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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. Input
levels of CMOS devices must be fixed high or low by using a pull-up or pull-down circuitry. Each
unused pin should be connected to Voo or GND with a resistor, if it is considered to have a
possibility of being an output pin. All handling related to the unused pins must be judged device
by device and related specifications governing the devices.

@ STATUS BEFORE INITIALIZATION OF MOS DEVICES

Note:

Power-on does not necessarily define initial status of MOS device. Production process of MOS
does not define the initial operation status of the device. Immediately after the power source is
turned ON, the devices with reset function have not yet been initialized. Hence, power-on does
not guarantee out-pin levels, 1/0 settings or contents of registers. Device is not initialized until
the reset signal is received. Reset operation must be executed immediately after power-on for
devices having reset function.

IEBus is a trademark of NEC Corporation.

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

IBM DOS, PC/AT and PC DOS are trademarks of IBM Corporation.
SPARCstation is a trademark of SPARC International, Inc.

SunOS is a trademark of Sun Microsystems, Inc.

HP9000 series 700 and HP-UX are trademarks of Hewlett-Packard Company.
NEWS and NEWS-OS are trademarks of Sony Corporation.

Ethernet is a trademark of Zerox Corporation.

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

TRON is an abbreviation of The Realtime Operating system Nucleus.

ITRON is an abbreviation of Industrial TRON.




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.

Licence not needed . uPD78F4046GC-3B9

The customer must judge the need for licence : uPD784044GC-xxx-3B9, 784044GC(A)-xxx-3B9,
UPD784044GC(A1)-xxx-3B9, 784044GC(A2)-xxx-3B9,
UPD784046GC-xxx-3B9, 784046GC(A)-xxx-3B9,
UPD784046GC(A1)-xxx-3B9, 784046GC(A2)-xxx-3B9

The application circuits and their parameters are for reference only and are not intended for use in actual design-ins.

The information in this document is subject to change without notice.

No part of this document may be copied or reproduced in any form or by any means without the prior written
consent of NEC Corporation. NEC Corporation assumes no responsibility for any errors which may appear in
this document.

NEC Corporation does not assume any liability for infringement of patents, copyrights or other intellectual property
rights of third parties by or arising from use of a device described herein or any other liability arising from use
of such device. No license, either express, implied or otherwise, is granted under any patents, copyrights or other
intellectual property rights of NEC Corporation or others.

While NEC Corporation has been making continuous effort to enhance the reliability of its semiconductor devices,
the possibility of defects cannot be eliminated entirely. To minimize risks of damage or injury to persons or
property arising from a defect in an NEC semiconductor device, customers must incorporate sufficient safety
measures in its design, such as redundancy, fire-containment, and anti-failure features.

NEC devices are classified into the following three quality grades:

"Standard", "Special”, and "Specific". The Specific quality grade applies only to devices developed based on a
customer designated “quality assurance program* for a specific application. The recommended applications of
a device depend on its quality grade, as indicated below. Customers must check the quality grade of each device
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: Aircrafts, aerospace equipment, submersible repeaters, nuclear reactor control systems, life
support systems or medical equipment for life support, etc.

The quality grade of NEC devices is "Standard" unless otherwise specified in NEC's Data Sheets or Data Books.
If customers intend to use NEC devices for applications other than those specified for Standard quality grade,
they should contact an NEC sales representative in advance.

Anti-radioactive design is not implemented in this product.
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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.
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MAJOR REVISIONS IN THIS EDITION

Page Contents
Throughout « Change of uPD784044 from “under development” to “ development completed”.
< Addition of the following products to the relevant products:
uPD784044(A), 784044(A1), 784044(A2), 784046(A), 784046(Al), 784046(A2)
CHAPTER 1 GENERAL
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CHAPTER 9 TIMER 1
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to “If the STOP mode , HALT mode, or IDLE mode is entered as the result of an inadvertent
program loop”.
CHAPTER 14 ASYNCHRONOUS SERIAL INTERFACE/3-WARE SERIAL 1/O
p.332 Addition of Note and calculating method of the wait time if the reception completion interrupt is
disabled when a reception error occurs.
CHAPTER 16 INTERRUPT FUNCTIONS
p.426 Change of instructions in 16.9 When Interrupt Request and Macro Service Are Temporarily
Held Pending .
CHAPTER 18 STANDBY FUNCTION
p.465 » Change of description from “The watchdog timer must not be used to release the standby mode
(STOP or IDLE mode)” to “The watchdog timer must not be used to release the standby mode
(STOP, HALT, or IDLE mode)”.
p.471 » Addition of Note of the operating status of bus lines (AD8 to AD15, A16 to A19) in HALT mode.
p.472 » Deletion of watchdog timer of “Non-maskable interrupt request (NMI pin input/watchdog timer).”
p.478, 481 « Addition of Caution concerning the malfunction that causes a wait for the oscillation stabilization
time when the IDLE mode is released.
p.527 Addition of (2) Output of CLKOUT pin in CHAPTER 22 CAUTIONS ON USING DEVELOPMENT
TOOLS.
p.529 to 538 General revision of APPENDIX A DEVELOPMENT TOOLS for supporting IE-78K4-NS.
p.539, 541 APPENDIX B EMBEDDED SOFTWARE
« Change of target host machines.
¢ Change of versions of OSs to be supported.
p.543 Addition of APPENDIX D REVISION HISTORY.

The mark * shows major revised points.




INTRODUCTION

Intended Readership
This manual is intended for user engineers who understand the functions of the uPD784046 subseries and wish to design
application systems using this subseries.
* The relevant products are the following uPD784046 subseries products.

» Standard products: uPD784044, 784046Noe, 78F4046Note
» Special products : uPD784044(A), 784044(A1), 784044(A2), 784046(A)Noe, 784046(A1)No®, 784046(A2)Note

Note  Under development

Purpose
The purpose of this manual is to give users an understanding of the various hardware functions of the uPD784046 subseries.

Organization
The uPD784046 subseries manual is divided into two volumes — the hardware volume (this manual) and the instruction

volume.
Hardware volume Instruction volume
Pin functions CPU functions
Internal block functions Addressing
Interrupts Instruction set

Other on-chip peripheral functions

Certain operating precautions apply to these products.
These precautions are stated at the relevant points in the text of each chapter, and are
also summarized at the end of each chapter. Be sure to read them.

How to Read This Manual
Readers are required a general knowledge of electrical and logic circuits and microcomputers.
To readers using this manual for other than yPD784046:
— This manual covers the functions of the uyPD784046 subseries. The relationship between these products is shown below.

uPD78F4046 uPD784046,
784046(A), (A1), (A2)

Flash memory 64 K
RAM 2048 ROM 64 K
RAM 2048

uPD784044,
784044(A), (A1), (A2)

ROM 32 K
RAM 1024

On-Chip Flash Memory Product On-Chip Mask ROM Products



« If there are no particular differences in terms of function:
The uPD784046 is treated as the representative model. Therefore, when using this manual for other products of the
uPD784046 subseries, uPD784046 should be read as each product name as appropriate. For the differences between
products, refer to 1.8 Differences between uPD784044, 784046, and 78F4046, 1.9 Differences between uPD784046
and uPD784046(A), and 1.10 Differences between uPD784046(A), 784046(A1), and 784046(A2) .

« If there are functional differences:
A separate description is given, mentioning the product name.

The application examples presented in this manual are for the “standard” quality models in general-purpose
electronic systems. If you wish to use the applications presented in this manual for electronic systems that
require “special” quality models, thoroughly study the parts and circuits to be actually used, and their quality
grade.

# To check the details of a register when the register name is known:
— Use APPENDIX C REGISTER INDEX.

+ If the device operates strangely after debugging:
— Cautions are summarized at the end of each chapter, so refer to the Cautions for the relevant function.

+ For a general understanding of the functions
— Read in accordance with the TABLE OF CONTENTS.

+ For the details of the instruction functions:
— Refer to the separate 78K/IV Series User's Manual — Instruction (U10905E)

+ To find out about electrical specifications
— Refer to the each Data Sheet.

+ To find out about application examples of each function,
— Refer to the Application Note separately available.

Legend
Significance in data notation : High-order digit on left, low-order digit on right
Active-low notation : XXX (Line above pin or signal name)
Note . Explanation of item marked with Note in the text
Caution . Item to be especially noted
Remark . Supplementary information
Numeric notations © Binary .. XXX X B orxxxx
Decimal ............... X X X X
Hexadecimal ....... XXX XH



Register Notation

7 6 5 4 ® 2 1 0 — Where the bit number is marked with a circle, the
bit name is reserved for NEC's assembler and is
EDC B 1 0 X A 1 0 X defined as a sfr variable by the #pragma sfr

directive for C compiler.

Write Operation Read Operation

0 or 1 is written. The O or1isread.
L—{ operation is not affected
by either value.

0 must be written

1 must be written

A value is written A value is read
according to the according to the
function to be used. operating status.

Code combinations marked “Setting prohibited” in the register notations in the text must not be written.

Easily confused characters : 0 (Zero), O (Letter O)
: 1 (One), | (Lower-case letter L), | (Upper-case letter I)



* Related Documents Some of the related documents in this document are preliminary versions but are not so specified.

Device-related documents

Document No.
Document Name
Japanese English

uPD784044, 784046 Data Sheet U10951J U10951E
uPD78F4046 Preliminary Product Information ul11447J U11447E
uPD784044(A), 784046(A) Data Sheet On preparation Planned
uPD784046 Subseries Special Function Register Table U10986J —
uPD784046 Subseries User's Manual - Hardware U11515J This manual
78K/IV Series Application Note - Software Fundamentals U10095J U10095E
78K/IV Series User's Manual - Instruction U10905J U10905E
78K/IV Series Instruction List U10594J —
78KI/IV Series Instruction Set U10595J —

Documents on development tools (User’'s Manuals)

Document No.
Document Name
Japanese English

RA78K4 Assembler Package Operation U11334J U11334E

Language U11162J U11162E
RA78K4 Structured Assembler Preprocessor U11743J U11743E
CC78K4 C Compiler Operation U11572J U11572E

Language EEU-961 U11571E
CC78K Series Library Source File U12322J —
IE-78K4-NS On preparation Planned
IE-784000-R U12903J EEU-1534
|IE-784046-NS-EM1 Planned Planned
IE-784046-R-EM1 U11677J U11677E
EP-78230 EEU-985 EEU-1515
SM78K4 System Simulator Windows™ Based Reference U10093J U10093E
SM78K Series System Simulator External part user open U10092J U10092E

interface specifications
ID78K4-NS Integrated Debugger Reference U12796J U12796E
ID78K4 Integrated Debugger Windows Based Reference u10440J U10440E
ID78K4 Integrated Debugger HP-UX™, SunOS™, Reference U11960J U11960E
NEWS-OS™ Based

Caution The contents of the above documents are subject to change without notice. Be sure to use the latest edition
of each document for designing.
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Documents on embedded software (User's Manuals)

Document No.

Document Name
Japanese English
78K/IV Series Real-Time OS Fundamental U10603J U10603E
Installation U10604J U10604E
Debugger U10364J —
78K/IV Series OS MX78K4 Fundamental U11779J —
Other documents
Document No.
Document Name
Japanese English
IC Package Manual C10943X
Semiconductor Device Mounting Technology Manual C10535J C10535E
Quality Grade on NEC Semiconductor Devices C11531J C11531E
NEC Semiconductor Device Reliability/Quality Control System C10983J C10983E
Guide to Prevent Damage for Semiconductor Devices by Electrostatic Discharge (ESD) | C11892J C11892E
Guide to Quality Assurance for Semiconductor Devices — MEI-1202
Microcomputer Product Series Guide U11416J —

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

designing, etc.
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CHAPTER 1 GENERAL

The uPD784046 subseries comprises 78K/IV series products that incorporates 10-bit A/D converter. The 78K/IV series
comprises 16-bit single-chip microcontrollers equipped with a high-performance CPU that has a function such as accessing a
1M-byte memory space.

The following nine models are available in the uPD784046 subseries:

« Standard models: uPD784044, 784046\t 78F4046Note
« Special models : uPD784044(A), 784044(Al), 784044(A2), 784046(A)N€  784046(A1)NE | 784046(A2)Noe

Note Under development

The uPD784046 incorporates 64K-byte mask ROM and 2048-byte RAM, plus high-performance timer/counters, a 10-bit
A/D converter, two independent serial interface channels, etc.

The uPD784044 is a verision of the uPD784046 with 32K-byte mask ROM, and with 1024-byte RAM.

The uPD78F4046 has on-chip flash memory instead of the mask ROM of the uPD784046.

The uPD784044(A), 784044(A1), 784044(A2), 784046(A), 784046(Al), and 784046(A2) are the “special” quality versions
of the uPD784044 and 784046.

UPD78F4046 uPD784046
Flash Memory 64 K 784046(A), (A1), (A2)
RAM 2048 ROM 64 K
RAM 2048
uPD784044

784044(A), (Al), (A2)

ROM 32 K
RAM 1024

On-Chip Flash Memory Product On-Chip Mask ROM Products
These products can be used in the following application areas:
[Standard models]
« Water heaters, vending machines

* FA field such as robots, and automatic machine tools

[Special models]
e Control units of automotive appliances
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CHAPTER 1 GENERAL

* 78K/IV SERIES PRODUCT DEVELOPMENT DIAGRAM

: : Under Mass Production

H 1 : Under Development
I2C Bus Supported

I uPD784038Y |
uPD784038

Increased Internal
Memory Capacity,
Pin-Compatible with uPD784026

Standard Models

uPD784026

A/D, 16-Bit Timer,
Reinforced Power
Management

Multi-Master I1°C Bus Supported

| uPD784216Y

Multi- Master I°C Bus Supported

80 Pins,
ROM Collection Added

Multi-Master 1°C Bus Supported

uPD784216 F

100 Pins,
Reinforced 1/0 and Internal Memory
Capacity

uPD784054

UPD784046

ASSP Models

10-bit A/D

i 1PD784943 : Multi- Me}et_e_r_l_z(}_I_B_u_s__S_upported
For CD-ROM . i ppD78agsy !
uPD784928 |
{PD784915 / Reinforced Functions of PD784915

Software Servo Control,
Analog Circuit for VCR,
Reinforced Timer

34
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1.1 Features

78K/IV series
Minimum instruction execution time: 125 ns (at internal 16-MHz)
Internal memory
* ROM
Mask ROM  : 64K bytes (uPD784046)
32K bytes (uPD784044)
Flash memory : 64K bytes (uPD78F4046)
* RAM : 2048 bytes (uPD784046, 78F4046)
1024 bytes (uPD784044)
1/0 port: 65 pins
Timer/counter : 16-bit timer/counter unit X 2 units
16-bit timer x 3 units
Watchdog timer: 1 channel
A/D converter: 10-bit resolution x 16 channels (AVob = 4.5t0 5.5 V)
Serial interface
UART/IOE (3-wire serial 1/0): 2 channels (with baud rate generator)
Interrupt controller (4 priority levels)
Vectored interrupt/macro service/context switching
Standby function
HALT/STOP/IDLE mode
Supply voltage: Voo =4.5t0 5.5V
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* 1.2 Ordering Information

Part Number

Package

Internal ROM

[PD784044GC-xxx-3B9
[PD784046GC-xxx-3B9Note
PD78F4046GC-3B9Note
[PD784044GC(A)-xxx-3B9
[PD784044GC(A1)-xxx-3B9
[PD784044GC(A2)-xxx-3B9
[PD784046GC(A)-xxx-3B9Note
[PD784046GC(A1)-xxx-3B9Noe
[PD784046GC(A2)-xxx-3B9Noe

Note Under development

80-pin plastic QFP (14 x 14 mm)
80-pin plastic QFP (14 x 14 mm)
80-pin plastic QFP (14 x 14 mm)
80-pin plastic QFP (14 x 14 mm)
80-pin plastic QFP (14 x 14 mm)
80-pin plastic QFP (14 x 14 mm)
80-pin plastic QFP (14 x 14 mm)
80-pin plastic QFP (14 x 14 mm)
80-pin plastic QFP (14 x 14 mm)

Remark xxx indicates ROM code suffix.

* 1.3 Quality Grades

36

Part Number

Package

Mask ROM
Mask ROM

Flash memory

Mask ROM
Mask ROM
Mask ROM
Mask ROM
Mask ROM
Mask ROM

Quality Grade

[PD784044GC-xxx-3B9
[PD784046GC-xxx-3B9Note
[PD78F4046GC-3B9Note
[PD784044GC(A)-xxx-3B9
[PD784044GC(A1)-xxx-3B9
[PD784044GC(A2)-xxx-3B9
[PD784046GC(A)-xxx-3B9Note
[PD784046GC(A1)-xxx-3B9Noe
[PD784046GC(A2)-xxx-3B9Noe

Note Under development

80-pin plastic QFP (14 x 14 mm)
80-pin plastic QFP (14 x 14 mm)
80-pin plastic QFP (14 x 14 mm)
80-pin plastic QFP (14 x 14 mm)
80-pin plastic QFP (14 x 14 mm)
80-pin plastic QFP (14 x 14 mm)
80-pin plastic QFP (14 x 14 mm)
80-pin plastic QFP (14 x 14 mm)
80-pin plastic QFP (14 x 14 mm)

Remark xxx indicates ROM code suffix.

Standard

Standard

Standard
Special
Special
Special
Special
Special
Special

Please refer to "Quality Grades on NEC Semiconductor Devices" (Document No. C11531E) published by
NEC Corporation to know the specification of quality grade on the devices and its recommended applications.
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1.4 Pin Configuration (Top View)

e 80-pin plastic QFP (14 x 14 mm)
UPD784044GC-xxx-3B9, 784044GC(A)-xxx-3B9, 784044GC(A1)- xxx-3B9, 784044GC(A2)- xxx-3B9
UPD784046GC-xxx-3B9, 784046GC(A)-xxx-3B9, 784046 GC(A1)-xxx-3B9, 784046 GC(A2)- xxx-3B9
UPD78F4046GC-3B9

[82] [aN]
o o
@ N (@] O
E E = =
D < M N A O S B I ® N
dSddddd oo g &
2 222222 2 2
fTxxxsxs%, 0zzzzlhz
N O W IO I3 O g n XK 0w IS
W O O W W W WM > o N d 0 4 N NN N (W
o000 <> X X >00o00o0ida
80 79 78 77 76 75 74 73 72 71 70 69 68 67 66 65 64 63 62 61
P70/ANI0 O—{1 60— P22/INTP1/TO01
P71/ANI1 O—|2 O 59— BWD
P72/ANI2 O—={3 58— P21/INTPO/TO00
P73/ANI3 O—={4 57 «—O MODE/Vpphote
P74/ANI4 O—={5 56— P20/NMI
P75/ANI5 O—={6 55— Vss
P76/ANI6 O—={7 54— Voo
P77/ANI7 O—={8 53— P13/TO31
AVrer O—9 52— P12/TO30
AVoo O—]10 51— P11/TO21
Vss O—11 50— P10/TO20
Voo O——{12 49f=——=() PO3/RTP3
P47/AD7 O=—{13 48f=——=() PO2/RTP2
P46/AD6 O=—+{14 47f=—O PO1/RTP1
P45/AD5 O=—»|15 46[~—=( POO/RTPO
P44/AD4 O=—{16 45— P37/ASCK2/SCK2
P43/AD3 O=—{17 44— P36/TxD2/S02
P42/AD2 O=—{18 43|=——=() P35/RxD2/SI2
P41/AD1 O=—+{19 42=——=() P34/ASCK/SCK1
P40/AD0 O=~—120 41f+~—=(O P33/TxD/SO1
21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40
OO0OO0OO0O0OO0OOLOOOLOLOLOLOLOLOLOLOOOOO
882:‘223&8:‘32\@‘%‘%5‘*:3::'
nonoooono<<<<& g 0
$52222828558883f2EE9
PP BIBEEacadadadt®2oR33 880k
[a M2 M e W s W o O g oo 3
o

Note Vrr is provided to the uPD78F4046 only.

Caution Do not directly connect the MODE/V  pp pin to V ss in the normal operation mode.
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A16-A19
ADO0-AD15
ANIO-ANI15
ASCK, ASCK2
ASTB

AVbD

AVREF

AVss

BWD
CLKOUT
HWR
INTPO-INTP6
LWR

MODE

NMI
P00-P0O3
P10-P13
P20-P27
P30-P37
P40-P47
P50-P57

38

: Address Bus

: Address/Data Bus

: Analog Input

: Asynchronous Serial Clock
: Address Strobe

: Analog Power Supply

: Analog Reference Voltage
: Analog Ground

: Bus Width Definition

: Clock Out

: High Address Write Strobe
. Interrupt from Peripherals
: Low Address Write Strobe
: Mode

: Non-maskable Interrupt

: PortO

: Portl

: Port2

: Port3

. Port4

: Port5

P60-P63

P70-P77

P80-P87

P90-P94

RD

RESET

RTPO-RTP3

RxD, RxD2

SCK1, SCK2

Sl1, SI2

SO1, sO2

TI2, TI3

TO00-TOO03, TO10, TO11,
TO20, TO21, TO30, TO31
TxD, TxD2

Vobp

Vep

Vss

WAIT

X1, X2

. Port6

: Port7

: Port8

: Port9

: Read Strobe
. Reset

: Real-Time Port
: Receive Data
: Serial Clock

: Serial Input

: Serial Output
: Timer Input

: Timer Output
: Transmit Data
: Power Supply
: Programming Power Supply
: Ground
© Wait

: Crystal
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1.5 System Configuration Example (AC Servo Motor Control)

HPD784046
Control panel
TO10, TO11,

Display Port T020, TO21 Driver/switchin

Keypad INTPO-INTP4 e 9 AC motor
/O port circuit

ANIB-ANI15 Port
Current/voltage
ANIO-ANI7 i
External l/? " UART ;snenustogirsclgir:al
tester interiace P
circuit
INTP5 |=—— Limit switch
CPU-to-CPU communication 3-.W|ir|?0
sena Encoder Rotary
ADO-AD15 <:> pulse encoder
counter interface
WDT
ROM RAM i?\‘iirge
4 K byt P04 .
64 K bytes 048 bytes function
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1.6 Block Diagram

NMI —=| Programmable UARTIOEL |~ RxD/SI1
! . TxD/SO1
INTPO-INTP6 ) '”tﬁgulﬁ’tr - - y
controlle Sear‘]‘er;?;‘: -« ~ ASCK/SCK1
INTPO-INTP3 == 1irer 0 UART/IOEs | RXD2ISI2
TO00-TO03 <—| (16 bits) @ «— TxD2/S02
S:r‘fgr;":‘;f .~ ASCK2/SCK2
Timer 1
TO10, TO11 <] . - ~— BWD
(16 bits) K> ADO0-AD15
> A16-A19
<:> BUSIIF |— RD
—> LWR, HWR
INTPS/TI2 — :
Timer/counter2 <:> — ASTB
TO20,T021 <— (16 BITS) 78K/NV ROM ~— WAIT
CPU core
() Poto  K=> Poo-Po3
INTP6/TI3 .
Timer/counter3
TO30,T031 <—| (16 BITS) (= @ @ ([ __Pot1 (= PioPr2
~— P20
- K= p21-P27
Timer 4 @
! - Port 3 L' > P30-P37
(16 bits) <:>
(| Pota  K=> pao-pa7
RAM
i ¢—| Realtime K Port5 K —> P50-P57
RTPO-RTP3 output port <:>
()  Pote  K=> Pe0-P63
ANIO-ANI15 (| Pot7 K= pr0-P77
AVop —
AD
Avss —f AL - ()| Pots K= pgo-pe7

AVRer —

INTP4 (| Pote  K=> Poo-Pos
|~ cLKOUT
~— RESET

Watchdog <:> fgrslttreorr ~— MODE/Vpphote
timer - X1
L | —— X2
— Vbp
— Vss

Note Vrr is only for yPD78F4046.

Remark The internal ROM and RAM capacities differ depending on the products.

40



CHAPTER 1 GENERAL

1.7 List of Functions

Part Number
Item

uPD784044 uPD784046

uPD78F4046

Number of basic instructions
(mnemonics)

113

General-purpose register

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

Minimum instruction execution time

125 ns (at internal 16 MHz operation)

Internal ROM 32 KB 64 KB 64 KB
memory (mask ROM) (mask ROM) (flash memory)
RAM 1024 B 2048 B

Memory space

1 MB with program and data memories combined

1/0O port Total 65 lines
Input 17 lines
110 48 lines
Pins with ancially | Pin with pull- | 29 pins
functionshete up resistor
Real-time output port 4 bits x 1

Timer/counter

Timer O (16 bits) : Timer register x 1

Capture/Compare register x 4

Pulse output
« Toggle output
* Set/Reset output

Timer 1 (16 bits) : Timer register x 1 Pulse output
« Toggle output

* Set/Reset output

Compare register x 2

Timer/counter 2 (16 bits) : Timer register x 1
Compare register x 1

Pulse output
« Toggle output
« PWM/PPG output

Timer/counter 3 (16 bits) : Timer register x 1
Compare register x 2

Pulse output
« Toggle output
« PWM/PPG output

A/D converter

10-bit resolution x 16 channels (AVoo = 4.5 t0 5.5 V)

Serial interface

UART/IOE (3-wire serial 1/0): 2 channels (with baud rate generator)

Watchdog timer 1 channel
Interrupt Hardware source 27 (internal: 23, external: 8 (shared with internal: 4)
Software source BRK instruction, BRKCS instruction, operand error
Non-maskable Internal: 1, external : 1
Maskable Internal: 22, external: 7 (shared with internal: 4)
« 4 priority levels
« Three processing formats: vectored interrupt/macro service/context switching
Bus sizing 8 bits/16 bits external data bus width selectable
Standby HALT/STOP/IDLE mode
Supply voltage Voo =4.5t05.5V
Package 80-pin plastic QFP (14 x 14 mm)

Note The pins with ancillary functions are included in the 1/O pins.

41



CHAPTER 1 GENERAL

1.8 Differences between upPD784044, 784046, and 78F4046

The only difference between the uPD784044 and uPD784046 is the internal memory capacity.
The uPD78F4046 is a version of the uPD784046 with internal ROM replaced by a flash memory.
The differences are shown in Table 1-1.

Table 1-1. Differences between uPD784044, 784046, and 78F4046

Part Number

ltem uPD784044 uPD784046 uPD78F4046
Internal ROM 32K bytes 64K bytes 64K bytes

(mask ROM) (mask ROM) (flash memory)
Internal RAM 1024 bytes 2048 bytes

* | Function of pin 57

MODE

MODE/Ver
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* 1.9 Differences between uPD784046 and uPD784046(A)

Table 1-2. Differences between uPD784046 and pPD784046(A)

Part Number uPD784044, 784046, 78F4046 uPD784044(A), 784046(A)
Item
Quality grade Standard Special
Operating ambient temperature (Ta) -10to +70 °C —40to +85 °C
Operating frequency 8t0 32 MHz 8to 25 MHz
Minimum instruction execution time 125 ns (operates at 16 MHz internally) 160 ns (operates at 12.5 MHz internally)
DC characteristics Voo supply current differs.
AC characteristics Bus timing and serial operation differ.
A/D converter characteristics Conversion time and sampling time differ.

* 1.10 Differences between uPD784046(A), 784046(A1), and 784046(A2)

Table 1-3. Differences between uPD784046(A), 784046(A1), and 784046(A2)

Part Number UPD784046(A) UPD784046(A1) UPD784046(A2)
Item
Operating ambient temperature (Ta) —40to +85 °C —40to +110 °C —40 to +125 °C
Operating frequency 8to 25 MHz 8 to 20 MHz
Minimum instruction execution time 160 ns (operates at 200 ns (operates at 10 MHz internally)

12.5 MHz internally)

DC characteristics Analog pin input leakage current, Voo supply current, and data retention current differ.
AC characteristics Bus timing and serial operation differ.
A/D converter characteristics AVrer current, A/D converter data retention current differ.

Remark The differences between the uPD784044(A), 784044(Al), and 784044(A2) are the same as those in the table
shown above.
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2.1 List of Pin Functions

(1) Port (1/2)

CHAPTER 2 PIN FUNCTIONS

Pin Name /0 |Dual-Function Pins Function
P00-PO3 1/0 - Port 0 (PO):
¢ 4-bit I/O port
« Can be set in input/output mode bit-wise.
¢ Pins in input mode can all be connected to pull-up resistors at once
via software.
P10 110 TO20 Port 1 (P1):
P11 TO21 * 4-bit I/O port
P12 TO30 ¢ Can be set in input/output mode bit-wise.
P13 TO31
P20 Input NMI Port 2 (P2): Input only
P21 1/10 INTPO/TO00 e 8-bit I/O port Can be set in input/output mode
P22 INTP1/TO01 bit-wise.
P23 INTP2/TO02
P24 INTP3/TO03
P25 INTP4
P26 INTP5/TI2
P27 INTP6/TI3
P30 110 TO10 Port 3 (P3):
P31 TO11 » 8-bit I/O port
P32 RxD/SI1 e Can be set in input/output mode bit-wise.
P33 TxD/SO1
P34 ASCK/SCK1
P35 RxD2/S12
P36 TxD2/S02
P37 ASCK2/SCK2
P40-P47 110 ADO-AD7 Port 4 (P4):
¢ 8-bit I/O port
« Can be set in input/output mode bit-wise.
¢ Pins in input mode can all be connected to pull-up resistors at once
via software.
P50-P57 110 AD8-AD15 Port 5 (P5):
¢ 8-bit I/O port
¢ Can be set in input/output mode bit-wise.
¢ Pins in input mode can all be connected to pull-up resistors at once
via software.
P60-P63 110 A16-A19 Port 6 (P6):

¢ 4-bit I/O port

¢ Can be set in input/output mode bit-wise.

¢ Pins in input mode can all be connected to pull-up resistors at once
via software.
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(1) Port (2/2)

Pin Name I/0  |Dual-Function Pins Function
P70-P77 Input ANIO-ANI7 Port 7 (P7):
¢ 8-bit input port
P80-P87 Input | ANI8-ANI15 Port 8 (P8):
¢ 8-bit input port
P90 /0 | RD Port 9 (P9):
P91 LWR + 5-bit /0 port
P92 HWR ¢ Can be set in input/output mode bit-wise.
P93 ASTB ¢ Pins in input mode can all be connected to pull-up resistors at once
P94 WAIT via software.
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(2) Pins other than port pins (1/2)

Pin Name /0 |Dual-Function Pins Function
RTPO-RTP3 Output | P0OO to P03 Real-time output
NMI Input P20 Non-maskable interrupt request input
INTPO P21/TO00 External interrupt Capture trigger signal of CC00
INTP1 P22/TO01 request input Capture trigger signal of CC01
INTP2 P23/TO02 Capture trigger signal of CC02
INTP3 P24/TO03 Capture trigger signal of CC03
INTP4 P25 Conversion start trigger input of A/D converter
INTP5 P26/TI2 -
INTP6 P27/TI3
TOO00 Output | P21/INTPO Timer output from timer/counter
TOO01 P22/INTP1
TOO02 P23/INTP2
TOO03 P24/INTP3
TO10 P30
TO1l1 P31
TO20 P10
TO21 P11
TO30 P12
TO31 P13
TI2 Input P26/INTP5 External count clock input to timer/counter 2
TI3 P27/INTP6 External count clock input to timer/counter 3
RxD Input P32/S11 Serial data input (UARTO)
RxD2 P35/S12 Serial data input (UART2)
TxD Output | P33/SO1 Serial data output (UARTO)
TxD2 P36/S02 Serial data output (UART2)
ASCK Input P34/SCK1 Baud rate clock input (UARTO)
ASCK2 P37/SCK2 Baud rate clock input (UART2)
SI1 Input P32/RxD Serial data input (3-wire serial 1/01)
SI2 P35/RxD2 Serial data input (3-wire serial 1/02)
SO1 Output | P33/TxD Serial data output (3-wire serial 1/01)
S0O2 P36/TxD2 Serial data output (3-wire serial 1/02)
SCK1 110 P34/ASCK Serial clock input/output (3-wire serial 1/01)
SCK2 P37/ASCK2 Serial clock input/output (3-wire serial 1/02)
ADO-AD7 1/10 P40 to P47 Lower multiplexed address/data bus when external memory is connected
AD8-AD15Note 1/10 P50 to P57 * When 8-bit bus is specified
Higher address bus when external memory is connected
*« When external 16-bit bus is specified
Higher multiplexed address/data bus when external memory is connected
A16-A19Note Output | P60 to P63 Higher address bus when external memory is connected
RD Output | P90 Read strobe to external memory

Note The number of pins used as address bus pins differs depending on the external address space (refer to
CHAPTER 17 LOCAL BUS INTERFACE FUNCTION).
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(2) Pins other than port pins (2/2)

Pin Name I/0  |Dual-Function Pins Function
LWR Output | P91 * When external 8-bit bus is specified
Write strobe to external memory
*« When external 16-bit bus is specified
Write strobe to external memory located at lower position

HWR P92 Write strobe to external memory located at higher position when external
16-bit bus is specified

ASTB Output | P93 Timing signal output to externally latch address information output from
ADO through AD15 pins to access external memory

WAIT Input P94 Inserts wait.

BWD Input - Sets bus width.

MODE Input | VeeNoe Directly connect this pin to Vss in normal operating mode (this pin specifies
test mode of IC).

CLKOUT Output - Clock output. Low level is output in the IDLE mode or STOP mode, otherwise
fxx(oscillation frequency) is always output.

X1 Input - Connect crystal for system clock oscillation (clock can be also input to X1).

X2 - -

RESET Input - Chip reset

ANIO-ANI7 Input P70 to P77 Analog voltage input for A/D converter

ANI8-ANI15 P80 to P87

AVRrer - - Reference voltage for A/D converter

AVob - Positive power for A/D converter

AVss - GND for A/D converter

Vop - Positive power

VppNote Input MODE Sets flash memory programming mode.
Applies high voltage when program is written/verified.

Vss - - GND

Note Ver is only for the uPD78F4046.
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2.2 Description of Pin Functions

@

@

P00 through P03 (Port 0) ... 3-state 1/O

Port 0 is a 4-bit /O port with an output latch. This port can be set in the input or output mode in 1-bit units by using
port 0 mode register (PM0). Each pin of this port is provided with a software programmable pull-up resistor.

In addition to the I/O port function, port 0 also functions as a 4-bit real-time output port and can output the contents
of port 0 buffer register (POL) at any interval time. Whether port O is used as a normal output port or real-time output
port is specified by real-time output port control register (RTPC).

When RESET is input, this port is set in the input mode (output high-impedance status), and the contents of the
output latch are undefined.

Table 2-1. Operation Mode of Port 0

Pin Name | Port Mode | Real-Time Output Port Mode | Manipulation to Use Port 0 as Real-Time Output Port

P00-P0O3 I/O port RTPO-RTP3 Setting of POML bit of RTPC to 1

Remark For details, refer to CHAPTER 6 REAL-TIME OUTPUT FUNCTION.

P10 through P13 (Port 1) ... 3-state 1/O

Port 1 is a 4-bit /O port with an output latch. This port can be set in the input or output mode in 1-bit units by using
port 1 mode register (PM1).

In addition to the 1/O port function, port 1 also functions as the timer output pins of timers/counters 2 and 3. The
operation mode of this port is specified in 1-bit units by using port 1 mode control register (PMC1), as shown in
Table 2-2. The level of each pin can be read or tested regardless of the multiplexed function.

When RESET is input, this port is set in the input mode (output high-impedance status), and the contents of the
output latch are undefined.

Table 2-2. Operation Mode of Port 1

Pin Name | Port Mode Control Signal Output Mode Manipulation to Use Port 1 as Control Pins
P10 1/0 port TO20 output Setting of PMC10 bit of PMC1 to 1
P11 TO21 output Setting of PMC11 bit of PMC1 to 1
P12 TO30 output Setting of PMC12 bit of PMC1 to 1
P13 TO31 output Setting of PMC13 bit of PMC1 to 1

(@) Port mode
Each pin of port 1 set in the port mode by the port 1 mode control register (PMC1) can be set in the input or
output mode in 1-bit units by using the port 1 mode register (PM1).

(b) Control signal output mode
The pins of port 1 can be used as control pins in 1-bit units if so specified by the port 1 mode control register

(PMC1).

(i) TO20,TO21
These pins are timer output pins of timer/counter 2.

(i) TO30, TO31
These pins are timer output pins of timer/counter 3.
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(3) P20 through P27 (Port 2) ... 3-state 1/0O
Port 2 is an 8-bit I/0 port with an output latch. This port can be setin the input or output mode in 1-bit units by using
port 2 mode register (PM2) (however, P20 is input-only).
In addition to the input/output port function, port 2 also functions as a control signal input pins such as for external
interrupt signals, and to output the timer signal of timer O (refer to Table 2-3). P21 through P24 serve as the timer
output pins of timer 0O if so specified by port 2 mode control register (PMC2). The level of each pin of this port can
always be read or tested regardless of the multiplexed function. All the eight pins are Schmitt trigger input pins
to prevent malfunctioning due to noise.

When RESET is input, this port is set in the input mode (output high-impedance status), and the contents of the
output latch are undefined.

Table 2-3. Operation Mode of Port 2

(n=0to7)

Mode Port Mode Control Signal Output Mode

Set condition PMC2n =0 PMC2n=1
PM2n =0 PM2n =1 PM2n = x

P20 - Input port/NMI inputhote -

P21 Output port Input port/INTPO input TOO0O0 output

P22 Input port/INTP1 input TOO01 output

P23 Input port/INTP2 input TOO02 output

P24 Input port/INTP3 input TOO03 output

P25 Input port/INTP4 input -

P26 Input port/INTP5 input/TI2 input

P27 Input port/INTP6 input/TI3 input

Note The NMI input pin accepts an interrupt request regardless of whether interrupts are enabled or disabled.
Remark x: don't care
(@) Port mode
(i) Function as port pin
Each port pin set in the port mode by the port 2 mode control register (PMC2) can be set in the input or
output mode in 1-bit units by the port 2 mode register (PM2) (however, P20 is fixed in input only).
(i) Function as control signal input pins
If PMC2n (n = 0 to 7) bit of PMC2 is “0” and if PM2n (n = 0 to 7) bit of PM2 is “1”, the pins of port 2 can
be used as the following control signal input pins.
¢ NMI (Non-maskable Interrupt)

This pin inputs an external non-maskable interrupt request. Whether the interrupt requestis detected
at the rising or falling edge can be specified by using external interrupt mode register O (INTMO).
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4

e INTPO through INTP6 (Interrupt from Peripherals)
These pinsinput external interruptrequests. When the valid edge specified by external interrupt mode
registers (INTMO and INTM1) is detected on the INTPO to INTP6 pins, an interrupt occurs (refer to
CHAPTER 15 EDGE DETECTION FUNCTION).
The INTPO through INTP4 pins can also be used as external trigger input pins of each function, as

follows:
e INTPO ...
e INTP1 ..
e INTP2 ...
e INTP3 ...
e INTP4 ...

(i) TI2, TI3 (Timer Input)

Capture trigger input pin of capture/compare register 00 (CCO00) of timer 0

Capture trigger input pin of capture/compare register 01 (CC01) of timer 0

Capture trigger input pin of capture/compare register 02 (CC02) of timer 0

Capture trigger input pin of capture/compare register 03 (CC03) of timer 0

External trigger input pin of A/D converter

These are external clock input pins of timers/counters 2 and 3.

(b) Control signal output mode

The P21 through P24 pins can be used as the timer output pins (TO00 through TOO03) of timer 0 in 1-bit units
if so specified by the port 2 mode control register (PMC2).

P30 through P37 (Port 3) ... 3-state 1/0
Port 3 is an 8-bit I/0 port with an output latch. This port can be setin the input or output mode in 1-bit units by using

port 3 mode register (PM3).
In addition to the input/output port function, port 3 also has a function to input or output control signals. The

operation mode of each pin can be specified by using port 3 mode control register (PMC3), as shown in Table 2-

4. The level of each pin of this port can always be read or tested regardless of the multiplexed function.

When RESET is input, this port is set in the input mode (output high-impedance status), and the contents of the

output latch are undefined.

Table 2-4. Operation Mode of Port 3

(n=0to7)

Mode Port Mode Control Signal I/O Mode
Setting condition PMC3n=0 PMC3n=1

P30 1/0O port TO10 output

P31 TO11 output

P32 RxD/SI1 input

P33 TxD/SO1 output

P34 ASCK input/SCK1 1/0

P35 RxD2/SI2 input

P36 TxD2/SO2 output

P37 ASCK2 input/SCK2 1/0
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(@) Port mode
Each port pin set in the port mode by the port 3 mode control register (PMC3) can be set in the input or output
mode by the port 3 mode register (PM3).

(b) Control signal I/0O mode
Each pin of port 3 can be setin the control mode in 1-bit units by using the port 3 mode control register (PMC3).

(i) TO10, TO11 (Timer Output)
These are timer output pins of timer 1.

(i) RxD, RxD2 (Receive Data)
These are serial data input pins of the asynchronous serial interface.

(iif) TxD, TxD2 (Transmit data)
These are serial data output pins of the asynchronous serial interface.

(iv) SI1, SI2 (Serial Input)
These are serial data input pins of the 3-wire serial 1/0.

(v) SO1, SO2 (Serial Output)
These are serial data output pins of the 3-wire serial 1/0.

(vi) ASCK, ASCK2 (Asynchronous Serial Clock)
These are external baud rate clock input pins.

(vii) SCK1, SCK2 (Serial Clock)
These are serial clock 1/0 pins of the 3-wire serial I/O.

(5) P40 through P47 (Port 4) ... 3-state 1/0
Port 4 is an 8-bit /0 port with an output latch. This port can be setin the input or output mode in 1-bit units by using
port 4 mode register (PM4). Each pin is provided with a software programmable pull-up resistor.
Port 4 functions as the low-order multiplexed address/data bus (ADO through AD7) if so specified by memory
expansion mode register (MM) when an external memory or /O is connected, in addition to the 1/0 port function.

When RESET is input, this port is set in the input mode (output high-impedance status), and the contents of the
output latch are undefined.

(6) P50 through P57 (Port 5) ... 3-state 1/0
Port 5 is an 8-bit I/0 port with an output latch. This port can be setin the input or output mode in 1-bit units by using
port 5 mode register (PM5). Each pin is provided with a software programmable pull-up resistor.
This port functions as follows if so specified by memory expansion mode register (MM) when an external memory
or I/O is connected:

¢ When external 8-bit bus is specified
As the high-order address bus (AD8 through AD15)
¢ When external 16-bit bus is specified
As the high-order multiplexed address/data bus (AD8 through AD15).

When RESET is input, this port is set in the input mode (output high-impedance status), and the contents of the
output latch are undefined.
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(10)

P60 through P63 (Port 6) ... 3-state 1/O

Port 6 is a 4-bit /O port with an output latch. This port can be set in the input or output mode in 1-bit units by using
port 6 mode register (PM6). Each pin is provided with a software programmable pull-up resistor.

Inaddition to as an I/O port, this port also functions as the high-order address bus (A16 through A19) if so specified
by the memory expansion mode register when an external memory or I/O is connected.

When RESET is input, this port is set in the input mode (output high-impedance status), and the contents of the
output latch are undefined.

P70 through P77 (Port 7) ... Input

Port 7 is an 8-bit input port. In addition to as input port pins, its pins also function as an A/D converter analog input
(low-order 8 channels) pins (ANIO through ANI7), and can always input analog signals. This portis setinthe analog
input mode by using A/D converter mode register (ADM).

The level of each pin of this port can always be read or tested, regardless of the multiplexed function.

P80 through P87 (Port 8) ... Input

Port 8 is an 8-bit input port. In addition to functioning as input port pins, its pins also functions as an A/D converter
analog input (high-order 8 channels) pins (ANI8 through ANI15), and can always input analog signals. This port
is set in the analog input mode by using A/D converter mode register (ADM).

The level of each pin of this port can always be read or tested, regardless of the multiplexed function.

P90 through P94 (Port 9) ... 3-state 1/O

Port 9 is a 5-bit I/O port with an output latch. This port can be set in the input or output mode in 1-bit units by using
port 9 mode register (PM9). Each pin is provided with a software programmable pull-up resistor.

In addition to the I/O port function, port 9 also functions as control signal pins (refer to Table 2-5). P90 through
P93 function as read/write strobe signals and an address strobe signal if so specified by the memory extension
mode register (MM) when an external memory or 1/O is connected. P94 functions as a wait signal input pin if so
specified by port 9 mode control register (PMC9).

When RESET is input, this port is set in the input mode (output high-impedance status), and the contents of the

output latch are undefined.

Table 2-5. Operation Mode of Port 9

Pin Name | Port Mode Control Signal I/0O Mode Manipulation to Use Port 9 as Control Pins
P90 1/0 Port RD Specifying external memory expansion mode by
POl LWR MMO through MM3 bits of MM
P92 HWR
P93 ASTB
P94 WAIT Setting of PMC94 bit of PMC9 to 1

Remark For details, refer to CHAPTER 17 LOCAL BUS INTERFACE FUNCTION .
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(@) Port mode
Each port pin not setin the control mode can be setin the input or output mode by using the port 9 mode register
(PM9).

(b) Control signal I/0O mode

() RD (Read Strobe)
This pin outputs a strobe signal to read an external memory. The operation of this pin is specified by the
memory extension mode register (MM).

(i) LWR, HWR (Low/High Write Strobe)
These pins output strobe signals to write an external memory. The operations of these pins are specified
by the memory extension mode register (MM).

(iif) ASTB (Address Strobe)
This is a timing signal output pin to latch the address information output from the ADO through AD15 pins
to access the external memory. The operation of this pin is specified by the memory extension mode
register (MM).

(iv) WAIT (Wait)
This pin inputs a wait signal. The operation of this pin is specified by the port 9 mode control register
(PMC9).

(11) BWD (Bus Width Definition) ... Input
This pin specifies the width of the bus. Depending on the setting of this pin, the value of the bus width specification
register (BW) at reset differs as follows:

BWD External Bus Width Value of BW at Reset
0 8 bits 0000H
1 16 bits O0FFH

(12) MODE (Mode) ... Input
This pin is used by NEC for testing IC. Be sure to directly connect this pin to Vss.

(13) CLKOUT (Clock Output) ... Output
Clock output. Low level is output in the IDLE mode or STOP mode, otherwise fxx (oscillation frequency) is always
output

(14) X1, X2 (Crystal)
These pins are used to connect a crystal for internal clock oscillation. To supply an external clock, input the clock
to the X1 pin. For the processing of the X2 pin at this time, refer to CHAPTER 4 CLOCK GENERATOR .

(15) RESET (Reset) ... Input
Active-low reset input

(16) AVrer (Analog Reference Voltage)
This pin inputs a reference voltage to the A/D converter.



CHAPTER 2 PIN FUNCTIONS

(17) AVop (Analog Power Supply)
This is the power supply pin of the A/D converter. Keep the potential at this pin same as that of the Voo pin.

(18) AVss (Analog Ground)
This is the GND pin of the A/D converter. Keep the potential at this pin same as that of the Vss pin.

(19) Vob (Power Supply)
This is a positive power supply. Connect all the Vob pins to a positive power supply.

(20) VeeNote (Programming Power Supply)
This pin applies a flash memory programming voltage to the yPD78F4046. If the input voltage of this pin is +5

V or higher, and the RESET signal goes low, the uPD78F4046 enters the flash memory programming mode.

Note Vrr is provided on the uPD78F4046 only.

(21) Vss (Ground)
This is a GND pin. Ground all the Vss pins.
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2.3 1/0 Circuits of Pins and Processing of Unused Pins

Table 2-6 shows the I/O circuit type of each pin and recommended processing of the unused pins.

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

Table 2-6. 1/0 Circuit Type of Each Pin and Recommended Processing of Unused Pins (1/2)

Pin Name

1/0 Circuit Type

110

Recommended Connection of Unused Pins

POO/RTPO-PO3/RTP3

5-A

P10 to P12

P11/TO21

P12/TO30

P13/TO31

5

110

Input: Individually connect to Voo or Vss via resistor.

Output: Leave unconnected.

P20/NMI

Input

Connect to Vss.

P21/INTPO/TO00

P22/INTP1/TOO01

P23/INTP2/TO02

P24/INTP3/TO03

P25/INTP4

P26/INTP5/TI2

P27/INTP6/TI3

P30/TO10

P31/TO11

P32/RxD/SI1

P33/TxD/SO1

P34/ASCK/SCK1

P35/RxD2/S12

P36/TxD2/S0O2

P37/ASCK2/SCK2

P40/ADO-P47/AD7

P50/AD8-P57/AD15

P60/A16-P63/A19

110

Input: Individually connect to Voo or Vss via resistor.

Output: Leave unconnected.

P70/ANIO-P77/ANI7

P80/ANI8-P87/ANI15

Input

Connect to Vss.

P90/RD

P91/LWR

P92/HWR

P93/ASTB

PO4/WAIT

5-A

110

Input: Individually connect to Voo or Vss via resistor.

Output: Leave unconnected.
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Table 2-6. 1/0 Circuit Type of Each Pin and Recommended Processing of Unused Pins (2/2)

Pin Name 1/0 Circuit Type 1/10 Recommended Connection of Unused Pins
MODE 1 Input Directly connect to Vss.
(mask ROM product)
MODE/Ver
(flash memory product)
RESET 2 —
CLKOUT 3 Output | Leave unconnected.
AVRer - - Connect to Vss.
AVss
AVob Connect to Voo.

Remark The circuit type numbers are serial in the 78K series but are not always so with some models (because some
models are not provided with particular circuits).
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Figure 2-1. 1/O Circuits of Pins
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3.1 Memory Space

The uPD784046 can access a 1 M-byte memory space. The mapping of the internal data area (special function registers
and internal RAM) depends on the LOCATION instruction. A LOCATION instruction must be executed after reset release,
and can only be used once.

The program after reset release must be as follows:

RSTVCT CSEG AT O
DwW RSTSTRT
to
INITSEG CSEG BASE
RSTSTRT: LOCATION OH; or LOCATION OFH
MOVG SP, #STKBGN

(1) When LOCATION 0 instruction is executed
The internal data area is mapped onto addresses OF700H to OFFFFH in the uPD784046, and onto addresses
OFBOOH to OFFFFH in the uPD784044.
Internal ROM is mapped onto addresses 0 to OF5FFH in the uyPD784046, and onto addresses 0 to 07FFFH in the
uPD784044. The addresses OF600H to OFFFFH of the 64 K-byte ROM (00000H to OFFFFH) incorporated in the
uPD784046 cannot be used as ROM when the LOCATION 0 instruction is executed.
External memory is accessed in external memory extension mode.

(2) When LOCATION OFH instruction is executed

The internal data area is mapped onto addresses FF700H to FFFFFH in the uPD784046, and onto addresses
FFBOOH to FFFFFH in the uPD784044.

Internal ROM is mapped onto addresses 0 to OFFFFH in the uPD784046, and onto addresses 0 to 07FFFH in the
uPD784044.

External memory is accessed in external memory extension mode.
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FFFFFH

10000H
OFFFFH
0FFDFH
0FFDOH
0FFO0OH
OFEFFH

0FBOOH
OFAFFH

0F600H
OF5FFH

08000H
07FFFH

00000H

When LOCATION O
Instruction Is Executed

Figure 3-1. puPD784044 Memory Map

External Memory Note 1
(960K Bytes)

(256 Bytes)

Main RAM

Internal RAM
(1K Bytes)

Peripheral
RAM

Cannot Be Used
(1280 Bytes)

Note 2

External Memory Note 1
(30208 Bytes)

Internal ROM
(32K Bytes)

When LOCATION OFH
Instruction Is Executed

Notes 1. Accessed in the external memory extension mode.
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2. Base area or entry area by reset or interrupt. The internal RAM is not reset.

EEFFFH [ Special Function Registers (SFRs)
FFFDFH [ now 1
FEFDOHp™2®2
FFFOOH (256 Bytes)
OFEFFH FFEFFH FFEFFH Internal RAM
General-Purpose Registers FEBOOH (1K Bytes)
(128 Bytes) FFAFFH
Cannot Be Used
0FE8OH FFE8OH (1280 Bytes)
OFETFH FFETFH FF600H
FF5FFH
OFE37H Macro Service Control FFE37H
0FE06H| Word Area (50 Bytes) FEFEO6H
Data Area (512 Bytes)
__OFDOOH FFDOOH
OFCFFH FFCFFH
Program/Data Area
§2512 Bytes) External MemoryNote 1
0FBOOH FFBOOH (1013248 Bytes)
07FFFH
Program/Data Area
(32K Bytes)
01000H
00FFFH t0000H| o
CALLF Entry Area OFFFFH
(2K Bytes)
00800H 08000H Note 2
007FFH 07FFFH
00080H
0007FH CALLT Table Area Internal ROM
00040H (64 Bytes) (32K Bytes)
0003FH Vector Table Area
oo000H|  (64Bytes) 00000H
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Figure 3-2. pPD784046 Memory Map

When LOCATION 0 When LOCATION OFH
Instruction Is Executed Instruction Is Executed
F FFFFH[ Special Function Registers (SFRs)
FFFFFH FEEDFHINoe1
FEFDOH[NO€ L
FFFOOH (256 Bytes)
OFEFFH FFEFFH FFEFFH
General-Purpose Registers Internal RAM
External Memory"°t* (128 Bytes) (2K Bytes)
(960K Bytes)
OFE8OH FFE80H FF700H
OFE7FH FFE7FH FF6FFH Cannot Be Used
FE600H (256 Bytes)
10000H OFE37H| Macro Service Control FFE37H | FF5FFH
0 FFFFH |Special Function Registers (SFRs,
QEEFEH [Seecial Funclion Re gisters (SFRs)] oFE06H| Word Area (50 Bytes) FFEGGH
Note 1
OFFDOH ] ] Main RAM
OFFOOH (256 Bytes) Data Area (512 Bytes)
oFErFrH| b L OFDOOH FFDOOH
Peripheral OFCFFH FFCFFH
Internal RAM RAM Program/Data Area
(2K Bytes) (1536 Bytes)
OF700H O0F700H FF700H External Memory"*
OF6FFH Cannot Be Used (980480 Bytes)
OF600H (256Bytes) | | | r\J cft,e,% 777777777 OFFFFH
OF5FFH OF500H
Program/Data Area'°t?
01000H
Note 4 OO0OFFFH
CALLF Entry Area
(2K Bytes)
Internal ROM 01000H 10000H
(62976 Bytes) 007FFH OFFFFH
00080H
0007FH
CALLT Table Area Internal ROM N .
00040H (64 Bytes) (64K Bytes) ote
0003FH Vector Table Area
00000H 00000H (64 Bytes) 00000H

Notes 1. Accessed in the external memory extension mode.
2. 2560 bytes in this area can be used as inernal ROM only when the LOCATION OFH instruction is executed.
3. When the LOCATION O instruction is executed: 62976 bytes
When the LOCATION OFH instruction is executed: 65536 bytes
4. Base area or entry area by reset or interrupt. The internal RAM is not reset.
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3.2 Internal ROM Area
The uPD784046 subseries products incorporate ROM which is used to store programs, table data, etc.
If the internal ROM area and internal data area overlap when the LOCATION 0 instruction is executed, the internal data

area is accessed, and the overlapping part of the internal ROM area cannot be accessed.

Table 3-1. Internal ROM Area

Address Space
Product Name Internal ROM
Location O Instruction Location OFH Instruction
uPD784044 32 K x 8 hits 00000H-07FFFH 00000H-07FFFH
uPD784046 64 K x 8 bits 00000H-0F5FFH 00000H-0OFFFFH
uPD78F4046

The internal ROM can be accessed at high speed. Normally, fetches are performed at the same speed as external ROM,
but if the IFCH bit of the memory extension mode register (MM) is set (1), the high-speed fetch function is used and internal
ROM fetches are performed at high speed (2-byte fetch performed in 2 system clocks).

When the instruction execution cycle equal to an external ROM fetch is selected, wait insertion is performed by the wait
function, but when high-speed fetches are used, wait insertion is not performed for internal ROM.

RESET input sets the instruction execution cycle equal to the external ROM fetch cycle.
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3.3 Base Area

The space from 0 to FFFFH comprises the base area. The base area is the object for the following uses:

¢ Reset entry address

¢ Interrupt entry address

e CALLT instruction entry address

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

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

e 16-bit register indirect addressing mode

e Short direct 16-bit memory indirect addressing mode

The vector table area, CALLT instruction table area and CALLF instruction entry area are allocated to the base area.

When the LOCATION 0 instruction is executed, the internal data areais located in the base area. Note that, in the internal
data area, program fetches cannot be performed from the internal high-speed RAM area or special function register (SFR)
area. Also, internal RAM area data should only be used after initialization has been performed.
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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 vector table area stores the program
start addresses used when a branch is made as the result of RESET input or generation of an interrupt request. When
context switching is used by an interrupt, the number of the register bank to be switched to is stored here.

Any portion not used as the vector table can be used as program memory or data memory.

16-bit values can be written to the vector table. Therefore, branches can only be made within the base area.

Table 3-2. Vector Table

Vector Table Address Interrupt Cause
0003CH Operand error
0003EH BRK
00000H Reset (RESET input)
00002H NMI
00004H INTWDT
00006H INTOVO
00008H INTOV1
0000AH INTOV4
0000CH INTPO/INTCCO0
0000EH INTP1/INTCCO1
00010H INTP2/INTCCO02
00012H INTP3/INTCCO03
00014H INTP4
00016H INTPS
00018H INTP6
0001AH INTCM10
0001CH INTCM11
0001EH INTCM20
00020H INTCM21
00022H INTCM30
00024H INTCM31
00026H INTCM40
00028H INTCM41
0002AH INTSER
0002CH INTSR/INTCSI1
0002EH INTST
00030H INTSER2
00032H INTSR2/INTCSI2
00034H INTST2
00036H INTAD
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3.3.2 CALLT instruction table area

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

The CALLT instruction references this table, and branches to a base area address written in the table as a subroutine.
Asthe CALLT instruction is one byte in length, use of the CALLT instruction for subroutine calls written frequently throughout
the program enables the program object size to be reduced. The table can contain up to 32 subroutine entry addresses,
and therefore it is recommended that they be recorded in order of frequency.

If this area is not used as the CALLT instruction table, it can be used as ordinary program memory or data memory.

3.3.3 CALLF instruction entry area

A subroutine call can be made directly to the area from 00800H to 00FFFH with the 2-byte call instruction (CALLF).

As the CALLF instruction is a two-byte call instruction, it enables the object size to be reduced compared with use of
the direct subroutine call CALL instruction (3 or 4 bytes).

Writing subroutines directly in this area is an effective means of exploiting the high-speed capability of the device.

If you wish to reduce the object size, writing an unconditional branch (BR) instruction in this area and locating the
subroutine itself outside this area will result in a reduced object size for subroutines that are called from five or more points.
Inthis case, only the 4 bytes of the BR instruction are occupied inthe CALLF entry area, enabling the object size to be reduced
with a large number of subroutines.
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3.4 Internal Data Area

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

The final address of the internal data area can be specified by means of the LOCATION instruction as either OFFFFH
(when a LOCATION O instruction is executed) or FFFFFH (when a LOCATION OFH instruction is executed). Selection of
the addresses of the internal data area by means of the LOCATION instruction must be executed once immediately after
reset release, and once the selection is made, it cannot be changed. The program after reset release must be as shown
in the example below. If the internal data area and another area are allocated to the same addresses, the internal data
area is accessed and the other area cannot be accessed.

Example RSTVCT CSEG AT O
DwW RSTSTRT
to
INITSEG CSEG BASE
RSTSTRT: LOCATION OH; or LOCATION OFH
MOVG SP, #STKBGN

Caution When the LOCATION 0 instruction is executed, it is necessary to ensure that the program after reset
release does not overlap the internal data area. It is also necessary to make sure that the entry
addresses of the processing routines for non-maskable interrupts such as NMI do not overlap the
internal data area. Also, initialization must be performed for maskable interrupt entry areas, etc.,
before the internal data area is referenced.
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3.4.1 Internal RAM area
The uPD784046 incorporates general-purpose static RAM.
This area is configured as follows:

Peripheral RAM (PRAM)

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

Table 3-3. Internal RAM Area

Internal RAM Internal RAM Area
Product Name Peripheral RAM: PRAM Internal High-Speed RAM: IRAM
uPD784044 1024 bytes 512 bytes 512 bytes
(OFBOOH-OFEFFH) (OFBOOH-OFCFFH) (OFDOOH-OFEFFH)
uPD784046 2048 bytes 1536 bytes
UPD78F4046 (OF700H-0OFEFFH) (OF700H-0FCFFH)

Remark The addresses in the table are the values that apply when the LOCATION O instruction is executed. When
the LOCATION OFH instruction is executed, OFO0O00H should be added to the values shown above.
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The internal RAM memory map is shown in Figure 3-3.

Figure 3-3. Internal RAM Memory Map

OOFEFFH
General-Purpose
Register Area
OOFES8OH
Short Direct Addressing 1
Permissible Range
00FE37H
Macro Service
Control Word Area
OOFEO6H

00FEOOH | Internal High-Speed RAM
O0OFDFFH

Short Direct Addressing 2
Permissible Range

00FD20H
O0OFD1FH

00FDOOH
00FCFFH

Peripheral RAM

Note

Note uPD784044 .......cceeviiiiceee OOFBOOH
uPD784046, 78F4046 ............ OO0F700H

Remark The addresses in the figure are the values that apply when the LOCATION 0 instruction is executed. When
the LOCATION OFH instruction is executed, OFOO00H should be added to the values shown above.



CHAPTER 3 CPU ARCHITECTURE

@

&)

Internal high-speed RAM (IRAM)

The internal high-speed RAM (IRAM) allows high-speed accesses to be made. The short direct addressing mode
for high-speed accesses can be used on FD20H to FEFFH in this area. There are two kinds of short direct addressing
mode, short direct addressing 1 and short direct addressing 2, according to the target address. The function is the
same in both of these addressing modes. With some instructions, the word length is shorter with short direct
addressing 2 than with short direct addressing 1. Refer to the 78K/IV Series User's Manual — Instruction ~ for details.
A program fetch cannot be performed from IRAM. If a program fetch is performed from an address onto which IRAM
is mapped, CPU inadvertent loop will result.

The following areas are reserved in IRAM.

¢ General-purpose register area : FE80H to FEFFH
e Macro service control word area : FEO6H to FE37H
¢ Macro service channel area : FEOOH to FEFFH (the address is specified by the macro service control word)

If the reserved function is not used in these areas, they can be used as ordinary data memory.

Remark The addresses in this text are those that apply when the LOCATION 0 instruction is executed. When the
LOCATION OFH instruction is executed, OFOO00H should be added to the values shown in the text.

Peripheral RAM (PRAM)

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

Program fetches from peripheral RAM are fast, with a 2-byte fetch being executed in 2 clocks.
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3.4.2 Special function register (SFR) area

The on-chip peripheral hardware special function registers (SFRs) are mapped onto the area from OFFOOH to OFFFFH
(refer to Figures 3-1 and 3-2).

The area from OFFDOH to OFFDFH is mapped as an external SFR area, and allows externally connected peripheral 1/
Os, etc., to be accessed in external memory extension mode (specified by the memory extension mode register (MM)).

Caution Addresses onto which SFRs are not mapped should not be accessed in this area. If such an address
is accessed by mistake, the CPU may become deadlocked. A deadlock can only be released by reset
input.

Remark The addresses in this text are those that apply when the LOCATION O instruction is executed. When the
LOCATION OFH instruction is executed, OFOO00H should be added to the values shown in the text.

3.4.3 External SFR area

In uPD784046 subseries products, the 16-byte area from OFFDOH to OFFDFH in the SFR area (when the LOCATION
0 is executed; OFFFDOH to OFFFDFH when the LOCATION OFH instruction is executed) is mapped as an external SFR
area. When the external memory extension mode is externally connected peripheral 1/Os, etc., can be accessed using the
address bus or address/data bus, etc.

As the external SFR area can be accessed by SFR addressing, peripheral I/O and similar operations can be performed
easily, the object size can be reduced, and macro service can be used.

Bus operations for accesses to the external SFR area are performed in the same way as for ordinary memory accesses.

3.5 External Memory Space
The external memory space is a memory space that can be accessed in accordance with the setting of the memory

extension mode register (MM). It can store programs, table data, etc., and can have peripheral I/O devices allocated to
it.
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3.6 Memory Mapping of uPD78F4046

The uPD78F4046 has 64K bytes of flash memory and 2048 bytes of internal RAM.

The uPD78F4046 has a function to not use part of the internal memory (memory size select function). This function is
effected by software.

The memory size is changed by using the internal memory size select register (IMS).

This register can be read or written by using an 8-bit manipulation instruction. Data can be only written to the IMS of
the uPD78F4046, however. The IMS of the uyPD784044 and 784046 retains the value at reset even if data is written to it.

Therefore, the value of the IMS at RESET differs depending on the model. In the case of the uPD784044, it is CDH.
The value of the IMS of the uPD784046 and 78F4046 is set to DEH at RESET.

Figure 3-4. Format of Internal Memory Size Select Register (IMS)

Address : OFFFCH On reset : Note R/W
7 6 5 4 3 2 1 0
IMS 1 1 ROM1 | ROMO 1 1 RAM1 | RAMO

ROM1 | ROMO Selects Internal ROM Capacity

uPD784044| uPD784046| uPD78F4046

0 0 32K bytes | Invalid 32K bytes
0 1 Invalid 64K bytes | 64K bytes
Others Setting prohibited

RAM1 | RAMO| Selects Peripheral RAM Capacity

HUPD784044| uPD784046| uPD78F4046

0 1 512 bytes | Invalid 768 bytes
1 0 Invalid 1.5K bytes |1.5K bytes
Others Setting prohibited

Note The value at reset differs depending on the model.
uPD784044 : CDH
uPD784046, 78F4046 : DEH

Cautions 1. Writing to the internal memory size select register (IMS) is valid only with the uPD78F4046. The
IMS of the uPD784044 and 784046 holds the value at RESET even if data is written to it.
2. Todevelop a program for the pPD784044 using the uPD78F4046, set the value of the IMS to CDH.
When the value of the IMS is set to CDH, the peripheral RAM capacity of the uPD78F4046 is 768
bytes, but the peripheral RAM capacity of the ~ uPD784044 is 512 bytes. When using a mask ROM,
therefore, exercise care that addresses OFAOOH through OFAFFH of the peripheral RAM area of the
uPD78F4046 are not used (when the LOCATION O instruction is executed).
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3.7 Control Registers

Control registers consist of the program counter (PC), program status word (PSW), and stack pointer (SP).

3.7.1 Program counter (PC)

This is a 20-bit binary counter that holds address information on the next program to be executed (refer to Figure 3-5).

Normally, the PC is incremented automatically by the number of bytes in the fetched instruction. When an instruction
associated with a branch is executed, the immediate data or register contents are set in the PC.

Upon Fﬁinput, the 16-bit data in address 0 and 1 is set in the low-order 16 bits, and 0000 in the high-order 4 bits
of the PC.

Figure 3-5. Format of Program Counter (PC)
19 0

PC

3.7.2 Program status word (PSW)

The program status word (PSW) is a 16-bit register comprising various flags that are set or reset according to the result
of instruction execution.

Read accesses and write accesses are performed in high-order 8-bit (PSWH) and low-order 8-bit (PSWL) units.
Individual flags can be manipulated by bit-manipulation instructions.

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

RESET input resets (0) all bits.

“0” must always be written to the bits written as “0” in Figure 3-6. The contents of bits written as “-” are undefined when

read.

Figure 3-6. Format of Program Status Word (PSW)

Symbol 7 6 5 4 3 2 1 0

PSWH UF | RBS2 | RBSL | RBSO - - - -
7 6 5 4 3 2 1 0

PSWL s z RSS AC IE PIV 0 cY

The flags are described below.

(1) Carry flag (CY)
The carry flag records a carry or borrow resulting from an operation.
This flag also records the shifted-out value when a shift/rotate instruction is executed, and functions as a bit
accumulator when a bit-manipulation instruction is executed.
The status of the CY flag can be tested with a conditional branch instruction.
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(2) Parity/overflow flag (P/V)
The P/V flag performs the following two kinds of operation associated with execution of an operation instruction.
The status of the P/V flag can be tested with a conditional branch instruction.

e Parity flag operation
Set (1) when the number of bits set (1) as the result of execution of a logical operation instruction, shift/rotate
instruction, or a CHKL or CHKLA instruction is even, and reset (0) if odd. When a 16-bit shift instruction is
executed, however, only the low-order 8 bits of the operation result are valid for the parity flag.

« Overflow flag operation
Set (1) only when the numeric range expressed as a two’s complement is exceeded as the result of execution
of a arithmetic operation instruction, and reset (0) otherwise. More specifically, the value of this flag is the
exclusive OR of the carry into the MSB and the carry out of the MSB. For example, the two’s complement range
in an 8-bit arithmetic operation is 80H (-128) to 7FH (+127), and the flag is set (1) if the operation result is outside
this range, and reset (0) if within this range.

Example The operation of the overflow flag when an 8-bit addition instruction is executed is shown below.
When the addition of 78H (+120) and 69H (+105) is performed, the operation resultis E1H (+225), and the

two’s complement limit is exceeded, with the result that the P/V flag is set (1). Expressed as a two’s
complement, E1H is -31.

78H (+120) = 0111 1000
+) B9H (+105) = +) 0110 1001
0 1110 0001 = -31 PN=1
1
%

When the following two negative numbers are added together, the operation result is within the two’s
complement range, and therefore the P/V flag is reset (0).

FBH (-5) = 1111 1011
+) FOH (-16) = +) 1111 0000
1 1110 1011 = -21 PN =0
1
%

(3) Interrupt request enable flag (IE)
This flag controls CPU interrupt request acknowledgment operations.
When “0”, interrupts are disabled, and only non-maskable interrupts and unmasked macro service can be
acknowledged. All other interrupts are disabled.
When “1”, the interrupt enabled state is set, and enabling of interrupt request acknowledgment is controlled by the
interrupt mask flags corresponding to the individual interrupt requests and the priority of the individual interrupts.
The IE flagis set (1) by execution of an El instruction, and reset (0) by execution of a DIl instruction or acknowledgment
of an interrupt.
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Auxiliary carry flag (AC)

The AC flag is set (1) when there is a carry out of bit 3 or a borrow into bit 3 as the result of an operation, and reset
(0) otherwise.

This flag is used when the ADJBA or ADJBS instruction is executed.

Register set selection flag (RSS)

The RSSflag specifies the general-purpose registers that function as X, A, C and B, and the general-purpose register
pairs (16-bit) that function as AX and BC.

This flag is provided to maintain compatibility with the 78K/III series, and must be set to 0 except when using a 78K/
Il series program.

Zero flag (2)

The Z flag records the fact that the result of an operation is “0".

It is set (1) when the result of an operation is “0”, and reset (0) otherwise. The status of the Z flag can be tested
with a conditional branch instruction.

Sign flag (S)

The S flag records the fact that the MSB is “1” as the result of an operation.

Itis set (1) when the MSB is “1” as the result of an operation, and reset (0) otherwise. The status of the S flag can
be tested with a conditional branch instruction.

Register bank selection flag (RBSO to RBS2)

This is a 3-bit flag used to select one of the 8 register banks (register bank 0 to register bank 7) (refer to Table
3-4).

It stores 3-bit information which indicates the register bank selected by execution of a SEL RBn instruction, etc.

Table 3-4. Register Bank Selection

RBS2 RBS1 RBSO Specified Register Bank

0 0 0 Register bank 0

Register bank 1

Register bank 2

Register bank 3

Register bank 4

Register bank 5

Register bank 6

R |lkr|lRr|[r|lOo|lo|o

0
1
1
0
0
1
1

R lo|lrRr|o|lr|oO|r

Register bank 7

User flag (UF)
This flag can be set and reset in the user program, and used for program control.
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3.7.3 Use of RSS bit

Basically, the RSS bit should be fixed at 0 at all times.

The following explanation refers to the case where a 78K/Ill series program is used, and the program used sets the RSS
bit to 1. This explanation can be skipped if the RSS bit is fixed at 0.

The RSS bit is provided to allow the functions of A (R1), X (R0), B (R3), C (R2), AX (RP0) and BC (RP1) to be used by
registers R4 to R7 (RP2, RP3) as well. Effective use of this bit enables efficient programs to be written in terms of program
size and program execution.

However, careless use can result in unforeseen problems. Therefore, the RSS bit should always be setto 0. The RSS
bit should only be set to 1 when a 78K/Ill series program is used.

Use of the RSS bit set to 0 in all programs will improve programming and debugging efficiency.

Even when using a program in which the RSS bit set to 1 is used, it is recommended that the program be amended if
possible so that it does not set the RSS bit to 1.

(1) RSS bit recommendations

¢ Registers used by instructions for which the A, X, B, C and AX registers are directly entered in the operand column
of the operation list (refer to 21.2.)

* Registers specified asimplied by instructions that use the A, AX, B and C registers by means of implied addressing

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

The registers used in these cases are switched as follows according to the RSS bit.

- WhenRSS =0
A—R1, X—R0, B»R3, C»R2, AX—»RP0O, BC—RP1

- WhenRSS =1
A—R5, X—R4, B»R7, C»R6, AX—->RP2, BC—RP3

Registers used other than those mentioned above are always the same irrespective of the value of the RSS bit. With
the NEC assembler (RA78K4), the register operation code generated when the A, X, B, C, AX and BC registers are
described by those names is determined by the assembler RSS pseudo-instruction.

When the RSS bit is set or reset, an RSS pseudo-instruction must be written immediately before (or immediately
after) the relevant instruction (refer to example below).

<Program example>
e When RSSis setto 0

RSS 0 ; RSS pseudo-instruction
CLR1 PSWL.5
MOV B, A ; This code is equivalent to “MOV R3, R1".

¢« When RSSissetto 1

RSS 1 ; RSS pseudo-instruction
SET1 PSWL.5
MOV B, A ; This code is equivalent to “MOV R7, R5".
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(2) Operation code generation method with RA78K4

*  With RA78K4, if there is an instruction with the same function as an instruction for which A or AX is directly entered
in the operand column of the instruction operation list, the operation code for which A or AX is directly entered
in the operand column is generated first.

Example The function is the same when B is used as r in a MOV A,r instruction, and when A is used as r and
Bisused asr’ ina MOVr,r’ instruction, and the same code (MOV,A,B) is used in the assembler source
program. In this case, RA78K4 generates code equivalent to the MOV A, r instruction.

« If A, X, B, C, AX or BC is written in an instruction for which r, r’, rp and rp’ are specified in the operand column,
the A, X, B, C, AX and BC instructions generate an operation code that specifies the following registers according
to the operand of the RA78K4 RSS pseudo-instruction.

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 or RPO to RP4 is written as r, ', rp or rp’ in the operand column, an operation code in accordance
with that specification is output (an operation code for which A or AX is directly entered in the operand column
is not output.)

¢ R1,R3,R2o0rR5,R7, R6 cannot be used for registers A, B and C used in indexed addressing and based indexed
addressing.

(3) Operating precautions
Switching the RSS bit has the same effect as having two register sets. However, when writing a program, care must
be taken to ensure that the static program code and dynamic RSS bit changes at the time of program execution
always coincide.
Also, a program that sets RSS to 1 cannot be used by a program that uses the context switching function, and
therefore program usability is poor. Moreover, since different registers are used with the same name, program
readability is poor and debugging is difficult. Therefore, if it is necessary to set RSS to 1, these disadvantages must
be fully taken into consideration when writing a program.
A register not specified by the RSS bit can be accessed by writing its absolute name.
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3.7.4 Stack pointer (SP)

The stack pointer is a 24-bit register that holds the start address of the stack area (LIFO type: 00000H to FFFFFFH) (refer
to Figure 3-7). Itis used to address the stack area when subroutine processing or interrupt processing is performed. Be
sure to write “0” in the high-order 4 bits.

The contents of the SP are decremented before a write to the stack area and incremented after a read from the stack
area (refer to Figures 3-8 and 3-9).

The SP is accessed by dedicated instructions.

The SP contents are undefined after Fﬁinput, and therefore the SP must always be initialized by an initialization
program directly after reset release (before a subroutine call or interrupt acknowledgment).

Example SP initialization
MOVG SP, #0FEEOH;SP « OFEEOH (when used from FEDFH)

Figure 3-7. Format of Stack Pointer (SP)

23 0

SP
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Figure 3-8. Data Saved to Stack Area

PUSH sfr Instruction

PUSH sfrp Instruction

Stack Stack
SP =» SP -
! !
SP-1 SP-1 High-order Byte
!
SP-SP-1 SP-2 Low-order Byte
SP~SP-2
PUSH PSW Instruction PUSH rg Instruction
Stack Stack
SP » SP =»
! !
PSWHy~to ) .
SiP— 1 PSWHa Undefined SlP— 1 High-order Byte
SP-2 PSWL SP-2 | Middle-order Byte
!
SP -SP-2 SP-3 Low-order Byte
SP~SP-3
. PUSH post, PUSHU post Instruction
CALL, CALLF, CALLT Instruction Vectored Interrupt (In case of PUSH AX, RP2, RP3)
Stack Stack Stack '
SP =» SP =» SP =
! ! !
) PC19to PSWH~ to| PC19 to
SP-1 SP-1 SP-1 R7 0
| Undefined PC16 | PSWHs PC16 | HRP3
SP-2 PC15 to PC8 SP-2 PSWL SP-2 R6 0
! ! !
SP-3 PC7 to PCO SP-3 PC15 to PC8 SP-3 R5 O
! ! ORP2
SP ~SP-3 SP-4 PC7 to PCO SP-4 R4 O
!
SP-SP-4 SP-5 A O
! OAX
SP-6 X O
SP ~SP-6
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SP — SP+3

SP+2
1

SP+1
1
SP »

Figure 3-9. Data Restored from Stack Area

POP sfr Instruction

POP sfrp Instruction

X
0
w

b
x

Stack Stack
SP - SP+1 SP —SP+2
SP+1 SP+1 High-order Byte
1 1
SP =» SP =» Low-order Byte
POP PSW Instruction POP rg Instruction
Stack Stack
SP ~ SP+2 SP ~SP+3
?
TSP+1 ngm O ot TSP+2 High-order Byte
SP = PSWL SP+1 | Middle-order Byte
1
SP =» Low-order Byte
. . POP post, POPU post Instruction
RET Instruction RETI, RETB Instruction (In case of POP  AX, RP2, RP3)
Stack Stack Stack '
SP - SP+4 SP — SP+6
Not PC19 to PSWHy7 to| PC19 to
- PC16 SP+3 | PSWH: | PC16 SP+5 R
'
PC15 to PC8 SP+2 PSWL SP+4 R6
1 1
PC7 to PCO SP+1 PC15to PC8 SP+3 R5
1 1
SP = PC7 to PCO SP+2 R4
1
SP+1 A
1
SP =» X

Note This 4-bit data is ignored.

sy s o e | [ -
X
0
N
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Cautions 1. With stack addressing, the entire 1 M-byte space can be accessed but a stack area cannot be
reserved in the SFR area or internal ROM area.

2. The stack pointer (SP) is undefined after REmput. Moreover, non-maskable interrupts can
still be acknowledged when the SP is in an undefined state. An unanticipated operation may
therefore be performed if a non-maskable interrupt request is generated when the SP is in the
undefined state directly after reset release. To avoid this risk, the program after reset release must
be written as follows.

RSTVCT CSEG AT 0
DwW RSTSTRT
to

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

3.8.1 Configuration

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

General-purpose registers other than the V, U, T and W registers for address extension are mapped onto internal RAM.

These register sets are provided in 8 banks, and can be switched by means of software or the context switching function.

Upon RESET input, register bank 0 is selected. The register bank used during program execution can be checked by
reading the register bank selection flag (RBS0, RBS1, RBS2) in the PSW.

Figure 3-10. Format of General-Purpose Register

7 07 0
A(RL) ! X(RO)
|
AX(RPO)
B (R3) ' C(R2)
|
BC (RP1)
R5 ! R4
|
RP2
|
T R7 : R6
,’/7 RP3
v | R9 } R8
| |
! VP (RP4)
VVP (RG4)
u | R11 | R10
|
| |
w UP (RP5)
UUP (RG5)
T | D(RI13) | E(RL2)
|
| |
! DE (RP6)
TDE (RG6)
W 3 H(R15) | L(R14)
| ! 8 Banks
w HL (RP7)
WHL (RG7)
23 16 15 0

Remark Absolute names are shown in parentheses.
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Figure 3-11. General-Purpose Register Addresses

8-Bit Processing 16-Bit Processing

FEFFHNote RBNKO H(R15) (FH) L(R14) EH) HL(RP7) en)

RBNK1 D(R13) (oH) E(R12) cH) DE(RP®6) (cH)

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

RBNK3 R9 (oH) R8 (gH) VP(RP4) gH)

RBNK4 R7 @n) R6 ©H) RP3 ()

RBNK5 R5 sH) R4 @n) RP2 @n)

RBNK6 B(R3) 3H) C(R2) 21 BC(RP1) 21
FE8QHNote RBNK7 A(R1) any X(RO) (on) AX(RPO) (o H)

7 07 0 15 0

Note When the LOCATION O instruction is executed. When the LOCATION OFH instruction is executed, OFOO00H
should be added to the address values shown above.

Caution R4, R5,R6, R7, RP2 and RP3 can be used as the X, A, C, B, AX and BC registers respectively by setting
the RSS bit of the PSW to 1, but this function should only be used when using a 78K/Ill series program.

Remark When the register bank is changed, and it is necessary to return to the original register bank, an SEL RBn
instruction should be executed after saving the PSW to the stack witha PUSH PSW instruction. When returning
to the original register bank, if the stack location does not change the POP PSW instruction should be used.
When the register bank is changed by a vectored interrupt processing program, etc., the PSW is automatically
saved to the stack when an interrupt is acknowledged and restored by an RETI or RETB instruction, so that,
if only one register bank is used in the interrupt service routine, only an SEL RBninstruction needs be executed,
and execution of a PUSH PSW and POP PSW instruction is not necessary.

Example When register bank 2 is specified

PUSH PSW
SEL RB2

Operations in register bank 2
POP PSW

Operations in original register bank
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3.8.2 Functions

In addition to being manipulated in 8-bit units, the general-purpose registers can also be manipulated in 16-bit units by
pairing two 8-bit registers. Also, four of the 16-bit registers can be combined with an 8-bit register for address extension
and manipulated in 24-bit units.

Each register can be used in a general-purpose way for temporary storage of an operation result and as the operand
of an inter-register operation instruction.

The area from OFE80H to OFEFFH (when the LOCATION O instruction is executed; OFFE80H to OFFEFFH when the
LOCATION OFH instruction is executed) can be given an address specification and accessed as ordinary data memory
irrespective of whether or not it is used as the general-purpose register area.

As 8 register banks are provided in the 78K/IV series, efficient programs can be written by using different register banks
for normal processing and processing in the event of an interrupt.

The registers have the following specific functions.

A (R1):
¢ Register mainly used for 8-bit data transfers and operation processing. Can be used in combination with all
addressing modes for 8-bit data.
e Can also be used for bit data storage.
e Can be used as the register that stores the offset value in indexed addressing and based indexed addressing.

X (RO):
e Can be used for bit data storage.

AX (RPO):
¢ Register mainly used for 16-bit data transfers and operation processing. Can be used in combination with all
addressing modes for 16-bit data.

AXDE:
¢ Used for 32-bit data storage when a DIVUX, MACW or MACSW instruction is executed.

B (R3):
e Has a loop counter function, and can be used by the DBNZ instruction.
e Can be used as the register that stores the offset value in indexed addressing and based indexed addressing.
¢ Used as the MACW and MACSW instruction data pointer.

C (R2):
e Has a loop counter function, and can be used by the DBNZ instruction.
¢ Can be used as the register that stores the offset value in based indexed addressing.
¢ Used as the counter in a string instruction and the SACW instruction.
¢ Used as the MACW and MACSW instruction data pointer.

RP2:
¢ Used to save the low-order 16 bits of the program counter (PC) when context switching is used.

RP3:

¢ Used to save the high-order 4 bits of the program counter (PC) and the program status word (PSW) (excluding
bit 0 to bit 3 of PSWH) when context switching is used.
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VVP (RG4):
¢ Has a pointer function, and operates as the register that specifies the base address in register indirect addressing,
based addressing and based indexed addressing.

UUP (RG5):
* Hasauser stack pointer function, and enables a stack separate from the system stack to be implemented by means
of the PUSHU and POPU instructions.
* Has a pointer function, and operates as the register that specifies the base address in register indirect addressing
and based addressing.

DE (RP6), HL (RP7):
¢ Operate as the registers that store the offset value in indexed addressing and based indexed addressing.

TDE (RG6):
* Has a pointer function, and operates as the register that specifies the base address in register indirect addressing
and based addressing.
¢ Used as the pointer in a string instruction and the SACW instruction.

WHL (RG7):
* Register used mainly for 24-bit data transfers and operation processing.
* Has a pointer function, and operates as the register that specifies the base address in register indirect addressing
and based addressing.
¢ Used as the pointer in a string instruction and the SACW instruction.
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In addition to the function name that emphasizes the specific function of the register (X, A, C, B, E, D, L, H, AX, BC, VP,
UP, DE, HL, VVP, UUP, TDE, WHL), each register can also be described by its absolute name (RO to R15, RPO to RP7,
RG4 to RG7). The correspondence between these names is shown in Table 3-5.

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

(a) 8-bit registers (b) 16-bit registers
Absolute Narme Function Name Absolute Narme Function Name
RSS =0 RSS = 1Noe RSS =0 RSS = 1Noe

RO X RPO AX
R1 A RP1 BC
R2 C RP2 AX
R3 B RP3 BC
R4 X RP4 VP VP
R5 A RP5 UP UP
R6 C RP6 DE DE
R7 B RP7 HL HL
R8
R9
R10 (c) 24-bit registers
R11 Absolute Name Function Name
R12 E E RG4 VVP
R13 D D RG5 UUP
R14 L L RG6 TDE
R15 H H RG7 WHL

Note RSS should only be set to 1 when a 78K/Ill series program is used.

Remark R8 to R11 have no function name.
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3.9 Special Function Registers (SFRs)

These are registers to which a special function is assigned, such as on-chip peripheral hardware mode registers, control
registers, etc. They are mapped onto the 256-byte space from OFFOOH to OFFFFHNote,

Note When the LOCATION O instruction is executed. When the LOCATION OFH instruction is executed, the area is
FFFOOH to FFFFFH.

Caution Addresses onto which SFRs are not assigned should not be accessed in this area. If such an address
is as accessed by mistake, the uPD784046 may become deadlocked. A deadlock can only be released
by reset input.

A list of special function registers (SFRs) is given in Table 3-6. The meaning of the items in the table is as explained

below.

e Symbol ... Symbol that indicates the incorporated SFR. This is a reserved word in the NEC assembler
(RA78K4). With the C compiler (CC78K4), this symbol can be used as a sfr variable by
means of a #pragma sfr command.

¢ RIW e Indicates whether the corresponding SFR is read/write enabled.

R/W: Read/write enabled
R : Read-only
W : Write-only

¢ Manipulable Bit Units........ Indicates the applicable manipulation bit units when the corresponding SFR is manipulated.
A 16-bit-manipulable SFR can be written in the operand “sfrp”, and when specified by an
address, an even address is specified.

A bit-manipulable SFR can be written in a bit manipulation instruction.

e OnReset ...cccceeevviiiiieeees Indicates the status of the register after RESET input.
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Table 3-6. Special Function Registers (SFRs) List (1/5)

AddressNote Special Function Register (SFR) Name Symbol R/W | Bit Units for Manipulation | On Reset
1 bit 8 bits | 16 bits
OFFOOH Port 0 PO R/W O O - Undefined
OFFO1H Port 1 P1 O O -
OFF02H Port 2 P2 Note2 | () @) -
OFFO3H Port 3 P3 R/W O O -
OFF04H Port 4 P4 @) e) -
OFFO5H Port 5 P5 @) @) -
OFFO6H Port 6 P6 O O -
OFFO7H Port 7 P7 R O O -
OFFO8H Port 8 P8 O O -
OFFO9H Port 9 P9 R/W O O -
OFFOEH Port 0 buffer register POL O O -
OFF10H Timer register 0 TMO R - - O 0000H
OFF11H
OFF12H Capture/compare register 00 CCo00 R/W - - O Undefined
OFF13H
OFF14H Capture/compare register 01 CCo01 - - O
OFF15H
OFF16H Capture/compare register 02 CC02 - - O
OFF17H
OFF18H Capture/compare register 03 CCO03 - - O
OFF19H
OFF1AH Timer register 1 ™1 R - - O 0000H
OFF1BH
OFF1CH Compare register 10 CM10 R/W - - O Undefined
OFF1DH
OFF1EH Compare register 11 CM11 — — O
OFF1FH
OFF20H Port 0 mode register PMO O O - FFH
OFF21H Port 1 mode register PM1 O O -
OFF22H Port 2 mode register PM2Note 3 O O -
OFF23H Port 3 mode register PM3 O O -
OFF24H Port 4 mode register PM4 O O -
OFF25H Port 5 mode register PM5 O O -
OFF26H Port 6 mode register PM6 O O -
OFF29H Port 9 mode register PM9 O O -
OFF2EH Real-time output port control register RTPC O O - 00H
OFF2FH Port read control register PRDC O O -
Notes 1. When the LOCATION O instruction is executed. Add “FOO00H” to this value when the LOCATION OFH

instruction is executed.

Bit 0 of P2 can only be read. Bits 1 through 7 can be read/written.

Bit 0 of PM2 is fixed to “1” by hardware.
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Table 3-6. Special Function Registers (SFRs) List (2/5)

AddressNote Special Function Register (SFR) Name Symbol R/W | Bit Units for Manipulation | On Reset
1 bit 8 bits | 16 bits

OFF30H Timer unit mode register 0 TUMO R/W O O - 00H

OFF31H Timer mode control register T™MC O O -

OFF32H Timer output control register 0 TOCO O O -

OFF33H Timer output control register 1 TOC1 O O -

OFF34H Timer unit mode register 2 TUM2 O O -

OFF35H Timer mode control register 2 TMC2 O O -

OFF36H Timer output control register 2 TOC2 O O -

OFF37H Timer mode control register 4 TMC4 O O -

OFF38H Prescaler mode register PRM - O -

OFF39H Prescaler mode register 2 PRM2 - O -

OFF3AH Prescaler mode register 4 PRM4 - O -

OFF3BH Noise protection control register NPC O O -

OFF3CH External interrupt mode register 0 INTMO O O -

OFF3DH External interrupt mode register 1 INTM1 O O -

OFF3EH Interrupt valid edge flag register 1 IEF1 O O - Undefined

OFF3FH Interrupt valid edge flag register 2 IEF2 O O -

OFF41H Port 1 mode control register PMC1 O O - 00H

O0FF42H Port 2 mode control register PMC2Note 2 O O -

OFF43H Port 3 mode control register PMC3 O O -

OFF49H Port 9 mode control register PMC9 O O -

OFF4EH Pull-up resistor option register L PUOL O O -

OFF4FH Pull-up resistor option register H PUOH O O -

OFF50H Timer register 2 TM2 R - - O 0000H

OFF51H

OFF52H Compare register 20 CM20 R/W - - O Undefined

OFF53H

OFF54H Compare register 21 CM21 - - O

OFF55H

OFF56H Timer register 3 TM3 R - - O 0000H

OFF57H

OFF58H Compare register 30 CM30 R/W - - O Undefined

OFF59H

OFF5AH Compare register 31 CM31 — — O

OFF5BH

OFF60H Timer register 4 T™M4 R - - O 0000H

OFF61H

Notes 1. When the LOCATION O instruction is executed. Add “FOO00H” to this value when the LOCATION OFH

instruction is executed.

2. Bits 0, and 5 through 7 of PMC2 are fixed to “0” by hardware.
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Table 3-6. Special Function Registers (SFRs) List (3/5)

AddressNote Special Function Register (SFR) Name Symbol R/W | Bit Units for Manipulation | On Reset
1 bit 8 bits | 16 bits

OFF62H Compare register 40 CM40 R/W - - O Undefined

OFF63H

OFF64H Compare register 41 CM41 - - O

OFF65H

OFF6EH A/D converter mode register ADM O O - 00H

OFF70H A/D conversion result register 0 ADCRO R - - O Undefined

OFF71H

OFF71H A/D conversion result register OH ADCROH - O -

OFF72H A/D conversion result register 1 ADCR1 - - O

OFF73H

OFF73H A/D conversion result register 1H ADCR1H - O -

OFF74H A/D conversion result register 2 ADCR2 - - O

OFF75H

OFF75H A/D conversion result register 2H ADCR2H - O -

OFF76H A/D conversion result register 3 ADCR3 - - O

OFF77H

OFF77H A/D conversion result register 3H ADCR3H - O -

OFF78H A/D conversion result register 4 ADCR4 - - O

OFF79H

OFF79H A/D conversion result register 4H ADCR4H - O -

OFF7AH A/D conversion result register 5 ADCR5 - - O Undefined

OFF7BH

OFF7BH A/D conversion result register 5H ADCR5H - O -

OFF7CH A/D conversion result register 6 ADCR6 - - O

OFF7DH

OFF7DH A/D conversion result register 6H ADCR6H - O -

OFF7EH A/D conversion result register 7 ADCR7 - - O

OFF7FH

OFF7FH A/D conversion result register 7H ADCR7H - O -

OFF84H Clocked serial interface mode register 1 CSIM1 R/W O O - 00H

OFF85H Clocked serial interface mode register 2 CSIM2 O O -

OFF88H Asynchronous serial interface mode register | ASIM O O -

OFF89H Asynchronous serial interface mode register 2 | ASIM2 O O -

OFF8AH Asynchronous serial interface status register| ASIS R O O -

OFF8BH Asynchronous serial interface status register 2| ASIS2 O O -

Note When the LOCATION O instruction is executed. Add “FOO00H” to this value when the LOCATION OFH
instruction is executed.
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Table 3-6. Special Function Registers (SFRs) List (4/5)

AddressNote 1 Special Function Register (SFR) Name Symbol R/W | Bit Units for Manipulation | On Reset
1 bit 8 bits | 16 bits
OFF8CH Serial receive buffer: UARTO RXB R - O - Undefined
Serial transmit shift register: UARTO TXS W - O -
Serial shift register: IOE1 Slo1 R/W - O -
OFF8DH Serial receive buffer: UART2 RXB2 R - O -
Serial transmit shift register: UART2 TXS2 W - O -
Serial shift register: IOE2 S102 R/W - O -
OFF90H Baud rate generator control register BRGC - O - 00H
OFF91H Baud rate generator control register 2 BRGC2 - O -
OFFA8H In-service priority register ISPR R O O -
OFFAAH Interrupt mode control register IMC R/W O O - 80H
OFFACH Interrupt mask register OL MKOL O O - FFH
OFFACH Interrupt mask register 0 MKO - - O FFFFH
OFFADH
OFFADH Interrupt mask register OH MKOH O O - FFH
OFFAEH Interrupt mask register 1L MK1L O O -
OFFAEH Interrupt mask register 1 MK1 - - O FFFFH
OFFAFH
OFFAFH Interrupt mask register 1H MK1H O O - FFH
OFFCOH Standby control registerNot 2 STBC - O - 30H
OFFC2H Watchdog timer mode registerNot 2 WDM - O - 00H
OFFC4H Memory expansion mode register MM O O - 20H
OFFC7H Programmable wait control register 1 PWC1 - O - AAH
OFFC8H Programmable wait control register 2 PWC2 - - O AAAAH
OFFC9H
OFFCAH Bus width specification register BW - - O Note 3
OFFCBH
OFFCFH Oscillation stabilization time specification register| OSTS - O - 00H
OFFDOH- External SFR area - O O - Undefined
OFFDFH
OFFEOH Interrupt control register (INTOVO0) oVvICo O O - 43H
OFFE1H Interrupt control register (INTOV1) ovic1 O O -
OFFE2H Interrupt control register (INTOV4) ovic4 O O -
OFFE3H Interrupt control register (INTPO) PICO O O -
OFFE4H Interrupt control register (INTP1) PIC1 O O -
OFFE5H Interrupt control register (INTP2) PIC2 O O -

Notes 1. When the LOCATION O instruction is executed. Add “FOO00H” to this value when the LOCATION OFH
instruction is executed.
2. These registers can be written only by using dedicated instructions MOV STBC, #byte and MOV WDM,
#byte, and cannot be written by any other instructions.
3. The value of this register on reset differs depending on the setting of the BWD pin.
BWD = 0: 0000H
BWD = 1: 0O0FFH
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Table 3-6. Special Function Registers (SFRs) List (5/5)

AddressNote 1 Special Function Register (SFR) Name Symbol R/W | Bit Units for Manipulation | On Reset
1 bit 8 bits | 16 bits
OFFE6H Interrupt control register (INTP3) PIC3 R/W O O - 43H
OFFE7H Interrupt control register (INTP4) PIC4 O O -
OFFES8H Interrupt control register (INTP5) PIC5 O O -
OFFE9H Interrupt control register (INTP6) PIC6 O O -
OFFEAH Interrupt control register (INTCM10) CMIC10 O O -
OFFEBH Interrupt control register (INTCM11) CMIC11 O O -
OFFECH Interrupt control register (INTCM20) CMIC20 O O -
OFFEDH Interrupt control register (INTCM21) CMIC21 O O -
OFFEEH Interrupt control register (INTCM30) CMIC30 O O -
OFFEFH Interrupt control register (INTCM31) CMIC31 O O -
OFFFOH Interrupt control register (INTCM40) CMIC40 O O -
OFFF1H Interrupt control register (INTCM41) CMIC41 O O -
OFFF2H Interrupt control register (INTSER) SERIC O O -
OFFF3H Interrupt control register (INTSR) SRIC O O -
Interrupt control register (INTCSI1) Cslic1 O O -
OFFF4H Interrupt control register (INTST) STIC O O -
OFFF5H Interrupt control register (INTSER2) SERIC2 O O -
OFFF6H Interrupt control register (INTSR2) SRIC2 O O -
Interrupt control register (INTCSI2) Cslic2 O O -
OFFF7H Interrupt control register (INTST2) STIC2 O O -
OFFF8H Interrupt control register (INTAD) ADIC O O -
OFFFCH Internal memory size select registerNote 2 IMS - O - Note 3

Notes 1. When the LOCATION O instruction is executed. Add “FOO00H” to this value when the LOCATION OFH
instruction is executed.
2. Writing to IMS is valid only with the flash memory model (uPD78F4046). When writing to IMS with mask
ROM models (uPD784044, 784046), the value is not changed and remains the same as the value on reset.
3. The value on reset differs depending on the models.
uPD784044 : CDH
uPD784046, 78F4046 : DEH
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3.10 Cautions
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Program fetches cannot be performed from the internal high-speed RAM area (OFDOOH to OFEFFH when the
LOCATION 0 instruction is executed; FFDOOH to FFEFFH when the LOCATION OFH instruction is executed).

Special function registers (SFRs)

Addresses onto which SFRs are not assigned should not be accessed in the area OFFOOH to OFFFFHNot |f such
an address is accessed by mistake, the uPD784046 may become deadlocked. A deadlock can only be released
by reset input.

Note When the LOCATION O instruction is executed; FFFOOH to FFFFFH when the LOCATION OFH instruction
is executed.

Writing to the internal memory size select register (IMS) is valid only with the uPD78F4046. The IMS of the
uPD784044 and 784046 holds the value at RESET even if data is written to it.

To develop a program for the uPD784044 using the uPD78F4046, set the value of the IMS to CDH. When the value
of the IMS is set to CDH, the peripheral RAM capacity of the uPD78F4046 is 768 bytes, but the peripheral RAM
capacity of the uPD784044 is 512 bytes. When using a mask ROM, therefore, exercise care that addresses OFAOOH
through OFAFFH of the peripheral RAM area of the uPD78F4046 are not used (when the LOCATION 0 instruction
is executed).

Stack pointer (SP) operation
With stack addressing, the entire 1 M-byte space can be accessed, but a stack area cannot be reserved in the SFR

area or internal ROM area.

Stack pointer (SP) initialization

The SP is undefined after RESET input, while nhon-maskable interrupts can be acknowledged directly after reset
release. Therefore, an unforeseen operation may be performed if a non-maskable interrupt request is generated
while the SP is in the undefined state directly after reset release. To minimize this risk, the following program should
be coded without fail after reset release.

RSTVCT CSEG AT 0
DwW RSTSTRT
to
INITSEG CSEG BASE
RSTSTRT : LOCATION OH ; or LOCATION OFH
MOVG SP, #STKBGN
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4.1 Configuration and Function

The clock generator generates and controls the internal system clock (CLK) supplied to the CPU and on-chip hardware. The
clock generator block diagram is shown in Figure 4-1.

Figure 4-1. Block Diagram of Clock Generator

2 Internal Bus 2
N { } 0STS ) i E STBC
€9

S
EXTC OSTS2|0OSTS1|OSTSO——RESET STP HLT —RESET
" SAC \
\ Frequency Divider
X10—
Clock fxx or fx foLk
Oscillator 1/2 Internal System Clock (CLK)

X20—

Remark fxx : crystal/ceramic oscillation frequency
fx :external clock frequency
fcik : internal system clock frequency

The clock oscillator oscillates by means of a crystal resonator/ceramic resonator connected to the X1 and X2 pins. When
standby mode (STOP) is set, oscillation stops (refer to CHAPTER 18 STANDBY FUNCTION).

An external clock can also be input. In this case, input the clock signal to the X1 pin.

The processing of the X2 pin differs depending on the setting of the EXTC bit of the oscillation stabilization time specification
register (OSTS), as follows:

EXTC bit = 1: Input a clock in reverse phase to the clock input to X1 pin to the X2 pin.
EXTC bit = 0: Leave the X2 pin unconnected.

The frequency divider circuit divides the output (fxx or fx) of the clock oscillator by two, to generate an internal system clock
(fcrk).
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Figure 4-2. Clock Oscillator External Circuitry

(a) Crystal/ceramic oscillation

HPD784046
777777777777777 Vss
=

s
e

(b) External clock

EXTC bit of OSTS =1 EXTC bit of OSTS =0

uPD784046 uPD784046

X1 —>o——x1

X2 Open — X2
UPD74HCO4,etc. L—

Cautions 1. The oscillator should be as close as possible to the X1 and X2 pins.
2. No other signal lines should pass through the area enclosed by the dotted line.

Remark Use of crystal resonator and ceramic resonator
Generally speaking, the oscillation frequency of a crystal resonator is extremely stable. It is therefore ideal for
performing high-precision time management (in clocks, frequency meters, etc.).
A ceramic resonator is inferior to a crystal resonator in terms of oscillation frequency stability, but it has three
advantages: a fast oscillation start-up time, small size, and low price. Itis therefore suitable for general use (when
high-precision time management is not required). In addition, there are products with a built-in capacitor, etc.,
which enable the number of parts and mounting area to be reduced.
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4.2 Control Registers

4.2.1 Standby control register (STBC)

STBC is aregister used to set the standby mode. Referto CHAPTER 18 STANDBY FUNCTION for details of the standby
modes.

To prevent erroneous entry into standby mode due to an inadvertent program loop, the STBC register can only be written
to by adedicated instruction. Thisinstructionisthe MOV STBC, #byte instruction, and has a special code configuration (4 bytes).
A write is only performed if the 3rd and 4th bytes of the op code are mutual complements. If the 3rd and 4th bytes of the op code
are not mutual complements, a write is not performed, and an op error interrupt is generated. In this case, the return address
saved in the stack area is the address of the instruction which is the source of the error. The error source address can thus be
found from the return address saved on the stack area.

An endless loop will result if restore from an operand error is simply performed with an RETB instruction.

Since 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 the MOV STBC, #byte instruction 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 no operation is
performed. Thatis, a write is not performed on the STBC, and an interrupt such as an operand error interrupt is not generated.
The STBC can be read at any time with a data transfer instruction.

RESET input sets the STBC register contents to 30H.

The format of the STBC is shown in Figure 4-3.

Figure 4-3. Standby Control Register (STBC) Format

Address : OFFCOH Onreset: 30H R/W
7 6 5 4 3 2 1 0
STBC 0 0 1 1 0 0 STP | HLT
STP | HLT CPU Operating Mode Control

0 0 Normal mode

0 1 HALT mode

1 0 |STOP mode

1 1 IDLE mode

Caution If the STOP mode is used when external clock input is used, the EXTC bit of the oscillation stabilization
time specification register (OSTS) must be set (1) before setting the STOP mode. Ifthe STOP mode is used
when the EXTC bit of the OSTS is in the cleared (0) state when external clock inputis used, the uPD784046
may be damaged or suffer reduced reliability.
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.
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4.2.2 Oscillation stabilization time specification register (OSTS)

OSTS is a register used to specify the operation of the oscillator. The EXTC bit of the OSTS specifies whether a crystal/
ceramic resonator or an external clock is used. The STOP mode can be set during use of external clock input, only when the
EXTC bit is set (1).

The OSTS can be read/written to by an 8-bit manipulation instruction.

RESET input clears the OSTS register contents to 00H.

The format of the OSTS is shown in Figure 4-4.

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

Address : OFFCFH On reset: 00H R/W
7 6 5 4 3 2 1 0
OSTS | EXTC 0 0 0 0 |OSTS2|0STS1|0OSTS0
EXTC Selects External Clock

0 Opens X2 pin when crystal/ceramic oscillation

is used or when external clock is used.

1 Inputs clock in reverse phase to clock input
X1 pin to X2 pin.

OSTS2| OSTS1 | OSTSO| Selects oscillation stabilization time
(for details, refer to Figure 18-4).

Cautions 1. When using a crystal/ceramic oscillation, the EXTC bit must be cleared (0). If the EXTC bit is set (1),

oscillation will stop.

2. Ifthe STOP mode is used with external clock input, the EXTC bit must be set (1) before setting the STOP
mode. If the STOP mode is used when the EXTC bit is in the cleared (0) state, the uPD784046 may be
damaged or suffer reduced reliability.

3. When setting the EXTC bit to 1 during external clock input, 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 uPD784046
operates on only the clock input to the X2 pin.
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4.3 Clock Generator Operation
4.3.1 Clock oscillator

(1) When using crystal/ceramic oscillation
The clock oscillator starts oscillating when the RESET signal is input, and stops oscillation when the STOP mode is set
by the standby control register (STBC). Oscillation is resumed when the STOP mode is released.

(2) When using external clock
The clock oscillator supplies the clock input from the X1 pin to the internal circuitry when the RESET signal is input.
The oscillator operates as follows when the EXTC bit of the oscillation stabilization time specification register (OSTS)
issetto 1.

¢ The clock oscillator supplies the clock input to the X2 pin to the internal circuitry.

¢ Thenecessary circuit stops operating during the crystal/ceramic oscillation of the clock oscillator, to reduce the power
dissipation.

e The STOP mode can be used even when the external clock is input.

Cautions 1. When using a crystal/ceramic oscillation, the EXTC bit of the Oscillation stabilization time specifica-
tion register (OSTS) must be cleared (0). If the EXTC bit is set (1), oscillation will stop.

2. Ifthe STOP mode is used with external clock input, the EXTC bit of the OSTS must be set (1) before
setting the STOP mode. If the STOP mode is used when the EXTC bit is in the cleared (0) state, not
only will the clock generator consumption current not be reduced, but the uPD784046 may also be
damaged or suffer reduced reliability.

3. 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.

4.3.2 Frequency divider

The frequency divider divides the output from the clock oscillator by two, and supplies the result to the CPU and peripheral
hardware.
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4.4 Cautions
The following cautions apply to the clock generator.
4.4.1 When an external clock is input

(1) Ifthe STOP mode is used with external clock input, the EXTC bit of the oscillation stabilization time specification register
(OSTS) must be set (1). If the STOP mode is used when the EXTC bit is in the cleared (0) state, the uPD784046 may
be damaged or suffer reduced reliability.

(2) 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.

(3) When an external clock is input, this should be performed with a HCMOS device, or a device with the equivalent drive
capability.

(4) Asignal should not be extracted from the X1 and X2 pins. If a signal is extracted, it should be extracted from point a in
Figure 4-5.

Figure 4-5. Signal Extraction with External Clock Input

UPD784046

a
{>a X1
{PD74HCO04, etc. \ /

X2

(5) The wiring connecting the X1 pin to the X2 pin via an inverter, in particular, should be made as short as possible.

98



CHAPTER 4 CLOCK GENERATOR

4.4.2 When crystal/ceramic oscillation is used

(1) As the oscillator is a high-frequency analog circuit, considerable care is required.
The following points, in particular, require attention.

¢ The wiring should be kept as short as possible.

* No other signal lines should be crossed.

* Avoid lines carrying a high fluctuating current.

* The oscillator capacitor grounding point should always be at the same potential as the Vss pin. Do not ground to a
ground pattern carrying a high current.

« A signal should not be taken from the oscillator.

If oscillation is not performed normally and stably, the microcontroller will not be able to operate normally and stably,
either. Also, if a high-precision oscillation frequency is required, consultation with the oscillator manufacturer is

recommended.

Figure 4-6. Cautions on Resonator Connection

1 PD784046

Vss X1 X2

Cautions 1. The oscillator should be as close as possible to the X1 and X2 pins.
2. No other signal lines should pass through the area enclosed by the dotted line.
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Figure 4-7. Incorrect Example of Resonator Connection

(@) Wiring of conneted circuits is too long

UPD784046

Vss X1 X2

N

e

(c) Wiring near high alternating current

uPD784046

I:l High

Alternating

‘[ ]‘ Current

(e) Signal extracted

uPD784046

Vs X2

L
N
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(b) Crossed signal lines

UPD784046

]

|

Vss X1

(d) Current flowing through ground line of
oscillator

(Potentials at points A, B, and C fluctuate)

uPD784046 FM

o

A

-

High
Alternating
7T Current




CHAPTER 4 CLOCK GENERATOR

(2) When the device is powered on, and when restoring from the STOP mode, sufficient time must be allowed for the
oscillation to stabilize. Generally speaking, the time required for oscillation stabilization is several milliseconds when a
crystal resonator is used, and several hundred microseconds when a ceramic resonator is used.

An adequate oscillation stabilization period should be secured by the following means:

<1> When powering-on : RESET input (reset period)
<2> When returning from STOP mode :
(i) RESET input (reset period)

(i) Time of the oscillation stabilization timer that automatically starts at the valid edge of NMI signal (set by the
oscillation stabilization time specification register (OSTS))

(3) The EXTC bit of the oscillation stabilization time specification register (OSTS) must be cleared (0). If the EXTC bit is
set (1), oscillation will stop.
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CHAPTER 5 PORT FUNCTIONS

5.1 Digital Input/Output Port
The uPD784046 is provided with the ports shown in Figure 5-1, enabling various kinds of control to be performed. The
function of each port is shown in Table 5-1. For port 0, ports 4 to 6, and port 9, connection of an internal pull-up resistor

can be specified by software when used as input ports.

Figure 5-1. Port Configuration

~— P00 P50 f=——
Port 0 S
—-— P03 Port 5
Port 1 S p57
- »| P13
P60 f=——
——~|p20 S - Port 6
Port 2
P27 P70-P77 8 Port 7
~— P30
Port 3
P37 P80-P87 8 Port 8
~— | P40
Port4 ¢ Po0 e -
-— - S [ Port 9
P4 |+—
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Table 5-1. Port Function

Port Name | Pin Name Function Specification of Pull-Up Resistor by Software
Port 0 P00-P0O3 Can be set in input or output mode bit-wise. All pins in input mode
Port 1 P10-P13 -
Port 2 P20-P27 Can be set in input or output mode bit-wise

(however, P20 is input-only).
Port 3 P30-P37 Can be set in input or output mode bit-wise.
Port 4 P40-P47 All pins in input mode
Port 5 P50-P57
Port 6 P60-P63
Port 7 P70-P77 Input port -
Port 8 P80-P87
Port 9 P90-P94 Can be set in input or output mode bit-wise. All pins in input mode
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5.2 Port0

Port 0 is a 4-bit input/output port with an output latch. Input/output can be specified bit-wise by means of the port 0 mode
register (PMO0). Each pin incorporates a software programmable pull-up resistor.
In addition to the I/O port function, port 0 can output the port O buffer register (POL) contents at any time interval as 4-
bit real-time output ports. The real-time output port control register (RTPC) is used to select whether this port is used as
a normal output port or a real-time output port.

When RESET is input, port 0 is set as an input port (output high-impedance state), and the output latch contents are

undefined.
Table 5-2. Operation Mode of Port 0
Pin Name | Port Mode Real-Time Output Port Mode Manipulation to Use Port O as Real-Time Output Port Pin
P00-P03 1/0 port RTPO-RTP3 Setting of POML bit of RTPC to 1

Remark For details, refer to CHAPTER 6 REAL-TIME OUTPUT FUNCTION.

5.2.1 Hardware configuration

The port 0 hardware configuration is shown in Figure 5-2.

Figure 5-2. Block Diagram of Port O

—__ WR;UO Pull-Up Resistor Option Register L
|
WRRTec  Real-Time Output Port |Control Register
POML
RDrtpPc
WTPMO Port 0 Mode Register
PMON i[>o
Int I . Trigger
nternal | WReo.  Buffer Register
Bus %
POLNn
RDroL Output Latch /
' Selector
PON |'> O POn
WRout n=0-3
RDro
N
RI?PO
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5.2.2 Input/output mode/control mode setting
The port 0 input/output mode is set by means of the port 0 mode register (PMO0) as shown in Figure 5-3.

Figure 5-3. Format of Port 0 Mode Register (PMO)

Address : OFF20H Onreset: FFH R/W
7 6 5 4 3 2 1 0
PMO 1 1 1 1 PMO03 | PM02 | PMO1 | PMOO

PMOnN Specifies I/O Mode of POn Pin (n = 0 to 3)

0 Output mode (output buffer on)

1 Input mode (output buffer off)

When port 0 is used as a real-time output port, the POML bit of the real-time output port control register (RTPC) should
be set (1) (refer to Figure 5-4).

When POML bit is set, the respective pin output buffer is turned on and the output latch contents are output to the pin
irrespective of the contents of PMO.

Figure 5-4. Format of Real-Time Output Port Control Register (RTPC)

Address : OFF2EH On reset : O0H R/W
5 4 3 2 1 ©
RTPC 0 0 0 0 0 0 TRGPO| POML

TRGPO | Enables or disables data transfer from buffer
register to output latch by INTCM40
(refer to Figure 6-2).

POML [Specifies Control Mode of POO through P03 Pins

0 1/0 port mode

1 Real-time output port mode

106



CHAPTER 5 PORT FUNCTIONS

5.2.3 Operating status
Port 0 is an input/output port

(1) When set as an output port

The output latch is enabled, and data transfers between the output latch and accumulator are performed by means
of transfer instructions. The output latch contents can be freely set by means of logical operation instructions. Once
data has been written to the output latch, it is retained until data is next written to the output latchNote,

Writes cannot be performed to the output latch of a port specified as a real-time output port. However, the output
latch contents can be read even if it is set to the real-time output port mode.

Note Including the case where another bit of the same port is manipulated by a bit manipulation instruction.

Figure 5-5. Port Specified as Output Port

. —
WRepoRT
é Output
Latch
Internal
Bus RDour

g <

L —

> o

POn
n=0-3
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(2) When set as an input port
The port pin level can be loaded into an accumulator by means of a transfer instruction, etc. In this case, too, writes
can be performed to the output latch, and data transferred from the accumulator by a transfer instruction, etc., is
stored in all output latches irrespective of the port input/output specification. However, since the output buffer of
a bit specified as an input port is high-impedance, the data is not output to the port pin (when a bit specified as input
is switched to an output port, the output latch contents are output to the port pin). Also, the contents of the output
latch of a bit specified as an input port cannot be loaded into an accumulator.

Figure 5-6. Port Specified as Input Port

WRPpoRrT
Output
A Latch O POn
n=0-3
Internal
Bus
RDn
g
L —

Caution Abitmanipulation instruction manipulates one bit as the result, but accesses the portin 8-bit units.
Therefore, if a bit manipulation instruction is used on a port with a mixture of input and output pins,
the contents of the output latch of pins specified as inputs will be undefined (excluding bits
manipulated with a SET1 or CLR1 instruction, etc.). Particular care is required when there are bits
which are switched between input and output.

Caution is also required when manipulating the port with other 8-bit manipulation instructions.
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5.2.4 Internal pull-up resistors

Port O incorporates pull-up resistors. Use of these internal resistors when pull-up is necessary enables the number of
parts and the mounting area to be reduced.

Whether or not an internal pull-up resistor is to be used can be specified for each pin by means of the PUOO bit of the
pull-up resistor option register L (PUOL) and the port 0 mode register (PMO).

When PUOO bit is 1, the internal pull-up resistor of only the pin set in the input mode by the real-time output port control
register (RTPC) and PMO is valid when the PUO bit is 1.

Figure 5-7. Pull-Up Resistor Option Register L (PUOL) Format

Address : OFF4EH On reset: 00H R/W
7 6 5 4 3 2 1 0
PUOL 0 PUOG6 | PUO5 | PUO4 0 0 0 PUOO

PUOG | Specifies Pull-up Resistor of Port 6

(refer to Figure 5-47).

PUOS | Specifies Pull-up Resistor of Port 5

(refer to Figure 5-41).

PUO4 | Specifies Pull-up Resistor of Port 4

(refer to Figure 5-35).

PUOO Specifies Pull-up Resistor of Port 0

0 Not used with port 0

1 Used with port 0

Caution When using port 0 as the real-time output port, be sure to reset the PUOO bit to “0” to not connect the
internal pull-up resistor.

Remark When STOP mode is entered, setting 00H in PUOL is effective in reducing the current consumption.
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Internal
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Figure 5-8. Pull-Up Resistor Specification (Port 0)
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5.3 Port1

Port 1 is a 4-bit input/output port with an output latch. Input/output can be specified bit-wise by means of the port 1 mode

register (PM1).

In addition to their input/output port function, port also functions as timer output pins of timer/counter 2 and 3. The

operating mode can be specified bit-wise by means of the port 1 mode control register (PMC1), as shown in Table 5-3. The

level of any pin can be read and tested at any time irrespective of the dual-function pin operation.

When RESET is input, port 1 is set as an input port (output high-impedance state), and the output latch contents are

undefined.
Table 5-3. Port 1 Operating Modes
Pin Name Port Mode Control Signal Output Mode Manipulation to Use Port 1 as Control Pins
P10 1/0 port TO20 output Setting of PMC10 bit of PMC1 (1)
P11 TO21 output Setting of PMC11 bit of PMC1 (1)
P12 TO30 output Setting of PMC12 bit of PMC1 (1)
P13 TO31 output Setting of PMC13 bit of PMC1 (1)
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5.3.1 Hardware configuration
The port 1 hardware configuration is shown in Figure 5-9.

Figure 5-9. Block Diagram of Port 1

WRewmin  Port 1 Mode Register

A PM1n

Ny

WRpmC1n

1
O

PMC1n

RD\Erjvlcm

||

TO Output

WRe1n Output Latch + O Pin

n=0-3

Selector

\W Pin

Internal Bus
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5.3.2 Setting I/0O mode/control mode
The input/output mode of port 1 is set by using the port 1 mode register (PM1) per pin, as shown in Figure 5-10.
Port 1 also functions as the timer output pins of timers/counters 2 and 3, in addition to the 1/O port function, and can be
set in the control mode by using the port 1 mode control register (PMC1) as shown in Figure 5-11.

Figure 5-10. Format of Port 1 Mode Register (PM1)

Address : OFF21H Onreset: FFH R/W
7 6 5 4 3 2 1 0
PM1 1 1 1 1 PM13 | PM12 | PM11 | PM10

PM1n Specifies I/O mode of P1n pin (n = 0 to 3)

0 Output mode (output buffer ON)

1 Input mode (output buffer OFF)

Figure 5-11. Format of Port 1 Mode Control Register (PMC1)

Address : OFF41H Onreset: 00H R/W
7 6 5 4 3 2 1 0
PMC1 0 0 0 0 PMC13|PMC12/PMC11|PMC10
PMC13 Specifies Control Mode of P13 Pin

0 1/0O port mode

1 TO31 output mode

PMC12 Specifies Control Mode of P12 Pin

0 1/0O port mode

1 |TO30 output mode

PMC11 Specifies Control Mode of P11 Pin

0 1/0O port mode

1 TO21 output mode

PMC10 Specifies Control Mode of P10 Pin

0 1/O port mode

1 TO20 output mode
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5.3.3 Operating status

Port 1 is an input/output port, and also functions as timer output pins of timer/counter 2 and 3.

(1) When set as an output port

The output latch is enabled, and data transfers between the output latch and accumulator are performed by means
of transfer instructions. The output latch contents can be freely set by means of logical operation instructions. Once
data has been written to the output latch, it is retained until data is next written to the output latchNote,

Note Including the case where another bit of the same port is manipulated by a bit manipulation instruction.

Figure 5-12. Port Specified as Output Port

T~
WRpoRrT
é Output
Latch Pln
n=0-3
Internal
Bus RDour
g <
-
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(2) When set as an input port
The port pin level can be loaded into an accumulator by means of a transfer instruction, etc. In this case, too, writes
can be performed to the output latch, and data transferred from the accumulator by a transfer instruction, etc., is
stored in all output latches irrespective of the port input/output specification. However, since the output buffer of
a bit specified as an input port is high-impedance, the data is not output to the port pin (when a bit specified as input
is switched to an output port, the output latch contents are output to the port pin). Also, the contents of the output
latch of a bit specified as an input port cannot be loaded into an accumulator.

Figure 5-13. Port Specified as Input Port

. ~—
WRproRT
Output
P —O Pin
Latch
n=0-3
Internal
Bus
RDin
g
-

Caution A bit manipulation instruction manipulates one bit as the result, but accesses the port in 8-bit units.
Therefore, if a bit manipulation instruction is used on a port that has the 1/O mode or port mode and
control mode, the contents of the output latch of the pin set in the input mode or control mode become
undefined (excluding bits manipulated with a SET1 or CLR1 instruction, etc.). Particular care is
required when there are bits which are switched between input and output.

Caution is also required when manipulating the port with other 8-bit manipulation instructions.
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(3) When specified as control signal output

116

By setting (1) bits of the port 1 mode control register (PMC1), the port 1 can be used as control signal outputs bit-
wise irrespective of the setting of the port 1 mode register (PM1). When a pin is used as a control signal, the control
signal status can be seen by executing a port read instruction.

Figure 5-14. Control Specification

Control ™~ o PIn
(Output) L~ n=0-3
PM1n=0
é
RD PMln=1
Internal l\ l\
Bus ™~ ~

When PM1n (n = 0 to 3) bits of PM1 is set (1), the control signal pin level can be read by executing a port read
instruction.

When PM1 is reset (0), the uPD784046 internal control signal status can be read by executing a port read instruction.
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5.4 Port 2

Port 2 is an 8-bit I/O port with an output latch. This port can be set in the input or output mode in 1-bit units by using
port 2 mode register (PM2) (however, P20 is input-only).

In addition to the input/output port function, port 2 also has a function to input control signals such as external interrupt
signals, and output the timer signal of timer O (refer to Table 5-4). P21 through P24 serve as the timer output pins of timer
0 if so specified by port 2 mode control register (PMC2). The level of each pin of this port can always be read or tested
regardless of the multiplexed function.

All the eight pins are Schmitt trigger input pins to prevent malfunctioning due to noise.

When RESET is input, this port is set in the input mode (output high-impedance status), and the contents of the output
latch are undefined.

Table 5-4. Operation Mode of Port 2

(n=0to 7)
Mode Port Mode Control Signal Output Mode

Set condition PMC2n =0 PMC2n =1

PM2n =0 PM2n =1 PM2n = x
P20 - Input port/NMI inputN°t -
P21 Output port Input port/INTPO input TOO0O0 output
p22 Input port/INTP1 input TOO1 output
P23 Input port/INTP2 input TOO02 output
P24 Input port/INTP3 input TOO03 output
P25 Input port/INTP4 input -
P26 Input port/INTP5 input/TI2 input
p27 Input port/INTP6 input/TI3 input

Note The NMlinput pin accepts an interrupt request regardless of whether interrupts are enabled or disabled.
Remark x: don’t care
(1) Port mode

(a) Function as port pin
Each port pin set in the port mode by the port 2 mode control register (PMC2) can be set in the input or output
mode in 1-bit units by the port 2 mode register (PM2) (however, P20 is fixed in the input mode).

(b) Function as control signal input pins
If PMC2n (n = 0 to 7) bit of PMC2 is “0” and if PM2n (n = 0-7) bit of PM2 is “1”, the pins of port 2 can be used
as the following control signal input pins.
(i) NMI (Non-maskable Interrupt)

This pin inputs an external non-maskable interrupt request. Whether the interrupt request is detected at
the rising or falling edge can be specified by using external interrupt mode register 0 (INTMO).
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(i) INTPO through INTP6 (Interrupt from Peripherals)
These pins input external interrupt requests. When the valid edge specified by external interrupt mode
registers (INTMO and INTM1) is detected onthe INTPO to INTP6 pins, aninterrupt occurs (referto CHAPTER

15 EDGE

DETECTION FUNCTION).

The INTPO through INTP4 pins can also be used as external trigger input pins of each function, as follows:

e INTPO ...
e INTP1 ...
e INTP2 ...
e INTP3 ...
e INTP4 ...

Capture trigger input pin of capture/compare register 00 (CCO00) of timer O
Capture trigger input pin of capture/compare register 01 (CC01) of timer O
Capture trigger input pin of capture/compare register 02 (CC02) of timer O
Capture trigger input pin of capture/compare register 03 (CC03) of timer O
External trigger input pin of A/D converter

(iiiy TI12, TI3 (Timer Input)
These are external clock input pins of timers/counters 2 and 3.

(2) Control signal output mode
The P21 through P24 pins can be used as the timer output pins (TO00 through TOO03) of timer 0 in 1-bit units if so
specified by the port 2 mode control register (PMC2).

5.4.1 Hardware configuration

The port 2 hardware configuration is shown Figure 5-15 through 5-17.
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Figure 5-15. Block Diagram of P20 (Port 2)
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Figure 5-16. Block Diagram of P21 to P24 (Port 2)
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Figure 5-17. Block Diagram of P25 to P27 (Port 2)
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5.4.2 Setting I/0O mode/control mode

The input/output mode of P21 through P27 is set per pin by using the port 2 mode register (PM2), as shown in Figure
5-18. P20 is input-only.

P21 through P24 also functions as timer output pins of timer 0, in addition to as input/output port pins. To use these
pins as timer output pins, set them in the control mode by using the port 2 mode control register (PMC2) as shown in Figure
5-19.

Figure 5-18. Format of Port 2 Mode Register (PM2)

Address : OFF22H Onreset: FFH R/W

7 6 5 4 3 2 1 0
PM2 PM27 | PM26 | PM25 | PM24 | PM23 | PM22 | PM21 1

PM2n | Specifies input/outputmode of P2npin(n=1to7)

0 Output mode (output buffer ON)

1 Input mode (output buffer OFF)

Figure 5-19. Format of Port 2 Mode Control Register (PMC?2)

Address : OFF42H On reset: 00OH R/W
7 6 5 4 3 2 1 0
PMC2 0 0 0 PMC24/PMC23|PMC22|PMC21| O
PMC24 Specifies Control Mode of P24 Pin

0 1/0 port mode/INTP3 input mode

1 TOO03 output mode

PMC23 Specifies Control Mode of P23 Pin

0 1/0 port mode/INTP2 input mode

1 TOO02 output mode

PMC22 Specifies Control Mode of P22 Pin

0 1/0 port mode/INTP1 input mode

1 TOO01 output mode

PMC21 Specifies Control Mode of P21 Pin

0 1/0 port mode/INTPO input mode

1 TOO0O0 output mode

Cautions 1. Even when using the P21 through P27 pins in the output port mode or timer output mode, INTPn
(n =0 to 6) interrupt occurs depending on edge detection of the pin level. Therefore, mask the
interrupt before using the pins.

2. Even when using the P26 and P27 pins as TI2 and TI3 pins, interrupts INTP5 and INTP6 occur.
Therefore, mask the interrupts before using the pins.
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5.4.3 Operating status
Port 2 is an I/O port (however, the P20 pin is input-only). The P21 through P24 pins can also be used as timer output

pins of timer 0.

(1) In output port mode
The output latch is valid, and data is transferred between the output latch and accumulator by a transfer instruction.

The contents of the output latch can be freely set by a logical operation instruction. Data that has been written to

the output latch is retained until new data is written to the output latchNete,
Note Including when the other bits of the same port are manipulated by a bit manipulation instruction.

Figure 5-20. Port in Output Port Mode
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(2) In input port mode

122

The level of a port pin can be loaded to the accumulator by using a transfer instruction. Even in this case, data can
be written to the output latch. Data transferred from the accumulator by a transfer instruction is stored to all the output
latches regardless of whether the input or output mode is specified. However, because the output buffer of a bit
(pin) set in the input mode is in the high-impedance state, its contents are not output to the port pin (the contents
of the output latch are output to the port pin when the mode of the pin is changed from input to output). The contents
of the output latch of the pin set in the input port cannot be loaded to the accumulator.

Figure 5-21. Port in Input Port Mode
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Note P20 does not have the circuit enclosed by the dotted line in the above figure.

Caution Although the result of a bit manipulation instruction is ultimately 1 bit manipulation, it accesses
a port in 8-bit units. If such an instruction is executed to manipulate a port with some pins set in
the input mode and the others in the control mode, the contents of the output latch are undefined
(except when a pin is manipulated by the SET1 or CLR1 instruction). Especially, care must be
exercised if the mode of some pins must be changed between input and output.
The same applies when manipulating the port by using the other 8-bit operation instructions.
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(3) Pin in control mode
P21 to P24 can be used to output control signals in 1-bit units regardless of the setting of the port 2 mode register

(PM2), if the corresponding bit of the port 2 mode control register (PMCZ2) is set (1). When using each pin as a control
signal pin, the status of the control signal can be checked by executing an instruction that reads the port.

Figure 5-22. Port in Control Mode
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PM2n =0
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If the PM2n (n = 1 to 4) bit of PM2 is set (1), and if an instruction that reads the port is executed, the level of the

corresponding control signal pin can be read.
Ifthe portread instruction is executed when the PM2n bitis reset (0), the status of the control signal in the uyPD784046

can be read.
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5.5 Port3

Port 3is an 8-bit input/output port with an output latch. Input/output can be specified bit-wise by means of the port 3 mode
register (PM3).

In addition to its function as an input/output port, port 3 also has various dual-function control signal pin functions.

The operating mode can be specified bit-wise by means of the port 3 mode control register (PMC3), as shown in
Table 5-5. The pin level of all pins can always be read or tested regardless of the dual-function pin operation.

When RESET is input, port 3 is set as an input port (output high impedance state), and the output latch contents are
undefined.

Table 5-5. Port 3 Operating Modes

(n=0to7)
Mode Port Mode Control Signal Input/Output Mode
Setting Condition PMC3n=0 PMC3n=1
P30 Input/output port TO10 output
P31 TO11 output
P32 RxD/SI1 input
P33 TxD/SO1 output
P34 ASCK inputlm input/output
P35 RxD2/SI2 input
P36 TxD2/SO2 output
P37 ASCK?2 input/SCK2 input/output

(a) Port mode
Each port specified as port mode by the port 3 mode control register (PMC3) can be specified as input/output bit-
wise by means of the port 3 mode register (PM3).

(b) Control signal input/output mode
Pins can be set as control pins bit-wise by setting the port 3 mode control register (PMC3).

(i) TO10, TO11 (Timer Output)
These are timer output pins of timer 1.

(i) RxD, RxD2 (Receive Data)
These are serial data input pins of the asynchronous serial interface.

(iliy TxD, TxD2 (Transmit Data)
These are serial data output pins of the asynchronous serial interface.

(iv) SI1, SI2 (Serial Input)
These are serial data input pins of the 3-wire serial 1/0.

(v) SO1, SO2 (Serial Output)
These are serial data output pins of the 3-wire serial 1/O.

(vi) ASCK, ASCK2 (Asynchronous Serial Clock)
These are external baud rate clock input pins.

(vii) SCK1, SCK2 (Serial Clock)
These are serial clock 1/0 pins of the 3-wire serial 1/0O.
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5.5.1 Hardware configuration

The port 3 hardware configuration is shown in Figures 5-23 to 5-25.

Figure 5-23. Block Diagram of P30, P31, P33 and P36 (Port 3)

/_\/
WRfMan Port 3 Mode Register
O PM3n
WRpMczn

(O

Y
|w)
T
=
0
@
5
-

PMC3n

O

| TO, SO, TxD
Interna Output
BuS WRp3n p Output Latch Selector ——O P3n
A n=0,1,3and6
\wj P3n
RDp3n
& 1
A AN
RDp3n
\
/_\_/
Figure 5-24. Block Diagram of P32 and P35 (Port 3)
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Figure 5-25. Block Diagram of P34 and P37 (Port 3)
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5.5.2 Input/output mode/control mode setting

The port 3 input/output mode is set for each pin by means of the port 3 mode register (PM3) as shown in Figure 5-26.
In addition to their input/output port function, port 3 pins also have a dual function as various control signal pins, and
the control mode is specified by means of the port 3 mode control register (PMC3) as shown in Figure 5-27.

Figure 5-26. Format of Port 3 Mode Register (PM3)

Address : OFF23H Onreset: FFH R/W

7 6 5 4 3 2 1 0
PM3 PM37 | PM36 | PM35 | PM34 | PM33 | PM32 | PM31 | PM30

PM3n Specifies 1/0 Mode of P3n Pin (n=01to0 7)

0 Output mode (output buffer ON)

1 Input mode (output buffer OFF)
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Figure 5-27. Format of Port 3 Mode Control Register (PMC3)

Address : OFF43H Onreset: 00H R/W

7 6 5 4 3 2 1 0
PMC3 [PMC37|PMC36/PMC35PMC34/PMC33|PMC32/PMC31/PMC30|

PMC37 Specifies Control Mode of P37 Pin

0 1/0 port mode

1 ASCK2/SCK2 1/0 mode

PMC36 Specifies Control Mode of P36 Pin

0 1/O port mode

1 TxD2/SO2 output mode

PMC35 Specifies Control Mode of P35 Pin

0 1/O port mode

1 RxD2/S12 input mode

PMC34 Specifies Control Mode of P34 Pin

0 1/0 port mode

1 ASCK/SCK1 I/O mode

PMC33 Specifies Control Mode of P33 Pin

0 1/0O port mode

1 TxD/SO1 output mode

PMC32 Specifies Control Mode of P32 Pin

0 1/0O port mode

1 RxD/SI1 input mode

PMC31 Specifies Control Mode of P31 Pin

0 1/0 port mode

1 TO11 output mode

PMC30 Specifies Control Mode of P30 Pin

0 1/0 port mode

1 TO10 output mode
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5.5.3 Operating status

Port 3 is an input/output port, with a dual function as various control pins.

(1) When set as an output port

The output latch is enabled, and data transfers between the output latch and accumulator are performed by means
of transfer instructions. The output latch contents can be freely set by means of logical operation instructions. Once
data has been written to the output latch, it is retained until data is next written to the output latchNote,

Note Including the case where another bit of the same port is manipulated by a bit manipulation instruction.

Figure 5-28. Port Specified as Output Port
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(2) When set as an input port
The port pin level can be loaded into an accumulator by means of a transfer instruction. In this case, too, writes
can be performed to the output latch, and data transferred from the accumulator by a transfer instruction, etc., is
stored in all output latches irrespective of the port input/output specification. However, since the output buffer of
a bit specified as an input port is high impedance, the data is not output to the port pin (when a bit specified as input
is switched to an output port, the output latch contents are output to the port pin). Also, the contents of the output
latch of a bit specified as an input port cannot be loaded into an accumulator.

Figure 5-29. Port Specified as Input Port
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Caution Abitmanipulation instruction manipulates one bit as the result, but accesses the portin 8-bit units.
Therefore, if a bit manipulation instruction is used on a port with a mixture of input and output pins
or port mode and control mode, the contents of the output latch of pins specified as inputs and
pins specified as control mode will be undefined (excluding bits manipulated with a SET1 or CLR1
instruction, etc.). Particular care is required when there are bits which are switched between input
and output.

Caution is also required when manipulating the port with other 8-bit manipulation instructions.
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(3) When specified as control signal input/output
By setting (1) bits of the port 3 mode control register (PMC3), port 3 can be used as control signal input or output

bit-wise irrespective of the setting of the port 3 mode register (PM3). When a pin is used as a control signal, the
control signal status can be seen by executing a port read instruction.

Figure 5-30. Control Specification
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(a) When port is control signal output

When PM3n (n =0 to 7) bits of the port 3 mode register (PM3) is set (1), the control signal pin level can be read
by executing a port read instruction.

When PM3n bit is reset (0), the uPD784046 internal control signal status can be read by executing a port read
instruction.

(b) When port is control signal input

Only the port 3 mode register (PM3) is set (1), control signal pin levels can be read by executing a port read
instruction.

Caution Pins that function as input pins in the control mode may malfunction if the corresponding bits
of the port 3 mode control register (PMC3) are rewritten while the pins are operating.
Therefore, write PMC3 on initializing the system.
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5.6 Port 4

Port 4 is an 8-bit input/output port with an output latch. Input/output can be specified bit-wise by means of the port 4 mode

register (PM4). Each pin incorporates a software programmable pull-up resistor.

In addition to its function as input/output port, port 4 also functions as the low-order multiplexed address/data bus (ADO

to AD7) when external memory or I/Os are extended.

When RESET is input, port 4 is set as an input port (output high-impedance state), and the output latch contents are

undefined.

5.6.1 Hardware Configuration
The port 4 hardware configuration is shown in Figure 5-31.

Figure 5-31. Block Diagram of Port 4
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5.6.2 Input/output mode/control mode setting

The port 4 input/output mode is set for each pin by means of the port 4 mode register (PM4) as shown in Figure 5-32.

When port 4 is used as the address/data bus, it is set by means of the memory extension mode register (MM: Refer to Figure

17-1) as shown in Table 5-6.

Figure 5-32. Format of Port 4 Mode Register (PM4)

Address : OFF24H Onreset: FFH R/W

7 6 5 4 3 2 1 0
PM4 PM47 | PM46 | PM45 | PM44 | PM43 | PM42 | PM41 | PM40

PM4n Specifies I/O Mode of P4n Pin (n=01to0 7)

0 Output mode (output buffer ON)

1 Input mode (output buffer OFF)

Table 5-6. Operation Mode of Port 4

Bits of MM Operation Mode Remark
MM3 | MM2 | MM1 | MMO
0 0 0 0 | Port (P40-P47) —
0 0 1 1 Address/data bus (ADO-AD7) Setting prohibited when
0 1 0 0 external 16-bit bus specified
0 1 0 1
0 1 1 0
0 1 1 1 —
1 0 0 0
1 0 0 1
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5.6.3 Operating status
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Port 4 is an input/output port, with a dual function as the address/data bus (ADO to AD7).

(1) When set as an output port

The output latch is enabled, and data transfers between the output latch and accumulator are performed by means
of transfer instructions. The output latch contents can be freely set by means of logical operation instructions. Once
data has been written to the output latch, it is retained until data is next written to the output latchNote,

Note Including the case where another bit of the same port is manipulated by a bit manipulation instruction.

Figure 5-33. Port Specified as Output Port
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(2) When set as an input port
The port pin level can be loaded into an accumulator by means of a transfer instruction. In this case, too, writes
can be performed to the output latch, and data transferred from the accumulator by a transfer instruction, etc., is
stored in all output latches irrespective of the port input/output specification. However, since the output buffer of
a bit specified as an input port is high-impedance, the data is not output to the port pin (when a bit specified as input
is switched to an output port, the output latch contents are output to the port pin). Also, when a bit specified as an
input port, the output latch contents cannot be loaded into an accumulator.

Figure 5-34. Port Specified as Input Port
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Caution Abit manipulation instruction manipulates one bit as the result, but accesses the portin 8-bit units.
Therefore, if a bit manipulation instruction is used on a port with a mixture of input and output pins,
the contents of the output latch of pins specified as inputs will be undefined (excluding bits
manipulated with a SET1 or CLR1 instruction, etc.). Particular care is required when there are bits
which are switched between input and output.

Caution is also required when manipulating the port with other 8-bit manipulation instructions.

(3) When used as address/data bus (ADO to AD7)

Used automatically when an external access is performed.
Input/output instructions should not be executed on port 4.
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5.6.4 Internal pull-up resistors

Port 4 incorporates pull-up resistors. Use of these internal resistors when pull-up is necessary enables the number of

parts and the mounting area to be reduced.

Whether or not an internal pull-up resistor is to be used can be specified for each pin by means of the PUO4 bit of the

pull-up resistor option register L (PUOL) and the port 4 mode register (PM4).

When the PUOA4 bit is 1, the internal pull-up resistor of only the pin set in the input mode by the memory expansion mode

register (MM) and PM4 is valid.

Figure 5-35. Format of Pull-up Resistor Option Register L (PUOL)

Address : OFF4EH Onreset: 00H R/W
7 6 5 4 2 1 0
PUOL 0 PUOG6 | PUOS5 | PUO4 0 0 PUOO
PUOEG | Specifies Pull-up Resistor of Port 6
(refer to Figure 5-47).
PUOS5 | Specifies Pull-up Resistor of Port 5
(refer to Figure 5-41).
PUO4 Specifies Pull-up Resistor of Port 4.
0 Not used with port 4
1 Used with port 4
PUOOQO | Specifies Pull-up Resistor of Port 0
(refer to Figure 5-7).

Caution When using port 4 as the address/data bus, be sure to reset the PUOA4 bit to “0” to not connect the

internal pull-up resistor.

Remark When STOP mode is entered, setting 00H in PUOL is effective in reducing the current consumption.
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Figure 5-36. Pull-Up Resistor Specification (Port 4)
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5.7 Port 5

Port 5 is an 8-bit input/output port with an output latch. Input/output can be specified bit-wise by means of the port 5 mode

register (PM5). Each pin incorporates a software programmable pull-up resistor.

In addition to as an 1/O port, port 5 also functions as follows when an external memory or I/O is connected:

¢ When external 8-bit bus is specified
As the high-order address bus (AD8 through AD15)
¢ When external 16-bit bus is specified
As the high-order multiplexed address/data bus (AD8 through AD15)

When RESET is input, this port is set in the input mode (output high-impedance status), and the contents of the output

latch are undefined.

5.7.1 Hardware configuration
The port 5 hardware configuration is shown in Figure 5-37.

Figure 5-37. Block Diagram of Port 5
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5.7.2 Input/output mode/control mode setting

The port 5 input/output mode is set for each pin by means of the port 5 mode register (PM5) as shown in Figure 5-38.

When port 5 pins can be used as port or address pins in 2-bit units, the setting is performed by means of the memory extension

mode register (MM: Refer to Figure 17-1) as shown in Table 5-7.

Figure 5-38. Format of Port 5 Mode Register (PM5)

Address : OFF25H Onreset: FFH R/W

7 6 5 4 3 2 1 0
PM5 PM57 | PM56 | PM55 | PM54 | PM53 | PM52 | PM51 | PM50

PM5n Specifies 1/0 Mode of P5n Pin (n=0to 7)

0 Output mode (output buffer ON)

1 Input mode (output buffer OFF)

Table 5-7. Operation Mode of Port 5

Bits of MM Operation mode Remark
MM3 | MM2 | MM1 | MMO | P50 | P51 | P52 | P53 | P54 | P55 | P56 | P57
0 0 0 0 | Port (P50-P57) —
0 0 1 1 Setting prohibited when external
0 1 0 0 | AD8 | AD9 | Port 16-bit bus specified. AD8-AD13
0 1 0 1 | AD8 | AD9 |[AD10|AD11| Port used as address bus
0 1 1 0 | AD8 | AD9 |AD10|AD11|AD12|AD13| Port
0 1 1 1 | AD8 | AD9 |AD10|AD11|AD12|AD13|AD14|AD15 —
1 0 0 0
1 0 0 1
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5.7.3 Operating status

Port 5 is an input/output port, with a dual function as the address/data bus (AD8 to AD15).

(1) When set as an output port

140

The output latch is enabled, and data transfers between the output latch and accumulator are performed by means
of transfer instructions. The output latch contents can be freely set by means of logical operation instructions. Once
data has been written to the output latch, it is retained until data is next written to the output latchNote,

Note Including the case where another bit of the same port is manipulated by a bit manipulation instruction.

Figure 5-39. Port Specified as Output Port
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(2) When set as an input port
The port pin level can be loaded into an accumulator by means of a transfer instruction. In this case, too, writes can
be performed to the output latch, and data transferred from the accumulator by a transfer instruction, etc., is stored
in all output latches irrespective of the port input/output specification. However, since the output buffer of a bit
specified as an input port is high-impedance, the data is not output to the port pin (when a bit specified as input is
switched to an output port, the output latch contents are output to the port pin). Also, the contents of the output latch
of a bit specified as an input port cannot be loaded into an accumulator.

Figure 5-40. Port Specified as Input Port
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Caution Abitmanipulation instruction manipulates one bit as the result, but accesses the portin 8-bit units.
Therefore, if a bit manipulation instruction is used on a port with a mixture of input and output pins,
the contents of the output latch of pins specified as inputs will be undefined (excluding bits
manipulated with a SET1 or CLR1 instruction, etc.). Particular care is required when there are bits
which are switched between input and output.

Caution is also required when manipulating the port with other 8-bit operation instructions.

(3) When used as address/data bus (AD8 to AD15)
Port 5 is automatically used when an external address/data bus is accessed.
At this time, do not execute an I/O instruction to port 5.
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5.7.4 Internal pull-up resistors

Port 5 incorporates pull-up resistors. Use of these internal resistors when pull-up is necessary enables the number of
parts and the mounting area to be reduced.

Whether or not an internal pull-up resistor is to be used can be specified for each pin by means of the PUOS5 bit of the
pull-up resistor option register L (PUOL) and the port 5 mode register (PM5).

When PUOS bitis 1, the internal pull-up resistor of only the pin setin the input port by the memory expansion mode register
(MM) and PMS5 is valid.

Figure 5-41. Format of Pull-Up Resistor Option Register L (PUOL)

Address : OFF4EH On reset : O0H R/W
7 6 5 4 3 2 1 0
PUOL 0 PUOG6 | PUOS | PUO4 0 0 0 PUOO

PUOEG | Specifies Pull-up Resistor of Port 6

(refer to Figure 5-47).

PUOS5 Specifies Pull-up Resistor of Port 5.

0 Not used with port 5

1 Used with port 5

PUO4 | Specifies Pull-up Resistor of Port 4

(refer to Figure 5-35).

PUOO | Specifies Pull-up Resistor of Port 0

(refer to Figure 5-7).

Caution When port 5 is used as the address/data bus, and “0” must be set in PUO5 bit so that internal pull-up
resistor connection is not performed.

Remark When STOP mode is entered, setting 00H in PUOL is effective in reducing the current consumption.
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5.8 Port 6

Port 6 is a 4-bit I/0 port with an output latch. This port can be set in the input or output mode in 1-bit units by using port

6 mode register (PM6). Each pin is provided with a software programmable pull-up resistor.

In addition to as an I/O port, this port also functions as the high-order address bus (A16 through A19) if so specified when

an external memory or 1/O is connected.

When RESET is input, this port is set in the input mode (output high-impedance status), and the contents of the output

latch are undefined.

5.8.1 Hardware configuration
The port 6 hardware configuration is shown in Figures 5-43.

Figure 5-43. Block Diagram of Port 6
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5.8.2 Setting of 1/O mode/control mode
The input/output mode of port 6 is set in 1-bit units by using the port 6 mode register (PM6) as shown in Figure 5-44.
Port 6 can be used as port pins or address pins in 2-bit units. Whether it is used as port pins or address pins is specified
by using the memory extension mode register (MM: refer to Figure 17-1), as shown in Table 5-8.

Figure 5-44. Format of Port 6 Mode Register (PM6)

Address : OFF26H Onreset: FFH R/W
7 6 5 4 3 2 1 0
PM6 1 1 1 1 PM63 | PM62 | PM61 | PM60

PM6n Specifies I/0 Mode of P6n Pin (n =0 to 3)

0 Output mode (output buffer ON)

1 Input mode (output buffer OFF)

Table 5-8. Operation Mode of Port 6

Bits of MM Operation mode Remark
MM3 | MM2 | MM1 | MMO| P60 | P61| P62 | P63
0 0 0 0 | Port (P60-P63) —
0 0 1 1 Setting prohibited when external
0 1 0 0 16-bit bus specified.
0 1 0 1
0 1 1 0
0 1 1 1 —
1 0 0 0 Al6 | A17 | Port
1 0 0 1 Al6 | A17 | A18 | A19
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5.8.3 Operating status

146

Port 6 is an input/output port, with a dual function as the address bus (A16 to A19).

(1) When set as an output port

The output latch is enabled, and data transfers between the output latch and accumulator are performed by means
of transfer instructions. The output latch contents can be freely set by means of logical operation instructions. Once
data has been written to the output latch, it is retained until data is next written to the output latchNote,

Note Including the case where another bit of the same port is manipulated by a bit manipulation instruction.

Figure 5-45. Port Specified as Output Port
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(2) When set as an input port
The port pin level can be loaded into an accumulator by means of a transfer instruction. In this case, too, writes can
be performed to the output latch, and data transferred from the accumulator by a transfer instruction, etc., is stored
in all output latches irrespective of the port input/output specification. However, since the output buffer of a bit
specified as an input port is high-impedance, the data is not output to the port pin (when a bit specified as input is
switched to an output port, the output latch contents are output to the port pin). Also, the contents of the output latch
of a bit specified as an input port cannot be loaded into an accumulator.

Figure 5-46. Port Specified as Input Port

o~
WRPpoRrT
L Output
Latch O Pén
n=0-3
Internal
Bus
RDiN
-

Caution Abitmanipulation instruction manipulates one bit as the result, but accesses the portin 8-bit units.
Therefore, if a bit manipulation instruction is used on a port with a mixture of input and output pins,
or port mode and control mode, the contents of the output latch of pins specified as inputs or pins
specified as in the control mode will be undefined (excluding bits manipulated with a SET1 or CLR1
instruction, etc.). Particular care is required when there are bits which are switched between input
and output.

Caution is also required when manipulating the port with other 8-bit manipulation instructions.

(3) When used as address bus (A16 to A19)

Port 6 is automatically used as an external access bus.
At this time, do not execute an I/O instruction to port 6.
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5.8.4 Internal pull-up resistors

Port 6 incorporates pull-up resistors. Use of these internal resistors when pull-up is necessary enables the number of
parts and the mounting area to be reduced.

Whether or not an internal pull-up resistor is to be used can be specified for each pin by means of the PUOG6 bit of the
pull-up resistor option register L (PUOL) and the port 6 mode register (PM6).

The internal pull-up resistor of only the pin set in the input mode by PM6 is valid when the PUOG6 bit is 1.

Even when port 6 is specified as the address bus, specifying the use of the internal pull-up resistor is valid. To not connect
the internal pull-up resistor, either set the output mode by using the port 6 mode register (PM6) (PM6n = 0: n =0 to 3), or
reset PUOG to 0.

Figure 5-47. Format of Pull-Up Resistor Option Register L (PUOL)

Address : OFF4EH Onreset: 00H R/W
7 6 5 4 3 2 1 0
PUOL 0 PUOG6 | PUO5 | PUO4 0 0 0 PUOO
PUOG6 Specifies Pull-up Resistor of Port 6

0 Not used with port 6

1 Used with port 6

PUOS | Specifies Pull-up Resistor of Port 5

(refer to Figure 5-41).

PUO4 | Specifies Pull-up Resistor of Port 4

(refer to Figure 5-35).

PUOOQO | Specifies Pull-up Resistor of Port 0

(refer to Figure 5-7).

Remark When STOP mode is entered, setting 00H in PUOL is effective in reducing the current consumption.
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Internal
Bus

Input
Buffer

Figure 5-48. Pull-Up Resistor Specification (Port 6)
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5.9 Port7

Port 7 is an 8-bit input port. In addition to functioning as input port pins, its pins also function as an A/D converter analog
input (low-order 8 channels) pins (ANIO through ANI7), and can always input analog signals. This port is set in the analog

input mode by using A/D converter mode register (ADM) (refer to Figure 13-3).
The level of each pin of this port can always be read or tested, regardless of the multiplexed function.

5.9.1 Hardware configuration
Figure 5-49 shows the hardware configuration of port 7.

Figure 5-49. Block Diagram of Port 7

 ~——
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5.9.2 Notes

(1) Do not apply a voltage outside the range of AVss to AVrer to the P70 through P77 pins when they are used as ANIO
through ANI7. For details, refer to 13.6 Cautions in CHAPTER 13 A/D CONVERTER.

(2) Ifsome pins of port 7 are used for analog input and the others are used for digital input, and if the digital input changes

at analog input sampling timing, the A/D conversion accuracy is affected. When a high accuracy is necessary, do
not use analog input and digital input simultaneously.
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5.10 Port 8

Port 8 is an 8-bit input port. In addition to functioning as input port pins, its pins also function as an A/D converter analog
input (high-order 8 channels) pins (ANI8 through ANI15), and can always input analog signals. This portis setin the analog

input mode by using A/D converter mode register (ADM) (refer to Figure 13-3).
The level of each pin of this port can always be read or tested, regardless of the multiplexed function.

5.10.1 Hardware configuration
Figure 5-50 shows the hardware configuration of port 8.

Figure 5-50. Block Diagram of Port 8
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5.10.2 Cautions

(1) Do not apply a voltage outside the range of AVss to AVrer to the P80 through P87 pins when they are used as ANI8
through ANI15. For details, refer to 13.6 Cautions in CHAPTER 13 A/D CONVERTER.

(2) Ifsome pins of port 8 are used for analog input and the others are used for digital input, and if the digital input changes

at analog input sampling timing, the A/D conversion accuracy is affected. When a high accuracy is necessary, do

not use analog input and digital input simultaneously.

151



CHAPTER 5 PORT FUNCTIONS

5.11 Port9

Port 9 is a 5-bit I/O port with an output latch. This port can be set in the input or output mode in 1-bit units by using port
9 mode register (PM9). Each pin is provided with a software programmable pull-up resistor.

In addition to the 1/0O port function, port 9 also functions as control signal pins (refer to Table 5-9). P90 through P93
functions as a read/write strobe signals and address strobe signal when an external memory or 1/O is connected. P94
functions as a wait signal input pin if so specified by port 9 mode control register (PMC9).

When RESET is input, this port is set in the input mode (output high-impedance status), and the contents of the output
latch are undefined.

Table 5-9. Operation Mode of Port 9

Pin Name Port Mode Control Signal 1/0 Mode Manipulation to Use Port 9 as Control Pins
P90 1/0 Port RD Specifying external memory expansion mode by
P91 LWR MMO through MM3 bits of memory expansion
P92 HWR mode register (MM)

P93 ASTB

P94 WAIT Setting of PMC94 bit of PMC9 to 1

Remark For details, refer to CHAPTER 17 LOCAL BUS INTERFACE FUNCTION .

(a) Port mode
Each port pin not set in the control mode can be set in the input or output mode in 1-bit units by using the port
9 mode register (PM9).

(b) Control signal /0 mode

() RD (Read Strobe)
This pin outputs a strobe signal to read an external memory. The operation of this pin is specified by the
memory expansion mode register (MM).

(i) LWR, HWR (Low/High Write Strobe)
These pins output strobe signals to write an external memory. The operations of these pins are specified
by the memory expansion mode register (MM).

(iiiy ASTB (Address Strobe)
This is a timing signal output pin to latch the address information output from the ADO through AD15 pins
to access the external memory. The operation of this pin is specified by the memory expansion mode
register (MM).

(iv) WAIT (Wait)
This pin inputs a wait signal. The operation of this pin is specified by the port 9 mode control register (PMC9).
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5.11.1 Hardware configuration

Figure 5-51 and Figure 5-52 show the hardware configuration of port 9.

Internal
Bus

Figure 5-51. Block Diagram of P90 to P93 (Port 9)
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Internal Bus

Figure 5-52. Block Diagram of P94 (Port 9)
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5.11.2 Setting of I/O mode/control mode

The input/output mode of port 9 is set per pin by using the port 9 mode register (PM9) as shown in Figure 5-53.

In addition to as an 1/O port function, port 9 also has the following functions. P90 through P93 can be used as RD, LWR,
HWR, and ASTB pins, if so specified by the memory extension mode register (MM: refer to Figure 17-1), as shown in Table

5-10. P94 can be used as a WAIT pin if so specified by the port 9 mode control register (PMC9) as shown in Figure 5-54.

Figure 5-53. Format of Port 9 Mode Register (PM9)

Address : OFF29H Onreset: FFH R/W
7 6 5 4 3 2 1 0
PM9 1 1 1 PM94 | PM93 | PM92 | PM91 | PM90

PM9n Specifies I/0O Mode of P9n Pin (n =0 to 4)

0 Output mode (output buffer ON)

1 Input mode (output buffer OFF)

Table 5-10. Operation Mode of P90 through P93

Bits of MM Operation mode Remark

MM3 | MM2 | MM1 | MMO | P90 | P91| P92 | P93

Port (P90-P93) —

RD |LWR |HWR|ASTB Setting prohibited when external

16-bit bus specified.

P |P|lOjJlO|]O|O|O|O

oO|Oo|(rR|FP|FP |, |O]|O
oO|OoO|rRr|P|]O|O|Fr |O
P | Ol |O|FRr |O|F, |O

Figure 5-54. Format of Port 9 Mode Control Register (PMC9)

Address : OFF49H On reset: O0OH R/W
6 5 4 3 2 1 0
PMC9 0 0 0 |PMC94| 0 0 0
PMC94 Specifies Control Mode of P94 Pin

0 1/0 port mode

1 | WAIT input mode
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5.11.3

Operating status

Port 9 is an input/output port and is multiplexed with control pins.

@

156

In output port mode
The output latch is valid, and data is transferred between the output latch and accumulator by a transfer instruction.

The contents of the output latch can be freely set by a logical operation instruction. Data that has been written to

the output latch is retained until new data is written to the output latchNote,
Note Including when the other bits of the same port are manipulated by a bit manipulation instruction.

Figure 5-55. Port in Output Port Mode
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(2) In input port mode

The level of a port pin can be loaded to the accumulator by using a transfer instruction. Even in this case, data can

be written to the outputlatch. Datatransferred fromthe accumulator by a transfer instruction is stored to all the latches
regardless of whether the input or output mode is specified. However, because the output buffer of a bit (pin) set
in the input mode is in the high-impedance state, its contents are not output to the port pin (the contents of the output
latch are output to the port pin when the mode of the pin is changed from input to output). The contents of the output
latch of the pin set in the input port cannot be loaded to the accumulator.

Figure 5-56. Port in Input Port Mode
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Caution Although the result of a bit manipulation instruction is ultimately 1 bit manipulation, it accesses a port
in 8-bit units. If such an instruction is executed to manipulate a port with some pins set in the input
mode and the others in the control mode, the contents of the output latch are undefined (except when
a pin is manipulated by the SET1 or CLR1 instruction). Especially, care must be exercised if the mode

of some pins must be changed between input and output.

The same applies when manipulating the port by using the other 8-bit operation instructions.

—O P9n
n=0-4
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(3) Pin in control mode

¢ P90 through P93
These pins are automatically used as the RD, m, HWR, and ASTB pins when the external memory or 1/O is
accessed.
At this time, do not execute an 1/O instruction to P90 through P93.

e P94
This pin can be used as the WAIT pin, regardless of the setting of the port 9 mode register (PM9), if the PMC94
bit of the port 9 mode control register (PMC9) is set (1). When using P94 as the WAIT pin, the status of the WAIT
pin can be read by executing an instruction that reads the port only when the PM94 bit of PM9 is set (1).

Caution The pin that functions as an input pin in the control mode (P94) may malfunction if the PMC94
bit of the port 9 mode control register (PMC9) is rewritten while the pin is operating. Therefore,
write PMC9 on initializing the system.

5.11.4 Internal pull-up resistor

Port 9 is provided with pull-up resistors. When the port must be pulled up, the number of components and the mounting
area can be reduced by using these internal pull-up resistor.

Whether the internal pull-up resistors are used or not is specified per pin by using the PUO9 bit of the pull-up resistor
option register H (PUOH) and port 9 mode register (PM9).

When the PUQOS9 bit is 1, the internal pull-up resistor of only the pin specified as follows is valid.

e P90 through P93 : Set in input port mode by memory extension mode register (MM) and PM9
e P94 : Set in input mode by PM9

Even when P94 is specified as the WAIT pin, specifying its use as a pull-up resistor is valid. In order not to connect the
internal pull-up resistor, either specify the output mode by using PM9 (PM94 = 0), or reset (0) in PUO9.

Figure 5-57. Format of Pull-up Resistor Option Register H (PUOH)

Address : OFF4FH Onreset: 00OH R/W
6 5 4 3 2 1 0
PUOH 0 0 0 0 0 0 |PUO9
PUO9 Specifies Pull-up Resistor of Port 9

0 Not used with port 9

1 Used with port 9

Caution When using P90 through P93 as the RDTWR, HWR, and ASTB pins, be sure to reset the PUO9 bit to
“0” in order not to connect the internal pull-up resistor.

Remark Resetting PUOH to O0H is effective for decreasing the current consumption when the STOP mode is set.
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Internal Bus

Figure 5-58. Specifying Pull-up Resistor (port 9)
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5.12 Port Output Data Check Function

The uPD784046 has a function to read the status of a port pin even in the output mode, to improve the reliability of the
system (pin access mode). Therefore, the output data and the actual pin status can be checked as necessary. If the data
does not match the pin status, countermeasures such as replacing by another system can be taken.

To read the pin status, set (1) bit O of the port read control register (PRDC), and then read the port.

When RESET is input, PRDC is reset to 00H.

Figure 5-59. Format of Port Read Control Register (PRDC)

Address : OFF2FH On reset: O0H R/W

5 4 3 2 1 0
PRDC 0 0 0 0 0 0 0 |PRDCO
PRDCO Specifies Operation Mode

0 Normal mode

1 Pin access mode

Example To check the output data of ports 0 (P0), 4 (P4), and 5 (P5) by using the pin access mode.

TEST: DI ; Disables interrupts
MOV A, #5AH ; Test data = 5AH
MOV PO, A ; Sets 5AH to output latch
MOV P4, A
MOV P5, A
SET1 PRDC.0 ; Sets pin access mode (sets PRDC)
CMP A, PO ; Compares pin level and output latch contents
BNE $ERRO : Error if unmatch
CMP A, P4
BNE $ERR4
CMP A, P5
BNE $ERR5
CLR1 PRDC.0 ; Returns to normal mode (resets PRDC)
El ; Enables interrupts
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Cautions 1. If a bit manipulation instruction is executed to manipulate the port, it is not executed normally in
the pin access mode (PRDCO = 1). After checking the port, be sure to reset the mode to the normal
mode (PRDCO = 0).

2. If an interrupt occurs in the pin access mode (PRDCO = 1), a bit manipulation instruction may be
executed with this mode maintained, causing malfunctioning. Be sure to set the DI status before
checking the port.

Do not use a macro service that manipulates the port.

3. Occurrence of the non-maskable interrupt cannot be prevented. Take the following measures in

the program, depending on the system:

« Do not manipulate the port in the non-maskable interrupt routine.
¢ Save the level of PRDC.0 at the beginning of the non-maskable interrupt routine, and restore it on
returning execution from the interrupt routine.

If PRDC.0 is set (1), the switch enclosed by the dotted line in the figure below is connected to the pin, and the pin level
is read. If a bit manipulation instruction is executed in this status, the pin level is read and the bit is manipulated, affecting
the value of the output latch.

When PRDC.0 is reset (0), the normal operation is performed.

Figure 5-60. Concept of Control (in output port mode)
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Dedicated instructions (CHKL, CHKLA) that are used to frequently check the port status are available. These instructions
compare the pin status with the contents of the output latch (in port mode), or the pin status with the level of the internal
control output signal (in control mode) through exclusive OR.
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Example

To check the pin status and the contents of the output latch using the CHKL or CHKLA instruction.

TEST: SET1
CHKL
BNE

ERR1: CHKLA
BT
BT
BT
BR

P0.3
PO
$ERR1

PO

A.3, $BITO3
A.2, $BIT02
A.l, $BITO1
$BITOO

; Sets bit 3 of port 0

; Checks port 0

; Branches to error processing (ERR1) if contents of output
latch do not match pin status

: Checks defective bit

; Bit 3?

; Bit 2?

; Bit 1?

: Bit O is defective if all other bits are valid.

Cautions 1. Use the CHKL or CHKLA instruction when the PRDCO bit of the port read control register (PRDC)
is “0” (normal mode).
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The result of comparison by the CHKL or CHKLA instruction always matches, regardless of

whether the pin set in the input port mode is set in the port mode or control mode. Because the

input level of the input-only pin is read when the CHKL or CHKLA instruction is executed, because

this pin does not have an output latch. In other words, executing the CHKL or CHKLA instruction

to the input-only pin is practically invalid, therefore, do not use the instruction to manipulate such

a pin.

To check the output level of a port with some of its bits set in the control output mode and others

in the port output mode, using the CHKL or CHKLA instruction, execute the instruction after

changing the input/output mode of the control output pin to the input mode (the output level of

the control output pin changes asynchronously and therefore cannot be checked by the CHKL or

CHKLA instruction).
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5.13 Cautions
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All the port pins go into a high-impedance state when the RESET signal is input (the internal pull-up resistor is also
disconnected from the pin).
Ifitis necessary to prevent a pin from going into a high-impedance state during RESET input, use an external circuit.

Bits 1, 3, and 7 of the pull-up resistor option register L (PUOL) that specifies connection of the internal pull-up resistor,
and bits 0 and 2 through 7 of the pull-up resistor option register H (PUOH) are fixed to “0”. However, if “1” is written
to these bits, 1 can be read with an in-circuit emulator.

The contents of the output latch are notinitialized byﬁ input. To use a portas an output port, be sure to initialize
the output latch before turning ON the output buffer. Unless the output buffer is initialized before the output buffer
is turned ON, unexpected data is output to the output port.

In the same way, when using a port as control pins, be sure to initialize the internal peripheral hardware, and then
set the port in the control mode.

Although the result of a bit manipulation instruction is ultimately 1 bit manipulation, it accesses a port in 8-bit units.
If such an instruction is executed to manipulate a port with some pins set in the input/output mode and the others
in the port mode and in the control mode, the contents of the output latch are undefined (except when a pin is
manipulated by the SET1 or CLR1 instruction). Especially, care must be exercised if the mode of some pins must
be changed between input and output.

The same applies when manipulating the port by using the other 8-bit operation instructions.

To use port 0 as a real-time output port, be sure to reset the PUOO bit of the pull-up resistor option register L (PUOL)
to “0”, in order not to connect the internal pull-up resistor.

Even when using the P21 through P27 pins in the output port mode or timer output mode, INTPn (n =0 to 6) interrupt
occurs depending on the edge detection of the pin level. Mask the interrupt before using these pins.

Even when using the P26 and P27 pins as TI2 and TI3 pins, interrupts INTP5 and INTP6 occur. Mask the interrupts
before using these pins.

The pins used as input pins in the control mode (P32, P34, P35, P37, and P94) may malfunction if the corresponding
bit of the port n mode control register (PMCn: n = 3, 9) while these pins are operating. Therefore, write PMCn on
initializing the system.

When using ports 4 and 5, and P90 through P93 as pins in the external memory extension mode, be sure to reset
the corresponding bits of the pull-up resistor option registers (PUOL, PUOH) to “0”, in order not to connect the internal
pull-up resistor.

Do not apply a voltage outside the range of AVss to AVrer to P70 through P77 and P80 through P87 used as ANIO
through ANI15.
For details, refer to 13.6 Cautions in CHAPTER 13 A/D CONVERTER.

If some pins of ports 7 and 8 are used for analog input and the others are used for digital input, and if the digital

input changes at analog input sampling timing, the A/D conversion accuracy is affected. When a high accuracy is
necessary, do not use analog input and digital input simultaneously.
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12)

13)

(14)

(15)

(16)

17)
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A bit manipulation instruction executed to manipulate the port is not executed normally in the pin access mode
(PRDCO of port read control register (PRDC) = 1). After checking the port, be sure to reset the mode to the normal
mode (PRDCO = 0).

If an interrupt occurs in the pin access mode (PRDCO of PRDC = 1), a bit manipulation instruction may be executed
with this mode maintained, causing malfunctioning. Be sure to set the DI status before checking the port.
Do not use a macro service that manipulates the port.

Occurrence of the non-maskable interrupt cannot be prevented in the pin access mode (PRDCO of PRDC =1). Take
the following measures by using the program, depending on the system:

« Do not manipulate the port in the non-maskable interrupt routine.
e Save the level of PRDC.0 at the beginning of the non-maskable interrupt routine, and restore it on returning
execution from the interrupt routine.

Use the CHKL or CHKLA instruction when the PRDCO bit of PRDC is “0” (normal mode).

The result of comparison by the CHKL or CHKLA instruction always matches, regardless of whether the pin set in
the input port mode is set in the port mode or control mode.

Because the input level of the input-only pin is read when the CHKL or CHKLA instruction is executed, because this
pin does not have an output latch. In other words, executing the CHKL or CHKLA instruction to the input-only pin
is practically invalid, and therefore, do not use the instruction to manipulate such a pin.

To check the output level of a port with some of its bits set in the control output mode and others in the port output
mode, by using the CHKL or CHKLA instruction, execute the instruction after changing the input/output mode of the
control output pin to the input mode (the output level of the control output pin changes asynchronously and therefore
cannot be checked by the CHKL or CHKLA instruction).
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6.1 Configuration and Function

The real-time output function is implemented by hardware, including primarily port 0 and the port 0 buffer registers (POL),
shown in Figure 6-1.

The real-time output function refers to the transfer to the output latch by hardware of data prepared in the POL beforehand,
simultaneously with the generation of an interrupt from timer 4 or external interrupt, and its output off-chip. The pins that
output the data off-chip are called real-time output ports.

4 bits x 1 channel are handled as real-time output data.

By combining the real-time output function with the macro service function described later, the functions of a pattern
generator with programmable timing are implemented without software intermediation.

This is ideally suited to stepping motor control, for example.

Figure 6-1 shows the block diagram of the real-time output port.

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

8 Internal Bus 8
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6.2 Real-Time Output Port Control Register (RTPC)

RTPC is an 8-bit register that specifies the function of port 0 (input/output port or real-time output port).
This register can be read or written by using an 8-bit manipulation instruction or a bit manipulation instruction. Figure

6-2 shows the format of this register.
When RESET is input, the value of this register is reset to O0H.

Figure 6-2. Format of Real-Time Output Port Control Register (RTPC)

Address : OFF2EH On reset: 00H R/IW
7 6 5 4 3 2 1 )
RTPC 0 0 0 0 0 0 |TRGPO| POML

TRGPO| Enables or Disables Data Transfer from Buffer

Register to Output Latch by INTCM40

0 Enables

1 Disables

POML | Specifies Control Mode of POO through P03 Pins

0 1/0 port mode

1 Real-time output port mode

Caution When the POML bit is set (1), the output buffer of the corresponding port pin turns ON regardless of
the contents of the port 0 mode register (PMO0), and the contents of the output latch of port O are output.
Before specifying port O as the real-time output port, therefore, initialize the contents of the output

latch.
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6.3 Operation

When port 0 is specified as the real-time output port (POML of the real-time output port control register (RTPC) = 1) and
TRGP of RTPC is reset to 0, the contents of the buffer register (POL) are loaded to the output latch in synchronization with
occurrence of the match interrupt (INTCMA40) of timer 4, and output to the RTPO through RTP3 pins. The output data of
the RTPO through RTP3 pins can be changed to the value of the buffer register at time intervals specified by the value set
in advance to the compare register of timer 4 (CM40).

By using this real-time output port function and the macro service function in combination, the output data of the RTPO
through RTP3 pins can be sequentially changed at any interval time.

Figure 6-3. Operation Timing of Real-Time Output Port

FEFFH

CM40
Timer 4
CM40
/f CM40 4
OH
A
Timer Started i i i
INTCM40
Interrupt Request /
CPU Operation ( ( ( ( S

Port 0 Buffer Regl;ﬁ)eLr DO1 X D02 >< D03 >< D04 >< S

Output Latches
D00 D01 D02 D03
P00-P0O3 S

? Port 0 buffer register and compare register overwrite by software processing or macro
4 service (refer to 16.8 Macro Service Function)
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6.4 Example of Use

Each time the contents of timer 4 timer register 4 (TM4) and compare register (CM40) match, the contents of port 0 buffer
register (POL) are output to RTPO through RTP3. At this time, the next data to be output and the timing at which the output
is to be changed next are set in the service routine for the simultaneously generated interrupt (refer to Figure 6-4).

Refer to CHAPTER 11 TIMER 4 for the method of using timer/counter 1.

The control register settings are shown in Figure 6-5, the setting procedure in Figure 6-6, and the processing in the
interrupt processing routine in Figure 6-7.

Figure 6-4. Operation Timing of Real-Time Output Port

FEFFH

CM40
Timer 4
CM40
CM40 CM40
OH
INTCM40

Interrupt Request

Port 0 Buffer Register
POL D01 > D02 >< D03 >< D04

Output Latches
P00-P0O3 D00 DO1 D02 D03 S
Output Pins Hi-Z
RTPO-RTP3 D00 D01 D02 D03 S

A POL and CM40 overwritten by INTCMA40 interrput
A POL contents transferred to output latch on match of TM4 and CM40
A Timer Started

A QOutput buffer turned on

A Next data to be output is set in POL

A Initial output data is set in output latches P00 to P03
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Figure 6-5. Settings for Real-Time Output Function Control Register

RTPC 0 0 0 0 0 0 1 1

P00 to P03 used as real-time output port
(RTPO to RTP3)

—— Data transfer to output latch from POL
by INTPO disabled

Figure 6-6. Setting Procedure of Real-Time Output Function

C Real-Time Output Port )

Set initial value to PO
output latch

Set next value to be output
in POL

Set real-time output port
control register (RTPC)

Set timer 4

Timer Start

INTCMA40 Interrupt

=
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Figure 6-7. Interrupt Request Processing when Real-Time Output Function Is Used

C Timer Interrupt )

Interval time setting

Set next value to be output
in POL

( Return )

6.5 Cautions

@

@
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When POML bit of real-time output port control register (RTPC) is set (1), the corresponding port output buffer is
turned on and the port 0 output latch contents are outputirrespective of the contents of the port 0 mode register (PMO).
The output latch contents should therefore be initialized before making a real-time output port specification.

When the portis specified as a real-time output port, values cannot be directly written to the output latch by software.
Therefore, the initial value of the output latch must be set by software before specifying use as a real-time output
port.

Also, if the need arises to forcibly set the output data to a fixed value while the portis being used as a real-time output
port, you should change the port to a normal output port by manipulating the real-time output port control register
(RTPC), then write the value to be output to the output latch.



CHAPTER 7 OUTLINE OF TIMER/COUNTER

The uPD784026 incorporates two 16-bit timer/counter units and three 16-bit time units.

These timer/counter and timer units can be used as fifteen units of timers because the uPD784046 supports fifteen

interrupt requests.

Table 7-1. Operations of Timer/Counters

temn Name Timer O Timer 1 Timer/Counter 2 | Timer/Counter 3 Timer 4
Operation| Interval timer 4 ch 2ch 2ch 2ch 2ch
mode External event counter — — O O —
Function | Timer output 4 ch 2ch 2ch 2ch —

Toggle output O O O O —
Set/reset output O O — — —
PWM/PPG output — — O O —
Real-time output — — — — O
Overflow interrupt O O — — O
Number of interrupt requests 5 3 2 2 3
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Timer 0

Figure 7-1. Block Diagram of Timer/Counter (1/3)

Timer 1
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Figure 7-1. Block Diagram of Timer/Counter (2/3)

Timer/Counter 2
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Control
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Figure 7-1. Block Diagram of Timer/Counter (3/3)

Timer 4

Clear
Control

!

Timer Register 4
(TM4)

fcik —| Prescaler INTOV4

INTCM40
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CHAPTER 8 TIMER O

8.1 Function
Timer 0 is a 16-bit free running timer.
Because this timer has four capture/compare registers and a toggle and set/reset timer output functions, it can be used

as an interval timer or to measure pulse width.

(1) Interval timer
When timer 0 is used as an interval timer, it generates an internal interrupt at interval set in advance.

Table 8-1. Interval Time of Timer O

Minimum Interval TimeNo© Maximum Interval Time Resolution
4ffek (0.25 us) 216 x 4ffcik (16.4 ms) 4ffek (0.25 us)
8/fck (0.5 us) 216 x 8/fcik (32.8 ms) 8/fck (0.5 us)
16/fcx (1.0 us) 216 x 16/fcLk (65.5 ms) 16/fcik (1.0 us)
32/ferk (2.0 us) 216 x 32/fck (131 ms) 32/ferk (2.0 us)
64/fcLx (4.0 us) 216 x 64/fck (262 ms) 64/fcLx (4.0 us)

(): atfcik = 16 MHz

Note The minimum interval time is limited by the data transfer processing time.
Consider the interrupt processing time or macro service processing time
used (refer to Table 16-11 Interrupt Acceptance Processing Time  and
Table 16-12 Macro Service Processing Time ).
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(2) Pulse width measurement

Timer O can be used to detect the pulse width of a signal input to an external interrupt request input pin (INTPO to

INTP3).

Table 8-2. Pulse Width Measurement Range of Timer O

Measurable Pulse WidthNote 1 Resolution
Affcik (0.25 us)Noe 2 — 216 x 4/fcik (16.4 ms) Affck (0.25 us)
8/fcik (0.5 us)Note 2 — 216  gffcik (32.8 ms) 8ffcc (0.5 us)
16/fcik (1.0 us)Note 2 — 216 x 16/fcik (65.5 ms) 16/fcik (1.0 us)
32/feik (2.0 us)No© 2 — 216 x 32/fcik (131 ms) 32/feik (2.0 us)
64/fcik (4.0 us)Noe 2 — 216 x B4/ffeik (262 ms) 64/fck (4.0 us)

Notes 1. The minimum measurable pulse width changes depending on the sampling clock selected by the noise
protection control register (NPC). The minimum measurable pulse width is either of the values in the above

table and the table below, whichever greater.

(): atfcik = 16 MHz

Sampling Clock

Minimum Pulse Width

fek

4ffcik (0.25 us)

fex/4

16/fcik (1.0 us)

2. This value is limited by the data transfer processing time. Consider the interrupt processing time or macro

service processing time used (refer to Table 16-11 Interrupt Acceptance Processing Time  and Table 16-

12 Macro Service Processing Time ).
8.2 Configuration
Timer 0 consists of the following registers:

e Timer register (TM0) x 1
e Capture/compare register (CCOn) x 4 (n =0 to 3)

Figure 8-1 shows the block diagram of timer O.

176




LLT

Figure 8-1. Block Diagram of Timer O
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Timer register 0 (TMO)

TMO is a timer register that counts up the count clock specified by the prescaler mode register (PRM).

Counting of this timer register is enabled or disabled by the timer mode control register (TMC).

The timer register can be only read by using a 16-bit manipulation instruction. When RESETis input, TMO is cleared
to 0000H and stops counting.

Capture/compare registers (CC00 through CC03)

CCOn (n =0to 3) is a 16-bit register that can be used as a compare register to detect match between its value and
the count value of TMO or as a capture register to capture the count value of TM0O. Whether CCOn is used as a
compare register or capture register is specified by the timer unit mode register 0 (TUMO).

This register can be read or written by using a 16-bit manipulation instruction.

When RESET is input, the value of this register is undefined.

(a) As compare register
When used as a compare register, CCOn functions as a 16-bit register that holds the value determining the cycle
of the interval timer operation.
When the contents of CCOn matches with the contents of TMO, an interrupt request (INTCCOn: n = 0 to 3) and
a timer output control signal are generated.
When the CEO bit of the timer mode control register (TMC) is 0 and timer O is stopped, the capture operation
is not performed.

(b) As capture register
When used as a capture register, CCOn functions as a 16-bit register that captures the contents of TMO in
synchronization with the valid edge (capture trigger) input from an external interrupt input pin (INTPn: n =0
to 3).
The contents of CCOn are retained until the next capture trigger is generated.

Edge detection circuit

The edge detection circuit detects the valid edge of an external input.

It detects the valid edge of the INTPO through INTP3 pin inputs, and generates an external interrupt request (INTPO
to INTP3) and capture trigger. The valid edge is specified by the external interrupt mode registers (INTMO and
INTM1) (for the details of INTMO and INTM1, refer to Figures 15-1 and 15-2).

Output control circuit

When the contents of CCOn (n = 0 to 3) and the contents of TMO match, the timer output can be inverted. A square
wave can be output from a timer output pin (TOO00 to TOO03) if so specified by the timer output control register 0
(TOCO0). The TO00 and TOO02 pins can also output a set and reset signals if so specified by the timer unit mode
register 0 (TUMO).

The timer output can be enabled or disabled by TOCO. When the timer output is disabled, a fixed level is output
to the TOONn (n = 0 to 3) pin (the output level is fixed by TOCO).

Prescaler
The prescaler generates a count clock by dividing the internal system clock. The clock generated by the prescaler
is selected by the selector, and TMO performs the count operation by using this clock as a count clock.

Selector
The selector selects one of the five signals generated by dividing the internal system clock as the count clock of
TMO.
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8.3 Timer 0 Control Register

(1) Timer unit mode register 0 (TUMO)

TUMO is a register that specifies the output mode of the timer output pins (TO00, TO02, and TO10) of timers 0 and

1, controls the clear operation of the timer register 1 (TM1), and specifies the operations of the capture/compare
registers (CCO0 through CCO03) of timer 0.
This register can be read or written by using an 8-bit manipulation instruction or a bit manipulation instruction. Figure

8-2 shows the format of TUMO.

When RESET is input, the value of TUMO is cleared to O0H.

Figure 8-2. Format of Timer Unit Mode Register 0 (TUMO)

Address : OFF30H Onreset: 00H R/W
7 6 5 4 3 2 1 0
TUMO [TOM10| CLR1 |TOMO02|TOMOO|CMS03|CMS02|CMS01|CMS00
TOM10| Specifies Output Mode of TO10 Pin
(refer to Figure 9-2).
CLR1 | Controls Clear Operation of TM1
(refer to Figure 9-2).
TOMON| Specifies Output Mode of TOOn Pin (n = 0, 2)
0 Toggle output
1 Set/reset output
CMS0n Specifies Operation of CCOn (n =0 to 3)
0 Capture register
1 Compare register
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(2) Timer mode control register (TMC)
TMC is a register that controls the count operation of timer registers 0 and 1 (TMO and TM1).
This register can be read or written by using an 8-bit manipulation instruction or a bit manipulation instruction. Figure
8-3 shows the format of TMC.
When RESET is input, the value of this register is cleared to O0H.

Figure 8-3. Format of Timer Mode Control Register (TMC)

Address : OFF31H On reset: O0H R/W

@ 6 5 4 3 2 1 0
TMC | CE1| O 0 0 |Cceo| o 0

CE1 | Controls Count Operation of TM1

(refer to Figure 9-3).

CEO Controls Count Operation of TMO

0 Clears and stops counting

1 Enables counting

(3) Timer output control register 0 (TOCO)
TOCO is a register that specifies the operation and active level of the timer output pins (TOO00 through TO03) of
timer 0.
This register can be read or written by using an 8-bit manipulation instruction or a bit manipulation instruction. Figure
8-4 shows the format of TOCO.
When RESET is input, the value of this register is cleared to O0H.

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

Address : OFF32H On reset: 00H R/W

@ 6 ® 4 ©® 2 @® o
TOCO |ENTO03|ALVO3 |ENTO02| ALV02 | ENTO01| ALVOL |ENTO00| ALVOO

ENTOOn| Specifies Operation of TOOn Pin (n =0 to 3)

0 Outputs ALVOn

1 Enables pulse output

ALVOn| Specifies Active Level of TOOn Pin (n =0 to 3)

0 Low level

1 High level
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(4) Prescaler mode register (PRM)
PRM is a register that specifies the count clock of timer registers 0 and 1 (TMO and TM1).
This register can be read or written by using an 8-bit manipulation instruction. Figure 8-5 shows the format of PRM.
When RESET is input, the value of this register is cleared to O0OH.

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

Address : OFF38H On reset: 00OH R/W

7 6 5 4 3 2 1 0
PRM 0 |PRM12|PRM11|PRM10| O PRMO02 | PRM01 | PRMOO

PRM12 | PRM11 | PRM10 | Specifies Count Clock of TM1

(refer to Figure 9-5).

(ferk = 16 MHz)
PRMO02 |PRMO1 |PRM00| Specifies Count Clock of TMO.

Count Clock [Hz] | Resolution [xs]
0 0 0 ferk/4 0.25
0 0 1 fek/8 0.5
0 1 0 fek/16 1.0
0 1 1 fcLk/32 2.0
1 0 0 fok/64 4.0
Others Setting prohibited

Remark fcwk: internal system clock
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8.4 Operation of Timer Register 0 (TMO)

8.4.1 Basic operation

Timer 0 counts up by using the count clock specified by the prescaler mode register (PRM).

Counting is enabled or disabled by the CEO bit of the timer mode control register (TMC). When the CEO bit is set (1)
by software, TMO is set to 0001H at the first count clock, and starts counting up. When the CEOQ bit is cleared (0) by software,
TMO is immediately cleared to 0000H, and stops the capture operation and generation of the match signal.

If the CEO bit is set (1) while it has been already set (1), TMO is not cleared but continues counting.

If a count clock is input when TMO reaches FFFFH, TMO is cleared to 0000H, and an overflow interrupt (INTOVO) occurs,
but TMO continues counting.

When RESET is input TMO is cleared to 0000H and stops counting.
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Figure 8-6. Basic Operation of Timer Register 0 (TMO)

(a) Count started — count stopped — count started
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(c) Operation when TMO = FFFFH
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8.4.2 Clear operation
Timer register 0 (TMO) is cleared by clearing (0) the CEO bit of the timer mode control register (TMC). TMO is cleared
as soon as the CEO bit has been cleared (0).

Figure 8-7. Clear Operation of Timer Register 0 (TMO)

(a) Basic operation

S

w Y o
[

CEO

(b) Restart before count clock input after clearance

Count Clock |_| —| |_| |_|
T™MO n-1 0 1 X 2 X 3

CEO

-]

If the CEO bit is set (1) before this count clock, the count starts from 1 on the count clock.

(c) Restart after count clock input after clearance

woe L]
S ©0 i N

CEO

-

If the CEO bit is set (1) from this count clock onward, the count starts from 1

184 on the count clock after the CEO bit is set (1).
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8.5 Operation of Capture/Compare Register

8.5.1 Compare operation

Timer O performs a compare operation by comparing the value set to a capture/compare register (CC00 to CCO03)
specified as a compare register with the count value of a timer register 0 (TMO).

If the count value of TMO matches with the value set in advance to CCOn (n = 0 to 3) as a result of counting by TMO,
the timer sends a match signal to the output control circuit, and at the same time, generates an interrupt request signal
(INTCCOn: n =0 to 3).

Table 8-3. Interrupt Request Signal from Compare Register (timer 0)

Compare Register Interrupt Request Signal
CCO00 INTCCO0
CCo1 INTCCO1
CC02 INTCCO02
CC03 INTCCO03

Remark CCO0O0 through CCO03 are capture/compare
registers. Whether these registers are used
as capture registers or compare registers is
specified by the timer unit mode register 0
(TUMO).

Timer 0 has four timer output pins (TOO00 through TO03). Table 8-4 shows the operation mode of each of these pins
(for details, refer to 8.6 Basic Operation of Output Control Circuit ).

Table 8-4. Operation Mode of Timer Output Pin (timer 0)

Timer Output Pin Output Operation Mode Specification of Operation Mode
TOO00 Toggle Set/reset TOMOO bit of TUMO
TOO1 Toggle — —
TOO02 Toggle Set/reset TOMO2 bit of TUMO
TOO03 Toggle — —
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Figure 8-8. Compare Operation (timer 0)
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TMO
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8.5.2 Capture operation

In synchronization with an external trigger, timer 0 also performs a capture operation that captures and retains the count

value of timer register 0 (TMO) to a capture register.

As an external trigger, the valid edge detected from an external interrupt request input pin (INTPO to INTP3) is used

(capture trigger). In synchronization with this capture trigger, the count value of TMO is captured to a capture/compare

register (CCOn: n = 0 to 3) specified as a capture operation in synchronization with INTPn (n = 0 to 3).

The contents of CC00 through CCO03 are retained until the following capture triggers each corresponding to CC00 to CC03

are generated.

Table 8-5. Capture Trigger Signal to Capture Register (timer 0)

Capture Register Capture Trigger Signal
CCo00 INTPO
CCo1 INTP1
CC02 INTP2
CC03 INTP3

Remark CCO0O0 through CCO03 are capture/compare
registers. Whether these registers are used
as capture registers or compare registers is
specified by the timer unit mode register 0

(TUMO).

The valid edge of the capture trigger is specified by external interrupt mode registers (INTMO and INTM1) If the capture
trigger is specified so that both the rising and falling edges are valid, the width of an externally input pulse can be measured.

If the capture trigger is generated with either of the edges specified as valid, the cycle of an input pulse can be measured.
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TMO
Count Value

OH

DO

D1

D2

Figure 8-9. Capture Operation (timer 0)
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8.6 Basic Operation of Output Control Circuit

The output control circuit controls the levels of the timer output pins (TOO00 through TOO03) by using the match signals
from the compare registers (CC00 through CC03). The operation of the output control circuit is determined by the timer
output control register 0 (TOCO). Note that the TO01 and TOO03 pin outputs can be used for toggle operation only. The
TOO00 and TOO02 pin outputs can be used for toggle or set/reset operation, according to the specification by the timer unit
mode register 0 (TUMO).

To output the signals TOO00 through TOO03 to pins, the corresponding pins must be set in the control mode by using the
port 2 mode control register (PMC2).

Table 8-6. Toggle Signal of Timer Output Pin (timer 0)

Timer Output Toggle Signal
TOO00 INTCCO0
TOO01 INTCCO1
TOO02 INTCCO02
TOO03 INTCCO03

Table 8-7. Set/Reset Signal of Timer Output Pin (timer 0)

Timer Output Set Signal Reset Signal
TOO00 INTCCO00 INTCCO1
TOO02 INTCCO02 INTCCO3
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Figure 8-10. Block Diagram of Timer Output Operation of Timer O
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8.6.1 Basic operation

By setting (1) the ENTOON (n = 0 to 3) bit of the timer output control register 0 (TOCO), a pulse can be output from the
TOON (n =0 to 3) pin.

Clearing (0) ENTOON bit sets the TOOn to a fixed level. The fixed level is determined by the ALVOn (n = 0 to 3) bit of
the TOCO. The level is high when ALVOn bit is 0, and low when 1.

8.6.2 Toggle output

Toggle output is an operating mode in which the output level is inverted each time the compare register (CCOn: n=0
to 3) value coincides with the timer register 0 (TMO) value. The output level of timer output (TOOn: n =0 to 3) is inverted
by a match between CCOn and TMO.

When timer 0 is stopped by clearing (0) the CEO bit of the timer mode control register (TMC), the output level at the time
it was stopped is retained as is.

Figure 8-11. Operation of Toggle Output

FEFFH FFEFH FEFFH FFEFH FFEFH

/

TMO
Count Value
CCO01 Value CCO01 Value CCO01 Value CCO01 Value
CCO00 Value CCO00 Value CCO00 Value CCO00 Value
OH
ENTOO00
A A A
Instruction Instruction Instruction
Execution Execution Execution
TOO0O0 Output
(ALVOO = 1)
ENTOO01
A
Instruction
Execution

TOO1 Output
(ALVO1 = 0)
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Table 8-8. Toggle Output of TO0O through TO03 (f cik = 16 MHZz)

Count Clock Minimum Pulse WidthNet Maximum Pulse Width
fek/4 4/fck (0.25 us) 216 x 4/fcik (16.4 ms)
fok/8 8/fck (0.5 us) 216 x 8/fcik (32.8 ms)
foLk/16 16/fcik (1.0 us) 216 x 16/fcLk (65.5 ms)
foLk/32 32/ferk (2.0 us) 216 x 32/fcik (131 ms)
foLk/64 64/fcLk (4.0 us) 216 x 64/fcik (262 ms)

Note The minimum interval time is limited by the data transfer processing time.
Consider the interrupt processing time or macro service processing time
used (refer to Table 16-11 Interrupt Acceptance Processing Time  and
Table 16-12 Macro Service Processing Time ).

8.6.3 Set/reset output

The set/reset output is an operation mode in which the timer output is set or reset each time the value of the compare
register (CCOn: n = 0 to 3) matches with the value of timer register 0 (TMO).

If CC00 =CCO01 and CC02 = CCO03, interrupt requests are simultaneously generated, and timer outputs (TO00 and TO02)
are used as ALVO0O0 and ALVO02.

When timer 0 is stopped by clearing (0) the CEO bit of the timer mode control register (TMC), the output level at which

the timer stops is retained as is.

Figure 8-12. Operation of Set/Reset Output (timer 0)

FFEFH

T™MO
Count Value

OH

Count Started
CEO-1 |

INTCCO0 | |
Interrupt Request | |

INTCCO1 } : i
Interrupt Request ! 1 1

TOO00 Pin
<ENTOOO - 1>

ALVOO 1
TOMOO -1
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8.7 Examples of Use

8.7.1 Operation as interval timer

When timer register 0 (TMO) is made free-running and a fixed value is added to the compare register (CCOn: n = 0 to
3) in the interrupt processing routine, TMO operates as an interval timer with the added fixed value as the cycle (refer to
Figure 8-13).

This interval timer can count within the range shown in Table 8-1 (internal system clock fcik = 16 MHz).

Since TMO has four capture compare registers, four interval timers with different cycles can be constructed.

Taking an example where compare register CCOO is used, the control register settings are shown in Figure 8-14, the
setting procedure in Figure 8-15, and the processing in the interrupt processing routine in Figure 8-16.

Figure 8-13. Timing of Interval Timer Operation

FFFFH FFEFH
MoD(@n) /]
n
T™MO
Count Value
MOD(2n)
OH
A
Timer Started
Compare Register
(CC00) n >< MOD(2n) >< MOD(3n) >< MOD(4n)
INTCCOO0 Rewritten by Rewritten by Rewritten by
Interrupt Request Interrupt Program Interrupt Program Interrupt Program
Interval Interval Interval

Interval time = n x x/fcLk
y - n - FFFFH
X =4,8, 16, 32, 64

Remark

yislimited by the data transfer processing time. Consider the processing time of the interrupt used or the macro
service processing time (refer to Table 16-11 Interrupt Acceptance Processing Time and Table 16-12

Macro Service Processing Time ).
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Figure 8-14. Set Contents of Control Register for Interval Timer Operation

(a) Prescaler mode register (PRM)

3 2 1 0
PRM 0 X X X 0 |PRMO02|PRMO1/PRMO00O

\—‘:1> Specifies count clock

(fewx/x ; x = 4, 8, 16, 32, 64)

(b) Timer unit mode register 0 (TUMO)

4 3 2 1 0
TUMO| X x x 0 X X x 1

L» Specifies CCO0 as compare register

Specifies TOOO for toggle output

X : don't care
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Figure 8-15. Setting Procedure of Interval Timer Operation

C Interval timer )

Sets PRM

Sets count value to CC00
CC00<n

Sets TUMO

Count starts
CEO-1

=

; Sets bit 3of TMC to 1

INTCCOO interrupt

Figure 8-16. Interrupt Request Processing of Interval Timer Operation

C INTCCOO interrupt )

Calculates timer value at which
interrupt is generated next time
CCO00-~CCO00 +n

Other interrupt processing program
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8.7.2 Pulse width measurement operation

In pulse width measurement, the high-level or low-level width of external pulses input to the external interrupt request
input pin (INTPO through INTP3) is measured.

When the sampling clock is fcik both the high-level and low-level widths of pulses input to the INTPn (n =0 to 3) pin must
be at least 4 system clocks (0.25 us: fcLk = 16 MHZz); if shorter than this, the valid edge will not be detected and a capture
operation will not be performed.

When a pulse width is measured, the pulse width in a range shown in Table 8-2 can be measured (fc.k = 16 MHz). How
a pulse width is measured is explained below where the INTP3 pin is used as an external input pin.

As shown in Figure 8-17, the timer register 0 (TMO) value being counted is fetched into the capture register (CC03) in
synchronization with a valid edge (specified as both rising and falling edges) in the INTP3 pin input, and held there. The
pulse width is obtained from the product of the difference between the TMO count value (Dn) fetched into and held in the
CCO03 on detection of the nth valid edge and the count value (Dn-1) fetched and held on detection of valid edge n-1, and
the number of count clocks (x/fcik; x = 4, 8, 16, 32, 64).

The control register settings are shown in Figure 8-18, the setting procedure in Figure 8-19, and the processing atinterrupt
processing routine in Figure 8-20.

Figure 8-17. Timing of Pulse Width Measurement

FFFF FFEFH

1 /|

T™MO
Count Value D1 D3
DO Df
OH !
A Capture Capture Capture Capture
Count Started
INTP3

External Input Signal

~—(D1-DO0) x x/fotk ———f~ (10000H-D1+~~—(D3-D2) x x/fork —

D2) x x/feik
INTP3
Interrupt Request

Capture Register
(CCo3) DO D1 D2 D3

INTOVO —| |
Interrupt Request

Remark Dn: TMO count value (n =0, 1, 2, ...)
X =4,8, 16, 32, 64
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Figure 8-18. Control Register Settings for Pulse Width Measurement

(a) Prescaler mode register (PRM)

3 2 1 0
PRM 0 X X X 0 |PRMO02|PRMO1/PRMO00

\—‘:1> Specifies count clock

(fek/x ; x = 4, 8, 16, 32, 64)

(b) Timer unit mode register 0 (TUMO)

TUMO x x X X 0 x x X

Specifies CC03 as capture register

(c) External interrupt mode register 1 (INTM1)

7 6 5 4 3 2 1 0

INTM1 X X X X X X 1 1

\_|_—l> Specifies both rising & falling edges

as INTP3 input valid edges

x : Don’t care
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Figure 8-19. Pulse Width Measurement Setting Procedure

Gulse Width Measurement )

Set PRM
Set TUM
; Specify both edges as
Set INTM1, : :
Set MKOL INTP3 input valid edges,

release interrupt masking

Initialize capture value buffer memory
Xo< 0

Start Count ; Set 1 to bit 3 of TMC
CEO-1

Enable Interrupt

=

INTP3 Interrupt

Figure 8-20. Interrupt Request Processing that Calculates Pulse Width

C INTP3 Interrupt )

Calculate pulse width
Yn=CCO03 — Xn

Store capture value in memory
Xn+1-CCO3

l
C =
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8.8 Cautions
(1) The prescaler uses one time base in common with all the timers (timers 0 and 1, timers/counters 2 and 3, and timer
4). If one of the timers sets the CE bit to “1”, the time base starts counting. If another timer sets the CE bit to “1”
while one timer is operating, the first count clock of the timer may be shortened because the time base has already
started counting.
For example, when using timer/counter 0 as an interval timer, the first interval time is shortened by up to 1 count

clock. The second and those that follow are at the specified interval.

Figure 8-21. Operation When Counting Is Started

s [T
RN €3 &3 £ &

CEO

Count Start Command (CEO - 1)
by Software

(2) While timer 0O is operating (while the CEO bit of the timer mode control register (TMC) is set), malfunctioning may
occur if the contents of the following registers are rewritten. This is because it is undefined which takes precedence
in a contention the change in the hardware functions due to rewriting the register, or the change in the status because
of the function before rewriting.

Therefore, be sure to stop the counter operation for the sake of safety before rewriting the contents of the following
registers.

e Timer unit mode register 0 (TUMO)

e Timer output control register 0 (TOCO)
¢ Prescaler mode register (PRM)
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(3) If the contents of the compare register (CCOn: n = 0 to 3) match with those of TMO operation when an instruction

that stops timer register 0 (TMO) operation operation is executed, the counting operation of TMO stops, but an
interrupt request is generated.

In order not to generate the interrupt when stopping the operation of TMO, mask the interrupt in advance by using
the interrupt mask register before stopping TMO.

Example

Program that may generate interrupt request Program that does not generate interrupt request

CLR1 CEO « Interrupt request OR MKOL, #78H « Disables interrupt

OR MKOL, #78H from timer O CLR1 CEO from timer O
: occurs between CLR1 PIFO « Clears interrupt request
these instructions CLR1 PIF1 flag from timer O
CLR1 PIF2

CLR1 PIF3

(4) Match between timer register 0 (TMO) and compare register (CCOn: n = 0 to 3) is detected only when TMO is
incremented. Therefore, the interrupt request is not generated even if the same value as TMO is written to CCOn,
and the timer output (TOOn: n = 0 to 3) does not change.

(5) When the compare register (CC00 to CCO03) is set to 0000H, the compare operation is performed after counting by
TMO. Therefore, the match interrupt (INTCCOO to INTCCO03) does not occur immediately after counting has been
started. If CCOn (n =0 to 3) is set to 0000H, TMO counts up to FFFFH, the timer overflows, and match interrupt

INTCCOn (n = 0 to 3) occurs.

Figure 8-22. Operation When Compare Register (CC00 to CC03) Is Set to 0000H

S O I I I N )
TMOD<FFFFH OH X 1H X 2H ><:ZD<FFFFH OH XlH

CEOJ

A
Count Started

CCOn 0000H
) ) ) )
[ [
Match Match
INTCCOn —l —l
) ) ) )
[ A [ A
Interrupt Occurred Interrupt Occurred

Remark n=0to 3
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(6) If the timer output is enabled when the active level is changed, the output level of pins may change momentarily.
To prevent this, enable the timer output after the active level have been changed.

(7) To change the active level specification(ALVOn bit (n = 0 to 3) of the timer output control register 0 (TOCO)), change
the active level specification after the timer output of the corresponding timer output pins has been disabled.
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9.1 Function

Timer 1 is a 16-bit timer.

In addition to a function as an interval timer, this timer has a toggle and set/reset function as timer output.

When used as an interval timer, timer 1 generates an internal interrupt at interval determined in advance.

Table 9-1. Interval Time of Timer 1

Minimum Interval Time

Maximum Interval Time

Resolution

8/fcik (0.5 us)

216 x 8/fcik (32.8 ms)

8/fck (0.5 us)

16/fcik (1.0 us)

216 x 16/fck (65.5 ms)

16/fcik (1.0 us)

32/fek (2.0 us)

216 x 32/fcik (131 ms)

32/fck (2.0 us)

64/fck (4.0 us)

216 x 64/fcik (262 ms)

64/fck (4.0 us)

128/fcik (8.0 us)

216 x 128/fcik (524 ms)

128/fcik (8.0 us)

(): atfox = 16 MHz
9.2 Configuration
Timer 1 consists of the following registers:

e Timer register (TM1) x 1
e Compare register (CM1n) x 2 (n =0, 1)

Figure 9-1 shows the block diagram of timer 1.
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Figure 9-1. Block Diagram of Timer 1

Internal Bus
16 16| Timer Unit Mode 1/8 Timer Output Control 1/8
Register 0 Register 1 (TOC1)
(TUMO)
Compare Register 10 TOM10| CLR1 ENTO11| ALV11 |[ENTO10| ALV10
(CM10) i i ¢ ¢
16 !
Match
Output
Control |——© TO10
16 1 _Circuit
Compare Register 11 INTCM10
(CM11)
16
Output
Match Control |—o0 TO11
f N Circuit
16 INTCM11
Clear /~ [———
. [ fox/128 — ‘ A RESET
5 =
= P foax/64 — 29
ISt ° i i fl
foko— S b= faz2z —+ 8 T'merT';Aelg'Ster Overflow INTOV1
£ - favie —= 3 (TM1)
— fck/8 —
ZF
Prescaler Mode Timer Mode Control
Register (PRM) PRM12/PRM11/PRM10 Register (TMC) CEL
1/8 16 1/8
Internal Bus

TY3INIL 6 dILdVHO
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Timer register 1 (TM1)

TM1 is a timer register that counts up the count clock specified by the prescaler mode register (PRM).

Counting of this timer register is enabled or disabled by the timer mode control register (TMC).

The timer register can be only read by using a 16-bit manipulation instruction. When RESET is input, TM1is cleared
to 0000H and stops counting.

Compare registers (CM10, CM11)

CM1n (n =0, 1) is a 16-bit register that holds the value determining the cycle of the interval timer operation.
When the contents of CM1n matches with the contents of TM1, an interrupt request (INTCM1n: n =0, 1) and a timer
output control signal are generated. The countvalue of TM1 can be cleared when its value matches with the contents
of CM10.

These compare registers can be read or written by using 16-bit manipulation instructions. When RESET is input,
their contents are undefined.

Output control circuit

When the contents of CM1n (n = 0, 1) and the contents of TM1 match, the timer output can be inverted. A square
wave can be output from a timer output pin (TO10, TO11) if so specified by the timer output control register 1 (TOC1).
The TO10 pin can also output a set and reset signals if so specified by the timer unit mode register 0 (TUMO).
The timer output can be enabled or disabled by TOC1. When the timer output is disabled, a fixed level is output
to the TO1n (n = 0, 1) pin (the output level is fixed by TOC1).

Prescaler
The prescaler generates a count clock by dividing the internal system clock. The clock generated by the prescaler
is selected by the selector, and TM1 performs the count operation by using this clock as a count clock.

Selector

The selector selects one of the five signals generated by dividing the internal system clock as the count clock of
TM1.
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9.3 Timer 1 Control Register

(1) Timer unit mode register 0 (TUMO)

TUMO is a register that specifies the output mode of the timer output pins (TO00, TO02, and TO10) of timers 0 and
1, controls the clear operation of the timer register 1 (TM1), and specifies the operations of the capture/compare
registers (CCO0 through CCO03) of timer 0.

This register can be read or written by using an 8-bit manipulation instruction or a bit manipulation instruction. Figure

206

9-2 shows the format of TUMO.

When RESET is input, the value of TUMO is cleared to 00H.

Figure 9-2. Format of Timer Unit Mode Register 0 (TUMO)

Address : OFF30H Onreset: O0OH RIW
7 6 5 4 3 2 1 0
TUMO [TOM10| CLR1 |TOMO2 | TOMOO |CMS03 |CMS02 |CMS01 |CMS00
TOM10 Specifies Output Mode of TO10 Pin
0 Toggle output
1 Set/reset output
CLR1 | Controls Clear Operation of TM1 by match with CM10
0 Disabled (free running mode)
1 Enabled (interval timer mode)
TOMOn | Specifies Output Mode of TOOn Pin (n =0, 2)
(refer to Figure 8-2).
CMSO0n | Specifies Operation of CCOn (n =0 to 3)

(refer to Figure 8-2).
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(2) Timer mode control register (TMC)

TMC is a register that controls the count operation of timer registers 0 and 1 (TMO and TM1).

This register can be read or written by using an 8-bit manipulation instruction or a bit manipulation instruction. Figure
9-3 shows the format of TMC.
When RESET is input, the value of this register is cleared to O0H.

Figure 9-3. Format of Timer Mode Control Register (TMC)

Address : OFF31H

T™C

Onreset : 00H R/W
@ 6 5 4 © 2 1
CEl 0 CEO 0 0
CE1 Controls Count Operation of TM1
0 [Clears and stops counting
1 Enables counting operation
CEO | Controls Count Operation of TMO
(refer to Figure 8-3).

(3) Timer output control register 1 (TOC1)
TOCL1 is a register that specifies the operation and active level of the timer output pins (TO10, TO11) of timer 1.
This register can be read or written by using an 8-bit manipulation instruction or a bit manipulation instruction. Figure
9-4 shows the format of TOCL1.
When RESET is input, the value of this register is cleared to O0H.

Figure 9-4. Format of Timer Output Control Register 1 (TOC1)

Address : OFF33H

TOC1

Onreset : 00H R/W
6 5 4 ©) 2 @D 0
0 0 ENTO11|ALV11 |[ENTO10|ALV10
ENTO1n| Specifies Operation of TO1n Pin (n =0, 1)
0 Outputs ALV1n
1 Enables pulse output
ALV1n| Specifies Active Level of TO1n Pin (n =0, 1)
0 Low level
1 High level
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(4) Prescaler mode register (PRM)
PRM is a register that specifies the count clock of timer registers 0 and 1 (TMO, TM1).
This register can be read or written by using an 8-bit manipulation instruction. Figure 9-5 shows the format of PRM.
When RESET is input, the value of this register is cleared to O0H.

Figure 9-5. Format of Prescaler Mode Register (PRM)

Address : OFF38H On reset: 00OH R/W
7 6 5 4 3 2 1 0
PRM 0 PRM12|PRM11 | PRM10 0 PRMO02 | PRMO1 | PRM0OO

(feik = 16 MHz)
PRM12 |PRM11|PRM10| Specifies Count Clock of TM1

Count Clock [Hz]| Resolution [ us]

0 0 0 fouk/8 0.5
0 0 1 ferk/16 1.0
0 1 0 feLk/32 2.0
0 1 1 fok/64 4.0
1 0 0 fek/128 8.0
Others Setting prohibited

PRMO02 | PRM01 | PRM0O0 | Specifies Count Clock of TMO

(refer to Figure 8-5).

Remark fcik: internal system clock
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9.4 Operation of Timer Register 1 (TM1)

9.4.1 Basic operation

Timer 1 counts up by using the count clock specified by the prescaler mode register (PRM).

Counting is enabled or disabled by the CE1 bit of the timer mode control register (TMC). When the CEL1 bit is set (1)
by software, TM1is setto 0001H at the first count clock, and starts counting up. When the CE1 bitis cleared (0) by software,
TM1 is immediately cleared to 0000H, and stops the generation of the match signal.

If the CEL1 bit is set (1) while it has been already set (1), TM1 is not cleared but continues counting.

If a count clock is input when TM1 reaches FFFFH, TM1 is cleared to 0000H, and an overflow interrupt (INTOV1) occurs.

When RESET is input, TM1 is cleared to 0000H and stops counting.
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Figure 9-6. Basic Operation of Timer Register 1 (TM1)

(a) Count started — count stopped — count started

A 1 o o

i fon f o fan o kN )E)QOOH o\ N
(‘(‘
CE1l
)
(¢
A A A
Count Started Count Stopped Count Started
CEl-1 CE1-0 CEl-1

(b) When “1” is written to the CE1 bit again after the count starts

S | o

<

» DEEEEEEEC
« T

A A
Count Started Rewritten
CEl-~1 CEl-1

(c) Operation when TM1 = FFFFH

Count Clock |_| |_| |_| |_|
- B ‘8&]
o

INTOV1 |_|
Interrupt Request

210



CHAPTER 9 TIMER 1

9.4.2 Clear Operation
(1) Clear operation after match with compare register
Timer register 1 (TM1) can be cleared automatically after a match with the compare register (CM10). When a
clearance source arises, TM1is cleared to 000H on the next count clock. Therefore, evenif a clearance source arises,

the value at the point at which the clearance source arose is retained until the next count clock arrives.

Figure 9-7. TM1 Clear Operation by Match with Compare Register (CM10)

Count Clock ‘ \ ‘ \ ‘ \

™1 n-1 n 0 X 1

Compare Register
(CM10) n

JAN JAN
TM1 and CM10 Match Cleared Here

(2) Clear operation by CE1 bit of timer mode control register (TMC)
Timer register 1 (TM1) is also cleared when the CEL1 bit of TMC is cleared (0) by software. The clear operation is
performed limmediately after the clearance (0) of the CEL1 bit.
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Figure 9-8. TM1 Clear Operation When CE1 Bit is Cleared (0)

Count Clock

™1

CEl

Count Clock

™1

CE1

Count Clock

CE1l

(a) Basic operation

| ——|

R 0

/

(b) Restart before count clock is input after clearance

| ——|

59003 0 I O

-~

If the CE1 bit is set (1) before this count clock, this count clock starts counting from 1.

(c) Restart after count clock is input after clearance

[
00 0N N

-

If the CE1 bit is set (1) from this count clock onward, the count clock starts counting
from 1 after the CE1 bit is set (1).
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9.5 Operation of Compare Register

Timer 1 performs a compare operation by comparing the value set to a compare register (CM10, CM11) specified as

a compare register with the count value of a timer register 1 (TM1).

If the count value of TM1 matches with the value set in advance to CM1n (n =0, 1) as a result of counting by TM1, the

timer sends a match signal to the output control circuit, and at the same time, generates an interrupt request signal

(INTCM10, INTCM11).

After the value of TM1 has matched with the value of CM10, the count value of TM1 can be cleared, so that TM1 can

be used as an interval timer that repeatedly counts the value set to CM10.

Table 9-2. Interrupt Request Signal from Compare Register (timer 1)

Compare Register

Interrupt Request Signal

CM10

INTCM10

CMm11

INTCM11

Timer 1 has two timer output pins (TO10, TO11). Table 9-3 shows the operation mode of each of these pins (for details,
refer to 9.6 Basic Operation of Output Control Circuit ).

Table 9-3. Operation Mode of Timer Output Pin (timer 1)

Timer Output Pin

Output Operation Mode

Specification of Operation Mode

TO10

Toggle

Set/reset

TUM10 bit of TUMO

TO11

Toggle
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Remark CLR1=0

214

Figure 9-9. Compare Operation (timer 1)

FEFFH

T™M1
Count value
Value CM11 Value
CM10 Value CM10 Value
OH f *
Count Started ~ Match Match Match Match
CEl-~1
INTCM10

Interrupt Request

INTCM11
Interrupt Request

TO10 Pin Output
<ENT010 =1
ALV10=1

TO11 Pin Output

> Inactive Level

<ENT011 - l> Inactive Level

ALV11=0

INTOV1
Interrupt Request
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Figure 9-10. Clearing TM1 after Detection of Match

FFEFH
CM11
™1 CM10 CM10 CM10
Count Value —
OH
A A A A A
Count Started Count Disabled Count Cleared Cleared
<CE1~1 > CE1-0 Started
CLR1-0 <CE151 >
CLR1-1

Interrupt Request

INTCM10
Interrupt Request

TO11 Pin Output
NTO11-1 >

INTCM11 —|

ALV111 Inactive Level

TO10 Pin Output —
NTO101
ALV10—1

INTOV1
Interrupt Request

Inactive Level
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9.6 Basic Operation of Output Contr

The output control circuit controls the levels of the timer output pins (TO10, TO11) by using the coincidence signals from
the compare registers (CM10, CM11). The operation of the output control circuit is determined by the timer output control
register 1 (TOC1). Note that the TO11 pin output can be used for toggle operation only. The TO10 pin output can be used
for toggle or set/reset operation, according to the specification by the timer unit mode register 0 (TUMO).

To output the TO10 and TO11 signals to pins, the corresponding pins must be set in the control mode by using the port

3 mode control register (PMC3).

ol Circuit

Table 9-4. Toggle Signal of Timer Output Pin (timer 1)

Timer Output Toggle Signal
TO10 INTCM10
TO11 INTCM11

Table 9-5. Set/Reset Signal of Timer Output Pin (timer 1)

Timer Output

Set Signal

Reset Signal

TO10

INTCM10

INTCM11

Figure 9-11. Block Diagram of Timer Output Operation of Timer 1

T Q
S
@ ——©O TO10
[
INTCM10 S n
Q
R
INTCM11 T Q O TO11
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9.6.1 Basic operation

By setting (1) the ENTO1n (n = 0, 1) bit of the timer output control register 1 (TOC1), a pulse can be output from the

TO1n (n =0, 1) pin.

By clearing (0) the ENTO1n bit, the level of TO1n is fixed. The level to which TO1n is fixed is determined by the ALV1n
(n =0, 1) bit of TOC1. When the ALV1n bitis 0, TO1n is fixed to the high level, when ALV1n bitis 1, it is fixed to the low

level.

9.6.2 Toggle output

Toggle output is an operation mode in which the output level is inverted each time the value of the compare register
(CM10, CM11) matches with the value of timer register 1 (TM1). The output level of the timer output TO10 is inverted when
the value of CM10 matches with TM1, and the output level of TO11 is inverted when the value of CM11 matches with the

value of TM1.
When timer 1 is stopped by clearing (0) the CEL1 bit of the timer mode control register (TMC), the output level is retained
as is.
Figure 9-12. Operation of Toggle Output
FEFFH FFFFH FFFFH FFFFH FEFFH
™1
Count Value
CM11 Value CM11 Value CM11 Value CM11 Value
CM10 Value CM10 Value CM10 Value CM10 Value
OH
ENTO10
A A A
Instruction Instruction Instruction
Execution Execution Execution
TO10 Output
(ALV10 = 1)
ENTO11
A
Instruction
Execution
TO11 Output
(ALV11 =0)

Table 9-6. Toggle Output of TO10 and TO11 (f cik = 16 MHz)

Count Clock Minimum Pulse Width Maximum Pulse Width
fewk/8 8/fck (0.5 us) 216 x 8/fcik (32.8 ms)
folk/16 16/fcik (1.0 us) 216 x 16/fcLk (65.5 ms)
foLk/32 32/ferk (2.0 us) 216 x 32/fck (131 ms)
foLk/64 64/fcLx (4.0 us) 216 x 64/fck (262 ms)
fowk/128 128/foik (8.0 us) 216 x 128/fcik (524 ms)
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9.6.3 Set/reset output

The set/reset output is an operation mode in which the timer output is set or reset each time the value of the compare
register (CM1n: n = 0, 1) matches with the value of timer register 1 (TM1).

If CM10 = CM11, interrupt requests are simultaneously generated, and timer output (TO10) is used as ALV10.

When timer 1 is stopped by clearing (0) the CE1 bit of the timer mode control register (TMC), the output level at which
the timer stops is retained as is.

Figure 9-13. Operation of Set/Reset Output (timer 1)

T™M1
Count Value

OH

Count Started ‘
CEl-1 |

INTCM10 i 3
Interrupt Request ‘ | ‘ | ‘

INTCM11 } _| ! _| i
Interrupt Request : 1 1

TO10 pin
<ENT010 - 1>

ALV10 1
TOM10 -1
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9.7 Examples of Use

9.7.1 Operation as interval timer (1)

When timer register 1 (TM1) is made free-running and a fixed value is added to the compare register (CM1n: n =0, 1)
in the interrupt processing routine, TM1 operates as an interval timer with the added fixed value as the cycle (refer to Figure
9-14).

This interval timer can count in the range shown in Table 9-1 (internal system clock fcik = 16 MHz).

Because TM1 has two compare registers, interval timers of two types of cycles can be created.

Figure 9-15 shows the set contents of the control registers, Figure 9-16 shows how to set the registers, and Figure 9-
17 shows the processing in an interrupt routine, where compare register CM10 is used.

Figure 9-14. Timing of Interval Timer Operation (1)

il FFEFH
MoD@3n) /]
n
T™M1
Count Value
MOD(2n)
OH
A
Timer Started
Compare Register
(CM10) n MOD(2n) MOD(3n) MOD(4n)
INTCM10 . . .
Interrupt Request Rewrittern by Rewrittern by Rewrittern by
Interrupt Program Interrupt Program Interrupt Program
Interval Interval Interval

Remark Interval time = n x x/fcLk
y - n - FFFFH
X =4,8, 16, 32, 64

yislimited by the data transfer processing time. Consider the processing time of the interrupt used or the macro

service processing time (refer to Table 16-11 Interrupt Acceptance Processing Time and Table 16-12
Macro Service Processing Time ).
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PRM

TUMO

Figure 9-15. Control Register Settings for Interval Timer Operation (1)

(a) Prescaler mode register (PRM)

7 6 5 4

0 |PRM12|PRM11 PRM10

L

]

= Specifies count clock
(fek/x ; x = 8, 16, 32, 64, 128)

(b) Timer unit mode register 0 (TUMO)

X . don't care

Disables TM1 clearing by match of CM10 and TM1

Specifies TO10 for toggle output
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Figure 9-16. Setting Procedure of Interval Timer Operation (1)

C Interval Timer (1) )
'

Set PRM

Set count value to CM10
CM10 « n

Set TUMO

Start Count ; Set 1 to bit 7 of TMC
CEl -1

=

INTCM10 Interrupt

Figure 9-17. Interrupt Request Processing of Interval Timer Operation (1)

C INTCM10 Interrupt )

Calculate timer value that will
generate next interrupt
CM10 ~ CM10 +n
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9.7.2 Operation as interval timer (2)

TML1 operates as an interval timer that generates interrupts repeatedly with the preset count time as the interval (refer
to Figure 9-18).

This interval timer can count in the range shown in Table 9-1 (internal system clock fcik = 16 MHZz)

The control register settings are shown in Figure 9-19, and the setting procedure in Figure 9-20.

Figure 9-18. Timing of Interval Timer Operation (2)

T™M1

Count Value

OH
Count Started Cleared Cleared
Compare Register
(CM10) n
Match Match
INTCM10
Interrupt Request
Interrupt Acknowledged Interrupt Acknowledged
Interval Interval

Remark Interval = (n+1) x x/fcLk
0-n - FFFFH
x =8, 16, 32, 64, 128
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Figure 9-19. Control Register Settings for Interval Timer Operation (2)

(a) Prescaler mode register (PRM)

7 6 5 4 3 2 1 0

PRM 0 |PRM12 |PRM11 |PRM10 0 X X x

Specifies count clock

(fee/x ; x = 8, 16, 32, 64, 128)

(b) Timer unit mode register 0 (TUMO)

TUMO 0 1 X X X X X X

Clears TM1 by match of CM10 and TM1

Specifies TO10 for toggle output

X . don't care

Figure 9-20. Setting Procedure of Interval Timer Operation (2)

C Interval Timer (2) )
!

Set PRM

Set count value to CM10
CM10 « n

Set TUMO

Start Count ; Set 1 to bit 7 of TMC
CEl1 -1

=

INTCM10 Interrupt
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9.8 Cautions

(1) The prescaler uses one time base in common with all the timers (timers 0 and 1, timers/counters 2 and 3, and timer

4). If one of the timers sets the CE bit to “1”, the time base starts counting. If another timer sets the CE bit to “1”
while one timer operates, the first count clock of the timer may be shortened because the time base has already
started counting.

For example, when using timer/counter 1 as an interval timer, the first interval time is shortened by up to 1 count
clock. The second and those that follow are at the specified interval.

Figure 9-21. Operation When Counting Is Started

moes 11T LT
RN €9 €3 6 &

CE1l

Count Start Command (CE1 — 1)
by Software

(2) While timer 1 is operating (while the CEL1 bit of the timer mode control register (TMC) is set), malfunctioning may

224

occur if the contents of the following registers are rewritten. This is because it is undefined which takes precedence
ina contention, the change in the hardware functions due to rewriting the register, or the change in the status because
of the function before rewriting.

Therefore, be sure to stop the counter operation for the sake of safety before rewriting the contents of the following
registers.

¢ Timer unit mode register 0 (TUMO)
e Timer output control register 1 (TOC1)
¢ Prescaler mode register (PRM)
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If the contents of the compare register (CM1n: n = 0, 1) matches with those of TM1 when an instruction that stops
timer register 1 (TM1) operation is executed, the counting operation of TM1 stops, but an interrupt request is
generated.

In order not to generate the interrupt when stopping the operation of TM1, mask the interrupt in advance by using
the interrupt mask register before stopping TM1.

Example
Program that may generate interrupt request Program that does not generate interrupt request
CLR1 CE1 OR MKOH, #0CH ¢« Disables interrupt
OR  MKOH, #0CH ¢ Interrupt request CLR1 CE1 from timer 1
. from timer 1 occurs CLR1 CMIF10 « Clears interrupt request
between these CLR1 CMIF11 flag from timer 1

instructions

A match between the timer register 1 (TM1) and compare register (CM1n: n = 0, 1) is detected only when TM1 is
incremented. Therefore, the interrupt request is not generated even if the same value as TM1 is written to CM1n,
and the timer output (TO1n: n = 0, 1) does not change.

When the compare register (CM10, CM11) is set to 0000H, the compare operation is performed after counting by
TML1. Therefore, the interrupt due to a match (INTCM10, INTCM11) does not occur immediately after counting has
been started. If CM1n (n =0, 1) is set to 0000H, TM1 counts up to FFFFH, the timer overflows, and the interrupt
due to a match INTCM1n (n = 0, 1) occurs.
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Figure 9-22. Operation When Compare Register (CM10, CM11) Is Set to 0000H

(a) CM10
Count Clock |_| |_| |_| |_| |_| | | | | |_ |_ |_ |_
T™M1 OHX 1H X 2H X 3H X 4H X 5H >< XFFFFH OH OH OH OH
A A A
Cleared Cleared Cleared
)
{
CE1l J
A
Count Started
) )
&
CM10 0000H .
U
Match Match Match  Match
INTCM10 —l —l —l —l
J )
e A A A A

Interrupt Occurred

(b) CM11

1H

Count Clock |_| |_|

™M1 OH X 1H

[_]
X

L1 1
2H >q ::XFFFFH OH X

=

-

H

CE1l J

A
Count Started

CM11 0000H
11 1t
Match Match
INTCM11 —| —|
) ) J)
t{ A S A

Interrupt Occurred

Interrupt Occurred

* (6) If the timer output is enabled when the active level is changed, the output level of pins may change momentarily.

To prevent this, enable the timer output after the active level have been changed.

* (7) To change the active level specification (ALV1n bit (n = 0, 1) of the timer output control register 1 (TOC1)), change
the active level specification after the timer output of the corresponding timer output pins has been disabled.
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The function and configuration of timers/counters 2 and 3 are identical. In this chapter, therefore, timer/counter 2 is

described as a representative unless otherwise specified. To use timer/counter 3, take the pin names, register names, and

bit names of the control registers of timer/counter 2 as indicated in Table 10-1.

Table 10-1. Differences in Name between Timer/Counter 2 and Timer/Counter 3

Item Timer/Counter 2 Timer/Counter 3
Pin name P10/TO20 P12/TO30
P11/TO21 P13/TO31
P26/INTP5/TI2 P27/INTP6/TI3
Timer register T™M2 T™M3
Compare register CM20 CM30
CM21 CM31

Bit name in timer unit mode register 2 (TUM2)

TOM21, TOM20, CLR21,
CLR20

TOM31, TOM30, CLR31,
CLR30

Bit name in timer mode control register 2 (TMC2)

CE2, OVF2

CES, OVF3

Bit name in timer output control register 2 (TOC2)

ENTO21, ALV21, ENTO20,
ALV20

ENTOS31, ALV31, ENTO30,
ALV30

Bit name in prescaler mode register 2 (PRM2)

PRM20-PRM22

PRM30-PRM32

Bit name in external interrupt mode register 1 (INTM1) ES51, ES50 ES61, ES60

Interrupt request name INTP5 INTP6
INTCM20 INTCM30
INTCM21 INTCM31
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10.1 Function

Timer/counter 2 is a 16-bit timer/counter.
This timer/counter functions as an interval timer, to output programmable square wave, and as an external event counter.

(1) Interval timer
When timer/counter 2 is used as an interval timer, it generates an internal interrupt at interval set in advance.

Table 10-2. Interval Time of Timer/Counter 2

Minimum Interval Time Maximum Interval Time Resolution
4ffek (0.25 us) 216 x 4ffcik (16.4 ms) 4ffeik (0.25 us)
8/fck (0.5 us) 216 x 8/fcik (32.8 ms) 8/fcik (0.5 us)
16/fcik (1.0 ps) 216 x 16/fcLk (65.5 ms) 16/fcik (1.0 us)
32/ferk (2.0 us) 216 x 32/fcik (131 ms) 32/ferk (2.0 us)
64/fcLk (4.0 us) 216 x 64/fcik (262 ms) 64/fcLk (4.0 us)

(): fck = 16 MHz

(2) Programmable square wave output
Timer/counter 2 can output square wave to timer output pins (TO20, TO21) independently.

Table 10-3. Programmable Square Wave Output Range of Timer/Counter 2

Minimum Pulse Width Maximum Pulse Width
4ffek (0.25 us) 216 x 4ffcik (16.4 ms)
8/fck (0.5 us) 216 x 8/fcik (32.8 ms)
16/fcik (1.0 ps) 216 x 16/fcLk (65.5 ms)
32/ferk (2.0 us) 216 x 32/fcik (131 ms)
64/fcLk (4.0 us) 216 x 64/fcik (262 ms)

(): fck = 16 MHz

Caution The values in the above table are when the internal
clock is used.
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(3) External event counter

When timer/counter 2 is used as an external event counter, it counts the clock pulse (TI2 pin input pulse) input from
an external interrupt request input pin (INTP5).

Table 10-4. Clock That Can Be Input to Timer/Counter 2

Sampling Clock Maximum Frequency Minimum Pulse Width
(high and low levels)

fek fc/8 (2.0 MHz) 4ffcik (0.25 us)

fex/d fek/32 (0.5 MHz) 16/fck (1.0 us)

(): fck = 16 MHz
Remarks 1. The clock that can be input is the same regardless of the edge to
be counted (single edge or both edges).
2. The sampling clock is specified by using the noise protection
control register (NPC).
10.2 Configuration

Timer/counter 2 consists of the following registers:

e Timer register (TM2) x 1
e Compare register (CM2n) x 2 (n =0, 1)

Figure 10-1 shows the block diagram of timer/counter 2.
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Figure 10-1. Block Diagram of Timer/Counter 2
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Timer register (TM2)

TM2 is a timer register that counts up the count clock specified by the low-order 3 bits of the prescaler mode register
2 (PRM2) (the count clock of TM3 is specified by bits 4 through 6 of PRM2).

Counting of this timer register is enabled or disabled by the timer mode control register 2 (TMC2).

The timer register can be only read by using a 16-bit manipulation instruction. When RESET s input, TM2 is cleared
to 0000H and stops counting.

Compare registers (CM20, CM21)

CM2n (n =0 or 1) is a 16-bit register that holds the value determining the cycle of the interval timer operation.
When the contents of CM2n matches with the contents of TM2, an interrupt request (INTCM2n: n =0, 1) and a timer
output control signal are generated. The countvalue of TM2 can be cleared when its value matches with the contents
of CM2n.

These compare registers can be read or written by using 16-bit manipulation instructions. When RESET is input,
their contents are undefined.

Edge detection circuit

The edge detection circuit detects the valid edge of an external input.

It detects the valid edge of the INTP5/TI2 pin input, and generates an external interrupt request (INTP5). The valid
edge to be detected is specified by external interrupt mode register 1 (INTM1) (for INTM1, refer to Figure 15-2).

Output control circuit

When the contents of CM2n (n = 0, 1) and the contents of TM2 matches, the timer output can be inverted. A square
wave can be output from a timer output pin (TO20, TO21) if so specified by the timer output control register 2 (TOC2).
At this time, PWM/PPG output can also be specified by the timer unit mode register 2 (TUM2).

The timer output can be enabled or disabled by TOC2. When the timer output is disabled, a fixed level is output
to the TO2n (n = 0, 1) pin (the output level is set by TOC2).

Prescaler
The prescaler generates a count clock by dividing the internal system clock. The clock generated by the prescaler
is selected by the selector, and TM2 performs the count operation by using this clock as a count clock.

Selector

The selector selects one of the five signals generated by dividing the internal system clock and TI2 pin input as the
count clock of TM2.
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10.3 Timer/Counter 2 Control Register

(1) Timer unit mode register 2 (TUM2)

TUM2 is a register that specifies the output mode of the timer output pins (TO20, TO21, TO30, and TO31) of timers/
counters 2 and 3, and controls the clear operation of timer registers 2 and 3 (TM2, TM3).
This register can be read or written by using an 8-bit manipulation instruction and a bit manipulation instruction.

Figure 10-2 shows the format of TUM2.
The value of this register is cleared to 00H when RESET is input.

Figure 10-2. Format of Timer Unit Mode Register 2 (TUM2)

Address : OFF34H

TUM2

232

On reset : 00H R/W
7 6 5 4 3 2 1 0
TOM31 TOM30 CLR31|CLR30|TOM21TOM20| CLR21|CLR20
TOM31{TOM30|CLR31|CLR30 |Specifies Timer Output Mode | TM3
Clearing
TO31 Pin | TO30 Pin | condition
0 0 0 0 Toggle | Toggle | Overflow
Output Output Match with
0 0 0 1 CM30
Match with
0 0 1 0 CM31
0 1 0 0 PWM output | Overflow
0 1 1 0 PPG output | Malch wih
1 0 0 0 |PwMmouput| TO99'® | Overflow
output Match with
1 0 0 1 PPG output CM30
1 1 0 0 PWM output | PWM output | Overflow
Others Setting prohibited
[TOM21TOM20|CLR21 |CLR20 bpecifies Timer Output Mode | TM2
Clearing
TO21 pin |TO20 Pin | condition
0 0 0 0 Toggle | Toggle | Overflow
output | output e
0 0 0 1 CM20
Match with
0 0 1 0 cM21
0 1 0 0 PWM output | Overflow
0 1 1 0 PPG output | MATh W
1 0 0 0 |PwMouput| Todgle | overflow
output -
1 0 0 1 |PrGoutput g"&‘gg with
1 1 0 0 PWM output | PWM output | Overflow
Others Setting prohibited
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(2) Timer mode control register 2 (TMC2)
TMC2 is a register that controls the counting operation of timer registers 2 and 3 (TM2, TM3) and indicates whether
an overflow occurs or not.
This register can be read or written by using an 8-bit manipulation instruction or a bit manipulation instruction. Figure
10-3 shows the format of TMC2.
The value of this register is cleared to OOH when RESET is input.

Figure 10-3. Format of Timer Mode Control Register 2 (TMC2)

Address : OFF35H On reset: O0H R/W
7 6 5 4 ® © o o
TMC2 0 0 0 0 CE3 |OVF3 | CE2 | OVF2

CEn Controls Count Operation of TMn (n = 2, 3)

0 [Clears and stops counting

1 Enables counting

OVFn Overflow Flag of TMn (n =2, 3)

0 No overflow

1 Overflow
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(3) Timer output control register 2 (TOC2)

234

TOC2 is a register that specifies the operation and active level of the timer output pins (TO20, TO21, TO30, and
TO31) of timers/counters 2 and 3.

This register can be read or written by using an 8-bit manipulation instruction or a bit manipulation instruction. Figure
10-4 shows the format of TOC2.

The value of this register is cleared to OOH when RESET is input.

Figure 10-4. Format of Timer Output Control Register 2 (TOC?2)

Address : OFF36H On reset: 00OH R/W
@ 6 ® 4 © 2 @ 0
TOC2 |ENTO31|ALV31|ENTO30|ALV30 |[ENTO21|ALV21|ENTO20|ALV20
ENTO3n| Specifies Operation of TO3n Pin (n =0, 1)

0 Outputs ALV3n

1 Enables pulse output

ALV3n| Specifies Active Level of TO3n Pin (n =0, 1)

With Toggle Output Specified

With PWM/PPG Output Specified

0 Low level High level
1 High level Low level
ENTO2n| Specifies Operation of TO2n Pin (n =0, 1)
0 Outputs ALV2n
1 Enables pulse output
ALV2n| Specifies Active Level of TO2n Pin (n =0, 1)
With Toggle Output Specified |With PWM/PPG Output Specified
0 Low level High level
1 High level Low level
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(4) Prescaler mode register 2 (PRM2)

PRM2 is a register that specifies the count clock of timer registers 2 and 3 (TM2 and TM3).

This register can be read or written by using an 8-bit manipulation instruction. Figure 10-5 shows the format of PRM2.

The value of this register is cleared to 00H when RESET is input.

Figure 10-5. Format of Prescaler Mode Register 2 (PRM2)

Address : OFF39H On reset : O0OH R/W

7 6 5 4 3 2 1 0
PRM2 0 PRM32 | PRM31 |PRM30 0 PRM22 |PRM21 | PRM20
(fork = 16 MHz)
PRMn2 | PRMn1 | PRMnO | Specifies Count Clock of TMn (n =2, 3)
Count Clock [Hz] | Resolution [ us]
0 0 0 |fox/4 0.25
0 0 1 |few/8 0.5
0 1 0 fek/16 1.0
0 1 1 feLk/32 2.0
1 0 0 feLk/64 4.0
1 0 1 External clock —
input (TIn)
Others Setting prohibited

Remark fcwk: internal system clock
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10.4 Operation of Timer Register 2 (TM2)

10.4.1 Basic operation

Timer/counter 2 counts up by using the count clock specified by the prescaler mode register 2 (PRM2).

Counting is enabled or disabled by the CE2 bit of the timer mode control register 2 (TMC2). When the CE2 bit is set
(1) by software, TM2 is set to 0001H at the first count clock, and starts counting up. When the CE2 bit is cleared (0) by
software, TM2 is immediately cleared to 0000H, and generation of the match signal is stopped.

If the CE2 bit is set (1) while it has been already set (1), TM2 is not cleared but continues counting.

If a count clock is input when TM2 reaches FFFFH, TM2 is cleared to 0000H, and the OVF2 flag of TMC2 is set (1). The
OVF2 flag is cleared only by software. TM2 continues counting.

When RESET is input, TM2 is cleared to 0000H and stops counting.
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Figure 10-6. Basic Operation of Timer Register 2 (TM2)

(a) Count started — count stopped — count started

=== AU LU UL
B0008NE T S WO G

))

™2

CE2

)
(¢

A A A
Count Started Count Stopped Count Started
CE2-~ 1 CE2-0 CE2~ 1

(b) When “1” is written to the CE2 bit again after the count starts

e UL
00000008
- I

AN A
Count Started Rewritten
CE2- 1 CE2- 1

(c) Operation when TM2 = FFFFH

Count Clock |_| |_| |_| |_|
)
(C

TM2  FFFEH X:FFFHX OH X 1H SS X

OVF2

A
Cleared by Software
OVF2-~ 0
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10.4.2 Clear operation
(1) Clear operation after match with compare register
Timer register 2 (TM2) can be cleared automatically after a match with the compare register (CM2n: n=0, 1). When
a clearance source arises, TM2 is cleared to 0000H on the next count clock. Therefore, even if a clearance source

arises, the value at the point at which the clearance source arose is retained until the next count clock arrives.

Figure 10-7. TM2 Clear Operation by Match With Compare Register (CM20/CM21)

Count Clock | | | | | |
T™M2 n-1 n 0 X 1

Compare Register n
(CM2n)

A AN
TM2 and CM2n Match ~ Cleared Here

Remark n=0or1
(2) Clear operation by CE2 bit of timer mode control register 2 (TMC2)

Timer register 2 (TM2) is also cleared when the CE2 bit of the TMC2 is cleared (0) by software. The clear operation
is performed immediately after clearance (0) of the CE2 bit.
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Figure 10-8. TM2 Clear Operation When CE2 Bit is Cleared (0)

(a) Basic operation

Count Clock H H H H

w o Y 0
[

CE2

(b) Restart before count clock is input after clearance

S
TMZn_1><E><01><2><3

CE2

B

If the CE2 bit is set (1) before this count clock, this count clock starts
counting from 1.

(c) Restart after count clock is input after clearance

e L L]
S O 0 I

CE2

=

If the CE2 bit is set (1) from this count clock onward, the count starts
from 1 on the count clock after the CE2 bit is set (1).
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10.5 External Event Counter Function

Timer/counter 2 can count clock pulses input from external interrupt request input pin (INTP5/T12).

No special selection method is needed for the external event counter operating mode. When the timer register 2 (TM2)
count clock is specified as external clock input by the setting of the high-order 4 bits of prescaler mode register 2 (PRM2),
TM2 operates as an external event counter.

The maximum frequency of external clock pulses that can be counted by TM2 as the external event counter is 2.08 MHz
(fcuk = 12.5 MHz) irrespective of whether only one edge or both edges are counted on INTP2/CI input.

The pulse width of INTP2/CI input must be at least 3 system clocks (0.24 us: fcik = 12.5 MHz) for both the high level
and low level. If the pulse width is shorter than this, the pulse may not be counted.

The timer/counter 2 external event count timing is shown in Figure 10-11.

Figure 10-9. Timing of Timer/Counter 2 External Event Count (1/2)

(1) Counting one edge (maximum frequency = f  cLk/8Not)

4ffck(MIN.) 4/fcik(MIN.) 8/fck(MIN.)

TI2

5-6/fcLk

SO 1 I ) I 1
™2 Dn X Dn+1 X Dn+2 X Dn+3 X

Note When sampling clock is fcik.

Remark ITI2: TI2 input signal after passing through edge detection circuit

240



CHAPTER 10 TIMERS/COUNTERS 2 AND 3

Figure 10-9. Timing of Timer/Counter 2 External Event Count (2/2)
(2) Counting both edges (maximum frequency = f  cLk/8Note)

4ffck(MIN.) | 4/fci(MIN.) 8/fcik(MIN.)

)

‘ 5-6/fcik

\
M1 1
™2  Dn X Dn+1 X Dn+2 X Dn+3 X Dn+4 X

Note When sampling clock is fcik.

Dn+5 X

Remark ITI2: TI2 input signal after passing through edge detection circuit

The TM2 count operation is controlled by the CE2 bit of the timer control register 2 (TMCZ2) in the same way as with
the basic operation.

When the CE2 bit is set (1) by software, the contents of TM2 are set to 0001H and the up-count operation is started
on the initial count clock.

When the CE2 bit is cleared (0) by software during a TM2 count operation, the contents of TM2 are set to 0000H
immediately and the stopped state is entered. The TM2 count operation is not affected if the CE2 bit is set (1) by
software again when it is already set (1).
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10.6 Operation of Compare Register

Timer/counter 2 performs a compare operation by comparing the value set to a compare register (CM20, CM21) with
the count value of a timer register 2 (TM2).

If the count value of TM2 coincides with the value set in advance to CM2n (n =0, 1) as a result of counting by TM2, the
timer sends a coincidence signal to the output control circuit, and at the same time, generates an interrupt request signal
(INTCM2n: n =0, 1).

After the value of TM2 has coincided with the value of CM2n, the count value of TM2 can be cleared, so that TM2 can
be used as an interval timer that repeatedly counts the value set to CM2n.

Table 10-5. Interrupt Request Signal from Compare Register (timer/counter 2)

Timer 2 has two timer output pins (TO20, TO21). These pins can be used for toggle/PWM/PPG output as specified by
the timer unit mode register 2 (TUM2) (for details, refer to 10.7 Basic Operation of Output Control Circuit

242

Compare Register

Interrupt Request Signal

CM20

INTCM20

CMm21

INTCM21

Table 10-6. Interrupt Request Signal from Compare Register (timer/counter 3)

Compare Register

Interrupt Request Signal

CM30

INTCM30

CM31

INTCM31
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Figure 10-10. Compare Operation (timer/counter 2)

FFFFH

T™M2
Count Value
Value CM21 Value
CM20 Value CM20 Value
OH ' {
A \ \
Count Started ~ Match Match Match Match
CE2-1
INTCM20

Interrupt Request

INTCM21
Interrupt Request

TO20 Pin Output
< ENTO20=1

ALV20 = 1> Inactive Level

TO21 Pin Output

<ENT021 — 1> Inactive Level

ALV21=0

OVF2

Remark CLR20=0,CLR21=0

Cleared by Software
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Figure 10-11. TM2 Clearance after Match Detection

FFEFH

CM20

™2 CM21 CM21
Count Value *

OH

AN AN AN A
Count Started Count Disabled Count StartedCleared
<CE2<-1 > CE2-0 <CE2.—1 >
CLR21- 0 CLR21- 1

INTCM20
Interrupt Request

Cleared

INTCM21
Interrupt Request

TO20 Pin Output
ENTO20 -1
ALV20 -1

Inactive Level

TO21 Pin Output

<ENT021 - 1>

ALV21 ~1 Inactive Level

OVF2

Cleared by Software

Remark CLR20=0
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10.7 Basic Operation of Output Control Circuit

The output control circuit controls the timer output pins (TO20, TO21) level by means of match signals from the compare
register (CM20, CM21). The operation of the output control circuitis determined by the timer output control register 2 (TOC2).
As the operation of the TO20 and TO21 output pins, toggle output, PWM output, or PPG output can be selected by using
the timer unit mode register 2 (TUM2).

To output the TO20 and TO21 signals to the pins, the corresponding pins must be set in the control mode by the port
1 mode control register (PMC1).

10.7.1 Basic operation

Setting (1) the ENTO2n (n = 0, 1) bit of the timer output control register 2 (TOC2) enables pulse output from TO2n (n
=0, 1) pin.

Clearing (0) ENTO2n bit sets the TO2n to a fixed level. The fixed level is determined by the ALV2n (n = 0, 1) bit of the
TOC2. The level is high when ALV2n bit is 0, and low when 1.

10.7.2 Toggle output

Toggle output is an operating mode in which the output level is inverted each time the compare register (CM20/CM21)
value matches with the timer register 2 (TM2) value. The output level of timer output (TOZ20) is inverted by a match between
CM20 and TM2, and the output level of timer output (TO21) is inverted by a match between CM21 and TM2.

When timer/counter 2 is stopped by clearing (0) the CE2 bit of the timer mode control register 2 (TMCZ2), the output level
at the time it was stopped is retained.

Figure 10-12. Operation of Toggle Output

FFFFH FFFEFH FFFEFH FFFFH FFFEFH
TM2
Count Value CM21 Value CM21 Value CM21 Value CM21 Value
CM20 Value CM20 Value CM20 Value CM20 Value
OH
ENTO20
A A A
Instruction Instruction Execution | Instruction Execution
Execution
TO20 Output
(ALV20 = 1)
ENTO21
A
Instruction Execution
TO21 Output
(ALV21 = 0)
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Table 10-7. Toggle Output of TO20 and TO21 (f ck = 16 MHz)

Count Clock Minimum Pulse Width Maximum Pulse Width
fek/4 4/fck (0.25 us) 216 x 4/fcik (16.4 ms)
fok/8 8/fck (0.5 us) 216 x 8/fcik (32.8 ms)
foLk/16 16/fcik (1.0 ps) 216 x 16/fcLk (65.5 ms)
foLk/32 32/ferk (2.0 us) 216 x 32/fcik (131 ms)
foLk/64 64/fcLk (4.0 us) 216 x 64/fcik (262 ms)
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10.7.3 PWM output

(1) Basic operation of PWM output

In this mode, a PWM signal whose cycle is equal to a period during which timer register 2 (TM2) completes its full

count is output. The pulse width of timer output (TO20) is determined by the value of a compare register (CM20),

and the pulse width of timer output (TO21) is determined by the value of compare register (CM21). To setthe TO2n
(n =0, 1) pin in the PWM output mode, set (1) the TOM2n (n = 0, 1) bit of the timer unit mode register 2 (TUM2),
and reset (0) the CLR20 and CLR21 bits (refer to Figure 10-2).
The pulse cycle and pulse width are as follows:

¢ PWM cycle = 65536 x x/fcLk
* PWM pulse width = CM2nN°® x x/fcik
PWM pulse width  CM2n

e Duty =

PWM cycle

65536

Note CM2n cannot be set to 0.

i x=4,8, 16, 32, 64
'n=0,1

Figure 10-13. PWM Pulse Output

FEFEH FFEEH FEEFH
cm20
CM20
T™M2 CM20
Count Value
Count Started
OH
Interrupt
TO20
= Pulse Width = ~— Pulse Width—
r~———Pulse Cycle —=—-Pulse Cycle —

Remark ALV20=0

Table 10-8. PWM Cycle of TO20 and TO21 (f cik = 16 MHz)

Count Clock Minimum Pulse Width [us] PWM Cycle [s] PWM Frequency [Hz]
fex/d 0.25 0.016 61.0
fex/8 0.5 0.033 30.5
fek/16 1.0 0.066 15.3
fek/32 2.0 0.13 7.63
fek/64 4.0 0.26 3.81
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Figure 10-14 shows an example of 2-channel PWM output, and Figure 10-15 shows the case where FFFFH is set

in the CM20.
Figure 10-14. Example of PWM Output Using TM2
FEFFH FEFFH FFFFH
/ / cMm21
cMm21 /
™2 / - CM20
Count Value CM20
OH
INTCM20
INTCM21
TO20
TO21

Remark ALV20 =0, ALV21 =0

Figure 10-15. Example of PWM Output When CM20 = FFFFH

FFFFH FFFFH FFFFH

_l_ FFFEH FFFEH

Count Clock Cycle T
T™2

Count Value | 2 2

T020 B « | |

«—— Pulse Width

65535

Duty =
Y = 65536

x 100 = 99.9 (%)

Pulse Cycle = 65536T

Remarks 1. ALV20=0
2. T=xl/fck (x = 4, 8, 16, 32, 64)
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(2) Rewriting compare registers (CM20, CM21)
The output level of the timer output (TO2n: n =0, 1) is not inverted even if the CM2n (n = 0, 1) value matches the

timer register 2 (TM2) value more than once during one PWM output cycle. However, the interrupt due to a match

TO20 |

occurs.
Figure 10-16. Example of Compare Register (CM20) Rewrite
FFFFH FFFFH
e e
T™2 /
Count Value T1 T1
OH
CM20 T1 }ﬁ T2
|

Remark ALV20=1

CM20
Rewritten

A
CM20 and TM2 values match, but TO20 does not change here.
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If a value smaller than that of the TM2 is set as the CM2n value, a 100 % duty PWM signal will be output. CR2n
rewriting should be performed by the interrupt due to a match between TM2 and the CM2n on which the rewrite is

performed.
Figure 10-17. Example of 100 % Duty With PWM Output
FEEFH FEEFH FEEFH FEEFH
nl /
nl
T™2
Count Value n3
n2 n2 n2
OH
CM20 nl n2
TO20
A

When value n2 which is smaller than the TM2 value n3 is
written to CM20 here, the duty of this period will be 100 %.

Remark ALV20=0

250



CHAPTER 10 TIMERS/COUNTERS 2 AND 3

(3) Stopping PWM output

If timer/counter 2 is stopped by clearing (0) the CE2 bit of the timer mode control register 2 (TMC2) during PWM

signal output, the output level at the time it was stopped is retained.

Figure 10-18. When Timer/Counter 2 is Stopped During PWM Signal Output

FFFFH FFFFH
Re
s 1
’ 1
l' !
CM20 CM20 7'— ,
T™2 R4 :
Count Value :
:
1
1
1
OH
EEEEE -
TO20 :
1

Remark ALV20=1

Cautions 1. The output level of the TO2n (n = 0, 1) pin when timer output is disabled (ENTO2n=0:n=0, 1) is
the inverse of the value set in ALV2n (n =0, 1) bits. Therefore, the inactive level is output when
timer output is disabled when the PWM output function has been selected.

Iftimer/counter 2 is stopped and then started again while the active level is being output, the active
level is continuously output until the next overflow occurs. To return the level to inactive, once
disable the timer output (ENTO2n = 0: n =0, 1)

2. If the timer output is enabled and the active level is changed at the same time, the output level of
the pin may change momentarily. To preventthis, change the active level and then enable the timer
output.

3. To change the active level specification(ALV2n bit (n = 0, 1) of the timer output control register 2
(TOCZ2)), change the active level specification after the timer output of the corresponding timer
output pins has been disabled.

251



CHAPTER 10 TIMERS/COUNTERS 2 AND 3

10.7.4 PPG output

(1) Basic operation of PPG output
This function is to output a square wave whose pulse width is determined by the value of one compare register with
the cycle of the wave determined by another compare register. In other words, the PWM cycle of the PWM output
is varied.
To use this function, the timer unit mode register 2 (TUM2) must be set as shown in Tables 10-9 and 10-10. Tables
10-9 and 10-10 shows combinations between compare registers and timer outputs, and how to set the PPG output

function.
Table 10-9. Setting PPG Output (timer/counter 2)
Pulse Cycle Pulse Width | Timer Output Setting
CM21 CM20 TO20 Set TOM20 of TUM2 to 1 and CLR21 and CLR20 to 10 (TM2 is
cleared by match with CM21) (refer to Figure 10-2).
CM20 CM21 TO21 Set TOM21 of TUM2 to 1 and CLR21 and CLR20 to 01 (TM2 is
cleared by match with CM20) (refer to Figure 10-2).
Table 10-10. Setting PPG Output (timer/counter 3)
Pulse Cycle Pulse Width | Timer Output Setting
CM31 CM30 TO30 Set TOM30 of TUM2 to 1 and CLR31 and CLR30 to 10 (TM3 is
cleared by match with CM31) (refer to Figure 10-2).
CM30 CM31 TO31 Set TOM31 of TUM2 to 1 and CLR31 and CLR30 to 01 (TM3 is
cleared by match with CM30) (refer to Figure 10-2).

The pulse cycle and pulse width are as follows:

(a) When pulse cycle is set to CM21, and pulse width, to CM20

e PPG cycle = (CM21 + 1) x x/fck: X = 4, 8, 16, 32, 64
¢ PPG pulse width = CM20 x x/fcLk
where, 1 - CM20 < CM21Note
PPG pulse width _ CM20

e Duty = =
PPG cycle CM21 +1

Note CM20 = CM21 is prohibited.

(b) When pulse cycle is set to CM20, and pulse width, to CM21

¢ PPG cycle = (CM20 + 1) x x/fck: X = 4, 8, 16, 32, 64
¢ PPG pulse width = CM21 x x/fcLk
where, 1 - CM21 < CM20QNote
PPG pulse width _ CM21

. Duty = =
PPG cycle CM20 +1

Note CM20 = CM21 is prohibited.
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Figure 10-19 shows an example of PPG output by using timer register 2 (TM2) (pulse cycle: CM21, pulse width:

CM20).

T™M2
Count Value

OH

Figure 10-19. Example of PPG Output Using TM2

Count TV

CM20

CM20

CM20

INTCM20

INTCM21

TO20
(PPG Output)

Pulse Width ‘

TO21
(Toggle Output)

Remark ALV20 =0, ALV21 =0

~———Pulse Cycle

Table 10-11. PPG Output of TO20 and TO21 (f cik = 16 MHz)

Count Clock Minimum Pulse Width PPG Cycle PPG Frequency
fex/d 0.25 us 0.75 us — 16.4 ms 1333 kHz — 61.0 Hz
fex/8 0.5 us 1.5 us — 32.8 ms 666 kHz — 30.5 Hz
fek/16 1.0 us 3.0 us — 65.5 ms 333 kHz — 15.3 Hz
fek/32 2.0 us 6.0 us — 131 ms 166 kHz — 7.63 Hz
fek/64 4.0 us 12.0 us — 262 ms 83.3 kHz — 3.81 Hz
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(2) Rewriting compare register (CM20 or CM21) to which pulse width is set
Even if the value of CM2n (n = 0, 1) (the compare register to which a pulse width has been set) matches with the
value of timer register 2 (TM2) during a period of one cycle of PPG output, the output level of timer output (TO2n:
n = 0, 1) does not change. However, the interrupt due to a match occurs.
An example where the pulse cycle is set by CM21 and pulse width is set by CM20 is shown below.

Figure 10-20. Example of Compare Register (CM20) Rewrite

cM21 cM21 cm21

h / /
o / T1 T1
i

Count Value
OH

CM20 T1 T2

T020 | ,

CM20
Rewritten

A
CM20 and TM2 values match, but TO20 does not change here.

Remark ALV20=1
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If a value equal to or less than the TM2 value is written to CM20 before the CM20 and TM2 match, the duty of that
PPG cycle will be 100 %. CM20 rewriting should be performed by the interrupt due to a match between TM2 and

CM20.

™2
Count Value

OH

CM20

TO20

Remark

Caution

Figure 10-21. Example of 100 % Duty With PPG Output

nl

n2

n3

n2 n2

nl

n2

ALV20 =0

A
When value n2 which is smaller than the TM2 value n3 is

written to CM20 here, the duty of this period will be 100 %.

Ifthe PPG cycle is extremely short as compared with the time required to acknowledge an interrupt,
the value of CM2n cannot be rewritten by interrupt processing that is performed on match between
timer register 2 (TM2) and compare register (CM2n: n =0, 1). Use another method (for example,
to poll the interrupt request flags by software with all the interrupts masked).
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(3) Rewriting compare register (CM20, CM21) to which pulse cycle is set

256

If the value of CM2n (n =0, 1) (the compare register to which a pulse cycle has been set) is less than the value of
timer register 2 (TM2) when the value of CM2n is changed to a value less than the current value, the PPG cycle
is extended to the time during which TM2 completes its full count.

An example where the pulse cycle is set by CM21 and pulse width is set by CM20 is given below. At this time, the
outputlevelisinactive until TM2 overflows if the value of CM21 is rewritten after the value of compare register (CM20)
has matched with that of TM2, and then the normal PPG output is performed. If CM21 is rewritten before CM20
and TM2 match, the active level will be output until CM20 and TM2 match. If CM20 and TM2 match before TM2
overflows and becomes 0, the inactive level is output at that point. When TM2 overflows and becomes 0, the active
level will be output, and normal PPG output will be restored.

CM21 rewriting should be performed by the interrupt due to a match between TM2 and CM21, etc.

Figure 10-22. Example of Extended PPG Output Cycle

Full Count Value

FFEFH
nl nl nl
n3 / n3
n5 /
T™2 n2 n2 ——
Count Value /
n4 —
OH
’
CM20 n3 { n4
A}
CM21 nl n2
TO20

A A

J TO20 becomes inactive level when
When value n2 smaller than the TM2 CM20 and TM2 match, otherwise

value n5 is _Written to CM21 here, the it remains at the active level.
PPG cycle is extended.

Remark ALV20=1

Caution Ifthe PPG cycle is extremely short as compared with the time required to acknowledge an interrupt,
the value of CM2n cannot be rewritten by interrupt processing that is performed on match between
timer register 2 (TM2) and compare register (CM2n: n =0, 1). Use another method (for example,
to poll the interrupt request flags by software with all the interrupts masked).
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(4) Stopping PPG output

If timer/counter 2 is stopped by clearing (0) the CE2 bit of the timer mode control register 2 (TMC2) during PPG signal

output, the output level at the time timer/counter 2 was stopped is retained as is.

Figure 10-23. When Timer/Counter 2 is Stopped During PPG Signal Output

Ccm21 cm21

R

l' !

’ 1

CM20 CM207'— ,

T™2 , ,
Count Value :
:

1

1

1

OH y
VT

TO20 : ,

1 1

Remark ALV20=1

Cautions 1. The output level of the TO2n (n = 0, 1) pin when timer output is disabled (ENTO2n =0: n =0,
1) is the inverse value of the value set in ALV2n (n = 0, 1) bits. Therefore, the inactive level
is output when timer output is disabled when the PPG output function has been selected.

If timer/counter 2 is stopped and then started again while the active level is being output, the
active level is continuously output until the next match and clearing occurs. Toreturnthe level
to inactive, once disable the timer output (ENTO2n =0: n=0, 1)

2. Ifthe timer outputis enabled and the active level is changed at the same time, the output level
of the pin may change momentarily. To prevent this, change the active level and then enable
the timer output.

3. Tochange the active level specification(ALV2n bit (n =0, 1) of the timer output control register
2 (TOC?2)), change the active level specification after the timer output of the corresponding
timer output pins has been disabled.
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10.8 Examples of Use

10.8.1 Operation as interval timer (1)

When timer register 2 (TM2) is made free-running and a fixed value is added to the compare register (CM2n: n =0,
1) in the interrupt processing routine, TM2 operates as an interval timer with the added fixed value as the cycle (refer to
Figure 10-24).

Taking an example where the compare register CM20 is used, the control register settings are shown in Figure 10-25,
the setting procedure in Figure 10-26, and the processing in the interrupt processing routine in Figure 10-27.

Figure 10-24. Timing of Interval Timer Operation (1)

FFFFH FFFFH
MoD(3n) /]
n
T™M2
Count Value
MOD(2n)
OH

A
Timer Started

Compare Register n MOD(2n) MOD(3n) MOD(4n)
(CM20)

INTCM20 Rewritten by Rewritten by Rewritten by
Interrupt Request Interrupt Program Interrupt Program Interrupt Program
Interval Interval Interval

Remark Interval time = n x x/fcLk
y - n - FFFFH
X =4,8, 16, 32, 64

yislimited by the data transfer processing time. Consider the processing time of the interrupt used or the macro

service processing time (refer to Table 16-11 Interrupt Acceptance Processing Time and Table 16-12
Macro Service Processing Time ).
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Figure 10-25. Control Register Settings for Interval Timer Operation (1)

(a) Prescaler mode register 2 (PRM2)

7 6 5 4 3 2 1 0
PRM2 0 x X X 0 PRM22 |PRM21|PRM20
Specifies count clock
(fek/x ; x = 4, 8, 16, 32, 64 or external clock)
(b) Timer unit mode register 2 (TUM2)
7 6 5 4 3 2 1 0
TUM2 X X X X X 0 0 0
L1 ]
——— Disables TM2 clearing
» Specifies TO20 for toggle outputs
(c) Timer mode control register 2 (TMC2)
7 6 5 4 3 2 1 0
TMC2 0 0 0 0 x x 1 0

x: dont’t care

L» Overflow flag

L

Enables count operation
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Figure 10-26. Setting Procedure of Interval Timer Operation (1)

C Interval Timer (1) )
l

Set PRM2

Set Count Value in CM20
CM20 « n

Set TUM2

Set TMC2 ; Set 1 to bit 1 of TMC2
CE2 - 1

=

INTCM20 Interrupt

Figure 10-27. Interrupt Request Processing of Interval Timer Operation (1)

C INTCM20 Interrupt )

Calculate timer value that will
generate next interrupt
CM20~CM20 +n

Other Interrupt Processing Program

¥

=
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10.8.2 Operation as Interval Timer (2)

TM2 operates as an interval timer that generates interrupts repeatedly with the preset count time as the interval (see

Figure 10-28).

Taking an example where the compare register CM21 is used, the control register settings are shown in Figure 10-29,

and the setting procedure in Figure 10-30.

Figure 10-28. Timing of Interval Timer Operation (2)

Cleared

Cleared

T™2
Count Value
OH
Count Started
Compare Register
(CM21)
INTC21

Interrupt Request

i

L

Interval

Remark Interval = (n+1) x x/fcik
0 - n - FFFFH,
x=4,8, 16, 32, 64

Interrupt Acknowledged Interrupt Acknowledged

Interval ——
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Figure 10-29. Control Register Settings for Interval Timer Operation (2)

(a) Prescaler mode register 2 (PRM2)

7 6 5 4 3 2 1 0
PRM2 0 X X X 0 PRM22| PRM21| PRM20

—— > Specifies count clock
(fek/X ; x = 4, 8, 16, 32, 64 or external clock)

(b) Timer unit mode register 2 (TUM2)

7 6 5 4 3 2 1 0

TUM2 X X X X 0 X 1 0

\—|——1> Disables TM2 clearing by match

of CM21 and TM2

» Specifies TO21 for toggle outputs

(c) Timer mode control register 2 (TMC2)

7 6 5 4 3 2 1 0

TMC2 0 0 0 0 x x 1 0

L» Overflow flag

-—— Enables count operation

x: don't care
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Figure 10-30. Setting Procedure of Interval Timer Operation (2)

C Interval Timer (2) )
l

Set PRM2

Set Count Value to CM21
CM21 < n

Set TUM2

Set TMC2 ; Set 1 to bit 1 of TMC2
CE2 - 1

=

INTCM21 Interrupt

263



CHAPTER 10 TIMERS/COUNTERS 2 AND 3

10.8.3 Operation as PWM output

In PWM output, pulses with the duty ratio determined by the value set in the compare register (CM2n: n=0, 1) are output
(refer to Figure 10-31).

Taking an example where TO21 pin is used as a timer output pin, the control register settings are shown in Figure 10-
32, the setting procedure in Figure 10-33, and the procedure for varying the duty in Figure 10-34.

Figure 10-31. Example of Timer/Counter 2 PWM Signal Output

FFFFH FFFFH FFFFH

™2 / / /
Count Value /
OH

A
Timer Started

TO21

Remark ALV21 =0

264



CHAPTER 10 TIMERS/COUNTERS 2 AND 3

Figure 10-32. Control Register Settings for PWM Output Operation

(a) Timer mode control register 2 (TMC?2)

Overflow flag

Enables count operation

\—‘:1> Specifies count clock

(fewk/x ; x = 4, 8, 16, 32, 64 or external clock)

\—l——l> Disables TM2 clearing

Specifies TO21 as PWM outputs

TO21 = active-high PMW signal output
Enables TO21 PMW output

7 6 4 3 2 1 0
TMC2 0 0 0 X X 1 0
_
(b) Prescaler mode register 2 (PRM2)
7 6 4 3 2 1 0
PRM2 0 X X 0 PRM22 |PRM21|PRM20
(c) Timer unit mode register 2 (TUM2)
7 6 4 3 2 1 0
TUM2 X X X 1 X 0 0
(d) Timer output control register 2 (TOC2)
7 6 4 3 2 1 0
TOC2 X X x 1 0 x X
(e) Port 1 mode control register (PMC1)
7 6 4 3 2 1 0
PMC1 0 0 0 x X 1 x

x: don’t care

\—> Sets P11 pin as TO21 output
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Figure 10-33. Setting Procedure of PWM Output

( PWM Output >

Set TUM2

Set TOC2

Set P11 Pin to Control Mode
PMC11 ~ 1

Set Count Clock to PRM2

Set Initial Value to CM21

Start Count

CE2 . 1 ; Set bit 1 of TMC2
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Figure 10-34. Changing PWM Output Duty

(Duty Change PreprocessingD

!

Clear INTCM21 Interrupt Request Flag
CMIF21 - 0

Enable INTCM21 Interrupts
CMMK21 ~ 0

; Clear bit 7 of CMIC21

; Clear bit 6 of CMIC21 (or bit 5 of MKOH)

W INTCM21 Interrupt

( Duty Change Processing >

!

Set Duty Value to CM21

Disable INTCM21 Interrupts
CMMK21 ~ 1

=

; Set bit 6 of CMIC21 (or bit 5 of MKOH)
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10.8.4 Operation as PPG output

In PPG output, pulses with the cycle and duty ratio determined by the value set in the compare register (CM2n: n =
0, 1) are output (refer to Figure 10-35).

Taking an example where TO20 pin is used as a timer output pin, the control register settings are shown in Figure 10-
36, the setting procedure in Figure 10-37, and the procedure for varying the duty in Figure 10-38.

Figure 10-35. Example of Timer/Counter 2 PPG Signal Output

T™2 CM20 / CM20 / CM20 /
Count Value /

OH
A

Timer Started

TO20

Remark ALV20=0
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Figure 10-36. Control Register Settings for PPG Output Operation (1/2)

(a) Timer mode control register 2 (TMC?2)

7 6 5 4 3 2 1 0

TMC2 0 0 0 0 X X 1 0

L» Overflow flag

-—— Enables count operation

(b) Prescaler mode register 2 (PRM2)

7 6 5 4 3 2 1 0

PRM2 0 X X X 0 PRM22 | PRM21|PRM20

\—‘:1> Specifies count clock

(fek/x ; x = 4, 8, 16, 32, 64 or external clock)

(c) Timer unit mode register 2 (TUM2)

TUM2 X X X X 0 1 1 0

L . Clears by match of TM2 and CM21

» Specifies TO20 as PPG output

(d) Timer output control register 2 (TOC2)

7 6 5 4 3 2 1 0

TOC2 X X X X X X 1 0

L» TO20 is active-high PPG signal output
-—— Enables TO20 PPG output

x: don't care
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Figure 10-36. Control Register Settings for PPG Output Operation (2/2)

(e) Port 1 mode control register (PMC1)

7 6 5 4 3 2 1 0

PMC1 X X X X X x X 1

L» Sets P10 pin as TO20 output

x: don't care
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Figure 10-37. Setting Procedure of PPG Output

( PPG Output >

Set TUM2

Set TOC2

Set P10 pin to control mode
PMC1.0 - 1

Set count clock to PRM2

Set cycle to CM21

Set duty to CM20

Start Count

CE2 . 1 ; Set bit 1 of TMC2
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Figure 10-38. Changing PPG Output Duty

(Duty Change Preprocessing>

Clear INTCM20 interrupt request flag
CMIF20 - O

Enable INTCM20 interrupts
CMMK20 ~ 0

; Clear bit 7 of CMIC20

; Clear bit 6 of CMIC20 (or bit 4 of MKOH)

W INTCM20 Interrupt

( Duty Change Processing >

!

Set duty value to CM20

Disable INTCM20 interrupts
CMMK20 ~ 1

=

; Set bit 6 of CMIC20 (or bit 4 of MKOH)
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10.8.5 Operation as external event counter

An external event counter counts clock pulses (TI2 pin input pulses) input from off-chip.

The operation of the external event counter is explained where the TI2 pin input valid edge is specified to be the rising
edge.

As shown in Figure 10-39, the value of timer register 2 (TM2) is incremented in synchronization with a TI2 pin input valid
edge.

Figure 10-39. External Event Counter Operation

TI2 Pin Input

X X A
T™M2 n n+1 n+2

Remark The TM2 value is the same as the number of input clock pulses.

The control register settings when TM2 operates as an external event counter are shown in Figure 10-40, and the setting
procedure in Figure 10-41.
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Figure 10-40. Control Register Settings for External Event Counter Operation

(a) Prescaler mode register 2 (PRM2)

7 6 5 4 3 2 1 0
PRM2 0 X X X 0 1 0 1

—— > Specifies external clock input (T12)

(b) External interrupt mode register 0 (INTM1)

INTM1 X

Specifies rising edge as TI2 input
valid edge

(c) Timer mode control register 2 (TMC2)

2 1 0

TMC2 0 0

x 1 0

L» Overflow flag

L

Enables count operation

x: don’t care

Figure 10-41. Setting Procedure of External Event Counter Operation

C Event Counter )

Specify TI12 Pin Input Valid Edge

Set PRM2

Start Count - Set 1 in bit 1 of TMC2
CE2 - 1
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10.9 Cautions

(1) The prescaler uses one time base commonly with all the timers (timers 0 and 1, timers/counters 2 and 3, and timer

@

©)

4). If one of the timers sets the CE bit to “1”, the time base starts counting. If another timer sets the CE bit to “1”
while one timer operates, the first count clock of the timer may be shortened because the time base has already
started counting.

For example, when using timer/counter 2 as an interval timer, the first interval time is shortened by up to 1 count
clock. The second and those that follow are at the specified interval.

Figure 10-42. Operation When Counting Is Started

oros _[1T1 LT
SN €3 &3 £ &

CE2

Count start Command (CE2 ~ 1)
by Software

While timer/counter 2 is operating (while the CE2 bit of the timer mode control register 2 (TMC2) is set),
malfunctioning may occur if the contents of the following registers are rewritten. Thisis because itis undefined which
takes precedence,—the change in the hardware functions due to rewriting the register, or the change in the status
because of the function before rewriting.

Therefore, be sure to stop the counter operation for the sake of safety before rewriting the contents of the following
registers.

e Timer unit mode register 2 (TUM2)
e Timer output control register 2 (TOC?2)
¢ Prescaler mode register 2 (PRM2)

If the contents of the compare register (CM2n: n = 0, 1) match with those of TM2 when an instruction that stops
timer register 2 (TM2) operation is executed, the counting operation of TM2 stops, but an interrupt request is
generated.

In order not to generate the interrupt when stopping the operation of TM2, mask the interrupt in advance by using
the interrupt mask register before stopping TM2.

Example
Program that may generate interrupt request Program that does not generate interrupt request
CLR1 CE2 : Int ; ‘ OR MKOH,. #30H < Disables interrupt from timer/
OR  MKOH, #30H erruptreques CLR1 CE2 counter 2 _
: from timer/counter 2 CLR1 CMIE20 « Clearsinterruptrequestflag for timer/
occurs between counter 2

. - CLR1 CMIF21
these instructions :
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(4) Match between timer register 2 (TM2) and compare register (CM2n: n = 0, 1) is detected only when TM2 is
incremented. Therefore, the interrupt request is not generated and timer output (TO2n: n =0, 1) does not change
even if the same value as TM2 is written to CM2n.

(5) During PPG output, if the PPG cycle is extremely short as compared with the time required to acknowledge an
interrupt, the value of the compare register (CM2n: n = 0, 1) cannot be rewritten by interrupt processing that is
performed on match between timer register (TM2) and compare register (CM2n). Use another method (for example,
to poll the interrupt request flags by software with all the interrupts masked).

(6) The output level of the TO2n (n =0, 1) when the timer output is disabled (ENTO2n =0: n =0, 1) is the reverse value
of the value set to the ALV2n (n =0, 1) bit. Therefore, an inactive level is output when the timer output is disabled
with the PWM output function or PPG output function selected.

If timer/counter 2 is stopped and then started again while the active level is output, the PWM output continuously
output the active level until the next overflow occurs (in the case of the PPG output, until the next match and clearing).
To return the level to inactive, once disable the timer output (ENTO2n = 0: n = 0, 1).

(7) Ifthe timer outputis enabled and the active level is changed at the same time, the output level of the pin may change
momentarily. To prevent this, change the active level and then enable the timer output.

(8) To change the active level specification(ALV2n bit (n = 0, 1) of the timer output control register 2 (TOC2)), change
the active level specification after the timer output of the corresponding timer output pins has been disabled.

(9) If0000H is setto a compare register (CM20, CM21), the comparison operation is performed after counting has been
completed. Therefore, the interrupt due to a match (INTCM20, INTCM21) does not occur immediately after counting
has been started. If CM2n (n =0, 1) is set to 0000H, the timer counts up to FFFFH, overflows, and then the interrupt

due to a match INTCM2n (n = 0, 1) occurs.

Figure 10-43. Operation When Compare Register (CM20, CM21) Is Set to 0000H

S I 3
T™2 OHX 1H X 2H X 3H X 4H X 5H ><::1:XFFFFH OH OH OH OH

A A A
Cleared Cleared Cleared
CE2 J

A
Count Started

CM2n 0000H

Match Match Match  Match

wrGHzr H 10 NN

A A A A
Interrupt Occurred

Remark n=0,1

Remark Cautions (1) through (9) above also applies to timer/counter 3.
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11.1 Function

Timer 4 is a 16-bit timer.

In addition to its function as an interval timer, this timer can be used to generate the output trigger of the real-time output
port.

When used as an interval timer, timer 4 generates an internal interrupt at a predetermined interval.

Table 11-1. Interval Time of Timer 4

Minimum Interval Time Maximum Interval Time Resolution
4ffek (0.25 us) 216 x 4ffcik (16.4 ms) 4ffek (0.25 us)
8/fcik (0.5 us) 216 x 8/fcik (32.8 ms) 8/fcik (0.5 us)
16/fcx (1.0 us) 216 x 16/fcik (65.5 ms) 16/fcik (1.0 us)
32/ferk (2.0 us) 216 x 32/fcik (131 ms) 32/ferk (2.0 us)
64/fcLx (4.0 us) 216 x 64/fcik (262 ms) 64/fcLx (4.0 us)

(): atfcik = 16 MHz
11.2 Configuration
Timer 4 consists of the following registers:

e Timer register (TM4) x 1
e Compare register (CM4n) x 2 (n =0, 1)

Figure 11-1 shows the block diagram of timer 4.
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Figure 11-1. Block Diagram of Timer 4

Internal Bus

fork

Prescaler

Prescaler Mode
Register 4 (PRM4)

16

16

Compare Register 40
(CM40

)

— fck/64 —

— fok/32 —

16

Match

1/8

CE4 CLR41 | CLR40

Timer Mode Control
Register 4 (TMC4)

16

Compare Register 41

16
Match

(CM41) C =

RESET

— fok/8 ——

— fok/4 —

16
Clear

— - _—_—

o) - -

= Timer Register 4 | Overflow
fek/16 5 (TM4)

o)

(%2}

PRM42 | PRM41 | PRM40
1/8 16

INTCM40

Real-Time
Output Port

INTCM41

INTOV4

Internal Bus

7 43NWIL TT 431dVHD
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Timer register 4 (TM4)

TM4 is a timer register that counts up the count clock specified by the prescaler mode register 4 (PRM4).
Counting of this timer register is enabled or disabled by the timer mode control register 4 (TMC4).

The timer register can be only read by using a 16-bit manipulation instruction. When RESET is input, TM4 is cleared
to 0000H and stops counting.

Compare registers (CM40, CM41)

CM4n (n =0, 1) is a 16-bit register that holds the contents determining the cycle of the interval timer operation.
When the contents of CM4n matches with the contents of TM4, an interrupt request (INTCM4n: n=0, 1) is generated.
INTCM40 also serves as the trigger signal of the real-time output port. The count value of TM4 can be cleared when
its value matches with the contents of CM4n.

These compare registers can be read or written by using 16-bit manipulation instructions. When RESET is input,
their contents are undefined.

Prescaler
The prescaler generates a count clock by dividing the internal system clock. The clock generated by the prescaler
is selected by the selector, and TM4 performs the count operation by using this clock as a count clock.

Selector

The selector selects one of the five signals generated by dividing the internal system clock as the count clock of
TM4.
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11.3 Timer 4 Control Register

(1) Timer mode control register 4 (TMC4)
TMC 4 is a register that controls the count and clear operations of timer register 4 (TM4).
This register can be read or written by using an 8-bit manipulation instruction or a bit manipulation instruction. Figure
11-2 shows the format of TMC4.
When RESET is input, the value of this register is cleared to O0H.

Figure 11-2. Format of Timer Mode Control Register 4 (TMC4)

Address: OFF37H On reset: 00H R/W
7 6 5 4 ® 2 1 0
TMC4 0 0 0 0 CE4 0 |CLR41|CLR40
CE4 Controls Count Operation of TM4

0 |Clears and stops counting

1 Enables counting operation

CLR41] Clear Operation of TM4 by Match with CM41

0 |Disables (free running mode)

1 |Enables (interval timer mode)

CLR40| Clear Operation of TM4 by Match with CM40

0 Disables (free running mode)

1 Enables (interval timer mode)
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(2) Prescaler mode register 4 (PRM4)
PRM4 is a register that specifies the count clock of timer register 4 (TM4).

This register can be read or written by using an 8-bit manipulation instruction. Figure 11-3 shows the format of PRM4.

When RESET is input, the value of this register is cleared to O0H.

Figure 11-3. Format of Prescaler Mode Register 4 (PRM4)

Address: OFF3AH On reset: 00H R/W
6 5 4 3 2 1 0
PRM4 0 0 0 0 0 PRM42 | PRM41 | PRM40

(feuk = 16 MHZ)

PRM42 | PRM41 | PRM40 | Specifies Count Clock of TM4.

Count Clock [Hz]| Resolution [ us]
0 0 0 fewk/4 0.25
0 0 1 fek/8 0.5
0 1 0 feLk/16 1.0
0 1 1 fok/32 2.0
1 0 0 fok/64 4.0
Others Setting prohibited

Remark fcwk: internal system clock
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11.4 Operation of Timer Register 4 (TM4)

11.4.1 Basic operation

Timer 4 counts up by using the count clock specified by the prescaler mode register 4 (PRM4).

Counting is enabled or disabled by the CE4 bit of the timer mode control register 4 (TMC4). When the CE4 bit is set
(1) by software, TM4 is set to 0001H at the first count clock, and starts counting up. When the CE4 bit is cleared (0) by
software, TM4 is immediately cleared to 0000H, and stops generation of the match signal.

If the CE4 bit is set (1) while it has been already set (1), TM4 is not cleared but continues counting.

If a count clock is input when TM4 reaches FFFFH, TM4 is cleared to 0000H, and an overflow interrupt (INTOV4) occurs.

When RESET is input, TM4 is cleared to 0000H and stops counting.
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Figure 11-4. Basic Operation of Timer Register 4 (TM4)

(a) When counting starts, stops, and then starts again

== UL UL UL
EEECDEER

T™4
)
U
CE4
))
(¢
A A A
Count Started Count Stopped Count Started
CE4 -~ 1 CE4 -0 CE4 -1

(b) If CE4 bit is set to “1” again after counting has been started

o _JLULLLLIL
00000008
ces J

A A
Count Started Rewritten
CE4 -~ 1 CE4 -~ 1

(c) Operation when TM4 is FFFFH

Count Clock |_| |_| |_| |_|
D)
€9

INTOV4
Interrupt Request
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11.4.2 Clear operation

(1) Clear operation by match with compare register
Timer register 4 (TM4) can be automatically cleared when its value matches with the value of a compare register

(CM4n: n =0, 1). When a clearance source arises, TM3 is cleared to 0000H on the next count clock. Therefore,
even if a clearance source arises, the value at the point at which the clearance source arose is retained until the

next count clock arrives.

Figure 11-5. TM4 Clear Operation by Match with Compare Register (CM40, CM41)

Count Clock |_| |_| |_|
TM4 n-1 n 0 X 1

Compare Register n
(CM4n)

AN A
TM4 and CM4n Match  Cleared Here

Remark n=0,1

(2) Clear operation by CE4 bit of timer mode control register 4 (TMC4)
Timer register 4 (TM4) is also cleared when the CE4 bit of TMC4 is cleared (0) by software. The clear operation

is performed following clearance (0) of the CE4 bit in the same way.
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Figure 11-6. Clear Operation of TM4 When CE4 Bit is Cleared (0)

(a) Basic operation

Count Clock

e na ><>< 0
|

CE4

(b) Restart before count clock is input after clearance

I
G O 5 i I

CE4

If the CE4 bit is set (1) before this count clock, the count starts from 1 on
this count clock

(c) Restart when count clock is input after clearance

wos [N N 7
e 1><><E> DR E

CE4

If the CE4 bit is set (1) from this count clock onward, the count starts from 1
on the count clock after the CE4 bit is set (1).
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11.5 Operation of Compare Register

Timer 4 performs a compare operation by comparing the value set to a compare register (CM40, CM41) with the count
value of a timer register 4 (TM4).

If the count value of TM4 matches with the value set in advance to CM4n (n = 0, 1) as a result of counting by TM4, an
interrupt request (INTCM4n: n = 0, 1) is generated.

Moreover, the contents of TM4 can be cleared after it has matched with the value of CM4n, so that TM4 can operate
as an interval timer that repeatedly counts the value set to CM4n.

Table 11-2. Interrupt Request Signal from Compare Register (timer 4)

Compare Register Interrupt Request Signal
CM40 INTCM40
CM41 INTCM41
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Figure 11-7. Compare Operation (timer 4)

FEEFH FEFFH
T™4
Count Value
CM41 Value CM41 Value
CM40 Value CM40 Value
OH
A I I
Count Started Match Match Match Match
CE4-1
INTCM40
Interrupt Request
INTCM41
Interrupt Request
INTOV4
Interrupt Request

Remark CLR40=0,CLR41=0

Figure 11-8. TM4 Clearance after Match Detection

CM41
CM40 / CM40 CM40
T™M4
Count Value
OH
A A A AN A A
Count Started Cleared ‘ Count Started Cleared Cleared
CE4-1 ) CE4-0
CLR40 0 Count Disabled | cLR40 . 1
CLR41- 1 CE4-0 CLR41 0
INTCM40
Interrupt Request
INTCM41
Interrupt Request
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11.6 Example of Use

11.6.1 Operation as interval timer (1)
By setting the timer register 4 (TM4) in the free running mode and adding a specific value to a compare register (CM4n:

n =0, 1) in an interrupt processing routine, TM4 can be used as an interval timer whose cycle is determined by the specific

value to be added (refer to Figure 11-9).
Figure 11-10 shows the set contents of the control registers, Figure 11-11 shows how to set the control registers, and

Figure 11-12 shows the processing in the interrupt routine, where compare register CM40 is used.

Figure 11-9. Timing of Interval Timer Operation (1)

FFFFH FFFFH

MOoD(3n) /]

TM4 Count Value

MOD(2n)

OH
A
Timer Started

Compare Register

(CM40) n >< MOD(2n) >< MOD(3n) >< MOD(4n)

INTCM40 Rewriting by Rewriting by Rewriting by
Interrupt Request Interrupt Program Interrupt Program Interrupt Program
Interval Time Interval Time Interval Time

Remark Interval time = n x x/fcLk
y - n - FFFFH
X =4,8, 16, 32, 64

yislimited by the data transfer processing time. Consider the processing time of the interrupt used or the macro
service processing time (refer to Table 16-11 Interrupt Acceptance Processing Time and Table 16-12

Macro Service Processing Time ).
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Figure 11-10. Set Contents of Control Registers for Interval Timer Operation (1)

(a) Prescaler mode register 4 (PRM4)

4 3 2 1 0
PRM4 0 0 0 0 0 |PRM42PRM41|PRM40

\—‘:1~ Specifies count clock

(fex/x ; x = 4, 8, 16, 32, 64)

(b) Timer mode control register 4 (TMC4)

TMC4 0 0 0 0 1 0 0 0

\—L Disables TM4 clearing

Enables count operation
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Figure 11-11. Setting Procedure of Interval Timer Operation (1)

C Interval Timer (1) )
l

Sets PRM4

Sets count value to CM40
CM40 «n

Sets TMC4

=

INTCM40 Interrupt

Figure 11-12. Interrupt Request Processing of Interval Timer Operation (1)

( INTCM40 Interrupt )

Calculates timer value at which interrupt occurs next
CM40-CM40 +n

Other Interrupt Processing Program

¥

C =
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11.6.2 Operation as interval timer (2)

TM4 can be used as an interval timer that repeatedly generates an interrupt at interval determined by the count value

set in advance (refer to Figure 11-13).

Figure 11-4 shows the set contents of the control registers, and Figure 11-15 shows how to set the control registers, where

compare register CM41 is used.

Figure 11-13. Timing of Interval Timer Operation (2)

T™4
Count Value
OH
Count Started Cleared Cleared
Compare Register
(CM41) n
INTCM41
Interrupt Request \ \
Interrupt Accepted Interrupt Accepted
-~——— Interval Time -~——— Interval Time

Remark Interval time = (n+1) x x/fcLk
0-n - FFFFH
x=4,8, 16, 32, 64

291



CHAPTER 11 TIMER 4

292

PRM4

TMC4

Figure 11-14. Set Contents of Control Register for Interval Timer Operation (2)

(a) Prescaler mode register 4 (PRM4)

4 3 2

1

0

PRM42

PRM41

PRM40

\—‘:1> Specifies count clock

(fou/x ; x = 4, 8, 16, 32, 64)

(b) Timer mode control register 4 (TMC4)

1

1

0
\—> TM4 clearing by match of CM41 and TM4

Enables count operation

Figure 11-15. Setting Procedure of Interval Timer Operation (2)

C Interval timer (2)

)

Sets PRM4

Sets count value to CM41

CM4l1l—n

Sets TMC4

=

INTCM41 Interrupt
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11.7
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Cautions

The prescaler uses one time base commonly with all the timers (timers 0 and 1, timers/counters 2 and 3, and timer
4). If one of the timers sets the CE bit to “1”, the time base starts counting. If another timer sets the CE bit to “1”
while one timer operates, the first count clock of the timer may be shortened because the time base has already
started counting.

For example, if a timer/counter is used as an interval timer, the first interval will be shortened by up to one count

clock. The second and subsequent intervals will be as specified.

Figure 11-16. Operation When Count Starts

e L TLTL LT
w T

CE4

Software count start directive (CE4 — 1)

There is a possibility of misoperation if the next register contents are rewritten while the timer 4 is running (when
the CE4 bit of the timer mode control register 4 (TMCA4) is set). The misoperation occurs as there is no defined order
of priority in the event of contention between the timings at which the hardware function changes due to a register
rewrite and the status changes in the function prior to the rewrite.

When the contents of following registers are rewritten, counter operations must be stopped first to ensure stability.

¢ CLR40 and CLRA41 bits of timer mode control register 4 (TMC4)
¢ Prescaler mode register 4 (PRM4)

If the compare register (CM4n: n =0, 1) and TM4 contents match when an instruction that stops timer register 4
(TM4) operation is executed, the TM4 count operation stops, but an interrupt request is generated.

Ifyou do notwantan interruptto be generated when TM4 operation is stopped, interrupts should be masked by means
of interrupt the mask register before stopping the TM4.

Example
Program in which an interrupt request may be Program in which an interrupt request is not generated
generated
CLR1 éE4 OR MKlL, #03y ¢« Disables interrupts from timer 4
OR  MKIL, #03H < '”ted”spt req“esrt] gener- CLR1 CE4 _ _

ated by timer 4 here CLR1 CMIF40 « Clears timer 4 interrupt request flag

CLR1 CMIF41
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(4) Match between timer register 4 (TM4) and compare register (CM4n: n = 0, 1) is detected only when TM4 is
incremented. Therefore, the interrupt request is not generated even if the same value as TM4 is written to CM4n.

(5) If a compare register (CM40, CM41) is set to 0000H, the compare operation is performed after counting has been
completed. Therefore, the interrupt due to a match (INTCM40, INTCM41) does not occur immediately after counting
has been started. If CM4n (n =0, 1) is set to 0000H, TM4 counts up to FFFFH, overflows, and then the interrupt
due to a match INTCM4n (n = 0, 1) occurs.

Figure 11-17. Operation When Compare Register (CM40, CM41) Is Set to 0000H

S 3 3 I O
T™M4 OHX 1H X 2H X 3H X 4H X 5H ><:::><FFFFH OH OH OH OH

A A A
Cleared Cleared Cleared
CE4 J

A
Count Started

CM4n 0000H

Match Match Match  Match

O I

A A A A
Interrupt Occured

Remark n=0,1
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The watchdog timer is a timer that detects inadvertent program loops.

Watchdog timer interrupts are used to detect system or program errors. For this purpose, instructions that clear the
watchdog timer (start the count) within a given period are inserted at various places in a program.

If an instruction that clears the watchdog timer is not executed within the set time and the watchdog timer overflows, a

watchdog timer interrupt (INTWDT) is generated and a program error is reported.

12.1 Configuration

The watchdog timer block diagram is shown in Figure 12-1.

Figure 12-1. Block Diagram of Watchdog Timer

folk ———

Watchdog Timer
(8-bit)

Overflow
INTWDT

foLk/2°

fok/211 -
o
Frequency . g
Divider fowk/2 <
n

foLk/213

WDT CLR
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12.2 Watchdog Timer Mode Register (WDM)

The WDM is an 8-bit register that controls the watchdog timer operation.

To prevent erroneous clearing of the watchdog timer by an inadvertent program loop, writing can only be performed 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 complements.

If the 3rd and 4th bytes of the operation code are not 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,
RA78K/IV, 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, SET1 WDM.7, etc.) are ignored and do not perform any
operation. Thatis, a write is not performed to the WDM, and an interrupt such as an operand error interrupt is not generated.

After a system reset (ﬁ input), once the watchdog timer has been started (by setting (1) the RUN bit), the WDM
contents cannot be changed. The watchdog timer can only be stopped by a reset, but can be cleared at any time with a
dedicated instruction.

The WDM can be read at any time by a data transfer instruction.

RESET input clears the WDM to O0H.

The WDM format is shown in Figure 12-2.
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Figure 12-2. Format of Watchdog Timer Mode Register (WDM)

Address: OFFC2H

WDM

On reset: 00H R/W
7 6 5 4 3 2 1 0
RUN 0 PRC 0 WDI2 | WDI1
RUN Specifies Operation of Watchdog Timer
0 Stops watchdog timer
1 Clears watchdog timer to start counting
PRC | Priority of Interrupt Request of Watchdog Timer
0 Interrupt request of watchdog timer
< interrupt request of NMI pin input
1 Interrupt request of watchdog timer
> interrupt request of NMI pin input
WDI2 | WDI1 Count Overflow Time [ms]
Clock fowk = 12.5 MHz | fok = 16.0 MHz
0 0 foLk/29 10.5 8.2
0 1 feLk/211 41.9 32.8
1 0 |[fowk/212 83.9 65.5
1 1 foLk/213 167.8 131.1

Remark fcwk: internal system clock

Cautions 1. The watchdog timer mode register (WDM) can only be written to with a dedicated instruction (MOV

WDM, #byte).

2. The same value should be written each time in writes to the WDM to set (1) the RUN bit. The
contents written the first time cannot be changed even if a different value is written.

3. Once the RUN bit has been set (1), it cannot be reset (0) by software.
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12.3 Operation

12.3.1 Count operation

The watchdog timer is cleared, and the count started, by setting (1) the RUN bit of the watchdog timer mode register
(WDM). When overflow time specified by the WDI2 and WDI1 bits of WDM has elapsed after the RUN bit has been set
(1), a non-maskable interrupt (INTWDT) is generated.

If the RUN bit is set (1) again before the overflow time elapses, the watchdog timer is cleared and the count operation

is started again.

12.3.2 Interrupt priorities

The watchdog timer interrupt (INTWDT) is a non-maskable interrupt. Other non-maskable interrupts are interrupts from
the NMI pin (NMI). The order of acknowledgmentwhen an INTWDT interrupt and NMlI interrupt are generated simultaneously
can be specified by the setting of bit 4 of the watchdog timer mode register (WDM).

Even if INTWDT is generated while the NMI processing program is executed when NMI acknowledgement is specified
to take precedence, INTWDT is not acknowledged until completion of execution of the NMI processing program.

298



CHAPTER 12 WATCHDOG TIMER FUNCTION

12.4 Cautions

12.4.1 General cautions on use of watchdog timer

(1) Thewatchdog timeris one means of detecting inadvertent program loops, but it cannot detect all inadvertent program

&)

loops. Therefore, in equipment that requires a high level of reliability, you should not rely on the on-chip watchdog

timer alone, but should use external circuitry for early detection of inadvertent program loops, to enable processing

to be performed that will restore the normal state or establish a stable state and then stop the operation.

The watchdog timer cannot detect inadvertent program loops in the following cases.

<1>
<2>
<3>

<4>

<5>
<6>

If watchdog timer clearance is performed in the timer interrupt processing program

If cases where an interrupt request or macro service is held pending (refer to 16.9) occur consecutively

If the watchdog timer is cleared periodically when the program is looping inadvertently due to an error in the
program logic (if each module of the program functions normally but the overall program does not)

If the watchdog timer is periodically cleared by a group of instructions executed when an inadvertent program
loop occurs

If the STOP mode, HALT mode, or IDLE mode is entered as the result of an inadvertent program loop

If an inadvertent program loop of watchdog timer also occurs in the event of CPU hang up due to external noise

In cases <1>, <2> and <3> the program can be amended to allow detection to be performed.

In case <4>, the watchdog timer can only be cleared by a 4-byte dedicated instruction. Similarly, in case <5>, the

STOP mode, HALT mode, or IDLE mode cannot be set unless a 4-byte dedicated instruction is used. For state <2>

to be entered as the result of an inadvertent program loop, 3 or more consecutive bytes of data must comprise a
specific pattern (e.g. BT PSWL. bit, $$, etc.). Therefore, the establishment of state <2> as the result of <4>, <5>
or an inadvertent program loop is likely to be extremely rare.
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12.4.2 Cautions on uPD784046 subseries watchdog timer

(1) The watchdog timer mode register (WDM) can only be written to with a dedicated instruction (MOV WDM, #byte).

(2) The same value should be written each time in writes to the watchdog timer mode register (WDM) to set (1) the RUN
bit. The contents written the first time cannot be changed even if a different value is written.

(3) Once the RUN bit has been set (1), it cannot be reset (0) by software.
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The uPD784046 incorporates an analog/digital (A/D) converter with 16 multiplexed analog inputs (ANIO to ANI15).

The successive approximation conversion method is used, and the conversion result is held in the 10-bit A/D conversion
resultregister ADCRO-ADCR7). This allows fast, high-precision conversion to be performed (conversion time of 13 us when
fcik = 16 MHz and high-speed conversion is used).

There are two modes for starting A/D conversion, as follows:

e Hardware start : Conversion started by trigger input (INTP4).
¢ Software start : Conversion started in accordance with A/D converter mode register (ADM) bit setting.

After start-up, there are two operating modes, as follows:

e Scan mode : Multiple analog inputs are selected in order, and conversion data is obtained from all pins.
¢ Select mode : One pin is used as the analog input, and conversion values are obtained in succession.

Stoppage of all the above modes and conversion operations is specified by the ADM register.

In each mode, the conversion result is held in ADCRn (n = 0to 7) each time A/D conversion has been completed. When
A/D conversion has been completed, an A/D conversion end interrupt request (INTAD) is generated. This interrupt can start
a macro service that automatically transfers data by hardware.

13.1 Configuration
Figure 13-1 shows the block diagram of the A/D converter.

The high-order 8 channels (ANI8 through ANI15) and low-order 8 channels (ANIO through ANI7) of the A/D converter
are selected by using the A/D converter mode register (ADM).
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Figure 13-1. Block Diagram of A/D Converter

ANIO O—
ANI1L O—
ANI2 O—
ANI3 O—| Input |
AT O—= Selector Series Resistor String
ANI5 ircui
ANI6 O—= Sample & Hold Circuit e
ANI7 O—= o | :
ANI8 O——=] ? ; i }
ANI9 O— ! -
ANIT0 & 1 \C/(c)mlrt:g:rator 2
ANI11O— nput || Lo ‘ P Lo
ANI12 O——=Selector LB
ANI13 O— Successive L a
ANI14 O— Approximation Register | ﬁ
ANI15 O— (SAR) i
Conversion ‘ 1
Edge Trigger INTAD 1
INTP4 O—|Detection 99 Control = :
Circuit Circuit| | | "o
Trigger Enable 10
ADCRO
ADCR1
ADCR2
i ADCR3
RESET — AID Converter Mode Register A/D Conversion Result Register
(ADM) ADCR4
ADCR5
ADCRG6
8 ADCR7

@

Internal Bus
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Cautions 1. A capacitor should be connected between the analog input pins (ANIO to ANI15) and AV ss and

@

@

©)

4

between the reference voltage input pin (AV  rer) and AV ss to prevent misoperation due to noise.
Be sure to connect the capacitor as closely to ANIO through ANI15 and AV REF as possible.

Figure 13-2. Example of Capacitor Connection on A/D Converter Pins

uPD784046
Analog
Input O ANIO-ANI15
100to L
500 pF
Refi
eference o AVrer

Voltage Input

7J7 AVss

2. Avoltage outsidetherange AV ssto AV rer should not be applied to pins used as A/D converter input

pins. Refer to 13.6 Cautions for details.

Input circuit
The input circuit selects the analog input in accordance with the specification of the A/D converter mode register
(ADM), and sends the analog input to the sample & hold circuit according to the operating mode,

Sample & hold circuit
The sample & hold circuit samples the analog inputs arriving sequentially one by one and holds the analog input
in the process of A/D conversion.

Voltage comparator
The voltage comparator determines the voltage difference between the analog input and the series resistor string
value tap.

Series resistor string

The series resistor string is used to generate voltages that match the analog inputs.

The series resistor string is connected between the A/D converter reference voltage pin (AVrer) and the A/D
converter GND pin (AVss). To provide 1024 equal voltage steps between the two pins, it is made up of 1023 equal
resistors and two resistors with half that resistance value.

The series resistor string voltage tap is selected by a tap selector controlled by the successive approximation register
(SAR).
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®)

(6)
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SAR: Successive Approximation Register

The SAR is an 10-bit register in which the data for which the series resistor string voltage tap value matches the
analog input voltage value is set bit by bit starting from the most significant bit (MSB).

When data has been set up to the least significant bit (LSB) of the SAR (when A/D conversion is completed), the
SAR contents (conversion result) are stored in the A/D conversion result register (ADCRn: n = 0-7).

Edge detection circuit

The edge detection circuit detects a valid edge from the interrupt request input pin (INTP4) input, and generates
an external interrupt request signal (INTP4) and A/D conversion operation external trigger.

The INTP4 pin input valid edge is specified by external interrupt mode register 1 (INTM1) (refer to Figure 15-2).
External trigger enabling/disabling is set by means of the A/D converter mode register (ADM) (refer to 13.2 A/D
Converter Mode Register (ADM) ).
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13.2 A/D Converter Mode Register (ADM)

ADM is an 8-bit register that controls A/D converter operations.

The ADM register can be read or written to with an 8-bit manipulation instruction or bit manipulation instruction. Its format
is shown in Figure 13-3.

Bits 0 through 2 (ANISO through ANIS2) select input analog signals to be converted. Bit 3 (PS) selects whether ANIO
through ANI7 (low-order 8 channels) or ANI8 through ANI15 (high-order 8 channels) are used as analog input pins. The
low-order 8 channels and high-order 8 channels have identical functions.

Bit 5 (AMO) and bit 6 (AM1) control the operation mode of A/D conversion. If the AMO and AM1 bits are cleared (0), all
conversion operations under execution are stopped. Atthistime, ADCRn (n=0to 7) is notupdated, noristhe INTAD interrupt
request generated. Moreover, power supply to the voltage comparator is stopped to reduce the current consumption of
the A/D converter.

Bit 7 (TRG) enables external synchronization of the A/D conversion operation. If the TRG bit is set (1) when the AMO
or AM1 bits are set, the conversion operation is initialized each time the valid edge is input to the INTP4 pin as an external
trigger. If the TRG bit is cleared (0), the conversion operation is performed regardless of the INTP4 pin input.

If data is written to ADM during conversion, the conversion operation is initialized and started from the beginning again.

When RESET is input, the value of ADM is reset to O0OH.

Caution When the STOP mode or IDLE mode is used, the consumption current should be reduced by clearing
(0) the AMO bit and AM1 bit before entering the STOP or IDLE mode. If the AMO bit or AM1 bit remains
set (1), the conversion operation will be stopped by entering the STOP or IDLE mode, but the power
supply to the voltage comparator will not be stopped, and therefore the A/D converter consumption
current will not be reduced.
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Figure 13-3. Format of A/D Converter Mode Register (ADM)

Address: OFF6EH On reset: O0OH R/W

7 6 5 4 ©) 2 1 0
ADM TRG | AM1 | AMO FR PS | ANIS2 | ANIS1 | ANISO

TRG Controls External Trigger

0 Disables external trigger

1 Enables external trigger

AM1 | AMO | Specifies A/D Conversion Operation Mode
0 0 Stops conversion
0 1 | Scan mode
1 0 | Select mode 1-buffer mode
1 1 4-buffer mode
FR Selects Conversion Time

0 208 clocks (fck > 12.5 MHz)

1 169 clocks (fcuk < 12.5 MHz)

PS Selects Analog Input Pin

0 ANIO through ANI7 (port 7)

1 ANI8 through ANI15 (port 8)

ANIS2 | ANIS1| ANISO Selects Analog Input
In select In scan
mode mode

0 0 0 ANIO/ANI8 ANIO/ANI8
0 0 1 ANI1/ANI9 ANIO/ANI8,
ANI1/ANI9
0 1 0 ANI2/ANI10 ANIO/ANI8-
ANI2/ANI10
0 1 1 ANI3/ANI11 ANIO/ANI8-
ANI3/ANI11
1 0 0 ANI4/ANI12 ANIO/ANI8-
ANI4/ANI12
1 0 1 ANI5/ANI13 ANIO/ANI8-
ANI5/ANI13
1 1 0 ANI6/ANIL4 ANIO/ANI8-
ANI6/ANIL4
1 1 1 ANI7/ANI15 ANIO/ANI8-
ANI7/ANI15

Remark fcwk: internal system clock
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Table 13-1. Conversion Time Set by FR Bit

Internal system clock: fck (MHZz) 16 14 125 10
FR bit 0 0 1 1
Conversion time (us) 13 14.9 13.5 16.9

Caution Oncethe A/D converter starts operating, conversion operations are performed repeatedly until the AMO
bit and AM1 bit of the A/D converter mode register (ADM) is cleared (0). Therefore, a superfluous
interrupt may be generated if ADM setting is performed after interrupt-related registers, etc., when A/
D converter mode conversion, etc., is performed. The result of this superfluous interrupt is that the
conversion result storage address appears to have been shifted when the scan mode is used. Also,
when the select mode is used, the first conversion result appears to have been an abnormal value, such
as the conversion result for the other channel. It is therefore recommended that A/D converter mode
conversion be carried out using the following procedure.

<1> Write to the ADM

<2> Interrupt request flag (ADIF) clearance (0)

<3> Interrupt mask flag setting

Operations <1> to <3> should not be divided by an interrupt or macro service.

Alternatively, the following procedure is recommended.

<1> Stop the A/D conversion operation by clearing (0) the AMO bit and AM1 bit of the ADM.
<2> Interrupt request flag (ADIF) clearance (0).

<3> Interrupt mask flag setting
<4> Write to the ADM

307



CHAPTER 13 A/D CONVERTER

13.3 A/D Conversion Result Registers (ADCRO through ADCR7)

The uPD784046 has eight 10-bit A/D conversion result registers (ADCRO through ADCRY7) that store the results of A/
D conversion.

Each ADCRn (n =0 to 7) can be only read by using a 16-bit manipulation instruction or an 8-bit manipulation instruction.

The conversion result can be read from ADCRn in the following two ways:

(1) Word access (by execution of 16-bit manipulation instruction)
Of the word data read, the low-order 10 bits are valid.
The high-order 6 bits are always “0” when read.
Figure 13-4 illustrates word access to ADCRn.

Figure 13-4. Word Access to A/D Conversion Result Register

Symbol 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 R/W
ADCRnN 0 0 0 0 0 0 | AD9| AD8| AD7 | AD6 | AD5 | AD4| AD3| AD2| AD1| ADO| R
(n=0-7)
Symbol Address On reset

ADCRO OFF70H Undefined

ADCR1 OFF72H

ADCR2 OFF74H

ADCR3 OFF76H

ADCR4 OFF78H

ADCRS5 OFF7AH

ADCR6 OFF7CH

ADCR7 OFF7EH

Remark ADO0-AD9: A/D conversion result
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(2) Byte access (by execution of 8-bit manipulation instruction)
Of the 10-bit data of the A/D conversion result, the high-order 8 bits are read.
Figure 13-5 illustrates byte access to ADCRn

Figure 13-5. Byte Access to A/D Conversion Result Register

Symbol

ADCRnH | AD9 | AD8 |AD7 |AD6 | AD5 | AD4 |AD3 | AD2| R

(n=0-7)
Symbol Address On reset
ADCROH OFF71H Undefined
ADCR1H OFF73H
ADCR2H OFF75H
ADCR3H OFF77H
ADCR4H OFF79H
ADCR5H OFF7BH
ADCR6H OFF7DH
ADCR7H OFF7FH

Remark AD2 through AD9: A/D conversion result (high-order 8 bits of 10 bits)
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13.4 Operation

13.4.1 Basic A/D converter operation

(1) A/D Conversion Operation procedure

310

A/D conversion is performed by means of the following procedure:

@

(b)

(©)

(d)

(e)

U]

Analog pin selection and operating mode specification are set with the A/D converter mode register (ADM), and
the A/D conversion is started.
When conversion starts, the MSB (bit 9) of the successive approximation register (SAR) is set (1) automatically.
When bit 9 of the SAR is set (1), the tap selector sets the series resistor string voltage tap to

1023
2048 AVREF (= 1/2 AVReF).
The voltage difference between the series resistor string voltage tap and the analog input is determined by the
voltage comparator. If the analog input is greater than (1/2) AVrer, the MSB of the SAR remains set (1), and
if it is less than (1/2) AVrer, the MSB is cleared (0).
Next, bit 8 of the SAR is set (1) automatically, and the next comparison is performed. Here, the series resistor
string voltage tap is selected according to the value of bit 9 for which the result has already been set, as shown

below.

« Bit9=1... 1535 Avger = 3 AVrer
2048 4

. Bit9=0... 511 \Veer = L AVrer
2048 7

This voltage tap is compared with the analog input voltage, and bit 8 of the SAR is manipulated as follows
according to the result:

« Analog input voltage * voltage tap: Bit 8 = 1
¢ Analog input voltage < voltage tap: Bit 8 = 0

The same kind of comparison is continued up to the LSB (bit 0) of the SAR (binary search method).
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(g) When comparison of the 10 bits is completed, a valid digital result is left in the SAR, and that value is transferred
to the A/D conversion result register (ADCRO through ADCR7) and latched.
An A/D conversion operation end interrupt request (INTAD) can be generated at the same time.

Figure 13-6. Basic Operation of A/D Converter

Conversion Time

Sampling Time

g/FI)DerCact)irc;\r/]erter Sampling A/D Conversion
SAR Undefined ZOOHKE)E:X >< >< >< >< >< >< >< >< gggxﬁrsion
A
ADCRnN Conversion
(n=0to7) Result

INTAD |

A/D conversion operations are performed successively until the AMO bit and AM1 bit is cleared (0) by software. If
awrite operation is performed on the ADM during an A/D conversion operation, the conversion operationisinitialized,
and if the AMO bit and AM1 bit is set (1), conversion will be started from the beginning.

The contents of the ADCR n (n = 0 to 7) are undefined after RESET input.
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(2) Input voltage and conversion result
The relationship between the analog input voltage input to an analog input pin (ANIO to ANI15) and the A/D
conversion result (value stored in ADCRN) is shown by the following expression:

v
ADCRN = INT(—-— x 1024 + 0.5)

or
AVREF AVREF
(ADCRn — 0.5) x 1024 Vin < (ADCRn + 0.5) x 1024
Remark INT() : Function that returns the integer part of the value in ()
VIN : Analog input voltage

AVRrer : AVRer pin voltage
ADCRn : ADCR n (n =0 to 7) value

Figure 13-7 shows the relationship between the analog input voltage and the A/D conversion result in graphic form.

Figure 13-7. Relationship Between Analog Input Voltage and A/D Conversion Result

1023 -

022 4—++ L L

A/D Conversion Result
(ADCRn:n=0to0 7) 1021 __

1 1 3 2 _5 3 2043 1022 2045 1023 2047

2048 1024 2048 1024 2048 1024 2048 1024 2048 1024 2048

Input Voltage/AVrer
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(3) A/D conversion time

4

The A/D conversion time is determined by the system clock frequency (fck) and the FR bit of the A/D converter mode
register (ADM).

The A/D conversion time includes the entire time required for one A/D conversion operation, and the sampling time
is also included in the A/D conversion time.

These values are shown in Table 13-2.

Table 13-2. Time of A/D Conversion

System Clock (fck) Range FR Bit Conversion Time
feik > 12.5 MHz 0 208 clocks
feik - 12.5 MHz 1 169 clocks

A/D converter operating modes

There are two A/D converter operating modes, scan mode and select mode. These modes are selected according
to the setting of bit 5 (AMO) and bit 6 (AM1) of the A/D converter mode register (ADM).
Operation in either mode continues until the ADM is rewritten.
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13.4.2 Select mode

In the select mode, one analog input pin is selected by bits 0 through 2 (ANISO through ANIS2) of the A/D converter mode
select register (ADM), and the specified analog input is converted. The result of the conversion is stored to the A/D

conversion result register corresponding to the analog input.

In this mode, the following two modes can be selected depending on how the A/D conversion result is stored.

¢ 1-buffer mode
e 4-buffer mode

(1) 1-buffer mode

One analog input is converted once, and the result is stored to one A/D conversion result register. Therefore, the

analog input and A/D conversion result register correspond on a one-to-one basis (refer to Table 13-3).

Each time the conversion has been completed once, an A/D conversion end interrupt request (INTAD) occurs.

Table 13-3. Correspondence between Analog Input and A/D Conversion Result Register

Figure 13-8. Operating Timing in Select Mode (1-buffer mode) (1/2)

(select mode: 1-buffer mode)

Analog Input A/D Conversion Result Register
ANIO/ANI8 ACDRO
ANI1/ANI9 ADCR1
ANI2/ANI10 ACDR2
ANI3/ANI11 ADCR3
ANI4/ANI12 ACDR4
ANI5/ANI13 ADCR5
ANI6/ANI14 ACDR6
ANI7/ANI15 ADCRY7

(a) TRG bit < 0

A/D Conversion

ANI3

ANI3

ANI3

ANI3

ANI3

ANI3

A

PS-0

A

A

A

A

A

Conversion Started kConversion Ended | Conversion Ended | Conversion Ended | Conversion Ended | Conversion Ended Conversion Ended
AM1, AMO ~ 10

ANIS2-ANISO - 011 ;

A

ADCR3

INTAD
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Figure 13-8. Operation Timing in Select Mode (1-buffer mode) (2/2)

INTP4 —|

(b) TRG bit « 1

-

-

Initialization

Initialization

Initiali

zation

A/D Conversion

ANIO

ANIO ANIO

ANIO ANIO

ANIO

ANIO

A

Conversion Started

AM1, AMO ~ 10
PS-0

ANIS2-ANISO — 000

onversion Ended

=

A A
Conversion Ended | Conversion Ended

onversion Ended Conversion Ended

~

~

~

A A
-

R

ADCRO

X ANIO

X v X

ANIO

XX

INTAD

|
[

| |
[ ]I

| |
11

(2) 4-buffer mode

One analog input is converted four times, and the result is stored to four A/D conversion result registers. When one

of the analog inputs of ANIO through ANI3 (ANI8 through ANI11) is selected, the conversion result is stored to A/
D conversion result registers ADCRO through ADCR3. If one of the analog inputs of ANI4 through ANI7 (ANI12
through ANI15) is selected, the conversion result is stored to the A/D conversion result register ADCR4 through
ADCRY (refer to Table 13-4).
Each time A/D conversion has been completed four times, A/D conversion end interrupt request (INTAD) is

generated.

Table 13-4. Correspondence between Analog Input and A/D Conversion Result Register

(select mode: 4-buffer mode)

Analog Input

A/D Conversion Result Register

ANIO/ANI8

ANI1/ANI9

ANI2/ANI10

ANI3/ANI11

ADCRO-ADCR3

ANI4/ANI12

ANI5/ANI13

ANI6/ANI14

ANI7/ANI15

ADCR4-ADCR7
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Figure 13-9. Operation Timing in Select Mode (4-buffer mode)

(a) TRG bit < 0

A/D Conversion ANI3 ANI3 ANI3 ANI3 ANI3 ANI3 ANI3 ANI3
\ A \ A
Converswn Started Conversion Ended Conversion Ended
AM1, AMO ~11
NERERE
ANISZ ANISO ~011
ADCRO- ANI3 ANI3 ANI3 ANI3 ANI3 ANI3 ANI3
ADCR3 (ADCRO0) /\(ADCR1) /\(ADCR2) /\(ADCR3) /\(ADCRO0) /\(ADCR1) /\(ADCR?2)
INTAD |_| | |
(b) TRG bit « 1
INTP4 —| —| —|
Initialization Initialization Initialization
A/D Conversion ANI3 ANI3 ANI3 ANI3 ANI3 ANI3 ANI3 ANI3 ANI3
‘ A
Conversmn Started Conversion Ended
AM1, AMO 11
N Y YT
ANISZ ANISO - 011
ADCRO- >< ANI3 ANI3 ANI3 ANI3 ANI3 ANI3
ADCR3 (ADCRO) (ADCRO0) /\(ADCR1) /\(ADCR?2) (ADCR3) (ADCRO)
INTAD |_|

13.4.3 Scan mode

In this mode, analog input pins specified by the ANISO through ANIS2 bits of the A/D converter mode register (ADM)
are sequentially selected, starting from ANIO pin, and A/D conversion is executed. The result of the conversion is stored
to the A/D conversion result register that corresponds to an analog input on a one-to-one basis (refer to Table 13-5).

When all the analog inputs have been converted, the A/D conversion end interrupt request (INTAD) is generated.
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Table 13-5. Correspondence between Analog Input and A/D Conversion Result Register (scan mode)

Analog Input A/D Conversion Result Register
ANIO/ANI8 ADCRO
ANI1/ANI9 ADCR1
ANI2/ANI10 ADCR2
ANI3/ANI11 ADCR3
ANI4/ANI12 ADCR4
ANI5/ANI13 ADCR5
ANI6/ANI14 ADCR6
ANI7/ANI15 ADCRY7

Figure 13-10. Operation Timing in Scan Mode

(a) TRG bit < 0

A/D Conversion ANIO ANI1 ANI2 ANIO ANI1 ANI2 ANIO ANI1
| & | | 4 |
Conversmn Started Conversion Ended Conversion Ended
AM1, AMO ~01
NEREER YR
ANISZ ANISO — 010
ADCRO- ANIO ANI1 ANI2 ANIO ANI1 ANI2 ANIO
ADCR2 (ADCRO0)/\(ADCR1)/\(ADCR2)/\(ADCRO0)/\(ADCR1)/\(ADCR2)/\(ADCRO0)

| |
i i

(b) TRG bit « 1

we 1] ]

Initialization Initialization Initialization
A/D Conversion ANIO ANI1 ANIO ANI1 ANI2 ANIO ANI1 ANIO ANI1
| 4 |
Conversmn Started Conversion Ended

AM1, AMO - 01 N

PS-0 \v \v

ANIS2-ANISO — 010
ADCRO- ANIO ANIO ANI1 ANI2 ANIO ANIO
ADCR2 (ADCRO) (ADCRO)/\(ADCR1)/\ (ADCR?2) (ADCRO) (ADCRO)

|
INTAD |_|
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13.4.4 A/D Conversion Operation Start by Software

An A/D conversion operation start by software is performed by writing a value to the A/D converter mode register (ADM)
that sets the TRG bit of the ADM register to 0 and the AMO bit or AM1 bit to 1.

If a value is written to the ADM during an A/D conversion operation (AMO bit or AM1 bit = 1) such that the TRG bit is
set to 0 and the AMO bit or AM1 bit to 1 again, the A/D conversion operation being performed at that time is suspended,
and A/D conversion is started immediately in accordance with the written value.

Once A/D conversion operation is started, as soon as one A/D conversion operation ends the next A/D conversion
operation is started in accordance with the operating mode set by the ADM, and conversion operations continue repeatedly
until an instruction that writes to the ADM is executed.

When A/D conversion operation is started by software (TRG bit = 0), INTP4 pin (P25 pin) input does not affect the A/
D conversion operation.

(1) A/D conversion in select mode (1-buffer mode)
A/D conversion of the analog input set by the A/D converter mode register (ADM) is started. When conversion has
been completed, the same analog input is converted again. Each time A/D conversion has been completed, the
A/D conversion end interrupt request (INTAD) is generated.

Figure 13-11. A/D Conversion in Select Mode (1-buffer mode) Started by Software

A/D Conversion ANI1 ANI1 ANI1 ANI1 ANI1 ANI1 ANI5 ANI5 ANI5
A A
ADM Written k ADM Rewritten L
TRG -0 TRG -0
AM1, AMO 10 AM1, AMO 10
PS-0 A\ PS-0
ANIS2-ANISO ~ 001 ANIS2-ANIS0 101,
%
ADCR1, X ANI1 ANI1 ANI1 ANI1 ANI1 X ANI5
ADCR5 (ADCR1) /\(ADCR1) /\(ADCR1) /\(ADCR1) (ADCR1) (ADCR5)

I A A A
LI e [ ]

(2) AJD conversion in select mode (4- buffer mode)
The analog input set by the A/D converter mode register (ADM) is converted. One analog input is converted four
times. When A/D conversion has been executed four times, the same analog input is converted four times again.
Each time conversion has been executed four times, the A/D conversion end interrupt request (INTAD) is generated.
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Figure 13-12. A/D Conversion in Select Mode (4-buffer mode) Started by Software

A/D Conversion ANI3 ANI3 ANI3 ANI3 ANI3 ANI3 ANI5 ANIS ANIS
A A
ADM Written ADM Rewritten
TRG -0 TRG -0
AM1, AMO ~11 AM1, AMO ~11
PS~0 PS-0
ANIS2-ANISO - 011 ANIS2-ANISO 101,
ADCRO- ANI3 ANI3 ANI3 ANI3 ANI3 ANI5
ADCR7 (ADCRO0) /\(ADCR1) /\(ADCR2) /\(ADCR3) (ADCRO) (ADCR4)

|
INTAD |_|

(3) A/D conversion in scan mode

When conversion is started, analog inputs selected by the ANISO through ANIS2 bits of the A/D converter mode
register (ADM) are sequentially converted, starting from the ANIO pin. When conversion of all the selected analog
inputs has been completed, the same operation (conversion from the ANIO pin to the specified analog input pin) is
repeated again. When a series of A/D conversion from the ANIO pin to the specified analog input has been completed,
the A/D conversion end interrupt request (INTAD) is generated.

Figure 13-13. A/D Conversion in Scan Mode Started by Software

A/D Conversion ANIO ANI1 ANI2 ANIO  |ANI1] ANIO ANI1 ANIO ANI1
A A
ADM Written ADM Rewritten &
TRG -0 TRG -0
AM1, AMO ~01 AM1, AMO ~01
PS-0 PS-0
ANIS2-ANISO — 010 \‘ ANIS2-ANISO ~ 001
ADCRO- ANIO ANI1 ANI2 ANIO ANIO ANI1
ADCR2 (ADCRO) /\(ADCR1) /\(ADCR?2) (ADCRO) (ADCRO) /\(ADCR1)

| |
i i
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13.4.5 A/D Conversion Operation Start by Hardware

An A/D conversion operation start by hardware is made possible by setting both the TRG bit and the AMO bit or AM1
bit of the A/D converter mode register (ADM) to 1. When the TRG bit and the AMO bit or AM1 bit of the ADM are both set
to 1, external signals are placed in the standby state, and an A/D conversion operation is started when a valid edge is input
to the INTP4 pin (P25 pin).

If another valid edge is input to the INTP4 pin after the A/D conversion operation has been started by a valid edge input
to the INTP4 pin, the A/D conversion operation being performed at that time is suspended, and A/D conversion is performed
from the beginning in accordance with the contents set in the ADM.

If a value is written to the ADM during an A/D conversion operation (AMO bit or AM1 = 1) such that the TRG bit and AMO
bit or AM1 bit are both set to 1 again, the A/D conversion operation being performed at that time is suspended (the standby
state is also suspended), and a state is entered in which the A/D converter waits for input of a valid edge to the INTP4 pin
in the A/D conversion operation mode in accordance with the written value, and a conversion operation is started when
a valid edge is input.

Use of this function allows A/D conversion operations to be synchronized with external signals. Once A/D conversion
operation is started, as soon as one A/D conversion operation ends the next A/D conversion operation is started in
accordance with the operating mode set by the ADM (the A/D converter does not wait for INTP4 pin input), and conversion
operations continue repeatedly until an instruction that writes to the ADM is executed, or a valid edge is input to the INTP4

pin.

(1) A/D conversion in select mode (1-buffer mode)
A/D conversion of the analog input set by the A/D converter mode register (ADM) is started. When conversion has
been completed, the same analog input is converted again. Each time A/D conversion has been completed, the
A/D conversion end interrupt request (INTAD) is generated.
If the valid edge is input to the INTP4 pin during A/D conversion, the A/D conversion under execution is stopped
once, and then conversion is newly started.

Figure 13-14. A/D Conversion in Select Mode (1-buffer mode) Started by Hardware

" ——— )

A/D Conversion Standby State ANI1 ANI1 ANI1 ANI1 |Standby State ANI5 ANIS

A
ADM Written
TRG~1 TRG -1
AM1, AMO ~ 10 AM1, AMO ~ 10

PS-~0 PS -0
ANIS2-ANISO ~ 001 ANIS2-ANISO - 101

R
ADCRS X wdeay X deay Xeibers

| | L
i i 1

A
ADM Rewritten
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(2) AJD conversion in select mode (4-buffer mode)

The analog input set by the A/D converter mode register (ADM) is converted. One analog input is converted four
times. When A/D conversion has been executed four times, the same analog input is converted four times again.
Each time conversion has been executed four times, the A/D conversion end interrupt request (INTAD) is generated.
If the valid edge is input to the INTP4 pin during A/D conversion, the A/D conversion under execution is stopped

once, and then conversion is newly started.

Figure 13-15. A/D Conversion in Select Mode (4-buffer mode) Started by Hardware

INTP4

)

)
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A A
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ADCR7 ADCRO0) /\(ADCR1) /\(ADCR?2) (ADCR3) (ADCRO)

INTAD
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(3) A/D conversion in scan mode

When conversion is started, analog inputs selected by the ANISO through ANIS2 bits of the A/D converter mode
register are sequentially converted, starting from the ANIO pin. When conversion of all the selected analog inputs
has been completed, the same operation (conversion from the ANIO pin to the specified analog input pin) is repeated
again. When a series of A/D conversion from the ANIO pin to the specified analog input has been completed, the
A/D conversion end interrupt request (INTAD) is generated.

If the valid edge is input to the INTP4 pin during A/D conversion, the A/D conversion under execution is stopped
once, and then conversion is newly started.

Figure 13-16. A/D Conversion in Scan Mode Started by Hardware

™ =) —
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13.5 External Circuit of A/D Converter

The A/D converter is provided with a sample & hold circuit to stabilize its conversion operation. This sample & hold circuit
outputs sampling noise during sampling immediately after an A/D conversion channel has been changed.

To absorb this sampling noise, an external capacitor must be connected. If the impedance of the signal source is high,
an error may occur in the conversion result due to the sampling noise. Especially when the scan mode is used, the
impedance of the signal source must be kept low because the channel whose signal is to be converted changes one after

another.
One way to absorb the sampling noise is to increase the capacitance of the capacitor. However, if the capacitance is
increased too much, the sampling noise is accumulated. Therefore, the most effective way is to reduce the resistance

Component.
13.6 Cautions

(1) Range of voltages applied to analog input pins
The following must be noted concerning A/D converter analog input pins ANIO to ANI15 (P70 to P77, P80 to P87).

* Avoltage outside the range AVss to AVrer should not be applied to pins subject to A/D conversion during an A/

D conversion operation.
If this restriction is not observed, the uPD784046 may be damaged.
(2) Connecting capacitor to analog input pins
A capacitor should be connected between the analog input pins (ANIO to ANI15) and AVss and between the reference

voltage input pin (AVrer) and AVss to prevent misoperation due to noise.
Be sure to connect the capacitor as close to ANIO through ANI15 and AVrer as possible.
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Figure 13-17. Example of Capacitor Connection on A/D Converter Pins

uPD784046
Analog o
Input ANIO-ANI15
100 to
500 pF T
Reference O AVrer

Voltage Input

7l7. AVss

When the STOP mode or IDLE mode is used, the consumption current should be reduced by clearing (0) the AMO
bit and AM1 bit before entering the STOP or IDLE mode. If the AMO bit and AM1 bit remains set (1), the conversion
operation will be stopped by entering the STOP or IDLE mode, but the power supply to the voltage comparator will

not be stopped, and therefore the A/D converter consumption current will not be reduced.

Once the A/D converter starts operating, conversion operations are performed repeatedly until the AMO bit and AM1
bit of the A/D converter mode (ADM) is cleared (0). Therefore, a superfluous interrupt may be generated if ADM
setting is performed after interrupt-related registers, etc., are set when A/D converter mode conversion, etc., is
performed. The result of this superfluous interrupt is that the conversion result storage address appears to have
been shifted when the scan mode is used. Also, when the select mode is used, the first conversion result appears
to have been an abnormal value, such as the conversion result for the other channel. It is therefore recommended
that A/D converter mode conversion be carried out using the following procedure.

<1> Write to the ADM
<2> Interrupt request flag (ADIF) clearance (0)
<3> Interrupt mask flag setting

Operations <1> to <3> should not be divided by an interrupt or macro service.

Alternatively, the following procedure is recommended.

<1> Stop the A/D conversion operation by clearing (0) the AMO bit and AM1 bit of the ADM.
<2> Interrupt request flag (ADIF) clearance (0).

<3> Interrupt mask flag setting
<4> Write to the ADM
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The uPD784046 incorporates two serial interface channels for which asynchronous serial interface (UART) mode or
3-wire serial 1/0 (IOE) mode can be selected.

The two UART/IOE channels have completely identical functions. In this chapter, therefore, unless stated otherwise,
UART/IOE1 will be described as representative of both UART/IOEs. When used as UART2/IOE2, the UART/IOEL register

names, bit names and pin names should be read as their UART2/IOE2 equivalents as shown in Table 14-1.

Table 14-1. Differences Between UART/IOE1 and UART2/IOE2 Names

Item UART/IOE1 UART2/IOE2
Pin names P32/RxD/SI1, P33/TxD/S0O1, P35/RxD2/SI2, P36/TxD2/S02,
P34/ASCK/SCK1 P37/ASCK2/SCK2
Asynchronous serial interface mode register ASIM ASIM2

Asynchronous serial interface mode register bit names

TXE, RXE, PS1, PSO, CL, SL,
ISRM, SCK

TXE2, RXE2, PS21, PS20, CL2,
SL2, ISRM2, SCK2

Asynchronous serial interface status register ASIS ASIS2
Asynchronous serial interface status register bit names | PE, FE, OVE PE2, FE2, OVE2
Clocked serial interface mode register CsiM1 CSIM2

Clocked serial interface mode register bit names

CTXE1, CRXEL1, DIR1, CSCK1

CTXEZ2, CRXEZ2, DIR2, CSCK2

Baud rate generator control register

BRGC

BRGC2

Baud rate generator control register bit names

TPSO-TPS3, MDLO-MDL3

TPS20-TPS23, MDL20-MDL23

Interrupt request names

INTSR/ITCSI1, INTSER, INTST

INTSR2/INTCSI2, INTSER2,
INTST2

Interrupt control registers and bit names used in this
chapter

SRIC, CSIIC1, SERIC, STIC,
SRIF, CSIIF1, SERIF, STIF

SRIC2, CSIIC2, SERIC2, STIC2,
SRIF2, CSIIF2, SERIF2, STIF2
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14.1 Switching between Asynchronous Serial Interface Mode and 3-wire Serial /O Mode
The asynchronous serial interface mode and 3-wire serial I/O mode cannot be used simultaneously. Switching between
these modes is performed in accordance with the settings of the asynchronous serial interface mode register (ASIM/ASIM2)

and the clocked serial interface mode register (CSIM1/CSIM2) as shown in Figure 14-1.

Figure 14-1. Switching Between Asynchronous Serial Interface Mode and 3-Wire Serial /0 Mode

@ () 5 4 3 2 1 0  Address OnReset R/W
ASIM TXE RXE PS1 PSO CL SL ISRM | SCK | OFF88H O0H R/W
ASIM2 | TXE2 | RXE2 | PS21 | PS20 CL2 SL2 |ISRM2| SCK2 | OFF89H O0H R/W
Asynchronous serial interface mode operation
specification (refer to Figure 14-3)
TXE RXE |CTXEL|CRXE1l )
Operating Mode
TXE2 | RXE2 |[CTXE2|CRXE2
0 0 0 0 Operation-stopped
mode
0 0 0 1
3-wire serial
0 0 1 0 1/0 mode
0 0 1 1
0 1 0 0 Asynchronous
1 0 0 0 serial interface
mode
1 1 0 0
Other than the above Setting prohibited
@ @ 5 4 3 2 1 0 Address OnReset R/W
CSIM1 |CTXE1|CRXE1 0 0 0 DIR1 |CSCK1 0 OFF84H O0H R/W
CSIM2 |CTXE2|CRXE2| 0 0 0 DIR2 |CSCK2| O OFF85H 00H RIW

3-wire serial /0 mode operation specification
(refer to Figure 14-12)
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14.2 Asynchronous Serial Interface Mode

A UART (Universal Asynchronous Receiver Transmitter) mode is incorporated as the asynchronous serial interface. With
this method, one byte of data is transmitted following a start bit, and full-duplex operation is possible.

A baud rate generator is incorporated, enabling communication to be performed at any of a wide range of baud rates.

Also, the baud rate can be defined by scaling the clock input to the ASCK pin.

14.2.1 Configuration in asynchronous serial interface mode

The block diagram of the asynchronous serial interface is described in Figure 14-2.
Refer to 14.4 Baud Rate Generator for details of the baud rate generator.
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Figure 14-2. Block Diagram of Asynchronous Serial Interface
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Receive buffer (RXB/RXB2)

This is the register that holds the receive data. Each time one byte of data is received, the receive data is transferred
from the shift register.

If a 7-bit data length is specified, receive data is transferred to bits 0 to 6 of RXB/RXB2, and the MSB of RXB/RXB2
is always “0”.

RXB/RXB2 can be read only by an 8-bit manipulation instruction. The contents of RXB/RXB2 are undefined after
RESET input.

Transmit shift register (TXS/TXS2)

This is the register in which the data to be transmitted is set. Data written to the TXS/TXS2 is transmitted as serial
data.

If a 7-bit data length is specified, bits 0 to 6 of the data written in the TXS/TXS2 are treated as transmit data. A transmit
operation starts when a write to the TXS/TXS2 is performed. The TXS/TXS2 cannot be written to during a transmit
operation.

TXS/TXS2 can be written to only by an 8-bit manipulation instruction. The contents of TXS/TXS2 are undefined after
RESET input.

Shift register

This is the shift register that converts the serial data input to the RxD, and RxD2 pin to parallel data. When one byte
of data is received, the receive data is transferred to the receive buffer.

The shift register cannot be manipulated directly by the CPU.

Reception control parity check

Receive operations are controlled in accordance with the contents set in the asynchronous serial interface mode
register (ASIM/ASIM2). In addition, parity error and other error checks are performed during receive operations, and
if an error is detected, a value is set in the asynchronous serial interface status register (ASIS/ASIS2) according
to the type of error.

Transmission control parity addition

Transmission operation is controlled by appending a start bit, parity bit, and stop bit to the data written to the transmit
shift registers (TXS and TXS2) in accordance with the contents set to the asynchronous serial interface mode
registers (ASIM and ASIM2).

Selector
Selects the baud rate clock source.
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14.2.2 Asynchronous serial interface control registers

(1) Asynchronous serial interface mode register (ASIM), Asynchronous serial interface mode register 2 (ASIM2)
The ASIM and ASIM2 are 8-bit registers that specify the UART mode operation.
These registers can be read or written to by an 8-bit manipulation instruction or bit manipulation instruction. The
format of ASIM and ASIM is shown in Figure 14-3.
These registers are cleared to 00H by RESET input.
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Figure 14-3. Formats of Asynchronous Serial Interface Mode Register (ASIM) and
Asynchronous Serial Interface Mode Register 2 (ASIM2)

Address: OFF88H, OFF89H On reset: 00H R/W

@ ® 5 4 3 2 1 0
ASIM | TXE | RXE | PS1 | PSO | CL | SL |ISRM | SCK

ASIM2 | TXE2 | RXE2 | PS21 | PS20 | CL2 | SL2 |ISRM2| SCK2

TXE | RXE Transmission/Reception
TXE2 | RXE2
0 0 Disables transmission/reception,

or sets 3-wire serial /0 mode

0 1 Enables reception

1 0 Enables transmission

1 1 Enables transmission/reception
PS1 | PSO Specifies Parity Bit
PS21 | PS20

0 0 No parity

0 1 | Transmission: O parity appended

Reception: Parity error does not occur

1 0 Odd parity

1 1 Even parity
CL Specifies Character Length of Data
CL2

0 |7 bits

1 |8bits

SL Specifies Stop Bit Length (transmission only)

SL2
0 |1bit
1 2 bits

ISRM | Enables or Disables Occurrence of Reception

ISRM2| End Interrupt in Case of Reception Errorhote

0 Enables

1 Disables

SCK | Specifies Input Clock To Baud Rate Generator
SCK2

0 External clock input (ASCK, ASCK2)

1 Internal clock (fck)

Remark fcwk: internal system clock
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Note To disable the reception completion interrupt when a reception error occurs, make sure that wait time
equivalent to two pulses of the clock that serves as the reference of the baud rate clock elapse after the
reception error occurs until the receive buffers (RXB, RXB2) are read. If the wait time is not inserted, the
reception completion interrupt occurs even when it is disabled.

The wait time equivalent to two pulses of the clock that serves as the reference of the baud rate clock can
be calculated by the following expression:

n+2
Wait time =

fek

Remark fcwk: Internal system clock frequency

n : Value of baud rate generator control registers (BRGC, BRGC2) to select tap of 12-bit
prescaler (n = 0 to 11)

Caution An asynchronous serial interface mode register (ASIM/ASIM2) rewrite should not be performed
during a transmit operation. If an ASIM/ASIM2 register rewrite is performed during a transmit
operation, subsequent transmit operations may not be possible (normal operation is restored by
RESET input). Software can determine whether transmission is in progress by using a transmis-

sion completion interrupt (INTST/INTST2) or the interrupt request flag (STIF/STIF2) set by INTST/
INTST2.

Asynchronous serial interface status register (ASIS), Asynchronous serial interface status register 2
(ASIS2)

The ASIS and ASIS2 contain flags that indicate the error contents when a receive error occurs. Flags are set (1)
when areceive error occurs, and cleared (0) when data is read from the receive buffer (RXB/RXB2). If the next data
is received before RXB/RXB2 is read, the overrun error flag (OVE/OVEZ2) is set (1), and the other error flags are
cleared (0) (if there is an error in the next data, the corresponding error flag is set (1)).

These registers can be read only by an 8-bitmanipulation instruction or bit manipulation instruction. The format of
ASIS and ASIS2 is shown in Figure 14-4.

These registers are cleared to 00H by RESET input.
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Figure 14-4. Formats of Asynchronous Serial Interface Status Register (ASIS) and Asynchronous Serial
Interface Status Register 2 (ASIS2)

Address : OFF8AH, OFF8BH On reset : 00H R
6 5 4 3. @ ©® O
ASIS 0 0 0 0 0 PE FE OVE
ASIS2 0 0 0 0 0 PE2 FE2 | OVE2
PE Parity Error Flag
PE2

0 Parity error does not occur

1 Parity error occurs

FE Framing Error Flag
FE2

0 Framing error does not occur

1 Framing error occurs

OVE Overrun Error Flag
OVE2

0 Reception overrun error does not occur

1 Reception overrun error occurs

Cautions 1. The receive buffer (RXB/RXB2) must be read even if there is a receive error. If RXB/RXB2 is
not read, an overrun error will occur when the next data is received, and the receive error state
will continue indefinitely.

2. Todisable the reception completion interrupt when a reception error occurs, make sure that
wait time equivalent to two pulses of the clock that serves as the reference of the baud rate
clock elapse after the reception error occurs until the receive buffers (RXB, RXB2) are read.
If the wait time is not inserted, the reception completion interrupt occurs even when it is
disabled.

The wait time equivalent to two pulses of the clock that serves as the reference of the baud
rate clock can be calculated by the following expression:

2n+2
Wait time =

ferk
Remark fcwk: Internal system clock frequency

n : Value of baud rate generator control registers (BRGC, BRGC2) to select tap of 12-
bit prescaler (n = 0 to 11)
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14.2.3 Data format

Serial data transmission/reception is performed in full-duplex asynchronous mode.

The transmit/receive data format is shown in Figure 14-5. One data frame is made up of a start bit, character bits, parity
bit, and stop bit(s).

Character bit length specification, parity selection and stop bit length specification for one data frame are performed by
means of the asynchronous serial interface mode register (ASIM).

Figure 14-5. Data Format of Asynchronous Serial Interface Transmit/Receive

|- 1 Data Frame -

Start Parity Stop
Bit DO | D1 | D2 | D3 D4 | D5 D6 | D7 Bit Bit(s)
e Start bit......ccoveeneee. 1 bit
e Character bits ........ 7 bits/8 bits
e Parity bit................ Even parity/odd parity/O parity/no parity
e Stop bit(s) .cccceeennnee 1 bit/2 bits

The serial transfer rate is selected in accordance with the asynchronous serial interface mode register and baud rate
generator settings. If a serial data receive error occurs, the nature of the receive error can be determined by reading the
asynchronous serial interface status register (ASIS) status.
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14.2.4 Parity types and operations

The parity bit is used to detect a bit error in the communication data. Normally, the same kind of parity bit is used on
the transmission side and the reception side. With even parity and odd parity, 1 bit (odd number) errors can be detected.
With O parity and no parity, errors cannot be detected.

e Even parity
If the number of bits with a value of “1” in the transmit data is odd, the parity bit is set to “1”, and if the number of “1”
bits is even, the parity bit is set to “0”. Control is thus performed to make the number of “1” bits in the transmit data
plus the parity bit an even number. In reception, the number of “1” bits in the receive data plus the parity bit is counted,
and if this number is odd, a parity error is generated.

e Odd parity
Conversely to the case of even parity, control is performed to make the number of “1“ bits in the transmit data plus
the parity bit an odd number.
In reception, a parity error is generated if the number of “1” bits in the receive data plus the parity bit is even.

e 0 parity
In transmission, the parity bit is set to “0” irrespective of the receive data.
In reception, parity bit detection is not performed. Therefore, no parity error is generated irrespective of whether the
parity bit is “0” or “1”.

¢ No parity
In transmission, a parity bit is not added.
In reception, reception is performed on the assumption that there is no parity bit. Since there is no parity bit, no parity
error is generated.
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14.2.5 Transmission

The uPD784046's asynchronous serial interface is set to the transmission enabled state when the TXE bit of the
asynchronous serial interface mode register (ASIM) is set (1). A transmit operation is started by writing transmit data to
the transmit shift register (TXS) when transmission is enabled. The start bit, parity bitand stop bit(s) are added automatically.

When a transmit operation is started, the data in the TXS is shifted out, and a transmission completion interrupt (INTST)
is generated when the TXS is empty.

If no more data is written to the TXS, the transmit operation is discontinued.

If the TXE bit is cleared (0) during a transmit operation, the transmit operation is discontinued immediately.

Figure 14-6. Interrupt Timing of Asynchronous Serial Interface Transmission Completion
(a) Stop bit length: 1

/ >< >< >69< >< >< STOP |
TxD (Output) \ Do X D1 X D2 D6 D7 X Parity

START

INTST —|

(b) Stop bit length: 2

\ \
TxD (Output) / DO XDl XDZ XBQX D6 X D7 Xparity/ STOP

START

INTST

Cautions 1. After Rmnput the transmit shift register (TXS) is emptied but a transmission completion
interrupt is not generated. A transmit operation can be started by writing transmit data to the TXS.
2. An asynchronous serial interface mode register (ASIM) rewrite should not be performed during
a transmit operation. If an ASIM rewrite is performed during a transmit operation, subsequent
transmit operations may not be possible (normal operation is restored by RESETput). Software
can determine whether transmission is in progress by using a transmission completion interrupt
(INTST) or the interrupt request flag (STIF) set by INTST.
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14.2.6 Reception

When the RXE bit of the asynchronous serial interface mode register (ASIM) is set (1), receive operations are enabled
and sampling of the RxD input pin is performed.

RxD input pin sampling is performed using the serial clock (divide-by-m counter input clock) specified by ASIM and band
rate generator control register (BRGC).

When the RxD pin input is driven low, the divide-by-m counter starts counting and a data sampling start timing signal
is output on the m'th count. If the RxD pin input is low when sampled again by this start timing signal, the input is recognized
as a start bit, the divide-by-m counter is initialized and the count is started, and data sampling is performed. When the
character data, parity bit and stop bit are detected following the start bit, reception of one data frame ends.

When reception of one data frame ends, the receive data in the shift register is transferred to the receive buffer, RXB,
and a reception completion interrupt (INTSR) is generated.

If an error occurs, the receive data in which the error occurred is still transferred to RXB. If bit 1 (ISRM) of the ASIM
was cleared (0) when the error occurred, INTSR is generated.

If the ISRM was set (1), INTSR is not generated.

If the RXE bit is cleared (0) during a receive operation, the receive operation is stopped immediately. In this case the
contents of RXB and ASIS are not changed, and no INTSR or INTSER interrupt is generated.

Figure 14-7. Interrupt Timing of Asynchronous Serial Interface Reception Completion

STOP
RxD (Input) \ / DO >< D1 ><Dz >69< D6 >< D7 ><Parity

START

INTSR |_|

Cautions 1. Thereceive buffer (RXB) must be read even ifthere is areceive error. If RXB is notread, an overrun

error will occur when the next data is received, and the receive error state will continue indefinitely.
2. Todisable the reception completion interrupt when a reception error occurs, make sure that wait

time equivalent to two pulses of the clock that serves as the reference of the baud rate clock elapse

after the reception error occurs until the receive buffers (RXB, RXB2) are read. If the wait time is

not inserted, the reception completion interrupt occurs even when it is disabled.

The wait time equivalent to two pulses of the clock that serves as the reference of the baud rate

clock can be calculated by the following expression:

on+2

Wait time =
ferk

Remark fcwk: Internal system clock frequency

n : Value of baud rate generator control registers (BRGC, BRGC2) to select tap of 12-bit
prescaler (n = 0 to 11)
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14.2.7 Receive errors

Three kinds of errors can occur in a receive operation: parity errors, framing errors and overrun errors. As the result
of data reception, an error flag is raised in the asynchronous serial interface status register (ASIS) and a receive error

interrupt (INTSER) is generated. Receive error causes are shown in Table 14-2.

It is possible to detect the occurrence of any of the above errors during reception by reading the contents of the ASIS
(refer to Figures 14-4 and 14-8).
The contents of the ASIS register are cleared (0) by reading the receive buffer (RXB) or by reception of the next data

(if there is an error in the next data, the corresponding error flag is set).

Table 14-2. Causes of Receive Error

Receive Error

Cause

Parity error

Transmit data parity specification and receive data parity do not match

Framing error

Stop bit not detected

Overrun error

Reception of next data completed before data is read from receive buffer

\ STOP
RxD (Input) / DO ><D1 ><Dz >69< D6 >< D7 ><Parity

INTSRNete

Figure 14-8. Timing of Receive Error

START

INTSER

Note If a receive error occurs while the ISRM bit is set (1), INTSR is not generated.

Remark Inthe uPD784046, a break signal cannot be detected by hardware. As a break signal is a low-level signal
of two characters or more, a break signal may be judged to have been input if software detects the occurrence
of two consecutive framing errors in which the receive data was 00H. The chance occurrence of two
consecutive framing errors can be distinguished from a break signal by having the RxD pin level read by
software (confirmation is possible by setting “1” in bit 2 of the port 3 mode register (PM3) and reading port 3

(P3)) and confirming that it is “0”.
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Cautions 1. The contents of the asynchronous serial interface status register (ASIS) are cleared (0) by reading
the receive buffer (RXB) or by reception of the next data. If you want to find the details of an error,
therefore, ASIS must be read before reading RXB.

2. The RXB mustberead evenifthereis areceive error. If RXB is notread, an overrun error will occur
when the next data is received, and the receive error state will continue indefinitely.

3. Todisable the reception completion interrupt when a reception error occurs, make sure that wait
time equivalent to two pulses of the clock that serves as the reference of the baud rate clock elapse
after the reception error occurs until the receive buffers (RXB, RXB2) are read. If the wait time is
not inserted, the reception completion interrupt occurs even when it is disabled.

The wait time equivalent to two pulses of the clock that serves as the reference of the baud rate
clock can be calculated by the following expression:

on+2

Wait time =
ferk

Remark fcwk: Internal system clock frequency

n : Value of baud rate generator control registers (BRGC, BRGC2) to select tap of 12-bit
prescaler (n = 0 to 11)
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14.2.8 Transmitting/receiving data with macro service

When data is transmitted using a macro service, a vectored interrupt occurs two times. On the other hand, the

interrupt occurs only once when data is received using the macro service.

340

Transmitting/receiving data by using macro service

Transmission is started by writing data to the transmit shift register (TXS). If this is executed by using a macro service,
data is written to TXS and transmitted the specified number of times. The transmission end interrupt (INTST) that
occurs after completion of the transmission performs the macro service processing that writes the next data. When
the last data has been written to TXS, the macro service is completed (MSC = 0), and a vectored interrupt request
is generated (refer to <1> in Figure 14-9 ).

When data transmission is completed after that (when one frame has been transmitted), INTST is generated again,
and the vectored interrupt request is generated again (<2> in Figure 14-9 ).

To start a macro service by INTST in this way, therefore, a vectored interrupt is generated two times by the same
interrupt request (INTST in this case).

When reception is executed, however, a vectored interrupt request is not generated two times. Because macro service
processing that transfers received data to memory is executed by the reception and interrupt (INTSR) that occurs after
reception has been completed, a vectored interrupt request is generated only once after the macro service has been
completed.
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Figure 14-9. Transmission/Reception with Macro Service

(a) Transmission

Main Routine

Macro Service Request o

(INTST) ‘ Macro Service Processing

Last Macro Service Request —»

(INTST) Macro Service Processing

Vectored Interrupt Processing after
End of macro Service ... <1>

Transmission End Interrupt  —»
(INTST)

Vectored Interrupt Processing after
End of UART Transmission ... <2>

M

(b) Reception

Main Routine

mI

Macro Service Request —

(INTSR) ‘ Macro Service Processing

Last Macro Service Request —=

(INTSR) ‘ Macro Service Processing

Vectored Interrupt Processing
after End of Macro Service
Processing

]

Interrupt request is generated

and accepted after end of macro

service (MSC = 0).

Interrupt request is generated and
accepted after end of macro service

(MSC = 0).
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14.3 3-wire Serial 1/0 Mode

The 3-wire serial I/O mode is used to communicate with devices that incorporate a conventional clocked serial interface.

Basically, communication is performed using three lines: the serial clock (SCK), serial data output (SO), and serial data
input (S1). Handshaking lines are required when a number of devices are connected.

Figure 14-10. Example of 3-Wire Serial I/O System Configuration

3-wire serial /O <« 3-wire serial 1/0

Master CPU Slave CPU
SCK SCK
SO S
SI SO
Note
Port (Interrupt) Port
Port Interrupt (Port)

Note Handshaking lines

14.3.1 Configuration in 3-Wire Serial 1/0 Mode
The block diagram in the 3-wire serial I/O mode is shown in Figure 14-11.
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Figure 14-11. Block Diagram of 3-Wire Serial I/O Mode

S Internal Bus
8 8
CSIM1, CSIM2
CTXE1|CRXE1l| DIR1 [CSCK1
RESET O Direction Control Circuit
CTXE2|CRXE2| DIR2 |CSCK2
SI101, SI02
P32/Sl1, . ) SO Latch
P35/S|2 @ I Shift Register Q
P33/S01, (5 *l/l
P36/S0O2 |
N-ch Open-Drain
Output Possible
P34/SCK1, | ) Interrupt Signal
P37/SCK2 O IE Serial Clock Counter Generator
Serial Clock Control Circuit Selector

CSCK1, CSCK2

CSCK1, CSCK2

INTCSI1, INTCSI2

Baud Rate Generator
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@

@

©)

4

®)

(6)

)
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Shift register (SI01/SI102)

The SIO1 and SIO2 converts 8-bit serial data to 8-bit parallel data, and vice versa. SIO1/SIO2 is used for both
transmission and reception.

Actual transmit/receive operations are controlled by writing to/reading from S101/SIO2.

Reading/writing can be performed by 8-bit manipulation instruction.

The contents of SIO1/SIO2 are undefined after RESET input.

SO latch
The SO latch holds the SO1/SO2 pin output level.

Serial clock selector
Selects the serial clock to be used.

Serial clock counter
Counts the serial clocks output or input in a transmit/receive operation, and checks that 8-bit data transmission/
reception has been performed.

Interrupt signal generator
Generates an interrupt request when 8 serial clocks have been counted by the serial clock counter.

Serial clock control circuit
Controls the supply of the serial clock to the shift register, and also controls the clock output to the SCK1/SCK2 pins
when the internal clock is used.

Direction control circuit
Switches between MSB-first and LSB-first modes.
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14.3.2 Clocked serial interface mode registers (CSIM1, CSIM2)

The CSIM1 and CSIM2 are 8-bit registers that specify operations in the 3-wire serial /0 mode.

These registers can be read or written to by an 8-bit manipulation instruction or bit manipulation instruction. The CSIM1
and CSIM2 format is shown in Figure 14-12.

These registers are cleared to 00H by RESET input.

Figure 14-12. Formats of Clocked Serial Interface Mode Register 1 (CSIM1) and Clocked Serial Interface
Mode Register 2 (CSIM2)

Address : OFF84H, OFF85H On reset: 00H R/W
@ ® 5 4 3 2 1 0
CSIM1 |[CTXE1|CRXEl O 0 0 DIR1 |CSCK1
CSIM2 |CTXE2|CRXE2| O 0 0 DIR2 |CSCK2| ©
(n=1,2)
CTXEn |CRXEn Transmission/Reception
0 0 Disables transmission/reception,

or asynchronous serial interface mode

0 1 Enables reception
1 0 Enables transmission
1 1 Enables transmission/reception

DIRn | Specifies Operation Mode (transfer bit sequence)

0 MSB first
1 LSB first
CSCKn Serial Clock Select Bit

Source Clock

SCKn
(when CTXEn,

CRXEn=1)

0 External input clock to SCKn pin

Input

1 |Baud rate generator output

CMOS output

Caution Evenifthe DIRn (n =1, 2) bitis changed after writing to the shift register (SIOn: n =1, 2), data is output
with the setting before change. Therefore, set the DIRn bit before writing to SIOn.
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14.3.3 Basic operation timing

In the 3-wire serial /0 mode, data transmission/reception is performed in 8-bit units. Data is transmitted/received bit
by bit in MSB-first or LSB-first order in synchronization with the serial clock.

MSB/LSB switching is specified by the DIR1 bit of the clock serial interface mode register (CSIM1).

Transmit data is output in synchronization with the fall of SCK1, and receive data is sampled on the rise of SCKI1.

An interrupt request (INTCSI1) is generated on the 8th rise of SCK1.

When the internal clock is used as SCK1, SCK1 output is stopped on the 8th rise of SCK1 and SCK1 remains high until
the next data transmit or receive operation is started.

3-wire serial I/O mode timing is shown in Figure 14-13.

Figure 14-13. Timing of 3-Wire Serial I/O Mode (1/2)

(a) MSB-first

SCKlNote

SI1 (Input) \ DI7 DIGXDISXDMXDIBXDIZXDIIXDIO
SO1 (Output) DO7XDOGXDOSXDO4XDO3XD02XD01XDOO
INTCSI1 |_|

Transfer End
Interrupt Generation

T— Start of transfer synchronized with fall of SCK1  ngte Master CPU: Output
Slave CPU : Input

Execution of instruction that writes to SIO1, etc.
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Figure 14-13. Timing of 3-Wire Serial I/O Mode (2/2)

(b) LSB-first

SCKlNote

SI1 (Input) \ DIO DIlXDIZXDISXDI4XDI5XDI6XDI7
SO1 (Output) DOOXDOlXDOZXDOSXDO4XDOSXDOGXDO7
INTCSI1 |_|

Transfer End
Interrupt Generation

T— Start of transfer synchronized with fall of SCK1 Note Master CPU: Output
Slave CPU : Input

Execution of instruction that writes to SIO1, etc.

Remark If the yPD784046 is connected to a 2-wire serial I/O device, a buffer should be connected to the SO1 pin as
shown in Figure 14-14. In the example shown in Figure 14-14, the output level is inverted by the buffer, and
therefore the inverse of the data to be output should be written to SIO1.

In addition, non-connection of the internal pull-up resistor should be specified for the P33/SO1 pin.

Figure 14-14. Example of Connection to 2-Wire Serial I/O

HPD784046 2-Wire Serial I/0
Device
SCK1 SCK
si1 . SIo
SO1
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14.3.4 Operation when transmission only is enabled

A transmit operation is performed when the CTXE1 bit of clocked serial interface mode register (CSIM1) is set (1). The
transmit operation starts when a write to the shift register (S101) is performed while the CTXEL1 bit is set (1).
When the CTXEL bit is cleared (0), the SO1 pin is in the output high level.

@

&)
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When the internal clock is selected as the serial clock

When transmission starts, the serial clock is output from the SCK1 pin and data is output in sequence from SIO1
to the SO1 pin in synchronization with the fall of the serial clock, and SI1 pin signals are shifted into SIO1 in
synchronization with the rise of the serial clock.

There is a delay of up to one SCK1 clock cycle between the start of transmission and the first fall of SCKL.

If transmission is disabled during the transmit operation (by clearing (0) the CTXEL1 bit), SCK1 clock outputis stopped
and the transmit operation is discontinued on the next rise of SCK1. In this case an interrupt request (INTCSI1) is
not generated, and the SO1 pin becomes output high level.

When an external clock is selected as the serial clock

When transmission starts, data is output in sequence from SIO1 to the SO1 pin in synchronization with the fall of
the serial clock input to the SCK1 pin after the start of transmission, and Sl1 pin signals are shifted into SIO1 in
synchronization with the rise of the SCK1 pininput. Iftransmission has not started, shift operations are not performed
and the SO1 pin output level does not change even if the serial clock is input to the SCK1 pin.

If transmission is disabled during the transmit operation (by clearing (0) the CTXEL1 bit), the transmit operation is
discontinued and subsequent SCK1 input is ignored. In this case an interrupt request (INTCSI1) is not generated,
and the SO1 pin becomes output high level.
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14.3.5 Operation when reception only is enabled
A receive operation is performed when the CRXEL1 bit of the clocked serial interface mode register (CSIM1) is set (1).
The receive operation starts when the CRXE1 changes from “0” to “1”, or when a read from shift register (SIO1) is performed.

(1) When the internal clock is selected as the serial clock

@

When reception starts, the serial clock is output from the SCK1 pin and the SI1 pin data is fetched in sequence into
shift register (SI01) in synchronization with the rise of the serial clock.

There is a delay of up to one SCK1 clock cycle between the start of reception and the first fall of SCK1.

If reception is disabled during the receive operation (by clearing (0) the CRXEL1 bit), SCK1 clock output is stopped
and the receive operation is discontinued on the next rise of SCK1. In this case an interrupt request (INTCSI1) is
not generated, and the contents of the SIO1 are undefined.

When an external clock is selected as the serial clock

When reception starts, the SlI1 pin data is fetched into shift register (SIO1) in synchronization with the rise of the
serial clock input to the SCK1 pin after the start of reception. If reception has not started, shift operations are not
performed even if the serial clock is input to the SCK1 pin.

If reception is disabled during the receive operation (by clearing (0) the CRXE1 bit), the receive operation is
discontinued and subsequent SCK1 input is ignored. In this case an interrupt request (INTCSI1) is not generated.
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14.3.6 Operation when transmission/reception is enabled

When the CTXEL1 bit and CRXEL1 bit of the clocked serial interface mode register (CSIM1) register are both set (1), a
transmit operation and receive operation can be performed simultaneously (transmit/receive operation). The transmit/
receive operation is started when the CRXEL1 bit is changed from “0” to “1”, or by performing a write to shift register (SIO1).

When a transmit/receive operation is started for the first time, the CRXEL1 bit always changes from “0” to “1”, and there
is thus a possibility that the transmit/receive operation will start immediately, and undefined data will be output. The first
transmit data should therefore be written to SIO1 beforehand when both transmission and reception are disabled (when
the CTXE1 bit and CRXEL1 bit are both cleared (0)), before enabling transmission/reception.

When transmission/reception is disabled (CTXE1 = CRXEL1 = 0), the SO1 pin is in the output high level.

(1) When the internal clock is selected as the serial clock
When transmission/reception starts, the serial clock is output from the SCK1 pin, data is output in sequence from
shift register (SIO1) to the (SO1) pin in synchronization with the fall of the serial clock, and SlI1 pin data is shifted
in order into SIO1 in synchronization with the rise of the serial clock.
There is a delay of up to one SCK1 clock cycle between the start of transmission and the first fall of SCK1.
If either transmission or reception is disabled during the transmit/receive operation, only the disabled operation is
discontinued. If transmission only is disabled, the SO1 pin becomes output high level. If reception only is disabled,
the contents of the SIO1 will be undefined.
If transmission and reception are disabled simultaneously, SCK1 clock output is stopped and the transmit and receive
operations are discontinued on the nextrise of SCK1. When transmission and reception are disabled simultaneously,
the contents of SIO1 are undefined, an interrupt request (INTCSI1) is not generated, and the SO1 pin becomes output
high level.

(2) When an external clock is selected as the serial clock
When transmission/reception starts, data is output in sequence from shift register (SI01) to the SO1 pin in

synchronization with the fall of the serial clock input to the SCK1 pin after the start of transmission/reception, and
SI1 pin data is shifted in order into SIO1 in synchronization with the rise of the serial clock. If transmission/reception
has not started, the SIO1 shift operations are not performed and the SO1 pin output level does not change even
if the serial clock is input to the SCK1 pin.

If either transmission or reception is disabled during the transmit/receive operation, only the disabled operation is
discontinued. If transmission only is disabled, the SO1 pin becomes output high level. If reception only is disabled,
the contents of the SIO1 will be undefined.

If transmission and reception are disabled simultaneously, the transmit and receive operations are disconti-nued
and subsequentm inputisignored. When transmission and reception are disabled simultaneously, the contents
of SIO1 are undefined, an interrupt request (INTCSI1) is not generated, and the SO1 pin becomes output high level.

14.3.7 Corrective action in case of slippage of serial clock and shift operations

When an external clock is selected as the serial clock, there may be slippage between the number of serial clocks and
shift operations due to noise, etc. Inthis case, since the serial clock counter is initialized by disabling both transmit operations
and receive operations (by clearing (0) the CTXE1 bit and CRXEL1 bit), synchronization of the shift operations and the serial
clock can be restored by using the first serial clock input after reception or transmission is next enabled as the first clock.

350



CHAPTER 14 ASYNCHRONOUS SERIAL INTERFACE/3-WIRE SERIAL 1/0

14.4 Baud Rate Generator

The baud rate generator is the circuit that generates the UART/IOE serial clock. Two independent circuits are
incorporated, one for each serial interface.

14.4.1 Baud rate generator configuration
The baud rate generator block diagram is shown in Figure 14-15.
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UART Reception

Shift Clock

CSCK1,
CSCK2

Figure 14-15. Block Diagram of Baund Rate Generator

ik

5-Bit Counter

<1: Start Bit Detection
RESET

|

1/2

Internal Bus

1/8

1/8 8

CSIM1, CSIM2 ASIM, ASIM2 BRGC, BRGC2

Clocked Serial
Interface Mode

Asynchronous Serial

Interface Mode Control Register

Baud Rate Generator

— RESET

Registers Registers
Clear Mat h{} Start Bit Detection i ¢
atcl ;
Sampling Clock
1/2 ping CSCK1, SCK,
CSCK2 SCK2
Selector Match X
frrs /L Frequency -— fecik
Selector P ~—Selector
5-Bit Counter Divider

p e

BRGC Write
RESET

@ P34/ASCK/SCK1,

P37/ASCK2/SCK2
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(1) 5-bit counter
Counter that counts the clock (frrs) by which the output from the frequency divider is selected. Generates a signal
with the frequency selected by the low-order 4 bits of the baud rate generator control registers (BRGC/BRGC2).

(2) Frequency divider
Scales the internal clock (fck) or, in asynchronous serial interface mode, a clock that is twice the external baud rate
input (ASCK/ASCK?2), and selects frrs with the next-stage selector.

(3) Both-edge detection circuit
Detects both edges of the ASCK/ASCK2 pin input signal and generates a signal with a frequency twice that of the
ASCK/ASCK2 input clock.

14.4.2 Baud Rate Generator Control Register

The BRGC and BRGC2 are 8-bit registers that set the baud rate clock in asynchronous serial interface mode or the shift
clock in 3-wire serial /0 mode.

These registers can be read or written to with an 8-bit manipulation instruction. The BRGC and BRGC2 format is shown
in Figure 14-16.

RESET input clears the BRGC register to 00H.

Caution When a baud rate generator control register (BRGC, BRGC?2) write instruction is executed, the 5-bit
counter and 1/2 frequency divider operations are reset. Consequently, if a write to the BRGC and
BRGC2 is performed during communication, the generated baud rate clock may be disrupted,
preventing normal communication from continuing. The BRGC and BRGC2 should therefore not be
written to during communication.
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Figure 14-16. Formats of Baud Rate Generator Control Register (BRGC) and
Baud Rate Generator Control Register 2 (BRGC?2)

Address: OFF90H, OFF91H On reset: O0OH R/W

7 6 5 4 3 2 1 0
BRGC | TPS3 | TPS2 | TPS1 | TPSO | MDL3 | MDL2 | MDL1 | MDLO

BRGC2|TPS23 |TPS22 |TPS21|TPS20 MDL23|MDL22|MDL21 |MDL20

TPS3 |TPS2 |TPS1 |TPSO | n |Selects Prescaler
TPS23|TPS22|TPS21|TPS20 Output (fers)

0 0 0 0 0 |fcik/2, fasck/2 Note
1 |fewk/4, fasck/4
2 |fcwk/8, fasck/8
3 |fck/16, fasck/16
4 |fcx/32, fasck/32
5
6
7
8
9

fok/64, fasck/64
fek/128, fasck/128
fck/256, fasck/256
fck/512, fasck/512
fcik/1024, fasck/1024
10 | fck/2048, fasck/2048
1 11 |fek/4096, fasck/4096
Others Setting prohibited

Pk PO OO OjlO|lO|O

o|lo|o|o|lrRr|kR|R,R|r|O|O|O
R |lRr|lO|lO|Rr|R|O|O|R|FR|O
R lolr|O|lR|O|R|O|R|O|R

MDL3 |[MDL2 |[MDL1 |MDLO | k |Input Clock of Baud
MDL23|MDL22|MDL21|MDL20| Rate Generator Not¢ 2

0 0 0 0 0 |frrs/16
1 |fers/17
2 |frrs/18
3 |frrs/19
4 |frrs/20
5
6
7
8
9

fers/21
frrs/22
frrs/23
fers/24
frrs/25
10 | fers/26
11 |fers/27
12 | fers/28
13| frrs/29
14 | fers/30

15 | fprs Note 3

PrlrRr|P|lP|P|RP|Pr| P lOlO|lO|O|O|O|O
Rlkr|kPr|lkP|lO|lO|O|O|FR|R|R|Rr|O|O|O
Rl | O|lO|lRr|RPr|O|O|R|RPR|lO|O|F|F O
Rr|lo|lr|lO|lR|O|FRr|O|R|O|lR|O|rR|O|F

Notes 1. This cannot be selected when k = 15 is selected by MDL3 through MDLO (MDL23 through MDL20).
2. Only frrs/16 can be selected when ASCK (ASCK?2) input is used.
3. This can be used only in the 3-wire serial /0 mode.

Remark fasck : ASCK (ASCK2) input clock
fcik  :internal system clock
frrs : Selected clock of prescaler output
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14.4.3 Baud Rate Generator Operation

The baud rate generator only operates when UART/IOE transmit/receive operations are enabled. The generated baud

rate clock is a signal scaled from the internal clock (fcik) or a signal scaled from the clock input from the external baud rate
input (ASCK) pin.

Caution If a write to the baud rate generator control register (BRGC) is performed during communication, the

generated baud rate clock may be disrupted, preventing normal communication from continuing. The
BRGC should therefore not be written to during communication.

(1) Baud rate clock generation in UART mode

@

(b)

Using internal clock (f cix)

This function is selected by setting (1) bit 0 (SCK) of the asynchronous serial interface mode register (ASIM).
The internal clock (fcik) is scaled by the frequency divider, this signal (frrs) is scaled by the 5-bit counter, and
the signal further divided by 2 is used as the baud rate. The baud rate is given by the following expression:

fok

Baud rate) = ——m——
( ) (k+16)e2n+2

fck @ Internal system clock frequency
k : Value set in bit MDL3 to bit MDLO of BRGC (k = 0 to 14)
n : Value setin bit TPS3 to bit TPSO of BRGC (n =0 to 11)

Using external baud rate input

This function is selected by clearing (0) bit 0 (SCK) of the asynchronous serial interface mode register (ASIM).
When this function is used, bit MDL3 to bit MDLO of the baud rate generator control register (BRGC) must all
be cleared (0) (k= 0).

Set P34 pin (when used with UART2, set P37 pin) in the control mode by using the port 3 mode control register
(PMC3).

The ASCK pin input clock is scaled by the frequency divider, and the signal obtained by dividing this signal by
32 (fers) (division by 16 and division by 2) is used as the baud rate. The baud rate is given by the following
expression:

fasck

(Baud rate) = EL

fasck: ASCK pin input clock frequency
n : Value setin bit TPS3 to bit TPSO of BRGC (n = 0 to 11)

When this function is used, a number of baud rates can be generated by one external input clock.
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(3) Serial clock generation in 3-wire serial /O mode
Selected when the CSCK1 bit of the clocked serial interface mode register 1 (CSIM1) is set (1) and SCK1 is output.

356

@

(b)

Normal mode
The internal clock (fcik) is scaled by the frequency divider, this signal (frrs) is scaled by the 5-bit counter, and
the signal further divided by 2 is used as the serial clock. The serial clock is given by the following expression:

fcik

(Serial clock) = W

fck @ Internal system clock frequency
k : Value set in bit MDL3 to bit MDLO of BRGC (k = 0 to 14)
n : Value set in bit TPS3 to bit TPSO of BRGC (n = 0 to 11)

High-speed mode

When this function is used, bit MDL3 to bit MDLO of the baud rate generator control register (BRGC) are all set
(1) (k= 15).

The internal clock (fcwk) is scaled by the frequency divider, and this signal (fers) divided by 2 is used as the serial
clock. The serial clock is given by the following expression:

fcik

(Serial clock) = onvz

fck @ Internal system clock frequency
n : Value set in bit TPS3 to bit TPSO of BRGC (n =1 to 11)
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14.4.4 Baud Rate Setting in Asynchronous Serial Interface Mode

There are two methods of setting the baud rate, as shown in Table 14-3.

This table shows the range of baud rates that can be generated, the baud rate calculation expression and selection
method for each case.

Table 14-3. Methods of Baud Rate Setting

) Baud Rate Calculation
Baud Rate Clock Source Selection Method ) Baud Rate Range
Expression
Baud rate generator | Internal system clock | SCK in ASIM =1 feik feik feik
(k +16) e 2" *2 245760 64
ASCK input SCK in ASIM = 0 fasck fasck fasck Note
2n+6 131072 64

fcik : Internal system clock frequency
k : Value set in bit MDL3 to bit MDLO of BRGC (k = 0 to 14, refer to Figure 14-16)
n : Value set in bit TPS3 to bit TPSO of BRGC (n = 0 to 11, refer to Figure 14-16)

feik

fasck : ASCK input clock frequency (0 — > )
. . feik

Note Including fasck input range: (0 — 128)
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(1) Examples of settings when baud rate generator is used
Examples of baud rate generator control register (BRGC) settings when the baud rate generator is used are shown
below.
When the baud rate generator is used, the SCK bit of the asynchronous serial interface mode register (ASIM) should
be set (1).

Table 14-4. Examples of BRGC Settings When Baud Rate Generator Is Used

Internal System Clock
(fewx) 16.0 MHz 12.5 MHz 10.0 MHz 8.0 MHz
Baud Rate BRGC |Baud Rate Error | BRGC |Baud Rate Error| BRGC |Baud Rate Error | BRGC |Baud Rate Error
[bps] Value (%) Value (%) Value (%) Value (%)
75 BAH 0.16 B4H 1.73 BOH 1.73 AAH 0.16
110 B2H 1.36 ACH 0.92 A6H 0.88 A2H 1.36
150 AAH 0.16 A4H 1.73 AOH 1.73 9AH 0.16
300 9AH 0.16 94H 1.73 90H 1.73 8AH 0.16
600 8AH 0.16 84H 1.73 80H 1.73 7AH 0.16
1200 7AH 0.16 74H 1.73 70H 1.73 6AH 0.16
2400 6AH 0.16 64H 1.73 60H 1.73 5AH 0.16
4800 5AH 0.16 54H 1.73 50H 1.73 4AH 0.16
9600 4AH 0.16 44H 1.73 40H 1.73 3AH 0.16
19200 3AH 0.16 34H 1.73 30H 1.73 2AH 0.16
31520 30H 0.00 29H 0.00 24H 0.00 20H 0.00
38400 2AH 0.16 24H 1.73 20H 1.73 1AH 0.16
76800 1AH 0.16 14H 1.73 10H 1.73 OAH 0.16
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(2) Examples of settings when external baud rate input (ASCK) is used

Table 14-5 shows an example of setting when external baud rate input (ASCK) is used. When using the ASCK input,
clear (0) the SCK bit of the asynchronous serial interface mode register (ASIM), and set P34 pin (when used with

UART2, set P37 pin) in the control mode by using port 3 mode control register (PMC3).

Table 14-5. Examples of Settings When External Baud Rate Input (ASCK) Is Used

fasck

(ASCK Input Frequency) 153.6 kHz 4.9152 MHz
Baud Rate [bps] BRGC Value BRGC Value

[ 50H AOH

150 40H 90H

300 30H 80H

600 20H 70H

1200 10H 60H

2400 00H 50H

4800 _ 40H

9600 _ 30H

19200 _ 20H

38400 _ 10H

76800 _ 00H
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14.5 Cautions

@

@
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4

®)

(6)
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An asynchronous serial interface mode register (ASIM) rewrite should not be performed during a transmit operation.
If an ASIM rewrite is performed during a transmit operation, subsequent transmit operations may not be possible
(normal operation is restored byﬁ input). Software can determine whether transmission is in progress by using
a transmission completion interrupt (INTST) or the interrupt request flag (STIF) set by INTST.

After RESET input the transmit shift register (TXS) is emptied but a transmission completion interrupt is not
generated. A transmit operation can be started by writing transmit data to the TXS.

The receive buffer (RXB) must be read even if there is a receive error. If RXB is not read, an overrun error will occur
when the next data is received, and the receive error state will continue indefinitely.

To disable the reception completion interrupt when a reception error occurs, make sure that wait time equivalent
to two pulses of the clock that serves as the reference of the baud rate clock elapse after the reception error occurs
until the receive buffers (RXB, RXB2) are read. If the wait time is not inserted, the reception completion interrupt
occurs even when it is disabled.

The wait time equivalent to two pulses of the clock that serves as the reference of the baud rate clock can be
calculated by the following expression:

n+2

Wait time =
ferk

Remark fcwk: Internal system clock frequency
n : Value of baud rate generator control registers (BRGC, BRGC?2) to select tap of 12-bit prescaler (n
=0to 11)

The contents of the asynchronous serial interface status register (ASIS) are cleared (0) by reading the receive buffer
(RXB) or by reception of the next data. If you wantto find the details of an error, therefore, ASIS must be read before
reading RXB.

In the 3-wire serial /0 mode, even if the DIRn (n = 1, 2) bit of the clocked serial interface mode register (CSIMn:
n =1, 2) is changed after writing to the shift register (SIOn: n =1, 2), data is output with the setting before change.
Therefore, set the DIRnN bit before writing to SIOn.

The baud rate generator control register (BRGC) should not be written to during communication. If a write instruction
is executed, the 5-bit counter and 1/2 frequency divider operations will be reset, and the generated baud rate clock
may be disrupted, preventing normal communication from continuing.
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P20 to P27 have an edge detection function that allows a rising edge/falling edge to be set programmably, and the

detected edge is sentto internal hardware. The relation between pins P20 to P27 and the use of the detected edge is shown

in Table 15-1.
Table 15-1. Pins P20 to P27 and Use of Detected Edge
Pin Use Detected Edge Specification Register
P20 | NMI, standby circuit control INTMO
P21 | INTPO, CCOO0 capture signal of timer 0
P22 | INTP1, CCO1 capture signal of timer 0
P23 | INTP2, CC02 capture signal of timer 0
P24 | INTP3, CC03 capture signal of timer 0 INTM1
P25 | INTP4, conversion start signal of A/D converter
P26 | INTP5, TI2 (count clock signal of timer/counter 2)
P27 | INTP6, TI3 (count clock signal of timer/counter 3)

The edge detection function operates at all times except in STOP mode and IDLE mode (although the edge detection

function for pin P20 also operates in STOP mode and IDLE mode).
For pins P21 to P27, the noise elimination time when edge detection is performed can be selected by software.

15.1 Edge Detection Function Control Registers

15.1.1 External interrupt mode registers (INTMO, INTM1)

The INTMn (n = 0, 1) specify the valid edge to be detected on pins P20 to P27. The INTMO specifies the valid edge
for pins P20 to P23, and the INTML1 specifies the valid edge for pins P24 to P27.
The INTMn can be read or written to with an 8-bit manipulation instruction or bit manipulation instruction. The format

of INTMO and INTM1 are shown in Figures 15-1 and 15-2 respectively.

RESET input clears these registers to O0H.
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Figure 15-1. Format of External Interrupt Mode Register 0 (INTMO)

Address: OFF3CH On reset: 00H R/W

7 6 5 4 3 2 1 0
INTMO | ES21 | ES20 | ES11 | ES10 | ESO1 | ES00 0 ESNMI

ES21 | ES20 | Specifies Edge To Be Detected of P23

(INTP2, CC02 capture trigger) pin input

0 0 Falling edge

0 1 Rising edge

1 0 Setting prohibited

1 1 Both falling and rising edges

ES11 | ES10 | Specifies Edge To Be Detected of P22

(INTP1, CCO1 capture trigger) Pin Input

0 0 Falling edge

0 1 Rising edge

1 0 Setting prohibited

1 1 Both falling and rising edges

ES01 | ESOO0 | Specifies Edge To Be Detected of P21
(INTPO, CCO0O0 capture trigger) Pin Input

0 0 Falling edge

0 1 Rising edge

1 0 Setting prohibited

1 1 Both falling and rising edges

ESNMI| Specifies Edge To Be Detected of P20 (NMI) Pin Input

0 Falling edge

1 Rising edge
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Figure 15-2. Format of External Interrupt Mode Register 1 (INTM1)

Address : OFF3DH On reset : 00H R/W
7 6 5 4 3 2 1 0

INTM1 | ES61 | ES60 | ES51 | ES50 | ES41 | ES40 | ES31 | ES30

ES61 | ES60 | Specifies Edge To Be Detected of P27
(INTPS6, TI3) Pin Input

0 0 Falling edge

0 1 Rising edge

1 0 Setting prohibited

1 1 Both rising and falling edges

ES51 | ES50 | Specifies Edge To Be Detected of P26

(INTP5, TI2) Pin Input

0 0 Falling edge

0 1 Rising edge

1 0 Setting prohibited

1 1 Both rising and falling edges

ES41 | ES40 | Specifies Edge To Be Detected of P25 (INTP4,

A/D conversion start trigger) Pin Input

0 0 Falling edge

0 1 Rising edge

1 0 Setting prohibited

1 1 Both rising and falling edges

ES31 | ES30 | Specifies Edge To Be Detected of P24
(INTP3, CCO03 capture trigger) Pin Input

0 0 Falling edge

0 1 Rising edge

1 0 Setting prohibited

1 1 Both rising and falling edges

Caution Ifthe valid edge is changed by writing to the external interrupt mode register (INTMn: n =0, 1), the valid
edge is not detected. If the edge is input while the valid edge is changed, whether the input edge is
judged as the valid edge or not is undefined.
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15.1.2 Interrupt valid edge flag registers (IEF1, IEF2)

IEF1 and IEF2 are flag registers that indicate which of the rising or falling edge is generated when an edge is detected
by the INPTO through INTP6 pin. By checking these flag registers, which of the rising or falling edge is generated can be
determined if both the rising and falling edges are specified as the valid edge of an interrupt.

These registers can be read or written by using an 8-bit manipulation instruction or a bit manipulation instruction. Figures
15-3 and 15-4 show the formats of IEF1 and IEF2.

The values of these registers are undefined when RESET is input.

Figure 15-3. Format of Interrupt Valid Edge Flag Register 1 (IEF1)

Address : OFF3EH On reset : undefined R/W

@ ® &6 »® & @ © o
IEF1 [IEFH3|IEFL3 | IEFH2 | IEFL2 | IEFH1 | IEFL1 | IEFHO | IEFLO

IEFHNn | Rising Edge Flag of INTPn Pin (n =0 to 3)

0 Rising edge is not generated

1 Rising edge is generated

IEFLn | Falling Edge Flag of INTPn Pin (n = 0 to 3)

0 Falling edge is not generated

1 Falling edge is generated
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Figure 15-4. Format of Interrupt Valid Edge Flag Register 2 (IEF2)

Address : OFF3FH On reset : undefined R/W
7 6 ® ® 6 @ © O
IEF2 0 0 IEFH6 | IEFL6 | IEFHS5 | IEFL5 | IEFH4 | IEFL4

IEFHN| Rising Edge Flag of INTPn Pin (n = 4 to 6)

0 Rising edge is not generated

1 Rising edge is generated

IEFLn | Falling Edge Flag of INTPn Pin (n = 4 to 6)

0 Falling edge is not generated

1 Falling edge is generated

Cautions 1. After checking the flag, clear the flag to “0” by software.

2. The interrupt valid edge flag register (IEFn: n = 1, 2) indicates that an edge has been generated,
and has nothing to do with specification of a valid edge. For example, if the valid edge of the INTPO
pin is specified to be the rising edge, and if the falling edge is generated, the interrupt request
signal is not generated, but the IEFLO flag is set to “1".

3. If the INTPn (n = 0 to 6) pin is “1” after the reset signal has been deasserted, the rising edge is
recognized, and the IEFHn (n = 0 to 6) flag is set to “1”. Even when the IEFHn flag is used as a
digital port (P21 to P27), it may be setto 1. Be sure to clear (0) the IEFHnN flag before checking the
edge of an external interrupt.
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15.1.3 Noise protection control register (NPC)

NPC is a register that specifies a sampling clock used to reject the digital noise on the P21/INTPO through P27/INTP6/
TI3 pins.

This register is read or written by using an 8-bit manipulation instruction or a bit manipulation instruction.

Figure 15-5 shows the format of NPC.

The value of this register is cleared to OOH when RESET is input.

Figure 15-5. Format of Noise Protection Control Register (NPC)

Address : OFF3BH On reset : undefined R/W
7 6 5 4 3 2 1 0
NPC 0 NI6 NIS NI4 NI3 NI2 NI1 NIO

(fek = 16 MHz)
NIn |Specifies Sampling Clock to Reject Noise on INTPn Pin

(n=0to 6)| Pulse Width Minimum Pulse Width

Rejected as Noise | Recognized as Signal

0 fork 3/fck (0.19 ps) 4ffcik (0.25 us)

1 |foxl/4 |12/fck (0.75us) | 16/fck (1.0 us)

Remark fcwk: internal system clock
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15.2 Edge Detection for Pin P20

On pin P20 noise elimination is performed by means of analog delay before edge detection. Therefore, an edge cannot

be detected unless the pulse width is a given time (10 us) or longer.

Figure 15-6. Edge Detection for Pin P20

_10us (MIN.)
P20 Input |_| J
us [
- . (MAX.)
P20 Input Signal after 10 ps
Noise Elimination (MAX.)

Rising Edge —|

Falling Edge

_|

Short Pulse
Eliminated as Noise  Rising Edge Detected Since
Pulse Is Sufficiently Wide

Caution Since analog delay noise elimination is performed on pin P20, an edge is detected up to 10
it is actually input. Also, unlike pins P21 to P27, the delay before an edge is detected is not a specific
value, because of differences in the characteristics of various devices.

T W L Short Pulse

Eliminated as Noise Fa|ling Edge Detected Since
Pulse is Sufficiently Wide

us after
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15.3 Pin Edge Detection for Pins P21 to P27

Edge detection for pins P21 to P27 is performed after digital noise elimination by means of clock sampling. The sampling
clock is fixed to fcLk.

In digital noise elimination, input is sampled using the fcik clock, and if the input level is not the same at least four times
in succession (if it is the same only three or fewer times in succession), it is eliminated as noise. Therefore, the level must
be maintained for at least 4 fcik clock cycles (0.25 us: fcik = 16 MHz, feik = 1/2 fxx, fxx = 32 MHz) in order to be recognized
as a valid edge.

Figure 15-7. Edge Detection for Pins P21 to P27

Pins P21 to P27 | | | | | |

P21 to P27 Input Signal |
after Noise Elimination

Rising Edge n

Falling Edge I

A

Digital Noise Elimination
with fek Clock

Cautions 1. Since digital noise elimination is performed with the f cik clock, there is a delay of 4 f cik clocks
between input of an edge to the pin and the point at which the edge is actually detected.
2. If the input pulse width is 4 f cik clocks, it is uncertain whether a valid edge will be detected.
Therefore, to ensure reliable operation, the level should be held for at least 4 clocks.
3. Ifnoiseinputto apinis synchronized with the f cik clockinthe puPD784046, it may not be recognized
as noise. If there is a possibility of such noise being input, noise should be eliminated by adding
a filter to the input pins.
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15.4 Cautions
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Valid edge detection cannot be performed when the valid edge is changed by a write to the external interrupt mode
register (INTMn: n =0, 1). Also, if an edge is input during a change of the valid edge, that edge may or may not
be judged to be a valid edge.

After checking the flag by using the interrupt valid edge flag register (IEFn: n=1, 2), clear the flag to “0” by software.

The interrupt valid edge flag register (IEFn: n = 1, 2) indicates that an edge has been generated, and has nothing
to do with specification of a valid edge. For example, if the valid edge of the INTPO pin is specified to be the rising
edge, and if the falling edge is generated, the interrupt request signal is not generated, but the IEFLO flag is set to
wqn

If the INTPn (n =0 to 6) pin is “1” after the reset signal has been deasserted, the rising edge is recognized, and the
IEFHN (n =0 to 6) flag of the interrupt valid edge flag register (IEFn: n =1, 2) is set to “1”. Even when the IEFHn
flag is used as a digital port (P21 to P27), it may be set (1). Be sure to clear (0) the IEFHn flag before checking
the edge of an external interrupt.

Since analog delay noise elimination is performed on pin P20 an edge is detected up to 10 ms after it is actually
input. Also, unlike pins P21to P27, the delay before an edge is detected is not a specific value, because of differences
in the characteristics of various devices.

Since digital noise elimination is performed on pins P21 to P27 with the fcik clock, there is a delay of 4 fcik clocks
between input of an edge to the pin and the point at which the edge is actually detected.

If the input pulse width on pins P21 to P27 is 4 fcik clocks, it is uncertain whether a valid edge will be detected or
not. Therefore, to ensure reliable operation, the period of at least 4 clocks and the level must be fixed.

If noise input to pins P21 to P27 is synchronized with the fcik clock in the yPD784046, it may not be recognized as

noise. If there is a possibility of such noise being input, noise should be eliminated by adding a filter to the input
pins.
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CHAPTER 16

INTERRUPT FUNCTIONS

The uPD784046 is provided with three interrupt request processing modes (refer to Table 16-1). These three service
modes can be set as required in the program. However interrupt processing 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.

Multi-processing control using 4 priority levels can easily be performed for maskable vectored interrupts.

Table 16-1. Processing Modes of Interrupt Request

Interrupt Request
Processing Mode

Processing Performed

PC & PSW Contents

Processing

mode 0)

Vectored interrupts Software Saving to & restoration Executed by branching to service program at
from stack addressNot specified by vector table

Context switching Saving to & restoration Executed by automatic switching to register
from fixed area in bank specified by vector table and branching
register bank to service program at addressNo® specified by

fixed area in register bank
Macro service Hardware Retained (however, PSW Execution of pre-set processing such as data
(firmware) is OXO0H in CPU monitor transfers between memory and 1/0

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 uPD784046 has the 29 interrupt request sources shown in Table 16-2, with a vector table allocated to each.

Table 16-2. Sources of Interrupt Request (1/2)

Macro
Interrupt )
Type of ) Service Vector
Default Interrupt Request Generating | Control Context Macro
Interrupt o ] ) ) o ) Control Table
Priority Generating Source Unit Register | Switching Service
Request Word Address
Name
Address
Software None BRK instruction execution — — Not Not — 3EH
possible possible
BRKCS instruction execution — — Possible Not — —
possible
Operand None Invalid operand in MOV STBC, — — Not Not — 3CH
error #byte instruction or MOV WDM, possible possible
#byte instruction, and LOCATION
instruction
Non- None NMI (pin input edge detection) Edge — Not Not — 2H
maskable detection possible possible
INTWDT (watchdog timer Watchdog — Not Not — 4H
overflow) timer possible possible
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INTERRUPT FUNCTIONS

Table 16-2. Sources of Interrupt Request (2/2)

Macro
Type of . Interrupt Service Vector
Interrupt De_faylt Interrup_t Request Generétmg CothroI Cc_)nte_xt Mac_ro Control Table
Request Priority Generating Source Unit Register | Switching| Service Word Address
Name Address
Maskable | 0 (highest) | INTOVO (overflow of timer 0) Timer 0 QOVICO Possible | Possible | OFEO6H 6H
1 INTOV1 (overflow of timer 1) Timer 1 oVIC1 OFEO8H 8H
2 INTOV4 (overflow of timer 4) Timer 4 oVIC4 OFEOAH 0AH
3 INTPO (pin input edge detection) Edge detection | PICO OFEOCH OCH
INTCCO00 (TMO-CCO00 match signal generation) Timer O
4 INTP1 (pin input edge detection) Edge detection |[P1C1 OFEOEH OEH
INTCCO1 (TMO-CCO1 match signal generation) Timer O
5 INTP2 (pin input edge detection) Edge detection | PIC2 OFE10H 10H
INTCCO002 (TMO-CCO02 match signal generation) Timer O
6 INTP3 (pin input edge detection) Edge detection |PIC3 OFE12H 12H
INTCCO03 (TMO-CCO03 match signal generation) Timer O
7 INTP4 (pin input edge detection) Edge detection |PIC4 OFE14H 14H
8 INTP5 (pin input edge detection) Edge detection |PIC5 OFE16H 16H
9 INTP6 (pin input edge detection) Edge detection |PIC6 OFE18H 18H
10 INTCM10 (TM1-CM10 match signal generation) Timer 1 CMIC10 OFE1AH 1AH
11 INTCM11 (TM1-CM11 match signal generation) Timer 1 CMIC11 OFE1CH 1CH
12 INTCM20 (TM2-CM20 match signal generation) Timer/counter 2 | CMIC20 OFE1EH 1EH
13 INTCM21 (TM2-CM21 match signal generation) Timer/counter 2 | CMIC21 OFE20H 20H
14 INTCM30 (TM3-CM30 match signal generation) Timer/counter 3 | CMIC30 OFE22H 22H
15 INTCM31 (TM3-CM31 match signal generation) Timer/counter 3 | CMIC31 OFE24H 24H
16 INTCM40 (TM4-CM40 match signal generation) Timer 4 CMIC40 OFE26H 26H
17 INTCM41 (TM4-CM41 match signal generation) Timer 4 CMIC41 OFE28H 28H
18 INTSER (UARTO reception error) Asynchronous SERIC OFE2AH 2AH
19 INTSR (UARTO reception end) serial interface 0 | SRIC OFE2CH 2CH
INTCSI1 (3-wire serial /01 transfer end) 3-wire serial /01| CSIIC1
20 INTST (UARTO transmission end) Asynchronous STIC OFE2EH 2EH
serial interface 0
21 INTSER2 (UART?2 reception error) Asynchronous SERIC2 OFE30H 30H
22 INTSR2 (UART2 reception end) serial interface 2 | SRIC2 OFE32H 32H
INTCSI2 (3-wire serial 1/02 transfer end) 3-wire serial /02| CSIIC2
23 INTST2 (UART2 transmission end) Asynchronous STIC2 OFE34H 34H
serial interface 2
24 (lowest) | INTAD (A/D conversion end) A/D converter ADIC OFE36H 36H
Remarks 1. The defaultpriority is a fixed number. This indicates the order of priority when interrupt requests specified

as having the same priority are generated simultaneously,

The INTSR and INTCSI1 interrupts are generated by the same hardware (they cannot both be used
simultaneously). Therefore, although the same hardware is used for the interrupts, two names are
provided, for use in each of the two modes. The same applies to INTSR2 and INTCSI2.
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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 NMI pin input or the watchdog timer.

Non-maskable interrupts are acknowledged unconditionallyNot | even inthe interrupt disabled state. They are not subject
to interrupt priority control, and are of higher priority that 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 interruption, maskable interrupts can be acknowledged by context switching and macro
service.

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, multi-processing 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.
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16.2 Interrupt Processing Modes
There are three uPD784046 interrupt processing modes, as follows:

¢ Vectored interrupt processing
e Macro service
e Context switching

16.2.1 Vectored interrupt processing

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 processing
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 or restore
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” refersto 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 Processing Control Registers

uPD784046 interrupt processing is controlled for each interrupt request by various control registers that perform interrupt
processing specification. The interrupt control registers are listed in Table 16-3.

Table 16-3. Control Registers

Register Name Symbol Function
Interrupt control registers OVICO, OVIC1, OVIC4, Registers to record generation of interrupt request, control
PICO, PIC1, PIC2, PIC3, masking, specify vectored interrupt processing or macro

PIC4, PIC5, PIC6, CMIC10, service processing, enable or disable context switching
CMIC11, CMIC20, CMIC21, function, and specify priority.

CMIC30, CMIC31, CMICA40,
CMIC41, SERIC, SRIC,
CSIIC1, STIC, SERIC2,
SRIC2, CSIIC2, STIC2,

ADIC
Interrupt mask registers MKO (MKOL, MKOH) Control masking of maskable interrupt request. Associated
MK1 (MK1L, MK1H) with mask control flag in interrupt control register. Can be
accessed in word or 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).
Watchdog timer mode register WDM Specifies priorities of interrupt by NMI pin input and overflow
of watchdog timer.
Program status word PSW Enables or disables accepting maskable interrupt.

Aninterrupt 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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Table 16-4. Interrupt Control Register Flags Corresponding to Interrupt Sources (1/2)

Default Interrupt Interrupt Control Registers
Priority Re.quest Interrupt Interrupt Macro Service |Context Switching Priori-ty Speci-
Signal Request Flag Mask Flag Enable Flag Enable Flag fication Flag
0 (highest) INTOVO oviICo OVIFO OVMKO OVISMO OVCSEO OVPRO00
OVPRO1
1 INTOV1 oviC1 OVIF1 OVMK1 OVISM1 OVCSE1 OVPR10
OVPR11
2 INTOV4 oVvIC4 OVIF4 OVMK4 OVISM4 OVCSE4 OVPR40
OVPR41
3 INTPO PICO PIFO PMKO PISMO PCSEO PPROO
INTCCO00 PPRO1
4 INTP1 PIC1 PIF1 PMK1 PISM1 PCSE1 PPR10
INTCCO1 PPR11
5 INTP2 PIC2 PIF2 PMK2 PISM2 PCSE2 PPR20
INTCCO02 PPR21
6 INTP3 PIC3 PIF3 PMK3 PISM3 PCSE3 PPR30
INTCCO3 PPR31
7 INTP4 PIC4 PIF4 PMK4 PISM4 PCSE4 PPR40
PPR41
8 INTP5 PIC5 PIF5 PMK5 PISM5 PCSE5 PPR50
PPR51
9 INTP6 PIC6 PIF6 PMK6 PISM6 PCSE6 PPR60
PPR61
10 INTCM10 CMIC10 CMIF10 CMMK10 CMISM10 CMCSE10 CMPR100
CMPR101
11 INTCM11 CMIC11 CMIF11 CMMK11 CMISM11 CMCSE11 CMPR110
CMPR111
12 INTCM20 CMIC20 CMIF20 CMMK20 CMISM20 CMCSE20 CMPR200
CMPR201
13 INTCM21 CMiIC21 CMIF21 CMMK21 CMISM21 CMCSE21 CMPR210
CMPR211
14 INTCM30 CMIC30 CMIF30 CMMK30 CMISM30 CMCSE30 CMPR300
CMPR301
15 INTCM31 CMIC31 CMIF31 CMMK31 CMISM31 CMCSE31 CMPR310
CMPR311
16 INTCM40 CMIC40 CMIF40 CMMKA40 CMISM40 CMCSE40 CMPR400
CMPR401
17 INTCM41 CMIC41 CMIF41 CMMK41 CMISM41 CMCSE41 CMPR410
CMPR411
18 INTSER SERIC SERIF SERMK SERISM SRCSE SERPRO
SERPR1
19 INTSR SRIC SRIF SRMK SRISM SRCSE SRPRO
SRPR1
INTCSI1 CslIC1 CSlIF1 CSIMK1 CSlIsM1 CSICSE1 CSIPR10
CSIPR11
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Table 16-4. Interrupt Control Register Flags Corresponding to Interrupt Sources (2/2)

Default Interrupt Interrupt Control Registers
Priority Reguest Interrupt Interrupt Macro Service |Context Switching Priorif{y Speci-
Signal Request Flag Mask Flag Enable Flag Enable Flag fication Flag
20 INTST STIC STIF STMK STISM STCSE STPRO
STPR1
21 INTSER2 SERIC2 SERIF2 SERMK2 SERISM2 SERCSE2 SERPR20
SERPR21
22 INTSR2 SRIC2 SRIF2 SRMK2 SRISM2 SRCSE2 SRPR20
SRPR21
INTCSI2 Cslic2 CSIIF2 CSIMK2 CSIlISM2 CSICSE2 CSIPR20
CSIPR21
23 INTST2 STIC2 STIF2 STMK2 STISM2 STCSE2 STPR20
STPR21
24 (lowest) INTAD ADIC ADIF ADMK ADISM ADCSE ADPRO
ADPR1

16.3.1 Interrupt control registers

An interrupt control register is allocated to each interrupt source, and performs priority control, mask control, etc. for

the corresponding interrupt request. The interrupt control register format is shown in Figure 16-1.

@

&)

378

Priority specification flags (  xxPR1, xxPRO)

The priority specification flags specify the priority on an individual interrupt source basis for the 25 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 processed 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 processing can be started faster
than with normal vectored interrupt processing.

This flag can be manipulated bit-wise by software.

RESET input sets all bits to “0”".
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Macro service enable flag ( xxISM)

The macro service enable flag specifies whether an interrupt request corresponding to that flag is to be handled by
vectored interruption or context switching, or by macro service.

When macro service processing is selected, at the end of the macro service the macro service enable flag is
automatically cleared (0) by hardware (vectored interrupt processing/context switching processing).

This flag can be manipulated bit-wise by software.

RESET input sets all bits to “0”.

Interrupt mask flag ( xxMK)

An interrupt mask flag specifies enabling/disabling of vectored interrupt processing and macro service processing
for the interrupt request corresponding to that flag.

The interrupt mask flag contents are not changed by the start of interrupt processing, etc., and are the same as the
interrupt mask register contents (refer to 16.3.2 Interrupt mask registers (MKO, MK1) ).

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)

An 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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Figure 16-1. Interrupt Control Registers ( xxICn) (1/4)

QOVICOo

oVvIC1

ovIC4

PICO

PIC1

PIC2

PIC3

Address : OFFEOH-OFFE6H On reset : 43H R/W
@ ® ® @ 3 2 1 0
OVIFO |OVMKO|OVISMO |OVCSEO| O 0 |OVPRO1|OVPROO
OVIF1|OVMK1|OVISM1|OVCSELl| O 0 |OVPR11|OVPR10
OVIF4 |OVMK4|OVISM4 |OVCSE4| O 0 |OVPR41|0OVPR40
PIFO | PMKO |PISMO|PCSEO| O 0 |PPRO1|PPROO
PIF1 | PMK1 |PISM1|PCSE1| O 0 |PPR11|PPR10
PIF2 | PMK2 |PISM2|PCSE2| O 0 |PPR21|PPR20
PIF3 | PMK3 |PISM3|PCSE3| O 0 |PPR31|PPR30
xx|Fn Generation of Interrupt Request
0 No interrupt request (interrupt signal is not generated)
1 Interrupt request (interrupt signal is generated)
xxMKn |  Enables or Disables Interrupt Processing
0 Enables interrupt processing
1 Disables interrupt processing
xx|SMn Specifies Interrupt Processing Format
0 Vectored interrupt processing/context switching processing
1 Macro service processing
xxCSEn Specifies Context Switching Processing
0 Processed by vectored interrupt
1 Processed by context switching
xxPRnl | xxPRn0 | Specifies Priority of Interrupt Request
0 0 Priority O (highest priority)
0 1 Priority 1
1 0 Priority 2
1 1 Priority 3
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Figure 16-1. Interrupt Control Registers ( xxICn) (2/4)

Address : OFFE7H-OFFEDH Onreset : 43H R/W
@ ® & @ 3 2 1 0
PIC4 PIF4 | PMK4 |PISM4|PCSE4| O 0 |PPR41|PPR40
PIC5 PIF5 | PMK5 |PISM5|PCSE5| O 0 |PPR51|PPR50
PIC6 PIF6 | PMK6 |[PISM6|PCSE6| O 0 |PPR61|PPR60
CMIC10|CMIF10|CMMK10|CMISM10|CMCSE10| O 0  |CMPR101|CMPR100
CMIC11|CMIF11|CMMK11|CMISM11|CMCSE1L| O 0 |CMPRI111|CMPR110
CMIC20|CMIF20|CMMK20|CMISM20|CMCSE20| O 0  |CMPR201|CMPR200
CMIC21|CMIF21|CMMK21|CMISM21|CMCSE21| O 0 |CMPR211|CMPR210
xx|Fn Generation of Interrupt Request
0 No interrupt request (interrupt signal is not generated)
1 Interrupt request (interrupt signal is generated)
xxMKn Enables or Disables Interrupt Processing
0 Enables interrupt processing
1 Disables interrupt processing
xx|SMn Specifies Interrupt Processing Format
0 Vectored interrupt processing/context switching processing
1 Macro service processing
xxCSEn Specifies Context Switching Processing
0 Processed by vectored interrupt
1 Processed by context switching
xxPRnl | xxPRn0 | Specifies Priority of Interrupt Request
0 0 Priority O (highest priority)
0 1 Priority 1
1 0 Priority 2
1 1 Priority 3
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Figure 16-1. Interrupt Control Registers ( xxICn) (3/4)

Address : OFFEEH-0FFF3H Onreset : 43H R/W
@ ® 6 @ 3 2 1 0
CMIC30|CMIF30|CMMK30|CMISM30|CMCSE30| O 0  |CMPR301|CMPR300
CMIC31|CMIF31|CMMK31|CMISM31|CMCSE31| O 0 |CMPR311|CMPR310
CMIC40|CMIF40|CMMK40|CMISM40 |CMCSE40| O 0  |CMPR401|CMPR400
CMIC41|CMIF41|CMMK41|CMISM41|CMCSE4L| O 0  |CMPR411|CMPR410
SERIC | SERIF |SERMK|SERISM|SERCSE| 0O 0 |SERPR1|SERPRO
SRIC | SRIF |SRMK|SRISM|SRCSE| 0 0 |SRPR1SRPRO
CSIIC1|CSIIF1|CSIMK1|CSIISM1|CSICSELl| O 0 |CSIPR11|CSIPR10
xx|Fn Generation of Interrupt Request
0 No interrupt request (interrupt signal is not generated)
1 Interrupt request (interrupt signal is generated)
xxMKn |  Enables or Disables Interrupt Processing
0 Enables interrupt processing
1 Disables interrupt processing
xx|SMn Specifies Interrupt Processing Format
0 Vectored interrupt processing/context switching processing|
1 Macro service processing
xxCSEn Specifies Context Switching Processing
0 Processed by vectored interrupt
1 Processed by context switching
xxPRn1 | xxPRn0 | Specifies Priority of Interrupt Request
0 0 Priority O (highest priority)
0 1 Priority 1
1 0 Priority 2
1 1 Priority 3
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Figure 16-1. Interrupt Control Registers ( xxICn) (4/4)

Address : OFFF4H-OFFF8H On reset : 43H R/W
@ ® & @ 3 2 1 0
STIC STIF | STMK |STISM|STCSE| 0 0 |STPR1|STPRO
SERIC2 |SERIF2 |SERMK2 | SERISM2 | SERCSE2| O 0  |SERPR21|SERPR20
SRIC2 | SRIF2 |SRMK2|SRISM2|SRCSE2| 0O 0 |SRPR21|SRPR20
CSIIC2|CSIIF2|CSIMK2|CSIISM2|CSICSE2| O 0 |CSIPR21|CSIPR20
STIC2 | STIF2 |STMK2 | STISM2 |STCSE2| O 0 |STPR21|STPR20
ADIC | ADIF |ADMK |ADISM|ADCSE| O 0 |ADPR1/ADPRO
xx|Fn Generation of Interrupt Request
0 No interrupt request (interrupt signal is not generated)
1 Interrupt request (interrupt signal is generated)
xxMKn Enables or Disables Interrupt Processing
0 Enables interrupt processing
1 Disables interrupt processing
xx|SMn Specifies Interrupt Processing Format
0 Vectored interrupt processing/context switching processing
1 Macro service processing
xxCSEn Specifies Context Switching Processing
0 Processed by vectored interrupt
1 Processed by context switching
xxPRnl | xxPRn0 | Specifies Priority of Interrupt Request
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 (MKO, MK1)

The MKO and MK1 are composed of interrupt mask flags. MKO and MK1 are 16-bit registers which can be manipulated
as a 16-bit unit. MKO can be manipulated in 8 bit units using MKOL and MKOH, and similarly MK1 can be manipulated using
MK1L and MK1H.

In addition, each bit of the MKO and MK1L can be manipulated individually with a bit manipulation instruction. Each
interrupt mask flag controls enabling/disabling of the corresponding interrupt request.

When an interrupt mask flag is set (1), acknowledgment of the corresponding interrupt request is disabled.

When an interrupt mask flag is cleared (0), the corresponding interrupt request can be acknowledged as a vectored
interrupt or macro service request.

Each interrupt mask flag in the MKO and MK1 is the same flag as the interrupt mask flag in the interrupt control register.
The MKO and MK1 are provided for en bloc control of interrupt masking.

After RESET input, the MKO and MK1 are set to FFFFH, and all maskable interrupts are disabled.
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Figure 16-2. Format of Interrupt Mask Registers (MKO, MK1)

<Byte access>

Address : OFFACH-0FFAFH On reset : FFH R/W

@ ® 6 @ ©& @ @ 0

MKOL | PMK4 | PMK3 | PMK2 | PMK1 | PMKO |OVMK4|OVMK1|OVMKO
MKOH |CMMK31|CMMK30(CMMK21|CMMK20|CMMK11|CMMK10| PMK6 | PMK5
MK1L |STMK2|SRMK2|SERMK2| STMK | SRMK |SERMK|CMMK41|CMMK40
MK1H 1 1 1 1 1 1 1 ADMK
xxMKn Enables or Disables Interrupt Request
0 Enables interrupt processing
1 Disables interrupt processing
<Word access>
Address : OFFACH, OFFAEH On reset : FFFFH R/W
©® \z @ @ @ ) ©
MKO CMMK31 |CMMK30 |CMMK21|CMMK20|CMMK11 |CMMK10| PMK6 | PMK5
@ ® ®& @ @ © O
PMK4 | PMK3 | PMK2 | PMK1 | PMKO |OVMK4|OVMK1|OVMKO
15 14 13 12 11 10 9
MK1 1 1 1 1 1 1 1 ADMK
@ ®©® 6 @ ©® @ O 0
STMK2 |SRMK2 |SERMK2| STMK | SRMK | SERMK |CMMK41| CMMK40
xxMKn Enables or Disables Interrupt Request
0 Enables interrupt processing
1 Disables interrupt processing
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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
processed. When a maskable interrupt requestis acknowledged, the bit corresponding to the priority of that interrupt request
is set (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 (1), and remains set until the service program ends.

When an RETI instruction or RETCS instruction is executed, the bit, among those set (1) in the ISPR, that corresponds
to the highest-priority interrupt request is automatically cleared (0) by hardware.

The contents of the ISPR are not changed by execution of an RETB or RETCSB instruction.

RESET input clears the ISPR register to O0H.

Figure 16-3. Format of In-Service Priority Register (ISPR)

Address : OFFA8H On reset : 00H R
7 6 5 4 3 2 1 0
ISPR | NMIS |WDTS| O 0 |ISPR3|ISPR2|ISPR1|ISPRO
NMIS NMI Processing Status

0 NMI interrupt is not accepted.

1 NMI interrupt is accepted

WDTS| Watchdog Timer Interrupt Processing Status

0 Watchdog timer interrupt is not accepted.

1 Watchdog timer interrupt is accepted.

ISPRn Priority level (n =0 to 3)

0 Interrupt of priority level n is not accepted.

1 Interrupt of priority level n is accepted.

Caution The in-service priority register (ISPR) is a read-only register. The microcontroller may malfunction if
this register is written.
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16.3.4 Interrupt mode control register (IMC)
The 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 the IMC is manipulated, the interrupt disabled state (DI state) should be set first to prevent misoperation.

The IMC can be read or written to with an 8-bit manipulation instruction or bit manipulation instruction.

RESET input sets the IMC register to 80H.

Figure 16-4. Format of Interrupt Mode Control Register (IMC)

Address : OFFAAH On reset : 80H R
7 6 5 4 3
IMC PRSL 0 0 0 0 0 0

PRSL | Controls Nesting 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)
The PRC bit of the WDM specifies the priority of NMI pin input non-maskable interrupts and watchdog timer overflow

non-maskable interrupts.

The 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
complements.

If the 3rd and 4th bytes of the operation code are not 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 WDM, #byte is written), system initialization should
be performed by the program.

Other write instructions (MOV WDM, A, AND WDM, #byte, SET1 WDM.7, etc.) are ignored and do not perform any
operation. Thatis, a write is not performed to the WDM, and an interrupt such as an operand error interrupt is not generated.

The WDM can be read at any time by a data transfer instruction.

RESET input clears the WDM register to 00H.

Figure 16-5. Format of Watchdog Timer Mode Register (WDM)

Address : OFFC2H On reset : 00H R/W

7 6 5 4 3 2 1 0
WDM | RUN 0 0 PRC 0 WDI2 | WDI1 0

RUN | Specifies Operation of Watchdog Timer

(refer to Figure 12-2).

PRC | Priority of Watchdog Timer Interrupt Request

0 |Watchdog timer interrupt request

< NMI pin input interrupt request

1 Watchdog timer interrupt request

> NMI pin input interrupt request

WDI2 | WDI1 | Specifies count clock of watchdog

timer (refer to Figure 12-2).

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 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 low-order 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, PSWL is saved to the stack and the IE
flag is cleared (0). 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, and
the IE flag is cleared (0). PSWL is restored from the fixed area in the register bank by an RETCSI or RETCSB instruction.

RESET input clears PSWL to 00H.

Figure 16-6. Format of Program Status Word (PSWL)

On reset : OOH
7 6 5 4 3 2 1 0
RSS AC IE PV 0 CY

PSWL S z

S Used for Normal Instruction Execution

z
RSS
AC
IE Enables or Disables Accepting Interrupt
0 Disables
1 Enables

P/V | Used for Normal Instruction Execution

CY

389



CHAPTER 16 INTERRUPT FUNCTIONS

16.4 Software Interrupt Acknowledgment Operations

A software interruptis 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), program counter (PC) are saved in that order to
the stack, the IE flag is cleared (0), the vector table (003EH/003FH) contents are loaded into the low-order 16 bits of the
PC, and 0000B into the high-order 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.

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 16-7. Context Switching Operation by Execution of a BRKCS Instruction

0000B Register Bank ||
0to7) —
T fi B
6 ranster Register Bank n (n =0 to 7) —
|PC19-16 | PCiso | A X —

p B C
(6) Exchange R5 R4

2 Ssave R7 R6
(Bits 8 to 11 of
Temporary Register) ® Savﬁ VP
() Register Bank Switching
|Temporary Register | Y upP (RBS0-RBS2 — n)
T E @ (RSS - o)
W IE <0

@ Save /
| 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.
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Figure 16-8. Return from BRKCS Instruction Software Interrupt (RETCSB Instruction Operation)

Register Bank n (n =0to 7)

PCi9-16 PCis-o A X

@ Restoratio\— B C
(2 Restoration R5 R4 RETCSB Instruction Operand

R6 (3 Transfer

R7
\% VP
(@) 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 (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 inifialize the program by referring to 16.12
Restoring Interrupt Function To Initial State
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16.6 Non-Maskable Interrupt Acknowledgment Operation

Non-maskable interrupts are acknowledged even in the interrupt disabled state. Non-maskable interrupts can be
acknowledged at all times except during execution of the service program for an identical non-maskable interrupt or a non-
maskable interrupt of higher priority.

The relative priorities of non-maskable interrupts are set by the PRC bit of the watchdog timer mode register (WDM) (refer
to 16.3.5 Watchdog timer mode register (WDM) ).

Except in the cases described in 16.9 When Interrupt Request 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 is cleared (0),
the in-service priority register (ISPR) bit corresponding to the acknowledged non-maskable interrupt is set (1), the vector
table contents are loaded into the PC, and a branch is performed. The ISPR bit that is set (1) is the NMIS bit in the case
of a non-maskable interrupt due to edge input to the NMI pin, and the WDTS bit in the case of watchdog timer overflow.

When the non-maskable interrupt service program is executed, non-maskable interrupt requests of the same priority as
the non-maskable interrupt currently being executed and non-maskable interrupts of lower priority than the non-maskable
interrupt currently being executed are held pending. A pending non-maskable interrupt is acknowledge after completion
of the non-maskable interrupt service program currently being executed (after execution of the RETI instruction). However,
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 16-9. Operations of Non-Maskable Interrupt Request Acknowledgment (1/2)

(a) When a new NMI request is generated during NMI service program execution

( Main Routine )

NMI Request NMI Request

(NMIS = 1)

NMI request held pending since NMIS = 1

Pending NMI request is serviced

(b) When a watchdog timer interrupt request is generated during NMI service program execution (when the

watchdog timer interrupt priority is higher (when PRC in the WDM = 1))

( Main Routine )

NMI Request !

Watchdog
Timer Interrupt
Request

/
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Figure 16-9. Operations of Non-Maskable Interrupt Request Acknowledgment (2/2)

(c) When a watchdog timer interrupt request is generated during NMI service program execution (when the
NMI interrupt priority is higher (when PRC in the WDM = 0))

( Main Routine )

Watchdog | Watchdog timer interrupt is kept
Timer | pending because PRC =0

Interrupt

Request

NMI Request

Pending watchdog timer interrupt is processed

(d) When an NMI request is generated twice during NMI service program execution

( Main Routine )

NMI | Held pending since NMI service
Request | program is being executed

NMI Request
NMI Held pending since NMI service
Request| program is being executed

NMI request was generated more than
once, but is only acknowledged once
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Cautions 1. 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.

2. The RETIinstruction must be used to return from a non-maskable interrupt. Subsequent interrupt
acknowledgment will not be performed normally if a different instruction is used.

3. Non-maskable interrupts are always acknowledged, except during non-maskable interrupt service
program execution (except when a high 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 shown in 16.9. Therefore, a non-maskable interrupt will be
acknowledged evenwhen the stack pointer (SP) value is undefined, in particular after resetrelease,
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 3.9 Special Function Registers (SFRs)), and the CPU becomes
deadlocked, or an unexpected signal is output from a pin, or the PC and PSW are written to an
address in which RAM is not mounted, with the result that the return from the non-maskable
interrupt processing program is not performed normally and asoftware upsets occurs.
Therefore, the program following RESET release must be as shown below.

CSEG ATO
DW  STRT
CSEG BASE
STRT:
LOCATION OFH; or LOCATION O
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 (1) and the mask flag for that interrupt
is cleared (0). When processing is performed by macro service, the interrupt is acknowledged and processed by macro
service immediately. In the case of vectored interruption and context switching, an interrupt is acknowledged in the interrupt
enabled state (when the IE flag is set (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 16-10.
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Figure 16-10. Algorithm of Interrupt Acknowledgment Processing
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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 (0) (the interrupt disabled state is set), and the in-
service priority register (ISPR) bit corresponding to the priority of the acknowledged interrupt is set (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 (1) the context switching enable flag of the interrupt control
register.

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
a branch is made to the interrupt service program.

Figure 16-11. Context Switching Operation by Generation of an Interrupt Request

|
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00008 Register Bank | 1™
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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 16-12. Return from Interrupt that Uses Context Switching by Means of RETCS Instruction
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16.7.3 Maskable interrupt priority levels

The uPD784046 performs multiple interrupt processing in which an interrupt is acknowledged during processing 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). In programmable
priority control, interrupt requests are divided into four levels according to the setting of the priority specification flag. Interrupt
requests for which multiple interruption is permitted are shown in Table 16-5.

Since the |E flag is cleared (0) automatically when an interrupt is acknowledged, when multiple interruption is used, the
IE flag should be set (1) to enable interrupts by executing an El instruction in the interrupt processing program, etc.

Table 16-5. Multiple Interrupt Processing

Priority of Interrupt Currently ) PRSL in
) ISPR Value IE Flag in PSW ) Acknowledgeable Maskable Interrupts
Being Acknowledged IMC Register
No interrupt being 00000000 0 X « All macro service only
acknowledged 1 X « All maskable interrupts
3 00001000 0 X « All macro service only
1 0 « All maskable interrupts
1 1 * All macro service

« Maskable interrupts specified as
priority 0/1/2

2 0000x100 0 X « All macro service only
1 X * All macro service
¢ Maskable interrupts specified as
priority 0/1
1 0000xx10 0 X « All macro service only
1 X * All macro service
* Maskable interrupts specified as
priority O
0 0000xxx1 X X « All macro service only
Non-maskable interrupts 1000xxxx X X « All macro service only
0100xxxx
1100xxxx

Remark x: don't care
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Figure 16-13. Examples of Processing When Another Interrupt Request

Is Generated During Interrupt Processing (1/3 )

C Main routine )

Interrupt Request a
(Level 3)

Interrupt Request ¢
(Level 3)

Interrupt Request e
(Level 2)

Interrupt Request g
(Level 1)

El
El
— Interrupt
Requestb _.
(Level 2)

—-

Interrupt
Requestd
(Level2) —™

b

/)

El

Interrupt
Request f

\

Interrupt El
Request h
(Level 1) — ™

e ——

a Processing

¢ Processing

d Processing

e Processing

f Processing

g Processing

h Processing

b Processing

Since interrupt request b has a higher
priority than interrupt request a, and
interrupts are enabled, interrupt
request b is acknowledged.

The priority of interrupt request d is
higher than that of interrupt request c,
but since interrupts are disabled,
interrupt request d is held pending.

Although interrupts are enabled,
interrupt request f is held pending
since it has a lower priority than
interrupt request e.

Although interrupts are enabled,
interrupt request h is held pending
since it has the same priority as
interrupt request g.

401



CHAPTER 16 INTERRUPT FUNCTIONS
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Figure 16-13. Examples of Processing When Another Interrupt Request
Is Generated During Interrupt Processing (2/3 )
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Figure 16-13. Examples of Processing When Another Interrupt Request
Is Generated During Interrupt Processing (3/3 )

/ q Processing  pyocessing

| | s Processing
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Interrupt Request ELlnterrupt El .
el 3 . Request r_..—Tnterrupt ‘ t Processing
Level 3) Pt Interrupt
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Level 1) q Multiple acknowledgment of levels 3 to 0. If

Level 0) the PRSL bit of the IMC is set (1), only
macro service requests and non-maskable
interrupts generate nesting beyond this.

If the PRSL bit of the IMC is cleared (0),
level 3 interrupts can also be nested during
level 3 interrupt processing (refer to Figure

16-15).
u Processing
/EI Even though the interrupt enabled state is

Interrupt set during processing of level 0 interrupt
Request v request u, the interrupt request is not
Interrupt Request u (Level 0)— acknowledged but held pending even

(Level 0) Relgffefgtji\a& w Macro Service though its priority is 0. However, the macro

(Level 3) service request is acknowledged and

processed irrespective of its level and even
) though there is a peding interrupt with a
v Processing higher priority level.

Interrupt ~ _~ )

Request y\e 4 X Processing

(Le‘{ﬁtle% it Pending interrupt requests y and z are
Interrupt Request x quest ZNote2 | acknowledged after servicing of interrupt

priority is acknowledged first, irrespective
of the order in which the interrupt requests
y Processing were generated.

(Level 1) Level 2) request x. As interrupt requests y and z
) have the same priority level, interrupt
z Processing request z which has the higher default

Notes 1. Low default priority
2. High default priority

Remarks 1. *“a”to“z”inthe figure 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.
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Figure 16-14. Examples of Processing of Simultaneously Generated Interrupts

C Main Routine )

Interrupt Request a (Level 2)
Macro Service Request b (Level 3)
Macro Service Request c (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

Remark
requests.

404

2N

Macro Service Request b Processing
Macro Service Request ¢ Processing

Macro Service Request f Processing

Interrupt Request d Processing

Interrupt Request e Processing

Interrupt Request a Processing

« 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
prority level, the interrupt
request with the higher default
priority, d, is acknowledged
first.

“a”to“f”in the figure are arbitrary names used to differentiate between the interrupt requests and macro service
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Figure 16-15. Differences in Level 3 Interrupt Acknowledgment According
to Setting of Interrupt Mode Control Register (IMC)
The PRSL bit of the IMC is set to 1, and

nesting between level 3 interrupts is

IMC ~ 80H . disabled.
El | a Processing

El

Interrupt Request a
(Level 3)

—

Interrupt
Request b
(Level 3) —

Even though interrupts are enabled, interrupt
request b is held pending since it has the
same priority as interrupt request a.

/

\ b Processing

The PRSL bit of the IMC is set to 0, so that a
level 3 interrupt is acknowledged even during
level 3 interrupt processing (nesting is

IMC —~ OOH ¢ Processing possible).
El
E/ d Processing
Interrupt Requestc Interrupt Since level 3 interrupt request c is being
(Level 3) Request d processed in the interrupt enabled state and

(Level3) — PRSL = 0, interrupt request d, which is also
level 3, is acknowledged.

Bit 3 (ISPR3) of the in-service priority register
(ISPR) is cleared by returning from processing d.

Main Routine

IMC —~ 00H

Note 1 As interrupt request 3 and f are both of the

Interrupt Request e — same level, the one with the higher default
(Level 3) priority, f, is acknowledged first.

When the interrupt enabled state is set

Interrupt Request fNote 2 ;
p(Levgl 3) — fProcessing _ during processing of interrupt request f,
e Processing gl -
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”in the figure 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.
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16.8 Macro Service Function

16.8.1 Outline of macro service function

Macro service is one method of processing 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 16-16. Differences between Vectored Interrupt and Macro Service Processing

Macro Service

Context Switching°te

Vectored Interrupthote !

Vectored Interrupt

Main Routine

Macro Service . .
Processing >< Main Routine

Main Routine

Interrupt
Processing

Note 3

Main Routine

Main Routine

Interrupt
Processing

Restore
PC, PSW

>K Main Routine

X

X )
Xor XEX
Koo X

Initialize Interrupt Restore Restore
Main Routine Note 4 General General Process?ng General X pe g psw
Registers egisters Registers

Interrupt Request Generation

Main Routine

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 25 kinds of interrupt shown in Table 16-6 (22 of which can be used simultaneously).
There are seven kinds of operation mode, which can be used to suit the application.

406



CHAPTER 16 INTERRUPT FUNCTIONS

Table 16-6. Interrupts for Which Macro Service Can Be Used

Default ) : . Macro Service Control
Priority Interrupt Request Generation Source Generating Unit Word Address
0 (highest) | INTOVO (overflow of timer 0) Timer O OFEO6H
1 INTOV1 (overflow of timer 1) Timer 1 OFEO8H
2 INTOV4 (overflow of timer 4) Timer 4 OFEOAH
3 INTPO (pin input edge detection) Edge detection OFEOCH
INTCCOO0 (TMO-CCO00 match signal generation) Timer O
4 INTP1 (pin input edge detection) Edge detection OFEOEH
INTCCO1 (TMO-CCO01 match signal generation) Timer O
5 INTP2 (pin input edge detection) Edge detection OFE10H
INTCCO002 (TM0-CC02 match signal generation) Timer O
6 INTP3 (pin input edge detection) Edge detection OFE12H
INTCCO03 (TM0-CCO03 match signal generation) Timer O
7 INTP4 (pin input edge detection) Edge detection OFE14H
8 INTP5 (pin input edge detection) Edge detection OFE16H
9 INTP6 (pin input edge detection) Edge detection OFE18H
10 INTCM10 (TM1-CM10 match signal generation) Timer 1 OFE1AH
11 INTCM11 (TM1-CM11 match signal generation) Timer 1 OFE1CH
12 INTCM20 (TM2-CM20 match signal generation) Timer/counter 2 OFE1EH
13 INTCM21 (TM2-CM21 match signal generation) Timer/counter 2 OFE20H
14 INTCM30 (TM3-CM30 match signal generation) Timer/counter 3 OFE22H
15 INTCM31 (TM3-CM31 match signal generation) Timer/counter 3 OFE24H
16 INTCM40 (TM4-CM40 match signal generation) Timer 4 OFE26H
17 INTCM41 (TM4-CM41 match signal generation) Timer 4 OFE28H
18 INTSER (UARTO reception error) Asynchronous serial interface 0 | OFE2AH
19 INTSR (UARTO reception end) OFE2CH
INTCSI1 (3-wire serial 1/01 transfer end) 3-wire serial /01
20 INTST (UARTO transmission end) Asynchronous serial interface 0 | OFE2EH
21 INTSER2 (UART?2 reception error) Asynchronous serial interface 2 | OFE30H
22 INTSR2 (UART?2 reception end) OFE32H
INTCSI2 (3-wire serial 1/02 transfer end) 3-wire serial 1/02
23 INTST2 (UART2 transmission end) Asynchronous serial interface 2 | OFE34H
24 (lowest)| INTAD (A/D conversion end) A/D converter OFE36H
Remarks 1. The default priority is a fixed number. This indicates the order of priority when macro service requests

are generated simultaneously,

2. The INTSR and INTCSI1 interrupts are generated by the same hardware (they cannot both be used

simultaneously). Therefore, although the same hardware is used for the interrupts, two names are

provided, for use in each of the two modes. The same applies to INTSR2 and INTCSI2.
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The macro service operation is performed in the following seven modes:

@

@

©)

“4)

®)

408

Counter mode: EVTCNT

In this mode, each time an interrupt request has been generated, the macro service counter (MSC) is incremented
(+1) or decremented (-1). When MSC reaches 00H, a vectored interrupt request is generated.

This mode is used to divide the number of times an interrupt request is generated.

Block transfer mode: BLKTRS

Each time an interrupt request has been generated, 1-byte or 1-word data is transferred between a special function
register (SFR) pointed to by the SFR pointer (SFR.PTR) and buffer. When data has been transferred the specified
number of times, a vectored interrupt request is generated.

The buffer with which data is to be transferred is limited to the addresses OFDOOH through OFEFFHNO of the main
RAM.

This mode is easy to specify and is used for high-speed transfer of a small amount of data.

Note When the LOCATION O instruction is executed. FFDOOH through FFEFFH when the LOCATION OFH
instruction is executed.

Block transfer mode (with memory pointer): BLKTRS-P

Like the block transfer mode, 1-byte or 1-word data is transferred between an SFR specified by SFR.PTR and buffer
each time an interrupt request has been generated, and a vectored interrupt request is generated when data has
been transferred the specified number of times.

The buffer with which datais to be transferred is specified by the memory pointer (MEM.PTR) (data can be transferred
with the entire 1M-byte memory).

This mode is a general-purpose type of the block transfer mode and is used to transfer a large quantity of data.

Data differential mode: DTADIF

Each time an interrupt request has been generated, the difference between the current value of an SFR specified
by SFR.PRT and the “value immediately before” stored in memory is written to the buffer, and the current value is
used as the “value immediately before”.

When data has been transferred the specified number of times, a vectored interrupt request is generated.

The buffer with which data is to be transferred is limited to the main RAM of the addresses OFDOOH through
OFEFFHNote,

This mode is used to measure the cycle of an input pulse, or width of a pulse by using a capture register.

Note When the LOCATION O instruction is executed. FFDOOH through FFEFFH when the LOCATION OFH
instruction is executed.

Data differential mode (with memory pointer): DTADIF-P

Like the data differential mode, each time an interrupt request has been generated, the difference between the
current value of an SFR specified by SFR.PTR and the “value immediately before” stored in memory is written to
the buffer, and the current value is used as the “value immediately before”.

When data has been transferred the specified number of times, a vectored interrupt request is generated.

The buffer with which data is to be transferred is specified by the memory pointer (MEM.PTR) (the entire 1M-byte
memory can be specified).

This mode is a general-purpose type of the data differential mode, and is used to transfer a large quantity of data.
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(6) CPU monitor mode 0: SELFO
Each time an interrupt request has been generated, the internal operation of the CPU is checked. If each block
operates normally, a value resulting from subtracting 10 from the initial data is transferred to an SFR specified by
SFR.PTR.
This mode is used for self-check of the CPU at initialization.

(7) CPU monitor mode 1: SELF1
Each time an interrupt request has been generated, the internal operation of the CPU is checked. If each block
operates normally, a value resulting from subtracting 8 from the initial data is transferred to an SFR specified by
SFR.PTR.
This mode is used for self-check of the CPU during normal operation.
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16.8.3 Basic operation of macro service (except CPU monitor modes 0 and 1)

The macro service function is to transfer data between the special function register area and memory space by hardware,
using an interrupt request.

When a macro service request is generated, the CPU temporarily stops program execution, and automatically transfers
1/2-byte data between a special function register (SFR) and memory. When data transfer has been completed, an interrupt
request flag is reset (0), and the CPU starts program execution again. Data is transferred the number of times set to the
macro service counter (MSC) and then a vectored interrupt request is generated.

Figure 16-17. Example of Macro Service Processing Sequence

Generation of Interrupt Request
That Executes Mocro Service Processing

Executes macro service . :
processing ; Transfers data, controls real-time output port
MSC-MSC -1 ; Decrements (—1) macro service counter (MSC)
YES NO
MSC = 0?
Macro Service Enable Flag ~0 Interrupt Request Flag - 0
Generation of Vectored Interrupt Request Execution of Next Instruction

Unlike other interrupt processing, processing using the macro service function is automatically performed without starting
an interrupt processing program. Therefore, operations such as branching to an interrupt service routine, saving/restoring
registers, and returning from the interrupt service routine are not performed. This means that the service time of the CPU
can be improved and that the number of program steps can be decreased.

When macro service processing is executed, the status before execution of the macro service processing, such as the
contents of the general-purpose registers and instruction queue of the CPU, are retained.

The interrupt request that specifies the macro service processing is not affected by the status of the IE flag in the program
status word (PSWL). The macro service processing can be executed even in the interrupt disabled status or while an
interrupt processing program is executed. Itis disabled only when the corresponding bit in the interrupt mask registers (MKO,
MK1) is set (1).

If two or more macro service requests are issued at the same time, the sequence in which the macro service requests
are processed is determined by the default priority. Until all the macro service requests are processed, instructions are
not executed.

The uPD784046 supports macro service processing for all the internal interrupt requests.

Basically, the macro service processing executes the following two operations:

¢ Data transfer from memory to special function register (SFR)
¢ Data transfer from special function register (SFR) to memory
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16.8.4 Operation on completion of macro servicing (except CPU monitor modes 0 and 1)

The macro service performs processing the number of times specified during other program is executed. When the
processing has been performed the specified number of times (when the macro service counter (MSC) has reached 0), the
macro service is completed.

Figure 16-18. Operation on Completion of Macro Service

( Main Routine )

\
El

Macro Service Request — ) )
Macro Service Processing

Last Macro Service Request — . .
Macro Service Processing

Interrupt request is generated and

Interrupt Request Service on accepted after completion of macro
Completion of Macro Service service (MSC = 0).

( Main Routine )

/ Other Interrupt Processing
El
Other Interrupt Request — " LastMacro —

] Macro Senvice ice i
Service Request Processing If last macro service is executed on

completion of macro service while
other interrupt processing is under execution,
last macro service is kept pending until
interrupt request is accepted.

Interrupt Request Processing on

Completion of Macro Service

Caution If data is transmitted with UART by using the macro service, a vectored interrupt request is generated
two times (refer to 14.2.8 Transmitting/receiving data with macro service).
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16.8.5 Macro service control register

@

412

Macro service control word
The macro service control word consists of a macro service mode register that controls the macro service function,

and a macro service channel pointer. It is located in the address space from OFEO6H through OFE37HNC€ in the

main RAM area (refer to Figure 16-20).
Figure 6-19 shows the basic configuration of the macro service control word.

Note When the LOCATION O instruction is executed. FFEO06H through FFE37H when the LOCATION OFH

instruction is executed.

Figure 16-19. Basic Configuration of Macro Service Control Word

Address MSB LSB
(FExx+1)H Macro Service Channel Pointer
FExxH Macro Service Mode Register

The macro service mode register sets a macro service processing mode, and the macro service channel pointer

specifies the address of the macro service channel.
To perform macro service processing, a value must be setin advance to the macro service mode register and channel

pointer corresponding to the interrupt request that can specify macro service processing.
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Figure 16-20. Format of Macro Service Control Word

Reserved Word
ADCHP
ADMMD
STCHP2
STMMD2
SRCHP2/CSICHP2
SRMMD2/CSIMMD2
SERCHP2
SERMMD?2
STCHP
STMMD
SRCHP/CSICHP1
SRMMD/CSIMMD1
SERCHP
SERMMD
CMCHP41
CMMMDA41
CMCHP40
CMMMD40
CMCHP31
CMMMD31
CMCHP30
CMMMD30
CMCHP21
CMMMD21
CMCHP20
CMMMD20
CMCHP11
CMMMD11
CMCHP10
CMMMD10
PCHP6
PMMD6
PCHP5
PMMD5
PCHP4
PMMD4
PCHP3
PMMD3
PCHP2
PMMD2
PCHP1
PMMD1
PCHPO
PMMDO
OVCHP4
OVMMD4
OVCHP1
OVMMD1
OVCHPO
OVMMDO

Address
OFE37H
OFE36H
OFE35H
OFE34H
OFE33H
OFE32H
OFE31H
OFE30H
OFE2FH
OFE2EH
O0FE2DH
OFE2CH
0OFE2BH
OFE2AH
OFE29H
OFE28H
OFE27H
OFE26H
OFE25H
OFE24H
OFE23H
0FE22H
OFE21H
OFE20H
OFEL1FH
OFEL1EH
OFE1DH
OFE1CH
OFE1BH
OFE1AH
OFE19H
OFE18H
OFEL17H
OFE16H
OFE15H
OFEL14H
OFE13H
OFE12H
OFE11H
OFE10H
OFEOFH
OFEOEH
OFEODH
OFEOCH
OFEOBH
OFEOAH
OFEO9H
OFEO8H
OFEOT7H
OFEO6H

Channel Pointer

Mode Register

Channel Pointer

Mode Register

Channel Pointer

Mode Register

Channel Pointer

Mode Register

Channel Pointer

Mode Register

Channel Pointer

Mode Register

Channel Pointer

Mode Register

Channel Pointer

Mode Register

Channel Pointer

Mode Register

Channel Pointer

Mode Register

Channel Pointer

Mode Register

Channel Pointer

Mode Register

Channel Pointer

Mode Register

Channel Pointer

Mode Register

Channel Pointer

Mode Register

Channel Pointer

Mode Register

Channel Pointer

Mode Register

Channel Pointer

Mode Register

Channel Pointer

Mode Register

Channel Pointer

Mode Register

Channel Pointer

Mode Register

Channel Pointer

Mode Register

Channel Pointer

Mode Register

Channel Pointer

Mode Register

Channel Pointer

Mode Register

Cause

INTAD

INTST2

INTSR2/INTCSI2

INTSER2

INTST

INTSR/INTCSI1

INTSER

INTCM41

INTCM40

INTCM31

INTCM30

INTCM21

INTCM20

INTCM11

INTCM10

INTP6

INTP5

INTP4

INTP3

INTP2

INTP1

INTPO

INTOV4

INTOV1

INTOVO
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(2) Macro service mode register
The macro service mode register is an 8-bit register that specifies the operation of the macro service. This register
is mapped to the main RAM area as a part of the macro service control word (refer to Figure 16-19)

16.8.6 Macro service mode
The operation of the macro service is specified by using the macro service mode register. The macro service mode is
specified by the low-order 6 bits of the macro service mode register, and is divided into groups 0 to 2.

e Group O ... Type with only control word and without channel
e Group 1 ... Type with both control word and channel

e Group 2 ... Macro service for monitoring CPU

The high-order 2 bits of the macro service mode register of groups 0 and 1 function as a subcommand (refer to Table
16-7).

16.8.7 Operation of macro service
The operation of the macro service is performed in the following seven modes:

Table 16-7. Classification of Macro Service Mode

Group Macro Service Mode Register Function

Group O CC000001 Counter mode EVTCNT

Group 1 CC010011 Block transfer mode BLKTRS
CCo010100 Block transfer mode (with memory pointer) BLKTRS-P
10011001 Data differential mode DTADIF
10011010 Data differential mode (with memory pointer) DTADIF-P

Group 2 10101011 CPU monitor mode 0 SELFO
10001011 CPU monitor mode 1 SELF1

The most significant bit (MSB) C of the macro service mode registers for BLKTRS and BLKTRS-P indicates the length
of the data to be handled.

¢ When C = 0: byte data
¢ When C = 1: word data

BLKTRS and BLKTRS-P are expressed here in terms of byte buffers. When word data is specified, read byte buffer as
word buffer.
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(1) Counter mode: EVCNT

[Macro service control word]

High-Order Address

Low-Order Address

[Operation]

MSC

CC000001

MSB

LSB

Increments (+1) or decrements (—1) the macro service counter (MSC) each time a macro service has been
generated. When the value of MSC has reached 00H (overflow), a vectored interrupt request is generated.

Table 16-8. Specifying Operation of Counter Mode

CcC

Operation

00 Increment

01 Decrement

11

10 | Setting prohibited

Inthis mode, the macro service function serves as a counter that divides the number of times the interrupt request

is generated.

To divide the number of times the INTOVO interrupt request has been generated by five by using

05H i:l 1 |

01000001

Example
the macro service
OFEO7H
OFEOG6H
[Usage]

Event counter, measurement of number of times of capture
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(2) Block transfer mode: BLKTRS

[Macro service control word]

High-Order Address
T ™ SFR. PTR
L —
MSC -1
>~
Buffer N MSC=1
Buffer 2 MSC=N-1
Buffer 1 MSC =N
i ] CH. PTR
Low-Order Address CCo010011
MSB LSB

[Operation]
Specifies an SFR pointer (SFR.PTR) by using a channel pointer (CH.PTR). Addresses a buffer by using CH.PTR
and the macro service counter (MSC).
Data is transferred between the SFR specified by SFR.PTR and buffer, starting from buffer 1.
Each time transfer has been completed, MSC is decremented (—1). When MSC has reached 0, a vectored
interrupt request is generated.

Table 16-9. Specifying Operation in Block Transfer Mode

CcC Operation Transfer Data Buffer Address

00 | Buffer « SFR Byte (Contents of CH.PTR) — (Contents of MSC) — 1

01 SFR « buffer

10 | Buffer «+ SFR Word (Contents of CH.PTR) — (Contents of MSC x 2) — 1

11 SFR « buffer
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Example To transfer the contents of port 1 (P1) (OFFO01H) to a buffer by using the INTOV1 interrupt request

OFE51H 01H
L — &
OFE50H 03H -1
>~
OFE4FH Buffer 3
OFE4EH Buffer 2
OFE4DH Buffer 1
OFEO9H 51H
OFEO8H 00010011

[Usage]
Data transmission/reception with serial interface
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(3) Block transfer mode (with memory pointer): BLKTRS-P

[Macro service control word]

High-Order Address

e

SFR. PTR

MSC

CH. PTR

b

Low-Order Address

CC010100

MSB

[Operation]

An SFR pointer (SFR.PTR) is specified by a channel pointer (CH.PTR). Data is transferred between an
SFR specified by the SFR.PTR and the buffer addressed by the memory pointer (MEM.PTR), starting from

buffer 1.

On completion of transferring byte data, the MEM.PTR is incremented (+1). On completion of transferring word
data, the MEM.PTR is incremented (+2). Each time transfer has been completed, the macro service counter

LSB

Buffer N

\ Buffer 2

Buffer 1

MSC=1

MSC=N-1

MSC =N

(MSC) is decremented (-1). When MSC = 0, a vectored interrupt request is generated.

Table 16-10. Specifying Operation in Block Transfer Mode (with memory pointer)

CcC Operation Transfer Data
00 | Buffer « SFR Byte

01 | SFR « buffer

10 | Buffer « SFR Word

11 | SFR « buffer

418



CHAPTER 16 INTERRUPT FUNCTIONS

Example
the INTSR interrupt request
OFES50H 8CH
| — =
OFE4FH 03H -1
I~
OFE4EH 00H
OFE4DH FCH
777777777777777777777 | — &
OFE4CH 80H +1
I~
OFE2DH 50H
OFE2CH 00010100
[Usage]

O0FC82H

OFC81H

OFC80H

Data transmission/reception with serial interface

Buffer 3 3rd Time
Buffer 2 ZdTime RXB
Buffer 1 1st Time

To transfer the contents of the serial receive buffer: UARTO (RXB) (OFF8CH) to a buffer by using

419



CHAPTER 16 INTERRUPT FUNCTIONS

(4) Data differential mode: DTADIF

[Macro service control word]

High-Order Address
T ™ SFR. PTR
| —
MSC -1
[~
| Value Immediately |
Before
—————— BufferN -----{ MSC =1
—————— Buffer2 -----{ MSC=N-1
ffffff Buffer1 -----{ MSC =N
¢ — CH. PTR
Low-Order Address 10011001
MSB LSB

[Operation]
An SFR pointer (SFR.PTR) is specified by a channel pointer (CH.PTR), and a buffer is addressed by the CH.PTR
and macro service counter (MSC).
The difference between the current value of the SFR (including capture registers) specified by the SFR.PTR
and the “value immediately before” is written to the buffer. This current value of the SFR is used as the “value
immediately before”. Writing data is started from buffer 1.
Each time data has been written, the MSC is decremented (-1). When MSC = 0, a vectored interrupt request
is generated.
The buffer address is determined as follows:

(Buffer address) = (Contents of CH.PTR) — (Contents of MSC x 2) — 3

420



CHAPTER 16 INTERRUPT FUNCTIONS

Example To write the difference between the capture/compare register 00 (CC00) (OFF12H) and the “value

immediately before) to the buffer by using the INTPO input signal as a trigger. The cycle of the INTPO

input signal is measured by using the difference in the vectored interrupt processing routine.

OFEG61H
OFEG60H
OFESFH
OFESEH
OFESDH
OFES5CH
OFES5BH
OFESAH
OFES59H

OFE58H

OFEODH

OFEOCH

[Usage]

To measure cycles and pulse widths by using a capture register

Cautions 1. Do not clear the macro service counter (MSC) to OOH.
2. Initialize the “value immediately before” (with dummy data) in advance.
3. Only a 16-bit SFR can be specified by the SFR pointer (SFR.PTR).

61H

10011001

421



CHAPTER 16 INTERRUPT FUNCTIONS

(5) Data differential mode (with memory pointer): DTADIF-P

[Macro service control word]

High-Order Address
™ SFR. PTR
? ffffff Buffer N -----1 MSC=1
MSC
| Value Immediately | ! . :
Before l ;
fffffffffffffffffffffffffff Buffer2 -----{ MSC=N-1
MEM. PTR
ffffff Bufferl -----1 MSC =N
¢ ] CH. PTR
Low-Order Address 10011010
MSB LSB

[Operation]
An SFR pointer (SFR.PTR) is specified by a channel pointer (CH.PTR), and a buffer is addressed by the memory
pointer (MEM.PTR) and macro service counter (MSC).
The difference between the current value of the SFR (including capture registers) specified by the SFR.PTR
and the “value immediately before” is written to the buffer. This current value of the SFR is used as the “value
immediately before”. Writing data is started from buffer 1.
Each time data has been written, the MSC is decremented (-1). When MSC = 0, a vectored interrupt request
is generated.
The MEM.PTR is not affected.
The buffer address is determined as follows:

(Buffer address) = (Contents of MEM.PTR) — (Contents of MSC x 2) + 2
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Example

To write the difference between the capture/compare register 00 (CC00) (OFF12H) and the “value

immediately before” to the buffer by using the INTPO input signal as a trigger. The cycle of the INTPO

input signal is measured by using the difference in the vectored interrupt routine.

OFEG61H
OFEG60H
OFESFH
OFESEH
OFES5DH
OFESCH

OFES5BH

OFEODH

OFEOCH

[Usage]

61H

10011010

OFC81H

OFC80H

OFC7FH

OFC7EH

OFC7DH

OFC7CH

To measure cycles and pulse widths by using a capture register

Cautions 1. Do not clear the macro service counter (MSC) to OOH.

2.

Initialize the “value immediately before” (with dummy data) in advance.
3. Only a 16-bit SFR can be specified by the SFR pointer (SFR.PTR).

423



CHAPTER 16 INTERRUPT FUNCTIONS

(6) CPU monitor mode 0: SELFO

424

[Macro service control word]

High-Order Address

T -

Initial Data

SFR. PTR

|G

CH. PTR

Low-Order Address

10101011

MSB

[Operation]

LSB

Checks the internal operation of the CPU. The items to be checked are as follows:

e Writing to program status word (PSW)
e Stack pointer (SP)

¢ Main RAM

¢ Main RAM addressing

e Compare operation

If the CPU is operating normally, the value resulting from subtracting 10 from the initial data is transferred to
an SFR specified by the SFR pointer (SFR.PTR). If an abnormality of the CPU is detected, a value different

from that transferred during normal operation is transferred.

After completion of this macro service, the contents of the main RAM and the value of SP are not destroyed,

but the value of PSW is set to Ox00H.

Therefore, this macro service must be executed when initialization is performed. After that, use CPU monitor

mode 1 to be explained next.
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(7) CPU monitor mode 1: SELF1

[Macro service control word]

High-Order Address
T — Initial data
SFR. PTR
L — CH. PTR
Low-Order Address 10001011
MSB LSB

[Operation]
Checks the internal operation of the CPU. The items to be checked are as follows:

e Stack pointer (SP)

¢ Main RAM

¢ Main RAM addressing
e Compare operation

If the CPU is operating normally, the value resulting from subtracting 8 from the initial data is transferred to an
SFR specified by the SFR pointer (SFR.PTR). If an abnormality of the CPU is detected, a value different from
that transferred during normal operation is transferred.

After completion of this macro service, the contents of the main RAM and the value of SP are not destroyed.
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* 16.9 When Interrupt Request and Macro Service Are Temporarily Held Pending

When the following instructions are executed, interrupt acknowledgment and macro service processing is deferred for
8 system clock cycles. However, software interrupts are not deferred.

El

DI

BRK

BRKCS

RETCS

RETCSB !addr16

RETI

RETB

LOCATION OH or LOCATION OFH

POP PSW

POPU post

MOV PSWL, A

MOV PSWL, #byte

MOVG SP, #imm24

Write instruction and bit manipulation instruction to an interrupt control registerNOte, or the MKO, MK1L, IMC or ISPR

register (Excluding BT and BF instructions)

PSW bit manipulation instruction
(Excluding the BT PSWL. bit, $addr20, BF PSWL. bit, $addr20, BT PSWH. bit, $addr20, BF PSWH. bit, $addr20, SET1
CY, NOT1 CY, and CLR1 CY instructions)

Note Interrupt control registers: OVICO, OVIC1, OVIC4, PICO-PIC6, CMIC10, CMIC11, CMIC20, CMIC21, CMIC30,

CMIC31, CMIC40, CMICA41, SERIC, SRIC, CSIIC1, STIC, SERIC2, SRIC2, CSIIC2,
STIC2, ADIC
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Cautions 1. When an interrupt related register is polled using a BF instruction, etc., the branch destination of

that BR instruction, etc., should not be that instruction. If a program is written in which a branch

is made to that instruction itself, all interrupts and macro service requests will be held pending

until a condition whereby a branch is not made by that instruction arises.

Bad Example
LOOP : BF PICO0.7, $LOOP

X XX

Good Example (1)

LOOP : NOP
BF PICO0.7, $LOOP

Good Example (2)
LOOP : BT PICO0.7, $NEXT

BR $LOOP
NEXT :

Allinterrupts and macro service requests are held pending until
PICO0.7 is 1.

« Interrupts and macro service requests are not serviced until
after execution of the instruction following the BF instruction.

« Interrupts and macro service requests are serviced after execu
tion of the NOP instruction, so that interrupts are never held
pending for a long period.

Using a BTCLR instruction instead of a BT instruction has the
advantage that the flag is cleared (0) automatically.

« Interrupts and macro service requests are serviced after execu-
tion of the BR instruction, so that interrupts are never held
pending for a long period.

2. For a similar reason, if problems are caused by a long pending period for interrupts and macro

service when instructions to which the above applies are used in succession, a time at which

interrupts and macro service requests can be acknowledged should be provided by inserting an

NOP instruction, etc., in the series of instructions.
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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

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 (0.5 us: fcik = 16 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 (referto 16.9 When
Interrupt Request and Macro Service Are Temporarily Held Pending for deferred instructions).

Figure 16-21. Interrupt Request Generation and Acknowledgment (Unit: Clocks)

Interrupt Request Flag

8 Clocks

Instruction Interrupt Request Acknowledgment Processing/Macro Service Processing
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16.11.1 Interrupt acceptance processing time

To accept an interrupt, the time shown in Table 16-11 is required. After this time has elapsed, the interrupt processing

routine is executed.

Table 16-11. Interrupt Acceptance Processing Time

(unit: clock)
Interrupt Processing Mode Vectored Interrupt Context
Vector table IROM, EMEM16 EMEM8 Switching
Branch Detection Stack IRAM PRAM |EMEM16 | EMEM8 | IRAM PRAM |EMEM16 | EMEM8
IROM, PRAM 26 30 30+2n | 38+4n 30 34 34+2n | 42+4n 22
EMEM16, EMEMS8 27 31 31+2n | 39+4n 31 35 35+2n | 43+4n 23

Remarks 1. IROM

. internal ROM (with high-speed fetch specified)

IRAM internal high-speed RAM

PRAM : peripheral RAM (only when the LOCATION O instruction is executed in the case of branch
destination)

EMEM16: external memory and internal ROM not specified for high-speed fetch and set to 16-bit bus
width

EMEMS8 : external memory and internal ROM not specified for high-speed fetch and set to 8-bit bus
width

n indicates the number of wait states per byte necessary for writing to the stack.
3. If the vector table is EMEM16 or EMEMS8 and if wait states are inserted when reading the vector table,
the processing time is extended. Add 2m in the case of vector interrupt with EMEMS8 or m in the case
of context switching with EMEM16 to the values in the above table. m is the number of wait states per

byte necessary for reading the vector table.

4. |If the branch destination is EMEM16 or EMEMS, and if wait states are inserted when reading the
instruction at the branch destination, add the number of wait states to the value in the above table.

5. If the stack is in PRAM and the value of the stack pointer (SP) is odd, add 8 to the value in the above
table. If the value of SP is odd with EMEM16, add 8+2n to the value in the above table.

6. The number of wait states is the total number of address wait and access wait states.
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16.11.2 Processing time of macro service
The processing time of the macro service differs depending on the type of the macro service, as shown in Table 16-12.

Table 16-12. Macro Service Processing Time

(unit: clock)
Type of Macro Service Processing Time
IRAM Other
Data Area

Group O Counter mode: EVTCNT 18 —
Group 1 Block transfer mode: BLKTRS Buffer « SFR Byte 24 —
Word 25 —
SFR « buffer Byte 24 —
Word 25 —
Block transfer mode Buffer « SFR Byte 30 32
(with memory pointer): BLKTRS-P Word 31 33
SFR « buffer Byte 30 32
Word 31 33
Data differential mode: DTADIF 28 —
Data differential mode (with memory pointer): DTADIF-P 33 35

Group 2 CPU monitor mode 0: SELFO — 78
CPU monitor mode 1: SELF1 — 60

Remarks 1. Add the number of clocks specified for each case in the following cases in the other data areas.
» |If data size is word and data is located at an odd address in IROM or PRAM: 8 clocks
e Ifdatasizeisbytein EMEM16 or EMEMS, or if data size is word in EMEM16 and data is located
at an even address: n (n is the number of wait states per byte)
« |f data size is word in EMEMS, or if data size is word in EMEM16 and data is located at an
odd address: 4 + 2n (n is the number of wait states per byte)
2. Data is output to an SFR in the CPU monitor modes.
IRAM . internal high-speed RAM
IROM : internal ROM (with high-speed fetch specified)
PRAM : peripheral RAM
EMEM16: external memory and internal ROM not specified for high-speed fetch and set to 16-
bit bus width
EMEMS8 : external memory and internal ROM not specified for high-speed fetch and set to 8-
bit bus width
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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,
NMI pininput, etc., the entire system must be restored to its initial state. Inthe uPD784046, 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 acknow-ledgment 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 MKO, #OFFFFH
MOV  MK1, #OFFFFH
IRESL
CMP  ISPR, #0
BZ SNEXT
MOVG SP, #RETVAL
RETI
RETVAL :
DW  LOWW (IRESL)
DB 0
DB HIGHW (IRESL)
NEXT

)

1

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 & HIGHW are assembler operators for calculating low-order
16 bits & high-order 16 bits respectively of symbol NEXT

e Itis necessary to ensure that a non-maskable interrupt request is not generated via the NMI pin

during execution of this program.

e After this, on-chip peripheral hardware initialization and interrupt control register initialization are

performed.

« When interrupt control register initialization is performed, the interrupt request flags must be

cleared (0).
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16.13 Cautions

@

@

©)

4

®)

(6)

7

®

©

The in-service priority register (ISPR) is read-only. Writing to this register may result in misoperation.

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.

The RETCS instruction must not be used to return from a software interrupt caused by a BRKCS instruction.

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.

Non-maskable interrupts are always acknowledged, except during non-maskable interrupt service program execu-
tion (except when a high 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 shown in 16.9.
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 3.9 Special Function Registers (SFR) ), and the CPU becomes deadlocked, or the PC
and PSW are written to an unexpected signal is output from a pin, or 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
upsets occurs.

Therefore, the program following RESET release must be as follows.

CSEG ATO
Dw STRT
CSEG BASE
STRT:
LOCATION OFH; or LOCATION 0
MOVG SP, #imm24

When a maskable interrupt is acknowledged by vectored interruption, the RETI instruction must be used to return
from the interrupt. Subsequent interrupt 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.

(10) If data is transmitted with UART by using the macro service, a vectored interrupt is generated two times (refer to
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(11) Do not clear the macro service counter (MSC) to O0H in the data differential mode and data differential mode (with

memory pointer).

(12) Initialize the “value immediately before” (with dummy data) in advance in the data differential mode and data

differential mode (with memory pointer).

(13) Only a 16-bit SFR can be specified by the SFR pointer (SFR.PTR) in the data differential mode and data differential

mode (with memory pointer).

(14) When aninterrupt related register is polled using a BF instruction, etc., the branch destination of that BR instruction,

etc., should not be that instruction. If a program is written in which a branch is made to that instruction itself, all

interrupts and macro service requests will be held pending until a condition whereby a branch is not made by that

instruction arises.
Bad Example
LOOP: BF PIC0.7, $LOOP

X XX

Good Example (1)

LOOP: NOP
BF PICO0.7, $LOOP

Good Example (2)
LOOP: BT PICO0.7, $NEXT
BR $LOOP

NEXT:

All interrupts and macro service requests are held pending until PIC0.7 is
1.

« Interrupts and macro service requests are not processed until after exe-
cution of the instruction following the BF instruction.

« Interrupts and macro service requests are serviced after execution of the
NOP instruction, so that interrupts are never held pending for a long period.

Using a BTCLR instruction instead of a BT instruction has the advantage
that the flag is cleared (0) automatically.

« Interrupts and macro service requests are serviced after execution of the
BR instruction, so that interrupts are never held pending for a long period.

(15) For a similar reason to that given in (14), if problems are caused by a long pending period for interrupts and macro

service when instructions to which the above applies are used in succession, a time at which interrupts and macro

service requests can be acknowledged should be provided by inserting an NOP instruction, etc., in the series of

instructions.
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CHAPTER 17 LOCAL BUS INTERFACE FUNCTION

The local bus interface function is provided for the connection of external memory (ROM and RAM) and 1/Os.

External memory (ROM and RAM) and 1/Os are accessed using the RD, LWR, HWR and ASTB pin signals, with pins
ADO to AD15 used as the multiplexed address/data bus and pins A16 to A19 as the address bus.

The basic bus interface timing is shown in Figures 17-4 to 17-9.

In addition, a wait function that is used to interface with a low-speed memory, and a bus sizing function that can change
the external data bus width between 8 bits and 16 bits are also provided.

17.1 Memory Extension Function

With the uPD784046, external memory and 1/0O extension can be performed by setting the memory extension mode
register (MM).

17.1.1 Memory extension mode register (MM)

The MM is an 8-bit register that performs external extension memory control, address wait number specification, and
internal fetch cycle control.

The MM register can be read or written to with an 8-bit manipulation instruction or bit manipulation instruction. The MM
format is shown in Figure 17-1.

RESET input sets the MM register to 20H.
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Figure 17-1. Format of Memory Expansion Mode Register (MM)

Address : OFFC4H On reset : 20H R/W
7 6 5 4 3 2 1 0
MM IFCH AW 0 MM3 | MM2 | MM1 | MMO
IFCH Fetches Internal ROM
0 Fetches at same speed as external memory.
All setting of wait control is valid.
1 High-speed fetch.
Specification of wait control is invalid.
AW Specifies Address Wait
0 Disabled
1 Enabled
MM3 | MM2 | MM1 | MMO Mode Port 4 Port 5 Port 6 P90-P93
(P40 to P47) | (P50 to P57) | (P60 to P63)
0 0 0 0 |Single-chip Port
mode
0 0 1 1 |256-byte ADO-AD7 P90 : RD
extension L
modeNote L P91:LWR
0 1 0 0 |1K-byte ADS, | Port P92 : HWR
extension
modeNote 1 ADgNote2 P93 : ASTB
0 1 0 1 |4K-byte AD8- Port
extension
modeND[e 1 ADllNDteZ
0 1 1 0 |16K-byte AD8- Port
extension
modeNote 1 AD13N0192
0 1 1 1 |64K-byte AD8-AD15
extension
mode
1 0 0 0 256K-byte Al6, |Port
extension
mode Al7
1 0 0 1 1M-byte Al16-Al19
extension
mode
Others Setting prohibited
Notes 1. Setting prohibited when external 16-bit bus is specified.
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17.1.2 Memory map with external memory extension

The memory map when memory extension is used is shown in Figures 17-2 to 17-3. External devices at the same
addresses as the internal ROM area, internal RAM area and SFR area (excluding the external SFR area (OFFDOH to
OFFDFH)) cannot be accessed. If an access is made to these addresses, the memory or SFR in the uPD784046 has access
priority and no ASTB signal,ﬁ) signal, LWR, or HWR signal is output (these pins remain at the inactive level). The address
bus output level remains at the level output prior to this, and the address/data bus output becomes high-impedance.

Except in 1M-byte extension mode, the address output externally is output with the upper part of the address specified
by the program masked.

Example 1:
In 256-byte extension mode, when address 54321H is accessed by the program, the output address is 21H.

Example 2:
In 256-byte extension mode, when address 67821H is accessed by the program, the output address is 21H.
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Notes 1.
2.
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Figure 17-2. puPD784044 Memory Map (1/2)

(a) When LOCATION O instruction is executed

FFFFFH
External MemoryNote External Memory
OFFFFH SFR SFR SFR
OFFEOH /47— 8 ——1 o
Note 2 External MemoryNote 2
OFFCFH [ | [~~~ """~~~ [
SFR SFR SFR
Internal RAM Internal RAM Internal RAM
OFBOOH
OF600H Use Prohibited Use prohibited
External Memory
07FFFH
Internal ROM Internal ROM Internal ROM
00000H

Single-Chip Mode

256-Byte to 256 K-Byte
Extension Modes

Any extension size area in unshaded part

External SFR area

1 M-Byte Extension Mode
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FFFFFH
FFFEOH

FFFCFH

FFBOOH
FF600H

07FFFH

00000H

Figure 17-2. puPD784044 Memory Map (2/2)

(b) When LOCATION OFH instruction is executed

SFR SFR SFR
Note 2 External MemoryNete 2

SFR SFR SFR
Internal RAM Internal RAM Internal RAM
Use Prohibited Use Prohibited

External MemoryNote 1
External Memory
Internal ROM Internal ROM

Internal ROM

Single-Chip Mode

256-Byte to 256 K-Byte
Extension Modes

Notes 1. Any extension size area in unshaded part
2. External SFR area

1 M-Byte Extension Mode
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FFFFFH

OFFFFH
OFFEOH

OFFCFH

OF700H

OF600H

00000H

Figure 17-3. puPD784046 Memory Map (1/2)

(a) When LOCATION O instruction is executed

External MemoryNote !

External Memory

SFR SFR
____ Note2
SFR SFR
Internal RAM Internal RAM

Internal RAM

Use Prohibited

Use Prohibited

Use Prohibited

Internal ROM

Internal ROM

Internal ROM

Single-Chip Mode

256-Byte to 256 K-Byte
Extension Modes

Notes 1. Any extension size area in unshaded part

2. External SFR area
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FFFFFH
FFFEOH

FFFCFH

FF700H

FF600H

OFFFFH

00000H

Figure 17-3. puPD784046 Memory Map (2/2)

(b) When LOCATION OFH instruction is executed

SFR SFR SFR
Note 2 External MemoryNete 2

SFR SFR SFR

Internal RAM Internal RAM Internal RAM
Use Prohibited Use Prohibited
External MemoryNete 1
External Memory

Internal ROM Internal ROM Internal ROM

Single-Chip Mode

256-Byte to 256 K-Byte
Extension Modes

Notes 1. Any extension size area in unshaded part
2. External SFR area

1 M-Byte Extension Mode
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17.1.3 Basic Operation of Local Bus Interface

The local bus interface accesses external memory using ASTB, ﬁ), m, m, an address/data bus (ADO to AD15)
and address bus (A8 to A19). When the local bus interface is used, port 4 and P90 to P93 automatically operate as ADO
to AD7, RD, LWR, HWR, and ASTB. In ports 5 and 6, only the pins that correspond to the extension memory size operate

as address bus pins.
An outline of the memory access timing is shown in Figures 17-4 to 17-9.

Figure 17-4. Read Timing (8 Bits)

Condition ¢ Bus Size : 8 bits
¢ Bus Cycle : No Wait

_ Note
Aiﬁéﬁgwe >< High-Order Address ><
(Output)

Hi-Z /Low-Order Address Hi-Z Hi-Z
ADO - AD7 - = ©Ouputy | )yTTTTToTToC Data (Input) y=====-===--- <

ASTB (Output) _/_\ /
RD (Output) \ /

Note The number of address bus pins used depends on the extension mode size.

Figure 17-5. Write Timing (8 Bits)

Condition ¢ Bus Size : 8 bits
¢ Bus Cycle : No Wait

AD8-AD15N°ote >< High-order Address ><
A16-A19Note

(Output)

Hi-Z

Hi-Z Hi-Z
ADO - AD7 (Output) - ===« Low-Order Address )- - Data @ Y -==-cemcaaa-

ASTB (Output) _/_\ /
LWR (Output) \ /

Note The number of address bus pins used depends on the extension mode size.
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Figure 17-6. Read Timing (16 Bits, Even Address Access)

Condition ¢ Bus Size : 16 bits ¢ Low-Order 8-Bit Data : Even Address
¢ Bus Cycle : No Wait * High-Order 8-Bit Data : Odd Address

AlG(.gLJJ_t%N:S >< High-Order Address ><:
i SR Gy S e
ASTB (Output) _/_\ /_
ﬁ)(Output) \ /

Note The number of address bus pins used depends on the extension mode size.

Figure 17-7. Write Timing (16 Bits, Even Address Access)

Condition ¢ Bus Size : 16 bits ¢ Low-Order 8-Bit Data : Even Address
e Bus Cycle : No Wait » High-Order 8-Bit Data : Odd Address

A16 - A1QNote X High-order Address
(Output)
Hi-Z Hi-Z Hi-Z
ADO - AD15 (Output) - ===« Low-Order Address )- - Data = J====emmc=---
ASTB (Output) _/_\ /
LWR, HWR (Output) \ /

Note The number of address bus pins used depends on the extension mode size.
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Figure 17-8. Read Timing (16 Bits, Odd Address Access)

Condition e« Bus Size : 16 bits e Low-Order 8-Bit Data : Odd Address
¢ Bus Cycle : No Wait * High-Order 8-Bit Data : Even Address

AL6-ALOT High-Order Add
1gh-Oraer ress
(Output) 9
ADO-AD15 - HEZ <L°W5%Ldiij§?§s'§“ >-H-"-Z-<Data (Input) >-Hl'?<”wé3$i$?§£?5 :>-H-"-Z Data (Input) Y- =% -
(Output) (Output)
ASTB (Output) _/_\ / \ /
RD (Output) \ / \_/7

Note The number of address bus pins used depends on the extension mode size.

Figure 17-9. Write Timing (16 Bits, Odd Address Access)

Condition < Bus Size : 16 bits e Low-Order 8-Bit Data : Odd Address
¢ Bus Cycle : No Wait * High-Order 8-Bit Data : Even Address

A16-Al9Nete ,
High-Order Address
(Output)
ADO-AD1S (Output) - 5 <L°W5%L“ihﬁ?£§“>ﬂ"'z'< Data >H1'Z<L°Wé§’éﬂi{d’2?i§“>ﬁ"'z < Data >'H"§'<
ASTB (Output) _/_\ / \ /

LWR (Output)

HWR (Output) \ /

Note The number of address bus pins used depends on the extension mode size.

%
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17.2 Wait Function

When alow-speed memory or I/O is connected externally to the uPD784046, waits can be inserted in the external memory

access cycle.

There are two kinds of wait cycle, an address wait for securing the address decoding time, and an access wait for securing

the access time.

17.2.1 Wait function control registers

(1) Memory extension mode register (MM)
The IFCH bit of the MM performs wait control setting for internal ROM accesses, and the AW bit performs address

wait setting.

The MM can be read or written to with an 8-bit manipulation instruction. The MM format is shown in Figure 17-10.
When RESET is input, the MM register is set to 20H, the same cycle as for external memory is used for internal ROM
accesses, and the address wait function is validated.

Figure 17-10. Format of Memory Extension Mode Register (MM)

Address : OFFC4H On reset : 20H RIW
7 6 5 4 3 2 1 0
MM IFCH 0 AW 0 MM3 | MM2 | MM1 | MMO
IFCH Fetches Internal ROM
0 Fetches at same speed as external memory.
All setting of wait control is valid.
1 High-speed fetch.
Specification of wait control is invalid.
AW Specifiess Address Wait
0 Disabled
1 Enabled
MM3 | MM2 | MM1 | MMO |Sets memory

extension mode

(refer to Figure 17-1).
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CHAPTER 17 LOCAL BUS INTERFACE FUNCTION

(2) Programmable wait control registers (PWC1/PWC?2)

446

The PWC1 and PWC2 specify the number of waits.

PWCL1 is an 8-bit register that divides the space from 0 to FFFFH into four, and specifies wait control for each of
these four spaces. PWC2 is a 16-bit register that divides the space from 10000H to FFFFH into four, and specifies
wait control for each of these four spaces.

The PWC1 can be read or written to with an 8-bit manipulation instruction, and the PWC2 with a 16-bit manipulation
instruction. The PWC1 and PWC2 formats are shown in Figures 17-11 and 17-12.

The high-order 8 bits of the PWC2 are fixed at AAH, and therefore ensure that the high-order 8 bits are set to AAH.
When RESET is input, the PWCL1 is set to AAH, and the PWC2 to AAAAH, and 2-wait insertion is performed on the
entire space.



CHAPTER 17 LOCAL BUS INTERFACE FUNCTION

Figure 17-11. Format of Programmable Wait Control Register 1 (PWC1)

Address : OFFC7H On reset : AAH R/W
7 6 5 4 3 2 1 0
PWC1 | PW31 | PW30 | PW21 | PW20 | PW11 | PW10 | PW0O1 | PWOO
Valid PW31 | PW30 [Inserted Wait |Data Access
Cycle,
Address Cycle Fetch Cycle
00CO00H-| O 0 0 3
00FFFFH | 0 1 1 4
1 0 2 5
1 1 |Time of low -
level input to
WAIT pin
Valid PW21 | PW20 |Inserted Wait |Data Access
Cycle,
Address Cycle Fetch Cycle
008000H-| O 0 0 3
00BFFFH 0 1 1 4
1 0 2 5
1 1 |Time of low -
level input to
WAIT pin
Valid PW11 | PW10 [Inserted Wait |Data Access
Cycle,
Address Cycle Fetch Cycle
004000H- 0 0 0 3
007FFFH 0 1 1 4
1 0 2 5
1 1 |Time of low —
level input to
WAIT pin
Valid PWO01 | PWOO [Inserted Wait | Data Access
Cycle,
Address Cycle Fetch Cycle
000000H- 0 0 0 3
003FFFH 0 1 1 4
1 0 2 5
1 1 |Time of low -
level input to
WAIT pin
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CHAPTER 17 LOCAL BUS INTERFACE FUNCTION

Note Except the portion overlapping the internal data area.

Cautions 1. The above number of cycles is when no address cycle is appended. If an address cycle is
appended, one cycle must be added.
2. Nowait cycleisinserted when fetching instructions from the internal ROM or peripheral RAM area
at high-speed.
3. Do not insert a wait cycle in the internal ROM area by using the WAIW
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Figure 17-12. Format of Programmable Wait Control Register 2 (PWC2)

Address : OFFC8H On reset : AAAAH RIW
15 14 13 12 11 10 9 8
PWC2 1 0 1 0 1 0 1 0
7 6 5 4 3 2 1 0
PW71 | PW70 | PW61 | PW60 | PW51 | PW50 | PW41 | PW40
Valid PW71 | PW70 |Inserted Wait |Data Access
Cycle,
Address Cycle Fetch Cycle
080000K- 0 0 0 3
OFFFFFH| 0 1 1 4
1 0 2 5
1 1 |Time of low -
level input to
WAIT pin
Valid PW61 | PW6O |Inserted Wait |Data Access
Cycle,
Address Cycle Fetch Cycle
040000H-| O 0 0 3
07FFFFH 0 1 1 4
1 0 2 5
1 1 [Time of low -
level input to
WAIT pin
Valid PW51 | PW50 |Inserted Wait |Data Access
Cycle,
Address Cycle Fetch Cycle
020000H-| O 0 0 3
03FFFFH 0 1 1 4
1 0 2 5
1 1 [Time of low -
level input to
WAIT pin
Valid PWA41 | PW40 |Inserted Wait |Data Access
Cycle,
Address Cycle Fetch Cycle
010000H-| O 0 0 3
01FFFFH 0 1 1 4
1 0 2 5
1 1 |Time of low -
level input to
WAIT pin
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Note Except the portion overlapping the internal data area.
Cautions 1. The above number of cycles is when no address cycle is appended. If an address cycle is

appended, one cycle must be added.
2. No wait cycle is inserted when fetching instructions from the peripheral RAM area.
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17.2.2 Address waits

Address waits are used to secure the address decoding time. If the AW bit of the memory extension mode register (MM)
is set (1), waits are inserted in every memory accessN°® . When an address wait is inserted, the high-level period of the
ASTB signal is extended by one system clock cycle (62.5 ns: fcik = 16 MHz).

Note Except for the internal RAM, internal SFRs, and internal ROM during high-speed fetch.

If it is specified that the internal ROM is accessed in the same cycle as the external ROM, an address wait state
is inserted even when the internal ROM is accessed.

Figure 17-13. Read/Write Timing of Address Wait Function (1/3)

(a) Read timing with no address wait insertion

ADS8-AD15, > < _ ><
A16-A19 High-Order Address
ADO - AD7 - -H-i_-z AL -< Input Data >-H.i‘§<
ASTB 4/_\
RD \ /

Note fcik: Internal system clock frequency. This signal is present inside the uPD784046 only.

Remark The above figure is an example of the 8-bit bus.
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Figure 17-13. Read/Write Timing of Address Wait Function (2/3)

(b) Read timing with address wait insertion

AD8-AD15, High-Order Address
Al16-Al19
Hi-Z Hi-Z Hi-Z
ADO-AD7 ~—-=--- < Low-Order Address >- ---- - -<
ASTB / \
RD \ /

Note fcwk: Internal system clock frequency. This signal is present inside the uPD784046 only.

Remark The above figure is an example of the 8-bit bus.
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Figure 17-13. Read/Write Timing of Address Wait Function (3/3)

(c) Write timing with no address wait insertion

A?ﬁ?iig >< High-Order Address ><
ASTB J_\ K

(d) Write timing with address wait insertion

AD8-AD15 )
A16-A19 >< High-Order Address ><
Hi-Z Hi-Z -
ADO-AD7 =----- Low-Order Address )y ======== Output Data -
ASTB / \ /
LWR \ /

Note fcik: Internal system clock frequency. This signal is present inside the uPD784046 only.

Remark The above figure is an example of the 8-bit bus.
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17.2.3 Access waits

Access waits are inserted in the RD, LWR, or HWR signal low-level period, and extend the low-level period by 1/fcLk (62.5
ns: fcik = 16 MHz) per cycle.

There are two wait insertion methods, using either the programmable wait function that automatically inserts the preset
number of cycles, or the external wait function controlled by a wait signal from outside.

For wait cycle insertion control, the 1 M-byte memory space is divided into eight as shown in Figure 17-15, and control
is specified for each space by means of the programmable wait control registers (PWC1/PWC2). Waits are not inserted
in accesses to internal ROM or internal RAM using high-speed fetches. In accesses to internal SFRs, waits are inserted
at the necessary times regardless of this specification.

If access operations are specified as being performed in the same number of cycles as for external ROM, waits are
inserted also in internal ROM accesses in accordance with the PWC1 settings.

The P94 pin functions as a WAIT input pin when the PMC94 bit of the port 9 mode control register (PMC9) is set (1).
The P94 pin operates as a general-purpose /O port pin when RESET is input (refer to Figure 17-14).

Bus timing in the case of access wait insertion is shown in Figures 17-16 to 17-18.
Caution Do not insert a wait cycle in the internal ROM area by using the WAIT pin.

Figure 17-14. Format of Port 9 Mode Control Register (PMC9)

Address : OFF49H On reset : 00H R/W
7 6 5 4 3 2 1 0
PMC9 0 0 0 |PMC94| O 0 0
PMC94 Specifies Control Mode of Pin P94

0 I/O port mode

1 | WAIT input mode
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Figure 17-15. Wait Control Spaces

FFFFFH

512K Bytes
80000H
7TFFFFH

256K Bytes
40000H
3FFFFH

128K Bytes
20000H
1FFFFH

64K Bytes
10000H
OFFFFH

16K Bytes
0CO00H
OBFFFH

16K Bytes
08000H
07FFFH

16K Bytes
04000H
03FFFH

16K Bytes
00000H

Controlled by Bits
PW70 & PW71

Controlled by Bits
PW60 & PW61

Controlled by Bits
PW50 & PW51

Controlled by Bits
PW40 & PW41

Controlled by Bits
PW30 & PW31

Controlled by Bits
PW20 & PwW21

Controlled by Bits
PW10 & PW11

Controlled by Bits
PWOO0 & PWO1

Controlled by PWC2

Controlled by PWC1
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Figure 17-16. Read Timing of Access Wait Function (1/2)

(a) 0 wait cycles set

AD8-AD15,

Al6-A19 X High-Order Address X
(Output)

- _Hi-Z flow-order\ Hi-Z_ Hi-Z
ADO-AD7 < Data (Input) >— <
ASTB (Output) _/—\ /

RD (Output) \ /7

(b) 1 wait cycle set

ADS8-AD15, X

Al16-A19
(Output)

) _Hi-Z _flow-order\ Hi-Z_ Hi-Z

ADO-AD7 < Data (Input) >- <

ASTB (Output) / \ /
RD (Output) \ /

Note fcwk: Internal system clock frequency. This signal is only present inside the uPD784046.

High-Order Address

Remark The above figure is an example of the 8-bit bus.
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Figure 17-16. Read Timing of Access Wait Function (2/2)

(c) 2 wait cycles set

AD8-AD15,
A16-A19 High-Order Address
(Output)
_ _ _ {Low-Order _"_”'_Z_ _ Hl‘?
ADO-AD7 < Data (Input) >'
ASTB (Output) _/_\
RD (Output) \

Note fcik: Internal system clock frequency. This signal is only present inside the uPD784046.

14

Remark The above figure is an example of the 8-bit bus.
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Figure 17-17. Write Timing of Access Wait Function (1/2)

(a) 0 wait cycles set

ADB8-AD15, X

Al16-A19
(Output)

ADO-AD7 _Hi-Z _flow-Order\ __ _Hi-Z ___ Hi-Z
(Output) < paa } (
ASTB (Output) _/—\ /
LWR (Output) \ /

High-Order Address X

(b) 1 wait cycle set

AD8-AD15, X

Al16-Al19
(Output)

ADO-AD7 _Hi-Z floworder\ __ Hi-Z_ __ _ Hi-Z_
(Outpu) pata
ASTB (Output) / \ /
LWR (Output) \ /

Note fcwk: Internal system clock frequency. This signal is only present inside the uPD784046.

High-Order Address X

Remark The above figure is an example of the 8-bit bus.
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Figure 17-17. Write Timing of Access Wait Function (2/2)

(c) 2 wait cycles set

AD8-AD15,
A16-A9 High-Order Address
(Output)
ADO-AD7 Hi-Z fow-order\ ___ H-Z_ ____ Dat _Hi-Z _
(Output) Address ata
ASTB (Output) _/_\ /
LWR (Output) \ /

Note fcik: Internal system clock frequency. This signal is only present inside the uPD784046.

Remark The above figure is an example of the 8-bit bus.
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Figure 17-18. Timing with External Wait Signal

(a) Read timing

feutere _/_\_/_\_/_\_/_\_/_\_/_

AD8-AD15,
Al16-A9
(Output)

ADO-AD7

ASTB (Output)

RD (Output)

WAIT (Input)

fCLKNote

AD8-AD15,
Al16-A9
(Output)

ADO-AD7
(Output)
ASTB (Output)

LWR (Output)

WAIT (Input)

Note

X

High-Order Address

_ _ [ Low-Order
Address

Data (Input)

>C
y
[
—

(b) Write timing

X

High-Order Address

__ /Low-Order
Address

Data

\

/

Remark The above figure is an example of the 8-bit bus.
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17.3 Bus Sizing Function

The uPD784046 has a bus sizing function that changes the external data bus width between 8 bits and 16 bits when
an external device is connected. By using this function, the 1M-byte memory space can be divided by eight, and the external
bus width can be specified in each memory space by using the bus width specification register (BW).

17.3.1 Bus width specification register (BW)

BW is a 16-bit register that specifies the bus width when an external device is connected.

This register cannot be accessed in 8-bit units. Be sure to access it by using a 16-bit data manipulation instruction. Figure
17-19 shows the format of BW

The value of BW differs depending on the setting of the BWD pin after RESET is input. When BWD = 0, the value of
BW is 0000H; when BWD = 1, it is OOFFH.
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Figure 17-19. Format of Bus Width Specification Register (BW)

Address : OFFCAH On reset : Note R/W

15 14 13 12 11 10 9 8
BW 0 0 0 0 0 0

7 6 5 4 3 2

BW7 | BW6 | BW5 | BW4 | BW3 | BW2 | BW1 | BWO

Valid BW?7 | Specifies external data bus width
Address

080000H-| O |8-bit bus

OFFFFFH 1 |16-bit bus

Valid BW6 | Specifies external data bus width
Address

040000H-| O |8-bit bus

07FFFFH 1 |16-bit bus

Valid BWS5 | Specifies external data bus width
Address

020000H-| O |8-bit bus

03FFFFH 1 |16-bit bus

Valid BW4 | Specifies external data bus width
Address

010000H-| O |8-bit bus

01FFFFH 1 |16-bit bus

Valid BW3 | Specifies external data bus width
Address

00C000H-| O  |8-bit bus

00FFFFH 1 |16-bit bus

Valid BW?2 | Specifies external data bus width
Address

008000H-| O |8-bit bus

00BFFFH 1 |16-bit bus

Valid BW1 | Specifies external data bus width
Address

004000H-| O |8-bit bus

007FFFH 1 |16-bit bus

Valid BWO | Specifies external data bus width
Address

000000H-| O |8-bit bus

003FFFH 1 |16-bit bus

Note The value of this register on reset differs depending on the setting of the BWD pin, as follows:
BWD = 0: 0000H
BWD = 1: O0OFFH
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17.4 Cautions
(1) Nowaitcycleisinserted when instructions are fetched from the internal ROM or peripheral RAM area at high speeds.

(2) Do not insert a wait cycle in the internal ROM area by using the WAIT pin.
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CHAPTER 18 STANDBY FUNCTION

18.1 Configuration and Function

The uPD784046 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 the
normal operating mode enables the total system power consumption to be reduced.

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

¢ HALT mode 4a

¢ IDLE mode &a

mode and in a time equal to that of the HALT mode.

¢ STOP mode a 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 diagram of the standby mode (STOP/IDLE/HALT mode) transition is shown in

Figure 18-1, and the block diagram of the standby function in Figure 18-2.

Figure 18-1. Diagram of Standby Mode Transition

Macro Service Request -~
End of 1st Service /) Macro
End of Macro Service \ Service

Program \A
Operation

Wait of
Oscillation

IDLE
(Standby)

Masked Interrupt
Request

STOP

(Standby) (Standby)

Note Unmasked interrupt request only

Remark Only external inputis valid as NMI. The watchdog timer must not be used to release the standby mode (STOP,

HALT, or IDLE mode).
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Figure 18-2. Diagram of Standby Function Block

Oscillation Stabilization

Timer (19)
RAM PROTECT
OSTS0 —
OSTS1 — ,—OD—> To Peripheral Circuit
0STS2 Selector
| EXTC—
System fxx_[Frequency fxx/2 (fcrk)
clock "L D=1 piiger CPU CLK
| Oscillator
HLT F/F
S @ — HLT Bit Setting
Q STOP Bit Setting
EXTC _
Macro Service Q R4Gj
Request
( IDLE F/F
Q S
o rR—<I—
STP F/IF2
Q S
ESNMI
Rising Edge|_| = R4G7
Detection
NMI Selector
- STP F/F1
Rising Edge| |
Detection R S
o rR—<1
Interrupt — Ll *Et)i
Macro Service
Request
RESET O

>

NOILONNd A9dNVLS 8T d3LdVHO
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18.2 Control Registers

18.2.1 Standby control register (STBC)

The STBC is a register used to control the standby mode.

To prevent entry into the standby mode due to an inadvertent program loop, the STBC register 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 complements.

If the 3rd and 4th bytes of the operation code are not mutual 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. Thatis, awrite is not performed to the STBC, and an interrupt such as an operand error interrupt is not generated.

The STBC can be read at any time by a data transfer instruction.

RESET input sets the STBC register to 30H.

The format of the STBC is shown in Figure 18-3.
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Figure 18-3. Standby Control Register (STBC) Format

Address : OFFCOH On reset : 30H R/W
5 4 3 2 1 0
STBC 0 0 1 1 0 0 STP | HLT

STP | HLT Controls CPU Operation Control

0 0 Normal operating mode
0 1 HALT mode

1 0 | STOP mode

1 1 IDLE mode

Caution 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 (1) before setting STOP mode. Ifthe STOP mode is used

with the EXTC bit cleared (0) when using external clock input, the uPD784046 may suffer damage or
reduced reliability.

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 4.3.1 Clock oscillator).
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18.2.2 Oscillation stabilization time specification register (OSTS)

The OSTS specifies the oscillator operation and the oscillation stabilization time when STOP mode is released. Setthe
state of the clock oscillator operation to the EXTC bit of the OSTS. STOP mode can be set when external clock input is
used only when the EXTC bit is set (1).

Bits OSTSO0 to OSTS2 of the OSTS select the oscillation stabilization time when STOP mode is released. In general,
an oscillation stabilization time of at least 40ms 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 wantto set a short oscillation stabilization time, you should consult
the crystal resonator or ceramic resonator manufacturer.

The OSTS can be read/written only with an 8-bit manipulation instruction.

RESET input clears the OSTS register to 00H.

The format of the OSTS is shown in Figure 18-4.
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Figure 18-4. Format of Oscillation Stabilization Time Specification Register (OSTS)

Address : OFFCFH On reset : OOH R/W
7 6 5 4 3 2 1 0
OSTS | EXTC 0 0 0 0 |OSTS2|/0OSTS1|0OSTS0
EXTC Selects External Clock

0 X2 pin is open when crystal/ceramic oscillation

is used or when external clock is used.

1 Input signal in reverse phase to that input to

X1 pin to X2 pin when external clock is used.

(fck = 16 MHz)

EXTC |0STS2|0STS1|0STS0[  Setects Oscillation

0 | 0 | 0 | 0 |2%x(32.8ms)

0 0 0 1 218ffcik (16.4 ms)

o | o | 1 | 0 [27fex(819ms)

o | o | 1 1 |2%feix (4.10 ms)

0 | 1 | 0 | 0 |2%fcx(2.05ms)

0 | 1 | 0 | 1 |2%fx(1.02ms)

0 1 1 0 [2%/fck (512 us)

0 1 1 1 22[feik (256 us)

1 x x x | 28/fcik (16 us)

Remark fcwk @ internal system clock
x @ don’t care

Cautions 1. When crystal/ceramic oscillation is used, the EXTC bit of the oscillation stabilization time
specification register (OSTS) must be cleared (0) before use. If the EXTC bit is set (1), oscillation
will stop.

2. If the STOP mode is used when using external clock input, the EXTC bit must be set (1) before
setting STOP mode. If the STOP mode is used with the EXTC bit cleared (0) the uPD784046 may
suffer damage or reduced reliability.

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 4.3.1 Clock oscillator).
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18.3 HALT Mode

18.3.1 HALT mode setting and operating states
The HALT mode is selected by setting (1) the HLT bit of the standby control (STBC) register or clearing (0) the STP bit.
The only writes that can be performed on the 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.

Caution If a condition that releases the HALT mode comes into effect when the HALT mode is being set, the
HALT mode is not entered, and the next instruction is executed, or a branch to a vectored interrupt
service program is performed. Before this branch execution, the instructions after the HALT mode
setting may be executed for 6 clocks. After restoring from the interrupt service, to execute an
instruction after setting the HALT mode, insert 3 NOP instructions before the instruction. To be sure
to set the HALT mode, take the necessary precautions such as clearing the interrupt request before
setting the HALT mode.

Table 18-1. Operating States in HALT Mode

Clock oscillator Operating
Internal system clock Operating
CPU Operation stoppedNote 1
1/0O lines Retain state prior to HALT mode setting
Peripheral functions Continue operating
Internal RAM Retained
Bus lines ADO to AD7 High-impedance

ADS to AD15 RetainedNote 2

Al1l6-A19
RD, LWR, HWR output High level
ASTB output Low level

Notes 1. Macro service processing is executed.
2. If the fetch address is an external memory address, and is 16-bits wide, AD8 through AD15 go into high-
impedance after the macro service interrupt has been processed.

18.3.2 HALT mode release
HALT mode can be released by the following three sources.

¢ Non-maskable interrupt request
¢ Maskable interrupt request (vectored interrupt/context switching/macro service)

¢ RESET input

Release sources and an outline of operations after release are shown in Table 18-2.
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Table 18-2. HALT Mode Release and Operations after Release
Release Source |MKNote 1| ENote 2 State on Release Operation after Release
Non-maskable X X « Non-maskable interrupt service program Interrupt request acknowledgment
interrupt request not being executed
(NMI pin input e Low-priority non-maskable interrupt
only. Excluding service program being executed
watchdog « Service program for same request being Execution of instruction after MOV STBC/
i Note 5
timer. 7% ) executed #byte instruction (interrupt request that
« High-priority non-maskable interrupt released HALT mode is held pendingNote 3)
service program being executed
Maskable 0 1 « Interrupt service program not being Interrupt request acknowledgment
interrupt request executed
(excluding macro « Low-priority maskable interrupt service
service request) program being executed
« PRSL bitNote 4 cleared (0) during execution
of priority level 3 interrupt service program
* Same-priority maskable interrupt service Execution of instruction after MOV STBC/
program being executed #byte instruction (interrupt request that
(If PRSL bitNote 4 js cleared (0), excluding released HALT mode is held pendingNote 3)
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 — Same as
release by maskable interrupt request
1 X — HALT mode maintained
RESET input X X — Normal reset operation
Notes 1. Interrupt mask bit in individual interrupt request source

o s wD

472

Interrupt enable flag in program status word (PSW)

Bit in interrupt mode control register (IMC)
The HALT mode cannot be released by the watchdog timer.

Pending interrupt requests are acknowledged when acknowledgment becomes possible.
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Release by non-maskable interrupt

When a non-maskable interrupt is generated, the uPD784046 is released from HALT mode irrespective of whether
the interrupt acknowledgment enabled state (El) or disabled state (DI) is in effect.

When the uPD784046 is released from HALT mode, if the non-maskable interrupt that released HALT mode can
be acknowledged, acknowledgment of that non-maskable interrupt is performed and a branch is made to the service
program. If the interrupt cannot be acknowledged, the instruction following the instruction that set the HALT mode
(the MOV STBC, #byte instruction) is executed, and the non-maskable interrupt that released the HALT mode is
acknowledged when acknowledgment becomes possible. Refer to 16.6 Non-Maskable Interrupt Acknowledg-
ment Operation for details of non-maskable interrupt acknowledgment.

Release by maskable interrupt request

HALT mode release by a maskable interrupt request can only be performed by an interrupt for which the interrupt
mask flag is 0.

When HALT mode is released, if an interrupt can be acknowledged when the interrupt request enable flag (IE) is
set (1), a branch is made to the interrupt service program. If the interrupt cannot be acknowledged and if the IE
flag is cleared (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, HALT mode is released temporarily, service is performed once, then HALT mode is restored.
When macro service has been performed the specified number of times, HALT mode is released. The operation
after release in this case is the same as for release by a maskable interrupt described earlier.

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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18.4 STOP Mode

18.4.1 STOP mode setting and operating states

The STOP mode is selected by setting (1) the STP bit of the standby control register (STBC) register or clearing (0) the
HLT bit.

The only writes that can be performed on the STBC register 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,

Caution If a condition that releases the HALT mode comes into effect when the STOP mode is being set (refer
to 18.3.2 HALT mode release), the STOP mode is not entered, and the next instruction is executed,
or a branch to a vectored interrupt service program is performed. Before this branch execution, the
instructions after the STOP mode setting may be executed for 6 clocks. After restoring from the
interrupt service, to execute an instruction after setting the STOP mode, insert 3 NOP instructions
before the instruction. To be sure to set the STOP mode, take the necessary precautions such as
clearing the interrupt request before setting the STOP mode.

Table 18-3. Operating States in STOP Mode

Clock oscillator Oscillation stopped
Internal system clock Stopped
CPU Operation stopped
1/0 lines Retain state prior to STOP mode setting
Peripheral functions All operation stoppedNote
Internal RAM Retained
Bus lines ADO to AD15 High-impedance
Al6 to A19 High-impedance
ﬁ, m, HWR output High-impedance
ASTB output High-impedance

Note A/D converter operation is stopped, but if the AMO bit or AM1 bit of the A/D converter mode register (ADM) is
set (1), the current consumption does not decrease.
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Cautions 1.

If the STOP mode is set when the EXTC bit of the oscillation stabilization time specification (OSTS)
register is cleared (0), the X1 pin is shorted internally to V ss (GND potential) to suppress clock
generator leakage. Therefore, whenthe STOP mode is used in a system that uses an external clock,

the EXTC bit of the OSTS must be set (1). If STOP mode setting is performed in a system to which

an external clock is input when the EXTC bit of the OSTS is cleared (0), the uPD784046 may suffer
damage or reduced reliability.

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 4.3.1 Clock oscillator).

Stop the A/D converter (by clearing (0) the AMO and AM1 bits of the A/D converter mode register
(ADM)) before setting the STOP mode.

18.4.2 STOP mode release
STOP mode is released by NMI input, INTP4 input, INTP5 input, and RESET input.

Table 18-4. STOP Mode Release and Operations after Release

Release )
State after Release Operation after Release
Source
NMI pin input | « Non-maskable interrupt service Interrupt request acknowledgment
program not being executed
« Low-priority non-maskable interrupt
service program being executed
« NMI pin input service program being Execution of instruction after MOV STBC/
executed #byte instruction (interrupt request that
« High-priority non-maskable interrupt released STOP mode is held pendingNote)
service program being executed
RESET input — Normal reset operation
Note Pending interrupt requests are acknowledged when acknowledgment becomes possible.
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(1) STOP mode release by NMI input

The oscillator resumes oscillation when the valid edge specified by external interrupt mode register 0 (INTMO) is
input to the NMI input. STOP mode is released after the oscillation stabilization time specified by the oscillation
stabilization time specification register (OSTS) elapses.

When the uPD784046 is released from STOP mode, if a non-maskable interrupt by NMI pin input can be
acknowledged, a branch is made to the NMI interrupt service program. If the interrupt cannot be acknowledged (if
the STOP mode is setin an NMI interrupt service program, etc.), execution is resumed from the instruction following
the instruction that set the STOP mode, and a branch is made to the NMI interrupt service program when
acknowledgment becomes possible (by execution of an RETI instruction, etc.).

Refer to 16.6 Non-Maskable Interrupt Acknowledgment Operation for details of NMl interrupt acknowledgment.

Figure 18-5. STOP Mode Release by NMI Input

STOP

Oscillator « | |—|l'||_||_||||| ||||||||

D) D)

foik (C (C | I | I |

STP FIF1 « N

STP FIF2 , « « [
NMI Input N | )

Rising Edge (¢ <¢
Specified

N

Oscillator Stopped Oscillation Stabilization
Count Time

(2) STOP mode release by RESET input
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When RESET input falls from high to low and the reset state is established, the oscillator resumes oscillation. The

oscillation stabilization time should be secured while RESET is active. Thereafter, normal operation is started when
RESET rises.
Unlike an ordinary reset operation, data memory retains its contents prior to STOP mode setting.
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18.5 IDLE Mode

18.5.1 IDLE mode setting and operating states
The IDLE mode is selected by setting (1) both the STP bit and the HLT bit of the standby control (STBC) register.

The only writes that can be performed on the 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.

Caution If a condition that releases the HALT mode comes into effect when the IDLE mode is being set (refer
to 18.3.2 HALT mode release), the IDLE mode is not entered, and the next instruction is executed, or
a branch to a vectored interrupt service program is performed. Before this branch execution, the
instructions after the IDLE mode setting may be executed for 6 clocks. After restoring from the
interrupt service, to execute an instruction after setting the IDLE mode, insert 3 NOP instructions
before the instruction. To be sure to set the IDLE mode, take the necessary precautions such as
clearing the interrupt request before setting the IDLE mode.

Table 18-5. 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
Peripheral functions All operation stoppedNote
Internal RAM Retained
Bus lines ADO to AD15 High-impedance
Al6 to A19 High-impedance
R_D, m, HWR output High-impedance
ASTB output High-impedance

Note A/D converter operation is stopped, but if the AMO bit or AM1 bit of the A/D converter mode register (ADM) is
set, the current consumption does not decrease.

Caution Stop the A/D converter (by clearing (0) the AMO and AM1 bits of the A/D converter mode register (ADM))
before setting the IDLE mode.
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18.5.2 IDLE Mode Release
IDLE mode is released by NMI input, or RESET input.

Table 18-6. IDLE Mode Release and Operations after Release

@

@
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Release )
State after Release Operation after Release
Source
NMI pin input | « Non-maskable interrupt service Interrupt request acknowledgment
program not being executed
¢ Low-priority non-maskable interrupt
service program being executed
« NMI pin input service program being Execution of instruction after MOV STBC/
executed #byte instruction (interrupt request that
« High-priority non-maskable interrupt released IDLE mode is held pendingNote)
service program being executed
RESET input — Normal reset operation

Note Pending interrupt requests are acknowledged when acknowledgment becomes possible.

IDLE mode release by NMI input

IDLE mode is released when the valid edge specified by external interrupt mode register 0 (INTMO) is input to the
NMI input.

When the uPD784046 is released from IDLE mode, if a non-maskable interrupt by NMI pin input can be
acknowledged, a branch is made to the NMI interrupt service program. If the interrupt cannot be acknowledged (if
the IDLE mode is set in an NMI interrupt service program, etc.), execution is resumed from the instruction following
the instruction that set the IDLE mode, and a branch is made to the NMI interrupt service program when
acknowledgment becomes possible (by execution of an RETI instruction, etc.).

Refer to 16.6 Non-Maskable Interrupt Acknowledgment Operation for details of NMl interrupt acknowledgment.

IDLE mode release by RESET input
Normal operation is started when RESET rises after RESET input falls from high to low.
Unlike an ordinary reset operation, data memory retains its contents prior to IDLE mode setting.

Caution When the execution of the IDLE mode instruction contends with the interrupt of release source
of the IDLE mode, the STOP mode is released after the STOP mode has been executed, instead
of the normal operation where the IDLE mode is released after the IDLE mode has been executed,
because of a malfunction of the  uPD784054. Therefore, when the IDLE mode is released, the wait
operation for the oscillation stabilization time set by the oscillation stabilization time specification
register (OSTS) may be executed even though the IDLE mode is set in software (Usually, the
uPD784054 does not wait the oscillation stabilization time when the IDLE mode isreleased.) If there
are problems with waiting for the oscillation stabilization time when the IDLE mode is released,
set the value of the oscillation stabilization time set by the OSTS as short as possible.
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18.6 Check Iltems When STOP Mode/IDLE Mode Is Used
Check items required to reduce the current consumption when STOP mode/IDLE mode is used are shown below.
(1) 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.

¢ Ifthe next-stage circuitis 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.

¢ Whenaportisin 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, its output level can be set easily by changing to port mode.
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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 uPD784046 may be adversely
affected.

Also ensure that an intermediate potential is not applied.

Are 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.

Is processing of the address bus, address/data bus, etc., appropriate?

In STOP mode and IDLE mode, the address bus, address/data bus, RD and m, HWR pins become high-
impedance. Normally, these pins are pulled high with a pull-up resistor. If this pull-up resistor is connected to the
backed-up power supply, then if the input impedance of circuitry connected to the non-backed-up power supply is
low, a current will flow through the pull-up resistor, and the current consumption will increase. Therefore, the pull-
up resistor should be connected to the non-backed-up power supply side as shown in Figure 18-6.

Also, in STOP mode and IDLE mode the ASTB pin also becomes high impedance. Countermeasures should be
taken with reference to the points noted in (1).

Figure 18-6. Example of Address/Data Bus Processing

I Backed-Up Power Supply »— Non-Backed-Up Power Supply

Vob Vob
uPD784046 CMOS IC, etc.
ADn . IN/OUT

(n =0-15)
Vss Vss

—s- -

A/D converter

The current flowing to the AVoo, AVrer1 pins can be reduced by clearing (0) the AMO and AM1 bits of the A/D converter
mode register (ADM). The current can be further reduced, if required, by cutting the current supply to the AVopo,
AVRer pins with external circuitry.

Make sure that the AVoo pin is not at the same potential as the Voo pin. Unless power is supplied to the AVop pin
in the STOP mode, not only does the current consumption increase, but the reliability is also affected.
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If a condition that releases the HALT mode comes into effect when the HALT/STOP/IDLE mode (hereafter referred
to as standby mode) is being set (refer to 18.3.2 HALT mode release ), the standby mode is not entered, and the
next instruction is executed, or a branch to a vectored interrupt service program is performed. Before this branch
execution, the instructions after the standby mode setting may be executed for 6 clocks. After restoring from the
interrupt service, to execute an instruction after setting the standby mode, insert 3 NOP instructions before the
instruction. To be sure to setthe standby mode, take the necessary precautions such as clearing the interrupt request
before setting the standby mode.

When crystal/ceramic oscillation is used, the EXTC bit must be cleared (0) before use. If the EXTC bit is set (1),
oscillation will stop.

Ifthe STOP mode is set when the EXTC bit of the oscillation stabilization time specification (OSTS) register is cleared
(0), the X1 pin is shorted internally to Vss (GND potential) to suppress clock generator leakage. Therefore, when
the STOP mode is used in a system that uses an external clock, the EXTC bit of the OSTS must be set (1). If STOP
mode setting is performed in a system to which an external clock is input when the EXTC bit of the OSTS is cleared
(0), the uPD784046 may suffer damage or reduced reliability.

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 4.3.1 Clock oscillator ).

Stop the A/D converter (by clearing (0) the AMO and AM1 bits of the A/D converter mode register (ADM)) before
setting the STOP or IDLE mode.

When the execution of the IDLE mode instruction contends with the interrupt of release source of the IDLE mode,
the STOP mode is released after the STOP mode has been executed, instead of the normal operation where the
IDLE mode is released after the IDLE mode has been executed, because of a malfunction of the uPD784054.
Therefore, when the IDLE mode is released, the wait operation for the oscillation stabilization time set by the
oscillation stabilization time specification register (OSTS) may be executed even though the IDLE mode is set in
software (Usually, the uPD784054 does not wait the oscillation stabilization time when the IDLE mode is released.)
If there are problems with waiting for the oscillation stabilization time when the IDLE mode is released, set the value
of the oscillation stabilization time set by the OSTS as short as possible.
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19.1 Reset Function

CHAPTER 19 RESET FUNCTION

When low level is input to the RESET input pin, a system reset is affected, the various hardware units are set to the states
shown in Table 19-2, and all pins except the power supply pins and the X1 and X2 CLKOUT pins are placed in the high-
impedance state. Table 19-1 shows the pin statuses on reset and after reset release.

When the RESET input changes from low to high level, the reset state is released, the contents of address 00000H of
the reset vector table are set in bits 0 to 7 of the program counter (PC), the contents of address 00001H in bits 8 to 15, and
0000B in bits 16 to 19, a branch is made, and program execution is started at the branch destination address. A reset start

can therefore be performed from any address in the base area.
The contents of the various registers should be initialized as required in the program in the base area.
To prevent misoperation due to noise, the RESET input pin incorporates an analog delay noise elimination circuit (refer

to Figure 19-1).

RESET
(Input)

Internal Reset Signal

Figure 19-1. Acknowledgment of Reset Signal

Delay

1

Delay Delay PC Initialization, etc.
|

Execution of Instruction
at Reset Start Address

| 4
>/

—

Reset Start Reset End
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In a reset operation upon powering on and STOP mode release by reset, the RESET signal must be kept active until
the oscillation stabilization time has elapsed (approx. 40 ms, depending on the resonator used).

Figure 19-2. Power-On Reset Operation

Execution of Instruction at

Oscillation Stabilization Time Delay PC Initialization, etc. Reset Start Address

Voo

RESET
(Input)

Internal Reset Signal

'

Reset End

Table 19-1. Pin Status during Reset Input and after Clearing Reset

Pin Name 110 During Reset Immediately after Clearing Reset
P00-P0O3 110 Hi-z Hi-Z (input port mode)
P10-P13
P20 Input Hi-Z (input port)
pP21-P27 110 Hi-Z (input port mode)
P30-P37
P40-P47
P50-P57
P60-P63
P70-P77 Input Hi-Z (input port)
P80-P87
P90-P94 110 Hi-Z (input port mode)
CLKOUT Output Clock output | Clock output
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FUNCTION

RESET
(Input)

CLKOUT
(output)

Other 1/0O Ports

UN A

Figure 19-3. Timing on Reset Input

r«—Reset Period ——

t=—— Clearing Reset - Instruction Execution Time
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Table 19-2. State of Hardware after Reset (1/2)

Hardware State after Reset

Program counter (PC) Contents of reset vector table

(O000H, 0001H) are set

Stack pointer (SP) UndefinedNote
Program status word (PSW) 02H
On-chip RAM Data memory UndefinedNote

General-purpose register

Port Port O to port 9 Undefined (high impedance)
Mode registers (PMO to PM6, PM9) FFH
Mode control registers (PMC1 to PMC3, PMC9) 00H

Port read control register (PRDC)

Pull-up resistor option register (PUOL, PUOH)

Port 0 buffer register (POL) Undefined

Real-time output port control register (RTPC) 00H

Timer/counter Timer registers (TMO to TM4) 0000H
Capture/compare registers (CC00 to CCO03) Undefined

Compare registers (CM10, CM11, CM20, CM21, CM30, CM31, CM40, CM41)

Timer unit mode registers (TUMO, TUM2) 00H

Timer mode control registers (TMC, TMC2, TMC4)

Timer output control registers (TOCO to TOC2)

Prescaler mode registers (PRM, PRM2, PRM4)

Noise protection control register (NPC)

Interrupt valid edge flag registers (IEF1, IEF2) Undefined
Watchdog timer mode register (WDM) 00H
A/D converter A/D converter mode register (ADM)

A/D conversion result registers (ADCRO to ADCR7, ADCROH to ADCR7H) Undefined
Serial interface Asynchronous serial interface mode registers (ASIM, ASIM2) 00H

Asynchronous serial interface status registers (ASIS, ASIS2)

Serial receive buffers (RXB, RXB2) Undefined

Serial transmit shift registers (TXS, TXS2)

Clocked serial interface mode registers (CSIM1, CSIM2) 00H
Serial shift registers (SIO1, S102) Undefined
Baud rate generator control registers (BRGC, BRGC2) 00H

External interrupt mode registers (INTMO, INTM1)

Note Ifthe HALT, STOP, or IDLE mode is released by using the RESET input, the values immediately before each mode
has been set are retained.
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Table 19-2. State of Hardware after Reset (2/2)

Hardware State after Reset
Interrupt Interrupt control registers (OVICO, OVIC1, OVIC4, PICO to PICS6, 43H
CMIC10, CMIC11, CMIC20, CMIC21, CMIC30, CMIC31, CMIC40, CMICA41,
SERIC, SRIC, CSIIC1, STIC, SERIC2, SRIC2, CSIIC2, STIC2, ADIC)
Interrupt mask registers MKO, MK1 FFFFH
MKOL, MKOH, MK1L, MK1H FFH
Interrupt mode control register (IMC) 80H
In-service priority register (ISPR) 00H
Memory extension mode register (MM) 20H
Programmable wait control register PWC1 AAH
PWC2 AAAAH

Bus width specification register (BW)

0000H (BWD = 0)
00FFH (BWD = 1)

Standby control register (STBC)

30H

Oscillation stabilization time specification register (OSTS)

00H

Internal memory size switching register (IMS)

CDH (uPD784044)

DEH (uPD784046, 78F4046)
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19.2 Caution

Reset input when powering on must remain at the low level until oscillation stabilizes after the supply voltage has reached
the prescribed voltage.
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The flash memory can be written with the uPD78F4046 mounted on the target system (on-board). Connect a dedicated
flash writer (Flashpro Il (type FL-PR2) to the host machine and target system to write the flash memory.

The flash memory can also be written using the adapter for writing flash memory connected to Flashpro II.

Remark Flashpro Il is a product of Naito Densei Machida Mfg. Co., Ltd.
20.1 Selecting Communication Mode

The flash memory is written by using a Flashpro Il and by means of serial communication. Selecta communication mode
from those listed in Table 20-1. To select a communication mode, the format shown in Figure 20-1 is used. Each

communication mode is selected by the number of Vep pulses shown in Table 20-1.

Table 20-1. Communication Modes

Communication Mode Number of Channels Pins Used Number of Ver Pulses
3-wire serial 1/0 2 P34/ASCK/SCK1 0

P33/TxD/SO1

P32/RxD/SI1

P37/ASCK2/SCK2 1

P36/TxD2/S0O2

P35/RxD2/SI12

UART 2 P33/TxD/SO1 8
P32/RxD/SI1

P36/TxD2/S0O2 9
P35/RxD2/S12

Caution Be sure to select the communication mode with the number of V pp pulses as shown in Figure
20-1.

Figure 20-1. Selecting Format of Communication Mode

10v ]—l_l
MODE/Ver VoD J_|T|_|7|_L P
Vss

Vob
RESET \ /
Vss
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20.2 Function of Flash Memory Programming

By transmitting/receiving commands and data in the selected communication mode, operations such as writing to the
flash memory are performed. Table 20-2 shows the major functions of flash memory programming.

Table 20-2. Major Functions of Flash Memory Programming.

Function Description
Batch erase Erases all contents of memory.
Block erase Erases specified memory block with one block consisting of 16K bytes.
Batch blank check Checks erased state of entire memory.
Block blank check Checks erased state of specified block.
Data write Writes to flash memory based on write start address and number of data written (number of bytes).
Batch verify Compares all contents of memory with input data.
Block verify Compares contents of specified memory block with input data.

20.3 Connecting Flashpro I

How the Flashpro Il is connected to the uyPD78F4046 differs to the uPD78F4046 depending on the communication mode
(3-wire serial /0 or UART). Figures 20-2 and 20-3 show the connections in the respective modes.

Figure 20-2. Connecting Flashpro Il in 3-Wire Serial I/O Mode

Vep

Vob

RESET

lash SCK1 or SCK2
Flashpro Il uPD78F4046

Sl1 or SI2

S0O1 or SO2

Vss
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Figure 20-3. Connecting Flashpro Il in UART Mode

Flashpro Il

Vep

Vob

RESET

RxD or RxD2

TxD or TxD2

Vss

uPD78F4046
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21.1 Legend

CHAPTER 21 INSTRUCTION OPERATIONS

(1) Explanation of operand identifiers (1/2)

Identifier Explanation

r, pNote 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(RPO0), BC(RP1), RP2, RP3, VP(RP4), UP(RP5), DE(RP6), HL(RP7)

rp1Note 2 AX(RPO0), 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 Special Function Register Application Table )

sfrp Special function register symbol (register for which 16-bit operation is possible: Refer to Special
Function Register Application Table )

postNote 2 AX(RPO0), BC(RP1), RP2, RP3, VP(RP4), UP(RP5)/PSW, DE(RP6), HL(RP7)

Multiple descriptions are permissible. However, UP is only used with PUSH/POP instructions, and

PSW with PUSHU/POPU instructions.

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 All mem except [WHL+] and [WHL-]

mem2 [TDE], [WHL]

mem3 [AX], [BC], [RP2], [RP3], [VVP], [UUP], [TDE], [WHL]

Notes 1. Setting the RSS bit to 1 enables R4 to R7 to be used as X, A, C and B, but this function should only be used
when using a 78K/Ill series program.

2. Setting the RSS bitto 1 enables RP2 and RP3 to be used as AX and BC, but this function should only be used

when using a 78K/Ill series program.
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(1) Explanation of operand identifiers (2/2)

Identifier Explanation
Note
saddr, saddr’ FD20H to FF1FH immediate data or label
saddrl FEOOH to FEFFH immediate data or label
saddr2 FD20H to FDFFH, FFOOH to FF1FH immediate data or label
saddrp FD20H to FF1EH immediate data or label (16-bit operation)
saddrpl FEOOH to FEFFH immediate data or label (16-bit operation)
saddrp2 FD20H to FDFFH, FFOOH to FF1EH immediate data or label (16-bit operation)
saddrg FD20H to FEFDH immediate data or label (24-bit operation)
saddrgl FEOOH to FEFDH immediate data or label (24-bit operation)
saddrg2 FD20H to FDFFH immediate data or label (24-bit operation)
addr24 OH to FFFFFFH immediate data or label
addr20 OH to FFFFFH immediate data or label
addrl6 OH to FFFFH immediate data or label
addrll 800H to FFFH immediate data or label
addr8 OFEOOH to OFEFFH* immediate 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 O00H or OFH

Note The addresses shown here apply when 00H is specified by the LOCATION instruction.
When OFH is specified by the LOCATION instruction, FOOOOH should be added to the address values shown.
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(2) Operand column symbols

Symbol Explanation
+ Auto-increment
- Auto-decrement
# Immediate data

! 16-bit absolute address
1 24-bit/20-bit absolute address

$ 8-bit relative address

$! 16-bit relative address

/ Bit inversion
[ ] Indirect addressing
[%] 24-bit indirect addressing

(3) Flag column symbols

Symbol Explanation
(Blank) No change

0 Cleared to 0

1 Setto 1

X Set or cleared depending on result

P P/V flag operates as parity flag

\% P/V flag operates as overflow flag

R Previously saved value is restored

(4) Operation column symbols

Symbol Explanation
jdisp8 Signed two’s complement data (8 bits) indicating relative address distance between start address of
next instruction and branch address
jdisp16 Signed two’s complement data (16 bits) indicating relative address distance between start address of
next instruction and branch address
PChw PC bits 16 to 19
PCLw PC bits 0 to 15
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(5) Number of bytes of instruction that includes mem in operands

. ) ) Based Indexed Based Indexed
mem Mode Register Indirect Addressing ) ) )
Addressing Addressing Addressing
Number of bytes 1 2Note 3 5 2

Note One-byte instruction only when [TDE], [WHL], [TDE+], [TDE-], [WHL+] or [WHL-] is written as mem in an MOV
instruction.

(6) Number of bytes of instruction that includes saddr, saddrp, r or rp in operands

For some instructions that include saddr, saddrp, r or rp in their operands, two “Bytes” entries are given, separated by

a slash (“/"). The entry that applies is shown in the table below.

Identifier Left-Hand “Bytes” Figure Right-Hand “Bytes” Figure
saddr saddr2 saddrl
saddrp saddrp2 saddrpl
r rl r2
p rpl p2

(7) Code of instructions that include mem in operands and string instructions

Operands TDE, WHL, VVP and UUP (24-bit registers) can also be written as DE, HL, VP and UP respectively. However,

they are still treated as TDE, WHL, VVP and UUP (24-bit registers) when written as DE, HL, VP and UP.
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21.2 List of Operations

(1) 8-bit data transfer instruction: MOV

Flags
Mnemonic Operands Bytes Operation s 7 AC PV COv
MOV r, #byte 2/3 r < byte
saddr, #byte 3/4 (saddr) « byte
sfr, #byte 3 sfr « byte
laddrl6, #byte 5 (saddrl6) « byte
laddr24, #byte 6 (addr24) « byte
rr 2/3 rer
A r 1/2 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, laddrl6 4 r « (addrl6)
laddrl6, r 4 (addrl6) «r
r, laddr24 5 r « (addr24)
laddr24, r 5 (addr24) «r
A, [saddrp] 2/3 A « ((saddrp))
A, [%saddrg] 3/4 A « ((saddrg))
A, mem 1-5 A < (mem)
[saddrp], A 2/3 ((saddrp)) « A
[%osaddrg], 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 « bhyte
A, r3 2 A 13
r3, A 2 13« A
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(2) 16-bit data transfer instruction: MOVW

Flags
Mnemonic Operands Bytes Operation s 7 AC PNV oY

MOVW rp, #word 3 rp < word

saddrp, #word 4/5 (saddrp) « word

sfrp, #word 4 sfrp « word

laddr16, #word 6 (addr16) « word

laddr24, #word 7 (addr24) « word

rp, rp’ 2 p < 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, 'addrl6 4 rp « (addrl6)

laddrl6, rp 4 (addrl6) « rp

rp, addr24 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

[%6saddrg], AX 3/4 ((saddrg)) « AX

mem, AX 2-5 (mem) « AX
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(3) 24-bit data transfer instruction: MOVG
Flags
Mnemonic Operands Bytes Operation s 7 AC PNV o

MOVG rg, #immz24 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))
[%6saddrg], WHL 3/4 ((saddrg)) <« WHL
WHL, meml 2-5 WHL « (mem1)
mem1, WHL 2-5 (mem1l) « WHL

(4) 8-bit data exchange instruction: XCH
Flags
Mnemonic Operands Bytes Operation s 7 AC PNV oY

XCH ror 2/3 rer
A r 1/2 Aor
A, saddr2 2 A < (saddr2)
r, saddr 3 r < (saddr)
r, sfr 3 r <> sfr
saddr, saddr’ 4 (saddr) <> (saddr’)
r, laddrl6 4 r < (addrl6)
r, laddr24 5 r < (addr24)
A, [saddrp] 2/3 A < ((saddrp))
A, [%saddrg] 3/4 A < ((saddrg))
A, mem 2-5 A < (mem)
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(5) 16-bit data exchange instruction: XCHW
Flags
Mnemonic Operands Bytes Operation s 7 AC PNV oY
XCHW p, rp’ 2 < 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, 'addrl6 4 AX < (addrl6)
AX, lladdr24 5 AX < (addr24)
saddrp, saddrp’ 4 (saddrp) <> (saddrp’)
AX, mem 2-5 AX < (mem)
(6) 8-bit operation instructions: ADD, ADDC, SUB, SUBC, CMP, AND, OR, XOR
Flags
Mnemonic Operands Bytes Operation s 7 AC PV o
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
ror 2/3 rhCY«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, [%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
[Y%esaddrg], A 3/4 ((saddrg)), CY « ((saddrg)) + A x x x V x
A, laddrl6 4 A, CY « A + (addrl6) X X x V x
A, !laddr24 5 A, CY « A + (addr24) X x x V x
laddrl6, A 4 (addr16), CY « (addrl6) + 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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Flags
Mnemonic Operands Bytes Operation

AC P/V CY

ADDC A, #byte 2 A, CY « A + byte + CY x VvV X
r, #byte 3 r, CY «r + byte + CY x V X
saddr, #byte 3/4 (saddr), CY « (saddr) + byte + CY x V X
sfr, #byte 4 sfr, CY « sfr + byte + CY x V x
ror 2/3 r, CY «r+r+CY x V x
A, saddr2 2 A, CY « A + (saddr2) + CY x V x
r, saddr 3 r, CY «r+ (saddr) + CY x V X
saddr, r 3 (saddr), CY « (saddr) +r + CY x V x
r, sfr 3 r, CY «r+sfr+ CY x VvV x
sfr, r 3 sfr, CY « sfr+r+ CY x VvV x
saddr, saddr 4 (saddr), CY « (saddr) + (saddr’) + CY x V X
A, [saddrp] 3/4 A, CY « A + ((saddrp)) + CY x V X
A, [%saddrg] 3/4 A, CY « A + ((saddrg)) + CY x V x
[saddrp], A 3/4 ((saddrp)), CY « ((saddrp)) + A + CY x V X
[Y%esaddrg], A 3/4 ((saddrg)), CY « ((saddrg)) + A + CY x V X
A, l'addrl6 4 A, CY « A + (addrl6) + CY x VvV X
A, !laddr24 5 A, CY « A + (addr24) + CY x VvV X
laddrl6, A 4 (addr16), CY « (addrl6) + A + CY x V x
laddr24, A 5 (addr24), CY « (addr24) + A + CY x V x
A, mem 2-5 A, CY « A + (mem) + CY x V X
mem, A 2-5 (mem), CY « (mem) + A + CY x V x
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Flags

Mnemonic Operands Bytes Operation AC PNV Cv
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
ror 2/3 r, CY«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 V 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
[Y%esaddrg], A 3/4 ((saddrg)), CY « ((saddrg)) — A x V x
A, laddrlé 4 A, CY « A — (addr16) x V x
A, !laddr24 5 A, CY « A — (addr24) x VvV X
laddrl6, A 4 (addr16), CY « (addrl6) — 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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Flags
Mnemonic Operands Bytes Operation
AC P/V CY
SUBC A, #byte 2 A, CY « A —byte - CY x VvV X
r, #byte 3 r, CY «r—byte - CY x V X
saddr, #byte 3/4 (saddr), CY « (saddr) — byte — CY x V X
sfr, #byte 4 sfr, CY « sfr — byte - CY x V x
ror 2/3 r, CY«r—-r-CY x V x
A, saddr2 2 A, CY « A —(saddr2) - CY x V x
r, saddr 3 r, CY «r—(saddr) — CY x V X
saddr, r 3 (saddr), CY « (saddr) —r—-CY x V x
r, sfr 3 r, CY «r—sfr-CY x VvV x
sfr, r 3 sfr, CY « sfr—r—-CY x VvV x
saddr, saddr 4 (saddr), CY « (saddr) — (saddr’) — CY x V X
A, [saddrp] 3/4 A, CY « A —((saddrp)) - CY x V X
A, [%saddrg] 3/4 A, CY « A — ((saddrg)) - CY x V x
[saddrp], A 3/4 ((saddrp)), CY « ((saddrp)) — A-CY x V X
[Y%esaddrg], A 3/4 ((saddrg)), CY « ((saddrg)) — A-CY x V X
A, 'addrl6 4 A, CY « A - (addrl6) - CY x VvV X
A, !laddr24 5 A, CY « A — (addr24) - CY x VvV X
laddrl6, A 4 (addr16), CY « (addrl6) — A-CY x V x
laddr24, A 5 (addr24), CY « (addr24) - A — CY x V x
A, mem 2-5 A, CY « A - (mem) - CY x V X
mem, A 2-5 (mem), CY « (mem)—-A-CY x V x
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Flags
Mnemonic Operands Bytes

AC PIV 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 V X
[saddrp], A 3/4 ((saddrp)) — A x V X
[Y%esaddrg], A 3/4 ((saddrg)) — A x V x
A, 'addrl6 4 A — (addrl6) x V X
A, !laddr24 5 A — (addr24) x V X
laddrl6, A 4 (addrl6) — A x V x
laddr24, 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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Flags
Mnemonic Operands Bytes Operation AC PV CYv
AND A, #byte 2 A < A A byte P
r, #byte 3 r<r A byte P
saddr, #byte 3/4 (saddr) « (saddr) A byte P
sfr, #byte 4 sfr « sfr A byte P
rr 2/3 rerAr P
A, saddr2 2 A < A A (saddr2) P
r, saddr 3 r < r A (saddr) P
saddr, r 3 (saddr) « (saddr) A r P
r, sfr 3 r«rA sfr P
sfr, r 3 sfr« sfr A r P
saddr, saddr 4 (saddr) « (saddr) A (saddr’) P
A, [saddrp] 3/4 A < A A ((saddrp)) P
A, [%saddrg] 3/4 A < A A ((saddrg)) P
[saddrp], A 3/4 ((saddrp)) « ((saddrp)) A A P
[Y%esaddrg], A 3/4 ((saddrg)) « ((saddrg)) A A P
A, 'addrl6 4 A <« A A (addrl6) P
A, lladdr24 5 A« A A (addr24) P
laddrl6, A 4 (addrl6) « (addri6) A A P
laddr24, A 5 (addr24) « (addr24) A A P
A, mem 2-5 A <« A A (mem) P
mem, A 2-5 (mem) « (mem) A A P
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Flags
Mnemonic Operands Bytes Operation AC PNV Cv
OR A, #byte 2 A < AV byte P
r, #byte 3 r<rV byte P
saddr, #byte 3/4 (saddr) « (saddr) V byte P
sfr, #byte 4 sfr «— sfr V byte P
rr 2/3 rervr P
A, saddr2 2 A« AV (saddr2) P
r, saddr 3 r < rV (saddr) P
saddr, r 3 (saddr) « (saddr) V r P
r, sfr 3 r«rV sfr P
sfr, r 3 sfrsfrvVr P
saddr, saddr 4 (saddr) « (saddr) V (saddr’) P
A, [saddrp] 3/4 A« AV ((saddrp)) P
A, [%saddrg] 3/4 A« AV ((saddrg)) P
[saddrp], A 3/4 ((saddrp)) « ((saddrp)) V A P
[Y%esaddrg], A 3/4 ((saddrg)) « ((saddrg)) V A P
A, 'addrl6 4 A < AV (addrl6) P
A, lladdr24 5 A« AV (addr24) P
laddrl6, A 4 (addrl6) « (addrl6) V A P
laddr24, A 5 (addr24) « (addr24) V A P
A, mem 2-5 A« AV (mem) P
mem, A 2-5 (mem) « (mem) V A P
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Flags
Mnemonic Operands Bytes Operation AC PV Cv
XOR A, #byte 2 A « A ¥ byte P
r, #byte 3 r < r v byte P
saddr, #byte 3/4 (saddr) « (saddr) ¥ byte P
sfr, #byte 4 sfr «— sfr ¥ byte P
rr 2/3 rers¥r P
A, saddr2 2 A « AV (saddr2) P
r, saddr 3 r < r v (saddr) P
saddr, r 3 (saddr) « (saddr) ¥ r P
r, sfr 3 r« r sfr P
sfr, r 3 sfr « sfr v r P
saddr, saddr’ 4 (saddr) « (saddr) ¥ (saddr’) P
A, [saddrp] 3/4 A « A ¥ ((saddrp)) P
A, [%saddrg] 3/4 A « A ¥ ((saddrg)) P
[saddrp], A 3/4 ((saddrp)) « ((saddrp)) ¥ A P
[Y%esaddrg], A 3/4 ((saddrg)) « ((saddrg)) ¥ A P
A, 'addrl6 4 A « AV (addrl6) P
A, lladdr24 5 A « A ¥ (addr24) P
laddrl6, A 4 (addrl6) « (addrl6) v A P
laddr24, A 5 (addr24) « (addr24) v A P
A, mem 2-5 A « A ¥ (mem) P
mem, A 2-5 (mem) « (mem) ¥ A P
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(7) 16-bit operation instructions: ADDW, SUBW, CMPW

Flags

Mnemonic Operands Bytes Operation AC PV Cv
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 VvV 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 VvV 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

CMPW AX, #word 3 AX — word x V x
rp, #word 4 rp — word x V X

p, 1p’ 2 —rp’ x VX

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 V x

sfrp, #word 5 sfrp — word x V x

saddrp, saddrp’ 4 (saddrp) — (saddrp’) x V x
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(8) 24-bit operation instructions: ADDG, SUBG

Flags
Mnemonic Operands Bytes Operation
AC PV CY
ADDG rg, rg’ 2 rg, CY «rg+rg x VvV X
rg, #imm24 5 rg, CY «rg + #imm24 x V X
WHL, saddrg 3 WHL, CY « WHL + (saddrg) x V X
SUBG rg, rg’ 2 rg, CY «<rg-rg x VvV X
rg, #imm24 5 rg, CY « rg —imm24 x V X
WHL, saddrg 3 WHL, CY « WHL — (saddrg) x V X
(9) Multiplication instructions: MULU, MULUW, MULW, DIVUW, DIVUX
Flags
Mnemonic Operands Bytes Operation
AC PV CY
MULU r 2/3 AX «— Axr
MULUW rp 2 AX (upper half), rp (lower half) « AX x rp
MULW p 2 AX (upper half), rp (lower half) « AX x rp
DIVUW r 2/3 AX (quotient), r (remainder) « AX + rNote 1
DIVUX rp 2 AXDE (quotient), rp (remainder) < AXDE + rpNote 2
Notes 1. Whenr =0, r « X, AX « FFFFH
2. Whenrp =0, pr « DE, AXDE « FFFFFFFFH
(10) Special operation instructions: MACW, MACSW, SACW
Flags
Mnemonic Operands Bytes Operation
AC PV CY
MACW byte 3 AXDE « (B) x (C) + AXDE, B « B + 2, 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 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 + 1], [WHL +] 4 AX « [(TDE) — (WHL)| + AX, x V x
TDE « TDE + 2, WHL « WHL + 2
C«C-1Endif(C=00rCY=1)
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(11) Increment/decrement instructions: INC, DEC, INCW, DECW, INCG, DECG

Flags
Mnemonic Operands Bytes Operation s 7 AC PNV oY
INC r 1/2 rer+1 X X X
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 mpermp+l
saddrp 3/4 (saddrp) « (saddrp) + 1
DECW rp 2/1 mpermp-1
saddrp 3/4 (saddrp) « (saddrp) — 1
INCG rg 2 rg«rg+1
DECG rg 2 rg«rg-1
(12) Adjustment instructions: ADJBA, ADJBS, CVTBW
Flags
Mnemonic Operands Bytes Operation s 7 AC PV o
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 XA A< O0HIfA7=0

X« A A—FFHIifA7=1
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(13) Shift/rotate instructions: ROR, ROL, RORC, ROLC, SHR, SHL, SHRW, SHLW, ROR4, ROL4

Flags
Mnemonic Operands Bytes Operation
S Z AC P/V CY
ROR r, n 2/3 (CY, 7 ¢, m-1¢m)xntimes n=0-7 P x
ROL r,n 2/3 (CY, 0 ¢ 7, m+1 ¢ m)xntimes n=0-7 P x
RORC r,n 2/3 (CY¢10, 7 CY, m-1¢m) xntimes n=0-7 P x
ROLC r, n 2/3 (CY¢ 17,0 CY,m+ 1l m)xntimes n=0-7 P x
SHR r,n 2/3 (CYée 10,7 0, m-1¢m)xntimes n=0-7 x x 0 P x
SHL r,n 2/3 (CYe 1,0 0, m+1¢ m)Xxntimes n=0-7 x x 0 P x
SHRW rp, n 2 (CY« po, p15 <= 0, rpm-1 ¢ rpm) x n times x x 0 P x
n=0-7
SHLW rp, n 2 (CY ¢ p1s, o <= 0, pm+1 = rpm) x n times x x 0 P x
n=0-7
ROR4 mem3 2 As-0 < (mem3)s-o, (Mem3)7-4 « As-o,
(mem3)3-o0 < (Mem3)7-4
ROL4 mem3 2 As-0 « (mem3)7-4, (Mmem3)s-o0 « As-o,
(mem3)7-4 < (Mmem3)s-o
(14) Bit manipulation instructions: MOV1, AND1, OR1, XOR1, NOT1, SET1, CLR1
Flags
Mnemonic Operands Bytes Operation
S Z AC P/V 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 « PSWH. hit X
CY, laddrl6. bit 5 CY « laddrl6.bit X
CY, !laddr24. bit 2 CY « lladdr24. bit X
CY, memz2. 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
laddrl6. bit, CY 5 laddr16.bit « CY
laddr24.bit, CY 6 laddr24.bit « CY
mem2. bit, CY 2 mem2. bit « CY
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Flags
Mnemonic Operands Bytes Operation

S Z AC PNV CY

AND1 CY, saddr. bit 3/4 CY « CY A (saddr. bit) X
CY, /saddr. bit 3/4 CY « CY A (saddr. bit) x
CY, sfr. bit 3 CY « CY A sfr. bit X
CY, Isfr. bit 3 CY « CY A sfr. bit x
CY, X. bit 2 CY « CY A X. bit x
CY, /X. bit 2 CY « CY A X. bit x
CY, A. bit 2 CY « CY A A. bit x
CY, /A. bit 2 CY « CY A A bit x
CY, PSWL. bit 2 CY « CY A PSWL. bit x
CY, /PSWL. bit 2 CY « CY A PSWL. bit x
CY, PSWH. bit 2 CY « CY A PSWh. bit x
CY, /PSWH. bit 2 CY « CY A PSWh. bit x
CY, laddri6. bit 5 CY « CY A laddri6. bit x
CY, /laddri6. bit 5 CY < CY A laddrl6. bit x
CY, !laddr24. bit 2 CY « CY A !laddr24. bit x
CY, /Maddr24. bit 6 CY « CY A lladdr24. bit x
CY, mem2. bit 2 CY « CY A mem2. bit X
CY, /mem2. bit 2 CY « CY A mem2. bit x
OR1 CY, saddr. bit 3/4 CY « CY V (saddr. bit) X
CY, /saddr. bit 3/4 CY « CY V (saddr. bif) x
CY, sfr. bit 3 CY « CY V sfr. bit X
CY, Isfr. bit 3 CY « CY V sfr. bit x
CY, X. bit 2 CY « CY V X. bit x
CY, /X. bit 2 CY « CY V X. bit x
CY, A. bit 2 CY « CY V A. bit x
CY, /A. bit 2 CY « CY V A. bit X
CY, PSWL. bit 2 CY « CY V PSWL. bit x
CY, /PSWL. bit 2 CY « CY V PSWL. bit x
CY, PSWH. bit 2 CY « CY V PSWh. bit x
CY, /PSWH. bit 2 CY « CY V PSWh. bit X
CY, laddri6. bit 5 CY « CY V laddri6. bit x
CY, /laddr1é. bit 5 CY « CY V laddr16. bit x
CY, !laddr24. bit 2 CY « CY V lladdr24. bit x
CY, /lladdr24. bit 6 CY « CY V lladdr24. bit x
CY, mema2. bit 2 CY « CY V mem2. bit X
CY, /mem2. bit 2 CY « CY V mem2. bit x
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Flags
Mnemonic Operands Bytes Operation
S Z AC P/V CY

XOR1 CY, saddr. bit 3/4 CY « CY ¥ (saddr. bit) X

CY, sfr. bit 3 CY « CY ¥ sfr. bit X

CY, X. bit 2 CY « CY ¥ X. bit X

CY, A. bit 2 CY « CY ¥V A. bit X

CY, PSWL. bit 2 CY « CY ¥ PSWL. bit X

CY, PSWH. bit 2 CY « CY ¥ PSWH. bit X

CY, laddrl6. bit 5 CY « CY ¥ laddrlé. bit X

CY, !laddr24. bit 2 CY « CY ¥ lladdr24. bit X

CY, memz2. bit 2 CY « CY ¥ memz2. bit X
NOT1 saddr. bit 3/4 (saddr. bit) « (saddr. bit)

sfr. bit 3 sfr. bit « sfr. bit

X. bit 2 X. bit « X. bit

A. bit 2 A. bit « A. bit

PSWL. bit 2 PSWL. bit « PSWL. bit X x x x

PSWH. bit 2 PSWH. bit <~ PSWH. bit

laddr16. bit 5 laddr16. bit « laddr16. bit

lladdr24. bit 2 lladdr24. bit « !laddr24. bit

mem2. bit 2 mem2. bit « mem2. bit

cy 1 CY « CY x
SET1 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

PSWH. bit 2 PSWH. bit « 1

laddr16. bit 5 laddrl6. bit « 1

laddr24. bit 2 laddr24. bit « 1

mem2. bit 2 mem2. bit « 1

CcYy 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

PSWH. bit 2 PSWH. bit < 0

laddr16. bit 5 laddrl6. bit < 0

laddr24. bit 2 laddr24. bit < 0

mem2. bit 2 mem2. bit < 0

CcYy 1 CY «0 0
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(15) Stack manipulation instructions: PUSH, PUSHU, POP, POPU, MOVG, ADDWG, SUBWG, INCG, DECG

Flags
Mnemonic Operands Bytes Operation
S Z AC P/V 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 m timesNote
rg 2 (SP-3)«rg, SP« SP-3
PUSHU post 2 {(UUP - 2) « post, UUP « UUP — 2} x m timesNote
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 m timesNote
rg 2 rg < (SP), SP« SP +3
POPU post 2 {post «~ (UUP), UUP « UUP + 2} x m timesNote
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 = number of registers specified by “post”
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(16) Call/return instructions: CALL, CALLF, CALLT, BRK, BRKCS, RET, RETI, RETB, RETCS, RETCSB

Flags
Mnemonic Operands Bytes Operation
S Z AC PIV CY
CALL laddrl6 3 (SP-3) « (PC +3), SP« SP -3,
PChw < 0, PCLw « addrl6
laddr20 4 (SP-3) « (PC +4), SP« SP -3,
PC « addr20
rp 2 (SP-3)« (PC+2), SP« SP -3,
PChw < 0, PCww « rp
rg 2 (SP-3)« (PC+2), SP« SP -3,
PC «rg
[rp] 2 (SP-3)« (PC+2), SP« SP -3,
PChw <~ 0, PCww « (rp)
[rg] 2 (SP-3)« (PC+2), SP« SP -3,
PC « (rg)
$laddr20 3 (SP-3) « (PC +3), SP« SP -3,
PC « PC + 3 + jdisp16
CALLF laddrll 2 (SP-3)« (PC +2), SP« SP -3,
PCis-12 <~ 0, PC11 « 1, PCi0-0 « addrll
CALLT [addr5] 1 (SP-3)« (PC+1), SP« SP -3,
PChw - 0, PCww « (addr5)
BRK 1 (SP - 2) « PSW, (SP —1)o-3 « (PC + 1)nw,
(SP - 4) « (PC + L)w,
SP« SP-4
PChw < 0, PCww « (003EH)
BRKCS RBn 2 PCww <« RP2, RP3 « PSW, RBS2 -0 «n,
RSS « 0, IE < 0, RP3s-11 < PChw, PChw « 0
RET 1 PC « (SP), SP« SP +3
RET1 1 PCww « (SP), PChw « (SP + 3)o-3, R R R R
PSW « (SP+2), SP« SP+4
Clears to 0 flag with highest priority of flags
of ISPR that are set (1)
RETB 1 PCww « (SP), PChw « (SP + 3)o-3, R R R R
PSW « (SP+2), SP« SP+4
RETCS laddrl6 3 PSW « RP3, PCww < RP2, RP2 « addrl6, R R R R
PChw <~ RP3g-11
Clears to 0 flag with highest priority of flags
of ISPR that are set (1)
RETCSB laddrl6 4 PSW « RP3, PCww < RP2, RP2 « addrl6, R R R R
PChw <~ RP3g-11
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(17) Unconditional branch instruction: BR

Flags
Mnemonic Operands Bytes Operation
S Z AC P/V CY

BR laddrl6 3 PChw - 0, PCww « addrl6

laddr20 4 PC « addr20

p 2 PChw < 0, PCww « rp

rg 2 PC «rg

[rp] 2 PChw < 0, PCww « (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

Flags
Mnemonic Operands Bytes Operation s 7 AC PNV oY

BNZ $addr20 2 PC « PC+ 2 +jdisp8ifZ=0

BNE

Bz $addr20 2 PC « PC+2+jdisp8ifz=1

BE

BNC $addr20 2 PC « PC + 2 + jdisp8if CY =0

BNL

BC $addr20 2 PC « PC+ 2 +jdisp8ifCY =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 +jdisp8ifS=0

BN $addr20 2 PC « PC+2+jdisp8ifS=1

BLT $addr20 3 PC « PC + 3 +jdisp8if PIV¥VS=1

BGE $addr20 3 PC « PC + 3 +jdisp8 if PIV¥ S =0

BLE $addr20 3 PC « PC + 3 +jdisp8if (PIV¥S)VZ=1

BGT $addr20 3 PC « PC + 3 +jdisp8 if (P/IV ¥ S)V Z=0

BNH $addr20 3 PC « PC+3+jdisp8ifZVCY=1

BH $addr20 3 PC « PC+3+jdisp8ifZV CY=0

BF saddr. bit, $addr20 4/5 PC « PC + 4Not + jdisp8 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
lladdr24. bit, $addr20 3 PC « PC + 3 + jdisp8 if laddr24. bit = 0
mem2. bit, $addr20 3 PC « PC + 3 + jdisp8 if mem2. bit = 0

Note When the number of bytes is 4. When 5, the operation is: PC « PC + 5 + jdisp8.

517



CHAPTER 21 INSTRUCTION OPERATIONS

Flags
Mnemonic Operands Bytes Operation
S Z AC PV CY
BT saddr. bit, $addr20 3/4 PC « PC + 3Note 1 4 jdisp8 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 + jdisp8, (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, PSW.. 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, !addrl6. bit « 0}
if laddr16. bit = 1
lladdr24. bit, $addr20 3 {PC « PC + 3 +jdisp8, !laddr24. bit « 0}
if laddr24. bit =1
mem2. bit, $addr20 3 {PC « PC + 3 + jdisp8, mem2. bit « 0}
if mem2. bit =1

Notes 1. When the number of bytes is 3. When 4, the operation is: PC « PC + 4 + jdisp8.
2. When the number of bytes is 4. When 5, the operation is: PC « PC + 5 + jdisp8.
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Flags
Mnemonic Operands Bytes Operation
S Z AC PV CY
BFSET saddr. bit, $addr20 4/5 {PC « PC + 4Note 2  jdisp8, (saddr. bit) « 1}
if (saddr. bit) =0
sfr. bit, $addr20 4 {PC « PC + 4 +jdisp8, sfr. bit « 1} if sfr. bit=10
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 A. bit=0
PSWL. bit, $addr20 3 {PC « PC + 3 + jdisp8, PSW.. 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, !addrl6. 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+jdisp8ifBe+0
C, $addr20 2 C«C-1, PC« PC+2+jdisp8ifC+0
$addr, $addr20 3/4 (saddr) « (saddr) — 1,
PC « PC + 3Note 1 = jdisp8 if (saddr) « O
Notes 1. When the number of bytes is 3. When 4, the operation is: PC « PC + 4 + jdisp8.
2. When the number of bytes is 4. When 5, the operation is: PC « PC + 5 + jdisp8.
(19) CPU control instructions: MOV, LOCATION, SEL, SWRS, NOP, El, DI
Flags
Mnemonic Operands Bytes Operation
S Z AC PV CY
MOV STBC, t#hyte 4 STBC « byte
WDM, #byte 4 WDM « byte
LOCATION locaddr 4 SFR, internal data area location address
upper word specification
SEL RBn 2 RSS « 0, RBS2-0+«n
RBn, ALT 2 RSS « 1, RBS2-0+«n
SWRS 2 RSS « RSS
NOP 1 No Operaton
El 1 IE <« 1 (Enable interrupt)
DI 1 IE « 0 (Disable interrupt)
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(20) Special instructions: CHKL, CHKLA

Flags
Mnemonic Operands Bytes Operation
S Z AC PV CY
CHKL sfr 3 (Pin level) ¥ (output latch) X X P
CHKLA sfr 3 A « (pin level) ¥ (output latch) X X P

(21) String instructions:

CMPBKE, CMPBKNE, CMPBKC, CMPBKNC

MOVTBLW, MOVM, XCHM, MOVBK, XCHBK, CMPME, CMPMNE, CMPMC, CMPMNC,

Flags
Mnemonic Operands Bytes Operation
S Z AC PV CY
MOVTBLW laddr8, byte 4 (addr8 + 2) « (addr8), byte « byte — 1,
addr8 « addr8 — 2 End if byte = 0
MOVW [TDE +1], 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 +1], 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 +1], [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 +1], [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 +1], [WHL +] 2 (TDE) « (WHL), TDE « TDE + 1, X X x V X
WHL« WHL+1, C«C-1EndifC=00rZ=0
[TDE -], [WHL -] 2 (TDE) « (WHL), TDE « TDE -1, X X x V X
WHL« WHL-1, C«~C-1EndifC=00rZ=0
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Mnemonic

Operands

Bytes

Operation

Flags

AC PIV CY

CMPBKNE

[TDE +], [WHL +]

(TDE) — (WHL), TDE « TDE + 1,
WHL « WHL+1, Ce— C-1EndifC=00rz=1

X

\%

X

[TDE -], [WHL -]

(TDE) — (WHL), TDE « TDE -1,
WHL « WHL-1, C«C-1EndifC=00rz=1

CMPBKC

[TDE + 1], [WHL +]

(TDE) — (WHL), TDE « TDE + 1,
WHL < WHL+1, CC-1EndifC=00rCY=0

[TDE -], [WHL -]

(TDE) — (WHL), TDE « TDE -1,
WHL < WHL-1, C C-1EndifC=00rCY=0

CMPBKNC

[TDE + ], [WHL +]

(TDE) — (WHL), TDE « TDE + 1,
WHL < WHL+1, C—C-1EndifC=00rCY=1

[TDE -], [WHL -]

(TDE) — (WHL), TDE « TDE -1,
WHL < WHL-1, CC-1EndifC=00rCY=1
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21.3 Instructions Listed by Type of Addressing

(1) 8-bit instructions (combinations expressed by writing A for r are shown in parentheses)

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, CHKL, CHKLA

Table 21-1. List of Instructions by 8-Bit Addressing

2nd Operand mem r3
r saddr laddr16 [WHL +]
# byte A sfr [saddrp] | PSWL n None*2
r saddr’ laddr24 [WHL -]
1st Operand [%saddrg] | PSWH
A (MOV) (MOV) MOV (MOV)*® | MOV (MOV) MOV MOV (MOV)
ADD*! (XCH) XCH (XCH)*® | (XCH) (XCH) XCH (XCH)
(ADD)*! | (ADD)*! | (ADD)*%6| (ADD)*! | ADD*! | ADD*! (ADD)*!
r MOV (MOV) MOV MOV MOV MOV ROR*3 MULU
ADD*1 (XCH) XCH XCH XCH XCH DIVUW
(ADD)*1 | ADD*! ADD*L ADD*1 INC
DEC
saddr MOV MOV*6 MOV MOV INC
ADD*1 (ADD)*1 | ADD*! XCH DEC
ADD*! DBNZ
sfr MOV MOV MOV PUSH
ADD*1 (ADD)*1 | ADD*! POP
CHKL
CHKLA
laddr16 MOV (MOV) MOV
lladdr24 (ADD)*1
mem MOV
[saddrp] ADD*!
[%saddrg]
mem3 ROR4
ROL4
r3 MOV MOV
PSWL
PSWH
B, C DBNZ
STBC, WDM MOV
[TDE +] (MOV) MOVBK*>
[TDE -] (ADD)*1
MOVM*4

AR NS
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ADDC, SUB, SUBC, AND, OR, XOR and CMP are the same as ADD.

There is no 2nd operand, or the 2nd operand is not an operand address.
ROL, RORC, ROLC, SHR and SHL are the same as ROR.
XCHM, CMPME, CMPMNE, CMPMNC and CMPMC are the same as MOVM.
XCHBK, CMPBKE, CMPBKNE, CMPBKNC and CMPBKC are the same as MOVBK.
If saddr is saddr2 in this combination, there is a short code length instruction.
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(2) 16-bit instructions (combinations expressed by writing AX for rp are shown in parentheses)
MOVM, XCHW, ADDW, SUBW, CMPW, MULUW, MULW, DIVUX, INCW, DECW, SHRW, SHLW, PUSH, POP,

ADDWG, SUBWG, PUSHU, POPU, MOVTBLW, MACW, MACSW, SACW

Table 21-2. List of Instructions by 16-Bit Addressing

2nd Operand mem
r saddrp laddr16
# word AX sfrp [saddrp] | [WHL +] byte n None*2
r saddrp’ laddr24
1st Operand [%saddrg]
AX (MOVW) | (MOVW) | (MOVW) | (MOVW)*3| MOVW | (MOVW) | MOVW | (MOVW)
ADDW*L | (XCHW) | (XCHW) | (XCHW)*3 | (XCHW) | XCHW XCHW (XCHW)
(ADD)*! | (ADDW)*!| (ADDW)*13| (ADDW)*L
p MOVW | (MOVW) [ MOVW | MOVW MOVW | MOVW SHRW MULW*4
ADDW*L | (XCHW) | XCHW XCHW XCHW SHLW INCW
(ADDW)*1 | ADDW*1 | ADDW*! | ADDW*L DECW
saddrp MOVW | (MOVW)*3| MOVW | MOVW INCW
ADDW*L | (ADDW)*!1 | ADDW*! | XCHW DECW
ADDW*L
sfrp MOVW | MOVW MOVW PUSH
ADDW*1 | (ADDW)*! | ADDW*L POP
laddr16 MOVW | (MOVW) | MOVW MOVTBLW
lladdr24
mem MOVW
[saddrp]
[%saddrg]
PSwW PUSH
POP
SP ADDWG
SUBWG
post PUSH
POP
PUSHU
POPU
[TDE +] (MOVW) SACW
byte MACW
MACSW

*1. SUBW and CMPW are the same as ADDW.
There is no 2nd operand, or the 2nd operand is not an operand address.
3. If saddrp is saddrp2 in this combination, there is a short code length instruction.
MULUW and DIVUX are the same as MULW.
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(3) 24-bit instructions (combinations expressed by writing WHL for rg are shown in parentheses)
MOVG, ADDG, SUBG, INCG, DECG, PUSH, POP

Table 21-3. List of Instructions by 24-Bit Addressing

2nd Operand
. #imm24 WHL saddrg laddr24 mem1 [Yosaddrg] SP None*
1st 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
laddr24 (MOVG) MOVG
mem1 MOVG
[Yosaddrg) MOVG
SP MOVG MOVG INCG
DECG

* There is no 2nd operand, or the 2nd operand is not an operand address.

(4) Bit manipulation instructions
MOV1, AND1, OR1, XOR1, SET1, CLR1, NOT1, BT, BF, BTCLR, BFSET

Table 21-4. List of Instructions by Bit Manipulation Instruction Addressing

2nd Operand saddr. bit sfr. bit /saddr.bit /sfr. bit
A.bit X. bit [A. bit /X. bit
PSWL. bit PSWH. bit /PSWL. bit /PSWH. bit
CcYy ) ) None*
mem?2. bit /mem2. bit
laddr16. bit /laddrl16. bit
1st Operand laddr24. bit MNaddr24. bit
CcY MOV1 AND1 NOT
AND1 OR1 SET1
OR1 CLR1
XOR1
saddr. bit MOV1 NOT1
sfr. bit SET1
A. bit CLR1
X. bit BF
PSWL. bit BT
PSWH. bit BTCLR
mem?2. bit BFSET
laddr16. bit
laddr24. bit

* There is no 2nd operand, or the 2nd operand is not an operand address.
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(5) Call/return instructions / 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 21-5. List of Instructions by Call/Return Instruction / Branch Instruction Addressing

Instruction
Address $addr20 | $'laddr20 | laddrl6 | !laddr20 n rg [rp] [rg] laddrll | [addr5] RBn None
Operand
Basic BC* CALL CALL CALL CALL CALL CALL CALL CALLF | CALLT | BRKCS | BRK
instructions BR BR BR BR BR BR BR BR RET
RETCS RETI
RETCSB RETB
Compound BF
instructions BT
BTCLR
BFSET
DBNZ

* BNZ, BNE, BZ, BE, BNC, BNL, BL, BNV, BPO, BV, BPE, BP, BN, BLT, BGE, BLE, BGT, BNH, and BH are the same

as BC.

(6) Other instructions
ADJBA, ADJBS, CVTBW, LOCATION, SEL, NOT, El, DI, SWRS
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CHAPTER 22 CAUTIONS ON USING DEVELOPMENT TOOLS

When developing a program by using in-circuit emulator IE-784000-R, note the following point.

(1) Setting of standby control register (STBC)

&)

Include an instruction that sets the standby control register (STBC) to 00H following the LOCATION instruction and
initialization of the stack pointer (SP) in the program after reset is cleared.

Program example:

RSTVCT CSEG ATO
DwW RSTSTRT
to
INITSEG CSEG BASE
RSTSTRT: LOCATION OH; or LOCATION OFH
MOVG  SP, #STKBGN
MOV STBC, #0H

Reason: The internal system clock of the uPD784046 is fixed to fxx/2. However, the internal system clock of the
in-circuit emulator is set to fxx/16 after reset has been cleared. Therefore, the setting of the STBC must
be changed as described above.

Even if the instruction that sets the STBC to O0H is executed, the operation is not affected because the STBC of
the real chip is fixed to 30H. For the same reason, the value of the STBC of the real chip is always 30H when it
is read. The value of the STBC on the in-circuit emulator, however, is changed to 00H when the above setting is
made. Therefore, note that the value of the STBC of the in-circuit emulator and that of the real chip differ when they
are read.

Output of CLKOUT pin

The CLKOUT pin of the real chip always outputs the oscillation frequency (fxx). However, in the case of the in-circuit
emulator |IE-784000-R, the internal system clock (fxx/2 or fxx/16N°€) is output. Note that fxx is not output from the
in-circuit emulator.

Note The CLKOUT pin output of the in-circuit emulator is set to fxx/16 after the reset has been released, and set
to fxx/2 when OOH is set to the standby control register (STBC).
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APPENDIX A DEVELOPMENT TOOLS

The following development tools are available for the development of systems that employ the uPD784046

Subseries.

Figure A-1 shows the development tool configuration.

Figure A-1. Development Tool Configuration (1/2)

(1) When using the in-circuit emulator |IE-78K4-NS

Language Processing Software

« Assembler package
« C compiler package
« C library source file

« Device file

Flash Memory
Write Environment

Debugging Tool

« System simulator

« Integrated debugger
* Device file

I

Embedded Software

* Real-time OS
*0S

Host Machine (PC)

Interface adapter,
PC card interface, etc

Flash programmer

Flash memory
write adapter

On-chip flash
memory version

In-circuit Emulator

Emulation board

4| Power supply unit

Emulation probe

Conversion socket or
conversion adapter

Target system
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Figure A-1. Development Tool Configuration (2/2)

(2) When using the in-circuit emulator IE-784000-R

Language Processing Software

« Assembler package
« C compiler package
« C library source file
« Device file

Debugging Tool

» System simulator
* Integrated debugger
* Device file

Embedded Software —

* Real-time OS
*«0S

Host Machine (PC or EWS)

Interface board

Flash Memory

Write Environment In-circuit Emulator
Interface adapter
Flash programmer | | |  Toomiiooo- )
‘ : Emulation board :
Flash memory i l/Oemulation board i
write adapter b eeeeeeeeeeeeeeeee———————- '
| : Probe board :
On-chip flash
memory version E Emulation probe conversion board E

Emulation probe

Conversion socket or
conversion adapter

Target system

Remark Items in broken line boxes differ according to the development environment. Refer to A.3.1. Hardware .
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A.1 Language Processing Software

RA78K4
Assembler Package

This assembler converts programs written in mnemonics into an object codes
executable with a microcomputer.

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 optical device file (DF784046).
<Precaution when using RA78K/0 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) on Win-
dows.

Part Number: uSxxxxRA78K4

CC78K4
C Compiler Package

This compiler converts programs written in C language into object codes executable
with a microcomputer.

This compiler should be used in combination with an optical assembler package and
device file.

<Precaution when using RA78K/0 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) on
Windows.

Part Number: uSxxxxCC78K4

C Library Source File

DF784046Note 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, ID78K4-NS, and ID78K4).
Corresponding OS and host machine differ depending on the tool to be used with.
Part Number: uSxxxxDF784046

CC78K4-L This is a source file of functions configuring the object library included in the C

compiler package (CC78K/0).

This file is required 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 DF784046 can be used in common with the RA78K4, CC78K4, SM78K4, ID78K4-NS, and ID78K4.
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Remark xxxx in the part number differs depending on the host machine and OS used.

USXXxXRA78K4
USXxxxxCC78K4
USXxxxxDF784046
USXxxxCC78K4-L

XXXX Host Machine oS Supply Medium

AA13 | PC-9800 Series Windows (Japanese version) Noes1.2 | 3 5.jnch 2HD FD

AB13 | IBM PC/AT™ and its compatibles Windows (Japanese version) Notes1.2 | 3 5.inch 2HC FD

BB13 Windows (English version) Notes 1,2

3P16 | HP9000 Series 700™ HP-UX (Rel. 9.05) DAT (DDS)
3K13 SPARCstation™ SunOS (Rel. 4.1.4) 3.5-inch 2HC FD
3K15 1/4-inch CGMT
3R13 | NEWS™ (RISC) NEWS-OS (Rel. 6.1) 3.5-inch 2HC FD

Notes 1. Can be operated in DOS environment.
2. Not support WindowsNT™

A.2 Flash Memory Writing Tools

Flashpro Il (type FL-PR2) Flash Programmer dedicated to microcontrollers with on-chip flash memory.
Flash Programmer

FA-80GC Flash memory writing adapter used connected to the Flashpro II.
Flash Memory Writing Adapter * FA-80GC : 80-pin plastic QFP (GC-3B9 type)

Remark Flashpro Il and FA-80GC are products of Naito Densei Machida Mfg. Co., Ltd.
Phone: (044) 822-3813 Naito Densei Machida Mfg. Co., Ltd.
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A.3 Debugging Tools

A.3.1 Hardware (1/2)

(1) When using the in-circuit emulator IE-78K4-NS

IE-78K4-NSNote
In-circuit Emulator

The in-circuit emulator serves to debug hardware and software when developing
application systems using a 78K/IV Series product. It corresponds to 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
Power Supply Unit

This adapter is used for supplying power from a receptacle of 100-V to 200-V AC.

IE-70000-98-IF-CNote
Interface Adapter

This adapter is required when using the PC-9800 Series computer (except notebook
type) as the IE-78K4-NS host machine.

IE-70000-CD-|FNote
PC Card Interface

This is PC card and interface cable required when using the PC-9800 Series
notebook-type computer as the IE-78K4-NS host machine.

IE-70000-PC-IF-CNote
Interface Adapter

This adapter is required when using the IBM PC/AT and its compatible computers
as the |IE-78K4-NS host machine.

IE-784046-NS-EM1Note
Emulation Board

This board emulates the operations of the peripheral hardware peculiar to a device.
It should be used in combination with an in-circuit emulator.

NP-80GC
Emulation Probe

This probe is used to connect the in-circuit emulator to the target system and is
designed for 80-pin plastic QFP (GC-3B9 type).

EV-9200GC-80
Conversion Socket
(Refer to Figures
A-2 and A-3)

This conversion socket connects the NP-80GC to the target system board designed
to mount a 80-pin plastic QFP (GC-3B9 type).

Note Under development

Remarks 1. NP-80GC is a product of Naito Densei Machida Mfg. Co., Ltd.
Phone: (044) 822-3813 Naito Densei Machida Mfg. Co., Ltd.
2. EV-9200GC-80 is sold in five units.
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A.3.1 Hardware (2/2)

(2) When using the in-circuit emulator IE-784000-R

IE-784000-R
In-circuit Emulator

The IE-784000-R is an in-circuit emulator that can be used with the entire 78K/IV
series. Itis used in combination with the optionally available IE-784000-R-EM, IE-
784046-NS-EM1, or IE-784046-R-EM1. Debugging is performed with a host
machine connected. The optionally available integrated debugger (ID78K4) and
device file are required, and in combination with these it is possible to perform
debugging at the C language or structured assembly language source program
level. More efficient debugging or program testing is possible by means of the CO
coverage function, etc. Connection to the host machine is performed by means of
Ethernet™ or a dedicated bus, and a optionally available interface adapter is
required.

IE-70000-98-IF-B or
IE-7000-98-|F-CNote
Interface Adapter

This adapter is required when using the PC-9800 Series computer (except notebook
type) as the IE-784000-R host machine.

IE-70000-98N-I1F

Interface adapter and cable necessary for using when a PC-9800 series notebook
computer is used as the host machine of IE-784000-R.

IE-70000-PC-IF-B or
IE-7000-PC-IF-CNote
Interface Adapter

This adapter is required when using the IBM PC/AT and its compatible computers
as the |IE-784000-R host machine.

IE-78000-R-SV3
Interface Adapter

This is adapter and cable required when using an EWS computer as the IE-78400-R
host machine, and is used connected to the board in the IE-784000-R.

10 Base-5 is supported as Ethernet. For the other methods, a commercially
available conversion adapter is necessary.

IE-784000-R-EM

Emulation board for use with the entire 78K/IV series.

IE-784046-NS-EM1Note
IE-784046-R-EM1
Emulation Board

This board emulates the operations of the peripheral hardware peculiar to a device.

IE78K4-R-EX2Note
Emulation Probe
Conversion Board

This conversion board for 80-pin QFP is required when using the IE-784046-NS-
EM1 on the IE-784000-R. This is not necessary when using the conventional model
|IE-784046-R-EM1.

EP-78230GC-R
Emulation Probe

This probe is used to connect the in-circuit emulator to the target system and is
designed for 80-pin plastic QFP (GC-3B9 type).

EV-9200GC-80
Conversion Socket
(Refer to Figures
A-2 and A-3)

This conversion socket connects the EP-78340GC-R to the target system board
designed to mount a 80-pin plastic QFP (GC-3B9 type).

Note Under development

Remark EV-9200GC-80 is sold in five units.

534




APPENDIX A DEVELOPMENT TOOLS

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 the optional device file (DF784046).

Part Number: uSxxxxSM78K4

Remark xxxx in the part number differs depending on the host machine and OS used.

USXXXxSM78K4

XXXX

Host Machine

(O

Supply Medium

AA13

PC-9800 Series

. . Note
Windows (Japanese version)

3.5-inch 2HD FD

AB13

BB13

IBM PC/AT and its compatibles

. . Note
Windows (Japanese version)

Windows (English version)NOte

3.5-inch 2HC FD

Note Not support WindowsNT
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A.3.2 Software (2/2)

ID78K4-NSNote

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 windows integration function which links a trace result with its source program,

ID78K4

Integrated Debugger
(supporting in-circuit emulator
IE-784000-R)

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 (DF784046).

Part Number: uSxxxxID78K4-NS, uSxxxxID78K4

Note Under development

Remark xxxx in the part number differs depending on the host machine and OS used.

USxxxxID78K4-NS

XXXX

Host Machine oS Supply Medium

AA13 PC-9800 Series

ote

Windows (Japanese version)N 3.5-inch 2HD FD

BB13

AB13 IBM PC/AT and its compatibles

Note

Windows (Japanese version) 3.5-inch 2HC FD

Windows (English version)Note

Note Not support WindowsNT

USXxxxID78K4

XXXX

Host Machine oS Supply Medium

AA13 PC-9800 Series

ote

Windows (Japanese version)N 3.5-inch 2HD FD

BB13

AB13 IBM PC/AT and its compatibles

Note

Windows (Japanese version) 3.5-inch 2HC FD

Note

Windows (English version)

3P16 HP9000 Series 700

HP-UX (Rel. 9.05) DAT (DDS)

3K15

3K13 SPARCstation

SunOS (Rel. 4.1.4) 3.5-inch 2HC FD

1/4 inch CGMT

3R13 | NEWS (RISC)

NEWS-OS (Rel. 6.1) 3.5-inch 2HC FD

Note Not support WindowsNT
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A.4 Deminsions of Conversion Socket (EV-9200GC-80) and Recommended Board Mounting Pattern

Figure A-2. Dimensions of EV-9200GC-80 (reference)

A
E B % N
F
—
:-=I- JO0OONOnO0T O i
= g NEC| £
of o480t & o] o
E EV—9ZOO@ %
llllllllllllllll OO0 ‘l?‘>y -
No.1 pin index/
NV <
G
H
|
| EV-9200GC-80-G1E
ITEM MILLIMETERS INCHES
A 18.0 0.709
B 14.4 0.567
C 14.4 0.567
D 18.0 0.709
E 4-C 2.0 4-C 0.079
F 0.8 0.031
G 6.0 0.236
H 16.0 0.63
| 18.7 0.736
J 6.0 0.236
K 16.0 0.63
L 18.7 0.736
M 8.2 0.323
N 8.0 0.315
O 2.5 0.098
P 2.0 0.079
Q 0.35 0.014
R ©2.3 ©0.091
S 1.5 ©0.059
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Figure A-3. Recommended Board Mounting Pattern of EV-9200GC-80 (reference)

G
Da0a0aGooananann
— =
= =
= Y=
w ow oo =—- + =T
= U=
L2 B
a0 a0noono0aonon
C
B
A
EV-9200GC-80-P1E
ITEM MILLIMETERS INCHES
A 19.7 0.776
B 15.0 0.591
C 10.65%0.02 x 19=12.35+0.05| 0.02673:3% x 0.748=0.486733%
D |0.65+0.02 x 19=12.35+0.05| 0.026*359 x 0.748=0.486 3353
E 15.0 0.591
F 19.7 0.776
G 6.0+0.05 0.23633%
H 6.0+£0.05 0.236%0.50
| 0.35%0.02 0.014*3%0]
J 92.36+0.03 00.093+39%9)
K 2.3 ©0.091
L ®1.57+0.03 ©0.062%3:30

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 MOUNTING TECHNOLOGY
MANUAL" (C10535E).
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APPENDIX B EMBEDDED SOFTWARE

For efficient development and maintenance of the uPD784046 Subseries, the following embedded products are
available.
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Real-Time OS (1/2)

RX78K/V RX 78K/IV is a real-time OS conforming to the uITRON specifications.

Real-time OS Tool (configurator) for generating nucleus of RX78K/0 and plural information tables
is supplied.
Used in combination with an optional assembler package (RA78K4) and device file
(DF784046).

<Precaution when using RX78K/IV in PC environment>
The real-time OS is a DOS-based application. It should be used in the DOS Prompt
when using in Windows.

Part number: uSxxxxRX78K4

Caution  When purchasing the RX78K/IV, fill in the purchase application form in advance and sign the
User Agreement.

Remark xxxx and AAA in the part number differ depending on the host machine and OS used.

USXXXXRX78K4-AAAA

AAAA Product Outline Maximum Number for Use in Mass Production

001 Evaluation object Do not use for mass-produced product.

100K Mass-production object 0.1 million units

001M 1 million units

010M 10 million units

S01 Source program Source program for mass-produced object
XXXX Host Machine oS Supply Medium
AA13 | PC-9800 Series Windows (Japanese version)Notes 1.2 | 3 5.inch 2HD FD

AB13 IBM PC/AT and its compatibles | Windows (Japanese version)Notes 1.2 | 3 5.inch 2HC FD

BB13 Windows (English version)Notes 1, 2

3P16 HP9000 Series 700 HP-UX (Rel. 9.05) DAT (DDS)
3K13 SPARCstation SunOS (Rel. 4.1.4) 3.5-inch 2HC FD
3K15 1/4-inch CGMT
3R13 NEWS (RISC) NEWS-0OS (Rel. 6.1) 3.5-inch 2HC FD

Notes 1. Can also be operated in DOS environment.
2. Not support WindowsNT.
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Real-Time OS (2/2)

MX78K4
oS

MX78K4 is an OS for ulITRON specification subsets. A nucleus for the MX78K4 is
also included as a companion product.
This manages tasks, events, and time. In the task management, determining the
task execution order and switching from task to the next task are performed.

<Precaution when using MX78K4 in PC environment>
The MX78K4 is a DOS-based application. It should be used in the DOS Prompt
when using in Windows.

Part number: uSxxxxMX78K4-AAA

Remark xxxx and AAA in the part number differ depending on the host machine and OS used.

USXXXXMXT78K4-AAA

AAA

Product Outline

Maximum Number for Use in Mass Production

001 Evaluation object

Use in preproduction stages.

XX Mass-production object

Use in mass production stages.

S01 Source program

Only the users who purchased mass-production
objects are allowed to purchase this program.

XXXX Host Machine oS Supply Medium
AA13 | PC-9800 Series Windows (Japanese version)Notes 1.2 | 3 5.inch 2HD FD
AB13 IBM PC/AT and its compatibles| Windows (Japanese version)Notes 1.2 | 3 5.inch 2HC FD
BB13 Windows (English version)Notes 1, 2
3P16 HP9000 Series 700 HP-UX (Rel. 9.05) DAT (DDS)
3K13 SPARCstation SunOS (Rel. 4.1.4) 3.5-inch 2HC FD
3K15 1/4-inch CGMT
3R13 NEWS (RISC) NEWS-0OS (Rel. 6.1) 3.5-inch 2HC FD

Notes 1. Can also be operated in DOS environment.
2. Not support WindowsNT.
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[A]
ADCRO
ADCROH
ADCR1
ADCR1H
ADCR2
ADCR2H
ADCR3
ADCR3H
ADCR4
ADCR4H
ADCRS
ADCRSH
ADCRG6
ADCR6H
ADCR7
ADCRT7H
ADIC
ADM
ASIM
ASIM2
ASIS
ASIS2

[B]
BRGC
BRGC2
BW

[C]
CCo00
Cco1
CCco2
CCo3
CM10
CMm11
CM20
Cm21
CM30
CM31
CM40
Cm41
CMIC10
CMIC11
CMIC20

: Compare Register 10
: Compare Register 11
: Compare Register 20
: Compare Register 21
: Compare Register 30
: Compare Register 31
: Compare Register 40
: Compare Register 41

APPENDIX C REGISTER INDEX

: A/D Conversion Result Register 3

. Interrupt Control Register

. Asynchronous Serial Interface Mode Register 2
: Asynchronous Serial Interface Status Register
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The revision history is described below. The “Applied to” column indicates the chapters in each edition.

(1/2)

Edition

Major Revisions from Previous Edition

Applied to

2nd edition

Change of uPD784044 from “under development” to “development completed”.

Addition of the following products to the relevant products:
uUPD784044(A), 784044(A1), 784044(A2), 784046(A), 784046(Al), 784046(A2)

Throughout

Change of 78K/IV SERIES PRODUCT DEVELOPMENT DIAGRAM .

Change of the minimum value of the supply voltage (Voo) from 4.0 V to 4.5 V.

Addition of 1.3 Quality Grades .

Addition of 1.9 Differences between uPD784046 and uPD784046(A).
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CHAPTER 1 GENERAL
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CHAPTER 2 PIN FUNCTIONS
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CHAPTER 8 TIMER 0O

Addition of caution when the timer output is enabled while the active level is changed.

Addition of caution when the active level of the timer output is changed.

Addition of caution when the timer output is enabled while the active level is changed.

CHAPTER 9 TIMER 1

Addition of caution when the active level of the timer output is changed.
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CHAPTER 10 TIMERS/
COUNTERS 2 AND 3
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entered as the result of an inadvertent program loop”.

CHAPTER 12 WATCHDOG
TIMER FUNCTION

Addition of Note and calculating method of the wait time if the reception completion
interrupt is disabled when a reception error occurs.

CHAPTER 14 ASYNCHRO-
NOUS SERIAL INTERFACE/
3-WIRE SERIAL I/O

Change of instructions in 16.9 When Interrupt Request and Macro Service Are g
Temporarily Held Pending

HAPTER 16 INTERRUPT
FUNCTIONS
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Edition

Major Revisions from Previous Edition

Applied to

2nd edition

Change of description from “The watchdog timer must not be used to release the
standby mode (STOP or IDLE mode)” to “The watchdog timer must not be used to
release the standby mode (STOP, HALT, or IDLE mode)”.

Addition of Note of the operating status of bus lines (AD8 to AD15, A16 to A19) in
HALT mode.

Deletion of watchdog timer of “Non-maskable interrupt request (NMI pin input/
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FUNCTION

Addition of (2) Output of CLKOUT pin .

CHAPTER 22 CAUTIONS
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