 MHz) main system clock is used, a flag (WTIF) is set
at 0.5-second or 1-second intervals.

Caution 0.5-second intervals cannot be generated with the 5.0 MHz main system clock. Switch
to the 32.768 kHz subsystem clock to generate 0.5-second intervals.

(2) Interval timer
Interrupt requests (INTTM3) are generated at the preset time interval.

Table 8-1. Interval Timer Interval Time

Interval Time When Operated When Operated at When Operated at
at fx = 5.0 MHz fx = 4.19 MHz fxr = 32.768 kHz

22 x 1/fx 819 us 978 us 488 us

23 x 1/fx 1.64 ms 1.96 ms 977 us

2™ x 1/fx 3.28 ms 3.91 ms 1.95 ms
215 x 1/fx 6.55 ms 7.82 ms 3.91 ms
21 x 1/fx 13.1 ms 15.6 ms 7.81 ms
27 x 1/fx 26.2 ms 31.3 ms 15.6 ms

fx:  Main system clock oscillation frequency
fxt: Subsystem clock oscillation frequency
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8.2 Watch Timer Configuration
The watch timer includes the following hardware.

Table 8-2. Watch Timer Configuration

Iltem Configuration

Counter 5 bits x 1

Control registers | Timer clock select register 2 (TCL2)
Watch timer mode control register (TMC2)

8.3 Watch Timer Control Registers
The following two registers are used to control the watch timer.

e Timer clock select register 2 (TCL2)
e Watch timer mode control register (TMC2)

(1) Timer clock select register 2 (TCL2) (See Figure 8-2)
This register sets the watch timer count clock.
TCL2 is set with an 8-bit memory manipulation instruction.
RESET input sets TCL2 to 00H.

Remark Besides setting the watch timer count clock, TCL2 sets the watchdog timer count clock and
buzzer output frequency.
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CHAPTER 8 WATCH TIMER

Figure 8-2. Format of Timer Clock Select Register 2

Symbol 7 6 5 4 3 2 1 0 Address After reset R/W
TCL2 [TCL27|TCL26 | TCL25|TCL24| 0 |TCL22|TCL21|TCL20 FF42H O0H R/W
L ] L ]
Count clock selection
TOL22\TCL21) TCL20 Watchdog timer mode | Interval timer mode

0 0 | fx2° (625 kHz) fx/2* (313 kHz)
0 1 fx/2* (313 kHz) fx/2° (156 kHz)
0 1 0 | /2° (156 kHz) fx/2° (78.1 kHz)
0 1 1 fx/2° (78.1 kHz) x/2” (39.1 kHz)
1 0 0 |27 (89.1kHz) | fx/2°(19.5 kHz)
1 0 1 fx/2® (19.5 kHz) x/2° (9.8 kHz)
1 1 0 | 2% (9.8 kHz) x/2"° (4.9 kHz)
1 1 1 fx/2"" (2.4 kHz) %/2"2 (1.2 kHz)

TCL24 | Watch timer count clock selection

Note

0 |2 (19.5kHz)

1| fxr (32.768 kHz)

TCL27 | TCL26 | TCL25| Buzzer output frequency selection
0 X Buzzer output disabled
1 0 fx/2'° (4.9 kHz)
1 0 1 fx/2"" (2.4 kHz)
1 1 0 | 2" (1.2kHz)
1 1 1 Setting prohibited

Note When using a main system clock of 1.25 MHz or less and the VFD controller/driver, select fx/28 as

the count clock for the watch timer.

Caution When changing the count clock, be sure to stop operation of the watch timer before
rewriting TCL2 (stopping operation is not necessary when rewriting the same data).

Remarks 1. fx: Main system clock oscillation frequency
2. fx1: Subsystem clock oscillation frequency
3. x: don’t care

4. Figures in parentheses apply to operation with fx = 5.0 MHz or fxT = 32.768 kHz.
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(2) Watch timer mode control register (TMC2)
This register sets the watch timer operating mode, watch flag set time and prescaler interval time and
enables/disables prescaler and 5-bit counter operations.
TMC2 is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input sets TMC2 to 00H.

Figure 8-3. Format of Watch Timer Mode Control Register

Symbol 7 6 5 4 3 2 1 0 Address After reset R/W
TMC2 0 [TMC26({TMC25(TMC24{TMC23| TMC22| TMC21{TMC20 FF4AH 00H R/W
L
TMC23|TMC20] Watch flag set time selection
0 2'/fw (0.5 s)
1 ° 2'3/fw (0.25 s)
0 25/fw (977 us)
1 1 2%/fw (488 us)

TMC21| Prescaler operation controlNote

0 | Clear after operation stops

1 Operation enable

TMC22] 5-bit counter operation control

0 Clear after operation stops

1 Operation enable

TMC26| TMC25[TMC24| Prescaler interval time selection

0 0 0 | 2%w (488pus)

0 1| 25w (977 us)

0
0 1 0 25/fw (1.95 ms)
0 1 1 27/fw (3.91 ms)

1 0 0 | 2%w (7.81 ms)

1 0 | 1 | 2%w(15.6 ms)

Other than above Setting prohibited

Note Do not frequently clear the prescaler when using the watch timer.

Remarks 1. fw: Watch timer clock frequency (fx/28 or fxT)
2. Figures in parentheses apply to operation with fw = 32.768 kHz.
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8.4 Watch Timer Operations

8.4.1 Watch timer operation

When the 32.768 kHz subsystem clock is used, the timer operates as a watch timer with a 0.5-second or 0.25-
second interval. In addition, when the 4.19 MHz main system clock is used, the timer can operate as a watch
timer with a 0.5-second or 1-second interval.

The watch timer sets the test input flag (WTIF) to 1 at a constant time interval. The standby state (STOP mode/
HALT mode) can be cleared by setting WTIF to 1.

When bit 2 (TMC22) of the watch timer mode control register (TMC2) is set to 0, the 5-bit counter is cleared
and the count operation stops.

For simultaneous operation of the interval timer, zero-second start can be achieved by setting TMC22 to 1 again
after setting TMC22 to 0 (maximum error: 26.2 ms when operated at 5.0 MHz).

8.4.2 Interval timer operation

The watch timer operates as an interval timer that generates interrupt requests repeatedly at an interval of the
preset count value.

The interval time can be selected using bits 4 to 6 (TMC24 to TMC26) of the watch timer mode control register
(TMC2).

Table 8-3. Interval Timer Interval Time

™26 | TMG25 | TMG24 Interval Time When Operated at When Operated at When Operated at
fx =5.0 MHz fx = 4.19 MHz fxr = 32.768 kHz
0 0 0 24 x 1/fw 819 us 978 us 488 us
0 0 1 2% x 1/fw 1.64 ms 1.96 ms 977 us
0 1 0 26 x 1/fw 3.28 ms 3.91 ms 1.95 ms
0 1 1 27 x 1/fw 6.55 ms 7.82 ms 3.91 ms
1 0 0 28 x 1/fw 13.1 ms 15.6 ms 7.81 ms
1 0 1 29 x 1/fw 26.2 ms 31.3 ms 15.6 ms
Other than above Setting prohibited

fx: Main system clock oscillation frequency
fxT: Subsystem clock oscillation frequency
fw: Watch timer clock frequency (fx/28 or fxt)
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9.1 Watchdog Timer Functions

The watchdog timer has the following functions.

* Watchdog timer
e |Interval timer

Caution Select the watchdog timer mode or the interval timer mode using the watchdog timer mode
register (WDTM) (the watchdog timer and interval timer cannot be used at the same time).

(1) Watchdog timer mode
This mode detects an inadvertent program loop. Upon detection of the program loop, a non-maskable

interrupt request or RESET can be generated.

Table 9-1. Watchdog Timer Program Loop Detection Time

Program Loop When Operated at Program Loop When Operated at
Detection Time fx = 5.0 MHz Detection Time fx = 5.0 MHz

2" x 1/fx 410 us 25 x 1/fx 6.55 ms

22 x 1/fx 819 us 218 x 1/fx 13.1 ms

213 x 1/fx 1.64 ms 2'7 x 1/fx 26.2 ms

2 x 1/fx 3.28 ms 219 x 1/fx 104.9 ms

fx: Main system clock oscillation frequency

(2) Interval timer mode

Interrupt requests are generated at the preset time intervals.

Table 9-2. Interval Time

Interval Time When Operated Interval Time When Operated at
at fx = 5.0 MHz fx = 5.0 MHz
22 x 1/fx 819 us 218 x 1/fx 13.1 ms
218 x 1/fx 1.64 ms 27 x 1/fx 26.2 ms
2™ x 1/fx 3.28 ms 28 x 1/fx 52.4 ms
2% x 1/fx 6.55 ms 220 x 1/fx 210 ms

fx: Main system clock oscillation frequency
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9.2 Watchdog Timer Configuration
The watchdog timer includes the following hardware.

Table 9-3. Watchdog Timer Configuration

Iltem Configuration

Control registers | Timer clock select register 2 (TCL2)
Watchdog timer mode register (WDTM)
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9.3 Watchdog Timer Control Registers
The following two registers are used to control the watchdog timer.

e Timer clock select register 2 (TCL2)
e Watchdog timer mode register (WDTM)

(1) Timer clock select register 2 (TCL2)
This register sets the watchdog timer count clock.
TCL2 is set with an 8-bit memory manipulation instruction.
RESET input sets TCL2 to 00H.

Remark Besides setting the watchdog timer count clock, TCL2 sets the watch timer count clock and
buzzer output clock.
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Figure 9-2. Format of Timer Clock Select Register 2

Symbol 7 6 5 4 3 2 1 0 Address After reset R/W
TCL2 |TCL27 | TCL26 | TCL25|TCL24| 0 |TCL22|TCL21|TCL20 FF42H 00H R/W
L] L]
Count clock selection

TeL22\TCL21| TCL20 Watchdog timer mode | Interval timer mode
0 0 | /2° (625 kHz) fx/2* (313 kHz)
0 1 fx/2* (313 kHz) fx/2° (156 kHz)
0 1 0 | /2° (156 kHz) fx/2° (78.1 kHz)
0 1 1 fx/2° (78.1 kHz) fx/2” (39.1 kHz)
1 0 0 | /2" (39.1 kHz) fx/2° (19.5 kHz)
1 0 1 fx/2® (19.5 kHz) fx/2° (9.8 kHz)
1 1 0 | f/2° (9.8 kHz) fx/2'° (4.9 kHz)
1 1 1 fx/2"" (2.4 kHz) fx/2'2 (1.2 kHz)

TCL24 | Watch timer count clock selection
0 | 2% (19.5 kHz)
1 fx (32.768 kHz)

TCL27 | TCL26 | TCL25| Buzzer output frequency selection
0 X Buzzer output disabled
1 0 0 | 2" (4.9 kHz)
1 0 1 fx/2"" (2.4 kHz)
1 1 0 | 2" (1.2kHz)
1 1 Setting prohibited

Note fx/28 must be selected as the watch timer count clock when using a main system clock of 1.25 MHz

170

or less and the VFD controller/driver.

Caution Changingthe countclock (rewriting TCL20 to TCL22) after watchdog timer operation has

started is prohibited.

Remarks 1.
2.
3.
4.

fx:  Main system clock oscillation frequency

fxT: Subsystem clock oscillation frequency
x: don’t care

Figures in parentheses apply to operation with fx = 5.0 MHz or fxt = 32.768 kHz.

User’'s Manual U11302EJ5V0UD




CHAPTER 9 WATCHDOG TIMER

(2) Watchdog timer mode register (WDTM)

This register sets the watchdog timer operating mode and enables/disables counting.

WDTM is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input sets WDTM to O0H.

Figure 9-3. Format of Watchdog Timer Mode Register

Symbol  <7> 6 5 4 3 2 1 0 Address After reset R/W
WDTM | RUN| 0 0 |WDTM4|WDTM3| O 0 0 FFFOH 00H R/W

WDTM4 | WDTM3

Watchdog timer operating mode selection

Note 1

Interval timer modeM°t?

0 X (Maskable interrupt request occurs upon
generation of an overflow.)

Watchdog timer mode 1

1 0 (Non-maskable interrupt request occurs
upon generation of an overflow.)

Watchdog timer mode 2

1 1 (Reset operation is activated upon
generation of an overflow.)

RUN Watchdog timer operation selection

Note 3

0 Count stop

1 Counter is cleared and counting starts.

Notes 1. Once set to 1, WDTM3 and WDTM4 cannot be cleared to 0 by software.
2. Starts operation as an interval timer as soon as RUN is set to 1.

3. Once setto 1, RUN cannot be cleared to 0 by software. Thus, once counting starts, it can only

be stopped by RESET input.

Cautions 1. When RUN is set to 1 so that the watchdog timer is cleared, the actual overflow time
is up to 0.5% shorter than the time set by timer clock select register 2 (TCL2).

2. When using watchdog timer mode 1 and 2, make sure that the interrupt request flag

(TMIF4) is set to 0 before setting WDTM4 to 1. If WDTM4 is set to 1 while TMIF4 is 1,

a non-maskable interrupt request occurs regardless of the contents of WDTMS3.

Remark x: don’t care
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9.4 Watchdog Timer Operations

9.4.1 Watchdog timer operation

When bit 4 (WDTM4) of the watchdog timer mode register (WDTM) is set to 1, the watchdog timer operates
to detect an inadvertent program loop.

The watchdog timer count clock (program loop detection time interval) can be selected using bits 0 to 2 (TCL20
to TCL22) of timer clock select register 2 (TCL2).

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 program loop detection 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 program loop detection time elapses, a 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 program loop detection time may be shorter than the set time by a maximum
of 0.5%.
2. When the subsystem clock is selected for the CPU clock, the watchdog timer count
operation is stopped.

Table 9-4. Watchdog Timer Program Loop Detection Time

TCL22 | TCL21 | TCL20 | Program Loop Detection Time fx = 5.0 MHz

0 0 0 2" x 1/fx 410 us

0 0 1 212 x 1/fx 819 us

0 1 0 23 x 1/fx 1.64 ms

0 1 1 2™ x 1/fx 3.28 ms

1 0 0 2" x 1/fx 6.55 ms

1 0 1 216 x 1/fx 13.1 ms

1 1 0 27 x 1/fx 26.2 ms

1 1 1 21 x 1/fx 105.0 ms

fx: Main system clock oscillation frequency
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9.4.2 Interval timer operation
The watchdog timer operates as an interval timer that generates interrupt requests repeatedly at intervals of

the preset count value when bit 4 (WDTM4) of the watchdog timer mode register (WDTM) is cleared to 0.

The count clock (interval time) can be selected by bits 0 to 2 (TCL20 to TCL22) of timer clock select register

2 (TCL2). By setting bit 7 (RUN) of WDTM to 1, the watchdog timer starts operation as an interval timer.

When the watchdog timer operates as an interval timer, the interrupt mask flag (TMMK4) and priority
specification flag (TMPR4) are validated and a maskable interrupt request (INTWDT) can be generated. Among
the maskable interrupt requests, INTWDT has the highest default priority.

The interval 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 interval timer and then execute the STOP instruction.

Cautions 1. Once bit4 (WDTM4) of WDTM is set to 1 (with the watchdog timer mode selected), the interval

timer mode is not set unless RESET input is applied.

2. The interval time just after setting by WDTM may be shorter than the set time by a maximum

of 0.5%.
3. When the subsystem clock is selected for the CPU clock, the watchdog timer count operation
is stopped.
Table 9-5. Interval Timer Interval Time
TCL22 | TCL21 | TCL20 Interval Time fx = 5.0 MHz
0 0 0 22 x 1/fx 819 us
0 0 1 23 x 1/fx 1.64 ms
0 1 0 2 x 1/fx 3.28 ms
0 1 1 215 x 1/fx 6.55 ms
1 0 0 216 x 1/fx 13.1 ms
1 0 1 217 x 1/fx 26.2 ms
1 1 0 218 x 1/fx 52.4 ms
1 1 1 220 x 1/fx 210.0 ms

fx: Main system clock oscillation frequency
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10.1 Clock Output Controller Functions

The clock output controller is used for carrier output during remote controlled transmission and clock output
for supply to a peripheral LSI. The clock selected by timer clock select register 0 (TCLO) is output from the PCL/
P35 pin.

Follow the procedure below to output clock pulses.

[1] Select the clock pulse output frequency (with clock pulse output disabled) using bits 0 to 3 (TCLOO to
TCLO03) of TCLO.

[2] Set the P35 output latch to 0.

[3] Set bit 5 (PM35) of port mode register 3 (PM3) to 0 (set to output mode).

[4] Set bit 7 (CLOE) of TCLO to 1.

Caution Clock output cannot be used when the P35 output latch is set to 1.

Remark When clock output enable/disable is switched, the clock output controller does not output pulses
with small widths (see the mark = in Figure 10-1).

Figure 10-1. Remote Controlled Output Application Example
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10.2 Clock Output Controller Configuration
The clock output controller includes the following hardware.

Table 10-1. Clock Output Controller Configuration

Item Configuration

Control registers | Timer clock select register 0 (TCLO)
Port mode register 3 (PM3)

Figure 10-2. Clock Output Controller Block Diagram

Selector

fx/2° ——— Synchronizing

to” circuit . © PCL/P35
Q

N

4
|
P35
CLOE|TCL03|TCL02|TCLO1|TCL0OO output PM35
latch

‘ ‘ Timer clock select register 0 Port mode register 3

S Internal bus S

10.3 Clock Output Function Control Registers
The following two registers are used to control the clock output function.

e Timer clock select register 0 (TCLO)
¢ Port mode register 3 (PM3)

(1) Timer clock select register 0 (TCLO)
This register sets the PCL output clock.
TCLO is set with a 1-bit or 8-bit memory manipulation instruction.

RESET input sets TCLO to O0H.

Remark Besides setting the PCL output clock, TCLO sets the 16-bit timer register count clock.
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Symbol <7>

TCLO

6

5

Figure 10-3. Format of Timer Clock Select Register 0

4

3

2

0

CLOE

TCLO6

TCLO5

TCLO4

TCLO3

TCLO2

TCLO1

TCLOO

I

Address

FF40H

After reset R/W

00H R/W

TCLO3

TCLO2

TCLO1

TCLOO | PCL output clock selection

0

0 | fxr(32.768 kHz)

1

1 fx/2° (625 kHz)

0 |#/2*(313kHz)

1 fx/2° (156 kHz)

- o | o

0 | 2°(78.1 kHz)

0
0
0
0

—_

1 fx/27 (39.1 kHz)

1

0

0 |2 (19.5kHz)

Other than above

Setting prohibited

TCLO6

TCLO5

TCLO4

16-bit timer register count clock
selection

0

TIO (valid edge specifiable)

0

1

fx (5.0 MHz)

1

fx/2 (2.5 MHz)

0
0
0
0

1

0
1

fx/2% (1.25 MHz)

—_

0

0

fx/2° (625 kHz)

Other than above

Setting prohibited

176

Cautions 1.

Remarks 1.

2,

3.
4.
5

The TIO/POO/INTPO pin valid edge is set by the external interrupt mode register
(INTMO), and the sampling clock frequency is selected by the sampling clock select

register (SCS).

When enabling PCL output, set TCL0O0 to TCL03, then set CLOE to 1 with a 1-bit

CLOE

PCL output control

0

Output disabled

1

Output enabled

memory manipulation instruction.

Toread the countvalue when TI0 has been specified as the TMO count clock, the value

should be read from TMO, not from the 16-bit capture register (CR01).

If TCLO is to be rewritten with data other than identical data, the timer operation must

be stopped first.

fx:  Main system clock oscillation frequency
fxt: Subsystem clock oscillation frequency
TI0: 16-bit timer/event counter input pin
TMO: 16-bit timer register
Figures in parentheses apply to operation with fx = 5.0 MHz or fxt = 32.768 kHz.
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(2) Port mode register 3 (PM3)
This register sets port 3 input/output in 1-bit units.
When using the P35/PCL pin for clock output, set PM35 and the output latch of P35 to 0.
PM3 is set with a 1-bit or 8-bit memory manipulation instruction.

RESET input sets PM3 to FFH.

Symbol

Figure 10-4. Format of Port Mode Register 3

PM3

7 6 5 4 3 2 1 0 Address After reset R/W
PM37 | PM36 | PM35 | PM34 | PM33 | PM32 | PM31 | PM30 FF23H FFH R/W
\ \ \ \ \ \ \ |
PM3n| P3n pin I/O mode selection (n=0to 7)

Output mode (output buffer on)

Input mode (output buffer off)
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11.1 Buzzer Output Controller Functions

The buzzer output controller outputs a 1.2 kHz, 2.4 kHz, or 4.9 kHz frequency square wave. The buzzer
frequency selected by timer clock select register 2 (TCL2) is output from the BUZ/P36 pin.
Follow the procedure below to output the buzzer frequency.

[1] Select the buzzer output frequency using bits 5 to 7 (TCL25 to TCL27) of TCL2.

[2] Set the P36 output latch to 0.

[3] Set bit 6 (PM36) of port mode register 3 (PM3) to 0 (set to output mode).

Caution Buzzer output cannot be used when the P36 output latch is set to 1.
11.2 Buzzer Output Controller Configuration

The buzzer output controller includes the following hardware.

Table 11-1. Buzzer Output Controller Configuration

Item Configuration

Control registers | Timer clock select register 2 (TCL2)
Port mode register 3 (PM3)

Figure 11-1. Buzzer Output Controller Block Diagram

/20— 5
11 ©
f></212 % BUZ/P36
fx2®—> »
3
I
P36
[TCL27[TCL26[TCL25| output PM36
latch
Timer clock select Port mode register 3
register 2

S Internal bus S
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11.3 Buzzer Output Function Control Registers
The following two registers are used to control the buzzer output function.

e Timer clock select register 2 (TCL2)
¢ Port mode register 3 (PM3)

(1) Timer clock select register 2 (TCL2)
This register sets the buzzer output frequency.
TCL2 is set with an 8-bit memory manipulation instruction.
RESET input sets TCL2 to O0H.

Remark Besides setting the buzzer output frequency, TCL2 sets the watch timer count clock and the
watchdog timer count clock.

User's Manual U11302EJ5V0UD 179



CHAPTER 11
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Figure 11-2. Format of Timer Clock Select Register 2

Symbol 7 6 5 4 3 2 1 0 Address After reset R/W
TCL2 | TCL27 | TCL26 | TCL25| TCL24 0 TCL22 | TCL21 | TCL20 FF42H O0OH R/W
L1 ] L1 ]
Count clock selection
ToL22\TCL21) TCL20 Watchdog timer mode | Interval timer mode
0 0 | fx/2°® (625 kHz) fx/2* (313 kHz)
0 0 1 fx/2* (313 kHz) x/2° (156 kHz)
0 1 0 | x2° (156 kHz) fx/2° (78.1 kHz)
0 1 1 fx/2° (78.1 kHz) x/2” (39.1 kHz)
1 0 0 | fx2” (39.1 kHz) fx/2° (19.5 kHz)
1 0 1 fx/2° (19.5 kHz) x/2° (9.8 kHz)
1 1 0 | 2% (9.8 kHz) x/2'° (4.9 kHz)
1 1 1| 2" (2.4 kHz) fx/2"2 (1.2 kHz)
TCL24 | Watch timer count clock selection
0 | 2% (19.5kHz)
1 fxt (32.768 kHz)
TCL27 | TCL26 | TCL25| Buzzer output frequency selection
0 X X Buzzer output disabled
1 0 0 | 2" (4.9 kHz)
1 0 1 fx/2"" (2.4 kHz)
1 1 0 | 2" (1.2kHz)
1 1 1 Setting prohibited
Cautions 1. Be sure to stop operation of the watch timer or buzzer to be changed before rewriting
TCL2 (stopping operation is not necessary when rewriting the same data).
The operation is stopped by the following methods.
e Buzzer output: Input 0 to bit 7 (TCL27) of TCL2
e Watch timer:  Input 0 to bit 2 (TMC22) of the watch timer mode control register
(TMC2)
2. Changing the count clock (rewriting TCL20 to TCL22) after watchdog timer operation
has started is prohibited.
Remarks 1. fx: Main system clock oscillation frequency
2. fxm: Subsystem clock oscillation frequency
3. x: don'’t care
4. Figures in parentheses apply to operation with fx = 5.0 MHz or fxt = 32.768 kHz.

180

User’'s Manual U11302EJ5V0UD




CHAPTER 11

BUZZER OUTPUT CONTROLLER

(2) Port mode register 3 (PM3)
This register sets port 3 input/output in 1-bit units.
When using the P36/BUZ pin for buzzer output, set PM36 and the output latch of P36 to 0.
PM3 is set with a 1-bit or 8-bit memory manipulation instruction.

RESET input sets PM3 to FFH.

Symbol
PM3

Figure 11-3. Format of Port Mode Register 3

7 6 5 4 3 2 1 0 Address After reset R/W
PM37 | PM36 | PM35 | PM34 | PM33| PM32 | PM31 | PM30 FF23H FFH R/W
\ \ \ \ \ \ \ |
PM3n| P3n pin I/O mode selection (n =0 to 7)

Output mode (output buffer on)

Input mode (output buffer off)
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CHAPTER 12 A/D CONVERTER

12.1 A/D Converter Functions

The A/D converter converts an analog input into a digital value. It consists of 8 channels (ANIO to ANI7) with
an 8-bit resolution.

The conversion method is based on successive approximation and the conversion result is held in the 8-bit
A/D conversion result register (ADCR).

A/D conversion can be started in the following two ways.

(1) Hardware start
Conversion is started by trigger input (INTP3).

(2) Software start
Conversion is started by setting the A/D converter mode register (ADM).

Select one channel of analog input from ANIO to ANI7 and carry out A/D conversion. Inthe case of a hardware
start, when A/D conversion finishes, the A/D converter stops and an interrupt request (INTAD) is generated. In
the case of a software start, the A/D conversion operation is repeated. Each time an A/D conversion operation
ends, an interrupt request (INTAD) is generated.

12.2 A/D Converter Configuration

The A/D converter includes the following hardware.

Table 12-1. A/D Converter Configuration

Item Configuration

Analog input 8 channels (ANIO to ANI7)

Control registers | A/D converter mode register (ADM)
A/D converter input select register (ADIS)

Registers Successive approximation register (SAR)
A/D conversion result register (ADCR)

182 User's Manual U11302EJ5V0UD



CHAPTER 12 A/D CONVERTER

Figure 12-1. A/D Converter Block Diagram

g Internal bus g

iE A/D converter input select register

ADIS3|ADIS2|ADIS1|ADISO

l . I |
4 Series resistor string
fm ;
ANIO/P10 ©—~ b ——0© AVop
I | I
ANIT/P11 © E © Sample & hold circuit i | i
ANIRIPI2 O 2 % comor (21
B o | |
ANIZP1S ©— 8 g Lo T R : AVrer
ANI4/P14 ©— z S ! ! o |
| @ |
ANI5/P15 ©—= | AVSS%_T ! AR
ANI6/P16 ©—~ ] ! Successive L |
,,,,,,,,,,,,,, !
ANI7/P17 ©— approximation ! } !
% register (SAR) ! \ : AVss
3 |
ADM1 to ADM3 1
Falling edge
O——
INTP3/P03 detector Di Controller [ INTAD
INTP3
Trigger
enable 3
A/D conversion
CS | TRG | FR1 | FRO |[ADM3|ADM2|ADM1 result register
(ADCR)
A/D converter mode register i iL
S Internal bus (

Notes 1. Selector to select the number of channels to be used for analog input
2. Selector to select the channel for A/D conversion
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(1)

(2)

(3)

4

)

(6)

184

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 the A/D conversion result register (ADCR).

A/D conversion result register (ADCR)

This register holds the A/D conversion result. Each time A/D conversion ends, the conversion result is
loaded from the successive approximation register (SAR).

ADCR is read with an 8-bit memory manipulation instruction.

RESET input makes ADCR undefined.

Sample & hold circuit

The sample & hold circuit samples each analog input signal sequentially applied from the input circuit
and sends it to the voltage comparator. This circuit holds the sampled analog input voltage value during
A/D conversion.

Voltage comparator
The voltage comparator compares the analog input with 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
with the analog input.

ANIO to ANI7 pins

These are 8-channel analog input pins used to input the analog signals to undergo A/D conversion to
the A/D converter.

Except for the analog input pins selected by the A/D converter input select register (ADIS), these pins
can be used as /O port pins.

Cautions 1. Use ANIO to ANI7 input voltages within the specified range. If a voltage higher than
or equal to AVrer or lower than or equal to AVss is applied (even if within the absolute
maximum ratings), the converted value of the corresponding channel becomes
undefined and may adversely affect the converted values of other channels.

2. The analog input pins ANIO to ANI7 also function as I/O port (port 1) pins. Pins used

as analog inputs should be set to the input mode. When A/D conversion is
performed with any of pins ANIO to ANI7 selected, be sure not to execute an
instruction that inputs data to port 1 while conversion is in progress, as this may
reduce the conversion resolution.
Also, if digital pulses are applied to a pin adjacent to the 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 pins adjacent to the pin
undergoing A/D conversion.
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(7) AVREeF 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 approximately 10 kQ is connected between the AVrer pin and
the AVss pin. Therefore, if the output impedance of the reference voltage source is high,
this will result in series connection to the series resistor string between the AVrer pin
and the AVss pin, and there will be a large reference voltage error.

(8) AVss pin
Ground potential pin of the A/D converter. It must be at the same level as the Vss pin even if the A/D
converter is not used.

(9) AVop pin

Analog power supply pin of the A/D converter. It must be at the same level as the Voo pin even if the
A/D converter is not used.
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12.3 A/D Converter Control Registers

The following two registers are used to control the A/D converter.

e A/D converter mode register (ADM)
* A/D converter input select register (ADIS)

(1) A/D converter mode register (ADM)

This register sets the analog input channel for A/D conversion, conversion time, conversion start/stop,
and external trigger.

ADM is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input sets ADM to 01H.
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Figure 12-2. Format of A/D Converter Mode Register

Symbol 7. 6> 5 4 3 2 1 0  Address Afterreset R/W

ADM CS | TRG | FR1 | FRO |ADM3|ADM2|ADM1| 1 FF80H 01H R/W

ADM3 [ADM2 | ADM1 | Analog input channel selection
0 0 0 ANIO
0 0 1 AN
0 1 0 ANI2
0 1 1 ANI3
1 0 0 ANI4
1 0 1 ANI5
1 1 0 ANI6
1 1 1 ANI7

A/D conversion time selectionNote !

FR1 FRO
When operated at fx = 5.0 MHz When operated at fx = 4.19 MHz
0 0 160/fx (32.0 us) 160/fx (38.1 us)
0 1 80/fx (setting prohibitedNete 2) 80/fx (19.1 us)
1 0 200/fx (40.0 us) 200/fx (47.7 us)
1 1 Setting prohibited

TRG | External trigger selection

0 No external trigger (software start mode)

1 Conversion started by external trigger (hardware start mode)

CSs A/D conversion operation control

0 Operation stop

1 Operation start

Notes 1. Set so that the A/D conversion time is 19.1 us or more.
2. Setting prohibited because the A/D conversion time is less than 19.1 us.

Cautions 1. Bit 0 must be set to 1.

2. Inorder toreduce the power consumption of the A/D converter when the standby
function is working, clear bit 7 (CS) of this register to 0 to stop the A/D conversion
operation before executing the HALT or STOP instruction.

3. When restarting a stopped A/D conversion operation, start the A/D conversion
operation after clearing the interrupt request flag (ADIF) to 0.

Remark fx: Main system clock oscillation frequency
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(2) A/D converter input select register (ADIS)
This register determines whether the ANI0/P10to ANI7/P17 pins should be used for analog input channels
or ports. The pins that are not selected for analog input pins can be used as 1/O port pins.
ADIS is set with an 8-bit memory manipulation instruction.
RESET input sets ADIS to O0H.

Cautions 1. Set the analog input channel using the following procedure.
[1] Set the number of analog input channels using ADIS.
[2] Using the A/D converter mode register (ADM), select the channel to undergo A/
D conversion among the channels which were set to analog input using ADIS.
2. No internal pull-up resistor can be connected to the channels set to analog input
using ADIS, irrespective of the value of bit 1 (PUO1) of the pull-up resistor option
register (PUO).

Figure 12-3. Format of A/D Converter Input Select Register

Symbol 7 6 5 4 3 2 1 0 Address Afterreset  R/W
ADIS 0 0 0 0 |ADIS3|ADIS2|ADIS1|ADISO| FF84H 00H R/W
\ [ [ \
\— ADIS3|ADIS2 | ADIS1|ADISO Analog input channel count selection
0 0 0 0 No analog input channels (P10 to P17)
0 0 0 1 1 channel (ANIO, P11 to P17)
0 0 1 0 2 channels (ANIO, ANI1, P12 to P17)
0 0 1 1 3 channels (ANIO to ANI2, P13 to P17)
0 1 0 0 4 channels (ANIO to ANI3, P14 to P17)
0 1 0 1 5 channels (ANIO to ANI4, P15 to P17)
0 1 1 0 6 channels (ANIO to ANI5, P16, P17)
0 1 1 1 7 channels (ANIO to ANI6, P17)
1 0 0 0 8 channels (ANIO to ANI7)
Other than above Setting prohibited
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12.4 A/D Converter Operations

12.4.1 Basic operations of A/D converter

(1]
(2]

(3]
(4]

(5]

(6]

(7]

(8l
)

Set the number of analog input channels using the A/D converter input select register (ADIS).

From among the analog input channels set by ADIS, select the channel for A/D conversion using the A/
D converter mode register (ADM).

The sample & hold circuit samples the voltage input to the selected analog input channel.

Sampling for the specified period of time sets the sample & hold circuit to the hold state so that the circuit
holds the input analog voltage until the end of A/D conversion.

Bit 7 of the successive approximation register (SAR) is set. The tap selector sets the series resistor string
voltage tap to (1/2) AVREr.

The voltage difference between the series resistor string voltage tap and analog input is compared by
the voltage comparator. If the analog input is larger than (1/2) AVrer, the MSB of the SAR remains set.
If the input is smaller than (1/2) AVrer, the MSB is reset.

Next, bit 6 of the SAR is automatically set and the operation proceeds to the next comparison. In this
case, 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

e Bit7 =0: (1/4) AVRer

The voltage tap and analog input voltage are compared and bit 6 of the SAR is manipulated using the
result as follows.

* Analog input voltage > Voltage tap: Bit 6 = 1

* Analog input voltage < Voltage tap: Bit6 =0

Comparison of this sort continues up to bit 0 of the SAR.

Upon completion of the comparison of 8 bits, an effective digital result value remains in the SAR and the
result value is transferred to and latched in the A/D conversion result register (ADCR).

At the same time, the A/D conversion end interrupt request (INTAD) can also be generated.

User's Manual U11302EJ5V0UD 189



CHAPTER 12 A/D CONVERTER

A/D converter
operation

SAR

ADCR

INTAD

Figure 12-4. Basic Operation of A/D Converter

Conversion

Sampling time

time

Sampling A/D conversion
Un- 80H CgH Conversion
defined 40|r_| result
\
Conversion
result

A/D conversion operations are performed continuously until bit 7 (CS) of ADM is reset (0) by software.
If a write to ADM is performed during an A/D conversion operation, the conversion operation is initialized,
and if CS is set (1), conversion starts again from the beginning.
RESET input makes ADCR undefined.
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12.4.2 Input voltage and conversion results

The relationship between the analog input voltage input to the analog input pins (ANIO to ANI7) and the A/
D conversion result (the value stored in the A/D conversion result register (ADCR)) is shown by the following
expression.

VIN
ADCR = INT( x 256 + 0.5)
REF
or
AVREF AVREF
(ADCR - 0.5) x < ViN < (ADCR + 0.5) x
256 256

Remark INT ( ): Function which returns the integer part of the value in parentheses
Vin: Analog input voltage
AVRer: AVRer pin voltage
ADCR: A/D conversion result register (ADCR) value

Figure 12-5 shows the relationship between the analog input voltage and the A/D conversion result.

Figure 12-5. Relationship Between Analog Input Voltage and A/D Conversion Result

256 — 1 [ 7"~
254 —— T [ 7"~
253 coopmee
A/D A T
conversion 1 1 1 1 1 1 1 H 1 1 1 1 1 1
results 0 &
(ADCR) 3 e
2 ,,,,,,,
1 ,,,,,,,
0 ,,,,,,,
1 1 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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12.4.3 A/D converter operating mode

Selectone analog input channel from among ANIO to ANI7 using the A/D converter input select register (ADIS)
and A/D converter mode register (ADM) and start A/D conversion.

A/D conversion can be started in the following two ways.

* Hardware start: Conversion is started by trigger input (INTP3).
e Software start: Conversion is started by setting ADM.

The A/D conversion result is stored in the A/D conversion result register (ADCR) and the interrupt request
signal (INTAD) is simultaneously generated.

(1) A/D conversion by hardware start
When bit 6 (TRG) and bit 7 (CS) of the A/D converter mode register (ADM) are setto 1, the A/D conversion
standby state is set. When the external trigger signal (INTP3) is input, A/D conversion starts on the
voltage applied to the analog input pins specified by bits 1 to 3 (ADM1 to ADM3) of ADM.
At the end of A/D conversion, the conversion result is stored in the A/D conversion result register (ADCR)
and the interrupt request signal (INTAD) is generated. After one A/D conversion operation is started
and terminated, another operation is not started until a new external trigger signal is input.
If data with CS set to 1 is written to ADM again during A/D conversion, the converter suspends its A/D
conversion operation 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 data with CS set to 0 is written to ADM during A/D conversion, the A/D conversion operation stops
immediately.

Figure 12-6. A/D Conversion by Hardware Start

LU L] oUu

ADM rewrite ADM rewrite
CS=1, TRG = 1 CS=1, TRG = 1
A/D conversion Standby ANIn | ANIn [SEndey[ AN Standby ANIm | ANIm | ANIm
state state state

N RN N RN
MR 0 R

ADCR >< ANIn >< ANIn > ANIn >< ANIm >< ANIm

N

11T LI

Remark n =0,1,..,7
m =0,1,..,7
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(2) A/D conversion by software start
When bit 6 (TRG) and bit 7 (CS) of the A/D converter mode register (ADM) are setto 0 and 1, respectively,
A/D conversion starts on the voltage applied to the analog input pins specified by bits 1 to 3 (ADM1 to
ADMS3) of ADM.
At the end of A/D conversion, the conversion result is stored in the A/D conversion result register (ADCR)
and the interrupt request signal (INTAD) is generated. After one A/D conversion operation is started and
terminated, the next A/D conversion operation starts immediately. A/D conversion continues repeatedly
until new data is written to ADM.
If data with CS set to 1 is written to ADM again during A/D conversion, the converter suspends its A/D
conversion operation and starts A/D conversion on the newly written data.
If data with CS set to 0 is written to ADM during A/D conversion, the A/D conversion operation stops

immediately.
Figure 12-7. A/D Conversion by Software Start
Conversion start ADM rewrite ADM rewrite
CS=1,TRG=0 CS=1,TRG=0 CS=0,TRG=0
A/D conversion ANIn ANIn ANIn ANIm ANIm

"
Conversion suspended
Conversion results *— Stop
are not stored
ADCR >< ANIn >< ANIn >< ANIm

INTAD

Remark n =0,1,..,7
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12.5 A/D Converter Precautions

(1) Power consumption in standby mode
The A/D converter operates on the main system clock. Therefore, its operation stops in STOP mode or
in HALT mode with the subsystem clock. As a current still flows in the AVRer pin at this time, this current
must be cut in order to minimize the overall system power consumption.
In this example, the power consumption can be reduced if a low level is output to the output port in the
standby mode. However, the actual AVREF voltage is not so accurate and, accordingly, the converted
value is not accurate and should be used for relative comparison only.

Figure 12-8. Example of Method of Reducing Power Consumption in Standby Mode

Vop
Output port
AVRer
AVRer = Vob
Series resistor string
AVss

1 PD780205A
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(2)

(3)

(4)

)

Input range of ANIO to ANI7

The input voltages of ANIO to ANI7 should be within the specification range. In particular, if a voltage
greater than or equal to AVRrer or less than or equal to AVss is input (even if within the absolute maximum
rating range), the conversion value for that channel will be undefined, and the conversion values of the
other channels may also be affected.

Noise countermeasures

In order to maintain 8-bit resolution, attention must be paid to noise on the AVrer and ANIO to ANI7 pins.
Since the effect increases in proportion to the output impedance of the analog input source, it is
recommended that a capacitor be connected externally as shown in Figure 12-9 in order to reduce noise.

Figure 12-9. Analog Input Pin Processing

If there is possibility that noise whose
level is AVrer or higher or AVss or lower may enter,
clamp with a diode with a small VF (0.3 V or less).

Reference AVrer

voltage input O '/
+ AVRer

j_ ANIO to ANI7
C=100to -

1000 pF 71; Voo

AVoo

AVss

Vss

Pins ANIO/P10 to ANI7/P17

The analog input pins ANIO to ANI7 also function as 1/0O port (port 1) pins.

Pins used as analog inputs should be set to the input mode.

When A/D conversion is performed with any of pins ANIO to ANI7 selected, be sure not to execute an
instruction that inputs data to port 1 while conversion is in progress, as this may reduce the conversion
resolution.

Also, if digital pulses are applied to a pin adjacent to the 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 pins adjacent to the pin undergoing A/D conversion.

AVREer pin input impedance

A series resistor string of approximately 10 kQ is connected between the AVrer pin and the AVss pin.
Therefore, if the output impedance of the reference voltage source is high, this will result in series
connection to the series resistor string between the AVrer pin and the AVss pin, and there will be a large
reference voltage error.
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(6) Interrupt request flag (ADIF)
The interrupt request flag (ADIF) is not cleared even if the A/D converter mode register (ADM) is changed.
Therefore, if an analog input pin is changed during A/D conversion, the A/D conversion result for the
analog input before changing and ADIF may be set immediately before rewriting ADM. In this case, if
ADIF is read immediately after the rewriting of ADM, ADIF is set despite the fact that A/D conversion of
the analog input after changing has not been completed (refer to Figure 12-10).
When A/D conversion is stopped, ADIF must be cleared before restarting.

Figure 12-10. A/D Conversion End Interrupt Request Generation Timing

ADM rewrite ADM rewrite ADIF is set but ANIm
(start of ANIn conversion) (start of ANIm conversion) conversion has not ended

ANIm ANIm

|
A/D conversion ANIn ANIn |
|

ADCR X ANIn X

INTAD
Remark n =0,1,...,7
m=0,1,..,7
(7) AVop pin
The AVop pin is the analog circuit power supply pin, and supplies power to the input circuits of ANIO/P10
to ANI7/P17.

Therefore, be sure to apply the voltage at the same level as Vob as shown in Figure 12-11 even in an
application where the power supply is switched to the back-up power supply.

Figure 12-11. AVobp Pin Connection

N AVRer

Main power supply — Back up AVeo
T capacitor
. Vss
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CHAPTER 13 SERIAL INTERFACE CHANNEL 0

The uPD780208 Subseries incorporates two clocked serial interface channels.
The differences between channels 0 and 1 are as follows (refer to CHAPTER 14 SERIAL INTERFACE CHANNEL

1 for details of serial interface channel 1).

Table 13-1.

Differences Between Channels 0 and 1

Serial Transfer Mode

Channel 0

Channel 1

3-wire serial /0 | Clock selection

clock, TO2 output

fx/22, £x/23, tx/24, x/25, tx/28,
fx/27, £x/28, fx/2°, external

fx/22, £x/23, tx/24, x/25, fx/28,
fx/27, £x/28, 1x/2°, external
clock, TO2 output

Transfer method

MSB/LSB switchable as
the start bit

MSB/LSB switchable as
the start bit

Automatic transmit/
receive function

Transfer end flag

request flag (CSIIF0)

Serial transfer end interrupt

Serial transfer end interrupt
request flag (CSIIF1)

SBI (serial bus interface)

Use possible

2-wire serial I/0

None
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13.1 Functions of Serial Interface Channel 0

Serial interface channel 0 has the following four modes.

Table 13-2. Modes of Serial Interface Channel 0

Operation Mode

Pins Used

Features

Usage

Operation stop
mode

Used when serial transfer is not carried out.
Power consumption can be reduced.

3-wire serial 1/0

SCKO (serial clock),

Input and output lines are independent and

mode SO0 (serial output), they can transfer/receive at the same time,
SI0 (serial input) so the data transfer processing time is short.
The start bit of 8-bit data to undergo serial
transfer is switchable between MSB and LSB.
SBI mode SCKO (serial clock), Enables configuration of serial bus with two

SBO or SB1 (serial
data bus)

signal lines, thus, even when connected to
some microcontrollers, the number of ports
can be cut and the wiring on the board
reduced.

High-speed serial interface complying with
the NEC Electronics standard bus format.
Address, command, and data information
sent on the serial bus

The wakeup function for handshake and
acknowledge and busy signal output function
can also be used.

2-wire serial 1/0
mode

SCKO (serial clock),
SBO or SB1 (serial
data bus)

Can cope with any data transfer format by
program. Thus, the handshake lines
previously necessary for connection of two or
more devices can be removed.

These modes are used
for connection of
peripheral ICs and
display controllers that
incorporate a clocked
serial interface.

Caution Do not change the operation mode (3-wire serial 1/0, 2-wire serial 1/0, or SBI) while the
operation of serial interface channel 0 is enabled. Stop the serial operation before changing

the operation mode.
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13.2 Configuration of Serial Interface Channel 0
Serial interface channel 0 includes the following hardware.

Table 13-3. Configuration of Serial Interface Channel 0

Iltem Configuration

Registers Serial /O shift register 0 (SIO0)
Slave address register (SVA)

Control registers | Timer clock select register 3 (TCL3)

Serial operating mode register 0 (CSIMO)
Serial bus interface control register (SBIC)
Interrupt timing specification register (SINT)
Port mode register 2 (PM2)Nete

Note Referto Figure 4-5 Block Diagram of P20, P21, P23
to P26 and Figure 4-6 Block Diagram of P22 and
P27.
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Figure 13-1. Block Diagram of Serial Interface Channel 0
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CHAPTER 13 SERIAL INTERFACE CHANNEL 0

(1)

(2)

(3)

4

)

Serial I/0 shift register 0 (S100)

This is an 8-bit register used to carry out parallel/serial conversion and serial transmission/reception (shift
operations) in synchronization with the serial clock.

SIOO0 is set with an 8-bit memory manipulation instruction.

When bit 7 (CSIEOQ) of serial operating mode register 0 (CSIMO) is 1, writing data to SIOO0 starts serial
operation.

In transmission, data written to SIOO0 is output to the serial output (SOO0) or serial data bus (SB0/SB1).
In reception, data is read from the serial input (SI0) or SB0/SB1 to SIOO0.

The bus configuration in SBI mode and 2-wire serial I/O mode enables the pin to function as both an input
and output pin. Thus, when a device is receiving, write FFH to SIOO0 in advance (except when address
reception is carried out by setting bit 5 (WUP) of CSIMO to 1).

In the SBI mode, the busy state can be cleared by writing data to SIO0. In this case, bit 7 (BSYE) of
the serial bus interface control register (SBIC) is not cleared to 0.

RESET input makes SIO0 undefined.

Slave address register (SVA)

This is an 8-bit register used to set the slave address value for connection of a slave device to the serial
bus. This register is not used in the 3-wire serial I/O mode.

SVA is set with an 8-bit memory manipulation instruction.

The master device outputs a slave address to the connected slave devices for selection of a particular
slave device. These two data (the slave address output from the master device and the SVA value) are
compared by the address comparator. If they match, the slave device has been selected. In that case,
bit 6 (COIl) of serial operating mode register 0 (CSIMO0) becomes 1.

Address comparison can also be executed on the data of the LSB-masked higher 7 bits by setting bit
4 (SVAM) of the interrupt timing specification register (SINT) to 1.

If no matching is detected in address reception, bit 2 (RELD) of the serial bus interface control register
(SBIC) is cleared to 0. The wakeup function can be used by setting bit 5 (WUP) of CSIMO to 1. In this
case, the interrupt request signal (INTCSIO) is generated only when the slave address output by the
master matches the value of SVA, and it can be ascertained by this interrupt request that the master is
requesting communication. If bit 5 (SIC) of the interrupt timing specification register (SINT) is set to 1,
the wakeup function cannot be used even if WUP is setto 1 (an interrupt request signal is generated when
bus release is detected). To use the wakeup function, clear SIC to 0.

Further, an error can be detected by using SVA when the device transmits data as a master or slave device
in the SBI or 2-wire serial 1/0 mode.

RESET input makes SVA undefined.

SO0 latch
This latch holds the S10/SB0/P25 and SO0/SB1/P26 pin levels. It can be directly controlled by software.
In the SBI mode, this latch is set at the end of the 8th serial clock.

Serial clock counter
This counter counts the serial clocks to be output and input during transmission/reception and checks
whether 8-bit data has been transmitted/received.

Serial clock controller

This circuit controls serial clock supply to serial I/O shift register 0 (SIO0). When the internal system
clock is used, the circuit also controls clock output to the SCK0/P27 pin.
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(6)

0]

(8)

202

Interrupt request signal generator
This circuit controls interrupt request signal generation. It generates an interrupt request signal in the
following cases.

* In the 3-wire serial /0 mode and 2-wire serial /0 mode
This circuit generates an interrupt request signal every eight serial clocks.

* In the SBI mode
When WUPNete js O ....... Generates an interrupt request signal every eight serial clocks.
When WUPNete js 1 ... Generates an interrupt request signal when the serial 1/0O shift register 0
(S100) value matches the slave address register (SVA) value after address
reception.

Note WUP isthe wakeup function specification bit. Itis bit 5 of serial operating mode register 0 (CSIMO).
To use the wakeup function (WUP = 1), clear bit 5 (SIC) of the interrupt timing specification register
(SINT) to 0.

Busy/acknowledge output circuit and bus release/command/acknowledge detector
These two circuits output and detect various control signals in the SBI mode.
These do not operate in the 3-wire serial I/O mode and 2-wire serial 1/0 mode.

P27 output latch

This latch generates a serial clock by software at the end of eight serial clocks.
When using serial interface channel 0, set the P27 output latch to 1.

RESET input sets the latch to 0.
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13.3

Control Registers of Serial Interface Channel 0

The following four registers are used to control serial interface channel 0.

Timer clock select register 3 (TCL3)

Serial operating mode register 0 (CSIMO)
Serial bus interface control register (SBIC)
Interrupt timing specification register (SINT)

(1) Timer clock select register 3 (TCL3) (See Figure 13-2.)

(2

This register sets the serial clock of serial interface channel 0.
TCL3 is set with an 8-bit memory manipulation instruction.
RESET input sets TCL3 to 88H.

Remark Besides setting the serial clock of serial interface channel 0, TCL3 sets the serial clock of serial
interface channel 1.

Serial operating mode register 0 (CSIMO) (See Figure 13-3.)

This register sets the serial interface channel 0 serial clock, operating mode, operation enable/stop
wakeup function and displays the address comparator match signal.

CSIMO is set with a 1-bit or 8-bit memory manipulation instruction.

RESET input sets CSIMO to 00H.

Caution Do not change the operation mode (3-wire serial /0, 2-wire serial I/0, or SBI) while the
operation of serial interface channel 0 is enabled. Stop the serial operation before
changing the operation mode.

User's Manual U11302EJ5V0UD 203



CHAPTER 13 SERIAL INTERFACE CHANNEL 0

Figure 13-2. Format of Timer Clock Select Register 3

Symbol 7 6 5 4 3 2 1 0 Address After reset R/W
TCL3 | TCL37 | TCL36 | TCL35|TCL34 | TCL33 | TCL32 | TCL31 | TCL30 FF43H 88H R/W
Serial interface channel 0
TCL33|TCL32 | TCL31 | TCL30 serial clock selection

1 1 0 | 2% (1.25 MHz)
0 1 1 1| #x/2° (625 kHz)
1 0 0 0 |/2*(313kHz)
1 0 0 1 | #x/2° (156 kHz)
1 0 1 0 | /2% (78.1 kHz)
1 0 1 1 fx/27 (39.1 kHz)
1 1 0 0 | 2% (19.5kHz)
1 1 0 1| t/2° (9.8 kHz)

Other than above Setting prohibited
Serial interface channel 1
TCL37 | TCL36 | TCL35 | TCL34 serial clock selection

0 1 1 0 | #2®(1.25 MHz)

1 1 1| #x/2° (625 kHz)
1 0 0 0 |#/2*(313kHz)
1 0 0 1 | #x/2° (156 kHz)
1 0 1 0 | fx2°(78.1 kHz)
1 0 1 1 fx/27 (39.1 kHz)
1 1 0 0 | 2% (19.5kHz)
1 1 0 1| tx/2° (9.8 kHz)

Other than above Setting prohibited
Caution If TCL3 is to be rewritten with data other than identical data, stop the serial transfer
first.
Remarks 1. fx: Main system clock oscillation frequency
2. Figures in parentheses apply to operation with fx = 5.0 MHz.
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Symbol
CSIMO

R/W

R/W

R/W

R/W

Figure 13-3. Format of Serial Operating Mode Register 0

<7><6><5> 4 3 2 1 O Address Afterreset  R/W
CSIM [CSIM [CSIM [CSIM |CSIM
(CSIE0| COI \WUPI® ™ ™03 | 02 | 01 | 00 FF60H O00H R/wyhete 1
CSIM CSIM Serial interface channel 0 clock selection
01 | 00
0 X Input clock to SCKO pin from off-chip
1 0 8-bit timer register 2 (TM2) output
1 1 Clock specified with bits 0 to 3 of timer clock select register 3 (TCL3)
CSIM|CSIM|CSIM pM2s P25 | Pvosl Pos | P27l Po7 Operating Strflrt .SIO/P2§ SOO/P?6 $CKO/P?7
04 | 03 | 02 mode bit pin function pin function pin function
0 3-wire serial MSB SlQNote 2 SO0 SCKO
0| x 1| x| 0] 0] 0] 1 1/0 mode (input) (CMOS output) | (CMOS 1/0)
1 LSB
Note 3| Note 3 SBI mode MSB P25 SB1 SCKO
0 X X 0 0 0 1 (CMOS 1/0) |(N-ch open-drain| (CMOS 1/0)
1/0)
1 0
Note 3|Note 3 SBO P26
1 0 0 X X 0 1 (N-ch open-drain| (CMOS I/0)
1/0)
Note 3| Note 3 2-wire serial MSB P25 SB1 SCKO
0 X X 0 0 0 1 1/0 mode (CMOS 1/0) | (N-ch open-drain|(N-ch open-drain
1/0) 1/0)
1 1
Note 3|Note 3 SBO P26
1 0 0 X X 0 1 (N-ch open-drain| (CMOS I/0)
1/0)
WUP| Wakeup function controlNete 4
0 Interrupt request signal generation with each serial transfer in any mode
) Interrupt request signal generation when the address received after bus release (when CMDD = RELD = 1) matches the
slave address register (SVA) in SBI mode
COI| Slave address comparison result flaghote 5
0 Slave address register (SVA) not equal to serial I/0 shift register 0 (SIO0) data
1 Slave address register (SVA) equal to serial I/O shift register 0 (SIO0) data
CSIEQ| Serial interface channel 0 operation control
0 Operation stopped
1 Operation enabled
Notes 1. Bit 6 (COl) is a read-only bit.
2. Can be used as P25 (CMOS input) when used only for transmission.
3. Can be used freely as port function.
4. To use the wakeup function (WUP = 1), clear bit 5 (SIC) of the interrupt timing specification
register (SINT) to 0.
5. COI becomes 0 when CSIEO = 0.
Remark x: don’t care

PMxx: Port mode register
Pxx:  Port output latch
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(3) Serial bus interface control register (SBIC)
This register sets the serial bus interface operation and displays statuses.
SBIC is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input sets SBIC to 00H.

Figure 13-4. Format of Serial Bus Interface Control Register (1/2)

Symbol 7, <6> <5> <4> <3> <2> <1>  <0> Address After reset R/W

SBIC |BSYE |ACKD|ACKE |ACKT |CMDD|RELD |[CMDT|RELT| FF61H 00H R/Whote

R/W | RELT | Used for bus release signal output.

When RELT = 1, the SO latch is set to 1. After SO latch setting, RELT is automatically cleared to 0.
Also cleared to 0 when CSIEO = 0.

R/W |CMDT | Used for command signal output.

When CMDT = 1, the SO latch is cleared to 0. After SO latch clearance, CMDT is automatically cleared to 0,
Also cleared to 0 when CSIEO = 0.

R | RELD | Bus release detection

Clear conditions (RELD = 0) Set conditions (RELD = 1)
* When transfer start instruction is executed * When bus release signal (REL) is detected
e |If SIO0 and SVA values do not match in address

reception

e When CSIE0 =0
e When RESET input is applied

R |CMDD| Command detection

Clear conditions (CMDD = 0) Set conditions (CMDD = 1)

* When transfer start instruction is executed ¢ When command signal (CMD) is detected
* When bus release signal (REL) is detected
e When CSIE0 =0

« When RESET input is applied

R/W | ACKT | The acknowledge signal is output in synchronization with the falling edge clock of SCKO just after
execution of the instruction to be set to 1, and after acknowledge signal output, ACKT is
automatically cleared to 0.

Also cleared to 0 upon start of serial interface transfer or when CSIEO = 0.

Note Bits 2, 3, and 6 (RELD, CMDD, and ACKD) are read-only bits.

Remark CSIEO: Bit 7 of serial operating mode register 0 (CSIMO)
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Figure 13-4. Format of Serial Bus Interface Control Register (2/2)

R/W | ACKE| Acknowledge signal output control

0 Acknowledge signal automatic output disabled (output with ACKT enabled)

Before completion The acknowledge signal is output in synchronization with the 9th clock
of transfer falling edge of SCKO (automatically output when ACKE = 1).
1 After completion The acknowledge signal is output in synchronization with the falling edge of
of transfer SCKO just after execution of the instruction to be set to 1 (automatically
output when ACKE = 1). However, ACKE is not automatically cleared to 0
after acknowledge signal output.

R | ACKD| Acknowledge detection

Clear conditions (ACKD = 0) Set conditions (ACKD = 1)

¢ At the falling edge of SCKO immediately after the ¢ When acknowledge signal (ACK) is detected at the
busy mode has been released when a transfer rising edge of SCKO clock after completion of
start instruction is executed transfer

e When CSIE0 =0
e When RESET input is applied

R/W [ BSYENete | Synchronizing busy signal output control

Busy signal which is output in synchronization with the falling edge of SCKO clock just after
execution of the instruction to be cleared to 0 is disabled.

1 Busy signal is output at the falling edge of SCKO clock following the acknowledge signal.

Note Busy mode can be cleared by start of serial interface transfer. However, the BSYE flag is not
cleared to 0.

Remarks 1. Bits 0, 1, and 4 (RELT, CMDT, and ACKT) are 0 when read after data setting.
2. CSIEO: Bit 7 of serial operating mode register 0 (CSIMO)
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(4) Interrupt timing specification register (SINT)

This register sets the bus release interrupt and address mask functions and displays the SCKO pin level
status.

SINT is set with a 1-bit or 8-bit memory manipulation instruction.

RESET input sets SINT to 00H.

Figure 13-5. Format of Interrupt Timing Specification Register

Symbol 7 65 5> <4> 3 2 1 0  Address Afterreset R/W
SINT| o |cCLD| sIC |svaM| 0o 0 0 0 FF63H 00H R/Whete 1
RW

208

SVAM| SVA bit to be used as slave address

0 BitsOto 7

1 Bits 1to 7

R/W - -
SIC | INTCSIO interrupt source selectionNete 2
0 CSIIFO0 is set upon termination of serial interface
channel 0 transfer
1 CSIIFO is set upon bus release detection or
termination of serial interface channel 0 transfer
R

CLD | SCKO pin levelNote3

0 Low level

1 High level

Notes 1. Bit 6 (CLD) is a read-only bit.
2. When using wakeup function, set SIC to 0.
3. When CSIEO = 0, CLD becomes 0.

Caution Be sure to set bits 0 to 3 to 0.
Remark SVA: Slave address register

CSIIFO: Interrupt request flag for INTCSIO
CSIEO: Bit 7 of serial operating mode register 0 (CSIMO)

User’'s Manual U11302EJ5V0UD



CHAPTER 13 SERIAL INTERFACE CHANNEL 0

13.4 Operations of Serial Interface Channel 0
The following four operating modes are available for serial interface channel 0.

¢ Operation stop mode
¢ 3-wire serial 1/0 mode
e SBI mode

e 2-wire serial 1/0 mode

13.4.1 Operation stop mode
Serial transfer is not carried out in the operation stop mode. Thus, power consumption can be reduced. Serial
I/0 shift register 0 (SIO0) does not carry out shift operations and can be used as an ordinary 8-bit register.
In the operation stop mode, the P25/S10/SB0, P26/S0O0/SB1, and P27/SCKO pins can be used as ordinary
I/0 ports.

(1) Register setting
The operation stop mode is set by serial operating mode register 0 (CSIMO).
CSIMO is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input sets CSIMO to 00H.

Symbol
<7> <6> <5> 4 3 2 1 0 Address After reset R/W

CSIMO |CSIEO| COI | WUP |csimo4 | csIMo3 | cSIMo2 | csiMo1 |csimoo|  FFB60H O0H R/W

R/W [CSIEO| Serial interface channel 0 operation control

0 Operation stopped

1 Operation enabled
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13.4.2 3-wire serial I/0 mode operation

The 3-wire serial I/0 mode is used for connection of peripheral ICs and display controllers that incorporate
a clocked serial interface.

Communication is carried out using three lines: a serial clock (W)), serial output (SO0), and serial input
(S10).

(1) Register setting
The 3-wire serial I/O mode is set by serial operating mode register 0 (CSIMO0) and serial bus interface
control register (SBIC).

(a) Serial operating mode register 0 (CSIMO0)
CSIMO is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input sets CSIMO to 00H.
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Symbol
<7><6><5> 4 3 2 1 0 Address Afterreset  R/W
CSIM|CSIM|CSIM|CSIM|CSIM
CSIMO [csiEo| cOI |wWuP on | os | o2l ot oo FE6OH 00H R/WNote 1
R/W IM|CSIM
/ CSIM|CS Serial interface channel 0 clock selection

01 | 00
0 X Input clock to SCKO pin from off-chip
1 0 8-bit timer register 2 (TM2) output
1 1 Clock specified with bits 0 to 3 of timer clock select register 3 (TCL3)

R/W |CSIM|CSIM|CSIM Operating Start Sl0/P25 SO0/P26 SCKo0/P27

PM25| P25 |PM26| P26 |PM27| P27 . . . . ) . .
04 | 03 | 02 mode bit pin function pin function pin function
0 3-wire serial |  MSB SloNote 2 S00 SCKO
0] x TP x| 010101 1| 1omode (input) (CMOS output) | (CMOS 1/0)
1 LSB

1 0 SBI mode (refer to 13.4.3 SBI mode operation)
1 1 2-wire serial I/0O mode (refer to 13.4.4 2-wire serial I/0 mode operation)

R/W |WUP | Wakeup function controlNete 3
0 Interrupt request signal generation with each serial transfer in any mode
] Interrupt request signal generation when the address received after bus release (when CMDD = RELD = 1) matches the

slave address register (SVA) in SBI mode
R |COI| Slave address comparison result flaghote 4

0 Slave address register (SVA) not equal to serial I/O shift register 0 (SIO0) data
1 Slave address register (SVA) equal to serial I/O shift register 0 (SIO0) data

R/W [CSIEO| Serial interface channel 0 operation control
0 Operation stopped
1 Operation enabled

Notes 1. Bit 6 (COl) is a read-only bit.
2. Can be used as P25 (CMOS input) when used only for transmission.
3. Set WUP to 0 when the 3-wire serial I/O mode is selected.
4. When CSIEO = 0, COIl becomes 0.

Remark x: don’t care

PMxx: Port mode register

Pxx:  Port output latch
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Symbol

SBIC

R/W

R/W

212

(b) Serial bus interface control register (SBIC)
SBIC is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input sets SBIC to O0H.

<7> <6> <5> <4> <3> <2> <1>  <0> Address After reset R/W
BSYE |ACKD |ACKE | ACKT |CMDD| RELD |CMDT| RELT FF61H OOH R/W
RELT When RELT = 1, the SO latch is set to 1. After SO latch setting, RELT is automatically cleared to 0.
Also cleared to 0 when CSIEO = 0.
CMDT When CMDT = 1, the SO latch is cleared to 0. After SO latch clearance, CMDT is automatically cleared to 0.
Also cleared to 0 when CSIEO = 0.
CSIEO: Bit 7 of serial operating mode register 0 (CSIMO)
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(2) Communication operation
The 3-wire serial 1/0 mode is used for data transmission/reception in 8-bit units. Data transmission/
reception is carried out bit by bit in synchronization with the serial clock.
Shift operations of serial 1/0 shift register 0 (S100) are carried out at the falling edge of the serial clock
(SCKO0). The transmit data is held in the SO0 latch and is output from the SO0 pin. The receive data
input to the SI0 pin is latched into SIOO0 at the rising edge of SCKO.
Upon termination of 8-bit transfer, SIO0 operation stops automatically and the interrupt request flag
(CSIIFO) is set.

Figure 13-6. 3-Wire Serial I/0O Mode Timing

SCKo 1 2 3 4 5 6 7 8

SIo \ XKE)W X Dl6 X DI5 X Dl4 X DI3 X DI2 X DI X DIO

1
|
SO0 x DO7 X DO6 X DO5 X DO4 X DO3 X DO2 X DO1 X DOO

CSIIFo

L - End of transfer
Transfer start at falling edge of SCKO

The SOO pin is used for CMOS output and generates the SO0 latch status. Thus, the SO0 pin output
status can be manipulated by setting bit 0 (RELT) and bit 1 (CMDT) of the serial bus interface control
register (SBIC).

However, do not carry out this manipulation during serial transfer.

Control the SCKO pin output level in the output mode (internal system clock mode) by manipulating the
P27 output latch (refer to 13.4.5 SCK0/P27 pin output manipulation).
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(3) Signals
Figure 13-7 shows the RELT and CMDT operations.

Figure 13-7. RELT and CMDT Operations

SO0 latch <k

RELT /

CMDT t|5 |

(4) MSB/LSB switching as the start bit

In the 3-wire serial /O mode, transfer can be selected to start from the MSB or LSB.

Figure 13-8 shows the configuration of serial I/O shift register 0 (SIO0) and the internal bus. As shown

in the figure, the MSB/LSB can be read/written in reverse form.

MSB/LSB switching as the start bit can be specified using bit 2 (CSIM02) of serial operating mode register

0 (CSIMO).

Figure 13-8. Circuit for Switching Transfer Bit Order

Internalbus ---—-—-—---------1 ik Salak el Bl -1

LSB start L
MSB start ———= Read/write gate | | Read/write gate

sl0 ——{  Shiftregister0(sl00)  |—|D QW

SO0

SCKO

Start bit switching is realized by switching the bit order for data write to SIO0. The SIOO0 shift order remains

unchanged.

SO0 latch

Thus, switch the MSB/LSB start bit before writing data to the shift register.
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(5) Transfer start
Serial transfer is started by setting transfer data to serial 1/0 shift register 0 (SIO0) when the following
two conditions are satisfied.

¢ Serial interface channel 0 operation control bit (CSIEQ) = 1

* Internal serial clock is stopped or SCKO is at high level after 8-bit serial transfer.

Caution If CSIEO is set to “1” after data write to SIO0, transfer does not start.

Upon termination of 8-bit transfer, serial transfer automatically stops and the interrupt request flag
(CSIIFQ) is set.

13.4.3 SBI mode operation

SBI (Serial Bus Interface) is a high-speed serial interface that complies with the NEC Electronics serial bus
format.

SBI is a single-master high-speed serial bus with a format in which a bus configuration function has been
added to the clocked serial I/O method so that it can carry out communication with two or more devices using
two signal lines. Thus, when configuring a serial bus with two or more microcontrollers or peripheral ICs, the
number of ports to be used and the number of wires on the board can be decreased.

The master device can output to the serial data bus of the slave device “addresses” for selection of the serial
communication target device, “commands” to instruct the target device and actual “data”. The slave device can
identify the received data as an “address”, “command”, or “data”, by hardware. This function can simplify the
application program which controls serial interface channel 0.

The SBI function is incorporated into various devices including the 75XL Series and 78K Series.

Figure 13-9 shows a serial bus configuration example when a CPU having a serial interface compliant with
SBI and peripheral ICs are used.

In SBI, the SBO (SB1) serial data bus pin is an open-drain output and so the serial data bus line is in a wired-
OR state. A pull-up resistor is therefore necessary for the serial data bus line.

Refer to (11) SBI mode precautions (d) described later when the SBI mode is used.
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Figure 13-9. Example of Serial Bus Configuration with SBI

Master CPU

SCKO

SBO (SB1)

Serial clock

Vop

:

Serial data bus

SCKO

SBO (SB1)

SCKO

SBO (SB1)

SCKO

SBO (SB1)

Slave CPU

Address 1

Slave CPU

Address 2

Slave IC

Address N

Caution When replacing the master CPU/slave CPU, a pull-up resistor is necessary for the
serial clock line (SCKO0) as well because serial clock line (SCKO0) input/output switching
is carried out asynchronously between the master and slave CPUs.
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(1) SBI functions
With the conventional serial 1/0 method, when a serial bus is configured by connecting two or more

devices, many ports and wiring are necessary to distinguish chip select signals and command/data and

to judge the busy state because only a data transfer function is available. Controlling these operations

by software places a heavy load on the software.

In SBI, a serial bus can be configured with two signal lines: a serial clock SCKO and serial data bus SBO

(SB1). Thus, SBl is effective to decrease the number of microcontroller ports and wiring and routing on
the board.
The SBI functions are described below.

(a)

(b)

(c)

(d)

(e)

Address/command/data identification function
Serial data is distinguished into addresses, commands, and data.

Chip select function by address transmission
The master executes slave chip selection by address transmission.

Wakeup function

The slave can easily judge address reception (chip selectjudgment) using the wakeup function (which
can be set/reset by software).

When the wakeup function is set, the interrupt request signal (CSIIF0) is generated upon reception
of a match address. Thus, when communication is executed with two or more devices, the CPUs
of other than the selected slave device can operate irrespective of serial communication.

Acknowledge signal (ACK) control function
The acknowledge signal to check serial data reception is controlled.

Busy signal (BUSY) control function
The busy signal to report the slave busy state is controlled.
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(2) SBI definition
The SBI serial data format is defined as follows.
Serial data to be transferred with SBI is distinguished into three types, “address”, “command”, and “data”.
Figure 13-10 shows the address, command, and data transfer timing.

Figure 13-10. SBI Transfer Timing

Address transfer

SCKO |||||||||||||||8||9|||||||||||
seosst \__ A o [a X XX XXX Ko/ ACK; _BUSY

Bus release
Signal Address

Command transfer Command signal

SCKO |||||||||||||_||_||_|9|_||_||_||_|
_J o

Command

Data transfer

7,--7

Data

Remark The broken line indicates the READY status.

The bus release signal and the command signal are output by the master device. BUSY is output by the
slave. ACK can be output by either the master or slave device (normally, the 8-bit data receiver outputs
ACK).

Serial clocks continue to be output by the master device from 8-bit data transfer start to BUSY reset.
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(a)

(b)

Bus release signal (REL)

The bus release signal is identified when the SB0O (SB1) line has changed from low level to high level while
the SCKO line is high level (without serial clock output).

This signal is output by the master device.

Figure 13-11. Bus Release Signal

SCKo0 "H

SBO (SB1) f

The bus release signal indicates that the master device is going to transmit an address to the slave device.
The slave device incorporates hardware to detect the bus release signal.

Caution Ifthe SBO (SB1) line changes from low level to high level while the SCKO line is high
level, it is recognized as a bus release signal. Therefore, if the changing timing of
the bus fluctuates because of substrate capacitance, etc., it may be recognized as
a bus release signal even while data is being transmitted. Care should therefore
be taken in the wiring.

Command signal (CMD)
The command signal is identified when the SBO (SB1) line has changed from high level to low level while

the SCKO line is high level (without serial clock output). This signal is output by the master device.

Figure 13-12. Command Signal

SCKO "H"

SBO (SB1) \ 1

The command signal indicates that from this point, the master will send a command to the slave (however,
command signals following bus release signals indicate that an address will be sent).
The slave incorporates hardware to detect command signals.

Caution If the SBO (SB1) line changes from high level to low level while the SCKO line is high
level, it is recognized as a command signal. Therefore, if the changing timing of
the bus fluctuates because of substrate capacitance, etc., it may be recognized as
a command signal even while data is being transmitted. Care should therefore be
taken in the wiring.
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(c) Address
An address is 8-bit data which the master device outputs to the slave device connected to the bus line
in order to select a particular slave device.

Figure 13-13. Address

SCKO 1 2 3 4 5 6 7 8
SBO (SB1) L I b /a7 X a6 X a5 X a4 X a3 X a2 Xa1 X A0
- \4
Address
Bus release
signal Command signal

8-bit data following bus release and command signals is defined as an “address”. In the slave device,
this condition is detected by hardware and whether or not the 8-bit data matches the slave’s own
specification number (slave address) is checked by hardware. If the 8-bit data matches the slave address,
the slave device has been selected. After that, communication with the master device continues until a
release instruction is received from the master device.

Figure 13-14. Slave Selection by Address

Master _‘ Slave 1 Not selected
aScli?:IVr(Zszs transmission |_. Slave 2 Selected

Slave 3 Not selected

Slave 4 Not selected
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(d) Command and data

The master device transmits commands to, and transmits/receives data to/from the slave device selected

by address transmission.

Figure 13-15. Commands

SCKo 1[ 12 13 14 1s] 1s[ |7[ |8

SBO (SB1) I~ /C7XCGXCSXC4XC3X02XC1@

N J

Command signal

Command
Figure 13-16. Data

SCKo 1[ 12 13 14 15[ 1s[ |7[ s

SBO (SB1) \ 07 X6 X D5 X 04 X D3 X D2 X D1 X DO

\4
Data

8-bit data following a command signal is defined as “command” data. 8-bit data without a command signal
is defined as “data”. Command and data operation procedures can be determined by the user according

to their communication specifications.
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(e) Acknowledge signal (ACK)
The acknowledge signal is used to check serial data reception between the transmitter and receiver.

Figure 13-17. Acknowledge Signal

[When output in synchronization with 11th clock of SCKO0]

SCKo 8[ 1o ho[ i1

———-

SBO (SB1) X X X X X X/ \ACK

[When output in synchronization with 9th clock of SCKO0]

———

SBO (SB1) X X X X X X \Acky

Remark The broken line indicates the READY status.

The acknowledge signal is a one-shot pulse generated at the falling edge of SCKO after 8-bit data transfer.
It can be positioned anywhere and can be synchronized with any clock of SCKO.

After 8-bit data transmission, the transmitter checks whether the receiver has returned the acknowledge
signal. If the acknowledge signal is not returned for the preset period of time after data transmission, it
can be judged that data reception has not been carried out correctly.
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(f) Busy signal (BUSY) and ready signal (READY)
The BUSY signal is used to report to the master device that the slave device is not ready for data
transmission/reception.
The READY signal is used to report to the master device that the slave device is ready for data
transmission/reception.

Figure 13-18. BUSY and READY Signals
SBO (SB1) X \Ack, ~ BuUsY / READY

In SBI, the slave device notifies the master device of the busy state by setting the SB0 (SB1) line to low
level.

BUSY signal output follows acknowledge signal output from the master or slave device. It is set/reset
at the falling edge of SCKO. When the msignal is reset, the master device automatically terminates
the output of the SCKO serial clock.

When the BUSY signal is reset and the READY signal is set, the master device can start the next transfer.

Caution In SBI, after specifying reset of BUSY, the BUSY signal is output until the fall of the
next serial clock (SCKO). If WUP = 1 is set during this interval by mistake, it will be
impossible to reset BUSY. Therefore, after BUSY is released, make sure that the SB0O
(SB1) pin is high level before setting WUP = 1.

(3) Register setting

The SBI mode is set by serial operating mode register 0 (CSIMO0), the serial bus interface control register
(SBIC), and the interrupt timing specification register (SINT).

User's Manual U11302EJ5V0UD 223



CHAPTER 13 SERIAL INTERFACE CHANNEL 0

(a) Serial operating mode register 0 (CSIMO)
CSIMO is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input sets CSIMO to 00H.

Symbol
<7><6><5> 4 3 2 1 0  Address Afterreset R/W
CSIMO  [csieo| col [wup |CSIMICSIMICSIMICSMIGSIM ey 00H R/WNete 1

R/W |CSIM| CSIM

Serial interface channel 0 clock selection
01| 00

0 X Input clock to SCKO pin from off-chip

1 0 8-bit timer register 2 (TM2) output

1 1 Clock specified with bits 0 to 3 of timer clock select register 3 (TCL3)

R/W | CSIM| CSIM|CSIM Operating Start Sl0/P25 SO0/P26 SCKo0/P27
04 | 03 | o2 |PM25|P25 \PM26| P26 \PM27| P27 mode bit pin function pin function pin function

0 X 3-wire serial I/0 mode (refer to 13.4.2 3-wire serial /0 mode operation)

Note 2| Note 2 SBI mode MSB P25 SB1 SCKo
0 X X 0 0 0 1 (CMOS 1/0) [ (N-ch open-drain| (CMOS 1/0)
1/0)
1 0
Note 2[Note 2 SBO P26
1 0 0 X X 0 1 (N-ch open-drain| (CMOS 1/0)
1/0)

1 1 2-wire serial 1/0 mode (refer to 13.4.4 2-wire serial /0 mode operation)

R/W |WUP| Wakeup function controlNote 3

0 Interrupt request signal generation with each serial transfer in any mode

Interrupt request signal generation when the address received after bus release (when CMDD = RELD = 1) matches the

slave address register (SVA) in SBI mode

R | COI| Slave address comparison result flaghote 4

0 Slave address register (SVA) not equal to serial I/O shift register 0 (SIO0) data

1 Slave address register (SVA) equal to serial I/O shift register 0 (SIO0) data

R/W [CSIEQ| Serial interface channel 0 operation control

0 Operation stopped

1 Operation enabled

Notes 1. Bit 6 (COl) is a read-only bit.
2. Can be used freely as port function.
3. To use the wakeup function (WUP = 1), clear bit 5 (SIC) of the interrupt timing specification
register (SINT) to 0.
4. When CSIEO = 0, COIl becomes 0.

Remark x: don’t care
PMxx: Port mode register
Pxx:  Port output latch
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(b) Serial bus interface control register (SBIC)
SBIC is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input sets SBIC to O0H.

Symbol 7, <6> <5>  <4> <3> <2> <1>  <0> Address After reset

SBIC |BSYE |ACKD|ACKE|ACKT |CMDD|RELD |CMDT|RELT| FF61H 00H

R/W
R/WNO'e

R/W | RELT | Used for bus release signal output.

Also cleared to 0 when CSIEO = 0.

When RELT = 1, the SO latch is set to 1. After SO latch setting, RELT is automatically cleared to 0.

R/W |CMDT| Used for command signal output.

Also cleared to 0 when CSIEO = 0.

When CMDT = 1, the SO latch is cleared to 0. After SO latch clearance, CMDT is automatically cleared to 0.

R |RELD | Bus release detection

Clear conditions (RELD = 0) Set conditions (RELD = 1)

e |f SIO0 and SVA values do not match in address
reception

e When CSIEO =0

¢ When RESET input is applied

¢ When transfer start instruction is executed * When bus release signal (REL) is detected

R | CMDD| Command detection

Clear conditions (CMDD = 0) Set conditions (CMDD = 1)

* When bus release signal (REL) is detected
e When CSIEO =0
¢ When RESET input is applied

¢ When transfer start instruction is executed * When command signal (CMD) is detected

R/W | ACKT| The acknowledge signal is output in synchronization with the falling edge clock of SCKO just after
execution of the instruction to be set to 1, and after acknowledge signal output, ACKT is

automatically cleared to 0.

Used as ACKE = 0. Also cleared to 0 upon start of serial interface transfer or when CSIEO = 0.

Note Bits 2, 3, and 6 (RELD, CMDD, and ACKD) are read-only bits.

(continued)

Remarks 1. Bits 0, 1, and 4 (RELT, CMDT, and ACKT) are 0 when read after data setting.

2. CSIEO: Bit 7 of serial operating mode register 0 (CSIMO)
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(continued)

R/W |ACKE | Acknowledge signal output control

0 Acknowledge signal automatic output disabled (output with ACKT enabled)

Before completion The acknowledge signal is output in synchronization with the 9th clock
of transfer falling edge of SCKO (automatically output when ACKE = 1).
1 After completion The acknowledge signal is output in synchronization with the falling edge of SCKO
of transfer just after execution of the instruction to be set to 1 (automatically output when
ACKE = 1). However, ACKE is not automatically cleared to 0 after
acknowledge signal output.

R |ACKD | Acknowledge detection

Clear conditions (ACKD = 0) Set conditions (ACKD = 1)

* At the falling edge of SCKO immediately after the * When acknowledge signal (ACK) is detected at the
busy mode has been released when a transfer start rising edge of SCKO clock after completion of
instruction is executed transfer

* When CSIEO0 =0

e When RESET input is applied

R/W | BSYENe| Synchronizing busy signal output control

Busy signal which is output in synchronization with the falling edge of SCKO clock just after
execution of the instruction to be cleared to 0 (sets ready state) is disabled.

1 Busy signal is output at the falling edge of SCKO clock following the acknowledge signal.

Note Busy mode can be cleared by start of serial interface transfer. However, the BSYE flag is not
cleared to 0.

Remark CSIEO: Bit 7 of serial operating mode register 0 (CSIMO0)
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(c) Interrupt timing specification register (SINT)

Symbol

SINT

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

7 <6> <55  <4> 3 2 1 0 Address  After reset R/W
0 CLD | SIC |[SVAM| 0 0 0 0 FF63H 00H R/Whote 1
R/W

SVAM| SVA bit to be used as slave address

0 Bits 0to 7

1 Bits 1 to 7

R/W
SIC | INTCSIO interrupt source selectionNote 2
CSIIFO is set upon termination of serial interface
0 channel 0 transfer
1 CSIIFO0 is set upon bus release detection or
termination of serial interface channel O transfer
R

CLD | SCKO pin levelNote3

0 Low level

1 High level

Notes 1. Bit 6 (CLD) is a read-only bit.
2. When using the wakeup function in the SBI mode, set SIC to 0.
3. When CSIEO = 0, CLD becomes 0.

Caution Be sure to set bits 0 to 3 to 0.
Remark SVA: Slave address register

CSIIFO: Interrupt request flag for INTCSIO
CSIEO: Bit 7 of serial operating mode register 0 (CSIMO)
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(4) Signals
Figures 13-19 to 13-24 show the signals and operations of the flags of the serial bus interface control
register (SBIC) in SBI. Table 13-4 lists the signals in SBI.
Figure 13-19. RELT, CMDT, RELD, and CMDD Operations (Master)

Slave address write to SIO0
(transfer start instruction)

SI00 X}
50K / /S

SBO (SB1) o

o A ] ]
S Sy S
\

RELD

CMDD A\ 9

Figure 13-20. RELD and CMDD Operations (Slave)

Write FFH to SIO0
(transfer start instruction) Transfer start instruction

SI00 )i( X A7 X 6 /CX & // )i(

SCKo | |1| |2| |7| |8| |9| |
READY

SO0 latch [ A7 X #e X}/ A X Ro / ACS()

Slave address

When addresses match

RELD b ¢ \ Vi §

\ ¥

/
When addresses do not match
))

(¢ (¢
CMDD 4)
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Figure 13-21. ACKT Operation

SCKO 6 7 8 9 | | q

{(
SBO0/SB1 X D2 X D1 X DO / ! ACK ACK signal is output for
a period of one clock

just after setting

ACKT B
)}

When set during
this period

Caution Do not set ACKT before termination of transfer.
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Figure 13-22. ACKE Operations

(a) When ACKE = 1 upon completion of transfer

SCKO |1| |2| | | |7| |8| ikgl | |

SBO/SB1  \ X b7 X D6 )Q)m X D1 X Do/‘\ﬂ(/ ACK signal is output

at 9th clock

ACKE l /T\

a\

L When ACKE = 1 at this point

(b) When set after completion of transfer

SCKO 6 7 8 9 ﬂmu_l_l_

SBO/SB1 :X p2 X b1 X Do / t ACK

ACKE N ////A

«

ACK signal is output for
a period of one clock
just after setting

If set during this period and ACKE = 1
at the falling edge of the next SCKO

(c) When ACKE = 0 upon completion of transfer

SCKO |1| |2| | | |7| |8| 9| | |

SBOU/SBT  \ X o7 X D6 )QEX p1 X DO
ACKE ﬁ \

ACK signal is not output

a\

L When ACKE = 0 at this point

(d) When ACKE = 1 period is short

e miginipinfininlin

[

seorse1 X b2 X b1 X po / ¢
ACKE ) N\

(s

ACK signal is not output

If set and cleared during this period
and ACKE = 0 at the falling edge of SCKO
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Figure 13-23. ACKD Operations

(a) When ACK signal is output at 9th clock of SCKO

Transfer start
r instruction

i Transfer start
AN
ACKD g \|

(b) When ACK signal is output after 9th clock of SCKO

Transfer start
r instruction

i Transfer start

3CKO 6 7 8 9 \7Lr

SBO/SB1 :x p2 X b1 X Do / * ACK \ \
‘l‘l |

ACKD

(c) Clear timing when transfer start is instructed during BUSY

Transfer start
( instruction

SI00 N X

SCKO 6 7 8 9

Figure 13-24. BSYE Operation
seoset X b2 X b1 X o / ¢ \ACK |\  BUSY Yy
BSVE I / N\

If reset during this period and

When BSYE =1 at this point BSYE = 0 at the falling edge of SCKO
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Table 13-4. Signals in SBI Mode

(1/2)

Output

Signal Name Device Definition Timing Chart Output Condition Effect on Flag Meaning of Signal
Vi
Bus release Master | SB0/SB1 rising edge when * RELT set * RELD set CMD signal is
signal SCKO =1 SCKo H ¢ CMDD clear output to indicate
(REL) SB0/SB1 [ that transmit data is
an address.
Command Master | SBO/SB1 falling edge e CMDT set ¢ CMDD set i) Transmit data is
signal when SCKO = 1 an address after
(CMD) SCKO “H REL signal output.
ii) REL signal is not
SB0/SB1 —l— output and
transmit data is a
command.
Acknowledge Master/ | Low-level signal output to [1] ACKE =1 o ACKD set Completion of
signal slave SBO0/SB1 during one-clock [2] ACKT set reception
(ACK) period of SCKO after
completion of serial
reception
[Synchronous BUSY output]
Busy signal Slave [Synchronous BUSY signal] ¢ BSYE =1 — Serial receive
(BUSY) Low-level signal output to P —l_l—l_ee-“_l_l_l?m disabled because of
SB0/SB1 following SCKO | 97 ‘ u_ processing
. <ACK BUSY
acknowledge signal
9¢ 519 sBossB1 DO\ |, | . |/rEADY
" ).
3_4@»« BUSY —|
Ready signal Slave High-level signal output to SB0/SB1 Do; READY [11BSYE=0 — Serial receive
(READY) SBO0/SB1 before serial [2] Execution of enabled

transfer start and after
completion of serial
transfer

instruction data

write to SIO0
(transfer start
instruction)
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Table 13-4. Signals in SBI Mode (2/2)

Output Condition

Effect on Flag

Meaning of Signal

without output of REL and
CMD signals

Signal Name OUtPUt Definition Timing Chart
Device
Serial clock Master Synchronous clock to output
(SCKO) address/command/data,
ACK signal, synchronous SCKO w s 1oF J10
BUSY signal, etc.
Address/command/data are SBO/SB1 :X:)GDDD_
transferred with the first
eight synchronous clocks.
Address Master 8-bit data transferred in
(A7 to AO) synchronization with SCKO
after output of REL and SCKo L] 12] w_
OMD signals ssoset "\ I} /0K
REL CMD
Command Master 8-bit data transferred in
(C7 to CO) synchronization with SCK0
after output of only CMD SCKO0 |1 I |2| |7| |8| |
ignal without REL signal
o L sene ssoise1 |/ OXAIX(T
output CMD
Data Master/ |8-bit data transferred in
(D7 to DO) slave synchronization with SCKO

SCKO |1| |2| |7| |8| |
SB0/SB1 \ X]D(:x:

When CSIEOQ =1,
execution of
instruction for
data write to
SI100 (serial
transfer start
instruction)Nete 2

CSIIFO set (rising
edge of 9th clock
of SCKQ)Nete!

Timing of signal
output to serial data
bus

Address value of
slave device on the
serial bus

Instructions and
messages to the
slave device

Numeric values to
be processed with
slave or master
device

Notes 1. When WUP = 0, CSIIFO is always set at the rising edge of the 9th clock of SCKO.
When WUP = 1, CSIIFO is set only when the received address matches the slave address register (SVA) value.
2. In the BUSY state, transfer starts after the READY state is entered.
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CHAPTER 13 SERIAL INTERFACE CHANNEL 0

(5) Pin configuration
The serial clock pin SCKO and serial data bus pin SB0 (SB1) have the following configurations.

(a) SCKO: Serial clock I/O pin
[1] Master: CMOS and push-pull output
[2] Slave: Schmitt input
(b) SBO (SB1): Serial data I/0O alternate-function pin
Both master and slave devices have an N-ch open-drain output and a Schmitt input.

Because the serial data bus line has an N-ch open-drain output, an external pull-up resistor is necessary.

Figure 13-25. Pin Configuration

Slave device

Master device |

SCKO "L LI scko (Clock output)

Clock output Clock input
Serial clock

(Clock input)

Vop
N-ch open-drain SBO (SB1) AL SBO (SB1)] N-ch open-drain
so0 — Serial data bus |—— soo

Slo P( >§ >§ >§ Slo

Caution Because the N-ch open-drain output must be high impedance at the time of data
reception, write FFH to serial I/O shift register 0 (SI0O0) in advance. The N-ch open-
drain output can be high impedance throughout transfer. However, when the wakeup
function specification bit (WUP) = 1, the N-ch open-drain output is always high
impedance. Thus, it is not necessary to write FFH to SI100.
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(6)

(7)

(8)

Address match detection method

In the SBI mode, the master transmits a slave address to select a specific slave device.

A match of the addresses can be automatically detected by hardware. CSIIFO is set only when the slave
address transmitted by the master matches the address set to SVA when the wakeup function specification
bit (WUP) = 1.

If bit 5 (SIC) of the interrupt timing specification register (SINT) is set to 1, the wakeup function cannot be used
even if WUP is set to 1 (an interrupt request signal is generated when bus release is detected). To use the
wakeup function, clear SIC to 0.

Cautions 1. Slave selection/non-selection is detected by matching of the slave address received
after bus release (RELD = 1).
For this match detection, the match interrupt request (CSIIF0) of the address to be
generated with WUP = 1 is normally used. Thus, execute selection/non-selection
detection by slave address when WUP = 1.

2. When detecting selection/non-selection without the use of an interrupt request with

WUP = 0, do so by means of transmission/reception of the command preset by
program instead of using the address match detection method.

Error detection
In the SBI mode, the serial bus SB0 (SB1) status being transmitted is fetched into the destination device, that
is, serial 1/O shift register 0 (SIO0). Thus, transmit errors can be detected in the following two ways.

(a) Comparison of SIO0 data before transmission to that after transmission
In this case, if the two data differ, a transmit error is judged to have occurred.

(b) Use of the slave address register (SVA)
Transmit data is set to both SIO0 and SVA and is transmitted. After termination of transmission, the COI
bit (match signal coming from the address comparator) of serial operating mode register 0 (CSIMO) is
tested. If “1”7, normal transmission is judged to have been carried out. If “0”, a transmit error is judged
to have occurred.

Communication operation

In the SBI mode, the master device normally selects one slave device as the communication target from
among two or more devices by outputting an “address” to the serial bus.

After the communication target device has been determined, commands and data are transmitted/
received and serial communication is realized between the master and slave devices.

Figures 13-26 to 13-29 show data communication timing charts.

Shift operations of serial I/O shift register 0 (SI00) are carried out at the falling edge of the serial clock (SCKO).
Transmit data is latched into the SO0 latch and is output with the MSB set as the start bit from the SB0/P25
or SB1/P26 pin. Receive data input to the SBO (or SB1) pin at the rising edge of SCKO is latched into
S100.
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Figure 13-26. Address Transmission from Master Device to Slave Device (WUP = 1)

Master device processing (transmitter) |

Program processing

Hardware operation

Transfer line

SCKO pin

SBO pin

Slave device processing (receiver) |

Program processing

Hardware operation

CMDT
set

RELT
set

CMDT
set

Write
to SI00

Interrupt servicing
(preparation for the next serial transfer)

Serial transmission

INTCSIO

generation

A7XA6XA5XA4XA3XA2XA1XAO/

Address

ACKD

set

SCKO

stop

WUPo | ACKT BUSY
set clear
----- CMDD CMDD| CMDD N Serial reception INTCSIO 7 TAck[eusY[ T TBUSY[ T
_____ set | clear | sel __ generaton|  ___ foutput|output | ___ | clear | _______

RELD
set

(When SVA = SIO0)
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Master device processing (transmitter) |

Program processing

Figure 13-27. Command Transmission from Master Device to Slave Device

CMDT
set

Write
to SI00

Interrupt servicing
(preparation for the next serial transfer)

Hardware operation

Serial transmission

INTCSIO

generation

ACKD

set

Transfer line

SCKO pin 1 2 3 4 5 6 7 8

SBO pin

c7 X ce X o5 X c4 X ca X c2 Xt X co/

‘ Command

Slave device processing (receiver) |

SCKO

stop

Program processing

SIO0 | Command| ACKT BUSY

read | analysis | set clear
""""""" EigJ"' Serial reception INTCSI0] " [ack [Busy|  [eusv[ T
___________________ generation| _____ |output | output J____ cear | ________

Hardware operation
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Master device processing (transmitter) |

Program processing

Hardware operation

Transfer line

SCKO pin

SBO pin

Slave device processing (receiver) |

Program processing

Hardware operation

Figure 13-28.

Data Transmission from Master Device to Slave Device

Write
to SIO0

Interrupt servicing
(preparation for the next serial transfer)

Serial transmission

INTCSIO ACKD

generation set

A

D7XD6XD5XD4XD3XD2XD1XDO/

Data

SCKo
stop

SI00 ACKT BUSY

read set clear
"""""""""" Serial reception INTCSIo] [ack [Busy[ ~ [Busy[
____________________ generation | Joutput Joutput | | clear | ____________
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Master device processing (receiver) |

Program processing

Hardware operation

Transfer line

SCKO pin

SBO pin

Slave device processing (transmitter) |

Program processing

Hardware operation

Figure 13-29. Data Transmission from Slave Device to Master Device

FFH write SIO0 |ACKT | FFH write ; ;
to SI00 read ot to SI00 Receive data processing
________ / - / PP X
SCKO Serial reception INTCSIO[ | ACK Serial
........ stop generation output reception
2 3 4 5 6
BUSY / READY D7XD6XD5XD4XD3XD2XD1XDO/

)

Data

Write
to SIO0
BUSY Serial transmission INTCSIO ACKD [BUSY|BUSY
. dear | generation| set |ouput) clear | __ ___________
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CHAPTER 13 SERIAL INTERFACE CHANNEL 0

(9) Transfer start

Serial transfer is started by setting transfer data to serial 1/0 shift register 0 (SIO0) when the following
two conditions are satisfied.

e Serial interface channel 0 operation control bit (CSIEQ) = 1

* Internal serial clock is stopped or SCKO is at high level after 8-bit serial transfer.

Cautions 1. If CSIEO is set to “1” after data write to SIO0, transfer does not start.

2. Because the N-ch open-drain output must be made to go into a high-impedance
state during data reception, write FFH to SIO0 in advance. However, when the
wakeup function specification bit (WUP) = 1, the N-ch open-drain output always
goes into a high-impedance state. Thus, it is not necessary to write FFH to SI00.

3. If data is written to SIO0 when the slave is busy, the data is not lost.

When the busy state is cleared and SBO (or SB1) input is set to the high level
(READY) state, transfer starts.

Upon termination of 8-bit transfer, serial transfer automatically stops and the interrupt request flag (CSIIFO)
is set.

For the pin that is to be used for data 1/0 (SB0 or SB1), be sure to set as follows before serial transfer of the
1st byte after RESET input.

[1] Set the P25 and P26 output latches to 1.

[2] Set bit 0 (RELT) of the serial bus interface control register (SBIC) to 1.

[3] Reset the P25 and P26 output latches from 1 to 0.

(10)Judging busy status of slave

When the device is in the master mode, follow the procedure below to judge whether the slave device is in
the busy state or not.

[1] Detect acknowledge signal (AC_K) or interrupt request signal generation.

[2] Set the port mode register PM25 (or PM26) of the SB0/P25 (or SB1/P26) pin to the input mode.

[3] Read out the pin state (when the pin level is high, the READY state is set).

After detection of the READY state, set the port mode register to 0 and return to the output mode.

(11)SBI mode precautions

240

(a) Slave selection/non-selection is detected by match detection of the slave address received after bus
release (RELD = 1).
For this match detection, the match interrupt (CSIIF0) of the address to be generated with WUP =
1 is normally used. Thus, execute selection/non-selection detection by slave address when WUP
=1.

(b) When detecting selection/non-selection without the use of an interrupt with WUP = 0, do so by means
of transmission/reception of the command preset by program instead of using the address match
detection method.

(c) In SBI, after specifying reset of BUSY, the BUSY signal is output until the fall of the next serial clock
(SCKO). If WUP = 1 is set during this interval by mistake, it will be impossible to reset BUSY.
Therefore, after BUSY is released, make sure that the SBO (SB1) pin is high level before setting WUP
=1.
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(d) For the pin that is to be used for data I/O, be sure to set as follows before serial transfer of the 1st
byte after RESET input.
[1] Set the P25 and P26 output latches to 1.
[2] Set bit 0 (RELT) of the serial bus interface control register (SBIC) to 1.
[3] Reset the P25 and P26 output latches from 1 to 0.

(e) If the SBO (SB1) line changes from low level to high level or from high level to low level while the
SCKOlineis high level, itis recognized as either a bus release signal or a command signal. Therefore,
if the changing timing of the bus fluctuates because of substrate capacitance, etc., it may be
recognized as a bus release signal (or a command signal) even while data is being transmitted. Care
should therefore be taken in the wiring.

13.4.4 2-wire serial I/0 mode operation
The 2-wire serial /0 mode can handle any communication format by program.

Communication is basically carried out using two lines: a serial clock (SCKQ) and serial data input/output (SBO
or SB1).

Figure 13-30. Serial Bus Configuration Example Using 2-Wire Serial I/0 Mode

Voo Vob

Master Slave

SCKO * SCKO

SBO (SB1) SBO (SB1)

(1) Register setting
The 2-wire serial I/O mode is set by serial operating mode register 0 (CSIMO), the serial bus interface
control register (SBIC), and the interrupt timing specification register (SINT).
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(a) Serial operating mode register 0 (CSIMO)
CSIMO is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input sets CSIMO to 00H.

Symbol
<7><6><5> 4 3 2 1 0 Address  After reset R/W

CSIM|CSIM|CSIM|CSIM|CSIM
04 | 03| 02 | 01 | 00 FF60H 00H R/Whote 1

CSIMO [csiEo| col |wuP

R/W |CSIM|CSIM

Serial interface channel 0 clock selection
01 | 00

0 X Input clock to SCKO pin from off-chip

1 0 8-bit timer register 2 (TM2) output

1 1 Clock specified with bits 0 to 3 of timer clock select register 3 (TCL3)

R/W |CSIM|CSIM|CSIM Operating Start Sl0/P25 SO0/P26 SCKo0/P27
04 | 03 | 02 PM25| P25 \PM26| P26 |PM27) P27 mode bit pin function pin function pin function

0 X 3-wire serial 1/0 mode (refer to 13.4.2 3-wire serial /0 mode operation)

1 0 SBI mode (refer to 13.4.3 SBI mode operation)

Note 2| Note 2 2-wire serial MSB P25 SB1 SCKO
0 X X 0 0 0 1 1/0 mode (CMOS 1/0) [ (N-ch open-drain| (N-ch open-drain
1/0) 1/0)
1 1
Note 2 Note 2 SBO P26
1 0 0 X X 0 1 (N-ch open-drainf (CMOS 1/0)
1/0)

R/W |WUP | Wakeup function controlNete 3

0 Interrupt request signal generation with each serial transfer in any mode

Interrupt request signal generation when the address received after bus release (when CMDD = RELD = 1) matches the

slave address register (SVA) in SBI mode

R |COI| Slave address comparison result flaghote 4

0 Slave address register (SVA) not equal to serial I/O shift register 0 (SIO0) data

1 Slave address register (SVA) equal to serial I/0 shift register 0 (SI00) data

R/W [CSIEQ| Serial interface channel 0 operation control

0 Operation stopped

1 Operation enabled

Notes 1. Bit 6 (COl) is a read-only bit.
2. Can be used freely as port function.
3. Set WUP to 0 when the 2-wire serial I/0 mode is selected.
4. When CSIEO = 0, COIl becomes 0.

Remark x: don’t care

PMxx: Port mode register
Pxx: Port output latch
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Symbol

SBIC

R/W

R/W

(b) Serial bus interface control register (SBIC)
SBIC is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input sets SBIC to O0H.

<7> <6> <5> <4> <B> <2> <1>  <0> Address After reset R/W
BSYE |ACKD|ACKE | ACKT [CMDD|RELD |CMDT| RELT FF61H 00H R/W
RELT When RELT = 1, the SO latch is set to 1. After SO latch setting, RELT is automatically cleared to 0.
Also cleared to 0 when CSIEO = 0.
CMDT When CMDT = 1, the SO latch is cleared to 0. After SO latch clearance, CMDT is automatically cleared to 0.
Also cleared to 0 when CSIEO = 0.
CSIEO: Bit 7 of serial operating mode register 0 (CSIMO)
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(c) Interrupt timing specification register (SINT)
SINT is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input sets SINT to 00H.

Symbol 7 <6> <5> <4> 3 2 1 0 Address Afterreset  R/W

SINT 0 CLD | SIC |SVAM| © 0 0 0 FF63H 00H R/Whote 1

R/W

SVAM| SVA bit to be used as slave address

0 Bits 0to 7

1 Bits 1to 7

R/W
SIC | INTCSIO interrupt source selection
CSIIFO is set upon termination of serial interface
0 channel 0 transfer
1 CSIIFO is set upon bus release detection or
termination of serial interface channel O transfer
R

CLD | SCKO pin levelNete2

0 Low level

1 High level

Notes 1. Bit 6 (CLD) is a read-only bit.
2. When CSIEO = 0, CLD becomes 0.

Caution Be sure to set bits 0 to 3 to 0.
Remark SVA: Slave address register

CSIIFO0: Interrupt request flag for INTCSIO
CSIEO: Bit 7 of serial operating mode register 0 (CSIMO)
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(2) Communication operation
The 2-wire serial 1/0 mode is used for data transmission/reception in 8-bit units. Data transmission/
reception is carried out bit by bit in synchronization with the serial clock.
Shift operations of serial I/O shift register 0 (SIO0) are carried out in synchronization with the falling edge
of the serial clock (ﬁ)). The transmit data is held in the SO0 latch and is output from the SB0/P25
(or SB1/P26) pin with the MSB set as the start bit. The receive data input from the SBO (or SB1) pin is
latched into SI00 at the rising edge of SCKO.
Upon termination of 8-bit transfer, SIO0 operation stops automatically and the interrupt request flag
(CSIIFQ) is set.

Figure 13-31. 2-Wire Serial /0 Mode Timing

SCKO 1 2 3 4 5 6 7 8
|
l

saorss X o7 X o0 X o5 X o0 X 05 X 02 X o1 X /o0
|
|
l
|

CSIIFO !

\ End of transfer
Transfer start at the falling edge of SCKO

The SBO (SB1) pin specified for the serial data bus is an N-ch open-drain I/0O and thus it must be externally
pulled up. Because the N-ch open-drain output must be high impedance for data reception, write FFH
to SI0O0 in advance.

The SBO (or SB1) pin generates the SOO latch status and thus the SBO (or SB1) pin output status can
be manipulated by setting bit 0 (RELT) and bit 1 (CMDT) of the serial bus interface control register (SBIC).
However, do not carry out this manipulation during serial transfer.

Control the SCKO pin output level in the output mode (internal system clock mode) by manipulating the
P27 output latch (refer to 13.4.5 SCKO0/P27 pin output manipulation).
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(3)

Signals
Figure 13-32 shows the RELT and CMDT operations.

Figure 13-32. RELT and CMDT Operations

SO0 latch 4> 4{

RELT /
CMDT (E |

4

(5)

246

Transfer start
Serial transfer is started by setting transfer data to serial 1/0 shift register 0 (SIO0) when the following
two conditions are satisfied.

¢ Serial interface channel 0 operation control bit (CSIEQ) = 1

¢ Internal serial clock is stopped or SCKO is at high level after 8-bit serial transfer.

Cautions 1. If CSIEO is set to “1” after data write to SIO0, transfer does not start.
2. Because the N-ch open-drain output must be high impedance for data reception,
write FFH to SIO0 in advance.

Upon termination of 8-bit transfer, serial transfer automatically stops and the interrupt request flag
(CSIIFO0) is set.

Error detection

In the 2-wire serial /0 mode, the serial bus SBO (SB1) status being transmitted is fetched into serial I/
O shift register 0 (SIO0) of the transmitting device. Thus, transmit errors can be detected in the following
two ways.

(a) Comparison of SIO0 data before transmission to that after transmission
In this case, if the two data differ, a transmit error is judged to have occurred.

(b) Use of the slave address register (SVA)
Transmit data is set to both SIO0 and SVA and is transmitted. After termination of transmission, the
COl bit (match signal coming from the address comparator) of serial operating mode register 0
(CSIMO) is tested. If “1”, normal transmission is judged to have been carried out. If “0”, a transmit
error is judged to have occurred.
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13.4.5 SCKO0/P27 pin output manipulation

Because the SCKO0/P27 pin incorporates an output latch, static output is also possible by software in addition
to normal serial clock output.

P27 output latch manipulation enables any value of SCKO to be set by software (SI0/SB0 and SO0/SB1 pins
to be controlled with bit 0 (RELT) and bit 1 (CMDT) of the serial bus interface control register (SBIC)).

The SCK0/P27 pin output manipulation procedure is described below.

[1] Set serial operating mode register 0 (CSIMO) (m pin enabled for serial operation in the output mode).

SCKO = 1 with serial transfer suspended.
[2] Manipulate the P27 output latch with a bit manipulation instruction.

Figure 13-33. SCKO0/P27 Pin Configuration

Set with a bit
/ manipulation instruction

SN To internal
SCKO/P27 O—»—% cireuit P27 output
latch
g : — SCKO
(set to 1 while transfer

When CSIEO = 1 is stopped)
and From serial clock
CSIMO01 and CSIM00 = 1, 0 or 1, 1, respectively controller
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14.1 Functions of Serial Interface Channel 1

Serial interface channel 1 has the following three modes.

Table 14-1.

Modes of Serial Interface Channel 1

Operation Mode

Pins Used

Features

Usage

Operation stop
mode

Used when serial transfer is not carried out.
Power consumption can be reduced.

3-wire serial 1/0
mode
(MSB-/LSB-first
switchable)

SCK1 (serial clock),
SO1 (serial output),
SI1 (serial input)

Input and output lines are independent and
they can transfer/receive at the same time, so
the data transfer processing time is short.

The start bit of 8-bit data to undergo serial
transfer is switchable between MSB and LSB.

3-wire serial 1/0
mode with
automatic transmit/
receive function
(MSB-/LSB-first
switchable)

SCK1 (serial clock),
SO1 (serial output),
SI1 (serial input)

Mode with same function as 3-wire serial 1/0
mode above plus automatic transmit/receive
function.

Can transmit/receive data with a maximum of
64 bytes. Therefore, this function enables the
hardware to transmit/receive data to/from the
OSD (On Screen Display) device and device
with on-chip display controller/driver
independently of the CPU thus the software
load can be reduced.

These modes are used
for connection of
peripheral ICs and
display controllers that
incorporate a clocked
serial interface.
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14.2 Configuration of Serial Interface Channel 1
Serial interface channel 1 includes the following hardware.

Table 14-2. Configuration of Serial Interface Channel 1

Iltem Configuration

Registers Serial I/O shift register 1 (SIO1)
Automatic data transmit/receive address pointer (ADTP)

Control registers | Timer clock select register 3 (TCL3)

Serial operating mode register 1 (CSIM1)

Automatic data transmit/receive control register (ADTC)

Automatic data transmit/receive interval specification register (ADTI)
Port mode register 2 (PM2)Nete

Note Refer to Figure 4-5 Block Diagram of P20, P21, P23 to P26 and
Figure 4-6 Block Diagram of P22 and P27.
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Figure 14-1. Block Diagram of Serial Interface Channel 1

S Internal bus (
Autom?/tic data
——— transmit/receive
E— Buffer RAM — address pointer
ADTP)
S Internal bus (
ATE {>c gfgic“:}ﬁggﬁ ggggmgéﬁon Automatic data transmit/ Serial operating mode
DIR DIR register receive control register register 1
ADTI |[ADTI |ADTI |ADTI |ADTI |ADTI || ge |aRLD ERcE| ERR | TRE |STRE [BUSY [BUSY CSIE1 DIR |ATE |CSIM |CSIM
7 |4 | 3 |2 1 0 T 1 ] 10
Serial I/O shift
SI1/P20 © ,”} register 1 (SIO1) [ | Match UADTIO to ADTI4
T T
SO1/P21
4 4 ‘ P21 output latch 5-bit counter
PM23
STB/P23 © Hand-
BUSY/P24 © shake
l— ARLD
e Serial clock ‘ 1) INTCSI1
counter
= SIO1 write
£ Clear I '
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(1)

(2)

(3

Serial I/O shift register 1 (SIO01)

This is an 8-bit register used to carry out parallel/serial conversion and serial transmission/reception (shift
operations) in synchronization with the serial clock.

SIO1 is set with an 8-bit memory manipulation instruction.

When bit 7 (CSIE1) of serial operating mode register 1 (CSIM1) is 1, writing data to SIO1 starts serial
operation.

In transmission, data written to SIO1 is output to the serial output (SO1). In reception, data is read from
the serial input (SI1) to SIO1.

RESET input makes S101 undefined.

Caution Do not write data to SIO1 while the automatic transmit/receive function is activated.

Automatic data transmit/receive address pointer (ADTP)

This register stores the value of (the number of transmit data bytes — 1) while the automatic transmit/
receive function is activated. It is decremented automatically with data transmission/reception.
ADTP is set with an 8-bit memory manipulation instruction. The higher 3 bits must be set to 0.
RESET input sets ADTP to 00H.

Caution Do not write data to ADTP while the automatic transmit/receive function is activated.
Serial clock counter

This counter counts the serial clocks to be output and input during transmission/reception and checks
whether 8-bit data has been transmitted/received.
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14.3 Control Registers of Serial Interface Channel 1
The following four registers are used to control serial interface channel 1.
e Timer clock select register 3 (TCL3)
¢ Serial operating mode register 1 (CSIM1)

* Automatic data transmit/receive control register (ADTC)
* Automatic data transmit/receive interval specification register (ADTI)
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(1) Timer clock select register 3 (TCL3)
This register sets the serial clock of serial interface channel 1.
TCL3 is set with an 8-bit memory manipulation instruction.
RESET input sets TCL3 to 88H.

Remark Besides setting the serial clock of serial interface channel 1, TCL3 sets the serial clock of serial
interface channel 0.

Figure 14-2. Format of Timer Clock Select Register 3

Symbol 7 6 5 4 3 2 1 0 Address After reset R/W
TCL3 | TCL37 | TCL36 | TCL35 | TCL34 | TCL33 | TCL32 | TCL31 | TCL30 FF43H 88H R/W
Serial interface channel 0
TCL33| TCL32 | TCL31 | TCL30| gerial clock selection
1 1 0 | 2% (1.25 MHz)
1 1 1 fx/2° (625 kHz)
1 0 0 0 | 2*(813kHz)
1 0 0 1 fx/2° (156 kHz)
1 0 1 0 | /2°(78.1 kHz)
1 0 1 1 fx/2” (39.1 kHz)
1 1 0 0 | fx2® (19.5 kHz)
1 1 0 1 fx/2° (9.8 kHz)
Other than above Setting prohibited

Serial interface channel 1
serial clock selection

TCL37 | TCL36 | TCL35 | TCL34

1 1 0 | 2% (1.25 MHz)
0 1 1 1 fx/2° (625 kHz)
1 0 0 0 | 2*(813kHz)
1 0 0 1 56 kHz
fx/2° (156 kHz)

1 0 1 0 | /2°(78.1 kHz)
1 0 1 1 1 kHz

fx/2 (39.1 kHz)

1 1 0 0 | fx/2® (19.5 kHz)
1 1 0 1 fx/2° (9.8 kHz)

Other than above Setting prohibited

Caution If TCL3 is to be rewritten with data that is not identical, stop the serial transfer first.

Remarks 1. fx: Main system clock oscillation frequency
2. Figures in parentheses apply to operation with fx = 5.0 MHz.

User's Manual U11302EJ5V0UD 253



CHAPTER 14 SERIAL INTERFACE CHANNEL 1

(2) Serial operating mode register 1 (CSIM1)
This register sets the serial interface channel 1 serial clock, operating mode, operation enable/stop, and

Symbol
CSIMA1

254

automatic transmit/receive operation enable/stop.
CSIM1 is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input sets CSIM1 to 00H.

Figure 14-3. Format of Serial Operating Mode Register 1

<7> 6 <5> 4 3 2 1 0 Address After reset R/W

CSIM|CSIM
CSIE1| DIR | ATE| O 0 0 1 10 FF68H 00H R/W
C1S:M C1S(|)M Serial interface channel 1 clock selection
0 x | Clock externally input to SCK1 pinNote 1
1 0 8-bit timer register 2 (TM2) output
1 1 Clock specified with bits 4 to 7 of timer clock select register 3 (TCL3)
ATE| Serial interface channel 1 operating mode selection
0 3-wire serial 1/0 mode
1 3-wire serial I/0 mode with automatic transmit/receive function
DIR Start bit SI1 pin function SO1 pin function
0 MSB S11/P20 (input) SO1 (CMOS output)
1 LSB
CSIM Shift register |Serial clock counter SI1/P20 SO1/P21 SCK1/P22
CSIE1 PM20| P20 |PM21| P21 [PM22| P22 ) . . . . ) . .
1 1 operation operation control pin function pin function pin function
Note 2 Note 2|Note 2|Note 2|Note 2|Note 2 Operation StOp Clear P20 P21 p22
0 X X X X X X X (CMOS 1/0) (CMOS 1/0) (CMOS 1/0)
0 ) Operation enable| Count operation S|{Note 3 SO1 SCK1
X
Note 3[Note 3 (input) (CMOS output) (input)
1 1 X 0 0
SCK1
1 0 1
(CMOS output)

Notes 1. Ifexternal clockinputhasbeen selected with CSIM11 setto 0, setbit 1 (BUSY1) and bit2 (STRB)

Remark

of the automatic data transmit/receive control register (ADTC) to 0, 0.
Can be used freely as a port pin.
Can be used as P20 when used only for transmission (set bit 7 (RE) of ADTC to 0).

X: don’t care

PMxx: Port mode register
Pxx: Port output latch
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(3) Automatic data transmit/receive control register (ADTC)
This register sets automatic receive enable/disable, the operating mode, strobe output enable/disable,
busy input enable/disable, error check enable/disable, and displays automatic transmit/receive execution
and error detection.
ADTC is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input sets ADTC to 00H.
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Figure 14-4. Format of Automatic Data Transmit/Receive Control Register

Symbol 7. 6> <B> <4> <3> <2> <1> <0> Address  Afterreset R/W
ADTC | RE |ARLD|ERCE| ERR | TRF |STRB|BUSY1BUSYO| FF69H 00H R/VyNote 1
L1
R/W
BUSY1/BUSY0 | Busy input control
0 X Not using busy input
1 0 Busy input enabled (active high)
1 1 Busy input enabled (active low)
R/W
STRB | Strobe output control
0 Strobe output disabled
1 Strobe output enabled
R ; , ; ,
TRF | Status of automatic transmit/receive functionNete2
Detection of termination of automatic transmission/
0 reception (This bit is set to 0 upon suspension of
automatic transmission/reception or when ARLD = 0.)
1 During automatic transmission/reception
(This bit is set to 1 when data is written to SIO1.)
R - - - -
ERR | Error detection of automatic transmit/receive
function
0 No error
(This bit is set to 0 when data is written to SIO1.)
1 Error occurred
R/W - -
ERCE | Error check control of automatic transmit/
receive function
0 Error check disabled
1 Error check enabled (only when BUSY1 = 1)
R/W - - - -
ARLD | Operating mode selection of automatic transmit/
receive function
0 Single operating mode
1 Repetitive operating mode
R/W - - - -
RE | Receive control of automatic transmit/receive
function
0 Receive disabled
Receive enabled

Notes 1. Bits 3 and 4 (TRF and ERR) are read-only bits.
2. The termination of automatic transmission/reception should be judged by using TRF, not
CSIIF1 (interrupt request flag).

Caution When external clock input is selected with bit 1 (CSIM11) of serial operating mode
register 1 (CSIM1) set to 0, set STRB and BUSY1 of ADTC to 0, 0.

Remark x: don’t care
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(4) Automatic data transmit/receive interval specification register (ADTI)
This register sets the automatic transmit/receive function data transfer interval.

Figure 14-5. Format of Automatic Data Transmit/Receive Interval Specification Register (1/2)

Symbol

ADTI

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

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

ADTI7| O 0 |ADTI4|ADTI3|ADTI2|ADTI1|ADTIO| FF6BH 00H R/W

ADTI7 | Data transfer interval control
0 No control of interval by ADT|Nete!
1 Control of interval by ADTI (ADTIO to ADTI4)

Data transfer interval specification (fx = 5.0 MHz operation)
ADTI4 |ADTI3 | ADTI2 | ADTI1 |ADTIO
MinimumnNete 2 MaximumNete 2

0 0 0 0 0 36.8 us + 0.5/fsck 40.0 us + 1.5/fsck
0 0 0 0 1 62.4 us + 0.5/fsck 65.6 us + 1.5/fsck
0 0 0 1 0 88.0 us + 0.5/fsck 91.2 us + 1.5/fsck
0 0 0 1 1 113.6 us + 0.5/fsck 116.8 us + 1.5/fsck
0 0 1 0 0 139.2 us + 0.5/fsck 142.4 us + 1.5/fsck
0 0 1 0 1 164.8 us + 0.5/fsck 168.0 us + 1.5/fsck
0 0 1 1 0 190.4 us + 0.5/fsck 193.6 us + 1.5/fsck
0 0 1 1 1 216.0 us + 0.5/fsck 219.2 us + 1.5/fsck
0 1 0 0 0 241.6 us + 0.5/fsck 244.8 us + 1.5/fsck
0 1 0 0 1 267.2 us + 0.5/fsck 270.4 us + 1.5/fsck
0 1 0 1 0 292.8 us + 0.5/fsck 296.0 us + 1.5/fsck
0 1 0 1 1 318.4 us + 0.5/fsck 321.6 us + 1.5/fsck
0 1 1 0 0 344.0 us + 0.5/fsck 347.2 us + 1.5/fsck
0 1 1 0 1 369.6 us + 0.5/fsck 372.8 us + 1.5/fsck
0 1 1 1 0 395.2 us + 0.5/fsck 398.4 us + 1.5/fsck
0 1 1 1 1 420.8 us + 0.5/fsck 424.0 us + 1.5/fsck
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Notes 1. The interval is dependent only on CPU processing.

2. The data transferinterval includes an error. The data transfer minimum and maximum intervals

are found from the following expressions (n: Value set in ADTIO to ADTI4). However, if the

minimum calculated by the following expression is smaller than 2/fsck, the minimum interval time

is 2/fsck.
. 27 56 0.5
Minimum = (n + 1) x
fx fx fsck
) 27 72 1.5
Maximum = (n + 1) x
fx fx fsck

Cautions 1. ADTI should not be written to during operation of the automatic transmit/receive

function.

2. Bits 5 and 6 must be set to 0.
3. When ADTI is used to control the interval time of data transfer by automatic transmit/
receive function, busy control (refer to 14.4.3 (4) (a) Busy control option) is invalid.

Remarks 1. fx: Main system clock oscillation frequency

2. fsck: Serial clock frequency
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Figure 14-5. Format of Automatic Data Transmit/Receive Interval Specification Register (2/2)

Symbol 7 g 5 4 3 2 A 0  Address Afterreset R/W
ADTI |ADTI7| O 0 |ADTI4|ADTI3|ADTI2|ADTI1|ADTIO| FF6BH O00H R/W
Data transfer interval specification (fx = 5.0 MHz operation)
ADTI4 | ADTI3 |ADTI2 | ADTI1 | ADTIO
MinimumnNete MaximumnNete
1 0 0 0 0 446.4 us + 0.5/fsck 449.6 us + 1.5/fsck
1 0 0 0 1 472.0 us + 0.5/fsck 475.2 us + 1.5/fsck
1 0 0 1 0 497.6 us + 0.5/fsck 500.8 us + 1.5/fsck
1 0 0 1 1 523.2 us + 0.5/fsck 526.4 us + 1.5/fsck
1 0 1 0 0 548.8 us + 0.5/fsck 552.0 us + 1.5/fsck
1 0 1 0 1 574.4 us + 0.5/fsck 577.6 us + 1.5/fsck
1 0 1 1 0 600.0 us + 0.5/fsck 603.2 us + 1.5/fsck
1 0 1 1 1 625.6 us + 0.5/fsck 628.8 us + 1.5/fsck
1 1 0 0 0 651.2 us + 0.5/fsck 654.4 us + 1.5/fsck
1 1 0 0 1 676.8 us + 0.5/fsck 680.0 us + 1.5/fsck
1 1 0 1 0 702.4 us + 0.5/fsck 705.6 us + 1.5/fsck
1 1 0 1 1 728.0 us + 0.5/fsck 731.2 us + 1.5/fsck
1 1 1 0 0 753.6 us + 0.5/fsck 756.8 us + 1.5/fsck
1 1 1 0 1 779.2 us + 0.5/fsck 782.4 us + 1.5/fsck
1 1 1 1 0 804.8 us + 0.5/fsck 808.0 us + 1.5/fsck
1 1 1 1 1 830.4 us + 0.5/fsck 833.6 us + 1.5/fsck

Note The data transfer interval includes an error. The data transfer minimum and maximum intervals
are found from the following expressions (n: Value set in ADTIO to ADTI4). However, if the
minimum calculated by the following expression is smaller than 2/fsck, the minimum interval time

is 2/fsck.

Minimum = (n + 1) x x T T T Feex
7

Maximum = (n + 1) x 2 20
fx fx fsck

Cautions 1. ADTI should not be written to during operation of the automatic transmit/receive
function.
2. Bits 5 and 6 must be set to 0.
3. When ADTI is used to control the interval time of data transfer by automatic transmit/
receive function, busy control (refer to 14.4.3 (4) (a) Busy control option) is invalid.

Remarks 1. fx:  Main system clock oscillation frequency
2. fsck: Serial clock frequency
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14.4 Operations of Serial Interface Channel 1
The following three operating modes are available for serial interface channel 1.

¢ Operation stop mode
e 3-wire serial 1/0 mode
e 3-wire serial I/0 mode with automatic transmit/receive function

14.4.1 Operation stop mode
Serial transfer is not carried out in the operation stop mode. Thus, power consumption can be reduced. Serial
I/0 shift register 1 (SIO1) does not carry out shift operations and can be used as an ordinary 8-bit register.
In the operation stop mode, the P20/SI1, P21/SO1, P22/SCK1, P23/STB, and P24/BUSY pins can be used
as ordinary 1/O ports.

(1) Register setting
The operation stop mode is set by serial operating mode register 1 (CSIM1).
CSIM1 is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input sets CSIM1 to 00H.

Symbol <7> 6 <5> 4 3 2 1 0 Address Afterreset R/W

CSIM|CSIM
CSIM1 [csiel DIR |ATE| 0 | 0 | o PPN FF68H 00H R/W
CSIM Shift register |Serial clock counter SI1/P20 SO1/P21 SCK1/P22
CsIEd| ", " [PM20| P20 [PM21| P21 [Pm2| pa2 [ ST rO9 1 cloct cou , ) . . . )
1 1 operation operation control pin function pin function pin function
Note 1| Note 1|Note 1|Note 1|Note 1[Note 1 Operation StOp Clear P20 P21 P22
0 X X X X X X X (CMOS 1/0) (CMOS 1/0) (CMOS 1/0)
0 ) Operation enable| Count operation S|{Note 2 SO1 SCK1
X
Note 2|Note 2| (input) (CMOS output) (input)
1 1 X 0 0
SCK1
1 0 1
(CMOS output)

Notes 1. Can be used freely as a port pin.
2. Can be used as P20 (CMOS 1I/0O) when used only for transmission (set bit 7 (RE) of the automatic
data transmit/receive control register (ADTC) to 0).

Remark x: don’t care

PMxx: Port mode register
Pxx: Port output latch
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14.4.2 3-wire serial I/0 mode operation

The 3-wire serial I/0 mode is used for connection of peripheral ICs and display controllers that incorporate
a clocked serial interface.

Communication is carried out using three lines: a serial clock (W), serial output (SO1), and serial input
(SI1).

(1) Register setting
The 3-wire serial /0 mode is set by serial operating mode register 1 (CSIM1).
CSIM1 is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input sets CSIM1 to O0H.

Symbol <7> 6 <5> 4 3 2 1 0 Address Afterreset R/W

CIMCRW FFesH 00H RIW

CSIM1 [csiEl| DIR|ATE| 0 | 0 | O

CSIM|CSIM

1 | 10 Serial interface channel 1 clock selection

0 x | Clock externally input to SCK1 pinNote 1

1 0 8-bit timer register 2 (TM2) output

1 1 Clock specified with bits 4 to 7 of timer clock select register 3 (TCL3)

ATE| Serial interface channel 1 operating mode selection

0 3-wire serial 1/0 mode

1 3-wire serial /0 mode with automatic transmit/receive function

DIR Start bit SI1 pin function SO1 pin function
0 MSB S11/P20 (input) SO1 (CMOS output)
1 LSB
CSIM Shift register |Serial clock counter SI1/P20 SO1/P21 SCK1/P22
CSIE1 PM20| P20 |PM21| P21 |PM22| P22 ) . . . . ) . !
1 1 operation operation control pin function pin function pin function
Note 2| Note 2| Note 2( Note 2| Note 2| Note 2 Operation StOp Clear P20 P21 P22
0 X X X X X X X (CMOS 1/0) (CMOS 1/0) (CMOS 1/0)
0 ] Operation enable| Count operation SlqNote 3 SO1 SCK1
X
Note 3|Note 3| (input) (CMOS output) (input)
1 1 X 0 0
SCK1
1 0 1
(CMOS output)

Notes 1. Ifexternal clockinputhasbeen selected with CSIM11 setto 0, setbit 1 (BUSY1) and bit2 (STRB)
of the automatic data transmit/receive control register (ADTC) to 0, 0.
2. Can be used freely as a port pin.
3. Can be used as P20 when used only for transmission (set bit 7 (RE) of ADTC to 0).

Remark x: don’t care

PMxx: Port mode register
Pxx: Port output latch
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(2) Communication operation
The 3-wire serial /0 mode is used for data transmission/reception in 8-bit units. Data transmission/
reception is carried out bit by bit in synchronization with the serial clock.
Shift operations of serial 1/0 shift register 1 (S101) are carried out at the falling edge of the serial clock
(m). The transmit data is held in the SO1 latch and is output from the SO1 pin. The receive data
input to the SI1 pin is latched into SIO1 at the rising edge of SCKA1.
Upon termination of 8-bit transfer, the SIO1 operation stops automatically and the interrupt request flag
(CSIIF1) is set.

Figure 14-6. 3-Wire Serial I/O Mode Timing

n
w
N
[9)]
[}
~
oo

SCK1 1 2
i
I
I
)
I
|

S / XKE)W X DI6 X DI5 X Dl4 X DI3 X DI2 X DIt X DIO/

SO1 \ DO7 X DO6 X DO5 X DO4 X DO3 X DO2 X DO1 X/DOO

CSIIF1

L I End of transfer
Transfer start at the falling edge of SCK1

SIO1 write

Caution The SO1 pin becomes low level by SIO1 write.
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(3)

4

MSB/LSB switching as the start bit

In the 3-wire serial I/O mode, transfer can be selected to start from the MSB or LSB.

Figure 14-7 shows the configuration of serial I/O shift register 1 (SIO1) and the internal bus. As shown
in the figure, the MSB/LSB can be read/written in reverse form.

MSB/LSB switching as the start bit can be specified using bit 6 (DIR) of serial operating mode register
1 (CSIM1).

Figure 14-7. Circuit for Switching Transfer Bit Order

Internalbus  ------—--------1 i B E Bty [ A Bl

LSB-first L
MSB-first —— Read/write gate | | Read/write gate

SO1 latch

sit ——  shitregister 1(S101)  |—|D OW

D U D 0 W B

SO1

SCK1

Start bit switching is realized by switching the bit order for data write to SIO1. The SIO1 shift order remains
unchanged.

Thus, switching between MSB-first and LSB-first must be performed before writing data to the shift
register.

Transfer start
Serial transfer is started by setting transfer data to serial 1/0 shift register 1 (SIO1) when the following

two conditions are satisfied.

» Serial interface channel 1 operation control bit (CSIE1) = 1
* Internal serial clock is stopped or SCK1 is at high level after 8-bit serial transfer.

Caution If CSIE1 is set to “1” after data write to SIO1, transfer does not start.

Upon termination of 8-bit transfer, serial transfer automatically stops and the interrupt request flag
(CSIIF1) is set.
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14.4.3 3-wire serial I/0 mode operation with automatic transmit/receive function

This 3-wire serial I/0 mode is used for transmission/reception of up to 64-byte data without using software.
Once transfer is started, the set number of bytes of the data prestored in the RAM can be transmitted, and the
set number of bytes of data can be received and stored in the RAM.

Handshake signals (STB and BUSY) are supported by hardware to transmit/receive data continuously. An
OSD (On Screen Display) LSI and peripheral LSl including an LCD controller/driver can be connected without
difficulty.

(1) Register setting
The 3-wire serial I/0 mode with automatic transmit/receive function is set by serial operating mode
register 1 (CSIM1), the automatic data transmit/receive control register (ADTC), and the automatic data
transmit/receive interval specification register (ADTI).
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(a) Serial operating mode register 1 (CSIM1)
CSIM1 is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input sets CSIM1 to 00H.

Symbol <7> 6 <5> 4 3 2 1 O Address Afterreset R/W
CSIM|CSIM
CSIM1 [csiE1| DIR |ATE| 0 | 0 | o [F2NF0 FF68H OO0H R/W
CﬂM C1S(|)M Serial interface channel 1 clock selection
0 X Clock externally input to SCK1 pinNete!
1 0 8-bit timer register 2 (TM2) output
1 1 Clock specified with bits 4 to 7 of timer clock select register 3 (TCL3)
ATE| Serial interface channel 1 operating mode selection

0 3-wire serial /0 mode

1 3-wire serial /0 mode with automatic transmit/receive function

DIR Start bit SI1 pin function SO1 pin function
0 | MSB S11/P20 (input) SO1 (CMOS output)
1 LSB
CSIM Shift register | Serial clock counter| SI1/P20 SO1/P21 SCK1/P22
CSIE1 PM20| P20 |PM21| P21 | PM22| P22 ) ) ) ) ) ) ] )
1 1 operation operation control pin function pin function pin function
Note 2| Note 2| Note 2| Note 2| Note 2| Note 2 Operation StOp Clear P20 P21 P22
0 X X X X X X X (CMOS 1/0) (CMOS 1/0) (CMOS 1/0)
0 ] N Operation enable| Count operation S|qNote3 SO1 SCK1
Note 3| Note 3 (input) (CMOS output) (input)
1 1 X 0 0
SCK1
1 0 1
(CMOS output)
Notes 1. Ifexternalclockinputhasbeen selected with CSIM11 setto 0, setbit1 (BUSY1)andbit2 (STRB)

of the automatic data transmit/receive control register (ADTC) to 0, 0.

2. Can be used freely as a port pin.

3. Can be used as P20 when used only for transmission (set bit 7 (RE) of ADTC to 0).

Remark x: don’t care
PMxx: Port mode register
Pxx: Port output latch
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(b) Automatic data transmit/receive control register (ADTC)
ADTC is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input sets ADTC to 00H.

Symbol .7, 6> <B> <4> <3> <2> <1> <0> Address Afterreset R/W

ADTC | RE |ARLD|ERCE| ERR | TRF |STRB|BUSY1BUSY0O| FF69H 00H R/Whete 1
L1
R/W
BUSY1BUSYO| Busy input control
0 X Not using busy input
1 0 Busy input enabled (active high)
1 1 Busy input enabled (active low)
R/W
STRB | Strobe output control
0 Strobe output disabled
1 Strobe output enabled
R ; — ,
TRF | Status of automatic transmit/receive functionNote 2
Detection of termination of automatic transmission/
0 reception (This bit is set to 0 upon suspension of
automatic transmission/reception or when ARLD = 0.)
1 During automatic transmission/reception
(This bit is set to 1 when data is written to SIO1.)
R
ERR | Error detection of automatic transmit/receive
function
0 No error
(This bit is set to 0 when data is written to SIO1.)
1 Error occurred
R/W - -
ERCE | Error check control of automatic transmit/

receive function
0 Error check disabled
1 Error check enabled (only when BUSY1 = 1)

R/W

ARLD | Operating mode selection of automatic transmit/
receive function

0 Single operating mode

1 Repetitive operating mode

R/wW

RE Receive control of automatic transmit/receive
function

0 Receive disabled

Receive enabled

Notes 1. Bits 3 and 4 (TRF and ERR) are read-only bits.
2. The termination of automatic transmission/reception should be judged by using TRF, not CSIIF1
(interrupt request flag).

Caution When external clock input is selected with bit 1 (CSIM11) of serial operating mode register
1 (CSIM1) set to 0, set STRB and BUSY1 of ADTC to 0, 0 (handshake control cannot be
executed when an external clock is input).

Remark x: don’t care
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Symbol

ADTI

(c) Automatic data transmit/receive interval specification register (ADTI)

This register sets the data transfer interval of the automatic transmit/receive function.

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

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

ADTI7Z| O 0 |ADTI4|ADTI3|ADTI2|ADTI1|ADTIO| FF6BH 00H R/W

ADTI7 | Data transfer interval control
0 No control of interval by ADT[Nete1
1 Control of interval by ADTI (ADTIO to ADTI4)

Data transfer interval specification (fx = 5.0 MHz operation)
ADTI4 | ADTI3 |ADTI2 |ADTI1 |ADTIO
MinimumnNete 2 MaximumnNete 2

0 0 0 0 0 36.8 us + 0.5/fsck 40.0 us + 1.5/fsck
0 0 0 0 1 62.4 us + 0.5/fsck 65.6 us + 1.5/fsck
0 0 0 1 0 88.0 us + 0.5/fsck 91.2 us + 1.5/fsck
0 0 0 1 1 113.6 us + 0.5/fsck 116.8 us + 1.5/fsck
0 0 1 0 0 139.2 us + 0.5/fsck 142.4 us + 1.5/fsck
0 0 1 0 1 164.8 us + 0.5/fsck 168.0 us + 1.5/fsck
0 0 1 1 0 190.4 us + 0.5/fsck 193.6 us + 1.5/fsck
0 0 1 1 1 216.0 us + 0.5/fsck 219.2 us + 1.5/fsck
0 1 0 0 0 241.6 us + 0.5/fsck 244.8 us + 1.5/fsck
0 1 0 0 1 267.2 us + 0.5/fsck 270.4 us + 1.5/fsck
0 1 0 1 0 292.8 us + 0.5/fsck 296.0 us + 1.5/fsck
0 1 0 1 1 318.4 us + 0.5/fsck 321.6 us + 1.5/fsck
0 1 1 0 0 344.0 us + 0.5/fsck 347.2 us + 1.5/fsck
0 1 1 0 1 369.6 us + 0.5/fsck 372.8 us + 1.5/fsck
0 1 1 1 0 395.2 us + 0.5/fsck 398.4 us + 1.5/fsck
0 1 1 1 1 420.8 us + 0.5/fsck 424.0 us + 1.5/fsck

User's Manual U11302EJ5V0OUD

267



CHAPTER 14 SERIAL INTERFACE CHANNEL 1

268

Notes 1. The interval is dependent only on CPU processing.

2. The data transfer interval includes an error. The data transfer minimum and maximum
intervals are found from the following expressions (n: Value set in ADTIO to ADTI4).
However, if the minimum calculated by the following expression is smaller than 2/fsck, the
minimum interval time is 2/fsck.

. 27 56 0.5
Minimum = (n + 1) x + — + —
fx fx fsck

) 27 72 1.5
Maximum = (n + 1) x + — + —
X fx fsck

Cautions 1. ADTI should not be written to during operation of the automatic transmit/receive
function.
2. Bits 5 and 6 must be set to 0.
3. When ADTI is used to control the interval time of data transfer by automatic
transmit/receive function, busy control (refer to 14.4.3 (4) (a) Busy control option)
is invalid.

Remarks 1. fx: Main system clock oscillation frequency
2. fsck: Serial clock frequency
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Symbol

ADTI

7 6 5 4 3 2 1 0 Address Afterreset R/W
ADTI7| O 0 |ADTI4|ADTI3|ADTI2|ADTI1|ADTIO| FF6BH 00H R/W
Data transfer interval specification (fx = 5.0 MHz operation)
ADTI4 |ADTI3 |ADTI2 [ADTI1 |ADTIO
MinimumnNete MaximumnNete

1 0 0 0 0 446.4 us + 0.5/fsck 449.6 us + 1.5/fsck
1 0 0 0 1 472.0 us + 0.5/fsck 475.2 us + 1.5/fsck
1 0 0 0 497.6 us + 0.5/fsck 500.8 us + 1.5/fsck
1 0 0 1 523.2 us + 0.5/fsck 526.4 us + 1.5/fsck
1 0 1 0 0 548.8 us + 0.5/fsck 552.0 us + 1.5/fsck
1 0 1 0 1 574.4 us + 0.5/fsck 577.6 us + 1.5/fsck
1 0 1 0 600.0 us + 0.5/fsck 603.2 us + 1.5/fsck
1 0 1 1 625.6 us + 0.5/fsck 628.8 us + 1.5/fsck
1 1 0 0 0 651.2 us + 0.5/fsck 654.4 us + 1.5/fsck
1 1 0 0 1 676.8 us + 0.5/fsck 680.0 us + 1.5/fsck
1 1 0 0 702.4 us + 0.5/fsck 705.6 us + 1.5/fsck
1 1 0 1 728.0 us + 0.5/fsck 731.2 us + 1.5/fsck
1 1 1 0 0 753.6 us + 0.5/fsck 756.8 us + 1.5/fsck
1 1 1 0 1 779.2 us + 0.5/fsck 782.4 us + 1.5/fsck
1 1 1 0 804.8 us + 0.5/fsck 808.0 us + 1.5/fsck
1 1 1 1 830.4 us + 0.5/fsck 833.6 us + 1.5/fsck

Note The data transfer interval includes an error. The data transfer minimum and maximum intervals
are found from the following expressions (n:
minimum calculated by the following expression is smaller than 2/fsck, the minimum interval time

is 2/fsck.
. 7 56 0.5
Minimum = (n + 1) x +
fx fx fsck
. 27 72 1.5
Maximum = (n + 1) x + +
fx fx fsck
Cautions 1.

Remarks 1. fx:

function.

2. Bits 5 and 6 must be set to 0.

3. When ADTI is used to control the interval time of data transfer by automatic transmit/
receive function, busy control (refer to 14.4.3 (4) (a) Busy control option) is invalid.

2. fsck: Serial clock frequency

Main system clock oscillation frequency
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(2) Automatic transmit/receive data setting

(a) Transmit data setting

[1] Write transmit data from the least significant address of buffer RAM, FACOH (up to FAFFH).
The transmit data should be in the order from higher address to lower address.

[2] Set the automatic data transmit/receive address pointer (ADTP) to the value obtained by
subtracting 1 from the number of transmit data bytes.

(b) Automatic transmit/receive mode setting

[1] Set bit 7 (CSIE1) and bit 5 (ATE) of serial operating mode register 1 (CSIM1) to 1.

[2] Set RE of the automatic data transmit/receive control register (ADTC) to 1.

[3] Set the data transmit/receive transfer interval in the automatic data transmit/receive interval
specification register (ADTI).

[4] Write any value to serial I/O shift register 1 (SIO1) (transfer start trigger).

Caution Writing any value to SIO1 orders the start of an automatic transmit/receive operation;
the written value has no meaning.

The following operations are automatically carried out when (a) and (b) are carried out.

* After the buffer RAM data specified by ADTP is transferred to SIO1, transmission is carried
out (start of automatic transmission/reception).

* The received data is written to the buffer RAM address specified by ADTP.

e ADTP is decremented and the next data transmission/reception is carried out. Data
transmission/reception continues until the ADTP decremental output becomes 00H and the
data of address FACOH is output (end of automatic transmission/reception).

¢ When automatic transmission/reception is terminated, bit 3 (TRF) of ADTC is cleared to 0.
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(3) Communication operation

(a) Basic transmission/reception mode
This transmission/reception mode is the same as the 3-wire serial I/O mode in which the specified
number of data are transmitted/received in 8-bit units.
Serial transfer is started when any data is written to serial 1/O shift register 1 (SI01) while bit 7
(CSIE1) of serial operating mode register 1 (CSIM1) is set to 1.
Upon completion of transmission of the last byte, the interrupt request flag (CSIIF1) is set. However,
the termination of automatic transmission/reception should be judged by bit 3 (TRF) of the automatic
data transmit/receive control register (ADTC), not CSIIF1.
If busy control and strobe control are not executed, the P23/STB and P24/BUSY pins can be used
as normal 1/O ports.
Figure 14-8 shows the basic transmission/reception mode operation timing, and Figure 14-9 shows
the operation flowchart. The operation of the buffer RAM to transmit/receive 6-byte data is shown
in Figure 14-10.

Figure 14-8. Basic Transmission/Reception Mode Operation Timing

‘ Interval ‘
R S—

SO1 Jo7) D6 ) D5 p4YDs)D2) D1 ) Do Yo7} D6 ) D5 p4YDs)D2) D1 ) Do /j A
Si Yo7} D6 D5 p4) D3y p2) D1 Y Do Yo7} o6 psfp4fps)p2)f 1Yo | [

Cautions 1. Because, in the basic transmission/reception mode, the automatic transmit/
receive function writes/reads data to/from the buffer RAM after 1-byte transmission/
reception, an interval is inserted until the next transmission/reception.

As the buffer RAM write/read is performed at the same time as CPU processing,
the maximum interval is dependent upon CPU processing and the value of the
automatic data transmit/receive interval specification register (ADTI) (see (5)
Automatic transmit/receive interval).

2. When TRF is cleared, the SO1 pin becomes low level.

Remark CSIIF1: Interrupt request flag
TRF: Bit 3 of the automatic data transmit/receive control register (ADTC)
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Figure 14-9. Basic Transmission/Reception Mode Flowchart

C Start )

Write transmit data
in buffer RAM

Set ADTP to the value (pointer
value) obtained by subtracting 1
from the number of transmit
data bytes

Set the transmission/reception
operation interval time in ADTI

Write any data to SIO1
(Start trigger)

Write transmit data from
buffer RAM to SIO1

Transmission/reception

. Decrement pointer value
operation

Write receive data from
SIO1 to buffer RAM

No

Pointer value = 0

No

( )

ADTP: Automatic data transmit/receive address pointer

ADTI: Automatic data transmit/receive interval specification register
SIO1: Serial I/O shift register 1

TRF: Bit 3 of the automatic data transmit/receive control register (ADTC)
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In 6-byte transmission/reception (ARLD = 0, RE = 1) in basic transmission/reception mode, buffer

RAM operates as follows.

(i) Before transmission/reception (refer to Figure 14-10 (a))
After arbitrary data has been written to serial I/0O shift register 1 (SIO1) (start trigger: this data

is not transferred), transmit data 1 (T1) is transferred from the buffer RAM to SIO1.

When

transmission of the first byte is completed, receive data 1 (R1) is transferred from S101 to the
buffer RAM, and the automatic data transmit/receive address pointer (ADTP) is decremented.
Then transmit data 2 (T2) is transferred from the buffer RAM to SI101.

(ii) 4th byte transmission/reception point (refer to Figure 14-10 (b))
Transmission/reception of the third byte is completed, and transmit data 4 (T4) is transferred
from the buffer RAM to SIO1. When transmission of the fourth byte is completed, receive data

4 (R4) is transferred from SIO1 to the buffer RAM, and ADTP is decremented.

(iii) Completion of transmission/reception (refer to Figure 14-10 (c))
When transmission of the sixth byte is completed, receive data 6 (R6) is transferred from SIO1

to the buffer RAM, and the interrupt request flag (CSIIF1) is set (INTCSI1 generation).

Figure 14-10. Buffer RAM Operation in 6-Byte Transmission/Reception
(in Basic Transmission/Reception Mode) (1/2)

FAFFH

FAC5H

FACOH

(a) Before transmission/reception

Transmit data 1 (T1)

Transmit data 2 (T2)

Transmit data 3 (T3)

Transmit data 4 (T4)

Transmit data 5 (T5)

Transmit data 6 (T6)
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Figure 14-10. Buffer RAM Operation in 6-Byte Transmission/Reception
(in Basic Transmission/Reception Mode) (2/2)

FAFFH

FAC5H

FACOH

FAFFH

FAC5H

FACOH

(b) 4th byte transmission/reception point

Receive data 1 (R1)

Receive data 2 (R2)

Receive data 3 (R3)

Transmit data 4 (T4)

Transmit data 5 (T5)

Transmit data 6 (T6)

Receive data 4 (R4)

(c) Completion of transmission/reception

Receive data 1 (R1)

Receive data 2 (R2)

Receive data 3 (R3)

Receive data 4 (R4)

Receive data 5 (R5)

Receive data 6 (R6)
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(b) Basic transmission mode
In this mode, the specified number of 8-bit unit data are transmitted.
Serial transfer is started when any data is written to serial I/O shift register 1 (S101) while bit 7 (CSIE1)
of serial operating mode register 1 (CSIM1) is set to 1.
Upon completion of transmission of the last byte, the interrupt request flag (CSIIF1) is set. However,
the termination of automatic transmission/reception should be judged by bit 3 (TRF) of the automatic
data transmit/receive control register (ADTC), not CSIIF1.
If a receive operation, busy control, and strobe control are not executed, the P20/SI1, P23/STB, and
P24/BUSY pins can be used as normal 1/O ports.
Figure 14-11 shows the basic transmission mode operation timing, and Figure 14-12 shows the
operation flowchart. The operation of the buffer RAM to transmit 6-byte data in transmission mode
is shown in Figure 14-13.

Figure 14-11. Basic Transmission Mode Operation Timing

‘ Interval ‘

le—

SCK1

SO

g

XD7XD6XD5XD4XD3XD2XD1 XDO XD7XD6XD5XD4XD3XD2XD1 XDO / {)\

CSIIF1

TRF

Cautions 1. Because, in the basic transmission mode, the automatic transmit/receive function
reads data from the buffer RAM after 1-byte transmission, an interval is inserted
until the next transmission. As the buffer RAM read is performed at the same
time as CPU processing, the maximum interval is dependent upon CPU processing
and the value of the automatic data transmit/receive interval specification
register (ADTI) (see (5) Automatic transmit/receive interval).

2. When TRF is cleared, the SO1 pin becomes low level.

Remark CSIIF1: Interrupt request flag
TRF: Bit 3 of the automatic data transmit/receive control register (ADTC)
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ADTP:
ADTI:
SIO1:
TRF:

276

Figure 14-12. Basic Transmission Mode Flowchart
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C End

Automatic data transmit/receive address pointer
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In 6-byte transmission (ARLD = 0, RE = 0) in basic transmission mode, buffer RAM operates as
follows.

(i) Before transmission (refer to Figure 14-13 (a))
After arbitrary data has been written to serial I/0O shift register 1 (SIO1) (start trigger: this data
is not transferred), transmit data 1 (T1) is transferred from the buffer RAM to SIO1. When
transmission of the first byte is completed, the automatic data transmit/receive address pointer
(ADTP) is decremented. Then transmit data 2 (T2) is transferred from the buffer RAM to SIO1.

(ii) 4th byte transmission point (refer to Figure 14-13 (b))
Transmission of the third byte is completed, and transmit data 4 (T4) is transferred from the buffer
RAM to SIO1. When transmission of the fourth byte is completed, ADTP is decremented.
(iii) Completion of transmission (refer to Figure 14-13 (c))
When transmission of the sixth byte is completed, the interrupt request flag (CSIIF1) is set
(INTCSI1 generation).

Figure 14-13. Buffer RAM Operation in 6-Byte Transmission (in Basic Transmission Mode) (1/2)

(a) Before transmission

FAFFH
FAC5H Transmit data 1 (T1) SIO1
Transmit data 2 (T2)
Transmit data 3 (T3)
5 ADTP
Transmit data 4 (T4)
Transmit data 5 (T5)
FACOH Transmit data 6 (T6) 0 CSIIF1
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Figure 14-13. Buffer RAM Operation in 6-Byte Transmission (in Basic Transmission Mode) (2/2)

(b) 4th byte transmission point

FAFFH
FAC5H Transmit data 1 (T1) J SIO1
Transmit data 2 (T2) //’///
Transmit data 3 (T3) el
@ 2 ADTP
Transmit data 4 (T4) T 1
Transmit data 5 (T5) . ///
FACOH Transmit data 6 (T6) ’ 0 CSIIF1
(c) Completion of transmission
FAFFH
FAC5H Transmit data 1 (T1) SIO1
Transmit data 2 (T2)
Transmit data 3 (T3)
0 ADTP
Transmit data 4 (T4)
Transmit data 5 (T5)
FACOH Transmit data 6 (T6) 1 CSIIF1
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(c) Repeat transmission mode
In this mode, data stored in the buffer RAM is transmitted repeatedly.
Serial transfer is started by writing any data to serial I/O shift register 1 (SIO1) while bit 7 (CSIE1)
of serial operating mode register 1 (CSIM1) is set to 1.
Unlike the basic transmission mode, after the last byte (data in address FACOH) has been transmitted,
the interrupt request flag (CSIIF1) is not set, the value at the time the transmission was started is
setin the automatic data transmit/receive address pointer (ADTP) again, and the buffer RAM contents
are transmitted again.
When a reception operation, busy control, and strobe control are not performed, the P20/SI1, P23/
STB, and P24/BUSY pins can be used as normal I/O ports.
The repeat transmission mode operation timing is shown in Figure 14-14, and the operation flowchart
in Figure 14-15. The operation of the buffer RAM to transmit 6-byte data in repeat transmission mode
is shown in Figure 14-16.

Figure 14-14. Repeat Transmission Mode Operation Timing

Interval Interval

" " " "

so1  XD7)XDeXD5XD4XD3)XD2)XD1)Do XD7)XD6)XD5XD4XD3)XD2)D1XD0 XD7XD6XD5

Caution Since, in the repeat transmission mode, a read is performed on the buffer RAM after
the transmission of one byte, the interval is included in the period up to the next
transmission. As the buffer RAM read is performed at the same time as CPU
processing, the maximum interval is dependent upon the CPU operation and the value
of the automatic data transmit/receive interval specification register (ADTI) (see (5)
Automatic transmit/receive interval).
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Figure 14-15. Repeat Transmission Mode Flowchart
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When data of 6 bytes are transmitted in repeat transmission mode (ARLD = 1, RE = 0), the buffer
RAM operates as follows.

(i) Before transmission (refer to Figure 14-16 (a))
After arbitrary data has been written to serial I/0O shift register 1 (SIO1) (start trigger: this data
is not transferred), transmit data 1 (T1) is transferred from the buffer RAM to SIO1. When
transmission of the first byte is completed, the automatic data transmit/receive address pointer
(ADTP) is decremented. Then transmit data 2 (T2) is transferred from the buffer RAM to SIO1.

(ii) Upon completion of transmission of 6 bytes (refer to Figure 14-16 (b))
When transmission of the sixth byte is completed, the interrupt request flag (CSIIF1) is not set.
The first pointer value is set again to ADTP.

(iii) 7th byte transmission point (refer to Figure 14-16 (c))
Transmit data 1 (T1) is transferred from the buffer RAM to SIO1 again. When transmission of
the first byte is completed, ADTP is decremented. Then transmit data 2 (T2) is transferred from
the buffer RAM to SI101.

Figure 14-16. Buffer RAM Operation in 6-Byte Transmission (in Repeat Transmission Mode) (1/2)

(a) Before transmission

FAFFH
FAC5H Transmit data 1 (T1) =2 SIO1
Transmitdata2 (T2) [~~~ /::/ - j//:j/:?//
Transmit data 3 (T3) - s
s 5 ADTP
Transmit data 4 (T4) T ]
Transmit data 5 (T5) . ///
FACOH Transmit data 6 (T6) ’ 0 CSIIF1
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Figure 14-16. Buffer RAM Operation in 6-Byte Transmission (in Repeat Transmission Mode) (2/2)

(b) Upon completion of transmission of 6 bytes

FAFFH
FAC5H Transmit data 1 (T1) SIO1
Transmit data 2 (T2)
Transmit data 3 (T3)
0 ADTP
Transmit data 4 (T4)
Transmit data 5 (T5)
FACOH Transmit data 6 (T6) 0 CSIIF1
(c) 7th byte transmission point
FAFFH
FAC5H Transmit data 1 (T1) SIO1
Transmit data 2 (T2)
Transmit data 3 (T3)
5 ADTP
Transmit data 4 (T4)
Transmit data 5 (T5)
FACOH Transmit data 6 (T6) 0 CSIIF1
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(d) Automatic transmission/reception suspension and restart
Automatic transmission/reception can be temporarily suspended by resetting bit 7 (CSIE1) of serial
operating mode register 1 (CSIM1) to 0.
If 8-bit data transfer is in progress, the transmission/reception is not suspended if bit 7 (CSIE1) is
reset to 0. It is suspended upon completion of 8-bit data transfer.
When suspended, bit 3 (TRF) of the automatic data transmit/receive control register (ADTC) is set
to 0 after transfer of the 8th bit, and all the port pins used alternately as serial interface pins (P20/
Si1, P21/S0O1, P22/SCK1, P23/STB, and P24/BUSY) are set to the port mode.
To resume automatic transmission/reception, set CSIE1 to 1 and write any value to serial 1/O shift
register 1 (SIO1). This enables transmission of the remaining data.

Cautions 1. If the HALT instruction is executed during automatic transmission/reception,
transfer is suspended and the HALT mode is set even during 8-bit data transfer.
When the HALT mode is cleared, automatic transmission/reception is restarted
at the suspended point.
2. When suspending automatic transmission/reception, do not change the operating
mode to 3-wire serial /O mode while TRF = 1.

Figure 14-17. Automatic Transmission/Reception Suspension and Restart

CSIE1 = 0 (Suspend command) Suspend Festart §
i estart comman

e _Ll_l_l_l_l_l_l_l_l_l_l_l—l_l—l :- — CSIE1 = 1, Write to SIO1
SO1 Yo7} D) sfp4YDs) D2 D1 Y Do
s XD7XD6XDSXD4XD3XD2XD1XDO \\ XD7XDGXD5XD4XD3XDZXD1XDO

CSIE1: Bit 7 of serial operating mode register 1 (CSIM1)
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(4) Synchronization control

284

Busy control and strobe control are used to synchronize transmission/reception data between the master
device and slave device.
By using these functions, a bit slippage in data being transmitted/received can be detected.

(a) Busy control option
Busy control is used to allow a slave device to output a busy signal to the master device, so that the
master device puts serial transmission/reception into a wait state while the busy signal is active.
To use the busy control option, the following conditions must be satisfied.

* Set bit 5 (ATE) of serial operating mode register 1 (CSIM1) to 1.
e Set bit 1 (BUSY1) of the automatic data transmit/receive control register (ADTC) to 1.

Figure 14-18 shows the system configuration of the master device and a slave device when the busy
control option is used.

Figure 14-18. System Configuration with Busy Control Option

Master device

(#PD780208 Subseries) Slave device
SCK1 SCKi1
SO1 SO1
S S
BUSY

The master device inputs the busy signal output by the slave device to the BUSY/P24 pin. It samples
the input busy signal in synchronization with the fall of the serial clock. Even if the busy signal
becomes active while 8-bit data is being transmitted or received, transmission/reception is not put
into a wait state. If the busy signal is active at the rising edge of the serial clock two clocks after
transmission or reception of 8-bit data has been completed, the busy signal becomes valid. After
that, transmission or reception is put into a wait state while the busy signal is active.

The active level of the busy signal is specified by bit 0 (BUSYO0) of ADTC, as follows.

BUSYO0 = 0: Active high
BUSYO0 = 1: Active low

When using the busy control option, select the internal clock as the serial clock. Busy control cannot
be executed with an external clock.
Figure 14-19 shows the operation timing when using the busy control option.

Caution Busy control cannot be executed when the interval time is controlled by using the

automatic data transmit/receive interval specification register (ADTI). If an attempt
is made to execute both control operations at the same time, busy control is invalid.
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Figure 14-19. Operation Timing When Using Busy Control Option (BUSYO0 = 0)
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Caution When TRF is cleared, the SO1 pin becomes low level.

Remark CSIIF1: Interrupt request flag
TRF: Bit 3 of the automatic data transmit/receive control register (ADTC)

When the busy signal becomes inactive, the wait is cleared. If the sampled busy signal is inactive,
transmission/reception of the next 8-bit data is started at the falling edge of the next serial clock.
Note that, because the busy signal is asynchronous to the serial clock, it takes the master device
up to 1 clock to sample the busy signal even if the slave device has made the busy signal inactive.
In addition, it takes 0.5 clock until data transfer is started after the signal has been sampled.

To clear the wait, therefore, it is necessary for the slave device to keep the busy signal inactive for
at least 1.5 clocks.

Figure 14-20 shows the timing of the busy signal and wait clearance. In Figure 14-20, the busy signal
becomes active as soon as transmission/reception has started.

Figure 14-20. Busy Signal and Clearing Wait (BUSYO0 = 0)
sot  XDp7XpeXD5XD4XD3XD2)XD1XDo
XD7XDeXDsXD4)XD3XD2XD1)D0
BUSY |

(active high) If busy signal becomes !
inactive immediately after !
it has been sampled. ;

S

ury

fffff Busy input clear
************* Busy input valid

User's Manual U11302EJ5V0UD 285



CHAPTER 14 SERIAL INTERFACE CHANNEL 1

(b) Busy & strobe control option

Strobe control is used to synchronize data transmission/reception between the master device and
a slave device. The master device outputs a strobe signal from the STB/P23 pin on completion of
transmission/reception of 8-bit data. This strobe signal informs the slave device of the data
transmission/reception completion timing of the master device. Therefore, synchronization can be
established even if bit slippage occurs due to noise carried on the serial clock, keeping bit slippage
from affecting transmission of the next byte.

To use the strobe control option, the following conditions must be satisfied.

e Set bit 5 (ATE) of serial operating mode register 1 (CSIM1) to 1.
* Set bit 2 (STRB) of the automatic data transmit/receive control register (ADTC) to 1.

Usually, the busy control and strobe control options are simultaneously used for handshaking. In
this case, the strobe signal is output from the STB/P23 pin and the BUSY/P24 pin is sampled. While
a busy signal is being input to the pin, transmission/reception can be put into a wait state.

If strobe control is not executed, the P23/STB pin can be used as a normal I/O port pin.

Figure 14-21 shows the operation timing when using the busy & strobe control option.

When the strobe control option is used, the interrupt request flag (CSIIF1) that is set on completion
of transmission/reception is set after the strobe signal has been output.

Figure 14-21. Operation Timing When Using Busy & Strobe Control Option (BUSYO0 = 0)

S

STB

BUSY

CSIIF1

286

TRF

H
- -t
|
‘
‘
‘
|

. XD7Xps)XDsXD4XD3Xp2XD1XDO | A

Xp7XDeXDsXp4XD3XD2XD1 D0 | |

|

e Busy input clear

ffffffffffffff Busy input valid

Caution When TRF is cleared, the SO1 pin becomes low level.

Remark CSIIF1: Interrupt request flag
TRF: Bit 3 of the automatic data transmit/receive control register (ADTC)
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(c) Bit slippage detection function with busy signal
During automatic transmission/reception, bit slippage may take place in the serial clock of the slave
device due to the noise carried on the serial clock signal output by the master device. Unless the
strobe control option is used at this time, the bit slippage affects transmission of the next byte. In
such a case, the master device can detect the bit slippage by using the busy control option and
checking the busy signal during transmission.
The bit slippage is detected by using the busy signal as follows.
The slave outputs a busy signal after the 8th rise of the serial clock during data transmission/reception
(at this time, make the busy signal inactive within two clocks to stop the master device putting
transmission/reception into a wait state).
The master samples the busy signal in synchronization with the fall of the serial clock. If bit slippage
does not occur, the busy signal is found to be inactive after it has been sampled eight times. If the
busy signal is found to be active when it has been sampled, it is assumed that bit slippage has
occurred, and error processing is performed (by setting bit 4 (ERR) of the automatic data transmit/
receive control register (ADTC) to 1).
Figure 14-22 shows the operation timing of the bit slippage detection function using the busy signal.

Figure 14-22. Operation Timing of Bit Slippage Detection Function Using Busy Signal (BUSYO0 = 1)

SCK1
(Master side)

SCK1 :
(Slaveside) L4 L1 L1 L1 LJ L1 L1 L1 1.0 L. '

A
sot _ Xp7XpeXDsXp4Xp3Xp2XD1Xpo | Xp7X//D7XDeXDsXp4Xp3Xp2XDiXio |
! W D /
| — L
sit__ Xp7XpeXDsXD4Xp3Xp2XD1Xpo Xp7X//D7XpeXDsXD4Xp3XD2XDi1XiDo |
| N j

BUSY !

CSIIF1

CSIE1

ERR

) )
s

|
]
I
I
I
I
I
I
I
|
|
. ))
| (0
I
I
I
I
I
I
I
I
T
I
I

***** No busy detection --- Error interrupt request generation

fffff Error detection

CSIIF1: Interrupt request flag
CSIE1: Bit 7 of serial operating mode register 1 (CSIM1)
ERR: Bit 4 of the automatic data transmit/receive control register (ADTC)
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(5) Automatic transmit/receive interval

288

When the automatic transmit/receive function is used, one byte is transmitted/received and then the buffer
RAM is read/written; therefore an interval is inserted before the next transmission/reception.

When the automatic transmit/receive function is performed using an internal clock, since the read/write
operations from/to the buffer RAM are done in parallel with CPU processing, the interval depends on the
CPU processing at the timing of the serial clock’s eighth rising-edge and the value set in the automatic
data transmit/receive interval specification register (ADTI). Whether or not the interval depends on ADTI
can be selected by setting bit 7 (ADTI7) of ADTI.

When ADTI7 is set to 0, the interval depends only on the CPU processing. When ADTI7 is set to 1, the
interval is the value determined by the contents of ADTI or other value determined by CPU processing,
whichever is greater.

When the automatic transmit/receive function is performed using an external clock, the clock must be
selected so that the interval is longer than the value shown in (b).

Figure 14-23. Automatic Transmit/Receive Interval

Interval ‘

SO1 Yo7} p6)ps) D4 D3 b2} 1) D0 Jo7)ps)ps) D4 D3 p2f D1} D0
XD7XD6XD5XD4XD3XD2XD1XDO XD7XD6XD5XD4XD3XD2XD1XDO

CSIIF1 |

S

—_

CSIIF1: Interrupt request flag
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(a) When automatic transmit/receive function is performed using an internal clock
The internal clock operation is selected when bit 1 (CSIM11) of serial operating mode register 1
(CSIM1) is set to 1.
In this case, the interval is determined as follows by CPU processing.
When bit 7 (ADTI17) of the automatic data transmit/receive interval specification register (ADTI) is set
to 0, the interval is determined by CPU processing. When ADTI7 is setto 1, the interval is determined
by the contents of ADTI or by CPU processing, whichever is greater.
For the interval determined by ADTI, see Figure 14-5 Format of Automatic Data Transmit/Receive
Interval Specification Register.

Table 14-3. Interval Determined by CPU Processing (with Internal Clock Operation)

CPU Processing Interval

When using multiplication instruction MAX. (2.5Tsck, 13Tcru)

When using division instruction MAX. (2.5Tsck, 20Tcpu)
External access 1-wait mode MAX. (2.5Tsck, 9Tcru)
Other than above MAX. (2.5Tsck, 7Tcru)
Tsck: 1/fsck
fsck: Serial clock frequency
Tcru: 1/fcpu
fcpu: CPU clock (set by bits 0 to 2 (PCCO to PCC2) of the

processor clock control register (PCC))
MAX. (a, b): a or b, whichever is greater

Figure 14-24. Operation Timing When Automatic Transmit/Receive
Function Is Operating with Internal Clock

“*TSCK"‘ ‘<7 Interval —»‘

s« LT LT LT LTl Il rLror L [
X
X

SO1 XD7XD6XD5XD4XD3XD2XD1XDOSS
si XD7XDGXD5XD4XD3XD2XD1XDOSS

fx: Main system clock oscillation frequency

fcru: CPU clock (set by bits 0 to 2 (PCCO to PCC2) of the processor clock control register (PCC))
Tcpu: 1/fcpu

Tsck: 1/fsck

fsck: Serial clock frequency
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290

(b) When automatic transmit/receive function is performed using an external clock
The external clock operation is selected when bit 1 (CSIM11) of serial operating mode register 1
(CSIM1) is cleared to 0.
When the automatic transmit/receive function is performed using an external clock, the clock must
be selected so that the interval is longer than the values shown below.

Table 14-4. Interval Determined by CPU Processing (with External Clock Operation)

CPU Processing Interval

When using multiplication instruction | 13Tcpu or more

When using division instruction 20Tcpu or more
External access 1-wait mode 9TcpPu Or more
Other than above 7Tcpu Or more

Tcpu: 1/fcpu
fcru:  CPU clock (set by bits 0 to 2 (PCCO to PCC2) of the processor
clock control register (PCC))
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CHAPTER 15 VFD CONTROLLER/DRIVER

VFD Controller/Driver Functions

The functions of the VFD controller/driver incorporated in the uPD780208 Subseries are as follows.

Automatically outputs the segment signals (DMA operation) and digit signals by automatically reading data
displayed.

Controls 9- to 40-segment and 2- to 16-digit VFDs (vacuum fluorescent display) using display mode registers
0, 1, and 2 (DSPMO to DSPM2).

Digit signal output timing can be specified freely by selecting display mode 2 using display mode register
0 (DSPMO).

Pins not used for VFD display can be used as output and 1/O ports (but FIPO to FIP12 are display output-
only pins).

Luminance can be adjusted in 8 levels using display mode register 1 (DSPM1).

Incorporates hardware for key scan application.

e Generates interrupt signal (INTKS) indicating key scan timing.

* OQutputs key scan signals from segment output pins by setting key scan data to port 8 through port 12.
* Detects timing at which key scan data are output by the key scan flag (KSF).

Incorporates a high-withstanding-voltage output buffer that can directly drive the VFD.

The display output pins can be connected to on-chip pull-down resistors by mask option.

Cautions 1. This cannot be used with the subsystem clock. To stop the main oscillation, stop the
display in advance by setting bits 4 to 7 (DIGSO0 to DIGS3) of display mode register 1
(DSPM1) to 0000.
2. Set ports 8 through 12 to 0 and output latches to 0 before doing the following:
¢ Using the VFD controller/driver
e Stopping display
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Figure 15-1. VFD Controller Operation Timing in Display Mode 1 (DSPMO05 = 0)

Tosp Tks
Digit signal

rro [ |
FIP1 [ ] [
FiP2 [ ] [

AN Toie

FIPn

Key scan flag
(KSF)

Can be changed
whenever necessary

Sagren L L]

1 display cycle Key scan timing

DSPMO05: Bit 5 of display mode register 0 (DSPMO)

n: Displayed digits — 1 (Digits 2 to 16 can be selected using display mode register 1 (DSPM1))
Tosp: 1 display cycle (1024/fx (204.8 us: @ 5.0 MHz operation) or 2048/fx (409.6 us: @ 5.0 MHz operation))
Tks: Key scan timing (Tks = Tosp)

TevT: Display cycle (Tcyt = Tosp x (Displayed digits + 1))

Toia: Pulse width of digit signal (Can be selected from 8 types using DSPM1)

Note The usercan selectthe cut width of the segment signals by setting bits 1to 3 (DIMS1 to DIMS3) of DSPM1.
Therefore, actual output waveforms may be different from the above illustration and have the cut widths
shown in Figure 15-6.

Remark If DSPMO5 is set to 1, digit signals are output according to the values set in the display RAM.
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There are 53 display output pins. Of these, 40 pins, FIP13 to FIP52, have alternate port functions. These pins
are used as port pins when display stop is set using bits 4 to 7 (DIGS0 to DIGS3) of display mode register 1 (DSPM1).

Even when display is enabled, display output pins not used for outputting digit signals and segment signals can
be used as port pins.

Table 15-1. Relationship Between Display Output Pins and Port Pins

Display Pin Name Alternate Port Name 1/10
FIP13 P80 For output port
to to
FIP20 P87
FIP21 P90 For output port
to to
FIP28 P97
FIP29 P100 1/0O port
to to
FIP36 P107
FIP37 P110 1/0O port
to to
FIP44 P117
FIP45 P120 1/0 port
to to
FIP52 P127

15.2 VFD Controller/Driver Configuration
The VFD controller/driver includes the following hardware.

Table 15-2. VFD Controller/Driver Configuration

Item Configuration

Display output 53 pins (segments: 9 to 40, digits: 2 to 16)

Control registers | Display mode register 0 (DSPMO)
Display mode register 1 (DSPM1)
Display mode register 2 (DSPM2)
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Figure 15-2. VFD Controller/Driver Block Diagram
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15.3

VFD Controller/Driver Control Registers

15.3.1 Control registers
There are three registers for controlling the VFD controller/driver.

(1)

(2

Display mode register 0 (DSPMO)
Display mode register 1 (DSPM1)
Display mode register 2 (DSPM2)

Display mode register 0 (DSPMO) (see Figure 15-3)

This register sets the following and displays the display timing/key scan state.

¢ Display mode

* Display segment number/display output total number

* Mode for subsystem clock noise eliminator

DSPMO is set with an 8-bit memory manipulation instruction. However, only bit 7 (KSF) can be read with
a 1-bit memory manipulation instruction.

RESET input sets DSPMO to 00H.

Display mode register 1 (DSPM1) (see Figure 15-4)

This register sets the following.

» Display digit number/display pattern number

e Cut width of the VFD output signal

¢ Display cycle (Tosp)

When bit 0 (DIMSO) is setto 1 and the display cycle to 2048/fx (409.6 us: @ 5.0 MHz operation), lightleakage
isreduced. As the display cycle approaches the commercial power supply frequency when the display digits
are increased, the display will flicker. In this case, select 1024/fx (204.8 us: @ 5.0 MHz operation). If light
leaks, adjust the cut width of the digit signal using bits 1 to 3 (DIMS1 to DIMS3).

DSPM1 is set with an 8-bit memory manipulation instruction.

RESET input sets DSPM1 to 00H.
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(3) Display mode register 2 (DSPM2) (see Figure 15-5)
DSPM2 is the register that holds the number of mask bits in the display data storage area when display mode
2 (DSPMO05 = 1) is selected by display mode register 0 (DSPMO0). By using this register to mask the part
of the display data that does not need to be rewritten, the software workload is reduced.
Mask bits are assigned from SO (= the least significant bit of the lowest address in the display output area
defined by bits 0 to 4 of DSPMO).
DSPM2 is set with an 8-bit memory manipulation instruction.
RESET input sets DSPM2 to O0H.
The following illustration shows the status of the display data memory when the number of segments is 32
and the number of mask bits is 11.

} 11 bits }

831 ....................... 824 823 ................... 81 6 S‘I 5 .................... 88 S7 .................... SO
L L T L B A NS N NN N N SN N
FA70H FAG0H FA50F\ FA40H \
e ARl myy

Bit 7 07 07 07 0

: The shaded part shows the area in which display data is rewritable during display

m : The slashed part shows the area in which display data is not rewritable during display (display data are fixed)

Caution The number of mask bits specified must be below the total number of display outputs
defined by display mode register 0 (DSPMO0).
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Figure 15-3. Format of Display Mode Register 0 (1/2)

Symbol 7 6 5 4 3 2 1 0 Address  After reset R/wW
DSPMO | KSF |DSPMo6|DSPMOS|SEGS4|SEGS3|SEGS2|SEGS1/SEGS)|  FFAOH  00H RW

R/W |SEGS4 |SEGS3|SEGS2 |SEGS1|SEGSO0| Display segment (display mode 1) Display output total (display mode 2)
0 0 0 0 0 9 9
0 0 0 0 1 10 10
0 0 0 1 0 11 11
0 0 0 1 1 12 12
0 0 1 0 0 13 13
0 0 1 0 1 14 14
0 0 1 1 0 15 15
0 0 1 1 1 16 16
0 1 0 0 0 17 17
0 1 0 0 1 18 18
0 1 0 1 0 19 19
0 1 0 1 1 20 20
0 1 1 0 0 21 21
0 1 1 0 1 22 22
0 1 1 1 0 23 23
0 1 1 1 1 24 24
1 0 0 0 0 25 25
1 0 0 0 1 26 26
1 0 0 1 0 27 27
1 0 0 1 1 28 28
1 0 1 0 0 29 29
1 0 1 0 1 30 30
1 0 1 1 0 31 31
1 0 1 1 1 32 32
1 1 0 0 0 33 33
1 1 0 0 1 34 34
1 1 0 1 0 35 35
1 1 0 1 1 36 36
1 1 1 0 0 37 37
1 1 1 0 1 38Note 38
1 1 1 1 0 39Note 39
1 1 1 1 1 4QNote 40

Note When the total number of digits and segments together exceeds 53, the digits have priority.
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Figure 15-3. Format of Display Mode Register 0 (2/2)

Symbol 7 6 5 4 3 2 1 0 Address  After reset R/W
DSPMO | KSF |DSPM06|DSPMO05|SEGS4|SEGS3| SEGS2|SEGS1|SEGS0 FFAOH 00H R/wWNe !

R/W |DSPM05| Display mode setting

0 Display mode 1 (Segment/character type)

1 Display mode 2 (Type in which a segment spans over two or more grids.)

R/W |DSPM06| Subsystem clock noise eliminator mode settingNete 2

0 2.5 MHz < fx £ 5.0 MHz

1 1.25 MHz < fx < 2.5 MHzNote 3

R| KSF | Timing state

0 Display timing

1 Key scan timing

Notes 1. Bit 7 (KSF) is a read-only bit.

2. Set the values according to the main system clock oscillation frequency (fx) used. The noise

eliminator is enabled during VFD display operations.

3. If fx selected is between 1.25 MHz and 2.5 MHz, set DSPMO06 to 1 prior to VFD display.

Caution When a main system clock frequency below 1.25 MHz is selected and the VFD controller/
driver is used, make sure to use the main system clock for watch timer counting by setting

TCL24 to 0.
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Figure 15-4. Format of Display Mode Register 1

Symbol 7 6 5 4 3 2 1 0 Address  After reset R/W
DSPM1 [DIGS3|DIGS2|DIGS1|DIGS0|DIMS3 DIMS2 | DIMS1|DIMS0| ~ FFATH — 00H  RW
DIMSO | Display mode cycle setting
0 1024/fx is 1 display cycle. (1 display cycle = 204.8 us: when operated at 5.0 MHz)
1 2048/fx is 1 display cycle. (1 display cycle = 409.6 us: when operated at 5.0 MHz)
DIMS3 |DIMS2 [DIMS1 | VFD output signal cut width
0 0 0 1/16
0 0 1 2/16
0 1 0 4/16
0 1 1 6/16
1 0 0 8/16
1 0 1 10/16
1 1 0 12/16
1 1 1 14/16
DIGS3 |[DIGS2 |DIGS1 [DIGSO | Display digit (display mode 1) DSPM05 = 0 Display pattern (display mode 2) DSPMO05 = 1
0 0 0 0 Display stopped (static display)Nete Display stopped (static display)Net
0 0 0 1 2 digits 2 patterns
0 0 1 0 3 digits 3 patterns
0 0 1 1 4 digits 4 patterns
0 1 0 0 5 digits 5 patterns
0 1 0 1 6 digits 6 patterns
0 1 1 0 7 digits 7 patterns
0 1 1 1 8 digits 8 patterns
1 0 0 0 9 digits 9 patterns
1 0 0 1 10 digits 10 patterns
1 0 1 0 11 digits 11 patterns
1 0 1 1 12 digits 12 patterns
1 1 0 0 13 digits 13 patterns
1 1 0 1 14 digits 14 patterns
1 1 1 0 15 digits 15 patterns
1 1 1 1 16 digits 16 patterns

Note Static display is possible when display stop is selected, by manipulating the port output latch.

Remark fx:

DSPMO05:

Main system clock oscillation frequency
Bit 5 of display mode register 0 (DSPMO)
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Symbol
DSPM2

300

Figure 15-5. Format of Display Mode Register 2 (1/2)

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

0 0 |USEG5|USEG4|USEG3|USEG2|USEG1USEGO FFA2H OO0H R/W
USEG5|USEG4|USEG3|USEG2|USEG1|USEGO| Number of mask bits to be written

0 0 0 0 0 0 None

0 0 0 0 0 1 1

0 0 0 0 1 0 2

0 0 0 0 1 1 3

0 0 0 1 0 0 4

0 0 0 1 0 1 5

0 0 0 1 1 0 6

0 0 0 1 1 1 7

0 0 1 0 0 0 8

0 0 1 0 0 1 9

0 0 1 0 1 0 10

0 0 1 0 1 1 11

0 0 1 1 0 0 12

0 0 1 1 0 1 13

0 0 1 1 1 0 14

0 0 1 1 1 1 15

0 1 0 0 0 0 16

0 1 0 0 0 1 17

0 1 0 0 1 0 18

0 1 0 0 1 1 19

0 1 0 1 0 0 20

0 1 0 1 0 1 21

0 1 0 1 1 0 22

0 1 0 1 1 1 23

0 1 1 0 0 0 24

0 1 1 0 0 1 25

0 1 1 0 1 0 26

0 1 1 0 1 1 27

0 1 1 1 0 0 28

0 1 1 1 0 1 29

0 1 1 1 1 0 30

0 1 1 1 1 1 31
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Symbol
DSPM2

Figure 15-5. Format of Display Mode Register 2 (2/2)

7 6 5 4 3 2 1 0 Address  After reset R/W
0 0 |USEG5|USEG4|USEG3|USEG2|USEG1|USEGO FFA2H 00H R/W
USEG5|USEG4| USEG3|USEG2|USEG1| USEGO| Number of mask bits to be written

1 0 0 0 0 0 32

1 0 0 0 0 1 33

1 0 0 0 1 0 34

1 0 0 0 1 1 35

1 0 0 1 0 0 36

1 0 0 1 0 1 37

1 0 0 1 1 0 38

1 0 0 1 1 1 39

Other than the above Setting prohibited
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15.3.2 One-display period and cut width
The digit signal is equally cut at the beginning and end of the display period by the cut width set by bits 1 to 3
(DIMS1 to DIMS3) of display mode register 1 (DSPM1).

Figure 15-6. Cut Width of Segment/Digit Signal

1 display cycle = Tosp
/7 116 1/16 ‘\
Segment signal
Digit signal |_J |_J
(1/16 of cut width)
——1/8 18—
‘«»‘ ‘«»‘
Segment signal
Digit signal |_J |_J
(2/16 of cut width)
—— 1/4 1/4 —
Segment signal
Digit signal
(4/16 of cut width)

0 is output for the first one-display cycle when display is started from the display stop status.

Figure 15-7. VFD Controller Display Start Timing

L Tosp Tks
Digit signal ‘ ‘

FIPO

Fip 1 L

FIP2 [
I ~
i IS ~ Toic
|

FIPn

Key scan flag

(KSF)
| Can be changed
whenever necessary
Segment
signalNete

Displaying
starts

1 display
cycle

Key scan timing

n: Displayed digits — 1 (Digits 2 to 16 can be selected using display mode register 1 (DSPM1))

Tosp: 1 display cycle (1024/fx (204.8 us: @ 5.0 MHz operation) or 2048/fx (409.6 us: @ 5.0 MHz operation))
Tks: Key scan timing (Tks = Tosp)

Toic: Pulse width of digit signal (Can be selected from 8 types using DSPM1)

Note The usercan selectthe cut width of the segment signals by setting bits 1 to 3 (DIMS1 to DIMS3) of DSPM1.
Therefore, actual output waveforms may be different from the above illustration and have the cut widths
shown in Figure 15-6.
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15.4 Selecting Display Mode

The number of segments and digits displayed by the VFD controller/driver depends on the display mode set.

Figure 15-8. Selection of Display Mode

Number of digits selected

Number of segments selected

22 |-

371

38 |-

o
an —
w
N
(&)}
[}
~
e}
©
-
o
2

. O—O0O—"0O0O—"0O0—"~0O0O—"~0OCO—"0O0—"0O0—"C0CO—C0O0—~0—~0—~0—0C0—70
2 O—O0O—"CO0O—"0O0O—"0O0O—"~0O0O—"0O0—"0O0O—"COCO—C0O0—~0O0—~0—~0—0C0—70

u-  O—0—0—0—0—0—0—0—0—0—0—-0—-0-0-=0

- O—0O—C0O—C0O—COC—"0C—"0O—0O0O—0O0O—0O0O—0O0O—~0OC—~0C—C—-—20
7 O—CO—"C0O—"C0O—"C—"C—"0O—0O0—0OCO—0O0—0O0—~0C—~0C—0C0—-—20

19 o— 00— ——C000——_——C00——0O0—0O——0O0——0O—A——"—A—~_0—"~C30

ot O—O0O—"C0C—"0C—"0O—"0O—0OC—0O0—C0C—~0OC—~0C—0OC—0—_0—-—0

Caution When the total number of digits and segments together exceeds 53, the digits have priority.
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15.5 Display Mode and Display Output

The on-chip VFD controller/driver assigns pins FIPO to FIP52/P127 to digit signals and segment signals (in this
order). The number assigned is specified by display mode registers 0 and 1 (DSPMO0 and DSPM1). The remaining

pins are assigned as general-purpose ports.

The pin configuration for a 14-segment display is shown below as an example.

Figure 15-9. Pin Configuration for 14-Segment Display

Number of display digits selected
Pin name
Display stop 2 3 4 ] 14 15 16
FIPO FIPO TO TO TO TO TO TO
FIP1 FIP1 T1 T1 T1 T1 T1 T1
FIP2 FIP2 SO T2 T2 T2 T2 T2
FIP3 FIP3 S1 SO T3 \ T3 T3 T3
FIP4 FIP4 S2 S1 SO \‘\ T4 T4 T4
FIP5 FIP5 S3 S2 S1 \\ T5 T5 T5
FIP6 FIP6 S4 S3 S2 \\ T6 T6 T6
FIP7 FIP7 S5 S4 S3 \\ T7 T7 T7
FIP8 FIP8 S6 S5 S4 \\ T8 T8 T8
FIP9 FIP9 S7 S6 S5 \\ T9 T9 T9
FIP10 FIP10 S8 S7 S6 \\ T10 T10 T10
FIP11 FIP11 S9 S8 S7 \\ T11 T11 T11
FIP12 FIP12 S10 S9 S8 \\ T12 T12 T12
FIP13/P80 P80 S11 S10 S9 T13 T13 T13
FIP14/P81 P81 S12 S11 S10 SO T14 T14
FIP15/P82 P82 S13 S12 st | S1 SO T15
FIP16/P83 P83 P83 S13 S12 S2 S1 SO
FIP17/P84 P84 P84 P84 S13 \ S3 S2 S1
FIP18/P85 P85 P85 P85 P85 \‘\ S4 S3 S2
FIP19/P86 P86 P86 P86 P86 \\ S5 S4 S3
FIP20/P87 P87 P87 P87 P87 \\ S6 S5 S4
FIP21/P90 P90 P90 P90 P90 \\ S7 S6 S5
FIP22/P91 P91 P91 P91 P91 \‘\ S8 S7 S6
FIP23/P92 P92 P92 P92 P92 \ s9 S8 s7
FIP24/P93 P93 P93 P93 P93 \\ S10 S9 S8
FIP25/P94 P94 P94 P94 P94 \\ S11 S10 S9
FIP26/P95 P95 P95 P95 P95 \\ S12 S11 S10
FIP27/P96 P96 P96 P96 P96 S13 S12 S11
FIP28/P97 P97 P97 P97 P97 P97 S13 S12
FIP29/P100 P100 P100 P100 P100 P100 P100 S13
FIP30/P101 P101 P101 P101 P101 P101 P101 P101
FIP31/P102 P102 P102 P102 P102 P102 P102 P102
FIP51/P126 P126 P126 P126 P126 P126 P126 P126
FIP52/P127 P127 P127 P127 P127 P127 P127 P127

Remark TO to T15: Display digit pins
S0 to S13: Segment pins
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15.6 Display Data Memory

The display data memory is the area for storing the segment data to be displayed.

This memory is mapped at addresses FA30H to FA7FH. To display data on the VFD, the VFD controller reads
the data stored in this memory regardless of the type of operations performed by the CPU (DMA operations).

The area not used for the display data can be used as normal RAM area.

At the key scan timing (Tks), all segment outputs and digit outputs become “0” and the output latch data of ports
8,9, 10, 11, and 12 are output to FIP37/P110 to FIP52/P127.

Figure 15-10. Relationship Between Display Data Memory Contents and Segment Output

Bit 7 07 07 07 07 0

" Fa7oH | FaeoH | FAsoH |  FAdOH | FA3OH 0

FA71H FAG1H FA51H FA41H FA31H '51

FA72H FA62H FA52H FA42H FA32H TJ'2

FA73H FA63H FA53H FA43H FA33H '53

FA74H FAG4H FA54H FA44H FA34H '54

FA75H FAG5H FA55H FA45H FA35H 'Iis

FA76H FA66H FA56H FA46H FA36H '56

FA77H FA67H FA57H FA47H FA37H 'Ii?
Display FA78H FAB8H FA58H FA48H FA38H T8 Timing
data ' output

memory FA79H FAG9H FA59H FA49H FA39H T9

FA7AH FAGAH FA5AH FA4AH FA3AH TJO

FA7BH FA6BH FA5BH FA4BH FA3BH T11

FA7CH FAGCH FA5CH FA4CH FA3CH T}z

FA7DH FAGDH FA5DH FA4DH FA3DH TJS

FA7EH FAGEH FASEH FA4EH FA3SEH Tc4

FA7FH FAGFH FASFH FA4FH FA3FH TJS

0,0000000]/0000000000000000|/00000000[00000000|Tks
T T T ——
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15.7 Key Scan Flag and Key Scan Data

15.7.1 Key scan flag

The key scan flag (KSF) is set to 1 during the key scan timing and reset automatically to 0 during the display
timing.

KSF is mapped at bit 7 of display mode register 0 (DSPMO0) and can be tested one bit at a time. It cannot be
written.

By testing the KSF, it can be determined if it is during the key scan timing and if the data input using keys is
correct.

15.7.2 Key scan data

The data stored in ports 8, 9, 10, 11, and 12 are output from pins FIP13 to FIP52 at the key scan timing.

By changing the data output from ports 11 and 12 during the key scan timing, key scan can be performed using
these pins FIP13 to FIP52.

Caution If, during the key scan timing, scanning is performed which causes both the segment and digit
lines to turn ON at the same time, the display may be disturbed.
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15.8 Light Leakage of VFD
Light may leak when a VFD is driven using the uPD780208 Subseries. Two possible causes are as follows.

(1) Light leakage due to a short blanking time
Figure 15-11 shows the signal waveforms when only the first digit of two digits to be displayed is lit.
As shown in this figure, when the blanking time is short, the T1 signal rises before the segment signal
disappears, resulting in light leakage.
Generally, as approximately 20 us is required for the blanking time, consider the values set to display mode
register 1 (DSPM1) carefully.

Figure 15-11. Light Leakage due to Short Blanking Time

Blanking time
TO
T1
Light leakage
SO

(2) Light leakage due to capacitance between segment and grid of VFD
As shown in Figure 15-13, light may leak even if the blanking time is sufficient. As shown by Csa in Figure
15-12, as there is capacitance between the grid and segment of the VFD, the timing signal pin voltage will
be increased via Csa when the segment signal turns on.
As shown in Figure 15-13, when this voltage exceeds the cut-off voltage (Ek), light will leak.
This spike noise voltage depends on the size of Cse and the on-chip pull-down resistor (RL). The greater
the value of Csa or the RL value, the greater the voltage, making it easy for light to leak.
This Csa value differs according to the area of the data displayed on the VFD. The greater the area, the
greater Csc. Consequently, pull-down resistor values with which light will not leak also depend on the size
of the VFD.
As the value of the pull-down resistor incorporated by the mask option is comparatively great, in some cases,
light leakage cannot be controlled with resistance only.
If the quality of the display is insufficient, increase the back bias (increase the Ek), place a filter over the
VFD, or attach a 10 kQ pull-down resistor externally to the timing signal pin.
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Depending on the duty cycle of the spike noise voltage for the whole display period, the ease with which

light leaks due to Csa varies. The fewer the number of digits displayed, the easier it is for light to leak.
Lowering the luminance of the display is also effective.

Figure 15-12. Light Leakage due to Csa

1PD780205A
Vop
+5V
. SO0 -
FIP
i
TO - Csa : Segment
TThTmTTTo grid
filament

R3I IR
EK} ey L,

-30V

Vioap

Ek: Cut-off voltage
RL: On-chip pull-down resistor

Figure 15-13. Waveform of Light Leakage due to Csc

TO

T1

S0
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15.9 Display Examples

The uPD780208 Subseries has a VFD controller/driver that enables the following three types of VFD display.
Display types can be switched by setting bit 5 (DSPMO05) of display mode register 0 (DSPMO).

e Segment type (Display mode 1: DSPMO05 = 0)
e Dot type (Display mode 1: DSPMO05 = 0)
* Display type in which a segment spans two or more grids (Display mode 2: DSPMO05 = 1)

The following figures show VFD display examples for each display type.

(1) Segment type: 10 segments x 11 digits

iSUN MON | TUE | WED | THU FRI SAT A
AM L e e e
PM | L L e e el d e
0 1 2 3 4 5 6 7 8 9 10"
(2) Dot type: 35 segments x 16 digits
(3) Display type in which a segment spans two or more grids: 23 segments x 7 patterns
5G 4G 3G 2G 1G
| e ‘ 2 e=——s w0 |
Heatmg Fast Middle | Slow Start End | (=38 |
i n | r4(|:|}8 ]
! ! :g (l:l:g 250 i
H l@ ; i a M ) keal i —
- 3 e PO
o o | mm? O C  nmiE=s
; L1 e 150 |
m 1 m B e— 1
Temp Defrost Open 3Preheat Ke‘ep Timer | M3 ( —lo |
| | Warm 14—
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15.9.1 Segment type (display mode 1: DSPMO05 = 0)

Figure 15-14 shows the display data memory configuration and data reading order when the device controls a
10-segment x 11-digit VFD display.

As “segment type” (display mode 1) is selected, the display data memory stores segment data.

Figure 15-14. Display Data Memory Configuration and Segment Data Reading Order (Segment Type)

Bit 7 07 07 07 07 0
" FA70H <1> |<2> FA6OH |  FASOH | = FAdOH |  FA3oH  |To
FA71H <3> FA61H FA51H FA41H FA31H '{1
FA72H FA62H FA52H FA42H FA32H Tf
FA73H FAB3H FA53H FA43H FA33H T3
FA74H FAG4H FA54H FA44H FA34H '{4
FA75H FAB5H FA55H FA45H FA35H Tf
FA76H FAB6H FA56H FA46H FA36H Tfs
giz'ay FA77H FAG7H FA57H FA47H FA37H '57
memory FA78H FAG8H FA58H FA48H FA38H T8
FA79H FAG9H FA59H FA49H FA39H T¢9
FA7AH FAGAH FA5AH FA4AH FA3AH T10—>Tks
FA7BH FAGBH FA5BH FA4BH FA3BH T11
FA7CH FA6CH FA5CH FA4CH FA3CH T12
FA7DH FA6DH FA5DH FA4DH FA3DH T13
FA7EH FAGEH FASEH FA4EH FA3SEH T14
Ll F\A\7F|\-| L1 L1 |:\A6\F|\-| L1 L1 F\A5\F|\-| L1 L1 F\A4\.F|\-| Ll Ll F‘AS‘F"" L1 T15
N
S )

Remarks 1. <1> through <3> show the segment data reading order.
2. The shaded area shows the segment data storage area.

In the case of example (1) in 15.9, the contents of the data memory indicated by shading are as shown in Figure
15-15.
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Figure 15-15. Relationship Between Display Data Memory Contents and Segment Outputs in 10-Segment x 11-Digit Display Mode

Display data memory

FA7AH FA79H FA78H FA77H FA76H FA75H FA74H FA73H FA72H FA71H FA70H
FA6AH FA69H FA68H FA67H FA66H FA65H FA64H FA63H FA62H FA61H FAGOH

S9 S8 S7 S6 S

5 S4 S3 S2 St

0 0 0 0 0 1 0 0 1 0 0
i 0 1 1 0 1 0 0 1 1 0 0 )
i 0 1 1 0 1 1 0 1 1 0 1 )
i 0 0 0 0 0 1 0 0 1 1 0 )
i 0 0 0 0 0 0 0 0 0 1 1 )
i 0 0 0 0 1 1 0 0 0 0 1 )
i 0 0 0 0 1 1 0 0 1 1 1 )
i 0 0 0 0 0 0 1 0 0 0 0 )
1 0 1 0 0 0 0 0 0 0 0
i 0 0 0 1 0 0 0 0 0 0 0 )
L A R T T T A B A
T10 T9 T8 T7 T6 T5 T4 T3 T2 T TO

Bit 7

Bit 6

Bit 5

Bit 4

Bit 3

Bit 2

Bit 1

Bit 0

Bit 7

Bit 6

FA7xH

FA6xH

SUN | MON | TUE | WED | THU | FRI | SAT a

AM i e T (g b
PM gl e ] el d e
0 1 2 3 4 5 6 7 8 9 10h

H3IAIHA/HITTIOHLINOD AdA St H3LdVHO
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15.9.2 Dot type (display mode 1: DSPMO05 = 0)

Figure 15-16 shows the display data memory configuration and data reading order when the device controls a
35-segment (5 x 7 dots) x 16-digit VFD display.

As “dot type” (display mode 1) is selected, the display data memory stores segment data.

Figure 15-16. Display Data Memory Configuration and Segment Data Reading Order (Dot Type)

Bit 7 07 07 07 07 0
" 'FA70H<1> |  FA6OM<2> |  FASOH<3> |  FAdOH<4> | <5> FA3OH  |T0
FA71H <6> FA61H FA51H FA41H FA31H Ti1
FA72H FA62H FA52H FA42H FA32H T2
FA73H FA63H FA53H FA43H FA33H T3
FA74H FA64H FA54H FA44H FA34H T4
FA75H FA65H FAS5H FA45H FA35H T5
FA76H FA66H FAS6H FA46H FA36H T¢6
Display FA77H FA67H FA57H FA47H FA37H T¢7
Sna;re':ﬁory FA78H FA68H FA58H FA48H FA38H 8
FA79H FA69H FAS9H FA49H FA39H T9
FA7AH FA6AH FASAH FA4AH FA3AH T}O
FA7BH FA6BH FASBH FA4BH FA3BH T
FA7CH FA6CH FA5CH FA4CH FA3CH T2
FA7DH FA6DH FASDH FA4DH FA3DH T13
FA7EH FAGEH FASEH FA4EH FASEH Tj14
Ll F\A7\F|\-| Ll Ll F\AG\FH Ll Ll F\Ag)Fl\—i Ll Ll F\Aﬂ'Fﬁ Ll Ll ':\A?FH Ll T154>TKS
R
SB4 - so

Remarks 1. <1> through <6> show the segment data reading order.
2. The shaded area shows the segment data storage area.

In the case of example (2) in 15.9, the contents of the data memory indicated by shading are as shown in Figure
15-17.
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Figure 15-17. Relationship Between Display Data Memory Contents and Segment
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15.9.3 Display type in which a segment spans two or more grids (display mode 2: DSPMO05 = 1)
In display mode 2, all of the display output data are stored in the display data memory.
Figure 15-18 shows the display data RAM configuration and data reading order in a 23-segment x 5-grid display.

Figure 15-18. Display Data Memory Configuration and Data Reading Order (Display Mode 2)

Bit 7 07 07 07 07 0
NASYVANSK VA A ! YN ANV N I L L
/ FA70H <1> / FABOH <2> / FASOH <3> | <4>FA40H FA30H TO
FA71H <5> FA6TH FA51H FA41H FA31H Ti1
FA72H FAB2H FA52H FA42H FA32H '52
FA73H FAB3H FA53H FA43H FA33H T3
FA74H FAG4H FA54H FA44H FA34H '{4
FA75H FAG5H FA55H FA45H FA35H Tf
FA76H FAB6H FA56H FA46H FA36H T6—>Tks
5’;2'33’ FA77H FA67H FA57H FA47H FA37H T7
memory FA78H FAG8H FA58H FA48H FA38H T8
FA79H FAG9H FA59H FA49H FA39H T9
FA7AH FAGAH FA5AH FA4AH FA3AH T10
FA7BH FAGBH FA5BH FA4BH FA3BH T11
FA7CH FA6CH FA5CH FA4CH FA3CH T12
FA7DH FA6DH FA5DH FA4DH FA3DH T13
FA7EH FAGEH FASEH FA4EH FA3EH T14
Ll F\A\7F|\-| L1 L1 |:\A6\F|\-| L1 L1 F\AE\)FH Ll L1 F\A‘}FH L1 Ll F\A3\F|\_| L1 T15

Remarks 1. <1> through <5> show the display output data reading order.
2. The slashed area shows the segment data storage area.
3. The shaded area shows the grid data storage area.

In the case of example (3) in 15.9, the contents of the data memory areas indicated by shading and slashes are
as shown in Figure 15-21.

TO through T6 in display mode 2 are for display patterns. Therefore, designate bits 4 to 7 (DIGSO to DIGS3)
of display mode register 1 (DSPM1) as 7 patterns, and bits 0 to 4 (SEGSO0 to SEGS4) of display mode register 0
(DSPMO) as 28 display outputs in total.

If there is some memory area where rewriting display output data is unnecessary, it should be masked by setting
display mode register 2 (DSPM2).
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Figure 15-19. Segment Connection Example
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The light timing of each segment is discussed next. In display example (3) in 15.9, a segment spans two grids
(that is, 2G and 3G, 4G and 5G). Therefore, these segments will be lit at the timing from TO to T6 as shown in
Figure 15-20.

For example, when “Fast” is to be lit as shown in example (3) in 15.9, the lighting timing must be T5 in Figure
15-20 because the “Fast” segment spans the 4G and 5G grids. In addition, it can be seen from Figure 15-3 that
the “Fast” segment, that is, “i” segment which spans 4G and 5G, can be lit in the T5 cycle.

Figure 15-20. Grid Driving Timing

56 i
re |

26 i

1 display
cycle
1G | | |
TO T1 T2 T3 T4 T5 T6 TO
Key scan
timing

Table 15-3. Segment Lighting Timing

Lighting Segment

TO q, r1,r2,r3,r4,r5, 16, 17, r8, r9, r10, r11, r12, r13

T ib, 1c,j, m, n, 0, p
T2 1a, 1g, 1d, i, |

T3 2a, 2b, 2c¢, 2d, 2e, 2f, 2g, h, k, 1e, 1f

T4 ib, 1c,j, m, n, 0, p
T5 1a, 1g, 1d, i, |

T6 2a, 2b, 2c¢, 2d, 2e, 2f, 2g, h, k, 1e, 1f

316 User's Manual U11302EJ5V0UD



Figure 15-21. Data Memory Status in 23-Segment x 5-Grid Display Mode

FA7x FABx FA5x FA4x
0 01 0/0000/00O0T 111000 00O0,000O0|00 0 1] T0
ooooiooooooooioooo1ooo§oooooo1oi T1
0 0 0 0/000O0/0O0GO0 O0/0O0T1O0[0 1T O0O0I1T 000|011 0] T2
0 0 00/0 00 1/1 1 10!0 00 0/00T10!000 0010 0! T3
0001%01ooooooiooooooo1§oooo1oooi T4
100 010000000000 T1TO0[01TO0O0i1 00 1 100 0] 5
0 01 010 00 O0/0O0O0O0!0O0O0T1[/000O0/00 0 1[0 0 0 0! T6

1820 S19 $18 S17 S16 S15 S14 $13 $12 S11 510 S9 S8 S7 S6 S5 S4 S3 S2 S1 SO
T T
| | | | | | | | | | | | | | | | | | | | |
N e e
L2 A AN AN A A AN A AN A A L J A A A A N AN S N AN A A N B A
FIP27 FIP26 FIP25 FIP24 FIP23 FIP22 FIP21 FIP20 FIP19 FIP18 FIP17 FIP16 FIP15 FIP14 FIP13 FIP12 FIP11 FIP10 FIP9 FIP8 FIP7 FIP6 FIP5 FIP4 FIP3 FIP2 FIP1 FIPO

dNOASr3coEL kN [enue sdasn

L€

[P23]P22|P21]P20|P19|P18|P17|P16|P15|P14|P13|P12| P11|P10| P9 | P8 | P7 | P6 | P5| P4 | P3| P2 | P1|G5 G4 |G3 |G2 |G1

Heatlng Fast Middle Slow Start End
j

T Qo

SO e (SN e b=

Temp Defrost Open ‘Preheat Keep Timer
! ! Warm

M0 ————— o0 150

H3IAIHA/HITTIOHLINOD AdA St H3LdVHO

5G 4G 3G 2G 1G




CHAPTER 15 VFD CONTROLLER/DRIVER

15.10 Calculating Total Power Dissipation

The total power dissipation of the yPD780208 Subseries is the sum of the values of the following three
parts. Design your application set so that the sum is lower than the total power dissipation Pt stipulated
in Figure 15-22. (The recommended operating condition is 80% or lower of the rated value.)

<1> CPU: The power consumed by the CPU and calculated with Vop (max.) x Ioo (max.)

<2> Output pins: The power dissipation when the maximum current flows through the display output pins

<3> Pull-down resistors: The power consumed at the on-chip pull-down resistors connected to the display output

pins

Figure 15-22. Allowable Total Power Dissipation Pt (Ta = —40 to +85°C)

800

600

400

200

Power dissipation PT [mW]

-40 0 +40 +80

Temperature [°C ]
The following example assumes the case where the display examples shown in 15.9 are displayed.

15.10.1 Segment type (display mode 1: DSPMO05 = 0)
The calculation method for the total power dissipation in the case of the display example in Figure 15-23 is
described below.

Example Assume the following conditions:

Vob =5V +£10%, 5.0 MHz oscillation

Supply current (Ibb) = 21.6 mA

Display output: 11 grids x 10 segments (cut width = 1/16: when DIMS1 to DIMS3 = 000B)
Maximum current at the grid pin is 15 mA.
Maximum current at the segment pin is 3 mA.
At the key scan timing, display output pin is OFF.

Display output voltage: grid Vob = Vbbb — 2 V (voltage drop of 2 V)

segments Vob = Vbb — 0.4 V (voltage drop of 0.4 V)
Fluorescent display control voltage (Vioap) = =35 V
Mask option pull-down resistor = 25 kQ
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By placing the above conditions in calculations <1> to <3>, the total dissipation can be worked out.

<1> CPU power dissipation: 5.5V x21.6 mA =118.8 mW
<2> Output pin power dissipation:

« Total current value of each grid
No. of grids + 1

X15mA><11 grldsx 1 _1
11 grids + 1 16

« Total segment current value of illuminated dots

No. of grids + 1

3 mA x 31 dots 1
Xe— " x(1- —
11 grids + 1 16

Grid (Voo — Vo) x Digit width (1 — Cut width) =

2V ) =258 mW

Segment (Vob — Vob) x Digit width (1 — Cut width) =

04V ) =2.9mW

<3> Pull-down resistor power dissipation:

(Vob — Vioap)? “ No. of grids

Grid x Digit width (1 — Cut width) =

Pull-down resistor value ~ No. of grids + 1
(5.5V—2V—(—35V))2X 11 grids ><(1—l
25 kQ 11 grids + 1 16
(Vob — Vioap)? o No. of illuminated dots
Pull-down resistor value No. of grids + 1
(55V-04V-(-35V)) 31 dots 1

2
X x(1-—) =155.8 mW
25 kQ 11 grids + 1 16

) =50.9 mW

Segment x Digit width (1 — Cut width) =

Total power dissipation = <1> + <2> + <3> = 118.8 + 25.8 + 2.9 + 50.9 + 155.8 = 354.2 mW

In this example, the power dissipation problem is cleared because the total power dissipation does not exceed
the allowable total power dissipation rating shown in Figure 15-22.
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Figure 15-23 shows a display example and display data for “segment type”.

Figure 15-23. Relationship Between Display Data Memory Contents and
Segment Outputs in 10-Segment x 11-Digit Display Mode

Display data memory

FA7AH FA79H FA78H FA77H FA76H FA75H FA74H FA73H FA72H FA71H FA70H
FAGAH FAG9H FAG68H FA67H FA66H FA65H FA64H FA63H FA62H FA61H FAG0H

0 0 0 0 0 1 0 0 1 0 0 | Bit7
0 1 1 0 1 0 0 1 1 0 0 |Bité
0 1 1 0 1 1 0 1 1 0 1 | Bits
0 0 0 0 0 1 0 0 1 1 0 |Bit4
- - FA7xH
0 0 0 0 0 0 0 0 0 1 1| Bit3
0 0 0 0 1 1 0 0 0 0 1| Bit2
0 0 0 0 1 1 0 0 1 1 1| Bit1
0 0 0 0 0 0 1 0 0 0 0 | Bito
1 0 1 0 0 0 0 0 0 0 0 |Bit7
— - FABXH
0 0 0 1 0 0 0 0 0 0 0 | Bit6
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15.10.2 Dot type (display mode 1: DSPMO05 = 0)
The calculation method for the total power dissipation in the case of the display example in Figure 15-24 is
described below.

Example Assume the following conditions:

Vob =5V £10%, 5.0 MHz oscillation

Supply current (lbp) = 21.6 mA

Display output: 16 grids x 35 segments (cut width = 1/16: when DIMS1 to DIMS3 = 000B)
Maximum current at the grid pin is 15 mA.
Maximum current at the segment pin is 3 mA.
At the key scan timing, display output pin is OFF.

Display output voltage: grid Vob = Vop — 2 V (voltage drop of 2 V)

segments Vob = Vob — 0.4 V (voltage drop of 0.4 V)
Fluorescent display control voltage (Vioap) = =35 V
Mask option pull-down resistor = 25 kQ

By placing the above conditions in calculation <1> to <3>, the total dissipation can be worked out.

<1> CPU power dissipation: 5.5V x21.6 mA =118.8 mW
<2> Output pin power dissipation:

« Total current value of each grid
No. of grids + 1

><15mA>< 16gr|ds:><(1 _1

16 grids + 1 16

“ Total segment current value of illuminated dots

Grid (Vop — Vo)

x Digit width (1 — Cut width) =
2V ) =26.5 mW

Segment (Vop - Vob) x Digit width (1 — Cut width) =

No. of grids + 1

3 mA x 168 dots 1
X —————x (1

04V -—
16 grids + 1 16

) =11.1mW

<3> Pull-down resistor power dissipation:

(Vob — Vioap)? « No. of grids

Grid x Digit width (1 — Cut width) =
Pull-down resistor value ~ No. of grids + 1
- P 2 ;
(5.5V-2V-(-35V)) y 16 grids ><(1_1_) ~523mW
25 kQ 16 grids + 1 16
_ 0 I
Segment (Vop — Vioab) y No. of illuminated dots « Digit width (1 — Cut width) =
Pull-down resistor value No. of grids + 1
- — (- 2
(55V-04V-(-35V)) « 168 dots (1 - l) = 595.9 mW
25 kQ 16 grids + 1 16

Total power dissipation = <1> + <2> + <3>=118.8 + 26.5 + 11.1 + 52.3 + 595.9 = 804.6 mW

In this example, the total power dissipation exceeds the allowable total power dissipation rating shown in Figure
15-22. In this case, the power dissipation can be lowered by reducing the number of enabled on-chip pull-down
resistors.

Next, calculation expressions are shown for the display example where on-chip pull-down resistors are enabled
for SO through S24 only.
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<3> Pull-down resistor power dissipation:

(Vob — Vioap)? « No. of grids

Grid x Digit width (1 — Cut width) =
Pull-down resistor value ~ No. of grids + 1
- — (= 2 7
(5.5V-2V-(-35V)) y 16 grids < (1 _1_) ~523mW
25 kQ 16 grids + 1 16
_ 0 I
Segment (Vop — Vioab) y No. of illuminated dots « Digit width (1 — Cut width) =
Pull-down resistor value No. of grids + 1
- — (- 2
(55V-04V-(-35V)) « 110 dots X(1_l) = 390.2 MW
25 kQ 16 grids + 1 16

Total power dissipation = <1> + <2> + <3>=118.8 + 26.5 + 11.1 + 52.3 + 390.2 = 598.9 mW

In this manner, design the system so that the power dissipation does not exceed the allowable total power
dissipation rating.

Figure 15-24 shows a display example and display data for “dot type”.
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Figure 15-24.
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15.10.3 Display type in which a segment spans two or more grids (display mode 2: DSPMO05 = 1)
The calculation method for the total power dissipation in the case of the display example in Figure 15-26 is
described below.

Example Assume the following conditions:
Vop =5V £10%, 5.0 MHz oscillation
Supply current (lbp) = 21.6 mA
Display output: 23 segments x 7 patterns (cut width = 1/16: when DIMS1 to DIMS3 = 000B)
Maximum current at the display output pin is 15 mA.
Display output voltage (Vop) = Vop — 2 V (voltage drop of 2 V)
Fluorescent display control voltage (Vioap) = =35 V
Mask option pull-down resistor = 25 kQ

By placing the above conditions in calculation <1> to <3>, the total dissipation can be worked out.

<1> CPU power dissipation: 5.5V x21.6 mA =118.8 mW
<2> Output pin power dissipation:

Total current value of each grid

(Voo — Vob) x x Digit width (1 — Cut width) =

No. of grids + 1

(15mAx9grids 1, =31.6mw
7 grids + 1 16

2V

<3> Pull-down resistor power dissipation:

(Vob — Vioap)? “ No. of grids

Grid x Digit width (1 — Cut width) =
Pull-down resistor value ~ No. of grids + 1
- — (= 2 i
(55V-2V-(-35V)) y 9 grids ><(1_1_ — 625 mW
25 kQ 7 grids + 1 16
- 2 illumi
Segment (Vop — Vioap) y No. of illuminated dots « Digit width (1 — Cut width) =
Pull-down resistor value No. of grids + 1
- — (- 2
(55V-05V-(-35V)) « 22 dots < (1- l) —152.8 mW
25 kQ 7 grids + 1 16

Total power dissipation = <1> + <2> + <3>=118.8 + 31.6 + 62.5 + 152.8 = 365.7 mW

In this example, the power dissipation problem is cleared because the total power dissipation does not exceed
the allowable total power dissipation rating shown in Figure 15-22.

Figure 15-25 shows the grid driving timing, and Figure 15-26 shows a display example and display data of a
display type in which a segment spans two or more grids.
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CHAPTER 16 INTERRUPT AND TEST FUNCTIONS

16.1 Interrupt Function Types

The following three types of interrupt functions are used.

0

()

3)

Non-maskable interrupt

This interruptis acknowledged unconditionally (thatis, evenin the interrupt disabled state). It does not undergo
interrupt priority control and is given top priority over all other interrupt requests.

A standby release signal is generated.

One interrupt request from the watchdog timer is provided as a non-maskable interrupt.

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 register (PROL and PROH).
Multiple interrupt servicing of 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 16-1).

A standby release signal is generated.

Four external interrupt requests and 9 internal interrupt requests are provided as maskable interrupts.

Software interrupt

Thisis a vectored interrupt generated by executing the BRK instruction. Itis acknowledged even in the interrupt
disabled state. The software interrupt does not undergo interrupt priority control.
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16.2 Interrupt Sources and Configuration

A total of 15 interrupt sources are provided including non-maskable, maskable, and software interrupts (see Table

16-1).
Table 16-1. Interrupt Source List
Interrupt Default Interrupt Source Internal/ Vector Basic
Type PriorityNote 1 Name Trigger External Table Configuration
Address TypeNote 2
Non- — INTWDT Watchdog timer overflow (with Internal 0004H (A)
maskable watchdog timer mode 1 selected)
Maskable 0 INTWDT Watchdog timer overflow (with (B)
interval timer mode selected)
1 INTPO Pin input edge detection External 0006H (C)
2 INTP1 0008H (D)
3 INTP2 000AH
4 INTP3 000CH
5 INTCSIO End of serial interface channel 0 transfer Internal 000EH (B)
6 INTCSI1 End of serial interface channel 1 transfer 0010H
7 INTTM3 Reference time interval signal from 0012H
watch timer
8 INTTMO Generation of 16-bit timer/event counter 0014H
match signal
9 INTTMA1 Generation of 8-bit timer/event 0016H
counter 1 match signal
10 INTTM2 Generation of 8 bit timer/event 0018H
counter 2 match signal
11 INTAD End of A/D converter conversion 001AH
12 INTKS Key scan timing from VFD controller/driver 001CH
Software — BRK BRK instruction execution — 003EH (E)

Notes 1. Default priorities are intended for two or more simultaneously generated maskable interrupt requests.
0 is the highest priority and 12 is the lowest priority.
2. Basic configuration types (A) through (E) correspond to (A) through (E) on the following pages.
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Figure 16-1. Basic Configuration of Interrupt Function (1/2)

(A) Internal non-maskable interrupt
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Figure 16-1. Basic Configuration of Interrupt Function (2/2)

(D) External maskable interrupt (except INTPO)

S Internal bus S

External interrupt
mode register MK IE PR ISP
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Interrupt Edge I f| ) Priority controller address
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(E) Software interrupt
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Interrupt Zgg}zrs 'éable
request generator

IF: Interrupt request flag

IE: Interrupt enable flag
ISP: In-service priority flag
MK: Interrupt mask flag

PR: Priority specification flag
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16.3 Interrupt Function Control Registers

The following six types of registers are used to control the interrupt functions.

* Interrupt request flag register (IFOL, IFOH)

¢ Interrupt mask flag register (MKOL, MKOH)

* Priority specification flag register (PROL, PROH)
¢ External interrupt mode register (INTMO)

¢ Sampling clock select register (SCS)

* Program status word (PSW)

Table 16-2 gives a listing of interrupt request flags, interrupt mask flags, and priority specification flags
corresponding to interrupt request sources.

Table 16-2. Various Flags Corresponding to Interrupt Request Sources

Interrupt Source Interrupt Request Flag Interrupt Mask Flag Priority Specification Flag
Register Register Register
INTWDT TMIF4 IFOL TMMK4 MKOL TMPR4 PROL
INTPO PIFO PMKO PPRO
INTP1 PIF1 PMK1 PPR1
INTP2 PIF2 PMK2 PPR2
INTP3 PIF3 PMK3 PPR3
INTCSIO CSIIF0 CSIMKO CSIPRO
INTCSIH CSIIF1 CSIMK1 CSIPR1
INTTM3 TMIF3 TMMK3 TMPR3
INTTMO TMIFO IFOH TMMKO MKOH TMPRO PROH
INTTM1 TMIFA1 TMMK1 TMPR1
INTTM2 TMIF2 TMMK2 TMPR2
INTAD ADIF ADMK ADPR
INTKS KSIF KSMK KSPR
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(1) Interrupt request flag registers (IFOL, IFOH)

Symbol

The interrupt request flag is set to 1 when the corresponding interrupt request is generated or an instruction

is executed. Itis cleared to 0 when an instruction is executed upon acknowledgment of an interrupt request

or upon application of RESET.

IFOL and IFOH are set with a 1-bit or 8-bit memory manipulation instruction. If IFOL and IFOH are used as

a 16-bit register IFO, use a 16-bit memory manipulation instruction for setting.
RESET input clears these registers to 00H.

<7>

<6>

<5>

Figure 16-2. Format of Interrupt Request Flag Register

<4>

<3>

<2>

<1>

<0>

IFOL

TMIF3

CSIIF1

CSIIFO

PIF3

PIF2

PIF1

PIFO

TMIF4

<5>

<4>

<3>

<2>

<1>

<0>

IFOH

WTIFNete

KSIF

ADIF

TMIF2

TMIF1

TMIFO
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Address After reset R/W

FFEOH O00H R/W

FFE1H 00H R/W

xxIF

Interrupt request flag

No interrupt request signal

Interrupt request signal is generated: Interrupt request state

Note WTIF is the test input flag. A vectored interrupt request is not generated.

Cautions 1.

The TMIF4 flag is R/W enabled only when the watchdog timer is used as an interval timer.

If the watchdog timer is used in watchdog timer mode 1, set the TMIF4 flag to 0.

2. Always set bits 6 and 7 of IFOH to 0.

3. When an interrupt is acknowledged, the interrupt request flag is automatically cleared,
and then servicing of the interrupt routine is started.

4. Use the 1-bit memory manipulation instruction (CLR1) for manipulating the flag of the
interrupt request flag register. A 1-bit manipulation instruction such as “IFOL.0 =0;” and
“_asm(“clr1IFOL,0”);” should be used when describing in C language, because assembly
instructions after compilation must be 1-bit memory manipulation instructions (CLR1).
If an 8-bit memory manipulation instruction “IFOL & = Oxfe;” is described in C language,
forexample, itis converted to the following three assembly instructions after compilation:

mov a, IFOL

and a, #OFEH

mov IFOL, a

In this case, at the timing between “mov a, IFOL” and “mov IFOL, a”, if the request flag
of another bit of the identical interrupt request flag register (IFOL) is set to 1, it is cleared
to 0 by “mov IFOL, a”. Therefore, care must be exercised when using an 8-bit memory
manipulation instruction in C language.
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(2) Interrupt mask flag registers (MKOL, MKOH)
The interrupt mask flag is used to enable/disable the corresponding maskable interrupt servicing and to set
standby clear enable/disable.
MKOL and MKOH are set with a 1-bit or 8-bit memory manipulation instruction. If MKOL and MKOH are used
as a 16-bit register MKO, use a 16-bit memory manipulation instruction for setting.
RESET input sets these registers to FFH.

Figure 16-3. Format of Interrupt Mask Flag Register

Symbol <7> <6>  <5> <4>  <3> <2> <1>  <0> Address After reset R/W
MKOL | TMMK3 |CSIMK1|CSIMKO| PMK3 | PMK2 | PMK1 | PMKO | TMMK4 FFE4H FFH R/W
7 6 <5> <4> <3> <2> <1> <0>
MKOH 1 1 |WTMK"* KSMK | ADMK | TMMK2 | TMMK1 | TMMKO FFE5H FFH R/W
‘ xxMK | Interrupt servicing and standby mode control
0 Interrupt servicing enabled, standby mode release enabled
1 Interrupt servicing disabled, standby mode release disabled

Note WTMK controls standby mode release enable/disable. This bit does not control the interrupt function.

Cautions 1. If the TMMKA4 flag is read when the watchdog timer is used in watchdog timer mode 1,
the MKO value becomes undefined.

2. Because port 0 has an alternate function as an 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, the interrupt mask flag should be set to 1 before using the
output mode.

3. Always set bits 6 and 7 of MKOH to 1.
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(3) Priority specification flag registers (PROL, PROH)
The priority specification flag is used to set the corresponding maskable interrupt priority order.
PROL and PROH are set with a 1-bit or 8-bit memory manipulation instruction. If PROL and PROH are used
as a 16-bit register PRO, use a 16-bit memory manipulation instruction for setting.
RESET input sets these registers to FFH.

Figure 16-4. Format of Priority Specification Flag Register

Symbol <7>  <6>  <5> <4>  <3> <2> <1>  <0> Address After reset R/W

PROL |[TMPR3|CSIPR1|CSIPRO| PPR3 | PPR2 | PPR1 | PPRO |TMPR4 FFE8H FFH R/W
7 6 5 <4> <3> <2> <1> <0>

PROH 1 1 1 KSPR | ADPR |TMPR2 | TMPR1|TMPRO FFE9H FFH R/W

‘ xxPR | Priority level selection

0 High priority level

1 Low priority level

Cautions 1. When the watchdog timer is used in watchdog timer mode 1, set the TMPR4 flag to 1.
2. Always set bits 5 to 7 of PROH to 1.
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(4) External interrupt mode register (INTMO)
This register sets the valid edge for INTPO to INTP2 and TIO.
INTMO is set with an 8-bit memory manipulation instruction.

RESET input clears INTMO to 00H.

Remarks 1. INTPO is also used for TIO/P0O0.
2. INTP3 is fixed to the falling edge.

Figure 16-5. Format of External Interrupt Mode Register

Symbol 7 g 5 4 3 2 1 0  Address Afterreset R/W
INTMO | ES31 | ES30 | ES21 | ES20 | ES11 |[ES10| O 0 FFECH 00H R/W
\ | \ | L
ES11 | ES10 | INTPO/TIO valid edge selection
0 0 Falling edge
0 1 Rising edge
1 0 Setting prohibited
1 1 Both falling and rising edges
ES21 | ES20 | INTP1 valid edge selection
0 0 Falling edge
0 1 Rising edge
1 0 Setting prohibited
1 1 Both falling and rising edges
ES31 | ES30 | INTP2 valid edge selection
0 0 Falling edge
0 1 Rising edge
1 0 Setting prohibited
1 1 Both falling and rising edges

Caution When using the INTPO/TIO/P0O0 pin as a timer input pin (TI0), stop the operation of the 16-bit timer
by clearing bits 1 to 3 (TMCO01 to TMCO03) of the 16-bit timer mode control register (TMCO) to 0,
0, 0, before setting the valid edge of TI0. When using the INTPO/TIO/P00 pin as an external
interrupt input pin (INTPO), the valid edge of INTPO may be set while the 16-bit timer is operating.
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(5) Sampling clock select register (SCS)

This register is used to set the clock used to sample the valid edge input to INTPO. When remote controlled

data reception is carried out using INTPO, digital noise is eliminated using the sampling clock.
SCS is set with an 8-bit memory manipulation instruction.
RESET input clears SCS to 00H.

Figure 16-6. Format of Sampling Clock Select Register

Symbol 7 6 5 4 3 2 1 0 Address Afterreset R/W
SCS 0 0 0 0 0 0 SCS1|SCS0 FF47H O0H R/W
|

SCS1 | SCS0 | INTPO sampling clock selection

0 0 fx/2N +1

0 1 Setting prohibited
1 0 fx/26 (78.1 kHz)
1 1 fx/27 (39.1 kHz)

Caution x/2N *+ 1 is the clock supplied to the CPU, fx/25 and fx/27 are the clocks supplied to the

peripheral hardware. fx/2N+1 stops in the HALT mode.

Remarks 1. N: Value (N =0 to 4) of bits 0 to 2 (PCCO0 to PCC2) of processor clock control register (PCC)

2. fx: Main system clock oscillation frequency
3. Figures in parentheses apply to operation with fx= 5.0 MHz.
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The noise eliminator sets the interrupt request flag (PIFO0) to 1 if the input level of the sampled INTPO is active
twice in succession.
Figure 16-7 shows the noise eliminator 1/O timing.

Figure 16-7. Noise Eliminator I/O Timing (When Rising Edge Is Detected)

(a) When input is less than the sampling cycle (tswp)

tsmp

Sampling clock

[ ] [

PIFO "L

The PIFO output remains low because the level of INTPO is not high when
it is sampled.

(b) When input is equal to or twice the sampling cycle (tswp)

tsmp
Sampling clock
INTPO <1> <2>
PIFO

The PIFO flag is set to 1 because the sampled INTPO level is high twice
in succession in <2>.

(c) When input is twice or more than the sampling cycle (tswp)

tswp

Sampling clock

INTPO

PIFO
The PIFO flag is set to 1 when INTPO goes high twice in succession.
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(6) Program status word (PSW)

Symbol 7 6 5 4 3 2 1 0

The program status word is a register used to hold the instruction execution result and the current status for
interrupt requests. The IE flag used to set maskable interrupt enable/disable and the ISP flag used to control
multiple interrupt servicing are mapped to the PSW.

Besides 8-bit unit read/write, this register can carry out operations using bit manipulation and dedicated
instructions (El and DI). When a vectored interrupt request is acknowledged or when the BRK instruction is
executed, the contents of the PSW are automatically saved into the stack, and the IE flag is resetto 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 contents of the PSW are also saved to the stack by the PUSH
PSW instruction. They are reset from the stack with the RETI, RETB, and POP PSW instructions.
RESET input sets PSW to 02H.

Figure 16-8. Format of Program Status Word

After reset

PSW | IE Z |RBS1| AC [RBSO| O ISP | CY 02H

338

Used when normal instruction is executed

ISP | Priority of interrupt currently being serviced

0 High-priority interrupt servicing
(low-priority interrupts disabled)

1 Interrupt request not acknowledged or low-priority
interrupt servicing
(all maskable interrupts enabled)

IE Interrupt request acknowledgment enable/disable
0 Disabled
1 Enabled
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16.4 Interrupt Servicing Operations

16.4.1 Non-maskable interrupt request acknowledgment operation

A non-maskable interrupt request is unconditionally acknowledged even if in an interrupt request acknowledgment
disabled state. It does not undergo interrupt priority control and has highest priority over all other 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.
This disables the acknowledgment of multiple interrupts.

A new non-maskable interrupt request generated during execution of a non-maskable interrupt servicing program
is acknowledged after execution of the current non-maskable interrupt servicing program is terminated (following RETI
instruction execution) and one main routine instruction is executed. If a new non-maskable interrupt request is
generated twice or more during non-maskable interrupt service program execution, only one non-maskable interrupt
request is acknowledged after termination of the non-maskable interrupt service program execution.

Figure 16-9 shows the flowchart illustrating generation and acknowledgment of a non-maskable interrupt request.
Figure 16-10 shows the timing of acknowledging a non-maskable interrupt request. Figure 16-11 illustrates how
nested non-maskable interrupt requests are acknowledged.

Caution Be sure to use the RETI instruction to restore processing from the non-maskable interrupt.
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CPU processing

TMIF4

340

WDTM4 =1
No

(with watchdog timer
mode selected)?

Overflow in WDT?

WDTM3=0

(with non-maskable No

Figure 16-9. Non-Maskable Interrupt Request Acknowledgment Flowchart

C=ID

Interval timer

interrupt request
elected)?

Yes

Interrupt request generation |

No

Reset processing

J

WDT interrupt servicing?

Interrupt control
register unaccessed?

Yes

Interrupt
service start

WDTM: Watchdog timer mode register

WDT: Watchdog timer

Interrupt request
held pending

Figure 16-10. Non-Maskable Interrupt Request Acknowledgment Timing

Instruction Instruction

PSW and PC save, jump
to interrupt servicing

Interrupt servicing
program

/

/A

\

Interrupt request generated during this interval is acknowledged at ),

TMIF4: Watchdog timer interrupt request flag
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Figure 16-11. Non-Maskable Interrupt Request Acknowledgment Operation

(a) If a new non-maskable interrupt request is generated during
non-maskable interrupt servicing program execution

( Main routine )

NMI request <1> ——

\

-~—— Execution of NMI request <1>

NMI request <2> NMI request <2> held pending

Execution of 1 instruction —

~—— Servicing of pending NMI request <2>

/l

(b) If two non-maskable interrupt requests are generated during
non-maskable interrupt servicing program execution

( Main routine )

NMI request <1> ——

Y

—<—— Execution of NMI request <1>
NMI request <2> —» NMI request <2> held pending

NMI request <3> held pending
NMI request <3> ——

Execution of 1 instruction ——

—=—— Servicing of pending NMI request <2>

NMI request <3> not acknowledged
(Although two or more NMI requests have been generated,
only one request is acknowledged.)
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16.4.2 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 of the interrupt request is cleared to 0. A vectored interrupt request is acknowledged in the interrupt enabled
state (with IE flag setto 1). However, a low-priority interrupt is not acknowledged during high-priority interrupt request
servicing (with ISP flag reset to 0).

Moreover, even if the El instruction is executed during execution of a non-maskable interrupt servicing program,
neither non-maskable interrupt requests nor maskable interrupt requests are acknowledged.

Table 16-3 shows the time required until interrupt servicing is executed after a maskable interrupt request has been
generated.

For the interrupt request acknowledgment timing, refer to Figures 16-13 and 16-14.

Table 16-3. Times from Maskable Interrupt Request Generation to Interrupt Servicing

Minimum Time Maximum TimeNote
When xxPR =0 7 clock cycles 32 clock cycles
When xxPR = 1 8 clock cycles 33 clock cycles

Note If aninterrupt request is generated just before a divide instruction, the wait time is maximized.

Remark 1 clock cycle = 1/fcpu (fcru: CPU clock)

If two or more maskable interrupt requests are generated simultaneously, the request specified as higher priority
by the priority specification flag is acknowledged first. If the same priority is specified by the priority specification flag,
the interrupt with the highest default priority is acknowledged first.

Any pending interrupt requests are acknowledged when they become acknowledgeable.

Figure 16-12 shows interrupt request acknowledgment algorithms.

If a maskable interrupt request is acknowledged, the contents of the program status word (PSW) and program
counter (PC) are saved in the stacks in that order. Then, the IE flag is reset to 0, and the acknowledged interrupt
request priority specification flag contents 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 the interrupt is possible with the RETI instruction.
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Interrupt request
held pending

xXIF:
xxXMK:
xxXPR:
IE:
ISP:

Interrupt request
held pending

Figure 16-12. Interrupt Request Acknowledge Processing Algorithm

—_— >

{ Start }

Interrupt request
held pending

Yes (high priority)

No
xxIF =17
Yes (interrupt request
generation)
NO " xMK = 0?
Yes
xxPR = 07?

Any high-
priority interrupt request
among simultaneously generated
XXPR = 0 interrupt
requests?

No

Vectored interrupt
servicing

Interrupt request flag
Interrupt mask flag
Priority specification flag

No (low priority)

Any
simultaneously
generated xxPR =0
interrupt
requests?

Interrupt request
No held pending

Any
simultaneously
generated high-priority

interrupt
requests?

Yes

Yes

Interrupt request
held pending

No
o>
Interrupt request
Yes held pending
o>
Yes Interrupt request

held pending

Vectored interrupt
servicing

Flag controlling acknowledgment of maskable interrupt request (1 = Enabled, 0 = Disabled)
Flag indicating priority of interrupt currently serviced (0 = Interrupt with high priority is serviced,
1 = No interrupt request is acknowledged, or interrupt with low priority is serviced)
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Figure 16-13. Interrupt Request Acknowledgment Timing (Minimum Time)

6 clocks
. . . PSW and PC save, Interrupt
CPU processing Instruction Instruction jump to interrupt servicing
servicing program
i\
xxIF / // / / / \ ))
(XXPR = 1) ‘ ¢ ‘
! 8 clocks \
ol [T [/ L,
(xxPR=0) ‘ « [
| 7 clocks ‘

Remark 1 clock cycle = 1/fcpu (fcru: CPU clock)

Figure 16-14. Interrupt Request Acknowledgment Timing (Maximum Time)

25 clocks 6 clocks
. . .. . ) PSW and PC save, Interrupt
CPU processing Instruction Divide instruction jump to interrupt servicing
servicing program
xodF / [ [ ] / L,
(XX PR = 1) ‘ (s ‘
| 33 clocks ‘
xxIF / / / / / / / / / N
(xxPR =0) ‘ T |
! 32 clocks |

Remark 1 clock cycle = 1/fcpu (fcru: CPU clock)

16.4.3 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 of the program status word (PSW) and program
counter (PC) are saved in the stacks in that order, the IE flag is reset to 0 and the contents of the vector tables (003EH
and 003FH) are loaded into the PC and branched.

Return from the 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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16.4.4 Multiple interrupt servicing

Multiple interrupt servicing occurs when an interrupt request is acknowledged during execution of another interrupt.

Multiple interrupt servicing does not occur unless the interrupt request acknowledgment enabled state is selected
(IE=1) (exceptnon-maskable interrupts). Also, whenaninterruptrequestis received, interrupt request acknowledgment
becomes disabled (IE = 0). Therefore, to enable multiple interrupt servicing, it is necessary to set (to 1) the IE flag
with the El instruction during interrupt servicing to enable interrupt acknowledgment.

Moreover, even if interrupts are enabled, multiple interrupt servicing may not be enabled, this being subject to
interrupt priority control. Two types of priority control are available: default priority control and programmable priority
control. Programmable priority control is used for multiple interrupt servicing.

In the interrupt enabled state, if an interrupt request with a priority equal to or higher than that of the interrupt
currently being serviced is generated, it is acknowledged for multiple interrupt servicing. If an interrupt with a priority
lower than that of the interrupt currently being serviced is generated during interrupt servicing, it is not acknowledged
for multiple interrupt servicing.

Interrupt requests that are not enabled because the interrupt disabled state is set or they have a lower priority are
held pending. When servicing of the current interrupt ends, the pending interrupt request is acknowledged following
execution of one main processing instruction.

Multiple interrupt servicing is not possible during non-maskable interrupt servicing.

Table 16-4 shows interrupt requests enabled for multiple interrupt servicing, and Figure 16-15 shows multiple
interrupt servicing examples.

Table 16-4. Interrupt Request Enabled for Multiple Interrupt During Interrupt Servicing

Multiple Interrupt| Non-Maskable Maskable Interrupt Request Software

Servicing Request|  Interrupt PR = 0 PR = 1 Interrupt

Request Request

Interrupt Servicing IE=1 IE=0 IE =1 IE=0

Non-maskable interrupt D D D D D E
Maskable interrupt ISP =0 E E D D D E
ISP =1 E E D E D E
Software interrupt E E D E D E

Remarks 1. E: Multiple interrupt servicing enabled
D: Multiple interrupt servicing disabled
2. ISP and IE are flags contained in the PSW.
ISP = 0: An interrupt with higher priority is being serviced
ISP = 1: An interrupt request is not acknowledged or an interrupt with lower priority is being
serviced
IE = 0: Interrupt request acknowledgment is disabled
IE = 1: Interrupt request acknowledgment is enabled
3. xxPR is a flag contained in PROL and PROH.
xxPR = 0: Higher priority level
xxPR = 1: Lower priority level
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Figure 16-15. Multiple Interrupt Servicing Example (1/2)

Example 1. Two interrupts are generated

Main processing INTxx INTyy INTzz
servicing servicing servicing

INTXx —=
(PR=1)

During interrupt INTxx servicing, two interrupt requests, INTyy and INTzz are acknowledged, and
multiple interrupt servicing is generated. An El instruction is issued before each interrupt request
acknowledgment, and the interrupt request acknowledgment enabled state is set.

Example 2. Multiple interrupt servicing is not generated due to priority control

Main processing INTxx INTyy

servicing servicing
| El | IE=0

INTyy
INTXX —= (PR - 1)

(PR=0)

RETI

1 instruction
execution

The interrupt request INTyy generated during interrupt INTxx servicing is not acknowledged because
its interrupt priority is lower than that of INTxx, and multiple interrupt servicing is not generated. The
INTyy request is held pending and acknowledged after execution of 1 instruction of the main

processing.
PR = 0: Higher priority level

PR = 1: Lower priority level
IE = 0: Interrupt request acknowledgment disabled
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Figure 16-15. Multiple Interrupt Servicing Example (2/2)
Example 3. Multiple interrupt servicing is not generated because interrupts are not enabled

Main processing INTxx INTyy

servicing servicing
| El | IE=0
INTyy _

INTXX —» (PR - 0)

(PR=0)

1 instruction
execution

Because interrupts are not enabled in interrupt INTxx servicing (an El instruction is not issued),
interrupt request INTyy is not acknowledged, and multiple interrupt servicing is not generated. The
INTyy request is held pending and acknowledged after execution of 1 instruction of the main

processing.

PR = 0: Higher priority level
IE = 0: Interrupt request acknowledgment disabled
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16.4.5 Interr

upt request hold

Some instructions hold an interrupt request, if any, pending until the completion of execution of the next instruction.

These instructions (that hold an interrupt request pending) are listed below.

e MOV
e MOV
* MOV
* MOV1
e MOV1
* AND1
* OR1
* XORT
e SET1
* CLR1
* RETB
* RETI
e PUSH
* POP
* BT

* BF

* BTCLR
e El

e DI

¢ Manipulation instructions for IFOL, IFOH, MKOL, MKOH, PROL, PROH and INTMO registers

PSW, #byte
A, PSW
PSW, A
PSW.bit, CY
CY, PSW.bit
CY, PSW.bit
CY, PSW.bit
CY, PSW.bit
PSW.bit
PSW.bit

PSW
PSW
PSW.bit, $addr16
PSW.bit, $addr16
PSW.bit, $addr16

Caution The BRK instruction does not belong to the above group of instructions. However, the software
interrupt that is started by execution of the BRK instruction clears the IE flag to 0. Therefore,
even if a maskable interrupt request is generated, it is not acknowledged when the BRK
instruction is executed. However, a non-maskable interrupt request is acknowledged.

The timing at which interrupt requests are held pending is shown in Figure 16-16.

CPU processing

xxIF

Figure 16-16. Interrupt Request Hold

Instruction N

Instruction M

Save PSW and PC,

jump to interrupt servicing

Interrupt servicing
program

_/

Remarks 1. Instruction N: Interrupt request hold instruction

348

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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16.5 Test Functions

The internal test input flag (WTIF) is set to 1 and a standby release signal is generated when the watch timer

overflows.
Unlike the interrupt function, this function does not perform vector processing.
The basic configuration is shown in Figure 16-17.

Figure 16-17. Basic Configuration of Test Function

S Internal bus S

!

MK

Test input source —46D_, Standby
(INTWT) IF release signal

IF:  Test input flag
MK: Test mask flag

16.5.1 Test function control registers
The test function is controlled by the following two registers.

* Interrupt request flag register OH (IFOH)
* Interrupt mask flag register OH (MKOH)

The names of the test input flag and test mask flag corresponding to the test input signal name are as follows.

Test Input Signal Name Test Input Flag Test Mask Flag
INTWT WTIF WTMK
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(1) Interrupt request flag register (IFOH)
This register indicates whether a watch timer overflow is detected or not.
IFOH is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input clears IFOH to 00H.

Figure 16-18. Format of Interrupt Request Flag Register OH

Symbol 7 6 <5>  <4> B> <2>  <1> <0> Address After reset R/W

IFOH 0 0 WTIF | KSIF | ADIF | TMIF2 | TMIF1 | TMIFO FFE1H 00H R/W

WTIF | Watch timer overflow detection flag

0 No detection

1 Detection

(2) Interrupt mask flag register (MKOH)
This register is used to set the standby mode enable/disable at the time the standby mode is released by the
watch timer.
MKOH is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input sets MKOH to FFH.

Figure 16-19. Format of Interrupt Mask Flag Register OH

Symbol 7 6 <5> <4> <3> <2> <1> <0> Address After reset R/W

MKOH 1 1 WTMK | KSMK | ADMK | TMMK2 | TMMK1 | TMMKO FFE5H FFH R/W

WTMK| Standby mode control by watch timer

0 Standby mode release enabled

1 Standby mode release disabled

16.5.2 Test input signal acknowledgment operation

The internal test input signal (INTWT) is generated when the watch timer overflows. This signal sets the WTIF
flag. At this time, the standby release signal is generated if it is not masked by the interrupt mask flag (WTMK). By
checking the WTIF flag in a cycle shorter than the overflow cycle of the watch timer, a watch function can be realized.
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17.1 Standby Function and Configuration

17.1.1 Standby function
The standby function is used to decrease the power consumption of the system. The following two modes

are available.

(M

(2

HALT mode

HALT instruction execution sets the HALT mode. In the HALT mode, the CPU operation clock stops. The
system clock oscillator continues oscillation. In this mode, the power consumption cannot be decreased
as much as in the STOP mode, but the HALT mode is effective for restarting immediately upon interrupt
request and carrying out intermittent operations like clock operations.

STOP mode

STOP instruction execution sets the STOP mode. In the STOP mode, the main system clock oscillator
stops and the whole system stops, so the CPU power consumption can be considerably decreased.
Data memory low-voltage hold (down to Voo = 1.8 V) is possible. Thus, the STOP mode is effective for
holding data memory contents with ultra-low power consumption.

Because this mode can be released by an interrupt request, it enables intermittent operations to be carried
out. However, because a wait time is necessary to secure the oscillation stabilization time after the STOP
mode is released, select the HALT mode if it is necessary to start processing immediately upon interrupt
request.

In either mode, all the contents of the registers, flags, and data memory just before standby mode is set are
held. The I/O port output latch 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 proceeding to the STOP mode, be sure to stop the peripheral hardware operation
operated with the main system clock and execute the STOP instruction.

3. Toreduce the power consumption of the A/D converter, set bit 7 (CS) of the A/D converter
mode register (ADM) to 0 to stop the A/D converter’s operation before executing the HALT
or STOP instruction.
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17.1.2 Standby function control register

The wait time after the STOP mode is released by an interrupt request until the oscillation stabilizes is
controlled by the oscillation stabilization time select register (OSTS).

OSTS is set with an 8-bit memory manipulation instruction.

RESET input sets OSTS to 04H. Therefore, when the STOP mode is released by RESET input, the time until
it is released is 2'7/fx.

Figure 17-1. Format of Oscillation Stabilization Time Select Register

Symbol 7 g 5 4 3 2 1 0  Address Afterreset R/W
OSTS 0 0 0 0 0 [0OSTS20STS10STSO FFFAH 04H R/W
I R
0STS2 l0STS1 l0STS0 Selection of oscillation _stabilization
time after STOP mode is released
0 0 0 2'2/fx (819 us)
0 0 1 21%/fx (3.28 ms)
0 1 0 215/fx (6.55 ms)
0 1 1 21%/fx (13.1 ms)
1 0 0 2'7/fx (26.2 ms)

Other than above Setting prohibited

Caution The wait time after STOP mode release does not include the time from STOP mode release
to clock oscillation start (see “a” below), regardless of whether the STOP mode is released
by RESET input or by interrupt request generation.

STOP mode release
X1 pin

voltage
waveform

Vss

Remarks 1. fx: Main system clock oscillation frequency
2. Figures in parentheses apply to operation with fx = 5.0 MHz.
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17.2 Standby Function Operations
17.2.1 HALT mode
(1) HALT mode set and operating status
The HALT mode is set by executing the HALT instruction. It can be set during main system clock or the
subsystem clock operation.

The operating status in the HALT mode is described below.

Table 17-1. HALT Mode Operating Status

HALT Mode | When HALT Instruction Is Executed During When HALT Instruction Is Executed During
Setting | Main System Clock Operation Subsystem Clock Operation
Without Subsystem | With Subsystem When Main System When Main System
ltem ClocknNote 1 ClockNote 2 Clock Oscillation Clock Oscillation Stops
Continues
Clock generator Both main system clock and subsystem clock can be oscillated.
Clock supply to the CPU stops.
CPU Operation stopped
Ports (output latch) Status before HALT instruction execution is held.
16-bit timer/event counter | Operation enabled Operation stopped
8-bit timer/event counter Operation enabled
when TI1 and TI2 are
Watchdog timer selected for the count
clock.

A/D converter

Operation stopped

Operation stopped

Watch timer Operation enabled | Operation enabled Operation enabled
when x/28 is when xT is selected for
selected for the the count clock.
count clock.

Clock output Operation enabled | Operation enabled Operation enabled
when x/23 to fx/28 when fxT is selected for
is selected for the the output clock.
output clock.

Buzzer output Operation enabled BUZ is low level.
VFD controller/driver Operation disabled
Serial Other than Operation enabled Operation enabled
interface | automatic when external SCK is

transmit/ selected.

receive

function

Automatic Operation stopped

transmit/

receive

function
External | INTPO Operation enabled when the clock for the peripheral hardware Operation stopped
interrupts (fx/28 or fx/27) is selected as the sampling clock.

INTP1 to Operation enabled

INTP3

Notes 1. Including the case where an external clock is not supplied as the subsystem clock
2. Including the case where an external clock is supplied as the subsystem clock
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(2) HALT mode release
The HALT mode can be released by the following four sources.

(a)

(b)

(c)

354

Release by unmasked interrupt request

When an unmasked interrupt request is generated, the HALT mode is released. If interrupt request
acknowledgment is enabled, vectored interrupt servicing is carried out. If disabled, the instruction
at the next address is executed.

Figure 17-2. HALT Mode Release by Interrupt Request Generation

Interrupt request

HALT
instruction Wait ‘

Standby |
release signal H

mode HALT mode Wait

Operating
‘ Operating mode

Oscillation
Clock

Remarks 1. The broken line indicates the case when the interrupt request which has released the
standby status is acknowledged.
2. Wait time will be as follows.
* When vectored interrupt servicing is carried out: 8 to 9 clocks
* When vectored interrupt servicing is not carried out: 2 to 3 clocks

Release by non-maskable interrupt request

When a non-maskable interrupt request is generated, the HALT mode is released and vectored
interrupt servicing is carried out regardless of whether interrupt request acknowledgment is enabled
or disabled.

However, a non-maskable interrupt request is not generated during subsystem clock operation.

Release by unmasked test input

When an unmasked test signal is input, the HALT mode is released and the instruction at the next
address to the HALT instruction is executed.
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(d) Release by RESET input
When a RESET signal is input, the HALT mode is released. As is the case with a normal reset
operation, the program is executed after branch to the reset vector address.

Figure 17-3. HALT Mode Release by RESET Input

_HALT Wait
instruction (217/ix: 26.2 ms) |
| n\
RESET (6
signal
Oscillation
Operating Reset stabilization Operating
mode ‘ HALT mode period wait status ‘ mode
‘ Oscillation ‘
Clock Oscillation stop Oscillation
Remarks 1. fx: Main system clock oscillation frequency
2. Figures in parentheses apply to operation with fx = 5.0 MHz.
Table 17-2. Operation After HALT Mode Release
Release Source MKxx | PRxx IE ISP Operation
Maskable interrupt request 0 0 0 X Next address instruction execution
0 0 1 X Interrupt servicing
0 1 0 1 Next address instruction execution
0 1 X 0
0 1 1 1 Interrupt servicing
1 X X X HALT mode hold
Non-maskable interrupt request - - X X Interrupt servicing
Test input 0 - X X Next address instruction execution
1 - X X HALT mode hold
RESET input - - X X Reset processing

x: don’t care
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17.2.2 STOP mode

(1) STOP mode set and operating status
The STOP mode is set by executing the STOP instruction. It can be set only during main system clock
operation.

Cautions 1. When the STOP mode is set, the X2 pin is internally connected to Voo via a pull-up
resistor to suppress the leakage 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 release 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 released if set. Thus, the STOP mode is reset
to the HALT mode immediately after execution of the STOP instruction. After the wait
set using the oscillation stabilization time select register (OSTS), the operating mode
is set.

The operating status in the STOP mode is described below.

Table 17-3. STOP Mode Operating Status

STOP Mode With Subsystem Clock Without Subsystem Clock
Setting
Iltem
Clock generator Only main system clock stops oscillation.
CPU Operation stopped
Output ports (output latches) Status before STOP instruction execution is held.
16-bit timer/event counter Operation stopped
8-bit timer/event counter Operation enabled only when TI1 and TI2 are selected for the count clock.
Watchdog timer Operation stopped
A/D converter
Watch timer Operation enabled only when fxt is Operation stopped

selected for the count clock.

Clock output Operation enabled when fxr is PCL is low level.
selected for the output clock.

Buzzer output BUZ is low level.
VFD controller/driver Operation disabled
Serial Other than automatic | Operation enabled only when external input clock is selected as serial clock.
interface | transmit/receive
function

Automatic transmit/ Operation stopped
receive function

External INTPO Operation disabled
interrupts

INTP1 to INTP3 Operation enabled
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(2) STOP mode release
The STOP mode can be released by the following three sources.

(a) Release by unmasked interrupt request
When an unmasked interrupt request is generated, the STOP mode is released. If interrupt request
acknowledgment is enabled after the lapse of oscillation stabilization time, vectored interrupt
servicing is carried out. If interrupt request acknowledgment is disabled, the instruction at the next
address is executed.

Figure 17-4. STOP Mode Release by Interrupt Request Generation

Interrupt request

Wait
) STO',D (time set by OSTS) ‘
instruction

)
Standby (6 !
release signal '

Operating Oscillation stabilization Operating
mode STOP mode wait status ‘ mode

Oscillation ‘

Clock Oscillation stop Oscillation

Remark The broken line indicates the case when the interrupt request which has released the standby
status is acknowledged.

(b) Release by unmasked test input

When an unmasked test signal is input, the STOP mode is released. After the lapse of oscillation
stabilization time, the instruction at the next address to the STOP instruction is executed.
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(c) Release by RESET input
When a RESET signal is input, the STOP mode is released. After the lapse of oscillation stabilization
time, a reset operation is carried out.

Figure 17-5. STOP Mode Release by RESET Input

Wait
_STop (27 262ms) |
instruction
] .
RESET (
signal
Oscillation
Operating Reset stabilization Operating
mode STOP mode period wait status ‘ mode
Clock Oscillation Oscillation stop Oscillation
Remarks 1. fx: Main system clock oscillation frequency
2. Figures in parentheses apply to operation with fx = 5.0 MHz.
Table 17-4. Operation After STOP Mode Release
Release Source MKxx PRxx IE ISP Operation
Maskable interrupt request 0 0 0 X Next address instruction execution
0 0 1 X Interrupt servicing
0 1 0 1 Next address instruction execution
0 1 X 0
0 1 1 1 Interrupt servicing
1 X X X STOP mode hold
Test input 0 - X X Next address instruction execution
1 - X X STOP mode hold
RESET input - - X X Reset processing

x: don’t care
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18.1 Reset Function

The following two operations are available to generate a 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
addresses 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 as shown in Table 18-1. Each pin is high impedance during reset input or during
the oscillation stabilization time just after reset release.

When a high level is input to the RESTpin, the reset is released and program execution starts after the lapse
of the oscillation stabilization time (2'7/fx). The reset applied by watchdog timer overflow is automatically
released after the reset and program execution starts after the lapse of the oscillation stabilization time (2'7/fx)
(see Figures 18-2 to 18-4).

Cautions 1. For an external reset, input a low level to the RESET pin for 10 us or more.
2. During reset input, main system clock oscillation remains stopped but subsystem clock
oscillation continues.
3. When the STOP mode is released by reset, the STOP mode contents are held during reset
input. However, the port pins become high impedance.

Figure 18-1. Block Diagram of Reset Function

RESET ©
Reset controller Reset
signal
Overflow Interru
. pt
Count clock Watchdog timer function
Stop
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RESET

Internal
reset signal

Port pin

S AVAVAWA

Watchdog
timer overflow

Internal
reset signal

Port pin

AVAWA

y
STOP instruction execution

Normal operation — |- Stop status

Figure 18-2. Timing of Reset by RESET Input

Normal operation

NI AVAVAES

. Oscillation .
- Resz_at p_enod L stabilization | Normal operat!on
(oscillation stop) | time wait (reset processing)

Figure 18-3. Timing of Reset due to Watchdog Timer Overflow

Normal operation

[\

WY AVAVAES

. Reset period Oscillation Norml operation
time wait (reset processing)

! (oscillation stop)
|
|
|
|

—»]«— stabilization —>l~—
|
|
I
I
|
|
‘
|
I
|

—

Figure 18-4. Timing of Reset by RESET Input in STOP Mode

I WAVAVAES

(oscillation

Reset period Oscillation Normal operation
stop)"e (oscillation —»}«— stabilization —=}~—— (reset rort):essin )
| stop) | time wait P 9

RESET

Internal
reset signal

Port pin
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Table 18-1. Hardware Status After Reset (1/2)

Hardware Status After Reset
Program counter (PC)Nete 1 The contents of reset
vector tables (0000H
and 0001H) are set.
Stack pointer (SP) Undefined
Program status word (PSW) 02H
RAM Data memory UndefinedNete 2
General-purpose registers UndefinedNete 2
Ports (output latches) Ports 0 to 3, 7 to 12 (PO to P3, P7 to P12) 00H
Port mode registers (PMO, PM7) 1FH
(PM1, PM2, PM3, PM10, PM11, PM12) FFH
Pull-up resistor option register (PUO) 00H
Processor clock control register (PCC) 04H
Memory size switching register (IMS) Note 3
Internal expansion RAM size switching register (1XS) Note 3
Oscillation stabilization time select register (OSTS) 04H
16-bit timer/event counter | Timer register (TMO) 00H
Compare register (CR00) Undefined
Capture register (CR01) Undefined
Clock select register (TCLO) 00H
Mode control register (TMCO) 00H
Output control register (TOCO) 00H
8-bit timer/event counter | Timer registers (TM1, TM2) 00H
Compare registers (CR10, CR20) Undefined
Clock select register (TCL1) 00H
Mode control registers (TMC1, TMC2) 00H
Output control register (TOC1) 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. If the reset is applied in the standby mode, the status before reset will be held after reset.
3. The after-reset values of the memory size switching register (IMS) and internal expansion RAM size

switching register (IXS) depend on the product.

uPD780204 | uPD780204A| uPD780205 | uPD780205A| uPD780206 | uPD780208 |uPD78P0208
IMS C8H CFH CAH CFH CCH CFH CFH
IXS None 0AH
User's Manual U11302EJ5V0UD 361



CHAPTER 18 RESET FUNCTION

Table 18-1. Hardware Status After Reset (2/2)

Hardware Status After Reset
Watch timer Clock select register (TCL2) 00H
Watchdog timer
Mode register (WDTM) 00H
Serial interface Clock select register (TCL3) 88H
Shift registers (SI00, S101) Undefined
Mode registers (CSIMO, CSIM1) 00H
Serial bus interface control register (SBIC) 00H
Slave address register (SVA) Undefined
Automatic data transmit/receive control register (ADTC) 00H
Automatic data transmit/receive address pointer (ADTP) 00H
Automatic data transmit/receive interval specification register (ADTI) | 00H
Interrupt timing specification register (SINT) 00H
A/D converter Mode register (ADM) 01H
Conversion result register (ADCR) Undefined
Input select register (ADIS) 00H
VFD controller/driver Display mode register 0 (DSPMO0) 00H
Display mode register 1 (DSPM1) 00H
Display mode register 2 (DSPM2) 00H
Interrupts Request flag registers (IFOL, IFOH) 00H
Mask flag registers (MKOL, MKOH) FFH
Priority specification flag registers (PROL, PROH) FFH
External interrupt mode register (INTMO) 00H
Sampling clock select register (SCS) 00H
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The uPD78P0208 is a product integrating a one-time programmable ROM (one-time PROM). Table 19-
1 shows the differences between the yPD78P0208 and the mask ROM versions (uPD780204, 780204A,
780205, 780205A, 780206, and 780208).

Table 19-1. Differences Between yPD78P0208 and Mask ROM Versions (1/2)

ROM by means of memory
size switching register (IMS)

Item uPD78P0208 Mask ROM Versions

Internal ROM configuration One-time PROM Mask ROM

Internal ROM capacity 60 KB uPD780204: 32 KB
uPD780204A: 32 KB
uPD780205: 40 KB
uPD780205A: 40 KB
uPD780206: 48 KB
uPD780208: 60 KB

Internal expansion RAM capacity 1024 bytes uPD780204: None
uPD780204A: None
uPD780205: None
uPD780205A: None
uPD780206: 1024 bytes
uPD780208: 1024 bytes

Change in capacity of internal PossibleNete 1 Impossible

Internal expansion RAM size
switching register (IXS)

Provided (Internal expansion RAM
capacity can be changed using
|XSNote 2.)

uPD780204, 780204A,

uPD780205, 780205A: Not provided
uPD780206, 780208: Provided
(However, internal expansion RAM
capacity cannot be changed.)

IC pin

None

Provided

Vep pin

Provided

None

P30/TO0 to P32/TO2, P33/TI1,
P34/T12, P35/PCL, P36/BUZ, P37

On-chip pull-down resistors are not
provided.

On-chip pull-down resistors can be
specified in 1-bit units by mask option.

P70 to P74

On-chip pull-up resistors are not
provided.

On-chip pull-up resistors can be
specified in 1-bit units by mask option.

Notes 1.

After RESET input, the internal PROM capacity is set to 60 KB.

2. After RESET input, the internal expansion RAM capacity is set to 1024 bytes.

Caution
versions.

There are differences in noise immunity and noise radiation between the PROM and mask ROM
When pre-producing an application set with the PROM version and then mass-

producing it with the mask ROM version, be sure to conduct sufficient evaluations for the
commercial samples (not engineering samples) of the mask ROM version.
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Table 19-1. Differences Between uPD78P0208 and Mask ROM Versions (2/2)

Item

uPD78P0208

Mask ROM Versions

FIPO to FIP12

On-chip pull-down resistors are
provided (connected to Vioab).

On-chip pull-down resistors can be
specified in 1-bit units by mask option.
The connect destination of a pull-down
resistor can be specified for Vioap or
Vss in 4-bit units.

P80/FIP13 to P87/FIP20,
P90/FIP21 to P97/FIP28,
P100/FIP29 to P107/FIP36,
P110/FIP37 to P117/FIP44,
P120/FIP45 to P127/FIP52

On-chip pull-down resistors are not
provided.

On-chip pull-down resistors can be
specified in 1-bit units by mask option.
Pull-down resistors can be specified to
be connected to either Vioap or Vss in 4-
bit units from P80.

Caution There are differences in noise immunity and noise radiation between the PROM and mask ROM
versions. When pre-producing an application set with the PROM version and then mass-
producing it with the mask ROM version, be sure to conduct sufficient evaluations for the

commercial samples (not engineering samples) of the mask ROM version.

19.1 Memory Size Switching Register

The internal memory capacity of the uPD78P0208 can be selected by using the memory size switching register

(IMS). The same memory map as that of the mask ROM version with a different internal memory capacity is

possible by setting IMS.

IMS is set with an 8-bit memory manipulation instruction.
RESET input sets IMS as shown in Table 19-2.

364
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Figure 19-1. Format of Memory Size Switching Register (IMS)

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

IMS |RAM2/ RAM1|RAMO| 0 |ROM3/ROM2ROM1|ROMO| FFFOH Note R/W

I I \ \ \ |
ROM3| ROM2 | ROM1 | ROMO 'S';‘Ieegilnﬂo'\" capacity
1 0 0 0 32 KB
1 0 1 0 40 KB
1 1 0 0 48 KB
1 1 1 1 60 KB
Other than above Setting prohibited

RAM2 | RAM1 | RAMO Interngl high-speed RAM capacity
selection

1 1 0 1024 bytes

Other than above Setting prohibited

Note The value of the memory size switching register after reset differs depending on the product (see Table
19-2).

Table 19-2 lists the IMS setting values for a memory map equivalent to the mask ROM versions.

Table 19-2. Memory Size Switching Register Setting Values

Target Product IMS Value After Reset | IMS Setting Value
uPD780204 C8H
uPD780204A CFH C8H
1PD780205 CAH
uPD780205A CFH CAH
uPD780206 CCH
uPD780208 CFH
uPD78P0208 CFH

Caution When usingthe uPD780204,780205,780206,and 780208,
do not set any value other than the above IMS Value
After Reset to IMS.
When using the uyPD780204A and 780205A, be sure to set
the IMS Setting Value shown in Table 19-2 to IMS.
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19.2 Internal Expansion RAM Size Switching Register

By setting the internal expansion RAM size switching register (IXS), the uPD78P0208 can have the same
memory map as used in mask ROM versions that have a different internal expansion RAM capacity.

For the mask ROM versions, IXS does not need to be set.

IXS is set with an 8-bit memory manipulation instruction.

RESET input sets IXS to 0AH.

Cautions 1. The internal expansion RAM size switching register (IXS) is only incorporated in the
uPD780206, uPD780208, and uPD78P0208.

2. When using a mask ROM version yPD780204, uPD780204A, uPD780205, uPD780205A,

uPD780206, or uPD780208, do not set a value other than those listed in Table 19-3 to IXS.

Figure 19-2. Format of Internal Expansion RAM Size Switching Register

Symbol 7 6 5 4 3 2 1 0 Address After reset R/W
IX IX IX IX
IXs| © 0 0 0 | RAM3 | RAM2 | RAM1 | RAMO FFF4H 0AH w

IX IX IX IX Internal expansion RAM

RAM3 | RAM2 | RAM1 | RAMO | capacity selection
1 0 1 0 1024 bytes
1 1 0 0 No internal expansion RAM (0 bytes)

Other than above Setting prohibited

Table 19-3 lists the IXS setting values for a memory map equivalent to the mask ROM versions.

Table 19-3. Internal Expansion RAM Size Switching Register Setting Values

Target Mask ROM Version IXS Setting Value
1PD780204, 780204A O0CH
1PD780205, 780205A
uPD780206 0AH
1PD780208

IXS is not incorporated in the yPD780204, uPD780204A, uPD780205, and uPD780205A.
However, if a write instruction to IXS is executed in the uPD780204, uPD780204A, uPD780205, or
uPD780205A, the operation is not affected.
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19.3 PROM Programming

The uPD78P0208 incorporates a 60 KB PROM as program memory. When programming, the PROM
programming mode is set by means of the Vrp pin and the RESET pin. For the connection of unused pins, refer
to 1.5 Pin Configuration (Top View) (2) PROM programming mode.

Caution Programs must be written in addresses 0000H to EFFFH (the last address EFFFH must be
specified). Programs cannot be written by a PROM programmer that cannot specify the write
address.

19.3.1 Operating modes

When +5 V or +12.5 V is applied to the Vrp pin and a low-level signal is applied to the RESET pin, the
uPD78P0208 is set to the PROM programming mode. This is one of the operating modes shown in Table 19-
4 below according to the setting of the CE, OE, and PGM pins.

The PROM contents can be read by setting the read mode.

Table 19-4. PROM Programming Operating Modes

Pin[ RESET | Ver Vob CE OE | PGM DO to D7
Operating Mode
Page data latch L +12.5 V| +6.5V H L H Data input
Page write H H L High impedance
Byte write L H L Data input
Program verify L L H Data output
Program inhibit X H H High impedance
X L L
Read +5V +5V L L H Data output
Output disabled L H X High impedance
Standby H X X High impedance
x:LorH

(1) Read mode
Read mode is set by setting CE to L and OE to L.

(2) Output disabled mode
If OF is set to H, data output becomes high impedance and the output disabled mode is set.
Therefore, if multiple yPD78P0208 units are connected to the data bus, data can be read from any one
device by controlling the OE pin.

(3) Standby mode

Setting CE to H sets the standby mode.
In this mode, data output becomes high impedance irrespective of the status of OE.
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(4)

)

(6)

0]

(8)

368

Page data latch mode
Setting CE to H, PGM to H, and OE to L at the start of the page write mode sets the page data latch mode.
In this mode, 1-page 4-byte data is latched in the internal address/data latch circuit.

Page write mode

After a 1-page 4-byte address and data are latched by the page data latch mode, a page write is executed
by applying a 0.1 ms program pulse (active-low) to the PGM pin while CE = H and OE = H. After this,
program verification can be performed by setting CE to L and OE to L.

If programming is not performed by one program pulse, repeated write and verify operations are executed
X times (X £ 10).

Byte write mode

A byte write is executed by applying a 0.1 ms program pulse (active-low) to the PGM pin while CE=L
and OF = H. After this, program verification can be performed by setting OE to L.

If programming is not performed by one program pulse, repeated write and verify operations are executed
X times (X £ 10).

Program verify mode
Setting CE to L, PGM to H, and OE to L sets the program verify mode.
After writing is performed, this mode should be used to check whether the data was written correctly.

Program inhibit mode

The program inhibit mode is used when the CE Vep, and DO to D7 pins of multiple uPD78P0208 units
are connected in parallel, and when you wish to write to one of these devices.

The page write mode or byte write mode described above is used to perform a write. At this time, the
write is not performed on the device which has the PGM pin driven high.
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19.3.2 PROM write procedure

Figure 19-3. Page Program Mode Flowchart

C

Start )

Address =G

Voo =6.5V,Vep=125V

Address = Address + 1

X=0

Latch

Address = Address + 1

Latch

Address = Address + 1

Latch

Address = Address + 1

Latch

X=X+1

0.1 ms program pulse

G = Start address

Fail

Address = N?

‘ Yes

Voo =4.51t0 5.5V, Ver = VoD

All bytes Fail

No

verified?

All pass

End of write )

N = Last address of program
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Figure 19-4. Page Program Mode Timing

‘ Page data latch ‘ Page program ‘ Program verify ‘
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Figure 19-5. Byte Program Mode Flowchart
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Figure 19-6. Byte Program Mode Timing

Program ‘ Program verify ‘

AO to A16

DO to D7

Data input >—< Data output >—

Voo + 1.5
Vob

Vob

O LY

ViH
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= AN /

Cautions 1. Ensure that Voo is applied before Vrr and removed after Vrp.
2. Ensure that Vrr does not exceed +13.5 V including overshoot.
3. Disconnecting the device while +12.5V is being applied to Vepr may have an adverse affect
on reliability.
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19.3.3 PROM read procedure
PROM contents can be read onto the external data bus (DO to D7) using the following procedure.

(1) Fix the RESET pin low, and supply +5 V to the Vrp pin. Unused pins are handled as shown in 1.5 Pin
Configuration (Top View) (2) PROM programming mode.

(2) Supply +5 V to the Vpp and Vpp pins.

(8) Input the address of the data to be read to pins A0 to A16.

(4) Read mode.

(5) Output data to pins DO to D7.

The timing for steps (2) through (5) above is shown in Figure 19-7.

Figure 19-7. PROM Read Timing

AO to A16 >< Address input ><
CE (input) \ /
OE (input) \ /
Hi-Z Hi-Z
DOto D7 ==========---mmmmmssmmmmses Dataoutput ~  pmmmmmmmmmmmeeee-

User's Manual U11302EJ5V0UD 373



CHAPTER 19 1PD78P0208

19.4 Screening of One-Time PROM Version

A one-time PROM device (uPD78P0208GF-3BA or uPD78P0208GF-3BA-A) cannot be fully tested by NEC
Electronics before shipment due to the nature of PROM. After the necessary data has been written, it is
recommended to implement a screening process, that is, the written contents should be verified after the
device has been stored under the following high-temperature conditions.

Storage Temperature Storage Time

125°C 24 hours
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This chapter describes the instruction set for the uPD780208 Subseries. For details of the operations and
mnemonics (instruction codes) of each instruction, refer to the 78K/0 Series Instructions User’s Manual

(U12326E).

20.1 Conventions

20.1.1 Operand identifiers and description methods

Operands are described in the “Operand” column of each instruction in accordance with the description method

of the instruction operand identifier (refer to the assembler specifications for details). When there are two or more
description methods, select one of them. Uppercase letters and the symbols #, !, $, and [ ] are keywords and are
described as they are. Each symbol has the following meaning.

e #: Immediate data specification
o It Absolute address specification
e $: Relative address specification
e [ 1. Indirect address specification

In the case of immediate data, describe an appropriate numeric value or a label. When using a label, be sure
to describe 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 description.

Table 20-1. Operand Identifiers and Description Methods

Identifier Description Method
r X (R0O), A (R1), C (R2), B (R3), E (R4), D (R5), L (R6), H (R7)
rp AX (RPO), 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 label
saddrp FE20H to FF1FH Immediate data or label (even addresses only)
addr16 0000H to FFFFH Immediate data or label
(only even addresses for 16-bit data transfer instructions)
addr11 0800H to OFFFH Immediate data or label
addr5 0040H to 007FH Immediate data or label (even addresses 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 FFDOH to FFDFH cannot be addressed.

Remark For special function register symbols, see Table 3-3 Special Function Register List.
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20.1.2 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

() Memory contents indicated by address or register contents in parentheses

XH, XL:  Higher 8 bits and lower 8 bits of 16-bit register
A Logical product (AND)

Vi Logical sum (OR)

W Exclusive logical sum (exclusive OR)

~ . Inverted data

addr16: 16-bit immediate data or label

jdisp8:  Signed 8-bit data (displacement value)

20.1.3 Description of “flag operation” column
(Blank): Unchanged

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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20.2 Operation List

Instruc- | Mnemonic Operands Bytes Clocks Operation Flag
tion
Group Note 1 | Note 2 Z ACCY
8-bit | MOV r, #byte 2 4 - r < byte
data saddr, #byte 3 6 7 (saddr) « byte
transfer sfr, #byte 3 - 7 sfr « byte
A r Note 3 1 2 - Acr
r, A Note 3 1 2 - re A
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 A « (addr16)
laddr16, A 3 8 9 (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 A « (DE)
[DE], A 1 4 5 (DE) « A
A, [HL] 1 4 5 A « (HL)
[HL], A 1 4 5 (HL) « A
A, [HL+byte] 2 8 9 A « (HL+byte)
[HL+byte], A 2 8 9 (HL+byte) « A
A, [HL+B] 1 6 7 A « (HL+B)
[HL+B], A 1 6 7 (HL+B) « A
A, [HL+C] 1 6 7 A « (HL+C)
[HL+C], A 1 6 7 (HL+C) « A
XCH A r Note 3 1 2 - Acr
A, saddr 2 4 6 A < (saddr)
A, sfr 2 - 6 A < sfr
A, laddr16 3 8 10 A & (addr16)
A, [DE] 1 4 6 A < (DE)
A, [HL] 1 4 6 A < (HL)
A, [HL+byte] 2 8 10 A & (HL+byte)
A, [HL+B] 2 8 10 A < (HL+B)
A, [HL+C] 2 8 10 A & (HL+C)

Notes 1. When the internal high-speed RAM area is accessed or an instruction with no data access.

2. When an area except the internal high-speed RAM area is accessed.

3. Exceptr=A

Remark One instruction clock cycle is one cycle of the CPU clock (fcru) selected by the processor clock control

register (PCC).
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Instruc- | Mnemonic Operands Bytes| Clocks Operation Flag
tion
Group Note 1 | Note 2 Z ACCY
16-bit | MOVW rp, #word 3 - 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 | 4 4 - AX «rp
rp, AX Note 3 1 4 - rp « AX
AX, laddr16 3 10 12 AX « (addr16)
laddr16, AX 3 10 12 (addr16) « AX
XCHW AX, rp Note 3 1 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
A r Note 4 2 4 - A, CY « 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 A, CY « A+(addr16) X X X
A, [HL] 1 4 5 A, CY « A+(HL) X X X
A, [HL+byte] 2 8 9 A, CY « A+(HL+byte) X X X
A, [HL+B] 2 8 9 A, CY « A+(HL+B) X X X
A, [HL+C] 2 8 9 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
A r Note 4 2 4 - A, CY « A+r+CY 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 A, CY « A+(addr16)+CY X X X
A, [HL] 1 4 5 A, CY « A+(HL)+CY X X X
A, [HL+byte] 2 8 9 A, CY « A+(HL+byte)+CY X X X
A, [HL+B] 2 8 9 A, CY « A+(HL+B)+CY X X X
A, [HL+C] 2 8 9 A, CY « A+(HL+C)+CY X X X
Notes 1. When the internal high-speed RAM area is accessed or an instruction with no data access.

2. When an area except the internal high-speed RAM area is accessed.
3. Only when rp = BC, DE, or HL

4. Exceptr=A

Remark One instruction clock cycle is one cycle of the CPU clock (fcru) selected by the processor clock control

378

register (PCC).

User’'s Manual U11302EJ5V0UD




CHAPTER 20 INSTRUCTION SET

Instruc- | Mnemonic Operands Bytes| Clocks Operation Flag
tion
Group Note 1 | Note 2 Z AC CY
8-bit | SUB A, #byte - A, CY « A-byte
operation saddr, #byte 8 (saddr), CY « (saddr)-byte
A r Note 3 - A, CY « A-r
r, A - r, CY « r-A
A, saddr 5 A, CY « A—(saddr)
A, laddr16 9 A, CY « A—(addri16)
A, [HL] 5 A, CY « A—(HL)
A, [HL+byte] 9 A, CY « A—(HL+byte)
A, [HL+B] 9 A, CY « A—(HL+B)
A, [HL+C] 9 A, CY « A-(HL+C)

SUBC A, #byte
saddr, #byte

A, CY « A-byte-CY
8 (saddr), CY « (saddr)-byte—CY

X [ X [ X | X [X|X|X[X]|X[X[X|X[X[X[X|X]|X]|X]|X][X
X [ X [ X | X[X|X|X[X|X[X[X|X[X[X[X|X|X]|X]|X][|[X

DN |= (O[NNI =[N DN [ND[= (W NN WD
(| (M|l |dM|lO|D|OO|O|O(M|O[A[M]|M|lO|M|O|O|O|DM[O(A|D[DM|O| D>
X | X [ X | X [ X [ XX [X[|[X[|X[X|X[X|X[|X|X|X[X|X[X|X|X|[X][X[X|X|X]|X]|X]|[X

A r Note 3 - A, CY « A-r—CY

r, A - r, CY « r—A-CY

A, saddr 5 A, CY « A—(saddr)-CY

A, laddr16 9 A, CY « A—(addr16)-CY

A, [HL] 5 A, CY « A—(HL)-CY

A, [HL+byte] 9 A, CY « A—(HL+byte)-CY

A, [HL+B] 9 A, CY « A—(HL+B)-CY

A, [HL+C] 9 A, CY « A—(HL+C)-CY
AND A, #byte - A « AAbyte

saddr, #byte 8 (saddr) « (saddr) Abyte

Ar Note 3 - A« ANy

r, A - re—rAA

A, saddr 5 A « A/\(saddr)

A, laddr16 9 A <« A/\(addr16)

A, [HL] 5 A « AA(HL)

A, [HL+byte] 9 A « A/ (HL+byte)

A, [HL+B] 9 A « AA(HL+B)

A, [HL+C] 9 A « AA(HL+C)

Notes 1. When the internal high-speed RAM area is accessed or an instruction with no data access.
2. When an area except the internal high-speed RAM area is accessed.
3. Exceptr=A

Remark One instruction clock cycle is one cycle of the CPU clock (fcru) selected by the processor clock control
register (PCC).
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Instruc-| Mnemonic Operands Bytes| Clocks Operation Flag
tion
Group Note 1 | Note 2 Z ACCY
8-bit | OR A, #byte 2 4 - A <« Av byte X
operation saddr, #byte 3 6 8 (saddr) « (saddr)\ byte X
A r Note 3 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 A « Av (addr16) X
A, [HL] 1 4 5 A« Av (HL) X
A, [HL+byte] 2 8 9 A « AV (HL+byte) X
A, [HL+B] 2 8 9 A « Av (HL+B) X
A, [HL+C] 2 8 9 A « AV (HL+C) X
XOR A, #byte 2 4 - A « A~ byte X
saddr, #byte 3 6 8 (saddr) « (saddr) ~+ byte X
A r Note 3 2 4 - A AN X
r, A 2 4 - rervA X
A, saddr 2 4 5 A « A->r (saddr) X
A, laddr16 3 8 9 A « A+ (addr16) X
A, [HL] 1 4 5 A « A (HL) X
A, [HL+byte] 2 8 9 A « A~ (HL+byte) X
A, [HL+B] 2 8 9 A « A (HL+B) X
A, [HL+C] 2 8 9 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 Note 3 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 A—(addr16) X X X
A, [HL] 1 4 5 A—(HL) X X X
A, [HL+byte] 2 8 9 A—(HL+byte) X X X
A, [HL+B] 2 8 9 A—(HL+B) X X X
A, [HL+C] 2 8 9 A—(HL+C) X X X

Notes 1. When the internal high-speed RAM area is accessed or an instruction with no data access.
2. When an area except the internal high-speed RAM area is accessed.
3. Exceptr=A

Remark One instruction clock cycle is one cycle of the CPU clock (fcru) selected by the processor clock control
register (PCC).
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Instruc-| Mnemonic Operands Bytes Clocks Operation Flag
tion
Group Note 1 | Note 2 Z ACCY
16-bit | ADDW AX, #word 3 - AX, CY « AX+word X X X
operation| gygw AX, #word 3 - AX, CY « AX-word X X X
CMPW AX, #word 3 - AX-word X X X
Multiply/ | MULU X 2 16 - AX « Ax X
divide | plyuw | C 2 25 - AX (Quotient), C (Remainder) « AX=C
Increase/| INC r 1 2 - r ¢« r+1 X X
decrease saddr 2 4 6 (saddr) « (saddr)+1 X X
DEC r 1 2 - r«r-1 X X
saddr 2 4 6 (saddr) « (saddr)—1 X X
INCW rp 1 4 - rp « rp+1
DECW p 1 4 - rp « rp—-1
Rotation| ROR A1 1 2 - (CY, A7 « Ao, Am-1 < Am) x 1 X
ROL A1 1 2 - (CY, Ao « A7, Am+1 « Am) x 1 X
RORC A1 1 2 - (CY « Ao, A7 « CY, Am-1 « Am) x 1 X
ROLC A1 1 2 - (CY « A7, Ao « CY, Am+1 « Am) x 1 X
ROR4 [HL] 2 10 12 A3-0 « (HL)3-0, (HL)7-4 « As-o,
(HL)3-0 « (HL)7-4
ROL4 [HL] 2 10 12 A3-0 « (HL)7-4, (HL)3-0 « As-o,
(HL)7-4 « (HL)3-0
BCD ADJBA 2 4 - Decimal Adjust Accumulator after X X X
adjust Addition
ADJBS 2 4 - Decimal Adjust Accumulator after X X X
Subtract
Bit MOVA1 CY, saddr.bit 3 6 7 CY « (saddr.bit) X
manipu- CY, sfr.bit 3 - 7 CY « sfr.bit x
lation CY, A.bit 2 4 —-  |cY < Abit x
CY, PSW.bit 3 - 7 CY « PSW.bit X
CY, [HL].bit 2 6 7 CY « (HL).bit X
saddr.bit, CY 3 6 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 (HL).bit « CY

Notes 1. When the internal high-speed RAM area is accessed or an instruction with no data access.
2. When an area except the internal high-speed RAM area is accessed.

Remark One instruction clock cycle is one cycle of the CPU clock (fcru) selected by the processor clock control
register (PCC).
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Instruc- | Mnemonic Operands Bytes Clocks Operation Flag
tion
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 « CY Asfr.bit X
lation CY, A.bit 2 4 - CY « CYAA.bit x
CY, PSW.bit 3 - 7 CY « CY/N\PSW.bit X
CY, [HL].bit 2 6 7 CY « CYA(HL).bit x
OR1 CY, saddr.bit 3 6 7 CY « CYV (saddr.bit) x
CY, sfr.bit 3 - 7 CY « CYV sfr.bit X
CY, A.bit 2 4 - CY « CYV A.bit X
CY, PSW.bit 3 - 7 CY « CYV PSW.bit X
CY, [HL].bit 2 6 7 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 v+ PSW.bit X
CY, [HL].bit 2 6 7 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 (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 (HL).bit « 0
SET1 CcY 1 2 - CY « 1 1
CLR1 CcY 1 2 - CY«O0 0
NOT1 cY 1 2 - |cYecy x

Notes 1. When the internal high-speed RAM area is accessed or an instruction with no data access.

2. When an area except the internal high-speed RAM area is accessed.

Remark One instruction clock cycle is one cycle of the CPU clock (fcru) selected by the processor clock control
register (PCC).
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Instruc- | Mnemonic Operands Bytes Clocks Operation Flag
tion
Group Note 1 | Note 2 Z ACCY
Call | CALL laddr16 3 7 - (SP-1) « (PC+3)H, (SP-2) « (PC+3)L,
return PC « addr16, SP « SP-2
CALLF laddri1 2 5 - (SP-1) « (PC+2)H, (SP-2) « (PC+2)L,
PC15-11 « 00001, PC10-0 < addri1,
SP « SP-2
CALLT [addr5] 1 6 - (SP-1) « (PC+1)H, (SP-2) « (PC+1)L,

PCH « (00000000, addr5+1),
PCL « (00000000, addr5),
SP « SP-2

BRK 1 6 - (SP=1) < PSW, (SP-2) « (PC+1)H,
(SP=3) « (PC+1)L, PCH « (003FH),
PCL « (003EH), SP « SP-3, IE « 0

RET 1 6 - PCH « (SP+1), PCL « (SP),
SP « SP+2
RETI 1 6 - PCH « (SP+1), PCL « (SP), R R R
PSW « (SP+2), SP « SP+3
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- rp 1 4 - (SP-1) « rpH, (SP=2) « rpL,
lation SP « SP-2
POP PSW 1 2 - PSW « (SP), SP « SP+1 R R R
rp 1 - rpH < (SP+1), rpL « (SP),
SP « SP+2
MOVW SP, #word 4 - 10 SP « word
SP, AX 2 - 8 SP « AX
AX, SP 2 - AX « SP
Uncondi-| BR laddr16 3 6 - PC « addr16
tional $addr16 2 6 - PC « PC + 2 + jdisp8
branch AX 2 8 — | PCH« A PCL< X
Condi- | BC $addr16 2 6 - PC « PC + 2 + jdisp8 if CY = 1
tional | BNC $addr16 2 6 - PC « PC + 2 + jdisp8 if CY = 0
branch | gz $addr16 2 6 - PC « PC + 2 + jdisp8 if Z = 1
BNZ $addri16 2 6 - PC « PC + 2 + jdisp8 if Z=0

Notes 1. When the internal high-speed RAM area is accessed or an instruction with no data access.
2. When an area except the internal high-speed RAM area is accessed.

Remark One instruction clock cycle is one cycle of the CPU clock (fcru) selected by the processor clock control
register (PCC).
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Instruc- | Mnemonic Operands Bytes Clocks Operation Flag
tion
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 A.bit, $addr16 3 8 - PC « PC+3+disp8 if A.bit = 1
PSW.bit, $addr16 3 - 9 PC « PC+3+jdisp8 if PSW.bit = 1
[HL].bit, $addr16 3 10 11 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 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 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, $addri6 2 6 - C « C-1, then
PC « PC+2+jdisp8if C # 0
saddr, $addr16 3 8 10 (saddr) « (saddr)-1, then
PC « PC+3+jdisp8 if (saddr) # 0
CPU SEL RBn 2 - RBS1,0 «n
control | NOP 1 - No Operation
El 2 - 6 IE « 1 (Enable Interrupt)
DI 2 - 6 IE «— 0 (Disable Interrupt)
HALT 2 - Set HALT Mode
STOP 2 - Set STOP Mode

Notes 1. When the internal high-speed RAM area is accessed or an instruction with no data access.
2. When an area except the internal high-speed RAM area is accessed.

Remark One instruction clock cycle is one cycle of the CPU clock (fcru) selected by the processor clock control
register (PCC).
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20.3 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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gizﬁggd #oyte | A MNote | ofr | saddr |laddri6| PSW | [DE] | [HL] |[HL+byte]|$addrie | 1 None
First [HL+B]
Operand [HL+C]
A ADD MOV |MOV |MOV |MOV |MOV |MOV |MOV |MOV ROR
ADDC XCH [XCH |XCH |XCH XCH |XCH |XCH ROL
SUB ADD ADD |ADD ADD |ADD RORC
SUBC ADDC ADDC | ADDC ADDC | ADDC ROLC
AND SUB SUB |suB SUB |suB
OR SUBC SUBC |sUBC SUBC | SUBC
XOR AND AND | AND AND | AND
CMP OR OR |OR OR |OR
XOR XOR |XOR XOR |XOR
CMP CMP |CMP CMP |CMP
r MOV | MOV INC
ADD DEC
ADDC
SUB
SUBC
AND
OR
XOR
CMP
B, C DBNZ
sfr MOV MOV
saddr MOV | MOV DBNZ INC
ADD DEC
ADDC
SUB
SUBC
AND
OR
XOR
CMP
laddr16 MOV
PSW MOV | MOV PUSH
POP
[DE] MOV
[HL] MOV ROR4
ROL4
[HL+byte] MOV
[HL+B]
[HL+C]
X MULU
c DIVUW

Note Exceptr=A

386
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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 MOVwNote INCW
DECW
PUSH
POP
sfrp MOVW MOVW
saddrp MOVW MOVW
laddr16 MOVW
SP MOVW MOVW
Note Only when rp = BC, DE, or 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 cYy $addri16 None
First Operand
A.bit MOVA1 BT SET1
BF CLR1
BTCLR
sfr.bit MOVA1 BT SET1
BF CLR1
BTCLR
saddr.bit MOV1 BT SET1
BF CLR1
BTCLR
PSW.bit MOVA1 BT SET1
BF CLR1
BTCLR
[HL].bit MOVA1 BT SET1
BF CLR1
BTCLR
cYy MOVA1 MOVA1 MOVA1 MOVA1 MOVA1 SET1
AND1 AND1 AND1 AND1 AND1 CLR1
OR1 OR1 OR1 OR1 OR1 NOT1
XOR1 XOR1 XOR1 XOR1 XOR1
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(4) Call instructions/branch instructions
CALL, CALLF, CALLT, BR, BC, BNC, BZ, BNZ, BT, BF, BTCLR, DBNZ

Second Operand
First Operand

AX

laddr16

laddri11

[addr5]

$addr16

Basic instruction

BR

CALL
BR

CALLF

CALLT

BR
BC
BNC
BZ
BNZ

Compound instruction

BT

BF
BTCLR
DBNZ

(5) Other instructions

ADJBA, ADJBS, BRK, RET, RETI, RETB, SEL, NOP, El, DI, HALT, STOP

388
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CHAPTER 21

Absolute Maximum Ratings (Ta = 25°C)

ELECTRICAL SPECIFICATIONS

(1/2)
Parameter Symbol Conditions Ratings Unit
Supply voltage Voo -0.3t0 +7.0 \
VLoAD Voo — 4.5 to Voo + 0.3 \%
AVop -0.3 to Voo + 0.3 Vv
AVRer -0.3 to Voo + 0.3 Vv
AVss —0.3to +0.3 \
Input voltage P00 to P04, P10 to P17 (except analog input pin), —0.3to Voo + 0.3 \
Vit | P20 to P27, P30 to P37, X1, X2, XT2, RESET
Vie P70 to P74 N-ch open drain -0.3 to +16Note 1 v
Vis P100 to P107, P110 to P117, P120 to P127| P-ch open drain Voo — 4.5 to Voo + 0.3 \
Output voltage Vo1 P01 to P03, P10 to P17, P20 to P27, P30 to P37 -0.3to Voo + 0.3 Vv
Vo2 P70 to P74 -0.3 to +16Note 1 v
Voo P80 to P87, P90 to P97, P100 to P107, P110 to P117, Voo — 4.5 to Voo + 0.3 \
P120 to P127, FIPO to FIP12
Analog input voltage Van ANIO to ANI7 Analog input pins| AVss — 0.3 to AVrer + 0.3Vt V
Output current, lon Per pin for P01 to P03, P10 to P17, P20 to P27, P30 to P37 -10 mA
high Total for PO1 to P03, P10 to P17, P20 to P27, P30 to P37 -30 mA
Per pin for P80 to P87, P90 to P97, P100 to P107, P110 to -30 mA
P117, P120 to P127, FIPO to FIP12
Total for P80 to P87, FIPO to FIP12 | Peak value -240 mA
RMS —120Note 2 mA
Total for P90 to P97, P100 to P107,| Peak value -100 mA
P110to 117, P120 to P127 RMS _gQNote 2 mA
Output current, lo PerpinforP01to P03,P10to P17,P20| Peak value 30 mA
low to P27, P30 to P37, P70 to P74 RMS 15Note 2 A
Total for P70 to P74 Peak value 100 mA
RMS gQNote 2 mA
Total for PO1 to P03, Peak value 50 mA
P10 to17, P20 to 27, P30 to P37 RMS 20Note 2 mA
Total power prNote 3 | T, = _40 to +60°C 800 mw
dissipation 600 mw
Notes 1. —0.3 to Vopo + 0.3 for pins for which connection of pull-up resistor is specified by mask option.

2. The RMS should be calculated as follows: [RMS] = [Peak value] x \/Duty
3. Total power dissipation differs depending on the temperature (see 15.10 Calculating Total Power
Dissipation).

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
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Absolute Maximum Ratings (Ta = 25°C)

(2/2)
Parameter Symbol Conditions Ratings Unit
Operating ambient Ta —40 to +85 °C
temperature
Storage temperature Tstg —65 to +150 °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 specified otherwise, 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 = 2.7 to 5.5 V)

Resonator Recommended Circuit Parameter Conditions MIN. | TYP. |MAX.| Unit
Ceramic resonator Oscillation frequency 1 5 |MHz
‘Jﬁ X1 X2 , (fx)Note 1
| Cc1 |C2 3 Oscillation frequency 4 ms
oYy ____ fx)Note 2
T ( X)
Crystal resonator illati 1 419 5 MHz
Y J_IC X1 x> | Oscillation frequency
| | (fx)Note 1
[ [l |
I |
I Oscillation stabilization| Vbp = 4.5t0 5.5 V 10
| ) ‘ time ms
30
s
External clock Oscillation frequency 1 5 | MHz
X1 X2 (fX)NOte 1
X1 input high-/low-level 85 500 | ns

width (txH/txL)

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 Vss.

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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Subsystem Clock Oscillator Characteristics (Ta = —40 to +85°C, Voo = 2.7 to 5.5 V)

width (txth/txTL)

Resonator Recommended Circuit Parameter Conditions MIN. | TYP.|MAX.| Unit
Crystal resonator J Oscillation frequency 32 [32.768| 35 kHz
‘ XT1  XT2 IC ‘ Note 1
(fxT)
| R [
| [I I
| c3=—C4 illati ilization| Vbp =4.5105.5V 1.2
| I Oscillation stabilization DD .51t0 5. . 2
‘ 17; ‘ timeNote 2 s
bom - - - F- 10
128
External clock XT1 input frequency 32 100 | kHz
XTH1 XT2 (fxr)Note 1
XT1 input high-/low-level 5 15 | wus

Notes 1. Indicates only oscillator characteristics. Refer to AC Characteristics for instruction execution time.
2. Time required to stabilize oscillation after Vbp 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 designed as a low-amplitude circuit for reducing power
consumption, and is more prone to malfunction due to noise than the main system clock
oscillator. Particular care is therefore required with the wiring method when the subsystem
clock is used.
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Recommended Oscillator Constant

(1) uPD780204, 780204A, 780205, 780205A

Main System Clock: Ceramic resonator (Ta = —40 to +85°C)

Manutacturer Product Name Frequency Circuit Constant  |Oscillator Voltage Range Remark
(MHz) C1 (pF) | C2 (pF) | MIN. (V) | MAX. (V)
Murata Mfg. Co., Ltd. CSB1000J 1.0 100 100 3.00 5.50
Toyama CSA2.00MG040 2.0 100 100 2.80 5.50
CST2.00MG040 2.0 — — 2.80 5.50 On-chip capacitor
CSA4.00MG 4.0 30 30 2.70 5.50
CST4.00MGW 4.0 — — 2.70 5.50 On-chip capacitor
CSA5.00MG 5.0 30 30 2.90 5.50
CST5.00MGW 5.0 — — 2.90 5.50 On-chip capacitor
TDK Corp. CCR1000K2 1.0 150 150 2.70 5.50
FCR4.00MC5 4.0 — — 2.70 5.50 On-chip capacitor
CCR4.00MC3 4.0 — — 2.70 5.50 On-chip capacitor
FCR5.00MC5 5.0 — — 2.80 5.50 On-chip capacitor
CCR5.00MC3 5.0 — — 2.70 5.50 On-chip capacitor
Matsushita Electronics | EFOEC5004A4 5.0 — — 2.70 5.50 On-chip capacitor
Components Co., Ltd. EFOEN5004A4 5.0 33 33 2.70 5.50
EFOS5004B5 5.0 — — 2.70 5.50 On-chip capacitor

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 yPD780208 Subseries within the
specifications of the DC and AC characteristics.
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(2) uPD780206, 780208

Main System Clock: Ceramic resonator (Ta = —40 to +85°C)

Manufacturer Product Name Frequency Circuit Constant | Oscillator Voltage Range Remark
(MHz) C1 (pF) | C2 (pF) | MIN. (V) | MAX. (V)

Murata Mfg. Co., Ltd. CSB1000J 1.0 100 100 2.80 5.50

Toyama CSA2.00MG040 2.0 100 100 2.70 5.50
CST2.00MG040 2.0 — — 2.70 5.50 On-chip capacitor
CSA4.00MG 4.0 30 30 2.70 5.50
CST4.00MGW 4.0 — — 2.70 5.50 On-chip capacitor
CSA5.00MG 5.0 30 30 2.70 5.50
CST5.00MGW 5.0 — — 2.70 5.50 On-chip capacitor

TDK Corp. CCR1000K2 1.0 220 220 2.70 5.50
CCR2.0MC33 2.0 — — 2.70 5.50 On-chip capacitor
CCR4.0MC3 4.0 — — 2.70 5.50 On-chip capacitor
FCR4.0MC5 4.0 — — 2.70 5.50 On-chip capacitor
CCR4.19MC3 419 — — 2.70 5.50 On-chip capacitor
FCR4.19MC5 419 — — 2.70 5.50 On-chip capacitor
CCR5.0MC3 5.0 — — 2.70 5.50 On-chip capacitor
FCR5.0MC5 5.0 — — 2.70 5.50 On-chip capacitor

Matsushita Electronics | EFOEC2004A5 2.0 33 33 2.70 5.50

Components Co., Ltd. EFOEC4004A4 4.0 33 33 2.85 5.50
EFOEC4194A4 4.19 33 33 2.70 5.50
EFOEC5004A4 5.0 33 33 2.70 5.50

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 ©tPD780208 Subseries within the
specifications of the DC and AC characteristics.
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(3) uPD78P0208

Main System Clock: Ceramic resonator (Ta = —40 to +85°C)

Manufacturer Product Name Frequency Circuit Constant  |Oscillator Voltage Range Remark
(MHz) C1 (pF) | C2 (pF) | MIN. (V) | MAX. (V)
Murata Mfg. Co., Ltd. CSB1000J 1.0 100 100 2.80 5.50
Toyama CSA2.00MG040 2.0 100 100 2.96 5.50
CST2.00MG040 2.0 — — 2.96 5.50 On-chip capacitor
CSA4.00MG 4.0 30 30 2.85 5.50
CST4.00MGW 4.0 — — 2.85 5.50 On-chip capacitor
CSA5.00MG 5.0 30 30 3.05 5.50
CST5.00MGW 5.0 — — 3.05 5.50 On-chip capacitor
TDK Corp. CCR1000K2 1.0 100 100 2.70 5.50
FCR4.00MC5 4.0 — — 2.75 5.50 On-chip capacitor
CCR4.00MC3 4.0 — — 2.70 5.50 On-chip capacitor
FCR5.00MC5 5.0 — — 2.78 5.50 On-chip capacitor
CCR5.00MC3 5.0 — — 2.75 5.50 On-chip capacitor
Matsushita Electronics | EFOEC5004A4 5.0 — — 2.70 5.50 On-chip capacitor
Components Co., Ltd. EFOEN5004A4 5.0 — — 2.70 5.50 On-chip capacitor
EFOS5004B5 5.0 — — 2.70 5.50 On-chip capacitor
Surface-mount type

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 uPD780208 Subseries within the specifications
of the DC and AC characteristics.

Subsystem Clock: Crystal Resonator (Ta = —40 to +85°C)

Frequency Circuit Constant Oscillator Voltage Range
Manufacturer Product Name
(kHz) C3 (pF) | C4 (pF) R (kQ) | MIN. (V) | MAX. (V)
Kinseki, Ltd. P-3 32.768 15 33 220 2.7 5.5
(Load capacitance: 12 pF)

Caution The oscillator constant is a reference value based on evaluation in specific environments by the
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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 yPD780208 Subseries within the specifications
of the DC and AC characteristics.
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Capacitance (Ta = 25°C, Vop = Vss = 0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Input capacitance CiN f =1 MHz, unmeasured pins returned to 0 V. 15 pF
Output Cour f =1 MHz, unmeasured pins returned to 0 V. 35 pF
capacitance
1/0 capacitance Cio f=1MHz P01 to P03, P10 to P17, 15 pF

Unmeasured pins returned P20 to P27, P30 to P37

to0V. P70 to P74 20 oF
P100 to P107, P110 to 35 pF
P117, P120 to P127

Remark Unless specified otherwise, the characteristics of alternate-function pins are the same as those of port
pins.

Power Supply Voltage (Ta = —40 to +85°C)

Parameter Conditions MIN. TYP. MAX. Unit
CPuUNote 1 o 7Note 2 55 \V
Display controller/driver 4.5 5.5 \Y
PWM mode of 16-bit 4.5 5.5 \
time/event counter (TMO)
A/D converter 4.0 5.5
Other hardware 2.7 5.5

Notes 1. Except for system clock oscillator, display controller/driver, and PWM.
2. The operating power supply voltage range differs depending on the cycle time. See AC Characteristics.
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DC Characteristics (Ta = —40 to +85°C, Vop = 2.7 to 5.5 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit

Input voltage, high | Vi1 P21, P23 0.7Vop Vob \Y
Ve | P00 to P03, P20, P22, P24 to P27, P33, P34, RESET | 0.8Voo Voo v
ViH3 P70 to P74 N-ch open-drain 0.7Vop 15 \%
ViHa X1, X2 Voo - 0.5 Vbp \
ViHs XT1/P04, XT2 Voo =4.5t0 5.5V 0.8Vop Vop \'
0.9Vop Vob \Y
ViHe P10 to P17, P30 to P32, Voo =45t055V 0.65VoD Vbp \
P35 to P37 0.7Vop Vob Vv
ViHz P100 to P107, P110to P117, | Voo =4.5t0 55V 0.7Voo Vob \Y
P120 to P127 Vob - 0.5 Vop \Y
Input voltage, low Vit P21, P23 0 0.3Vop \'
Vi P00 to P03, P20, P22, P24 to P27, P33, P34, RESET 0 0.2Vop \Y
Vis P70 to P74 Voo =4.5t05.5V 0 0.3Vop \Y
0 0.2Vop \'
Vi X1, X2 0 0.4 \Y
Vis XT1/P04, XT2 Voo =4.5t055V 0 0.2Vop \Y
0 0.1Vop \'
Vie P10 to P17, P30 to P32, P35 to P37 0 0.3Voo \Y
Viz P100 to P107, P110 to P117, P120 to P127 Voo - 40 0.3Voo \Y
Output voltage, Vo P01 to P03, P10 to P17, P20 to Voo =4.51t055V, Voo—-1.0 \

high P27, P30 to P37, P80 to P87, P90 | lon = =1 mA
to P97, P100 to P107, P110 to lon = =100 uA Voo— 0.5 Y

P117, P120 to P127, FIPO to FIP12

Output voltage, Vo1 P30 to P37, P70 to P74 Voo =4.5t05.5V 0.4 2.0 \Y

low loo =15 mA
P01 to P03, P10 to P17, Voo =4.5t05.5V 0.4 \Y

P20 to P27 lo.=1.6 mA
Voo | SBO, SB1, SCKO Voo = 4.5t0 5.5 V 0.2Voo v

With open-drain and
pull-up (R =1 kQ)

VoLs lo. = 400 puA 0.5 \Y

Remark Unless specified otherwise, the characteristics of alternate-function pins are the same as those of port

pins.
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DC Characteristics (Ta = —40 to +85°C, Vop = 2.7 to 5.5 V)

resistorNote 5

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Input leakage ILIH1 Vin = Vob P00 to P03, P10 to P17, 3 UA
current, high P20 to P27, P30 to P37,

P70 to P74, RESET
ILiHz X1, X2, XT1/P04, XT2 20 UA
ILiHa Vin=15V P70 to P74 80 UA
ILiHa P100 to P107, P110 to P117, | Vop =4.5t0 5.5V 3Note 1 UA
P120 to P127, Vin = Voo 3Note 2 UA
Input leakage it Vn=0V P00 to P03, P10 to P17, P20 -3 UA
current, low to P27, P30 to P37, RESET
ILi X1, X2, XT1/P04 XT2 -20 UA
lLs P70 to P74 —3Note 3| /A
ILiLa P100 to P107, P110 to -10 UA
P117, P120 to P127
Output leakage ILoH1 Vout = Vbb P01 to P03, P10 to P17, 3 UA
current, highNote 4 P20 to P27, P30 to P37,
P80 to P87, P90 to P97,
P100 to P107, P110 to
P117, P120 to P127,
FIPO to FIP12
ILoH2 Vour =15V P70 to P74, N-ch open-drain 80 UA
Output leakage ILoLt Vour =0V P01 to P03, P10 to P17, -3 LA
current, lowNote 4 P20 to P27, P30 to P37,
P70 to P74
lLoL2 Vout = Vioap = Voo — 40 V P80 to P87, P90 to P97, -10 UA
P100 to 107, P110 to
P117, P120 to P127,
FIPO to FIP12
Display output lop Voo =4.51t05.5V, Voo =Vop -2V -15 -18 mA
current
Mask option R1 Vin =0V, P70 to P74 20 40 90 kQ
pull-up resistor
Software R2 ViNn=0V, Voo =4.5t0 5.5V 15 40 90 kQ
pull-up resistor P01 to P03, P10 to P17, 20 500 kQ
P20 to P27, P30 to P37
: P80 to P87, P90 to P97, _ -
Mask option . Rs P100 to P107, P110 to P117, Voo — Vioao = 40 V 25 70 135 kQ
pull-down resistor P120 to P127, FIPO to FIP12 | Vop — Vss = 5 V 20 55 100 kQ
Ra4 P30 to P37, Vin = Voo 40 80 150 kQ
On-chip pull-down Rs FIPO to FIP12 Vob — Vioap = 40 V 25 70 135 kQ
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Notes 1.

Remark

ForP110to P117 and P120 to P127 without on-chip pull-down resistor (specifiable by mask option), a high-
level input leakage current of 50 uA (MAX.) flows only during the 1.5 clocks after an instruction has been
executedtoread outports 11,12 (P11, P12) or port mode registers 11, 12 (PM11, PM12). Outside the period
of 1.5 clocks following executing a read-out instruction, the current is 3 uA (MAX.).

ForP110to P117 and P120 to P127 without on-chip pull-down resistor (specifiable by mask option), a high-
level input leakage current of 30 uA (MAX.) flows only during the 1.5 clocks after an instruction has been
executed to read out P11, P12, PM11, and PM12. Outside the period of 1.5 clocks following executing a
read-out instruction, the current is 3 uA (MAX.).

For P70 to P74 without on-chip pull-up resistor (specifiable by mask option), a low-level input leakage current
of —200 pA (MAX.) flows only during the 1.5 clocks after an instruction has been executed to read out port
7 (P7) or port mode register 7 (PM7). Outside the period of 1.5 clocks following executing a read-out
instruction, the current is -3 uA (MAX.).

This current excludes the current which flows in the on-chip pull-up/pull-down resistor.

uPD78P0208 only

Unless specified otherwise, the characteristics of alternate-function pins are the same as those of port
pins.

DC Characteristics (TA=-40to +85°C, Vop=2.7 t0 5.5 V): uPD780204,780204A,780205,780205A, 780206, 780208

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Power supply Iop+ 5.0 MHz crystal oscillation Vop = 5.0 V +10%Note 2 7.2 21.6 mA
current Note 1 operating mode Vob = 3.0 V +10%Note 3 0.9 27 mA

Ibp2 5.0 MHz crystal oscillation Vobo = 5.0V £10% 1.6 4.8 mA
HALT mode Voo = 3.0 V £10% 650 | 1950 | uA
Iops 32.768 kHz crystal oscillation | Voo = 5.0 V £10% 60 120 UA
operating modeNote 4 Voo = 3.0 V £10% 32 64 LA
Ibp4 32.768 kHz crystal oscillation | Voo = 5.0 V £10% 25 55 UA
HALT modeNote 4 Voo = 3.0 V £10% 5 15 LA
Iops XT1 =0V in STOP mode when Vopo = 5.0V £10% 1 30 LA
connecting to feedback resistor Voo = 3.0 V +10% 0.5 10 my
Ioos XT1 =0V in STOP mode when | Voo =5.0 V £10% 0.1 30 UA
not connecting to feedback resistor Voo = 3.0 V £10% 0.05 10 my

Notes 1.

398

®

This current excludes the AVRer current, port current, and current which flows in the on-chip pull-down
resistor (mask option).

When operating at high-speed mode (when the processor clock control register (PCC) is set to 00H)
When operating at low-speed mode (when the PCC is set to 04H)

When main system clock stopped.
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DC Characteristics (Ta = —40 to +85°C, Voo = 2.7 to 5.5 V): uPD78P0208

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Power supply Ipp1 5.0 MHz crystal oscillation Vop = 5.0 V +10%Note 2 10.0 30.0 mA
tNote 1 i
curren operating mode Voo = 3.0 V +109%Note 3 11 33 mA
Ibp2 5.0 MHz crystal oscillation Voo =5.0 V £10% 1.6 4.8 mA
HALT mode Voo = 3.0 V £10% 065 | 1.95 | mA
Iops 32.768 kHz crystal oscillation Voo =5.0 V£10% 135 270 UA
H Note 4
operating mode Voo = 3.0 V £10% 95 190 | uA
Ibp4 32.768 kHz crystal oscillation Vop =5.0 V+10% 25 55 UA
HALT Note 4
mode Voo = 3.0 V +10% 5 15 LA
Iobs XT1 =0V in STOP mode when |Vpp=5.0V +10% 1 30 UA
connecting to feedback resistor
Vopo = 3.0 V £10% 0.5 10 UA
| XT1=0V ir_1 STOP mode when |vpp =50V +10% 0.1 30 UA
PD6 | not connecting to feedback
resistor Vop = 3.0 V £10% 0.05 10 UA

Notes 1. This current excludes the AVrer current, port current, and current which flows in the on-chip pull-down
resistor.
2. When operating at high-speed mode (when the processor clock control register (PCC) is set to 00H)
. When operating at low-speed mode (when the PCC is set to 04H)
4. When main system clock stopped.

W
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AC Characteristics

(1) Basic operation (Ta = —40 to +85°C, Voo = 2.7 to 5.5 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Cycle time (minimum Tev Operated with main Voo =451t055V 0.4 32 us
instruction execution system clock 0.8 30 us
time) Operated with subsystem clock 4QNote 1| 19p 125 us
TH, TI2 input fm Voo =4.5t05.5V 0 2 MHz
frequency 0 138 kHz
T, TI2 input high-/ frim Voo =4.51t055V 250 ns
low-level width fri 3.6 us
Interrupt input high-/ fiNTH INTPO 8/fsamNote 2 us
low-level width fa. | INTP1 to INTP3 10 us
RESET low-level width trsL 10 us

Notes 1.
us.

Value when external clock input is used as subsystem clock. When crystal is used, the value becomes 114

2. Selection of fsam = fx/2N*1, fx/64, fx/128 is possible (N = 0 to 4) using bits 0 and 1 (SCS0, SCS1) of the
sampling clock select register (SCS).
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(2) Serial interface (Ta = -40 to +85°C, Vop = 2.7 to 5.5 V)

(a) Serial interface channel 0

(i) 3-wire serial I/O mode (SCKO: Internal clock output)

Parameter Symbol Conditions MIN. TYP. MAX. Unit

SCKO cycle time tkov Vop = 4.5t0 5.5V 800 ns

1600 ns

SCKO high-/low-level tirt Voo = 4.5 10 5.5 V tkevi/2 = 50 ns

width tLs tiovi2 - 100 ns

SI0 setup time (to SCKOT) | tsikt Voo =4.5t055V 100 ns

150 ns

SI0 hold time (from SCKOT)|  t«sn 400 ns

Delay time from SCKO! tksor C = 100 pFNote 300 ns
to SO0 output

Note C is a load capacitance of the SCKO and SO0 output lines.
(ii) 3-wire serial I/0 mode (SCT): External clock input)

Parameter Symbol Conditions MIN. TYP. MAX. Unit

SCKO cycle time tovz2 | Voo =4.5105.5V 800 ns

1600 ns

SCKO high-/low-level iz Voo = 4.5 t0 5.5 V tkoval2 - 50 ns

width ti teova/2- 100 ns

810 setup time (to SCKOT) tsikz Voo = 4.5t05.5V 100 ns

150 ns

SI0 hold time (from SCKOT)|  txsi 400 ns

Delay time from SCKO! tksoz C = 100 pFNote 300 ns
to SO0 output

SCKO rise/fall time tr2 160 ns

tr2

Note C is a load capacitance of the SO0 output line.
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(iii) SBI mode (SCKO: Internal clock output)

Parameter Symbol Conditions MIN. TYP. MAX. Unit

SCKO cycle time tkeys Voo =4.5t05.5V 800 ns
3200 ns
SCKO high-/low-level tirs Voo = 4.51t0 5.5 V tkova/2 — 50 ns
width tkLs tkeva2 - 100 ns
SB(&BW setup time tsika Voo =4.5t05.5V 100 ns
(to SCKOT) 300 ns
SBO0, SB1 hold time tksia tkeva/2 ns
(from SCKOT)
Delay time from SCKol tksos R =1kQ, C=100pFNote | vpp=45t055V 0 250 ns
to SBO, SB1 output 0 1000 ns
ﬁ)T — SBO, SB1l tkss tkeya ns
SBO, SB1l — SCWJ/ tsBk tkeya ns
SBO0, SB1 high-level tseH tkeys ns
width
SBO, SB1 low-level tseL tkevs ns
width
Note R is a load resistance and C is a load capacitance of the SCKO, SB0, and SB1 output lines.
(iv) SBI mode (ﬁ: External clock input)

Parameter Symbol Conditions MIN. TYP. MAX. Unit

SCKO cycle time tkeva Voo =4.5t05.5V 800 ns
3200 ns

SCKO high-/low-level tiha Voo = 4.510 5.5 V 400 ns
width o 1600 ns
SBO,S_B1 setup time tsika Voo =4.5t05.5V 100 ns
(to SCKOT) 300 ns
SBO0, SB1 hold time tksia tkeva/2 ns
(from SCKo0T)
Delay time from SCKol tksoa R=1kQ, C=100pFNote | Vpp=45t055V 0 250 ns
to SBO, SB1 output 0 1000 ns
mT — SBO, SB1l tkss tkeva ns
SBO, SB1l — Sckol tsBk tkeva ns
SBO, SB1 high-level tseH tkeva ns
width
SBO, SB1 low-level tseL tkeva ns
width
SCKO rise/fall time tra 160 ns

tFa

Note R is a load resistance and C is a load capacitance of the SB0O and SB1 output lines.
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(v) 2-wire serial I/O mode (SCKO: Internal clock output)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
SCKaO cycle time tkevs R =1kQ, C = 100 pFNote 1600 ns
SCKO high-level width tkHs tevs2 - 160 ns
SCKO low-level width tkis Vobo =4.51t0 5.5V | tkevsl2 - 50 ns

tkcvs/2 — 100 ns
SBO, SB1 setup time tsiks Voo =4.5t05.5V 300 ns
(to SCKOT) 350 ns
SBO, SB1 hold time tksis 600 ns
(from SCKOT)
Delay time from SCKO0{ tksos 0 300 ns
to SBO, SB1 output
Note R is a load resistance and C is a load capacitance of the SCKO0, SBO, and SB1 output lines.

(vi) 2-wire serial I/O mode (SCKO0: External clock input)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
SCKO cycle time tkeve 1600 ns
SCKO high-level width txHe 650 ns
SCKO low-level width tke 800 ns
SBO0, SB1 setup time tsike 100 ns
(to SCKOT)
SBO0, SB1 hold time tksie tkcve/2 ns
(from SCKOT)
Delay time from SCKO0l tksos R=1kQ, C=100pFNote | vpp=45t055V 0 300 ns
to SBO, SB1 output 0 500 ns
SCKO rise/fall time tre 160 ns

tre

Note R is a load resistance and C is a load capacitance of the SB0O and SB1 output lines.
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CHAPTER 21 ELECTRICAL SPECIFICATIONS

(b) Serial interface channel 1

(i) 3-wire serial I/O mode (SCK1: Internal clock output)

Parameter Symbol Conditions MIN. TYP. MAX. Unit

SCK1 cycle time tcevz | Voo =4.5105.5V 800 ns

1600 ns

SCK1 high-/low-level tir7 Voo = 4.5 10 5.5 V tkevr/2 - 50 ns

width tkez tkeva/2 - 100 ns

Sl setup time (to SCK1T) tsik Voo =4.5t05.5V 100 ns

150 ns

SI1 hold time (from SCK1T) |  tksi7 400 ns

Delay time from SCK1l tksor C = 100 pFNote 300 ns
to SO1 output

Note C is a load capacitance of the SCK1 and SO1 output lines.

(ii) 3-wire serial I/0 mode (SCK1: External clock input)

Parameter Symbol Conditions MIN. TYP. MAX. Unit

SCK1 cycle time tkcvs | Voo =4.5105.5V 800 ns

1600 ns

SCK1 high-/low-level tkHs Voo =4.5t05.5V tkeve/2-50 ns

width tkes tkcvs/2—100 ns

SI1 setup time (to SCK1T) | tsie Voo =4.5t055V 100 ns

150 ns

SI1 hold time (from SCK1T)|  tksie 400 ns

Delay time from SCK1l tksos C = 100 pFNote 300 ns
to SO1 output

SCK1 rise/fall time ths 160 ns

trs

Note C is a load capacitance of the SO1 output line.
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CHAPTER 21 ELECTRICAL SPECIFICATIONS

(iii) 3-wire serial I/O mode with automatic transmit/receive function (SCK1: Internal clock output)

Parameter Symbol Conditions MIN. TYP. MAX. Unit

SCK1 cycle time tkeve Voo =451t055V 800 ns
1600 ns

SCK1 high-/low-level tkHo Voo =45t0 55V tkeve/2 — 50 ns

width tkLo tkeve/2 - 100 ns

SI1 setup time (to SCK1T)|  tsike Voo = 4.5t0 5.5V 100 ns
150 ns

SI1 hold time (from SCK1T)|  tksie 400 ns

Delay time from SCK1{ tksos C = 100 pFNote 300 ns

to SO1 output

SCK1l — STBT tsep tkove/2 — 100 tkeval2 + 100 ns

Strobe signal tsw tkevel2 - 30 tkeval2 + 30 ns

high-level width

Busy signal setup time tevs 100 ns

(to busy signal

detection timing)

Busy signal hold time tevn Voo =4.5t0 5.5V 100 ns

(from busy signal

detection timing 150 ns

Busy inactive — SCK1{ tsps 2tkcye ns

Note C is a load capacitance of the SCK1 and SO1 output lines.

(iv) 3-wire serial I/O mode with automatic transmit/receive function (SCK1: External clock input)

Parameter Symbol Conditions MIN. TYP. MAX. Unit

SCK1 cycle time tkey1o Voo =45t055V 800 ns

1600 ns

SCK1 high-/low-level tit1o Voo = 4510 5.5 V 400 ns

width tkL1o 800 ns

SI1 setup time (to SCK1T)|  tsikio 100 ns

SI1 hold time (from SCK1T)|  tksito 400 ns

Delay time from SCK1l tksoto | C = 100 pFNote 300 ns
to SO1 output

SCK1 rise/fall time tr10 160 ns

tF10

Note C is a load capacitance of the SO1 output line.
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CHAPTER 21 ELECTRICAL SPECIFICATIONS

AC Timing Test Point (Excluding X1, XT1 Inputs)

0.8Vop 0.8Vop
:> Test points < *

0.2Vop 0.2Vop

Clock Timing

le—————— 1/ffx ——m
- 1txL tx

X1 input \ Vina (MIN.)
N \ Vi (MAX.)

- ffxr—

le——— tXTL—— tXTH
XT1 input Vins (MIN.)
Viis (MAX.)
N

TI Timing

-~ 1/fn ——m—————————>

e—— 1L trH
TIO to TI2 \
N\ n
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CHAPTER 21 ELECTRICAL SPECIFICATIONS

Serial Transfer Timing

3-wire serial I/0 mode:

» tkey1.2,7,8 _
_ tkii27,s tkH12,7,8 -
tro, 8 — et - —a—1tr2, 8
. / \
SCKO, SCK1 \ / \
\ / \
tsik1.2,7,8 [tksi1.2,7,8
Slo, S
tkso1.2,
7,8
SO0, SO Output Data ><

SBI mode (bus release signal transfer):

SCKO

tkss tseL tseH
[ - [~

SBO, SB1

SBI mode (command signal transfer):

SCKO

tksB tsBk

SBO, SB1

tkeys.a
- »
tkL3.4 tkH3.4
- > |-t >
tRa —w» - -
/
tsek tsika.4 tksiz.a
|- P
/ ><[
\
tkso3.4 > -t
tkeyaa
- -
tkiaa tkH3.4

-

tksoz.4 —W
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CHAPTER 21 ELECTRICAL SPECIFICATIONS

2-wire serial I/0 mode:

SCKO

tksos, 6 !

—_
X
]
o
o

SBO, SB1

3-wire serial I/0 mode with automatic transmit/receive function:

% g
o X o X = X Y o
S D2 D1 DO >< >< D7

tsikg, 10} | tksie, 10
tks09, 10 tho. 10
—- tF10 B
/N T
SCK1 /|
tr10
tkeve, 10 tsep tsBw

STB

I

. T ) T 0y )T T
Ay ’ . i . ’
__ / \ / . \ ) ,
SCK1 7 8 Noghee 10N s 1040 1
. ’ A ’ A ’
LRI, ' LI, J LA

tevs ‘ tBYH tsps |
BUSY
(Active high)

Note Though it does not become low level actually, here it is described as it does due to the timing rule.
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CHAPTER 21 ELECTRICAL SPECIFICATIONS

A/D Converter Characteristics (Ta = —40 to +85°C, AVop = Vob = 4.0 to 5.5 V, AVss = Vss = 0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Resolution 8 8 8 bit
Total error Note 1 0.6 %
Conversion time Note 2 tconv 1 MHz < fx < 5.0 MHz 19.1 200 us
Sampling time Note 3 tsamp 12/fx us
Analog input voltage Vian AVss AVRer
Reference voltage AVRer 4.0 AVop
AVRrer resistor RAvRer 4 14 kQ

Notes 1. Quantization error (£1/2LSB) is not included. This parameter is indicated as the ratio to the full-scale value.
2. Set the A/D conversion time to 19.1 us or more.
3. Sampling time depends on the conversion time.

Data Memory STOP Mode Low Supply Voltage Data Retention Characteristics (Ta = —-40 to +85°C)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Data retention supply voltage VboDR 1.8 55 Vv
Data retention supply current Ibpor Vooor = 2.0 V 0.1 10 UA

Subsystem clock stopped,
Feedback resistor not connected

Release signal set time tsREL 0 us
Oscillation stabilization twarr Release by RESET 217/« ms
wait time Release by interrupt Note ms

Note Selection of 212/fx, 214/fx to 217/fx is possible using bits 0 to 2 (OSTS0 to OSTS2) of the oscillation stabilization
time select register (OSTS).

Data retention timing (STOP mode release by RESET)

Internal reset operation
HALT mode

STOP mode 3 ‘ Operating mode

-« Data retention mode ———»

T VoDDR tsREL

STOP instruction execution

weser \

twarr
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CHAPTER 21 ELECTRICAL SPECIFICATIONS

Data retention timing (standby release signal: STOP mode release by interrupt signal)

HALT mode
2! STOP mode 3 Operating mode
<« Data retention mode ———»

s

Vobp T ’\ VDDDR tsreL
STOP instruction execution
) /
Standby release signal
(interrupt request)
twair

Interrupt input timing

tinTL tiNTH

INTPO - INTP2

tinTL
INTP3 E {
N

RESET input timing

tRsL

RESET
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CHAPTER 21 ELECTRICAL SPECIFICATIONS

PROM Programming Characteristics (uPD78P0208 only)

DC Characteristics

(1) PROM write mode (Ta = 25 +5°C, Vop = 6.5 £0.25 V, Vep = 12.5 +0.3 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Input voltage, high Vin 0.7Voo Vop \
Input voltage, low Vi 0 0.3Vop \Y
Output voltage, high VoH lon = -1 mA Voo— 1.0 \Y
Output voltage, low VoL loo=1.6 mA 0.4 \
Input leakage current Iui 0 <Vin< Voo -10 +10 UA
Vep power supply voltage Vep 12.2 12.5 12.8
Voo power supply voltage Voo 6.25 6.5 6.75
Vep power supply current [ PGM = Vi 50 mA
Voo power supply current lop 50 mA
(2) PROM read mode (Ta = 25 £5°C, Vob = 5.0 0.5 V, Vep = Vop 0.6 V)
Parameter Symbol Conditions MIN. TYP. MAX. Unit
Input voltage, high ViH 0.7Vop Voo
Input voltage, low Vic 0 0.3Vop \
Output voltage, high VoH1 lon = -1 mA Voo — 1.0 \Y
VoHz lon = =100 pA Voo— 0.5 \%
Output voltage, low Vou loo = 1.6 mA 0.4 \
Input leakage current Iui 0 < Vin < Vop -10 +10 UA
Output leakage current ILo 0 < Vout < Vop, OE = Vi -10 +10 UA
Vep power supply voltage Vep Voo— 0.6 Voo |Voo+ 0.6
Voo power supply voltage Vop 4.5 5.0 5.5
Vep power supply current Ipp Vep = VoD 100 UA
Voo power supply current lop CE = Vie, Vin= ViH 50 mA
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CHAPTER 21 ELECTRICAL SPECIFICATIONS

AC Characteristics

(1) PROM write mode

(a) Page program mode (Ta = 25 5°C, Voo = 6.5 £0.25 V, Vpp = 12.5 10.3 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit

Address setup time (to OE!) tas 2 us
OE setup time toes 2 us
CE setup time (to OE!) tces 2 us
Input data setup time (to ﬁi) tos 2 us
Address hold time (from OET) tan 2 us
taHL 2 us

tanv 0 us

Input data hold time (from OET) toH 2 us
Delay time from OET to data output float toF 0 250 ns
Vee setup time (to OEJ) tvps 1.0 ms
Voo setup time (to OEL) tvps 1.0 ms
Program pulse width trw 0.095 0.1 0.105 ms
Delay time from OE! to valid data toe 1 us
OE pulse width during data latching tw 1 us
PGM setup time trams 2 us
CE hold time toen 2 us
OE hold time toeH 2 us

(b) Byte program mode (Ta = 25 +5°C, Vop = 6.5 £0.25 V, Ver = 12.5 £0.3 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Address setup time (to PGML) tas 2 us
OE setup time toes 2 us
CE setup time (to PGMJ) tees 2 us
Input data setup time (to PGML) tos 2 us
Address hold time (from OET) tan 2 us
Input data hold time (from PGMT) toH 2 us
Delay time from (ET to data output float toF 0 250 ns
Ve setup time (to PGMY) tvps 1.0 ms
Voo setup time (to PGML) tvps 1.0 ms
Program pulse width trw 0.095 0.105 ms
Delay time from OE! to valid data toe 1 us
(E hold time toeH 2 us
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CHAPTER 21 ELECTRICAL SPECIFICATIONS

(2) PROM read mode (Ta = 25 +5°C, Voo = 5.0 £0.5 V, Vee = Vop 0.6 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Delay time from address to data output tacc CE=0E =V 800 ns
Delay time from CEl to data output tce OE = V. 800 ns
Delay time from OEl to data output toe CE = Vi 200 ns
Delay time from OET to data output float toF CE = Vi 0 60 ns
Data hold time from address toH CE =OE = Vi 0 ns

(3) PROM programming mode setting (Ta = 25°C, Vss = 0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
PROM programming mode setup tsma 10 us
time

User's Manual U11302EJ5V0UD 413



CHAPTER 21 ELECTRICAL SPECIFICATIONS

PROM Write Mode Timing (Page Program Mode)

Page data latch Page program Program verify
\
A2 to A16
/
tas taHL > taHv
(
\ \ / \
A0, A1
7 « / \ /
tos < > toH > toF
Hi-Z Hi-Z Hi-Z
w2 Y YKt OO
/
. trams Data
tvps le Data input - tor output tan
Vep
Vep
Vop
tvbs <
Voo + 1.5
Vop
Vop
tces toeH >
Vin
CE \
Vi tcen
trw ‘ a
ViH \ ‘ ‘
PGM
Vi tow
<~ - toes

- ViH I
¢ F\_/_\_/_\_/
Vi
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CHAPTER 21 ELECTRICAL SPECIFICATIONS

PROM Write Mode Timing (Byte Program Mode)

Program Program verify
/
A0 to A16 X
\
tas tor
Hi-Z ] y Hi-z / N\l Hi-z
DOtoD7 =~- Data input } = = == ===({ Dataoutput -—-
/ N\ 7
tos ton tan
Vep
Vep
Vob
tves
Voo + 1.5
Vob
Vob
tvbs
— toeH
o ViH
CE
Vie
tces L tew
\
o ViH — /
PGM
Vi
toes | toe
o ViH
CE /’
Vie \

Cautions 1. Voo should be applied before Vep, and shut down after Vee.
2. Vpp should not exceed +13.5 V including overshoot.
3. Connection or disconnection during application of +12.5 V to Vrr may have an adverse effect
on reliability.

PROM Read Mode Timing

/
A0 to A16 >< Effective address
\
- ViH
CE
Vi
tce
- ViH
CE
Vi toeNete 2
tACCNote 1 t Note 1—> < >
£ toH <~
Hi-Z / 3 A Hi-Z
D0O-D7 —=================- Data output >— -----------
-<( /Z 7>.

Notes 1. If you want to read within the tacc range, make the Cﬁinput delay time from the fall of CE a maximum of
tacc — tok.
2. tor is the time from when either OE or CE first reaches V.
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CHAPTER 21 ELECTRICAL SPECIFICATIONS

PROM Programming Mode Setting Timing

Vob /
0
RESET \

N\
Voo /
Vep /
0
-« tsmA ——»
A0 to A16 Effective address
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CHAPTER 22

CHARACTERISTIC CURVES (REFERENCE VALUE)

(1) uPD780204, 780204A, 780205, 780205A

Supply current loo [mA]

loo vs. Voo (Main system clock: 5.0 MHz)

(Ta=25°C)
10.0 |
[
PCC = 00H
50 PCC = 01H
\
PCC ‘= 02H
PCC = 03H
PCC = 04H
7 " PCC = 30H, HALT
(X1 oscillates, XT1 oscillates)
1.0 ]
/
/
7 7 fx = 5.0 MHz
A~ fxr = 32.768 kHz
0.5 7
/1
0.1
PCC = BOH
0.05
e
/ HALT (X1 stops, XT1 oscillates)
4 PN |
/ / / STOP (X1 stops, XT1 oscillates)
0.01 //
/
/
/ //
0.005
V
/ /
7
0.001 0
0 3 4 5 6 7 9

Supply voltage Voo [V]

User's Manual U11302EJ5V0OUD

417



CHAPTER 22 CHARACTERISTIC CURVES (REFERENCE VALUE)

lop vs. fx
(Voo =5V, Ta=25°C)
11
10
9
8
7
<
E s
a PCC = 00H
& 5
5
o
>
g 4
@ PCC =01H
3
/ PCC = 02H
2
] PCC = 03H
— ——— | PCC=04H
1
[ —
/
0
0 1 2 3 4 5 6

Clock oscillation frequency fx [MHz]
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CHAPTER 22 CHARACTERISTIC CURVES (REFERENCE VALUE)

Low-level output current loL [mA]

Low-level output current lo. [mA]

VoL vs. bo. (Port 1)

(Ta=25°C)
30 Voo=5V Vob=4V
| Voo=6V
B Voo =3V
20
10
ol 1 1 | L1 | [
0 0.5 1.0 1.5
Low-level output voltage Vo [V]
VoL vs. bo. (Ports 0, 2, 3)
(Ta=25°C)
30 Voo=5V Vob=4V
(Voo =6V
B Voo =3V
20 /
10
ol 1 1 | [ [
0 0.5 1.0 1.5

Low-level output voltage VoL [V]
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CHAPTER 22 CHARACTERISTIC CURVES (REFERENCE VALUE)

VoL vs. boL (Port 7)
(Ta=25"C)

Voo=5V Voo=4V

30
- Voo =6V
i Vozs

20 / /

Low-level output current lo. [mA]

0 0.5 1.0 1.5

Low-level output voltage VoL [V]
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CHAPTER 22 CHARACTERISTIC CURVES (REFERENCE VALUE)

High-level output current lon [mA]

High-level output current lon [mA]

Vob — Vo vs. box (Port 0 to Port 3)

(Ta=25°C)
| Voo=5V -
~10 DD Voo =4V
Voo =6V,
- Voo =3V
-5
o) A [ I [ [
0 0.5 1.0 1.5
High-level output voltage Voo — Von [V]
Vob — Vo vs. bon (Port 8 to Port 12)
(Ta=25°C)
_30 yVDD =5V
L Voo =6V Voo =4 V
-20 /
B Voo =3V
-10 /
ol 1 | | [ I [ [
0 1.0 2.0 3.0

High-level output voltage Voo — Vor [V]
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CHAPTER 22 CHARACTERISTIC CURVES (REFERENCE VALUE)

(2) nPD780206, 780208

lop vs. Voo (Main system clock: 5.0 MHz)

(Ta=25°C)
10.0
PCC = 00H
5.0
|_— PCC - 01H
/ PCC = 02H
PCC = 03H
/ / PCC = 04H
PCC = 30H, HALT
yd / / (X1 oscillates, XT1 oscillates)
1.0 //
ey
A
1 7 7 fx = 5.0 MHz
// / fxr = 32.768 kHz
0.5 7
/
7
<
£
2
c
2 o041
>3
o
>
o
=3 PCC = BOH
N
0.05
//
0.01 /
0.005
0.001 0
0 2 3 4 5 6 7

Supply voltage Voo [V]
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CHAPTER 22 CHARACTERISTIC CURVES (REFERENCE VALUE)

Supply current loo [mA]

lop vs. fx

(Voo =5V, Ta=25°C)

PCC = 00H

PCC =01H

PCC = 02H

| PCC=03H
//4/ PCC = 04H

1 2 3 4

Clock oscillation frequency fx [MHz]
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CHAPTER 22 CHARACTERISTIC CURVES (REFERENCE VALUE)

VoL vs. b (Port 1)

(Ta=25°C)
30 Voo=5V V=4V
| Voo=6V
= B Voo =3V
E
3
£ 20
L
5
(]
5
Q.
5
o
2
3 10
2
(o)
-
ol v v b b )
0 0.5 1.0 1.5
Low-level output voltage VoL [V]
VoL vs. b (Ports 0, 2, 3)
(Ta=25"C)
30 Voo=5V Vop=4V
Voo=6V
—_ Voo =3V
<
£
3
= 20
o
5
o
5
[oR
5
S
2
3 10
2
(o)
-
ol o v v oy Ly
0 0.5 1.0 1.5

Low-level output voltage VoL [V]
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CHAPTER 22 CHARACTERISTIC CURVES (REFERENCE VALUE)

Low-level output current lo. [mA]

30

20

10

VoL vs. bo. (Port 7)

(Ta=25°C)

Voo=5V Vob=4V

Voo =6V

/

/ Voo =3V

/

0.5

Low-level output voltage VoL [V]
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CHAPTER 22 CHARACTERISTIC CURVES (REFERENCE VALUE)

Vob — Vo vs. b+ (Port 0 to Port 3)

(Ta=25°C)
< | Voo=5VVoo=4V
E -10 7
7 =8V Voo =3V
‘E .
g
= L
[&]
E L
5 -5
[e]
= L
>
3 L
< L
2
T
ol 1 | | [ I [ [
0 0.5 1.0 1.5
High-level output voltage Voo — Von [V]
Vob — Vo vs. bon (Port 8 to Port 12)
(Ta=25°C)
30 Voo=5V|Vob=4V
| Voo=6V
= B Voo=3V__ |
£ L
z L
= 20 e
o
S T /
O L
=
o .
5
[e] -
2 /
3 -10
< -
2
T -
ol 1 | | [ I [ [
0 1.0 2.0 3.0

High-level output voltage Voo — Vor [V]
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CHAPTER 22 CHARACTERISTIC CURVES (REFERENCE VALUE)

(3) uPD78P0208

Supply current loo [mA]

loo vs. Voo (Main system clock: 5.0 MHz)

(Ta = 25°C)
10.0 |
PCC = 00H
5.0 PCC = 01H
PCC = 02H
\
- _—Pce - 03H
PCC ;= 04H
- HALT (X1 oscillates)
= PCC =30H
1.0
A
~ 4 fx = 5.0 MHz
05 /// fxr = 32.768 kHz
v
0.1 PCC = BOH
/
0.05
/ HALT (X1 stops)
0.01 ‘
STOP
0.005 e -
/ ///
//
/
0.001 x
0 3 4 5 6 7 9

Supply voltage Voo [V]
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CHAPTER 22 CHARACTERISTIC CURVES (REFERENCE VALUE)

428

Supply current loo [mA]

10

lop vs. fx
(Voo =5V, Ta = 25°C)
PCC = 00H—
/ g
/
/ PCC =01H
/ PCC = 03H
// PCC = 04H
//// HALT (X1 oscillates)
———
1 2 3 4 5 6

Clock oscillation frequency fx [MHz]
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CHAPTER 22 CHARACTERISTIC CURVES (REFERENCE VALUE)

Low-level output current loL [mA]

Low-level output current lo. [mA]

Vo vs. lo. (Port 1)

(Ta = 25°C)
30 Voo =5V
:VDD=6V Voo =4V m
10
oL 1 | | [ [
0 0.5 1.0 1.5
Low-level output voltage VoL [V]
VoL vs. lo. (Ports 0, 2, 3)
(Ta=25°C)
30 Voo =5V /_
- Voo =4V Voo =3V
Voo =6V
20
i / /
10
0 | | | | [ | | | | |
0 0.5 1.0 1.5

Low-level output voltage VoL [V]
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CHAPTER 22 CHARACTERISTIC CURVES (REFERENCE VALUE)

Vo vs. lo. (Port 7)
(Ta=25°C)
30 Voo=6V [Voo=5V

i v

Voo =4V

207 / sl

L Vop =3 V|

- / — |
10 /|

Low-level output current lo. [mA]

0 0.5 1.0 15

Low-level output voltage VoL [V]
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CHAPTER 22 CHARACTERISTIC CURVES (REFERENCE VALUE)

Vob - VoH vs. lon (Port 0 to Port 3)

(Ta=25°C)
< Vop=5V
£ 10 DD
3
=
o
5
o
3
5 -5
[e]
©
>
o
<
2
T
)48 S R Ay
0 0.5 1.0 1.5
High-level output voltage Voo - Vor [V]
Vop - Vo vs. lon (Port 8 to Port 12)
(Ta=25°C)
_30 Voo =5V| Voo =4V

. Voo =6,
T + Voo =3V
E L
£ -20
s | //
5
O L
=
[e} -
5
(] -
2 /
3 -10
< -
2
T |

) A S Y SO
0 0.5 1.0 1.5

High-level output voltage Voo - Vor [V]
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CHAPTER 23 PACKAGE DRAWING

100-PIN PLASTIC QFP (14x20)

A
B
(AR R R
|IIIIIIIIIIIIIIIIIIIIIIIIIII
=i:8§0 == detail of lead end
| e —  ——
—T—] ——
| e —  —— o S
| e —  ——
—T—] —— T ¢
| e —  ——
= + == c D DI
—r—] — e | v #
—T—] —— L
s —r— L Q R
—T—] ——
— O —r—
R =100 31—
=\ ‘ 3
R LD AAARRCRRY
G—
H
NOTE ITEM MILLIMETERS
Each lead centerline is located within 0.15 mm of A 23.6+0.4
its true position (T.P.) at maximum material condition. B 20.0+0.2
(o} 14.0+0.2
D 17.6£0.4
F 0.8
G 0.6
H 0.30+0.10
| 0.15
J 0.65 (T.P.)
K 1.8+0.2
L 0.8+0.2
M 0.15+3-12
N 0.10
P 2.7+0.1
Q 0.1£0.1
R 5°+5°
S 3.0 MAX.

P100GF-65-3BA1-4

Remark The dimensions and materials of the ES model are the same as the mass-produced model.
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CHAPTER 24 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)

Table 24-1. Surface Mounting Type Soldering Conditions (1/2)

UPD780204GF-xxx-3BA:  100-pin plastic QFP (14 x 20)
UPD780204AGF-xxx-3BA: 100-pin plastic QFP (14 x 20)
uPD780205GF-xxx-3BA:  100-pin plastic QFP (14 x 20)
UPD780205AGF-xxx-3BA: 100-pin plastic QFP (14 x 20)
UPD780206GF-xxx-3BA:  100-pin plastic QFP (14 x 20)
uPD780208GF-xxx-3BA:  100-pin plastic QFP (14 x 20)
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).

1PD78P0208GF-3BA: 100-pin plastic QFP (14 x 20)

Soldering Method Soldering Conditions Recommended
Condition Symbol

Infrared reflow Package peak temperature: 235°C, Time: 30 seconds max. IR35-207-3
(at 210°C or higher), Count: Three times or less, Exposure limit:
7 daysNete (after that, prebake at 125°C for 20 hours)

VPS Package peak temperature: 215°C, Time: 40 seconds max. VP15-207-3
(at 200°C or higher), Count: Three times or less, Exposure limit:
7 daysNote (after that, prebake at 125°C for 20 hours)

Wave soldering Solder bath temperature: 260°C max., Time: 10 seconds max., WS60-207-1
Count: Once, Preheating temperature: 120°C max. (package surface
temperature), Exposure limit: 7 daysN°te (after that, prebake at 125°C
for 20 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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Table 24-1. Surface Mounting Type Soldering Conditions (2/2)

uPD780204GF-xxx-3BA-A:  100-pin plastic QFP (14 x 20)
uPD780204AGF-xxx-3BA-A: 100-pin plastic QFP (14 x 20)
uPD780205GF-xxx-3BA-A:  100-pin plastic QFP (14 x 20)
uPD780205AGF-xxx-3BA-A: 100-pin plastic QFP (14 x 20)
uPD780206GF-xxx-3BA-A:  100-pin plastic QFP (14 x 20)
uPD780208GF-xxx-3BA-A:  100-pin plastic QFP (14 x 20)
uPD78P0208GF-xxx-3BA-A: 100-pin plastic QFP (14 x 20)

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)

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.
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APPENDIX A DIFFERENCES BETWEEN nPD78044H, 780228, AND 780208 SUBSERIES

Table A-1 shows the major differences between the uyPD78044H, 780228, and 780208 Subseries.

Table A-1. Major Differences Between yPD78044H, 780228, and 780208 Subseries (1/2)

Part Number

Item

uPD78044H Subseries

uPD780228 Subseries

uPD780208 Subseries

PROM or flash memory version

LPD78P048B
(PROM)

uPD78F0228
(flash memory)

LPD78P0208
(PROM)

Supply voltage

Voo =2.71t05.5V

Voo =451t055V

Voo =2.7t05.5V

Internal ROM size

uPD78044H: 32 KB
uPD78045H: 40 KB
uPD78046H: 48 KB
uPD78P048B: 60 KB

uPD780226: 48 KB
uPD780228: 60 KB
uPD78F0228: 60 KB

uPD780204: 32 KB
uPD780204A: 32 KB
uPD780205: 40 KB
uPD780205A: 40 KB
uPD780206: 48 KB
uPD780208: 60 KB

uPD78P0208: 60 KB

Internal expansion RAM size 1PD78P048B only: 1024 bytes | 512 bytes uPD780206, 780208, and
78P0208 only: 1024 bytes

Internal buffer RAM size uPD78P048B only: 64 bytes | None 64 bytes

VFD display RAM size 48 bytes 96 bytes 80 bytes

CPU clock Main system clock or Main system clock only Main system clock or
subsystem clock selectable subsystem clock selectable

1/0 ports 68 pins 72 pins 74 pins

Total of VFD display output pins | 34 pins 48 pins 53 pins

Serial interface 1 channel 2 channels

Timer

16-bit timer/event counter:

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

Watch timer:

8-bit remote control timer:

1 channel
8-bit PWM timer: 2 channels
Watchdog timer: 1 channel

16-bit timer/event counter:

1 channel
8-bit timer/event counter:

2 channels
Watch timer: 1 channel

Watchdog timer: 1 channel

Clock output Provided None Provided

Buzzer output Provided None Provided

Vectored interrupt Internal 10 8 11

source External |4 4 4

Test input Provided None Provided
Remark In addition to the above items, the configuration of the development tools also differs between the above

subseries (especially between the PROM and flash memory versions). For details, refer to the user’s
manual of each subseries.
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APPENDIX A DIFFERENCES BETWEEN ;:PD78044H, 780228, AND 780208 SUBSERIES

Table A-1. Major Differences Between yPD78044H, 780228, and 780208 Subseries (2/2)

Part Number uPD78044H Subseries uPD780228 Subseries uPD780208 Subseries

Item

Package 80-pin plastic QFP 100-pin plastic QFP 100-pin plastic QFP
(14 x 20) (14 x 20) (14 x 20)

Electrical specifications and Refer to individual data sheet, Refer to CHAPTER 21

recommended soldering conditions ELECTRICAL
SPECIFICATIONS and

CHAPTER 24
RECOMMENDED
SOLDERING CONDITIONS.

Remark In addition to the above items, the configuration of the development tools also differs between the above
subseries (especially between the PROM and flash memory versions). For details, refer to the user’s
manual of each subseries.
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APPENDIX B DEVELOPMENT TOOLS

The following development tools are available for the development of systems which employ the uPD780208
Subseries.
Figure B-1 shows the configuration of the development tools.

e Support for PC98-NX series
Unless otherwise specified, products supported by IBM PC/AT™ compatible machines can be used for PC98-
NX series computers. When using PC98-NX series computers, refer to the description for IBM PC/AT
compatible machines.

® Windows
Unless otherwise specified, “Windows” means the following OSs.
* Windows 98
¢ Windows 2000
» Windows NT™ Ver. 4.0
* Windows XP
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Figure B-1. Configuration of Development Tools

Language processing software

* Assembler package
* C compiler package

* Software package

¢ Device file

* C library source fileN°te?

©

————————————————————————————————— Software package - = ===-==-=======-==-=----=---------

Debugging software

* Integrated debugger
* System simulator

Control software

* Project manager PM plus
(Windows only)Nete2

Host machine (PC or EWS)

Interface adapter,

PROM
write environment

PROM programmer

Programmer

PC card interface, etc.

Power supply unit

In-circuit emulator

Emulation board

adapter

On-chip PROM
product

Emulation probe

Conversion socket or
conversion adapter

Target system

Notes 1. The C library source file is not included in the software package.

438

2. The project manager PM plus is included in the assembler package.
PM plus 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, SM78KO0, and various device files

Part Number: uSxxxxSP78K0

Remark xxxx in the part number differs depending on the OS used.

uSxxxxSP78K0

XXXX Host Machine oS Supply Medium

AB17 |PC-9800 series, Windows (Japanese version) CD-ROM

BB17 |IBM PC/AT and compatibles| Windows (English version)

B.2 Language Processing Software

RA78KO0 This assembler converts programs written in mnemonics into object codes executable
Assembler package 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 a device file (DF780208) (sold
separately).

<Caution when using RA78K0 in PC environment>

This assembler package is a DOS-based application. It can also be used in Windows,
however, by using PM plus (included in assembler package) in Windows.

Part number: uSxxxxRA78K0

CC78K0 This compiler converts programs written in C language into object codes executable with
C compiler package a microcontroller.

This compiler should be used in combination with an assembler package and device file
(both sold separately).

<Caution 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 PM plus (included in assembler package) in Windows.

Part number: uSxxxxCC78K0

DF780208Note 1 This file contains information peculiar to the device.

Device file This device file should be used in combination with tools (RA78K0, CC78K0, SM78KO0,
ID78K0-NS, and ID78KO0) (sold separately).

The corresponding OS and host machine differ depending on the tool used.

Part number: uSxxxxDF780208

CC78K0-LNote 2 This is a source file of functions configuring the object library included in the C compiler
C library source file package.

This file is required to match the object library included in C compiler package to the
user’s specifications.

It does not depend on the operating environment because it is a source file.

Part number: uSxxxxCC78KO0-L

Notes 1. The DF780208 can be used in common with the RA78K0, CC78K0, SM78KO0, ID78K0-NS, and ID78KO0.
2. CC78KO0-L is not included in the software package (SP78KO0).
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Remark xxxx in the part number differs depending on the host machine and OS used.

USxxxxRA78K0
USxxxxCC78K0
USxxxxCC78K0-L

XXXX

Host Machine

0Ss

Supply Medium

AB17

BB17

PC-9800 series,
IBM PC/AT and compatibles

Windows (Japanese version)

Windows (English version)

3P17

HP9000 series 700™

HP-UX™ (Rel. 10.10)

3K17

SPARCstation™

SunOS™ (Rel. 4.1.4),
Solaris™ (Rel. 2.5.1)

CD-ROM

11SxxxxDF780208

XXXX

Host Machine

(O]

Supply Medium

AB13

BB13

PC-9800 series,
IBM PC/AT and compatibles

Windows (Japanese version)

Windows (English version)

3.5-inch 2HD FD

B.3 Control Software

PM plus
Project manager

<Caution>

PM plus is included in the assembler package (RA78KO).
It can only be used in Windows.

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 PM plus.

440
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B.4 PROM Programming Tools

B.4.1 Hardware

PG-1500Nete
PROM programmer

This PROM programmer allows users to encode the PROM in single-chip microcontrollers
stand-alone or using a host machine. This requires connection of the accompanying board
and separately-sold PROM programmer adapter to the PROM programmer.

Besides internal PROMs, general discrete PROM devices whose capacities range from 256
Kb to 4 Mb can be programmed.

PA-78P0208GF
PROM programmer adapter

This PROM programmer adapter is for the uPD78P0208 and should be connected to the
PG-1500.
This adapter is for a 100-pin plastic QFP (GF-3BA type).

B.4.2 Software

PG-1500 controllerNete

This software allows users to control the PG-1500 from a host machine which is connected
to the PG-1500 via serial/parallel interface cable(s).

Part Number: uSxxxxPG1500

Note Production discontinued

Remark xxxx in the part number differs depending on the host machine and OS used.

1SxxxxPG1500

XXXX Host Machine [OFS) Supply Medium

5A13 | PC-9800 series MS-DOS 3.5-inch 2HD
(Ver. 3.30 to Ver. 6.2V 1)

7B13 | IBM PC/AT and compatibles |Note 2 3.5-inch 2HD

Notes 1. Although a task swap function is incorporated in MS-DOS Ver. 5.0 or
later, this function cannot be used with the above software.
2. The following OSs for IBM PCs are supported (Ver. 5.0 or later of MS-
DOS has a task swap function, but this function cannot be used with the
above software).

(01 Version

PC DOS Ver.5.02 to Ver.6.3
J6.1/V to J6.3/V (Only the English version is supported.)

MS-DOS Ver.5.0 to Ver.6.22
5.0/V to 6.2/V (Only the English version is supported.)

IBM DOS™ | J5.02/V (Only the English version is supported.)
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B.5 Debugging Tools (Hardware)

B.5.1 When using in-circuit emulator IE-78K0-NS, IE-78K0-NS-A

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 can be used with an integrated
debugger (ID78K0-NS). This emulator should be used in combination with a power
supply unit, emulation probe, and interface adapter, which is required to connect this
emulator to the host machine.

IE-78K0-NS-PA
Performance board

This board is used for extending the IE-78K0-NS functions. With the addition of this
board, the addition of a coverage function, enhancement of tracer and timer functions,
and other such debugging function enhancements are possible.

IE-78K0-NS-A
In-circuit emulator

In-circuit emulator that combines 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 100 to 240 V AC outlet.

IE-70000-CD-IF-A
PC card interface

This is the PC card and interface cable required when using a notebook-type computer
as the IE-78K0-NS 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 |IE-78K0-
NS host machine (ISA bus compatible).

IE-70000-PCI-IF-A

Interface adapter

This adapter is required when using a PC with a PCI bus as the IE-78K0-NS host
machine.

Emulation board

|IE-780208-NS-EM1Note

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-100GF-TQ
NP-H100GF-TQ
Emulation probe

This probe is used to connect the in-circuit emulator to the target system and is designed
for a 100-pin plastic QFP (GF-3BA type). It should be used in combination with the TGF-
100RBP.

TGF-100RBP
Conversion adapter

This conversion socket connects the NP-100GF-TQ or NP-H100GF-TQ to the target
system board designed to mount a 100-pin plastic QFP (GF-3BA type).

NP-100GF
Emulation probe

This probe is used to connect the in-circuit emulator to the target system and is
designed for a 100-pin plastic QFP (GF-3BA type).

EV-9200GF-100
Conversion socket
(See Figures B-2
and B-3)

This conversion socket connects the NP-100GF to the target system board
designed to mount a 100-pin plastic QFP (GF-3BA type).

Note Maintenance product

Remarks 1.
2
3
4
442

NP-100GF, NP-100GF-TQ, and NP-H100GF-TQ are products of Naito Densei Machida Mfg. Co.,

Ltd.

Contact: Naito Densei Machida Mfg. Co., Ltd. +81-45-475-4191

. TGF-100RBP is a product of TOKYO ELETECH CORPORATION.
Inquiry: Daimaru Kogyo, Ltd. Phone: Tokyo Electronics Dept.

+81-3-3820-7112
Osaka Electronics 2nd Dept. +81-6-6244-6672

. The EV-9200GF-100 is sold in a set of five units.
. The TGF-100RBP is sold in single units.
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B.5.2 When using in-circuit emulator IE-78001-R-AN°te

|IE-78001-R-ANote This is an in-circuit emulator for debugging the hardware and software when an
In-circuit emulator application system using the 78K/0 Series is developed. It can be used with an
integrated debugger (ID78K0). This emulator is used with an emulation probe and
interface adapter for connecting a host machine.

IE-70000-98-IF-C This adapter is necessary when a PC-9800 series PC (except notebook type) is
Interface adapter used as the host machine for the IE-78001-R-A (C bus compatible).
|E-70000-PC-IF-C This adapter is necessary when an IBM PC/AT or compatible machine is used as
Interface adapter the host machine for the IE-78001-R-A (ISA bus compatible).
|E-780208-R-EMNote This board is used with an in-circuit emulator to emulate device-specific peripheral
Emulation board hardware.
EP-78064GF-R This probe is for a 100-pin plastic QFP (GF-3BA type) and connects an in-circuit
Emulation probe emulator and the target system.

EV-9200GF-100 This conversion socket connects the board of the target system created to mount a

Conversion socket | 100-pin plastic QFP (GF-3BA type) and EP-78064GF-R.
(See Figures B-2
and B-3)

Note Maintenance product

Remark The EV-9200GF-100 is sold in a set of five units.
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B.6 Debugging Tools (Software)

SM78K0 This is a system simulator for the 78K/0 Series. The SM78K0 is Windows-based
System simulator 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 a device file (DF780208) (sold
separately).

Part Number: uSxxxxSM78K0

ID78K0-NS This debugger supports the in-circuit emulators for the 78K/0 Series. The

Integrated debugger ID78K0-NS is Windows-based software.

(supporting in-circuit emulators It has improved C-compatible debugging functions and can display the results of

IE-78K0-NS and |E-78K0-NS-A) tracing with the source program using an integrating window function that associates

ID78K0 the source program, disassemble display, and memory display with the trace result.
It should be used in combination with a device file (sold separately).

Integrated debugger

(supporting in-circuit emulator Part Number: uSxxxxID78K0-NS

IE-78001-R-A) 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

AB17 PC-9800 series, Windows (Japanese version) CD-ROM
BB17 IBM PC/AT and compatibles

Windows (English version)
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B.7 Conversion Socket (EV-9200GF-100) Package Drawing and Recommended Footprint

Figure B-2. EV-9200GF-100 Package Drawing (for Reference Purposes only)

A M
E B N 0
F
goooooooooooooopoooooooooooooo
= : = o
1= NEC |||
alo S i - S - D o 4
(- =
3| | [EV-9200GF-100 HRE
= S =
000000000000000000000000000000
i > —
No.1 pin index / P c

EV-9200GF-100-GO

ITEM MILLIMETERS INCHES
A 24.6 0.969
B 21 0.827
C 15 0.591
D 18.6 0.732
E 4-C 2 4-C 0.079
F 0.8 0.031
G 12.0 0.472
H 22.6 0.89
| 25.3 0.996
J 6.0 0.236
K 16.6 0.654
L 19.3 076
M 8.2 0.323
N 8.0 0.315
O 2.5 0.098
P 2.0 0.079
Q 0.35 0.014
R $2.3 $0.091
S $1.5 $0.059
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Figure B-3. Recommended Footprint for EV-9200GF-100 (for Reference Purposes only)

G
J =
G =
Lw o - é\j/ - T
(N =
B
A
EV-9200GF-100-P1
ITEM MILLIMETERS INCHES
A 26.3 1.035
B 21.6 0.85
C |0.6510.02 x 29=18.8510.05 | 0.026 *°%%%x 1.142=0.74273.3%2
D |0.65%0.02 x 19=12.35£0.05 | 0.026 "% 0.748=0.486"33%
E 15.6 0.614
F 20.3 0.799
G 12+0.05 0.472*3%%
H 6%0.05 0.236 *39%
| 0.35%0.02 0.014 3%
J $2.3610.03 $0.093739%
K $2.3 $0.091
L $1.57+0.03 $0.062 %393

Caution The dimensions of the 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 the “Semiconductor Device Mount Manual” website
(http://www.necel.com/pkg/en/mount/index.html).
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B.8 Notes on Target System Design

The following shows the conditions when connecting the emulation probe to the conversion adapter. Follow the

configuration below and consider the shape of parts to be mounted on the target system when designing a system.
Among the products described in this appendix, the NP-100GF-TQ and NP-H100GF-TQ are products of Naito Densei
Machida Mfg. Co., Ltd., and the TGF-100RBP is a product of TOKYO ELETECH CORPORATION.

Table B-1. Distance Between IE System and Conversion Adapter

Emulation Probe

Conversion Adapter

Distance Between |IE System and
Conversion Adapter

NP-100GF-TQ

NP-H100GF-TQ

TGF-100RBP

170 mm

370 mm

Figure B-4. Distance Between IE System and Conversion Adapter

In-circuit emulator
IE-78K0-NS or IE-78K0-NS-A

Emulation board
IE-780208-NS-EM1

170 mmNote

Target system

CN6

o ="

Emulation probe
NP-100GF-TQ, NP-H100GF-TQ

Conversion adapter: TGF-100RBP

Note Distance when the NP-100GF-TQ is used. When the NP-H100GF-TQ is used, the distance is 370 mm.
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Figure B-5. Connection Conditions of Target System (When NP-100GF-TQ Is Used)

Emulation board
|E-780208-NS-EM1
Emulation probe

\ NP-100GF-TQ

;Conversion adapter l.”"”"”I”” T ||”|-I
TGF-100RBP 1 "”" H”ll”"” i
- ) II - -
=, ~ \

‘|\1‘1\['nm .

Target system

Figure B-6. Connection Conditions of Target System (When NP-H100GF-TQ Is Used)

Emulation board
IE-780208-NS-EM1 Emulation probe

\ NP-H100GF-TQ

: i ]
oo — (A I
| TGF-100RBP JJJJJJJJJJII

Target system
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C.1 Register Index (by Register Name)

[A]

A/D conversion result register (ADCR) ... 184

A/D converter input select register (ADIS) ... 188

A/D converter mode register (ADM) ... 186

Automatic data transmit/receive address pointer (ADTP) ... 251

Automatic data transmit/receive control register (ADTC) ... 255, 266
Automatic data transmit/receive interval specification register (ADTI) ... 257, 267

[D]

Display mode register 0 (DSPMO) ... 96, 295
Display mode register 1 (DSPM1) ... 99, 295
Display mode register 2 (DSPM2) ... 296

[E]

8-bit compare register (CR10, CR20) ... 145

8-bit timer mode control register (TMC1) ... 147

8-bit timer output control register (TOC1) ... 148
8-bit timer register 1 (TM1) ... 145

8-bit timer register 2 (TM2) ... 145

External interrupt mode register (INTMO) ... 125, 335

(1]

Internal expansion RAM size switching register (1XS) ... 366
Interrupt mask flag register OH (MKOH) ... 333, 350

Interrupt mask flag register OL (MKOL) ... 333

Interrupt request flag register OH (IFOH) ... 332, 350
Interrupt request flag register OL (IFOL) ... 332

Interrupt timing specification register (SINT) ... 208, 227, 244

[M]

Memory size switching register (IMS) ... 364

[O]

Oscillation stabilization time select register (OSTS) ... 352

[P]

Port 0 (PO) ...
Port 1 (P1) ...
Port 2 (P2) ...
Port 3 (P3) ...
Port 7 (P7) ...
Port 8 (P8) ...

75
77
78
80
81
82
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Port 9 (P9) ... 83

Port 10 (P10) ... 84

Port 11 (P11) ... 85

Port 12 (P12) ... 86

Port mode register 0 (PMO) ... 87

Port mode register 1 (PM1) ... 87

Port mode register 2 (PM2) ... 87

Port mode register 3 (PM3) ... 87, 124, 149, 177, 181
Port mode register 7 (PM7) ... 87

Port mode register 10 (PM10) ... 87

Port mode register 11 (PM11) ... 87

Port mode register 12 (PM12) ... 87

Priority specification flag register OH (PROH) ... 334
Priority specification flag register OL (PROL) ... 334
Processor clock control register (PCC) ... 94
Program status word (PSW) ... 52, 338

Pull-up resistor option register (PUO) ... 89

[S]

Sampling clock select register (SCS) ... 126, 336

Serial bus interface control register (SBIC) ... 206, 212, 225, 243
Serial 1/O shift register 0 (S100) ... 201

Serial I/O shift register 1 (SI01) ... 251

Serial operating mode register 0 (CSIMO) ... 203, 210, 224, 242
Serial operating mode register 1 (CSIM1) ... 254, 261, 265
16-bit capture register (CRO1) ... 118

16-bit compare register (CR00) ... 118

16-bit timer mode control register (TMCO) ... 121

16-bit timer output control register (TOCO) ... 123

16-bit timer register (TMO) ... 118

16-bit timer register (TMS) ... 145

Slave address register (SVA) ... 201

[T]

Timer clock select register 0 (TCLO) ... 119, 175
Timer clock select register 1 (TCL1) ... 145

Timer clock select register 2 (TCL2) ... 161, 169, 179
Timer clock select register 3 (TCL3) ... 203, 253

[W]

Watch timer mode control register (TMC2) ... 164
Watchdog timer mode register (WDTM) ... 171
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C.2 Register Index (by Register Symbol)

[A]
ADCR:
ADIS:
ADM:
ADTC:
ADTI:
ADTP:

[C]
CRO0O:
CRO1:
CR10:
CR20:
CSIMO:
CSIM1:

[D]

DSPMOo:
DSPM1:
DSPM2:

[1]
IFOH:
IFOL:
IMS:
INTMO:
IXS:

[M]
MKOH:
MKOL:

[O]
OSTS:

[P]
PO:
P1:
P2:
P3:
P7:
P8:
P9:
P10:
P11:
P12:

A/D conversion result register ... 184

A/D converter input select register ... 188

A/D converter mode register ... 186

Automatic data transmit/receive control register ... 255, 266

Automatic data transmit/receive interval specification register ... 257, 267
Automatic data transmit/receive address pointer ... 251

16-bit compare register ... 118

16-bit capture register ... 118

8-bit compare register ... 145

8-bit compare register ... 145

Serial operating mode register 0 ... 203, 210, 224, 242
Serial operating mode register 1 ... 254, 261, 265

Display mode register 0 ... 96, 295
Display mode register 1 ... 99, 295
Display mode register 2 ... 296

Interrupt request flag register OH ... 332, 350
Interrupt request flag register OL ... 332

Memory size switching register ... 364

External interrupt mode register ... 125, 335

Internal expansion RAM size switching register ... 366

Interrupt mask flag register OH ... 333, 350
Interrupt mask flag register OL ... 333

Oscillation stabilization time select register ... 352

Port 0 ... 75
Port 1 ... 77
Port2 ... 78
Port 3 ... 80
Port 7 ... 81
Port 8 ... 82
Port 9 ... 83
Port 10 ... 84
Port 11 ... 85
Port 12 ... 86
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PCC: Processor clock control register ... 94
PMO: Port mode register 0 ... 87
PM1: Port mode register 1 ... 87

PM2: Port mode register 2 ... 87

PM3: Port mode register 3 ... 87, 124, 149, 177, 181
PM7: Port mode register 7 ... 87

PM10: Port mode register 10 ... 87

PM11:  Port mode register 11 ... 87

PM12: Port mode register 12 ... 87

PROH: Priority specification flag register OH ... 334
PROL:  Priority specification flag register OL ... 334
PSW: Program status word ... 52, 338

PUO: Pull-up resistor option register ... 89

[S]

SBIC: Serial bus interface control register ... 206, 212, 225, 243
SCS: Sampling clock select register ... 126, 336

SINT: Interrupt timing specification register ... 208, 227, 244
SI00: Serial /O shift register 0 ... 201

SIO1: Serial I/O shift register 1 ... 251

SVA: Slave address register ... 201

[T]

TCLO: Timer clock select register 0 ... 119, 175
TCL1:  Timer clock select register 1 ... 145
TCL2: Timer clock select register 2 ... 161, 169, 179
TCL3: Timer clock select register 3 ... 203, 253
TMO: 16-bit timer register ... 118

TM1: 8-bit timer register 1 ... 145

T™M2: 8-bit timer register 2 ... 145

TMCO: 16-bit timer mode control register ... 121
TMC1: 8-bit timer mode control register ... 147
TMC2: Watch timer mode control register ... 164
TMS: 16-bit timer register ... 145

TOCO: 16-bit timer output control register ... 123
TOC1: 8-bit timer output control register ... 148

W]
WDTM: Watchdog timer mode register ... 171
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APPENDIX D REVISION HISTORY

D.1 Major Revisions in This Edition

Page Description

p. 17 Addition of the following products to 1.3 Ordering Information
uPD780204GF-xxx-3BA-A, uPD780204AGF-xxx-3BA-A,
1PD780205GF-xxx-3BA-A, uPD780205AGF-xxx-3BA-A,
1PD780206GF-xxx-3BA-A, uPD780208GF-xxx-3BA-A,
uPD78P0208GF-xxx-3BA-A

p. 389 Addition of CHAPTER 21 ELECTRICAL SPECIFICATIONS

p. 417 Addition of CHAPTER 22 CHARACTERISTIC CURVES (REFERENCE VALUE)

p. 432 Addition of CHAPTER 23 PACKAGE DRAWINGS

p. 433 Addition of CHAPTER 24 RECOMMENDED SOLDERING CONDITIONS

p. 437 Revision of APPENDIX B DEVELOPMENT TOOLS
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APPENDIX D REVISION HISTORY

D.2 Revision History up to Previous Edition

Revisions up to the previous edition are shown below. The “Applied to:” column indicates the chapter in each
edition to which the revision was applied.

uPD780208GF-xxx-3BA

(1/2)
Edition Revisions from Previous Edition Applied to:
Second * The following products are already developed: uPD780204GF-xxx-3BA, Throughout
uPD780205GF-xxx-3BA,
uPD78P0208GF-xxx-3BA,
1PD78P0208KL-T
 Addition of the uPD780206 and 780208
Change the power supply voltage values in 1.1 Features and 1.7 Function CHAPTER 1 OUTLINE
Outline
Addition of the uPD78018F, 78018FY, 78078, 78078Y, 78083, and 780208
Subseries on 1.5 78K/0 Series Expansion
Addition of Caution about the condition of input leakage current in 4.2.5 Port 7 | CHAPTER 4
PORT FUNCTIONS
Addition of Note on Table 4-3 Port Mode Register and Output Latch Setting
when Alternate Function is Used
Addition of 1/2 frequency divider on Figure 5-1 Clock Generator Block CHAPTER 5
Diagram CLOCK GENERATOR
Addition of Note and Caution on Figure 9-3 Watchdog Timer Mode Register | CHAPTER 9
Format WATCHDOG TIMER
Deletion of CHAPTER 10 6-BIT UP/DOWN COUNTER CHAPTER 10 6-BIT
UP/DOWN COUNTER
Addition of Caution when using standby function on Figure 12-2 A/D CHAPTER 12
Converter Mode Register Format A/D CONVERTER
Addition of Figure 12-11 AVoo Pin Connection
Addition of Caution on 14.4.3 (3) (d) Busy control option CHAPTER 14 SERIAL
INTERFACE CHANNEL 1
Correction of APPENDIX A DEVELOPMENT TOOLS APPENDIX A
DEVELOPMENT TOOLS
Third The following products are already developed: uPD780206GF-xxx-3BA, Throughout

Addition of Quality Grade

CHAPTER 1 OUTLINE

Correction of block diagrams of ports 2, 3, and 10 to 12 CHAPTER 4
PORT FUNCTIONS
Change Caution when the external clock is input CHAPTER 5

CLOCK GENERATOR

Addition of Caution about changing operation mode of serial interface channel 0

Correction of Note on bit 7 (BSYE) of serial bus interface control register (SBIC)

Addition of explanation of bus release signal, command signal, address,
command, data, acknowledge signal, busy signal, and ready signal to the
“Definition of SBI”

Addition of Caution for the case that SBO (SB1) line is changed when the SCKO0
line is in high level in SBI mode

CHAPTER 13 SERIAL
INTERFACE CHANNEL 0
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(2/2)
Edition Revisions from Previous Edition Applied to:
Third Correction of Cautions when the STOP mode is set CHAPTER 17
STANDBY FUNCTION
Addition of APPENDIX A DIFFERENCES AMONG 1PD78044H, 780228, AND APPENDIX A
780208 SUBSERIES DIFFERENCES AMONG
UPD78044H, 780228, AND
780208 SUBSERIES
Fourth Addition of the following products to target products Throughout

e uPD780204A

e uPD780205A

Deletion of the following package from target products
* uPD78P0208KL-T (100-pin ceramic WQFN)

e Update of 1.6 78K/0 Series Lineup
* Addition of Note in 1.8 Overview of Functions
¢ Addition of Caution in Table 1-1 Mask Options in Mask ROM Versions

CHAPTER 1 OUTLINE

* Addition of 2.2.12 Vioap CHAPTER 2

* Modification of Table 2-1 Types of Pin I/O Circuits PIN FUNCTIONS

* Addition of Caution in 3.1 Memory Space CHAPTER 3

* Modification of Note in Table 3-3 Special Function Register List CPU ARCHITECTURE
* Addition of Caution in 4.2.6 Port 8 CHAPTER 4

¢ Addition of Caution in 4.2.7 Port 9

¢ Addition of Caution in 4.2.8 Port 10
¢ Addition of Caution in 4.2.9 Port 11
¢ Addition of Caution in 4.2.10 Port 12

PORT FUNCTIONS

* Addition of Note in Figure 5-3 Format of Processor Clock Control Register

CHAPTER 5
CLOCK GENERATOR

* Modification of Caution in Figure 6-8 Format of External Interrupt Mode
Register
* Modification of 6.6 (5) Valid edge setting

CHAPTER 6 16-BIT
TIMER/EVENT COUNTER

* Modification of Caution in Figure 8-2 Format of Timer Clock Select CHAPTER 8
Register 2 WATCH TIMER
* Modification of Caution in Figure 9-2 Format of Timer Clock Select CHAPTER 9

Register 2

WATCHDOG TIMER

* Modification of Caution in Figure 11-2 Format of Timer Clock Select
Register 2

CHAPTER 11 BUZZER
OUTPUT CONTROLLER

* Addition of Caution in Figure 16-2 Format of Interrupt Request Flag CHAPTER 16
Register INTERRUPT AND TEST
* Modification of Caution in Figure 16-5 Format of External Interrupt Mode FUNCTIONS
Register
 Addition of description in Table 17-1 HALT Mode Operating Status CHAPTER 17
* Addition of description in Table 17-3 STOP Mode Operating Status STANDBY FUNCTION
* Modification of Table 19-2 Internal Memory Size Switching Register Setting | CHAPTER 19
Values uPD78P0208
* Modification of description in Table A-1 Major Differences Between APPENDIX A

1PD78044H, 780228, and 780208 Subseries

DIFFERENCES
BETWEEN uPD78044H,
780228, AND 780208
SUBSERIES

* Modification of description

APPENDIX B
DEVELOPMENT TOOLS
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