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NOTES FOR CMOS DEVICES

@ PRECAUTION AGAINST ESD FOR SEMICONDUCTORS

Note:

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

(® HANDLING OF UNUSED INPUT PINS FOR CMOS

Note:

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

@ STATUS BEFORE INITIALIZATION OF MOS DEVICES

Note:

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

IEBus and FIP are trademarks of NEC Corporation.

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

PC/AT is a trademark of IBM Corporation.

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

SPARCstation is a trademark of SPARC International, Inc.

Solaris and SunOS are trademarks of Sun Microsystems, Inc.

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

TRON is an abbreviation of The Real-time Operating system Nucleus.

ITRON is an abbreviation of Industrial TRON.
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The export of these products from Japan is regulated by the Japanese government. The export of some or all of these
products may be prohibited without governmental license. To export or re-export some or all of these products from a
country other than Japan may also be prohibited without a license from that country. Please call an NEC sales
representative.

License not needed:  uPD78F4976AGF-3BA
The customer must judge the need for license: uPD784975AGF-xxx-3BA

The information in this document is current as of February, 2002. The information is subject to
change without notice. For actual design-in, refer to the latest publications of NEC's data sheets or
data books, etc., for the most up-to-date specifications of NEC semiconductor products. Not all
products and/or types are available in every country. Please check with an NEC sales representative
for availability and additional information.
No part of this document may be copied or reproduced in any form or by any means without prior
written consent of NEC. NEC assumes no responsibility for any errors that may appear in this document.
NEC 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 semiconductor 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 or others.
Descriptions of circuits, software and other related information in this document are provided for illustrative
purposes in semiconductor product operation and application examples. The incorporation of these
circuits, software and information in the design of customer's equipment shall be done under the full
responsibility of customer. NEC assumes no responsibility for any losses incurred by customers or third
parties arising from the use of these circuits, software and information.
While NEC endeavours to enhance the quality, reliability and safety of NEC semiconductor 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
semiconductor products, customers must incorporate sufficient safety measures in their design, such as
redundancy, fire-containment, and anti-failure features.
NEC semiconductor products are classified into the following three quality grades:
"Standard", "Special" and "Specific'. The "Specific" quality grade applies only to semiconductor products
developed based on a customer-designated "quality assurance program" for a specific application. The
recommended applications of a semiconductor product depend on its quality grade, as indicated below.
Customers must check the quality grade of each semiconductor 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 semiconductor products is "Standard" unless otherwise expressly specified in NEC's
data sheets or data books, etc. If customers wish to use NEC semiconductor products in applications not
intended by NEC, they must contact an NEC sales representative in advance to determine NEC's willingness
to support a given application.

(Note)

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

(2) "NEC semiconductor products" means any semiconductor product developed or manufactured by or for

NEC (as defined above).
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Regional Information

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

» Device availability
« Ordering information

e Product release schedule

« Availability of related technical literature

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

» Network requirements

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

from country to country.

NEC Electronics Inc. (U.S.)

Santa Clara, California

Tel: 408-588-6000
800-366-9782

Fax: 408-588-6130
800-729-9288

NEC do Brasil S.A.
Electron Devices Division
Guarulhos-SP, Brasil
Tel: 11-6462-6810

Fax: 11-6462-6829

NEC Electronics (Europe) GmbH
Duesseldorf, Germany

Tel: 0211-65 03 01

Fax: 0211-65 03 327

¢ Branch The Netherlands
Eindhoven, The Netherlands
Tel: 040-244 58 45

Fax: 040-244 45 80

e Branch Sweden
Taeby, Sweden
Tel: 08-63 80 820
Fax: 08-63 80 388

NEC Electronics (France) S.A.
Vélizy-Villacoublay, France
Tel: 01-3067-58-00

Fax: 01-3067-58-99

NEC Electronics (France) S.A.
Representacion en Espana
Madrid, Spain

Tel: 091-504-27-87

Fax: 091-504-28-60

NEC Electronics Italiana S.R.L.

Milano, Italy
Tel: 02-66 75 41
Fax: 02-66 75 42 99

NEC Electronics (UK) Ltd.
Milton Keynes, UK

Tel: 01908-691-133

Fax: 01908-670-290
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NEC Electronics Hong Kong Ltd.
Hong Kong

Tel: 2886-9318

Fax: 2886-9022/9044

NEC Electronics Hong Kong Ltd.
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Seoul, Korea

Tel: 02-528-0303

Fax: 02-528-4411

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

Tel: 021-6841-1138

Fax: 021-6841-1137

NEC Electronics Taiwan Ltd.
Taipei, Taiwan

Tel: 02-2719-2377

Fax: 02-2719-5951

NEC Electronics Singapore Pte. Ltd.
Novena Square, Singapore

Tel: 253-8311

Fax: 250-3583
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CHAPTER 1 GENERAL
p.24 » Modification of 78K/IV Series Lineup
p.26 * Modification of Caution and Remark in 1.4 Pin Configuration (Top View)
CHAPTER 2 PIN FUNCTIONS
p.39 » Modification of description in 2.2.13 AVop
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INTRODUCTION

Target Readers This manual is intended for users who wish to understand the functions of the uPD784976A

Purpose

Organization

Subseries and to design and develop application systems and programs using these microcontrollers.

This manual is intended for users to understand the functions described in the Organization below.

The uPD784976A Subseries User's Manual is divided into two parts: this manual and Instructions
(common to the 78K/IV Series)

uPD784976A Subseries 78K/IV Series
User’s Manual User’s Manual
(This manual) Instructions
e Pin functions e CPU functions
¢ Internal block functions e Instruction set
e Interrupt functions * Explanation of each instruction

e Other on-chip peripheral functions
Electrical specifications

How to Read This Manual

Conventions

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

[J To understand the functions in general:
— Read this manual in the order of the contents.
[0 How to interpret the register format:
— For the bit whose number is in angle brackets, its bit name is defined as a reserved word
in the RA78K4, and in CC78K4, already defined in the header file named sfrbit.h.
[0 When you know a register name and want to confirm its details:
— Read APPENDIX C REGISTER INDEX.
[ To know the uPD784976A Subseries instruction function in details:
— Refer to 78K/IV Series User’s Manual: Instruction (U10905E) separately available.
[J When you want to know the application examples of each function of the uPD784976A Subseries
— Refer to 78K/IV Series Software Basics (U10095E) separately available.
[0 To learn about the electrical specifications:
— Refer to CHAPTER 21 ELECTRICAL SPECIFICATIONS.

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
Numeral representation: Binary ......ccccoeuven. XXXX or XXXXB

Decimal ............... XXXX

Hexadecimal ....... XXXXH
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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.
uPD784976A Subseries Hardware User's Manual This manual
78K/IV Series Instructions User’'s Manual U10905E
78K/IV Series Software Basics Application Note U10095E

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

Document Name Document No.
RA78K4 Assembler Package Operation U15254E
Language U15255E
Structured Assembler Preprocessor U11743E
CC78K4 C Compiler Operation U15557E
Language U15556E
SM78K4 System Simulator Ver. 1.40 or Later Reference U10093E
Windows Based
SM78K Series System Simulator Ver. 1.40 or Later External Part User Open Interface U10092E
Specifications
ID78K Series Integrated Debugger Ver. 2.30 or Later Operation U15185E
Windows Based
RX78K4 Real-time OS Fundamental U10603E
Installation U10604E

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

Document Name Document No.
|IE-78K4-NS In-Circuit Emulator U13356E
IE-784976-NS-EM1 Emulation Board U13745E

Documents Related to Flash Memory Writing

Document Name Document No.

PG-FP3 Flash Memory Programmer User’s Manual U13502E
Other Related Documents

Document Name Document No.
SEMICONDUCTOR SELECTION GUIDE - Products & Packages - X13769E
Semiconductor Device Mounting Technology Manual C10535E
Quality Grades on NEC Semiconductor Devices C11531E
NEC Semiconductor Device Reliability/Quality Control System C10983E
Guide to Prevent Damage for Semiconductor Devices by Electrostatic Discharge (ESD) C11892E

Caution The related documents listed above are subject to change without notice. Be sure to use the latest
version of each document for designing.
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CHAPTER 1 GENERAL

The uPD784976A Subseries is part of the 78K/IV Series designed for ASSP and housed in a 100-pin QFP. Each
of the 78K/IV Series of 16-bit single-chip microcontrollers features a powerful CPU that can access 1 MB of memory.

The uPD784975A incorporates 96 KB of mask ROM and 3,584 bytes of RAM. Italso incorporates a VFD controller/
driver, advanced timer/event counters, and two independent serial interfaces.

The uPD78F4976A incorporates 128 KB of flash memory and 5,120 bytes of RAM.
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CHAPTER 1 GENERAL

*x 78K/IV Series Lineup

Supports 12C bus '
I:l: Products in mass-production B Supports multimaster I°C bus
HuPD784038Y LPD784225Y
pHPD784038 LPD784225
Standard models Enhanced internal memory capacity 80-pin, ROM correction added
Pin-compatible with the uPD784026 '
LPD784026
Enhanced Supports multimaster I°C bus Supports multimaster I°C bus

A/D converter, uUPD784216AY UPD784218AY

16-bit timer, and

power management HPD784216A HPD784218A
100-pin, enhanced I/O and Enhanced internal memory
internal memory capacity capacity, ROM correction added

uPD784054
uPD784046
ASSP models On-chip 10-bit A/D converter
UPD784956A
- uPD784938A
For DC inverter control

Enhanced functions of the
uPD784908, enhanced
HPD784908 internal memory capacity,
ROM correction added.

On-chip IEBus™ controller

Supports multimaster 1°C bus
UPD784928Y

- UPD784928
uPD784915

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

Enhanced timer

UPD784976A

On-chip VFD controller/driver

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

1.1 Features

e High-capacity ROM and RAM

ltem Program Memory Data Memory
Mask ROM Flash Memory Peripheral High-Speed VFD Display
Part Number RAM RAM RAM
uPD784975A 96 KB — 3,072 bytes 512 bytes 96 bytes
uPD78F4976A — 128 KBNote 4,608 bytes

Note 96 KB can be selected by the memory size switching register (IMS).

e Minimum instruction execution time
* 160 ns (@fxx = 12.5 MHz operation)

e /O port: 72 pins

e VFD controller/driver: Total display output pins: 48 (universal grid compatible)
* Display current 10 mA: 16 pins
e Display current 3 mA: 32 pins

e 8-bit resolution A/D converter: 12 channels
e Supply voltage (AVop = 4.5 to 5.5 V)

e Serial interface: 3 channels
e 3-wire serial /O mode: 2 channels
* UART/IOE (3-wire serial 1/0): 1 channel

e Timer: 5 channels

e 16-bit timer/event counter: 1 channel

e 8-bit PWM timer: 2 channels
e Watch timer: 1 channel
e Watchdog timer: 1 channel
e Vectored interrupt source: 22
e Supply voltage: Vob =4.5t0 5.5V

1.2 Application Fields

Combined mini-component audio systems, separate mini-component audio systems, tuners, cassette decks, CD

players, and audio amplifiers

1.3 Ordering Information

Part Number Package Internal ROM
uPD784975AGF-xxx-3BA 100-pin plastic QFP (14 x 20) Mask ROM
uPD78F4976 AGF-3BA 100-pin plastic QFP (14 x 20) Flash memory

Remark xxx indicates ROM code suffix.
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CHAPTER 1 GENERAL

1.4 Pin Configuration (Top View)

* 100-pin plastic QFP (14 x 20): uPD784975AGF-xxx-3BA, 78F4976AGF-3BA

P25/S10/RxD0 O=—121
P26/SO0/TxD0 O=~—~{22
P27/SCKO/ASCKO O=—{23

Cautions 1

oroa
oooa
Or-N®m<SWLLLIIIL
Or MY LONOI -~ r S Q®
poaoaooaonaQannaaanll NN
T T T T T T T VI VI T T T W VN TR T o M o M o M o
1009998 97 96 9594 9392919089 8887 86 8584 838281
AVoo O————{1 80— O Vwoap
P10/ANI0 O———{2 O 79— Vob2
P11/ANH O—{3 78 f«—=0O P74/FIP20
P12/ANI2 O———~{4 77 f«—0O P75/FIP21
P13/ANI3 O——— {5 76 f«—0O P76/FIP22
P14/ANI4 O——— {6 75 f«—0O P77/FIP23
P15/ANI5 O———7 74 f«—0O P80/FIP24
P16/ANI6 O——— {8 73 ]«—>0O P81/FIP25
P17/ANI7 O————9 72 f«—O P82/FIP26

—_
o
~
-

POO/ANI8 O——
PO1/ANI9 O————{ 11
P02/ANI10 O———~{12
PO3/ANI11 O——13
AVss O—— 14

Vsst O——15

X1 O——{16

X2 O———17

Voot O———18

IC (Vep)) O——19
P20/TI00 O=—{20

~—0O P83/FIP27
~—=O P84/FIP28
~—O P85/FIP29
~—0O P86/FIP30
-0 P87/FIP31
-—O P90/FIP32
~—0O P91/FIP33
~—0O P92/FIP34
-—O P93/FIP35
~—0O P94/FIP36
~—=0O P95/FIP37
~—0O P96/FIP38
~—0O P97/FIP39
—O P100/FIP40
—O P101/FIP41
—O P102/FIP42
—O P103/FIP43
—O P104/FIP44
—O P105/FIP45
—O P106/FIP46
—O P107/FIP47

QAo OO DN
WOWO—=-MNWPhHhouoN©OO©O

P67/INTP2 O=—={24
P66/TIO51 O~—=|25
P65/INTP1 O=—={26
P64/INTPO O=—={27
P63/TIO50 O~——=|28
P62/SCK1 O=~—={29

P61/SO1 O=—{30
3132
=g
n
33
S

o

(S04, IS B¢ S, INé)
- NDWHo O

333435363738394

NSIBRD3
8@0_0_0_0_0_
Do

g8

o

o
IS
6]
'S
[«

Vsso O———
Vopo O——&
RESET O——{&
P47 O~—~8
P46 O~—R
P45 O=—"
P44 O=——
P43 O=~—%
P42 O-—&
p41 O~—+5
pagp O=—=8,,

. Directly connect the IC (Internally Connected) pin to Vss1 in the normal operation mode.
2.

When the A/D converter is used (ADCS = 1), use the AVop pin with the same potential as Vob1.
When the A/D converter is not used (ADCS = 0), the AVop pin can be used with the same
potential as Vssi.

Connect the AVss pin to Vssi.

Remarks 1. When the uPD784976A Subseries is used in applications where the noise generated inside the

26

microcontroller needs to be reduced, the implementation of noise reduction measures, such as
supplying voltage to Vbbo and Vob1 individually and connecting Vsso and Vss1 to different ground
lines, is recommended. Always keep Vbooo at the same potential as the Voo1. In addition, always
keep Vsso at the same potential as Vss1.

The value in parentheses is valid for the uPD78F4976A.
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ANIO to ANI11:
ASCKO:

AVbD:

AVss:

FIPO to FIP47:
IC:

INTPO to INTP2:
P00 to P03:

P10 to P17:

P20, P25 to P27:

P40 to P47:
P50 to P57:
P60 to P67:
P70 to P77:
P80 to P87:

Note The Vrp pin is available in the uPD78F4976A only.

Analog input
Asynchronous serial clock
Analog power supply
Analog ground
Fluorescent indicator panel
Internally connected
External interrupt input
Port 0

Port 1

Port 2

Port 4

Port 5

Port 6

Port 7

Port 8

P90 to P97:
P100 to P107:
RESET:
RxDO:

SCKO, SCK1, SCK2:

SI0 to Sl2:
SO0 to SO2:
TI00:

TIO50, TIO51:
TxDO:

Vbpo to Vbpz:
VLoAD:

VPPNote:

Vsso, Vssi:
X1, X2:

User's Manual U15017EJ2V0OUD

Port 9

Port 10

Reset

Receive data

Serial clock

Serial input

Serial output

Timer input

Timer input/output
Transmit data

Power supply
Negative power supply
Programming power supply
Ground

Crystal
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1.5 Block Diagram

<:>| Port 0 K: P00 to P03
8-bit PWM timer
TIO50/P63 =——= (TM50) /N:> <:>| Port 1 K: P10 to P17
<:>| Port 2 K:> P20, P25 to P27
TI051/P66 8-bit g‘,{/l"g’: ;'mer @ <t>| Port 4 K:> P40 to P47
é?:,K/'V ( Flash ) <:>| Port 5 K:> P50 to P57
TI00/P20 16-bit timer/counter \,/:> U core memory
(TMO) <:>| Port 6 K:> P60 to P67
Watchdog timer K\]:> @ V <:>| Port 7 K:> P70 to P77
sogaoers = | e ||| L = T S
SI0/RxDO/P25 —|  (SIOO/UART)
Al <:>| Port 9 K:> P90 to P97
SCK1/P62 ~— it
Serial interf;
S§1§P61 Da— ‘“‘”‘;‘S',“o‘f) ace @ <:>| Port 10 | > P100 to P107
11/P60 ——=
VFD FIPO to FIP47
Sgggfggg - | Serialinterface @ controller/driver
S|2/P55 ——] (S102) —— Vioap
«—— RESET
ANIO/P10 to
ANI7/P17, System control  |+~— §;
ANI8/P00 to \,/:>
ANI11/P03 A/D converter
':\\;DD K ) Watch timer
SS
INTPO/P64 ———
INTP1/P65 Interrtjlp’iltTc)ontroI \l/:>
INTP2/P67 Vopo, Vsso, IC
o Vob1, Vsst (Ver)
Vob2

Remarks 1. The internal ROM capacity varies depending on the product.

2. The flash memory pin and Vep pin are available in the uPD78F4976A only.
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1.6 Functional Outline

Part Number
Iltem

uPD784975A

UPD78F4976A

Internal memory

ROM Mask ROM Flash memory
96 KB 128 KBNote

Peripheral RAM 3,072 bytes 4,608 bytes

High-speed RAM | 512 bytes

VFD display RAM| 96 bytes

General-purpose register

8 bits x 16 registers x 8 banks, or 16 bits x 8 registers x 8 banks

Minimum instruction execution time

160 ns (@fxx = 12.5 MHz operation)

Instruction set

* 16-bit operation

* Multiplication/division (8 bits x 8 bits, 16 bits + 8 bits)
* Bit manipulation (set, reset, test, Boolean operation)

e BCD adjustment, etc.

1/0 port e Total: 72 pins

(including VFD-multiplexed pins) e CMOS input: 12 pin
* CMOS I/O: 20 pins
* N-ch open-drain I/O: 8 pins
e P-ch open-drain 1/O: 24 pins
e P-ch open-drain output: 8 pins

VFD controller/driver * Total display output: 48 pins
e Display current 10 mA: 16 pins
* Display current: 3 mA: 32 pins

A/D converter

e 8-bit resolution x 12 channels
e Supply voltage: AVoo = 4.5 t0 5.5V

Serial interface

e 3-wire serial I/O mode:

2 channels
e UART/IOE (3-wire serial I/0): 1 channel

Timer

¢ 16-bit timer/event counter: 1 channel
e 8-bit PWM timer: 2 channels
e Watch timer: 1 channel
e Watchdog timer: 1 channel

Timer output

2 pins (8-bit PWM output)

Vectored Maskable

Internal: 14, external: 3, internal/external: 2

interrupt source | Non-maskable

Internal: 1

Software

BRK, BRKCS instructions, operand error

Supply voltage

Voo =45t055V

Package

100-pin plastic QFP (14 x 20)

Note 96 KB can be selected by the memory size switching register (IMS)
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The following table summarizes the timers (for details, refer to CHAPTERS 7 16-BIT TIMER/EVENT COUNTER
and CHAPTER 8 8-BIT PWM TIMER).

Name 16-Bit Timer/Event 8-Bit PWM Timer 8-Bit PWM Timer
ltem Counter (TM50) (TM51)
Count width 8 bits — O O
16 bits @] O

Operation mode | Interval timer 1ch 1ch 1ch
External event counter O ©) ©)

Function Timer output — O O
PWM output — O ©)
Square wave output — O O
Pulse width measurement Two inputs — —
Number of interrupt requests 2 1 1

The following table summarizes the serial interface (for details, refer to CHAPTER 12 SERIAL INTERFACE).

Function SI0 S

3-wire serial /0 mode O (fixed to MSB) Q (fixed to MSB)
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1.7 Mask Option

The mask ROM version (uPD794975A) has mask options. By specifying the mask options when placing an order
for these versions, the pull-up and pull-down resistors shown in Table 1-1 can be used. If these mask options are
used when pull-up and pull-down resistors are necessary, the number of components can be decreased and the
mounting area can be reduced.

Table 1-1 shows the mask options available for the uPD784976A Subseries.

Table 1-1. Mask Options of Mask ROM Versions

Pin Name Mask Option

P50 to P57 Pull-up resistors can be specified in 1-bit units.

P70/FIP16 to P77/FIP23, Pull-down resistors can be specified in 1-bit units.
P80/FIP24 to P87/FIP31,
P90/FIP32 to P97/FIP39,
P100/FIP40 to P107/FIP47

Caution The emulation function using a mask option resistor is not available in the in-circuit emulator (IE).
Utilize the function by externally mounting a resistor on the board.
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2.1 Pin Function List

(1) Port pins (1/2)

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

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

On-chip pull-down resistor can be specified by mask option in 1-bit
units (mask ROM versions only). The uPD78F4976A does not have
pull-down resistors, however.

Pin Name I{e] Function After Reset Alternate
Function
P00 to P03 Input Port 0. — ANI8 to ANI11
4-bit input port.
P10 to P17 Input Port 1. — ANIO to ANI7
8-bit input port.
P20 I/0 Port 2. Input TI00
P25 4-bit 1/0O port. SI10/RxD0
P26 Input/c.Jutput can be. specified in 1-b|t. L.Jmts. o SO0/TXDO
On-chip pull-up resistor can be specified by a software setting in 1-
P27 bit or 8-bit units. SCKO/ASCKO
P40 to P47 110 Port 4. Input —
8-bit 1/0 port.
Input/output can be specified in 1-bit units.
On-chip pull-up resistor can be specified by a software setting per port.
Can directly drive LED.
P50 to P54 110 Port 5. Input —
N-ch open-drain 8-bit medium-voltage I/O port.
Input/output can be specified in 1-bit units.
On-chip pull-up resistor can be specified by mask option in 1-bit units
P55 (mask ROM versions only). The uPD78F4976A does not have pull- s|2
up resistors, however.
P56 2
Can directly drive LED. SO
P57 SCK2
P60 I/0 Port 6. Input Si1
P61 8-bit 1/0 port. SO1
P62 Input/output can be specified in 1-bit units. SCKi
P63 On-chip pull-up resistor can be specified by a software setting per port. TI050
P64 INTPO
P65 INTP1
P66 TIO51
P67 INTP2
P70 to P77 1/0 Port 7. Input FIP16 to FIP23
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(1) Port pins (2/2)

Pin Name

I/0

Function

After Reset

Alternate
Function

P80 to P87

I/0

Port 8.

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

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

On-chip pull-down resistor can be specified by mask option in 1-bit
units (mask ROM versions only). The uPD78F4976A does not have
pull-down resistors, however.

Input

FIP24 to FIP31

P90 to P97

I/0

Port 9.

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

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

On-chip pull-down resistor can be specified by mask option in 1-bit
units (mask ROM versions only). The uPD78F4976A does not have
pull-down resistors, however.

Input

FIP32 to FIP39

P100 to P107

Output

Port 10.

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

On-chip pull-down resistor can be specified by mask option in 1-bit
units (mask ROM versions only). The uPD78F4976A does not have
pull-down resistors, however.

FIP40 to FIP47
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(2) Non-port pins (1/2)

Pin Name 110 Function After Reset Alternate
Function
INTPO Input External interrupt request input for which a valid edge (rising, falling, Input P64
INTP1 or both rising and falling) can be specified. P65
INTP2 P67
SI0 Input Serial data output (3-wire serial 1/0 0) P25
SO0 Output | Serial data input (3-wire serial 1/0 0) P26
SCKo 1/0 Serial clock input/output (3-wire serial 1/0 0) P27
S Input | Serial data input (3-wire serial I1/0 1) P60
SO1 Output | Serial data output (3-wire serial I/0 1) P61
SCK1 1/0 Serial clock input/output (3-wire serial 1/0 1) P62
SI2 Input | Serial data input (3-wire serial 1/02) P55
S02 Output | Serial data output (3-wire serial 1/02) P56
SCK2 1/0 Serial clock input/output (3-wire serial 1/02) P57
RxDO Input | Serial data input (UART) P25/S10
TxDO Output | Serial data output (UART) P26/SO0
ASCKO Input Serial clock input (UART) P27/SCKO
TIOO Input External count clock input to 16-bit timer/event counter 0 (TMO) or P20
capture trigger signal input to the 16-bit capture/compare register
(CRO0/CRO01), or remote controller signal input
TIO50 1/0 External count clock input to or timer output from the 8-bit PWM timer P63
(TM50)
TIO51 External count clock input to or timer output from the 8-bit PWM timer P66
(TM51) or capture trigger signal input to the 16-bit capture/compare
register (CR00)
ANIO to ANI7 Input Analog voltage input for A/D converter P10 to P17
ANI8 to ANI11 P00 to P03
AVop — Analog supply voltage for A/D converter. — —
AVss Ground potential for A/D converter. To be set to the same potential as Vsst
FIPO to FIP15 | Output | High-voltage high-current output of VFD controller/driver. Output
FIP16 to FIP23 Input P70 to P77
FIP24 to FIP31 P80 to P87
FIP32 to FIP39 P90 to P97
FIP40 to FIP47 — P100 to P107
Vioap — Pull-down resistor connection of VFD controller/driver. —
RESET Input | System reset input.
X1 Crystal connection for main system clock oscillation.
X2 —
Voo Positive power supply to ports.
Vb1 Positive power supply (except ports, analog block, and VFD controller/driver)
Vb2 Positive power supply to VFD controller/driver.
Vsso Ground potential for ports.
Vsst Ground potential (except ports and analog block).
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(2) Non-port pins (2/2)

Pin Name 110 Function After Reset Alternate
Function
VppNote — High voltage is applied to this pin when program is written/verified. — —
In the normal operation mode, directly connect this pin to Vssi.
IC Internally connected. Directly connect this pin to Vssi.
Note Vrr is provided to the uPD78F4976A only.
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2.2 Pin Functions

2.2.1 P00 to P03 (Port 0)
P00 to P03 constitute a 4-bit input port. These pins function alternately as A/D converter analog inputs.
The following operation modes can be specified in 1-bit units.

(1) Port mode
In this mode, P00 to P03 function as a 4-bit input port.

(2) Control mode
In this mode, P00 to P03 function as A/D converter analog input pins (ANI8 to ANI11).

2.2.2 P10 to P17 (Port 1)
P10 to P17 constitute an 8-bit input port. These pins function alternately as A/D converter analog inputs.

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

(1) Port mode
In this mode, P10 to P17 functions as an 8-bit input port.

(2) Control mode
In this mode, P10 to P17 function as analog input pins (ANIO to ANI7) of the A/D converter.

2.2.3 P20, P25 to P27 (Port 2)

P20 and P25 to P27 constitute a 4-bit I/O port. These pins function alternately as data input/output for serial

interface 0, asynchronous serial interface, clock, and data input for the timer signal.
The following operation modes can be specified in 1-bit units.

(1) Port mode

In this mode, P20 and P25 to P27 function as a 4-bit I/O port. These pins can be set in the input or output
mode in 1-bit units by using the port 2 mode register (PM2). The on-chip pull-up resistor can be specified in

1-bit units using the pull-up resistor option register 2 (PU2).

(2) Control mode

In this mode, P20 and P25 to P27 function as data input/output for serial interface 0, the asynchronous serial

interface, the clock, and data input for the timer signal.

(a) Slo, SO0
These are serial data 1/O pins of the serial interface 0.

(b) SCKoO
This is a serial clock I/O pin of the serial interface 0.

(c) TIOO
This is a timer input pin of 16-bit timer counter 0 (TMO).

(d) RxDO, TxDO
These are serial data I/O pins of the asynchronous serial interface.
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(e) ASCKO

These are baud rate clock 1/0O pins of the asynchronous serial interface.

2.2.4 P40 to P47 (Port 4)

P40 to 47 constitute an 8-bit I/O port. These pins can be set in the input or output mode in 1-bit units using the
port 4 mode register (PM4). The on-chip pull-up resistor can be specified in 8-bit units using bit 4 (PUO4) of the pull-
up resistor option register (PUO) only when it is used as an input port.

This port can directly drive an LED.

2.2.5 P50 to P57 (Port 5)

P50 to P57 constitute an 8-bit I/O port. These pins function alternately as a data input/output for serial interface
2 and clock input/output.

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

M

()

Port mode

In this mode, port 6 functions as an 8-bit I/0 port. The port 5 mode register (PM5) can specify whether the
port functions as an input or output port, in 1-bit units.

These pins are N-ch open-drain pins. Pull-up resistors can be specified for these pins in the mask ROM
versions in 1-bit units using a mask option. The uPD78F4976A does not have pull-up resistors.

Control mode
In this mode, port 5 is provided with functions such as data input/output for serial interface 2 and clock input/

output.

(a) SI2 and SO2
These pins function as serial data 1/O pins for serial interface 2.

(b) SCK2
This pin functions as a serial clock 1/0 pin for serial interface 2.

2.2.6 P60 to P67 (Port 6)

P60 to P67 constitute an 8-bit I/O port. These pins function alternately as data input/output for serial interface 1,
clock input/output, timer input/output, and external interrupt request input.

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

M

)

Port mode

In this mode, port 6 functions as an 8-bit I/O port. The port 6 mode register (PM6) can specify whether the
port functions as an input or output port in 1-bit units.

Use of on-chip pull-up resistors can be specified in 8-bit units using bit 6 of the pull-up resistor option register
(PUO) only when port 6 is used as an input port.

Control mode
Inthis mode, port 6 is provided with functions such as data input/output for serial interface 1, clock input/output,

timer input/output, timer capture trigger signal input, and external interrupt request input.

(a) SI1 and SO1
These pins function as serial data 1/O pins for serial interface 1.
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(b) SCK1
This pin functions as a serial clock 1/0 pin for serial interface 1.

(c) TIO50 and TIO51
TIO50: This pin functions as an external count clock input pin and timer output pin for the 8-bit PWM
timer.
TIO51: This pin functions as an external count clock input pin and timer output pin for the 8-bit PWM
timer as well as a capture trigger signal input pin for the 16-bit capture/compare register 00
(CRO00).

(d) INTPO, INTP1, and INTP2
These pins function as external interrupt request input pins, for which a valid edge (rising, falling, or rising
and falling) can be specified.

2.2.7 P70 to P77 (Port 7)
P70 to P77 constitute an 8-bit I/O port. These pins are also used as VFD controller/driver output pins.
The following operation modes can be specified in 1-bit units.

(1) Port mode
In this mode, P70 to P77 function as an 8-bit I/O port.
These pins are P-ch open-drain pins. Pull-down resistors can be specified for these pins in the mask ROM
versions in 1-bit units using a mask option. The uPD78F4976A does not have pull-down resistors.

(2) Control mode
In this mode, P70 to P77 function as the output pins of the VFD controller/driver (FIP16 to FIP23).

2.2.8 P80 to P87 (Port 8)
P80 to P87 constitute an 8-bit I/O port. These pins are also used as VFD controller/driver output pins.
The following operation modes can be specified in 1-bit units.

(1) Port mode
In this mode, P80 to P87 function as an 8-bit I/0O port.
These pins are P-ch open-drain pins. Pull-down resistors can be specified for these pins in the mask ROM
versions in 1-bit units using a mask option. The uPD78F4976A does not have pull-down resistors.

(2) Control mode
In this mode, P80 to P87 function as the output pins of the VFD controller/driver (FIP24 to FIP31).

2.2.9 P90 to P97 (Port 9)
P90 to P97 constitute an 8-bit I/O port. These pins are also used as VFD controller/driver output pins.
The following operation modes can be specified in 1-bit units.

(1) Port mode
In this mode, P90 to P97 function as an 8-bit I/O port.
These pins are P-ch open-drain pins. Pull-down resistors can be specified for these pins in the mask ROM
versions in 1-bit units using a mask option. The uPD78F4976A does not have pull-down resistors.

(2) Control mode
In this mode, P90 to P97 function as the output pins of the VFD controller/driver (FIP32 to FIP39).
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2.2.10 P100 to P107 (Port 10)
P100 to P107 constitute an 8-bit output port. These pins are also used as VFD controller/driver output pins.
The following operation modes can be specified in 1-bit units.

(1) Port mode
In this mode, P100 to P107 function as an 8-bit output port.
These pins are P-ch open-drain pins. Pull-down resistors can be specified for these pins in the mask ROM
versions in 1-bit units using a mask option. The uPD78F4976A does not have pull-down resistors.

(2) Control mode
In this mode, P100 to P107 function as the output pins of the VFD controller/driver (FIP40 to FIP47).

2.2.11 FIPO to FIP15
These are the output pins of the VFD controller/driver.

2.2.12 Vioap
This pin connects a pull-down resistor to the VFD controller/driver.

2.2.13 AVobp
This pin supplies an analog voltage to the A/D converter.
Always keep this pin at the same potential as the Vbp1 pin even when the A/D converter is not used.

2.2.14 AVss
This is the ground pin of the A/D converter.
When the A/D converter is used (ADCS = 1), use the AVop pin with the same potential as Vbb1.
When the A/D converter is not used (ADCS = 0), the AVop pin can be used with the same potential as Vssi.

2.2.15 RESET
This pin inputs an active-low system reset signal.

2.2.16 X1 and X2
These pins connect a crystal resonator for main system clock oscillation.
To supply an external clock, input it to X1, and input a signal reverse to that input to X1, to X2.

2.2.17 Vooo to Vbb2

Voo supplies a positive voltage to the ports.

Vb1 supplies a positive voltage to the internal function blocks other than the ports, analog block, and VFD controller/
driver.

Vbb2 supplies a positive voltage to the VFD controller/driver.

2.2.18 Vsso and Vss1
Vsso is the ground pin for the ports.
Vss1 is the ground pin for the internal function blocks other than the ports and analog block.

2.2.19 Vrp (UPD78F4976A only)

A high voltage is applied to this pin when the flash memory programming mode is used and when a program is
written or verified.

Directly connect this pin to Vss1 in the normal operation mode.
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2.2.20 IC (Mask ROM product only)

The IC (Internally Connected) pin sets a test mode in which the uPD784975A is tested before shipment. Usually,
connect the IC pin directly to Vss1 with as short a wiring length as possible.

If there is a potential difference between the IC and Vss1 pins because the wiring length between the IC and Vss1
pin is too long, or external noise is superimposed on the IC pin, your program may not run correctly.

O Directly connect the IC pin to the Vssi.

Keep the wiring length as short as possible.
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2.3 Pin I/O Circuits and Connections of Unused Pins

The I/O circuit type of each pin and recommended connections of unused pins are shown in Table 2-1.

For the configuration of each 1/O circuit type, refer to Figure 2-1.

Table 2-1. Types of Pin 1/0O Circuits and Recommended Connection of Unused Pins

Pin Name 1/0 Circuit Type 110 Recommended Connection of Unused Pins
POO/ANI8 to PO3/ANI11 9 Input Connect to Vooo or Vsso
P10/ANIO to P17/ANI7
P20/T100 8-C 110 Input:  Independently connect to Vsso via a
P25/SI0/RxDO resistor
P26/SO0/TxD0 5-H Output: Leave open
P27/SCKO/ASCKO 8-C
P40 to P47 5-H
P60/SI1 8-C
P61/SO1 5-H
P62/SCK1 8-C
P63/TIO50
P64/INTPO
P65/INTP1
P66/TI051
P67/INTP2
Mask ROM version
P50 to P54, P55/SI2, P56/S02, 13-J 110 Input:  Independently connect to Vooo via a
P57/SCK2 resistor
Output: Leave open
P70/FIP16 to P77/FIP23 15-F 110 Input:  Independently connect to Vsso via a
P8O/FIP24 to P87/FIP31 resistor
P90/FIP32 to P97/FIP39 Output: Leave open
P100/FIP40 to P107/FIP47 14-F Qutput | Leave open
IC — — Directly connect to Vss1
UPD78F4976A
P50 to P54, P55/SI2, P56/S02, 13-K 110 Input:  Independently connect to Vooo via a
P57/SCK2 resistor
Output: Leave open
P70/FIP16 to P77/FIP23 15-E 110 Input:  Independently connect to Vsso via a
P8O/FIP24 to P87/FIP31 resistor
P9O/FIP32 to P97/FIP39 Output: Leave open
P100/FIP40 to P107/FIP47 14-E Output | Leave open
Vep — — Directly connect to Vss1
FIPO to FIP15 14-C Output | Leave open
RESET 2 Input —
AVop — — Connect to Vop1 or Vss1
AVss Connect to Vss1
Vioap
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Figure 2-1. Types of Pin I/O Circuits (1/2)

Type 2 Type 9
P-ch == Comparator
> IN
IN N-ch
- ;
VRer
(Threshold voltage)
Schmitt-triggered input with
hysteresis characteristics
Input
enable
Type 5-H Type 13-J
Vooo Voo
-+
Pull-up [Mask J
- [>o—| - Option
enable P-ch P & InjouT
v ) >~
o’ Output disable N-ch
Data —-:Do_l P-ch Vsso om0
IN/OUT
Output N-ch RD —| P-ch
disable
Vsso OQ
Input :l Medium-voltage input buffer
enable
Type 8-C Voo Type 13-K
Pull-up l,: | ; +—O IN/OUT
enable P-ch Data
Output disable :Do—l N-ch
Voo Vsso
Data »:Do_l P-ch \/bpo
IN/OUT AD | P-ch
Output < N-ch
disable OQ
Vsso
] Medium-voltage input buffer
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Figure 2-1. Types of Pin I/O Circuits (2/2)

Type 14-C Type 15- E VDo VDo
P-ch
Vopo Vopo
Data 0 IN/JOUT
P-ch
N-ch
Data ouT
Vsso
-«— N-ch
VioAD
Vsso D 4' N-ch
Vsso
Type 14-E Type 15 F Vbpo Vobo
Voo Vobo P-ch
Data +———O IN/OUT
P-ch
-«— N-ch
Data ouT
Vsso
{Mask }
Option
Vsso D 4| N-ch
""""""""" O Vioap
Vsso
Type 14-F
Voo Vopo
—l P-ch —l P-ch
Data — ‘ ouT
I [ Mask
4| N-ch % Option
|
V. |
50 - O Vioap
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3.1 Memory Space

The uPD784975A can access a 1 MB space. The mapping of the internal data space differs with the LOCATION
instruction (special function register and internal RAM). The LOCATION instruction must always be executed after
clearing a reset and cannot be used more than once.

The program after clearing a reset must be as follows.

RSTVCT CSEG AT O
DW RSTSTRT

to

INITSEG CSEG BASE

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

MOV MM, #80H

After clearing a reset, set the memory expansion mode register (MM) to 80H.

MM is used for selecting the speed at which instructions are fetched from internal ROM.
8-bit memory manipulation instructions are used to read and write MM.

Figure 3-1 shows the format of MM.

RESET input sets MM to 20H.

Figure 3-1. Format of Memory Expansion Mode Register (MM)

Address: OFFC4H After reset: 20H R/W

Symbol 7 6 5 4 3 2 1 0
MM IFCH 0 AW 0 0 0 0 0
IFCH AW Selection of speed instruction fetching from internal ROM
0 1 Low-speed mode (speed at which one byte is fetched every
six cycles)
1 0 Normal-speed mode (speed at which two bytes are fetched
every two cycles)
Other than above Setting prohibited

Caution After clearing a reset, be sure to set this register to 80H.
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(1) When the LOCATION OH instruction is executed

Internal memory

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

Part Number

Internal Data Area

Internal ROM Area

uPD784975A

OF100H to OFFFFH
OEAOQOH to OEA5FH

00000H to OE9FFH
10000H to 17FFFH

uUPD78F4976A

OEBOOH to OFFFFH
OEAOOH to OEA5FH

00000H to OE9FFH
10000H to 1FFFFH

Remark The following area, that overlaps the internal data area, cannot be used while the LOCATION OH
instruction is executing.

Part Name Unused Area
uPD784975A | OEAOOH to OFFFH (5,632 bytes)
uPD78F4976A

(2) When the LOCATION OFH instruction is executed

Internal memory

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

Part Number

Internal Data Area

Internal ROM Area

uPD784975A

FF100H to FFFFFH
FEAOOH to FEA5FH

00000H to 17FFFH

UPD78F4976A

FEBOOH to FFFFFH
FEAOOH to FEA5FH

00000H to 1FFFFH
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Figure 3-2. Memory Map of uPD784975A

On execution of LOCATION OH instruction On execution of LOCATION OFH instruction

anoAeraZiosin lenuep sJesn

FFFFFH FFFFFH[ Special function register (SFR)
FFFDFH[R s~~~ — I
Frroo|Note 1. |
FFFOOH 256 bytes
OFEFFH FFEFFH FFEFFH
Unused General-purpose Internal RAM
registers (128 bytes) (3,584 bytes)
OFE80H FFE80H FF100H
18000H OFE7FH FFE7FH FFOFFH Unused
17FFFH FEASFHf — - — — - - — — == - — - — _ ]
Internal ROM VFD display RAM
10000H (32,768 bytes) OFE2BH Macro service control FFE1DH FEAOQOH (FEAOOH to FEASFH)
OF'_I':_;;H [ Special function register (SFR)| oreosr| Word area (38 bytes) FFEOBH FEOFFH
orrpoH|Note 1. DB Bes~~ -
3552?3 S Data area (512 bytes)
OFDOOH FFDOOH
OFCFFH FFCFFH
Internal RAM Program/data area
(3,584 bytes) (3,072 bytes)
O0F100H OF100H FF100H
OFOFFH
Unused Unused
OFASFH VD display RAM A 17FFFH
OEAOOH (OEAOOH to OEASFH) 7777777 N 70%9727 777777
OEQFFH} | | o _________
OE9FFH
Program/data area
01000H Note 3
00FFFH
CALLF entry area
Note 4 (2 KB)
Internal ROM 00800H :fggg:
(59,904 bytes) 007FFH
00080H
0007FH
CALLT table area Internal ROM "
ote 4]
00040H (64 bytes) (96 KB)
0003FH
Vector table area
00000H 00000H (64 bytes) 00000H
Notes 1. Unused area
2. The 5,632 bytes in this area can be used as internal ROM only when the LOCATION OFH instruction is executing.
3. LOCATION OH instruction execution: 92,672 bytes; LOCATION OFH instruction execution: 98,304 bytes
4. This is the base area. It is used as an entry area upon the occurrence of a reset (except for internal RAM) or interrupt.
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Figure 3-3. Memory Map of uPD78F4976A

On execution of LOCATION OH instruction On execution of LOCATION OFH instruction

anoAeraZiosin lenuep sJesn

A4

Notes 1.
2.
3.
4.

FFFFFH FFFFFH| Special function register (SFR)
Freoon Note T~ I
FrrooH| "~ (256 bytes) ~~ ~ "
OFEFFH FFEFFH FFEFFH
Unused General-purpose Internal RAM
registers (128 bytes) (5,120 bytes)
OFE80H FFE8OH FEBOOH
20000H OFE7FH FFE7FH FEAFFH Unused
1FFFFH FEASFH} - — — — — — - — === -
Internal ROM VFD display RAM
(;FogggE (65,536 bytes) OFETDH| \1ocro service control FFE1DH EEQ&?: (FEAOOH to FEA5FH)
oFFDFH|SPScial function register (SFR)| orecsr| Word area (38 bytes) FFEOBH
orFpoHfNote 1 __ __ ]
ggggg: (256 bytes) Data area (512 bytes)
OFDOOH FFDOOH
Internal RAM OFCFFH FFCFFH
(5,120 bytes) Program/data area
(4,608 bytes)
OEBOOH OEBOOH FEBOOH
OEAFFH
Unused Unused
OEASFH[ ~ =1 * T T 1FFFFH FFFFH
VFD display RAM 00004 !
OEAOOH (OEAOOH to OEASFH) _______ N _0;9_2 _______
oeorrHl— .. 1 — | _____ T _____]
OEQFFH
Program/data area
01000H Note 3
00FFFH
CALLF entry area
Note 4 (2 KB)
Internal ROM 00800H 122,92,2:
(59,904 bytes) 007FFH
00080H
0007FH
CALLT table area Internal ROM Note 4
00040H (64 bytes) (128 KB)
0003FH
Vector table area
00000H 00000H (64 bytes) 00000H

Unused area
The 5,632 bytes in this area can be used as internal ROM only when the LOCATION OFH instruction is executing.
LOCATION OH instruction execution: 92,672 bytes; LOCATION OFH instruction execution: 98,304 bytes

This is the base area. It is used as an entry area upon the occurrence of a reset (except for internal RAM) or interrupt.

34NLO3LIHOHVY NdD € H3LdVHO



CHAPTER 3 CPU ARCHITECTURE

3.2 Internal ROM Area

The following products in the uPD784976A Subseries have internal ROMs that can store the programs and table
data.

If the internal ROM area or internal data area overlap when the LOCATION OH instruction is executing, the internal
data area becomes the access target. The internal ROM area in the overlapping part cannot be accessed.

Address Area
Part Number Internal ROM

LOCATION OH Instruction LOCATION OFH Instruction
uPD784975A 96 K x 8 bits 00000H to OE9FFH 00000H to 17FFFH
(Mask ROM) 10000H to 17FFFH
uPD78F4976A 128 K x 8 bits 00000H to OE9FFH 00000H to 1FFFFH
(Flash memory) 10000H to 1FFFFH

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

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

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

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

* Reset entry address

e Interrupt entry address

e Entry address for CALLT instruction

* 16-bit immediate addressing mode (instruction address addressing)
e 16-bit direct addressing mode

e 16-bit register addressing mode (instruction address addressing)

e 16-bit register indirect addressing mode

e Short direct 16-bit memory indirect addressing mode

This base area is allocated in the vector table area, CALLT instruction table area, and CALLF instruction entry
area.

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

The 64-byte area from 00000H to 0003FH is reserved as the vector table area. The program start addresses for
branching by interrupt requests and RESET input are stored in the vector table area. If context switching is used
by each interrupt, the register bank number of the switch destination is stored.

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

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

Table 3-1. Vector Table Address

Interrupt Source Vector Table Address
BRK instruction 003EH
Operand error 003CH
INTWDT (non-maskable) 0004H
INTWDT (maskable) 0006H
INTPO 0008H
INTP1 000AH
INTP2 000CH
INTTMOO 000EH
INTTMO1 0010H
INTKS 0012H
INTCSI1 0016H
INTTM50 0018H
INTTM51 001AH
INTAD 001CH
INTREM 00IEH
INTCSI2 0020H
INTSERO 0022H
INTSRO 0024H
INTSTO 0026H
INTWTI 0028H
INTWT 002AH

3.3.2 CALLT instruction table area

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

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

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

The area from 00800H to O0OFFFH can be for direct subroutine calls in the 2-byte call instruction (CALLF).

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

When you want to achieve high speed, describing direct subroutines in this area is effective.

If you want to decrease the object size, an unconditional branch (BR) is described in this area, and the actual
subroutine is placed outside of this area. When a subroutine is called from five or more locations, reducing the object
size is attempted. In this case, since only a 4-byte location for the BR instruction is used in the CALLF entry area,
the object size of many subroutines can be reduced.
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3.4 Internal Data Area

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

The final address in the internal data area can be set to OFFFFH (when executing the LOCATION OH instruction)
or FFFFFH (when executing the LOCATION OFH instruction) by the LOCATION instruction. The address selection
of the internal data area by this LOCATION OH must be executed once immediately after a reset is cleared. After
one selection, updating is not possible. The program following a reset clear must be as shown in the example. If
the internal data area and another area are allocated to the same address, the internal data area becomes the access
target, and the other area cannot be accessed.

CSEG AT O
DW RSTSTRT

Example RSTVCT

to

INITSEG
RSTSTRT:

CSEG BASE
LOCATION OH ;
MOVG SP, #STKBGN
MOV MM, #80H

or LOCATION OFH

Caution When the LOCATION OH instruction is executing, the program after clearing the reset must not
overlap the internal data area. In addition, make sure the entry address of the servicing routine
for a non-maskable interrupt does not overlap the internal data area. The entry area for a
maskable interrupt must be initialized before referencing the internal data area.

3.4.1 Internal RAM area

The uPD784975A has an on-chip general-purpose static RAM.
This space has the following configuration.

Peripheral RAM (PRAM)
Internal RAM area |:
Internal high-speed RAM (IRAM)

Table 3-2. Internal RAM Area List

Internal RAM Internal RAM Area

Part Number

Peripheral RAM: PRAM

Internal High-speed RAM: IRAM

(OEBOOH to OFEFFH)

uPD784975A 3,584 bytes 3,072 bytes
(OF100H to OFEFFH) | (OF100H to OFCFFH)
HPD78F4976A 5,120 bytes 4,608 bytes

(OEBOOH to OFCFFH)

512 bytes
(OFDOOH to OFEFFH)

Remark The addresses in the table are the values when the LOCATION OH instruction is executing. When

the LOCATION OFH instruction is executing, OFO000H is added to the above values.
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Figure 3-4 shows the internal RAM memory map.

Figure 3-4. Memory Map of Internal RAM

00FEFFH
General-purpose
register area
OOFE80H
Available range for short
direct addressing 1
00FE2BH
Macro service
control word area
00FEO6H
Internal high-speed RAM
O0FEOOH | T T T L) A
00FDFFH
Available range for short
direct addressing 2
oOFD20H | ]
00FD1FH
00FDOOH
00FCFFH
Peripheral RAM
Differs according to the productNote

Note ©PD784975A: O0OOF100H
uPD78F4976A: 00EBOOH

Remark The addresses in the figure are the values when the LOCATION OH instruction is executing. When the
LOCATION OFH instruction is executing, OFO000H is added to the above values.
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Internal high-speed RAM (IRAM)

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

A program cannot be fetched from IRAM. If a program is fetched from an address that is mapped by IRAM, the
CPU runs wild.

The following areas are reserved in IRAM.

e General-purpose register area: FE80H to FEFFH
e Macro service control word area: FEO6H to FE2BH
e Macro service channel area: FEOOH to FEFFH (The address is set by a macro service control word.)

When reserved functions are not used in these areas, they can be used as normal data memory.

Remark Theaddressesinthistextarethe addresses whenthe LOCATION OH instructionis executing. When
the LOCATION OFH instruction is executing, OFOO00H is added to the values in this text.

Peripheral RAM (PRAM)

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

A program fetch from the peripheral RAM is high speed and can occur in two clocks in 2-byte units.

3.4.2 Special function register (SFR) area

The special function register (SFR) of the on-chip peripheral hardware is mapped to the area from OFFOOH to

OFFFFH (refer to Figures 3-2 and 3-3).

54

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

Remark The addresses in this text are the addresses only when the LOCATION OH instruction is executing. If
the LOCATION OFH instruction is executing, OFOO00H is added to the values in the text.
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3.5 uPD78F4976A Memory Mapping

The uPD78F4976A has a 128 KB flash memory and 5,120-byte internal RAM.

The uPD78F4976A has a function (memory size switching function) so that a part of the internal memory is not
used by the software.

The memory size is switched by the internal memory size switching register (IMS).

Based on the IMS setting, the memory mapping can be the same memory mapping as the mask ROM products
with different internal memories (ROM, RAM).

IMS can only be written by an 8-bit memory manipulation instruction.

'RESET input sets IMS to FFH.

Figure 3-5. Format of Internal Memory Size Switching Register (IMS)

Address: OFFFCH After reset: FFH W

Symbol 7 6 5 4 3 2 1 0
IMS 1 1 ROM1 ROMO 1 1 RAM1 RAMO
ROM1 ROMO Internal ROM capacity selection
0 0 Setting prohibited
0 1 Setting prohibited
1 0 96 KB
1 1 128 KB
RAM1 RAMO Internal RAM capacity selectionNote
0 0 Setting prohibited
0 1 3,584 bytes
1 0 Setting prohibited
1 1 5,120 bytes

Note The internal RAM capacity is the sum of the peripheral RAM capacity and high-speed RAM capacity.

Cautions 1. The mask ROM version (uPD784975A) does not have an IMS.
Even if the IMS write instruction is executed in the mask ROM version, it does not have
any effect on operations.
2. In the case that the yPD78F4976A is selected as the emulation CPU in the in-circuit
emulator, the memory size would always be “FFH” even if a write instruction other than
FFH is executed to IMS.

Table 3-3 shows the IMS settings that have the same memory map as the mask ROM version.

Table 3-3. Settings of the Internal Memory Size Switching Register (IMS)

Target Mask ROM Version IMS Setting

LPD784975A EDH
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3.6 Control Registers
The control registers are the program counter (PC), program status word (PSW), and stack pointer (SP).

3.6.1 Program counter (PC)

Thisis a 20-bit binary counter that saves address information about the program to be executed next (refer to Figure
3-6).

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

RESET input sets the lower 16 bits of the PC to the 16-bit data at addresses 0 and 1, and 0000 in the higher 4
bits of the PC.

Figure 3-6. Format of Program Counter (PC)

19 0
PC| |

3.6.2 Program status word (PSW)

The program status word (PSW) is a 16-bit register that consists of various flags that are set and reset based on
the result of the instruction execution.

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

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

RESET input resets all of the bits to 0.

Always write 0 in the bits indicated by “0” in Figure 3-7. The contents of bits indicated by “-” are undefined when
read.
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Figure 3-7. Format of Program Status Word (PSW)

Symbol 7 6 5 4 3 2 1 0

PSWH | uF | mes2 | mest | meso | — [ — | — | — |
5 4 3 2 1 0

psw. [ s | z | ms | ac | E [ pv | o | ov |

Each flag is described below.

(1) Carry flag (CY)
This is the flag that stores the carry or borrow of an operation result.
When a shift rotate instruction is executed, the shifted out value is stored. When a bit manipulation instruction
is executed, this flag functions as the bit accumulator.
The CY flag state can be tested by a conditional branch instruction.

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

e Parity flag action
The results of executing the logical instructions, shift rotate instructions, and CHKL and CHKLA instructions
are setto 1 when an even number of bits is setto 1. If the number of bits is odd, the resultis resetto 0. However,
for 16-bit shift instructions, the parity flag from only the lower 8 bits of the operation result is valid.

* Overflow flag action
The result of executing an arithmetic operation instruction is set to 1 only when the numerical range expressed
in two’s complement is exceeded. Otherwise, the result is reset to 0. Specifically, the result is the exclusive
Or of the carry from the MSB and the carry to the MSB and becomes the flag contents. For example, in 8-
bit arithmetic operations, the two’s complement range is 80H (-128) to 7FH (+127). If the operation result
is outside this range, the flag is set to 1. If inside the range, it is reset to 0.

User's Manual U15017EJ2VOUD 57



CHAPTER 3 CPU ARCHITECTURE

Example The action of the overflow flag when an 8-bit addition instruction is executed is described next.

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

78H (+120) = 0111 1000
+) B9H (+105) = +) 0110 1001
0 1110 0001 = —31 P/V = 1
1
cY

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

FBH (-5) = 1111 1011
+) FOH (-16) = +) 1111 0000
1 1110 1011 =-21P/V =0
1
CcYy

(3) Interrupt request enable flag (IE)
This flag controls the CPU interrupt request acknowledgement.
If IE is O, interrupts are disabled, and only non-maskable interrupts and unmasked macro services can be
accepted. Otherwise, everything is disabled.
If IE is 1, the interrupt enable state is entered. Enabling the acknowledgement of interrupt requests is controlled
by the interrupt mask flags that correspond to each interrupt request and the priority of each interrupt.
Thisflagis setto 1 by executing the El instruction and is reset to 0 by executing the Dl instruction or acknowledging
an interrupt.

(4) Auxiliary carry flag (AC)
If the operation result has a carry from bit 3 or a borrow to bit 3, this flag is set to 1. Otherwise, the flag is reset
to 0.
This flag is used when the ADJBA and ADJBS instructions are executing.

(5) Register set selection flag (RSS)
This flag sets the general-purpose registers that function as X, A, C, and B and the general-purpose register pairs
(16 bits) that function as AX and BC.
This flag is used to maintain compatibility with the 78K/IIl Series. Always set this flag to 0 except when using
a 78K/Ill Series program.

(6) Zero flag (2)
This flag indicates that the operation result is 0.
If the operation result is 0, this flag is set to 1. Otherwise, it is reset to 0. The state of the Z flag can be tested
by conditional branch instructions.
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(7) Sign flag (S)
This flag indicates that the MSB in the operation result is 1.
The flag is set to 1 when the MSB of the operation resultis 1. If O, the flag is reset to 0. The S flag state can
be tested by the conditional branch instructions.

(8) Register bank selection flags (RBS0 to RBS2)
This is the 3-bit flag that selects one of the eight register banks (register banks 0 to 7). (Refer to Table 3-4.)

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

Table 3-4. Register Bank Selection

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

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

3.6.3 Using the RSS bit

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

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

The RSS bit enables the functions in A (R1), X (R0), B (R3), C (R2), AX (RP0), and BC (RP1) to also be used
in registers R4 to R7 (RP2, RP3). When this bit is effectively used, efficient programs in terms of program size and
program execution can be written.

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

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

Even if a program where the RSS bit is set to 1 is used, when possible, it is recommended to use the program
after modifying the program so that the RSS bit is not set to 1.
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Using the RSS bit
* Registers used in instructions where the A, X, B, C, and AX registers are directly described in the operand
column of the operation list (refer to 20.2)

* Registersthatare implicitly specified in instructions that use the A, AX, B, and C registers by implied addressing

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

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

e When RSS =0
A—R1, X—>R0, B—»R3, C—»R2, AX—->RP0, BC—RP1

e When RSS =1
A—R5, X—»R4, B—»R7, C—»R6, AX—>RP2, BC—RP3

The registers used in other cases always become the same registers regardless of the contents of the RSS bit.
For registers A, X, B, C, AX, and BC in NEC assembler RA78K4, instruction code is generated for any register
described by name or for registers set by an RSS pseudo instruction in the assembler.

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

<Program examples>

e When RSS =0

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

e When RSS =1

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

Generation of instruction code in the RA78K4

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

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

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

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

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

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

(3) Cautions on use
Switching the RSS bit obtains the same effect as holding two register sets. However, be careful and write the
program so that implicit descriptions in the program and dynamically changing the RSS bit during program
execution always agree.
Also, since a program with RSS = 1 cannot be used in a program that uses context switching, the portability of
the program becomes poor. Furthermore, since different registers having the same name are used, the readability
of the program worsens, and debugging becomes difficult. Therefore, when RSS = 1 must be used, write the
program while taking these problems into consideration.
A register that does not have the RSS bit set can be accessed by specifying the absolute name.
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3.6.4 Stack pointer (SP)

The 24-bit register saves the starting address of the stack (LIFO: 00000H to FFFFFFH) (refer to Figure 3-8). The
stack is used for addressing during subroutine processing or interrupt servicing. Always set the higher 4 bits to zero.

The contents of the SP are decremented before writing to the stack area and incremented after reading from the
stack (refer to Figures 3-9 and 3-10).

SP is accessed by special instructions.

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

Example Initializing SP
MOVG SP, #O0FEEOH ; SP « OFEEOH (when used from FEDFH)
Figure 3-8. Format of Stack Pointer (SP)

23 0
SP |
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SP m»
|
SP-1
|
SP-2
|
SP-3
SP « SP-3

Figure 3-9. Data Saved to the Stack

PUSH sfr instruction

stack

SP =
|

PUSH sfrp instruction

SP-1

SP « SP-1

PUSH PSW instruction

stack
SP =
{
Slz—1 High byte
SP-2 Low byte
SP « SP-2

PUSH rg instruction

stack stack
SP = SP =
s}q PIWH710| Undefined s%q High byte
SP-2 PSWL SP-2 Middle byte
SP « SP-2 Sé—s Low byte
SP « SP-3

CALL, CALLF, CALLT
instruction stack

Undefined |PC19 to PC16

PC15 to PC8

PC7 to PCO

SP m»
\
SP-1
l
SP-2
l
SP-3
l
SP-4
SP « SP-4
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Vectored interrupt
stack

PSWH? to

PSWH« PC19to PC16

PSWL

PC15 to PC8

PC7 to PCO

PUSH post, PUSHU post instructions
(For PUSH AX, RP2, RP3) stack

SP =
l
SP—1
{
SP-2
1
SP-3
\
SP—4
{
SP-5
l
SP-6
SP « SP-6

R7

R6

R5

R4

RP3

RP2

AX
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SP«SP+3
SP+2
T
SP+1
0
SP =

Figure 3-10. Data Restored from the Stack

POP sfr instruction

stack
SP«SP+1 SP«SP+2
SP+1 SP+1
T T
SP = Sp =
POP PSW instruction
stack
SPeS{’+2 SP«SP+3
PSWH7to| ot
SP+1 |pSWHs o SP+2
SP = PSWL STP+1
SP m»

RET instruction
stack

_Note

PC19to PC16

PC15 to PC8

PC7 to PCO

Note This 4-bit data is ignored.

SP«SP+4
SP+3
T
SP+2
)
SP+1
T
SPp =

RETI, RETB instruction

POP sfrp instruction

stack

High byte

Low byte

POP rg instruction

stack

High byte

Middle byte

Low byte

POP post, POPU post instructions

(For POP AX, RP2, RP3) stack

stack
SP«SP+6
PSWH?7to
PSWHa PC19to PC16 Sr+5
PSWL STP+4
PC15 to PC8 STI?+3
PC7 to PCO STP+2
SP+1
T
SP =
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Cautions 1. In stack addressing, the entire 1 MB space can be accessed, but the stack cannot be
guaranteed in the SFR area and internal ROM area.

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

RSTVCT CSEG AT O
DW RSTSTRT
to

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

3.7.1 Configuration

There are sixteen 8-bit general-purpose registers. In addition, two 8-bit general-purpose registers can be combined
and used as a 16-bit general-purpose register. Furthermore, four of the 16-bit general-purpose registers are combined
with an 8-bit register for address expansion and used as a 24-bit address specification register.

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

internal RAM.

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

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

Figure 3-11. Format of General-Purpose Register
7 07
A (R1) " X(RO)
AX(RPO)
B (R3) " C(R2)
BC (RP1)
R5 ! R4
RP2
] R7 : R6
] RP3
| R9 | R8
‘ VP (RP4)
VVP (RG4)
| R11 R10
| UP (RP5)
UUP (RG5)
. D(R13) |  E(R12)
| DE (RP6)
TDE (RG6)
. H(R15) | L(R14)
| HL (RP7)
WHL (RG7)

23

15

Remark The parentheses enclose the absolute names.
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Figure 3-12. General-Purpose Register Addresses

8-bit processing 16-bit processing

FEFFHNote RBNKO H (R15) | L (R14) En) HL (RP7) &n

RBNK1 D (R13) (on)| E (R12) (cH) DE (RP6) (cH)

RBNK2 R11 @h) R10 (an) UP (RP5) (an)

RBNK3 R9 (oH) R8 (8H) VP (RP4) (sH)

RBNK4 R7 () R6 (6H) RP3 (1)

RBNK5 R5 (sH) R4 an) RP2 (n)

RBNK6 B (R3) @1 | C (R2) 1) BC (RP1) @)
FEgOHNote RBNK7 AR1) aw | X (RO) om AX (RPO) o1

7 07 0 15 0

Note These are the addresses when the LOCATION OH instruction is executing. The addresses when the
LOCATION OFH instruction is executed are the sum of the above values and OFO000H.

Caution R4, R5, R6, R7, RP2, and RP3 can be used as the X, A, C, B, AX, and BC registers when the RSS
bit in the PSW is set to 1. However, use this function only when using a 78K/Ill Series program.

Remark When changing the register bank and when returning to the original register bank is necessary, execute
the SEL RBn instruction after using the PUSH PSW instruction to save the PSW to the stack. If the stack
position is not changed when returning to the original state, the POP PSW instruction is used to return.
When the register banks in the vectored interrupt processing program are updated, PSW is automatically
saved on the stack when an interrupt is accepted and returned by the RETI and RETB instructions.
Therefore, when one register bank is used in an interrupt servicing routine, only the SEL RBn instruction
is executed, and the PUSH PSW or POP PSW instruction does not have to be executed.

Example When register bank 2 is specified

PUSH PSW
SEL RB2
' Operation in register bank 2

POP PSW

Operation in original register bank
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3.7.2 Functions

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

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

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

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

Each register has the unique functions shown below.

A (R1):

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

e This register can be used to store bit data.

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

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

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

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

B (R3):

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

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

C (R2):

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

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

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

RP2:
¢ When context switching is used, this register saves the lower 16 bits of the program counter (PC).

RP3:

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

UUP (RG5):

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

e Thisregisterfunctions as a pointerand acts as the register that specifies the base address during register indirect
addressing and based addressing.

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

TDE (RG6):

e This register functions as a pointer and sets the base address in register indirect addressing and based
addressing.

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

WHL (RG7):

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

e This register functions as a pointer and specifies the base address during register indirect addressing or based
addressing.

e This functions as a pointer in string and SACW instructions.
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In addition to its function name (X, A, C, B, E, D, L, H, AX, BC, VP, UP, DE, HL, VVP, UUP, TDE, WHL) that
emphasizes its unique function, each register can be described by its absolute name (R0 to R15, RP0 to RP7, RG4
to RG7). For the correspondence, refer to Table 3-5.

Table 3-5. Correspondence Between Function Names and Absolute Names

(a) 8-bit registers

Absolute Name

Function Name

(b) 16-bit registers

RSS

=0 | RSS= {Note

RO

R1

R2

R3

w|O|>

R4

R5

R6

R7

W O[> |X

R8

Absolute Name Function Name
RSS =0 RSS = 1Note

RPO AX

RP1 BC

RP2 AX
RP3 BC
RP4 VP VP
RP5 uP uP
RP6 DE DE
RP7 HL HL

R9

R10

R11

(c) 24-bit registers

R12

R13

R14

R15

T |- |[|O|m

T |- |[|O|m

Absolute Name Function Name
RG4 VVP
RG5 uupP
RG6 TDE
RG7 WHL

Note Use RSS = 1 only when a 78K/Ill Series program is used.

Remark R8 to R11 do not have function names.
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3.8 Special Function Registers (SFRs)

These registers are assigned special functions such as the mode register and control register of the on-chip
peripheral hardware and are mapped to the 256-byte area from OFFOOH to OFFFFHNote,

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

Caution In this area, do not access an address that is not allocated by an SFR. If erroneously accessed,
the uPD784975A enters the deadlock state. The deadlock state is released only by reset input.

Table 3-6 shows the list of special function registers (SFRs). The meanings of the items are described next.

e Symbol

* R/W

e Bit units for manipulation ---

o After reset

This symbol indicates the on-chip SFR. In NEC assembler RA78K4, this is a
reserved word. In C compiler CC78K4, it can be used as an sfr variable by a
#pragma sfr directive.

Indicates whether the corresponding SFR can be read or written.

R/W: Can read/write

R: Read only

W: Write only

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

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

Indicates the state of each register when RESET is input.
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Table 3-6. Special Function Register (SFR) List (1/3)

Address Name of Special Function Register (SFR) Symbol R/W | Bit Units for Manipulation | After Reset
Note 1 1 Bit | 8 Bits |16 Bits
OFFOOH | Port 0 PO R O O — Undefined
OFFO1H | Port 1 P1 O O —
OFF02H | Port 2 P2 Rw| O o — | 0QHNote 2
OFFO04H | Port 4 P4 O O —
OFFO5H | Port 5 P5 @) @) —
OFF06H | Port 6 P6 (©) (©) —
OFFO7H | Port7 P7 O O —
OFFO8H | Port 8 P8 O O —
OFFQ9H | Port 9 P9 @) @) —
OFFOAH | Port 10 P10 O O —
OFFOBH | Port read 7 PLR7 R O O — Undefined
OFFOCH | Port read 8 PLR8 O O —
OFFODH | Port read 9 PLR9 O O —
OFF10H | 16-bit timer counter O TMO — — O 0000H
OFF12H | 16-bit capture/compare register 00 CRO00 RW | — — O
(16-bit timer/event counter)
OFF14H | 16-bit capture/compare register 01 CRO1 — — O
(16-bit timer/event counter)
OFF16H | Capture/compare control register 0 CRCO O O — 00H
OFF18H | 16-bit timer mode control register 0 TMCO O O —
OFF1BH | Watch timer clock select register WTCL O O —
OFF1CH | Prescaler mode register 0 PRMO O O —
OFF1EH | Remote controller mode register REMM O O —
OFF22H | Port 2 mode register PM2 O O — FFH
OFF24H | Port 4 mode register PM4 O O —
OFF25H | Port 5 mode register PM5 O O —
OFF26H | Port 6 mode register PM6 O O —
OFF32H | Pull-up resistor option register 2 PU2 O O — 00H
OFF4EH | Pull-up resistor option register PUO O O —
OFF50H | 8-bit timer counter 50 TM50 | TM5 R — O O
OFF51H | 8-bit timer counter 51 TM51 — O —
OFF52H | 8-bit compare register 50 CR50 | CR5 RW | — O O
OFF53H | 8-bit compare register 51 CR51 — O —
OFF54H | 8-bit timer mode control register 50 TMC50| TMC5 O O O 04H
OFF55H | 8-bit timer mode control register 51 TMC51 O O —
OFF56H | Timer clock select register 50 TCL50 | TCL5 O O O 00H
OFF57H | Timer clock select register 51 TCL51 O O —

Notes 1. These values are when the LOCATION OH instruction is executing.

72

instruction is executing, FOOOOH is added to these values.

When the LOCATION OFH

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

is initialized to 0.
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Table 3-6. Special Function Register (SFR) List (2/3)

Address Name of Special Function Register (SFR) Symbol R/W | Bit Units for Manipulation | After Reset
Note 1 Bit | 8 Bits |16 Bits
OFF70H | Asynchronous serial interface mode register 0| ASIMO R/W O O — 00H
OFF72H | Asynchronous serial interface status register 0| ASISO R O O —
OFF74H | Transmit shift register 0 TXS0 w — O — FFH
Receive buffer register 0 RXBO R — O —
OFF76H | Baud rate generator control register 0 BRGCO RW | O O —
OFF7AH | Oscillation mode select register cc R O O — 00H
OFF80H | A/D converter mode register ADM RW | O O —
OFF81H | A/D converter input select register ADIS O O —
OFF83H | A/D conversion result register ADCR R — O — Undefined
OFF90H | Serial operation mode register 0 CsIM0 RIW| O O — 00H
OFF91H | Serial operation mode register 1 CSIM1 O O —
OFF92H | Serial operation mode register 2 CSIM2 O O —
OFF94H | Serial I/O shift register 0 SI00 — O —
OFF95H | Serial I/O shift register 1 SIOo1 — O —
OFF96H | Serial I/O shift register 2 SI02 — O —
OFF9CH | Watch timer mode control register WTM O O —
OFFAOH | External interrupt rising edge enable register 0 EGPO O O —
OFFA2H | External interrupt falling edge enable register O EGNO O O —
OFFA8H | In-service priority register ISPR R O O —
OFFA9H | Interrupt select control register SNMI RW| O O —
OFFAAH | Interrupt mode control register IMC O O — 80H
OFFACH | Interrupt mask register OL MKOL | MKO O O O FFH
OFFADH | Interrupt mask register OH MKOH O O —
OFFAEH | Interrupt mask register 1L MK1L O O — FFH
OFFBOH | Display mode register 0 DSPMO O O — 10H
OFFB2H | Display mode register 1 DSPM1 O O — 01H
OFFB4H | Display mode register 2 DSPM?2 O O — 00H
OFFCOH | Standby control register STBC — O — 30H
OFFC2H | Watchdog timer mode register WDM — O — 00H
OFFC4H | Memory expansion mode register MM O O — 20H
OFFCFH | Oscillation stabilization time specification register| OSTS O O — 00H
OFFDOH- | External SFR area — O O — —
OFFDFH
OFFEOH | Interrupt control register (INTWDT) WDTIC — 43H
OFFE1H | Interrupt control register (INTPO) PICO —
OFFE2H | Interrupt control register (INTP1) PIC1 —

Note These are the values when the LOCATION OH instruction is executing.

instruction is executing, FOOOOH is added to this value.
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Table 3-6. Special Function Register (SFR) List (3/3)

Address Name of Special Function Register (SFR) Symbol R/W | Bit Units for Manipulation | After Reset
Note 1 Bit | 8 Bits |16 Bits
OFFE3H | Interrupt control register (INTP2) PIC2 RW| O O — 43H
OFFE4H | Interrupt control register (INTTMOO) TMICO00 O O —
OFFE5H | Interrupt control register (INTTMO1) TMICO1 O O —
OFFE6H | Interrupt control register (INTKS) KSIC O O —
OFFE7H | Interrupt control register (INTCSIO) CSlICo O O —
OFFES8H | Interrupt control register (INTCSI1) CsliC1 O O —
OFFE9H | Interrupt control register (INTTM50) TMIC50 O O —
OFFEAH | Interrupt control register (INTTM51) TMIC51 O O —
OFFEBH | Interrupt control register (INTAD) ADIC O O —
OFFECH | Interrupt control register (INTREM) REMIC O O —
OFFEDH | Interrupt control register (INTCSI2) cslic2 O O —
OFFEEH | Interrupt control register (INTSERO) SERICO O O —
OFFEFH | Interrupt control register (INTSRO) SRICO O O —
OFFFOH | Interrupt control register (INTSTO) STICO O O —
OFFF1H | Interrupt control register (INTWTI) WTIIC O O —
OFFF2H | Interrupt control register (INTWT) WTIC O O —
OFFFCH | Internal memory size switching register IMS W — O — FFH

Note These are the values when the LOCATION OH instruction is executing. When the LOCATION OFH
instruction is executing, FOOOOH is added to this value.
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3.9 Cautions

(1)

(2)

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

Special function register (SFR)
Do not access an address that is allocated to an SFR in the area from OFFOOH to OFFFFHNote_ |f mistakenly
accessed, the uPD784975A enters the deadlock state. The deadlock state is only released by RESET input.

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

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

Stack pointer (SP) initialization

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

RSTVCT CSEG AT 0
DW RSTSTRT
to

INITSEG CSEG BASE
RSTSTRT: LOCATION OH; or LOCATION OFH
MOVG SP, #STKBGN
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4.1 Port Functions
The uPD784976A Subseries incorporates 12 input ports, eight output ports and 52 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 considerably varied

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

Figure 4-1. Port Types

(<«——>| P60 P00 |f=———
- P01 |=——
P02 Port 0

Port 6 PO3
-

B B
-

_ «—| P67

(<— P70 P10 |f«———
R E— e
- |«
- |-

Port 7 - P Port 1
- |-
- e E——

L\ -— P77 P17 |«=———

(<«—| P80 P20 je=———>

-~ P25 |j=———
P26 Port 2

- » P27 |«e—»

Port8 4

-
-

 -<—>| P87

(<— P90 P40 fe—
e E—— |«
B E— | «—— >
- |

Port 9 Port 4
B — | «—— >
B E——— |

L =—> P97 PA7 e J
(=<— P100 P50 [«=——)
- |
B |«
- B
Port 10 - - Port 5
B E— |«
- [

L <— P107 P57 |«———> )
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Table 4-1. Port Function

Pin Name Function Alternate
Function
P00 to P03 Port 0. ANI8 to ANI11
4-bit input port.
P10 to P17 Port 1. ANIO to ANI7
8-bit input port.
P20 Port 2. TIOO
P25 4-bit 1/0 port. SI10/RxD0
P26 Input/output can be specified in 1-bit units. SO0/TxDO
On-chip pull-up resistor can be specified by a software setting in 1-bit or 8-bit units. —
P27 P pul-up P y 9 SCKO/ASCKO
P40 to P47 Port 4. —
8-bit 1/0 port.
Input/output can be specified in 1-bit units.
Can directly drive LED.
On-chip pull-up resistor can be specified by a software setting in 8-bit units when this port
is used as input port.
P50 to P54 Port 5. —
N-ch open-drain 8-bit medium-voltage I/O port.
Input/output can be specified in 1-bit units.
P55 Can directly drive LED. si2
P56 On-chip pull-up resistor can be specified by mask option in 1-bit units (mask ROM versions So2
only). The uPD78F4976A does not have pull-up resistors, however.
P57 SCK2
P60 Port 6. S
P61 8-bit 1/0 port. SO1
P62 Input/output can be specified in 1-bit units. SCKi
P63 On-chip pull-up resistor can be specified by a software setting in 8-bit units when this port is TI050
used as input port.
P64 INTPO
P65 INTP1
P66 TIO51
P67 INTP2
P70 to P77 Port 7. FIP16 to FIP23
P-ch open-drain 8-bit high-voltage I/O port.
Input/output can be specified in 1-bit units.
On-chip pull-down resistor can be specified by mask option in 1-bit units (mask ROM
versions only). The uPD78F4976A does not have pull-down resistors, however.
P80 to P87 Port 8. FIP24 to FIP31
P-ch open-drain 8-bit high-voltage I/O port.
Input/output can be specified in 1-bit units.
On-chip pull-down resistor can be specified by mask option in 1-bit units (mask ROM
versions only). The uPD78F4976A does not have pull-down resistors, however.
P90 to P97 Port 9. FIP32 to FIP39

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

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

On-chip pull-down resistor can be specified by mask option in 1-bit units (mask ROM
versions only). The uPD78F4976A does not have pull-down resistors, however.

P100 to P107

Port 10.

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

On-chip pull-down resistor can be specified by mask option in 1-bit units (mask ROM
versions only). The uPD78F4976A does not have pull-down resistors, however.

FIP40 to FIP47
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4.2 Port Configuration
A port consists of the following hardware.

Table 4-2. Port Configuration

ltem Configuration

Control register Port mode register (PMm: m = 2, 4 to 6)
Pull-up resistor option register (PUO, PU2)

Port Total: 72 (12 inputs, 8 outputs, 52 inputs/outputs)

Pull-up resistor * Mask ROM version Total: 28 (software control: 20, mask option control: 8)
* uPD78F4976A Total: 20

Pull-down resistor * Mask ROM version Total: 32 (mask option control: 32)
* uPD78F4976A None

4.21 Port0

Port 0 is a 4-bit input port.
Port 0 functions alternately as an A/D converter analog input.
Figure 4-2 shows a block diagram of port 0.

Figure 4-2. Block Diagram of P00 to P03

Y
Alternate
function
RD
(2]
>3
E |
g ®<{ POO/ANIS t
= (0]
2 O poganiit
~_/

RD: Port 0 read signal

Caution Because port 0 also functions as an analog input for the A/D converter, do not issue port read
instructions (including bit manipulation instructions) when port 0 is being used as an analog
input pin.

When the portis being read, applying an intermediate potential to the analog input pin may impair
the reliability of the chip because the intermediate voltage is read out.
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4.2.2 Port 1
Port 1 is an 8-bit input port.
Port 1 functions alternately as an A/D converter analog input.
Figure 4-3 shows a block diagram of port 1.

Figure 4-3. Block Diagram of P10 to P17

[N\
Alternate

» function

3 RD

]

[}

€ O O<]—©C © P10/ANIOto

P17/ANI7

N\

RD: Port 1 read signal

Caution Because port 1 also functions as an analog input for the A/D converter, do not issue port read
instructions (including bit manipulation instructions) when port 1 is being used as an analog

input pin.
When the portis being read, applying an intermediate potential to the analog input pin may impair

the reliability of the chip because the intermediate voltage is read out.
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4.2.3 Port 2
Port 4 is a 4-bit 1/0 port with output latch. Input/output mode can be specified for the P20 and P25 to P27 pins

in 1-bit units using the port 2 mode register (PM2). Use of on-chip pull-up resistors can be specified for the P20 and
P25 to P27 pins in 1-bit units using pull-up resistor option register 2 (PU2).

Port 4 functions alternately as a serial interface data input/output, asynchronous serial interface data input/output,
serial clock input/output, and timer input.

RESET input sets port 2 to input mode.

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

Figure 4-4. Block Diagram of P20 and P25

Voo
WRpu
M\
PU20, PU25 {>@ H P-ch
RD Altern_ate
function
J Note
D<%<_ Selector I
3
o WRPpoRT
©
<
(0]
< Output latch ®) P20/TI00,
(P20, P25) P25/SI10/RxD0
WRem
PM20, PM25
N\

PU2: Pull-up resistor option register 2
PM2: Port 2 mode register

RD: Port 2 read signal

WR: Port 2 write signal

Note The Schmitt input buffer of P25 pin is turned off in the STOP and IDLE modes (Schmitt output is fixed to
“L!l.)

Caution Do not connect a pull-up resistor to a pin that is specified to be in output mode when port 2 is
selected.
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Figure 4-5. Block Diagram of P26

>

Vbbo

P-ch

Selector

© P26/S00

WRpu
M\
PU26
RD
3 WRPoRT
el
©
£
o Output latch
S (P26)
WRpem
PM26
N\
Alternate
function
PU2: Pull-up resistor option register 2
PM2: Port 2 mode register
RD: Port 2 read signal
WR: Port 2 write signal
Caution

Do not connect a pull-up resistor to a pin that is specified to be in output mode when port 2 is

selected.
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Figure 4-6. Block Diagram of P27

Voo
WReu
M\
PU27 >O H P-ch
RD Alternate
J function Note
° Q<{ Selector I
3
= WRPpoRT
£
2
= Output latch -
(P27) © P27/SCKO
WRem
PM27
N\
Alternate
function

PU2: Pull-up resistor option register 2
PM2: Port 2 mode register

RD: Port 2 read signal

WR: Port 2 write signal

Note The Schmitt input buffer of P27 pin is turned off in the STOP and IDLE modes (Schmitt output is fixed to
“L!l.)

Caution Do not connect a pull-up resistor to a pin that is specified to be in output mode when port 2 is

selected.
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4.2.4 Port4
Port 4 is an 8-bit I/0 port with output latch. Input/output mode can be specified for the P40 to P47 pins in 1-bit

units using port 4 mode register (PM4). Use of the on-chip pull-up resistor can be specified for the P40 to P47 pins
per port using bit 4 of pull-up resistor option register 4 (PU4) only when the pins are used as an input port.

Port 4 can drive LEDs directly.

RESET input sets port 4 to input mode.

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

Figure 4-7. Block Diagram of P40 to P47

Vobo
WReruo
N\
PUO4 )@ i P-ch
RD
OQ—CC Selector
a WRporT
Keo)
|
c Output latch
ks (P40 to P47) © P40to P47
WRprm
PM40 to PM47
N\

PUO: Pull-up resistor option register
PM4: Port 4 mode register

RD: Port 4 read signal

WR: Port 4 write signal
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4.2.5 Port5
Port 5 is an 8-bit I/0 port with output latch. Input/output mode can be specified for the P50 to P57 pins in 1-bit

units using port 5 mode register (PM5). Use of the on-chip pull-up resistors can be specified in 1-bit units using a
mask option in the mask ROM versions. The uPD78F4976A has no pull-up resistor.

Port 5 can drive LEDs directly.

Port 5 functions alternately as a serial interface data input/output and serial clock input/output.

RESET input sets port 5 to input mode.

Figures 4-8 and 4-9 show block diagrams of port 5.

Figure 4-8. Block Diagram of P50 to P54

Y
Vooo Vooo
R
i — % Mask option
J RD 1 P-ch Mask ROM version only.
Selector UPD78F4976A has no
pull-up resistor.
8 WReporT N-ch
% open-drain
c Output latch I
2 (P50 to P57) © P50 to P54
WRem
PM50 to PM57
N\

PM5: Port 5 mode register
RD: Port 5 read signal
WR: Port 5 write signal
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Figure 4-9. Block Diagram of P55

Y
Note 1
Alternate Vooo  Vopo
function T
i _ Note 2% Mask option
J RD 1 P-ch Mask ROM version only:
Selector uPD78F49.76A has no
pull-up resistor.
é WRporT N-ch
] J\ open-drain
£ Output latch |
£ (P55) © P55/SI2
WRem
PM55
N\

PM5: Port 5 mode register
RD: Port 5 read signal
WR: Port 5 write signal

Notes 1. The Schmitt input buffer of P55 pin is turned off in the STOP and IDLE modes (Schmitt output is fixed

to “LH.)
2. The P-ch transistor is turned off in the STOP and IDLE modes.
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Figure 4-10. Block Diagram of P56

Selector

N-ch
open-drain

(

Mask option

Mask ROM version only.
UPD78F4976A has no
pull-up resistor.

© P56/S02

N\
RD
2] WRPpoRT
Ko)
g Output latch
o (P56)
£
WRpm
PM56
N Alternate
function

PM5: Port 5 mode register
RD: Port 5 read signal
WR: Port 5 write signal
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CHAPTER 4 PORT FUNCTIONS

Figure 4-11. Block Diagram of P57

Voo  Vbpo

-

o Note 2
RD 1 P-ch

:

N-ch
open-drain

(

Mask option

Mask ROM version only
uPD78F4976A has no
pull-up resistor.

(™ Note 1
Alternate
function
RD
O<—CC Selector
a WRpoRT
Qo
g J\ Output latch
o (P57)
£
WRpm
PM57
e Alternate
function

PM5: Port 5 mode register
RD: Port 5 read signal
WR: Port 5 write signal

© P57/SCK2

)

Notes 1. The Schmitt input buffer of P57 pin is turned off in the STOP and IDLE modes (Schmitt output is fixed

tO “L”.)

2. The P-ch transistor is turned off in the STOP and IDLE modes.
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4.2.6 Port 6

Port 6 is an 8-bit I/0 port with output latch. Input/output mode can be specified for the P60 to P67 pins in 1-bit
units using port 6 mode register (PM6). Use of the on-chip pull-up resistor can be specified for the P60 to P67 pins
per port using bit 6 (PUOB6) of the pull-up option register (PUQO) only when the pins are used as an input port.

Port 6 functions alternately as a serial interface data input/output, serial clock input/output, timer input/output, and
external interrupt request input.

RESET input sets port 6 to input mode.

Figures 4-12 to 4-14 show a block diagram of port 6.

Caution Pins P64, P65, and P67 also function as external interrupt request inputs. If they are not used
as interrupt input pins, set the external interrupt rising edge enable register (EGP0) and external
interrupt falling edge enable register (EGNO) to “Interrupt Disable.” Or, set the interrupt mask
flags (PMKn where n = 0 to 2) to 1. Otherwise, the interrupt request flag is set when the port
function is placed in output mode and its output level is changed, leading to inadvertent interrupt

servicing.
Figure 4-12. Block Diagram of P60, P64, P65, and P67
Vbbo
WReruo
(N
PUO6 — )O I P-ch
RD Alternate
J function Note
ﬂ |
O<{ Selector
1)
3 WRPpoRT
§ P60/SI1,
> Output latch o P64/INTPO,
kS (P60, P64, P65, P67) P65/INTP1,
P67/INTP2
WRem
PM60, PM64,
PM65, PM67
N,

PUO: Pull-up resistor option register
PM6: Port 6 mode register

RD: Port 6 read signal

WR:  Port 6 write signal

Note The Schmittinput buffer of P60, P64, P65 and P67 pins is turned off in the STOP and IDLE modes (Schmitt
output is fixed to “L".)
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Figure 4-13. Block Diagram of P61

Voo

WRPpuo
(N
PUO6 )o I P-ch
RD
O<{ Selector
1]
3 WRPpoRrT
©
c
> Output latch
k= (P61) O P61/SO1
WRpm
PM61
R,
Alternate
function

PUO: Pull-up resistor option register
PM6: Port 6 mode register

RD: Port 6 read signal

WR:  Port 6 write signal
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Figure 4-14. Block Diagram of P62, P63, and P66

Vbbo
WReruo
M\
PUOE | )@ i bt
RD Alternate
function
J Note
Q<{ Selector I
(2]
2 WRPpoRT
]
3‘;3 Output latch P62/SCK1,
= (P62, P63, P66) @) ﬁgg/ﬁ :823,
WRem
PM62, PM63, PM66
N\
Alternate
function

PUO: Pull-up resistor option register
PM6: Port 6 mode register

RD:  Port 6 read signal

WR: Port 6 write signal

Note The Schmittinputbuffer of P62, P63 and P66 pins is turned off in the STOP and IDLE modes (Schmitt output

is fixed to “L".)
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4.2.7 Port7
Port 7 is an 8-bit I/O port with output latch. When using this port as an output port, the value assigned to the output

latch (P70 to P77) is output. When it is used as an input port, set the output latch (P70 to P77) to 0, and read port
read 7 (PLR70 to PLR77). Setting the output latch (P70 to P77) to 1 causes a value to be read from the output latch
itself. Use of the on-chip pull-down resistors can be specified in 1-bit units using a mask option in the ROM versions.
The uPD78F4976A has no pull-down resistor.

Port 7 functions alternately as a VFD controller/driver output.

RESET input sets port 7 to input mode.

Figure 4-15 shows a block diagram of port 7.

Figure 4-15. Block Diagram of P70 to P77

N\
RD
J Selector Port read 7
(PLR70 to PLR77)
[2]
2 WRProRT
s J\ OUDUt latoh P-ch open-drain
5 utput fatc P70/FIP16 to
(0] .
2 (P70 to P77) O p77/FIP23
Alternate
function
O—0 Vwionp
Mask option
Mask ROM version only.
N uPD78F4976A has no
pull-down resistor.

RD: Port 7 read signal
WR: Port 7 write signal
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4.2.8 Port 8

Port 8 is an 8-bit I/O port with output latch. When using this port as an output port, the value assigned to the output
latch (P80 to P87) is output. When it is used as an input port, set the output latch (P80 to P87) to 0, and read port
read 8 (PLR80 to PLR87). Setting the output latch (P80 to P87) to 1 causes a value to be read from the output latch
itself. Use of the on-chip pull-down resistors can be specified in 1-bit units using a mask option in the mask ROM
versions. The uPD78F4976A has no pull-down resistor.

Port 8 functions alternately as a VFD controller/driver output.

RESET input sets port 8 to input mode.

Figure 4-16 shows a block diagram of port 8.

Figure 4-16. Block Diagram of P80 to P87

N\
RD
Port read 8
O<]—CC Selector (PLR8O to PLR87)[™ |
(2]
a
§ WRPoRT
§ J\ P-ch open-drain
= Ouiput latch ‘ P8O/FIP24 to
(P80 to P87) O pg7/FiPat
Alternate
function
O—0 Vioap
Mask option
Mask ROM version only.
N UPD78F4976A has no
pull-down resistor.

RD: Port 8 read signal
WR: Port 8 write signal
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4.2.9 Port9
Port 9 is an 8-bit I/O port with output latch. When using this port as an output port, the value assigned to the output

latch (P90 to P97) is output. When it is used as an input port, set the output latch (P90 to P97) to 0, and read port
read 9 (PLR90 to PLR97). Setting the output latch (P90 to P97) to 1 causes a value to be read from the output latch
itself. Use of the on-chip pull-down resistors can be specified in 1-bit units using a mask option in the mask ROM
versions. The uPD78F4976A has no pull-down resistor.

Port 9 functions alternately as a VFD controller/driver output.

RESET input sets port 9 to input mode.

Figure 4-17 shows a block diagram of port 9.

Figure 4-17. Block Diagram of P90 to P97

N\
RD
Port read 9
© <] 3( Selector (PLR90 to PLR97)
3 WRProRT
Ke)
© J\ P-ch open-drain
c Output latch
@ y P90/FIP32 to
E (P90 to P97) O po7/FiP3g
Alternate
function
O—0 Vioap
Mask option
Mask ROM version only.
N PD78F4976A has no

pull-down resistor.

RD: Port 9 read signal
WR: Port 9 write signal
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4.2.10 Port 10
Port 10 is an 8-bit output port. Use of the on-chip pull-down resistors can be specified in 1-bit units using a mask

option in the mask ROM versions. The uPD78F4976A has no pull-down resistor.
Port 10 functions alternately as a VFD controller/driver output.
Figure 4-18 shows a block diagram of port 10.

Figure 4-18. Block Diagram of P100 to P107

N
3 WRPpoRT
Q0
2 .
= Output latch Preh open-dain P100/FIP40 t
= P100 to P107 * © °
= ( ) © pio7FIPa7
Alternate
function
N O—O0 Vvwoap

Mask option

Mask ROM version only.
uPD78F4976A has no
pull-down resistor.

WR: Port 10 write signal
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4.3 Port Function Control Registers

The following two types of registers control the ports.
Port mode registers (PM2, PM4 to PM6)
Pull-up resistor option registers (PUO, PU2)

(1) Port mode registers (PM2, PM4 to PM6)
These registers are used to set port input/output in 1-bit units.

PM2 and PM4 to PM6 are independently set with a 1-bit or 8-bit memory manipulation instruction.
RESET input sets these registers to FFH.
When a port pin is used as its alternate function pin, set the port mode register and the output latch according

to Table 4-3.

Cautions 1.
2.
3.

Pins P00 to P03 and P10 to P17 are input pins.

Pins P100 to P107 are output pins.

Pins P64, P65, and P67 also function as external interrupt request inputs. If they are not
used as interrupt input pins, set the external interrupt rising edge enable register (EGP0)
and external interrupt falling edge enable register (EGNO) to “Interrupt Disable.” Or, set
the interrupt mask flags (PMKn where n = 0 to 2) to 1. Otherwise, the interrupt request
flag is set when the port functionis placed in output mode and its output level is changed,
leading to inadvertent interrupt servicing.

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 | Input/output Function Name | Input/output
P20 TIOO Input 1 X P60 S Input 1 X
P25 SI10/RxD0 Input 1 X P61 SO1 Output 0 0
P26 SO0/TxDO Output 0 0 P62 SCK1 Input/output | 1/0 /0
P27 SCKO Input/output | 1/0 x/0 | P63 TIO50 Input/output | 1/0 x/0
ASCKO Input 1 X P64 INTPO Input 1 X
P55 SI2 Input 1 X P65 INTP1 Input 1 X
P56 S0O2 Output 1 0 P66 TIO51 Input/output 1/0 x/0
P57 SCK2 Input/output 1 x/0 | P67 INTP2 Input 1 X

Cautions 1. The setting of PM27 and PM62 varies depending on the clock selected by bits 1 and 0 (SCLn1

and SCLnO0) of serial operation mode register n (CSIMn).

Internal clock (SCLn1, SCLn0 =0, 0): 0

External clock (SCLn1, SCLn0 =0, 0): 1

Set SCK2 of the uPD784975A to PMxx = 1 (input) regardless of the setting of the internal or
external clock.

2. Because the P64, P65, and P67 pins function alternately as external interrupt request inputs,
ifthe output level is changed by setting the port function to output mode, the interrupt request
flag is set. To use output mode, therefore, be sure to preset the interrupt mask flag to 1.

3. When the pins of these ports are being used for an alternate function, executing a read
instruction for these ports results in undefined data being read.

Remark x:

don’t care

PMxx: Port mode register

Pxx:  Port output latch
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96

Figure 4-19. Format of Port Mode Register

Symbol 7 6 5 4 3 2 1 0 Address After reset RW
PM2 | PM27 | PM26 | PM25 1 1 1 1 PM20 FF22H FFH R/W
PM4 | PM47 | PM46 | PM45 | PM44 | PM43 | PM42 | PM41 | PM40 FF24H FFH R/W
PM5 | PM57 | PM56 | PM55 | PM54 | PM53 | PM52 | PM51 | PM50 FF25H FFH RW
PM6 | PM67 | PM66 | PM65 | PM64 | PM63 | PM62 | PM61 | PM60 FF26H FFH R/W

\ \ \ \ \ \ \ |
PMmn | Pmn pin input/output mode selection
(m=2:n=0,5t07)
(m=4to6:n=0t07)
0 Qutput mode (output buffer ON)
1 Input mode (output buffer OFF)

(2) Pull-up resistor option register 2 (PU2)
This register is used to set whether or not to use an on-chip pull-up resistor of pins at port 2 in 1-bit units. If
PU2 specifies that an on-chip pull-up resistor is to be used for a bit, the pull-up resistor can be used for the
bitinternally, no matter whether the portis specified to be in input/output mode. Do not specify a pull-up resistor
for any pin if port 2 is specified to be in output mode.
PU2 is set using a 1-bit or 8-bit memory manipulation instruction.
RESET input sets PU2 to O0H.

Figure 4-20. Format of Pull-Up Resistor Option Register 2 (PU2)

Symbol 7 6 5 4 3 2 1 0 Address After reset R/W
PU2 |PU27 |PU26|PU25| O 0 0 0 |PU20 FF32H 00H R/W
\ \ \ \ \ \ \ |
PU2n | P2n on-chip pull-up resistor selection

(n=0,5t07)

0 On-chip pull-up resistor is not used

1 On-chip pull-up resistor is used
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(3) Pull-up resistor option register (PUO)
This register specifies whether a pull-up resistor is to be used for ports 4 and 6.
PUO can specify that each of ports 4 and 6 is to be connected to on-chip pull-up resistors.
PUO is set using a 1-bit or 8-bit memory manipulation instruction.
RESET input sets PUO to O0H.

Figure 4-21. Format of Pull-Up Resistor Option Register (PUO)

Address: OFF4EH After reset: 00H R/W

Symbol 7 6 5 4 3 2 1 0
o [ o | Puos 0 PUO4 0 0 0 o |
PUON Pn pin on-chip pull-up resistor selection
(n=4,6)
0 On-chip pull-up resistor is not used
1 On-chip pull-up resistor is used

Caution No pull-up resistor can be used for any pins of ports 4 and 6 that have been specified to be in
output mode, even when PUOn is set to 1. A pull-up resistor can be used only for a pin that has

been specified to be in input mode.
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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 I/O port

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

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

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

4.4.2 Reading from /O port

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

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

4.4.3 Operations on I/O port

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

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

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

The mask ROM versions have the following mask options, which can be used to select resistors of 90 kQ (TYP.)
or 50 kQ (TYP.). The uPD78F4976A does not have mask options.

Table 4-4. Comparison Between Mask Options of Mask ROM Version and uPD78F4976A

Pin Name

Mask Option of Mask ROM Version

HUPD78F4976A

P50 to P57

Pull-up resistor can be connected
in 1-bit units.

Pull-up resistor is not provided.

P70/FIP16 to P77/FIP23,
P80/FIP24 to P87/FIP31,
P90/FIP32 to P97/FIP39,
P100/FIP40 to P107/FIP47

Pull-down resistor can be connected
in 1-bit units.

Pull-down resistor is not provided.
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CHAPTER 5 CLOCK GENERATOR

5.1 Functions of Clock Generator

The clock generator generates clock to be supplied to the CPU and peripheral hardware. The following type of
system clock oscillators is available.

* Main system clock oscillator
This circuit generates frequencies of 4 to 12.5 MHz. Setting the STOP bit of the standby control register (STBC)

to 1 or entering RESET can stop oscillation.
5.2 Configuration of Clock Generator
The clock generator includes the following hardware.

Table 5-1. Configuration of Clock Generator

ltem Configuration

Control register Standby control register (STBC)
Oscillation mode select register (CC)
Oscillation stabilization time specification
register (OSTS)

Watch timer clock select register (WTCL)

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

Prescaler
fx
© i f . Clock to peripheral
X1 M?m 7] 'DLE 7 i 2 hardwarep P
S():/ISO slin control { 3 o Prescaler
X20— oscillator cireuit [ Diider 751 o o] T
2| 222 5 HALT
‘8 control | CPU clock (fcru)
STOP, RESET 3 circuit
Internal system
clock (fcLk)
WTCLA1
WTCLO l
l 0

2.
57
=
- &
D
=
N
o
Selector
S
Selector

Remarks 1.
2,
3.
4.

Watch timer clock (fw)

fx:  Main system clock oscillation frequency
fxx: Main system clock frequency

<A>: Status signal that indicates the period in which the oscillation is not stable

WTCLO, WTCL1: Bits 0 and 1 of the watch timer clock select register (WTCL)
WTMO: Bit 0 of the watch timer mode control register (WTM)
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5.3 Control Register

(1) Standby control register (STBC)

102

This register is used to set the standby mode and select internal system clock. For the details of the standby
mode, refer to CHAPTER 17 STANDBY FUNCTION.

The write operation can be performed only using the dedicated instruction to avoid entering into the standby
mode due to an inadvertent program loop. The dedicated instruction, MOV STBC, #byte, have a special code
structure (4 bytes). The write operation is performed only when the OP code of the 3rd byte and 4th byte are
mutual 1’s complements. When the 3rd byte and 4th byte are not mutual 1’s complements, the write operation
is not performed and an operand error interrupt is generated. In this case, the return address saved in the stack
area indicates the address of the instruction that caused an error. Therefore, the address that caused an error
can be determined from the return address that is saved in the stack area.

If a return from an operand error is performed simply with the RETB instruction, an infinite loop will be caused.
Because the operand error interrupt occurs only in the case of an inadvertent program loop (if MOV STBC,
#byte is described, only the correct dedicated instruction is generated in NEC’s RA78K4 assembler), initialize
the system for the program that processes an operand error interrupt.

Other write instructions such as MOV STBC, A; AND STBC, #byte; and SET1 STBC.7 are ignored and no
operation is performed. In other words, neither is a write operation to STBC performed nor is an interrupt such
as an operand errorinterrupt generated. STBC can be read out any time by means of a data transfer instruction.
RESET input sets STBC to 30H.

Figure 5-2 shows the format of STBC.

The standby control register (STBC) is used to select a CPU clock, a frequency division ratio, and a mode
(normal operation, HALT, IDLE, or STOP).

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

RESET input sets STBC to 30H.
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Figure 5-2. Format of Standby Control Register (STBC)

Address: OFFCOH After reset: 30H R/W

Symbol
STBC

7 6 5 4 3 2 1 0
0 0 CK1 CKO 0 0 STP HLT
CK1 CKO CPU clock selectionM°t®
(in through-rate clock mode or oscillation division mode)
0 0 fxx (fx, fx/2)
0 1 /2 (2, x/22)
1 0 fxx/22 (122, fx/2%)
1 1 fx/23 (123, fx/2%)
STP HLT Operation specification flag
0 0 Normal operation mode
0 1 HALT mode (cleared automatically when HALT mode is released)
1 0 STOP mode (cleared automatically when STOP mode is released)
1 1 IDLE mode (cleared automatically when IDLE mode is released)

Note A CPU clock can also be selected using the oscillation mode select register (CC).

Cautions 1. Ifthe STOP modeis used when using external clock input, the EXTC bit of the oscillation

Remark

stabilization time specification register (OSTS) must be set (to 1) before setting the STOP
mode. If the STOP modeis used with the EXTC bit of the OSTS cleared (to 0) when using
external clock input, the uPD784975A may suffer damage or reduced reliability.

When setting the EXTC bit of the OSTS to 1, be sure to input a clock in phase reverse
to that of the clock input to the X1 pin, to the X2 pin (refer to 4.3.1).

Execute an NOP instruction three times after the standby instruction (after the standby
mode has been released). Otherwise, the standby instruction cannot be executed if
execution of the standby instruction and an interrupt request contend, and the interrupt
is acknowledged after two or more instructions following the standby instruction have
been executed. The instruction that is executed before acknowledging the interrupt is
the one that is executed within up to 6 clocks after the standby instruction has been

executed.
Example MOV STBC f#byte
NOP
NOP
NOP

fxx:

fx:

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

Figure 5-3. Format of Oscillation Mode Select Register (CC)

Address: OFF7AH After reset: 00H R/W

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

Caution The ENMP bit cannot be reset by software. This bit is reset performing the system reset.
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(3) Oscillation stabilization time specification register (OSTS)
This register specifies the operation of the oscillator. Either a crystal/ceramic resonator or external clock is set
to the EXTC bitin OSTS as the clock used. The STOP mode can be set even during external clock input only
when the EXTC bit is set 1.
OSTS is set using a 1-bit or 8-bit transfer instruction.
RESET input sets OSTS to 00H.

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

Address: OFFCFH After reset: 00H R/W

Symbol 7 6 5 4 3 2 1 0
OSTS EXTC 0 0 0 0 OSTS2 OSTSH OSTS0
EXTC External clock selection
0 Crystal/ceramic resonator is used
1 External clock is used
EXTC OSTS2 OSTSH OSTSO0 | Oscillation stabilization time selection
0 0 0 0 219/fxx (41.9 ms)
0 0 0 1 2'/fxx (21.0 ms)
0 0 1 0 217/fxx (10.5 ms)
0 0 1 1 2'8/fxx (5.2 ms)
0 1 0 0 215/fxx (2.6 ms)
0 1 0 1 2'%/fxx (1.3 ms)
0 1 1 0 2'%/fxx (655 us)
0 1 1 1 2"2/fxx (328 us)
1 X X X 512/fxx (41.0 us)

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

2. When using the STOP mode during external clock input, make sure to set the EXTC bit
to 1 before setting the STOP mode. If the STOP mode is used during external clock input
when the EXTC bit of OSTS has been cleared to 0, the uPD784975A may be damaged or
its reliability may be impaired.

3. Ifthe EXTC bitis setto 1 during external clock input, the opposite phase of the clock input
to the X1 pin must be input to the X2 pin. If the EXTC bit is set to 1, the uyPD784975A only
operates with the clock input to the X2 pin.

Remarks 1. The values in parentheses are valid for operation when fxx is 12.5 MHz.
2. x: don’t care
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5.4 Main System Clock Oscillator

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

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

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

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

(a) Crystal or ceramic oscillation (b) External clock
T — X2 X2
E —

ﬂ External X1
Hli X1 clock
5 Vss uPD74HCUO4 L
T Crystal T

ceramic resonator

Caution 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.
e Keep the wiring length as short as possible.
e 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.

Figure 5-6 shows examples of oscillators that are connected incorrectly.
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Figure 5-6. Examples of Oscillator Connected Incorrectly (1/2)

(a) Wiring of connection
circuits is too long

4
™

(c) Changing high current is too near a
signal conductor

bl

High

current L

a4

A

(b) Signal conductors intersect
each other

PORTN
(n=0to2,4t010)

X2 X1 Vss
a

(d) Current flows through the ground line
of the oscillator (potential at points A, B,

and C fluctuate)

g Vop

Pnm

SS

@

<

X1 V
P
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CHAPTER 5 CLOCK GENERATOR

Figure 5-6. Examples of Oscillator Connected Incorrectly (2/2)

(e) Signals are fetched

X2 X1 Vss

5.4.1 Divider
The divider divides the output frequency of the main system clock oscillator (fxx) to generate different clocks.
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5.5 Operations of Clock Generator

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

* Main system clock (fxx)

e CPU clock (fcru)

e Clock to peripheral hardware
* Internal system clock (fck)

e Watch timer clock (fw)

The following clock generator functions and operations are determined with the standby control register (STBC)
and the oscillation mode select register (CC).

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

(b) With the main system clock selected, setting STBC and CC appropriately can select any of the five CPU clocks
(80 ns, 160 ns, 320 ns, 640 ns, and 1,280 ns @fxx = 12.5 MHz).

(c) With the main system clock selected, three standby modes, the STOP, HALT, and IDLE modes, are available.

(d) The main system clock is divided and supplied to the peripheral hardware. Thus, the peripheral hardware
(except external input clock operation) also stops if the main system clock is stopped.
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5.6 Changing CPU Clock Setting

The CPU clock can be switched by means of bits 4 and 5 (CKO and CK1) of the standby control register (STBC).
The CPU clock is changed in the following procedure.

Figure 5-7. Changing CPU Clock

Voo
RESET
CPU clock ‘ ‘
‘ Slowest ‘ Fastest
operation operation

Wait (41.9 ms @fxx = 12.5 MHz)

Internal reset operation

(1) The CPU is reset if the RESET pin is made low after power application. The reset is cleared and the main
system clock starts oscillating if the RESET pin is later made high. At this time, it is automatically ensured
that oscillation stabilization time (2'%fx) elapses.

Subsequently, the CPU starts executing instructions at the lowest speed of the main system clock (1,280 ns
@fxx = 12.5 MHz).

(2) After sufficient time has elapsed during which the Vop voltage rises to the level at which the CPU can operate
at the highest speed, the contents of the standby control register (STBC) and oscillation mode select register
(CC) are rewritten, and the CPU operates at the highest speed.
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The chip incorporates one 16-bit timer/event counter and two 8-bit PWM timers.
Because the chip supports a total of four interrupt requests, four timer counter units can be used.

Table 6-1. Timer Counter Operation

8-Bit PWM Timer

Name 16-Bit Timer/Event 8-Bit PWM Timer
ltem Counter 0 (TM50) (TM51)
Count width 8 bits — O O
16 bits @] O
Operation mode | Interval timer 1ch 1ch 1ch
External event counter O @) ©)
Function Timer output — 1ch 1ch
PWM output — O ©)
Square wave output — O O
Pulse width measurement Two inputs — —
Number of interrupt requests 2 1 1
Figure 6-1. Block Diagram of Timer Counter (1/2)
¢ 16-bit timer/event counter 0
S
Noise i 8 — INTTMOO
TIO51© eliminator § 16-bit capture/ Match o]
Edge detector S compare @
g register 00 (CRO0)
fxx/2 ]
fxx/4 5 16
°© Clear
<
fxx/16 3
16-bit timer counter 0
1 (TMO)
fxx Noise 16
eliminator
Noise 16-bit capture/ Match s
TIOO © eliminator compare 2
Edge detector register 01 (CRO1) s INTTMO1
n

Remarks 1. fxx: Main system clock frequency
2. Pin TIO51 functions alternately as an external clock input to, and timer output from, TM51.
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Figure 6-1. Block Diagram of Timer Counter (2/2)

« 8-bit PWM timer 50 (TM50)

fxx/22
fxx/23
fxx/24
fxx/2%
fxx/27
fxx/2°

TIO50 O—K:

Clear

OVF

Selector

8-bit timer counter 50 (TM50)

v

‘ Match

Remarks 1. fxx: Main system clock frequency
2. OVF: Overflow flag

« 8-bit PWM timer 51 (TM51)

nost oL o

OVF signal

fxx/22
fxx/28
fxx/24
fxx/2°
fxx/27
fxx/2°

8-bit compare register 50 (CR50)
INTTM51 —L&

Selector

Output
control |—O TIO50
circuit

Clear

R

from a
lower timer

Selector

8-bit timer counter 51 (TM51)

OVF

INTTM50

&

8-bit compare register 51 (CR51)

Match

Output
control [—O TIO51
circuit

Remarks 1. fxx: Main system clock frequency
2. OVF: Overflow flag
3. Pin TIO51 functions alternately as a capture input to TMO.
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CHAPTER 7 16-BIT TIMER/EVENT COUNTER

7.1 Function

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

* Interval timer

e Pulse width measurement

e External event counter

* Remote controller receive interrupt generation

(1) Interval timer
When the 16-bittimer/event counteris used as an interval timer, it generates an interrupt request at predetermined
time intervals.

(2) Pulse width measurement
The 16-bit timer/event counter can be used to measure the pulse width of a signal input from an external source.

(3) External event counter
The 16-bit timer/event counter can be used to measure the number of pulses of a signal input from an external
source.

(4) Remote controller receive interrupt generation

The 16-bit timer/event counter automatically identifies the pulse width of the signal input from the TI00 pin in
accordance with the preset min. and max. values, and generates an interrupt request signal.
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7.2 Configuration

114

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

Table 7-1. Configuration of 16-Bit Timer/Event Counter 0

Iltem

Configuration

Timer register

16 bits x 1 (TMO)

Register

16-bit capture/compare register: 16 bits x 2 (CR00, CR01)

External clock input

1 (TI00)

Control registers

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

Remote controller receive mode register (REMM)
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CHAPTER 7 16-BIT TIMER/EVENT COUNTER

Figure 7-1. Block Diagram of 16-Bit Timer/Event Counter 0

2 Internal bus

Capture/compare
control register 0
(CRCO)

|creoz|creot|creoo)

5
| | ’E'—- INTTMOO
= &
Noise eliminator rg 16-bit capture/compare
TIO51 ©—=| Noise detector 3 register 00 (CRO0)
‘ ‘ Match
fxx/2—>_| 16-bit timer counter 0
- T™MO Clear
fodd—n] S (TMO)
3
fxx/16—] @
»n Match
—
Noise
fxx—={ elimi-
nator .
TI00® ] Noise eliminator 16-!:)|t capture/compare
Noise detector register 01 (CRO1)
?‘ INTTMO1
Mask signal I
4-point : Edge R S ;
sampling noise detector 2 '
eliminator :
= Interrupt INTREM |
Edge £ generator '
RSMPC 3 - '
detector 1 éF_I Timer clear i
fad256 fod512 t 5
" " RES01, RES00 REMM1 !

Remarks 1. fxx: Main system clock frequency
2. Pin TIO51 functions alternately as an external clock input to 8-bit PWM timer 51 (TM51) and a timer

output

3. 1 Remote controller receive interrupt generator block

4. REMPC, REMM1, RES00, RESO01: Bits 0, 1, 4, and 5 of the remote controller receive mode register
(REMM)

5. INTREM: Remote controller receive interrupt request signal
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(1) 16-bit timer counter 0 (TMO)
TMO is a 16-bit read-only register that counts count pulses.
The counter is incremented in synchronization with the rising edge of an input clock. If the count value is read
during operation, input of the count clock is temporarily stopped, and the count value at that point is read. The
count value is reset to 0000H in the following cases:

<1>
<2>
<3>

<4>

RESET is input.

TMCO03 and TMCO2 are cleared.

Valid edge of TIOO is input in the clear & start mode by inputting valid edge of TI00.

TMO and CR0O0 match with each other in the clear & start mode on match between TMO and CRO0O.

(2) 16-bit capture/compare register 00 (CR00)
CROO is a 16-bit register that functions as a capture register and as a compare register. Whether this register
functions as a capture or compare register is specified by using bit 0 (CRC00) of capture/compare control register

0.

e When using CR00 as compare register
The value set to CROO is always compared with the count value of 16-bit timer counter 0 (TM0). When the
values of the two match, an interrupt request (INTTMOO) is generated. When TMO is used as an interval timer,
CRO0O0 can also be used as a register that holds the interval time.

e When using CR00 as capture register
The valid edge of the TI00 or TIO51 pin can be selected as a capture trigger. The valid edges of TI00 and
TIO51 are set by prescaler mode register 0 (PRMO).
Tables 7-2 and 7-3 show the valid edges of the TIO0 pin and the valid edges of the TIO51 pin that apply when
capture triggers are specified.

116

Table 7-2. Valid Edge of TI0OO Pin and Valid Edge of Capture Trigger of CR00

ESO01 ES00 Valid Edge of TIOO0 Pin Capture Trigger of CR00
0 0 Falling edge Rising edge
0 1 Rising edge Falling edge
1 0 Setting prohibited Setting prohibited
1 1 Both rising and falling edges No capture operation
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Table 7-3. Valid Edge of TIO51 Pin and Valid Edge of Capture Trigger of CR00

ES11 ES10 Valid Edge of TIO51 Pin Capture Trigger of CR00
0 0 Falling edge Falling edge
0 1 Rising edge Rising edge
1 0 Setting prohibited Setting prohibited

1

Both rising and falling edges

Both rising and falling edges

CROO is set using a 16-bit memory manipulation instruction.

RESET input sets CR00 to 0000H.

Caution Set CRO0O to the value other than 0000H. When using the register as an event counter, a count
for one-pulse can not be operated.

(3) 16-bit capture/compare register 01 (CR01)
This is a 16-bit register that can be used as a capture register and a compare register. Whether it is used as
a capture register or compare register is specified by bit 2 (CRC02) of the capture/compare control register 0.

e When using CR01 as compare register
The value set to CRO1 is always compared with the count value of 16-bit timer counter 0 (TM0). When the
values of the two match, an interrupt request (INTTMO1) is generated.

e When using CRO1 as capture register
The valid edge of the TI00 pin can be selected as a capture trigger. The valid edge of TIOO is set by prescaler

mode register 0 (PRMO).
Table 7-4 shows the valid edges of the TI00 pin that apply when capture triggers are specified.

Table 7-4. Valid Edge of Pin TI00 and Valid Edge of Capture Trigger of CR01

ESO1 ES00 Valid Edge of TI00 Pin Capture Trigger of CRO1
0 0 Falling edge Falling edge
0 1 Rising edge Rising edge
1 0 Setting prohibited Setting prohibited

1

Both rising and falling edges

Both rising and falling edges

CRO1 is set using a 16-bit memory manipulation instruction.
RESET input sets CRO1 to 0000H.

Caution Set CRO1 to the value other than 0000H. When using an event counter, a count for one-pulse
can not be operated.
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7.3 Control Register
The following four types of registers control 16-bit timer/event counter O.

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

(1) 16-bit timer mode control register 0 (TMCO)
This register specifies the operation mode of the 16-bit timer, and the clear mode and overflow detection of
16-bit timer counter 0.
TMCO is set using a 1-bit or 8-bit memory manipulation instruction.
RESET input sets TMCO to O0H.

Caution 16-bit timer counter 0 (TMO) starts operating when a value other than a combination of 0 and
0 (operation stop mode) is set to TMC02 and TMCO03. To stop the operation, set a combination
of 0 and 0 to TMC02 and TMCO03.

Figure 7-2. Format of 16-Bit Timer Mode Control Register 0 (TMCO0)

Address: OFF18H After reset: 00H R/W

Symbol 7 6 5 4 3 2 1 <0>
TMCO 0 0 0 0 TMCO3 TMCO02 0 OVFO0
TMCO03 TMCO02 TMO operating mode specification
0 0 Operation stop (TMO is cleared to 0).
0 1 Free-running mode
1 0 Clears and starts at valid edge input to TI00.
1 1 Clears and starts on match between TMO and CROO.
OVFO 16-bit timer counter 0 (TMO) overflow detection
0 Does not overflow.
1 Overflows.

Cautions 1. To specify the valid edge for pin TI00, use prescaler mode register 0 (PRMO0).
2. When the clear & start mode on match between TM0 and CRO0O0 is selected, the OVFO0
flag is set to 1 when the value of TMO changes from FFFFH to 0000H with CROO set to
FFFFH.

Remarks 1. At any timing, writing 0 to OVFO causes it to be cleared.
2. TIOO: Input pin of 16-bit timer/event counter 0
T™: 16-bit timer counter O
CRO00: Compare register 00
CRO1: Compare register 01
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(2) Capture/compare control register 0 (CRCO)
This register controls the operation of the capture/compare registers (CR00 and CRO01).

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

Figure 7-3. Format of Capture/Compare Control Register 0 (CRCO0)

Address: OFF16H After reset: 00H R/W

Symbol 7 6 5 4 3 2 1 0
CRCO 0 0 0 0 0 CRCO02 CRCO1 CRCO00
CRCO02 CRO1 operation mode selection
0 Operates as compare register.
1 Operates as capture register.
CRCO1 CROO capture trigger selection
0 Captured at valid edge of TIO51.
1 Captured in reverse phase of valid edge of TI00.
CRCO00 CROO operation mode selection
0 Operates as compare register.
1 Operates as capture register.
Cautions 1. Before setting CRCO, be sure to stop the timer operation.
2. When the clear & start mode on match between TM0 and CRO0O is selected by the 16-
bit timer mode control register (TMCO0), do not specify CRC00 as a capture register.
3. If both the rising and falling edges are specified as the valid edges for pin TI00, using
prescaler mode register 0 (PRM0), CRCOO is disabled from capture operation.
4. Performing capture securely requires that the capture trigger pulse be longer than two

cycles of the count clock selected using PRMO.
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(3) Prescaler mode register 0 (PRMO)
This register selects a count clock of 16-bit timer/event counter 0 and the valid edges of TI0O0 and TIO51 inputs.
PRMO is set using a 1-bit or 8-bit memory manipulation instruction.
'RESET input sets PRMO to 00H.

Figure 7-4. Format of Prescaler Mode Register 0 (PRMO0)

Address: OFF1CH  After reset: 00H R/W

Symbol 7 6 5 4 3 2 1 0
PRMO ES11 ES10 ESO1 ES00 0 0 PRMO1 PRM00
ES11 ES10 TIO51 valid edge selection
0 0 Falling edge
0 1 Rising edge
1 0 Setting prohibited
1 1 Both falling and rising edges
ESO1 ES00 TI00 valid edge selection
0 0 Falling edge
0 1 Rising edge
1 0 Setting prohibited
1 1 Both falling and rising edges
PRMO1 PRMO00O Count clock selection
0 0 fxx/2 (6.25 MHz)
0 1 fxx/4 (3.13 MHz)
1 0 fxx/16 (781 kHz)
1 1 Valid edge of TI00

Caution When selecting the valid edge of TI00 as the count clock, do not specify the valid edge of
TI0O to clear and start the timer and as a capture trigger.

Remark The value in parentheses are valid for operation when fxx is 12.5 MHz.
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(4) Remote controller receive mode register (REMM)
This register controls the remote controller receive interrupt generator.

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

Figure 7-5. Format of Remote Controller Receive Mode Register (REMM)

Address: OFF1EH

Symbol
PRMM

After reset: 00H R/W
7 6 5 4 3 2 1 0
RES11 RES10 RESO01 RES00 0 0 REMM1 RSMPC
RES11 RES10 TIOO pin valid edge selection 2 (detection timing)

0 0 Edge not detected

0 1 Falling edge

1 0 Rising edge

1 1 Setting prohibited

RESO1 RES00 TI0O0 pin valid edge selection 1 (TMO clear & start timing)

0 0 Edge not detected

0 1 Falling edge

1 0 Rising edge

1 1 Setting prohibited

REMM1 TMO clear signal selection when TIOO0 pin valid edge is
input in clear & start mode)

0 Clear signal at TI00 valid edge using bits 4 and 5 (ES00, ES01) of
prescaler mode register 0 (PPRMO) (be sure to set this bit to 0 when not
using the remote controller receive interrupt generatorNote 2; otherwise the
INTREM interrupt request signal cannot be generated.)

1 Clear signal at TI00 valid edge using bits 4 and 5 (RES00, RES01) of
REMM (be sure to set this bit to 1 when using the remote controller receive
interrupt generatorNote 1))

RSMPC Sampling clock selection for 4-point sampling noise eliminator

0 fxx/256

1 fxx/512
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Notes 1.

When using 16-bit timer/event counter 0 as a remote controller receive interrupt:

e Set bit 1 (REMM1) to 1 and set the operation mode of 16-bit timer/event counter 0 to clear & start
mode by inputting the TI00 valid edge (set bits 2 and 3 (TMC02 and TMCO03) to “0, 1” using 16-bit
timer mode control register 1 (TMC1)). The remote controller receive interrupt operation starts when
TMCO02 and TMCOS are set. To stop the operation, set TMC02 and TMCO03 to “0, 0”.

e Be sure to set as described above when using the counter to generate a remote controller receive
interrupt; otherwise the operation is not guaranteed.

When not using 16-bit timer/event counter 0 as a remote controller receive interrupt:

e Set bit 1 (REMM1) to 0 and bits 4 to 7 (RES00, RES01, RES10, RES11) to 0, and set 16-bit timer/
event counter O to the operation mode using bits 2 and 3 (TMC02 and TMCO03) of TMC1. The
operation starts when the operation mode is set.

To stop the operation, set TMC02 and TMCO03 to “0, 0.

Cautions 1. When writing to REMM, make sure that the timer operation has been stopped.
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2. When not using the remote controller receive interrupt generator, set bit 1 (REMM) and bits
4 to 7 (RES00, RES01, RES10, RES11) to 0.
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7.4 Operation

7.4.1 Operation as interval timer (16 bits)

The 16-bit timer/event counter operates as an interval timer when 16-bit timer mode control register 0 (TMCO)
and capture/compare control register 0 (CRCO) are set as shown in Figure 7-5. In this case, 16-bit timer/event counter
repeatedly generates an interrupt at the time interval specified by the preset count value to 16-bit capture/compare
register 00 (CRO0O0).

When the count value of 16-bit timer counter 0 (TM0) matches with the set value of CR0OO, the value of TMO is
cleared to 0, and the timer continues counting. Atthe same time, an interrupt request signal (INTTMOO) is generated.

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

Figure 7-6. Control Register Settings When 16-Bit Timer/Event Counter Operates as Interval Timer

(a) 16-bit timer mode control register 0 (TMCO0)

TMCO03 TMC02 OVFO

TMCO 0 0 0 0 1 1 0 0

\_’_1

Clears & starts on
match between
TMO and CRO0O.

(b) Capture/compare control register 0 (CRC0)

CRC02 CRC01 CRC00

CRCO 0 0 0 0 0 0/1 0/1 0

L CROO0 as compare
register

Remark 0/1: Whenthese bitsareresetto0orsetto 1, the otherfunctions can be used along with the interval
timer function. For details, refer to Figures 7-2 and 7-3.
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/2 ——

fxx/4 ——

Figure 7-7. Configuration of Interval Timer

16-bit capture/compare
register 00 (CROO0)

fxx/16

TI00/P20 ©—

Count clock

TMO count value

CRO00

INTTMOO

TOO

Selector

16-bit timer counter 0 (TMO)

Figure 7-8. Timing of Interval Timer Operation

OVFO

A\

Clear circuit

INTTMOO

) 1
0000 Xooo1X /X N XooooXoootX /X N XooooXoootX /X N X
! \\ A \{ A \ i
fCount starts :Clear :Clear 1
3 1\ | \\ 1 A |
N [ N [ N [
! \\ ! \\ ! \ !
& l_l X l_l & |—
Interrupt request Interrupt request
! . acknowledged I acknowledged :
1 0
f 2 ‘ | : l_
i Interval time ; Interval time ; Interval time ;

Remark Interval time = (N + 1) x t: N = 0001H to FFFFH
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7.4.2 Pulse width measurement

16-bit timer counter 0 (TMO) can be used to measure the pulse widths of the signals input to the TI0O0/P20 and
TIO51/P66 pins.

Measurement can be carried out with TMO used as a free-running counter or by restarting the timer in
synchronization with the edge of the signal input to the TI00/P20 pin.

(1) Pulse width measurement with free running counter and one capture register

If the edge specified by prescaler mode register 0 (PRMO) is input to the TI00/P20 pin when 16-bit timer counter
0 (TMO) is used as a free-running counter (refer to Figure 7-9), the value of TMO is loaded to 16-bit capture/
compare register 01 (CR01), and an external interrupt request signal (INTTMO1) is set.

The edge is specified by using bits 4 and 5 (ES00 and ES01) of PRMO. The rising edge, falling edge, or both
the rising and falling edges can be selected.

Sampling is performed with the count clock selected by PRMO, and the capture operation is performed when the
valid level of the TI00 pin is detected two times. Therefore, noise with a short pulse width can be eliminated.

Figure 7-9. Control Register Settings for Pulse Width Measurement with
Free-Running Counter and One Capture Register

(a) 16-bit timer mode control register (TMCO0)

TMCO03 TMC02 OVFO0

TMCO 0 0 0 0 0 1 0 0

Free-running mode

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

CRC02 CRC01 CRC00

CRCO 0 0 0 0 0 1 01 0

L CROO as compare register

CRO1 as capture register
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Figure 7-10. Configuration for Pulse Width Measurement with Free-Running Counter

fxx/2 —
S
fxx/4 3 16-bit timer counter 0 (TMO) OVFO
?
fxx/16  —]
16-bit capture/compare register 01
TI00/P20
© (CRO1)

‘ ‘ INTTMO1

S Internal bus %

Figure 7-11. Timing of Pulse Width Measurement with Free-Running Counter
and One Capture Register (with Both Edges Specified)

UL

A\ \ \

TMO countvalue X 0000 0001 X \/\\\ X po X \/\\/\ X b1 X \/\/ XFFFFX 0000 /\ X b2 X /\ X b3

TIOO pin input , |‘ F—l‘
pu

AN AN 1\ AN )\
Val leaded X oo X o) X0z [ Yoo
N N \\ ! N W
INTTMO1 ) l | X l | N ; X l | X I |

( j ( A f j { A ¢ )

| | | N N

: : H; \\;

OVFo L L )) | | |

[ O 0 1 1

(D1 -DO) x t : (10000H — D1 + D2) x t (D3-D2) xt !
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(2) Measurement of two pulse widths with free-running counter
The pulse widths of the two signals respectively input to the TI00/P20 and TIO51/P66 pins can be measured when
16-bit timer counter 0 (TMO) is used as a free-running counter (refer to the register settings in Figure 7-12).
When the edge specified by bits 4 and 5 (ES00 and ES01) of prescaler mode register 0 (PRMO) is input to the
TI00/P20 pin, the value of the TMO is loaded to 16-bit capture/compare register 01 (CR01) and an external interrupt
request signal (INTTMO1) is set.
When the edge specified by bits 6 and 7 (ES10 and ES11) of PRMO is input to the TIO51/P66 pin, the value of
TMO is loaded to 16-bit capture/compare register 00 (CR00), and an external interrupt request signal (INTTMOQO)
is set.
For the edges of the TIO0O/P20 and TIO51/P66 pins, the rising, falling, or both rising and falling edges can be
specified.
Sampling is performed with the count clock selected by prescaler mode register 0 (PRMO0), and the capture
operation is performed when the valid level of the TI00/P20 or TIO51/P66 pin is detected two times. Therefore,
noise with a short pulse width can be eliminated.

Figure 7-12. Control Register Settings for Measurement of Two Pulse Widths with Free-Running Counter
(a) 16-bit timer mode control register 0 (TMCO)

TMCO03 TMCO02 OVFO

TMCO| O 0 0 0 0 1 0 0

\_’_1

Free-running mode

(b) Capture/compare control register 0 (CRC0)

CRC02 CRC01 CRC00

CRCO| O 0 0 0 0 1 0 1

L CROO as capture register

Captures to CROO at the valid edge of TIO51/P66 pin.

CRO1 as capture register
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e Capture operation (free-running mode)

The following figure illustrates the operation of the capture register when the capture trigger is input.

Figure 7-13. CRO1 Capture Operation with Rising Edge Specified

Count clock _I

™0

TIOO I

Rising edge detection

A

I I S I S R S S
n—3Xn—2Xn—1x r‘1 Xn+1X

CRO1

INTTMO1

Figure 7-14. Timing of Pulse Width Measurement with Free-Running Counter
(with Both Edges Specified)

-t

(e 0/ €€ €l €0 W G O € R €
g 8 Sy e — wcin

TIO51 pin input

ﬂ: ))
Oy : (
W 0 - )
Value loaded to // // X D1 // // 1 XNgte
CRO00 T T T e
INTTMOO N ) | | N N | | 5
[ { i ( H‘ ; ( ;
| | L L
1 | H‘ j ( :
OVFo )L )L )) | | | |
((‘ ( j ( : : :
'(D1-D0) xt ! (10000H — D1 + D2) x t (D3 -D2) xt "
‘ ‘ (10000H — D1 + (D2 + 1)) x t ‘
Note D2 + 1
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Caution InFigure7-14,for simplification purposes, consideration of the delay caused by noise elimination
has been omitted from the timing of the capture operation based on the inputs to pins TI00 and
TI01 and of interrupt request occurrence. For accurate information, refer to Figure 7-13 (which
shows the CR0O1 capture operation with a rising edge specified).

(3) Pulse width measurement with free-running counter and two capture registers
When 16-bit timer counter 0 (TMO) is used as a free-running counter (refer to the register settings in Figure 7-
15), the pulse width of the signal input to the TI00/P20 pin can be measured.
When the edge specified by bits 4 and 5 (ES00 and ES01) of prescaler mode register 0 (PRMO) is input to the
TI00/P20 pin, the value of TMO is loaded to 16-bit capture/compare register 01 (CR01), and an external interrupt
request signal (INTTMO1) is set.
The value of TMO is also loaded to 16-bit capture/compare register 00 (CR00) when an edge reverse to the one
that triggers capturing to CRO1 is input.
For the edge of the TI00/P20 pin, the rising or falling edge can be specified.
Sampling is performed with the count clock selected by PRMO, and the capture operation is performed when the
valid level of the TIO0/P20 pin is detected two times. Therefore, noise with a short pulse width can be eliminated.

Caution If the valid edge of the TI00/P20 pin is specified to be both the rising and falling edges, CR00
cannot perform its capture operation.

Figure 7-15. Control Register Settings for Pulse Width Measurement
with Free-Running Counter and Two Capture Registers

(a) 16-bit timer mode control register 0 (TMCO0)

TMCO03 TMC02 OVFO

TMCO| O 0 0 0 0 1 0 0

\_'_1

Free-running mode

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

CRC02 CRC01 CRC00

CRCO| O 0 0 0 0 1 1 1

L CROO as capture register

———— Captures to CR0O at edge reverse to valid
edge of TI00/P20 pin.

—————— CRO1 as capture register
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Figure 7-16. Timing of Pulse Width Measurement with Free-Running Counter and
Two Capture Registers (with Rising Edge Specified)

<L>

A\ A\ A\ A\

TMO countvalue X 0000 {0001 X \/\\/\ X po X \\/ X o1 X \/\/ XFFFF)(OOOOX \/\/ Y o2 X \/\/\ X os X

TIOO pin input : | }_l‘
(

1

I ! 1\ ‘ ! : ! :
Value loaded t DO | ! D2 !
e oacges (Y S R S
1) : AN 1) : W W
Value loaded t ! ! D1 ! | | D3
sueloaceass AR I (N S (R
INTTM01 )ﬂ ﬂ§ ) i )(J_l ﬂ§
{ : ( : ( : { : ( :
i 1 | - -
OVFo )L )L )) | | |
( j 0 j 0 : :
i(D1—D0)><t§ (10000H — D1 + D2) x t i(DS—DZ)xti

Caution InFigure7-16,for simplification purposes, consideration of the delay caused by noise elimination
has been omitted from the timing of the capture operation based on the inputs to pin TI00 and
of interrupt request occurrence. For accurate information, refer to Figure 7-13 (which shows the
CRO1 capture operation with a rising edge specified).
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(4) Pulse width measurement by restarting
When the valid edge of the TIO0/P20 pin is detected, the pulse width of the signal input to the TI00/P20 pin can
be measured by clearing 16-bit timer counter 0 (TMO0) once and then resuming counting after loading the count
value of TMO to 16-bit capture/compare register 01 (CR01). (Refer to the register settings in Figure 7-17.)
The edge of the TIOO/P20 pin is specified by bits 4 and 5 (ES00 and ES01) of prescaler mode register 0 PRMO.
The rising or falling edge can be specified.
Sampling is performed with the count clock selected by PRMO, and the capture operation is performed when the
valid level of the TIO0/P20 pin is detected two times. Therefore, noise with a short pulse width can be eliminated.

Caution If the valid edge of the TI00/P20 pin is specified to be both the rising and falling edges,
capture/compare register 00 (CR00) cannot perform its capture operation.

Figure 7-17. Control Register Settings for Pulse Width Measurement by Restarting

(a) 16-bit timer mode control register 0 (TMCO0)

TMCO03 TMC02 OVFO0

TMCO| O 0 0 0 1 0 0 0

Clears & starts at valid edge of TI00/P20 pin.

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

CRC02 CRC01 CRC00

CRCO| O 0 0 0 0 1 1 1

L CROO as capture register

Captures to CROO at edge reverse to
valid edge of TI00/P20.

CRO1 as capture register
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Figure 7-18. Timing of Pulse Width Measurement by Restarting (with Rising Edge Specified)

Countclock||||||||||||||||||||||||||||

)

TMO countvalue X 0000 0001 X \/\/\ ?(DO X 0000 X 0001 XD1\/\\/\X X X XDz X 0000X 0001 X

|
I ! 1
\}J} ‘ ) |
(ol ‘ 1
‘

|
Value loaded to //\ X Do /\/ X D2

TIOO pin input

CRo1 T — 0
1 1 0 1
Value loaded t ! XD1 |
slueloaded o & I ‘ A

INTTMO1 }l |
7

D1 xt

D2 x t ‘

Caution InFigure7-18, for simplification purposes, consideration of the delay caused by noise elimination
has been omitted from the timing of the capture operation based on the inputs to pin TI00 and
of interrupt request occurrence. For accurate information, refer to Figure 7-13 (which shows the
CRO1 capture operation with a rising edge specified).

7.4.3 Operation as external event counter

16-bit time/event counter can be used as an external event counter which counts the number of clock pulses input
to the TI00/P20 pin from an external source by using 16-bit timer counter 0 (TMO).

Each time the valid edge specified by prescaler mode register 0 (PRMO0) has been input to the TI00/P20 pin, TMO
is incremented.

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

Set CROO to the value other than 0000H. (A 1-pulse counter can not be operated.)

To perform counting with clock pulses input to pin TI00/P20, specify the valid edge for TI00 using bits 0 and 1
(PRMO0O and PRMO01) of PRMO.

The edge of the TI00/20 pin is specified by bits 4 and 5 (ES00 and ES01) of PRMO. The rising, falling, or both
the rising and falling edges can be specified.

For the capture operation is not performed until the valid level of pin TI00 is detected two times by sampling with
the count clock selected by PRMO. Therefore, noise with a small pulse width can be eliminated.
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Figure 7-19. Control Register Settings in External Event Counter Mode

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

TMCO03 TMCO02 OVFO

TMCO| O 0 0 0 1 1 0 0

\_’_1

Clears & starts on match
between TMO0 and CROO.

(b) Capture/compare control register 0 (CRCO0)
CRC02 CRCO01 CRC00

CRCO| O 0 0 0 0 0/1 01 0

L CROO0 as compare register

Remark 0/1: When these bits are reset to 0 or set to 1, the other functions can be used along with the
external event counter function. For details, refer to Figures 7-2 and 7-3.

Figure 7-20. Configuration of External Event Counter

16-bit capture/compare
register 00 (CR0O0)

INTTMOO
Clear

Valid edge of TIOO 16-bit timer counter 0 (TMO) OVFO0

16-bit capture/compare
register 01 (CRO1)

S Internal bus %
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Figure 7-21. Timing of External Event Counter Operation (with Rising Edge Specified)

TIOOplnlnput||||||||||||||||||||||||||||

AN
TMO countvalue %0000 Y0001 X 0002) 0003 X 0004 {0005 X // XN-1X N Xo000) 0001 X 0002)0003 X

\

CR00 N

]

INTTMOO " I_l
0(

Caution Read TMO when reading the count value of the external event counter.
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7.5 Generation of Remote Controller Receive Interrupt

If the pulse interval of the signal input next to the TI100 pin is between the minimum and maximum values preset

when 16-bit timer/event counter 0 is used, an interrupt request signal is generated as a remote controller signal. This

signal can be identified by the pulse interval, high width, and low width, depending on the setting of bits 4 to 7 (RES00,
RESO1, RES10, and RES11) of the remote controller receive mode register (REMM).

Table 7-5. Selection of TI0O0 Pin Valid Edge and Signal Identifier

RESO1 RES00 RES11 RES10 Signal Identified by:
(TMO Clear Start Timing) (Detection Timing)

1 0 1 0 Pulse interval

(Rising edge) (Rising edge) -—
0 1 0 1 Pulse interval

(Falling edge) (Falling edge) Erm———
0 1 1 0 Low width

(Falling edge) (Rising edge) [ —
1 0 0 1 High width

(Rising edge) (Falling edge) B

7.5.1 Operating procedure

(1)

Set 16-bit capture compare register 00 (CR00) and 16-bit capture compare register 01 (CR01) in compare mode
(by clearing bits 0 and 2 (CRC00 and CRCO02) of capture/compare control register 0 (CRCO) to 0).

Set the minimum value of the criteria to CR00 and the maximum value to CRO1.

Set valid edges 2 and 1 of the TI00 pin by referring to Table 7-5 Selection of TIO0 Pin Valid Edge and Signal
Identifier (and by using bits 4 to 7 (RES00, RES01, RES10, and RES11) of REMM).

Set the clear signal of TMO in clear & start mode to “clear signal at valid TI00 edge with bits 4 and 5 (RES00
and RESO01) of REMM” (bit 1 (REMM1) of REMM is 1) by inputting the valid edge to the TI0O0 pin.

Set the operation mode of TMO to clear & start mode (set bits 2 and 3 (TMCO02 and TMCO03) of 16-bit timer mode
control register 0 (TMCO) to “0, 1”) by inputting the valid edge to the TI00 pin. The count operation is started
using the count clock (setting the valid edge of TI00 as the count clock is prohibited) specified by bits 0 and 1
(PRMOO0 and PRMO01) of prescaler mode register 0 (PRMO0). The timer is cleared when the edge specified by
bits 4 and 5 (RES00 and RES01) of REMM is input to the TIOO pin.

If the value of TMO matches the value of CR0O0 (minimum value), the flip-flop (F/F) is set. This F/F is reset when
the value of TMO matches the value of CRO1 (maximum value).

An interrupt request signal (INTREM) is generated if the edge specified by bits 6 and 7 (RES10 and RES11) is
input to the TIOO pin while the F/F is set.

Remark The valid edge is detected and the clock cycle selected by bit 0 (RSMPC) of REMM is sampled. When

the valid edge has been detected four times, the level is reported to the internal circuit (referto 7.6 Noise
Eliminator of Remote Controller Receive Interrupt Generator).
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Table 7-6. Setting Range of CR00 (Min) and CR01 (Max), and Generation of INTREM

Setting Range of CR0O0 Setting Range of CRO1 Generation of INTREM
(N: CROO Set Value, M: CRO1 Set Value)
00001H to FFFEH 0002H to FFFFH Count rate of (N + 1) x TMO < Tpw < Generated
(7,637 ns to 250 ms) (11,456 ns to 250 ms) count rate of M x TMO
Other than above Not generated

Remarks1. Tpw: Pulse width, high width, or low width (selected by bits 4 to 7 (RES00, RES01, RES10, and
RES11) of REMM) after the signal has passed through the 4-point sampling noise eliminator.
2. The value of the setting range of CR00 and CRO1 in parentheses is (set value + 1) x (count rate)

with a count clock of fxx/16.

Cautions 1. Set CRO0O to a value of 0001H to FFFEH, and CR01 to 0002H to FFFFH. Be sure to set a value
greater than that of CR00 to CR01; otherwise the operation will not be guaranteed.
2. Because Tpw is a signal that has passed through the 4-point sampling noise eliminator, it
has an error of the sampling clock 11 clock or less with respect to the signal input to the
TI00 pin (refer to Figure 7-24 Sampling Timing Chart). Set the values of CR00 and CR01 taking
this error into consideration.

Figure 7-22. Operation Timing When Remote Controller Receive Interrupt Is Generated (1/2)

(a) When INTREM interrupt request signal is generated
(count rate of (N + 1) x TMO < Tpw < count rate of M x TMO)

Example When the interrupt signal is identified by the pulse interval
(when RES11, RES10, RES01, and RESOQO0 are setto 1, 0, 1, and 0.)

Count clock |||||||||||||>5||||”|||||||||||||||||||||||||||
TIOO pin input signal |

(noise eliminator output signal)

TMO clear & start

(edge detection 1 output)

TMO

CRO00 (Min.)
CRO1 (Max.) 3 A M |
CRO00 match signal 1 /
CRO1 match signal ( /

F/F output Set Reset
INTREM detection timing | 1
(edge detection 2 output) ) Interrupt is not generated. - -\Alnterrupt is generated.l
INTREM

(( ((
)) )]

Caution If the INTREM detection timing occurs while the output of the F/F (flip-flop) is set (period of “H”),
an interrupt request signal (INTREM) is generated.
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Figure 7-22. Operation Timing When Remote Controller Receive Interrupt Is Generated (2/2)

(b) When INTREM interrupt request signal is not generated
(count rate of (M + 1) x TMO < Tpw)

Example When the interrupt signal is identified by the pulse interval
(when RES11, RES10, RES01, and RESOQ0 are setto 1, 0, 1, and 0.)

s e inlipigigigipigiyigigipigipigigigigigigigig
TI00 pin input signal | L |

(noise eliminator output signal)

TMO clear & start

(edge detection 1 output)
T™MO

CRO00 (Min.)
CRO1 (Max.)

CRO0O0 match signal

CRO1 match signal

F/F output
INTREM detection timing [ | [ |
(edge detection 2 output) z Interrupt is not generated.l A Interrupt is not generated.l
INTREM

(( (( I
)) ))

Caution If the INTREM detection timing occurs while the output of the F/F (flip-flop) is set (period of “L”),
the interrupt request signal (INTREM) is not generated.

Remark Tpw: Pulse width after the signal has passed through the 4-point sampling noise eliminator.
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7.5.2 Cautions on generation of remote controller interrupt

(1) When the interrupt signal is identified by the pulse interval

The generation of INTREM is prohibited until the first valid edge of the TMO clear & start signal is input after the
timer has started operation.

INTREM generation is prevented by a mask signal before TMO is cleared by the first valid edge of the TMO clear
& start signal after the timer has started operation (this is to prevent the erroneous generation of INTREM by
a signal other than the remote controller signal). The mask signal is input to the reset line of the F/F and becomes
active from when the timer has stopped to when the first valid edge of the TMO clear & start signal is input after
the timer has started operation. While the mask signal is active, the F/F is in the reset state and is not set (refer
to the figure below).

Example When the interrupt signal is identified by the pulse interval (when RES11, RES10, RESO01, and
RESOO are setto 1, 0, 1, and 0.)

Count clock mwwm

TI0O0 pin input signal ()()

(noise eliminator output signal)

TMO clear & start ()()

(edge detection 1 output)

T™O

TMO operation enabled  QOperation enabled (count starts)

CROO (Min.) A
CRO1 (Max.) ) M \) A
CRO00 match signal ()() 1 ()() ()() 1
CRO1 match signal (( ()() ()() /
Mask signal )] ( (( /
g I_SJ ))
| FIF is not set by a mask signal k
; : Set
F/F output ()() : ()() ()()
INTREM detection timing ()() [ | ()() ()()
(edge detection 2 output) | Interrupt is not generated. K Interrupt is generated. K
INTREM (¢ (¢ ((

))
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(2) Conflict of TMO clear & start signal, CR00 match signal, and INTREM detection timing

Example When the interrupt signal is identified by the pulse interval (when RES11, RES10, RES01, and
RESO00 are setto 1, 0, 1, and 0)

<1> When INTREM is not generated
The remote controller receive interrupt signal is not generated if the TMO clear & start signal is generated
before the value of TMO matches the value of CR0O.

e e ininipipigiiipiiigigipigigigigigigigigigigt
TIO0O pin input signal | I_()() |

(noise eliminator output signal)

TMO clear & start

(edge detection 1 output)
T™MO

CRO00 (Min.)
CRO1 (Max.)

CRO00 match signal

CRO1 match signal

F/F output
INTREM detection timin | 1 | 1
g
(edge detection 2 output) ) Interrupt is not generated. A Interrupt is not generated.
INTREM

(( ((
)] ))

<2> When INTREM is generated
If the TMO clear & start signal, CRO0 match signal, and INTREM detection timing conflict, the remote controller
receive interrupt is generated.
The output of the F/F is set by the CR00 match signal and INTREM is generated. The F/F output is reset
by the TMO clear & start signal.

e einipipigigicigipigigigigigigigigipgigigigigt
TI0O pin input signal ______| I_{)() |

(noise eliminator output signal)
TMO clear & start ()() ()()

(edge detection 1 output)

T™O D W () (5 (E) () (=) (B

CROO (Min.) ¢ (N
CRO1 (Max.) ¢ (M

CRO0O0 match signal

CRO1 match signal

I~ I~ I~ I~
=~ T~ T~ T~

F/F output
INTREM detection timing | 1
(edge detection 2 output) ) Interrupt is not generated. \Alnterrupt is generated.
INTREM ;

(( ((
)] ))

User’s Manual U15017EJ2V0UD 139



CHAPTER 7 16-BIT TIMER/EVENT COUNTER

(3) Conflict of TMO clear & start signal, CR01 match signal, and INTREM detection timing

Example When the interrupt signal is identified by the pulse interval (when RES11, RES10, RES01, and
RESO00 are setto 1, 0, 1, and 0)

<1> When INTREM is not generated
Ifthe TMO clear & start signal, CR01 match signal, and INTREM detection timing conflict, the remote controller
receive interrupt is not generated.

Count clock |||||||||||||>5||||”|||||||||||||||||||||||||||
TI0O pin input signal | I_S() |

(noise eliminator output signal)

TMO clear & start

(edge detection 1 output)

TMO
CRO00 (Min.) A \) N
CRO1 (Max.) A A M
CRO0 match signal ()() ()() 1
CRO1 match signal ()() ()() (\
F/F output [ ( Set ¥ Y Reset
INTREM detection timing 1 (¢ (¢ [ 1
(edge detection 2 output) z Interrupt is not generated. A Interrupt is not generated.
INTREM P () () ()() P

<2> When INTREM is generated
The remote controller receive interrupt signal is generated if the INTREM detection timing occurs (F/F is set)
before the value of TMO matches the value of CRO1.

Count clock |||||||||||||>5||||”|||||||||||||||||||||||||||
TIOO pin input signal |

(noise eliminator output signal)

TMO clear & start

(edge detection 1 output)
TMO

CRO0 (Min.)
CRO1 (Max.) (€ A 1

CRO00 match signal

CRO1 match signal

F/F output

INTREM detection timing | 1

(edge detection 2 output) ) Interrupt is not generated.

INTREM (( ((
)) ))

----\Alnterrupt is generated.
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7.6 Noise Eliminator of Remote Controller Receive Interrupt Generator
The noise eliminator of the remote controller receive interrupt circuit performs 4-point sampling at the timing
specified by bit 0 of the remote controller receive mode register (REMM). It loads the level of a signal if it is the same

four times in a row.

Figure 7-23. Block Diagram of INTREM

To normal 16-bit timer/event counter 0 block

Tin® Sghmjtt 4-ppint s.anjpling Tpw ] Valid edge . Interrupt . INTREM
circuit noise eliminator detector signal generation
Sampling clock
— Valid edge Timer clear signal Timer clear
Sampling timing |« fxx/256 detector generation signal

selector
(controlled by REMM) [~ f/512

——— Port input signal

e Sampling timing
Tin: Width of TIOO0 pin input signal, Tsmp: Sampling clock rate

<1> Tin £ (3 x Tsmp) ... Eliminated as noise

<2> (3 x Tsmp) < Tin < (4 x Tsmp) ... May be eliminated as noise or may pass as valid signal
(depending on timing)

<3> Tin > (4 x Tsmp) ... Passes as valid signal

Therefore, a signal with a width of (3 x Tsmp) to (4 x Tsmp) is eliminated as noise. To accurately pass a signal
as a valid signal, the signal width must be 4 x Tsmp or more.

Caution Because a digital sampling circuit is used, if a pulse with a narrow width is input successively,
it may pass through the noise eliminator.
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Figure 7-24. Sampling Timing Chart

Sampling clock /_L / O\ AN A /\

Eliminated! X

Tin <1> i

Tnees—1 XN

)

o
Q
7]
[%]
[0]
(2]

Tin <2>-2 H : X
Tin <3> X Passes X
Noise eliminator —
output I Passed data
! 3xTsmp | !
4 x iTsmp

Caution The pin level (Tin) has a delay time of (3 x Tsmp) to (4 x Tsmp) before and after the signal passes
the noise eliminator. The delay time at which the pin level (Tin) passes through the sampling
circuit is (3 x Tsmp) to (4 x Tsmp) with a variation of 1 Tsmp.

Figure 7-25. Noise Eliminator Output Signal

samplingclock _[ LML LML e

Sampling timing A A A A A A A A
TI0O0 pin input signal I 1 |
Noise eliminator I ] [

output signal

Caution A time delay of sampling clock =1 clock occurs before and after the signal passes through the
noise eliminator.
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7.7 Cautions
(1) Error on starting timer
An error of up to 1 clock occurs before the match signal is generated after the timer has been started. This is

because 16-bit timer counter 0 (TMO) is started asynchronously in respect to the count pulse.

Figure 7-26. Start Timing of 16-Bit Timer Counter 0 (TMO)

Count pulse j \ / \ / \_/_\_/_\_

TMO count value 0000H X 0001H X 0002H X 0003H X 0004H

Timer starts

(2) Setting 16-bit capture/compare register
Set 16-bit capture/compare registers 00 and 01 (CR00 and CR01) to the value other than 0000H. When using
this register as an event counter, a count for one-pulse can not be operated.

(3) Setting compare register during timer count operation
If the value to which the current value of 16-bit capture/compare register 00 (CR00) has been changed is less
than the value of 16-bit timer counter 0 (TMO0), TMO continues counting, overflows, and starts counting again from
0. If the new value of CR0OO (M) is less than the old value (N), the timer must be restarted after the value of
CROO0 has been changed.

Figure 7-27. Timing After Changing Compare Register During Timer Count Operation

Count pulse j \ / \ / \_“_/ \_/ \_/_\_/_\_
CR00 N X /\/\ M

\\

\
TMO count :X x-1 X x X /gx FFFFH X 0000H X 0001H X 0002H
\

Remark N> X>M
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(4) Data hold timing of capture register

If the valid edge is input to the TI00/P20 pin while the 16-bit capture/compare register 01 (CR01) is read, CRO1
performs the capture operation, but this capture value is not guaranteed. However, the interrupt request flag
(INTTMO1) is set as a result of detection of the valid edge

Figure 7-28. Data Hold Timing of Capture Register

Count pulse j \ / \ / \ / \_”_/ \_/ \ / \
TMO count N X N+t X N+2 X \)D( M X M+1 X M+2
Edge input \ /

Capture read signal /—\—

N + 1 Y

Py

|

Capture

Interrupt request flag | |

—~ =

CRO1 interrupt value X X

pu
o

(5) Setting valid edge
Before setting the valid edge of the TI0O0/P20 pin, stop the timer operation by resetting bits 2 and 3 (TMCO02 and
TMCO03) of the 16-bit timer mode control register (TMCO) to a combination of 0 and 0. Set the valid edge by
using bits 4 and 5 (ES00 and ES01) of prescaler mode register 0.

144 User's Manual U15017EJ2VOUD



CHAPTER 7 16-BIT TIMER/EVENT COUNTER

(6) Operation of OVFO flag
The OVFO flag is set to 1 in the following case:
Select mode in which 16-bit timer/event counter is cleared and started on match between TM0 and CRO0
\2
Set CROO to FFFFH.
\2
When TMO counts up from FFFFH to 0000H

Figure 7-29. Operation Timing of OVFO Flag

Count pulse ]
CROO FFFFH /
/
T™O FFFEH X FFFFH /X 0000H X 0001H X
OVFO

INTTMOO —|

(7) Contention operation
<1> Contention between the read period of the 16-bit capture/compare registers (CR00 and CR01) and the
capture trigger input (CR0O0 and CRO1 are used as capture registers.)
The capture trigger input is preceded. The read data of CRO0 and CRO1 is undefined.

<2> Match timing contention between the write period of the 16-bit capture/compare registers (CR00 and CR01)
and 16-bit timer counter 0 (TMO0). (CR0O0 and CRO1 are used as compare registers.)
A match discrimination is not normally performed. Do not perform the write operation of CR00 and CRO1
around the match timing.

(8) Interrupt request signals (INTTM0O and INTTMO1)
Even when 16-bit timer/event counter 0 is used as a remote controller receive interrupt generator, interrupt
requests (INTTMOO and INTTMO1) are generated. To suppress these interrupt requests, disable them (by
clearing bit 6 (TMMKO0O0) of interrupt control register 0 (TMIC00) and bit 6 (TMMKO1) of interrupt control register
1 (TMICO01)).

(9) Valid edges of TI0O0 and TIO1 pins

Ifthe TI00/T1051 pinis highimmediately after system reset, the pin is detected as having a rising edge immediately
after TMO operation is first enabled. This must be taken into consideration especially when the pin is pulled up.
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(10) Edge detection by noise eliminator
If the TIOO pin is high immediately after system reset when the 4-point sampling noise eliminator of the remote
controller receive interrupt generator detects an edge, and if TMO is enabled before the high-level signal input
to the TIOO pin passes the 4-point sampling noise eliminator after the system reset signal has been cleared, the
signal is detected as having a rising edge immediately after TMO operation is first enabled. This must be taken
into consideration especially when the signal is pulled up.
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8.1 Functions of 8-Bit PWM Timers
The 8-bit PWM timers have the following two operation modes.

e Mode in which only an 8-bit timer counter (TM5n: n = 0 or 1) is used (single mode)
e Mode in which the two 8-bit PWM timers are cascaded (16-bit resolution: cascade mode)

These two modes are explained next.

(1) Mode in which only a TM5n (n = 0 or 1) is used (single mode)
In this mode, the 8-bit PWM timer operates as an 8-bit timer/event counter. In this mode, the following functions
can be used.

e Interval timer

e External event counter
e Square wave output

e PWM output

(2) Mode in which two timers are cascaded (16-bit resolution: cascade mode)
When the two PWM timers are cascaded, they operate as a 16-bit timer/event counter. In this mode, the
following functions can be used.

¢ Interval timer with 16-bit resolution

e External event counter with 16-bit resolution
e Square output with 16-bit resolution
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8.2 Configuration of 8-Bit PWM Timers
The 8-bit PWM timers include the following hardware.

Table 8-1. Configuration of 8-Bit PWM Timers

ltem Configuration
Timer counter 8-bit timer counter 5n (TM5n)
Register 8-bit compare register 5n (CR5n)
Timer output/ TIO5n

external clock input

Control registers Timer clock select register 5n (TCL5n)
8-bit timer mode control register 5n (TMC5n)

n=0,1

Figure 8-1. Block Diagram of 8-Bit PWM Timer 50
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Figure 8-2. Block Diagram of 8-Bit PWM Timer 51
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)

)

150

8-bit timer counter 5n (TM5n: n = 0 or 1)

TMb5n is an 8-bit read-only register that counts the count pulse.

The value of this counter is incremented in synchronization with the rising edge of the count clock. When the
countvalue is read during operation, input of the count clock is temporarily stopped, and the count value at that
point is read. The count value is cleared to 00H in the following cases.

<1> RESET input
<2> Clearing TCE5n
<3> Match between TM5n and CR5n in clear & start mode

Caution In the cascade mode, TCE50 of TMC50 is 00H even if it is cleared.

Remark n=0or1

8-bit compare register 5n (CR5n: n = 0 or 1)

The value set in this register is constantly compared with the count value of 8-bit timer counter 5n (TM5n).

When the two values match, an interrupt request (INTTM5n) is generated (in the modes other than PWM

mode).

The value of CR5n can be set in a range of 00H to FFH, and can be rewritten during count operation.

Caution When setting data to this register in the cascade mode, be sure to stop the timer operation.
The timer is stopped by clearing both bit 7 (TCE50) of 8-bit timer mode control register 50

(TMC50) and bit 7 (TCE51) of 8-bit timer mode control register 51 (TMC51).

Remark n=0or1
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8.3 8-Bit PWM Timer Control Registers
The following two types of registers control the 8-bit PWM timers.

e Timer clock select register 5n (TCL5n: n =0 or 1)
e 8-bit timer mode control register 5n (TMC5n: n =0 or 1)

(1) Timer clock select register 5n (TCL5n: n =0 or 1)
This register sets the count clock and valid edge of the TIO5n input of 8-bit timer counter 5n (TM5n: n =0 or

1).
TCL5n is set using a 1-bit or 8-bit memory manipulation instruction.
RESET input sets TCL5n to O0H.

Figure 8-3. Format of Timer Clock Select Register 5n (TCL5n)

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

TCL5n 0 0 0 0 0 TCL5n2 | TCL5n1 | TCL5n0| FF56H (TCL50),  OOH R/W

FF57H (TCL51)

TCL5n2| TCL5n1| TCL5n0 Count clock selection

0 0 0 Falling edge of TIO5n

0 0 1 Rising edge of TIO5n

0 1 0 fxx/22 (3.125 MHz)

0 1 1 fxx/2% (1.56 MHz)

1 0 0 fxx/24 (781 kHz)

1 0 1 fxx/25 (391 kHz)

1 1 0 fxx/27 (98 kHz)

1 1 1 fxx/2° (24 kHz)

Cautions 1. When rewriting the data of TCL5n, keep the timer stopped.
2. Be sure to set bits 3 to 7 to 0.

Remarks 1. In cascade mode, only the setting of TCL502 to TCL500 is valid.
2. n=0or1
3. fxx: Main system clock frequency
4. The values in parentheses are valid when fxx is 12.5 MHz.
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(2) 8-bit timer mode control register 5n (TMC5n: n =0 or 1)
TMC5n sets has the following six functions.

152

<1>
<2>
<3>
<4>
<5>

<6>

Controls count operation of 8-bit timer counter 5n (TM5n: n =0 or 1)
Selects operation mode of 8-bit timer counter 5n (TM5n: n =0 or 1)
Selects single or cascade mode (TMC51 only)

Sets status of timer output

Controls timer or selects active level in PWM (free-running) mode
Controls timer output

TMC5n is set using a 1-bit or 8-bit memory manipulation instruction.
RESET input sets TMC5n to 04H.
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Symbol
TMC5n

Figure 8-4. Format of 8-Bit Timer Control Register 5n (TMC5n)

<7> 6 5 4 <3> <2> 1 0 Address  After reset R/W
TCE5n |TMC5n6 0 TMC5n4| LVS5n | LVR5n [TMC5n1| TOE5n | FF54H (TMC50), 04H R/W
FF55H (TMC51)
TCE5n TM5n count operation control
0 Clears counter to 0 and stops counting (prescaler disabled)
1 Starts counting
TMC5n6 TM5n operation mode selection
0 Clear & start on match between TM5n and CR5n
1 PWM (free-running) mode
TMC5n4 Single/cascade mode selection
Notes 1, 2
0 Single mode (used as 8-bit timer)
1 Cascade mode (connected to TM50 and used as 16-bit timer)
LVS5n | LVR5n Timer output status setting
0 0 Does not affect
0 1 Resets timer output to 0
1 0 Sets timer output to 1
1 1 Setting prohibited
TMC5n1 Other than PWM mode (TMC5n6 = 0) PWM mode (TMC5n6 = 1)
Timer control Active level selection
0 Disables inversion High active
1 Enables inversion Low active
TOES5N Timer output control
0 Disables output (port mode)
1 Enables output
Notes 1. Be sure to set TMC504 to O.
2. Set TMC514 according to its format.
Caution When selecting the operation mode of TM5n according to TMC5n6 and selecting the

concatenation mode (single mode or cascade mode) according to TMC514, keep the timers
stopped.

Remarks 1. Inthe PWM mode, the PWM output is at the inactive level if TCE5n = 0.

2. When LVS5n and LVR5n are read after data has been set, they are 0.
3. n=0orl
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8.4 Operations of 8-Bit PWM Timers

8.4.1 Operation as interval timer (8-bit operation)

An 8-bit PWM timer operates as an interval timer that generates an interrupt request at intervals specified by the
count value preset to 8-bit compare register 5n (CR5n).

When the count value of 8-bit timer counter 5n (TM5n) matches the set value of CR5n, the value of TM5n is cleared
to 0 and TM5n continues counting. At the same time, an interrupt request signal (INTTM5n) is generated.

The count clock of TM5n can be selected by using the bits 0 to 2 (TCL5n0 to TCL5n2) of timer clock select register
5n (TCL5n).

Remark n=0or1

[Setting]
(1) Set the registers.
e TCL5n: Selects count clock.
e CR5n: Compare value
e TMC5n: Selectsclear & start mode in which TM5n is cleared and started when its value matches CR5n.
(TMC5n = 0000xxx0B x = don’t care)
(2) The count operation is started when TCE5n = 1.
(3) When the values of TM5n and CR5n match, INTTM5n is generated (TM5n is cleared to 00H).
(4) After that, INTTMb5n is generated at fixed intervals. To stop the count operation, clear TCE5n = 0.

Remark n=0or1
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Figure 8-5. Timing of Interval Timer Operation (1/3)

(a) Basic operation
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Remarks 1. Interval time = (n + 1) x t: N = 00H to FFH
2. n=0or1

(b) When CR5n = 00H
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Figure 8-5. Timing of Interval Timer Operation (2/3)

(c) When CR5n = FFH
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(d) Operation when CR5n is changed (M < N)
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Figure 8-5. Timing of Interval Timer Operation (3/3)

(e) Operation when CR5n is changed (M > N)
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8.4.2 Operation as external event counter

The external event counter counts the number of count clock pulses input to TIO5n from an external source.

Each time the valid edge specified by timer clock select register 5n (TCL5n) has been input to TIO5n, the value
of TM5n is incremented. The edge can be selected from rising or falling.

If the measured value of TM5n matches the value of 8-bit compare register 5n (CR5n), TM5n is cleared to 0 and
an interrupt request signal (INTTM5n) is generated.

After that, INTTM5n is generated each time the value of TM5n coincides with the value of CR5n.

Remark n=0or1

Figure 8-6. Timing of External Event Counter Operation (with Rising Edge Specified)
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8.4.3 Square-wave (8-bit resolution) output operation

A square wave of any frequency can be output at intervals specified by the preset value to 8-bit compare register
5n (CR5nN).

If the bit 0 (TOES5N) of 8-bit timer mode control register 5n (TMC5n) is set to 1, the output status of TIO5n is inverted
at intervals specified by the count value preset to CR5n. In this way, a square wave of any frequency (duty = 50%)
can be output.

Remark n=0or1

[Setting]
(1) Set each register.
« Write “0” to the port latch and port mode register for a port that also functions as a timer output pin.
e TCL5n: Selects count clock.
e CRb5N: Compare value
e TMC5n: Clear & start mode in which TM5n is cleared and started when its value matches that of CR5n.

LVS5n | LVR5n Status Setting of Timer Output
1 0 High-level output
0 1 Low-level output

Inversion of the timer output is enabled.
Timer output enable -~ TOE5n =1

(2) The count operation is started when TCE5n = 1.
(3) Thetimer output is inverted when the values of TM5n and CR5n match. Moreover, INTTM5n is generated,
and TM5n is cleared to OOH.

(4) After that, the timer output is inverted at fixed intervals, and TIO5n outputs a square wave.

Remark n=0or1
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8.4.4 8-bit PWM output operation

The PWM timer performs 8-bit PWM output operation when bit 6 (TMC5n6) of 8-bit timer mode control register
5n (TMC5n) is set to 1, and outputs a pulse with a duty factor determined by the value set to 8-bit compare register
5n (CR5n) from the TIO5n pin.

Set the width of the active level of the PWM pulse to CR5n. The active level can be selected by bit 1 (TMC5n1)
of TMC5n.

The count clock can be selected by bits 0 to 2 (TCL5n0 to TCL5n2) of timer clock select register 5n (TCL5n).

PWM output can be enabled or disabled by bit 0 (TOE5n) of TMC5n.

Caution CR5n can be rewritten only once in one cycle in the PWM mode.
Remark n=0or1
(1) Basic PWM output operation

[Setting]

1) Write 0 to the port latch and port mode register for a port that also functions as a timer output pin.
2) Set the active level width by using 8-bit compare register 5n (CR5n).

w

(

(2)

(3) Select the count clock by using timer clock select register 5n (TCL5n).

(4) Select the active level by using bit 1 (TMC5n1) of TMC5n.

(5) Set bit 0 (TOEN) of TMC5n to 1 to enable timer output.

(6) The timer starts counting when bit 7 (TCE5n) of TMC5n is set to 1.
To stop the counting, set 0 to TCE5n.

Remark n=0or1

[PWM output operation]

(1) When the timer starts counting, an inactive level is output from TIO5n as PWM output, until the timer
overflows.

(2) When the overflow occurs, the active level is output. The active level is continuously output until the
CR5n and the count value of 8-bit timer counter 5n (TM5n) match.

(3) The inactive level is output after CR5n and the count value have matched, until an overflow occurs
again.

(4) After that, (2) and (3) are repeated, until the counting operation is stopped.

(5) PWM output is deasserted inactive when the counting operation is stopped by clearing TCE5n to 0.

Remark n=0or1
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(a) Basic PWM output operation

Figure 8-7. PWM Output Operation Timing

(i) Basic operation (when active level = H)

Countclock _[TLIMLIML. LML AL T _I_L,.I_I_I_L

TM5n ~00HOTH] |FFH|00H|O1H|02H| "IN |N+1| |FFH|00H|01H|02H| |M| O00H
1
1 1 1 1 1 |
CRSN __M - X N I X N I
1 1 1 1 1 1 1
TCE5n_| : : | I | |
1 1 1 1 1 1 1
1 1 1 1 1 1 1
INTTM5n ! . M ! - L |_| ' :

TIOSn i o i T I_—'_ _|_
4

f t

Reload Active level Inactive level Reload Actlve level

n=0or1

(ii) When CR5n =0
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(b) Operation when CR5n is changed
Figure 8-8. Operation Timing When CR5n Is Changed
(i) If CR5n value is changed from N to M before overflow of TM5n
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(ii) If CR5n value is changed from N to M after overflow of TM5n
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(iii) If CR5n value is changed from N to M for duration of 2 clocks (00H and 01H) immediately after
overflow of TM5n
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(2) Cascade (16-bit timer) mode

162

Operation as interval timer (with 16-bit resolution)

The two PWM timers can be used as a timer counter with 16-bit resolution by setting bit 4 (TMC514) of
8-bit timer mode control register 51 (TMC51) to 1.

In this case, the 16-bit timer counter operates as an interval timer that repeatedly generates an interrupt
request at intervals specified by the count value preset to 8-bit compare register 51 (CR51).

[Setting]
(1) Set each register.
e TCL50: TM50 selects the count clock.
The setting of TM51 cascaded timer is not necessary.
e CR5n:  Compare value (Each compare value can be set in a range of 00H to FFH.)
e TMC5n: Selects the clear & start mode in which the timers are cleared and started on match
between TM5n and CR5n.
TM50 — TMC50 = 0000xxx0B x: don’t care
[TM51 — TMC51 = 0001xxx0B x: don’t care )
(2) The counting is started when TCE51 of TMC51 is set to 1 followed by setting of TCE50 of TMC50
to 1.
(3) When the values of TM5n and CR5n of the cascaded timers cascade match, INTTM50 is generated
by TM50 (all the TM5n’s are cleared to O0H).
(4) After that, INTTM50 is repeatedly generated at the same interval.

Cautions 1. Before setting 8-bit compare register 5n (CR5n), be sure to stop the timer operation.

2. Even when the timers are cascaded, if the count value of TM51 matches the value
of CR51,INTT51 of TM51 is generated, unless masked. Be sure to mask and disable
the interrupt of TM51.

3. Set TCE51 of TMC51 first, and then TCE50 of TMC50.

4. The counting can be restarted or stopped by setting 1 or 0 to TCE50 of only TMC50.
When setting 8-bit compare register 5n (CR5n), be sure to clear bit 7 (TCE50) of
TMC50 and bit 7 (TCE51) of TMC51.

Remark n=0or1
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Figure 8-9 shows an example of the timing in the 16-bit resolution cascade mode.

Figure 8-9. 16-Bit Resolution Cascade Mode
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8.5 Cautions on 8-Bit PWM Timers
(1) Error on starting timer
The time until the match signal is generated after the timer has been started includes an error of up to 1 clock,

because 8-bit timer counter 5n (TM5n: n = 0 or 1) is started in asynchronization with the count pulse.

Figure 8-10. Start Timing of 8-Bit Timer Counter 5n (TM5n)

Countpuse [ [ | || || LI |
TM5n count value 00H X oiH X o02H X 03H X O04H
T
Timer starts
n=0or1

(2) Operation after changing compare register during timer count operation
If the value to which the current value of 8-bit compare register 5n (CR5n) is changed is less than the value
of 8-bit timer counter 5n (TM5n), the timer continues counting, overflows, and restarts counting from 0. If the
new value of CR5n (M) is less than the old value (N), the timer must be restarted after CR5n has been changed.

Remark n=0or1

Figure 8-11. Timing After Changing Compare Register Value During Timer Count Operation

Count pulse | | | | | |_ . J | | | | | | I_

CR5n N X M

TM5n count value X x-1 X x X :: X FFH X 00H X o1H X 02H

N>X>M
n=0or1

Caution Except when TIO5n input is selected, be sure to clear TCE5n to 0 to set the stop status (n
=0or1).

(3) Reading TM5n during timer operation
Because the selected clock is temporarily stopped when TM5n (n = 0 or 1) is read during operation, select a
clock with a long high/low level.
When reading TM5n (n =0 or 1) in cascade mode, provide for changes in the count during a read, for example,
by reading counts twice, comparing them, and using one of them only when they match.
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The watchdog timer detects runaway programs.

Program or system errors are detected by the generation of watchdog timer interrupts. Therefore, at each location
in the program, the instruction that clears the watchdog timer (starts the count) within a constant time is input.

If the watchdog timer overflows without executing the instruction that clears the watchdog timer within the set period,
a watchdog timer interrupt (INTWDT) is generated to signal a program error.

9.1 Configuration
Figure 9-1 shows a block diagram of the watchdog timer.

Figure 9-1. Block Diagram of Watchdog Timer

ferk Watchdog timer
fok/221
fok/220 =
Set bit 7 (RUN) of the S
watchdog timer mode Clear signal § INTWDT/INTWDTM
register (WDM) to 1. fow/219 8
HALT
IDLE fow/217
STOP

Cautions 1. When astandby mode (HALT/STOP/IDLE) s selected during operation of the watchdog timer,
the watchdog timer is cleared and stopped. If a request is made to clear the HALT/IDLE
standby mode, the watchdog timer starts operating immediately after the request is issued.
If a request is made to clear the STOP standby mode, the watchdog timer starts operating
once the oscillation stabilization time elapses after the request is issued.

2. INTWDT is a non-maskable interrupt, while INTWDTM is a maskable interrupt. Whether to
use the watchdog timer interrupt as non-maskable or maskable can be specified using bit
1 (SWDT) of the interrupt select control register (SNMI). For an explanation of this register,
refer to Section 16.3.6 of CHAPTER 16 INTERRUPT FUNCTION.

Remark fcik: Internal system clock (fxx to fxx/8)
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9.2 Control Register

e Watchdog timer mode register (WDM)
WDM is the 8-bit register that controls watchdog timer operation.
To prevent the watchdog timer from erroneously clearing this register due to a runaway program, this register is
only written by a special instruction. This special instruction has a special code format (4 bytes) in MOV WDM,
#byte instruction. Writing takes place only when the third and fourth op codes are mutual 1’s complements. If
the third and fourth op codes are not mutual 1’'s complements and not written, the operand error interrupt is
generated. In this case, the return address saved in the stack is the address of the instruction that caused the
error. Therefore, the address that caused the error can be identified from the return address saved in the stack.
If returning by simply using the RETB instruction from the operand error, an infinite loop results.
Since an operand error interrupt is generated only when the program is running wild (the correct special instruction
is only generated when MOV WDM, #byte is described in the RA78K4 NEC assembler), make the program initialize
the system.
Other write instructions (MOV WDM, A; AND WDM, #byte; SET1 WDM?7, etc.) are ignored and nothing happens.
In other words, WDM is not written and interrupts such as operand error interrupts are not generated.
After a system reset (FSET input), when the watchdog timer starts (when the RUN bit is set to 1), WDM contents
cannot change. Only a reset can stop the watchdog timer. The watchdog timer can be cleared by a special
instruction.
WDM can be read by 8-bit data transfer instructions.
RESET input sets WDM to O0H.
Figure 9-2 shows the format of WDM.
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Figure 9-2. Format of Watchdog Timer Mode Register (WDM)

Address: OFFC2H After reset: 00H R/W

Symbol 7 6 5 4 3 2 1 0
WDM RUN 0 0 0 0 WDT2 WDT1 0
RUN Watchdog timer operation setting
0 Stops the watchdog timer.
1 Clears the watchdog timer and starts counting.
WDT2 WDTH1 Count clock Overflow time [ms]
(fcik = 12.5 MHz)
0 0 fok/217 10.5
0 1 fok/219 41.9
1 0 foLk/220 83.9
1 1 fok/221 167.8

Cautions 1. Only the dedicated instruction (MOV WDM, #byte) can write to the watchdog timer mode
register (WDM).
2. When writing to WDM to set the RUN bitto 1, write the same value every time. Even if different
values are written, the contents written the first time cannot be updated.
3. When the RUN bit is set to 1, it cannot be reset to 0 by the software.

Remark fcik: Internal system clock (fxx to fxx/8)
fxx:  Main system clock frequency
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9.3 Operations

The watchdog timer is cleared by setting the RUN bit of the watchdog timer mode register (WDM) to 1 to start
counting. Afterthe RUN bit is set to 1, when the overflow time set by bits WDT2 and the WDT1 in WDM has elapsed,
a non-maskable interrupt (INTWDT) is generated.

If the RUN bit is reset to 1 before the overflow time elapses, the watchdog timer is cleared, and counting restarts.

9.4 Cautions
9.4.1 General cautions when using the watchdog timer

(1) The watchdog timer is one way to detect runaway operation, but all runaway operations cannot be detected.
Therefore, in a device that particularly demands reliability, the runaway operation must be detected early not only
by the on-chip watchdog timer but by an externally attached circuit; and when returning to the normal state or
while in the stable state, processing like stopping the operation must be possible.

(2) The watchdog timer cannot detect runaway operation in the following cases.

<1> When the watchdog timer is cleared in a timer interrupt servicing program

<2> When there are successive temporary stores of interrupt requests and macro services (referto 16.9 When
Interrupt Requests and Macro Service Are Temporarily Held Pending)

<3> When runaway operation is caused by logical errors in the program (when each module in the program
operates normally, but the entire system does not operate properly), and when the watchdog timer is
periodically cleared

<4> When the watchdog timer is periodically cleared by an instruction group that is executed during runaway
operation

<5> When the STOP mode and HALT mode or IDLE mode is the result of runaway operation

<6> When the watchdog timer also runs wild when the CPU runs wild because of introduced noise

In cases <1>, <2>, and <3>, detection becomes possible by correcting the program.
In case <4>, the watchdog timer can be cleared only by the 4-byte special instruction. Similarly in <5>, if there
is no 4-byte special instruction, the STOP mode and HALT mode or IDLE mode cannot be set. Since the result
of the runaway operation is to enter state <2>, three or more bytes of consecutive data must be a specific pattern
(example, BT PSWL.bit, $$). Therefore, the results of <4>, <5>, and the runaway operation are believed to very
rarely enter state <2>.

9.4.2 Cautions about the yPD784976A Subseries watchdog timer

(1) Only the special instruction (MOV WDM, #byte) can write to the watchdog timer mode register (WDM).

(2) If the RUN bit is set to 1 by writing to the watchdog timer mode register (WDM), write the same value every time.
Even when different values are written, the contents written the first time cannot be changed.

(3) If the RUN bit is set to 1, it cannot be reset to 0 by the software.
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10.1 Functions

The watch timer has the following functions.

e Watch timer
e Interval timer

The watch timer and interval timer functions can be used at the same time.
Figure 10-1 shows the block diagram of the watch timer.

Figure 10-1. Block Diagram of Watch Timer

X1©—~] Main b DLE
system . .
clock control To CPU and peripheral hardware (other than watch timer)
X20— oscillator
WTM1 g:ear
WTMo —= 288
WTM3
1
S
E 5-bit counter |— INTWT
[0
| : | €
Prescaler | 9-bit prescaler I
fw 0
fw/2% ——
1 fw/28
WTCLO, WTCLA1 fw/2? 5
fw/28| @ INTWTI
fw/2| &
fw/24

Cautions 1.

Remarks 1.
2,
3.
4,

ii

WTM4 to WTM6

The interrupt of the watch timer (INTWT) can be used to release IDLE mode (IDLE mode
cannot be released by the interval timer interrupt (INTWTI).)
The watch timer can operate in the IDLE mode using the main system clock oscillation

frequency (fx).
The watch timer clock frequency (fw) is not generated when timer operation is disabled (bit
0 (TWMO) of WTM = 0) or during the period between the STOP status and the end of the

oscillation stabilization time.

fx:  Main system clock oscillation frequency
fw: Watch timer clock frequency
WTMO, WTM1, WTM4 to WTM®6: Bits 0, 1, 4 to 6 of the watch timer mode control register (WTM)

WTCLO, WTCL1: Bits 0 and 1 of the watch timer clock select register (WTCL)
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(1) Watch timer
The watch timer generates an interrupt request (INTWT) at time intervals of 0.5 seconds using the main system
clock oscillation frequency (fx).
The watch timer can operate in IDLE mode using the main system clock oscillation frequency (fx).

Caution To set the 0.5-second interval, use the following oscillation frequencies: 4.194 MHz, 6.291 MHz,
8.388 MHz, 12.582 MHz

(2) Interval timer
The watch timer generates an interval interrupt request signal (INTWTI) at time intervals specified in advance
(fw/2* to fw/2°) based on the main system clock oscillation frequency (fx).
Caution The interrupt of the watch timer (INTWT) can be used to release IDLE mode. IDLE mode cannot
be released by the interval timer interrupt (INTWTI).
10.2 Configuration

The watch timer includes the following hardware.

Table 10-1. Configuration of Watch Timer

ltem Configuration
Counter 5 bits x 1
Prescaler 9 bits x 1
Control registers Watch timer mode control register (WTM)
Watch timer clock select register (WTCL)
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10.3 Watch Timer Control Registers
The watch timer mode control register (WTM) and watch timer clock select register (WTCS) control the watch timer.

(1) Watch timer mode control register (WTM)
This register enables or disables the count clock and operation of the watch timer, sets the interval time of the
prescaler, and controls the operation of the 5-bit counter.
WTM is set using a 1-bit or 8-bit memory manipulation instruction.
RESET input sets WTM to O0H.

Figure 10-2. Watch Timer Mode Control Register (WTM)

Symbol 7 6 5 4 3 2 <1> <0> Address After reset R/W
WTM 0 WTM6 | WTM5 | WTM4 | WTM3 0 WTM1 | WTMO FF9CH 00H R/W
WTM6 | WTM5 | WTM4 Selection of prescaler interval time
0 0 0 2%/fw (488 us)
0 0 1 25/fw (977 us)
0 1 0 25/fw (1.95 ms)
0 1 1 27/fw (3.91 ms)
1 0 0 28/fw (7.81 ms)
1 0 1 2%fw (15.6 ms)
Other than above Setting prohibited
WTMS3 Selection of watch timer interrupt time
0 2'%/fw (0.5 s)
1 25/fw (977 us)
WTMA1 5-bit counter operation control
0 Clears after operation stops
1 Starts
WTMO Enables operation of watch timer
0 Stops operation (clears both prescaler and timer)
1 Enables operation

Remarks 1. fw: Watch timer clock frequency
2. Values in parentheses apply when fw = 32.768 kHz.
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Cautions 1.

The time until the first watch timer interrupt (INTWT) and interval timer interrupt (INTWTI)
requests are generated after operation is enabled is not exactly the same as the set interval.
Interrupts are generated at the preset interval from the second time onward. Similarly, the
time until the first INTWT and INTWTI interrupt requests are generated when STOP mode is
set and released while operation is enabled is not exactly the same as the set interval.
Changing the time (setting bits 3 to 6 (WTM3 to WTM6) of the watch timer mode control
register (WTM)) is prohibited during timer operation. Change the time when the watch timer
is stopped (bit 0 (WTMO) of WTM = 0).

The value of the timer cannot be read or written.

Be sure to set bits 2 and 7 of WTM to 0.
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(2) Watch timer clock select register (WTCL)
This register selects the source clock of the watch timer.
WTCL is set using a 1-bit memory manipulation instruction.
RESET input sets WTCL to O0H.

Figure 10-3. Watch Timer Clock Select Register (WTCL)

Symbol 7 6 5 4 3 2 <1> <0> Address After reset R/W
WTCL 0 0 0 0 0 0 WTCL1 | WTCLO FF1BH O00H R/W
WTCL1 | WTCLO Selection of clock supplied to watch timer
0 0 fx/128
0 1 fx/192
1 0 x/256
1 1 x/384

Caution WTCL cannot be written during timer operation. Set WTCL after the watch timer operation is
stopped (bit 0 (WTMO) of the watch timer mode control register (WTM) = 0).

e Setting of the watch timer interrupt request
Set the watch timer mode control register (WTM) and WTCL as follows to generate a watch timer interrupt

at intervals of 0.5 seconds or 977 us.

Table 10-2. Setting of Watch Timer Interrupt Request

Main System Clock WTCL1 | WTCLO Watch Timer Interrupt Interval
Oscillation Frequency (fx)
WTM3 =0 WTM3 =1
4.194 MHz 0 0 x/221 (0.5 s) x/212 (977 us)
6.291 MHz 0 1 x/(220 x 3) (0.5 s) fx/(211 x 3) (977 us)
8.388 MHz 1 0 x/222 (0.5 s) x/213 (977 us)
12.582 MHz 1 1 /(221 x 3) (0.5 s) x/(212 x 3) (977 us)
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11.1 Function of A/D Converter

The A/D converter converts analog input signals into digital values with a resolution of 8 bits. Twelve analog input
channels (ANIO to ANI11) can be controlled.

The A/D conversion operation can be started only by software.

One of the analog input channels, ANIO to ANI11, is selected for A/D conversion. The A/D conversion operation
is repeatedly performed, and each time it has been completed once, an interrupt request (INTAD) is generated.
11.2 Configuration of A/D Converter

The A/D converter includes the following hardware.

Table 11-1. Configuration of A/D Converter

ltem Configuration
Analog input 12 channels (ANIO to ANI11)
Register Successive approximation register (SAR)

A/D conversion result register (ADCR)

Control register A/D converter mode register (ADM)
A/D converter input select register (ADIS)
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Figure 11-1. Block Diagram of A/D Converter
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Successive approximation register (SAR)

This register compares the voltage value of the input analog signal with the value of the voltage tap (compare
voltage) from the series resistor string, and holds the result of the comparison, starting from the most significant
bit (MSB).

When the comparison result has been retained to this register up to the least significant bit (LSB) (i.e., when
the A/D conversion has been completed), the contents of this register are transferred to the A/D conversion
result register (ADCR).

A/D conversion result register (ADCR)

This register holds the result of the A/D conversion. Each time the A/D conversion has been completed, the
conversion result is loaded to this register from the successive approximation register (SAR).

ADCR is read using an 8-bit memory manipulation instruction.

The value of this register is undefined when msignal is input.

Sample & hold circuit

The sample & hold circuit samples the analog input signals sent from the input circuit one by one, and sends
them to the voltage comparator. It also holds the voltage value of the sampled analog input signal during
A/D conversion.
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Voltage comparator
The voltage comparator compares the analog input signal with the output voltage of the series resistor string.

Series resistor string
The series resistor string is connected between the AVop and AVss pins, and generates a voltage to be
compared with the input analog signal.

ANIO to ANI11 pins
These are 12 channels of analog input pins of the A/D converter, and input analog signals to be converted.

Caution Make sure that the input voltages of ANIO to ANI11 are within the rated range. If a voltage
greater than AVop or less than AVss is input a channel (even if it is within the absolute
maximum rating range), the converted value of the channel is undefined, and, in the worst
case, the converted values of the other channels are affected.

AVss pin
This is the ground potential pin of the A/D converter. Make sure this pin is always at the same potential as the
Vss1 pin even when the A/D converter is not used.

AVop pin

This is the analog power supply pin of the A/D converter. When the A/D converter is used, use the AVop pin
with the same potential as Voo1. When the A/D converter is not used, the AVop pin can be used with the same
potential as Vssa.

In the standby mode, the current flowing to the series resistor string can be lowered by stopping the conversion
operation (by clearing bit 7 (ADCS) of the A/D converter mode register (ADM)).
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11.3 A/D Converter Control Registers
The following two types of registers control the A/D converter.

* A/D converter mode register (ADM)
e A/D converter input select register (ADIS)

(1) A/D converter mode register (ADM)
This register specifies the conversion time of the input analog signal to be converted, and starts or stops the
conversion operation.
ADM is set using a 1-bit or 8-bit memory manipulation instruction.
RESET input sets ADM to 00H.

Figure 11-2. Format of A/D Converter Mode Register

Symbol  <7> 6 5 4 3 2 1 0 Address After reset R/W
ADM | ADCS 0 FR2 FR1 FRO 0 0 0 FF80H 00H R/W
ADCS A/D conversion operation control
0 Stops conversion
1 Enables conversion
FR2 FR1 FRO A/D conversion time selectionNote 1
Number of clocks fxx = 12.5 MHz fxx = 6.2 MHz
0 0 0 144/fxx Setting prohibited 23.0 us
0 0 1 120/fxx 19.2 us
0 1 0 96/fxx 15.4 us
1 0 0 288/fxx 23.0 us 46.1 us
1 0 1 240/fxx 19.2 us 38.4 us
1 1 0 192/fxx 15.4 us 30.7 us
Other than above — Setting prohibited

Notes 1. Make sure that the A/D conversion time is 14 us or longer.
2. When rewriting the data of FRO to FR2, keep the A/D converter stopped.

Caution The conversion result is undefined immediately after bit 7 (ADCS) has been set.

Remark fxx: Main system clock frequency
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A/D converter input select register (ADIS)

This register specifies a port that inputs the analog voltage to be converted.
ADIS is set using a 1-bit or 8-bit memory manipulation instruction.

RESET input sets ADIS to 00H.

Figure 11-3. Format of A/D Converter Input Select Register

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

0 0 0 0 ADIS3 | ADIS2 | ADIS1 | ADISO FF81H 00H R/W
ADIS3 | ADIS2 | ADIS1 | ADISO Analog input channel specification

0 0 0 0 ANIO

0 0 0 1 AN

0 0 1 0 ANI2

0 0 1 1 ANI3

0 1 0 0 ANI4

0 1 0 1 ANI5

0 1 1 0 ANI6

0 1 1 1 ANI7

1 0 0 0 ANI8

1 0 0 1 ANI9

1 0 1 0 ANI10

1 0 1 1 ANI11
Other than above Setting prohibited
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11.4 Operation of A/D Converter

11.4.1 Basic operation of A/D converter

Select one channel for A/D conversion by using the A/D converter input select register (ADIS).
The sample & hold circuit samples the voltage input to the selected analog input channel.
The sample & hold circuit enters the hold status after it has performed sampling for fixed time, and holds the
input analog voltage until the A/D conversion is completed.
Bit 7 of the successive approximation register (SAR) is set. The tap selector sets the voltage tap of the series
resistor string to (1/2) AVob.
The voltage comparator compares the voltage difference between the voltage of the series resistor string and
voltage tap. If the input analog voltage is greater than (1/2) AVop, the MSB of the SAR remains set. If itis
less than (1/2) AVop, MSB is reset.
Bit 6 of the SAR is automatically set, and the next comparison is performed. The voltage tap of the series
resistor string is selected as follows, depending on the value of bit 7 to which the result has been already set.
* Bit7=1:(3/4) AVop
e Bit7=0:(1/4) AVop

This voltage tap is compared with the input analog voltage. Depending on this result, bit 6 of the SAR is

manipulated as follows:
e If input analog voltage > voltage tap: Bit 6 = 1
e If input analog voltage < voltage tap: Bit6 =0
Comparison continues like this up to bit 0 of the SAR.
When comparison of 8 bits has been completed, the valid digital result remains in the SAR, and its value is
transferred and latched to the A/D conversion result register (ADCR).
At the same time, an A/D conversion end interrupt request (INTAD) is generated.

Caution The first A/D conversion result obtained immediately after setting bit 7 (ADCS) of the A/D

converter mode register (ADM) to 1 is undefined and should be discarded by polling the A/D
conversion end interrupt request (INTAD).
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Figure 11-4. Basic Operation of A/D Converter
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The A/D conversion operation is performed successively until bit 7 (ADCS) of the A/D converter mode register
(ADM) is reset to 0 by software.

If an attempt is made to write data to the ADM or A/D converter input select register (ADIS) during A/D conversion
operation, the conversion operation is initialized, and conversion is started from the beginning if ADCS is set to 1.

The value of the A/D conversion result register (ADCR) is undefined when the RESET signal is input.

Caution The first A/D conversion result obtained immediately after setting bit 7 (ADCS) of the A/D
converter mode register (ADM) to 1 is undefined and should be discarded by polling the A/D
conversion end interrupt request (INTAD).
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11.4.2 Input voltage and conversion result
The analog voltage input to an analog input pin (ANIO to ANI11) and the result of A/D conversion (A/D conversion
result register (ADCR)) have the following relation:

ADCR = INT (—™_ & 256 + 0.5)
AVbD
or,
(ADCR - 0.5) x Y% < Vi < (ADCR + 0.5) x V0P

256
INT(): Function that returns integer of value in ()
Vin: Analog input voltage
AVbp:  Supply voltage to A/D converter
ADCR: Value of A/D conversion result register (ADCR)

Figure 11-5 shows the relation between the analog input voltage and A/D conversion result.

Figure 11-5. Relation Between Analog Input Voltage and A/D Conversion Result

55— [ T | | "~~~
254 ————1+——F+—1—1— 1 -~
253 -—q---
| 1
A/D conversion result | :
(ADCR) ! :
3 -1
2 ,,,,,
1 ,,,,,
O ,,,,,
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/AVop
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11.4.3 Operation mode of A/D converter

Select one analog input channel from ANIO to ANI11 by the A/D converter input select register (ADIS) to start A/
D conversion.

The A/D conversion operation can be started only by software (by setting the A/D converter mode register (ADM)).

The A/D conversion result is stored in the A/D conversion result register (ADCR), and an interrupt request signal
(INTAD) is generated.

* A/D conversion by software start
Converting the voltage applied to the analog input pin specified by the A/D converter input select register (ADIS)
is started when bit 7 (ADCS) of the A/D converter mode register (ADM) is set to 1.
When the A/D conversion has been completed, the result of the conversion is stored in the A/D conversion result
register (ADCR), and an interrupt request (INTAD) is generated. When the A/D conversion has been started
and completed once, the next conversion operation is immediately started. This is repeated until new data is
written to ADIS.
If ADIS is rewritten during A/D conversion, the conversion under execution is stopped, and conversion of the
selected analog input channel is started.
If data with ADCS being 0 is written to the ADM during A/D conversion, the conversion is immediately stopped.

Figure 11-6. A/D Conversion by Software Start

Rewriting ADIS Rewriting ADIS
ADCS =1 ADCS =1 ADCS =0
A/D conversion ANIn ANIn ANIn ANIm ANIm

Conversion result
does not remain
during A/D conversion

) ) )

ADCR Undefined value ANIn Undefined value

1NN

Remark n=0,1, .. 11
m=0,1,..11

——— Stop

Caution The first A/D conversion result obtained immediately after setting bit 7 (ADCS) of the A/D
converter mode register (ADM) to 1 is undefined and should be discarded by polling the A/D
conversion end interrupt request (INTAD).
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11.5 Notes on A/D Converter

)

)

©)]

)

Current consumption in standby mode

The A/D converter is stopped in the standby mode. At this time, the current consumption can be reduced by
stopping the conversion (by clearing bit 7 (ADCS) of the A/D converter mode register (ADM) to 0).

Figure 11-7 shows how the current consumption can be reduced in the standby mode.

Figure 11-7. Example of Reducing Current Consumption in Standby Mode

AVop ©

Pch || o<} ADCS

Series resistor string

AVss ©

Input range of ANIO to ANI11

Make sure that the input voltages of ANIO to ANI11 are within the rated range. If a voltage greater than AVop
or less than AVss is input to a channel (even if it is within the absolute maximum rating range), the converted
value of the channel is undefined, and, in the worst case, the converted values of the other channels are
affected.

Conflicting operation

<1> Conflict between writing and reading A/D conversion result register (ADCR) on completion of conversion
Reading ADRC takes precedence. After ADCR has been read, a new conversion result is written to
ADCR.

<2> Conflict between writing ADCR and input of external trigger signal on completion of conversion
An external trigger signal is not accepted during A/D conversion. Therefore, the external trigger signal
is not accepted while ADCR is written.

<3> Conflict between writing ADCR and writing the A/D converter mode register (ADM) or writing the A/D
converter input select register (ADIS) on completion of conversion
Writing ADM or ADIS takes precedence. ADCR s not written. Nor is the conversion end interrupt request
signal (INTAD) generated.

Noise measures

To maintain the 8-bit resolution, care must be exercised that no noise is superimposed on the AVbb and ANIO
to ANI11 pins. The higher the output impedance of the analog input source, the heavier the influence of noise.
To suppress noise, connecting external C as shown in Figure 11-8 is recommended.
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Reference voltage input O , / AVbp
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Figure 11-8. Processing of Analog Input Pin

Clamp with diode with low VF (0.3 V or less) if there is possibility
that noise greater than AVop and less than AVss is superimposed.

Vb1

C =100 to 1,000 pF

AVss
Vssi
ANIO through ANI11

The analog input pins (ANIO to ANI11) are multiplexed with port pins (P00 to P03 and P11 to P17).

When one of ANIO to ANI11 is selected for A/D conversion, do not execute an instruction that inputs data to
the port during the conversion. If such an instruction is executed, the conversion resolution may drop.
When a digital pulse is applied to a pin adjacent to the analog input pins during A/D conversion, the expected
A/D conversion value may not be obtained because of coupling noise. Therefore, do not apply a pulse to the
pins adjacent to the analog input pins during A/D conversion.

Input impedance of AVop pin

The reference voltage source pinis also used as the AVoo pin. A series resistor string with a resistance of about
21.4 kQ is connected between the AVop and AVss pins.

If the output impedance of the reference voltage source is high, therefore, the impedance is virtually connected
in series with the resistor string between the AVop and AVss pins, increasing the error of the reference voltage.

Interrupt request flag (ADIF)

The interrupt request flag (ADIF) is not cleared even if the contents of the A/D converter input select register
(ADIS) are changed.

If the analog input pin is changed during A/D conversion, therefore, the A/D conversion result of the old analog
input may be written to ADIS immediately before ADIS is rewritten, and consequently, the conversion end
interrupt flag may be set. If the ADIF is read immediately after ADIS has been rewritten, ADIF may be set
despite that the A/D conversion of the new analog input has not been completed.

Before resuming A/D conversion that has been stopped, clear ADIF.
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Figure 11-9. Timing of A/D Conversion End Interrupt Request Generation

ADIS rewriting ADIS rewriting ADIF is set, but conversion of
(ANIn conversion starts) (ANIm conversion stans-.)K ANIm is not completed
|
A/D conversion ANIn ANIn ! ANIm ANIm

L L | L L
|
|
|
ADCR ><Undeﬁned value ANIn >< Undefined value>< ANIm

INTAD

Remark n=0,1, .. 11
m=0,1,..11

Caution The first A/D conversion result obtained immediately after setting bit 7 (ADCS) of the A/D
converter mode register (ADM) to 1 is undefined and should be discarded by polling the A/
D conversion end interrupt request (INTAD).

(8) AVop pin
The AVop pin supplies power to the analog circuit. It also supplies power to the input circuit of ANIO to ANI11.
Therefore, apply the same potential as that of the Voo1 pin to this pin, as shown in Figure 11-10, in an application
where a backup power supply is used.

Figure 11-10. Processing of AVop Pin
Voo1
AVop

Main power supply T TBackup capacitor

Vssi
AVss
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(9) Result of conversion immediately after A/D conversion is started
The first A/D conversion result obtained after the start of A/D conversion is undefined and should be discarded
by polling the A/D conversion end interrupt request (INTAD) or using other such means.

Figure 11-11. Result of Conversion Immediately After A/D Conversion Is Started

End of A/D conversion End of A/D conversion End of A/D conversion

ADCR >< Undefined value >< Correct conversion result ><

1 1

s |
| | |

A/D activated Dummy Read out of conversion result

* (10) Timing that makes the A/D conversion result undefined
If the timing of the end of A/D conversion and the timing of the stop of operation of the A/C converter conflict,
the A/D conversion value may be undefined. Because of this, be sure to read the A/D conversion result while
the A/D converter is in operation. Furthermore, when reading an A/D conversion result after the A/D converter
operation has stopped, be sure to have done so by the time the next conversion result is complete.
The conversion result read timing is shown in Figures 11-12 and 11-13 below.

Figure 11-12. Conversion Result Read Timing (When Conversion Result Is Undefined)

A/D conversion end A/D conversion end
ADCR X Normal conversion result X Undefined value
INTAD
ADCS
Normal conversion A/D operation Undefined
result read stopped value read
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Figure 11-13. Conversion Result Read Timing (When Conversion Result Is Normal)

A/D conversion end

i

ADCR X Normal conversion result
INTAD
ADCS
A/D operation stopped Normal conversion result read

(11) Cautions on board design
In order to avoid negative effects from digital circuit noise on the board, analog circuits must be placed as far

away as possible from digital circuits. Itis particularly important to prevent analog and digital signal lines from
crossing or coming into close proximity, as A/D conversion characteristics are vulnerable to degradation from
the induction of noise or other such factors.

(12) Reading A/D conversion result register (ADCR)

If the conversion result register (ADCR) is read after stopping the A/D conversion operation, the conversion
result may be undefined. Therefore, be sure to read ADCR before stopping operation of the A/D converter.

User's Manual U15017EJ2VOUD 187



CHAPTER 12 SERIAL INTERFACE

12.1 Function of Serial Interface
The serial interface has the following two modes.

¢ Operation stop mode
¢ 3-wire serial I/0 mode

(1) Operation stop mode
This mode is used when serial transfer is not performed.

(2) 3-wire serial I/O mode (with MSB first)
Inthis mode, 8-bit data is transferred by using three lines: serial clock (ﬁ), serial output (SO), and serial input
(Sl).
Because simultaneous transmit/receive operation can be performed in the 3-wire serial 1/O mode, the
processing time of data transfer can be shortened.
The first bit of the 8-bit data to be transferred is fixed to the MSB.
The 3-wire serial /0 mode is useful when connecting peripheral 1/0Os or display controller having a clocked
serial interface.

12.2 Configuration of Serial Interface
The serial interface includes the following hardware.

Table 12-1. Configuration of Serial Interface

Iltem Configuration

Register Serial 1/O shift register n (SIOn)

Control register Serial operation mode register n (CSIMn)

Remark n=0to 2
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Figure 12-1. Block Diagram of Serial Interface 0, 1

g Internal bus g

8
| Serial 1/0 shift register n
Sin - © |l7 (SIOn)
SOn O I
SCKn O |ﬂ Serial clock Interrupt INTCSIn
| counter generator
) - fxx/8
Serial clock e /16
| control circuit Selector [, fxx/32

Remark n=0or1

Figure 12-2. Block Diagram of Serial Interface 2

g Internal bus g

8
| Serial I/0 shift register 2
SI2 O /] (5102)
N-ch open-drain ?
S02 O |
I Serial clock Interrupt |
SCK2 O Iﬂ counter generator INTCSI2
N-ch open-drain
Serial clock Selector | ;%gi
I control circuit [~ fxx/128
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Serial I/0 shift register n (SIOn)

This 8-bit register converts parallel data to serial data to perform serial transmission/reception (shift operation)
in synchronization with the serial clock.

SIOn is set using an 8-bit memory manipulation instruction.

The serial operation is started by writing data to or reading data from SIOn when bit 7 (CSIEn) of serial operation
mode register n (CSIMn) is 1.

During transmission, the data written to SIOn is output to the serial output line (SOn).

During reception, the data is read to SIOn from the serial input line (SIn).

The contents of this register are undefined when the RESET signal is input.

Caution Do not access SIOn during transmission, except when triggering the transmission (reading
SIOn is prohibited when bit 2 (MODEn) of CSIMn = 0, and writing is prohibited when MODEn
=1).

Remark n=0to2

Serial clock counter

This counter counts the serial clock output or input during transmission/reception to check that 8-bit data has
been transmitted/received.
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12.3 Serial Interface Control Registers
The serial interface is controlled by serial operation mode register n (CSIMn).

* Serial operation mode register n (CSIMn)

This register selects the serial clock and operation mode of the serial interface, and enables or disables the

operation.
CSIMn is set using a 1-bit or 8-bit memory manipulation instruction.
RESET input sets CSIMn to O0H.

Remark n=01to2

Figure 12-3. Format of Serial Operation Mode Register n

Symbol  <7> 6 5 4 3 2 1 0 Address After reset R/W
CSIMn | CSIEn 0 0 0 0 MODEnN | SCLn1 | SCLnO | FF90H, 00H R/W
FF91H
CSIEn Enables or disables operation of SIOn
Shift register operation Serial counter Port
0 Stopped Cleared Port functionNote
1 Enabled Count operation enabled Serial function + port function
MODEnN Transfer operation mode flag
Operation mode Transfer start trigger SOn output
0 Transmit or transmit/receive SIOn write Normal output
mode
1 Receive mode SIOn read Fixed to low level
SCLn1 | SCLnO Clock selection
0 0 External clock input to SCKn pin
0 1 fxx/8 (1.56 MHz)
1 0 fxx/16 (781 kHz)
1 1 fxx/32 (391 kHz)

Note The pins connected to Sin, SOn, and SCKn can be used as port pins when CSIEn = 0 (when the SIOn

operation is stopped).
Remarks 1. fxx: Main system clock frequency

2. The values in parentheses are valid for operation when fxx is 12.5 MHz.
3. n=0or1

User’'s Manual U15017EJ2VOUD

191



CHAPTER 12 SERIAL INTERFACE

Symbol
CsiM2

192

Figure 12-4. Format of Serial Operation Mode Register 2

<7> 6 5 4 3 2 1 0 Address After reset R/W
CSIE2 0 0 0 0 MODE2 | SCL21 | SCL20 FF92H 00H R/W
CSIE2 Enables or disables operation of SIO2

Shift register operation Serial counter Port

0 Stopped Cleared Port functionNote

1 Enabled Count operation enabled Serial function + port function
MODE2 Transfer operation mode flag

Operation mode Transfer start trigger SO2 output
0 Transmit or transmit/receive S102 write Normal output
mode

1 Receive mode SI102 read Fixed to low level
SCL21 | SCL20 Clock selection

0 0 External clock input to SCK2 pin

0 1 fxx/32 (131 MHz)

1 0 fxx/64 (65.5 kHz)

1 1 fxx/128 (32.7 kHz)

Note The pins connected to SI2, SO2, and SCK2 can be used as port pins when CSIE2 = 0 (when the SI102
operation is stopped).

Caution Because the SCK2 pin of serial interface 2 (S102) is an N-ch open-drain pin, the clock output
from this pin does not have a duty factor of 50% if the internal clock is selected.
The set values listed above are for clocks that can be used when a pull-up resistor of 10 kQ
is connected at fxx = 4.194 MHz.
Under any other conditions, or if the wiring capacitance of the board differs even when the
above conditions are satisfied, the operation may not be performed correctly even if the above
clock is selected. Be sure to perform evaluation before selecting a clock.

Remarks 1. fxx: Main system clock frequency
2. The values in parentheses are valid for operation when fxx is 4.194 MHz.
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Table 12-2. Serial Interface Operation Mode Settings

(1) Operation stopped mode
(a) P25 to P27

ASIMO CSIMO PM25| P25 |PM26| P26 |PM27| P27 | First | Shift | P25/SI0/RxD0 | P26/SO0/TxDO|P27/SCKO/ASCKO
TXEO | RXEO |CSIEOQ [SCLO1[SCL00 Bit |Clock| Pin Function Pin Function | Pin Function
0 0 0 % x| xNote 1[xNote 1|yNote 1|xNote 1|xNote 1|xNote 1 — — P25 P26 P27
Other than above Setting prohibited
(b) P60 to P62, P55 to P57
ASIMO CSIM1 PM60| P60 [PM61| P61 |PM62| P62 | First | Shift P60/SI1 P61/SO1 P62/SCK1
CSIM2 PM55| P55 |PM56 | P56 |PM57 | P57 Bit |Clock P55/SI12 P56/S0O2 P57/SCK2
TXEO | RXEO |CSIE1[SCL11[SCL10 Pin Function Pin Function | Pin Function
CSIM2|SCL21|SCL20
X X 0 X X xNote 1| wNote 1|y Note 1|yNote 1|yNote 1|y Note 1 - - P60 P61 P62
P55 P56 P57
Other than above Setting prohibited
(2) 3-wire serial I/O mode
(a) Sl0, SO0, SCKO
ASIMO CSIMO PM25| P25 |PM26| P26 |PM27| P27 | First | Shift | P25/SI0/RxDO | P26/SO0/TXDO|P27/SCKO/ASCKO
TXEO | RXEO | cSIE0|ScLoz scLoo Bit |Clock| Pin Function | Pin Function | Pin Function
0 | 0| 1 | 0| 0 [tNe2xNoe2i g | 0 | 1 | x |MSB|Exena| SloNote2 S00 SCKO input
clock (CMOS output)
Note 3 | Note 3 0 0 Internal SCKO output
clock
Other than above Setting prohibited
(b) SI1, SO1, SCK1
ASIMO CSiM1 PM60| P60 [PM61| P61 |PM62| P62 | First | Shift P60/SI1 P60/SO1 P62/SCK1
TXEO | RXEO |CSIE1|SCL11|SCL10 Bit |Clock| Pin Function Pin Function | Pin Function
x | x | 1 | 0 | 0 [Ne2|xNore2) g | 0 | 1 | x |MSB |Extemal| SliNote2 So1 SCK1 input
clock (CMOS output)
Note 3 | Note 3 0 0 Internal 'SCK1 output
clock
Other than above Setting prohibited
(c) SI2, SO2, SCK2
ASIMO CSIM2 PM55| P55 [PM56| P56 |PM57| P57 | First | Shift P55/SI12 P56/S0O2 P57/SCK2
TXEO | RXEO |CSIE2 [SCL21[SCL20 Bit |Clock| Pin Function Pin Function | Pin Function
x x 1 0 0 |1Note2|xNote2| 7 0 1 x | MSB |Extemal| ~ SI2Note 2 S02 SCK2 input
clock (CMOS output)
Note 3 | Note 3 0 Internal SCK2 output
clock

Other than above

Setting prohibited

Notes 1. These pins can be used for port functions.
2. When only transmission is used, these pins can be used as P25, P60, P55 (CMOS 1/0).
3. Refer to serial operation mode registers 0, 1, and 2 (CSIMO, CSIM1, and CSIM2).

Remark x: don’t care

User's Manual U15017EJ2VOUD

193



CHAPTER 12 SERIAL INTERFACE

12.4 Operation of Serial Interface
The serial interface operates in the following two modes.

¢ Operation stop mode
¢ 3-wire serial /0O mode

12.4.1 Operation stop mode
In the operation stop mode, the power consumption can be reduced because serial transfer is not executed.
Because serial I/0O shift register n (SIOn) does not perform the shift operation, this register can be used as a normal
8-bit register.
In this mode, the SIn, SOn, and SCKn pins can be used as normal 1/O port pins.

(1) Register setting
The operation stop mode is set by serial operation mode register n (CSIMn).
CSIMn is set using a 1-bit or 8-bit memory manipulation instruction.
RESET input sets CSIMn to 00H.

(a) Format of serial operation mode register n (CSIMn)

Symbol  <7> 6 5 4 3 2 1 0 Address After reset R/W
CSIMn | CSIEn 0 0 0 0 MODEnN | SCLn1 | SCLnO | FF90H, 00H R/W
FF91H
CSIEn Enables or disables operation of SIOn
Shift register operation Serial counter Port
0 Stopped Cleared Port functionNote
1 Enabled Count operation enabled Serial function + port function

Note The pins connected to SIn, SOn, and SCKn can be used as port pins when CSIEn = 0 (when the SIOn
operation is stopped).

Remark n=01to 2
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12.4.2 3-wire serial I/O mode

The 3-wire serial /0 mode is useful for connecting a peripheral I/0 or display controller having a clocked serial
interface.

Communication is established by using three lines: serial clock (m), serial output (SOn), and serial input (SIn).

0

Symbol
CSIMn

Register setting

The 3-wire serial I/O mode is set by serial operation mode register n (CSIMn).
CSIMn is set using a 1-bit or 8-bit memory manipulation instruction.

RESET input sets CSIMn to 00H.

(a) Format of serial operation mode register n

<7> 6 5 4 3 2 1 0 Address After reset R/W
CSIEn 0 0 0 0 MODEnN | SCLn1 | SCLn0 | FF90H, 00H R/W
FF91H
CSIEn Enables or disables operation of SIOn
Shift register operation Serial counter Port
0 Stopped Cleared Port functionNete
1 Enabled Count operation enabled Serial function + port function
MODEnR Transfer operation mode flag
Operation mode Transfer start trigger SOn output
0 Transmit or transmit/receive SIOn write Normal output
mode
1 Receive mode SIOn read Fixed to low level
SCLn1 | SCLnO Clock selection
0 0 External clock input to SCKn pin
0 1 fxx/8 (1.56 MHz)
1 0 fxx/16 (781 kHz)
1 1 fxx/32 (391 kHz)

Note The pins connected to Sin, SOn, and SCKn can be used as port pins when CSIEn = 0 (when the SIOn
operation is stopped).

Remarks 1. fxx: Main system clock frequency

2. The values in parentheses are valid for operation when fxx is 12.5 MHz.
3. n=0or1
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Symbol

CSIM2
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(b) Format of serial operation mode register 2

<7> 6 5 4 3 2 1 0 Address After reset R/W
CSIE2 0 0 0 0 MODE2 | SCL21 | SCL20 FF90H 00H R/W
CSIE2 Enables or disables operation of SIO2

Shift register operation Serial counter Port

0 Stopped Cleared Port functionNote

1 Enabled Count operation enabled Serial function + port function
MODE2 Transfer operation mode flag

Operation mode Transfer start trigger SO2 output
0 Transmit or transmit/receive S102 write Normal output
mode

1 Receive mode SI102 read Fixed to low level
SCL21 | SCL20 Clock selection

0 0 External clock input to SCK2 pin

0 1 fxx/32 (131 MHz)

0 fxx/64 (65.5 kHz)

1

1 fxx/128 (32.7 kHz)

Note The pins connected to SI2, SO2, and SCK2 can be used as port pins when CSIE2 = 0 (when the SI102

operation is stopped).

Caution Because the SCK2 pin of serial interface 2 (S102) is an N-ch open-drain pin, the clock output

from this pin does not have a duty factor of 50% if the internal clock is selected.

The set values listed above are for clocks that can be used when a pull-up resistor of 10 kQ

is connected at fxx = 4.194 MHz.

Under any other conditions, or if the wiring capacitance of the board differs even when the
above conditions are satisfied, the operation may not be performed correctly even if the above

clock is selected. Be sure to perform evaluation before selecting a clock.

Remarks 1. fxx: Main system clock frequency
2. The values in parentheses are valid for operation when fxx is 4.194 MHz.
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(2

(3

Communication operation

Inthe three-wire serial I/O mode, data is transmitted or received in 8-bit units. Each bit of the data is transmitted
or received in synchronization with the serial clock.

The shift operation of serial I/0 shift register n (SIOn) is performed in synchronization with the falling of the serial
clock (m). The transmit data is retained by the SOn latch and output from the SOn pin. At the rising edge
of SCKn, the receive data input to the Sin pin is latched to SIOn.

When transfer of 8-bit data has been completed, SIOn automatically stops its operation, and an interrupt
request flag (CSIIFn) is set.

Figure 12-5. Timing in 3-Wire Serial I/O Mode

SCKn 1 2 3| |4 5 6 7 8
Sin :X D:I7 X pi6 { pis { D14 § D13 f pi2 } pi1 Dle
|
Son {007 } pos J pos } Do4 f bos f bo2 ) po1 ) D:OO
CSlIFn |
T Transfer completed

Transfer is started at falling edge of SCKn

Remark n=0to 2

Transfer start
Serial transfer is started when data is assigned to (or read from) serial I/O shift register n (SIOn) if the following
two conditions are satisfied.

* Operation control bit of SIOn (CSIEn) = 1
* |If the internal serial clock is stopped or SCKn is high after 8-bit serial transfer
e Transmit or transmit/receive mode
Transfer is started if SIOn is written when CSIEn = 1 and MODEnN = 0.
* Receive mode
Transfer is started if SIOn is read when CSIEn = 1 and MODEnN = 1.

Caution Transfer is not started even if CSIEn is set to 1 after data has been written to SIOn.

Serial transfer is automatically stopped and an interrupt request flag (CSIIFn) is set when 8-bit transfer has
been completed.

Remark n=0to 2
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12.5 Functions of Serial Interface 2 (S102)

)

)

3

4

198

The SO2 and SCK2 pins of serial interface 2 (S102) are N-ch open-drain.
The internal serial clock can be selected from fxx/32, fxx/64, and fxx/128.
In the uPD784975A, use of a pull-up resistor can be specified for the SI2, SO2, and SCK2 pins in 1-bit units
using a mask option. Inthe yPD784976A, pull-up resistors are not provided (refer to CHAPTER 4 4.2.5 Port

5).

When using the P55 to P57 pins as serial pins, set the port 5 mode register (PM5) to input mode (set bits 5
to 7 (PM55 to PM57) of PM5 to 1).

« For serial interface 0, 1 (SIOO0, SI01)

When using the SI00, SIO1, SCKO, and SCK1 pins as output pins, set the port 2 mode register (PM2) and
port 6 mode register (PM6) to output mode (refer to Table 4-2 in CHAPTER 4).
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12.6 Cautions on Using Serial Interface 2 (S102)

(1) When using the P55 to P57 pins as serial pins, set the port 5 mode register (PM5) to input mode (set bits 5
to 7 (PM55 to PM57) of PM5 to 1).

e For serial interface 0, 1 (S100, SIO1)

When using the SI00, SIO1, SCKO0, and SCK1 pins as output pins, set PM2 and PM6 to output mode (refer
to CHAPTER 4 Table 4-2).

If PM5 is set to output mode when using the SO2 and SCK2 pins as output pins, output signals from the
peripheral evaluation chip and CPU evaluation chip conflict during emulation. Consequently, the reliability of
the chip may be degraded.

(2) When using the SO2 and SCK2 pins as output pins when operation is started or stopped, set the pins using
the following procedure.

<1> When operation is started

a. Setthe port 5 mode register (PM5) to input mode (set bits 6 and 7 (PM56 and PM57) of PM5 to 1).

b. Write 0 to the output latch.

c. Setbits 0 and 1 (SCL20 and SCL21) of serial operation mode register 2 (CSIM2) to other than “0,
0” (in the case of the SCK2 pin)

d. Enable serial operation (set bit 7 of CSIM2 (CSIE2) to 1).
At this time, the output buffer is turned on, and serial data (in case of the SO2 pin) and the serial
clock (in the case of the SCK2 pin) enter a wait state.

<2> When operation is stopped
a. Disable serial operation (set bit 7 of CSIM2 (CSIE2) to 0).
At this time, the output buffer is turned off and is in input port mode.
b. Set bits 6 and 7 (PM56 and PM57) of PM5 to 0, 0 to set output mode.
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13.1 Functions of Asynchronous Serial Interface
The asynchronous serial interface (UART) offers the following two modes.

e Operation stop mode
e Asynchronous serial interface (UART) mode (with pin switching function)

(1) Operation stop mode
This mode is used when serial transfer is not performed to reduce the power consumption.
In operation stop mode, P25/RxD0/SI0, P26/TxD0/SO0, and P27/ASCKO0/SCKO can be used as a general-purpose
input port or 3-wire serial interface 0 (SIO0).

(2) Asynchronous serial interface (UART) mode (with pin switching function)
This mode is used to send and receive 1-byte data that follows the start bit, and supports full-duplex transmission.
A UART-dedicated baud rate generator is provided on-chip, enabling transmission at any baud rate within a broad
range.
The baud rate can also be defined by dividing the input clock to the ASCKO pin.

The asynchronous serial interface (UART) and 3-wire serial interface 0 (SI00) cannot be used at the same time
because they share pins.

These modes can be switched by setting asynchronous serial interface mode register 0 (ASIMO) and serial
operation mode register 0 (CSIMO) (refer to Table 13-1).

Table 13-1. Switching Asynchronous Serial Interface Mode and 3-Wire Serial /0 Mode

ASIMO CSIMO0 Operation Mode Selection
Bit 7 (TXEO) | Bit 6 (RXEO) | Bit 7 (CSIEOQ)
0 0 0 Operation stop mode
0 0 1 3-wire serial 1/0 0 (SIO0) mode
0 1 0 Asynchronous serial interface (UART) mode
1 0 0
1 1 0

Other than above Setting prohibited

Caution Pins that are not switched can be used as port pins.
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Figure 13-1 shows a block diagram of the asynchronous serial interface (UART).

Figure 13-1. Block Diagram of Asynchronous Serial Interface (UART)

S Internal bus S

Receive buffer . Baud rate generator
register 0 (RXBO) Asynchronous serial control register 0 (BRGCO0)
interface status
{} register 0 (ASISO)
RxDO/P25 W Receive shift Transmit shift
register 0 (RX0) PEO|FEO| OVEO register 0 (TXS0)
TxDoP26 O—<]
Receive control :D—» Transmit control
parity check INTSERO parity addition INTSTO
— INTSRO

fsew/K ; fsck
counter

Selector

1/2 5-bit
counter

asckoP2r O[>

Baud rate generator
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13.2 Configuration of Asynchronous Serial Interface

The asynchronous serial interface includes the following hardware.

Table 13-2. Configuration of Asynchronous Serial Interface

ltem Configuration

Registers Transmit shift register 0 (TXSO0)
Receive shift register 0 (RX0)
Receive buffer register 0 (RXBO)

Control registers Asynchronous serial interface mode register 0 (ASIMO)
Asynchronous serial interface status register 0 (ASISO0)
Baud rate generator control register 0 (BRGCO)

(1) Transmit shift register 0 (TXSO0)

)

©)

)

202

This register is used to set transmit data. Data written to TXSO0 is sent as serial data.

If a data length of 7 bits is specified, bits 0 to 6 of the data written to TXSO are transferred as transmit data.
Transmission is started by writing data to TXSO.

TXO0 can be written with an 8-bit memory manipulation instruction, but cannot be read.

RESET input sets TXSO0 to FFH.

Caution Do not write to TXS0 during transmission.
TXSO0 and receive buffer register 0 (RXBO0) are allocated to the same address. Therefore,
attempting to read TXS0 will result in reading the values of RXBO.

Receive shift register 0 (RX0)

This register is used to convert serial data input to the RxDO pin to parallel data. Receive data is transferred to
the receive buffer register 0 (RXB0) one byte at a time as it is received.

RXO0 cannot be directly manipulated by program.

Receive buffer register 0 (RXBO0)

This register is used to hold receive data. Each time one byte of data is received, new receive data is transferred
from the receive shift register 0 (RXO0).

If a data length of 7 bits is specified, receive data is transferred to bits 0 to 6 of RXB0, and the MSB of RXB0
always becomes 0.

RXBO can be read by an 8-bit memory manipulation instruction, but cannot be written.

RESET input sets RXBO0 to FFH.

Caution Be sure to read receive buffer register 0 (RXB0) even when a receive error occurs; otherwise
an overrun error occurs next time data is received causing a receive error.

Transmission control circuit

This circuit controls transmit operations such as the addition of a start bit, parity bit, and stop bit(s) to data written
to transmit shift register 0 (TXS0), according to the contents set to the asynchronous serial interface mode register
0 (ASIMO).
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(5) Reception control circuit
This circuit controls reception according to the contents set to the asynchronous serial interface mode register
0 (ASIMO). It also performs error check for parity errors, etc., during reception and transmission. If it detects
an error, it sets a value corresponding to the nature of the error in the asynchronous serial interface status register
0 (ASIS0).

13.3 Asynchronous Serial Interface Control Registers
The following three types of registers control the asynchronous serial interface (UART).

¢ Asynchronous serial interface mode register 0 (ASIMO)
e Asynchronous serial interface status register 0 (ASIS0)
e Baud rate generator control register 0 (BRGCO)

(1) Asynchronous serial interface mode register 0 (ASIMO0)
ASIMO is an 8-bit register that controls serial transfer using the asynchronous serial interface (UART).
ASIMO is set using a 1-bit or 8-bit memory manipulation operation.
RESET input sets ASIMO to O0H.
Figure 13-2 shows the format of ASIMO.
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204

Figure 13-2. Format of Asynchronous Serial Interface Mode Register 0 (ASIMO)

Address: OFF70H After reset: OOH R/W
Symbol <7> <6> 5 4 3 2 1 0
ASIMO TXEO RXEO PSO01 PS00 CLO SLO ISRMO 0
TXEO RXEO Operation mode RxD0/P25/SI10 pin TxD0/P26/SO0 pin
function function
0 0 Operation stop Port function (P25)/ Port function (P26)/
serial function (RxDO0) serial function (TxDO)
0 1 UART mode Serial function (RxDO) Port function (P26)/
(Receive only) serial function (TxDO)
1 0 UART mode Port function (P25)/ Serial function (TxDO0)
(Transmit only) Serial function (RxDO)
1 1 UART mode Serial function (RxDO) Serial function (TxDO0)
(Transmit/Receive)
PSO01 PS00 Parity bit specification
0 0 No parity
0 1 Transmit: O parity
Receive: Parity error not generated
1 0 Odd parity
1 1 Even parity
CLO Transmit data character length specification
0 7 bits
1 8 bits
SLO Transmit data stop bit length specification
0 1 bit
1 2 bits
ISRMO Receive completion interrupt control at error occurrence
0 Generate receive completion interrupt when error occurs
1 Do not generate receive completion interrupt when error occurs

Cautions 1. Be sure to set bit 0 of ASIMO to 0.

2. Do not switch the operation mode until the current serial transmit/receive operation has

stopped.
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(2) Asynchronous serial interface status register 0 (ASIS0)
ASISO is a register used to display the type of error when a receive error occurs.

ASISO can be read by a 1-bit or 8-bit memory manipulation instructions.
RESET input sets ASISO to O0H.

Figure 13-3. Format of Asynchronous Serial Interface Status Register 0 (ASIS0)

Address: OFF72H After reset: 00H R

Symbol 7 6 5 4 3 <2> <1> <0>
ASISO 0 0 0 0 0 pPEQNote 1 | FEQNote 2 | oyEQNote 3
PEO Parity error flag
0 Parity error not generated
1 Parity error generated
(when data is read from the receive buffer, or when a 1-byte data is received)
FEO Framing error flag
0 Framing error not generated
1 Framing error generatedNote 4
(when stop bit(s) is not detected)
OVEO Overrun error flag
0 Overrun error not generated
(when the next receive operation is completed before the CPU reads the
receive data from RXBO0)
1 Overrun error generatedNote 5
(when data is read from receive buffer register)
Notes 1. The parity error flag is cleared if the subsequent parity bit detection is correctly performed.

2.
3.

Only the first stop bit in the receive data is detected, regardless of the number of stop bits.
The contents of receive shift register 0 (RX0) are transferred to receive buffer register 0 (RXB0)
each time one character is received. When an overrun error occurs, the subsequent receive data
is overwritten to RXB0. Consequently, the data read from RXBO is the one received after the
overwritten data.

Even if the stop bit length has been set to 2 bits with bit 2 (SLO) of the asynchronous serial interface
mode register 0 (ASIMO), stop bit detection during reception is only 1 bit.

Be sure to read RXBO when an overrun error occurs.

An overrun error is generated each time data is received until RXBO is read.

Caution Be sure to set bits 3 to 7 of ASISO to 0.
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(3) Baud rate generator control register 0 (BRGCO0)
BRGCO is a register used to set the serial clock of the asynchronous serial interface.

206

BRGCO is set using an 8-bit memory manipulation instruction.

RESET input sets BRGCO to 00H.

Figure 13-4. Format of Baud Rate Generator Control Register 0 (BRGCO0)

Address: OFF76H After reset: OOH R/W

Symbol 7 6 5 4 3 2 1 0

BRGCO 0 TPS02 TPSO1 TPSO00 MDLO3 MDLO02 MDLO1 MDLOO

TPS02 TPSO1 TPS00 5-bit counter source clock selection m
0 0 0 P27/ASCKO -
0 0 1 fxx (12.5 MHz) 0
0 1 0 fxx/2 (6.25 MHz) 1
0 1 1 fxx/4 (3.13 MHz) 2
1 0 0 fxx/8 (1.56 MHZz) 3
1 0 1 fxx/16 (781 kHz) 4
1 1 0 fxx/32 (391 kHz) 5
1 1 1 fxx/64 (195 kHz) 6
MDLO3 MDLO02 MDLO1 TPSO00 Baud rate generator input clock k
selection

0 0 0 0 fsck/16 0
0 0 0 1 fsck/17 1
0 0 1 0 fsck/18 2
0 0 1 1 fsck/19 3
0 1 0 0 fsck/20 4
0 1 0 1 fsck/21 5
0 1 1 0 fsck/22 6
0 1 1 1 fsck/23 7
1 0 0 0 fsck/24 8
1 0 0 1 fsck/25 9
1 0 1 0 fsck/26 10
1 0 1 1 fsck/27 11
1 1 0 0 fsck/28 12
1 1 0 1 fsck/29 13
1 1 1 0 fsck/30 14
1 1 1 1 Setting prohibited -
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Caution

If a write operation to BRGCO is performed during communication, the baud rate generator
output will become garbled and normal communication will not be achieved. Therefore, do

not perform write operations to BRGCO during communication.

Remarks 1. fsck: Source clock of 5-bit counter

2. m:
3. ki

Value set by TPS00 to TPS02 (0 < m < 6)
Value set by MDLOO to MDLO3 (0 < k < 14)

Table 13-3. Serial Interface Operation Mode Settings

(1) Operation stopped mode

ASIMO CSIMO PM25| P25 |PM26| P26 |PM27| P27 | First | Shift | P25/SI0/RxDO | P26/SO0/TxDO0|P27/SCKO/ASCKO
TXEO | RXEO |csiEolscLot lscLoo Bit |Clock| Pin Function | Pin Function | Pin Function
0 0 0 % x| xNote 1[xNote 1|yNote 1|xNote 1|xNote 1|xNote 1 - - P25 P26 P27
Other than above Setting prohibited
(2) Asynchronous serial interface mode
ASIMO CSIMO PM25| P25 [PM26| P26 |PM27| P27 | First | Shift | P25/SI0/RxDO0 | P26/SO0/TxD0|P27/SCKO/ASCKO
TXEO | RXEO |csiEo|scLot lscLoo Bit |Clock| Pin Function | Pin Function | Pin Function
1 0 0 x X |xNotel|xNote1|gNote2] 1 x | LSB |External P25 TxDO ASCKO input
clock (CMOS output)
xNote 1 xNote 1 Internal P27
clock
0 1 1 x |xNotel|xNotelf 9 x External RxD P26 ASCKO input
clock
xNote 1 xNote 1 Internal P27
clock
1 1 QNete2| 1 x External TxDO ASCKO input
clock (CMOS output)
xNote 1 xNote 1 Internal P27
clock

Other than above

Setting prohibited

Notes 1. These pins can be used for port functions.

transmission.
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13.4 Operation of Asynchronous Serial Interface
The three types of operation modes of asynchronous serial interface (UART) are explained below.

13.4.1 Operation stop mode
Serial transfer cannot be performed in the operation stop mode, resulting in reduced power consumption.
Moreover, in the operation stop mode, pins can be used as regular ports.

(1) Register setting
Setting of the operation stop mode is done with asynchronous serial interface mode register 0 (ASIMO).
ASIMO is set using a 1-bit or 8-bit memory manipulation instruction.
RESET input sets ASIMO to 00H.

Address: OFF70H After reset: O0H R/W

Symbol <7> <6> 5 4 3 2 1 0
ASIMO TXEO RXEO PSO01 PS00 CLO SLO ISRMO 0
TXEO RXEO Operation mode RxD0/P25/SI10 pin TxD0/P26/SO0 pin
function function
0 0 Operation stop Port function (P25)/ Port function (P26)/
serial function (RxDO0) serial function (TxDO)
0 1 UART mode Serial function (RxDO) Port function (P26)/
(Receive only) serial function (TxDO)
1 0 UART mode Port function (P25)/ Serial function (TxDO0)
(Transmit only) Serial function (RxDO)
1 1 UART mode Serial function (RxDO) Serial function (TxDO0)
(Transmit/Receive)

Cautions 1. Be sure to set bit 0 of ASIMO to 0.
2. Do not switch the operation mode until the current serial transmit/receive operation has
stopped.
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13.4.2 Asynchronous serial interface (UART) mode
This mode is used to transmit and receive the 1-byte data following the start bit. It supports full-duplex operation.

A UART-dedicated baud rate generator is incorporated enabling communication using any baud rate within a large

range.
The MIDI standard’s baud rate (31.25 kbps) can be used utilizing the UART-dedicated baud rate generator.

(1) Register setting
The UART mode is set with asynchronous serial interface mode register 0 (ASIMO0), asynchronous serial interface

status register 0 (ASIS0), and baud rate generator control register 0 (BRGCO).

(a) Asynchronous serial interface mode register 0 (ASIMO)
ASIMO can be set using a 1-bit or 8-bit memory manipulation instruction.
RESET input sets ASIMO to O0H.
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Address: OFF70H After reset: OOH R/W
Symbol <7> <6> 5 4 3 2 1 0
ASIMO TXEO RXEO PSO01 PS00 CLO SLO ISRMO 0
TXEO RXEO Operation mode RxD0/P25/SI10 pin TxD0/P26/SO0 pin
function function
0 0 Operation stop Port function (P25)/ Port function (P26)/
serial function (RxDO0) serial function (TxDO)
0 1 UART mode Serial function (RxDO) Port function (P26)/
(Receive only) serial function (TxDO)
1 0 UART mode Port function (P25)/ Serial function (TxDO0)
(Transmit only) Serial function (RxDO)
1 1 UART mode Serial function (RxDO) Serial function (TxDO0)
(Transmit/Receive)
PSO01 PS00 Parity bit specification
0 0 No parity
0 1 Transmit: O parity
Receive: Parity error not generated
1 0 Odd parity
1 1 Even parity
CLO Transmit data character length specification
0 7 bits
1 8 bits
SLO Transmit data stop bit length specification
0 1 bit
1 2 bits
ISRMO Receive completion interrupt control at error occurrence
0 Generate receive completion interrupt when error occurs
1 Do not generate receive completion interrupt when error occurs

Cautions 1. Be sure to set bit 0 of ASIMO to 0.

2. Do not switch the operation mode until the current serial transmit/receive operation has

stopped.
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(b) Asynchronous serial interface status register 0 (ASIS0)
ASISO is a register used to display the type of error when a receive error occurs.
ASISO0 can be read using a 1-bit or 8-bit memory manipulation instruction.
RESET input sets ASISO to 00H.

Address: OFF72H After reset: 00H R

Symbol 7 6 5 4 3 <2> <1> <0>
ASISO 0 0 0 0 0 peEQNote 1 | FgQNote 2 | oyEQNote 3
PEO Parity error flag
0 Parity error not generated
1 Parity error generated

(when data is read from the receive buffer, or when a 1-byte data is received)

FEO Framing error flag
0 Framing error not generated
1 Framing error generatedNote 4

(when stop bit(s) is not detected)

OVEO Overrun error flag

0 Overrun error not generated
(When the next receive operation is completed before the CPU reads the
receive data from RXBO0)

1 Overrun error generatedNote 5

(when data is read from receive buffer register)

Notes 1. The parity error flag is cleared if the subsequent parity bit detection is correctly performed.

2. Only the first stop bit in the receive data is detected, regardless of the number of stop bits.

3. The contents of receive shift register 0 (RX0) are transferred to the receive buffer register 0 (RXBO0)
each time one character is received. When an overrun error occurs, the subsequent receive data
is overwritten to RXB0. Consequently, the data read from RXBO is the one received after the

overwritten data.

4. Evenifthe stop bitlength has been set to 2 bits with bit 2 (SLO) of the asynchronous serial interface

mode register 0 (ASIMO), stop bit detection during reception is only 1 bit.
5. Be sure to read RXBO when an overrun error occurs.
An overrun error is generated each time data is received until RXBO is read.

Caution Be sure to set bits 3 to 7 of ASISO to 0.
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(c) Baud rate generator control register 0 (BRGCO0)
BRGCO is set using an 8-bit memory manipulation instruction.
RESET input sets BRGCO to 00H.

Address: OFF76H After reset: 00H R/W

Symbol 7 6 5 4 3 2 1 0
BRGCO 0 TPS02 TPSO1 TPSO00 MDLO3 MDLO02 MDLO1 MDLOO

TPS02 TPSO1 TPS00 5-bit counter source clock selection m
0 0 0 P27/ASCKO -

0 0 1 fxx (12.5 MHz) 0

0 1 0 fxx/2 (6.25 MHz) 1

0 1 1 fxx/4 (3.13 MHz) 2

1 0 0 fxx/8 (1.56 MHz) 3

1 0 1 fxx/16 (781 kHz) 4

1 1 0 fxx/32 (391 kHz) 5

1 1 1 fxx/64 (195 kHz) 6
MDLO3 MDLO02 MDLO1 TPSO00 Baud rate generator input clock k

selection

0 0 0 0 fsck/16 0

0 0 0 1 fsck/17 1

0 0 1 0 fsck/18 2

0 0 1 1 fsck/19 3

0 1 0 0 fsck/20 4

0 1 0 1 fsck/21 5

0 1 1 0 fsck/22 6

0 1 1 1 fsck/23 7

1 0 0 0 fsck/24 8

1 0 0 1 fsck/25 9
1 0 1 0 fsck/26 10

1 0 1 1 fsck/27 11
1 1 0 0 fsck/28 12
1 1 0 1 fsck/29 13
1 1 1 0 fsck/30 14

1 1 1 1 Setting prohibited -

Caution If a write operation to BRGCO is performed during communication, the baud rate generator
output will become garbled and normal communication will not be achieved. Therefore, do
not perform write operations to BRGCO during communication.

Remarks 1. fsck: Source clock of 5-bit counter

2. m: Value set by TPS00 to TPS02 (0 < m < 6)
3. ki Value set by MDL0OO to MDL0O3 (0 < k < 14)
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e Generation of clock for baud rate generator

<1> When the values of bits 4 to 6 (TPS00 to TPS02) are set to “001B to 111B”
The baud rate to generate the internal clock (fxx) is obtained from the following expression.

fxx

[Baud rate] =
2m+1 5 (k + 16)

fxx: Main system clock oscillation frequency
m: Value set in bits 4 to 6 (TPS00 to TPS02) of BRGCO (0 < m < 6)
k:  Value set in bits 0 to 3 (MDLOO to MDLO03) of BRGCO (0 < k < 14)

<2> When the values of TPS00 to TPS02 are set to “000B”
The baud rate generated from the external clock (ASCKO) is obtained from the following expression.

[Frequency of ASCKO]
2 (k +16)

[Baud rate] =

k:  Value set in bits 0 to 3 (MDLOO to MDL03) of BRGCO (0 < k < 14)
The relation between the source clock of the 5-bit counter and the m value is shown in Table 13-4.

Table 13-4. Relation Between 5-Bit Counter Source Clock and m Value

TPS02| TPS01| TPS00 5-Bit Counter Source Clock Selection m
0 0 0 P27/ASCKO —
0 0 1 |fxx (12.5 MHz) 0
0 1 0 [fx2 (6.25 MHz) 1
0 1 1 [fx/4 (3.13 MHz) 2
1 0 0 [fx«/8 (1.56 MHz) 3
1 0 1 [fxx/16 (781 kHz) 4
1 1 0 |[fxx/32 (391 kHz) 5
1 1 1 |fxx/64 (195 kHz) 6
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e Baud rate capacity error range
The baud rate capacity range depends on the number of bits per frame and the counter division ratio
[2 (k + 16)].
Table 13-5 shows the relation between the selection clock of the baud rate generator control register
0 (BRGCO) and the baud rate.

Table 13-5. Relation Between BRCRO Selection Clock and Baud Rate

Baud Rate fxx = 12.5 MHz fxx = 6.00 MHz fxx = 4.00 MHz
(bps) BRCRO value |Error (%)| BRCRO value |Error (%)| BRCRO value |Error (%)
1,200 — — — — 7AH 0.16
2,400 — — 7AH 0.16 6AH 0.16
4,800 74H 1.73 6AH 0.16 5AH 0.16
9,600 64H 1.73 5AH 0.16 4AH 0.16

19,200 54H 1.73 4AH 0.16 3AH 0.16
31,250 49H 0.00 40H 0.00 30H 0.00
38,400 44H 1.73 3AH 0.16 2AH 0.16
76,800 34H 1.73 2AH 0.16 1AH 0.16
150 K 24H 1.73 1AH 0.16 — —
300 K 14H 1.73 — — — —

Remark fxx: Internal clock frequency
m: Value set in bits 4 to 6 (TPS00 to TPS02) of BRGCO (0 < m < 6)
k: Value set in bits 0 to 3 (MDL0OO to MDL03) of BRGCO (0 < k < 14)

Figure 13-5. Baud Rate Capacity Error Considering Sampling Errors (When k = 0)

Ideal
sampling port
32T 64T 256T 288T 320T 352T
& !
304T

s 3(26T
Reference timing
(clock period Ty \_START DO D b7 X P STOP

15.5T
High-speed clock for which )
normal reception is enabled \__START 4 DO Q/ D7__ X P AASTOP Sampling srror

clock period T'
(clock p ) 30.45T 60.9T 304.5T |y557/| 92T
Low-speed clock for which )
normal reception is enabled \_START A __ DO Xj/ X o7 X P STOP
(clock period T") A A A A
33.55T 67.1T 301.95T 335.5T

Remark T: 5-bit counter source clock period

+15.5

Baud rate capacity error (k = 0) x 100 = 4.8438 (%)
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(2) Communication operation

(a) Data format
The transmit/receive data format consists of a start bit, character bits, and stop bit(s) forming character
frames, as shown in Figure 13-6.
Specification of the character bit length inside data frames, selection of the parity, and selection of the stop
bit length, are performed with the asynchronous serial interface mode register 0 (ASIMO).

Figure 13-6. Format of Asynchronous Serial Interface Transmit/Receive Data

1-data frame

Sttfi‘t” Do|D1| D2| D3| Da| D5 | D6 | D7 Piﬂty Stop bit(s)
[«———  Character bit \
e Start bit......ocoeeeieen 1 bit
e Character bits .............. 7 bits/8 bits
e Parity bit ..o Even parity/Odd parity/0O parity/No parity

e Stop bit(S) «coevereerienen, 1 bit/2 bits

f 7 bits has been selected as the number of character bits, only the lower 7 bits (bits O to 6) are valid. In
the case of transmission, the highest bit (bit 7) is ignored. In the case of reception, the highest bit (bit 7)
always becomes 0.

The setting of the serial transfer rate is performed with the asynchronous serial interface mode register 0
(ASIMO) and the baud rate generator control register 0 (BRGCO).

If a serial data reception error occurs, it is possible to determine the contents of the reception error by reading
the status of the asynchronous serial interface status register 0 (ASISO0).
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(b) Parity types and operations
Parity bits serve to detect bit errors in transmit data. Normally, the parity bit used on the transmit side and
the receive side are of the same type. In the case of even parity and odd parity, it is possible to detect 1
bit (odd number) errors. In the case of 0 parity and no parity, errors cannot be detected.

(i) Even parity
e During transmission
Makes the number of “1”s in transmit data that includes the parity bit even. The value of the parity
bit changes as follows.

If the number of “1” bits in transmit data is odd: 1
if the number of “1” bits in transmit data is even: 0

e During reception
The number of “1” bits in receive data that includes the parity bit is counted, and if it is odd, a parity
error occurs.

(ii) Odd parity
e During transmission
Odd parity is the reverse of even parity. It makes the number of “1”s in transmit data that includes
the parity bit even. The value of the parity bit changes as follows.

If the number of “1” bits in transmit data is odd: 1
if the number of “1” bits in transmit data is even: 0

e During reception
The number of “1” bits in receive data is counted, and if it is even, a parity error occurs.

(iii) 0 Parity
During transmission, makes the parity bit “0”, regardless of the transmit data.
Parity bit check is not performed during reception. Therefore, no parity error occurs, regardless of
whether the parity bit value is “0” or “1”.

(iv) No parity
No parity is appended to transmit data.

Transmit data is received assuming that it has no parity bit. No parity error can occur because there
is no parity bit.
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(c) Transmission
Transmission is begun by writing transmit data to the transmission shift register 0 (TXS0). The start bit, parity
bit, and stop bit(s) are automatically added.
The contents of the transmit shift register 0 (TXSO0) are shifted out upon transmission start, and when the
transmit shift register 0 (TXS0) becomes empty, a transmit interrupt (INTSTO) is generated.

Caution

In the case of UART transmission, follow the procedure below for the first byte.

<1> Set the port to input mode (PM26 = 1), and write 0 to the port latch.

<2> Set bit 7 (TXEO) of the asynchronous serial interface mode register 0 (ASIMO0) to 1
so as to enable transmission.

<3> Set the port to output mode (PM26 = 0).

<4> Write transmission data to TXS0 and start the transmit operation.

If the port is set to the output mode first, 0 will be output from the pins, which may cause

malfunction.

Figure 13-7. Asynchronous Serial Interface Transmit Completion Interrupt Timing

(a) Stop bit length: 1

\ e e e e e[
TxDO (output) po J D1 ) D2 D6 | D7 ) Parity

INTSTO

START

(b) Stop bit length: 2

TxDO (output) \ / DO X D1 X D2 X][X D6 X D7 XParity/ ST‘OP I

INTSTO

START

Caution Do not write to the asynchronous serial interface mode register 0 (ASIMO) during

transmission. If you write to the ASIMO register during transmission, further transmission
operations may become impossible (in this case, input RESET to return to normal).
Whether transmission is in progress or not can be judged by software, using the transmit
completion interrupt (INTSTO) or the interrupt request flag (STIF0) set by INTSTO.
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(d) Reception

When the RXEO bit of the asynchronous serial interface mode register 0 (ASIMO) is set to 1, reception is
enabled and sampling of the RxDO pin input is performed.

Sampling of the RxDO pin input is performed by the serial clock set in ASIMO.

When the RxDO pin input becomes low level, the 5-bit counter of the port rate generator starts counting, and
outputs the data sampling start timing signal when half the time of the set baud rate has elapsed. If the result
of re-sampling the RxDO pin input with this start timing signal is low level, the RxDO0 pin input is perceived
as the start bit, the 5-bit counter is initialized and begins counting, and data sampling is performed. When,
following the start bit, character data, the parity bit, and one stop bit are detected, reception of one frame
of data is completed.

When reception of one frame of data is completed, the receive data in the shift register is transferred to the
receive shift register (RXB0), and a receive completion interrupt (INTSRO) is generated.

Moreover, even if an error occurs, the receive data for which the error occurred is transferred to RXBO. If
an error occurs, when bit 1 (ISRMO0) of ASIMO is cleared to 0, INTSRO is generated. (refer to Figure 13-
9).

When bit ISRMO is set to 1, INTSRO is not generated.

When bit RXEO is reset to 0 during a receive operation, the receive operation is immediately stopped. At
this time, the contents of RXB0 and ASIS0 remain unchanged, and INTSRO and INTSERO are not generated.

Figure 13-8. Asynchronous Serial Interface Receive Completion Interrupt Timing

\ e e e e ™
RxDO (input) DO D1 D2 D6 D7 } Parity

START

INTSRO []

Caution Even when a receive error occurs, be sure to read the receive buffer register 0 (RXBO0).
If RXBO is not read, an overrun error will occur during reception of the next data, and
the reception error status will continue indefinitely.
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(e) Receive error
Errors that occur during reception are of three types: parity errors, framing errors, and overrun errors. As

the data reception result error flag is set inside the asynchronous serial interface status register 0 (ASI1S0),
the receive error interrupt (INTSERO) is generated. A receive error interruption is generated before a receive
end interrupt (INTSRO). Receive error causes are shown in Table 13-6.
Whattype of error has occurred during reception can be detected by reading the contents of the asynchronous
serial interface status register 0 (ASIS0) during processing of the receive error interrupt (INTSERO) (refer
to Table 13-6 and Figure 13-9).
The contents of ASISn are reset to 0 either when the receive buffer register 0 (RXBO0) is read or when the
next data is received (If the next data has an error, this error flag is set).

Table 13-6. Receive Error Causes

Receive Error Cause ASISO
Parity error Parity specified for transmission and parity of receive data don’t match 04H
Framing error Stop bit was not detected 02H
Overrun error Next data reception was completed before data was read from the receive buffer register | 01H

STOP
RxDO (input) DO D1 D2 D6 D7 } Parity
INTSRoNete H

INTSERO
(framing/overrun

errors occur)

INTSERO
(when parity

errors occur)

Note

Figure 13-9. Receive Error Timing

START

If a receive error occurs, when bit ISRMO is set (1), INTSRO is not generated.

Cautions 1. The contents of ASISO are reset to 0 either when the receive buffer register 0 (RXB0)
is read or when the next data is received. To find out the contents of the error, be

sure to read ASISO before reading RXBO.

2. Besuretoread the receive buffer register 0 (RXB0) even when areceive error occurs.
If RXBO is not read, an overrun error will occur at reception of the next data, and the

receive error status will continue indefinitely.
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14.1 Function of VFD Controller/Driver

The VFD controller/driver of the uPD784976A Subseries has the following functions.

1
2
3
4

Can output display signals (DMA operation) by automatically reading display data.

The pins not used for VFD display can be used as I/O port or output port pins (FIP16 to FIP47 pins only).
Luminance can be adjusted in 8 steps by display mode register 1 (DSPM1).

Hardware for key scan application

* Generates an interrupt signal (INTKS) indicating key scan timing

e Timing in which key scan data is output can be detected by key scan flag (KSF).

* Whether key scan timing is inserted or not can be selected.

High-voltage output buffer that can directly drive VFD

FIPO to FIP15 pins are connected to pull-down resistors. FIP16 to FIP47 pins can be connected to pull-down
resistors using a mask option (mask ROM version only). The uPD78F4976A does not have pull-down
resistors).

(1)
(2)
(3)
(4)

CRC)

Of the 48 VFD output pins of the uPD784976A Subseries, FIP16 to FIP47 are multiplexed with port pins. FIPO
to FIP15 are dedicated VFD output pins.

FIP16 to FIP47 can be used as port pins when VFD display is disabled by bit 7 (DSPEN) of display mode register
0 (DSPMO0). Even when VFD display is enabled, the VFD output pins not used for display signal output can be used
as port pins.

Table 14-1. VFD Output Pins and Multiplexed Port Pins

VFD Pin Name Multiplexed Port Name 1/0
FIP16 to FIP23 P70 to P77 1/0 port
FIP24 to FIP31 P80 to P87 1/0 port
FIP32 to FIP39 P90 to P97 1/0 port
FIP40 to FIP47 P100 to P107 Output port
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14.2 Configuration of VFD Controller/Driver
The VFD controller/driver includes the following hardware.

Table 14-2. Configuration of VFD Controller/Driver

ltem Configuration

Display 48

Control register Display mode register 0 (DSPMO0)
Display mode register 1 (DSPM1)
Display mode register 2 (DSPM2)

Figure 14-1. Block Diagram of VFD Controller/Driver

S Internal bus

]

Display data memory

Display data selector

Display data latch

Port output latch |

FIPO FIP16/P70 FIP47/P107
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14.3 VFD Controller/Driver Control Registers

14.3.1 Control registers
The following three types of registers control the VFD controller/driver.

e Display mode register 0 (DSPMO)
e Display mode register 1 (DSPM1)
* Display mode register 2 (DSPM2)

(1) Display mode register 0 (DSPMO0)
DSPMO performs the following setting.

e Enables or disables display
e Number of VFD output pins

DSPMO is set using a 1-bit or 8-bit memory manipulation instruction.
RESET input sets DSPMO to 10H.

Figure 14-2. Format of Display Mode Register 0

Symbol  <7> 6 5 4 3 2 1 0 Address After reset R/W
DSPMO | DSPEN 0 FOUT5 | FOUT4 | FOUT3 | FOUT2 | FOUT1 | FOUTO | FFBOH 10H R/W
DSPEN Enables or disables VFD
0 Disables
1 Enables
FOUT5 | FOUT4 | FOUT3 | FOUT2 | FOUT1 | FOUTO Number of VFD output pins
0 1 0 1 1 1 17 to 24
0 1 1 1 1 1 25 to 32
1 0 0 1 1 1 33 to 40
1 0 1 1 1 1 41 to 48
Other than above Setting prohibited

Cautions 1. Be sure to set bit 6 to 0.
2. Do not write data to the bits other than DSPEN when bit 7 (DSPEN) is 1.
3. Be sure to set the output latch of the multiplexed port of a pin used for VFD output to
0.
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(2) Display mode register 1 (DSPM1)
DSPM1 performs the following setting.

e Blanking width of VFD output signal
e Number of display patterns

DSPM1 is set using a 1-bit or 8-bit memory manipulation instruction.
RESET input sets DSPM1 to 01H.

Figure 14-3. Format of Display Mode Register 1 (DSPM1)

Symbol 7 6 5 4 3 2 1 0 Address After reset R/W
DSPM1| FBLK2 | FBLK1 | FBLKO | FPAT4 | FPAT3 | FPAT2 | FPAT1 | FPATO | FFB2H 01H R/W
FBLK2 | FBLK1 | FBLKO Blanking width of VFD output signal
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
FPAT4 | FPAT3 | FPAT2 | FPAT1 | FPATO Number of display patterns
0 0 0 0 1 2
0 0 0 1 0 3
0 0 0 1 1 4
0 0 1 0 0 5
0 0 1 0 1 6
0 0 1 1 0 7
0 0 1 1 1 8
0 1 0 0 0 9
0 1 0 0 1 10
0 1 0 1 0 11
0 1 0 1 1 12
0 1 1 0 0 13
0 1 1 0 1 14
0 1 1 1 0 15
0 1 1 1 1 16
Other than above Setting prohibited

Caution Do not write data to display mode register 1 (DSPM1) when bit 7 (DSPEN) of display mode
register 0 (DSPMO) is 1.
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(3) Display mode register 2 (DSPM2)
DSPM2 performs the following setting. It also indicates the status of the display timing/key scan.

* Insertion of key scan timing
e Display cycle (Tosp)

DSPM2 is set using a 1-bit or 8-bit memory manipulation instruction. However, only bit 7 (KSF) can be read
by a 1-bit memory manipulation instruction.

RESET input sets DSPM2 to 00H.

Figure 14-4. Format of Display Mode Register 2 (DSPM2)

Symbol <7 > 6 5 4 3 2 1 0 Address After reset R/W
DSPM2| KSF KSM 0 0 0 0 FCYC1 | FCYCO| FFB4H O00H R/W
KSF Status of key scan cycle
0 Other than key scan cycle
1 Key scan cycle
KSM Selects insertion of key scan cycle
0 Not inserted
1 Inserted
FCYC1 | FCYCO Display cycle
0 0 16 x 2%fxx (655.36 us)
0 1 16 x 28/fxx (327.68 us)
1 0 16 x 27/fxx (163.84 us)
1 1 16 x 26/fxx (81.92 us)

Cautions 1. Be sure to set bits 2 to 5 to 0.
2. Do not write data to display mode register 2 (DSPM2) when bit 7 (DSPEN) of display mode
register 0 (DSPMO) is 1.

Remarks 1. fxx: Main system clock frequency
2. The values in parentheses are valid for operation when fxx is 12.5 MHz.
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14.3.2 One display period and blanking width
The VFD output signals are blanked equally at the beginning and end of the display period by the blanking width
set by bits 5 to 7 (FBLKO to FBLK2) of display mode register 1 (DSPM1).

Figure 14-5. Blanking Width of VFD Output Signal

1 display period = Tospr
‘<’/‘7 1/16 1/16 *\rﬂ
VFD output signal
(blanking width: 1/16) I_J I_J
‘« 4‘7 1/8 1/8 ﬁ‘k$‘
VFD output signal
(blanking width: 2/16) LJ LJ
‘474»# 1/4 1/4 “4\74»‘
VFD output signal
(blanking width: 4/16) | |__|_
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14.4 Display Data Memory

The display data memory is a 96-byte RAM area that stores data to be displayed, and is mapped to addresses

EAOOH to EA5FH.

The VFD controller reads the data stored in the display data memory independently of the CPU operation for VFD

display (DMA operation).

The area of the display data memory not used for display can be used as a normal RAM area.

At key scan timing, all the VFD output pins are cleared to 0, and the data of the output latches of ports 7 to 10 are

output to FIP16/P70 to FIP47/P107.
The address location of the display data memory is as follows:

e With 48 VFD output pins and 16 patterns

The addresses of the display data memory corresponding to the data output at each display timing (TO to T15)
are as shown in Figure 14-6 (for example, TO = EAOOH to EAO5H, and T1 = EA06H to EAOBH). When 48 VFD
output pins (FIPO to FIP47) are used, one block of display data consists of 6 bytes. VFD output pins 0 (FIPO)
to 47 (FIP47) correspond to one block of display data sequentially, starting from the least significant bit toward
the most significant bit.

Figure 14-6. Relation Between Address Location of Display Data Memory and VFD Output

Address

EA5AH-EASFH

EA54H-EA59H

EA12H-EA17H

EAOCH-EA11H

EAO6H-EAQBH

EAOOH-EAOQ5H

226

(with 48 VFD Output Pins and 16 Patterns)

Display timing

Tks
5FH 5EH 5DH 5CH 5BH 5AH T15
59H 58H 57H 56H 55H 54H T14
17H 16H 15H 14H 13H 12H T3
11H 10H 0FH 0EH 0DH 0CH T2
0BH 0AH 09H 08H 07H 06H T
05H 04H 03H 02H 01H 00H TO

47+ -« - 40 7 -0
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14.5 Key Scan Flag and Key Scan Data

14.5.1 Key scan flag

The key scan flag (KSF) is set to 1 during key scan timing, and is automatically reset to 0 at display timing.

KSF is mapped to bit 7 of display mode register 2 (DSPM2) and can be tested in 1-bit units. It cannot be written,
however.

By testing KSF, it can be determined whether key scan timing is in progress, and whether key input data is correct
can be checked.

Whether key scan timing is inserted or not can be selected by using the key scan timing insertion specification flag
(KSM) (bit 6 of display mode register 2 (DSPM2)).

14.5.2 Key scan data
Data stored to ports 7 to 10 are output from the FIP16 to FIP47 pins during key scan timing.

Caution If scanningis performed in such a manner that both a segment and a digit turn on during key scan
timing, the display may flicker.
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14.6 Leakage Emission of Fluorescent Indicator Panel

Leakage emission may take place when a fluorescent indicator panel is driven by the uPD784976A Subseries. The
possible causes of this leakage emission are as follows:

(1) Short blanking time
Figure 14-7 shows the signal waveforms of a 2-digit display where the first digit TO lights and the second digit
remains dark. If the blanking time is too short as shown in this figure, the T1 signal rises before the segment
signal is deasserted, causing leakage emission. Generally, the blanking time must be about 20 us. Determine
the set value of display mode register 1 (DSPM1), taking this into consideration.

Figure 14-7. Leakage Emission Because of Short Blanking Time

Blanking width
TO
N—
T
Leakage emission
occurs
SO
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(2) Segment-grid capacitance of fluorescent indicator panel
Even if a sufficiently long blanking time is ensured as shown in Figure 14-9, leakage emission may still occur.
This is because the fluorescent indicator panel has a capacitance between the grid and segment, as indicated
by Csa in Figure 14-8, and the timing signal pin is raised via Csa. If the voltage of the timing signal rises beyond
the cutoff voltage (Ek) as shown in Figure 14-9, leakage emission occurs.
This whisker-like voltage changes with the values of Csa and on-chip pull-down resistor (RL). The greater the
value of Csa, and the greater the value of R, the higher this voltage, increasing the possibility of the occurrence
of leakage emission.
The value of Csa differs depending on the display area of the fluorescent indicator panel. The larger the area,
the higher the Csa.
Therefore, the value of the pull-down resistor differs depending on the size of the fluorescent indicator panel,
in order to prevent leakage emission.
Because the value of the pull-down resistor that can be connected by mask option is relatively high, the leakage
emission may not be suppressed by the on-chip pull-down resistor alone.
In case sufficient display quality cannot be obtained, deepen the back bias (increase Ek), attach a filter to the
fluorescent indicator panel, or connect an external pull-down resistor of several 10 kQ2 to the timing signal pin.
The likelihood of leakage emission caused by Cse occurring changes depending on the duty cycle of the
whisker voltage vis-a-vis the total display cycle. The fewer the number of display digits, the less likelihood of
occurrence of leakage emission.
Lowering the display luminance also has an effect of suppressing the leakage emission.

Figure 14-8. Leakage Emission Caused by Csa

1PD784975A

Vop T +5V
1l
FIP

<| [
Cse
TO- - Segment

S grid filament

R RL é
Ex T =

Vioap L 30V

Ex: Cutoff voltage

Rc: On-chip pull-down resistor
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Figure 14-9. Leakage Emission Caused by Csa

TO

T1

SO
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14.7 Calculation of Total Power Dissipation

The following three power dissipation are available for the uyPD784976A Subseries. The sum of the three power
dissipation should be less than the total power dissipation Pt (refer to Figure 14-10) (80% or less of ratings is
recommended).

<1> CPU power dissipation: Calculate Voo (MAX.) x oo (MAX.).
<2> Output pin power dissipation: Power dissipation when maximum current flows into each VFD output pin.

<3> Pull-down resistor power dissipation: Power dissipation by pull-down resistor incorporated in VFD output pin.

Figure 14-10. Total Power Dissipation Pt (Ta = —40°C to +85°C)

800

600

400

200

Total power dissipation Pr[mW]

-40 0 +40 +80
Temperature [°C]

The following is how to calculate total power dissipation for the example in Figure 14-11.

Example Assume the following conditions:

Vop = 5.5V, 12.5 MHz oscillation

Supply current (loo) = 40.0 mA

VFD output: 11 grids x 10 segments (Blanking width = 1/16: when FBLKO to FBLK2 = 000B)
Maximum current at the grid pin is 10 mA.
Maximum current at the segment pin is 3 mA.
At the key scan timing, VFD output pin is OFF.

VFD output voltage: grid Vop = Vop — 2 V (voltage drop of 2 V)

segments Vob = Vop — 0.5 V (voltage drop of 0.5 V)
Fluorescent display control voltage (Vioap) = =30 V
Mask option pull-down resistor = 30 kQ
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232

By placing the above conditions in calculation <1> to <3>, the total dissipation can be worked out.

<1> CPU power dissipation: 5.5V x 40.0 mA = 220.0 mW
<2> Output pin power dissipation:

« Total current value of each grid «
The no. of grids + 1
10 mA x 11 Grids 1
X—  x(1- —
11 Grids + 1 16
Total segment current value of illuminated dots «

Grid (Voo — Vo) (1 — Blanking width) =

2V ) =17.2mW

Segment (Vop — Vob) x (1 — Blanking width) =

The no. of grids + 1
3 mA x 31 Dots 1
X ————————— X (1=

05V —
11 Grids + 1 16

) =3.6 mW

<3> Pull-down resistor power dissipation:

(Vop — ViLoaD)? « The no. of grids

Grid x (1 — Blanking width) =
Pull-down resistor value ~ The no. grids + 1
- — (= 2 H
(5.5V-2V-(-30V)) « 11 Grids ><(1_1_ =301 mW
30 kQ 11 Grids + 1 16
- 2 illumi
Segment (Vop — Vioap) « The no. of illuminated dots % (1 - Blanking width) =
Pull-down resistor value The no. of grids + 1
_ (! 2
(6.5V-0.5V—-(-30V)) « 31 dots (1 - l) - 98.9 mW
30 kQ 11 Grids + 1 16

Total power dissipation = <1> + <2> + <3> =220.0 + 17.2 + 3.6 + 32.1 + 98.9 = 371.8 mW

In this example, the total power dissipation do not exceed the rating of the total power dissipation shown
in Figure 14-10, so there is no problem in power dissipation.

However, when the total power dissipation exceeds the rating of the total power dissipation, it is
necessary to lower the power dissipation. To reduce power dissipation, reduce the number of pull-down
resistor.
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Figure 14-11. Relationship Between Display Data Memory and VFD Output with
10 Segments x 11 Digits Displayed
Display data memory
EA3EH EA3DH EA3CH 0‘0‘0‘1‘1 1‘0‘1‘0‘0‘0‘0‘0 0 0‘0‘0 0‘ 0‘1T10
EA38H EA37H EA36H 0‘0‘0‘1‘0 1‘1‘0‘0‘0‘0‘0‘0 0 0‘0‘0 0‘0 1‘0 T9
EA32H EA31H EA30H 0‘0‘0‘1‘0 0‘1‘1‘1‘1‘0‘0‘0 0 O‘O‘O 0‘1 0‘0 T8
EA2CH EA2BH EA2AH 0‘0‘0‘0‘0 0‘0‘1‘1‘0‘0‘0‘0 0 0‘0‘0 1‘0 O‘O T7
EA26H EA25H EA24H 0‘0‘1‘0‘0 0‘0‘0‘0‘0‘0‘0‘0 0 0‘0‘1 0‘0 O‘O T6
EA20H EA1FH EA1EH 0‘0‘0‘1‘1 0‘1‘1‘0‘1‘0‘0‘0 0 0‘1‘0 0‘0 0‘0 T5
EA1AH EA19H EA18H 0‘0‘0‘1‘1 0‘0‘1‘1‘0‘0‘0‘0 0 1‘0‘0 0‘0 0‘0 T4
EA14H EA13H EA12H 1‘0‘0‘0‘0 0‘0‘0‘0‘0‘0‘0‘0 1 0‘0‘0 0‘0 0‘0 T3
EAOEH EAODH EAOCH 0‘1‘0‘0‘0 0‘0‘1‘1‘0‘0‘0‘1 0 0‘0‘0 0‘0 0‘0 T2
EA0O8H EAO07H EAO06H 0‘0‘0‘0‘0 0‘0‘1‘1‘0‘0‘1‘0 0 0‘0‘0 0‘0 0‘0 T1
EA0O2H EAO1H EAOQOH 0‘1‘0‘0‘0 0‘0‘0‘0‘0‘1‘0‘0 0 0‘0‘0 0‘0 0‘0 TO
(VFD output pins: 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
FIPO to FIP20)
i lilhl|g |fle d jc |b Ja
\
~ SUN MON TUE WED THU FRI SAT a
i — — N — J— N — J— <
AM I R BT NN Y O Y O A O 1 - -
~pm S T A O W I
h
0 1 2 3 4 5 6 7 8 9 10
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The P64, P65, and P67 pins have an edge detection function that can be programmed to detect the rising edge
or falling edge and sends the detected edge to on-chip hardware components.
The edge detection function is always functioning, even in STOP mode and IDLE mode.

15.1 Control Registers

* External Interrupt Rising Edge Enable Register (EGP0), External Interrupt Falling Edge Enable Register
(EGNO)
The EGPO and EGNO registers specify the valid edge to be detected by the P64, P65, and P67 pins.
EGPO and EGNO are read/written using a 1-bit or 8-bit manipulation instruction.
RESET input sets EGP0 and EGNO to O0H.

Figure 15-1. Format of External Interrupt Rising Edge Enable Register (EGP0) and External Interrupt
Falling Edge Enable Register (EGNO)

Address: OFFAOH After reset: 00H R/W
Symbol 7 6 5 4 3 2 1 0

EGPO EGP7 0 EGP5 EGP4

o
o
o
o

Address: OFFA2H After reset: 00H R/W

Symbol 7 6 5 4 3 2 1 0
EGNO EGN7 0 EGN5 EGN4 0 0 0 0
EGPn EGNn INTPm pin valid edge (n =4, 5,7, m=0to 2)
0 0 Interrupt disable
0 1 Falling edge
1 0 Rising edge
1 1 Both rising and falling edges

Remark Bits 4, 5, and 7 of EGP0 and EGNO control pins INTPO to INTP2, respectively.

Controlled Pins INTPO INTP1 INTP2
Bits of EGPO EGP4 EGP5 EGP7
Bits of EGNO EGN4 EGN5 EGN7
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15.2 Edge Detection of P64, P65, and P67 Pins
Figure 15-2 shows the configuration of an edge detector for pins P64, P65, and P67.
These pins are not provided with a noise eliminator resulting from analog delay. So, edge detection (recognition)

begins immediately after a valid edge input to the pins passes the input buffer, which is of hysteresis type.

Figure 15-2. Edge Detection of P64, P65, and P67 Pins

P6x input
© Vi Edge detector INTPn input
(n=0,1,2)
P6x output
(x=4,5,7)
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The uPD784975A is provided with the following three interrupt request service modes: vectored interrupt, context
switching, and macro service modes (refer to Table 16-1). These three service modes can be set as required in the
program. However interrupt service by macro service can only be selected for interrupt request sources provided
with the macro service processing mode shown in Table 16-2. Context switching cannot be selected for non-maskable
interrupts or operand error interrupts.

Multiple interrupt control using 4 priority levels can easily be performed for maskable vectored interrupts.

Table 16-1. Interrupt Request Service Modes

Interrupt Request Servicing Performed PC & PSW Contents Service
Service Mode
Vectored interrupts Software Saving to & restoration Executed by branching to service program
from stack at addressN°t® specified by vector table
Context switching Saving to & restoration Executed by automatic switching to
from fixed area in register bank specified by vector table
register bank to service program at addressNote
specified by and branching fixed area in
register bank
Macro service Hardware Retained Execution of pre-set service such as data
(firmware) transfers between memory and I/O

Note The start addresses of all interrupt service programs must be in the base area. If the body of a service
program cannot be located in the base area, a branch instruction to the service program should be written
in the base area.
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16.1 Interrupt Request Sources
The uPD784975A has the 23 interrupt request sources shown in Table 16-2, with a vector table allocated to each.

Table 16-2. Interrupt Request Sources (1/2)

Interrupt | Default Interrupt Request Generating | Interrupt | Context Macro Macro Vector
Request | Priority Generating Source Unit Control Switching | Service | Service | Table
Register Control | Address
Name Word
Address
Software | None | BRK instruction execution — — Not Not — 003EH
possible possible
BRKCS instruction execution — — Possible  |Not — —
possible
Operand | None | Invalid operand in MOV STBC, — — Not Not — 003CH
error #byte instruction or MOV WDM, possible possible
#byte instruction, and LOCATION
instruction
Non- None | INTWDT (watchdog timer Watchdog — Not Not — 0004H
maskable overflow) timer possible possible
Maskable 0 INTWDTM (watchdog timer WDTIC | Possible |Possible OFEO6H | 0006H
overflow)
1 INTPO (pin input edge detection) Edge PICO OFEO8H | 0008H
2 | INTP1 (pin input edge detection) | detection PIC1 OFEOAH | 000AH
3 INTP2 (pin input edge detection) PIC2 OFEOCH | 000CH
4 INTTMOO (occurrence of signal 16-bit TMICO00 OFEOEH | OO0OEH
indicating a match between the timer/event
16-bit timer counter (TMO0) and counter 0
capture compare register (CR00))
5 INTTMO1 (occurrence of signal TMICO1 OFE10H 0010H
indicating a match between the
16-bit timer counter (TMO) and
capture compare register (CR01))
6 INTKS (timing of key scanning | VFD controller/|  KSIC OFE12H | 0012H
from VFD controller/driver) driver
7 INTCSIO (end of 3-wire transfer | Serial CsSlIco OFE14H | 0014H
of CSI0) interface
8 INTCSI1 (end of 3-wire transfer CSlIc1 OFE16H | 0016H
of CSI1)
9 INTTM50 (match between the 8-bit| 8-bit PWM | TMIC50 OFE18H | 0018H
timer counter (TM50) and 8-bit timer
compare register (CR50)) (TM50)
10 INTTM51 (match between the 8-bit| 8-bit PWM | TMIC51 OFE1AH | 001AH
timer counter (TM51) and 8-bit timer
compare register (CR51)) (TM51)
11 INTAD (end of A/D conversion) | AD converter| ADIC OFE1CH | 001CH

Remarks 1. The default priority is a fixed number. This indicates the order of priority when interrupt requests
specified as having the same priority are generated simultaneously.
2. CSI: Clocked synchronous serial interface
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Table 16-2. Interrupt Request Sources (2/2)

Interrupt | Default Interrupt Request Generating | Interrupt | Context Macro Macro Vector
Request | Priority Generating Source Unit Control Switching | Service | Service | Table
Register Control | Address
Name Word
Address
Maskable 12 INTREM (generation of remote | 16-bit REMEC | Possible Possible OFE1EH | OO1EH
control receive interrupt by 16- | timer/event
bit timer/event counter 0) counter 0
13 INTCSI2 (end of CSI2 3-wire Serial Cslic2 OFE20H | 0020H
transfer) interface
(S102)
14 INTSERO (occurrence of UART | Asynchron-| SERICO OFE22H | 0022H
receive error) ous serial
15 | INTSRO (end of reception by interface SRICO OFE24H | 0024H
UART) (UART)
16 INTSTO (end of transmission by STICO OFE26H | 0026H
UART)
17 INTWT1 (reference interval time | Watch WTIIC OFE28H 0028H
signal from watch timer) timer
18 INTWT (watch timer overflow) WTIC OFE2AH | 002AH

Remark The default priority is a fixed number. This indicates the order of priority when two or more interrupt
requests specified as having the same priority are generated simultaneously.
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16.1.1 Software interrupts

Interrupts by software consist of the BRK instruction which generates a vectored interrupt and the BRKCS
instruction which performs context switching.

Software interrupts are acknowledged even in the interrupt disabled state, and are not subject to priority control.

16.1.2 Operand error interrupts

These interrupts are generated if there is an illegal operand in an MOV STBC, #byte instruction or MOV WDM,
#byte instruction, and LOCATION instruction.

Operand error interrupts are acknowledged even in the interrupt disabled state, and are not subject to priority
control.

16.1.3 Non-maskable interrupts

A non-maskable interrupt is generated by the watchdog timer.

Non-maskable interrupts are acknowledged unconditionallyNote, even in the interrupt disabled state. They are not
subject to interrupt priority control, and are of higher priority than any other interrupt.

Note Except during execution of the service program for the same non-maskable interrupt, and during execution
of the service program for a higher-priority non-maskable interrupt

16.1.4 Maskable interrupts

A maskable interrupt is one subject to masking control according to the setting of an interrupt mask flag. In addition,
acknowledgment enabling/disabling can be specified for all maskable interrupts by means of the |IE flag in the program
status word (PSW).

In addition to normal vectored interrupt, maskable interrupts can be acknowledged by context switching and macro
service (though some interrupts cannot use macro service: refer to Table 16-2).

The priority order for maskable interrupt requests when interrupt requests of the same priority are generated
simultaneously is predetermined (default priority) as shown in Table 16-2. Also, multiprocessing control can be
performed with interrupt priorities divided into 4 levels. However, macro service requests are acknowledged without
regard to priority control or the IE flag.

User’s Manual U15017EJ2V0UD 239



CHAPTER 16 INTERRUPT FUNCTION

16.2 Interrupt Service Modes
There are three uPD784975A interrupt service modes, as follows.

e Vectored interrupt service
e Macro service
* Context switching

16.2.1 Vectored interrupt service

When an interrupt is acknowledged, the program counter (PC) and program status word (PSW) are automatically
saved to the stack, a branch is made to the address indicated by the data stored in the vector table, and the interrupt
service routine is executed.

16.2.2 Macro service

When an interrupt is acknowledged, CPU execution is temporarily suspended and a data transfer is performed
by hardware. Since macro service is performed without the intermediation of the CPU, it is not necessary to save
orrestore CPU statuses such as the program counter (PC) and program status word (PSW) contents. This is therefore
very effective in improving the CPU service time (refer to 16.8 Macro Service Function).

16.2.3 Context switching

When an interrupt is acknowledged, the prescribed register bank is selected by hardware, a branch is made to
a pre-set vector address in the register bank, and at the same time the current program counter (PC) and program
status word (PSW) are saved in the register bank (refer to 16.4.2 BRKCS instruction software interrupt (software
context switching) acknowledgment operation and 16.7.2 Context switching).

Remark “Context” refers to the CPU registers that can be accessed by a program while that program is being

executed. These registers include general registers, the program counter (PC), program status word
(PSW), and stack pointer (SP).
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16.3 Interrupt Servicing Control Registers

UPD784975A interrupt servicing is controlled for each interrupt request by various control registers that perform
interrupt servicing specification. The interrupt control registers are listed in Table 16-3.

Table 16-3. Control Registers

Register Name Symbol Function
Interrupt control registers WDTIC, PICO, PIC1, PIC2, Record generation of interrupt request, control
CslICo, CSlIC1, TMICOO, masking, specify vectored interrupt servicing or macro
TMCO01, KSIC, TMIC50, service processing, enable or disable context switching
TMIC51, ADIC, REMIC, function, and specify priority.

CSIIC2, SERICO, SRICO,
STICO, WTIIC, WTIC

Interrupt mask register MKO (MKOL, MKOH), MK1L Controls masking of maskable interrupt request.
Associated with mask control flag in interrupt control
register. MKO can be accessed in word or byte units.
MKZ1L can be accessed in byte units.

In-service priority register ISPR Records priority of interrupt request currently accepted.

Interrupt mode control register IMC Controls nesting of maskable interrupt with priority
specified to lowest level (level 3).

Interrupt select control register SNMI Selects whether to use interrupt signal from watchdog
timer as maskable or non-maskable interrupt.

Watchdog timer mode register WDM Controls operation of watchdog timer.

An interrupt control register is allocated to each interrupt source. The flags of each register perform control of the
contents corresponding to the relevant bit position in the register. The interrupt control register flag names
corresponding to each interrupt request signal are shown in Table 16-4.
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CHAPTER 16 INTERRUPT FUNCTION

Table 16-4. Flag List of Interrupt Control Registers for Interrupt Request Sources
Default Interrupt Interrupt Control Register
Priority Request Interrupt Interrupt Macro Service | Priority Speci- | Context Switching
Signal Request Flag Mask Flag Enable Flag fication Flag Enable Flag
0 INTWDT WDTIC WDTIF WDTMK WDTISM WDTPRO WDCSE
WDTPR1
1 INTPO PICO PIFO PMKO PISMO PPROO PCSEO
PPRO1
2 INTP1 PICA PIF1 PMK1 PISM1 PPR10 PCSE1
PPR11
3 INTP2 PIC2 PIF2 PMK2 PISM2 PPR20 PCSE2
PPR21
4 INTTMOO TMICO0 TMIFO0 TMMKOO0 TMISMO00 TMPRO00 TMCSEO00
TMPROO01
5 INTTMO1 TMICO1 TMIFO1 TMMKO1 TMISMO1 TMPRO10 TMCSEO01
TMPRO11
6 INTKS KSIC KSIF KSMK KSISM KSPRO KSCSE
KSPR1
7 INTCSIO CSlICo CSIIF0 CSIMKO CSIISMO0 CSIPROO CSICSEO
CSIPRO1
8 INTCSIH CSliC1 CSIIF1 CSIMK1 CSlISM1 CSIPR10 CSICSEH1
CSIPR11
9 INTTM50 TMIC50 TMIF50 TMMK50 TMISM50 TMPR500 TMCSES50
TMPR501
10 INTTM51 TMIC51 TMIF51 TMMK51 TMISM51 TMPR510 TMCSE51
TMPR511
11 INTAD ADIC ADIF ADMK ADISM ADPRO ADCSE
ADPR1
12 INTREM REMIC REMIF REMMK REMISM REMPRO REMCSE
REMPR1
13 INTCSI2 Cslic2 CSlIF2 CSIMK2 CSlIsM2 CSIPR20 CSICSE2
CSIPR21
14 INTSERO SERICO SERIFO SERMKO SERISMO SERPR0O0O SERCSEO
SERPRO1
15 INTSRO SRICO SRIFO0 SRMKO SRISMO SRPR00 SRCSEO
SRPRO1
16 INTSTO STICO STIFO STMKO STISMO STPROO STCSEO
STPRO1
17 INTWTI WTIIC WTIIF WTIMK WTIISM WTIPRO WTICSE
WTIPR1
18 INTWT WTIC WTIF WTMK WTISM WTPRO WTCSE
WTPR1

242

User's Manual U15017EJ2VOUD




CHAPTER 16 INTERRUPT FUNCTION

16.3.1 Interrupt control registers

for

)

)
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An interrupt control register is allocated to each interrupt source, and performs priority control, mask control, etc.,
the corresponding interrupt request. The interrupt control register format is shown in Figure 16-1.

Priority specification flags (xxPR1/xxPR0)

The priority specification flags specify the priority on an individual interrupt source basis for the 19 maskable
interrupts.

Up to 4 priority levels can be specified, and a number of interrupt sources can be specified at the same level.
Among maskable interrupt sources, level 0 is the highest priority.

If multiple interrupt requests are generated simultaneously among interrupt source of the same priority level, they
are acknowledged in default priority order.

These flags can be manipulated bit-wise by software.

RESET input sets all bits to 1.

Context switching enable flag (xxCSE)

The context switching enable flag specifies that a maskable interrupt request is to be serviced by context
switching.

In context switching, the register bank specified beforehand is selected by hardware, a branch is made to a vector
address stored beforehand in the register bank, and at the same time the current contents of the program counter
(PC) and program status word (PSW) are saved in the register bank.

Context switching is suitable for real-time processing, since execution of interrupt servicing can be started faster
than with normal vectored interrupt servicing.

This flag can be manipulated bit-wise by software.

RESET input sets all bits to 0.

Macro service enable flag (x<ISM)

The macro service enable flag specifies whether an interrupt request corresponding to that flag is to be handled
by vectored interrupt or context switching, or by macro service.

When macro service processing is selected, at the end of the macro service (when the macro service counter
reaches 0) the macro service enable flag is automatically cleared (0) by hardware (vectored interrupt service/
context switching service).

This flag can be manipulated bit-wise by software.

RESET input sets all bits to 0.

Interrupt mask flag (xxMK)

The interrupt mask flag specifies enabling/disabling of vectored interrupt servicing and macro service processing
for the interrupt request corresponding to that flag.

The interrupt mask contents are not changed by the start of interrupt service, etc., and are the same as the interrupt
mask register contents (refer to 16.3.2 Interrupt mask registers (MK0, MK1L)).

Macro service processing requests are also subject to mask control, and macro service requests can also be
masked with this flag.

This flag can be manipulated by software.

RESET input sets all bits to 1.

Interrupt request flag (xxIF)

The interrupt request flag is set (1) by generation of the interrupt request that corresponds to that flag. When
the interrupt is acknowledged, the flag is automatically cleared (0) by hardware.

This flag can be manipulated by software.

RESET input sets all bits to 0.
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Symbol

WDTIC

PICO

PICA1

PIC2

TMICO00

TMICO1

KSIC

Cslico

CSlICH

Figure 16-1. Interrupt Control Register (xxICn) (1/2)
Address: OFFEOH to OFFESH After reset : 43H RW
<7> <6> <5> <4> 3 2 <1> <0>
WDTIF | WDTMK | WDTISM | WDCSE 0 0 WDTPR1 | WDTPRO
PIFO PMKO PISMO PCSEO 0 0 PPRO1 PPR0OO
PIF1 PMK1 PISM1 PCSE1 0 0 PPR11 PPR10
PIF2 PMK2 PISM2 PCSE2 0 0 PPR21 PPR20
TMIFOO | TMMKOO | TMISM0O | TMCSEOO 0 0 TMPRO001| TMPRO00O
TMIFO1 TMMKO1 | TMISMO1 | TMCSEO1 0 0 TMPRO11 | TMPRO10
KSIF KSMK KSISM KSCSE 0 0 KSPR1 KSPRO
CSIIFO CSIMKO | CSIISMO | CSICSEO 0 0 CSIPRO1 | CSIPROO
CSIIF1 CSIMK1 | CSlISM1 | CSICSE1 0 0 CSIPR11 | CSIPR10
xxIFn Interrupt request generation
0 No interrupt request (Interrupt signal is not generated.)
1 Interrupt request (Interrupt signal is generated.)
xxMKn Interrupt servicing enable/disable
0 Interrupt servicing enable
1 Interrupt servicing disable
xxISMn Interrupt servicing mode specification
0 Vectored interrupt servicing/context switching processing
1 Macro service processing
xxCSEnN Context switching processing specification
0 Processing with vectored interrupt
1 Processing with context switching
xxPRn1 | xxPRn0O Interrupt request priority specification
0 0 Priority O (Highest priority)
0 1 Priority 1
1 0 Priority 2
9 1 Priority 3
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Figure 16-1. Interrupt Control Register (xxICn) (2/2)

Address: OFFE9H to OFFEBH After reset : 43H R/W
Symbol <7> <6> <5> <4> 3 2 <1> <0>
TMIC50 | TMIF50 | TMMK50 | TMISM50 | TMCSES0 0 0 TMPR501 | TMPR500
TMIC51 | TMIF51 TMMK51 | TMISM51 | TMCSES51 0 0 TMPR511| TMPR510
ADIC ADIF ADMK ADISM ADCSE 0 0 ADPR1 ADPRO
REMIC | REMIF | REMMK | REMISM | REMCSE 0 0 REMPR1 | REMPRO
CSlIC2 | CSlIF2 CSIMK2 | CSlISM2 | CSICSE2 0 0 CSIPR21| CSIPR20
SERICO | SERIFO | SERMKO | SERISMO | SERCSEO 0 0 SERPRO1| SERPR00
SRICO SRIF0 SRMKO | SRISMO | SRCSEO 0 0 SRPRO1 | SRPR0O0
STICO STIFO STMKO | STISMO | STCSEO 0 0 STPRO1 | STPROO
WTIIC | WTIIF WTIMK | WTIISM | WTICSE 0 0 WTIPR1 | WTIPRO
WTIC WTIF WTMK WTISM WTCSE 0 0 WTPR1 WTPRO
xxIFn Interrupt request generation
0 No interrupt request (Interrupt signal is not generated.)
1 Interrupt request (Interrupt signal is generated.)
xxMKn Interrupt servicing enable/disable
0 Interrupt servicing enable
1 Interrupt servicing disable
xxISMn Interrupt servicing mode specification
0 Vectored interrupt servicing/context switching processing
1 Macro service processing
xxCSEn Context switching processing specification
0 Processing with vectored interrupt
1 Processing with context switching
xxPRn1 xxPRn0O Interrupt request priority specification
0 0 Priority O (Highest priority)
0 1 Priority 1
1 0 Priority 2
1 1 Priority 3
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* 16.3.2 Interrupt mask registers (MK0, MK1L)

MKO and MK1L are composed of interrupt mask flags. MKO is a 16-bit register which can be manipulated in 16-
bit units. MKO can also be manipulated in 8-bit units using MKOL and MKOH. MK1L can be manipulated in 8-bit units.

In addition, each bit of MKO and MK1L can be manipulated individually with a 1-bit manipulation instruction. Each
interrupt mask flag controls enabling/disabling of the corresponding interrupt request.

When an interrupt mask flag is set to 1, acknowledgment of the corresponding interrupt request is disabled.

When an interrupt mask flag is cleared to 0, the corresponding interrupt request can be acknowledged as a vectored
interrupt or macro service request.

Eachinterrupt mask flagin MKO and MK1L is the same flag as the interrupt mask flag in the interrupt control register.
MKO and MK1L are provided for blanket control of interrupt masking.

RESET input sets MKO to FFFFH and MK1L to FFH, and all maskable interrupts are disabled.
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Figure 16-2. Format of Interrupt Mask Registers (MK0, MK1L)

<Byte access>

Address: OFFACH, OFFADH, OFFAEH

Symbol 7 6 5

After reset: FFH R/W

4 3
PMK1 PMKO WDTMK

MKOL | CSIMKO KSMK

TMMKO1 | TMMKOO PMK2

MKOH | SRMKO | SERMKO

CSIMK2 | REMMK ADMK

TMMK51 | TMMK50 | CSIMK1

WTMK WTIMK STMKO

MK1L 1

xxMKn

Interrupt request enable/disable

Interrupt servicing enable

Interrupt servicing disable

<Word access>

Address: OFFACH
Symbol 15 14

After reset: OFFFFH

R/W
8

13 12 11 10 9

SRMKO | SERMKO

CSIMK2 | REMMK ADMK

TMMK51 | TMMK50 | CSIMK1

MKO
7 6

1 0

5 4 3 2

CSIMKO KSMK

TMMKO1 | TMMKOO PMK2

PMK1 PMKO WDTMK

xxMKn

Interrupt request enable/disable

Interrupt servicing enable

Interrupt servicing disable

User's Manual U15017EJ2V0OUD

247



CHAPTER 16 INTERRUPT FUNCTION

16.3.3 In-service priority register (ISPR)

The ISPR shows the priority level of the maskable interrupt currently being serviced and the non-maskable interrupt
being serviced. When a maskable interrupt request is acknowledged, the bit corresponding to the priority of that
interrupt request is set to 1, and remains set until the service program ends. When a non-maskable interrupt is
acknowledged, the bit corresponding to the priority of that non-maskable interrupt is set to 1, and remains set until
the service program ends.

When an RETI instruction or RETCS instruction is executed, the bit, among those set to 1 in the ISPR, that
corresponds to the highest-priority interrupt request is automatically cleared to 0 by hardware.

The contents of the ISPR are not changed by execution of an RETB or RETCSB instruction.

RESET input sets the ISPR to 00H.

Figure 16-3. Format of In-Service Priority Register (ISPR)

Address: OFFA8H After reset: 00H R
Symbol 7 6 5 4 3 2 1 0
ISPR 0 WDTS 0 0 ISPR3 ISPR2 ISPR1 ISPRO
WDTS Watchdog timer interrupt servicing status
0 Watchdog timer interrupt (non-maskable interrupt: INTWDT)

is not acknowledged.

1 Watchdog timer interrupt (non-maskable interrupt: INTWDT)
is acknowledged.

ISPRn Priority level (n = 0 to 3)
0 Interrupt of priority level n is not acknowledged.
1 Interrupt of priority level n is acknowledged.

Caution Thein-service priority register (ISPR) is aread-only register. The microcontroller may malfunction
if this register is written.
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16.3.4 Interrupt mode control register (IMC)
IMC contains the PRSL flag. The PRSL flag specifies enabling/disabling of nesting of maskable interrupts for which
the lowest priority level (level 3) is specified.
When IMC is manipulated, the interrupt disabled state (DI state) should be set first to prevent malfunction.
IMC can be read or written to using a 1-bit or 8-bit manipulation instruction.
'RESET input sets IMC to 80H.

Figure 16-4. Format of Interrupt Mode Control Register (IMC)

Address: OFFAAH After reset: 80H R/W
Symbol 7 6 5 4 3 2 1 0
IMC PRSL 0 0 0 0 0 0 0
PRSL Nesting control of maskable interrupt (lowest level)
0 Interrupts with level 3 (lowest level) can be nested.
1 Nesting of interrupts with level 3 (lowest level) is disabled.
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16.3.5 Watchdog timer mode register (WDM)

WDM can be written to only by a dedicated instruction. This dedicated instruction, MOV WDM, #byte, has a special
code configuration (4 bytes), and a write is not performed unless the 3rd and 4th bytes of the operation code are mutual
1’s complements.

If the 3rd and 4th bytes of the operation code are not mutual 1’s complements, a write is not performed and an
operand error interrupt is generated. In this case, the return address saved in the stack area is the address of the
instruction that was the source of the error, and thus the address that was the source of the error can be identified
from the return address saved in the stack area.

If recovery from an operand error is simply performed by means of an RETB instruction, an endless loop will result.

As anoperand errorinterruptis only generated in the event of aninadvertent program loop (with the NEC assembler,
RA78K4, only the correct dedicated instruction is generated when MOV WDM, #byte is written), system initialization
should be performed by the program.

Other write instructions (MOV WDM, A; AND WDM, #byte; and SET1 WDM.7) are ignored and do not perform any
operation. That is, a write is not performed to the WDM, and an interrupt such as an operand error interrupt is not
generated.

WDM can be read at any time using a data transfer instruction.

RESET input sets WDM to 00H.

Figure 16-5. Format of Watchdog Timer Mode Register (WDM)

Address: OFFC2H After reset: 00H R/W
Symbol 7 6 5 4 3 2 1 0
WDM RUN 0 0 0 0 WDT2 WDTH1 0

RUN Specifies operation of watchdog timer (refer to Figure 9-2).

WDT2 WDTH1 Specifies count clock of watchdog timer
(refer to Figure 9-2).

Caution The watchdog timer mode register (WDM) can be written only by using a dedicated instruction
(MOV WDM, #byte).
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16.3.6 Interrupt select control register (SNMI)
SNMI selects whether to use an interrupt request signal from the watchdog timer as a maskable or non-maskable

interrupts signal.
Since the bit of this register can be set (1) only once after reset, the bit should be cleared (0) by reset.

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

Figure 16-6. Format of Interrupt Select Control Register (SNMI)

Address: OFFAQH  After reset: 00H R/W

Symbol 7 6 5 4 3 2 1 0
SNMI 0 0 0 0 0 0 SWDT 0
SWDT Watchdog timer interrupt selection
0 Use as non-maskable interrupt (INTWDT).

Interrupt servicing cannot be disabled with interrupt mask register.

1 Use as maskable interrupt (INTWDTM).
Vectored interrupts and macro service can be used. Interrupt
servicing can be disabled with interrupt mask register.
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16.3.7 Program status word (PSW)
The PSW is a register that holds the current status regarding instruction execution results and interrupt requests.
The IE flag that sets enabling/disabling of maskable interrupts is mapped in the lower 8 bits of the PSW (PSWL).
PSWL can be read or written to with an 8-bit manipulation instruction, and can also be manipulated with a bit

manipulation instruction or dedicated instruction (EI/DI).

When a vectored interrupt is acknowledged or a BRK instruction is executed, the PSWL is saved to the stack and
the IE flag is cleared to 0. The PSWL is also saved to the stack by the PUSH PSW instruction, and is restored from

the stack by the RETI, RETB and POP PSW instructions.

When context switching or a BRKCS instruction is executed, PSWL is saved to a fixed area in the register bank,
andthe IE flagis cleared to 0. The PSWL is restored from the fixed area in the register bank by an RETCSI or RETCSB

instruction.
RESET input sets PSWL to 00H.

Figure 16-7. Format of Program Status Word (PSWL)

After reset: 00H

Symbol 7 6 5 4 3 2 1 0
PSWL S V4 RSS AC IE PN CcY
S Used for normal instruction execution
Z
RSS
AC
IE Enable or disable accepting interrupt
0 Disable
1 Enable
P/V Used for normal instruction execution
CcY
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16.4 Software Interrupt Acknowledgment Operations

A software interrupt is acknowledged in response to execution of a BRK or BRKCS instruction. Software interrupts
cannot be disabled.

16.4.1 BRK instruction software interrupt acknowledgment operation

When a BRK instruction is executed, the program status word (PSW) and program counter (PC) are saved in that
order to the stack, the IE flag is cleared to 0, the vector table (003EH/003FH) contents are loaded into the lower 16
bits of the PC, and 0000B into the higher 4 bits, and a branch is performed (the start of the service program must be
in the base area).

The RETB instruction must be used to return from a BRK instruction software interrupt.

Caution The RETI instruction must not be used to return from a BRK instruction software interrupt.
Use the RETB instruction.

16.4.2 BRKCS instruction software interrupt (software context switching) acknowledgment operation

The context switching function can be initiated by executing a BRKCS instruction.

The register bank to be used after context switching is specified by the BRKCS instruction operand.

When a BRKCS instruction is executed, the program branches to the start address of the interrupt service program
(which must be in the base area) stored beforehand in the specified register bank, and the contents of the program
status word (PSW) and program counter (PC) are saved in the register bank.

Figure 16-8. Context Switching Operation by Execution of BRKCS Instruction

0000B ,—ré Register bank | [~
75 T ¢ (0to7) —
/> ransier Register bank n (n =0 to 7) —
|PC19-16 | PCis-0 | A X —
B Cc
<6> Exchange R5 : R4
<2> Save R7 H R6
(Bits 8to 11 of L
temporary register) <5> Save \ VP
<3> Register bank switching
| Temporary register | v up (RBSO to RBS2 « n)
T E <4> ( RSS « 0 )
IE «0
<1> Save w

| PSW |

The RETCSB instruction is used to return from a software interrupt due to a BRKCS instruction. The RETCSB
instruction must specify the start address of the interrupt service program for the next time context switching is
performed by a BRKCS instruction. This interrupt service program start address must be in the base area.

Caution The RETCS instruction must not be used to return from a BRKCS instruction software interrupt.
Use the RETCSB instruction.
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Figure 16-9. Return from BRKCS Instruction Software Interrupt (RETCSB Instruction Operation)

Register Bank n (n =0 to 7)

PCro-16 PCis.0 A X

<1> Restoratior\d B c
R5 R4 - RETCSB instruction operand

<2> Restoration

R7 R6 <3> Transfer
Vv VP
<4> Restoration U upP
(To original
register bank) T D E
PSW W H L

16.5 Operand Error Interrupt Acknowledgment Operation

An operand error interrupt is generated when the data obtained by inverting all the bits of the 3rd byte of the operand
of an MOV STBC, #byte instruction or LOCATION instruction or an MOV WDM, #byte instruction does not match the
4th byte of the operand. Operand error interrupts cannot be disabled.

When an operand error interrupt is generated, the program status word (PSW) and the start address of the
instruction that caused the error are saved to the stack, the IE flag is cleared to 0, the vector table value is loaded
into the program counter (PC), and a branch is performed (within the base area only).

As the address saved to the stack is the start address of the instruction in which the error occurred, simply writing
an RETB instruction at the end of the operand error interrupt service program will result in generation of another
operand error interrupt. You should therefore either process the address in the stack or initialize the program by
referring to 16.12 Restoring Interrupt Function to Initial State.

16.6 Non-Maskable Interrupt Acknowledgment Operation

Non-maskable interrupts are acknowledged even in the interrupt disabled state.

Except in the cases described in 16.9 When Interrupt Requests and Macro Service Are Temporarily Held
Pending, a non-maskable interrupt request is acknowledged immediately. When a non-maskable interrupt request
is acknowledged, the program status word (PSW) and program counter (PC) are saved in that order to the stack,
the IE flag of the PSW is cleared to 0, the in-service priority register (ISPR) bit corresponding to the acknowledged
non-maskable interrupt is set to 1, the vector table contents are loaded into the PC, and a branch is performed. The
ISPR bit that is set to 1 is the WDTS bit.

Even if the same non-maskable interrupt request is generated more than once during execution of the non-
maskable interrupt service program, only one non-maskable interrupt is acknowledged after completion of the non-
maskable interrupt service program.
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Figure 16-10. Non-Maskable Interrupt Request Acknowledgment Operations

(@) When a new non-maskable interrupt request is generated during non-maskable interrupt service
program execution

( Main routine )

(WDIS = 1)

Non-maskable Non-maskable

. . Non-maskable interrupt request held pending
interrupt request interrupt request

since WDIS =1

Pending non-maskable interrupt request is
serviced

(b) When a non-maskable interrupt request is generated twice during non-maskable interrupt service
program execution

( Main routine )

Non- Held pending since non-maskable interrupt service

maskable . :
interrupt program is being executed

request
Non-maskable

: Non-
interrupt request maskable| Held pending since non-maskable interrupt service
interrupt | nrogram is being executed

equest

Non-maskable interrupt request was generated more than
twice, but is only acknowledged once
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Cautions 1.

256

Macro service requests are acknowledged and serviced even during execution of a non-
maskable interrupt service program. If you do not want macro service processing to be
performed during a non-maskable interrupt service program, you should manipulate the
interrupt mask register in the non-maskable interrupt service program to prevent macro
service generation.

The RETI instruction must be used to return from a non-maskable interrupt. Subsequent
interrupt acknowledgment will not be performed normally if a different instruction is used.
If yourestartaprogram from theinitial state after anon-maskableinterrupt acknowledgment,
refer to 16.12 Restoring Interrupt Function to Initial State.

Non-maskable interrupts are always acknowledged, except during non-maskable interrupt
service program execution (except when ahigh non-maskable interruptrequestis generated
during execution of alow-priority non-maskable interrupt service program) and for a certain
period after execution of the special instructions shown in 16.9. Therefore, anon-maskable
interrupt will be acknowledged even when the stack pointer (SP) value is undefined, in
particular after reset release, etc. In this case, depending on the value of the SP, it may
happen that the program counter (PC) and program status word (PSW) are written to the
address of awrite-inhibited special function register (SFR) (refer to Table 3-6 in 3.8 Special
Function Registers (SFRs)), and the CPU becomes deadlocked, or an unexpected signal is
output from apin, orthe PCand PSW are written to an address in which RAM is not mounted,
with the result that the return from the non-maskable interrupt service program is not
performed normally and a software inadvertently loops.

Therefore, the program after RESET release must be as shown below.

CSEG AT 0
DW  STRT
CSEG BASE

STRT:
LOCATION OFH; or LOCATION OH
MOVG SP, #imm24
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16.7 Maskable Interrupt Acknowledgment Operation

A maskable interrupt can be acknowledged when the interrupt request flag is set to 1 and the mask flag for that
interrupt is cleared to 0. When servicing is performed by macro service, the interrupt is acknowledged and serviced
by macro service immediately. In the case of vectored interrupt and context switching, an interrupt is acknowledged
inthe interrupt enabled state (whenthe IE flag is set to 1) if the priority of that interrupt is one for which acknowledgment
is permitted.

If maskable interrupt requests are generated simultaneously, the interrupt for which the highest priority is specified
by the priority specification flag is acknowledged. If the interrupts have the same priority specified, they are
acknowledged in accordance with their default priorities.

A pending interrupt is acknowledged when a state in which it can be acknowledged is established.

The interrupt acknowledgment algorithm is shown in Figure 16-11.
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Figure 16-11. Interrupt Request Acknowledgment Processing Algorithm

Interrupt request?

No

Interrupt mask released?

Yes

xxISM = 1 )
Macro service?

Highest
default priority among
macro service
requests?

No

Interrupt enabled state?

Yes

Macro service
processing execution

Higher priority
than interrupt currently
being serviced?

Yes

Higher priority
than other existing interrupt
requests?

No

Interrupt request
held pending
Yes

Highest default
priority among interrupt
requests of same
priority?

Interrupt request
ves ( held pending )

Yes

xxCSE = 1

Context switching?

Context switching
generation

No

Vectored interrupt
generation
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16.7.1 Vectored interrupt

When a vectored interrupt maskable interrupt request is acknowledged, the program status word (PSW) and
program counter (PC) are saved in that order to the stack, the IE flag is cleared to O (the interrupt disabled state is
set), and the in-service priority register (ISPR) bit corresponding to the priority of the acknowledged interrupt is set
to 1. Also, data in the vector table predetermined for each interrupt request is loaded into the PC, and a branch is
performed. The return from a vectored interrupt is performed by means of the RETI instruction.

Caution When a maskable interrupt is acknowledged by vectored interrupt, the RETI instruction must be
used to return from the interrupt. Subsequent interrupt acknowledgment will not be performed
normally if a different instruction is used.

16.7.2 Context switching

Initiation of the context switching function is enabled by setting the context switching enable flag of the interrupt
control register to 1.

When an interrupt request for which the context switching function is enabled is acknowledged, the register bank
specified by 3 bits of the lower address (even address) of the corresponding vector table address is selected.

The vector address stored beforehand in the selected register bank is transferred to the program counter (PC),
and at the same time the contents of the PC and program status word (PSW) up to that time are saved in the register
bank and branching is performed to the interrupt service program.

Figure 16-12. Context Switching Operation by Generation of Interrupt Request

<3> Register bank switching [
(RBSO to RBS2 « n) =

Vector table n I

o

/oooos —— Register bank oy

<7> Transfer _ (0to7) i
Register bank n (n =010 7) —
| PC1s-16 | PCis0 | A X ||
<6> Exchange B ¢
R5 | R4
<2> Save t
(Temporary R7 ! R6
register Y VP
bits 8 to 11) <5> Save
| Temporary register | U up <4> [RSS « 0
T E IE <0
<1> Save W H
| PSW |
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The RETCS instruction is used to return from an interrupt that uses the context switching function. The RETCS
instruction must specify the start address of the interrupt service program to be executed when that interrupt is
acknowledged next. This interrupt service program start address must be in the base area.

Caution The RETCS instruction must be used to return from an interrupt serviced by context switching.

Subsequent interrupt acknowledgment will not be performed normally if a different instruction
is used.

Figure 16-13. Return from Interrupt that Uses Context Switching by Means of RETCS Instruction

Register bank n (n=0to 7)

PCis-16 PCis-0 A X

<1> Restoratior\—( B C
<2> Restoration R5 R4 RETCS instruction operand

R7 R6 <3> Transfer
Vv VP
<4> Restoration U UP
(To original
register bank) T D E
PSW w H L
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16.7.3 Maskable interrupt priority levels

The uPD784975A performs multiple interrupt servicing in which an interrupt is acknowledged during servicing of
another interrupt. Multiple interrupts can be controlled by priority levels.

There are two kinds of priority control, control by default priority and programmable priority control in accordance
with the setting of the priority specification flag. In priority control by means of default priority, interrupt service is
performed in accordance with the priority preassigned to each interrupt request (default priority) (refer to Table 16-
2). Inprogrammabile priority control, interrupt requests are divided into four levels according to the setting of the priority
specification flag. Interrupt requests for which multiple interrupt is permitted are shown in Table 16-5.

Since the IE flag is cleared to 0 automatically when an interrupt is acknowledged, when multiple interrupt is used,
the IE flag should be set to 1 to enable interrupts by executing an IE instruction in the interrupt service program, etc.

Table 16-5. Multiple Interrupt Processing

Priority of Interrupt Currently ISPR Value | IE Flag in PSW PRSL in Acknowledgeable Maskable Interrupts
Being Acknowledged IMC Flag
No interrupt being 00000000 0 X e All macro service only
acknowledged 1 x  All maskable interrupts
3 00001000 0 X e All macro service only
1 0 e All maskable interrupts
1 1 e All macro service

* Maskable interrupts specified as
priority O, 1, or 2

2 0000x100 0 X e All macro service only

1 X e All macro service
* Maskable interrupts specified as
priority O or 1

1 0000xx10 0 X e All macro service only
1 X e All macro service
* Maskable interrupts specified as
priority O
0 0000xxx1 X X e All macro service only
Non-maskable interrupts 0100xxxx X X e All macro service only

User's Manual U15017EJ2VOUD 261



CHAPTER 16 INTERRUPT FUNCTION

262

Figure 16-14. Examples of Servicing When Another Interrupt Request Is Generated During
Interrupt Service (1/3)

C Main routine )

a servicing b servicing
El ‘
El
Interrupt request a
(Level 3) - Interrupt
requestb — . . .
(LgL\J/el 2) Since interrupt request b has a higher
priority than interrupt request a, and
interrupts are enabled, interrupt
request b is acknowledged.
¢ servicing
Interrupt request ¢ %/
(Level 3) - requestd The priority of interrupt request d is
(Level 2) higher than that of interrupt request c,
\ but since interrupts are disabled,
. interrupt request d is held pending.
d servicing
e servicing

El

Interrupt Although interrupts are enabled,

Interr(tlj_p;tvreelcg,)uest -~ request f interrupt request f is held pending
‘% since it has a lower priority than
N1 interrupt request e.
f servicing
| 9 servicing
Interrupt El Although interrupts are enabled,
request h interrupt request h is held pending
Interrupt request g (Level 1) — since it has the same priority as
(Level 1) - interrupt request g.
~ ] hservicing
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Figure 16-14. Examples of Servicing When Another Interrupt Request Is Generated During

Interrupt Service (2/3)

Al

Interrupt request i
(Level 1)

Interrupt request k
(Level 2)

Interrupt request n
(Level 2)

Main routine

E

—

—-

In

Macro service

request j
Level 2)

terrupt

request |
(Level 3) —
Interrupt
request m
(Level 1)

A

Wi

Interrupt

request o
(Level 3) —»

Interrupt

request p

Level 1

)

)

i servicing

k servicing

m servicing
El

| servicing

n servicing

—

p servicing

0 servicing
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:‘ ] macro service

The macro service request is
serviced irrespective of interrupt
enabling/disabling and priority.

The interrupt request is held
pending since it has a lower
priority than interrupt request k.
Interrupt request m generated
after interrupt request | has a
higher priority, and is therefore
acknowledged first.

Since servicing of interrupt
request n performed in the
interrupt disabled state,
interrupt requests o and p

are held pending.

After interrupt request n
servicing, the pending interrupt
requests are acknowledged.
Although interrupt request o
was generated first, interrupt
request p has a higher priority
and is therefore acknowledged
first.
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Figure 16-14. Examples of Servicing When Another Interrupt Request Is Generated During
Interrupt Service (3/3)
| rservicin

/‘ q servicing
El

|
|
Intérrupt El -
Interrupt request q AEL requelstt)rablme"Upt I t ‘ t servicing
(Level 3) Level 2) request s—|  Interrupt El .
(Level 1) request t Multiple acknowledgment of levels 3 to 0. If

(Level 0) the PRSL bit of the IMC register is set (1),
only macro service requests and non-
maskable interrupts generate nesting
beyond this.

If the PRSL bit of the IMC register is
cleared (0), level 3 interrupts can also be
nested during level 3 interrupt servicing
(refer to Figure 14-16).

| s servicing

| u servicing
El <1>: Interrupt request v (level 0)
<2>: Macro service interrupt w (level 3)
Even though the interrupt enabled state is
set during servicing of level O interrupt
W macro service request u, the interrupt request is not
acknowledged but held pending even

though its priority is 0. However, the
macro service request is acknowledged

v servicing and serviced irrespective of its level and
even though there is a pending interrupt
with a higher priority level.

X servicing
Note 1— <3>: Interrupt request y (level 2)
<4>: Interrupt request z (level 2)

Interrupt request u __
(Level 0)

Interrupt request x __

(Level 1) % Pending interrupt requests y and z are
\ acknowledged after servicing of interrupt
z servicing request x. As interrupt requests y and z
have the same priority level, interrupt
request z which has the higher default
priority is acknowledged first, irrespective

y servicing ) . .
of the order in which the interrupt requests
were generated.

Notes 1. Low default priority
2. High default priority

Remarks 1. “a”’to“z”inthe figure above are arbitrary names used to differentiate between the interrupt requests
and macro service requests.
2. High/low default priorities in the figure indicate the relative priority levels of the two interrupt
requests.

264 User's Manual U15017EJ2VOUD



CHAPTER 16 INTERRUPT FUNCTION

Figure 16-15. Examples of Servicing of Simultaneously Generated Interrupts

C Main routine )

Interrupt request a (Level 2)
Macro service request b (Level 3)
Macro service request ¢ (Level 1)

Interrupt request d (Level 1)

Interrupt request e (Level 1)
Macro service request f (Level 1)

Default priority order
a>b>c>d>e>f

“an

Remark

2N

macro service requests.

Macro service request b servicing
Macro service request ¢ servicing

Macro service request f servicing

Interrupt request d servicing

Interrupt request e servicing

Interrupt request a servicing
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* When requests are generated
simultaneously, they are
acknowledged in order starting
with macro service.

* Macro service requests are
acknowledged in default
priority order (b, c, f) (not
dependent upon the
programmable priority order).

* As interrupt requests are
acknowledged in high-to-low
priority level order, d and e are
acknowledged first.

* As d and e have the same
priority level, the interrupt
request with the higher default
priority, d, is acknowledged
first.

a” to “f” in the figure above are arbitrary names used to differentiate between the interrupt requests and
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Figure 16-16. Differences in Level 3 Interrupt Acknowledgment According to IMC Register Setting

Main routine

The PRSL bit of the IMC is set to 1, and

i

IMC < 80H nesting between level 3 interrupts is
. disabled.
El | a servicing
El
Interrupt request a
(Level 3) Interrupt Even though interrupts are enabled, interrupt
requestb request b is held pending since it has the

Level 3) same priority as interrupt request a.

b servicing

Main routine

U

The PRSL bit of the IMC is set to 0, so that a
level 3 interrupt is acknowledged even during
level 3 interrupt servicing (nesting is

¢ servicing possible).

/ d servicing
Interrupt requestc ___ Interrupt Since level 3 interrupt request ¢ is being

(Level 3) requestd serviced in the interrupt enabled state and
(Level 3) PRSL = 0, interrupt request d, which is also
level 3, is acknowledged.

IMC « 00H
El

L

>

Main routine

IMC « 00H

As interrupt request e and f are both of the
. same level, the one with the higher default
priority, f, is acknowledged first.
When the interrupt enabled state is set

Interrupt request eNete 1
(Level 3)

Interrupt request fNote 2

(Level 3) 1 f servicing . during servicing of interrupt request f,
v e servicing P ;
El pending interrupt request e is acknowledged
El since PRSL = 0.

Notes 1. Low default priority
2. High default priority
Remarks 1. “a”’to“f”inthe figure above are arbitrary names used to differentiate between the interrupt requests.
2. High/low default priorities in the figure indicate the relative priority levels of the two interrupt
requests.
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16.8 Macro Service Function

16.8.1 Outline of macro service function

Macro service is one method of servicing interrupts. With a normal interrupt, the program counter (PC) and program
status word (PSW) are saved, and the start address of the interrupt service program is loaded into the PC, but with
macro service, different processing (mainly data transfers) is performed instead of this processing. This enables
interrupt requests to be responded to quickly, and moreover, since transfer processing is faster than processing by

a program, the processing time can also be reduced.
Also, since a vectored interrupt is generated after processing has been performed the specified number of times,
another advantage is that vectored interrupt programs can be simplified.

Figure 16-17. Differences Between Vectored Interrupt and Macro Service Processing

Macro service

Context switchingNete 1

Vectored interruptNote 1

Vectored interrupt

Main routine Mp?rcc:gessili’xigce>< Main routine

Main routine Note 2 ;r::;‘r;r?; Note 3 >K Main routine

Main routine Note 4 ;’::’/::E; PFée,S;’OSrSV Main routine

Main routine Note 4 ggr?g?al Igr]]me”rzj Interrupt g:rslgr;l} Restore ) Main routine
registers registers servicing registers PC & PSW,

Interrupt request generation

Notes 1. When register bank switching is used, and an initial value has been set in the register beforehand
2. Register bank switching by context switching, saving of PC and PSW
3. Register bank, PC and PSW restoration by context switching
4. PC and PSW saved to the stack, vector address loaded into PC

16.8.2 Types of macro service

Macro service can be used with the 19 kinds of interrupts shown in Table 16-6. There are three kinds of operation,

which can be used to suit the application.
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Table 16-6. Interrupts for Which Macro Service Can be Used

Default Interrupt Request Generation Source Generating Unit Macro Service Control
Priority Word Address
0 INTWDTM (watchdog timer overflow (when interval time is selected))| Watchdog timer OFEO6H
1 INTPO (pin input edge detection) Edge detection OFEO8H
2 INTP1 (pin input edge detection) OFEOAH
3 INTP2 (pin input edge detection) OFEOCH
4 INTTMOO (occurrence of signal indicating a match between the | 16-bit timer/event OFEOEH
16-bit timer counter (TMO) and capture compare register counter 0
(CRO00))
5 INTTMOL1 (occurrence of signal indicating a match between the OFE10H
16-bit timer counter (TMO) and capture compare register
(CRO1))
6 INTKS (timing of key scanning from VFD controller/driver) VFD controller/driver OFE12H
7 INTCSIO (end of 3-wire transfer of CSIO) Serial interface OFE14H
8 INTCSI1 (end of 3-wire transfer of CSI1) OFE16H
9 INTTM50 (match between the 8-bit timer counter (TM50) and 8-bit PWM timer OFE18H
8-bit compare register (CR50)) 50 (TM50)
10 INTTM51 (match between the 8-bit timer counter (TM51) and 8-bit PWM timer OFE1AH
8-bit compare register (CR51)) 51 (TM51)
11 INTAD (end of A/D conversion) A/D converter OFE1CH
12 INTREM (generation of remote control receive interrupt by 16- | 16-bit timer/event OFE1EH
bit timer/event counter 0) counter 0
13 INTCSI2 (end of CSI2 3-wire transfer) Serial interface OFE20H
(S102)
14 INTSERO (occurrence of UART receive error) Asynchronous serial OFE22H
15 INTSRO (end of reception by UART) interface (UART) OFE24H
16 INTSTO (end of transmission by UART) OFE26H
17 INTWTL1 (reference interval time signal from watch timer) Watch timer OFE28H
18 INTWT (watch timer overflow) OFE2AH

Remarks 1. The default priority is a fixed number. This indicates the order of priority when two or more macro
service requests specified as having the same priority are generated simultaneously.
2. Csl: Clocked synchronous serial interface
UART: Asynchronous serial interface
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There are four kinds of macro service, as shown below.

Type A

One byte or one word of data is transferred between a special function register (SFR) and memory each time
an interrupt request is generated, and a vectored interrupt request is generated when the specified number of
transfers have been performed.

Memory that can be used in the transfers is limited to internal RAM addresses OFEO6H to OFE1DH when the
LOCATION OH instruction is executed, and addresses OFFE06H to OFFE1DH when the LOCATION OFH
instruction is executed.

The specification method is simple and is suitable for low-volume, high-speed data transfers.

Type B

As with type A, one byte or one word of data is transferred between a special function register (SFR) and memory
each time an interrupt request is generated, and a vectored interrupt request is generated when the specified
number of transfers have been performed.

The SFR and memory to be used in the transfers is specified by the macro service channel (the entire 1M-byte
memory space can be used).

This is a general version of type A, suitable for large volumes of transfer data.

Type C

Data is transferred from memory to two special function registers (SFR) each time an interrupt request is
generated, and a vectored interrupt request is generated when the specified number of transfers have been
performed.

With type C macro service, not only are data transfers performed to two locations in response to a single interrupt
request, but it is also possible to add output data ring control and a function that automatically adds data to a
compare register. The entire 1 MB memory space can be used.

Counter mode

This mode is to decrement the macro service counter (MSC) when an interrupt occurs and is used to count the
division operation of an interrupt and interrupt generator.

When MSC is 0, a vector interrupt can be generated.

To restart the macro service, MSC must be set again.

MSC is fixed to 16 bits and cannot be used as an 8-bit counter.
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16.8.3 Basic macro service operation

Interrupt requests for which the macro service processing generated by the algorithm shown in Figure 16-10 can
be specified are basically serviced in the sequence shown in Figure 16-18.

Interrupt requests for which macro service processing can be specified are not affected by the status of the IE
flag, but are disabled by setting an interrupt mask flag in the interrupt mask register (MKO, MK1L) to 1. Macro service
processing can be executed in the interrupt disabled state and during execution of an interrupt service program.

Figure 16-18. Macro Service Processing Sequence

Generation of interrupt request for which
macro service processing can be specified

P

Macro service processing execution| ; Data transfer, real-time output port control

MSC « MSC -1 ; Decrement macro service counter (MSC)

No

Yes

Interrupt service mode bit «— 0

No Yes

Interrupt request flag < 0

V/ \

Interrupt request generation Execute next instruction

The macro service type and transfer direction are determined by the value set in the macro service control word
mode register. Transfer processing is then performed using the macro service channel specified by the channel
pointer according to the macro service type.

The macro service channel is memory which contains the macro service counter which records the number of
transfers, the transfer destination and transfer source pointers, and data buffers, and can be located at any address
in the range FEO6H to FE1DH when the LOCATION OH instruction is executed, or FFEO6H to FFE1DH when the
LOCATION OFH instruction is executed.
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16.8.4 Operation at end of macro service

In macro service, processing is performed the number of times specified during execution of another program.
Macro service ends when the processing has been performed the specified number of times (when the macro service
counter (MSC) reaches 0). Either of two operations may be performed at this point, as specified by the VCIE bit (bit
7) of the macro service mode register for each macro service.

(1) When VCIE bit is 0
In this mode, an interrupt is generated as soon as the macro service ends. Figure 16-19 shows an example of
macro service and interrupt acknowledgment operations when the VCIE bit is 0.
This mode is used when a series of operations end with the last macro service processing performed, for instance.
It is mainly used in the following cases:

* A/D conversion result fetch (INTAD)

e Compare register update as the result of a match between a timer counter and the compare register (INTTMOO,
INTTMO1, INTTM50, INTTM51)

* Timer counter capture register read due to edge input to the INTPn pin (INTPO, INTP1, INTP2)
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Figure 16-19. Operation at End of Macro Service When VCIE = 0

C Main routine )

El

Macro service request —=

Macro service processing

Last macro service request —™

Macro service processing At the end of macro service

(MSC = 0), an interrupt
Servicing of interrupt request request is generated and
due to end of macro service acknowledged.

C Main routine )
\

Servicing of other interrupt
E/
Last macro —

Other interrupt request —= e ot -] Macro service processing If the last macro service is
se ques performed when the

interrupt due to the end of
macro service cannot be
acknowledged while other
interrupt servicing is being
Servicing of interrupt request executed, etc., that interrupt
due to end of macro service is held pending until it can
be acknowledged.
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(2) When VCIE bit is 1

In this mode, an interrupt is not generated after macro service ends. Figure 16-20 shows an example of macro

service and interrupt acknowledgment operations when the VCIE bit is 1.

This mode is used when the final operation is to be started by the last macro service processing performed, for

instance. It is mainly used in the following cases:
* Clock synchronous serial interface receive data transfers (INTCSIO, INTCSI1)
Figure 16-20. Operation at End of Macro Service When VCIE = 1

C Main routine >

El
Macro service request —» Macro service processing
Last macro service request —= Processing of last macro service
Interrupt request due to the end of —= Interrupt servicing
the hardware operation started by
the last macro service processing
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16.8.5 Macro service control registers

)
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Macro service control word

The uPD784975A macro service function is controlled by the macro service control mode register and macro
service channel pointer. The macro service processing mode is set by means of the macro service mode register,
and the macro service channel address is indicated by the macro service channel pointer.

The macro service mode register and macro service channel pointer are mapped onto the part of the internal
RAM shown in Figure 16-21 for each macro service as the macro service control word.

When macro service processing is performed, the macro service mode register and channel pointer values
corresponding to the interrupt requests for which macro service processing can be specified must be set
beforehand.

Figure 16-21. Format of Macro Service Control Word

Reserved word Address Source
WTCHP (0FE2BH Channel pointer
WTMMD  OFE2AH Mode register JINTwT
WTICHP 0FE29H Channel pointer
WTIMMD  0FE28H Mode register } INTWT1
STCHPO O0FE27H Channel pointer } INTSTO
STMMDO 0FE26H Mode reqister
SRCHPO 0FE25H Channel pointer }INTSRO
SRMMDO 0FE24H Mode reqister
SERCHPO 0FE23H Channel pointer
SERMMDO  0FE22H Mode register } INTSERO
CSICHP2 (0FE21H Channel pointer
CSIMMD2  OFE20H Mode register JINTCSI2
REMCHPO O0FE1FH Channel pointer }INTREM
REMMMDO OFE1EH Mode reqister
ADCHP 0FE1DH Channel pointer }INTAD
ADMMD 0FE1CH Mode reqister
TMCHP51 0FE1BH Channel pointer
TMMMD51  OFE1AH Mode register } INTTM51
TMCHP50 O0FE19H Channel pointer
TMMMD50 0FE18H Mode register } INTTMS50
CSICHP1 0QFE17H Channel pointer }INTCSI1
CSIMMD1 0FE16H Mode reqister
CSICHPO 0FE15H Channel pointer
CSIMMDO  OFE14H Mode register } INTCSI0
KSCHP (0FE13H Channel pointer } INTKS
KSMMD 0FE12H Mode reqister
TMCHPO1 O0FE11H Channel pointer
TMMMDO1  0FE10H Mode register } INTTMO1
TMCHPOO OFEOQOFH Channel pointer
TMMMDOO OFEOEH Mode register } INTTMOO
PCHP2 (0FEODH Channel pointer }INTPZ
PMMD2 O0FEOCH Mode reqister
PCHP1 O0FEO0BH Channel pointer }INTP1
PMMD1 OFEOQAH Mode reqister
PCHPO O0FEO09H Channel pointer }INTPO
PMMDO OFEO08H Mode reqister
WDTCHP 0FEO07H Channel pointer
WDTMMD  0FE06H Mode register } INTWDTM
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(2) Macro service mode register

The macro service mode register is an 8-bit register that specifies the macro service operation. This register

is written in internal RAM as part of the macro service control word (refer to Figure 16-21).

The format of the macro service mode register is shown in Figure 16-22.

Figure 16-22. Format of Macro Service Mode Register (1/2)

7 6 5 4

3 2

0

| VCIE ‘MOD2 ‘MOD1 ‘MODO‘ CHT3 ‘ CHT2 ‘ CHT1 ‘ CHTO |

\ \ | \
\ \
CHTO 0 0
CHT1 0 0
CHT2 0 0
CHT3 0 1
-{MOD2 |MOD1|MODO| Counter mode Type A Type B
0 0 0 Counter Data transfer | Data size: Data transfer | Data size:
decrement direction 1 byte direction 1 byte
Memory — SFR Memory — SFR
0 0 1 Data transfer Data transfer
direction direction
SFR — memory SFR — memory
0 1 0
0 1 1
1 0 0 Data transfer | Data size: Data transfer | Data size:
direction 2 bytes direction 2 bytes
Memory — SFR Memory — SFR
1 0 1 Data transfer Data transfer
direction direction
SFR — memory SFR — memory
1 1 0
1 1 1
— VCIE Interrupt request when MSC = 0
0 Generated
1 Not generated (next interrupt servicing is vectored interrupt)
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Figure 16-22. Format of Macro Service Mode Register (2/2)

7 6 5 4 3 2 1 0
VCIE |MOD2|MOD1 |MODO0|CHT3 |CHT2 | CHT1 | CHTO
\ | \ \ \ |
CHTO 0 1 0 1
CHT1 0 0 1 1
CHT2 1 1 1 1
CHT3 1 1 1 1
L_{MOD2|MOD1|MODO Type C
Decrements MPD Increments MPD
Retains MPT |Decrements MPT | Retains MPT |Increments MPT
0 0 0 Data size for timer | No automatic No ring control
specified by MPT: | addition )
0 0 1 1 byte Ring control
0 1 0 Automatic No ring control
addition -
0 1 1 Ring control
1 0 0 Data size for timer | No automatic No ring control
specified by MPT: | addition ;
1 0 1 2 bytes Ring control
1 1 0 Automatic No ring control
addition )
1 1 1 Ring control
VCIE Interrupt request when MSC = 0
0 Generated
1 Not generated (next interrupt servicing is vectored interrupt)

Macro service channel pointer

The macro service channel pointer specifies the macro service channel address. The macro service channel
can be located in the 256-byte space from FEO6H to FE1DH when the LOCATION OH instruction is executed,
or FFEO6H to FFE1DH when the LOCATION OFH instruction is executed, and the higher 16 bits of the address
are fixed. Therefore, the lower 8 bits of the data stored to the highest address of the macro service channel are
set in the macro service channel pointer.

16.8.6 Macro service type A

)

276

Operation

Data transfers are performed between buffer memory in the macro service channel and an SFR specified in the
macro service channel.

With type A, the data transfer direction can be selected as memory-to-SFR or SFR-to-memory.

Data transfers are performed the number of times set beforehand in the macro service counter. One macro
service processing transfers 8-bit or 16-bit data.

Type A macro service is useful when the amount of data to be transferred is small, as transfers can be performed
at high speed.
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Figure 16-23. Macro Service Data Transfer Processing Flow (Type A)

Macro service request
acknowledgment
|

Read contents of macro
service mode register

Other

Determine channel type

To other macro service processing

| Read channel pointer contents (m) |
\
| Read MSC contents (n) |
\
Note 1-byte transferrm—n—1
Iculat ff Note
I Calculate bu ‘er address | 2-byte transferr m—nx2 — 1

|  Read SFR pointer contents |

Determine transfer direction SFR — Memory

Memory — SFR

Read buffer contents, then transfer Specified SFR contents, then
read data to specified SFR transfer read data to buffer
| MSC « MSC — 1 |
No
Yes

Clear (0) interrupt service mode
bit (ISM)

VCIE=1?

No

Clear (0) interrupt request
flag (IF)

Cw > (=

(Vectored interrupt request generation)
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(2) Macro service channel configuration
The channel pointer and 8-bit macro service counter (MSC) indicate the buffer address in internal RAM (FEO6H
to FE1DH when the LOCATION OH instruction is executed, or FFEO6H to FFE1DH when the LOCATION OFH
instruction is executed) which is the transfer source or transfer destination (refer to Figure 16-24). In the channel
pointer, the lower 8 bits of the address are written to the macro service counter in the macro service channel.
The SFR involved with the access is specified by the SFR pointer (SFRP). The lower 8 bits of the SFR address
are written to the SFRP.

Figure 16-24. Type A Macro Service Channel

(a) 1-byte transfers

7 0

4 High addresses

Macro service counter (MSC)

SFR pointer (SFRP)

Macro service buffer 1 MSC =1

Macro service Macro service buffer 2 MSC =2
channel

Macro service buffer n MSC =n

Macro service Channel pointer
control word

Mode register

t Low addresses

Macro service buffer address = (channel pointer) — (macro service counter) — 1
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(b) 2-byte transfers

7 0
Macro service counter (MSC) # High addresses
SFR pointer (SFRP)
Macro service (Higherbyte) |, .o~
buffer 1 (Lower byte)
Macro service Macro service (Higherbyte) MSC < 2
channel buffer2  (Lower byte)
Macro service (Higherbyte) MSC < n
buffern (Lower byte)
Macro service Channel pointer
control word Mod <
oce regeer 1 Low addresses

Macro service buffer address = (channel pointer) — (macro service counter) x 2 — 1

16.8.7 Macro service type B

(1) Operation
Data transfers are performed between a data area in memory and an SFR specified by the macro service channel.
With type B, the data transfer direction can be selected as memory-to-SFR or SFR-to-memory.
Data transfers are performed the number of times set beforehand in the macro service counter. One macro
service processing transfers 8-bit or 16-bit data.
This type of macro service is macro service type A for general purposes and is ideal for processing a large amount
of data because up to 64 KB of data buffer area when 8-bit data is transferred or 128 KB of data buffer area when
16-bit data is transferred can be set in 1 MB of any address space.
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Figure 16-25. Macro Service Data Transfer Processing Flow (Type B)

Macro service request
acknowledgment
\

Read contents of macro service
mode register

Other

Determine channel type

'

To other macro service processing

Read channel pointer contents (m)

Determine transfer direction Memory — SFR

SFR — Memory
Select transfer source SFR with Select transfer source memory with
SFR pointer macro service pointer (MP)
Read data from SFR, and write to Read data from memory, and write to
memory addressed by MP SFR specified by SFR pointer
| Increment MPNete |  Note 1-byte transfer: + 1
| 2-byte transfer: + 2
| MSC « MSC — 1 |
MSC = 07 No
Yes
Clear (0) interrupt service
mode bit (ISM)
VCIE = 1? Yes
No

Clear (0) interrupt request
flag (IF)

() (e )

(Vectored interrupt request generation)
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(2) Macro service channel configuration
The macro service pointer (MP) indicates the data buffer area in the 1 MB memory space that is the transfer
destination or transfer source.
The lower 8 bits of the SFR that is the transfer destination or transfer source is written to the SFR pointer (SFRP).

The macro service counter (MSC) is a 16-bit counter that specifies the number of data transfers.

The macro service channel that stores the MP, SFRP and MSC is located in internal RAM space addresses
OFEO6H to OFE1DH when the LOCATION OH instruction is executed, or OFFEO6H to OFFE1DH when the
LOCATION OFH instruction is executed.
The macro service channel is indicated by the channel pointer as shown in Figure 16-26. In the channel pointer,

the lower 8 bits of the address are written to the macro service counter in the macro service channel.

f High addresses

Macro service
channel

Macro service
control word

¢ Low addresses

Figure 16-26. Type B Macro Service Channel

(Bits 8 to 15)

Macro service
counter (MSC)

SFR

(Bits 0 to 7)

SFR pointer (SFRP)

(Bits 16 to 23)Note
‘Macro service o oy 4nn |
pointer (MP)

(Bits 0 to 7)

Channel pointer

Mode register

Macro service buffer address = macro service pointer

Note Be sure to set bits 20 to 23 to 0.
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(3) Example of use of type B

An example is shown below in which parallel data is input from port 6 in synchronization with an external signal.
The INTP2 external interrupt pin is used for synchronization with the external signal.

Figure 16-27. Parallel Data Input Synchronized with External Interrupts

OAO1FH

Buffer area

0A000H

64K memory space

00H
MSC  —--------

OFE6EH 20H
———— | SFRP 06HMNote
( 00H

MP AOH

00H

]

-4 Channel pointer 6EH

(Internal RAM)

Mode register 18H

/\/

]

Macro service control word,
macro service channel

Note Lower 8 bits of port 6 address

Type B, SFR — 8-bit transfer,
interrupt request generation when
MSC =0

Internal bus

Edge
INTP2 O+ detection

INTP2

Macro service request

Port 6

P67 O
P66 O
P65 O

| >

P62 O
P61 O
P60 O

Remark Macro service channel addresses in the figure are the values when the LOCATION OH instruction is
executed.
When the LOCATION OFH instruction is executed, OFO000H should be added to the values in the figure.
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Figure 16-28. Timing of Parallel Data Input

“« XX

INTP2

A

Data fetch (macro service)

16.8.8 Macro service type C

(1) Operation
In type C macro service, data in the memory specified by the macro service channel is transferred to two SFRs,

for timer use and data use, specified by the macro service channel in response to a single interrupt request (the
SFRs can be freely selected). An 8-bit or 16-bit timer SFR can be selected.
In addition to the basic data transfers described above, the following functions can be added to type C macro

service to reduce the size of the buffer area and alleviate the burden on software.

These specifications are made by using the mode register of the macro service control word.

(a)

(b)

(c)

(d)

Updating of timer macro service pointer

It is possible to choose whether the timer macro service pointer (MPT) is to be kept as it is or incremented/
decremented. The MPT is incremented or decremented in the same direction as the data macro service
pointer (MPD).

Updating of data macro service pointer
It is possible to choose whether the data macro service pointer (MPD) is to be incremented or decremented.

Automatic addition

The current compare register value is added to the data addressed by the timer macro service pointer (MPT),
andthe resultis transferred to the compare register. If automatic addition is not specified, the data addressed
by the MPT is simply transferred to the compare register.

Ring control
An output data pattern of the length specified beforehand is automatically output repeatedly.
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Figure 16-29. Macro Service Data Transfer Processing Flow (Type C) (1/2)

Macro service request
acknowledgment
|
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Other
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| Read channel pointer contents (m) |

| Read memory addressed by MPT |
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| Transfer data to compare register | | Add data to compare register

Retain MPT?

No Increment MPT?

Decrement MPT Increment MPTNote Note 1-byte transfer: +1
2-byte transfer: +2
\

Read memory addressed by MPD
\

Transfer data to buffer register

No

Increment MPD?

Decrement MPD (—1) Increment MPD (+1)

©
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No

Figure 16-29. Macro Service Data Transfer Processing Flow (Type C) (2/2)

Ring control?

Decrement ring counter

No

Ring counter = 0?

Increment MPD?

Subtract modulo register
contents from data macro
service pointer (MPD), and
return pointer to start address

Add modulo register contents
to data macro service pointer
(MPD), and return pointer to
start address

Load modulo register
contents into ring counter

MSC « MSC -1

Yes

Clear (0) interrupt
service mode bit (ISM)

No

Clear (0) interrupt
request flag (IF)

= ) C=

(Vectored interrupt request generation)
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(2) Macro service channel configuration
There are two kinds of type C macro service channel, as shown in Figure 16-30.
The timer macro service pointer (MPT) mainly indicates the data buffer area in the 1 MB memory space to be
transferred or added to the timer counter compare register.
The modulo register (MR) specifies the number of repeat patterns when ring control is used.
The ring counter (RC) holds the step in the pattern when ring control is used. When initialization is performed,
the same value as in the MR is normally set in this counter.
The macro service counter (MSC) is a 16-bit counter that specifies the number of data transfers.
The lower 8 bits of the SFR that is the transfer destination is written to the timer SFR pointer (TSFRP) and data
SFR pointer (DSFRP).
The macro service channel that stores these pointers and counters is located in internal RAM space addresses
OFEO06H to OFE1DH when the LOCATION OH instruction is executed, or OFFE0O6H to OFFE1DH when the
LOCATION OFH instruction is executed. The macro service channel is indicated by the channel pointer as shown
in Figure 16-30. In the channel pointer, the lower 8 bits of the address are written to the macro service counter
in the macro service channel.

Figure 16-30. Type C Macro Service Channel (1/2)

(a) No ring control

¢ High addresses

i (Bits 8 to 15) TSFR
Macro service
counter (MSC) ]
(Bits 0 to 7) A~ ?5
Timer SFR pointer (TSFRP) — DSFR

(Bits 16 to 23)Nete

Timer macro service . Timer buffer area
pointer (MPT) (Bits 8 to 15)

(Bits 0 to 7)

Macro service
channel

Data SFR pointer (DSFRP)

(Bits 16 to 23)Note
Data macro service . g, 1o |
pointer (MPD) (Bits 8t0 15)
************************ Data buffer area

(Bits 0 to 7)

. Channel pointer
Macro service

control word .
Mode register

¢ Low addresses

Macro service buffer address = macro service pointer

Note Be sure to set bits 20 to 23 to 0.
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Figure 16-30. Type C Macro Service Channel (2/2)

(b) With ring control

f High addresses

¢ Low addresses

. (Bits 8 to 15) TSFR
Macro service |
counter (MSC) . i i

(Bits 0to 7) ~ ~
Timer SFR pointer (TSFRP) — DSFR
(Bits 16 to 23)Note [————
Timer macro service . .. ip | Timer buffer area
pointer (vpT)  (Bre81T9)]
Macro service

channel

Macro service
control word

(Bits 0 to 7)

Data SFR pointer (DSFRP)

(Bits 16 to 23)Note
Data macro service (’B’it; ;to’ 1’ 5’)’
pointer (MPD)

(Bits 0 to 7) Data buffer area

Modulo register (MR)

Ring counter (RC)

Channel pointer

Mode register

Macro service buffer address = macro service pointer

Note Be sure to set bits 20 to 23 to 0.

(b) Examples of use of automatic addition control and ring control

(M

(in)

Automatic addition control

The output timing data (At) specified by the macro service pointer (MPT) is added to the contents of the
compare register, and the result is written back to the compare register.

Use of this automatic addition control eliminates the need to calculate the compare register setting value
in the program each time.

Ring control

With ring control, the predetermined output patterns is prepared for one cycle only, and the one-cycle
data patterns are output repeatedly in order in ring form.

When ring control is used, only the output patterns for one cycle need be prepared, allowing the size
of the data ROM area to be reduced.

The macro service counter (MSC) is decremented each time a data transfer is performed.

With ring control, too, an interrupt request is generated when MSC = 0.
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16.8.9 Counter mode

(1) Operation
MSC is decremented the number of times preset to the macro service counter (MSC).

Because the number of times an interrupt occurs can be counted, this function can be used as an event counter
where the interrupt generation cycle is long.

Figure 16-31. Macro Service Data Transfer Processing Flow (Counter Mode)

Macro service request
acknowledgment
|

Read contents of macro service
mode register

. Others
Determine channel type

To other macro service processing
Counter mode

MSC-=—MSC -1 MSC is 16 bits wide

No

Yes

Clear (0) interrupt service
mode bit (ISM)

VCIE =1?

No

Clear (0) interrupt request
flag (IF)

Cw ) (=

(Vectored interrupt request generation)
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(2) Configuration of macro service channel

The macro service channel consists of only a 16-bit macro service counter (MSC). The lower 8 bits of the address
of the MSC are written to the channel pointer.

Figure 16-32. Counter Mode

7 0

Macro service Higher 8 bytes ! iigh addresses
Macro service channel | | ounter (MSC) | . o =~~~

Channel pointer

Mode register ¢ Low addresses

(3) Example of using counter mode
Here is an example of counting the number of edges input to external interrupt pin INTP2.

Figure 16-33. Counting Number of Edges

(Internal RAM)

/\/

Higher 8 bytes |«—

Lower 8 bytes [—

-~~~ OFEODH

777777777777777 Channel pointer ODH

Counter mode

Mode register O0H Interrupt request is generated when MSC = 0.

T N~

g Internal bus S

INTP2/P67 ()—» INTP2 macro service request

Remark The internal RAM address in the figure above is the value when the LOCATION OH instruction is
executed.

When the LOCATION OFH instruction is executed, add OFO000H to this value.
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16.9 When Interrupt Requests and Macro Service Are Temporarily Held Pending

When the following instructions are executed, interrupt acknowledgment and macro service processing is pending
for 8 system clock cycles. However, software interrupts are not deferred.

El

DI

BRK

BRKCS

RETCS

RETCSB laddr16

RETI

RETB

LOCATION 0OH or LOCATION OFH

POP PSW

POPU post

MOV PSWL, A

MOV PSWL, #byte

MOVG SP, #imm24

Write instruction and bit manipulation instruction (excluding BT and BF) to interrupt control registersNote, MKO,

MK1L, IMC, and ISPR.

PSW bit manipulation instruction
(Excluding the BT PSWL.bit, $addr20 instruction, BF PSWL.bit, $addr20 instruction, BT PSWH.bit, $addr20
instruction, BF PSWH.bit, $addr20 instruction, SET1 CY instruction, NOT1 CY instruction, and CLR1 CY
instruction)

Note Interrupt control registers: WDTIC, PICO, PIC1, PIC2, TMIC00, TMICO01, KSIC, CSIICO, CSIIC1, TMIC50,
TMIC51, ADIC, REMIC, CSIIC2, SERICO, SRICO0, STICO, WTIIC, WTIC

Caution If problems are caused by a long pending period for interrupts and macro service when the
instructions to be applied are used in succession, insert an instruction such as NOP to create
a timing that can receive interrupts and macro service requests without leaving them pending.

16.10 Instructions Whose Execution Is Temporarily Suspended by an Interrupt or Macro Service

Execution of the following instructions is temporarily suspended by an acknowledgeable interrupt request or macro
service request, and the interrupt or macro service request is acknowledged. The suspended instruction is resumed
after completion of the interrupt service program or macro service processing.

Temporarily suspended instructions:
MOVM, XCHM, MOVBK, XCHBK
CMPME, CMPMNE, CMPMC, CMPMNC
CMPBKE, CMPBKNE, CMPBKC, CMPBKNC
SACW

290 User’s Manual U15017EJ2V0UD



CHAPTER 16 INTERRUPT FUNCTION

16.11 Interrupt and Macro Service Operation Timing

Interrupt requests are generated by hardware. The generated interrupt request sets (1) an interrupt request flag.

When the interrupt request flag is set (1), a time of 8 clocks (0.64 us: fc.k = 12.5 MHz) is taken to determine the
priority, etc.

Following this, if acknowledgment of that interrupt or macro service is enabled, interrupt request acknowledgment
processing is performed when the instruction being executed ends. If the instruction being executed is one which
temporarily defers interrupts and macro service, the interrupt request is acknowledged after the following instruction
(refer to 16.9 When Interrupt Requests and Macro Service Are Temporarily Held Pending for deferred
instructions).

Figure 16-34. Interrupt Request Generation and Acknowledgment (Unit: Clock = 1/fcLk)

Interrupt request flag

8 clocks

Instruction Interrupt request acknowledgment processing/macro service processing
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16.11.1 Interrupt acknowledge processing time
The time shown in Table 16-7 is required to acknowledge an interrupt request. After the time shown in this table
has elapsed, execution of the interrupt processing program is started.

Table 16-7. Interrupt Acknowledge Processing Time
(Unit: Clock = 1/fcLk)

Vector Table IROM EMEM

Branch IROM, PRAM EMEM PRAM EMEM
Destination

Stack IRAM | PRAM | EMEM | IRAM | PRAM | EMEM | IRAM | PRAM | EMEM | IRAM | PRAM | EMEM

Vectored 26 29 37 + 4n 27 30 |38+ 4n 30 33 41 + 4n 31 34 42 + 4n
Interrupts

Context 22 - - 23 - - 22 - - 23 - -
Switching

Remarks 1. IROM: Internal ROM (with high-speed fetch specified)
PRAM: Peripheral RAM of internal RAM (only when LOCATION OH instruction is executed in the
case of branch destination)

IRAM: Internal high-speed RAM
EMEM: Internal ROM when external memory and high-speed fetch are not specified

2. nis the number of wait states per byte necessary for writing data to the stack (the number of wait
states is the sum of the number of address wait states and the number of access wait states).

3. It the vector table is EMEM, and if wait states are inserted in reading the vector table, add 2m to
the value of the vectored interrupt in the above table, and add m to the value of context switching,
where m is the number of wait states per byte necessary for reading the vector table.

4. It the branch destination is EMEM and if wait states are inserted in reading the instruction at the
branch destination, add that number of wait states.

5. Ifthe stack is occupied by PRAM and if the value of the stack pointer (SP) is odd, add 4 to the value
in the above table.

6. The number of wait states is the sum of the number of address wait states and the number of access
wait states.
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16.11.2 Processing time of macro service

Macro service processing time differs depending on the type of the macro service, as shown in Table 16-8.

Remarks 1.
2.

Table 16-8. Macro Service Processing Time
(Units: Clock = 1/fcik)

Data Area
Processing Type of Macro Service \RAM Others

Type A SFR — memory 1 byte 24 -
2 bytes 25 -

Memory — SFR 1 byte 24 -

2 bytes 26 -

Type B SFR — memory 33 35
Memory — SFR 34 36

Type C 49 53
Counter mode MSC =0 17 -
MSC =0 25 -

IRAM: Internal high-speed RAM

In the following cases in the other data areas, add the number of clocks specified below.

e Ifthe data size is 2 bytes with IROM or IRAM, and the data is located at an odd address: 4 clocks
* |If the data size is 1 byte with EMEM: number of wait states for data access

e If the data size is 2 bytes with EMEM: 4 + 2n (where n is the number of wait states per byte)
If MSC = 0 with type A, B, or C, add 1 clock.

With type C, add the following value depending on the function to be used and the status at that
time.

* Ring control: 4 clocks. Adds 7 more clocks if the ring counter is 0 during ring control.
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16.12 Restoring Interrupt Function to Initial State

If an inadvertent program loop or system error is detected by means of an operand error interrupt, the watchdog
timer, etc., the entire system must be restored to its initial state. Inthe uPD784975A, interrupt acknowledgment related
priority control is performed by hardware. This interrupt acknowledgment related hardware must also be restored

to its initial state, otherwise subsequent interrupt acknowledgment control may not be performed normally.

A method of initializing interrupt acknowledgment related hardware in the program is shown below. The only way

of performing initialization by hardware is by RESET input.

Example MOVW
MOV
IRESL:
CMP
BZ
MOVG
RETI

RETVAL:
DW
DB
DB

NEXT:

MKO,
MK1L,

ISPR,
SNEXT

#0FFFFH ;
#0FFH

#0 ;

SP, #RETVAL ;

LOWW
0
HIGHW

(IRESL) ;

(IRESL) ;

Mask all maskable interrupts

No interrupt service programs running?

Forcibly change SP location

Forcibly terminate running interrupt service program, return
address = IRESL

Stack data to return to IRESL with RETI instruction

LOWW and HIGHW are assembler operators for calculating
lower 16 bits and higher 16 bits, respectively

* Afterthis, on-chip peripheral hardware initialization and interrupt control registerinitialization
are performed.

e When interrupt control register initialization is performed, the interrupt request flags must
be cleared (0).

294

User's Manual U15017EJ2V0OUD



CHAPTER 16 INTERRUPT FUNCTION

16.13 Cautions

(1)

(2)

3)

The in-service priority register (ISPR) is read-only. Writing to this register may result in malfunction.
The watchdog timer mode register (WDM) can only be written to with a dedicated instruction (MOV WDM, #byte).

The RETI instruction must not be used to return from a software interrupt caused by a BRK instruction.
Use the RETB instruction.

The RETCS instruction must not be used to return from a software interrupt caused by a BRKCS instruction.
Use the RETCSB instruction.

When a maskable interrupt is acknowledged by vectored interrupt, the RETI instruction must be used to return
from the interrupt. Subsequentinterrupt related operations will not be performed normally if a different instruction
is used.

The RETCS instruction must be used to return from a context switching interrupt. Subsequent interrupt related
operations will not be performed normally if a different instruction is used.

Macro service requests are acknowledged and serviced even during execution of a non-maskable interrupt
service program. If you do not want macro service processing to be performed during a non-maskable interrupt
service program, you should manipulate the interrupt mask register in the non-maskable interrupt service program
to prevent macro service generation.

The RETI instruction must be used to return from a non-maskable interrupt. Subsequent interrupt acknowledgment
will not be performed normally if a different instruction is used. If you restart a program from the initial state after
a no-maskable interrupt acknowledgement, refer to 16.12 Restoring Interrupt Function to Initial State.

Non-maskable interrupts are always acknowledged, except during non-maskable interrupt service program
execution (except when a high priority non-maskable interrupt request is generated during execution of a low-
priority non-maskable interrupt service program) and for a certain period after execution of the special instructions
shownin16.9. Therefore, a non-maskable interrupt will be acknowledged even when the stack pointer (SP) value
is undefined, in particular after reset release, etc. In this case, depending on the value of the SP, it may happen
that the program counter (PC) and program status word (PSW) are written to the address of a write-inhibited
special function register (SFR) (refer to Table 3-6 in 3.8 Special Function Registers (SFRs), and the CPU
becomes deadlocked, or an unexpected signal output from a pin, or PC and PSW are written to an address is
which RAM is not mounted, with the result that the return from the non-maskable interrupt service program is
not performed normally and a software inadvertently loops.

Therefore, the program following RESET release must be as follows.

CSEG AT O
DW STRT
CSEG BASE
STRT:
LOCATION OFH; or LOCATION OH
MOVG SP, #imm24
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(10) If problems are caused by a long pending period for interrupts and macro service when the instructions to be
applied are used in succession, insert an instruction such as NOP to create a timing that can receive interrupts
and macro service requests without leaving them pending.
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17.1 Configuration and Function
The uPD784975A has a standby function that enables the system power consumption to be reduced. The standby

function includes three modes as follows.
In this mode the CPU operating clock is stopped. Intermittent operation in combination with

e HALT mode........
the normal operating mode enables the total system power consumption to be reduced.

e |IDLE mode......... In this mode the oscillator continues operating while the entire remainder of the system is
stopped. Normal program operation can be restored at a low power consumption close to
that of the STOP mode and in a time equal to that of the HALT mode.

e STOP mode........ In this mode the oscillator is stopped and the entire system is stopped.
Ultra-low power consumption can be achieved, consisting of leakage current only.

These modes are set by software. The standby mode (STOP/IDLE/HALT mode) transition diagram is shown in

Figure 17-1.
Figure 17-1. Standby Mode Transition Diagram

Macro service request
1st service request

q - Macro
End of macro service ( service

Normal
operation

(Main system

clock operation),

)

Masked interrupt

Masked
request

interrupt
request

request

P\E/SET input

STOP
(Standby)

End of oscillation stabilization time

oscillation
stabilization

Notes 1. When INTPO to INTP2 are not masked
2. Unmasked interrupt request only

Remark The watchdog timer must not be used to release the standby mode (STOP, HALT, or IDLE mode).
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17.2 Control Registers

17.2.1 Standby control register (STBC)

The STBC is used to select the STOP mode setting and the internal system clock.

To prevent entry into standby mode due to an inadvertent program loop, STBC can only be written to with a
dedicated instruction. This dedicated instruction, MOV STBC, #byte, has a special code configuration (4 bytes), and
a write is only performed if the 3rd and 4th bytes of the operation code are mutual 1's complements.

If the 3rd and 4th bytes of the operation code are not mutual 1's complements, a write is not performed and an
operand error interrupt is generated. In this case, the return address saved in the stack area is the address of the
instruction that was the source of the error, and thus the address that was the source of the error can be identified
from the return address saved in the stack area.

If recovery from an operand error is simply performed by means of an RETB instruction, an endless loop will result.

As an operand error interrupt is only generated in the event of an inadvertent program loop (with the NEC
assembler, RA78K4, only the correct dedicated instruction is generated when MOV STBC, #byte is written), system
initialization should be performed by the program.

Other write instructions (MOV STBC, A, AND STBC, #byte, SET1 STBC.7, etc.) are ignored and do not perform
any operation. That is, a write is not performed to the STBC, and an interrupt such as an operand error interrupt
is not generated.

STBC can be read at any time using a data transfer instruction.

RESET input sets STBC to 30H.

Figure 17-2 shows the format of STBC.
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Figure 17-2. Format of Standby Control Register (STBC)

Address: OFFCOH After reset: 30H R/W

Symbol
STBC

7 6 5 4 3 2 1 0
[ o | o CK1 CKO 0 0 st | HT |
CK1 CKoO CPU clock selectionNete
(in through-rate clock mode or oscillation division mode)
0 0 fxx  (fx, f/2)
1 fxx/2  (fx/2, ix/2?)
1 0 fxx/22 (fx/22, fx/2%)
1 1 fxx/23  (fx/23, fx/2%)
STP HLT Operation specification flag
0 0 Normal operation mode
1 HALT mode (cleared automatically when HALT mode is released)
1 0 STOP mode (cleared automatically when STOP mode is released)
1 1 IDLE mode (cleared automatically when IDLE mode is released)

Note A CPU clock can also be selected using the oscillation mode select register (CC).

Cautions 1.

Remark fxx:

fx:

If the STOP mode is used when using external clock input, the EXTC bit of the oscillation
stabilization time specification register (OSTS) must be set (to 1) before setting the STOP
mode. If the STOP mode is used with the EXTC bit of the OSTS cleared (to 0) when using
external clock input, the yPD784975A may suffer damage or its reliability may be degraded.
When setting the EXTC bit of the OSTS to 1, be sure to input a clock in phase reverse to that
of the clock input to the X1 pin, to the X2 pin.

Execute an NOP instruction three times after the standby instruction (after the standby mode
has been released). Otherwise, the standby instruction cannot be executed if execution of
the standby instruction and an interrupt request contend, and the interrupt is acknowledged
after two or more instructions following the standby instruction have been executed. The
instruction that is executed before acknowledging the interrupt is the one that is executed
within up to 6 clocks after the standby instruction has been executed.

Example MOV STBC, #byte
NOP
NOP
NOP

Main system clock frequency (fx or fx/2)
Main system clock oscillation frequency
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17.2.2 Oscillation stabilization time specification register (OSTS)

OSTS specifies the oscillator operation and the oscillation stabilization time when STOP mode is released. The
EXTC bit of OSTS specifies whether crystal/ceramic oscillation or an external clock is used. STOP mode can be
set when external clock input is used only when the EXTC bit is set (to 1).

Bits OSTSO0 to OSTS2 of OSTS select the oscillation stabilization time when STOP mode is released. In general,
an oscillation stabilization time of at least 40 ms should be selected when a crystal resonator is used, and at least
4 ms when a ceramic oscillator is used.

The time taken for oscillation stabilization is affected by the crystal resonator or ceramic resonator used, and the
capacitance of the connected capacitor. Therefore, if you want to set a short oscillation stabilization time, you should
consult the crystal resonator or ceramic resonator manufacturer.

OSTS is set using a 1-bit or 8-bit transfer instruction.

RESET input sets OSTS to 00H.

Figure 17-3 shows the format of OSTS.
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Figure 17-3. Format of Oscillation Stabilization Time Specification Register (OSTS)

Address: OFFCFH After reset: 00H R/W
Symbol 7 6 5 4 3 2 1 0
OSTS EXTC 0 0 0 0 0OSTS2 OSTS1 OSTSO0
EXTC External clock selection
0 When crystal/ceramic oscillation is used
1 When external clock is used
EXTC OSTS2 OSTSH OSTSO0 | Oscillation stabilization time selection
0 0 0 0 2'%/fxx (41.9 ms)
0 0 0 1 2'8/fxx (21.0 ms)
0 0 1 0 2"7/txx (10.5 ms)
0 0 1 1 21%/fxx (5.2 ms)
0 1 0 0 2%/fxx (2.6 ms)
0 1 0 1 2'%/fxx (1.3 ms)
0 1 1 0 2'%/fxx (655 us)
0 1 1 1 2'2/fxx (328 us)
1 X X X 512/fxt (41.0 us)
Cautions 1. When crystal/ceramic oscillation is used, the EXTC bit must be cleared (to 0) before use. If
the EXTC bit is set (to 1), oscillation will stop.

2. If the STOP mode is used when using external clock input, the EXTC bit must be set (to 1)
before setting the STOP mode. If the STOP mode is used with the EXTC bit cleared (to 0),
the yPD784975A may suffer damage or its reliability may be degraded.

3. When setting the EXTC bit (to 1), be sure to input a clock in phase reverse to that of the clock
input to the X1 pin, to the X2 pin. When the EXTC bit is set (to 1), the uPD784975A only
operates with the clock input to the X2 pin.

Remarks 1. The values in parentheses are valid for operation when fxx is 12.5 MHz.

2. x: don’t care
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17.3 HALT Mode

17.3.1 HALT mode setting and operating states

The HALT mode is selected by setting (to 1) the HLT bit of the standby control register (STBC).

The only writes that can be performed on STBC are 8-bit data writes by means of a dedicated instruction. HALT
mode setting is therefore performed by means of the “MOV STBC, #byte” instruction.

If interrupts are enabled (when the IE bit of the program status word (PSW) is set to 1, write a NOP instruction
three times after the instruction that sets the HALT mode (after releasing the HALT mode). Otherwise, two or more
instructions may be executed before an interrupt is acknowledged (after releasing the HALT mode). As a result, the
execution sequence of the interrupt processing and instructions may be changed. To preventtroubles due to changes
in the execution sequence, the above processing is necessary.

Caution If HALT mode setting is performed when a condition that releases HALT mode is in effect, HALT
mode is not entered, and execution of the next instruction, or a branch to a vectored interrupt
service program, is performed. To ensure that a definite HALT mode setting is made, interrupt
requests should be cleared, etc. before entering HALT mode.

Table 17-1. Operating States in HALT Mode

Clock oscillator Operating

Internal system clock Operating

CPU Operation stoppedNote

I/0O lines Retain state prior to HALT mode setting
Peripheral functions Continue operating

Internal RAM Retained

Note Macro service processing is executed.

17.3.2 HALT mode release
HALT mode can be released by the following two sources.

« Maskable interrupt request (vectored interrupt/context switching/macro service)
 RESET input

Release sources and an outline of operations after release are shown in Table 17-2. Figure 17-4 shows operations
after HALT mode release.
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Table 17-2. HALT Mode Release and Operations After Release
Release Source |MKNote 1 |gNote 2 State on Release Operation After Release
RESET input X X — Normal reset operation
Maskable 0 1 e Interrupt service program not being Interrupt request acknowledgment

interrupt request
(excluding macro
service request)

executed

Low-priority maskable interrupt service
program being executed

PRSL bitNote 4 cleared (to 0) during
execution of priority level 3 interrupt
service program

Same-priority maskable interrupt service
program being executed

(If PRSL bitNote 4 js cleared (to 0),
excluding execution of priority level 3
interrupt service program)

High-priority interrupt service program
being executed

Execution of instruction after MOV
STBC, #byte instruction (interrupt request

that released HALT mode is held pending
Note 3)

0 0 —
1 X — HALT mode maintained
Macro service 0 X — Macro service processing execution
request End condition not established — HALT
mode again
End condition established
— If VCIENote 5 = 1: HALT mode again
If VCIENote 5 — 0: Same as release
by maskable interrupt request
1 X — HALT mode maintained
Notes 1. Interrupt mask bit in individual interrupt request source

2. Interrupt enable flag in the program status word (PSW)

a o

source

Bit in the interrupt mode control register (IMC)
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Figure 17-4. Operation After HALT Mode Release (1/4)

(1) When interrupt generates after HALT mode has been set

{ Main routine ]

MOV STBC, #byte

HALT mode

Interrupt request —

¢ HALT mode release
« Interrupt servicing

(2) Reset after HALT mode has been set

Main routine

MOV STBC, #byte

HALT‘mode

RESET input — | .
Normal reset operation
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Figure 17-4. Operation After HALT Mode Release (2/4)

(3) When HALT mode is set while interrupt routine with priority higher than or same as that of interrupt of
release source

Main routine

MOV STBC, #byte

HALT mode

INT — | oHALT mode release
e Interrupt of HALT mode release
source kept pending

» Execution of pending interrupt

(4) When HALT mode is set while interrupt routine with priority lower than that of interrupt of release source

Main routine

MOV STBC, #byte

HALT mode o HALT mode release
o Execution of interrupt of HALT
mode release source

INT —
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Figure 17-4. Operation After HALT Mode Release (3/4)

(5) When macro service request is generated in HALT mode

(@) When end condition of macro service is satisfied and interrupt request is generated immediately
(VCIE = 0)

Main routine

MOQV STBC, #byte

HALT mode

Last macro service request — _ _
« Macro service processing

¢ HALT mode release
« Servicing of interrupt request
due to end of macro service

(b) When end condition of macro service is not satisfied, or if end condition of macro serviceis satisfied
but interrupt request is not generated immediately (VCIE = 1)

Main routine

MOV STBC, #byte

HALT mode

Last macro service request — . .
* Macro service processing

HALT modé is restored

INT (other than  —
macro service) * HALT mode release
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Figure 17-4. Operation After HALT Mode Release (4/4)

(6) When interrupt generates during execution of instruction that temporarily keeps interrupt pending, and
if HALT mode is set while that interrupt is kept pending

Main routine

El

Interrupt request  — Interrupt is kept pending for

duration of 8 clocks

MOV STBC, #byte

e HALT mode release
e Interrupt servicing

(7) When HALT instruction and interrupt contend

Main routine

Interrupt request  — MOV STBC, #byte * HALT mode is not executed

Instructions are executed up to the 6th clock

o Interrupt servicing
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Release by maskable interrupt request

The HALT mode release by a maskable interrupt request can only be performed by an interrupt for which the
interrupt mask flag is 0.

When the HALT mode is released, if an interrupt can be acknowledged when the interrupt request enable flag
(IE) is set (to 1), a branch is made to the interrupt service program. If the interrupt cannot be acknowledged
and if the IE flag is cleared (to 0), execution is resumed from the instruction following the instruction that set the
HALT mode. Refer to 16.7 Maskable Interrupt Acknowledgment Operation for details of interrupt
acknowledgment.

With macro service, the HALT mode is released temporarily, service is performed once, then the HALT mode
is restored. When macro service has been performed the specified number of times, the HALT mode is released
ifthe VCIE bit in the macro service mode register of the macro service control word is cleared (to 0). The operation
after release in this case is the same as for release by a maskable interrupt described earlier. If the VCIE bit
is set (to 1), the HALT mode is entered again and is released by the next interrupt request.
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Table 17-3. HALT Mode Release by Maskable Interrupt Request

Release Source |MKNote 1 |gNote 2 State on Release Operation After Release
Maskable 0 1 * Interrupt service program not being Interrupt request acknowledgment
interrupt request executed

(excluding macro e Low-priority maskable interrupt service

service request) program being executed

e PRSL bitNote 4 cleared (to 0) during
execution of priority level 3 interrupt
service program

e Same-priority maskable interrupt Execution of instruction after MOV STBC,
service program being executed #byte instruction (interrupt request that
(If PRSL bitNote 4 js cleared (to 0), released HALT mode is held pendingNote 3)

excluding execution of priority level 3
interrupt service program)

* High-priority interrupt service program
being executed

0 0 —
1 X — HALT mode maintained
Macro service 0 X — Macro service processing execution
request End condition not established — HALT
mode again
End condition established
— If VCIENete 5 — {: HALT mode again
If VCIEN©Ote 5 — 0: Same as release
by maskable interrupt request
1 X — HALT mode maintained

Notes 1. Interrupt mask bit in individual interrupt request source
2. Interrupt enable flag in the program status word (PSW)
Pending interrupt requests are acknowledged when acknowledgment becomes possible.

Eall

Bit in the interrupt mode control register (IMC)

i

Bit in macro service mode register of macro service control word in individual macro service request
source

(2) Release by RESET input

The program is executed after branching to the reset vector address, as in a normal reset operation. However,
internal RAM contents retain their value directly before HALT mode was set.
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17.4 STOP Mode

17.4.1 STOP mode setting and operating states

The STOP mode is selected by setting (to 1) the STP bit of the standby control register (STBC).

The only writes that can be performed on STBC are 8-bit data writes by means of a dedicated instruction. STOP

mode setting is therefore performed by means of the “MOV STBC, #byte” instruction.

If interrupts are enabled (when the IE bit of the program status word (PSW) is set to 1), write a NOP instruction
three times after the instruction that sets the STOP mode (after releasing the STOP mode). Otherwise, two or more
instructions may be executed before aninterruptis acknowledged. As aresult, the execution sequence of the interrupt
processing and instructions may be changed. To prevent troubles due to changes in the execution sequence, the

above processing is necessary.

Caution Ifthe STOP mode is set when the condition to release the HALT mode is satisfied (refer to 17.3.2
HALT mode release), the STOP mode is not set, but the next instruction is executed or execution
branches to a vectored interrupt service program. To accurately set the STOP mode, clear the

interrupt request before setting the STOP mode.

Table 17-4. Operating States in STOP Mode

Clock oscillator

Oscillation stopped

Internal system clock

Stopped

CPU

Operation stopped

I/0O lines

Retain state prior to STOP mode setting

16-bit timer/event counter

Operation stopped

8-bit PWM timer

Operable only when an external input clock
(T1050, TIO51) is selected as the count clock

Watchdog timer

Stopped (timer is initialized)

A/D converter

Operation stoppedNote 1

3-wire serial interface

Operation stoppedNote 2

Asynchronous serial interface

Operation stoppedNote 3

Watch timer Operation stopped
External interrupt (INTPO to INTP2) Operable
Internal RAM Retained

Notes 1. A/D converter operation is stopped, but if the ADCS bit of the A/D converter mode register

(ADM) is set (to 1), the current consumption does not decrease.

2. Theserialinputpin supports a3 Vinterface (i.e., itis alow-threshold pin). To prevent current
being input to the Schmittinput bufferin STOP and IDLE modes, therefore, the Schmittinput
buffer is turned off (the buffer outputis “L"). Disable the serial interface (SI100, S101, SI02,
and UART) before setting STOP or IDLE mode, and re-set the interface after STOP or IDLE
mode has been released.
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Cautions 1.

When the STOP mode is used in a system that uses an external clock, the EXTC bit of OSTS
must be set (to 1). If STOP mode setting is performed in a system to which an external clock
is input when the EXTC bit of OSTS is cleared (to 0), the current consumption increases.
When setting the EXTC bit of OSTS to 1, be sure to input a clock in phase reverse to that
of the clock input to the X1 pin, to the X2 pin (refer to 5.4 Main System Clock Oscillator).
The ADCS bit of the A/D converter mode register (ADM) should be cleared (to 0).
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17.4.2 STOP mode release

The STOP mode is released by INTPO to INTP2 input, and RESET input.

Release sources and an outline of operations after release are shown in Table 17-5. Figure 17-5 shows operations
after STOP mode release.

Table 17-5. STOP Mode Release and Operations After Release

Release Source | MKNote 1 |gyNote 2| |ENote 3 State on Release Operation After Release
RESET input X X X — Normal reset operation

INTPO to 0 0 1 * Interrupt service program not being Interrupt request acknowledgment
INTP2 pin input executed

Low-priority maskable interrupt service
program being executed

PRSL bitNote 5 cleared (to 0) during
execution of priority level 3 interrupt
service program

* Same-priority maskable interrupt Execution of instruction after
service program being executed MOV STBC, #byte instruction
(If PRSL bitNote 5 js cleared (to 0), (interrupt request that released
excluding execution of priority level 3 STOP mode is held pendingNote 4)

interrupt service program)
High-priority interrupt service program
being executed

0 0 0 —
1 0 X — STOP mode maintained
X 1 X

Notes 1. Interrupt mask bit in individual interrupt request source

Macro service enable flag in individual interrupt request source

Interrupt enable flag in the program status word (PSW)

Pending interrupt requests are acknowledged when acknowledgment becomes possible.

Sl

Bit in the interrupt mode control register (IMC)
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Figure 17-5. Operation After STOP Mode Release (1/3)

(1) When interrupt generates after STOP mode has been set

[ Main routine ]

MOV STBC, #byte

STOP mode
INT = «STOP mode release

(Wait for oscillation stabilization)

Interrupt request —

e Interrupt servicing

(2) Reset after STOP mode has been set

Main routine

MOV STBC, #byte

STOP mode

RESET input
SET inpu Normal reset operation

(Wait for oscillation stabilization is included)
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Figure 17-5. Operation After STOP Mode Release (2/3)

(3) When STOP mode is set while interrupt routine with priority higher than or same as that of interrupt of
release source

Main routine

MOV STBC, #byte

STOP mode

* STOP mode release
* Interrupt of STOP mode release
source kept pending

 Execution of pending interrupt

(4) When STOP mode is set while interrupt routine with priority lower than that of interrupt of release source

Main routine

MOV STBC, #byte

STOP mode

e STOP mode release
 Execution of interrupt of STOP
mode release source

(Wait for oscillation stabilization)
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Figure 17-5. Operation After STOP Mode Release (3/3)

(5) When STOP instruction and interrupt contend

Main routine

INT — MOV STBC, #byte e STOP mode is not executed

Instruction are executed up to the 6th clock

e Interrupt servicing
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STOP mode release by INTPO to INTP2 input

When masking of interrupts by INTPO to INTP2 input is released and macro service is disabled, the oscillator
resumes oscillation when the valid edge specified by external interrupt mode register 1 (INTM1) is input to the
INTPO to INTP2 input. Following this, the STOP mode is released after the oscillation stabilization time specified
by the oscillation stabilization time specification register (OSTS) elapses.

When the uPD784975A is released from the STOP mode, if an interrupt can be acknowledged when the interrupt
enable flag (IE) is set (to 1), a branch is made to the interrupt service program. If the interrupt cannot be
acknowledged andifthe IE flag is cleared (to 0), execution is resumed from the instruction following the instruction
that setthe STOP mode. Referto 16.7 Maskable Interrupt Acknowledgment Operation for details of interrupt
acknowledgment.

Figure 17-6. STOP Mode Release by INTPO to INTP2 Input

STOP

Oscillator « L . (II_rUH_rI_rI_rI_r

) ) D)

fxx/2 « « | I | I |

STP FIF1 « N
- (¢

) ) D)

STP FIF2 , « « [

INTPO to INTP2 input . | N
( Rising edge ) ( «

specified Oscillator stopped Timer count time for
oscillation stabilization

Time until clock starts oscillating
STOP mode release by RESET input
When the RESET input goes from high to low, the reset state is established. The clock starts oscillating at the
rising edge of RESET. When the oscillation stabilization timer expires, the normal operation starts. At this point,
the internal data memory retains the contents prior to the STOP mode setting.
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17.5 IDLE Mode

17.5.1 IDLE mode setting and operating states
The IDLE mode is selected by setting (to 1) both the STP bit and the HLT bit of the standby control register (STBC).
The only writes that can be performed on STBC are 8-bit data writes by means of a dedicated instruction. IDLE

mode setting is therefore performed by means of the "MOV STBC, #byte” instruction.

If interrupts are enabled (when the IE bit of the program status word (PSW) is set to 1), write a NOP instruction
three times after the instruction that sets the IDLE mode (after releasing the IDLE mode). Otherwise, two or more
instructions may be executed before an interruptis acknowledged. As aresult, the execution sequence of the interrupt
processing and instructions may be changed. To prevent troubles due to changes in the execution sequence, the

above processing is necessary.

Caution If the IDLE mode is set when the condition to release the HALT mode is satisfied (refer to 17.3.2
HALT mode release), the IDLE mode is not set, but the next instruction is executed or execution
branches to a vectored interrupt service program. To accurately set the IDLE mode, clear the

interrupt request before setting the IDLE mode.

Table 17-6. Operating States in IDLE Mode

Clock oscillator

Oscillation continues

Internal system clock

Stopped

CPU

Operation stopped

1/0 lines

Retain state prior to IDLE mode setting

16-bit timer/event counter

Operation stopped

8-bit PWM timer

Operable only when an external input clock
(TIO50, TIO51) is selected as the count clock

Watchdog timer

Stopped (timer is initialized)

A/D converter

Operation stoppedNote 1

3-wire serial interface

Operation stoppedNote 2

Asynchronous serial interface

Operation stoppedNote 2

Watch timer Operable
External interrupt (INTPO to INTP2) Operable
Internal RAM Retained

Notes 1. A/D converter operation is stopped, but if the ADCS bit of the A/D converter mode register

(ADM) is set, the current consumption does not decrease.

2. The serialinputpin supports a3 Vinterface (i.e., itis alow-threshold pin). To prevent current
being input to the Schmittinput bufferin STOP and IDLE modes, therefore, the Schmitt input
buffer is turned off (the buffer output is “L”). Disable the serial interface (S100, SIO1, SIO2,
and UART) before setting STOP or IDLE mode, and re-set the interface after STOP or IDLE
mode has been released.

Caution The ADCS bit of the A/D converter mode register (ADM) should be reset.
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17.5.2

IDLE mode release

The IDLE mode is released by INTPO to INTP2 input, or RESET input.

Release source and an outline of operations after release are shown in Table 17-7. Figure 17-7 shows operations

after IDLE mode release.

Table 17-7. IDLE Mode Release and Operations After Release

Release Source|MKNote Il |gyNote 2| |ENote 3 State on Release Operation After Release
RESET input X X X — Normal reset operation
INTPO to INTP2 0 0 1 * Interrupt service program not being Interrupt request acknowledgment
pin input executed
» Low-priority maskable interrupt service
program being executed
« PRSL bitNote 5 cleared (to 0) during
execution of priority level 3 interrupt
service program
* Same-priority maskable interrupt Execution of instruction after MOV
service program being executed STBC, #byte instruction (interrupt
(If PRSL bitNote 5 js cleared (to 0), request that released IDLE mode is
excluding execution of priority level 3 | held pendingNote 4
interrupt service program)
« High-priority interrupt service program
being executed
0 0 0 —
1 0 X — IDLE mode maintained
X 1 X
Notes 1. Interrupt mask bit in individual interrupt request source
2. Macro service enable flag in individual interrupt request source
3. Interrupt enable flag in the program status word (PSW)
4. Pending interrupt requests are acknowledged when acknowledgment becomes possible.
5. Bit in the interrupt mode control register (IMC)
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Figure 17-7. Operation After IDLE Mode Release (1/3)

(1) When interrupt generates after IDLE mode has been set

Main routine

MOV STBC, #byte

IDLE mode

Interrupt request  —

¢ IDLE mode release
e Interrupt servicing

(2) Reset after IDLE mode has been set

Main routine

MOV STBC, #byte

IDLE mode
RESET input —~ |
SET inpu Normal reset operation
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Figure 17-7. Operation After IDLE Mode Release (2/3)

(3) When IDLE mode is set while interrupt routine with priority higher than or same as that of interrupt of
release source

Main routine

MOV STBC, #byte

IDLE mode

INT — | « IDLE mode release
« Interrupt of IDLE mode release

source kept pending

» Execution of pending interrupt

(4) When IDLE mode is set while interrupt routine with priority lower than that of interrupt of release source

Main routine

MOV STBC, #byte

IDLE mode * IDLE mode release
» Execution of interrupt of IDLE
mode release source

INT —
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Figure 17-7. Operation After IDLE Mode Release (3/3)

(5) When IDLE instruction and interrupt content

Main routine

INT  — MOV STBC, #byte

¢ IDLE mode is not executed

Instructions are executed up to the 6th clock

e Interrupt servicing
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IDLE mode release by INTPO to INTP2 input

When masking of interrupts by INTPO to INTP2 input is released and macro service is disabled, the IDLE mode
is released when the valid edge specified by external interrupt mode register 1 (INTM1) is input to the INTPO
to INTP2 input.

When the uPD784975A is released from the IDLE mode, if an interrupt can be acknowledged when the interrupt
enable flag (IE) is set (to 1), a branch is made to the interrupt service program. If the interrupt cannot be
acknowledged and ifthe IE flag is cleared (to 0), execution is resumed from the instruction following the instruction
that set the IDLE mode.

Refer to 16.7 Maskable Interrupt Acknowledgment Operation for details of interrupt acknowledgment.

IDLE mode release by RESET input

When the RESET input goes from high to low, the reset state is established. The clock starts oscillating at the
rising edge of RESET. When the oscillation stabilization timer expires, the normal operation starts. At this point,
the internal data memory retains the contents prior to the IDLE mode setting.

User's Manual U15017EJ2VOUD



CHAPTER 17 STANDBY FUNCTION

17

)

)

3

4

.6 Check Items When STOP Mode/IDLE Mode Is Used

Check items required to reduce the current consumption when STOP mode or IDLE mode is used are shown below.

Is the output level of each output pin appropriate?
The appropriate output level for each pin varies according to the next-stage circuit. You should select the output
level that minimizes the current consumption.

« If high level is output when the input impedance of the next-stage circuit is low, a current will flow from the
power supply to the port, resulting in an increased current consumption. This applies when the next-stage
circuit is a CMOS IC, etc. When the power supply is off, the input impedance of a CMOS IC is low. In order
to suppress the current consumption, or to prevent an adverse effect on the reliability of the CMOS IC, low
level should be output. If a high level is output, latchup may result when power is turned on again.

« Depending on the next-stage circuit, inputting low level may increase the current consumption. In this case,
high-level or high-impedance output should be used to reduce the current consumption.

« If the next-stage circuit is a CMOS IC, the current consumption of the CMOS IC may increase if the output
is made high-impedance when power is supplied to it (the CMOS IC may also be overheated and damaged).
In this case you should output an appropriate level, or pull the output high or low with a resistor.

The method of setting the output level depends on the port mode.

* When a port is in control mode, the output level is determined by the status of the on-chip hardware, and
therefore the on-chip hardware status must be taken into consideration when setting the output level.

« In port mode, the output level can be set by writing to the port output latch and port mode register by software.

When a port is in control mode, this output level can be set easily by changing to port mode.

Is the input pin level appropriate?

The voltage level input to each pin should be in the range between Vss potential and Voo potential. If a voltage
outside this range is applied, the current consumption will increase and the reliability of the uPD784975A may
be adversely affected.

Also ensure that an intermediate potential is not applied.

Are on-chip pull-up resistors necessary?

An unnecessary pull-up resistor will increase the current consumption and cause a latchup of other devices. A
mode should be specified in which pull-up resistors are used only for parts that require them.

If there is a mixture of parts that do and do not require pull-up resistors, for parts that do, you should connect
a pull-up resistor externally and specify a mode in which the on-chip pull-up resistor is not used.

A/D converter

The current flowing to the AVop pin can be reduced by clearing the ADCS bit (bit 7) of the A/D converter mode
register (ADM). The current can be further reduced, if required, by cutting the current supply to the AVopb pin
with external circuitry.

When ADCS = 1, the AVop pin can be used with the same potential as Vssi.
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If the HALT/STOP/IDLE mode (standby mode hereafter) setting is performed when a condition that release the
HALT mode (refer to 17.3.2 HALT mode release) is satisfied, standby mode is not entered, and execution of
the next instruction, or a branch to a vectored interrupt service program, is performed. To ensure that a definite
standby mode setting is made, interrupt requests should be cleared, etc. before entering the standby mode.

When crystal/ceramic oscillation is used, the EXTC bit must be cleared (to 0) before use. If the EXTC bit is set
(to 1), oscillation will stop.

When the STOP mode is used in a system that uses an external clock, the EXTC bit of OSTS must be set (to
1). If STOP mode setting is performed in a system to which an external clock is input when the EXTC bit of OSTS
is cleared (to 0), the current consumption increases.

When setting the EXTC bit of OSTS to 1, be sure to input a clock in phase reverse to that of the clock input to
the X1 pin, to the X2 pin (refer to 5.4 Main System Clock Oscillator).

In the STOP and IDLE modes, the ADCS bit of the A/D converter mode register (ADM) should be cleared (to
0).

Execute an NOP instruction three times after the standby instruction (after the standby mode has been released).
Otherwise, the standby instruction cannot be executed if execution of the standby instruction and an interrupt
request contend, and the interruptis acknowledged after two or more instructions following the standby instruction
have been executed. The instruction that is executed before acknowledging the interrupt is the one that is
executed within up to 6 clocks after the standby instruction has been executed.

Example MOV STBC, #byte
NOP
NOP
NOP
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When a low level is input to the RESET input pin, system reset is performed. The hardware enters the states listed

in Figure 18-1. Since the oscillation of the main system clock unconditionally stops during the reset period, the current

consumption of the entire system can be reduced.

When RESET input goes from low to high, the reset state is released. After the count time of the timer for oscillation

stabilization (41.9 ms@ 12.5 MHz operation), the content of the reset vector table is set in the program counter (PC).

Execution branches to the address set in the PC, and program execution starts from the branch destination address.

Therefore, the reset can start from any address.

Figure 18-1. Oscillation of Main System Clock in Reset Period

Main system clock
oscillator

fok

RESET input

L

))

11

T(
Oscillation is |—!—‘—' '-22-' |—| |—| |—

unconditionally stopped|
during the reset period. |
1

)) . ))

1

L

(

i

' Oscillation stabilization time

! 1
\ Time until clock starts oscillating

To prevent error operation caused by noise, a noise eliminator based on an analog delay is installed at the RESET

input pin.
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Figure 18-2. Accepting Reset Signal

Time until clock
starts oscillating

Oscillation
Analog stabilization
Analog delay Analog delay delay time

R !

|
|
|
:
RESET input |
|
1
|
|
|
|
|

Internal reset signal

Internal clock | | | | | |

Table 18-1. State During/After Reset for All Hardware Resets

Hardware State During Reset (RESET = L) State After Reset (RESET = H)
Main system clock oscillator Oscillation stops Oscillation starts
Program counter (PC) Undefined Set a value in the reset vectored table.
Stack pointer (SP) Undefined
Program status word (PSW) Initialize to 0000H.
Internal RAM This is undefined. However, when the standby state is released by a reset, the
value is saved before setting standby.
1/0 lines The input and output buffers turn off. High impedance
Other hardware Initialize to the fixed stateNote,

Note Refer to the After Reset column of Table 3-6 Special Function Register (SFR) List.
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CHAPTER 19 uPD78F4976A PROGRAMMING
The flash memory can be written when installed in the target system (on board). The dedicated flash programmer
(Flashpro Il (part number FL-PR3, PG-FP3)) is connected to the host machine and target system.
Remark FL-PRS3 is a product of Naito Densei Machida Mfg. Co., Ltd.
19.1 Selecting Communication Protocol
Flashpro Il writes to flash memory by serial communication. The communication protocol is selected from Table
19-1 then writing is performed. The selection of the communication protocol has the format shown in Figure 19-1.

Each communication protocol is selected by the number of Vep pulses shown in Table 19-1.

Table 19-1. Communication Protocols

Communication Protocol No. of Channels Pins Used No. of Vep Pulses

3-wire serial 1/0 2 SCKo/P27 0
SO0/P26
S10/P25

SCK1/P62 1
SO1/pPé1
SI1/P60

Handshake (HS) 1 SCKo0/27 3
S00/P26
Sl0/P25
P20

Caution Select the communication protocol by using number of Vep pulses given in Table
19-1.
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Figure 19-1. Format of Communication Protocol Selection

10V ?—l_l
Vep Vop
1 2 n
Vss

~
~

19.2 Flash Memory Programming Functions

By transmitting and receiving various commands and data by the selected communication protocol, operations
such as writing to the flash memory are performed. Table 19-2 shows the major functions.

Table 19-2. Major Functions in Flash Memory Programming

Function Description
Area erase Erase the contents of the specified memory area where one memory area is 16 KB.
Area blank check Checks the erase state of the specified area.
Data write Writes to the flash memory based on the start write address and the number of data written (number
of bytes).
Area verify Compares the data input to the contents of the specified memory area.

Flash memory verification is performed by supplying data from the outside via the serial interface, collating the
supplied data with the contents of a specific area or the entire memory, and then indicating to the outside whether
there is any conflicting data. The flash memory is not provided with a read function. This verification method keeps
the flash memory contents from being accessed by unauthorized persons.
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CHAPTER 19 1PD78F4976A PROGRAMMING

19.3 Connecting Flashpro Il

The connection between the Flashpro Il and the uPD78F4976A differs depending on the communication protocol
(3-wire serial 1/0). Figure 19-2 are the connection diagram.

Figure 19-2. Connecting Flashpro Ill in 3-Wire Serial /0O Mode (When Using 3-Wire Serial 1/00)

Flashpro Ill 1 PD78F4976A
CLK X1
VPP Vep
vo Voo, Aoy
RESET RESET

SCK SCKO

SO SI0

Sl SO0

HS p2gNote
GND Vsso, Vss1, AVss

Note Used only when handshake communication is selected.
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20.1 Examples

CHAPTER 20 INSTRUCTION OPERATION

(1) Operand expression format and description (1/2)

Expression Format

Description

r, rNote 1 X(R0), A(R1), C(R2), B(R3), R4, R5, R6, R7, R8, R9, R10, R11, E(R12), D(R13), L(R14), H(R15)
riNote 1 X(R0), A(R1), C(R2), B(R3), R4, R5, R6, R7
r2 R8, R9, R10, R11, E(R12), D(R13), L(R14), H(R15)
r3 V,U, T, W
rp, rp’Note 2 AX(RPO), BC(RP1), RP2, RP3, VP(RP4),UP(RP5), DE(RPS6), HL(RP7)
rpiNote 2 AX(RPO), BC(RP1), RP2, RP3
rp2 VP(RP4), UP(RP5), DE(RP6), HL(RP7)
rg, rg' VVP(RG4), UUP(RG5), TDE(RG6), WHL(RG7)
sfr Special function register symbol (refer to Table 3-6 Special Function Register (SFR) List.)
sfrp Special function register symbol
(16-bit manipulation register: refer to Table 3-6 Special Function Register (SFR) List.)
postNote 2 AX(RPO), BC(RP1), RP2, RP3, VP(RP4), UP(RP5)/PSW, DE(RP6), HL(RP7)
Multiple descriptions are possible. However, UP is restricted to the PUSH/POP instruction, and
PSW is restricted to the PUSHU/POPU instruction.
mem [TDE], [WHL], [TDE+], [WHL+], [TDE-], [WHL-], [VVP], [UUP]: register indirect addressing
[TDE+byte], [WHL+byte], [SP+byte], [UUP+byte], [VVP+byte]: based addressing
imm24[A], imm24[B], imm24[DE], imm24[HL]: indexed addressing
[TDE+A], [TDE+B], [TDE+C], [WHL+A], [WHL+B], [WHL+C], [VVP+DE], [VVP+HL]: based indexed
addressing
mem1 Everything under mem except [WHL+] and [WHL-]
mem?2 [TDE], [WHL]
mem3 [AX], [BC], [RP2], [RP3], [VVP], [UUP], [TDE], [WHL]

Notes 1. By setting the RSS bit to 1, R4 to R7 can be used as X, A, C, and B. Use this function only when
78K/l Series programs are also used.

2. By setting the RSS bit to 1, RP2 and RP3 can be used as AX and BC. Use this function only when
78K/l Series programs are also used.
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(1) Operand expression format and description (2/2)

Expression Format Description

Note

saddr, saddr' FD20H to FF1FH Immediate data or label

saddr1 FEOOH to FEFFH Immediate data or label

saddr2 FD20H to FDFFH, FFOOH - FF1FH Immediate data or label

saddrp FD20H to FF1EH Immediate data or label (when manipulating 16 bits)
saddrp1 FEOOH to FEFFH Immediate data or label (when manipulating 16 bits)
saddrp2 FD20H to FDFFH, FFOOH - FF1EH Immediate data or label (when manipulating 16 bits)
saddrg FD20H to FEFDH Immediate data or label (when manipulating 24 bits)
saddrg1 FEOOH to FEFDH Immediate data or label (when manipulating 24 bits)
saddrg2 FD20H to FDFFH Immediate data or label (when manipulating 24 bits)
addr24 OH to FFFFFFH Immediate data or label

addr20 OH to FFFFFH Immediate data or label

addr16 OH to FFFFH Immediate data or label

addri11 800H to FFFH Immediate data or label

addr8 OFEOOH to OFEFFHN°te |mmediate data or label

addr5 40H to 7EH Immediate data or label

imm24 24-bit immediate data or label

word 16-bit immediate data or label

byte 8-bit immediate data or label

bit 3-bit immediate data or label

n 3-bit immediate data

locaddr OH or OFH

Note When OH is set by the LOCATION instruction, these addresses become the addresses shown here.
When OFH is set by the LOCATION instruction, the values of the addresses shown here added to FOOO0OH
become the addresses.
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(2) Symbols in “Operand” column

Symbol Description

+ Auto increment
- Auto decrement
# Immediate data
! 16-bit absolute address

1l 24-bit/20-bit absolute address

$ 8-bit relative address
$! 16-bit relative address
/ Bit reverse

[1] Indirect addressing

[%] 24-bit indirect addressing

(3) Symbols in “Flags” column

Symbol Description

(Blank) Not changed

0 Clearto 0

1 Set to 1

X Set or clear based on the result

P Operate with the P/V flag as the parity flag

\" Operate with the P/V flag as the overflow flag
R Restore the previously saved value

(4) Symbols in “Operation” column

Symbol Description

jdisp8 Two’s complement data (8 bits) of the relative address distance between the head address of the next
instruction and the branch address

jdisp16 Two’s complement data (16 bits) of the relative address distance between the head address of the next
instruction and the branch address

PChw PC bits 16 to 19
PCuw PC bits 0 to 15

332 User's Manual U15017EJ2VOUD



CHAPTER 20 INSTRUCTION OPERATION

(5) Number of bytes of instruction that includes mem in operand

mem Mode

Register Indirect Addressing

Based Addressing

Indexed Addressing

Based Indexed Addressing

No. of bytes

1 oNote

3

5

2

Note Thisbecomes a 1-byte instruction only when [TDE], [WHL], [TDE+], [TDE-], [WHL+], or [WHL-]is described
in mem in the MOV instruction.

(6) Number of bytes of instruction that includes saddr, saddrp, r, or rp in operand
The number of bytes in an instruction that has saddr, saddrp, r, or rp in the operand is described in two parts

divided by a slash (/). The following table shows the number of bytes in each one.

Description No. of Bytes on Left Side No. of Bytes on Right Side
saddr saddr2 saddr1
saddrp saddrp2 saddrp1
r r r2
p rp1 rp2

(7) Descriptions of instructions that include mem in operand and string instructions
The TDE, WHL, VVP, and UUP (24-bit registers) operands can be described by DE, HL, VP, and UP. However,
when DE, HL, VP, and UP are described, they are handled as TDE, WHL, VVP, and UUP (24-bit registers).
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20.2 List of Operations

(1) 8-bit data transfer instruction: MOV

Mnemonic Operand Bytes Operation Flags
S Z AC PNV CY
MOV r, #byte 2/3 r < byte
saddr, #byte 3/4 (saddr) « byte
sfr, #byte 3 sfr « byte
laddr16, #byte 5 (saddr16) <« byte
laddr24, #byte 6 (addr24) « byte
rr 2/3 rer
Ar 12 | Aer
A, saddr2 2 A « (saddr2)
r, saddr 3 r « (saddr)
saddr2, A 2 (saddr2) « A
saddr, r 3 (saddr) «r
A, sfr 2 A « sfr
r, sfr 3 r « sfr
sfr, A 2 sfr— A
sfr, r 3 sfrer
saddr, saddr’ 4 (saddr) « (saddr’)
r, laddr16 4 r < (addr16)
laddr16, r 4 (addr16) « r
r, laddr24 5 r < (addr24)
laddr24, r 5 (addr24) « r
A, [saddrp] 2/3 A « ((saddrp))
A, [Y%saddrg] 3/4 A « ((saddrg))
A, mem 1-5 A < (mem)
[saddrp], A 2/3 ((saddrp)) « A
[%saddrg], A 3/4 ((saddrg)) « A
mem, A 1-5 (mem) « A
PSWL #byte 3 PSWL « byte X X X X X
PSWH #byte 3 PSWH « byte
PSWL, A 2 PSWL « A X X X X X
PSWH, A 2 PSWH « A
A, PSWL 2 A « PSWL
A, PSWH 2 A « PSWH
r3, #byte 3 r3 « byte
A, r3 2 A« r3
r3, A 2 I3« A
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(2) 16-bit data transfer instruction: MOVW

Mnemonic Operand Bytes Operation Flags
S Z AC PNV CY

MOVW rp, #word 3 rp < word
saddrp, #word 4/5 (saddrp) « word
sfrp, #word 4 sfrp < word
laddr16, #word 6 (addr16) « word
lladdr24, #word 7 (addr24) « word
rp, rp’ 2 rp « rp’
AX, saddrp2 2 AX « (saddrp2)
rp, saddrp 3 rp < (saddrp)
saddrp2, AX 2 (saddrp2) « AX
saddrp, rp 3 (saddrp) « rp
AX, sfrp 2 AX « sfrp
rp, sfrp 3 rp « sfrp
sfrp, AX 2 sfrp « AX
sfrp, rp 3 sfrp < rp
saddrp, saddrp’ 4 (saddrp) « (saddrp’)
rp, laddr16 4 rp < (addr16)
laddr16, rp 4 (addr16) « rp
rp, !laddr24 5 rp « (addr24)
laddr24, rp 5 (addr24) « rp
AX, [saddrp] 3/4 AX « ((saddrp))
AX, [Y%saddrg] 3/4 AX « ((saddrg))
AX, mem 2-5 AX « (mem)
[saddrp], AX 3/4 ((saddrp)) « AX
[Y%saddrg], AX 3/4 ((saddrg)) « AX
mem, AX 2-5 (mem) « AX
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(3) 24-bit data transfer instruction: MOVG

Mnemonic Operand Bytes Operation Flags
S Z AC PNV CY
MOVG rg, #imm24 5 rg < imm24
rg, rg’ 2 rg « rg’
rg, !laddr24 5 rg < (addr24)
laddr24, rg 5 (addr24) « rg
rg, saddrg 3 rg < (saddrg)
saddrg, rg 3 (saddrg) « rg
WHL, [%saddrg] 3/4 WHL « ((saddrg))
[%saddrg], WHL 3/4 | ((saddrg)) « WHL
WHL, mem1 2-5 WHL « (mem1)
mem1, WHL 2-5 (mem1) « WHL
(4) 8-bit data exchange instruction: XCH
Mnemonic Operand Bytes Operation Flags
S Z AC PNV CY
XCH r,r 2/3 rer
Ar 1/2 Aor
A, saddr2 2 A < (saddr2)
r, saddr 3 r <> (saddr)
r, sfr 3 r < sfr
saddr, saddr’ 4 (saddr) <> (saddr’)
r, laddr16 4 r < (addr16)
r, laddr24 5 r < (addr24)
A, [saddrp] 2/3 A« ((saddrp))
A, [Y%saddrg] 3/4 A < ((saddrg))
A, mem 2-5 A < (mem)
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(5) 16-bit data exchange instruction: XCHW

Mnemonic Operand Bytes Operation Flags
S Z AC PNV CY

XCHW rp, rp’ 2 p < rp’
AX, saddrp2 2 AX > (saddrp2)
rp, saddrp 3 rp <> (saddrp)
rp, sfrp 3 rp < sfrp
AX, [saddrp] 3/4 AX > ((saddrp))
AX, [Y%saddrg] 3/4 AX <> ((saddrg))
AX, laddr16 4 AX > (addr16)
AX, laddr24 5 AX <> (addr24)
saddrp, saddrp’ 4 (saddrp) <> (saddrp’)
AX, mem 2-5 AX < (mem)

(6) 8-bit arithmetic instructions: ADD, ADDC, SUB, SUBC, CMP, AND, OR, XOR
Mnemonic Operand Bytes Operation Flags
S Z AC PNV CY

ADD A, #byte 2 A, CY « A + byte x x x V x
r, #byte 3 r, CY « r + byte X x x V x
saddr, #byte 3/4 (saddr), CY « (saddr) + byte X x x V x
sfr, #byte 4 sfr, CY « sfr + byte x x x V x
rr 2/3 LCY «—r+r X x x V x
A, saddr2 2 A, CY « A + (saddr2) x x x V x
r, saddr 3 r, CY « r + (saddr) x x x V x
saddr, r 3 (saddr), CY « (saddr) + r X x x V x
r, sfr 3 r, CY «r + sfr x x x V x
sfr, r 3 sfr, CY « sfr+ r x x x V x
saddr, saddr’ 4 (saddr), CY « (saddr) + (saddr’) x x x V x
A, [saddrp] 3/4 A, CY « A + ((saddrp)) X x x V x
A, [Y%saddrg] 3/4 A, CY « A + ((saddrg)) x x x V x
[saddrp], A 3/4 ((saddrp)), CY « ((saddrp)) + A X x x V x
[%saddrg], A 3/4 ((saddrg)), CY « ((saddrg)) + A X x x V x
A, laddr16 4 A, CY « A + (addr16) x x x V x
A, lladdr24 5 A, CY « A + (addr24) x x x V x
laddr16, A 4 (addr16), CY « (addr16) + A x x x V x
laddr24, A 5 (addr24), CY « (addr24) + A x x x V x
A, mem 2-5 A, CY « A + (mem) X x x V x
mem, A 2-5 (mem), CY « (mem) + A x x x V x
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Mnemonic Operand Bytes Operation Flags

S Z AC PNV CY

ADDC A, #byte 2 A, CY « A + byte + CY x x x V x
r, #byte 3 r, CY «r + byte + CY X x x V x
saddr, #byte 3/4 (saddr), CY « (saddr) + byte + CY X x x V x
sfr, #byte 4 sfr, CY « sfr + byte + CY x x x V x
rr 2/3 hCY«r+r+CY X x x V x
A, saddr2 2 A, CY « A + (saddr2) + CY x x x V x
r, saddr 3 r, CY « r + (saddr) + CY x x x V x
saddr, r 3 (saddr), CY « (saddr) + r + CY X x x V x
r, sfr 3 r, CY < r + sfr+ CY X x x V x
sfr, r 3 sfr, CY « sfr+ r + CY x x x V x
saddr, saddr’ 4 (saddr), CY « (saddr) + (saddr’) + CY x x x V x
A, [saddrp] 3/4 A, CY « A + ((saddrp)) + CY X x x V x
A, [Y%saddrg] 3/4 A, CY « A + ((saddrg) + CY x x x V x
[saddrp], A 3/4 ((saddrp)), CY « ((saddrp)) + A + CY X x x V x
[%saddrg], A 3/4 ((saddrg)), CY « ((saddrp)) + A + CY X x x V x
A, laddr16 4 A, CY « A + (addr16) + CY x x x V x
A, lladdr24 5 A, CY « A + (addr24) +CY x x x V x
laddr16, A 4 (addr16), CY « (addr16) + A + CY x x x V x
laddr24, A 5 (addr24), CY « (addr24) + A + CY x x x V x
A, mem 2-5 A, CY « A + (mem) + CY X x x V x
mem, A 2-5 (mem), CY « (mem) + A + CY x x x V x
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Mnemonic Operand Bytes Operation Flags

AC PN CY

SUB A, #byte 2 A, CY « A —byte x V x
r, #byte 3 r, CY « r — byte x V x
saddr, #byte 3/4 (saddr), CY « (saddr) — byte x V x
sfr, #byte 4 sfr, CY « sfr — byte x V x
rr 2/3 LCY«r-r x V x
A, saddr2 2 A, CY « A — (saddr2) x V  x
r, saddr 3 r, CY « r — (saddr) x V x
saddr, r 3 (saddr), CY « (saddr) —r x VvV x
r, sfr 3 r, CY < r—sfr x V x
sfr, r 3 sfr, CY « sfr—r x V x
saddr, saddr’ 4 (saddr), CY « (saddr) — (saddr’) x V x
A, [saddrp] 3/4 A, CY « A — ((saddrp)) x V x
A, [%saddrg] 3/4 | A, CY « A - ((saddrg)) x V  x
[saddrp], A 3/4 ((saddrp)), CY « ((saddrp)) — A x V x
[%saddrg], A 3/4 ((saddrg)), CY « ((saddrg)) — A x VvV x
A, laddr16 4 A, CY « A — (addr16) x V  x
A, lladdr24 5 A, CY « A — (addr24) x V  x
laddr16, A 4 (addr16), CY « (addr16) — A x V  x
laddr24, A 5 (addr24), CY « (addr24) — A x V x
A, mem 2-5 A, CY « A — (mem) x V x
mem, A 2-5 (mem), CY « (mem) — A x V x
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Mnemonic Operand Bytes Operation Flags

S Z AC PNV CY

SUBC A, #byte 2 A, CY « A —byte — CY x x x V x
r, #byte 3 r, CY < r — byte — CY X x x V x
saddr, #byte 3/4 (saddr), CY « (saddr) — byte — CY X x x V x
sfr, #byte 4 sfr, CY « sfr — byte — CY x x x V x
rr 2/3 r,CY «r—-r—-CY X x x V x
A, saddr2 2 A, CY « A — (saddr2) - CY x x x V x
r, saddr 3 r, CY « r — (saddr) — CY X x x V x
saddr, r 3 (saddr), CY « (saddr) —r - CY X x x V x
r, sfr 3 r, CY < r—sfr-CY X x x V x
sfr, r 3 sfr, CY « sfr—r - CY x x x V x
saddr, saddr’ 4 (saddr), CY « (saddr) — (saddr’) — CY x x x V x
A, [saddrp] 3/4 A, CY « A — ((saddrp)) — CY X x x V x
A, [%saddrg] 3/4 | A, CY « A - ((saddrg)) - CY x X x V x
[saddrp], A 3/4 ((saddrp)), CY « ((saddrp)) — A — CY X x x V x
[%saddrg], A 3/4 ((saddrg)), CY « ((saddrg)) — A — CY X x x V x
A, laddr16 4 A, CY « A — (addr16) - CY x x x V x
A, lladdr24 5 A, CY « A — (addr24) - CY x X x V x
laddr16, A 4 (addr16), CY « (addr16) — A — CY x X x V x
lladdr24, A 5 (addr24), CY « (addr24) - A - CY x X x V x
A, mem 2-5 A, CY « A - (mem) - CY X x x V x
mem, A 2-5 (mem), CY « (mem) — A -CY x x x V x
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Mnemonic Operand Bytes Operation Flags

AC PV CY

CMP A, #byte 2 A — byte x V x
r, #byte 3 r — byte x V x
saddr, #byte 3/4 (saddr) — byte x V x
sfr, #byte 4 sfr — byte x V x
rr 2/3 r—r x V x
A, saddr2 2 A — (saddr2) x V x
r, saddr 3 r — (saddr) x V x
saddr, r 3 (saddr) —r x V x
r, sfr 3 r —sfr x V x
sfr, r 3 sfr—r x V x
saddr, saddr’ 4 (saddr) — (saddr’) x V x
A, [saddrp] 3/4 A — ((saddrp)) x V x
A, [Y%saddrg] 3/4 A — ((saddrg)) x VvV x
[saddrp], A 3/4 ((saddrp)) — A x V x
[%saddrg], A 3/4 ((saddrg)) — A x VvV x
A, laddr16 4 | A—(addr16) x V  x
A, lladdr24 5 | A-(addr24) x V  x
laddri6, A 4 (addr16) — A x V  x
lladdr24, A 5 (addr24) — A x V  x
A, mem 2-5 A — (mem) x V x
mem, A 2-5 (mem) — A x V x
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Mnemonic Operand Bytes Operation Flags
S Z AC PNV CY
AND A, #byte 2 A < AAbyte X X P
r, #byte 3 r < rAbyte X X P
saddr, #byte 3/4 (saddr) « (saddr) Abyte X X P
sfr, #byte 4 sfr « sfrAbyte X X P
rr 2/3 r<rAr X X P
A, saddr2 2 A « AA (saddr2) X X P
r, saddr 3 r« rA (saddr) X X P
saddr, r 3 (saddr) « (saddr) Ar X X P
r, sfr 3 r < rA\sfr X X P
sfr, r 3 sfr « sfrAr X X P
saddr, saddr’ 4 (saddr) « (saddr) A (saddr’) X X P
A, [saddrp] 3/4 | A« AA ((saddrp)) X X P
A, [Y%saddrg] 3/4 A «— AN ((saddrg)) X X P
[saddrp], A 3/4 ((saddrp)) « ((saddrp)) AA X X P
[%saddrg], A 3/4 ((saddrg)) « ((saddrg)) NA X X P
A, laddr16 4 A < AN (addr16) X X P
A, lladdr24 5 A < AN (addr24) X X P
laddr16, A 4 (addr16) « (addr16) AA X X P
laddr24, A 5 (addr24) < (aaddr24) NA X X P
A, mem 2-5 A <« AA(mem) X X P
mem, A 2-5 (mem) « (mem) NA X X P
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Mnemonic Operand Bytes Operation Flags
AC PV CY
OR A, #byte 2 A « AVbyte P
r, #byte 3 r < rVbyte P
saddr, #byte 3/4 (saddr) « (saddr) Vbyte P
sfr, #byte 4 sfr « sfrVbyte P
rr 2/3 rrvr P
A, saddr2 2 A« AV (saddr2) P
r, saddr 3 r < rV (saddr) P
saddr, r 3 (saddr) « (saddr) Vr P
r, sfr 3 r < rVsfr P
sfr, r 3 sfr « sfrvr P
saddr, saddr’ 4 (saddr) « (saddr) V (saddr’) P
A, [saddrp] 3/4 A <« AV ((saddrp)) P
A, [Y%saddrg] 3/4 A <« AV ((saddrg)) P
[saddrp], A 3/4 ((saddrp)) « ((saddrp)) VA P
[Yosaddrg], A 3/4 ((saddrg)) « ((saddrg)) VA P
A, laddr16 4 A <« AV (addr16) P
A, lladdr24 5 A « AV (saddr24) P
laddr16, A 4 (addr16) « (addr16) VA P
laddr24, A 5 (addr24) « (aaddr24) VA P
A, mem 2-5 A < AV (mem) P
mem, A 2-5 (mem) < (mem) VA P
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Mnemonic Operand Bytes Operation Flags
S Z AC PNV CY
XOR A, #byte 2 A« A % byte X X P
r, #byte 3 r<r * byte X X P
saddr, #byte 3/4 (saddr) « (saddr) + byte X X P
sfr, #byte 4 sfr « sfr + byte X X P
rr 2/3 rer~™r X X P
A, saddr2 2 A « A (saddr2) X X P
r, saddr 3 r < r3 (saddr) X X P
saddr, r 3 (saddr) « (saddr) ~r X X P
r, sfr 3 r«r v sfr X X P
sfr, r 3 sfr« sfr & r X X P
saddr, saddr’ 4 (saddr) « (saddr)  (saddr’) X X P
A, [saddrp] 3/4 | A« A ((saddrp)) X X P
A, [Y%saddrg] 3/4 A « A ((saddrg)) X X P
[saddrp], A 3/4 ((saddrp)) < ((saddrp)) A X X P
[Yosaddrg], A 3/4 ((saddrg)) < ((saddrg)) A X X P
A, laddr16 4 A < A (addri16) X X P
A, lladdr24 5 A « A (addr24) X X P
laddr16, A 4 (addr16) « (addr16) A X X P
laddr24, A 5 (addr24) « (aaddr24) v A X X P
A, mem 2-5 A« A~ (mem) X X P
mem, A 2-5 (mem) « (mem) VA X X P
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(7) 16-bit arithmetic instructions: ADDW, SUBW, CMPW

Mnemonic Operand Bytes Operation Flags
AC PNV CY
ADDW AX, #word 3 AX, CY « AX + word x V x
rp, #word 4 rp, CY « rp + word x V x
p, rp’ 2 p, CY < rp + rp’ x V x
AX, saddrp2 2 AX, CY « AX + (saddrp2) x V x
rp, saddrp 3 rp, CY « rp + (saddrp) x V x
saddrp, rp 3 (saddrp), CY « (saddrp) + rp x V x
rp, sfrp 3 rp, CY « rp + sfrp x V x
sfrp, rp 3 sfrp, CY « sfrp + rp x V x
saddrp, #word 4/5 (saddrp), CY « (saddrp) + word x V x
sfrp, #word 5 sfrp, CY « sfrp + word x V x
saddrp, saddrp’ 4 (saddrp), CY « (saddrp) + (saddrp’) x V x
SUBW AX, #word 3 AX, CY « AX — word x V  x
rp, #word 4 rp, CY « rp — word x V x
p, rp’ 2 p, CY «rp —rp’ x V x
AX, saddrp2 2 AX, CY « AX — (saddrp2) x V x
rp, saddrp 3 rp, CY « rp — (saddrp) x VvV x
saddrp, rp 3 (saddrp), CY « (saddrp) —rp x V x
rp, sfrp 3 rp, CY « rp — sfrp x V x
sfrp, rp 3 sfrp, CY « sfrp —rp x V x
saddrp, #word 4/5 (saddrp), CY « (saddrp) — word x VvV x
sfrp, #word 5 sfrp, CY « sfrp — word x V x
saddrp, saddrp’ 4 (saddrp), CY « (saddrp) — (saddrp’) x V x
CMPW AX, #word 3 AX — word x V x
rp, #word 4 rp — word x V x
rp, rp’ 2 rp—rp’ x V x
AX, saddrp2 2 AX — (saddrp2) x V x
rp, saddrp 3 rp — (saddrp) x V x
saddrp, rp 3 (saddrp) — rp x V x
rp, sfrp 3 rp — sfrp x V x
sfrp, rp 3 sfrp —rp x V x
saddrp, #word 4/5 (saddrp) — word x VvV x
sfrp, #word 5 sfrp — word x V x
saddrp, saddrp’ 4 (saddrp) — (saddrp’) x V x
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(8) 24-bit arithmetic instructions: ADDG, SUBG

Mnemonic Operand Bytes Operation Flags
Z AC PV CY
ADDG rg, rg’ 2 rg, CY < rg +rg’ x x V x
rg, #imm24 5 rg, CY « rg + imm24 x x V x
WHL, saddrg 3 WHL, CY « WHL + (saddrg) x x V x
SUBG rg, rg’ 2 rg, CY «rg—-rg’ x x V x
rg, #imm24 5 rg, CY « rg — imm24 x x V x
WHL, saddrg 3 WHL, CY « WHL — (saddrg) x x V x
(9) Multiplicative instructions: MULU, MULUW, MULW, DIVUW, DIVUX
Mnemonic Operand Bytes Operation Flags
Z AC PV CY
MULU r 2/3 | AXe—Axr
MULUW rp 2 AX (higher), rp (lower) « AX x rp
MULW rp 2 AX (higher), rp (lower) « AX x rp
DIVUW r 2/3 | AX (quotient), r (remainder) « AX = rNote 1
DIVUX p 2 AXDE (quotient), rp (remainder) < AXDE + rpNote 2
Notes 1. Whenr =0, r « X, AX « FFFFH
2. When rp =0, rp « DE, AXDE « FFFFFFFFH
(10) Special arithmetic instructions: MACW, MACSW, SACW
Mnemonic Operand Bytes Operation Flags
Z AC PV CY
MACW byte 3 AXDE « (B) x (C) + AXDE, B « B + 2, x x V x
C « C + 2, byte « byte — 1
End if (byte =0 or P/V =1)
MACSW byte 3 AXDE « (B) x (C) + AXDE, B « B + 2, x x V x
C « C + 2, byte « byte — 1
if byte = 0 then End
if P/V = 1 then if overflow AXDE « 7FFFFFFFH, End
if underflow AXDE « 80000000H, End
SACW [TDE+], [WHL+] 4 AX « | (TDE) — (WHL) | + AX, x x V x
TDE « TED + 2, WHL « WHL + 2
C«C-1Endif(C=00rCY=1)
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(11) Increment and decrement instructions: INC, DEC, INCW, DECW, INCG, DECG

Mnemonic Operand Bytes Operation Flags
S Z AC PNV CY
INC r 1/2 rer+1 X x x V
saddr 2/3 (saddr) « (saddr) + 1 X x x V
DEC r 1/2 rer-1 x x x V
saddr 2/3 (saddr) « (saddr) — 1 X x x V
INCW rp 2/1 pe«rp+1
saddrp 3/4 (saddrp) « (saddrp) + 1
DECW rp 2/1 p«rp-1
saddrp 3/4 (saddrp) « (saddrp) — 1
INCG rg 2 rg«rg+1
DECG rg 2 rg«rg—1
(12) Decimal adjust instructions: ADJBA, ADJBS, CVTBW
Mnemonic Operand Bytes Operation Flags
S Z AC PNV CY
ADJBA 2 Decimal adjust accumulator after addition x x x P x
ADJBS 2 Decimal adjust accumulator after subtract x x x P X
CVTBW 1 X« A A< O0HIifA7=0
X« A A« FFHIif Az =1
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(13) Shift and rotate instructions: ROR, ROL, RORC, ROLC, SHR, SHL, SHRW, SHLW, ROR4, ROL4

Mnemonic Operand Bytes Operation Flags
S Z AC PNV CY
ROR rLn 2/3 (CY, 17 <= ro, rm-1 <~ rm) X n n=0to7 P x
ROL r,n 2/3 (CY, ro < r7, rms1 <= fm) X N n=0to7 P x
RORC rLn 2/3 (CY «ro, r7 < CY, Im-1 < m) X n n=0to7 P x
ROLC r,n 2/3 (CY <17, 10 < CY, rm+1 <~ rm) X N n=0to7 P x
SHR r,n 2/3 (CY «ro, 17 < 0, rm-1 < rm) X n n=0to7 X x 0 P x
SHL rLn 2/3 (CY <17, 10 0, rms1 < rm) X N n=0to7 X x 0 P x
SHRW rp, n 2 (CY « rpo, rp15s <~ 0, rpm-1 <~ rpm) x N Nn=0t0 7 x x 0 P x
SHLW p, N 2 (CY « rp1s, rpo < 0, rpm+1 «— rpm) xn n=0to 7 x x 0 P x
ROR4 mem3 2 As-o < (mem3)z-o, (Mem3)7-4 < As-o,
(mem3)3-0 <~ (Mem3)7-4
ROL4 mem3 2 As—o < (mem3)7-4, (Mem3)s-o < As-o,
(mem3)7-4 « (Mmem3)s-o
(14) Bit manipulation instructions: MOV1, AND1, OR1, XOR1, NOT1, SET1, CLR1
Mnemonic Operand Bytes Operation Flags
S Z AC PNV CY
MOV1 CY, saddr.bit 3/4 | CY « (saddr.bit) X
CY, sfr.bit 3 CY « sfr.bit X
CY, X.bit 2 CY « X.bit X
CY, A.bit 2 CY « A.bit X
CY, PSWL.bit 2 CY « PSWL.bit X
CY, PSWH.bit 2 CY « PSWhH.bit X
CY, laddr16.bit 5 CY « laddr16.bit X
CY, lladdr24.bit 2 CY « !laddr24.bit X
CY, mem2.bit 2 CY « mem2.bit X
saddr.bit, CY 3/4 (saddr.bit) « CY
sfr.bit, CY 3 sfr.bit « CY
X.bit, CY 2 X.bit « CY
A.bit, CY 2 A.bit « CY
PSWL.bit, CY 2 PSWL.bit < CY X X X X X
PSWH.bit, CY 2 PSWh.bit < CY
laddr16.bit, CY 5 laddr16.bit « CY
lladdr24.bit, CY 6 lladdr24.bit « CY
memz2.bit, CY 2 mem2.bit « CY
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Mnemonic Operand Bytes Operation Flags
S Z AC PV CY

AND1 CY, saddr.bit 3/4 | CY « CYA (saddr.bit) X
CY, /saddr.bit 3/4 | CY « CYA (saddr.bit) X
CY, sfr.bit 3 CY « CYA sfr.bit X
CY, /sfr.bit 3 CY « CYA sfrbit x
CY, X.bit 2 | CY « CYA X.bit X
CY, /X.bit 2 | CY « CYA Xobit x
CY, A.bit 2 | CY « CYA Abit X
CY, /A bit 2 | CY « CYAADIt X
CY, PSWL.bit 2 | CY « CYA PSWLbit X
CY, /PSWL.bit 2 | CY « CYA PSWLbit x
CY, PSWH.bit 2 | CY « CYA PSWh.bit x
CY, /PSWH.bit 2 | CY « CYA PSWh.bit x
CY, laddr16.bit 5 | CY « CYA laddr16.bit X
CY, /laddr16.bit 5 | CY « CYA laddri6.bit x
CY, lladdr24.bit 2 | CY « CYA lladdr24.bit X
CY, /Maddr24.bit 6 | CY < CYA lladdr24.bit x
CY, mem2.bit 2 CY « CYA mem2.bit X
CY, /mem2.bit 2 CY « CYA mem2.bit x

ORf1 CY, saddr.bit 3/4 | CY « CYV (saddr.bit) X
CY, /saddr.bit 3/4 | CY « CYV (saddr.bit) X
CY, sfr.bit 3 CY « CYV sfr.bit X
CY, /sfr.bit 3 CY « CYV Ssfr.bit x
CY, X.bit 2 | CY « CYV X.bit X
CY, /X.bit 2 | CY « CYV Xbit x
CY, A.bit 2 | CY « CYV A.bit X
CY, /A bit 2 | CY « CYV Abit x
CY, PSWL.bit 2 | CY « CYV PSWLbit X
CY, /PSWL.bit 2 CY « CYV PSWLbit X
CY, PSWH.bit 2 | CY « CYV PSWh.bit X
CY, /PSWH.bit 2 | CY « CYV PSWh.bit X
CY, laddr16.bit 5 | CY « CYV laddr16.bit X
CY, /laddr16.bit 5 | CY « CYV laddr16.bit x
CY, lladdr24.bit 2 | CY « CYV lladdr24.bit X
CY, /Maddr24.bit 6 | CY « CYV lladdr24.bit x
CY, mem2.bit 2 CY « CYV mem2.bit X
CY, /mem2.bit 2 CY « CYV mem2.bit X
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Mnemonic Operand Bytes Operation Flags
S Z AC PNV CY

XOR1 CY, saddr.bit 3/4 CY « CY*+ (saddr.bit) X

CY, sfr.bit 3 CY « CY v+ sfr.bit X

CY, X.bit 2 CY « CY v X.bit X

CY, A.bit 2 CY « CY A.bit X

CY, PSWL.bit 2 CY « CY PSW..bit X

CY, PSWH.bit 2 CY « CY PSWh.bit X

CY, laddr16.bit 5 CY « CY++ laddr16.bit X

CY, laddr24.bit 2 CY « CY  !laddr24.bit X

CY, mem2.bit 2 CY « CY mem2.bit X
NOT1 saddr.bit 3/4 | (saddr.bit) « (saddr.bit)

sfr.bit 3 | sfr.bit « sfr.bit

X bit 2 | Xbit « X.bit

Abit 2 A.bit « Abit

PSWL.bit 2 | PSWL.bit « PSWLbit X X X X X

PSWH.bit 2 | PSWH.bit « PSW.bit

laddr16.bit 5 | laddr16.bit « laddr16.bit

lladdr24.bit 2 | lladdr24.bit « lladdr24.bit

mem2.bit 2 mem2.bit « mem2.bit

CcY 1 CY « CY X
SETH saddr.bit 2/3 (saddr.bit) « 1

sfr.bit 3 sfr.bit « 1

X.bit 2 X.bit « 1

A.bit 2 A.bit « 1

PSWL.bit 2 PSWL.bit « 1 X X X X X

PSWH.bit 2 PSWh.bit « 1

laddr16.bit 5 laddr16.bit « 1

laddr24.bit 2 laddr24.bit « 1

mem2.bit 2 mem2.bit «1

cY 1 CY 1 1
CLR1 saddr.bit 2/3 (saddr.bit) « 0

sfr.bit 3 sfr.bit < 0

X.bit 2 X.bit < 0

A.bit 2 A.bit < 0

PSWL.bit 2 PSWL.bit < 0 X X X X X

PSWH.bit 2 PSWhH.bit < 0

laddr16.bit 5 laddr16.bit < 0

laddr24.bit 2 laddr24.bit < 0

mem2.bit 2 mem2.bit <0

CcY 1 CY«0 0

350 User's Manual U15017EJ2VOUD




CHAPTER 20 INSTRUCTION OPERATION

(15) Stack manipulation instructions: PUSH, PUSHU, POP, POPU, MOVG, ADDWG, SUBWG, INCG, DECG

Mnemonic Operand Bytes Operation Flags
S Z AC PNV CY
PUSH PSW 1 (SP—2) « PSW, SP « SP -2
sfrp 3 (SP - 2) « sfrp, SP « SP -2
sfr 3 (SP = 1) « sfr, SP « SP -1
post 2 {(SP — 2) « post, SP « SP — 2} x mNote
rg 2 (SP-3)«rg, SP « SP-3
PUSHU post 2 | {(UUP = 2) « post, UUP « UUP — 2} x mNote
POP PSW 1 PSW « (SP), SP « SP + 2 R R R R R
sfrp 3 sfrp « (SP), SP « SP + 2
sfr 3 sfr < (SP), SP « SP + 1
post 2 {post « (SP), SP « SP + 2} x mNote
rg 2 rg < (SP), SP « SP + 3
POPU post 2 | {post « (UUP), UUP « UUP + 2} x mNote
MOVG SP, #imm24 5 SP « imm24
SP, WHL 2 SP « WHL
WHL, SP 2 WHL « SP
ADDWG SP, #word 4 SP « SP + word
SUBWG SP, #word 4 SP « SP — word
INCG SP 2 SP « SP + 1
DECG SP 2 SP« SP -1

Note m is the number of registers specified by post.
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(16) Call return instructions: CALL, CALLF, CALLT, BRK, BRKCS, RET, RETI, RETB, RETCS, RETCSB

Mnemonic

Operand

Bytes

Operation

Flags

S

Z AC PNV CY

CALL

laddr16

(SP - 3) « (PC + 3), SP « SP -3,
PChw « 0, PCLw « addr16

Iladdr20

(SP - 3) « (PC + 4), SP « SP - 3,
PC « addr20

P

(SP —3) « (PC + 2), SP « SP -3,
PChw < 0, PCw « rp

g

(SP —3) « (PC + 2), SP « SP - 3,
PC «rg

[rp]

(SP —3) « (PC + 2), SP « SP - 3,
PChw « 0, PCLw « (rp)

[rg]

(SP - 3) « (PC + 2), SP « SP - 3,
PC « (rg)

$laddr20

(SP - 3) « (PC + 3), SP « SP - 3,
PC « PC + 3 + jdisp16

CALLF

laddr11

(SP-3)« (PC+2),SP« SP-3
PCi9-12 < 0, PC11 < 1, PC10-0 < addri1

CALLT

[addr5]

(SP-3)« (PC+1),SP« SP-3
PChw « 0, PCcw « (addr5)

BRK

(SP = 2) « PSW, (SP — 1)o3 <, (PC + 1)nw,
(SP = 4) « (PC + 1)uw,

SP « SP -4

PChw « 0, PCLw « (003EH)

BRKCS

RBn

PCww < RP2, RP3 < PSW, RBS2 - 0 < n,
RSS « 0, IE « 0, RP3s-11 < PChw, PCHw < 0

RET

PC « (SP), SP < SP + 3

RETI

PCww « (SP), PChw « (SP + 3)o-3,
PSW « (SP +2), SP « SP + 4

The flag with the highest priority that is set to one
in the ISPR is cleared to 0.

RETB

PCww « (SP), PChw « (SP + 3)o-3,
PSW « (SP + 2), SP « SP + 4

RETCS

laddr16

PSW « RP3, PCww < RP2, RP2 « addr16,
PChw < RP3s-11

The flag with the highest priority that is set to one
in the ISPR is cleared to 0.

RETCSB

laddr16

PSW « RP3, PCw < RP2, RP2 « addr16,
PChw < RP3s-11
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(17) Unconditional branch instruction: BR

Mnemonic Operand Bytes Operation Flags
S Z AC PNV CY

BR laddr16 3 PChw « 0, PCLw « addr16

Iladdr20 4 PC « addr20

rp 2 PChw < 0, PCw « rp

rg 2 PC «rg

[rp] 2 PChw « 0, PCLw « (rp)

[rg] 2 PC « (rg)

$addr20 2 PC « PC + 2 + jdisp8

$laddr20 3 PC « PC + 3 + jdisp16
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(18) Conditional branch instructions: BNZ, BNE, BZ, BE, BNC, BNL, BC, BL, BNV, BPO, BV, BPE, BP, BN,
BLT, BGE, BLE, BGT, BNH, BH, BF, BT, BTCLR, BFSET, DBNZ

Mnemonic Operand Bytes Operation Flags
S Z AC PNV CY

BNZ $addr20 2 PC « PC + 2 +jdisp8if Z=0

BNE

BZ $addr20 2 PC « PC + 2 + jdisp8if Z = 1

BE

BNC $addr20 2 PC « PC + 2 + jdisp8if CY =0

BNL

BC $addr20 2 PC « PC + 2 + jdisp8 if CY =1

BL

BNV $addr20 2 PC « PC + 2 + jdisp8 if P/V =0

BPO

BV $addr20 2 PC « PC + 2 + jdisp8 if P/V =1

BPE

BP $addr20 2 PC « PC + 2 + jdisp8if S=0

BN $addr20 2 PC « PC + 2 + jdisp8if S = 1

BLT $addr20 3 PC « PC + 3 + jdisp8 if P/V ¥ S =1

BGE $addr20 3 PC « PC + 3 + jidsp8 if P/V *S =0

BLE $addr20 3 PC « PC + 3 + jdisp8 if (P/V ¥ S) VZ =1

BGT $addr20 3 PC « PC + 3 + jidsp8 if (P/V ~S) VZ=0

BNH $addr20 3 PC « PC + 3 + jdisp8 if ZVCY = 1

BH $addr20 3 PC « PC + 3 + jidsp8 if ZVCY =0

BF saddr.bit, $addr20 4/5 PC « PC + 4Note  idisp8 if (saddr.bit) = 0
sfr.bit, $addr20 4 PC « PC + 4 + jdisp8 if sfr.bit=0
X.bit, $addr20 3 PC « PC + 3 + jdisp8 if X.bit=0
A.bit, $addr20 3 PC « PC + 3 + jdisp8 if A.bit=0
PSWL.bit, $addr20 3 PC « PC + 3 + jdisp8 if PSWL.bit =0
PSWH.bit, $addr20 3 PC « PC + 3 + jdisp8 if PSWh.bit = 0
laddr16.bit, $addr20 6 PC « PC + 3 + jdisp8 if laddr16.bit = 0
Iladdr24.bit, $addr20 3 PC « PC + 3 + jdisp8 if !laddr24.bit = 0
mem?2.bit, $addr20 3 PC « PC + 3 + jdisp8 if mem2.bit = 0

Note This is used when the number of bytes is four. When five, it becomes PC « PC + 5 + jdisp8.
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Mnemonic Operand Bytes Operation Flags
S Z AC PNV CY
BT saddr.bit, $addr20 3/4 PC « PC + 3Note 1 idisp8 if (saddr.bit) = 1
sfr.bit, $addr20 4 PC « PC + 4 + jdisp8 if sfr.bit = 1
X.bit, $addr20 3 PC « PC + 3 + jdisp8 if X.bit = 1
A.bit, $addr20 3 PC « PC + 3 + jdisp8 if A.bit = 1
PSWL.bit, $addr20 3 PC « PC + 3 + jdisp8 if PSWL.bit = 1
PSWH.bit, $addr20 3 PC « PC + 3 + jdisp8 if PSWH.bit = 1
laddr16.bit, $addr20 6 PC « PC + 3 + jdisp8 if laddr16.bit = 1
Iladdr24.bit, $addr20 3 PC « PC + 3 + jdisp8 if !laddr24.bit = 1
mem?2.bit, $addr20 3 PC « PC + 3 + jdisp8 if mem2.bit = 1
BTCLR saddr.bit, $addr20 4/5 | {PC « PC + 4Note 2 | idisp8, (saddr.bit) « 0}
if (saddr.bit = 1)
sfr.bit, $addr20 4 {PC « PC + 4 + jdisp8, sfr.bit « 0} if sfr. bit = 1
X.bit, $addr20 3 {PC « PC + 3 + jdisp8, X.bit « 0} if X.bit = 1
A.bit, $addr20 3 {PC « PC + 3 + jdisp8, A.bit « 0} if A.bit = 1
PSWL.bit, $addr20 3 {PC « PC + 3 + jdisp8, PSWL.bit « 0} X X X X X
if PSWL.bit = 1
PSWH.bit, $addr20 3 {PC « PC + 3 + jdisp8, PSWH.bit « 0}
if PSWh.bit = 1
laddr16.bit, $addr20 6 {PC « PC + 3 + jdisp8, laddr16.bit « 0}
if laddr16.bit = 1
Iladdr24.bit, $addr20 3 {PC « PC + 3 + jdisp8, !laddr24.bit « 0}
if laddr24.bit = 1
mem?2.bit, $addr20 3 {PC « PC + 3 + jdisp8, mem2.bit « 0}

if mem2.bit = 1

Notes 1. This is used when the number of bytes is three. When four, it becomes PC « PC + 4 + jdisp8.

2. This is used when the number of bytes is four. When five, it becomes PC « PC + 5 + jdisp8.
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Mnemonic Operand Bytes Operation Flags
S Z AC PNV CY
BFSET saddr.bit, $addr20 4/5 | {PC « PC + 4Note 2 | idisp8, (saddr.bit) « 1}
if (saddr.bit = 0)
sfr.bit, $addr20 4 {PC « PC + 4 + jdisp8, sfr.bit « 1} if sfr. bit =0
X.bit, $addr20 3 | {PC « PC + 3 + jdisp8, X.bit « 1} if X.bit =0
A.bit, $addr20 3 | {PC « PC + 3 + jdisp8, A.bit « 1} if Abit=0
PSWL.bit, $addr20 3 {PC « PC + 3 + jdisp8, PSWL.bit « 1} X X X X X
if PSWL.bit =0
PSWH.bit, $addr20 3 {PC « PC + 3 + jdisp8, PSWh.bit « 1}
if PSWh.bit = 0
laddr16.bit, $addr20 6 | {PC « PC + 3 + jdisp8, laddr16.bit « 1}
if laddr16.bit = 0
lladdr24.bit, $addr20 3 | {PC « PC + 3 + jdisp8, !laddr24.bit « 1}
if laddr24.bit = 0
mem?2.bit, $addr20 3 {PC « PC + 3 + jdisp8, mem2.bit « 1}
if mem2.bit = 0
DBNZ B, $addr20 2 B« B-1,PC« PC+2+jdisp8ifB=0
C. $addr20 2 C«C-1,PC« PC+2+jdisp8if C#0
saddr, $addr20 3/4 (saddr) « (saddr) — 1,
PC « PC + 3Note 1, idisp8 if (saddr) = 0

Notes 1. This is used when the number of bytes is three. When four, it becomes PC « PC + 4 + jdisp8.
2. This is used when the number of bytes is four. When five, it becomes PC « PC + 5 + jdisp8.

(19) CPU control instructions: MOV, LOCATION, SEL, SWRS, NOP, El, DI

Mnemonic Operand Bytes Operation Flags
S Z AC PNV CY

MOV STBC, #byte 4 STBC « byte

WDM, #byte 4 | WDM « byte
LOCATION | locaddr 4 Specification of the higher word of the location

address of the SFR and internal data area

SEL RBn 2 RSS «~ 0, RBS2 -0 ¢« n

RBn, ALT 2 RSS «~ 1, RBS2 -0 ¢« n
SWRS 2 | RSS «RSS
NOP 1 No operation
El 1 IE < 1 (Enable interrupt)
DI 1 IE < 0 (Disable interrupt)
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(20) String instructions: MOVTBLW, MOVM, XCHM, MOVBK, XCHBK, CMPME, CMPMNE,
CMPMC, CMPMNC, CMPBKE, CMPBKNE, CMPBKC, CMPBKNC

Mnemonic Operand Bytes Operation Flags
S Z AC PNV CY
MOVTBLW | !addr8, byte 4 (addr8 + 2) « (addr8), byte « byte — 1,
addr8 « addr8 — 2 End if byte =0
MOVM [TDE+], A 2 (TDE) « A, TDE « TDE+1,C« C—-1EndifC=0
[TDE-], A 2 (TDE) « A, TDE «~ TDE-1,C« C-1EndifC=0
XCHM [TDE+], A 2 (TDE) &> A, TDE « TDE+1,C« C—-1EndifC=0
[TDE-], A 2 (TDE) <> A, TDE « TDE-1,C« C—-1EndifC=0
MOVBK [TDE+], [WHL+] 2 (TDE) « (WHL), TDE « TDE + 1,
WHL «WHL+1,C« C-1EndifC=0
[TDE-], [WHL-] 2 (TDE) « (WHL), TDE « TDE -1,
WHL < WHL-1,C« C-1EndifC=0
XCHBK [TDE+], [WHL+] 2 (TDE) <> (WHL), TDE « TDE + 1,
WHL «WHL+1,C« C-1EndifC=0
[TDE-], [WHL-] 2 (TDE) <> (WHL), TDE « TDE - 1,
WHL <« WHL-1,C« C-1EndifC=0
CMPME [TDE+], A 2 (TDE)-A, TDE« TDE+1,C« C-1EndifC=00rZ=0 | x x x V x
[TDE-], A 2 (TDE) - A, TDE« TDE-1,C« C-1EndifC=00rZ=0 | x x x V x
CMPMNE | [TDE+], A 2 (TDE)-A, TDE« TDE+1,C« C-1EndifC=00rZ=1 | x x x V x
[TDE-], A 2 (TDE)-A, TDE« TDE-1,C« C-1EndifC=00rZ=1 | x x x V x
CMPMC [TDE+], A 2 (TDE)-A, TDE«~ TDE+1,C« C-1EndifC=00rCY=0| x x x V x
[TDE-], A 2 (TDE)-A, TDE« TDE-1,C« C-1EndifC=00rCY=0| x x x V x
CMPMNC | [TDE+], A 2 (TDE)-A, TDE«~ TDE+1,C« C-1EndifC=00rCY=1| x x x V x
[TDE-], A 2 (TDE)-A, TDE« TDE-1,C« C-1EndifC=00rCY=1| x x x V x
CMPBKE | [TDE+], [WHL+] 2 (TDE) — (WHL), TDE « TDE + 1, x x x VX
WHL < WHL+1,C« C-1EndifC=00rZ=0
[TDE-], [WHL-] 2 (TDE) — (WHL), TDE « TDE -1, x x x VX
WHL <« WHL-1,C« C-1EndifC=00rZ=0
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Mnemonic Operand Bytes Operation Flags

S Z AC PN CY

CMPBKNE| [TDE+], [WHL+] 2 | (TDE) - (WHL), TDE « TDE + 1, x x x V x
WHL « WHL +1,C« C-1EndifC=0o0rZ=1

[TDE-], [WHL-] 2 | (TDE) - (WHL), TDE « TDE - 1, x x x V x
WHL « WHL-1,C « C-1EndifC=00rZ=1

CMPBKC | [TDE+], [WHL+] 2 | (TDE) - (WHL), TDE « TDE + 1, x x x V x
WHL « WHL +1,C« C-1EndifC=0o0rCY =0

[TDE-], [WHL-] 2 | (TDE) - (WHL), TDE « TDE - 1, x x x V x
WHL « WHL-1,C « C-1EndifC=00rCY =0

CMPBKNC | [TDE+], [WHL+] 2 | (TDE) - (WHL), TDE « TDE + 1, x x x V x
WHL « WHL + 1, C« C -1 End if C =0 or CY = 1

[TDE-], [WHL-] 2 | (TDE) - (WHL), TDE « TDE - 1, x x x V x
WHL « WHL—1,C « C -1 Endif C=0or CY =1
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20.3 Lists of Addressing Instructions

(1) 8-bit instructions (values in parentheses are combined to express the A description as r.)
MOV, XCH, ADD, ADDC, SUB, SUBC, AND OR XOR, CMP, MULU, DIVUW, INC, DEC, ROR, ROL, RORC,
ROLC, SHR, SHL, ROR4, ROL4, DBNZ, PUSH, POP, MOVM, XCHM, CMPME, CMPMNE, CMPMNC, CMPMC,
MOVBK, XCHBK, CMPBKE, CMPBKNE, CMPBKNC, CMPBKC

Table 20-1. 8-Bit Addressing Instructions

Second | #byte A r saddr sfr laddr16 | mem r3 [WHL+] n NoneMote 2
operand r saddr' lladdr24 | [saddrp] PSWL [WHL-]
First operand [Yosaddrg] PSWH
A (MOV) (MOV) MOV (MOV)Note & | MOV (MOV) MOV MOV (MOV)
ADDNete T | (XCH) XCH (XCH)Nete 8 | (XCH) (XCH) XCH (XCH)
(ADD)NOIH (ADD)NOIH (ADD)NolesLS (ADD)Nole1 ADDNole1 ADDNole1 (ADD)NOIH
r MoV (MOV) MOV MOV MOV MOV RORNete3 | MULU
ADDNote 1| (XCH) XCH XCH XCH XCH DIVUW
(ADD)Nole1 ADDNole1 ADDNole1 ADDNole1 INC
DEC
saddr MOV (MOV)Note & | MOV MOV INC
ApDNete | (App)Note T | AppNote 1| XCH DEC
ADDNote 1 DBNZ
sfr MOV MOV MOV PUSH
ADDNole 1 (ADD)Nole 1 ADDNole 1 POP
laddr16 MOV MOV MOV
lladdr24 ADDNote 1
mem MOV
[saddrp] ADDNote 1
[Yosaddrg]
mem3 ROR4
ROL4
r3 MOV MOV
PSWL
PSWH
B,C DBNZ
STBC, WDM MOV
[TDE+] (MOV) MOVBKNote 5
[TDE-] (ADD)Note 1
MOVMNOle4
Notes 1. ADDC, SUB, SUBC, AND, OR, XOR, and CMP are identical to ADD.
2. There is no second operand, or the second operand is not an operand address.
3. ROL, RORC, ROLC, SHR, and SHL are identical to ROR.
4. XCHM, CMPME, CMPMNE, CMPMNC, and CMPMC are identical to MOVM.
5. XCHBK, CMPBKE, CMPBKNE, CMPBKNC, and CMPBKC are identical to MOVBK.
6. When saddr is saddr2 in this combination, the instruction has a short code length.
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(2) 16-bit instructions (values in parentheses are combined to express AX description as rp.)
MOVM, XCHW, ADDW, SUBW, CMPW, MULUW, MULW, DIVUX, INCW, DECW, SHRW, SHLW, PUSH, POP,

ADDWG, SUBWG, PUSHU, POPU, MOVTBLW, MACW, MACSW, SACW

Table 20-2. 16-bit Addressing Instructions

Second | #word AX P saddrp sfrp laddr16 | mem [WHL+] byte n Nonelote2
operand p' saddrp' lladdr24 | [saddrp]
First operand [Yosaddrg]
AX (MOVW) | (MOVW) | (MOVW) | (MOVWMNeted | MOVW | (MOVW) |MOVW | (MOVW)
ADDWNete ! | (XCHW) | (XCHW) | (XCHWNe!e3 | (XCHW) | XCHW | XCHW | (XCHW)
(ADD)No!ei (ADDW)No!eI (ADDW)NulesH (ADDW)No!eI
P MOVW  [(MOVW) |MOVW |MOVW |MOVW | MOVW SHRW MULWNote 4
ADDWNote1 | (XCHW) | XCHW XCHW XCHW SHLW INCW
(ADDW)No!e1 ADDwNole1 ADDwNole1 ADDwNole1 DECW
saddrp MOVW | (MOVW)Ne!e3 | MOVW | MOVW INCW
ADDWNete T | (ApDw)Nete ! | ApDwNete | XCHW DECW
ADDwNole1
sfrp MOVW  |MOVW | MOVW PUSH
ADDWNote 1| (ApDw)Nete ! | (ApDW)Nete ! POP
laddr16 MOVW | (MOVW) |MOVW MOVTBLW
lladdr24
mem MOVW
[saddrp]
[Yosaddrg]
PSW PUSH
POP
SP ADDWG
SUBWG
post PUSH
POP
PUSHU
POPU
[TDE+] (MOVW) SACW
byte MACW
MACSW
Notes 1. SUBW and CMPW are identical to ADDW.
2. There is no second operand, or the second operand is not an operand address.
3. When saddrp is saddrp2 in this combination, this is a short code length instruction.
4. MULUW and DIVUX are identical to MULW.
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(3) 24-bit instructions (values in parentheses are combined to express WHL description as rg.)

MOVG, ADDG, SUBG, INCG, DECG, PUSH, POP

Table 20-3. 24-bit Addressing Instructions

Second #imm24 WHL rg saddrg lladdr24 mem1 [%saddrg] SP NoneNote
operand rg’
First operand
WHL (MOVG) (MOVG) (MOVG) (MOVG) (MOVG) MOVG MOVG MOVG
(ADDG) (ADDG) (ADDG) ADDG
(SUBG) (SUBG) (SUBG) SUBG
rg MOVG (MOVG) | MOVG MOVG MOVG INCG
ADDG (ADDG) ADDG DECG
SUBG (SUBG) SUBG PUSH
POP
saddrg (MOVG) MOVG
lladdr24 (MOVG) | MOVG
mem1 MOVG
[%saddrg] MOVG
SP MOVG MOVG INCG
DECG
Note There is no second operand, or the second operand is not an operand address.
(4) Bit manipulation instructions
MOV1, AND1, OR1, XOR1, SET1, CLR1, NOT1, BT, BF, BTCLR, BFSET
Table 20-4. Bit Manipulation Instruction Addressing Instructions
Second cY saddr.bit  sfr.bit /saddr.bit /sfr.bit NoneNote
operand A.bit  X.bit /A.bit  /X.bit
PSWL.bit PSWH.bit /PSWL.bit /PSWH.bit
mem2.bit /mem?2.bit
laddr16.bit /laddr16.bit
First operand laddr24.bit /Naddr24.bit
CcY MOVA1 AND1 NOT1
AND1 OR1 SETH
OR1 CLR1
XOR1
saddr.bit MOVA1 NOT1
sfr.bit SETH
A.bit CLR1
X.bit BF
PSWL.bit BT
PSWH.bit BTCLR
mem2.bit BFSET
laddr16.bit
laddr24.bit
Note There is no second operand, or the second operand is not an operand address.
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(5) Call return instructions and branch instructions
CALL, CALLF, CALLT, BRK, RET, RETI, RETB, RETCS, RETCSB, BRKCS, BR, BNZ, BNE, BZ, BE, BNC, BNL,
BC, BL, BNV, BPO, BV, BPE, BP, BN, BLT, BGE, BLE, BGT, BNH, BH, BF, BT, BTCLR, BFSET, DBNZ

Table 20-5. Call Return Instructions and Branch Instruction Addressing Instructions

Instruction Address Operand $addr20 |$'addr20 | laddr16 | lladdr20 p rg [rp] [rg] laddr11 | [addr5] RBn None
Basic instructions BCNote | CALL CALL CALL CALL CALL CALL CALL CALLF |CALLT |BRKCS |BRK
BR BR BR BR BR BR BR BR RET
RETCS RET!
RETCSB RETB
Composite instructions BF
BT
BTCLR
BFSET
DBNZ

Note BNZ, BNE, BZ, BE, BNC, BNL, BL, BNV, BPO, BV, BPE, BP, BN, BLT, BGE, BLE, BGT, BNH, and BH are
identical to BC.

(6) Other instructions
ADJBA, ADJBS, CVTBW, LOCATION, SEL, NOT, El, DI, SWRS
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Absolute Maximum Ratings (Ta = 25°C)
Parameter Symbol Conditions Ratings Unit
Supply voltage Vob -0.3to +6.5 \%
Vep UPD78F4976A only -0.3to +10.5 \%
AVioaD Voo - 40 to Voo + 0.3 \%
AVop -0.3 to Voo + 0.3 \%
AVss -0.3to +0.3 \%
Input voltage Vie Ports O,ﬂr than analog input pin), ports 2, 4, 6, -0.3to Voo + 0.3 \%
X1, X2, RESET
Viz Port 5 N-ch open drain -0.3 to +13
N-ch open drain, -0.3to Vop + 0.3 \%
with mask option
(uPD784975A only)
Vis Ports 7, 8, 9 P-ch open drain Voo — 40 to Voo + 0.3 \%
Analog input voltage | Van ANIO to ANI11 (when used as analog input pin) AVss - 0.3 to AVop + 0.3 \%
Qutput voltage Vo1 Total of all pins of ports 2, 4to 6 -0.3to Vop + 0.3 \%
Vob Total of all pins of ports 7 to 10, | P-ch open drain Voo — 40 to Voo + 0.3 \%
FIPO to FIP15
Output current, low lou Per pin (ports 2, 6) 10 mA
Per pin (ports 4, 5) 20 mA
Total of all pins of ports 2, 4, 5, 6 200 mA
Output current, high | lon Per pin (ports 2, 4, 6) -10 mA
Total of all pins of ports 2, 4, 6 -30 mA
Per pin (FIPO to FIP15) -15 mA
Per pin (FIP16 to FIP47) -5 mA
Total of all pins of FIPO to FIP47 -225 mA
Total power P Ta = -40 to +60°C 800 mw
dissipation Ta = +85°C 600 mw
Operating ambient Ta -40 to +85 °C
temperature
Storage temperature | Tstg HPD784975A —65 to +150 °C
UPD78F4976A —65 to +125 °C

Caution Product quality may suffer if the absolute maximum rating is exceeded even momentarily for any
parameter. That is, the absolute maximum ratings are rated values at which the product is on
theverge of suffering physical damage, and thereforethe product must be used under conditions

that ensure that the absolute maximum ratings are not exceeded.

Remarks 1.

port pins.

2. Referto14.7 Calculation of Total Power Dissipation for details of how to calculate the total power

dissipation.
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Operating Conditions

e Clock frequency

Clock Frequency Supply Voltage

4 MHz < fxx £ 12.5 MHz 45V <Vopb<55V

e Operating ambient temperature (Ta): —40 to +85°C
e Power supply voltage and clock cycle time: Refer to Figure 21-1
o fxx: Main system clock frequency

Figure 21-1. Power Supply Voltage and Clock Cycle Time

10,000
4,000 1/16 of fxx = 4 MHz
= 2,000
k=
¥ Guaranteed
= operating
g range
= 1,000
o
o
&
X
[$]
ie]
© 500
100
SOl e ] ] tE bR R R R bbbl b fxx = 12.5 MHz undivided
0
0 1 2 3 4 5 6
Power Supply Voltage [V]
Capacitance (Ta = 25°C, Vob = Vss = 0 V)

Parameter Symbol Conditions MIN. | TYP.| MAX.| Unit
Input capacitance Cin fxx =1 MHz Ports 0, 1 15 pF
Output capacitance | Cour Unmeasured pins retuned to 0 V. Iport 10, FIPO to FIP15 35 | pF
I/0O capacitance Cio Ports 2, 4, 6 15 pF

Port 5 20 pF
Ports 7, 8, 9 35 pF
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Main System Clock Oscillator Characteristics (Ta = —40 to +85°C)

Resonator Recommended Circuit Parameter Symbol| Conditions MIN. | TYP. | MAX.| Unit
Ceramic Oscillation fx 4 12.5 | MHz
resonator or frequency
crystal Vst X1 X2
resonator ‘ ‘{—{D}{ Oscillation fsx | When reset is 219/fxx ns

o1 co stabilization timeNote released
—L'j 3 When STOP mode Note ns
ffffffffffffffff is released
e
External Oscillation fx ENMP =0 8 25 MHz
clock frequency ENMP = 1 4 12.5 | MHz
X1 X2 Oscillation fsx | When reset is 219/fxx ns
D stabilization timeNote released
HOMOS When STOP mode Note ns
inverter is released
Input high-/low-level twxH, 18 125 ns
width twxL
Input rising/falling time| txr, 0 5 ns
txF

Note The oscillation stabilization time is the time required for oscillation to stabilize after power (Vob) application.

Caution 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.

Remarks 1.

Keep the wiring length as short as possible.

Do not cross the wiring with other signal lines.

Do not route the wiring near a signal line through which a high fluctuating current flows.
Always make the ground point of the oscillator capacitor the same potential as Vssi.

Do not ground the capacitor to a ground pattern through which a high current flows.

Do not fetch signals from the oscillator.

fx:  Main system clock oscillation frequency

fxx: Main system clock frequency

For the resonator selection and oscillator constant, customers are requested to either evaluate the
oscillation themselves or apply to the resonator manufacturer for evaluation.
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DC Characteristics (Ta = —40 to +85°C, Vob = AVop = 4.5 to 5.5 V, Vss = AVss = 0 V) (1/3)

Parameter Symbol Conditions MIN. TYP.| MAX.| Unit
Input voltage, low ViLt P00 to P03, P10 to P17, P26, P40 to P47, P61 0 0.3Vop| V
Viee P20, P63 to P67, X1, X2, RESET 0 0.2Voo| V
Vi P25, P27, ps5Note 1 p57Note 1 pgo pg2 0 0Voo +04  V
ViLa P50 to P57 (N-ch open drain) 0 0.3Voo| V
Viis P70 to P77, P80 to P87, P90 to P97 (P-ch open drain) Vopo — 35 0.3Voo| V
Input voltage, high Vin1 P00 to P03, P10 to P17, P26, P40 to P47, P61 0.7Vop Vob \Y
Vire P20, P63 to P67, X1, X2, RESET 0.8Voo Voo | V
Vins P25, P27, ps5Note 1 p57Note 1 pgo pg2 0.3Voo +0.7 Voo \%
ViHa P50 to P57 (N-ch open drain) 0.7Voo 12 \"
Vims P70 to P77, P80 to P87, P90 to P97 (P-ch open drain) 0.7Voo Voo \"
Output voltage, low VoLt lo. = 1.6 mA| P20, P25 to P27, P60 to P67 0.4 \'
VoLz2 lo. = 10 mA | P40 to P47 1.5 \Y
VoLs loo =15 mA | P50 to P57 2.0 \Y
Output voltage, high | Vons lon = -1 mA Voo — 1.0 Vv
Vorz lon = -100 pA Voo — 0.5 \
Input leakage ILiLt Vi=0V For pins other than P50 to P57, P70 to -10 UA
current, low P77, P80 to P87, P90 to P97, X1, and X2
I X1, X2 -20 UA
lus P50 to P57 —1oNote2) A
ILiLa Vi=-35V |P70to P77, P80 to P87, P90 to P97 -10 UA
Input leakage ILiH Vi = Voo For pins other than P50 to P57, P70 to 10 UA
current, high P77, P80 to P87, P90 to P97, X1, and X2
ILiH2 X1, X2 20 UA
ILitg Vi=12V P50 to P57 10 UA
ILIHa Vi = Vop P70 to P77, P80 to P87, P90 to P97 10 UA
Output leakage ILoLt Vo=0V -10 UuA
current, lowNote 31} Vo = Voo =| P70 to P77, P8O to P87, P90 to P97, 10 | uA
-35V P100 to P107, FIPO to FIP15
Output leakage ILoH1 Vo = Vop 10 UA
current, highNote 3 1, Vo=12V |P50 to P57 10 | uA

Notes 1. High-level and low-level input voltages for P55 and P57 apply to Vitz and Viws only when SI02 is used.
They are Vina and ViLs when the port is used.

2. When pull-up resistors are not connected to P50 to P57 (specified by a mask option), a low-level input

leakage current of —200 uA (MAX.) flows for only 2 clocks after a read instruction has been executed
to port 5 (P50 to P57). At times other than this 2-clock interval, a —10 uA (MAX.) current flows.
3. The current flowing to on-chip pull-up and pull-down resistors is not included.

Remark
pins.
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DC Characteristics (Ta = —40 to +85°C, Voo = AVop = 4.5 to 5.5 V, Vss = AVss = 0 V) (2/3)

Parameter Symbol Conditions MIN. | TYP.| MAX.| Unit
VFD output current lop Voo = Vob — 2 V FIPO to FIP15 -10 | mA
FIP16 to FIP47 -3 mA
Vob power supply Iop1 Operating mode uDP784975A 15 35 mA
currentote IDP78F4976A 20 | 40 | mA
Iop2 HALT mode uDP784975A 7 18 mA
uDP78F4976A 8 20 mA
Ibps IDLE mode When watch timer operation 1 2.5 mA
stops
IDLE mode When watch timer operates 1.5 3.5 mA
Data retention VoDDR STOP mode 2.5 5.5 \
voltage
Data retention power| looor STOP mode Voo =25V 2 10 UA
supply currenthote Voo = 4.5t0 55V 10 | 50 | uA
Software pull-up R1 Vi=0V P20, P25 to P27, P40 to P47,| 10 30 100 kQ
resistor P60 to P67
On-chip mask option | Rz P50 to P57 20 40 90 kQ
pull-up resistor
(uPD784975A only)

Note The current flowing to ports, the VFD output pin, software pull-up resistors and on-chip pull-down resistors
(specified by a mask option) is not included.

Remark Unless otherwise specified, the characteristics of alternate-function pins are the same as those of port
pins.
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DC Characteristics (Ta = =40 to +85°C, Voo = AVob = 4.5t0 5.5V, Vss = AVss = 0 V) (3/3)

Parameter Symbol Conditions MIN. | TYP. | MAX.| Unit
On-chip pull-down Rso Vop = Vioap = 35 V FIPO to FIP15 30 90 230 kQ
resistorNote 1 Ta = —40 to +85°C

Vobp — Viwoap = 35V, 50 90 165 kQ
Ta =20 to 40°C
RaiNote 2 | Vop — Vioap = 35 V 25 50 130 kQ
On-chip mask-option | Rao Vop = Vioap = 35 V FIP16 to FIP47 30 90 230 kQ
pull-up resistor Ta = -40 to +85°C
(uPD784975A only) Voo — Vioso = 35V, 50 | 90 | 165 | kQ

Ta = 20 to +40°C

Ra1 Vobp — Vioap = 35V 25 50 130 kQ

Notes 1. The values for on-chip pull-down resistors (Rso and Rs1) and on-chip mask-option pull-down resistors
(R40 and R41) can be selected according to the following conditions.

Part Number Conditions On-Chip Pull-Down | On-Chip Mask-
With/Without Option Resistor ValueNote 1 ResistorNote 2 Option Pull-Down
Resistor ResistorNote 3
UPD78F4976A - - R3o0 No
UPD784975A Without 90 kQ (TYP.) Rao No
50 kQ (TYP.) Rat
With 90 kQ (TYP.) Rso Rao0
50 kQ (TYP.) Rs1 Ra1

Notes 1. The mixed use of resistor values is not possible for both on-chip pull-down resistors and
on-chip mask-option pull-down resistors.

2. The resistor value selected for all of pins FIPO to FIP15 is connected as an on-chip pull-
down resistor regardless of the use of the option resistor.

3. The use of the option resistor of the on-chip mask-option pull-down resistor can be specified
in 1-bit units. The selected resistor value is connected to bits for which the use of the option
resistor is specified.

2. The pPD784975A only

Remark Unless otherwise specified, the characteristics of alternate-function pins are the same as those of port
pins.
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AC Characteristics (Ta = —-40 to +85°C, Vopo = AVop = 4.5 to 5.5 V, Vss = AVss = 0 V)

(1) Basic operation

Parameter Symbol Conditions MIN. | TYP.| MAX.| Unit

System clock cycle | tevk 80 ns
time

(2) External interrupt/reset timing

Parameter Symbol Conditions MIN. | TYP.| MAX.| Unit
INTPn low-level twiTe 10 us
width
INTPn high-level twith 10 us
width
RESET low-level twrsL 10 us
width
RESET high-level twrsH 10 us
width

Remark n=0to 2
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(3) Serial operation (Ta = -40 to +85°C, Voo = AVob =4.5t0 5.5V, Vss = AVss =0 V)

(a) 3-wire serial 1/0 mode (SCKn: Internal clock output)

Parameter Symbol Conditions MIN. | TYP. | MAX.| Unit
SCKn cycle time tkeva Fastest setting by CSIMn: fxx/8 (fxx = 12.5 MHz) 640 ns
SCKn low-level width| tkL1 tkev1/2 = 50 270 ns
SCKn high-level tkH1 tkev1/2 = 50 270 ns
width
Sin setup time tsika 70 ns
(to SCKn 1)

Sin hols time tksia 80 ns
(from SCKn 1)

Delay time from tkso1 80 ns
SCKn | to SOn

output

Remark n=0or1

(b) 3-wire serial /O mode (SCKn: External clock input)

Parameter Symbol Conditions MIN. | TYP. | MAX.| Unit
SCKn cycle time tkev2 640 ns
SCKn low-level width| tki2 tkev2/2 = 50 270 ns
SCKn high-level tkH2 tkev2/2 = 50 270 ns
width
Sin setup time tsik2 70 ns
(to SCKn 1)

SIn hols time tksi2 80 ns
(from SCKn 1)

Delay time from tkso2 80 ns
SCKn | to SOn

output

Remark n=0or1

Caution The SCK2 pin of serial interface 2 (SI02) is an N-ch open drain pin. Therefore, if internal clock
output is selected, the clock output from the pin is not a waveform with 50% duty. The values
setto bit 1 (SCL21) and bit 0 (SCL20) of serial operation mode register 2 (CSIM2) are the possible
clocksassuming thata10kQ pull-up resistor is connected with operation at fxx =4.194 MHz. Even
if the clock set by the SCL21 and SCL20 bits of the CSIM2 register is selected, it may not operate
correctly in conditions other than above, and depending on the board wiring capacitance, etc.
Be sure to evaluate the operation before use.

(c) UART mode

Parameter Symbol Conditions MIN. | TYP. | MAX.| Unit
ASCKO cycle time tkeys 417 ns
ASCKO low-level width | tks 208 ns
ASCKO high-level tkH3 208 ns
width
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A/D Converter Characteristics (Ta = —40 to +85°C, Voo = AVop = 4.5 t0 5.5 V, Vss = AVss = 0 V)

Parameter Symbol Conditions MIN. | TYP.| MAX.| Unit
Resolution 8 8 8 bit
Overall errorNotes 1, 2 +10 |%FSR
Conversion tconv 14 us
timeNote 3
Analog input voltage | Vian AVss AVop | us
Resistance between | Rrer When A/D converter is not operating 21.4 kQ

AVop and AVssNote 4

AVop power supply Alpp1 Operation mode 1 3 mA
current Alopz HALT mode 1 3 | mA

Alops IDLE modeNote 5 10 50 UA
A/D converter data | Alooor STOP modeNote 5 AVoooR = 2.5 V 2 10 | uwA

retention power

AVooor = 4.5t0 5.5V 10 50 UA
supply current

Notes 1. Quantization error (£1/2 LSB) is not included.

Overall error is indicated as a ratio to the full-scale value.

Set the value so that the A/D conversion time is 14 us or longer.

This is the resistor value for the series resistor string only.

Stop the A/D conversion operation (by setting bit 7 (ADCS) of the A/D converter mode register (ADM)
to 0) before setting IDLE or STOP mode; otherwise the above specifications are not guaranteed.

oW N
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CHAPTER 21 ELECTRICAL SPECIFICATIONS

Flash Memory Programming Characteristics (UPD78F4976A only)
(TA =10 to 40°C, Vop = AVop =4.5t0 5.5V, Vss = AVss =0V, Vep = 9.7 to 10.3 V) (1/2)

(1) Basic characteristics

Parameter Symbol Conditions MIN. | TYP. | MAX.| Unit
Operating frequency | fxx 4 12.5 | MHz
Oscillation fx Other than handshake mode 8 25 MHz
frequencyNote Handshake mode 4 12.5 | MHz
Power supply voltage | Voo 4.5 5.5

VepL When detecting Ver low level 0 0.2Vop

Vep When detecting Ver high level 0.9Vop 1.1Vop

VepH When detecting Ve high voltage 9.7 10 10.3
Operating Ta -40 85 °C
temperature
Storage temperature | Tstg -65 125 °C
Programming Trro 10 40 °C
temperature

Note Use the ceramic or crystal resonator at fx = 4 to 12.5 MHz.

Remarks 1. After executing the program command, execute the verify command to confirm that the write
operation has been completed normally.
2. Handshake mode is the CSI write mode that uses P20. Handshake mode can be used with the PG-
FR3 and FL-PR3.
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CHAPTER 21 ELECTRICAL SPECIFICATIONS

Flash Memory Programming Characteristics (UPD78F4976A only)
(TA =10 to 40°C, Vop = AVop =4.5t0 5.5V, Vss = AVss =0V, Vep = 9.7 to 10.3 V) (2/2)

(2) Write erase characteristics

Parameter Symbol Conditions MIN. | TYP. | MAX.| Unit
Vep power supply Vrp2 During flash memory programming 9.7 | 10.0 | 10.3 \%
voltage
Vob power lop When Vep = Vpez, fxx = 12.5 MHz 40 mA
supply current
Vep power lpp When Vep = Vpe2 100 | mA
supply current
Step erase time Ter Note 1 0.2 s
Overall erase Tera When step erase time = 0.2 sNote 2 20 |s/area
time per area
Write-back time Twb Note 3 50 ms
Number of write- Cub When write-back time = 50 msNote 4 60 |times/
backs per write-back write-
command back
com-
mand
Number of erase/ Cerwb 16 | times
write-backs
Step write time Twr Note 5 50 us
Overall write time Tww When step write time = 50 us (1 word = 1 byte)Note 6 50 500 us/
per word word
Number of rewrites | Cerwr 1 erase + 1 write after erase = 1 rewriteNote 7 20Note 8 times/
per area area
Notes 1. The recommend setting value for the step erase time is 0.2 s.
2. The rewrite time before erasure and the erase verify time (write-back time) is not included.
3. The recommended setting value for the write-back time is 50 ms.
4. Write-back is executed once by the issuance of the write-back command. Therefore, the retry times
must be the maximum value minus the number of commands issued.
5. Recommended value of the step write time is 50 us.
6. The actual write time per word is 100 us longer. The internal verify time during or after a write is not
included.
7. When a product is first written after shipment, “erase - write” and “write only” are both taken as one
rewrite.
Example P: Write, E: Erase
Shipped product - P - E - P - E - P:3rewrites
Shipped product - E -~ P -~ E - P - E - P: 3 rewrites
8. The operation when rewriting is performed more than 20 times cannot be guaranteed.
Remarks 1. The range of the operating clock during flash memory programming is the same as the range during

normal operation.

2. When using the PG-FP3 or FL-PR3, the time parameters that need to be downloaded from the
parameter files for write/erase are automatically set. Unless otherwise directed, do not change the
set values.
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CHAPTER 21 ELECTRICAL SPECIFICATIONS

Data Retention Characteristics (Ta = —40 to +85°C, Voo = AVop = 4.5 to 5.5 V, Vss = AVss = 0 V)

Parameter Symbol Conditions MIN. | TYP.| MAX.| Unit
Data retention VoooR 2.5 5.5 \"
voltage
Data retention Iobpr Voo =2.5V 2 10 UA
power supply current 45V <Vop<55V 10 50 A
Vop rise time trvD 200 us
Voo fall time tFvD 200 us
Voo hold power tHvD 0 ms

supply voltage (from
STOP mode setting)

STOP release signal | toreL 0 ms
input time

Oscillation twarr Crystal resonator 30 ms
stabilization wait time Ceramic resonator 5 ms
Data retention low- ViLor All input ports 0 0.1Vooor|  V
level input voltage

Data retention high- | ViHor All input ports 0.9Vooor Vooor| V

level input voltage
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CHAPTER 21 ELECTRICAL SPECIFICATIONS

AC Timing Test Points

ViH ViH
:  Test points
Vi Vi

Clock Timing

X1

Interrupt Input Timing

INTPO to INTP2

Reset Input Timing

RESET

twxH

twxi

txF

1/fx

twitH

twitL

twRsH

twRsL
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CHAPTER 21 ELECTRICAL SPECIFICATIONS

Serial Operation

(1) 3-wire serial /0 mode

tkev1, 2

kL1, 2 tkH1, 2

l
SCKn \

[«—1siK1, 2 —a—tKsI1, 2]

Sin Input data

tkso1, 2

SOn Output data ><

Remark n=0or1

(2) UART mode

ASCKO
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CHAPTER 21 ELECTRICAL SPECIFICATIONS

Data Retention Characteristics

STOP mode setting

tHvo | trvd \&7
T

T
trvD

tDREL:

ﬂeset timing

twarT

RESET
(Cleared by

‘ o VIHDR A
reset input)
INTPO to INTP2 \\ /
(Cleared by ViHDR
_ N—— A
falling edge)
INTPO to INTP2
(Cleared by
rising edge) ViLDR
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CHAPTER 22 PACKAGE DRAWINGS

100-PIN PLASTIC QFP (14x20)

A
B
R R
AT EMRTRE AR AT AT
—/80 [\ U .
—81 50—/ detail of lead end
| e —  ——
—T— ——
| e —  —— *S
| e —  ——
—— = ]
e + BE= CD
—r—  —— ¥ 7'/\
== == ‘o 'R
—— O ==
| e —  ——
==100 ;lf
|
R LG ER A ARRCARY
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
C 14.0+0.2
D 17.60.4
F 0.8
G 0.6
H 0.30+0.10
I 0.15
J 0.65 (T.P.)
K 1.8+0.2
L 0.8+0.2
Mo 01535
N 0.10
P 2.720.1
Q 0.10.1
R 5°+5°
S 3.0 MAX.

P100GF-65-3BA1-4

Remark The external dimensions and material of the ES version are the same as those of the mass-produced
version.
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CHAPTER 23 RECOMMENDED SOLDERING CONDITIONS

The uPD784975A should be soldered and mounted under the following recommended conditions.

For details of the recommended soldering conditions, refer to the document Semiconductor Device Mounting
Technology Manual (C10535E).

For soldering methods and conditions other than those recommended below, contact an NEC sales representative.

Remark The recommended soldering conditions for the uPD78F4976A are undetermined.

Table 23-1. Surface Mounting Type Soldering Conditions

PD784975AGF-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. (at 210°C or higher), IR35-00-2
Count: Two times or less

VPS Package peak temperature: 215°C, Time: 40 seconds max. (at 200°C or higher), VP15-00-2
Count: Two times or less

Wave soldering | Solder bath temperature: 260°C max., Time: 10 seconds max., Count: Once, WS60-00-1
Preheating temperature: 120°C max. (package surface temperature)

Partial heating Pin temperature: 300°C max., Time: 3 seconds max. (per pin row) -

Caution Do not use different soldering methods together (except for partial heating).
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APPENDIX A DEVELOPMENT TOOLS

The configurations of the development tools necessary for developing the systems that use the uPD784976A
Subseries products are shown in the following pages.

¢ Regarding the PC98-NX series
Unless otherwise specified, products supported by IBM PC/AT™ compatibles can also be used in the PC98-
NX series. When using the PC98-NX series, refer to the explanation of IBM PC/AT compatibles.

* Regarding Windows
Unless otherwise specified, “Windows” indicates the following OSs.
- Windows 95, 98, 2000
- Windows NT™ Ver. 4.0
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APPENDIX A DEVELOPMENT TOOLS

Language processing software

]

Figure A-1. Development Tool Configuration

* Assembler package
* C compiler package
¢ C library source file
* Device file

Debugging tools
D * System simulator
* Integrated debugger
* Device file
] ]

Embedded software

D ¢ Real-time OS
*0S

Host machine (PC)

Interface adapter,
PC card interface, etc.

Flash memory

write environment

In-circuit emulator

Flash programmer
Emulation board

Power supply unit

Flash memory
write adapter

| Emulation probe

On-chip flash
memory version

Conversion socket or
conversion adapter

Target system
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APPENDIX A DEVELOPMENT TOOLS

A.1 Language Processing Software

SP78K4
78K/IV Series software package

This is a software package that includes the development tools common to the 78K/
IV Series.

Part number: uSxxxxSP78K4

RA78K4
Assembler package

This assembler converts programs written in mnemonics into object codes executable
with a microcontroller.

Further, this assembler is provided with functions capable of automatically creating
symbol tables and branch instruction optimization.

This assembler should be used in combination with an optional device file
(DF784976).

<Caution when using RA78K4 in PC environment>

This assembler package is a DOS-based application. It can also be used in Windows,
however, by using the Project Manager (included in assembler package) in Windows.

Part number: uSxxxxRA78K4

CC78K4
C compiler package

This compiler converts programs written in C language into object codes executable
with a microcontroller.

This compiler should be used in combination with an optional assembler package and
device file.

<Caution when using CC78K4 in PC environment>

This C compiler package is a DOS-based application. It can also be used in Win-
dows, however, by using the Project Manager (included in assembler package) in
Windows.

Part number: uSxxxxCC78K4

C library source file

DF78497gNote This file contains information peculiar to the device.

Device file This device file should be used in combination with an optional tool (RA78K4,
CC78K4, SM78K4, and ID78K4-NS).
Corresponding OSs and host machines differ depending on the tool to be used.
Part number: uSxxxxDF784976

CC78K4-L This is a source file of the functions that configure the object library included in the C

compiler package.

This file is required in order to match the object library included in C compiler
package to the customer’s specifications.

The operating environment does not depend on the OS because this is a source file.

Part number: uSxxxxCC78K4-L

Note The DF784976 can be used in common with the RA78K4, CC78K4, SM78K4, and ID78K4-NS.
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APPENDIX A DEVELOPMENT TOOLS

Remark xxxx in the part number differs depending on the host machine and OS used.

USxxxxSP78K4

XXXX Host Machine

0Ss

Supply Medium

AB17 PC-9800 series,
BB17 IBM PC/AT or compatibles

Windows (Japanese version)

Windows (English version)

CD-ROM

USxxxxRA78K4
uSxxxxCC78K4

XXXX Host Machine

oS

Supply Medium

AB13 PC-9800 series,
BB13 IBM PC/AT or compatibles

AB17

BB17

Windows (Japanese version)

Windows (English version)

3.5-inch 2HD FD

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

USxxxxDF784976
USxxxxCC78K4-L

XXXX Host Machine

0Ss

Supply Medium

AB13 PC-9800 series,
BB13 IBM PC/AT or compatibles

Windows (Japanese version)

Windows (English version)

3.5-inch 2HD FD

3P16 HP9000 series 700

HP-UX (Rel. 10.10)

DAT

3K13 SPARCstation

3K15

SunOS (Rel. 4.1.4),
Solaris (Rel. 2.5.1)

3.5-inch 2HD FD

1/4-inch CGMT

A.2 Flash Memory Writing Tools

Flash Programmer

Flashpro Ill (part number: FL-PR3, PG-FP3) | Flash programmer dedicated to microcontrollers with on-chip flash memory.

Flash Memory Writing Adapter

FA-100GF Flash memory writing adapter used connected to the Flashpro IlI.
* FA-100GF: 100-pin plastic QFP (GF-3BA type)

Remark FL-PR3 and FA-100GF are products made by Naito Densei Machida Mfg. Co., Ltd.
Phone: +8-45-475-4191 Naito Densei Machida Mfg. Co., Ltd.
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APPENDIX A DEVELOPMENT TOOLS

A.3 Debugging Tools

* A.3.1 Hardware

IE-78K4-NS The in-circuit emulator serves to debug hardware and software when developing
In-circuit emulator application systems using a 78K/IV Series product. It supports integrated debugger
(ID78K4-NS). This emulator should be used in combination with power supply unit,
emulation probe, and interface adapter which is required to connect this emulator to
the host machine.
IE-70000-MC-PS-B This adapter is used for supplying power from a receptacle of 100 to 240 V AC.
Power supply unit
IE-70000-98-1F-C This adapter is required when using the PC-9800 series computer (except notebook
Interface adapter type) as the IE-78K4-NS host machine (supporting C bus).
IE-70000-CD-IF-A These PC card and interface cable are required when using a notebook-type PC as
PC card interface the IE-78K4-NS host machine (supporting PCMCIA socket).
IE-70000-PC-IF-C This adapter is required when using the IBM PC/AT compatible computers as the
Interface adapter IE-78K4-NS host machine (supporting ISA bus).
IE-70000-PCI-IF-A This adapter is required when using a personal computer provided with a PCI bus as
Interface adapter the IE-78K4-NS host machine.
IE-784976-NS-EM1 This board emulates the operations of the peripheral hardware peculiar to a device.
Emulation board It should be used in combination with an in-circuit emulator.
NP-100GF This probe is used to connect the in-circuit emulator to the target system and is
Emulation probe designed for 100-pin plastic QFP (GF-3BA type).
EV-9200GF-100 This conversion socket connects the NP-100GF to the target system board
Conversion socket designed to mount a 100-pin plastic QFP (GF-3BA type).
(Refer to Figures
A-5 and A-6)
NP-100GF-TQ This probe is used to connect the in-circuit emulator to the target system and is
Emulation probe designed for 100-pin plastic QFP (GF-3BA type).
TGF-100RBP This conversion connector connects the NP-100GF-TQ to the target system board
Conversion connector| designed to mount a 100-pin plastic QFP (GF-3BA type).

Remarks 1. NP-100GF and NP-100GF-TQ are products made by Naito Densei Machida Mfg. Co., Ltd.
Phone: +8-45-475-4191 Naito Densei Machida Mfg. Co., Ltd.
2. The TGF-100RBP is a product made by TOKYO ELETECH CORPORATION.
For further information, contact Daimaru Kogyo, Ltd.
Tokyo Electronic Division (TEL: +81-3-3820-7112)
Osaka Electronic Division (TEL: +81-6-6244-6672)
3. EV-9200GF-100 is sold in five-unit sets.
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A.3.2 Software (1/2)

SM78K4
System simulator

This system simulator is used to perform debugging at C source level or assembler
level while simulating the operation of the target system on a host machine.

This simulator runs on Windows.
Use of the SM78K4 allows the execution of application logical testing and
performance testing on an independent basis from hardware development without
having to use an in-circuit emulator, thereby providing higher development efficiency
and software quality.

The SM78K4 should be used in combination with an optional device file (DF784976).

Part number: uSxxxxSM78K4

Remark xxxx in the part number differs depending on the host machine and OS used.

uSxxxxSM78K4
XXXX Host Machine oS Supply Medium
AB13 IBM PC/AT compatibles Windows (Japanese version) 3.5-inch 2HC FD
BB13 Windows (English version)
AB17 Windows (Japanese version) CD-ROM
BB17 Windows (English version)
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A.3.2 Software (2/2)

ID78K4-NS

Integrated debugger
(supporting in-circuit emulator
|IE-78K4-NS)

This debugger is a control program to debug 78K/IV Series microcontrollers.

It adopts a graphical user interface, which is equivalent visually and operationally to
Windows or OSF/Motif™. It also has an enhanced debugging function for C language
programs, and thus trace results can be displayed on screen in C-language level by
using the window integration function which links a trace result with its source
program, disassembled display, and memory display. In addition, by incorporating
function modules such as task debugger and system performance analyzer, the
efficiency of debugging programs, which run on real-time OSs can be improved.

It should be used in combination with the optional device file (DF784976).

Part number: uSxxxxID78K4-NS

Remark xxxx in the part number differs depending on the host machine and OS used.

uSxxxxID78K4-NS

XXXX Host Machine oS Supply Medium
AB13 IBM PC/AT compatibles Windows (Japanese version) 3.5-inch 2HC FD
BB13 Windows (English version)

AB17 Windows (Japanese version) CD-ROM

BB17 Windows (English version)
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A.4 Notes on Target System Design

The following shows a diagram of the connection conditions between the emulation probe, conversion socket,

and conversion connector. Design your system making allowances for conditions such as the form of parts mounted

on the target system as shown below.

Figure A-2. Distance Between In-Circuit Emulator and Conversion Socket

In-circuit emulator
IE-78K4-NS

)

Emulation board
IE-784976-NS-EM1

170 mm
N
Emulation probe
NP-100GF O
NP-100GF-TQ °
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Target system

Conversion socket:
EV-9200GF-100 (for NP-100GF)
Conversion connector:
TGF-100RBP (for NP-100GF-TQ)
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Figure A-3. Conditions for Target System Connection (1)

Emulation probe
NP-100GF

Emulation board
IE-784976-NS-EM1

™~

Conversion socket
EV-9200GF-100

Target system

Remark The NP-100GF is a product of Naito Densei Machida Mfg. Co., Ltd.

Figure A-4. Conditions for Target System Connection (2)

Emulation probe
Emulation board NP-100GF-TQ

|IE-784976-NS-EM1

21.55 mm
10.55 mm

Conversion connector
TGC-100RBP

Target system

Remark The NP-100GF-TQ is a product of Naito Densei Machida Mfg. Co., Ltd.
The TGF-100RBP is a product of Tokyo Eletech Corporation.
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A.5 Conversion Socket (EV-9200GF-100)

(1) The package drawing of the conversion socket (EV-9200GF-100) and recommended board installation pattern
This is combined with the NP-100GF or EP-78064GF-R and mounted on the board.

Figure A-5. Package Drawing of EV-9200GF-100 (Reference) (Units: mm)

A M
E B N (0]
F
000000000000000p0o000D0000o00O >>\ % o«
1 xb NEC S == )+
olo g () = 1= 5 o o
5| | [EV-9200GF-100 HHE
000000000000000000000000000000
4z > —
No.1 pin index p c

) N
o

EV-9200GF-100-GOE

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 19.83 076
M 8.2 0.323
N 8.0 0.315
o 25 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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390

Figure A-6. Recommended Board Installation Pattern of EV-9200GF-100 (Reference) (Units: mm)

G

o
ww 0o - é\j/ I
& =
S =
C
B
A
EV-9200GF-100-P1E
ITEM MILLIMETERS INCHES
A 26.3 1.035
B 21.6 0.85
C  |0.65+0.02 x 29=18.85+0.05 | 0.0263:50 x 1.142=0.742%3:5%2
D ]0.65+0.02 x 19=12.350.05 | 0.0263032 x 0.748=0.486"3 353
E 15.6 0.614
F 20.3 0.799
G 12£0.05 0.472:39%
H 610.05 0.2363:3%3
| 0.35£0.02 0.014733%1
J $2.36+0.03 $0.093'3.9%
K 92.3 $0.091
L $1.57£0.03 $0.06273002
Caution Dimensions of mount pad for EV-9200 and that for target

device (QFP) may be different in some parts. For the
recommended mount pad dimensions for QFP, refer to

"SEMICONDUCTOR

DEVICE

TECHNOLOGY MANUAL" (C10535E).
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APPENDIX B SOFTWARE FOR EMBEDDED USE

The following software for embedded use is available to help users develop and maintain programs for the
uPD784976A Subseries microcomputers.

Real-time OS
RX78K/4 This real-time OS complies with the uITRON specification.
Real-time OS It consists of the RX78K/4 nucleus and a tool (configurator) for creating information

tables.

file (DF84976).

prompt.

It is used in combination with an optional assembler package (RA78K4) and device

<Caution when using RX78/IV in PC environment>
This real-time OS is a DOS-based application. Execute it from the Windows DOS

Part number: uSxxxxRX78K4-AAAA

Caution Before purchasing RX78K/4, submit a purchase application form and conclude a license

agreement.

Remark Codes “xxxx”and “AAAA“in the part number used on the order form vary depending on the host machine
and OS on which RX78K/IV is used.

USXXXXSM78K4-AAAA

AAAA | Product Overview Upper Limit on Quantity Usable for Mass Production

001 Object for evaluation | Not to be used for mass production

100K Objects for mass | 100,000 units

ooim | Production 1,000,000 units

010M 10,000,000 units

S01 Source program Source program of object for mass production
XXXX Host Machine oS Distribution Medium
AA13 PC-9800 series Windows (Japanese version)Note 3.5-inch 2HD FD
AB13 IBM PC/AT compatible Windows (Japanese version)Note 3.5-inch 2HC FD
BB13 Windows (English version)Note
3P16 HP9000 series 700 HP-UX (Rel. 10.10) DAT (DOS)
3K13 SPARCstation SunOS (Rel. 4.1.4), Solaris (Rel. 2.5.1) | 3.5-inch 2HD FD
3K15 1/4-inch CGMT

Note Operable also in a DOS environment
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APPENDIX C REGISTER INDEX

C.1 Register Name Index (Alphabetic Order)

[A]

[B]

[C]

(D]

[E]

(1]

392

16-bit capture/compare register 00 (CR00)
16-bit capture/compare register 01 (CR01)
16-bit timer COUNTET O (TIMO) ...eiii ittt e e oottt e e e e ettt e e e e e e aseeeeaeaaamsbeeeaeeaanbaeeeaeaaasneeeaaeaaannneeaaaann

16-bit timer mode control register 0 (TMCO) ....ccuuiiiiiiiciiee e e e s e e e e e s e e e e s s satbaeeaeean 118
8-bit compare register 50 (CR50)
8-bit compare register 51 (CR51)

8-hit timer COUNLET 50 (TIM50) ..uiiiiiiiiiiiiee e ettt e et e e e s e et e e e st e e e e e sasataeeaeeassatreeaesantbaeaeessnsaaeeeaeas

8-Dit tiMer COUNLET 51 (TIMBL) ..eeiiiiiiiiiiii ettt e e e ettt e e e ettt e e e e e aat et e e e e e amneeeeaeeantbeeeaesannnneaaeas

8-bit timer mode control register 50 (TMC50) .....ueeeiiieiiiiiee e e e e e e e et e e e e e eeneeeaaeas 152
8-bit timer mode control register 51 (TMCBEL) ...coiuiiiiii i e e e s st a e e e s etbaaeaa s 152
A/D conversion result regiSter (ADCRY) ......coiiiiiiie ettt e e e e e e e sbta e e e e e s tba e e e e e santaeaeaeeananees 175
A/D converter input Select regiSter (ADIS) ... .. . i ittt e e e e e e e e e e e e e e enaeeas 178
A/D converter mode regiSter (ADM) ... ... i ittt e et e e e e e e e e e e e nb e e e e e e e anbaeeeaeeaanneees 177
Asynchronous serial interface mode register 0 (ASIMO) .....uviiiiiiiiiiiee e 203
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