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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 mustbe stored and transported
in an anti-static container, static shielding bag or conductive material. All test and measurement
tools including work bench and floor should be grounded. The operator should be grounded using
wrist strap. Semiconductor devices must not be touched with bare hands. Similar precautions need
to be taken for PW boards with semiconductor devices on it.

@ HANDLING OF UNUSED INPUT PINS FOR CMOS

Note:

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

@ STATUS BEFORE INITIALIZATION OF MOS DEVICES

Note:

Power-on does not necessarily define initial status of MOS device. Production process of MOS
does not define the initial operation status of the device. Immediately after the power source is
turned ON, the devices with reset function have not yet been initialized. Hence, power-on does
not guarantee out-pin levels, 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.
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FIP, IEBus, Inter Equipment Bus, and EEPROM are trademarks of NEC Corporation.
MS-DOS, Windows, and Windows NT are either trademarks or registered trademarks of Microsoft Corporation
in the United States and/or other countries.

PC/AT is a trademark of International Business Machines Corporation.
SPARCStation is a trademark of SPARC International, Inc.

Solaris and SunOS are trademarks 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 Xerox 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.
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The export of these products from Japan is regulated by the Japanese government. The export of some or all of these
products may be prohibited without governmental license. To export or re-export some or all of these products from a
country other than Japan may also be prohibited without a license from that country. Please call an NEC sales
representative.

License not needed: HUPD78F4938
The customer must judge the need for license: uPD784935, 784936, 784937, 784938

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

The information contained in this document is being issued in advance of the production cycle for the
device. The parameters for the device may change before final production or NEC Corporation, at its own
discretion, may withdraw the device prior to its production.

Not all devices/types available in every country. Please check with local NEC representative for availability
and additional information.

No part of this document may be copied or reproduced in any form or by any means without the prior written
consent of NEC 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.

Descriptions of circuits, software, and other related information in this document are provided for illustrative
purposes in semiconductor product operation and application examples. The incorporation of these circuits,
software, and information in the design of the customer's equipment shall be done under the full responsibility
of the customer. NEC Corporation assumes no responsibility for any losses incurred by the customer or third
parties arising from the use of these circuits, software, and information.

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:  Aircraft, 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.
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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

» Product release schedule

- Availability of related technical literature

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

» Network requirements

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

from country to country.

NEC Electronics Inc. (U.S.)

Santa Clara, California

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

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

NEC Electronics (Germany) GmbH
Duesseldorf, Germany

Tel: 0211-65 03 02

Fax: 0211-65 03 490

NEC Electronics (UK) Ltd.
Milton Keynes, UK

Tel: 01908-691-133

Fax: 01908-670-290

NEC Electronics Italiana s.r.l.
Milano, Italy

Tel: 02-66 75 41

Fax: 02-66 75 42 99

NEC Electronics (Germany) GmbH
Benelux Office

Eindhoven, The Netherlands

Tel: 040-2445845

Fax: 040-2444580

NEC Electronics (France) S.A.
Velizy-Villacoublay, France

Tel: 01-30-67 58 00

Fax: 01-30-67 58 99

NEC Electronics (France) S.A.
Spain Office

Madrid, Spain

Tel: 91-504-2787

Fax: 91-504-2860

NEC Electronics (Germany) GmbH
Scandinavia Office

Taeby, Sweden

Tel: 08-63 80 820

Fax: 08-63 80 388
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NEC Electronics Hong Kong Ltd.
Hong Kong

Tel: 2886-9318

Fax: 2886-9022/9044

NEC Electronics Hong Kong Ltd.
Seoul Branch

Seoul, Korea

Tel: 02-528-0303

Fax: 02-528-4411

NEC Electronics Singapore Pte. Ltd.
United Square, Singapore 1130
Tel: 65-253-8311

Fax: 65-250-3583

NEC Electronics Taiwan Ltd.
Taipei, Taiwan

Tel: 02-2719-2377

Fax: 02-2719-5951

NEC do Brasil S.A.

Electron Devices Division

Rodovia Presidente Dutra, Km 214
07210-902-Guarulhos-SP Brasil
Tel: 55-11-6465-6810

Fax: 55-11-6465-6829
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Target Readers

Purpose

Organization

INTRODUCTION
This manual is intended for users who understand the functions of the uPD784938 Subseries to
design application systems.

The purpose of this manual is to give users an understanding of the various hardware functions of
the yPD784938 Subseries.

The uPD784938 Subseries user’'s manual is divided into two volumes — hardware (this manual) and
instruction.

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

Other internal 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.
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How to Read This Manual

Conventions

Readers are required to have a general knowledge of electric engineering, logic circuits and
microcomputers.

« Unless otherwise specified
The uPD784938 is treated as the representative model. If using the uPD784935, 784936,
784937, and 78F4938, take the uPD784938 for the uPD784935, 784936, 784937, and
78F4938.

¢ To understand overall functions of the uPD784938 Subseries:
- Read this manual in the order of the CONTENTS.

¢ To learn about differences from the yPD784908 Subseries:
- See 1.8 Main Differences with uPD784908 Subseries .

+ 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.

+ To learn the detailed functions of a register whose register name is known:
- Use APPENDIX C REGISTER INDEX.

¢ To learn the details of the instruction functions:
- Refer to 78K/IV Series User's Manual-Instruction (ULO905E)  separately available.

+ To learn about the electrical characteristics:
- Refer to Data Sheets.

+ To learn about application examples of each function:
- Refer to Application Note separately available.

Data significance: Higher digits on the left and lower digits on the right

Active low representation: x x x (Overscore over pin or signal name)

Note: Footnote for item marked with Note in the text

Caution : Information requiring particular attention

Remark: Supplementary information

Numerical representation: Binary ............cccceee.... X x X xBorxxxx
Decimal .......ccccccvveenee. X X X X
Hexadecimal............... xxxxH
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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 an sfr variable by the #pragma sfr

directive for C compiler.

Write Operation

Read Operation

0 or 1 is written. The
operation is not affected
by either value.

0 must be written

1 must be written

Oorlisread.

A value is written
according to the
function to be used.

A value is read
according to the
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), | (Lowercase letter L), | (Uppercase letter I)

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

preliminary versions are not marked as such.

Device related documents

Document Name

Document No.

Japanese English
uPD784935, 784936, 784937, 784938 Data Sheet U13572J U13572E
uPD78F4938 Preliminary Product Information U13573J U13573E
uPD784938 Subseries Special Function Register Table To be prepared —
uPD784938 Subseries User's Manual - Hardware u13987J This manual
78K/IV Series Application Note - Software Basics U10095J U10095E
78K/IV Series User's Manual - Instruction U10905J U10905E
78K/IV Series Instruction Table U10594J —
78K/IV Series Instruction Set U10595J —
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Documents for development tools (User’'s Manuals)

Document Name

Document No.

Japanese English

RA78K4 Assembler Package Operation U11334J U11334E

Language U11162J U11162E
RA78K4 Structured Assembler Preprocessor U11743J U11743E
CC78K4 C Compiler Operation U11517J U11517E

Language U11518J U11518E
IE-78K4-NS U13356J U13356E
IE-784000-R U12903J EEU-1534
IE-784937-NS-EM1 To be prepared To be prepared
IE-784937-R-EM1 To be prepared —
EP-78064 EEU-934 EEU-1469
SM78K4 System Simulator Windows™ Based Reference U10093J U10093E
SM78K Series System Simulator External component user U10092J U10092E

open interface specification
ID-78K4-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

Documents for embedded software (User’'s Manuals)
Document Name Document No.
Japanese English

78K/IV Series Real-Time OS Fundamental U10603J U10603E

Installation U10604J U10604E

Debugger U10364J —
78K/IV Series OS MX78K4 Basics U11779J —

Caution The related documents listed above are subject to change without notice.

of each document for designing.
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Other documents

Document Name

Document No.

Japanese English
SEMICONDUCTORS SELECTION GUIDE Products & Packages (CD-ROM) X13769X
Semiconductor Device Mounting Technology Manual C10535J C10535E
Quality Grades on NEC Semiconductor Device 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 Microcomputer-Related Products by Third Party U11416J —

Caution The related documents listed above are subject to change without notice.
of each document for designing.
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CHAPTER 1 GENERAL

The uPD784938 Subseries consists of 78K/IV Series products that combine a 78K/IV Series CPU core enabling mounting
large-capacity memory and a IEBus™ (Inter Equipment Bus™) controller. The 78K/IV Series consists of 16-bit single-chip
microcontrollers, and comes with a high-performance CPU that has various functions including a function to access 1-Mbyte
memory spaces.

The uPD784938 Subseries is based on the uPD784908 Subseries. It features expanded internal ROM and RAM capacities
and the addition of a ROM correction function.

The uPD784938 has a 256-Kbyte mask ROM and 10,240-byte RAM on chip. Besides an IEBus controller, it features among
other things a high-performance timer counter, an 8-bit A/D converter, a PWM output function, a 2-channel independent serial
interface, and a watch timer.

The uPD784937 replaces the mask ROM of the uPD784938 with a 192-Kbyte mask ROM.

The uPD784936 replaces the mask ROM and RAM of the uPD784938 with a 128-Kbyte mask ROM and a 6,656-byte RAM.

The uPD784935 replaces the mask ROM and RAM of the uPD784938 with a 96-Kbyte mask ROM and a 5,120-byte RAM.

The uPD78F4938 replaces the mask ROM of the uPD784938 with flash memory.

The uPD784938 Subseries product lineup is as follows.

Flash memory models Mask ROM models
uPD78F4938 uPD784938
Flash memory 256 Kbytes ROM 256 Kbytes
RAM 10,240 bytes RAM 10,240 bytes
uPD784937

ROM 192 Kbytes
RAM 8,192 bytes

LPD784936

ROM 128 Kbytes
RAM 6,656 bytes

uPD784935

ROM 96 Kbytes
RAM 5,120 bytes

These models can be used in the following fields:
e Car audio, etc.
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78K/IV Series Product Lineup

40

: . In mass production

H 1 Under development

Standard models

UPD784026

Enhanced A/D,
16-bit timer, and
power management

ASSP models

Multi-master 12C bus supported

I2C bus supported
I uPD784038Y |

UPD784038

Enhanced internal memory
capacity, pin compatible with
the uPD784026

Multi-master 1°C bus supported

| UPD784225Y

.............. B
' P

80 pins, added ROM correction

100 pins, enhanced I/O and
internal memory capacity

UPD784054

UPD784046

On-chip 10-bit A/D

UPD784216Y/ Multi-master 12C bus supported
784216AY | IPD784218Y |
“igﬁféﬁw upD784218 |

Enhanced internal memory capacity,
added ROM correction

Enhanced function of the pPD784908,

UPD784908 ! "
enhanced internal memory capacity,
On-chip IEBus added ROM correction
controller
Multi-master I°C bus supported
| UPD784928Y |
/ uPD784928 |
Enhanced function of
PD784915
H the uPD784915

For software servo control,
on-chip analog circuit
for VCR, enhanced timer
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11

Features

78KI/IV Series
High-speed instruction execution
* Minimum instruction execution time: 320 ns (@ 6.29-MHz operation)
160 ns (@ 12.58-MHz operation)
Instruction set suitable for control applications
Data memory expansion function (1-Mbyte memory space: 2 bank specification pointers)
Interrupt controller (4-level priority system)
« Vectored interrupt service/macro service/context switching
Standby functions: HALT/STOP/IDLE modes
Internal memory: « ROM
Mask ROM: 256 Kbytes (uPD784938)
192 Kbytes (uPD784937)
128 Kbytes (uPD784936)
96 Kbytes (uPD784935)
Flash memory: 256 Kbytes (uPD78F4938)
« RAM: 10,240 bytes (uPD784938, 78F4938)
8,192 bytes (uPD784937)
6,656 bytes (UPD784936)
5,120 bytes (uPD784935)

I/0O pins: 80
 Software programmable pull-up: 70 inputs
« Direct LED drive capability: 24 outputs

« Direct transistor drive capability: 8 outputs

* N-ch open-drain: 4 outputs

Serial interface

« UART/IOE (3-wire serial I/0): 2 channels (with on-chip baud rate generator)
» CSI (3-wire serial I/0): 2 channels

Real-time output ports (combination with timer/counter allows independent control of 2-system stepping motors)
A/D converter (8-bit resolution x 8 channels)

PWM outputs (12-bit resolution x 2 channels)

On-chip simple model with IEBus controller

Watch timer (operation with main clock possible in the IDLE mode)
Power-saving regulator

High-performance timer/counter

« Timer/event counter (16 bits) x 3 units

 Timer (16 bits) x 1 unit

Watchdog timer: 1 channel

Clock output function: fcik, fcuk/2, feuk/4, feik/8, fcik/16 can be selected
On-chip ROM correction function
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CHAPTER 1 GENERAL

1.2 Ordering Information

Part Number

Package

Internal ROM

HUPD784935GF-xxx-3BA
UPD784936GF-xxx-3BA
UPD784937GF-xxx-3BA
HUPD784938GF-xxx-3BA
UPD78F4938GF-3BA

100-pin plastic QFP (14 x 20 mm)
100-pin plastic QFP (14 x 20 mm)
100-pin plastic QFP (14 x 20 mm)
100-pin plastic QFP (14 x 20 mm)
100-pin plastic QFP (14 x 20 mm)

Remark xxxindicates ROM code suffix.
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CHAPTER 1 GENERAL

1.3 Pin Configuration (Top View)

1.3.1 Normal operation mode

« 100-pin plastic QFP (14 x 20 mm)
UPD784935GF-xxx-3BA, 784936GF-xxx-3BA, 784937GF-xxx-3BA, 784938GF-xxx-3BA, 78F4938GF-3BA

—
N4
()
n
™
3
5 o < 0O
- O 9 §’ & g E E g (D\.I E S « N~
_ o
OOO‘QQQQEEEEEEE g % 2
EEQIOE XN =S == == Z 2, 55 <
L I O N 4 O~ O© I I 0O N d O 0w X 0~
N OO MmO NNNNNNN ‘>< ‘>< > > >~
[ W o W N W o Y o TN o T o Mo I O o M o B o B | 1 I G G G B
10099 98 97 96 95 94 93 92 91 90 89 88 87 86 85 84 83 82 81
P36/T02 O~ 1 80 [+~O P76/ANI6
P37/T03 O~—+{2 O 79 |-~O P75/ANI5
P100 O=+{3 78 |=~O P74/ANI4
P101 O~—~{4 77 |+~O P73/ANI3
P102 O~~{5 76 |=~O P72/ANI2
P103 O~~{6 75 |=~O P71/ANI1
P104 O=~{7 74 |=~O P70/ANIO
P105/SCK3 O~~ 8 73 [«—O IC/VppNotes 1.4
P106/SI3 O~ 9 72 —O PWM1
P107/SO3 O~~| 10 71 |—O PWMO
RESETO—+| 11 70 +~—~O P17
XT20—]12 69 |~~O P16
XT1O0—{13 68 |~~O P15
Vss O— 14 67 |=~O P14/TxD2/S0O2
X20—{ 15 66 [=~O P13/RxD2/SI2
X10—{16 65 |=~O P12/ASCK2/SCK2
REGOFF O—{ 17 64 |~~O P11
REGC O—{ 18 63 ~~O P10
Voo O— 19 62 |0 ASTB/CLKOUT
P00 O+ 20 61 |~~O P90
P01 O~= 21 60 [«~=~O P91
P02 O~~~ 22 59 |~~O P92
P03 O+ 23 58 |=~O P93
P04 O+ 24 57 =~O P94
P05 O=—~{ 25 56 [+=O P95
P06 O~~~ 26 55 [==~O P96
P07 O=+ 27 54 |=~O P97
P67/REFRQ/HLDAK O~~| 28 53 |=~O P40/ADO
P66/WAIT/HLDRQ O~ 29 52 |+~O P41/AD1
P65/WR O~ 30 51 [«~O P42/AD2
31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50
228588333 458d32%858838
fsggsgggs”>s<53222<¢<
238285883 BoEESS9SQ
Caadaaadadaa o a seasf sy

Notes 1. Connect the IC (Internally Connected)/Ver pin directly to Vss.
2. Connect the AVop pin directly to Vob.
3. Connect the AVss pin directly to Vss.
4. The Vep pin is used only in the uPD78F4938.
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CHAPTER 1 GENERAL

A8 to A19: Address Bus PWMO, PWM1: Pulse Width Modulation 0, 1
ADO to AD7: Address/Data Bus RD: Read Strobe

ANIO to ANI7: Analog Input REFRQ: Refresh Request

ASCK, ASCK2: Asynchronous Serial Clock REGC: Regulator Capacitance
ASTB: Address Strobe REGOFF: Regulator Off

AVoD: Analog Power Supply RESET: Reset

AVREF1: Analog Reference Voltage RX: IEBus Receive Data

AVss: Analog Ground RxD, RxD2: Receive Data

Cl: Clock Input SCKO to SCK3:  Serial Clock

CLKOUT: Clock Output SIO0 to SI3: Serial Input

HLDAK: Hold Acknowledge SO0 to SO3: Serial Output

HLDRQ: Hold Request TEST: Test

INTPO to INTP5: Interrupt from Peripherals TOO to TOS: Timer Output

NMI: Non-maskable Interrupt TxD, TxD2: Transmit Data

P00 to PO7: Port0 TX: IEBus Transmit Data

P10 to P17: Portl Vob: Power Supply

P20 to P27: Port2 VepNote: Programming Power Supply
P30 to P37: Port3 Vss: Ground

P40 to P47: Port4 WAIT: Wait

P50 to P57: Port5 WR: Write Strobe

P60 to P67: Port6 X1, X2: Crystal (Main System Clock)
P70 to P77: Port7 XT1, XT2: Crystal (Watch)

P90 to P97: Port9

P100 to P107: Port10

Note The Vep pin is used only in the uPD78F4938.
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1.4 Application System Configuration

Front panel

Remote controller

Example (Car Audio (Tuner, Deck))

LPD784938

signal receiver circuit
UPC2800A, etc.

FIPT™ Key matrix
FIP
controller/driver
HPD16312, etc.
LED

Audio system

control circuit

Electronic

volume

EEPROM™

Interrupt input
ptinp General-purpose

port

3-wire
serial I/0
SIO with automatic
transmit/receive
function
3-wire serial 1/0
IEBus
controller

IEBus
Cassette deck Y
unit
CD unit
Tuner pack (changer,
single CD, etc.)
DSP unit
TV unit
IEBus
driver/ .
receiver .
L aan—
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1.5 Block Diagram

PROGRAMMABLE
INTERRUPT
CONTROLLER

INTP3 ——
TOO =
TOL1 =~—

TIMER/EVENT
COUNTERO
(16 BITS)

INTPO ——

TIMER/EVENT
COUNTER1
(16 BITS)

INTP1 —
INTP2/Cl —=
TO2 =~—
TO3 =

TIMER/EVENT
COUNTER2
(16 BITS)

TIMER3
(16 BITS)

78 KIIV

CPU CORE ROM

g g

P00 to PO3

P04 to PO7

REAL-TIME
OUTPUT PORT

PWMOQ —=—

PWM1 =~—

PWM

e ¢ 8 ¢ 8 ¢ U

ANIO to ANI7|:>

AVop
AVRer1
AVss

INTPS ——=

AID
CONVERTER

IEBus
CONTROLLER

SYSTEM
CONTROL
(REGULATOR)

WATCH
TIMER

Note uPD78F4938 only

i

RAM

WATCHDOG
TIMER

¢ O ¢ ¢

&

-
-

«——— RxD/SI1
UART/IOE2 [* ¥ o
BAUD-RATE -
GENERATOR [ ASCKISCK1
L~ RxD2/SI2
UART/IOEL [ s os,
BAUD-RATE 7
GENERATOR [+ ASCK2/SCK2
CLOCKED [=— SCKO
SERIAL L . 500
INTERFACE |« g0
CLOCKED [~ SCK3
SERIAL | . 503
INTERFACE3 |«— gi3
CLOCK OUTPUT —= ASTB/CLKOUT
ADO to AD7
[ > ABt0AIS
A16 to A19
— RD
— WR
BUSIF L — WAIT/HLDRQ
——~ REFRQ/HLDAK
DO to D7Note
AO to AlgNote
l«—— CENote
o ﬁNote
l«—— PGMNote
PORTO P00 to PO7
PORT1 P10 to P17

<:j> P20 to P27
[ rors K paioran

CC LU0

PORT4 P40 to P47
PORTS P50 to P57
PORT6 P60 to P67
PORT7 P70 to P77

PORT9 P90 to P97

PORT10

P100 to P107

Remark The capacities of the internal ROM and RAM varies depending on the product.
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1.6 List of Functions

Part Number

Item

HuPD784935

uPD784936

uPD784937

uPD784938

uPD78F4938

Number of basic instructions
(mnemonics)

113

General-purpose register

8 bits x 32 registers x 8 banks, or 16 bits x 8 registers x 8 banks (memory mapping)

Minimum instruction execution time

320 ns/636 ns/1.27 us/2.54 us (@6.29-MHz operation)
160 ns/320 ns/636 ns/1.27 us (@12.58-MHz operation)

Internal ROM 96 Kbytes 128 Kbytes 192 Kbytes 256 Kbytes 256 Kbytes
memory (mask ROM) (mask ROM) (mask ROM) (mask ROM) (flash memory)
RAM 5,120 bytes 6,656 bytes 8,192 bytes 10,240 bytes

Memory space

1 Mbyte with program and data memories combined

1/0O port Total 80
Input 8
/10 72
Pins with LED direct drive output | 24
ancillary Transistor direct drive | 8
functionshot -
N-ch open-drain 4

Real-time output port

4 bits x 2, or 8 bits x 1

IEBus controller

Internal (simple version)

Timer/counter

Timer/event counter 0 (16 bits):

Timer counter x 1
Capture register x 1
Compare register x 2

Pulse output

* Toggle output
« PWM/PPG output
* One-shot pulse output

Timer/event counter 1 (16 bits):

Timer counter x 1
Capture register x 1

Real-time output port

Capture/compare register x 1

Compare register x 1

Timer/event counter 2:

Timer counter x 1
Capture register x 1

Capture/compare register x 1

Compare register x 1

Pulse output

* Toggle output

« PWM/PPG output

Timer 3:

Timer counter x 1
Compare register x 1

Watch timer

Generates interrupt request at intervals of 0.5 second (internal watch clock oscillator)
Main clock (12.58 MHz (MAX.)) or watch clock (32.7 kHz) selectable as input clock

Clock output

Selectable from fewk, fewk/2, fex/4, fek/8, and fek/16 (can also be used as 1-bit output port)

PWM output

12-bit resolution x 2 channels

Serial interface

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

CSI (3-wire serial I/O):

2 channels

A/D converter

8-bit resolution x 8 channels

Watchdog timer

1 channel

Standby

HALT/STOP/IDLE mode

Note

The pins with ancillary functions are included in the I/O pins.
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Part Number HPD784935 HPD784936 HPD784937 uPD784938 HUPD78F4938
Item
Interrupt Hardware source 27 (Internal: 20, External: 7 (sampling clock variable input: 1))
Software source BRK instruction, BRKCS instruction, operand error
Non-maskable Internal: 1, External: 1
Maskable Internal: 19, External: 6
4 |levels of programmable priority
3 processing type: Vectored interrupt/macro service/context switching
Supply voltage *Vop=4.0 to55V *Vop=45t055V
(Main clock: @ fxx = 12.58-MHz operation, (Main clock:
Internal system clock = @ fxx, fcvk = 79 ns) @ fxx = 12.58-
*Vop=35 to55V MHz operation,
(Other than above, fcvk = 159 ns) Internal system
clock = @ fxx,
feyk = 79 ns)
*Vop=4.0t055V
(Other than
above,
fevk = 159 ns)
Package 100-pin plastic QFP (14 x 20 mm)
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The outline of the timer is as follows (for details, refer to CHAPTER 8 OUTLINE OF TIMER)

Name Timer/Event Timer/Event Timer/Event Timer 3
Item Counter 0 Counter 1 Counter 2
Count width 8 bits — O O O
16 bits @) O O ©)
Operation mode | Interval timer 2ch 2ch 2ch 1ch
External event counter O O O —
One-shot timer — — O —
Function Timer output 2ch — 2ch —
Toggle output O — O —
PWM/PPG output O — O —
One-shot pulse outputNote O — — —
Real-time output — O — —
Pulse width measurement 1 input 1 input 2 inputs —
Number of interrupt requests 2 2 2 1

Note

(interrupt request signal).
This function is different from the one-shot timer function of timer/event counter 2 in nature.

The one-shot pulse output function is used to make a pulse output level active by software and inactive by hardware

The outline of the serial interface is as follows (for details, refer to CHAPTER 17 OUTLINE OF SERIAL INTERFACE).

Function

UART/IOE1

UART/IOE2

IOEO

I0E3

3-wire serial I/O mode

O (MSB first/LSB first
switchable)

O (MSB first/LSB first
switchable)

O (MSB first/LSB first
switchable)

O (MSB first/LSB first
switchable)

Asynchronous serial
1/0 mode

O (On-chip dedicated
baud rate generator )

O (On-chip dedicated
baud rate generator )

SBI mode

O (MSB first/LSB first
switchable)

O (MSB first/LSB first
switchable)
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CHAPTER 1 GENERAL

1.7 Differences among Products in

UPD784938 Subseries

Part Number HPD784935 HPD784936 HPD784937 uPD784938 HUPD78F4938
Item
Internal memory ROM 96 Kbytes 128 Kbytes 192 Kbytes 256 Kbytes 256 Kbytes
(mask ROM) (mask ROM) (mask ROM) (mask ROM) (flash memory)
RAM 5,120 bytes 6,656 bytes 8,192 bytes 10,240 bytes

1.8 Main Differences with pPD784908 Subseries

The puPD784938 Subseries replaces the PROM of PROM products in the uPD784908 Subseries with flash memory and

added a ROM correction function.
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2.1 Pin Function Lists

2.1.1 Normal operation mode

(1) Port pins (1/2)

CHAPTER 2 PIN FUNCTIONS

Pin Name Input/Output Alternate Function Function
P00 to PO7 Input/output — Port 0 (PO):
e 8-bit input/output port
e Can be used as real-time output ports (4 bits x 2)
« Input/output can be specified in 1-bit units
e For input mode pins, on-chip pull-up resistor connection can be
specified at once by means of software
 Transistor drive capability
P10 Input/output — Port 1 (P1):
P11 _ e 8-bit input/output port
P12 ASCK2/SCK2 ¢ Input/output can be specified in 1-bit units
e For input mode pins, on-chip pull-up resistor connection can be
P13 RxD2/S12 specified at once by means of software
P14 TxD2/S02 e LED drive capability
P15 to P17 —
P20 Input NMI Port 2 (P2):
P21 INTPO e 8-bit input/output port
P22 INTP1 . !320 cannot be used as a general-‘purpotc,e porF (non-maska.ble
interrupt). Input level can be confirmed in the interrupt routine.
P23 INTP2/CI . . ) »
e For P22 to P27, on-chip pull-up resistor connection can be specified
P24 INTP3 by means of software in 6-bit units
P25 INTP4/ASCK/SCK1 e The P25/INTP4/ASCK/SCK1 pin operates as the SCK1 output pin
in accordance with the CSIM1 register specification
P26 INTP5
P27 SI0
P30 Input/output RxD/SI1 Port 3 (P3):
P31 TxD/SO1 + 8-bit input/output port
P32 SCKO ¢ Input/output can be specified in 1-bit units
e For input mode pins, on-chip pull-up resistor connection can be
P33 SO0 specified at once by means of software
P34 to P37 TOO to TO3 e P32 and P33 can be set in N-ch open-drain mode
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(1) Port pins (2/2)

Pin Name Input/Output Alternate Function Function
P40 to P47 Input/output ADO to AD7 Port 4 (P4):
e 8-bit input/output port
¢ Input/output can be specified in 1-bit units
e For input mode pins, on-chip pull-up resistor connection can be
specified at once by means of software
e LED drive capability
P50 to P57 Input/output A8 to A15 Port 5 (P5):
e 8-bit input/output port
¢ Input/output can be specified in 1-bit units
e For input mode pins, on-chip pull-up resistor connection can be
specified at once by means of software
e LED drive capability
P60 to P63 Input/output Al6 to A19 Port 6 (P6):
P64 RD e 8-bit input/output port
p— ¢ Input/output can be specified in 1-bit units
P65 WR . ) ) . .
— e For input mode pins, on-chip pull-up resistor connection can be
P66 WAIT/HLDRQ specified at once by means of software
P67 REFRQ/HLDAK
P70 to P77 Input/output ANIO to ANI7 Port 7 (P7):
e 8-bit input/output port
¢ Input/output can be specified in 1-bit units
P90 to P97 Input/output — Port 9 (P9):
e 8-bit input/output port
¢ Input/output can be specified in 1-bit units
e For input mode pins, on-chip pull-up resistor connection can be
specified at once by means of software
P100 to P104 Input/output — Port 10 (P10):
— e 8-bit input/output port
P105 SCK3 e Input/output can be specified in 1-bit units
P106 SI3 » For input mode pins, on-chip pull-up resistor connection can be
specified at once by means of software
p107 SO3 e P105 and P107 can be set in N-ch open-drain mode
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CHAPTER 2 PIN FUNCTIONS

(2) Non-port pins (1/2)

Pin Name Input/Output Alternate Function Function

TOO/TO3 Output P34 to P37 Timer output

Cl Input P23/INTP2 Count clock input to timer/event counter 2

RxD Input P30/SI1 Serial data input (UARTO)

RxD2 P13/SI2 Serial data input (UART2)

TXD Output P31/S0O1 Serial data output (UARTO)

TxD2 P14/S0O2 Serial data output (UART2)

ASCK Input P25/INTP4/SCK1 Baud rate clock input (UARTO)

ASCK2 P12/SCK2 Baud rate clock input (UART2)

SI0 Input P27 Serial data input (3-wire serial 1/00)

SI1 P30/RxD Serial data input (3-wire serial 1/01)

SI2 P13/RxD2 Serial data input (3-wire serial 1/02)

SI3 P106 Serial data input (3-wire serial 1/03)

SO0 Output P33 Serial data output (3-wire serial 1/00)

SO1 P31/TxD Serial data output (3-wire serial 1/01)

S0O2 P14/TxD2 Serial data output (3-wire serial 1/02)

S03 P107 Serial data output (3-wire serial 1/03)

SCKO Input/output P32 Serial clock input/output (3-wire serial 1/00)

SCK1 P25/INTP4/ASCK Serial clock input/output (3-wire serial 1/01)

SCK2 P12/ASCK2 Serial clock input/output (3-wire serial 1/02)

SCK3 P105 Serial clock input/output (3-wire serial 1/03)

NMI Input P20 External interrupt requests —

INTPO P21 « Count clock input to timer/event counter 1
¢ CR11 or CR12 capture trigger signal

INTP1 P22 « Count clock input to timer/event counter 2
* CR22 capture trigger signal

INTP2 P23/CI « Count clock input to timer/event counter 2
¢ CR21 capture trigger signal

INTP3 P24 « Count clock input to timer/event counter 0
« CRO2 capture trigger signal

INTP4 P25/ASCKO/SCK1 —

INTP5 P26 A/D converter conversion start trigger input

ADO to AD7 Input/output P40 to P47 Time division address/data bus (external memory connection)

A8 to A15 Output P50 to P57 Upper address bus (external memory connection)

Al16 to A19 Qutput P60 to P63 Upper address with address extension (external memory connection)

RD Output P64 External memory read strobe

WR Qutput P65 External memory write strobe

WAIT Input P66/HLDRQ Wait insertion

REFRQ Qutput P67/HLDAK External pseudo-static memory refresh pulse output

HLDRQ Input P66/WAIT Bus hold request input

HLDAK Qutput P67/ﬁ Bus hold response output
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(2) Non-port pins (2/2)

Pin Name Input/Output Alternate Function Function

ASTB Output CLKOUT Time division address (A0 to A7) latch timing output (during external memory access)

CLKOUT Output ASTB Clock output

PWMO Output — PWM output 0

PWM1 Output — PWM output 1

RX Input — Data input (IEBus)

™ Output — Data output (IEBus)

REGC — — Connection of capacitor for regulator output stabilization/power supply when
regulator stops

REGOFF — — Regulator operation specification signal

RESET Input — Chip reset

X1 Input — System clock oscillation crystal connections

X2 _ (clock can also be input to X1)

XT1 Input — Watch clock connection

XT2 — —

ANIO to ANI7 Input P70 to P77 A/D converter analog voltage inputs

AVRer1 — — A/D converter reference voltage application

AVop A/D converter positive power supply

AVss A/D converter GND

Vob Positive power supply

Vss GND

IC Input Vep Internally connected. Connect directly to Vss (IC test pin).

Vep IC Flash memory programming mode setting.
High voltage application during program write/verify.
Connect directly to Vss in normal operating mode.
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CHAPTER 2 PIN FUNCTIONS

2.2 Pin Functions

2.2.1 Normal operation mode

(1) POO to PO7 (Port 0) ... 3-state input/output
PortOis an 8-bitinput/output port with an output latch, and has direct transistor drive capability. Input/output can be specified
in 1-bit units by setting the port 0 mode register (PMO0). Each pin incorporates a software programmable pull-up resistor.
P00 to P03 and P04 to P07 can output the port 0 buffer register (POL, POH) contents at any time interval as 4-bit or 8-bit
real-time output port. The real-time output port control register (RTPC) is used to select whether this portis 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 become
undefined.
(2) P10to P17 (Port1) ... 3-state input/output
Port 1 is an 8-bit input/output port with an output latch. Input/output can be specified in 1-bit units by setting the port 1 mode
register (PM1). Each pinincorporates a software programmable pull-up resistor. This port has direct LED drive capability.
Pins P12 to P14 can also be made to function as serial input/output pins by setting the port 1 mode control register (PMC1).
When RESET is input, port 1 is set as an input port (output high-impedance state), and the output latch contents are
undefined.
Table 2-1. Port 1 Operation Modes
Pin Name Port Mode Control Signal Input/Output Mode Operation to Operate as Control Pin
P10 Input/output port — —
P11 — —
P12 ASCK2/SCK2 input/output Set (to 1) PMC12 bit of PMC1
P13 RxD2/SI2 input Set (to 1) PMC13 bit of PMC1
P14 TxD2/SO2 output Set (to 1) PMC14 bit of PMC1
P15 to P17 — —

(@) Port mode
P12 to P14 operate as port mode pins when the relevant bits of the port 1 mode control (PMC1) register are cleared
(0), and P10 and P11 and P15 to P17 always operate as port mode pins. Input/output can be specified in 1-bit units
by setting the port 1 mode register (PM1).

(b) Control signal input/output mode
P12 to P14 can be set as control pins in 1-bit units by setting the port 1 mode control (PMC1) register.

(i) ASCK2/SCK2
ASCK?2 is the asynchronous serial interface baud rate clock input pin.
SCK2 is the serial clock input/output pin (in 3-wire serial I/02 mode).

(i) RxD2/SI2
RxD2 is the asynchronous serial interface serial data input pin.
SI2 is the serial data input pin (in 3-wire serial 1/02 mode).

(i) TxD2/S0O2
TxD2 is the asynchronous serial interface serial data output pin.
SO2 is the serial data output pin (in 3-wire serial /02 mode).
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CHAPTER 2 PIN FUNCTIONS

(3) P20 to P27 (Port 2) ... Input
Port 2 is an 8-bit input-only port. P22 to P27 incorporate a software programmable pull-up resistor. As well as operating

as an input port, port 2 pins also operate as control signal input pins, such as external interrupt signal pins (see Table
2-2). All 8 pins are Schmitt-triggered inputs to prevent misoperation due to noise.
Also, pin P25 can also be made to function as a serial clock output pin by selecting the external clock as “serial operation

enabled” with the clocked serial interface mode register 1 (CSIM1).

Table 2-2. Port 2 Operation Modes

Port Function
P20 Input port/NMI inputhete
P21 Input port/INTPO input/CR11 capture trigger input/
timer/event counter 1 count clock/real-time output port trigger signal
P22 Input port/INTP1 input/CR22 capture trigger input
P23 Input port/INTP2 input/Cl input
P24 Input port/INTP3 input/CRO2 capture trigger input/
timer/event counter 0 count clock
P25 Input port/INTP4 input/ASCK input/ﬁ input/output
P26 Input port/INTP5 input/A/D converter external trigger input
P27 Input port/SI0 input

Note NMI input is acknowledged regardless of whether interrupts are enabled or disabled.

(@) Function as port pins
The pin level can always be read or tested regardless of the alternate function pin operation.

(b) Functions as control signal input pins
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(ii)

NMI (Non-maskable Interrupt)
The external non-maskable interrupt request input pin. Rising edge detection or falling edge
detection can be specified by setting the external interrupt mode register 0 (INTMO).

INTPO to INTP5 (Interrupt from Peripherals)
External interrupt request input pins. When the valid edge specified by the external interrupt mode register 0,
1 (INTMO/INTML1) is detected by pins INTPO to INTP5, an interrupt is generated (see CHAPTER 22 EDGE
DETECTION FUNCTION).
Inaddition, pins INTPO to INTP3 and INTP5 are also used as external trigger input pins with the various functions
shown below.
* INTPO ....... Timer/event counter 1 capture trigger input pin

Timer/event counter 1 external count clock input pin

Real-time output port trigger input pin

« INTP1 ...... Timer/event counter 2 capture trigger input pin to capture register (CR22)
« INTP2 ....... Timer/event counter 2 external count clock input pin
Capture trigger input pin to capture/compare register (CR21)
« INTP3 ....... Timer/event counter O capture trigger input pin
Timer/event counter 0 external count clock input pin
« INTPS ....... A/D converter external trigger input pin
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CHAPTER 2 PIN FUNCTIONS

(i) CI (Clock Input)

The timer/event counter 2 external clock input pin.

(iv) ASCK (Asynchronous Serial Clock)
The external baud rate clock input pin.

(v) SCK1 (Serial Clock)

The serial clock input/output pin (in 3-wire serial I/O1 mode).

(vi) SIO (Serial Input 0)

The serial data input pin (in 3-wire serial /00 mode).

(4) P30 to P37 (Port 3) ... 3-state input/output
Port 3 is an 8-bit input/output port with an output latch. Input/output can be specified bit-wise by setting the port 3 mode
register (PM3). Each pinincorporates a software programmable pull-up resistor. P32 and P33 can be set in the N-ch open-

drain mode.

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

The operation mode can be specified in 1-bit units by setting the port 3 mode control register (PMC3), as shown in

Table 2-3. The pin level of any pin can always be read or tested regardless of the alternate-function 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 2-3. Port 3 Operation Modes (n =0 to 7)

Mode Port Mode Control Signal Input/Output Mode
Setting Condition PMC3n=0 PMC3n=1
P30 Input/output port RxD input / SI1 input
P31 TxD output / SO1 output
P32 SCKO input/output
P33 SO0 output
P34 TOO output
P35 TO1 output
P36 TO2 output
P37 TO3 output

(@) Port mode

Each port specified as port mode by the port 3 mode control register (PMC3) can be specified as input/output in 1-

bit units by setting the port 3 mode register (PM3).

(b) Control signal input/output mode

Pins can be set as control pins in 1-bit units by setting the port 3 mode control register (PMC3).

(i) RxD (Receive Data) /SI1 (Serial Input 1)
RxD is the asynchronous serial interface serial data input pin.
SlI1 is the serial data input pin (in 3-wire serial I/01 mode).
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®)

6)

™

(i) TxD (Transmit Data) /SO1 (Serial Output 1)
TxD is the asynchronous serial interface serial data output pin.
SO1 is the serial data output pin (in 3-wire serial /01 mode).

(iif) SCKO (Serial Clock 0)
SCKO is the clocked serial interface serial clock input/output pin (in 3-wire serial I/O 0 mode).

(iv) SOO (Serial Output 0)
SO0 is the serial data output pin (in 3-wire serial /0O 0 mode).

(v) TOO to TO3 (Timer Output)
The timer output pins.

P40 to P47 (Port 4) ... 3-state input/output

Port 4 is an 8-bit input/output port with an output latch. Input/output can be specified in 1-bit units by setting the port 4 mode
register (PM4). Each pin incorporates a software programmable pull-up resistor. This port has direct LED drive capability.
Port 4 also functions as the time division address/data bus (ADO to AD7) by the memory expansion mode register (MM)
when external memory or 1/Os are expanded.

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

P50 to P57 (Port 5) ... 3-state input/output

Port 5is an 8-bitinput/output port with an output latch. Input/output can be specified in 1-bit units by setting the port 5 mode
register (PM5). Each pin incorporates a software programmable pull-up resistor. This port has direct LED drive capability.
In addition, P50 to P57 can be selected by means of the memory expansion mode register (MM) in 2-bit units as pins that
function as the address bus (A8 to A15) when external memory or I/Os are expanded.

When RESET is input, port 5 is set as an input port (output high-impedance state), and the output latch contents are
undefined.

P60 to P67 (Port 6) ... 3-state input/output

Port 6 is an 8-bit input/output port with an output latch. P60 to P67 incorporate a software programmable pull-up resistor.
In addition to its function as a port, port 6 also has various alternate-function control signal pin functions, as shown in Table
2-4. Operations as control pins are performed by the respective function operations.

When RESET is input, P60 to P67 are set as input port pins (output high-impedance state), and the output latch contents
are undefined.

Table 2-4. Port 6 Operation Modes

Pin Name Port Mode Control Signal Input/Output Mode Operation to Operate as Control Pin

P60to P63 | Input/output ports A16 to A19 output Specified in 2-bit units by bits MM3 to MMO of the MM

P64 ﬁ output External memory expansion mode is specified by bits MM3

P65 WR output to MMO of the MM

P66 WAIT input Specified by setting bits PWn1 & PWnO0 (n = 0 to 7) of the

PWC1 & PWC2 and P66 to input mode

HLDRQ input Bus hold enabled by the HLDE bit of the HLDM

P67 HLDAK output

REFRQ output Set (to 1) the RFEN bit of the RFM
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®

©

(@) Port mode
Each port not set in the control mode can be set in the input or output mode in 1-bit units by using the port 6 mode
register (PM6).

(b) Control signal input/output mode

(i) Al6to Al9 (Address Bus)
Upper address bus output pins in case of external memory space expansion (10000H to FFFFFH).
These pins operate in accordance with the memory expansion mode register (MM).

(i) RD (Read Strobe)
Pin that outputs the strobe signal for an external memory read operation.
Operates in accordance with the memory expansion mode register (MM).

(i) WR (Write Strobe)
Pin that outputs the strobe signal for an external memory write operation.
Operates in accordance with the memory expansion mode register (MM).
(iv) WAIT (Wait)
Wait signal input pin. Operates in accordance with the programmable wait control registers (PWC1, PWC2).

(v) REFRQ (Refresh Request)
This pin outputs refresh pulses to pseudo-static memory when this memory is connected
externally. Operates in accordance with the refresh mode register (RFM).

(vi) HLDRQ (Hold Request)
External bus hold request signal input pin. Operates in accordance with the hold mode register
(HLDM).

(vii) HLDAK (Hold Acknowledge)
Bus hold acknowledge signal output pin. Operates in accordance with the hold mode register
(HLDM).

P70 to P77 (Port 7) ... 3-state input/output

Port 7 is an 8-bit input/output port. In addition to operating as an input/output port, it also operates as the A/D converter
analog input pins (ANIO to ANI7).

Input/output can be specified in 1-bit units by setting the port 7 mode register (PM7).

The levels of these pins can always be read or tested, regardless of the alternate-function operation.

When RESET is input, port 7 is set as an input port (output high-impedance state), and the output latch contents are
undefined.

P90 to P97 (Port 9) ... 3-state input/output

Port 9 is an 8-bitinput/output port with an output latch. Input/output can be specified in 1-bit units by setting the port 9 mode
register (PM9). Each pin incorporates a software programmable pull-up resistor.

When RESET is input, port 9 is set as an input port (output high-impedance state), and the output latch contents are
undefined.
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(10)

11

(12)

(13)

(14)

(15)

(16)

7

(18)

(19)

(20)

(1)

(22)

(23)

60

P100 to P107 (Port 10) ... 3-state input/output

Port 10 is an 8-bit input/output port with an output latch. Input/output can be specified in 1-bit units by setting the port 10
mode register (PM10). Each pin incorporates a software programmable pull-up resistor. P105 and P107 can be set in
the N-ch open-drain mode.

P105 to P107 pins also function as the serial input/output pin by the port 10 mode control register (PMC10).

When RESET is input, port 10 is set as an input port (output high-impedance state), and the output latch contents are
undefined.

ASTB (Address Strobe)/CLKOUT (Clock Output) ... Output
This pin outputs the timing signal that latches address information externally in order to access an external address. It
also operates as the pin that supplies the clock to an external device.

X1, X2 (Crystal)
The internal clock oscillation crystal connection pins. When the clock is supplied externally, itis input to the X1 pin. Usually
signal with the inverse phase of the X1 pin signal phase is input to the X2 pin (Refer to 4.3.1 Clock oscillator ).

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

AVREF1
A/D converter reference voltage input pin

AVpp
A/D converter power supply pin. This should be made at the same potential as the Voo pin.

AVss
A/D converter GND pin. This should be made at the same potential as the Vss pin.

Vobp
Positive power supply pins. All Vob pins should be connected to the positive power supply.

Vss
GND potential pins. All Vss pins should be connected to the ground.

XT1 and XT2
These pins connect a crystal for watch clock oscillation.

PWMO0 and PWM1
These pins function as PWM output pins when so specified by the PWM control register (PWMC).

RX
IEBuUs data input pin

TX

IEBuUs data output pin

REGC

This pin connects a capacitor for stabilizing the regulator output. Supply a voltage same as Voo to this pin when the

regulator is stopped (refer to Figure 5-1. Regulator Peripherals Block Diagram ).
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(24)

(25)

(26)

REGOFF
This pin controls the regulator operation by operating or stopping the regulator.

Vep (UPD78F4938) only
High-voltage apply pin for flash memory programming mode setting and program write/verify

IC
IC test pin. Connect directly to Vss.
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CHAPTER 2 PIN FUNCTIONS

2.3 Input/Output Circuits and Connection of Unused Pins

Table 2-5 shows the input/output circuit types of the pins that have functions, and the connection method when that function

is not used.

Each input/output circuit type is shown in Figure 2-1.

Table 2-5. Pin Input/Output Circuit Types and Recommended Connection of Unused Pins (1/2)

Pin Name

Input/Output Input/Output
Circuit Type

Recommended Connection
of Unused Pins

POO to PO7

P10, P11

5-A Input/output

P12/ASCK2/SCK2

8-A

P13/RxD2/SI2

P14/TxD2/S0O2

P15 to P17

Input:  Connect to Voo
Output: Leave open

P20/NMI

P21/INTPO

2 Input

P22/INTP1

P23/INTP2/CI

P24/INTP3

2-A

Connect to Vop or Vss

Connect to Voo

P25/INTP4/ASCK/SCK1

8-A Input/output

Input:  Connect to Vop
Output: Leave open

P26/INTP5

P27/S10

2-A Input

Connect to Voo

P30/RxD/SI1

P31/TxD/SO1

5-A Input/output

P32/SCKO

P33/SO0

10-A

P34/TOO0 to P37/TO3

P40/ADO to P47/AD7

P50/A8 to P57/A15

P60/A16 to P63/A19

P64/RD

P65/WR

P66/WAIT/HLDRQ

P67/REFRQ/HLDAK

5-A

Input:  Connect to Voo
Output: Leave open
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Table 2-5. Pin Input/Output Circuit Types and Recommended Connection of Unused Pins (2/2)

Pin Name Input/Output Input/Output Recommended Connection
Circuit Type of Unused Pins
P70/ANIO to P77/ANI7 20 Input/output Input:  Connect to Vop or Vss
P90 to P97 5-A Output: Leave open
P100 to P104
P105/SCK3 10-A
P106/SI3 8-A
P107/SO3 10-A
ASTB/CLKOUT 4 Output Leave open
RESET 2 Input —
IC/VppNote 1 Directly connect to Vss
XT2 — — Leave open
XT1 — Input Connect to Vss
REGOFF 1 Connect to Voo
REGC — —
PWMO, PWM1 3 Output Leave open
RX 2 Input Connect to Voo or Vss
™ 3 Output Leave open
AVRer1 — Input Connect to Vss
AVss
AVop Connect to Voo

Note The Vep pin is used only in the uPD78F4938.

Caution If the input/output mode is undefined for an input/output alternate-function pin, it should be connected

to Voo via a resistor of several tens of k  Q (especially when the reset input pin goes to the low-level input

voltage or over upon powering on, and when input/output is switched by software.)

Remark The type numbers are standard for the 78K Series, and therefore are not necessarily serial numbers within each

product (there are non-incorporated circuits).
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Figure 2-1. Pin Input/Output Circuits
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o
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2.4 Cautions

When connecting unused pins, if the input/output mode is undefined for an input/output alternate function, it should
be connected to Vob with a resistor of several tens of kQ (especially when the reset input pin becomes the low-level
input voltage or over upon powering on, and when input/output is switched by software.)
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CHAPTER 3 CPU ARCHITECTURE

3.1 Memory Space

The uPD784938 can access a 1-Mbyte 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
DW RSTSTRT
to
INITSEG  CSEG BASE
RSTSTRT: LOCATION OH; or LOCATION OFH
MOVG  SP, #STKBGN
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(1) When LOCATION 0 instruction is executed

¢ Internal memory
The internal data area and internal ROM area are follows:

Part Number Internal Data Area Internal ROM Area
uPD784935 OEBOOH to OFFFFH 00000H to OEAFFH
10000H to 17FFFH
uPD784936 OE500H to OFFFFH 00000H to OE4FFH
10000H to 1FFFFH
uPD784937 ODFOOH to OFFFFH 00000H to ODEFFH
10000H to 2FFFFH
uPD784938 0OD600H to OFFFFH 00000H to OD5FFH
UPD78F4938 10000H to 3FFFFH

Caution The following areas of the internal ROM that overlap the internal data area cannot be used when the
LOCATION 0 instruction is executed.

Part Number Area That Cannot Be Used
LUPD784935 OEBOOH to OFFFFH (5,376 bytes)
UPD784936 OE500H to OFFFFH (6,192 bytes)
UPD784937 ODFOOH to OFFFFH (8,448 bytes)
LUPD784938 0D600H to OFFFFH (10,752 bytes)
HUPD78F4938

« External memory
The external memory is accessed in the external memory expansion mode.

(2) When LOCATION OFH instruction is executed

¢ Internal memory
The internal data area and internal ROM area are follows:

68

Part Number Internal Data Area Internal ROM Area
uPD784935 FEBOOH to FFFFFH 00000H to 17FFFH
uPD784936 FE500H to FFFFFH 00000H to 1FFFFH
uPD784937 FDFOOH to FFFFFH 00000H to 2FFFFH
uPD784938 FD600H to FFFFFH 00000H to 3FFFFH
HUPD78F4938

« External memory
The external memory is accessed in the external memory expansion mode.
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Figure 3-1. pPD784935 Memory Map

When location 0 instruction is executed When location OFH instruction is executed
FFFFFH FFFFFH - - -
FEFDF 1 [SPecial function registers (SFRs) |
FFFDOH|Notel |
FFFOOH (256 bytes)
OFEFFH FFEFFH FFEFFH
External memoryNote 1 General-purpose Internal RAM
(928 Kbytes) registers (5,120 bytes)
(128 bytes)
OFE80H FFE80H FEBOOH
OFE7FH FFE7FH EAFFH
18000H
17FFFH
Internal ROM
- FFE2FH
10000H (32,768 bytes) OFE3 9 HMacro service control
OFFFFH : : :
OFEDF Special function registers (SFRs) | OFEO0GH word area (42 bytes) FEEO06H
OFFDOH '\‘,0@1,,,25,65,,) ,,,,,
es
SFERRH (236 byt Data area (512 bytes)
OFDOOH FFDOOH
OFCFFH FFCFFH
InternaIbRAM Program/data area
(5.120 bytes) (4,608 bytes) External memoryNote 1
OEBOOH 0EBOOH FEBOOH (944,896 bytes)
OEAFFH
17FFFH 17FFFH
io0000H|
Note 2
OEAFFH| ~ 777
Note 4 Program/data area Note 3
Internal ROM oro00m
(60,160 bytes) CALLF entry area
00800 1|2 Kbytes) L8000H
007FFH 17FFFH
00080H
Note 4
000 TFHICALLT table area Internal ROM
00040 n|©64bytes) (96 Kbytes)
0003FH
Vector table area
00000H 00000 1| (64 bytes) 00000H

Notes 1. Accessed in external memory expansion mode.
2. The 5,376 bytes of this area can be used as internal ROM only when the LOCATION OFH instruction is executed.
3. 92,928 bytes when the LOCATION O instruction is executed, and 98,304 bytes when the LOCATION OFH instruction is
executed.
4. Base area, reset or interrupt entry area, excluding internal RAM in the case of reset.
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Figure 3-2. uPD784936 Memory Map

When location 0 instruction is executed When location OFH instruction is executed
FFFFFH FFFFFH - - -
FFEDFH Sﬁgg%l function registers (SFRs) |
FFFDoH|Notel ]
00H (256 bytes)
OFEFFH FFEFFH FH
External memoryNote 1 General-purpose Internal RAM
(896 Kbytes) registers (6,656 bytes)
(128 bytes)
OFE8O0H FFEB8O FE500H
OFE7FH FFETF E4FFH
20000H
1FFFFH
Internal ROM
- FFE2FH
10000H (65,536 bytes) OFE39 HlMacro service control
OFFFFH : : :
OFEDE h Special function registers (SFRs) | OFEO0GH word area (42 bytes) FEEOGH
OFFDOHNoted . _ |
OFERRR L Data area (512 bytes)
OFDOOH FFDOOH
OFCFFH FFCFFH
IgtzrsnGaIbRAM Program/data area
® ytes) (6,144 bytes) External memoryNote 1
0E500H OE500H FES500H (910,720 bytes)
OE4FFH
1FFFFH 1FFFFH
i10000Hy ~ _ _ _ _ _ _ _ _____
Note 2
OE4FFH| ~ 777
Note 4 Program/data area Note 3
01000H
e o
(58, ytes) CALLF entry area
00800H(2Kbytes) 0000H
007FFH IFFFFH
80H
FHICALLT table area Internal ROM 0t 4
00040 n|(64bytes) (128 Kbytes)
0003FH
Vector table area
00000H 00000 1| (64 bytes) 00000H

Accessed in external memory expansion mode.

The 6,912 bytes of this area can be used as internal ROM only when the LOCATION OFH instruction is executed.
124,160 bytes when the LOCATION 0 instruction is executed, and 131,072 bytes when the LOCATION OFH instruction is
executed.

Base area, reset or interrupt entry area, excluding internal RAM in the case of reset.
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Figure 3-3. uPD784937 Memory Map

When location 0 instruction is executed When location OFH instruction is executed
FFFFFH FPEFFEH 7 Special function registers (SFR) ]
FFFDFH
FFFDOH Notel |
FFFOOH (256 bytes)
OFEFFH FFEFFH FFEFFH
External memory General-purpose
(832 Kbytes) registers Internal RAM
(128 bytes) (8,192 bytes)
OFE80H FFE80H FDFOOH
OFE7FH FFE7FH FDEFFH
30000H
2FFFFH
Internal ROM
doooeH (131,072 bytes) OFES9H [ Macro service control FRE2FH
OFEDFp | SPecial function registers (SFRs) | 0FEO06H | word area (42 bytes) FEEOGH
OFFDOH |Noter |
(?EEFE 2 E AR Data area (512 bytes)
Note 1
OFDOOH FFDOOH External memory'
OFCFFH FFCFFH (843,520 bytes)
Internal RAM Program/data area
(8,192 bytes) (7,680 bytes)
ODFOOH ODFOOH FDFOOH
ODEFFH
2FFFFH 2FFFFH
10000H| _ _ __ _________
Note 2
i prv———
Note 4 9 2FFFFH
Internal ROM 83222:
(57,088 bytes) CALLF entry area
(2 Kbytes)
00800H
007FFH Internal ROM Note 4
00080H (192 Kbytes)
0007FH
CALLT table area
0o0o0aon | (64 bytes)
0003FH
Vector table area
00000H 00oo0on | (64 bytes) 00000H
Notes 1. Accessed in external memory expansion mode.

N

The 8,488 bytes of this area can be used as internal ROM only when the LOCATION OFH instruction is executed.

3. 188,160 bytes when the LOCATION 0 instruction is executed, and 196,608 bytes when the LOCATION OFH instruction is
executed.

4. Base area, reset or interrupt entry area, excluding internal RAM in the case of reset.
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Figure 3-4. puPD784938, 78F4938 Memory Map

When LOCATION 0 instruction is executed When LOCATION OFH instruction is executed
FFFFFH F F FFF H[ Special function registers (SFRs)
FFFDFH[ ...~~~ ~—~—~—=—=7"1
FEFDoH|Notel “Gsobyies] ]
FFFOOH,| ytes.
Exter(rgaslmeebmtory)N“‘e ! OFEFFH FFEFFH FFEFFH
ytes B
Geniéijistl;:pose Internal RAM
40000H 10,240 bytes
3FFFFH (128 bytes) ( ytes)
OFE8BOH FFE8OH FD600H,
Internal ROM OFE7FH FFE7FH FD5FFH
(196,608 bytes)
012222: OFE39Hl Macro service control FRE3OH
0F F b F H|SPecial function registers (SFRs) | oFeosn| word area (42 bytes) FFEOG6H
oFFDoHfNoter |
8 : EF 2 2 E Loh e Data area (512 bytes)
OFDOOH FFDOOH
Internal RAM OFCFFH FFCFFH
(10,240 bytes) Prtzgrgrznédbe;t;:)rea External memoryNote 1
0D600H 0D600H ' FD600H (843,520 bytes)
OD5FFH
3FFFFH 3FFFFH
iooooH} ~_ __ ___________/
Note 2
ODEFFH[ T 77777
Internal ROM Note PrograNmult(ia;a area
(54,768 bytes) 4 01000H 40000H
' 00FFFH 3FFFFH
CALLF entry area
(2 Kbytes)
00800H
007FFH
00080H Internal ROM Note
0007FH (256 Kbytes) 4
CALLT table area
00040H (64 bytes)
0003FH
Vector table area
00000H 00000H (64 bytes) 00000H

Notes 1. Accessed in external memory expansion mode.
2. The 10,496 bytes of this area can be used as internal ROM only when the LOCATION OFH instruction is executed.
3. 251,647 bytes when the LOCATION 0 instruction is executed, and 262,143 bytes when the LOCATION OFH instruction is
executed.
4. Base area, reset or interrupt entry area, excluding internal RAM in the case of reset.
5. Inthe case of uPD78F4938: Flash memory
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3.2 Internal ROM Area

The uPD784938 Subseries products shown below 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.

Part Number Internal ROM Address Space

LOCATION 0 Instruction | LOCATION OFH Instruction

uPD784935 96 Kbytes x 8 bits 00000H to OEAFFH 00000H to 17FFFH
10000H to 17FFFH

uPD784936 128 Kbytes x 8 bits| 00000H to OE4FFH 00000H to 1FFFFH
10000H to 1FFFFH

uPD784937 192 Kbytes x 8 bits| 00000H to ODEFFH 00000H to 2FFFFH
10000H to 2FFFFH

uPD784938 256 Kbytes x 8 bits| 00000H to OD5FFH 00000H to 3FFFFH

UPD78F4938 10000H to 3FFFFH

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 expansion mode register (MM) is set (to 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

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

« 16-hit register addressing mode (with instruction address addressing)

« 16-bit register indirect addressing mode

« 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 area is 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 O003FH 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 3-1. Vector Table

Vector Table Address

Interrupt Source

0003CH
0003EH
00000H
00002H
00004H
00006H
00008H
0000AH
0000CH
0000EH
00010H
00012H
00014H
00016H
00018H
0001AH
0001CH
0001EH
00020H
00022H
00024H
00026H
00028H
0002AH
0002CH
0002EH
00032H
00034H
00036H
00038H

Operand error
BRK

Reset (ﬁ input)
NMI

WDT

INTPO

INTP1

INTP2

INTP3

INTCO0

INTCO1

INTC10

INTC11

INTC20

INTC21

INTC30

INTP4

INTP5

INTAD
INTSER1
INTSR1/INTCSI1
INTST1

INTCSI
INTSER2
INTSR2/INTCSI2
INTST2

INTIEL

INTIE2

INTW

INTCSI3
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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. As
the 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).

Asthe 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. In this case,
only the 4 bytes of the BR instruction are occupied in the CALLF entry area, enabling the object size to be reduced in 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 (see Figures 3-1, 3-2, and 3-3 ).

The final address of the internal data area can be specified by means of the LOCATION instruction as either OFFFFH (when
aLOCATION Qinstruction is executed) or FFFFFH (when a LOCATION OFH instruction is executed). Selection ofthe 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
DW 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. Itis also necessary to make sure that the entry addresses
of the service 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 uPD784938 incorporates general-purpose static RAM.
This area is configured as follows:
Peripheral RAM (PRAM)
Internal RAM area |:
Internal high-speed RAM (IRAM)

Table 3-2. Internal RAM Area

Internal RAM Internal RAM Area
Part Number Peripheral RAM: PRAM Internal High-Speed RAM: IRAM
uPD784935 5,120 bytes 4,608 bytes 512 bytes
(OEBOOH to OFEFFH) (OEBOOH to OFCFFH) (OFDOOH to OFEFFH)
UPD784936 6,656 bytes 6,144 bytes
(OE500H to OFEFFH) (OE500H to OFCFFH)
UPD784937 8,192 bytes 7,680 bytes
(ODFOOH to OFEFFH) (ODFOOH to OFCFFH)
uPD784938 10,240 bytes 9,728 bytes
UPD78F4938 (OD600OH to OFEFFH) (OD600OH to OFCFFH)

Remark The addresses in the table are the values that apply when the LOCATION 0 instruction is executed. When the
LOCATION OFH instruction is executed, OFO000H should be added to the values shown above.
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The internal RAM memory map is shown in Figure 3-5.

Differs depending on product°t®

Note uPD784935:
UPD784936:
uPD784937:

Figure 3-5. Internal RAM Memory Map

00FEFFH

OOFE8OH

General-purpose
register area

OOFE39H

O0FEOGH

Macro service
control word area

0OFEQOH
00FDFFH

00FD20H
O0OFD1FH

O0OFDOOH

Internal high-speed RAM

00FCFFH

Peripheral RAM

OOEBOOH
OOES00H
OODFOOH

uPD784938, 78F4938: 00D600H

Short direct addressing 1
permissible range

Short direct addressing 2
permissible range

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.
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(1) 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 functionis 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. See the 78K/IV Series User’'s Manual Instructions  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
* Macro service control word area: FEO6H to FE39H (excluding OFE22H, OFE23H, OFE2AH, OFE2BH, OFE30H, OFE31H)
« 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 O instruction is executed. When the
LOCATION OFH instruction is executed, OFOO00H should be added to the values shown in the text.

(2) Peripheral RAM (PRAM)

80

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 (see
Figures 3-1, 3-2, 3-3, and 3-4 ).

The area from OFFDOH to OFFDFH is mapped as an external SFR area, and allows externally connected peripheral I/Os,
etc., to be accessed in external memory expansion mode (specified by the memory expansion mode register (MM)) by the ROM-
less product or on-chip ROM products.

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, OFO000H should be added to the values shown in the text.

3.4.3 External SFR area

In uPD784938 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 expansion mode is set in a ROM-less product or on-chip ROM product, externally connected peripheral
1/Os, etc., can be accessed using the address bus or address/data bus, etc.

Asthe 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 amemory space that can be accessed in accordance with the setting of the memory expansion
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 uPD78F4938 Memory Mapping

The memory size switching register (IMS) specifies the internal memory size. With the uPD78F4938, users are able to select
the internal memory capacity using the IMS so that the same memory map as that of mask ROM versions with a different internal

memory capacity can be achieved.
The IMS is set with an 8-bit memory manipulation instruction.
RESET input sets IMS to FFH.

IMS

Figure 3-6. Internal Memory Size Switching Register (IMS)

Address: OFFFCCH After reset: FFH WIR
7 6 5 4 3 2 1 0
1 1 ROM1 ROMO 1 1 RAM1 RAMO
ROM1 ROMO Internal ROM Capacity Selection
0 0 256 Kbytes
0 1 96 Kbytes
1 0 128 Kbytes
1 1 192 Kbytes
RAM1 RAMO Internal RAM Capacity Selection
0 0 10,240 bytes
0 1 5,120 bytes
1 0 6,656 bytes
1 1 8,192 bytes

Caution The IMS is not contained in mask ROM products (

HPD784935, 784936, 784937, 784938).

The IMS setting to obtain the same memory map as mask ROM products are shown in Table 3-3.

Table 3-3. Internal Memory Size Switching Register (IMS) Setting Value

82

Mask ROM Product

IMS Setting Value

LPD784935 DDH
LPD784936 EEH
LPD784937 FFH
LPD784938 CCH
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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 (see Figure 3-7).

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 RESET input, 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 3-7. Program Counter (PC) Format

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 (to 0) all bits.

“0” must always be written to the bits written as “0” in Figure 3-8 . The contents of bits written as “-” are undefined when read.

Figure 3-8. Program Status Word (PSW) Format

Symbol 7 6 5 4 3 2 1 0

PSWH UF RBS2 | RBS1 | RBSO — — — —
7 6 5 4 3 2 1 0

PSWL S Zz RSS AC IE P/V 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.

« Parity flag operation
Set (to 1) when the number of bits set (to 1) as the result of execution of a logical operation instruction, shift/rotate
instruction, or a CHKL or CHKLA instruction is even, and reset (to 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 (to 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 (to 1) if the operation result is outside this range, and reset (to
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 (to 1). Expressed as a two’s complement,
E1lH is -31.

78H (+120) = 0111 1000
+) 69H (+105) = +) 0110 1001
0 1110 0001 = =31 P/NV=1
N
CcY

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 (to 0).

FBH (-5) = 1111 1011

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

(3) Interrupt request enable flag (IE)

84

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 flag is set (to 1) by execution of an El instruction, and reset (to 0) by execution of a DI instruction or acknowledgment
of an interrupt.
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4

®)

(6)

™

®

©

Auxiliary carry flag (AC)

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

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

Register set selection flag (RSS)

The RSS flag 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/Ill Series, and must be setto 0 except when using a 78K/Ill Series
program.

Zero flag (2)

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

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

Register bank selection flag (RBS0 to RBS2)
This is a 3-bit flag used to select one of the 8 register banks (register bank 0 to register bank 7) (see 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
0 0 1 Register bank 1
0 1 0 Register bank 2
0 1 1 Register bank 3
1 0 0 Register bank 4
1 0 1 Register bank 5
1 1 0 Register bank 6
1 1 1 Register bank 7

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/lll 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 bitis providedto 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 hit set to 0 in all programs will improve programming and debugging efficiency.

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

(1) RSS hit specification

« 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 (see 28.2)

* Registers specified as implied 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.

- When RSS =0
A-R1, X-R0,B.R3,C-R2, AX-RPO, 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 (see example below).

<Program example>
* When RSSissetto 0

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

¢ When RSSissetto 1l

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

« With RA78KA4, 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 rin a MOV A/r instruction, and when A is used as r and B is used
as r' in a MOVr,r instruction, and the same description (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 asr, 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.)

« Descriptions R1, R3, R2 or R5, 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 description 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
debuggingis difficult. Therefore, ifitis necessary to set RSSto 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) (see
Figure 3-9). Itis used to address the stack area when subroutine processing or interrupt servicing 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
(see Figures 3-10 and 3-11 ).

The SP is accessed by dedicated instructions.

The SP contents are undefined after RESET input, 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, #0FEEOQOH;SP — OFEEOH (when used from FEDFH)

Figure 3-9. Stack Pointer (SP) Format
23 0

SP
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PUSH sfr instruction

Figure 3-10. Data Saved to Stack Area

PUSH sfrp instruction

stack stack
SP = SP =
! !
SP-1 SP-1 Upper byte
!
SP-SP-1 SP-2 Lower byte
SP ~SP-2
PUSH PSW instruction PUSH rg instruction
stack stack
SP » SP =
! !
PSWH?~ to ’
SlP— 1 PSWHa Undefined SlP— 1 Upper byte
SP-2 PSWL SP-2 Middle byte
!
SP-SP-2 SP-3 Lower byte
SP ~SP-3

CALL, CALLF, CALLT instruction

SP =

SP.SP-3

stack

PC19 to

Undefined PC16

PC15 to PC8

PC7 to PCO

SP »

SsP-4

SP.SP-4

Vectored interrupt

PUSH post, PUSHU post instruction
(in case of PUSH AX, RP2, RP3)

stack stack
SP »
!
PSWH7to| PC19 to
SP-1 R7 O
PSWH34 PC16 | 0RP3
PSWL SP-2 R6 O
!
PC15 to PC8 SP-3 R5 0
! JRP2
PC7 to PCO SP-4 R4 0
!
SP-5 A O
! OAX
SP-6 0
SP -SP-6
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90

SP - SP+3
SP+2
1
SP+1
1
SP=»
Note

Figure 3-11. Data Restored from Stack Area

POP sfr instruction

POP sfrp instruction

This 4-bit data is ignored.
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ORP3
O
ORP2

g
OAX

stack stack
SP -~ SP+1 SP ~ SP+2
SP+1 SP+1 Upper byte
1 1
SP » SP=» Lower byte
POP PSW instruction POP rg instruction
stack stack
SP ~ SP+2 SP — SP+3
1
PSWH?7 t
STP+1 PoWH. 01 _noe STP+2 Upper byte
Sp= PSWL SP+1 Middle byte
1
SP = Lower 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 PSWHz7 to| PC19 to
- PC16 STP+3 PSWHa4 PC16 SP+5 R7
R
PC15to PC8 SP+2 PSWL SP+4 R6
1 1
PC7 to PCO SP+1 PC15 to PC8 SP+3 R5
1 1
SP =» PC7 to PCO SP+2 R4
1
SP+1 A
1
SP = X
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Cautions 1. With stack addressing, the entire 1-Mbyte 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 O
Dw RSTSTRT
to
INITSEG CSEG BASE
RSTSTRT : LOCATION OH ; or LOCATION OFH
MOVG SP, #STKBGN
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3.8 General- Purpose 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 O 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 3-12. General-Purpose Register Format

7 07 0
ARL | X (RO)
|
AX (RPO)
B (R3) " C(R2)
|
BC (RP1)
R5 } R4
|
RP2
|
T R7 : R6
I RP3
v | R9 ! R8
| |
‘ VP (RP4)
VVP (RG4)
| R11 | R10
|
| |
w UP (RP5)
UUP (RGS)
. D(RI3) | E(RI12)
|
|
1 DE (RP6)
TDE (RG6)
3 H(R15 | L(R14)
| ! 8 banks
w HL (RP7)
WHL (RG7)
23 15

Remark Absolute names are shown in parentheses.
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Figure 3-13. General-Purpose Register Addresses

8-bit processing 16-bit processing

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

RBNK1 D (R13) ©on) E (R12) ch) DE (RP6) cH)

RBNK2 R11H) R10 (aH) UP (RP5) ar)

RBNK3 RO (9H) R8 (sH) VP (RP4) (1)

RBNK4 R7 @n) R6 @H) RP3 (6h)

RBNKS5 R5 (sH) R4 @an) RP2 @h)

RBNK6 B (R3) @H) C (R2) @) BC (RP1) @n)
FE8OHNot® RBNK?7 A (R1) an X (RO) ©or AX (RPO) ©on)

7 07 0 15 0

Note Whenthe 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 with a 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 service 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 RBn instruction 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

I | o

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-bitregisters. 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 OFE8OH 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.
» Can also be used for bit data storage.
« Can be used as the register that stores the offset value in indexed addressing and based indexed addressing.

X (RO):
» 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):
» 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 indexed addressing and based indexed addressing.
* Used as the MACW and MACSW instruction data pointer.

C (R2):
* 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 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 bits
0 to 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):
* Has a user stack pointer function, and enables a stack separate from the system stack to be implemented by means
of the PUSHU and POPU instructions.
« Has apointer 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 apointer 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 apointer 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), eachregister can also be described by its absolute name (ROto R15, RPOto RP7, RG4to RG7).
The correspondence between these names is shown in Table 3-5.

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

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

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 upP
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 UuUP
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 (SFR)

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 OFFFFHNo®,

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 uPD784938 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.

¢ Manipulable Bit Units .........

* After Reset

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 an sfr variable by
means of a #pragma sfr command.
Indicates whether the corresponding SFR is read/write enabled.

R/W: Read/write enabled

R: Read-only

W:  Write-only
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.
Indicates the status of the register after RESET input.
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Table 3-6. List of Special Function Registers (SFRs) (1/5)

Addresshoe Special Function Register (SFR) Name Symbol R/W | Manipulable Bit Units | After Reset

1 Bit | 8 Bits |16 Bits

OFFOOH | Port 0 PO R/IW v v — Undefined
OFFO1H |Portl P1 v v —

OFFO02H | Port 2 P2 R v v —

OFFO3H | Port3 P3 R/W v v —

OFFO04H |Port 4 P4 v v —

OFFO5H | Port5 P5 v v —

OFFO6H | Port 6 P6 v v — OOH
OFFO7H | Port 7 P7 v v — Undefined
OFFO09H | Port9 P9 v v —

OFFOAH | Port 10 P10 v v —

OFFOEH Port 0 buffer register POL v v —

OFFOFH | Port 0 buffer register H POH v v —

OFF10H | Compare register (timer/event counter 0) CROO — — v

OFF12H | Capture/compare register (timer/event counter 0) CRO1 — — v

OFF14H | Compare register L (timer/event counter 1) CR10 | CR10W — v v

OFF15H | Compare register H (timer/event counter 1) — — —

OFF16H | Capture/compare register L (timer/event counter 1) CR11 | CR11W — v v

OFF17H | Capture/compare register H (timer/event counter 1) — — —

OFF18H | Compare register L (timer/event counter 2) CR20 | CR20W — v v

OFF19H | Compare register H (timer/event counter 2) — — —

OFF1AH | Capture/compare register L (timer/event counter 2) CR21 | CR21W — v v

OFF1BH | Capture/compare register H (timer/event counter 2) — — —

OFF1CH | Compare register L (timer 3) CR30 | CR30W — v v

OFF1DH | Compare register H (timer 3) —

OFF20H | Port 0 mode register PMO v v — FFH
OFF21H | Port 1 mode register PM1 v v —
OFF23H | Port 3 mode register PM3 v v —
OFF24H | Port 4 mode register PM4 v v —
OFF25H | Port 5 mode register PM5 v v —
OFF26H | Port 6 mode register PM6 v v —
OFF27H | Port 7 mode register PM7 v v —
OFF29H | Port 9 mode register PM9 v v —
OFF2AH | Port 10 mode register PM10 v v —
OFF2EH | Real-time output port control register RTPC v v — 00H
OFF30H | Capture/compare control register O CRCO — v — 10H

Note Whenthe LOCATION 0 instruction is executed. Whenthe LOCATION OFH instruction is executed, “FOO00H” should
be added to the value shown.
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Table 3-6. List of Special Function Registers (SFRs) (2/5)

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

OFF31H | Timer output control register TOC R/W v v — 00H

OFF32H | Capture/compare control register 1 CRC1 — v —

OFF33H | Capture/compare control register 2 CRC2 — v — 10H

OFF36H | Capture register (timer/event counter 0) CRO02 R — — v 0000H

OFF38H | Capture register L (timer/event counter 1) CR12 | CR12W — v v

OFF39H | Capture register H (timer/event counter 1) — — —

OFF3AH | Capture register L (timer/event counter 2) CR22 | CR22W — v v

OFF3BH | Capture register H (timer/event counter 2) — — —

OFF41H | Port 1 mode control register PMC1 R/W v v — 00H

OFF43H | Port 3 mode control register PMC3 v v —

OFF4AH | Port 10 mode control register PMC10 v v —

OFF4EH | Pull-up resistor option register L PUOL v v —

OFF4FH | Pull-up resistor option register H PUOH v v —

OFF50H | Timer counter O TMO R — — v 0000H

OFF51H — —

OFF52H | Timer counter 1 T™M1 | TM1W — v v

OFF53H — — —

OFF54H | Timer counter 2 ™2 | TM2W — v v

OFF55H — — —

OFF56H | Timer counter 3 T™M3 | TM3W — v v

OFF57H — — —

OFF5CH | Prescaler mode register 0 PRMO R/W — v — 11H

OFF5DH | Timer control register 0 TMCO v v — 00H

OFF5EH | Prescaler mode register 1 PRM1W — v — 11H

OFF5FH | Timer control register 1 TMC1 v v — 00H

OFF68H | A/D converter mode register ADM v v —

OFF6AH | A/D conversion result register ADCR R — v — Undefined

OFF6CH | A/D current cut select register IEAD R/W v v — 00H

OFF6FH | Watch timer mode register WM v v —

OFF70H | PWM control register PWMC v v — 05H

OFF71H | PWM prescaler register PWPR — v — 00H

OFF72H | PWM modulo register 0 PWMO — — v Undefined

OFF74H | PWM modulo register 1 PWM1 — — v

OFF78H | ROM correction control register CORC v — 00H

OFF79H | ROM correction address register H CORAH — —

OFF7AH | ROM correction address register L CORAL — — v 0000H

Note Whenthe LOCATION 0 instruction is executed. When the LOCATION OFH instruction is executed, “FO000H” should

be added to the value shown.
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Table 3-6. List of Special Function Registers (SFRs) (3/5)

Addresshoe Special Function Register (SFR) Name Symbol R/W | Manipulable Bit Units | After Reset
1 Bit | 8 Bits |16 Bits
OFF7DH | One-shot pulse output control register OSPC R/W v v — 00H
OFF80H | Clocked serial interface mode register 3 CSIM3 v v —
OFF82H | Clocked serial interface mode register CSIM v v —
OFF84H | Clocked serial interface mode register 1 CSiM1 v v —
OFF85H | Clocked serial interface mode register 2 CSIM2 v v —
OFF86H | Serial shift register SIO — v — Undefined
OFF88H | Asynchronous serial interface mode register ASIM v v — 00H
OFF89H | Asynchronous serial interface mode register 2 ASIM2 v v —
OFF8AH | Asynchronous serial interface status register ASIS R v v —
OFF8BH | Asynchronous serial interface status register 2 ASIS2 v v —
OFF8CH | Serial receive buffer: UARTO RXB — v — Undefined
Serial transmit shift register: UARTO TXS W — v —
Serial shift register: IOE1 SIo1 R/IW — v —
OFF8DH | Serial receive buffer: UART2 RXB2 R — v —
Serial transmit shift register: UART2 TXS2 W — v —
Serial shift register: I0E2 SI02 R/W — v —
OFF8EH | Serial shift register: IOE3 SI03 — v —
OFF90H | Baud rate generator control register BRGC — v — 00H
OFF91H | Baud rate generator control register 2 BRGC2 — v —
OFFAOQH | External interrupt mode register 0 INTMO v —
OFFA1H | External interrupt mode register 1 INTM1 v v —
OFFA4H | Sampling clock selection register SCS0 — v —
OFFA8H | In-service priority register ISPR R v v —
OFFAAH | Interrupt mode control register IMC R/IW v v — 80H
OFFACH | Interrupt mask register OL MKOL MKO v v v FFFFH
OFFADH | Interrupt mask register OH MKOH v v
OFFAEH | Interrupt mask register 1L MK1L MK1 v v v
OFFAFH | Interrupt mask register 1H MK1H v v
OFFBOH | Bus control register BCR v v — 00H
OFFB2H | Unit address register UAR — — v 0000H
OFFB4H | Slave address register SAR — — v
OFFB6H | Partner address register PAR R — — v
OFFB8H | Control data register CDR R/W — v — 01H
OFFB9H | Telegraph length register DLR — v —
OFFBAH | Data register DR — v — 00H
OFFBBH | Unit status register USR R v v —
OFFBCH | Interrupt status register ISR R/W v v —

Note Whenthe LOCATION 0 instruction is executed. When the LOCATION OFH instruction is executed, “FOO00H” should
be added to the value shown.
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Table 3-6. List of Special Function Registers (SFRs) (4/5)

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

OFFBDH | Slave status register SSR R v v — 41H
OFFBEH | Success count register SCR — v — 01H
OFFBFH | Communication count register CCR — v — 20H
OFFCOH | Standby control register STBC R/W — |YNoe2| 30H
OFFC2H | Watchdog timer mode register WDM — |YNoe2] 00H
OFFC4H | Memory expansion mode register MM v v — 20H
OFFC5H | Hold mode register HLDM v v — 00H
OFFC6H | Clock output mode register CLOM v v —
OFFC7H | Programmable wait control register 1 PWC1 — v — AAH
OFFC8H | Programmable wait control register 2 PWC2 — — v AAAAH
OFFCCH | Refresh mode register RFM v v — 00H
OFFCDH | Refresh area specification register RFA v v —
OFFCFH | Oscillation stabilization time specification register OSTS — v —
OFFDOH to | External SFR area — v v — —
OFFDFH
OFFEOH | Interrupt control register (INTPO) PICO v v — 43H
OFFE1H | Interrupt control register (INTP1) PIC1 v v —
OFFE2H | Interrupt control register (INTP2) PIC2 v v —
OFFE3H | Interrupt control register (INTP3) PIC3 v v —
OFFE4H | Interrupt control register (INTC00) CIC00 v v —
OFFES5H | Interrupt control register (INTCO1) Clco1 v v —
OFFE6H | Interrupt control register (INTC10) CIC10 v v —
OFFE7H | Interrupt control register (INTC11) CiC11 v v —
OFFES8H | Interrupt control register (INTC20) CIC20 v v —
OFFE9H | Interrupt control register (INTC21) Clc21 v v —
OFFEAH | Interrupt control register (INTC30) CIC30 v v —
OFFEBH | Interrupt control register (INTP4) PIC4 v v —
OFFECH | Interrupt control register (INTP5) PIC5 v v —
OFFEDH | Interrupt control register (INTAD) ADIC v v —
OFFEEH | Interrupt control register (INTSER) SERIC v v —
OFFEFH | Interrupt control register (INTSR) SRIC v v —

Interrupt control register (INTCSI1) Csllc1 v v —
OFFFOH | Interrupt control register (INTST) STIC v v —
OFFF1H | Interrupt control register (INTCSI) Cslic v v —
OFFF2H | Interrupt control register (INTSER2) SERIC2 v v —

Notes 1. When the LOCATION 0 instruction is executed. When the LOCATION OFH instruction is executed, “FOO00H”
should be added to the value shown.
2. The write operation is possible by using the dedicated instruction “MOV STBC, #byte” or “MOV WDM, #byte” only.

Instructions other than these cannot perform the write operation.
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Table 3-6. List of Special Function Registers (SFRs) (5/5)

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

OFFF3H | Interrupt control register (INTSR2) SRIC2 R/IW v v — 43H
Interrupt control register (INTCSI2) Cslic2 v v —

OFFF4H | Interrupt control register (INTST2) STIC2 v v —

OFFF6H | Interrupt control register (INTIE1) IEIC1 v v —

OFFF7H | Interrupt control register (INTIE2) IEIC2 v v —

OFFF8H | Interrupt control register (INTW) wiC v v —

OFFF9H | Interrupt control register (INTCSI3) CsIIC3 v v —

OFFFCH | Internal memory size switching registerNote 2 IMS — v — FFH

Notes 1. When the LOCATION 0 instruction is executed. When the LOCATION OFH instruction is executed, “FOO00H”"
should be added to the value shown.
2. Writes to this register are only meaningful in the case of the yPD78F4938.
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3.10 Cautions

@

@

©)

4

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 notbe accessed inthe area OFFOOH to OFFFFHNete | [f such an address
is accessed by mistake, the uPD784938 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.

Stack pointer (SP) operation
With stack addressing, the entire 1-Mbyte 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 non-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 O
Dw RSTSTRT
to
INITSEG CSEG BASE
RSTSTRT: LOCATION OH ; or LOCATION OFH
MOVG SP, #STKBGN
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CHAPTER 4 CLOCK GENERATOR

4.1 Configuration and Function

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

Figure 4-1. Clock Generator Block Diagram

g Internal bus S
N J L OSTS . 5 STBC

1SN 1SS ¢

EXTC OSTS2|0STS1|OSTSOP— RESET [SELOSC CK1 | CKO STP | HLT p— RESET
)) )) )

(¢ (¢ (¢

5 |f
X1 o—] % XX
Clock oscillator | 1) ™ 2 |fod2 5
X2 o—| §:>>‘ fodd 8 ™ internal system clock
9] s (CPU, watchdog timer, noise
g /8 elimination circuit, A/D, PWM,
w interrupts, local bus interface)
Fex Internal clock
! (UART/IOE, CSiI, noise elimination
Clock supplied to watch circuit, timer/counters, oscillation
timer when the main clock stabilization timer)
selected (WM6 = 0)
|1/2 dividerl .
o
E —|EBuUs
SELOSC =1 g

Remark fxx: Crystal/ceramic oscillation frequency or internal clock frequency
fck: 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 (see CHAPTER 25 STANDBY FUNCTION).

Itis also possible to input an external clock. In this case, the clock signal is input to the X1 pin, and the inverse phase signal
to the X2 pin.

The frequency divider generates an internal system clock by 1/1, 1/2, 1/4, or 1/8 scaling of the clock oscillator output (fxx)
according to the setting of the standby control register (STBC).
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Figure 4-2. Clock Oscillator External Circuitry

(a) Crystal/ceramic oscillation

uPD784938
777777777777777 Vss
|T X1

e

(b) External clock

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

uPD784938 uPD784938

X1 —]>o——x1

X2 Open — X2
uUPD74HCO4,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 Differences between 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 a register used to set the standby mode and select the internal system clock. See CHAPTER 25 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 operand 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.

Because the operand error interrupt occurs only when the program hangs up (only the correct dedicated instruction is
generated with the NEC’s assembler RA78K4 when MOV STBC, #byte is described), make sure that the operand error interrupt
processing program initializes the system.

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.
STBC can be read at any time with a data transfer instruction.

RESET input sets STBC to 30H.

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

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

7 6 5 4 3 2 1 0 Address After reset R/W
SELOSC| 0 | CK1 | CKO | «x 0 | STP | HLT | OFFCOH 30H RIW
L \_i
STP | HLT Operating Mode
0 0 Normal mode
0 1 HALT mode
1 0 |STOP mode
1 1 IDLE mode
(fxx = 12.58 MHZz)
CK1 | CKO Internal System Clock Selection
0 0 |fx (12.58 MHz)
0 1 |fxx/2 (6.29 MHz)
1 0 |fx/4 (3.15 MHZ)
1 1 |fx/8 (1.57 kHz)
SELOSC Oscillation Frequency Control
0 |6.29 MHz
1 12.58 MHz

Cautions 1. Overwrite the SELOSC bit after performing the following settings.
« Stop the IEBus (Set bit 7 of the bus control register (BCR) to “0”).
« If the watch Timer is operated with the main clock selected, stop the watch timer (Set bit 3 of the

108

watch timer mode register (WM) to “0”).

2. If the above settings are not performed, the IEBus and watch timer may perform incorrectly.
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4.2.2 Oscillation stabilization time specification register (OSTS)
OSTS is a register used to select the oscillation stabilization time.
OSTS can be written to only by an 8-bit transfer instruction.
RESET input clears OSTS to 00H.

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

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

7 6 5 4 3 2 1 0 Address  Afterreset R/W
OSTS 0 0 0 0 0 |OSTS2|0OSTS1|OSTS0| OFFCFH 00H R/W
L ]

Oscillation stabilization time selection
(see Figure 25-4 for details)

Caution When using the regulator (refer to CHAPTER 5 REGULATOR), set a value of at least 10.4 ms, taking in
consideration the regulator output stabilization time.
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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.

4.3.2 Divider

The divider performs 1/1, 1/2, 1/4, or 1/8 scaling of the clock oscillator output, and supplies the resulting clock to the CPU,
watchdog timer, noise elimination circuit, clocked serial interface (CSl), A/D converter, PWM, interrupt control circuit, and local
bus interface. The division ratio is specified by the CKO and CK1 bits of the standby control register (STBC).

Controlling the division ratio to match the speed required by the CPU enables the overall power consumption to be reduced.
Also, the operating speed can be selected to match the supply voltage.

When RESET is input, the lowest speed (1/8) is selected.

If the division ratio of the divider circuit is changed, the maximum time shown in Table 4-1 is required to change the division
ratio, depending on the clock selected before change.

Instruction execution continues even while the division ratio is changed, and the clock is supplied with the previous division
ratio until the division ratio has been completely changed.

Table 4-1. Time Required to Change Division Ratio

Previous Division Ratio Maximum Time Required for Change
None 11/fxx
1/2 12/fxx
1/4 8/fxx
1/8 8/fxx
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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) When an external clock is input, this should be performed with a HCMOS device, or a device with the equivalent drive
capability.

(2) Asignal should not be extracted from the X1 and X2 pins. If asignalis extracted, it should be extracted from pointain Figure
4-5.

Figure 4-5. Signal Extraction with External Clock Input

LPD784938

a
{>c X1
{PD74HCO4, etc. \ /

X2

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

« Keep the wiring length as short as possible.

« Do not cross the wiring with the other signal lines.

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

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

« Do not fetch signals from the oscillator.

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

uPD784938
X2 X1 Vss
10—

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 broken lines.
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Figure 4-7. Incorrect Example of Resonator Connection

(@) Wiring of connected circuits is too long (b) Crossed signal lines
uPD784938 UPD784938
Pn
X2 X1 Vss X2 X1 Vss
ij_,
7T 7T

(c) Wiring near high fluctuating current

uPD784938

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

Vob

LPD784938

High I:I
fluctuating
current LJ

(e) Signal extracted

UPD784938

X

SS

A+
|

Pnm

X2 X1 Vss

| |

High current 77
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(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 powered-on: RESET input (reset period)
<2> When returning from STOP mode:
0] RESET input (reset period)
(i) Time of the oscillation stabilization timer that automatically starts at the valid edge of NMI, INTP4, or INTP5
signalN° (set by the oscillation stabilization time specification register (OSTS))

Note For INTP4 and INTP5, when masking is released and macro service is disabled.
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5.1 Outline of Regulator

The uPD784938 has a regulator that reduces the power consumption of the device (a circuit for low voltage
operation). The operation of this regulator is controlled by the input level of the REGOFF pin. When the REGOFF
pin is made high, the regulator is turned OFF; when it is made low, the regulator is turned ON.

When the regulator is turned ON, it enables to reduce the power consumption.

To stabilize the output voltage of the regulator, connect a capacitor for stabilizing the regulator (approximately 1
UF) to the REGC pin.

Apply the same level as Vobo to the REGC pin when the regulator is stopped. Figure 5-1 shows the block diagram
of the peripherals of the regulator.

Figure 5-1. Regulator Peripherals Block Diagram

REGOFF é})

Low level: Regulator ON
High level: Regulator OFF

Voo @ ‘ Regulator Internal supply voltage
(Supplied to CPU and each peripheral circuit)

REGC f(?

e Processing of REGC pin

Regulator ON Connects capacitance for regulator stabilization

Regulator OFF Supplies power supply voltage

Caution For the oscillation stabilization time when the stop mode is released, set a value of at least 10.4 ms with
the oscillation stabilization time specification register (OSTS), taking in consideration the regulator
output oscillation stabilization time. (refer to CHAPTER 25 STANDBY FUNCTION.)
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CHAPTER 6 PORT FUNCTIONS

6.1 Digital Input/Output Ports
The uPD784938 is provided with the ports shown in Figure 6-1, enabling various kinds of control to be performed. The function
of each port is shown in Table 6-1. For ports 0 to 6, port 9, and port 10, use of an on-chip pull-up resistor can be specified by

software when used as input ports.

Figure 6-1. Port Configuration

POO[=—

- . ¢PoOIto

PO7 |+——

PIO|=~—

- ~ rPort1

P17 |~—

P20 to P27 Port 2

P30 |+~—
2 Port 3

P37 | ~—

P40 |«—

Port 4

P47 |[~——=

P50 [«

Port 5

P57 [«—

Sa—— 1 Y ba—

Port 9 - - - .

Port 6

-~ Po7 L

Port 10 - . ' .

Port 7

W T

- P107 P77 |———
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Table 6-1. Port Functions

Port Name Pin Names Functions Software Pull-Up Specification
Port 0 P00 to PO7 Input/output can be specified in 1-bit units. Input mode pins specified at once
Can also operate as 4-bit real-time output ports
(POO to P03, P04 to P0O7).
Can drive a transistor.
Port 1 P10 to P17 Input/output can be specified in 1-bit units.
LED drive capability.
Port 2 P20 to P27 Input port 6-bit unit (P22 to P27)
Port 3 P30 to P37 Input/output can be specified in 1-bit units. Input mode pins specified at once
P32/SCKO pin and P33/SO0 pin can be setin
N-ch open-drain mode.
Port 4 P40 to P47 Input/output can be specified in 1-bit units.
Can drive an LED.
Port 5 P50 to P57 Input/output can be specified in 1-bit units.
LED drive capability.
Port 6 P60 to P67 Input/output can be specified in 1-bit units.
Port 7 P70 to P77 Input/output can be specified in 1-bit units. —
Port 9 P90 to P97 Input/output can be specified in 1-bit units. Input mode pin specified at once
Port 10 P100 to P107 Input/output can be specified in 1-bit units.
P105/SCK3 pin and P107/SO3 pin can be set in
N-ch open-drain mode.

Table 6-2. Number of Input/Output Ports

Input/Output Total Input Mode Output Mode
Ports Software Pull-Up Resistor Direct LED Drive Direct Transistor Drive
Input ports 8 6 — —
Input/output ports 72 64 24 0
Output ports 0 — 0 8
Total 80 70 24 8
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6.2 Port0

Port 0 is an 8-bit input/output port with an output latch, and has direct transistor drive capability. Input/output can be specified
in 1-bit units by means of the port 0 mode register (PM0). Each pin incorporates a software programmable pull-up resistor.

P00 to P03 and P04 to PO7 can output the buffer register (POL, POH) contents at any time interval as 4-bit real-time output
ports or one 8-bit real-time output port. 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 isinput, port0is setas an input port (output high-impedance state), and the outputlatch contents are undefined.

6.2.1 Hardware configuration
The port 0 hardware configuration is shown in Figure 6-2.

Figure 6-2. Port 0 Block Diagram

WReuo.  Pull-up resistor option register L

é PUOLO D . I

RDrpuoL

f

0O
A\

WRRrTPc  Real-time output port control register

)\ POLM

~ (POHM)
RDrT1Pc

WRewmo Port 0 mode register

,i\ PMON
~ (PMOm)

Trigger
WReoL Buffer register l‘

A POLN

Internal ~ (POHm) ~
bus RDpoL Output latch

)\ Selector POn
N~ (POm)

Vo

Q

<}-J.
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6.2.2 1/0 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 6-3.

Figure 6-3. Port 0 Mode Register (PMO0) Format

7 6 5 4 3 2 1 0 Address  Afterreset R/W

PMO | PMO7 | PMO6 | PMO5 | PM04 | PMO3 | PMO2 | PMO1 | PMOO | OFF20H FFH R/IW

PMOn | POn Pin Input/Output Mode Specification
(n=0to7)

0 Output mode (output buffer on)

1 Input mode (output buffer off)

When port 0 is used as a real-time output port, the POLM and POHM bits of the real-time output port control register (RTPC)
should be set (to 1).

When POLM and POHM are 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.
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6.2.3 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 bi

Figure 6-4. Port Specified as Output Port

. —
WRporT
é Output I > o
latch
Internal
bus RDout
rl\ P
) ~
L —
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@

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 6-5. Port Specified as Input Port

. —
WRPpoRT
Output
J latch
Internal
bus
RDin

4)

-

—O POn
n=0to7

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 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
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between input and output.

Caution is also required when manipulating the port with other 8-bit arithmetic instructions.
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6.2.4 On-chip pull-up resistors

Port 0 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 on-chip pull-up resistor is to be used can be specified for each pin by means of the PUOLO bit of the pull-
up resistor option register L (PUOL) and the port 0 mode register (PM0). When PUOLOQ is 1, the on-chip pull-up resistors of the

pins for which input is specified by PMO are enabled (PMOn=1,n=0t0 7).

Figure 6-6. Pull-Up Resistor Option Register L (PUOL) Format

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

PUOL 0 PUOL6|PUOLS5 |PUOL4 |PUOL3|PUOL2| PUOL1|PUOLO| OFF4EH O0H R/W

_

PUOLO

Port 0 Pull-Up Resistor Specification

Not used in port O

Used in port O

Remark When STOP mode is entered, setting PUOL to O0H is effective for

Preliminary User's Manual U13987EJ1VOUMO0
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124

Internal
bus

Figure 6-7. Pull-Up Resistor Specification (Port 0)
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CHAPTER 6 PORT FUNCTIONS

6.2.5 Transistor drive
In port 0, the output buffer high-level side drive capability has been increased, allowing active-high direct transistor drive.
An example of the connection is shown in Figure 6-8.

Figure 6-8. Example of Transistor Drive

ATA’VDD

Load

PONn

7T
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6.3 Portl

Port 1 is an 8-bit input/output port with an output latch. Input/output can be specified in 1-bit units by setting the port 1 mode
register (PM1). Each pin incorporates a programmable pull-up resistor. This port has direct LED drive capability.

In addition to their input/output port function, P10 to P14 also have an alternate function as serial interface pins. The operation
mode can be specified bit-wise by setting the port 1 mode control register (PMC1), as shown in Table 6-3. The level of any pin
can be read and tested at any time irrespective of the alternate-function operation.

WhenRESETis input, port 1 is setas aninput port (output high-impedance state), and the output latch contents are undefined.

Table 6-3. Port 1 Operation Modes

Pin Name Port Mode Control Signal I/O Mode Operation to Operate Control Pin
P10, P11 1/0 port — —
P12 ASCK2 1/0/SCK2 I/0 Setting PMC12 bit of PMC1 to 1
P13 RxD2 input/SI2 input Setting PMC13 bit of PMC1 to 1
P14 TxD2 output/SO2 output Setting PMC14 bit of PMC1 to 1
P15 to P17 —_ —
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6.3.1 Hardware configuration

The port 1 hardware configuration is shown in Figures 6-9 to 6-12.

WRpuoL

f

O

Figure 6-9. P12 (Port 1) Block Diagram

Pull-up resistor option register L

A\
RDruoL

PUOL1

Port 1

mode register
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Port 1 mode control register

PMC12

Internal
bus

Output latch

RDrp1

External
SCK2

SCK2
output

Selector

P12

—— Vob

all

O P12

ASCK2,
SCK2 inpu

pd
~
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<]
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Figure 6-10. P13 (Port 1) Block Diagram
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Figure 6-11. P14 (Port 1) Block Diagram
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Figure 6-12. Block Diagram of P10, P11, and P15 to P17 (Port 1)
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CHAPTER 6 PORT FUNCTIONS

6.3.2 1/0 mode/control mode setting

The port 1 input/output mode is set for each pin by means of the port 1 mode register (PM1) as shown in Figure 6-13.

In addition to their input/output port function, P12 to P14 also have an alternate function as serial interface pins, and the
control mode is specified by setting the port 1 mode control register (PMC1) as shown in Figure 6-14.

Figure 6-13. Port 1 Mode Register (PM1) Format

7 6 5 4 3 2 1 0 Address  Afterreset R/W

PM1 | PM17 | PM16 | PM15 | PM14 | PM13 | PM12 | PM11 | PM10 | OFF21H FFH R/W

PM1n | P1n Pin Input/Output Mode Specification
(n=0ta7)

0 Output mode (output buffer on)

1 Intput mode (output buffer off)

Figure 6-14. Port 1 Mode Control Register (PMC1) Format

7 6 5 4 3 2 1 0 Address  Afterreset R/W

PMC1 0 0 0 PMC14 | PMC13|PMC12 0 0 OFF41H 00H R/W

PMC12 P12 Pin Control Mode Specification

0 Input/output port mode

1 ASCK2/SCK2 input/output mode

PMC13 P13 Pin Control Mode Specification

0 Input/output port mode

1 RxD2/SI2 input mode

PMC14 P14 Pin Control Mode Specification

0 Input/output port mode

1 TxD2/SO2 output mode
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6.3.3 Operating status

Port 1 is an input/output port. Pins P12 to P14 have an alternate function as serial interface 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 latchNo©,

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

Figure 6-15. 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, 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 6-16. Port Specified as Input Port
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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 I/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 arithmetic instructions.
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When specified as control signal input/output

P12 to P14 (by setting (to 1) bits of the port 1 mode control register (PMC1)) can be used as control signal inputs or 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 6-17. Control Specification

Control (input) =——

Control ™~ o Pin
(output) L~ n=2to4
PM1n=0
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Internal /J\ /L
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(@) When port is control signal output

When the port 1 mode register (PM1) is set (to 1), the control signal pin level can be read by executing a port read
instruction.

When PM1isreset (to 0), the uPD784938 internal control signal status can be read by executing a port read instruction.
(b) When port is control signal input

When the port 1 mode register (PM1) is set (to 1), control signal pin level can be read by executing a port read
instruction.
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6.3.4 On-chip pull-up resistors

Port 1 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 on-chip pull-up resistor is to be used can be specified for each pin by means of the PUOL1 bit of the pull-
up resistor option register L (PUOL) and the port 1 mode register (PM1). When PUOLL1 is 1, the on-chip pull-up resistors of the

pins for which input is specified by PM1 are enabled (PM1n=1,n=0t0 7).

Also, the specification for use of the pull-up resistor is also valid for pins specified as control signal output pins (pull-up
resistors are also connected to pins that function as control signal output pins). Therefore, if you do not want to connect the pull-
up resistors with the control signal output pin, the contents of the corresponding bits of PM1 should be set to 0 (output mode).

Figure 6-18. Pull-Up Resistor Option Register L (PUOL) Format
7 6 5 4 3 2 1 0 Address  Afterreset R/W
PUOL 0 PUOL6|PUOLS [PUOL4 |PUOL3|PUOL2|PUOL1|PUOLO| OFF4EH 0OH R/W
PUOL1 Port 1 Pull-Up Resistor Specification
0 Not used in port 1
1 Used in port 1

Remark When STOP mode is entered, setting PUOL to O0H is effective for

Preliminary User's Manual U13987EJ1VOUMO0
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Figure 6-19. Pull-Up Resistor Specification (Port 1)
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6.3.5 Direct LED drive

Inport 1, the output buffer low-level side drive capability has been reinforced allowing active-low direct LED drive. An example
of such use is shown in Figure 6-20.

Figure 6-20. Example of Direct LED Drive
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(n=0to7)
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6.4 Port2
Port 2 is an 8-bit input-only port. P22 to P27 incorporate a software programmable pull-up resistor. As well as operating as
input ports, port 2 pins also operate as control signal input pins, such as external interrupt signal pins (see Table 6-4). All 8 pins

are Schmitt-triggered inputs to prevent misoperation due to noise.

Table 6-4. Port 2 Operation Modes

Port Name Function

P20 Input port/NMI inputNete

P21 Input port/INTPO input/CR11 capture trigger input/
timer/event counter 1 count clock/real-time output port trigger signal

P22 Input port/INTP1 input/CR22 capture trigger input

P23 Input port/INTP2 input/Cl input

P24 Input port/INTP3 input/CRO02 capture trigger input/
timer/event counter O count clock

P25 Input port/INTP4 input/ASCK input/SC_Kl input/output

P26 Input port/INTP5 input/A/D converter external trigger input

P27 Input port/SI0 input

Note NMI input is acknowledged regardless of whether interrupts are enabled or disabled.

(@) Function as port pins
The pin level can always be read or tested regardless of the alternate-function operation.

(b) Functions as control signal input pins

(i) NMI (Non-maskable Interrupt)
The external non-maskable interrupt request input pin. Rising edge detection or falling edge detection can be
specified by setting the external interrupt mode register 0 (INTMO).

(i) INTPO to INTP5 (Interrupt from Peripherals)
External interrupt request input pins. When the valid edge specified by the external interrupt mode registers 0,
1 (INTMO/INTM1) is detected an interrupt is generated (see CHAPTER 22 EDGE DETECTION FUNCTION).
In addition, pins INTPO to INTP3 and INTP5 are also used as external trigger input pins with the various functions
shown below.

INTPO ....... Timer/event counter 1 capture trigger input pin

External count clock input pin

Real-time output port trigger input pin
....... Timer/event counter 2 capture register (CR22) capture trigger input pin
* INTP2 ....... Timer/event counter 2 external count clock input pin

p=
=
T
H

Capture/compare register (CR21) capture trigger input pin
« INTP3 ....... Timer/event counter O capture trigger input pin
Timer/event counter 0 external count clock input pin
« INTPS ....... A/D converter external trigger input pin
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(i) CI (Clock Input)
The timer/event counter 2 external clock input pin

(iv) ASCK (Asynchronous Serial Clock)
The external baud rate clock input pin

(v) SCK1 (Serial Clock 1)
The serial clock input/output pin (in 3-wire serial I/O 1 mode)

(vi) SIO (Serial Input 0)
The serial data input pin (in 3-wire serial I/O 0 mode)
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6.4.1 Hardware configuration
The port 2 hardware configuration is shown in Figure 6-21.

Figure 6-21. Block Diagram of P20 to P24, P26 and P27 (Port 2)
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Note P20 and P21 do not have the circuitry enclosed by the broken lines.
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Figure 6-22. P25 (Port 2) Block Diagram
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6.4.2 Input mode/control mode setting

Port 2 is an input-only port, and there is no register for setting the input mode.

Also, control signal input is always possible, and therefore the signal to be used is determined by the control registers for
individual on-chip hardware items.

6.4.3 Operating status
Port 2 is an input-only port, and pin levels can always be read or tested.

Figure 6-23. Port Specified as Input Port
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6.4.4 On-chip pull-up resistors

P22 to P27 incorporate 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 on-chip pull-up resistor is to be used can be specified for all six pins, P22 to P27, together by means of
the PUOLZ2 bit of the pull-up resistor option register L (PUOL) (bit-wise specification is not possible).

P20 and P21 do not incorporate a pull-up resistor.

Figure 6-24. Pull-Up Resistor Option Register L (PUOL) Format

7 6 5 4 3 2 1 0 Address  Afterreset R/W

PUOL 0 PUOL6|PUOLS [PUOL4 |PUOL3|PUOL2|PUOL1|PUOLO | OFF4EH O00H R/W

PUOL2 Port 2 Pull-Up Resistor Specification

0 Not used in port 2

1 Used in pins P22 to P27

Remark When STOP mode is entered, setting PUOL to 00H is effective for reducing the current consumption.
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Figure 6-25. Pull-Up Specification (Port 2)
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Pull-up resistor option register L (PUOL)
Caution As P22 to P26 are not pulled up immediately after a reset, an interrupt request flag may be set depending

on the function of the alternate function (INTP1 to INTP5). Therefore, the interrupt request flags should
be cleared after specifying pull-up in the initialization routine.
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6.5 Port3

Port 3 is an 8-bit input/output port with an output latch. Input/output can be specified in 1-bit units by setting the port 3 mode
register (PM3). Each pin incorporates a software programmable pull-up resistor. P32 and P33 can be set in the N-ch open-
drain mode.

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

The operation mode can be specified in 1-bit units by setting the port 3 mode control register (PMC3), as shown in
Table 6-5. The pin level of all pins can always be read or tested regardless of the alternate-function pin operation.

WhenRESET is input, port 3is setas aninput port (output high-impedance state), and the output latch contents are undefined.

Table 6-5. Port 3 Operation Modes

(n=0to7)
Mode Port Mode Control Signal Input/Output Mode
Setting Condition PMC3n=0 PMC3n=1
P30 Input/output port RxD input/SI1 input
P31 TxD output/SO1 output
P32 SCKO input/output
P33 SO0 output
P34 TOO output
P35 TO1 output
P36 TO2 output
P37 TO3 output

(@) 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 setting the port 3 mode register (PM3).

(b) Control signal input/output mode
Pins can be set as control pins in 1-bit units by setting the port 3 mode control register (PMC3).

(i) RxD (Receive Data) /SI1 (Serial Input 1)
RxD is the asynchronous serial interface serial data input pin. SlI1 is the serial data input pin (in 3-wire serial
1/0 1 mode).

(i) TxD (Transmit Data) /SO1 (Serial Output 1)
TxD is the asynchronous serial interface serial data output pin. SO1 is the serial data output pin (in 3-wire serial

1/0 1 mode).

(iif) SCKO (Serial Clock 0)
SCKO is the clocked serial interface serial clock input/output pin (in 3-wire serial I/O 0 mode).

(iv) SO0 (Serial Output 0)
SOO0 is the serial data output pin (in 3-wire serial /0 0 mode).

(v) TOO to TO3 (Timer Output)
Timer output pins
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6.5.1 Hardware configuration

The port 3 hardware configuration is shown in Figures 6-26 to 6-29.

144

Figure 6-26. P30 (Port 3) Block Diagram
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Figure 6-27. Block Diagram of P31 and P34 to P37 (Port 3)
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Figure 6-28. P32 (Port 3) Block Diagram
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Figure 6-29. P33 (Port 3) Block Diagram
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6.5.2 1/0 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 6-30.

In addition to their input/output port function, port 3 pins also have an alternate function as various control signal pins, and
the control mode is specified by setting the port 3 mode control register (PMC3) as shown in Figure 6-31.

Figure 6-30. Port 3 Mode Register (PM3) Format

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

PM3 | PM37 | PM36 | PM35 | PM34 | PM33 | PM32 | PM31 | PM30 | OFF23H FFH RIW

PM3n | P3n Pin Input/Output Mode Specification
(n=0t07)

0 Output mode (output buffer on)

1 Intput mode (output buffer off)
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PMC3

Figure 6-31. Port 3 Mode Control Register (PMC3) Format

7 6 5 4 3 2 1 0 Address  Afterreset R/W
PMC37|PMC36|PMC35 |PMC34 |PMC33|PMC32|PMC31|PMC30| OFF43H 00H R/W
\ \ \ | L
PMC30 P30 Pin Control Mode Specification

0 Input/output port mode
1 RxD/SI1 input mode
PMC31 P31 Pin Control Mode Specification
0 Input/output port mode
1 TxD/SO1 output mode
PMC32 P32 Pin Control Mode Specification
0 Input/output port mode
1 SCKO Input/output mode
PMC33 P33 Pin Control Mode Specification
0 Input/output port mode
1 SO0 output mode
PMC3n P3n Pin Control Mode Specification
(n=4t07)
0 Input/output port mode
1 TOnN output mode (n =0to 3)
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6.5.3 Operating status

Port 3 is an input/output port, with an alternate 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 latchNo©,

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

Figure 6-32. 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 6-33. Port Specified as Input Port
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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 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 arithmetic instructions.
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(3) When specified as control signal input/output

By setting (to 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 6-34. Control Specification
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(@) When port is control signal output

P3n
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When the port 3 mode register (PM3) is set (to 1), the control signal pin level can be read by executing a port read

instruction.

When PM3isreset (to 0), the uPD784938 internal control signal status can be read by executing a portread instruction.

(b) When port is control signal input

Onlythe port3mode register (PM3)is set (to 1), control signal pin levels can be read by executing a port read instruction.
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6.5.4 On-chip pull-up resistors

Port 3 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 on-chip pull-up resistor is to be used can be specified for each pin by setting the PUOLS3 bit of the pull-
up resistor option register L (PUOL) and the port 3 mode register (PM3). When PUOL3 is 1, the on-chip pull-up resistors of the

pins for which input is specified by PM3 (PM3n =1, n = 0 to 7) are enabled.

Also, the specification for use of the pull-up resistor is also valid for pins specified as control mode pins (pull-up resistors are

also connected to pins that function as output pins in the control mode). Therefore, if you do not want to connect the pull-up

resistors in the control mode, the contents of the corresponding bits of PM3 should be set to 0 (output mode).

Figure 6-35. Pull-Up Resistor Option Register L (PUOL) Format

7 6 5 4 3 2 1 0 Address  After reset R/W
PUOL 0 PUOL6|PUOLS5 |PUOL4 |PUOL3|PUOL2 | PUOL1|PUOLO | OFF4EH OOH R/W
PUOL3 Port 3 Pull-Up Resistor Specification
0 Not used in port 3
1 Used in port 3

Remark When STOP mode is entered, setting PUOL to O0H is effective for reducing the current consumption.
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6.6 Port4

Port 4 is an 8-bit input/output port with an output latch. Input/output can be specified in 1-bit units by setting the port 4 mode
register (PM4). Each pin incorporates a software programmable pull-up resistor. This port has direct LED drive capability.
Port 4 also functions as the time division address/data bus (ADO to AD7) by the memory expansion mode register (MM) when

external memory or 1/Os are expanded.
When RESET isinput, port4is setas aninput port (output high-impedance state), and the output latch contents are undefined.

6.6.1 Hardware configuration

The port 4 hardware configuration is shown in Figure 6-37.

Figure 6-37. Port 4 Block Diagram
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6.6.2 1/0 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 6-38.
When port 4 is used as the address/data bus, it is set by means of the memory expansion mode register (MM: See Figure
24-1) as shown in Table 6-6.

Figure 6-38. Port 4 Mode Register (PM4) Format

7 6 5 4 3 2 1 0 Address  Afterreset R/W

PM4 | PM47 | PM46 | PM45 | PM44 | PM43 | PM42 | PM41 | PM40 | OFF24H FFH RIW

P4n P4n Pin Input/Output Mode Specification
(n=0to7)

0 Output mode (output buffer on)

1 Intput mode (output buffer off)

Table 6-6. Port 4 Operation Modes

MM Bits Operation Mode
MM3 MM2 MM1 MMO

0 0 0 0 Port

0 0 1 1 Address/data bus (ADO to AD7)
0 0 0

0 1 0 1

0 1 1 0

0 1 1 1

1 0 0 0

1 0 0 1
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6.6.3 Operating status

Port 4 is an input/output port, with an alternate 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 latchNete,

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

Figure 6-39. 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 port specified as input is switched to an output port, the
output latch contents are output to the port pin). Also, when specified as an input port, the output latch contents cannot be
loaded into an accumulator.

Figure 6-40. Port Specified as Input Port
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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 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-hit arithmetic 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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6.6.4 On-chip 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 on-chip pull-up resistor is to be used can be specified for each pin by setting the PUOLA4 bit of the pull-
up resistor option register L (PUOL) and the port 4 mode register (PM4).

When PUOL4 is 1, the on-chip pull-up resistors of the pins for which input is specified by the PM4 for port 4 (PM4n = 1,
n=0to 7) are enabled .

Figure 6-41. Pull-Up Resistor Option Register L (PUOL) Format

7 6 5 4 3 2 1 0 Address  Afterreset R/W

PUOL 0 PUOL6|PUOLS [PUOL4 |PUOL3|PUOL2|PUOL1| PUOLO| OFF4EH O00OH R/W

PUOL4| Port 4 Pull-Up Resistor Specification

0 Not used in port 4

1 Used in port 4

Caution When using the port 4 of the  uPD784938 as an address/data bus pin, be sure to clear PUOL4 to 0O to
disconnect the on-chip pull-up resistor.

Remark When STOP mode is entered, setting PUOL to 00H is effective for reducing the current consumption.

Preliminary User's Manual U13987EJ1VOUMO0 159



CHAPTER 6 PORT FUNCTIONS
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Figure 6-42. Pull-Up Specification (Port 4)
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6.6.5 Direct LED drive
In port 4, the output buffer low-level side drive capability has been reinforced, allowing active-low direct LED drive. An
example of such use is shown in Figure 6-43.

Figure 6-43. Example of Direct LED Drive
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6.7 Port5

Port 5 is an 8-bit input/output port with an output latch. Input/output can be specified in 1-bit units by setting the port 5 mode
register (PM5). Each pin incorporates a software programmable pull-up resistor. This port has direct LED drive capability.

In addition, P50 to P57 function as the address bus (A8 to A15) when external memory or I/Os are expanded.

WhenRESET s input, port5is setas aninput port (output high-impedance state), and the output latch contents are undefined.

6.7.1 Hardware configuration
The port 5 hardware configuration is shown in Figure 6-44.
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Figure 6-44. Port 5 Block Diagram
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6.7.2 1/0 mode/control mode setting
The port 5 input/output mode is set for each pin by setting the port 5 mode register (PM5) as shown in Figure 6-45.
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 expansion
mode register (MM: See Figure 24-1) as shown in Table 6-7.

Figure 6-45. Port 5 Mode Register (PM5) Format

7 6 5 4 3 2 1 0 Address Afterreset R/W

PM5 | PM57 | PM56 | PM55 | PM54 | PM53 | PM52 | PM51 | PM50 | OFF25H FFH R/W

PM5n | P5n Pin Input/Output Mode Specification
(n=0to7)

0 Output mode (output buffer on)

1 Input mode (output buffer off)

Table 6-7. Port 5 Operation Modes

MM Bits Operation Mode
MM3 MM2 MM1 MMO P50 | P51 | P52 | P53 | P54 | P55 | P56 | P57
0 0 0 0 Port (P50 to P57)
0 0 1 1
0 1 0 0 A8 A9 Port
0 1 0 1 A8 A9 Al0 All Port
0 1 1 0 A8 A9 A10 All Al12 Al13 Port
0 1 1 1 A8 A9 Al0 All Al2 Al3 Al4d Al5
1 0 0 0
1 0 0 1
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6.7.3 Operating status

Port 5 is an input/output port, with an alternate function as the address bus (A8 to A15).

(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 latchNo©,

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

Figure 6-46. Port Specified as Output Port
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~ latch PSn
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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 6-47. Port Specified as Input Port
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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 with a mixture of input and output, 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 arithmetic instructions.

(3) When used as address bus (A8 to A15)
Used automatically when an external address is accessed.

Preliminary User's Manual U13987EJ1VOUMO0O

165



CHAPTER 6 PORT FUNCTIONS

6.7.4 On-chip 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 on-chip pull-up resistor is to be used can be specified for each pin by setting the PUOLS5 bit of the pull-
up resistor option register L (PUOL) and the port 5 mode register (PM5).

When PUOLS5 is 1, the on-chip pull-up resistors of the pins for which input is specified by the PM5 for port 5 (PM5n =1, n =
0to 7) are enabled .

Figure 6-48. Pull-Up Resistor Option Register L (PUOL) Format

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

PUOL 0 PUOL6|PUOLS [PUOL4 |PUOL3|PUOL2| PUOL1| PUOLO| OFF4EH O00H R/W

PUOL5 Port 5 Pull-Up Resistor Specification

0 Not used in port 5

1 Used in port 5

Caution Whenusing the port5ofthe  uPD784938 as an address bus, be sure to clear PUOLS5 to 0 to disconnect the
on-chip pull-up resistor.

Remark When STOP mode is entered, setting PUOL to 00H is effective for reducing the current consumption.
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Figure 6-49. Pull-Up Specification (Port 5)
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6.7.5 Direct LED drive
In port 5, the output buffer low-level side drive capability has been reinforced, allowing active-low direct LED drive. An
example of such use is shown in Figure 6-50.

Figure 6-50. Example of Direct LED Drive
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6.8 Port6

Port 6 is an 8-bit input/output port with an output latch. P60 to P67 incorporate a software programmable pull-up resistor.

In addition to its function as a port, port 6 also has various alternate-function control signal pin functions as shown in Table
6-8. Operations as control pins are performed by the respective function operations.

When RESET is input, P60 to P67 are set as input port pins (output high-impedance state), and the output latch contents
are undefined.

Table 6-8. Port 6 Operation Modes

Pin Name Port Mode Control Signal Input/ Operation to Operate as Control Pins
Output Mode

P60 to P63 Input/output ports A16 to A19 outputs Specified by bits MM3 to MMO of the MM in 2-bit units
P64 ﬁoutput External memory expansion mode is specified by bits MM3 to
P65 ﬁoutput MMO of the MM
P66 WAIT input Specified by bits PWn1 & PWn0 (n = 0 to 7) of the PWC1 &
PWC?2 or setting P66 in the input mode
HLDRQ input Bus hold enabled by the HLDE bit of the HLDM
P67 HLDAK output
m output Set (to 1) the RFEN bit of the RFM
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6.8.1 Hardware configuration
The port 6 hardware configuration is shown in Figures 6-51 to 6-54.

Figure 6-51. P60 to P63 (Port 6) Block Diagram
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Figure 6-52. P64 and P65 (Port 6) Block Diagram

WR i . . .
. +PU0L Pull-up resistor option register L
O PUOL6
RDruoL
S
WRewe Port 6 mode register 4& Voo
A PM64
o (PM65)
RDewvs
S
External expansion mode
Internal RD signal (ﬁ signal) ——
bus WRes Output latch Selector > O P64
X P64 (P65)
N (P65)
RDrs
; pd!
\y \l
. @
/_\_/

Preliminary User's Manual U13987EJ1VOUMO0O

171



CHAPTER 6 PORT FUNCTIONS
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Figure 6-53. P66 (Port 6) Block Diagram
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Figure 6-54. P67 (Port 6) Block Diagram
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6.8.2 1/0 mode/control mode setting
The port 6 input/output mode is set by setting the port 6 mode register (PM6) as shown in Figure 6-55.
Operations for operating port 6 as control pins are shown in Table 6-9.

Table 6-9. Port 6 Control Pin Function

Pin Name Control Signal I/O Mode Port Mode Operation to Operate as Control Pins
P60 Al6 Input/output port | External memory expansion mode specified by bits MM3 to MMO of
P61 AL7 the MM (see Table 6-10)
P62 Al8
P63 Al9
P64 RD Output port External memory expansion mode specified by bits MM3 to MMO of
P65 WR the MM (see Table 6-10)
P66 WAIT Input/output port | External wait input is specified by bits
PWn1 & PWnO (n = 0 to 7) of the PWC1 & PWC2
HLDRQ Bus hold enabled by the HLDE bit of the HLDM
P67 HLDAK Output port
REFRQ Set (to 1) the RFEN bit of the RFM
Table 6-10. P60 to P65 Control Pin Specification
MM Bits Operation Mode
MM3 MM2 MM1 MMO P60 P61 P62 P63 P64 P65
0 0 0 0 Port (P60 to P65)
0 0 1 1
0 1 0 0 Port (P60 to P63) RD WR
0 1 0 1
0 1 1 0
0 1 1 1
1 0 0 0 Al6 Al7 Port
1 0 0 1 Al6 Al7 A18 A19

(@) Port mode
Each port not specified as in control mode can be specified as input/output in 1-bit units by setting the port 6 mode
register (PM6).

(b) Control signal input/output mode
(i) A16to A19 (Address Bus)

Upper address bus output pins when the external memory space is expanded (10000H to FFFFFH).
These pins operate in accordance with the memory expansion mode register (MM).
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PM6

(i) RD (Read Strobe)
The strobe signal for an external memory read operation. The operation of this pin is controlled by the memory
expansion mode register (MM).

(iil) WR (Write Strobe)
Pin that outputs the strobe signal for an external memory write operation. The operation of this pin is controlled
by the memory expansion mode register (MM).

(iv) WAIT (Wait)
Wait signal input pin. Operates in accordance with the programmable wait control registers (PWC1, PWC2).

(v) HLDRQ (Hold Request)
External bus hold request signal input pin. Operates in accordance with the hold mode register (HLDM).

(vi) HLDAK (Hold Acknowledge)
Bus hold acknowledge signal output pin. Operates in accordance with the hold mode register (HLDM).

(vii) REFRQ (Refresh Request)
This pin outputs refresh pulses to pseudo-static memory when this memory is connected to it externally. Operates

in accordance with the refresh mode register (RFM).

Figure 6-55. Port 6 Mode Register (PM6) Format

7 6 5 4 3 2 1 0 Address  Afterreset R/W

PM67 | PM66 | PM65 | PM64 | PM63 | PM62 | PM61 | PM60 | OFF26H FFH RIW
\ \ \ \ \ \ \ |

PM6n | P6n Pin Input/Output Mode Specification
(n=0to7)

0 Output mode (output buffer on)

1 Intput mode (output buffer off)
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6.8.3 Operating status

Port 6 is an input/output port, with an alternate 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 latchNo©,

Note Including the case where another bit of the same port is manipulated by a bit manipulation instruction.
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Figure 6-56. Port Specified as Output Port

T~
WRpoRrT
l Output
latch
Internal
bus RDour

l P

\l
-

{>—O P6n

n=0to7

Preliminary User's Manual U13987EJ1VOUMO00O



CHAPTER 6 PORT FUNCTIONS

(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 6-57. Port Specified as Input Port
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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 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 arithmetic instructions.

(3) When used as control pins
Cannot be manipulated or tested by software.
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6.8.4 On-chip pull-up resistors

P60 to P67 incorporate 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 on-chip pull-up resistor is to be used can be specified for each pin by setting the PUOLG6 bit of the pull-
up resistor option register L (PUOL) and the port 6 mode register (PM6).

When PUOLS is 1, the on-chip pull-up resistors of the pins for which input is specified by the PM6 (PM6n=1,n=0to 7) are
enabled .

Figure 6-58. Pull-Up Resistor Option Register L (PUOL) Format

7 6 5 4 3 2 1 0 Address  Afterreset R/W

PUOL 0 PUOL6|PUOLS5 |PUOL4 |PUOL3|PUOL2 | PUOL1| PUOLO| OFF4EH O00H R/IW

PUOL6 Port 6 Pull-Up Resistor Specification

0 Not used in port 6

1 Used in port 6

Remark When STOP mode is entered, setting PUOL to O0H is effective for reducing the current consumption.

Figure 6-59. Pull-Up Specification (Port 6)
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6.9 Port7

Port 7 is an 8-bit input/output port. In addition to operating as an input/output port, it also operates as the A/D converter analog
input pins (ANIO to ANI7).

Input/output can be specified in 1-bit units by setting the port 7 mode register (PM7).

Pin levels can be read or tested at any time irrespective of alternate-function operations.

WhenRESETis input, port 7 is setas an input port (output high-impedance state), and the output latch contents are undefined.

6.9.1 Hardware configuration
The port 7 hardware configuration is shown in Figure 6-60.

Figure 6-60. Port 7 Block Diagram
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6.9.2 /0 mode/control mode setting

The port 7 input/output mode is set for each pin by setting the port 7 mode register (PM7) as shown in Figure 6-61.

In addition to the operation of port 7 as an input/output port, analog signal input can be performed at any time. Mode setting
is not necessary.

Specification of the A/D conversion operation is performed by ADM of the A/D converter (see CHAPTER 16 A/D
CONVERTER for details).

Figure 6-61. Port 7 Mode Register (PM7) Format

7 6 5 4 3 2 1 0 Address  Afterreset R/W

PM7 | PM77 | PM76 | PM75 | PM74 | PM73 | PM72 | PM71 | PM70 | OFF27H FFH RIW

PM7n | P7n Pin Input/Output Mode Specification
(n=0to7)

0 Output mode (output buffer on)

1 Intput mode (output buffer off)
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6.9.3 Operating status

Port 7 is an input/output port, with an alternate function as the A/D converter analog input pins (ANIO to ANI7).

(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 latchNo©,

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

Figure 6-62. 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 6-63. Port Specified as Input Port
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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 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 arithmetic instructions.

6.9.4 On-chip pull-up resistors
Port 7 does not incorporate pull-up resistors.

6.9.5 Caution

A voltage outside the range AVss to AVrer must not be applied to pins for which P70 to P77 are used as ANIO to AN17.
See 16.6 Cautions in CHAPTER 16 A/D CONVERTER for details.
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6.10 Port9

Port 9 is an 8-bit input/output port with an output latch. Input/output can be specified in 1-bit units by setting the port 9 mode
register (PM9). Each pin incorporates a software programmable pull-up resistor.

When RESET isinput, port9is setas an input port (output high-impedance state), and the output latch contents are undefined.

6.10.1 Hardware configuration
The port 9 hardware configuration is shown in Figure 6-64.

Figure 6-64. Port 9 Block Diagram
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6.10.2 1/0 mode/control mode setting
The port 9 input/output mode is set for each pin by setting the port 9 mode register (PM9) as shown in Figure 6-65.

Figure 6-65. Port 9 Mode Register (PM9) Format

7 6 5 4 3 2 1 0 Address Afterreset R/W

PM9 | PM97 | PM96 | PM95 | PM94 | PM93 | PM92 | PM91 | PM90 | OFF29H FFH RIW

PM9n | P9n Pin Input/Output Mode Specification
(n=0to7)

0 Output mode (output buffer on)

1 Input mode (output buffer off)
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6.10.3 Operating status
Port 9 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 latchNete,

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

Figure 6-66. Port Specified as Output Port
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CHAPTER 6 PORT FUNCTIONS

(2) When set as an input port

186

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 6-67. Port Specified as Input Port
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~ latch

Internal
bus
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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 with a mixture of input and output, 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 arithmetic instructions.

Preliminary User's Manual U13987EJ1VOUMO00O



CHAPTER 6 PORT FUNCTIONS

6.10.4 On-chip pull-up resistors
Port 9 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 on-chip pull-up resistor is to be used can be specified for each pin by setting the PUOH9 bit of the pull-
up resistor option register H (PUOH) and the port 9 mode register (PM9).
When PUOH9 is 1, the on-chip pull-up resistors of the pins for which input is specified by the PM9 for port 9 (PM9n =1, n

=0to 7) are enabled .

Figure 6-68. Pull-Up Resistor Option Register H (PUOH) Format

7 6 5 4 3 2 0 Address  Afterreset R/W
PUOH 0 0 0 0 0 PUOH10|PUOH9 0 OFF4FH 00H R/W
PUOH9 Port 9 Pull-Up Resistor Specification
0 Not used in port 9

1

Used in port 9

Remark When STOP mode is entered, setting PUOH to O0H is effective for reducing the current consumption.

Internal
bus

Figure 6-69. Pull-Up Specification (Port 9)
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CHAPTER 6 PORT FUNCTIONS

6.11 Port 10

Port 10 is an 8-bit input/output port with an output latch. Input/output can be specified in 1-bit units by setting the port 10 mode
register (PM10). Each pinincorporates a software programmable pull-up resistor. P105 and P107 can be setin the N-ch open-
drain mode.

In addition to its function as an input/output port, port 10 also has an alternate function as serial interface pin.

The operation mode can be specified bit-wise by setting the port 10 mode control register (PMC10), as shown in
Table 6-11. The pin level of all pins can always be read or tested regardless of the alternate-function pin operation.

When RESET is input, port 10 is set as an input port (output high-impedance state), and the output latch contents are

undefined.

Table 6-11. Port 10 Operation Modes

(n=0to7)
Mode Port Mode Control Signal Input/Output Mode
Setting Condition PMC10n=0 PMC10On=1
P100 to P104 Input/output port —
P105 SCK3 input/output
P106 SI3 input
P107 SO3 output

(@) Port mode
Each port specified as port mode by the port 10 mode control register (PMC10) can be specified as input/output in 1-

bit units by setting the port 10 mode register (PM10).

(b) Control signal input/output mode
Pins can be set as control pins in 1-bit units by setting the port 10 mode control register (PMC10).

(i) SCKS3 (Serial Clock 3)
SCKa3 is the clocked serial interface serial clock input/output pin (in 3-wire serial I/O 3 mode).

(i) SI3 (Serial Input 3)
SI3 is the serial data input pin (in 3-wire serial I/O 3 mode).

(iif) SO3 (Serial Output 3)
SO3 is the serial data output pin (in 3-wire serial /0 3 mode).
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CHAPTER 6 PORT FUNCTIONS

6.11.1 Hardware configuration

The port 10 hardware configuration is shown in Figures 6-70 to 6-73.

Internal
bus

WRpuoH

1

O

Figure 6-70. P100 to P104 (Port 10) Block Diagram
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CHAPTER 6 PORT FUNCTIONS

Figure 6-71. P105 (Port 10) Block Diagram
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Figure 6-72. P106 (Port 10) Block Diagram
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Figure 6-73. P107 (Port 10) Block Diagram
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CHAPTER 6 PORT FUNCTIONS

6.11.2 1/0 mode/control mode setting
The port 10 input/output mode is set for each pin by means of the port 10 mode register (PM10) as shown in Figure 6-74.
In addition to their input/output port function, port 10 also have an alternate function as serial interface pin, and the control
mode is specified by setting the port 10 mode control register (PMC10) as shown in Figure 6-75.

Figure 6-74. Port 10 Mode Register (PM10) Format

7 6 5 4 3 2 1 0 Address  Afterreset R/W

PM10 |PM107|PM106|PM105 |PM104|PM103|PM102|PM101|PM100| OFF2AH FFH R/W

PM10n | P10n Pin Input/Output Mode Specification
(n=0to7)

0 Output mode (output buffer on)

1 Intput mode (output buffer off)

Figure 6-75. Port 10 Mode Control Register (PMC10) Format

7 6 5 4 3 2 1 0 Address  Afterreset R/W

PMC10 [PMC107|PMC106 PMC105) O 0 0 0 0 OFF4AH O00H R/W

PMC105| P105 Pin Control Mode Specification

0 Input/output port mode

1 SCK3 input/output mode

PMC106] P106 Pin Control Mode Specification

0 Input/output port mode

1 SI3 input mode

PMC107| P107 Pin Control Mode Specification

0 Input/output port mode

1 SO3 output mode
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6.11.3 Operating status

Port 10 is an input/output port, with an alternate 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 latchNo©,

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

Figure 6-76. Port Specified as Output Port
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CHAPTER 6 PORT FUNCTIONS

(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 6-77. Port Specified as Input Port
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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 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 arithmetic instructions.
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(3) When specified as control signal input/output
By setting (to 1) bits of the port 10 mode control register (PMC10), port 10 can be used as control signal input or output in
1-bit units irrespective of the setting of the port 10 mode register (PM10). When a pin is used as a control signal, the control
signal status can be seen by executing a port read instruction.

Figure 6-78. Control Specification

Control (input) =—

Control N o P1on
(output) L~ n=0to7
PM10n =0
é
RD PM10n =1
Internal bus g g

(@) When port is control signal output

When the port 10 mode register (PM10) is set (to 1), the control signal pin level can be read by executing a port read
instruction.

When PM10 is reset (to 0), the pPD784938 internal control signal status can be read by executing a port read
instruction.

(b) When port is control signal input

Only the port 10 mode register (PM10) is set (to 1), control signal pin levels can be read by executing a port read
instruction.
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6.11.4 On-chip pull-up resistors

Port 10 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 on-chip pull-up resistor is to be used can be specified for each pin by setting the PUOH10 bit of the pull-
up resistor option register H (PUOH) and the port 10 mode register (PM10). When PUOH10 is 1, the on-chip pull-up resistors
of the pins for which input is specified by PM10 (PM10n =1, n =0 to 7) are enabled.
Also, the specification for use of the pull-up resistor is also valid for pins specified as control mode pins (pull-up resistors are
also connected to pins that function as output pins in the control mode). Therefore, if you do not want to connect the pull-up
resistors in the control mode, the contents of the corresponding bits of PM10 should be set to 0 (output mode).

Figure 6-79. Pull-Up Resistor Option Register H (PUOH) Format

7 6 4 3 2 0 Address  Afterreset R/W
PUOH 0 0 0 0 |PUOHI10|PUCH9| 0 OFF4FH O00H R/W
PUOH10| Port 10 Pull-Up Resistor Specification
0 Not used in port 10

1

Used in port 10

Remark When STOP mode is entered, setting PUOH to O0H is effective for reducing the current consumption.

Internal
bus

Figure 6-80. Pull-Up Specification (Port 10)
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CHAPTER 6 PORT FUNCTIONS

6.12 Port Output Check Function

The pPD784938 has a function for reading and testing output port pin levels in order to improve the reliability of application
systems. Itis therefore possible to check the output data and the actual pin status as required. Ifthere isamismatch, appropriate
action can be taken, such as replacement with another system.

Special instructions, CHKL and CHKLA, are provided to check the port status. These instructions perform a comparison by
taking the exclusive OR of the pin status and the output latch contents (in port mode), or the pin status and the internal control
output signal level (in control mode).

Example An example of a program that checks the pin status and output latch contents using the CHKL instruction and
CHKLA instruction is as follows.

TEST : SET1 P0.3 ; Set bit 3 of port 0
CHKL PO ; Check port 0
BNE $ ERR1 ; Branch to error processing (ERR1) in case of mismatch with output

latch contents

ERR1 : CHKLA PO ; Faulty bit check

BT A7, $BITO7 ; Bit 7?
BT A.6, $BIT06 ; Bit 67
BT A.1, $BITO1 ) Bit1?
BR $BITOO ; If none of the bits, bit 0 is faulty

Cautions 1. If each portis set to input mode, a comparison of the pin status with the output latch contents (or
control output level) using the CHKL or CHKLA instruction will always show a match whether the
individual pins of the port are port pins or control pins.

Therefore, executing these instructions on a port set to input mode is actually ineffective.

2. If the output levels of a port in which control outputs and port outputs are mixed in a single port are
checked with the CHKL or CHKLA instruction, the input/output mode of control output pins should
be set to input mode before executing these instructions (as the output levels of control outputs vary
asynchronously, the output level cannot be checked with the CHKL or CHKLA instruction).

3. As port 2 is an input-only port, a comparison of the pin status with the output latch contents using
the CHKL or CHKLA instruction will always show a match. Therefore, executing these instructions
on port 2 is actually ineffective.
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6.13 Cautions

@)

@)

®)

(4)

©)

(6)

@)

®)

9)

(10)

All port pins become high-impedance after RESET signal input (on-chip pull-up resistors are disconnected from the
pins).

If there is a problem with pins becoming high-impedance during RESET input, this should be handled with external
circuitry.

Bit 7 of the pull-up resistor option register (PUQO) that sets the on-chip pull-up resistor connection is fixed at 0, but if “1”
is written to bit 7 of the PUO in the in-circuit emulator, “1” will be read.

Output latch contents are not initialized by ﬁinput. When a port is used as an output port, the output latch must
be initialized without fail before turning on the output buffer. Ifthe outputlatchis notinitialized before turning on the output
buffer, unexpected data will be output to the output port.

Similarly, for pins used as control pins, internal peripheral hardware initialization must be performed before performing
the control pin specification.

As P22to P26 are not pulled up immediately after areset, an interrupt request flag may be set depending on the function
ofthe alternate-function pins (INTP1to INTP5). Therefore, the interrupt request flags should be cleared after specifying
pull-up in the initialization routine.

When P40 to P47 and P50 to P57 are used as the address/data bus and address bus respectively in the uPD784938,
bits PUO4 and PUOS5 of the pull-up resistor option register (PUO) must be set to “0” so that on-chip pull-up resistor
connection is not performed.

A voltage outside the range AVss to AVrer must not be applied to pins for which P70 to P77 are used as ANIO to ANI7.
See 16.6 Cautions in CHAPTER 16 A/D CONVERTER for details.

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 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 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 arithmetic instructions.

If each port is set to input mode, a comparison of the pin status with the output latch contents (or control output level)
using the CHKL or CHKLA instruction will always show a match whether the individual pins of the port are port pins or
control pins. Therefore, executing these instructions on a port set to input mode is actually ineffective.

If the output levels of a port in which control outputs and port outputs are mixed in a single port are checked with the
CHKL or CHKLA instruction, the input/output mode of control output pins should be set to input mode before executing
these instructions (as the output levels of control outputs vary asynchronously, the output level cannot be checked with
the CHKL or CHKLA instruction).

As port 2 is an input-only port, a comparison of the pin status with the output latch contents using the CHKL or CHKLA
instruction will always show a match. Therefore, executing these instructions on port 2 is actually ineffective.
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CHAPTER 7 REAL-TIME OUTPUT FUNCTION

7.1 Configuration and Function

The real-time output function is implemented by hardware, including primarily port 0 and the port O buffer registers (POH, POL),
shown in Figure 7-1.

The real-time output function refers to the transfer to the output latch by hardware of data prepared in the POH and POL
beforehand, simultaneously with the generation of an interrupt from timer/event counter 1 or external interrupt, and its output
off-chip. The pins that output the data off-chip are called real-time output ports.

The following two kinds of real-time output data are handled:

¢ 4 bits x 2 channels

¢ 8 bits x 1 channel

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 7-1 shows the block diagram of the real-time output port.
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CHAPTER 7 REAL-TIME OUTPUT FUNCTION

7.2 Real-time Output Port Control Register (RTPC)

RTPC is an 8-bit register that specifies the function of port 0.

RTPC can be read or written to with an 8-bit manipulation instruction or bit manipulation instruction. Figure 7-2 shows the

format of RTPC.
RESET input clears RTPC to 00H.

Figure 7-2. Real-Time Output Port Control Register (RTPC) Format

7 6 5 @ 3 2 1 (0  Address Afterreset R/W

RTPC | BYTE 0 0 POMH | EXTR 0 TRGPO| POML | OFF2EH O00H R/W

QQL

POML P00 to P03 Function Specification
0 Port mode
1 Real-time output port mode
EXTR |[TRGPO| Enabling of Data Transfer to Output
Latch from POH, POL by INTPO
0 0 Not enabled
(data transfer by INTC10 only)
1 0 Transfer by either | Enabled
INTPO or INTC10 | «BYTE =0:
POL only
transferred
1 1 Transfer by *BYTE=1:
INTPO only POL/POH
transferred
0 1 Setting prohibited
POMH P04 to PO7 Function Specification
0 Port mode
1 Real-time output port mode

BYTE | Real-Time Output Port Operating Mode

0 4-bit separate real-time output port

1 8-bit real-time output port

Caution When POML and POMH bits are set (to 1), the corresponding port output buffer is turned on and the port
0 output latch contents are output irrespective of the contents of the port 0 mode register (PM0). The
output latch contents should therefore be initialized before making a real-time output port specification.
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7.3 Real-time Output Port Accesses

The port 0 buffer registers (POH, POL) are mapped onto mutually independent addresses in the SFR area as shown in Figure
7-3.

When the 4-bit x 2-channel real-time output function is specified, data can be setin the POH, POL independently of each other.

When the 8-bit x 1-channel real-time output function is specified, data can be setin POH and POL by writing 8-bit data to either
one of the POH or POL.

Table 7-1 shows the operations when port 0, the POH and POL are manipulated.

Figure 7-3. Port 0 Buffer Register (POH, POL) Configuration

High-order 4 bits Low-order 4 bits

OFFOEH

POL

OFFOFH

POH

Table 7-1. Operations when Port 0 and Port 0 Buffer Registers (POH, POL) are Manipulated
Operation Mode Register Read Operation Write Operation
High-Order 4 Bits Low-Order 4 Bits High-Order 4 Bits Low-Order 4 Bits
8-bit port mode PO Output latch Output latch
POL Buffer registerNoe — Buffer register
POH Buffer registerNote Buffer register —
8-bit real-time output PO Output latch
port mode POL Buffer register Buffer register
POH Buffer register Buffer register
4-bit separate real-time PO Output latch
output port mode POL Buffer registerNote — Buffer register
POH Buffer registerNoe Buffer register —
P00 to P03: Ports PO Qutput latch — Output latch
P04 to PO7: Real-ime POL Buffer registerNote — Buffer register
output port mode POH Buffer registerNote Buffer register —
P00 to P03: Real-time PO Output latch Output latch —
output port mode POL Buffer registerNo — Buffer register
P04 to PO7: Ports POH Buffer registerNoe Buffer register —

Note The contents of POH are read from the high-order 4 bits, and the contents of POL from the low-order 4 bits.

Remark

204

— : The output latch and port 0 buffer registers are not affected.
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CHAPTER 7 REAL-TIME OUTPUT FUNCTION

<Examples of setting data in port 0 buffer registers>

¢ 4-bit x 2-channel operation

MOV POL, #O05H ; Sets 0101B in POL
MOV POH, #0COH ; Sets 1100B in POH

¢ 8-bit x 1-channel operation
MOV POL, #0C5H ; Sets0101B in POL and 1100B in POH
or
MOV POH, #0C5H

The timing for transfer to the output latch can be determined by the following three sources:

* Interrupt from timer/event counter 1 (INTC10 or INTC11)

* INTPO external interrupt
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7.4 Operation

When the port 0 function is specified as the real-time output port, the port 0 buffer register (POH, POL) contents are fetched
into the output latch and output to the port 0 pins in synchronization with the generation of one of the trigger conditions shown
in Table 7-2.

For example, the timer/event counter 1 timer counter 1 (TM1) and compare register (CR10, CR11) match signal (INTC10,
INTC11) can be selected as the output trigger generation source. In this case, the port 0 pin output data can be changed to the
POH and POL values using the value set in the CR10, CR11 beforehand as the timing interval. Combining this real-time output
port function with the macro service function enables the port 0 output pin output data to be changed sequentially at any interval
time (see 23.8 Macro Service Function ).

If the INTPO external interrupt pin is selected as the output trigger source, port 0 output can be obtained in synchronization
with an external event.

Table 7-2. Real-Time Output Port Output Triggers (when POMH = POML = 1)

RTPC Output Mode POH POL
BYTE EXTR TRGPO
0 0 0 4-bit real-time output INTC11 INTC10
0 1 0 INTC11 INTC10 or INTPO
0 1 1 INTC11 INTPO
1 0 0 8-bit real-time output INTC10
1 1 0 INTC10 or INTPO
1 1 1 INTPO
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Figure 7-4. Real-Time Output Port Operation Timing
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Figure 7-5. Real-Time Output Port Operation Timing (2-channel independent control example)
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7.5 Example of Use

The case in which P00 to P03 are used as a 4-bit real-time output port is shown here.

Each time the contents of timer/event counter 1 timer counter 1 (TM1) and compare register (CR10) match, the contents of
port O buffer register (POL) are output to P00 to P0O3. 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 (see Figure 7-6 ).

See CHAPTER 10 TIMER/
The control register settings
service routine in Figure 7-9.

Timer/event counter 1

OH

EVENT COUNTER 1 for the method of using timer/event counter 1.
are shown in Figure 7-7, the setting procedure in Figure 7-8, and the processing in the interrupt

Figure 7-6. Real-Time Output Port Operation Timing
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interrupt request

Port 0 buffer register
POL

D01 > D02 X D03 >< D04 ><3

Output latches
P00 to PO3

D00 DO1 D02 D03

—

Output pins Hi-Z

P00 to P03

D00 D01 D02 D03 S

A POL and CR10 overwritten by INTC10 interrput
A POL contents transferred to output latch on match of TM1 and CR10
A Timer start

A Output 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 7-7. Real-Time Output Function Control Register Settings

RTPC 0 0 0 0 0 0 0 0

P00 to P03 used as real-time output port

= Data transfer to output latch from POL
by INTPO disabled

P04 to P07 used as normal output port

> 4-bit separate real-time output ports selected

Figure 7-8. Real-Time Output Function Setting Procedure

C Real-time output port )

Set initial value in PO
output latch

Set next value to be output
in POL

Set real-time output port
control register (RTPC)

Set timer/event counter 1

Timer start

INTC10 interrupt

=
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Figure 7-9. Interrupt Request Servicing when Real-Time Output Function is Used

C Timer interrupt )

Interval time setting

Set next value to be output
in POL

( Return )

7.6 Cautions

@

@

When POML and POMH bits are set (to 1), the corresponding port output buffer is turned on and the port 0 output latch
contents are output irrespective of the contents of the port 0 mode register (PM0). The output latch contents should
therefore be initialized before making a real-time output port specification.

When the port is 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 port is 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.
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CHAPTER 8 OUTLINE OF TIMER

The uPD784938 incorporates three timer/event counter units and one timer unit.
These timer/event counter and timer units can be used as seven units of timer/event counters because the yPD784938
supports seven interrupt requests.

Table 8-1. Operations of Timer

Name Timer/Event Timer/Event Timer/Event Timer 3
Item Counter 0 Counter 1 Counter 2

Count 8 bits — v v v
width 16 bits v v v v

Operation| Interval timer 2ch 2ch 2ch 1ch
mode External event counter Vv v v —
One-shot timer — — v —
Function | Timer output 2ch — 2ch —
Toggle output v — v —
PWM/PPG output v — v —
One-shot pulse outputNete v — — —
Real-time output — v — —
Pulse width measurement 1 input 1input 2 inputs —
Number of interrupt requests 2 2 2 1

Note In the one-shot pulse output function, the pulse output level activated by software and inactivated by hardware (an
interrupt request signal).
This function is different in nature from the one-shot timer function of timer/event counter 2.
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Figure 8-1. Timer Block Diagram

Timer/Event Counter O

Clear control Software [rigger
fxx/4 : ¢
X Prescaler Selector TlmeE_lp’alé;\ter 0 OVF
N
Compare register aic |
(CROO) OTOo0
Pulse
Match output
Compare register trol |
(CRO) contro oOTOo1
: Capture register
INTP3 Edge detection —=INTCO00
CR02
— INTP3 ( INTCO1
Timer/Event Counter 1
Clear control
fxdd Prescaler Selector Ti(%rl%n{%l OVF
<~ _r
: Compare register |Match
Event input (CR10/CR10W) [ INTC10
{} }To real-time
] L output port
INTPO Edge ] Capture/compare register |Match INT?:llp
detection INTPO (CR11/CR11W)
Capture register
(CR12/CR12W)

Timer/Event Counter 2

Clear control

Timer counter 2
fxx/4 Prescaler Selector (TM2ITM2W) OVF
=~ _r L—+
Compare register |Match | o102
INTP2/CI Edge |, (CR20/CR20W) |
detection %\/F Pulse
INTP2 Capturel ter [Match output
apture/compare register .
(CR2L/CR21W) control (-~ TO3
Edge Capture register NTC20
INTP1 : L
detection L>INTF’l (CR22/CR22W) INTC21

Timer 3

Timer counter 3 |Match
(TM3/TM3W)

L L +—= UART, CSI

Compare register |Match
(CR30/CR30W)

fxx/4 Prescaler

—= INTC30

Remark OVF: Overflow flag
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9.1 Functions

Timer/event counter O is a 16-bit timer/event counter.

CHAPTER 9 TIMER/EVENT COUNTER O

In addition to its basic functions of interval timer, programmable square-wave output, pulse width measurement and event

counter, timer/event counter 0 can be used for the following functions.

* PWM output
* Cycle measurement

 Soft triggered one-shot pulse output

(1) Interval timer

Generates internal interrupts at preset intervals.

Table 9-1. Timer/Event Counter O Interval Time

Minimum Interval Time | Maximum Interval Time Resolution
Affxx 216 x 4ffxx Affxx
(0.32 us) (20.8 ms) (0.32 us)
8/fxx 216 x 8/fxx 8/fxx
(0.64 us) (41.7 ms) (0.64 us)
16/fxx 216 x 16/fxx 16/fxx
(1.27 us) (83.4 ms) (1.27 us)
32/fxx 216 x 32/fxx 32/fxx
(2.54 us) (167 ms) (2.54 ps)
64/fxx 216 x 64/fxx 64/fxx
(5.09 us) (333 ms) (5.09 us)
128/fxx 216 x 128/fxx 128/fxx
(10.17 us) (667 ms) (10.17 us)
256/fxx 216 x 256/fxx 256/fxx
(20.35 us) (1.33s) (20.35 us)
512/fxx 216 x 512/fxx 512/fxx
(40.70 pus) (2.67 s) (40.20 ps)
1,024/fxx 216 x 1,024/fxx 1,024/fxx
(81.40 us) (5.33s) (81.40 us)

(): When fxx = 12.58 MHz
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CHAPTER 9 TIMER/EVENT COUNTER 0

(2) Programmable square-wave output
Outputs square waves independently to the timer output pins (TOO, TO1).

Table 9-2. Timer/Event Counter 0 Programmable Square-Wave Output Setting Range

Minimum Pulse Width Maximum Pulse Width
Affxx 216 x 4/fxx
(0.32 us) (20.8 ms)
8/fxx 216 x 8/fxx
(0.64 us) (41.7 ms)
16/fxx 216 x 16/fxx
(1.27 ps) (83.4 ms)
32/fxx 216 x 32/fxx
(2.54 us) (167 ms)
64/fxx 216 x 64/fxx
(5.09 us) (333 ms)
128/fxx 216 x 128/fxx
(10.17 us) (667 ms)
256/fxx 216 x 256/fxx
(20.35 us) (1.335)
512/fxx 216 x 512/fxx
(40.70 us) (2.67 s)
1,024/fxx 216 x 1,024/fxx
(81.40 us) (5.335s)

(): When fxx = 12.58 MHz
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(3) Pulse width measurement
Detects the pulse width of the signal input to the external interrupt request input pin (INTP3).

Table 9-3. Timer/Event Counter 0 Pulse Width Measurement Range

Measurable Pulse WidthNoe Resolution
4ffxx  to 216 x 4ffxx Affxx
(0.32 us) (20.8 ms) (0.32 us)
8/fxx to 216 x 8/fxx 8/fxx
(0.64 us) (41.7 ms) (0.64 us)
16/fxx  to 216 x 16/fxx 16/fxx
(1.27 us) (83.4 ms) (1.27 us)
32/fxx  to 216 x 32/fxx 32/fxx
(2.54 us) (167 ms) (2.54 us)
64/fxx to 216 x 64/fxx 64/fxx
(5.09 us) (333 ms) (5.09 us)
128/fxx to 216 x 128/fxx 128/fxx
(10.17 us) (667 ms) (10.17 us)
256/fxx to 216 x 256/fxx 256/fxx
(20.35 us) (1.33s) (20.35 us)
512/fxx to 26 x 512/fxx 512/fxx
(40.70 us) (2.67 s) (40.70 us)
1,024/fxx to 216 x 1,024/fxx 1,024/fxx
(81.40 us) (5.339) (81.40 us)

( ): When fxx = 12.58 MHz

Note The minimum pulse width that can be measured differs depending on the selected value of fcik.
The minimum pulse width that can be measured is the value of 3/fck or the value in the above table, whichever is

greater.
(4) Software triggered one-shot pulse output
This is a one-shot pulse output function in which the pulse output level is activated by software and inactivated by hardware

(an interrupt request signal). Control can be performed for the timer output pins (TOO0, TO1) independently.

Caution The software triggered one-shot pulse output function is different in nature from the one-shot timer

function of timer/event counter 2.
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(5) External event counter
Counts the clock pulses input from the external interrupt request input pin (INTP3).
The clocks that can be input to timer/event counter O are shown in Table 9-4.

Table 9-4. Timer/Event Counter 0 Pulse Width Measurement Time

When Counting One Edge When Counting Both Edges
Maximum frequency fouk/6 (2.10 MHz) fouk/6 (2.10 MHz)
Minimum pulse width 3ffck (0.24 ps) 3/fek (0.24 ps)
(High and low levels)

( ): When fck = 12.58 MHz
9.2 Configuration
Timer/event counter O consists of the following registers:
e Timer counter (TMQ) x 1
« Compare register (CR00, CR01) x 2

e Capture register (CR02) x 1

The block diagram of timer/event counter O is shown in Figure 9-1.
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Timer counter 0 (TMO)

TMO is a timer counter that counts up using the count clock specified by the low-order 4 bits of prescaler mode register O
(PRMO).

The count operation is stopped or enabled by means of timer control register 0 (TMCO).

TMO can be read only with a 16-bit manipulation instruction. When RESET is input, TMO is cleared to 0000H and the count

is stopped.

Compare registers (CRO0/CRO01)

CRO00 and CRO01 are 16-bit registers that hold the values that determine the interval timer frequency.

If the CROO/CRO01 contents match the contents of TMO, an interrupt request (INTCOO/INTCO1) and timer output control
signal are generated. Also, the count value can be cleared by a content match (CRO1).

CRO00 and CRO01 can be read or written with a 16-bit manipulation instruction. The contents of these registers are undefined
after RESET input.

Capture register (CR02)

CRO02 is a 16-hit register that captures the contents of TMO.

The capture operation is synchronized with the input of a valid edge (capture trigger) on the external interrupt request input
pin (INTP3). The contents of the CR02 are retained until the next capture trigger is generated.

CRO02 can be read only with a 16-bit manipulation instruction. The contents of this register are undefined after RESET input.

Edge detection circuit

The edge detection circuit detects an external input valid edge.

When the valid edge set by external interrupt mode register 1 (INTM1) is detected in the INTP3 pin input, the external
interrupt request (INTP3), a capture trigger, and a external event count clock are generated (see Figure 22-2 for details
of the INTM1).

Output control circuit

Itis possible to invert the timer output when the compare register (CR00, CRO01) register contents and the contents of the
timer counter (TMO) match. A square wave can be output from the timer output pins (TO0/TO1) in accordance with the
setting of the low-order 4 bits of the timer output control register (TOC). At this time, PWM output or PPG output can be
performed according to the specification of capture/compare control register 0 (CRCO).

In addition, one-shot pulse output can also be performed by means of a software trigger.

Timer output can be disabled/enabled by means of the TOC. When timer output is disabled, a fixed level is output to the
TOO and TOL1 pins (the output level is set by the TOC).

Prescaler
The prescaler generates the count clock from the internal system clock. The clock generated by this prescaler is selected
by the selector, and is used as the count clock by the timer counter 0 (TMO) to perform count operations.

Selector

The selector selects a signal resulting from dividing the internal clock or the edge detected by the edge detection circuit as
the count clock of timer counter 0 (TMO).
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9.3 Timer/Event Counter 0 Control Registers

(1) Timer control register 0 (TMCO)

The timer/event counter 0 TMO count operation is controlled by the low-order 4 bits in the TMCO (the high-order 4 bits control

the count operation of the TM3/TM3W of the timer 3).

TMCO can be read or written to with an 8-bit manipulation instruction or bit manipulation instruction. The format of TMCO

is shown in Figure 9-2.
RESET input clears TMCO to 00H.

Figure 9-2. Timer Control Register 0 (TMCO0) Format

@ 6 5 4 @ @ 1 0 Address  After reset R/W
TMCO | CE3 0 0 BW3 | CEO | OVFO 0 0 OFF5DH 00H R/W
\ ! ! |
OVFO0 TMO Overflow Flag
0 No overflow
1 Overflow (count up from FFFFH to 0000H)
CEO TMO Count Operation Control
0 Count operation stopped with count
cleared
1 Count operation enabled

Countrols count operation of the TM3/TM3W of the
timer 3 (see Figure 12-2).

Remark The OVFO bit is reset by software only.
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(2) Prescaler mode register 0 (PRMO)
The count clock of the timer/event counter 0 TMO is specified by the low-order 4 bits of PRMO (the high-order 4 bits specify
the count clock of the timer 3, TM3/TM3W).
PRMO can be read/written with an 8-bit manipulation instruction. The format of PRMO is shown in Figure 9-3.
RESET input sets PRMO to 11H.

Figure 9-3. Prescaler Mode Register 0 (PRMO) Format

7 6 5 4 3 2 1 0 Address After reset R/W
PRMO | PRS3 | PRS2 | PRS1 | PRSO |[PRS03|PRS02|PRS01|PRS00| OFF5CH 11H R/W
\ \ \ | \ \ \ |
(fxx = 12.58 MHz)
PRS03|PRS02|PRS01|PRSO00| Timer/Event Counter 0 TMO Count
Clock Specification
Count Clock [Hz] Resolution
Specification [ us]
0 0 0 0 | Setting prohibited -
0 0 0 1 | fxx/4 0.32
0 0 1 0 |fxx/8 0.64
0 0 1 1 |fxx/16 1.27
0 1 0 0 fxx/32 2.54
0 1 0 1 |fxx/64 5.09
0 1 1 0 fxx/128 10.17
0 1 1 1 fxx/256 20.35
1 0 0 0 |fxx/512 40.70
1 0 0 1 |fxx/1,024 81.40
1 1 1 1 External clock (INTP3) -
Other than the above Setting prohibited
Specifies count clock of the TM3/TM3W of the timer 3
(see Figure 12-3).

Remark fxx: X1 input frequency or oscillation frequency

222 Preliminary User's Manual U13987EJ1VOUMO0



CHAPTER 9 TIMER/EVENT COUNTER 0

(3) Capture/compare control register 0 (CRCO)
CRCO specifies the enabling conditions for the TMO clear operation by a match signal between the contents of the compare
register (CRO1) and the timer counter 0 (TMO) counter value, and the timer outputs (TO0/TO1) mode.
CRCO can be read/written with an 8-bit manipulation instruction. The format of CRCO is shown in Figure 9-4.
RESET input sets CRCO to 10H.

Figure 9-4. Capture/Compare Control Register 0 (CRC0) Format

7 6 5 4 3 2 1 0 Address  After reset R/W
CRCO [ MOD1|MODO| 0 1 |[CLRO1| © 0 0 | OFF30H 10H RIW
\
\
MOD1 | MODO | CLRO1 Timer Output TMO Clear
Mode Specification Opration
when
TOO TO1 TMO = CRO1
0 0 0 | Toggle output | Toggle output | Disabled
0 0 1 | Toggle output | Toggle output Enabled
0 1 0 PWM output | Toggle output | Disabled
0 1 1 Setting prohibited
1 0 0 PWM output ‘ PWM output ‘ Disabled
1 0 1 Setting prohibited
1 1 0 Setting prohibited
1 1 1 PPG output ‘ Toggle output ‘ Enabled
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(4) Timer output control register (TOC)
TOC is an 8-bit register that controls the active level of timer output and output enabling/disabling.
The operation of the timer output pins (TOO0/TO1) by the timer/event counter 0 is controlled by the low-order 4 bits (the high-
order 4 bits control the operation of the timer output pins (TO2/TO3) by the timer/event counter 2).

TOC can be written to or read with an 8-bit manipulation instruction or bit manipulation instruction. The format of TOC is
shown in Figure 9-5.

RESET input clears TOC to O0H.

Figure 9-5. Timer Output Control Register (TOC) Format

@ 6 @ 4 @ 2 @ 0 Address  After reset R/W

TOC |ENTO3| ALV3 |[ENTO2| ALV2 |[ENTO1| ALV1 |[ENTOO| ALVO | OFF31H 00H R/IW
\ \ \ |
ALVO TOO Pin Active Level
Toggle output specifica- PWM/PPG
tion or one-shot pulse output
output specificaton specification
0 Low level High level
1 High level Low level

ENTOO TOO Pin Operation Specification

0 ALVO output

1 Pulse output enabled
ALV1 TO1 Pin Active Level
Toggle output specifica- PWM/PPG
tion or one-shot pulse output
output specificaton specification
0 Low level High level
1 High level Low level

ENTO1 TOL1 Pin Operation Specification

0 ALV1 output

1 Pulse output enabled

Countrol timer output pins (TO2/TO3) by timer/
event counter 2 (see Figure 11-5).
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(5) One-shot pulse output control register (OSPC)
OSPC is an 8-bit register that specifies enabling/disabling of one-shot pulse output by a software trigger and the output
level, etc.
OSPC can be read or written to with an 8-bit manipulation instruction or bit manipulation instruction.
The format of OSPC is shown in Figure 9-6.
RESET input clears OSPC to 00H.

Figure 9-6. One-Shot Pulse Output Control Register (OSPC) Format

@ @ 5 4 @ @ 1 0 Address  After reset R/W

OSPC | ST1 RT1 0 0Ss1 STO RTO 0 OS0 | OFF7DH 00H R/W
L L] L

0S0 TOO Pulse Output Type Selection

0 Toggle output/PWM output/PPG output
selectable

1 Software triggerd one-shot pulse selectable

STO RTO TOO Output Control
0 0 Output not changed
0 1 Inactive level output to TOO
1 0 Active level output to TOO
1 1 Setting prohibited

0s1 TOL1 Pulse Output Type Selection

0 Toggle output/PWM output/PPG output
selectable

1 Software triggerd one-shot pulse output

ST1 RT1 TO1 Output Control
0 0 Output not changed
0 1 Inactive level output to TO1
1 0 Active level output to TO1
1 1 Setting prohibited

Remarks 1. The RTO, STO, RT1, and ST1 bits are write-only, and show a value of “0” if read.
2. Pinpulse outputdisabling/enabling and active level setting are performed by means of the timer output control
register (TOC).
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9.4 Timer Counter 0 (TMO) Operation

9.4.1 Basic operation

In the timer/event counter O count operation, an count-up is performed using the count clock specified by the low-order 4 bits
of prescaler mode register 0 (PRMO).

Count operation enabling/disabling is controlled by bit 3 (CEO) of timer control register 0 (TMCO0). When the CEO bit is set
(to 1) by software, the contents of TMO are cleared to 0000H on the first count clock, and then the count-up operationis performed.

When the CEO bit is cleared (to 0), TMO becomes 0000H immediately, and capture operations and match signal generation
are stopped.

If the CEO hit is set (to 1) again when it is already set (1), TMO continues the count operation without being cleared.

If the count clock is input when TMO is FFFFH, TMO becomes 0000H. In this case, OVFO bit is set (to 1) and an overflow
signal is sent to the output control circuit. OVFO bit is cleared by software only. The count operation is continued.

When RESET is input, TMO is cleared to 0000H, and the count operation is stopped.
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Figure 9-7. Basic Operation of Timer Counter 0 (TMO)
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9.4.2 Clear operation

(1) Clear operation after a match with the compare register
The timer counter 0 (TMO) can be cleared automatically after a match with the compare register (CR01). When a clearance
source arises, TMO 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 9-8. TMO Clearance by Match with Compare Register (CR01)

Count clock | | | | | |
TMO n-1 X n 0 X 1

Compare register
(CRO1)

A AN
TMO and CRO1 match Cleared here

(2) Clear operation by the CEO bit of the timer control register 0 (TMCO)
The timer counter 0 (TMO) is also cleared when the CEO bit of TMCO is cleared (to 0) by software. The clear operation is
performed immediately after clearance (to 0) of the CEO bit.
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Figure 9-9. Clear Operation when CEO Bit is Cleared (0)

(a) Basic operation

oo Q0 QL]

CEO

(b) Restart before count clock input after clearance

Count lock H _| H H
TMOMXEXooXle

CEO

-

If the CEO bit is set (to 1) before this count clock, the count starts from 0 on the count clock.

(c) Restart after count clock input after clearance

S
SHES £ 0 i 0 i

CEO

——

If the CEO bit is set (to 1) from this count clock onward, the count starts from 0
on the count clock after the CEO bit is set (to 1).
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9.5 External Event Counter Function

The timer/event counter O can count clock pulses input from the external interrupt request input pin (INTP3).
No special selection method is needed for the external event counter operation mode. When the timer counter 0 (TMO) count
clock s specified as external clock input by the setting of the low-order 4 bits of prescaler mode register 0 (PRMO), TMO operates

as an external event counter.

The maximum frequency of external clock pulses that can be counted by TMO as the external event counter is 2.10 MHz (fcix
=12.58 MHz) irrespective of whether only one edge or both edges are counted on INTP3 input.

The pulse width of the INTP3 input must be at least 3 system clocks (0.24 us: fcik = 12.58 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/event counter O external event counter timing is shown in Figure 9-10.

Figure 9-10. Timer/Event Counter 0 External Event Count Timing

(1) Counting one edge (maximum frequency =f  cL«/6)

3/feik (MIN.) 3/fek (MIN.)

6/fcik (MIN.)

INTP3

_

N

2-3/fcik

TMO Dn >< Dn+1 >< Dn+2 X

Dn+3

Remark ICI: INTP3 input signal after passing through edge detection circuit

(2) Counting both edges (maximum frequency =f  cik/6)

3/fck (MIN.)

3/fcik (MIN.)

6/fcik (MIN.)

-

2-3/fcik

Ay

TMO Dn >< Dn+1 >< Dn+2 >< Dn+3 >< Dn+4

7
A

Remark ICI: INTP3 input signal after passing through edge detection circuit
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The TMO count operation is controlled by the CEO bit of the timer control register 0 (TMCO) in the same way as with basic
operation.

When the CEOQ bitis set (to 1) by software, the contents of TMO are set to 0000H and the count-up is started on the initial count
clock.

Whenthe CEOQbitis cleared (to 0) by software during a TMO count operation, the contents of TMO are setto 0000H immediately
and the stopped state is entered. The TMO count operation is not affected if the CEO bit is set (to 1) by software again when
it is already set (to 1).

Caution When timer/event counter 0 is used as an external event counter, it is not possible to distinguish between
the case where thereis novalid edge input at all and the case where there is a single valid edge input, using
the timer counter 0 (TMO) alone (see Figure 9-11), since the contents of TMO are 0 in both cases. Ifitis
necessary to make this distinction, the INTP3 interrupt request flag should be used. An example is shown
in Figure 9-12.

Figure 9-11. Example of the Case where the External Event Counter does Not Distinguish between One
Valid Edge Input and No Valid Edge Input

INTP3 ‘

TMO 0 X 0 X 1 X 2
A
No distinction made
AN
Count start
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Figure 9-12. To Distinguish whether One or No Valid Edge has been Input with External Event Counter

(a) Processing when count is started

( Start count )

Clear INTP3 interrupt
request flag
PIF3 - 0

Start count ; SetCEOto 1
CEO -~ 1

|
= D

(b) Processing when count value is read

( Count value read )

Read TMO contents

; Clear PIF3t0 0

AX « TMO
_ YES
AX=0? ; Check TMO value
If 0, check interrupt
NO request flag
YES PIF3 =17

; Check PIF3 contents
If 1, there is a valid

AX « AX+1 edge

( End ) ; Number of input valid edges is set in AX register
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9.6 Compare Register and Capture Register Operation

9.6.1 Compare operations

Timer/event counter 0 performs compare operations in which the value setin compare registers (CR00, CR01) are compared
with the timer counter 0 (TMO) count value.

If the count value of TMO matches the preset CROn (n =0, 1) value as the result of the count operation, a match signal is sent
to the output control circuit, and at the same time an interrupt request (INTCOO/INTCO1) is generated.

After a match with the CRO1 value, the TMO count value can be cleared, and the timer functions as an interval timer that
repeatedly counts up to the value set in the CRO1.

Figure 9-13. Compare Operation

FFFFH FFFFH
T™MO
Count value
value CRO1 value
CROO value CROO value
OH ' {
N ! \
Countstart ~ Match Match Match Match
CEO ~ 1
INTCOO0
interrupt request
INTCO1
interrupt request
OVFO0

Cleared by software

Remark CLR01=0
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Figure 9-14. TMO Clearance After Match Detection

CRO1 CRO1
T™MO CROO CROO
Count value
OH
AN A A
Count start Clear Clear
CEO - 1

INTCO0
interrupt request

INTCO1
interrupt request

Remark CLR01=0
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9.6.2 Capture operations

Timer/event counter 0 performs capture operations in which the timer counter 0 (TMO) count value is fetched into the capture
register in synchronization with an external trigger, and retained there.

Avalid edge detected from the input of the external interrupt request input pin (INTP3) is used as the external trigger (capture
trigger). The count value of TMO in the process of being counted is fetched into the capture register (CR02) in synchronization
with the capture trigger, and is retained there. The contents of the CR02 are retained until the next capture trigger is generated.

The capture trigger valid edge is set by means of external interrupt mode register 1 (INTM1). If both rising and falling edges
are set as capture triggers, the width of pulses input from off-chip can be measured. Also, if a capture trigger is generated by
a single edge, the input pulse cycle can be measured.

See Figure 22-2 for details of the INTM1.

Figure 9-15. Capture Operation

FEFFH

i

T™MO
count value

DO D2

OH
A

Count start
CEO ~ 1

INTP3
pin input

INTP3
interrupt request

Capture register
(CRO2)

DO D1 D2

OVFO

Remark Dn: TMO countvalue (n=0, 1, 2, ...)
CLRO1=0
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9.7 Basic Operation of Output Control Circuit

The output control circuit controls the timer output pin (TO0/TO1) levels by means of overflow signals or match signals from
the compare registers (CR00, CR01). The operation of the output control circuitis determined by the timer output control register
(TOC), capture/compare control register 0 (CRCO0), and the one-shot pulse output control register (OSPC) (see Table 9-5).

When TOO, TO1 signals are output to a pin, the relevant pin must be in control mode in the port 3 mode register (PMC3).
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Table 9-5. Timer Output (TOO/TO1) Operations

TOC OSPC CRCO TO1 TOO
ENTO1 | ALV1 ENTOO | ALVO 0Os1 0OS0 MOD1 MODO |CLRO1
0 0/1 0 0/1 X X X X X High/low level fixed High/low level fixed
0 0/1 1 0/1 X 0 0 0 X High/low level fixed Toggle output (active-low/high)
0 0/1 1 0/1 X 0 0 1 0 High/low level fixed PWM output (active-high/low)
0 0/1 1 0/1 X 0 1 0 0 High/low level fixed PWM output (active-high/low)
0 0/1 1 0/1 X 0 1 1 1 High/low level fixed PPG output (active-high/low)
0 0/1 1 0/1 X 1 X X X High/low level fixed One-shot pulse output (active-low/high)
1 0/1 0 0/1 0 X 0 X X Toggle output (active-low/high) High/low level fixed
1 0/1 0 0/1 0 X 1 0 0 PWM output (active-high/low) High/low level fixed
1 0/1 0 0/1 0 X 1 1 X Toggle output (active-low/high) High/low level fixed
1 0/1 0 0/1 1 X X X X One-shot pulse output (active-low/high) High/low level fixed
1 0/1 1 0/1 0 0 0 0 X Toggle output (active-low/high) Toggle output (active-low/high)
1 0/1 1 0/1 0 0 0 1 0 Toggle output (active-low/high) PWM output (active-high/low)
1 0/1 1 0/1 0 0 1 0 0 PWM output (active-high/low) PWM output (active-high/low)
1 0/1 1 0/1 0 0 1 1 1 Toggle output (active-low/high) PPG output (active-high/low)
1 0/1 1 0/1 0 1 0 X X Toggle output (active-low/high) One-shot pulse output (active-low/high)
1 0/1 1 0/1 0 1 1 0 0 PWM output (active-high/low) One-shot pulse output (active-low/high)
1 0/1 1 0/1 0 1 1 1 1 Toggle output (active-low/high) One-shot pulse output (active-low/high)
1 0/1 1 0/1 1 0 0 0 X One-shot pulse output (active-low/high) Toggle output (active-low/high)
1 0/1 1 0/1 1 0 0 1 0 One-shot pulse output (active-low/high) PWM output (active-high/low)
1 0/1 1 0/1 1 0 1 0 0 One-shot pulse output (active-low/high) PWM output (active-high/low)
1 0/1 1 0/1 1 0 1 1 1 One-shot pulse output (active-low/high) PPG output (active-high/low)
1 0/1 1 0/1 1 1 X X X One-shot pulse output (active-low/high) One-shot pulse output (active-low/high)
Remarks 1. Inthe ALVn (n =0, 1) columns, the figures on the left and right of the slash (/") correspond to the items on the left and right of the slash in the TOn

(n=0, 1) columns.

2. The “x” mark indicates that the operation is the same for either 0 or 1, but some prohibited combinations are included (see Figure 9-4).

3. Use with combinations not shown in this table is prohibited.
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9.7.1 Basic operation

Setting (to 1) the ENTON (n =0, 1) bit of the timer output control register (TOC) enables timer output (TOn: n=0, 1) to be
varied ata timing in accordance with the settings of MODO, MOD1, and CLRO1 bits of capture/compare control register 0 (CRCO)

and the one-shot pulse output control register (OSPC).

Clearing (to 0) ENTOn sets the TOn to a fixed level. The fixed level is determined by the ALVn (n =0, 1) bit of the TOC. The

level is high when ALVn is 0, and low when 1.

9.7.2 Toggle output

Toggle output is an operation mode in which the output level is inverted each time the compare register (CRO0/CR01) value
coincides with the timer counter 0 (TMO) value. The output level of timer output (TOO) is inverted by a match between CR00

and TMO, and the output level of TO1 is inverted by a match between CR01 and TMO.

When timer/event counter 0 is stopped by clearing (to 0) the CEO bit of the timer control register 0 (TMCO), the inactive level

(ALVn: n =0, 1) is output.

Figure 9-16. Toggle Output Operation

FFFEH FEEFH FFFEH FFEFH FFEFH
TMO
count value
CRO1 value CROL1 value CRO01 value CRO1 value
CRO0O0 value CRO0O0 value CROO0 value CRO0O0 value
OH
ENTOO
A A A
Instruction Instruction Instruction
execution execution execution
TOO output
(ALVO = 1)
ENTO1
A
Instruction
execution
TO1 output
(ALV1=0)
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Table 9-6. TOO, TO1 Toggle Output (f xx =12.58 MHz)

Count Clock Minimum Pulse Width Maximum Interval Time

fxx/4 0.32 us 0.02s
fxx/8 0.64 us 0.04 s
fxx/16 1.27 us 0.08 s
fxx/32 2.54 us 0.17s
fxx/64 5.09 us 0.33s
fxx/128 10.17 us 0.67 s
fxx/256 20.35 us 1.33s
fxx/512 40.70 us 2.67s
fxx/1,024 81.40 us 5.33s
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9.7.3 PWM output

(1) Basic operation of PWM output
In this mode, a PWM signal with the period in which timer counter 0 (TMO) reaches a full count used as one cycle is output.
The timer output (TOO) pulse width is determined by the value of compare register (CR00), and the timer output (TO1) pulse
width is determined by the value of compare register (CR01). When this function is used, the CLRO1 bit of capture/compare
control register 0 (CRCO0) must be set to 0.
The pulse cycle and pulse width are as shown below.

* PWM cycle = 65,536 x x/fxx
« PWM pulse width = CROn x x/fxxN°; x = 4, 8, 16, 32, 64, 128, 256, 512, 1,024

Note 0 cannot be set in the CROn.

PWM pulse width _ CROn
PWM cycle 65,536

e Duty =

Remark n=0,1
Figure 9-17. PWM Pulse Output

FEEFH FEFFH FFEFH
croo ]

CRO0O
Timer count CROQ

OH e

Interrupt

TOO

Pulse
™ width ~ 7

~—— Pulse cycle —~—Pulse cycle —

~— Pulse width —-

Remark ALV0O=0

Table 9-7. TOO, TO1 PWM Cycle (f xx = 12.58 MHz)

Count Clock Minimum Pulse Width [us] PWM Cycle [s] PWM Frequency [Hz]
fxx/4 0.32 0.02 47.6
fxx/8 0.64 0.04 23.8
fxx/16 1.27 0.08 12.0
fxx/32 2.54 0.17 6.0
fxx/64 5.09 0.33 3.0
fxx/128 10.17 0.67 1.5
fxx/256 20.35 1.33 0.7
fxx/512 40.70 2.67 0.4
fxx/1,024 81.40 5.33 0.2
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Figure 9-18 shows an example of 2-channel PWM output, and Figure 9-19 shows the operation of the case where FFFFH
is set in the CROO0.

Figure 9-18. Example of PWM Output Using TMO

FFFFH FFFFH FFFFH
/ / CRO1
CRO1 4////
TMO CROO
count value CROO
CROO

OH
INTCOO
INTCO1
TOO
TO1l

Remark ALVO=0,ALV1=0

Figure 9-19. Example of PWM Output when CR00 = FFFFH

FFFFH FFFFH FFFFH
FFFEH FFFEH

e

L

Count clock cycle T
T™MO
count value | 2

INTCO0 . N

OVF flag

o0 | . i

<444444447PubevﬂdmA44444444++<7Tg>

. 65,535 _ .
Duty = 2’232 * 100 = 99.998 (%)

~— Pulse cycle = 65,536 T ————™

Remarks 1. ALV0O=0
2. T=x/fxx (x =4, 8, 16, 32, 64, 128, 256, 512, 1,024)
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(2) Rewriting compare registers (CR00, CR01)
The output level of the timer output (TOn: n =0, 1) does not change even if the CROn (n = 0, 1) value matches the timer
counter 0 (TMO) value more than once during one PWM output cycle.

Figure 9-20. Example of Compare Register (CR00) Rewrite

FFFFH FFEFH

* s <

\

T™MO /
count value T1 T1 T1
OH
CROO T1 T2
TOO
A
CROO
rewrite

A
CRO00 and TMO values match, but TOO does not change here.
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If a value smaller than that of the TMO is set as the CROn value, a 100% duty PWM signal will be output. CROnN rewriting should
be performed by the interrupt due to a match between TMO and the CROn on which the rewrite is performed.

Figure 9-21. Example of 100% Duty with PWM Output

FFFFH FFFFH FFEFH FFEFH
nl /
nl
TMO
count value n3
n2 n2 n2
OH
CROO nl n2
TOO

Remark ALV0O=0

A
When value n2 which is smaller than the TMO value n3 is
written to CROO, the duty of this period will be 100%.
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(3) Stopping PWM output
If timer/event counter O is stopped by clearing (to 0) the CEO bit of the timer control register 0 (TMCO) during PWM signal
output, the active level is output.

Figure 9-22. When Timer/Event Counter 0 is Stopped During PWM Signal Output

FFFFH FFFFH
4
I'I
4 1
’ 1
e !
CROO CR007'* ,
TMO L, !
count value :
1
1
1
1
1
OH
- -
TOO :
1

Remark ALVO=1
Caution The output level of the TOn (n =0, 1) pin when timer output is disabled (ENTOn =0: n =0, 1) is the inverse

of the value setin ALVn (n=0, 1) bit. Caution is therefore required as the active level is output when timer
output is disabled when the PWM output function has been selected.
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9.7.4 PPG output

(1) Basic operation of PPG output
This function outputs a square-wave with the time determined by compare register CRO1 value as one cycle, and the time
determined by compare register CR0O value as the pulse width. The PWM cycle output by the PWM is made variable. This
signal can only be output from the timer output (TOO).
When this function is used, the CLROL1 bit of capture/compare control register 0 (CRCO0) must be set to 1.
The pulse cycle and pulse width are as shown below.

e PPG cycle = (CRO1 + 1) x x/fxx; x = 4, 8, 16, 32, 64, 128, 256, 512, 1,024
e PPG pulse width = CROO x x/fxx
where 1 < CR00 < CRO1
PPG pulse width CROO

. Duty = =
PPG cycle CRO1+1

Figure 9-23 shows an example of PPG output using timer counter 0 (TMO), Figure 9-24 shows an example of the case where
CRO00 = CRO1.

Figure 9-23. Example of PPG Output Using TMO

CRO1 CRO1 CRO1
T™MO
count value —~CRO0 CROO CROO
Count TV
OH
INTCO00
INTCO1
TOO — ) (
(PPG output) chli?ﬁ
wi
TO1

(timer output)

~——Pulse cycle—

Remark ALV0O=0,ALV1=0
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Table 9-8. TOO PPG Output (f xx = 12.58 MHz)

Count Clock Minimum Pulse Width [us] PPG Cycle PPG Frequency
fxx/4 0.32 0.64 us to 20.84 ms 1572 kHz to 48.0 Hz
fxx/8 0.64 1.27 usto 41.68 ms 786 kHz to 24.0 Hz
fxx/16 1.27 2.54 us to 83.35 ms 393 kHz to 12.0 Hz
fxx/32 2.54 5.09 us to 166.71 ms 197 kHz to 6.0 Hz
fxx/64 5.09 10.17 us to 333.41 ms 98.3 kHz to 3.0 Hz
fxx/128 10.17 20.35 us to 666.82 ms 49.1 kHz to 1.5 Hz
fxx/256 20.35 40.70 usto 1.33 s 24.6 kHz t0 0.7 Hz
fxx/512 40.70 81.40 usto 2.67 s 12.3 kHz t0 0.4 Hz

fxx/1,024 81.40 162.80 ust0 5.33 s 6.1 kHz to 0.2 Hz

Figure 9-24. Example of PPG Output when CR0O0O = CR01

n
| n-1 n-1
Countcycle T
TMO
count value 2 2
1 1
0 0 0 I
INTCOO0
| |
INTCO1 ( f|>-| { fﬂ
1y L

TOO

~————Pulse width = nT 4>‘

-«——Pulse cycle = (n+1) T

Remark ALV0O=0
T = x/fxx (x = 4, 8, 16, 32, 64, 128, 256, 512, 1,024)
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(2) Rewriting compare register (CR00)

The output level of the timer output (TOO) does not change even if the CRO0 value matches the timer counter 0 (TMO) value

more than once during one PPG output cycle.

Figure 9-25. Example of Compare Register (CR00) Rewrite

CRO1 CRO1

e pd
TMO /
T1 T1 T1

count value
OH
CRO00 T1 T2
TOO | |
A
CROO
rewrite

A
CRO00 and TMO values match, but TOO does not change here.

Remark ALVO=1
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If a value equal to or less than the TMO value is written to CR0O0 before the compare register (CR00) and timer counter O

(TMO) match, the duty of the PPG cycle will be 100%. CROO rewriting should be performed by the interrupt due to a match
between TMO and CROO.

Figure 9-26. Example of 100% Duty with PPG Output

CRO1 CRO1 CRO1 CRO1
nl /
T™O nl
count value n3
n2 n2 n2
OH
CROO nl n2
TOO
A

When value n2 which is smaller than the TMO value n3

is written to CROO here, the duty of this period will be 100%.
Remark ALV0O=0

Caution If the PPG cycle is extremely short as compared with the time required to acknowledge an interrupt, the

value of CR0O cannot be rewritten by interrupt processing that is performed on coincidence between TMO

and CR00. 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 (CR01)

If the current value of the CRO1 is changed to a smaller value, and the CRO1 value is made smaller than the timer counter
0 (TMO) value, the PPG cycle at that time will be extended to the time equivalent to a full-count by TMO. If CRO1 is rewritten
after the compare register (CR00) and TMO match, the output level at this time will be the inactive level until TMO overflows
and becomes 0, and will then return to normal PPG output.

If CRO1 is rewritten before CR0O0 and TMO match, the active level will be output until CRO0 and TMO match. If CR0O0 and
TMO match before TMO overflows and becomes 0, the inactive level is output at that point. When TMO overflows and
becomes 0, the active level will be output, and normal PPG output will be restored. CRO1 rewriting should be performed
by the interrupt due to a match between TMO and CRO1, etc.

Figure 9-27. Example of Extended PPG Output Cycle

Full count value —

e

n3
n5 /
TMO n2 n2——
count value /
n4
OH
’
CROO n3 (‘ n4
CRO1 nl n2
TOO

A
If CRO0O and TMO match, TOO enters

When value n2 which is smaller than the J the inactive level. Otherwise, it

TMO value n5 is written to CRO1 here, remains at the active level.

the PPG cycle is extended.

Remark ALVO=1
Caution If the PPG cycle is extremely short as compared with the time required to acknowledge an interrupt, the
value of CR0O1 cannot be rewritten by interrupt processing that is performed on coincidence between the

timer counter 0 (TMO) and compare register (CR01). 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/event counter 0O is stopped by clearing (to 0) the CEO bit of the timer control register 0 (TMCO) during PPG signal
output, the active level is output irrespective of the output level at the time it was stopped.

Figure 9-28. When Timer/Event Counter 0 is Stopped During PPG Signal Output

CRO1 CRO1

S

’ 1

l' !

’ 1

CRO0O CROO'*,’* ,

TMO ’ !
count value !
:

1

1

1

OH 1
H

TOO : :

1 1

Caution The output level of the TOn (n =0, 1) pin when timer output is disabled (ENTOn=0: n=0, 1) is the inverse
of the value setin ALVn (n=0, 1) bit. Caution is therefore required as the active level is output when timer
output is disabled when the PPG output function has been selected.
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9.7.5 Software triggered one-shot pulse output

In the software triggered one-shot pulse output mode, a one-shot pulse is output by software.

When the STn (n = 0, 1) bit of the one-shot pulse output control register (OSPC) is set (1), timer output pin (TOn: n=0, 1)
is set to the active level. TOn then remains at the active level until the timer counter 0 (TMO) value and the compare register
(CRON: n=0, 1) value match, at which point TOn changes to the inactive level. TOn then remains at the inactive level until the
STn bitis set again. TOn can also be set to the inactive level by setting (to 1) the RTn bit (n = 0, 1), and in the same way, TOn
remains at the inactive level until the STn bit is set again.

TOO and TO1 can be controlled independently.

An example of software triggered one-shot pulse output is shown in Figure 9-29.

When timer/event counter 0 is stopped by clearing (to 0) the CEO bit of the TMCO, the level at the time was stopped is retained.

Figure 9-29. Example of Software Triggered One-Shot Pulse Output

FFFFH
Software trigger
Count start
OH l

STO —|

INTCOO0 |_| |_|
ALVO / \ \
,/ “1" )
TOO Active period ————— Inactive level output

Caution “1” should not be written to STn and RTn simultaneously.
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9.8 Examples of Use

9.8.1 Operation as interval timer (1)

When timer counter 0 (TMO) is made free-running and a fixed value is added to the compare register (CROn: n =0, 1) in the
interrupt service routine, TMO operates as an interval timer with the added fixed value as the cycle (see Figure 9-30).

This interval timer can count within the range shown in Table 9-1 (internal system clock fxx = 32 MHz).

Since TMO has two compare registers, two interval timers with different cycles can be constructed.

The control register settings are shown in Figure 9-31, the setting procedure in Figure 9-32, and the processing in the interrupt
service routine in Figure 9-33.

Figure 9-30. Interval Timer Operation (1) Timing

FFFFH FFFFH
MOD (3n) /]

T™MO

count value
MOD (2n),

OH

A
Timer start

Compare register

(CRO0O) n >< MOD (2n) >< MOD (3n) ><MOD(4n)

) INTC0O Rewritten by Rewritten by Rewritten by
Interrupt request interrupt program interrupt program interrupt program
Interval Interval Interval

Remark Interval = n x 4/fxx, 1 < n < FFFFH
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Figure 9-31. Control Register Settings for Interval Timer Operation (1)

Capture/compare control register 0 (CRCO)

CRCO 0 0 0 1 0 0 0 0

TMO clearing disabled

TOO & TO1 both toggle outputs

Figure 9-32. Interval Timer Operation (1) Setting Procedure

C Interval timer (1) )
l

Set count value in CR0O0
CROO « n

Set CRCO
CRCO ~ 10H

Start count ; Set 1 in bit 3 of TMCO
CEO - 1

=

Figure 9-33. Interval Timer Operation (1) Interrupt Request Servicing

( INTCOO interrupt )

Calculate timer value that will
generate next interrupt
CROO ~ CROO+n

INTCOO interrupt

Other interrupt service program
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9.8.2 Operation as interval timer (2)

TMO operates as an interval timer that generates interrupts repeatedly with the preset count time as the interval (see Figure
9-34).

This interval timer can count within the range shown in Table 9-1 (internal system clock fxx = 32 MHz).

The control register settings are shown in Figure 9-35, and the setting procedure in Figure 9-36.

Figure 9-34. Interval Timer Operation (2) Timing

TMO
count value

OH

Count start Clear Clear

Compare register
(CRO1) n

INTCO1
interrupt request

Interrupt acknowledged Interrupt acknowledged

~~——— Interval Interval

Remark Interval = (n + 1) x 4/fxx, 0 < n < FFFFH
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Figure 9-35. Control Register Settings for Interval Timer Operation (2)

Capture/compare control register 0 (CRCO)

CRCO 0 0 0 1 1 0 0 0

TMO cleared by match of CR0O1 & TMO contents

TOO & TO1 both toggle outputs

Figure 9-36. Interval Timer Operation (2) Setting Procedure

C Interval timer (2) )
l

Set count value in CR0O1
CRO1 <« n

Set CRCO
CRCO ~ 18H

Start count ; Set 1in bit 3 of TMCO
CEO - 1

=

INTCOL1 interrupt
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9.8.3 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 (INTP3) is measured.

Both the high-level and low-level widths of pulses input to the INTP3 pin must be at least 3 system clocks (0.24 us: fcik
= 12.58 MHz); if shorter than this, the valid edge will not be detected and a capture operation will not be performed.

This pulse width measurement can be performed within the range shown in Table 9-3 (fck = 12.58 MHz).

As shown in Figure 9-37, the timer counter 0 (TMO) value being counted is fetched into the capture register (CR02) 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 CR02 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/fxx; x = 4, 8, 16, 32, 64, 128, 256, 512, 1,024).

The control register settings are shown in Figure 9-38, and the setting procedure in Figure 9-39.

Figure 9-37. Pulse Width Measurement Timing

FFFF FFFFH

T™MO
count value D1 D3
DO Df
OH !
A Capture Capture Capture Capture
Count start
INTP3

external input signal

~— (D1-D0) x 8ffxx ——={=(10000H-D1+~{=—(D3-D2) x 8ffxx—

2) x 8ffxx
INTP3
interrupt request

Capture register
(CRO02) DO D1 D2 D3

OVFO0

A
Cleared by software

Remark Dn: TMO countvalue (n=0, 1, 2, ...)
x=4,8, 16, 32, 64, 128, 256, 512, 1,024
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Figure 9-38. Control Register Settings for Pulse Width Measurement

(a) Capture/compare control register 0 (CRCO)

CRCO 0 0 0 1 0 0 0 0

TMO clearing disabled

TOO & TO1 both toggle outputs

(b) External interrupt mode register 1 (INTM1)

7 6 5 4 3 2 1 0

1 1

\_\_—l» Both rising & falling edges

specified as INTP3 input valid edges

INTM1 0 0 x X X X

x: don'’t care

Figure 9-39. Pulse Width Measurement Setting Procedure

( Pulse width measurement )

Set CRCO
CRCO ~ 10H
; Specify both edges as
SetINTM1, INTP3 input valid edges,
Set MKOL . :
release interrupt masking

Initialize capture value buffer memory
Xo « 0

Start count ; Set 1 in bit 3 of TMCO
CEO - 1

Enable interrupt

=

INTP3 interrupt
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Figure 9-40. Interrupt Request Servicing that Calculates Pulse Width

C INTP3 interrupt )

Calculate pulse width
Yn=CR02 — Xn

Store capture value in memory
Xn+1 « CR0O2

i
C =
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9.8.4 Operation as PWM output

In PWM output, pulses with the duty ratio determined by the value set in the compare register (CROn: n =0, 1) are output
(see Figure 9-41).

This PWM output duty ratio can be varied in the range 1/65,536 to 65,535/65,536 in 1/65,536 units.

Since timer counter 0 (TMO) has two compare registers, two different PWM signals can be output.

The control register settings are shown in Figure 9-42, the setting procedure in Figure 9-43, and the procedure for varying
the duty in Figure 9-44.

Figure 9-41. Example of Timer/Event Counter 0 PWM Signal Output

FEEFH FEFFH FEEFH
T™O CRO0 / CROO / CROO /
count value /
OH
A
Timer start

TOO
(When active-low)

Figure 9-42. Control Register Settings for PWM Output Operation

(@) Capture/compare control register 0 (CRCO)

CRCO 1 0 0 1 0 0 0 0

TMO clearing disabled

TOO & TO1 both PWM outputs

(b) Timer output control register (TOC)

7 6 5 4 3 2 1 0

TOC X X X X X X 1 1

L» TOO = active-low PWM signal output

L——— TOO0 PWM output enabled

(c) Port 3 mode control register (PMC3)

PMC3 X X X 1 X X X X

P34 pin set as TOO output
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Figure 9-43. PWM Output Setting Procedure

C PWM output )

Set CRCO
CRCO ~ 90H

Set TOC

Set P34 pin to control mode
PMC3.4 ~ 1

Set initial value in CR00, CR0O1

Start count
CEO ~ 1

; Set bit 3 of TMCO
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Figure 9-44. Changing PWM Output Duty

CDuty change preprocessing)

i

Clear INTCOO interrupt request flag
CIFO0 ~ O

Enable INTCOO interrupts
CMKO00 -~ 0

=

( Duty change processing )

Set duty value in CRO0

Disable INTCOO interrupts
CMKO00 -~ 1

'
C =

; Clear bit 4 of IFOL

; Clear bit 4 of MKOL

INTCOO interrupt

; Set bit 4 of MKOL
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9.8.5 Operation as PPG output

In PPG output, pulses with the cycle and duty ratio determined by the values set in the compare registers (CROn: n=0, 1)
are output (see Figure 9-45).

The control register settings are shown in Figure 9-46, the setting procedure in Figure 9-47, and the procedure for varying
the duty in Figure 9-48.

Figure 9-45. Example of Timer/Event Counter 0 PPG Signal Output

CRO1 CRO1 CRO1
T™MO CRO0 / CROO / CRO00 /
count value /
OH
A
Timer start

TOO
(when active-low)

Figure 9-46. Control Register Settings for PPG Output Operation

(@) Capture/compare control register 0 (CRCO)

CRCO 1 1 0 1 1 0 0 0

= TMO cleared by match of TMO & CRO1

TOO = PPG output

(b) Timer output control register (TOC)

7 6 5 4 3 2 1 0

TOC X X X X X X 1 1

L» TOO = active-low PPG signal output

TOO PPG output enabled

(c) Port 3 mode control register (PMC3)

PMC3 X X X 1 X X X x

P34 pin set as TOO output
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Figure 9-47. PPG Output Setting Procedure

C PPG output )

Set CRCO
CRCO ~ D8H

Set TOC

Set P34 pin to control mode
PMC34 ~ 1

Set cycle in CRO1

Set duty in CR00O

Start count ) )
CEO - 1 ; Set bit 3 of TMCO

Preliminary User's Manual U13987EJ1VOUMO0 263



CHAPTER 9 TIMER/EVENT COUNTER 0

264

Figure 9-48. Changing PPG Output Duty

CDuty change preprocessing)

Clear INTCOO interrupt request flag
CIFO0 ~ 0

Enable INTCOO interrupts
CMKO00 ~ 0

=

C Duty change processing )

|

Set duty value in CR0O0

Disable INTCOO interrupts
CMKOO ~ 1

i
C =

; Clear bit 4 of IFOL

; Clear bit 4 of MKOL

INTCOO interrupt

; Set bit 4 of MKOL
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9.8.6 Example of software triggered one-shot pulse output

Inthe software triggered one-shot pulse output mode, a one-shot pulse is output in response to a trigger activated by software
(see Figure 9-49).

The control register settings are shown in Figure 9-50, and the setting procedure in Figure 9-51.

Figure 9-49. Example of Timer/Event Counter 0 One-Shot Pulse Output

FEFFH FEFFH

TMO
count value
CROO
OH
A
Count start
TOO
A
Set trigger
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Figure 9-50. Control Register Settings for One-Shot Pulse Output

(@) One-shot pulse output control register (OSPC)

7 6 5 4 3 2 1 0

OSPC 0 0 0 X 0 0 0 1

L» TOO = one-shot pulse output

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

CRCO 0 0 0 1 0 0 0 0

TMO clearing disabled

TOO & TO1 both toggle outputs

(c) Timer output control register (TOC)

7 6 5 4 3 2 1 0

TOC X X X X X X 1 1

L» TOO = active-high one-shot pulse
signal output

TOO one-shot pulse output enabled

(d) Port 3 mode control register (PMC3)

PMC3 X X X 1 X X x X

P34 pin set as TOO output
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Figure 9-51. One-Shot Pulse Output Setting Procedure

C One-shot pulse output )

Set OSPC )
0S0 1 ; Set to one-shot pulse output mode

Set CRCO
CRCO ~ 10H

Set P34 pin to control mode
PMC34 -1

Set pulse width in CR00

Start count

CEO . 1 ; Set bit 3 of TMCO

One-shot pulse output
STO « 1
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9.9 Cautions
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)
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While timer/event counter O is operating (while the CEO bit of the timer control register 0 (TMCO) 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 Prescaler mode register 0 (PRMO)
e Capture/compare control register 0 (CRCO0)
< Timer output control register (TOC)

If the contents of the compare register (CROn: n =0, 1) coincide with those of TMO operation when an instruction that stops
timer counter 0 (TMO) 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 OR MKOL, #30H
~ Interrupt request from _ _
OR MKOL, #30H timer/event counter 0 CLR1 CEO - |?|sab|es interrupt from
: oceurs between these CLR1 CIFOO timer/event counter 0

. . CLR1 CIFO1 — Clears interrupt request flag
instructions .

for timer/event counter O

Upto 1 countclock is required after an operation to start timer/event counter 0 (CEO — 1) has been performed before timer/
event counter 0 actually starts (refer to Figure 9-52).

For example, when using timer/event counter 0 as an interval timer, the first interval time is delayed by up to 1 clock. The
second and those that follow are at the specified interval.

Figure 9-52. Operation when Counting is Started

Count clock
TMO 0 X 0 X 1 X 2 X 3
CEO A

Timing to start actual counting

Count start command (CEO — 1) by software
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While an instruction that writes data to the compare register (CROn: n = 0, 1) is executed, coincidence between CROn, to
which the data is to be written, and timer counter O (TMO) is not detected. For example, if the contents of CROn do not change
before and after the writing, the interrupt request is not generated even if the value of TMO coincides with the value of CROn,
nor does the timer output (TOn: n = 0, 1) change.

Write data to CROn when timer/event counter O is executing counting operation, in the timing that the contents of TMO do
not coincide with the value of CROn before and after writing (e.g., immediately after an interrupt request has been generated
because TMO and CROn have coincided).

Coincidence between TMO and compare register (CROn: n =0, 1) is detected only when TMO is incremented. Therefore,
the interrupt request is not generated even if the same value as TMO is written to CROn, and the timer output (TOn: n =0,
1) does not change.

If the PPG cycle is extremely short as compared with the time required to acknowledge an interrupt, the value of the CROn
cannot be rewritten by interrupt processing that is performed on coincidence between TMO and the compare register (CROn:
n=0, 1). Use another method (for example, to poll the interrupt request flags by software with all the interrupts masked).

The output level of the TOn (n = 0, 1) when the timer output is disabled (ENTOn = 0: n = 0, 1) is the reverse value of the
value setto the ALVn (n =0, 1) bit. Note, therefore, that an active level is output when the timer output is disabled with the
PWM output function or PPG output function selected.

When timer/event counter 0 is used as an external event counter, it is not possible to distinguish between the case where
there is no valid edge input at all and the case where there is a single valid edge input, using the timer counter 0 (TMO0)
alone (refer to Figure 9-53), since the contents of TMO are 0 in both cases. If it is necessary to make this distinction, the
INTP3 interrupt request flag should be used. To make a distinction, use the interrupt request flag of INTP3, as shown in
Figure 9-54.

Figure 9-53. Example of the Case where the External Event Counter does Not Distinguish
between One Valid Edge Input and No Valid Edge Input

INTP3

S GECE S €

Cannot be
distinguished

AN
Count start
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Figure 9-54. To Distinguish whether One or No Valid Edge has been Input with External Event Counter

(a) Processing on starting counting

Start count

Clear INTP3
interrupt request flag | ; Clear PIF3to 0
PIF3 - 0

Start count )
CE3 1 ; SetCE3to 1

End

(b) Processing on reading count value

Count value
read

Read TMO contents
AX ~ TMO

; Check TMO value.
If 0, check interrupt
request flag.

; Check PIF3 contents.
If 1, valid edge is input.

End Number of input valid edges is set to AX register
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10.1 Functions

Timer/event counter 1 is 16-bit or 8-bit timer/event counter.
In addition to its basic functions of interval timer, pulse width measurement, and event counter, timer/event counter 1 can

be used as a real-time output port output trigger generation timer.

(1) Interval timer
Generates internal interrupts at preset intervals.

Table 10-1. Timer/Event Counter 1 Intervals

Minimum Interval Maximum Interval Resolution
4/fxx 216 x 4ffxx Affxx
(0.32 us) (20.8 ms) (0.32 us)
8/fxx 216 x 8/fxx 8/fxx
(0.64 us) (41.7 ms) (0.64 us)
16/fxx 216 x 16/fxx 16/fxx
(1.27 ps) (83.4 ms) (1.27 us)
32/fxx 216 x 32/fxx 32/fxx
(2.54 us) (167 ms) (2.54 us)
64/fxx 216 x 64/fxx 64/fxx
(5.09 us) (333 ms) (5.09 us)
128/fxx 216 x 128/fxx 128/fxx
(10.17 us) (667 ms) (10.17 us)
256/fxx 216 x 256/fxx 256/fxx
(20.35 ps) (1.335) (20.35 us)
512/fxx 216 x 512/fxx 512/fxx
(40.70 us) (2.67 s) (40.70 us)
1,024/fxx 216 x 1,024/fxx 1,024/fxx
(81.40 pus) (5.33s) (81.40 us)

(): When fxx = 12.58 MHz
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(2) Pulse width measurement

Detects the pulse width of the signal input to the external interrupt request input pin INTPO.

Table 10-2. Timer/Event Counter 1 Pulse Width Measurement Range

Measurable Pulse WidthNote Resolution
Affxx  to 216 x 4ffxx Affxx
(0.32 us) (20.8 ms) (0.32 us)
8/fxx to 216 x 8/fxx 8/fxx
(0.64 us) (41.7 ms) (0.64 us)
16/fxx to 26 x 16/fxx 16/fxx
(1.27 ps) (83.4 ms) (1.27 ps)
32/fxx  to 216 x 32/fxx 32/fxx
(2.54 us) (167 ms) (2.54 us)
64/fxx to 216 x 64/fxx 64/fxx
(5.09 us) (333 ms) (5.09 us)
128/fxx to 216 x 128/fxx 128/fxx
(10.17 us) (667 ms) (10.17 us)
256/fxx to 216 x 256/fxx 256/fxx
(20.35 us) (1.335) (20.35 us)
512/fxx to 216 x 512/fxx 512/fxx
(40.70 us) (2.67 s) (40.70 us)
1,024/fxx to 216 x 1,024/fxx 1,024/fxx
(81.40 us) (5.33s) (81.40 us)

(): When fxx = 12.58 MHz

Note The minimum pulse width that can be measured changes depending on the sampling clock selected by the sampling
clock selectregister (SCS0). The minimum pulse width that can be measured is the value in the table below or above,
whichever is greater.

at fxx = 12.58 MHz operation
Sampling Clock Minimum Pulse Width
fork fork = fxx 3/fck = 3/fxx (0.24 us)
fork = fxx/2 3/fcik = 6/fxx (0.48 ps)
fork = fxx/4 3/fck = 12/fxx (0.95 us)
fork = fxx/8 3ffcik = 24/fxx (1.19 ps)
fxx/32 96/fxx (7.63 us)
fxx/64 192/fxx (15.26 us)
fxx/128 384/fxx (30.52 us)
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(3) External event counter
Counts the clock pulses input from the external interrupt request input pin (INTPO).
The clocks that can be input to timer/event counter 1 are shown in Table 10-3.

Table 10-3. Timer/Event Counter 1 Pulse Width Measurement Time

(): When fcik = 12.58 MHz and fxx = 12.58 MHz

Sampling ClockNete When Counting One Edge When Counting Both Edges

foik Maximum frequency fek/6 (2.10 MHz) fek/6 (2.10 MHz)
Minimum pulse width 3ffck (0.24 ps) 3/fck (0.24 ps)
(High and low levels)

fxx/32 Maximum frequency fxx/192 (65.52 kHz) fxx/192 (65.52 kHz)
Minimum pulse width 96/fxx (7.63 Ls) 96/fxx (7.63 us)
(High and low levels)

fxx/64 Maximum frequency fxx/384 (32.76 kHz) fxx/384 (32.76 kHz)
Minimum pulse width 192/fxx (15.26 us) 192/fxx (15.26 us)
(High and low levels)

fxx/128 Maximum frequency fxx/768 (16.38 kHz) fxx/768 (16.38 kHz)
Minimum pulse width 384/fxx (30.52 us) 384/fxx (30.52 us)
(High and low levels)

Note Selected by means of the sampling clock selection register (SCSO0)

10.2 Configuration

Timer/event counter 1 consists of the following registers:

¢ Timer counter (TM1/TM1W) x 1
« Compare register (CR10/CR10W) x 1

Capture/Compare register (CR11/CR11W) x 1

e Capture register (CR12/CR12W) x 1

The block diagram of timer/event counter 1 is shown in Figure 10-1.
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Figure 10-1. Timer/Event Counter 1 Block Diagram
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Timer counter 1 (TM1/TM1W)

TM1/TM1W s atimer counter that counts up using the count clock specified by the low-order 4 bits of prescaler mode register
1 (PRM1).

The count operation can be specified to stop or enable, and an 8-bit operation mode (TM1)/16-bit operation mode (TM1W)
can be selected, by means of timer control register 1 (TMC1).

TM1/TM1W can be read only with an 8/16-bit manipulation instruction. When RESET is input, TM1/TM1W is cleared to
00H and the count is stopped.

Compare register (CR10/CR10W)

CR10/CR10W is an 8/16-hit register that holds the value that determines the interval timer operation cycle.

Ifthe contents ofthe CR10/CR10W match the values of TM1/TM1W, aninterrupt request (INTC10) is generated. This match
signal is also a real-time output port trigger signal. Also, the count value can be cleared by a match.

This compare register operates as CR10 in the 8-bit operation mode, and CR10W in the 16-bit operation mode.
CR10/CR10W can be read or written to with an 8/16-bit manipulation instruction. The contents of this register are undefined
after RESET input.

Capture/compare register (CR11/CR11W)

CR11/CR11W is an 8/16-hit register that can be specified as a compare register for detecting a match with the TM1/TM1W
count value or a capture register for capturing the TM1/TM1W count value according to the setting of capture/compare
control register 1 (CRC1).

This capture/compare register operates as CR11 in the 8-bit operation mode, and CR11W in the 16-bit operation mode.
CR11/CR11W can be read or written to with an 8/16-bit manipulation instruction. The contents of this register are undefined
after RESET input.

(@) When specified as compare register
CR11/CR11W functions as an 8/16-bit register that holds the value that determines the interval timer operation cycle.
An interrupt request (INTC11) is generated by a match between the contents of CR11/CR11W and the contents of
TML/TM1W.
Also, the count value can be cleared by a match. This match signal is also a real-time output port trigger signal.

(b) When specified as capture register
CR11/CR11W functions as an 8/16-bit register that captures the contents of TM1/TM1W in synchronization with the
input of a valid edge (capture trigger) on the external interrupt request input pin (INTPO).
The contents ofthe CR11/CR11W are retained until the next capture trigger is generated. TM1/TM1W can be cleared
after a capture operation.

Capture register (CR12/CR12W)

CR12/CR12W is an 8/16-bit register that captures the contents of TM1/TM1W.

The capture operation is synchronized with the input of a valid edge (capture trigger) on the external interrupt request input
pin (INTPO). The contents of the CR12/CR12W are retained until the next capture trigger is generated.

This capture/compare register operates as CR12 in the 8-bit operation mode, and CR12W in the 16-bit operation mode.
CR12/CR12W can be read only with an 8/16-bit manipulation instruction. The contents of this register are undefined after
RESET input.
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Edge detection circuit

The edge detection circuit detects an external input valid edge.

When the valid edge set by external interrupt mode register O (INTMO) is detected in the INTPO pin input, the external
interruptrequest (INTPO), a capture trigger and a count clock of the external event are generated (see Figure 22-1 for details
of the INTMO).

Prescaler
The prescaler generates the count clock from the internal system clock. The clock generated by this prescaler is selected
by the selector, and is used as the count clock by the timer counter 1 (TM1/TM1W) to perform count operations.

Selector

The selector selects a signal resulting from dividing the internal clock or the edge detected by the edge detection circuit as
the count clock of timer counter 1 (TM1/TM1W).

Preliminary User's Manual U13987EJ1VOUMO00O



CHAPTER 10 TIMER/EVENT COUNTER 1

10.3 Timer/Event Counter 1 Control Registers

(1) Timer control register 1 (TMC1)

TMC1 controls the timer/event counter 1, TM1/TM1W, count operation by the low-order 4 bits (the high-order 4 bits control
the count operation of timer/event counter 2 TM2/TM2W).

TMC1 can be read or written to with an 8-bit manipulation instruction or bit manipulation instruction. The format of TMC1
is shown in Figure 10-2.
RESET input clears TMC1 to 00H.

Figure 10-2. Timer Control Register 1 (TMC1) Format

@ @ 5 4 @ @ 1 0 Address  Afterreset R/W

TMC1 | CE2 | OVF2 |[CMD2 | BW2 | CE1 | OVF1 0 BW1 | OFF5FH 00H R/W

BW1 Timer/Event Counter 1 Bit Length
Specification

0 8-bit operating mode

1 16-bit operating mode

OVF1 TM1/TM1W Overflow Flag

0 No overflow

1 OverflowNete

Note In 8-bit operating mode:
count up from FFH to OOH
In 16-bit operating mode:
count up from FFFFH to 0000H

CE1 TM1/TM1W Count Operation Control

0 | Count operation stopped with count cleared

1 | Count operation enabled

Countrols count operation of timer/event counter 2
(TM2/TM2W) (see Figure 11-2).

Remark The OVF1 bit is reset by software only.
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(2) Prescaler mode register 1 (PRM1)
In PRM1, the count clock to timer/event counter 1 TM1/TM1W is specified by the low-order 4 bits (the high-order 4 bits
specify the count clock to timer/event counter 2 TM2/TM2W).
PRM1 can be read or written to with an 8-bit manipulation instruction. The format of PRM1 is shown in Figure 10-3.
RESET input sets PRM1 to 11H.

Figure 10-3. Prescaler Mode Register 1 (PRM1) Format

7 6 5 4 3 2 1 0 Address After reset R/W
PRM1 |PRS23|PRS22|PRS21|PRS20|PRS13|PRS12|PRS11|PRS10[ OFFSEH 11H RIW
\ \ \ | \ \ \ |
E (fxx = 12.58 MHz)
PRS13|PRS12|PRS11|PRS10| Timer/Event Counter 1 (TM1/

TM1W) Count Clock Specification
Count Clock [Hz] Resolution
Specification [ ps]

0 0 0 0 | Setting prohibited -

0 0 0 1 fxx/4 0.64

0 0 1 0 |fxx/8 1.27

0 0 1 1 fxx/16 2.54

0 1 0 0 fxx/32 5.09

0 1 0 1 | fxx/64 10.17

0 1 1 0 |fxx/128 20.35

0 1 1 1 | fxx/256 40.70

1 0 0 0 |fxx/512 81.40

1 0 0 1 fxx/1,024 162.80

1 1 1 1 External clock (INTPO) -

Other than the above Setting prohibited
Specifies count clock to TM2/TM2W of timer/event counter 2
(see Figure 11-3).

Remark fxx: X1 input frequency or oscillation frequency
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(3) Capture/compare control register 1 (CRC1)
CRCl1 specifies the operation of the capture/compare register (CR11/CR11W) and the enabling condition for atimer counter
1 (TM1/TM1W) clear operation.
CRCL1 can be read or written to with an 8-bit manipulation instruction. The format of CRC1 is shown in Figure 10-4.
RESET input clears CRC1 to 00H.

Figure 10-4. Capture/Compare Control Register 1 (CRC1) Format

7 6 5 4 3 2 1 0 Address  Afterreset R/W
CRC1 0 0 0 0 CLR11| CM |CLR10 0 OFF32H O0H R/W
L

CLR10| TM1 Clear Operation when TM1 = CR10
TM1W Clear Operation when TM1W = CR10W

0 Disabled

1 Enabled

CLR11] CM | CR11/CR11W TM1/TM1IW

Operation Clearance
Specificaton Operation
0 0 Compare Disabled
1 0 operation Enabled (when
TM1 & CR11 or
TM1W &CR11W
contents match)
0 1 Capture Disabled
1 1 operation Enabled (when

TM1 contents
are captured in
CR11 or when
TM1W contents
are captured in
CR11W)
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10.4 Timer Counter 1 (TM1) Operation

10.4.1 Basic operation

8-bit operation mode/16-bit operation mode control can be performed for timer/event counter 1 by means of bit 0 (BW1) of
timer control register 1 (TMCZ1)Note,

In the timer/event counter 1 count operation, the count-up is performed using the count clock specified by the low-order 4
bits of prescaler mode register 1 (PRM1).

Count operation enabling/disabling is controlled by bit 3 (CE1) of TMCL1 (timer/event counter 1 operation control is performed
by the low-order 4 bits of the TMC1). When the CE1 bit is set (to 1) by software, the contents of TM1 are cleared to OH on the
first count clock, and then the count-up operation is performed.

When the CEL1 bit is cleared (to 0), TM1 becomes OH immediately, and capture operations and match signal generation are
stopped.

If the CEL1 bit is set (to 1) again when it is already set (to 1), TM1 continues the count operation without being cleared.

If the count clock is inputwhen TM1 is FFH in 8-bit operation mode and when TM1W is FFFFH in 16-bit operation mode, TM1/
TM1W becomes OH. In this case, OVF1 bit is set. OVF1 bit is cleared by software only. The count operation is continued.

When RESET is input, TM1 is cleared to OH, and the count operation is stopped.

Note Unless otherwise specified, the functions of timer counter 1 in the 8-bit operation mode are described hereafter. In
the 16-bit operation mode, TM1, CR10, and CR11 operate as TM1W, CR10W, and CR11W respectively.
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Figure 10-5. Basic Operation in 8-Bit Operation Mode (BW1 = 0)

(@) Countstarted - countdisabled - count started

S 0 N I I I
e S EEE0DEEE
ce1 J “ ”

A A A
Count started Count stopped Count started
CEl1 -1 CE1 -0 CEl1 ~ 1

(b) When “1” is written to the CE1 bit again after the count starts

e[| ][]
| |

A A
Count started Rewrite
CEl1 ~ 1 CEl1 ~1

(c) Operation when TM1 = FFH

comn [ 1L
) @ 0 G

OVF1

A
Cleared by software
OVF1l - 0
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Figure 10-6. Basic Operation in 16-Bit Operation Mode (BW1 = 1)

(@) Countstarted - countdisabled - count started

= UL UL UL
NEEECDEEE e

TM1W
(‘(‘

CE1l

) )

CC

A A A
Count started Count stopped Count started
CEl1 ~ 1 CEl1 -0 CEl1 ~ 1

(b) When “1” is written to the CE1 bit again after the count starts

e | | [

o on K2 Ko s s o S
' ¢
CEl J 1
1
A

A
Count started Rewrite
CEl -1 CEl -1

(c) Operation when TM1W = FFFFH

Count clock |_| |_| | | |_|
)
B S B ¢

OVF1

A
Cleared by software
OVF1l - 0
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10.4.2 Clear operation

(1) Clear operation after match with compare register and after capture operation
Timer counter 1 (TM1) can be cleared automatically after a match with the compare register (CR1n: n=0, 1) and a capture
operation. When a clearance source arises, TM1 is cleared to OH 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. TM1 Clearance by Match with Compare Register (CR10, CR11)

Count clock

™1 n-1 n 0 X 1

Compare register
(CR1n)

AN JAN
TM1 and CR1n match Cleared here

Figure 10-8. TM1 Clearance after Capture Operation

Count clock

™1 n-1 X n 0 X 1 X 2
INTPO \

AN
TM1 is captured

in CR11 here A
Cleared here

(2) Clear operation by CEL1 bit of timer control register 1 (TMC1)
Timer counter 1 (TM1) is also cleared when the CE1 bit of TMCL1 is cleared (to 0) by software. The clear operation is
performed immediately after the clearance (to 0) of the CE1 bit.
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Figure 10-9. Clear Operation when CE1 Bit is Cleared (to 0)
(a) Basic operation

S

w o ;
/

CE1l

(b) Restart before count clock is input after clearance

Count clock H _| H H
Tmn_1><z><oo><1><z

CEl

-

If the CEL1 bit is set (to 1) before this count clock, this count clock starts counting from 0.

(c) Restart after count clock is input after clearance

S
S 00 5 & &

CEl

-

If the CEL1 bit is set (to 1) from this count clock onward, the count clock starts counting
from O after the CE1 bit is set (to 1).
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10.5 External Event Counter Function

Timer/event counter 1 can count clock pulses input from the external interrupt request input pin (INTPO) pin.

No special selection method is needed for the external event counter operation mode. When the timer counter 1 (TM1) count
clock is specified as external clock input by the setting of the low-order 4 bits of prescaler mode register 1 (PRM1), TM1 operates
as an external event counter.

The maximum frequency of the external clock pulse that can be counted by the external event counter is determined by the
sampling clock select register (SCSO0) as shown in Table 10-4.

The maximum frequency is the same when both the edges of the INTPO input are counted and when only one edge is counted.

The pulse width of the INTPO input must be three or more sampling clocks selected by SCSO, regardless of whether the level
is high or low. If the width is shorter than this, the pulse may not be counted.

Figure 10-10 shows the timing of the external event count by timer/event counter 1.

Table 10-4. Maximum Input Frequency and Minimum Input Pulse Width that can be Counted as Events
(): fxx =12.58 MHz, fcik = 12.58 MHz

Sampling Clock Selected by SCSO Maximum Input Frequency Minimum Pulse Width
foik fek/6 (2.10 MHz) 3ffck (0.24 us)
fxx/32 fxx/192 (65.52 kHz) 96/fxx (7.63 Lis)
fxx/64 fxx/384 (32.76 kHz) 192/fxx (15.26 us)
fxx/128 fxx/768 (16.38 kHz) 384/fxx (30.52 Lis)

Figure 10-10. Timer/Event Counter 1 External Event Count Timing (1/2)

(1) Counting one edge (maximum frequency =f  cL«/6)

3/fsme (MIN.) 3/fsme (MIN.) 6/fsmp (MIN.)

INTPO

2-3/fsmp

S I T |
w m X om X e X o X

Remarks 1. ICI: INTPO input signal after passing through edge detection circuit
2. fswp is selected by the sampling clock selection register (SCSO0).

Preliminary User's Manual U13987EJ1VOUMO0 285



CHAPTER 10 TIMER/EVENT COUNTER 1

Figure 10-10. Timer/Event Counter 1 External Event Count Timing (2/2)

(2) Counting both edges (maximum frequency =f  cL«/6)

3/fsmp (MIN.) | 3/fsmp (MIN.) 6/fsmp (MIN.)

T\ R
X

™1 Dn >< Dn+1 >< Dn+2 >< Dn+3 >< Dn+4

Remarks 1. ICI: INTPO input signal after passing through edge detection circuit
2. fswp is selected by the sampling clock selection register (SCSO0).

Dn+5 ><

The TM1 count operation is controlled by the CE1 bit of the timer control register 1 (TMCL1) in the same way as with the basic
operation.

When the CEL1 bit is set (to 1) by software, the contents of TM1 are set to OH and the count-up operation is started on the
initial count clock.

When the CEL1 bit is cleared (to 0) by software during a TM1 count operation, the contents of TM1 are set to OH immediately
and the stopped state is entered. The TM1 count operation is not affected if the CE1 bit is set (to 1) by software again when
it is already set (to 1).

Caution When timer/event counter 1 is used as an external event counter, it is not possible to distinguish between
the case where there is no valid edge input at all and the case where there is a single valid edge input using
the timer counter 1 (TM1) alone (see Figure 10-11), since the contents of TM1 are 0 in both cases. Ifitis
necessary to make this distinction, the INTPO interrupt request flag should be used. An example is shown
in Figure 10-12.

Figure 10-11. Example of the Case where the External Event Counter does Not Distinguish between One
Valid Edge Input and No Valid Edge Input

INTPO ‘

™M1 0

No distinction made

AN
Count start
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Figure 10-12. To distinguish whether One or No Valid Edge has been Input with External Event Counter

(@) Processing when count is started

C Start count )

Clear INTPO interrupt
request flag ; Clear PIFO to O
PIFO -~ O
Start count -SetCElto 1
CEl -1 '

|
e

(b) Processing when count value is read

C Count value read >

Read TM1 contents

A - TM1
YES
=07
A=07 ; Check TM1 value
If 0, check interrupt
request flag
NO
YES PIFO = 17
; Check PIFO contents
If 1, there is a valid edge
A~ A+l
C End ) ; Number of input valid edges is set in A register
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10.6 Compare Register and Capture/Compare Register Operation

10.6.1 Compare operations

Timer/event counter 1 performs compare operations in which the value set in a compare register (CR10), capture/compare
register (CR11), specified for compare operation is compared with the timer counter 1 (TM1) count value.

If the count value of TM1 matches the preset value of the CR10, or the CR11 as the result of the count operation, an

interrupt request signal (INTC10 or INTC11) is generated.
After a match with the CR10 or CR11 value, the TM1 contents can be cleared, and the timer functions as an interval timer

that repeatedly counts up to the value set in the CR10 or CR11.

Figure 10-13. Compare Operation in 8-Bit Operation Mode

FFH

™1

count value CR10 value

CR11 value
OH

A |
Count start Match Match
CEl1 -1
INTC10 _|

interrupt request

INTC11
interrupt request

OVF1

Remark CLR10=0,CLR11=0,CM=0,BW1=0
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Figure 10-14. Compare Operation in 16-Bit Operation Mode

FFFFH FFFFH
T™M1W
count value
CR11W value CR11W value
CR10W value CR10W value
OH i i
A I I
Count start Match Match Match Match
CEl -1
INTC10
interrupt request
INTC11
interrupt request
OVF1
Cleared by software
Remark CLR10=0,CLR11=0,BW1=1
Figure 10-15. TM1 Clearance after Match Detection
CR11
CR10 CR10 CR10
T™M1
count value
OH
A A A A A A
Count start Clear ‘ Count start Clear Clear
CE ~1 . CE1l1 -0
CLR10 — 0 Count disabled | c|R10 « 1
CLR11 — 1 CEl -0 CLRI11 — 0
INTC10
interrupt request
INTC11
interrupt request

Preliminary User's Manual U13987EJ1VOUMO0O

289



CHAPTER 10 TIMER/EVENT COUNTER 1

10.6.2 Capture operations

Timer/event counter 1 performs capture operations in which the timer counter 1 (TM1) count value is fetched into the capture
register in synchronization with an external trigger, and retained there.

Avalid edge detected from the input of the external interrupt request input pin (INTPO) is used as the external trigger (capture
trigger). The count value of TM1 in the process of being counted is fetched into the capture register (CR12), or the capture/
compare register (CR11) when a capture operation is specified, in synchronization with the capture trigger, and is retained there.
The contents of the CR11 and CR12 are retained until the next capture trigger is generated.

The capture trigger valid edge is set by means of external interrupt mode register 0 (INTMO). If both rising and falling edges
are set as capture triggers, the width of pulses input from off-chip can be measured, and if a capture trigger is generated by a
single edge, the input pulse cycle can be measured.

See Figure 22-1 for details of the INTMO format.

When CR11 is used as a capture register, TM1 can be cleared as soon as the contents of TM1 have been captured to CR11
by capture trigger.

Figure 10-16. Capture Operation in 8-Bit Operation Mode

FEH

i

T™M1
count value

DO D2
OH

A
Count start

INTPO
pin input

INTPO
interrupt request

Capture/compare
register (CR11)

DO D1 D2

OVF1

Remark Dn: TM1 countvalue (n=0, 1, 2,..)
CLR10=0,CLR11=0,CM=1,BW1=0
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Figure 10-17. Capture Operation in 16-Bit Operation Mode

FFEFH

7

TMIW
count value

OH

A
Count start
CEl1 -1

INTPO
pin input

INTPO
interrupt request

Capture register

(CR12W) Do b1

D2

OVF1

Remark Dn: TM1W countvalue (n=0, 1, 2, ..))
CLR10=0,CLR11=0,CM=1,BW1=1
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Figure 10-18. TM1 Clearance after Capture Operation

N1

/ N4
™1

count value == N3

OH

Capture Capture Capture Capture

INTPO
pin input

Capture

INTPO
interrupt request

Capture/compare

register (CR11) N1 N2 N3

N4

Remark NI: TM1 countvalue (n=0, 1, 2, ...)
CLR10=0,CLR11=1,CM=1
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10.7 Examples of Use

10.7.1 Operation as interval timer (1)

When timer counter 1 (TM1) is made free-running and a fixed value is added to the compare register (CR1n: n=0, 1) in the
interrupt service routine, TM1 operates as an interval timer with the added fixed value as the cycle (see Figure 10-19).

Since TM1 has two compare registers, two interval timers with different intervals can be constructed.

The control register settings are shown in Figure 10-20, the setting procedure in Figure 10-21, and the processing in the
interrupt service routine in Figure 10-22.

Figure 10-19. Interval Timer Operation (1) Timing

FFH FEH
MOD (3n) /]

T™M1
count value
MOD (2n)

OH
A

Timer start

Compare register

(CR10)

INTC10
interrupt request

Remark

>< MOD (2n)

>< MOD (3n)

>< MOD (4n)

Rewritten by
interrupt program

Rewritten by
interrupt program

Rewritten by
interrupt program

Interval

Interval = n x x/fxx, 1 <n < FFH
x =4, 8, 16, 32, 64, 128, 256, 512, 1,024

Interval

Interval
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Figure 10-20. Control Register Settings for Interval Timer Operation (1)

(@) Prescaler mode register 1 (PRM1)

7 6 5 4 3 2 1 0

PRM1 X X X X PRS13|PRS12 | PRS11| PRS10

| | | |
\—> Count clock specification

(x/fxx ; x = 4, 8, 16, 32, 64, 128,
256, 512, 1,024)

(b) Capture/compare control register 1 (CRC1)

CRC1 0 0 0 0 0 0 0 0

TM1 clearing by match of CR10 & TM1
contents disabled

CR11 specified as compare register

TM1 clearing by match of CR11 & TM1
contents disabled
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Figure 10-21. Interval Timer Operation (1) Setting Procedure

C Interval timer (1) )
i

Set PRM1

Set count value in CR10
CR10 « n

Set CRC1
CRC1 ~ O0H

Start count
CEl -1

=

; Set 1in bit 3 of TMC1

INTC10 interrupt

Figure 10-22. Interval Timer Operation (1) Interrupt Request Servicing

C INTC10 interrupt )

Calculate timer value that will
generate next interrupt
CR10 ~ CR10+n

Other interrupt service program
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10.7.2 Operation as interval timer (2)
TM1 operates as an interval timer that generates interrupts repeatedly with the preset count time as the interval (see Figure

10-23).
The control register settings are shown in Figure 10-24, and the setting procedure in Figure 10-25.

Figure 10-23. Interval Timer Operation (2) Timing (when CR11 is used as Compare Register)

™1
count value
OH A
Count start Clear Clear
Compare register
(CR11) n
Match Match

INTC11
interrupt request

Interrupt acknowledge Interrupt acknowledge

Interval

~——Interval

Remark Interval = (n+1) x x/fxx
0<n<FFH
x=4,8, 16, 32, 64, 128, 256, 512, 1,024
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Figure 10-24. Control Register Settings for Interval Timer Operation (2)

(@) Prescaler mode register 1 (PRM1)

7 6 5 4 3 2 1 0

PRM1 x x x X PRS13 |PRS12 | PRS11|PRS10

\—> Count clock specification
(x/fxx ; x = 4, 8, 16, 32, 64, 128,
256, 512, 1,024)

(b) Capture/compare control register 1 (CRC1)

CRC1 0 0 0 0 1 0 0 0

TM1 clearing by match of CR10 & TM1
contents disabled

CR11 specified as compare operation

= TM1 clearing by match of CR11 & TM1
contents enabled

Figure 10-25. Interval Timer Operation (2) Setting Procedure

( Interval timer (2) )
:

Set PRM1

Set count value in CR11
CR11 < n

Set CRC1
CRC1 -~ 08H

Start count ; Set 1 in bit 3 of TMC1
CEl -1

=

INTC11 interrupt
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10.7.3 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) is measured.

Both the high-level and low-level widths of pulses input to the INTPO pin must be at least 3 sampling clocks selected by

SCSO0; if shorter than this, the valid edge will not be detected and a capture operation will not be performed.

As shown in Figure 10-26, the timer counter 1 (TM1) value being counted is fetched into the capture/compare register (CR11)
set as a capture register in synchronization with a valid edge (set as both rising and falling edges) in the INTPO pin input, and
held there. The pulse width is obtained from the product of the difference between the TM1 count value (Dn) fetched into and
held in the CR11 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/fxx; x = 4, 8, 16, 32, 64, 128, 256, 512, 1,024).
The control register settings are shown in Figure 10-27, and the setting procedure in Figure 10-28.

Figure 10-26. Pulse Width Measurement Timing (when CR11 is used as Capture Register)

FEH

d

FFH

T™M1
count value D1 D3
D2
DO
OH '
A Capture Capture Capture Capture
Count start
CEl -1
INTPO
external input signal
<—— (D1-DO0) x x/fxx —==— (100H-D1+ —==—(D3-D2) x X /fxx —=|=—
D2) x x/fxx
INTPO —| —| —| —|
interrupt request
Capture/compare
register (CR11) Do D1 D2 D3
OVF1

Remark Dn: TM1 countvalue (n=0, 1, 2, ..))
x =4, 8, 16, 32, 64, 128, 256, 512, 1,024
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Figure 10-27. Control Register Settings for Pulse Width Measurement

(@) Prescaler mode register 1 (PRM1)

7 6 5 4 3 2 1 0

PRM1 x x X X PRS13|PRS12 | PRS11| PRS10

\—> Count clock specification
(x/fxx ; x = 4, 8, 16, 32, 64, 128,
256, 512, 1,024)

(b) Capture/compare control register 1 (CRC1)

CRC1 0 0 0 0 0 1 0 0

l——— TML1 clearing by match of TM1 & CR10
contents disabled

CR11 specified as capture
operation

= TM1 clearing upon capture of CR11 in TM1

disabled
(c) External interrupt mode register 0 (INTMO)
7 6 5 4 3 2 1 0
INTMO X X X X 1 1 0 X

Both rising & falling edges

specified as INTPO input valid edges
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Figure 10-28. Pulse Width Measurement Setting Procedure

C Pulse width measurement)

Set PRM1
Set CRC1
CRC1 ~ 04H
Set INTMO ; Specify both edges as INTPO
Set MKOL input valid edges, release

interrupt masking

Initialize capture value buffer memory
Xo « 0

Start count ; Set 1 in bit 3 of TMC1
CEl -1

Enable interrupts

=

INTPO interrupt

Figure 10-29. Interrupt Request Servicing that Calculates Pulse Width

C INTPO interrupt )

Calculate pulse width
Yn=CR11 — Xn

Store capture value in memory
Xni1 « CR11

l
C = O
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10.8 Cautions

@

@

©)

While timer/event counter 1 is operating (while the CEL1 bit of the timer control register 1 (TMC1) 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.

» Prescaler mode register 1 (PRM1)
« Capture/compare control register 1 (CRC1)
e CMD2 bit of timer control register 1 (TMC1)

If the contents of the compare register (CR1n: n =0 or 1) coincide with those of TM1 when an instruction that stops timer
counter 1 (TM1) operation is executed, the counting operation of TM1 stops, but an interrupt request is generated.
Inorder notto generate the interrupt when stopping the operation of TM1, mask the interruptin 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 MKOL, #COH ~ Disables interrupt from timer/

— Interrupt request from

OR MKOL, #COH timer/event counter 1 CLR1 CEl e\I/ent c_ounterl .
occurs between these CLR1 CIF10 « Clears interrupt request flag

instructions CLR1 c||:11. from timer/event counter 1

Upto 1 count clock is required after an operation to start timer/event counter 1 (CE1 — 1) has been performed before timer/
event counter 1 actually starts (refer to Figure 10-30).

For example, when using timer/event counter 1 as an interval timer, the first interval time is delayed by up to 1 clock. The
second and those that follow are at the specified interval.

Figure 10-30. Operation when Counting is Started

oros [T TLTT LT
NI €5 €3 6 &

A
CEl Timing to start actual counting

Count start command (CE1 ~ 1)
by software
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(4) While an instruction that writes data to the compare register (CR1n: n =0, 1) is executed, coincidence between CR1n, to
which the data is to be written, and timer counter 1 (TM1) is not detected.
Write data to CR1n when timer/event counter 1 is executing counting operation in the timing that the contents of TM1 do
not coincide with the value of CR1n before and after writing (e.g., immediately after an interrupt request has been generated
because TM1 and CR1n have coincided).

(5) Coincidence between TM1 and compare register (CR1n: 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 CR1n.

(6) When timer/event counter 1 is used as an external event counter, it is not possible to distinguish between the case where
there is no valid edge input at all and the case where there is a single valid edge input, using the timer counter 1 (TM1)
alone (refer to Figure 10-31), since the contents of TM1 are 0 in both cases. If it is necessary to make this distinction, the
INTP3 interrupt request flag should be used. To make a distinction, use the interrupt request flag of INTPO, as shown in
Figure 10-32.

Figure 10-31. Example of the Case where the External Event Counter does Not Distinguish
between One Valid Edge Input and No Valid Edge Input

INTPO

o )G

Cannot be
distinguished
A
Count start
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Figure 10-32. To Distinguish whether One or No Valid Edge has been Input with External Event Counter

(a) Processing when count is started

Start count

Clear INTPO
interrupt request flag
PIFO - O

; Clear PIFOto O

Start count
CEl -1

;SetCEltol

End

(b) Processing when count value is read

Count value
read

Read TM1 contents
A - TM1

A « A+l

; Check TM1 value.
If 0, check interrupt
request flag.

; Check PIFO contents.
NO If 1, valid edge is input.

End ; Number of input valid edges is set to A register
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11.1 Functions

Timer/event counter 2 is 16-bit or 8-bit timer/event counter, and has the following function which the other three timer/
counters do not have:

« One-shot timerNote

Note The one-shot timer function is a count operation of timer/event counter 2 (TM2/TM2W), and is thus different in
nature from the one-shot pulse output function of timer/event counter 0.

In this section, the following four basic functions are described in order:
¢ Interval timer
* Programmable square-wave output
¢ Pulse width measurement

« External event counter

(1) Interval timer
Generates internal interrupts at preset intervals.

Table 11-1. Timer/Event Counter 2 Intervals

Minimum Interval Maximum Interval Resolution
4/fxx 216 x 4/fxx 4/fxx
(0.32 ps) (20.8 ms) (0.32 us)
8/fxx 216 x 8/fxx 8/fxx
(0.64 us) (41.7 ms) (0.64 us)
16/fxx 216 x 16/fxx 16/fxx
(1.27 ps) (83.4 ms) (1.27 ps)
32/fxx 216 x 32/fxx 32/fxx
(2.54 us) (167 ms) (2.54 us)
64/fxx 216 x 64/fxx 64/fxx
(5.09 ps) (333 ms) (5.09 us)
128/fxx 216 x 128/fxx 128/fxx
(10.17 ps) (667 ms) (10.17 ps)
256/fxx 216 x 256/fxx 256/fxx
(20.35 pus) (1.33 s) (20.35 pus)
512/fxx 216 x 512/fxx 512/fxx
(40.70 us) (2.67 s) (40.70 us)
1,024/fxx 216 x 1,024/fxx 1,024/fxx
(81.40 pus) (5.33 5) (81.40 pus)

(' ): When fxx = 12.58 MHz
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(2) Programmable square-wave output
Outputs square waves independently to the timer output pins (TO2 and TO3).

Table 11-2. Timer/Event Counter 2 Programmable Square-Wave Output Setting Range

Minimum Pulse Width Maximum Pulse Width
4/fxx 216 x 4/fxx
(0.32 ps) (20.8 ms)
8/fxx 216 x 8/fxx
(0.64 us) (41.7 ms)
16/fxx 216 x 16/fxx
(1.27 ps) (83.4 ms)
32/fxx 216 x 32/fxx
(2.54 us) (167 ms)
64/fxx 216 x 64/fxx
(5.09 ps) (333 ms)
128/fxx 216 x 128/fxx
(10.17 ps) (667 ms)
256/fxx 216 x 256/fxx
(20.35 pus) (1.33 s)
512/fxx 216 x 512/fxx
(40.70 us) (2.67 s)
1,024/fxx 216 x 1,024/fxx
(81.40 pus) (5.33 s)

(' ): When fxx = 12.58 MHz

Caution The above table is applicable to use of an internal clock.
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(3) Pulse width measurement
Detects the pulse width of the signal input to an external interrupt request input pins (INTP1 and INTP2).

Table 11-3. Timer/Event Counter 2 Pulse Width Measurement Range

Measurable Pulse WidthNoe Resolution
4/fxx to 216 x 4/fxx 4/fxx
(0.32 ps) (20.8 ms) (0.32 pus)
8/fxx to 216 x 8/fxx 8/fxx
(0.64 us) (41.7 ms) (0.64 us)
16/fxx to 216 x 16/fxx 16/fxx
(1.27 ps) (83.4 ms) (1.27 ps)
32/fxx to 216 x 32/fxx 32/fxx
(2.54 us) (167 ms) (2.54 us)
64/fxx to 216 x 64/fxx 64/fxx
(5.09 ps) (333 ms) (5.09 us)
128/fxx to 216 x 128/fxx 128/fxx
(10.17 ps) (667 ms) (10.17 ps)
256/fxx to 216 x 256/fxx 256/fxx
(20.35 pus) (1.33 s) (20.35 pus)
512/fxx to 216 x 512/fxx 512/fxx
(40.70 us) (2.67 s) (40.70 us)
1,024/fxx to 216 x 1,024/fxx 1,024/fxx
(81.40 pus) (5.33 5) (81.40 pus)

( ): When fxx = 12.58 MHz

Note The minimum pulse width that can be measured differs depending on the selected value of fcik.
The minimum pulse width that can be measured is the value of 3/fcLk or the value in the above table, whichever
greater.

(4) External event counter
Counts the clock pulses input from the external interrupt request input pin (INTP2) (CI pin input pulses). The clocks

that can be input to timer/event counter 2 are shown in Table 11-4.

Table 11-4. Clocks Enabled to be Input to Timer/Event Counter 2

When Counting One Edge When Counting Both Edges
Maximum frequency fck/6 (2.10 MHz) fck/6 (2.10 MHz)
Minimum pulse width 3/fek (0.24 ps) 3/fek (0.24 ps)
(High and low levels)

( ): When fcik = 12.58 MHz and fxx = 12.58 MHz
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11.2 Configuration
Timer/event counter 2 consists of the following registers.
¢ Timer counter (TM2/TM2W) x 1
e Compare register (CR20/CR20W) x 1
« Capture/compare register (CR21/CR21W) x 1

e Capture register (CR22/CR22W) x 1

The block diagram of timer/event counter 2 is shown in Figure 11-1.
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Timer counter 2 (TM2/TM2W)

TM2/TM2W is atimer counter that counts up the count clock specified by the high-order 4 bits of prescaler mode register
1 (PRM1). An internal clock or external clock can be selected as the count clock.

The count operation can be stopped or enabled by means of timer control register 1 (TMC1). The timer counter can
select to operate in an 8-bit (TM2) or 16-bit (TM2W) mode. TM2/TM2W can be read only with an 8/16-bit manipulation
instruction.

When RESET is input, TM2/TM2W is cleared to 00H and the count is stopped.

Compare register (CR20/CR20W)

CR20/CR20W is an 8/16-bit register that holds the value that determines the interval timer operation cycle.

If the contents of the CR20/CR20W register match the contents of TM2/TM2W, an interrupt request (INTC20) and a
timer output control signal are generated. This compare register operates as CR20 in the 8-bit mode, and CR20W
in the 16-bit mode.

CR20/CR20W can be read or written to with an 8/16-bit manipulation instruction. The contents of this register are
undefined after RESET input.

Capture/compare register (CR21/CR21W)

CR21/CR21W is an 8/16-bit register that can be specified as a compare register for detecting a match with the TM2/
TM2W count value or a capture register for capturing the TM2/TM2W count value according to the setting of the capture/
compare control register 2 (CRC2).

This capture/compare register operates as CR21 in the 8-bit mode, and CR21W in the 16-bit mode.

CR21/CR21W can be read or written to with an 8/16-bit manipulation instruction.

The contents of this register are undefined after RESET input.

(@) When specified as compare register
CR21/CR21W functions as an 8/16-bit register that holds the value that determines the interval timer operation
cycle.
An interrupt request (INTC21) and a timer output control signal are generated by a match between the contents
of the CR21/CR21W register and the contents of TM2/TM2W.
Also, the count value can be cleared by a match of the contents.

(b) When specified as capture register
CR21/CR21W functions as an 8/16-bit register that captures the contents of TM2/TM2W in synchronization with
the input of a valid edge on the external interrupt input pin (INTP2) (capture trigger).
The contents of the CR21/CR21W register are retained until the next capture trigger is generated.

Capture register (CR22/CR22W)

CR22/CR22W is an 8/16-bit register that captures the contents of TM2/TM2W.

The capture operation is synchronized with the input of a valid edge to the external interrupt request input pin (INTP1)
(capture trigger). The contents of the CR22/CR22W register are retained until the next capture trigger is generated.
Also, TM2/TM2W can be cleared after a capture operation.

This capture register operates as CR22 in the 8-bit mode, and CR22W in the 16-bit mode.

CR22/CR22W can be read only with an 8/16-bit manipulation instruction. The contents of this register are undefined
after RESET input.

Preliminary User's Manual U13987EJ1VOUMO00O



CHAPTER 11 TIMER/EVENT COUNTER 2

®)

(6)

™

®

Edge detection circuit

The edge detection circuit detects an external input valid edge.

This circuit generates an external interrupt request (INTP1) and capture trigger by detecting the valid edge of the INTP1
pin input specified by the external interrupt mode register 0 (INTMO). It also generates a capture trigger, the count
clock of an external event, and external interrupt request (INTP2) by detecting the valid edge from an external interrupt
request input pin (INTP2).

Output control circuit

It is possible to invert the timer output when the CR20/CR21 register contents and the contents of TM2 match or the
CR20W/CR21W contents and the contents of TM2W match.

A square wave can be output from the timer output pins (TO2/TO3) in accordance with the setting of the high-order
4 bits of the timer output control register (TOC). At this time, PWM output or PPG output can be performed according
to the specification of the capture/compare control register 2 (CRC2).

Timer output can be disabled/enabled by means of the TOC register. When timer output is disabled, a fixed level is
output to the TO2 and TO3 pins (the output level is set by the TOC register).

Prescaler
The prescaler generates the count clock from the internal system clock. The clock generated by the prescaleris selected
by the selector, and is used as the count clock by the timer counter 2 (TM2/TM2W) to perform count operations.

Selector

The selector selects a signal resulting from dividing the internal clock or the edge detected by the edge detection circuit
as the count clock of timer counter 2 (TM2/TM2W).
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11.3 Timer/Event Counter 2 Control Registers

(1) Timer control register 1 (TMC1)
In TMC1 the timer/event counter 2 TM2/TM2W count operation is controlled by the high-order 4 bits (the low-order 4
bits control the count operation of timer/event counter 1, TM1/TM1W).
TMCL1 can be read or written to with an 8-bit manipulation instruction or bit manipulation instruction. The format of
TMCL1 is shown in Figure 11-2.
RESET input clears TMC1 to 00H.

Figure 11-2. Timer Control Register 1 (TMC1) Format

@ @ 5 4 @ @ 1 0 Address  Afterreset R/W

TMC1 | CE2 | OVF2 |CMD2 | BW2 | CE1 |OVF1| 0 | BWI | OFF5FH 00H RIW
\ \ \ !

Controls count operation of timer/event counter 1
TM1/TM1W (see Figure 10-2).

BW2 Timer/Event Counter 2 Bit Length
Specification
0 8-bit operation mode
1 16-bit operation mode

CMD2 | TM2/TM2W Operation Mode Specificaton

0 Normal mode

1 One-shot mode

OVF2 TM2/TM2W Overflow Flag
0 No overflow
1 OverflowNote

Note 8-bit operating mode:
count up from FFH to 00H
In 16-bit operating mode:
count up from FFFFH to 0000H

CE2 TM2/TM2W Count Operation Control

0 | Count operation stopped with count cleared

1 | Count operation enabled

Remark The OVF2 bit is reset by software only.
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(2) Prescaler mode register 1 (PRM1)
In PRM1, the count clock to timer/event counter 2 TM2/TM2W is specified by the high-order 4 bits (the low-order 4
bits specify the count clock to timer/event counter 1 TM1/TM1W).
PRM1 can be read or written with an 8-bit manipulation instruction. The format of PRM1 is shown in
Figure 11-3.
RESET input sets PRM1 to 11H.

Figure 11-3. Prescaler Mode Register 1 (PRM1) Format

7 6 5 4 3 2 1 0 Address After reset R/W
PRML1 |PRS23|PRS22|PRS21|PRS20|PRS13|PRS12|PRS11|PRS10| OFF5EH 11H R/W
\ | | | \ | | |

Specifies count clock to timer/event counter 1 (TM1/TM1W)
(see Figure 10-3).

(fxx = 12.58 MHz)

PRS23|PRS22|PRS21|PRS20 Timer/Event Counter 2 TM2/
TM2W Count Clock Specification
Count Clock [Hz] Resolution
Specification [us]
0 0 0 0 | Setting prohibited -
0 0 0 1 fxx/4 0.32
0 0 1 0 fxx/8 0.64
0 0 1 1 |fxx/16 1.27
0 1 0 0 |fxx/32 2.54
0 1 0 1 |f/64 5.09
0 1 1 0 fxx/128 10.17
0 1 1 1 fxx/256 20.35
1 0 0 0 fxx/512 40.70
1 0 0 1 fxx/1,024 81.40
1 1 1 1 | External clock (CI/INTP2) -
Other than the above Setting prohibited

Remark fxx: X1 input frequency or oscillation frequency
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(3) Capture/compare control register 2 (CRC2)
CRC2 specifies the enabling condition for a timer counter 2 (TM2/TM2W) clear operation by the capture/compare
register (CR21/CR21W) or the capture register (CR22/CR22W) and the timer output (TO2/TO3) mode.
CRC2 can be read or written with an 8-bit manipulation instruction. The format of CRC2 is shown in Figure 11-4.
RESET input sets CRC2 to 10H.

Figure 11-4. Capture/Compare Control Register 2 (CRC2) Format

7 6 5 4 3 2 1 0 Address  After reset R/W
CRC2 | MOD1 | MODO |CLR22 1 CLR21| CM21 0 0 OFF33H 10H R/W
\ﬁ
MOD1 | MODO | CLR22| CLR21| CM21 CR21 Timer Output TM2 Clear Operation
Operation Mode Specification
Specification
TO2 TO3

0 0 0 0 0 Compare Toggle output | Toggle output | Not cleared

0 0 0 1 0 operations Toggle output | Toggle output |Cleared if TM2 and
CR21 match

0 0 1 0 0 Toggle output | Toggle output | Cleared after TM2
contents are captured
in CR22 by INTP1

0 0 1 1 0 Toggle output | Toggle output |Cleared by match of
TM2 and CR21 or after
TM2 contents are
captured in CR22 by
INTP1

0 1 0 0 0 PWM output | Toggle output | Not cleared

1 0 0 0 0 PWM output | PWM output | Not cleared

1 1 0 1 0 PPG output | Toggle output | Cleared if TM2 and
CR21 match

0 0 0 0 1 Capture Toggle output Not cleared

operations Cleared after TM2

0 0 0 1 1 Toggle output contents are captured
in CR21 by INTP2

0 1 0 0 1 PWM output Not cleared

Other than the above Setting prohibited

Remark The register names in the 8-bit operation mode are shown in this figure. In the 16-bit operation mode, the
register names TM2, CR20, CR21, and CR22 are TM2W, CR20W, CR21W, and CR22W, respectively.
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(4) Timer output control register (TOC)
TOC is an 8-bit register that controls output enabling/disabling of the active level of timer output.
The operation of the timer output pins (TO2/TO3) by timer/event counter 2 is controlled by the high-order 4 bits (the
low-order 4 bits control the operation of the timer output pins (TO0/TO1) by timer/event counter 0).
TOC can be read or written with an 8-bit manipulation instruction or bit manipulation instruction. The format of TOC
is shown in Figure 11-5.
RESET input clears TOC to O0H.

Figure 11-5. Timer Output Control Register (TOC) Format

@ 6 @ 4 @ 2 @ 0 Address  Afterreset R/W

TOC [ENTO3| ALV3 |ENTO2| ALV2 |ENTO1| ALV1 |[ENTOO| ALVO | OFF31H 0000H  R/W
\ \ \ !

Control operation of timer output pins (TOO & TO1)
by timer/event counter O (see Figure 9-5).

ALV2 TO2 Pin Active Level
Toggle Output PWM/PPG
Specification Output Specification
0 Low level High level
1 High level Low level
ENTO2 TO2 Pin Operation Specification

0 ALV2 output

1 Pulse output enabled
ALV3 TO3 Pin Active Level
Toggle Output PWM/PPG
Specification Output Specification
0 Low level High level
1 High level Low level

ENTO3 TO3 Pin Operation Specification

0 ALV3 output

1 Pulse output enabled
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11.4 Timer Counter 2 (TM2) Operation

11.4.1 Basic operation

8-bit operation mode/16-bit operation mode control can be performed for timer/event counter 2 by means of bit 0 (BW2)
of timer control register 2 (TMC2)Note,

In the timer/event counter 2 count operation, a count-up is performed using the count clock specified by the high-order
4 bits of prescaler mode register 1 (PRM1).

Count operation enabling/disabling is controlled by bit 3 (CE2) of TMC2 (timer/event counter 2 operation control is
performed by the high-order 4 bits of the timer control register 1 (TMC1). When the CE2 bit is set (to 1) by software, the
contents of TM2 are cleared to OH on the first count clock, and then the count-up operation is performed.

When the CE2 bit is cleared (to 0) by software, TM2 becomes OH immediately, and capture operations and match signal
generation are stopped.

If the CE2 bit is set (to 1) again when it is already set (to 1), the TM2 count operation is not affected (see Figure 11-
6 (b)).

TM2/TM2W is cleared to OH when the count clock is input while the value of TM2 is FFH in the 8-bit operation mode
or while the value of TM2W is FFFFH in the 16-bit operation mode. At this time, OVF2 bit is set and the overflow signal
is sent to the output control circuit. OVF2 bit is cleared by software only. The count operation is continued.

When RESET is input, TM2 is cleared to OH, and the count operation is stopped.

Note Unless otherwise specified, the functions of timer counter 2 in the 8-bit operation mode are described hereafter.

In the 16-bit operation mode, TM2, CR20, CR21, and CR22 operate as TM2W, CR20W, CR21W, and CR22W,
respectively.
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Figure 11-6. Basic Operation in 8-Bit Operation Mode (BW2 = 0)

(a) Count started - count disabled - count started

S | o e 0
D O /0 95 2 & S W 0

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

S| [ 1
00000008
“

A A
Count started Rewrite
CE2 -1 CE2 - 1

(c) Operation when TM2 = FFH

Count clock
fok/8
D)
€9
T™2 FEH XFFHX OH XlH SS X

OVF2

A
Cleared by software
OVF2 - 0

Preliminary User's Manual U13987EJ1VOUMO0 317



CHAPTER 11 TIMER/EVENT COUNTER 2

Figure 11-7. Basic Operation in 16-Bit Operation Mode (BW2 = 1)

(a) Count started - count disabled - count started

/ﬂ I N

TM2W OH X OH X 1H X 2H X SS XFFHXIOOH OH SS X OH X 1HS
(‘(‘
CE2
)
(¢
VN A VN
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 JUUUUULLL
-~ EEEEEEEC
e J

A A
Count started Rewrite
CE2 - 1 CE2 - 1

(c) Operation when TM2W = FFFFH

Count clock
fck/8
D)
(¢
TM2W  FFFEH XFFFFHX OH X 1H SS X

OVF2

A
Cleared by software
OVF2 - 0
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11.4.2 Clear operation

(1) Clear operation after match with compare register and capture operation
Timer counter 2 (TM2) can be cleared automatically after a match with the compare register (CR2n: n=0, 1) and a
capture operation. When a clearance source arises, TM2 is cleared to OH 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 11-8. TM2 Clearance by Match with Compare Register (CR20/CR21)

Count clock | | | | | |
T™M2 n-1 n 0 X 1

Compare register
(CR2n)

AN AN
TM2 and CR2n match Cleared here

Figure 11-9. TM2 Clearance after Capture Operation

S | B B
SR S S S 6
w1 \

AN
TMZ2 is captured
in CR22 here A

Cleared here

(2) Clear operation by CE2 bit of timer control register 1 (TMC1)
TM2 is also cleared when the CE2 bit of the TMCL1 is cleared (to 0) by software. The clear operation is performed
immediately after clearance (to 0) of the CE2 bit.
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Figure 11-10. Clear Operation when CE2 Bit is Cleared (0)

(a) Basic operation

o L]

T™M2 n-1 >< n X 0

CE2

(b) Restart before count clock is input after clearance

Count clock
T™M2 n-1 ><EX 0 0 X 1 X 2
CE2

If the CE2 bit is set (to 1) before this count clock, this count clock starts
counting from 0.

(c) Restart after count clock is input after clearance

e QL]

w

CE2

-

If the CE2 bit is set (to 1) from this count clock onward, the count starts
from 0 on the count clock after the CE2 bit is set (to 1).
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11.5 External Event Counter Function

Timer/event counter 2 can count clock pulses input from external interrupt request input pin (INTP2/CI).

No special selection method is needed for the external event counter operation mode. When the timer counter 2 (TM2)
count clock is specified as external clock input by the setting of the high-order 4 bits of prescaler mode register 1 (PRM1),

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 2.10 MHz

(fcuk = 12.58 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 = 12.58 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/event counter 2 external event count timing is shown in Figure 11-11.

Figure 11-11. Timer/Event Counter 2 External Event Count Timing

(1) Counting one edge (maximum frequency =f cLk/6)

3lfek (MIN.) 3/feik (MIN.) 6/fcik (MIN.)

Cl

2-3/fcik

S I ) I

T™2 Dn >< Dn+1 X Dn+2 >< Dn+3 X

Remark ICI: Cl input signal after passing through edge detection circuit

(2) Counting both edges (maximum frequency = f  cL«/6)

3/feik (MIN.), 3/fck (MIN.) 6/fcik (MIN.)

(¢]]

‘ 2-3/feLk ‘

1 1]

T™M2 Dn >< Dn+1 >< Dn+2 X Dn+3 >< Dn+4 >< Dn+5 ><

Remark ICI: Cl input signal after passing through edge detection circuit
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The TM2 count operation is controlled by the CE2 bit of the timer control register 1 (TMC1) in the same way as with
the basic operation.

When the CE2 bit is set (to 1) by software, the contents of TM2 are set to OH and the count-up operation is started on
the initial count clock.

Whenthe CE2 bitis cleared (to 0) by software during a TM2 count operation, the contents of TM2 are set to OH immediately
and the stopped state is entered. The TM2 count operation is not affected if the CE2 bit is set (to 1) by software again
when it is already set (to 1).

Caution When timer/event counter 2 is used as an external event counter, it is not possible to distinguish
between the case where there is no valid edge input at all and the case where there is a single valid
edge input using timer counter 2 (TM2) alone (see Figure 11-12), since the contents of TM2 are 0 in
both cases. Ifitis necessary to make this distinction, the INTP2 interrupt request flag should be used
(the INTP2 pin and CI pin have a dual function, and both functions can be used at the same time). An
example is shown in Figure 11-13.

Figure 11-12. Example of the Case where the External Event Counter does Not Distinguish between One
Valid Edge Input and No Valid Edge Input

INTP2/CI ‘

T™2 0

A

No distinction made

A
Count start
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Figure 11-13. To Distinguish whether One or No Valid Edge has been Input with External Event Counter

(a) Processing when count is started

( Start count )

Clear INTP2 interrupt
request flag
PIF2 - 0

Start count ;SetCE2to 1
CE2 - 1

|
o

(b) Processing when count value is read

C Count value read )

Read TM2 contents

; Clear PIF2to O

A~ TM2
B YES
A=0? ; Check TM2 value
If 0, check interrupt
NO request flag
YES PIF2 = 1?
; Check PIF2 contents
If 1, there is a valid edge
NO
A ~ A+l
C End ) ; Number of input valid edges is set in A register
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11.6 One-Shot Timer Function

Timer/event counter 2 has an operation mode in which it stops automatically when a full count value is reached (FFH/
FFFFH) as a result of counting by timer counter 2 (TM2/TM2W).

Figure 11-14. One-Shot Timer Operation

FFH or FFFFH

TM2/TM2W
count value
CR21/CR21W value
OH % '
Count start Clear
CE2 - 1 OVF2 - 0
INTC21
interrupt request
OVF2

As shown in Figure 11-14, the respective one-shot interrupt is generated when the value (OH to FFH/FFFFH) set
beforehand in the CR20, CR21/CR21W, or CR21W and TM2/TM2W value match.

The one-shot timer operation mode is specified by setting (to 1) bit 5 (CMD2) of timer control register 1 (TMC1) by
software.

The TM2/TM2W count operation is controlled by the CE2 bit of the TMC1 as with the basic operation.

When the CE2 bit is set (to 1) by software, the contents of TM2/TM2W are set to OH and the count-up operation is started
on the initial count clock.

When the contents of TM2/TM2W reach FFH/FFFFH (full count) as a result of the count-up operation, bit 6 (OVF2) of
the TMC1 are set (to 1), and TM2/TM2W stops with the count at FFH/FFFFH.

The one-shot timer operation is started again from the count-stopped state by clearing (to 0) the OVF2 bit by software.
When the OVF2 bit is cleared (to 0), the contents of TM2/TM2W become OH and the count-up operation is restarted on
the next count clock.

If the CE2 bit is cleared (to 0) by software during a TM2/TM2W count operation, the contents of TM2/TM2W are set to
OH immediately and the stopped state is entered. The TM2/TM2W count operation is not affected if the CE2 bit is set (to
1) by software again when it is already set (to 1).
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11.7 Compare Register, Capture/Compare Register, and Capture Register Operation

11.7.1 Compare operations

Timer/event counter 2 performs compare operations in which the value set in the compare register (CR20) and the
capture/compare register (CR21) specified for compare operation is compared with the timer counter 2 (TM2) count value.

If the count value of TM2 matches the preset value of the CR20, and CR21 when a compare operation is performed,
as the result of the count operation, a match signal is sent to the output control circuit, and an interrupt request signal
(INTC20/INTC21) is generated at the same time.

After a match with the CR20 or CR21 value, the TM2 contents can be cleared, and the timer functions as an interval
timer that repeatedly counts up to the value set in the CR20 or CR21.

Figure 11-15. Compare Operation in 8-Bit Operation Mode

FFH FEH

T™M2
count value

value CR21 value

CR20 value CR20 value

1 |

A ! \
Countstart ~ Match Match Match Match

CE2 -~ 1

INTC20
interrupt request

OH

INTC21
interrupt request

TO2 pin output
<ENT02 = 1>
ALV2 =1/ Inactive level

TO3 pin output ve level
<ENT02 - 1> Inactive leve
ALV3 =0

OVF2

Cleared by software

Remark CLR21 =0, CLR22 =0, BW2=0
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Figure 11-16. Compare Operation in 16-Bit Operation Mode

FFFFH FEFFH
T™M2W
count value
CR21W value CR21W value
CR20W value CR20W value
OH 1 1
A I I
Count start Match Match Match Match
CE2 - 1

INTC20
interrupt request
INTC21
interrupt request
TO2 pin output

ENTO2=1 .

ALV2 = 1) Inactive level
TOS3 pin output -
<ENT02 — 1> Inactive level

ALV3 =0
OVF2

Cleared by software

Remark CLR21=0,CLR22=0,BW2=1
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Figure 11-17. TM2 Clearance after Match Detection

FFH
CR20 /
Sount va CR2L~ CR21 CR21
count value
OH
A ~ % e £
Count start Count disabled Count start Clear Clear
<CEZH1 ) CE2 . 0 <C|52H1 >
CLR21 -~ O CLR21 . 1
INTC20
interrupt request
INTC21
interrupt request
TO2 pin output
ENTO2 - 1 )
ALV2 — 1 Inactive level
TO3 pin output —
ENTO3 - 1 )

ALV3 — 1 Inactive level

OVF2

Cleared by software

Remark CLR22 =0

11.7.2 Capture operations

Timer/event counter 2 performs capture operations in which the timer counter 2 (TM2) count value is fetched into the
capture register in synchronization with an external trigger, and retained there.

A valid edge detected from the input of the external interrupt request input pins (INTP1/INTP2) is used as the external
trigger (capture trigger). The count value of TM2 in the process of being counted in synchronization with the capture trigger
is fetched into the capture register (CR22) in synchronization with INTP1, or into the capture/compare register (CR21) when
a capture operation is specified in synchronization with INTP2, and is retained there.

The contents of CR21 and CR22 are retained until the next capture triggers corresponding to CR21 and CR22 are
generated.

The capture trigger valid edge is set by means of external interrupt mode register 0 (INTMO). If both rising and falling
edges are set as capture triggers, the width of pulses input from off-chip can be measured, and if a capture trigger is
generated by a single edge, the input pulse cycle can be measured.

See Figure 22-1 for details of the INTMO format.

When CR21 is used as a capture register, TM2 can be cleared as soon as the contents of TM2 have been captured
by capture trigger to CR21 or CR22.
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Remark

328

Figure 11-18. Capture Operation in 8-Bit Operation Mode

T™2
count value D2

D1
DO

FFH

D6

OH —~
Count start
CE -1
INTP2
pin input

INTP2
interrupt request

Capture register b1
(CR21)

D2

D4

D5

D7

INTP1
pin input

INTP1
interrupt request

Capture register
(CR22) Do

D3

D6

OVF2

Dn: TM2 countvalue (n=0, 1, 2, ..))
CM21 =1, CLR21=0,CLR22=0,BW2 =0
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Figure 11-19. Capture Operation in 16-Bit Operation Mode

FFFFH

A

T™M2W D3
count value D2

D1 D7
DO D6
D5

OH =
Count start
CE -1
INTP2
pin input

INTP2
interrupt request

Capture register
P (CR%lW) D1 D2 D4 D5 D7

INTP1
pin input

INTP1
interrupt request

Capture register

OVF2

Remark Dn: TM2W count value (n =0, 1, 2, ..))
CM21 =1, CLR21 =0, CLR22=0,BW2 =0
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Figure 11-20. TM2 Clearance after Capture Operation

N1
/ Na
T™M2 N2

count value A N3 N5

OH
Capture Capture Capture Capture Capture
INTP1
pin input
INTP1
interrupt request
Capture/compare
N1 N2 N3 N4

register (CR22)

Remark CLR21=0,CLR22=1
11.8 Basic Operation of Output Control Circuit

The output control circuit controls the timer output pins (TO2/TO3) level by means of match signals from the compare
register (CR22). The operation of the output control circuit is determined by the timer output control register (TOC) and

capture/compare control register 2 (CRC2) (see Table 11-5). When TO2/TO3 signal is output to a pin, the relevant pin
must be in control mode in the port 3 mode register (PMC3).
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Table 11-5. Timer Output (TO2/TO3) Operations

TOC CRC2 TMC1 TO3 TO2
ENTO3| ALV3 | ENTO2 | ALV2 MOD1 | MODO | CLR22 | CLR21 | CMD2

0 0/1 0 0/1 X X X X X High/low level fixed High/low level fixed

0 0/1 1 0/1 0 0 xNote X X High/low level fixed Toggle output (active-low/high)
1 0/1 0 0/1 0 0 xNote X X Toggle output (active-low/high) High/low level fixed

1 0/1 1 0/1 0 0 xNote X X Toggle output (active-low/high) Toggle output (active-low/high)
0 0/1 1 0/1 0 1 0 0 0 High/low level fixed PWM output (active-high/low)
1 0/1 0 0/1 0 1 0 0 0 Toggle output (active-low/high) High/low level fixed

1 0/1 1 0/1 0 1 0 0 0 Toggle output (active-low/high) PWM output (active-high/low)
0 0/1 1 0/1 1 0 0 0 0 High/low level fixed PWM output (active-high/low)
1 0/1 0 0/1 1 0 0 0 0 PWM output (active-high/low) High/low level fixed

1 0/1 1 0/1 1 0 0 0 0 PWM output (active-high/low) PWM output (active-high/low)
0 0/1 1 0/1 1 1 0 1 0 High/low level fixed PPG output (active-high/low)

1 0/1 0 0/1 1 1 0 1 0 Toggle output (active-low/high) High/low level fixed

1 0/1 1 0/1 1 1 0 1 0 Toggle output (active-low/high) PPG output (active-high/low)

Note CLR22 is normally set to O in this case.

Remarks 1.

2.
3.

0/1 in the ALVn (n = 2, 3) columns correspond to the items on the left and right of the slash (“/”) in the TOn (n = 2, 3) columns respectively.

“x" indicates 0 or 1.

Combinations not shown in this table are prohibited to use in that combination.
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11.8.1 Basic operation

Setting (to 1) the ENTOnN (n = 2, 3) bit of the timer output control register (TOC) enables timer output (TOn: n =2, 3)
to be varied at atiming in accordance with the settings of MODO, MOD1, and CLR21 bits of capture/compare control register
2 (CRC2).

Clearing (to 0) ENTOn sets the TOn to a fixed level. The fixed level is determined by the ALVn (n = 2, 3) bit of the TOC.
The level is high when ALVn is 0, and low when 1.

11.8.2 Toggle output

Toggle output is an operation mode in which the output level is inverted each time the compare register (CR20/CR21)
value coincides with the timer counter 2 (TM2) value. The output level of timer output (TO2) is inverted by a match between
CR20 and TM2, and the output level of timer output (TO3) is inverted by a match between CR21 and TM2.

When timer/event counter 2 is stopped by clearing (to 0) the CE2 bit of the timer control register 1 (TMC1), the inactive
level (M: n =0, 1) is output.

Figure 11-21. Toggle Output Operation

FFH FEH FFH FEH FEH
T™2
count value CR21 value CR21 value CR21 value CR21 value
CR20 value CR20 value CR20 value CR20 value
OH
ENTOO
A A A
Instruction Instruction execution | Instruction execution
execution
TO2 output
(ALV2 =1)
ENTO3
A
Instruction execution
TO3 output
(ALV3 =0)
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Table 11-6. TO2/TO3 Toggle Output (f xx = 12.58 MHz)

Count Clock Minimum Pulse Width Maximum Pulse Width
fxx/4 4/fxx 216 x 4/fxx
(0.32 ps) (0.32 ps) (20.8 ms)
fxx/8 8/fxx 216 x 8ffxx
(0.64 us) (0.64 us) (41.7 ms)
fxx/16 16/fxx 216 x 16/fxx
(1.27 ps) (1.27 ps) (83.4 ms)
fxx/32 32/fxx 216 x 32/fxx
(2.54 us) (2.54 us) (167 ms)
fxx/64 64/fxx 216 x B4/fxx
(5.09 ps) (5.09 ps) (333 ms)
fxx/128 128/fxx 216 x 128/fxx
(10.17 ps) (10.17 ps) (667 ms)
xx/256 256/fxx 216 x 256/fxx
(20.35 pus) (20.35 pus) (1.33 s)
fxx/512 512/fxx 216 x 512/fxx
(40.70 us) (40.70 us) (2.67 s)
fxx/1,024 1,024/fxx 216 x 1,024/fxx
(81.40 pus) (81.40 pus) (5.33 s)
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11.8.3 PWM output

(1) Basic operation of PWM output
In this mode, a PWM signal with the period in which timer counter 2 (TM2) reaches a full count used as one cycle is
output. The timer output (TO2) pulse width is determined by the value of compare register (CR20), and the timer output
(TO3) pulse width is determined by the value of compare register (CR21). When this function is used, the CLR21 bit
and CLR22 bit of capture/compare control register 2 (CRC2) and the CMD2 bit of timer control register 1 (TMC1) must
be set to 0.
The pulse cycle and pulse width are as shown below.

(@) BW2=0

¢ PWM cycle = 256 x x/fxx
* PWM pulse width = CR2n x x/fxxN°®©; x = 4, 8, 16, 32, 64, 128, 256, 512, 1,024

Note 0 cannot be set in the CR2n.

PWM pulse width CR2n
. Duty = =
PWM 256

(b) BW2 =1

¢ PWM cycle = 65,536 x x/fxx
* PWM pulse width = CR2n x x/fxxN°®; x = 4, 8, 16, 32, 64, 128, 256, 512, 1,024

Note 0 cannot be set in the CR2n.

PWM pulse width CR2n
. Duty = =
PWM cycle 65,536
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Figure 11-22. PWM Pulse Output (BW2 = 0)

FFH FEH FFH
cr20 ]
CR20
T™2 CR20
count value
Count start
OH
Interrupt H
TO2
= Pulse width = =— Pulse width —
~—— Pulse cycle —|«—— Pulse cycle —

Remark ALV2 =0

Table 11-7. TO2/TO3 PWM Cycle (f xx = 12.58 MHz, BW2 = 0)

Count Clock Minimum Pulse Width [us] PWM Cycle [ms] PWM Frequency [Hz]
fxx/4 0.32 0.08 12,286
fxx/8 0.64 0.16 6,143
fxx/16 1.27 0.33 3,071
fxx/32 2.54 0.65 1,536
fxx/64 5.09 1.30 768
fxx/128 10.17 2.60 384
fxx/256 20.35 5.21 192
fxx/512 40.70 10.42 96
fxx/1,024 81.40 20.84 48
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T™2

count value

Interrupt

Remark ALV2 =0

Figure 11-23. PWM Pulse Output (BW2 = 1)

FEFFH FEFFH

CR20

Count start

CR20 /

FFEFH

cr20 ]

OH

TO2

= Pulse width = ~— Pulse width —

~—— Pulse cycle —=~——Pulse cycle —

Table 11-8. TO2/TO3 PWM Cycle (f xx = 12.58 MHz, BW2 = 1)

Count Clock Minimum Pulse Width [us] PWM Cycle [s] PWM Frequency [Hz]
fxx/4 0.32 0.02 47.6
fxx/8 0.64 0.04 23.8
fxx/16 1.27 0.08 12.0
fxx/32 2.54 0.17 6.0
fxx/64 5.09 0.33 3.0
fxx/128 10.17 0.67 1.5
fxx/256 20.35 1.33 0.7
fxx/512 40.70 2.67 0.4
fxx/1,024 81.40 5.33 0.2
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Figure 11-24 shows an example of 2-channel PWM output, and Figure 11-25 shows the case where FFFFH is set in

the CR20W.

Figure 11-24. Example of PWM Output Using TM2W

FFFFH FFFFH FFFFH
/ / CR21W /
CR21W /
TM2W CR20W
count value CR20W
CR20W

OH
INTC20
INTC21
TO2
TO3

Remark ALV2 =0, ALV3 =0

Figure 11-25. Example of PWM Output when CR20W = FFFFH

FFFFH FFFFH FFFFH
FFFEH FFFEH

=

Count clock cycle T
TM2W
count value | 2

INTC20 || ) ))
(¢ €S

(¢ 4§

88 (\(\
TO2 | |

T~

-—— Pulse width
Duty =

255 » 100 = 99.6 (%)
256

~~— Pulse cycle = 256T

Remarks 1. ALV2=0
2. T=xlfxx (x =4, 8, 16, 32, 64, 128, 256, 512, 1,024)
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(2) Rewriting compare registers (CR20, CR21)
The output level of the timer output (TOn + 2: n+ 2 =2, 3) is not inverted even if the CR2n (n = 0, 1) value matches
the timer counter 2 (TM2) value more than once during one PWM output cycle.

Figure 11-26. Example of Compare Register (CR20W) Rewrite

FEFFH FEFFH

d / /
Tz / T1
|

count value
OH

CR20W T1 T2

TO2 |

CR20W
rewrite

A
CR20W and TM2W values match, but TO2 does not change here.

Remark ALV2=1

If a value smaller than that of the TM2 is set as the CR2n 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 CR2n on which the rewrite is performed.

Figure 11-27. Example of 100% Duty with PWM Output

FFH FFH FFH FFH
nl /
nl
T™2
count value n3
n2 n2 n2
OH
CR20 nl n2
TO2
A

When value n2 which is smaller than the TM2 value n3 is
written to CR20 here, the duty of this period will be 100%.

Remark ALV2=0
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(3) Stopping PWM output
If timer/event counter 2 is stopped by clearing (to 0) the CE2 bit of the timer control register 1 (TMC1) during PWM
signal output, the active level is output.

Figure 11-28. When Timer/Event Counter 2 is Stopped During PWM Signal Output

FFFFH FFFFH
S
’ 1
l' !
v 1
CR20W CRZOW'*,’* ,
TM2W , !
count value !
:
1
1
1
OH
EEEEE -
TO2 :
1

Remark ALV2 =1
Caution The output level of the TOn (n = 2, 3) pin when timer output is disabled (ENTOn =0: n =2, 3) is

the inverse of the value setin ALVn (n = 2, 3) bits. Caution is therefore required as the active level
is output when timer output is disabled when the PWM output function has been selected.
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11.8

@

F
whe

340

.4  PPG output

Basic operation of PPG output

This function outputs a square-wave with the time determined by compare register CR21 value as one cycle, and the
time determined by compare register CR20 value as the pulse width. The PWM output PWM cycle is made variable.
This signal can only be output from timer output (TO2).

When this function is used, it is necessary to set the CLR21 bit of capture/compare control register 2 (CRC2) to 1 and
the CLR22 bit to 0, and to set the CMD2 bit of timer control register 1 (TMC1) to 0.

The pulse cycle and pulse width are as shown below.

* PPG cycle = (CR21 + 1) x x/fxx; x = 4, 8, 16, 32, 64, 128, 256, 512, 1,024

¢ PPG pulse width = CR20 x x/fxx where 1 < CR20 < CR21

PPG pluse width CR20

PPG cycle CR21 + 1

e Duty =

igure 11-29 shows an example of PPG output using timer counter 2 (TM2), Figure 11-30 shows an example of the case
re CR20 = CR21.
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Figure 11-29. Example of PPG Output Using TM2

CR21 CR21 CR21
T™M2
count value —~ CR20 CR20 CR20
Coun{tsty
OH
INTC20 —l
INTC21
J d
TO2
PPG output
( put Pulse width ‘
TO3
(timer output)
-— Pulse cycle 4—‘

Remark ALV2 =0, ALV3 =0

Table 11-9. TO2 PPG Output (f xx = 12.58 MHz)

Count Clock Minimum Pulse Width [us] PPG Cycle [s] PPG Frequency [Hz]
fxx/4 0.32 0.64 us to 20.84 ms 1,572 kHz to 48.0 Hz
fxx/8 0.64 1.27 us to 41.68 ms 786 kHz to 24.0 Hz
fxx/16 1.27 2.54 us to 83.35 ms 393 kHz to 12.0 Hz
fxx/32 2.54 5.09 us to 166.71 ms 197 kHz to 6.0 Hz
fxx/64 5.09 10.17 pus to 333.41 ms 98.3 kHz to 3.0 Hz
fxx/128 10.17 20.35 us to 666.82 ms 49.1 kHz to 1.5 Hz
fxx/256 20.35 40.70 usto 1.33 s 24.6 kHz to 0.7 Hz
fxx/512 40.70 81.40 us to 2.67 s 12.3 kHz to 0.4 Hz

fxx/1,024 81.40 162.80 usto 5.38 s 6.1 kHz to 0.2 Hz
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TM2
count value

INTC20

n

Figure 11-30. Example of PPG Output when CR20 = CR21

Countcycle T

2

n-1

Al

n-1

INTC21

|
il

TO2

Remark ALV2=0

<« Pulse width = nT

-« Pulsecycle=(n+1) T

D

T = x/fxx (x = 4, 8, 16, 32, 64, 128, 256, 512, 1,024)
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(2) Rewriting compare register (CR20)

The output level of the timer output (TO2) is not changed even if the CR20 value matches the timer counter 2 (TM2)
value more than once during one PPG output cycle.

Figure 11-31. Example of Compare Register Rewrite

CR21

CR21 CR21

e e

T™2 /
count value T1
A

Tl T1

OH

CR20 Tl T2

To2 L

CR20
rewrite

A
CR20 and TM2 values match, but TO2 does not change here.

Remark ALV2 =1
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If a value equal to or less than the TM2 value is written to CR20 before the CR20 and TM2 match, the duty of that
PPG cycle will be 100%. CR20 rewriting should be performed by the interrupt due to a match between TM2 and CR20.

Figure 11-32. Example of 100% Duty with PPG Output

R2 CR21 CR21
nl /
nl

T™M2

count value n3

n2 n2 74
OH /
CR20 nl n2
TO2
A

When value n2 which is smaller than the TM2 value n3 is
written to CR20 here, the duty of this period will be 100%.

Remark ALV2=0

Caution Ifthe PPG cycleis extremely short as compared with the time required to acknowledge an interrupt,

the value of CR20 cannot be rewritten by interrupt processing that is performed on match between

TM2 and CR20. 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 (CR21)
Ifthe current value of the CR21 is changed to a smaller value, and the CR21 value is made smaller than the timer counter
2 (TM2) value, the PPG cycle at that time will be extended to the time equivalent to a full-count by TM2. If CR21 is
rewritten after the compare register (CR20) and TM2 match, the output level at this time will be the inactive level until
TM2 overflows and becomes 0, and will then return to normal PPG output.
If CR21 is rewritten before CR20 and TM2 match, the active level will be output until CR20 and TM2 match. If CR20
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.
CR21 rewriting should be performed by the interrupt due to a match between TM2 and CR21, etc.

Figure 11-33. Example of Extended PPG Output Cycle

Full count value

nl nl nl
n3 / n3
n5 /
T™M2 n2 n2 ——
count value /
n4
OH
'
CR20 n3 { n4
AY
CR21 nl n2
TO2
AA

TO2 becomes inactive level when
CR20 and TM2 match, otherwise
it remains at the active level.

When value n2 smaller than the TM2
value n5 is written to CR21 here, the
PPG cycle is extended.

Remark ALV2=1
Caution If the PPG cycle is extremely short as compared with the time required to acknowledge an interrupt,
the value of CR2n cannot be rewritten by interrupt processing that is performed on match between

timer counter 2 (TM2) and compare register (CR2n: 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/event counter 2 is stopped by clearing (to 0) the CE2 bit of the timer control register 1 (TMC1) during PPG signal
output, the active level is output irrespective of the output level at the time timer/event counter 2 was stopped.

Figure 11-34. When Timer/Event Counter 2 is Stopped During PPG Signal Output

CR21 CR21
R

l' !

’ 1

CR20 CR207'— ,

TM2 R :
count value :
:

1

1

1

OH )

1 Tt 1

TO2 : ,

1 1

Caution The output level of the TOn (n = 2, 3) pin when timer output is disabled (ENTOn = 0: n = 2, 3) is the
inverse value of the value set in ALVn (n = 2, 3) bits. Caution is therefore required as the active level
is output when timer output is disabled when the PPG output function has been selected.
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11.9 Examples of Use

11.9.1 Operation as interval timer (1)

When timer counter 2 (TM2) is made free-running and a fixed value is added to the compare register (CR2n: n =0,
1) in the interrupt service routine, TM2 operates as an interval timer with the added fixed value as the cycle (see Figure
11-35).

The control register settings are shown in Figure 11-36, the setting procedure in Figure 11-37, and the processing in
the interrupt service routine in Figure 11-38.

Figure 11-35. Interval Timer Operation (1) Timing

FFH FFH
MOD (3n) /]
n
T™M2
count value
MOD (2n)
OH
A
Timer start

Compare register

(CR20) n >< MOD (2n) >< MOD (3n) >< MOD (4n)

_ INTC20 Rewritten by Rewritten by Rewritten by
interrupt request interrupt program interrupt program interrupt program
Interval Interval Interval

Remark Interval = n x x/fxx
1<n<FFH, x=4,8, 16, 32, 64, 128, 256, 512, 1,024
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Figure 11-36. Control Register Settings for Interval Timer Operation (1)

(a) Prescaler mode register 1 (PRM1)

7 6 5 4 3 2 1 0

PRM1 |PRS23|PRS22|PRS21 |PRS20 0 X X X

> Count clock specification
(x/fxx ; x = 4, 8, 16, 32, 64, 128, 256,
512, 1,024, or external clock)

(b) Capture/compare control register 2 (CRC2)

CRC2 0 0 0 1 0 0 0 0

» TM2 clearing disabled

» TO2 & TO3 both toggle outputs

(c) Timer control register 1 (TMC1)

TMC1 1 0 0 0 x x 0 0

» Normal mode

> Overflow flag

» Count operation enabled
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Figure 11-37. Interval Timer Operation (1) Setting Procedure

C Interval timer (1) )
l

Set PRM1

Set count value in CR20
CR20 « n

Set CRC2
CRC2 ~ 10H

Set TMC1
CE2 - 1
CMD2 - 0

=

Figure 11-38. Interval Timer Operation (1) Interrupt Request Servicing

C INTC20 interrupt )

Calculate timer value that will
generate next interrupt
CR20 ~ CR20+n

; Set 1in bit 7 of TMC1
Set normal mode (CMD2 = 0)

INTC20 interrupt

Other interrupt service program
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11.9.2 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 11-39).
The control register settings are shown in Figure 11-40, and the setting procedure in Figure 11-41.

Figure 11-39. Interval Timer Operation (2) Timing

T™M2
count value

OH

Count start Clear

Compare register
(CR21) n

INTC21
interrupt request \ \

Interrupt acknowledged Interrupt acknowledged

Clear

Interval Interval

Remark Interval = (n+1) x x/fxx
0<n<FFH, x=4, 8, 16, 32, 64, 128, 256, 512, 1,024
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(a) Prescaler mode register 1 (PRM1)

PRM1

CRC2

Figure 11-40. Control Register Settings for Interval Timer Operation (2)

7 6 5 4 0
PRS23|PRS22|PRS21 |PRS20 x
| | | |
(b) Capture/compare control register 2 (CRC2)
7 6 5 4 0
0 0 0 1 0
(c) Timer control register 1 (TMC1)
7 6 5 4 0
1 0 0 0 0

TMC1

Count clock specification
(x/fxx ; x = 4, 8, 16, 32, 64, 128, 256,
512, 1,024, or external clock)

TM2 clearing by match of CR21 & TM2
contents enabled

TM2 clearing by capture operation disabled

TO2 & TO3 both toggle outputs

Normal mode
Overflow flag

Count operation enabled
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Figure 11-41. Interval Timer Operation (2) Setting Procedure

C Interval timer

Set PRM1

Set count value in CR21
CR21 « n

Set CRC2
CRC2 -~ 18H

Set TMC1
CE2 - 1
CMD2 - 0

=

; Set 1in bit 7 of TMC1
Set normal mode (CMD2 = 0)

INTC21 interrupt
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11.9.3 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 (INTP1) are measured.

Both the high-level and low-level widths of pulses input to the INTP1 pin must be at least 3 system clocks (0.24 us: fcik
= 12.58 MHz); if shorter than this, the valid edge will not be detected and a capture operation will not be performed.

As shown in Figure 11-42, the timer counter 2 (TM2) value being counted is fetched into the capture register (CR22)
in synchronization with a valid edge (specified as both rising and falling edges) in the INTP1 pin input, and held there. The
pulse width is obtained from the product of the difference value between the TM2 count value (Dn) fetched into and held
in the CR22 on detection of the nth valid edge and the count value (Dn-1) fetched and held on detection of n-1th valid edge,
and the number of n-1th count clocks (x/fxx; x = 4, 8, 16, 32, 64, 128, 256, 512, 1,024).

The control register settings are shown in Figure 11-43, and the setting procedure in Figure 11-44.

Figure 11-42. Pulse Width Measurement Timing

FFH FF

d d

T

T™2
count value D1 D3
D2
DO
OH !
A Capture Capture Capture Capture
Count start
INTP1

external input signal

+—— (D1-D0) X X/fxx ——s=~— (100H-D1+ —=~— (D3-D2) x x/fxx

D2) x x/fxx
INTP1
interrupt request
Capture register
(CR22) DO D1 D2 D3
OVF2

Cleared by software

Remark Dn: TM2 countvalue (n=0, 1, 2, ..)
x =4, 8, 16, 32, 64, 128, 256, 512, 1,024
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Figure 11-43. Control Register Settings for Pulse Width Measurement

(a) Prescaler mode register 1 (PRM1)

7 6 5 4 3 2 1 0

PRM1 [PRS23|PRS22|PRS21 |PRS20 0 X X X

> Count clock specification
(x/fxx ; x = 4, 8, 16, 32, 64, 128, 256,
512, 1,024, or external clock)

(b) Capture/compare control register 2 (CRC2)

CRC2 0 0 0 1 0 0 0 0

‘ ‘ » TM2 clearing disabled

(c) Timer control register 1 (TMC1)

TMC1 1 0 0 0 X X 0 0

> Normal mode

> Overflow flag

» Count operation enabled

(d) External interrupt mode register 0 (INTMO)

INTMO X X 1 1 X X 0 x

> Both rising and falling edges
specified as INTP1 input valid edges
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Figure 11-44. Pulse Width Measurement Setting Procedure

CPuIse width measurement)

Set CRC2
CRC2 -~ 10H

Set INTMO
Set MKOL

Initialize capture value buffer memory
X0 -0

Set TMC1
CE2 - 1
CMD2 - 0

Enable interrupts

; Specify both edges as INTP1 input
valid edges, release interrupt masking

; Set 1in bit 7 of TMC1
Set normal mode (CMD2 = 0)

INTP1 interrupt

=

Figure 11-45. Interrupt Request Servicing that Calculates Pulse Width

C INTP1 interrupt )

Store capture value in memory
Xn+1 « CR22

Calculate pulse width
Yn = Xn+1 — XN

RETI

Preliminary User's Manual U13987EJ1VOUMO00O

355



CHAPTER 11 TIMER/EVENT COUNTER 2

11.9.4 Operation as PWM output
In PWM output, pulses with the duty ratio determined by the value set in the compare register (CR2n: n=0, 1) are output

(see Figure 11-46).
This PWM output duty ratio can be varied in the range 1/256 to 255/256 in 1/256 units.

The control register settings are shown in Figure 11-47, the setting procedure in Figure 11-48, and the procedure for

varying the duty in Figure 11-49.
Figure 11-46. Example of Timer/Event Counter 2 PWM Signal Output

FFH or FFFFH FFH or FFFFH FFH or FFFFH

™2 / / /
count value /

OH
A

Timer start

TO3
(when active-high)
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Figure 11-47. Control Register Settings for PWM Output Operation

(a) Timer control register 1 (TMC1)

TMC1 1 0 0 0 X X 0 0

> Normal mode

> Overflow flag

» TM2 count enabled

(b) Prescaler mode register 1 (PRM1)

7 6 5 4 3 2 1 0

PRM1 |PRS23| PRS22|PRS21 |PRS20 X X X x

> Count clock specification
(x/fxx ; x = 4, 8, 16, 32, 64, 128, 256,
512, 1,024)

(c) Capture/compare control register 2 (CRC2)

CRC2 1 0 0 1 0 0 0 0

» TM2 clearing disabled

» TO2 & TO3 both PWM outputs

(d) Timer output control register (TOC)

TOC 1 0 X X X X X x

» TO3 = active-high PMW signal output
» TO3 PMW output enabled

(e) Port 3 mode control register (PMC3)

PMC3 1 X X X X X x x

» P37 pin set as TO3 output

Preliminary User's Manual U13987EJ1VOUMO0 357



CHAPTER 11 TIMER/EVENT COUNTER 2

Figure 11-48. PWM Output Setting Procedure

( PWM output >

Set CRC2
CRC2 ~ 90H

Set TOC

Set P34 pin to control mode
PMC3.4 ~ 1

Set count clock in PRM1

Set initial value in CR20

Start count

CE2 . 1 ; Set bit 7 of TMC1
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Figure 11-49. Changing PWM Output Duty

CDuty change preprocessing>

Clear INTC21 interrupt request flag
CIF21 - 0

Enable INTC21 interrupts
CMK21 - 0

; Clear bit 0 of IFOH

; Clear bit 0 of MKOH

W INTC21 interrupt

C Duty change processing >

l

Set duty value in CR21

Disable INTC21 interrupts
CMK21 ~ 1

=

; Set bit 0 of MKOH
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11.9.5 Operation as PPG output

In PPG output, pulses with the cycle and duty ratio determined by the value set in the compare register (CR2n: n =0,
1) are output (see Figure 11-50).

The control register settings are shown in Figure 11-51, the setting procedure in Figure 11-52, and the procedure for
varying the duty in Figure 11-53.

Figure 11-50. Example of Timer/Event Counter 2 PPG Signal Output

cR21 cR21 cR21
™2 CR20 / CR20 / CR20 /
count value /
OH
A
Timer start
TO2
(when active-high)
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Figure 11-51. Control Register Settings for PPG Output Operation

(a) Timer control register 1 (TMC1)

TMC1 1 0 0 0 X X 0 0

» Normal mode

» Overflow flag

» TM2 count enabled

(b) Prescaler mode register 1 (PRM1)

7 6 5 4 3 2 1 0

PRM1 [PRS23| PRS22|PRS21 |PRS20 X X X X

> Count clock specification
(x/fxx ; x = 4, 8, 16, 32, 64, 128, 256,
512, 1,024)

(c) Capture/compare control register 2 (CRC2)

CRC2 1 1 0 1 1 0 0 0

» Cleared by match of TM2 & CR21

» Clearing when TM2 is captured in CR22
disabled

» TO2 = PPG output

(d) Timer output control register (TOC)

TOC X X 1 0 X X x X

» TO2 = active-high PPG signal output
» TO2 PPG output enabled

(e) Port 3 mode control register (PMC3)

7 6 5 4 3 2 1 0

PMC3 X 1 x x X X x x

» P36 pin set as TO2 output
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Figure 11-52. PPG Output Setting Procedure

( PPG output >

Set CRC2
CRC2 —~ D8H

Set TOC

Set P34 pin to control mode
PMC3.6 ~ 1

Set count clock in PRM1

Set cycle in CR21

Set duty in CR21

Start count

CE2 . 1 ; Set bit 7 of TMC1
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Figure 11-53. Changing PPG Output Duty

(Duty change preprocessing>

Clear INTC20 interrupt request flag
CIF20 - 0

Enable INTC20 interrupts
CMK20 ~ 0

; Clear bit 3 of IFOH

; Clear bit 3 of MKOH

W INTC20 interrupt

( Duty change processing >

!

Set duty value in CR20

Disable INTC20 interrupts
CMK20 ~ 1

=

; Set bit 3 of MKOH
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11.9.6 Operation as external event counter

An external event counter counts clock pulses (ClI pin input pulses) input from off-chip.

As shown in Figure 11-54, the value of timer counter 2 (TM2) is incremented in synchronization with a Cl pin input valid
edge (specified as rising edge only).

Figure 11-54. External Event Counter Operation (single edge)

Cl pin input

A A X
T™2 n n+1 n+2

Remark The TM2 value is one less than the number of input clock pulses.

The control register settings when TM2 operates as an external event counter are shown in Figure 11-55, and the setting
procedure in Figure 11-56.
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Figure 11-55. Control Register Settings for External Event Counter Operation

(a) Prescaler mode register 1 (PRM1)

7 6 5 4 3 2 0
PRM1 1 1 1 1 0 X x
| | | |
‘ > External clock input (C1) specified
(b) External interrupt mode register 0 (INTMO)
7 6 5 4 3 2 0
INTMO 0 1 X X X X X
» Rising edge specified as Cl input
valid edge
(c) Timer control register 1 (TMC1)
7 6 5 4 3 2 0
TMC1 1 0 0 0 X X 0

> Normal mode

> Overflow flag

» Count operation enabled

Figure 11-56. External Event Counter Operation Setting Procedure

C Event counter )

Specify CI pin input valid edge

Set PRM1
PRM1 — OFxH

Start count
CE2 -~ 1

; Set 1in bit 7 of TMC1
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11.9.7 Operation as one-shot timer

After timer counter 2 (TM2) is started, it operates as a one-shot pulse that generates a single interrupt after the preset
count time (see Figure 11-57).

The second and subsequent one-shot timer operations can be started by clearing the OVF2 bit of timer control register
1 (TMC1).

The control register settings are shown in Figure 11-58, the setting procedure in Figure 11-59, and the procedure for
starting the one-shot timer from the second time onward in Figure 11-60.

Figure 11-57. One-Shot Timer Operation

FFH or FFFFH

™2
count value
CR21 value
OH
A A
Count start Clear
CE2 -~ 1 OVF2 - 0
INTC21 —|

OVF2
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Figure 11-58. Control Register Settings for One-Shot Timer Operation

(a) Timer control register 1 (TMC1)

TMC1

CE2

OVF2

(b) Prescaler mode register 1 (PRM1)

PRM1

7

6

5

PRS23

PRS22

PRS21

PRS20 0 X X x

(c) Capture/compare control register 2 (CRC2)

CRC2
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One-shot timer mode

Count clock specification
(x/fxx ; x = 4, 8, 16, 32, 64, 128, 256,
512, 1,024, or external clock)

TM2 clearing disabled
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C One-shot timer )

Figure 11-59. One-Shot Timer Operation Setting Procedure

Set one-shot timer mode
CMD2 ~ 1

; Set1in bit5 of TMC1

Set PRM1

Set count value in CR21
CR21 <« n

Set CRC2
CRC2 ~ 10H

Start count
CE2 ~ 1

; Set 1in bit 7 of TMC1

INTC21 interrupt

=

C One-shot timer restart )

Figure 11-60. One-Shot Timer Operation Start Procedure from Second Time Onward

Set count value in CR21
CR21 « n

Restart count
OVF2 - 0

; Clear bit 6 of TMC1

=

INTC21 interrupt
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11.10 Cautions

@

@

©)

While timer/event counter 2 is operating (while the CE2 bit of the timer control register 1 (TMC1) is set), malfunctioning
may occur if the contents of the following registers are rewritten. Thisis because itis undefined which takes precedence,
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.

« Prescaler mode register 1 (PRM1)

e Capture/compare control register 2 (CRC2)
« Timer output control register (TOC)

¢« CMD2 bit of timer control register 1 (TMC1)

If the contents of the compare register (CR2n: n = 0, 1) match with those of TM2 when an instruction that stops timer
counter 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  Interrupt request from OR MKOH, #03H .~ Disables interrupt from timer/event
OR MKOH, #03H  {imer/event counter 2 CLR1 CE2 counte_r 2 _
. occurs between these CLR1 CIF20 ~ Clearsinterruptrequestflag for timer/

instructions CLR1 CIF21 event counter 2

Up to 1 count clock is required after an operation to start timer/event counter 2 (CE2 — 1) has been performed before
timer/event counter 2 actually starts (refer to Figure 11-61).

For example, when using timer/event counter 2 as an interval timer, the first interval time is delayed by up to 1 clock.
The second and those that follow are at the specified interval.

Figure 11-61. Operation when Counting is Started

owos [T LT LT
SN €5 €3 6 &

CE2 A .
Timing to start actual counting

Count start command (CE2 ~ 1)
by software
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While an instruction that writes data to the compare register (CR2n: n =0, 1) is executed, coincidence between CR2n,
to which the data is to be written, and timer counter 2 (TM2) is not detected. For example, if the contents of CR2n
do not change before and after the writing, the interrupt request is not generated even if the value of TM2 coincides
with the value of CR2n, nor does the timer output (TOn + 2: n + 2 = 2, 3) change.

Write data to CR2n when timer/event counter 2 is executing count operation in the manner that the contents of TM2
do not match the value of CR2n before and after writing (e.g., immediately after an interrupt request has been generated
because TM2 and CR2n have matched).

Match between TM2 and compare register (CR2n: n = 0, 1) is detected only when TM2 is incremented. Therefore,
the interrupt request is not generated and timer output (TOn + 2 : n + 2 = 2, 3) does not change even if the same value
as TM2 is written to CR2n.

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 (CR2n: n =0, 1) cannot be rewritten by interrupt processing that is performed on
match between timer counter 2 (TM2) and compare register (CR2n). Use another method (for example, to poll the
interrupt request flags by software with all the interrupts masked).

The output level of the TOn (n = 2, 3) when the timer output is disabled (ENTOn = 0: n = 2, 3) is the inverse value
of the value setto the ALVn (n =2, 3) bits. Note, therefore, that an active level is output when the timer outputis disabled
with the PWM output function or PPG output function selected.

When using timer/event counter 2 as an external event counter, the status where no valid edge is input cannot be
distinguished from the status where only one valid edge has been input, by using TM2 alone (refer to Figure 11-62),
because the contents of TM2 are 0 in both the cases. To make a distinction, use the interrupt request flag of INTP2,
as shown in Figure 11-63 (the INTP2 pin is multiplexed with the CI pin and both the functions can be used at the same
time).

Figure 11-62. Example of the Case where External Event Counter does Not Distinguish between One Valid
Edge Input and No Valid Edge Input

Cl

w0

Cannot be
distinguished
AN
Count start
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Figure 11-63. To Distinguish whether One or No Valid Edge has been Input with External Event Counter

(a) Processing when count is started

Start count

Clear INTP2
interrupt request flag | ; Clear PIF2t0 0
PIF2 - 0

Start count )
CE2 1 ;SetCE2t0 1

End

(b) Processing when count value is read

Count value
read

Read TM2 contents
A~ TM2

; Check TM2 value.
If 0, check interrupt
request flag.

; Check PIF2 contents.
If 1, valid edge is input.

End ; Number of input valid edges is set to A register
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12.1 Function

Timer 3 is a 16- or 8-bit timer.

Inaddition toits function as aninterval timer, it can be used as a counter for clocked serial interface (CSI) clock generation.
The interval timer generates internal interrupts at preset intervals. The interval setting range is shown in Table 12-1.

Table 12-1. Timer 3 Intervals

Minimum Interval Maximum Interval Resolution
4/fxx 216 x 4/fxx 4/fxx
(0.32 ps) (20.8 ms) (0.32 pus)
8/fxx 216 x 8/fxx 8/fxx
(0.64 us) (41.7 ms) (0.64 us)
16/fxx 216 x 16/fxx 16/fxx
(1.27 ps) (83.4 ms) (1.27 ps)
32/fxx 216 x 32/fxx 32/fxx
(2.54 us) (167 ms) (2.54 us)
64/fxx 216 x B4/fxx 64/fxx
(5.09 ps) (333 ms) (5.09 us)
128/fxx 216 x 128/fxx 128/fxx
(10.17 ps) (667 ms) (10.17 ps)
256/fxx 216 x 256/fxx 256/fxx
(20.35 pus) (1.33 s) (20.35 pus)
512/fxx 216 x 512/fxx 512/fxx
(40.70 us) (2.67 s) (40.70 us)
1,024/fxx 216 x 1,024/fxx 1,024/fxx
(81.40 pus) (5.33 5) (81.40 pus)

(' ): When fxx = 12.58 MHz
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12.2 Configuration
Timer 3 consists of the following registers:

e Timer counter (TM3/TM3W) x 1
e Compare register (CR30/CR30W) x 1

The block diagram of timer 3 is shown in Figure 12-1.

Figure 12-1. Timer 3 Block Diagram

S Internal bus S

N\
8/16

Compare register
(CR30/CR30W)

@Match INTC30 .
Serial interface

»FXT(G]S_’]?ZZ“» 16\ Clear
B »Fﬁxﬁgg i { @ — ORESET
] = fxx —-] ‘G .
O— 8 b=tx64 —| @ || Timercounter3 -
fxx g [ohied o g (TM3/TM3W)
& »fxx/ée —{ @

—fxx/| — ! 5
—fxx/4 —
T
Prescaler mode prs3 | Prs2 | Prs1 | PRSO ce3|Bwal- Timer control

[
register 0 (PRMO) register 0 (TMCO)

1/8

S Internal bus S
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Timer counter 3 (TM3/TM3W)

TM3/TM3W is a timer counter that count up using the count clock specified by the high-order 4 bits of prescaler mode
register 0 (PRMO).

The count operation is stopped or enabled by the timer control register 0 (TMCO). In addition, an 8-bit mode (TM3)
or 16-bit mode (TM3W) can be selected.

TM3 can be read only with an 8/16-bit manipulation instruction.

When RESET is input, TM3 is cleared to OOH and the count is stopped.

Compare register (CR30/CR30W)

CR30/CR30W is an 8/16-bit register that hold the value that determines the interval timer frequency.

If the CR30/CR30W contents match the contents of TM3/TM3W, the contents of TM3/TM3W is cleared automatically
and an interrupt request (INTC30) is generated.

This compare register operates as CR30 in the 8-bit mode and CR30W in the 16-bit mode.

CR30 can be read or written to with an 8/16-bit manipulation instruction. The contents of CR30 are undefined after
RESET input.

Prescaler
The prescaler generates the count clock from the internal system clock. The clock generated by the prescaleris selected
by the selector, and is used as the count clock by TM3/TN3W to perform count operations.

Selector

The selector selects a signal resulting from dividing the internal clock or the edge detected by the edge detection circuit
as the count clock of TM3/TM3W.
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12.3 Timer 3 Control Registers

(1) Timer control register 0 (TMCO)

TMCO controls the timer 3 timer counter 3 (TM3/TM3W) count operation by the high-order 4 bits (the low-order 4 bits
control the count operation of timer/event counter 0 TMO).

TMCO can be read or written to with an 8-bit manipulation instruction. The format of TMCO is shown in
Figure 12-2.

RESET input clears TMCO to 00H.
Figure 12-2. Timer Control Register 0 (TMCO0) Format

Address  After reset R/W

TMCO | CE3 0 0 BW3 | CEO | OVFO 0 0

OFF5DH O00H R/W

Countrols count operation of timer/event counter 0
TMO (see Figure 9-2).

BW3 Timer 3 Bit Length Specification

0 8-bit operating mode

1 16-bit operating mode

CE3 TM3/TM3W Count Operation Control

0 Count operation stopped with count
cleared

1 Count operation enabled
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(2) Prescaler mode register 0 (PRMO0)
PRMO specifies the count clock to timer 3 timer counter 3 (TM3/TM3W) by the high-order 4 bits (the low-order 4 bits
specify the count clock to timer/event counter 0 TMO).
PRMO can be read and written with an 8-bit manipulation instruction. The format of the PRMO is shown in
Figure 12-3.
RESET input sets PRMO to 11H.

Figure 12-3. Prescaler Mode Register 0 (PRMO0) Format

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

PRMO [ PRS3 | PRS2 | PRS1 | PRSO |PRS03|PRS02|PRS01|PRS00[ OFF5CH  11H  R/W
\ \ \ ! \ \ \ !

u

Specifies count clock to timer/event counter 0 TMO (see Figure 9-3).

(fxx = 12.58 MHz)

PRS3 | PRS2 | PRS1 | PRSO Timer 3 TM3/TM3W Count
Clock Specification
Count Clock [Hz] Resolution

Specification [ us]
0 0 0 0 Setting prohibited -
0 0 0 1 |fx/4 0.32
0 0 1 0 |fxx/8 0.64
0 0 1 1 fxx/16 1.27
0 1 0 0 |fxx/32 2.54
0 1 0 1 |fxx/64 5.09
0 1 1 0 fxx/128 10.17
0 1 1 1 fxx/256 20.35
1 0 0 0 fxx/512 40.70
1 0 0 1 |fxx/1,024 81.40

Other than the above Setting prohibited
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12.4 Timer Counter 3 (TM3) Operation

12.4.1 Basic operation
Timer 3 can operate in an 8-bit or 16-bit mode. These operation modes are selected by bit 4 (BW3) of timer control

register 0 (TMCOQ)Noe,
In the timer 3 count operation, the count-up is performed using the count clock specified by the high-order 4 bits of

prescaler mode register 0 (PRMO).

When RESET is input, timer counter 3 (TM3) is cleared to 0000H, and the count operation is stopped.

Count operation enabling/disabling is controlled by bit 7 (CE3) of timer control register 0 (TMCO) (the high-order 4 bits
of TMCO control timer 3 operation). When the CE3 bitis set (to 1) by software, the contents of TM3 are immediately cleared
on the first count clock, and then the count-up operation is performed. When the CE3 bit is cleared (to 0), TM3 becomes
OH immediately, and match signal generation is stopped. If the CE3 bit is set (to 1) again when it is already set (to 1), TM3
continues the count operation without being cleared.

Note Unless there functional differences are found, the register names in the 8-bit mode are used. In the 16-bit mode,
the register names TM3 and CR30 are TM3W and CR30W, respectively.

Figure 12-4. Basic Operation in 8-Bit Operation Mode (BW3 = 0)

(a) Count started - count stopped - count started

Count clock || || || || || || || || || || || || ||

))

T
CE3 J
b))

A A “ A
Count started Count stopped Count started
CE3 ~ 1 CE3 -~ 0 CE3 ~1

(b) When “1” is written to the CE3 bit again after the count starts

Count clock || || || || || || || ||

H
CE3 J :
1

~

A A
Count started Rewrite
CE3 -1 CE3 - 1
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Figure 12-5. Basic Operation in 16-Bit Operation Mode (BW3 = 1)

(a) Count started - count stopped - count started

Count clock | | | | | |
TM3W OH SS ﬂ 1H
CE3
(s
A A
Count started Count stopped Count started
CE3 -1 CE3 -0 CE3 -1

(b) When “1” is written to the CE3 bit again after the count starts

Count clock || || || || || || || ||

CE3 J

~N

A A
Count started Rewrite
CE3 -1 CE3 ~ 1
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12.4.2 Clear operation

(1) Clear operation by match with compare register (CR30)
Timer counter 3 (TM3) is cleared automatically after a match with the compare register (CR30). When a clearance
source arises, TM3 is cleared to OH 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 12-6. TM3 Clearance by Match with Compare Register (CR30)

Count clock |_| |_| |_|
\
T™M3 n-1 n 0 X 1

Compare register
(CR30)

A AN
TM3 and CR30 match  Cleared here

(2) Clear operation by CE3 bit of timer control register 0 (TMCO)
TM3is also cleared when the CES3 bit of TMCO is cleared (to 0) by software. The clear operation is performed following
clearance (to 0) of the CE3 bit in the same way.
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Figure 12-7. Clear Operation when CE3 Bit is Cleared (0)

(a) Basic operation

wos [N T
R 0

CE3

S

(b) Restart before count clock is input after clearance

Count clock

T™3 n-1 0 0 X 1 X 2

CE3

If the CE3 bit is set (to 1) before this count clock, the count starts from 0 on
this count clock

(c) Restart when count clock is input after clearance

e LN
SR 00 5N KN &

CE3

If the CE3 bit is set (to 1) from this count clock onward, the count starts from 0
on the count clock after the CE3 bit is set (to 1).
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12.5 Compare Register Operation

Timer 3 performs compare operations in which the value set in the compare register (CR30) is compared with the timer
counter 3 (TM3) count value.

If the count value of TM3 matches the preset CR30 value as the result of the count operation, an interrupt request
(INTC30) is generated.

After a match, the TM3 contents are cleared automatically, and therefore TM3 functions as an interval timer that
repeatedly counts up to the value set in the CR30.

Figure 12-8. Compare Operation

CR30 CR30
T™M3
count value
OH
A A A

Count start Clear Clear

CE -1 (match) (match)
INTC30
interrupt request
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12.6 Example of Use

Operation as interval timer:

TMS3 operates as an interval timer that generates interrupts repeatedly with the preset count time as the interval (see
Figure 12-9). TMS3 can also be used for baud rate generation.

This interval timer can count up to a maximum of 20.85 ms at the minimum resolution of 0.32 us, and up to 5.33 s at
the maximum resolution of 81.40 us (internal system clock fxx = 12.58 MHz).

The control register settings are shown in Figure 12-10, and the setting procedure in Figure 12-11.

Figure 12-9. Interval Timer Operation Timing

n n
T™3
count value
OH
A A A
Count start Clear Clear
|
Compare register r‘1
(CR30)
INTC30
interrupt request
Interrupt acknowledgment Interrupt acknowledgment
t«—— Interval ——}=—— Interval ——

Remark Interval = (n+1) x x/fxx
0<n<FFH, x=4,8, 16, 32, 64, 128, 256, 512, 1,024
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384

Figure 12-10. Control Register Settings for Interval Timer Operation

Prescaler mode register 0 (PRMO)

PRMO

PRS3

PRS2

PRS1

PRSO 0 0 0 0

> Count clock specification
(x/fxx ; x = 4, 8, 16, 32, 64, 128, 256,
512, 1,024)

Figure 12-11. Interval Timer Operation Setting Procedure

(

Interval timer )

Set PRMO

Set count value in CR30
CR30 < n

Start count ; Set 1in bit 7 of TMCO
CE -1

INTC30 interrupt
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12.7 Cautions

@

2

3

There is a possibility of malfunction if the next register contents are rewritten while the timer 3 is operating (when the
CES3 bit of the timer control register 0 (TMCQO) is set). The malfunction 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 the following register are rewritten, counter operations must be stopped first to ensure stability.

e Prescaler mode register 0 (PRMO)

If the compare register (CR30) and timer counter 3 (TM3) contents match when an instruction that stops TM3 operation
is executed, the TM3 count operation stops, but an interrupt request is generated.

If you do not want an interrupt to be generated when TM3 operation is stopped, interrupts should be masked by means
of interrupt the mask register before stopping the TM3.

Example
Program in which an interrupt request may be Program in which an interrupt request is not generated
generated
CLR1 CES3 SET1 CMK30 < Disables interrupts from timer 3
~ Interrupt request generated

SET1 CMK3o Py timer 3 here CLR1 CE3

CLR1 CIF30 < Clears timer 3 interrupt request flag

There is a delay of up to one count clock between the operation that starts a timer 3 (CE3 — 1) and the actual start
of the timer 3 (see Figure 12-12).

For example, if a timer 3 is used as an interval timer, the first interval will be extended by up to one clock. The second
and subsequent intervals will be as specified.

Figure 12-12. Operation when Counting is Started

e [T
SRR £ €3 € &

A
CE3 Timing at which count actually starts

Software count start command (CE3 ~ 1)
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4

®)

386

While an instruction that writes data to the compare register (CR30) is executed, match between CR30, to which the
data is to be written, and timer counter 3 (TM3) is not detected.

Write data to CR30 when timer 3 is executing count operation so that the contents of TM3 do not match the value of

CR30 before and after writing (e.g., immediately after an interrupt request has been generated because TM3 and CR30
have matched).

Match between TM3 and compare register (CR30) is detected only when TM3 is incremented. Therefore, the interrupt
request is not generated even if the same value as TM3 is written to CR30.
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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.
13.1 Configuration

The watchdog timer block diagram is shown in Figure 13-1.

Figure 13-1. Watchdog Timer Block Diagram

fok —— Watchdog timer
feLk/2?
feLk/220
Selector
foL/219 INTWDT
fewk/2Y7
Clear signal
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13.2 Watchdog Timer Mode Register (WDM)

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 of 1.

If the 3rd and 4th bytes of the operation code are not mutual complements of 1, 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.

After a system reset (ﬁ input), once the watchdog timer has been started (by setting (to 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.

WDM can be read at any time by a data transfer instruction.

RESET input clears WDM to O0H.

The WDM format is shown in Figure 13-2.
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Figure 13-2. Watchdog Timer Mode Register (WDM) Format

7 6 5 4 3 2 1 0
WDM| RUN 0 0 PRC 0 WDI2 | WDI1 0

Address After reset R/W
FFC2H 00H R/W

gl

WDI2

WDI1 Overflow Time [ms]
fck = 12.58 MHz

0 0 |2k (10.4)
0 1| 21%fcik (41.7)
1 0 | 2fcik (83.4)
1 1| 22Yfeix (166.7)

Remark fcik: Internal System Clock Frequency

PRC | Watchdog Timer Interrupt Request Priority
Specification
0 Watchdog timer interrupt request <
NMI pin input interrupt request
1 [ watchdog timer interrupt request >
NMI pin input interrupt request
RUN | Watchdog Timer Operation Specification
0 Watchdog timer stopped
1 Clear watchdog timer and start count

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 (to 1) the RUN bit. The

contents written at the first time cannot be changed even if a different value is written.
3. Once the RUN bit has been set (to 1), it cannot be reset (to 0) by software.
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13.3 Operation

13.3.1 Count operation

The watchdog timer is cleared, and the count started, by setting (to 1) the RUN bit of the watchdog timer mode register
(WDM). When overflow time specified by the WDM2 and WDM1 bits of WDM has elapsed after the RUN bit has been set
(to 1), a non-maskable interrupt (INTWDT) is generated.

If the RUN bit is set (to 1) again before the overflow time elapses, the watchdog timer is cleared and the count operation
is started again.

13.3.2 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 interruptand NMl 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.
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13.4 Cautions

13.4.1 General cautions on use of watchdog timer

(1) The watchdog timer is 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.

(2) 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 service program

If cases where an interrupt request or macro service is held pending (see 23.9) occur consecutively

If the watchdog timer is cleared periodically when inadvertent program looping is 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 or IDLE mode is entered as the result of an inadvertent program loop

If watchdog timer inadvertent program loop also occurs in the event of CPU inadvertent program loop 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 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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13.4.2 Cautions on pPD784938 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 (to 1) the RUN
bit. The contents written at the first time cannot be changed even if a different value is written.

(3) Once the RUN bit has been set (to 1), it cannot be reset (to 0) by software.
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Two types of count clocks can be input to the watch timer: main clock (12.58 MHz (MAX.)) and watch clock (32.768 kHz).
These count clocks can be selected by the control register. The watch clock is input only to the watch timer, and not to

the CPU and other peripheral circuits. Therefore, the operating speed of the CPU cannot be slowed down by using the

watch clock.

The watch timer generates an interrupt signal with a 0.5-second interval (INTW) by dividing the count clock. Atthe same

time, it also sets an interrupt request flag (WIF: bit 7 of interrupt control register (WIC)).

The INTW generation interval can be changed to about 1 ms by changing the mode (fast forward mode: 512 times faster

than the normal mode). Also, the INTW generation interval can be set to 15.6 ms.

When the main clockis selected as the count clock, the watch timer stops at standby in STOP mode. However, itcontinues

operating in the IDLE and HALT modes. When the watch clock is selected as the count clock, the watch timer can continue

operating in any standby mode (it means any of STOP, IDLE, and HALT modes). The operation of the watch clock oscillator

is controlled by the watch timer mode register (WM).
Figure 14-1 shows the format of WM.

Figure 14-1. Watch Timer Mode Register (WM) Format

7 6 5 4 3 2 1 0 Address After reset R/W
WM | WM7 | WM6 0 WM4 | WM3 | WM2 0 0 OFF6FH 00H R/W
WM4 | WM2 Watch Timer Operation Mode

0 0 Normal watch mode (generates
INTW at 0.5 s intervals)

1 0 Medium-fast forward mode (32
times faster than normal mode,
generates INTW at 15.6 ms
intervals)

0 1 Fast forward mode (512 times
faster than normal mode, generates

1 1 |INTW at 0.98 ms intervals)

WM3 Watch Timer Operation Control
0 Clears division counter and stops counting
1 Starts operation of division counter

WM6 | Watch Timer Operation Clock Specification
0 Main clock
1 | Watch clock

WM7 | Watch Clock Oscillator Operation Control
0 Stops watch clock oscillator
1 Operation watch clock oscillator

Caution The time from when the watch timer is started up until the first INTW occurs is less than 0.5 seconds.

This time becomes 0.5 seconds from the second and subsequent INTW occurrences.
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The watch timer of the uPD784938 does not have a buzzer output function.

Table 14-1. Relation between Count Clock and Watch Timer Operation

Count Clock Selection

Normal Operation Mode

Type of Standby Mode

HALT mode STOP mode IDLE mode
Main clock Operable Operable Stopped OperableNote
Watch clock Operable Operable Operable Operable

Note When bit 3 (WM3) of the watch timer mode register (WM) is set to “1” and bit 6 (WM6) of the same register is

set to “0”, main clock operation in the IDLE mode is enabled.

The watch timer consists of a divider circuit that divides the count clock by three, and a counter that divides the output
signal of the divider circuit by 214, As the count clock, select the signal obtained by dividing the internal system clock by
128, or the signal from the watch clock oscillator.

Figure 14-2. Block Diagram of Watch Timer

WM.3
reset

Main clock 3]
fxx/128 — divider

0

Watch
clock 1

oscillator

ON/OFF

WM.7

12 344 5 6 748 9 10 11412 13 14
Counter Counter Counter
s
E
L
0 1
SEL | WMm.4 SELI— SELf— INTW
1 ? 0
WM.2
WM.6 STBC.7

(Set by instruction when main clock is 12.58 MHz)

Caution The interval until the first INTW is generated is not 0.5 second after the operation has been enabled.
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The uPD784938 incorporates two 12-bit resolution PWM (pulse width modulation) output circuit channels. The active
level of the PWM output pulses can be selected as high or low. The PWM output ports consist of dedicated pins.

15.1 PWM Output Unit Configuration

The PWM output unit configuration is shown in Figure 15-1.

Figure 15-1. PWM Output Unit Configuration

% Internal bus
8 16 8
PWMn
15\ | | | | | | 8|7 | | | 413 | | | 0
PWPR PWMC
Reload Reload
- - Reload control
frwmc ] PWM pulse
fek —=1 Prescaler 8-bit down counter generator Outpgt chtrol
circuit
1/256 4-bit counter

Remark n=0,1
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(1) 8-bit down counter
Generates the basic PWM signal timing.

(2) PWM pulse generator (including 4-bit counter)
Controls addition of extra pulses and generates the PWM pulses to be output.

(3) Reload control
Controls 8-bit down counter and 4-bit count modulo value reloading.

(4) Output control circuit
Controls the active level of the PWM signal.

(5) Prescaler
Scales fcik, and generates the reference clock.

396 Preliminary User’'s Manual U13987EJ1VOUMO00



CHAPTER 15 PWM OUTPUT UNIT

15.2 PWM Output Unit Control Registers

15.2.1 PWAM control register (PWMC)

PWMC is an 8-bit register that controls the operating status of the PWM output pins (PWMn: n =0, 1).

PWMC can be read or written to with an 8-bit manipulation instruction or bit manipulation instruction. Its format is shown
in Figure 15-2.

When RESET is input, PWMC is set to 05H, the PWMn pin is disabled from outputting signals.

Figure 15-2. PWM Control Register (PWMC) Format

7 6 5 4 @ 2 @ 0 Address  Afterreset R/W
PWMC | SYN1 0 SYNO 0 EN1 | ALV1 | ENO | ALVO | OFF70H 05H R/W
L L

(n=0,1)

ALVn | PWMn Pin PWM Active Level Specification

0 Active-low

1 Active-high

ENn PWMn Pin PWM Output Control

0 Output disabled

1 PWM output enabled

SYNn PWM Pulse Width Rewrite Cycle
Specification

0 Rewritten every 16 PWM cycles (2'/fewwc)

1 Rewritten every PWM cycle (2°/fewwc)
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15.2.2 PWM prescaler register (PWPR)
PWPR is an 8-bit register that selects the PWM output circuit operating clock (frwmc).
PWPR can be read or written to with an 8-bit manipulation instruction. Its format is shown in Figure 15-3.
When RESET is input, PWPR is cleared to 00H, and fcik is selected as frwmc for both channels.

Figure 15-3. PWM Prescaler Register (PWPR) Format

7 6 5 4 3 2 1 0 Address After reset R/W
PWPR 0 PWP12|PWP11|PWP10| O PWP02|PWPO01|PWP0O0| OFF71H 0OH R/W
(n=0,1)
PWPN2 [PWPN1|PWPN0|PWMn Operating | PWMn Repetition Frequency
Clock (frwuc) (ferk = 12.58 MHz)
0 0 0 |few fcLk/256 (49.14 kHz)
0 0 1
0 1 0 [fex/2 fck/512 (24.58 kHz)
0 1 1 |fex/3 fc/768 (16.38 kHz)
1 0 0 fouk/4 fcik/1,028 (12.28 kHz)
Other than the above | Setting prohibited

15.2.3 PWM modulo registers (PWMO0, PWM1)

The PWM modulo register (PWMn: n = 0, 1) is a 16-bit register that determines the PWM pulse width. Reads/writes
by a 16-bit manipulation instruction are possible for data setting.

The contents of bits 4 to 15 of the PWMn determines the 12-bit PWM pulse width (12-bit resolution). Bits 3 to 0 have
no meaning, and PWM output is not affected whether 1 or 0 is written to these bits.

When RESET is input, the PWMn content are undefined, and therefore data must be set by the program before PWM
output is enabled.

Caution A value between 0000H and O0OFFH should not be set in the PWM modulo registers (PWMn: n =0, 1).

A value between 0100H and FFFFH should be set in the PWMn registers. The PWM signal duty values
that can be output are 17/4,096 to 4,096/4,096.
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15.3 PWM Output Unit Operation

15.3.1 Basic PWM output operation
The PWM pulse output duty is determined by the value set in bits 4 to 15 of the PWM modulo register (PWMn: n =0,
1) as shown below.

(Value of PWMn bits 4 to 15)Note + 1
4,096

PWM pulse output duty =
Note 16 < (Value of PWMn bits 4 to 15) < 4095

The PWM pulse output repetition frequency is the frequency obtained by division-by-256 of the PWM clock fcik/1 to
fck/4 set by the PWM prescaler register (PWPR) (=fpwmc/256), and the minimum pulse width is 1/frwmc.

In PWM pulse output, 12-bit resolution is achieved by repeating output of a frwmc/256 repetition frequency 8-bit resolution
PWM signal 16 times.

The addition of extra pulses (1/frwmc) to the 8-bit resolution PWM pulses determined by bits 8 to 15 of the PWMn every
cycle is controlled in accordance with the value of bits 4 to 7 of the PWMn to implement a PWM pulse signal once every
16 cycles.

Figure 15-4. Basic PWM Output Operation

PWM signal |

Note

- One 12-bit PWM signal cycle Lt

Note 8-bit resolution per PWM pulse cycle
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15.3.2 PWM pulse output enabling/disabling

When PWM pulses are output, the ENn (n = 0, 1) bits of the PMC register are set (to 1) after data is set in the PWM
prescaler register (PWPR) and PWM modulo register (PWMn: n =0, 1). As a result, PWM pulses with the active level
specified by ALVn (n = 0, 1) bit of the PWM control register (PWMC) are output from the PWM output pin.

When the ENn bits of the PWMC are cleared (to 0), the PWM output unit immediately stops the PWM output operation.

15.3.3 PWM pulse active level specification

The ALVn (n = 0, 1) bit of the PWM control register (PWMC) specify the active level of PWM pulses output from the
PWM output pins.

When ALVn bitis set (to 1), active-high level pulses are output, and when cleared (to 0), active-low level pulses are output.

When ALVn bit is rewritten, the PWM active level changes immediately. PWM output active level setting and pin states
are shown in Figure 15-5.

Figure 15-5 shows the case where ALVn bit is switched when the ENn (n =0, 1) bit of the PWMC is set (to 1) and PWM
output is enabled.

The pin state does not change if ALVn is rewritten when ENn bit is in the cleared (to 0) state.

Figure 15-5. PWM Output Active Level Setting

ALV (Active-high) ()\ (Active-low)

~ 4 U UL

(ALVn bit rewrite)

Remark ENn=1(n=0,1)
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15.3.4 PWM pulse width rewrite cycle specification

The start of PWM output and pulse width changes are performed in synchronization either with every 16 PWM pulse
cycles (22/fewmc) or with every PWM pulse cycle (28/frwmc). This PWM pulse width rewrite cycle specification is performed
by means of the SYNn bits of the PWM control register (PWMC).

Whenthe SYNn bitis cleared (to 0), a pulse width change is performed every 16 PWM pulse cycles (2'%/frwmc). Ittherefore
takes a maximum of 212 clocks (326 us when frwmc = 12.58 MHZz) until a pulse of a width corresponding to the data written
in the PWM modulo register (PWMn: n =0, 1) is output. An example of the PWM output timing at this time is shown in
Figure 15-6.

When the SYNn bit is set (to 1), on the other hand, a pulse width change is performed every PWM pulse cycle (28/fpwmc).
In this case, it takes a maximum of 28 clocks (20.4 us when frwmc = 12.58 MHz) until a pulse of a width corresponding to
the data written in the PWMn is output.

However, caution is required since, if the PWM pulse rewrite cycle is specified as every 28/fewmc, (if the SYNn bit is set
(to 1)), the obtained PWM pulse precision is between 8 bits and 12 bits, and is lower than when the PWM pulse rewrite
cycle is specified as 2'%/frwmc.

An example of the PWM output timing when the rewrite timing is 28/frwmc is shown in Figure 15-7.

Figure 15-6. PWM Output Timing Example 1 (PWM pulse width rewrite cycle = 2 2/fpwmc)

16 PWM 16 PWM
pulse cycles pulse cycles

W LML InE i
outputpin. 00| L4 L1 locooooo---

PWMn n X m
contents
A A
PWM PWMn
output rewrite
enabled
PWM pulse width PWM pulse width PWM pulse width
switching timing switching timing switching timing

Cautions 1. Pulse width rewriting is performed every PWM pulse cycle.
2. The PWM pulse precision is 12 bits.
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Figure 15-7. PWM Output Timing Example 2 (PWM pulse width rewrite cycle = 2

PWM
output pin

PWMn
contents

1PWM
pulse cycle

‘

8/frwmc)

A

| X m

A

VAN VAN VAN VAN

PWM PWMn PWMn PWMn

outpbl:td rewrite rewrite rewrite PWM pulse width
enable switching timing

Cautions 1. Pulse width rewriting is performed every PWM pulse cycle.
2. The PWM pulse precision is between 8 and 12 bits.

Remark |, m, and n mean the PWMn contents.

15.4 Caution

A value between 0000H and OOFFH should not be set in the PWM modulo registers (PWMn: n=0, 1). A value between
0100H and FFFFH should be set in the PWMn. The PWM signal duty values that can be output are 17/4,096 to 4,096/

4,096.
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CHAPTER 16 A/D CONVERTER

The uPD784938 incorporates an analog/digital (A/D) converter with 8 multiplexed analog inputs (ANIO to ANI7).

The successive approximation conversion method is used, and the conversion result is held in the 8-bit A/D conversion
result register (ADCR). This allows fast, high-precision conversion to be performed.

There are two modes for starting A/D conversion, as follows:

« Hardware start: Conversion started by trigger input (INTP5).
» Software start: Conversion started in accordance with A/D converter mode register (ADM) bit setting.

After start-up, there are two operation 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.
When the conversion resultis transferred to the ADCR, an INTAD interrupt request is generated. This allows conversion
values to be transferred to memory in succession by means of macro service.
Cautions 1. Apply a voltage same as the supply voltage (AV op) to the reference voltage input pin (AV  rer1) of
this product.
2. When port 7 is used for both output port and A/D input, do not write to output port during A/D
conversion operations.

16.1 Configuration

The A/D converter configuration is shown in Figure 16-1.
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ANIO O——
ANIL O——
ANI2Z O——
ANI3 O——
ANI4 O———
ANI5S O——
ANIE O——
ANI7 O——

Figure 16-1. A/D Converter Block Diagram

Sample & hold circuit

Tttt T |

Series resistor string
P T ! O AVob

A/D current cut select
register (IEAD)

INTP5 O——

Voltage comparator

;selector\

Successive approximation
register (SAR)

|

Input ! 1

selector | |
l S _L !
! |
| |
&
! |
| |

Edge detection Conversion trigger

circuit

Control circuit [

INTAD

Trigger enable

A/D converter mode

register (ADM) [ RESET

AVss

A/D conversion result
register (ADCR)

Internal bus %

H31H43IANOD d/vV 9T "3LdVHO



CHAPTER 16 A/D CONVERTER

@

&)

©)

4

Cautions 1. A capacitor should be connected between the analog input pins (ANIO to ANI7) and AV ss, and
between the reference voltage input pin (AV  rer1) and AV ss to prevent malfunction due to noise.
Be sure to connect the capacitor as closely to ANIO through ANI7 and AV REF1 as possible.

Figure 16-2. Example of Capacitor Connection on A/D Converter Pins

HuPD784938
Analog
input © ANIO to ANI7
100 to L
500 pF
Referen
ererence AVREF1

voltage input

7l7 AVss

2. A voltage outside the range AV ss to AV rer1 should not be applied to pins used as A/D converter
input pins. See 16.6 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 operation 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 (AVrer1) and the A/D converter
GND pin (AVss). To provide 256 equal voltage steps between the two pins, it is made up of 255 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 SAR successive approximation
register.
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SAR: Successive Approximation Register

SAR is an 8-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 (ADCR).

ADCR: A/D Conversion Result Register

ADCR is an 8-bit register that holds the A/D conversion result. The conversion result is loaded into this register from
the successive approximation register (SAR) each time A/D conversion finishes.

The contents of this register approximation are undefined when RESET is input.

Edge detection circuit

The edge detection circuit detects a valid edge from the interrupt request input pin (INTP5) input, and generates an
external interrupt request signal (INTP5) and A/D conversion operation external trigger.

The INTP5 pin input valid edge is specified by external interrupt mode register 1 (INTM1) (see Figure 22-2). External
trigger enabling/disabling is set by means of the A/D converter mode register (ADM) (see 16.2 A/D Converter Mode
Register (ADM) ).
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16.2 A/D Converter Mode Register (ADM)

ADM is an 8-bit register that controls A/D converter operations.

ADM register can be read or written to with an 8-bit manipulation instruction or bit manipulation instruction. Its format
is shown in Figure 16-3.

Bit 0 (MS) controls the operation mode.

Bits 1, 2, and 3 (ANIO, 1, 2) select the analog inputs for A/D conversion.

Bit 5 (SCMD) controls the A/D conversion operation in scan mode.

Bit 6 (TRG) enables external synchronization of the A/D conversion operation. If the TRG bit is set (to 1) when the CS
bit is set (to 1), the conversion operation is initialized with each input of a valid edge as an external trigger to the INTP5
pin. When the TRG bit is cleared (to 0), the conversion operation is performed without regard to the INTP5 pin.

Bit 7 (CS) controls the A/D conversion operation. When the CS bit is set (to 1) the conversion operation is started, and
when cleared (to 0), all conversion operations are stopped even if conversion is in progress. In this case, the A/D conversion
resultregister (ADCR) is not updated and an INTAD interrupt request is not generated. Also, the power supply to the voltage
comparator is stopped, and the A/D converter consumption current is reduced.

RESET input clears ADM to O0H.

Caution When the STOP mode or IDLE mode is used, the consumption current should be reduced by clearing
(to 0) the CS hit before entering the STOP or IDLE mode. If the CS bit remains set (to 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 16-3. A/D Converter Mode Register (ADM) Format

@ 6 5 4 3 2 1 0  Address Afterreset R/W
ADM| CS TRG |SCMD| FR |ANIS2|ANIS1|ANISO| MS OFF68H O0H R/W
‘ \ \ ‘ \ | ‘
|: ANIS2 | ANIS1|ANISO| MS | A/D Conversion Operating Mode Setting
0 0 0 0 Scan | ANIO input scanned
mode

0 0 1 0 (0/1) | Input ANIO & ANI1 scanned
0 1 0 0 Input ANIO to ANI2 scanned
0 1 1 0 Input ANIO to ANI3 scanned
1 0 0 0 Input ANIO to ANI4 scanned
1 0 1 0 Input ANIO to ANI5 scanned
1 1 0 0 Input ANIO to ANI6 scanned
1 1 1 0 Input ANIO to ANI7 scanned
0 0 0 1 Select | ANIO input selected

0 0 1 1 mode ANI1 input selected

0 1 0 1 ANI2 input selected

0 1 1 1 ANI3 input selected

1 0 0 1 ANI4 input selected

1 0 1 1 ANI5 input selected

1 1 0 1 ANI6 input selected

1 1 1 1 ANI7 input selected

FR Conversion Speed Control (fcik = 12.58 MHz)

0 180/fcik (19.1 us) Low-speed conversion

1 120/fcik (9.6 us) High-speed conversion

SCMD| MS Scan Mode Selection

0 0 Scan mode 0 (no delay control)

1 0 Scan mode 1 (delay control)

0 1 Select mode

1 1 Setting prohibited

TRG External Trigger Control

0 External trigger disabled

1 External trigger enabled
CS A/D Conversion Operation Control

0 Stop A/D conversion operation

1 Start A/D conversion operation
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Caution Once the A/D converter starts operating, conversion operations are performed repeatedly until the CS
bit of the A/D converter mode register (ADM) is cleared (to 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 (CS bit must be set (to 1))
<2> Interrupt request flag (ADIF) clearance (to 0)
<3> Interrupt mask flag or interrupt service mode flag setting

Operations <1> to <3> should not be divided by an interrupt or macro service. When scan mode 0 (no
delay control) is used, in particular, you should ensure that the time between <1> and <2> is less than
the time taken by one A/D conversion operation.

Alternatively, the following procedure is recommended.
<1> Stop the A/D conversion operation by clearing (to 0) the CS bit of the ADM.
<2> |Interrupt request flag (ADIF) clearance (to 0).

<3> Interrupt mask flag or interrupt service mode flag setting
<4> Write to the ADM
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16.3 A/D Current Cut Select Register (IEAD)

IEAD is a register that selects whether AVop and AVrer1 are connected.

In a system where AVob = AVrer1 and a high accuracy is not required, open the AVrer1 pin. In the normal mode, connect
AVoo and AVrer1. Inthe standby mode, the connection between these pins is disconnected to lower the power consumption.

IEAD is set with an 8-bit or 1-bit manipulation instruction. RESET input clears IEAD to O0H.

Figure 16-4. A/D Current Cut Select Register (IEAD) Format

Symbol 7 6 5 4 3 2 1 0 Address After reset R/W
iEAD[ o | o | o | o | o | o | o |iEAD0| oFFeCH 0oH  RW

IEADO| Controls Connection between AVop and AVRrer1

0 Disconnects AVoo and AVRrer1

1 Connects AVop and AVRrer1

Figure 16-5. A/D Current Cut Select Register Function

| |
\ I | I
| } O AVop | } O AVop
| | | |
| 1 | - 1 Power consumption can be lowered by
! | ! Cocr:)nne{%llon < controlling connection between AVop and
! } ! | AVRer1 with IEADO.
} } AVREF1 } ——O AVRer1
| j | l (open)
| | | |
| | | |
1 l 1 l
\ I | I
\ : O AVss \ : O AVss
| | | |
1 l 1 l
l l l l
AVop # AVRrer1 or when high AVop = AVrer1 and when high
accuracy is required accuracy is not required
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16.4 Operation

16.4.1 Basic A/D converter operation

(1) A/D conversion operation procedure

A/D conversion is performed by means of the following procedure:

@
(b)
(c)
(d)

(e)

®

C)

Analog pin selection and operation mode specification are set with the A/D converter mode register (ADM).
Bit 7 (CS) of the ADM is set (to 1), and A/D conversion is started.

When conversion starts, the MSB (bit 7) of the successive approximation register (SAR) is set (to 1) automatically.
When bit 7 of the SAR is set (to 1), the tap selector sets the series resistor string voltage tap to

225 AVRer1 (= 1/2 AVReF1).

512

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) AVrer1, the MSB of the SAR remains set (to 1), and
if it is less than (1/2) AVrer1, the MSB is cleared (to 0).

Next, bit 6 of the SAR is set (to 1) automatically, and the next comparison is performed. Here, the series resistor
string voltage tap is selected according to the value of bit 7 for which the result has already been set, as shown
below.

e Bit7=1..... 383 AVREeF1 ‘—‘.3 AVREeF1
512 4

e Bit7=0...... 127 AVREF1 '—fi AVREF1
512 4

This voltage tap is compared with the analog input voltage, and bit 6 of the SAR is manipulated as follows according
to the result:

« Analog input voltage = voltage tap: Bit6 = 1
* Analog input voltage < voltage tap: Bit 6 = 0

The same kind of comparison is continued up to the LSB (bit 0) of the SAR (binary search method).
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(h) When comparison of the 8 bits is completed, a valid digital result is left in the SAR, and that value is transferred
to the A/D conversion result register (ADCR) and latched.
An A/D conversion operation end interrupt request (INTAD) can be generated at the same time.

Figure 16-6. Basic A/D Converter Operation

Conversion time

Sampling time

A/D converter . .
operation Sampling A/D conversion
COH )
SAR Undefined 80H or Conversion
40H result
3
ADCR Conversion
result

INTAD —|

A/D conversion operations are performed successively until the CS bit is cleared (to 0) by software. If a write operation

is performed on the ADM during an A/D conversion operation, the conversion operation is initialized, and if the CS bit is
set (to 1), conversion will be started from the beginning.
The contents of the ADCR 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 ANI7) and the A/D conversion
result (value stored in ADCR) is shown by the following expression:

ADCR = INT(—_ x 256 + 0.5)

AVREF1
or

AVREF1
256

(ADCR - 0.5) x

% < Vin < (ADCR + 0.5) %

Remark INT(): Function that returns the integer part of the value in ()
VIN: Analog input voltage
AVrer1: AVRer1 pin voltage
ADCR: ADCR value

Figure 16-7 shows the relationship between the analog input voltage and the A/D conversion result in graphic form.

Figure 16-7. Relationship between Analog Input Voltage and A/D Conversion Result

85—

)RR R R T

A/D conversion
result (ADCR)

253 - -

1 1 3 2 5 _3 507 254 509 255 511 1

512 256 512 256 512 256 512 256 512 256 512

Input voltage/AVrer1
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A/D conversion time

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 16-1.

Table 16-1. A/D Conversion Time

System Clock (fck) Range FR Bit Conversion Time Sampling Time
2 MHz < foik £ 16 MHz 0 180/fcik 36/fcik
(11.3 us to 90 us) (2.3 us to 18 us)
2 MHz < fek £ 16 MHz 1 120/fcik 24/feLk
(7.5 ps to 60 ps) (1.5 pus to 12 ps)

A/D converter operation modes
There are two A/D converter operation modes, scan mode and select mode. These modes are selected according

to the setting of bit 0 (MS) of the A/D converter mode register (ADM). In addition, scan mode 0 or 1 can be selected
by bit 5 (SCMD) of the ADM.

Operation in either mode continues until the ADM is rewritten.
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16.4.2 Select mode
One analog input is specified by bits 1 to 3 (ANISO to ANIS2) of the A/D converter mode register (ADM), and A/D

conversion of the specified analog input pin is started. The conversion result is stored in the A/D conversion result register
(ADCR). An A/D conversion end interrupt request (INTAD) is generated at the end of each conversion operation.

Figure 16-8. Select Mode Operation Timing

(@) TRG bit < 0

A/D conversion ANI3 ANI3 ANI3 ANI3 ANI3 ANI3

A \
Conversion start

NS
Elbwon] VLV LY

ADCR

A
M

(b) TRG bit < 1

ws 1] i

Initialization Initialization Initialization
A/D conversion ANIO ANIO ANIO ANIO ANIO ANIO ANIO
A A A A A A
Conversion start Conversion end Conversion end \ Conversion end Conversion end  Conversion end
CS -1
MS - 1

ANIS2 to ANISO — 000 \ \ \
ADCR >< ANIO >< ANIO >< ANIO >< ANIO ><:

INTAD [ 1 ] 1 [
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16.4.3 Scan mode

Two scan modes, 1 and 0, are available. In scan mode 0, delay control that takes delay in reading the A/D conversion
result by the CPU into consideration can be performed. In scan mode 1, no delay control is performed but the A/D conversion
interval is fixed.

Generally, use of scan mode 1 is recommended.

(1) Scan mode 0 (bit 5 (SCMD) of A/D converter mode register (ADM) = 0)
Input from the analog input pins specified by bits 1 to 3 (ANISO to ANIS2) of the ADM is selected and converted in
order.

For example, if ANIS2 to ANISO of the ADM = 001, ANIO and ANI1 will be scanned repeatedly (ANIO - ANI1 — ANIO
- ANI1 - ...). Inthe scan mode, at the end of the conversion operation for each input the conversion value is stored
in the A/D conversion result register (ADCR) and an A/D conversion end interrupt request (INTAD) is generated.

Figure 16-9. Scan Mode 0 Operation Timing

(@) TRG bit — 0

A/D conversion ANIO ANI1 ANIO ANI1 ANIO ANI1
A A A A A A A
Conversion start \Conversion end \ Conversion end \Conversion end \ Conversion end \ Conversionend  Conversion end
CS 1
MS - 0

ANIS2 to ANISO « 001 \ \ \ \
NIO >< ANI1 >< ANIO >< ANIL >< ANIO ><:

wo P T TL

(b) TRG bit « 1

e ] T

>
g
O
Py)
1
1
1
1
1
1
1
1
1
X<
>

Initialization Initialization Initialization Initialization
A/D conversion ANIO ANI1 ANI2| ANIO ANIO ANI1 ANIO
A A A A A
Conversion start \Conversion end \ Conversion end Conversion end Conversion end
CS -1
MS - 1

ANIS2 to ANISO ~ 010 \
ADCR -==-==-=------ >< ANIO >< ANI1
\

M [

ANIO

<
_—
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(2) Scan mode 1 (bit 5 (SCMD) of A/D converter mode register (ADM) = 1)
When bit 5 of the ADM is set (to 1), the analog input pins specified by bits 1 to 3 (ANISO to ANIS2) are selected, and
subjected to conversion, in order. If an A/D conversion result register (ADCR) read is not performed by the CPU by
the end of the next A/D conversion after A/D conversion end (INTAD) generation, conversion is restarted without
performing INTAD generation, ADCR updating or channel updating (see Figure 16-10).
If an ADCR read is performed by the CPU before the end of the next A/D conversion, the same operation as in scan
mode 0 is performed.

Figure 16-10. Scan Mode 1 Operation Timing

Channel updating disabled

e

A/D conversion ANIO >< ANI1 >< ANI2 >< ANI2 >< ANI3 >< ANIO

ADCR updating disabled
ADCR >< ANIO >< ANI1 >< ANI2 >< ANI3
INTAD |_| |_|

Interrupt generation disabled
ADCR read |_| |_| |_| |_|

| —
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16.4.4 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 CS bit to 1.

If a value is written to the ADM during an A/D conversion operation (CS bit = 1) such that the TRG bit is set to 0 and
the CS bitto 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 operation 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), INTP5 pin (P26 pin) input does not affect the A/D
conversion operation.

(1) Select mode A/D conversion operation
An A/D conversion operation is started on the analog input pin set by the A/D converter mode register (ADM). As soon
as the A/D conversion operation ends, another A/D conversion operation is performed on the same analog input pin.
An A/D conversion end interrupt request (INTAD) is generated at the end of each A/D conversion operation.

Figure 16-11. Software Start Select Mode A/D Conversion Operation

A/D conversion ANIn ANIn ANIn ANIm ANIm ANIm
L L L L
A A
Conversion start ADM rewrite
CS <1, TRG « 0 CS <1, TRG -0
Y [ Y [
ADCR ANIn ANIn ANIm ANIm

10 NN

Remark n=0,1, ..., 7
m=0,1,..,7

418 Preliminary User's Manual U13987EJ1VOUMO00



CHAPTER 16 A/D CONVERTER

(2) Scan mode A/D conversion operation
When conversion operation is started, an A/D conversion operation is started on the ANIO pin input. When the A/D

conversion operation ends, an A/D conversion operation is started on the next analog input pin. An A/D conversion
end interrupt request (INTAD) is generated at the end of each A/D conversion operation.

Figure 16-12. Software Start Scan Mode A/D Conversion Operation

A/D conversion
(ANIO to ANI2 ANIO ANI1 ANI2 |ANIO| ANIO ANI1 ANI2 ANIO ANI1
scanned) | | | | | | |
A A

Conversion start ADM rewrite

CS -1 CS -1

TRG - 0 TRG ~ 0

Y Y Y Y Y Y Y
ADCR ANIO ANI1 ANI2 ANIO ANI1 ANI2 ANIO
A

Interrupt request
acknowledgment
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16.4.5 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 CS bit of the
A/D converter mode register (ADM) to 1. When the TRG bit and the CS 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 INTP5 pin
(P26 pin).

If another valid edge is input to the INTP5 pin after the A/D conversion operation has been started by a valid edge input
tothe INTP5 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 (CS bit = 1) such that the TRG bit and CS 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 standby state is entered in which the A/D converter waits for input of a valid edge to the INTP5 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 operation mode set by the ADM (the A/D converter does not wait for INTP5 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 INTP5

pin.

Caution Approximately 10 us is required from the time a valid edge is input to the INTP5 pin until the A/D
conversion operation is actually started. This delay must be taken into account in the design stage.
See CHAPTER 22 EDGE DETECTION FUNCTION for details of the edge detection function.
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(1) Select mode A/D conversion operation
An A/D conversion operation is started on the analog input pin set by the A/D converter mode register (ADM). As soon
as the A/D conversion operation ends, another A/D conversion operation is performed on the same analog input pin.
An A/D conversion end interrupt request (INTAD) is generated at the end of each A/D conversion operation.
If a valid edge is input to the INTP5 pin during an A/D conversion operation, the A/D conversion operation being
performed at that time is suspended, and a new A/D conversion operation is started.

Figure 16-13. Hardware Start Select Mode A/D Conversion Operation

INTP5 pin input

(rising edge valid)
A/D conversion Standby state ANIn ANIn |ANIn| ANIn |ANIn| Standby state| ANIm | ANIm
| | | | |
A A
ADM rewrite ADM rewrite
CS -1, TRG ~ 1 CS <1, TRG ~ 1
\ \ 1 \ 1
ADCR ANIn ANIn ANIn ANIm
INTAD —| _| —| —| |
A

INTAD acknowledgment

Remark n=0,1,..,7
m=0,1, .., 7

(2) Scan mode A/D conversion operation
When conversion operation is started, an A/D conversion operation is started on the ANIO pin input. When the A/D
conversion operation ends, an A/D conversion operation is started on the next analog input pin. An A/D conversion
end interrupt request (INTAD) is generated at the end of each A/D conversion operation.
If a valid edge is input to the INTP5 pin during an A/D conversion operation, the A/D conversion operation being
performed at that time is suspended, and a new A/D conversion operation is started on the ANIO pin input.
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INTP5 pin input
(rising edge valid)

A/D conversion
(ANIO to ANII2
scanned)

ADCR

INTAD

X

Figure 16-14. Hardware Start Scan Mode A/D Conversion Operation

L

Standby state| ANIO ANI1 ANI2 ANIO |ANIJ ANIO| ANIO ANI1  |ANI2 Standby state ANIO ANI1 ANI2 ANIO
| | | | | | | | | |
A A
ADM rewrite ADM rewrite
CS «1,TRG ~ 1 CS -1, TRG ~ 1
\ y \ \ \ 1 y y
ANIO ANI1 ANI2 ANIO ANIO ANI1 ANIO ANI1 ANI2

-

L]

INTAD aknowledgment
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16.5 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.

16.6 Cautions

(1) Range of voltages applied to analog input pins
The following must be noted concerning A/D converter analog input pins ANIO to ANI7 (P70 to P77).

« A voltage outside the range AVss to AVrer1 should not be applied to pins subject to A/D conversion during an A/D
conversion operation.

If this restriction is not observed, the uPD784938 may be damaged.

(2) Hardware start A/D conversion
Approximately 10 us is required from the time a valid edge is input to the INTP5 pin until the A/D conversion operation
is actually started. This delay must be taken into account in the design stage. See CHAPTER 22 EDGE DETECTION
FUNCTION for details of the edge detection function.

(3) Connecting capacitor to analog input pins

A capacitor should be connected between the analog input pins (ANIO to ANI7) and AVss and between the reference
voltage input pin (AVrer1) and AVss to prevent misoperation due to noise.
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Figure 16-15. Example of Capacitor Connection on A/D Converter Pins

uPD784938
Analog ANIO to ANI7
input
100 to
500 pF T
Reference AVREF1

voltage input

7l7. AVss

When the STOP mode or IDLE mode is used, the consumption current should be reduced by clearing (to 0) the CS
bit before entering the STOP or IDLE mode. If the CS bit remains set (to 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 CS bit of the A/D
convertermode (ADM) is cleared (to 0). Therefore, asuperfluousinterrupt 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 (CS bit must be set (to 1))
<2> Interrupt request flag (ADIF) clearance (to 0)
<3> Interrupt mask flag or interrupt service mode flag setting

Operations <1> to <3> should not be divided by an interrupt or macro service. When scan mode 0 (no delay control)
is used, in particular, you should ensure that the time between <1> and <2> is less than the time taken by one A/D
conversion operation.

Alternatively, the following procedure is recommended.
<1> Stop the A/D conversion operation by clearing (to 0) the CS bit of the ADM.
<2> Interrupt request flag (ADIF) clearance (to 0).

<3> |Interrupt mask flag or interrupt service mode flag setting
<4> Write to the ADM
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CHAPTER 17 OUTLINE OF SERIAL INTERFACE

The uPD784938 Subseries is provided with four independent serial interface channels. Therefore, communication with
an external system and local communication within the system can be simultaneously executed by using these four

channels.

« Asynchronous serial interface (UART)/3-wire serial 1/0 (IOE) x 2 channels
- Refer to CHAPTER 18.

¢ Clocked serial interface (CSI) x 2 channels
3-wire serial I/O mode (MSB/LSB first)
- Refer to CHAPTER 19.

Figure 17-1 shows an example of the serial interface.

Note Handshake line

Figure 17-1. Example of Serial Interface

UART + 3-wire serial 1/0 + 2-wire serial 1/0

uPD784938 (master) Slave
LPDAT11A so1 [3-wire serial 1/0] S
RS-232-C - RXD fSKIi %
driver/ TxD INTPmM ( Note Port
receiver } Port Port INT
Vop —+-Vob
% g Slave
SI0 SBO
SO0 lei
SCKO SCKO
INTPn |-—ANete Port
Port ( INT

[2-wire serial 1/0]
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CHAPTER 18 ASYNCHRONOUS SERIAL INTERFACE/3-WIRE SERIAL 1/O

The uPD784938 incorporates two serial interface channels for which asynchronous serial interface (UART) mode or

3-wire serial I/O (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 18-1.

Table 18-1. Differences between UART/IOE1 and UART2/IOE2 Names

Item

UART/IOE1

UART2/IOE2

Pin names

P25/ASCK/SCK1, P30/RxD/SI1,
P31/TxD/SO2

P12/ASCK2/SCK2, P13/RxD2/SI12,
P14/TxD2/S02

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 CSsiM1 CSIM2

Clocked serial interface mode register bit names

CTXE1, CRXEL1, DIR1, CSCK1

CTXEZ2, CRXE2, DIR2, CSCK2

Baud rate generator control register

BRGC

BRGC2

Baud rate generator control register bit names

TPSO to TPS3, MDLO to MDL3

TPS20 to TPS23, MDL20 to 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, SCIIF2, SERIF2, STIF2
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CHAPTER 18 ASYNCHRONOUS SERIAL INTERFACE/3-WIRE SERIAL I/O

18.1 Switching between Asynchronous Serial Interface Mode and 3-Wire Serial 1/0 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 18-1.

Figure 18-1. Switching between Asynchronous Serial Interface Mode and 3-Wire Serial 1/0 Mode

@ 5 4 3 2 1 0  Address Afterreset R/W
ASIM TXE RXE | PS1 PSO CL SL ISRM | SCK | OFF88H O00H R/W
ASIM2 | TXE2 | RXE2 | PS21 | PS20 | CL2 SL2 |ISRM2| SCK2 | OFF89H OOH R/W

Asynchronous serial interface mode operation
specification (see Figure 18-3)

TXE RXE |CTXE1|CRXE1| Operation Mode
TXE2 | RXE2 |CTXE2|CRXE2

0 0 0 0 Operation-stopped
mode

3-wire serial
1/0 mode

Asynchronous
serial interface
mode

O |0 |k, |, |O

P R, |O|O|O|O
R Ol |O|O|O
O O |0 |k |O|Fr

0
Other than the above Setting prohibited

@ () 5 4 3 2 1 0 Address  Afterreset R/W

CSIM1 |CTXE1|CRXE1l| O 0 0 DIR1 |CSCK1 0 OFF84H O0H R/W

CSIM2 |CTXE2|CRXE2| O 0 0 DIR2 |CSCK2 0 OFF85H O0H R/W

3-wire serial I/O mode operation specification
(see Figure 18-11)
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18.2 Asynchronous Serial Interface Mode

A UART (Universal Asynchronous Receiver Transmitter) 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.

18.2.1 Configuration in asynchronous serial interface mode

The block diagram of the asynchronous serial interface is described in Figure 18-2.
See 18.4 Baud Rate Generator for details of the baud rate generator.
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P30/RxD,
P13/RxD2

P31/TxD,
P14/TxD2

P25/ASCK,
P12/ASCK2

Figure 18-2. Asynchronous Serial Interface Block Diagram

Internal bus

)

@

;/8 @ ASIM, ASIM2
: : /g :
RXB, RxB2 | Seril receive TXE | RXE | PS1 | PSO | CL | SL |ISRM | SCK
TXE2 |RXE2 | PS21 | PS20 | CL2 | SL2 |ISRM2|SCK2
|
ASIS, ASIS2
PE | FE | OVE i i
Shift register RESET Serial transmit | TXS,
PE2 | FE2 |OVE2 shift register | TXS2
rosiate T - NIser ||~ INTST
contro ) INTSER2 : party INTST2
parity check ~ INTSR. INTSR2 addition
Baud rate generator
T |
|
| 1 1 |
| m m :
! |
‘ T I le——— fxx !
| 1 |
! o Selector !
! |
! |
! |
! |
! |
! |
! |
! |

RESET
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Serial 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.

Serial 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 with 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 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 setin 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 serial
transmit shift registers (TXS/TXS2) in accordance with the contents set to the asynchronous serial interface mode
registers (ASIM/ASIM2).

Selector
Selects the baud rate clock source.
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18.2.2 Asynchronous serial interface control registers

(1) Asynchronous serial interface mode register (ASIM), Asynchronous serial interface mode register 2 (ASIM2)
ASIM and ASIM2 are 8-hit registers that specify the UART mode operation.

Theseregisters can be read or written to with an 8-bit manipulation instruction or bit manipulation instruction. The format
of ASIM and ASIM is shown in Figure 18-3.

RESET input clears these registers to 00H.
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Figure 18-3. Format of Asynchronous Serial Interface Mode Register (ASIM) and Asynchronous Serial

ASIM

ASIM2

Interface Mode Register 2 (ASIM2)

@ @ 5 4 3 2 1 0 Address  Afterreset R/W
TXE RXE PS1 PSO CL SL ISRM | SCK | OFF88H OOH R/W
TXE2 | RXE2 | PS21 | PS20 | CL2 SL2 | ISRM2| SCK2 | OFF89H 00H R/W
\ | \ |
SCK | Specification of Input Clock to Baud Rate
SCK2 Generator
0 External clock input (ASCK, ASCK?2)
1 Internal clock (fxx)
ISRM Specification of Enabling/Disabling of
ISRM2 Reception Completion Interrupt
Generation in Case of Receive Error
0 Enabled
1 Disabled
SL Stop Bit Length Specification
SL2 (Transmission Only)
0 1 bit
1 2 bits
CL Data Character Length Specification
CL2
0 7 bits
1 8 bits
PS1 PSO Parity Bit Specification
PS21 | PS20
0 0 No parity
0 1 Transmission = 0 parity addition
Reception = Parity error not
generated
1 0 Odd parity
1 1 Even parity
TXE RXE Transmit/Receive Operation
TXE2 | RXE2
0 0 Transmission/reception disabled,
or 3-wire serial I/O mode
0 1 Reception enabled
1 0 Transmission enabled
1 1 Transmission/reception enabled
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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 transmission completion
interrupt (INTST/INTST2) or the interrupt request flag (STIF/STIF2) set by INTST/INTST2.

(2) Asynchronous serial interface status register (ASIS), Asynchronous serial interface status register 2 (ASIS2)
ASIS and ASIS2 contain flags that indicate the error contents when a receive error occurs. Flags are set (to 1) when
a receive error occurs, and cleared (to 0) when data is read from the serial receive buffer (RXB/RXB2). If the next
data is received before RXB/RXB?2 is read, the overrun error flag (OVE/OVE?2) is set (to 1), and the other error flags
are cleared (to 0) (if there is an error in the next data, the corresponding error flag is set (to 1)).
These registers can be read only with an 8-bit manipulation instruction or bit manipulation instruction. The format of
ASIS and ASIS2 is shown in Figure 18-4.
RESET input clears these registers to 00H.

Figure 18-4. Format of Asynchronous Serial Interface Status Register (ASIS) and Asynchronous Serial
Interface Status Register 2 (ASIS2)

7 6 5 4 3 (2 (@ (0 Address Afterreset R/W
Asis | o 0 0 0 0 PE | FE | OVE | OFF8AH 00H R

| | | | | | | |
ASIS2 0 0 0 0 0 PE2 FE2 | OVE2 | OFF8BH O0H R

B

Overrun error flag

1 Next receive completed before data is
read from receive buffer

L Framing error flag

| 1 |Stop bit not detected

Parity error flag

1 Transmit data parity specification and
receive data parity do not match

Caution The serial 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.
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18.2.3 Data format

Serial data transmission/reception is performed in full-duplex asynchronous mode.

The transmit/receive data format is shown in Figure 18-5. 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 18-5. Asynchronous Serial Interface Transmit/Receive Data Format

| 1 data frame -]

Startf no | p1 | b2 | D3 | D4 | D5 | D6 | D7 |PMy|  Stop
bit hit bit(s)
o Start Diteeeeeeereereememennens 1 bit
e Character bits -«-+---eevene Dits/8 bits
e Parity bits «-+-oeeeeeee Even parity/odd parity/0 parity/no parity
o Stop bits -ovevverienns [it/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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18.2.4 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 0 parity and no parity, errors cannot be detected.

436

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.

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.

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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18.2.5 Transmission

The uPD784938'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 (to 1). A transmit operation is started by writing transmit data
to the serial transmit shift register (TXS) when transmission is enabled. The start bit, parity bit and 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 (to 0) during a transmit operation, the transmit operation is discontinued immediately.

Figure 18-6. Asynchronous Serial Interface Transmission Completion Interrupt Timing
(a) Stop bit length: 1

RO HEH
TxD (output) DO D1 D2 D6 D7 Parity

START

INTST —|

(b) Stop bit length: 2

\
TXD (output) \ / DO ><D1 ><Dz >69< D6 >< D7 ><Parity/ STOP

START

INTST

Cautions 1. After Rﬁnput the serial 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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18.2.6 Reception

When the RXE bit of the asynchronous serial interface mode register (ASIM) is set (to 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 inputis 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 serial 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 (to 0) when the error occurred,

INTSR is generated. If the ISRM was set (to 1), INTSR is not generated.

If the RXE bit is cleared (to 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 18-7. Asynchronous Serial Interface Reception Completion Interrupt Timing

STOP
RxD (input) \ / DO XDI XDZ XB&X D6 X D7 XParity

START

INTSR |_|

Caution The serial 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.
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18.2.7 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 18-2.

It is possible to detect the occurrence of any of the above errors during reception by reading the contents of the ASIS
(see Figures 18-4 and 18-8).

The contents of the ASIS register are cleared (to 0) by reading the serial 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 18-2. Receive Error Causes

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

Figure 18-8. Receive Error Timing

\ STOP
RxD (input) / DO XDl XDZ XB&X D6 X D7 XParity

START

INTSRMNete

INTSER

Note If a receive error occurs while the ISRM bit is set (to 1), INTSR is not generated.

Remark Inthe uPD784938, 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 O0H. 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 0 of the port 3 mode register (PM3) and reading port
3 (P3)) and confirming that it is “0".

Cautions 1. The contents of the asynchronous serial interface status register (ASIS) are cleared (to 0) by
reading the serial receive buffer (RXB) or by reception of the nextdata. If you wantto find the details
of an error, therefore, ASIS must be read before reading RXB.

2. The 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.
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18.3 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). Generally, a handshake line is necessary for checking the communication status.

Figure 18-9. Example of 3-Wire Serial I/O System Configuration

3-wire serial /0 < 3-wire serial I/O

Master CPU Slave CPU
SCK SCK
SO Sl
Sl |- SO
Note
Port (interrupt) Port
Port Interrupt (port)

Note Handshake lines

18.3.1 Configuration in 3-wire serial I/O mode
The block diagram in the 3-wire serial I/O mode is shown in Figure 18-10.
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Figure 18-10. 3-Wire Serial I/O Mode Block Diagram

S Internal bus S

CTXE1|CRXE1| DIR1 [CSCK1
RESET O Direction control circuit
CTXE2 |CRXE2| DIR2 |CSCK2

8
I\\ SO latch

P30/SI1, . .

P13/SI2 @ IE Shift register D Q

P31/S01, ® L |

P14/SO2 |

N-ch open-drain output enable
P27/SCK1 | ) Interrupt signal
’ INTCSI1, INTCSI2
P12/SCK2 O Iﬂ Serial clock counter generator
~———— Baud rate generator
Serial clock control circuit Selector

CSCK1, CSCK2

CSCK1, CSCK2
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Serial shift register (S101/SI102)

SI01 and SIO2 convert 8-bit serial data to 8-bit parallel data, and vice versa. SIO1/SI102 is used for both transmission
and reception.

Actual transmit/receive operations are controlled by writing to/reading from SIO1/S102.

These registers can be read or written with an 8-bit manipulation instruction.

The contents of SI01/SIO2 are undefined after RESET input.

SO latch
The SO latch holds the SO1/SO2 pin output level.

Serial clock selector (1/2n)
Generates and selects the serial clock to be used.

Serial clock counter
Countsthe serial clocks output or input in atransmit/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.

Selector
Selects whether data is input to the serial shift registers 1 and 2 (SIO1 and SIO2) from the SI1 and SI2 pins or output

latches.

Direction control circuit
Switches between MSB-first and LSB-first modes.

Preliminary User's Manual U13987EJ1VOUMO00O



CHAPTER 18 ASYNCHRONOUS SERIAL INTERFACE/3-WIRE SERIAL /O

18.3.2 Clocked serial interface mode registers (CSIM1, CSIM2)
CSIM1 and CSIM2 are 8-bit registers that specify operations in the 3-wire serial /O mode.
These registers can be read or written to with an 8-bit manipulation instruction or bit manipulation instruction. The CSIM1

and CSIM2 format is shown in Figure 18-11.
RESET input clears these registers to 00H.

Figure 18-11. Format of Clocked Serial Interface Mode Register 1 (CSIM1) and Clocked Serial Interface
Mode Register 2 (CSIM2)

CSIM1

CsiM2

@ (® 4 3 2 1 0  Address Afterreset R/W
CTXE1|CRXE1l 0 0 DIR1 |CSCK1 0 OFF84H OOH R/W
CTXE2|CRXE2 0 0 DIR2 |CSCK2 0 OFF85H 00H R/W
L] (n=1,2)
CSCKn Serial Clock Selection Bit
Source Clock In case of SCKn
(CTXEn, CRXEn = 1)
0 External input Input
clock to SCKn pin
1 Baud rate CMOS output
generator output
DIRn Operation Mode Specification
(Transfer Bit Order)
0 MSB-first
1 LSB-first
CTXEn|CRXEn Transmit/Receive Operation
0 0 Transmission/reception disabled,
or asynchronous serial interface
mode
0 1 Reception enabled
1 0 Transmission enabled
1 1 Transmission/reception enabled
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18.3.3 Basic operation timing

In the 3-wire serial /O 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 SCK1.
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/0O mode timing is shown in Figure 18-12.

Figure 18-12. 3-Wire Serial I/O Mode Timing (1/2)

(a) MSB-first

SCKlNote

SI1 (input) \ DI7 DI6XDI5XDI4XDI3XDI2XDI1XDIO
SO1 (output) DO?XDOGXDOSXDO4XDO3XD02XD01XDOO

INTCSIL |_|

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.
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Figure 18-12. 3-Wire Serial I/O Mode Timing (2/2)

(b) LSB-first

S (K 1Note
SCK1 ih {2 (3] |4l |s] |e] [7] |s

SI1 (input) DIO DI1XDI2XDI3XDI4XDI5XDI6XDI7
SO1 (output) DOOXDOlXDOZXDO3XDO4XDO5XD06XDO7
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.

If the uPD784938 is connected to a 2-wire serial /0 device, a buffer should be connected to the SO1 pin as
shown in Figure 18-13. In the example shown in Figure 18-13, 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 on-chip pull-up resistor should be specified for the P31/SO1 pin.

Remark

Figure 18-13. Example of Connection to 2-Wire Serial 1/0

HPDT784938 2-wire serial I/O device

SCK1 - - SCK
(Serial clock line)

SI1 . X - SIO
(Serial data line)

SO1
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18.3.4 Operation when transmission only is enabled
A transmit operation is performed when the CTXEL1 bit of clocked serial interface mode register (CSIM1) is set (to 1).
The transmit operation starts when a write to the serial shift register (SIO1) is performed while the CTXEL bit is set (to 1).
When the CTXEL1 bit is cleared (to 0), the SO1 pin is in the output high level.

(1) 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 pinin 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 SCK1.
If transmission is disabled during the transmit operation (by clearing (to 0) the CTXE1 bit),m clock output is 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.

(2) 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 SI1 pin signals are shifted into SIO1 in
synchronization with the rise of the SCK1 pin input. If transmission 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 (to 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.

18.3.5 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 (to
1). The receive operation starts when the CRXE1 changes from “0” to “1”, or when a read from serial 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
serial shift register (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 reception and the first fall of SCK1.
If reception is disabled during the receive operation (by clearing (to 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.

(2) When an external clock is selected as the serial clock
When reception starts, the SI1 pin data is fetched into serial 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 (to 0) the CRXEL1 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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18.3.6 Operation when transmission/reception is enabled

When the CTXEL1 bit and CRXEZ1 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 serial shift register
(slo1l).

When a transmit/receive operation is started for the first time, the CRXE1 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 CTXEL bit and CRXEL bit are both cleared (to 0)), before enabling transmission/reception. However, specify whether
data is transferred with MSB or LSB first before writing the SIO1. Even if the specification is made after writing the S101,
the byte order of the data already stored in the SIO1 cannot be changed.

When transmission/reception is disabled (CTXE1 = CRXE1 = 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 serial
shift register (SIO1) to the (SO1) pin in synchronization with the fall of the serial clock, and SI1 pin data is shifted in
order into 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 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,WKl clock output is stopped and the transmit and receive
operations are discontinued on the next rise 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 serial 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 SI01 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 discontinued and
subsequent SCK1 input is ignored. 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.

18.3.7 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 (to 0) the CTXE1 bit and CRXEL 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.
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18.4 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.

18.4.1 Baud rate generator configuration
The baud rate generator block diagram is shown in Figure 18-14.
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(1) 5-bit counter
Counter that counts the clock (fers) 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/BRGC?2).

(2) Frequency divider
Scales the internal clock (fxx) or, in asynchronous serial interface mode, a clock that is twice the external baud rate
input (ASCK/ASCK2), and selects fers 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.

18.4.2 Baud rate generator control register (BRGC, BRGC2)

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 I/0 mode.

These registers can be written to only with an 8-bit manipulation instruction. The BRGC and BRGC2 format is shown
in Figure 18-15.

RESET input clears BRGC 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
BRGC?2 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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BRGC

BRGC2

Figure 18-15. Format of Baud Rate Generator Control Register (BRGC) and

Baud Rate Generator Control Register 2 (BRGC?2)

7 6 5 4 3 2 1 0 Address  Afterreset R/W

TPS3 | TPS2 | TPS1 | TPSO | MDL3 | MDL2 | MDL1 | MDLO | OFF90H OOH R/W
| | | | | | | |

TPS23| TPS22 | TPS21 | TPS20 |MDL23|MDL22 | MDL21| MDL20| OFF91H 0OH R/W
\ \ \ | \ \ \ |

fers: Prescaler output selection clock
MDL3 | MDL2 | MDL1 | MDLO | k | Baud Rate Generator Input
MDL23 | MDL22 | MDL21 | MDL20 Clock™*

0 0 0 0 0 | fers/16

0 0 0 1 1| fers/17

0 0 1 0 2 | fers/18

0 0 1 1 3| fers/19

0 1 0 0 4 | fers/20

0 1 0 1 5| fers/21

0 1 1 0 6 | fers/22

0 1 1 1 7 | fers/23

1 0 0 0 8 | fers/24

1 0 0 1 9 | fers/25

1 0 1 0 10| fers/26

1 0 1 1 11| fers/27

1 1 0 0 12| fers/28

1 1 0 1 13| fers/29

1 1 1 0 14| fers/30

1 1 1 1 15| fersNote2

Notes 1. Only fers/16 can be selected when ASCK/ASCK2 input is used.
2. Can only be used in 3-wire serial I/O mode.

fxx: Oscillator frequency or external clock input

TPS3 | TPS2 | TPS1 | TPSO | n 12-Bit Prescaler Tap
TPS23 | TPS22| TPS21 | TPS20 Selection (fers)
0 0 0 0 0| fxx/2 fasck/2Note
0 0 0 1 1| fxx/4 fasck/4
0 0 1 0 2| fxx/8 fasck/8
0 0 1 1 3| fxx/16 fasck/16
0 1 0 0 4 | fxx/32 fasck/32
0 1 0 1 51 fxx/64 fasck/64
0 1 1 0 6 | fxx/128 fasck/128
0 1 1 1 7 | fxx/256 fasck/256
1 0 0 0 8 | fxx/512 fasck/512
1 0 0 1 9 | fxx/1,024 fasck/1,024
1 0 1 0 10| fxx/2,048 fasck/2,048
1 0 1 1 11| fxx/4,096 fasck/4,096
Other than the above Setting prohibited

Note Can not be selected when the value set in bits MDL3 to MDLO,

k =15.
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18.4.3 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 (fxx) 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)

452

Using internal clock (f xx)

This function is selected by setting (to 1) bit 0 (SCK) of the asynchronous serial interface mode register (ASIM).
The internal clock (fxx) 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:

fxx

(Baud rate) = ————— ——
(k + 16) . 22

fxx: Oscillator frequency or external clock input frequency
k: Value set in bits MDL3 to MDLO of BRGC (k = 0 to 14)
n: Value set in bits TPS3 to TPSO of BRGC (n = 0 to 11)

Using external baud rate input

This function is selected by clearing (to 0) bit 0 (SCK) of the asynchronous serial interface mode register (ASIM).
When this function is used, bits MDL3 to MDLO of the baud rate generator control register (BRGC) must all be
cleared (to 0) (k = 0).

When this function is used with UART2, it is necessary to set (to 1) bit 2 of the port 1 mode control register (PMC1)
and set the P12 pin to control mode.

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) = e

fasck: ASCK pin input clock frequency
n: Value set in bits TPS3 to 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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(2) Serial clock generation in 3-wire serial /O mode
Selected when the CSCK1 bit of the clocked serial interface mode register (CSIM1) is set (to 1) and SCK1 is output.

@

(b)

Normal mode
The internal clock (fxx) 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:

fxx

(Serial clock) = ——————
(k + 16) . 22

fxx: Oscillator frequency or external clock input frequency
k: Value set in bits MDL3 to MDLO of BRGC (k = 0 to 14)
n: Value set in bits TPS3 to TPSO of BRGC (n = 0 to 11)

High-speed mode

When this function is used, bits MDL3 to MDLO of the baud rate generator control register (BRGC) are all set (1)
(k= 15).

The internal clock (fxx) is scaled by the frequency divider, and this signal (frrs) divided by 2 is used as the serial
clock. The serial clock is given by the following expression:

fxx
2n+2

(Serial clock) =

fxx: Oscillator frequency or external clock input frequency
n: Value set in bits TPS3 to TPSO of BRGC (n = 1 to 11)

Preliminary User's Manual U13987EJ1VOUMO0 453



CHAPTER 18 ASYNCHRONOUS SERIAL INTERFACE/3-WIRE SERIAL I/O

18.4.4 Baud rate setting in asynchronous serial interface mode

There are two methods of setting the baud rate, as shown in Table 18-3.

This table shows the range of baud rates that can be generated, the baud rate calculation expression and selection
method for each case.

Table 18-3. Baud Rate Setting Methods

Baud Rate Clock Source Selection Method Baud Rate Calculation Baud Rate Range
Expression
Baud rate generator | Internal system clock | SCK in ASIM =1 fxx fxx to x
(k + 16) « 212 245,760 64
ASCK input SCKin ASIM =0 fasck fasck o fasckNote
2n+6 131,072 64

Note Including fasck input range: (0 to fxx/256)

Remarks fxx:  Oscillator frequency or external clock input frequency
k: Value set in bits MDL3 to MDLO of BRGC (k = 0 to 14, see Figure 18-15)
n: Value set in bits TPS3 to TPS0 of BRGC (n = 0 to 11; see Figure 18-15)
fasck: ASCK input clock frequency (0 to fxx/4)

(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 (to 1).

Table 18-4. Examples of BRGC Settings when Baud Rate Generator is Used

Oscillator Frequency (fxx) 12.0 MHz 11.0592 MHz
or External Clock (fx)

Baud Rate BRGC Value Error BRGC Value Error
[bps] (%) (%)
75 A4H 2.34 A2H 0.00
110 9BH 1.36 99H 1.82
150 94H 2.34 92H 0.00
300 84H 2.34 82H 0.00
600 74H 2.34 72H 0.00
1,200 64H 2.34 62H 0.00
2,400 54H 2.34 52H 0.00
4,800 44H 2.34 42H 0.00
9,600 34H 2.34 32H 0.00
19,200 24H 2.34 22H 0.00
31,250 19H 0.00 16H 0.54
38,400 14H 2.34 12H 0.00
76,800 04H 2.34 02H 0.00
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(2) Examples of settings when external baud rate input (ASCK) is used

Table 18-5 shows an example of setting when external baud rate input (ASCK) is used. When using the ASCK input,
clear the SCK bit of the asynchronous serial interface mode register (ASIM) to 0, and set the corresponding pin in the

control mode by using PMC3 or PMC1.

Table 18-5. Examples of Settings when External Baud Rate Input (ASCK) is Used

fasck 153.6 kHz 4.9152 MHz
(ASCK Input Frequency)
Baud Rate [bps] BRGC Value BRGC Value
75 50H AOH
150 40H 90H
300 30H 80H
600 20H 70H
1,200 10H 60H
2,400 00H 50H
4,800 — 40H
9,600 — 30H
19,200 — 20H
38,400 — 10H
76,800 — 00H
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18.5 Cautions

@

&)

©)

4

®)

(6)

456

An asynchronous serial interface mode register (ASIM) rewrite should not be performed during a transmit operation.
Ifan ASIM 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 transmission completion interrupt (INTST) or
the interrupt request flag (STIF) set by INTST.

After RESET input the serial 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 serial 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.

The contents of the asynchronous serial interface status register (ASIS) are cleared (to 0) by reading the serial 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.

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.

To specify the transfer bit order with CSIM1 and CSIM2 (bit 2 manipulation), do not set the CTXE and CRXE bits at
the same time. If these bits are specified at the same time, the bit transfer order may not be as specified.
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The uPD784938 has two channels of serial interfaces in 3-wire serial I/O mode (IOEO/IOE3).
The two channels of IOE have identical functions. Unless otherwise specified, therefore, IOEQ is explained in this chapter.
To use IOE3, refer to Table 19-1 for the register name, bit name, and pin name of IOE3.

Table 19-1. Differences in Name between IOEO and IOE3

Item IOEO IOE3
Pin name P32/SCKO P105/SCK3
P27/S10 P106/SI13
P33/SO0 P107/S0O3
Clocked serial interface mode register CSIM CSIM3

Clocked serial interface mode register bit names

ENCSI, DIR, CRXE, MOD,
SELCL2 to SELCLO

ENCSI3, DIR3, CRXE3, MOD3,
SELCL32 to SELCL30

Serial shift register

SIO

SIO3

Interrupt request name

INTCSI

INTCSI3

19.1 Function

In the 3-wire serial I/O mode (MSB/LSB first), basically, three lines are used for communication: serial clock (SCKO0),

serial data output (SOO0), and serial data input (SI0).

communication status.
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19.2 Configuration

Figure 19-1 shows the block diagram of the clocked serial interface in the 3-wire serial I/O mode (note that the functions
of both channels are identical).

Figure 19-1. Clocked Serial Interface Block Diagram

l SI0 CSIM
P27/S10 © b | |EN |SEL|DIR|CRX|MO |SEL|SEL|SEL
CSI|ST E |D |CL2|CL1|CLO

oo

Shift LSB/MSB

N-ch open-drain =—
specification

To P33/S0O0 port block <—4 —Q s <_G:

0 Write to SIO

Selector

: Read to SIO

Interrupt signal
Serial clock counter generation INTCSI
circuit
To P32/SCKO port block Ilﬂ/ f Eighth clock
SELCL.Oto 2

t=— fxx/8

= fxx/16

t— fxx/32

— fxx/64

— fxx/128

External clock selection

(1) Serial shift register (SIO)
The SIO converts 8-hit serial data to 8-bit parallel data, and vice versa. SIO is used for both transmission and reception.
Data is received or transmitted starting from the MSB (or LSB). Actual transmit/receive operations are controlled by

writing to/reading from SIO.
SIO can be read or written to with an 8-bit manipulation instruction. The contents of SIO are undefined after RESET

input.
(2) Serial clock counter
Countsthe serial clocks outputorinputin atransmit/receive operation, and checks that 8-bit data transmission/reception

has been performed.

(3) Interrupt signal generator
A interrupt request is generated when 8 serial clocks have been counted by the serial clock counter.
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19.3 Control Registers

19.3.1 Clocked serial interface mode register (CSIM, CSIM3)

CSIM and CSIM3 are 8-bit registers that specify the serial interface operation mode (enable/disable), serial clock, etc.
These registers can be read or written to with an 8-bit manipulation instruction or bit manipulation instruction. The CSIM

and CSIM3 format is shown in Figure 19-1.
RESET input clears these registers to 00H.

Figure 19-2. Format of Clocked Serial Interface Mode Register (CSIM) and
Clocked Serial Interface Mode Register 3 (CSIM3)

@ 6 5 @ 3 2 1 0 Address After reset R/W
CSIM |ENCSI|SELST| DIR |CRXE | MOD |SELCL2|SELCL1|SELCLO| OFF82H 00H R/W

CSIM3 |ENCSI3|SELST3| DIR3 |CRXE3| MOD3 |SELCL32|SELCL31|SELCL30| OFF80H 00H R/W
L ]
(n = 3 with CSIM3 only)
SELCL|SELCL|SELCL Serial Clock Specification
—1 n2 nl no
0 0 0 |External clockNote1
0 0 1 fxx/128
0 1 0 fxx/64
0 1 1 fxx/32
1 0 0 fxx/16
1 0 1 fxx/@Note 2
Other than the above | Setting prohibited

MODnN [N-ch Open-Drain Specification (P32, P33, or P105, P107)

0 Not N-ch open drain

1 N-ch open drain

CRXEn| Enables/Disables Serial Interface Receive Operation

0 Reception disabled

1 Reception enabled

DIRn Serial Interface Bit Transfer Order Selection

0 MSB first

1 LSB first

SELSTn Transmit Activation Condition Selection

0 Start with a write operation to SIO (serial shift register)

1 Start with a read operation from SIO

ENCSIn Enables/Disables Serial Interface Operation

0 Disabled

1 Enabled
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Notes 1. When the external clock is selected, the usable serial clock is MIN fxx/8 in the case of fcLk = fxx/1; otherwise,
it is MIN fcLk/4.
2. Setting is prohibited when the system clock (fck = fxx/8) is selected.

Caution When bit 3 is set, the P-ch of the output buffer is forcibly turned OFF. This channel is not affected
by PM3 and PMC3, or PM10 and PMC10. Therefore, if the input or output mode is changed by using
the PM register with bit 3 set in the port mode, the content of the port latch can be output and the pin
level can be read in the N-ch open-drain mode.
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19.4 3-Wire Serial I/O Mode

The 3-wire serial /0O mode is used to communicate with devices that incorporate a conventional clocked serial interface.
Basically, communication is performed using three lines: the serial clock (SCKO0), serial data output (SO0), and serial
data input (SI0). Generally, a handshake line is necessary for checking the communication status.

Figure 19-3. Example of 3-Wire Serial I/O System Configuration

Master CPU Slave CPU
SCKO SCK
SO0 Sl
uPD784938 SI0 SO
Port (interrupt) N Port
Port Interrupt (port)

Note Handshake lines
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19.4.1 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 first/LSB first switching is specified by the DIR bit of the clocked serial interface mode register (CSIM).

Transmit data is output in synchronization with the fall of SCKO, and receive data is sampled on the rise of SCKO.

An interrupt request (INTCSI) is generated on the 8th rise of SCKO.

When the internal clock is used as SCK0, SCKO output is stopped on the 8th rise of SCK0 and SCKO remains high until
the next data transmit or receive operation is started.

3-wire serial I/0 mode timing is shown in Figure 19-4.

Figure 19-4. 3-Wire Serial /0 Mode Timing (1/2)

(a) MSB-first

SCKoNoIe

SI0 (input) \ DI7 DI6XDI5XDI4XDI3XDI2XDI1XDIO
SO0 (output) DO7XDO6XDOSXDO4XD03XD02XD01XDOO

INTCSI |_|

Transfer end
interrupt generation

T— Start of transfer synchronized with fall of SCKO ~ Note Master CPU: Output
Slave CPU: Input

————————— Execution of instruction that writes to SIO, etc.

Cautions 1. If data is written to SIO during transfer operation after the transfer was started by writing SIO,
malfunctioning may occur. Therefore, do not rewrite SIO during the transfer operation.

2. The operation is immediately stopped even during transfer operation if the ENCSI bit is cleared
(to 0).

462 Preliminary User's Manual U13987EJ1VOUMO00



CHAPTER 19 3-WIRE SERIAL I/O MODE

Figure 19-4. 3-Wire Serial /0 Mode Timing (2/2)

(b) LSB-first

Noti
SCKo™* i [2] |3l 4] |s| |s| |7] |8

SI0 (input) DIO DI1XDI2XDISXDMXDISXDIGXDI?
SO0 (output) DOOXDOlXDOZXDO3XDO4XDOSXD06XDO7
INTCSI |_|

Transfer end
interrupt generation

T— Start of transfer synchronized with fall of SCKO ~ Note Master CPU: Output
Slave CPU: Input

Execution of instruction that writes to SIO, etc.

In the 3-wire serial I/0 mode, the SO0 pin functions as a CMOS push-pull output.
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19.4.2 Operation when transmission only is enabled

When the CRXE bit of the clocked serial interface mode register (CSIM) is cleared (to 0), data is only transmitted and
reception is disabled. Transmission is started when data is written to the serial shift register (S10) with the ENCSI bit set
(to 1).

Transmit data is input to S10 instead of the data received from the SIO pin. If reception is disabled, therefore, the transmit
data can be saved without being lost.

If an instruction that writes data to SI0 is executed when ENCSI = 1 and CRXE = 0, the data is transmitted in 1-bit units
in synchronization with the serial clock. The data of the first bit is output from the SO0 pin, and at the same time, input
to the last bit of SI0. When the transmission is completed by repeating this operation eight times, an interrupt request is

generated.
Figure 19-5. Operation when Reception is Disabled
SIO
SI0 pin Serial I/O shift register
(@) When the internal clock is selected as the serial clock

(b)

464

When transmission starts, the serial clock is output from the SCKO pin and data is output in sequence from SIO to the
SO0 pin in synchronization with the fall of the serial clock, and SIO pin signals are shifted into SIO in synchronization
with the rise of the serial clock.

There is a delay of up to one SCKO clock cycle between the start of transmission and the first fall of SCKO.

When an external clock is selected as the serial clock

When transmission starts, data is output in sequence from SIO to the SO0 pin in synchronization with the fall of the
serial clock input to the SCKO pin after the start of transmission, and SI0O pin signals are shifted into SIO in
synchronization with the rise of the SCKO pin input. If transmission has not started, shift operations are not performed
and the SO0 pin output level does not change even if the serial clock is input to the SCKO pin.

If transmission is disabled during the transmit operation (by clearing (to 0) the ENCSI), the transmit operation is
discontinued and subsequent SCKO input is ignored. In this case an interrupt request (INTCSI) is not generated.
Even if the serial clock is input to SCKO while the CTXE bit is cleared (to 0), shift operations are not performed and
the SO0 pin output level does not change.

Caution When the external clock is selected, do not input the serial clock to the SCKO pin before setting

transmit data to SIO after transmission has been started. Otherwise, undefined data may be output.
Similarly, do not use the macro service when the external clock is selected.
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19.4.3 Operation when reception only is enabled

To enable only reception, set (to 1) the ENCSI and CRXE bits of the clocked serial interface mode register (CSIM). Also
set the P33/SO0 pin in the port mode by using the port 3 mode control register (PMC3) (if this pin is not set in the port mode,
it outputs data). Reception can be started by reading the serial shift register (S10).

19.4.4 Operation when transmission/reception is enabled

When the ENCSI bit and CRXE bit of the clocked serial interface mode register (CSIM) are both set (to 1), a transmit
operation and receive operation can be performed simultaneously (transmit/receive operation). Both transmission and
reception can be started by writing data to SIO when both the ENCSI and CRXE bits are set (to 1).

(@) When the internal clock is selected as the serial clock
When transmission/reception starts, the serial clock is output from the SCKO pin, data is output in sequence from serial
shift register (S10) to the SO0 pin in synchronization with the fall of the serial clock, and SI0 pin data is shifted in order
into SIO in synchronization with the rise of the serial clock.
There is a delay of up to one SCKO clock cycle between the start of transmission and the first fall of SCKO.

(b) When an external clock is selected as the serial clock
When transmission/reception starts, data is output in sequence from serial shift register (SIO) to the SO0 pin in

synchronization with the fall of the serial clock input to the SCKO pin after the start of transmission/reception, and SI0
pin data is shifted in order into SIO in synchronization with the rise of the serial clock. If transmission/reception has
not started, shift operations are not performed and the SO0 pin output level does not change even if the serial clock
is input to the SCKO pin.

Caution When the external clock is selected, do not input the serial clock to the SCKO pin before setting
transmit data to SIO after transmission has been started. Otherwise, undefined data may be output.
Similarly, do not use the macro service when the external clock is selected.

19.4.5 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
shiftoperations due to noise, etc. Inthis case, since the serial clock counterisinitialized by disabling both transmit operations
and receive operations (by clearing (to 0) the ENCSI 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.
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20.1 IEBus Controller Function

IEBus (Inter Equipment Bus) is a small-scale digital data transmission system that transmits data between units. To
implement IEBus with the uPD784938 Subseries, external IEBus driver and receiver are necessary because they are not
provided.

The internal IEBus controller of the uPD784938 Subseries is of negative logic.

20.1.1 Communication protocol of IEBus
The communication protocol of the IEBus is as follows:

(1) Multi-master mode
All the units connected to the IEBus can transmit data to the other units.

(2) Broadcasting communication function
Communication between one unit and plural units can be performed as follows:
e Group-unit broadcasting communication: Broadcasting communication to group units
e All-unit broadcasting communication: Broadcasting communication to all units.

(3) Effective transfer rate
The effective transfer rate is in mode 1 (the uPD784938 does not support modes 0 and 2 of effective transfer rate).
* Mode 1: Approx. 17 kbps

Caution Different modes must not be mixed on one IEBus.

(4) Communication mode
Data transfer is executed in half-duplex asynchronous communication mode.

(5) Access control: CSMA/CD (Carrier Sense Multiple Access with Collision Detection)
The priority of the IEBus is as follows:
<1> Broadcasting communication takes precedence over individual communication (communication from one unit to
another).
<2> The lower master address takes precedence.

(6) Communication scale
The communication scale of IEBus is as follows:
¢ Number of units: 50 MAX.
e Cable length: 150 m MAX. (when twisted pair cable is used)

Caution The communication scale in an actual system differs depending on the characteristics of the cables,
etc., constituting the IEBus driver/receiver and IEBus.
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20.1.2 Determination of bus mastership (arbitration)

An operation to occupy the bus is performed when a unit connected to the IEBus controls the other units. This operation
is called arbitration.

When two or more units simultaneously start transmission, arbitration is to grant one of the units the permission to occupy
the bus.

Because only one unit is granted the bus mastership as a result of arbitration, the priority condition of the bus is
predetermined as follows:

Caution The bus mastership is released if communication is aborted.

(1) Priority by communication type
Broadcasting communication (communication from one unit to plural units) takes precedence over normal communi-
cation (communication from one unit to another).

(2) Priority by master address
If the communication type is the same, communication with the lower master address takes precedence.
A master address consists of 12 bits, with unit 000H having the highest priority and unit FFFH having the lowest priority.

20.1.3 Communication mode

Although the IEBus has three communication modes each having a different transfer rate, the uPD784938 Subseries
supports only communication mode 1. The transfer rate and the maximum number of transmit bytes in one communication
frame in communication mode 1 are as shown in Table 20-1.

Table 20-1. Transfer Rate and Maximum Number of Transmit Bytes in Communication Mode 1

Communication Mode Maximum Number of Transmit Bytes (bytes/frame) Effective Transfer Rate (kbps)No©

1 32 Approx. 17

Note The effective transfer rate when the maximum number of transmit bytes is transmitted.

Select the communication mode (mode 1) for each unit connected to the IEBus before starting communication. If the
communication mode of the master unit and that of the mating unit (slave unit) are not the same, communication is not
correctly executed.

20.1.4 Communication address
With the IEBus, each unit is assigned a specific 12-bit address. This communication address consists of the following

identification numbers:

High-order 4 bits: Group number (number to identify the group to which each unit belongs)
Low-order 8 bits: Unit number (number to identify each unit in a group)
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20.1.5 Broadcasting communication

Normally, transmission or reception is performed between the master unit and its mating slave unit on a one-to-one basis.
During broadcasting communication, however, two or more slave units exist and the master unit executes transmission
to these slave units. Because plural slave units exist, the slave units do not return an acknowledge signal during
communication.

Whether broadcasting communication or normal communication is to be executed is selected by broadcasting bit (for
this bit, refer to 20.1.6 (2) Broadcasting request bit ).

Broadcasting communication can be classified into the following two types:

(1) Group-unit broadcasting communication
Broadcasting communication is performed to the units in a group identified by the group number indicated by the high-
order 4 bits of the communication address.

(2) All-unit broadcasting communication
Broadcasting communication is performed to all the units, regardless of the value of the group number.
Group-unit broadcasting and all-unit broadcasting are identified by the value of the slave address (for the slave address,
refer to 20.1.6 (4) Slave address field ).

20.1.6 Transmission format of IEBus
Figure 20-1 shows the transmission signal format of the IEBus.

Figure 20-1. IEBus Transmission Signal Format

Master Slave Telegraph
Header address address Control field | length Data field
field field field
Broad- | Master Slave Tele-
Frame format S.t art casting| address |P| address |P|A C.OWOI PA ?rapt?] PA D_ata PA D_ata PA
bit bit bit bit bit ;{19 bit bit

Remarks 1. P: Parity bit, A: ACK/NACK bit
2. The master station ignores the acknowledge bit during broadcasting communication.

(1) Start bit

The start bit is a signal that informs the other units of the start of data transmission. The unit that is to start data
transmission outputs a high-level signal (start bit) from the TX pin for a specific time, and then starts outputting the
broadcasting bit.

If another unit has already output its start bit when one unit is to output the start bit, this unit does not output the start
bit but waits for completion of output of the start bit by the other unit. When the output of the start bit by the other unit
has completed, the unit starts outputting the broadcasting bitin synchronization with the completion of the start bit output
by the other unit.

The units other than the one that has started communication detect this start bit, and enter the reception status.
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Broadcasting bit

This bit indicates whether the master selects one slave (individual communication) or plural slaves (broadcasting
communication) as the other party of communication.

When the broadcasting request bitis 0, itindicates broadcasting communication; whenitis 1, individual communication
is indicated. Broadcasting communication is classified into two types: group-unit communication and all-unit
communication. These communication types are identified by the value of the slave address (for the slave address,
refer to (4) Slave address field) .

Because two or more slave units exist in the case of broadcasting communication, the acknowledge bit in each field
subsequent to the master address field is not returned.

If two or more units start transmitting a communication frame at the same time, broadcasting communication takes
precedence over individual communication, and wins in arbitration.

If one station occupies the bus as the master, the value set to the broadcasting request bit (ALLRQ) of the bus control
register (BCR) is output.

Master address field

The master address field is output by the master to inform a slave of the master’s address.

The configuration of the master address field is as shown in Figure 20-2.

If two or more units start transmitting the broadcasting bit at the same time, the master address field makes a judgment
of arbitration.

The master address field compares the data it outputs with the data on the bus each time it has output one bit. If the
master address output by the master address field is found to be different from the data on the bus as a result of
comparison, it is assumed that the master has lost in arbitration. As a result, the master stops transmission and enters
the reception status.

Because the IEBus is configured of wired AND, the unit having the minimum master address of the units participating
in arbitration (arbitration masters) wins in arbitration.

After a 12-bit master address has been output, only one unit remains in the transmission status as one master unit.
Next, this master unit outputs a parity bit, determines the master address of other unit, and starts outputting a slave
address field.

If one unit occupies the bus as the master, the address set by the unit address register (UAR) is output.

Figure 20-2. Master Address Field

Master address field

Master address (12 bits) Parity

we| | | | [ [ [ [ [ [ s
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Slave address field

The master outputs the address of the unit with which it is to communicate.

Figure 20-3 shows the configuration of the slave address field.

A parity bit is output after a 12-bit slave address has been transmitted in order to prevent a wrong slave address from
being received by mistake. Next, the master unit detects an acknowledge signal from the slave unit to confirm that
the slave unit exists on the bus. When the master has detected the acknowledge signal, it starts outputting the control
field. During broadcasting communication, however, the master does not detect the acknowledge bit but starts
outputting the control field.

The slave unit outputs the acknowledge signal if its slave address coincides and if the slave detects that the parities
of both the master address and slave address are even. The slave unit judges that the master address or slave address
has not been correctly received and does not output the acknowledge signal if the parities are odd. At this time, the
master unit is in the standby (monitor) status, and communication ends.

During broadcasting communication, the slave address is used to identify group-unit broadcasting or all-unit
broadcasting, as follows:

If slave address is FFFH: All-unit broadcasting communication
If slave address is other than FFFH: Group-unit broadcasting communication

Remark The group No. during group-unit broadcasting communication is the value of the high-order 4 bits of the slave
address.

If one unit occupies the bus as the master, the address set by the slave address register (SAR) is output.

Figure 20-3. Slave Address Field

Slave address field

Slave address (12 bits) Parity, ACK

Group No. Unit No.

we| | [ [ [ [ [ [ [ [ [iss

Control field

The master outputs the operation it requires the slave to perform, by using this field.

The configuration of the control field is as shown in Figure 20-4.

If the parity following the control bit is even and if the slave unit can execute the function required by the master unit,
the slave unit outputs an acknowledge signal and starts outputting the telegraph length field. If the slave unit cannot
execute the function required by the master unit even if the parity is even, or if the parity is odd, the slave unit does
not output the acknowledge signal, and returns to the standby (monitor) status.

The master unit starts outputting the telegraph field after confirming the acknowledge signal.

If the master cannot confirm the acknowledge signal, the master unit enters the standby status, and communication
ends. During broadcasting communication, however, the master unit does not confirm the acknowledge signal, and
starts outputting the telegraph length field.

Table 20-2 shows the contents of the control bits.
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Table 20-2. Contents of Control Bits

Bit 3Note 1 Bit 2 Bit 1 Bit 0 Function

0 0 0 Reads slave status

Undefined

Undefined

Reads data and locksN°t 2

Reads lock address (low-order 8 bits)Note 3

Reads lock address (high-order 4 bits)Not 3

Reads slave status and unlocksNoe 2

Reads data

Undefined

Undefined

Writes command and locksNote 2

Writes data and locksNot 2

Undefined

Undefined

Writes command

RrlrRrlrRr|r|Rr|rRr|r|r|lo|lOo|Oo|o|o|o|o|o
r|lkr|lrRr|r|lo|lo|lo|lo|lr|r|rRr|rRr|o|lo|o
r|lkr|lo|lo|lr|r|lOo|lOo|lrRr|r|Oo|Oo|r|krR|O
r|lo|lr|OoO|lrRr|lOo|r|lOo|lrRr|O|lRr|O|rRr|O|R

Writes data

Notes 1. The telegraph length bit of the telegraph length field and data transfer direction of the data field change as
follows depending on the value of bit 3 (MSB).
If bit 3 is ‘1": Transfer from master unit to slave unit
If bit 3 is ‘0": Transfer from slave unit to master unit
2. This is a control bit that specifies locking or unlocking (refer to 20.1.7 (4) Locking and unlocking ).
3. The lock address is transmitted in 1-byte (8-bit) units and is configured as follows:

MSB LSB

Control bit: 4H Low-order 8 bits

Control bit: 5H Undefined High-order 4 bits

If the control bit received from the master unit is not as shown in Table 20-3, the unit locked by the master
unit rejects accepting the control bit, and does not output the acknowledge bit.
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Table 20-3. Control Field for Locked Slave Unit

Bit 3 Bit 2 Bit 1 Bit 0 Function
0 0 0 0 Reads slave status
0 1 0 0 Reads lock address (low-order 8 bits)
0 0 0 1 Reads lock address (high-order 4 bits)

If the unlocked unit receives the control data shown in Table 20-4, the unit rejects accepting the control data
and does not output the acknowledge bit.

Table 20-4. Control Field for Unlocked Slave Unit

Bit 3 Bit 2 Bit 1 Bit O Function
0 1 0 0 Interrupts lock address (low-order 8 bits)
0 1 0 1 Interrupts lock address (high-order 4 bits)

If one unit occupies the bus as the master, the value set to the control data register (CDR) is output.

Figure 20-4. Control Field

Control field

Control bit (4 bits)  Parity ACK

mse| | [Lss

(6) Telegraph length field
This field is output by the transmission side to inform the reception side of the number of bytes of the transmit data.
The configuration of the telegraph length field is as shown in Figure 20-5.
Table 20-5 shows the relation between the telegraph length bit and the number of transmit data.

Figure 20-5. Telegraph Length Field

Telegraph length field

Telegraph length bit (8 bits) Parity ACK

we| | [ [ | [ [iss

Table 20-5. Contents of Telegraph Length Bit

Telegraph Length Bit (Hex) Number of Transmit Data Bytes
01H 1 byte
02H 2 bytes
| |
FFH 255 bytes
00H 256 bytes
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The operation of the telegraph length field differs depending on whether the master transmits (when control bit 3 is
1) or receives (when control bit 3 is 0) data.

<1>

<2>

When master transmits data

The telegraph length bit and parity bit are output by the master unit. When the slave unit detects that the parity
is even, it outputs the acknowledge signal, and starts outputting the data field. During broadcasting
communication, however, the slave unit does not output the acknowledge signal.

If the parity is odd, the slave unit judges that the telegraph length bit has not been correctly received, does not
output the acknowledge signal, and returns to the standby (monitor) status. At this time, the master unit also
returns to the standby status, and communication ends.

When master receives data

The telegraph length bit and parity bit are output by the slave unit. If the master unit detects that the parity bit
is even, it outputs the acknowledge signal.

If the parity bit is odd, the master unit judges that the telegraph length bit has not been correctly received, does
not output the acknowledge signal, and returns to the standby status. At this time, the slave unit also returns
to the standby status, and communication ends.

(7) Data field

474

This is data output by the transmission side.
The master unit transmits or receives data to or from a slave unit by using the data field.
The configuration of the data field is as shown in Figure 20-6.

Figure 20-6. Data Field

Data field (number specified by telegraph length field)

One data

Control bit (8 bits) Parity ACK Parity ACK

MSB|

LsB

Following the data bit, the parity bit and acknowledge bit are respectively output by the master unit and slave unit.
Broadcasting communication is used only when the master unit transmits data. At this time, the acknowledge bit is

ignored.

Preliminary User's Manual U13987EJ1VOUMO0



CHAPTER 20 IEBus CONTROLLER

The operation differs as follows depending on whether the master transmits or receives data.

<1>

<2>

When master transmits data

When the master units writes data to a slave unit, the master unit transmits the data bit and parity bit to the slave
unit. If the parity is even and receive data is not stored in the data register (DR) when the slave unit receives
the data bit and parity bit, the slave unit outputs an acknowledge signal. If the parity is odd or if receive data
is stored in the DR, the slave unit rejects receiving the data, and does not output the acknowledge signal.

If the slave unit does not output the acknowledge signal, the master unit transmits the same data again. This
operation continues until the master detects the acknowledge signal from the slave unit, or the data exceeds the
maximum number of transmit bytes.

If the data is continuous and the maximum number of transmit bytes is not exceeded when the parity is even
and when the slave unit outputs the acknowledge signal, the master unit transmits the next data.

During broadcast communication, the slave unit does not output the acknowledge signal, and the master unit
transfers 1 byte of data at a time. During broadcast communication, the slave unit receives the data and parity
bits, and if the parity is odd or receive data is stored in the DR, reception is considered not to have been performed
correctly and is stopped.

When master receives data

When the master unit reads data from a slave unit, the master unit outputs a sync signal corresponding to all
the read bits.

The slave unit outputs the contents of the data and parity bits to the bus in response to the sync signal from the
master unit.

The master unit reads the data and parity bits output by the slave unit, and checks the parity.

If the parity is odd or the DR is receiving data, the master unit refuses to acknowledge this data and does not
output the acknowledge signal. If the maximum number of transmit bytes is a value within the range that can
be transmitted in one communication frame, the master unit repeats reading the same data.

If the parity is even and the DR is not receiving data, the master unit accepts the data and returns the acknowledge
signal. If the maximum number of transmit bytes is within the value that can be transmitted in one frame, the
master unit reads the next data.

(8) Parity hit

The parity bit is used to confirm that the transmit data has no error.

The parity bit is appended to each data of the master address, slave address, control, telegraph length, and data bits.
The parity is an even parity. If the number of bits in the data that are ‘1’ is odd, the parity bit is ‘1’. If the number of
bits in the data that are ‘1’ is even, the parity bit is ‘0’

)

Acknowledge bit
During normal communication (communication from one unit to another), an acknowledge bit is appended to the
following locations to confirm that the data has been correctly received.

¢ End of slave address field

e End of control field

« End of telegraph length field
¢ End of data field

The definition of the acknowledge bit is as follows:

e ‘0" Indicates that the transmit data is recognized (ACK).

e ‘1" Indicates that the transmit data is not recognized (NACK).
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During broadcast communication, however, the content of the acknowledge bit is ignored.

<1>

<2>

<3>

<4>

Last acknowledge bit of slave address field

The last acknowledge bit of the slave address field serves as NACK in any of the following cases, and transmission
is stopped.

e |If the parity of the master address bit or slave address bit is incorrect

e If a timing error (error in bit format) occurs

e If a slave unit does not exist

Last acknowledge bit of control field

The last acknowledge bit of the control field serves as NACK in any of the following cases, and transmission is

stopped.

< If the parity of the control bit is incorrect

* When control bit 3 is “1” (write operation) when the slave receive enable flag (ENSLVRX)N°® is not set

« When control bits for which ENSLVRXN°® js not set are data read (3H, 7H)

< |If control bits 3H, 6H, 7H, AH, BH, EH, or FH are requested from a unit other than one for which lock has been
set

< If the control bit indicates reading of a lock address (4H or 5H) even when locking is not set

e |f a timing error occurs

e If the control bit is undefined

Note Bit 3 of the bus control register (BCR)

Cautions 1. When the slave status request control data is received even if the slave transmit enable
flag (ENSLVTX) is not set, ACK is always returned.
2. When data/command write control data is received even when the slave receive enable
flag (ENSLVRX) is not set, the control field acknowledge bit returns NACK.
Prohibiting receive operations (stopping communication) using ENSLVRX is limited to
individual sommunication. In the case of broadcast communication, communication
continues until a data request interrupt (INTIE1) or end interrupt (INTIE2) is generated.

Last acknowledge bit of telegraph length field
The last acknowledge bit of the telegraph length field serves as NACK in any of the following cases, and
transmission is stopped.

< |If the parity of the telegraph length bit is incorrect
e |f a timing error occurs

Last acknowledge bit of data field
The last acknowledge bit of the data field serves as NACK in any of the following cases, and transmission is
stopped.

» If the parity of the data bit is incorrectNote
< If a timing error occurs after the preceding acknowledge bit has been transmitted
« When receive data is stored in the data register (DR), and no more data can be acceptedN°®©,

Note In this case, for the individual communication, if the maximum number of transmission bytes is a value
within the range that can be transmitted in one frame, the transmission side performs transmission of
that data field again. In the case of broadcast communication, the transmission side does not perform
transmission of that data field again, and a transmission error occurs on the receiving side and reception
is stopped.

Preliminary User's Manual U13987EJ1VOUMO0



CHAPTER 20 IEBus CONTROLLER

20.1.7 Transmit data

(1) Slave status
The master unit can learn why the slave unit did not return the acknowledge bit (ACK), by reading the slave status.
The slave status is determined depending on the result of the last communication the slave unit has executed.
All the slave units can supply information on the slave status.
Table 20-6 shows the meaning of the slave status.

Figure 20-7. Bit Configuration of Slave Status

MSB LSB
Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit0
Table 20-6. Meaning of Slave Status
Bit Value Meaning
Bit QNote 1 0 Transmit data is not written to data register (DR)
1 Transmit data is written to DR
Bit 1Note 2 0 Receive data is not saved to DR
1 Receive data is saved to DR
Bit 2 0 Unit is not locked
1 Unit is locked
Bit 3 0 Fixed to ‘0’
Bit 4Note 3 0 Slave transmission is stopped
1 Slave transmission is ready
Bit 5 0 Fixed to ‘0’
Bit 7 00 | Mode 0 Indicates highest mode supported by unitNote 4
Bit 6 01 | Mode 1
10 | Mode 2
11 | Not used
Notes 1. The value of this buffer of the uPD784938 Subseries is initialized to 1 at reset.
2. The receive buffer of the yPD784938 Subseries has a capacity of 1 byte.
3. When the uPD784938 Subseries serves as a slave unit, this bit corresponds to the status indicated by bit
4 (ENSLVTX) of the bus control register (BCR).
4. When the uPD784938 Subseries serves as a slave unit, bits 7 and 6 are fixed to ‘0’ and ‘1’ (mode 1),

respectively.
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(2) Lock address
When the lock address is read (control bit: 4H or 5H), the address (12 bits) of the master unit that has issued the lock

instruction is configured in 1-byte units as shown below and read.

(3) Data

Figure 20-8. Configuration of Lock Address

MSB

LSB

Control bit: 4H Low-order 8 bits

Control bit: 5H Undefined

High-order 4 bits

If the control bit indicates reading of data (3H or 7H), the data in the data buffer of the slave unit is read by the master

unit.

If the control bit indicates writing of data (BH or FH), the data received by the slave unit is processed according to the
operation rule of that slave unit.

(4) Locking and unlocking
The lock function is used when a message is transferred in two or more communication frames.
The unit that is locked does not receive data from units other than the one that has locked the unit.

478

A unit is locked or unlocked as follows:

<1>

<2>

Locking

Ifthe communication frame is completed without succeeding in transmission or reception of the data of the number
of bytes specified by the telegraph length bit after the acknowledge bit ‘0’ of the telegraph length field has been
transmitted or received by the control bit that specifies locking (3H, AH, or BH), the slave unit is locked by the
master unit. At this time, the bit (bit 2) in the byte indicating the slave status is set to ‘1'.

Unlocking

After transmitting or receiving data of the number of data bytes specified by the telegraph length bit in one
communication frame by the control bit that has specified locking (3H, AH, or BH), or the control bit that has
specified unlocking (6H), the slave unit is unlocked by the master unit. At this time, the bit related to locking (bit

2) in the byte indicating the slave status is reset to ‘0’

Locking or unlocking is not performed during broadcasting communication.
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20.1.8 Bit format
Figure 20-9 shows the format of the bits constituting the communication frame of the IEBus.

Figure 20-9. Bit Format of IEBus

Logic “1”
Logic “0”
\ | | |
\ Preparation \Synchronization\ Data period \ Stop period
period period
Preparation period: First low-level (logic “1") period
Synchronization period: Next high-level (logic “0”) period
Data period: Period indicating value of bit
Stop period: Last low-level (logic “1") period

The synchronization period and data period are almost equal to each other in length.

The IEBuUs synchronizes each 1 bit. The specifications on the time of the entire bit and the time related to the period
allocated to that bit differ depending on the type of the transmit bit, or whether the unit is the master unit or a slave unit.
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20.2 Simple IEBus Controller

The uPD784938 has a newly developed IEBus controller. The functions of this IEBus controller are limited as compared
with the IEBus interface functions of the existing models (provided to the 78K/0 Series).
Table 20-7 compares the IEBus interface functions of the existing models with the simple IEBus interface functions of

the uPD784938 Subseries.

Table 20-7. Comparison between Existing and Simple IEBus Interface Functions

Item

Existing Function (IEBus of 78K/0)

Simple IEBus

Communication mode

Modes 0, 1, and 2

Fixed to mode 1

Internal system clock

6.0 (6.29) MHz

Internal buffer size

Transmit buffer: 33 bytes (FIFO)
Receive buffer: 40 bytes (FIFO)
Up to 4 frames can be received.

Transmit/receive data register

CPU processing

Communication start preprocessing (data setting)

Setting and management of each communication
status

Writing data to transmit buffer
Reading data from receive buffer

Communication start preprocessing (data setting)

Setting and management of each communication
status

1-byte data write processing
1-byte data read processing
Management of transmission such as slave status

Management of plural frames, master request
reprocessing

Hardware processing

Bit processing (modulation/demodulation, error
detection)

Field processing (generation/management)
Arbitration result detection

Parity processing (generation/error detection)
Automatic return of ACK/NACK

Automatic data re-processing

Automatic master re-processingN°®

Transmission processing such as automatic slave
status transmission

Plural-frame reception processing

Bit processing (modulation/demodulation, error
detection)

Field processing (generation/management)
Arbitration result detection

Parity processing (generation/error detection)
Automatic return of ACK/NACK

Automatic data transmission re-processing

Note Automatic master re-processing: After generating the master request, if the master request is cancelled by
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arbitration, etc., the bus is released and automatically re-issue the master

request.
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20.3 |EBus Controller Configuration

Figure 20-10 shows the block diagram of the IEBus controller.

Figure 20-10.

IEBus Controller Block Diagram

CPU interface block

TES T L ST

Internal |:|‘|BCR )| |uae (1] [ser (2] [Par 2] [cOR )] [DLR )] | DR (8)] [usr @) [ 1SR )] [SSR (8)]

registers o

o

TX ©—+——mPx

TX/RX
Parity generation| Contention
error detection detection

L

-

ACK

CLK—=

Bit processing block

generation

®)'

SHB{S*{S*{S* ffffffffffff

| Interrupt|—= INT request
f )| control !

(vector, macro

circuit |——= service)

j5> Internal bus R/W

Field processing block
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e Hardware configuration and function
The IEBus mainly consists of the following six internal blocks.
e CPU interface block
e Interrupt control block
« Internal registers
e Bit processing block
e Field processing block
« |EBus interface block

<CPU interface block>
This is a control block that interfaces between the CPU (78K/IV) and IEBus.

<Interrupt control block>
This control block transfers interrupt request signals from the IEBus to the CPU.

<Internal registers>
These registers set data to the control registers and fields that control the IEBus (for the internal registers, refer to
20.4 Internal Registers of IEBus Controller ).

<Bit processing block>
This block generates and disassembles bit timing, and mainly consists of a bit sequence ROM, 8-bit preset timer,
and comparator.

<Field processing block>
This block generates each field in the communication frame, and mainly consists of a field sequence ROM, 4-bit down
counter, and comparator.

<IEBus interface block>

This is the interface block for an external driver/receiver, and mainly consists of a noise filter, shift register, collision
detector, parity detector, parity generation circuit, and ACK/NACK generation circuit.
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20.4 Internal Registers of IEBus Controller

The IEBus controller consists of the following registers:

20.4.1 Internal register list
Table 20-8 lists the internal registers of the IEBus controller.

Table 20-8. Internal Registers of IEBus Controller

Address IEBus Register Name Symbol R/W Bit Units for Manipulation Initial Value
1 bit 8 bits 16 bits

OFFBOH Bus control register BCR R/W v v — 00H

OFFB2H Unit address register UAR — — v 0000H

OFFB4H Slave address register SAR — — v

OFFB6H Partner address register PAR R — — v

OFFB8H Control data register CDR R/W — v — 01H

OFFB9H Telegraph length register DLR — v —

OFFBAH Data register DR — v — 00H

OFFBBH Unit status register USR R v v —

OFFBCH Interrupt status register ISR R/W v v —

OFFBDH Slave status register SSR R v v — 41H

OFFBEH Communication success counter SCR — v — 01H

OFFBFH Transmit counter CCR — v — 20H

Cautions 1. The above registers are mapped to the SFR space.
2. Registers UAR, SAR, and PAR must be manipulated in word units.
3. Instructions in Read Modify Write mode (such as XCH and ROL4) cannot be used for DR, CDR,
DLR, and ISR.
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20.4.2 Description of internal registers
Each internal register of the IEBus controller is explained below.

(1) Bus control register (BCR)
Figure 20-11. Bus Control Register (BCR) Format

7 6 5 4 3 2 1 0 Address After reset R/W
BCR |ENIEBUS‘MSTRQ‘ALLRQ‘ENSLVTX‘ENSLVRX‘ 0 ‘ 0 ‘ 0 |OFFBOH O00H R/W

ENSLVRX Slave Reception Enable Flag

0 | Slave reception disabled

1 | Slave reception enabled

ENSLVTX Slave Transmission Enable Flag

0 Slave transmission disabled

1 Slave transmission enabled

ALLRQ Broadcasting Request Flag

0 Requests individual communication

1 Requests broadcasting communication

MSTRQ Master Request Flag

0 Does not request IEBus unit as master

1 Requests IEBus unit as master

ENIEBUS Communication Enable Flag

0 | Stops IEBus unit

1 Makes IEBus unit active
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« Communication enable flag (ENIEBUS) ... Bit 7
[Set/reset condition]
Set: Through software manipulation
Reset: Through software manipulation

Caution Before setting this flag, the following registers for communication must be set.

During master transmission UAR

During master reception

During slave transmission

During slave reception

« Master request flag (MSTRQ) ... Bit 6
[Set/reset condition]
Set: Through software manipulation
Reset: Through hardware at the end of the arbitration period

Caution Make a remaster request through software processing in case the unit loses in contention.

e Broadcasting request flag (ALLRQ) ... Bit 5
[Set/reset condition]
Set: Through software manipulation
Reset: Through software manipulation

Caution Be sure to set this flag to request broadcasting communication, and set bit 6.

< Slave transmission enable flag (ENSLVTX) ... Bit 4
[Set/reset condition]
Set: Through software manipulation
Reset: Through software manipulation

Cautions 1. Clear this flag before setting the master request flag during master request. If a slave
transmission request is made by the master with this flag not set during slave, or if the
disabled status is to be returned to the enabled status, the next new frame and those that
follow become valid.

2. When ENSLVTX is not set, upon reception of data/command write control data “3H, 7H”,
the acknowledge bit of the control field returns NACK.

3. EvenifENSLVTXhas beenreset, when slave status request control data is returned, a status
interrupt (INTIE2) is generated and communication is continued.

e Slave reception enable flag (ENSLVRX) ... Bit 3
[Set/reset condition]
Set: Through software manipulation
Reset: Through software manipulation
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Caution When the CPU is busy with other processing, slave reception can be disabled by resetting this
flag and returning NACK with the acknowledge bit of the control field. Therefore, when this flag
is reset, individual communication can be disabled, but broadcasting communication cannot.
Furthermore, during individual communication, startinterrupt (INTIE2) is generated. When CPU
processing is prioritized (in case neither reception nor transmission are to be performed), reset
ENIEBUS (communication enable flag) and stop the IEBus unit. Also, when returning to the
enabled status from the disabled status, the operation becomes effective from the next new
frame.

(2) Unit address register (UAR)
This register sets the unit address of an IEBuUs unit. This register must be always set before starting communication.

Figure 20-12. Unit Address Register (UAR) Format

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 Address Afterreset RIW
uar|ofofolo| | | [ [ | | | | | | | |oFFB2H o00OH Rw
C T T T T T T T T T T 7

\—l Sets unit address (12 bhits)
(3) Slave address register (SAR)

During master request, the value of this register is reflected on the value of the transmit data in the slave address field.

This register must be always set before starting communication.

Figure 20-13. Slave Address Register (SAR) Format

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 Address Afterreset RIW

sar|ofofolo| | | | | [ [ [ | | | | |oFFBan o000H Rw
N I O

\—l Sets slave address (12 bits)

(4) Partner address register (PAR)
[During slave unit]
The value of the receive data in the master address field (address of the master unit) is written to this register.
If a request “4H" to read the lock address (low-order 8 bits) is received from the master, the CPU must read the
value of this register, and write the data of the low-order 8 bits to the data register (DR).
If a request “5H” to read the lock address (high-order 4 bits) is received from the master, the CPU must read the
value of this register and write the data of the high-order 4 bits to DR.

Figure 20-14. Partner Address Register (PAR) Format

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 Address Afterreset RIW

par|o|ofofo| | | | [ [ [ | | | | | |oFFBen ooooH R
N I O

\—l Sets partner address (12 bits)
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(5) Control data register (CDR)
[During master unit]

The data of the low-order 4 bits is reflected on the data transmitted in the control field. During master request, this

register must be set in advance before starting communication.

[During slave unit]
The data received in the control field is written to the low-order 4 bits.

When the status transmission flag (STATUS) is set, an interrupt (INTIE2) is issued, and each processing should

be performed by software, according to the value of the low-order 4 bits of this register.

Figure 20-15. Control Data Register (CDR) Format

7 6 5 4 3 2 1 0 Address After reset R/W
cor| o | o | o | o [mop|seicizlseiciafseLcio| oFFBEH  01H  RW
| | |

MOD |SELCL2|SELCL1{SELCLO Function

0 0 0 Reads slave status

Undefined

Undefined

Reads data and locks

Reads lock address (low-order 8 bits)

Reads lock address (low-order 4 bits)

Reads slave status and unlocks

Reads data

Undefined

Undefined

Writes command and locks

Writes data and locks

Undefined

Undefined

Writes command

R|lRr|Rr|R|RPR|RP|RP|lRP|lo|lOoO|lo|lo|o|lo|o|o
Rrlr|lr|lr|lo|lo|lo|lo|lr|r|r|r|lo|lo|o
Rl |lo|lo|r|r|lo|lOo|rRr|lrR|lo|lOo|r|r]|O
r|lo|lr|lo|lr|lOo|lr|lOo|lrRr|lOo|lrR|Oo|lrRr|O|R

Writes data

Cautions 1. Because the slave unitmustjudge whether the received datais a “command” or “data”, it must

read the value of this register after completing communication.

2. The Read Modify Write instruction (such as XCH and ROL4) cannot be used for CDR.

If the master unit sets an undefined value, NACK is returned from the slave unit, and
communication is aborted. During broadcasting communication, however, the master unit

continues communication without recognizing ACK/NACK:; therefore, make sure not to set an

undefined value to this register during broadcasting communication.

In the case of defeat in a bus conflict and a slave status request is received from the unit that

won, telegraph length register (DLR) is fixed to “01H". Therefore, in a re-request of the master
follows, the appointed telegraph length must be set to DLR.
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[Slave status response operation]
The ACK response operation of the control field differs depending on the status of slave side when a slave status
request (control data: “OH, 6H") and a lock address request “4H, 5H" are received.

<1> In unlocked status, when “OH, 6H” control data is received Return ACK
<2> In unlocked status, when “4H, 5H” control data is received -  Don't return ACK
<3> In locked status, when “OH, 4H, 5H, 6H" control data is - Return ACK
received from the request unit
<4> In locked status, when “OH, 4H, 5H" control data is received
from an address other than the request unit - Return ACK

1

<5> In locked status, when “6H" control data is received from an
address other than the request unit - Return ACK

In all cases from <1> to <5>, the status transmission flag (bit 4 of the interrupt status register (ISR)) is set upon
reception of the slave status and lock address request, and the status interrupt request (INTIE2) is generated. The
generation timing is the end of the control field parity bit (start of the ACK bit).

However, if ACK communicationis not performed, an NACK error occurs atthe end of the ACK bitand communication

is stopped.
Figure 20-16. Interrupt Generation Timing (in case of <1>, <3>, <4>)
<Control field>
IEBus
sequence Control bits (4 bits) Parity bit (1 bit) ACK bit (1 bit) End with communication error
INTIE2

—

Flag is set upon reception ! Flag is reset with CPU processing

Status of “OH, 4H, 5H, 6H"
transmission flag

Internal
NACK flag
Figure 20-17. Interrupt Generation Timing (in case of <2>, <5>)
<Control field>
IEBus
sequence Control bits (4 bits) Parity bit (1 bit) ACK bit (1 bit) End with communication error

INTIE2 —| —|

' Flag is reset with

Flag is set upon receptioni CPU processing

Status of “OH, 4H, 5H, 6H"
transmission flag

Error is set upon
Internal NACK detection
NACK flag
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In the case of <4> and <5>, communication is performed from other than lock request in the locked status, so that
evenifthe unit address is the target of the communication, no start interrupt or communication end interrupt (INTIE2)
is generated. However, if a slave status, lock address request is received, the status transmission flag (bit 4 of
interrupt status register (ISR)) is set, and a status interrupt request (INTIE2) is generated. In this way, even if the
same control data is received in the locked status, the INTIE2 generation timing differs depending on whether the
master side is the lock request address (<3>) or it is a different address.

Figure 20-18. INTIE2 Interrupt Generation Timing in Locked Status (in case of <4>, <5>)

<Control field>

Tel h
IEBus Start Broad- Master address Slave address Control eleigggqp Data
sequence casting (12 +A) (12+P+A) (4+P+A) | g pyp)|B+PTA)
INTIE2 Status interrupt —l

Figure 20-19. INTIE2 Interrupt Generation Timing in Locked Status (in case of <3>)
<Control field>

Tel h
IEBus Start Broad- Master address Slave address Control ele?%t?]p Data
sequence casting (12+P) (12+P+A)  |(@+P+A)| g p, p)|B+P+A)

) Status Communication

INTIE2 Start interrupt —linterrupt—l end interrupt —l
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(6) Telegraph length register (DLR)
[During transmission unit] ... Master transmission, slave transmission

The data of this register is reflected on the data transmitted in the telegraph length field and indicates the number
of bytes of the transmit data.

This register must be set in advance before transmission.

[During reception unit] ... Master reception, slave reception
The receive data in the telegraph length field transmitted from the transmission unit is written to this register.

Figure 20-20. Telegraph Length Register (DLR) Format
7 6 5 4 3 2 1 0 Address After reset R/W

piR| o [ o | o [ o] o] of o] o |ofFBOH 01H RW
\ |

Remaining Number of
Communication Data Bytes
01H 1 byte
02H 2 bytes
1 | 1
1 | 1
20H 32 bytes
1 | 1
1 | 1
FFH 255 bytes
O00H 256 bytes

Cautions 1. If the master issues a request “OH, 4H, 5H, or 6H” to transmit a slave status and lock address
(high-order 4 bits, low-order 8 bits), the contents of this register are set to “01H” by hardware;
therefore, the CPU does not have to set this register.

An instruction of Read Modify Write mode (such as XCH and ROL4) cannot be used for DLR.
2. In the case of defeat in a bus conflict and a slave status request is received from the unit that

won, DLR is fixed to “01H". Therefore, if a re-request of the master follows, the appointed
telegraph length must be set to DLR.
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(7) Data register (DR)
[During transmission unit]
The data (1 byte) written to the data register (DR) is stored to the internal shift register of the IEBus. It is then output
from the most significant bit, and an interrupt (INTIE1) is issued to the CPU each time 1 byte has been transmitted.
INTIE is generated at the timing of the data register (DR) value stored in the internal shift register of the IEBus.

However, INTIEL is not generated when the last byte and the 32nd byte (last byte of one communication frame)
is delivered to the internal register.

[During reception unit]
One byte of the data received by the internal shift register of the IEBus is stored to this register.
Each time 1 byte has been correctly received, an interrupt (INTIE1) is issued.

Figure 20-21. Data Register (DR) Format

7 6 5 4 3 2 1 0 Address After reset R/W
DR | | | | | | | | | oFFBAH  O0OH  RW
\ \ \ \ \ \ \ |

‘ H Sets communication data (8 bits)

Caution If the next data is not in time while the transmission unit is set, an underrun occurs, and a
communication error interrupt (INTIE2) occurs.

An instruction of Read Modify Write mode (such as XCH and ROL4) cannot be used for DR.
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(8) Unit status register (USR)

Figure 20-22. Unit Status Register (USR) Format

7 ® 6 @ 6 O 1 0 Address  After reset R/W

USR 0 |SLVRQ|ARBIT [ALLTRNS| ACK | LOCK 0 0 OFFBBH O00H R

LOCK

Lock Status Flag

Non-lock status

Lock status

ACK Transmission Flag

Transmits NACK

Transmits ACK

ALLTRNS

Broadcasting Communication Flag

Individual communication status

Broadcasting communication status

Contention Flag

Wins in contention

Loses in contention

Slave Request Flag

No slave request

Slave request
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Slave request flag (SLVRQ) ... Bit 6
This flag indicates whether the master has issued a slave request.

Contention flag (ARBIT) ... Bit 5
This flag indicates the result of contention.
[Set/reset condition]
Set: Setif the data output by a unit does not coincide with the data on the bus line during the arbitration period
after the master request has been made.
Reset: Cleared at start bit timing

Broadcasting communication flag (ALLTRANS)... Bit 4

This flag indicates if the unit is performing broadcasting communication. The contents of the flag are initialized upon
detection of the start bit of each frame, and updated to the broadcasting field.

The set/bit conditions change depending on the broadcasting field bit reception data at all times except initialization
(reset) through system reset.
[Set/reset condition]

Set: Upon reception of “broadcasting” in broadcasting field

Reset: Upon reception of “individual” in broadcasting field, or upon input of system reset.

Caution Update of the broadcasting communication flag is performed regardless of whether or not the
communication target is the unit address.

Figure 20-23. Broadcasting Communication Flag Operation Example

IEBus B e e e i Ml
sequence sttt |298% m11 | m10 stat | 598% ] M11 | m10
INTIE2 Set No reset with start bit Reset

ACK transmission flag (ACK) ... Bit 3
This flag indicates whether ACK is transmitted during the ACK period of each field while the unit serves as areception
unit. The content of the flag is updated during the ACK period of each frame.

If the internal circuit is initialized due to the occurrence of a parity error, the content of the flag cannot be updated
during the ACK period of the field.

Lock status flag (LOCK) ... Bit 2
This flag indicates whether the unit is locked.
[Set/reset condition]
Set: Setiflock specifications “3H, 6H, AH, and BH" are received in the control field, and if the communication
end flag is “L” and frame end flag is “H".
Reset: If the communication enable flag is cleared.

If unlocking commands “3H, 6H, AH, and BH" are received by the control field and the communication
end flag is set.

Caution Locking or unlocking is not performed during broadcasting communication.
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(9) Interrupt status register (ISR)
This status register indicates the status when an interrupt of the IEBus is issued. User must read this register and
perform the subsequent processing each time an interrupt has been generated.
Clear the contents of the following communication error flag (IEERR), start interrupt flag (START), and status
transmission flag (STATUS) through software manipulation in vector interrupt processing. Also be sure to check and
clear the contents of the communication end flag (ENDTRANS) and frame end flag (ENDFRAM) through software

manipulation.
Figure 20-24. Interrupt Status Register (ISR) Format
@ @ @ @ @ 1 0 Address After reset R/W
ISR| 0 |IEERR|START|STATUS|ENDTRNS|ENDFRAM| O 0 OFFBCH 00H R/W

ENDFRAM Frame End Flag

0 Frame does not end

1 Frame ends

ENDTRNS Communication End Flag

0 Communication does not end

1 Communication ends

STATUS Status Transmission Flag

0 No status transmission request

1 Status transmission request

START Start Interrupt Flag

0 Interrupt after ACK period of slave address
field

1 Interrupt during ACK period of slave
address field

IEERR Communication Error Flag

0 No communication error

1 Communication error occurs

Remark Resetof IEER, STARTF, and STATUSF flags is performed by writing a byte in to the interrupt status register
(ISR).
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Communication error flag (IEERR) ... Bit 6
This flag detects an error during communication.
[Set/reset condition]
Set: Set if a timing error, parity error (except the data field), NACK reception (except the data field), or
underrun occurs
Reset: Through software manipulation

Start interrupt flag (START) ... Bit 5
This flag indicates the interrupt during the ACK period of the slave address field.
[Set/reset condition]
Set: Set in the slave address field during the master request.
Set if there was a slave request from the master. (In the case of lock status, only if there was a slave
request from the lock request unit.)
Reset: Through software manipulation

Status transmission flag (STATUS) ... Bit 4
This flag indicates that the master transmits a slave status or lock address (high-order 4 bits, low-order 8 bits) while
the unit serves as a slave.
[Set/reset condition]
Set: Set when “OH, 4H, 5H, or 6H" is received from the master in the control field while the unit serves as
a slave.
Reset: Through software manipulation

Communication end flag (ENDTRNS) ... Bit 3
This flag indicates whether communication has been completed by the number of transmit bytes set by the telegraph
length field.
[Set/reset condition]
Set: When the count value of the SCR counter has reached 0.
Reset: When any of the master request flag, slave transmission enable flag, or slave reception enable flag is
set.

Frame end flag (ENDFRAM) ... Bit 2
This flag indicates whether communication of the maximum number of transmit bytes (32 bytes) specified by each
communication mode is completed.
[Set/reset condition]
Set: When the count value of the CCR has reached 0.
Reset: When any of the master request fag, slave transmission enable flag, or slave reception enable flag is
set
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496

[Description of communication error source]

<Timing error>

Condition of occurrence:

Remark:

<Parity error>

Condition of occurrence:

Remark:

Limitations :

<NACK reception>

Condition of occurrence:

Remark:

<Underrun>

Condition of occurrence:

Remark:

<Overrun>

Condition of occurrence:

Remark:

If the high-/low-level width of the communication bit exceeds or falls below a rated
value.

Each rated value is set by the bit processing block and is monitored by the internal
8-bit timer. If a timing error occurs, an interrupt is issued.

If the generated parity and received parity do not coincide in each field while the unit
serves as a receive unit.

During individual communication, if a parity error occurs in other than the data field,
an interrupt is issued.

During broadcasting communication, even if a parity error occurs in the data field, an
interrupt is issued.

If a broadcasting communication request is performed and a slave request
defeated in contention occurs, no interrupt is generated even if a parity error
occurs in the data field.

If NACK is received during the ACK period in the slave address, control, or telegraph
length field while the unit serves as a receive transmit unit.
If NACK is received (transmitted) in other than the data field, an interrupt is issued.

If the data that is to be transmitted next to the data register (DR) until ACK is received
is not written in time during data transmission.
If underrun occurs, an interrupt is issued.

When the unitis used as areceive unit, adatainterruptrequest (INTIE1), which stores
data one byte at a time in the data register (DR), is generated, and the CPU performs
DR read processing. If this read processing is late and the next data receive timing
starts, an overrun error occurs.

When the unit is used for individual communication reception, no acknowledge is
returned during the ACK period of the next data. Through this, the transmission unit
performs retransmission of the data. Therefore, the communication count register
(CCR) is decremented, but the success count register (SCR) is not decremented.
When the unitis used for broadcast communication reception, acommunication error
interrupt request (INTIE2) occurs, and reception is stopped. At this time, DR is not
updated. Moreover, no INTIEL is generated, and the DR reception status flag (bit
1 of the timer mode control register (SSR)) is set (to 1) and maintained. The overrun
status is canceled using the data reception timing following DR read.
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[Supplementary explanation of overrun error]

@

&)

If overrun occurs during individual communication reception, resulting in frame end

If DR read is not performed following the overrun status and data retransmission reaches the maximum number
of data transfer bytes (32 bytes), a frame end interrupt (INTIE2) occurs. The overrun status is maintained until
DR read is performed even after frame end.

If the next reception starts in the case of (1) above, or if the next transmission starts without DR read

being performed, following reception of the last data, regardless of whether it is broadcasting or
individual communication

Even if communication is started to one’s own address in the overrun status, an overrun caused NACK return
does notoccur during the ACK period in each of the slave address, control, and telegraph length fields. However,
when DR read is not performed until data reception completion in the data field, no acknowledge is returned
and reception is not performed (DR update is not performed). If the next communication is not directed to one’s
own address, DR is not updated until DR read is performed. Since the communication is not directed at one’s
own address, data interrupt (INTIE1) or communication error interrupt (INTIE2) is not generated.
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(10) Slave status register (SSR)
This register indicates the communication status of the slave unit. After receiving a slave status transmission request
from the master, the CPU reads this register, and writes a slave status to the data register (DR) to transmit the slave
status. At this time, the telegraph length is automatically set to “01H" that setting of telegraph length register (DLR)
is not required (because it is preset by hardware).

Figure 20-25. Slave Status Register (SSR) Format

7 6 5 4 3 2 1 (0) Address Afterreset R/W
SSR| 0 1 O |STATSLV| O  |STATLOCK|STATRX|STATTX| OFFBDH  41H R
L STATTX DR Transmit Status

0 Transmission data not stored in DR

1 Transmission data stored in DR

STATRX DR Receive Status

0 Receiving data not stored in DR

1 Receiving data stored in DR

STATLOCK Lock Status Flag

0 Unlock status

1 Lock status

STATSLV Slave Transmission Enable Flag

0 Slave transmission stops

1 Slave transmission enabled

¢ Slave transmission status flag (STATSLV) ... Bit 4
Reflects the content of the slave transmission enable flag.

e Lock status flag (STATLOCK) ... Bit 2
Reflects the content of the lock status flag.

¢ DR receive status (STATRX) ... Bit 1
The flag that indicates the receive status of the DR.

¢ DR transmit status (STATTX) ... Bit 0
The flag that indicates the transmit status of the DR.

Bits 6 and 7 indicate the highest mode supported by the unit, and are fixed to “01H” (mode 1).
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(11) Success count register (SCR)
This register reads the count value of the counter that decrements the value set by the telegraph length register by
ACK in the data field. When the count value has reached “00H", the communication end flag (ENDTRNS) is set.

Figure 20-26. Success Count Register (SCR) Format

7 6 5 4 3 2 1 0 Address After Reset R/W
SCR OFFBEH 01H R
\ \ \ \ \ \ \ |
Remaining Number of Communication Data Bytes

01H 1 byte
02H 2 bytes
20H 32 bytes
FFH 255 bytes
00H 0 byte (end of communication) or 256 bytes"**®

Note The bit length of the actual hard counter consists of 9 bits. When “00H" is read, it cannot be judged whether
the remaining number of communication data bytes is 0 (end of communication) or 256. Therefore, either the
communication end flag is used, or if “O0H” is read when the first interrupt occurs at the beginning of
communication, the remaining number of communication data bytes is judged to be 256.

(12) Communication count register (CCR)
This register reads the count value of the counter that is preset to the maximum number of transmitted bytes (32 bytes)
per frame specified in mode 1 and is decremented during the ACK period of the data field regardless of ACK/NACK.
When the count value has reached “00H”, the frame end flag (ENDFRAM) is set.

Figure 20-27. Communication Count Register (CCR) Format

7 6 5 4 3 2 1 0 Address After reset R/W
CCR | | | | | | | | | oFFBFH  20H R

‘ I Number of transmitted bytes |

¢ Preset value in mode 1 and maximum number of transmitted bytes per frame ... 20H (32 bytes)
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20.5 Interrupt Operations of IEBus Controller

20.5.1 Interrupt control block

<Interrupt request signal>

1. Communication error (IEERR)

2. Start interrupt (START)

3. Status communication (STATUS)

4. End of communication (ENDTRANS)
5. End of frame (ENDFRAM)
6. Transmit data write request (m)

7. Receive data read request (STATRX)

1 through 5 of the above interrupt requests 1 are assigned to the interrupt status register (ISR). For details, refer to
Table 20-9 Interrupt Requests.
The configuration of the interrupt control block is illustrated below.

Figure 20-28. Configuration of Interrupt Control Block

IEERR
START
STATUS
ENDTRANS
ENDFRAM
STATTX

STATRX ‘
L—D ............... INTIEL

— N Y INTIE2
B —

IEBus macro Interrupt control block 78K/IV CPU

Cautions 1. With regard to ORed output of STATTX, STATRX, faster processing is aimed for by using a macro
service.
2. With regard to ORed output of IEERR, START, STATUS, ENDTRANS, ENDFRAM, check the
interrupt generation source using vector interrupt processing.

500 Preliminary User's Manual U13987EJ1VOUMO00



CHAPTER 20
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20.5.2

Interrupt source list

The interrupt request signals of the internal IEBus controller in the 78K/IV Series can be classified into vector interrupts
and macro service interrupts. These interrupt processing can be specified through software manipulation.
The interrupt sources are listed below.

Table 20-9. Interrupt Source List

Interrupt Source

Condition of Generation

CPU Processing after

Remark

(broadcasting)

Other than data

Unit Field Generation of Interrupt
Communication error Undo communication processing | Communication error is OR output
(Timing error) Master/slave All fields of timing error, parity error, NACK
PN D T reception, underrun error, and

(Parity error) Reception Other than data P

o overrun error.

(individual)

All fields

(individual)
(Underrun error) Transmission Data
(Overrun error) Reception Data
(broadcasting)
Start interrupt Master Slave/address | Slave request judgment Interrupt always occurs if loses in
Contention judgment contention during master request.
(If loses, remaster processing)
Communication preparation
processing
Slave Slave/address | Slave request judgment Generated only during slave
Communication preparation request
processing
Status transmission Slave Control Refer to transmission processing | Generated regardless of the
example such as slave status. slave transmission enable flag.
Invalid if flag is disabled.
End of communication | Transmission Data Macro service end processing Set if SCR is cleared to 0
Reception Data Macro service end processing Set if CCR is cleared to 0
Receive data processing
End of frame Transmission Data Retransmission preparation Set if CCR is cleared to 0
processing
Reception Data Re-reception preparation Set if CCR is cleared to 0
processing
Transmit data write Transmission Data None (processed by macro Set after transfering of transmit
service) data to internal shift register
Receive data read Reception Data None (processed by macro Set after normal data reception

service)
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20.6 Interrupt Generation Timing and Main CPU Processing

20.6.1 Master transmission

FApprox. 624 us (mode 1)4%
0

<1>

M address | P | Saddress| P | A| Control |P| A | T5e98" |p|A| Datal

Broad-

Start casting

Approx. 390 us %
(mode 1)
] 0 ] 0 <2>

Data 1 P|A Data 2 PlA Data n-1 PlA Datan PlA

n = Final number of data bytes

Caution x indicates that an interrupt (INTIE1) does not occur.

Initial preparation processing

Sets a unit address, slave address, control data, telegraph length, and the first byte of the transmit data.
Communication start processing

Sets the bus control register (enables communication, master request, and slave reception).

<1> Interrupt (INTIE2) occurrence
Judgment of occurrence of error —  Error processing
!
Judgment of slave request -~ Slave reception processingNot !
!
Judgment of contention result - Remaster request processing

¥ Interrupt (INTIE1) occurrenceNot 2
The transmit data of the second byte and those that follow are written to the data register (DR) by macro service.
At this time, the data transfer direction is RAM (memory) — SFR (peripheral)

<2> Interrupt (INTIE2) occurrence
Judgment of occurrence of error —  Error processing
!
Judgment of end of communication -  End of communication processing
!
Judgment of end of frame -~ Re-communication processingNo®© 3
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Notes 1.

If a slave reception request is confirmed during vector interrupt processing, the data transfer direction
of macro service must change from RAM (memory) — SFR (peripheral) to SFR (peripheral) - RAM
(memory) until the first data is received. The maximum pending period of this data transfer direction
changing processing is about 1,040 us in communication mode 1.

If NACK is received from the slave in the data field, an interrupt (INTIE1) is not issued to the CPU, but
the same data is retransmitted by hardware.

If the transmit data is not written during the period while the next data is being written, a communication
error interrupt occurs due to the occurrence of an underrun, and communication is ended midway
through.

The vector interrupt processing in <2> judges whether the data has been correctly transmitted within
one frame. If the data has not been correctly transmitted (if the number of data to be transmitted in
one frame could not be transmitted), the data must be retransmitted in the next frame, or the remainder
of the data must be transmitted.
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20.6.2 Master reception

If master reception is performed, it is necessary to give prior notice of “Slave transmission” to the unit set as slave.
Therefore, master reception requires at least two communication frames.

The slave unit prepares the transmission data, sets ENSLVTX (slave request transmission flag (bit 4 of the bus control

register (BCR)), and then waits.

Approx. 1,014us (mode 1)

<1>
Broad- Telegraph Tt
Start casting |M address | P | Saddress | P | A Control Pl A length P|A| Datal
| Approx. 390 us
\ (model) |
L < o < Fe<2>
Data 1 ‘P‘A‘ Data 2 ‘P‘A‘ Data n—-1 ‘P‘A‘ Data n ‘P‘Al

n = Final number of data bytes

Initial preparation processing
Sets a unit address, slave address, and control data.
Communication start processing
Sets the bus control register (enables communication and master request).

<1> Interrupt (INTIE2) occurrence
Judgment of occurrence of error - Error processing
!
Judgment of slave request - Slave processing
!
Judgment of collision result - Remaster request processing

¥c Interrupt (INTIE1) occurrenceNoe 1
The receive data stored to the data register (DR) is read by macro service.
At this time, the data transfer direction is SFR (peripheral) -~ RAM (memory).

<2> Interrupt (INTIE2) occurrence
Judgment of occurrence of error —  Error processing
!
Judgment of end of communication -  End of communication processing
!
Judgment of end of frame - Re-communication processingNot 2

Notes 1. If NACK is transmitted (hardware processing) in the data field, an interrupt (INTIE1) is not issued to
the CPU, but the same data is retransmitted from the slave.
If the receive datais not read in time until the next data is received, the hardware automatically transmits
NACK.

2. The vector interrupt processing in <2> judges whether the data has been correctly received within one
frame. If the data has not been correctly received (if the number of data to be received in one frame
could not be received), a request to retransmit the data must be made to the slave in the next
communication frame.
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20.6.3 Slave transmission

%7 Approx. 624 us (mode 1) H
© 0

<1>
Start | 193 | Maddress| P |Saddress| P | A| Control | P|A| SSIE" | p Al Datal
Approx. 390 us
(mode 1)
. 0 U ] H] 0 <2>
Data 1 PlA Data 2 P|A Data n—-1 P|A Data n P|A

n = Final number of data bytes

Caution x indicates that an interrupt (INTIE1) does not occur.

Initial preparation processing
Sets a unit address, telegraph length, and the first byte of the transmit data.
Communication start processing
Sets the bus control register (enables communication, slave transmission, and slave reception).

<1> Interrupt (INTIE2) occurrence
Judgment of occurrence of error —  Error processing
!
Judgment of slave request

© Interrupt (INTIE2) occurrence
An interrupt occurs only when OH, 4H, 5H, or 6H is received in the control field in the slave status.

¥ Interrupt (INTIE1) occurrenceNo® 1
The transmit data of the second byte and those that follow are written to the data register (DR) by macro service.
At this time, the data transfer direction is RAM (memory) — SFR (peripheral).

<2> Interrupt (INTIE2) occurrence
Judgment of occurrence of error - Error processing
!
Judgment of end of communication —  End of communication processing
!
Judgment of end of frame -~ Re-communication processingN°t® 2

Notes 1. If NACK is received from the master in the data field, an interrupt (INTIE1) is not issued to the CPU,
but the same data is retransmitted by hardware.
If the transmit data is not written in time during the period of writing the next data, a communication
error interrupt occurs due to occurrence of underrun, and communication is abnormally ended.

2. The vector interrupt processing in <2> judges whether the data has been correctly transmitted within
one frame. If the data has not been correctly transmitted (if the number of data to be transmitted in
one frame could not be transmitted), the data must be retransmitted in the next frame, or the continuation
of the data must be transmitted.
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20.6.4 Slave reception

%7 Approx. 1,014 ys(mode 1) ——

<1>
Start | ghoiy |Maddress| P|Saddress| P|A|  Conwol | P A |TGHE" P A| Daal
| . Approx. 390 us %
| (mode 1)
. 0 U o [l O<2>
Data 1 PlA Data 2 P|A Data n—-1 P|A Data n P|A

n = Final number of data bytes

Initial preparation processing
Sets a unit address.

Communication start processing
Sets the bus control register (enables communication, disables slave transmission, and enables slave reception).

<1> Interrupt (INTIE2) occurrence
Judgment of occurrence of error - Error processing
!
Judgment of slave request -  Slave processingNote 1

¥ Interrupt (INTIE1) occurrenceNote 1
The receive data stored to the data register (DR) is read by macro service.
At this time, the data transfer direction is SFR (peripheral) -~ RAM (memory).

<2> Interrupt (INTIE2) occurrence
Judgment of occurrence of error —  Error processing
!
Judgment of end of communication -  End of communication processing

!
Judgment of end of frame -~ End of frame processingN°® 2

Notes 1. If NACK is transmitted in the data field, an interrupt (INTIE1) is not issued to the CPU, but the same

data is retransmitted from the master.
If the receive data is not read in time until the next data is received, NACK is automatically transmitted.

2. The vector interrupt processing in <2> judges whether the data has been correctly received within one

frame.
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20.6.5 Interval of occurrence of interrupt for IEBus control

Each control interrupt must occur at each point of communication and perform the necessary processing until the next

interrupt occurs. Therefore, the CPU must control the IEBus control block, taking the shortest time of this interrupt into

consideration.

The locations at which the following interrupts may occur are indicated by 1 in the field where it may occur. t does not

mean that the interrupt occurs at each of the points indicated by t. If an error interrupt (timing error, parity error, or ACK

error) occurs, the IEBus internal circuitis initialized. As aresult, the following interrupt does not occur in that communication

frame.

(1) Master transmission

A
Start bit E;g?gé Master address| P | Slave address |P|A| Control |P|A Tﬁ':%ﬁph P Data
#tl»TT TT TT TT gA TT A TT A TT
2 t4
P t5
Communication Communication
starts starts
RS 4
Data | P | A Data Data P|lA
TT U TT
t4

End of communication

End of frame

Remarks 1. T: timing error, P: parity error, A: ACK error, U: underrun error

¥ : data set interrupt (INTIE1)

2. End of frame occurs at the end of 32-byte data.

(IEBus: @ 6-MHz operation)

Iltem Symbol MIN. Unit
Communication starts — timing error tl Approx. 97 us
Communication starts — communication start interrupt t2 Approx. 1,380 us
Communication start interrupt — ACK error t3 Approx. 16 us
Communication start interrupt — end of communication t4 Approx. 1,014 us
Data transmission — underrun error t5 Approx. 390 us
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(2) Master reception

Start bit E;gg,% Master address| P | Slave address |P|A| Control |P|A Tﬁfﬁ;ﬁph P|A| Data
«tl»TT TT TT TT HA TT A TT P [A TT
2 t4
P
Communication Communication
starts starts
o ¥ DAY
Data |P| A Data Data P|A
T It
t4
t5

End of communication
End of frame

Remarks 1. T: timing error, P: parity error, A: ACK error, Y : data set interrupt (INTIE1)
2. End of frame occurs at the end of 32-byte data.

(IEBus: @ 6-MHz operation)

Iltem Symbol MIN. Unit
Communication starts — timing error tl Approx. 97 us
Communication starts — communication start interrupt t2 Approx. 1,380 us
Communication start interrupt — ACK error t3 Approx. 16 us
Communication start interrupt — end of communication t4 Approx. 1,014 us
Receive data read interval t5 Approx. 390 us

(3) Slave transmission
w
Broad- Telegraph

>
o
>

Start bit casting |Master address| P | Slave address |P|A| Control |P lengh Data

«tl*TT TT TT P TT P TT PIA TT A TT

t2 t4
13 t5
Communication Communication  Status
starts starts request
A
Data | P | A Data Data P|A
v It v I
t4
t5

End of communication
End of frame
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Remarks 1. T: timing error, P: parity error, A: ACK error, U: underrun error, ¥ : data set interrupt (INTIE1)
2. End of frame occurs at the end of 32-byte data.

(IEBus: @ 6-MHz operation)

Iltem Symbol MIN. Unit
Communication starts — timing error tl Approx. 97 us
Communication starts — communication start interrupt t2 Approx. 1,380 us
Communication start interrupt — status request t3 Approx. 234 us
Communication start interrupt — end of communication t4 Approx. 1,014 us
Status request — end of communication t5 Approx. 780 us
(4) Slave reception
<
Start bit Eggggé Master address| P | Slave address |P|A| Control |[P|A T‘ﬁ':,%%ph P|A| Data |P |A
«tl*TT TT TT P TT HA TT PIA TT P TT
2 t4
P
Communication Communication
starts starts
Y ¥ w
Data |P | A Data Data PlA
Ir It
t4
t5

End of communication
End of frame

Remarks 1. T: timing error, P: parity error, A: ACK error, ¥ : data set interrupt (INTIE1)
2. End of frame occurs at the end of 32-byte data.

(IEBus: @ 6-MHz operation)

Iltem Symbol MIN. Unit
Communication starts - timing error tl Approx. 97 us
Communication starts - communication start interrupt t2 Approx. 1,380 us
Communication start interrupt - ACK error t3 Approx. 16 us
Communication start interrupt - end of communication t4 Approx. 1,014 us
Receive data read interval t5 Approx. 390 us
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20.7 Cautions when Using IEBus Controller

(1) Receiving slave status request
The uPD784938 Subseries operates differently from the uPD784908 Subseries when receiving the slave status
request. The differences are as follows.
Table 20-10 shows the operation (slave status request) of IEBus controller of the uPD784938 Subseries.

Table 20-10. IEBus Controller Operation (Slave Status Request) of uPD784938 Subseries

State of uPD784938 Slave Status Received Control Operation During Reception
Subseries Request Data

Unlocked state All units OH, 4H, 5H, 6H e ACK return at ACK period of the control field.

Locked state Units that have e Sets status transmission flag and generates INTIE2.

lock requested

Except units
that have lock
requested

(2) Data register (DR) read operation
When receiving a unit, after the reception of each byte is completed, a macro-service activated signal (INTIE1) is
generated, and the CPU needs to perform data register (DR) read processing. When this DR read processing is delayed
and the next data reception is completed, DR will be updated. Therefore, DR read processing should be completed
in the period between INTIEL generation and the next data reception. The maximum holding time from INTIE1
generation to DR read is approximately 390 wus.
The uPD784908 Subseries has 40 bytes of reception buffer. When receiving data when there is no space in the
reception buffer, NACK is returned and a request for data to be retransmitted to the transmission unit is automatically
generated.
Because, in the case of the uPD784938 Subseries (simple IEBus controller), INTIEL is generated for every 1 byte
reception, that DR needs to be read by interrupt processing (macro service recommendation).
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The uPD784938 has a clock function that outputs a signal scaled from the system clock.
The clock output function can output the system clock directly, or a 1/2, 1/4, 1/8, or 1/16 system clock signal. In addition,
it can be used as a 1-bit output port. The output pin has a alternate function as the ASTB pin.

Caution This function cannot be used when the external memory expansion mode is used.

21.1 Configuration

The clock output function configuration is shown in Figure 21-1.

fork —m
fo/2 —=
fek/4d —
fok/8 —=

fok/16 —

Figure 21-1. Clock Output Function Configuration

Clock output mode
LV 0 CLE FS2 FS1 FSO register (CLOM)
Yy v Y
Selector 1 Output »| Selector 2 ASTB/CLOCKOUT
control
Address latch signal RESET
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@

2

©)

4

®)

512

Clock output mode register (CLOM)
Register that controls the operation of the clock output function.

Selector 1
Selector that selects the frequency of the clock to be output.

Output control
Controls the output signal in accordance with the contents of the clock output mode register (CLOM).

Selector 2
Selects either the ASTB signal or the CLOCKOUT signal as the signal to be output to the ASTB/CLOCKOUT pin.

ASTB/CLOCKOUT pin

Pin that outputs the signal selected by selector 2. While the RESET input is low, the ASTB/CLOCKOUT pin is in the
Hi-Z state, and when the RESET input becomes high, it outputs a low-level signal, and then outputs a signal according
to the set function.
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21.2 Clock Output Mode Register (CLOM)

The CLOM controls the clock output function.

CLOM can be read or written to with an 8-bit manipulation instruction or bit manipulation instruction.
The CLOM format is shown in Figure 21-2.

RESET input clears CLOM to OOH.

Figure 21-2. Clock Output Mode Register (CLOM) Format

©) 6 5 @ 3 2 1 0 Address  After reset R/W
CLOM LV 0 0 CLE 0 FS2 FS1 FSO OFFC6H OOH R/W
FS2 FS1 FSO Frequency Selection
0 0 0 feLkNote
0 0 1 fok/2
0 1 0 fox/4
0 1 1 fox/8
1 0 0 fok/16

Note Outputs the system clock
Duty # 50 %

CLE Clock Output Control

0 Qutputs LV bit contents

1 Outputs clock selected by bits FS2 to FSO

LV Output Level Control

0 Outputs low level

1 Outputs high level

Cautions 1. Whenthe external memory expansion mode is used, the clock output mode register (CLOM) should
be set to 00H (value after RESET release).
2. The other bits (FSO to FS2 and LV) must not be changed while the CLE bit is set (to 1).
3. The other bits (FSO to FS2 and LV) must not be changed at the same time when the CLE bit is
changed.
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21.3 Operation

21.3.1 Clock output

A signal with the clock output frequency selected by bits FSO to FS2 is selected by selector 1 and output.

The output signal has the same level as the LV bit when the CLE bit is cleared (to 0), and is output from the clock signal
immediately after the CLE bit is set (to 1).

When the CLE bit is cleared (to 0), the contents of the LV bit are output in synchronization with the clock signal, and
further output operations are stopped.

Figure 21-3. Clock Output Operation Timing

(@ Lv=0

fek/n
(n=1,2,4,8,16)

CL

m

Ly AN

CLOCKOUT

(b) LV=1

ferk/n
(n=1,2, 4,8, 16)

g AN

CL

m

CLOCKOUT

Setting of bits FSO to FS2 and the LV bit should only be performed when CLE =0 (bits FSO to FS2 and the LV bit should
not be changed within the same instruction that changes the CLE bit contents).

<Operation Example>
MOV CLOM, #82H; CLOCKOUT pin: high level, clock output: fcik/4
SET1 CLE; Starts clock output

CLR1 CLE; Stops clock output, CLOCKOUT pin: high level
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CHAPTER 21 CLOCK OUTPUT FUNCTION

21.3.2 1-bit output port
When the CLE bit is cleared (to 0), the contents of the LV bit are output from the CLOCKOUT pin. The CLOCKOUT
pin changes as soon as the contents of the LV bit change.

Figure 21-4. 1-Bit Output Port Operation

Lv

CLOCKOUT

A A
SETL1 LV instruction executed CLR1 LV instruction executed

21.3.3 Operation in standby mode

(1) HALT mode
The state prior to setting of the HALT mode is maintained. That is, if, during clock output, clock output has been
performed continuously, and clock output has been disabled, the LV bit contents set before the HALT mode setting
are output unchanged.

(2) STOP mode and IDLE mode
Clock output must be disabled before setting the STOP mode or IDLE mode (this must be done by software). The
CLOCKOUT pin level output is the level before the STOP mode or IDLE mode was set (the contents of the LV bit).

21.4 Cautions

(1) This function cannot be used when the external memory expansion mode is used.

(2) When the external memory expansion mode is used, the clock output mode register (CLOM) should be setto OOH (value
after RESET release).

(3) The other bits (FSO to FS2 and LV) must not be changed while the CLE bit is set (to 1).

(4) The other bits (FSO to FS2 and LV) must not be changed at the same time when the CLE bit is changed.
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CHAPTER 22 EDGE DETECTION FUNCTION

P20 to P26 have an edge detection function that allows a rising edge/falling edge to be set programmable, and the
detected edge is sent to internal hardware. The relation between pins P20 to P26 and the use of the detected edge is shown

in Table 22-1.
Table 22-1. Pins P20 to P26 and Use of Detected Edge

Pin Use Detected Edge Specification Register
P20 | NMI, standby circuit control INTMO
P21 | INTPO, timer/event counter 1 capture signal

timer/event counter 1 count clock signal

Real-time output port trigger signal
P22 | INTP1, timer/event counter 2 CR22 capture signal
P23 | INTP2, Cl (timer/event counter 2 count clock signal),

timer/event counter 2 CR21 capture signal

P24 | INTP3, timer/event counter O capture signal INTM1

timer/event counter 0 count clock signal
P25 | INTP4, standby circuit control
P26 | INTP5, A/D converter conversion start signal, standby circuit control

The edge detection function operates at all times except in STOP mode and IDLE mode (although the edge detection
function for pins P20, P25, and P26 also operates in STOP mode and IDLE mode).
For the P21/INTPO pin, the noise elimination time when edge detection is performed can be selected by software.

22.1 Edge Detection Function Control Registers

22.1.1 External interrupt mode registers (INTMO, INTM1)
The INTMn (n = 0, 1) specify the valid edge to be detected on pins P20 to P26. The INTMO specifies the valid edge

for pins P20 to P23, and the INTM1 specifies the valid edge for pins P24 to P26.
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 22-1 and 22-2 respectively.
RESET input clears these registers to O0H.
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CHAPTER 22 EDGE DETECTION FUNCTION

Figure 22-1. External Interrupt Mode Register 0 (INTMO) Format

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

INTMO | ES21 | ES20 | ES11 | ES10 | ESO1 | ESO0 0 |ESNM1| OFFAQOH O0H R/W

L L L

| |ESNM1| P20 (NMI) Pin Input Detected Edge
Specification

0 Falling edge

1 Rising edge

ES01|ES00| P21 (INTPO, CR11/CR11W Capture
Trigger, TM1/TM1W Count Clock,
Real-Time Output Port Output Trigger)
Pin Input Detected Edge Specification

Falling edge

Rising edge

Setting prohibited

|k | O O
k| O |+ O

Both falling & rising edges

ES11|ES10| P22 (INTP1, CR22/CR22W Capture
Trigger) Pin Input Detected Edge
Specification

Falling edge

Rising edge

Setting prohibited

|k |O O
| O |+ O

Both falling & rising edges

ES21 |[ES20| P23 (INTP2, CR21/CR21W Capture
Trigger, Cl) Pin Input Detected Edge
Specification

Falling edge

Rising edge

Setting prohibited

|k |O O
O |+ | O

Both falling & rising edges
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TION

Figure 22-2. External Interrupt Mode Register 1 (INTM1) Format

7 6 5 4 3 2 1 0 Address

INTM1 0 0 ES51 | ES50 | ES41 | ES40 | ES31 | ES30 | OFFALH

After reset  R/W

O0H R/W

ES31

ES30

P24 (INTP3, CRO2 Capture Trigger,
TMO Count Clock) Pin Input
Detected Edge Specification

Falling edge

Rising edge

Setting prohibited

P Pk |O |O

= | O |+ | O

Both falling & rising edges

ES41

ES40

P25 (INTP4) Pin Input Detected
Edge Specification

Falling edge

Rising edge

Setting prohibited

= O] O

= O || O

Both falling & rising edges

ES51

ES50

P26 (INTP5, A/D Conversion Start
Signal) Pin Input Detected Edge
Specification

Falling edge

Rising edge

Setting prohibited

|k | O | O

= | O |k | O

Both falling & rising edges

Caution 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.
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CHAPTER 22 EDGE DETECTION FUNCTION

22.1.2 Sampling clock selection register (SCSO0)
SCSO0 specifies the sampling clock (fsme) for digital noise elimination performed on pin P21.
SCSO0 can be read or written to with an 8-bit manipulation instruction. The format of SCSO0 is shown in Figure 22-3.
RESET input clears SCSO to 00H.

Figure 22-3. Sampling Clock Selection Register (SCS0) Format

1 0 Address After reset R/W
SCS0 SCS01|{SCS00| OFFA4H 00H R/W
4\—,—‘ x = 12.58 MHz U
cik = 12.58 MHz
SCS01|SCS00| Sampling | Pulse Width Minimum
Clock (fswe) | Eliminated | Pulse Width
as Noise Recognized
as Signal
0 0 fok 2/fcik 3/fcx
(159 ns) (239 ns)
0 1 fxx/32 64/fxx 96/fxx
(5.1 us) (7.7 us)
1 0 fxx/64 128/fxx 192/fxx
(10.2 us) (15.3 us)
1 1 fxx/128 256/fxx 384/fxx
(20.3 us) (30.5us)
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CHAPTER 22 EDGE DETECTION FUNCTION

22.2 Edge Detection for Pins P20, P25, and P26

On pins P20, P25, and P26, 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 22-4. Edge Detection for Pins P20, P25, and P26

10 pis (MIN.)
P20/P25/P26 input |_| J
10us | —
. (MAX.)
P20/P25/P26 input signal 10 pis
(MAX.)

after noise elimination

Rising edge —|

Falling edge —|
T ‘ Eliminated as noise T

Eliminated as noise since pulse is short Falling edge detected since
since pulse is short Rising edge detected since pulse is sufficiently wide
pulse is suficiently wide

Caution Since analog delay noise elimination is performed on pins P20, P25, and P26, an edge is detected up
to 10 us after it is actually input. Also, unlike pins P21 to P24, the delay before an edge is detected
is not a specific value, because of differences in the characteristics of various devices.
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22.3 P21 Pin Edge Detection

In P21 edge detection, digital noise elimination is performed using the clock (fsmp) specified by the sampling clock
selection register (SCSO0). In digital noise elimination, input is sampled using the fsmp clock, and if the input level is not
the same at least three times in succession (if it is the same only two or fewer times in succession), itis eliminated as noise.
Therefore, the level must be maintained for at least 3 fsmp clock cycles in order to be recognized as a valid edge.

Remark When the pulse width of a signal with a comparatively long pulse width and a lot of noise, such as a reception
signal infrared remote controller, is measured, or when a signal is input in which oscillation occurs when an
edge occurs, as with switch input chattering, for instance, it is better to set the sampling clock to low speed
with the sampling clock selection register (SCSO0). If the sampling clock is high-speed, there will be a reaction
to the short-pulse noise components as well, and the program will frequently have to judge whether the input
is noise or a signal. However, by slowing down the sampling clock, reaction to short pulse width noise is
eliminated and thus the program does not have to make judgments so frequently, and can thus be simplified.

Figure 22-5. P21 Pin Edge Detection

P21 input I_l | |_| |
fsmp || || || || || || || || || || || || || || || || || || || || || || || || || || || || ||

P21 input signal after |
noise elimination

Rising edge n

Falling edge ﬂ

A

Digital noise
elimination by fswe clock

Cautions 1. Since digital noise elimination is performed with the f swvp clock, thereisadelayof 2to 3f swp clocks
between input of an edge to the pin and the point at which the edge is actually detected.
2. Ifthe input pulse width is 2to 3f swp clocks, it is uncertain whether a valid edge will be detected.
Therefore, to ensure reliable operation, the level should be held for at least 3 clocks.
3. If noise input to the pin is synchronized with the f svwp clock in the wpPD784938, 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 pin.
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22.4 Pin Edge Detection for Pins P22 to P24

Edge detection for pins P22 to P24 is performed after digital noise elimination by means of clock sampling. Unlike the
P21 pin, fck is used as the sampling clock.

In digital noise elimination, input is sampled using the fcik clock, and if the input level is not the same at least three times
in succession (if it is the same only two or fewer times in succession), it is eliminated as noise. Therefore, the level must
be maintained for at least 3 fcik clock cycles (0.24 us: fcik = 12.58 MHz) in order to be recognized as a valid edge.

Figure 22-6. Edge Detection for Pins P22 to P24

P22 to P24 input | | | | | |

P22 to P24 input signal |
after noise elimination

Rising edge n

Falling edge ﬂ

A

Digital noise elimination
with fek clock

Cautions 1. Since digital noise elimination is performed with the f cik clock, thereisadelay of 2to 3f cik clocks
between input of an edge to the pin and the point at which the edge is actually detected.
2. Ifthe input pulse widthis 2to 3f cwk clocks, it is uncertain whether a valid edge will be detected.
Therefore, to ensure reliable operation, the level should be held for at least 3 clocks.
3. Ifnoiseinputtoapinissynchronized with the f cik clockinthe uPD784938, 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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22.5 Cautions

@

2

©)

4

®)

(6)

)

®
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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.

Since analog delay noise elimination is performed on pins P20, P25, and P26, an edge is detected up to 10 us after
it is actually input. Also, unlike pins P21 to P24, 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 the P21 pin with the fswp clock, there is a delay of 2 to 3 fsme 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 the P21 pinis 2 to 3 fsme clocks, itis uncertain whether a valid edge will be detected. Therefore,
to ensure reliable operation, the level should be held for at least 3 clocks.

If noise input of the P21 pin is synchronized with the fsmp clock in the uPD784938, 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.

Since digital noise elimination is performed on pins P22 to P24 with the fcik clock, there is a delay of 2 to 3 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 P22 to P24 is 2 to 3 fcik clocks, it is uncertain whether a valid edge will be detected.
Therefore, to ensure reliable operation, the level should be held for at least 3 clocks.

If noise input to pins P22 to P24 is synchronized with the fcik clock in the uPD784938, 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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INTERRUPT FUNCTIONS

The uPD784938 is provided with three interrupt request service modes (see Table 23-1). These three service modes
can be setas required in the program. However interrupt service by macro service can only be selected for interrupt request
sources provided with the macro service processing mode shown in Table 23-2. Context switching cannot be selected for
non-maskable interrupts or operand error interrupts.

Multiple-interrupt control using 4 priority levels can easily be performed for maskable vectored interrupts.

Table 23-1. Interrupt Request Service Modes

Interrupt Request
Service Mode

Servicing Performed

PC & PSW Contents

Service

Vectored interrupts

Context switching

Software

Saving to & restoration
from stack

Executed by branching to service program at
addressN°t specified by vector table

Saving to & restoration
from fixed area in
register bank

Executed by automatic switching to register
bank specified by vector table and branching
to service program at addressN°® specified by
fixed area in register bank

Macro service

Hardware
(firmware)

Retained

Execution of pre-set service such as data
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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INTERRUPT FUNCTIONS

23.1 Interrupt Request Sources

The uPD784938 has the 29 interrupt request sources shown in Table 23-2, with a vector table allocated to each.

Table 23-2. Interrupt Request Sources (1/2)

Type of Default Interrupt Request Generating | Interrupt Context Macro Macro Vector
Interrupt Priority Generating Source Unit Control Switching | Service Service Table
Request Register Control | Address
Name Word
Address
Software None BRK instruction execution — — Not Not — 3EH
possible | possible

BRKCS instruction execution — — Possible Not — —
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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Table 23-2. Interrupt Request Sources (2/2)

Type of Default Interrupt Request Generating | Interrupt Context Macro Macro Vector
Interrupt Priority Generating Source Unit Control Switching | Service Service Table
Request Register Control | Address
Name Word
Address
Maskable | 0 INTPO (pin input edge detection) Edge PICO Possible Possible | OFEO6H 6H
1 INTP1 (pin input edge detection) | detection [ pjcq OFEOSH 8H
2 INTP2 (pin input edge detection) PIC2 OFEOAH OAH
3 INTP3 (pin input edge detection) PIC3 OFEOCH OCH
4 INTCO00 (TM0-CROO match signal Timer/event | CIC00 OFEOEH OEH
generation) counter 0
5 INTCO1 (TM0-CRO1 match signal Cico1l OFE10H 10H
generation)
6 INTC10 (TM1-CR10 or TM1W- Timer/event | CIC10 OFE12H 12H
CR10W match signal generation) counter 1
7 INTC11 (TM1-CR11 or TM1W- CiC11 OFE14H 14H
CR11W match signal generation)
8 INTC20 (TM2-CR20 or TM2W- Timer/event | CIC20 OFE16H 16H
CR20W match signal generation) counter 2
9 INTC21 (TM2-CR21 or TM2W- cic21 OFE18H 18H
CR21W match signal generation)
10 INTC30 (TM3-CR30 or TM3W- Timer 3 CIC30 OFE1AH 1AH
CR30W match signal generation)
11 INTP4 (pin input edge detection) Edge PIC4 OFE1CH 1CH
12 INTP5 (pin input edge detection) detection PIC5 OFE1EH 1EH
13 INTAD (A/D conversion end) A/ID ADIC OFE20H 20H
converter
14 INTSER (asynchronous serial Asynchro- | SERIC Not OFE22H 22H
interface receive error) nous possible
15 INTSR (asynchronous serial serial SRIC Possible | OFE24H 24H
interface reception end) interface/
INTCSI1 (clocked serial interface clocked Cslic1
transfer end) serial
16 INTST (asynchronous serial interface 1| STIC OFE26H 26H
interface transmission end)
17 INTCSI (clocked serial interface Clocked CsliCc OFE28H 28H
transfer end) serial
interface
18 INTSER2 (asynchronous serial Asynchro- | SERIC2 Not OFE2AH 2AH
interface 2 receive error) nous possible
19 INTSR2 (asynchronous serial serial SRIC2 Possible | OFE2CH 2CH
interface 2 reception end) interface 2/
INTCSI2 (clocked serial interface 2 | clocked cslic2
transfer end) serial
20 INTST2 (asynchronous serial interface 2 | STIC2 OFE2EH 2EH
interface 2 transmission end)
21 INTIEL (IEBus data access request) | IEBus IEIC1 OFE32H 32H
22 INTIE2 (IEBus communication controller | IEIC2 OFE34H 34H
error and communication end)
23 INTW (watch timer output) Watch WIC OFE36H 36H
timer
24 INTCSI3 (clocked serial interface 3 | Clocked CslICc3 OFE38H 38H
transfer end) serial
interface 3
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Remarks 1. The default priority is a fixed number. This indicates the order of priority when interrupt requests specified
as having the same priority are generated simultaneously,
2. 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.

23.1.1 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.

23.1.2 Operand error interrupts

These interrupts are generated if there is an illegal operand in an MOV STBC, #byte instruction or MOV WDMC, #byte
instruction, and LOCATION instruction.

Operand error interrupts are acknowledged even in the interrupt disabled state, and are not subject to priority control.

23.1.3 Non-maskable interrupts

A non-maskable interrupt is generated by NMI pin input or the watchdog timer.

Non-maskable interrupts are acknowledged unconditionallyN°t¢, even in the 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

23.1.4 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 (though some interrupts cannot use macro service: see Table 23-2).

The priority order for maskable interrupt requests when interrupt requests of the same priority are generated
simultaneously is predetermined (default priority) as shown in Table 23-2. Also, multiprocessing control can be performed
with interrupt priorities divided into 4 levels. However, macro service requests are acknowledged without regard to priority
control or the IE flag.
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23.2 Interrupt Service Modes

There are three uPD784938 interrupt service modes, as follows:

« Vectored interrupt service
e Macro service
e Context switching

23.2.1 Vectored interrupt service

When an interrupt is acknowledged, the program counter (PC) and program status word (PSW) are automatically saved
to the stack, a branch is made to the address indicated by the data stored in the vector table, and the interrupt service routine
is executed.

23.2.2 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 (See 23.8 Macro Service Function ).

23.2.3 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 (see 23.4.2 BRKCS instruction software interrupt (software context switching)
acknowledgment operation and 23.7.2 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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23.3 Interrupt Service Control Registers

uPD784938 interrupt service is controlled for each interrupt request by various control registers that perform interrupt
service specification. The interrupt control registers are listed in Table 23-3.

Table 23-3. Control Registers

Register Name Symbol Function

Interrupt control registers PICO Registers that perform each interrupt request generation recording, mask
PIC1 control, vectored interrupt service or macro service specification, context
PIC2 switching function enabling/disabling, and priority specification.

PIC3
CIC00
cico1
CIC10
CiCc11
CiCc20
cicz1
CIC30
PIC4
PIC5
ADIC
SERIC
SRIC
Cslic1
STIC
CslIC
SERIC2
SRIC2
Cslic2
STIC2
IEIC1
IEIC2
wiC
CSIIC3

Interrupt mask registers MKO Maskable interrupt request mask control
MK1 Linked to mask control flags in interrupt control registers
Word accesses or byte accesses possible

In-service priority register ISPR Records priority of interrupt request currently being acknowledged

Interrupt mode control register IMC Controls nesting of maskable interrupts for which lowest priority level
(level 3) is specified

Watchdog timer mode register WDM Specifies priority of interrupts due to NMI pin input and interrupts due to
watchdog timer overflow

Program status word PSW Specifies enabling/disabling of maskable interrupt acknowledgment

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 23-4.
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Table 23-4. Interrupt Control Register Flags Corresponding to Interrupt Request (1/2)

Default Interrupt Interrupt Control Registers
Priority Reguest Interrupt Interrupt Macro Service | Priority Speci- | Context Switching
Signal Request Flag Mask Flag Enable Flag fication Flag Enable Flag
0 INTPO PICO PIFO PMKO PISMO PPROO PCSEO
PPRO1
1 INTP1 PIC1 PIF1 PMK1 PISM1 PPR10 PCSE1
PPR11
2 INTP2 PIC2 PIF2 PMK2 PISM2 PPR20 PCSE2
PPR21
3 INTP3 PIC3 PIF3 PMK3 PISM3 PPR30 PCSE3
PPR31
4 INTCOO CICO00 CIFOO0 CMKO00 CISMO00 CPRO00O CCSEO00
CPROO1
5 INTCO1 CiCco1 CIF01 CMKO1 CISMO01 CPRO10 CCSEO1
CPRO11
6 INTC10 CIC10 CIF10 CMK10 CISM10 CPR100 CCSE10
CPR101
7 INTC11 CiC11 CIF11 CMK11 CISM11 CPR110 CCSE11
CPR111
8 INTC20 CIC20 CIF20 CMK20 CISM20 CPR200 CCSE20
CPR201
9 INTC21 Cic21 CIF21 CMK21 CISmM21 CPR210 CCSE21
CPR211
10 INTC30 CIC30 CIF30 CMK30 CISM30 CPR300 CCSE30
CPR301
11 INTP4 PIC4 PIF4 PMK4 PISM4 PPR40 PCSE4
PPR41
12 INTP5 PIC5 PIF5 PMK5 PISM5 PPR50 PCSE5
PPR51
13 INTAD ADIC ADIF ADMK ADISM ADPRO ADCSE
ADPR1
14 INTSER SERIC SERIF SERMK — SERPRO SERCSE
SERPR1
15 INTSR SRIC SRIF SRMK SRISM SRPRO SRCSE
SRPR1
INTCSI1 CSlIC1 CSIIF1 CSIMK1 CSlIsM1 CSIPR10 CSICSE1
CSIPR11
16 INTST STIC STIF STMK STISM STPRO STCSE
STPR1
17 INTCSI CSlIC CSIIF CSIMK CSIISM CSIPRO CSICSE
CSIPR1
18 INTSER2 SERIC2 SERIF2 SERMK2 — SERPR20 SERCSE2
SERPR21
19 INTSR2 SRIC2 SRIF2 SRMK2 SRISM2 SRPR20 SRCSE2
SRPR21
INTCSI2 CsSlic2 CSIIF2 CSIMK2 CSIISM2 CSIPR20 CSICSE2
CSIPR21
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Table 23-4. Interrupt Control Register Flags Corresponding to Interrupt Request (2/2)

Default Interrupt Interrupt Control Registers
Priority Reguest Interrupt Interrupt Macro Service | Priority Speci- | Context Switching
Signal Request Flag Mask Flag Enable Flag fication Flag Enable Flag
20 INTST2 STIC2 STIF2 STMK2 STISM2 STPR20 STCSE2
SERPR21
21 INTIEL IEIC1 IEIF1 IEMK1 IEISM1 IEPR10 IECSE1
IEPR11
22 INTIE2 IEIC2 IEIF2 IEMK2 IEISM2 IEPR20 IECSE2
IEPR21
23 INTW WIC WIF WMK WISM WRPO WCSE
WRP1
24 INTCSI3 CSIIC3 CSIIF3 CSIMK3 CSIISM3 CSIPR30 CSICSE3
CSIPR31
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23.

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 23-1.

@
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4

®)

Priority specification flags ( xxPR1/xxPRO0)

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 ( xxXCSE)

The context switching enable flag specifies that a maskable interrupt request is to be serviced by context switching.
In context switching, the register bank specified beforehand is selected by hardware, a branch is made to a vector
address stored beforehand in the register bank, and at the same time the current contents of the program counter (PC)
and program status word (PSW) are saved in the register bank.

Context switching is suitable for real-time processing, since execution of interrupt servicing can be started faster than
with normal vectored interrupt servicing.

This flag can be manipulated bit-wise by software.

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 (when the macro service counter reaches
0) the macro service enable flag is automatically cleared (to 0) by hardware (vectored interrupt service/context switching
service).

This flag can be manipulated bit-wise by software.

RESET input sets all bits to “0".

Interrupt mask flag ( xxMK)

An interrupt mask flag specifies enabling/disabling of vectored interrupt servicing and macro service processing for
the interrupt request corresponding to that flag.

The interrupt mask contents are not changed by the start of interrupt service, etc., and are the same as the interrupt
mask register contents (see 23.3.2 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 (to 1) by generation of the interrupt request that corresponds to that flag. When the
interrupt is acknowledged, the flag is automatically cleared (to 0) by hardware.

This flag can be manipulated by software.

RESET input sets all bits to “0".
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Figure 23-1. Interrupt Control Registers ( xxICn) (1/4)
@ @ @ @ 3 2 1 0 Address  Afterreset R/W
PIFO PMKO PISMO | PCSEO 0 0 PPRO1 | PPROO | OFFEOH 43H R/W
PIF1 PMK1 PISM1 | PCSE1 0 0 PPR11 | PPR10 | OFFE1H 43H R/W
PIF2 PMK2 PISM2 | PCSE2 0 0 PPR21 | PPR20 | OFFE2H 43H R/W
PIF3 PMK3 | PISM3 | PCSE3 0 0 PPR31 | PPR30 | OFFE3H 43H R/W
CIFO0 | CMKOO | CISMO00 | CCSEQ0 0 0 CPR001 | CPRO00| OFFE4H 43H R/W
CIFO1 | CMKO1 | CISMO01 |CCSEO1 0 0 CPRO11 | CPR010| OFFE5H 43H R/W
CIF10 | CMK10 | CISM10|CCSE10 0 0 CPR101 | CPR100| OFFE6H 43H R/W
CIF11 | CMK11 | CISM11|CCSE11 0 0 CPR111|CPR110| OFFE7H 43H R/W
xXPRN1 | xxPRNO Interrupt Request Priority
(Bit1) | (BitO) Specification
0 0 Priority O (highest priority)
0 1 Priority 1
1 0 Priority 2
1 1 Priority 3
xxCSEN Context Switching Service
(Bit 4) Specification
0 Serviced by vectored interrupt
1 Serviced by context switching
xxISMn |  Interrupt Service Mode Specification
(Bit 5)
0 Vectored interrupt service/

context switching service

1 Macro service
xxMKn Interrupt Service Enabling/Disabling
(Bit 6)

0 Interrupt service enabled

1 Interrupt service disabled
xx|Fn Interrupt Request Generation
(Bit7) Presence/Absence

0 No interrupt request

(interrupt signal not being generated)
1 Interrupt request state

(interrupt signal being generated)
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Figure 23-1. Interrupt Control Registers (

xx|Cn) (2/4)

@ ® ® @ 3 2 1 0 Address  Afterreset R/W
CIF20 | CMK20 | CISM20 |CCSE20 0 0 CPR201| CPR200| OFFES8H 43H R/W
CIF21 | CMK21 | CISM21 |CCSE21 0 0 CPR211| CPR210| OFFE9H 43H R/W
CIF30 | CMK30 | CISM30|CCSE30 0 0 CPR301| CPR300| OFFEAH 43H R/W
PIF4 PMK4 | PISM4 | PCSE4 0 0 PPR41 | PPR40 | OFFEBH 43H R/W
PIF5 PMK5 | PISM5 | PCSE5 0 0 PPR51 | PPR50 | OFFECH 43H R/W
ADIF ADMK | ADISM | ADCSE 0 0 ADPR1 | ADPRO | OFFEDH 43H R/W
SERIF | SERMK 0 |SERCSE 0 0 SERPR1|SERPRO| OFFEEH 43H R/W
SRIF SRMK | SRISM | SRCSE 0 0 SRPR1 | SRPRO | OFFEFH 43H R/W
xxPRn1 | xxPRnO Interrupt Request Priority
(Bit1) | (Bit0) Specification
0 0 Priority O (highest priority)
0 1 Priority 1
1 0 Priority 2
1 1 Priority 3
xxXCSEn Context Switching Service
(Bit 4) Specification
0 Serviced by vectored interrupt
1 Serviced by context switching
xX|SMn Interrupt Service Mode Specification
(Bit 5)
0 Vectored interrupt service/
context switching service
1 Macro service
xxMKn Interrupt Service Enabling/Disabling
(Bit 6)
0 Interrupt service enabled
1 Interrupt service disabled
xx|Fn Interrupt Request Generation
(Bit 7) Presence/Absence
0 No interrupt request
(interrupt signal not being generated)
1 Interrupt request state

(interrupt signal being generated)
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Figure 23-1. Interrupt Control Registers (

@ ® 5 @ 3 2 1 0
CSIIF1 | CSIMK1 | CSIISM1|CSICSEL| 0 0 |CSIPR11|CSIPR10
| | | | | | | |
STIF | STMK | STISM | STCSE 0 0 STPR1 | STPRO
| | | | | | | |
CSIIF | CSIMK | CSIISM |CSICSE| 0 0 | CSIPRL | CSIPRO
| | | | | | | |
SERIF2 |[SERMK2| 0 |SERCSEZ 0 0  |SERPR21|SERPR20
| | | | | | | |
SRIF2 | SRMK2 | SRISM2|SRCSE2| 0 0 |SRPR21|SRPR20
| | | | | | | |
CSIIF2 | CSIMK2 | CSIISM2|CSICSE2| 0 0  |CSIPR21|CSIPR20]
| | | | | | | |
STIF2 | STMK2 | STISM2|STCSE2| 0 0 |STPR21|STPR20

xx|Cn) (3/4)

Address  After reset R/W
OFFEFH 43H R/IW
OFFFOH 43H RIW
OFFF1H 43H R/IW
OFFF2H 43H RIW
OFFF3H 43H R/IW
OFFF3H 43H RIW
OFFF4H 43H R/IW
xxPRn1 | xxPRNO Interrupt Request Priority
(Bit1) | (BitO) Specification
0 0 Priority O (highest priority)
0 1 Priority 1
1 0 Priority 2
1 1 Priority 3
xxCSEn Context Switching Service
(Bit 4) Specification
0 Serviced by vectored interrupt
1 Serviced by context switching
xX|SMn Interrupt Service Mode Specification
(Bit 5)
0 Vectored interrupt service/
context switching service
1 Macro service
xxMKn Interrupt Service Enabling/Disabling
(Bit 6)
0 Interrupt service enabled
1 Interrupt service disabled
xx[Fn Interrupt Request Generation
(Bit 7) Presence/Absence
0 No interrupt request
(interrupt signal not being generated)
1 Interrupt request state

(interrupt signal being generated)
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Figure 23-1. Interrupt Control Registers ( xxICn) (4/4)

@ @ @ @ 3 2 1 0 Address  Afterreset R/W
IEIC1 | IEIF1 IEMK1 | IEISM1 | IECSE1 0 0 IEPR11 | IEPR10| OFFF6H 43H R/W
IEIC2 | IEIF2 IEMK2 | IEISM2 | IECSE2 0 0 IEPR21 | IEPR20 | OFFF7H 43H R/W
wiIC WIF WMK WISM | WCSE 0 0 WPR1 | WPRO OFFF8H 43H R/W
CSIIC3 | CSIIF3 | CSIMK3 |CSIISM3|CSICSE3 0 0 CSIPR31|CSIPR30| OFFF9H 43H R/W
xxPRn1 | xxPRnO Interrupt Request Priority
(Bit1) | (Bit0) Specification
0 0 Priority O (highest priority)
0 1 Priority 1
1 0 Priority 2
1 1 Priority 3
xxCSEn Context Switching Service
(Bit 4) Specification
0 Serviced by vectored interrupt
1 Serviced by context switching

xx|SMn Interrupt Service Mode Specification

(Bit 5)
0 Vectored interrupt service/
context switching service
1 Macro service

xxMKn Interrupt Service Enabling/Disabling

(Bit 6)

0 Interrupt service enabled

1 Interrupt service disabled
xx|Fn Interrupt Request Generation
(Bit 7) Presence/Absence

0 No interrupt request

(interrupt signal not being generated)
1 Interrupt request state

(interrupt signal being generated)
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23.3.2 Interrupt mask registers (MKO/MK1)

MKO and MK1 are composed of interrupt mask flags. MKO and MK1 are 16-bit register which can be manipulated as
8-bit units, MKOL, MKOH, MK1L, and MK1H, as well as being manipulated as a 16-bit unit.

In addition, each bit of MKO and MK1 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 (to 1), acknowledgment of the corresponding interrupt request is disabled.

When an interrupt mask flag is cleared (to 0), the corresponding interrupt request can be acknowledged as a vectored
interrupt or macro service request.

Each interrupt mask flag in MKO and MK1 is the same flag as the interrupt mask flag in the interrupt control register.
MKO and MK1 are provided for en bloc control of interrupt masking.

RESET input sets MKO and MK1 to FFFFH, and all maskable interrupts are disabled.

Figure 23-2. Interrupt Mask Register (MKO, MK1) Format (1/2)

(1) Byte Accesses

@ @ @ @ @ @ @ @ Address After reset R/W

MKOL |CMK11 | CMK10 | CMKO1 | CMKOO | PMK3 PMK2 PMK1 PMKO OFFACH FFH R/W
CSIMK1
MKOH SRMK SERMK | ADMK | PMK5 PMK4 | CMK30 | CMK21 | CMK20 | OFFADH FFH R/W
MKIL | IEMK2 | IEMKL | 1 | STMK2 | SSMK2ISERMK2| CSIMK | STMK | OFFAEH  FFH RIW
MK1H 1 1 1 1 1 1 CSIMK3 | WMK OFFAFH FFH R/W
‘ MK Interrupt Request Enabling/Disabling

Specification

0 Interrupt service enabled

1 Interrupt service disabled
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(2) Word Accesses

MKO

MK1

Figure 23-2. Interrupt Mask Register (MKO, MK1) Format (2/2)

® ® @ @ @ o o o

CSSRIME]' SERMK | ADMK | PMK5 PMK4 | CMK30 | CMK21 | CMK20
@ @ @ @ @ @ @ @ Address  Afterreset R/W
CMK11 | CMK10 | CMKO1 | CMK0O | PMK3 | PMK2 | PMK1 | PMKO OFEACH FEFEH RIW
15 14 13 12 11 10 O
1 1 1 1 1 1 CSIMK3 | WMK
@ @ 5 @ @ @ @ 0 Address  Afterreset R/W
CSIMK2
IEMK2 | IEMK1 1 STMK2 SRMK?2 SERMK2| CSIMK | STMK OFEAEH FEFFH RIW
MK Interrupt Request Enabling/Disabling
Specification
0 Interrupt service enabled
1 Interrupt service disabled
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23.3.3 In-service priority register (ISPR)

ISPR shows the priority level of the maskable interrupt currently being serviced and the non-maskable interrupt being
serviced. When a maskable interrupt request is acknowledged, the bit corresponding to the priority of that interrupt request
is set (to 1), and remains set until the service program ends. When a non-maskable interrupt is acknowledged, the bit
corresponding to the priority of that non-maskable interrupt is set (to 1), and remains set until the service program ends.

When an RETI instruction or RETCS instruction is executed, the bit, among those set (to 1) in the ISPR, that corresponds
to the highest-priority interrupt request is automatically cleared (to 0) by hardware.

The contents of ISPR are not changed by execution of an RETB or RETCSB instruction.
RESET input clears ISPR to 00H.

Figure 23-3. In-Service Priority Register (ISPR) Format

7 6 5 4 3 2 1 0 Address  Afterreset R/W
ISPR NMIS | WDTS 0 0 ISPR3 | ISPR2 | ISPR1 | ISPRO | OFFA8H O0H R
(n=0to 3)
ISPRn Priority Level

0 Priority n interrupt not being acknowledged

1 | Priority n interrupt being acknowledged

WDTS| Watchdog Timer Interrupt Service State

0 Watchdog timer interrupt not being

acknowledged
1 Watchdog timer interrupt being
acknowledged
NMIS NMI Service State

0 NMI interrupt not being acknowledged

1 NMI interrupt being acknowledged

Caution In-service priority register (ISPR) is a read-only register. There is a risk of misoperation if a write is
performed on this register.
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23.3.4 Interrupt mode control register (IMC)

IMC contains the PRSL flag. The PRSL flag specifies enabling/disabling of nesting of maskable interrupts for which

the lowest priority level (level 3) is specified.
When IMC is manipulated, the interrupt disabled state (DI state) should be set first to prevent misoperation.
IMC can be read or written to with an 8-bit manipulation instruction or bit manipulation instruction.
RESET input sets IMC to 80H.

Figure 23-4. Interrupt Mode Control Register (IMC) Format

7 6 5 4 3 2 1 0 Address Afterreset R/W
IMC PRSL 0 0 0 0 0 0 0 OFFAAH 80H R/W
PRSL Control of Nesting Operations for

Maskable Interrupts (Lowest Level)

0 Nesting between interrupts set as level 3
(lowest level) enabled

1 Nesting between interrupts set as level 3
(lowest level) disabled
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23.3.5 Watchdog timer mode register (WDM)

The PRC hit of WDM specifies the priority of NMI pin input non-maskable interrupts and watchdog timer overflow non-
maskable interrupts.

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 of 1.

If the 3rd and 4th bytes of the operation code are not complements of 1, 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 instruction, SET1 WDM.7, etc.) are ignored and do not perform
any operation. That is, a write is not performed to the WDM, and an interrupt such as an operand error interrupt is not
generated.

WDM can be read at any time by a data transfer instruction.

RESET input clears WDM to O0H.

Figure 23-5. Watchdog Timer Mode Register (WDM) Format

7 6 5 4 3 2 1 0 Address Afterreset R/W

WDM | RUN 0 0 PRC 0 WDI2 | WDI1 0 OFFC2H 00H R/W

See Figure 13-2 in CHAPTER 13 WATCHDOG
TIMER FUNCTION for details.

PRC | Watchdog Timer Interrupt Request Priority
Specification

0 Watchdog timer interrupt request <
NMI pin input interrupt request

1 Watchdog timer interrupt request >
NMI pin input interrupt request

Caution The watchdog timer mode register (WDM) can only be written to with a dedicated instruction (MOV
WDM, #byte).
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23.3.6 Program status word (PSW)

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 (to 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 (to 0). PSWL is restored from the fixed area in the register bank by an RETCSI or RETCSB instruction.

RESET input clears PSWL to O0H.

Figure 23-6. Program Status Word (PSWL) Format

7 6 5 4 3 2 1 0 After reset

PSWL S z RSS AC IE PIV 0 CY O0H

Used in normal instruction execution

IE Interrupt Acknowledgment
Enabling/Disabling

0 Disabled

1 Enabled
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23.4 Software Interrupt Acknowledgment Operations

A software interruptis acknowledged in response to execution of a BRK or BRKCS instruction. Software interrupts cannot
be disabled.

23.4.1 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 (to 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.

23.4.2 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 23-7. Context Switching Operation by Execution of a BRKCS Instruction

0000B Register bank ||
(0to 7) —
Tl i B
6 ranster Register bank n (n =010 7) —
|PC19 tolal PCist00 | A X —

\¥V B C
() Exchange RS v
@ save
i R7 R6
(bits 8 to 11 of
temporary register) ® save VP
® Register bank switching

|Temp0rary register | uP (RBSO to RBS2 — n)
@ (RSS - o)
@ save /
| PSW |

IE <0
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.

sld]lc|<
m

Caution The RETCS instruction must not be used to return from a BRKCS instruction software interrupt.
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Figure 23-8. Return from BRKCS Instruction Software Interrupt (RETCSB instruction operation)

Register bank n (n =010 7)

PCi9t 16 PCisw0 A X
@ Restoratioﬁ\— B C
I . .
(2 Restoration R5 ! R4 RETCSB instruction operand
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Preliminary User's Manual U13987EJ1VOUMO0 545



CHAPTER 23 INTERRUPT FUNCTIONS

23.5 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 a “MOV STBC, #byte instruction ”,“ LOCATION instruction” or a “MOV WDM, #byte instruction” does not match the 4th
byte of the operand. Operand error interrupts cannot be disabled.

When an operand error interrupt is generated, the program status word (PSW) and the start address of the instruction
that caused the error are saved to the stack, the IE flag is cleared (to 0), the vector table value is loaded into the program
counter (PC), and a branch is performed (within the base area only).

As the address saved to the stack is the start address of the instruction in which the error occurred, simply writing an
RETB instruction at the end of the operand error interrupt service program will result in generation of another operand error
interrupt. You should therefore either process the address in the stack or initialize the program by referring to 23.12
Restoring Interrupt Function to Initial State

23.6 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)
(see 23.3.5 Watchdog timer mode register (WDM) ).

Exceptin the cases described in 23.9 When Interrupt Requests and Macro Service are Temporarily Held Pending ,
anon-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 (to
0), the in-service priority register (ISPR) bit corresponding to the acknowledged non-maskable interrupt is set (to 1), the
vector table contents are loaded into the PC, and a branch is performed. The ISPR bit that is set (to 1) is the 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 23-9. Non-Maskable Interrupt Request Acknowledgment Operations (1/2)

(@) When a new NMI request is generated during NMI service program execution

( Main routine )

(NMIS = 1)

-

NMI request NMI request NMI request held pending since NMIS = 1

Pending NMI request is processed

(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 )

v Watchdog
timer interrupt
request

NMI request

:
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Figure 23-9. Non-Maskable Interrupt Request Acknowledgment Operations (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
timer | Watchdog timer interrupt held
interrupt | pending since PRC =0

request
\
Pending watchdog timer interrupt is processed
Y \

(d) When an NMI request is generated twice during NMI service program execution

NMI request

( Main routine

NMI | Held pending since NMI service
request | program is being executed
NMI request
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 23.9 When Interrupt Requests and Macro Service
are Temporarily Held Pending. 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) (see Table
3-5in 3.9 Special Function Registers (SFR)), 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 service program to the
main routine is not performed normally and an inadvertent program routine occurs.

Therefore, the program following RESET release must be as shown below.

CSEG AT O
DW  STRT
CSEG BASE
STRT:
LOCATION OFH; or LOCATION O
MOVG SP, #imm24
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23.7 Maskable Interrupt Acknowledgment Operation

A maskable interrupt can be acknowledged when the interrupt request flag is set (to 1) and the mask flag for that interrupt
is cleared (to 0). When servicing is performed by macro service, the interruptis acknowledged and serviced by macro service
immediately. Inthe case of vectored interruption and context switching, aninterruptis acknowledged in the interrupt enabled
state (when the IE flag is set (to 1)) if the priority of that interrupt is one for which acknowledgment is permitted.

If maskable interrupt requests are generated simultaneously, the interrupt for which the highest priority is specified by
the priority specification flag is acknowledged. If the interrupts have the same priority specified, they are acknowledged
in accordance with their default priorities.

A pending interrupt is acknowledged when a state in which it can be acknowledged is established.

The interrupt acknowledgment algorithm is shown in Figure 23-10.
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Figure 23-10. Interrupt Acknowledgment Processing Algorithm
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23.7.1 Vectored interrupt

When a vectored interrupt maskable interrupt request is acknowledged, the program status word (PSW) and program
counter (PC) are saved in that order to the stack, the IE flag is cleared (to 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 (to 1). Also, data
in the vector table predetermined for each interrupt request is loaded into the PC, and a branch is performed. The return
from a vectored interrupt is performed by means of the RETI instruction.

Caution When a maskable interrupt is acknowledged by vectored interrupt, the RETI instruction must be used
to return from the interrupt. Subsequent interrupt acknowledgment will not be performed normally
if a different instruction is used.

23.7.2 Context switching

Initiation of the context switching function is enabled by setting (to 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 23-11. Context Switching Operation by Generation of an Interrupt Request

|
(3 Register bank switching I
(RBSO to RBS2 « n) =
Vector table n -
00008 Register bank | ™
(@ Transfer ' (Oto7) | [~
Register bank n (n =0to 7) =
[PCisoud] PCiswo | A X u
(6 Exchange B c
RS | R4
(2 save 1
(temporary R7 : R6
register v VP
bits 8 to 11) ® save
| Temporary register | u up @[RSS - 0
T E IE <0
@ Save W H

| PSW |
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The RETCS instructionis 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.
Subsequentinterrupt acknowledgment will not be performed normally if a different instruction is used.

Figure 23-12. Return from Interrupt that Uses Context Switching by Means of RETCS Instruction

Register bank n (n =0to 7)

PCi9t0 16 PCistw0 A X
@ Restorationx B c
I . .
(2) Restoration R5 I R4 RETCS instruction operand
: (@ Transfer
R7 l R6
1
\Y VP
(@ Restoration u uP
(to original
register bank) T D E
PSW w H L
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23.7.3 Maskable interrupt priority levels

The uPD784938 performs multiple interrupt servicing in which an interrupt is acknowledged during servicing of another
interrupt. Multiple interrupts can be controlled by priority levels.

There are two kinds of priority control, control by default priority and programmable priority control in accordance with
the setting of the priority specification flag. In priority control by means of default priority, interrupt service is performed
in accordance with the priority preassigned to each interrupt request (default priority) (see Table 23-2). 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 23-5.

Since the IE flag is cleared (to 0) automatically when an interrupt is acknowledged, when multiple interruption is used,
the IE flag should be set (to 1) to enable interrupts by executing an El instruction in the interrupt service program, etc.

Table 23-5. Multiple Interrupt Servicing

Priority of Interrupt Currently ISPR Value IE Flag in PSW PRSL Flag in Acknowledgeable Maskable Interrupts
Being Acknowledged IMC
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 0000x%100 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 e All macro service
¢ Maskable interrupts specified as
priority 0
0 0000xxx1 X X « All macro service only
Non-maskable interrupts 1000%xxx X X « All macro service only
0100xxxx
1100%xxx
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Figure 23-13. Examples of Servicing when Another Interrupt Request is Generated During Interrupt Service (1/3)

C Main routine )

a servicing b servicing
El ‘
El
Interrupt request a
(level 3) - Interrupt
requestb — . . .
(Igvel 2) Since interrupt request b has a higher
priority than interrupt request a, and
interrupts are enabled, interrupt
request b is acknowledged.
¢ servicing
Interrupt request ¢ Interrupt
(level 3) - requestd The priority of interrupt request d is
(level 2) higher than that of interrupt request c,
but since interrupts are disabled,
o interrupt request d is held pending.
d servicing
‘ e servicing
El
I Interrupt Although interrupts are enabled,
(Igvel g) — request f interrupt request f is held pending
% since it has a lower priority than
\ interrupt request e.
f servicing
| 9 servicing
Interrupt El Although interrupts are enabled,
request h interrupt request h is held pending
Interrupt request g (level 1) since it has the same priority as
- interrupt request g.
(level 1) -—
h servicing
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Figure 23-13. Examples of Servicing when Another Interrupt Request is Generated During Interrupt Service (2/3)

Main routine

l

i servicing
E
Interrupt request | S Macro service

(level 1) request j
level2) —

:‘ j macro service

The macro service request is
serviced irrespective of interrupt
enabling/disabling and priority.

y

‘ k servicing
m servicing
Interrupt El
request |
Interrupt request k (level 3) —= The interrupt request is held
(level 2) — 7 Interrupt peding since it has a lower
request m o }
(evel 1) priority than interrupt request k.
Interrupt request m generated
after interrupt request | has a
higher priority, and is therefore
acknowledged first.
| servicing
/ n servicing
Interrupt
request o
level 3) .| . - :
I(net\é?ru?;))t Since servicing of interrupt
Interrupt request n request p request n performed in the
— level 1) ~ 7| interrupt disabled state,
(level 2) .
\ interrupt requests o and p
p servicing are held pending.

After interrupt request n
servicing, the pending interrupt
requests are acknowledged.
Although interrupt request o
was generated first, interrupt

0 servicing request p has a higher priority
and is therefore acknowledged
first.
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Figure 23-13. Examples of Servicing when Another Interrupt Request is Generated During Interrupt Service (3/3)

servicin .
! /E‘Iq 2 | Fservicing | s servicing
El
Interrupt request g AELInterrupt El ‘ o
(level 3) request r —..Interrupt__

Llnterrupt .
(evel )~ requests L [eult &

(level 0)

Multiple acknowledgment of levels 3 to 0. If
the PRSL bit of the IMC register is set (to 1),
only macro service requests and non-
maskable interrupts generate nesting
beyond this.

If the PRSL bit of the IMC register is

cleared (to 0), level 3 interrupts can also be
nested during level 3 interrupt servicing
(see Figure 23-15).

(level 1)

| U servicing
/El Even though the interrupt enabled state is
Interrupt set during servicing of level O interrupt
request v request u, the interrupt request is not
Interrupt request u (level 0) — acknowledged but held pending even
(level 0) - reInL%rgtje\E” W macro service though its priority is 0. However, the macro
8evel 3) service request is acknowledged and
serviced irrespective of its level and even
= though there is a peding interrupt with a
Vv servicing higher priority level.
Interrupt »
request yNo'¢ | X servicing
(Ievlﬁ![ezr)ru? Pending interrupt requests y and z are
Interrupt request X __| request z°_ | acknowledged after servicing of interrupt
(level 1) ‘N% request x. As interrupt requests y and z
o have the same priority level, interrupt
Z servicing request z which has the higher default
priority is acknowledged first, irrespective
of the order in which the interrupt requests
y servicing were generated.

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 23-14. Examples of Servicing 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 “a”to“f"inthe figure are arbitrary names used to differentiate between the interrupt requests and macro service

requests.
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Macro service request b servicing
Macro service request ¢ servicing

Macro service request f servicing .

Interrupt request d servicing

Interrupt request e servicing

.

2N

Interrupt request a servicing
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Figure 23-15. Differences in Level 3 Interrupt Acknowledgment According to IMC Register Setting

Main routine

IMC — 80H
El | a servicing
El
Interrupt request a
(level 3) - Interrupt
request b
\ b servicing
IMC ~ O0H
El
¢ servicing
El d servicing
Interrupt requestc Interrupt
(level 3) request d
(level 3) —
IMC ~ O0H
Interrupt request e No'¢! |
(level 3)
Interrupt request f N2 | f servicing
(level 3) El e servicing

m

Notes 1. Low default priority
2. High default priority

Remarks 1.
service requests.

2. Highorlowindefault priorities in the figure indicate the relative priority levels of the two interrupt requests.

The PRSL bit of the IMC is set to 1, and
nesting between level 3 interrupts is
disabled.

Even though interrupts are enabled, interrupt
request b is held pending since it has the
same priority as interrupt request a.

The PRSL bit of the IMC is set to 0, so that a
level 3 interrupt is acknowledged even during
level 3 interrupt servicing (nesting is
possible).

Since level 3 interrupt request ¢ is being
serviced in the interrupt enabled state and
PRSL = 0, interrupt request d, which is also
level 3, is acknowledged.

As interrupt requests e and f are the

same level, the one with the higher default
priority, f, is acknowledged first.

When the interrupt enabled state is set
during servicing of interrupt request f,
pending interrupt request e is acknowledged
since PRSL = 0.

“a” to “f” in the figure are arbitrary names used to differentiate between the interrupt requests and macro
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23.8 Macro Service Function

23.8.1 Outline of macro service function

Macro service is one of the method of interrupts servicing. Inthe normal interrupt, the start address in the interrupt service
program is loaded into the program counter (PC) by saving the PC or program status word (PSW), in the macro service,
however, another processing (mainly data transfers) is performed instead of these processing. This processing enables
a quick response to interrupt requests. Moreover, processing time can be reduced because the higher transfer speed can

be obtained.

In addition, there is another advantage in simplifying the vectored interrupt program since the vectored interrupt is
generated after the specified number of processing.

Figure 23-16. Differences between Vectored Interrupt and Macro Service Processing

Macro service

Context switchingh°te !

Vectored interruptMote

Vectored interrupt

Notes 1. When register bank switching is used, and an initial value has been set in the register beforehand

Main routine M;ggezzxge >< Main routine

Main routine Note 2 ;r:r?/:(rzlljr?gt; Note 3 Main routine

Main routine Note 4 ér;ts/';g:ﬁ é p'?sgg\e/v Main routine

Main routine Note 4 ggr?\elsal Ig;]g:]aeﬁrza? Interrupt Zgr?g)r; Restore Main routine
registers registers servicing registers PC&PSW

Interrupt request generation

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

23.8.2 Types of macro service
Macro service can be used with the 23 kinds of interrupt shown in Table 23-6. There are four kinds of operation, which

can be used to suit the application.
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Table 23-6. Interrupts for which Macro Service can be Used

Default Interrupt Request Generation Source Generating Unit Macro Service Control
Priority Word Address
0 INTPO (pin input edge detection) Edge detection OFEO6H
1 INTP1 (pin input edge detection) OFEO8H
2 INTP2 (pin input edge detection) OFEOAH
3 INTP3 (pin input edge detection) OFEOCH
4 INTCO0 (TMO-CROO0 match signal generation) Timer/event counter 0 OFEOEH
5 INTCO1 (TMO-CRO1 match signal generation) OFE10H
6 INTC10 (TM1-CR10 or TM1W-CR10W match signal generation) Timer/event counter 1 OFE12H
7 INTC11 (TM1-CR11 or TM1W-CR11W match signal generation) OFE14H
8 INTC20 (TM2-CR20 or TM2W-CR20W match signal generation) Timer/event counter 2 OFE16H
9 INTC21 (TM2-CR21 or TM2W-CR21W match signal generation) OFE18H
10 INTC30 (TM3-CR30 or TM3W-CR30W match signal generation) Timer 3 OFE1AH
11 INTP4 (pin input edge detection) Edge detection OFE1CH
12 INTP5 (pin input edge detection) OFE1EH
13 INTAD (A/D conversion end) A/D converter OFE20H
14 INTSR (asynchronous serial interface reception end) Asynchronous OFE24H
INTCSI1 (clocked serial interface transfer end) serial interface/
. . clocked serial
15 INTST (asynchronous serial interface transmission end) ) OFE26H
interface 1
16 INTCSI (clocked serial interface transfer end) Clocked serial OFE28H
interface
17 INTSR2 (asynchronous serial interface 2 reception end) Asynchronous OFE2CH
INTCSI2 (clocked serial interface 2 transfer end) serial interface 2/
. . clocked serial
18 INTST2 (asynchronous serial interface 2 transmission end) ) OFE2EH
interface 2
19 INTIEL (IEBus data access request) IEBus controller OFE32H
20 INTIE2 (IEBus communication error and communication end) OFE34H
21 INTW (watch timer output) Watch timer OFE36H
22 INTCSI3 (clocked serial interface 3 transfer end) Clocked serial OFE38H
interface 3
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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There are four kinds of macro service, as shown below.

)

&)

3

4

562

Type A

One byte or one word of data is transferred between a special function register (SFR) and memory each time an interrupt
request is generated, and a vectored interrupt request is generated when the specified number of transfers have been
performed.

Memory that can be used in the transfers is limited to internal RAM addresses OFEOOH to OFEFFH when the LOCATION
0 instruction is executed, and addresses OFFEOOH to OFFEFFH when the LOCATION OFH instruction is executed.
The specification method is simple and is suitable for low-volume, high-speed data transfers.

Type B

As with type A, one byte or one word of data is transferred between a special function register (SFR) and memory each
time an interrupt request is generated, and a vectored interrupt request is generated when the specified number of
transfers have been performed.

The SFR and memory to be used in the transfers is specified by the macro service channel (the entire 1-Mbyte memory
space can be used).

This is a general version of type A, suitable for large volumes of transfer data.

Type C

Data is transferred from memory to two special function registers (SFR) each time an interrupt request is generated,
and a vectored interrupt request is generated when the specified number of transfers have been performed.

With type C macro service, not only are data transfers performed to two locations in response to a single interrupt
request, but it is also possible to add output data ring control and a function that automatically adds data to a compare
register. The entire 1-Mbyte memory space can be used.

Type C is mainly used with the INTC10 and INTC11 interrupts, and is used for stepping motor control, etc., by macro
service, with POL or POH and CR10, CR10W, CR11, and CR11W used as the SFRs to which data is transferred.

Counter mode

This mode is to decrement the macro service counter (MSC) when an interrupt occurs and is used to count the division
operation of an interrupt and interrupt generation circuit.

When MSC is 0, a vector interrupt can be generated.

To restart the macro service, MSC must be set again.

MSC is fixed to 16 bits and cannot be used as an 8-bit counter.
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23.8.3 Basic macro service operation

Interrupt requests for which the macro service processing generated by the algorithm shown in Figure 23-10 can be
specified are basically serviced in the sequence shown in Figure 23-17.

Interrupt requests for which macro service processing can be specified are not affected by the status of the IE flag, but
are disabled by setting (to 1) an interrupt mask flag in the interrupt mask register (MK0). Macro service processing can
be executed in the interrupt disabled state and during execution of an interrupt service program.

Figure 23-17. Macro Service Processing Sequence

Generation of interrupt request for which
macro service processing can be specified

P

Macro service processing execution| ; Data transfer, real-time output port control
MSC ~ MSC-1 ; Decrement macro service counter (MSC)
No
Yes

Interrupt service mode bit — 0

No Yes

Interrupt request flag — 0

\/ \/

Interrupt request generation Execute next instruction

The macro service type and transfer direction are determined by the value set in the macro service control word mode
register. Transfer processing is then performed using the macro service channel specified by the channel pointer according

to the macro service type.
The macro service channel is memory which contains the macro service counter which records the number of transfers,

the transfer destination and transfer source pointers, and data buffers, and can be located at any address in the range FEOOH
to FEFFH when the LOCATION 0 instruction is executed, or FFEOOH to FFEFFH when the LOCATION OFH instruction is
executed.
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23.8.4 Operation at end of macro service

In macro service, processing is performed the number of times specified during execution of another program. Macro
service ends when the processing has been performed the specified number of times (when the macro service counter
(MSC) reaches 0). Either of two operations may be performed at this point, as specified by the VCIE bit (bit 7) of the macro

service mode register for each macro service.

(1) When VCIE bitis 0

564

Asynchronous serial interface receive data buffering (INTSR/INTSR2)
A/D conversion result fetch (INTAD)

Compare register update as the result of a match between a timer register and the compare register (INTCO0/

INTCOL/INTCL1O0/INTC11/INTC20/INTC21/INTC30)
Timer/counter capture register read due to edge input to the INTPn pin (INTPO/INTPL/INTP2/INTP3)

In this mode, an interrupt is generated as soon as the macro service ends. Figure 23-18 shows an example of macro
service and interrupt acknowledgment operations when the VCIE bit is 0.
This mode is used when a series of operations end with the last macro service processing performed, for instance.
It is mainly used in the following cases:

Figure 23-18. Operation at End of Macro Service when VCIE = 0

( Main

routine )

El

Macro service request —=

Last macro service request

Macro service processing

Macro service processing

( Main routine )

Other interrupt request —=

E/
Last macro —=

service request

Servicing of interrupt request
due to end of macro service

Servicing of other interrupt

Macro service processing

Servicing of interrupt request
due to end of macro service

\
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(2) When VCIE bitis 1
In this mode, an interrupt is not generated after macro service ends. Figure 23-19 shows an example of macro service
and interrupt acknowledgment operations when the VCIE bit is 1.
This mode is used when the final operation is to be started by the last macro service processing performed, for instance.
It is mainly used in the following cases:

¢ Clocked serial interface receive data transfers (INTCSI/INTCSI1/INTCSI2)

« Asynchronous serial interface data transfers (INTST/INTST2)

« To stop a stepping motor in the case (INTC10/INTC11) of stepping motor control by means of macro service type
C using the real-time output port and timer/counter.

Figure 23-19. Operation at End of Macro Service when VCIE = 1

C Main routine >

El
Macro service request —= Macro service processing
Last macro service request — Processing of last macro service
Interrupt request due to the end of — Interrupt servicing
the hardware operation started by
the last macro service processing
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23.8.5 Macro service control registers

@

566

Macro service control word

The uPD784938's macro service function is controlled by the macro service control mode register and macro service
channel pointer. The macro service processing mode is set by means of the macro service mode register, and the
macro service channel address is indicated by the macro service channel pointer.

The macro service mode register and macro service channel pointer are mapped onto the part of the internal RAM
shown in Figure 23-20 for each macro service as the macro service control word.

When macro service processing is performed, the macro service mode register and channel pointer values
corresponding to the interrupt requests for which macro service processing can be specified must be set beforehand.

Figure 23-20. Macro Service Control Word Format

Reserved word Address Source
CSICHP3 OFE39H Channel pointer o
CSIMMD3  OFE38H Mode register 5 INTCSI3

WCHP OFE37H Channel pointer 2 INTW
WMMD OFE36H Mode register 0
IECHP2 OFE35H Channel pointer 9 INTIE2
IEMMD2  OFE34H Mode register 5
IECHP1 OFE33H Channel pointer 0 NTIEL
IEMMD1  OFE32H Mode register g
STCHP2 OFE2FH Channel pointer 2 INTST2
STMMD2 OFE2EH Mode register o
SRCHP2/CSICHP2 OFE2DH Channel pointer o
SRMMD2/CSIMMD2  OFE2CH Mode register ; INTSR2/INTCSI2
CSICHP OFE29H Channel pqinter 2 INTCSI
CSIMMD OFE28H Mode register 0
STCHP OFE27H Channel pointer 0 INTST
STMMD OFE26H Mode register 0
SRCHP/CSICHP1 OFE25H Channel pointer 0
SRMMD/CSIMMDL ~ OFE24H Mode register - INTSR/INTCSI1
ADCHP OFE21H Channel pointer o
ADMMD  OFE20H Mode register 5 INTAD
PCHP5 OFE1FH Channel pointer 5 INTP5
PMMD5 OFE1EH Mode register 0
PCHP4 OFE1DH Channel pointer 0 NTP4
PMMDA4 OFE1CH Mode register 0
CCHP30 OFE1BH Channel pointer 2 INTC30
CMMD30 OFE1AH Mode register o
CCHP21 OFE19H Channel pointer o
CMMD21  OFE18H Mode register 5 INTC21
CCHP20 OFE17H Channel pointer 0
CMMD20  OFE16H Mode register g INTC20
CCHP11 OFE15H Channel pointer 0
CMMD11  OFE14H Mode register 0 INTC11
CCHP10 OFE13H Channel pointer =
CMMD10  OFE12H Mode register g INTC10
CCHPO1 OFE11H Channel pointer o
CMMDO1  OFE10H Mode register o INTCOL
CCHPO0O OFEOFH Channel pointer 0
CMMDO0  OFEOEH Mode register 8 INTCO0
PCHP3 OFEODH Channel pointer 0 INTP3
PMMD3 OFEOCH Mode register 0
PCHP2 OFEOBH Channel pointer 0 INTP2
PMMD2  OFEOAH Mode register g
PCHP1 OFEOQ9H Channel pointer o
PMMD1  OFEOSH Mode register g INTP1
PCHPO OFEO7H Channel pointer ]
PMMDO  OFEOBH Mode register g INTPO
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(2) Macro service mode register

The macro service mode register is an 8-bit register that specifies the macro service operation. This register is written

in internal RAM as part of the macro service control word (see Figure 23-20).

The format of the macro service mode register is shown in Figure 23-21.

Figure 23-21. Macro Service Mode Register Format (1/2)

7 6 5 4

3 2

0

| VCIE ‘MODZ ‘MODl ‘MODO ‘ CHT3 ‘ CHT2 ‘CHTl ‘CHTOl

\ \ | \
\ \
CHTO 0 1 0
CHT1 0 0 0
CHT2 0 0 0
CHT3 0 0 1
—MOD2|MOD1|MODO| Counter Mode Type A Type B
0 0 0 Counter Data transfer | Data size: Data transfer | Data size:
decrement direction 1 byte direction 1 byte
Memory - SFR Memory - SFR
0 0 1 Data transfer Data transfer
direction direction
SFR - memory SFR - memory
0 1 0
0 1 1
1 0 0 Data transfer | Data size: Data transfer | Data size:
direction 2 bytes direction 2 bytes
Memory - SFR Memory - SFR
1 0 1 Data transfer Data transfer
direction direction
SFR - memory SFR - memory
1 1 0
1 1 1
— VCIE Interrupt Request when MSC =0
0 Generated
1 Not generated (next interrupt processing is vectored interrupt)
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Figure 23-21. Macro Service Mode Register Format (2/2)

7 6 5 4 3 2 1 0
VCIE [MOD2|MOD1 |MODO|CHT3 | CHT2 | CHT1 | CHTO
\ | \ \ \ |
CHTO 0 1 0 1
CHT1 0 0 1 1
CHT2 1 1 1 1
CHT3 1 1 1 1
L IMOD2|MOD1|MODO Type C
Decrements MPD Increments MPD
Retains MPT |[Decrements MPT| Retains MPT |Increments MPT
0 0 0 Data size for timer | No automatic No ring control
specified addition -
0 0 1 by MPT: 1 byte Ring control
0 1 0 Automatic No ring control
addition -
0 1 1 Ring control
1 0 0 Data size for timer | No automatic No ring control
specified addition -
1 0 1 by MPT: 2 bytes Ring control
1 1 0 Automatic No ring control
addition :
1 1 1 Ring control
VCIE Interrupt Request when MSC =0
0 Generated
1 Not generated (next interrupt processing is vectored interrupt)

(3) Macro service channel pointer
The macro service channel pointer specifies the macro service channel address. The macro service channel can be
located in the 256-byte space from FEOOH to FEFFH when the LOCATION 0 instruction is executed, or FFEOOH to
FFEFFH when the LOCATION OFH instruction is executed, and the high-order 16 bits of the address are fixed.
Therefore, the low-order 8 bits of the data stored to the highest address of the macro service channel are set in the
macro service channel pointer.
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23.8.6 Macro service type A

(1) Operation
Data transfers are performed between buffer memory in the macro service channel and an SFR specified in the macro
service channel.
With type A, the data transfer direction can be selected as memory-to-SFR or SFR-to-memory.
Data transfers are performed the number of times set beforehand in the macro service counter. One macro service
processing transfers 8-bit or 16-bit data.
Type A macro service is useful when the amount of data to be transferred is small, as transfers can be performed at
high speed.
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Figure 23-22. Macro Service Data Transfer Processing Flow (Type A)

Macro service request
acknowledgment
|

Read contents of macro
service mode register

Other

Determine channel type

To other macro service processing

| Read channel pointer contents (m) |
\
| Read MSC contents (n) |

\
| Calculate buffer address™® | Note 1-byte transfer: m-n-1

T 2-byte transfer: m-n x 2-1
|  Read SFR pointer contents |

Determine transfer direction SFR — Memory
Memory — SFR
Read buffer contents, then transfer Specified SFR contents, then
read data to specified SFR transfer read data to buffer
| MSC « MSC-1 |
No
Yes
Clear (to 0) interrupt service mode
bit (ISM)
VCIE =17 ves
No
Clear (to 0) interrupt request
flag (IF)

Cw > (=

(Vectored interrupt request generation)
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(2) Macro service channel configuration
The channel pointer and 8-bit macro service counter (MSC) indicate the buffer address in internal RAM (FEOOH to
FEFFH when the LOCATION 0 instruction is executed, or FFEOOH to FFEFFH when the LOCATION OFH instruction
is executed) which is the transfer source or transfer destination (see Figure 23-23). In the channel pointer, the low-
order 8 bits of the address are written to the macro service counter in the macro service channel.
The SFR involved with the access is specified by the SFR pointer (SFRP). The low-order 8 bits of the SFR address
are written to the SFRP.
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Figure 23-23. Type A Macro Service Channel

(a) 1-byte transfers

7 0
B Macro service counter (MSC) # High-order addresses
g SFR pointer (SFRP)
B Macro service buffer 1 MCS =1
c e O
Macro service 0 Macro service buffer 2 MCS =2
channel 0
0
Y =~
O
O
g Macro service buffer n MCS =n
=~ ~
O .
Macro service O Channel pointer
controlword O .
0 Mode register
O y Low-order addresses

Macro service buffer address = (channel pointer) — (macro service counter) — 1

(b) 2-byte transfers

4 High-order addresses

Macro service counter (MSC)

SFR pointer (SFRP)

Macro service (high-order byte) MCS = 1
buffer 1

O

|

O

|

O

O

O

0 (low-order byte)

O
Macro service E Macro service (Nigh-order byte) MCS = 2
channel 0 buffer 2 (low-order byte)

O

|

057 ~

|

O

O .

5 acoserice tihorcertye) ||

B buffer n (low-order byte)

Macro service Channel pointer

control word

ooooo

Mode register
9 y Low-order addresses

Macro service buffer address = (channel pointer) — (macro service counter) x 2 — 1
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(3) Example of use of type A
An example is shown below in which data received via the asynchronous serial interface is transferred to a buffer area

in on-chip RAM.
Figure 23-24. Asynchronous Serial Reception
(Internal RAM)
- - = O0FE7FH MSC OEH -1
‘ =
|
|
! SFRP 8CHNete Note Low-order 8 bits of RXB address
|
|
|
|
|
|
|
|
| A A
! o~ oo
|
|
|
|
|
|
:
} OFE70H
|
|
|
|
! N =
|
|
:
L Channel pointer 7FH
] Type A, SFR - memory, 8-bit transfer,
Mode register 11H interrupt request generation when
MSC =0
S Internal bus
L.| Receive buffer
(RXB)
RxD/P30 (O)——] Shift register | INTSR macro service request

Remark Addresses in the figure are the values when the LOCATION O instruction is executed.
When the LOCATION OFH instruction is executed, OFO000H should be added to the values in the figure.
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23.8.7 Macro service type B

(1) Operation
Data transfers are performed between a data area in memory and an SFR specified by the macro service channel.
With type B, the data transfer direction can be selected as memory-to-SFR or SFR-to-memory.
Data transfers are performed the number of times set beforehand in the macro service counter. One macro service
processing transfers 8-bit or 16-bit data.
This type of macro service is macro service type A for general purposes and is ideal for processing a large amount
of data because up to 64 Kbytes of data buffer area when 8-bit data is transferred or 1 Mbyte of data buffer area when
16-bit data is transferred can be set in any address space.
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Figure 23-25. Macro Service Data Transfer Processing Flow (Type B)

Macro service request
acknowledgment
|

Read contents of macro service
mode register

Other

Determine channel type

{

To other macro service processing

Read channel pointer contents (m)

Determine transfer direction SFR ~ Memory

Memory - SFR

Select transfer source SFR with Select transfer source memory with
SFR pointer macro service pointer (MS)
Read data from SFR, and write to Read data from memory, and write to
memory addressed by MP SFR specified by SFR pointer
[ Increment MPNote |  Note 1-byte transfer: +1

| 2-byte transfer: +2
| MSC — MSC-1 |

MSC = 0? No

Yes

Clear (to 0) interrupt service
mode bit (ISM)

Yes

VCIE = 1?

No

Clear (to 0) interrupt request
flag (IF)

= = O

(Vectored interrupt request generation)

Preliminary User's Manual U13987EJ1VOUMO00 575



CHAPTER 23 INTERRUPT FUNCTIONS

(2) Macro service channel configuration
The macro service pointer (MP) indicates the data buffer area in the 1-Mbyte memory space that is the transfer
destination or transfer source.
The low-order 8 bits of the SFR that is the transfer destination or transfer source is written to the SFR pointer (SFRP).
The macro service counter (MSC) is a 16-bit counter that specifies the number of data transfers.
The macro service channel that stores the MP, SFRP and MSC is located in internal RAM space addresses OFEOOH
to OFEFFH when the LOCATION O instruction is executed, or OFFEOOH to OFFEFFH when the LOCATION OFH
instruction is executed.
The macro service channel is indicated by the channel pointer as shown in Figure 23-26. In the channel pointer, the
low-order 8 bits of the address are written to the macro service counter in the macro service channel.

Figure 23-26. Type B Macro Service Channel

f High-order addresses

(bits 8 to 15) SFR

(bits 0 to 7)

Macro service
counter (MSC)

) SFR pointer (SFRP)
Macro service

channel

(bits 16 to 23)Note
‘Macro service . o |
pointer (MP)

(bits 0 to 7)

* Buffer area 82

. Channel pointer
Macro service

control word

Mode register

; Low-order addresses

Macro service buffer address = macro service pointer

Note Bits 20 to 23 must be set to 0.
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(3) Example of use of type B
An example is shown below in which parallel data is input from port 3 in synchronization with an external signal. The
INTP4 external interrupt pin is used for synchronization with the external signal.

Figure 23-27. Parallel Data Input Synchronized with External Interrupts

Macro service control word,
Macro service channel

64 K memory space (internal RAM)

00H
MSC -~
0AO1FH OFE6EH 20H
\‘\ SFRP 03H"\°¢ | Note Low-order 8 bits of port 3 address
A= N : B
Buffer Area | 00H
L
|
N [mP AOH
30 I
0AOOOH L 00H
|
|
|
[ 3 [\ )
| - ')
l
|
-4 Channel pointer 6EH
Type B, SFR — memory, 8-bit transfer,
Mode register 18H [ interrupt request generation when
MSC =0
S Internal bus S
PN
Edge INTP4
INTP4 O :
O detection Macro service request
Port 3
P37 O
P36 O
P35O0
P34 ©
P330O {>
P32©O
P31O
P30©

Remark Macro service channel addresses in the figure are the values when the LOCATION 0 instruction is executed.
When the LOCATION OFH instruction is executed, OFO000H should be added to the values in the figure.
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Figure 23-28. Parallel Data Input Timing

- XX

INTP4

JAN

Data fetch (macro service)
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23.8.8 Macro service type C

(1) Operation
In type C macro service, data in the memory specified by the macro service channel is transferred to two SFRs, for
timer use and data use, specified by the macro service channel in response to a single interrupt request (the SFRs
can be freely selected). An 8-bit or 16-bit timer SFR can be selected.
In addition to the basic data transfers described above, type C macro service, the following functions can be added
to type C macro service to reduce the size of the buffer area and alleviate the burden on software.
These specifications are made by using the mode register of the macro service control word.

(a) Updating of timer macro service pointer
It is possible to choose whether the timer macro service pointer (MPT) is to be kept as it is or incremented/
decremented. The MPT is incremented or decremented in the same direction as the macro service pointer (MPD)
for data.

(b) Updating of data macro service pointer
It is possible to choose whether the data macro service pointer (MPD) is to be incremented or decremented.

(c) Automatic addition
The current compare register value is added to the data addressed by the timer macro service pointer (MPT), and
the result is transferred to the compare register. If automatic addition is not specified, the data addressed by the
MPT is simply transferred to the compare register.

(d) Ring control
An output data pattern of the length specified beforehand is automatically output repeatedly.
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Figure 23-29. Macro Service Data Transfer Processing Flow (Type C) (1/2)

Macro service request
acknowledgment
|

Read contents of macro service
mode register

Other

Determine channel type ‘

To other macro service processing

| Read channel pointer contents (m) |

| Read memory addressed by MPT |

Automatic addition specified? Yes

| Transfer data to compare register | | Add data to compare register

Retain MPT?

No

Increment MPT?

Decrement MPT Increment MPTNote Note 1-byte transfer: +1
2-byte transfer: +2
\

Read memory addressed by MPD
\

Transfer data to buffer register

No

Increment MPD?

Decrement MPD (-1) Increment MPD (+1)

®
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Figure 23-29. Macro Service Data Transfer Processing Flow (Type C) (2/2)

No

Ring control?

Decrement ring counter

Ring counter = 0? No

Increment MPD?

Subtract modulo register Add modulo register contents
contents from data macro to data macro service pointer
service pointer (MPD), and (MPD), and return pointer to
return pointer to start address start address

Load modulo register
contents into ring counter

MSC - MSC-1

No

Yes

Clear (to 0) interrupt
service mode bit (ISM)

Clear (to 0) interrupt
request flag (IF)

Cow D =

(Vectored interrupt request generation)
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2

Macro service channel configuration

There are two kinds of type C macro service channel, as shown in Figure 23-30.

The timer macro service pointer (MPT) mainly indicates the data buffer area in the 1-Mbyte memory space to be
transferred or added to the timer/event counter compare register.

The data macro service pointer (MPD) indicates the data buffer area in the 1-Mbyte memory space to be transferred
to the real-time output port.

The modulo register (MR) specifies the number of repeat patterns when ring control is used.

The ring counter (RC) holds the step in the pattern when ring control is used. When initialization is performed, the
same value as in the MR is normally set in this counter.

The macro service counter (MSC) is a 16-bit counter that specifies the number of data transfers.

The low-order 8 bits of the SFR that is the transfer destination is written to the timer SFR pointer (TSFRP) and data
SFR pointer (DSFRP).

The macro service channel that stores these pointers and counters is located in internal RAM space addresses OFEOOH
to OFEFFH when the LOCATION O instruction is executed, or OFFEOOH to OFFEFFH when the LOCATION OFH
instruction is executed. The macro service channel is indicated by the channel pointer as shown in Figure 23-30. In
the channel pointer, the low-order 8 bits of the address are written to the macro service counter in the macro service
channel.

Figure 23-30. Type C Macro Service Channel (1/2)

(@) No ring control

f High-order addresses |

. (bits 8 to 15) TSFR
Macro service
counter (MSC)
(bits 0 to 7) * ~
Timer SFR pointer (TSFRP) — DSFR
(bits 16 to 23)Note
Timer macro service | Timer buffer area
Tlmer macro service (bits 8 to 15)
Macro service pointer (MPT) =~ = " |
channel .
(bits 0 to 7)
Data SFR pointer (DSFRP) A AL
(bits 16 to 23)Note
Data macro service . . o |
pointer (MPD) (bits 8 to 15)
************************ Data buffer area
(bits 0 to 7)
.
=
Macro service * *

control word Channel pointer

Mode register

-

; Low-order addresses

Macro service buffer address = macro service pointer

Note Bits 20 to 23 must be set to 0.
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Figure 23-30. Type C Macro Service Channel (2/2)

(b) With ring control

f High-order addresses

. (bits 8 to 15) TSFR
Macro service ]
counter (MSC) . | i
(bits 0 to 7) A~ =~
Timer SFR pointer (TSFRP) — DSFR

(bits 16 to 23)Net
Timer macro service .. .| Timer buffer area
pointer (MPT) (bits 8 to 15)

(bits 0 to 7)

Macro service
channel

Data SFR pointer (DSFRP)

(bits 16 to 23)Note
Data macro service Eb;t; 8t ;5’)’
pointer (MPD)

(bits 0 to 7) Data buffer area

Modulo register (MR)

Ring counter (RC)

N

Macro service
control word

Channel pointer

Mode register

-

; Low-order addresses

Macro service buffer address = macro service pointer

Note Bits 20 to 23 must be set to 0.
(3) Examples of use of type C

(a) Basic operation
An example is shown below in which the output pattern to the real-time output port and the outputinterval are directly
controlled.
Update data is transferred from the two data storage areas set in the 1-Mbyte space beforehand to the real-time
output function buffer register (POL) and the compare register (CR10).
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Figure 23-31. Stepping Motor Open Loop Control by Real-Time Output Port

Macro service control word,
macro service channel

1 M memory space (internal RAM)
00H
- MSC -------
123411H T9 OFE5EH 04H
i
o —| TSFRP 14H | Low-order 8 bits
Output timing | of CR10 address
data area T2 ! ( 12H
123409H T1 L MPT 34H
I
123408H / D9 1 09H
—| DSFRP OEH | Low-order 8 bits
Output data area ! of POL address
D2 ! ( 12H
[123400H k D1 | i L MPD 34H
1 00H
: A P
L | Channel 5EH
pointer Type C, MPT/MPD
Mode OFH | incremented, 1-byte
register timer data, no
automatic addition,
no ring control,
interrupt request
generation at
MSC =0
S ‘ —ﬁlnternal bus%
§ -
1 ?
Compare | Buffer PO 1
register CR10 ~|register POL !
1 ' 1 P00
INTClO: : IPOl
~ \Match  Real-time| Output : IPOZ
5 latch PO |
output trigger/ | | Ip03
macro service start! LY
Timer w l
counter 1 } \
T™M1 ! l
! 1

Stepping motor

Remark Internal RAM addresses in the figure are the values when the LOCATION O instruction is executed.
When the LOCATION OFH instruction is executed, OFO000H should be added to the values in the figure.
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™1
count value

OH

INTC10
timer interrupt

Compare register
(CR10)

Buffer register
POL

P00

PO1

P02

P03

rd

Figure 23-32. Data Transfer Control Timing

o

v

.

T4

T6

o

T7

T8/

T1 T2

T3

T4

T9

D1 >< D2

D3

D4

D6

|
" X
X

D9
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586

(b) Examples of use of automatic addition control and ring control

0]

(it)

Automatic addition control

The outputtiming data (At) specified by the macro service pointer (MPT) is added to the contents of the compare
register, and the result is written back to the compare register.

Use of this automatic addition control eliminates the need to calculate the compare register setting value in
the program each time.

Ring control

With ring control, the predetermined output patterns is prepared for one cycle only, and the one-cycle data
patterns are output repeatedly in order in ring form.

When ring control is used, only the output patterns for one cycle need be prepared, allowing the size of the
data ROM area to be reduced.

The macro service counter (MSC) is decremented each time a data transfer is performed.

With ring control, too, an interrupt request is generated when MSC = 0.

When controlling a stepping motor, for example, the output patterns will vary depending on the configuration
of the stepping motor concerned, and the phase excitation method (single-phase excitation, two-phase
excitation, etc.), but repeat patterns are used in all cases. Examples of single-phase excitation and 1-2-phase
excitation of a 4-phase stepping motor are shown in Figures 23-33 and 23-34.
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Phase A

Phase B

Phase C

Phase D

Figure 23-33. Single-Phase Excitation of 4-Phase Stepping Motor

Phase A

Q@@ 0| @6

Phase B

Phase C

Phase D

1 cycle
(4 patterns)

Figure 23-34. 1-2-Phase Excitation of 4-Phase Stepping Motor

®| © @

@ @6 |6 0|6

)

@

®

S —

1 cycle

(8 patterns)
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Figure 23-35. Automatic Addition Control + Ring Control Block Diagram 1
(when output timing varies with 1-2-phase excitation)

Macro service control word,
macro service channel

1 M memory space (internal RAM)
02H
oo -
1237FEH [At512 - - - - - - \ OFE5SAH 00H
A s ‘:\\ 4 TSFRP 14H | Low-order 8 bits of CR10 address
~ |
| \\ |
A2 - - - oo _ ! ( 12H
. I
Output timing: 123400H | Atle- - - - - —- *f‘ MPT 34H
Y S
123007H o7 K | L O0H
N |
e : L[ —|DSFRP  OEH | Low-order 8 bits of POL address
Output data (8 items) N |
DL |l N ( 12H
T~ | [
-~ N
123000H DO -5l [MPD 30H
I
g | L 00H
\./ :
I MR 08H
I
|
" |re 08H
|
|
I
|
:
l ' |Channel
pointer 5AH
Mode 7FH | Type C, MPT/MPD i ted
Addition register ype ¢, Incremented,
2-byte timer data, automatic addition,
/\/ ring control, interrupt request
generation at MSC =0

l

Buffer register

Compare register

CR10W POL
@ O P00
INTC10 ©
Match Output POl 1o stepping
L———/| latch PO © P02 motor
Timer counter 1 ——O P03
TM1IW

Remark Internal RAM addresses in the figure are the values when the LOCATION O instruction is executed.
When the LOCATION OFH instruction is executed, OFO000H should be added to the values in the figure.
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Figure 23-36. Automatic Addition Control + Ring Control Timing Diagram 1
(when output timing varies with 1-2-phase excitation)

FFFFH

At7
A6 4
At5 4
A4 | 4
TM1W I
count value A3
A4t2 f
i ' e
Atl
TO 1 At9
At8 [}
OH %

Count start

wee L] L]

Compare register T0 Tl T2 T3 T4 5 T6 T7 T8 T9
(CR10W) TO+At1 T1+At2 /\T2+At3/\T3+h /\dlis/ \NIo+M6/ \T6+At7/ \T7+At8 / \ T8+At9

Buffer register

POL D7 DO D1 D2 D3 A D4A D5 D6 D7 DO

POO

PO1

P02

P03
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Figure 23-37. Automatic Addition Control + Ring Control Block Diagram 2
(1-2-phase excitation constant-velocity operation)

Macro service control word,
macro service channel

1 M memory space (internal RAM)
FFH
MSC - - - - -~
Output timing: 1233FFH | Ate N OFE7AH FFH
\\ A TSFRP 14H | Low-order 8 bits of CR10 address
12H
123007H MPT 33H
FFH
Output data (8 Items)
A DSFRP  OEH | Low-order 8 bits of POL address
123000H 12H
MPD 30H
07H
MR 08H
RC 08H
l Channel
pointer 7AH
Mode .
Addition register 3CH| Type C, MPT retalned_, MPD
decremented, 1-byte timer data,
/\/ automatic addition, ring control,
interrupt request generation
l atMSC =0
Compare register Buffer register
CR10 POL
@ L © P00
INTC10 ©
Match —\/ Output P01 To stepping
ﬁ L———/]latch PO © P02 motor
Timer counter 1 ——O P03
™1

Remark Internal RAM addresses in the figure are the values when the LOCATION O instruction is executed.
When the LOCATION OFH instruction is executed, OFO000H should be added to the values in the figure.
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Figure 23-38. Automatic Addition Control + Ring Control Timing Diagram 2
(1-2-phase excitation constant-velocity operation)

FEFFH
/

/

/

Igﬁt value //
e —
At /

t
OH —

Count start

wee LR

Compare register T0
(CR10)

— 1
— 1
— 1

Buffer register DO
POL

P00

PO1

P02

P03
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23.8.9 Counter mode

(1) Operation
MSC is decremented the number of times set in advance to the macro service counter (MSC).

Because the number of times an interrupt occurs can be counted, this function can be used as an event counter where
the interrupt generation cycle is long.

Figure 23-39. Macro Service Data Transfer Processing Flow (counter mode)

Macro service request
acknowledged
l

Reads contents of macro service
mode register

. Others
Identifies channel type

To other macro service processing
Counter mode

MSC -—MSC-1 MSC is 16 bits wide

No

Yes

Clears interrupt processing type
bit (ISM) to 0

VCIE =17

No

Clears interrupt request flag
(IF)to O

C= ) (=

(Vectored interrupt request is generated)
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(2) Configuration of macro service channel
The macro service channel consists of only a 16-bit macro service counter. The low-order 8 bits of the address of the
MSC are written to the channel pointer.

Figure 23-40. Counter Mode

7 0

Macro service High-order 8 bytes ingh-orderaddresses

Macro service channel

oogooog

Channel pointer

Mode register ¢ Low-order addresses

(3) Example of using counter mode
Here is an example of counting the number of edges input to external interrupt pin INTP5.

Figure 23-41. Counting Number of Edges

(Internal RAM)

/\/

High-order 8 bytes |«——

Low-order 8 bytes [———

---* OFE7EH

777777777777777 Channel pointer 7EH

Counter mode

Mode register 00H Interrupt request is generated when MSC = 0.

T o~

g Internal bus s

INTP5/P26()—> INTP5 macro service request

Remark The internal RAM address in the figure above is the value when the LOCATION O instruction is executed.
When the LOCATION OFH instruction is executed, add OFOO0OH to this value.
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23.9 When Interrupt Requests 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 RBn
RETI
RETB
RETCS
RETCSB !addrl6
POP PSW
LOCATION OH or LOCATION OFH
POPU POST
MOV PSWL, A
MOV PSWL, #byte
MOVG SP, #imm24
Write instruction and bit manipulation instruction to an interrupt control registerN°®®, or the MKO, MK 1, IMC or ISPR register
(except BT and BF instructions)
PSWL bit manipulation instruction
(Excluding the BT PSWL. bit, $addrl6, BF PSWL. bit, $addrl6, SET1 CY, NOT1 CY, and CLR1 CY instructions)

Note Interrupt control registers: PICO, PIC1, PIC2, PIC3, PIC4, PIC5, CIC00, CIC01, CIC10, CIC11, CIC20, CIC21,

CIC30, ADIC, SERIC, SRIC, CSIIC1, STIC, CSIIC, SERIC2, SRIC2, CSIIC2, STICZ2,
IEIC1, IEIC2, WIC, CSIIC3

594 Preliminary User’'s Manual U13987EJ1VOUMO0



CHAPTER 23 INTERRUPT FUNCTIONS

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 thatinstruction. 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 Allinterrupts and macro service requests are held pending until
PICO0.7 is 1.
X X X — Interrupts and macro service requests are not serviced until

after execution of the instruction following the BF instruction.
Good Example (1)

LOOP : NOP
BF PIC0.7, $LOOP ~ Interrupts and macro service requests are serviced after execution
: of the NOP instruction, so that interrupts are never held
pending for a long period.

Good Example (2)

LOOP : BT PICO0.7, $NEXT Using a BTCLR instruction instead of a BT instruction has the
advantage that the flag is cleared (to 0) automatically.

BR $LOOP ~ Interrupts and macro service requests are serviced after

NEXT : : execution 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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23.10 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

23.11 Interrupt and Macro Service Operation Timing

Interrupt requests are generated by hardware. The generated interrupt request sets (to 1) an interrupt request flag.

When the interrupt request flag is set (to 1), a time of 8 clocks (0.64 us: fcik = 12.58 MHZz) 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. Ifthe instruction being executed is one which temporarily
defers interrupts and macro service, the interrupt request is acknowledged after the following instruction (see 23.9 When
Interrupt Requests and Macro Service are Temporarily Held Pending for deferred instructions).

Figure 23-42. Interrupt Request Generation and Acknowledgment (unit: clocks)

Interrupt request flag

8 clocks

Instruction Interrupt request acknowledgment processing/macro service processing
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23.11.1 Interrupt acknowledge processing time
The time shown in Table 23-7 is required to acknowledge an interrupt request. After the time shown in this table has
elapsed, execution of the interrupt processing program is started.

Table 23-7. Interrupt Acknowledge Processing Time
(Unit: Clock = 1/fcik)

Vector Table IROM EMEM

Branch IROM, PRAM EMEM PRAM EMEM
Destination

Stack IRAM | PRAM | EMEM | IRAM | PRAM | EMEM | IRAM | PRAM | EMEM | IRAM | PRAM | EMEM

Vectored 26 29 37 +4n 27 30 38 +4n 30 33 41 + 4n 31 34 42 + 4n
Interrupts

Context 22 - - 23 - - 22 - - 23 - -
Switching

Remarks 1. [IROM: internal ROM (with high-speed fetch specified)
PRAM: peripheral RAM of internal RAM (only when LOCATION 0 instruction is executed in the case of
branch destination)
IRAM: internal high-speed RAM
EMEM: internal ROM when external memory and high-speed fetch are not specified

2. nisthe number of wait states per byte necessary for writing data to the stack (the number of wait states
is the sum of the number of address wait states and the number of access wait states).

3. ltthe vector table is EMEM, and if wait states are inserted in reading the vector table, add 2 m to the value
of the vectored interrupt in the above table, and add m to the value of context switching, where m is the
number of wait states per byte necessary for reading the vector table.

4. It the branch destination is EMEM and if wait states are inserted in reading the instruction at the branch
destination, add that number of wait states.

5. If the stack is occupied by PRAM and if the value of the stack pointer (SP) is odd, add 4 to the value in
the above table.

6. The number of wait states is the sum of the number of address wait states and the number of access wait
states.
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23.11.2 Processing time of macro service
Macro service processing time differs depending on the type of the macro service, as shown in Table 23-8.

Remarks 1.

598

2.

Table 23-8. Macro Service Processing Time
(Units: Clock = 1/fcik)

Processing Type of Macro Service Data Area
IRAM Others

Type A SFR - memory 1 byte 24 -
2 bytes 25 -

Memory - SFR 1 byte 24 -

2 bytes 26 -

Type B SFR - memory 33 35
Memory - SFR 34 36

Type C 49 53
Counter mode MSC #0 17 -
MSC =0 25 _

IRAM: internal high-speed RAM

In the following cases in the other data areas, add the number of clocks specified below.

e |If the data size is 2 bytes with IROM or IRAM, and the data is located at an odd address: 4 clocks
< |If the data size is 1 byte with EMEM: number of wait states for data access

e |If the data size is 2 bytes with EMEM: 4 + 2n (where n is the number of wait states per byte)

If MSC = 0 with type A, B, or C, add 1 clock.

With type C, add the following value depending on the function to be used and the status at that time.
« Ring control: 4 clocks. Adds 7 more clocks if the ring counter is O during ring control.
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23.12 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 pin input, etc., the entire system must be restored to its initial state. In the uPD784938, interrupt acknowledgment
related priority control is performed by hardware. This interrupt acknowledgment related hardware must also be restored
to its initial state, otherwise subsequent interrupt acknowledgment control may not be performed normally.

A method of initializing interrupt acknowledgment related hardware in the program is shown below. The only way of
performing initialization by hardware is by RESET input.

Example MOVW MKO, #0FFFFH; Mask all maskable interrupts
MOV MK1L, #0FFH
IRESL:
CMP ISPR, #0; No interrupt service programs running?
Bz SNEXT
MOVG SP, #RETVAL,; Forcibly change SP location
RETI; Forcibly terminate running interrupt service program, return
address = IRESL
RETVAL:
DW LOWW (IRESL); Stack data to return to IRESL with RETI instruction
DB 0
DB HIGHW (IRESL); LOWW & HIGHW are assembler operators for calculating low-order
16 bits & high-order 16 bits respectively of symbol NEXT
NEXT:

e Itis necessary to ensure that a non-maskable interrupt request is not generated via the NMI pin
during execution of this program.

< 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 (to 0).
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23.13 Cautions
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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.

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.

Macro service requests are acknowledged and serviced even during execution of a non-maskable interrupt service
program. If you do notwant 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 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 23.9. 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) (see 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 AT O
DW STRT
CSEG BASE
STRT:
LOCATION OFH; or LOCATION 0O
MOVG SP, #imm24
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(10) 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

(11)

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 X X
Good Example (1)

LOOP: NOP
BF PICO.7, $LOOP

Good Example (2)
LOOP: BT :PIC0.7, $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 serviced until after execution
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 (to 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.

For a similar reason to that given in (10), 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 24 LOCAL BUS INTERFACE FUNCTION

The local bus interface function is provided for the connection of external memory (ROM and RAM) and I/Os.

External memory (ROM and RAM) and I/Os are accessed using the RD, WR, and ASTB pin signals, with pins ADO to
AD7 used as the multiplexed address/data bus and pins A8 to A19 as the address bus.

The basic bus interface timing is shown in Figures 24-6 and 24-7.

Also provided are a wait function for interfacing with low-speed memory, a refresh signal output function for refreshing
pseudo-static RAM, and a bus hold function for connecting devices that have a bus master function, such as a DMA
controller.

24.1 Memory Expansion Function

With the uPD784938, external memory and I/0O expansion can be performed by setting the memory expansion mode
register (MM).

24.1.1 Memory expansion mode register (MM)

MM is an 8-bit register that performs external expansion memory control, address wait number specification, and internal
fetch cycle control.

MM can be read or written to with an 8-bit manipulation instruction or bit manipulation instruction. The MM format is
shown in Figure 24-1.

RESET input sets MM to 20H.
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Figure 24-1. Memory Expansion Mode Register (MM) Format

7 6 5 4 2 1 0 Address  After reset R/W
MM IFCH 0 AW 0 MM3 | MM2 | MM1 | MMO | OFFC4H 20H R/W
1 ! ! |
MM3 | MM2 | MM1 | MMO Mode Port 4 Port 5 P60 to P63 | P64/ | P65/ | ASTB
RD | Wr |/CLK
ouT
0 0 0 0 Single-chip Port Port Port Port | Port | ASTB
mode
0 0 1 1 | 256-byte ADO to AD7 | Port Port RD | WR
expansion mode
0 1 | 0 | 0 |1Kbyte ADO to AD7 |A8, A9 | Port | Port RD | WR
expansion mode
0 1 0 1 | 4-Kbyte ADO to AD7 |A8toAll| Port | Port RD | WR
expansion mode
0 1 1 0 | 16-Kbyte ADO to AD7 |A8to A13 |Port| Port RD | WR
expansion mode
0 1 1 1 | 64-Kbyte ADO to AD7 A8 to A15 Port RD | WR
expansion mode
1 0 0 0 | 256-Kbyte ADOto AD7 | A8toAl5 | Al6, | Port| RD | WR
expansion mode Al7
1 0 | 0 | 1 [1-Mbyte ADOto AD7 | A8toAl5 |Al6toAl9| RD | WR
expansion mode
Other than the above Setting prohibited

604

AW Address Wait Specification
0 Disabled
1 Enabled
IFCH Internal ROM Fetches
0 Fetch performed at same speed as
external memory
All wait control settings valid
1 High-speed fetches performed

Wait control specification invalid
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24.1.2 Memory map with external memory expansion

The memory map when memory expansion is used is shown in Figures 24-2 and 24-3. 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 uPD784938 has access
priority and no ASTB signal, RD signal, or WR 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 1-Mbyte expansion mode, the address output externally is output with the upper part of the address specified
by the program masked.

Example 1:
In 256-byte expansion mode, when address 54321H is accessed by the program, the output address is 21H.

Example 2:
In 256-byte expansion mode, when address 67821H is accessed by the program, the output address is 21H.
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(@) When LOCATION 0 instruction is executed

FFFFFH

17FFFH

10000H
OFFFFH

OFFEOH

OFFCFH

OEBOOH

00000H

Figure 24-2. uPD784935 Memory Map (1/2)

External memoryMNote 1

External memory

Internal ROM Internal ROM Internal ROM
SFR SFR SFR
Note 2 External memoryN°te 2
SFR SFR SFR
Internal RAM Internal RAM Internal RAM
Internal ROM Internal ROM Internal ROM

Single-chip mode

256-byte to 256-Kbyte
expansion modes

Notes 1. Any expansion size area in unshaded part
2. External SFR area
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Figure 24-2. uPD784935 Memory Map (2/2)

(b) When LOCATION OFH instruction is executed

FFFFFH
FFFEOH

FFFCFH

FEBOOH

17FFFH

00000H

SFR SFR SFR
Note 2 External memoryN°te 2
SFR SFR SFR
Internal RAM Internal RAM Internal RAM
External memoryN°ote ! External memory
Internal ROM Internal ROM Internal ROM

Single-chip mode

256-byte to 256-Kbyte
expansion mode

Notes 1. Any expansion size area in unshaded part
2. External SFR area
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(@) When LOCATION 0 instruction is executed

FFFFFH

1FFFFH

10000H
OFFFFH

OFFEOH

OFFCFH

OE500H

00000H

Figure 24-3. uPD784936 Memory Map (1/2)

External memoryN°te

External memory

Internal ROM Internal ROM Internal ROM
SFR SFR SFR
Note 2 External memoryN°te 2
SFR SFR SFR
Internal RAM Internal RAM Internal RAM
Internal ROM Internal ROM Internal ROM

Single-chip mode

256-byte to 256-Kbyte
expansion modes

Notes 1. Any expansion size area in unshaded part

2. External SFR area
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Figure 24-3. uPD784936 Memory Map (2/2)

(b) When LOCATION OFH instruction is executed

FFFFFH
FFFEOH

FFFCFH

FE500H

1FFFFH

00000H

SFR SFR SFR
Note 2 External memoryN°te 2
SFR SFR SFR
Internal RAM Internal RAM Internal RAM
External memoryMN°te ! External memory
Internal ROM Internal ROM

Internal ROM

Single-chip mode

256-byte to 256-Kbyte
expansion mode

Notes 1. Any expansion size area in unshaded part
2. External SFR area
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(@) When LOCATION 0 instruction is executed

FFFFFH

2FFFFH

10000H
OFFFFH

OFFEOH

OFFCFH

